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ABSTRACT

Objective: This study aimed to analyze the chemical and functional properties of
fruits from five selected Prunus spinosa L. genotypes grown in Seydisehir district of
Konya province, and determine the differences among the genotypes.

Material and Methods: In the research, fruit properties such as fruit weight, pericarp
color, flesh color were determined, while total soluble solids (TSS), pH, titratable acid
(TA), total phenol content, antioxidant level and volatile organic compounds were
analyzed. PCA analysis was employed to distinguish variations among the
genotypes.

Results: Five different blackthorn genotypes were examined for fruit properties,
revealing variations. Fruit weight ranged from 1.31 g to 2.67 g. TSS content was
determined to be between 11.9% and 13.2%. pH values varied from 3.35 to 4.22,
while TA ranged from 0.83% to 1.30%. Total phenol content ranged from 356.92 mg
GAE/100 g to 387.56 mg GAE/100 g. Total antioxidant levels were determined to be
between 65.13% and 77.06%. Thirty different compounds were detected in the
analysis of volatile organic compounds, including seven different acids.

Conclusion: Significant diversity among the blackthorn genotypes has been
identified. Statistical analyses have shown that BO1T genotype has the highest total
phenol content, while BO5T genotype has the highest antioxidant level. The presence
of various volatile organic compounds in blackthorn indicates the diversity of its
chemical profile. The findings support the notion that blackthorn has a beneficial
potential for health and is a valuable candidate for the development of health-focused
food products.

0z
Amag: Bu galismada, Konya iline bagli Seydisehir ilcesinde yetisen segilmis bes

Prunus spinosa L. genotipinin meyvelerindeki kimyasal ve fonksiyonel 6zellikleri
analiz edilerek genotipler arasindaki farkliliklar belirlenmistir.

Materyal ve Yontem: Arastirmada, meyve agirligi, perikarp rengi, et rengi gibi
meyve Ozellikleri belirlenmis, suda ¢ézinebilir kuru madde (SCKM), pH, titre edilebilir
asitlik, toplam fenol icerigi, antioksidan seviyesi ve ugucu organik bilesikler analiz
edilmistir. PCA analizi genotipler arasindaki varyasyonlari ayirt etmek icin
kullaniimustir.

Arastirma Bulgulan: Bes farkl cakal erigi genotipinin meyve 6zellikleri incelenmis
ve varyasyonlari ortaya konmustur. Meyve agirhd 1.31 g-2.67 g arasinda
degismistir. SCKM %11.9-%13.2 arasinda tespit edilmistir. pH degerleri 3.35-4.22
arasinda, titre edilebilir asitlik ise %0.83-%1.30 arasinda belirlenmistir. Toplam fenol
icerigi 356.92 mg GAE/100 g ile 387.56 mg GAE/100 g arasinda degismistir. Toplam
antioksidan miktarlari %65.13 ile %77.06 arasinda belirlenmistir. Ugucu organik
bilesik analizinde otuz farkli bilesik tespit ediimis, bunlar arasinda yedi farkl asit
belirlenmistir.

Sonug: Cakal erigi genotipleri arasinda 6nemli cesitlilik tespit edilmistir. istatistiksel
analizler, BO1T genotipinin en yiiksek toplam fenol igerigine, BOST genotipinin ise en
yuksek antioksidan seviyesine sahip oldugunu gostermistir. Cakal eriginde cesitli
ucucu organik bilesiklerin bulunmasi, kimyasal profilinin gesitliligini gostermektedir.
Bulgular, cakal eriginin saglik igin faydali bir potansiyele sahip oldugunu ve saghk
odakl gida Urtinlerinin gelistiriimesinde degerli bir aday oldugunu desteklemistir.
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INTRODUCTION

Blackthorn (Prunus spinosa L.) in temperate climate regions of Asia (Meschini et al., 2017;
Owczareka et al., 2017), Europe, West Asia, and Northwest Africa (Elez-Garofuli¢ et al., 2018), can be
grown naturally, especially in the Central, North, West and South regions of Turkiye (Marakoglu et al.,
2005). Prunus spinosa; ‘blackthorn’ or ‘sloe’, which is in the Rosaceae family, including fruit species such
as almond, cherry, and peach, is called ‘Cakal erigi’ or ‘Guvem’ in Turkiye (Karakas et al., 2019). It has
been known as one of the ancestors of Prunus domestica L., has a chromosome number of 2n=32
(Aparajita et al., 2002). It blooms white blossoms in March and April. The trees are shrub-like, thorny,
densely branched, 1-4 m tall, and deciduous. The leaves are elliptical, 2-3 cm in length, hairy at first and
after glabrous. Its flowers consist of 5 petals and 5 sepals and are in hermaphrodite form and pollinated by
insects and self-fertilized. After fertilization, the fruits begin to develop and usually ripen very late which
may take until late autumn. The fruits of P. spinosa are bluish-black in color and very acidic and tannic at
the beginning of maturity (Kirca, 2022).

The fruit, flower, bark, and root of P. spinosa , which has been consumed since ancient times, are
used for medicinal purposes. The blackthorn is also used in the food industry for the production of jams
and various beverages (liquor, wine, juice, compote and tea) (VeliCkovi¢ et al., 2014). Sikora et al. (2013)
reported that the freeze-drying process of blackthorns did not significantly affect the nutrient and antioxidant
content. This allows this species to be frozen and consumed out of season.

Raw blackthorn fruits consist of water (=68%), sugars, acids, astringency substances like tannins
and polyphenols, proteins, cellulose, anthocyanins, minerals (K, P, Fe, Cu, Na), provitamin A, vitamins (B1,
B2, C, PP) (Leterme et al., 2006; Ruiz-Rodriguez et al., 2014). It is also rich in phenolics and antioxidants
(Sikora et al., 2013; Ruiz-Rodriguez et al., 2014; Velickovi¢ et al., 2014). The fruits of P. spinosa contain
many bioactive compounds such as tocopherols (a-tocopherol, B-tocopherol, -tocopherol, and &-
tocopherol), L-ascorbic acid, B-carotene, anthocyanins (cyanidin-3-routine, peonidine-3-routine and
cyanidin-3-glycoside) and flavonoids (routine, quercetin, and hyperoside) (Fraternale et al., 2009; Ruiz-
Rodriguez et al., 2014; Ayla et al., 2017).

Blackthorn is used in phytotherapy. The flowers, bark and root of blackthorn have been traditionally
used in public medicine for their diuretic and laxative properties, due to their ability to remove excess sodium
ions, harmful products of metabolism, reduce the permeability of blood vessels, and counteract
inflammation of the urinary tract (Elez-Garofuli¢ et al., 2018). Recently, blackthorn has attracted attention
both as an industrial food plant due to its rich source of phenolic compounds and as a pharmacological
nutraceutical medicinal plant (Kumarasamy et al., 2004, 2007; Pinacho et al., 2015; Yuksel, 2015; Mikulic-
Petkovsek et al., 2016; Meschini et al., 2017). It is an antispasmodic and anti-inflammatory agent in the
treatment of various coughing diseases, hypertension, regulation of menstruation, diabetes and
gastrointestinal disorders. It has an antiseptic effect (due to the presence of tannins) and shows activity
against inflammation of the mucosal layer of the digestive tract (Borkowski et al., 1994; Kultir, 2008). P.
spinosa is used to treat skin problems and soothe stomach cramps (Browics, 1972). Blackthorn is an
excellent source of polyphenolic compounds that can significantly reduce the negative effects of free
radicals found in fresh fruit extracts in the organism. Therefore, they have an important role in the prevention
of neurodegenerative diseases, cardiovascular diseases, and cancer (Burits & Bucar, 2000).

The existing study was carried out on blackthorn genotypes naturally grown in the Seydisehir district of
Konya, Turkiye. In the study, the phenolic components, antioxidant capacity, and volatile organic compounds of
the blackthorn genotypes were determined and the differences between the genotypes were revealed.
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MATERIALS and METHODS

Plant materials and sample preparation

The study utilized fruits sourced from five distinct genotypes of blackthorn (P. spinosa ), all naturally
grown under comparable ecology in Seydisehir, located within the Konya province of Tirkiye. The visuals
of the fruits of the blackthorn genotypes are presented in Figure 1. The location of the region where the
study was conducted is presented in Figure 2. The coordinates and altitude information determined by the
genotypes are presented in Table 1.

Figure 1. Visuals of the fruits of the blackthorn genotypes.

Sekil 1. Cakal erigi genotiplerinin meyvelerine ait gorseller.

Figure 2. Location of the region from which 5 different blackthorn genotypes were obtained.

Sekil 2. Bes farkli gakal erigi genotipinin elde edildigi bélgenin konumu.

Table 1. The coordinate and altitude information of the blackthorn genotypes
Cizelge 1. Cakal erigi genotiplerinin koordinat ve rakim bilgileri

Genotypes Latitude (N) Longitude (E) Altitude (m)
BO1T 37°24'53.1"N 31°50'21.7"E 1118
B0O2T 37°25'04.6"N 31°49'56.3"E 1122
BO3T 37°25'00.6"N 31°50'06.0"E 1122
BO4T 37°24'56.8"N 31°50'30.8"E 1117
BO5T 37°24'53.6"N 31°50'25.0"E 1119
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Fruit weight and color

Pericarp and pulp colors belonging to the blackthorn genotypes fruits were determined using
Lovibond (TR 300; Amesbury, UK) to categorize color values as a* (red), b* (yellow) and L* (brightness). L
brightness value, 0 black, 100 white, a red, -a green; b defines yellow and -b defines blue. Chroma and hue
angle values were calculated from the following equations: chroma = (a?+b?)'? and Hue = tan™ ®
(McGuire, 1992). Each blackthorn genotype's fruits were individually weighed using a precision scale with
an accuracy of 0.01 g, and this process was repeated in five separate replicates, each comprising 20 fruits,
to determine mean values.

Phytochemical properties

In each blackthorn genotype, twenty fruit samples were squeezed, and the resulting juices were
subjected to centrifugation at 2000 rpm for five minutes. The pH level and total soluble solids content
(TSSC) of the juices were determined using a digital refractometer from A. KRUSS Optronic and a pH scale
from HANNA Instruments, respectively. For titratable acid (TA) (%), 6 g of fruit juice underwent titration with
0.1 M NaOH using an Automatic Potentiometric Titrator (AT-510; KEM Kyoto Elect., Tokyo, Japan) until
reaching pH 8.2. TA was expressed as a percentage of malic acid.

The total phenolic content in extracts from the blackthorn genotypes was determined using the Folin-
Ciocalteu method (Singleton et al., 1999). Each sample (0.5 g, unpeeled) was weighed into 50 mL capped
test tubes and homogenized for 30 seconds with 2500 pl of methanol. After homogenization, the samples
were centrifuged at 2000 rpm for 5 minutes. Filtrates from the supernatant of each extract (50 pl, in triplicate)
were transferred to screw-cap test tubes, followed by the addition of 250 ul of Folin Ciocalteu reagent and
750 pl of sodium carbonate solution (20%). After vortexing the tubes, they were incubated at room
temperature in the dark for 2 hours. Subsequently, the UV-VIS spectrophotometer was employed to
measure the absorbance of the mixture at 760 nm. The total phenolic content in samples was finally
expressed as gallic acid equivalents mg GAE/100g of blackthorn extract.

To assess antioxidant content, a method based on modifications to the technique developed by
Hatano et al. (1989) was employed. Each sample, weighing 0.5 g, was placed into a 50 mL capped test
tube and homogenized with 2500 pl of methanol for a duration of 30 seconds. Following the homogenization
process, the samples underwent centrifugation at 2000 rpm for a period of 5 minutes. Filtrates from the
upper phase of each extract (50 pl, in triplicate) were transferred to screw-capped test tubes and mixed
with a DPPH (2,2-diphenyl-1-picrylhydrazyl) solution diluted in methanol (1950 pl) to a concentration of 0.2
mM. Following vortexing, the tubes were incubated at room temperature in darkness for thirty minutes until
the color changed from dark purple to light yellow. Subsequently, using a UV-VIS spectrophotometer, the
absorbance of the mixture was determined at 517 nm. A control solution was prepared by mixing methanol
with the DPPH radical reagent solution. The capability to scavenge the DPPH radical was calculated using
the following equation:

DPPH (%) = [ (A517 control-A517 sample)/ A517 control] X100

Analysis of volatile organic compounds (VOCs)

Ripe fruit juice samples were transferred into glass tubes for analysis. Volatile organic compounds
(VOCs) were extracted using the HS-SPME/GC/MS (Headspace Solid Phase Micro Extraction/Gas
Chromatography Mass Spectrometry) technique, where organic substances in the headspace were
adsorbed by the syringe. The syringe then desorbed the volatile organics into the injector part of the GC-
MS using a polar column. Analysis was conducted for seventy minutes using an Innowax column (30 m x
0.250 mm, 25 microns) in HS-GC/MS (Perkin Elmer) with a polar column. Compounds were identified by
correlating peaks detected in the GC with those of reference compounds or mass spectra stored in the
computer memory, facilitated by the Wiley and NIST Library Scanning Software (Urek, 2016).
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Statistical analysis

The significance of differences between the genotypes was determined with one-way ANOVA,
followed by Tukey’s HSD test for multiple comparisons. Additionally, Principal Component Analysis (PCA),
which illustrates the distances between the blackthorn genotypes on a two-dimensional graph, was
conducted using JMP 13 based on the covariance matrix of the coefficients, using the values of volatile
organic compounds.

RESULTS AND DISCUSSION

Some fruit properties of the blackthorn genotypes

The fruit weight, pericarp color and pulp color profile results of the genotypes examined in the study
are presented in Table 2. The highest mean fruit weight was determined in BO3T with 2.67 g and the lowest
in BO5T with 1.31 g. The L* values in pericarp color measurements in blackthorn genotypes ranged from
18.36 to 19.42. Values expressing the transition from green to red were found between 2.23 and 2.40. The
b* values varied between 0.16 and 0.54. Pulp color values of the genotypes examined in the study were
also measured. The L*, which expresses the brightness, was measured between 17.65 and 18.91 values.
The a* values were found to be between 3.11 and 4.18, and the b* values were found to be between 0.54
and 0.81 for pulp color. Also, the chroma values were calculated between 2.63 and 2.97 for pericarp color,
and between 5.16 and 8.90 for pulp color. Claudia et al. (2017) in a study conducted on 15 different
blackthorns in Romania, it was reported that the fruit weights of genotypes ranged from 1.10 g to 4.20 g.
The fruit weights of the genotypes examined in this study varied among these values. The hue angle value
represents true color, which is effective for visualizing the color appearance of fruits (Rojas-Grall et al., 2006).
Among the genotypes, the highest hue angle value for pericarp color was determined in BO3T and BO2T for
pulp color (Table 1).

Table 2. Some fruit properties of the blackthorn genotypes

Cizelge 2. Cakal erigi genotiplerinin bazi meyve 6zellikleri

Genotypes Fruit weight Pericarp color .- Pulp color -
(9) L* a* b* Chroma angle L* a* b*  Chroma angle

BO1T 1.79 19.21 2.34 0.35 2.80 8.51 18.25 3.32 0.75 5.79 12.73
BO2T 1.42 19.25 2.39 0.16 2.87 3.83 18.91 3.11 0.81 5.16 14.60
BO3T 2.67 18.36 223 054 2.63 13.61 17.65 341 072 6.07 11.92
BO4T 1.77 19.35 240 042 297 9.93 18.29 418  0.58 8.90 7.90
BOST 1.31 19.42 2.38 0.33 2.89 7.89 18.51 3.19 0.54 5.23 9.61

Total soluble solids, pH, titratable acid, total phenols and DPPH of blackthorn genotypes

Total soluble solids (TSS) are used for quality control purposes, especially in the production stages
of foods. In fruits, it is a parameter used for processes such as monitoring maturity and harvest time and
continuous monitoring of the processing processes of foods such as fruit juice and canned food. TSS values
were found between 11.9% and 13.2% in 5 different blackthorn genotypes examined in the study (Table 3).

To determine food quality and reliability, various analyzes are carried out on raw materials and the end
of the products. From these analyzes, pH is used to determine acidity, one of the important quality criteria in
foods. The pH of the blackthorn genotypes were determined between 3.35 and 4.22 (Table 3). In a study
conducted by Kuru Berk et al. (2020), it was reported that the pH of Prunus spinosa L. subsp. dasyphylla
(Schur) Domin genotypes varied between 3.17-4.13. The results obtained from our study are similar. Titratable
acid values of 5 blackthorn genotypes were found to be between 0.83 and 1.30 (Table 3).

405



Bikiici et al.

The total phenol content examined in the fruits of the blackthorn genotypes was determined by the
Folin-Ciocalteu method and results are indicated in Table 3. Experimental results show that the total phenol
content in the examined extracts ranges from 356.92 mg GAE/100 g to 387.56 mg GAE/100 g. Veli¢kovic
et al. (2014) reported that the content of total phenol compounds in fresh blackthorn ranged from 15.33 mg
GAE/g to 20.94 mg GAE/g. In another study, they determined that the total phenol content in blackthorn
genotypes were 117 mg GAE/100 g and 407 mg GAE/100 g (Erturk et al., 2009).

Leaf and flower extracts of P. spinosa are also reported to be rich in phenolics (Wolbis et al., 2001;
Olszewska & Wolbis, 2001, 2002). Lovri¢ et al. (2017) and Elez-Garofuli¢ et al. (2018) also confirm the
phenolic richness in the flowers of blackthorn. In addition, it has been reported that blackthorn fruit extracts
have high phenolic content, which is rich in anthocyanins (Popovic¢ et al., 2020).

Blackthorn is one of the wild fruit species with high antioxidant levels. In this study, the antioxidant
activity of the blackthorn fruit extracts was determined by DPPH method. All tested extracts exhibited potent
scavenging activity against DPPH (2,2-diphenyl-1-picrylhydrazyl) radicals ranging from 65.13% to 77.06%.
Thanks to the antioxidant property of this species, it neutralizes the free radicals formed in the body and
has a preventive effect against the damages of free radicals caused by various sources such as external
factors and inadequate and unhealthy diet (Baysan, 2021).

Table 3. Total soluble solids, pH, titratable acid, total phenols and DPPH values of the blackthorn genotypes

Cizelge 3. Cakal erigi genotiplerinin suda ¢6zlnebilir kuru madde, pH, titre edilebilir asitlik, toplam fenol ve DPPH degerleri

Total soluble

Genotypes solids pH Titratable acid Total phenols content DPPH
(%) (%) (mg GAE/100 g) (%)
BO1T 13.2+0.01 3.85+0.12 1.04+0.22 387.56+0.03 72.38+0.13
BO2T 12.3+0.03 3.35+0.06 0.83+0.21 375.89+0.16 65.13+0.20
BO3T 13.02+0.02 4.22+0.23 0.90+0.13 366.5+0.12 74.34+0.16
BOAT 11.9+0.02 4.14+0.19 0.87+0.24 356.92+0.16 77.06+0.21
BO5ST 12.7+0.03 4.19+0.10 1.30+0.09 373.23+0.11 68.39+0.21

Volatile organic compounds of blackthorn genotypes

Organic compound analyses of the blackthorn genotypes were performed with HS-SPME/GC/MS.
According to these results, 30 different compounds were determined in 7 groups as a result of the volatile
organic compound analysis. Six compounds from alcohols, 1 compound from terpenes, 6 compounds from
aldehydes, 3 compounds from esters, 2 compounds from ketones, 8 compounds from acids and 5 other
compounds were identified. Statistically significant differences were found among the genotypes in the
identified compounds (Table 4).

Six compounds from the alcohol group, one of the volatile organic compounds, were determined in
blackthorn genotypes. These compounds are 1-Octanol, (Z)-Hex-3-en-1-ol, Dihydrocitronellol, a-Terpineol,
Linalool, and Nerolidol. In the study, it is the BO3T genotype in which 6 alcohol groups were determined
among 5 different blackthorn genotypes. Nerolidol alcohol compound was determined in all genotypes
(Table 4). This alcohol compound is a sweetening and flavoring agent as an additive in foods. It is also
used as a fragrance component in perfumes, cosmetics, soaps and detergents (Chan et al., 2016).
Spadaccino et al. (2021), 14 compounds were detected in the alcohol group in blackthorn, and 1-Octanol
values were determined to be close to each other.

In the study, only 1-Limonene was detected in BO1T and BO3T genotypes in the terpene group in the
blackthorn genotypes (Table 4). Limonene is a compound commonly found in citrus fruits and is used as
an additive to perfumes, soaps, foods, chewing gums and beverages due to its pleasant lemon-like sweet
scent (Lappas & Lappas, 2012). In addition, this compound has been used in different treatments with its
antibacterial, hepatoprotective, anticancer, gallstone dissolving and stomach acid-neutralizing effects
(Argon et al., 2019; Kvittingen et al., 2021).
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Six aldehydes were determined from volatile organic compounds. They are 2 Octenal, 2-Decenal,
(E)-, 2-Dodecenal, (E)-, 2-Heptenal, (Z)-, Hexanal and Nonanal. There are many studies on the use of
detected Hexanal to extend the shelf life of fresh fruits and meats (Shahidi & Pegg, 1994; Lanciotti et al.,
1999; Brunton et al., 2000; Sharma et al., 2010). In a study, it was determined that the Hexanal content of
blackthorn fruits was close to our study (Spadaccino et al., 2021). It was determined that the genotype
richest in aldehyde content was BO2T (Table 4).

In the genotypes examined in the study, 2-Butenedioic acid (Z)-, dibutyl ester, Neryl butyrate,
Propanoic acid, 2-methyl-, 3-hydroxy-2,4,4-trimethylpentyl ester were determined within the ester group.
The genotype with the highest ester component was determined as BO3T (Table 4).

Two ketone group compounds (2-Propanone, 1-hydroxy- and Nonyl methyl ketone) were detected
in 5 different blackthorn genotypes used in the study. BO3T is the genotype with the highest values among
the 5 genotypes in terms of 2-Propanone, 1-hydroxy- and Nonyl methyl ketone content. Values and
statistical differences of other genotypes are presented in Table 4. Mikulic Petkovsek et al. (2016) reported
some wild Prunus species the total amount of acid in the fruits of P. spinosa was higher than that of P.
avium, P. mahaleb and P. padus. In this research, Decanoic acid, Undecanoic acid, Dodecanoic acid,
Heptanoic acid, Hexanoic acid, Octanoic acid, Nonanoic acid and Tetradecanoic acid were determined in
blackthorn genotypes. The synonym of Nonanoic acid is Pelargonic acid. This acid was determined in high
amounts in all blackthorn genotypes. Ammonium pelargonate, the ammonium salt of Pelargonic acid, is a
herbicide (Chitwood, 2002). Among the genotypes, the highest total acid value was determined in BO5T,
while the lowest was determined in BO3T. Statistically significant differences were observed among the
genotypes concerning acid compounds (Table 4).

Table 4. Retention times and volatile organic compounds of the blackthorn genotypes

Cizelge 4. Cakal erigi genotiplerinin retansiyon sureleri ve ugucu organik bilesikleri

Alcohols
R. time Molecular BO1T BO2T BO3T BO4T BO5T
Compound Name Syn
Formula

29.008 1-Octanol Octanol CsH180 0.42+0.04°¢ nd 5.46+0.27° 7.34+0.172 nd

14.749 (2)-Hex-3-en-1-o0l Leaf alcohol CeH120 nd 1.68+0.13% 1.54+0.092 nd 0.84+0.08°

25.276 Dihydrocitronellol Tetrahydrogeraniol Ci10H220 nd nd 2.85+0.20? 2.73+0.092 nd

22.878 a-Terpineol Terpineol Ci10H180 1.10+0.06° nd 2.17+0.222 0.73+0.12°¢ nd

19.150 Linalool Phantol C1oH180 0.34+0.11°¢ 0.72+0.14° 2.45+0.172 nd nd

35.821 Nerolidol Peruviol C15H260 1.45+0.172 0.51+0.05°¢ 0.93+0.10° 0.47+0.09° 0.73+0.06"
Total Alcohols 3.31+0.19 2.91+0.21 15.4+0.42 11.27+0.46 1.57+0.14

Terpen

8.955 |-Limonene S- (-)-Limonene CioH1e 0.37+0.05° nd 0.78+0.06% nd nd

Total Terpen 0.3740.05 nd 0.78+0.06 nd nd
Aldehydes

15.893 2 Octenal (E)-Oct-2-enal CgH140 1.24+0.12° 2.64+0.25° 3.16+0.20° 5.13+0.282 1.26+0.11°

21.534 2-Decenal, (E)- Decenal C10H180 0.69+0.15° 6.72+0.272 1.02+0.09° 0.67+0.14° 0.81+0.11°

24.155 2-Dodecenal, (E)- 2-dodecenal Ci12H220 0.40+0.05%¢ 4.80+0.372 0.81+0.20° 1.49+0.17° nd

12.951 2-Heptenal, (2)- (2)-2-Heptenal C7H120 0.55+0.13°¢ 1.57+0.24° 4.16+0.25% nd 0.34+0.08°

6.369 Hexanal Caproaldehyde CsH120 4.74+0.41*  2.96+0.29°  2.19+0.19°  1.53+0.16%  1.35+0.11¢

14.885 Nonanal Pelargonaldehyde CoH180 0.68+0.18°¢ 4.09+0.30% nd 1.21+0.15° 0.99+0.16°°
Total Aldehydes 8.30+0.59 22.78+1.26  11.34+0.81  10.03+0.78 4.75+0.11
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Table 4. Continued

Cizelge 4. Devami

Esters
R. time BO1T BO2T BO3T BO4T BOST
Compound Name Syn Molecular
p 4 Formula
2-Butenedioic acid ) d c a b
31.708 ()-, dibutyl ester Dibutyl maleate C12H2004 0.35+0.07 nd 4.32+0.32 18.15+0.76 13.26+0.41
35.119 Neryl butyrate Neryl butanoate C14H2402 nd nd 1.92+0.312  2.39+0.20®  0.50+0.14°
rﬁ;‘t’ﬁ"’}'_’oé‘fhacd'?éf'_ 2,4,4-Trimethyl-1,3-
26.847 yE, 3-nydroxy pentanediol 1- Ci2H240s 3.55£0.47¢  13.6#0.38° 34.55:293% 26.46+1.54b nd
2,4 4-trimethylpentyl :
isobutyrate
ester
Total Esters 3.90+0.54 13.6+0.38 40.79+2.98 47.00+2.10 13.76+0.48
Ketons
12.730 Z'Prr?}f’;';i;?' - Hydroxyacetone CsHs02 2.01+0.28"  0.81+0.10°  2.86+0.18°  1.00+0.10°  2.34+0.32%
28.012 Nonyl methyl ketone 2-Undecanone C11H220 1.62+0.27° 0.45+0.10° 2.76+0.26*  2.63%0.25% nd
Total Ketons 3.63+0.29 1.26+0.19 5.62+0.17 3.63£0.31 2.34£0.32
Acids
35.361 Decanoic acid Capric acid C10H2002 3.32+0.35°  5.324#0.57%  3.64+0.30° 2.69+0.36"  4.03+0.25°
37.965 Undecanoic acid Hendecanoic acid C11H2202 7.04£0.192 1.65+0.12° nd nd nd
41.336 Dodecanoic acid Lauric acid C12H2402 15.14+0.70*  5.45+0.15° 2.02+0.20° 1.81+0.12°¢ 1.23+0.28°¢
28.884 Heptanoic acid Enanthic acid C7H1402 0.81+0.16°  0.68+0.15° nd 0.88+0.11°  1.30+0.242
26.554 Hexanoic acid Caproic acid CsH1202 1.42+0.18¢  3.01+0.24>  2.58+0.38"  4.54+0.39%  2.07+0.16%
31.114 Octanoic acid Caprylic acid CgH1602 6.35+0.29¢ 8.53+0.48° 2.86+0.32¢ 4,17+0.22¢  12.74+0.73?2
33.236 Nonanoic acid Pelargonic acid CoH1802 31.49+1.09° 30.54+1.23° 13.04£0.19° 11.71+0.58° 45.04+2.542
51.846  Tetradecanoic acid Myristic Acid C14H2802 0.77+0.152 0.83+0.172 nd nd nd
Total acids 66.34+2.32  56.01+2.09 24.14+0.79 25.8+0.99 66.41+2.61
Other Compounds
1.492 Methane, tetranitro- ~ Tetranitromethane CN4Os 0.93+0.22° nd 1.00+0.15° nd 10.14+0.182
20314  Morpholine, 4- 4 CoHisNO  8.1940.78%  3.460.21°  0.93+0.10°  1.15:0.09°  1.04+0.12¢
octadecyl- Octadecylmorpholine
20.279 Hexadecane Cetane Ci6Haa 0.52+0.13? nd nd nd nd
1.490 "A'a“'“eé‘)*_‘y'am'de’ Alanine ethylamide CsH12N,0 4.51+0.382 nd nd nd nd
24.024  Octane, 1,1'-oxybis- Dioctyl ether Ci16H340 nd nd nd 1.12+0.112 nd
Total Other Compounds 14.15+0.66 3.46+0.21 1.93+0.32 2.27+0.17 11.18+0.27

nd; not detected.

abcd: data with different letters in each column are significantly different (p<0.05).

Some other compounds were also detected in the blackthorn genotypes used in the study. These
are Methane, tetranitro-, Morpholine, 4-octadecyl-, Hexadecane, 1-Alanine ethylamide, (S)-, Octane, 1,1'-
oxybis-. Data for these compounds and statistical differences between the genotypes are presented in
Table 4. Also, the sum of the peak areas obtained by HS-SPME-GC-MS samples of 5 P. spinosa genotypes

is presented in Figure 3.
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Figure 3. Sum of the peak areas obtained by HS-SPME-GC-MS samples of the P. spinosa genotypes.

Sekil 3. P. spinosa genotiplerinin HS-SPME-GC-MS 6rneklerinden elde edilen pik alanlarinin toplami.
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A Principal Component Analysis (PCA) was performed, which reduces the multidimensional nature
of the data and provides a two-dimensional map for both genotypes and VOCs to explain the observed
variance. PC1 explained 26.8% of the total variation, while PC2 explained 39.0%. These two components
explain a large proportion of 65.8% of all variation. The score plot clearly showed the differences between
the genotypes. While BO2T and BO5T were in the same cluster, other genotypes (BO1T, BO3T and B0O4T)
were diversified (Figure 4). As can be seen in Figure 4, all chemical components are separated from

each other.
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Figure 4. Score plot of principal component analysis of VOCs analyzed in different genotypes of P. spinosa and chemical classes.

Sekil 4. P. spinosa 'nin farkli genotiplerinde analiz edilen Ugucu organik bilesiklerin PCA analizi skor grafigi ve kimyasal siniflari.
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CONCLUSION

In this study, some fruit traits, total soluble solids, pH, titratable acid, total phenol and DPPH analyses
were performed on the blackthorn genotypes grown naturally in the Seydisehir district of Konya province of
Turkiye. As a result of the findings, it was revealed that there were differences among the genotypes. BO3T,
with an average fruit weight of 2.67 g, exhibited significantly higher fruit weight compared to other
genotypes. Among the genotypes, BO1T stood out for its total soluble solids, BO1T for total phenolic content
and B0O4T for antioxidant content. Based on the values of volatile organic compounds, PCA analysis
revealed that genotypes BO2T and BO5T were closely associated with each other while other genotypes
were distinctly separated from these two.

In conclusion, detailed information was obtained through volatile organic analyses on five different
blackthorn genotypes. It was determined that the contribution of acids was high in all essential oils in the
blackthorn genotypes. VOC components detected in the study; it is used in the development of functional
components in food (flavor and sweetener), cosmetics, cleaning products, pharmacy and agriculture
(plant growth regulator, herbicide). The findings also provide important contributions to obtaining deeper
information about the chemical structure of P. spinosa and understanding the differences among the
genotypes.
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ABSTRACT

Objective: The objective of this study was to evaluate the socio-economic and
institutional determinants of smallholder rice farmers’ household welfare in
Nigeria, one of the countries with extreme cases of multidimensional poverty in
the world.

Material and Methods: Multistage sampling techniques were used in the
selection of 288 smallholder rice farmers. Primary data was collected from the
respondents with a semi-structured questionnaire. The market participation
index and ordinary least square regression were the models used to realize the
objectives.

Results: It was revealed that the smallholder rice farmers were semi-
commercialized with a market participation index of 0.73. The educational level
of the household head, household size, access to fertilizer, rice output, the
guantity of rice sold, cooperative membership and distance to an established
market were identified as the key drivers of smallholder rice farmers’ welfare.

Conclusion: Engagement in the output market impacted positively on the farm
income and per capita consumption expenditure, especially among educated
smallholder rice farmers who had access to fertilizer and belonged to
cooperatives.

0z
Amag: Bu calismanin amaci, dinyada ¢ok boyutlu yoksullugun en ug

orneklerine sahip ulkelerden biri olan Nijerya'daki kiiglk ciftci piring ciftgilerinin
hane refahinin sosyoekonomik ve kurumsal belirleyicilerini degerlendirmektir.

Materyal ve Yéntem: 288 kuglk olgekli piring ¢iftgisini segmek icin cok asamali
ornekleme teknikleri kullanildi. Katilimcilardan birincil veriler yari yapilandiriimis
bir anket araciligiyla toplanmistir. Hedeflere ulagsmak icin piyasa katilim endeksi
ve siradan en kiigik kareler regresyonu modelleri kullaniimistir.

Arastirma Bulgulan: Kuguk olgekli piring ciftcilerinin 0,73 pazar katilim
endeksiyle yar ticarilestigi ortaya cikti. Hane reisinin egitim dizeyi, hane
blyukligu, glibreye erigim, piring Uretimi, satilan piring miktari, kooperatif Gyeligi
ve yerlesik bir pazara uzaklik, kiiglik Olgekli piring giftcilerinin refahinin temel
etkenleri olarak belirlendi.

Sonug: Uretim piyasasina katilim, &zellikle gilibreye erigimi olan ve
kooperatiflere Uye olan egitimli kiiglik 6lgekli piring giftgileri arasinda, ciftlik geliri
ve Kisi basina tiketim harcamalari Uzerinde olumlu etki yapti.
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INTRODUCTION

Agricultural transformation anchored on smallholder commercialization is one of the potent ways of
achieving economic welfare (Ouedraogo, 2019). Smallholder commercialization is underscored by the need
to uplift rural incomes through a departure from prevalent semi-subsistence, low-input, low-productivity
farming systems characterizing much of Sub-Saharan Africa (SSA) (Olwande et al., 2015; Anthony et al.,
2021). Smallholders are farmers with a low asset base and operate less than two hectares of farmland; The
International Fund for Agricultural Development (IFAD) (2011) defined smallholders as farmers with small
landholdings and associated characteristics, including dependence mostly on household labour for
production and low use of technology. The majority of the smallholder farmers are poor, food insecure and
have limited access to markets (Otekunrin et al., 2019; FAO, 2015); they focus on a subsistence level of
production in which they produce only for self-consumption (Abdullah et al., 2019). Smallholder farming,
predominant in developing countries, not only plays a pivotal role in global food security (Abdullah et al.,
2019) but also acts as a catalyst for stimulating economic growth and ensuring household welfare through
poverty reduction, especially in SSA (Hoang, 2020). Currently, with over 550 million smallholder farms
worldwide, supporting the livelihoods of over 2 billion people and contributing to over 80% of the food
consumed in Asia and SSA (Lowder et al., 2021). However, with the increasing population and urbanization,
globalization and the devastating effects of climate change, there is an urgent need for transformation in
smallholder agriculture in the region (Abdullah et al., 2019). A viable strategy to achieve this transformation
involves the adoption of market-oriented production practices over subsistence-level approaches, as
proposed by Barrett et al. (2012), Chiemela et al. (2022) and Ukwuaba et al. (2024).

Agricultural commercialization, particularly smallholder transformation, has become an integral policy
tool for reducing food insecurity, reduction in poverty, and employment creation in Africa (Aromolaran et al.,
2020). The Nigerian government, recognizing the importance of commercialization, has implemented
various schemes and policies aimed at increasing self-sufficiency and welfare for farmers, particularly
through measures like import bans and tariffs, and improved access to fertilizers and seeds (Mani et al.,
2019). Despite these efforts, the progress of smallholder commercialization in Nigeria has not met
expectations.

The global demand for rice presents a significant opportunity for smallholder farmers to actively
participate in the market. Increased allocation of resources toward the production of marketable
commodities, especially rice, is anticipated to enhance market participation among smallholders. However,
addressing the intertwined issues of productivity, market orientation, and market participation is crucial for
realizing agricultural commercialization among smallholders (Martey et al., 2017). The nexus between
market-oriented production and increased income for smallholder farmers is evident in studies by Camara
(2017) and Hoq et al. (2021) emphasizing the significance of market-oriented smallholder farming in income
generation and welfare improvement. Policymakers advocate for market-oriented production, with optimism
that it could elevate household farm income, reduce poverty, and enhance rural food access (Ntakyo & van
den Berg, 2019).

Rice, a major staple in Nigeria, has witnessed a surge in demand due to shifting consumer
preferences, population growth, increased income levels, and rapid urbanization (Kamai et al., 2020). Over
60% of Nigeria's rice is produced by small-scale farmers, contributing significantly to employment and
income, especially in rural areas (PricewaterhouseCoopers [PwC], 2020). However, despite the
government's efforts to stimulate local production through initiatives like the Agricultural Transformation
Agenda and anchor borrowers' program, the welfare impact on a large number of small-scale farmers
remains limited due to market inefficiencies, poor remuneration, and farmers' inability to actively participate
in the output market. Consequently, Ogundari (2016) poor farm-level analysis of market orientation and
participation decisions among smallholders have been identified as a contributing factor (Ogundari, 2016).
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Efforts to identify the factors influencing the household welfare of smallholder rice farmers in
Southeast Nigeria have not received significant attention. Previous studies on smallholder
commercialization, such as Olanrewaju et al. (2016), Mafimisebi & Ikuerowo (2018), Mani et al. (2019),
Aromolaran et al. (2020), and Opata et al. (2020) centered on the determinants of market participation
only, without exploring the drivers of the welfare of market participation. Though Awotide et al. (2013)
examined the welfare effect of market participation among rural farming households in Nigeria, the
Southeast was conspicuously omitted from the study. This study thus, seeks to fill this gap by analyzing
the socio-economic determinants of smallholder rice farmers’ welfare in Southeast Nigeria. In addition,
most of the literature in Nigeria, especially in the Southeast region, such as Onubuogu & Onyeneke
(2012), Ukeje et al. (2017) and Okoye et al. (2019) has largely been on root and tuber crops. However,
few studies on market orientation and participation were carried out on cereal crops in Nigeria such as
Mafimisebi & Ikuerowo (2018) and Mani et al. (2019). To the knowledge of the researcher, the driver of
the welfare of smallholder rice farmers, especially in Southeast Nigeria, has not been explored. Thus, this
work tends to fill the gap. The study aims to determine the degree of market participation among
smallholder rice farmers and to evaluate the socio-economic and institutional drivers of household welfare
of smallholder rice farming households in Southeast Nigeria.

MATERIALS and METHODS

The study was conducted in the Southeast region of Nigeria, comprising five states: Abia,
Anambra, Ebonyi, Enugu and Imo (Figure 1). The southeast is situated between Latitude 4° 30’ and 7°
00’ North and Longitude 5° 30’ and 9° 30’ East. The land area of about 28,987km? (2,898,700 ha)
(National Bureau of Statistics, 2010) with an estimated population of 24,067,008 million people
(Worldometer, 2021), and spread across 95 local government areas (LGAs) with 19 agricultural zones.
The predominant soil type in the area is sandy loam, and the climate is characterized by rainy and dry
seasons (Okere, 2020). Smallholder agriculture dominates the major economic activities, especially in
rural areas. Rice is one of the most valuable staple foods cultivated and marketed in the study area,
especially the popular Abakiliki and Adani rice. It is mainly grown at the subsistence level, though a few
farmers operate at the commercial level.
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Figure 1. Map of Southeast Nigeria.
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A multistage sampling techniqgue was used in the selection of the respondents. In stage one,
Anambra, Ebonyi and Enugu states were purposively selected based on the high concentration of rice
farmers (Mba et al., 2021). In stage two, three agricultural zones were purposively selected from each of
the states selected based on the preponderance of rice farming in the areas. In stage three, three LGAS
(Anambra state: Ayamelum, Ogbaru, and Orumba; Ebonyi State: Ezza, Ikwo, and Izzi and Enugu State:
Awgu, Isi-Uzo, and Uzo-Uwani) where rice is mostly produced in the study area were purposively
selected from each state. Stage four involved a purposive selection of three communities from each of the
nine LGAs selected based on a large number of rice farming households. Finally, a proportionate random
sampling technique was used to select a sample of 288 respondents, comprising 84, 108, and 96
smallholder rice farmers from Anambra, Ebonyi, and Enugu states respectively, using Yamane's (1967)
formula at a 95% confidence level with a precision level of 7% to estimate the true population. The
formula is stated as follows: n = N/1+N(e?). Where n = sample size, N = total population (number of
smallholder rice farmers), and e = level of precision or error margin allowed (7%). A list of rice farming
households, obtained from ADP offices in the three states, served as the sampling frame. Primary data,
collected with the aid of a semi-structured questionnaire, personal observations/interviews and focus
group discussion from respondents were used in the study. The market participation index and
Heckman's two-stage model were used to realize the objectives.

Market participation index

The household crop output market participation index was computed as the proportion of the value
of rice sold to the total value of rice produced. It was expressed mathematically as follows:

k ,
Yies P Si
Z}IE=1 lSKQik

Where Sik denotes the quantity of rice (k) sold in the market by household i, P« represents mean
community level price, while Qik denotes the total quantity of rice k A produced by household i. The index
values of 0 indicate a high subsistence orientation while that of 1 is an indication of a high commercial-
oriented smallholder rice farmer.

(1

Ordinary least square regression

The OLS regression was employed in the estimation of factors influencing the household welfare of
smallholder rice farmers who participated in the rice market. The household welfare was proxied by per
capita consumption expenditure and was regressed against some socio-economic and institutional
independent variables. Based on the nature of the data, the linear, semi-log and double-log forms of OLS
were used to test for the best estimates. The OLS regression model was specified as follows:

Linear function

Y = Bo + B1X1 + B2 X2 + B3 Xa+ PaXat BsXs+ BeXet BrX7+ BsXst+ PoXot+ P1oX1o + PraXirt BiaXiz+ B1aXiz+
B1aX14t+ B1sX15+ B1eX1s + € 2

Semi-log function

Y = Bo + BilogX1 + B2logX2 + BalogXsz+ BalogXs+ BslogXs+ BslogXe+ B7logX7z+ BslogXs+ BelogXe+ BiologXio +
Bi1logXi1+ Br2logXiz+ BislogXis+ B1alogXia+ BislogXis+ BislogXis + € (3)

Double-log function

Log Y = Bo + BilogX: + B2logXz + PslogXs+ BalogXst BslogXs+ BelogXet+ BrlogX7+ BslogXs+ PBselogXe+
BiologXio + BrrlogXii+ Br2logXizt+ BialogXis+ PralogXiat BislogXis+ BielogXis + € 4)
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Where:
Y = Per capita consumption expenditure
B0 = intercept of Y
X1 = Age (years)
X2 = Education (Years spent in Education)
X3 = Household size
X4 = Access to fertilizer (Access =1, Otherwise, 0)
X5 = Access to Extension (Access =1, Otherwise, 0)
X6 = Access to Credit (Access =1, Otherwise, 0)
X7 = Distance to established Market (km)
X8 = Size of rice farm (Ha)
X9 = Distance to Asphalted Road (Km)
X10 = Rice yield (kg)
X11 = Market Information (Access =1, Otherwise 0)
X12 = Off-farm Income (Naira)
X13 = Income from Rice (Naira)
X14 = Quantity of rice sold (Kg)
X15 = Ownership of transport facility (Ownership = Yes, otherwise, 0)
X16 = Cooperative Membership (Access =1, otherwise, 0)

e = Error term

RESULTS and DISCUSSION

Market participation index

The result of market participation by smallholder rice farmers in the study area shows that the total
rice produced by the respondents in the 2022 farming season was 233,615 kg; with 2,500 and 150 kg
being the maximum and minimum production, respectively (Table 1). The Table also indicates that out of
the 233,615 kg of rice produced, 170,342 kg were sold in the market. The maximum quantity of rice sold
was 2,100.1 kg while the minimum sold was 25 kg. The result in Table 1 further showed a mean market-
participation index of 0.73 among smallholder rice farmers in the study area. The result implies that on
average, 73% of the total rice produced was sold to the market by smallholder rice farmers in southeast,
Nigeria. The result suggests that smallholder rice farmers in southeast Nigeria were semi-commercialized
as the quantity of rice sold was far greater than the quantity consumed and/or gifted to friends, neighbors
and relations. This could be attributed to the increased market-oriented production through the allocation
of more farmland to rice production, as well as increased use of purchased inputs among the smallholder
rice farmers in southeast Nigeria. Thus, the majority of the smallholder rice farmers in the study area
participated in the market; therefore, high transactional costs due to poor infrastructure and weak
institutions were not strong enough to hinder smallholders’ access to the output market.

The result is consistent with Aromolaran et al. (2020) which reported a moderate market participation
index of 0.46 among smallholder rice farmers in Ogun and Kaduna states, Nigeria. The result also agrees
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with Kondo (2018), Ochieng and Hepelwa (2018), Mekie et al. (2019), Ogundele (2020) and Ayele et al.
(2021), which found the smallholder cereal farmer’s level of market participation indices to be moderately
commercialized or semi-commercialized with market participation indices of 0.48, 0.66, 0.57, 0.52, and 0.53,
respectively. However, the result disagrees with Mpombo (2018) which reported a low market participation
index of 0.27 among smallholder rice farmers in Tanzania. The result is also at variance with Ayele et al.
(2018), Abate et al. (2021) and Manda et al. (2021) which reported low market participation indices of 0.10,
0.20 and 0.39, respectively.

Table 1. Market participation index of the respondents

Cizelge 1. Katihmcilarin pazar katiim endeksi

Indicators (Kg) Total Min. Max. Mean Std. Dev. Index
Quantity of Rice Produced 233615.00 150.00  2500.00 811.16 455.86
Quantity of Rice Sold 170342.00 25.00 2100.00 591.47 437.01
Total Quantity of Rice Consumed 43065.00 50.00 450.00 149.53 80.56
Total Quantity of Rice Gifted 20283.00 0.00 250.00 70.43 49.33
Market Participation Index 0.73

Field Survey, 2023

Socio-economic and institutional determinants of smallholder rice farmers’ welfare

The result of the Ordinary Least Square regression model of factors influencing smallholder rice
farmers’ welfare is presented in Table 2. The per capita consumption expenditure was proxied for
household welfare and was regressed against some explanatory variables. The double log form was
chosen as the best-fit equation as it has a better diagnostic test statistic than the other two functional
forms. Specifically, the double log form has the highest number of significant variables that are consistent
with the apriori expectations; the highest coefficient of multiple determination (R?) and significant Fischer’s
value, as well as the lowest mean squared error of regression. The F-statistic value of 15.6 was
significant at a 1% (p>0.01) level of probability; this indicates that the data were suitable for the model
and fit the model and that the specified variables adequately accounted for the variations in household
welfare. The coefficient of determination (R?) value of 0.576 suggests that about 57.6% of variations in
the household welfare of the smallholder rice farmers in Southeast Nigeria were explained by the
independent variables specified in the model.

The coefficient of education (0.024) was positive and significant at a 1% (p>0.01) level of
probability. The result is consistent with the apriori expectation and implies that the welfare of a
smallholder rice farming household increases with the increasing level of education of the household
head. Specifically, a unit increase in education will lead to a 0.024 rise in household welfare. Smallholder
farmers are often confronted with challenges of low income, agricultural productivity, food security, and
standard of living. However, education can be instrumental in improving the household welfare of
smallholder rice farmers. With improved education, a smallholder rice farmer can easily understand
market dynamics and strategies with which the farmer can access better markets and negotiate better
prices for the farm produce. Education also promotes the adoption of modern farming technologies
capable of increasing productivity, higher yields and increased income. The increased income will impact
positively on food security, improved standard of living and general household welfare. The result
corroborates the findings of Amankwah and Quagrainie (2018), Purnamadewi & Firdaus (2018), Issahaku
& Abdulai (2020), Mukaila et al. (2021), Oduniyi & Tekana (2021).
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Table 2. Ordinary least square result of the socio-economic and institutional factors influencing smallholder rice framers’ welfare

Cizelge 2. Kiiglik ¢iftci piring treticilerinin refahini etkileyen sosyo-ekonomik ve kurumsal faktorlerin alisiimig en kiiglik kareler sonucu

Variables Linear Semi-Log Double-Log
Age 299.720 4.827** 0.080
9 (0.343) (41.448) (0.557)
. 13192.391*** 0.001 0.024**
Education (8.949) (0.605) (11.180)
. -13321.271*** 0.024*** -0.018***
Household size (-3.833) (10.753) (-3.403)
Fertilizer Access 157710.785** -0.019*** 0.288***
(3.176) (-3.619) (3.712)
Extension Access -4545.741 0.280*** -0.008
(-0.333) (3.786) (-0.412)
. 9349.729 -0.010 0.005
Credit Access (0.517) (-0.493) (0.197)
. . -1095.382 0.005 -0.002**
Distance to Established Market (-1.404) (0.192) (-1.913)
Size of rice farmland 23(?;956237)9 '(92'0832) (?835)
Distance to asphalted road 1?07;514)4 (?ggg) (8238)
Rice vield -185.109** 0.002 0.612***
y (-2.035) (0.374) (2.619)
Market Information Access 6(706:136558)1 (()_g (21%0) (82:38)
Off-farm income 26499.593 0.012 0.042
(0.952) (0.349) (1.041)
0.042 0.049 0.040
Farm Income (0.448) (1.179) (0.219)
. . 197.351** 5.659E-8 0.573**
Quantity of rice Sold (2.024) (0.401) (2.936)
Ownership of Transport facility _?_2072283 0(202(1)1) (8322)
. . 42153.971** 0.002 0.048*
Cooperative Membership (2.352) (0.095) (1.820)
(Constant) -28262.482 0.045* 4,674
(-0.362) (1.677) (9.020)
R-Squared 0.511 0.567 0.576
Adjusted R-Squared 0.468 0.529 0.539
S.E of Regression 84296 0.12565 0.12424
F-Statistic 12.003 15.040 15.644
Sig. 0.000 0.000 0.000

Source: Field Survey, 2023 ****g* 1945 5% & 10% significance, respectively * Lead Equation

The coefficient of household size (-0.018) was negative and significant at a 1% (p>0.01) probability
level. The result is in tandem with the apriori expectation and implies that the welfare of smallholder rice
farming households decreases with increasing household size in the study area. Large family size is a
strain on the household income; with a large household size, there is increased competition for limited
household resources. This can lead to lower per capita income and reduced access to education,
healthcare, and other essential services; and as a consequence, limits their ability to access better
employment opportunities and improve their standard of living. The result disagrees with that of Ochieng
and Hepelwa (2018) and Hoq et al. (2021) that the number of household members positively impacted
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the household per capita consumption expenditure of smallholder farmers in Bangladesh and Tanzania,
respectively.

Access to fertilizer (0.288) was positive and significant at a 1% (p<0.01) risk level. The sign of the
coefficient of the variable conforms with the a priori expectation and the result suggests that a unit
increase in access to fertilizer increases household welfare by 0.288 units. Little or no access to fertilizer
is a major obstacle to smallholder commercialization in developing countries; it impacts negatively on
crop production and consequently reduces the quantity and quality of rice available for the market.
However, smallholder farmers with improved access to inorganic fertilizers have better rice outputs and
thus, earn higher farm income which translates to an improved standard of living. The result affirms
Habtemariam et al. (2019) that the adoption of fertilizer improves net farm income and reduces food
insecurity and poverty reduction.

The distance to an established market (-0.002) was also found to be negative and significant at a
5% (p<0.05) level of probability. The result indicates that an indirect relationship exists between
household welfare and distance to an established and competitive market. The result also shows that for
every one-unit increment in the distance to an established and competitive market, the household welfare
decreases by 0.002 units. The farther a smallholder farm is from a market, the higher the transportation
costs. Transporting agricultural products over long distances reduces the profit margins for farmers. The
bad road network also adds to the increasing transaction cost and impacts negatively on the farm income
and household consumption expenditure of the smallholder rice farmers. The result is similar to Kyaw et
al. (2018) and Aromolaran et al. (2020).

The quantity of rice produced or rice yield (0.612) was positive and significant at a 1% (p<0.01) risk
level. The result connotes a direct relationship between the rice produced by smallholder rice farmers and
household welfare. The result suggests that as the quantity of rice produced by smallholder farmers’
increases, the household per capita consumption expenditure rises. Specifically, a unit increase in the
quantity of rice output leads to an increase in the household welfare of smallholder rice farmers by 0.612
units. Increased output from smallholder farmers creates a ripple effect such as improved market
engagement, income generation, economies of scale and access to credit, among others. Specifically,
with increased production, farmers can generate more income. The additional income can be reinvested
in the farm and improving the farming practice, leading to the adoption of improved technologies, and
enhanced standard of living among the smallholder rice farmers in the study area. Also, higher
productivity and higher income increase the creditworthiness of smallholder farmers and, this further
enhances their access to more credit. The improved access to credit also enhances smallholder
commercialization, poverty reduction and improved standard of living. The result aligns with Abdullah et
al. (2019) which observed that rice output was among the important factors that positively influenced the
welfare of smallholder rice farmers in Pakistan. The quantity of rice sold (0.573) was positively significant
at a 1% (p<0.01) level of probability. The result indicates the existence of a direct relationship between
household welfare and the quantity of rice sold. The result suggests that the more a smallholder farmer
participates in an output market, the more the welfare of the household is enhanced. Furthermore, the
OLS result indicates that a unit increase in the quantity of rice sold leads to a 0.573 unit increase in the
welfare of smallholder rice farmers. Poverty is often linked to insufficient income, and by increased market
involvement, smallholder farmers can improve their standard of living. Thus, higher quantities of rice sold
contribute to poverty reduction among smallholder farmers. With increased income due to increased
market participation, household basic needs are easily met. Therefore, market participation provides a
financial cushion and improves the overall economic well-being of smallholder farmers. The result is
similar to the findings of Camara (2017), Ochieng and Hepelwa (2018), Abdullah et al. (2019) and Ogutu
et al. (2020).
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Cooperative membership (0.048) was positive and significant at a 10% (p<0.1) risk level. The result
suggests the existence of a direct relationship between cooperative membership and the household
welfare of smallholder rice farmers in southeast Nigeria. The result is not surprising as cooperatives often
provide smallholder farmers with improved access to markets by establishing direct links with buyers,
reducing the dependence on middlemen and ensuring fairer prices for smallholder farmers. Cooperative
membership also enhances smallholder farmers’ bargaining power, access to resources, and ability to
manage risks collectively. This, in turn, positively impacts household welfare by reducing production costs
and improving income and poverty reduction. This result corroborates the studies by Cafer & Rikoon
(2018), Hao et al. (2018), Sellare et al. (2020) and Sarkar et al. (2022) which identified cooperatives as a
major tool for achieving and ensuring improved living conditions for smallholder farmers.

CONCLUSION

Smallholder commercialization is a vital strategy for transforming the agricultural sector and
promoting economic growth in developing countries. By transitioning from subsistence to commercial
farming, smallholders can increase their incomes, improve their livelihoods, and contribute to national
food security. The commercialization efforts of smallholder rice farmers in Southeast Nigeria have not
been fully optimized; however, the efforts are beginning to yield the desirable outcome. The farmers have
gradually shifted from the traditional subsistence system to semi-commercialization despite the
challenging environment. Engagement in the output market impacted positively on the farm income and
per capita consumption expenditure which translates to household welfare. The educational status of the
household head, access to fertilizer, the quantity of rice produced and sold as well as membership of
cooperatives were the major socio-economic and institutional factors impacting positively on the
household welfare of smallholder rice farmers. However, the level of household welfare of the farmers
was limited by the distance to an established market and large household size in southeast Nigeria.
Therefore, any policy aimed at improving the standard of living and poverty reduction among smallholder
farmers must be anchored on these key factors. The push factors, such as support systems and
incentives, need to be strengthened, while the pull factors, like challenges and barriers, should be
mitigated or minimized. Targeted policies, programs, and investments can help enhance their access to
markets and market information, inputs, credit, and technology. In addition, access to training and
capacity building, as well as infrastructure and logistics, are crucial. Thus, by supporting smallholders’
transition to commercial farming, governments and stakeholders can unlock the full potential of the
agricultural sector and promote a more food-secure, prosperous, and resilient future. Besides
government intervention, smallholder rice farmers should form cooperatives to enhance the bargaining
power of smallholder farmers in the market. The cooperative should also facilitate the establishment of
direct market linkages between smallholder farmers and buyers, processors, or retailers to enhance
participation in the market and turn, increase the household welfare. Collectively, these stakeholders can
create a robust ecosystem that supports smallholder commercialization, and economic growth, ultimately
reducing poverty and improving livelihoods in southeast, Nigeria.
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ABSTRACT

Objective: In this study, the aim was to determine the germination and seedling
development responses of common grasspea (Lathyrus sativus L.) genotypes
under salt stress and to identify genotypes sensitive or tolerant to salinity.

Materials and Methods: The research was conducted at the Field Crops
Laboratory of the Faculty of Agriculture, Siirt University, under controlled
conditions at 25+1°C. The plant material of the study consists of 2 cultivars and
8 genotypes. The study investigated the doses of NaCl at 0, 50, 100, 150, and
200 mM. The laboratory experiment was conducted by a completely
randomized factorial design with four replications.

Results: The increase in salt levels significantly (p<0.01) affected the
germination and seedling characteristics of grasspea genotypes. It was
determined that common grasspea genotypes were significantly affected by
increasing salt concentrations with regard to germination parameters starting
from the 50 mM salt dose. Regarding seedling parameters, grasspea genotypes
were affected by salt concentrations beyond 50 mM in relation to seedling
length and seedling dry weight, while other seedling parameters were
negatively impacted even at the lowest salt dose.

Conclusion: When all examined parameters were considered together, the Sel
668 genotype stood out for its tolerance to salinity and its performance in
germination and seedling development.

(oy4
Amag: Bu galismada, yaygin murdimuk (Lathyrus sativus L.) genotiplerinin tuz

stresi altinda ¢imlenme ve fide gelisim tepkilerinin belirlenmesi ve tuzluluga
hassas ya da tolerant genotiplerin ortaya konulmasi amaglanmistir.

Materyal ve Yontem: Arastirma, Siirt Universitesi, Ziraat Fakiiltesi, Tarla
Bitkileri Laboratuvar’'nda, 25+1°C kontrolli sartlar altinda yurGtilmastur.
Calismanin bitkisel materyali 2 gesit ve 8 genotipten olusmaktadir. Calismada;
tuzun (NaCl) 0, 50, 100, 150 ve 200 mM dozlari arastirmanin konusunu teskil
etmistir. Laboratuvar deneyi tesaduf parsellerinde faktoriyel deneme desenine
gore 4 tekrarlamali olarak yUrGtilmugtar.

Arastirma Bulgular: Tuz seviyesindeki artis, murdimuk genotiplerinin gimlenme
ve fide 6zelliklerini cok 6nemli (p<0.01) derecede etkilemistir. Yaygin mirdimuk
genotiplerinin  artan tuz konsantrasyonlarina bagh olarak ¢imlenme
parametreleri agisindan 50 mM tuz dozundan itibaren anlamli olarak etkiledigi
belirlenmigstir. Fide parametrelerinde ise fide uzunlugu ve fide kuru agirhgi
bakimindan 50 mM tuz konsantrasyonundan sonra murdimuik genotipleri
etkilenirken, diger fide parametrelerinin ise kontrolden itibaren en disuk tuz
dozunda bile olumsuz yénde etkilendigi belirlenmistir.

Sonug: Tum incelenen parametreler birlikte degerlendirildiginde ise Sel 668 genotipi
tuzlulugu dayaniklihgi ve gimlenme ve fide gelisimi agisindan 6n plana ¢ikmistir.
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INTRODUCTION

Common grasspea (Lathyrus sativus L.), which belongs to the Leguminosae family, is a annual
legume species of significant economic importance, particularly in developing countries such as India,
Bangladesh, Pakistan, Nepal, and Ethiopia, where it is used for both human and animal nutrition (Kumar &
Tripathi, 2008; Ahmadi et al., 2015; Xu et al., 2018; Lambein et al., 2019). The grasspea plant is known for
containing 65% carbohydrates and 18-34% protein on a dry weight basis, making it recognized as a protein
source (Feyzi et al.,, 2018). It also contains significant amounts of minerals such as phosphorus,
magnesium, and calcium (Arshad et al.,, 2023). Due to its abundant nutrient content and unique
characteristics such as low water demand, grasspea is considered a wonderful option for sustainable food
production, especially in coping with environmental challenges such as climate change, flooding, and pest
diseases, and with the increasing demand for eco-friendly protein sources (Gongalves et al., 2022).

Climate change and global warming are seen as triggers for significant problems such as drought
and soil salinity (Ozyazici & Agikbas, 2021). The stress conditions resulting from climate change affect
agriculture differently depending on the regions and agricultural products (Anderson et al., 2020). One of
the most significant stress factors that plants encounter throughout their life is salt stress (Omidi et al.,
2022). Salinity, especially in arid and semi-arid regions, is one of the most determining environmental
stress factors limiting crop productivity (Z6rb et al., 2019). In addition to the provided information, salinity
adversely affects soil microbial diversity, enzymatic activities, and consequently, carbon and nitrogen
dynamics, as well as greenhouse gas emissions from the soil (Fagodiya et al., 2022). Salinity induces
various physiological, morphological, and biochemical changes in plant growth and development, affecting
processes such as photosynthesis, protein synthesis, lipid metabolism, and energy production (Parida &
Das, 2005; Munns & Tester, 2008). Especially during seed germination and early seedling growth stages,
which are critical stages for plant development, seed germination phase is the most sensitive period for
plants to salinity (Acikbas et al., 2021).

It is important to detect genetic variations for identifying the genotypes that are most tolerant to
salinity. Additionally, determining the response of plants to salinity during germination and seedling
stages is crucial for achieving optimal yields in salinity-affected areas (Ozyazici & Agikbas, 2021). Salt
damage is not only depending on the growth stage, environmental factors, and the structure of salts but
also significantly influenced by plant species and variety, as well as the amount of salt (A¢ikbas et al.,
2023). In general, L. sativus is resilient to environmental stresses and can yield well even under adverse
climatic conditions (Cocks et al., 2000). Moreover, it is highly tolerant to negative environmental factors
such as periodic flooding, low temperatures, soil salinity, and most importantly, prolonged drought
(Tokarz et al., 2020). One of the key ways to cope with this issue is through the cultivation of plants
tolerant to salinity, especially considering that both our soils and irrigation waters are becoming
increasingly saline due to the impact of global climate change.

The aim of this study is to determine the germination and seedling growth responses of common
grasspea (L. sativus L.) genotypes under salt stress conditions and to identify sensitive or tolerant genotypes
to salinity.

MATERIALS and METHODS

Materials

The research was conducted at the Field Crops Department Laboratory of Siirt University (Turkiye),
Faculty of Agriculture (37°58'13.20"N - 41°50'43.80"E). In the study, a total of 10 common grasspea (L.
sativus L.) genotypes, 8 lines (IFLS 349, IFLS 257, Sel 706, Sel 668, Sel 702, Sel 1794, ETH-24 and ETH
WIR-70) obtained from ICARDA (International Center for Agricultural Research in the Dry Areas), and 2
cultivars (GAP Mavisi and Gurbiiz-2001) bred in Turkiye, were used as plant material. Sodium chloride
(NaCl) was used as the salt form.
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Research Subject and Germination Experiment

Laboratory experiments were included ten different grasspea genotypes and five different
concentrations (0- 50-100-150 and 200 mM) of salt (NaCl). They were established in randomized plots in
factorial design with four replications. For each replication, 20 seeds were used. Seeds were surface
sterilized with 70% ethanol for one minute and then rinsed three times with sterile water. Then, to remove
the microorganisms on the seed surface, a subsequent step of surface sterilization was carried out by
covering the seeds with a 10% sodium hypochlorite (NaOCI) + 0.01% tween20 solution for 10 minutes.
The sterilized seeds were placed between two layers of Whatman No.2 filter paper in petri dishes (90 mm
x 15 mm). Five ml of salt solutions were applied to each petri dish. Petri dishes were left to germinate in
an incubator (BINDER, GmbH, Germany) setting at 25+2°C temperature. Until the end of the study, 5 ml
of salt dose was added to the petri dishes according to the trial subjects for every 48 hours (according to
the humidity levels of the seeds in the petri dishes).

Germination controls were applied for every 24 hours during the experiment and the germination
test was completed on the 10th day. The observation of at least 2 mm radicle was the germination
criterion of the seeds (Scott et al., 1984; Soleymani & Shahrajabian, 2018). Measurements were
conducted on ten randomly selected seedlings in each petri dish, and on all germinated plants in petri
dishes that did not contain adequate number of seedlings due to salt stress.

Germination and Seedling Growth Assessments

In the study, germination parameters such as germination percentage (GP), mean germination time
(MGT), germination index (Gl), coefficient of uniformity of germination (CUG), germination energy (GE),
and seedling growth parameters such as seedling length (SL), seedling fresh weight (SFW), seedling dry
weight (SDW) and seedling vigor index (SVI) were examined.

Equation 1 of Scott et al. (1984) was used for the determination of the GP parameter.
GP= (NGS/TS)x100 @)

In the equation, NGS is the number of normal germinated seeds, TS is the total number of utilized
seeds.

Mean germination time is used to determine the germination day of seeds and was calculated by
Equation 2 (Ellis & Roberts, 1981).

MGT= X (NiTi/Ni) 2

Ni is the number of seeds germinated on the Ti day; Tirefers to the number of days from the
beginning of germination.

Germination index was calculated with the help of Equation 3 (Wang et al., 2004), CUG by
Equation 4 (Bewely & Black, 1994), and GE by Equation 5 (Li et al., 2020).

Gl= % (GiITy) ®)
Gi is the germination percentage at the i" day, and Tt is the days of germination test duration.
CUG=3 n/ Y[ (MGT-t)?n] (4)

t is the time in days starting from day 0O, the day of sowing, and n is the number of seeds
completing germination on day t.

(T+/N) x 100 )

In the equation, T1 represents the number of seeds germinated on the first day, and N represents
the total number of seeds.
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Seedling length (SL) (cm): At the end of the study, the lengths of seedling were scanned in color
with a random selection using an Iscan Color Mini Portable Scanner with a resolution of 600 dpi. The SL
parameter was precisely and meticulously measured using (Acikbas et al., 2021) the ImageJ image
analysis software (Rueden et al., 2017).

Seedling fresh weight (SFW) and dry weight (SDW) (mg): The SFW was determined at the end of
the study by weighing ten randomly selected seedlings from each Petri dish and calculating the average
fresh weight of seedlings. Following that, the fresh seedlings were dried in an oven at 70 °C for 48 hours
to determine the average SDW.

Seedling vigor index (SVI): It was calculated using Equation 6 as reported by Kalsa & Abebie (2012).
SVI= GPxSDW (gr) (6)

Statistical Analysis

The obtained data were subjected to analysis of variance according to the completely randomized
factorial design. The differences between the means were checked with the TUKEY’s HSD multiple
comparison test (Agikgdz & Acgikgdz, 2001). The IMP Pro 14 software was used for statistical calculations.

RESULTS

The variance analysis results for the GP, MGT, CUG, GlI, GE, SL, SFW, SDW, and SVI values of
the grasspea genotypes considered in the study according to salt stress are presented in Table 1.

Table 1. The variance analysis of the parameters examined in the study

Cizelge 1. Arastirmada incelenen parametrelerin varyans analizi

TUKEY value/F probability

Factors/Traits op MGT . Gl GE SL SEW SDw Svi

Genotypes (G)  7.57/*  0.63/ns  9.07/* 165/ 1178 071 5275/ 214 565/
Salinity (S) 457/  0.38F*  548M* 100/ 7.4 044k 3199m L2934l
GXS 21.42/% 181/ 2554/ 469/ _ 33.66/* _ 2.07/* 15046/ 609 1611/

GP: Germination percentage, MGT: Mean germination time, CUG: Coefficient of uniformity of germination, Gl: Germination index,
GE: Germination energy, SL: Seedling length, SFW: Seedling fresh weight, SDW: Seedling dry weight and Seedling vigor index, **:
p<0.01, ns: no significant difference.

The differences among genotypes for all parameters (except MGT) were found to be statistically
significant at the p<0.01 level. Similarly, the differences among salinity levels and genotype x salinity
interaction for all parameters were also found to be statistically significant at the p<0.01 level (Table 1).

As a result of the study, increasing salt concentrations were found to decrease germination rates;
however, the difference between the control treatment (0 mM) and the 50 and 100 mM salt doses was
statistically insignificant, significant decreases occurred from the 150 mM salt dose onwards. Accordingly,
the highest germination rate, as the average of genotypes, was determined to be 99.0% and 98.5% in the
control (0 mM) and 50 mM applications, respectively, while the lowest value was observed at the highest
dose of salt, 200 mM salt concentration (43.2%). When the average results of grasspea genotypes were
examined, the highest germination rate was found to be 92.0% in the Sel 668 genotype, on average
across salt concentrations, and the difference between Sel 668 genotype and other genotypes except Sel
706, ETH WIR-70, and Giirbiz-2001 genotypes was statistically insignificant in terms of germination rate.
The lowest germination rate was determined to be 77.7% on average across salt concentrations in the
Gurbiiz-2001 cultivar (Table 2).

In the study, it was observed that germination was more delayed with increasing salt
concentrations than untreated ones. In this regard, germination occurred on average in 1.35 and 1.38 days
in 0 and 50 mM environments, respectively, while in the 100 mM salt concentration, it took 2.19 days, and
in 200 mM, the average germination time was 2.98 days (Table 2).
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Table 2. Some germination parameters of grasspea genotypes at different salt concentrations

Cizelge 2. Miirdiimtik genotiplerinin farkli tuz konsantrasyonlarindaki bazi ¢cimlenme parametreleri

Salt concentration (mM, NacCl)

Genotypes 0mM 50 mM 100 mM 150 mM 200 mM Average
Germination percentage (%)
IFLS 349 100.0+0.02 100.0+0.02 96.7+2.92 85.0+18.0%¢ 60.0+5.0% 88.3"8
IFLS 257 100.0+0.02 98.3+2.92 93.3+11.52 96.7+2.9% 50.0+10.0%" 87.7%8
GAP Mavisi 98.3+2.9% 98.3+2.92 96.7+5.8% 96.7+2.92 36.7+7.6 85.346C
Giirbiz-2001 96.7+5.8% 98.3+2.9% 98.3+2.9% 86.7+7.6% 8.3+2.99 77.7°
Sel 706 100.0+0.02 98.3+2.92 96.7+2.9% 96.7+2.92 10.045.09 80.3°P
Sel 668 100.0+0.02 98.3+2.92 96.7+2.9% 100.0+0.02 65.0+13.2% 92.04
Sel 702 98.3+2.9% 98.3+2.9% 96.7+2.9% 95.0+5.0% 55.0+13.20¢f 88.748
Sel 1794 100.0+0.0% 96.7+5.8% 91.7+7.6% 95.0+£5.0% 66.7+2.9° 90.0%8
ETH-24 100.0+0.0% 100.0+0.0% 98.3+2.9% 86.7+18.9% 43.3+12.6° 85.74BC
ETH WIR-70 96.7+5.8% 96.7+2.9% 96.7+ 2.9% 93.3+2.9% 36.7+5.8f 84.38¢P
Average 99.0% 98.5* 96.2"8 93.28 43.2¢
Mean germination time (day)
IFLS 349 1.17+0.1¢ 1.37+0.1°%¢% 2.51+0.7" 2.77+0.6>¢ 3.11+0.6%¢ 2.18
IFLS 257 1.33+0.2% 1.32+0.1% 1.96+0.4%¢ 2.35+0.2"¢ 3.21+0.3% 2.03
GAP Mavisi 1.44+0.2%¢ 1.62+0.2¢ 2.81+0.4"¢ 2.55+0.7"¢ 3.17+0.9%¢ 2.32
Giirbliz-2001 1.64+0.3%¢ 1.59+0.2"¢ 2.27+0.2"¢ 2.52+0.1%° 2.17+0.3%° 2.04
Sel 706 1.22+0.0¢ 1.39+0.1%% 1.93+0.1%¢ 2.09+0.3"¢ 2.94+0.6"° 1.91
Sel 668 1.23+0.2¢ 1.17+0.0° 2.31+0.1°¢ 2.03+0.3%¢ 4.81+1.12 231
Sel 702 1.45+0.2%¢ 1.25+0.1° 1.48+0.1%¢ 2.07+0.3"¢ 2.67+0.8"¢ 1.79
Sel 1794 1.23+0.2¢ 1.25+0.2° 1.69+0.4%¢ 2.32+0.3"¢ 3.12+0.3%¢ 1.92
ETH-24 1.20+0.1° 1.42+0.2°¢ 2.74+0.3"¢ 2.34+0.5"¢ 2.14+0.4"¢ 1.97
ETH WIR-70 1.60+0.3%¢ 1.37+0.2%% 2.25+0.4"¢ 2.31+0.4"¢ 2.50+ 0.9P¢ 2.01
Average 1.35¢ 1.38¢ 2.198 2.348 2.98*
Germination index
IFLS 349 18.11+1.22 16.44+1.2% 9.83+2.3™ 7.53+1.6%P 4.73+0.2™m 11.33%8C
IFLS 257 16.78+1.82 16.50+1.0%  11.67+2.4%% 9.77+1.2" 3.79+0.7°pd 11.70%8¢
GAP Mavisi 15.73+1.1%¢  13.97+0.8*' 8.16+1.1%° 9.41+2.6"™ 3.17+0.7M 10.09¢
Giirbiz-2001 15.12+1.07  14.17+1.4*"  10.91+0.5%* 8.81+0.7!" 1.50+0.5¢ 10.10¢
Sel 706 17.83+0.32 16.06+1.3%¢  11.81+1.0°%  11.56+1.5. 1.39+1.2¢ 11.73%8C
Sel 668 17.78+2.12 18.11+0.72 9.64+0.9" 11.69+1.7¢% 4.47+0.8™¢ 12.34%8
Sel 702 15.28+1.6*° 17.28+0.82 14.78+1.3%9  11.25+2.1% 4.50+0.0™¢ 12.62%8
Sel 1794 17.67+1.52 17.22+2.28 13.48+0.9%1 10.19+0.89" 5.69+0.4"9 12.85%
ETH-24 17.67+1.22 15.94+1.6%¢ 9.04+0.9"" 9.41+2.9"" 4.53+1.1™9 11.32%8C
ETH WIR-70 14.83+2.3%9  16.44+1.4% 10.44+1.7% 9.53+1.7™ 3.56+0.7°P4 10.968¢
Average 16.68% 16.21 10.98"8 9.91¢ 3.73°

Values within a group denoted by different letters are significantly different at p < 0.01.

Salinity significantly reduced the germination index, germination uniformity coefficient, and
germination energy. Significant decreases in the mentioned germination parameters occurred from the
100 mM salt dose onwards, and differences between the 0 mM and 50 mM salt concentration treatments
were found to be statistically insignificant. The highest values for germination index, germination
uniformity coefficient, and germination energy were observed at these two salt concentrations
(respectively, 16.68 and 16.21 for GI; 74.9 and 72.7 for CUG; 69.7 and 64.7 for GE). When differences
among grasspea genotypes were examined, the Sel 1794 genotype stood out with the highest values for
germination index and germination energy, while the Sel 668, Sel 702, and Sel 1794 genotypes excelled
on germination uniformity coefficient. Generally, increasing salt concentration reduced the Gl, CUG, and
GE values in all genotypes compared to the control (0 mM) and 50 mM (Tables 2 & 3).
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The highest seedling length values, as the average of genotypes, were determined in the control (0
mM) and 50 mM salt concentration treatments (9.22 cm each), while the lowest values were observed at
the highest dose of salt (200 mM) (1.15 cm). Regarding seedling length, it was found that the Sel 702
genotype had the longest measurement at 7.33 cm. It was grouped with the IFLS 257 and Sel 668
genotypes for seedling length (Table 3).

Table 3. Some germination and seedling length values of grasspea genotypes at different salt concentrations
Cizelge 3. Miirdiimiik genotiplerinin tuz konsantrasyonlarindaki bazi ¢cimlenme ve fide uzunlugu degerleri

Salt concentration (mM, NacCl)

Genotypes 0mM 50 mM 100 mM 150 mM 200 mM Average
Coefficient of uniformity of germination
IFLS 349 84.2+6.3% 73.5+5.8%¢ 40.9+6.79° 31.247.0%s 19.6+2.5™ 49.9%8C
IFLS 257 75.9+10.3%°  74.5+5.3¢ 48.9+5.7% 41.545.49° 15.7+3.8°° 51.38
GAP Mavisi 68.8+7.43f 60.8+4.7%" 34.9+6.2" 39.6+3.8Md 12.3+4.2" 43.38¢
Giirbiiz-2001  59.8+8.1%1 62.3+6.7%" 43.5+2.3" 34.5+2.8" 7.2+2.5° 41.4¢
Sel 706 82.2+1.9% 71.3+ 5.9%¢ 50.3+4.6° 46.8+3.0%" 6.3+2.2° 51.48
Sel 668 83.0+9.72 84.1+4.92 42.0£1.89" 49.9+3.7% 14.3+2.49s 54.7A
Sel 702 68.6+9.13f 78.6% 4.6% 65.6+6.1%9 46.6+4.35°™  20.8+1.4™* 56.1A
Sel 1794 81.9+9.82 78.7+ 4.2% 55.6+5.9%k 41.0+2.29P 21.5+1.2" 55.7A
ETH-24 82.1+7.72 71.3+8.8*¢ 36.1+3.2"" 39.1+3.1Md 20.4+2.7™ 49.848C
ETHWIR-70  62.3+5.8*"  72.3+9.9%¢ 44.1+2 .40 41.1+6.39P 15.5+2.3P* 47.178¢
Average 74.9° 72.7A 46.2°8 41.18 15.4¢
Germination energy
IFLS 349 83.3+10.42 65.0+8.8%° 15.0+2.791 5.3%1.3 6.7+2.9 35.148¢
IFLS 257 68.3+7.6%° 66.7+7.6%° 30.0£3.2%1 13.3+2.6" 3.3x0.9 36.378¢
GAP Mavisi 60.0+8.7%¢ 43.3+7.6%" 5.3+2.0 13.3+2.5M 5.0+0.0 25.4¢
Girbiiz-2001  63.3+7.6%¢ 45,0+3.20h 23.3+5.3" 15.0+4.0%1 6.7+2.9 30.78¢
Sel 706 78.3+2.9% 63.3+6.13¢ 28.3+5.8¢%1 28.3+5.8°%1 5.0£1.0 40.7°8
Sel 668 78.3+3.6% 83.3+2.92 13.3+4.6" 25.0+5.21 3.7+1.8 40.778
Sel 702 55.0+ 2.8%f 75.0+8.73* 51.7+6.6%f 28.3+5.6%1 1.7+0.5 42.3"8
Sel 1794 76.7+5.3%¢ 76.7+4.43c 48.3+4.4b9 21.7+4.84 6.7+2.9 46.0%
ETH-24 78.3+10.4% 60.0+5.0*¢ 10.0+2.0" 15.0+4.0%1 6.7+2.9 34.08¢
ETH WIR-70 55.0+7.5%f 68.3+7.43° 16.7+2.6%1 15.0+4.0%1 3.320.9 31.7%¢
Average 69.74 64.74 24.28 18.08 4.9¢
Seedling length (cm)

IFLS 349 7.08+0.6"" 9.87+0.4*¢ 6.23+0.3"° 4.00+1.07 1.20£ 0.1 5.685F
IFLS 257 11.370.7% 8.81+1.1¢ 6.80+0.6"" 4.60+0.5 2.06+0.1" 6.734BC
GAP Mavisi 8.98+1.3°" 8.46+0.8%* 5.74+0.6™P 3.87+0.5M 1.08+0.1 5.625F
Gurbiiz-2001  7.680.7"™ 9.32+0.09 5.91+0.5™P 3.96+0.5M 0.56+0.1' 5.49%
Sel 706 10.24+0.5%¢  8.94+0.8°" 6.48+1.0%° 6.16+1.2"° 0.71x0.1' 6.518¢P
Sel 668 11.40+0.72 9.30+1.1%9 8.73+0.3% 5.36+0.6™P 1.25+0.0 7.21%8
Sel 702 9.62+0.9*"  10.73+0.9%° 8.49+0.1%% 6.38+0.3"° 1.42+0.0" 7.33%
Sel 1794 8.00+0.2¢" 9.43+0.7>" 7.00+0.4"" 5.42+0.1"° 1.34£0.1" 6.24C°F
ETH-24 8.60+0.6%1 9.53+0.3*" 6.72+0.31" 6.28+0.1"° 1.21+0.1" 6.47°
ETH WIR-70 9.27+1.3%9 7.80+0.6°™ 7.35x0.99" 4.08+0.1P4 0.65+0.0" 5.83PF
Average 9.224 9.224 6.948 5.01¢ 1.15°

Values within a group denoted by different letters are significantly different at p < 0.01.

The values for seedling fresh and dry weights and seedling vigor index are given in Table 4. When
Table 4 is examined, the highest values for seedling fresh weight and seedling vigor index, as the average of
genotypes, were determined in the control group (521.8 mg and 51.5, respectively), while the lowest values
were observed at the highest dose of salt (200 mM) (202.1 mg and 9.1, respectively). It was found that IFLS
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257 and ETH WIR-70 genotypes had the highest values for seedling fresh weight and seedling vigor index,
on average across salt concentrations. When seedling dry weight was evaluated, the highest dry weights
were reached at 0 and 50 mM concentrations as the average of genotypes, while the lowest dry weight
values were observed when reaching the 200 mM dose. When their genotypes examined, the highest
seedling dry weight values were found in the ETH WIR-70 genotype with 18.2 mg. The lowest values were
determined in the IFLS 349 (13.1 mg), GAP Mavisi (12.9), and Girbuiz-2001 (12.6 mg) genotypes (Table 4).

Table 4. Some seedling development parameters of grasspea genotypes at different salt concentrations
Cizelge 4. Miirdiim(ik genotiplerinin farkli tuz konsantrasyonlarindaki bazi fide gelisim parametreleri

Salt concentration (mM, NaCl)

Genotypes 0mM 50 mM 100 mM 150 mM 200 mM Average
Seedling fresh weight (mg)
IFLS 349 494.8+43.3%" 380.2+32.1"" 391.7+9.5%" 335.4+33.4"° 268.1+18.7™° 374.08¢
IFLS 257 555.6+31.6%° 475.5+21.2% 490.0£23.0%" 386.1+40.0™" 327.4 32217 446.94
GAP Mavisi 439.7+6.0% 441.3+36.9 409.4+34.1°™ 372.5+£16.29" 156.7 £16.1° 363.985¢
Giirbiiz-2001 483.4+14.8%" 527.8+49.8%f 381.9+33.8"™ 380.1+28.5M" 172.0 £33.49¢ 389.18¢
Sel 706 543.5+8.8%¢ 382.4+30.6" 364.7+28.49" 349.7+31.2M° 178.0+20.07* 363.75¢
Sel 668 591.0+38.7%° 475.4+44.5% 427.1+58.9% 333.9+17.2"° 246.4 +28.3"° 414.8"8
Sel 702 512.5+42.0*9 542.2+57.7%¢ 402.1+33.04™ 354.5+18.7"° 145.7+18.8° 391.48¢
Sel 1794 495.6+13.0%" 390.5+54.1"" 387.2+37.7 308.3+32.9" 146.0+ 21.0° 345.5¢
ETH-24 497.1+26.5%" 457.8+52.7% 321.9+42.3% 385.7+3.5M 166.7+ 12.9" 365.85¢
ETH WIR-70 605.2+31.42 555.4+63.13° 463.6+£31.5%% 412.7+#41.9°™ 213.9+33.4°° 450.24
Average 521.8% 462.98 404.0°¢ 361.9° 202.1F
Seedling dry weight (mg)
IFLS 349 18.9+1.4%1 18.8+3.1%1 13.142.7P 9.9+0.6"* 4.8+0.47" 13.1F
IFLS 257 24.7+1.32 18.6+1.3% 15.4+2.7%n 13.3+2.1"P 7.510.8P1 15.98¢P
GAP Mavisi 16.9+2.0* 17.242.4% 14.0+2.3M° 10.7+1.6™" 5.5+0.5%" 12.9%
Giirbiz-2001 19.3+3.7* 16.2+1.2¢™ 12.0+2.0%P 10.8+1.2"9 4.7+0.3" 12.68
Sel 706 22.3+1.0*¢ 22.5+3.0%4 15.7+2.0" 12.2+1.8%P 4.610.7% 15.58CP
Sel 668 24.3+0.72 24.1+0.92 16.4+3.19m 13.8+0.7™ 3.6£0.4' 16.478¢
Sel 702 23.2+2.03%¢ 23.7+3.3% 17.7+0.3>k 14.6+2.1 7.610.77 17.48
Sel 1794 17.4%0.9%* 18.0+1.4%% 14.0+2.2"° 12.4+0.6%P 8.4+1.3°! 14.0P¢
ETH-24 20.4+1.5%9 20.6+1.5%f 14.4+3.69° 13.5+0.6"P 3.810.2 14.5C0E
ETH WIR-70 24.6 £2.7* 23.8+1.6% 19.8+0.23" 14.4+2.3%° 8.5+1.1°! 18.24
Average 21.2A 20.44 15.3% 12.6¢ 5.9°
Seedling vigor index
IFLS 349 48.8+2.2%" 38.0+1.2¢! 37.9+2.1%! 28.4+2.8™m 16.1+2.4™ 33.88¢
IFLS 257 55.6+3.2% 46.7+£1.9% 46.0£2.7% 37.2+2.4¢! 16.3+3.3™ 40.44
GAP Mavisi 43.3+1.8* 43.5+2.8 39.7+3.2% 36.0+1.2" 5.7£1.1" 33.6°
Girbiiz-2001 46.8+3.9% 52.0+2.8%f 37.6+4.1%! 32.8+1.6" 1.5+0.7" 34.18¢
Sel 706 54.4+0.9%¢ 37.5+1.9¢ 35.2+2.8%! 33.8+2.8™ 1.8+1.1" 32.6°
Sel 668 59.1+2.9% 46.7+5.0% 41.3+3.4" 33.4+1.7M 16.3+2.9™ 39.3%8
Sel 702 50.5+4.5%9 53.3+6.0*¢ 38.8+2.9% 33.6+0.6™ 8.1+2.6" 36.978C
Sel 1794 49.6+1.3%" 37.8+4.6% 35.3+3.0%! 29.2+1.64M 9.7£1.4" 32.3¢
ETH-24 48.9+2.2%" 45.8+5.3% 31.6+£3.3™ 33.4+2.1 7.1£1.6" 33.4¢
ETH WIR-70 58.4+2.0% 54.7+4.73¢ 44.8+1.8%k 38.4+2.9¢ 8.1+2.3" 40.94
Average 51.5% 45.68 38.8¢ 33.6° 9.1%

Values within a group denoted by different letters are significantly different at p < 0.01.

It was determined that genotype x salinity interactions had significant effects on all germination and
seedling parameters investigated (Table 1). According to these examined germination and seedling
development parameters, it is believed that the interaction arises from the differential effects of salt
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concentrations on genotypes, with some genotypes being more affected than others by this effect, while
some genotypes are more resistant to salt. Additionally, another reason is that as salt concentrations
increase, there was a decreasing trend in the examined parameters across all genotypes in general.
However, some genotypes exhibited fluctuating trends and significant increases compared to the control,
which contributed to the significance of the interaction (Tables 2-4).

DISCUSSION

Salinity, particularly among abiotic stresses, significantly limits crop productivity and causes
economic losses to farmers (Garg et al., 2016; Ahanger et al., 2017). Salinity exhibits its adverse effects
on plants in several ways; among these, high salt concentration in the soil severely affects the water
uptake capacity of plant roots, rendering the plant more vulnerable (Saxena et al., 2019). This leads to
the suppression of many physiological and biochemical processes within plants, diminishing nutrient
uptake and assimilation, growth, development, and production, thereby demonstrating its toxic effect
(Hasegawa et al., 2000; Munns & Tester, 2008). Understanding plant responses under different stress
conditions and developing stress-tolerant plants are crucial for sustainable agriculture. It has been
reported that salt-tolerant crops would be a significant avenue in achieving sustainability goals in the
current agricultural system (Flowers, 2004; Munns & Tester, 2008; Ali et al., 2019).

In the study, significant decreases were observed in all germination parameters examined, both in
all investigated grasspea genotypes and in the average results of genotypes, with increasing salt
concentrations. Researchers have reported that the decreases in germination parameters due to salt
concentration are attributed to the prevention of seed water uptake at high salt concentrations and
embryo poisoning due to the toxic effects of some ions (Dan & Brix, 2007; Tavili & Biniaz, 2009; Ceritoglu
et al., 2020; Chen et al., 2020; Dere, 2021; Agikbas et al., 2023). The findings obtained for germination
parameters, especially germination rate, are consistent with studies conducted on grasspea plants
subjected to salt stress (Mahdavi & Sanavy, 2007; Fallahi et al., 2015; Arslan & Aydinlioglu, 2018;
Moghaddam et al., 2020; Tokarz et al., 2020; Acikbas & Ozyazici, 2021). Significant differences were
observed among grasspea genotypes for all examined germination parameters in the study. This
variation is attributed to the genotypic structure of the varieties, as indeed, numerous studies have found
high genotypic variation among genotypes in terms of salt tolerance in their species, and different
responses of genotypes concerning of germination parameters (Ahmed et al., 2014; Shakeri & Emam,
2017; Arslan & Aydinhoglu, 2018; Rajabi Dehnavi et al., 2020).

Average germination time is a parameter indicating how quickly seeds germinate (Bijanzadeh &
Egan, 2018), and in the study, it was found that the average germination time increased with increasing
salt content in all investigated grasspea genotypes, showing significant variations among genotypes.
Some studies with different plant species and genotypes have also reported that salt doses extend the
germination time, and there are differences among genotypes regarding average germination time (Okcu
et al., 2005; Almodares et al., 2007; Rajabi Dehnavi et al., 2020).

The evaluated seedling parameters, including seedling length, seedling fresh and dry weights, as
well as germination rate and seedling vigor index calculated based on seedling fresh weight, showed a
decrease in response to increasing salt concentrations. There were differences in the responses of
genotypes to salt stress (Tables 3 & 4). Although some varieties exhibited high germination rates, the
effects of salt stress on seedling development characteristics-particularly on the affected organs-became
more pronounced. This provided clearer insight into the developmental trajectory related to salt tolerance.
Many studies conducted with leguminous forage crops exposed to salt stress (Okcu et al., 2005; Kondetti
et al., 2012; Day & Uzun, 2016; Arslan & Aydinlioglu, 2018; Ivani et al., 2018; Ahmed et al., 2023) have
also reported results supporting the negative impact of increasing salt concentrations on seedling
development parameters and the differential effects observed in the genotypes used in the study.
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CONCLUSION

In conclusion, it was determined that common grasspea genotypes were significantly affected by
increasing salt concentrations in terms of germination parameters from 50 mM salt dose onwards.
Regarding seedling parameters, grasspea genotypes were affected after 50 mM salt concentration in regard
to seedling length and seedling dry weight, while other seedling parameters were adversely affected even
at the lowest salt dose.

It was observed that genotypes exhibited different responses regarding salt tolerance and
resilience across all examined germination and seedling development parameters. Generally, it was
found that some of the used genotypes were more resilient in germination and seedling development
parameters under salt stress compared to varieties, indicating promising genotypes. While different
genotypes stood out in the examined parameters individually, when all parameters were considered
together, the Sel 668 genotype is predicted to be a potential new variety candidate due to its resilience to
salinity and its performance in germination and seedling development. In this regard, salinity is becoming
an increasingly problematic issue, and it is necessary to define the performance of salt-tolerant grasspea
genotypes under field conditions.
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ABSTRACT

Objective: The study investigated the effect of period of lighting or lighting
duration at different wavelengths on the yield and quality of Pleurotus ostreatus
mushroom.

Materials and Methods: In order to realise this objective, four light colours
representing different wavelengths during the production process were applied
to the mushrooms using a microcontroller-based automation system with
determined time intervals.

Results: Different wavelengths of visible light had no significant effect on the
yield and earliness of Pleurotus ostreatus mushrooms, but blue light affected
fruiting body size.

Conclusion: Mushroom quality can be improved by lighting duration of
appropriate colour. More detailed studies are needed to determine the effects of
different wavelengths on mushroom nutrients and bioactive content.

0z
Amag: Calismanin amaci, farkli dalga boylari ve isiklanma siresinin (veya

aydinlatma slresinin) Pleurotus ostreatus mantarinin verim ve kalitesi Gzerine
etkisini arastirmaktir.

Materyal ve Yontem: Bu amaci gergeklestirmek icin Uretim sirecinde farkh
dalga boylarini temsil eden dort farkh i1sik rengi, belirlenen zaman araliklari ile
mikrodenetleyici  tabanli otomasyon sistemi kullanilarak  mantarlara
uygulanmigtir.

Arastirma Bulgulari: Gortinur i1siklarin farkli dalga boylari, Pleurotus ostreatus
mantarinin verim ve erkenciligi Uzerine belirgin bir etkisi olmasa da mavi 1s1gin
sapka boyutlari Gzerinde etkiye sahip oldugu belirlenmistir.

Sonug: Mantar kalitesi uygun renkte isiklanma suresi ile artirilabilir. Farkh dalga
boylarinin mantar besin igerigi ve biyoaktif igerigine etkilerinin de belirlenecegi
daha ayrintil ¢calismalara ihtiyac vardir.
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INTRODUCTION

Mushrooms are one of the most important option in human dietary diversity. The fact that mushrooms
can be grown quickly and are easily available, which important reasons for their preference, as well as their
nutritional values are similar to other animal foods. As mushrooms are rich in vitamin D and this is particularly
important for bone and muscle structure, it is recommended to consume a certain amount (Taofiq et al., 2017).

Many studies have been carried out to determine the parameters on which this significant food source
depends in mushroom production. Studies have revealed that some mushrooms are sensitive to light and that
yield and quality increase in direct proportion to the light (Roshita & Goh, 2018; Zhang et al., 2021). The
formation of fruiting bodies of edible mushrooms is closely related to light. Light plays an important role in the
growth and metabolism of edible mushrooms; It effects the mycelium growth, primordium formation,
morphology of fruiting bodies (cap and color formation), and also regulates the physiological and biochemical
process and nutrient metabolism of edible mushrooms (Roshita & Goh, 2018; Marim et al., 2020; Ye et al.,
2021). Effecting of photosensitive proteins by light sometimes reveals wide effects on gene structure (Fuller et
al., 2015). There are many effects of light, including the impact of different wavelengths on mushrooms, the
behavior of light on various fungal species (Poyedinok et al., 2015), the effects of varying light duration on the
product, and the developmental stage of the fungus (Nakano et al., 2010). The light effects not only the yield or
physical but also on the content of bioactive components according to the study conducted by Zawadzka et al.
(2022). Especially the duration of the light given to the product is also important.

Pleurotus species are highly valued as edible mushrooms with significant commercial importance
worldwide. In addition to their high nutritional value, Pleurotus spp. have an important place in nutraceutical
science with their medical uses as anticancer, anti-cardiovascular diseases, antidiabetes, antioxidant and
hepatoprotective (Khan & Tania, 2012). This group comprises various species such as Pleurotus ostreatus, P.
sajor-caju, P. cystidiosus, P. cornucopiae, P. pulmonarius, P. tuberregium, P. sapidus, P. citrinopileatus, and
P. flabellatus, which are cultivated in temperate and subtropical regions globally. The cultivation of Pleurotus
species offers numerous benefits, including fast mycelial growth, strong saprophytic colonization capabilities,
easy and cost-effective cultivation methods, and a variety of species that can thrive in different climates.
Recently, the commercial value of Pleurotus species has significantly increased due to these advantages
(Zervakis & Balis, 1996). The mycelium of mushrooms from the Pleurotus genus does not require light for its
growth (Sharma, 2004), nevertheless, light is necessary for the proper development of carpophores (Royse,
1991). Trukhonovets (1991) maintains that during the period of carpophore development and growth, light is
an important factor in deciding about yielding and morphological characteristics of fruiting bodies.

Visible lights are located in the electromagnetic radiation spectrum, between infrared and ultraviolet
lights (Anonymous, 2024). Visible light bands from red to violet are the colours seen by human beings (Figure
1). These light bands are also effective in the growth of plants. Similarly, the effects of light on mushroom
quality have also been proven by some studies in the literature (Kap-Duk, 2000; Wu et al., 2013; Wang et al.,
2020; Ryu et al., 2023). Different types of light likely have effects on the yield as well as the quality of P.
ostreatus. Within the scope of this research, it was aimed to determine the effect of different light types on the
yield and physical characteristics of P. ostreatus such as fruit body colour and size by using a computer-
controlled automation system designed to physically operate the light sources.

Wavelength increases —» Visible lights

Short
wavelongih] -+ Q001000 | IGORER <oo || 2o in
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High Ultra-violet lights : BLUE GREEN RED : Infrared lights
Frequency& I_485-450nm_565-500nm_750-625nmi
Energy

WHITE

Figure 1. The light bands in electromagnetic spectrum.

Sekil 1. Elektromanyetik spektrumdaki 1sik bantlari.
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MATERIALS and METHODS
Materials

The mushroom growing substrate used in the experiment was obtained from Asva Agriculture
Ltd. Co. (Kemalpasa, izmir). The mushroom strain used in the experiment was the "3002" strain of the
commercial "Amycel" company related to Pleurotus ostreatus species.

The electronic automation system in the study was used for the timing of colour lights at the
desired time interval and duration. It drives two 16-channel relay card modules to control direct current
(DC) LED strips installed on up to 32 different lighting zones. The automation system has a
microcontroller board, real-time-clock (RTC) module, parameter storage electrically-erasable
programmable read only memory (EEPROM) chip, microSD card module for data logging, RS485
module (MAXIM, 2003) for MODBUS communication for remote control, an operator panel as human
machine interface (HMI), a personal computer (PC) power supply, and two 16 channel relay module
boards.

The microcontroller board was selected as Arduino Mega 2560 R3 because it has plenty of
digital input output ports and four RS232 channels (ARDUINO, 2024). For timing the current date and
time data was acquired from DS3231 RTC module (Anonymous, 2015). The RTC module has also
AT24C32 EEPROM chip (MICROCHIP, 2003) and it is used to store and retrieve of zone active lighting
time and the time period data. The micro-SD card module [ref] was also connected to the Arduino
Mega 2560 R3 board for data logging. RS485 module was used to convert Arduino mega RS232 serial
channel to RS485 MODBUS communication protocol (Yue, 2020) using a Weintek Easyview Operator
panel as a remote terminal unit (RTU) (WEINTEK, 2017). 16 channel relay card (Anonymous, 2018)
was an optically isolated digital 5V input controlled module and was usually used for automation for
Arduino boards, Raspberry Pi boards and programmable logic controllers (PLCs) (Anonymous, 2011).
SMD5050 is an LED chip that it can create light in different colours with 3 different RGB colour inputs
(Anonymous, 2023). SMD 5050 contains three LEDs in a 5.0mm x 5.0mm area. Thus, an SMD5050
LED produces three times more light than a single-diode SMD3528 chip. Therefore, it is mainly used as
"area lighting" and can replace lamps or LEDs used for room or indoor lighting. Figure 2 shows SMD
5050 RGB LED chip and RGB LED module.

&

Figure 2. SMD 5050 RGB LED chip (left) and RGB LED module (right).
Sekil 2. SMD 5050 RGB LED cipi (solda) ve RGB LED modiilii (sagda).

The electronic system hardware schematic was given in Figure 3. The schematic shows the
necessary electronic components and their connections.The control software initialized RTC3231 module,
AT24C32 EEPROM chip, microSD card module, RS485 module, and 32 channel relay with initial values.
Then, RTC date and time values were read from RTC module, and the zone relays timings and activation
time parameters were read from EEPROM chip. RS485 operator panel poll operation was performed to
change zone time values and update the EEPROM values. Finally, relays were controlled one by one to
light colour LED strips because their pre-determined times. That control loop continued to the point that
the operator stops the automation.
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Figure 3. The electronic system hardware schematic.

Sekil 3. Elektronik sistem donanim semasi.

Method

The general algorithm of the control software was given in Figure 4.

v

Setup with initial values of serial channel 1, AT24C32 EEPROM,
RTC3231, microSD card, RS485, and 32 channel relay modules.

L 2
/ Read RTC date and time value I

= ]
\ Al

Read zone relay timings and activation time parameters
stored in EEPROM chip

Update

Relay 1 control h

Relay 32 control I-bl

/ Write log data to SD card ’
Yy

Figure 4. The algorithm of the control software.

Sekil 4. Kontrol yaziliminin algoritmasi.
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The cultivation studies were carried out in the mushroom production rooms of Ege University
Bergama Vocational School, which have computer-controlled automation systems. The spawn inoculated
growing substrates were placed on the shelves in the production rooms depending on the light colour and
lighting duration according to the random blocks experimental design with 8 replications for each
application. In the study, each compost bag weight was prepared as 4 kg and the bags were inoculated with
3% (w:w) spawn. During the mycelial development period, the temperature of the production rooms was set
at 25+2°C, humidity was kept at 85-90%, and fresh air was not supplied during this period (Figure 5).

Figure 5. A photo from the production room.

Sekil 5. Uretim odasindan bir fotograf.

After the completion of mycelial development, the lightening was applied for 8 and 12 hours with
white, red, blue, and green coloured LED lamps depending on the application to support the formation of
outline and caps (Table 1). The application areas were surrounded with black bags to not be affected by
each other. Furthermore, a control application using a fluorescent lamp was conducted for a duration of 8
hours (Atila, 2017). During this period, the room temperature was adjusted to 16-18°C, and the humidity
was maintained at 85-90%. Maintenance procedures such as ventilation were carried out (Stamets,
1993). In this research, the total amount of the product obtained from each unit in a production period was
calculated over 4 kg substrates and determined as total yield (g). The number of days until pinhead
initiation, the number of days until the first harvest and the total number of mushrooms were determined.
Average mushroom weight, cap diameter, stem diameter and stem length were determined.

Table 1. Light colours and duration of lighting used in the experiment

Cizelge 1. Denemede kullanilan isik renkleri ve aydinlatma siireleri

Application code Duration of lighting (hours) Colour
Control 8 Fluorescent

wW:8 8 White
R:8 8 Red
B:8 8 Blue
G:8 8 Green
W:12 12 White
R:12 12 Red
B:12 12 Blue
G:12 12 Green

Statistical analysis

All statistical analyses were carried out with SPSS (version 16). One—way ANOVA was used to
assess the statistical significance of the results between groups. The means were compared using
Duncan multiple range test (p<0.05).
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RESULTS AND DISCUSSION

Effect of light colour and lighting duration on the production process and yield of Pleurotus
ostreatus

A significant difference between applications (p<0.01) was found when evaluating the effect of
different light colours and durations on the mushroom pinhead initiation time of P. ostreatus. Depending
on the light colour and duration, pinhead initiation times were 23.38-26.25 days. In all applications, P.
ostreatus fruiting bodies were harvested between 34.25-36.25 days of production, approximately 9-11
days after pinhead initiation. While R:8 treatment was the latest to pinhead initiation with 26.25 days, R:12
treatment was the latest to harvest mushrooms with 36.25 days. Girmay et al. (2016), reported that
pinhead initiation occurred on the 17th day and harvesting of mature mushrooms occurred on the 27" day
in the study they conducted in compost prepared using cotton seeds. In the studies, it is generally
reported that the time taken for pinhead initiation in P. ostreatus mushrooms varies between 20-27" day
depending on the medium used (Fan et al., 2000). At the end of the production period was analyzed,
851.88 to 970.50 g/4 kg substrates was harvested and the difference between the applications was not
statistically significant (p>0.05) (Table 2). In a study using cotton seed substrate, the mushroom yield was
reported to be 277.30 g/kg (Girmay et al., 2016), while in another study it was reported as 312.4 g/kg
(Atila, 2017). The data obtained in the study were found similar to the previous studies. Siwulski et al.
(2013) investigated the effects of fluorescent lamps on different P. ostreatus strains depending on
different light intensity and illumination times and reported that the mushroom yields obtained with 6 h/day
illumination were lower than 10-14 h/day, and the highest mushroom yield was obtained with 14 h/day
illumination at 500 and 700 Ix illumination intensity. Jang et al. (2014) reported that the highest product
amount in P. ostreatus was obtained in blue+white light. In studies with other mushroom species, it has
been reported that blue light induces pigmentation during shiitake protoplast oogenesis (Leatham &
Stahmann, 1987), and blue light affects pinhead initiation and basidiocarp growth in Coprinus stercorarius
(Ellis et al., 1999). It was also reported that higher mycelial biomass was formed in the liquid culture of
reishi mushrooms under blue light (425-475 nm) (Zapata et al., 2009). However, no significant effect of
blue light on yield and earliness of mushrooms was observed in our study. The difference between the
applications in terms of the number of mushrooms was found to be significant and the highest number of
mushrooms was obtained from W:8 (65.50) and G:8 (64.00).

Table 2. The effect of light colour and lighting duration on the production process and the yield of Pleurotus ostreatus

Cizelge 2. Isik rengi ve 1stklanma siiresinin Pleurotus ostreatus'un Uretim sureci ve verimine etkisi

Number of fruit bodies
(mushroom/4 kg growing

Number of days until

Application pinhead initiation Number of days until the Total yield

first harvest (days) (9/4 kg growing substrate)

(days) substrate)
Control 24,25+0,37 35,13+0,13 % 868.88 54,00+3,09 a°
W:8 25,50+0,38 b° 34,63+0,38 @ 970.50 65,50+5,49 2
R:8 26,25+0,41 °© 35,25+0,16 893.25 59,50+4,65 2
B:8 24,63+0,32 ab° 34,25+0,37 @ 970.38 59,38+2,15 &
G:8 24,63+0,56 ¢ 34,63+0,38 @ 851.88 64,00+4,99 @
W:12 25,25+0,37 b° 34,50+0,33 @ 942.50 45,88+2,55 °©
R:12 25,50+0,63 " 36,25+0,82" 873.63 50,88+3,94 "
B:12 25,00+0,19 2° 34,75+0,25 @ 903.50 47,13+1,69 °©
G:12 23,3840,38 2 34,5040,33 2 896.25 49,25+2,70 b°
p value <0.001 <0.029 0.190 <0.001

According to Duncan test, there is no significant difference between the applications in the same column and indicated by the same letter.
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Effect of light colour and lighting duration on average mushroom weight and fruitbody size
of Pleurotus ostreatus

The average mushroom weight, fruitbody diameter, stalk diameter and stalk length were
determined for different colour and lightening periods and significant differences were found between
applications (p<0.01). The average mushroom weight varied between 13.44 and 20.93 g. In terms of
fruitbody diameter, the highest value was obtained in B:12 with 9.59 cm, while the lowest values were
measured in R:8 and R:12 with 5.97 and 5.92 cm, respectively. Stem diameter varied between 1.37-1.98
cm and the highest value was obtained from B:8 (1.98 cm) and B:12 (1.93 cm). Similarly, the highest
values were determined from B:12 and B:8 in terms of stem length (Table 3).

Girmay et al. (2016) investigated the effects of different substrates contents on P. ostreatus
mushrooms and reported that the diameter of the cap was 6.95 cm, and the stem diameter was 3.11 cm
and the stem length was 2.95 cm with cotton seed substrate. In the study researching the effects of light
intensity and illumination duration on P. ostreatus, the highest cap diameter, stem diameter and length
were obtained at 500 and 700 Ix illumination intensity and 14 h/day illumination (Siwulski et al., 2013).
Jang et al. (2014) investigated the effects of different coloured LED light mixtures on the quality of P.
ostreatus mushrooms. In the study, the lowest fruitbody diameter value was obtained with green+red
light, while mushrooms illuminated with blue+green, green+white, blue+white and fluorescent lamps
displayed the same characteristics. In addition, it was reported that the highest value of cap
diameter/stem length was found in blue+white colour application, while the highest value of stem length
was obtained from green+red colour light application. Blue light appears to be beneficial for mushroom
cultivation, other mushrooms reported to increase fruitbody size in blue light include shiitake (Namba et
al., 2002) and maitake (Sakamoto et al., 2005).

Table 3. Effect of light colour and lighting duration on average mushroom weight and fruit bodies size of Pleurotus ostreatus

Cizelge 3. Isik rengi ve 1siklanma sliresinin Pleurotus ostreatus'un ortalama mantar agirligi ve meyve gévdesi biyukligi
Uzerine etkisi

Application Averagg mushroom Cap diameter Stem diameter Stem length
weight (9) (cm) (cm) (cm)
Control 16,23+0,86 6,23+0,46 ©f 1,15+0,07 « 1,59+0,07 «
W:8 15,48+1,16 % 9,21+0,51 & 1,83+0,08 ® 1,77+0,06 ®*
R:8 15,46+0,83 % 5,97+0,19 f 1,40+0,02 ¢ 1,46+0,03 ¢
B:8 16,46+0,48 bede 8,42+0,22 ac 1,98+0,06 2 2,02+0,06 2
G:8 13,44+0,63 © 6,76+0,53 df 1,67+0,07 1,73+0,07 **
W:12 20,93£1,18 2 7,98+0,38 bcd 1,86+0,09 * 1,91+0,13
R:12 17,72+1,06 b= 5,92+0,55 f 1,47+0,07 « 1,53+0,05 «
B:12 19,30+0,64 ® 9,59+0,34 2 1,93+£0,05 2 2,03+0,05 2
G:12 18,56+1,44 3© 7,5040,53 cde 1,70+0,06 1,76+0,10 *
p value <0.000 <0.000 <0.000 <0.000

According to Duncan test, there is no significant difference between the applications in the same column and indicated by the
same letter.

Figure 6 shows the photographs from Pleurotus ostreatus production under different light colour
and duration.
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G:8 wW:8 R:12

B:12 G:12 W:12

Figure 6. Pleurotus ostreatus production under different light colour and lighting duration.

Sekil 6. Farkl isik rengi ve aydinlanma sirelerinde Pleurotus ostreatus uretimi.
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CONCLUSION

According to the results obtained in the study, wavelength and duration of light do not affect yield
and earliness of Pleurotus ostreatus mushroom. However, it was observed that blue light had positive
effects on fruitbody size which were among the quality criteria. However, the effects of light wavelength
and duration on the storage process and bioactive content of the mushroom should be investigated in
detail in further studies.
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ABSTRACT

Objective: The objective of this study is to assess the efficacy of Serendipita
indica, a basidiomycete endophyte, as a biological control agent against
Fusarium wilt disease caused by Fusarium oxysporum f. sp. ciceris in disease
susceptible chickpea cultivar JG62.

Material and Methods: Chlamydospores of Serendipita indica were applied to
the roots of the germinated JG62 variety, followed by inoculation with Fusarium
oxysporum f. sp. ciceris race 5 one week after the application. Disease severity
and plant fresh weight were measured 25 days after inoculation. The
colonization pattern of Serendipita indica and Fusarium oxysporum f. sp. ciceris
were monitored by quantifying fungal DNA using gPCR over time. The
antagonistic interactions between the fungi were determined using the dual-
culture method.

Results: Serendipita indica successfully colonized the chickpea roots leading to
a decrease in biomass of Fusarium oxysporum f. sp. ciceris in the roots and
diminished the overall symptoms such as wilting and yellowing caused by
Fusarium infection. Besides, direct antagonistic effect of Serendipita indica was
found against Fusarium in vivo conditions.

Conclusion: These results indicate the potential of Serendipita indica as a
biological control agent in developing sustainable strategies for managing
Fusarium wilt of chickpea.

0z
Amag: Bu calismanin amaci, nohutlarda Fusarium oxysporum f. sp. ciceris
tarafindan kaynaklanan Fusarium solgunlugu hastaligina karsi biyolojik kontrol

ajani olarak Serendipita indica adh bir basidiomycete endofit fungusun etkinligini
degerlendirmektir.

Materyal ve Yontem: Serendipita indica klamidosporlari ¢imlendirilen JG62
¢esidinin koklerine uygulanmis ve uygulamadan 1 hafta sonra Fusarium
oxysporum f. sp. ciceris irk 5 inokulasyonu yapilmistir. Hastalik siddeti ve bitki
yas agirhgi inokulasyondan 25 giin sonra Olgulmustir. Serendipita indica ve
Fusarium oxysporum f. sp. ciceris kolonizasyonu fungal DNA miktarinin zamana
bagh olarak gPCR ile belirlenmesiyle izlenmistir. Funguslar arasindaki
antagonistik etkilesimler ikili-kultir yontemi kullanilarak belirlenmistir.

Arastirma Bulgulari: Serendipita indica basarili bir sekilde nohut koklerini
kolonize ederek koklerdeki Fusarium oxysporum f. sp. ciceris biyomasinin
azalmasina ve Fusarium enfeksiyonu sonucu ortaya c¢ikan solgunluk ve
sararma gibi belirtilerin azalmasina neden olmustur. Ayrica, Serendipita
indica'nin Fusarium solgunlugu etmenine karsi dogrudan antagonistik etkisi
bulunmustur.

Sonug: Bu sonuglar, nohutta Fusarium solgunluguna karsi surdurulebilir
stratejiler gelistirmede Serendipita indica'nin biyolojik kontrol ajani olarak
potansiyelini gostermektedir.
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INTRODUCTION

Fusarium wilt of chickpea, caused by Fusarium oxysporum f. sp. ciceris (Foc), is recognized as a
significant soil-borne disease affecting chickpea, leading to wilting at various stages, from seedling to
podding (Navas-Cortés et al., 2000; Sharma et al., 2005; Jiménez-Diaz et al., 2015; Jendoubi et al.,
2017). Fusarium wilt represents a globally significant pathogenic threat to chickpea cultivation, exerting
substantial impact on the crop's health and productivity (Kumar et al., 2015; Jendoubi et al., 2017).
Chlamydospores as highly infectious asexual spores present in the soil serve as the main source of
inoculation for Fusarium wilt in chickpeas. Foc penetrates the roots either directly or through the wounds,
colonizes intercellular spaces of the root cortex, and ultimately invades the xylem vessels, resulting in
mostly wilting, yellowing and necrosis of foliage (Jiménez-Diaz et al., 2015; Bhar et al., 2021).

Foc chlamydospores exhibit a remarkable ability to persist in soil for an extended duration of up to
six years, even in the absence of a suitable host (Haware et al., 1996). This resilient characteristic poses
a significant challenge to the effective control of the pathogen. Given their nature as soil pathogens,
managing these organisms through synthetic fungicides poses considerable challenges and is not
applicable most of the time (Dubey et al., 2007). Furthermore, their colonization predominantly within the
xylem and root cortex of the plant impedes effective chemical delivery to these specific regions. Despite
the demonstrated efficacy of certain fungicides in managing this disease in vivo, it is imperative to
acknowledge the potential risks associated with their practical application, particularly concerning human
and environmental health (Jamil & Ashraf, 2020). Meanwhile, Fusarium wilt is primarily managed through
the cultivation of resistant cultivars and the most cost-effective and environmentally friendly approach to
control Fusarium wilt is the utilization of resistant cultivars, whenever they are accessible (Landa et al.,
2007; Li et al., 2015; Bharadwaj et al., 2022; Yadav et al., 2023). However, it should be noted that the
resistance, especially controlled by a single R gene, can be easily overcome by different Foc races.

The challenge of managing Fusarium wilt, along with similar soil-borne wilt diseases, has prompted
researchers to investigate biological control methods mainly in the last decade (Soltanzadeh et al., 2016;
Bubici et al., 2019; Kumari & Khanna, 2020; Poveda, 2021; Akbaba & Genc, 2024). Plant-associated
endophytic fungi, constitute a biodiverse group of microorganisms typically present asymptomatically
within plant tissues or intercellular spaces. It has been showed that endophytic fungi play a crucial role in
promoting the growth of host plants by directly producing secondary metabolites, thereby enhancing the
plants' resistance to both biotic and abiotic stresses (Phurailatpam & Mishra, 2020; Fontana et al., 2021;
Lu et al., 2021; Chaudhary et al., 2022).

Serendipita indica (S. indica), formerly known as Piriformospora indica is a basidiomycete that
colonizes plant roots as an endophyte and it has gained significant attention in recent decades due to its
broad host range and the various beneficial effects on its host in terms of protection and growth support
(Verma et al., 1998; Singhal et al., 2017; Saleem et al., 2022; Roylawar et al., 2023). S. indica can
colonize a wide range of plants including mono- and dicotyledonous species and establish symbiotic
associations with them (Qiang et al., 2012). Serendipita indica has a capability to suppress the immune
system, which is crucial for its biotrophic root colonization (Daneshkhah et al., 2018). This feature may
specifically account for its remarkably wide range of host compatibility (Jacobs et al., 2011). The most
agriculturally significant advantages include promoting growth, increasing seed yield, and enhancing
resistance or tolerance to both biotic and abiotic stresses (Singhal et al., 2017; Boorboori & Zhang, 2022;
Saleem et al., 2022). Serendipita indica exhibits similarities to typical arbuscular mycorrhizal fungi (AMF)
in terms of growth promotion, morphological features, and functional characteristics (Aslam et al., 2019).

Serendipita indica has proven to be successful against fungal pathogens including necrotrops such
as Botrytis cinerea (Narayan et al., 2017) and Fusarium culmorum (Harrach et al., 2013), and biotrophs
such as Blumeria graminis f. sp. hordei (Felle et al., 2009) and Golovinomyces orontii (Stein et al., 2008).
However, it is noteworthy that a significant part of the studies is against soil-borne root rot or wilt
diseases, especially caused by Fusarium species. Many studies from independent groups have shown
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that colonization of tomato roots with Serendipita species showed strong potential to decrease the
Fusarium wilt disease caused by Fusarium oxysporum f. sp. lycopersici by enhancing the plant defense
mostly (del Barrio-Duque et al., 2019; Ghezel Sefloo et al., 2019; Hallasgo et al., 2022). The findings of
Cheng et al., (2020) suggested that S. indica colonization may enhance the resistance of banana to
Fusarium oxysporum f. sp. cubense FocTR4 which is undoubtedly the biggest threat to global banana
production by regulating the activity of antioxidant enzymes. No direct effect was observed between
S.indica and FocTR4, indicating that improved protection depends on indirect interaction rather than
antagonistic effect. More recently, significant improvement in morphophysiological parameters of maize
plants was reported with the application of S. indica-inoculated compared to non-inoculated plants under
conditions of drought stress, Fusarium proliferatum, and combined of them. Moreover, inoculation with S.
indica led to an increase in chlorophyll content, suggesting enhanced photosynthesis in maize plants
(Noori et al., 2023).

In this study, it is aimed to test the plant protection activity of S. indica against Fusarium wilt disease,
as well as plant growth promoting features in chickpea under growth chamber conditions. The colonization
levels of both Foc5 and S. indica in a time dependent manner was monitored. The study provides evidence
that colonization of chickpea roots with S. indica prevents the colonization of Foc resulting the reduction
in disease severity.

MATERIAL AND METHODS

Plant materials, S. indica inoculations and growth conditions

The wild-type chickpea (Cicer arietinum L.) genotype "JG62" seeds were kindly provided by Assoc.
Prof. Dr. Abdullah Kahraman (Harran University, Turkiye). The seeds were surface sterilized by soaking
2% sodium hypochlorite for 3 min, followed by rinsing 5 times with sterile water. Seeds were then
germinated between sterile filter paper layers moistened with 1 mM calcium sulfate solution in the dark
conditions for 5 days at 25°C.

Serendipita indica (IPAZ-11827) was kindly provided by Dr. Jafargholi Imani (Justus Liebig University
Giessen, Research Centre for BioSystems, Land Use and Nutrition, Institute of Phytopathology, Giessen,
Germany) and grown on PDA (potato dextrose agar) medium for 8-10 days at 25°C. Mycelial plugs
transferred to the PDB (potato dextrose broth) medium were further cultivated at 25°C and 120 rpm.
Chlamydospores were harvested from 7 days of cultures, washed three times with sterile water and
adjusted to a final concentration of 1x10° chlamydospore mL™ in sterile water supplemented with Tween-
20 (0.002%).

Roots of 5-day-old seedlings were inoculated with S. indica chlamydospores by the root dipping
method, followed by the planting to the pots filled with soil:perlite:peat mixture (1:1:1 v/v/v). Plants were
grown in walk-in growth chambers with a 16-hours light/8- hours dark photoperiod with 24+1°C. Mock
plants were treated with sterile water containing Tween-20.

Pathogen inoculation and disease assessment

Fusarium oxysporum f. sp. ciceris strain Foc5 was kindly provided by Prof. Dr. Canan Can (Gaziantep
University, Tirkiye) and cultured on PDA at 25°C in the dark for 7 days. Mycelial plugs were transferred to
the PDB medium for spore production and cultivated at 25°C for 5 days under constant shaking at 120 rpm
at dark conditions. The conidial suspension was filtered through several layers of cheesecloth, washed
several times with sterile water and the concentration was adjusted to 1x107 conidia mL. One week after
S. indica treatment, plants were uprooted and dipped into Foc spore suspension for 5 min. Inoculated
plants were re-planted to the same pots. Control plants were treated with sterile water by using the same
method.
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The level of disease was scored based on the external symptoms such as wilting, yellowing and
necrosis (0-4 scale) 25 days after inoculation: 0= no lesions and 1= 1 to 33%, 2= 34 to 66%, 3= 67—100
and 4= dead plants (Navas-Cortés et al., 1998). Demonstration of scale used in this study was given in
Figure 1. Shoot fresh weight was also taken after disease assessment.

Figure 1. Disease scoring scale used for the assessment of Fusarium oxysporum f.sp. ciceris (race5) infection.

Sekil 2. Fusarium oxysporum f.sp. ciceris (irk5)’in enfeisyonunun degerlendiriimesinde kullanilan hastalik skorlama skalasi.

Quantification of S. indica and F. oxysporum f. sp. ciceris colonization by real-time PCR

The relative quantification of fungal colonization was done by calculating the ratio of either S. indica
or Foc DNA to chickpea DNA. Plant roots were carefully harvested, washed several times gently with tap
water to remove growth medium particles and flash-frozen in liquid nitrogen. Genomic DNA was isolated
from roots by applying CTAB method described by Doyle & Doyle, (1987), and diluted to 20 ng ult. gPCR
was performed with primers specific for S. indica Internal Transcribed Spacer (ITS) gene, Foc5 5.8
ribosomal DNA (5.8 rDNA) gene or C. arietinum L. Elongation factor 1« (Efla) using PikoReal 96 real-
time PCR system (Thermo Scientific, Burlington, Canada) and RealQ Plus 2x Master Mix Green without
ROX (Ampligon, Denmark) according to instructions from the manufacturer. Primer sequences used in
this study as follows: S. indica ITS forward 5'-CAACACATGTGCACGTCGAT-3' and S. indica ITS reverse
5-CCAATGTGCATTCAGAACGA-3' (Deshmukh et al., 2006), Foc5 5.8 rDNA forward 5'-
GTTGAAATGACGCTCGAACA-3' and Foc5 5.8 rDNA reverse 5- GCCAGAGGACCCCTAAACTC-3'
(Chakraborty et al., 2020). Cycling conditions were 15 min at 95°C followed by 35 cycles of 20 s at 95°C,
30 s at 60°C, 30 s at 72°C.

In vitro confrontation assay for direct antifungal activity

The study conducted an in vitro assessment to investigate the potential antagonistic capability of
our S. indica isolate against Foc using a dual culture assay (Sun et al., 2014). Mycelial plugs (6 mm
diameter) of S. indica and Foc were obtained from the edges of 7-d-old actively growing colonies on PDA
and were placed opposite to each other at the edge of 9 cm diameter sterile petri dishes containing PDA.
Plates were incubated at 25°C in the dark for 7 d.

Statistical analysis

The statistical analysis of the data was conducted utilizing GraphPad Prism version 9 software
(GraphPad Software Inc., San Diego, CA, USA). Data points are presented as the mean values
accompanied by standard error (SE). A minimum of 15 biological replicates were utilized for disease
assessment and fresh growth analyses. Additionally, for biomass determination of S. indica and Foc, a
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minimum of 5 biological replicates were used. The assessment of normality and homogeneity of variance
was conducted utilizing the Shapiro-Wilk test. Subsequently, the comparison of mean values for the
measured parameters was performed using Student’s t-test.

RESULTS and DISCUSSION

The mechanism of action of most biological plant protection products is based on direct of the
antimicrobial products on phytopathogens. Utilizing biocontrol agents that directly colonize plants and
enhance plant defense represents a potentially more sustainable strategy, which may exhibit more
resilience to external environmental influences. S. indica as a fungal endophyte, has gained significant
attention recently due to its capability to colonize a wide range of plant species and enhance plant
performance against diverse stress factors. Here, it is evaluated that the efficacy of S. indica in managing
Fusarium wilt in chickpea, a particularly challenging task as Fusarium wilt invades the roots and vascular
systems of the plants.

To verify and monitor the root colonization of S. indica, its DNA was quantified by qPCR. Relative
biomass data indicated that S. indica successfully colonized chickpea roots and although no significant
difference was observed between 7 and 14 days, the colonization ratio of S. indica increased over time
(Figure 2). Successful colonization of chickpea roots by S. indica was also shown before by using
histochemical analysis (Narayan et al., 2017).

*
< ns ns
3 8- |
© A
O
2 -
Uﬁ ]
© m _T_
" L

A

© °
E 2- = | °
i
__g
£ o-
[T} 1 1
o 7 14 21

days

Figure 2. Relative amount of Serendipita indica DNA obtained from plant tissue.

Sekil 2. Bitki dokusundan elde edilen Serendipita indica DNA'sinin bagil miktari.

Twenty-five days after pathogen inoculation, the disease symptoms of chickpea seedlings,
inoculated either with S. indica or mock treatment, were assessed. It was found that plants pre-inoculated
with S. indica exhibited significantly lower disease symptoms such as wilting and yellowing compared to
those in the mock group (Figure 3A, 3C). Besides, S. indica contributed to the increase in average plant
fresh weight. Similarly, plants pretreated with S. indica showed higher biomass than mock-treated plants
in Foc inoculated groups (Figure 3B, 3C).
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Figure 3. Disease score of mock and S. indica inoculated chickpea plants (A), Fresh weight of experimental groups (B),
Representative pictures of the experimental groups (C), In vitro confrontation plate (D), (*P<0.05, **P<0.01).

Sekil 3. Mock ve S. indica ile asilanmig nohut bitkilerinin hastalik skoru (A), Deney gruplarinin yas agirliklari (B), deney gruplarinin
temsili fotograflari (C), In vitro karsilastirma testi (D), (*P<0.05, **P<0.01).
The Foc colonization of chickpea roots was also monitored. The progression of Fusarium colonization
was comparable in roots treated with either mock or S. indica after 7 days post-inoculation (dpi). However,
the Foc's progression was notably found suppressed by S. indica 14 and 21 dpi (Figure 4).

5 o *
5 -o- Mock
8 & S.indica
L
‘5 47
E *
5
o
&
x
2
-—
]
O
© o0 T T 1 T 1
0 5 10 15 20 25

days

Figure 4. Relative amount of Fusarium oxysporum f.sp. ciceris (race5) (*P<0.05)

Sekil 4. Fusarium oxysporum f.sp. ciceris (irk5)’in oransal miktar: (*P<0.05)
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Narayan et al. (2017) showed that chickpea plants colonized with S. indica exhibited significant
increase in plant biomass and root development compared to control treated plants. A significant
reduction in disease caused by necrotrophic pathogen B. cinerea was also observed in S. indica treated
plants. In contrast, it has been reported that S. indica alone causes a decrease in dry plant biomass in the
early period of colonization in chickpea, however when applied in combination with Pseudomonas striata,
a phosphate-solubilizing bacterium, it has a positive effect on plant biomass (Meena et al., 2009).
Furthermore, Combination of S. indica with Mesorhizobium cicer and Pseudomonas spp. has found to
have a synergistic effect on bioaugmentation of chickpea productivity (Mansotra et al., 2015).

Serendipita indica does not exhibit a direct antagonistic effect on various Fusarium species such as
F. oxysporum f. sp. fragariae (Huang et al., 2024), and F. graminearum (Deshmukh & Kogel, 2007; Li &
Guo, 2022), F. culmorum (Rabiey et al., 2015). However, it has been previously shown that soil-borne
pathogen Verticilium dahliae is inhibited by S. indica in vitro conditions (Sun et al.,, 2014). The
interactions of Foc and S. indica were examined in vitro conditions using the dual culture method and a
weak antagonistic effect against Foc was observed (Figure 3D) indicating that improved protection could
be related with direct antagonism. S. indica delivers its effectors into host cells to manipulate host
metabolism for successful colonization (Nizam et al., 2019). These effectors trigger several plant
responses leading to enhanced defense against phytopathogens. Induced systemic resistance (ISR) is
one of two well-established systemic defense response types of plants known to be mainly regulated by
jasmonic acid and ethylene hormones (Pieterse et al., 2014). It has been demonstrated that various plant
genes, including vegetative storage protein (VSP) (Stein et al.,, 2008) and 1-aminocyclopropane-1-
carboxylic acid oxidase (ACC oxidase) (Schafer et al., 2009), which are associated with the jasmonic
acid, and ethylene-related pathways, respectively, exhibit upregulation during the S. indica symbiotic
interaction, which indicates ISR could be a part of response following S. indica colonization. S. indica can
trigger transcriptional regulation of antioxidant-related genes and/or the production of antioxidant
enzymes such as peroxidase and superoxide dismutase (Nassimi & Taheri, 2017; Li & Guo, 2022).
Based on these, it is speculated that improved protection against Foc in chickpea plants could also be
related to the enhanced plant defense responses triggered by S. indica.

CONCLUSIONS

The findings reveal a distinct reduction in Foc colonization in chickpea inoculated with S. indica as
compared to mock inoculation. This situation has been consistent with the plant fresh weight and disease
scoring data. These results present preliminary evidence supporting the prospective application of S.
indica fungus as a viable biological control agent against Foc in chickpea plants. This study contributes to
the expanding knowledge base on the potential utilization of S. indica in enhancing resistance against
specific pathogens in chickpea cultivation.
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ABSTRACT

Objective: The objective of this investigation was to determine the effects of
different applications of magnesium (Mg) on yield, yield attributes, fiber quality
traits, chlorophyll content, and normalized difference vegetative index in cotton.

Material and Methods: In this study 7 different Mg applications were applied,
and MAY 455 cotton cultivar and Magnesium Sulphate were used.

Results: It was determined that seed cotton yield, number of nodes of first fruiting
branches, number of vegetative branches, number of bolls, height/node ratio, boll
weight, fiber strength, uniformity, elongation, and spinning consistency index
were affected by magnesium applications. The highest value in terms of the
number of bolls, number of vegetative branches and height/node ratio was
observed with 200 cc/da Mg application at the squaring stage, while the highest
seed cotton yield was recorded with 200 cc/da Mg at flowering stage and Mg
application lead to increase 60 kg/da in seed cotton yield. The highest spinning
consistency index and uniformity was obtained with 600 cc/da Mg application at
the squaring stage, other quality traits were affected by different doses or
application stages.

Conclusion: Applying green parts during the squaring or flowering period may
be advantageous since magnesium has a positive impact on the yield and certain
fiber quality of cotton.

0z
Amag: Bu arastirmanin amaci, farkl magnezyum (Mg) uygulamalarinin pamukta

verim, verim kriterleri, lif kalite 6zellikleri, klorofil icerigi ve normalize edilmis
vejetasyon farkhlk indeksi Uzerindeki etkilerini belirlemektir.

Materyal ve Yontem: Calismada 7 farkh Mg uygulamasi yer almis, MAY 455
pamuk gesidi ve Magnezyum Silfat kullaniimigtir.

Aragtirma Bulgulari: Magnezyum uygulamalarinin katld pamuk verimi, ilk
meyve dali bogum sayisi, odun dali sayisi, koza sayisi, boy/nod orani, koza
agirhg, lif mukavemeti, Gniformite, uzama ve iplik olabilirlik indeksini etkiledigi
belirlenmistir. Koza sayisi, odun dali sayisi ve boy/nod orani bakimindan en
yuksek deger taraklanma déneminde 200 cc/da Mg uygulamasinda elde
edilirken, en yiiksek kutli pamuk verimi giceklenme déneminde 200 cc/da Mg
uygulamasindan elde edilmistir. Mg uygulamasi pamuk veriminde 60 kg/da artisa
yol agmistir. En yiksek lif Gniformitesi ve iplik olabilirlik indeksi taraklanma
doéneminde 600 cc/da Mg uygulamasiyla elde edilmis, dider lif kalite 6zellikleri
farkli dozlardan ve farkli uygulama dénemlerinden etkilenmistir.

Sonug¢: Pamuk uretiminde taraklanma veya ¢i¢ceklenme déneminde magnezyum
uygulamasinin pamuk verimini ve bazi lif kalite 6zelliklerini olumlu ydnde
etkilemesi nedeni ile yesil aksama uygulanmasinin faydali olabilecegi sonucuna
variimistir.
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INTRODUCTION

Magnesium is an essential macro element that affects the growth and development of plants,
however it is known that further research is being done on other nutritional elements. For this reason, the
concept of a forgotten element emerged and was used (Cakmak & Yazici, 2010; Guo et al., 2016). A
defining reason for this gap in research is that Mg deficiency is often unrecognized or undiagnosed in
agriculture. Indeed, acute Mg deficiency is typically associated with visible intervascular chlorosis and
reduced growth, while the more common latent deficiency is often not visible and difficult to diagnose, but
negatively affects crop yield (Cakmak & Yazici, 2010; Cakmak & Kirkby, 2008). Root growth in the plant
decreases in magnesium deficiency, and it has been reported that monitoring root growth under Mg
deficiency conditions may be a more reliable indicator than chlorosis (Cakmak et al., 1994).

Plant production frequently experiences both latent and acute magnesium shortages (R6mheld &
Kirkby, 2007). A common sign of magnesium insufficiency is intravenous chlorosis of the leaves. Since Mg
acts as the central atom in the chlorophyll molecule, the development of chlorosis requires prior degradation
of chlorophyll. Since Mg is strongly bound to this molecule, chlorosis appears to be a late response to Mg
deficiency. In plants well-nourished with Mg, only approximately 20% of the total Mg is bound to chlorophyll,
while the remaining approximately 80% is found in more mobile forms (Marschner et al., 1996; Marschner,
2012).

Symptoms of magnesium excess are generally rare. The most important negative effect of
magnesium excess is that it prevents K and Ca uptake. The Mg concentration required for optimal plant
growth is between 0.15 and 0.35% of the plant dry weight (Karaman, 2012).

Magnesium is a silver-white metal and is often used by mixing it with other metals. Its chemical
symbol is Mg, atomic number is 12; this element, with an atomic weight of 23.312, is one of the lightest
metals and has gained importance with this feature. Chlorophyll, which gives the green color to the leaf,
contains magnesium. Since magnesium is included in the composition of chlorophyll, in case of its
deficiency, not enough chlorophyll can be formed in the leaves and as a natural result, chlorosis problem
occurs in the leaves. The most important function of magnesium is to be the central cation in the chlorophyli
molecule. Magnesium is a mobile element in plants, so it accumulates most in the growth tips of plants and
especially in young leaves. Magnesium is a mobile nutrient, and its remobilization occurs from older leaves
to younger leaves (Taiz & Zeiger, 2010). It is transported to the seed from these regions during seed
formation. Magnesium deficiency first manifests itself in older leaves.

It is known that plants absorb magnesium from the soil in the form of Mg?* ions. Magnesium is taken
into plant root cells either actively by energy-requiring metabolic processes or passively by diffusion along
a channel along a concentration gradient (from high Mg concentration to low Mg concentration). Some
researchers have stated that Mg is passively taken up into root cells, but at a later stage, it is transferred
from the cytoplasm to the vacuole by active uptake processes through carrier pumps present in the
membrane such as H-ATPase and inorganic pyrophosphatase. Although the dissolved Mg level in the soil
solution is higher than K, Mg migration into the root is less than K migration. It has been stated that changing
Ca:Mg ratios in soil does not affect fiber yield, fiber quality properties and K uptake in cotton (Stevens et
al., 2005). Prior studies have revealed that excess K in soil can limit the uptake of both Mg and Ca from the
soil and vice versa. Antagonistic effects between Mg, Ca and K have also been reported by other
researchers (Farhat et al., 2016; Chaganti & Culman, 2017).

The most ubiquitous enzyme on earth, ribulose-1,5-bisphosphate (RuBP) carboxylase, is a crucial
Mg-activated enzyme involved in photosynthesis. As a result, magnesium deficiency adversely affects
numerous vital physiological and biochemical processes in plants, which deteriorates growth and output.
Generally, magnesium's role in metabolic processes stems from its ability to activate a multitude of enzymes
(Cakmak & Yazici, 2010). For this reason, it is stated that there are new findings that it effects on issues

462



Determination the effect of magnesium applications on yield, fiber quality and chlorophyll content in cotton

such as the physiology of Mg uptake by plants and the role of Mg in stress physiology (heat, drought, low
pH, high radiation, metal toxicity, etc.) (Granse & Fuhrs, 2013).

It has been reported that magnesium increases resistance to diseases in plants and has both a direct
and indirect effect on the disease, its response to changing environmental conditions may be different due
to its antagonistic effect with other elements, and fusarium wilt pathogens are less effective in the presence
of sufficient Mg (Huber & Jones, 2012).

The concentration of Mg in plant tissues varies not only according to the plant species and variety
but also according to the developmental stage of the plant and its development period. Ahmed et al. (2020),
reported that the amount of Mg in the leaves, stems and roots of cotton was 801.6 mg/kg, 765.4 mg/kg,
649.5 mg/kg, respectively, Mg deficiency causes browning, yellowing, and necrosis of the leaves, and
photosynthesis decreased due to the accumulation of sugars and starches in photosynthetic products.
Although the Mg concentration of the plant varies depending on the level of other mineral nutrients and
environmental factors, it is also affected by climatic factors. Although the importance of magnesium as an
essential phytonutrient in plants is well established, the effect of Mg on quality parameters has rarely been
addressed (Gerendas & Fuhrs, 2013).

The purpose of this study was to determine the effects of different applications of magnesium on seed
cotton yield and fiber yield, yield attribute traits, fiber quality characteristics, chlorophyll content and NDVI
value.

MATERIALS and METHODS

This experiment was conducted in 2021 in the experimental area of the Siirt University Faculty of
Agriculture. In the research, MAY 455 upland cotton variety obtained from the private sector was used as
plant material, and Magnesium Sulfate in liquid form was used as a magnesium source.

Soil samples were taken from the trial area from 0-30 cm soil depth before planting and some soil
properties were analyzed at the university laboratory. The determined features are given below in Table 1.

Table 1. Main properties of the soil in the experimental area

Cizelge 1. Deneme alani topraklarinin baslica 6zellikleri

Specifications Value
Clay-Loam, % 59,4
Electrical conductivity, dS /m 0,37
pH 7,90
Lime, % 1,58
Organic matter, % 0,92
Phosphorus, P,Os (kg da®) 5,59
Potassium, K,O (kg da?) 27,28

**: Siirt University, Science and Technology Application and Research Center’s Laboratory

Planting was performed with a cotton experimental planting machine on 13 April 2021, and each
parcel, four rows with a length of 6 m was planted, inter-rows were fixed at 0.7 m during sowing and a2 m
gap was left between blocks. A total of 140 kg ha* nitrogen and 80 kg ha* phosphorus were supplied to
the experiment. At the sowing, 80 kg ha* nitrogen and 80 kg ha! phosphorus were applied to the band with
a seeder in the form of compose fertilizer, and the remaining nitrogen (60 kg ha* N) was applied in the form

of urea before the first irrigation.
Climate data for 2021, when the experiment was conducted, and long- term climate data have been

given in Figures 1 & 2. When the climate data for 2021 is compared to the long term, it can be observed
that the minimum, maximum and average temperature values are above the long-term average (Figure 1).
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When the total amount of precipitation is examined, it is seen that the amount of precipitation in the year
when the experiment was conducted was behind the long term. The relative humidity values of the year in
which the experiment was conducted were behind long-term in April, May, June, October and November,
and above long- term in July, August and September (Figure 2).

Average, Minimum and Maximum Temperatures
in 2021 and Long-term Period
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April May June July August September October November

= 2021 Average Temperature 2021 Maximum Temperature
s 2021 Minimum Temperature Long-term Average Temperature
Long-term Maximum Temperature Long-term Minimum Temperature

Figure 1. Minimum, maximum and average temperature during 2021 and long-years period.

Sekil 1. 2021 yilina ve uzun yillara ait minimum, maksimum ve ortalama sicaklik degerleri.

Rainfall and Relative Humidity in 2021 and Long-term Period
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Figure 2. Average rainfall and relative humidity during 2021 and long-years period.

Sekil 2. 2021 yilina ve uzun yillara ait yagis ve nispi nem degerleri.
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Magnesium was applied as foliar treatment with the use of a back sprayer. It was compared with the
control by applying doses of 200 cc, 400 cc and 600 cc da* during the squaring period of plant development
and the flowering period. The experiment was conducted and analyzed according to the completely
randomized block design with 4 repetitions and 7 different magnesium treatments were included in the
experiment.

All maintenance operations in the trial were performed on time. Regular pest control was carried out,
during the observations made in June, the thrips pest was found, and the pest was taken under control by
insecticide. The furrow irrigation method was applied, irrigation started during the blooming period and
terminated 10% of the bolls opening.

In the study, some agronomic characteristics were recorded from randomly selected 10 plants of
each plot, and normalized difference vegetative index values (NDVI) were determined by a GreenSeeker,
which is a handheld crop sensor from the center two rows of the plot and 60 cm above the cotton plant
during the flowering stage, 15 days after the magnesium application. Chlorophyll content was determined
according to Johnson & Sounders (2003) using the top 5" newly opened leaf and fully grown, ten randomly
selected plants from each plot during the flowering stage (15 days after magnesium application) with the
help of Minolta SPAD-502 instrument.

Harvesting was done manually and completed two times. The first picking was performed on September
15, when 60% of the bolls opened, and the remaining product was completed in the second harvest on
October 2, 2021. First and second- hand harvested cotton was weighed separately and then converted into
total yield. After the harvest was completed, samples of seed cotton were ginned with a small roller-gin to
determine the ginning percentage. Fiber samples were analyzed for fiber quality properties with the Uster
HVI 1000.

All data collected from the experiment were analyzed according to the completely randomized block
design with 4 repetitions and groupings were made according to Duncan’s multiple range tests at p<0.05.

RESULTS and DISCUSSION
The differences between investigated traits and Duncan’s test results are given in Tables 2-4.

Table 2. Average values and statistical levels of investigated agronomic traits

Cizelge 2. incelenen agronomik ézelliklere ait ortalama dederler ve istatistiki gruplamalar

Applications PH NMB NSB NNFFB NN HNR BN BW
1. Control 63.86+1.44 2.26+0.02° 10.60+0.19 6.33+0.40° 16.93+0.49 3.78+0.03° 8.86+0.34¢ 7.13+0.072
2.Squaring (200 cc)  70.80+2.95 3.00+0.102 10.66+0.76 6.26+0.61° 16.93+1.16 4.28+0.172  11.93+1.262 6.93+0.182°
3. Squaring (400 cc)  67.53+0.38 1.66+0.02° 10.20+0.21 6.20+0.28" 16.40+0.37 4.13+0.10®®  8.66+0.18°  6.96+0.08%°c
4. Squaring (600 cc)  70,66+1.41 2.93+0.35%  9.93+0.25 8.00+012%  17.93+0.29 3.95+0.01%®  8.80+0.79° 6.63+0.11¢
5. Flowering (200 cc) 70.33+2.72 2.26+0.15%° 11.06+0.64 6.40+0.21° 17.46+0.45 4.04+0.09% 11.26+0.17%  7.00+0.052°
6. Flowering (400 cc) 66.80+1.95 2.73+0.38% 10.40+0.04 7.40+0.20®® 17.80+0.31 3.77+0.05® 10.00+0.33%°¢  7.16+0.102
7. Flowering (600 cc) 67.40+1.86 2.00+0.11° 9.53+1.69 6.46x0.45° 17.33+1.04 3.93+0.16%  9.33+0.72°°  6.63+0.10%
Mean 68.20 2.40 10.34 6.72 17.25 3.98 9.83 6.92
CV (%) 6.30 19.18 15.84 11.72 8.46 5.78 14.52 3.42
Fvalue ns 4.65** ns 3.10* ns 2.50* 3.29* 3.32*

* ** Significant at p< 0.05 and p< 0.01, respectively
Different letters in the same column indicate that the difference between the means is statistically significant (p<0.05).

PH: Plant height; NMB: Number of monopodial branches; NSB: Number of sympodial branches; NNFFB: Node number of first fruiting
branches; NN: Number of nodes; HNR: Height/Node ratio; BN: Boll number; BW: Boll weight.
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Plant height

Average values of plant height varied between 63.86 and 70.80 cm, depending on the magnesium
applications, however, the differences between the treatments were not significant. It can be observed that
the general average of the trial is 68.20 cm as shown in Table 2.

From the same table, it can be seen that the highest plant height value was obtained from the 200 cc/da
magnesium application during the squaring period, which is the second application (70.80 cm), and the
lowest value of plant height was observed from the control (63.86 cm). In the study, it was determined there
was a slight increase in plant height values with magnesium application compared to the control,
Sankaranarayanan et al. (2010) revealed that plant height was not affected by magnesium. Madaan et al.
(2014) and Sadeghi et al. (2021) also revealed the same results, however, Jayalalitha & Narayanan (1996)
and also Mobarak et al (2013), pointed out that plant height was slightly affected by magnesium deficiency
in cotton. It was reported that in the registration trials of the MAY 455 cotton variety in 2021, the plant height
varied between 86 and 100 cm, and in 2022 it varied between 100 and 117 cm (Anonymous, 2023). In this
study, the plant height was found to be lower. These differences may have been due to planting time,
cultural practices, climatic conditions etc.

Number of monopodial branches

As shown in Table 2, the differences between treatments are statistically significant at the 1%
probability level for the number of monopodial branches. The average values for the number of monopodial
branches in the plant changed between 1.66 and 3.00 number plant?, and the overall average value of the
experiment was 2.40 number plant™.

The lowest value of the number of monopodial branches was recorded with the magnesium
application at a dose of 400 cc/da during the squaring stage (1.66 number plant) while the highest value
was recorded from the magnesium application during the squaring stage at a dose of 200 cc/da. It is seen
that magnesium applications applied in different doses and different plant development periods such as
squaring and flowering have a significant effect on the number of monopodial branches. Rajakumar et al.
(2010) reported that magnesium applications positively affected the number of monopodial branches.

Number of sympodial branches

It can be observed that there were no statistically significant differences in terms of the nhumber of
fruiting branches. The average values recorded for the number of fruiting branches per plant ranged from
9.53 to 11.06, and the overall average of the experiment was 10.34 number per plant?® (Table 2).

For the number of fruiting branches, the lowest value (9.53 number plant?) was observed from the
magnesium treatment applied at a dose of 600 cc/da during the flowering stage, and the highest value
(11.06 number plant') was recorded from the magnesium treatment applied to the during the flowering
stage, at a dose of 200 cc/da, however, it can be observed that the differences between magnesium
applications are not statistically significant.

Research findings appear to differ from those of Durmaz (2002) and Rajakumar & Gurumurthy
(2008), who reported that magnesium applications positively affected the number of fruiting branches. The
reason for this may be the type of cotton used as plant material in the study, climatic factors, differences in
the cultural applications, and differences in nutrients in the soil.

Number of nodes of first fruiting branches

There were statistically significant differences between magnesium treatments for the number of nodes
of the first fruiting branches as shown in Table 2. The values changed between 6.20 and 8.00 number plant™.
The lowest value for the number of nodes of first fruiting branches was 6.20 number plant?, obtained from
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400 cc/da magnesium treatment during the squaring stage, and the highest value for the number of nodes of
first fruiting branches was 8.00 number plant?, obtained from 600 cc/da magnesium treatment during the
squaring stage. The results of the study showed that magnesium applications affected the nodes number of
first fruiting branches, which is known as an important earliness criterion in the plant.

Number of nodes

Table 2 shows that there were no significant statistically differences between magnesium treatments
for the number of nodes. As shown the average values regarding the number of nodes varied between
16.40 and 17.93 number per plant?, and the overall average value of the trial was 17.25 number per plant™.
The highest value (17.93) was obtained with magnesium application applied at a dose of 600 cc/da during
the squaring stage, it is seen that the lowest value (16.40 number plant?) was obtained from 400 cc/da
magnesium application during the squaring stage.

Height/node ratio

In Table 2, it can be seen that there was a significant statistical difference between the applications
in terms of the height/node ratio (HNR) at the 5% significance level.

Average values obtained for the height/node ratio, which is an important indicator of plant development,
depending on the treatments, ranged between 3.77 and 4.28 number per plant?; it is seen that the highest
value was obtained from the application of magnesium at a dose of 200 cc/da during the squaring stage
(4.28 number plant?) and this treatment was followed by magnesium application of 400 cc/da during the
squaring period.

The lowest height/node ratio value (3.77 number plant?) was obtained with magnesium application
during the flowering stage at a dose of 400 cc/da. It is seen that application of magnesium to cotton has a
statistically significant effect on the height/node ratio (Table 2).

Number of bolls

The average values for the number of bolls vary between 8.66 and 11.93 number/plant; as a result
of the statistical analysis, it is seen that there are statistically significance differences between the
applications at the 5% probability and the overall average of the experiment is 9.83 number/plant.

The lowest boll number (8.66 number/plant) was obtained from magnesium application during the
squaring period at a dose of 400 cc/da and the control, while the highest boll number (11.93 number/plant),
was obtained from magnesium applied at a dose of 200 cc/da during the squaring stage and followed by
magnesium application during the flowering stage at a dose of 200 cc/da (Table 2.

The results of this study coincide with the studies done by Rajakumar & Gurumurthy (2008), who
reported that higher values were obtained in the number of bolls by applying magnesium and micronutrient
elements to the green parts and Ali et al. (2019) indicated that the number of bolls increased with the
combined application of magnesium and nitrogen to the leaves.

Boll weight

The average values obtained for boll weight ranged between 6.63 and 7.16 g, depending on the
applications; It is seen that there are statistically significant differences between the applications at the 5%
probability level and the overall average of this experiment is 6.92 g (Table 2).

The lowest value for boll weight (6.63 g) was observed from the magnesium application during the
squaring stage at a dose of 600 cc/da (6.63 g) and the magnesium application during the flowering stage
at a dose of 600 cc/da, while the highest boll weight value was observed as 7.16 g from magnesium applied
during the flowering stage at a dose of 400 cc/da.
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Rajakumar & Gurumurthy (2008) and Singh et al. (2015) reported that higher values in boll weight
were obtained by applying magnesium to the green parts of the plant.

Seed cotton boll weight

It is seen that the values obtained for seed cotton boll weight vary between 5.13 and 5.53 g, but the
differences between magnesium applications are not statistically significant. While the lowest seed cotton
weight per boll (5.13 g), was observed from the magnesium treatment during the squaring stage at a dose
of 600 cc/da, the highest value (5.53 g), was observed from the control and from the magnesium application
during the flowering stage at a dose of 400 cc/da (Table 2).

Number of seeds in boll

It is seen from the Table 3 that the values obtained in terms of the number of seeds in the boll
changed between 28.53 and 31.10 number boll"* depending on the treatments, but no significant differences
were detected between magnesium applications. The lowest value in terms of number of seeds in the boll
was observed from 600 cc/da magnesium application during the squaring stage, with a value of (28.53),
while the highest value, with a value of (31.10) was observed from 200 cc/da magnesium treatment during
the squaring stage. However, Sadeghi et al. (2021) reported that magnesium effectively increases
photosynthesis and the delivery of assimilates to the seed due to the increase in enzymatic activity.

Table 3. Average values and statistical levels of investigated traits

Cizelge 3. Incelenen ézelliklerin ortalama degerleri ve istatistiki gruplamalar

Applications SCBW SB FPP GP SPAD NDVI SCY FY

1. Control 5.53+0.05 30.50+0.81 77.46+5.40 45.73+0.22 47.63+1.57 0.75+0.01 387.73+18.00°¢ 177.24+8.14
2.Squaring (200 cc)  5.33+0.19 31.10+0.69 85.73+3.02 46.53+0.40 48.43+1.24 0.70+0.02 403.80+18.56%¢ 187.75+7.64
3. Squaring (400 cc)  5.36%x0.07 29.76x0.41 84.56+3.05 46.73x0.30 43.43+2.00 0.72+0.01 378.57+22.17¢ 176.80+9.38
4. Squaring (600 cc) 5.13+0.15 28.53#0.52 84.58+1.01 46.00+0.15 45.86+2.50 0.76+0.01 443.29+20.94%® 203.77+8.97
5. Flowering (200 cc) 5.46+0.06 30.06%0.13 85.31+4.11 45.73x0.45 47.26+1.84 0.76+0.00 446.74+5.902 204.33+4.64
6. Flowering (400 cc) 5.53+0.10 30.30+0.08 80.87+2.14 46.40+0.30 43.50+1.69 0.73+0.02 404.52+12.823¢ 187.63+4.82
7. Flowering (600 cc)  5.40+0.25 30.20+0.43 87.32+1.70 46.00+0.30 46.50+2.82 0.73+0.01 410.51+5.832  188.89+3.40
Mean 5.39 30.06 83.69 46.16 46.09 0.73 410.74 189.49
CV (%) 5.89 3.62 8.34 1.50 9.45 4.60 8.50 8.05
Fvalue ns ns ns ns ns ns 2.18* ns

* ** Significant at p< 0.05 and p< 0.01, respectively
Different letters in the same column indicate that the difference between the means is statistically significant (p<0.05).

SCBW: Seed cotton boll weight; SB: Seeds per boll; FPP: First picking percentage; GP: Ginning percentage; SPAD: Chlorophyll
Content; NDVI: Normalized difference vegetative index; SCY: Seed cotton yield; FY: Fiber Yield.

First picking percentage

It can be seen from Table 3 that there were non-significant differences between magnesium
treatments in terms of first picking percentage, which is known to be an important earliness criterion. The
mean values of the first picking percentage values depending on the magnesium doses ranged between
77.46 and 87.32% and the overall average of the trial was 83.69%. In terms of first picking percentage, the
highest result was observed from the magnesium application applied at a dose of 600 cc/da during the
flowering stage (87.32%), and the lowest value was observed from the control application (77.46%).

Ginning percentage

The ginning percentage values obtained as a result of magnesium applications varied between 45.73
and 46.73% and the overall average of the experiment was 46.16%. The control application and magnesium
application during the flowering stage at a dose of 200 cc/da showed the lowest value (45.73%) in terms of
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ginning efficiency, and the highest value (46.73%), was observed from the magnesium application at a dose
of 400 cc/da during the squaring stage (Table 3). However, it can be observed that the differences between
the applications are not statistically significant. Similar findings were reported by Singh et al. (2015).

Chlorophyll content (SPAD value)

Leaf chlorophyll content (SPAD) values varied between 43.43 and 48.43% depending on magnesium
applications; however, it appears that the differences between treatments are not statistically significant.
The highest leaf chlorophyll content (SPAD value) of 48.43% was obtained from magnesium applied during
the squaring period at a dose of 200 cc/da, while the lowest leaf chlorophyll content (SPAD value) value of
43.43% was observed from 400 cc/da dose during the squaring stage.

In this study, it was determined that magnesium applied in different periods and at different doses did
not have a significant effect on the chlorophyll content of the plant, and although the highest chlorophyll content
(SPAD) value was obtained from magnesium applied during the squaring period at a dose of 200 cc/da,
the differences were not statistically significant when compared to the control (Table 3).

Madaan et al. (2014) reported that elements such as N, Mg, and Fe have key roles in the structure
and synthesis of chlorophyll. It has been reported by (Helmy et al., 1960; Reddy et al., 1996; Cakmak &
Yazici, 2010; Rathika et al., 2013; Hauer Jakli & Trankner, 2019; Ahmed et al., 2020) that magnesium has
a dominant role in photosynthesis and plays an important role in chloroplast-related processes, which
contain over 35% Mg in the leaves. The fact that no significant differences were found between the
treatments in terms of chlorophyll content (SPAD value) in the study may be related to the amount of
magnesium used in the application, the application method and time, the development period of the plant
and the amount of magnesium in the soil.

Normalized Difference Vegetative Index (NDVI)

It is seen that normalized difference vegetative index (NDVI) values varied between 0.70 and 0.76
depending on magnesium applications, but the differences between the treatments were not significant.
The highest NDVI was recorded from the magnesium application at a dose of 600 cc/da during the squaring
stage (0.76) and the magnesium application at a dose of 200 cc/da during the flowering period, while the
lowest NDVI value was recorded from the magnesium treatment applied at a dose of 200 cc/da during the
squaring stage as 0.70 (Table 3).

Seed cotton yield

Table 3 shows that the statistical difference between magnesium applications in terms of seed cotton
yield is significant at the 5% probability level. It can be seen from the same table that the average values
obtained for seed cotton yield depending on magnesium applications range between 378.57 and 446.74 kg/da,
and the general average seed cotton yield value of the trial is 410.74 kg/da. The highest seed cotton yield
value was obtained from the 200 cc/da magnesium application during the flowering period (446.74 kg/da),
while the lowest seed cotton yield (378.57 kg/da) was recorded from 400 cc/da magnesium application
during the squaring stage. In the registration document of the MAY 455 cotton variety, it is reported that the
yield varies between 550 and 650 kg/da (Anonymous, 2023). The lower yield was obtained in this study,
and this is due to the fact that the minimum, average and maximum temperature values in 2021 were above
long-term as shown in Figure 1. Planting time, irrigation time and irrigation amount and other cultural
practices are also important factors on yield.

In the experiment, it is seen that magnesium applications have a significant effect on seed cotton
yield. Among magnesium applications, the highest seed cotton yield was obtained with the application of
200 cc/da during the flowering stage, and there was a difference of 68.17 kg/da between the lowest and
highest seed cotton yield.

Findings that magnesium increases productivity have also been reported by many researchers (Durmaz,
2002; Deshpande et al., 2015; Singh et al., 2016; Kajana, 2020; Swetha et al., 2020, Wang et al., 2020).
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Fiber yield

In Table 3, it can be observed that the average values of fiber yield changed between 176.80 and
204.33 kg da! depending on magnesium treatments and the average fiber yield value obtained from the
trial was 189.49 kg da*.

The highest value in fiber yield was observed from the 200 cc/da magnesium application during the
flowering period (204.33 kg da™l), this application was followed by the 600 cc/da during the squaring period
(203.77 kg da™), it can be observed that the lowest value for fiber yield was observed from 400 cc/da
magnesium application (176.80 kg da!) during the squaring period. It can be seen in Table 3 that there are
no statistically significant differences between the magnesium treatments in terms of fiber yield.

Ali et al. (2019) reported that they achieved an increase in fiber cotton yield by applying magnesium
in combination with nitrogen and potassium.

Fiber quality properties

Magnesium applications differed significantly in terms of strength, elongation, uniformity and spinning
consistency index; however, micronaire, fiber length, short fiber index, yellowness, and reflectance did not
differ significantly between applications (Table 4).

Table 4. Mean values and statistical levels of fiber quality properties

Cizelge 4. Lif kalite 6zelliklerine ait ortalama degerler ve istatistiki gruplamalar

Applications FF FL STR ELG UNF SFI YLW RF SCI

1. Control 5.32£0.02 29.72+0.13 34.30+0.75° 5.93+0.08%® 83.03+0.27° 6.43+0.31 8.63+0.16 77.80+0.33 140.00+2.59c
2. Squaring (200 cc) 5.26+0.13 28.80+0.26 33.76+0.50° 5.63+0.05° 84.46+0.39% 7.40+0.38 8.96+0.14 78.50+0.17 144.33+3.27%
3. Squaring (400 cc) 5.14+0.04 28.88+0.24 33.70+0.52° 6.16+0.09%° 84.40+0.14% 7.10+0.19 8.46+0.09 78.26+0.61 144.66+1.46"
4.Squaring (600 cc) 5.04+0.04 29.52+0.32 36.10+0.30* 5.86+0.04" 84.73+0.20% 6.70+0.43 8.53+0.06 78.53+0.26 156.00+2.122
5. Flowering (200 cc)  5.25+0.08 29.41+0.08 35.83+1.02% 5.93+0.11%® 84.56+0.24% 6.20+0.12 8.83+0.09 77.43%0.67 151.66+5.133*
6. Flowering (400 cc)  5.19+0.02 29.41+0.23 36.13+0.57% 5.76+0.03 84.30+0.09% 6.80+0.26 8.93+0.12 77.93+0.63 151.66+1.323"*
7. Flowering (600 cc)  5.08+0.10 29.29+0.30 37.13+1.30® 5.66+0.01° 84.43+0.10*° 7.23+0.28 8.86+0.09 76.70+0.08 155.66+5.70%"

Mean 5.18 29.29 35.28 5.85 84.27 6.83 8.74 77.88 149.14
CV (%) 3.17 1.78 4.77 2.75 0.59 0.09 2.93 1.26 5.04
F value ns ns 2.50* 5.17** 5.12* ns ns ns 2.70*

*, **. Significant at P <0.05 and p< 0.01, respectively
Different letters in the same column indicate that the difference between the means is statistically significant (p<0.05).

FF: Fiber fineness; FL: Fiber length; STR: Fiber strength; ELG: Elongation; UNF: Uniformity; SFI: Short fiber index; YLW: Yellowness;
RF: Reflectance; SCI: Spinning consistency index.

Fiber strength

The average values obtained regarding the fiber strength value, depending on the applications,
varied between 33.70 and 37.13 g/tex. It is seen that there are statistical differences between the treatments
at the 5% significance level and the overall average of the trial is 35.28 g/tex. In terms of fiber strength, the
lowest value of 33.70 g/tex was observed from 400 cc/da magnesium treatment during the squaring stage,
while the highest value of 37.13 g/tex was observed from 600 cc/da application during the flowering stage
(Table 4).

Kajana (2020) reported that fiber quality parameters such as fiber strength are improved with MgO
nanoparticles according to the sulfate form of Mg fertilizers, and it is similar to the research findings.
Sankaranarayanan et al. (2010) reported that fiber strength was not affected by the application of micronutrients,
and the research results seem to differ.

Fiber elongation

Depending on the magnesium treatment, fiber elongation values varied from 5.63 to 6.16%;
significant differences between the applications are observed at the 1% significance level, and the trial's
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overall average is 5.85%. It was shown that applying 200 cc/da of magnesium during the squaring stage
produced the lowest value of fiber elongation (5.63%) while applying 400 cc/da of magnesium over the
same period produced the maximum value of 6.16% (Table 4).

These results differ from those of Sankaranarayanan et al. (2010), who reported that fiber elongation
was not affected by the application of micronutrient elements.

Fiber uniformity

Fiber uniformity values varied between 83.03 and 84.73%, and it is seen that there are significant
statistical differences between the applications at the 1% probability level and the overall average of the
trial is 84.27%. While the lowest value in terms of fiber uniformity was obtained from the control application
with 83.03%, the highest value with 84.73% was obtained from the 600 cc/da magnesium application during
the squaring stage. It was found in this investigation that magnesium applying magnesium raised the fiber
uniformity value (Table 4).

Gerendas & Fuhrs (2013) reported that the effect of magnesium on quality characteristics may be
indirect by improving the nutritional element level of the product.

Spinning consistency index

Table 4 shows that there is a statistically significant difference at the 5% probability level between
the treatments in terms of the spinning consistency index (SCI). Depending on the magnesium applications,
the SCI varied between 140.00 and 156.00, and the overall average of the experiment was 149.14. While
the lowest value in terms of SCI was obtained from the control application with 140.00, the highest SCI
value with 156.00 was obtained from the magnesium applied during the squaring stage at a dose of 600
cc/da. This application was followed by magnesium application at a dose of 600 cc/da at the flowering stage
with a value of 155.66 and they were in the same statistical group (Table 4).

It is seen that magnesium applications lead to an increase in the spinning consistency index and
significant differences are obtained compared to the control.

CONCLUSION

Results in this investigation indicated that magnesium applications had a significant effect on the
number of monopodial branches, number of nodes of the first fruiting branches, HNR, number of bolls, boll
weight, seed cotton yield, fiber strength, uniformity, elongation, and SCI. Other characteristics examined in
the research include plant height, number of nodes, number of fruiting branches, seed cotton boll weight,
number of seeds in the boll, first picking percentage, ginning outturn, chlorophyll content (SPAD value),
NDVI value (normalized difference vegetative index) and fiber yield was not affected by magnesium
applications. It was determined that the fiber length, fiber fineness, short fiber index, fiber reflectance, and
fiber yellowness values, which are among the fiber quality criteria, were not statistically affected by
magnesium treatments.

In the study, the highest value in terms of the number of bolls, number of monopodial branches and
height/node ratio were observed with 200 cc/da Mg treatment during the squaring stage. The highest values
in terms of the number of nodes of first fruiting branches, uniformity and SCI values were obtained from
600 cc/da Mg application during the squaring stage and the highest elongation value was observed from
400 cc/da Mg application during the squaring stage. While the highest value in boll weight was recorded
with the application of 400 cc/da Mg during the flowering stage, the highest fiber strength was recorded
during the flowering stage with the dose of 600 cc/da.

In the study, seed cotton yield was affected by magnesium applications and seed cotton yield varied
between 378.57 and 446.74 kg/da. The highest value for seed cotton yield, 446.74 kg/da, was obtained
from magnesium applied at a dose of 200 cc/da during the flowering stage and this application was followed
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by magnesium application at a dose of 600 cc/da during the squaring stage, with 443.29 kg/da. There was
a difference of 68.17 kg/da between the lowest and highest seed cotton yield.

It has been concluded that magnesium treatment significantly and positively affects the seed cotton
yield and some important fiber quality properties of the cotton plant, and therefore, it may be beneficial to
apply it to the green parts of the plant during the squaring or flowering stage in cotton production.
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0z
Amag: Bu calisma, Turkiye'de zirai ilag tiketiminin ddviz kuruyla iligkisini
belirlemeyi amaglamaktadir.

Materyal ve Yontem: 1981-2022 dénemine ait yillik zaman serilerinin kullanildidi
calismada oncelikle degiskenlerin duraganliklari, kesirli-frekansh Fourier ADF ve
geleneksel ADF birim kok testleri uygulanarak sinanmistir. Daha sonra
degiskenler arasinda bir esbutunlesme iligkisi olup olmadidini saptamak igin
kesirli-frekansh Fourier ADL esbutlinlesme testi uygulanmistir.

Arastirma Bulgulan: Birim kok testlerinin sonuglari, degiskenlerin duraganlik
dizeylerinin | (1) oldugunu gdstermistir. Esbutlinlesme testinin sonucunda zirai
ilag tlketimiyle doviz kuru arasinda negatif bir iliski oldugu anlasiimistir. Buna gore
doviz kurunda yasanan %7lik yukselis, zirai ilag tuketiminde uzun ve kisa
dénemde sirasiyla %0.37 ve %0.10 kadar duslise neden olmaktadir. Ayrica
calismada kurulan hata dizeltme mekanizmasinin galistigi saptanmistir.

Sonug: Turkiye'de zirai ilag tuketiminde yasanan degisimin temel dinamiklerinden
birinin déviz kurundaki yukselis oldugu acik bir sekilde soylenebilir. Doviz
kurundaki yikselis, zirai ilag tiiketimini negatif etkilemektedir. Déviz kurundaki asir
oynakliklarin zirai ilag tiketimini olumsuz etkilememesi igin Turkiye'nin zirai ilagta
disa bagimlihg azaltimahdir. Bu dogrultuda vyerli Uretim, tesvik/destek
mekanizmalari hayata gegirilerek olabildigince artiriimalidir.

ABSTRACT

Objective: The objective of this paper was to investigate the relationship between
pesticide consumption and exchange rate in Turkiye.

Material and Methods: First, the stationarities of the variables were examined by
applying the fractional-frequency Fourier ADF and traditional ADF unit root tests in
the study, which cover the annual time series from 1981 to 2022. Then, the
fractional-frequency Fourier ADL cointegration test was applied to evaluate the
existence of the cointegration relationship between the variables.

Results: The findings of the unit root tests showed that the stationarities of the
variables were | (1). The cointegration test revealed that there is a negative
relationship between pesticide consumption and exchange rate. A 1% increase in
exchange rate causes a decrease of 0.37% and 0.10% in pesticide consumption
in the long and short run, respectively. In addition, it was determined that the error
correction mechanism established in the study worked.

Conclusion: It can be clearly stated that one of the primary dynamics of the
change in pesticide consumption in Turkiye is the increase in exchange rate. The
increase in exchange rate negatively affects pesticide consumption. Turkiye's
foreign dependency on pesticides should be reduced so that excessive
fluctuations in exchange rate do not negatively affect pesticide consumption.
Domestic production should be increased as much as possible by implementing
incentive/subsidy mechanisms.
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Keskin

GiRIiS

Dinyanin kaynaklari sinirl olup nifusu hizla artmaktadir. Dolayisiyla yagsamin surdurdlebilirliginin
saglanmasi noktasinda tarim sektdrindeki verimliligi yikseltme ve saglikli Grinler elde etme c¢abasi her
gecen giin daha fazla énem kazanmaktadir. islenen birim arazide hem daha fazla hem daha kaliteli
tarimsal Uriinler Gretmenin yollarindan biri ise hastaliklara, zararlilara ve yabanci otlara kargi micadeledir.
Ancak yuritilecek mucadelenin bilingli ve dogru olmasi, tarimsal Uretimde gereksiz maliyetleri

distrmenin yani sira 6zellikle insan, hayvan ve g¢evre saghgl acisindan énemlidir (Altikat vd., 2009;
Eyhorn et al., 2015; Ozercan & Tasgl, 2022).

Zirai mucadele ilaglari, formilasyon sekilleri (toz, i1slanabilir toz, emulsiyon konsantre, sollisyon
konsantre ve suda ¢6ziunebilir toz gibi), kullanildigi zararli gruplar (insektisit, fungusit, herbisit, akarisit ve
bakterisit gibi), icerdigi etkin madde yapilari (organik klorlu bilesikler, diklordifenil triklor etan, benzen
hekzaklorur ve siklodien grubu bilesikler gibi) ve kontrol ettigi zararlilarin yerleri (kiltir bitkileri ve orman
zararlilari gibi) olmak Uzere 4 grupta siniflandiriimaktadir (Tezer, 2021). Dinyada 2021 yilinda 3.5 milyon
ton aktif madde olarak hesaplanan zirai ila¢ tiketimi, bir dnceki yila gore %4, on yila gére %11 ylUkselmis
olup, 1990°’dan 2021’e kadar ise yaklasik 2 katina ¢ikmistir. 2021’in en fazla zirai ilag ithal eden kitasi
Amerika olmustur. 1990-2021 déneminde zirai ilag tiketimi, kitasal olarak bakildiginda Okyanusya’da
%206, Amerika'da %191, Afrika’da %175, Asya’da %67 ve Avrupa'da sadece %1 kadar yilkselis
gOstermistir (FAO, 2023b). Turkiye'deki zirai ilag tiketimi ise 2006’da 45.376 ton iken, 2022'de 55.374 ton
olarak gergeklesmistir (TUIK, 2023). Bu dénemde zirai ilag tiiketiminde yasanan yiikselis yaklasik %22’ye
karsilik gelmektedir.

islenen birim arazide ortalama zirai ilag tiiketim miktari, 1990’da diinyada 1.22, Amerika kitasinda
1.62, Avrupa kitasinda 1.37, Turkiye’de 1.08 kilogram iken, 2021°’de sirasiyla 2.26, 4.70, 1.37, 2.26
kilogram olarak hesaplanmistir. Yani 1990°da Turkiye'de dinya, Amerika ve Avrupa kitalari
ortalamasindan daha dislUk bir dizeyde zirai ila¢ tiketilmistir (FAO, 2023a). Bu durum, zirai ilaglarin
insan, hayvan ve gevre saghdi agisindan kamuoyunun sik sik gindemine gelen tehditleri g6z 6nine
alindiginda o zaman icin olumlu olarak de@erlendirilebilir (Arslan & Cicekgil, 2018). Ancak 2021'de bu
durum, sadece Avrupa kitasinda gecerli hale gelmistir. Tlketim trendi, ginimuizde dinya, Amerika kitasi
ve Turkiye o6rnekleminde yukariya dogru, Avrupa kitasi 6rnekleminde ise asagiya dogru seyir
izlemektedir.

Tarim sektérindeki yapisal sorunlar, hemen hemen her lGlkede benzerlik géstermektedir. Bununla
birlikte Turkiye’de temel tarimsal girdiler yéninden disa bagimlilik ¢ok yuksektir. Disa bagimhlik durumu,
bir yandan tarim sektériindeki arz givenligini tehlikeye atarken diger yandan tarimsal tretim maliyetlerinin
¢ok yikselmesine neden olmaktadir. Bagka bir deyisle, tarimsal girdilerin fiyatlari ve dolayisiyla Uretimin
maliyeti déviz kurundaki degisimlerden dogrudan etkilenmektedir. Ornegin, en blyik tarimsal girdi
kalemleri arasinda bulunan akaryakit, gubre, tohum ve zirai ilag tarimsal Uretimde toplam maliyetin
yaklasik %85 ila 90’'ini olusturmaktadir. Yine s6z konusu girdilerin her birinde yaklasik %90 disa
bagimhlik vardir (Bilir vd., 2021).

Bu calisma, 1981-2022 dbéneminde Turkiye'deki zirai ilag tuketimiyle déviz kuru iligkisini guincel
zaman serisi analizi yontemlerini kullanarak ortaya koymayl amaglamaktadir. Tirkiye'de 6zellikle son
yilllarda tarimsal girdi fiyatlarinda ciddi ylkselislerin yasanmis ve hala yasaniyor olmasi s6z konusu
iliskinin arastiriimasini konu olarak dikkate deger kilmaktadir. CinkU Tuarkiye, tarimsal girdilerde disariya
oldukga bagimhdir. Bu baglamda, ele alinan konu kapsaminda ulastigi bulgularla ve ortaya koydugu
politika 6nerileriyle bu ¢calisma hem literatire hem pratige katki sunacaktir. Literatirde zirai ila¢ konusunu
ele almis ¢ok sayida ¢alisma bulunmaktadir. Mevcut ¢alismalardan bir kismi, literatlr 6zeti olarak Cizelge
1’de yer almaktadir.

476



Tirkiye'de déviz kurunun zirai ilag tiketimine etkisi: Kesirli-frekansli Fourier testlerden kanitlar

Cizelge 1. Literatlr ozeti

Table 1. Summary of the literature

Yazar(lar) ve yil

Calismanin amaci

Calismanin yontemi

Ozel (2004)

Tiryaki vd. (2010)

Akdogan vd. (2012)

Rahman (2013)

Ozkaya vd. (2013)

Fernandez-Cornejo et al. (2014)

Tungdemir (2016)

Kaplan (2016)

Sheahan et al. (2017)

Camci (2017)

Akar & Tiryaki (2018)

Eltez & Eltez (2019)

Ozyoériik vd. (2019)

Kulaksiz & Akgiin (2020)

Huyen et al. (2020)

Yu et al. (2020)

Gao et al. (2021)

Sanliurfa’da faaliyet gésteren zirai ilag
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genelinde zirai ilag tuketimini
karsilastirmak

Zirai ilaglar ile ilgili bilgi vermek ve
tiiketiminin ekosisteme etkisini irdelemek
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uygulamalarini belirlemek ve bu konuda
aldiklari egitimin etkinligini
degerlendirmek

Glneydogu Anadolu Projesi tarim
alanlarinda tuketilen zirai ilaglarin
glvenilir gida ve tarim etigine etkisini
degerlendirmek

Sahra Alti Afrika’da zirai ilag tiketiminin
insan sagligina etkilerini incelemek

Sera domateslerinde zirai ila¢
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degerleri agip asmadigini arastirmak
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Kugik Kareler (3SLS) Regresyon Analizi

Dokiiman Analizi

Dokiiman Analizi

Anket

Miilakat

Anket

Anket

Anket

Anket

Anket

Otoregresif Entegre Hareketli
Ortalamalar (ARIMA) Modeli

OLS Regresyon Analizi ve iki Asamali
En Kuclk Kareler (2SLS) Regresyon
Analizi
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Cizelge 1. Devami
Table 1. Continued

Yazar(lar) ve yil

Calismanin amaci

Calismanin yontemi

Dobrin et al. (2022)

Karakas (2022)

Najafabadi et al. (2022)

Wang et al. (2022)

Batur vd. (2023)

Athukorala et al. (2023)

Zafeiriou et al. (2023)

Romanya ve Avrupa Birligi'nde (AB) zirai
ilag tuketiminin tarimsal verimlilige
etkisini tahmin etmek

Cin, Tirkiye, iran ve Hindistan
ornekleminde zira ilag tuketiminin bal
verimine etkisini panel veriyle test etmek

iran’da tarimsal (retimle zirai ilag
tuketimi arasindaki iliskiyi arastirmak

Cin’de zirai ilag tuketilmeyen tarim
¢agina ne zaman adim atilacagini
zaman serisi verileriyle 6ngérmek

Duzce’de findik bahgelerindeki tarimsal
uygulamalar ve zirai ilaglar ile ilgili
sorunlari belirlemek

Sri Lanka’da zirai ilag tiketiminin hem
cgiftcilerin saghgina hem tarimsal
verimlilige etkisini 6lcmek

AB tariminda ekonomik blyume ve zirai
ilag tuketimi arasindaki iliskiyi panel
veriyle arastirmak

Hesaplanabilir Genel Denge Modeli

Dinamik En Kuclk Kareler (DOLS) Testi
ve Gecikmesi Dagitiimis Otoregresif
(ARDL) Testi

ARDL Testi

ARIMA Modeli

Anket

Anket

Dogrusal Olmayan Gecikmesi Dagitilmis
Otoregresif Testi (NARDL)

Literatlr 6zetinde goérildugu Uzere zirai ilag konusu, genel itibariyla hem insan ve gevre sagligina,
tarimsal Uretime ve ekonomik kalkinmaya etkisi hem tlketimi belirleyen unsurlar temelinde ele alinmis ve bu
yapilirken genellikle anket, milakat, dokiman analizi ve geleneksel veri analizleri yontem olarak

kullanilmistir. Bu ¢alismada ise;

1. Tdurkiye 6zelinde son birkag yilda hizla yukselen ve ylkselisini sirdiren déviz kurunun, islenen
birim arazi bUyUkligu giderek daralirken 50.000 tonu gegen ve giderek artan zirai ilag
tiketimine etkisi konu olarak ele alinmaktadir.

2. Yoéntem olarak gincel zaman serisi analizi yontemleri arasinda sayilan, birbiriyle uyumlu
calisan kesirli-frekansli Fourier testler uygulanmaktadir.

Dolayisiyla bu galisma, ele aldii konu ve glincel zaman serisi analizi ydntemlerini kullanmasi
yoniyle 6nceki calismalardan farklilasmakta ve giincel bir nitelik tagimaktadir.

Tirkiye'de zirai ilag tiketiminde yasanan gelismelerle ilgilenen politika yapicilarin, arastirmacilarin,
Ozel kuruluglarin ve diger tim tarimsal paydaslarin dikkatini gelistirilen politika Onerilerine ¢cekmek
suretiyle bu ¢galismanin fayda saglamasi umulmaktadir.

Calisma kapsaminda ilk énce materyal ve yontem ile ilgili bilgi yer verilmis, daha sonra analizlerden
elde edilen bulgular ortaya konulup degerlendirilmis ve son olarak bulgulardan hareketle politika onerileri

gelistiriimigtir.

MATERYAL ve YONTEM

Daha once belirtildigi Gzere bu galisma, Tirkiye'de zirai ila¢ tlketiminin ddviz kuruyla iligkisini
arastirmaktadir. Bu dogrultuda yillik toplam zirai ila¢ tiketim miktari ve ortalama doéviz kuru verileri
kullaniimigtir. Veri setleri, donem olarak 1981-2022 yillarini kapsamaktadir (Cizelge 2 ve Sekil 1).
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Cizelge 2. Veriler ve kaynaklar

Table 2. Data and data sources

Veri Verinin kaynagi/kaynaklari Veri ile ilgili bilgi

Kilogram olarak yayinlanan ve insektisit, fungusit, herbisit,
Yillk toplam zirai ilag tiketim miktari (TUIK, 2001); (TUIK, 2023) akarisit, rodentisit, mollussisit ve diger zirai ilaglarin
tuketimini temsil eden veridir.

Yillik ortalama doviz kuru (World Bank, 2023) Dolar/TL olarak yayinlanan veridir.
ilac kur
65,000,000 20
60,000,000
55,000,000 16
50,000,000 1
45,000,000
40,000,000 8
35,000,000
4
30,000,000
25,000,000 0
1985 1990 1995 2000 2005 2010 2015 2020 1985 1990 1995 2000 2005 2010 2015 2020

Sekil 1. Serilerin izledigi seyir.

Figure 1. Course of series.

Analiz kisminda ilk 6nce birim kok testleriyle degiskenlerin duraganlik dizeyleri, daha sonra
esbutinlesme testiyle degiskenler arasindaki iliski analiz edilmistir. Analizlerde yontem olarak Bozoklu et
al. (2020) tarafindan gelistiriimis Kesirli-Frekansli Fourier Augmented Dickey Fuller (KFFADF) birim kdk
ve llkay et al. (2021) tarafindan gelistiriimis Kesirli-Frekansli Fourier Autoregressive Distributive Lag
(KFFADL) esbutinlesme testleri uygulanmigtir.

KFFADF birim kok testi, bir yandan bir serideki yapisal dedisimleri dikkate aldigi igin geleneksel
ADF birim kok testine gére diger yandan Fourier fonksiyonlarini kullandigi igin yapisal degisimleri kukla
degisken marifetiyle dikkate alan birim kok testlerine gére ¢ok daha gucli bir testtir.

2kt 2kt
= )+a,cos(

Ailac, = a, + a, sin( )+ asilac, ; + Zi:(pié\ilacpl +& (1)

21Tkt
T )+ Bskur,_, + ZiP:lYiAkurt—l TH ()

Akur, = B, + B, sin( Z%Id )+ B, cos(

KFFADF birim kok testinde 1 ve 2 numarali denklemlerdeki modeller tahmin edilmektedir.
Modellerde yer alan ilac zirai ilag tiketimini, kur déviz kurunu, A birinci fark operatérini, m 3.1416
sayisini, k frekans degerini, t trendi, T gdzlem sayisini ve &, | ise hata terimlerini ifade etmektedir
(Bozoklu et al., 2020).

Tahmin kisminda ilk 6nce frekans degeri (kesirli veya tamsayi) tespit edilmektedir. Daha sonra F
testi kullanilarak sin ve cos seklindeki trigonometrik terimlerinin icinde bulundugu fonksiyonlarin anlamsiz
oldugu temel hipotezi (Hy) sinanmaktadir. Bu hipotezin reddedilememesi durumunda geleneksel ADF
birim testi uygulanmaktadir. Fonksiyonlar anlamliysa Fourier ADF test istatistigi kullanilarak degiskenin
duraganligina bakilmaktadir. F testi igin kritik degerleri Enders & Lee (2012), duradanlik igin kritik
degerleri Bozoklu et al. (2020) tablo haline getirmislerdir.
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Banerjee et al. (2017) tarafindan gelistiriimis Fourier ADL egbtiinlesme testi, Fourier fonksiyonlarini
kullanarak sayisi belirsiz yumusak yapisal degisimleri dikkate almaktadir. Dolayisiyla bu test, yapisal
degisimleri kukla degisken marifetiyle dikkate alan egbitiinlesme testlerine gore ¢ok daha glclidir. Ancak
bu testte frekans degeri (k) tamsayi olarak hesaplandidi igin kalici yapisal degisimler yakalanamamaktadir.
Bu eksikligi gidermek icin Fourier ADL egbitiinlesme testi, frekans degerinin 0.1 ile 5 arasinda kesirli bir
sayl olmasina izin verecek sekilde llkay et al. (2021) tarafindan genigletilerek kalici yapisal degisimleri de
yakalayabilecek hale getirilmigtir.

21Tkt
T
KFFADL esbutiinlesme testinde 3 numaral denklemdeki model tahmin edilmektedir. Modelde yer alan

ilac bagimli degisken olarak atanan zirai ilag tiketimini, kur ise bagimsiz degisken olarak atanan ddviz kurunu
temsil etmektedir. v;, hata terimidir. Bu testi uygulayabilmek icin degiskenlerin | (1) olmasi gerekmektedir.

Ailac, = a, + B, sin( Z%kt )+ B, cos( )+djlac, |+ &,kur, , +d,Ailac, | +6,Akur, ,+V, (3)

Tahmin kisminda ilk 6nce frekans degeri ve test istatisti§i hesaplanmaktadir. Daha sonra
degiskenler arasinda esbutinlesme iligkisi olmadidi temel hipotezi, test istatistigiyle uygun tablo kritik
degeri karsilastirilmak suretiyle sinanmaktadir. Test istatistigi mutlak deger olarak tablo kritik degerinden
biyukse degiskenler arasinda esbutinlesme iligkisinin oldugu varsayilmaktadir (H; kabul). Kritik degerler,
llkay et al. (2021) tarafindan tablo haline getirilmistir. Son asamada sin ve cos trigonometrik terimleri 3
numarali denklemde yer alan modele eklenmekte ve Tam Degistiriimis En Kiiglk Kareler (FMOLS)
tahmincisiyle uzun dénem ve hata dizeltme katsayilari tahmin edilmektedir.

ARASTIRMA SONUCLARI ve TARTISMA
Testler, degiskenlerin dogal logaritmik (log) formlari (logilac ve logkur) Gzerinden gergeklestirilmistir.

Bagimh ve bagimsiz degiskenler dahil edilerek kurulmus olan tam logaritmik model denklem 4'te
gOsterilmektedir. Modeldeki logilac zirai ilac tiketimine, t zamana, a sabit terime, & katsayiya, logkur déviz
kuruna ve ¢ ise hata terimine karsilik gelmektedir;

logilac, = a + & logkur, + €, (4)
Asagida birim kok ve egbitiinlesme testlerinin sonuglari yer almaktadir (Cizelge 3, 4 ve 5).

Cizelge 3. KFFADF birim kok testine iliskin sonug
Table 3. KFFADF unit root test result

e e P =
logilac 0.1 0.365 5.204* 2 -4.670
logkur 1.4 0.730 12.258™ 1 -2.696
dlogkur 1.7 0.803 8.536" 1 -4.189

* ve " sirasiyla trigonometrik terimlerin iginde bulundugu fonksiyonlarin anlamsiz oldugu temel hipotezinin %10 ve %1 anlamlilik
dizeyinde kabul ve ret edildigini ifade etmektedir. F kisit test istatistiinin karsilastinldigi %10 anlamlilik diizeyindeki tablo kritik
degeri 7.78, %1 anlamlilik dizeyindeki tablo kritik degeri ise 12.21’dir.

" ligili degiskenin duragan olmadigi temel hipotezinin %10 anlamlilik diizeyinde reddedildigini ifade etmektedir. FADF test
istatistiginin karsilastinldigi %10 anlamlilik dizeyindeki duraganlik kritik degeri -3.871'dir.

Cizelge 3’te goruldigu Uzere zirai ilag tuketimi degiskeni temelinde F kisit test istatistigi tablo kritik
degerinden kuguk ciktidi icin trigonometrik terimlerin igcinde bulundugu fonksiyonlar anlamsiz, déviz kuru
degiskeni temelinde ise anlamlidir. Ayrica k degerleri, kesirli sayr hesaplanmigtir. Dolayisiyla
degiskenlerdeki yapisal degisimlerin etkisi kalicidir.
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Zirai ila¢ degigskeni temelinde Fourier fonksiyonlari anlamsiz oldugu i¢in geleneksel ADF birim kok
testi uygulanmistir (Cizelge 4). Déviz kuru degiskeni temelinde Fourier fonksiyonlari anlamh olsa da
hesaplanan FADF test istatistigi, %10 anlamlilik dizeyindeki (-4.012) duraganhk kritik degerinden
(Bozoklu et al., 2020) mutlak deger olarak kiglk ¢ikmistir. Bu sonugtan déviz kuru degiskeni diizeyde
duragan degil anlami ortaya ¢ikmaktadir. Dolayisiyla doviz kuru degiskeninin farki (yani dlogkur) alinip
tekrar KFFADF birim kok testi uygulanmistir (Cizelge 3).

1.2
1.0

03

0.6

YA

0.2 =
\/«v/\f_f\/\/

0.2
1985 1990 1995 2000 2005 2010 2015 2020

dlogkur fdlogkur

Sekil 2. Farki alinmig déviz kuru serisinin seyri ve Fourier fonksiyonlari.
Figure 2. Course of first differenced exchange rate series and Fourier functions.

Sekil 2°de Fourier fonksiyonlarinin farki alinmis déviz kuru degiskeniyle uyumlu ve salinimlari
yakalamada basarili oldugu goértlmektedir. YUkselis donemlerinde artan, disls donemlerinde ise azalan

Fourier fonksiyonlari, sadece keskin degisimleri degil, ayni zamanda yumusak degisimleri de dikkate
aldidi icin s8z konusu seriye ¢ok daha yakin bir modelleme gostermektedir.

Cizelge 4. Geleneksel ADF birim kok testine iliskin sonug

Table 4. Traditional ADF unit root test result

Test istatistikleri

Degisken
Sabitli Trendli ve sabitli Trendsiz ve sabitsiz
. -1.517 -3.084 0.698
logilac
(p=0.514) (p=0.124) (p=0.862)
) -6.550* -3.832* -6.600*
dlogilac
(p=0.000) (p=0.026) (p=0.000)

* ve ** sirasiyla ilgili degiskenin duragan olmadigi temel hipotezinin %1 ve %5 anlamlilik dliizeyinde reddedildigini ifade etmektedir.

Cizelge 4'te goruldigu Uzere zirai ilag tiketimi degiskeni, diizey dederde higbir modelde duragan
degilken birinci farki alindiginda her ti¢ modelde de duraganlasmakta oldugu igin | (1)’'dir. Dolayisiyla hem
zirai ilag tiketimi hem doviz kuru degiskeni birinci farklari alindiginda duragan nitelik sergilemektedir.
Cizelge 3 ve 4’teki birim kok testleriyle degiskenlerin | (1) oldudu tespit edildigi igin KFFADL
esbltunlesme testini uygulayabilme sarti saglanmistir (Cizelge 5).

Cizelge 5. KFFADL esbutiinlesme testine iliskin sonug
Table 5. KFFADL cointegration test result

Esbitinlesme
iliskisi

Tahmin edilen
model

logilac = f (logkur) 3 1.9 -5.054 -5.008* Var

Gecikme uzunlugu Frekans degeri (k) Test istatistigi Tablo kritik degeri

*k =1.9, n (bagimsiz degisken sayisi) = 1 ve %1 anlamhlik dlzeyine karsilik gelen tablo kritik degerini ifade etmektedir.
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Cizelge 5'te goruldugl uzere -5.054 degeri, mutlak deger olarak %1 anlamlilik dizeyindeki -5.008
degerinden buyuktlr. Dolayisiyla zirai ilag tiketimi ve doéviz kuru degiskenleri arasinda bir esbutliinlesme
iliskisi bulunmakta olup temel hipotez (Ho: Degiskenler arasinda egsbutiinlesme iliskisi yoktur.)
reddedilmigtir. Ayrica frekans degerinin kesirli olmasi, esbutinlesme iliskisini etkileyen yapisal
degisimlerin kaliciidina isarettir. Bu iligkinin var oldugu belirlendikten sonra sirasiyla uzun dénem katsayilari
ve kurulan hata dizeltme mekanizmasinin galisip galismadidi ortaya konulmustur (Cizelge 6 ve 7).

Cizelge 6. FMOLS uzun dénem katsayisi tahminine iliskin sonug

Table 6. FMOLS long run coefficient estimation result

Bagimli degisken: logilac
Bagimsiz degiskenler Katsayi Standart hata t-istatistik Olasilik degeri (p)

logkur -0.366 0.122 -3.001 0.004*
[ 13.869 1.203 11.523 0.000*
sin -0.122 0.057 -2.136 0.039**
cos 0.332 0.091 3.618 0.000*

* ve ** siraslyla %1 ve %5 anlamlilik diizeylerinde anlamli oldugunu ifade etmektedir. FMOLS tahmincisi i¢in Jarque-bera olasilik
degeri 0.345 olarak belirlenmistir. Bu durum, tahminci temelindeki hata teriminin normal dagilima sahip oldugunu gdstermektedir.

Cizelge 6'da goruldigu Uzere doviz kuru, sabit terim ve cos trigonometrik terimi icin olasilik
degerleri %1 anlamhhk diizeyinde, sin trigonometrik terimi igin olasilik degeri ise %5 anlamlilik diizeyinde
anlamli gikmistir. Doviz kuru degiskeninin katsayisi negatiftir. Dolayisiyla doviz kuru degiskeniyle zirai ilag
tiketimi degiskeni arasinda negatif iliski bulunmaktadir. Sonuca gére doviz kurundaki %1’lik ylkselis, zirai
ilag tuketimini uzun dénemde yaklasik %0.37 dusUrmektedir.

Cizelge 7. Hata duzeltme katsayisi tahmin sonucu

Table 7. Error correction coefficient estimation result

Bagiml degisken: dlogilac

Degisken Katsayi Standart hata  t-istatistik ~ Olasilik degeri
Hata diizeltme katsayisi -0.569 0.125 -4.542 0.000*

c 0.038 0.014 2.646 0.011**

d (logkur) -0.109 0.060 -1.808 0.078***

*, ** ve *** sirasiyla %1, %5 ve %10 anlamhlik diizeylerinde anlamli oldugunu ifade etmektedir.

)

Hata dizeltme katsayisi, O ile -2 arasinda bir deger almalidir (Alam & Quazi, 2003). Cizelge 7'de
goruldagu uzere ilgili katsayi, negatif olup %1 anlamlilik dizeyinde anlamhdir. Yani hata dizeltme
mekanizmasi c¢alismaktadir/kisa dénemde olusan dengeden sapmalar uzun ddénemde ortadan
kalkmaktadir. Ayrica doviz kuru, zirai ilag tiketimini kisa ddnemde de negatif etkilemektedir. Sonuca goére
doviz kurundaki % 1’lik yikselis, zirai ila¢ tiketimini yaklasik %0.10 distrmektedir.

SONUC

Bu calismada Turkiye’deki doviz kurunun zirai ilag tlketimine etkisi incelenmistir. S6z konusu
degiskenler arasindaki iligkinin ¢alismanin konusu olarak ele alinmasi, 6zellikle son birkag yilda déviz
kurunda yasanan c¢ok hizli yikselisin etkisiyle tarimsal girdi fiyatlarinin da yiikselmesi ve dolayisiyla
Uretimin giderek maliyetli hale gelmesi nedeniyledir.

Turkiye érnekleminde doviz kurunun zirai ilag tiketimine etkisini ekonometrik analizle incelemis bir
galisma bulunmamaktadir. Dolayisiyla literatirden bu iki dedisken arasindaki iligki ile ilgili net bir sonug
¢lkarmak mimkin degildir. Bu galisma kapsaminda ise glncel zaman serisi analizi yéntemlerini
kullanarak s6z konusu iligkiyi net bir sekilde ortaya koymak amaglanmistir.
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Calismanin amaci dogrultusunda birim koék ve esbutlinlesme testleri uygulanarak zaman serisi
analizi yapilmistir. Veri donemi, derlenebilen verilerden hareketle, 1981-2022 olarak kararlastiriimistir.
Analizde yéntem olarak KFFADF birim kdk ve KFFADL esbutinlesme testleri kullaniimistir.

KFFADL egbltunlesme test sonuglarina goére; zirai ilag tuketimiyle doviz kuru arasinda hem uzun
hem kisa ddnemde negaitif bir iliski oldugu goérilmustir. Buna gdre ddviz kurunda yasanan %1’lik yikselig,
zirai ilag tuketiminde uzun ve kisa ddnemde sirasiyla yaklasik %0.37 ve %0.10 disUse neden olmaktadir.

Turkiye'de déviz kurunun zirai ilac tiketimine etkisinin analizi kapsaminda varilmis olan “Ddviz kuru
yukselisi, zirai ilag tiketim miktarini azaltmaktadir.” seklindeki sonug, Myung-Hwan (1999), Ayu & Aulia
(2019), Sarabi et al. (2020) ve Salem et al. (2021) tarafindan yapilmis ¢alismalarda varilan sonuglari
destekleyip literatlirdeki teorik varsayimi dogrularken, Tjomhom et al. (1998) ve Yeboah et al. (2009)
tarafindan yapilmis g¢alismalarda ulasilan sonuglari ise desteklememektedir. Varilan sonug, ¢alismanin
O0zgunlugu itibariyla Turkiye érneklemi igin bir ilk mahiyetindedir.

Arastirmanin bulgularindan hareketle Turkiye'de zirai ilag tiketiminde yasanan degisimin temel
dinamiklerinden birinin doviz kurundaki ylkselis oldugu acgik bir sekilde séylenebilir. Déviz kurundaki
ylUkselis, zirai ilag tiketimini negatif etkilemektedir. Bilindigi Uzere tarim sektdrt, hem i¢ hem dis gida talebi
ihtiyacini karsilamasi, milli gelir yikselisine katki sunmasi ve tarim disindaki sektorlere uretim girdileri
saglamasi ydnuyle stratejik bir sektdr olma 6zelligine sahiptir. Tarimsal Uretimin tasidigi bu islevlerin saglikh
bir sekilde surdurilmesi noktasinda zirai ilag gibi temel girdilerin Uretim sirecinde dogru zamanda,
miktarlarda, yerlerde ve amaci yoninde tlketiimesi 6nemlidir. Ayrica bdyle yapilan tiketim, hem insan,
hayvan ve gevre sagligini korumak hem gereksiz tarimsal Uretim maliyetlerinden kaginmak igin gereklidir.

Buradan hareketle;

- Zirai ilagta Turkiye’nin disa bagimhligini azaltmak igin kisa dénemde zira ila¢ tiketiminin daha
fazla miktarlarda destekleme 6demesiyle sibvanse edilmesi, uzun doénemde ise vyerli ilag
Uretiminin cesitli tesvik/destek (Ar&Ge destegi, Faiz destegi, Vergi muafiyeti, Yatirim yeri tahsisi
vb.) mekanizmalari hayata gecirilerek olabildigince desteklenmesi gerekmektedir. Boylelikle zirai
ilaclarda hem saglikh fiyat olusumu hem arz guivenligi saglanabilecektir.

- Tarm ve Orman Bakanhgi, Tarim Kredi Kooperatifleri ve Uretici birlikleri arasindaki is birligiyle
Turkiye genelinde konuda uzman ziraat mihendisleri tarafindan dogru ve dengeli zirai ila¢ tiketimi
hakkindaki teknik bilginin giftcilere Uretim yaptiklari arazilerinde, Tarim il ve ilge Midirliklerinde
veya birim kooperatiflerde basit bir anlatimla aktariimasi ve zirai ilag tiketimlerinin aktarilan bu bilgi
dogrultusunda olup olmadidinin dizenli olarak takip edilmesi yoluyla yanlis ve dengesiz zirai ilag
tiketimi azaltilabilir. Ziraat mihendislerinin bu amagla mobilize edilmeleri 6nem arz etmektedir. Bu
bagin tesis edilebilmesi icin ziraat muhendislerinin dzellikle birim kooperatiflerde muhasebe ve
evrak isi gibi goérev tanimlari disindaki islerde calistirlmamalari ve glnin buydk bir bdlimund
sahada gecirmeleri saglanmalidir. Ayrica ciftcilerin ziraat mihendislerine ydnelik gérugslerinin de
Olgut olarak yer aldigi kurumsal performans karneleri gelistirilip uygulanmali ve sonuglari dizenli ve
seffaf bir sekilde ziraat muhendisleriyle paylasilip performansin kéti oldugu noktalar ile ilgili
iyilestirici tedbirler yoneticiler tarafindan alinmalidir.

- Zirai ilag ticareti ve tuketimi konusunda izlenebilirligi artirmak icin barkod sistemi daha da
etkinlestiriimeli, recete sisteminin aksakliklari giderilmeli ve hangi ciftcinin hangi zirai ilaci/ilaglar
tikettigine dair Ciftci Kayit Sistemi'ne entegre bir kayit sistemi gelistiriimelidir.

Bu calismanin bazi kisitlari bulunmaktadir. Birincisi, veri doneminin 1981-2022 yillariyla sinirh
olmasidir. Ikincisi ise sadece déviz kurunun zirai ilag tiiketimine etkisinin analiz edilmesi ve zirai ilag
tiketimini etkileyen diger bircok faktérin incelenememesidir. Bu c¢alismadan hareketle gelecek
galismalarda Turkiye 6rnekleminde tarimsal kredilerin, enflasyon dizeyinin ve devlet destekleme
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Keskin

Odemelerinin zirai ilag tuketimine etkisi glincel zaman serisi analizi yontemleri kullanilarak daha genis bir
doénem araliginda incelenebilir.
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0z
Amag: Bu galismada Yozgat ilinde kiigikbas hayvanlardan elde edilen urtinlerde
gida glivenligi bilinci ve tiiketici davraniglarinin incelenmesi amaglanmistir.

Materyal ve Yontem: Arastirmanin ana materyalini, Yozgat ilinde tesadufi olarak
belirlenen tiiketicilerden anket yoluyla elde edilen orijinal veriler olusturmaktadir.

Aragtirma Bulgulari: Katilimcilarin %96.7'si gida alisverisi yaparken gida
guvenlidi konusuna énem verdigini bildirmistir. Ayrica katilimcilarin %85.7'si daha
once gida glvenligi kavramini duyduklarini ve cogunlukla gida givenligi
sertifikalari hakkinda bilgi sahibi olduklarini bildirmislerdir. Katilimcilarin son
yillarda gida Urlnleri satin alirken gozlemledigi degisimler incelendidinde;
cogunlukla kalite, tazelik, guvenilirik, lezzet, dayanikhlik ve verilen
promosyonlarda azalma oldugunu belirtirken; fiyat, ambalaj ve etiket bilgilerinin
arttigini belirtmiglerdir.

Sonug: Katilimcilarin koyun ve kegi eti tiketimini etkileyen en 6nemli faktor etin
lezzet parametresi olup bunu aliskanliklar, besin degeri ve sosyal cevre takip
etmektedir. Bu durumun nedenleri arasinda; katilimcilarin koyun etini severek
tuketmeleri, damak tadi ve bolgede arazi yapisinin kiiglikbas hayvan
yetistiriciligine uygun olmasi ile yaygin olarak kiiclikbas hayvan yetistiriciliginin
yapilmasi 6n plana ¢ikmaktadir.

ABSTRACT

Objective: This study aimed to examine food safety awareness and consumer
behaviors regarding products obtained from small ruminants in Yozgat province.

Material and Methods: The main material of the research consists of the
original data obtained through questionnaires from consumers randomly
selected in Yozgat province.

Results: 96.7% of the participants reported that they attach importance to food
safety when shopping for food. In addition, 85.7% of the participants reported
that they had heard of the concept of food safety before and were mostly
informed about food safety certificates. When the changes observed by the
participants when purchasing food products in recent years are examined; they
mostly stated that quality, freshness, reliability, flavor, durability and promotions
have decreased, while price, packaging and label information have increased.

Conclusion: The most important factor affecting the consumption of small
ruminants meat by the participants is the meat palatability parameter, followed
by habits, nutritional value and social environment. Among the reasons for this
situation, the fact that the participants consume sheep meat fondly, taste and
the fact that the land structure in the region is suitable for sheep and goats
breeding and that sheep and goat breeding is widely practiced are noteworthy.
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GiRIiS

Artan kuresel nufus, degisen sosyo-demografik dzellikler gibi faktorlerle birlestiginde, yalnizca daha
fazla degil, ayni zamanda farkh tirde gida saglamak igin diinya kaynaklari Uzerinde artan bir baski
olusturmaktadir (Henchion et al., 2017). Hayvansal Uretim, Ulkemizde tarim sektoru igerisinde katma
degeri yiksek Uretim kollarindan biridir (Kopuzlu vd., 2016). Ayrica hem insan beslenmesi hem de Ulke
ekonomisi icin 6nem tasiyan bir tarimsal faaliyettir (Cetinkaya vd., 2023). Toplumun besin ihtiyacini
karsilamak icin hayvanciliktan bélgesel olarak en yiksek verimi ve karl Uretimi saglayabilecek sekilde
yararlanmaliyiz (Bebek & Keskin, 2018). Kugtkbas hayvan yetistiriciligi hem Yozgat hem de tilkemiz igin
onemli bir ekonomik deger olmasinin yani sira, bu bdélgede uzun yillardir sirdiriilen bir sosyal ve kdlttrel
birikime de sahiptir. Bakim ve beslenme agisindan bircok avantaja sahip olmasi nedeniyle kiglkbas
hayvanlar et ve sit disinda yapagi, kil, tiftik, deri, post, gubre gibi gesitli amaglarla kullanilabilen ¢ok
sayida Urtne sahiptir. Bircok sektdr bu drinlerden yodurt, peynir, sit tozu, tereyagi, kefir, kozmetik,
sabun, kasmir, dondurma, bebek mamasi ve tekstil gibi Urtnlerin tretimi igin yararlanir.

Fizyolojik ihtiyaglardan biri de gidadir ve bu nedenle insan yasami icin vazgecilmezdir. Bununla
birlikte, bu kaynagin guvenilirligi bulunabilirligi kadar dnemlidir (G6zener vd., 2009). Tiketicilerin godunlugu,
teknolojik ilerleme, ekonomik ve sosyal refahin artmasi nedeniyle gida tiketimi ve gida satin alma
konusunda daha hassastir. Ginimuzde, toplum saghgini korumak ve gelecek nesillere saglikli bireyler
yetistirmek icin beslenme en énemli konulardan biridir (Demirkol, 2007; Tosun & Hatirli, 2009). Bu nedenle,
dengeli beslenme icin tiiketim aligkanhklarinin ve tercihlerinin bilinmesi gerekmektedir (Akcay & Vatansever,
2013). Tuketici bilincinin artmasi, koyun ve kegi etinin kalite 6zelliklerini 6n plana ¢ikarmigtir. Guniimuzde
hayvansal Urtnlerin dretiminde artik daha bilin¢li ve organize bir Uretici kitlesi vardir. Devlet tarafindan
yuritulen yetistirici egitim faaliyetleri, iletisim araglarinin halkin geneline yayllmasi nedeniyle son
zamanlarda daha iyi hale gelmistir. Ayrica, lezzet ve kaliteye 6nem veren tiketiciler icin segme sansi da
vardir. Kirmizi etin kalitesinin degerlendiriimesinde, yaglilik, renk, yumusaklik, pisme siresi ve lezzeti en
onemli kriterlerdir. Uretimde tuketicilerin taleplerine uygun kalite 6zelliklerine sahip urinleri tretip, pazara
sunma ihtiyaci ortaya ¢ikmistir ve bilingli tiketiciler triin satin alirken daha secici davranmaktadir (Karaca,
2015). Tuketicilerin yeme kalitesi ve besleyici deger hakkinda farkindaliklarinin artmasi nedeniyle nitelikli
gorinume sahip etler artan bir sekilde daha fazla talep edilmektedir (Gerbens, 2004). Kugukbas
hayvanlardan elde edilen diger bir Grlin ise sittir. St ve st Urtinleri insanlarin beslenmesinde énemli bir
yere sahip olmanin yani sira zengin icerikleri, yararli besin 6deleri nedeniyle 6zellikle biyime ve gelisme
cagindaki bireylerin beslenmesinde de olduk¢a énemlidir (Ocak & Onder, 2014). Uretilen siitiin kalitesini
muhafaza altina alabilmek i¢in hijyen kosullarina uyulmasi gerekmektedir. Gelisen teknoloji ve artan refah
dizeyleri, sut ve sut drinlerinin kalitesini 6nemli 6lctde etkilemektedir (Esenbuga, 2017).

Gida gulvenligi, saglikli gida Uretimini garanti etmek icin Uretim, isleme, saklama, tasima ve dagitim
sureclerinde gerekli kurallara uyulmasi ve 6nlemler alinmasi anlamina gelir (Giray & Sosyal, 2007). Gida
sektoriinin buyuk o6lglde tluketici taleplerine bagdlh olmasi gida guvenligine iliskin tiketici davraniglarinin
belirlenmesine yonelik arastirmalarin énemini artirmaktadir. Tlketicilerin farkindahigi ve bakis agisi, gida
guvenligi kavramini zaman iginde degistirebilir. Gida guvenligini énemli kilan ve 6n plana ¢ikmasini
saglayan bircok faktor vardir. Gida givenligi kavrami, fiyatlari, arz talep seviyelerini, iklim degisikliklerinin
olumsuz etkilerini, Uretimi aksatabilecek yetersiz kaynaklarin olmasini ve bunun saghk ve cevre ile ilgili
sorunlara yol acabilecedi endiselerinden kaynaklanmaktadir (Ko¢ & Uzmay, 2015). Farkl asamalarda
yapilan kontroller ile tuketime sunulan gidalarin ne élgude saglikli oldugu belirlenebilmektedir. Ureticinin
kendisi, yasal kontrol kuruluglari ve tuketiciler en iyi kontrol denetleyicileridir. Bu nedenle tiketici
davraniglari olduk¢ca ©nemli hale gelmektedir (Kizilaslan & Kizilaslan, 2008). Bu baglamda, gida
glvenliginin 6nemi artmis ve bu alanda g¢alismalarin yapilmasini 6nemli hale getirmistir. Bu ¢alismada
Yozgat ilinde kugukbas hayvanlardan elde edilen Urinlerde gida guvenlidi bilinci ve tiketici
davraniglarinin incelenmesi amaglanmistir.
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MATERYAL ve YONTEM

Bu galisma icin etik kurul izni, Yozgat Bozok Universitesi Sosyal ve Besgeri Bilimler Etik Kurulu'nun
19.01.2022 tarihli ve 29/23 numarali karari ile alinmigtir. Calismanin ana materyali, Yozgat ilinde yiz
ylze yapilan anketlerden elde edilen verilerden olusmaktadir. Anket uygulamasi yapilan kisi sayisinin
belirlenmesinde, sinirh populasyonlarda maksimum &rnek buyulkligine ulagsmak icin kullanilan oransal
ornek hacmi formuliinden yararlaniimistir (Newbold, 1995). Ana kitleye iliskin bilgi mevcut oldugunda ve
ana kitle 100.000° den biylk ise 6rnek buydkligi belirli bir guven araliginda hata payi ile
hesaplanabilmektedir. Bu nedenle, Yozgat ili merkez ilgede toplam hane halki sayisinin 2020 yili Yozgat
il Nifus MidarlGgi verilerine gére 100.000 Gzerinde oldugu dikkate alindiginda, %95 giiven araliginda
hata pay! hesaplanacaktir. %95 glven arali§i ve %0.05 hata payi ile Yozgat merkez ilge nifusu dikkate
alinarak 6rnek hacmi asagidaki formilden yararlanilarak 335 olarak hesaplanmistir (Ozdamar, 2004).
Arastirma verilerinin analizinde IBM SPSS v24 programi kullaniimigtir (SPSS, 2016). Verilerin analizinde
oncelikle tiketicilerin sosyo-demografik 6zellikleri ortaya konulmus, daha sonra gida guvenligi bilinci, gida
urlnleri tiketim ve satin alma davraniglari analiz edilmistir. Arastirmada basit aritmetik ortalama ve yuzde
hesaplamalarindan yararlaniimigtir.

_ (Np(1—p)
(N-1)6," + p(1—p)

Formiilde; n: 6rnek hacmi, N: drnekleme gergevesindeki toplam kisi sayisi, p: tahmin orani, ¢,*:
oranin varyansini ifade etmektedir.

ARASTIRMA BULGULARI
Tuketicilerin sosyo-demografik 6zellikleri

Tuketicilere ait bazi sosyo-demografik 6zellikler Cizelge 1'de sunulmustur. Ankete katilanlarin %49.6’si
kadin, % 50.4'0 erkek; %57'si evli, % 43’0 bekar olup, %73.2’sini 40 yags ve altindaki bireyler olusturmaktadir.
Ankete katilanlarin %29.3'0 6grenci, %23.3'0 kamuda c¢alisan, %14.6'si 6zelde calisan, %8'i isGi, %5.6'sI
serbest meslek ve %19.1'i ev hanimi oldugunu belirtmistir. Katilimcilarin %16.7’si ilkokul; %12.2’si ortaokul,
%20'si lise, %45.7'si Universite ve % 5.4'0 yiksek lisans mezunu oldugunu ifade etmistir.

Cizelge 1. Arastirmaya katilan tuketicilere ait bazi sosyo-demografik 6zellikler

Table 1. Some socio-demographic characteristics of the consumers participating in the study

Cinsiyet n %  Medeni durum n %

Kadin 166 49.6 Evli 191 57.0
Erkek 169 50.4 Bekar 144 43.0
Yas Egitim durumu

19-30 156  46.6 llkokul 56 16.7
31-40 89 26.6  Ortaokul 41 12.2
41-50 71 21.2 Lise 67 20.0
50 ve Ustl 19 5.6  Universite 153 45.7
Meslek Yiksek lisans 18 5.4
Ogrenci 98 29.3 Iikamet edilen yer

Kamu 78 23.3 Il merkezi 1-14 36 10.7
Ozel 49 14.6 Il merkezi 15 yil ve Ustii 126 37.6
isci 25 8.0 llge1-14 34 10.2
Serbest meslek 19 5.7 llge 15 yil ve st 83 24.8
Ev hanimi 66 19.1 Koy 15 yil ve Ustl 56 16.7
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Cizelge 1. Devami
Table 1. Continued

n % n %
Aile birey sayisi Yasaminin ¢ogunu gegirdigi yer
1-2 14 4.2 Koy 64 19.1
3-4 176 525 lige 131 39.1
5-6 129 385 |l 121 36.1
7 ve Uzeri 16 4.8 Blyuk sehir 19 5.7
Ailede gida kaynakli bir zehirlenme ge¢irme durumu Ailedeki caligsan kisi sayisi
Evet-hazir gidalar 26 7.8  Anne-baba 46 13.7
Evet-sut ve sut Urinleri 23 6.8 Baba 185 55.2
Evet-disarda yemek 36 10.7 Baba ve bir yetiskin gocuk 65 19.4
Evet-et Urlinleri-hazir gida-digardan yemek 29 8.7  Anne-baba-bir yetiskin gocuk 39 11.7
Hayir 221 66.0 Ortalama aylik gelir (TL)
Ailenizde gida segimini etkileyecek hastalik durumu 2500-5000 57 17.2
Evet-gida alerjisi 28 8.4 5001-7000 54 16.2
Evet-mide hastaliklari 29 8.7  7001-10000 45 13.5
Evet-kalp-damar-mide-tansiyon-diyabet 31 9.1 10001-15000 70 20.9
Evet-solunum yolu-tansiyon-diyabet-bobrek 25 7.5 15001-18000 68 20.3
Evet-vitamin-mineral eksikligi-gida alerjisi 24 7.2 18001-20000 18 5.4
Hayir 198 59.1 20001 ve ustu 22 6.6

Tuketicilerin gogunlukla aile birey sayisi (%52.5) 3-4 kisi olmakla beraber, genel olarak 15 yil ve
Uzeri Yozgat il merkezi, ilceleri veya kdylerinde ikamet ettikleri belirlenmistir. Ankete katilan bireylerin
%17.2'si 2500-5000TL, %16.2'si 5001-7000TL, %13.5'i 7001-1000TL, %20.9'u 10001-15000TL,
%20.3'0 15001-18000TL, %5.4’0 18001-20000TL ve %6.6’'s1 20001TL ve daha fazla aylik gelir elde
ettiklerini belirtmistir. Ayrica ailede g¢alisan kisi sayisina bakildiginda katihimcilarin %13.7’si anne-
baba; %52’si baba; %19.4't baba ve bir yetigskin ¢cocuk ve %11.7'si anne-baba-bir yetigkin cocuk
oldugu tespit edilmistir. Ankete katilan bireylerin %59.1'i ailenizde gida secimini etkileyecek bir
hastalilk durumu var mi sorusuna hayir cevabini verirken, %40.9'u evet cevabini vermistir.
Katilimcilarin %66’s1 ailede gida kaynakli bir zehirlenme yasanmadigini bildirirken %44'G st ve sit
Urunleri, et ve et UrlUnleri, hazir gida veya disarda yenilen yemek gibi nedenlerden dolayl gida
kaynakh bir zehirlenme yasadiklarini belirtmistir.

Tuketicilerin gida giivenligi bilgi dizeyi ve 6zellikleri

Arastirmaya katilan tiketicilerin %48.4'U bilin¢li bir tuketici oldugunu, %61.8'i gida guvenligi
konusuna ilgi duydugunu ve %71.3'G gida aligverisi yaparken gida glvenligi konusuna 6énem verdigini
belirtmistir (Cizelge 2). Katihmcilarin %85.7'si gida guvenligi kavramini duydugunu bildirirken; gida
glvenligi sertifikalari olarak ilk sirada (%44.2) sadece TSE, ikinci sirada ise (%30.1) TSE, HACCP,
GLOBALGAP, I1SO 9001 ile organik ve ekolojik triin sertifikalarini bildiklerini belirtmistir. Katilimcilarin
%93.1'i Alo 174 gida hattini duydugunu ve %30.8'i daha 6nce bu hatti kullandigini bildirmigtir. Ayrica
tuketicilerin %53.1'i tukettikleri gidalardaki etiketi bazen okuduklarini belirtmistir.

Tuketicilerin gida glvenligi kavrami bilgi durumu Cizelge 3'te ve tiiketicilerin gida aligverisinde gida
guvenligi konusundaki 6nem duzeyleri ise Cizelge 4'te verilmistir. Ankete katilan tuketicilerin gida
glvenligi kavrami bilgi durumu icin kendilerine sorulan sorulara agirlikli olarak “cok dnemli” cevabini
verdigi belirlenmistir. Benzer bir sekilde, tiketicilerin gida aligverisinde c¢ogunlukla gida glvenligi
konusunun tiim gida gruplarinda ¢ok énemli oldugu bildirilmistir.
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Cizelge 2. Tuketicilerin gida giivenligi ile ilgili kavramlar konusunda bilgisi
Table 2. Consumers knowledge of concepts related to food safety

n %
Bilingli bir tuketici oldugunuzu diigiinilyor musunuz?
Evet 162 484
Hayir 173 51.6
Gida giivenligi ilgi durumu
Cok ilgiliyim 51 15.2
ilgiliyim 207 618
Az ilgiliyim 7 23.0
Gida aligverigi yaparken gida giivenligi konusuna énem verme durumu
Cok 6nemli 85 25.4
Onemli 239 713
Fark etmez 11 3.3
Gida giivenligi kavramini duyma durumu
Evet 287 85.7
Hayir 48 14.3
Gida giivenligi konusunda bilgi kaynaklari
Televizyon-radyo 42 125
internet-sosyal medya 35 20.5
Bilimsel yayin-kitap-konu uzmanlari 37 11.0
internet-sosyal medya-akraba-arkadas 78 13.3
Televizyon-radyo-akraba-arkadas-konu uzmani 62 185
Hepsi 81 24.2
Gida giivenligi sertifikalari bilme durumu
TSE (Turk Standartlari Enstitiisu) 148 44.2
TSE- HACCP- organik veya ekolojik Urlin sertifikasi 25 7.5
TSE- GLOBALGAP- ISO 9001 61 18.2
Hepsi 101 30.1
Ulkenizdeki gida giivenligi ve korunmasi hakkindaki diisiinceleriniz
Gida guvenliginin saglandigini distundyorum 30 9.2
Yetersiz buluyorum 140 43.1
Denetimleri yetersiz buluyorum 155  47.7
Alo174 gida hatti hakkinda bilgi diizeyi
Tuketicilerin gida ile ilgili her turli sikayet ve taleplerinin degerlendirmesidir 312 931
Tuketicilerin gida ile ilgili kalitelerini 6grenmek igin aradigi bir numara 8 2.4
Gidalarin markalarinin hangisinin iyi oldugu 6grenmek icin aranilan bir hattir 5 15
Bu hattin varligini duymadim 10 3.0
Tuketime uygun olmayan bir gida triinu ile karsilagtiginizda yetkili mercilere bagvuru durumu
Evet 103 30.8
Hayir-ugragsmak istememe 143 427
Hayir-sonu¢ almayacagini digiinme 45 13.4
Hayir-sikayet ederse uretici zarar ugrar disuncesi 13 3.9
Hayir-hepsi 31 9.2
Gunumuzde gidalarin gegmise gore daha guvenli olup olmadigi konusundaki gorisgler
Gecmis yillara gore daha guvenli 75 22.4
Gecgmis yillara gore ayni dizeyde 140 41.8
Gegmis yillara gore daha az guvenli 120 35.8
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Cizelge 2. Devami
Table 2. Continued

n %
Gida denilince akliniza ilk gelen saglik sorunu
Kanser 83 24.8
Obezite 24 7.2
Gida zehirlenmeleri 22 6.6
Katki maddesi 13 3.9
Kanser-obezite-katki maddesi 27 8.0
Obezite-gida zehirlenmesi 34 10.1
Kanser-gida zehirlenmesi-katki maddesi 24 7.2
Hepsi 108 32.2
Tukettiginiz gidalari saghkh oldugunu diisliniiyor musunuz
Evet 46 13.7
Hayir-katki maddesi icermesi 60 17.9
Hatir-GDO 61 18.2
Hayir-katki maddesi icermesi-GDO-hormon 72 215
Hayir-kimyasal madde icermesi-GDO 96 28.7
Tiikettiginiz gidalarda etiketi okuma durumu
Daima 32 9.5
Sik sik 90 27.0
Bazen 178 53.1
Cok nadir 35 104
Cizelge 3. Tuketicilerin gida glivenlidi kavrami bilgi durumu
Table 3. Consumers knowledge of food safety concept
Cok 6nemli Onemli Fark etmez
n % n % n %
Gidalarin her turll tehlikeye karsi glivenligini saglamaktir 190 56.7 142 424 3 0.9
Son kulanim tarihi gegmemis gida 211 63.0 121 36.1 3 0.9
e o e e opne® 182 546 9 45 3 09
Tuketicilerin her tirlt gidaya ulagsmalarini saglamaktir 166 495 153 457 16 4.8
Saglik agisindan guvenli gida 211 63.0 120 35.8 4 1.2
Kalite belgesi olan gida 177 528 139 415 19 5.7
Markal gida 149 445 125 373 61 18.2
igerigi bilinen gida 201 60.0 129 385 5 15
Cizelge 4. Tuketicilerin gida aligverisinde gida guvenligi konusundaki 6nem duizeyleri
Table 4. Consumers level of importance on food safety in food shopping
Cok 6nemli Onemli Fark etmez
n % n % n %
Et ve et Urtnleri 270 80.6 65 19.4 - -
Sut ve sut drdnleri 266 79.4 69 20.6 - -
Kuru bakliyatlar 182 54.3 142 42.4 11 3.3
Unlu mamuller 201 60.0 122 36.4 12 3.6
Taze meyve-sebze 245 73.1 84 25.1 6 1.8
Kuru meyve-sebzeler 194 57.9 131 39.1 10 3.0
Baharatlar 181 54.0 135 40.3 19 5.7
Sicak ve soguk icecekler 174 51.9 139 41.5 22 6.6
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Tuketicilerin gida Grunleri satin alma ve tuketim 6zellikleri

Tuketicilerin gida Urtinleri satin alma kararlarinda etkili olan faktorler Cizelge 5'te verilmistir. Cizelge
incelendiginde, ¢cogunlukla katihmcilarin gida guvenligi ile ilgili konularin satin alma kararinda 6nemli
derecede etkili oldugu gortlmektedir. Katihmcilarin son yillarda gida drtnleri satin alirken goézlemledigi
degdisimler incelendiginde, katilimcilar ¢ogunlukla kalite (%66.6), tazelik (%71.9), guvenilirlik (%71.6),
lezzet (%72.5), dayaniklilik (%72.2) ve verilen promosyonlarda (%74.0) azalma oldugunu belirtirken, fiyat
(%78.5), ambalaj (%58.2) ve etiket (%84.2) bilgilerinin arttigini belirtmistir (Cizelge 6).

Cizelge 5. Tuketicilerin gida urunleri satin alma kararlarinda etkili olan faktorler

Table 5. Factors affecting consumers decisions to purchase food products

Gida Urunleri satin alirken dikkat ettiginiz kriterler nelerdir Onemli Onemsiz Fark etmez
n % n % n %
Markasi 247 73.7 49 14.6 39 11.7
Fiyati 233 69.6 79 23.6 23 6.8
Gorunusu 307 91.6 20 6.0 8 24
Ambalaji 304 90.7 19 5.7 12 3.6
Besin degeri 301 89.9 21 6.3 13 3.9
indirimli olmasi 232 69.3 82 24.5 21 6.3
Lezzeti 324 96.7 9 2.7 2 0.6
Uriinii hijyenik olmasi 326 97.3 5 15 4 1.2
Gida satin aldigim yerin hijyenine dikkat ederim 319 95.2 8 2.4 8 2.4
Gida satin alinan yerde g¢alisanlarin eldiven vb. takmis olmalari 297 88.7 21 6.3 17 5.1
Gida glivenligi sertifikasi olmasi 271 80.9 41 12.2 23 6.9
Taze olmasi 307 91.6 17 51 12 3.6
Yoresel Urtin olmasi 232 69.3 56 16.7 47 14.0
Uzman onerileri 255 76.1 34 10.1 46 13.7
Gegmis deneyimler 302 90.1 17 5.1 16 4.8
Etiket bilgisi 295 88.1 18 54 23 6.9
Tanitim-reklam 241 71.9 55 16.4 39 11.6
Uriin kullaniminin-hazirlanmasinin kolay olmasi 264 78.8 47 14.0 24 7.2
Uretim yeri-mengeine 292 87.2 21 6.3 22 6.6
Katki maddelerine 320 95.5 - - 5 15
Tuketim- Uretim tarihine 323 96.4 - - 2 0.6
Organik-iyi tarim uygulamalari ile Gretilmis olmasina 300 89.6 20 6.0 15 4.5
Satin alinan yerde uygun kosullarda satiimasi ve muhafaza edilmesi 320 95.5 9 2.7 6 1.8
Cizelge 6. Katihmcilarin son yillarda gida Urunleri satin alirken gézlemledigi degisimler
Table 6. Changes observed by participants when purchasing food products in recent years
Artti Azaldi Degismedi
n % n % n %
Kalite 64 19.1 223 66.6 48 14.3
Fiyati 263 78.5 14 4.2 58 17.3
Ambalaji 195 58.2 82 245 58 17.3
Etiket 282 84.2 27 8.0 26 7.8
Tazelik 48 14.3 241 71.9 46 13.7
Guvenilirlik 37 111 240 71.6 58 17.3
Lezzet 42 125 243 725 50 15.0
Promosyon 40 12.0 248 74.0 a7 14.0
Dayanikhilik 55 16.4 242 72.3 38 11.3
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Cizelge 7. Katimcilarin hayvansal Urlinleri satin alma yeri

Table 7. Where participants purchased animal products

varket Uretei kassp sanmateri e e

n % n % n % n % n % n % n % n %
Sat 219 654 109 325 9 27 14 42 30 90 5 15 65 194 66 19.7
Peynir 187 55.8 83 2438 - - 18 5.4 15 4.5 9 27 29 8.7 72 21.5
Yogurt 230 68.7 82 245 - - 0.9 15 45 3 09 24 72 97 29.0
Tereyagi 177 52.8 112 334 - - 7 2.1 15 45 9 27 29 87 66 19.7
Kaymak 201 60.0 86 257 - - 5 15 15 45 3 09 16 438 71 21.2
Kirmizi et 92 275 22 6.6 169 504 50 149 2 0.6 - - 3 09 47 14.0
Sucuk-pastirma 105 31.3 14 4.2 141 421 61 182 0.3 - - 0.9 18 5.4
Beyaz et 144 43.0 13 39 165 493 104 31.0 0.3 - - 5 1.5 37 11.0

Ankete katilan bireylerin koyun-keci et ve siit tiketimi ile satin almada etkili faktorler ve sit ve sit
Urtnleri tiiketim sekilleri Sekil 1'de sunulmustur. Ankete katilan bireylerin koyun-kegi eti tiiketimde etkili
faktorlerin basinda lezzet (%64.5) gelirken koyun-keci st ve st Grinleri tiketiminde etkili faktorlerin
sosyal cevre, saglik, teminin kolay olmasi, tanitim ve lezzet (%64.8) oldugu gorilmektedir. Ayrica,
katilimcilar koyun-keci et ve sit drlnleri alirken genel olarak %58.2 satin alinan yerin etkili oldugunu
bildirmistir. Katihmcilardan koyun-keci sit drtnlerinden koyun yogurdunu %36.4'U, koyun peynirini
%20.6’s1, kegi peynirini %21.5'i, ke¢i yogurdunu %210.4°0, igme sutl olarak %4.8'i ve %3.3'U hepsini

tikettigini belirtmigtir.

= Aliskanhk-sosyal cevre

= Saghk

= Teminin kolay olmas ve tamitim
Lezzet

= Hepsi

e

= Lezzet

= Lezzet-ahskanhk

w Lezzet-besin defen
Lezzet-aligkanhk-kolay bulunmas

= Lezzet-ahigkanhk-sosyal cevre

u Hepsi

Koyun-kegci eti tiketimde etkili faktorler

Koyun-keci situ tiketimde etkili faktorler

Sann al ‘ e
] in alinan yer
1 21

® Tazelik-renk

= Fiyat
Marka-ambalaj

= Hepsi

7

2
5 E
215

= Koyun yofurdu

= Kegi yoRurdu

= Koyun peynir
Kegi peyniri

= Koyun lgme st

= Kegi igme siiti

= Hepsi

Koyun- keci et ve sut drunleri satin almada etkili faktorler

Koyun kegi sut Uriinleri tiketim sekli

Sekil 1. Katimcilarin koyun-kegi et ve st tiketimi ile satin almada etkili faktorler ve st ve sut trdnleri tiketim sekilleri.

Figure 1. Participants sheep-goat meat and milk consumption, factors affecting purchasing and consumption patterns of milk and

dairy products.
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Ankete katilan bireylerin koyun ve keci eti satin alma sekli genel olarak (%37.0, %37.9) parca et
seklinde olup, parca et-islenmis Urlin-sakatat-bas-ayak-ic yagi-kuyruk yagi olarak hepsini tikettigini
belirtenlerin orani ise sirasiyla %39.7 ve %32.2'dir (Sekil 2). Katilimcilarin koyun-keci eti ve et Urlinleri ile
sut ve st drdnleri tercih etme nedenlerine bakildiinda, ilk sirada daha lezzetli ve saglikli oldudu
gorilmektedir (Sekil 3 ve 4).

32.2

7.5

5.4
2.4 e

7.8
5.7 a5 5 48

Koyun Kegi

4.2
||

mHepsi ®WParcaet  miglenmis liriin Sakatat MWBas-ayak Wicyagi-kuyrukyag M Tiiketmiyorum

Sekil 2. Katilimcilarin koyun ve kegi eti satin alma tercihi.

Figure 2. Participants preference for purchasing sheep and goat meat.
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Sekil 3. Katimcilarin koyun-kegi eti ve et uriinleri tercih etme nedenleri.
Figure 3. Reasons why participants prefer sheep-goat meat and meat products.
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Sekil 4. Katilimcilarin koyun-kegi sitii ve sit trtinleri tercih etme nedenleri.

Figure 4. Reasons why participants prefer sheep-goat milk and dairy products.
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SONUC ve TARTISMA

Gida satin alma kararinda tuketiciye ait birgok ozellik etkili olmaktadir. Bu 6zellikler demografik,
sosyo-kiiltirel ve psikolojik olarak siralanabilir (Oriici & Tavganci, 2001). Elde edilen sonuglar
incelendiginde cinsiyet ve medeni duruma go6re katihmcilar arasinda dengeli bir dagilm oldugu
gorilmektedir. Ek olarak katilimcilarin %73.2'sini 40 yas ve altindaki bireyler olusturmaktadir.
Katimcilarin %20'si lise, %45.7’si Universite ve %5.4'U yiksek lisans mezunu oldugu ve ortalama hane
halki sayisi ise agirlikl olarak (%52.5) 3-4 kisi oldugu bildiriimistir. Arastirma sonuglari farkli illerde
yapilan ¢alismalar ile benzerdir (Keles vd., 2021; Durmaz Dayilar, 2018). Ayrica katilimcilarin %40.9'u
ailede kronik bir rahatsizligi bulunan bir bireyin oldugunu bildirmistir. Bu sonuglar Engindeniz vd. (2021)
bildirdikleri sonuclardan (%25.09) yuksek bulunmustur. Ailede calisan sayisi bakimindan elde edilen
sonuglar Acibuca & Kaya (2023)'nin yaptiklari galisma sonuglari ile benzerdir. Katimcilar genel olarak 15
yil ve Uzeri Yozgat il merkezi-ilgeleri veya koylerinde ikamet ettiklerini belirtmiglerdir. Elde edilen bulgular
Tokat ilinde Onurlubas & Gurler (2016)’in yaptiklari ¢alisma sonuglari ile uyumludur.

Tuketiciler satin alma kararlarini verirken her zaman rasyonel davranmamaktadirlar. Bir Grindn
tuketicilere maksimum fayda saglamasi ve 6zelliklerinin iyi olmasi o Urinidn satin alinmasi icin yeterli
olmamaktadir (Yucel & Simsek, 2018). Bu durumun nedeni, kiresellesen ve dedisen toplumsal, kilturel ve
ekonomik yapinin tiketici tercihlerine etkisi ve bu etkinin bireyler arasinda nasil degistigidir. Bu nedenle,
kalite, marka, ambalaj, lezzet ve tazelik gibi 6zelliklerin yani sira Uriinlerin insan sagligina zarar vermemesi
onemlidir. Bu konularla ilgili endiselerin artmasi, insanlarin saglikli gida tiketme konusunda daha fazla
farkindalida sahip olmalarina neden olmaktadir (Honkanen vd., 2006). Bilin¢li tiketiciler, insan saghgini
tehlikeye atmamak icin gidalarin satin alinmasi, saklanmasi, hazirlanmasi ve tiketilmesi gibi tim sireclerde
maksimum 6zen gosterirler (Oriicii & Tavsanci, 2001). Ankete katilan bireylerin %85.7’si gida givenligi
kavramini duydugunu bildirmistir. Bu sonuclar Yalgin (2012), Keles vd. (2021) ve Tasdan vd. (2014)'nin
farkli illerde yaptiklari ¢alisma sonuglari ile benzer; Onurlubas & Girler (2016)'in yaptiklar galisma
sonuclarindan ise yuksek bulunmustur. Ayrica tuketicilerin gida guvenilirligi konusunda bilgi edindikleri
kaynaklar bakimindan elde edilen sonucglar Madenci vd., 2019 ve Keles vd., (2021) ile benzerlik
gostermektedir. Tuketicilerin gida drinleri kalitesinin degerlendirilmesine kullanilan bazi kavramlarin
bilinirligi sorgulandiginda, genel olarak bilgi sahibi olduklar gortlmektedir. Arastirma bulgulari Kirmaci vd.
(2021)'nin yaptiklari galisma sonuglari ile uyumludur. Ankete katilan bireylerin %93.1'i Alo 174 gida hattini
dogru bir sekilde tanimlarken bu bulgular Onurlubas (2015)'in %42.6 ve Durmaz Dayilar (2018)'in
%67.4'Unun tuketicilerin Alo 174 gida hatti tanimini dogru yaptigini bildiriglerinden yiksek bulunmustur.
Ancak arastirmaya katilan katihmcilarin sadece %30.8'i bu hatti daha dnceden kullandigini bildirmistir.
Tuketiciler ugragsmak istememeleri, sonu¢ alamayacagini disinmeleri ya da sikayet ederse Uretici zarara
ugrar dusincesi ile bu hatti kullanmadiklarini belirtmislerdir.

Aragtirmaya katilan bireyler cogunlukla gida aligverisinde gida glvenligi konusunu cok Onemli
bulduklarini bildirmislerdir (Cizelge 4). Ayrica gida Urlinleri satin alma kararlarinda etkili olan faktérlere de
bakildiginda gida guvenliginin saglanmasinda etkili olan faktdrlerin gogunlukla énemli bir faktér oldugunu
bildirdikleri gérilmektedir (Cizelge 5). Onurlubas (2015) tarafindan yapilan bir arastirma, tiketicilerin gida
dranleriyle ilgili géruslerini incelemistir. Tuketicilerin ¢codu, gida Urlinlerinin etiketleri, ambalajlari, kalitesi ve
tazeliginin simdi daha iyi oldugunu, ancak yaridan fazlasi gida Urtnlerinin fiyatinin ve tadinin daha dncelikli
oldugunu dustunmektedir. Yapilan calisma sonucunda ise katilimcilarin son yillarda gida Urtnleri satin
alirken goézlemledigi degisimler incelendiginde; katiimcilar ¢ogunlukla kalite, tazelik, glvenilirlik, lezzet,
dayanikhlik ve verilen promosyonlarda azalma oldugu; fiyat, ambalaj ve etiket bilgilerinin arttigi bildirilmigtir.

Gida glvenligi agisindan drinlerin ambalajli olmasi, saglikli olmasi ve tazeligini koruyabilmesini
saglamaktadir (Onurlubas, 2015). Ayrica yapilan bazi ¢alismalarda ambalajli Grlinlerin sagdlikli olmasinin
yani sira saklama imkani saglamasi, kaliteli olmasi ve tagima kolayhigi sagladidi da bildirilmistir (Uzundz vd.,
2008). Ankete katillan katihmcilarin tamami 6ncelikli olarak mutlaka ambalajli Grinleri tercih ettiklerini
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bildirmistir. Ek olarak katihmcilarin ¢ogunlugu tikettikleri gidalarin saghkli oldugunu dustnmediklerini
(%86.3) bildirirken, sadece %9.5'i tukettikleri gidalarda etiketi daima okudugunu bildirmistir. Yapilan
calismalarda tuketicilerin gida Urunlerini satin almada, geleneksel perakendecilerden stipermarketlere ve
hipermarketlere dogru egilimin oldugunu, taze et satin alirken ise uzmanlasmis geleneksel perakendecileri
tercih ettikleri bildiriimektedir (Gracia, 2005; Uluat, 2002; Onurlubas, 2015; Yaylak vd., 2010; Tagkin vd.,
2020). Yapilan diger ¢alismalarin bulgulari bu arastirmanin sonuglariyla uyumludur (Cizelge 7).

Gida maddelerinin tuketim aligkanliklari Ulkeden ulkeye, boélgeden bdlgeye degistidi gibi iller
arasinda hatta yoresel olarak da farkhlik gosterebilmektedir (Sengul, 2004; Karakus vd., 2008). Et ve et
drdnlerinde tiketici algisi, bu drlnlerin tercih edilmesi ve tiketiimesinde 6énemli bir rol oynamaktadir. Bu
durum ayni zamanda Uretici agisindan karlihgi etkilediginden kritik bir faktor olarak degerlendiriimektedir
(Troy & Kerry, 2010). Ankete katilan bireylerin tamaminda et tiketim tercihlerinde ilk sirayr kirmizi et
alirken, ayni zamanda katilimcilar kirmizi et tiketiminde de agirlikli olarak koyun etini tercih ettiklerini
bildirmislerdir. Farkli illerde yapilan benzer ¢alismalarda da katilimcilarin blyik bir bélimanun kirmizi et
tuketiminde agirlikh olarak koyun etini tercih ettikleri bildirilmistir (Karakus vd., 2008; Tosun & Hatirl,
2009; Seker vd., 2011). Tuketicilerin satin alma tercihlerinin temelini, Grindn sahip oldugu kalite ipuglari
belirlemektedir (Troy & Kerry, 2010). Katiimcilarin koyun-keci etini tiiketiminde etkili olan faktdrlerin
basinda etin lezzetlilik parametresi gelmektedir. Yapilan c¢alisma sonugclari literatir bildirigleri ile
uyumludur (Taskin vd., 2020; Aygin vd., 2004; Seker vd., 2011). Ek olarak sirasi ile et tuketim
tercihlerinde aliskanliklar, besin dederi, sosyal ¢cevreninde etkisi bulunmaktadir. Bu durumun nedenleri
arasinda; katilimcilarin koyun etini severek tiketmeleri, damak tadi ve bdlgede arazi yapisinin kigiukbas
hayvan yetistiriciligine uygun olmasi ile yaygin olarak kigtkbas hayvan yetistiriciliginin yapiimasi 6n plana
¢ikmaktadir. Katilimcilar koyun-keci sit ve sut trdnleri tiketiminde etkili faktorlerin sosyal cevre, saglik,
teminin kolay olmasi, tanitim ve lezzet (%64.8) oldugunu bildirmiglerdir. Ayrica katihmcilar koyun-keci et
ve sit drinleri alirken buytk oranda satin alinan yerin etkili oldugunu belirtmislerdir. Katihmcilarin koyun-
keci sut Urunleri tuketim tercihlerine bakildiginda ilk sirada koyun yogurdu yer alirken sirasi ile koyun
peyniri, keci peyniri, keci yogurdu ve icme suti olarak tukettikleri belirlenmisgtir.

Koyun ve kegiden elde edilen urinlerin Ulkemiz ekonomisi i¢in ne kadar dnemli oldugunun heniz
bilincine variimamigstir. Tirk mutfaginda koyun ve kecilerden elde edilen Grlnlerin 6zel bir yeri ve 6nemi
vardir. Kuzu ve oglak eti, dzelliklerinden dolayi sevilerek tilketilmektedir. Ulkemizde koyun ve kegi siitiiniin
onemi ve bunlardan Uretilen Urlnlerin tiketim aligkanligi yeni yeni ortaya ¢ikmigsken, koyun ve keciden
geleneksel yontemlerle Uretilen peynirler diinya c¢apinda yiuksek fiyatlara pazarlanmaktadir. Kiglikbas
hayvanciligin hayvansal Uretim degerine katkisinin biyikbas hayvanciliga gbére daha disik olmasina
ragmen, koyun ve keci Uretimi, 6zellikle marjinal kirsal alanlarda Ureticiye gelir ve istihdam saglamasinin
yani sira 6dnemli bir gida kaynagi olmaya devam etmektedir. Koyun ve kegi yetistiriciliginin kiicik ve daginik
isletmeler halinde olmasi nedeniyle Uretilen ¢ig sitlerin toplanmasi ve degerlendiriimesi bir¢gok sorunla karsi
karsiyadir. Kiictk aile isletmeleri ihtiya¢ dogrultusunda ¢ig sitli daha cok (seyyar) sokak sitguligu seklinde
pazarlamakta, elde edilen sutler yogdurt, ¢cokelek vb. Uriin olarak ya da her gin dretilen sitleri geleneksel
yontemlerle peynire doénlstirerek, uzun bir saklama periyodu sonrasi pazarlamaktadir. Koyun ve kegci
drdnlerinin 6nem kazanmasi ve alternatif bir gelir kaynadi olabileceginin ortaya cikmasiyla birlikte,
Turkiye'nin farkli bolgelerinde kiglikbas hayvancihigin gelistiriimesi konusunda gesitli kurumlarca projeler
olusturuimus, uygulamaya aktariimis ve olumlu sonuclar alinmistir. Yozgat ilinde de bu farkindaliklarin
olugsmasi icin hem Ureticilerin hem de tiketicilerin bilgi, beceri ve isteklerinin ortaya konulmasi icin ¢ok
sayida galismaya ihtiyag vardir. Tuketici tercihlerinin belirlenmesi ile ilimizde klgikbas hayvanlardan elde
edilen drunlerde trun gesitliligi, trin talebi, hijyen, trinlere ulasma, pazarlama, fiyat, markalasma vb. birgok
konuda gelistirilecek stratejilerin olusturulmasina katki saglayacagi disuniimektedir.

Veri Kullanilabilirligi

Veriler makul talep Uzerine saglanabilmektedir.
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Amag: Alternatif Turizm rotalari, iki veya daha fazla nokta arasinda bulunan ve
turizme kaynak olusturan deg@erlerin  baglantiiiindan olugan  sistemi
tanimlamaktadir. Bolgedeki turizm truinune gesitlilik katmakta; dogal, tarihi, kilturel,
sosyal ve estetik degerlerin korunup gelistirilerek cekiciliklerinin  devaminin
hedeflendigi surddrulebilir turizme imk&n sunmaktadir. Calismayla zengin peyzaj
degerlerine sahip olan Finike’nin dogal ve kdltirel peyzaj degerleri analiz edilerek,
alternatif turizm rotalarinin belirlenmesi hedeflenmigtir.

Materyal ve Yontem: Calisma alani olarak Antalya’nin Finike ilcesi segilmistir.
Calismanin materyalini Finike ilgesinin kiltirel ve dogal peyzaj o6zellikleri
olusturmaktadir. Calisma yontemi; peyzaj degerlerinin envanteri, arazi ¢alismalari
ve gozlem formlarinin doldurularak 6ne g¢ikan kiiltirel ozellikler, dogal peyzaj
Ozellikleri ile yoreye 6zgi gelenek-goreneklerin belilenmesi ve alternatif turizm
rotalarinin tanimlanmasi agsamalarindan olusmaktadir.

Aragtirma Bulgular: Finike kent merkezinden baglayarak ilgenin uzak
mesafelerine kadar turizme kaynak olusturacak dogal ve kulturel de@erler tespit
edilmis ve aralarindaki baglantiliik kurulmustur. Likya Yolu gibi mevcut rotalar
alternatif faaliyetlerle butlnlestirilirken alternatif turizm rotalari bisiklet, yurtyus,
Yoruk gog yolu olarak temalandiriimistir. Bu kapsamda 2 bisiklet rotasi, 2 Yoruk
go¢ rotasi ve 9 yurlyUs rotasi belirlenmistir.

Sonug: Galisma sonuglarinin kitle turizmine alternatif olarak gorilen doga ve kultur
turizminin rotalar ve bir sistem dahilinde degerlendirimesiyle Finike bdlgesinin
surdurdlebilir turizm gelismelerine temel olusturmasi, dogal ve kulttrel degerler
konusundaki farkindah@in artmasina ve korunmasina katki sunmasi beklenmektedir.

ABSTRACT

Objective: Alternative Tourism routes define the system consisting of the
connectivity of values between two or more points that constitute a source of
sustainable tourism, aims to preserve and develop natural, historical, cultural, social
and aesthetic values and maintain their attractiveness. The study aimed to
determine alternative tourism routes by analyzing the natural and -cultural
landscape values of Finike.

Material and Methods: The study area was Finike district of Antalya and the
material was consisting of the cultural and natural landscape features of Finike. The
method consists of the stages of inventory of landscape values, field studies and
filling out observation forms, determining the prominent cultural features, natural
landscape features and local traditions and customs, and defining alternative
tourism routes.

Results: Natural and cultural values, starting from Finike city center to long
distances, have been identified and the connectivity between them has been
established. While existing routes such as the Lycian Way are integrated with
alternative activities, alternative tourism routes are themed as cycling, walking, and
Yoruk migration route. In this context, 2 bicycle routes, 2 Yoruk migration routes
and 9 walking routes were determined.

Conclusion: It is expected that the results of the study will form the basis for
sustainable tourism developments in the Finike region by evaluating nature and
cultural tourism, which is seen as an alternative to mass tourism, within routes and
a system, and contribute to the increase and preservation of awareness of natural
and cultural values.
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GiRIiS

Bir alanin dogal ve kulturel 6zelliklerinin butiini olan peyzaj, doga ve insan arasindaki karsilikli
etkilesimin en ilging 6rneklerini sunar. insan ve peyzaj birbiriyle ¢ok yakindan iligkili olup, dogadaki
varliklarin/objelerin bitiininin veya bir béliminin, insan eliyle degistirilip yeniden yorumlanmasi sonucu
kultirel peyzajlar olugsmaktadir. Dogal ve kultirel peyzajlardan tatil ve dinlence amaciyla yararlanma
¢abasi turizm faaliyetlerini ve turizm peyzajlarini beraberinde getirmistir. Blyuk oranda dogal ¢cevrenin ve
peyzajin cesitliligine, degerlerine bagh turizm, ekonomik kalkinmaya bash basina blyuk 6lciide olanak
sagladigi icin yerel ve ulusal 6lcekte genel olarak desteklenmektedir. Ancak uygulamalarin biutincil ve
surdurdlebilir olmamasi dogal ve kultirel peyzajlarin korunmasi zorunlulugu vardir.

Turizm; dinlenme, eglenme, gérme, tanima vb. amaglarla yapilan gezi; bir tlkeye veya bir bélgeye
turist cekmek icin alinan ekonomik, kdltirel, teknik ©nlemlerin, yapilan c¢alismalarin timia olarak
tanimlanmistir (TDK, 2024). Ulkemiz turizm gelismelerinin temellerinin atildigi 1970’lerden itibaren kitle
turizm Grdnd ile 6ne g¢ikmaktadir. Atik (2003)’'e gore 1969 yilinda yurirlige giren 6/12209 Sayih
Kararname ile Ege ve Akdeniz bdlgelerinin Balikesirden Antalya’ya kadar uzanan kesiminde 3 km
genigligindeki kiyr seridi Oncelikli Turizm Gelisim Alani olarak tanimlanmis ve gegen 50 yillik sure iginde
¢ok sayida turizm gelisim bdlgesi ilan edilmigtir.

Turizm gelirlerinin Ulke geneline esit dagihmini sadlamak, kirsal bolgelerde ekonomik kalkinmaya
kaynak olusturmak ve turizm tim yila yaymak amaciyla 2000’lerden itibaren turizminin gesitlendirilmesi
yoluna gidilmigtir. Celik Canga & Senay (2023), kirsal alanlarin, sahip olduklari dogal ve kiiltiirel peyzaj
degerleri acisindan rekreasyonel kullanimda blyik 6neme sahip oldugunu ve bu potansiyele sahip
alanlara biyik deger kattigini belirtmektedir.

Ulkemizde turizm; saglik ve termal, kig, yayla, magdara, av, kongre, golf, yat, ipek yolu, inang, hava
sporlari, dagcilik, akarsu-rafting, su alti dahs, kus gozlemciligi altinda siniflandinimistir (Kdlttir ve Turizm
Bakanhgi, 2022) ve alternatif turizm gesgitleri olarak kabul edilmigtir. Bunlara, agroturizm, kamp turizmi, olta
balik¢ihgi turizmi, flora-fauna gdézlemciligi turizmi, festival turizmi gibi basliklari da eklemek mumkuindur.

Alternatif, degisik ve farkli anlamina gelip (TDK, 2024), turizm baglaminda surekliligi olan bir
uygulamadan farkli olana karsilik gelmektedir. Alternatif turizm kitle, doga vb gibi farkli turizm ¢esidini;
alternatif turizm rotasi ise ayni turizm bdlgesindeki baglantili faaliyetin timini kapsamaktadir. Gormus et
al. (2017), kdltar rotalarinin dogal ve kiltirel mirasin korunmasi gabasi ile gelistirildigini belirtirken; Cruz
et al. (2022), turizm rotalarini kentler ile kirsal-dogal alanlar arasindaki bag olarak gérmektedir.

Alternatif turizm rotasi iki veya daha fazla nokta arasinda bulunan ve turizm kaynak olusturan
degerlerin baglantilihdindan olusan sistem olarak tanimlanabilir. Burada dogal ve kulttrel degerleri ile
peyzaj cesitliligi alternatif rota icin kaynak sunar. Alternatif turizm rotalari buytk turizm yatirimlari
gerektirmeden de bir bolgedeki turizm Urtintne gesitlilik katmaktadir.

Turistler icin; turistik alanlari gezmek, kesfetmek ve orada vakit gecirmek adina bir rehber ve yol
haritasi  niteligi tasiyan turizm rotalari, ekoturizm rotalar gibi glnimuzde birgok kavram
yayginlasmaktadir. Pedrosa et al. (2022), turizm rotalari ile ilgili rota temelli turizm, turizm rotasi, turist
rotasi gibi farkli terminolojiler Gzerinde durmustur. Kiltirel izler baglaminda Avrupa Konseyinin kiltir
rotasi, tarihi rotalari projesi ile baslarken, Pedrosa et al. (2022), turizm rotalarini kiltirel miras rotasi,
sarap rotasli, gastronomi rotasi, Saint James rotasi gibi tematik olabilecegini belirtmektedir.

Rotalar, turistler icin ulagim araci olup dogal ve kdlttrel turizm degerlerini kontrolli ve bir rehber
niteliginde kullanmalarini saglamaktadir. Rotanin 6nemi; eger organize turlara katimislarsa rotadaki
glzergahlari ve yollari segcme sanslarinin olmayigi; tatil programini kendileri hazirlamiglarsa istedikleri
rotayl secme sansina sahip olmalaridir (Baykal, 2015).
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Turizmde surduralebilirlik kavrami, turizmin kaynagdi olan dogal, tarihi, kulturel, sosyal ve estetik
degerlerin korunup gelistirilerek cekiciliklerinin devaminin saglanmasini ifade etmektedir (Demir &
Cevirgen, 2006). Surdurilebilir turizm yeni turizm faaliyetlerinin ve gelismelerinden kaynaklanan olumsuz
cevresel etkilerin yonetimi, turizme kaynak degerlerin korunmasi ve turizm bdlge ve yerel ekonomiye
katkisini saglamay hedeflemektedir.

Turizm rotalarinin temel amaci, her biri tek basina yeterince cekici olmayan turistik deger ve
aktiviteleri birbirine baglamaktir. Bdylece sinerjik etki kullanilarak daha gugli bir turistik c¢ekicilik
yaratilabilir, kigtk turizm merkezleri kolektif bir sekilde bir turistik destinasyon olarak konumlandirilabilir
ve turizmden elde edilen gelirler bélge ekonomisinde yaygin bir etki yaratmaktadir (Meyer, 2004).

Antalya turizm gelirleri, tesis ve 06zellikle ziyaretci sayilari bakimindan Turkiye'nin 6énde gelen
bdlgesi konumundadir. Turist taleplerindeki degismeler, kiyi turizminin doygunluga ulasmasi, alternatif
turizm tarlerinin popdlaritesinin artmasi, kiresel rekabetin hizlanmasi gibi gelismeler Antalya'da turizmin
cesitlendiriimesini (Ortacesme & Zegerek, 2017) ve mevcut turizmin alternatifler ile strdiralebilir bir forma
dondstirilmesini zorunlu kilmaktadir.

Besinci yuzyilda Fenikeleriler tarafindan kuruldugu bilinen ve Antalya’nin gineybatisinda yer alan
Finike kiyr kayaliklari ve ovalarindan, kirectasi kayaliklari ile sekillenmis daglik ormanlik alanlara ve yaylara
kadar yuksek peyzaj cesitliligine sahiptir. Yerel halkin gecim kaynadi olan tarimin 6n planda olmasi
nedeniyle turizm hareketliligi Kas, Kemer, Alanya, Manavgat gibi diger ilcelere kiyasla daha az
yogunluktadir. Bu durum surddrdlebilir turizm ve alternatif turizm kavramlarinin bélgede uygulanabilirligi
acisindan bir firsat yaratmaktadir. Ancak tim dinyada yasanan Covid-19 salgini neticesinde farkli bir arayis
icine giren turistler agisindan kesfedilmemis dogal alanlara ragbetin artmasi, yakin zamanda bu bélgenin de
plansiz bir sekilde kullaniimaya baslanmasina neden olabilmektedir. Bu sebeple ekolojik, kilturel ve yerel
kaynak degerlerinin zarar gérme olasihdini en aza indirecek ¢ézimlere ihtiya¢ duyulmaktadir.

Bu c¢alisma ile dogal yapisinin ve tarimsal kaynaklar agisindan kiyr ovasinin henlz turizmin
yipratici etkisi ile nispeten karsilasmamis, tarihi, kiltirel ve ekolojik agidan zengin peyzaj degerlerine
sahip olan Finike’nin dodal ve kultiirel peyzaj de@erleri analiz edilerek, bolge icin alternatif turizm rotalari
belirlenmistir. Burada Finike kent merkezinden baslayarak en uzak mesafelere kadar turizme kaynak
olusturacak dogal ve kiltlirel degerler tespit edilmis ve aralarindaki baglantililik kurulmustur. Burada Likya
Yolu gibi mevcut rotalar alternatif faaliyetler ile butiinlestirilirken alternatif turizm rotalar bisiklet, yiriyus,
yoruk goc¢ yolu olarak temalandiniimistir. Calisma sonuglarinin kitle turizmine alternatif olarak gorilen
doga ve kdltir turizminin rotalar ve bir sistem dahilinde degerlendiriimesi ile Finike bdlgesi icin
surdurulebilir turizm gelismelerine temel olusturmasi, dogal ve kiltirel degerler konusundaki farkindaligin
ve korumanin gelismesine katli sunmasi beklenmektedir.

MATERYAL ve YONTEM

Calisma alani olarak Antalya’nin Finike ilgesi secilmis olup, ¢alismanin materyalini Finike ilgesinin
kulttrel ve dogal peyzaj 6zellikleri olusturmaktadir (Sekil 1). Dodusunda Alakir Cayi ile kuzey ve bati
kesimlerinde de Toros Daglari ile iki dogal sinir ile gevrelenmistir. Finike, denizalti daglarinin bulundugu
denizi ve marinasi, karada sahil kiyi seridi, 6zellikle de Demre’ye kadar uzanan koylari, Suluin Magarasi
gibi dogal peyzaj degerlerinin yani sira, Boldag, Yatikardig, Asaroni Tepesi, Lymra, Kirkgéz Koéprd,
Arykanda, Arif, Yalniz, Gokbik, Yazir gibi geleneksel kirsal yerlesimleri ile 6ne ¢ikmaktadir.

Kas, Kemer, Alanya, Manavgat gibi diger ilgelere kiyasla kitle turizmi gelisimi olmamasi ve
surdarulebilir turizm ve alternatif turizm kavramlarinin uygulanmasi agisindan Finike’'nin uygun kosullari
sergilemektedir. Akdeniz ile kiyi kesiminden Beydaglari’'na kadar uzanan tarihi, kiltirel ve ekolojik
kaynaklar, Ordibek ve Oluklu yaylalar, gecmisten glinimiize kadar bdlgedeki ulagim aglarinin
saglandigi “Akcay Vadisi” ve bu vadinin etrafini kusatan verimli tarim arazileri ve kirsal peyzajlari ile
Finike kitle turizmine alternatif bilylk bir potansiyeline sahiptir.
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Sekil 1. Arastirma alani genel konumu.

Figure 1. Location of the research area.

Calisma yontemi; veri temini, kaynak tarama, envanter ve arazi, sérvey c¢alismalari, sentez ve
degerlendirme asamalarini icermektedir (Sekil 2). Bu kapsamda g¢alisma konusu ve Finike bélgesi ile ilgili
literatr bilgisi ve mevcut galismalar incelenmistir. Burada sayisal veriler ile topografya, toprak yapisi ve
hidroloji haritalarinin olusturulmasi igin ArcGIS 10.5 programi kullanilmistir. ikinci asamada alternatif turizm
rotasina kaynak olusturacak Finike ilcesi peyzaj degerlerinin envanteri gergeklestirilmis, bilgi eksikligi olan
dogal ve kilturel peyzaj degerleri icin arazi sorveyleri ile yerinde tespitler yapiimistir. Bu amagla 6ne ¢ikan
dogal 6zellikler, 6ne ¢ikan kulturel dzellikler, peyzaj — manzara 6zellikleri, ydreye 6zgu gelenek — gérenekler
alt bagliklarindan olusan bir arazi goézlem formu kullanilmistir. Dogal ve kiltiirel degerler tanimlanmis,
koordinatlandiriimis ve haritaya aktariimigtir.

Veri Temini Dogal Kaynak
Kaynak Tarama - *

l \\ Degerleri
Envanter s
| Finike Kiiltiirel Kaynak

Kaynak Noktalar

u Degerleri
S5rve [ Kyt || Kent ici ” Kirsal || Tar'lhi“DoﬁaI |
(;allgrr\:alarl;’ Alternatif Turizm

u Rotalari

Sentez ——»
sz Bisiklet Rotalar
Dedariendirme || Yorik Gog Yollan |

Yirlyls Rotalari |

Sekil 2. Calisma ydntemi akis semasi.

Figure 2. Method flow chart.

Doga Dernegi (2006), Cevre, Sehircilk ve Iklim Degisikligi Bakanhgi (2021) ile Finike Belediyesi,
Antalya Valiligi il Kdltir ve Turizm Midirligi, Antalya Orman Bélge Mudirligi, Finike Orman igletme
Sefligi'nden alinan verilerle ilgede alternatif turizme konu olabilecek dogal ve kiiltirel kaynak degerlerini ortaya
koymak amaciyla korunan alanlara ait haritalar ile ArcGIS 10.5 programi ile tek bir tabaninda birlestirilmistir.
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Mevcut veriler, arazi galismalari ve verilerin sentezi ile kiyi, kent i¢, kirsal, tarihi ve dogal kaynak
noktalari bisiklet, Yorik go¢ yollari ve yirlyus rotalari temelinde alternatif turizm rotalari tanimlanmis ve
ilceye ait dogal ve kiiltirel peyzaj olanaklari ile baglantilari degerlendirilmigtir.

Bu arastirma sonucunda calisma alanina giren, alternatif turizm faaliyetleri icin potansiyel olugturan
dogal ve kiltirel kaynaklar belirlenip degerlendirilmis ve kaynaklarin korunarak kullanimi ve tanitimina
yonelik 6neriler gelistiriimistir.

ARASTIRMA BULGULARI
Finike bolgesi dogal kaynak degerleri

Finike kiyidan itibaren 3059 metreye kadar ulasan daglari zengin peyzaj cesitliligine, hassas ve
benzersiz dogal alanlara, korumaya ihtiyac duyan tir ve habitatlara sahiptir (Sekil 3). Sulak alanlari ve
habitatlari ile Finike Beymelek kiy1 bandi I. Derece Dogal Sit Alani, Alacadag ve Ciglikara Tabiati Koruma
Alanlari, Sarikaya Yaban Hayati Gelistirme Alani Finike'deki koruma alanlari arasindadir. Karakdse &
Terzioglu (2020), biyolojik ¢esitlilik acisindan Finike bélgesinde saptanan toplam 523 taksondan 67’i
endemik, nadir tirlerden olustugunu belirtmektedir.

Doga Dernegi tarafindan IUCN kriterlerine gére hazirlanan Tiirkiye’nin Onemli Doga Alanlari (ODA)
calismasina gore Finike ilgesinin Turuncova ve merkez yerlesim bélgelerinin bir bolumu, Kibrisgik,
Ciglikara, Beydaglari ve Kumluca onemli doga alanlari sinirlarinda yer almaktadir. Bu alanlardan
Kibrisgik Likya orkidesinin (Ophrys lycia), Likya semenderi (Lyciasalamandra Iuschani), toprak
kertenkelesi (Ophiomorus punctatissimus), Kocak esmer perisi (Hyonehele kocaki), karagdzli mavi
kelebek (Glaucopsyche alexis), Akdeniz foku (Monachus monachus) gibi nesli tehlike altinda olan
endemik turlere ev sahipligi yapmaktadir.

Finike'yi cevreleyen Beydaglari 6zellikle yirtici kuslar agisindan oncelikli bir bélgedir. Kaya Kartali
(Aquila chrysaestos), sah kartal (Aquila heliaca), sakalli akbaba (Gypaetos barbatus) bolgedeki ender kus
turlerindendir. Kiyr kesimi ise deniz kaplumbagasi (Caretta caretta) icin kiresel Olcekte dnemli bir
yuvalama alanidir (Doga Dernegi, 2006).

Akdeniz ikliminin etkisi altinda kalan Finike, Akdeniz bitki toplulugunun yayilma alanindadir. Maki
elemanlarinin tamamini bdlgede gérmek mumkindir. Sahilden i¢ kesimlere dogru genellikle taslik ve
zayif bir toprak ortist bulunmasi ve ge¢misteki ormanlarin tahripleri nedeniyle makiler genis yer tutar.
Alakir ve Akcay Vadilerinden Avlan Beli’'ne kadar yanginlardan ve insan tahribinden korunan alanlarda
kizilgam, karacam ve sedir ormanlarini gérmek mimkundir (Karakus, 2014).

Finike ormanlarinda Pinus brutia, Cedrus libani, Juniperus excelsa, Juniperus foetidissima
taksonlari 6ne g¢ikmaktadir. Bu taksonlar yikselti ve bakiya bagh olarak saf veya karisik mescereler
kurmaktadir. Bu hékim tirlere Acer hyrcanum subsp. Sphaerocaryum, Acer monspessulanum subsp.
monspessulanum, Juniperus oxycedrus subsp. oxycedrus, Ostrya carpinifolia ve Fraxinus ornus subsp.
cilicica, yukseltiye bagl olarak kizilgamdan Toros sedirine gegis zonlarinda (1000-1100 m) Quercus
ithaburensis subsp. macrolepis ve Quercus infectoria subsp. veneris orman yapisina eslik etmektedir
(Karakose & Terzioglu, 2020).

Yaban hayati agisindan karakulak (Caracal caracal) ve vasak (Lynx lynx) bolgede yasayan 6nemli
memeli tdrlerdir. Finike’nin batisindaki kiy1 kayaliklari ve magaralari Akdeniz foku (Monachus monachus)
icin 6dnemli yagsam alanidir. Bunun yaninda Akdeniz biyomuna 6zgi ve nesli kiresel olgekte tehlike
altinda olan Likya semenderi (Lyciasalamandra luschani), giftyasamli turli ve dar yayiligh striingen olan
toprak kertenkelesi (Ophiomorus punctatissimus), endemik Kogak esmer perisi (Hyonehele kocaki) ile
nesli bolgesel dlgcekte tehlike altinda olan karag6zli mavi kelebek (Glaucopsyche alexis) bdlgede
yasamaktadir (Doga Dernegi, 2006).

505



Tung & Yildinm

Bolgede alternatif turizmin rotalarinin gelistiriimesi ile tespit edilen tim turlerin taninmasi, endemik
ve tehlike atindaki tirlerin korunmasi, mevcut yeni tirlerin de kesfedilmesi agisindan bir imkan
olusturabilecektir.

Finike bolgesi Kulturel kaynak degerleri

Antik Likya bolgesinde yer alan Finike, Fenikeliler tarafindan MO 5. ylizyilda Phoinikos adiyla
kurulmus, uzun yillar Likya'nin baskenti Limyra'nin tarim drtnleri ihrag ettidi bir liman ve Fenikelilerin en
Onemli ticaret merkezlerinden biri olmustur. Etimolojik olarak Phoinikos "kizil renkli at" veya "kizil renkli
davar sirisi" anlamina gelmektedir. Yoredeki hayvan varligi ile uyum icerisinde olan bu isim (Antalya
Valiligi, 2022; Finike Kaymakamhgi, 2024) ginumuizde bile bdélgedeki kirsal yasamanin dzelliklerini
yansitmaktadir.

Tarih boyunca farkl kilturlere ev sahipligi yapan Finike bolgesi ge¢misten glinimuze ulagsmis
cok sayida arkeolojik tarihi alani barindirmaktadir. Kiltir ve Turizm Bakanhdi (2021) verilerine gore
Finike’de 56 adet arkeolojik sit alanlari ve kdltir varhdr bulunmaktadir. Bunlar arasinda Phanikos,
Arykanda, Limyra gibi antik kentleri ve yerlesimleri, kentsel sit alanlari, kilise ve sarnig gibi tarihi yapilar
yer almaktadir (Sekil 4).

Diger yandan Yoruk yasami yoredeki geleneksel kilttiri temsil etmektedir. Ylrtyen Turk anlamina
da gelen Yorukler sicak ve kurak gecen yaz aylarinda Toroslara ¢ikmakta, kis aylarini ise ihman gecen
kiyr ovalarinda gecirmektedir. Kiyi ve daglar arasindaki go¢ yollari tizerinde ¢ok sayida geleneksel koy
yerlesimleri bolgenin 6zgun kdlttirel degerleri arasindadir.

Finike, yaklasik 2500 yillik bir sure¢ icerisinde yore halki yasam sartlarina bagli olarak cesgitli
gelenek ve gorenekler gelistirmislerdir. Gerek antik doénem kentleri birbirine baglayan guzergéhlar
tzerindeki konumu gerekse Yoriuk gocleri, alana ait bir kultirin ortaya ¢ikmasina neden olmustur.
Kiltirel ozellikler kullanilan guzergahlar Gzerinde cesitli sekillerde kendini gdstermisti. Bu durum
alternatif turizm rotalarinin belirlenmesinde énemli bir rol teskil etmektedir.

Finike bdlgesi alternatif turizme konu kaynak noktalan

Kahraman'a (2019) gore alternatif turizm yerel, sosyo-politik ve ekonomik gergeklige daha yakin
olmaya caligilan “yeni” bir turizm kavramini temsil etmektedir. Bu turizm bigimi, turistler ve ev sahibi
topluluklar arasinda yeni iliskilerin baslamasina yardimci olmaktadir. Alternatif turizm kavrami 1950li
yillarda ortaya ¢ikan kitle turizmine alternatif olarak olusturulmus; ekoturizm, agroturizm, kltdr turizmi gibi
kendine has 6zel degerleri sahip turizm turlerini vurgulamaktadir (Delisle & Jolin, 2007; Prochazkova, 2012).

Finike bdlgesi alternatif turizm rotalarinin analizinde; kiyidan itibaren sahil, koylar, marina, tarihi
kent dokusu, kiyr gerisi tarim alanlari, geleneksel kirsal yerlesimler, dogal ormanlar, anit niteligindeki
ilging yapilar, tarihi ve arkeolojik alanlar ve yapilar, bélgenin kilttr tarihinde énemli yer tutmus ve bugtin
hala 6nemini koruyan ziyaret noktalari, dogal bitki 6rtistndn ilging yapi sergiledigi alanlar yerinde
incelenmistir (Sekil 3 & 4).

incelemeler sonucunda Finike ilgesinde 19 farkli kaynak noktasi belirlenmis ve bu kaynak noktalari
niteliklerine goére kiyi, kent ici, kirsal, tarihi-arkeolojik, dogal olarak belirtiimistir (Cizelge 1). Bazi kaynak
noktalari birden ¢ok nitelige sahiptir. Ornegin; Marina, hem kiyi hem de kent yerlesiminin iginde bulunan
bir alandir, ayni zamanda tarihi niteligi olan bir marinadir. Sahil ve koylar konum olarak kiyi niteliginde
olup ayni zamanda bazi koylar dogal ve arkeolojik koruma alanlari icerisinde kalmaktadir (Sekil 4). Ayrica
kiyi koruma bandinda yer almaktadirlar. Suluin Magarasi kiy1 seridinde bulunan, c¢ok bilinmeyen,
arkeolojik ve dogal degeri olan, kesfedilmeye acik 6zgin bir yapiya sahiptir.
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Cizelge 1. Kaynak noktalar nitelikleri

Table 1. Source point characteristics

Kaynak Kiyi Kent Kirsal Tarihi- Dogal
Noktalan ici Arkeolojik
Tarihi Sokaklar-Phonikos X X

29'5:]\TE N'S?U'E SG'DI’D'E !D'5IU'E !O'IP‘D'E WMSTE

- Marina X X
o |

Sahil ve Koylari

AE"IS'ON

Suluin

Boldag

Yatikardig

Asaroni

Narenciye Bahgeleri X
Limyra

Gokbik Kanyon

GoOkbuk Merkez
Arif-Arykanda

Yazir

Ordiibek

Ernez-Glngali

Yalniz (Sarikaya- Oluklu)
Kizlar Sivrisi

I IEON IETIVON
X X X X
X X X X X

IE"200°N
I

36"150°N

Alacadag

X X X X X X X X X X X X X X X

X X X X X X X X X X X

Ciglikara

Sekil 3. Finike dogal peyzaj de@erleri: Gokbik Kanyonu (a), Barbaros Hayrettin Koyu (Finike Belediyesi 2022) (b), Magara sualti
dalis (Finike Kaymakamlidi, 2024) (c).

Figure 3. Finike natural landscape values: Gokbik Canyon (a), Barbaros Hayrettin Bay (Finike Municipality 2022) (b), Cave
underwater diving (Finike District Governorship, 2022) (c).
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Sekil 4. Finike kilturel peyzaj degerleri: Finike tarihi doku (a), Asarénu (b), Limyra (c).

Figure 4. Finike cultural landscape values: Finike historical texture (a), Asaréni (b), Limyra (c).

Turizm seyahat, konaklama, yeme icmenin yani sira eglence ve dinlence faaliyetlerine dayali bir
Urinddr. S6z konusu faaliyetler turizm Grininld cesitlendirmekte, turizm peyzajinin kesfine imkan
vermektedir. Alternatif turizm rotalari ayni zamanda alternatif faaliyetleri de icerir ve turizmi tek bir zaman
dilimi ve mekan taniminin étesine tasir.

Finike bolgesi icin tanimlanan her bir kaynak noktasi yiizme, dalis, yiriyls gibi karaya ve suya
bagh rekreasyonel faaliyetlerin yani sira yerel Grtn igsleme atélyeleri, izim ve incir gibi tarim Grtnlerinin
hasadi, adacgayl ve kekik gibi dogada bulunan tibbi-aromatik bitkilerin toplanmasi, tarihi — arkeolojik
alanlarin ziyareti gibi ¢ok genis bir yelpazede ele alinmigtir (Cizelge 2). S6z konusu turistik ve
rekreasyonel faaliyetlerin yil boyunca ve bdlgenin farkli kesimlerinde yapilma imkani sirdirilebilir
turizmin bilesenleri arasinda da yer almaktadir.

Cizelge 2. Kaynak noktalar ve yapilabilecek turistik ve rekreasyonel faaliyetler

Table 2. Resource points and possible touristic and recreational activities

Kaynak Nokta Etkinlikler
Tarihi Tarihi ve antik geziler, bolgenin tarihine yonelik arastirma yapma ve bilgi toplama, restore galismalarina
Sokaklar- katilma, arkeolojik kazi galismalarina katima, fotograf ¢ekme, ddnem ddnem gerceklestirilen ve
Phoenikos geligtirilebilecek olan muzik, resim, tiyatro, soylesi, dinleti gibi kiltirel faaliyetlere katiima, antik kentin ust
noktasindan kentin kugbasi seyri.
Yizme, mendirekte olta ile balik tutma, tekne ile balik tutma, fotograf ¢cekme, yuriyus, su alti daliglari, yizme,
Marina dider su sporlari, tekne gezisi, konser, agik hava tiyatrosu, resim, muzik gibi kiltirel faaliyetlere katiima,
fotograf cekme.

. Ylzme, su alti daliglari, yelken, parasailing vb. su sporlari, balik tutma, deniz kaplumbagasi gézlem ve koruma
Sahil ve ) ) . o - . L I
Koylar fe{alluyetlerln('e katilma, kamp yaprvna, sahilde yurltyus, kosu, jimnastik, sahildeki isletmelerde gergeklestirilebilecek

kilttirel faaliyetlere katiima, fotograf cekme
Suluin Sualti daliglar, yizme, magdara gozlemi, dogal bitki ortlsu gozlemi, fotograf ¢cekme, arkeolojik kazi
¢alismalarina katilma, doga yuriyUsu, manzara seyretme
Tarihi ve antik geziler, arkeolojik kazi galismalarina katilma, coban hayatini gdzlemleme, fotograf cekme, doga-
manzara deneyimleme, doga koruma ve farkindalik faaliyetleri, tibbi aromatik ve sifali bitki toplama, alanin
Boldag tarihine yonelik arastirma yapma ve bilgi toplama, kamp yapma, yuruyds, bisiklet, enduro, 6grenme ve
kesfetme faaliyetleri, harnup toplama, harnuptan uriin elde etme (pekmez, kegi boynuzu tozu vb), menengic
toplama ve menengigten Uriin elde etme, dogal ve endemik bitki g6zlemi ve kesfi, ekoturizm ve agroturizm.

508




Dogal ve kultirel peyzaj degerleri ile alternatif turizm rotalari: Finike, Antalya

Cizelge 2. Devami

Table 2. Continued

Kaynak Nokta

Etkinlikler

Fotograf ¢cekme, yayla turizmi, doga-manzara deneyimleme, doga koruma ve farkindalik faaliyetleri, tibbi

Yatikardig aromatik ve sifali bitki toplama, alanin tarihine yonelik arastirma yapma ve bilgi toplama, kamp yapma,
yuruyus, 6grenme ve kesfetme faaliyetleri, sedir banyosu, agag isleri yapim faaliyeti (kaval-kasik).
Tarihi ve antik geziler, arkeolojik kazi ¢alismalarina katilma, fotograf cekme, doda-manzara deneyimleme, doga
_ koruma ve farkindalik faaliyetleri, tibbi aromatik ve sifali bitki toplama, alanin tarihine yonelik arastirma yapma
Asarénu o R . . S
ve bilgi toplama, kamp yapma, yurlyus, bisiklet, enduro, 6grenme ve kesfetme faaliyetleri, endemik bitki ve yaban
hayvanlarini gézlemleme.

. Ciftcilik Gzerine egitim ve uygulama faaliyetleri, hasat ¢alismalarina katilim, meyvelerden yan uriin elde etme
Narenmyg faaliyetleri-atolyeleri (recel, marmelat, lokum, kuru meyve, esans, meyve suyu) ciceklenme ddénemi portakal
Bahgeleri gicegi kokusu deneyimleme, fotograf cekme,

Tarihi ve antik geziler, arkeolojik kazi galismalarina katilma, fotograf cekme, doga-manzara deneyimleme,
Limyra doga koruma ve farkindalik faaliyetleri, tibbi aromatik ve sifali bitki toplama, alanin tarihine yonelik arastirma
yapma ve bilgi toplama, kamp yapma, yurlyls, manevi ziyaret, 6grenme ve kesfetme faaliyetleri, alpinizm,
tepe noktasindan Finike ligesi’ne genis ve kusbakisi g6zlem.
Gokbiik Doga yuriyusu, tirmanma, kano, yiizme, tirmanma, yamag parasitu, balik tutma, kamp, endemik ve dogal bitki
Kanyon ve yabani hayvan gozlemi
Yirlyus, bisiklet, enduro, yerel kiltirel yagsami kesfetme ve deneyimleme, nar hasati, nardan yan irlin elde
o etme faaliyetleri atdlyeleri (nar suyu, nar eksisi, recel, lokum, marmelat, nar kabugu kurusu), agagtan uriin elde
S/I(:r(li):zk etme faaliyetleri-atdlyeleri, bez bebek yapim atélyeleri, yerel senliklere katilma, yliizme, kano, kamp, resim,

muzik, tiyatro gibi faaliyetlere katiima, fotograf ¢cekme, manzara seyretme, acik hava sinemasi, gokyuzu
g0Ozlem faaliyeti.

Arif-Arykanda

Tarihi ve antik geziler, arkeolojik kazi galismalarina katiima, fotograf ¢cekme, doga-manzara deneyimleme,
doga koruma ve farkindalik faaliyetleri, tibbi aromatik ve sifali bitki toplama, alanin tarihine yonelik arastirma
yapma ve bilgi toplama, kamp yapma, yurtyls, 6grenme ve kesfetme faaliyetleri, alpinizm, tirmanma, su
kenari kdyll pazari kar suyu alanini deneyimleme.

Yirlyus, bisiklet, yerel kilturel yasami kesfetme ve deneyimleme, Giziim ve incir hasati, izum ve incirden yan
Urin elde etme faaliyetleri-atolyeleri (Uzim suyu, pekmez, (zum kurusu, incir kurusu, incir regeli), yerel

Yazir senliklere katilma, restorasyon galismalarina katiima, fotograf cekme, manzara seyretme, kamp, yoruk gogu
glizergahini yurime ve yoruk kultirinu kesfedip deneyimleme. Ekoturizm, agroturizm, yayla turizmi.
Doga yuruyus, bisiklet, yerel kiltirel yagsami kesfetme ve deneyimleme, fotograf cekme, manzara seyretme,
Ordiibek kamp, yoruk gocl guzergahini yurime ve yoruk kulturint kesfedip deneyimleme, fotograf ¢cekme, doga-

manzara deneyimleme, doga koruma ve farkindalik faaliyetleri, tibbi aromatik ve sifal bitki toplama, endemik
ve dogal bitki ve yabani hayvan turlerini gbzlemleme, yayla ve kis turizmi.

Ernez-Gungali

Tarihi ve antik geziler, arkeolojik kazi galismalarina katilma, fotograf cekme, doga-manzara deneyimleme,
doga koruma ve farkindalik faaliyetleri, tibbi aromatik ve sifali bitki toplama, alanin tarihine yonelik arastirma
yapma ve bilgi toplama, kamp yapma, yurlyls, 6grenme ve kesfetme faaliyetleri, aricilik ve bal Uretim
sureclerini 6grenme ve deneyimleme, magaralari inceleme, magara turizmi, yayla turizmi, ekoturizm,
agroturizm.

Doga yuruyus, bisiklet, yerel kiltirel yagsami kesfetme ve deneyimleme, fotograf cekme, manzara seyretme,

g::lllfaya- kamp, yoruk g(?gu glzergahini yurime ve yorik kUIthUnU .kesfedip dengyimleme, fqtograf cekme, dogz.a-
Olukiu) manzara deneyimleme, doga koruma ve farkindalik faaliyetleri, tibbi aromatik ve sifal bitki toplama, endemik

ve dogal bitki ve yabani hayvan tirlerini gbzlemleme, besleme, koruma faaliyetleri, yayla ve kis turizmi.

Doga yurlyusu, alpinizm, manzara seyretme, kamp, yoruk goégu guzergahini yurime ve yoruk kalttranu

Lo kesfedip deneyimleme, fotograf ¢cekme, doga-manzara deneyimleme, doga koruma ve farkindalik faaliyetleri,

Kizlar Sivrisi . . . e . N e . .

tibbi aromatik ve sifali bitki toplama, endemik ve dogal bitki ve yabani hayvanlarini gdzlemleme, besleme,

koruma faaliyetleri, yayla ve kis turizmi.

Doga yuriiyUsu, bisiklet, manzara seyretme, kamp, fotograf cekme, doga-manzara deneyimleme, doga koruma
Alacadag ve farkindalik faaliyetleri, manevi ziyaret (Eroglu Nuri Turbesi), tibbi aromatik ve sifali bitki toplama, endemik ve

dogal bitki ve yabani hayvan tirlerini gbzlemleme.

Doga yurityUsu, bisiklet, manzara seyretme, kamp, fotograf cekme, doga-manzara deneyimleme, doga koruma
Ciglkara ve farkindalik faaliyetleri, tibbi aromatik ve sifali bitki toplama, anit, endemik ve dogal bitki ve yabani hayvan

turlerini g6zlemleme, yayla ve kig turizmi.
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Finike bolgesi alternatif rotalari
Bisiklet rotalar

Farkh zorluk derecelerinde olmakla birlikte bisiklet rotalari Finike bolgesi ve ¢evresinde dag bisikleti
ile doda kesfi yapan grup ve kisilerin dnerdigdi rotalar tUzerinden gelistiriimig, guzergéh uzerindeki ve
cevresindeki dogal ve kiltirel peyzaj degerleri ile iligkilendirilerek yeniden dizenlenmistir. Asaréni ve
Finike-Ordubek bisiklet rotalari (Sekil 6) Finike icin olusturulan iki 6nemli rotayi temsil etmektedir.

Finike-Gokbik-Asardni rotasi

Finike merkezden baslayan, Yuvali mevkiinden, Finike-EImal kara yolu {zerinde Gokbuk
Mabhallesine dénen, Gékbik merkezden sirasiyla Gokceyaka, Alacadag, Asardni, Boldag duraklarini gecen
rota Finike sahilinin bir kismindan gecerek baslangi¢c noktasina dénus yapan (Sekil 5) rota, guzergahi
Uzerinde ¢ok sayida tarihi, kiltirel ve dogal peyzaj degerlerinin de ziyaretine imkan vermektedir.

Finike-Ordibek rotasi

Finike merkezden Ordiibek yaylasina toplam 54 km uzunlugundaki rota; kentsel, kirsal, arkeolojik
ve dogal dokuyu tanimayl saglayacak noktalardan gecmektedir. Sekil 5'de rotanin gegtigi noktalar
belirtiimistir. Rota Uzerinde kirsal vyerlesimler, flora-fauna g&ézlem noktalari, arkeolojik alanlar
bulunmaktadir. Ayrica su aktivitelerine ve kampgiliga olanak saglayan alanlar barindirmaktadir.
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Sekil 5. Bisiklet Rotasi; Finike-Gokbiik-Asardnii-Finike, Finike-Ordiibek.
Figure 5. Bicycle Route; Finike-Gokbiik-Asaronii-Finike, Finike-Ordiibek.

Yorik gdcl rotalan

Cografik agidan Teke Yoresi icerisinde yer almakta, Finike'de yoriik yasami 6éne ¢cikmaktadir. Eksi
& Akdag’a (2017) goére bdlgedeki yerlesim yapisi 13. Yuzylldan ginimize kadar Yorik kaltara ile
sekillenmigtir. Sari & Ertirk (2017) Yoruklerin sahil, guizle ve yayla arasinda gerceklesen mevsimlik
gocleri sirasinda kullandiklari yollarin bir kismi giinimiizde de aktif olarak kullanildigini belirtmektedir.
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Finike yerel halkinin gegcmisteki yasam tarzini temsil eden konar gocerligin tim yila yayilan bir
sirktilasyonu vardir. Finike yoriklerinin gegmiste goc ettikleri noktalar ve guzergahlar tespit edilerek bu
glzergahlar ve alanlar alternatif turizm icin bir secenek olarak énerilmistir. Bu rotalar gtinibirlik yurtyuslerle
tamamlanabilecegi gibi 6nerilen noktalarda yapilacak kamplarla 3 giin ve izeri giinlerde de yapilabilir. Yorik
gocu rotalari igin Kapigay-Kirkpinar ve Yazir-Ordiibek (Sekil 6) olmak tizere iki farkli glizergah belirlenmistir.

Kapicay-Kirkpinar Yaylasi rotasi

Sahilde Kapigay mevkiinde kisi geciren, 6zellikle gobanlik yapan Finike'liler nisan ayinda Kudret
Goli'ne gikarlar, bahar mevsimini burada gecirirler. Hayvanlarini Kirkpinar Yaylasi’'na ve Kizlar Sivrisi'ne
cikararak otlatirlar. Yaz sonuna dogru Oluklu Yaylasr’'na gelirler, yazi burada gecirirler. Gliz mevsiminde
de Belen Yaylasr'na inerler. Aralik ayinda tekrar sahile inerler. idari sinirlarin da 6tesine gegen gog
rotalari guizergahlar Uzerinde su kaynaklari, konaklamaya uygun duzlikler gibi (Sekil 6) 6nemli durak
noktalarini icermektedir.

Yazir-Ordiibek Yaylasi rotasi

Yazirh ¢obanlar kis donemini yukari Nefenni ismi ile anilan yuksek ama korunakl noktada
gecirirler, baharda ve giziin Dibekbasi ya da Kizbiiglis mevkiinde dénlsiumli olarak obalarini kurarlar.
Hangisinde tarlalara ekim yapildiysa ¢obanlar diger guzlik ya da baharlik mevkiide konaklarlar. Mayis
sonu Ordubek yaylasina goéculir ve burada 3 ayri noktada ekin durumuna gore her yil dénusumli
konaklarlar. Koteklik, Tastepe ve Erdeller konakladiklari yazlik yayla noktalaridir. Yol boyunca vadi
yamacindan gidilir. Mevkiilere yakin indere, piren, yukari ve asagi malgaca su kaynaklari vardir. Ayrica
yayladaki tepelerde adacayi, nane gayl, elma cayi(calbag) gibi tibbi-aromatik bitkiler bulunur. Kigikbas
hayvanlari otlatmak icin kéteklik mevkiinin st sirtlarindaki kirlara ¢ikarirlar. Pinarlarin giceklendigi haziran
ayinda kabakh bdlgesinde otlatirlar.
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Sekil 6. Yorilk Gogii Rotasi; Kapigay-Kirkpinar, Yazir-Ordiibek.
Figure 6. Nomad Migration Route; Kapigay-Kirkpinar, Yazir-Ordiibek.
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Yiruyus rotalan

Yurlyls doga icinde en cok tercih edilen rekreasyon seklidir. Bu kapsamda yuriylse esas
glizergahin kullaniciya uygun isaretlenmesi ve taniml bir hat lzerinden tasarlanmasi cevresel etkilerin
kontrolind mumkun kilacak, kaybolma riskini ortadan kaldiracaktir.

Finike antik Likya bélgesi iginde yer almaktadir. Isiklar tlkesi olarak bilinen Likya, kiyidan daglk
kesimlere kadar uzanan c¢ok sayida uygarliga ev sahipligi yapmistir. Antik ddnemden ginidmiize ulasmis
ve uluslararasi bilinirlige sahip Likya Yolu, Finike igin alternatif turizm gelisim rotalarina esas
olusturmustur. Likya Yolu'nun yanisira 8 tane daha yuriyus rotasi belirlenmis (toplam 9 rota), bunlardan
en dnemli oldugu diglinllen 4 tanesi galismada deginilmistir (Sekil 7).

Arif-Adala Rotasi

8 Likya Yolu
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Sekil 7. Yirlyls Rotasi; Likya Yolu , Arif-Adala Rotasi, Kilepe — Yesilkdy-Catallar Rotasi, Koruca-Kapigay Rotasi.
Figure 7. Trekking Route; Lycian Way, Arif-Adala Route, Kilepe- Yesilkéy-Catallar Route, Koruca-Kapi¢ay Route.
Likya Yolu

Farkh guzergahlar olusan Tarihi Likya Yolunun 29,2 km’lik bolumd Finike ilge sinirlarindan
gecmektedir. Demre tarafindan baslatildiginda Demre ile Finike sinirinda 9 km'ye kadar da Demre-Finike
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sinirinda ilerlemektedir. Likya Yolu glizergahi sirasiyla Yatikardi¢, Boldag, sahil bandi, sehir merkezi,
sahil seridinden gecerek Kumluca ilge sinirina ulasmaktadir (Sekil 7). Kaynak noktalari agisindan Likya
Yolu yiriyUs rotasi Sahil, Boldag ve Yatikardi¢ duraklarindan gegcmektedir.

Arif-Adala Rotasi

Finike-Elmal karayolunun 30. km’sindeki Arif Mahallesi’'nde bulunan Arykanda Antik Kenti'nden
baslayip Alacadad Adala mevkiinde son bulan 52,8 km’lik bir rotadir ($ekil 7). Alacadag mevkisinde tim
ovaya hakim panaramik manzaralar vardir ancak boélgedeki tasocaklari dogal dokuyu bozmaktadir. Belen
Yayla, Gokbik ve Adala merkez vel/veya cevrelerinde kamp yapmak icin uygun alanlar mevcuttur.
Yurlyls glizergahi boyunca karsilasilan nar bahceleri, seralar, flora, fauna, antik kalintilar ve yerlesimler,
kirsal yasam deneyimleri alternatif turizm icin nitelikli bir rtin yelpazesi sunmaktadir.

Kilepe—Yegilkéy-Catallar Rotasi

Yesilkdy Mahallesinin kuzey yamacindaki rota Kilepe bélgesini deneyimleme imkani sunmaktadir
(Sekil 7). Eski Elmali-Kas yolu lzerindeki bu rota tarihi kalintilari dogal yapisi, kirsal yasam niteligi ve
Yesilkdy'e bakan arkasinda dag silleti ile kby manzarasina hakimdir. Rota Uzerinde flora ve fauna gozlemi,
kamp, panoramik manzaralar gibi alternatifler mevcuttur. Catallar mevkiine ulasilinca alabalik yetistirme
ciftlikleri gorilebilir. Eski ElImali — Finike yolunun yeni giizergaha taginmasi ile nispeten issiz bir hal alan
Catallar merkezi alternatif turizm ¢alismalari ile hareketlendirilip canli dokusuna tekrar kavusturulabilir.

Koruca-Kapigcay Rotasi

Rota, Sahilkent Mahallesi'nin Kumluca Salur Mahallesi sinirindaki Koruca mevkiinden baslayip
Yalniz Mahallesi Kapicay Mevkii'nde sonlanmaktadir ($ekil 7). Kumluca Alakir Cayi yataginin yakinindaki
Koruca mevkiinden, Turungova-Elmali yoluna gegcisi saglayan sert bir parkurdur. Baglangi¢ noktasi
Limyra Antik Kenti'ne ve Tarihi Roma Yapisi olan Kirkgéz Kopri'ye yakindir. Yaklagik 1200 m cikigtan
sonra 700 m inig yapilir. Cobanlarin rehberliginde yiriinebilmektedir. Ozellikle iniste cok dikenli
sarmagsiklar, boégurtlenler vyollari patikalari kapatmis durumdadir. Yol boyunca hi¢ su kaynagdi
bulunmamaktadir. Yolun baslangi¢c ve bitisi kirsal yerlesimdir, narenciye bahceleri ve seralar vardir.
Cikistan sonraki 1 km icinde sag kanatta arkeolojik alan mevcuttur. 5. km’de zirveye ulasilir ve bu nokta
ve cevresi arkeolojik sit alanidir. Manzarasi tim Finike ve Kumluca Ovasina ve Finike Kdrfezine hakimdir.
Yol boyunca maki bitki tiirlerinin ¢esitlerini gérmek mumkuindur.

TARTISMA

Blylk ziyaretci gruplar ile gergeklestirilen kitle turizminin dogal cevre (zerinde yikici olumsuz
etkileri bulunmaktadir. Bugin gelinen noktada Akdeniz turizmindeki en acil konu olumsuz etkileri
azaltmak ve sirdurilebilir gelisme hedeflerine ulasilmasi (European Union, 2019) olarak tanimlanmistir.
Ulkemizde 1970'li yillarda kitle turizmi ile baglayan ve 2000'li yillarda turizmin gesitlendiriimesi adi altinda
coklu yonleriyle gelisen kitleye doéniisen bir turizm sektdrt vardir (Ortagesme & Zegerek, 2017). Fakat
bugiin kitle turizminin tekrar eden projeler ile devam ettidi gercegi dikkate alindiginda, turizmi
surdurdlebilir kilacak acil ¢ozumlere ihtiya¢ vardir. Bu ¢ézimlerde yerel kimligin, dogal ve kdltirel miras
niteligi tasiyan peyzaj gesitliginin gbz 6nune alinmasi, paydas katihmi ve is birliginin saglanmasi ve
uygulanan turizm aktivitelerinin yerel 6lcekte ekonomik, sosyal ve ¢evresel gelisime katkida bulunmasi gibi
konular 6ne ¢ikmaktadir.

Sdardardlebilir turizm dogal kaynaklarin, kiltirel mirasin ve yore kiltiriiniin korunmasina ve yerel
ekonomilerin desteklenmesine dayanmaktadir. Bu baglamda alternatif turizm rotalari yerel sanatlar, yerel
lezzetler, tarihi alanlar, doga parcalari, geleneksel yasam, sanatsal 6geler gibi coklu degerleri bir hat
Uzerinde bulusturmasi ile tatil deneyimini zenginlestirdigi gibi yerel ekonomilere énemli katki saglamasi ile
surdurdlebilir turizmin dnemli bir aracidir.
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Avrupa Birligi'nin Akdeniz turizminin strdtrilebilir gelisimi (European Union, 2019) icin 6ngordigu
¢6zimlerden biri de turizm hareketlerine zaman ve mekan diizenlemesi getirilmesidir. Bu baglamda
alternatif turizm rotalari yeni bir destinasyon gelisimi olmadan turizmdeki mevcut talebin ve ziyaretgilerin
yil icinde kiyi, kent, kent cevresi, uzak dogal ve kirsal alanlardaki dogal ve kdltlrel turizm kaynaklarina
erisimine imkan vermektedir. Amac¢ turizmi surddrulebilir bir forma doénistirmede uygun planlama
araglarina ihtiyag¢ olup, alternatif turizm rotalarinin dogru bir planlanmasi 6nem tagimaktadir.

GinUimulzde turistler, standart turlari terk ederek daha Kkisisellestiriimis segeneklere
yonelmektedirler (Rodriguez et.al.,, 2012). Bununla birlikte turizm glizergahi planlama ve gelistirme
konusunda arastirma eksikligi bulunmaktadir (Antonson & Jacobsen, 2014). Bu baglamda Giliney Antalya
bdlgesinde yaygin olan kitle turizminin disinda 6zellikle kiyr ve kiltir turizmi potansiyellerinin éne ¢iktigi
Finike’de mevcut turizm faaliyetlerinin yaninda o6zellikle bu faaliyetlerin bir rota cercevesinden ele
alinmasi ihtiyaci dogmustur. Bu ¢alismada Antalya, Finike bdlgesi 6rneginde dogal ve kiiltiirel kaynak
degerlerinin tespit edilerek, alternatif turizm rotalari tanimlanmistir. Antalya’da 50 yildan beri siiregelen
turizm altyapisi potansiyel ziyaretcilerin konaklamasina imkéan saglarken, Finike alternatif turizm rotalari
bdlgede kiyida yogunlagmis kitle turizmine c¢oklu alternatif sunacak niteliktedir.

Henilz turizmin yipratici etkisi ile karsilasmamis olan bu kic¢tlk ve sakin ilce olan Finike yeni ve
surdurdlebilir turizm potansiyelleri agisindan ele alinmigtir. Burada amag kitle turizmini ilceye tasimak degil,
zaten bolgede var olan yabanci ve yerli ziyaretcilere ve ayni zamanda yodre halkina dogal ve kiiltirel peyzaj
degerlerini tanimalarina ve deneyimlemelerine imkan vermek, yére ekonomisine katkida bulunmaktir.

Turizm rotasinin siniflandiriimasi énemlidir (Pedrosa et al., 2022). Burada yerel, bolgesel gibi
fiziksel 6lgek, kiyisal, karasal gibi cografik dlgek kadar gida, yerel Urunler ile rotanin temalandiriimasi
turizm Urdnundn  gegitlendiriimesi anlaminda gereklidir. Bu kapsamda Finike ilgesinde bilinen ve
mevcutlarl yani sira turizme kaynak olusturacak potansiyel dogal ve dogdal degerler arazi ¢calismalari ile
yerinde tespit edilerek bir envantere dénustirilmus; her bir kaynak degeri kiyi, kent ici, kirsal arkeolojik
ve dogal olma durumlarina gére kaynak noktalarinin tanimlanmistir. Her bir kaynak noktasi ayni zamanda
istasyon niteliginde olup, her bir istasyonda hangi turistik ve rekreasyonel faaliyetlerin yapilabilecegi
arastirnimistir. Son olarak da alternatif turizm rotalari bisiklet, yoriik go¢ yollari ve yuriyls yollari olarak
temalandirilarak farkl etaplari ile haritalandiriimistir.

Bisiklet rotalarinin olusturulmasinda bélgede faaliyet gdsteren bisiklet kultipleri ve bisiklet kesifleri
yapan grup ve Kkisilerin onerileri dikkate alinmistir. Codu yerde mevcut ulasim giizergahi ile 6rtisin
bisiklet rotalari dogal ve kulturel kaynak degerlerinin de ziyaretini mumkin kilacak sekilde diizenlenmistir.

Sari & Ertirk (2017) Finike'nin yer aldigi bati Toroslarda yoriik go¢ yollarinin arastirilmasi gereken
onemli kiiltiirel degerlerden biri oldugunu belirtmistir. Finike icin Kapigay-Kirkpinar ve Yazir-Ordiibek ile
iki glizergahta tanimlanan Yoérik goc yollari gegcmisten ginumuize tasinmis ve peyzaja ve bdlgenin
cografik 6zellikleri ile sekillenmis gelenekleri icermektedir. Yaylak ve kiglak yerlesim yerleri arasindaki
ulasima dayanan Yoruk goc yollari dogal ve kiltirel degerleri icermesinin étesinde su kaynaklari gibi
Yoruk yasaminda referans alinan geleneksel bilgi yansitmaktadir. Bu rotalar sayilari azalmis olsa da hala
Yoruk topluluklari tarafindan aktif olarak kullaniimaktadir.

Likya Yolu, Turkiye’'nin guneyinde, Fethiye'den Antalya’ya giden, 540 km’lik, yuriimesi ortalama 29
gun suren isaretlenmis bir ydriyds rotasidir. Rota, genel olarak Roma yollari, eski patikalar ve katir
yollarindan olusmaktadir (Turkiye Kultir Rotalari Dernegi, 2022). Turkiye'nin ilk uzun mesafeli ylruyus
rotasi olan ve bir bolimi Finike’de bulunan Likya Yol alternatif turizme yonelik olusturulan yiriyis
rotalari icin temel alinarak dogal ve kiltlrel peyzaj kaynaklari ile iliskilendirilmistir.

Bu kapsamda Finike i¢in alternatif turizm rotalarina hizmet sunacak kaynak noktalari tespit edilmig, her
bir noktadaki mevcut ve potansiyel turizm ve rekreasyonel faaliyetlere agiklik getirilmistir. Bolgedeki temel
gecim kaynaginin tarim ve hayvancilik oldugu gercedinden ola ¢ikildiginda, bu durum bdlgede alternatif
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turizmin alt dallar olarak gorilen ekoturizm ve agroturizm turlerinin geligtiriimesi agisindan 6nemli bir
potansiyel sunmaktadir. Civelek vd. (2014) agro-turizmin yerel halka sagladidi istihdam ve ekonomik gesitlilik
agro-turizmin kirsal kalkinma araci oldugunu vurgulamaktadir. Bu ¢alismada da Finike ilgesinde belirlenen
kaynak noktalari ve alternatif turizm rotalarinin agro-turizm agisindan da degerlendiriimesi 6ngérilmus ve
agroturizm ile iligkili olabilecek tarimsal ve kirsal yerlesim alanlari rotalara dahil edilmistir.

Halac & Benzer (2019) degisen turizm algisiyla beraber biyuk olcekli kentlere olan ilginin giinden
gune kuguk olgekli kentlere dogru gecisin s6z konusu oldugunu belirtmislerdi. Bu anlamda Finike gibi
bolgenin kendine 6zgu 6zelliklerini koruyan turizm yaklagimlar kdlttr rotalarinin olusturulmasinda 6nemlidir.
Rotalar olusturulurken dogal ve kilturel mirasin 6zellikli noktalarinin tespiti 6ne ¢ikar. Bu ¢alisma alanindaki
alternatif turizme konu olabilecek durak noktalari; manzara, kilttirel doku, tarihi yapi-alan, ilging dogal olusum
(magara-bitki dokusu-anit, endemik bitki, frigana), geleneksel yerlesim, agro-kiltir alanlar gibi 6zellikleri
bakimindan siniflandinimistir ve bu siniflamalar hazirlanan rotalardaki durak noktalarinda belirtilmistir.

Anuar & Marzuki (2022) turizm rotalarinin turizm destinasyonlarinin gelisiminde blyuk potansiyeller
sundugunu savunmaktadir. Tek yon bir turizm rotasi destinasyon se¢imi ile baslarken (Qi & Wang, 2022)
destinasyon icindeki farkli rotalar turizmdeki alternatifleri ortaya koymaktadir. Antalya benzersiz dogal, tarihi
ve kulturel zenginlikleri ile Turkiye'nin en 6énemli turizm merkezlerinden biridir. Bolgede turizm faaliyetleri
biyuk dlcude kiyr kesiminde ve kitle turizm destinasyonlarina dayanmaktadir. Bu baglamda Finike alternatif
turizm rotalari ile Antalya bélgesindeki tek yonli destinasyon secimine ¢oklu alternatifler sunmaktadir.

Finike ilgesinin potansiyelleri de g6z dntinde bulunduruldugunda, giinimuzde degisen turizm anlayisina
uyum saglanmasi, turizmin dort mevsime yayilabilmesi ve surdurulebilir turizmin gergeklestirilebilmesi icin
alternatif turizm olanaklarinin ortaya konulmasi ve buna bagh turizm stratejileri belirleyerek planlanmasi
gerekliligi agikgca gortlmektedir. Yapilan bu ¢alisma ile Finike'nin dogal ve kiltlrel peyzaj kaynaklari
incelenmis, Finike icin uygun olabilecek alternatif turizm turleri belirlenmis ve kaynaklarin hizla tikendigi
g6z 6nunde bulundurularak, alternatif turizme ydnelik rotalar ortaya konulmustur.

Turizme uygun alanlarda kaynaklarin korunarak kullanilabilmesi icin sdrdartlebilirlik ilkesi
cercevesinde ¢ozumler Uretilmesinin gerekliligi ortak kanidir. Bu sure¢ yerel kimligin, dogal ve kultirel
miras niteligi tasiyan peyzaj cesitliliginin bu ¢ozimlere dahil edilmesi, paydas katiimciligin ve is birliginin
saglanmasi ve uygulanan turizm aktivitelerinin yerel Olgekte sosyal ve ekonomik gelisime katkida
bulunmasi gibi amaglari da kapsamalidir.

Bu calisma ile Finike ilgesinin, dogal ve kiltirel peyzaj degerleri bir butiin olarak ele alindiginda,
tum yila yayilabilecek ¢ok dnemli bir alternatif turizm potansiyeline sahip oldugu ortaya ¢ikmistir. Yore
halkinin ekonomik anlamda kalkinmasina yardimci olabilecek bu potansiyel, alan ydnetim planlamasi
cercevesinde, koruyarak kullanma ilkesi temel alinarak degerlendirilmelidir.
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oz

Gida fiyatlarindaki artis, dogal kaynaklardaki azalisin gostergesi olarak kabul
edilmektedir. Nufus artigiyla birlikte su, enerji ve gida gibi dogal kaynaklara
yonelik kiresel talebin de artacagdi tahmin edilmektedir. Son on yil igerisinde su-
enerji-gida zinciri ortaya ¢ikmistir. Su-enerji-gida zinciri dogal ¢evre ve insan
faaliyetleri arasindaki etkilesimleri sistematik olarak analiz etmek ve sektorler
arasinda dogal kaynaklarin daha koordineli bir ydnetimi ve kullanimi igin
kavramsal bir yaklasim sunmaktadir. Su-enerji-gida zinciri ile ilgili calismalarda
en 6nemli zorluk, sistemin nasil temsil edilecegi ve izlenecegidir. Bu amagla
enerji, tarim-gida ve su ile ilgili konulari vurgulayan su-enerji-gida zinciri ile ilgili
Ulke duzeyinde gosterge degerlerinin olusturulmasi ve bunlarin izlenmesi
gerekmektedir. Bu calismada; ilk olarak su-enerji-gida zinciri hakkinda temel
bilgiler verilerek aralarindaki iligkiler incelenmistir. Makalenin ikinci bélimiinde
konuyla ilgili bir galigmaya yer verilerek tlkemizin durumu degerlendirilmistir. Son
bélimde ise su-enerji-gida zincirinin 6zellikleri ve gosterge degerlerinden
yararlanilarak Ulusal bazda yapilmasi gereken calismalarla ilgili 6nerilerde
bulunulmustur.

ABSTRACT

The increase in food prices is recognized as an indicator of the decline in natural
resources. With population growth, global demand for natural resources such as
water, energy and food are projected to increase. The water-energy-food nexus
has emerged in the last decade. The water-energy-food nexus provides a
conceptual approach for systematically analyzing the interactions between the
natural environment and human activites and for a more coordinated
management and use of natural resources across sectors. A major challenge in
the study of the water-energy-food nexus is how to represent and monitor the
system. For this purpose, it is necessary to establish and monitor country-level
indicator values related to the water-energy-food nexus, which emphasizes
energy, agri-food and water-related issues. In this study, firstly, basic information
about the water-energy-food nexus is given and the relationships between them
are analyzed. In the second part of the article, a study on the subject is given and
the situation of our country is evaluated. In the last part, the characteristics of the
water-energy-food nexus and indicator values are utilized, and suggestions are
made regarding the studies to be carried out on a national basis.
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GiRiS

ikinci Diinya Savasindan sonra baslayan ve 1940’lar ile 70’ler arasinda gozlenen “yesil devrim”
olarak bilinen tarimsal teknoloji tirt (Carson, 1962), énemli bir tarimsal Uretim artisi saglamakla birlikte
cevresel elestirilere maruz kalmistir. Yesil devrimin basarisi; bitki 1slahinin gelistiriimesi, yogun sulama,
fazla inorganik gubre kullanimi ve tarimsal dretimden gida eldesine kadar yogun enerji kullanimina
dayaniyordu. Tarimsal dretimin her asamasinda mekanizasyon uygulamalarindan kimyasal giibreler ve
ilaglar, Urun isleme, sogutma, paketleme ve tagsimaya kadar fosil yakit kullaniminin bu basariya buyuk
katkisi olmustur (Pellegrinia & Fernandeza, 2018).

Yesil devrimin teknolojik ilerlemelerinin sagladigi mahsul Gretimindeki fazlalik, mahsullerin yem
olarak kullaniimasina izin vermis, boylece “hayvancilik devrimi” olarak bilinen bir fenomen olan hayvancilik
Uretim oranlarini 6nemli 6lgide artirmigtir. Bu yeni hayvancilik dretim sistemi, mera dretimine alternatif
olarak giderek artan bir sekilde kesif hayvan yemi dretimine dayaniyordu (Davis & D'Odorico, 2015;
FAOSTAT, 2017). Benzer sekilde, deniz drtinlerine yonelik kiiresel talep artmig ve su Urinleri yetistiriciligi
faaliyetlerinde artan balik ve deniz Urtnleri Gretimi ile karsilasiimistir (D’Odorico, 2018).

Bu basarilar yaninda, zararl pestisit kullanimi ve asiri giibrelemenin neden oldugu toprak yapisinda
bozulma, agir makinalarin kullanimina bagh toprak sikismasi ve erozyon yaninda fosil yakitlara olan giclu
bagimlihk ve atmosferdeki sera gazlarinin artisi bu tarim biciminin sdrdirilemez oldugunu ortaya
koymaktadir (Pellegrinia & Fernandeza, 2018).

Kuresel tarim-gida sistemi, insanliyin ¢evreyi olumsuz yonde degistirmesinin en kapsamli yollarindan
biri haline gelmigtir. Tarlalar ve meralar artik gezegenin buzsuz yizeyinin yaklasik %38'ini kaplamaktadir.
Erisilebilir suyun yarisindan fazlasi insan i¢in kullaniimaktadir (Ertugrul, 2023; Richter, 2014) ve antropojenik
tiketilen suyun neredeyse tamami tarim igindir. Tarimsal mekanizasyonla, yogun toprak isleme gerceklesmis
ve toprak olusumundan daha fazla olan toprak kaybi gergeklesmistir. Gubre tretimi, cevredeki reaktif nitrojen
(N) miktarini iki katindan fazla artirmis ve gida uretiminde (6rnegin, gevis getiren hayvanlarin sindirimi ve
gubre denitrifikasyonu) ve arazi kullanimindaki degisikliklerden (6rnegin ormansizlasma) kaynaklanan sera
gazi emisyonlari insanligin sera gazi emisyonlarinin %30'unu olusturmustur (Tubiello et al., 2013). Tarimsal
faaliyetlerden kaynaklanan sera gazi emisyonlari, 2000 yilindan 2010 yilina kadar yillik olarak %1,1 oraninda
artmistir (Tubiello et al., 2013; D’Odorico et al., 2018).

insan niifusu artmaya devam ettikge, gida talebi de artmaktadir. Bununla birlikte, artan talebi
kargilamak igin yesil devrimin basit bir tekrari pek olasi degildir. Birlesmis Milletler 2050 yilina kadar 9,7
milyar ve 2100'e kadar 10,9 milyar bir diinya nifusu dngérmektedir (Gerland et al., 2014; D’Odorico et al.,
2018). Sonug olarak, diinya bugtin oldugundan 2,5 milyar daha fazla insani beslemek zorunda kalacaktir.
Birlesmis Milletler Gida ve Tarim Orgiitii, artan talebi karsilamak icin 2050 yilina kadar mevcut gida
Uretiminin yizde 70 artmasi gerektigini tahmin etmektedir (FAO, 2011). Gezegenin sinirlari, 6zellikle sinirli
enerji ve su kaynaklar g6z 6niine alindidinda, bu hedefe ulagsmak yizyilin en buytk zorluklarindan biridir.
Ayni zamanda, islenmis gida, et, st Urlinleri ve balik icin artan talep, gida tedarik sistemine daha fazla
baski eklemekte ve iklim degisikliginin artan etkileri bagka bir kisitlama olusturmaktadir (Godfray, 2010;
Anonymous, 2021a).

Su, gida dretimini etkileyen sinirlayici bir faktor olarak hayati Gneme sahiptir (Porkka et al., 2017).
Bu nedenle, sinirli su kaynaklariyla yeterli gida arzini saglama yetenegi, ciddi bir endige haline gelmistir.
Aslinda yeni teknolojilerin (6rnegin, yeni ¢esitler, sulama teknikleri ve suyun yeniden kullanim yontemleri)
gelismesine ragmen; niifus artisi ve beslenme dizenindeki degisikliklere bagli olarak, kirresel su kaynaklari
Uzerindeki insan baskisi endise verici oranlarda artmakta ve yeni endiseler ortaya ¢ikmaktadir (Carr et al.,
2013; Varis et al., 2017).

Su krizinin siklikla gbzden kagan bir yoni, 6nimiizdeki birkag on yilda su guvenligi tartismalarina hakim
olmasi beklenen gida ve enerji enduistrileri arasindaki su kaynaklari icin ortaya ¢ikan rekabettir (Rosa et al.,
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2017, 2018; Scanlon et al., 2017). Yakin zamana kadar, sanayi toplumlarinin enerji ihtiyaclarinin ¢ogu,
cikarilmalari icin nispeten distik su maliyetleri gerektiren geleneksel fosil yakitlarin kullanimiyla
karsilanmaktaydi. Hidroelektrik gibi yenilenebilir enerjiye ek olarak, yakin gelecekte, daha fazla miktarda su
gerektiren petrol kumlari, kaya yagi ve kaya gazi gibi geleneksel olmayan fosil yakit yataklarina artan bir
bagimlilik gérulecektir (Rosa et al., 2017, 2018). Bunlar, DUnya'daki fosil yakitlarin gogunu olusturmakta olup,
bunlarin ¢ikariimasi 6zellikle gida ve enerji icin su kullanimlari arasinda daha gucli bir rekabetin ortaya
ctkmasinin beklendidi, kurak ve yar kurak bdélgelerdeki su mevcudiyeti ile sinirl olabilir (Rosa et al., 2018).
Yenilenebilir enerji talebindeki artigin, nehir havzalarinda sayisiz sosyal ve ¢evresel sonuglara yol acabilecek
baraj gelisimini de dnemli dlglide artirmasi muhtemeldir; 6rnedin, yakin zamanda, diinya ¢apinda yaklasik
3.700 buyuk hidroelektrik barajinin planlandigini veya yapim asamasinda oldugunu tahmin etmektedirler
(zarfl et al. 2015; 2017). Ayni zamanda, son biyoeneriji politikalari (European Union Parliament, 2009), gida
ve enerji kullanimlari arasinda dogrudan bir rekabetle biyoyakit endustrisinin gelisimini tesvik ederek,
yenilenebilir enerjiye belirli bir derecede gtivenilmesini zorunlu kilmistir (Hermele, 2014; Ravi et al., 2014; Rulli
et al., 2016; D’Odorico et al., 2018).

Su-enerji-gida zinciri

Enerji, gida ve su talebi istikrarli bir sekilde artmakta, ancak bunlari Gretmek icin gereken kaynaklar
sinirli ve gogu durumda da azalmaktadir.

Enerji, gida ve su arasindaki karsilikli bagimhliklar sayisiz ve c¢ok boyutludur. Bunlarin iligkisi
genellikle enerji, gida ve su zinciri (bilesenlerin sirasi degisebilse de) (Rasul & Sharma, 2016) ya da “su-
enerji-gida zinciri” (SEG) olarak adlandiriimaktadir. Gida dretiminin tek yolunun tarim olmasi nedeniyle,
zincir igerisinde bazi kaynaklarda gidaya bazi kaynaklarda da tarima yer verilmektedir.

SEG zinciri yaklagimi, enerji, su ve gida arasindaki dinamik ve karmasik baglantilar tanir. Bu
yaklasimin temelinde, sektdrel konular olarak enerji, su ve tarimin birbirinden ayri diistinilemeyecegi inanci
yatmaktadir. Her sektor kendi icinde ¢ok yonli olsa da (¢ sektor arasindaki baglantilar, daha da karmasik
olan iligkileri, zorluklar ve firsatlari ortaya gikarmaktadir. Ornegin su, yakit gikarma, aritma ve iretim igin
oldugu kadar elektrik tretimi icin de gereklidir. Bu arada, suyu ¢ikarmak, pompalamak ve iletmek icin oldugu
kadar icme suyu amagli ve atik aritma i¢in de enerjiye ihtiya¢ vardir. Su ve enerji, gida Uretimi, islenmesi,
dagitimi ve hazidanmasi icin temel girdilerdir; bazi biyoyakitlarin tretiminde ise gida Grtnleri kullanilir. Tarim
ve gida Uretimi, arazi bozulumu, akistaki degisiklikler ve yeralti suyu desarjinin bozulmasi yoluyla su
sektorini etkiler. Sekil 1'de SEG zincirindeki iligkiler gosterilmektedir (Anonymous, 2017).

Sekil 1. Su-Enerji-Gida Zinciri (Anonymous, 2017).
Figure 1. Water-Energy-Food Nexus (Anonymous, 2017).
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Sekil 1°de verilen SEG zinciri kapsaminda bilesenler arasindaki iligkiler séyle incelenebilir:
Tarim-su baglantisi

Tarim, Diinya mevcut tath suyunun agik ara en buyik tiketicisidir. Kiiresel olarak, akarsulardan ve
yeralti suyundan cekilen suyun yiizde 70'i, bolgeler arasinda énemli farkhliklar olmakla birlikte, tarimsal
Uretimde kullanim igindir (Anonymous, 2017).

Gida talebinin karsilanmasi, dogrudan veya dolayl olarak yerel su varlhdina baglidir. Dogrudan,
karasal ekosistemlerde tim birincil tarimsal Uretim yani bitkisel Gretim su gerektirmektedir. Dolayl olarak
tum ikincil, yani hayvansal tretim (balik¢ilik hari¢) nihayetinde ot, yem vb dretimi igcin suya gereksinim duyar.
Bu nedenle, gida Uretimi ve su mevcudiyeti arasinda gugli bir bag vardir. Boyle bir bag, gida ve su givenligi
tartismasinin merkezinde yer alir. Cunku;

(1) Dinyanin bircok bélgesinde tarimsal tretim su mevcudiyeti ile sinirlidir.

(2) Tarimsal rdn verimindeki artis, ylizey ve yeralti sularindan ¢ekilen ve sulama i¢in kullanilan suya
baghdir.

(3) Genel olarak, bu tur tarimsal su kullanimi, diinya ¢apinda su kaynaklarina insan tarafindan el
konulmasinin herhangi bir bi¢imini cok agsmaktadir (D’Odorico et al., 2018).

Ozellikle tarim-su iligkilerinin daha iyi izlenebilmesi icin ortaya ¢ikan su ayak izi kavrami bu noktada
onemlidir. Tarimda kullanilan suyun ayak izinin izlenebilmesi icin sanal su kavrami ortaya atilmigtir. Bu
kavram uyarinca tarimsal amagh kullanilabilecek suyun detayli analizi icin mavi, yesil ve gri su
siniflandirmasi yapilmistir. Buna gére, mavi su, gol, nehir ve yeralti rezerv suyunu; yesil su, yagis ile
toprakta saglanan, bitkilerin kullanimina hazir suyu ve gri su, kullanilabilir temizlik diizeyine getirilebilen atik
suyu tanimlanmaktadir. Bu tanimlama yardimi ile yetistirilen Griinlerin ticareti ile arka planda bu Grtnlerin
yetistirilmesi icin harcanan suyun miktari belirlenebilmekte ve ticaret ile ne kadar suyun da el degistirdigi
tahminlenebilmektedir. Bu sayede karar vericilerin strdirtlebilir kaynak yoénetimi icin gelistirecegi
politikalarin tutarhligr artinlabilir (Ertugrul vd., 2022).

Enerji-su baglantisi

Yakit Uretimi ve elektrik tretimi, su mevcudiyetine baghdir ve su ¢ikariimasi ve dagitiimasi da eneriji
gerektirir (King et al., 2008). Hem su hem de enerji, hizla degisen bir diinyada artan stres altinda kalmaya
hazir olan sinirli kaynaklardir. Sanayi toplumlarinin ekonomisini “karbondan arindirmak” i¢in uygulanan yeni
enerji teknolojileri, su yodun yakitlara olan bagimlihg! artirmaktadir (IEA, 2016; Mielke et al., 2010). Enerj
uretimi ile su kaynaklari arasindaki baglantiyi her gegen giin daha da siddetlenmektedir. Ornegin, biyoyakit
Uretimi, konsantre glines enerjisi (CSP) ve karbon yakalama ve depolama, biyik miktarda su gerektiren
uygulamalardir. Bu nedenle, su mevcudiyeti mevcut enerji operasyonlarini zorlayabilir ve enerji Uretim
projelerinin fiziksel, ekonomik ve c¢evresel uygulanabilirligini belirleyen bir faktdr olarak giderek daha fazla
6nem kazanmaktadir (Alexander et al., 2017; Durmus & Guclyeter, 2024; D’Odorico et al., 2018).

IEA'nIn bir raporuna gore; kiresel enerji talebinin 2040 yilina kadar %30 artmasi 6ngoérilse de (BP,
2017; ExxonMobil, 2017; IEA, 2016), daha gelismis su tasarrufu teknolojilerinin benimsenmesi nedeniyle
enerji uretimi igin su kullaniminin artmasi beklenmemektedir. Ancak nukleer enerjinin, biyoyakit tretiminin
ve geleneksel olmayan fosil yakitlarin ¢ikarilmasinin artmasi, enerji sektériinde su tiketimini %60'tan fazla
artiracaktir. Birlesmis Milletler (BM)'nin strdurdlebilir kalkinma hedeflerinden (SKH) biri; her insanin suya
erisimini saglamaktir. Bu amaca ulasmak igin atik, tuzlu veya aci suyu aritmak daha fazla enerji
gerekecektir. Oniimizdeki 25 yil icinde, gogunlukla tuzdan arindirma projeleri ve bilyiik élgekli su transferi
nedeniyle, su i¢in enerji kullanimini iki katina ¢ikaran enerji yogun su projelerine dogru bir gegis olacaktir
(IEA, 2016; Bakken et al., 2017; D’Odorico et al., 2018).
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Tuketim, Uretim ve ticaretle baglantih olarak su kullanimi, kithdr ve kirliligi Uzerine giderek artan
arastirmalar, su ayak izi degerlendirmesi (WFA) alaninin ortaya ¢ikmasina yol a¢gmistir. Bu alanin
temelinde, 2002 yilinin baslarinda Hoekstra tarafindan gelistirilen ve Aralik 2002'de sanal su ticareti (VWT)
konulu bir uzman toplantisinda, uluslararasi bir kitleye tanitilan su ayak izi (WF) kavrami yer almaktadir
(Hoekstra, 2017).

Gida (Tarim)-enerji baglantisi

Sanayi devrimiyle, 1950'lerden sonraki “Blyuk Hizlanma” doneminde, 6zellikle fosil yakita (kémir,
petrol ve dogdal gaz) dayali enerji sistemlerinde (Steffen et al., 2007) buyuk artiglarlaénemli bir enerji gegisi
yasanmistir. Yiksek enerijili bir topluma dogru bu gegis, artan tarimsal Uretim (sonraki yesil devrimden
gelen yeniliklerle birlikte) ve artan tretim orani, ekonomik biyiume, kentlesme ve demografik buyime de
dahil olmak tzere sosyoekonomik degisikliklerle ayni zamana denk gelmistir (Steffen et al., 2007; Ben-Ari
& Makowski, 2014; D’Odorico et al., 2018).

Modern kiresel gida sektdru enerjiye bagimhdir. Tarimsal yesil devrimin temelini olusturan teknoloji
ve sanayilesme, tarimsal Uriin veriminde muazzam bir iyilesme saglarken, ayni zamanda tarim ve gida
Uretiminin enerji ihtiyaglarini da artirmistir. Bugun, kiresel gida sektorinin nihai kullanim enerji talebi,
yaklasik 2.270 milyon ton esdeder petrol (mtep/yil) veya toplam kiresel nihai enerji talebinin %32'sidir.
Ciftlikten sofraya kadar gida Uretiminin tim deder zinciri boyunca enerjiye ihtiyac vardir (Sekil 2)
(Anonymous, 2017).

Degirmencioglu et al. (2019) tarimsal Gretim icin gerekli enerji kalemlerini temel detaylariyla
incelemisler ve sulama suyunun pompalanmasi ve/veya islem gérmesi icin gereken enerji miktari ile toprak
isleme, hasat, glibre tretimi ve tagima gibi islemlerde harcanan enerji sarfiyatlarinin belirlenmesi ile Uretilen
Urtnlerin toplam enerji sarfiyat bilangolarinin ortaya konabilecegini, su ve eneriji sarfiyatlarini dikkate alarak
Uretilebilecek gelecek senaryolari ile sirdirdlebilir tarim igin gereken optimum kaynak kullanimin
saglanabilecegini belirtmislerdir.

Tarim ve enerji iligkisi iki yonludur. Tarim icin enerji sarfiyati s6z konusu olabildigi gibi Uretilen Grlnlerin
atiklarindan enerji Uretilebilmesi mimktndir. Tarimsal drtnlerin atiklarindan gesitli yéntemlerle eneriji elde
edilebilmektedir. Her Grtinin literattirde belirlenmis atik oranlari, elde edilebilir atik oranlari ve kendine 6zgu
1sil de@erleri araciligi ile enerji Uretim potansiyelinin hesaplanabilmesi mimkundur (Ertugrul et al., 2024).

SEG zinciri gésterge degerleri

Su, enerji ve gida-tarim (SEG) zinciri ilk olarak 2010 yilinda (Wong, 2010) vurgulandi ve 2011'den
beri akademik, politika ve kalkinma ile ilgili ortamlarda SEG zincirine blyldk 6nem verildi. Bonn2011
Konferansi (Hoff, 2011) ve Dinya Ekonomik Forumunun “Su Giivenligi” yayininda Su-Gida-Enerji-iklim
Baglantisindan etkili bir sekilde s6z edilmektedir. Sonraki ¢calismalarda ise SEG zincirinin yalnizca felsefi
bir yaklagim veya gergeve olmasinin aksine, nicel ve iglevsel hale getirilmesi gerektigi belirtildi. Nicel ve
nitel SEG Zinciri degerlendirmelerini entegre etme zorunlulugu pek ¢ok kaynaklarda vurgulanmistir (FAO,
2018; Galaitsi et al., 2018; Allouche et al., 2019; Hoff et al., 2019; Simpson & Jewitt, 2019). SEG zincirini
surdirmenin énemli nedenlerinden biri de BM Surdurlebilir Kalkinma Hedeflerine (SKH2: Agliga son,
SKH6: Temiz su ve sanitasyon, SKH7: Erigilebilir ve temiz enerji, SKH13: iklim eylemi) ulasmak icin 6nemli
bir mekanizma olmasidir (Nhamo et al., 2020).

SEG zincirinin gercek bir badlanti noktasi olmasi icin, U¢ sektdrt birlikte degerlendiren, sektérler arasi
baglantilann 6l¢ulmesini ve dengesizliklerin gorsellestiriimesini saglayan, kaynaklarin gelisimini ve kullanimini
bitincdl bir sekilde degerlendirebilen bir karar destek aracina ihtiyaci vardir (McGrane et al., 2018; Shannak
et al., 2018). Kaynak y6netimini degerlendirmenin bir yolu, bilesik endekslerle ifade edilen strdurilebilirlik
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gostergeleridir (Dizdaroglu, 2017; Farinha et al., 2019). Surdurulebilirlik gostergeleri, belirli bir mekansal
Olgekte kaynaklarin performansi ve mevcut durumu hakkinda (Singh et al., 2012; Bell & Morse, 2018) ve
kaynak kullaniminin durumunu veya egilimini 6lgmek igin yararlanabilecek degerlerdir (Nhamo et al., 2020).
Surdardlebilirlik gostergeleri tek tek kullanilabildigi gibi, tum bireysel gdsterge puanlarn tek bir bilesik
endekse entegre edilerek birlestirilebilir (Schernewski et al., 2014). SEG zinciri surdurilebilirlik gdstergeleri,
karar vericilere kisa, orta ve uzun vadeli perspektifler agisindan SEG kaynaklarinin durumunu gdsteren
onemli bir analitik cerceve saglar. SEG zincirinin énemli bilesenleri olarak surdurulebilirlik gdstergeleri,
simdi ve gelecekte insan refahini artirmak icin kaynak planlama, ydénetisim ve teknoloji gelistirmeyi
dengelemek icin gerekli parametreleri saglar (Bizikova et al., 2013). Ekolojik, sosyal veya ekonomik
sistemlerin performansini gosteren 6lculebilir parametrelerdir (Nhamo et al., 2020).

Simpson ve Arkadaglarinin (2000) uluslararasi bir proje kapsaminda “Entegre Kaynak Ydnetimi ve
Sdrdurilebilir Kalkinma icin Bir Arac olarak Su-Enerji-Gida Zinciri Endeksi” konulu c¢alismalarinda
gelistirdikleri SEG baglanti endeksi kriterlerinin olusturulmasinda AB Ortak Arastirma Merkezi: Bilesik
Gostergeler ve Puan Tablolari Yeterlilik Merkezi (JRC: COIN: Joint Research Centre: Competence Centre
on Composite Indicators and Scoreboards) tarafindan gelistirilen metodoloji kullaniimistir. JRC: COIN yani
sira Cevresel Performans Endeksi (Yale Universitesi, Columbia Universitesi), Kiiresel Yenilik Endeksi
(INSEAD ve Diinya Fikri Miilkiyet Orgiitil), Esitsizligi Azaltma Taahhiidi Endeksi (Oxfam), Mali Gizlilik
Endeksi (Vergi Adalet Agdi), Cok Boyutlu Yoksulluk Belirleme Araci (BM Uluslararasi Tarimsal Kalkinma
Fonu), Kiresel Rekabet Edebilirlik Endeksi (Diinya Ekonomik Forumu) ve Yolsuzluk Algilama Endeksi de
dikkate alinarak 170 ulke i¢in su, enerji ve gidayla ilgili 60’dan fazla gosterge olusturulmustur. SEG Baglanti
Endeksi'nin gelistiriimesinde incelenen godstergelerin yani sira bunlarin tanimlarini, kaynagini, veri
yeterliligini, referans yilini ve her bir géstergenin neden var olup olmadidina iliskin motivasyonu sunan
gosterge secim tablosu, bilesik indekse dahil edilmistir. JRC: COIN'e gore bilesik gdstergenin
gelistirimesindeki bir sonraki asama, endeksi olusturacak gostergelerin secimidir. Gostergeler igin
kullanilacak veriler; ulusal istatistik ofisleri, devlet daireleri, sivil toplum kuruluslari gibi gesitli kuruluslar,
Diinya Bankasi, Uluslararasi Gida ve Tarim Orgiitii (FAO), Uluslararasi Eneriji Ajansi (IEA) ve Dinya Saglik
Orgiitii (WHO) gibi uluslararasi kuruluslar tarafindan toplanmaktadir. Bu veri tabanlarinda yapilan kiiresel
bir arastirma, su, enerji ve gidayla ilgili 87 gostergeden olusan bir listenin olusturulmasini saglamistir. SEG
Baglanti Endeksini olusturacak gostergelerin secimi, paydas/uzman katilimini kolaylastirmak icin bu proje
kapsaminda gergeklestirilen 6 ayri forumda sunulmustur. Paydas/uzman katiliminin sonucu, SEG Baglanti
Endeksini olusturmak igin; 170 Ulke i¢in hesaplanacak endeks igin, yeterli verinin saglanabilecedi 21
gOstergeden olusan bir setin secilmesi gerceklesmistir. SEG Baglanti Endeksi'nin su, enerji ve gidayi temsil
eden U¢ esit situnu vardir. Bu kaynak sektdrlerinin her birinin sirasiyla "Erisim" ve "Kullanilabilirlik" alt
sutunlari bulunmaktadir (Simpson et al., 2020; Anonymous, 2021b).

Calisma ile ilgili tum bilgiler, hesaplama yontemleri ve alinan veriler online olarak
https://wefnexusindex.org/ web sayfasinda tum ulkeler igin yayinlanmaktadir. 2019’da baslayan ¢alismada
veri eldesine gore; Ulke sayilarinda degisiklikler olabilmektedir.

SEG Zinciri Endeksini olusturan 21 gosterge icin kullanilan veriler; Dinya Bankasi, Uluslararasi
Eneriji Ajansi (IEA) ve Birlesmis Milletler Gida ve Tarim Orgiitii (FAO) tarafindan yayinlanan verilerdir.

Yukarida acgiklanan SEG bilesenlerinden vyararlanilarak 184 lke icin SEG-Endeks degerleri
hesaplanmistir (Sekil 2). Her bir tlke icin hesaplanan degerlerin verildigi grafikte lilke isminin yaninda SEG-
Endeks degerleri 2019-2023 yillari igin yer almaktadir.
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Sekil 2. Cesitli Glkelerin SEG-Endeks degerleri (Anonymous 2023).

Figure 2. WEF-Index values of various countries (Anonymous 2023).

En yiksek SEG-Endeks degerine sahip olan lkeler (2023) sirasiyla; izlanda (81.2), Norve¢ (78.3),
Kanada (76.3), ABD (74.5) ve Yeni Zelanda (73.8) olmustur. Turkiye Ulkeler siralamasinda 56.6 SEG-
Endeks puani ile 90. sirada yer almaktadir.

SEG-Endeks ¢ situndan olusmaktadir. Bunlar; su situnu, enerji situnu ve gida sttunudur. Bu
bilesenlerin gosterge degerleri de Sekil 3'te verilmistir. ilk sirada yer alan izlanda’nin su gostergesi 80.4,
enerji gostergesi 93.8 ve gida gostergesi 69.4'tir. Tlrkiye’'nin ise; su gostergesi 58.5, enerji gbstergesi 44.0
ve gida gOstergesi 67.3 olarak belirlenmistir.
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Sekil 3. SEG bilesenlerinin gdsterge degerleri (Anonymous 2023).

Figure 3. Indicative values of WEF components (Anonymous 2023).

Su-Enerji-Gida (SEG) Zinciri Endeksi, kiresel olarak mevcut 21 gbstergeyi bir araya getiren bilesik
bir gostergedir. Endeksin Ug¢ bileseninin her biri iki alt situn icermektedir: Erisim ve Kullanilabilirlik. Bu
basliklar altinda da SEG-Endeksi Gostergeleri ve bunlarin sayisal degerleri yer almaktadir. Tirkiye'ye ait
SEG-Endeks Gostergeleri ve bunlarin sayisal degerleri Cizelge 1'de verilmistir.
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Tarkiye, su endeksinde 58.5 degeri ile 2022 yilindaki 59. siradan, 2023 yilinda 80. siraya dismustur.
Enerji dederinde 2022’de 115. sirada olan Turkiye, 44 puanla 116. siraya gerilemigtir. Gida endeksinde ise
2022’de 37. sirada iken, 2023’'de 67.3 puanla 38. sirada yer almistir. SEG endeksinde ise 2022’de 75.
sirada olan Turkiye, 2023 yilinda 56.6 puanla 90. sirada bulunmaktadir.

Simpson ve arkadaslarinin 2020 yilinda yaptid1 ¢alisma, su, enerji ve tarim-gida ile ilgili konulari
vurgulayan SEG zinciri ile ilgili Ulkeler diizeyinde bir bilesik gosterge saglamaktadir. SEG Zincirini bir
mercek olarak kullanarak, entegre kaynak yonetimi agisindan 170 farkh ulusun statlistinii tespit etmek icin
nicel bir ara¢c saglanmistir. Ayni zamanda, bir ulusun statiisini ayni bdlgeden benzer diizeyde (yani
gelismis veya gelismekte olan) diger tlkelerle veya bir ulusun belirli bir tGlkeye gore degerlendiriimesi yoluyla
karsilastirma firsati olusturmaktadir (Simpson et al., 2020).

2030 SKH hedef yilina giden on yilda SEG Zinciri dederlendirmeleri daha kapsamli olmalidir. Nitel
¢alismalar nicel degerlendirmelere paralel olarak yurutilmelidir. SEG Zinciri yaklagimini kullanan entegre
kaynak yonetimi icin herkese uyan tek bir yéntem yoktur. Bunun yerine, metodoloji her benzersiz durum igin
uyarlanmaldir ve SEG Zinciri Endeksi, bu tir calismalar icin bir katalizér ve giris noktasi olabilir. SKH'lerin bir
alt kimesini/baglantisini degerlendiren endeks, SKH'leri tamamlayici niteliktedir. Ancak SKH'lerde oldugu
gibi, bu baglanti ¢alismasi "entegre" godstergelerin eksikliginden muzdariptir. Bu bosluk gelecekte yeni
gostergeler gelistirildikge giderilebilecektir. (Simpson et al., 2020). D’Odorico et al. (2018)’e gore de kiresel
SEG sisteminin anlagiimasinda ve yonetiminde bazi biyik bosluklar bulunmaktadir. Daha spesifik olarak,
surdirulebilir SEG ¢dzumlerini gergek dunya sonuglariyla iligkilendirmeye ve yerel uzmanlar ve paydaslarla
etkilesime giren arastirmalara katilmaya acil bir ihtiyac vardir.

Cizelge 1. Turkiye i¢in hesaplanan 2023 SEG-Endeks degerleri*
Table 1. 2023 WEF-Index values calculated for Turkiye*

Gosterge Gosterge Degerleri Gosterge | Endeks degeri
No Puani (siralama)
01 Minimum igme suyu hizmetlerinden yararlanan kisiler (%) 97
Erisi 02 Minimum temel temizlik hizmetlerini kullanan kisiler (%) 78.4
rigim
IWRM (Entegre Su Kaynaklari Yonetimi) uygulama
03 - 72
derecesi (1-100)
Su — - - - 58.5 (80)
04 Yillik tath su ¢ekimi, toplam (i¢ kaynaklarin yiizdesi) 27.1
. 05 Kisi basina disen yenilenebilir i¢ tath su kaynaklari (m3) 2,698
Kullanilabilirlik — %
06 Cevresel akis gereksinimleri (10° m3/yil) 0.7
07 Derinlikteki ortalama yagis (mm/yil) 593
08 Elektrige erisim (nifusun yizdesi) 100
09 Yenilenebilir enerji tiiketimi (toplam nihai enerji tuketiminin 13.7
Erigim yiizdesi) i
B 10 Yenilenebilir elektrik tretimi (toplam elektrik Gretiminin 32
Enerji yiizdesi) 44 (116)
11 CO2 emisyonlari (kisi basina metrik ton) 4.8
Kullanilabilirlik 12 Elektrik giic tuketimi (kWh/kisi). 2,815
13 Enerji ithalati, net (enerji kullaniminin yiizdesi) 75.2
14 Yetersiz beslenme yayginligi (%) 2.5
Erisim 15 Asiri zayifliktan etkilenen 5 yas alti cocuklarin yizdesi (%) 1.7
$ 16 Yeterince gelismemis 5 yas alti gocuklarin yizdesi (%) 5.5
17 Yetigkin populasyonda (18 yas ve ustl) obezite yayginligi 321
Gida $KIn pop _y ( y.§. A ) yayginiig 67.3 (38)
18 Ortalama protein arzi (gram/kisi/gtin) 110.7
. 19 Tahil verimi (kg/hektar). 2,918.5
Kullanilabilirlik - - P
20 Ortalama Diyet Enerji Arz Yeterliligi (ADESA) (%) 159
21 Gida Uretiminin ortalama degeri (1$/kisi). 159
SEG Zinciri 56.6 (90)

* (https://iwww.wefnexusindex.org/TUR (Anonymous, 2023) adresinden yararlanilarak hazirlanmigtir).
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Ulusal Dizenlemeler

Dunya genelinde Nexus Calismalari, bilimsel arastirmalar ve projeler olarak gerceklestiriimektedir.
En yogun galismalar Brezilya ve Cin'de, en az arastirma Gronland, Kongo ve irlanda'da yapilmistir. iran,
Guney Afrika, Suudi Arabistan ve Lubnan gibi su kithgi ¢ceken Ulkelerde de yodun arastirmalar yer
almaktadir. Asya, Avustralya, Kuzey Amerika, Guney Amerika, Afrika ve Avrupa dahil olmak tzere farkli
boélgelerdeki farkli yaklasim turlerinin (WEF baglanti noktasi, WEFC baglanti noktasi ve WEFC baglanti
noktasi) dagilimi gorilmektedir. SEG baglantisi icerisinde Asya'da gida sektoriine daha fazla odaklanildigi,
Avrupa'da su ve enerji sektérleri arasindaki etkilesime daha 6nem verildigi ve Afrika'da iklim baglantisina
etkilerinin daha yodun arastirildigi gérulmektedir (Kalvani & Celico, 2024).

Surdurdlebilir kalkinma baglaminda gida glivenligi, saghkli su yonetimi ve modern enerji hizmetlerine
evrensel erisim temel hedeflerdir. Bu sektérlerdeki politikalar ve uygulamalar sektérler arasi koordinasyon
olmadan yaplilirsa riskler ve belirsizlikler ortaya g¢ikabilir. Enerji, su ve gida guvenligini ayri ayri ele alan
geleneksel gelistirme ¢ozumleri yetersizdir ve genellikle istenmeyen sonuglara yol agar.

SEG zincir yaklagimi, sinirli  kaynaklarimizi  sirdirulebilir  bir sekilde kullanabilmemiz ve
ydnetebilmemiz icin su, enerji ve tarim-gida arasindaki karmasik ve dinamik iligkileri daha iyi anlamamiza
yardimci olur. Bir sektdrdeki kararin sadece o sektor tUzerinde degil, digerleri lizerinde de yaratabilecegi
etkileri disinmeye zorlar. Potansiyel degisimleri ve sinerjileri éngorerek, farkli sektérlerde uygulanabilir
yanit segeneklerini tasarlayabilir, degerlendirebilir ve 6nceliklendirebilir.

SEG Zincir Endeksinin gelistiriimesi, hi¢bir Glkede entegre kaynak yonetiminin kusursuz bir sekilde
gerceklesecegini gostermemektedir. Her ulus surekli olarak gelisme potansiyeline sahiptir ve endeks
degerleri de olumlu ya da olumsuz yonde degisiklik gosterebilecektir. Ne SEG Zincir yaklasimi ne de Zincir
Endeksi kiresel toplumun karsi karsiya oldugu tim dnemli kalkinma veya ¢evresel zorluklarn ¢dzecek her
derde deva degildir. Bununla birlikte, entegre kaynak yonetimine katkida bulunabilir ve Surdurulebilir
Kalkinma Hedeflerini tamamlayici niteliktedir.

Enerji-tarim-su zinciri kavramina dayal olarak Ulusal politikalarin belirlenmesi amaciyla asagida
belirtilen konular dikkate alinmaldir.

1. SEG Zinciri veri tabaninin olusturulmasi: SEG Zinciri konusunda yapilan ¢alismalarda gorilmistar
ki; SEG sistemleri ve kaynaklarin strdurdlebilirligi konusunda sinirli ve eksik veriler bulunmaktadir. Bu
nedenle ¢zellikle ulusal diizeyde, SEG Zincir bilgi tabanina gereksinim vardir. Bu amagla SEG Zinciri
akilli altyapiya, ¢ok islevli ekosistemlere ve yenilikgi teknolojilere ve kurumlara yatirim yapilabilmesi igin
politikalar gelistiriimeli ve kurumsal destekler saglanmalidir. Béylece SEG Zincir anlayisimizi gelistirecek
yeni veri kaynaklari ve yaratici stratejiler olusturulabilir.

2. SEG Zinciri icerisindeki sektérler arasi koordinasyonu saglamak: Sektorler arasi koordinasyon ve
entegrasyonla veri tabaninin gelistiriimesi, sektorler arasinda sinerjiler yaratilmasi, kaynak kullanim
verimliliginin arttinimasi ve cevresel etkilerin azaltilmasi ve enerji-gida-su yonetiminin entegre edilmesi
saglanacaktir.

3. SEG Sistemi ile ilgili ulusal aragtirmalarin yapilmasi: Yapilan kiresel calismalarda; SEG sisteminin
anlasilmasi ve yoOnetiminde ©Onemli bosluklar oldugu bildiriimektedir (D’Odorico et al., 2018).
Surdurdlebilir SEG c¢alismalarini ulusal dizeyde uygulanmasini saglayacak yerel uzmanlar ve
paydaslarla etkilesimini saglayacak arastirmalara gereksinim vardir.

4. SEG Zincirinin tim kalkinma alanlarinda dikkate alinmasi: SEG zinciri tim kalkinma problemleri, alt
yap! gelistirme ve planlamalarina dahil edilmelidir. Tim sektdrlerin amaci; gelecek nesiller icin dogal
cevreyi korurken uretimi artirmaya yatirim yapmak olmalidir. Bu akilda tutularak her sektor icin bilgi ve
teknoloji paylasimi, ortak kaynak yénetimi ve SEG zincir tabanh ¢éziimler Uretilmesi saglanmalidir.
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5. SEG sistemleri arasindaki faydali baglantilarin giclendiriimesi: Gida, su ve enerji sistemleri
arasindaki dogal baglantilar, bir sistemin surdurdlebilirligini iyilestirmeyi hedefleyen bazi stratejilerin, her
Uc sistemde birden ¢cok amaca hizmet eden sinerjik etkilere sahip olabilmesi agisindan firsatlar da
sunabilir. Dongusel ekonomide atik yakalama ve geri donusim gibi SEG zincirindeki bu faydali
baglantilarin giiclendiriimesi, kiiresel dlgekte gida, su ve enerji givenliginin esnekligini artirmak icin kritik
Oneme sahip olacaktir.

6. SEG YoOnetim ve SEG Verimlilik Sistemlerinin geligtiriimesi: Enerji yonetimi, enerji verimliligi
alaninda oldugu gibi; su ve gida alanlarinda da yonetim ve verimlilik ¢calismalar yapiimalidir. SEG
yonetimi ve SEG verimliliginin ulusal olarak tiim alanlarda 6gretilmesi, benimsenmesi ve kullaniimasi
yonunde yasal diizenlemeler yapilarak tegvik edilmesi ve desteklenmesi saglanmalidir.

7. Surdurilebilir Tarim: Tarim, insan gidasinin tek saglayicisidir ve tarimsal Uretimin en 6nemli girdileri
de tath su ve enerjidir. Surdurdlebilir tarim kavrami, sinirli dodal kaynaklarin kullanimini ve zararli
cevresel etkileri en aza indirirken, urin verimliligini en Ust duzeye gikarmak ve ekonomik istikrari
surdirmek arasindaki hassas bir dengeye dayanmaktadir. Dolayisiyla SEG zincirinde tarimsal
Uretimde, Surdurilebilir Kalkinma Hedeflerini de dikkate alarak asagida verilen konular dikkate
alinmalidir:

¢ Tarimsal Uretim igin su ve enerjinin verimli kullanimina yénelik tegviklerin dizenlenmesi ve tanitiimasi
yoluyla su ve enerji yonetimi saglanmalidir.

e Cogu tarim makinesinin galistiriimasinda ve gtibre, ilagc yapiminda, sera gazi emisyonlarina katkida
bulunan ve buna bagl olarak iklim degisikligini hizlandiran fosil yakitlarla galisiimaktadir. Bu tiir cevresel
zararlar, tlkemizde potansiyeli yiiksek olan glines, riizgar, jeotermal ve biyoyakitlar gibi yenilenebilir
kaynaklarin tesviki ile azaltilabilir. Bu yenilenebilir kaynaklar tarim sektorii icin buyuk bir potansiyele
sahiptir. Ciftciler sibvansiyonlarla yenilenebilir enerji teknolojisini kullanmaya tesvik edilmelidir.

o Kiresel 1sinma ve iklim degisikliginden en fazla etkilenen sektor tarimdir. Bu degisiklikler, yeni
teknolojiler ve yeni trlinlerin yetistiriimesi gibi adaptasyon dnlemleri gerektirmektedir.

e Tarimin iklim degisikligine katkisi da unutulmamalidir. Toplam kiresel sera gazi emisyonlarinin
yaklagik geyregi tarim kaynaklidir. Ozellikle metan salimina neden olan hayvan digkilari ile ilgili atik
ydnetimine énem verilmelidir.

Tanimsal Uretimin tim alanlari icin hassas tarima gecilmelidir. Hassas tarim, yeni bilgi teknolojilerinin
kullanimi yoluyla tarimsal surdarulebilirligi saglamak icin kilit bir Griin yonetim sistemidir. Hassas tarim su
ve enerjinin en verimli kullanilabilecegi gida tretim sistemidir.

Arazinin yanhs kullanimi ylUziinden ortaya c¢ikan organik madde kayiplar, toprak kalitesinin
dismesine ve toprak yapisinin bozulmasina neden olmaktadir. Bununla birlikte, arazi kullaniminin uygun
sekilde yapilmasi ve dogru toprak yénetimi, topraktaki organik maddenin artisina ve karbondioksit (CO2)
miktarinin azaltiimasina ve toprak kalitesinin iyilestiriimesini saglayabilmektedir. Uygun bitkiler kullanilarak
su kullanimi veriminin artiriimasi, gubre uygulamalarinin optimize edilmesi mimkundur. Ayrica toprakta
bulunan karbon miktari ormanlarin alanlarinin korunmasi ile saglanabilmekte ve atmosferde bulunan CO:
miktarindaki artis veya azalis ile direk iligkilidir (Janzen, 2004; Topgu vd., 2022).

SONUC

Bu calisma ile su-enerji-gida zinciri hakkinda temel bilgiler verilerek aralarindaki iliskilerin
incelenmesi amaclanmistir. Makalenin ikinci béluminde konuyla ilgili bir galismaya yer verilerek tlkemizin
durumu degerlendiriimistir. Uglincii bolimde ise su-enerji-gida zincirinin 6zellikleri ile birlikte gdsterge
degerlerinden yararlanilarak Ulusal bazda yapilmasi gereken c¢alismalarla ilgili 6nerilerde bulunulmustur.
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Dunya 21. Ylizyillda basta su olmak Uzere gida ve enerjiye yonelik surekli degisen ve artan talepleri
karsilamak icin blyik bir zorlukla kargi karsiyadir. Giderek artan bu talebin sirdurilebilir bir sekilde nasil
karsilanacag kesin belilenmemis olsa da gelecekte gidaya katkida bulunabilecek yaklagimlar s6z konusu
olmaktadir. Bu tur yaklasimlar gida, su ve enerji konusundaki yeni teknolojiler, cevre ve saglik egitimine
dayali kultirel dnlemler veya su ydnetimi, enerji yonetimi gibi politikalar olabilmektedir.

Yine ayni yaklagsimla su-enerji-gida zinciri entegre kaynak ydnetimini degerlendirmek icin 6nem
kazanmistir. SEG zinciri farkh sosyal, ekonomik ve cevresel hedeflere ulasmak icin; kiiresel kaynaklarin
birbiriyle iligkili dogasini tanimlamak ve ele almak icin yararli bir kavram olarak ortaya ¢ikmistir. Boylece,
dogal kaynaklarla ilgili daha entegre ve uygun maliyetli planlama, karar verme, uygulama, izleme ve
degerlendirme yapilarak sektorler arasi sinerji olusturulabilecektir.

SEG zinciri yaklagimin temelinde, sektdrel konular olarak enerji, su ve tarim-gidanin birbirinden ayri
distnudlemeyecegi inanci yatmaktadir. Her sektor kendi icinde cok yonlu olsa da, (¢ sektdr arasindaki
baglantilar, daha da karmasik olan iliskileri, zorluklari ve firsatlar ortaya cikarmaktadir. Kaynak
degerlendirmelerinde ve politika olusturmada su, enerji ve tarim arasindaki baglantinin dikkate alinmamasi,
celigkili stratejilere ve kaynaklarin verimsiz kullanimina yol agacaktir.

SEG zinciri ile ilgili en 6énemli zorluk, su, enerji ve gida ile ilgili parametreleri iceren sistemin karmasik
olmasi nedeniyle dlgliimesi ve izlenmesindeki zorluktur. SEG zincirinin tek bir gosterge kullanilarak degil,
standartlastirimasi ve normallestiriimesi gereken bir dizi farkli gdsterge araciligiyla olciimesi
gerekmektedir. Bu amagcla pek cok gosterge parametreleri yardimiyla olusturulan SEG Endeksi, SEG
zincirinin nicel bir dlgusunl saglayarak karmasik veri kimesine bir 6zet ve giris noktasi saglamaktadir.
Boylece cesitli gostergelerin daha ayrintili analizi, arastirmaci, politikaci ve sektérel karar vericilere
uygulama ve yatinmlar konusunda ipuglari verecektir.

Ulusal SEG Endeksinin olusturulabilmesi icin ilk asamada SEG Zinciri icerisindeki sektdrler arasi
koordinasyonun saglanmasi gerekmektedir. Bdylece, SEG sistemleri arasindaki faydali baglantilarin
glclendiriimesiyle sinerji olusturulmasi saglanacaktir. Diger 6nemli bir konu da SEG ile ilgili ortak ulusal
arastirmalar yapilarak SEG Zinciri veri tabaninin olusturulmasi zorunlulugudur. Son asamada SEG Yo6netim
ve SEG Verimlilik Sistemlerinin gelistiriimesiyle SEG zincirinin tum kalkinma alanlarinda dikkate alinmasi
onemli olmaktadir. Yapilan Ulusal bazdaki SEG zinciri ¢alismalarina dayali olarak, ulusal kaynaklarin
(toprak, su, fosil yakitlar) yonetimi, kendi kendine yeterliligi, hizmet sunumu, tiketimi gibi konularda
surdurulebilir karar verme olanagi saglayacaktir.

Veri Kullanilabilirligi
Veriler makul talep tzerine saglanabilmektedir.
Yazar Katkilar

Calismanin konsepti ve tasarimi: UY, AOA; ornek toplama: UY, AOA; verilerin analizi ve
yorumlanmasi: UY, AOA,; istatistiksel analiz: UY, AOA; gorsellestirme: UY, AOA; makalenin yazimi: UY,
AOA.

Cikar Catismasi

Bu calismada yazarlar arasinda ¢ikar ¢gatismasi bulunmamaktadir.
Etik Beyan

Bu arastirma icin etik kurula ihtiyac olmadigini beyan ederiz.
Makale Agiklamasi

Bu makale Konu Editorii Dog. Dr. Arzu YAZGI tarafindan diizenlenmistir.
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ABSTRACT

Objective: This study aimed to analyze the chemical and functional properties of
fruits from five selected Prunus spinosa L. genotypes grown in Seydisehir district of
Konya province, and determine the differences among the genotypes.

Material and Methods: In the research, fruit properties such as fruit weight, pericarp
color, flesh color were determined, while total soluble solids (TSS), pH, titratable acid
(TA), total phenol content, antioxidant level and volatile organic compounds were
analyzed. PCA analysis was employed to distinguish variations among the
genotypes.

Results: Five different blackthorn genotypes were examined for fruit properties,
revealing variations. Fruit weight ranged from 1.31 g to 2.67 g. TSS content was
determined to be between 11.9% and 13.2%. pH values varied from 3.35 to 4.22,
while TA ranged from 0.83% to 1.30%. Total phenol content ranged from 356.92 mg
GAE/100 g to 387.56 mg GAE/100 g. Total antioxidant levels were determined to be
between 65.13% and 77.06%. Thirty different compounds were detected in the
analysis of volatile organic compounds, including seven different acids.

Conclusion: Significant diversity among the blackthorn genotypes has been
identified. Statistical analyses have shown that BO1T genotype has the highest total
phenol content, while BO5T genotype has the highest antioxidant level. The presence
of various volatile organic compounds in blackthorn indicates the diversity of its
chemical profile. The findings support the notion that blackthorn has a beneficial
potential for health and is a valuable candidate for the development of health-focused
food products.

0z
Amag: Bu galismada, Konya iline bagli Seydisehir ilcesinde yetisen segilmis bes

Prunus spinosa L. genotipinin meyvelerindeki kimyasal ve fonksiyonel 6zellikleri
analiz edilerek genotipler arasindaki farkliliklar belirlenmistir.

Materyal ve Yontem: Arastirmada, meyve agirligi, perikarp rengi, et rengi gibi
meyve Ozellikleri belirlenmis, suda ¢ézinebilir kuru madde (SCKM), pH, titre edilebilir
asitlik, toplam fenol icerigi, antioksidan seviyesi ve ugucu organik bilesikler analiz
edilmistir. PCA analizi genotipler arasindaki varyasyonlari ayirt etmek icin
kullaniimustir.

Arastirma Bulgulan: Bes farkl cakal erigi genotipinin meyve 6zellikleri incelenmis
ve varyasyonlari ortaya konmustur. Meyve agirhd 1.31 g-2.67 g arasinda
degismistir. SCKM %11.9-%13.2 arasinda tespit edilmistir. pH degerleri 3.35-4.22
arasinda, titre edilebilir asitlik ise %0.83-%1.30 arasinda belirlenmistir. Toplam fenol
icerigi 356.92 mg GAE/100 g ile 387.56 mg GAE/100 g arasinda degismistir. Toplam
antioksidan miktarlari %65.13 ile %77.06 arasinda belirlenmistir. Ugucu organik
bilesik analizinde otuz farkli bilesik tespit ediimis, bunlar arasinda yedi farkl asit
belirlenmistir.

Sonug: Cakal erigi genotipleri arasinda 6nemli cesitlilik tespit edilmistir. istatistiksel
analizler, BO1T genotipinin en yiiksek toplam fenol igerigine, BOST genotipinin ise en
yuksek antioksidan seviyesine sahip oldugunu gostermistir. Cakal eriginde cesitli
ucucu organik bilesiklerin bulunmasi, kimyasal profilinin gesitliligini gostermektedir.
Bulgular, cakal eriginin saglik igin faydali bir potansiyele sahip oldugunu ve saghk
odakl gida Urtinlerinin gelistiriimesinde degerli bir aday oldugunu desteklemistir.
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INTRODUCTION

Blackthorn (Prunus spinosa L.) in temperate climate regions of Asia (Meschini et al., 2017;
Owczareka et al., 2017), Europe, West Asia, and Northwest Africa (Elez-Garofuli¢ et al., 2018), can be
grown naturally, especially in the Central, North, West and South regions of Turkiye (Marakoglu et al.,
2005). Prunus spinosa; ‘blackthorn’ or ‘sloe’, which is in the Rosaceae family, including fruit species such
as almond, cherry, and peach, is called ‘Cakal erigi’ or ‘Guvem’ in Turkiye (Karakas et al., 2019). It has
been known as one of the ancestors of Prunus domestica L., has a chromosome number of 2n=32
(Aparajita et al., 2002). It blooms white blossoms in March and April. The trees are shrub-like, thorny,
densely branched, 1-4 m tall, and deciduous. The leaves are elliptical, 2-3 cm in length, hairy at first and
after glabrous. Its flowers consist of 5 petals and 5 sepals and are in hermaphrodite form and pollinated by
insects and self-fertilized. After fertilization, the fruits begin to develop and usually ripen very late which
may take until late autumn. The fruits of P. spinosa are bluish-black in color and very acidic and tannic at
the beginning of maturity (Kirca, 2022).

The fruit, flower, bark, and root of P. spinosa , which has been consumed since ancient times, are
used for medicinal purposes. The blackthorn is also used in the food industry for the production of jams
and various beverages (liquor, wine, juice, compote and tea) (VeliCkovi¢ et al., 2014). Sikora et al. (2013)
reported that the freeze-drying process of blackthorns did not significantly affect the nutrient and antioxidant
content. This allows this species to be frozen and consumed out of season.

Raw blackthorn fruits consist of water (=68%), sugars, acids, astringency substances like tannins
and polyphenols, proteins, cellulose, anthocyanins, minerals (K, P, Fe, Cu, Na), provitamin A, vitamins (B1,
B2, C, PP) (Leterme et al., 2006; Ruiz-Rodriguez et al., 2014). It is also rich in phenolics and antioxidants
(Sikora et al., 2013; Ruiz-Rodriguez et al., 2014; Velickovi¢ et al., 2014). The fruits of P. spinosa contain
many bioactive compounds such as tocopherols (a-tocopherol, B-tocopherol, -tocopherol, and &-
tocopherol), L-ascorbic acid, B-carotene, anthocyanins (cyanidin-3-routine, peonidine-3-routine and
cyanidin-3-glycoside) and flavonoids (routine, quercetin, and hyperoside) (Fraternale et al., 2009; Ruiz-
Rodriguez et al., 2014; Ayla et al., 2017).

Blackthorn is used in phytotherapy. The flowers, bark and root of blackthorn have been traditionally
used in public medicine for their diuretic and laxative properties, due to their ability to remove excess sodium
ions, harmful products of metabolism, reduce the permeability of blood vessels, and counteract
inflammation of the urinary tract (Elez-Garofuli¢ et al., 2018). Recently, blackthorn has attracted attention
both as an industrial food plant due to its rich source of phenolic compounds and as a pharmacological
nutraceutical medicinal plant (Kumarasamy et al., 2004, 2007; Pinacho et al., 2015; Yuksel, 2015; Mikulic-
Petkovsek et al., 2016; Meschini et al., 2017). It is an antispasmodic and anti-inflammatory agent in the
treatment of various coughing diseases, hypertension, regulation of menstruation, diabetes and
gastrointestinal disorders. It has an antiseptic effect (due to the presence of tannins) and shows activity
against inflammation of the mucosal layer of the digestive tract (Borkowski et al., 1994; Kultir, 2008). P.
spinosa is used to treat skin problems and soothe stomach cramps (Browics, 1972). Blackthorn is an
excellent source of polyphenolic compounds that can significantly reduce the negative effects of free
radicals found in fresh fruit extracts in the organism. Therefore, they have an important role in the prevention
of neurodegenerative diseases, cardiovascular diseases, and cancer (Burits & Bucar, 2000).

The existing study was carried out on blackthorn genotypes naturally grown in the Seydisehir district of
Konya, Turkiye. In the study, the phenolic components, antioxidant capacity, and volatile organic compounds of
the blackthorn genotypes were determined and the differences between the genotypes were revealed.
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MATERIALS and METHODS

Plant materials and sample preparation

The study utilized fruits sourced from five distinct genotypes of blackthorn (P. spinosa ), all naturally
grown under comparable ecology in Seydisehir, located within the Konya province of Tirkiye. The visuals
of the fruits of the blackthorn genotypes are presented in Figure 1. The location of the region where the
study was conducted is presented in Figure 2. The coordinates and altitude information determined by the
genotypes are presented in Table 1.

Figure 1. Visuals of the fruits of the blackthorn genotypes.

Sekil 1. Cakal erigi genotiplerinin meyvelerine ait gorseller.

Figure 2. Location of the region from which 5 different blackthorn genotypes were obtained.

Sekil 2. Bes farkli gakal erigi genotipinin elde edildigi bélgenin konumu.

Table 1. The coordinate and altitude information of the blackthorn genotypes
Cizelge 1. Cakal erigi genotiplerinin koordinat ve rakim bilgileri

Genotypes Latitude (N) Longitude (E) Altitude (m)
BO1T 37°24'53.1"N 31°50'21.7"E 1118
B0O2T 37°25'04.6"N 31°49'56.3"E 1122
BO3T 37°25'00.6"N 31°50'06.0"E 1122
BO4T 37°24'56.8"N 31°50'30.8"E 1117
BO5T 37°24'53.6"N 31°50'25.0"E 1119
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Fruit weight and color

Pericarp and pulp colors belonging to the blackthorn genotypes fruits were determined using
Lovibond (TR 300; Amesbury, UK) to categorize color values as a* (red), b* (yellow) and L* (brightness). L
brightness value, 0 black, 100 white, a red, -a green; b defines yellow and -b defines blue. Chroma and hue
angle values were calculated from the following equations: chroma = (a?+b?)'? and Hue = tan™ ®
(McGuire, 1992). Each blackthorn genotype's fruits were individually weighed using a precision scale with
an accuracy of 0.01 g, and this process was repeated in five separate replicates, each comprising 20 fruits,
to determine mean values.

Phytochemical properties

In each blackthorn genotype, twenty fruit samples were squeezed, and the resulting juices were
subjected to centrifugation at 2000 rpm for five minutes. The pH level and total soluble solids content
(TSSC) of the juices were determined using a digital refractometer from A. KRUSS Optronic and a pH scale
from HANNA Instruments, respectively. For titratable acid (TA) (%), 6 g of fruit juice underwent titration with
0.1 M NaOH using an Automatic Potentiometric Titrator (AT-510; KEM Kyoto Elect., Tokyo, Japan) until
reaching pH 8.2. TA was expressed as a percentage of malic acid.

The total phenolic content in extracts from the blackthorn genotypes was determined using the Folin-
Ciocalteu method (Singleton et al., 1999). Each sample (0.5 g, unpeeled) was weighed into 50 mL capped
test tubes and homogenized for 30 seconds with 2500 pl of methanol. After homogenization, the samples
were centrifuged at 2000 rpm for 5 minutes. Filtrates from the supernatant of each extract (50 pl, in triplicate)
were transferred to screw-cap test tubes, followed by the addition of 250 ul of Folin Ciocalteu reagent and
750 pl of sodium carbonate solution (20%). After vortexing the tubes, they were incubated at room
temperature in the dark for 2 hours. Subsequently, the UV-VIS spectrophotometer was employed to
measure the absorbance of the mixture at 760 nm. The total phenolic content in samples was finally
expressed as gallic acid equivalents mg GAE/100g of blackthorn extract.

To assess antioxidant content, a method based on modifications to the technique developed by
Hatano et al. (1989) was employed. Each sample, weighing 0.5 g, was placed into a 50 mL capped test
tube and homogenized with 2500 pl of methanol for a duration of 30 seconds. Following the homogenization
process, the samples underwent centrifugation at 2000 rpm for a period of 5 minutes. Filtrates from the
upper phase of each extract (50 pl, in triplicate) were transferred to screw-capped test tubes and mixed
with a DPPH (2,2-diphenyl-1-picrylhydrazyl) solution diluted in methanol (1950 pl) to a concentration of 0.2
mM. Following vortexing, the tubes were incubated at room temperature in darkness for thirty minutes until
the color changed from dark purple to light yellow. Subsequently, using a UV-VIS spectrophotometer, the
absorbance of the mixture was determined at 517 nm. A control solution was prepared by mixing methanol
with the DPPH radical reagent solution. The capability to scavenge the DPPH radical was calculated using
the following equation:

DPPH (%) = [ (A517 control-A517 sample)/ A517 control] X100

Analysis of volatile organic compounds (VOCs)

Ripe fruit juice samples were transferred into glass tubes for analysis. Volatile organic compounds
(VOCs) were extracted using the HS-SPME/GC/MS (Headspace Solid Phase Micro Extraction/Gas
Chromatography Mass Spectrometry) technique, where organic substances in the headspace were
adsorbed by the syringe. The syringe then desorbed the volatile organics into the injector part of the GC-
MS using a polar column. Analysis was conducted for seventy minutes using an Innowax column (30 m x
0.250 mm, 25 microns) in HS-GC/MS (Perkin Elmer) with a polar column. Compounds were identified by
correlating peaks detected in the GC with those of reference compounds or mass spectra stored in the
computer memory, facilitated by the Wiley and NIST Library Scanning Software (Urek, 2016).
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Statistical analysis

The significance of differences between the genotypes was determined with one-way ANOVA,
followed by Tukey’s HSD test for multiple comparisons. Additionally, Principal Component Analysis (PCA),
which illustrates the distances between the blackthorn genotypes on a two-dimensional graph, was
conducted using JMP 13 based on the covariance matrix of the coefficients, using the values of volatile
organic compounds.

RESULTS AND DISCUSSION

Some fruit properties of the blackthorn genotypes

The fruit weight, pericarp color and pulp color profile results of the genotypes examined in the study
are presented in Table 2. The highest mean fruit weight was determined in BO3T with 2.67 g and the lowest
in BO5T with 1.31 g. The L* values in pericarp color measurements in blackthorn genotypes ranged from
18.36 to 19.42. Values expressing the transition from green to red were found between 2.23 and 2.40. The
b* values varied between 0.16 and 0.54. Pulp color values of the genotypes examined in the study were
also measured. The L*, which expresses the brightness, was measured between 17.65 and 18.91 values.
The a* values were found to be between 3.11 and 4.18, and the b* values were found to be between 0.54
and 0.81 for pulp color. Also, the chroma values were calculated between 2.63 and 2.97 for pericarp color,
and between 5.16 and 8.90 for pulp color. Claudia et al. (2017) in a study conducted on 15 different
blackthorns in Romania, it was reported that the fruit weights of genotypes ranged from 1.10 g to 4.20 g.
The fruit weights of the genotypes examined in this study varied among these values. The hue angle value
represents true color, which is effective for visualizing the color appearance of fruits (Rojas-Grall et al., 2006).
Among the genotypes, the highest hue angle value for pericarp color was determined in BO3T and BO2T for
pulp color (Table 1).

Table 2. Some fruit properties of the blackthorn genotypes

Cizelge 2. Cakal erigi genotiplerinin bazi meyve 6zellikleri

Genotypes Fruit weight Pericarp color .- Pulp color -
(9) L* a* b* Chroma angle L* a* b*  Chroma angle

BO1T 1.79 19.21 2.34 0.35 2.80 8.51 18.25 3.32 0.75 5.79 12.73
BO2T 1.42 19.25 2.39 0.16 2.87 3.83 18.91 3.11 0.81 5.16 14.60
BO3T 2.67 18.36 223 054 2.63 13.61 17.65 341 072 6.07 11.92
BO4T 1.77 19.35 240 042 297 9.93 18.29 418  0.58 8.90 7.90
BOST 1.31 19.42 2.38 0.33 2.89 7.89 18.51 3.19 0.54 5.23 9.61

Total soluble solids, pH, titratable acid, total phenols and DPPH of blackthorn genotypes

Total soluble solids (TSS) are used for quality control purposes, especially in the production stages
of foods. In fruits, it is a parameter used for processes such as monitoring maturity and harvest time and
continuous monitoring of the processing processes of foods such as fruit juice and canned food. TSS values
were found between 11.9% and 13.2% in 5 different blackthorn genotypes examined in the study (Table 3).

To determine food quality and reliability, various analyzes are carried out on raw materials and the end
of the products. From these analyzes, pH is used to determine acidity, one of the important quality criteria in
foods. The pH of the blackthorn genotypes were determined between 3.35 and 4.22 (Table 3). In a study
conducted by Kuru Berk et al. (2020), it was reported that the pH of Prunus spinosa L. subsp. dasyphylla
(Schur) Domin genotypes varied between 3.17-4.13. The results obtained from our study are similar. Titratable
acid values of 5 blackthorn genotypes were found to be between 0.83 and 1.30 (Table 3).
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The total phenol content examined in the fruits of the blackthorn genotypes was determined by the
Folin-Ciocalteu method and results are indicated in Table 3. Experimental results show that the total phenol
content in the examined extracts ranges from 356.92 mg GAE/100 g to 387.56 mg GAE/100 g. Veli¢kovic
et al. (2014) reported that the content of total phenol compounds in fresh blackthorn ranged from 15.33 mg
GAE/g to 20.94 mg GAE/g. In another study, they determined that the total phenol content in blackthorn
genotypes were 117 mg GAE/100 g and 407 mg GAE/100 g (Erturk et al., 2009).

Leaf and flower extracts of P. spinosa are also reported to be rich in phenolics (Wolbis et al., 2001;
Olszewska & Wolbis, 2001, 2002). Lovri¢ et al. (2017) and Elez-Garofuli¢ et al. (2018) also confirm the
phenolic richness in the flowers of blackthorn. In addition, it has been reported that blackthorn fruit extracts
have high phenolic content, which is rich in anthocyanins (Popovic¢ et al., 2020).

Blackthorn is one of the wild fruit species with high antioxidant levels. In this study, the antioxidant
activity of the blackthorn fruit extracts was determined by DPPH method. All tested extracts exhibited potent
scavenging activity against DPPH (2,2-diphenyl-1-picrylhydrazyl) radicals ranging from 65.13% to 77.06%.
Thanks to the antioxidant property of this species, it neutralizes the free radicals formed in the body and
has a preventive effect against the damages of free radicals caused by various sources such as external
factors and inadequate and unhealthy diet (Baysan, 2021).

Table 3. Total soluble solids, pH, titratable acid, total phenols and DPPH values of the blackthorn genotypes

Cizelge 3. Cakal erigi genotiplerinin suda ¢6zlnebilir kuru madde, pH, titre edilebilir asitlik, toplam fenol ve DPPH degerleri

Total soluble

Genotypes solids pH Titratable acid Total phenols content DPPH
(%) (%) (mg GAE/100 g) (%)
BO1T 13.2+0.01 3.85+0.12 1.04+0.22 387.56+0.03 72.38+0.13
BO2T 12.3+0.03 3.35+0.06 0.83+0.21 375.89+0.16 65.13+0.20
BO3T 13.02+0.02 4.22+0.23 0.90+0.13 366.5+0.12 74.34+0.16
BOAT 11.9+0.02 4.14+0.19 0.87+0.24 356.92+0.16 77.06+0.21
BO5ST 12.7+0.03 4.19+0.10 1.30+0.09 373.23+0.11 68.39+0.21

Volatile organic compounds of blackthorn genotypes

Organic compound analyses of the blackthorn genotypes were performed with HS-SPME/GC/MS.
According to these results, 30 different compounds were determined in 7 groups as a result of the volatile
organic compound analysis. Six compounds from alcohols, 1 compound from terpenes, 6 compounds from
aldehydes, 3 compounds from esters, 2 compounds from ketones, 8 compounds from acids and 5 other
compounds were identified. Statistically significant differences were found among the genotypes in the
identified compounds (Table 4).

Six compounds from the alcohol group, one of the volatile organic compounds, were determined in
blackthorn genotypes. These compounds are 1-Octanol, (Z)-Hex-3-en-1-ol, Dihydrocitronellol, a-Terpineol,
Linalool, and Nerolidol. In the study, it is the BO3T genotype in which 6 alcohol groups were determined
among 5 different blackthorn genotypes. Nerolidol alcohol compound was determined in all genotypes
(Table 4). This alcohol compound is a sweetening and flavoring agent as an additive in foods. It is also
used as a fragrance component in perfumes, cosmetics, soaps and detergents (Chan et al., 2016).
Spadaccino et al. (2021), 14 compounds were detected in the alcohol group in blackthorn, and 1-Octanol
values were determined to be close to each other.

In the study, only 1-Limonene was detected in BO1T and BO3T genotypes in the terpene group in the
blackthorn genotypes (Table 4). Limonene is a compound commonly found in citrus fruits and is used as
an additive to perfumes, soaps, foods, chewing gums and beverages due to its pleasant lemon-like sweet
scent (Lappas & Lappas, 2012). In addition, this compound has been used in different treatments with its
antibacterial, hepatoprotective, anticancer, gallstone dissolving and stomach acid-neutralizing effects
(Argon et al., 2019; Kvittingen et al., 2021).
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Six aldehydes were determined from volatile organic compounds. They are 2 Octenal, 2-Decenal,
(E)-, 2-Dodecenal, (E)-, 2-Heptenal, (Z)-, Hexanal and Nonanal. There are many studies on the use of
detected Hexanal to extend the shelf life of fresh fruits and meats (Shahidi & Pegg, 1994; Lanciotti et al.,
1999; Brunton et al., 2000; Sharma et al., 2010). In a study, it was determined that the Hexanal content of
blackthorn fruits was close to our study (Spadaccino et al., 2021). It was determined that the genotype
richest in aldehyde content was BO2T (Table 4).

In the genotypes examined in the study, 2-Butenedioic acid (Z)-, dibutyl ester, Neryl butyrate,
Propanoic acid, 2-methyl-, 3-hydroxy-2,4,4-trimethylpentyl ester were determined within the ester group.
The genotype with the highest ester component was determined as BO3T (Table 4).

Two ketone group compounds (2-Propanone, 1-hydroxy- and Nonyl methyl ketone) were detected
in 5 different blackthorn genotypes used in the study. BO3T is the genotype with the highest values among
the 5 genotypes in terms of 2-Propanone, 1-hydroxy- and Nonyl methyl ketone content. Values and
statistical differences of other genotypes are presented in Table 4. Mikulic Petkovsek et al. (2016) reported
some wild Prunus species the total amount of acid in the fruits of P. spinosa was higher than that of P.
avium, P. mahaleb and P. padus. In this research, Decanoic acid, Undecanoic acid, Dodecanoic acid,
Heptanoic acid, Hexanoic acid, Octanoic acid, Nonanoic acid and Tetradecanoic acid were determined in
blackthorn genotypes. The synonym of Nonanoic acid is Pelargonic acid. This acid was determined in high
amounts in all blackthorn genotypes. Ammonium pelargonate, the ammonium salt of Pelargonic acid, is a
herbicide (Chitwood, 2002). Among the genotypes, the highest total acid value was determined in BO5T,
while the lowest was determined in BO3T. Statistically significant differences were observed among the
genotypes concerning acid compounds (Table 4).

Table 4. Retention times and volatile organic compounds of the blackthorn genotypes

Cizelge 4. Cakal erigi genotiplerinin retansiyon sureleri ve ugucu organik bilesikleri

Alcohols
R. time Molecular BO1T BO2T BO3T BO4T BO5T
Compound Name Syn
Formula

29.008 1-Octanol Octanol CsH180 0.42+0.04°¢ nd 5.46+0.27° 7.34+0.172 nd

14.749 (2)-Hex-3-en-1-o0l Leaf alcohol CeH120 nd 1.68+0.13% 1.54+0.092 nd 0.84+0.08°

25.276 Dihydrocitronellol Tetrahydrogeraniol Ci10H220 nd nd 2.85+0.20? 2.73+0.092 nd

22.878 a-Terpineol Terpineol Ci10H180 1.10+0.06° nd 2.17+0.222 0.73+0.12°¢ nd

19.150 Linalool Phantol C1oH180 0.34+0.11°¢ 0.72+0.14° 2.45+0.172 nd nd

35.821 Nerolidol Peruviol C15H260 1.45+0.172 0.51+0.05°¢ 0.93+0.10° 0.47+0.09° 0.73+0.06"
Total Alcohols 3.31+0.19 2.91+0.21 15.4+0.42 11.27+0.46 1.57+0.14

Terpen

8.955 |-Limonene S- (-)-Limonene CioH1e 0.37+0.05° nd 0.78+0.06% nd nd

Total Terpen 0.3740.05 nd 0.78+0.06 nd nd
Aldehydes

15.893 2 Octenal (E)-Oct-2-enal CgH140 1.24+0.12° 2.64+0.25° 3.16+0.20° 5.13+0.282 1.26+0.11°

21.534 2-Decenal, (E)- Decenal C10H180 0.69+0.15° 6.72+0.272 1.02+0.09° 0.67+0.14° 0.81+0.11°

24.155 2-Dodecenal, (E)- 2-dodecenal Ci12H220 0.40+0.05%¢ 4.80+0.372 0.81+0.20° 1.49+0.17° nd

12.951 2-Heptenal, (2)- (2)-2-Heptenal C7H120 0.55+0.13°¢ 1.57+0.24° 4.16+0.25% nd 0.34+0.08°

6.369 Hexanal Caproaldehyde CsH120 4.74+0.41*  2.96+0.29°  2.19+0.19°  1.53+0.16%  1.35+0.11¢

14.885 Nonanal Pelargonaldehyde CoH180 0.68+0.18°¢ 4.09+0.30% nd 1.21+0.15° 0.99+0.16°°
Total Aldehydes 8.30+0.59 22.78+1.26  11.34+0.81  10.03+0.78 4.75+0.11
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Table 4. Continued

Cizelge 4. Devami

Esters
R. time BO1T BO2T BO3T BO4T BOST
Compound Name Syn Molecular
p 4 Formula
2-Butenedioic acid ) d c a b
31.708 ()-, dibutyl ester Dibutyl maleate C12H2004 0.35+0.07 nd 4.32+0.32 18.15+0.76 13.26+0.41
35.119 Neryl butyrate Neryl butanoate C14H2402 nd nd 1.92+0.312  2.39+0.20®  0.50+0.14°
rﬁ;‘t’ﬁ"’}'_’oé‘fhacd'?éf'_ 2,4,4-Trimethyl-1,3-
26.847 yE, 3-nydroxy pentanediol 1- Ci2H240s 3.55£0.47¢  13.6#0.38° 34.55:293% 26.46+1.54b nd
2,4 4-trimethylpentyl :
isobutyrate
ester
Total Esters 3.90+0.54 13.6+0.38 40.79+2.98 47.00+2.10 13.76+0.48
Ketons
12.730 Z'Prr?}f’;';i;?' - Hydroxyacetone CsHs02 2.01+0.28"  0.81+0.10°  2.86+0.18°  1.00+0.10°  2.34+0.32%
28.012 Nonyl methyl ketone 2-Undecanone C11H220 1.62+0.27° 0.45+0.10° 2.76+0.26*  2.63%0.25% nd
Total Ketons 3.63+0.29 1.26+0.19 5.62+0.17 3.63£0.31 2.34£0.32
Acids
35.361 Decanoic acid Capric acid C10H2002 3.32+0.35°  5.324#0.57%  3.64+0.30° 2.69+0.36"  4.03+0.25°
37.965 Undecanoic acid Hendecanoic acid C11H2202 7.04£0.192 1.65+0.12° nd nd nd
41.336 Dodecanoic acid Lauric acid C12H2402 15.14+0.70*  5.45+0.15° 2.02+0.20° 1.81+0.12°¢ 1.23+0.28°¢
28.884 Heptanoic acid Enanthic acid C7H1402 0.81+0.16°  0.68+0.15° nd 0.88+0.11°  1.30+0.242
26.554 Hexanoic acid Caproic acid CsH1202 1.42+0.18¢  3.01+0.24>  2.58+0.38"  4.54+0.39%  2.07+0.16%
31.114 Octanoic acid Caprylic acid CgH1602 6.35+0.29¢ 8.53+0.48° 2.86+0.32¢ 4,17+0.22¢  12.74+0.73?2
33.236 Nonanoic acid Pelargonic acid CoH1802 31.49+1.09° 30.54+1.23° 13.04£0.19° 11.71+0.58° 45.04+2.542
51.846  Tetradecanoic acid Myristic Acid C14H2802 0.77+0.152 0.83+0.172 nd nd nd
Total acids 66.34+2.32  56.01+2.09 24.14+0.79 25.8+0.99 66.41+2.61
Other Compounds
1.492 Methane, tetranitro- ~ Tetranitromethane CN4Os 0.93+0.22° nd 1.00+0.15° nd 10.14+0.182
20314  Morpholine, 4- 4 CoHisNO  8.1940.78%  3.460.21°  0.93+0.10°  1.15:0.09°  1.04+0.12¢
octadecyl- Octadecylmorpholine
20.279 Hexadecane Cetane Ci6Haa 0.52+0.13? nd nd nd nd
1.490 "A'a“'“eé‘)*_‘y'am'de’ Alanine ethylamide CsH12N,0 4.51+0.382 nd nd nd nd
24.024  Octane, 1,1'-oxybis- Dioctyl ether Ci16H340 nd nd nd 1.12+0.112 nd
Total Other Compounds 14.15+0.66 3.46+0.21 1.93+0.32 2.27+0.17 11.18+0.27

nd; not detected.

abcd: data with different letters in each column are significantly different (p<0.05).

Some other compounds were also detected in the blackthorn genotypes used in the study. These
are Methane, tetranitro-, Morpholine, 4-octadecyl-, Hexadecane, 1-Alanine ethylamide, (S)-, Octane, 1,1'-
oxybis-. Data for these compounds and statistical differences between the genotypes are presented in
Table 4. Also, the sum of the peak areas obtained by HS-SPME-GC-MS samples of 5 P. spinosa genotypes

is presented in Figure 3.
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Sekil 3. P. spinosa genotiplerinin HS-SPME-GC-MS 6rneklerinden elde edilen pik alanlarinin toplami.
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A Principal Component Analysis (PCA) was performed, which reduces the multidimensional nature
of the data and provides a two-dimensional map for both genotypes and VOCs to explain the observed
variance. PC1 explained 26.8% of the total variation, while PC2 explained 39.0%. These two components
explain a large proportion of 65.8% of all variation. The score plot clearly showed the differences between
the genotypes. While BO2T and BO5T were in the same cluster, other genotypes (BO1T, BO3T and B0O4T)
were diversified (Figure 4). As can be seen in Figure 4, all chemical components are separated from

each other.
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Figure 4. Score plot of principal component analysis of VOCs analyzed in different genotypes of P. spinosa and chemical classes.

Sekil 4. P. spinosa 'nin farkli genotiplerinde analiz edilen Ugucu organik bilesiklerin PCA analizi skor grafigi ve kimyasal siniflari.
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CONCLUSION

In this study, some fruit traits, total soluble solids, pH, titratable acid, total phenol and DPPH analyses
were performed on the blackthorn genotypes grown naturally in the Seydisehir district of Konya province of
Turkiye. As a result of the findings, it was revealed that there were differences among the genotypes. BO3T,
with an average fruit weight of 2.67 g, exhibited significantly higher fruit weight compared to other
genotypes. Among the genotypes, BO1T stood out for its total soluble solids, BO1T for total phenolic content
and B0O4T for antioxidant content. Based on the values of volatile organic compounds, PCA analysis
revealed that genotypes BO2T and BO5T were closely associated with each other while other genotypes
were distinctly separated from these two.

In conclusion, detailed information was obtained through volatile organic analyses on five different
blackthorn genotypes. It was determined that the contribution of acids was high in all essential oils in the
blackthorn genotypes. VOC components detected in the study; it is used in the development of functional
components in food (flavor and sweetener), cosmetics, cleaning products, pharmacy and agriculture
(plant growth regulator, herbicide). The findings also provide important contributions to obtaining deeper
information about the chemical structure of P. spinosa and understanding the differences among the
genotypes.
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ABSTRACT

Objective: The objective of this study was to evaluate the socio-economic and
institutional determinants of smallholder rice farmers’ household welfare in
Nigeria, one of the countries with extreme cases of multidimensional poverty in
the world.

Material and Methods: Multistage sampling techniques were used in the
selection of 288 smallholder rice farmers. Primary data was collected from the
respondents with a semi-structured questionnaire. The market participation
index and ordinary least square regression were the models used to realize the
objectives.

Results: It was revealed that the smallholder rice farmers were semi-
commercialized with a market participation index of 0.73. The educational level
of the household head, household size, access to fertilizer, rice output, the
guantity of rice sold, cooperative membership and distance to an established
market were identified as the key drivers of smallholder rice farmers’ welfare.

Conclusion: Engagement in the output market impacted positively on the farm
income and per capita consumption expenditure, especially among educated
smallholder rice farmers who had access to fertilizer and belonged to
cooperatives.

0z
Amag: Bu calismanin amaci, dinyada ¢ok boyutlu yoksullugun en ug

orneklerine sahip ulkelerden biri olan Nijerya'daki kiiglk ciftci piring ciftgilerinin
hane refahinin sosyoekonomik ve kurumsal belirleyicilerini degerlendirmektir.

Materyal ve Yéntem: 288 kuglk olgekli piring ¢iftgisini segmek icin cok asamali
ornekleme teknikleri kullanildi. Katilimcilardan birincil veriler yari yapilandiriimis
bir anket araciligiyla toplanmistir. Hedeflere ulagsmak icin piyasa katilim endeksi
ve siradan en kiigik kareler regresyonu modelleri kullaniimistir.

Arastirma Bulgulan: Kuguk olgekli piring ciftcilerinin 0,73 pazar katilim
endeksiyle yar ticarilestigi ortaya cikti. Hane reisinin egitim dizeyi, hane
blyukligu, glibreye erigim, piring Uretimi, satilan piring miktari, kooperatif Gyeligi
ve yerlesik bir pazara uzaklik, kiiglik Olgekli piring giftcilerinin refahinin temel
etkenleri olarak belirlendi.

Sonug: Uretim piyasasina katilim, &zellikle gilibreye erigimi olan ve
kooperatiflere Uye olan egitimli kiiglik 6lgekli piring giftgileri arasinda, ciftlik geliri
ve Kisi basina tiketim harcamalari Uzerinde olumlu etki yapti.
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INTRODUCTION

Agricultural transformation anchored on smallholder commercialization is one of the potent ways of
achieving economic welfare (Ouedraogo, 2019). Smallholder commercialization is underscored by the need
to uplift rural incomes through a departure from prevalent semi-subsistence, low-input, low-productivity
farming systems characterizing much of Sub-Saharan Africa (SSA) (Olwande et al., 2015; Anthony et al.,
2021). Smallholders are farmers with a low asset base and operate less than two hectares of farmland; The
International Fund for Agricultural Development (IFAD) (2011) defined smallholders as farmers with small
landholdings and associated characteristics, including dependence mostly on household labour for
production and low use of technology. The majority of the smallholder farmers are poor, food insecure and
have limited access to markets (Otekunrin et al., 2019; FAO, 2015); they focus on a subsistence level of
production in which they produce only for self-consumption (Abdullah et al., 2019). Smallholder farming,
predominant in developing countries, not only plays a pivotal role in global food security (Abdullah et al.,
2019) but also acts as a catalyst for stimulating economic growth and ensuring household welfare through
poverty reduction, especially in SSA (Hoang, 2020). Currently, with over 550 million smallholder farms
worldwide, supporting the livelihoods of over 2 billion people and contributing to over 80% of the food
consumed in Asia and SSA (Lowder et al., 2021). However, with the increasing population and urbanization,
globalization and the devastating effects of climate change, there is an urgent need for transformation in
smallholder agriculture in the region (Abdullah et al., 2019). A viable strategy to achieve this transformation
involves the adoption of market-oriented production practices over subsistence-level approaches, as
proposed by Barrett et al. (2012), Chiemela et al. (2022) and Ukwuaba et al. (2024).

Agricultural commercialization, particularly smallholder transformation, has become an integral policy
tool for reducing food insecurity, reduction in poverty, and employment creation in Africa (Aromolaran et al.,
2020). The Nigerian government, recognizing the importance of commercialization, has implemented
various schemes and policies aimed at increasing self-sufficiency and welfare for farmers, particularly
through measures like import bans and tariffs, and improved access to fertilizers and seeds (Mani et al.,
2019). Despite these efforts, the progress of smallholder commercialization in Nigeria has not met
expectations.

The global demand for rice presents a significant opportunity for smallholder farmers to actively
participate in the market. Increased allocation of resources toward the production of marketable
commodities, especially rice, is anticipated to enhance market participation among smallholders. However,
addressing the intertwined issues of productivity, market orientation, and market participation is crucial for
realizing agricultural commercialization among smallholders (Martey et al., 2017). The nexus between
market-oriented production and increased income for smallholder farmers is evident in studies by Camara
(2017) and Hoq et al. (2021) emphasizing the significance of market-oriented smallholder farming in income
generation and welfare improvement. Policymakers advocate for market-oriented production, with optimism
that it could elevate household farm income, reduce poverty, and enhance rural food access (Ntakyo & van
den Berg, 2019).

Rice, a major staple in Nigeria, has witnessed a surge in demand due to shifting consumer
preferences, population growth, increased income levels, and rapid urbanization (Kamai et al., 2020). Over
60% of Nigeria's rice is produced by small-scale farmers, contributing significantly to employment and
income, especially in rural areas (PricewaterhouseCoopers [PwC], 2020). However, despite the
government's efforts to stimulate local production through initiatives like the Agricultural Transformation
Agenda and anchor borrowers' program, the welfare impact on a large number of small-scale farmers
remains limited due to market inefficiencies, poor remuneration, and farmers' inability to actively participate
in the output market. Consequently, Ogundari (2016) poor farm-level analysis of market orientation and
participation decisions among smallholders have been identified as a contributing factor (Ogundari, 2016).
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Efforts to identify the factors influencing the household welfare of smallholder rice farmers in
Southeast Nigeria have not received significant attention. Previous studies on smallholder
commercialization, such as Olanrewaju et al. (2016), Mafimisebi & Ikuerowo (2018), Mani et al. (2019),
Aromolaran et al. (2020), and Opata et al. (2020) centered on the determinants of market participation
only, without exploring the drivers of the welfare of market participation. Though Awotide et al. (2013)
examined the welfare effect of market participation among rural farming households in Nigeria, the
Southeast was conspicuously omitted from the study. This study thus, seeks to fill this gap by analyzing
the socio-economic determinants of smallholder rice farmers’ welfare in Southeast Nigeria. In addition,
most of the literature in Nigeria, especially in the Southeast region, such as Onubuogu & Onyeneke
(2012), Ukeje et al. (2017) and Okoye et al. (2019) has largely been on root and tuber crops. However,
few studies on market orientation and participation were carried out on cereal crops in Nigeria such as
Mafimisebi & Ikuerowo (2018) and Mani et al. (2019). To the knowledge of the researcher, the driver of
the welfare of smallholder rice farmers, especially in Southeast Nigeria, has not been explored. Thus, this
work tends to fill the gap. The study aims to determine the degree of market participation among
smallholder rice farmers and to evaluate the socio-economic and institutional drivers of household welfare
of smallholder rice farming households in Southeast Nigeria.

MATERIALS and METHODS

The study was conducted in the Southeast region of Nigeria, comprising five states: Abia,
Anambra, Ebonyi, Enugu and Imo (Figure 1). The southeast is situated between Latitude 4° 30’ and 7°
00’ North and Longitude 5° 30’ and 9° 30’ East. The land area of about 28,987km? (2,898,700 ha)
(National Bureau of Statistics, 2010) with an estimated population of 24,067,008 million people
(Worldometer, 2021), and spread across 95 local government areas (LGAs) with 19 agricultural zones.
The predominant soil type in the area is sandy loam, and the climate is characterized by rainy and dry
seasons (Okere, 2020). Smallholder agriculture dominates the major economic activities, especially in
rural areas. Rice is one of the most valuable staple foods cultivated and marketed in the study area,
especially the popular Abakiliki and Adani rice. It is mainly grown at the subsistence level, though a few
farmers operate at the commercial level.
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Figure 1. Map of Southeast Nigeria.
Sekil 1. Giineydogu Nijerya haritasi
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A multistage sampling techniqgue was used in the selection of the respondents. In stage one,
Anambra, Ebonyi and Enugu states were purposively selected based on the high concentration of rice
farmers (Mba et al., 2021). In stage two, three agricultural zones were purposively selected from each of
the states selected based on the preponderance of rice farming in the areas. In stage three, three LGAS
(Anambra state: Ayamelum, Ogbaru, and Orumba; Ebonyi State: Ezza, Ikwo, and Izzi and Enugu State:
Awgu, Isi-Uzo, and Uzo-Uwani) where rice is mostly produced in the study area were purposively
selected from each state. Stage four involved a purposive selection of three communities from each of the
nine LGAs selected based on a large number of rice farming households. Finally, a proportionate random
sampling technique was used to select a sample of 288 respondents, comprising 84, 108, and 96
smallholder rice farmers from Anambra, Ebonyi, and Enugu states respectively, using Yamane's (1967)
formula at a 95% confidence level with a precision level of 7% to estimate the true population. The
formula is stated as follows: n = N/1+N(e?). Where n = sample size, N = total population (number of
smallholder rice farmers), and e = level of precision or error margin allowed (7%). A list of rice farming
households, obtained from ADP offices in the three states, served as the sampling frame. Primary data,
collected with the aid of a semi-structured questionnaire, personal observations/interviews and focus
group discussion from respondents were used in the study. The market participation index and
Heckman's two-stage model were used to realize the objectives.

Market participation index

The household crop output market participation index was computed as the proportion of the value
of rice sold to the total value of rice produced. It was expressed mathematically as follows:

k ,
Yies P Si
Z}IE=1 lSKQik

Where Sik denotes the quantity of rice (k) sold in the market by household i, P« represents mean
community level price, while Qik denotes the total quantity of rice k A produced by household i. The index
values of 0 indicate a high subsistence orientation while that of 1 is an indication of a high commercial-
oriented smallholder rice farmer.

(1

Ordinary least square regression

The OLS regression was employed in the estimation of factors influencing the household welfare of
smallholder rice farmers who participated in the rice market. The household welfare was proxied by per
capita consumption expenditure and was regressed against some socio-economic and institutional
independent variables. Based on the nature of the data, the linear, semi-log and double-log forms of OLS
were used to test for the best estimates. The OLS regression model was specified as follows:

Linear function

Y = Bo + B1X1 + B2 X2 + B3 Xa+ PaXat BsXs+ BeXet BrX7+ BsXst+ PoXot+ P1oX1o + PraXirt BiaXiz+ B1aXiz+
B1aX14t+ B1sX15+ B1eX1s + € 2

Semi-log function

Y = Bo + BilogX1 + B2logX2 + BalogXsz+ BalogXs+ BslogXs+ BslogXe+ B7logX7z+ BslogXs+ BelogXe+ BiologXio +
Bi1logXi1+ Br2logXiz+ BislogXis+ B1alogXia+ BislogXis+ BislogXis + € (3)

Double-log function

Log Y = Bo + BilogX: + B2logXz + PslogXs+ BalogXst BslogXs+ BelogXet+ BrlogX7+ BslogXs+ PBselogXe+
BiologXio + BrrlogXii+ Br2logXizt+ BialogXis+ PralogXiat BislogXis+ BielogXis + € 4)
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Where:
Y = Per capita consumption expenditure
B0 = intercept of Y
X1 = Age (years)
X2 = Education (Years spent in Education)
X3 = Household size
X4 = Access to fertilizer (Access =1, Otherwise, 0)
X5 = Access to Extension (Access =1, Otherwise, 0)
X6 = Access to Credit (Access =1, Otherwise, 0)
X7 = Distance to established Market (km)
X8 = Size of rice farm (Ha)
X9 = Distance to Asphalted Road (Km)
X10 = Rice yield (kg)
X11 = Market Information (Access =1, Otherwise 0)
X12 = Off-farm Income (Naira)
X13 = Income from Rice (Naira)
X14 = Quantity of rice sold (Kg)
X15 = Ownership of transport facility (Ownership = Yes, otherwise, 0)
X16 = Cooperative Membership (Access =1, otherwise, 0)

e = Error term

RESULTS and DISCUSSION

Market participation index

The result of market participation by smallholder rice farmers in the study area shows that the total
rice produced by the respondents in the 2022 farming season was 233,615 kg; with 2,500 and 150 kg
being the maximum and minimum production, respectively (Table 1). The Table also indicates that out of
the 233,615 kg of rice produced, 170,342 kg were sold in the market. The maximum quantity of rice sold
was 2,100.1 kg while the minimum sold was 25 kg. The result in Table 1 further showed a mean market-
participation index of 0.73 among smallholder rice farmers in the study area. The result implies that on
average, 73% of the total rice produced was sold to the market by smallholder rice farmers in southeast,
Nigeria. The result suggests that smallholder rice farmers in southeast Nigeria were semi-commercialized
as the quantity of rice sold was far greater than the quantity consumed and/or gifted to friends, neighbors
and relations. This could be attributed to the increased market-oriented production through the allocation
of more farmland to rice production, as well as increased use of purchased inputs among the smallholder
rice farmers in southeast Nigeria. Thus, the majority of the smallholder rice farmers in the study area
participated in the market; therefore, high transactional costs due to poor infrastructure and weak
institutions were not strong enough to hinder smallholders’ access to the output market.

The result is consistent with Aromolaran et al. (2020) which reported a moderate market participation
index of 0.46 among smallholder rice farmers in Ogun and Kaduna states, Nigeria. The result also agrees
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with Kondo (2018), Ochieng and Hepelwa (2018), Mekie et al. (2019), Ogundele (2020) and Ayele et al.
(2021), which found the smallholder cereal farmer’s level of market participation indices to be moderately
commercialized or semi-commercialized with market participation indices of 0.48, 0.66, 0.57, 0.52, and 0.53,
respectively. However, the result disagrees with Mpombo (2018) which reported a low market participation
index of 0.27 among smallholder rice farmers in Tanzania. The result is also at variance with Ayele et al.
(2018), Abate et al. (2021) and Manda et al. (2021) which reported low market participation indices of 0.10,
0.20 and 0.39, respectively.

Table 1. Market participation index of the respondents

Cizelge 1. Katihmcilarin pazar katiim endeksi

Indicators (Kg) Total Min. Max. Mean Std. Dev. Index
Quantity of Rice Produced 233615.00 150.00  2500.00 811.16 455.86
Quantity of Rice Sold 170342.00 25.00 2100.00 591.47 437.01
Total Quantity of Rice Consumed 43065.00 50.00 450.00 149.53 80.56
Total Quantity of Rice Gifted 20283.00 0.00 250.00 70.43 49.33
Market Participation Index 0.73

Field Survey, 2023

Socio-economic and institutional determinants of smallholder rice farmers’ welfare

The result of the Ordinary Least Square regression model of factors influencing smallholder rice
farmers’ welfare is presented in Table 2. The per capita consumption expenditure was proxied for
household welfare and was regressed against some explanatory variables. The double log form was
chosen as the best-fit equation as it has a better diagnostic test statistic than the other two functional
forms. Specifically, the double log form has the highest number of significant variables that are consistent
with the apriori expectations; the highest coefficient of multiple determination (R?) and significant Fischer’s
value, as well as the lowest mean squared error of regression. The F-statistic value of 15.6 was
significant at a 1% (p>0.01) level of probability; this indicates that the data were suitable for the model
and fit the model and that the specified variables adequately accounted for the variations in household
welfare. The coefficient of determination (R?) value of 0.576 suggests that about 57.6% of variations in
the household welfare of the smallholder rice farmers in Southeast Nigeria were explained by the
independent variables specified in the model.

The coefficient of education (0.024) was positive and significant at a 1% (p>0.01) level of
probability. The result is consistent with the apriori expectation and implies that the welfare of a
smallholder rice farming household increases with the increasing level of education of the household
head. Specifically, a unit increase in education will lead to a 0.024 rise in household welfare. Smallholder
farmers are often confronted with challenges of low income, agricultural productivity, food security, and
standard of living. However, education can be instrumental in improving the household welfare of
smallholder rice farmers. With improved education, a smallholder rice farmer can easily understand
market dynamics and strategies with which the farmer can access better markets and negotiate better
prices for the farm produce. Education also promotes the adoption of modern farming technologies
capable of increasing productivity, higher yields and increased income. The increased income will impact
positively on food security, improved standard of living and general household welfare. The result
corroborates the findings of Amankwah and Quagrainie (2018), Purnamadewi & Firdaus (2018), Issahaku
& Abdulai (2020), Mukaila et al. (2021), Oduniyi & Tekana (2021).
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Table 2. Ordinary least square result of the socio-economic and institutional factors influencing smallholder rice framers’ welfare

Cizelge 2. Kiiglik ¢iftci piring treticilerinin refahini etkileyen sosyo-ekonomik ve kurumsal faktorlerin alisiimig en kiiglik kareler sonucu

Variables Linear Semi-Log Double-Log
Age 299.720 4.827** 0.080
9 (0.343) (41.448) (0.557)
. 13192.391*** 0.001 0.024**
Education (8.949) (0.605) (11.180)
. -13321.271*** 0.024*** -0.018***
Household size (-3.833) (10.753) (-3.403)
Fertilizer Access 157710.785** -0.019*** 0.288***
(3.176) (-3.619) (3.712)
Extension Access -4545.741 0.280*** -0.008
(-0.333) (3.786) (-0.412)
. 9349.729 -0.010 0.005
Credit Access (0.517) (-0.493) (0.197)
. . -1095.382 0.005 -0.002**
Distance to Established Market (-1.404) (0.192) (-1.913)
Size of rice farmland 23(?;956237)9 '(92'0832) (?835)
Distance to asphalted road 1?07;514)4 (?ggg) (8238)
Rice vield -185.109** 0.002 0.612***
y (-2.035) (0.374) (2.619)
Market Information Access 6(706:136558)1 (()_g (21%0) (82:38)
Off-farm income 26499.593 0.012 0.042
(0.952) (0.349) (1.041)
0.042 0.049 0.040
Farm Income (0.448) (1.179) (0.219)
. . 197.351** 5.659E-8 0.573**
Quantity of rice Sold (2.024) (0.401) (2.936)
Ownership of Transport facility _?_2072283 0(202(1)1) (8322)
. . 42153.971** 0.002 0.048*
Cooperative Membership (2.352) (0.095) (1.820)
(Constant) -28262.482 0.045* 4,674
(-0.362) (1.677) (9.020)
R-Squared 0.511 0.567 0.576
Adjusted R-Squared 0.468 0.529 0.539
S.E of Regression 84296 0.12565 0.12424
F-Statistic 12.003 15.040 15.644
Sig. 0.000 0.000 0.000

Source: Field Survey, 2023 ****g* 1945 5% & 10% significance, respectively * Lead Equation

The coefficient of household size (-0.018) was negative and significant at a 1% (p>0.01) probability
level. The result is in tandem with the apriori expectation and implies that the welfare of smallholder rice
farming households decreases with increasing household size in the study area. Large family size is a
strain on the household income; with a large household size, there is increased competition for limited
household resources. This can lead to lower per capita income and reduced access to education,
healthcare, and other essential services; and as a consequence, limits their ability to access better
employment opportunities and improve their standard of living. The result disagrees with that of Ochieng
and Hepelwa (2018) and Hoq et al. (2021) that the number of household members positively impacted
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the household per capita consumption expenditure of smallholder farmers in Bangladesh and Tanzania,
respectively.

Access to fertilizer (0.288) was positive and significant at a 1% (p<0.01) risk level. The sign of the
coefficient of the variable conforms with the a priori expectation and the result suggests that a unit
increase in access to fertilizer increases household welfare by 0.288 units. Little or no access to fertilizer
is a major obstacle to smallholder commercialization in developing countries; it impacts negatively on
crop production and consequently reduces the quantity and quality of rice available for the market.
However, smallholder farmers with improved access to inorganic fertilizers have better rice outputs and
thus, earn higher farm income which translates to an improved standard of living. The result affirms
Habtemariam et al. (2019) that the adoption of fertilizer improves net farm income and reduces food
insecurity and poverty reduction.

The distance to an established market (-0.002) was also found to be negative and significant at a
5% (p<0.05) level of probability. The result indicates that an indirect relationship exists between
household welfare and distance to an established and competitive market. The result also shows that for
every one-unit increment in the distance to an established and competitive market, the household welfare
decreases by 0.002 units. The farther a smallholder farm is from a market, the higher the transportation
costs. Transporting agricultural products over long distances reduces the profit margins for farmers. The
bad road network also adds to the increasing transaction cost and impacts negatively on the farm income
and household consumption expenditure of the smallholder rice farmers. The result is similar to Kyaw et
al. (2018) and Aromolaran et al. (2020).

The quantity of rice produced or rice yield (0.612) was positive and significant at a 1% (p<0.01) risk
level. The result connotes a direct relationship between the rice produced by smallholder rice farmers and
household welfare. The result suggests that as the quantity of rice produced by smallholder farmers’
increases, the household per capita consumption expenditure rises. Specifically, a unit increase in the
quantity of rice output leads to an increase in the household welfare of smallholder rice farmers by 0.612
units. Increased output from smallholder farmers creates a ripple effect such as improved market
engagement, income generation, economies of scale and access to credit, among others. Specifically,
with increased production, farmers can generate more income. The additional income can be reinvested
in the farm and improving the farming practice, leading to the adoption of improved technologies, and
enhanced standard of living among the smallholder rice farmers in the study area. Also, higher
productivity and higher income increase the creditworthiness of smallholder farmers and, this further
enhances their access to more credit. The improved access to credit also enhances smallholder
commercialization, poverty reduction and improved standard of living. The result aligns with Abdullah et
al. (2019) which observed that rice output was among the important factors that positively influenced the
welfare of smallholder rice farmers in Pakistan. The quantity of rice sold (0.573) was positively significant
at a 1% (p<0.01) level of probability. The result indicates the existence of a direct relationship between
household welfare and the quantity of rice sold. The result suggests that the more a smallholder farmer
participates in an output market, the more the welfare of the household is enhanced. Furthermore, the
OLS result indicates that a unit increase in the quantity of rice sold leads to a 0.573 unit increase in the
welfare of smallholder rice farmers. Poverty is often linked to insufficient income, and by increased market
involvement, smallholder farmers can improve their standard of living. Thus, higher quantities of rice sold
contribute to poverty reduction among smallholder farmers. With increased income due to increased
market participation, household basic needs are easily met. Therefore, market participation provides a
financial cushion and improves the overall economic well-being of smallholder farmers. The result is
similar to the findings of Camara (2017), Ochieng and Hepelwa (2018), Abdullah et al. (2019) and Ogutu
et al. (2020).
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Cooperative membership (0.048) was positive and significant at a 10% (p<0.1) risk level. The result
suggests the existence of a direct relationship between cooperative membership and the household
welfare of smallholder rice farmers in southeast Nigeria. The result is not surprising as cooperatives often
provide smallholder farmers with improved access to markets by establishing direct links with buyers,
reducing the dependence on middlemen and ensuring fairer prices for smallholder farmers. Cooperative
membership also enhances smallholder farmers’ bargaining power, access to resources, and ability to
manage risks collectively. This, in turn, positively impacts household welfare by reducing production costs
and improving income and poverty reduction. This result corroborates the studies by Cafer & Rikoon
(2018), Hao et al. (2018), Sellare et al. (2020) and Sarkar et al. (2022) which identified cooperatives as a
major tool for achieving and ensuring improved living conditions for smallholder farmers.

CONCLUSION

Smallholder commercialization is a vital strategy for transforming the agricultural sector and
promoting economic growth in developing countries. By transitioning from subsistence to commercial
farming, smallholders can increase their incomes, improve their livelihoods, and contribute to national
food security. The commercialization efforts of smallholder rice farmers in Southeast Nigeria have not
been fully optimized; however, the efforts are beginning to yield the desirable outcome. The farmers have
gradually shifted from the traditional subsistence system to semi-commercialization despite the
challenging environment. Engagement in the output market impacted positively on the farm income and
per capita consumption expenditure which translates to household welfare. The educational status of the
household head, access to fertilizer, the quantity of rice produced and sold as well as membership of
cooperatives were the major socio-economic and institutional factors impacting positively on the
household welfare of smallholder rice farmers. However, the level of household welfare of the farmers
was limited by the distance to an established market and large household size in southeast Nigeria.
Therefore, any policy aimed at improving the standard of living and poverty reduction among smallholder
farmers must be anchored on these key factors. The push factors, such as support systems and
incentives, need to be strengthened, while the pull factors, like challenges and barriers, should be
mitigated or minimized. Targeted policies, programs, and investments can help enhance their access to
markets and market information, inputs, credit, and technology. In addition, access to training and
capacity building, as well as infrastructure and logistics, are crucial. Thus, by supporting smallholders’
transition to commercial farming, governments and stakeholders can unlock the full potential of the
agricultural sector and promote a more food-secure, prosperous, and resilient future. Besides
government intervention, smallholder rice farmers should form cooperatives to enhance the bargaining
power of smallholder farmers in the market. The cooperative should also facilitate the establishment of
direct market linkages between smallholder farmers and buyers, processors, or retailers to enhance
participation in the market and turn, increase the household welfare. Collectively, these stakeholders can
create a robust ecosystem that supports smallholder commercialization, and economic growth, ultimately
reducing poverty and improving livelihoods in southeast, Nigeria.
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ABSTRACT

Objective: In this study, the aim was to determine the germination and seedling
development responses of common grasspea (Lathyrus sativus L.) genotypes
under salt stress and to identify genotypes sensitive or tolerant to salinity.

Materials and Methods: The research was conducted at the Field Crops
Laboratory of the Faculty of Agriculture, Siirt University, under controlled
conditions at 25+1°C. The plant material of the study consists of 2 cultivars and
8 genotypes. The study investigated the doses of NaCl at 0, 50, 100, 150, and
200 mM. The laboratory experiment was conducted by a completely
randomized factorial design with four replications.

Results: The increase in salt levels significantly (p<0.01) affected the
germination and seedling characteristics of grasspea genotypes. It was
determined that common grasspea genotypes were significantly affected by
increasing salt concentrations with regard to germination parameters starting
from the 50 mM salt dose. Regarding seedling parameters, grasspea genotypes
were affected by salt concentrations beyond 50 mM in relation to seedling
length and seedling dry weight, while other seedling parameters were
negatively impacted even at the lowest salt dose.

Conclusion: When all examined parameters were considered together, the Sel
668 genotype stood out for its tolerance to salinity and its performance in
germination and seedling development.

(oy4
Amag: Bu galismada, yaygin murdimuk (Lathyrus sativus L.) genotiplerinin tuz

stresi altinda ¢imlenme ve fide gelisim tepkilerinin belirlenmesi ve tuzluluga
hassas ya da tolerant genotiplerin ortaya konulmasi amaglanmistir.

Materyal ve Yontem: Arastirma, Siirt Universitesi, Ziraat Fakiiltesi, Tarla
Bitkileri Laboratuvar’'nda, 25+1°C kontrolli sartlar altinda yurGtilmastur.
Calismanin bitkisel materyali 2 gesit ve 8 genotipten olusmaktadir. Calismada;
tuzun (NaCl) 0, 50, 100, 150 ve 200 mM dozlari arastirmanin konusunu teskil
etmistir. Laboratuvar deneyi tesaduf parsellerinde faktoriyel deneme desenine
gore 4 tekrarlamali olarak yUrGtilmugtar.

Arastirma Bulgular: Tuz seviyesindeki artis, murdimuk genotiplerinin gimlenme
ve fide 6zelliklerini cok 6nemli (p<0.01) derecede etkilemistir. Yaygin mirdimuk
genotiplerinin  artan tuz konsantrasyonlarina bagh olarak ¢imlenme
parametreleri agisindan 50 mM tuz dozundan itibaren anlamli olarak etkiledigi
belirlenmigstir. Fide parametrelerinde ise fide uzunlugu ve fide kuru agirhgi
bakimindan 50 mM tuz konsantrasyonundan sonra murdimuik genotipleri
etkilenirken, diger fide parametrelerinin ise kontrolden itibaren en disuk tuz
dozunda bile olumsuz yénde etkilendigi belirlenmistir.

Sonug: Tum incelenen parametreler birlikte degerlendirildiginde ise Sel 668 genotipi
tuzlulugu dayaniklihgi ve gimlenme ve fide gelisimi agisindan 6n plana ¢ikmistir.
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INTRODUCTION

Common grasspea (Lathyrus sativus L.), which belongs to the Leguminosae family, is a annual
legume species of significant economic importance, particularly in developing countries such as India,
Bangladesh, Pakistan, Nepal, and Ethiopia, where it is used for both human and animal nutrition (Kumar &
Tripathi, 2008; Ahmadi et al., 2015; Xu et al., 2018; Lambein et al., 2019). The grasspea plant is known for
containing 65% carbohydrates and 18-34% protein on a dry weight basis, making it recognized as a protein
source (Feyzi et al.,, 2018). It also contains significant amounts of minerals such as phosphorus,
magnesium, and calcium (Arshad et al.,, 2023). Due to its abundant nutrient content and unique
characteristics such as low water demand, grasspea is considered a wonderful option for sustainable food
production, especially in coping with environmental challenges such as climate change, flooding, and pest
diseases, and with the increasing demand for eco-friendly protein sources (Gongalves et al., 2022).

Climate change and global warming are seen as triggers for significant problems such as drought
and soil salinity (Ozyazici & Agikbas, 2021). The stress conditions resulting from climate change affect
agriculture differently depending on the regions and agricultural products (Anderson et al., 2020). One of
the most significant stress factors that plants encounter throughout their life is salt stress (Omidi et al.,
2022). Salinity, especially in arid and semi-arid regions, is one of the most determining environmental
stress factors limiting crop productivity (Z6rb et al., 2019). In addition to the provided information, salinity
adversely affects soil microbial diversity, enzymatic activities, and consequently, carbon and nitrogen
dynamics, as well as greenhouse gas emissions from the soil (Fagodiya et al., 2022). Salinity induces
various physiological, morphological, and biochemical changes in plant growth and development, affecting
processes such as photosynthesis, protein synthesis, lipid metabolism, and energy production (Parida &
Das, 2005; Munns & Tester, 2008). Especially during seed germination and early seedling growth stages,
which are critical stages for plant development, seed germination phase is the most sensitive period for
plants to salinity (Acikbas et al., 2021).

It is important to detect genetic variations for identifying the genotypes that are most tolerant to
salinity. Additionally, determining the response of plants to salinity during germination and seedling
stages is crucial for achieving optimal yields in salinity-affected areas (Ozyazici & Agikbas, 2021). Salt
damage is not only depending on the growth stage, environmental factors, and the structure of salts but
also significantly influenced by plant species and variety, as well as the amount of salt (A¢ikbas et al.,
2023). In general, L. sativus is resilient to environmental stresses and can yield well even under adverse
climatic conditions (Cocks et al., 2000). Moreover, it is highly tolerant to negative environmental factors
such as periodic flooding, low temperatures, soil salinity, and most importantly, prolonged drought
(Tokarz et al., 2020). One of the key ways to cope with this issue is through the cultivation of plants
tolerant to salinity, especially considering that both our soils and irrigation waters are becoming
increasingly saline due to the impact of global climate change.

The aim of this study is to determine the germination and seedling growth responses of common
grasspea (L. sativus L.) genotypes under salt stress conditions and to identify sensitive or tolerant genotypes
to salinity.

MATERIALS and METHODS

Materials

The research was conducted at the Field Crops Department Laboratory of Siirt University (Turkiye),
Faculty of Agriculture (37°58'13.20"N - 41°50'43.80"E). In the study, a total of 10 common grasspea (L.
sativus L.) genotypes, 8 lines (IFLS 349, IFLS 257, Sel 706, Sel 668, Sel 702, Sel 1794, ETH-24 and ETH
WIR-70) obtained from ICARDA (International Center for Agricultural Research in the Dry Areas), and 2
cultivars (GAP Mavisi and Gurbiiz-2001) bred in Turkiye, were used as plant material. Sodium chloride
(NaCl) was used as the salt form.
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Research Subject and Germination Experiment

Laboratory experiments were included ten different grasspea genotypes and five different
concentrations (0- 50-100-150 and 200 mM) of salt (NaCl). They were established in randomized plots in
factorial design with four replications. For each replication, 20 seeds were used. Seeds were surface
sterilized with 70% ethanol for one minute and then rinsed three times with sterile water. Then, to remove
the microorganisms on the seed surface, a subsequent step of surface sterilization was carried out by
covering the seeds with a 10% sodium hypochlorite (NaOCI) + 0.01% tween20 solution for 10 minutes.
The sterilized seeds were placed between two layers of Whatman No.2 filter paper in petri dishes (90 mm
x 15 mm). Five ml of salt solutions were applied to each petri dish. Petri dishes were left to germinate in
an incubator (BINDER, GmbH, Germany) setting at 25+2°C temperature. Until the end of the study, 5 ml
of salt dose was added to the petri dishes according to the trial subjects for every 48 hours (according to
the humidity levels of the seeds in the petri dishes).

Germination controls were applied for every 24 hours during the experiment and the germination
test was completed on the 10th day. The observation of at least 2 mm radicle was the germination
criterion of the seeds (Scott et al., 1984; Soleymani & Shahrajabian, 2018). Measurements were
conducted on ten randomly selected seedlings in each petri dish, and on all germinated plants in petri
dishes that did not contain adequate number of seedlings due to salt stress.

Germination and Seedling Growth Assessments

In the study, germination parameters such as germination percentage (GP), mean germination time
(MGT), germination index (Gl), coefficient of uniformity of germination (CUG), germination energy (GE),
and seedling growth parameters such as seedling length (SL), seedling fresh weight (SFW), seedling dry
weight (SDW) and seedling vigor index (SVI) were examined.

Equation 1 of Scott et al. (1984) was used for the determination of the GP parameter.
GP= (NGS/TS)x100 @)

In the equation, NGS is the number of normal germinated seeds, TS is the total number of utilized
seeds.

Mean germination time is used to determine the germination day of seeds and was calculated by
Equation 2 (Ellis & Roberts, 1981).

MGT= X (NiTi/Ni) 2

Ni is the number of seeds germinated on the Ti day; Tirefers to the number of days from the
beginning of germination.

Germination index was calculated with the help of Equation 3 (Wang et al., 2004), CUG by
Equation 4 (Bewely & Black, 1994), and GE by Equation 5 (Li et al., 2020).

Gl= % (GiITy) ®)
Gi is the germination percentage at the i" day, and Tt is the days of germination test duration.
CUG=3 n/ Y[ (MGT-t)?n] (4)

t is the time in days starting from day 0O, the day of sowing, and n is the number of seeds
completing germination on day t.

(T+/N) x 100 )

In the equation, T1 represents the number of seeds germinated on the first day, and N represents
the total number of seeds.
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Seedling length (SL) (cm): At the end of the study, the lengths of seedling were scanned in color
with a random selection using an Iscan Color Mini Portable Scanner with a resolution of 600 dpi. The SL
parameter was precisely and meticulously measured using (Acikbas et al., 2021) the ImageJ image
analysis software (Rueden et al., 2017).

Seedling fresh weight (SFW) and dry weight (SDW) (mg): The SFW was determined at the end of
the study by weighing ten randomly selected seedlings from each Petri dish and calculating the average
fresh weight of seedlings. Following that, the fresh seedlings were dried in an oven at 70 °C for 48 hours
to determine the average SDW.

Seedling vigor index (SVI): It was calculated using Equation 6 as reported by Kalsa & Abebie (2012).
SVI= GPxSDW (gr) (6)

Statistical Analysis

The obtained data were subjected to analysis of variance according to the completely randomized
factorial design. The differences between the means were checked with the TUKEY’s HSD multiple
comparison test (Agikgdz & Acgikgdz, 2001). The IMP Pro 14 software was used for statistical calculations.

RESULTS

The variance analysis results for the GP, MGT, CUG, GlI, GE, SL, SFW, SDW, and SVI values of
the grasspea genotypes considered in the study according to salt stress are presented in Table 1.

Table 1. The variance analysis of the parameters examined in the study

Cizelge 1. Arastirmada incelenen parametrelerin varyans analizi

TUKEY value/F probability

Factors/Traits op MGT . Gl GE SL SEW SDw Svi

Genotypes (G)  7.57/*  0.63/ns  9.07/* 165/ 1178 071 5275/ 214 565/
Salinity (S) 457/  0.38F*  548M* 100/ 7.4 044k 3199m L2934l
GXS 21.42/% 181/ 2554/ 469/ _ 33.66/* _ 2.07/* 15046/ 609 1611/

GP: Germination percentage, MGT: Mean germination time, CUG: Coefficient of uniformity of germination, Gl: Germination index,
GE: Germination energy, SL: Seedling length, SFW: Seedling fresh weight, SDW: Seedling dry weight and Seedling vigor index, **:
p<0.01, ns: no significant difference.

The differences among genotypes for all parameters (except MGT) were found to be statistically
significant at the p<0.01 level. Similarly, the differences among salinity levels and genotype x salinity
interaction for all parameters were also found to be statistically significant at the p<0.01 level (Table 1).

As a result of the study, increasing salt concentrations were found to decrease germination rates;
however, the difference between the control treatment (0 mM) and the 50 and 100 mM salt doses was
statistically insignificant, significant decreases occurred from the 150 mM salt dose onwards. Accordingly,
the highest germination rate, as the average of genotypes, was determined to be 99.0% and 98.5% in the
control (0 mM) and 50 mM applications, respectively, while the lowest value was observed at the highest
dose of salt, 200 mM salt concentration (43.2%). When the average results of grasspea genotypes were
examined, the highest germination rate was found to be 92.0% in the Sel 668 genotype, on average
across salt concentrations, and the difference between Sel 668 genotype and other genotypes except Sel
706, ETH WIR-70, and Giirbiz-2001 genotypes was statistically insignificant in terms of germination rate.
The lowest germination rate was determined to be 77.7% on average across salt concentrations in the
Gurbiiz-2001 cultivar (Table 2).

In the study, it was observed that germination was more delayed with increasing salt
concentrations than untreated ones. In this regard, germination occurred on average in 1.35 and 1.38 days
in 0 and 50 mM environments, respectively, while in the 100 mM salt concentration, it took 2.19 days, and
in 200 mM, the average germination time was 2.98 days (Table 2).

428



Determination of germination and seedling characteristics of common grasspea (Lathyrus sativus L.) genotypes under salt stress

Table 2. Some germination parameters of grasspea genotypes at different salt concentrations

Cizelge 2. Miirdiimtik genotiplerinin farkli tuz konsantrasyonlarindaki bazi ¢cimlenme parametreleri

Salt concentration (mM, NacCl)

Genotypes 0mM 50 mM 100 mM 150 mM 200 mM Average
Germination percentage (%)
IFLS 349 100.0+0.02 100.0+0.02 96.7+2.92 85.0+18.0%¢ 60.0+5.0% 88.3"8
IFLS 257 100.0+0.02 98.3+2.92 93.3+11.52 96.7+2.9% 50.0+10.0%" 87.7%8
GAP Mavisi 98.3+2.9% 98.3+2.92 96.7+5.8% 96.7+2.92 36.7+7.6 85.346C
Giirbiz-2001 96.7+5.8% 98.3+2.9% 98.3+2.9% 86.7+7.6% 8.3+2.99 77.7°
Sel 706 100.0+0.02 98.3+2.92 96.7+2.9% 96.7+2.92 10.045.09 80.3°P
Sel 668 100.0+0.02 98.3+2.92 96.7+2.9% 100.0+0.02 65.0+13.2% 92.04
Sel 702 98.3+2.9% 98.3+2.9% 96.7+2.9% 95.0+5.0% 55.0+13.20¢f 88.748
Sel 1794 100.0+0.0% 96.7+5.8% 91.7+7.6% 95.0+£5.0% 66.7+2.9° 90.0%8
ETH-24 100.0+0.0% 100.0+0.0% 98.3+2.9% 86.7+18.9% 43.3+12.6° 85.74BC
ETH WIR-70 96.7+5.8% 96.7+2.9% 96.7+ 2.9% 93.3+2.9% 36.7+5.8f 84.38¢P
Average 99.0% 98.5* 96.2"8 93.28 43.2¢
Mean germination time (day)
IFLS 349 1.17+0.1¢ 1.37+0.1°%¢% 2.51+0.7" 2.77+0.6>¢ 3.11+0.6%¢ 2.18
IFLS 257 1.33+0.2% 1.32+0.1% 1.96+0.4%¢ 2.35+0.2"¢ 3.21+0.3% 2.03
GAP Mavisi 1.44+0.2%¢ 1.62+0.2¢ 2.81+0.4"¢ 2.55+0.7"¢ 3.17+0.9%¢ 2.32
Giirbliz-2001 1.64+0.3%¢ 1.59+0.2"¢ 2.27+0.2"¢ 2.52+0.1%° 2.17+0.3%° 2.04
Sel 706 1.22+0.0¢ 1.39+0.1%% 1.93+0.1%¢ 2.09+0.3"¢ 2.94+0.6"° 1.91
Sel 668 1.23+0.2¢ 1.17+0.0° 2.31+0.1°¢ 2.03+0.3%¢ 4.81+1.12 231
Sel 702 1.45+0.2%¢ 1.25+0.1° 1.48+0.1%¢ 2.07+0.3"¢ 2.67+0.8"¢ 1.79
Sel 1794 1.23+0.2¢ 1.25+0.2° 1.69+0.4%¢ 2.32+0.3"¢ 3.12+0.3%¢ 1.92
ETH-24 1.20+0.1° 1.42+0.2°¢ 2.74+0.3"¢ 2.34+0.5"¢ 2.14+0.4"¢ 1.97
ETH WIR-70 1.60+0.3%¢ 1.37+0.2%% 2.25+0.4"¢ 2.31+0.4"¢ 2.50+ 0.9P¢ 2.01
Average 1.35¢ 1.38¢ 2.198 2.348 2.98*
Germination index
IFLS 349 18.11+1.22 16.44+1.2% 9.83+2.3™ 7.53+1.6%P 4.73+0.2™m 11.33%8C
IFLS 257 16.78+1.82 16.50+1.0%  11.67+2.4%% 9.77+1.2" 3.79+0.7°pd 11.70%8¢
GAP Mavisi 15.73+1.1%¢  13.97+0.8*' 8.16+1.1%° 9.41+2.6"™ 3.17+0.7M 10.09¢
Giirbiz-2001 15.12+1.07  14.17+1.4*"  10.91+0.5%* 8.81+0.7!" 1.50+0.5¢ 10.10¢
Sel 706 17.83+0.32 16.06+1.3%¢  11.81+1.0°%  11.56+1.5. 1.39+1.2¢ 11.73%8C
Sel 668 17.78+2.12 18.11+0.72 9.64+0.9" 11.69+1.7¢% 4.47+0.8™¢ 12.34%8
Sel 702 15.28+1.6*° 17.28+0.82 14.78+1.3%9  11.25+2.1% 4.50+0.0™¢ 12.62%8
Sel 1794 17.67+1.52 17.22+2.28 13.48+0.9%1 10.19+0.89" 5.69+0.4"9 12.85%
ETH-24 17.67+1.22 15.94+1.6%¢ 9.04+0.9"" 9.41+2.9"" 4.53+1.1™9 11.32%8C
ETH WIR-70 14.83+2.3%9  16.44+1.4% 10.44+1.7% 9.53+1.7™ 3.56+0.7°P4 10.968¢
Average 16.68% 16.21 10.98"8 9.91¢ 3.73°

Values within a group denoted by different letters are significantly different at p < 0.01.

Salinity significantly reduced the germination index, germination uniformity coefficient, and
germination energy. Significant decreases in the mentioned germination parameters occurred from the
100 mM salt dose onwards, and differences between the 0 mM and 50 mM salt concentration treatments
were found to be statistically insignificant. The highest values for germination index, germination
uniformity coefficient, and germination energy were observed at these two salt concentrations
(respectively, 16.68 and 16.21 for GI; 74.9 and 72.7 for CUG; 69.7 and 64.7 for GE). When differences
among grasspea genotypes were examined, the Sel 1794 genotype stood out with the highest values for
germination index and germination energy, while the Sel 668, Sel 702, and Sel 1794 genotypes excelled
on germination uniformity coefficient. Generally, increasing salt concentration reduced the Gl, CUG, and
GE values in all genotypes compared to the control (0 mM) and 50 mM (Tables 2 & 3).
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The highest seedling length values, as the average of genotypes, were determined in the control (0
mM) and 50 mM salt concentration treatments (9.22 cm each), while the lowest values were observed at
the highest dose of salt (200 mM) (1.15 cm). Regarding seedling length, it was found that the Sel 702
genotype had the longest measurement at 7.33 cm. It was grouped with the IFLS 257 and Sel 668
genotypes for seedling length (Table 3).

Table 3. Some germination and seedling length values of grasspea genotypes at different salt concentrations
Cizelge 3. Miirdiimiik genotiplerinin tuz konsantrasyonlarindaki bazi ¢cimlenme ve fide uzunlugu degerleri

Salt concentration (mM, NacCl)

Genotypes 0mM 50 mM 100 mM 150 mM 200 mM Average
Coefficient of uniformity of germination
IFLS 349 84.2+6.3% 73.5+5.8%¢ 40.9+6.79° 31.247.0%s 19.6+2.5™ 49.9%8C
IFLS 257 75.9+10.3%°  74.5+5.3¢ 48.9+5.7% 41.545.49° 15.7+3.8°° 51.38
GAP Mavisi 68.8+7.43f 60.8+4.7%" 34.9+6.2" 39.6+3.8Md 12.3+4.2" 43.38¢
Giirbiiz-2001  59.8+8.1%1 62.3+6.7%" 43.5+2.3" 34.5+2.8" 7.2+2.5° 41.4¢
Sel 706 82.2+1.9% 71.3+ 5.9%¢ 50.3+4.6° 46.8+3.0%" 6.3+2.2° 51.48
Sel 668 83.0+9.72 84.1+4.92 42.0£1.89" 49.9+3.7% 14.3+2.49s 54.7A
Sel 702 68.6+9.13f 78.6% 4.6% 65.6+6.1%9 46.6+4.35°™  20.8+1.4™* 56.1A
Sel 1794 81.9+9.82 78.7+ 4.2% 55.6+5.9%k 41.0+2.29P 21.5+1.2" 55.7A
ETH-24 82.1+7.72 71.3+8.8*¢ 36.1+3.2"" 39.1+3.1Md 20.4+2.7™ 49.848C
ETHWIR-70  62.3+5.8*"  72.3+9.9%¢ 44.1+2 .40 41.1+6.39P 15.5+2.3P* 47.178¢
Average 74.9° 72.7A 46.2°8 41.18 15.4¢
Germination energy
IFLS 349 83.3+10.42 65.0+8.8%° 15.0+2.791 5.3%1.3 6.7+2.9 35.148¢
IFLS 257 68.3+7.6%° 66.7+7.6%° 30.0£3.2%1 13.3+2.6" 3.3x0.9 36.378¢
GAP Mavisi 60.0+8.7%¢ 43.3+7.6%" 5.3+2.0 13.3+2.5M 5.0+0.0 25.4¢
Girbiiz-2001  63.3+7.6%¢ 45,0+3.20h 23.3+5.3" 15.0+4.0%1 6.7+2.9 30.78¢
Sel 706 78.3+2.9% 63.3+6.13¢ 28.3+5.8¢%1 28.3+5.8°%1 5.0£1.0 40.7°8
Sel 668 78.3+3.6% 83.3+2.92 13.3+4.6" 25.0+5.21 3.7+1.8 40.778
Sel 702 55.0+ 2.8%f 75.0+8.73* 51.7+6.6%f 28.3+5.6%1 1.7+0.5 42.3"8
Sel 1794 76.7+5.3%¢ 76.7+4.43c 48.3+4.4b9 21.7+4.84 6.7+2.9 46.0%
ETH-24 78.3+10.4% 60.0+5.0*¢ 10.0+2.0" 15.0+4.0%1 6.7+2.9 34.08¢
ETH WIR-70 55.0+7.5%f 68.3+7.43° 16.7+2.6%1 15.0+4.0%1 3.320.9 31.7%¢
Average 69.74 64.74 24.28 18.08 4.9¢
Seedling length (cm)

IFLS 349 7.08+0.6"" 9.87+0.4*¢ 6.23+0.3"° 4.00+1.07 1.20£ 0.1 5.685F
IFLS 257 11.370.7% 8.81+1.1¢ 6.80+0.6"" 4.60+0.5 2.06+0.1" 6.734BC
GAP Mavisi 8.98+1.3°" 8.46+0.8%* 5.74+0.6™P 3.87+0.5M 1.08+0.1 5.625F
Gurbiiz-2001  7.680.7"™ 9.32+0.09 5.91+0.5™P 3.96+0.5M 0.56+0.1' 5.49%
Sel 706 10.24+0.5%¢  8.94+0.8°" 6.48+1.0%° 6.16+1.2"° 0.71x0.1' 6.518¢P
Sel 668 11.40+0.72 9.30+1.1%9 8.73+0.3% 5.36+0.6™P 1.25+0.0 7.21%8
Sel 702 9.62+0.9*"  10.73+0.9%° 8.49+0.1%% 6.38+0.3"° 1.42+0.0" 7.33%
Sel 1794 8.00+0.2¢" 9.43+0.7>" 7.00+0.4"" 5.42+0.1"° 1.34£0.1" 6.24C°F
ETH-24 8.60+0.6%1 9.53+0.3*" 6.72+0.31" 6.28+0.1"° 1.21+0.1" 6.47°
ETH WIR-70 9.27+1.3%9 7.80+0.6°™ 7.35x0.99" 4.08+0.1P4 0.65+0.0" 5.83PF
Average 9.224 9.224 6.948 5.01¢ 1.15°

Values within a group denoted by different letters are significantly different at p < 0.01.

The values for seedling fresh and dry weights and seedling vigor index are given in Table 4. When
Table 4 is examined, the highest values for seedling fresh weight and seedling vigor index, as the average of
genotypes, were determined in the control group (521.8 mg and 51.5, respectively), while the lowest values
were observed at the highest dose of salt (200 mM) (202.1 mg and 9.1, respectively). It was found that IFLS
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257 and ETH WIR-70 genotypes had the highest values for seedling fresh weight and seedling vigor index,
on average across salt concentrations. When seedling dry weight was evaluated, the highest dry weights
were reached at 0 and 50 mM concentrations as the average of genotypes, while the lowest dry weight
values were observed when reaching the 200 mM dose. When their genotypes examined, the highest
seedling dry weight values were found in the ETH WIR-70 genotype with 18.2 mg. The lowest values were
determined in the IFLS 349 (13.1 mg), GAP Mavisi (12.9), and Girbuiz-2001 (12.6 mg) genotypes (Table 4).

Table 4. Some seedling development parameters of grasspea genotypes at different salt concentrations
Cizelge 4. Miirdiim(ik genotiplerinin farkli tuz konsantrasyonlarindaki bazi fide gelisim parametreleri

Salt concentration (mM, NaCl)

Genotypes 0mM 50 mM 100 mM 150 mM 200 mM Average
Seedling fresh weight (mg)
IFLS 349 494.8+43.3%" 380.2+32.1"" 391.7+9.5%" 335.4+33.4"° 268.1+18.7™° 374.08¢
IFLS 257 555.6+31.6%° 475.5+21.2% 490.0£23.0%" 386.1+40.0™" 327.4 32217 446.94
GAP Mavisi 439.7+6.0% 441.3+36.9 409.4+34.1°™ 372.5+£16.29" 156.7 £16.1° 363.985¢
Giirbiiz-2001 483.4+14.8%" 527.8+49.8%f 381.9+33.8"™ 380.1+28.5M" 172.0 £33.49¢ 389.18¢
Sel 706 543.5+8.8%¢ 382.4+30.6" 364.7+28.49" 349.7+31.2M° 178.0+20.07* 363.75¢
Sel 668 591.0+38.7%° 475.4+44.5% 427.1+58.9% 333.9+17.2"° 246.4 +28.3"° 414.8"8
Sel 702 512.5+42.0*9 542.2+57.7%¢ 402.1+33.04™ 354.5+18.7"° 145.7+18.8° 391.48¢
Sel 1794 495.6+13.0%" 390.5+54.1"" 387.2+37.7 308.3+32.9" 146.0+ 21.0° 345.5¢
ETH-24 497.1+26.5%" 457.8+52.7% 321.9+42.3% 385.7+3.5M 166.7+ 12.9" 365.85¢
ETH WIR-70 605.2+31.42 555.4+63.13° 463.6+£31.5%% 412.7+#41.9°™ 213.9+33.4°° 450.24
Average 521.8% 462.98 404.0°¢ 361.9° 202.1F
Seedling dry weight (mg)
IFLS 349 18.9+1.4%1 18.8+3.1%1 13.142.7P 9.9+0.6"* 4.8+0.47" 13.1F
IFLS 257 24.7+1.32 18.6+1.3% 15.4+2.7%n 13.3+2.1"P 7.510.8P1 15.98¢P
GAP Mavisi 16.9+2.0* 17.242.4% 14.0+2.3M° 10.7+1.6™" 5.5+0.5%" 12.9%
Giirbiz-2001 19.3+3.7* 16.2+1.2¢™ 12.0+2.0%P 10.8+1.2"9 4.7+0.3" 12.68
Sel 706 22.3+1.0*¢ 22.5+3.0%4 15.7+2.0" 12.2+1.8%P 4.610.7% 15.58CP
Sel 668 24.3+0.72 24.1+0.92 16.4+3.19m 13.8+0.7™ 3.6£0.4' 16.478¢
Sel 702 23.2+2.03%¢ 23.7+3.3% 17.7+0.3>k 14.6+2.1 7.610.77 17.48
Sel 1794 17.4%0.9%* 18.0+1.4%% 14.0+2.2"° 12.4+0.6%P 8.4+1.3°! 14.0P¢
ETH-24 20.4+1.5%9 20.6+1.5%f 14.4+3.69° 13.5+0.6"P 3.810.2 14.5C0E
ETH WIR-70 24.6 £2.7* 23.8+1.6% 19.8+0.23" 14.4+2.3%° 8.5+1.1°! 18.24
Average 21.2A 20.44 15.3% 12.6¢ 5.9°
Seedling vigor index
IFLS 349 48.8+2.2%" 38.0+1.2¢! 37.9+2.1%! 28.4+2.8™m 16.1+2.4™ 33.88¢
IFLS 257 55.6+3.2% 46.7+£1.9% 46.0£2.7% 37.2+2.4¢! 16.3+3.3™ 40.44
GAP Mavisi 43.3+1.8* 43.5+2.8 39.7+3.2% 36.0+1.2" 5.7£1.1" 33.6°
Girbiiz-2001 46.8+3.9% 52.0+2.8%f 37.6+4.1%! 32.8+1.6" 1.5+0.7" 34.18¢
Sel 706 54.4+0.9%¢ 37.5+1.9¢ 35.2+2.8%! 33.8+2.8™ 1.8+1.1" 32.6°
Sel 668 59.1+2.9% 46.7+5.0% 41.3+3.4" 33.4+1.7M 16.3+2.9™ 39.3%8
Sel 702 50.5+4.5%9 53.3+6.0*¢ 38.8+2.9% 33.6+0.6™ 8.1+2.6" 36.978C
Sel 1794 49.6+1.3%" 37.8+4.6% 35.3+3.0%! 29.2+1.64M 9.7£1.4" 32.3¢
ETH-24 48.9+2.2%" 45.8+5.3% 31.6+£3.3™ 33.4+2.1 7.1£1.6" 33.4¢
ETH WIR-70 58.4+2.0% 54.7+4.73¢ 44.8+1.8%k 38.4+2.9¢ 8.1+2.3" 40.94
Average 51.5% 45.68 38.8¢ 33.6° 9.1%

Values within a group denoted by different letters are significantly different at p < 0.01.

It was determined that genotype x salinity interactions had significant effects on all germination and
seedling parameters investigated (Table 1). According to these examined germination and seedling
development parameters, it is believed that the interaction arises from the differential effects of salt
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concentrations on genotypes, with some genotypes being more affected than others by this effect, while
some genotypes are more resistant to salt. Additionally, another reason is that as salt concentrations
increase, there was a decreasing trend in the examined parameters across all genotypes in general.
However, some genotypes exhibited fluctuating trends and significant increases compared to the control,
which contributed to the significance of the interaction (Tables 2-4).

DISCUSSION

Salinity, particularly among abiotic stresses, significantly limits crop productivity and causes
economic losses to farmers (Garg et al., 2016; Ahanger et al., 2017). Salinity exhibits its adverse effects
on plants in several ways; among these, high salt concentration in the soil severely affects the water
uptake capacity of plant roots, rendering the plant more vulnerable (Saxena et al., 2019). This leads to
the suppression of many physiological and biochemical processes within plants, diminishing nutrient
uptake and assimilation, growth, development, and production, thereby demonstrating its toxic effect
(Hasegawa et al., 2000; Munns & Tester, 2008). Understanding plant responses under different stress
conditions and developing stress-tolerant plants are crucial for sustainable agriculture. It has been
reported that salt-tolerant crops would be a significant avenue in achieving sustainability goals in the
current agricultural system (Flowers, 2004; Munns & Tester, 2008; Ali et al., 2019).

In the study, significant decreases were observed in all germination parameters examined, both in
all investigated grasspea genotypes and in the average results of genotypes, with increasing salt
concentrations. Researchers have reported that the decreases in germination parameters due to salt
concentration are attributed to the prevention of seed water uptake at high salt concentrations and
embryo poisoning due to the toxic effects of some ions (Dan & Brix, 2007; Tavili & Biniaz, 2009; Ceritoglu
et al., 2020; Chen et al., 2020; Dere, 2021; Agikbas et al., 2023). The findings obtained for germination
parameters, especially germination rate, are consistent with studies conducted on grasspea plants
subjected to salt stress (Mahdavi & Sanavy, 2007; Fallahi et al., 2015; Arslan & Aydinlioglu, 2018;
Moghaddam et al., 2020; Tokarz et al., 2020; Acikbas & Ozyazici, 2021). Significant differences were
observed among grasspea genotypes for all examined germination parameters in the study. This
variation is attributed to the genotypic structure of the varieties, as indeed, numerous studies have found
high genotypic variation among genotypes in terms of salt tolerance in their species, and different
responses of genotypes concerning of germination parameters (Ahmed et al., 2014; Shakeri & Emam,
2017; Arslan & Aydinhoglu, 2018; Rajabi Dehnavi et al., 2020).

Average germination time is a parameter indicating how quickly seeds germinate (Bijanzadeh &
Egan, 2018), and in the study, it was found that the average germination time increased with increasing
salt content in all investigated grasspea genotypes, showing significant variations among genotypes.
Some studies with different plant species and genotypes have also reported that salt doses extend the
germination time, and there are differences among genotypes regarding average germination time (Okcu
et al., 2005; Almodares et al., 2007; Rajabi Dehnavi et al., 2020).

The evaluated seedling parameters, including seedling length, seedling fresh and dry weights, as
well as germination rate and seedling vigor index calculated based on seedling fresh weight, showed a
decrease in response to increasing salt concentrations. There were differences in the responses of
genotypes to salt stress (Tables 3 & 4). Although some varieties exhibited high germination rates, the
effects of salt stress on seedling development characteristics-particularly on the affected organs-became
more pronounced. This provided clearer insight into the developmental trajectory related to salt tolerance.
Many studies conducted with leguminous forage crops exposed to salt stress (Okcu et al., 2005; Kondetti
et al., 2012; Day & Uzun, 2016; Arslan & Aydinlioglu, 2018; Ivani et al., 2018; Ahmed et al., 2023) have
also reported results supporting the negative impact of increasing salt concentrations on seedling
development parameters and the differential effects observed in the genotypes used in the study.
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CONCLUSION

In conclusion, it was determined that common grasspea genotypes were significantly affected by
increasing salt concentrations in terms of germination parameters from 50 mM salt dose onwards.
Regarding seedling parameters, grasspea genotypes were affected after 50 mM salt concentration in regard
to seedling length and seedling dry weight, while other seedling parameters were adversely affected even
at the lowest salt dose.

It was observed that genotypes exhibited different responses regarding salt tolerance and
resilience across all examined germination and seedling development parameters. Generally, it was
found that some of the used genotypes were more resilient in germination and seedling development
parameters under salt stress compared to varieties, indicating promising genotypes. While different
genotypes stood out in the examined parameters individually, when all parameters were considered
together, the Sel 668 genotype is predicted to be a potential new variety candidate due to its resilience to
salinity and its performance in germination and seedling development. In this regard, salinity is becoming
an increasingly problematic issue, and it is necessary to define the performance of salt-tolerant grasspea
genotypes under field conditions.
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ABSTRACT

Objective: The study investigated the effect of period of lighting or lighting
duration at different wavelengths on the yield and quality of Pleurotus ostreatus
mushroom.

Materials and Methods: In order to realise this objective, four light colours
representing different wavelengths during the production process were applied
to the mushrooms using a microcontroller-based automation system with
determined time intervals.

Results: Different wavelengths of visible light had no significant effect on the
yield and earliness of Pleurotus ostreatus mushrooms, but blue light affected
fruiting body size.

Conclusion: Mushroom quality can be improved by lighting duration of
appropriate colour. More detailed studies are needed to determine the effects of
different wavelengths on mushroom nutrients and bioactive content.

0z
Amag: Calismanin amaci, farkli dalga boylari ve isiklanma siresinin (veya

aydinlatma slresinin) Pleurotus ostreatus mantarinin verim ve kalitesi Gzerine
etkisini arastirmaktir.

Materyal ve Yontem: Bu amaci gergeklestirmek icin Uretim sirecinde farkh
dalga boylarini temsil eden dort farkh i1sik rengi, belirlenen zaman araliklari ile
mikrodenetleyici  tabanli otomasyon sistemi kullanilarak  mantarlara
uygulanmigtir.

Arastirma Bulgulari: Gortinur i1siklarin farkli dalga boylari, Pleurotus ostreatus
mantarinin verim ve erkenciligi Uzerine belirgin bir etkisi olmasa da mavi 1s1gin
sapka boyutlari Gzerinde etkiye sahip oldugu belirlenmistir.

Sonug: Mantar kalitesi uygun renkte isiklanma suresi ile artirilabilir. Farkh dalga
boylarinin mantar besin igerigi ve biyoaktif igerigine etkilerinin de belirlenecegi
daha ayrintil ¢calismalara ihtiyac vardir.
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INTRODUCTION

Mushrooms are one of the most important option in human dietary diversity. The fact that mushrooms
can be grown quickly and are easily available, which important reasons for their preference, as well as their
nutritional values are similar to other animal foods. As mushrooms are rich in vitamin D and this is particularly
important for bone and muscle structure, it is recommended to consume a certain amount (Taofiq et al., 2017).

Many studies have been carried out to determine the parameters on which this significant food source
depends in mushroom production. Studies have revealed that some mushrooms are sensitive to light and that
yield and quality increase in direct proportion to the light (Roshita & Goh, 2018; Zhang et al., 2021). The
formation of fruiting bodies of edible mushrooms is closely related to light. Light plays an important role in the
growth and metabolism of edible mushrooms; It effects the mycelium growth, primordium formation,
morphology of fruiting bodies (cap and color formation), and also regulates the physiological and biochemical
process and nutrient metabolism of edible mushrooms (Roshita & Goh, 2018; Marim et al., 2020; Ye et al.,
2021). Effecting of photosensitive proteins by light sometimes reveals wide effects on gene structure (Fuller et
al., 2015). There are many effects of light, including the impact of different wavelengths on mushrooms, the
behavior of light on various fungal species (Poyedinok et al., 2015), the effects of varying light duration on the
product, and the developmental stage of the fungus (Nakano et al., 2010). The light effects not only the yield or
physical but also on the content of bioactive components according to the study conducted by Zawadzka et al.
(2022). Especially the duration of the light given to the product is also important.

Pleurotus species are highly valued as edible mushrooms with significant commercial importance
worldwide. In addition to their high nutritional value, Pleurotus spp. have an important place in nutraceutical
science with their medical uses as anticancer, anti-cardiovascular diseases, antidiabetes, antioxidant and
hepatoprotective (Khan & Tania, 2012). This group comprises various species such as Pleurotus ostreatus, P.
sajor-caju, P. cystidiosus, P. cornucopiae, P. pulmonarius, P. tuberregium, P. sapidus, P. citrinopileatus, and
P. flabellatus, which are cultivated in temperate and subtropical regions globally. The cultivation of Pleurotus
species offers numerous benefits, including fast mycelial growth, strong saprophytic colonization capabilities,
easy and cost-effective cultivation methods, and a variety of species that can thrive in different climates.
Recently, the commercial value of Pleurotus species has significantly increased due to these advantages
(Zervakis & Balis, 1996). The mycelium of mushrooms from the Pleurotus genus does not require light for its
growth (Sharma, 2004), nevertheless, light is necessary for the proper development of carpophores (Royse,
1991). Trukhonovets (1991) maintains that during the period of carpophore development and growth, light is
an important factor in deciding about yielding and morphological characteristics of fruiting bodies.

Visible lights are located in the electromagnetic radiation spectrum, between infrared and ultraviolet
lights (Anonymous, 2024). Visible light bands from red to violet are the colours seen by human beings (Figure
1). These light bands are also effective in the growth of plants. Similarly, the effects of light on mushroom
quality have also been proven by some studies in the literature (Kap-Duk, 2000; Wu et al., 2013; Wang et al.,
2020; Ryu et al., 2023). Different types of light likely have effects on the yield as well as the quality of P.
ostreatus. Within the scope of this research, it was aimed to determine the effect of different light types on the
yield and physical characteristics of P. ostreatus such as fruit body colour and size by using a computer-
controlled automation system designed to physically operate the light sources.

Wavelength increases —» Visible lights
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wavelongih] -+ Q001000 | IGORER <oo || 2o in

Long
wavelength

High Ultra-violet lights : BLUE GREEN RED : Infrared lights
Frequency& I_485-450nm_565-500nm_750-625nmi
Energy

WHITE

Figure 1. The light bands in electromagnetic spectrum.

Sekil 1. Elektromanyetik spektrumdaki 1sik bantlari.
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MATERIALS and METHODS
Materials

The mushroom growing substrate used in the experiment was obtained from Asva Agriculture
Ltd. Co. (Kemalpasa, izmir). The mushroom strain used in the experiment was the "3002" strain of the
commercial "Amycel" company related to Pleurotus ostreatus species.

The electronic automation system in the study was used for the timing of colour lights at the
desired time interval and duration. It drives two 16-channel relay card modules to control direct current
(DC) LED strips installed on up to 32 different lighting zones. The automation system has a
microcontroller board, real-time-clock (RTC) module, parameter storage electrically-erasable
programmable read only memory (EEPROM) chip, microSD card module for data logging, RS485
module (MAXIM, 2003) for MODBUS communication for remote control, an operator panel as human
machine interface (HMI), a personal computer (PC) power supply, and two 16 channel relay module
boards.

The microcontroller board was selected as Arduino Mega 2560 R3 because it has plenty of
digital input output ports and four RS232 channels (ARDUINO, 2024). For timing the current date and
time data was acquired from DS3231 RTC module (Anonymous, 2015). The RTC module has also
AT24C32 EEPROM chip (MICROCHIP, 2003) and it is used to store and retrieve of zone active lighting
time and the time period data. The micro-SD card module [ref] was also connected to the Arduino
Mega 2560 R3 board for data logging. RS485 module was used to convert Arduino mega RS232 serial
channel to RS485 MODBUS communication protocol (Yue, 2020) using a Weintek Easyview Operator
panel as a remote terminal unit (RTU) (WEINTEK, 2017). 16 channel relay card (Anonymous, 2018)
was an optically isolated digital 5V input controlled module and was usually used for automation for
Arduino boards, Raspberry Pi boards and programmable logic controllers (PLCs) (Anonymous, 2011).
SMD5050 is an LED chip that it can create light in different colours with 3 different RGB colour inputs
(Anonymous, 2023). SMD 5050 contains three LEDs in a 5.0mm x 5.0mm area. Thus, an SMD5050
LED produces three times more light than a single-diode SMD3528 chip. Therefore, it is mainly used as
"area lighting" and can replace lamps or LEDs used for room or indoor lighting. Figure 2 shows SMD
5050 RGB LED chip and RGB LED module.

&

Figure 2. SMD 5050 RGB LED chip (left) and RGB LED module (right).
Sekil 2. SMD 5050 RGB LED cipi (solda) ve RGB LED modiilii (sagda).

The electronic system hardware schematic was given in Figure 3. The schematic shows the
necessary electronic components and their connections.The control software initialized RTC3231 module,
AT24C32 EEPROM chip, microSD card module, RS485 module, and 32 channel relay with initial values.
Then, RTC date and time values were read from RTC module, and the zone relays timings and activation
time parameters were read from EEPROM chip. RS485 operator panel poll operation was performed to
change zone time values and update the EEPROM values. Finally, relays were controlled one by one to
light colour LED strips because their pre-determined times. That control loop continued to the point that
the operator stops the automation.
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Figure 3. The electronic system hardware schematic.

Sekil 3. Elektronik sistem donanim semasi.

Method

The general algorithm of the control software was given in Figure 4.

v

Setup with initial values of serial channel 1, AT24C32 EEPROM,
RTC3231, microSD card, RS485, and 32 channel relay modules.

L 2
/ Read RTC date and time value I

= ]
\ Al

Read zone relay timings and activation time parameters
stored in EEPROM chip

Update

Relay 1 control h

Relay 32 control I-bl

/ Write log data to SD card ’
Yy

Figure 4. The algorithm of the control software.

Sekil 4. Kontrol yaziliminin algoritmasi.
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The cultivation studies were carried out in the mushroom production rooms of Ege University
Bergama Vocational School, which have computer-controlled automation systems. The spawn inoculated
growing substrates were placed on the shelves in the production rooms depending on the light colour and
lighting duration according to the random blocks experimental design with 8 replications for each
application. In the study, each compost bag weight was prepared as 4 kg and the bags were inoculated with
3% (w:w) spawn. During the mycelial development period, the temperature of the production rooms was set
at 25+2°C, humidity was kept at 85-90%, and fresh air was not supplied during this period (Figure 5).

Figure 5. A photo from the production room.

Sekil 5. Uretim odasindan bir fotograf.

After the completion of mycelial development, the lightening was applied for 8 and 12 hours with
white, red, blue, and green coloured LED lamps depending on the application to support the formation of
outline and caps (Table 1). The application areas were surrounded with black bags to not be affected by
each other. Furthermore, a control application using a fluorescent lamp was conducted for a duration of 8
hours (Atila, 2017). During this period, the room temperature was adjusted to 16-18°C, and the humidity
was maintained at 85-90%. Maintenance procedures such as ventilation were carried out (Stamets,
1993). In this research, the total amount of the product obtained from each unit in a production period was
calculated over 4 kg substrates and determined as total yield (g). The number of days until pinhead
initiation, the number of days until the first harvest and the total number of mushrooms were determined.
Average mushroom weight, cap diameter, stem diameter and stem length were determined.

Table 1. Light colours and duration of lighting used in the experiment

Cizelge 1. Denemede kullanilan isik renkleri ve aydinlatma siireleri

Application code Duration of lighting (hours) Colour
Control 8 Fluorescent

wW:8 8 White
R:8 8 Red
B:8 8 Blue
G:8 8 Green
W:12 12 White
R:12 12 Red
B:12 12 Blue
G:12 12 Green

Statistical analysis

All statistical analyses were carried out with SPSS (version 16). One—way ANOVA was used to
assess the statistical significance of the results between groups. The means were compared using
Duncan multiple range test (p<0.05).
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RESULTS AND DISCUSSION

Effect of light colour and lighting duration on the production process and yield of Pleurotus
ostreatus

A significant difference between applications (p<0.01) was found when evaluating the effect of
different light colours and durations on the mushroom pinhead initiation time of P. ostreatus. Depending
on the light colour and duration, pinhead initiation times were 23.38-26.25 days. In all applications, P.
ostreatus fruiting bodies were harvested between 34.25-36.25 days of production, approximately 9-11
days after pinhead initiation. While R:8 treatment was the latest to pinhead initiation with 26.25 days, R:12
treatment was the latest to harvest mushrooms with 36.25 days. Girmay et al. (2016), reported that
pinhead initiation occurred on the 17th day and harvesting of mature mushrooms occurred on the 27" day
in the study they conducted in compost prepared using cotton seeds. In the studies, it is generally
reported that the time taken for pinhead initiation in P. ostreatus mushrooms varies between 20-27" day
depending on the medium used (Fan et al., 2000). At the end of the production period was analyzed,
851.88 to 970.50 g/4 kg substrates was harvested and the difference between the applications was not
statistically significant (p>0.05) (Table 2). In a study using cotton seed substrate, the mushroom yield was
reported to be 277.30 g/kg (Girmay et al., 2016), while in another study it was reported as 312.4 g/kg
(Atila, 2017). The data obtained in the study were found similar to the previous studies. Siwulski et al.
(2013) investigated the effects of fluorescent lamps on different P. ostreatus strains depending on
different light intensity and illumination times and reported that the mushroom yields obtained with 6 h/day
illumination were lower than 10-14 h/day, and the highest mushroom yield was obtained with 14 h/day
illumination at 500 and 700 Ix illumination intensity. Jang et al. (2014) reported that the highest product
amount in P. ostreatus was obtained in blue+white light. In studies with other mushroom species, it has
been reported that blue light induces pigmentation during shiitake protoplast oogenesis (Leatham &
Stahmann, 1987), and blue light affects pinhead initiation and basidiocarp growth in Coprinus stercorarius
(Ellis et al., 1999). It was also reported that higher mycelial biomass was formed in the liquid culture of
reishi mushrooms under blue light (425-475 nm) (Zapata et al., 2009). However, no significant effect of
blue light on yield and earliness of mushrooms was observed in our study. The difference between the
applications in terms of the number of mushrooms was found to be significant and the highest number of
mushrooms was obtained from W:8 (65.50) and G:8 (64.00).

Table 2. The effect of light colour and lighting duration on the production process and the yield of Pleurotus ostreatus

Cizelge 2. Isik rengi ve 1stklanma siiresinin Pleurotus ostreatus'un Uretim sureci ve verimine etkisi

Number of fruit bodies
(mushroom/4 kg growing

Number of days until

Application pinhead initiation Number of days until the Total yield

first harvest (days) (9/4 kg growing substrate)

(days) substrate)
Control 24,25+0,37 35,13+0,13 % 868.88 54,00+3,09 a°
W:8 25,50+0,38 b° 34,63+0,38 @ 970.50 65,50+5,49 2
R:8 26,25+0,41 °© 35,25+0,16 893.25 59,50+4,65 2
B:8 24,63+0,32 ab° 34,25+0,37 @ 970.38 59,38+2,15 &
G:8 24,63+0,56 ¢ 34,63+0,38 @ 851.88 64,00+4,99 @
W:12 25,25+0,37 b° 34,50+0,33 @ 942.50 45,88+2,55 °©
R:12 25,50+0,63 " 36,25+0,82" 873.63 50,88+3,94 "
B:12 25,00+0,19 2° 34,75+0,25 @ 903.50 47,13+1,69 °©
G:12 23,3840,38 2 34,5040,33 2 896.25 49,25+2,70 b°
p value <0.001 <0.029 0.190 <0.001

According to Duncan test, there is no significant difference between the applications in the same column and indicated by the same letter.
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Effect of light colour and lighting duration on average mushroom weight and fruitbody size
of Pleurotus ostreatus

The average mushroom weight, fruitbody diameter, stalk diameter and stalk length were
determined for different colour and lightening periods and significant differences were found between
applications (p<0.01). The average mushroom weight varied between 13.44 and 20.93 g. In terms of
fruitbody diameter, the highest value was obtained in B:12 with 9.59 cm, while the lowest values were
measured in R:8 and R:12 with 5.97 and 5.92 cm, respectively. Stem diameter varied between 1.37-1.98
cm and the highest value was obtained from B:8 (1.98 cm) and B:12 (1.93 cm). Similarly, the highest
values were determined from B:12 and B:8 in terms of stem length (Table 3).

Girmay et al. (2016) investigated the effects of different substrates contents on P. ostreatus
mushrooms and reported that the diameter of the cap was 6.95 cm, and the stem diameter was 3.11 cm
and the stem length was 2.95 cm with cotton seed substrate. In the study researching the effects of light
intensity and illumination duration on P. ostreatus, the highest cap diameter, stem diameter and length
were obtained at 500 and 700 Ix illumination intensity and 14 h/day illumination (Siwulski et al., 2013).
Jang et al. (2014) investigated the effects of different coloured LED light mixtures on the quality of P.
ostreatus mushrooms. In the study, the lowest fruitbody diameter value was obtained with green+red
light, while mushrooms illuminated with blue+green, green+white, blue+white and fluorescent lamps
displayed the same characteristics. In addition, it was reported that the highest value of cap
diameter/stem length was found in blue+white colour application, while the highest value of stem length
was obtained from green+red colour light application. Blue light appears to be beneficial for mushroom
cultivation, other mushrooms reported to increase fruitbody size in blue light include shiitake (Namba et
al., 2002) and maitake (Sakamoto et al., 2005).

Table 3. Effect of light colour and lighting duration on average mushroom weight and fruit bodies size of Pleurotus ostreatus

Cizelge 3. Isik rengi ve 1siklanma sliresinin Pleurotus ostreatus'un ortalama mantar agirligi ve meyve gévdesi biyukligi
Uzerine etkisi

Application Averagg mushroom Cap diameter Stem diameter Stem length
weight (9) (cm) (cm) (cm)
Control 16,23+0,86 6,23+0,46 ©f 1,15+0,07 « 1,59+0,07 «
W:8 15,48+1,16 % 9,21+0,51 & 1,83+0,08 ® 1,77+0,06 ®*
R:8 15,46+0,83 % 5,97+0,19 f 1,40+0,02 ¢ 1,46+0,03 ¢
B:8 16,46+0,48 bede 8,42+0,22 ac 1,98+0,06 2 2,02+0,06 2
G:8 13,44+0,63 © 6,76+0,53 df 1,67+0,07 1,73+0,07 **
W:12 20,93£1,18 2 7,98+0,38 bcd 1,86+0,09 * 1,91+0,13
R:12 17,72+1,06 b= 5,92+0,55 f 1,47+0,07 « 1,53+0,05 «
B:12 19,30+0,64 ® 9,59+0,34 2 1,93+£0,05 2 2,03+0,05 2
G:12 18,56+1,44 3© 7,5040,53 cde 1,70+0,06 1,76+0,10 *
p value <0.000 <0.000 <0.000 <0.000

According to Duncan test, there is no significant difference between the applications in the same column and indicated by the
same letter.

Figure 6 shows the photographs from Pleurotus ostreatus production under different light colour
and duration.
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G:8 wW:8 R:12

B:12 G:12 W:12

Figure 6. Pleurotus ostreatus production under different light colour and lighting duration.

Sekil 6. Farkl isik rengi ve aydinlanma sirelerinde Pleurotus ostreatus uretimi.
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CONCLUSION

According to the results obtained in the study, wavelength and duration of light do not affect yield
and earliness of Pleurotus ostreatus mushroom. However, it was observed that blue light had positive
effects on fruitbody size which were among the quality criteria. However, the effects of light wavelength
and duration on the storage process and bioactive content of the mushroom should be investigated in
detail in further studies.
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ABSTRACT

Objective: The objective of this study is to assess the efficacy of Serendipita
indica, a basidiomycete endophyte, as a biological control agent against
Fusarium wilt disease caused by Fusarium oxysporum f. sp. ciceris in disease
susceptible chickpea cultivar JG62.

Material and Methods: Chlamydospores of Serendipita indica were applied to
the roots of the germinated JG62 variety, followed by inoculation with Fusarium
oxysporum f. sp. ciceris race 5 one week after the application. Disease severity
and plant fresh weight were measured 25 days after inoculation. The
colonization pattern of Serendipita indica and Fusarium oxysporum f. sp. ciceris
were monitored by quantifying fungal DNA using gPCR over time. The
antagonistic interactions between the fungi were determined using the dual-
culture method.

Results: Serendipita indica successfully colonized the chickpea roots leading to
a decrease in biomass of Fusarium oxysporum f. sp. ciceris in the roots and
diminished the overall symptoms such as wilting and yellowing caused by
Fusarium infection. Besides, direct antagonistic effect of Serendipita indica was
found against Fusarium in vivo conditions.

Conclusion: These results indicate the potential of Serendipita indica as a
biological control agent in developing sustainable strategies for managing
Fusarium wilt of chickpea.

0z
Amag: Bu calismanin amaci, nohutlarda Fusarium oxysporum f. sp. ciceris
tarafindan kaynaklanan Fusarium solgunlugu hastaligina karsi biyolojik kontrol

ajani olarak Serendipita indica adh bir basidiomycete endofit fungusun etkinligini
degerlendirmektir.

Materyal ve Yontem: Serendipita indica klamidosporlari ¢imlendirilen JG62
¢esidinin koklerine uygulanmis ve uygulamadan 1 hafta sonra Fusarium
oxysporum f. sp. ciceris irk 5 inokulasyonu yapilmistir. Hastalik siddeti ve bitki
yas agirhgi inokulasyondan 25 giin sonra Olgulmustir. Serendipita indica ve
Fusarium oxysporum f. sp. ciceris kolonizasyonu fungal DNA miktarinin zamana
bagh olarak gPCR ile belirlenmesiyle izlenmistir. Funguslar arasindaki
antagonistik etkilesimler ikili-kultir yontemi kullanilarak belirlenmistir.

Arastirma Bulgulari: Serendipita indica basarili bir sekilde nohut koklerini
kolonize ederek koklerdeki Fusarium oxysporum f. sp. ciceris biyomasinin
azalmasina ve Fusarium enfeksiyonu sonucu ortaya c¢ikan solgunluk ve
sararma gibi belirtilerin azalmasina neden olmustur. Ayrica, Serendipita
indica'nin Fusarium solgunlugu etmenine karsi dogrudan antagonistik etkisi
bulunmustur.

Sonug: Bu sonuglar, nohutta Fusarium solgunluguna karsi surdurulebilir
stratejiler gelistirmede Serendipita indica'nin biyolojik kontrol ajani olarak
potansiyelini gostermektedir.
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INTRODUCTION

Fusarium wilt of chickpea, caused by Fusarium oxysporum f. sp. ciceris (Foc), is recognized as a
significant soil-borne disease affecting chickpea, leading to wilting at various stages, from seedling to
podding (Navas-Cortés et al., 2000; Sharma et al., 2005; Jiménez-Diaz et al., 2015; Jendoubi et al.,
2017). Fusarium wilt represents a globally significant pathogenic threat to chickpea cultivation, exerting
substantial impact on the crop's health and productivity (Kumar et al., 2015; Jendoubi et al., 2017).
Chlamydospores as highly infectious asexual spores present in the soil serve as the main source of
inoculation for Fusarium wilt in chickpeas. Foc penetrates the roots either directly or through the wounds,
colonizes intercellular spaces of the root cortex, and ultimately invades the xylem vessels, resulting in
mostly wilting, yellowing and necrosis of foliage (Jiménez-Diaz et al., 2015; Bhar et al., 2021).

Foc chlamydospores exhibit a remarkable ability to persist in soil for an extended duration of up to
six years, even in the absence of a suitable host (Haware et al., 1996). This resilient characteristic poses
a significant challenge to the effective control of the pathogen. Given their nature as soil pathogens,
managing these organisms through synthetic fungicides poses considerable challenges and is not
applicable most of the time (Dubey et al., 2007). Furthermore, their colonization predominantly within the
xylem and root cortex of the plant impedes effective chemical delivery to these specific regions. Despite
the demonstrated efficacy of certain fungicides in managing this disease in vivo, it is imperative to
acknowledge the potential risks associated with their practical application, particularly concerning human
and environmental health (Jamil & Ashraf, 2020). Meanwhile, Fusarium wilt is primarily managed through
the cultivation of resistant cultivars and the most cost-effective and environmentally friendly approach to
control Fusarium wilt is the utilization of resistant cultivars, whenever they are accessible (Landa et al.,
2007; Li et al., 2015; Bharadwaj et al., 2022; Yadav et al., 2023). However, it should be noted that the
resistance, especially controlled by a single R gene, can be easily overcome by different Foc races.

The challenge of managing Fusarium wilt, along with similar soil-borne wilt diseases, has prompted
researchers to investigate biological control methods mainly in the last decade (Soltanzadeh et al., 2016;
Bubici et al., 2019; Kumari & Khanna, 2020; Poveda, 2021; Akbaba & Genc, 2024). Plant-associated
endophytic fungi, constitute a biodiverse group of microorganisms typically present asymptomatically
within plant tissues or intercellular spaces. It has been showed that endophytic fungi play a crucial role in
promoting the growth of host plants by directly producing secondary metabolites, thereby enhancing the
plants' resistance to both biotic and abiotic stresses (Phurailatpam & Mishra, 2020; Fontana et al., 2021;
Lu et al., 2021; Chaudhary et al., 2022).

Serendipita indica (S. indica), formerly known as Piriformospora indica is a basidiomycete that
colonizes plant roots as an endophyte and it has gained significant attention in recent decades due to its
broad host range and the various beneficial effects on its host in terms of protection and growth support
(Verma et al., 1998; Singhal et al., 2017; Saleem et al., 2022; Roylawar et al., 2023). S. indica can
colonize a wide range of plants including mono- and dicotyledonous species and establish symbiotic
associations with them (Qiang et al., 2012). Serendipita indica has a capability to suppress the immune
system, which is crucial for its biotrophic root colonization (Daneshkhah et al., 2018). This feature may
specifically account for its remarkably wide range of host compatibility (Jacobs et al., 2011). The most
agriculturally significant advantages include promoting growth, increasing seed yield, and enhancing
resistance or tolerance to both biotic and abiotic stresses (Singhal et al., 2017; Boorboori & Zhang, 2022;
Saleem et al., 2022). Serendipita indica exhibits similarities to typical arbuscular mycorrhizal fungi (AMF)
in terms of growth promotion, morphological features, and functional characteristics (Aslam et al., 2019).

Serendipita indica has proven to be successful against fungal pathogens including necrotrops such
as Botrytis cinerea (Narayan et al., 2017) and Fusarium culmorum (Harrach et al., 2013), and biotrophs
such as Blumeria graminis f. sp. hordei (Felle et al., 2009) and Golovinomyces orontii (Stein et al., 2008).
However, it is noteworthy that a significant part of the studies is against soil-borne root rot or wilt
diseases, especially caused by Fusarium species. Many studies from independent groups have shown
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that colonization of tomato roots with Serendipita species showed strong potential to decrease the
Fusarium wilt disease caused by Fusarium oxysporum f. sp. lycopersici by enhancing the plant defense
mostly (del Barrio-Duque et al., 2019; Ghezel Sefloo et al., 2019; Hallasgo et al., 2022). The findings of
Cheng et al., (2020) suggested that S. indica colonization may enhance the resistance of banana to
Fusarium oxysporum f. sp. cubense FocTR4 which is undoubtedly the biggest threat to global banana
production by regulating the activity of antioxidant enzymes. No direct effect was observed between
S.indica and FocTR4, indicating that improved protection depends on indirect interaction rather than
antagonistic effect. More recently, significant improvement in morphophysiological parameters of maize
plants was reported with the application of S. indica-inoculated compared to non-inoculated plants under
conditions of drought stress, Fusarium proliferatum, and combined of them. Moreover, inoculation with S.
indica led to an increase in chlorophyll content, suggesting enhanced photosynthesis in maize plants
(Noori et al., 2023).

In this study, it is aimed to test the plant protection activity of S. indica against Fusarium wilt disease,
as well as plant growth promoting features in chickpea under growth chamber conditions. The colonization
levels of both Foc5 and S. indica in a time dependent manner was monitored. The study provides evidence
that colonization of chickpea roots with S. indica prevents the colonization of Foc resulting the reduction
in disease severity.

MATERIAL AND METHODS

Plant materials, S. indica inoculations and growth conditions

The wild-type chickpea (Cicer arietinum L.) genotype "JG62" seeds were kindly provided by Assoc.
Prof. Dr. Abdullah Kahraman (Harran University, Turkiye). The seeds were surface sterilized by soaking
2% sodium hypochlorite for 3 min, followed by rinsing 5 times with sterile water. Seeds were then
germinated between sterile filter paper layers moistened with 1 mM calcium sulfate solution in the dark
conditions for 5 days at 25°C.

Serendipita indica (IPAZ-11827) was kindly provided by Dr. Jafargholi Imani (Justus Liebig University
Giessen, Research Centre for BioSystems, Land Use and Nutrition, Institute of Phytopathology, Giessen,
Germany) and grown on PDA (potato dextrose agar) medium for 8-10 days at 25°C. Mycelial plugs
transferred to the PDB (potato dextrose broth) medium were further cultivated at 25°C and 120 rpm.
Chlamydospores were harvested from 7 days of cultures, washed three times with sterile water and
adjusted to a final concentration of 1x10° chlamydospore mL™ in sterile water supplemented with Tween-
20 (0.002%).

Roots of 5-day-old seedlings were inoculated with S. indica chlamydospores by the root dipping
method, followed by the planting to the pots filled with soil:perlite:peat mixture (1:1:1 v/v/v). Plants were
grown in walk-in growth chambers with a 16-hours light/8- hours dark photoperiod with 24+1°C. Mock
plants were treated with sterile water containing Tween-20.

Pathogen inoculation and disease assessment

Fusarium oxysporum f. sp. ciceris strain Foc5 was kindly provided by Prof. Dr. Canan Can (Gaziantep
University, Tirkiye) and cultured on PDA at 25°C in the dark for 7 days. Mycelial plugs were transferred to
the PDB medium for spore production and cultivated at 25°C for 5 days under constant shaking at 120 rpm
at dark conditions. The conidial suspension was filtered through several layers of cheesecloth, washed
several times with sterile water and the concentration was adjusted to 1x107 conidia mL. One week after
S. indica treatment, plants were uprooted and dipped into Foc spore suspension for 5 min. Inoculated
plants were re-planted to the same pots. Control plants were treated with sterile water by using the same
method.
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The level of disease was scored based on the external symptoms such as wilting, yellowing and
necrosis (0-4 scale) 25 days after inoculation: 0= no lesions and 1= 1 to 33%, 2= 34 to 66%, 3= 67—100
and 4= dead plants (Navas-Cortés et al., 1998). Demonstration of scale used in this study was given in
Figure 1. Shoot fresh weight was also taken after disease assessment.

Figure 1. Disease scoring scale used for the assessment of Fusarium oxysporum f.sp. ciceris (race5) infection.

Sekil 2. Fusarium oxysporum f.sp. ciceris (irk5)’in enfeisyonunun degerlendiriimesinde kullanilan hastalik skorlama skalasi.

Quantification of S. indica and F. oxysporum f. sp. ciceris colonization by real-time PCR

The relative quantification of fungal colonization was done by calculating the ratio of either S. indica
or Foc DNA to chickpea DNA. Plant roots were carefully harvested, washed several times gently with tap
water to remove growth medium particles and flash-frozen in liquid nitrogen. Genomic DNA was isolated
from roots by applying CTAB method described by Doyle & Doyle, (1987), and diluted to 20 ng ult. gPCR
was performed with primers specific for S. indica Internal Transcribed Spacer (ITS) gene, Foc5 5.8
ribosomal DNA (5.8 rDNA) gene or C. arietinum L. Elongation factor 1« (Efla) using PikoReal 96 real-
time PCR system (Thermo Scientific, Burlington, Canada) and RealQ Plus 2x Master Mix Green without
ROX (Ampligon, Denmark) according to instructions from the manufacturer. Primer sequences used in
this study as follows: S. indica ITS forward 5'-CAACACATGTGCACGTCGAT-3' and S. indica ITS reverse
5-CCAATGTGCATTCAGAACGA-3' (Deshmukh et al., 2006), Foc5 5.8 rDNA forward 5'-
GTTGAAATGACGCTCGAACA-3' and Foc5 5.8 rDNA reverse 5- GCCAGAGGACCCCTAAACTC-3'
(Chakraborty et al., 2020). Cycling conditions were 15 min at 95°C followed by 35 cycles of 20 s at 95°C,
30 s at 60°C, 30 s at 72°C.

In vitro confrontation assay for direct antifungal activity

The study conducted an in vitro assessment to investigate the potential antagonistic capability of
our S. indica isolate against Foc using a dual culture assay (Sun et al., 2014). Mycelial plugs (6 mm
diameter) of S. indica and Foc were obtained from the edges of 7-d-old actively growing colonies on PDA
and were placed opposite to each other at the edge of 9 cm diameter sterile petri dishes containing PDA.
Plates were incubated at 25°C in the dark for 7 d.

Statistical analysis

The statistical analysis of the data was conducted utilizing GraphPad Prism version 9 software
(GraphPad Software Inc., San Diego, CA, USA). Data points are presented as the mean values
accompanied by standard error (SE). A minimum of 15 biological replicates were utilized for disease
assessment and fresh growth analyses. Additionally, for biomass determination of S. indica and Foc, a
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minimum of 5 biological replicates were used. The assessment of normality and homogeneity of variance
was conducted utilizing the Shapiro-Wilk test. Subsequently, the comparison of mean values for the
measured parameters was performed using Student’s t-test.

RESULTS and DISCUSSION

The mechanism of action of most biological plant protection products is based on direct of the
antimicrobial products on phytopathogens. Utilizing biocontrol agents that directly colonize plants and
enhance plant defense represents a potentially more sustainable strategy, which may exhibit more
resilience to external environmental influences. S. indica as a fungal endophyte, has gained significant
attention recently due to its capability to colonize a wide range of plant species and enhance plant
performance against diverse stress factors. Here, it is evaluated that the efficacy of S. indica in managing
Fusarium wilt in chickpea, a particularly challenging task as Fusarium wilt invades the roots and vascular
systems of the plants.

To verify and monitor the root colonization of S. indica, its DNA was quantified by qPCR. Relative
biomass data indicated that S. indica successfully colonized chickpea roots and although no significant
difference was observed between 7 and 14 days, the colonization ratio of S. indica increased over time
(Figure 2). Successful colonization of chickpea roots by S. indica was also shown before by using
histochemical analysis (Narayan et al., 2017).
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Figure 2. Relative amount of Serendipita indica DNA obtained from plant tissue.

Sekil 2. Bitki dokusundan elde edilen Serendipita indica DNA'sinin bagil miktari.

Twenty-five days after pathogen inoculation, the disease symptoms of chickpea seedlings,
inoculated either with S. indica or mock treatment, were assessed. It was found that plants pre-inoculated
with S. indica exhibited significantly lower disease symptoms such as wilting and yellowing compared to
those in the mock group (Figure 3A, 3C). Besides, S. indica contributed to the increase in average plant
fresh weight. Similarly, plants pretreated with S. indica showed higher biomass than mock-treated plants
in Foc inoculated groups (Figure 3B, 3C).
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Figure 3. Disease score of mock and S. indica inoculated chickpea plants (A), Fresh weight of experimental groups (B),
Representative pictures of the experimental groups (C), In vitro confrontation plate (D), (*P<0.05, **P<0.01).

Sekil 3. Mock ve S. indica ile asilanmig nohut bitkilerinin hastalik skoru (A), Deney gruplarinin yas agirliklari (B), deney gruplarinin
temsili fotograflari (C), In vitro karsilastirma testi (D), (*P<0.05, **P<0.01).
The Foc colonization of chickpea roots was also monitored. The progression of Fusarium colonization
was comparable in roots treated with either mock or S. indica after 7 days post-inoculation (dpi). However,
the Foc's progression was notably found suppressed by S. indica 14 and 21 dpi (Figure 4).
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Figure 4. Relative amount of Fusarium oxysporum f.sp. ciceris (race5) (*P<0.05)

Sekil 4. Fusarium oxysporum f.sp. ciceris (irk5)’in oransal miktar: (*P<0.05)
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Narayan et al. (2017) showed that chickpea plants colonized with S. indica exhibited significant
increase in plant biomass and root development compared to control treated plants. A significant
reduction in disease caused by necrotrophic pathogen B. cinerea was also observed in S. indica treated
plants. In contrast, it has been reported that S. indica alone causes a decrease in dry plant biomass in the
early period of colonization in chickpea, however when applied in combination with Pseudomonas striata,
a phosphate-solubilizing bacterium, it has a positive effect on plant biomass (Meena et al., 2009).
Furthermore, Combination of S. indica with Mesorhizobium cicer and Pseudomonas spp. has found to
have a synergistic effect on bioaugmentation of chickpea productivity (Mansotra et al., 2015).

Serendipita indica does not exhibit a direct antagonistic effect on various Fusarium species such as
F. oxysporum f. sp. fragariae (Huang et al., 2024), and F. graminearum (Deshmukh & Kogel, 2007; Li &
Guo, 2022), F. culmorum (Rabiey et al., 2015). However, it has been previously shown that soil-borne
pathogen Verticilium dahliae is inhibited by S. indica in vitro conditions (Sun et al.,, 2014). The
interactions of Foc and S. indica were examined in vitro conditions using the dual culture method and a
weak antagonistic effect against Foc was observed (Figure 3D) indicating that improved protection could
be related with direct antagonism. S. indica delivers its effectors into host cells to manipulate host
metabolism for successful colonization (Nizam et al., 2019). These effectors trigger several plant
responses leading to enhanced defense against phytopathogens. Induced systemic resistance (ISR) is
one of two well-established systemic defense response types of plants known to be mainly regulated by
jasmonic acid and ethylene hormones (Pieterse et al., 2014). It has been demonstrated that various plant
genes, including vegetative storage protein (VSP) (Stein et al.,, 2008) and 1-aminocyclopropane-1-
carboxylic acid oxidase (ACC oxidase) (Schafer et al., 2009), which are associated with the jasmonic
acid, and ethylene-related pathways, respectively, exhibit upregulation during the S. indica symbiotic
interaction, which indicates ISR could be a part of response following S. indica colonization. S. indica can
trigger transcriptional regulation of antioxidant-related genes and/or the production of antioxidant
enzymes such as peroxidase and superoxide dismutase (Nassimi & Taheri, 2017; Li & Guo, 2022).
Based on these, it is speculated that improved protection against Foc in chickpea plants could also be
related to the enhanced plant defense responses triggered by S. indica.

CONCLUSIONS

The findings reveal a distinct reduction in Foc colonization in chickpea inoculated with S. indica as
compared to mock inoculation. This situation has been consistent with the plant fresh weight and disease
scoring data. These results present preliminary evidence supporting the prospective application of S.
indica fungus as a viable biological control agent against Foc in chickpea plants. This study contributes to
the expanding knowledge base on the potential utilization of S. indica in enhancing resistance against
specific pathogens in chickpea cultivation.
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ABSTRACT

Objective: The objective of this investigation was to determine the effects of
different applications of magnesium (Mg) on yield, yield attributes, fiber quality
traits, chlorophyll content, and normalized difference vegetative index in cotton.

Material and Methods: In this study 7 different Mg applications were applied,
and MAY 455 cotton cultivar and Magnesium Sulphate were used.

Results: It was determined that seed cotton yield, number of nodes of first fruiting
branches, number of vegetative branches, number of bolls, height/node ratio, boll
weight, fiber strength, uniformity, elongation, and spinning consistency index
were affected by magnesium applications. The highest value in terms of the
number of bolls, number of vegetative branches and height/node ratio was
observed with 200 cc/da Mg application at the squaring stage, while the highest
seed cotton yield was recorded with 200 cc/da Mg at flowering stage and Mg
application lead to increase 60 kg/da in seed cotton yield. The highest spinning
consistency index and uniformity was obtained with 600 cc/da Mg application at
the squaring stage, other quality traits were affected by different doses or
application stages.

Conclusion: Applying green parts during the squaring or flowering period may
be advantageous since magnesium has a positive impact on the yield and certain
fiber quality of cotton.

0z
Amag: Bu arastirmanin amaci, farkl magnezyum (Mg) uygulamalarinin pamukta

verim, verim kriterleri, lif kalite 6zellikleri, klorofil icerigi ve normalize edilmis
vejetasyon farkhlk indeksi Uzerindeki etkilerini belirlemektir.

Materyal ve Yontem: Calismada 7 farkh Mg uygulamasi yer almis, MAY 455
pamuk gesidi ve Magnezyum Silfat kullaniimigtir.

Aragtirma Bulgulari: Magnezyum uygulamalarinin katld pamuk verimi, ilk
meyve dali bogum sayisi, odun dali sayisi, koza sayisi, boy/nod orani, koza
agirhg, lif mukavemeti, Gniformite, uzama ve iplik olabilirlik indeksini etkiledigi
belirlenmistir. Koza sayisi, odun dali sayisi ve boy/nod orani bakimindan en
yuksek deger taraklanma déneminde 200 cc/da Mg uygulamasinda elde
edilirken, en yiiksek kutli pamuk verimi giceklenme déneminde 200 cc/da Mg
uygulamasindan elde edilmistir. Mg uygulamasi pamuk veriminde 60 kg/da artisa
yol agmistir. En yiksek lif Gniformitesi ve iplik olabilirlik indeksi taraklanma
doéneminde 600 cc/da Mg uygulamasiyla elde edilmis, dider lif kalite 6zellikleri
farkli dozlardan ve farkli uygulama dénemlerinden etkilenmistir.

Sonug¢: Pamuk uretiminde taraklanma veya ¢i¢ceklenme déneminde magnezyum
uygulamasinin pamuk verimini ve bazi lif kalite 6zelliklerini olumlu ydnde
etkilemesi nedeni ile yesil aksama uygulanmasinin faydali olabilecegi sonucuna
variimistir.
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INTRODUCTION

Magnesium is an essential macro element that affects the growth and development of plants,
however it is known that further research is being done on other nutritional elements. For this reason, the
concept of a forgotten element emerged and was used (Cakmak & Yazici, 2010; Guo et al., 2016). A
defining reason for this gap in research is that Mg deficiency is often unrecognized or undiagnosed in
agriculture. Indeed, acute Mg deficiency is typically associated with visible intervascular chlorosis and
reduced growth, while the more common latent deficiency is often not visible and difficult to diagnose, but
negatively affects crop yield (Cakmak & Yazici, 2010; Cakmak & Kirkby, 2008). Root growth in the plant
decreases in magnesium deficiency, and it has been reported that monitoring root growth under Mg
deficiency conditions may be a more reliable indicator than chlorosis (Cakmak et al., 1994).

Plant production frequently experiences both latent and acute magnesium shortages (R6mheld &
Kirkby, 2007). A common sign of magnesium insufficiency is intravenous chlorosis of the leaves. Since Mg
acts as the central atom in the chlorophyll molecule, the development of chlorosis requires prior degradation
of chlorophyll. Since Mg is strongly bound to this molecule, chlorosis appears to be a late response to Mg
deficiency. In plants well-nourished with Mg, only approximately 20% of the total Mg is bound to chlorophyll,
while the remaining approximately 80% is found in more mobile forms (Marschner et al., 1996; Marschner,
2012).

Symptoms of magnesium excess are generally rare. The most important negative effect of
magnesium excess is that it prevents K and Ca uptake. The Mg concentration required for optimal plant
growth is between 0.15 and 0.35% of the plant dry weight (Karaman, 2012).

Magnesium is a silver-white metal and is often used by mixing it with other metals. Its chemical
symbol is Mg, atomic number is 12; this element, with an atomic weight of 23.312, is one of the lightest
metals and has gained importance with this feature. Chlorophyll, which gives the green color to the leaf,
contains magnesium. Since magnesium is included in the composition of chlorophyll, in case of its
deficiency, not enough chlorophyll can be formed in the leaves and as a natural result, chlorosis problem
occurs in the leaves. The most important function of magnesium is to be the central cation in the chlorophyli
molecule. Magnesium is a mobile element in plants, so it accumulates most in the growth tips of plants and
especially in young leaves. Magnesium is a mobile nutrient, and its remobilization occurs from older leaves
to younger leaves (Taiz & Zeiger, 2010). It is transported to the seed from these regions during seed
formation. Magnesium deficiency first manifests itself in older leaves.

It is known that plants absorb magnesium from the soil in the form of Mg?* ions. Magnesium is taken
into plant root cells either actively by energy-requiring metabolic processes or passively by diffusion along
a channel along a concentration gradient (from high Mg concentration to low Mg concentration). Some
researchers have stated that Mg is passively taken up into root cells, but at a later stage, it is transferred
from the cytoplasm to the vacuole by active uptake processes through carrier pumps present in the
membrane such as H-ATPase and inorganic pyrophosphatase. Although the dissolved Mg level in the soil
solution is higher than K, Mg migration into the root is less than K migration. It has been stated that changing
Ca:Mg ratios in soil does not affect fiber yield, fiber quality properties and K uptake in cotton (Stevens et
al., 2005). Prior studies have revealed that excess K in soil can limit the uptake of both Mg and Ca from the
soil and vice versa. Antagonistic effects between Mg, Ca and K have also been reported by other
researchers (Farhat et al., 2016; Chaganti & Culman, 2017).

The most ubiquitous enzyme on earth, ribulose-1,5-bisphosphate (RuBP) carboxylase, is a crucial
Mg-activated enzyme involved in photosynthesis. As a result, magnesium deficiency adversely affects
numerous vital physiological and biochemical processes in plants, which deteriorates growth and output.
Generally, magnesium's role in metabolic processes stems from its ability to activate a multitude of enzymes
(Cakmak & Yazici, 2010). For this reason, it is stated that there are new findings that it effects on issues
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such as the physiology of Mg uptake by plants and the role of Mg in stress physiology (heat, drought, low
pH, high radiation, metal toxicity, etc.) (Granse & Fuhrs, 2013).

It has been reported that magnesium increases resistance to diseases in plants and has both a direct
and indirect effect on the disease, its response to changing environmental conditions may be different due
to its antagonistic effect with other elements, and fusarium wilt pathogens are less effective in the presence
of sufficient Mg (Huber & Jones, 2012).

The concentration of Mg in plant tissues varies not only according to the plant species and variety
but also according to the developmental stage of the plant and its development period. Ahmed et al. (2020),
reported that the amount of Mg in the leaves, stems and roots of cotton was 801.6 mg/kg, 765.4 mg/kg,
649.5 mg/kg, respectively, Mg deficiency causes browning, yellowing, and necrosis of the leaves, and
photosynthesis decreased due to the accumulation of sugars and starches in photosynthetic products.
Although the Mg concentration of the plant varies depending on the level of other mineral nutrients and
environmental factors, it is also affected by climatic factors. Although the importance of magnesium as an
essential phytonutrient in plants is well established, the effect of Mg on quality parameters has rarely been
addressed (Gerendas & Fuhrs, 2013).

The purpose of this study was to determine the effects of different applications of magnesium on seed
cotton yield and fiber yield, yield attribute traits, fiber quality characteristics, chlorophyll content and NDVI
value.

MATERIALS and METHODS

This experiment was conducted in 2021 in the experimental area of the Siirt University Faculty of
Agriculture. In the research, MAY 455 upland cotton variety obtained from the private sector was used as
plant material, and Magnesium Sulfate in liquid form was used as a magnesium source.

Soil samples were taken from the trial area from 0-30 cm soil depth before planting and some soil
properties were analyzed at the university laboratory. The determined features are given below in Table 1.

Table 1. Main properties of the soil in the experimental area

Cizelge 1. Deneme alani topraklarinin baslica 6zellikleri

Specifications Value
Clay-Loam, % 59,4
Electrical conductivity, dS /m 0,37
pH 7,90
Lime, % 1,58
Organic matter, % 0,92
Phosphorus, P,Os (kg da®) 5,59
Potassium, K,O (kg da?) 27,28

**: Siirt University, Science and Technology Application and Research Center’s Laboratory

Planting was performed with a cotton experimental planting machine on 13 April 2021, and each
parcel, four rows with a length of 6 m was planted, inter-rows were fixed at 0.7 m during sowing and a2 m
gap was left between blocks. A total of 140 kg ha* nitrogen and 80 kg ha* phosphorus were supplied to
the experiment. At the sowing, 80 kg ha* nitrogen and 80 kg ha! phosphorus were applied to the band with
a seeder in the form of compose fertilizer, and the remaining nitrogen (60 kg ha* N) was applied in the form

of urea before the first irrigation.
Climate data for 2021, when the experiment was conducted, and long- term climate data have been

given in Figures 1 & 2. When the climate data for 2021 is compared to the long term, it can be observed
that the minimum, maximum and average temperature values are above the long-term average (Figure 1).
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When the total amount of precipitation is examined, it is seen that the amount of precipitation in the year
when the experiment was conducted was behind the long term. The relative humidity values of the year in
which the experiment was conducted were behind long-term in April, May, June, October and November,
and above long- term in July, August and September (Figure 2).

Average, Minimum and Maximum Temperatures
in 2021 and Long-term Period
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= 2021 Average Temperature 2021 Maximum Temperature
s 2021 Minimum Temperature Long-term Average Temperature
Long-term Maximum Temperature Long-term Minimum Temperature

Figure 1. Minimum, maximum and average temperature during 2021 and long-years period.

Sekil 1. 2021 yilina ve uzun yillara ait minimum, maksimum ve ortalama sicaklik degerleri.

Rainfall and Relative Humidity in 2021 and Long-term Period
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Figure 2. Average rainfall and relative humidity during 2021 and long-years period.

Sekil 2. 2021 yilina ve uzun yillara ait yagis ve nispi nem degerleri.
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Magnesium was applied as foliar treatment with the use of a back sprayer. It was compared with the
control by applying doses of 200 cc, 400 cc and 600 cc da* during the squaring period of plant development
and the flowering period. The experiment was conducted and analyzed according to the completely
randomized block design with 4 repetitions and 7 different magnesium treatments were included in the
experiment.

All maintenance operations in the trial were performed on time. Regular pest control was carried out,
during the observations made in June, the thrips pest was found, and the pest was taken under control by
insecticide. The furrow irrigation method was applied, irrigation started during the blooming period and
terminated 10% of the bolls opening.

In the study, some agronomic characteristics were recorded from randomly selected 10 plants of
each plot, and normalized difference vegetative index values (NDVI) were determined by a GreenSeeker,
which is a handheld crop sensor from the center two rows of the plot and 60 cm above the cotton plant
during the flowering stage, 15 days after the magnesium application. Chlorophyll content was determined
according to Johnson & Sounders (2003) using the top 5" newly opened leaf and fully grown, ten randomly
selected plants from each plot during the flowering stage (15 days after magnesium application) with the
help of Minolta SPAD-502 instrument.

Harvesting was done manually and completed two times. The first picking was performed on September
15, when 60% of the bolls opened, and the remaining product was completed in the second harvest on
October 2, 2021. First and second- hand harvested cotton was weighed separately and then converted into
total yield. After the harvest was completed, samples of seed cotton were ginned with a small roller-gin to
determine the ginning percentage. Fiber samples were analyzed for fiber quality properties with the Uster
HVI 1000.

All data collected from the experiment were analyzed according to the completely randomized block
design with 4 repetitions and groupings were made according to Duncan’s multiple range tests at p<0.05.

RESULTS and DISCUSSION
The differences between investigated traits and Duncan’s test results are given in Tables 2-4.

Table 2. Average values and statistical levels of investigated agronomic traits

Cizelge 2. incelenen agronomik ézelliklere ait ortalama dederler ve istatistiki gruplamalar

Applications PH NMB NSB NNFFB NN HNR BN BW
1. Control 63.86+1.44 2.26+0.02° 10.60+0.19 6.33+0.40° 16.93+0.49 3.78+0.03° 8.86+0.34¢ 7.13+0.072
2.Squaring (200 cc)  70.80+2.95 3.00+0.102 10.66+0.76 6.26+0.61° 16.93+1.16 4.28+0.172  11.93+1.262 6.93+0.182°
3. Squaring (400 cc)  67.53+0.38 1.66+0.02° 10.20+0.21 6.20+0.28" 16.40+0.37 4.13+0.10®®  8.66+0.18°  6.96+0.08%°c
4. Squaring (600 cc)  70,66+1.41 2.93+0.35%  9.93+0.25 8.00+012%  17.93+0.29 3.95+0.01%®  8.80+0.79° 6.63+0.11¢
5. Flowering (200 cc) 70.33+2.72 2.26+0.15%° 11.06+0.64 6.40+0.21° 17.46+0.45 4.04+0.09% 11.26+0.17%  7.00+0.052°
6. Flowering (400 cc) 66.80+1.95 2.73+0.38% 10.40+0.04 7.40+0.20®® 17.80+0.31 3.77+0.05® 10.00+0.33%°¢  7.16+0.102
7. Flowering (600 cc) 67.40+1.86 2.00+0.11° 9.53+1.69 6.46x0.45° 17.33+1.04 3.93+0.16%  9.33+0.72°°  6.63+0.10%
Mean 68.20 2.40 10.34 6.72 17.25 3.98 9.83 6.92
CV (%) 6.30 19.18 15.84 11.72 8.46 5.78 14.52 3.42
Fvalue ns 4.65** ns 3.10* ns 2.50* 3.29* 3.32*

* ** Significant at p< 0.05 and p< 0.01, respectively
Different letters in the same column indicate that the difference between the means is statistically significant (p<0.05).

PH: Plant height; NMB: Number of monopodial branches; NSB: Number of sympodial branches; NNFFB: Node number of first fruiting
branches; NN: Number of nodes; HNR: Height/Node ratio; BN: Boll number; BW: Boll weight.
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Plant height

Average values of plant height varied between 63.86 and 70.80 cm, depending on the magnesium
applications, however, the differences between the treatments were not significant. It can be observed that
the general average of the trial is 68.20 cm as shown in Table 2.

From the same table, it can be seen that the highest plant height value was obtained from the 200 cc/da
magnesium application during the squaring period, which is the second application (70.80 cm), and the
lowest value of plant height was observed from the control (63.86 cm). In the study, it was determined there
was a slight increase in plant height values with magnesium application compared to the control,
Sankaranarayanan et al. (2010) revealed that plant height was not affected by magnesium. Madaan et al.
(2014) and Sadeghi et al. (2021) also revealed the same results, however, Jayalalitha & Narayanan (1996)
and also Mobarak et al (2013), pointed out that plant height was slightly affected by magnesium deficiency
in cotton. It was reported that in the registration trials of the MAY 455 cotton variety in 2021, the plant height
varied between 86 and 100 cm, and in 2022 it varied between 100 and 117 cm (Anonymous, 2023). In this
study, the plant height was found to be lower. These differences may have been due to planting time,
cultural practices, climatic conditions etc.

Number of monopodial branches

As shown in Table 2, the differences between treatments are statistically significant at the 1%
probability level for the number of monopodial branches. The average values for the number of monopodial
branches in the plant changed between 1.66 and 3.00 number plant?, and the overall average value of the
experiment was 2.40 number plant™.

The lowest value of the number of monopodial branches was recorded with the magnesium
application at a dose of 400 cc/da during the squaring stage (1.66 number plant) while the highest value
was recorded from the magnesium application during the squaring stage at a dose of 200 cc/da. It is seen
that magnesium applications applied in different doses and different plant development periods such as
squaring and flowering have a significant effect on the number of monopodial branches. Rajakumar et al.
(2010) reported that magnesium applications positively affected the number of monopodial branches.

Number of sympodial branches

It can be observed that there were no statistically significant differences in terms of the nhumber of
fruiting branches. The average values recorded for the number of fruiting branches per plant ranged from
9.53 to 11.06, and the overall average of the experiment was 10.34 number per plant?® (Table 2).

For the number of fruiting branches, the lowest value (9.53 number plant?) was observed from the
magnesium treatment applied at a dose of 600 cc/da during the flowering stage, and the highest value
(11.06 number plant') was recorded from the magnesium treatment applied to the during the flowering
stage, at a dose of 200 cc/da, however, it can be observed that the differences between magnesium
applications are not statistically significant.

Research findings appear to differ from those of Durmaz (2002) and Rajakumar & Gurumurthy
(2008), who reported that magnesium applications positively affected the number of fruiting branches. The
reason for this may be the type of cotton used as plant material in the study, climatic factors, differences in
the cultural applications, and differences in nutrients in the soil.

Number of nodes of first fruiting branches

There were statistically significant differences between magnesium treatments for the number of nodes
of the first fruiting branches as shown in Table 2. The values changed between 6.20 and 8.00 number plant™.
The lowest value for the number of nodes of first fruiting branches was 6.20 number plant?, obtained from
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400 cc/da magnesium treatment during the squaring stage, and the highest value for the number of nodes of
first fruiting branches was 8.00 number plant?, obtained from 600 cc/da magnesium treatment during the
squaring stage. The results of the study showed that magnesium applications affected the nodes number of
first fruiting branches, which is known as an important earliness criterion in the plant.

Number of nodes

Table 2 shows that there were no significant statistically differences between magnesium treatments
for the number of nodes. As shown the average values regarding the number of nodes varied between
16.40 and 17.93 number per plant?, and the overall average value of the trial was 17.25 number per plant™.
The highest value (17.93) was obtained with magnesium application applied at a dose of 600 cc/da during
the squaring stage, it is seen that the lowest value (16.40 number plant?) was obtained from 400 cc/da
magnesium application during the squaring stage.

Height/node ratio

In Table 2, it can be seen that there was a significant statistical difference between the applications
in terms of the height/node ratio (HNR) at the 5% significance level.

Average values obtained for the height/node ratio, which is an important indicator of plant development,
depending on the treatments, ranged between 3.77 and 4.28 number per plant?; it is seen that the highest
value was obtained from the application of magnesium at a dose of 200 cc/da during the squaring stage
(4.28 number plant?) and this treatment was followed by magnesium application of 400 cc/da during the
squaring period.

The lowest height/node ratio value (3.77 number plant?) was obtained with magnesium application
during the flowering stage at a dose of 400 cc/da. It is seen that application of magnesium to cotton has a
statistically significant effect on the height/node ratio (Table 2).

Number of bolls

The average values for the number of bolls vary between 8.66 and 11.93 number/plant; as a result
of the statistical analysis, it is seen that there are statistically significance differences between the
applications at the 5% probability and the overall average of the experiment is 9.83 number/plant.

The lowest boll number (8.66 number/plant) was obtained from magnesium application during the
squaring period at a dose of 400 cc/da and the control, while the highest boll number (11.93 number/plant),
was obtained from magnesium applied at a dose of 200 cc/da during the squaring stage and followed by
magnesium application during the flowering stage at a dose of 200 cc/da (Table 2.

The results of this study coincide with the studies done by Rajakumar & Gurumurthy (2008), who
reported that higher values were obtained in the number of bolls by applying magnesium and micronutrient
elements to the green parts and Ali et al. (2019) indicated that the number of bolls increased with the
combined application of magnesium and nitrogen to the leaves.

Boll weight

The average values obtained for boll weight ranged between 6.63 and 7.16 g, depending on the
applications; It is seen that there are statistically significant differences between the applications at the 5%
probability level and the overall average of this experiment is 6.92 g (Table 2).

The lowest value for boll weight (6.63 g) was observed from the magnesium application during the
squaring stage at a dose of 600 cc/da (6.63 g) and the magnesium application during the flowering stage
at a dose of 600 cc/da, while the highest boll weight value was observed as 7.16 g from magnesium applied
during the flowering stage at a dose of 400 cc/da.
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Rajakumar & Gurumurthy (2008) and Singh et al. (2015) reported that higher values in boll weight
were obtained by applying magnesium to the green parts of the plant.

Seed cotton boll weight

It is seen that the values obtained for seed cotton boll weight vary between 5.13 and 5.53 g, but the
differences between magnesium applications are not statistically significant. While the lowest seed cotton
weight per boll (5.13 g), was observed from the magnesium treatment during the squaring stage at a dose
of 600 cc/da, the highest value (5.53 g), was observed from the control and from the magnesium application
during the flowering stage at a dose of 400 cc/da (Table 2).

Number of seeds in boll

It is seen from the Table 3 that the values obtained in terms of the number of seeds in the boll
changed between 28.53 and 31.10 number boll"* depending on the treatments, but no significant differences
were detected between magnesium applications. The lowest value in terms of number of seeds in the boll
was observed from 600 cc/da magnesium application during the squaring stage, with a value of (28.53),
while the highest value, with a value of (31.10) was observed from 200 cc/da magnesium treatment during
the squaring stage. However, Sadeghi et al. (2021) reported that magnesium effectively increases
photosynthesis and the delivery of assimilates to the seed due to the increase in enzymatic activity.

Table 3. Average values and statistical levels of investigated traits

Cizelge 3. Incelenen ézelliklerin ortalama degerleri ve istatistiki gruplamalar

Applications SCBW SB FPP GP SPAD NDVI SCY FY

1. Control 5.53+0.05 30.50+0.81 77.46+5.40 45.73+0.22 47.63+1.57 0.75+0.01 387.73+18.00°¢ 177.24+8.14
2.Squaring (200 cc)  5.33+0.19 31.10+0.69 85.73+3.02 46.53+0.40 48.43+1.24 0.70+0.02 403.80+18.56%¢ 187.75+7.64
3. Squaring (400 cc)  5.36%x0.07 29.76x0.41 84.56+3.05 46.73x0.30 43.43+2.00 0.72+0.01 378.57+22.17¢ 176.80+9.38
4. Squaring (600 cc) 5.13+0.15 28.53#0.52 84.58+1.01 46.00+0.15 45.86+2.50 0.76+0.01 443.29+20.94%® 203.77+8.97
5. Flowering (200 cc) 5.46+0.06 30.06%0.13 85.31+4.11 45.73x0.45 47.26+1.84 0.76+0.00 446.74+5.902 204.33+4.64
6. Flowering (400 cc) 5.53+0.10 30.30+0.08 80.87+2.14 46.40+0.30 43.50+1.69 0.73+0.02 404.52+12.823¢ 187.63+4.82
7. Flowering (600 cc)  5.40+0.25 30.20+0.43 87.32+1.70 46.00+0.30 46.50+2.82 0.73+0.01 410.51+5.832  188.89+3.40
Mean 5.39 30.06 83.69 46.16 46.09 0.73 410.74 189.49
CV (%) 5.89 3.62 8.34 1.50 9.45 4.60 8.50 8.05
Fvalue ns ns ns ns ns ns 2.18* ns

* ** Significant at p< 0.05 and p< 0.01, respectively
Different letters in the same column indicate that the difference between the means is statistically significant (p<0.05).

SCBW: Seed cotton boll weight; SB: Seeds per boll; FPP: First picking percentage; GP: Ginning percentage; SPAD: Chlorophyll
Content; NDVI: Normalized difference vegetative index; SCY: Seed cotton yield; FY: Fiber Yield.

First picking percentage

It can be seen from Table 3 that there were non-significant differences between magnesium
treatments in terms of first picking percentage, which is known to be an important earliness criterion. The
mean values of the first picking percentage values depending on the magnesium doses ranged between
77.46 and 87.32% and the overall average of the trial was 83.69%. In terms of first picking percentage, the
highest result was observed from the magnesium application applied at a dose of 600 cc/da during the
flowering stage (87.32%), and the lowest value was observed from the control application (77.46%).

Ginning percentage

The ginning percentage values obtained as a result of magnesium applications varied between 45.73
and 46.73% and the overall average of the experiment was 46.16%. The control application and magnesium
application during the flowering stage at a dose of 200 cc/da showed the lowest value (45.73%) in terms of
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ginning efficiency, and the highest value (46.73%), was observed from the magnesium application at a dose
of 400 cc/da during the squaring stage (Table 3). However, it can be observed that the differences between
the applications are not statistically significant. Similar findings were reported by Singh et al. (2015).

Chlorophyll content (SPAD value)

Leaf chlorophyll content (SPAD) values varied between 43.43 and 48.43% depending on magnesium
applications; however, it appears that the differences between treatments are not statistically significant.
The highest leaf chlorophyll content (SPAD value) of 48.43% was obtained from magnesium applied during
the squaring period at a dose of 200 cc/da, while the lowest leaf chlorophyll content (SPAD value) value of
43.43% was observed from 400 cc/da dose during the squaring stage.

In this study, it was determined that magnesium applied in different periods and at different doses did
not have a significant effect on the chlorophyll content of the plant, and although the highest chlorophyll content
(SPAD) value was obtained from magnesium applied during the squaring period at a dose of 200 cc/da,
the differences were not statistically significant when compared to the control (Table 3).

Madaan et al. (2014) reported that elements such as N, Mg, and Fe have key roles in the structure
and synthesis of chlorophyll. It has been reported by (Helmy et al., 1960; Reddy et al., 1996; Cakmak &
Yazici, 2010; Rathika et al., 2013; Hauer Jakli & Trankner, 2019; Ahmed et al., 2020) that magnesium has
a dominant role in photosynthesis and plays an important role in chloroplast-related processes, which
contain over 35% Mg in the leaves. The fact that no significant differences were found between the
treatments in terms of chlorophyll content (SPAD value) in the study may be related to the amount of
magnesium used in the application, the application method and time, the development period of the plant
and the amount of magnesium in the soil.

Normalized Difference Vegetative Index (NDVI)

It is seen that normalized difference vegetative index (NDVI) values varied between 0.70 and 0.76
depending on magnesium applications, but the differences between the treatments were not significant.
The highest NDVI was recorded from the magnesium application at a dose of 600 cc/da during the squaring
stage (0.76) and the magnesium application at a dose of 200 cc/da during the flowering period, while the
lowest NDVI value was recorded from the magnesium treatment applied at a dose of 200 cc/da during the
squaring stage as 0.70 (Table 3).

Seed cotton yield

Table 3 shows that the statistical difference between magnesium applications in terms of seed cotton
yield is significant at the 5% probability level. It can be seen from the same table that the average values
obtained for seed cotton yield depending on magnesium applications range between 378.57 and 446.74 kg/da,
and the general average seed cotton yield value of the trial is 410.74 kg/da. The highest seed cotton yield
value was obtained from the 200 cc/da magnesium application during the flowering period (446.74 kg/da),
while the lowest seed cotton yield (378.57 kg/da) was recorded from 400 cc/da magnesium application
during the squaring stage. In the registration document of the MAY 455 cotton variety, it is reported that the
yield varies between 550 and 650 kg/da (Anonymous, 2023). The lower yield was obtained in this study,
and this is due to the fact that the minimum, average and maximum temperature values in 2021 were above
long-term as shown in Figure 1. Planting time, irrigation time and irrigation amount and other cultural
practices are also important factors on yield.

In the experiment, it is seen that magnesium applications have a significant effect on seed cotton
yield. Among magnesium applications, the highest seed cotton yield was obtained with the application of
200 cc/da during the flowering stage, and there was a difference of 68.17 kg/da between the lowest and
highest seed cotton yield.

Findings that magnesium increases productivity have also been reported by many researchers (Durmaz,
2002; Deshpande et al., 2015; Singh et al., 2016; Kajana, 2020; Swetha et al., 2020, Wang et al., 2020).
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Fiber yield

In Table 3, it can be observed that the average values of fiber yield changed between 176.80 and
204.33 kg da! depending on magnesium treatments and the average fiber yield value obtained from the
trial was 189.49 kg da*.

The highest value in fiber yield was observed from the 200 cc/da magnesium application during the
flowering period (204.33 kg da™l), this application was followed by the 600 cc/da during the squaring period
(203.77 kg da™), it can be observed that the lowest value for fiber yield was observed from 400 cc/da
magnesium application (176.80 kg da!) during the squaring period. It can be seen in Table 3 that there are
no statistically significant differences between the magnesium treatments in terms of fiber yield.

Ali et al. (2019) reported that they achieved an increase in fiber cotton yield by applying magnesium
in combination with nitrogen and potassium.

Fiber quality properties

Magnesium applications differed significantly in terms of strength, elongation, uniformity and spinning
consistency index; however, micronaire, fiber length, short fiber index, yellowness, and reflectance did not
differ significantly between applications (Table 4).

Table 4. Mean values and statistical levels of fiber quality properties

Cizelge 4. Lif kalite 6zelliklerine ait ortalama degerler ve istatistiki gruplamalar

Applications FF FL STR ELG UNF SFI YLW RF SCI

1. Control 5.32£0.02 29.72+0.13 34.30+0.75° 5.93+0.08%® 83.03+0.27° 6.43+0.31 8.63+0.16 77.80+0.33 140.00+2.59c
2. Squaring (200 cc) 5.26+0.13 28.80+0.26 33.76+0.50° 5.63+0.05° 84.46+0.39% 7.40+0.38 8.96+0.14 78.50+0.17 144.33+3.27%
3. Squaring (400 cc) 5.14+0.04 28.88+0.24 33.70+0.52° 6.16+0.09%° 84.40+0.14% 7.10+0.19 8.46+0.09 78.26+0.61 144.66+1.46"
4.Squaring (600 cc) 5.04+0.04 29.52+0.32 36.10+0.30* 5.86+0.04" 84.73+0.20% 6.70+0.43 8.53+0.06 78.53+0.26 156.00+2.122
5. Flowering (200 cc)  5.25+0.08 29.41+0.08 35.83+1.02% 5.93+0.11%® 84.56+0.24% 6.20+0.12 8.83+0.09 77.43%0.67 151.66+5.133*
6. Flowering (400 cc)  5.19+0.02 29.41+0.23 36.13+0.57% 5.76+0.03 84.30+0.09% 6.80+0.26 8.93+0.12 77.93+0.63 151.66+1.323"*
7. Flowering (600 cc)  5.08+0.10 29.29+0.30 37.13+1.30® 5.66+0.01° 84.43+0.10*° 7.23+0.28 8.86+0.09 76.70+0.08 155.66+5.70%"

Mean 5.18 29.29 35.28 5.85 84.27 6.83 8.74 77.88 149.14
CV (%) 3.17 1.78 4.77 2.75 0.59 0.09 2.93 1.26 5.04
F value ns ns 2.50* 5.17** 5.12* ns ns ns 2.70*

*, **. Significant at P <0.05 and p< 0.01, respectively
Different letters in the same column indicate that the difference between the means is statistically significant (p<0.05).

FF: Fiber fineness; FL: Fiber length; STR: Fiber strength; ELG: Elongation; UNF: Uniformity; SFI: Short fiber index; YLW: Yellowness;
RF: Reflectance; SCI: Spinning consistency index.

Fiber strength

The average values obtained regarding the fiber strength value, depending on the applications,
varied between 33.70 and 37.13 g/tex. It is seen that there are statistical differences between the treatments
at the 5% significance level and the overall average of the trial is 35.28 g/tex. In terms of fiber strength, the
lowest value of 33.70 g/tex was observed from 400 cc/da magnesium treatment during the squaring stage,
while the highest value of 37.13 g/tex was observed from 600 cc/da application during the flowering stage
(Table 4).

Kajana (2020) reported that fiber quality parameters such as fiber strength are improved with MgO
nanoparticles according to the sulfate form of Mg fertilizers, and it is similar to the research findings.
Sankaranarayanan et al. (2010) reported that fiber strength was not affected by the application of micronutrients,
and the research results seem to differ.

Fiber elongation

Depending on the magnesium treatment, fiber elongation values varied from 5.63 to 6.16%;
significant differences between the applications are observed at the 1% significance level, and the trial's
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overall average is 5.85%. It was shown that applying 200 cc/da of magnesium during the squaring stage
produced the lowest value of fiber elongation (5.63%) while applying 400 cc/da of magnesium over the
same period produced the maximum value of 6.16% (Table 4).

These results differ from those of Sankaranarayanan et al. (2010), who reported that fiber elongation
was not affected by the application of micronutrient elements.

Fiber uniformity

Fiber uniformity values varied between 83.03 and 84.73%, and it is seen that there are significant
statistical differences between the applications at the 1% probability level and the overall average of the
trial is 84.27%. While the lowest value in terms of fiber uniformity was obtained from the control application
with 83.03%, the highest value with 84.73% was obtained from the 600 cc/da magnesium application during
the squaring stage. It was found in this investigation that magnesium applying magnesium raised the fiber
uniformity value (Table 4).

Gerendas & Fuhrs (2013) reported that the effect of magnesium on quality characteristics may be
indirect by improving the nutritional element level of the product.

Spinning consistency index

Table 4 shows that there is a statistically significant difference at the 5% probability level between
the treatments in terms of the spinning consistency index (SCI). Depending on the magnesium applications,
the SCI varied between 140.00 and 156.00, and the overall average of the experiment was 149.14. While
the lowest value in terms of SCI was obtained from the control application with 140.00, the highest SCI
value with 156.00 was obtained from the magnesium applied during the squaring stage at a dose of 600
cc/da. This application was followed by magnesium application at a dose of 600 cc/da at the flowering stage
with a value of 155.66 and they were in the same statistical group (Table 4).

It is seen that magnesium applications lead to an increase in the spinning consistency index and
significant differences are obtained compared to the control.

CONCLUSION

Results in this investigation indicated that magnesium applications had a significant effect on the
number of monopodial branches, number of nodes of the first fruiting branches, HNR, number of bolls, boll
weight, seed cotton yield, fiber strength, uniformity, elongation, and SCI. Other characteristics examined in
the research include plant height, number of nodes, number of fruiting branches, seed cotton boll weight,
number of seeds in the boll, first picking percentage, ginning outturn, chlorophyll content (SPAD value),
NDVI value (normalized difference vegetative index) and fiber yield was not affected by magnesium
applications. It was determined that the fiber length, fiber fineness, short fiber index, fiber reflectance, and
fiber yellowness values, which are among the fiber quality criteria, were not statistically affected by
magnesium treatments.

In the study, the highest value in terms of the number of bolls, number of monopodial branches and
height/node ratio were observed with 200 cc/da Mg treatment during the squaring stage. The highest values
in terms of the number of nodes of first fruiting branches, uniformity and SCI values were obtained from
600 cc/da Mg application during the squaring stage and the highest elongation value was observed from
400 cc/da Mg application during the squaring stage. While the highest value in boll weight was recorded
with the application of 400 cc/da Mg during the flowering stage, the highest fiber strength was recorded
during the flowering stage with the dose of 600 cc/da.

In the study, seed cotton yield was affected by magnesium applications and seed cotton yield varied
between 378.57 and 446.74 kg/da. The highest value for seed cotton yield, 446.74 kg/da, was obtained
from magnesium applied at a dose of 200 cc/da during the flowering stage and this application was followed
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by magnesium application at a dose of 600 cc/da during the squaring stage, with 443.29 kg/da. There was
a difference of 68.17 kg/da between the lowest and highest seed cotton yield.

It has been concluded that magnesium treatment significantly and positively affects the seed cotton
yield and some important fiber quality properties of the cotton plant, and therefore, it may be beneficial to
apply it to the green parts of the plant during the squaring or flowering stage in cotton production.
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0z
Amag: Bu calisma, Turkiye'de zirai ilag tiketiminin ddviz kuruyla iligkisini
belirlemeyi amaglamaktadir.

Materyal ve Yontem: 1981-2022 dénemine ait yillik zaman serilerinin kullanildidi
calismada oncelikle degiskenlerin duraganliklari, kesirli-frekansh Fourier ADF ve
geleneksel ADF birim kok testleri uygulanarak sinanmistir. Daha sonra
degiskenler arasinda bir esbutunlesme iligkisi olup olmadidini saptamak igin
kesirli-frekansh Fourier ADL esbutlinlesme testi uygulanmistir.

Arastirma Bulgulan: Birim kok testlerinin sonuglari, degiskenlerin duraganlik
dizeylerinin | (1) oldugunu gdstermistir. Esbutlinlesme testinin sonucunda zirai
ilag tlketimiyle doviz kuru arasinda negatif bir iliski oldugu anlasiimistir. Buna gore
doviz kurunda yasanan %7lik yukselis, zirai ilag tuketiminde uzun ve kisa
dénemde sirasiyla %0.37 ve %0.10 kadar duslise neden olmaktadir. Ayrica
calismada kurulan hata dizeltme mekanizmasinin galistigi saptanmistir.

Sonug: Turkiye'de zirai ilag tuketiminde yasanan degisimin temel dinamiklerinden
birinin déviz kurundaki yukselis oldugu acik bir sekilde soylenebilir. Doviz
kurundaki yikselis, zirai ilag tiiketimini negatif etkilemektedir. Déviz kurundaki asir
oynakliklarin zirai ilag tiketimini olumsuz etkilememesi igin Turkiye'nin zirai ilagta
disa bagimlihg azaltimahdir. Bu dogrultuda vyerli Uretim, tesvik/destek
mekanizmalari hayata gegirilerek olabildigince artiriimalidir.

ABSTRACT

Objective: The objective of this paper was to investigate the relationship between
pesticide consumption and exchange rate in Turkiye.

Material and Methods: First, the stationarities of the variables were examined by
applying the fractional-frequency Fourier ADF and traditional ADF unit root tests in
the study, which cover the annual time series from 1981 to 2022. Then, the
fractional-frequency Fourier ADL cointegration test was applied to evaluate the
existence of the cointegration relationship between the variables.

Results: The findings of the unit root tests showed that the stationarities of the
variables were | (1). The cointegration test revealed that there is a negative
relationship between pesticide consumption and exchange rate. A 1% increase in
exchange rate causes a decrease of 0.37% and 0.10% in pesticide consumption
in the long and short run, respectively. In addition, it was determined that the error
correction mechanism established in the study worked.

Conclusion: It can be clearly stated that one of the primary dynamics of the
change in pesticide consumption in Turkiye is the increase in exchange rate. The
increase in exchange rate negatively affects pesticide consumption. Turkiye's
foreign dependency on pesticides should be reduced so that excessive
fluctuations in exchange rate do not negatively affect pesticide consumption.
Domestic production should be increased as much as possible by implementing
incentive/subsidy mechanisms.
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Keskin

GiRIiS

Dinyanin kaynaklari sinirl olup nifusu hizla artmaktadir. Dolayisiyla yagsamin surdurdlebilirliginin
saglanmasi noktasinda tarim sektdrindeki verimliligi yikseltme ve saglikli Grinler elde etme c¢abasi her
gecen giin daha fazla énem kazanmaktadir. islenen birim arazide hem daha fazla hem daha kaliteli
tarimsal Uriinler Gretmenin yollarindan biri ise hastaliklara, zararlilara ve yabanci otlara kargi micadeledir.
Ancak yuritilecek mucadelenin bilingli ve dogru olmasi, tarimsal Uretimde gereksiz maliyetleri

distrmenin yani sira 6zellikle insan, hayvan ve g¢evre saghgl acisindan énemlidir (Altikat vd., 2009;
Eyhorn et al., 2015; Ozercan & Tasgl, 2022).

Zirai mucadele ilaglari, formilasyon sekilleri (toz, i1slanabilir toz, emulsiyon konsantre, sollisyon
konsantre ve suda ¢6ziunebilir toz gibi), kullanildigi zararli gruplar (insektisit, fungusit, herbisit, akarisit ve
bakterisit gibi), icerdigi etkin madde yapilari (organik klorlu bilesikler, diklordifenil triklor etan, benzen
hekzaklorur ve siklodien grubu bilesikler gibi) ve kontrol ettigi zararlilarin yerleri (kiltir bitkileri ve orman
zararlilari gibi) olmak Uzere 4 grupta siniflandiriimaktadir (Tezer, 2021). Dinyada 2021 yilinda 3.5 milyon
ton aktif madde olarak hesaplanan zirai ila¢ tiketimi, bir dnceki yila gore %4, on yila gére %11 ylUkselmis
olup, 1990°’dan 2021’e kadar ise yaklasik 2 katina ¢ikmistir. 2021’in en fazla zirai ilag ithal eden kitasi
Amerika olmustur. 1990-2021 déneminde zirai ilag tiketimi, kitasal olarak bakildiginda Okyanusya’da
%206, Amerika'da %191, Afrika’da %175, Asya’da %67 ve Avrupa'da sadece %1 kadar yilkselis
gOstermistir (FAO, 2023b). Turkiye'deki zirai ilag tiketimi ise 2006’da 45.376 ton iken, 2022'de 55.374 ton
olarak gergeklesmistir (TUIK, 2023). Bu dénemde zirai ilag tiiketiminde yasanan yiikselis yaklasik %22’ye
karsilik gelmektedir.

islenen birim arazide ortalama zirai ilag tiiketim miktari, 1990’da diinyada 1.22, Amerika kitasinda
1.62, Avrupa kitasinda 1.37, Turkiye’de 1.08 kilogram iken, 2021°’de sirasiyla 2.26, 4.70, 1.37, 2.26
kilogram olarak hesaplanmistir. Yani 1990°da Turkiye'de dinya, Amerika ve Avrupa kitalari
ortalamasindan daha dislUk bir dizeyde zirai ila¢ tiketilmistir (FAO, 2023a). Bu durum, zirai ilaglarin
insan, hayvan ve gevre saghdi agisindan kamuoyunun sik sik gindemine gelen tehditleri g6z 6nine
alindiginda o zaman icin olumlu olarak de@erlendirilebilir (Arslan & Cicekgil, 2018). Ancak 2021'de bu
durum, sadece Avrupa kitasinda gecerli hale gelmistir. Tlketim trendi, ginimuizde dinya, Amerika kitasi
ve Turkiye o6rnekleminde yukariya dogru, Avrupa kitasi 6rnekleminde ise asagiya dogru seyir
izlemektedir.

Tarim sektérindeki yapisal sorunlar, hemen hemen her lGlkede benzerlik géstermektedir. Bununla
birlikte Turkiye’de temel tarimsal girdiler yéninden disa bagimlilik ¢ok yuksektir. Disa bagimhlik durumu,
bir yandan tarim sektériindeki arz givenligini tehlikeye atarken diger yandan tarimsal tretim maliyetlerinin
¢ok yikselmesine neden olmaktadir. Bagka bir deyisle, tarimsal girdilerin fiyatlari ve dolayisiyla Uretimin
maliyeti déviz kurundaki degisimlerden dogrudan etkilenmektedir. Ornegin, en blyik tarimsal girdi
kalemleri arasinda bulunan akaryakit, gubre, tohum ve zirai ilag tarimsal Uretimde toplam maliyetin
yaklasik %85 ila 90’'ini olusturmaktadir. Yine s6z konusu girdilerin her birinde yaklasik %90 disa
bagimhlik vardir (Bilir vd., 2021).

Bu calisma, 1981-2022 dbéneminde Turkiye'deki zirai ilag tuketimiyle déviz kuru iligkisini guincel
zaman serisi analizi yontemlerini kullanarak ortaya koymayl amaglamaktadir. Tirkiye'de 6zellikle son
yilllarda tarimsal girdi fiyatlarinda ciddi ylkselislerin yasanmis ve hala yasaniyor olmasi s6z konusu
iliskinin arastiriimasini konu olarak dikkate deger kilmaktadir. CinkU Tuarkiye, tarimsal girdilerde disariya
oldukga bagimhdir. Bu baglamda, ele alinan konu kapsaminda ulastigi bulgularla ve ortaya koydugu
politika 6nerileriyle bu ¢calisma hem literatire hem pratige katki sunacaktir. Literatirde zirai ila¢ konusunu
ele almis ¢ok sayida ¢alisma bulunmaktadir. Mevcut ¢alismalardan bir kismi, literatlr 6zeti olarak Cizelge
1’de yer almaktadir.
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Cizelge 1. Literatlr ozeti

Table 1. Summary of the literature

Yazar(lar) ve yil

Calismanin amaci

Calismanin yontemi

Ozel (2004)

Tiryaki vd. (2010)

Akdogan vd. (2012)

Rahman (2013)

Ozkaya vd. (2013)

Fernandez-Cornejo et al. (2014)

Tungdemir (2016)

Kaplan (2016)

Sheahan et al. (2017)

Camci (2017)

Akar & Tiryaki (2018)

Eltez & Eltez (2019)

Ozyoériik vd. (2019)

Kulaksiz & Akgiin (2020)

Huyen et al. (2020)

Yu et al. (2020)

Gao et al. (2021)

Sanliurfa’da faaliyet gésteren zirai ilag
bayilerinin pazarlama yapi ve sorunlarini
belirleyip ¢6zum 6nerileri gelistirmek

Turkiye, Avrupa Ulkeleri ve diinya
genelinde zirai ilag tuketimini
karsilastirmak

Zirai ilaglar ile ilgili bilgi vermek ve
tiiketiminin ekosisteme etkisini irdelemek

Banglades’te 1977-2009 déneminde
zirai ilag tiketiminin belirleyicilerini
zaman serisi verileriyle analiz etmek

insektisit zehirlenmeleri ile ilgili bilgi
vermek ve Turkiye’'deki vakalari/durumu
degerlendirmek

Amerika Birlesik Devletleri'nde 21 gesit
bitkisel tGrtin érnekleminde 1960-2008

doneminde tiketilen zirai ilag miktarini
ortaya koymak

Adiyaman’daki ¢iftcilerin guivenli zirai ilag
tuketimi ile ilgili bilgi, tutum ve
uygulamalarini belirlemek ve bu konuda
aldiklari egitimin etkinligini
degerlendirmek

Glneydogu Anadolu Projesi tarim
alanlarinda tuketilen zirai ilaglarin
glvenilir gida ve tarim etigine etkisini
degerlendirmek

Sahra Alti Afrika’da zirai ilag tiketiminin
insan sagligina etkilerini incelemek

Sera domateslerinde zirai ila¢
kalintilarini azaltma yéntemlerinden en
etkili olanini belirlemek

Antalya’daki ciftcilerin zirai ila¢ tuketimi
konusunda bilgi diizey ve duyarhliklarini
arastirmak

Bakircay havzasindaki seralarda zirai
ilag tuketimi uygulamalarini incelemek

Manisa’daki zirai ila¢ bayilerinin bitki
koruma ile ilgili mesleki tutum ve
davranisglarini belirlemek

Meri¢ Nehri suyu kullanilarak Uretilen
celtiklerdeki zirai ilag kalintilarinin insan
ve ¢evre saghgi acisindan yasal
degerleri agip asmadigini arastirmak

Vietham’da zirai ilag tuketiminin ciftcilerin
sagligina etkisini aragtirmak

Cin’'de tarimsal urunlerdeki zirai ilag
kalintilarini zaman serisi verileriyle
tahmin etmek

Cin'de ciftlik buyukleriyle zirai ilag

tuketimi arasindaki iliskiyi panel veriyle
arastirmak

Anket

Siradan En Kugtik Kareler (OLS)
Regresyon Analizi ve Ug Agsamali En
Kugik Kareler (3SLS) Regresyon Analizi

Dokiiman Analizi

Dokiiman Analizi

Anket

Miilakat

Anket

Anket

Anket

Anket

Anket

Otoregresif Entegre Hareketli
Ortalamalar (ARIMA) Modeli

OLS Regresyon Analizi ve iki Asamali
En Kuclk Kareler (2SLS) Regresyon
Analizi
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Cizelge 1. Devami
Table 1. Continued

Yazar(lar) ve yil

Calismanin amaci

Calismanin yontemi

Dobrin et al. (2022)

Karakas (2022)

Najafabadi et al. (2022)

Wang et al. (2022)

Batur vd. (2023)

Athukorala et al. (2023)

Zafeiriou et al. (2023)

Romanya ve Avrupa Birligi'nde (AB) zirai
ilag tuketiminin tarimsal verimlilige
etkisini tahmin etmek

Cin, Tirkiye, iran ve Hindistan
ornekleminde zira ilag tuketiminin bal
verimine etkisini panel veriyle test etmek

iran’da tarimsal (retimle zirai ilag
tuketimi arasindaki iliskiyi arastirmak

Cin’de zirai ilag tuketilmeyen tarim
¢agina ne zaman adim atilacagini
zaman serisi verileriyle 6ngérmek

Duzce’de findik bahgelerindeki tarimsal
uygulamalar ve zirai ilaglar ile ilgili
sorunlari belirlemek

Sri Lanka’da zirai ilag tiketiminin hem
cgiftcilerin saghgina hem tarimsal
verimlilige etkisini 6lcmek

AB tariminda ekonomik blyume ve zirai
ilag tuketimi arasindaki iliskiyi panel
veriyle arastirmak

Hesaplanabilir Genel Denge Modeli

Dinamik En Kuclk Kareler (DOLS) Testi
ve Gecikmesi Dagitiimis Otoregresif
(ARDL) Testi

ARDL Testi

ARIMA Modeli

Anket

Anket

Dogrusal Olmayan Gecikmesi Dagitilmis
Otoregresif Testi (NARDL)

Literatlr 6zetinde goérildugu Uzere zirai ilag konusu, genel itibariyla hem insan ve gevre sagligina,
tarimsal Uretime ve ekonomik kalkinmaya etkisi hem tlketimi belirleyen unsurlar temelinde ele alinmis ve bu
yapilirken genellikle anket, milakat, dokiman analizi ve geleneksel veri analizleri yontem olarak

kullanilmistir. Bu ¢alismada ise;

1. Tdurkiye 6zelinde son birkag yilda hizla yukselen ve ylkselisini sirdiren déviz kurunun, islenen
birim arazi bUyUkligu giderek daralirken 50.000 tonu gegen ve giderek artan zirai ilag
tiketimine etkisi konu olarak ele alinmaktadir.

2. Yoéntem olarak gincel zaman serisi analizi yontemleri arasinda sayilan, birbiriyle uyumlu
calisan kesirli-frekansli Fourier testler uygulanmaktadir.

Dolayisiyla bu galisma, ele aldii konu ve glincel zaman serisi analizi ydntemlerini kullanmasi
yoniyle 6nceki calismalardan farklilasmakta ve giincel bir nitelik tagimaktadir.

Tirkiye'de zirai ilag tiketiminde yasanan gelismelerle ilgilenen politika yapicilarin, arastirmacilarin,
Ozel kuruluglarin ve diger tim tarimsal paydaslarin dikkatini gelistirilen politika Onerilerine ¢cekmek
suretiyle bu ¢galismanin fayda saglamasi umulmaktadir.

Calisma kapsaminda ilk énce materyal ve yontem ile ilgili bilgi yer verilmis, daha sonra analizlerden
elde edilen bulgular ortaya konulup degerlendirilmis ve son olarak bulgulardan hareketle politika onerileri

gelistiriimigtir.

MATERYAL ve YONTEM

Daha once belirtildigi Gzere bu galisma, Tirkiye'de zirai ila¢ tlketiminin ddviz kuruyla iligkisini
arastirmaktadir. Bu dogrultuda yillik toplam zirai ila¢ tiketim miktari ve ortalama doéviz kuru verileri
kullaniimigtir. Veri setleri, donem olarak 1981-2022 yillarini kapsamaktadir (Cizelge 2 ve Sekil 1).
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Cizelge 2. Veriler ve kaynaklar

Table 2. Data and data sources

Veri Verinin kaynagi/kaynaklari Veri ile ilgili bilgi

Kilogram olarak yayinlanan ve insektisit, fungusit, herbisit,
Yillk toplam zirai ilag tiketim miktari (TUIK, 2001); (TUIK, 2023) akarisit, rodentisit, mollussisit ve diger zirai ilaglarin
tuketimini temsil eden veridir.

Yillik ortalama doviz kuru (World Bank, 2023) Dolar/TL olarak yayinlanan veridir.
ilac kur
65,000,000 20
60,000,000
55,000,000 16
50,000,000 1
45,000,000
40,000,000 8
35,000,000
4
30,000,000
25,000,000 0
1985 1990 1995 2000 2005 2010 2015 2020 1985 1990 1995 2000 2005 2010 2015 2020

Sekil 1. Serilerin izledigi seyir.

Figure 1. Course of series.

Analiz kisminda ilk 6nce birim kok testleriyle degiskenlerin duraganlik dizeyleri, daha sonra
esbutinlesme testiyle degiskenler arasindaki iliski analiz edilmistir. Analizlerde yontem olarak Bozoklu et
al. (2020) tarafindan gelistiriimis Kesirli-Frekansli Fourier Augmented Dickey Fuller (KFFADF) birim kdk
ve llkay et al. (2021) tarafindan gelistiriimis Kesirli-Frekansli Fourier Autoregressive Distributive Lag
(KFFADL) esbutinlesme testleri uygulanmigtir.

KFFADF birim kok testi, bir yandan bir serideki yapisal dedisimleri dikkate aldigi igin geleneksel
ADF birim kok testine gére diger yandan Fourier fonksiyonlarini kullandigi igin yapisal degisimleri kukla
degisken marifetiyle dikkate alan birim kok testlerine gére ¢ok daha gucli bir testtir.

2kt 2kt
= )+a,cos(

Ailac, = a, + a, sin( )+ asilac, ; + Zi:(pié\ilacpl +& (1)

21Tkt
T )+ Bskur,_, + ZiP:lYiAkurt—l TH ()

Akur, = B, + B, sin( Z%Id )+ B, cos(

KFFADF birim kok testinde 1 ve 2 numarali denklemlerdeki modeller tahmin edilmektedir.
Modellerde yer alan ilac zirai ilag tiketimini, kur déviz kurunu, A birinci fark operatérini, m 3.1416
sayisini, k frekans degerini, t trendi, T gdzlem sayisini ve &, | ise hata terimlerini ifade etmektedir
(Bozoklu et al., 2020).

Tahmin kisminda ilk 6nce frekans degeri (kesirli veya tamsayi) tespit edilmektedir. Daha sonra F
testi kullanilarak sin ve cos seklindeki trigonometrik terimlerinin icinde bulundugu fonksiyonlarin anlamsiz
oldugu temel hipotezi (Hy) sinanmaktadir. Bu hipotezin reddedilememesi durumunda geleneksel ADF
birim testi uygulanmaktadir. Fonksiyonlar anlamliysa Fourier ADF test istatistigi kullanilarak degiskenin
duraganligina bakilmaktadir. F testi igin kritik degerleri Enders & Lee (2012), duradanlik igin kritik
degerleri Bozoklu et al. (2020) tablo haline getirmislerdir.
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Banerjee et al. (2017) tarafindan gelistiriimis Fourier ADL egbtiinlesme testi, Fourier fonksiyonlarini
kullanarak sayisi belirsiz yumusak yapisal degisimleri dikkate almaktadir. Dolayisiyla bu test, yapisal
degisimleri kukla degisken marifetiyle dikkate alan egbitiinlesme testlerine gore ¢ok daha glclidir. Ancak
bu testte frekans degeri (k) tamsayi olarak hesaplandidi igin kalici yapisal degisimler yakalanamamaktadir.
Bu eksikligi gidermek icin Fourier ADL egbitiinlesme testi, frekans degerinin 0.1 ile 5 arasinda kesirli bir
sayl olmasina izin verecek sekilde llkay et al. (2021) tarafindan genigletilerek kalici yapisal degisimleri de
yakalayabilecek hale getirilmigtir.

21Tkt
T
KFFADL esbutiinlesme testinde 3 numaral denklemdeki model tahmin edilmektedir. Modelde yer alan

ilac bagimli degisken olarak atanan zirai ilag tiketimini, kur ise bagimsiz degisken olarak atanan ddviz kurunu
temsil etmektedir. v;, hata terimidir. Bu testi uygulayabilmek icin degiskenlerin | (1) olmasi gerekmektedir.

Ailac, = a, + B, sin( Z%kt )+ B, cos( )+djlac, |+ &,kur, , +d,Ailac, | +6,Akur, ,+V, (3)

Tahmin kisminda ilk 6nce frekans degeri ve test istatisti§i hesaplanmaktadir. Daha sonra
degiskenler arasinda esbutinlesme iligkisi olmadidi temel hipotezi, test istatistigiyle uygun tablo kritik
degeri karsilastirilmak suretiyle sinanmaktadir. Test istatistigi mutlak deger olarak tablo kritik degerinden
biyukse degiskenler arasinda esbutinlesme iligkisinin oldugu varsayilmaktadir (H; kabul). Kritik degerler,
llkay et al. (2021) tarafindan tablo haline getirilmistir. Son asamada sin ve cos trigonometrik terimleri 3
numarali denklemde yer alan modele eklenmekte ve Tam Degistiriimis En Kiiglk Kareler (FMOLS)
tahmincisiyle uzun dénem ve hata dizeltme katsayilari tahmin edilmektedir.

ARASTIRMA SONUCLARI ve TARTISMA
Testler, degiskenlerin dogal logaritmik (log) formlari (logilac ve logkur) Gzerinden gergeklestirilmistir.

Bagimh ve bagimsiz degiskenler dahil edilerek kurulmus olan tam logaritmik model denklem 4'te
gOsterilmektedir. Modeldeki logilac zirai ilac tiketimine, t zamana, a sabit terime, & katsayiya, logkur déviz
kuruna ve ¢ ise hata terimine karsilik gelmektedir;

logilac, = a + & logkur, + €, (4)
Asagida birim kok ve egbitiinlesme testlerinin sonuglari yer almaktadir (Cizelge 3, 4 ve 5).

Cizelge 3. KFFADF birim kok testine iliskin sonug
Table 3. KFFADF unit root test result

e e P =
logilac 0.1 0.365 5.204* 2 -4.670
logkur 1.4 0.730 12.258™ 1 -2.696
dlogkur 1.7 0.803 8.536" 1 -4.189

* ve " sirasiyla trigonometrik terimlerin iginde bulundugu fonksiyonlarin anlamsiz oldugu temel hipotezinin %10 ve %1 anlamlilik
dizeyinde kabul ve ret edildigini ifade etmektedir. F kisit test istatistiinin karsilastinldigi %10 anlamlilik diizeyindeki tablo kritik
degeri 7.78, %1 anlamlilik dizeyindeki tablo kritik degeri ise 12.21’dir.

" ligili degiskenin duragan olmadigi temel hipotezinin %10 anlamlilik diizeyinde reddedildigini ifade etmektedir. FADF test
istatistiginin karsilastinldigi %10 anlamlilik dizeyindeki duraganlik kritik degeri -3.871'dir.

Cizelge 3’te goruldigu Uzere zirai ilag tuketimi degiskeni temelinde F kisit test istatistigi tablo kritik
degerinden kuguk ciktidi icin trigonometrik terimlerin igcinde bulundugu fonksiyonlar anlamsiz, déviz kuru
degiskeni temelinde ise anlamlidir. Ayrica k degerleri, kesirli sayr hesaplanmigtir. Dolayisiyla
degiskenlerdeki yapisal degisimlerin etkisi kalicidir.
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Zirai ila¢ degigskeni temelinde Fourier fonksiyonlari anlamsiz oldugu i¢in geleneksel ADF birim kok
testi uygulanmistir (Cizelge 4). Déviz kuru degiskeni temelinde Fourier fonksiyonlari anlamh olsa da
hesaplanan FADF test istatistigi, %10 anlamlilik dizeyindeki (-4.012) duraganhk kritik degerinden
(Bozoklu et al., 2020) mutlak deger olarak kiglk ¢ikmistir. Bu sonugtan déviz kuru degiskeni diizeyde
duragan degil anlami ortaya ¢ikmaktadir. Dolayisiyla doviz kuru degiskeninin farki (yani dlogkur) alinip
tekrar KFFADF birim kok testi uygulanmistir (Cizelge 3).

1.2
1.0

03

0.6

YA

0.2 =
\/«v/\f_f\/\/

0.2
1985 1990 1995 2000 2005 2010 2015 2020

dlogkur fdlogkur

Sekil 2. Farki alinmig déviz kuru serisinin seyri ve Fourier fonksiyonlari.
Figure 2. Course of first differenced exchange rate series and Fourier functions.

Sekil 2°de Fourier fonksiyonlarinin farki alinmis déviz kuru degiskeniyle uyumlu ve salinimlari
yakalamada basarili oldugu goértlmektedir. YUkselis donemlerinde artan, disls donemlerinde ise azalan

Fourier fonksiyonlari, sadece keskin degisimleri degil, ayni zamanda yumusak degisimleri de dikkate
aldidi icin s8z konusu seriye ¢ok daha yakin bir modelleme gostermektedir.

Cizelge 4. Geleneksel ADF birim kok testine iliskin sonug

Table 4. Traditional ADF unit root test result

Test istatistikleri

Degisken
Sabitli Trendli ve sabitli Trendsiz ve sabitsiz
. -1.517 -3.084 0.698
logilac
(p=0.514) (p=0.124) (p=0.862)
) -6.550* -3.832* -6.600*
dlogilac
(p=0.000) (p=0.026) (p=0.000)

* ve ** sirasiyla ilgili degiskenin duragan olmadigi temel hipotezinin %1 ve %5 anlamlilik dliizeyinde reddedildigini ifade etmektedir.

Cizelge 4'te goruldigu Uzere zirai ilag tiketimi degiskeni, diizey dederde higbir modelde duragan
degilken birinci farki alindiginda her ti¢ modelde de duraganlasmakta oldugu igin | (1)’'dir. Dolayisiyla hem
zirai ilag tiketimi hem doviz kuru degiskeni birinci farklari alindiginda duragan nitelik sergilemektedir.
Cizelge 3 ve 4’teki birim kok testleriyle degiskenlerin | (1) oldudu tespit edildigi igin KFFADL
esbltunlesme testini uygulayabilme sarti saglanmistir (Cizelge 5).

Cizelge 5. KFFADL esbutiinlesme testine iliskin sonug
Table 5. KFFADL cointegration test result

Esbitinlesme
iliskisi

Tahmin edilen
model

logilac = f (logkur) 3 1.9 -5.054 -5.008* Var

Gecikme uzunlugu Frekans degeri (k) Test istatistigi Tablo kritik degeri

*k =1.9, n (bagimsiz degisken sayisi) = 1 ve %1 anlamhlik dlzeyine karsilik gelen tablo kritik degerini ifade etmektedir.
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Cizelge 5'te goruldugl uzere -5.054 degeri, mutlak deger olarak %1 anlamlilik dizeyindeki -5.008
degerinden buyuktlr. Dolayisiyla zirai ilag tiketimi ve doéviz kuru degiskenleri arasinda bir esbutliinlesme
iliskisi bulunmakta olup temel hipotez (Ho: Degiskenler arasinda egsbutiinlesme iliskisi yoktur.)
reddedilmigtir. Ayrica frekans degerinin kesirli olmasi, esbutinlesme iliskisini etkileyen yapisal
degisimlerin kaliciidina isarettir. Bu iligkinin var oldugu belirlendikten sonra sirasiyla uzun dénem katsayilari
ve kurulan hata dizeltme mekanizmasinin galisip galismadidi ortaya konulmustur (Cizelge 6 ve 7).

Cizelge 6. FMOLS uzun dénem katsayisi tahminine iliskin sonug

Table 6. FMOLS long run coefficient estimation result

Bagimli degisken: logilac
Bagimsiz degiskenler Katsayi Standart hata t-istatistik Olasilik degeri (p)

logkur -0.366 0.122 -3.001 0.004*
[ 13.869 1.203 11.523 0.000*
sin -0.122 0.057 -2.136 0.039**
cos 0.332 0.091 3.618 0.000*

* ve ** siraslyla %1 ve %5 anlamlilik diizeylerinde anlamli oldugunu ifade etmektedir. FMOLS tahmincisi i¢in Jarque-bera olasilik
degeri 0.345 olarak belirlenmistir. Bu durum, tahminci temelindeki hata teriminin normal dagilima sahip oldugunu gdstermektedir.

Cizelge 6'da goruldigu Uzere doviz kuru, sabit terim ve cos trigonometrik terimi icin olasilik
degerleri %1 anlamhhk diizeyinde, sin trigonometrik terimi igin olasilik degeri ise %5 anlamlilik diizeyinde
anlamli gikmistir. Doviz kuru degiskeninin katsayisi negatiftir. Dolayisiyla doviz kuru degiskeniyle zirai ilag
tiketimi degiskeni arasinda negatif iliski bulunmaktadir. Sonuca gére doviz kurundaki %1’lik ylkselis, zirai
ilag tuketimini uzun dénemde yaklasik %0.37 dusUrmektedir.

Cizelge 7. Hata duzeltme katsayisi tahmin sonucu

Table 7. Error correction coefficient estimation result

Bagiml degisken: dlogilac

Degisken Katsayi Standart hata  t-istatistik ~ Olasilik degeri
Hata diizeltme katsayisi -0.569 0.125 -4.542 0.000*

c 0.038 0.014 2.646 0.011**

d (logkur) -0.109 0.060 -1.808 0.078***

*, ** ve *** sirasiyla %1, %5 ve %10 anlamhlik diizeylerinde anlamli oldugunu ifade etmektedir.

)

Hata dizeltme katsayisi, O ile -2 arasinda bir deger almalidir (Alam & Quazi, 2003). Cizelge 7'de
goruldagu uzere ilgili katsayi, negatif olup %1 anlamlilik dizeyinde anlamhdir. Yani hata dizeltme
mekanizmasi c¢alismaktadir/kisa dénemde olusan dengeden sapmalar uzun ddénemde ortadan
kalkmaktadir. Ayrica doviz kuru, zirai ilag tiketimini kisa ddnemde de negatif etkilemektedir. Sonuca goére
doviz kurundaki % 1’lik yikselis, zirai ila¢ tiketimini yaklasik %0.10 distrmektedir.

SONUC

Bu calismada Turkiye’deki doviz kurunun zirai ilag tlketimine etkisi incelenmistir. S6z konusu
degiskenler arasindaki iligkinin ¢alismanin konusu olarak ele alinmasi, 6zellikle son birkag yilda déviz
kurunda yasanan c¢ok hizli yikselisin etkisiyle tarimsal girdi fiyatlarinin da yiikselmesi ve dolayisiyla
Uretimin giderek maliyetli hale gelmesi nedeniyledir.

Turkiye érnekleminde doviz kurunun zirai ilag tiketimine etkisini ekonometrik analizle incelemis bir
galisma bulunmamaktadir. Dolayisiyla literatirden bu iki dedisken arasindaki iligki ile ilgili net bir sonug
¢lkarmak mimkin degildir. Bu galisma kapsaminda ise glncel zaman serisi analizi yéntemlerini
kullanarak s6z konusu iligkiyi net bir sekilde ortaya koymak amaglanmistir.
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Calismanin amaci dogrultusunda birim koék ve esbutlinlesme testleri uygulanarak zaman serisi
analizi yapilmistir. Veri donemi, derlenebilen verilerden hareketle, 1981-2022 olarak kararlastiriimistir.
Analizde yéntem olarak KFFADF birim kdk ve KFFADL esbutinlesme testleri kullaniimistir.

KFFADL egbltunlesme test sonuglarina goére; zirai ilag tuketimiyle doviz kuru arasinda hem uzun
hem kisa ddnemde negaitif bir iliski oldugu goérilmustir. Buna gdre ddviz kurunda yasanan %1’lik yikselig,
zirai ilag tuketiminde uzun ve kisa ddnemde sirasiyla yaklasik %0.37 ve %0.10 disUse neden olmaktadir.

Turkiye'de déviz kurunun zirai ilac tiketimine etkisinin analizi kapsaminda varilmis olan “Ddviz kuru
yukselisi, zirai ilag tiketim miktarini azaltmaktadir.” seklindeki sonug, Myung-Hwan (1999), Ayu & Aulia
(2019), Sarabi et al. (2020) ve Salem et al. (2021) tarafindan yapilmis ¢alismalarda varilan sonuglari
destekleyip literatlirdeki teorik varsayimi dogrularken, Tjomhom et al. (1998) ve Yeboah et al. (2009)
tarafindan yapilmis g¢alismalarda ulasilan sonuglari ise desteklememektedir. Varilan sonug, ¢alismanin
O0zgunlugu itibariyla Turkiye érneklemi igin bir ilk mahiyetindedir.

Arastirmanin bulgularindan hareketle Turkiye'de zirai ilag tiketiminde yasanan degisimin temel
dinamiklerinden birinin doviz kurundaki ylkselis oldugu acgik bir sekilde séylenebilir. Déviz kurundaki
ylUkselis, zirai ilag tiketimini negatif etkilemektedir. Bilindigi Uzere tarim sektdrt, hem i¢ hem dis gida talebi
ihtiyacini karsilamasi, milli gelir yikselisine katki sunmasi ve tarim disindaki sektorlere uretim girdileri
saglamasi ydnuyle stratejik bir sektdr olma 6zelligine sahiptir. Tarimsal Uretimin tasidigi bu islevlerin saglikh
bir sekilde surdurilmesi noktasinda zirai ilag gibi temel girdilerin Uretim sirecinde dogru zamanda,
miktarlarda, yerlerde ve amaci yoninde tlketiimesi 6nemlidir. Ayrica bdyle yapilan tiketim, hem insan,
hayvan ve gevre sagligini korumak hem gereksiz tarimsal Uretim maliyetlerinden kaginmak igin gereklidir.

Buradan hareketle;

- Zirai ilagta Turkiye’nin disa bagimhligini azaltmak igin kisa dénemde zira ila¢ tiketiminin daha
fazla miktarlarda destekleme 6demesiyle sibvanse edilmesi, uzun doénemde ise vyerli ilag
Uretiminin cesitli tesvik/destek (Ar&Ge destegi, Faiz destegi, Vergi muafiyeti, Yatirim yeri tahsisi
vb.) mekanizmalari hayata gecirilerek olabildigince desteklenmesi gerekmektedir. Boylelikle zirai
ilaclarda hem saglikh fiyat olusumu hem arz guivenligi saglanabilecektir.

- Tarm ve Orman Bakanhgi, Tarim Kredi Kooperatifleri ve Uretici birlikleri arasindaki is birligiyle
Turkiye genelinde konuda uzman ziraat mihendisleri tarafindan dogru ve dengeli zirai ila¢ tiketimi
hakkindaki teknik bilginin giftcilere Uretim yaptiklari arazilerinde, Tarim il ve ilge Midirliklerinde
veya birim kooperatiflerde basit bir anlatimla aktariimasi ve zirai ilag tiketimlerinin aktarilan bu bilgi
dogrultusunda olup olmadidinin dizenli olarak takip edilmesi yoluyla yanlis ve dengesiz zirai ilag
tiketimi azaltilabilir. Ziraat mihendislerinin bu amagla mobilize edilmeleri 6nem arz etmektedir. Bu
bagin tesis edilebilmesi icin ziraat muhendislerinin dzellikle birim kooperatiflerde muhasebe ve
evrak isi gibi goérev tanimlari disindaki islerde calistirlmamalari ve glnin buydk bir bdlimund
sahada gecirmeleri saglanmalidir. Ayrica ciftcilerin ziraat mihendislerine ydnelik gérugslerinin de
Olgut olarak yer aldigi kurumsal performans karneleri gelistirilip uygulanmali ve sonuglari dizenli ve
seffaf bir sekilde ziraat muhendisleriyle paylasilip performansin kéti oldugu noktalar ile ilgili
iyilestirici tedbirler yoneticiler tarafindan alinmalidir.

- Zirai ilag ticareti ve tuketimi konusunda izlenebilirligi artirmak icin barkod sistemi daha da
etkinlestiriimeli, recete sisteminin aksakliklari giderilmeli ve hangi ciftcinin hangi zirai ilaci/ilaglar
tikettigine dair Ciftci Kayit Sistemi'ne entegre bir kayit sistemi gelistiriimelidir.

Bu calismanin bazi kisitlari bulunmaktadir. Birincisi, veri doneminin 1981-2022 yillariyla sinirh
olmasidir. Ikincisi ise sadece déviz kurunun zirai ilag tiiketimine etkisinin analiz edilmesi ve zirai ilag
tiketimini etkileyen diger bircok faktérin incelenememesidir. Bu c¢alismadan hareketle gelecek
galismalarda Turkiye 6rnekleminde tarimsal kredilerin, enflasyon dizeyinin ve devlet destekleme
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Odemelerinin zirai ilag tuketimine etkisi glincel zaman serisi analizi yontemleri kullanilarak daha genis bir
doénem araliginda incelenebilir.
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Amag: Bu galismada Yozgat ilinde kiigikbas hayvanlardan elde edilen urtinlerde
gida glivenligi bilinci ve tiiketici davraniglarinin incelenmesi amaglanmistir.

Materyal ve Yontem: Arastirmanin ana materyalini, Yozgat ilinde tesadufi olarak
belirlenen tiiketicilerden anket yoluyla elde edilen orijinal veriler olusturmaktadir.

Aragtirma Bulgulari: Katilimcilarin %96.7'si gida alisverisi yaparken gida
guvenlidi konusuna énem verdigini bildirmistir. Ayrica katilimcilarin %85.7'si daha
once gida glvenligi kavramini duyduklarini ve cogunlukla gida givenligi
sertifikalari hakkinda bilgi sahibi olduklarini bildirmislerdir. Katilimcilarin son
yillarda gida Urlnleri satin alirken gozlemledigi degisimler incelendidinde;
cogunlukla kalite, tazelik, guvenilirik, lezzet, dayanikhlik ve verilen
promosyonlarda azalma oldugunu belirtirken; fiyat, ambalaj ve etiket bilgilerinin
arttigini belirtmiglerdir.

Sonug: Katilimcilarin koyun ve kegi eti tiketimini etkileyen en 6nemli faktor etin
lezzet parametresi olup bunu aliskanliklar, besin degeri ve sosyal cevre takip
etmektedir. Bu durumun nedenleri arasinda; katilimcilarin koyun etini severek
tuketmeleri, damak tadi ve bolgede arazi yapisinin kiiglikbas hayvan
yetistiriciligine uygun olmasi ile yaygin olarak kiiclikbas hayvan yetistiriciliginin
yapilmasi 6n plana ¢ikmaktadir.

ABSTRACT

Objective: This study aimed to examine food safety awareness and consumer
behaviors regarding products obtained from small ruminants in Yozgat province.

Material and Methods: The main material of the research consists of the
original data obtained through questionnaires from consumers randomly
selected in Yozgat province.

Results: 96.7% of the participants reported that they attach importance to food
safety when shopping for food. In addition, 85.7% of the participants reported
that they had heard of the concept of food safety before and were mostly
informed about food safety certificates. When the changes observed by the
participants when purchasing food products in recent years are examined; they
mostly stated that quality, freshness, reliability, flavor, durability and promotions
have decreased, while price, packaging and label information have increased.

Conclusion: The most important factor affecting the consumption of small
ruminants meat by the participants is the meat palatability parameter, followed
by habits, nutritional value and social environment. Among the reasons for this
situation, the fact that the participants consume sheep meat fondly, taste and
the fact that the land structure in the region is suitable for sheep and goats
breeding and that sheep and goat breeding is widely practiced are noteworthy.
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GiRIiS

Artan kuresel nufus, degisen sosyo-demografik dzellikler gibi faktorlerle birlestiginde, yalnizca daha
fazla degil, ayni zamanda farkh tirde gida saglamak igin diinya kaynaklari Uzerinde artan bir baski
olusturmaktadir (Henchion et al., 2017). Hayvansal Uretim, Ulkemizde tarim sektoru igerisinde katma
degeri yiksek Uretim kollarindan biridir (Kopuzlu vd., 2016). Ayrica hem insan beslenmesi hem de Ulke
ekonomisi icin 6nem tasiyan bir tarimsal faaliyettir (Cetinkaya vd., 2023). Toplumun besin ihtiyacini
karsilamak icin hayvanciliktan bélgesel olarak en yiksek verimi ve karl Uretimi saglayabilecek sekilde
yararlanmaliyiz (Bebek & Keskin, 2018). Kugtkbas hayvan yetistiriciligi hem Yozgat hem de tilkemiz igin
onemli bir ekonomik deger olmasinin yani sira, bu bdélgede uzun yillardir sirdiriilen bir sosyal ve kdlttrel
birikime de sahiptir. Bakim ve beslenme agisindan bircok avantaja sahip olmasi nedeniyle kiglkbas
hayvanlar et ve sit disinda yapagi, kil, tiftik, deri, post, gubre gibi gesitli amaglarla kullanilabilen ¢ok
sayida Urtne sahiptir. Bircok sektdr bu drinlerden yodurt, peynir, sit tozu, tereyagi, kefir, kozmetik,
sabun, kasmir, dondurma, bebek mamasi ve tekstil gibi Urtnlerin tretimi igin yararlanir.

Fizyolojik ihtiyaglardan biri de gidadir ve bu nedenle insan yasami icin vazgecilmezdir. Bununla
birlikte, bu kaynagin guvenilirligi bulunabilirligi kadar dnemlidir (G6zener vd., 2009). Tiketicilerin godunlugu,
teknolojik ilerleme, ekonomik ve sosyal refahin artmasi nedeniyle gida tiketimi ve gida satin alma
konusunda daha hassastir. Ginimuzde, toplum saghgini korumak ve gelecek nesillere saglikli bireyler
yetistirmek icin beslenme en énemli konulardan biridir (Demirkol, 2007; Tosun & Hatirli, 2009). Bu nedenle,
dengeli beslenme icin tiiketim aligkanhklarinin ve tercihlerinin bilinmesi gerekmektedir (Akcay & Vatansever,
2013). Tuketici bilincinin artmasi, koyun ve kegi etinin kalite 6zelliklerini 6n plana ¢ikarmigtir. Guniimuzde
hayvansal Urtnlerin dretiminde artik daha bilin¢li ve organize bir Uretici kitlesi vardir. Devlet tarafindan
yuritulen yetistirici egitim faaliyetleri, iletisim araglarinin halkin geneline yayllmasi nedeniyle son
zamanlarda daha iyi hale gelmistir. Ayrica, lezzet ve kaliteye 6nem veren tiketiciler icin segme sansi da
vardir. Kirmizi etin kalitesinin degerlendiriimesinde, yaglilik, renk, yumusaklik, pisme siresi ve lezzeti en
onemli kriterlerdir. Uretimde tuketicilerin taleplerine uygun kalite 6zelliklerine sahip urinleri tretip, pazara
sunma ihtiyaci ortaya ¢ikmistir ve bilingli tiketiciler triin satin alirken daha secici davranmaktadir (Karaca,
2015). Tuketicilerin yeme kalitesi ve besleyici deger hakkinda farkindaliklarinin artmasi nedeniyle nitelikli
gorinume sahip etler artan bir sekilde daha fazla talep edilmektedir (Gerbens, 2004). Kugukbas
hayvanlardan elde edilen diger bir Grlin ise sittir. St ve st Urtinleri insanlarin beslenmesinde énemli bir
yere sahip olmanin yani sira zengin icerikleri, yararli besin 6deleri nedeniyle 6zellikle biyime ve gelisme
cagindaki bireylerin beslenmesinde de olduk¢a énemlidir (Ocak & Onder, 2014). Uretilen siitiin kalitesini
muhafaza altina alabilmek i¢in hijyen kosullarina uyulmasi gerekmektedir. Gelisen teknoloji ve artan refah
dizeyleri, sut ve sut drinlerinin kalitesini 6nemli 6lctde etkilemektedir (Esenbuga, 2017).

Gida gulvenligi, saglikli gida Uretimini garanti etmek icin Uretim, isleme, saklama, tasima ve dagitim
sureclerinde gerekli kurallara uyulmasi ve 6nlemler alinmasi anlamina gelir (Giray & Sosyal, 2007). Gida
sektoriinin buyuk o6lglde tluketici taleplerine bagdlh olmasi gida guvenligine iliskin tiketici davraniglarinin
belirlenmesine yonelik arastirmalarin énemini artirmaktadir. Tlketicilerin farkindahigi ve bakis agisi, gida
guvenligi kavramini zaman iginde degistirebilir. Gida guvenligini énemli kilan ve 6n plana ¢ikmasini
saglayan bircok faktor vardir. Gida givenligi kavrami, fiyatlari, arz talep seviyelerini, iklim degisikliklerinin
olumsuz etkilerini, Uretimi aksatabilecek yetersiz kaynaklarin olmasini ve bunun saghk ve cevre ile ilgili
sorunlara yol acabilecedi endiselerinden kaynaklanmaktadir (Ko¢ & Uzmay, 2015). Farkl asamalarda
yapilan kontroller ile tuketime sunulan gidalarin ne élgude saglikli oldugu belirlenebilmektedir. Ureticinin
kendisi, yasal kontrol kuruluglari ve tuketiciler en iyi kontrol denetleyicileridir. Bu nedenle tiketici
davraniglari olduk¢ca ©nemli hale gelmektedir (Kizilaslan & Kizilaslan, 2008). Bu baglamda, gida
glvenliginin 6nemi artmis ve bu alanda g¢alismalarin yapilmasini 6nemli hale getirmistir. Bu ¢alismada
Yozgat ilinde kugukbas hayvanlardan elde edilen Urinlerde gida guvenlidi bilinci ve tiketici
davraniglarinin incelenmesi amaglanmistir.
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MATERYAL ve YONTEM

Bu galisma icin etik kurul izni, Yozgat Bozok Universitesi Sosyal ve Besgeri Bilimler Etik Kurulu'nun
19.01.2022 tarihli ve 29/23 numarali karari ile alinmigtir. Calismanin ana materyali, Yozgat ilinde yiz
ylze yapilan anketlerden elde edilen verilerden olusmaktadir. Anket uygulamasi yapilan kisi sayisinin
belirlenmesinde, sinirh populasyonlarda maksimum &rnek buyulkligine ulagsmak icin kullanilan oransal
ornek hacmi formuliinden yararlaniimistir (Newbold, 1995). Ana kitleye iliskin bilgi mevcut oldugunda ve
ana kitle 100.000° den biylk ise 6rnek buydkligi belirli bir guven araliginda hata payi ile
hesaplanabilmektedir. Bu nedenle, Yozgat ili merkez ilgede toplam hane halki sayisinin 2020 yili Yozgat
il Nifus MidarlGgi verilerine gére 100.000 Gzerinde oldugu dikkate alindiginda, %95 giiven araliginda
hata pay! hesaplanacaktir. %95 glven arali§i ve %0.05 hata payi ile Yozgat merkez ilge nifusu dikkate
alinarak 6rnek hacmi asagidaki formilden yararlanilarak 335 olarak hesaplanmistir (Ozdamar, 2004).
Arastirma verilerinin analizinde IBM SPSS v24 programi kullaniimigtir (SPSS, 2016). Verilerin analizinde
oncelikle tiketicilerin sosyo-demografik 6zellikleri ortaya konulmus, daha sonra gida guvenligi bilinci, gida
urlnleri tiketim ve satin alma davraniglari analiz edilmistir. Arastirmada basit aritmetik ortalama ve yuzde
hesaplamalarindan yararlaniimigtir.

_ (Np(1—p)
(N-1)6," + p(1—p)

Formiilde; n: 6rnek hacmi, N: drnekleme gergevesindeki toplam kisi sayisi, p: tahmin orani, ¢,*:
oranin varyansini ifade etmektedir.

ARASTIRMA BULGULARI
Tuketicilerin sosyo-demografik 6zellikleri

Tuketicilere ait bazi sosyo-demografik 6zellikler Cizelge 1'de sunulmustur. Ankete katilanlarin %49.6’si
kadin, % 50.4'0 erkek; %57'si evli, % 43’0 bekar olup, %73.2’sini 40 yags ve altindaki bireyler olusturmaktadir.
Ankete katilanlarin %29.3'0 6grenci, %23.3'0 kamuda c¢alisan, %14.6'si 6zelde calisan, %8'i isGi, %5.6'sI
serbest meslek ve %19.1'i ev hanimi oldugunu belirtmistir. Katilimcilarin %16.7’si ilkokul; %12.2’si ortaokul,
%20'si lise, %45.7'si Universite ve % 5.4'0 yiksek lisans mezunu oldugunu ifade etmistir.

Cizelge 1. Arastirmaya katilan tuketicilere ait bazi sosyo-demografik 6zellikler

Table 1. Some socio-demographic characteristics of the consumers participating in the study

Cinsiyet n %  Medeni durum n %

Kadin 166 49.6 Evli 191 57.0
Erkek 169 50.4 Bekar 144 43.0
Yas Egitim durumu

19-30 156  46.6 llkokul 56 16.7
31-40 89 26.6  Ortaokul 41 12.2
41-50 71 21.2 Lise 67 20.0
50 ve Ustl 19 5.6  Universite 153 45.7
Meslek Yiksek lisans 18 5.4
Ogrenci 98 29.3 Iikamet edilen yer

Kamu 78 23.3 Il merkezi 1-14 36 10.7
Ozel 49 14.6 Il merkezi 15 yil ve Ustii 126 37.6
isci 25 8.0 llge1-14 34 10.2
Serbest meslek 19 5.7 llge 15 yil ve st 83 24.8
Ev hanimi 66 19.1 Koy 15 yil ve Ustl 56 16.7
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Cizelge 1. Devami
Table 1. Continued

n % n %
Aile birey sayisi Yasaminin ¢ogunu gegirdigi yer
1-2 14 4.2 Koy 64 19.1
3-4 176 525 lige 131 39.1
5-6 129 385 |l 121 36.1
7 ve Uzeri 16 4.8 Blyuk sehir 19 5.7
Ailede gida kaynakli bir zehirlenme ge¢irme durumu Ailedeki caligsan kisi sayisi
Evet-hazir gidalar 26 7.8  Anne-baba 46 13.7
Evet-sut ve sut Urinleri 23 6.8 Baba 185 55.2
Evet-disarda yemek 36 10.7 Baba ve bir yetiskin gocuk 65 19.4
Evet-et Urlinleri-hazir gida-digardan yemek 29 8.7  Anne-baba-bir yetiskin gocuk 39 11.7
Hayir 221 66.0 Ortalama aylik gelir (TL)
Ailenizde gida segimini etkileyecek hastalik durumu 2500-5000 57 17.2
Evet-gida alerjisi 28 8.4 5001-7000 54 16.2
Evet-mide hastaliklari 29 8.7  7001-10000 45 13.5
Evet-kalp-damar-mide-tansiyon-diyabet 31 9.1 10001-15000 70 20.9
Evet-solunum yolu-tansiyon-diyabet-bobrek 25 7.5 15001-18000 68 20.3
Evet-vitamin-mineral eksikligi-gida alerjisi 24 7.2 18001-20000 18 5.4
Hayir 198 59.1 20001 ve ustu 22 6.6

Tuketicilerin gogunlukla aile birey sayisi (%52.5) 3-4 kisi olmakla beraber, genel olarak 15 yil ve
Uzeri Yozgat il merkezi, ilceleri veya kdylerinde ikamet ettikleri belirlenmistir. Ankete katilan bireylerin
%17.2'si 2500-5000TL, %16.2'si 5001-7000TL, %13.5'i 7001-1000TL, %20.9'u 10001-15000TL,
%20.3'0 15001-18000TL, %5.4’0 18001-20000TL ve %6.6’'s1 20001TL ve daha fazla aylik gelir elde
ettiklerini belirtmistir. Ayrica ailede g¢alisan kisi sayisina bakildiginda katihimcilarin %13.7’si anne-
baba; %52’si baba; %19.4't baba ve bir yetigskin ¢cocuk ve %11.7'si anne-baba-bir yetigkin cocuk
oldugu tespit edilmistir. Ankete katilan bireylerin %59.1'i ailenizde gida secimini etkileyecek bir
hastalilk durumu var mi sorusuna hayir cevabini verirken, %40.9'u evet cevabini vermistir.
Katilimcilarin %66’s1 ailede gida kaynakli bir zehirlenme yasanmadigini bildirirken %44'G st ve sit
Urunleri, et ve et UrlUnleri, hazir gida veya disarda yenilen yemek gibi nedenlerden dolayl gida
kaynakh bir zehirlenme yasadiklarini belirtmistir.

Tuketicilerin gida giivenligi bilgi dizeyi ve 6zellikleri

Arastirmaya katilan tiketicilerin %48.4'U bilin¢li bir tuketici oldugunu, %61.8'i gida guvenligi
konusuna ilgi duydugunu ve %71.3'G gida aligverisi yaparken gida glvenligi konusuna 6énem verdigini
belirtmistir (Cizelge 2). Katihmcilarin %85.7'si gida guvenligi kavramini duydugunu bildirirken; gida
glvenligi sertifikalari olarak ilk sirada (%44.2) sadece TSE, ikinci sirada ise (%30.1) TSE, HACCP,
GLOBALGAP, I1SO 9001 ile organik ve ekolojik triin sertifikalarini bildiklerini belirtmistir. Katilimcilarin
%93.1'i Alo 174 gida hattini duydugunu ve %30.8'i daha 6nce bu hatti kullandigini bildirmigtir. Ayrica
tuketicilerin %53.1'i tukettikleri gidalardaki etiketi bazen okuduklarini belirtmistir.

Tuketicilerin gida glvenligi kavrami bilgi durumu Cizelge 3'te ve tiiketicilerin gida aligverisinde gida
guvenligi konusundaki 6nem duzeyleri ise Cizelge 4'te verilmistir. Ankete katilan tuketicilerin gida
glvenligi kavrami bilgi durumu icin kendilerine sorulan sorulara agirlikli olarak “cok dnemli” cevabini
verdigi belirlenmistir. Benzer bir sekilde, tiketicilerin gida aligverisinde c¢ogunlukla gida glvenligi
konusunun tiim gida gruplarinda ¢ok énemli oldugu bildirilmistir.
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Cizelge 2. Tuketicilerin gida giivenligi ile ilgili kavramlar konusunda bilgisi
Table 2. Consumers knowledge of concepts related to food safety

n %
Bilingli bir tuketici oldugunuzu diigiinilyor musunuz?
Evet 162 484
Hayir 173 51.6
Gida giivenligi ilgi durumu
Cok ilgiliyim 51 15.2
ilgiliyim 207 618
Az ilgiliyim 7 23.0
Gida aligverigi yaparken gida giivenligi konusuna énem verme durumu
Cok 6nemli 85 25.4
Onemli 239 713
Fark etmez 11 3.3
Gida giivenligi kavramini duyma durumu
Evet 287 85.7
Hayir 48 14.3
Gida giivenligi konusunda bilgi kaynaklari
Televizyon-radyo 42 125
internet-sosyal medya 35 20.5
Bilimsel yayin-kitap-konu uzmanlari 37 11.0
internet-sosyal medya-akraba-arkadas 78 13.3
Televizyon-radyo-akraba-arkadas-konu uzmani 62 185
Hepsi 81 24.2
Gida giivenligi sertifikalari bilme durumu
TSE (Turk Standartlari Enstitiisu) 148 44.2
TSE- HACCP- organik veya ekolojik Urlin sertifikasi 25 7.5
TSE- GLOBALGAP- ISO 9001 61 18.2
Hepsi 101 30.1
Ulkenizdeki gida giivenligi ve korunmasi hakkindaki diisiinceleriniz
Gida guvenliginin saglandigini distundyorum 30 9.2
Yetersiz buluyorum 140 43.1
Denetimleri yetersiz buluyorum 155  47.7
Alo174 gida hatti hakkinda bilgi diizeyi
Tuketicilerin gida ile ilgili her turli sikayet ve taleplerinin degerlendirmesidir 312 931
Tuketicilerin gida ile ilgili kalitelerini 6grenmek igin aradigi bir numara 8 2.4
Gidalarin markalarinin hangisinin iyi oldugu 6grenmek icin aranilan bir hattir 5 15
Bu hattin varligini duymadim 10 3.0
Tuketime uygun olmayan bir gida triinu ile karsilagtiginizda yetkili mercilere bagvuru durumu
Evet 103 30.8
Hayir-ugragsmak istememe 143 427
Hayir-sonu¢ almayacagini digiinme 45 13.4
Hayir-sikayet ederse uretici zarar ugrar disuncesi 13 3.9
Hayir-hepsi 31 9.2
Gunumuzde gidalarin gegmise gore daha guvenli olup olmadigi konusundaki gorisgler
Gecmis yillara gore daha guvenli 75 22.4
Gecgmis yillara gore ayni dizeyde 140 41.8
Gegmis yillara gore daha az guvenli 120 35.8
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Cizelge 2. Devami
Table 2. Continued

n %
Gida denilince akliniza ilk gelen saglik sorunu
Kanser 83 24.8
Obezite 24 7.2
Gida zehirlenmeleri 22 6.6
Katki maddesi 13 3.9
Kanser-obezite-katki maddesi 27 8.0
Obezite-gida zehirlenmesi 34 10.1
Kanser-gida zehirlenmesi-katki maddesi 24 7.2
Hepsi 108 32.2
Tukettiginiz gidalari saghkh oldugunu diisliniiyor musunuz
Evet 46 13.7
Hayir-katki maddesi icermesi 60 17.9
Hatir-GDO 61 18.2
Hayir-katki maddesi icermesi-GDO-hormon 72 215
Hayir-kimyasal madde icermesi-GDO 96 28.7
Tiikettiginiz gidalarda etiketi okuma durumu
Daima 32 9.5
Sik sik 90 27.0
Bazen 178 53.1
Cok nadir 35 104
Cizelge 3. Tuketicilerin gida glivenlidi kavrami bilgi durumu
Table 3. Consumers knowledge of food safety concept
Cok 6nemli Onemli Fark etmez
n % n % n %
Gidalarin her turll tehlikeye karsi glivenligini saglamaktir 190 56.7 142 424 3 0.9
Son kulanim tarihi gegmemis gida 211 63.0 121 36.1 3 0.9
e o e e opne® 182 546 9 45 3 09
Tuketicilerin her tirlt gidaya ulagsmalarini saglamaktir 166 495 153 457 16 4.8
Saglik agisindan guvenli gida 211 63.0 120 35.8 4 1.2
Kalite belgesi olan gida 177 528 139 415 19 5.7
Markal gida 149 445 125 373 61 18.2
igerigi bilinen gida 201 60.0 129 385 5 15
Cizelge 4. Tuketicilerin gida aligverisinde gida guvenligi konusundaki 6nem duizeyleri
Table 4. Consumers level of importance on food safety in food shopping
Cok 6nemli Onemli Fark etmez
n % n % n %
Et ve et Urtnleri 270 80.6 65 19.4 - -
Sut ve sut drdnleri 266 79.4 69 20.6 - -
Kuru bakliyatlar 182 54.3 142 42.4 11 3.3
Unlu mamuller 201 60.0 122 36.4 12 3.6
Taze meyve-sebze 245 73.1 84 25.1 6 1.8
Kuru meyve-sebzeler 194 57.9 131 39.1 10 3.0
Baharatlar 181 54.0 135 40.3 19 5.7
Sicak ve soguk icecekler 174 51.9 139 41.5 22 6.6
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Tuketicilerin gida Grunleri satin alma ve tuketim 6zellikleri

Tuketicilerin gida Urtinleri satin alma kararlarinda etkili olan faktorler Cizelge 5'te verilmistir. Cizelge
incelendiginde, ¢cogunlukla katihmcilarin gida guvenligi ile ilgili konularin satin alma kararinda 6nemli
derecede etkili oldugu gortlmektedir. Katihmcilarin son yillarda gida drtnleri satin alirken goézlemledigi
degdisimler incelendiginde, katilimcilar ¢ogunlukla kalite (%66.6), tazelik (%71.9), guvenilirlik (%71.6),
lezzet (%72.5), dayaniklilik (%72.2) ve verilen promosyonlarda (%74.0) azalma oldugunu belirtirken, fiyat
(%78.5), ambalaj (%58.2) ve etiket (%84.2) bilgilerinin arttigini belirtmistir (Cizelge 6).

Cizelge 5. Tuketicilerin gida urunleri satin alma kararlarinda etkili olan faktorler

Table 5. Factors affecting consumers decisions to purchase food products

Gida Urunleri satin alirken dikkat ettiginiz kriterler nelerdir Onemli Onemsiz Fark etmez
n % n % n %
Markasi 247 73.7 49 14.6 39 11.7
Fiyati 233 69.6 79 23.6 23 6.8
Gorunusu 307 91.6 20 6.0 8 24
Ambalaji 304 90.7 19 5.7 12 3.6
Besin degeri 301 89.9 21 6.3 13 3.9
indirimli olmasi 232 69.3 82 24.5 21 6.3
Lezzeti 324 96.7 9 2.7 2 0.6
Uriinii hijyenik olmasi 326 97.3 5 15 4 1.2
Gida satin aldigim yerin hijyenine dikkat ederim 319 95.2 8 2.4 8 2.4
Gida satin alinan yerde g¢alisanlarin eldiven vb. takmis olmalari 297 88.7 21 6.3 17 5.1
Gida glivenligi sertifikasi olmasi 271 80.9 41 12.2 23 6.9
Taze olmasi 307 91.6 17 51 12 3.6
Yoresel Urtin olmasi 232 69.3 56 16.7 47 14.0
Uzman onerileri 255 76.1 34 10.1 46 13.7
Gegmis deneyimler 302 90.1 17 5.1 16 4.8
Etiket bilgisi 295 88.1 18 54 23 6.9
Tanitim-reklam 241 71.9 55 16.4 39 11.6
Uriin kullaniminin-hazirlanmasinin kolay olmasi 264 78.8 47 14.0 24 7.2
Uretim yeri-mengeine 292 87.2 21 6.3 22 6.6
Katki maddelerine 320 95.5 - - 5 15
Tuketim- Uretim tarihine 323 96.4 - - 2 0.6
Organik-iyi tarim uygulamalari ile Gretilmis olmasina 300 89.6 20 6.0 15 4.5
Satin alinan yerde uygun kosullarda satiimasi ve muhafaza edilmesi 320 95.5 9 2.7 6 1.8
Cizelge 6. Katihmcilarin son yillarda gida Urunleri satin alirken gézlemledigi degisimler
Table 6. Changes observed by participants when purchasing food products in recent years
Artti Azaldi Degismedi
n % n % n %
Kalite 64 19.1 223 66.6 48 14.3
Fiyati 263 78.5 14 4.2 58 17.3
Ambalaji 195 58.2 82 245 58 17.3
Etiket 282 84.2 27 8.0 26 7.8
Tazelik 48 14.3 241 71.9 46 13.7
Guvenilirlik 37 111 240 71.6 58 17.3
Lezzet 42 125 243 725 50 15.0
Promosyon 40 12.0 248 74.0 a7 14.0
Dayanikhilik 55 16.4 242 72.3 38 11.3
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Cizelge 7. Katimcilarin hayvansal Urlinleri satin alma yeri

Table 7. Where participants purchased animal products

varket Uretei kassp sanmateri e e

n % n % n % n % n % n % n % n %
Sat 219 654 109 325 9 27 14 42 30 90 5 15 65 194 66 19.7
Peynir 187 55.8 83 2438 - - 18 5.4 15 4.5 9 27 29 8.7 72 21.5
Yogurt 230 68.7 82 245 - - 0.9 15 45 3 09 24 72 97 29.0
Tereyagi 177 52.8 112 334 - - 7 2.1 15 45 9 27 29 87 66 19.7
Kaymak 201 60.0 86 257 - - 5 15 15 45 3 09 16 438 71 21.2
Kirmizi et 92 275 22 6.6 169 504 50 149 2 0.6 - - 3 09 47 14.0
Sucuk-pastirma 105 31.3 14 4.2 141 421 61 182 0.3 - - 0.9 18 5.4
Beyaz et 144 43.0 13 39 165 493 104 31.0 0.3 - - 5 1.5 37 11.0

Ankete katilan bireylerin koyun-keci et ve siit tiketimi ile satin almada etkili faktorler ve sit ve sit
Urtnleri tiiketim sekilleri Sekil 1'de sunulmustur. Ankete katilan bireylerin koyun-kegi eti tiiketimde etkili
faktorlerin basinda lezzet (%64.5) gelirken koyun-keci st ve st Grinleri tiketiminde etkili faktorlerin
sosyal cevre, saglik, teminin kolay olmasi, tanitim ve lezzet (%64.8) oldugu gorilmektedir. Ayrica,
katilimcilar koyun-keci et ve sit drlnleri alirken genel olarak %58.2 satin alinan yerin etkili oldugunu
bildirmistir. Katihmcilardan koyun-keci sit drtnlerinden koyun yogurdunu %36.4'U, koyun peynirini
%20.6’s1, kegi peynirini %21.5'i, ke¢i yogurdunu %210.4°0, igme sutl olarak %4.8'i ve %3.3'U hepsini

tikettigini belirtmigtir.

= Aliskanhk-sosyal cevre

= Saghk

= Teminin kolay olmas ve tamitim
Lezzet

= Hepsi

e

= Lezzet

= Lezzet-ahskanhk

w Lezzet-besin defen
Lezzet-aligkanhk-kolay bulunmas

= Lezzet-ahigkanhk-sosyal cevre

u Hepsi

Koyun-kegci eti tiketimde etkili faktorler

Koyun-keci situ tiketimde etkili faktorler

Sann al ‘ e
] in alinan yer
1 21

® Tazelik-renk

= Fiyat
Marka-ambalaj

= Hepsi

7

2
5 E
215

= Koyun yofurdu

= Kegi yoRurdu

= Koyun peynir
Kegi peyniri

= Koyun lgme st

= Kegi igme siiti

= Hepsi

Koyun- keci et ve sut drunleri satin almada etkili faktorler

Koyun kegi sut Uriinleri tiketim sekli

Sekil 1. Katimcilarin koyun-kegi et ve st tiketimi ile satin almada etkili faktorler ve st ve sut trdnleri tiketim sekilleri.

Figure 1. Participants sheep-goat meat and milk consumption, factors affecting purchasing and consumption patterns of milk and

dairy products.
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Ankete katilan bireylerin koyun ve keci eti satin alma sekli genel olarak (%37.0, %37.9) parca et
seklinde olup, parca et-islenmis Urlin-sakatat-bas-ayak-ic yagi-kuyruk yagi olarak hepsini tikettigini
belirtenlerin orani ise sirasiyla %39.7 ve %32.2'dir (Sekil 2). Katilimcilarin koyun-keci eti ve et Urlinleri ile
sut ve st drdnleri tercih etme nedenlerine bakildiinda, ilk sirada daha lezzetli ve saglikli oldudu
gorilmektedir (Sekil 3 ve 4).

32.2

7.5

5.4
2.4 e

7.8
5.7 a5 5 48

Koyun Kegi

4.2
||

mHepsi ®WParcaet  miglenmis liriin Sakatat MWBas-ayak Wicyagi-kuyrukyag M Tiiketmiyorum

Sekil 2. Katilimcilarin koyun ve kegi eti satin alma tercihi.

Figure 2. Participants preference for purchasing sheep and goat meat.
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Sekil 3. Katimcilarin koyun-kegi eti ve et uriinleri tercih etme nedenleri.
Figure 3. Reasons why participants prefer sheep-goat meat and meat products.
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Sekil 4. Katilimcilarin koyun-kegi sitii ve sit trtinleri tercih etme nedenleri.

Figure 4. Reasons why participants prefer sheep-goat milk and dairy products.
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SONUC ve TARTISMA

Gida satin alma kararinda tuketiciye ait birgok ozellik etkili olmaktadir. Bu 6zellikler demografik,
sosyo-kiiltirel ve psikolojik olarak siralanabilir (Oriici & Tavganci, 2001). Elde edilen sonuglar
incelendiginde cinsiyet ve medeni duruma go6re katihmcilar arasinda dengeli bir dagilm oldugu
gorilmektedir. Ek olarak katilimcilarin %73.2'sini 40 yas ve altindaki bireyler olusturmaktadir.
Katimcilarin %20'si lise, %45.7’si Universite ve %5.4'U yiksek lisans mezunu oldugu ve ortalama hane
halki sayisi ise agirlikl olarak (%52.5) 3-4 kisi oldugu bildiriimistir. Arastirma sonuglari farkli illerde
yapilan ¢alismalar ile benzerdir (Keles vd., 2021; Durmaz Dayilar, 2018). Ayrica katilimcilarin %40.9'u
ailede kronik bir rahatsizligi bulunan bir bireyin oldugunu bildirmistir. Bu sonuglar Engindeniz vd. (2021)
bildirdikleri sonuclardan (%25.09) yuksek bulunmustur. Ailede calisan sayisi bakimindan elde edilen
sonuglar Acibuca & Kaya (2023)'nin yaptiklari galisma sonuglari ile benzerdir. Katimcilar genel olarak 15
yil ve Uzeri Yozgat il merkezi-ilgeleri veya koylerinde ikamet ettiklerini belirtmiglerdir. Elde edilen bulgular
Tokat ilinde Onurlubas & Gurler (2016)’in yaptiklari ¢alisma sonuglari ile uyumludur.

Tuketiciler satin alma kararlarini verirken her zaman rasyonel davranmamaktadirlar. Bir Grindn
tuketicilere maksimum fayda saglamasi ve 6zelliklerinin iyi olmasi o Urinidn satin alinmasi icin yeterli
olmamaktadir (Yucel & Simsek, 2018). Bu durumun nedeni, kiresellesen ve dedisen toplumsal, kilturel ve
ekonomik yapinin tiketici tercihlerine etkisi ve bu etkinin bireyler arasinda nasil degistigidir. Bu nedenle,
kalite, marka, ambalaj, lezzet ve tazelik gibi 6zelliklerin yani sira Uriinlerin insan sagligina zarar vermemesi
onemlidir. Bu konularla ilgili endiselerin artmasi, insanlarin saglikli gida tiketme konusunda daha fazla
farkindalida sahip olmalarina neden olmaktadir (Honkanen vd., 2006). Bilin¢li tiketiciler, insan saghgini
tehlikeye atmamak icin gidalarin satin alinmasi, saklanmasi, hazirlanmasi ve tiketilmesi gibi tim sireclerde
maksimum 6zen gosterirler (Oriicii & Tavsanci, 2001). Ankete katilan bireylerin %85.7’si gida givenligi
kavramini duydugunu bildirmistir. Bu sonuclar Yalgin (2012), Keles vd. (2021) ve Tasdan vd. (2014)'nin
farkli illerde yaptiklari ¢alisma sonuglari ile benzer; Onurlubas & Girler (2016)'in yaptiklar galisma
sonuclarindan ise yuksek bulunmustur. Ayrica tuketicilerin gida guvenilirligi konusunda bilgi edindikleri
kaynaklar bakimindan elde edilen sonucglar Madenci vd., 2019 ve Keles vd., (2021) ile benzerlik
gostermektedir. Tuketicilerin gida drinleri kalitesinin degerlendirilmesine kullanilan bazi kavramlarin
bilinirligi sorgulandiginda, genel olarak bilgi sahibi olduklar gortlmektedir. Arastirma bulgulari Kirmaci vd.
(2021)'nin yaptiklari galisma sonuglari ile uyumludur. Ankete katilan bireylerin %93.1'i Alo 174 gida hattini
dogru bir sekilde tanimlarken bu bulgular Onurlubas (2015)'in %42.6 ve Durmaz Dayilar (2018)'in
%67.4'Unun tuketicilerin Alo 174 gida hatti tanimini dogru yaptigini bildiriglerinden yiksek bulunmustur.
Ancak arastirmaya katilan katihmcilarin sadece %30.8'i bu hatti daha dnceden kullandigini bildirmistir.
Tuketiciler ugragsmak istememeleri, sonu¢ alamayacagini disinmeleri ya da sikayet ederse Uretici zarara
ugrar dusincesi ile bu hatti kullanmadiklarini belirtmislerdir.

Aragtirmaya katilan bireyler cogunlukla gida aligverisinde gida glvenligi konusunu cok Onemli
bulduklarini bildirmislerdir (Cizelge 4). Ayrica gida Urlinleri satin alma kararlarinda etkili olan faktérlere de
bakildiginda gida guvenliginin saglanmasinda etkili olan faktdrlerin gogunlukla énemli bir faktér oldugunu
bildirdikleri gérilmektedir (Cizelge 5). Onurlubas (2015) tarafindan yapilan bir arastirma, tiketicilerin gida
dranleriyle ilgili géruslerini incelemistir. Tuketicilerin ¢codu, gida Urlinlerinin etiketleri, ambalajlari, kalitesi ve
tazeliginin simdi daha iyi oldugunu, ancak yaridan fazlasi gida Urtnlerinin fiyatinin ve tadinin daha dncelikli
oldugunu dustunmektedir. Yapilan calisma sonucunda ise katilimcilarin son yillarda gida Urtnleri satin
alirken goézlemledigi degisimler incelendiginde; katiimcilar ¢ogunlukla kalite, tazelik, glvenilirlik, lezzet,
dayanikhlik ve verilen promosyonlarda azalma oldugu; fiyat, ambalaj ve etiket bilgilerinin arttigi bildirilmigtir.

Gida glvenligi agisindan drinlerin ambalajli olmasi, saglikli olmasi ve tazeligini koruyabilmesini
saglamaktadir (Onurlubas, 2015). Ayrica yapilan bazi ¢alismalarda ambalajli Grlinlerin sagdlikli olmasinin
yani sira saklama imkani saglamasi, kaliteli olmasi ve tagima kolayhigi sagladidi da bildirilmistir (Uzundz vd.,
2008). Ankete katillan katihmcilarin tamami 6ncelikli olarak mutlaka ambalajli Grinleri tercih ettiklerini
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bildirmistir. Ek olarak katihmcilarin ¢ogunlugu tikettikleri gidalarin saghkli oldugunu dustnmediklerini
(%86.3) bildirirken, sadece %9.5'i tukettikleri gidalarda etiketi daima okudugunu bildirmistir. Yapilan
calismalarda tuketicilerin gida Urunlerini satin almada, geleneksel perakendecilerden stipermarketlere ve
hipermarketlere dogru egilimin oldugunu, taze et satin alirken ise uzmanlasmis geleneksel perakendecileri
tercih ettikleri bildiriimektedir (Gracia, 2005; Uluat, 2002; Onurlubas, 2015; Yaylak vd., 2010; Tagkin vd.,
2020). Yapilan diger ¢alismalarin bulgulari bu arastirmanin sonuglariyla uyumludur (Cizelge 7).

Gida maddelerinin tuketim aligkanliklari Ulkeden ulkeye, boélgeden bdlgeye degistidi gibi iller
arasinda hatta yoresel olarak da farkhlik gosterebilmektedir (Sengul, 2004; Karakus vd., 2008). Et ve et
drdnlerinde tiketici algisi, bu drlnlerin tercih edilmesi ve tiketiimesinde 6énemli bir rol oynamaktadir. Bu
durum ayni zamanda Uretici agisindan karlihgi etkilediginden kritik bir faktor olarak degerlendiriimektedir
(Troy & Kerry, 2010). Ankete katilan bireylerin tamaminda et tiketim tercihlerinde ilk sirayr kirmizi et
alirken, ayni zamanda katilimcilar kirmizi et tiketiminde de agirlikli olarak koyun etini tercih ettiklerini
bildirmislerdir. Farkli illerde yapilan benzer ¢alismalarda da katilimcilarin blyik bir bélimanun kirmizi et
tuketiminde agirlikh olarak koyun etini tercih ettikleri bildirilmistir (Karakus vd., 2008; Tosun & Hatirl,
2009; Seker vd., 2011). Tuketicilerin satin alma tercihlerinin temelini, Grindn sahip oldugu kalite ipuglari
belirlemektedir (Troy & Kerry, 2010). Katiimcilarin koyun-keci etini tiiketiminde etkili olan faktdrlerin
basinda etin lezzetlilik parametresi gelmektedir. Yapilan c¢alisma sonugclari literatir bildirigleri ile
uyumludur (Taskin vd., 2020; Aygin vd., 2004; Seker vd., 2011). Ek olarak sirasi ile et tuketim
tercihlerinde aliskanliklar, besin dederi, sosyal ¢cevreninde etkisi bulunmaktadir. Bu durumun nedenleri
arasinda; katilimcilarin koyun etini severek tiketmeleri, damak tadi ve bdlgede arazi yapisinin kigiukbas
hayvan yetistiriciligine uygun olmasi ile yaygin olarak kigtkbas hayvan yetistiriciliginin yapiimasi 6n plana
¢ikmaktadir. Katilimcilar koyun-keci sit ve sut trdnleri tiketiminde etkili faktorlerin sosyal cevre, saglik,
teminin kolay olmasi, tanitim ve lezzet (%64.8) oldugunu bildirmiglerdir. Ayrica katihmcilar koyun-keci et
ve sit drinleri alirken buytk oranda satin alinan yerin etkili oldugunu belirtmislerdir. Katihmcilarin koyun-
keci sut Urunleri tuketim tercihlerine bakildiginda ilk sirada koyun yogurdu yer alirken sirasi ile koyun
peyniri, keci peyniri, keci yogurdu ve icme suti olarak tukettikleri belirlenmisgtir.

Koyun ve kegiden elde edilen urinlerin Ulkemiz ekonomisi i¢in ne kadar dnemli oldugunun heniz
bilincine variimamigstir. Tirk mutfaginda koyun ve kecilerden elde edilen Grlnlerin 6zel bir yeri ve 6nemi
vardir. Kuzu ve oglak eti, dzelliklerinden dolayi sevilerek tilketilmektedir. Ulkemizde koyun ve kegi siitiiniin
onemi ve bunlardan Uretilen Urlnlerin tiketim aligkanligi yeni yeni ortaya ¢ikmigsken, koyun ve keciden
geleneksel yontemlerle Uretilen peynirler diinya c¢apinda yiuksek fiyatlara pazarlanmaktadir. Kiglikbas
hayvanciligin hayvansal Uretim degerine katkisinin biyikbas hayvanciliga gbére daha disik olmasina
ragmen, koyun ve keci Uretimi, 6zellikle marjinal kirsal alanlarda Ureticiye gelir ve istihdam saglamasinin
yani sira 6dnemli bir gida kaynagi olmaya devam etmektedir. Koyun ve kegi yetistiriciliginin kiicik ve daginik
isletmeler halinde olmasi nedeniyle Uretilen ¢ig sitlerin toplanmasi ve degerlendiriimesi bir¢gok sorunla karsi
karsiyadir. Kiictk aile isletmeleri ihtiya¢ dogrultusunda ¢ig sitli daha cok (seyyar) sokak sitguligu seklinde
pazarlamakta, elde edilen sutler yogdurt, ¢cokelek vb. Uriin olarak ya da her gin dretilen sitleri geleneksel
yontemlerle peynire doénlstirerek, uzun bir saklama periyodu sonrasi pazarlamaktadir. Koyun ve kegci
drdnlerinin 6nem kazanmasi ve alternatif bir gelir kaynadi olabileceginin ortaya cikmasiyla birlikte,
Turkiye'nin farkli bolgelerinde kiglikbas hayvancihigin gelistiriimesi konusunda gesitli kurumlarca projeler
olusturuimus, uygulamaya aktariimis ve olumlu sonuclar alinmistir. Yozgat ilinde de bu farkindaliklarin
olugsmasi icin hem Ureticilerin hem de tiketicilerin bilgi, beceri ve isteklerinin ortaya konulmasi icin ¢ok
sayida galismaya ihtiyag vardir. Tuketici tercihlerinin belirlenmesi ile ilimizde klgikbas hayvanlardan elde
edilen drunlerde trun gesitliligi, trin talebi, hijyen, trinlere ulasma, pazarlama, fiyat, markalasma vb. birgok
konuda gelistirilecek stratejilerin olusturulmasina katki saglayacagi disuniimektedir.

Veri Kullanilabilirligi

Veriler makul talep Uzerine saglanabilmektedir.
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oz

Amag: Alternatif Turizm rotalari, iki veya daha fazla nokta arasinda bulunan ve
turizme kaynak olusturan deg@erlerin  baglantiiiindan olugan  sistemi
tanimlamaktadir. Bolgedeki turizm truinune gesitlilik katmakta; dogal, tarihi, kilturel,
sosyal ve estetik degerlerin korunup gelistirilerek cekiciliklerinin  devaminin
hedeflendigi surddrulebilir turizme imk&n sunmaktadir. Calismayla zengin peyzaj
degerlerine sahip olan Finike’nin dogal ve kdltirel peyzaj degerleri analiz edilerek,
alternatif turizm rotalarinin belirlenmesi hedeflenmigtir.

Materyal ve Yontem: Calisma alani olarak Antalya’nin Finike ilcesi segilmistir.
Calismanin materyalini Finike ilgesinin kiltirel ve dogal peyzaj o6zellikleri
olusturmaktadir. Calisma yontemi; peyzaj degerlerinin envanteri, arazi ¢alismalari
ve gozlem formlarinin doldurularak 6ne g¢ikan kiiltirel ozellikler, dogal peyzaj
Ozellikleri ile yoreye 6zgi gelenek-goreneklerin belilenmesi ve alternatif turizm
rotalarinin tanimlanmasi agsamalarindan olusmaktadir.

Aragtirma Bulgular: Finike kent merkezinden baglayarak ilgenin uzak
mesafelerine kadar turizme kaynak olusturacak dogal ve kulturel de@erler tespit
edilmis ve aralarindaki baglantiliik kurulmustur. Likya Yolu gibi mevcut rotalar
alternatif faaliyetlerle butlnlestirilirken alternatif turizm rotalari bisiklet, yurtyus,
Yoruk gog yolu olarak temalandiriimistir. Bu kapsamda 2 bisiklet rotasi, 2 Yoruk
go¢ rotasi ve 9 yurlyUs rotasi belirlenmistir.

Sonug: Galisma sonuglarinin kitle turizmine alternatif olarak gorilen doga ve kultur
turizminin rotalar ve bir sistem dahilinde degerlendirimesiyle Finike bdlgesinin
surdurdlebilir turizm gelismelerine temel olusturmasi, dogal ve kulttrel degerler
konusundaki farkindah@in artmasina ve korunmasina katki sunmasi beklenmektedir.

ABSTRACT

Objective: Alternative Tourism routes define the system consisting of the
connectivity of values between two or more points that constitute a source of
sustainable tourism, aims to preserve and develop natural, historical, cultural, social
and aesthetic values and maintain their attractiveness. The study aimed to
determine alternative tourism routes by analyzing the natural and -cultural
landscape values of Finike.

Material and Methods: The study area was Finike district of Antalya and the
material was consisting of the cultural and natural landscape features of Finike. The
method consists of the stages of inventory of landscape values, field studies and
filling out observation forms, determining the prominent cultural features, natural
landscape features and local traditions and customs, and defining alternative
tourism routes.

Results: Natural and cultural values, starting from Finike city center to long
distances, have been identified and the connectivity between them has been
established. While existing routes such as the Lycian Way are integrated with
alternative activities, alternative tourism routes are themed as cycling, walking, and
Yoruk migration route. In this context, 2 bicycle routes, 2 Yoruk migration routes
and 9 walking routes were determined.

Conclusion: It is expected that the results of the study will form the basis for
sustainable tourism developments in the Finike region by evaluating nature and
cultural tourism, which is seen as an alternative to mass tourism, within routes and
a system, and contribute to the increase and preservation of awareness of natural
and cultural values.

501


https://doi.org/10.20289/zfdergi.1456452
mailto:eyildirim@akdeniz.edu.tr
https://doi.org/10.20289/zfdergi.1456452
https://orcid.org/0000-0001-6208-2919
https://orcid.org/0000-0002-1870-4749

Tung & Yildinm

GiRIiS

Bir alanin dogal ve kulturel 6zelliklerinin butiini olan peyzaj, doga ve insan arasindaki karsilikli
etkilesimin en ilging 6rneklerini sunar. insan ve peyzaj birbiriyle ¢ok yakindan iligkili olup, dogadaki
varliklarin/objelerin bitiininin veya bir béliminin, insan eliyle degistirilip yeniden yorumlanmasi sonucu
kultirel peyzajlar olugsmaktadir. Dogal ve kultirel peyzajlardan tatil ve dinlence amaciyla yararlanma
¢abasi turizm faaliyetlerini ve turizm peyzajlarini beraberinde getirmistir. Blyuk oranda dogal ¢cevrenin ve
peyzajin cesitliligine, degerlerine bagh turizm, ekonomik kalkinmaya bash basina blyuk 6lciide olanak
sagladigi icin yerel ve ulusal 6lcekte genel olarak desteklenmektedir. Ancak uygulamalarin biutincil ve
surdurdlebilir olmamasi dogal ve kultirel peyzajlarin korunmasi zorunlulugu vardir.

Turizm; dinlenme, eglenme, gérme, tanima vb. amaglarla yapilan gezi; bir tlkeye veya bir bélgeye
turist cekmek icin alinan ekonomik, kdltirel, teknik ©nlemlerin, yapilan c¢alismalarin timia olarak
tanimlanmistir (TDK, 2024). Ulkemiz turizm gelismelerinin temellerinin atildigi 1970’lerden itibaren kitle
turizm Grdnd ile 6ne g¢ikmaktadir. Atik (2003)’'e gore 1969 yilinda yurirlige giren 6/12209 Sayih
Kararname ile Ege ve Akdeniz bdlgelerinin Balikesirden Antalya’ya kadar uzanan kesiminde 3 km
genigligindeki kiyr seridi Oncelikli Turizm Gelisim Alani olarak tanimlanmis ve gegen 50 yillik sure iginde
¢ok sayida turizm gelisim bdlgesi ilan edilmigtir.

Turizm gelirlerinin Ulke geneline esit dagihmini sadlamak, kirsal bolgelerde ekonomik kalkinmaya
kaynak olusturmak ve turizm tim yila yaymak amaciyla 2000’lerden itibaren turizminin gesitlendirilmesi
yoluna gidilmigtir. Celik Canga & Senay (2023), kirsal alanlarin, sahip olduklari dogal ve kiiltiirel peyzaj
degerleri acisindan rekreasyonel kullanimda blyik 6neme sahip oldugunu ve bu potansiyele sahip
alanlara biyik deger kattigini belirtmektedir.

Ulkemizde turizm; saglik ve termal, kig, yayla, magdara, av, kongre, golf, yat, ipek yolu, inang, hava
sporlari, dagcilik, akarsu-rafting, su alti dahs, kus gozlemciligi altinda siniflandinimistir (Kdlttir ve Turizm
Bakanhgi, 2022) ve alternatif turizm gesgitleri olarak kabul edilmigtir. Bunlara, agroturizm, kamp turizmi, olta
balik¢ihgi turizmi, flora-fauna gdézlemciligi turizmi, festival turizmi gibi basliklari da eklemek mumkuindur.

Alternatif, degisik ve farkli anlamina gelip (TDK, 2024), turizm baglaminda surekliligi olan bir
uygulamadan farkli olana karsilik gelmektedir. Alternatif turizm kitle, doga vb gibi farkli turizm ¢esidini;
alternatif turizm rotasi ise ayni turizm bdlgesindeki baglantili faaliyetin timini kapsamaktadir. Gormus et
al. (2017), kdltar rotalarinin dogal ve kiltirel mirasin korunmasi gabasi ile gelistirildigini belirtirken; Cruz
et al. (2022), turizm rotalarini kentler ile kirsal-dogal alanlar arasindaki bag olarak gérmektedir.

Alternatif turizm rotasi iki veya daha fazla nokta arasinda bulunan ve turizm kaynak olusturan
degerlerin baglantilihdindan olusan sistem olarak tanimlanabilir. Burada dogal ve kulttrel degerleri ile
peyzaj cesitliligi alternatif rota icin kaynak sunar. Alternatif turizm rotalari buytk turizm yatirimlari
gerektirmeden de bir bolgedeki turizm Urtintne gesitlilik katmaktadir.

Turistler icin; turistik alanlari gezmek, kesfetmek ve orada vakit gecirmek adina bir rehber ve yol
haritasi  niteligi tasiyan turizm rotalari, ekoturizm rotalar gibi glnimuzde birgok kavram
yayginlasmaktadir. Pedrosa et al. (2022), turizm rotalari ile ilgili rota temelli turizm, turizm rotasi, turist
rotasi gibi farkli terminolojiler Gzerinde durmustur. Kiltirel izler baglaminda Avrupa Konseyinin kiltir
rotasi, tarihi rotalari projesi ile baslarken, Pedrosa et al. (2022), turizm rotalarini kiltirel miras rotasi,
sarap rotasli, gastronomi rotasi, Saint James rotasi gibi tematik olabilecegini belirtmektedir.

Rotalar, turistler icin ulagim araci olup dogal ve kdlttrel turizm degerlerini kontrolli ve bir rehber
niteliginde kullanmalarini saglamaktadir. Rotanin 6nemi; eger organize turlara katimislarsa rotadaki
glzergahlari ve yollari segcme sanslarinin olmayigi; tatil programini kendileri hazirlamiglarsa istedikleri
rotayl secme sansina sahip olmalaridir (Baykal, 2015).
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Turizmde surduralebilirlik kavrami, turizmin kaynagdi olan dogal, tarihi, kulturel, sosyal ve estetik
degerlerin korunup gelistirilerek cekiciliklerinin devaminin saglanmasini ifade etmektedir (Demir &
Cevirgen, 2006). Surdurilebilir turizm yeni turizm faaliyetlerinin ve gelismelerinden kaynaklanan olumsuz
cevresel etkilerin yonetimi, turizme kaynak degerlerin korunmasi ve turizm bdlge ve yerel ekonomiye
katkisini saglamay hedeflemektedir.

Turizm rotalarinin temel amaci, her biri tek basina yeterince cekici olmayan turistik deger ve
aktiviteleri birbirine baglamaktir. Bdylece sinerjik etki kullanilarak daha gugli bir turistik c¢ekicilik
yaratilabilir, kigtk turizm merkezleri kolektif bir sekilde bir turistik destinasyon olarak konumlandirilabilir
ve turizmden elde edilen gelirler bélge ekonomisinde yaygin bir etki yaratmaktadir (Meyer, 2004).

Antalya turizm gelirleri, tesis ve 06zellikle ziyaretci sayilari bakimindan Turkiye'nin 6énde gelen
bdlgesi konumundadir. Turist taleplerindeki degismeler, kiyi turizminin doygunluga ulasmasi, alternatif
turizm tarlerinin popdlaritesinin artmasi, kiresel rekabetin hizlanmasi gibi gelismeler Antalya'da turizmin
cesitlendiriimesini (Ortacesme & Zegerek, 2017) ve mevcut turizmin alternatifler ile strdiralebilir bir forma
dondstirilmesini zorunlu kilmaktadir.

Besinci yuzyilda Fenikeleriler tarafindan kuruldugu bilinen ve Antalya’nin gineybatisinda yer alan
Finike kiyr kayaliklari ve ovalarindan, kirectasi kayaliklari ile sekillenmis daglik ormanlik alanlara ve yaylara
kadar yuksek peyzaj cesitliligine sahiptir. Yerel halkin gecim kaynadi olan tarimin 6n planda olmasi
nedeniyle turizm hareketliligi Kas, Kemer, Alanya, Manavgat gibi diger ilcelere kiyasla daha az
yogunluktadir. Bu durum surddrdlebilir turizm ve alternatif turizm kavramlarinin bélgede uygulanabilirligi
acisindan bir firsat yaratmaktadir. Ancak tim dinyada yasanan Covid-19 salgini neticesinde farkli bir arayis
icine giren turistler agisindan kesfedilmemis dogal alanlara ragbetin artmasi, yakin zamanda bu bélgenin de
plansiz bir sekilde kullaniimaya baslanmasina neden olabilmektedir. Bu sebeple ekolojik, kilturel ve yerel
kaynak degerlerinin zarar gérme olasihdini en aza indirecek ¢ézimlere ihtiya¢ duyulmaktadir.

Bu c¢alisma ile dogal yapisinin ve tarimsal kaynaklar agisindan kiyr ovasinin henlz turizmin
yipratici etkisi ile nispeten karsilasmamis, tarihi, kiltirel ve ekolojik agidan zengin peyzaj degerlerine
sahip olan Finike’nin dodal ve kultiirel peyzaj de@erleri analiz edilerek, bolge icin alternatif turizm rotalari
belirlenmistir. Burada Finike kent merkezinden baslayarak en uzak mesafelere kadar turizme kaynak
olusturacak dogal ve kiltlirel degerler tespit edilmis ve aralarindaki baglantililik kurulmustur. Burada Likya
Yolu gibi mevcut rotalar alternatif faaliyetler ile butiinlestirilirken alternatif turizm rotalar bisiklet, yiriyus,
yoruk goc¢ yolu olarak temalandiniimistir. Calisma sonuglarinin kitle turizmine alternatif olarak gorilen
doga ve kdltir turizminin rotalar ve bir sistem dahilinde degerlendiriimesi ile Finike bdlgesi icin
surdurulebilir turizm gelismelerine temel olusturmasi, dogal ve kiltirel degerler konusundaki farkindaligin
ve korumanin gelismesine katli sunmasi beklenmektedir.

MATERYAL ve YONTEM

Calisma alani olarak Antalya’nin Finike ilgesi secilmis olup, ¢alismanin materyalini Finike ilgesinin
kulttrel ve dogal peyzaj 6zellikleri olusturmaktadir (Sekil 1). Dodusunda Alakir Cayi ile kuzey ve bati
kesimlerinde de Toros Daglari ile iki dogal sinir ile gevrelenmistir. Finike, denizalti daglarinin bulundugu
denizi ve marinasi, karada sahil kiyi seridi, 6zellikle de Demre’ye kadar uzanan koylari, Suluin Magarasi
gibi dogal peyzaj degerlerinin yani sira, Boldag, Yatikardig, Asaroni Tepesi, Lymra, Kirkgéz Koéprd,
Arykanda, Arif, Yalniz, Gokbik, Yazir gibi geleneksel kirsal yerlesimleri ile 6ne ¢ikmaktadir.

Kas, Kemer, Alanya, Manavgat gibi diger ilgelere kiyasla kitle turizmi gelisimi olmamasi ve
surdarulebilir turizm ve alternatif turizm kavramlarinin uygulanmasi agisindan Finike’'nin uygun kosullari
sergilemektedir. Akdeniz ile kiyi kesiminden Beydaglari’'na kadar uzanan tarihi, kiltirel ve ekolojik
kaynaklar, Ordibek ve Oluklu yaylalar, gecmisten glinimiize kadar bdlgedeki ulagim aglarinin
saglandigi “Akcay Vadisi” ve bu vadinin etrafini kusatan verimli tarim arazileri ve kirsal peyzajlari ile
Finike kitle turizmine alternatif bilylk bir potansiyeline sahiptir.
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Sekil 1. Arastirma alani genel konumu.

Figure 1. Location of the research area.

Calisma yontemi; veri temini, kaynak tarama, envanter ve arazi, sérvey c¢alismalari, sentez ve
degerlendirme asamalarini icermektedir (Sekil 2). Bu kapsamda g¢alisma konusu ve Finike bélgesi ile ilgili
literatr bilgisi ve mevcut galismalar incelenmistir. Burada sayisal veriler ile topografya, toprak yapisi ve
hidroloji haritalarinin olusturulmasi igin ArcGIS 10.5 programi kullanilmistir. ikinci asamada alternatif turizm
rotasina kaynak olusturacak Finike ilcesi peyzaj degerlerinin envanteri gergeklestirilmis, bilgi eksikligi olan
dogal ve kilturel peyzaj degerleri icin arazi sorveyleri ile yerinde tespitler yapiimistir. Bu amagla 6ne ¢ikan
dogal 6zellikler, 6ne ¢ikan kulturel dzellikler, peyzaj — manzara 6zellikleri, ydreye 6zgu gelenek — gérenekler
alt bagliklarindan olusan bir arazi goézlem formu kullanilmistir. Dogal ve kiltiirel degerler tanimlanmis,
koordinatlandiriimis ve haritaya aktariimigtir.

Veri Temini Dogal Kaynak
Kaynak Tarama - *

l \\ Degerleri
Envanter s
| Finike Kiiltiirel Kaynak

Kaynak Noktalar

u Degerleri
S5rve [ Kyt || Kent ici ” Kirsal || Tar'lhi“DoﬁaI |
(;allgrr\:alarl;’ Alternatif Turizm

u Rotalari

Sentez ——»
sz Bisiklet Rotalar
Dedariendirme || Yorik Gog Yollan |

Yirlyls Rotalari |

Sekil 2. Calisma ydntemi akis semasi.

Figure 2. Method flow chart.

Doga Dernegi (2006), Cevre, Sehircilk ve Iklim Degisikligi Bakanhgi (2021) ile Finike Belediyesi,
Antalya Valiligi il Kdltir ve Turizm Midirligi, Antalya Orman Bélge Mudirligi, Finike Orman igletme
Sefligi'nden alinan verilerle ilgede alternatif turizme konu olabilecek dogal ve kiiltirel kaynak degerlerini ortaya
koymak amaciyla korunan alanlara ait haritalar ile ArcGIS 10.5 programi ile tek bir tabaninda birlestirilmistir.
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Mevcut veriler, arazi galismalari ve verilerin sentezi ile kiyi, kent i¢, kirsal, tarihi ve dogal kaynak
noktalari bisiklet, Yorik go¢ yollari ve yirlyus rotalari temelinde alternatif turizm rotalari tanimlanmis ve
ilceye ait dogal ve kiiltirel peyzaj olanaklari ile baglantilari degerlendirilmigtir.

Bu arastirma sonucunda calisma alanina giren, alternatif turizm faaliyetleri icin potansiyel olugturan
dogal ve kiltirel kaynaklar belirlenip degerlendirilmis ve kaynaklarin korunarak kullanimi ve tanitimina
yonelik 6neriler gelistiriimistir.

ARASTIRMA BULGULARI
Finike bolgesi dogal kaynak degerleri

Finike kiyidan itibaren 3059 metreye kadar ulasan daglari zengin peyzaj cesitliligine, hassas ve
benzersiz dogal alanlara, korumaya ihtiyac duyan tir ve habitatlara sahiptir (Sekil 3). Sulak alanlari ve
habitatlari ile Finike Beymelek kiy1 bandi I. Derece Dogal Sit Alani, Alacadag ve Ciglikara Tabiati Koruma
Alanlari, Sarikaya Yaban Hayati Gelistirme Alani Finike'deki koruma alanlari arasindadir. Karakdse &
Terzioglu (2020), biyolojik ¢esitlilik acisindan Finike bélgesinde saptanan toplam 523 taksondan 67’i
endemik, nadir tirlerden olustugunu belirtmektedir.

Doga Dernegi tarafindan IUCN kriterlerine gére hazirlanan Tiirkiye’nin Onemli Doga Alanlari (ODA)
calismasina gore Finike ilgesinin Turuncova ve merkez yerlesim bélgelerinin bir bolumu, Kibrisgik,
Ciglikara, Beydaglari ve Kumluca onemli doga alanlari sinirlarinda yer almaktadir. Bu alanlardan
Kibrisgik Likya orkidesinin (Ophrys lycia), Likya semenderi (Lyciasalamandra Iuschani), toprak
kertenkelesi (Ophiomorus punctatissimus), Kocak esmer perisi (Hyonehele kocaki), karagdzli mavi
kelebek (Glaucopsyche alexis), Akdeniz foku (Monachus monachus) gibi nesli tehlike altinda olan
endemik turlere ev sahipligi yapmaktadir.

Finike'yi cevreleyen Beydaglari 6zellikle yirtici kuslar agisindan oncelikli bir bélgedir. Kaya Kartali
(Aquila chrysaestos), sah kartal (Aquila heliaca), sakalli akbaba (Gypaetos barbatus) bolgedeki ender kus
turlerindendir. Kiyr kesimi ise deniz kaplumbagasi (Caretta caretta) icin kiresel Olcekte dnemli bir
yuvalama alanidir (Doga Dernegi, 2006).

Akdeniz ikliminin etkisi altinda kalan Finike, Akdeniz bitki toplulugunun yayilma alanindadir. Maki
elemanlarinin tamamini bdlgede gérmek mumkindir. Sahilden i¢ kesimlere dogru genellikle taslik ve
zayif bir toprak ortist bulunmasi ve ge¢misteki ormanlarin tahripleri nedeniyle makiler genis yer tutar.
Alakir ve Akcay Vadilerinden Avlan Beli’'ne kadar yanginlardan ve insan tahribinden korunan alanlarda
kizilgam, karacam ve sedir ormanlarini gérmek mimkundir (Karakus, 2014).

Finike ormanlarinda Pinus brutia, Cedrus libani, Juniperus excelsa, Juniperus foetidissima
taksonlari 6ne g¢ikmaktadir. Bu taksonlar yikselti ve bakiya bagh olarak saf veya karisik mescereler
kurmaktadir. Bu hékim tirlere Acer hyrcanum subsp. Sphaerocaryum, Acer monspessulanum subsp.
monspessulanum, Juniperus oxycedrus subsp. oxycedrus, Ostrya carpinifolia ve Fraxinus ornus subsp.
cilicica, yukseltiye bagl olarak kizilgamdan Toros sedirine gegis zonlarinda (1000-1100 m) Quercus
ithaburensis subsp. macrolepis ve Quercus infectoria subsp. veneris orman yapisina eslik etmektedir
(Karakose & Terzioglu, 2020).

Yaban hayati agisindan karakulak (Caracal caracal) ve vasak (Lynx lynx) bolgede yasayan 6nemli
memeli tdrlerdir. Finike’nin batisindaki kiy1 kayaliklari ve magaralari Akdeniz foku (Monachus monachus)
icin 6dnemli yagsam alanidir. Bunun yaninda Akdeniz biyomuna 6zgi ve nesli kiresel olgekte tehlike
altinda olan Likya semenderi (Lyciasalamandra luschani), giftyasamli turli ve dar yayiligh striingen olan
toprak kertenkelesi (Ophiomorus punctatissimus), endemik Kogak esmer perisi (Hyonehele kocaki) ile
nesli bolgesel dlgcekte tehlike altinda olan karag6zli mavi kelebek (Glaucopsyche alexis) bdlgede
yasamaktadir (Doga Dernegi, 2006).
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Bolgede alternatif turizmin rotalarinin gelistiriimesi ile tespit edilen tim turlerin taninmasi, endemik
ve tehlike atindaki tirlerin korunmasi, mevcut yeni tirlerin de kesfedilmesi agisindan bir imkan
olusturabilecektir.

Finike bolgesi Kulturel kaynak degerleri

Antik Likya bolgesinde yer alan Finike, Fenikeliler tarafindan MO 5. ylizyilda Phoinikos adiyla
kurulmus, uzun yillar Likya'nin baskenti Limyra'nin tarim drtnleri ihrag ettidi bir liman ve Fenikelilerin en
Onemli ticaret merkezlerinden biri olmustur. Etimolojik olarak Phoinikos "kizil renkli at" veya "kizil renkli
davar sirisi" anlamina gelmektedir. Yoredeki hayvan varligi ile uyum icerisinde olan bu isim (Antalya
Valiligi, 2022; Finike Kaymakamhgi, 2024) ginumuizde bile bdélgedeki kirsal yasamanin dzelliklerini
yansitmaktadir.

Tarih boyunca farkl kilturlere ev sahipligi yapan Finike bolgesi ge¢misten glinimuze ulagsmis
cok sayida arkeolojik tarihi alani barindirmaktadir. Kiltir ve Turizm Bakanhdi (2021) verilerine gore
Finike’de 56 adet arkeolojik sit alanlari ve kdltir varhdr bulunmaktadir. Bunlar arasinda Phanikos,
Arykanda, Limyra gibi antik kentleri ve yerlesimleri, kentsel sit alanlari, kilise ve sarnig gibi tarihi yapilar
yer almaktadir (Sekil 4).

Diger yandan Yoruk yasami yoredeki geleneksel kilttiri temsil etmektedir. Ylrtyen Turk anlamina
da gelen Yorukler sicak ve kurak gecen yaz aylarinda Toroslara ¢ikmakta, kis aylarini ise ihman gecen
kiyr ovalarinda gecirmektedir. Kiyi ve daglar arasindaki go¢ yollari tizerinde ¢ok sayida geleneksel koy
yerlesimleri bolgenin 6zgun kdlttirel degerleri arasindadir.

Finike, yaklasik 2500 yillik bir sure¢ icerisinde yore halki yasam sartlarina bagli olarak cesgitli
gelenek ve gorenekler gelistirmislerdir. Gerek antik doénem kentleri birbirine baglayan guzergéhlar
tzerindeki konumu gerekse Yoriuk gocleri, alana ait bir kultirin ortaya ¢ikmasina neden olmustur.
Kiltirel ozellikler kullanilan guzergahlar Gzerinde cesitli sekillerde kendini gdstermisti. Bu durum
alternatif turizm rotalarinin belirlenmesinde énemli bir rol teskil etmektedir.

Finike bdlgesi alternatif turizme konu kaynak noktalan

Kahraman'a (2019) gore alternatif turizm yerel, sosyo-politik ve ekonomik gergeklige daha yakin
olmaya caligilan “yeni” bir turizm kavramini temsil etmektedir. Bu turizm bigimi, turistler ve ev sahibi
topluluklar arasinda yeni iliskilerin baslamasina yardimci olmaktadir. Alternatif turizm kavrami 1950li
yillarda ortaya ¢ikan kitle turizmine alternatif olarak olusturulmus; ekoturizm, agroturizm, kltdr turizmi gibi
kendine has 6zel degerleri sahip turizm turlerini vurgulamaktadir (Delisle & Jolin, 2007; Prochazkova, 2012).

Finike bdlgesi alternatif turizm rotalarinin analizinde; kiyidan itibaren sahil, koylar, marina, tarihi
kent dokusu, kiyr gerisi tarim alanlari, geleneksel kirsal yerlesimler, dogal ormanlar, anit niteligindeki
ilging yapilar, tarihi ve arkeolojik alanlar ve yapilar, bélgenin kilttr tarihinde énemli yer tutmus ve bugtin
hala 6nemini koruyan ziyaret noktalari, dogal bitki 6rtistndn ilging yapi sergiledigi alanlar yerinde
incelenmistir (Sekil 3 & 4).

incelemeler sonucunda Finike ilgesinde 19 farkli kaynak noktasi belirlenmis ve bu kaynak noktalari
niteliklerine goére kiyi, kent ici, kirsal, tarihi-arkeolojik, dogal olarak belirtiimistir (Cizelge 1). Bazi kaynak
noktalari birden ¢ok nitelige sahiptir. Ornegin; Marina, hem kiyi hem de kent yerlesiminin iginde bulunan
bir alandir, ayni zamanda tarihi niteligi olan bir marinadir. Sahil ve koylar konum olarak kiyi niteliginde
olup ayni zamanda bazi koylar dogal ve arkeolojik koruma alanlari icerisinde kalmaktadir (Sekil 4). Ayrica
kiyi koruma bandinda yer almaktadirlar. Suluin Magarasi kiy1 seridinde bulunan, c¢ok bilinmeyen,
arkeolojik ve dogal degeri olan, kesfedilmeye acik 6zgin bir yapiya sahiptir.
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Cizelge 1. Kaynak noktalar nitelikleri

Table 1. Source point characteristics

Kaynak Kiyi Kent Kirsal Tarihi- Dogal
Noktalan ici Arkeolojik
Tarihi Sokaklar-Phonikos X X

29'5:]\TE N'S?U'E SG'DI’D'E !D'5IU'E !O'IP‘D'E WMSTE

- Marina X X
o |

Sahil ve Koylari

AE"IS'ON

Suluin

Boldag

Yatikardig

Asaroni

Narenciye Bahgeleri X
Limyra

Gokbik Kanyon

GoOkbuk Merkez
Arif-Arykanda

Yazir

Ordiibek

Ernez-Glngali

Yalniz (Sarikaya- Oluklu)
Kizlar Sivrisi

I IEON IETIVON
X X X X
X X X X X

IE"200°N
I

36"150°N

Alacadag

X X X X X X X X X X X X X X X

X X X X X X X X X X X

Ciglikara

Sekil 3. Finike dogal peyzaj de@erleri: Gokbik Kanyonu (a), Barbaros Hayrettin Koyu (Finike Belediyesi 2022) (b), Magara sualti
dalis (Finike Kaymakamlidi, 2024) (c).

Figure 3. Finike natural landscape values: Gokbik Canyon (a), Barbaros Hayrettin Bay (Finike Municipality 2022) (b), Cave
underwater diving (Finike District Governorship, 2022) (c).
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Sekil 4. Finike kilturel peyzaj degerleri: Finike tarihi doku (a), Asarénu (b), Limyra (c).

Figure 4. Finike cultural landscape values: Finike historical texture (a), Asaréni (b), Limyra (c).

Turizm seyahat, konaklama, yeme icmenin yani sira eglence ve dinlence faaliyetlerine dayali bir
Urinddr. S6z konusu faaliyetler turizm Grininld cesitlendirmekte, turizm peyzajinin kesfine imkan
vermektedir. Alternatif turizm rotalari ayni zamanda alternatif faaliyetleri de icerir ve turizmi tek bir zaman
dilimi ve mekan taniminin étesine tasir.

Finike bolgesi icin tanimlanan her bir kaynak noktasi yiizme, dalis, yiriyls gibi karaya ve suya
bagh rekreasyonel faaliyetlerin yani sira yerel Grtn igsleme atélyeleri, izim ve incir gibi tarim Grtnlerinin
hasadi, adacgayl ve kekik gibi dogada bulunan tibbi-aromatik bitkilerin toplanmasi, tarihi — arkeolojik
alanlarin ziyareti gibi ¢ok genis bir yelpazede ele alinmigtir (Cizelge 2). S6z konusu turistik ve
rekreasyonel faaliyetlerin yil boyunca ve bdlgenin farkli kesimlerinde yapilma imkani sirdirilebilir
turizmin bilesenleri arasinda da yer almaktadir.

Cizelge 2. Kaynak noktalar ve yapilabilecek turistik ve rekreasyonel faaliyetler

Table 2. Resource points and possible touristic and recreational activities

Kaynak Nokta Etkinlikler
Tarihi Tarihi ve antik geziler, bolgenin tarihine yonelik arastirma yapma ve bilgi toplama, restore galismalarina
Sokaklar- katilma, arkeolojik kazi galismalarina katima, fotograf ¢ekme, ddnem ddnem gerceklestirilen ve
Phoenikos geligtirilebilecek olan muzik, resim, tiyatro, soylesi, dinleti gibi kiltirel faaliyetlere katiima, antik kentin ust
noktasindan kentin kugbasi seyri.
Yizme, mendirekte olta ile balik tutma, tekne ile balik tutma, fotograf ¢cekme, yuriyus, su alti daliglari, yizme,
Marina dider su sporlari, tekne gezisi, konser, agik hava tiyatrosu, resim, muzik gibi kiltirel faaliyetlere katiima,
fotograf cekme.

. Ylzme, su alti daliglari, yelken, parasailing vb. su sporlari, balik tutma, deniz kaplumbagasi gézlem ve koruma
Sahil ve ) ) . o - . L I
Koylar fe{alluyetlerln('e katilma, kamp yaprvna, sahilde yurltyus, kosu, jimnastik, sahildeki isletmelerde gergeklestirilebilecek

kilttirel faaliyetlere katiima, fotograf cekme
Suluin Sualti daliglar, yizme, magdara gozlemi, dogal bitki ortlsu gozlemi, fotograf ¢cekme, arkeolojik kazi
¢alismalarina katilma, doga yuriyUsu, manzara seyretme
Tarihi ve antik geziler, arkeolojik kazi galismalarina katilma, coban hayatini gdzlemleme, fotograf cekme, doga-
manzara deneyimleme, doga koruma ve farkindalik faaliyetleri, tibbi aromatik ve sifali bitki toplama, alanin
Boldag tarihine yonelik arastirma yapma ve bilgi toplama, kamp yapma, yuruyds, bisiklet, enduro, 6grenme ve
kesfetme faaliyetleri, harnup toplama, harnuptan uriin elde etme (pekmez, kegi boynuzu tozu vb), menengic
toplama ve menengigten Uriin elde etme, dogal ve endemik bitki g6zlemi ve kesfi, ekoturizm ve agroturizm.
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Cizelge 2. Devami

Table 2. Continued

Kaynak Nokta

Etkinlikler

Fotograf ¢cekme, yayla turizmi, doga-manzara deneyimleme, doga koruma ve farkindalik faaliyetleri, tibbi

Yatikardig aromatik ve sifali bitki toplama, alanin tarihine yonelik arastirma yapma ve bilgi toplama, kamp yapma,
yuruyus, 6grenme ve kesfetme faaliyetleri, sedir banyosu, agag isleri yapim faaliyeti (kaval-kasik).
Tarihi ve antik geziler, arkeolojik kazi ¢alismalarina katilma, fotograf cekme, doda-manzara deneyimleme, doga
_ koruma ve farkindalik faaliyetleri, tibbi aromatik ve sifali bitki toplama, alanin tarihine yonelik arastirma yapma
Asarénu o R . . S
ve bilgi toplama, kamp yapma, yurlyus, bisiklet, enduro, 6grenme ve kesfetme faaliyetleri, endemik bitki ve yaban
hayvanlarini gézlemleme.

. Ciftcilik Gzerine egitim ve uygulama faaliyetleri, hasat ¢alismalarina katilim, meyvelerden yan uriin elde etme
Narenmyg faaliyetleri-atolyeleri (recel, marmelat, lokum, kuru meyve, esans, meyve suyu) ciceklenme ddénemi portakal
Bahgeleri gicegi kokusu deneyimleme, fotograf cekme,

Tarihi ve antik geziler, arkeolojik kazi galismalarina katilma, fotograf cekme, doga-manzara deneyimleme,
Limyra doga koruma ve farkindalik faaliyetleri, tibbi aromatik ve sifali bitki toplama, alanin tarihine yonelik arastirma
yapma ve bilgi toplama, kamp yapma, yurlyls, manevi ziyaret, 6grenme ve kesfetme faaliyetleri, alpinizm,
tepe noktasindan Finike ligesi’ne genis ve kusbakisi g6zlem.
Gokbiik Doga yuriyusu, tirmanma, kano, yiizme, tirmanma, yamag parasitu, balik tutma, kamp, endemik ve dogal bitki
Kanyon ve yabani hayvan gozlemi
Yirlyus, bisiklet, enduro, yerel kiltirel yagsami kesfetme ve deneyimleme, nar hasati, nardan yan irlin elde
o etme faaliyetleri atdlyeleri (nar suyu, nar eksisi, recel, lokum, marmelat, nar kabugu kurusu), agagtan uriin elde
S/I(:r(li):zk etme faaliyetleri-atdlyeleri, bez bebek yapim atélyeleri, yerel senliklere katilma, yliizme, kano, kamp, resim,

muzik, tiyatro gibi faaliyetlere katiima, fotograf ¢cekme, manzara seyretme, acik hava sinemasi, gokyuzu
g0Ozlem faaliyeti.

Arif-Arykanda

Tarihi ve antik geziler, arkeolojik kazi galismalarina katiima, fotograf ¢cekme, doga-manzara deneyimleme,
doga koruma ve farkindalik faaliyetleri, tibbi aromatik ve sifali bitki toplama, alanin tarihine yonelik arastirma
yapma ve bilgi toplama, kamp yapma, yurtyls, 6grenme ve kesfetme faaliyetleri, alpinizm, tirmanma, su
kenari kdyll pazari kar suyu alanini deneyimleme.

Yirlyus, bisiklet, yerel kilturel yasami kesfetme ve deneyimleme, Giziim ve incir hasati, izum ve incirden yan
Urin elde etme faaliyetleri-atolyeleri (Uzim suyu, pekmez, (zum kurusu, incir kurusu, incir regeli), yerel

Yazir senliklere katilma, restorasyon galismalarina katiima, fotograf cekme, manzara seyretme, kamp, yoruk gogu
glizergahini yurime ve yoruk kultirinu kesfedip deneyimleme. Ekoturizm, agroturizm, yayla turizmi.
Doga yuruyus, bisiklet, yerel kiltirel yagsami kesfetme ve deneyimleme, fotograf cekme, manzara seyretme,
Ordiibek kamp, yoruk gocl guzergahini yurime ve yoruk kulturint kesfedip deneyimleme, fotograf ¢cekme, doga-

manzara deneyimleme, doga koruma ve farkindalik faaliyetleri, tibbi aromatik ve sifal bitki toplama, endemik
ve dogal bitki ve yabani hayvan turlerini gbzlemleme, yayla ve kis turizmi.

Ernez-Gungali

Tarihi ve antik geziler, arkeolojik kazi galismalarina katilma, fotograf cekme, doga-manzara deneyimleme,
doga koruma ve farkindalik faaliyetleri, tibbi aromatik ve sifali bitki toplama, alanin tarihine yonelik arastirma
yapma ve bilgi toplama, kamp yapma, yurlyls, 6grenme ve kesfetme faaliyetleri, aricilik ve bal Uretim
sureclerini 6grenme ve deneyimleme, magaralari inceleme, magara turizmi, yayla turizmi, ekoturizm,
agroturizm.

Doga yuruyus, bisiklet, yerel kiltirel yagsami kesfetme ve deneyimleme, fotograf cekme, manzara seyretme,

g::lllfaya- kamp, yoruk g(?gu glzergahini yurime ve yorik kUIthUnU .kesfedip dengyimleme, fqtograf cekme, dogz.a-
Olukiu) manzara deneyimleme, doga koruma ve farkindalik faaliyetleri, tibbi aromatik ve sifal bitki toplama, endemik

ve dogal bitki ve yabani hayvan tirlerini gbzlemleme, besleme, koruma faaliyetleri, yayla ve kis turizmi.

Doga yurlyusu, alpinizm, manzara seyretme, kamp, yoruk goégu guzergahini yurime ve yoruk kalttranu

Lo kesfedip deneyimleme, fotograf ¢cekme, doga-manzara deneyimleme, doga koruma ve farkindalik faaliyetleri,

Kizlar Sivrisi . . . e . N e . .

tibbi aromatik ve sifali bitki toplama, endemik ve dogal bitki ve yabani hayvanlarini gdzlemleme, besleme,

koruma faaliyetleri, yayla ve kis turizmi.

Doga yuriiyUsu, bisiklet, manzara seyretme, kamp, fotograf cekme, doga-manzara deneyimleme, doga koruma
Alacadag ve farkindalik faaliyetleri, manevi ziyaret (Eroglu Nuri Turbesi), tibbi aromatik ve sifali bitki toplama, endemik ve

dogal bitki ve yabani hayvan tirlerini gbzlemleme.

Doga yurityUsu, bisiklet, manzara seyretme, kamp, fotograf cekme, doga-manzara deneyimleme, doga koruma
Ciglkara ve farkindalik faaliyetleri, tibbi aromatik ve sifali bitki toplama, anit, endemik ve dogal bitki ve yabani hayvan

turlerini g6zlemleme, yayla ve kig turizmi.
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Finike bolgesi alternatif rotalari
Bisiklet rotalar

Farkh zorluk derecelerinde olmakla birlikte bisiklet rotalari Finike bolgesi ve ¢evresinde dag bisikleti
ile doda kesfi yapan grup ve kisilerin dnerdigdi rotalar tUzerinden gelistiriimig, guzergéh uzerindeki ve
cevresindeki dogal ve kiltirel peyzaj degerleri ile iligkilendirilerek yeniden dizenlenmistir. Asaréni ve
Finike-Ordubek bisiklet rotalari (Sekil 6) Finike icin olusturulan iki 6nemli rotayi temsil etmektedir.

Finike-Gokbik-Asardni rotasi

Finike merkezden baslayan, Yuvali mevkiinden, Finike-EImal kara yolu {zerinde Gokbuk
Mabhallesine dénen, Gékbik merkezden sirasiyla Gokceyaka, Alacadag, Asardni, Boldag duraklarini gecen
rota Finike sahilinin bir kismindan gecerek baslangi¢c noktasina dénus yapan (Sekil 5) rota, guzergahi
Uzerinde ¢ok sayida tarihi, kiltirel ve dogal peyzaj degerlerinin de ziyaretine imkan vermektedir.

Finike-Ordibek rotasi

Finike merkezden Ordiibek yaylasina toplam 54 km uzunlugundaki rota; kentsel, kirsal, arkeolojik
ve dogal dokuyu tanimayl saglayacak noktalardan gecmektedir. Sekil 5'de rotanin gegtigi noktalar
belirtiimistir. Rota Uzerinde kirsal vyerlesimler, flora-fauna g&ézlem noktalari, arkeolojik alanlar
bulunmaktadir. Ayrica su aktivitelerine ve kampgiliga olanak saglayan alanlar barindirmaktadir.
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Sekil 5. Bisiklet Rotasi; Finike-Gokbiik-Asardnii-Finike, Finike-Ordiibek.
Figure 5. Bicycle Route; Finike-Gokbiik-Asaronii-Finike, Finike-Ordiibek.

Yorik gdcl rotalan

Cografik agidan Teke Yoresi icerisinde yer almakta, Finike'de yoriik yasami 6éne ¢cikmaktadir. Eksi
& Akdag’a (2017) goére bdlgedeki yerlesim yapisi 13. Yuzylldan ginimize kadar Yorik kaltara ile
sekillenmigtir. Sari & Ertirk (2017) Yoruklerin sahil, guizle ve yayla arasinda gerceklesen mevsimlik
gocleri sirasinda kullandiklari yollarin bir kismi giinimiizde de aktif olarak kullanildigini belirtmektedir.
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Finike yerel halkinin gegcmisteki yasam tarzini temsil eden konar gocerligin tim yila yayilan bir
sirktilasyonu vardir. Finike yoriklerinin gegmiste goc ettikleri noktalar ve guzergahlar tespit edilerek bu
glzergahlar ve alanlar alternatif turizm icin bir secenek olarak énerilmistir. Bu rotalar gtinibirlik yurtyuslerle
tamamlanabilecegi gibi 6nerilen noktalarda yapilacak kamplarla 3 giin ve izeri giinlerde de yapilabilir. Yorik
gocu rotalari igin Kapigay-Kirkpinar ve Yazir-Ordiibek (Sekil 6) olmak tizere iki farkli glizergah belirlenmistir.

Kapicay-Kirkpinar Yaylasi rotasi

Sahilde Kapigay mevkiinde kisi geciren, 6zellikle gobanlik yapan Finike'liler nisan ayinda Kudret
Goli'ne gikarlar, bahar mevsimini burada gecirirler. Hayvanlarini Kirkpinar Yaylasi’'na ve Kizlar Sivrisi'ne
cikararak otlatirlar. Yaz sonuna dogru Oluklu Yaylasr’'na gelirler, yazi burada gecirirler. Gliz mevsiminde
de Belen Yaylasr'na inerler. Aralik ayinda tekrar sahile inerler. idari sinirlarin da 6tesine gegen gog
rotalari guizergahlar Uzerinde su kaynaklari, konaklamaya uygun duzlikler gibi (Sekil 6) 6nemli durak
noktalarini icermektedir.

Yazir-Ordiibek Yaylasi rotasi

Yazirh ¢obanlar kis donemini yukari Nefenni ismi ile anilan yuksek ama korunakl noktada
gecirirler, baharda ve giziin Dibekbasi ya da Kizbiiglis mevkiinde dénlsiumli olarak obalarini kurarlar.
Hangisinde tarlalara ekim yapildiysa ¢obanlar diger guzlik ya da baharlik mevkiide konaklarlar. Mayis
sonu Ordubek yaylasina goéculir ve burada 3 ayri noktada ekin durumuna gore her yil dénusumli
konaklarlar. Koteklik, Tastepe ve Erdeller konakladiklari yazlik yayla noktalaridir. Yol boyunca vadi
yamacindan gidilir. Mevkiilere yakin indere, piren, yukari ve asagi malgaca su kaynaklari vardir. Ayrica
yayladaki tepelerde adacayi, nane gayl, elma cayi(calbag) gibi tibbi-aromatik bitkiler bulunur. Kigikbas
hayvanlari otlatmak icin kéteklik mevkiinin st sirtlarindaki kirlara ¢ikarirlar. Pinarlarin giceklendigi haziran
ayinda kabakh bdlgesinde otlatirlar.
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Sekil 6. Yorilk Gogii Rotasi; Kapigay-Kirkpinar, Yazir-Ordiibek.
Figure 6. Nomad Migration Route; Kapigay-Kirkpinar, Yazir-Ordiibek.
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Yiruyus rotalan

Yurlyls doga icinde en cok tercih edilen rekreasyon seklidir. Bu kapsamda yuriylse esas
glizergahin kullaniciya uygun isaretlenmesi ve taniml bir hat lzerinden tasarlanmasi cevresel etkilerin
kontrolind mumkun kilacak, kaybolma riskini ortadan kaldiracaktir.

Finike antik Likya bélgesi iginde yer almaktadir. Isiklar tlkesi olarak bilinen Likya, kiyidan daglk
kesimlere kadar uzanan c¢ok sayida uygarliga ev sahipligi yapmistir. Antik ddnemden ginidmiize ulasmis
ve uluslararasi bilinirlige sahip Likya Yolu, Finike igin alternatif turizm gelisim rotalarina esas
olusturmustur. Likya Yolu'nun yanisira 8 tane daha yuriyus rotasi belirlenmis (toplam 9 rota), bunlardan
en dnemli oldugu diglinllen 4 tanesi galismada deginilmistir (Sekil 7).

Arif-Adala Rotasi

8 Likya Yolu
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Sekil 7. Yirlyls Rotasi; Likya Yolu , Arif-Adala Rotasi, Kilepe — Yesilkdy-Catallar Rotasi, Koruca-Kapigay Rotasi.
Figure 7. Trekking Route; Lycian Way, Arif-Adala Route, Kilepe- Yesilkéy-Catallar Route, Koruca-Kapi¢ay Route.
Likya Yolu

Farkh guzergahlar olusan Tarihi Likya Yolunun 29,2 km’lik bolumd Finike ilge sinirlarindan
gecmektedir. Demre tarafindan baslatildiginda Demre ile Finike sinirinda 9 km'ye kadar da Demre-Finike
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sinirinda ilerlemektedir. Likya Yolu glizergahi sirasiyla Yatikardi¢, Boldag, sahil bandi, sehir merkezi,
sahil seridinden gecerek Kumluca ilge sinirina ulasmaktadir (Sekil 7). Kaynak noktalari agisindan Likya
Yolu yiriyUs rotasi Sahil, Boldag ve Yatikardi¢ duraklarindan gegcmektedir.

Arif-Adala Rotasi

Finike-Elmal karayolunun 30. km’sindeki Arif Mahallesi’'nde bulunan Arykanda Antik Kenti'nden
baslayip Alacadad Adala mevkiinde son bulan 52,8 km’lik bir rotadir ($ekil 7). Alacadag mevkisinde tim
ovaya hakim panaramik manzaralar vardir ancak boélgedeki tasocaklari dogal dokuyu bozmaktadir. Belen
Yayla, Gokbik ve Adala merkez vel/veya cevrelerinde kamp yapmak icin uygun alanlar mevcuttur.
Yurlyls glizergahi boyunca karsilasilan nar bahceleri, seralar, flora, fauna, antik kalintilar ve yerlesimler,
kirsal yasam deneyimleri alternatif turizm icin nitelikli bir rtin yelpazesi sunmaktadir.

Kilepe—Yegilkéy-Catallar Rotasi

Yesilkdy Mahallesinin kuzey yamacindaki rota Kilepe bélgesini deneyimleme imkani sunmaktadir
(Sekil 7). Eski Elmali-Kas yolu lzerindeki bu rota tarihi kalintilari dogal yapisi, kirsal yasam niteligi ve
Yesilkdy'e bakan arkasinda dag silleti ile kby manzarasina hakimdir. Rota Uzerinde flora ve fauna gozlemi,
kamp, panoramik manzaralar gibi alternatifler mevcuttur. Catallar mevkiine ulasilinca alabalik yetistirme
ciftlikleri gorilebilir. Eski ElImali — Finike yolunun yeni giizergaha taginmasi ile nispeten issiz bir hal alan
Catallar merkezi alternatif turizm ¢alismalari ile hareketlendirilip canli dokusuna tekrar kavusturulabilir.

Koruca-Kapigcay Rotasi

Rota, Sahilkent Mahallesi'nin Kumluca Salur Mahallesi sinirindaki Koruca mevkiinden baslayip
Yalniz Mahallesi Kapicay Mevkii'nde sonlanmaktadir ($ekil 7). Kumluca Alakir Cayi yataginin yakinindaki
Koruca mevkiinden, Turungova-Elmali yoluna gegcisi saglayan sert bir parkurdur. Baglangi¢ noktasi
Limyra Antik Kenti'ne ve Tarihi Roma Yapisi olan Kirkgéz Kopri'ye yakindir. Yaklagik 1200 m cikigtan
sonra 700 m inig yapilir. Cobanlarin rehberliginde yiriinebilmektedir. Ozellikle iniste cok dikenli
sarmagsiklar, boégurtlenler vyollari patikalari kapatmis durumdadir. Yol boyunca hi¢ su kaynagdi
bulunmamaktadir. Yolun baslangi¢c ve bitisi kirsal yerlesimdir, narenciye bahceleri ve seralar vardir.
Cikistan sonraki 1 km icinde sag kanatta arkeolojik alan mevcuttur. 5. km’de zirveye ulasilir ve bu nokta
ve cevresi arkeolojik sit alanidir. Manzarasi tim Finike ve Kumluca Ovasina ve Finike Kdrfezine hakimdir.
Yol boyunca maki bitki tiirlerinin ¢esitlerini gérmek mumkuindur.

TARTISMA

Blylk ziyaretci gruplar ile gergeklestirilen kitle turizminin dogal cevre (zerinde yikici olumsuz
etkileri bulunmaktadir. Bugin gelinen noktada Akdeniz turizmindeki en acil konu olumsuz etkileri
azaltmak ve sirdurilebilir gelisme hedeflerine ulasilmasi (European Union, 2019) olarak tanimlanmistir.
Ulkemizde 1970'li yillarda kitle turizmi ile baglayan ve 2000'li yillarda turizmin gesitlendiriimesi adi altinda
coklu yonleriyle gelisen kitleye doéniisen bir turizm sektdrt vardir (Ortagesme & Zegerek, 2017). Fakat
bugiin kitle turizminin tekrar eden projeler ile devam ettidi gercegi dikkate alindiginda, turizmi
surdurdlebilir kilacak acil ¢ozumlere ihtiya¢ vardir. Bu ¢ézimlerde yerel kimligin, dogal ve kdltirel miras
niteligi tasiyan peyzaj gesitliginin gbz 6nune alinmasi, paydas katihmi ve is birliginin saglanmasi ve
uygulanan turizm aktivitelerinin yerel 6lcekte ekonomik, sosyal ve ¢evresel gelisime katkida bulunmasi gibi
konular 6ne ¢ikmaktadir.

Sdardardlebilir turizm dogal kaynaklarin, kiltirel mirasin ve yore kiltiriiniin korunmasina ve yerel
ekonomilerin desteklenmesine dayanmaktadir. Bu baglamda alternatif turizm rotalari yerel sanatlar, yerel
lezzetler, tarihi alanlar, doga parcalari, geleneksel yasam, sanatsal 6geler gibi coklu degerleri bir hat
Uzerinde bulusturmasi ile tatil deneyimini zenginlestirdigi gibi yerel ekonomilere énemli katki saglamasi ile
surdurdlebilir turizmin dnemli bir aracidir.
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Avrupa Birligi'nin Akdeniz turizminin strdtrilebilir gelisimi (European Union, 2019) icin 6ngordigu
¢6zimlerden biri de turizm hareketlerine zaman ve mekan diizenlemesi getirilmesidir. Bu baglamda
alternatif turizm rotalari yeni bir destinasyon gelisimi olmadan turizmdeki mevcut talebin ve ziyaretgilerin
yil icinde kiyi, kent, kent cevresi, uzak dogal ve kirsal alanlardaki dogal ve kdltlrel turizm kaynaklarina
erisimine imkan vermektedir. Amac¢ turizmi surddrulebilir bir forma doénistirmede uygun planlama
araglarina ihtiyag¢ olup, alternatif turizm rotalarinin dogru bir planlanmasi 6nem tagimaktadir.

GinUimulzde turistler, standart turlari terk ederek daha Kkisisellestiriimis segeneklere
yonelmektedirler (Rodriguez et.al.,, 2012). Bununla birlikte turizm glizergahi planlama ve gelistirme
konusunda arastirma eksikligi bulunmaktadir (Antonson & Jacobsen, 2014). Bu baglamda Giliney Antalya
bdlgesinde yaygin olan kitle turizminin disinda 6zellikle kiyr ve kiltir turizmi potansiyellerinin éne ¢iktigi
Finike’de mevcut turizm faaliyetlerinin yaninda o6zellikle bu faaliyetlerin bir rota cercevesinden ele
alinmasi ihtiyaci dogmustur. Bu ¢alismada Antalya, Finike bdlgesi 6rneginde dogal ve kiiltiirel kaynak
degerlerinin tespit edilerek, alternatif turizm rotalari tanimlanmistir. Antalya’da 50 yildan beri siiregelen
turizm altyapisi potansiyel ziyaretcilerin konaklamasina imkéan saglarken, Finike alternatif turizm rotalari
bdlgede kiyida yogunlagmis kitle turizmine c¢oklu alternatif sunacak niteliktedir.

Henilz turizmin yipratici etkisi ile karsilasmamis olan bu kic¢tlk ve sakin ilce olan Finike yeni ve
surdurdlebilir turizm potansiyelleri agisindan ele alinmigtir. Burada amag kitle turizmini ilceye tasimak degil,
zaten bolgede var olan yabanci ve yerli ziyaretcilere ve ayni zamanda yodre halkina dogal ve kiiltirel peyzaj
degerlerini tanimalarina ve deneyimlemelerine imkan vermek, yére ekonomisine katkida bulunmaktir.

Turizm rotasinin siniflandiriimasi énemlidir (Pedrosa et al., 2022). Burada yerel, bolgesel gibi
fiziksel 6lgek, kiyisal, karasal gibi cografik dlgek kadar gida, yerel Urunler ile rotanin temalandiriimasi
turizm Urdnundn  gegitlendiriimesi anlaminda gereklidir. Bu kapsamda Finike ilgesinde bilinen ve
mevcutlarl yani sira turizme kaynak olusturacak potansiyel dogal ve dogdal degerler arazi ¢calismalari ile
yerinde tespit edilerek bir envantere dénustirilmus; her bir kaynak degeri kiyi, kent ici, kirsal arkeolojik
ve dogal olma durumlarina gére kaynak noktalarinin tanimlanmistir. Her bir kaynak noktasi ayni zamanda
istasyon niteliginde olup, her bir istasyonda hangi turistik ve rekreasyonel faaliyetlerin yapilabilecegi
arastirnimistir. Son olarak da alternatif turizm rotalari bisiklet, yoriik go¢ yollari ve yuriyls yollari olarak
temalandirilarak farkl etaplari ile haritalandiriimistir.

Bisiklet rotalarinin olusturulmasinda bélgede faaliyet gdsteren bisiklet kultipleri ve bisiklet kesifleri
yapan grup ve Kkisilerin onerileri dikkate alinmistir. Codu yerde mevcut ulasim giizergahi ile 6rtisin
bisiklet rotalari dogal ve kulturel kaynak degerlerinin de ziyaretini mumkin kilacak sekilde diizenlenmistir.

Sari & Ertirk (2017) Finike'nin yer aldigi bati Toroslarda yoriik go¢ yollarinin arastirilmasi gereken
onemli kiiltiirel degerlerden biri oldugunu belirtmistir. Finike icin Kapigay-Kirkpinar ve Yazir-Ordiibek ile
iki glizergahta tanimlanan Yoérik goc yollari gegcmisten ginumuize tasinmis ve peyzaja ve bdlgenin
cografik 6zellikleri ile sekillenmis gelenekleri icermektedir. Yaylak ve kiglak yerlesim yerleri arasindaki
ulasima dayanan Yoruk goc yollari dogal ve kiltirel degerleri icermesinin étesinde su kaynaklari gibi
Yoruk yasaminda referans alinan geleneksel bilgi yansitmaktadir. Bu rotalar sayilari azalmis olsa da hala
Yoruk topluluklari tarafindan aktif olarak kullaniimaktadir.

Likya Yolu, Turkiye’'nin guneyinde, Fethiye'den Antalya’ya giden, 540 km’lik, yuriimesi ortalama 29
gun suren isaretlenmis bir ydriyds rotasidir. Rota, genel olarak Roma yollari, eski patikalar ve katir
yollarindan olusmaktadir (Turkiye Kultir Rotalari Dernegi, 2022). Turkiye'nin ilk uzun mesafeli ylruyus
rotasi olan ve bir bolimi Finike’de bulunan Likya Yol alternatif turizme yonelik olusturulan yiriyis
rotalari icin temel alinarak dogal ve kiltlrel peyzaj kaynaklari ile iliskilendirilmistir.

Bu kapsamda Finike i¢in alternatif turizm rotalarina hizmet sunacak kaynak noktalari tespit edilmig, her
bir noktadaki mevcut ve potansiyel turizm ve rekreasyonel faaliyetlere agiklik getirilmistir. Bolgedeki temel
gecim kaynaginin tarim ve hayvancilik oldugu gercedinden ola ¢ikildiginda, bu durum bdlgede alternatif
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turizmin alt dallar olarak gorilen ekoturizm ve agroturizm turlerinin geligtiriimesi agisindan 6nemli bir
potansiyel sunmaktadir. Civelek vd. (2014) agro-turizmin yerel halka sagladidi istihdam ve ekonomik gesitlilik
agro-turizmin kirsal kalkinma araci oldugunu vurgulamaktadir. Bu ¢alismada da Finike ilgesinde belirlenen
kaynak noktalari ve alternatif turizm rotalarinin agro-turizm agisindan da degerlendiriimesi 6ngérilmus ve
agroturizm ile iligkili olabilecek tarimsal ve kirsal yerlesim alanlari rotalara dahil edilmistir.

Halac & Benzer (2019) degisen turizm algisiyla beraber biyuk olcekli kentlere olan ilginin giinden
gune kuguk olgekli kentlere dogru gecisin s6z konusu oldugunu belirtmislerdi. Bu anlamda Finike gibi
bolgenin kendine 6zgu 6zelliklerini koruyan turizm yaklagimlar kdlttr rotalarinin olusturulmasinda 6nemlidir.
Rotalar olusturulurken dogal ve kilturel mirasin 6zellikli noktalarinin tespiti 6ne ¢ikar. Bu ¢alisma alanindaki
alternatif turizme konu olabilecek durak noktalari; manzara, kilttirel doku, tarihi yapi-alan, ilging dogal olusum
(magara-bitki dokusu-anit, endemik bitki, frigana), geleneksel yerlesim, agro-kiltir alanlar gibi 6zellikleri
bakimindan siniflandinimistir ve bu siniflamalar hazirlanan rotalardaki durak noktalarinda belirtilmistir.

Anuar & Marzuki (2022) turizm rotalarinin turizm destinasyonlarinin gelisiminde blyuk potansiyeller
sundugunu savunmaktadir. Tek yon bir turizm rotasi destinasyon se¢imi ile baslarken (Qi & Wang, 2022)
destinasyon icindeki farkli rotalar turizmdeki alternatifleri ortaya koymaktadir. Antalya benzersiz dogal, tarihi
ve kulturel zenginlikleri ile Turkiye'nin en 6énemli turizm merkezlerinden biridir. Bolgede turizm faaliyetleri
biyuk dlcude kiyr kesiminde ve kitle turizm destinasyonlarina dayanmaktadir. Bu baglamda Finike alternatif
turizm rotalari ile Antalya bélgesindeki tek yonli destinasyon secimine ¢oklu alternatifler sunmaktadir.

Finike ilgesinin potansiyelleri de g6z dntinde bulunduruldugunda, giinimuzde degisen turizm anlayisina
uyum saglanmasi, turizmin dort mevsime yayilabilmesi ve surdurulebilir turizmin gergeklestirilebilmesi icin
alternatif turizm olanaklarinin ortaya konulmasi ve buna bagh turizm stratejileri belirleyerek planlanmasi
gerekliligi agikgca gortlmektedir. Yapilan bu ¢alisma ile Finike'nin dogal ve kiltlrel peyzaj kaynaklari
incelenmis, Finike icin uygun olabilecek alternatif turizm turleri belirlenmis ve kaynaklarin hizla tikendigi
g6z 6nunde bulundurularak, alternatif turizme ydnelik rotalar ortaya konulmustur.

Turizme uygun alanlarda kaynaklarin korunarak kullanilabilmesi icin sdrdartlebilirlik ilkesi
cercevesinde ¢ozumler Uretilmesinin gerekliligi ortak kanidir. Bu sure¢ yerel kimligin, dogal ve kultirel
miras niteligi tasiyan peyzaj cesitliliginin bu ¢ozimlere dahil edilmesi, paydas katiimciligin ve is birliginin
saglanmasi ve uygulanan turizm aktivitelerinin yerel Olgekte sosyal ve ekonomik gelisime katkida
bulunmasi gibi amaglari da kapsamalidir.

Bu calisma ile Finike ilgesinin, dogal ve kiltirel peyzaj degerleri bir butiin olarak ele alindiginda,
tum yila yayilabilecek ¢ok dnemli bir alternatif turizm potansiyeline sahip oldugu ortaya ¢ikmistir. Yore
halkinin ekonomik anlamda kalkinmasina yardimci olabilecek bu potansiyel, alan ydnetim planlamasi
cercevesinde, koruyarak kullanma ilkesi temel alinarak degerlendirilmelidir.

Veri Kullanilabilirligi
Veriler makul talep tizerine saglanabilmektedir.
Yazar Katkilari
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oz

Gida fiyatlarindaki artis, dogal kaynaklardaki azalisin gostergesi olarak kabul
edilmektedir. Nufus artigiyla birlikte su, enerji ve gida gibi dogal kaynaklara
yonelik kiresel talebin de artacagdi tahmin edilmektedir. Son on yil igerisinde su-
enerji-gida zinciri ortaya ¢ikmistir. Su-enerji-gida zinciri dogal ¢evre ve insan
faaliyetleri arasindaki etkilesimleri sistematik olarak analiz etmek ve sektorler
arasinda dogal kaynaklarin daha koordineli bir ydnetimi ve kullanimi igin
kavramsal bir yaklasim sunmaktadir. Su-enerji-gida zinciri ile ilgili calismalarda
en 6nemli zorluk, sistemin nasil temsil edilecegi ve izlenecegidir. Bu amagla
enerji, tarim-gida ve su ile ilgili konulari vurgulayan su-enerji-gida zinciri ile ilgili
Ulke duzeyinde gosterge degerlerinin olusturulmasi ve bunlarin izlenmesi
gerekmektedir. Bu calismada; ilk olarak su-enerji-gida zinciri hakkinda temel
bilgiler verilerek aralarindaki iligkiler incelenmistir. Makalenin ikinci bélimiinde
konuyla ilgili bir galigmaya yer verilerek tlkemizin durumu degerlendirilmistir. Son
bélimde ise su-enerji-gida zincirinin 6zellikleri ve gosterge degerlerinden
yararlanilarak Ulusal bazda yapilmasi gereken calismalarla ilgili 6nerilerde
bulunulmustur.

ABSTRACT

The increase in food prices is recognized as an indicator of the decline in natural
resources. With population growth, global demand for natural resources such as
water, energy and food are projected to increase. The water-energy-food nexus
has emerged in the last decade. The water-energy-food nexus provides a
conceptual approach for systematically analyzing the interactions between the
natural environment and human activites and for a more coordinated
management and use of natural resources across sectors. A major challenge in
the study of the water-energy-food nexus is how to represent and monitor the
system. For this purpose, it is necessary to establish and monitor country-level
indicator values related to the water-energy-food nexus, which emphasizes
energy, agri-food and water-related issues. In this study, firstly, basic information
about the water-energy-food nexus is given and the relationships between them
are analyzed. In the second part of the article, a study on the subject is given and
the situation of our country is evaluated. In the last part, the characteristics of the
water-energy-food nexus and indicator values are utilized, and suggestions are
made regarding the studies to be carried out on a national basis.
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GiRiS

ikinci Diinya Savasindan sonra baslayan ve 1940’lar ile 70’ler arasinda gozlenen “yesil devrim”
olarak bilinen tarimsal teknoloji tirt (Carson, 1962), énemli bir tarimsal Uretim artisi saglamakla birlikte
cevresel elestirilere maruz kalmistir. Yesil devrimin basarisi; bitki 1slahinin gelistiriimesi, yogun sulama,
fazla inorganik gubre kullanimi ve tarimsal dretimden gida eldesine kadar yogun enerji kullanimina
dayaniyordu. Tarimsal dretimin her asamasinda mekanizasyon uygulamalarindan kimyasal giibreler ve
ilaglar, Urun isleme, sogutma, paketleme ve tagsimaya kadar fosil yakit kullaniminin bu basariya buyuk
katkisi olmustur (Pellegrinia & Fernandeza, 2018).

Yesil devrimin teknolojik ilerlemelerinin sagladigi mahsul Gretimindeki fazlalik, mahsullerin yem
olarak kullaniimasina izin vermis, boylece “hayvancilik devrimi” olarak bilinen bir fenomen olan hayvancilik
Uretim oranlarini 6nemli 6lgide artirmigtir. Bu yeni hayvancilik dretim sistemi, mera dretimine alternatif
olarak giderek artan bir sekilde kesif hayvan yemi dretimine dayaniyordu (Davis & D'Odorico, 2015;
FAOSTAT, 2017). Benzer sekilde, deniz drtinlerine yonelik kiiresel talep artmig ve su Urinleri yetistiriciligi
faaliyetlerinde artan balik ve deniz Urtnleri Gretimi ile karsilasiimistir (D’Odorico, 2018).

Bu basarilar yaninda, zararl pestisit kullanimi ve asiri giibrelemenin neden oldugu toprak yapisinda
bozulma, agir makinalarin kullanimina bagh toprak sikismasi ve erozyon yaninda fosil yakitlara olan giclu
bagimlihk ve atmosferdeki sera gazlarinin artisi bu tarim biciminin sdrdirilemez oldugunu ortaya
koymaktadir (Pellegrinia & Fernandeza, 2018).

Kuresel tarim-gida sistemi, insanliyin ¢evreyi olumsuz yonde degistirmesinin en kapsamli yollarindan
biri haline gelmigtir. Tarlalar ve meralar artik gezegenin buzsuz yizeyinin yaklasik %38'ini kaplamaktadir.
Erisilebilir suyun yarisindan fazlasi insan i¢in kullaniimaktadir (Ertugrul, 2023; Richter, 2014) ve antropojenik
tiketilen suyun neredeyse tamami tarim igindir. Tarimsal mekanizasyonla, yogun toprak isleme gerceklesmis
ve toprak olusumundan daha fazla olan toprak kaybi gergeklesmistir. Gubre tretimi, cevredeki reaktif nitrojen
(N) miktarini iki katindan fazla artirmis ve gida uretiminde (6rnegin, gevis getiren hayvanlarin sindirimi ve
gubre denitrifikasyonu) ve arazi kullanimindaki degisikliklerden (6rnegin ormansizlasma) kaynaklanan sera
gazi emisyonlari insanligin sera gazi emisyonlarinin %30'unu olusturmustur (Tubiello et al., 2013). Tarimsal
faaliyetlerden kaynaklanan sera gazi emisyonlari, 2000 yilindan 2010 yilina kadar yillik olarak %1,1 oraninda
artmistir (Tubiello et al., 2013; D’Odorico et al., 2018).

insan niifusu artmaya devam ettikge, gida talebi de artmaktadir. Bununla birlikte, artan talebi
kargilamak igin yesil devrimin basit bir tekrari pek olasi degildir. Birlesmis Milletler 2050 yilina kadar 9,7
milyar ve 2100'e kadar 10,9 milyar bir diinya nifusu dngérmektedir (Gerland et al., 2014; D’Odorico et al.,
2018). Sonug olarak, diinya bugtin oldugundan 2,5 milyar daha fazla insani beslemek zorunda kalacaktir.
Birlesmis Milletler Gida ve Tarim Orgiitii, artan talebi karsilamak icin 2050 yilina kadar mevcut gida
Uretiminin yizde 70 artmasi gerektigini tahmin etmektedir (FAO, 2011). Gezegenin sinirlari, 6zellikle sinirli
enerji ve su kaynaklar g6z 6niine alindidinda, bu hedefe ulagsmak yizyilin en buytk zorluklarindan biridir.
Ayni zamanda, islenmis gida, et, st Urlinleri ve balik icin artan talep, gida tedarik sistemine daha fazla
baski eklemekte ve iklim degisikliginin artan etkileri bagka bir kisitlama olusturmaktadir (Godfray, 2010;
Anonymous, 2021a).

Su, gida dretimini etkileyen sinirlayici bir faktor olarak hayati Gneme sahiptir (Porkka et al., 2017).
Bu nedenle, sinirli su kaynaklariyla yeterli gida arzini saglama yetenegi, ciddi bir endige haline gelmistir.
Aslinda yeni teknolojilerin (6rnegin, yeni ¢esitler, sulama teknikleri ve suyun yeniden kullanim yontemleri)
gelismesine ragmen; niifus artisi ve beslenme dizenindeki degisikliklere bagli olarak, kirresel su kaynaklari
Uzerindeki insan baskisi endise verici oranlarda artmakta ve yeni endiseler ortaya ¢ikmaktadir (Carr et al.,
2013; Varis et al., 2017).

Su krizinin siklikla gbzden kagan bir yoni, 6nimiizdeki birkag on yilda su guvenligi tartismalarina hakim
olmasi beklenen gida ve enerji enduistrileri arasindaki su kaynaklari icin ortaya ¢ikan rekabettir (Rosa et al.,
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2017, 2018; Scanlon et al., 2017). Yakin zamana kadar, sanayi toplumlarinin enerji ihtiyaclarinin ¢ogu,
cikarilmalari icin nispeten distik su maliyetleri gerektiren geleneksel fosil yakitlarin kullanimiyla
karsilanmaktaydi. Hidroelektrik gibi yenilenebilir enerjiye ek olarak, yakin gelecekte, daha fazla miktarda su
gerektiren petrol kumlari, kaya yagi ve kaya gazi gibi geleneksel olmayan fosil yakit yataklarina artan bir
bagimlilik gérulecektir (Rosa et al., 2017, 2018). Bunlar, DUnya'daki fosil yakitlarin gogunu olusturmakta olup,
bunlarin ¢ikariimasi 6zellikle gida ve enerji icin su kullanimlari arasinda daha gucli bir rekabetin ortaya
ctkmasinin beklendidi, kurak ve yar kurak bdélgelerdeki su mevcudiyeti ile sinirl olabilir (Rosa et al., 2018).
Yenilenebilir enerji talebindeki artigin, nehir havzalarinda sayisiz sosyal ve ¢evresel sonuglara yol acabilecek
baraj gelisimini de dnemli dlglide artirmasi muhtemeldir; 6rnedin, yakin zamanda, diinya ¢apinda yaklasik
3.700 buyuk hidroelektrik barajinin planlandigini veya yapim asamasinda oldugunu tahmin etmektedirler
(zarfl et al. 2015; 2017). Ayni zamanda, son biyoeneriji politikalari (European Union Parliament, 2009), gida
ve enerji kullanimlari arasinda dogrudan bir rekabetle biyoyakit endustrisinin gelisimini tesvik ederek,
yenilenebilir enerjiye belirli bir derecede gtivenilmesini zorunlu kilmistir (Hermele, 2014; Ravi et al., 2014; Rulli
et al., 2016; D’Odorico et al., 2018).

Su-enerji-gida zinciri

Enerji, gida ve su talebi istikrarli bir sekilde artmakta, ancak bunlari Gretmek icin gereken kaynaklar
sinirli ve gogu durumda da azalmaktadir.

Enerji, gida ve su arasindaki karsilikli bagimhliklar sayisiz ve c¢ok boyutludur. Bunlarin iligkisi
genellikle enerji, gida ve su zinciri (bilesenlerin sirasi degisebilse de) (Rasul & Sharma, 2016) ya da “su-
enerji-gida zinciri” (SEG) olarak adlandiriimaktadir. Gida dretiminin tek yolunun tarim olmasi nedeniyle,
zincir igerisinde bazi kaynaklarda gidaya bazi kaynaklarda da tarima yer verilmektedir.

SEG zinciri yaklagimi, enerji, su ve gida arasindaki dinamik ve karmasik baglantilar tanir. Bu
yaklasimin temelinde, sektdrel konular olarak enerji, su ve tarimin birbirinden ayri diistinilemeyecegi inanci
yatmaktadir. Her sektor kendi icinde ¢ok yonli olsa da (¢ sektor arasindaki baglantilar, daha da karmasik
olan iligkileri, zorluklar ve firsatlari ortaya gikarmaktadir. Ornegin su, yakit gikarma, aritma ve iretim igin
oldugu kadar elektrik tretimi icin de gereklidir. Bu arada, suyu ¢ikarmak, pompalamak ve iletmek icin oldugu
kadar icme suyu amagli ve atik aritma i¢in de enerjiye ihtiya¢ vardir. Su ve enerji, gida Uretimi, islenmesi,
dagitimi ve hazidanmasi icin temel girdilerdir; bazi biyoyakitlarin tretiminde ise gida Grtnleri kullanilir. Tarim
ve gida Uretimi, arazi bozulumu, akistaki degisiklikler ve yeralti suyu desarjinin bozulmasi yoluyla su
sektorini etkiler. Sekil 1'de SEG zincirindeki iligkiler gosterilmektedir (Anonymous, 2017).

Sekil 1. Su-Enerji-Gida Zinciri (Anonymous, 2017).
Figure 1. Water-Energy-Food Nexus (Anonymous, 2017).
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Sekil 1°de verilen SEG zinciri kapsaminda bilesenler arasindaki iligkiler séyle incelenebilir:
Tarim-su baglantisi

Tarim, Diinya mevcut tath suyunun agik ara en buyik tiketicisidir. Kiiresel olarak, akarsulardan ve
yeralti suyundan cekilen suyun yiizde 70'i, bolgeler arasinda énemli farkhliklar olmakla birlikte, tarimsal
Uretimde kullanim igindir (Anonymous, 2017).

Gida talebinin karsilanmasi, dogrudan veya dolayl olarak yerel su varlhdina baglidir. Dogrudan,
karasal ekosistemlerde tim birincil tarimsal Uretim yani bitkisel Gretim su gerektirmektedir. Dolayl olarak
tum ikincil, yani hayvansal tretim (balik¢ilik hari¢) nihayetinde ot, yem vb dretimi igcin suya gereksinim duyar.
Bu nedenle, gida Uretimi ve su mevcudiyeti arasinda gugli bir bag vardir. Boyle bir bag, gida ve su givenligi
tartismasinin merkezinde yer alir. Cunku;

(1) Dinyanin bircok bélgesinde tarimsal tretim su mevcudiyeti ile sinirlidir.

(2) Tarimsal rdn verimindeki artis, ylizey ve yeralti sularindan ¢ekilen ve sulama i¢in kullanilan suya
baghdir.

(3) Genel olarak, bu tur tarimsal su kullanimi, diinya ¢apinda su kaynaklarina insan tarafindan el
konulmasinin herhangi bir bi¢imini cok agsmaktadir (D’Odorico et al., 2018).

Ozellikle tarim-su iligkilerinin daha iyi izlenebilmesi icin ortaya ¢ikan su ayak izi kavrami bu noktada
onemlidir. Tarimda kullanilan suyun ayak izinin izlenebilmesi icin sanal su kavrami ortaya atilmigtir. Bu
kavram uyarinca tarimsal amagh kullanilabilecek suyun detayli analizi icin mavi, yesil ve gri su
siniflandirmasi yapilmistir. Buna gére, mavi su, gol, nehir ve yeralti rezerv suyunu; yesil su, yagis ile
toprakta saglanan, bitkilerin kullanimina hazir suyu ve gri su, kullanilabilir temizlik diizeyine getirilebilen atik
suyu tanimlanmaktadir. Bu tanimlama yardimi ile yetistirilen Griinlerin ticareti ile arka planda bu Grtnlerin
yetistirilmesi icin harcanan suyun miktari belirlenebilmekte ve ticaret ile ne kadar suyun da el degistirdigi
tahminlenebilmektedir. Bu sayede karar vericilerin strdirtlebilir kaynak yoénetimi icin gelistirecegi
politikalarin tutarhligr artinlabilir (Ertugrul vd., 2022).

Enerji-su baglantisi

Yakit Uretimi ve elektrik tretimi, su mevcudiyetine baghdir ve su ¢ikariimasi ve dagitiimasi da eneriji
gerektirir (King et al., 2008). Hem su hem de enerji, hizla degisen bir diinyada artan stres altinda kalmaya
hazir olan sinirli kaynaklardir. Sanayi toplumlarinin ekonomisini “karbondan arindirmak” i¢in uygulanan yeni
enerji teknolojileri, su yodun yakitlara olan bagimlihg! artirmaktadir (IEA, 2016; Mielke et al., 2010). Enerj
uretimi ile su kaynaklari arasindaki baglantiyi her gegen giin daha da siddetlenmektedir. Ornegin, biyoyakit
Uretimi, konsantre glines enerjisi (CSP) ve karbon yakalama ve depolama, biyik miktarda su gerektiren
uygulamalardir. Bu nedenle, su mevcudiyeti mevcut enerji operasyonlarini zorlayabilir ve enerji Uretim
projelerinin fiziksel, ekonomik ve c¢evresel uygulanabilirligini belirleyen bir faktdr olarak giderek daha fazla
6nem kazanmaktadir (Alexander et al., 2017; Durmus & Guclyeter, 2024; D’Odorico et al., 2018).

IEA'nIn bir raporuna gore; kiresel enerji talebinin 2040 yilina kadar %30 artmasi 6ngoérilse de (BP,
2017; ExxonMobil, 2017; IEA, 2016), daha gelismis su tasarrufu teknolojilerinin benimsenmesi nedeniyle
enerji uretimi igin su kullaniminin artmasi beklenmemektedir. Ancak nukleer enerjinin, biyoyakit tretiminin
ve geleneksel olmayan fosil yakitlarin ¢ikarilmasinin artmasi, enerji sektériinde su tiketimini %60'tan fazla
artiracaktir. Birlesmis Milletler (BM)'nin strdurdlebilir kalkinma hedeflerinden (SKH) biri; her insanin suya
erisimini saglamaktir. Bu amaca ulasmak igin atik, tuzlu veya aci suyu aritmak daha fazla enerji
gerekecektir. Oniimizdeki 25 yil icinde, gogunlukla tuzdan arindirma projeleri ve bilyiik élgekli su transferi
nedeniyle, su i¢in enerji kullanimini iki katina ¢ikaran enerji yogun su projelerine dogru bir gegis olacaktir
(IEA, 2016; Bakken et al., 2017; D’Odorico et al., 2018).
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Tuketim, Uretim ve ticaretle baglantih olarak su kullanimi, kithdr ve kirliligi Uzerine giderek artan
arastirmalar, su ayak izi degerlendirmesi (WFA) alaninin ortaya ¢ikmasina yol a¢gmistir. Bu alanin
temelinde, 2002 yilinin baslarinda Hoekstra tarafindan gelistirilen ve Aralik 2002'de sanal su ticareti (VWT)
konulu bir uzman toplantisinda, uluslararasi bir kitleye tanitilan su ayak izi (WF) kavrami yer almaktadir
(Hoekstra, 2017).

Gida (Tarim)-enerji baglantisi

Sanayi devrimiyle, 1950'lerden sonraki “Blyuk Hizlanma” doneminde, 6zellikle fosil yakita (kémir,
petrol ve dogdal gaz) dayali enerji sistemlerinde (Steffen et al., 2007) buyuk artiglarlaénemli bir enerji gegisi
yasanmistir. Yiksek enerijili bir topluma dogru bu gegis, artan tarimsal Uretim (sonraki yesil devrimden
gelen yeniliklerle birlikte) ve artan tretim orani, ekonomik biyiume, kentlesme ve demografik buyime de
dahil olmak tzere sosyoekonomik degisikliklerle ayni zamana denk gelmistir (Steffen et al., 2007; Ben-Ari
& Makowski, 2014; D’Odorico et al., 2018).

Modern kiresel gida sektdru enerjiye bagimhdir. Tarimsal yesil devrimin temelini olusturan teknoloji
ve sanayilesme, tarimsal Uriin veriminde muazzam bir iyilesme saglarken, ayni zamanda tarim ve gida
Uretiminin enerji ihtiyaglarini da artirmistir. Bugun, kiresel gida sektorinin nihai kullanim enerji talebi,
yaklasik 2.270 milyon ton esdeder petrol (mtep/yil) veya toplam kiresel nihai enerji talebinin %32'sidir.
Ciftlikten sofraya kadar gida Uretiminin tim deder zinciri boyunca enerjiye ihtiyac vardir (Sekil 2)
(Anonymous, 2017).

Degirmencioglu et al. (2019) tarimsal Gretim icin gerekli enerji kalemlerini temel detaylariyla
incelemisler ve sulama suyunun pompalanmasi ve/veya islem gérmesi icin gereken enerji miktari ile toprak
isleme, hasat, glibre tretimi ve tagima gibi islemlerde harcanan enerji sarfiyatlarinin belirlenmesi ile Uretilen
Urtnlerin toplam enerji sarfiyat bilangolarinin ortaya konabilecegini, su ve eneriji sarfiyatlarini dikkate alarak
Uretilebilecek gelecek senaryolari ile sirdirdlebilir tarim igin gereken optimum kaynak kullanimin
saglanabilecegini belirtmislerdir.

Tarim ve enerji iligkisi iki yonludur. Tarim icin enerji sarfiyati s6z konusu olabildigi gibi Uretilen Grlnlerin
atiklarindan enerji Uretilebilmesi mimktndir. Tarimsal drtnlerin atiklarindan gesitli yéntemlerle eneriji elde
edilebilmektedir. Her Grtinin literattirde belirlenmis atik oranlari, elde edilebilir atik oranlari ve kendine 6zgu
1sil de@erleri araciligi ile enerji Uretim potansiyelinin hesaplanabilmesi mimkundur (Ertugrul et al., 2024).

SEG zinciri gésterge degerleri

Su, enerji ve gida-tarim (SEG) zinciri ilk olarak 2010 yilinda (Wong, 2010) vurgulandi ve 2011'den
beri akademik, politika ve kalkinma ile ilgili ortamlarda SEG zincirine blyldk 6nem verildi. Bonn2011
Konferansi (Hoff, 2011) ve Dinya Ekonomik Forumunun “Su Giivenligi” yayininda Su-Gida-Enerji-iklim
Baglantisindan etkili bir sekilde s6z edilmektedir. Sonraki ¢calismalarda ise SEG zincirinin yalnizca felsefi
bir yaklagim veya gergeve olmasinin aksine, nicel ve iglevsel hale getirilmesi gerektigi belirtildi. Nicel ve
nitel SEG Zinciri degerlendirmelerini entegre etme zorunlulugu pek ¢ok kaynaklarda vurgulanmistir (FAO,
2018; Galaitsi et al., 2018; Allouche et al., 2019; Hoff et al., 2019; Simpson & Jewitt, 2019). SEG zincirini
surdirmenin énemli nedenlerinden biri de BM Surdurlebilir Kalkinma Hedeflerine (SKH2: Agliga son,
SKH6: Temiz su ve sanitasyon, SKH7: Erigilebilir ve temiz enerji, SKH13: iklim eylemi) ulasmak icin 6nemli
bir mekanizma olmasidir (Nhamo et al., 2020).

SEG zincirinin gercek bir badlanti noktasi olmasi icin, U¢ sektdrt birlikte degerlendiren, sektérler arasi
baglantilann 6l¢ulmesini ve dengesizliklerin gorsellestiriimesini saglayan, kaynaklarin gelisimini ve kullanimini
bitincdl bir sekilde degerlendirebilen bir karar destek aracina ihtiyaci vardir (McGrane et al., 2018; Shannak
et al., 2018). Kaynak y6netimini degerlendirmenin bir yolu, bilesik endekslerle ifade edilen strdurilebilirlik
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gostergeleridir (Dizdaroglu, 2017; Farinha et al., 2019). Surdurulebilirlik gostergeleri, belirli bir mekansal
Olgekte kaynaklarin performansi ve mevcut durumu hakkinda (Singh et al., 2012; Bell & Morse, 2018) ve
kaynak kullaniminin durumunu veya egilimini 6lgmek igin yararlanabilecek degerlerdir (Nhamo et al., 2020).
Surdardlebilirlik gostergeleri tek tek kullanilabildigi gibi, tum bireysel gdsterge puanlarn tek bir bilesik
endekse entegre edilerek birlestirilebilir (Schernewski et al., 2014). SEG zinciri surdurilebilirlik gdstergeleri,
karar vericilere kisa, orta ve uzun vadeli perspektifler agisindan SEG kaynaklarinin durumunu gdsteren
onemli bir analitik cerceve saglar. SEG zincirinin énemli bilesenleri olarak surdurulebilirlik gdstergeleri,
simdi ve gelecekte insan refahini artirmak icin kaynak planlama, ydénetisim ve teknoloji gelistirmeyi
dengelemek icin gerekli parametreleri saglar (Bizikova et al., 2013). Ekolojik, sosyal veya ekonomik
sistemlerin performansini gosteren 6lculebilir parametrelerdir (Nhamo et al., 2020).

Simpson ve Arkadaglarinin (2000) uluslararasi bir proje kapsaminda “Entegre Kaynak Ydnetimi ve
Sdrdurilebilir Kalkinma icin Bir Arac olarak Su-Enerji-Gida Zinciri Endeksi” konulu c¢alismalarinda
gelistirdikleri SEG baglanti endeksi kriterlerinin olusturulmasinda AB Ortak Arastirma Merkezi: Bilesik
Gostergeler ve Puan Tablolari Yeterlilik Merkezi (JRC: COIN: Joint Research Centre: Competence Centre
on Composite Indicators and Scoreboards) tarafindan gelistirilen metodoloji kullaniimistir. JRC: COIN yani
sira Cevresel Performans Endeksi (Yale Universitesi, Columbia Universitesi), Kiiresel Yenilik Endeksi
(INSEAD ve Diinya Fikri Miilkiyet Orgiitil), Esitsizligi Azaltma Taahhiidi Endeksi (Oxfam), Mali Gizlilik
Endeksi (Vergi Adalet Agdi), Cok Boyutlu Yoksulluk Belirleme Araci (BM Uluslararasi Tarimsal Kalkinma
Fonu), Kiresel Rekabet Edebilirlik Endeksi (Diinya Ekonomik Forumu) ve Yolsuzluk Algilama Endeksi de
dikkate alinarak 170 ulke i¢in su, enerji ve gidayla ilgili 60’dan fazla gosterge olusturulmustur. SEG Baglanti
Endeksi'nin gelistiriimesinde incelenen godstergelerin yani sira bunlarin tanimlarini, kaynagini, veri
yeterliligini, referans yilini ve her bir géstergenin neden var olup olmadidina iliskin motivasyonu sunan
gosterge secim tablosu, bilesik indekse dahil edilmistir. JRC: COIN'e gore bilesik gdstergenin
gelistirimesindeki bir sonraki asama, endeksi olusturacak gostergelerin secimidir. Gostergeler igin
kullanilacak veriler; ulusal istatistik ofisleri, devlet daireleri, sivil toplum kuruluslari gibi gesitli kuruluslar,
Diinya Bankasi, Uluslararasi Gida ve Tarim Orgiitii (FAO), Uluslararasi Eneriji Ajansi (IEA) ve Dinya Saglik
Orgiitii (WHO) gibi uluslararasi kuruluslar tarafindan toplanmaktadir. Bu veri tabanlarinda yapilan kiiresel
bir arastirma, su, enerji ve gidayla ilgili 87 gostergeden olusan bir listenin olusturulmasini saglamistir. SEG
Baglanti Endeksini olusturacak gostergelerin secimi, paydas/uzman katilimini kolaylastirmak icin bu proje
kapsaminda gergeklestirilen 6 ayri forumda sunulmustur. Paydas/uzman katiliminin sonucu, SEG Baglanti
Endeksini olusturmak igin; 170 Ulke i¢in hesaplanacak endeks igin, yeterli verinin saglanabilecedi 21
gOstergeden olusan bir setin secilmesi gerceklesmistir. SEG Baglanti Endeksi'nin su, enerji ve gidayi temsil
eden U¢ esit situnu vardir. Bu kaynak sektdrlerinin her birinin sirasiyla "Erisim" ve "Kullanilabilirlik" alt
sutunlari bulunmaktadir (Simpson et al., 2020; Anonymous, 2021b).

Calisma ile ilgili tum bilgiler, hesaplama yontemleri ve alinan veriler online olarak
https://wefnexusindex.org/ web sayfasinda tum ulkeler igin yayinlanmaktadir. 2019’da baslayan ¢alismada
veri eldesine gore; Ulke sayilarinda degisiklikler olabilmektedir.

SEG Zinciri Endeksini olusturan 21 gosterge icin kullanilan veriler; Dinya Bankasi, Uluslararasi
Eneriji Ajansi (IEA) ve Birlesmis Milletler Gida ve Tarim Orgiitii (FAO) tarafindan yayinlanan verilerdir.

Yukarida acgiklanan SEG bilesenlerinden vyararlanilarak 184 lke icin SEG-Endeks degerleri
hesaplanmistir (Sekil 2). Her bir tlke icin hesaplanan degerlerin verildigi grafikte lilke isminin yaninda SEG-
Endeks degerleri 2019-2023 yillari igin yer almaktadir.
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Sekil 2. Cesitli Glkelerin SEG-Endeks degerleri (Anonymous 2023).

Figure 2. WEF-Index values of various countries (Anonymous 2023).

En yiksek SEG-Endeks degerine sahip olan lkeler (2023) sirasiyla; izlanda (81.2), Norve¢ (78.3),
Kanada (76.3), ABD (74.5) ve Yeni Zelanda (73.8) olmustur. Turkiye Ulkeler siralamasinda 56.6 SEG-
Endeks puani ile 90. sirada yer almaktadir.

SEG-Endeks ¢ situndan olusmaktadir. Bunlar; su situnu, enerji situnu ve gida sttunudur. Bu
bilesenlerin gosterge degerleri de Sekil 3'te verilmistir. ilk sirada yer alan izlanda’nin su gostergesi 80.4,
enerji gostergesi 93.8 ve gida gostergesi 69.4'tir. Tlrkiye’'nin ise; su gostergesi 58.5, enerji gbstergesi 44.0
ve gida gOstergesi 67.3 olarak belirlenmistir.

SEG Nexus Endeksi Su Enerji Gida
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Sekil 3. SEG bilesenlerinin gdsterge degerleri (Anonymous 2023).

Figure 3. Indicative values of WEF components (Anonymous 2023).

Su-Enerji-Gida (SEG) Zinciri Endeksi, kiresel olarak mevcut 21 gbstergeyi bir araya getiren bilesik
bir gostergedir. Endeksin Ug¢ bileseninin her biri iki alt situn icermektedir: Erisim ve Kullanilabilirlik. Bu
basliklar altinda da SEG-Endeksi Gostergeleri ve bunlarin sayisal degerleri yer almaktadir. Tirkiye'ye ait
SEG-Endeks Gostergeleri ve bunlarin sayisal degerleri Cizelge 1'de verilmistir.
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Tarkiye, su endeksinde 58.5 degeri ile 2022 yilindaki 59. siradan, 2023 yilinda 80. siraya dismustur.
Enerji dederinde 2022’de 115. sirada olan Turkiye, 44 puanla 116. siraya gerilemigtir. Gida endeksinde ise
2022’de 37. sirada iken, 2023’'de 67.3 puanla 38. sirada yer almistir. SEG endeksinde ise 2022’de 75.
sirada olan Turkiye, 2023 yilinda 56.6 puanla 90. sirada bulunmaktadir.

Simpson ve arkadaslarinin 2020 yilinda yaptid1 ¢alisma, su, enerji ve tarim-gida ile ilgili konulari
vurgulayan SEG zinciri ile ilgili Ulkeler diizeyinde bir bilesik gosterge saglamaktadir. SEG Zincirini bir
mercek olarak kullanarak, entegre kaynak yonetimi agisindan 170 farkh ulusun statlistinii tespit etmek icin
nicel bir ara¢c saglanmistir. Ayni zamanda, bir ulusun statiisini ayni bdlgeden benzer diizeyde (yani
gelismis veya gelismekte olan) diger tlkelerle veya bir ulusun belirli bir tGlkeye gore degerlendiriimesi yoluyla
karsilastirma firsati olusturmaktadir (Simpson et al., 2020).

2030 SKH hedef yilina giden on yilda SEG Zinciri dederlendirmeleri daha kapsamli olmalidir. Nitel
¢alismalar nicel degerlendirmelere paralel olarak yurutilmelidir. SEG Zinciri yaklagimini kullanan entegre
kaynak yonetimi icin herkese uyan tek bir yéntem yoktur. Bunun yerine, metodoloji her benzersiz durum igin
uyarlanmaldir ve SEG Zinciri Endeksi, bu tir calismalar icin bir katalizér ve giris noktasi olabilir. SKH'lerin bir
alt kimesini/baglantisini degerlendiren endeks, SKH'leri tamamlayici niteliktedir. Ancak SKH'lerde oldugu
gibi, bu baglanti ¢alismasi "entegre" godstergelerin eksikliginden muzdariptir. Bu bosluk gelecekte yeni
gostergeler gelistirildikge giderilebilecektir. (Simpson et al., 2020). D’Odorico et al. (2018)’e gore de kiresel
SEG sisteminin anlagiimasinda ve yonetiminde bazi biyik bosluklar bulunmaktadir. Daha spesifik olarak,
surdirulebilir SEG ¢dzumlerini gergek dunya sonuglariyla iligkilendirmeye ve yerel uzmanlar ve paydaslarla
etkilesime giren arastirmalara katilmaya acil bir ihtiyac vardir.

Cizelge 1. Turkiye i¢in hesaplanan 2023 SEG-Endeks degerleri*
Table 1. 2023 WEF-Index values calculated for Turkiye*

Gosterge Gosterge Degerleri Gosterge | Endeks degeri
No Puani (siralama)
01 Minimum igme suyu hizmetlerinden yararlanan kisiler (%) 97
Erisi 02 Minimum temel temizlik hizmetlerini kullanan kisiler (%) 78.4
rigim
IWRM (Entegre Su Kaynaklari Yonetimi) uygulama
03 - 72
derecesi (1-100)
Su — - - - 58.5 (80)
04 Yillik tath su ¢ekimi, toplam (i¢ kaynaklarin yiizdesi) 27.1
. 05 Kisi basina disen yenilenebilir i¢ tath su kaynaklari (m3) 2,698
Kullanilabilirlik — %
06 Cevresel akis gereksinimleri (10° m3/yil) 0.7
07 Derinlikteki ortalama yagis (mm/yil) 593
08 Elektrige erisim (nifusun yizdesi) 100
09 Yenilenebilir enerji tiiketimi (toplam nihai enerji tuketiminin 13.7
Erigim yiizdesi) i
B 10 Yenilenebilir elektrik tretimi (toplam elektrik Gretiminin 32
Enerji yiizdesi) 44 (116)
11 CO2 emisyonlari (kisi basina metrik ton) 4.8
Kullanilabilirlik 12 Elektrik giic tuketimi (kWh/kisi). 2,815
13 Enerji ithalati, net (enerji kullaniminin yiizdesi) 75.2
14 Yetersiz beslenme yayginligi (%) 2.5
Erisim 15 Asiri zayifliktan etkilenen 5 yas alti cocuklarin yizdesi (%) 1.7
$ 16 Yeterince gelismemis 5 yas alti gocuklarin yizdesi (%) 5.5
17 Yetigkin populasyonda (18 yas ve ustl) obezite yayginligi 321
Gida $KIn pop _y ( y.§. A ) yayginiig 67.3 (38)
18 Ortalama protein arzi (gram/kisi/gtin) 110.7
. 19 Tahil verimi (kg/hektar). 2,918.5
Kullanilabilirlik - - P
20 Ortalama Diyet Enerji Arz Yeterliligi (ADESA) (%) 159
21 Gida Uretiminin ortalama degeri (1$/kisi). 159
SEG Zinciri 56.6 (90)

* (https://iwww.wefnexusindex.org/TUR (Anonymous, 2023) adresinden yararlanilarak hazirlanmigtir).
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Ulusal Dizenlemeler

Dunya genelinde Nexus Calismalari, bilimsel arastirmalar ve projeler olarak gerceklestiriimektedir.
En yogun galismalar Brezilya ve Cin'de, en az arastirma Gronland, Kongo ve irlanda'da yapilmistir. iran,
Guney Afrika, Suudi Arabistan ve Lubnan gibi su kithgi ¢ceken Ulkelerde de yodun arastirmalar yer
almaktadir. Asya, Avustralya, Kuzey Amerika, Guney Amerika, Afrika ve Avrupa dahil olmak tzere farkli
boélgelerdeki farkli yaklasim turlerinin (WEF baglanti noktasi, WEFC baglanti noktasi ve WEFC baglanti
noktasi) dagilimi gorilmektedir. SEG baglantisi icerisinde Asya'da gida sektoriine daha fazla odaklanildigi,
Avrupa'da su ve enerji sektérleri arasindaki etkilesime daha 6nem verildigi ve Afrika'da iklim baglantisina
etkilerinin daha yodun arastirildigi gérulmektedir (Kalvani & Celico, 2024).

Surdurdlebilir kalkinma baglaminda gida glivenligi, saghkli su yonetimi ve modern enerji hizmetlerine
evrensel erisim temel hedeflerdir. Bu sektérlerdeki politikalar ve uygulamalar sektérler arasi koordinasyon
olmadan yaplilirsa riskler ve belirsizlikler ortaya g¢ikabilir. Enerji, su ve gida guvenligini ayri ayri ele alan
geleneksel gelistirme ¢ozumleri yetersizdir ve genellikle istenmeyen sonuglara yol agar.

SEG zincir yaklagimi, sinirli  kaynaklarimizi  sirdirulebilir  bir sekilde kullanabilmemiz ve
ydnetebilmemiz icin su, enerji ve tarim-gida arasindaki karmasik ve dinamik iligkileri daha iyi anlamamiza
yardimci olur. Bir sektdrdeki kararin sadece o sektor tUzerinde degil, digerleri lizerinde de yaratabilecegi
etkileri disinmeye zorlar. Potansiyel degisimleri ve sinerjileri éngorerek, farkli sektérlerde uygulanabilir
yanit segeneklerini tasarlayabilir, degerlendirebilir ve 6nceliklendirebilir.

SEG Zincir Endeksinin gelistiriimesi, hi¢bir Glkede entegre kaynak yonetiminin kusursuz bir sekilde
gerceklesecegini gostermemektedir. Her ulus surekli olarak gelisme potansiyeline sahiptir ve endeks
degerleri de olumlu ya da olumsuz yonde degisiklik gosterebilecektir. Ne SEG Zincir yaklasimi ne de Zincir
Endeksi kiresel toplumun karsi karsiya oldugu tim dnemli kalkinma veya ¢evresel zorluklarn ¢dzecek her
derde deva degildir. Bununla birlikte, entegre kaynak yonetimine katkida bulunabilir ve Surdurulebilir
Kalkinma Hedeflerini tamamlayici niteliktedir.

Enerji-tarim-su zinciri kavramina dayal olarak Ulusal politikalarin belirlenmesi amaciyla asagida
belirtilen konular dikkate alinmaldir.

1. SEG Zinciri veri tabaninin olusturulmasi: SEG Zinciri konusunda yapilan ¢alismalarda gorilmistar
ki; SEG sistemleri ve kaynaklarin strdurdlebilirligi konusunda sinirli ve eksik veriler bulunmaktadir. Bu
nedenle ¢zellikle ulusal diizeyde, SEG Zincir bilgi tabanina gereksinim vardir. Bu amagla SEG Zinciri
akilli altyapiya, ¢ok islevli ekosistemlere ve yenilikgi teknolojilere ve kurumlara yatirim yapilabilmesi igin
politikalar gelistiriimeli ve kurumsal destekler saglanmalidir. Béylece SEG Zincir anlayisimizi gelistirecek
yeni veri kaynaklari ve yaratici stratejiler olusturulabilir.

2. SEG Zinciri icerisindeki sektérler arasi koordinasyonu saglamak: Sektorler arasi koordinasyon ve
entegrasyonla veri tabaninin gelistiriimesi, sektorler arasinda sinerjiler yaratilmasi, kaynak kullanim
verimliliginin arttinimasi ve cevresel etkilerin azaltilmasi ve enerji-gida-su yonetiminin entegre edilmesi
saglanacaktir.

3. SEG Sistemi ile ilgili ulusal aragtirmalarin yapilmasi: Yapilan kiresel calismalarda; SEG sisteminin
anlasilmasi ve yoOnetiminde ©Onemli bosluklar oldugu bildiriimektedir (D’Odorico et al., 2018).
Surdurdlebilir SEG c¢alismalarini ulusal dizeyde uygulanmasini saglayacak yerel uzmanlar ve
paydaslarla etkilesimini saglayacak arastirmalara gereksinim vardir.

4. SEG Zincirinin tim kalkinma alanlarinda dikkate alinmasi: SEG zinciri tim kalkinma problemleri, alt
yap! gelistirme ve planlamalarina dahil edilmelidir. Tim sektdrlerin amaci; gelecek nesiller icin dogal
cevreyi korurken uretimi artirmaya yatirim yapmak olmalidir. Bu akilda tutularak her sektor icin bilgi ve
teknoloji paylasimi, ortak kaynak yénetimi ve SEG zincir tabanh ¢éziimler Uretilmesi saglanmalidir.
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5. SEG sistemleri arasindaki faydali baglantilarin giclendiriimesi: Gida, su ve enerji sistemleri
arasindaki dogal baglantilar, bir sistemin surdurdlebilirligini iyilestirmeyi hedefleyen bazi stratejilerin, her
Uc sistemde birden ¢cok amaca hizmet eden sinerjik etkilere sahip olabilmesi agisindan firsatlar da
sunabilir. Dongusel ekonomide atik yakalama ve geri donusim gibi SEG zincirindeki bu faydali
baglantilarin giiclendiriimesi, kiiresel dlgekte gida, su ve enerji givenliginin esnekligini artirmak icin kritik
Oneme sahip olacaktir.

6. SEG YoOnetim ve SEG Verimlilik Sistemlerinin geligtiriimesi: Enerji yonetimi, enerji verimliligi
alaninda oldugu gibi; su ve gida alanlarinda da yonetim ve verimlilik ¢calismalar yapiimalidir. SEG
yonetimi ve SEG verimliliginin ulusal olarak tiim alanlarda 6gretilmesi, benimsenmesi ve kullaniimasi
yonunde yasal diizenlemeler yapilarak tegvik edilmesi ve desteklenmesi saglanmalidir.

7. Surdurilebilir Tarim: Tarim, insan gidasinin tek saglayicisidir ve tarimsal Uretimin en 6nemli girdileri
de tath su ve enerjidir. Surdurdlebilir tarim kavrami, sinirli dodal kaynaklarin kullanimini ve zararli
cevresel etkileri en aza indirirken, urin verimliligini en Ust duzeye gikarmak ve ekonomik istikrari
surdirmek arasindaki hassas bir dengeye dayanmaktadir. Dolayisiyla SEG zincirinde tarimsal
Uretimde, Surdurilebilir Kalkinma Hedeflerini de dikkate alarak asagida verilen konular dikkate
alinmalidir:

¢ Tarimsal Uretim igin su ve enerjinin verimli kullanimina yénelik tegviklerin dizenlenmesi ve tanitiimasi
yoluyla su ve enerji yonetimi saglanmalidir.

e Cogu tarim makinesinin galistiriimasinda ve gtibre, ilagc yapiminda, sera gazi emisyonlarina katkida
bulunan ve buna bagl olarak iklim degisikligini hizlandiran fosil yakitlarla galisiimaktadir. Bu tiir cevresel
zararlar, tlkemizde potansiyeli yiiksek olan glines, riizgar, jeotermal ve biyoyakitlar gibi yenilenebilir
kaynaklarin tesviki ile azaltilabilir. Bu yenilenebilir kaynaklar tarim sektorii icin buyuk bir potansiyele
sahiptir. Ciftciler sibvansiyonlarla yenilenebilir enerji teknolojisini kullanmaya tesvik edilmelidir.

o Kiresel 1sinma ve iklim degisikliginden en fazla etkilenen sektor tarimdir. Bu degisiklikler, yeni
teknolojiler ve yeni trlinlerin yetistiriimesi gibi adaptasyon dnlemleri gerektirmektedir.

e Tarimin iklim degisikligine katkisi da unutulmamalidir. Toplam kiresel sera gazi emisyonlarinin
yaklagik geyregi tarim kaynaklidir. Ozellikle metan salimina neden olan hayvan digkilari ile ilgili atik
ydnetimine énem verilmelidir.

Tanimsal Uretimin tim alanlari icin hassas tarima gecilmelidir. Hassas tarim, yeni bilgi teknolojilerinin
kullanimi yoluyla tarimsal surdarulebilirligi saglamak icin kilit bir Griin yonetim sistemidir. Hassas tarim su
ve enerjinin en verimli kullanilabilecegi gida tretim sistemidir.

Arazinin yanhs kullanimi ylUziinden ortaya c¢ikan organik madde kayiplar, toprak kalitesinin
dismesine ve toprak yapisinin bozulmasina neden olmaktadir. Bununla birlikte, arazi kullaniminin uygun
sekilde yapilmasi ve dogru toprak yénetimi, topraktaki organik maddenin artisina ve karbondioksit (CO2)
miktarinin azaltiimasina ve toprak kalitesinin iyilestiriimesini saglayabilmektedir. Uygun bitkiler kullanilarak
su kullanimi veriminin artiriimasi, gubre uygulamalarinin optimize edilmesi mimkundur. Ayrica toprakta
bulunan karbon miktari ormanlarin alanlarinin korunmasi ile saglanabilmekte ve atmosferde bulunan CO:
miktarindaki artis veya azalis ile direk iligkilidir (Janzen, 2004; Topgu vd., 2022).

SONUC

Bu calisma ile su-enerji-gida zinciri hakkinda temel bilgiler verilerek aralarindaki iliskilerin
incelenmesi amaclanmistir. Makalenin ikinci béluminde konuyla ilgili bir galismaya yer verilerek tlkemizin
durumu degerlendiriimistir. Uglincii bolimde ise su-enerji-gida zincirinin 6zellikleri ile birlikte gdsterge
degerlerinden yararlanilarak Ulusal bazda yapilmasi gereken c¢alismalarla ilgili 6nerilerde bulunulmustur.
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Dunya 21. Ylizyillda basta su olmak Uzere gida ve enerjiye yonelik surekli degisen ve artan talepleri
karsilamak icin blyik bir zorlukla kargi karsiyadir. Giderek artan bu talebin sirdurilebilir bir sekilde nasil
karsilanacag kesin belilenmemis olsa da gelecekte gidaya katkida bulunabilecek yaklagimlar s6z konusu
olmaktadir. Bu tur yaklasimlar gida, su ve enerji konusundaki yeni teknolojiler, cevre ve saglik egitimine
dayali kultirel dnlemler veya su ydnetimi, enerji yonetimi gibi politikalar olabilmektedir.

Yine ayni yaklagsimla su-enerji-gida zinciri entegre kaynak ydnetimini degerlendirmek icin 6nem
kazanmistir. SEG zinciri farkh sosyal, ekonomik ve cevresel hedeflere ulasmak icin; kiiresel kaynaklarin
birbiriyle iligkili dogasini tanimlamak ve ele almak icin yararli bir kavram olarak ortaya ¢ikmistir. Boylece,
dogal kaynaklarla ilgili daha entegre ve uygun maliyetli planlama, karar verme, uygulama, izleme ve
degerlendirme yapilarak sektorler arasi sinerji olusturulabilecektir.

SEG zinciri yaklagimin temelinde, sektdrel konular olarak enerji, su ve tarim-gidanin birbirinden ayri
distnudlemeyecegi inanci yatmaktadir. Her sektor kendi icinde cok yonlu olsa da, (¢ sektdr arasindaki
baglantilar, daha da karmasik olan iliskileri, zorluklari ve firsatlar ortaya cikarmaktadir. Kaynak
degerlendirmelerinde ve politika olusturmada su, enerji ve tarim arasindaki baglantinin dikkate alinmamasi,
celigkili stratejilere ve kaynaklarin verimsiz kullanimina yol agacaktir.

SEG zinciri ile ilgili en 6énemli zorluk, su, enerji ve gida ile ilgili parametreleri iceren sistemin karmasik
olmasi nedeniyle dlgliimesi ve izlenmesindeki zorluktur. SEG zincirinin tek bir gosterge kullanilarak degil,
standartlastirimasi ve normallestiriimesi gereken bir dizi farkli gdsterge araciligiyla olciimesi
gerekmektedir. Bu amagcla pek cok gosterge parametreleri yardimiyla olusturulan SEG Endeksi, SEG
zincirinin nicel bir dlgusunl saglayarak karmasik veri kimesine bir 6zet ve giris noktasi saglamaktadir.
Boylece cesitli gostergelerin daha ayrintili analizi, arastirmaci, politikaci ve sektérel karar vericilere
uygulama ve yatinmlar konusunda ipuglari verecektir.

Ulusal SEG Endeksinin olusturulabilmesi icin ilk asamada SEG Zinciri icerisindeki sektdrler arasi
koordinasyonun saglanmasi gerekmektedir. Bdylece, SEG sistemleri arasindaki faydali baglantilarin
glclendiriimesiyle sinerji olusturulmasi saglanacaktir. Diger 6nemli bir konu da SEG ile ilgili ortak ulusal
arastirmalar yapilarak SEG Zinciri veri tabaninin olusturulmasi zorunlulugudur. Son asamada SEG Yo6netim
ve SEG Verimlilik Sistemlerinin gelistiriimesiyle SEG zincirinin tum kalkinma alanlarinda dikkate alinmasi
onemli olmaktadir. Yapilan Ulusal bazdaki SEG zinciri ¢alismalarina dayali olarak, ulusal kaynaklarin
(toprak, su, fosil yakitlar) yonetimi, kendi kendine yeterliligi, hizmet sunumu, tiketimi gibi konularda
surdurulebilir karar verme olanagi saglayacaktir.

Veri Kullanilabilirligi
Veriler makul talep tzerine saglanabilmektedir.
Yazar Katkilar

Calismanin konsepti ve tasarimi: UY, AOA; ornek toplama: UY, AOA; verilerin analizi ve
yorumlanmasi: UY, AOA,; istatistiksel analiz: UY, AOA; gorsellestirme: UY, AOA; makalenin yazimi: UY,
AOA.

Cikar Catismasi

Bu calismada yazarlar arasinda ¢ikar ¢gatismasi bulunmamaktadir.
Etik Beyan

Bu arastirma icin etik kurula ihtiyac olmadigini beyan ederiz.
Makale Agiklamasi

Bu makale Konu Editorii Dog. Dr. Arzu YAZGI tarafindan diizenlenmistir.

529



Yegul & Onurbas Avcioglu

KAYNAKLAR

Alexander, P., C. Brown, A. Arneth, C. Dias, J. Finnigan, D. Moran & M.D. Rounsevell, 2017. Could consumption of
insects, cultured meat or imitation meat reduce global agricultural land use? Global Food Security, 15 (1): 22-
32. https://doi.org/10.1016/j.gfs.2017.04.001

Allouche, J., C. Middleton & D. Gyawali, 2019. The Water-Energy-Food Nexus: Power, Politics, and Justice. Routledge,
London, 150 pp.

Anonymous, 2017. The Energy-Water-Food Nexus: Managing Key Resources for Sustainable Development. Ofi
Pamphlet Series 41, Druckerei Odysseus, Himberg, Austria, 100 pp.

Anonymous, 2021a. The Energy-Agriculture Nexus. (Web page: https://energypedia.info/wiki/Introducing_the_Energy-
Agriculture_Nexus) (Date accessed: April 2024).

Anonymous, 2021b. The wef nexus index. (Web page: https://www.wefnexusindex.org/) (Date accessed: April 2024).

Anonymous, 2023. The wef nexus index. (Web page: https://www.wefnexusindex.org/turkey) (Date accessed: April
2024).

Bakken, T. H., A. Killingtveit & K. Alfredsen, 2017. The water footprint of hydropower production-state of the art and
methodological challenges. Global Challenges, 1 (5): 1-8. https://doi.org/10.1002/gch2.201600018

Bell, S. & S. Morse, 2018. Sustainability indicators past and present: what next? Sustainability, 10 (5): 1-15.
https://doi.org/10.3390/su10051688

Ben-Ari, T. & D. Makowski, 2014. Decomposing global crop yield variability. Environmental Research Letters, 9 (11):
1-10. https://doi.org/10.1088/1748-9326/9/11/114011

Bizikova, L., D. Roy, D. Swanson, H.D. Venema & M. McCandless, 2013. The water-energy-food security nexus:
towards a practical planning and decision-support framework for landscape investment and risk management.
(Web page: www.iisd.org/system/files/publications/wef_nexus_2013.pdf) (Date accessed: April 2024).

BP, 2017. Energy outlook 2017. (Web page: www.bp.com/content/dam/bp/pdf/energy-economics/energy-outlook-
2017/bp-energy-outlook-2017.pdf) (Date accessed: April 2024).

Carr, J. A., P. D’Odorico, F. Laio & L. Ridolfi, 2013. Recent history and geography of virtual water trade. PLoS One, 8
(2): 1-9. https://doi.org/10.1371/journal.pone.0055825

Carson, R., 1962. Silent spring. (Web page: https://www.bluejayjournal.ca/index.php/bluejay/article/download/2554/2543)
(Date accessed: April 2024).

D’Odorico, P., K.F. Davis, L. Rosa, J. A. Carr, D. Chiarelli & J. Dell’Angelo, 2018. The global food-energy-water nexus.
Reviews of Geophysics, 56 (3): 456-531. https://doi.org/10.1029/2017RG000591

Davis, K.F. & P. D’Odorico, 2015. Livestock intensification and the influence of dietary change: a calorie-based
assessment of competition for crop production. Science of the Total Environment, 538: 817-823.
https://doi.org/10.1016/j.scitotenv.2015.08.126

Degirmencioglu, A., R.H. Mohtar, B.T. Daher, G. Ozgunaltay-Ertugrul & O. Ertugrul, 2019. Assessing the sustainability
of crop production in the Gediz Basin, Turkey: a water, energy, and food nexus approach. Fresenius
Environmental Bulletin, 28 (4): 2511-2522.

Dizdaroglu, D., 2017. The role of indicator-based sustainability assessment in policy and the decision-making process:
a review and outlook. Sustainability, 9 (6): 1-28. https://doi.org/10.3390/su9061018

Durmus, |. &I Glcuyeter, 2024. Karbon ayak izi ve yesil organizasyon kavramlarina yonelik bibliyometrik aragtirmalar.
Ege Universitesi Ziraat Fakultesi Dergisi, 61 (1): 113-124. https://doi.org/10.20289/zfdergi.1388506

Ertugrul, O., 2023. “A Review on The Mechanization Practices for Regenerative Agriculture, 295-309”. In: Advance Concepts
on Natural and Agricultural Sciences. 1st Ed. (Eds. A. Kazankaya & M.A. Ates), Ankara, Tirkiye, 309 pp.

Ertugrul, O., B. Daher, G. Ozgiinaltay Ertugrul & R. Mohtar, 2024. From agricultural waste to energy: assessing the
bioenergy potential of south-central texas. Energies, 17 (4): 1-16. https://doi.org/10.3390/en17040802

Ertugrul, O., G. Ozglnaltay-Ertugrul & A. Degirmencioglu, 2022. “Su, Enerji ve Gida Kaynaklarinin iliskisi ve
Sardurdlebilir Tarimdaki Yeri, 171-177". In: Ziraat ve Su Urlinlerinde Kavramsal ve Olgusal Yaklasimlar. 1st ed.
(Eds. Y. Banu & M. T. Tolon), Yenisehir, Ankara, 177 pp.

530


https://doi.org/10.1016/j.gfs.2017.04.001
https://energypedia.info/wiki/Introducing_the_Energy-Agriculture_Nexus
https://energypedia.info/wiki/Introducing_the_Energy-Agriculture_Nexus
https://www.wefnexusindex.org/
https://www.wefnexusindex.org/turkey
https://doi.org/10.1002/gch2.201600018
https://doi.org/10.3390/su10051688
https://doi.org/10.1088/1748-9326/9/11/114011
https://doi.org/10.1371/journal.pone.0055825
https://doi.org/10.1029/2017RG000591
https://doi.org/10.1016/j.scitotenv.2015.08.126
https://doi.org/10.3390/su9061018
https://doi.org/10.20289/zfdergi.1388506
https://doi.org/10.3390/en17040802

Su-enerji-gida zinciri kavramina dayal ulusal politikalarin belirlenmesi

European Union Parliament, 2009. Directive 2009/28/EC. (Web page: https://eur-lex.europa.eu/legal-
content/EN/ALL/?uri=CELEX%3A32009L0028) (Date accessed: April 2024).

ExxonMobil, 2017. The outlook for energy: A view to 2040. (Web page:
http://cdn.exxonmobil.com/~/media/global/files/outlook-for-energy/2017/2017-outlook-for-energy.pdf) (Date
accessed: April 2024).

FAO, 2011. Energy-smart food for people and climate, Issue paper, Food and Agriculture Organization of the United
Nations. (Web page: http://www.fao.org/docrep/014/i2454e/i2454e00.pdf) (Date accessed: April 2024).

FAO, 2018. Water-Energy-Food Nexus for the Review of SDG 7. Food and Agriculture Organization. (Web page:
http://www.fao.org/) (Date accessed: April 2024).

FAOSTAT, 2017. Food and Agriculture Organization 2017. FAOSTAT database. Rome, Italy: Food and Agriculture
Organization of the United Nations. (Web page: http://www.faostat.org/) (Date accessed: April 2024).

Farinha, F., M. J. Oliveira, E. M. Silva, R. Langa, M. D. Pinheiro & C. Miguel, 2019. Selection process of sustainable
indicators for the algarve region-observe project. Sustainability, 11 (2): 1-24. https://doi.org/10.3390/su11020444

Galaitsi, S., J. Veysey & A. Huber-Lee, 2018. Where is the added value? A review of the waterenergy-food nexus
literature. (Web page: https://www.sei.org/wp-content/uploads/2018/07/review-of-the-water-energy-food-
nexus.pdf ) (Date accessed: April 2024).

Gerland, P., A. E. Raftery, H. Sev€ikova, N. Li, D. Gu & T. Spoorenberg, 2014. World population stabilization unlikely
this century. Science, 346 (6206): 234-237. https://doi.org/10.1126/science.1257469

Godfray, H.C.J., J.R. Beddington, |.R. Crute, L. Haddad, D. Lawrence, J.F. Muir, J. Pretty, S. Robinson, S.M. Thomas
& C. Toulmin, 2010. Food security: the challenge of feeding 9 billion people. Science, 327 (5967): 812-818.
https://doi.org/10.1126/science.1185383

Hermele, K., 2014. The appropriation of Ecological Space. Routledge, New York. 176 pp.

Hoekstra, A.Y., 2017. Water footprint assessment: evolvement of a new research field. Water Resources Management,
31: 3061-3081. https://doi.org/10.1007/s11269-017-1618-5

Hoff, H.,2011. Understanding the nexus. (Web page: https://www.sei.org/ mediamanager/documents/Publications/SEI-
Paper-Hoff-UnderstandingTheNexus-2011.pdf ) (Date accessed: April 2024).

Hoff, H., S.A. Alrahaife, R. El Hajj, K. Lohr, F.E. Mengoub, N. Farajalla, K. Fritzsche, G. Jobbins, G. Ozerol, R. Schultz
& A. Ulrich, 2019. A nexus approach for the mena region-from concept to knowledge to action. Frontiers in
Environmental Science, 7 (48): 1-14. https://doi.org/10.3389/fenvs.2019.00048

IEA, 2016. International Energy Agency. (Web page: https://www.iea.org/reports/world-energy-outlook-2016 ) (Date
accessed: April 2024).

Janzen, H., 2004. Carbon cycling in earth systems-a soil science perspective. Agriculture, Ecosystems & Environment.
104 (3): 399-417. https://doi.org/10.1016/j.agee.2004.01.040.

Kalvani, S.R. & F. Celico. 2024. Analysis of pros and cons in using the water-energy-food nexus approach to assess
resource security: a review. Sustainability, 16 (7): 1-18 . https://doi.org/10.3390/su16072605

King, C.W., A.S. Holman & M.E. Webber, 2008. Thirst for energy. Nature Geoscience, 1 (5): 283-286.
https://doi.org/10.1038/ngeo195

McGrane, S.J., M. Acuto, F. Artioli, P.Y. Chen, R. Comber, J. Cottee, G. Farr-Wharton, N. Green, A. Helfgott & S.
Larcom, J. A. McCann, P. O’Reilly, G. Salmoral, M. Scott, L. C. Todman, T. Van Gevelt & X. Yan, 2018. Scaling
the nexus: towards integrated frameworks for analysing water, energy and food. The Geographical Journal, 185
(4), 419-431. https://doi.org/10.1111/ge0j.12256

Mielke, E., L.D. Anadon & V. Narayanamurti, 2010. Water consumption of energy resource extraction, processing, and
conversion. (Web page: https://www.belfercenter.org/sites/default/files/legacy/files/ETIP-DP-2010-15-final-
4.pdf ) (Date accessed: April 2024).

Nhamo, L., T. Mabhaudhi, S. Mpandeli, C. Dickens, C. Nhemachena, A. Senzanje, D. Naidoo, S. Liphadzi & A.T. Modi,
2020. An integrative analytical model for the water-energy-food nexus: South Africa case study. Environmental
Science and Policy, 109: 15-24. https://doi.org/10.1016/j.envsci.2020.04.010

531


http://cdn.exxonmobil.com/~/media/global/files/outlook-for-energy/2017/2017-outlook-for-energy.pdf
http://www.fao.org/docrep/014/i2454e/i2454e00.pdf
http://www.faostat.org/
https://doi.org/10.3390/su11020444
https://www.sei.org/wp-content/uploads/2018/07/review-of-the-water-energy-food-nexus.pdf
https://www.sei.org/wp-content/uploads/2018/07/review-of-the-water-energy-food-nexus.pdf
https://doi.org/10.1126/science.1257469
https://doi.org/10.1126/science.1185383
https://doi.org/10.1007/s11269-017-1618-5
https://www.sei.org/
https://doi.org/10.3389/fenvs.2019.00048
https://www.iea.org/reports/world-energy-outlook-2016
https://doi.org/10.1016/j.agee.2004.01.040
https://doi.org/10.3390/su16072605
https://doi.org/10.1038/ngeo195
https://doi.org/10.1111/geoj.12256
https://www.belfercenter.org/sites/default/files/legacy/files/ETIP-DP-2010-15-final-4.pdf
https://www.belfercenter.org/sites/default/files/legacy/files/ETIP-DP-2010-15-final-4.pdf
https://doi.org/10.1016/j.envsci.2020.04.010

Yegul & Onurbas Avcioglu

Pellegrinia, P. & R.J. Fernandeza, 2018. Crop intensification, land use, and on-farm energy-use efficiency during the
worldwide spread of the green revolution. Proceeding of the National Academy of Sciences of the United States
of America, 115 (10): 2335-2340. https://doi.org/10.1073/pnas.1717072115

Porkka, M., J.H., Guillaume, S. Siebert, S. Schaphoff & M. Kummu, 2017. The use of food imports to overcome local
limits to growth. Earth’s Future, 5 (4): 393-407. https://doi.org/10.1002/2016EF000477

Rasul, G. & B. Sharma, 2016. The nexus approach to water-energy-food security: an option for adaptation to climate
change. Climate Policy, 16 (6): 682-702. https://doi.org/10.1080/14693062.2015.1029865

Ravi, S., D.B. Lobell & C.B. Field, 2014. Tradeoffs and synergies between biofuel production and large solar
infrastructure  in  deserts. Environmental Science and Technology, 48 (5): 3021-3030.
https://doi.org/10.1021/es404950n

Richter, B., 2014. Chasing Water: A Guide For Moving From Scarcity To Sustainability. Island Press Washington DC,
192 pp.

Rosa, L., K.F. Davis, M.C. Rulli & P. D’Odorico, 2017. Environmental consequences of oil production from oil sands.
Earth’s Future, 5 (2): 158-170. https://doi.org/10.1002/2016EF000484

Rosa, L., M.C. Rulli, K.F. Davis & P. D’'Odorico, 2018. The water-energy nexus of hydraulic fracturing: A global
hydrologic analysis for shale oil and gas extraction. Earth’s Future, 6 (5): 745-756.
https://doi.org/10.1002/2018EF000809

Rulli, M.C., D. Bellomi, A. Cazzoli, G. De Carolis & P. D’Odorico, 2016. The water-land-food nexus of first-generation
biofuels. Scientific Reports, 6: 1-10. https://doi.org/10.1038/srep22521

Schernewski, G., S. Schonwald & M. Katarzyté, 2014. Application and evaluation of an indicator set to measure and
promote sustainable development in coastal areas. Ocean & Coastal Management, 101 (Part A): 2-13.
https://doi.org/10.1016/j.ocecoaman.2014.03.028

Shannak, S., D. Mabrey & M. Vittorio, 2018. Moving from theory to practice in the water-energy-food nexus: an
evaluation of existing models and frameworks. Water-Energy Nexus, 1 (1): 17-25.
https://doi.org/10.1016/j.wen.2018.04.001

Simpson, G. B. & G.P.W. Jewitt, 2019. The water-energy-food nexus in the anthropocene: Moving from ‘nexus thinking’
to ‘nexus action’. Current  Opinion in Environmental Sustainability, 40: 117-123.
https://doi.org/10.1016/j.cosust.2019.10.007

Simpson, G.B., G.P.W. Jewitt, W. Becker, J. Badenhorst, A.R. Neves, P. Rovira & V. Pascual, 2020. the water-energy-
food nexus Index: a tool for integrated resource management and sustainable development. (Web page:
https://osf.io/preprints/osf/itdhw5) (Date accessed: April 2024).

Singh, R.K., H.R. Murty, S.K. Gupta & A.K. Dikshit, 2012. An overview of sustainability assessment methodologies.
Ecological Indicators, 15: 281-299. https://doi.org/10.1016/j.ecolind.2011.01.007

Steffen, W., P.J. Crutzen & J.R. McNeill, 2007. The anthropocene: are humans now overwhelming the great forces of
nature. Ambio: A Journal of the Human Environment, 36 (8): 614-621. https://doi.org/10.1579/0044-7447
(2007)36[614: TAAHNO]2.0.CO;2

Topeu, P., O. Yavuz & A. Tolunay, 2022. Siirdirilebilir toprak yénetiminde toprak organik karbonunun énemi. Turkish
Journal of Forest Science, 6 (2): 604-614. https://doi.org/10.32328/turkjforsci.1039785

Tubiello, F.N., M. Salvatore, S. Rossi, A. Ferrara, N. Fitton & P. Smith, 2013. The faostat database of greenhouse gas
emissions from agriculture. Environmental Research Letters, 8 (1): 1-10. https://doi.org/10.1088/1748-
9326/8/1/015009

Varis, O., M. Keskinen & M. Kummu, 2017. Four dimensions of water security with a case of the indirect role of water
in global food security. Water Security, 1: 36-45. https://doi.org/10.1016/j.wasec.2017.06.002

Wong, J.L., 2010. The food-energy-water nexus. (Web page: https://cdn.americanprogress.org/wp-
content/uploads/issues/2010/07/pdf/hagspring2010final.pdf) (Date accessed: April 2024).

Zarfl, B.R., B.L. Ruddell, P.M. Reed, R.l. Hook, C. Zheng, V.C. Tidwell & S. Siebert, 2017. The food-energy-water
nexus: Transforming science for society. Water Resources Research, 53 (5): 3550-3556.
https://doi.org/10.1002/2017WR020889

Zarfl, C., A.E. Lumsdon, J. Berlekamp, L. Tydecks & K. Tockner, 2015. A global boom in hydropower dam construction.
Aquatic Sciences, 77 (1): 161-170. https://doi.org/10.1007/s00027-014-0377-0

532


https://doi.org/10.1073/pnas.1717072115
https://doi.org/10.1002/2016EF000477
https://doi.org/10.1080/14693062.2015.1029865
https://doi.org/10.1021/es404950n
https://doi.org/10.1002/2016EF000484
https://doi.org/10.1002/2018EF000809
https://doi.org/10.1038/srep22521
https://doi.org/10.1016/j.ocecoaman.2014.03.028
https://doi.org/10.1016/j.wen.2018.04.001
https://doi.org/10.1016/j.cosust.2019.10.007
https://doi.org/10.1016/j.ecolind.2011.01.007
https://doi.org/10.1579/0044-7447(2007)36%5b614:TAAHNO%5d2.0.CO;2
https://doi.org/10.1579/0044-7447(2007)36%5b614:TAAHNO%5d2.0.CO;2
https://doi.org/10.32328/turkjforsci.1039785
https://doi.org/10.1088/1748-9326/8/1/015009
https://doi.org/10.1088/1748-9326/8/1/015009
https://doi.org/10.1016/j.wasec.2017.06.002
https://doi.org/10.1002/2017WR020889
https://doi.org/10.1007/s00027-014-0377-0

	INTRODUCTION
	Volatile organic compounds of blackthorn genotypes
	Borkowski, B., J. Lutomski, E. Skrzydlewska & B. Zygmunt, 1994. Rosliny lecznicze w fitoterapii, IRiPZ, Poznan, 470-471.
	Browics, K., 1972. "Prunus, 8-12". In: Flora of Turkey and East Aegean Islands. (Eds. P.H. Davis, J. Cullen & M.J.E. Coode Davis), University Press, Edinburgh, 568 pp.
	Brunton, N.P., D.A. Cronin, F.J. Monahan & R. Durcan, 2000. A comparison of solid-phase microextraction (SPME) fibres for measurement of hexanal and pentanal in cooked turkey. Food Chemistry, 68 (3): 339-345.
	Burits, M. & F. Bučar, 2000. Antioxidative activity of Nigella sativa essential oil. Phytotherapy Research, 14: 323-328.
	Chan, W.K., L.T.H. Tan, K.G. Chan, L.H. Lee & B.H. Goh, 2016. Nerolidol: A sesquiterpene alcohol with multi-faceted pharmacological and biological activities. Molecules, 21 (5): 529.
	Leaf chlorophyll content (SPAD) values varied between 43.43 and 48.43% depending on magnesium applications; however, it appears that the differences between treatments are not statistically significant. The highest leaf chlorophyll content (SPAD value...
	INTRODUCTION
	Volatile organic compounds of blackthorn genotypes
	Borkowski, B., J. Lutomski, E. Skrzydlewska & B. Zygmunt, 1994. Rosliny lecznicze w fitoterapii, IRiPZ, Poznan, 470-471.
	Browics, K., 1972. "Prunus, 8-12". In: Flora of Turkey and East Aegean Islands. (Eds. P.H. Davis, J. Cullen & M.J.E. Coode Davis), University Press, Edinburgh, 568 pp.
	Brunton, N.P., D.A. Cronin, F.J. Monahan & R. Durcan, 2000. A comparison of solid-phase microextraction (SPME) fibres for measurement of hexanal and pentanal in cooked turkey. Food Chemistry, 68 (3): 339-345.
	Burits, M. & F. Bučar, 2000. Antioxidative activity of Nigella sativa essential oil. Phytotherapy Research, 14: 323-328.
	Chan, W.K., L.T.H. Tan, K.G. Chan, L.H. Lee & B.H. Goh, 2016. Nerolidol: A sesquiterpene alcohol with multi-faceted pharmacological and biological activities. Molecules, 21 (5): 529.
	Leaf chlorophyll content (SPAD) values varied between 43.43 and 48.43% depending on magnesium applications; however, it appears that the differences between treatments are not statistically significant. The highest leaf chlorophyll content (SPAD value...

