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Exogenous application of pipecolic acid
induces stomatal closure in Arabidopsis
thaliana L.

Ekzojen pipekolik asit uygulamasi Arabidopsis
thaliana L.’ da stoma kapanmasini tetikler
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ABSTRACT

Objective: The major objectives of this study were (i) to determine whether
exogenous Pipecolic acid treatment triggers the stomatal closure; (ii) to assess how
the stomatal response is influenced by the method and concentrations of Pipecolic
acid treatment; (iii) to investigate the response of Pipecolic acid-primed plants to the
foliar bacterial pathogen Pseudomonas syringae pv. tomato DC3000 that invades
plants through stomata.

Material and Methods: Freshly harvested Arabidopsis leaves were immersed in
MES-KCI buffer supplemented with 1 mM of D,L-Pipecolic acid for 2 h. Stomatal
aperture was measured in epidermal strips collected from the abaxial side of the
leaves. Stomatal aperture in Pipecolic acid-treated plants was also directly
quantified after Pseudomonas syringae pv. tomato DC3000 inoculation.

Results: The treatment with D,L-Pipecolic acid resulted in increased stomatal
closure in a concentration-dependent manner. Treatments with 0.1 mM and 1 mM
of D,L-Pipecolic acid led to a reduction in stomatal aperture by 32.5% and 54.7%,
respectively. Leaves treated with either 1 mM of D,L-Pipecolic acid or L-Pipecolic
acid demonstrated similar stomatal apertures corresponding to 2.67 and 2.49 um,
respectively. The stomatal apertures did not exhibit a significant difference between
the treatments following the Pseudomonas syringae pv. tomato DC3000 infection.
Pipecolic acid-mediated enhanced defense is independent of stomatal immunity.

Conclusion: Exogenous Pipecolic acid triggers preinvasion stomatal closure in
Arabidopsis. There is no difference between pipecolic acid application methods
(soil drenching or foliar spray) in terms of affecting stoma closure.

oz

Amag: Bu galismanin ana amagclari su sekildedir: (i) Ekzojen Pipekolik asit
uygulamasinin stoma kapanmasini tetikleyip tetiklemedigini belirlemek; (ii) Stoma
tepkisinin  Pipekolik asit uygulama yontemi ve konsantrasyonlarindan nasil
etkilendigini saptamak; (iii) Pipekolik asitle uyariimig bitkilerin, stomalar yoluyla
bitkiye giris yapan bakteriyel patojen Pseudomonas syringae pv. tomato DC3000’e
kars tepkisini aragtirmak.

Materyal ve Yontem: Taze koparilmis Arabidopsis yapraklari, 2 saat boyunca 1
mM D,L-Pipekolik asit iceren MES-KCI ¢ozeltisine daldinlmistir. Stoma agikhgi,
yapraklarin Ust yiizeyinden toplanan epidermal seritlerde 6lgtiimistir. Pipekolik asit
uygulanmis Arabidopsis bitkilerindeki stoma agikliyi da Pseudomonas syringae pv.
tomato DC3000 inokulasyonundan 0, 2 ve 4 saat sonra alinan epidermal seritlerde
Olgllmustar.

Arastirma Bulgulan: D,L-Pipekolik asit uygulamasi, konsantrasyona bagli bir
sekilde stoma kapanmasinin artmasina neden olmustur. 0.1 mM ve 1 mM D,L-
Pipekolik asit ile yapilan uygulamalar stoma agikliginda sirasiyla %32.5 ve %54.7
oraninda bir azalmaya yol agmistir. 1 mM D,L-Pipekolik asit veya L-Pipekolik asit ile
muamele edilen yapraklar, sirasiyla 2,67 ve 2,49 um'ye karsilik gelen benzer stoma
acikliklar  gostermigtir. Bakteriyel enfeksiyonun ardindan stoma agikliklar
uygulamalar arasinda 6nemli bir fark sergilememistir. Pipekolik asit aracili gelismis
savunma, stoma bagisikligindan bagimsizdir.

Sonug: Eksojen Pipekolik asit, Arabidopsiste enfeksiyon ©ncesi stoma

kapanmasini tetikler. Pipekolik asit uygulama metotlari arasinda (topragi islatma ya
da yapra@a puskurtme) stoma kapanmasini etkilemesi bakimindan fark yoktur.
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INTRODUCTION

Stomata, natural apertures formed by specialized guard cells situated in the leaf epidermis, serve a
crucial physiological role in regulating the processes of transpiration and carbon dioxide (CO2) uptake
essential for photosynthesis. Various plant pathogens from diverse taxonomic origins, including bacteria,
oomycetes, and fungi, penetrate the inner tissues of leaves by utilizing stomatal pores (Melotto et al.,
2006; Solanki et al., 2019; Yang et al., 2021a).

Stomata play a prominent role in the regulation of plant innate immunity response, predicated on
the perception of pathogen associated-molecular patterns (PAMPSs). This phenomenon is scientifically
elucidated as stomatal defense (Melotto et al.,, 2006, 2017). Numerous scientific inquiries have
demonstrated that plants have evolved to sense and respond to the PAMPs to restrict pathogen entry by
closing the stomata efficiently (Melotto et al., 2006; Lozano-Duran et al., 2014; Judelson & Ah-Fong,
2019; Ye et al., 2020). In return, certain pathogens possess the capacity to inhibit plant-mediated
stomatal closure (Gudesblat et al.,, 2009; Lozano-Duran et al., 2014) or induce stomatal openings
(Schellenberg et al., 2010) to gain access to the interior.

Stomatal movement is regulated by the influx and efflux of water and solutes such as K* into and
out of guard cells. This regulation is governed by sophisticated signaling networks that respond to
environmental stimuli or endogenous signals (Jia & Zhang, 2008; Kollist et al., 2014). Reactive oxygen
species (ROS), along with their detoxifying enzymes, ion pumps, channels, plant hormones and transport
proteins for H*, K*, Ca?" in the plasma membrane, collectively contribute to the orchestration of stomatal
movement (Jia & Zhang, 2008; Kollist et al., 2014; Sierla et al., 2016; Qi et al., 2018). Among these
regulatory elements, abscisic acid (ABA) plays pivotal role in mediating stomatal closure, and its functions
have been extensively elucidated in the literature (Munemasa et al., 2015; Hsu et al., 2021). The
functions of plant defense related hormones, such as jasmonic acid (JA), salicylic acid (SA), and ethylene
(ET) in the regulation of stomatal closure have also been highlighted (Acharya & Assmann, 2009).
Notably, the phenolic hormone SA emerges as a crucial signal in the plant’s defense against pathogens,
assuming a direct role in stomatal defense (Zeng et al., 2011; Miura & Tada, 2014; Melotto et al., 2017).
Additionally, it has been observed to play a secondary role in downstream signaling, contributing to the
regulation of stomatal closure in response to pathogenic threats (Wang et al., 2020).

A non-protein amino acid pipecolic acid (Pip) was identified as a one of the key mediators of
systemic resistance against (hemi)biotrophic pathogens (Navarova et al., 2013, Bernsdorff et al., 2016;
Hartmann et al., 2017). Systemic acquired resistance (SAR) is a phenomenon wherein plants exhibit an
enhanced defense response to a diverse range of pathogens in distal tissues following a localized
pathogen attack (Tosun & Onan, 2020). The establishment of SAR requires the systemic translocation of
signaling molecules after a local infection. SA and the N-hydroxylated derivative of pipecolic acid (Pip), N-
hydroxy-pipecolic acid (NHP), are the two main regulatory molecules of SAR (Shan & He, 2018; Wang et
al., 2018b). NHP coordinates the establishment of SAR in conjunction with the immune signal SA. The
activation of pathogen-inducible pipecolate and salicylate pathways involves both shared and distinct
regulatory elements. Additionally, reciprocal interactions between these metabolic branches are evident
(Bernsdorff et al., 2016; Hartmann & Zeier, 2019). A set of Calmodulin-binding Transcription Activator
(CAMTA) transcription factors, which exhibit some degree of overlap, regulate specific gene sets involved
in the accumulation of SA and NHP through a positive-feedback loop (Kim et al., 2020).

The exogenous application of Pip confers protection across a diverse spectrum of plant species,
encompassing both monocotyledonous and dicotyledonous plants, against biotrophic pathogens.
Application of Pip/NHP to Arabidopsis thaliana L. roots has been observed to result in reduced
Pseudomonas syringae pv. maculicola (Navarova et al., 2013, Chen et al., 2018; Schnake et al., 2020)
and Pseudomonas syringae pv. tomato (Pst DC3000) colonization (Wang et al., 2018a). Furthermore,
exogenous application of Pip and/or NHP has demonstrated systemic protection against Pseudomonas
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syringae pv. lachrymans (Schnake et al., 2020; Pazarlar et al., 2021) and Podosphaera xanthii in
Cucumis sativus L. (Pazarlar et al., 2021) and as well as towards Phytophthora infestans (Schnake et al.,
2020) and Pst (Zhang et al., 2020) in Solanum lycopersicum L. Additionally, an increased plant protection
against Blumeria graminis f. sp. hordei and Xanthomonas translucens pv. cerealis was demonstrated
through Pip treatment in Hordeum vulgare L. plants (Lenk et al., 2019).

Despite the accumulating data showing that exogenous application Pip confers protection to
various (hemi)biotrophs, the contribution of stomatal defense in regulating this enhanced protection
remains unexplored. The major objectives of this study were (i) to determine whether exogenous Pip
treatment triggers the stomatal closure; (ii) to assess how the stomatal response is influenced by the
method and concentrations of Pip treatment; (iii) to investigate the response of Pip-primed plants to the
foliar bacterial pathogen Pst that invades plants through stomata.

MATERIALS and METHOD
Plant materials and growth

Arabidopsis thaliana ecotype Col-0 seeds were surface-sterilized by 2% sodium hypochlorite for 5
min followed by a 5 min treatment with 70% ethanol. The seeds were sown in the growth substrate
(Klasmann TS1, Germany), subjected to a 3-days stratification at 4°C, and plants were grown in a growth
chamber under conditions of 22°C with a 16/8 h day/night cycle (Li et al., 2011).

Chemicals

MES-KCI buffer, comprising 50 mM KCI, 0.1 mM CacClz, and 10 mM Mes-KOH (pH 6.15), was used
to induce stomatal opening. The D,L-Pip (CAS number 535-75-1) and L-Pip (CAS number 3105-95-1)
(TCI Chemicals, India), and H202 (Merck Millipore, Germany) were used in this study.

Pathogen inoculation

As a model pathogenic bacterium, Pseudomonas syringae pv. tomato DC3000 (Pst), received from
the Department of Plant and Environmental Sciences, Copenhagen University, Denmark was used in this
study. Pst DC3000 was grown in liquid King’'s medium B (10 g/l proteose peptone, 1.5 g/l Kz2HPO4, 1.5 g/l
MgS04+7H20, and 10 ml glycerol), for 24 h and bacterial cells were harvested into sterile dH20. The
bacterial suspension was adjusted to the ODes00=0.2 (PG Instruments-T60 spectrophotometer).
Inoculation was performed by foliar spraying (Ziphel et al., 2004).

Stomatal bioassays

Stomatal closure was measured according to the method as described by Li et al. 2013. The fully
expanded youngest leaves of 4-week-old Arabidopsis plants were detached and floated on MES-KCI
buffer for 2 h with adaxial surfaces facing upwards in a plastic Petri dish (2 90 mm) in a growth chamber
at 22°C. The leaves were then transferred to fresh MES-KCI buffer, either alone (as a control) or
supplemented with pipecolic acid (0.1 mM or 1 mM) or 100 uM of H202, followed by further incubation for
2 h. Peels (epidermal strips) collected from the abaxial side of the leaves by using forceps were mounted
on a glass slide and observed under light microscope. Images of epidermal peels were captured under
the microscope and the stomatal apertures were measured following the calibration of length based on an
external scale used during taking the pictures by using Image J software. At least 10 stomata from 5
different leaves were counted per treatment.

To directly measure stomatal aperture on Arabidopsis plants, four-week-old plants treated with
either 1 mM of D,L-Pip or water (control) by soil drenching or foliar spraying. Subsequently, the leaves
were inoculated with Pst DC3000 at 2 h post-treatment. At least three leaves per plant were peeled and
more than 50 stomatal aperture was measured at 0, 2 and 4 hours after Pst DC3000 inoculation.
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Statistical analysis

The data presented in this study were analyzed statistically with GraphPad Prism v10. Shapiro-Wilk
test was used to test the normality and homogeneity of the data. The comparisons between treatments
were made using Student’s t-test (**P<0.01, ***P<0.001, ****P<0.0001, ns non-significant).

RESULTS and DISCUSSION

The role of stomatal closure in plant innate immunity, often referred to as the stomatal defense
response, has become a prominent and actively discussed topic in recent years. A substantial amount of
recent data indicates that Pip and NHP, serving as endogenous signals in plant immunity, predominantly
regulate SAR in a SA-dependent manner, with a partial involvement in SA-independent pathways
(Bernsdorff et al., 2016; Hartmann & Zeier, 2019). Nitric oxide (NO) and ROS have been postulated to play
a role in Pip-mediated SAR and priming responses (Lenk et al., 2019; Wang et al., 2018a; Pazarlar et al.,
2021). Considering that some components such as SA and ROS regulated by Pip treatment are also
associated with stomatal closure, experiments were conducted to assess whether exogenous Pip
treatment could induce stomatal closure in Arabidopsis. To investigate the effects of Pip on stomatal
closure in Col-0 plants, freshly harvested leaves were immersed in MES-KCI buffer supplemented with 1
mM of D,L-Pip for 2 h. The treatment with D,L-Pip resulted in increased stomatal closure in a
concentration-dependent manner. Treatments with 0.1 mM and 1 mM of D,L-Pip led to a reduction in
stomatal aperture by 32.5% (P<0.0001) and 54.7% (P<0.0001), respectively. As a positive control H2O2,
known to induce stomatal closure, was included in the experiment. H202 induced a significant increase
(58.9%) in stomatal closure (P<0.0001), confirming the success of the experimental setup (Figure 1A, 1B).

dekokok

A 8— ek gk ok B
Vil
£ =}
3 s A x
g Control D,L-Pip
£ (1 mM)
& . B
8 £
© ; #
£ ,
£
1] ey
D,L-Pip H,0,
(0.1 mM)

Figure 1. Exogenous D,L-Pip treatment induces stomatal closure. A. Stomatal aperture of D,L-Pip and H,0, treated leaves, B.
Representative images of stomatal openings (***P<0.001, ****P<0.0001).

Sekil 1. Ekzojen D,L-Pip uygulamasi stoma kapanmasini tetikler. A. D,L-Pip ve H,0, uygulanan bitkilerde stoma agikligi, B. Stoma
acikliklarinin temsili fotograflari (***P<0.001, ***P<0.0001).

Additional experiments were conducted to test whether the stomatal-inducing effect of Pip is
enantiomer-dependent. Leaves treated with either 1 mM of D,L-Pip or L-Pip demonstrated similar
stomatal aperture, indicating that the effect is independent of the Pip enantiomer (Figure 2). Some other
studies also demonstrated that the responses of plants to pipecolic acid remain independent of its
enantiomers (Navarova et al., 2013; Pazarlar et al., 2021).
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Stomatal aperture (um)

Control  D,L-Pip L-Pip
Treatments

Figure 2. The stomatal closure inducing effect is independent of the Pip enantiomer (***P<0.001, ns non-significant).

Sekil 2. Pip’in stoma kapanmasi lzerine etkisi enantiyomerinden bagimsizdir (***P<0.001, ns 6nemli degil).

This dataset depicted in Figures 1 and 2 represents the initial observation in the literature that the
exogenous application of Pip leads to a significant increase in stomatal closure. The studies indicate that
SA, functioning as a SAR signal, modulates stomatal defense, potentially triggering the generation of ROS
and NO, alongside calcium signaling (Joon-Sang, 1998; Hao et al., 2010; Hao et al., 2011; Khokon et al.,
2011). Pip-triggered stomatal closure may similarly occur via ROS accumulation or Ca* signaling via
indirect salicylic interaction. Furthermore, considering the relationship of SAR components such as SA
with ABA, which serves as a key regulator of stomatal movements (Prodhan et al., 2018), it is important
to note the potential involvement of ABA in Pip-mediated stomatal closure.

As most studies conducted so far have focused on examining the SAR-related effects of
exogenous Pip applications, the preferred method for Pip application has been soil drenching. In this
study, the effects of soil drench and foliar spray of 1 mM of D,L-Pip on stomatal closure were evaluated.
The results obtained indicated no significant difference in stomatal aperture between Pip treatments with
soil drench and foliar spray (Figure 3A).
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Figure 3. D,L-Pip triggered stomatal closure is not affected differently by Pst DC3000 (***P<0.001, ***P<0.0001, ns non-significant).
Sekil 3. D,L-Pip ile tetiklenen stoma kapanmasi Pst DC3000'den farkli sekilde etkilenmez (***P<0.001, ****P<0.0001, ns énemli degil).
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Stomata represent the main sites of entry for foliar pathogens mainly plant pathogenic bacteria.
Restricting pathogens at entry points into plants constitutes a highly effective mechanism for plant
protection. In this context, stomatal aperture in Pip-treated plants was directly quantified to examine how
plants pre-treated with Pip respond to Pst DC3000 in terms of stomatal closure. The pretreatment with 1
mM D,L-Pip led to a reduction in stomatal aperture, as illustrated in Figure 3B. Subsequent inoculation with
Pst DC3000 resulted in a noteworthy closure of stomata observed in both control and Pip-treated plants 2
hours post inoculation (hpi) However, the stomatal apertures did not exhibit a significant difference
between the two treatments. The infection-induced stomatal closure observed at 2 hpi partially
disappeared in plants at 4 hpi, regardless of whether they were pretreated with Pip or not (Figure 3B). The
exogenous application of Pip has been shown to prime plants for enhanced resistance against Pst
DC3000 (Wang et al., 2018a). Here, it was speculated whether stomatal defense is involved in the
enhanced defense triggered by exogenous application of Pip. Even though D,L-Pip by itself caused a
reduction in stomatal aperture, the observed difference in inoculated plants was statistically insignificant
when compared to the control treatment. This suggests that Pip-mediated enhanced defense is
independent from stomatal immunity. Coronatine (COR), a virulence factor employed by Pst, is known to
induce the reopening of closed stomata as a strategy to overcome stomatal immunity (Zeng & He, 2010;
Panchal et al., 2016; Toum et al., 2016; Uddin et al., 2022). Thus, the presence of Pst-originated COR
could hinder the Pip-triggered stomatal closure. These findings indicate that Pip triggers preinvasion
stomatal immunity. Similar observations were reported in various studies involving different signaling
molecules, such as ABA (Liu et al., 2019) melatonin (Yang et al., 2021b).

CONCLUSIONS

The mechanism behind the enhanced protection in Pip applied plants have been under
investigation in the last decade. It has now well established that NHP is a mobile signal takes function in
signaling during SAR. Nevertheless, a comprehensive elucidation of the mechanisms governing the
action of molecules that activate the plant defense system, including Pip, remains imperative. In this
study, it has been demonstrated that stomatal closure is triggered following exposure to exogenous Pip,
regardless of the treatment method employed. Similarly, the presence of Pst did not impact stomatal
closure, suggesting that Pip-triggered plant protection is independent of stomatal defense in model plant
Arabidopsis.
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ABSTRACT

Objective: This study aimed to characterize charcoal rot pathogen
(Macrophomina phaseolina) of sesame in vitro and in vivo.

Material and Methods: In 2017, two isolates of M. phaseolina were isolated from
symptomatic sesame plants in Aksu district of the Western Mediterranean region
of Turkiye. Pathogenicity tests were conducted using cv. Muganli-57 in a
greenhouse. Micromorphological characteristics (colony growth, colony color,
mycelium, and microsclerotium) and chlorate sensitivity of the isolates were
determined in vitro. Effects of temperature on colony growth and symptoms of
charcoal rot in the field were also examined in detail.

Results: Significant (P<0.01) differences were detected in microsclerotium
length, microsclerotium width, and colony growths of the isolates on minimal
medium. Both isolates were characterized as chlorate-sensitive. On minimal
medium, Aksusl isolate displayed a feathery growth pattern, while Aksus2
isolate showed a restricted growth pattern. Temperature significantly (P<0.01)
affected colony growth. The highest colony growths were detected at 35°C,
while the lowest ones were found at 40°C.

Conclusion: The results may provide new insights into the epidemiology of the
charcoal rot disease. To the best of our knowledge, this is the first detailed
characterization of microscopic traits and charcoal rot symptoms on sesame in the
field in the Western Mediterranean region of Turkiye.

0z
Amag: Bu galisma susam bitkisinde kdmur ¢uriikligu patojeninin (Macrophomina
phaseolina) laboratuvar ve tarla sartlarinda karakterize edilmesini amaglamistir.

Materyal ve Yontem: 2017 yilinda, M. phaseolina’nin iki izolati Bati Akdeniz
Bolgesi'nde Aksu lokasyonunda hastalik belirtisi gosteren bitkilerden izole
edilmigtir. Patojenisite testleri serada Muganh-57 cesidi kullanilarak yapilimigtir.
izolatlarin mikromorfolojik ézellikleri (koloni gelismesi, koloni rengi, miselyum ve
mikrosklerot) ve klorat hassasiyetleri laboratuvar kosullarinda belirlenmistir.
Sicakligin koloni gelismesi Uzerine etkisi ve tarlada komur ¢lriklaga
hastaliginin belirtileri ayrica detayli olarak incelenmistir.

Aragtirma Bulgulan: Minimal ortamda izolatlarin mikrosklerot uzunlugu,
mikrosklerot genisligi ve koloni gelismelerinde 6nemli (%1) farkhliklar tespit
edilmigtir. Her iki izolat klorata hassas olarak karakterize edilmigtir. Minimal
ortamda Aksusl izolati tuyli bir gelisme deseni gosterirken, Aksus2 izolat
kisittanmis  bir gelisme deseni gostermistir. Sicaklik izolatlarin koloni
gelismelerini 6nemli (%1) derecede etkilemistir. En yiksek koloni gelismeleri
35°C’ de tespit edilirken, en dusuk gelismeler 40°C’ de bulunmustur.

Sonug¢: Sonuclar kédmur ¢urikligi hastaliginin epidemiyolojisinin anlagilmasina
yeni katkilar sunmaktadir. Bildigimiz kadariyla, bu Turkiye’nin Bati Akdeniz
Bolgesi'nde susam bitkilerinde kdmir ¢urdkligl hastaliginin  mikroskobik
oOzelliklerini ve tarlada belirtilerini detayl olarak karakterize eden ilk calismadir.
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INTRODUCTION

Sesame (Sesamum indicum L.), belongs to Pedaliaceae family, is regarded to be the oldest oilseed
crop that is native to Africa (Ram et al., 1990). It is mainly grown for its seed and oil in the seed. Sesame
seed contains a high amount of oil (60%), protein (25%), and methionine (Nayar & Mehra, 1970). Due to
the climatic requirement (110 to 150 frost-free days), it has been cultivated in warm and temperate
regions in 69 countries. Sudan, India Tanzania, Myanmar, and Nigeria are top producers with 1119026,
817000, 700000, 641729, and 440000 tonnes of sesame productions, respectively. With 17657 tonnes of
sesame production, Turkiye is 34th in the world (FAO, 2023). Breeding studies related to sesame have
been conducted in Turkiye (Yilmaz, 2022), however, one of the major biotic stress factors limiting sesame
production is charcoal rot disease caused by Macrophomina phaseolina (Tassi).

M. phaseolina, the causal agent of charcoal rot disease, is a cosmopolitan fungus infecting over
500 plant species (Sarkar et al., 2014), but one of economically important hosts of M. phaseolina is
sesame (Amen et al., 2020). Incidence of the disease can reach up to 39% in sesame fields (Balabaskar
et al., 2015). The disease causes significant yield losses ranging from 30 to 75% in sesame cultivation
(Linhai et al., 2011; Min & Toyota, 2019). M. phaseolina is a soilborne fungus overwintering in soil or plant
debris and penetrates roots and crown. As a result of the infection, blackish microsclerotia occur within
vascular bundle and on stem parts of the plant. Microsclerotia can survive in the soil over ten years,
making its management difficult (Shekhar et al., 2006; Gupta et al., 2012). For the management of the
fungus in sesame cultivation, various studies related to seed treatment (Ahmed et al., 2010), fungicides
(Bashir et al., 2017; Karibasappa et al., 2020), soluble silicon (Siddiq et al., 2019), plant extracts (Elaigwu
et al., 2017; Savaliya et al., 2015), biofumigation (Amen et al., 2020), intercropping (Ahmed & Ibrahim,
2020), biological control (Radhakrishnan et al., 2017; Abd & AL-Juboory, 2020) and host-resistance
(Bedawy & Moharm, 2019; Farooq et al., 2019; Gupta et al., 2020) have been conducted. However, little
is known about epidemiology of disease in Turkiye. In this regard, characterization of Macrophomina
phaseolina isolates may provide new insights into epidemiology and for the management of the charcoal
rot in sesame cultivation. Thus, the aims of this study were i) to characterize symptoms of charcoal rot
disease in the field (in vivo) and ii) to characterize two isolates of M. phaseolina in vitro.

MATERIALS and METHODS
Field observations and sampling

In 2017, during surveys, yellowing and wilting symptoms were observed on adult sesame plants in
two sesame growing fields in Aksu district of Antalya Province. Four samples from those adult sesame
plants showing wilting symptoms were collected and put into paper bags. The samples were brought to
the mycology laboratory of Bati Akdeniz Agricultural Research Institute.

Isolation

Stems including crown and roots from wilting plants were initially cleaned. Later, they were
chopped to the sizes 1 to 2 cm and soaked in NaOCI 1% for 1.5 minutes and soaked in sterile water.
Ensuing drying on filter papers in a laminar flow cabinet, 10 pieces per plate (9 cm) were placed on potato
dextrose agar (PDA) and incubated at 25°C for 6 days. Developing fungal colonies on PDA were
subcultured.

Identification

Colony growth and morphological features (mycelium and microsclerotium) were examined using
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an Olympus BX43 microscope with SC100 digital colour camera. To confirm morphological identification,
molecular diagnosis was also done. DNA extractions of two isolates (Aksusl and Aksus2) were
performed using DNA purification kit of Promega. Later, amplifications were done using universal primers
ITS-1 (5 TCC GTA GGT GAA CCT GCGG 3) and ITS-4 (5 TCC TCC GCT TAT TGA TATGC 3’) (White
et al., 1990) in a SimpliAmp Thermocycler (Applied Biosystems, USA). Cycling conditions were one cycle
at 94°C for three minutes, thirty-five cycles at 94°C for 30 seconds, at 58.5°C for one minute, at 72°C for
one minute and at 72°C for seven minutes. Analysis of sequence was conducted by GENOKS (Ankara,
Turkiye). Relatedness of sequences of the two isolates were compared with other sequences displaying a
99 to 100% homology at genbank (NCBI; https://www.ncbi.nlm.nih.gov/nucleotide/). As a result, a
phylogenetic tree was constructed using neighbor-joining method in MEGA version 10.0 program.

Pathogenicity test

To fulfill Koch’s postulates, soil inoculation method was used in the pathogenicity tests. Initially,
sorghum seeds were dipped in water in a 2-L beaker for one night and then the seeds were put in 250-mL
Erlenmeyer flasks and autoclaved at 121°C for 30 min in two consecutive days. Later, 6 mycelial plugs
(0.5 cm) of 5 day-old- colonies of each isolate were transferred to the seeds in each Erlenmeyer flask and
incubated at 25°C for 21 days (Igbal et al., 2010). A mixture of soil and vermiculite (1:1) was autoclaved
at 121°C for 1 hour in two consecutive days. The mixture was put into pots (15 x 20 cm). Inoculum
(infected seeds) was homogeneously put in the pots (5%). Afterwards, 5 seeds (cv. Muganl-57) per pot
were sown. For control, seeds autoclaved were put into the pots (Omar et al., 2007).

Chlorate sensitivity

To determine chlorate sensitivity of the isolates, minimal medium with the content of 120 mM
potassium chlorate (KCIO3) was used. The medium was prepared as described by Pearson et al. (1986).
For control, the same medium not containing KCIO3 was adjusted. Mycelial plugs (0.5-cm) of the isolates
were attached to the centers of both media and kept at 25°C for 6 days. Colony growths of the isolates on
the media were daily recorded. The experimental design was established based on completely
randomized design with four replicates.

Temperature tests and statistical analysis

To examine the effects of temperature on colony growth of the isolates, mycelial plugs (0.5 cm) of
the isolates were put on PDA and kept at 25, 30, 35 and 40°C for 48 hours. Colony growths of the
isolates for each temperature tested were recorded. The experiments were carried out based on the
completely randomized design with four replications.

Analysis of variance was performed using SAS 9.1 software program. Averages of microsclerotium
length, microsclerotium width, and colony growths of the isolates at different temperatures (25, 30, 35,
and 40°C) and minimal medium (potassium chlorate containing and not-containing) in the experiments
were grouped according to Fisher's least significant difference test (LSDo.o1).

RESULTS and DISCUSSION
Charcoal rot symptoms in the field

In 2017, two sesame growing fields (30 da) in Aksu district of Antalya Province were examined for
presence of charcoal rot disease. During the flowering and pod emergence period, on 24 July, nearly 15
to 20% of adults plants in both fields showed wilting and stunting symptoms (Figure 1).
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Figure 1. Symptoms of charcoal rot disease on adult sesame plants in the field (Aksu district, Antalya Province).

Sekil 1. Tarlada yetigkin susam bitkilerinde kémar ¢iriikliigil hastaliginin belirtileri (Aksu lokasyonu, Antalya fli).

As the disease progressed, leaf defoliations and then plant deaths with blacking stems were also
observed on the symptomatic plants (Figure 2).

Figure 2. Symptoms of charcoal rot disease on adult sesame plants, (A) Wilting and stunting symptoms of charcoal rot disease on
sesame plants, (B) Plant death caused by charcoal rot pathogen (Macrophomina phaseolina) in the sesame field.

Sekil 2. Yetiskin susam bitkilerinde kdmdr ¢iirtikliigii hastaliginin belirtileri, (A) Kémar ¢liriikliigii hastaliginin susam bitkilerinde solma
ve clicelesme belirtileri, (B) Susam tarlasinda kémur ¢lrikligii patojeni (Macrophomina phaseolina)’nin neden oldugu bitki
olimda.
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In close examination, newly fallen leaves were observed at the beginning of charcoal rot and dry
leaves and pods remained on the blacking stems of the adult sesame plants (Figure 3).

Figure 3. Close examination of symptoms of charcoal rot disease on sesame plants in the field, (A) Newly fallen leaves due to
charcoal rot disease (with blue arrows) and dry leaves and pods remained on the plant (white arrows), (B) Stem rot caused
by Macrophomina phaseolina in adult sesame plant.

Sekil 3. Kémir ¢lrtikltigl hastaliginin tarlada susam bitkilerindeki belirtilerinin yakin incelemesi, (A) Kémir g¢iriikliigii hastaligi
nedeniyle yeni digen yapraklar (mavi oklar) ve bitkide kalan kuruyan yapraklar ve kapsuller (beyaz oklar) (B) Yetiskin
susam bitkilerinde Macrophomina phaseolina ‘nin neden oldugu sap giriimesi.

Isolation and identification

As a result of the isolation procedure, two isolates of Macrophomina phaseolina were obtained
from those symptomatic plants in the field observations. Initially, colonies of both isolates were light in
color and then became black. However, colony color of AkSusl isolate was darker than AkSus?2 isolate
but aerial mycelium (over 2 mm) of AkSus2 isolate was higher than AkSusl isolate (Figure 4).

B

Figure 4. Colony growths (5-day-old) of Macrophomina phaseolina isolates on PDA, (A) M. phaseolina isolate Aksusl, (B) M.
phaseolina isolate AkSus2.

Sekil 4. PDA uzerinde Macrophomina phaseolina izolatlarinin bes giinlik koloni gelismeleri, (A) M. phaseolina’nin Aksusl izolati,
(B) M. phaseolina’nin Aksus2 izolati.
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Hyphae of both isolates were brown to black, septated and branched. Microsclerotia were brown
and then became brown to black. The microsclerotia of both isolates were irregular, however, they were
generally spheroid and oblong. Microsclerotia of AkSusl and AkSus?2 isolates were 34.58 x 210.04 ym
(average: 98.61 x 135.58 ym) and 37.62 x 233.68 um (average: 115.45 x 152.36 pym) in diameter,
respectively (Figure 5). These micromorphological features were similar to those of Macrophomina
phaseolina (Dhingra & Sinclair, 1978).

P

Figure 5. Micromorphological features of both isolates of Macrophomina phaseolina, (A) Microsclerotium and mycelium of AkSusl
isolate, (B) Microsclerotium and mycelium of AkSus2 isolate (10x).

Sekil 5. Her iki Macrophomina phaseolina izolatlarinin mikromorfolojik 6zellikleri, (A) AkSus1 izolatinin mikrosklerot ve miselyumu,
(B) AkSus2 izolatinin mikrosklerot ve miselyumu (10x).

Comparing size of both isolates, there were significant (P<0.01) differences in both microsclerotium
length and width of the isolates. Microsclerotium size of Aksus2 isolate was significantly bigger than
Aksusl (Figure 6).
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Figure 6. Comparison of microsclerotium sizes of the M. phaseolina isolates.

Sekil 6. M. phaseolina izolatlarinin mikrosklerot blyukliklerinin kiyaslanmasi.

Sequence sizes of AkSusl (acc. no MH593869) and AkSus2 (acc. no MH593870) isolates were
500 and 510 bp respectively and they were registered in the GenBank (http://www.ncbi.nlm.nih.gov).
Based on the morphological and molecular data, the isolates were identified as Macrophomina
phaseolina (Tassi) Goid. In addition, relatedness of the isolates was compared with other Macrophomina
phaseolina isolates in the Genbank (Figure 7).
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MK883241. Sesame. China.

MN298740. Soybean. Colombia.

MNO067769. Chickpea. India.
a“

MN452809. Soybean. U.S.A.

MT186839. Mint. India.

58 MN629245. Curcuma. China.

MK729119. Yam bean. Nigeria.

PR MT557447. Soybean. U.S.A.
68 MH427088. Sunflower. Pakistan.

MH593869. Sesame. Turkey.

| MN340005. Parthenium weed. Malaysia.

96 L MG772654. Pigeonpea. India.

MHS593870. Sesame. Turkey.

84 MT345177. Black gram. India.

0,0020

Figure 7. Phylogenetic tree showing relatedness of our M. phaseolina isolates (MH593869 and MH593870) with other
Macrophomina phaseolina isolates in different hosts in the Genbank (https://www.ncbi.nIm.nih.gov).

Sekil 7. M. phaseolina izolatlarimizin (MH593869 and MH593870) Gen bankasindaki (https://www.ncbi.nlm.nih.gov) farkii
konukgulardaki diger M. phaseolina izolatlari ile iliskisini gosteren filogenetik agac.

Pathogenicity tests

As a result of the soil inoculation method, charcoal rot symptoms occurred on seedlings of cv.
Muganli-57 in inoculated pots. Both isolates were re-isolated from stems of the sesame plants in the
inoculated pots, fulfilling Koch’s postulates (Figure 8).

Figure 8. Pathogenicity test of Macrophomina phaseolina in sesame (cv. Muganli-57), (A) Wilting plants inoculated with
Macrophomina phaseolina, (B) Stem rot caused by Macrophomina phaseolina in inoculated pot.

Sekil 8. Macrophomina phaseolina ‘nin susamdaki (Muganii-57 gesidi) patojenisite testi, (A) Macrophomina phaseolina ile inokule
edilen bitkilerde solgunluk, (B) Inokuleli saksilarda Macrophomina phaseolina nedeni ile olusan sap ¢liriikligi.
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Effects of temperature on the isolates of Macrophomina phaseolina

In the temperature tests, temperature significantly (P<0.01) affected colonial development of both
isolates (Table 1).

Table 1. Analysis of variance for effects of temperature on the isolates of Macrophomina phaseolina in vitro.

Cizelge 1. Macrophomina phaseolina izolatlarina sicaklik etkisi i¢in varyans analiz tablosu.

Source D.F. Mean of squares F value P>F
Isolate 1 38.06** 153.60 P<0.01
Temperature 3 637.56** 2572.75 P<0.01
Isolate x Temperature 3 0.64 2.59 0.0760
Error 24 0.247

Total 31

CV(%):1.18 D.F. : Degree of freedom

Colony growths of Aksusl at 25, 30, 35 and 40°C were 37.27, 48.22, 52.65 and 34.10 mm,
respectively, while they were 35.72, 46.22, 50.8 and 31.07 mm in the Aksus2 isolate, respectively.
Comparing both isolates, colony growths of Aksusl isolate were significantly (P<0.01) faster than Aksus2
isolate at each temperature tested (Figure 9).

60
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30 - —o— Aksusl
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0

25°C 30 °C 35°C 40 °C

Figure 9. Colony growth (mm) of the isolates of Macrophomina phaseolina at 25, 30, 35 and 40°C on PDA for 48 h (LSDg0:: 0.69).
Sekil 9. Macrophomina phaseolina izolatlarinin PDA’da 25, 30, 35 and 40°C’lerdeki 48 saatlik koloni gelismesi (mm).

Chlorate sensitivity of the isolates of Macrophomina phaseolina

That minimal medium with potassium chlorate significantly (P<0.01) affected colonial developments
of both isolates. Additionally, isolate, medium and isolate x medium interactions were significant (P<0.01)
statistically (Table 2).

Table 2. Analysis of variance for chlorate resistance of Macrophomina phaseolina isolates.

Cizelge 2. Macrophomina phaseolina izolatlarinin klorat dayanikliliklari i¢in varyans analiz tablosu.

Source D.F. Mean of squares F value P>F
Isolate 1 75.69** 931.57 P<0.01
Medium 1 3214.89** 39567.9 P<0.01
Isolate x Medium 1 28.62** 352.28 P<0.01
Error 12 0.081

Total 15

CV (%) : 1.26 D.F. : Degree of freedom.
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Colony growths of both isolates on minimal medium were given in figures 10 and 11.

Figure 10. Chlorate sensitivity of Macrophomina phaseolina Aksusl isolate, (A) Colony growth of Aksusl isolate on minimal
medium without potassium chlorate (KCIO3), (B) Feathery growth pattern of Aksus1 isolate on minimal medium with KCIO3.

Sekil 10. Macrophomina phaseolina Aksusl izolatinin klorata hassasiyeti A) Aksusl izolatinin potasyum klorat icermeyen minimal
ortamda koloni gelismesi, (B) Aksusl izolatinin potasyum klorat iceren minimal ortamda tuylu gelisme deseni.

A B

Figure 11. Chlorate sensitivity of Macrophomina phaseolina Aksus2 isolate, (A) Colony growth of Aksus2 isolate on minimal
medium without KCIO3, (B) Restricted growth pattern of Aksus2 isolate on minimal medium with KCIO3.

Sekil 11. Macrophomina phaseolina Aksus2 izolatinin klorata hassasiyeti A) Aksus2 izolatinin potasyum klorat icermeyen minimal
ortamda koloni gelismesi, (B) Aksus2 izolatinin potasyum klorat iceren minimal ortamda kisitl gelisme deseni.

Both isolates were characterized as chlorate-sensitive. Aksusl isolate displayed a feathery growth
pattern on minimal medium containing potassium chlorate, while Aksus2 isolate showed a restricted
growth pattern on minimal medium containing potassium chlorate. The differences in their colony growths
were statistically significant (P<0.01). However, the colonial development of Aksusl isolate on the
minimal medium without KCIO3 was 37.60 mm, whereas it was 35.92 mm in Aksus2 isolate (Figure 12).

Karibasappa et al. (2020) reported that after flowering period sudden wilting was the most common
symptoms of charcoal rot of sesame and stems became black in severe infections caused by M.
phaseolina. Likewise, in the present study, during flowering and pod emergence period, on 24 July,
wilting and stunting symptoms were observed. As the disease progressed stem discolorations on adult
plants bearing most of the leaves and pods were also observed. In addition, leaf defoliations were
detected. In fact, these symptoms expressed by the sesame plants might be related to the disease
severity of the charcoal rot. Apart from this, environmental factors such as temperature and relative
humidity may play an important role in the disease severity of charcoal rot of sesame. However, there is
limited information available about them. In this regard, Deepthi et al. (2014) stated that increasing
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temperature and decreasing relative humidity were closely associated with lesion sizes caused by M.
phaseoliona on sesame. Considering environmental conditions prevailing at growing season of sesame,
the Mediterranean climate (mean maximum temperature ranging from 21.4 to 34.1°C) prevailing in
Antalya province may serve as an ideal condition for charcoal rot disease (Anonymous, 2023a, b),
implying that the disease may cause serious economic damages to sesame production in the region.
Likewise, Karibasappa et al. (2018) underscored that charcoal rot of sesame decreases yield a greater
extent in high-temperature areas. Moreover, growing conditions like irrigation may play a role in the
disease development. In this context, it was reported that sesame cultivated under rainfed conditions
displayed more charcoal rot incidence than that of under irrigated conditions (Balabaskar et al., 2015).
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Figure 12. Colony growths of the isolates of Macrophomina phaseolina on minimal medium containing potassium chlorate (PC+)
and without potassium chlorate (PC-) at 25°C for 48 h (LSDg0;:0.43).

Sekil 12. Macrophomina phaseolina izolatlarinin potasyum klorat iceren (PC+) ve potasyum klorat iceren icermeyen (PC-) minimal
ortaminda 25°C’de 48 saat sonra koloni gelismeleri.

Comparing the isolates, the highest colony growths were detected at 35°C, whereas the lowest ones
were determined at 40°C in the present study. With regard to colony growth of M. phaseolina, in a study, M.
phaseolina isolates from sunflower in the mideast and southern part of Italy grew better at temperatures
ranging from 30 to 35° but their growth were the weakest at 15 and 40°C (Manici et al., 1995). In this regard,
Akhtar et al. (2011) reported that temperatures varying from 30 to 35°C was optimum for mycelial growth
and microsclerotium production of M. phaseolina isolates of sesame in Pakistan.

With regard to genetic relatedness, both isolates were on different clades in the phylogenetic tree
in the present study, indicating genetic diversity of M. phaseolina isolates even if taken in the same
location. In this regard, Salahlou et al. (2016) reported that there was a high genetic diversity among M.
phaseolina isolates of sesame. In fact, genetic diversity may not be related to the origin of isolates or
hosts. Likewise, Sarr et al. (2014) found no correlation among genotype, host and geographic location of
189 M. phaseolina isolates from different hosts and countries. As a result of the genetic diversity,
micromorphological features such as microsclerotium size, colony growth and chlorate sensitivity might
be variable among M. phaseolina isolates. In the present study, we found significant differences in
microsclerotium sizes of the isolates. Similarly, differences in colony growths of the isolates were also
significant, implying virulence differences as well. In this regard, Vinothini et al. (2020) found that
virulence of M. phaseolina isolates was positively correlated with their growth rate. In the present study,
both isolates of M. phaseolina exhibited a chlorate sensitive phenotype and there was no any pycnidia on
the plant tissues showing the disease symptoms. Likewise, Mihail & Taylor (1995) reported that M.
phaseolina isolates displaying chlorate sensitive phenotype did not form or rarely formed pycnidia on the
host tissues, corroborating our field observations.
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CONCLUSION

To the best of our knowledge, this is the first detailed characterization of charcoal rot symptoms on
sesame in the field in the Western Mediterranean region of Tirkiye. In addition, the present study
provided new insights into epidemiology of the charcoal rot disease. However, further studies regarding
control of the disease are needed to mitigate the damage caused by charcoal rot pathogen in sesame
cultivation areas.
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Can pruning affect the growth of shallot
(Allium ascalonicum L.) seedlings from
seeds?

Budama tohum kaynakl salot sogani (Allium
ascalonicum L.) fidelerinin byumesini etkileyebilir mi?
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ABSTRACT

Objective: This study aims to reveal whether pruning affects the growth of
shallot seedlings from seeds, evaluated based on the use of several varieties
and the frequency of pruning during nurseries.

Materials and Methods: This research was conducted at the Teaching Farm,
Faculty of Agriculture, Hasanuddin University, from August to September 2023.
This study was arranged in a randomized block design with two factors. The
first factor is shallot varieties of Sanren F1, Lokananta, and Maserati. The
second factor is the pruning frequency (days after sowing) consisting of one
time (25 DAS), two times (25 and 30 DAS), and three times (25, 30, and 35
DAS).

Results: The Maserati variety had the highest average number of leaves and
the highest average number of root tips, the Lokananta variety had the largest
average pseudo stem diameter and the heaviest fresh and dry weight of
seedlings, and the Sanren F1 variety had the most extended average root
length. Pruning with a frequency of three times consistently increases the
growth of shallot seedlings, such as number of leaves, pseudo stem diameter,
root length, number of root tips, fresh and dry weight of seedlings.

Conclusion: Pruning frequency and varieties have an influence on the growth
of shallot seedlings. Pruning three times can increase the growth of seedlings
linearly.

Oz
Amag: Bu calisma, fidanlklarda gesitli gesitlerin kullanimi ve budama sikligina

gore degerlendirilerek budamanin salot sogani fidelerinin tohumdan geligimini
etkileyip etkilemedigdini ortaya gikarmayi amaglamaktadir.

Materyal ve Yontem: Bu arastirma Hasanuddin Universitesi Ziraat Fakiiltesi
Ogretim Ciftligi'nde Adustos-Eyliil 2023 tarihleri arasinda gerceklestirildi. Bu
calisma iki faktorli tesaduf bloklari tasariminda dizenlenmistir. Birinci faktor
Sanren F1, Lokananta ve Maserati'nin salot sogani gesitleridir. ikinci faktér ise
bir defa (25 DAS), iki defa (25 ve 30 DAS) ve U¢ defadan (25, 30 ve 35 DAS)
olusan budama sikligidir (ekimden sonraki gun).

Arastirma Bulgularn: Maserati gesidi en yiiksek ortalama yaprak sayisina ve
en ylksek ortalama kok ucu sayisina sahiptir, Lokananta gesidi en buyuk
ortalama yalanci évde gapina ve en agir fide taze ve kuru agirhgina sahipti ve
Sanren F1 gesidi ise en genis ortalama kok uzunluguna sahiptir. Ug kat siklikta
budama, salot sogani fidelerinin yaprak sayisi, yalanci goévde c¢api, kok
uzunlugu, kok ucu sayisi, fidenin taze ve kuru agirhgi gibi buytmelerini tutarh
bir sekilde artirir

Sonug¢: Budama sikligi ve cesitleri salot sogani fidelerinin blylmesine etki
etmektedir. Ug kez budamak fidelerin bilyliimesini dogrusal olarak arttirabilir.
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INTRODUCTION

Shallot (Allium ascalonicum L.) is a plant that is widely grown in Southeast Asia and several African
countries. Shallots are an important horticultural product because they are consumed daily by every family.
Furthermore, shallots contain multivitamins, minerals, and antioxidants. As a result, in addition to being used
as a spice, this plant is used as a supplement to lower the risk of cancer, manage diabetes, improve heart
health, boost immunity, and prevent obesity (Sun et al., 2019).

Shallot production must be maintained and needs to be increased every time. One of the efforts to
increase shallot production is using botanical seeds as planting material. The growth and quality of seedlings
is an essential factor in plant cultivation. True shallot seeds (TSS) are more efficient because they are only
required in small quantities, specifically 4-6 kg ha!, as opposed to 1-1.5 t ha™* for seeds from bulbs. Because
TSS is free of diseases typically found in seed bulbs, using it as seeds in shallot production is more effective
and healthier. Shallot seeds have an excellent yield potential when used as planting material. Numerous TSS
studies have been conducted with varying degrees of success. TSS treated with various planting methods on
sub-optimal land had productivity of 11.67 to 17.48 t ha't. Moreover, using various sowing methods, TSS can
achieve productivity between 11.79 and 15.89 t ha? (Sopha et al., 2016, 2017).

On the other hand, farmers do not use seeds as planting material because they require a long nursery
time (40-45 days), and the percentage of seedlings that survive after transplanting is relatively low (Rosliani
et al., 2022). In addition, the percentage of seedlings that grew after transplanting just ranged from 83% to
91% (Sumarno et al., 2021). Therefore, it is vital to increase the growth and quality of seedlings.

Improved seedling growth and quality reflect growth and production in the field. High-quality seedlings
have characteristics such as healthy leaves, good morphology, optimal root growth, no shortage of nutrients,
and being free from pests and diseases (Kubota et al., 2013). Good seedlings must also have balanced
growth between shoots and roots, which is essential in vegetable production (Tuzel et al., 2015). One of the
efforts to improve the growth and quality of shallot seedlings from seeds is pruning. Pruning is removing or
removing some parts of plants that are not needed (Sukmawati et al., 2018). Pruning is a common thing to do
on annual plants or trees. Pruning balances the vegetative and generative growth of plants and the
distribution of nutrients and hormones in plants (Thakur et al., 2018; Zhang et al., 2018).

Several studies have linked the positive impact of pruning or leaf removal on crop growth and
production. Research by Noviati & Setiawan (2018) revealed that pruning sweet potato plants can increase
vegetative growth. Furthermore, Busri et al. (2018) showed that treatment by removing several plant leaves
or leaf defoliation on cabbage plants could increase the weight and diameter of cabbage heads. Then, Adu-
Yeboah et al. (2016) showed a positive effect of pruning on cashew nut (Anacardium occidentale L.) plants.
Pruning leaves, shoots, and stems also influences the growth and production of tomato and cucumber plants
(Mardhiana et al., 2017; Ayala-Tafoya et al., 2019; Lhamo et al., 2022).

In general, pruning shallot seedlings from seeds was done before transplanting. Pruning leaves aims
to reduce water loss due to transpiration (Naidu & Jones, 2009). However, the effect of pruning on the growth
of shallot seedlings in the nursery process is uncertain. Therefore, this study aims to reveal whether pruning
affects the growth of shallot seedlings from seeds, evaluated based on the use of several varieties and the
frequency of pruning during nurseries.

MATERIALS and METHODS

Study area

This research was conducted at the Teaching Farm, Faculty of Agriculture, Hasanuddin University.
The nursery beds are made in a greenhouse with a 14% UV plastic roof. The research starts from August
to September 2023.
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Experimental design

This study was conducted in a randomized block design with two factors. The first factor is shallot
varieties of Sanren F1, Lokananta, and Maserati. The second factor is the pruning frequency (the day
after sowing) consisting of one time (25 DAS), two times (25 and 30 DAS), and three times (25, 30, and
35 DAS). The two treatment factors resulted in 9 treatment combinations repeated three times, so there
were 27 observation units.

Bed preparation and sowing

Beds are made with a size of 1 x 1 meter, with a height of 30 cm. The beds were then applied with
chicken manure equivalent to 10 t ha. Then, a 0.9-meter-wide seedling furrow was made with a depth of
1 cm and 10 cm between furrows. A total of 0.5 g of seed is sown per furrow. The seeds that have been
sown are then cared for until they are 45 days old.

Pruning techniques

Pruning is done by cutting 25% of the total length of the leaves. Pruning is done in the morning
using scissors. The rest of the pruning is then cleaned and separated from the beds.

Data collection

Parameters observed in this study were the number of leaves, pseudo stem diameter (mm), root
length (cm), number of root tips, seedling fresh weight, and seedling dry weight. The number of plants
used as samples is five seedlings per treatment in each replication. Parameter measurements were
carried out at the age of 45 DAS. Pseudo stem diameter was measured using a caliper, root length was
measured with a ruler and fresh and dry weights of seedlings were measured with a digital scale. Dry
weight was measured after the seedlings were dried in an oven at 120°C for 24 hours.

Data analysis

Data were analyzed with RStudio software. A two-way analysis of variance (ANOVA) was used to
perform statistical analysis, with a p-value of 0.05 considered significant. The mean comparison was
performed by Duncan multiple range test.

RESULTS and DISCUSSION
Aerial Parts

Based on the analysis of variance, it was shown that there was no interaction between varieties
and the frequency of pruning on the average number of leaves and pseudostem diameter of shallot
seedlings. However, each treatment factor significantly affected both parameters (Table 1). The Maserati
variety recorded the highest average number of leaves (3.87) compared to the Lokananta and Sanren F1
varieties. Then, the Lokananta variety recorded the widest average pseudo stem diameter (4.24 mm)
compared to the other two varieties. The pruning treatment showed that pruning shallot seedlings with a
frequency of three times (25, 30, and 35 DAS) recorded the highest average number of leaves (4.11) and
the broadest pseudo stem diameter (4.69 mm) compared to one and two pruning frequencies times.

There is a difference in the average number of leaves and pseudo stem diameter of shallot
seedlings because of the different varieties used. In general, the three varieties have different characters.
The Maserati variety has the highest average number of leaves, while the Lokananta variety has the
widest average diameter of the pseudo stem. This difference is, of course, caused by the genetic factors
of each variety. Alemu et al. (2022) found different effects on onion varieties regarding growth
characteristics such as plant height and number of leaves.
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Table 1. The effect of variety and pruning frequency on mean number of leaves and pseudo stem diameter (cm)

Cizelge 1. Cesit ve budama sikliginin ortalama yaprak sayisi ve yalanci gbvde ¢apina (cm) etkisi

Variety Number of Leaves Pseudo Stem Diameter (mm)
Sanren F1 3.38+0.14° 3.49+0.46°
Lokananta 3.76+0.322 4.24+0.562
Maserati 3.87+0.34° 3.78+0.50°
Pruning Frequency Number of Leaves Pseudo Stem Diameter (mm)
One time (25 DAS) 3.22+0.02° 2.93+0.13°
Two times (25 and 30 DAS) 3.67+0.25° 3.90+0.28°
Three times (25, 30, and 35 DAS) 4,11+0.222 4.69+0.232

* Means followed by the same letter are not significantly different for p < 0.05 according to Duncan multiple range test. (DAS) days
after sowing.

Three times of pruning, they significantly affected the average number of leaves and stem diameter
of shallot seedlings. Pruning part of the leaves stimulates the growth of new leaves, so the more often
they are pruned, the potential for new leaves to emerge increases. Then, the increase in the diameter of
the pseudo stem is also due to the reduced allocation of assimilates in the leaves, so that the pseudo
stem, which will become the forerunner of bulbs, gets bigger. Aragle et al. (2023) stated that the age of
the shallot seedlings significantly affected plant performance in the field. Seedlings with optimal vigor are
certainly influenced by active growth, including the growth of the pseudo stems of the seedlings. In
addition, an increase in the number of leaves certainly increases the capacity of plants to form and
assimilate so that the potential for forming new leaves can occur.

Aboveground Parts

Based on the analysis of variance, it was shown that there was no interaction between varieties
and pruning frequency on the average root length and number of root tips in shallot seedlings. However,
each treatment factor significantly affected both parameters (Table 2). The Sanren F1 variety recorded
the most extended average root length (3.69 cm) compared to the Lokananta and Maserati varieties.
Then, the Maserati variety recorded the highest average number of root tips (11.20) compared to the
other two varieties. The pruning treatment showed that pruning shallot seedlings with a frequency of three
times (25, 30, and 35 DAS) recorded the most extended root length (4.35 cm) and the highest number of
root tips (12.31) compared to one and two pruning frequencies time.

Table 2. The effect of variety and pruning frequency on mean root length (cm) and number of root tips

Cizelge 2. Cesit ve budama sikliginin ortalama kok uzunlugu (cm) ve kdk ucu sayisina etkisi

Variety Root Length (cm) Number of Root Tips
Sanren F1 3.69+0.62? 11.04+1.00%
Lokananta 3.57+0.58* 10.73+0.632
Maserati 2.78+0.39° 11.20+1.132
Pruning Frequencies Root Length (cm) Number of Root Tips
One time (25 DAS) 2.51+0.19° 9.62+0.44°
Two times (25 and 30 DAS) 3.20+0.25° 11.04+0.73°
Three times (25, 30, and 35 DAS) 4.35+0.422 12.31+0.442

* Means followed by the same letter are not significantly different for p < 0.05 according to Duncan multiple range test. (DAS) days
after sowing.
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The Sanren F1 variety has the longest roots, while the Maserati has the greatest nhumber of root
tips. The growth of plant roots becomes dominant due to the pruning of leaves. The more often it is
pruned, the more significant root growth will be. Pruning leaves on scallions can stimulate the growth of
new shoots and roots (Kahar et al., 2022). This, of course, will improve the ratio of plant shoots and roots.
This was also stated by Carrilo et al. (2011), who stated that pruning of plants will affect the ratio of
shoots and roots. Takoutsing et al. (2013) also pointed out the importance of the ratio of shoots and roots.
If leaf growth is more dominant than roots, the potential for plant seedlings to survive in the field is lower.

Seedling Biomass

Based on the analysis of variance, it was shown that there was no interaction between varieties
and pruning frequency on the average of fresh and dry weight on shallot seedlings. However, each
treatment factor significantly affected both parameters (Table 3). The Lokananta variety recorded the
heaviest fresh and dry seed weights, namely 1.50 g and 0.61 g respectively, which was not significantly
different from Maserati. Pruning with a frequency of three times recorded the heaviest fresh and dry
weights of seedlings, namely 2.12 g and 0.88 g respectively, which was significantly different from
pruning twice and once.

Table 3. The effect of variety and pruning frequency on fresh and dry weight of seedlings

Cizelge 3. Cesit ve budama sikliginin fide yas ve kuru agirligina etkisi

Variety Fresh Weight of Seedling (g) Dry Weight of Seedling (g)
Sanren F1 1,15+0.27° 0.52+0.112
Lokananta 1,50+0.432 0.61+0.182
Maserati 1,38+0.502 0.58+0.172

Pruning Frequencies Fresh Weight of Seedling (g) Dry Weight of Seedling (g)
One time (25 DAS) 0.80+0.04° 0.36+0.01°
Two times (25 and 30 DAS) 1.11+0.04° 0.48+0.02°
Three times (25, 30, and 35 2.12+0.252 0.88+0.072

DAS)

* Means followed by the same letter are not significantly different for p < 0.05 according to Duncan multiple range test. (DAS) days
after sowing.

Pruning is vital in accumulating assimilates in all parts of the plant. Several previous researchers
also found increased plant biomass. Research conducted by Partey (2010) also found a significant effect
of pruning on increasing biomass in Tithonia diversifolia plants. However, different results were found by
Makhubedu et al. (2022), who showed that pruning with a high frequency would reduce the capacity of
the Sesbania sesban plant to form assimilates, which would result in a decrease in plant biomass.

Relation Between Pruning Frequency and Parameters

Pruning frequency generally affected all observed parameters, including the number of leaves,
diameter of pseudo stems, root length, number of root tips, and fresh and dry weight of seedlings (Figure
1). The coefficient of determination (R?) between pruning frequency and these parameters ranges from
0.91 to 1.00. This shows that there is a close relationship between the two variables. Pruning affected
stomatal conductivity, quantum yield values, leaf chlorophyll content (a, b and total), net photosynthesis
(Saifuddin et al., 2010; Maurin & DesRochers, 2013).
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Figure 1. Linear regression equation between pruning frequency and parameters. Number of leaves (A), pseudo stem diameter (B),
root length (C), number of root tips (D), fresh weight seedling (E), and dry weight seedling (F).

Sekil 1. Budama sikligr ve parametreler arasindaki dogrusal regresyon denklemi. Yaprak sayisi (A), yalanci gévde govde ¢apr (B),
kok uzunlugu (C), kbk ucu sayisi (D), fidenin taze agirligi (E) ve fidenin kuru agirligi (F).

The difference in performance between the seedlings of the three shallot varieties with the
frequency of pruning can be seen in Figure 2. The Lokananta variety with three pruning times had the
most remarkable performance compared to the seeds of the other varieties and pruning frequencies.
There is also a tendency for the seedlings to get bigger with an increase in pruning frequency.
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10cm

10cm

10 cm

Figure 2. Performance of shallot seedlings by pruning. Sanren F1 + one time (A), Sanren F1 + two times (B), Sanren F1 + three
times (C), Lokananta + one time (D), Lokananta + two times (E), Lokananta + three times (F), Maserati + one time (G),
Maserati + two times (H), Maserati + three times (l).

Sekil 2. Salot sogani fidelerinin budama ile performansi. Sanren F1 + bir kez (A), Sanren F1 + iki kez (B), Sanren F1 + ¢ kez (C),
Lokananta + bir kez (D), Lokananta + iki kez (E), Lokananta + U¢ kez (F) , Maserati + bir kez (G), Maserati + iki kez (H),
Maserati + Ug¢ kez (1).

Correlation (based on color) between observation parameters can be seen in Figure 3. Correlation
values for these various parameters range from 0.50 to 0.98, which shows a moderately correlated
relationship to a very strong correlation (Schober et al., 2018). A very strong correlation was shown in the
parameters of fresh weight with the dry weight of seedlings (0.98). The correlation between the number of
leaves with the diameter of the pseudo stem (0.87), the number of leaves with the number of root tips
(0.77), the number of leaves with fresh weight (0.85), the number of leaves with dry weight (0.80), the
pseudo stem diameter with root length (0.78), pseudo stem diameter with number of root tips (0.72),
pseudo stem diameter with fresh weight (0.85), pseudo stem diameter with dry weight (0.88), and root
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length with weight dry (0.79) classified into a strong correlation. Correlation value between the number of
leaves and root length (0.50), root length and number of root tips (0.63), root length and fresh weight
(0.68), number of root tips and fresh weight (0.66), and number of tips roots with dry weight (0.64) were
classified to a moderate correlation.

433
S " =
32
13
7
2393

~

Figure 3. Correlation graph among parameters. (NOL) number of leaves, (NRT) number of root tips, (FW) fresh weight, (PSD)
pseudo stem diameter, (DW) dry weight, and (RL) root length.

Sekil 3. Parametreler arasindaki korelasyon haritalari. (NOL) yaprak sayisi, (NRT) kok ucu sayisi, (FW) taze agirlik, (PSD) sahte
govde ¢api, (DW) kuru agirlik ve (RL) kok uzunlugu.

CONCLUSIONS

Based on the research that has been done, it can be concluded that pruning affects the growth of
shallot seedlings from seeds. The three varieties have different responses to pruning. The Maserati
variety had the highest average number of leaves and the highest average number of root tips, the
Lokananta variety had the largest average pseudo-stem diameter and the heaviest fresh and dry weight
of seedlings, and the Sanren F1 variety had the most extended average root length. Pruning with a
frequency of three times consistently increases the growth of shallot seedlings, such as number of leaves,
pseudo stem diameter, root length, number of root tips, fresh and dry weight of seedlings.
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ABSTRACT

Objective: The canola and oily sunflower products, which are similar in terms of
cultivation areas, techniques, and conditions, are alternatives to each other. It is
believed that product prices play an important role in deciding to cultivate these
two products. Hence a study was conducted and the objective of this study was
to this study was to examine the long and short term effects of product prices,
especially alternative product prices, on production.

Materials and Methods: The data for the study included the years 2002-2021
and were analyzed using the ARDL boundary test.

Findings: According to the findings of the ARDL boundary test, a 1% increase
in canola prices increases canola production by 4.72% in the long term, while a
1% increase in the prices of sunflower, an alternative product, decreases canola
production by 5.37%. The error correction coefficient (-0.96) was found to be
negative and statistically significant, indicating that imbalances in the short term
will return to equilibrium levels approximately 1.04 years later.

Conclusion: Changes in the prices of these two alternative products affect the
increase or decrease in production. In this context, regulations can be made on
production through price policies. Additionally, the findings of the study can
contribute to production planning and increasing welfare.

0z

Amag: Yetistirildigi alanlar, teknikler ve kosullar bakimindan benzer olan kanola
ve yaglik aygigegi Urlinleri birbirinin alternatifleridir. Bu iki trinun yetistiriimesine
karar vermede urun fiyatlarinin 6nemli bir rol oynadigi dustinilmektedir. Bu

calisma urdn fiyatlarinin, 6zellikle de alternatif Griin fiyatlarinin Uretim tGzerindeki
uzun ve kisa donem etkilerini incelemeyi amaclamaktadir.

Materyal ve Yontem: Calismanin verileri 2002-2021 yillarini kapsamakta olup,
ARDL sinir testi kullanilarak analiz edilmigtir.

Arastirma Bulgulari: ARDL sinir testi bulgularina gére, uzun dénemde kanola
fiyatlarinda meydana gelen %!1'lik artig, kanola Uretimini %4,72 artirirken,
alternatif Urin olan yaglik aygicegi fiyatlarinda meydana gelen %1'lik artis,
kanola Uretimini %5,37 azaltmaktadir. Hata duzeltme katsayisi (-0,96) negatif
ve istatistiksel olarak anlamli bulunmus olup, kisa ddnemde meydana gelen
dengesizlikler yaklasik 1,04 yil sonra denge seviyesine donmektedir.

Sonug: Bu iki alternatif Grintin fiyatlarindaki degisiklikler tretimin artmasi veya
azalmasinda etkilidir. Bu baglamda, fiyat politikalari ile Uretim Uzerinde
dizenlemeler yapilabilir. Ayrica c¢alismanin bulgulari, Uretim planlamasi ve
refahin artirnlmasina katki saglayabilir.
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INTRODUCTION

With the increasing global population, access to food and the importance of the agricultural sector
has become increasingly debatable (Uzundumlu, 2012). In this regard, one of the essential nutrients
necessary for sustaining vital human activities is vegetable oils. A significant portion of vegetable oils is
derived from oilseed plants (Gl et al., 2016). Oilseed plants play a crucial role not only in human and
animal nutrition but also constitute a significant raw material source within the industrial sector (Arioglu,
2010, 20186).

According to the information provided by the Food and Agriculture Organization of the United
Nations (FAO), in the year 2021, global vegetable production summed up to a total value of 2,834,602
million US dollars. The category of oilseeds constitutes 12.74% of this production. Specifically, 36.53% of
the world's vegetable oil production is derived from palm oil, 28.20% from soybean oil, 12.12% from
rapeseed (canola) oil, 9.91% from sunflower oil, and 13.24% from other plants (FAO, 2023).

Tarkiye realized a total agricultural production of 52,968 million US dollars in the year 2021, with
oilseed plants constituting 12.31% of this production. In comparison to the global scale, Tirkiye significantly
meets a substantial portion of its oil demand through sunflower production. Specifically, 56.39% of the total
oil production, amounting to 2 304 thousand tons, is supplied through sunflower cultivation. Canola, another
notable oilseed product, has begun to stand out in Tirkiye since the 2000s and holds approximately a 3%
share in Turkiye's production, unlike the global average (%12.12) (FAO, 2023).

In this study, the objective was to investigate the factors that may affect the production of canola,
an oilseed plant. The present study, distinct from other studies, reveals the effects of the alternative crop
on the production. Within the framework of the study's objectives, the theoretical approach is elaborated
in details below.

In Turkiye, in the year 2022, a total of 150 thousand tons of canola production was produced. The
provinces constituting approximately 90% of the total production are tabulated in Table 1. Upon general
examination, it is observed that the production is concentrated in the provinces of the Thrace region. The
domestic self-sufficiency level of canola production has increased in recent years and reached a sufficient
level. While canola production is seen at a sufficient level, the quantity of production is quite low
compared to other crops. Another evidence, Turkiye remains dependent on imports of oilseeds.
Particularly, the self-sufficiency level of widely used oily sunflower in Tirkiye remains around 60%,
making Turkiye the leading country globally in sunflower seed imports. In this context, it is emphasized that
canola, with its high oil content and yield, could play a significant role in reducing the vegetable oil deficit in
Turkiye (Kumbar & Unakitan, 2011).

A noteworthy point is that the areas where canola production takes place are also regions with
intense production of oily sunflower. In the Thrace region, wheat, oily sunflower, and canola production
stand out, especially under rainfed farming conditions, and they are generally cultivated in rotation
(Unakitan & Abdikoglu, 2014). Additionally, as stated in the study by Kumbar & Unakitan (2011), these
three crops share similar cultivation techniques, climate requirements, and input use. The data in Table 1
confirms this information.

Considering all these factors, canola and oily sunflower, both falling into the category of oilseeds, can
be evaluated as alternative products to each other. One of the factors influencing producers' choices of
products is the changes in alternative products (Ozkan & Karaman, 2011; Unakitan & Abdikoglu, 2014,
Oziidogru & Miran, 2015; Dértok & Aksoy, 2018; Bitrak, 2023). In this context, the main objective of the
study was to identify the factors affecting canola production and to determine short and long term production
sensitivity. The study aims to explain the changes in canola production by examining the relationship
between the price of the product itself and the prices of alternative products (oily sunflower). These findings
can contribute to production planning and, consequently, be utilized to increase producer income.
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Table 1. Status of canola and oily sunflower production in Turkiye

Cizelge 1. Tiirkiye'de kanola ve yaglik aygigegi Uretiminin durumu

Crops Provinces 2010 2015 2020 2021 2022 2022 (%)
Edirne 13,890 5,760 24,370 24,898 30,387 20.26
= Tekirdag 53,080 73,891 37,831 45,868 28,685 19.12
) Konya 226 1,987 16,607 24,780 27,067 18.04
‘_3 Kirklareli 11,113 8,303 15,692 14,163 17,922 11.95
3 istanbul 13,805 18,189 8,261 9,462 10,303 6.87
E Canakkale 9,520 4,282 6,596 7,343 10,112 6.74
% Balikesir 1,086 6,896 3,233 2,994 5,479 3.65
O Others 3,730 692 8,952 10,492 20,045 13.36
Total 106,450 120,000 121,542 140,000 150,000 100.00
Self-Sufficiency Level (%) 30,90 26,90 111,20 116,70 - -
Tekirdag 259,562 267,012 353,982 399,531 335,561 14.28
= Edirne 332,894 226,573 240,434 285,286 325,812 13.86
£ Konya 46,764 210,307 278,546 324,790 254,571 10.83
g Kirklareli 139,407 188,998 226,320 226,163 227,791 9.69
2 Canakkale 51,121 40,787 53,306 62,319 81,549 3.47
(% Balikesir 31,468 30,609 37,740 50,216 57,247 2.44
> Istanbul 46,362 35,795 43,274 49,017 51,570 2.19
© Others 262,422 499,919 666,398 817,678 1,015,899 43.23
Total 1,170,000 1,500,000 1,900,000 2,215,000 2,350,000 100.00
Self-Sufficiency Level (%) 52,40 78,90 62,50 59,60 - -

References: TURKSTAT, 2024a; TURKSTAT 2024b.

This section includes studies conducted at both the national and international levels that are
relevant to the subject.

Ozkan & Karaman (2011) aimed to analyze the impact of factors affecting cotton production in
Tarkiye in their study. In this context, variables such as product price, alternative product prices,
agricultural supports, and labor wages were examined using the ARDL model.

Haile et al. (2015) reveal the responsiveness of supply to price fluctuations for major agricultural
products worldwide, such as wheat, rice, corn, and soybeans. Findings indicate that farmers shift towards
crops with less price variability, reducing efficiency by approximately 1-2% in response to price volatility.

Ozlidogru & Miran (2015) employed the Tobit model to predict the cotton supply function. According
to the analysis results, producers tend to follow substitute product prices, showing a positive response to an
increase in cotton prices and a negative response to an increase in substitute product prices.

Onder (2017), in his study on factors influencing cotton supply, found that a 1% increase in cotton
prices leads to a 42% increase in cotton supply, while a 1% increase in substitute product prices results in
a 41% decrease.

Abdikoglu & Unakitan (2017) determined the sensitivity of changes in sunflower cultivation areas in
Tirkiye to sunflower prices and other product prices. According to the results, the short term elasticity of
sunflower price is 0.09, while the long term elasticity is 0.32. These elasticity coefficients suggest that
producers are not very sensitive to prices in the short term but become more responsive in the long term. In
another study conducted by Unakitan & Azabagaoglu (2017), the impact of changes in canola prices on the
acreage of cultivation over the years was examined using the Koyck model. The study utilized panel data
from the years 1990 to 2014. If short term canola prices increase by 10%, it will lead to a 1.2% increase in
the canola cultivation area. According to this estimate, this effect increases the canola cultivation area by up
to 4.2% in the long term. The changes in canola prices affect the canola cultivation area after 2.5 years. The
findings indicate a weak relationship between canola price and canola cultivation area.
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Shahzad et al. (2018) used the ARDL approach to predict the supply response of tobacco
producers to price and non-price variables. The study utilized time series data covering the period from
1981 to 2014. Long term predictions indicate that tobacco price and tobacco area coefficients are
positive and statistically significant, while wheat price (a competitive product) is negative and
statistically significant.

Wagqas et al. (2019) analyzed the supply response of wheat, grown under dry conditions in
Pakistan, using the ARDL approach. ARDL results indicated that wheat price, chickpea price (an
alternative product), minimum temperatures, and seasonal rainfall produced statistically significant
results in both the short and long term.

Abdullah (2020) examined the supply sensitivity of wheat, corn, and cotton in the Kirkuk province
of Iraq from 1994 to 2015 using the ARDL method. The study considered cultivated area as the
dependent variable and explanatory variables included the current price of the product, the current
price of the competitor's product, yield risk, price risk for cotton, and irrigation and precipitation rates for
wheat.

Mithiya et al. (2021), in their studies in India, investigated the dynamic relationship between the
production area and price of oilseeds. Empirical results indicate that prices of competitive products
have a significant impact on cultivation areas, either positively or negatively.

In the study conducted by Cukur et al. (2021), the relationship between organic farming area and
agricultural value added was examined using the Dynamic Panel ARDL method. In this study, which
includes nine EU countries between 2010 and 2018, a positive relationship was found between organic
farming area and agricultural value added, leading to the conclusion that organic agricultural production
should be increased accordingly.

Bitrak (2023) used the ARDL border test in a study investigating the determinants of potato
production decisions in Turkiye. Variables such as annual potato cultivation area, annual average
potato price, and annual yield per hectare for potatoes and onions (alternative products) constitute the
main material of the study. Factors positively influencing potato cultivation areas, in the long term, were
determined as potato price and potato yield per hectare. However, the factor negatively affecting it was
found to be onion yield per hectare.

Bulut & Bayraktar (2023) employed the ARDL model to investigate agricultural supports in
selected 11 agricultural products. Findings suggest that increases in input prices have a short term
negative impact on production, but in the long term, the effect is the opposite. Agricultural product
prices, on the other hand, are not a significant indicator for producers.

In their study, Erdal et al. (2023) examined the relationship between production quantity and
price in cotton production in Azerbaijan using the Koyck model with data from the period 1995-2022.
According to the average number of lags, it was found that for a significant and noticeable effect of
price changes on cotton production, it takes approximately 2.86 years. While a one-unit increase in
cotton prices leads to an increase in production by 2.524 tons, a one-unit change in prices in the
previous period increases cotton production by 1.870 tons.

Some studies examine the factors affecting the production of various products using the ARDL
border test approach. Additionally, there are other studies with similar objectives that employ different
methods. However, it has been observed that studies focusing on time series data for canola and
oilseed plants are quite limited. Furthermore, there are studies on the current state of canola production,
input use, cost analysis, and resource efficiency (Bayramoglu et al, 2010; Kumbar & Unakitan, 2011;
Semerci, 2020, 2022).
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MATERIALS and METHODS
Materials

The data about the main material of the study were obtained from the Food and Agriculture
Organization (FAO) of the United Nations, and the Turkiye Statistical Institute (TURKSTAT). Additionally,
sector reports and academic studies published in national and international domains were utilized.

Methods

The study aims to examine the factors influencing canola production in Turkiye. When considering
canola and sunflower oil prices as independent variables, the production quantity has been determined as
the dependent variable. The dataset used covers the years 2002-2021. In the study, the Producer Price
Index (2003=100) published by the Turkiye Statistical Institute was used to convert current prices into real
prices. Initially, a logarithmic transformation has been applied to the series. Following this process, the
stationarity of the series has been examined using Augmented Dickey-Fuller (ADF) and Philips-Perron
(PP) unit root tests. After the unit root test, the existence of a long term equilibrium relationship was
evaluated with the Autoregressive Distributed Lag Model (ARDL) boundary test (Pesaran et al., 2001).
The following equation was formed for this study:

INCQ = Bo + B1InCP + B2InSP + ut (1)

The definitions of the variables in the equation are presented below;
INCQ: Canola Production Quantity (ton) — Depended Variable

INCP: Canola Price (TL/ton) — Independent Variable

InSP: Oily Sunflower Price (TL/ton) - Independent Variable

Detailed explanations regarding the conducted tests and preliminary tests in the study are
provided below.

Correlation matrix

The correlation coefficients measure the direction and strength of the linear relationship between
pairs of variables. Additionally, the correlation matrix helps detect the issue of multicollinearity in the
created model. An important assumption in time series analyses is the absence of a high correlation
among independent variables (Voss, 2005). To avoid multicollinearity issues, it is expected that the
correlation coefficients between pairs of independent variables are below 0.80 (Grewal et al., 2004). This
study examined with Pearson correlation coefficient.

Unit root tests

The presence of unit roots or non-stationarity in time series indicates that the series is influenced
by past values. Consequently, analyses conducted with non-stationary series may vyield inaccurate
results. Additionally, the decision regarding cointegration tests is based on the stationary levels of the
variables. In the research, commonly used "Augmented Dickey-Fuller (ADF)" and "Phillips-Perron (PP)"
unit root tests have been employed (Dickey & Fuller, 1979; Phillips & Perron, 1988).

ARDL cointegration test

ARDL (Autoregressive Distributed Lag) method was developed by M. Hashem Pesaran, Yongcheol
Shin, and Richard J. Smith in 2001. The ARDL method yields effective results when the dependent
variable is | (1) and the independent variables are either | (0) or | (1) (Shahbaz et al., 2013). Due to this
characteristic, it is more flexible compared to traditional cointegration tests such as those by Engle &
Granger (1987), Johansen & Juselius (1990), and Phillips & Hansen (1990). Additionally, it provides
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consistent empirical evidence for small-sample models and contributes to understanding the long term
relationships between variables (Narayan & Smyth, 2005). Pesaran et al. (2001), considering the
presence of constant, time trend, and restrictive conditions, have proposed five different models. In this
study, a model with unrestricted constant and trend has been applied. The long term ARDL equation was
specified as follows:

p q r
AInCQt = B0 + B1t + Z BiAInCQt — i + Z YiAInCPt — i + Z 8i AInSPt — i + et (2)
i=1 i=0 i=0

In this equation, t represents the time trend, Bo is the unrestricted constant, B is the coefficient for
the time trend, Bi represents the coefficients for lags, yi, and &i represent the coefficients for lags of other
independent variables. Additionally, p, q, and r denote the lag numbers for InCQ, InCP, and InSP
variables, respectively. For the lag lengths of the ARDL method, information criteria such as AIC (Akaike
information criterion), SC (Schwarz information criterion), and HQ (Hannan-Quinn information criterion)
can be utilized. The short term dynamics of the variables were described by employing the Error
Correction Model (ECM). The ECM representation was specified as follows:

14 q r
AlnCQt = B0 + 1t + Z BiAInCQt — i + Z yiAInCPt — i + Z §iAINSPt — i + AECMt — 1 + et (3)

i=1 i=0 i=0

In this equation, the error term e is corrected with the error term from the previous period. A
represents the error correction coefficient. If A is negative and statistically significant, it indicates a
tendency for short term equilibria to correct towards long term equilibria.

Bound tests

In the classical ARDL (Autoregressive Distributed Lag) method, "F-Bounds" and "t-Bounds" tests
are employed to test for cointegration. The F-Bounds test takes into account the lagged values of all
dependent and independent variables in the model. The hypotheses for the F-Bounds test are stated as
follows: Ho: a1 = a2= a3 =0 and Ha: a1 = a2 = a3 = 0. The F-Bounds test statistics will be compared with
the lower and upper critical values calculated by Narayan & Smyth (2005). If the calculated F-Bounds
statistic value exceeds the specified upper critical values for | (1), the null hypothesis Ho indicating no
cointegration is rejected, concluding the presence of cointegration. As a second test in the cointegration
analysis, the t-bounds test considers only the lagged values of the dependent variable. The hypotheses
for the t-Bounds test are Ho: a1 = 0 and Ha: a1 # 0. The test statistics of this test will be compared with the
lower and upper critical values calculated by Pesaran et al. (2001).

Diagnostics tests

Diagnostic tests were used to assess the robustness of the findings obtained from the estimated
model. Within the scope of the study, the "Jarque-Bera" test was applied to examine the normality
assumption. In regression analyses, there should be no relationship among the error terms (Unver &
Gamgam, 1996). In the case of an autocorrelation problem, parameter estimators are unbiased and
ineffective (Yavuz, 2009). The "Breusch-Godfrey Serial Correlation LM" test has been conducted to test
for autocorrelation issues. Constant variance, or "homoscedasticity," implies that the variance of the error
term remains unaffected by changes in the independent variables and remains constant (Yamak &
Kdseogdlu, 2006; Albayrak, 2008). The "ARCH" test was also applied to test this assumption. To detect
any specification or model misspecification errors in the estimated model, the "Ramsey-RESET" test has
been conducted. The “Cusum and Cusumgq” tests were applied to test the stability or consistency of the
estimated coefficients in time series analysis.
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RESULT and DISCUSSION

When examining the descriptive statistics of the variables, there are 20 observations obtained from
the years 2002-2021 for all variables. Descriptive statistics including the mean, median, minimum, and
maximum values, as well as standard deviation values for the logarithmically transformed level data, are
provided in Table 2.

Table 2. Descriptive statistics

Cizelge 2. Tanimlayici istatistikler

Variables Mean Std. Dev.  Maximum Minimum Observations
InCQ 10.692880 1.583606 12.100710 7.090077 20
InCP 6.148267 0.167174 6.505058 5.767331 20
InSP 6.487213 0.178579 6.777308 6.161486 20

When examining the correlation matrix table in Table 3, it is observed that the correlation
coefficient between the LnCP variable, which is an independent variable in the model, and the LnSP
variable is 0.55. According to these results, it is evident that there is no issue of multicollinearity among
independent variables. This is because the correlation coefficients are below 0.80 (Balki, 2023; Goksu &
Balki, 2023).

Table 3. Results of correlation coefficient between variables

Cizelge 3. Degiskenler arasindaki korelasyon katsayisi sonuglari

InCQ InCP InSP
IncCQ 1
InCP 0.489** 1
InSP 0.039 0.551%* 1

***1%; **5%; significance level

Before analyzing the model with the ARDL boundary test, the optimal lag length was examined
using the Akaike Information Criterion (AIC), Schwarz Information Criterion (SC), and Hannan-Quinn
Information Criterion (HQ). As a result of the conducted test, the optimal lag length was determined to be
“1” (Table 4).

Table 4. Optimum lag length

Cizelge 4. Optimum gecikme uzunlugu

Lag LogL LR FPE AIC SC HQ

0 44.48985 NA 2.00e-06 -4.609983 -4.461588  -4.589521
1 72.10570  42.95800* 2.58e-07* -6.678411*  -6.084830* -6.596565*
2 77.13091 6.141921 4.47e-07 -6.236768 -5.198001  -6.093536

* Indicates lag order selected by the criterion

According to the Augmented Dickey Fuller (ADF) and Philips Perron (PP) test results, the LnCQ
and LnSP series contain unit roots at the level for both models. When the first differences of these
variables are taken, they become stationary at all significance levels (prob<0.05). The LnCP series is
stationary at the level (Table 5). Due to the variables being stationary at different levels, the long term
relationship between the variables will be analyzed using the ARDL Bound Test Approach.
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Table 5. Unit root test results (ADF and PP)
Cizelge 5. Birim kok testi sonuclari (ADF ve PP)

ADF PP
Variables
1 (0) (1) 1 (0) (1)
With Constant -2.2553 -4.8069%* -2.7568 -4.7983*+*
LnCQ With Constant & Trend -2.0678 -4.7649*+* -1.9663 -4.8121%*
Without Constant & Trend 0.7959 -4.7138** 1.1765 -4.7138***
With Constant -0.3642 -3.7730%* -1.1611 -7.2109%+*
LnCP With Constant & Trend -3.5788* -3.9915* -5.3896***  -8.1003***
Without Constant & Trend 0.8345 -3.7273%+* 0.4124 -4.7068**
With Constant -1.6648 -5.0014** -1.7797 -4.9659%+*
LnSP With Constant & Trend -1.9548 -5.3081*** -1.9548 -5.8112%*
Without Constant & Trend 0.6061 -5.1921%+* 0.6748 -5.1516%**

**%] 0%; **5%; *10%; significance level

In the study, it was found that the most suitable model was ARDL (1, 0, 0). F-Bounds Test and t-
Bounds Test indicate that the model constructed for the boundary test results is symmetric/linearly
cointegrated at a 5% significance level (Table 6). This is because the test statistic values are larger than
the absolute values of the upper limit values determined for | (1). Therefore, it was concluded that the
variables converge to the equilibrium point of their linear combinations, indicating that they move together
in the long term (Goksu, 2022; Goksu & Balki, 2023).

Table 6. ARDL cointegration test results

Cizelge 6. ARDL egbiitiinlesme testi sonuglari

Test Statistics Result

f (InCQ | InCP, InSP)
F-Bound Test Value 6.897263**

ARDL (1, 0, 0) k:2 m:1 n=20 Cointegrated
t-Bound Test Value -4.126016**

Table CV 1% 5% 10%

Tests 1 (0) 1 (1) 1 (0) I (1) 1 (0) 1(1)

F-Bound Test 7.98 9.41 5.55 6.75 4.58 5.60 n=30
t-Bound Test -3.96 -4.53 -3.41 -3.95 -3.13 -3.63

** - represents the 5% significance level; k, the number of independent variables; m, the maximum lag length; and n indicates the
number of observations.

According to the diagnostic test results as presented in Table 7, the probability value for the
Breusch-Godfrey Serial Correlation LM test is 0.6419. Since the probability value is greater than 0.10,
there is no autocorrelation problem in the model. The probability value for the ARCH test applied in the
test of changing variance is 0.7132. As the probability value is greater than 0.10, there is no
heteroscedasticity problem in the model. The Jarque-Bera probability value is also 0.3761. Since the
probability value of the Jarque-Bera test is greater than 0.10, it can be said that the model is suitable for a
normal distribution. The probability value for the Ramsey RESET test is 0.2210. Since the probability
value is greater than 0.10, there is no model specification error. According to Figure 1, the CUSUM and
CUSUMQ graphs are within a 95% confidence interval and within the desired boundaries, indicating that
the constructed model is stable.
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Table 7. ARDL diagnostic test results

Cizelge 7. ARDL fanisal test sonuglari

Diagnostic Tests Test Value Probability Value
Heteroscedasticity Test: ARCH 0.675994 0.7132
Breusch-Godfrey Serial Correlation LM Test 0.886706 0.6419
Jarque-Bera Normality Test 1.955840 0.3761
Ramsey Reset Test 1.652529 0.2210
12 1.6
8 1.2
4 — -
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Figure 1. Qusum and qusum g results.

Sekil 1. Qusum ve qusum q sonuglari.

According to the long term coefficient results presented in Table 8, the coefficients of InCP and
InSP variables are positive. A 1% increase in the InCP variable results in approximately a 4.72% increase
in the InCQ variable. Since there is a linear relationship between these variables, the opposite
interpretation can also be made. In other words, if the INCP variable decreases by 1%, the InCQ variable
also decreases by approximately 4.72%. This result is statistically significant at 95% probability level. A
similar interpretation can be made for the InSP variable. A 1% increase in the InSP variable reduces the
InCQ variable by 5.37%. If the InSP variable decreases by 1%, the InCQ variable increases by 5.37%.
This result is statistically significant at 99% probability level.

Studies conducted by Unakitan & Azabagaoglu (2017), Shahzad et al. (2018), and Erdal et al.
(2023) have found statistically significant relationships between price and production quantity in various
products. In this regard, they support the findings of this study. Additionally, Oziidogru & Miran (2015),
Onder (2017), and Wagas et al. (2019) reported that the price of the product itself increases production
quantity, while the price of the alternative product decreases production quantity. Evidence from the
literature provides results consistent with the findings of this study.

Table 8. ARDL short and long term forecast results

Cizelge 8. ARDL kisa ve uzun dénem tahmin sonuglari

a) Long Term (Dependent Variable: INCQ) Coefficients t-statistic Probability
InCP 4.716407** 2.714594 0.0168
InSP -5.369091*** -5.490787 0.0001
b) Short Term Coefficients t-statistic Probability
Cc 14.68766*** 5.061252 0.0002
Trend 0.140040%** 3.262414 0.0057
CointEq (-1) -0.958588*** -4.862896 0.0003

***] %,; **5%; significance level
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When examining the short term forecast results, the coefficient of the error correction term is -0.96
with a probability value of 0.0003. The probability value being less than 0.05 indicates the significance of
this coefficient, and its negative sign implies that an imbalance in the model will be corrected (Ozcelik &
Goksu, 2019; Goksu & Balki, 2023). In other words, the calculated value of -0.96 for the CointEq (-1)
coefficient indicates that shocks occurring in the short term will return to the long term equilibrium level
approximately 1.04 years later (1/0.96). This suggests that shocks in canola and oily sunflower prices will
return to equilibrium approximately 1 year later. Additionally, the constant term and trend coefficients are
positive and statistically significant (Table 8). In addition, the negative and statistically significant
coefficient of the error correction term provides further evidence that the model is cointegrated (Akcay &
Karasoy, 2017).

CONCLUSION

In Turkiye, the primary use of oilseed crops is dominated by oily sunflower. However, the inability to
meet the demand for oily sunflowers has positioned Tirkiye as a significant importer in this field.
Conversely, canola production has increased as an alternative to oily sunflower in Tirkiye since the
2000s, owing to favorable growing conditions, high oil content, and yield. Observations indicate that a
substantial portion of canola production areas in Turkiye also lead to oily sunflower production, supporting
this situation. It is believed that product prices play a significant role in decision-making for the cultivation
of these two similar products. Indeed, numerous studies in the literature support this hypothesis. This
study aims to examine the effects of product prices, especially alternative product prices, on production in
both the long and short terms, differing slightly from previous research.

The data for the study were obtained from the years 2002-2021 and were analyzed using the
ARDL boundary test. Preconditioning unit root tests, diagnostic tests, and boundary tests providing co-
integration relationships were conducted for the ARDL test, all yielding successful results. According to
the ARDL boundary test findings, a 1% increase in canola prices increases canola production by 4.72% in
the long term, while a 1% increase in oily sunflower prices, an alternative product, decreases canola
production by 5.37%. These findings can also be interpreted inversely. The results are statistically
significant.

Examining the short term forecast results, the coefficient of error correction term was found to be -
0.96, which is statistically significant. The negative and statistically significant finding of the error correction
coefficient implies that imbalances that occur in the short term in the model will return to the equilibrium
level in the long term. They determined that this correction would occur approximately 1.04 years later
(1/0.96).

Generally, fluctuations in the prices of two alternative products with similar conditions affect the
increase or decrease of production. Therefore, price policies can be implemented to regulate production.
An important finding of the study is that changes or shock effects that may occur in the short term while
implementing these policies in canola production will return to the equilibrium level approximately one year
later. Additionally, it is believed that this study will contribute to efforts related to production planning and
welfare improvement.

Data Availability
Data will be made available upon reasonable request.
Author Contributions

Conception and design of the study: FC, EK; sample collection: nope; analysis and interpretation of
data: EK; statistical analysis: EK; visualization: FC; writing manuscript: FC, EK.

184



The effect of alternative product prices on production balance: Empirical findings on the production of oilseed crops in Tirkiye

Conflict of Interest

There is no conflict of interest between the authors in this study.

Ethical Declaration

We declare that there is no need for an ethics committee for this research.
Article Description

This article was edited by Section Editor Dr. H. Ece SALALI.

REFERENCES

Abdikoglu, D.i. & G. Unakitan, 2017. Supply response of sunflower in Turkey. International Journal of Sustainable
Agricultural Management and Informatics, 3 (3): 224-232. https://doi.org/10.1504/IJSAMI.2017.090301

Abdullah, D.F.A., 2020. Irak'in Kerkilk ilinde Bazi Onemli Bitkisel Uriinlerde Arz Duyarliliginin incelenmesi. Cukurova
Universitesi, Fen Bilimleri Enstitiisii, Tarim Ekonomisi Ana Bilim Dali, (Unpublished) PhD Thesis, Adana, 148 s.

Akcay, S. & A. Karasoy, 2017. Remittances and calorie consumption nexus in Algeria. International Migration, 55 (4):
103-117. https://doi.org/10.1111/imig.12348

Albayrak, A.S., 2008. Degisen varyans durumunda en kicUk kareler tekniginin alternatifi agirlikli regresyon analizi ve
bir uygulama. Afyon Kocatepe Universitesi Iktisadi ve Idari Bilimler Fakdltesi Dergisi, 10 (2): 111-134.

Arioglu, H., 2016. Turkiye'de yagh tohum ve ham yag Uretimi, sorunlar ve ¢dzum Onerileri. Tarla Bitkileri Merkez
Arastirma Enstitiisi Dergisi, 25 (Ozel Sayi 2): 357-368. https://doi.org/10.21566/tarbitderg.284325

Arioglu, H., O. Kolsarici, A.T. Goksoy, L. Gillioglu, M. Arslan, S. Caliskan, T. Ségit, C. Kurt & F. Arslanoglu, 2010.
“Yag bitkileri Gretiminin arttiriimasi olanaklari, 361-376”. Tirkiye Ziraat Mihendisligi VII Teknik Kongresi (11-
15 Ocak 2010, Ankara) Bildirileri, 1356 s.

Balki, A., 2023. “Vergi Gelirleri iI_e Tasarruflar Arasindaki lliskinin Analizi: Turkiye Ekonomisinden Ampirik Bulgular,
237-258". In: lktisadi ve Idari Bilimlerde Uluslararasi Teori, Arastirma ve Derlemeler. Cilt 2. (Ed.M. Mete),
Serlven Yayinevi, Ankara, 533 s.

Bayramoglu, Z., D. Akturk & F. Tathdil, 2010. Kaynaklarin rasyonel kullaniminin Uretim maliyetleri Uzerine etkisi:
kanola yetistiriciligi 6rnegi. Selcuk Journal of Agriculture and Food Sciences, 24 (3): 62-68.

Bitrak, O.0., 2023. Turkiye’de patates uretim kararinin belirleyicileri: ARDL sinir testi yaklagimi. Saglik ve Sosyal
Refah Arastirmalari Dergisi, 5 (2): 198-211. https://doi.org/10.55050/sarad.1270733

Bulut, E. & Y. Bayraktar, 2023. Do agricultural supports affect production? a panel ARDL analysis of Turkiye. Journal
of Agricultural Sciences, 29 (1): 249-261. https://doi.org/10.15832/ankutbd.988246

Cukur, F., F. Isin & T. Cukur. (2021). Determination of the relationship between organic farming area and agricultural
added value in some European Union countries with panel ARDL analysis. Applied Ecology & Environmental
Research, 19 (6): 5007-5016. http://dx.doi.org/10.15666/aeer/1906 50075016

Dickey, D.A. & W.A. Fuller, 1979. Distribution of the estimators for autoregressive time series with a unit root. Journal
of The American Statistical Association, 74 (366a): 427-431. https://doi.org/10.1080/01621459.1979.10482531

Dortok, A. & A. Aksoy, 2018. Turkiye bugday sektdriiniin esanli model yéntemiyle tahmini. Kahramanmarag Sttcl
Imam Universitesi Tarim ve Doga Dergisi, 21 (4): 580-586. https://doi.org/10.18016/ksudobil.391087

Engle, R.F. & C.W. Granger, 1987. Co-integration and error correction: representation, estimation, and testing.
Journal of the Econometric Society, 55 (2): 251-276. https://doi.org/10.2307/1913236

Erdal, G., A. Zeynalova & S. Engindeniz, 2023. Analysis of cotton production and price relationship by Koyck model: a
case study for Azerbaijjan. Ege  Universitesi Ziraat Fakiltesi Dergisi 60 (4): 561-570.
https://doi.org/10.20289/zfderqi.1359942

FAO, 2023. Food and Agriculture Organization of the United Nations: Statistical Yearbook 2022. (Wep page:
https://doi.org/10.4060/cc2211en ) (Date accessed: November 2023).

Goksu, S., 2022. Plastik kart harcamalari hanehalki 6zel tiketim harcamalar izerinde etkili mi? ARDL yonteminden
ampirik kanitlar. Istanbul Iktisat Dergisi, 72 (2): 847-875. https://doi.org/10.26650/ISTJECON2022-1106208

185


https://doi.org/10.1504/IJSAMI.2017.090301
https://doi.org/10.1111/imig.12348
https://doi.org/10.21566/tarbitderg.284325
https://doi.org/10.55050/sarad.1270733
https://doi.org/10.15832/ankutbd.988246
http://dx.doi.org/10.15666/aeer/1906_50075016
https://doi.org/10.1080/01621459.1979.10482531
https://doi.org/10.18016/ksudobil.391087
https://doi.org/10.2307/1913236
https://doi.org/10.20289/zfdergi.1359942
https://doi.org/10.4060/cc2211en
https://doi.org/10.26650/ISTJECON2022-1106208

Ken & Cobanoglu

Goksu, S. & A. Balki, 2023. ARDL ve NARDL Egbutiinlesme Analizleri; Adim Adim Eviews Uygulamasi. Seriiven
Yayinevi, Ankara, 153 s.

Grewal, R., J.A. Cote & H. Baumgartner, 2004. Multicollinearity and measurement error in structural equation models:
implications for theory testing. Marketing Science, 23 (4): 519-529. https://doi.org/10.1287/mksc.1040.0070

Gill, V., E. Oztiirk & T. Polat, 2016. Giiniimiiz Turkiye'sinde bitkisel yag acigini kapatmada aygiceginin 6nemi. Alinteri
Journal of Agriculture Science, 30 (1): 70-76.

Haile, M.G., M. Kalkuhl & J. Von Braun, 2016. Worldwide acreage and yield response to international price change and
volatility: a dynamic panel data analysis for wheat, rice, corn, and soybeans. American Journal of Agricultural
Economics, 98 (1): 172-190. https://doi.org/10.1093/ajae/aav013

Johansen, S. & K. Juselius, 1990. Maximum likelihood estimation and inference on cointegration-with appucations to the
demand for money. Oxford Bulletin of Economics and Statistics, 52 (2): 169-210. https://doi.org/10.1111/].1468-
0084.1990.mp52002003.x

Kumbar, N. & G. Unakitan, 2011. An economic analysis of canola production in Trakya region. Tekirdagd Ziraat Fakultesi
Dergisi, 8 (1): 75-80.

Mithiya, D., S. Bandyopadhyay & K. Mandal, 2021. The impact of price and non-price factors on area allocated to
oilseeds in India: An application of ARDL model. Applied Economics & Finance, 8 (4): 42-55.
https://doi.org/10.11114/aef.v8i4.5238

Narayan, P. & R. Smyth, 2005. Trade liberalization and economic growth in Fiji. An empirical assessment using the
ARDL approach. Journal of the Asia Pacific Economy, 10 D): 96-115.
https://doi.org/10.1080/1354786042000309099

Onder, K., 2017. Pamuk arzini etkileyen faktdrlerin panel veri ile analizi: 2000-2015. Eskigehir Osmangazi Universitesi
Iktisadi ve Idari Bilimler Dergisi, 12 (1): 83-98. https://doi.org/10.17153/oquiibf.298766

Ozgelik,._ 0. &S. Goksu, 2020. CDS primleri ve enflasyon oraninin, faiz oranlarina etkisi: Turkiye 6rnegi. Aksaray
Universitesi |ktisadi ve Idari Bilimler Fakdiltesi Dergisi, 12 (1): 69-78.

Ozkan, B. & S. Karaman, 2011. Acreage response for cotton regions in Tiirkiye: An application of the bounds testing
approach to cointegration. New Medit, 10 (2): 42-50.

Ozidogru, T. & B. Miran, 2015. Tirkiye'de farkl destekleme politikalarinin pamuk arzi {izerine etkileri. Tarim Ekonomisi
Arastirmalari Dergisi, 1 (2): 9-19.

Pesaran, M.H., Y. Shin & R.J. Smith, 2001. Bounds testing approaches to the analysis of level relationships. Journal of
Applied Econometrics, 16 (3): 289-326. https://doi.org/10.1002/jae.616

Phillips, P.C. & B.E. Hansen, 1990. Statistical inference in instrumental variables regression with | (1) processes. The
Review of Economic Studies, 57 (1): 99-125. https://doi.org/10.2307/2297545

Phillips, P.C. & P. Perron, 1988. Testing for a unit root in time series regression. Biometrika, 75 (2): 335-346.
https://doi.org/10.1093/biomet/75.2.335

Semerci, A., 2020. Canakkale ilinde kanola Uretiminin fonksiyonel analizi. Turk Tarim ve Doga Bilimleri Dergisi, 7 (1):
141-145. https://doi.org/10.30910/turkjans.680034

Semerci, A., 2022. Canakkale ili tarim igletmelerinde kanola uretiminin yeri ve &nemi. Journal on Mathematic,
Engineering and Natural Sciences (EJONS), 6 (21): 28-38. https://doi.org/10.38063/ejons.543

Shahbaz, M., Q.M.A. Hye, AK. Tiwari & N.C. Leitdo, 2013. Economic growth, energy consumption, financial
development, international trade and CO2 emissions in Indonesia. Renewable and Sustainable Energy Reviews,
25:109-121. https://doi.org/10.1016/j.rser.2013.04.009

Shahzad, M., A.U. Jan, S. Ali & R. Ullah, 2018. Supply response analysis of tobacco growers in Khyber Pakhtunkhwa:
An ARDL approach. Field Crops Research, 218: 195-200. https://doi.org/10.1016/j.fcr.2018.01.004

TURKSTAT, 2024a. Turkiye istatistik Kurumu, Bitkisel Uretim istatistikleri. (Web page:
https://biruni.tuik.gov.tr/medas/?locale=tr) (Date accessed: October 2023).

TURKSTAT, 2024b. Tirkiye istatistk  Kurumu, Bitkisel rlin  denge tablolarl. (Web page
https://biruni.tuik.gov.tr/medas/?locale=tr) (Date accessed: October 2023).

Unakitan G. & D.I. Abdikoglu, 2014. “Bugdayin arz duyarliigi: Trakya Bélgesi érnegi, 805-810”. XI. Ulusal Tarim
Ekonomisi Kongresi (3-5 Eylul 2014, Samsun) Bildirileri, 1736 s.

186


https://doi.org/10.1287/mksc.1040.0070
https://doi.org/10.1093/ajae/aav013
https://doi.org/10.1111/j.1468-0084.1990.mp52002003.x
https://doi.org/10.1111/j.1468-0084.1990.mp52002003.x
https://doi.org/10.11114/aef.v8i4.5238
https://doi.org/10.1080/1354786042000309099
https://doi.org/10.17153/oguiibf.298766
https://doi.org/10.1002/jae.616
https://doi.org/10.2307/2297545
https://doi.org/10.1093/biomet/75.2.335
https://doi.org/10.30910/turkjans.680034
https://doi.org/10.38063/ejons.543
https://doi.org/10.1016/j.rser.2013.04.009
https://doi.org/10.1016/j.fcr.2018.01.004
https://biruni.tuik.gov.tr/medas/?locale=tr
https://biruni.tuik.gov.tr/medas/?locale=tr

The effect of alternative product prices on production balance: Empirical findings on the production of oilseed crops in Tirkiye

Unakitan, G. & M.O. Azabagaoglu, 2017. “Analysis of sowing area-price relation on canola production, 434-439”. IV.
International Balkan and Near Eastern Social Sciences Congress Series (8-9 April 2017, Russe) Papers, 928 pp.

Uzundumlu, A.S., 2012. Tarim sektdriiniin tlke ekonomisindeki yeri ve énemi. Alinteri Journal of Agriculture Science,
22 (1): 34-44.

Unver, O. & H. Gamgam, 1996. Uygulamal Istatistik Yontemler. Siyasal Kitabevi, Ankara, 334 s.

Voss, D.S., 2005. “Multicollinearity, 759-770". In: Encyclopedia of Social Measurement. 1st Edition (Eds. K. Kempf-
Leonard). Elsevier, Texas, USA, 3000 pp.

Wagas, M., S. Ali, S.A. Shah & G. Ali, 2019. Supply response of unirrigated wheat in Khyber Pakhtunkhwa, Pakistan: ARDL
approach. Sarhad Journal of Agriculture, 35 (3): 902-912. https://doi.org/10.17582/journal.sja/2019/35.3.902.912

Yamak, R. & M. Késeoglu, 2006. Uygulamal istatistik ve Ekonometri. Celepler Matbaacilik, Trabzon, 152 s.

Yavuz, S., 2009. Hatalari ardigik bagimli (otokorelasyonlu) olan regresyon modellerinin tahmin edilmesi. Ataturk
Universitesi iktisadi ve idari Bilimler Dergisi, 23 (3): 123-140.

187


https://doi.org/10.17582/journal.sja/2019/35.3.902.912




How to cite: Janmohammadi, M., H. Kouchakkhani & N. Sabaghnia, 2024. The effect of
supplemental irrigation and exogenous application of glycine betaine on chickpea performance in semi-
arid region. Ege Univ. Ziraat Fak. Derg., 61 (2): 189-199, https://doi.org/10.20289/zfderqgi.1402726

Research Article
(Arastirma Makalesi)

Mohsen JANMOHAMMADI **
Hasan KOUCHAKKHANI *

Naser SABAGHNIA *

1 Maragheh University, Faculty of
Agriculture, Department of Plant Production
and Genetics, 83111-55181, Maragheh,
Iran

* Corresponding author (Sorumlu yazar):
mohsen_janmohammadi@yahoo.com

Keywords: Chlorophyll, drought stress,
evapotranspiration, pod number, rainfed,
water productivity

Anahtar sézcukler: Klorofil, kuraklik stresi,
buharlagma ve terleme, bakla sayisi,
yagmurla beslenme, su verimliligi

Ege Univ. Ziraat Fak. Derg., 2024, 61 (2):189-199
https://doi.org/10.20289/zfdergi. 1402726

The effect of supplemental irrigation and
exogenous application of glycine betaine on
chickpea performance in the semi-arid region

Yarn kurak bolgede ilave sulama ve ekzojen glisin
betain uygulamasinin nohut performansina etkisi

Received (Alinis): 10.12.2023 Accepted (Kabul Tarihi):04.05.2024

ABSTRACT

Objective: The objective of this study was to evaluate the effect of foliar spraying
of different concentrations of glycine betaine as an osmotic regulator and
supplemental irrigation under rainfed conditions on chickpea growth and yield.

Material and Methods: Simultaneous effects of foliar spray of glycine betaine (0
mM: GBy, 25Mm: GB,s, and 50 Mm: GBs) and different levels of irrigation (RF:
rainfed or no irrigation, Sl;: supplemental irrigation during flowering stage, Sl,:
two supplemental irrigations during flowering and podding, and FI: full irrigation)
were assessed on the morphophysiological characteristics of chickpeas under
field condition in the western part of Iran.

Results: The effect of S| treatments on the growth was much more noticeable
than GB foliar application. Utilization Sl, + GBys significantly improved chlorophyll
content, pod and seed number, hundred seed weight, and biological yield. Sl, and
Sl, increased grain yield by 30% and 62%, respectively, compared to RF conditions.

Conclusion: Taken together, two supplemental irrigation during flowering and
podding along with foliar spray of GBys as a reasonable management options
increased seed yield and the water use efficiency.

0z
Amagc: Bu calismada, dogal yetistirme kosullari altinda ozmotik duzenleyici
olarak farkli konsantrasyonlarda glisin betainin yapraklara uygulamasinin ve ilave

sulamanin nohutta blyime ve verim Uuzerindeki etkisinin degerlendiriimesi
amaglanmistir.

Materyal ve Yéntem: Iran'in batisinda tarla kosullarinda, yapraklara glisin betain
uygulamasinin (0 mM: GB,, 25Mm: GBys ve 50 Mm: GBs) ve farkli sulama
dizeylerinin (RF: yagmurla sulama veya sulamasiz, Sl;: ¢iceklenme déneminde
ek sulama, Sl.: cigeklenme ve bakla baglama déneminde iki ilave sulama ve Fl:
tam sulama), nohutun morfofizyolojik 6zellikleri Gizerindeki etkileri degerlendirilmigtir.

Arastirma Bulgulan: S| uygulamalarinin blyume uzerindeki etkisi, GB yaprak
uygulamasina gore ¢ok daha belirgin olmustur. Sl, + GBj,s kullanimi klorofil
icerigini, bakla ve tohum sayisini, yuz tane agirhigini ve biyolojik verimi énemli
olgltide iyilestirmistir. Sl; ve Sl,, RF kosullarina kiyasla tane verimini sirasiyla %30
ve %62 artirmistir.

Sonug: Sonuglar birlikte ele alindiginda, uygun bir yonetim secenegi olarak
ciceklenme ve bakla baglama déneminde iki ilave sulama ile GBs'in yapraga
uygulamasi, tohum verimini ve su kullanim etkinligini artirmigtir.
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INTRODUCTION

The Kabuli chickpea (Cicer arietinum L.) is one of the valuable legume crop and provides protein
needed by humans. The cultivated area of this plant in the world is around 15 million hectares and its annual
global production is 15.8 million tons. The main chickpea producer are India, Australia, Myanmar, Pakistan,
Turkey, and Iran. The amount of chickpea production in Iran is 168.142 tons and the cultivated area is 440
thousand hectares. In most of the countries that produce chickpea seed sown as rainfed crop in early
spring, and the growth of the plant depends on the water stored in the soil during the fall and winter seasons.
However, terminal water deficiency (during pod development phase) is one of the most important limitations
for growing this crop. Most of the areas under chickpea cultivation in Iran are located in cold and semi-arid
climates, which face extreme drought stress. This condition is aggravated in some years due to asymmetric
distribution or a decrease in total precipitation and causes a significant decrease in chickpea yield or makes
farming fail. In semi-arid areas due to shallow depth of agricultural soil, low soil organic matter, short high-
intensity rainfall, high runoff, low permeability of the soil, low water retention capacity in the saill,
inappropriate tillage, poor seedbed soil structure are some of the things that cause limited water storage
are among the things that cause limited water storage in the soil and increase the possibility of terminal
water stress (Doaei et al., 2020). In these areas, the intensity of drought stress varies from one season to
another and depends on factors such as planting date, rainfall distribution during the growing season, air
temperature, and the amount of moisture loss through evaporation and transpiration (Seleiman et al., 2021).
Although inherent and genetic resistance to drought at the end of the season plays an important role in the
amount of production in limiting conditions, the use of agricultural management to reduce stress in the
mentioned conditions is of great importance in determining the seed yield (Korbu et al., 2020). Some
agronomic management techniques such as planting dates, improving soil conditions and precise irrigation
schedules are the most effective factors (Phiri et al., 2023). In the mentioned areas, the available water for
irrigation is limited, and therefore, the use of full irrigation systems is not possible. This situation has become
more complicated in recent decades due to climate change and global warming. Therefore, maximizing
water productivity with accurate irrigation planning can be a suitable strategy for agricultural systems in
semi-arid regions (Nikolaou et al., 2020). Supplementary irrigation is a strategic management in rainfed
conditions, by providing a limited amount of water during the drought-sensitive period, causes the
continuation of plant growth, and stabilizes production. This solution is done during dry spells and when the
amount of moisture provided by rain is insufficient. Oweis et al. (2004) showed that the use of supplementary
irrigation of around 200 mm during the growing season in Syria significantly improved chickpea yield, due
to less moisture loss (ET) during the early growing season water use efficiency considerably increased as
compared to full irrigated conditions and improved yield stability over years. However, water use efficiency
decreased in supplementary irrigation conditions compared to rainfed conditions. The usefulness of
supplementary irrigation is strongly influenced by the climate and the type of plant and needs to be
evaluated for different regions. Singh et al. (2016) reported that the consumption of 75 mm of water under
rainfed chickpea fields as supplementary irrigation before the start of reproductive growth and during the
podding stages, respectively, increased the yield by 59% and 73% compared to the condition without
irrigation. In addition, it seems that the external application of some growth stimulants and stress relievers
in semi-arid areas can improve growth, reproductive characteristics, and final yield.

Glycine betaine (GB) is one of the derivatives of amino acids, it is soluble in water, non-toxic, and it is
naturally synthesized in some plants, including sugar beet (Clendennen & Boaz, 2019). GB plays a role in
processes such as osmotic regulation (as an osmotic regulator), and protection of photosystem Il. Investigations
indicate that the external application of GB can reduce the biosynthesis of reactive oxygen species (ROS)
by stimulating the expression of antioxidant genes and preventing the occurrence of secondary oxidative stress
(Giri, 2011). However, there have not been many studies on the consequences exogenous application of
GB under supplementary irrigation in chickpea as a low-water crop. Therefore, a study was conducted and
the objective of this study was to explore the effects of the external application of GB in rainfed conditions
and supplementary irrigation on the growth characteristics and yield performance chickpeas.
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MATERIALS and METHODS

A field trial was designed and carried out during the year 2020-2021 in Razen Hamedan region in
the west of Iran (35.39°N, 49.03°E, altitude of the area 1810 m) for investigate the effects of SI and GB
foliar spraying under rainfed condition on chickpea growth and yield. Based on the Képpen-Geiger climate
grouping, the region is cold and semi-arid in terms of climate and has predominant winter and spring rains
(early and middle months). Some meteorological information during the growing period are tabulated in Table 1.
Before the planting season, a suitable piece of land was selected that represented the conspicuous
characteristics of rainfed areas in mentioned region. 10 t ha of rotted manure was integrated with the soil
during the autumn season along with the initial chisel plowing. At the time of planting, 60 kg ha? of
ammonium phosphate was used. Each experimental unit was 3 x 3 m included 10 planting lines with 30
cm between rows and a 10 cm in-row spacing. To avoid the effects of moisture leakage, a distance of 2
meters was considered between the main plots and between the experimental blocks. Seed planting was
done manually on March 16, 2021, at a depth of 5 cm. The subplots were assigned to different concentrations
of glycine betaine (0, 25, and 50 mM).

Cultivar Filip 93-93 was obtained from Dryland Agricultural Research Institute (DARI), Maragheh,
and used for this experiment. Compared to native cultivars, this variety has a higher yield is resistant to
Ascochyta blight, and has a suitable growth pattern for mechanized harvesting. The field soil was clay loam
and its chemical properties were pH 7.63, total nitrogen content 0.13%, calcium carbonate content 13.6%,
electrical conductivity 1.23 dS m%, organic carbon content 0.39%, absorbable phosphorus 8.037 ppm, and
absorbable potassium 198 ppm.

Table 1. Meteorological data recorded in the studied area during the chickpea growing season
Cizelge 1. Calisma alaninda nohut yetistirme mevsimi boyunca kaydedilen meteorolojik veriler

March April May June July
Relative humidity (%) 59 61 48 39 41
Average of minimum temperature (°C) 5.6 7.4 13.2 15.8 19.2
Average of maximum temperature (°C) 114 18.3 24.6 29.7 31.4
Average of temperature (°C) 8.55 12.85 18.9 22.75 25.3
Sunny hours per month 2273 2458  308.9 342.5 337.8
Total evapotranspiration (mm) 65.2 114.5 184.3 257.6 286.2
Total rainfall (mm) 349 61.1 22.1 2.3 3.6

This study was conducted as a split-split plot arrangement based on a Randomized Complete Block
Designs with five replications. Each block was divided into four main plots, and the irrigation treatment were
randomized to them. The irrigation levels were FI: Full irrigation up to the field capacity (FC) and repetition
of the irrigation with 30% moisture depletion, RF: rainfed farming or cultivation without irrigation and relying
on rainfall, Sli: application of supplemental irrigation in the early flowering stage of chickpeas, Slz:
application of supplemental irrigation in the flowering stage and during podding stage. Irrigation was done
through polyethylene pipes and drip tape system. The foliar application of different concentrations of glycine
betaine were then randomized to 3 mx3 m sub-plots in each main plot. Sub-plots were assigned to 0, 25,
and 50 mM of glycine betaine. For 0 mM of glycine betaine concentration, distilled water was sprayed.
Volumetric meters were used to measure the amount of water. Glycine betaine (CH3)3N*CH2COO") was
obtained from Sigma-Aldrich Company and was used externally by spraying on the shoot and leaves during
the vegetative (V5) and reproductive stages (R1 and R5). The amount of foliar spraying was enough to wet
the entire plant. The total water consumption for Sli1, which was done at the beginning of the bloom stage
(fully open flower) in some plants, was 200 mm. However, Sl was performed at the stage of full bloom
stage (R2) and early seed development (R5), and the total water consumption in this treatment was 300
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mm. Under the conditions of full irrigation, the experimental plots were irrigated up to the field capacity, and
the amount of water consumption was calculated as follows (Hasanuzzaman et al., 2016).

WR= (SFC x SM) xBD x RD

Where; WR is the required water amount (mm) during the irrigation, SFC: is the selected field capacity
percentage, SM: is soil moisture content before irrigation (through gravimetric method), BD: is soil bulk
density g/cm3, RD: is the rooting depth (according to the investigations carried out in the region, a fixed
number of 60 cm was considered for chickpea).

To estimate the total water consumption (TWC) during the growing season the equation soil moisture
balance was used as below, which included the difference between inputs of water and losses of water
(Reddy, 1983).

TWC= P+ | — DR+ (AMC)

Where, P refers to the amount of rainfall during the five-month growing season, March through July
(mm), | is the amount of water consumed during irrigation (mm), DR: water removed from roots environment
due to gravity and called drainage water. AMC refers to the difference in soil moisture at the beginning and
end of the season. According to the suggestion of Oweis et al. (2004) due to the relatively low amount of rainfall,
the type of applied irrigation system, the absence of surface runoff, the type of field soil, and it is impossible
to replace the lost moisture through rainfall and irrigation, the amount of drainage water was ignored.

To evaluate the content of chlorophyll as the most important photosynthetic pigment, a portable and
non-destructive SPAD Chlorophyll Meter (SPAD-502Plus, Japan) was used non-destructively for the upper
leaves during the R5 stage (pods had reached their final size).

To measure the height of the plant, and the number of pod and seeds per plant, in the physiological
maturity stage, 10 plants were arbitrarily chosen, harvested and counted. The biological yield was
measured for 2 m? randomly selected using a quadrat and after harvesting, they were dried in an oven at
the temperature of approximately 75°C for 24 h. Also, the weight of 100- seeds was randomly obtained in
each experimental unit after counting and weighing. After separating the seeds, the yield of seeds per
surface unit was calculated and then the yield per hectare was calculated. Seed protein percentage was
determined using a near-infrared seed analyzer (zeltex, USA) in the physiological maturity stage. The grain
or biomass water use efficiency was calculated through the ratio of grain (WUEQ) or biomass (WUEDb) to
total water consumption (TWC).

The gathered data were subjected to analysis of variance with SAS 9.4 software. One-way analysis
of variance was achieved and themodel using proc glm with split-plot design to test the effects of irrigation
and foliar spray of glycine betaine on chickpea growth characteristics. Comparison of average data was
done using LSD test at 5% level. Box plots were drawn with STATISTICA 10 software.

RESULTS and DISCUSSION

The evaluation of plant height at the end of the growth period indicated that this trait was only affected
by irrigation levels. The height of plants grown under RF conditions was 26% lower than the height of plants
grown under FI conditions. Although the application of one time supplementary irrigation increased the
height of plants compared to RF conditions, this increase was not significant (7%). However, applying twice
supplementary irrigation (Sl2) increased plant height by 25% compared to RF conditions, and these plants
were only 6% shorter than plants grown under IF conditions (Table 2).

Plant height is influenced by the interaction between hormones, especially auxin, and the process of
cell elongation. Absence of water as the main driver of cell growth on the one hand and possibly the
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reduction of auxin biosynthesis under drought stress conditions (Pandey & Shukla, 2016) on the other hand

are among the factors that caused the reduction of plant height under RF and Sli conditions. The soil

moisture regime strongly affected the length of the development period and the number of days until

physiological maturity. In IF conditions, the longest growth period was recorded, and the plants grown in

RF conditions were 14% less than IF conditions.

Table 1. Growth characteristics and seed yield components of Kabuli chickpea (Cicer arietinum L.) under different supplementary
irrigation and foliar application of glycine betaine

Cizelge 1 Kabuli nohutunun (Cicer arietinum L.) farkh ek sulama ve yapraktan glisin betain uygulamasi altinda biyime &zellikleri ve
tohum verimi bilesenleri

PH DM CHL Cw SNP BY WUEs SY HI
GBo 32.6£2.32% 100.3+1.10% 57.4+1.32° 30.9+3.14¢ 34.8+3.11% 5824.0+87.2° 7.28+0.12' 1186.0+11.54¢ 20.3+0.31°
FI GB2s 32.56+1.46° 106.2+2.06" 64.0+2.03% 32.6x1.76% 39.4+4.62° 6072.6+63.4% 7.77+0.16" 1229.0+24.50% 20.2+0.46
GBso 32.5+2.64% 110.0+1.33% 61.0+1.26° 33.8+£1.02% 35.2+1.02° 5968.0+79.8" 7.77+0.12" 1250.0+18.92° 20.9+0.13%
GBo 23.6£1.40° 89.2+1.069 44.6+0.22° 21.3+3.51" 24.2+1.82" 3573.0+£126.2¢ 13.75+0.35° 598.4+34.10" 16.7+0.25"
RF GB2s 23.2+#1.71° 87.8+0.56%" 41.3+1.669 25.0+1.789 24.3+2.53" 3760.4+£45.7 14.86+0.44° 647.4+26.6" 17.2+0.179"
GBso 25.8+1.14° 95+0.89° 48.7+3.46° 24.9+0.889 23.0£1.81" 3866.4+£57.9' 15.37+0.49% 601.8+39.72' 15.5+0.42'
GBo 26.5+0.96° 99.4+1.02° 53.9+1.37¢ 27.0+1.03° 27.5£2.21% 4277.2+135.6" 9.82+0.22" 841.4+16.30 19.6+0.46%
Sh GBas 26.9+1.52° 96.2+1.13% 54.3+0.49° 27.8+1.68° 28.6+1.85°% 4513.0+92.49 10.50+0.13% 858.4+11.365' 19.0£0.32'
GBso 26.5+1.16° 94.0£0.73 57.8+0.87¢ 26.3+1.35'9 28.1+1.71f 4728.8+67.91" 10.90+0.42¢ 835.2+21.34" 17.6x0.37¢
GBo 27.4+3.21° 97.00.95¢ 52.5+1.03¢ 31.3+1.58° 30.3+1.42° 5081.6+27.9° 9.03£0.16¢ 978.0£19.012° 19.2+0.14°
Sl GBas 31.3+1.90% 86.4+0.87" 57.4+1.40° 32.4+0.45> 32.4+0.62% 5320.0+114.5¢ 10.08+0.21°' 1052.6+25.67¢ 19.7+0.22%
GBso 32.56+3.17% 106.2+1.53° 64.0+2.29% 31.12+1.78% 30.1+0.33° 5157.6+75.2° 9.08+0.15% 1047.8+20.52¢ 20.3+0.35"
Statistical significance
I *k * *k *k *k *k *k *k *k
GB NS NS * - o * NS ok ok
Ix GB NS NS *k * NS * ok ok ok

FI: full irrigation, RF: rainfed condition without irrigation, Sl;: application of supplementary irrigation in the early flowering stage, Sl,:
application of supplementary irrigation in the flowering stage and during podding stage, GB,: GB,: sprayed with distilled water (control),
GB_s: foliar application of 25 Mm glycine betaine , GBso: foliar application of 50 Mm glycine betaine, HP: the height of the plant (cm),
CHL: chlorophyll content in upper leaves (SPAD unit), CW: canopy width (cm),SNP: seed number per plants, BY: biological yield (kg
hal), WUE,: Water-use efficiency for biological yield (kg ha* mm), SY: seed yield (kg hal), HI: harvest index (%).The numbers
represent the mean + standard error NS: statistically not significant, * and ™: significant at 0.05 level and significant at 0.01 level,
respectively. In each attribute, the means with the same letters do not have statistically significant differences.

It seems that under unfavorable conditions, plants try to speed up its growth process with internal
planning to ensure survival, and this may be associated with the early onset of aging. This trend could be
justified by the decrease in chlorophyll in IF and SI1 conditions. Chlorophyll as one of the important and
key pigments of photosynthesis is sometimes referred to as the ability of the photosynthetic apparatus. The
interactions of IxGB were significant for this pigment. Comparing the averages showed that foliar spraying
of GB2s under FI conditions and foliar spraying of GBso under SI2 caused a significant increase. The lowest
amount of chlorophyll was observed under RF and GBso. Despite the fact that the external application of
GBzs and GBso in the conditions of one-time supplementary irrigation caused an increase of 2% and 7%
compared to no application, the greatest effect on the content of this pigment was recorded in the conditions
of two supplementary irrigations with the application of GBso, which compared to the condition without foliar
application, it improved the amount of chlorophyll by 22%. The results about the chlorophyll content are in
agreement with the ones obtained by Ibrahim et al. (2023) conclusions which indicated that drought stress
significantly decreased chlorophyll content and GB foliar spry mitigated the effects of drought stress to a
significant extent. The change in chlorophyll content by available oil soil moisture and its improvement by
GB can reflect the photosynthetic capacity of leaves. These changes can be caused by increasing the
biosynthesis of chlorophyll under foliar application conditions and reducing the degradation through
increasing the scavenging capability of reactive oxygen species (Yang et al., 2023).

Canopy width was affected by GB foliar application and irrigation levels. The decrease in the amount
of available water under RF conditions caused a significant decrease in lateral canopy growth, and plants
grown under RF had 28% less canopy width than plants grown under FI conditions (Table 2). However, the
application of GB showed its greatest effect on canopy width under RF conditions and the application of
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GB2s and GBso increased lateral growth by 17% on average compared to the control. The largest canopy
was obtained under FI + GBsp (33.89 cm). Foliar spraying under Sl conditions did not have much effect on
lateral growth. This verifies the results obtained by Salama (2022), who reported that foliar spray of GB
increased canopy growth of Sweet pepper when compared with intact plants.

Examining the number of pods per plant showed that the interaction effects of FIXGB was significant
for this trait (P < 0.01). The mean comparison showed that the highest number of pods was for plants grown
in FI + GB2s conditions. The lowest number of pods per plant was recorded under RF conditions (20.81),
which was 53% less than plants grown under FI conditions. However, applying one and two supplemental
irrigations improved the number of pods per plant by 18% and 28%, respectively. However, GB2s foliar
application could increase this component only under FI and Slz conditions (Figure 1).
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Figure 1. Evaluation of the number of pods in chickpea plants grown under different irrigation conditions and sprayed with different
concentrations of glycine betaine. FI: full irrigation, RF: rainfed condition without irrigation, Sl;: application of supplementary
irrigation in the early flowering stage, Sl,: application of supplementary irrigation in the flowering stage and during podding
stage, GBy: sprayed with distilled water (control), GB,s: foliar application of 25 Mm glycine betaine, GBso: foliar application of
50 Mm glycine betaine. Boxes with the same letters do not have statistically significant differences (P < 0.05).

Sekil 1. Farkli sulama kosullarinda yetistirilen ve farkli konsantrasyonlarda glisin betain uygulanan nohut bitkilerinde bakla sayisinin
degerlendiriimesi. Fl: tam sulama, RF: sulamasiz yagmur sulariyla yapilan yetistiricilik kosulu, Sl;: erken ciceklenme
asamasinda ek sulama uygulamasi, Sl: giceklenme asamasinda ve bakla baglama asamasinda ek sulama uygulamasi, GBy:
distile su uygulama (kontrol), GB,s : 25 Mm glisin betain'in yapraktan uygulanmasi, GBsy: 50 Mm glisin betain'in yapraktan
uygulanmasi.

Number of pods per plant
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Seed number per plant also had a relatively similar response against the investigated treatments.
Foliar application of GB2s under FI conditions increased the number of seeds per plant by about 13%
compared to control conditions (no foliar GB application). Also, foliar application of GB2s under Sl2 conditions
increased this component by 7% compared to the control. However, in other irrigation regimes, the application
of GB could not have a positive effect. The findings showed that the investigated treatments have affected
the source-sink Relationships. Number of sinks in chickpeas was highly dependent on moisture supply. It
seems that the application of GB under optimal soil moisture conditions has shown its positive effect through
increasing the supply of photoassimilates, increasing the ability to transform primordia into yield components
and improving the photoassimilate partitioning to reproductive organs (Rani et al., 2020).The interaction
effect was significant for the weight of 100-seeds (P < 0.01), the highest seed weight was recorded under
FI+GBo and FI+GB2s conditions. However, use of GBso in FI conditions reduced the seed weight by 6%.
Under RF conditions foliar application of GBso increased seed weight by 4%. Furthermore, foliar application
of GBso under Sl1 conditions did not result in any increase in seed weight, but foliar application of GB2s caused
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a 3% increase in seed weight. Spray by GB2s and GBso caused an increase of 5% and 3%, respectively, in
the weight of 100-seeds (Figure 2). Seed weight in grain legumes is influenced by cell divisions in the
cotyledons, grain filling rate and supply of current photoassimilates and remobilization and redistribution of
stored carbohydrates from vegetative parts (Ayaz et al., 1999). Considering the greater contribution of the
remobilization process in the chickpea grain filling, the effect growth regulators on seed weight can be
attributed to the increase of translocation of stored photoassimilates to growing seeds (Sreenivasulu &
Wobus, 2013). However, GB improved the chlorophyll content and greenness continuity under favorable
moisture conditions and hence can increase the portion of current photosynthesis in seed filling.
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Figure 2. Mean comparisons of 100- seed weight of chickpea plants grown under different moisture conditions and foliar spraying
with different concentrations of glycine betaine. FI: full irrigation, RF: rainfed condition without irrigation, Sl,: application of
supplementary irrigation in the early flowering stage, Sl,: application of supplementary irrigation in the flowering stage and
during podding stage, GBy: sprayed with distilled water (control), GB_s: foliar application of 25 Mm glycine betaine, GBsg: foliar
application of 50 Mm glycine betaine.

Sekil 2. Farkl nem kosullarinda yetistirilen ve farkli konsantrasyonlarda glisin betain ile yapraga uygulamasinin nohut bitkilerinin 100
tohum agirhginin ortalama karsilastirmalari.
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The highest amount of biological yield was recorded under + GBso conditions (6072 kg ha) and the
lowest amount under GBO + RF conditions (3573 kg ha!). The spray of GB2s and GBso under RF conditions
increased the biological yield by 6% and 9%. Application of one and two supplementary irrigation in rainfed
conditions increased the biological yield by 20% and 39%, respectively. A similar conclusion was reached
by Pasandi et al. (2014). Assessment of water-use efficiency for biological yield (WUEy) indicated that the
highest WUE was recorded under RF+GBso conditions with a value of 15.37 kg ha'! mm?, while the lowest
WUE) was obtained under FI conditions. Foliar application of GBso under Sl: conditions increased WUEy
by 11%. Foliar spraying with low concentrations of GB under Sl2 conditions increased WUEp by 12%. The
effect of GB on the improvement of WUEn can be attributed to the improvement of photosynthesis and the
increase of vegetative growth of the plant through mitigating the effects of water deficit. The outcomes of
the present experiment are consistent with those of Oweis et al. (2004) who indicated that use of supplementary
irrigation reduces the WUEb. Although it also increases vegetative growth and biological yield. The evaluation
of grain yield showed that the highest yield was obtained under FI+GBso and FI+ GB2s conditions (1250 and
1229 kg hal) and the lowest yield was recorded for plants grown under RF+GBo (598 kg hat). Using 600 mm
of irrigation water under FI conditions increased the yield by 100% compared to non-irrigated conditions.
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Although foliar application of GB increased the grain yield, the effectiveness of GB2s was more
prominent than other levels. Using one and two times of supplemental irrigation in rainfed conditions
improved the grain yield by 37% and 66%, respectively. These results emphasize the necessity of using
supplemental irrigation for chickpea fields in the studied area. The highest water-use efficiency for grain
yield (WUEQ) was obtained under RF+GB2s conditions (2.55), and the lowest WUEQg was recorded for plants
grown under FI+GBo conditions (1.48 kg ha mm). Comparisons of WUEg between different levels of
irrigation indicated that with one and two supplementary irrigations under rainfed conditions, the amount of
water use efficiency decreased by 19% and 23% (Figure 3).
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Figure 3. The means comparison of water-use efficiency for grain yield in chickpea plants grown at different levels of irrigation and
sprayed with different concentrations of glycine betaine. FI: full irrigation, RF: rainfed condition without irrigation, Sl;:
application of supplementary irrigation in the early flowering stage, Sl,: application of supplementary irrigation in the flowering
stage and during podding stage, GB,: sprayed with distilled water (control), GB,s: foliar application of 25 Mm glycine betaine,
GBsy: foliar application of 50 Mm glycine betaine.

Sekil 3. Farklh sulama seviyelerinde yetistirilen ve farkli konsantrasyonlarda glisin betain uygulanan nohut bitkilerinde tane verimi igin
su kullanim verimliliginin karsilastiriimasi

Foliar spray of GB2s under RF and Sl significantly improved WUEg. Similarly, the highest harvest
index was also observed under FI + GBso conditions, and the plants grown in non-irrigated conditions had
the lowest harvest index. The effect of irrigation on the harvest index was much noticeable than foliar spray
of GB. The highest seed protein content was recorded under GBso+ Sl2 conditions, and the plants grown
under full irrigation conditions and without foliar application of GB showed the lowest amount of protein
(Figure 4). It is interesting to note that under supplementary irrigation conditions the use of high
concentrations of GB caused a significant increase in seed protein. These results further approve the idea
of increasing or stimulating the allocation of nitrogenous compounds from the vegetative parts to the filling
seeds under drought stress conditions increases the percentage of seed protein (Samineni et al., 2022).
However, recently Benali et al. (2023) reported that severe drought stress can reduce seed protein content
through disruption of seed growth processes and re-supply of nitrogenous compounds.
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Figure 4. The effect of external application of glycine betaine in different supplementary irrigation conditions on chickpea seed protein
percentage. FI: full irrigation, RF: rainfed condition without irrigation, Sl;: application of supplementary irrigation in the early
flowering stage, Sl,: application of supplementary irrigation in the flowering stage and during podding stage, GB,: sprayed
with distilled water (control), GB.s: foliar application of 25 Mm glycine betaine, GBs: foliar application of 50 Mm glycine betaine.

Sekil 4. Farkl sulama kosullarinda glisin betain harici uygulamasinin nohut tohumu protein ylizdesine etkisi.

The principal component analysis related to the effects of the investigated treatments is depicted in
Figure 5. The first component was able to distinguish the optimal moisture conditions (FI and Sl2) that had
the best effect on growth and yield components. The second component was also able to separate the best
effective combined treatment on growth characteristics such as FI+GBso, Sl2+GBso, Sli+GB2s from other

treatments.
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Figure 5.Principal component analysis (PCA) plot from the first 2 PCs. Fl: full irrigation, RF: rainfed condition without irrigation, Sl:
application of supplementary irrigation in the early flowering stage, Sl,: application of supplementary irrigation in the flowering
stage and during podding stage, GB,: sprayed with distilled water (control), GB,s: foliar application of 25 Mm glycine betaine,

GBso: foliar application of 50 Mm glycine betaine.

Sekil 4. ilk 2 PC'den temel bilesen analizi (PCA) grafigi.
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CONCLUSIONS

The results obtained from the study showed that due to the insignificant amount of rainfall during
the season and insufficient soil moisture reserves, the rainfed cultivation of chickpeas resulted in a low and
unacceptable yield. Applying two supplementary irrigation during flowering and podding stages increased
grain yield by 60% compared to rainfed conditions. Although foliar application of GB compared to irrigation
levels had a negligible effect on the studied traits, low concentrations of GB under moisture limited
conditions stimulated vegetative growth and improved some yield components. The impact of GB was more
evident under favorable soil moisture conditions than rainfed conditions. Application of two supplementary
irrigation (Sl2) could significantly improve chlorophyll content, seed yield, water use efficiency and harvest
index compared to rainfed conditions. Even though the amount of water consumed under the Sl2 condition
was half of the full irrigation condition, an acceptable grain yield was produced and this irrigation program
saved 300 mm of water. The amount of water saved is very important from the aspects of subsequent crop
management, irrigation traffic, and limited available water resources for full irrigation systems. The current
results emphasize the use of precise and reduced irrigation methods instead of full and conventional
irrigations. It can be stated that considering the worsening of the problem of water shortage due to climate
change, it seems necessary to investigate the effect of supplementary irrigation methods during different
stages of development and with different irrigation volumes.
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0z
Amag: Kinoa (Chenopodium quinoa Willd.) dretiminde 6nemli verim ve kalite

kayiplarina neden olan yabanci otlarin kontroli amaciyla farkli aktif maddeli
herbisitlerin etkinligi arastiriimigtir.

Materyal ve Yontem: arastirma 2020 yilinda yiritilmis ve Calismada tgl ekim
oncesi (Lenacil (L), Chloridazon (C), S-metolachlor + Benoxacor (SMB) ve ugu
¢lkis sonrasi  (Haloxyfop-R- Methyl-Ester (HM), Fluazifop-p-butyl (F),
Ethofumasate+ Phenmedipham + Desmedipham +Lenacil (EPDL)) olmak lzere 6
farkli aktif maddeli herbisit kullaniimigtir.

Arastirma Bulgulari: Deneme alaninda 5 familyaya ait toplamda 9 yabanci ot tir
tespit edilmistir. Yapilan degerlendirmelerde herbisitlerin yabanci ot populasyonu
Uzerine etkilerinde genel olarak degerlendirme slreleri boyunca artis
gbzlemlenmistir. Calisma sonucunda herbisitlerin yabanci ot populasyonu Uzerine
etkileri %16.25 ile %83.75 oranlari arasinda degisiklik gostermistir. Calismada en
yliksek yabanci ot kuru agirhgi tizerine yizde etki SMB (%85.71) herbisitinde elde
ediimistir. L ve EPDL herbisitleri kinoaya fitotoksik etki gosterip verimi biyiik oranda
dusurmustir. C ve SMB herbisitleri ise kismen kinoada fitotoksik etkiye neden
olmuslardir. En yiiksek biyolojik verim 1005.60 kg/da ile yabanci otsuz kontrol
parselinden elde edilmistir.

Sonug: Kullanilan herbisitler yabanci otlar Gzerinde etkili olmalarina ragmen, bazi
herbisitlerin kinoada fitotoksik etkiye neden oldugu ve verimi distrdigu
gorulmustur.

ABSTRACT

Objective: The objective of this study was to investigate the effectiveness of
herbicides with different active ingredients to control weeds that cause significant
yield and quality losses in quinoa (Chenopodium quinoa Willd.) production.

Material and Methods: The study was conducted in 2020 and three were pre-
planting (Lenacil (L), Chloridazon (C), S-metolachlor+ Benoxacor (SMB)) and three
were post-emergence (Haloxyfop-R- Methyl-Ester (HM), Fluazifop-p-butyl (F),
Ethofumasate + Phenmedipham + Desmedipham + Lenacil (EPDL)) herbicides
with 6 different active ingredients were used.

Results: A total of 9 weed species belonging to 4 families were detected in the trial
area. It was observed that during the assessment periods, the effects of herbicides
on the weed population generally increased over time. As a result of the study, it
was found that the effects of herbicides on the weed population varied between
16.25% and 83.75%. The study revealed that the herbicide SMB yielded the most
significant impact on weed dry weight, demonstrating an effectiveness of 85.71%.
The L and EPDL herbicides had a phytotoxic effect on quinoa and greatly reduced
the yield. C and SMB herbicides partially caused phytotoxic effects on quinoa.

Conclusion: The highest biological productivity was obtained from the weed-free
control plot with 1005.60 kg/da. Although the herbicides used were effective on
weeds, it was observed that some herbicides caused phytotoxic effects on quinoa
and reduced the yield.
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GiRiS

Altin tahil (Angeli et al., 2020; Sevindik vd., 2021) olarak adlandirlan kinoa (Chenopodium quinoa
Willd.) Amaranthaceae familyasina ait tek yillik bir bitki olup (Egritas vd., 2020), ekimi, MO 5000'den MO
3000'e uzanan Giiney Amerika And Daglari kokenlidir. Zengin protein icerigi ve esansiyel amino asitlerin
dengesi nedeniyle insanlar tarafindan tiiketimekte olup (Jancurova, 2009), inka uygarh@inin tarihi
boyunca kutsal bir gida olarak kabul edilmektedir (Jacobsen, 2003; Repo-Carrasco et al., 2003; Gonzalez
et al., 2015; Navruz-Varli & Sanlier, 2016). YlUksek besin degeri ile dikkat ¢ceker ve daha da 6nemlisi
hava, iklim ve toprak kosullarina karsi olduk¢a dayanikli bir bitkidir (Navruz-Varli & Sanlier, 2016). Kinoa
2021 yiinda dinyada 191.676 ha alana ekilip, 147.038 ton Uretilmistir (FAO, 2023). Gida ve Tarim
Orguti'nun (FAO) belirledigi degerlere yakin degerleri ve insan yasami igin gerekli tim amino asitleri
saglayan birka¢ bitkiden biridir ve 06zellikle lizin bakimindan fakir tahil proteinlerinin aksine kinoa
proteinleri yuksek kaliteli proteinler olarak kabul edilmektedir (Jancurova, 2009). Kinoa bitkisi tohumun
zengin protein, mineral, vitamin, linolenate ve dogal antioksidant yag iceriginden dolay! (Repo-Carrasco
et al., 2003; Navruz-Varli & Sanlier, 2016; Angeli et al., 2020; Sevindik vd., 2021), insan gidasi olarak
yaygin bir sekilde kullanilmasinin yaninda, sigir, domuz veya kimes hayvanlari gibi iftlik hayvanlarinin
beslenmesinde de zengin bir besin kaynagi olarak (Bhargava et al., 2006), ayrica sanayide kinoa
tohumlari un haline getirilerek insanlarin tikettigi ¢esitli Grlnlerin yapiminda bunun yaninda bitki ve tohum
kabuklarinda bulunan saponin maddesi sabun, deterjan, sampuan, yangin sénduricd, ilag ve kozmetik
uranleri yapiminda kullanilir. Ayrica Gliney Amerika’da yerli halk arasinda ¢camasir deterjani olarak ve cilt
yaralanmalarinin iyilestiriimesine yardimci antiseptik olarak kullaniimaktadir (Tan & Temel, 2019).
Ozellikle son zamanlarda Amerika Birlesik Devletleri, Avrupa ve Asya'da bu Uriine olan ilgi artmigtir.
Kinoa, FAO tarafindan gelecek yizyilda gida guvenligi saglayacak urlnlerden biri olarak segilmigtir
(Jacobsen, 2003). Kinoa, mense bdlgelerinde geleneksel olarak disik verimli bir Grin olmasina ragmen,
yukarida belirtilen faydalarina ydnelik artan talep, Uretimin artmasina neden olmustur. Fakat kinoa
Uretiminde verim ve kaliteyi dislren etmenler bulunmaktadir (Tan & Temel, 2019). Bu etmenlerin basinda
yabanci otlar gelmektedir (Jacobsen et al., 2010; Kirgeg, 2018; Merino et al., 2020; Tan & Temel, 2019).

Yabanci otlar diger kultur bitkilerde oldugu gibi (Glincan & Karaca, 2018; Alptekin & Gurbiz, 2022;
Alptekin ve ark., 2022, 2023; Dogru & Kitis, 2023) , kinoa da sinirlayici bir faktérdir; su, besin maddeleri
ve isik gibi faktorler igin rekabet ettikleri icin verimi dogrudan etkilerler (Merino et al., 2020). Bununla
birlikte, yabanci ot midahalesi yalnizca Grin verimini etkilemekle kalmaz, ayni zamanda bitkiler iginde
onemli iglevleri yerine getiren bitki ikincil metabolitlerinin miktarini da degistirir (Olivoto et al., 2016).
Ayrica kinoa da yabanci otlar ile micadele edilmediginde protein igeriginin dustugu ve yabanci otlar
kontrol edildiginde ise dnemli 6lglide arttigi bildirilmigtir (Jacobsen et al., 2010). Kinoa erken dénemde
toprak ylzeyinde yeterli bir gélgeleme yapamadigindan yabanci otlarla rekabet gtict oldukga dusuktir.
Dolayisiyla bu dénemde yabanci ot kontroli olduk¢ga dnem arz etmektedir (Tan & Temel, 2019). Kinoa
tariminda yabanci otlara karsi etkili bir micadelenin yapilmasi gerekir. Aksi taktirde yabanci otlar verimi
dislrmekte ve Urline karisarak pazar dederini azaltmaktadir. Ekim oncesi temiz bir tohum yatagi
hazirlamak ve ¢ikis 6ncesi herbisitler kullanmak ilk akla gelen miicadele yontemleridir. Kinoa genis
alanlarda ekildiginden sira Uzeri yabanci otlarin gapalanmasi pratik ve ekonomik degildir. Bu nedenle
cikis sonrasi sira Uzerlerindeki yabanci otlar icin herbisit kullanmak en pratik ¢ozimdur (Egritas vd.,
2020). Tuusis (2020), kinoa bitkisinin yabanci otlara iyi bir rakabet gict olmadidi igin yabanci otlarin
kontrol edilmesinde herbisitlere ihtiya¢ duyuldugunu belirtmigtir.

Yabanci otlar, kinoanin verimini artirmasinin éniindeki en blylk engeldir. Hali hazirda, kinoa
yetistiriciliginde ¢ikis sonrasi yabanci ot kontroli igin dikkate deger bir arastirma ve kullanilabilecek uygun
herbisitler bulunmamaktadir (Abbaspoor, 2022). Ulkemizde heniiz yaygin olarak tarimi yapilmayan,
ancak ilerleyen zamanlarda yayginlasacagi dusunulen kinoada bulunan yabanci otlarin micadelesinde
kullanilabilecek herbisitlerin tespiti icin genis ¢apli arastirmalarin ve denemelerin yapilmasi gerektigi
gorilmektedir (Kirgeg, 2018). Bu galismanin amaci kinoada ekim &ncesi ve ekim sonrasi herbisitlerin
yabanci ot populasyonu, yabanci ot kuru agirlidi ve kinoa verimi tUzerine etkilerini belirlemektir.
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MATERYAL ve YONTEM

Aragtirma Igdir Universitesi Tarimsal Uygulama ve Arastirma Merkezinde (39°55'45.6"N 44°05'42.3"E)
2020 yihinda ydurutilmastir. Deneme alaninin toprak analizleri igin ekim 6ncesi 0-30 cm derinlikten deneme
alanini temsil edecek sekilde yeterli miktarda toprak érnekleri alinmistir. Deneme alaninin toprak 6zellikleri; pH
(7.9), tekstur: killi tinli, kire¢ (%11.32), P20s (0.8 kg/da), K20 (9.28 kg/da), organik madde (%1.8) ve toplam tuz
(%2) olarak bulunmustur. Calismanin yaratildigu aylara ve uzun yillar ortalamasina (1941-2020 yillari) ait
iklim verileri Cizelge 1’de, galismada kullanilan herbisitler ve genel 6zellikleri Cizelge 2’de sunulmustur.

Cizelge 1. Calismanin yurutildagu 2020 yilinda aylara ait ve uzun yillar (1941-2020) ortalamasi (UYO) iklim verileri
Table 1. LTP (1941-2020) climate data for the months in 2020

Aylar Ortalama Sicaklik (°C) Toplam Yagis (mm) Ortalama Nispi Nem (%)
2020 UYO (1941-2020) 2020 UYO (1941-2020) 2020 UYO (1941-2020)

Mart 10.44 6.2 18.1 22.1 65.6 52.2

Nisan 11.49 13 83.6 33.8 76.6 49.9

Mayis 18.8 17.7 76.1 46.5 63.1 51.5

Haziran 24.19 22.1 15.7 32 48.3 47.3

Temmuz  26.7 25.9 30.2 13.7 48.4 45.3

Agustos 24.2 25.3 15.3 9.7 47.6 47.1

Eylal 23.5 20.4 1.4 115 47.7 46.2

Ekim 14.5 13.1 7.3 26.3 49.6 48.53

UYO: Uzun Yillar Ortalamasi

Cizelge 2. Calismada kullanilan herbisitler ve genel 6zellikleri

Table 2. Herbicides used in the study and their general properties

Kod Aktif Madde Ticari adi ve Firma F EM ub uz
L %80 Lenacil Nart 80 / Safa Tarim WP 5 100g/da Ekim éncesi
C 430 g/l Chloridazon Zoekon/ Hektas SC 5 500g/da Ekim dncesi
MB ?SleﬁcegrilerS)-Metolachlor + 45 g/l Benoxacor Sonchus /Platin Kimya EC 23 150ml/da Ekim dncesi
Efdal Superhalox/Tarkim  Bitki

HM 108 g/l Haloxyfop-P-methyl ester EC 1 60ml/da Cikis sonrasi

Kotuma
Fusilade Forte /Syngenta Crop

F 150 g/l Fluazifop-p-butyl Protection Ag

EC 1 100ml/da Cikis sonrasi

47 g/L Desmedipham +75 g/L Ethofumesate +

EPDL 27 g/L Lenacil + 60 g/L Phenmedipham

Betanal® maxxPro/Bayer OD 5/8 150ml/da Cikis sonrasi

F: Formilasyon, EM: Etki Mekanizmasi HRAC kodu, UZ: Uygulama Zamani, UD: Uygulama Dozu

WP=lslanabilir Toz, SC=Sispansiyon Konsantre, EC= Emuilsiyon konsantre, OD= Yag dispersiyonu, grup 5=Fotosentez Il inhibitori
(PS 1), grup 1=ACCase enzim inhibitori, grup 23= Cok uzun zincirli fatty asit sentez inhibitdri, grup 8 = Lipit sentez inhibitori
(ACCase olmayan)

Calismada kullanilan aktif maddeler oranlan Lenacil 80 g/da, Chloridazon 215 g/da, S-Metolachlor +
Benoxacor 137 g/da + 6,75 g/da, Haloxyfop-P-methyl ester 6,48 g/da, Fluazifop-p-butyl 15 g/da ve
Desmedipham 7,05 g/da + Ethofumesate 11,25 g/da+ Lenacil 4,05 g/da + Phenmedipham 9 g/da olacak
sekilde uygulanmistir.

Kinoa ekimi ve bakimi

Calismada Titicaca kinoa gesidine ait tohumlar kullaniimigtir. Kinoa tohumlari ekilmeden 6nce
deneme alani kiiltivator ile suriltp toprak hazirhgr yapilmistir. Aragtirmanin yaritildiga 1gdir Universitesi
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Tarimsal Uygulama ve Arastirma Merkezinde 29.04.2020 tarihinde kinoa tohumlari tavli topraga 20 x30
cm sira Uzeri ve sira arasi mesafe olacak sekilde elle ekilmistir. Ekimden 6nce 30 kg/da NPK gubresi
topraga karistirilarak uygulanmistir. Kinoa tohumu ekiminden sonra yagmurlama sulama sistemi
kurulmus ve ekimden hemen sonra ilk sulama yapilmistir. Sonrasinda yagis durumu ve bitkinin su ihtiyaci
da goz oninde bulundurularak haftada 1 olacak sekilde sulama yapilmistir. Yabanci otsuz (capa)
parsellerinde yabanci ot ¢ikisiyla birlikte elle yolma ve el ¢gapasi ile 5 defa ¢capalama islemi yapiimistir.

Denemenin kurulmasi

Calisma tesaduif bloklari deneme desenine gore 8 karakterli (ekim éncesi 3 (Lenacil, Chloridazon,
S-metolachlor+Benoxacor) ¢ikis sonrasinda 3  (Haloxyfop-R-Methyl-Ester,  Fluazifop-p-butyl,
Ethofumasate+ Phenmedipham + Desmedipham +Lenacil), yabanci otlu ve yabanci otsuz kontrol) ve 4
tekerrtrl olmak zere toplamda 32 parsel olacak sekilde kurulmigtur. Parselizasyon islemi, ekim dncesi
herbisitlerin kullanimindan 6nce yapilmigtir. Calismada parseller 10m? (4m x 2,5m) olacak sekilde
hazirlanmis parseller arasinda 1.2 m’lik, bloklar arasinda ise 1.2 m’lik givenlik seritleri birakilmistir.-
Calismada ekim 6ncesi herbisitler uygun hava kosullari altinda kinoa ekiminden 3 giin énce 29.04.2020,
cikis sonrasi herbisitler ise 20.05.2020 tarihinde uygulanmistir. Yabanci ot turleri 2-6 yaprakli
donemde olduklarinda herbisit uygulamasi yapilmistir. Calismada kullanilan herbisitler; 25 litre
depo kapasiteli, benzin motorlu, yelpaze hiizmeli basliklara sahip sirt pllverizatért ile uygulanmigtir.

Deneme alaninda bulunan yabanci ot tiirlerinin ve yogunluklarin belirlenmesi

Calismada deneme alaninda bulunan yabanci ot tirlerini ve bu tirlerin yogunluklarini belilemek
amaciyla deneme kurulmadan 6nce deneme alaninda 1 m? boyutlarinda gergceve kullanilip, 10 defa
rastgele atilarak gerceve igerisinde bulunan yabanci otlar sayilmistir. Yabanci otlarin yogunluklarinin
belirlenmesinde aritmetik ortalama esas alinarak degerlendirme yapilmistir. Yabanci ot yogdunluklari
(bitki/m?) toplam m?deki bitki sayisi, atilan gergeve sayisina bollinerek tirlerin teker teker yogunluklar
hesaplanmistir (Odum, 1971) (Esitlik 1).

Yogunluk (adet/m?) = = 1)

B; Alinan érnekte toplam birey sayisi (adet)

M; atilan gergeve sayisi (m?)

Ayrica Ustiiner & Giincan (2002), gére asagidaki gibi kullanilan yogunluk élgedi (Cizelge 3) ile
deneme alaninda bulunan yabanci ot tirlerinin yogunluklari derecelendirilmistir.

Cizelge 3. Yogunluk 6lcegi

Table 3. Density scale

Derecelendirme  Yogunluk seviyesi Yogunluk (adet/m?)
A Yiksek yogunluklu 10+
B Yogdun 1-10
C Orta yogun 01-1
(e} Duslk yogunluklu 0.01-01
D Nadir 0.01°den az

Arastirmada herbisitlerin yabanci ot popiilasyonu ve tiirleri lizerine etkilerinin belirlenmesi

Calismada herbisitlerin yabanci ot popllasyonu ve tlrleri Uzerindeki etkilerini belilemek igin
deneme suresi boyunca belirli araliklarla 4 defa degerlendirme yapilmistir (Cizelge 4).
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Cizelge 4. Calismada yapilan dederlendirme ve degerlendirme asamalari

Table 4. Evaluation and evaluation steps in the study

Ekim éncesi uygulamada

Degerlendirme Degerlendirme zamani

1. Degerlendirme Kontrol parsellerinde kultir bitkisi ¢ikiglarinin tamamlanmasindan sonra
2. Degerlendirme Birinci degerlendirmeden 20 giin sonra
3. Degerlendirme Kultur bitkisi giceklenmeden hemen 6nce,

4. Degerlendirme Hasattan once

Cikis sonrasi uygulamada

Degerlendirme Degerlendirme zamani
1. Degerlendirme Uygulamadan 10 giin sonra,
2. Degerlendirme Uygulamadan 30 giin sonra,
3. Degerlendirme Kultdr bitkisi giceklenmeden hemen 6nce,
4. Degerlendirme Hasattan 6nce

Degerlendirme sirasinda yabanci ot popllasyonu ve tirleri kontrole gére meydana gelen
azalmalar, boyda kisalma veya zarar gérme seklinde ifade edilerek kaydedilmistir. Uygulama yapilmig
parseller, kontrol parseller ile kargilastirilarak yabanci ot populasyonundaki azalma ytzdesi belirlenmigtir.
Calismada herbisitlerin yapilan degerlendirmelerde yabanci otlar Uzerindeki ylzde etki oranlari asadidaki
formule gore belirlenmigstir (Abbott, 1925) (Esitlik 2). Calismada ayrica uygulamada kullanilan herbisitlerin
kinoa uzerindeki fitotoksik etkisi de degerlendirilmigtir.

(Kontroldeki Y.Ot Sayis1 Ortalamasi - Uygulamadaki Yabanci Ot Sayis1 Ortalamasi) x

R A
Herbisit Yizde etki ( /0) Kontroldeki Y.Ot Sayis1 Ortalamasi

100 2)

Herbisitlerin yabanci ot kuru agirliklari tizerine etkileri

Calismada her parselde bulunan yabanci otlar son sayimdan sonra hasattan 6nce toprak yiizeyine
sifir olacak sekilde makasla kesip ayri ayri torbalara konulmustur. Sonrasinda Igdir Universitesi Ziraat
Fakultesi Herboloji Laboratuvarina goétirtlip yabanci otlar kese kagitlarinda 70 °C’ de 48 saat etuvde
bekletildikten sonra alinip kuru agirliklari teker teker tartip sayisal veriler kayit altina alinmistir. Ayrica
c¢alismada kullanilan herbisitlerin yabanci ot kuru agirliklari Gzerindeki yizde etkilerini belirlemek icin
yabanci otlu kontrol parselleri baz alinarak herbisit uygulanan parsellerin yabanci otlar Gzerindeki yuzde
etkileri belirlenmigtir.

Herbisitlerin kinoa verimi ve verim unsurlari lizerine etkileri

Calismada kinoa hasadi 17.10.2020 tarihinde yapilmistir. Her parselden rastgele secilen 10 bitkide
herbisitlerin kinoada bitki boyu (cm), sap kalinhg (mm), dal sayisi (adet), sap verimi (kg/da), bin tane
agirhgr (gr), kavuzsuz tohum verimi (kg/da), hasat indeksi (%) ve biyolojik verim (kg/da) lzerine etkileri
degerlendirilmistir. Hasat indeksi tohum verimi / (tohum verimi + sap verimi) x 100 formulu kullanilarak
hasat indeksi hesaplanmigtir.

Veri analizi

Calismada yapilan farkli dort sayim sonucunda parsellerdeki yabanci ot yogunluklari, yabanci ot kuru
agirliklari ve kinoa verim ve verim unsurlari degerlendirilmistir. ilgili veriler tek yénlii varyans analizine tabi
tutulmustur. Ortalamalar, Duncan ¢oklu kargilagtirma testi (p<0.05) (SPSS 20) kullanilarak kargilastinimistir.
Bunun yaninda galigmanin bulgularini iliskilendirmek igin bir dizi istatistik analizler yapilmigtir. Verilerin
donustirulmesi/ normallestiriimesinden sonra; korelasyon analizi (JASP), i1si haritasi kimelemesi
(SRplot), ana bilesen analizi (PAST Yazilimi) ve ag grafigi analizi (PAST yazilimi) yapilmistir.
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ARASTIRMA SONUCLARI ve TARTISMA

Yduritilen galismada, deneme kurulmadan énce deneme alaninda 1 parazit, 1 dar yaprakli ve 3
genis yaprakli olmak lzere 5 familyaya ait toplamda 9 yabanci ot tiirl tespit edilmistir (Cizelge 5).

Cizelge 5. Deneme alaninda tespit edilen yabanci ot turleri

Table 5. Weed species detected in the trial area

Yasam Yogunluk Yogdunluk

Familya Latince adi Turkge adi déngusii (adet/im?) derecesi
Dar yaprakli
Sorghum halepense (L.) Pers. Kanyas P 19.25 A
Poaceae Seteria viridis L. Kirpi dari A 0.9
Genis yaprakli
Chenopodium album L. Sirken A 5.25 B
Amaranthaceae Atriplex nitens Schkuhr. Selvi Sirkeni P 0.5 C
Suaeda altissima (L.) PALL Cirimotu A 0.5 C
Cirsium arvense (L.) Scop. Koy gogiren P 15 B
Asteraceae Xanthium strumarium L. Domuz pitragi A 13.75 A
Convolvulaceae Convolvulus arvensis L. Tarla sarmagigi P 4.3 B
Parazit
Cuscutaceae Cuscuta sp. Kuskit Parazit 0.1 C

A: Tek Yillik, P:Cok Yillik, A =yiksek yogunlukta =10.00 m?, B= Yogun= 1.00-10.00 m?, C= Orta yogun= 0.10.-1.00 m?, C= Disuk
yogunluklu=0.01-0.10 m?

Tespit edilen familyalardan Amaranthaceae 3 tir, Poaceae 2 tir, Asteraceae 2 tiir, Convolvulaceae
1 tir ve Cuscutaceae 1 tur yabanci ota sahip olmuslardir (Cizelge 5 4). Latorre (2014), kinoa ekim
alanlarinda M. officinalis, B. campestris, P. oleracea, Malva sp ve C. bursa-pastoris yabanci otlarin yogun
sekilde bulundugunu bildirmislerdir. Tan & Temel (2019), kinoa ekim alanlarinda en fazla gérilen yabanci
ot tirleri; C. album, C.arvensis, S. halepense, Amaranthus spp, Cuscuta spp, X. strumarium, S. arvensis,
X. spinosum, C. dactylon ve L. draba oldugunu bildirmislerdir. O’Connel (2015)’in, kinoa denemelerinde
en yogun olarak C. album, A. retroflexus, K. scoparia ve P. oleracea yabanci ot turlerini belirlenmistir.
Kakabouki et al. (2015)'nin, galismasinda ise C. dactylon, A. retroflexus, P. oleracea, C. album, E. crus-
galli ve C rotundus en yogun yabanci ot tirleri oldugunu bildirmislerdir. Kirge¢ (2018), kinoa ekim
alanlarinda C. album, S. arvensis, A. fatua, C. arvensis, A. retroflexus, A. albus, X. strumarium ve A.
repens yabanci ot tidrlerini tespit etmis, yogunluklari en yiksek yabanci ot turlerinin; C. album (5.05
adet/m?), Sinapis arvensis L. (4.10 adet/m?) ve Avena fatua L. (3.05 adet/m?) oldugunu belirlemistir.
Mevcut calismanin yUriataldigl deneme alaninda tespit edilen yabanci ot turlerinin yogunluklari en
ylksek ilk 3 tlr sirasiyla: S. halepense (19.25 adet/m?), X. strumarium (13.75 adet/m?) ve C. album (5.25
adet/m?) olmustur. Yukarida belirtilen calismalarda kinoa ekim alanlarinda tespit edilen ve sorun teskil
eden yabanci ot tirleri ile yUriuttigimiz galismada ekim alaninda sorun teskil eden yabanci ot tirleri
cogunlukla benzerlik tasimaktadir. Farkli yabanci ot tirlerinin olmasi ise bdlgeden bdlgeye farklilk
gOstermesinden kaynaklanmaktadir.

Herbisitlerin yabanci ot popiilasyonu ve tiirleri tizerine etkisi

Calismada kullanilan herbisitlerin yabanci ot populasyonu Uzerine etkilerini belirlemek igin yapilan
dort degerlendirmede uygulamalar arasindaki farklar istatistiki olarak (p< 0,01) %1 diizeyinde 6nemli
bulunmustur (Sekil 1).
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Sekil 1. Herbisitlerin kinoada yabanci ot-yogunlugu Gzerine etkileri.

Figure 1. Effects of herbicides on weed density in quinoa.

Ayni harfe sahip ortalamalar arasindaki farklar 0,05 diizeyinde anlamli degildir.
L: Lenacil, C: Chloridazon, MB: S-metolachlor + Benoxacor, HM: Haloxyfop-R-Methyl-Ester, F:Fluazifop-buty, EPDL: Ethofumesate
+ Phenmedipham + Desmedipham +Lenacil

Calismada yapilan dederlendirmelerde herbisitlerin yabanci ot yodunlugu zerine etkilerinde genel
olarak degerlendirme streleri boyunca artis gézlemlenmistir. Yapilan ilk degerlendirmede en ylksek etki
%20 oran ile MB'de en disik etki ise %2,5 olan ile HM’de belirlenmistir. Yapilan diger Gic degerlendirmede
de en yiksek etki oranlart MB (%77.5 - %81.25 - %83.75) parsellerinde belilenmigtir. Ayni sekilde en
disuk etki oranlart HM (13.75 — 16.25 — 16.25) parsellerinde belirlenmistir. Santos et al. (2003), O’Connel
(2015), Nurse et al. (2016), Merino et al. (2020), Langeroodi et al. (2020), Tuusis (2020) ve Abbaspoor
(2022) yaptiklari calismada herbisitlerin yabanci otlar Utzerinde etkili olup yogunlugunda azalmalara
neden oldugunu bildirmiglerdir. Calismada kullanilan herbisitlerin yapilan dort degerlendirmede A. nitens
(0,75 adet /m?), C.album (7,25 adet /m?), C. arvense (1,75 adet /m? ve C. arvensis (4,85 adet/m?)
yabanci ot tirlerine Gzerine etkileri Sekil 2°de verilmigtir.

Calismada yapilan son degerlendirmede A. nitens Gzerinde en ylksek etki orani L ve EPDL (%30)
parsellerinde gdzlemlenmistir. Calisma slresi boyunca HM ve F herbisitleri A. nitens’e etki etmemistir.
Calismada HM ve F herbisitleri C. album’a etki etmezken diger herbisitler sirayla L %100, C %90, MB
%90 ve EPDL %90 oranlarinda etki gdstermistir. C. arvense lizerine en yuksek etki %20 oran ile EPDL'de
belirlenmigtir. F ve HM herbisitleri etkisiz bulunmustur. Herbisitlerin C. arvensis Uzerindeki etkisine
baktigimizda en ylksek etki %40 etki orani ile MB’de belirlenmis olup, F ve HM herbisitleri ise hi¢ etki
etmemistir. Herbisitlerin S. viridis (1,25 adet/m?), S. halepense (26, 25 adet/m?), S. altissima (0,75
adet/m?) ve X. strumarium (2,75 adet/m?), yabanci ot turleri (izerine etkisi Sekil 3'te sunulmustur.

Calismada kullanilan herbisitlerden yalnizca 2 herbisit S. viridis Uzerine etkili olmuslardir. Bu
herbisitler %25 etki orani ile HM ve %15 orani ile F olmustur. S. halapense Uzerine en yuksek etki F
herbisitinde (%90) HM herbisiti ise %25 oraninda etki etmistir. Diger herbisitler ise S. halapense Uzerine
herhangi bir etkisi olmamistir. Herbisitlerin S. altissima zerine etkileri sirasiyla %25 etki orani ile EPDL
olmustur. F ve HM herbisitleri ise S. altissima’ya etki etmemislerdir. Yapilan son degerlendirmede MB
herbisiti X. strumarium tzerine %100 etki gdstermigtir.
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Sekil 2. Herbisitlerin Atriplex nitens, Chenopodium album, Cirsium arvense ve Convolvulus arvensis yabanci ot tiirleri Gzerine etkileri.

Figure 2. Effects of herbicides on the weed species Atriplex nitens, Chenopodium album, Cirsium arvense and Convolvulus arvensis.

L: Lenacil, C: Chloridazon, MB: S-metolachlor + Benoxacor, HM: Haloxyfop-R-Methyl - Ester, F: Fluazifop -buty, EPDL: Ethofumesate
+ Phenmedipham + Desmedipham + Lenacil
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Sekil 3. Herbisitlerin Seteria viridis, Sorghum halepense, Suaeda altissima ve Xanthium strumarium yabanci ot turleri Gzerine etkisi.

Figure 3. Effect of herbicides on the weed species Seteria viridis, Sorghum halepense, Suaeda altissima and Xanthium strumarium.

L: Lenacil, C: Chloridazon, MB: S-metolachlor+Benoxacor, HM: Haloxyfop-R-Methyl - Ester, F: Fluazifop -buty, EPDL:
Ethofumesate+Phenmedipham+Desmedipham +Lenacil
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Herbisitlerin yabanci ot kuru agirliklari Gizerine etkisi

Farkl aktif maddeli herbisitlerin kinoada yabanci ot kuru agirigi Uzerinde istatistiki olarak (F=
233.958 ve p<0.01) %1 olasilik diizeyinde fark meydana geldigi gérilmektedir (Cizelge 6).

Cizelge 6. Herbisitlerin yabanci ot kuru agirliklari Gzerine etkisi

Table 6. Effects of herbicides on weed dry weights

Uygulamalar Yabanci ot kuru agirhgi (g/m?) + SH  Yuzde etki (%)

Yabanci otsuz 0.00+0,00° 100

F 150.75+4,27°¢ 75,5
HM 426.25+5,54° 25.05
SMB 81.25+4,27¢ 85.71
C 92.50+4,33¢ 83.74
Yabanci otlu 568.75+29,46° 0

L 90.50+3,33 84.09
EPDL 95.75+2,17¢ 83.16

Ayni harfe sahip ortalamalar arasindaki farklar 0,05 diizeyinde anlamli degildir.
L: Lenacil, C: Chloridazon, MB: S-metolachlor+Benoxacor, HM: Haloxyfop-R-Methyl - Ester, F: Fluazifop -buty, EPDL:
Ethofumesate+Phenmedipham+Desmedipham +Lenacil

Galismada en duslk yabanci ot kuru agirhgi SMB (81.25 g/m?) herbisitinin uygulandigi parsellerde
belirlenmigtir. Calismada yabanci ot kuru agirliklari bakimindan F, SMB, C, L, EPDL herbisitleri arasinda
istatistiki anlamda fark meydana gelmemistir. Herbisit uygulanan parsellerde en yiiksek yabanci ot kuru
agirhgi tek basina bir istatistiki grupta yer alan HM (426.25 g/m?) herbisitinde belirlenmistir. Ayrica en
yliksek yabanci ot kuru agirh@: yabanci otlu kontrol (568.75 g/m?) parsellerinde elde edilmistir. Calismada
en yiksek yabani ot kuru adirligi1 tzerine ylzde etki SMB (%85.71) herbisitinde elde edilmistir. En dliguk
yuzde etki orani ise %25,05 ile HM herbisitinde belirlenmistir. Tuusis (2020), yaptidi ¢galisma sonucunda
en yuksek yabanci ot kuru agirhdini yabanci otlu kontrol parselinden elde etmistir. Ayrica yapilan bazi
calismalarda (Santos et al., 2003; O’'Connel, 2015; Nurse et al., 2016; Merino et al., 2020; Langeroodi et
al., 2020; Abbaspoor, 2022) herbisitlerin yabanci otlar Uzerinde etkili oldugu ve yabanci otlarin kuru
agirliklarinda azalmalara sebep oldugu bildiriimistir.

Herbisitlerin kinoada verim ve verim unsurlari tizerine etki

Calismada kullanilan herbisitler kinoada bitki boyu, sap kalinhgi, dal sayisi, sap verimi, bin dane
agirhgi, kavuzsuz tohum verimi ve biyolojik verim (izerine istatistiki olarak (p<0.01) %1, hasat indeksi
Uzerine ise %5 diizeyinde fark meydana getirmistir. Herbisitler bu parametreler izerinde istatistiki olarak
fark meydana getirmelerine ragmen kinoada fitotoksik etki yapmalarindan dolayi verimi disturmuslerdir

(Cizelge 7).

Kavuzsuz tohum verimi ortalamalar 562.20 kg/da ile 247.13 kg/da degerleri arasinda degisiklik
gostermistir. En ylksek tohum verimi yabanci otsuz kontrol parsellerinde elde etmistir. Calismada EPDL, HM
ve L herbisitleri ile yabanci otlu kontrol parselleri ayni istatistiki grupta yer almis olup en disuk tohum verimi
EPDL herbisitinde elde edilmistir. Bundan dolayi 6zellikle yabanci ot kontroltiniin kinoanin erken déneminde
yapilmasi gerektigigérilmugtar. Tuusis (2020), kinoa verimi 462.8 ile 847.4 kg/da arasinda degistigini
belilemigtir. Abbaspoor (2022), en yuksek kinoa tane verimini yabanci otsuz kontrol parsellerinde (3346.7 kg
ha') elde etmistir. Calismada en yiiksek kinoa biyolojik verimi yabanci otsuz kontrol (1005.60 kg/da)
parselinde elde edilmistir. Calismada kullanilan aktif maddeli herbisitler yabanci otlara karsi etkili olmuslardir,
fakat kinoa bitkisine fitotoksik etki gdstererek kinoa verim ve verim unsurlarinda azalmaya sebep olmuslardir.
Calismada kullandigimiz Lenacil ve Ethofumasate+ Phenmedipham + Desmedipham +Lenacil herbisitleri
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kinoaya buylk oranda fitotoksik etki gOsterip verimin blylk oranda dismesine neden olmuslardir.
Chloridazon ve S-metolachlor + Benoxacor herbisitler ise kismen kinoaya fitotoksik etkiye neden olmuslardir.
Ayrica galismada kullandigimiz Haloxyfop-R- Methyl-Ester herbisiti ise yabanci otlara etki oraninin disik
oldugundan dolay! bu herbisitin kullanildigi parsellerde yabanci ot yogunlugu ve kuru agirhgi fazla olmusg ve
buda kinoa verimini distirmesine sebep olmustur. Kirge¢ (2018)’in, kullandigi herbisitlerin blyik ¢ogunlugu
kinoaya fitotoksik etki gostermistir. Abbaspoor (2022), atrazin, metribuzin, phenmedipham+desmedipham+
ethofumesate, oxyfluorfen, bentazon ve oxadiazone puskurtildiginde kinoa Uzerinde ciddi fitotoksik etki
(%100) gdzlemigtir. Ayrica bazi herbisitlerir ise kinoada fitotoksik etkiye neden olup verimi digturmastar.
Santos et al. (2003), imazaquin aktif maddeli herbisitin kinoada biyUk oranda fitotoksik etki yaptigini ve
kullanilan herbisitlerden clomazone’un 500 g ha-1 dozunda uygulandiktan 15-38 giin sonra kinoa yapraklari
Uzerinde kloroza neden oldugu ve sonrasinda bitkinin tamamen kurumasina sebep olmustur. O’Connel
(2015)in, galismasinda, kinoada en yogun gorilen yabanci ot olan sirken ve kinoanin ayni familyaya ait
olmasi ve ¢ok fazla benzerlik géstermelerinden dolayi kullanilabilecek herbisit bulunmasi ile ilgili bir oldugu
belirtiimistir. C. album’ u kontrol altina alan herbisitlerin kinoaya zarar verebilecedi olasiiginin géz 6niinde
bulundurulmasi gerekmektedir.

Cizelge 7. Herbisitlerin kinoa verim ve verim unsurlari Gzerine etkileri

Table 7. Effects of herbicides on quinoa yield and yield components

Uygulamalar Bitkiboyu  Sap kalinhigi  Dal sayisi Sap verimi Bvin dvane m’;ﬁ#‘\zlse‘r‘lzm . Hasatindeksi  Biyolojik verim
(cm) (mm) (adet) (kg/da) agirhgi (9) (kg/da) (%) (kg/da)
c 97.98+1,799 10.84#0,25¢ 21.35+0,71° 246.67+12,25" 2.08+0,05° 366.10+15,44¢ 59.71+2,00% 612.77+10,48¢
EPDL 45.81+1,02' 827+0,199 1852+0,41° 195.40+3,67° 1.83+0,04° 247.12+8,62° 55.80+1,13°  442.52+8,14¢
F 127.73+1,38° 12.30£0,25" 22.50+0,53" 251.22+12,86" 2.12+0,02° 392.40+4,01% 61.03+1,19% 643.62+14,29«
HM 56.36+1,00° 8.82+0,24¢ 18.0240,56° 202.77+17,59° 1.96+0,01°¢ 257.50+10,81° 55.94+1,92° 460.27+13,77¢
L 46.42+1,57'  8.40%0,249 17.37+0,38° 195.65+4,38° 1.91+0,05¢ 270.35+12,18° 57.95+0,85" 466.00£15,60°
SMB 104.71+2,86° 10.69+0,19° 21.30+0,41° 239.65+10,52° 2.14+0,01° 423.90+20,27° 63.79+2,06% 663.55+12,43b¢
Y. otlu 54.27+2,99°  8.310,189 17.95+0,35° 193.87+4,80° 1.85+0,04¢ 266.20+13,17° 57.78+0,96" 460.07+16,63°
Y. otsuz 157.10+2,332 16.06+0,33% 26.55+0,50% 443.40+16,77% 2.3120,02% 562.20+19,11 55.90+1,18° 1.005.6+26,22¢

Ayni harfe sahip ortalamalar arasindaki farklar 0.05 diizeyinde anlamli degildir.
L: Lenacil, C: Chloridazon, MB: S-metolachlor+Benoxacor, HM: Haloxyfop-R-Methyl - Ester, F: Fluazifop -buty, EPDL:
Ethofumesate+Phenmedipham+Desmedipham +Lenacil

Parametrelerin ve uygulamalarin ¢ok degiskenli analizi

Tek yonlu varyans analizine ek olarak, elde edilen ortalama degerler, bagimsiz islemlere karsihk
gelen tahmini parametrelerin boyutunu, korelasyonunu ve goérsellestirmek icin bir dizi istatistiksel analize
tabi tutulmustur. Yabanci ot kuru agirhgi ve yogunlugu tarim/tarim disi alanlarda dikkate alinan kritik
konular oldugundan, bunlarin diger parametreler ile iligskileri ele alinmigtir. Bu baglamda, calismada
degdiskenlerin ortalama degerleri Gzerinde korelasyon katsayisi, isi haritasi kimelemesi, ag grafigi analizi
ve temel bilesen analizi gibi ileri analizler yapiimigtir.

Calismamizda c¢ok degiskenli istatistiksel analiz boliminde de tartisilan yabanci ot kuru agirhgr -
0.254 ile -0.585 araliklarinda negatif korelasyo katsayilari ile kinoanin agronomik tiim 6zellikleriyle negatif
olarak iligkilidir. Calismada yabanci ot kuru agirhidi bitki boyu (r=-0.543, p=0.165), sap kalinligi (r=-0.550,
p=0.158), dal sayisi (r=-0.585, P=0.128), sap verimi (r=-0.489, P=0.219), bin dane agirhg (r=-
0.565,P=0.145), kavuzsuz tohum verimi (r=-0.580, P=0.132), hasat indeksi (r=-0.254,P=0.544) ve
biyolojik verim (r=-0.552, P=0.156) parametreleri ile negatif korelasyon gostermistir (Sekil 4, Sekil 5).
Fakat bu korelasyon istatistik olarak anlamli olmamistir.
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Sekil 4. Tahmini parametrelerin korelasyon analizi.
Figure 4. Correlation analysis of estimated parameters.
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Sekil 5. Yabanci ot kuru agirhginin diger parametrelerle korelasyonlari.

Figure 5. Correlations of weed dry weight and other parameters.
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Isi haritasi kiimeleme, bagimli/bagimsiz degiskenleri, elde edilen dederleri gdsteren bir renk
araliiyla (+3 ila -2; kirmizidan maviye) iki ana kimeye ayirarak net bir sekilde ayirt etmistir (Sekil 6). Ana
kimeler arasinda, tek kimede yabanci otsuz kontrol parseli yer almistir. Isi haritasi kiimelemesinin elde
edilen sonuglar, calismadaki kullanilan herbisitler farklilik géstermis olsa da yabanci otlarla miicadelede
etkili oldugunu ortaya c¢ikarmistir. Ozellikle herbisit secimi ilgili alanda bulunan yabanci ot tiirlerine etki
durumlari g6z énunde bulundurarak secilmesi etki oranini arttirabilir.

w

Sekil 6. Uygulamalara karsilik gelen parametrelerin isi haritasi.

Figure 6. Heat map of parameters corresponding to applications.

L: Lenacil, C: Chloridazon, MB: S-metolachlor+Benoxacor, HM: Haloxyfop-R-Methyl - Ester, F: Fluazifop -butyl, EPDL:
Ethofumesate+Phenmedipham+Desmedipham +Lenacil, Y.otlu: Yabanci otlu kontrol, Y. otsuz: Yabanci otsuz kontrol

Denemelerin/uygulamalarin kinoa bitkileri Gzerindeki etkilerini pekistirmek icin ayrica, agronomik
Ozellikler ve yabanci ot kuru agirhidinin tzerindeki etkilerine/ performansina dayali olarak uygulamalar
arasindaki iliskiyi tespit etmek i¢in bir ag grafigi analizi yapilmistir (Sekil 7). Cizgiler Uzerindeki dugimler,
iliskilerin derecesine karsilik gelmektedir, yani daha ince/agik ¢izgi, birbirleriyle daha zayif ve daha kalin
cizgi ise daha gugli iligkileri gdstermektedir. Isi haritasi kiimelemesi ile tutarl olarak, net bir ayrim ortaya
¢cikmistir. Bu analizde yabanci otsuz kontrol grubu herhangi bir uygulama ile bir iliskiye girmemistir. Diger
uygulamalar ise belli bir dereceye kadar birbiriyle iligkili olmustur.

o
Y.otsuz

Sekil 7. Uygulamalarin ag grafigi analizi.

Figure 7. Network graph analysis of applications.

L: Lenacil, C: Chloridazon, MB: S-metolachlor+Benoxacor, HM: Haloxyfop-R-Methyl - Ester, F: Fluazifop -buty, EPDL:
Ethofumesate+Phenmedipham+Desmedipham +Lenacil, Y.otlu: Yabanci otlu kontrol, Y. otsuz: Yabanci otsuz kontrol
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Varyasyon oranini a¢iklamak icin, kinoanin agronomik 6zellikleri ve yabanci ot kuru agirhdi bir
biplot ¢ifti Gzerine dagilmistir (Sekil 8). Buna gore, ilk iki bilesen (PC1:%78.83 ve PC2:%13) orijinal
verilerin degigkenliginin  %91.83'UnG acgiklamistir. Bu degerler degiskenlerin tasidigi bilgiyi temsil
etmektedir. Yani degerlendiren tim parametlerelin iki dizleneme indirgenmis halini belitmektedir. Bu
gercek bir ihtyactir. Elde Aciklanan bu kadar ylksek bir varyans, temel bilesenler analizinin, uygulamalar
ile birlikte tahmin edilen parametrelerin etkisini degerlendirmede basarili bir sekilde kullanilabilecegini
acikca gdstermektedir. ilk bilesen (PC1), EPDL (-2.13 puan ile), L (-2.02 puan ile), HM (-1.88 puan ile) ve
yabanci otlu kontrol (-2.13 puan ile) gruplar negatif olarak iligkili iken, F (1.49 puan ile), C (0.62 puan ile),
SMB (1.16 puan ile) ve yabanci otsuz kontrol (5.23 puan ile) ile pozitif iligkilidir. Ayrica “yabanci ot kuru

agirhg” (-2.23 puan ile) negatif ile iliskili iken, diger agronomik parametreler pozitif iliski icerisindedir.
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Sekil 8. Parametre ve uygulamalarin temel bilesen analizi.

Figure 8. Principal component analysis of parameters and applications.

L: Lenacil, C: Chloridazon, MB: S-metolachlor Benoxacor, HM: Haloxyfop-R-Methyl - Ester, F: Fluazifop -buty, EPDL:
Ethofumesate+Phenmedipham+Desmedipham +Lenacil, Y.otlu: Yabanci otlu kontrol, Y. otsuz: Yabanci otsuz kontrol

Calismada degiskenlerin ortalama degerleri lizerinde yaptigimiz korelasyon analizi, i1s1 haritasi
kimelemesi, ana bilesen analizi ve ag grafigi analizi gibi ileri analizler varyans analizini destekler ve
bulgulari kiimeleyerek analiz igin dikkate alinan degiskenlerin boyutunu azaltmada ¢ok gug¢li olduklar
kabul edilebilir. Genel olarak, uygulamalar ve parametreler arasindaki etkileri ve iligkileri agikga belirtiimistir.

SONUGC ve ONERILER

Farkli aktif maddeli herbisitlerin kinoada yabanci ot kontroli ve verimi Uzerine etkilerini belirlemek
amaciyla yurittigimiz ¢alismada, kullanilan herbisitler yabanci ot populasyonu ve tirleri Gzerindeki etkileri
herbisite ve yabanci ot tlriine gore farklihk gdstermistir. Yapilan son degerlendirmede herbisitlerin etki
oranlar %83.75 ve %16.25 degerleri arasinda degisiklik gostermistir. Yabanci ot kuru agiriklari Gzerinde
yuzde etki oranlari ise %85.71 ile %25.05 oranlar arasinda degisiklik gostermistir. Calismada en yuksek
biyolojik verim yabanci otsuz kontrol (¢capa) (1005.60 kg/da) parsellerinde elde edilmigtir. Calismada
kullanilan Lenacil ve Ethofumasate+ Phenmedipham + Desmedipham +Lenacil herbisitleri kinoaya buyuk
oranda fitotoksik etki gosterip veriminin blylUk oranda dismesine neden olmuslardir. Chloridazon ve S-
metolachlor+Benoxacor herbisitleri ise kismen kinoada fitotoksik etkiye neden olmuslardir. Ayrica ¢alismada
kullanilan Haloxyfop-R- Methyl-Ester herbisiti ise yabanci otlara etki oraninin diisiik olmasindan dolayi bu
herbisitin kullanildi§i parsellerde yabanci ot yogunlugu ve kuru agirligi fazla olmasina ve bu da kinoa
veriminin dismesine sebep olmustur. Sonug olarak, kullanilan herbisitler yabanci otlar Gzerinde etkili
olmalarina ragmen, herbisitlerin bazilar kinoada fitotoksik etki gésterip verimin dlismesine sebep olmustur.
Calismada kinoa verimi Uizerine en etkili herbisit S-metolachlor+Benoxacor olmustur. kinoa ekim alaninda
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uygun herbisit icin dncelikle ilgili alanda bulunan yabanci ot tlrlerine gore ve kinoada fitotoksik etki etmeyen
herbisit secilmesi Onerilebilir. Tim bunlar degerlendirdigimizde kinoada uygun herbisit segimi kinoaya
fitotoksik etki gostermeyen ve ilgili alanda bulunan yabanci otlara etki edecek herbisitin secilmesi 6nem
tasimaktadir. Ayrica farkli herbisit kombinasyonlari ve herbisitler ile farkll micadele ydntemlerinin entegre
kullaniimasi kinoada yabanci otlar tizerinde etkili olup verimi arttirabilir.

Veri Kullanilabilirligi
Veriler makul talep Uzerine saglanabilmektedir.
Yazar Katkilar

Calismanin konsepti ve tasarimi: HK, RG; 6rnek toplama: HK, RG; verilerin analizi ve yorumlanmasi:
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oz

Amag: Insanlarin ibadet, toplanma, bir araya gelme amaciyla kullandiklar
mekanlar olan camiler bahceleri ile kentsel acik yesil alan sistemi icerisinde yer
edinmis peyzaj alanlari olarak karsimiza g¢ikmaktadir. Konu ile ilgili literattr
tarandiginda cami bahgelerinin tasarimi ve kullanicilar tzerindeki etkisi ile ilgili
yapilan g¢alismalarin oldukga az oldugu gorulmektedir. Literatire katki
saglamak, cami bahgelerinin kentsel mekan igerisindeki yerini ortaya koymak ve
kullanici memnuniyetini belirlemek amaciyla yapiimistir.

Materyal ve Ydntem: Afyon ilinde secilen iki cami bahgesi 6rneginde, cami
bahgelerinin tasarimlari incelenmis ve kullanici memnuniyetini ortaya koymak
icin anket uygulanmistir. Elde edilen anket verilerinin degerlendiriimesi ve analiz
edilmesinde SPSS (Statistical Package for Social Sciences) 28.0 istatistik
programi (deneme surima) kullaniimistir.

Arastirma Bulgulan: Calisma alani olarak segilen cami bahgeleri kullanicilari
ile yapilan anketler sonucunda insanlarin her iki camiden de genel olarak
memnun olduklari gérilmustur.

Sonug: Elde edilen sonuglara gore segilen cami bahgelerinin tasarim ve
kullanimlarindan insanlarin memnun olduklari sonucuna varilmistir. Sonug
bélimunde bu alanlarin artiriimasi ve tasarimi ile ilgili 6neriler sunulmustur.

ABSTRACT

Objective: Mosques, which are places that people use for worship, gathering, and
coming together, appear as landscape areas with their gardens within the urban
open green space system. When the literature on the subject is scanned, it is
seen that there are very few studies on the design of mosque gardens and their
impact on users. It was carried out to contribute to the literature, revealing the
place of mosque gardens in urban spaces, and determining user satisfaction.

Material and Methods: In the example of two mosque gardens selected in
Afyon province, the designs of the mosque gardens were examined and a
survey was conducted to reveal user satisfaction. SPSS (Statistical Package for
Social Sciences) 28.0 statistical program (trial version) was used to evaluate
and analyze the survey data obtained.

Results: As a result of the surveys conducted with the users of the mosque
gardens selected as the study area, it was seen that people were generally
satisfied with both mosques.

Conclusion: According to the results obtained, it was concluded that people
were satisfied with the design and use of the selected mosque gardens. In the
conclusion section, suggestions regarding the increase and design of these
areas are presented.
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GiRiS

igerisinde yagamlarini siirdiirmek isteyen insanlarin; yonetsel, ekonomik ve siyasi isteklerine cevap
veren toprak pargalari olan kentler (Onay, 2023; Onay vd., 2023), binyesinde var olan nifusun
artmasiyla birlikte farkl ihtiyaglara gore sekil alan yerlesim yerlerine dénismustir (Sirtin, 2019). Kentler
insanlarin ihtiyaglarina gére yapilasmis alanlardir ancak herhangi bir yapilasmanin olmadigi alanlan da
barindirmaktadir. Yapilasmanin olmadidi bu alanlar olan kentsel agik-yesil alanlar, kent igerisindeki
tamamen bos ya da gelismemis olan alanlari kapsayan ve ¢ogunlukla sehir plancilar tarafindan kentin
gelisimi i¢in kullanilan alanlar olarak nitelendiriimektedir (Mpofu, 2013).

Acik alan kavrami, kent dokusunun 6énemli temel bilesenlerinden birisi olan, yapisal unsurlar ve
trafik aglar disinda kalan bos alanlar ya da agiklik alanlar olarak tanimlanmaktadir (Onder & Polat, 2012).
Bagka bir tanimda ise kent igerisinde herhangi bir yapilagsmanin olmadidi ya da mevcut yapilarin arasinda
kalmis olan sokak, meydan, otopark ve pazar alani gibi bos alanlar seklinde tanimlanmaktadir (Korgavus
& Ersoy, 2015). Yesil alan ise bitkisel unsurlari igerisinde barindiran, herkesin erisimine agik yonetilen
alanlar ile ormanlik alan gibi daha az yonetilen alanlardan olusan kent unsurlari olarak tanimlanmaktadir
(Lachowycz & Jones, 2013). Farkl bir tanimda yesil alan ise; kent sinirlar igerisinde insanlar igin
dinlenme, gezme, oyun amaglariyla ayrilmis ve kent ydnetimlerince dizenlenen ortak kullanim alanlarini
da igerisinde bulunduran alanlar olarak tanimlanmaktadir (Keles, 1993). Yesil alanlar ekonomik ve sosyal
kazanglar saglamak, kentlerin fiziksel karakterinin sekillenmesinde gérev almak veya hava Kkirliliginin
azaltilmasi gibi birgok islevi yerine getirler.

insanlarin yogun olarak tercih ettigi kentsel acik-yesil alanlarin psikolojik, estetik, ekonomik, sosyal
ve islevsel agidan pek ¢ok yarari bulunmaktadir (Gil, 2001, Kog, 2003, Milayim, 2022; Onay vd., 2023).
Acik-yesil alanlar ekonomik ve sosyal kazanglar saglamak, kentlerin fiziksel karakterinin sekillenmesinde
gbrev almak veya hava kirliliginin azaltiimasi gibi birgok islevi yerine getirmektedirler (Ayhan &
Atabeyoglu, 2022). Bu alanlarin sayisinin artinimasi bahsi gecen faydalari ve kentin gelismisligi
acisindan 6énem arz etmesinin yani sira bu alanlarin dizenlenmesi, iglevine uygun olarak kullaniimasi,
dizenli bakim ve temizliginin yapilmasi da énem arz eden diger bir konudur.

Kentsel agik yesil alan denilince ilk akla gelen parklarin diginda, ev bahgeleri, okul bahgeleri, kamu
bahceleri, hastane bahcgeleri ve cami bahceleri de birer agik yesil alan 6rnegdi olusturmaktadir. Bu
calismada da acik yesil alana 6rnek verilebilecek cami bahgeleri incelenmigtir. Afyon ilinde yurutilen
calismada cami bahgelerinin insanlar tarafindan kullanimini ortaya koymak ve 6rnek olarak segilen cami
bahcelerine ait kullanici memnuniyetini 6lgmek amaglanmistir. Bu amag¢ dogrultusunda g¢alisma alani
olarak secilen cami bahglerinde literatlir 1s1ginda hazirlanan anket cami kullanicilarina uygulanmistir.
Anketten elde edilen veriler ise SPSS programi kullanilarak analiz edilmigtir. Analiz sonuglarina gore ise
cami bahgeleri degerlendirilerek éneriler sunulmustur.

Cami Bahgelerinin Tasarimi

“Cami” kelimesi, Arapgada “bir araya getirmek” ya da “toplamak” sézcigunden tiremis olup
(Nasution, 2023), Muslimanlarin ibadet i¢in gittikleri, beraberlik ve birligin temsili, kisilerin igerisinde
huzuru buldugu ve egitim alabildigi mekanlardir (Anonymous, 2021). Erken islami dénemde, Miisliiman
generaller bir sehri fethettikten veya kurduktan sonra, sehrin merkezi konumunda sosyo-politik kontrol ve
dini faaliyetler amacina hizmet eden bir cami kurmus, bu camilerde medrese, yatakhane, kutiphane,
dukkanlar gibi cesitli tesislere yer vermislerdir (Asif vd., 2021).

Camiler ibadet yapilan yer olmanin yani sira, insan topluluklarinin dini, sosyal ve siyasi amaglarla
bir araya gelerek vakit gegirebilecekleri, bir bulusma noktasi olarak da kullaniimaktadir (Alnajjar, 2023;
Nasution, 2023). Ayrica siyaset, sosyal etkilesim, bilgi, sanat, ekonomi, felsefe ve ritliel ibadetle insanlari
birlestiren bir merkezdir (Taib & Rasdi, 2012). islam tarihinin énemle iizerinde durdugu cami yapilari ve
mimari Uslubunun yaninda, camilerin ya da mescitlerin buyUkligu, yapilacadi alan, igerisinde ve
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cevresinde bulunacak mekanlar ve kullanimlarda her dénem énem arz etmistir (Anonymous, 2021). Kimi
cami yapildidi alanin blyuklugine gore tek bir yapidan olusuyorken kimi camilerde, yapi toplulugu olarak
da adlandirilan caminin ¢evresinde medreselerin, kiitiphanelerin, gesmelerin, sadirvanlarin, asevlerinin
ve hamam gibi yapilarin yer aldigi (Nasution, 2023); sosyal, dini, ticari, egitim ve saglk birimleri ile
merkezi bir nitelik tasiyan kulliye adi verilen yapilardan olugsmaktadir (Isiklar Bengi & Toprakh 2019).

Camiler 18. ylzyilin sonuna kadar killiye yapisinin bir pargasi olarak yapiimistir. Zamanla kiilliye
yapisindan ¢ikarak tekil yapilar haline gelen camiler igerdikleri bazi fonksiyonlari kaybederek sadece ibadet
amagli kullanilan mekanlar haline dénismugstir (Isiklar Bengi & Toprakli 2019; Corbaci vd., 2022).
Camilerin sahip oldugu sosyal ve kamusal yonlerin yeniden kazandirilabilmesi agisindan cami yakin
gevresinin peyzaj tasarimi ve dolayisi ile bitkisel tasarimi oldukga énemlidir. Bu dogrultuda kullanicilarin
ibadet ihtiyaglarinin yani sira rekreasyonel ihtiyaglarinin da karsilanacagr mekanlar tasarlanmalidir.
(Corbaci vd., 2022). Omer (2013)’e gore, caminin dini bir merkez, bir 6grenim yeri, bir refah ve hayir yeri, bir
rehabilitasyon merkezi, bir mahkeme, bir konaklama yeri, sifa merkezi, sosyallesme merkezi ve ekonomik
bir merkez olmak Uzere islevleri oldugunu belitmektedir. Bunlarin yaninda Ulkemizdeki kuruluslar ve
hayirsever kisiler tarafindan yaptirilan camilerin ve kdlliyelerin planlanmasi ve projelendirmesi sirecinde
dikkat edilmesi gereken hususlar bulunmaktadir. Bu hususlar Diyanet isleri Baskanligi Tarafindan
hazirlanan Cami Planlama ve Tasarim Kilavuzunda verilmistir. Bu kilavuzda yer alan maddelere gore
(Anonymous, 2021);

» Camiler planlanirken, toplumun birlik ve beraberligine katki saglamak icin bilinyesinde rekreasyon
alanlar, kamusal ve ticari alanlara yer verilmeli,

» Cami yapimi icin segilen alanalar, kent igerisindeki atil alanlar yerine, kentin odak noktalari olmahdir.
» Cami planlamasinda surdirilebilirlik ve gevresel koruma temel prensip olmalidir.

+ Camilerin konumlari belirlenirken herkesin ulasabilecegi ve yiriime mesafesine uygun sekilde
araliklarla planlanma yapilmalidir.

« Camiler, kentin dokusuna, tarihine, mimarisine ve planlama yapilan alanin ¢evresine uygun bir
sekilde gdrsellik 6n planda tutularak insa edilmelidir.

« Camiye yaya olarak, aragla ya da toplu tagima ile gelen kullanicilarin cami girisine kadar givenli
bir bigimde ulagimi saglanmalidir.

« Cami arazisinin Gizerinde mevzuata uygun bir sekilde yeterli sayida arag park alani ayrilmalidir.
» Camiler, gurultt, kéth koku, kentsel atik gibi olumsuz gevresel faktdrlerden uzak bir konumda olmalidir.
« Camilerin yerleri altyapi hizmetlerinden (elektrik, su dodalgaz vb.) faydalanilabilecek sekilde olmalidir
« Dini yapilarin bahc¢elerinde baz istasyonlarina yer verilememelidir

» Camiler ve bahceleri dodal afet ya da seferberlik gibi durumlarda toplanma alanina déntsebilmelidir.

« Cami bahgelerinin, toplu olarak kullanilacaginda rahatlik saglamasi ve bazi durumlarda toplanma
alani olarak kullanilabilmesi i¢in alaninin %50’si agik-yesil alan olacak sekilde diizenleme yapilmaldir.

« Camiler erisilebilirlik ilkeleri g6z 6nlinde bulundurularak planlamali ve tasarlanmalidir.

Diyanet isleri Bagkanh@i Tarafindan hazirlanan Cami Planlama ve Tasarim Kilavuzunda Peyzaj ve
Cevre Duzenleme bagslidi altinda verilen camilerin ¢gevre dizenlemesinde dikkat edilmesi gereken noktalar ise;

+ Camiye ibadet icin gelen insanlarin gocuklarini givenliginden emin olduklari, cami giris ve
cikisinca kolaylikla ulasabilecekleri, cocuklar i¢in saglam, glvenli ve saglikh malzemeden yapilmis cami
bahgesi icerisinde yer alan bir gocuk oyun alani olmalidir.

e Cami bahgelerinde yapilan peyzaj dizenlemesi caminin girisini vurgulayacak insanlari
yodnlendirecek ve yaya hareketini engellemeyecek sekilde olmalidir.
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« Caminin yapisal kitlesini kapatmayacak sekilde bitkisel tasarim yapilmalidir.

» Gurdltd kontroll, rizgar kontroli ve amacina gore gorsel kontrol saglamak igin uygun bitkisel
tasarim yapilmaldir.

» Bitkisel tasarimda kullanilacak bitkilerin segiminde bitkinin iklimsel, ekolojik, morfolojik ve fiziksel
Ozelliklerinin alana ve kullanim amacina uygun olmasina dikkat edilmelidir.

» Cami bahgelerinde genis tas veya seramik kapl alanlarin su gegirgenlik ézelliginin ylksek olmasina
ve dis hava kosullarina uyumlu olmasina dikkat edilmelidir.

* Cami bahgesinde yapilan sert zeminde kaygan olmayan malzeme tercih edilmeli ve sert zemin
Uzerinde su birikintisini 6nlemek icin egim % 3’0 gegmeyen egim verilmelidir.

» Bahgeden kullanilan mobilyalar tasinabilir olmali ve yaya hareketini engellememelidir. Ayrica bu
mobilyalar bahgedeki diger kullanimlarla iligkili sekilde yerlestiriimelidir.

Konu ile ilgili yapilan ¢alismalar incelendiginde; Aytatli vd., (2021), Erzincan kent merkezinde yer alan 8
cami bahgesinde kullanilan bitkisel materyal hakkinda bilgiler yer almaktadir. Sadana, (2015), tarafindan
yapilan calismada kent parki olarak kullanilan cami bahgesi ile ilgili kullanicilarin algisini ortaya koymak
amaclanmigtir. Bu kapsamda belirlenen 7 unsur (rahatlik, temizlik, tazelik, serinlik, armoni dizeyi, guzellik,
ilging Ozellikler) ile ilgili kullanicilarla yapilan anket sonuglarina goére parkin camiye ve cevreye katma deger
saglayacak sekilde daha iyi bir tasarima ihtiyaci oldugunu, daha konforlu, ilgi ¢ekici ve tercih edilir hale
getiriimesi ve ayrica caminin merkezi nokta olarak gulctnin guglendiriimesi igin sehir yetkililerinin parkin
yapilandirimasina daha fazla dikkat etmesi gerektigi sonucuna ulagilmistir. Isiklar Bengi & Toprakli (2019),
Ankara’nin protokol camilerinden Ahmet Hamdi Akseki Cami'yi ele almistir. Kullanicilarla yapilan anket ile
cami anit, simge ve isaret degeri, yakin gevresini niteleyen merkez yaratmasi, toplanma mekani yaratan
kamusal bir yapi olmasi, camilerin gegmis ve guncel kullanimlari dogrultusunda incelenmigstir. Erdogan vd.
(2021), tarafindan tarihi cevre yenileme kapsaminda bir tarihi cami bahgesi olarak ele alinan Muratpasa Cami
hakkinda literatlir arastirmasi ve arazi gézlemleri gerceklestirilerek mevcut durum analizi yapilmigtir. Tarihi
cevrelerin iyilestiriimesinde yenilenen tarihi yapi gevresini kapsayan bahge, donati elemanlari, bitkisel materyal
acisindan degerlendirilerek, bahgenin sirddrilebilirigi ve kullanicilara yararliligi konusunda iyilestirmeye
yonelik 6neriler getirilmistir. Omar vd. (2018), bu makalede, Perak Eyaleti'nde yeni gelisen kicik bir mahalle
olan Mescid-i Siddik'ta yesil bir caminin potansiyelinin, stirdirtlebilidigin gevresel, sosyal ve ekonomik Ui¢ ana
yonune odaklanarak yasayan bir baglanti noktasi olma érnegi olarak arastiriimasini amaclamistir. Corbaci vd.
(2022), calisma kapsaminda Ahmet Erdogan Cami peyzaj tasarim alaninda basarili ve sirdirdlebilir bir
bitkisel tasarim gergeklestiriimesi amaglamistir. Bitkisel tasarimda tercih edilen bitki taksonlar ve bu
taksonlarin; familyalari, yasam formlari, yaprak durumlari ve sayilan paylasilmis ve bu bitkilerin bitkisel tasarim
kapsaminda kullanim amaclari irdelenmis ve degerlendirmeler yapilmistir. Tafliha (2020), tarafindan yapilan
calismada segilen iki cami érneginde Kur'an ve Hadis igerigine dayali olarak islami bahge tasarimi kriterlerini
analiz etmeyi ve formile etmeyi amaglamistir. Kuran ve Hadislerdeki bahge tasarim kriterlerine odaklanilarak
cami bahgeleri kullanici algisi degerlendirmistir. Literatiire bakildiginda cami bahgeleri islam bahge sanatinin
bir semboll olarak goértlmektedir. Glndelik yasamin bir yansimasi olan bu bahge sanati anlayisina goére
(Ekinci, 2016) cami bahcelerinin genel olarak dinlenme, tefekkir ve huzur bulma amaglariyla tasarlanan, ¢inar
agaclariyla golge saglanan, bahgenin merkezinde bir gesme, kanal ya da havuz ile temsil eden su dgesine ve
cevresinde ylrime yollarina yer verilen, ¢ok sayida oturma biriminin bulundugu, servi agaclariyla yonlendirme,
perdeleme ve vurgu yapilan, dogumu ve cenneti tasvir etmesi nedeniyle meyve aglari kullanilan ve hos kokulu
bitkilere yer verilen bazi temel unsurlari bulunmaktadir (Ali vd., 2015, Clark, 2017, Erdogan vd,. 2021).

Cami faaliyetlerinin derlenmesine iligkin bir diger 6nemli husus, tim cinsiyetler ve yas gruplar igin
samimi ve sicak bir atmosferin olusturulmasidir (Asif vd., 2021). Cami bahgeleri kentsel agik yesil alan sistemi
icerisinde rekreasyonel amaglar igin uygun ortam saglamada, igerisinde bulunan oyun alanlari ile gocuklarin
gelisimine katki saglamada, bakimli olmasi ve sinirlarinin belli olmasi nedeniyle guveli alanlar olugturmada,
insanlari bir arada tutma ve aralarindaki iletisimi giiglendirme konusunda sosyal faylar olan mekanlardir.
Ayrica aclk yesil alan sinifinda yer almasindan dolayr bulundugu yere estetik deder katmasi 6nemli
islevlerindendir.
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MATERYAL ve YONTEM

Bu arastirma, Afyon Kocatepe Universitesi Fen ve Mihendislik Bilimleri Bilimsel Arastirma ve Yayin
Etik Kurulu tarafindandan 19.09.2023 tarihli, 209572 sayil belge numarasiyla onay almistir.

Materyal

Turkiye’'nin 6nemli bir gecis bolgesi olan Afyonkarahisar ili Ege bolgesinde yer almaktadir.
Cevresinde Konya, Eskisehir, Denizli, Isparta, Kiitahya ve Usak illeri bulunmaktadir (Onay vd., 2022). ilin
deniz seviyesinden yuksekligi 1.034 m ve yuzoélgimu 14.772 km2 dir. Merkez ilgeyle birlikte toplam 18
ilceye sahiptir. Merkez niifusu 2022 yili verilerine gore 324.996 kisidir. Ekonomik anlamda oldukga gelisme
gosteren Afyon’un temel sanayi Urlinleri mermer ve gida Uzerinedir. Afyon sanayisi mermer ve traverten
tasinda dinyanin 6nde gelen ureticilerindendir (Anonymous, 2022). Tarihi ve sivil yapilar agisindan ilin
geneline bakildiginda konaklar, camiler, bedestenler hanlar gibi pek ¢ok yapi karsimiza ¢ikmaktadir. Cogu
tarihsel ¢zellige sahip olan bu yapilarin yaninda kent icerisinde yer alan yeni yapilarda mimarisi ve
kullanilan malzemeler agisindan dikkat gekmektedir. Bu ¢calismada cami bahgelerinin kullanicilar Gzerindeki
etkisi ve tercih edilirligi incelenmistir. Bu kapsamda Afyon ilinde yer alan camiler hakkinda arastirma
yapilarak yerinde g6zlem yapilmistir. Calisma yapilacak olan cami segilirken; bahge blytkligi, kullanic
sayisi, konumu, bahge ve bina 6lgeginde iginde barindirdidi aktiviteler etkili olmustur. Bu kriterler géz 6niine
alindiginda Afyon kent merkezi genelinde Pagsa Cami ve Killiyesi ile Haci Mehmet Sayin Cami calisma
alani olarka segilmistir. Bu camilerle ilgili veriler alt basliklar halinde detayli anlatiimigtir.

Pasa Cami ve Kiilliyesi

2018 yilinda yapimina baslanna cami 2020 yilinda tamamlanmigstir. Hasan Karaaga¢ Mahallesinde
yer alan cami 30 bin metrekarelik bir alana insa edilmis ve ayni anda yaklasik 2500 kisinin ibadet
edebilecegi bluylklige sahiptir. Selguklu mimarisine uygun yapilan cami Sedir agaglarindan olusan ahsap
direkleri, revaklari, kesme tas kaplamasi ve kursun ¢atisi ile dikkat gekmektedir (URL1). Cami bahgesi
icerisinde gasilhane, sadirvan, tuvaletler, oturma birimleri, gocuk oyun alani, otopark, sis havuzu,
aydinlatma birimleri ve ¢op kutulari yer almaktadir (Sekil 1). Caminin gevresinde ise Afyon Emniyet
Mudarliga, Ozel Park Hayat Hastanesi ve ticari alanlar yer almaktadir.

Sekil 1. Pasa Cami ve Kiilliyesi'ne ait gérseller.

Figure 1. Images of Pasha Mosque and Social Complex.
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Haci Mehmet Sayin Cami

Dortyol mabhallesinde bulunan cami Selguklu Mimarisine goére tasarlanmigtir. Camide Osmanli
doénemindeki medrese kultlrd insa edilmis ve caminin arka bdlmelerinde Kuran kurslari, seminer salonlari,
konferans salonlari da yer almistir. 4600 metrekarelik kapali alana sahip olan camii, yaklasik 3500 Kisilik
kapasitesiyle Afyonun en blylk cami olma 6zelligine sahiptir (URL2). Yaklasik 22.000 metrekarelik alana
ingsa edilen cami bahgesinde oturma birimleri, ¢cocuk oyun alani, otopark, aydinlatma ve ¢6p kutulari
bulunmaktadir (Sekil 2). Cevresinde ise Afyon il Ozel idare binasi ile bos araziler yer aimaktadir.

1

Sekil 2. Haci Mehmet Sayin Cami’'ne ait gorseller.

Figure 2. Images of Haci Mehmet Sayin Mosque.

Yontem

Calisma Afyon kent merkezinde secilen iki adet cami bahgesinin kullanicilarin memnuniyetini ve
cami bahgelerinin kentsel acik yesil alanlar igerisindeki yerini ortaya koymayi amagclamaktadir. Ug
kisimdan olusan calismanin ilk kisminda cami, cami bahgeleri ve islam bahgeleri hakkinda genis bir
literatir taramasi yapilmigtir. ikinci kisimda Afyon kent merkezindeki camiler arastinimig ve bunlar
icerisinden secim yapilmigtir. Secim yapilirken camilerin yeni yapiimasina ve digerlerine gére bahgesinin
kapladigi alanin blyuk olmasina dikkat edilmistir. Bu dogrultuda secilen Pasa Cami ve Kiilliyesi ile Haci
Mehmet Sayin Cami bahgeleri yerinde goézlem yapilarak fotograflandiriimistir. Uglincii kisimda ise cami
bahcelerinin kalitesi, insanlarin bahgeyi ne kadar yogun kullandidi ve memnuniyet hakkinda bilgi edinmek
icin kullanicilara anket uygulanmistir. Anket formu 3 bélimden olusmaktadir. Birinci bélimde katilimci
profili ile ilgili bilgiler yer almaktadir. ikinci bélimde sorular hazirlanirken Tafliha (2020) tarafindan yapilan
¢alismadan yararlaniimistir. Camiye ulasilabilirlik, cami bahgesinin kullanimi, tasarimi, temizlik ve bakimi,
icerindeki donatilar ile ilgili sorular bu béliimde yer almaktadir. Ugilincii bélimde ise Isiklar Bengi &
Toprakh (2019)'nin galismasindan elde edilen cami bahgesine dair kullanicilarin hissiyatlarinin 6grenildigi
soru yer almaktadir. Ankette 1-5 (1: ¢ok kotd, 2: kétl, 3: nétr, 4:iyi, 5: ¢ok iyi) (1: hic memnun degilim, 2:
memnun degilim, 3: orta memnunum, 4: memnunum, 5: ¢ok memnunum) arasinda likert o6lcegi
kullanilarak cami bahgesi kullanicilarinin degerlendirme yapmalari istenmistir. Likert dlgek ortalamalarinin
degerlendiriimesinde temel alinan degerler: 1,00 ile 2,33 arasi zayif katilim, 2,34 ile 3,66 arasi orta
dizeyde katilim ve 3,67 ile 5,00 arasi yuksek diizeyde katihm olarak degerlendiriimistir (Genis vd., 2020).
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Anketler her iki camide de kullanicilarla bire bir (yliz yuze) anket uygulamasi tercih edilmigstir.
Calisma anketinin hedef kitlesi; gonullilik esasina dayali olarak rastgele secilen, ¢alismanin amaci
hususunda bilgilendiriimis ve calisma alanlarindaki bireylerden olusmaktadir. Orneklem biyikligini
Afyonkarahisar kent nifusu (TUIK, 2023) baz alinarak %95 giiven aralijinda hata payi %5 olarak kabul
edilerek denek sayisi 73 olarak belirlenmistir. Calismanin 6rneklem buyUkIiginin belirlenmesinde
asagidaki Esitlik (1) kullanilmistir (Kalipsiz, 1981; Akten, 2003).

Z2NPQ

_ 1
"= NDZ+72PQ @)

1.962 x 747555 x 0.95 x 0.05

™= 747555 x 0.052 + 1.962 x 0.95 x 0.05

n= Ornek blyiklugu

Z= Glven katsayisi

P= Olgmek istedigimiz dzelligin kitlede bulunma ihtimali (calismada %95 olarak alinmistir)
Q=1-P

N= Ana kutle buyUklGgu (747500)

Bu esitligin hesaplanmasinda herhangi bir hesaplama hatasi olmamasi amaciyla C programlama
dili kullanilmigtir. C programlama dili ile algoritma C programlama diline aktariimis ve ¢alistinimistir, farkl
degerler icin de test ve kontrol edilmisti. C programlama dilinde; literatirde o6rnek buyUkligunu
hesaplamak igin kullanilan esitlik 1’deki denklem ¢ézduriimustir (Esitlik 2).

n=((pow (Z,2)*N*P*Q)/((N*pow (D,2)) + (pow (2,2) * P*Q)))  (2)

Yaptirilan hesaplama sonucunda 6rnek blyUkIigu 73 olarak bulunmustur (Sekil 3). Basit tesaddfi
Ornekleme yonteminin kullanildidi anket galismasinin guvenilirliginin saglanabilmesi denek sayisi 100
olarak hedeflenmistir. Anketler 01.08.2023-01.09.2023 tarihleri arasinda c¢alisma alanlarinda
gergeklestiriimistir. Elde edilen anket verilerinin degerlendiriimesi ve analiz edilmesinde SPSS (Statistical
Package for Social Sciences) 28.0 istatistik programi (deneme sirimu) kullaniimistir.

Hesaplama yapmak istiyor musunuz? E: Evet H: Hayir e

Guven katsayisini giriniz (2Z): 1.96

Ozelligin kutlede bulunma ihtimalini giriniz (P): ©.95

Ana kutle buyuklugunu giriniz (N): 747555

Veri dagilimini tahmin etmek icin standart sapmayi giriniz (D): ©.65

ornek Buyuklugu (n) = 72.98
Hesaplama yapmak istiyor musunuz? E: Evet H: Hayir

Sekil 3. C programlama dili ile yapilan érneklem buyukliginin hesaplanmasina iliskin ekran géruntisu.

Figure 3. Screenshot of calculating the sample size using the C programming language.

Calismada anketin guvenirlik analizi i¢cin Cronbach Alpha (a) katsayisi kullaniimistir. Guvenirlik
analizi, bir délgek turline gbére hazirlanan anket ifadelerinin tutarhligini élgmek igin kullanilan bir analiz
yontemidir (Karagéz, 2017). Bu analizde, dl¢gege uygun olarak siralanabilen anket ifadelerinin tutarliigi
Olguldr. Cronbach Alfa, 6zellikle bir ankette birden fazla Likert élge@i sorusu bulundugunda ve bu élgegin
guvenilirligini degerlendirmek istediginizde sik¢a kullanilan bir i¢ tutarlilik "gtvenilirlik" lglsudur. Bir anket
Olgeginin glvenilir kabul edilmesi igin genellikle Cronbach Alpha (a) degerinin en az 0,70 olmasi gerektigi
kabul edilir (Gurbiz & Sahin, 2016).
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ARASTIRMA SONUCLARI ve TARTISMA

Uygulamanin yapildigi Pasa Cami ve Kiilliyesi ile Haci Mehmet Sayin Cami bahgelerinin
memnuniyeti 6lgimi anketinin givenirlik testi sonucu a degeri 0,799 olarak bulunmustur. Cronbach Alpha
testinde kabul edilir dizeyde glivenilirlik anlamina gelmektedir. Calismada yapilan anketin i¢ tutarhihdinin
belirtilen standartlarda oldugu sonucuna ulagiimigtir (Cizelge 1).

Cizelge 1. Pasa Cami ve Kiilliyesi ve Haci Mehmet Sayin Cami Cronbach’s Alpha degeri

Table 1. Pasha Mosque and Social Complex and Haci Mehmet Sayin Mosque Cronbach's Alpha value

Cronbach's Alpha Degisken Sayisi
0,799 22

Pasa Cami ve Kiilliyesi

Anket calismasinin birinci boliminde katilimci profiline ait elde edilen veriler neticesinde
katilimcilarin (N=50) %72 orani erkek, %26’s1 60-70 yas araligindadir. Katiimcilarin %40’nin yasadigi
mahalle Hasan Karaaga¢ Mahallesi olurken, %86’s1 kent icerisinden gelen bireylerdir. Pagsa cami ve
killiyesine Konya, Eskisehir ve Afyonkarahisar’dan gelen katilimcilarinda oldugu saptanmigtir (Cizelge 2).

Cizelge 2. Pasa Cami ve Kiilliyesi katihmcilarina iliskin genel bilgilerin frekans ve yiizde (%) dagihmlar (N=50)

Table 2. Frequency and percentage (%) distributions of general information about Pasha Mosque and Social Complex participants (N=50)

Frekans (N=50) Yuzde %
Cinsiyet
Kadin 14 28
Erkek 36 72
Yas
19 ve alti 2 4
20-30 4 8
30-40 7 14
40-50 11 22
50-60 10 20
60-70 13 26
70 ve (st 3 6
Yasadigi mahalle
Cumhuriyet 5 10
Dortyol 2
Esref Pasa 4 8
Harbis 2 4
Hasan Karagaag 20 40
Kocatepe 5 10
Selguklu 10 20
Tepebasi 2 4
Yasadigi sehir
Afyonkarahisar 45 90
Eskisehir 2 4
Konya 3 6

Cami bahgeleri tzerine kullanici memnuniyeti arastinldigi anket galismasinin ikinci bélimunde likert
Olcek verileri Tablo 3'te yer verilmistir. Katilimcilar, cami ve bahgesini ulasilabilirlik agisindan yiksek dizeyde
(x 4,28-4,46) memnuniyet gostermistir. Katilimcilarin %46’s1 cami ve bahgesinin kolay konumda, %44’0 kolay
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giriste ve %57’ engelliye uygun oldugunu belirtmigtir. Katihmcilar, cami ve bahg¢esinin donati elemanlari
yonlinden yiksek dizeyde (X 3,74-4,38) memnuniyet gostermistir. Bu bdlimde en az memnuniyet
katihmcilarin %80’si ile ¢dp kutulari olurken, katimcilarin %52 orani ile bitki cesitliligi ve dizenlemesi en
fazla memnuniyet orani almistir. Katihmcilar, cami ve bahgesinin yonetim yoniinden yiksek dizeyde (x 4,10-
4,66) memnuniyet gostermistir. Katiimcilarin %70’ caminin temizliginden, %38,8'si organizasyondan,
%67,3'U ise caminin bakimindan memnun olduklar saptanmigtir. Katilimcilar, cami ve bahgesinin kullanim
alanlan yéninden yiksek dizeyde (X 3,82-4,62) memnuniyet gOstermistir. Buna gore, katilimcilarin %66’si
otopark alanindan, %46’si toplanma alanindan ve %52’si ¢ocuk oyun alanindan memnun olduklarini
belirtmigtir. Oturma alani degerlendiriimesinde katimcilarin %38’si orta diizeyde memnuniyet gdsterirken
%36’s1 yuksek diizeyde memnuniyet gostermistir. Katimcilar, cami ve bahgesinin gevresel etkiler agisindan
disuk dizeyde (x 1,40-1,70) memnuniyet gdstermistir. Buna goére, katihmcilarin %540 gurultiden, %62’si
kot géruntiden ve %66’ kokudan memnun olmadiklarini belirtmislerdir (Cizelge 3). Katilimcilarin Pasa
Cami ve Kiilliyesine ulasabilirlik, donati elemanlar, yonetim igleri ve kullanim alanlar yéninden memnun
olduklari ancak cevresel etkiler yoninden memnun olmadiklar saptanmistir. Cami bahgesinin ¢evresel
etkilerinin dusiik diizeyde olmasinin nedenleri arasinda caminin konum olarak iki tarafinda da yogun trafige
sahip yollarin bulunmasi alanda trafik glrultisine neden olmaktadir.

Cizelge 3. Katilimcilarin Pasa Cami ve Kiilliyesinin bahgesine iliskin gérusleri

Table 3. Participants' opinions about the garden of Pasha Mosque and Social Complex

Degisken N (katiimci sayisi) Ortalama Standart Sapma
Cami ve bahgesini ulasilabilirlik agisindan degerlendirilmesi
Kolay konum 50 4,36 0,66
Kolay Girig 50 4,28 0,73
Engelliye uygunluk 50 4,46 0,57

Cami bahgesinin donati elemanlar yoniinden degerlendirilmesi
Bitki gesitliligi ve

diizenlemesi = e 0.72
Su elemani 50 4,04 0,81
Oturma Birimleri 50 3,80 0,88
Aydinlatma 50 3,88 0,82
Cop Kutulari 50 3,74 0,77
Cami bahgesinin yonetim yoniinden degerlendirilmesi
Temizlik 50 4,66 0,55
Organizasyon 50 4,10 0,84
Bakim 50 4,65 0,52
Cami bahgesinin donati alanlari yoniinden degerlendirilmesi
Oturma alani 50 3,82 1,02
Otopark 50 4,62 0,56
Toplanma alani 50 4,30 0,73
Cocuk oyun alani 50 4,38 0,78
Cami bahgesinin gevresel etkiler agisindan degerlendirilmesi
Gurualta 50 1,70 0,90
Kotu gorantu 50 1,50 0,86
Koku 50 1,40 0,63

Cami bahceleri Uzerine kullanicilarin hissiyatlarinin arastinildigr anket ¢calismasinin tg¢tinct béliminde
likert Olgek verileri Tablo 4'te yer verilmistir. Bulgulara gére katilimcilarin cami bahgesine dair hissiyatlari
yuksek dizeyde (x 3,96-4,62) memnuniyet gostermistir. Katiimcilarin %54’0 cami bahgesini etkileyici
bulurken, %64'G huzur verici olarak degerlendirmistir. Cami bahgesini konforlu olarak degerlendiren
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katihmcilarin %34’i gok memnunken, %38’nin orta memnun oldugu saptanmigtir. Bu bdlimdeki en dugsuk
ortalama (x 3,96) degeri de konforlu parametresi oldugu gorilmektedir. Katilimcilarin %70’i cami bahgesini
guvenli olarak degerlendirdigi, %56'sinin ise estetik olarak degerlendirdigi gérilmektedir (Cizelge 4).

Cizelge 4. Katilimcilarin Pasa Cami ve Killiyesinin bahgesine iligkin hissiyatlari

Table 4. Participants' feelings about the garden of Pasha Mosque and Social Complex

Degisken N (katilimci sayisi) Ortalama Standart Sapma
Katilimcilarin cami bahgesine dair hissiyatlarinin degerlendirilmesi
Etkileyici 50 4,48 0,61
Konforlu 50 3,96 0,85
Huzur verici 50 4,62 0,53
Guvenli 50 4,60 0,67
Estetik 50 4,48 0,64

Haci Mehmet Sayin Cami

Anket c¢alismasinin birinci boéliminde katilimci profiine ait elde edilen veriler neticesinde
katihmcilarin (N=52) %94,2 orani erkek, %23,1’s1 50-60 yas araligindadir. Katilimcilarin %90,5'nin yasadigi
mahalle Dortyol Mahallesi olurken, tim katilimcilarin Afyon kentinde yasadiklan belirlenmistir (Cizelge 5).

Cizelge 5. Haci Mehmet Sayin Cami katilimcilarina iligkin genel bilgilerin frekans ve yuzde (%) dagilimlar (N=52)

Table 5. Frequency and percentage (%) distributions of general information about Haci Mehmet Sayin Mosque participants (N=52)

Frekans (N=52) Yizde %

Cinsiyet
Kadin 3 5,8
Erkek 49 94,2
Yas
19 ve alti 3 5,8
20-30 4 7,7
30-40 5 9,6
40-50 11 21,2
50-60 12 23,1
60-70 10 19,2
70 ve Ustl 7 13,5
Yasadigi mahalle
Dortyol 47 90,5
Esref Pasa 1 1,9
Kocatepe 2 3,8
Selguklu 1 1,9
Erenler 1 1,9
Yasadigi sehir
Afyon 52 100

Cami bahgeleri Uzerine kullanici memnuniyetinin arastirildigi anket galismasinin ikinci béliminde
likert dlcek verileri Tablo 6’da yer verilmistir. Katilimcilar, cami ve bahgesini ulasilabilirlik agisindan orta ve
yuksek diizeyde (x 2,98-4,55) memnuniyet gostermistir. Katilimcilarin %46,2’si cami ve bahgesinin kolay
konumda, %59,6'si kolay giriste ve %55,8'i engelliye uygun oldugunu belirtmistir. Katilimcilar, cami ve
bahgesinin donati elemanlari yoniinden orta ve yiliksek dizeyde (X 3,52-4) memnuniyet géstermistir. Bu
bélimde en az memnuniyet katilimcilann %86,2’si ile ¢op kutular olurken, katilimcilarin %68,6 orani ile
oturma birimleri parametresinden en fazla memnuniyet orani almistir. Haci Mehmet Sayin Cami bahgesinde
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su elemani olmadigi i¢in dederlendirmeye alinmamigtir. Katihmcilar, cami ve bahgesinin yonetim yéninden
zayif ve orta dizeyde (x 1,67-3,17) memnuniyet géstermistir. Katihmcilarin %50’si caminin temizliginden,
%73,1’i organizasyondan orta diizeyde memnun kaldiklari belirlenmistir. Bakim parametresine bakildiginda
ise katilimcilarin %40,4’G hic memnun kalmadigini, %51,9’'unun ise memnun kalmadiklari saptanmistir.
Yonetim ydnunden katiimcilarin memnuniyet oranlari 6zellikle bakim icin zayif kaldigi belirlenmistir.
Katilimcilar, cami ve bahgesinin kullanim alanlari yoniinden yilksek diizeyde (X 4,07-4,84) memnuniyet
gostermistir. Buna gore; katiimcilarin %76,9’s1 oturma alanindan, %57,7’si otopark alanindan, %40,4'l
toplanma alanindan, %84,6’s1 ¢cocuk oyun alanindan memnun olduklarini belirtmistir. Katilimcilar, cami ve
bahgesinin ¢evresel etkiler agisindan zayif ve orta dizeyde (x 1,32-3,46) memnuniyet gdstermistir. Buna
gore, katilimcilarin  %69,2'si gurultiden, %67,3'0 kokudan memnun olmadiklarini belirtmiglerdir.
Katihmcilarin %50’si kot goértntiden orta diizey memnuniyet goésterdikleri saptanmistir (Cizelge 6).
Katilimcilarin Haci Mehmet Sayin Cami bahgesine ulagilabilirlik ydninden kolay giris ve engelliye uygunluk
parametrelerinden memnun olduklari, donati elemanlari olarak oturma birimlerinden ve kullanim
alanlarindan memnun olduklari belifrenmistir. Cevresel etkiler ve yonetim yoninden zayif ve orta diizeyde
bir memnuniyet oldugu goézlenmistir. Cami bahgesinde yer alan yesil alanlara bakim yapilmadigr igin
kullanicilar yénetim acgisindan memnun olmadiklarini belirtmiglerdir. Ayrica cami g¢evresinde yapilagsma
olmamasi ve bos bakimsiz arazilerin yer alamsi kdtu goruntiye sebep olmaktadir.

Cizelge 6. Katilimcilarin Haci Mehmet Sayin Cami bahgesine iliskin gorisleri

Table 6. Participants' opinions about the garden of Haci Mehmet Sayin Mosque

Degisken N (katilimci sayisi) Ortalama Standart Sapma
Cami ve bahgesini ulagilabilirlik agisindan degerlendirilmesi
Kolay konum 52 2,98 0,91
Kolay Girig 52 4,01 0,72
Engelliye uygunluk 52 4,55 0,50
Cami bahgesinin donati elemanlan yoniinden degerlendirilmesi
3,88 0,64
Bitki ¢esitliligi ve dizenlemesi 52
Oturma Birimleri 52 4,00 0,56
Aydinlatma 52 3,58 0,69
Cop Kutular 52 3,52 0,73
Cami bahgesinin yonetim yoniinden degerlendirilmesi
Temizlik 52 3,17 0,81
Organizasyon 52 3,05 0,66
Bakim 52 1,67 0,61
Cami bahgesinin donatim alanlari yoniinden degerlendirilmesi
Oturma alani 52 4,07 0,47
Otopark 52 4,57 0,49
Toplanma alani 52 4,11 0,80
Cocuk oyun alani 52 4,84 0,36
Cami bahgesinin gevresel etkiler agisindan degerlendirilmesi

Gurdlta 52 1,92 0,55
Kot goruntu 52 3,46 0,77
Koku 52 1,32 0,47

Cami bahceleri Uzerine kullanicilarin hissiyatlarinin arastinldigi anket calismasinin Gg¢lncu
béliminde likert dlgek verileri Cizelge 7’de yer verilmistir. Bulgulara goére katilimcilarin cami bahgesine
dair hissiyatlari zayif ve orta diizeyde (x 2,41-3,80) memnuniyet gostermistir. Katiimcilarin %61,5’i cami
bahcgesini etkileyici bulurken, %71,2’si konforlu parametresini orta diizey olarak degerlendirmistir. Cami
bahgesini huzur verici parametresini degerlendiren katilimcilarin %48,1’i orta diizey, estetik parametresini
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degerlendiren katilimcilarin %53,8'i ylksek diizeyde oldugu saptanmistir. Katihmcilarin %64,7’si gutvenli
parametresinin memnuniyet diizeyi orta olarak degerlendirdigi gortlmektedir (Cizelge 7). Kullanicilar
caminin konum olarak gevresinde yerlesim alanlarinin olmamasi ve bos arazi ile ¢evrili olmasi sebebiyle
cami gevresini guvenlik acisindan uygun bulmadiklarini belirtmiglerdir.

Cizelge 7. Katilimcilarin Haci Mehmet Sayin Cami bahgesine iligkin hissiyatlari

Table 7. Participants' feelings about the Haci Mehmet Sayin Mosque garden

Degigken N (katilimci sayisi) Ortalama Standart Sapma
Katilimcilarin cami bahgesine dair hissiyatlarinin degerlendirilmesi
Etkileyici 52 3,69 0,54
Konforlu 52 3,25 0,68
Huzur verici 52 3,53 0,64
Givenli 52 2,41 0,72
Estetik 52 3,80 0,65

Calisma alani olarak segilen cami bahgeleri kullanicilari ile yapilan anketler sonucunda insanlarin her
iki camiden de genel olarak memnun olduklarn gériimustir. Camilerin bahgelerinin yesil alan yéniinden
zengin olmasi gocuk oyun alanina, oturma alanlarina, otoparka yer verilmesi cami ve bahge kullanimini
artiran unsurlar arasindadir. Bunlarin yani sira iki cami karsilastinidiginda Pasa Cami ve Kiilliyesinin konum
olarak Haci Mehmet Sayin Cami’sine gére daha merkezi olmasi ve bahgesinin genisligi, bakimli olusu, su
dgesinin kullanilmasi, caminin bulundugu mahalle ve Afyon ili diginda ziyaretci almasi hem taninirhgini
artirmakta hem de kente kimlik kazandirma yolunda ilerlemesine katki saglamaktadir. Kullanicilarin cami
bahgelerine dair “etkileyici, konforlu, huzur verici, glivenli, estetik” hissiyatlarin genel olarak yiiksek ¢ikmasi
yesil alanlarin ve peyzaj yapilarinin gerekliligini ve 6nemini ortaya koymaktadir.

Calisma alani olarak secilen cami bahgeleri bitkisel tasarim agisindan degerlendirildiginde; genis yesil
alanlar ayrildigi gérilen Pasa Cami ve Killliyesi bahgesinde bu alanlara diizenli bakimin yapildigi (gimlerin
bicildigi, bitkilerin budandigi vs.), tasarim olarak farkh bitki form ve dokularinin kullanildigi, bitki segimi
yapilirken renk uyumuna dikkat edildigi, tasarimda farkli bitki trlerinin (Kartopu, Giil, Lavanta, Mazi, Taflan,
Dag musmulasi, Cam, Hug, Sedir, Akgcaagac, Cinar, Ladin, ) yer aldigi tespit edilmistir (Sekil 4).

Sekil 4. Pasa Cami ve Kiilliyesi'ne ait bitkisel tasarim gorselleri.

Figure 4. Planting Design images of Pasha Mosque and Social Complex.
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Haci Mehmet Sayin Cami bitkisel tasarim acisindan incelendiginde yesil alan olarak ayrilan
alanlarin yeterli oldugu ancak bu alanlarda dizenli bakim yapiimadigi gérulmustir. Cim alanlarin kendi
haline birakilmasi zerinde bakim calismalarinin olmamasi kétl bir gorintl olusturmaktadir. Bitki tlrleri
bakimdan incelendiginde ise farkli turler (sedir, mazi, hus, ladin, kirmizi yaprakli akgaagag, ¢inar, at
kestanesi) tercih edilmesine ragmen tasarim yaklasimina uygun bir diizen ve uyum icerisinde olmadiklari
icin bitksiel tasarim agisndan etkileyici bir goértintist bulunmamaktadir (Sekil 5).

Camiler kensel mekan igerisinde bir kullanima sahip oldugu igin camilerin bahgeleriyle birlikte
tasarlanmasi ve insanlarin kullanimina sunulmasi kente yesil alan ve bir anlamda rekreasyon alani
kazandirma agisindan 6nem arz etmektedir. Bu ¢alismada cami sec¢imi yapilirken bahge buyUklGgunin
Onemli bir kriter olmasi, cami bahgelerinin kullaniminin ortaya ¢ikartiimasi agisindan dikkat edilmesi
gereken bir unsurdur. Bu galisma ile cami bahcelerinin farkli amaglarla kullanildigi ve insnalarin bu
alanlardan memnun oldugu gorilmustar. Literatiire bakildiginda cami bahgelerini inceleyen ¢alismalarin
sayisinin olduk¢a az oldugu tespit edilmistir. Bu konuda daha fazla galisma yapilmasina tesvik etmek ve
bu ¢alismanin literatire saglayacagi katki olduk¢ca 6nem arz etmektedir.

Sekil 5. Haci Mehmet Sayin Cami’ne ait bitkisel tasarim gorselleri.

Figure 5. Planting Design images of Haci Mehmet Sayin Mosque.

Camiler maneviyati yliksek mekanlar oldugu igin buraya gelen insanlarin hem cami iginde hem de
bahgesinde huzur bulmasi, dinlenmesi vs. agisindan bahgelere yapilan tasarimlar, kullanilan bitkiler,
peyzaj yapilari olduk¢a onemlidir. Ayrica Ulkemizin yasadigi son depremde géruldigu Uzere deprem
aninda ve sonrasinda insanlarin toplanma ve barinma gibi amaglarla kullanabilecedi en 6énemlisi de vakit
kaybetmeden organize olabilecek alanlara ihtiyag vardir. Afyon ilindeki bu iki cami bahgesi hem toplanma
amaciyla kullanilabilecek genis ylzeylere hem de barinma, yeme-igme, cocuklar icin psikolojik olarak
onlari rahatlatabilecek oyun alanina ve WC gibi temel ihtiyaglarin karsilanabilecedi alanlara sahiptir.
Camiler sahip olduklari bu 6zelliklerden dolay1 6nemli bir mekan niteligindedir.

Kullanicilarin cami bahgelerinden olan memnuniyetleri géz 6nine alindiinda mevcut camilerin
bahcelerinin incelenmesi uygun blyUklikteki camilerde yesil alan, oturma alani mimkiinse ¢ocuk oyun
alani gibi kullanimlara yer verilmesi agisindan yeniden dizenlenmesi, yeni yapilacak olan camilerin ise
planlamadan baslayarak konumlarinin herkesin ulasabileceg@i, odak noktasi niteliginde olan bir yerde
yapilmasi ve bahce igin yeterli blyukligun ayrilmasi, tasarim agsamasinda ise bahsi gecen kullanimlara
yer verecek iglevsel, ekonomik, ekolojik peyzaj tasarimlarinin yapilmasi gerekmektedir.
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Cami bahgelerinden; mahremiyet saglamada, gurlltiylu azaltmada, gdlge alanlar olusturmada,
estetik deger saglamada bitkisel tasarimdam en Ust diizeyde yararlanilabilir. Bu yiizden cami bahgelerine
dikilecek olan bitkilerin yerlerine tlrlerine, formlarina, ézelliklerine, birbirleriyle ve g¢evreleryle olan uyuma
dikkat edilmelidir. Her iki cami bahgesi drneginde kullanilan bitkisel tasarima bakildiginda bu tasarimlarin
Onemi ortaya gikmigtir.

insanlarin dogaya zarar vermeleri ve dogayi bilingsizce kullanmalarinin bir sonucu olarak ortaya
¢ikan dogal afetler yasamin bir gergegi haline gelmistir. Bu afetleri 6nlemek, énlenemiyorsa afet aninda ya
da sonrasinda insanlarin toplanacadi barinacag ihtiyaclarini karsilayabilecegi alanlar olusturmak
gerekmektedir. Bu sebeple cami bahcgelerinde kullanilan donatilarin deprem vh. afetler sonrasinda
kullanilabilecek nitelikte olmasi icin, ¢cadira ddnugebilen banklar ya da pergolalar, depolama olarak
kullanilan banklar, pisirme Unitesine dénlsen oturma birimleri seklinde olmasina dikkat edilmelidir. Bu
sekilde tasarlanan alanlarda hizli bir sekilde organize olunacagi unutulmamalidir.

Sonug olarak cami bahgeleri gesitli ihtiyaglara cevap verebilen nitelikte oldugu icin kent icin
onemli mekanlardir. Bu mekanlarin her yas grubuna hitap etmesi, cinsiyet ayrimi olmadan
kullanilabilmesi ve erisilebilir olmasi igin cami bahgeleri tasarim ilkelerine gdre planlanmasi ve
tasarlanmasi gerekmektedir. Bu ilkelere ek olarak yapilan bu c¢alismada elde edilen sonuglar
dogrultusunda; cami bahgelerinin bitkisel tasarimina ve bahg¢enin bakimina verilen énem bu alani daha
guvenli kilmakta ve insanlarin kullanimini artirmaktadir. Ayrica bahge icerisinde ¢ocuk oyun alanina ve
oturma birimlerine yer verilmesi her yastan bireyin buraya gelmesine ve cami ve bahgesini
kullanmasina vesile olmaktadir. Tim bu sebeplerden dolayi yerlesim alanlarinda insa edilen camiler
bahcgeleriyle birlikte dustntlmeli ve yapilacagi yerin konumu, orada yasayan insanlarin kalturg,
ihtiyaclari ve sosyal yapisi iyi etlit edilerek bahgesinde yer alacak kullanimlar sekillendiriimelidir. Bu
konuda ilgili kamu kurumlari, belediyeler ve {Universitelere buylk gorev dismektedir. Cami ve
bahgesinin yapiminda is birligi icersinde olunmali gerekli destekler saglanmali ve maneviyati gl¢li olan
bu alanlarin hem g¢evre hem de insanin fiziksel ve ruhsal sagligi agisindan kullanima agilmasi igin
c¢alismalar yapilmalidir. Son olarak cami bahcgeleri konusunda yapilan c¢alismalarin az olmasi bu
konuya verilen 6nemi artirmali ve literatire katki saglamak amaciyla cami bahgeleri gesitli yonleriyle
incelenmeli ve yazil ¢calismalarla desteklenmelidir.
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0z
Amag: Bu calismada seyyar sit sagim makineleri ile gergeklestirilen sagim

isleminde, c¢alisma duruslari ve kosullarinin U¢ boyutlu hareket yakalama
sistemi yardimiyla ergonomik yénden analizi amaglanmistir.

Materyal ve Yontem: Calisma, ATB (Leibniz Institute for Agricultural
Engineering and Bioeconomy, Potsdam-Almanya) Enstitusi ergonomi
laboratuvarinda yapay bir meme platformu ve tek sagim Uniteli seyyar sagim
makinesi kullanilarak gerceklestirilmistir. Ug farkli calisma durusu ve (g farkh
calisma yiksekliginde yapilan denemelerde sadim baslklarinin takilmasi
sirasinda Ug¢ boyutlu hareket yakalama sistemi yardimiyla tst kol yikselmesi ve
Ust beden egilme agilar olgllmustir. Degerlendirmeler ISO 11226 standardi,
RULA 6lgegi ve Borg Skalasi'na gore yapiimistir.

Arastirma Bulgular: Ortalama Ust kol ylkselme agisinin disik calisma
yuksekliklerinde o6zellikle tek diz yerde ve ¢omelme seklindeki calisma
duruglarinda 42.00- 70.70° arasinda degistigi, bu deg@erlerin standardin énerdigi
kabul edilebilir limitlerin Gzerinde oldugu belirlenmistir. Ust beden egilme
acisinda da benzer durum goézlenmistir. Algilanan efor derecesinin hafif-gcok
hafif dizeyde olmasina karsin kol, sirt ve dizlerde galisma duruslar ve

yuksekliklerine bagli olarak yakinmalar oldugu ortaya ¢ikmistir.

Sonug: Cahsmada Turkiye’de yaygin olarak kullanilan seyyar sit sagim
makineleri ile calismada ergonomik yénden ciddi rahatsizlik potansiyelinin
olabilecegini somut verilerle ortaya konmustur. Hayvan meme seviyesinin
sagimcinin omuz seviyesine yaklastirlmasinin zorlanmalarin azalmasi Gzerinde
olumlu etkileri oldugu gdzlenmis, bu yonde bilinglendirme yapiimasinin yararh
olacagi kanisina variimigtir.

ABSTRACT

Objective: The objective of this study was to analyze the working postures and
conditions of the milking with mobile milking machines from an ergonomic
perspective.

Material and Methods: The study was carried out at ATB-Leibniz Institute in
Germany. For the experiments, an artificial udder platform and a mobile milking
machine was used. Three different working postures and working heights were
chosen. Upper arm elevation and trunk inclination angles were measured using
with 3D motion capture system during the attaching clusters. Evaluations were
made according to the ISO 11226 standard, RULA scale and Borg Scale.

Results: Average upper arm elevation angles were measured between 42.00° -
70.70° and at low working heights and one knee on the ground and squatting
postures. Values were above the acceptable limits recommended by the
standard. Similar situation was observed in the trunk inclinations. The perceived
exertion level was light to very light, however, there were complaints in the
arms, back and knees depending on working postures and heights.

Conclusion: Obtained data revealed that potential ergonomic risks while milking
with mobile milking machines, which is widely used in Turkey. Increasing the
animal's udder level closer to the worker's shoulder level had positive effects on
decreasing strains. Raising awareness in this regard would be beneficial.
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GiRiS

Hayvancilik zorlu ¢alisma kosullari ile karakterize olmus bir tarimsal faaliyet alanidir. Modern
teknolojinin yardimina ragmen hayvan yetistirme islemleri hala uzun sireli tekrarlamali hareketler, yorucu
calisma pozisyonlari ve agir galisma kosullari icermektedir (Karttunen & Rautiainen, 2011). Bu baglamda
yemleme, altlik serme/temizleme, glibre temizleme, hayvan bakimi ve sit sagim gibi her gun rutin olarak
gercgeklestirilen islemler calisanlarin fiziksel ve ergonomik yonden yiklenmelerine neden olmaktadir.

Hayvancilikla ilgili yukarida belirtilen faaliyetlerin yaklasik Ggte ikisini sit sagim olusturmaktadir
(Perkio-Makela & Haentila, 2005). Suat sagim islemi gectigimiz yiz yil boyunca o6nemli asamalar
kaydetmistir. Hayvan sayisinin artmasina paralel olarak barinak tiplerinde ve sagim sistemlerinde énemli
gelismeler yasanmistir. Ozellikle sagim robotlari gibi otonom sa@im sistemleri galisanlarin daha az fiziksel
yuklenmelere maruz kalmasinin saglanmasi hedefine énemli katkida bulunmustur. Buna ragmen
c¢alisanlarin ergonomik yonden karsi karsiya kaldiklari risklerde c¢ok da &énemli bir ilerleme
kaydedilemedigi géze carpmaktadir. Teknolojinin sektdore uyarlanmasi ile ¢alisanlarin fiziksel yuklerinin
azaltilmasi beklense de gergekte boyun omuz ve Ust ekstremite rahatsizliklari ile ilgili sorunlarin halen
devam ettigi degisik arastirmacilar tarafindan ortaya konmustur (Arborelius et al., 1986; Stal et al., 1996;
Tuure & Alasuutari, 2009; Kauke et al., 2010; Jakob et al., 2012; Kolstrup & Jakob, 2016).

Glnudmuzde sit sagim islemi serbest ya da bagli ahirlarda seyyar siit sagim makineleri, boru hatli
sagim tesisleri ve robot sadim sistemleri ile gerceklestiriimektedir. Sagim igin ayri odalarin bulundugu
boru hath tesislerde sagimcilar hayvanin meme seviyesinden daha dusiuk seviyede yer alan sagim
cukurlarinda ¢alismaktadirlar. Sagim i¢in ayri bir oda ya da bdlmenin olmadidi az sayida hayvana sahip
isletmelerde ise daha ¢ok seyyar sit sagim makineleri tercih edilmektedir (Sekil 1).

Sekil 1. Tek gugimli ve tek sagim bashgina sahip bir seyyar sit sagim makinesinin sematik gérinisu.

Figure 1. Schematic view of a single bucket and single milking unit of a mobile milking machine.

Ulkemizde biyiik bas hayvancilik igletmelerindeki hayvan sayilari Avrupa (ilkelerinin oldukca
altindadir. Isletmelerin %81 inde hayvan varhginin 1-9 hayvan gibi ¢ok dislk degerlerde oldugu
gozlenmektedir (TUIK, 2023a). Disiik hayvan varligina paralel olarak seyyar sagim makineleri halen ok
yaygin olarak kullaniimaktadir (Sekil 2).

Sagim isleminin yarattiyi ergonomik risklerle ilgili ¢calismalar blylk oranda sadim c¢ukurunda
calisan sagimcilara yoneliktir. Stal et al (2000), sit sagma isleminin bilek ve el rahatsizliklarinin ortaya
¢cilkmasinda etkili bir faktér oldugunu, bu rahatsizliklarinin kadin galisanlarda daha sik goérildiguind,
meme basliklarinin agirlik ve élgilerinin kadin eline uyumlu olmadigini ifade etmektedir. Yazarlar, meme
basliklarinin hayvan memelerine takilmasi sirasinda tst kolun yiukselmesi, dirsegin ileri dogru uzamasi, el
bileklerinin bukllmesi ve parmaklarin gerilmesi gibi ergonomik acidan risk olusturan birgok hareketin
dizenli olarak tekrarlandidini belirlemiglerdir. Memelerin 6n temizligi, meme bagliklarinin takilip
ctkariimasi isleminin galisanlar tarafindan en yorucu is olarak tanimlandigi ortaya konulmustur (Pinztke,
2003; Stal et al., 2003).
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Sekil 2. Yillara gére seyyar siit sagim makinesi sayilarindaki degisim (TUIK, 2023b).
Figure 2. Change in the number of mobile milking machines by years (TUIK, 2023b).

Sagim gukurunun derinligine ve memelere olan mesafelere bagl olarak st kol ylkselmesinin ve
beden egilmesinin tekrarli ve sik araliklarla gercgeklestigi, bunun da calisanlarda 6zellikle omuz agr ve
rahatsizliklarinda artisa neden oldugu belirlenmistir (Lundquuvist et al., 2003; Jakob & Liebers, 2011; Jakob
et al., 2012).

Seyyar sut sagim makineleri ile yapilan sagim islemine kismen benzer bir yap1 gésteren sabit hava
boru hatli kovaya sagim yapan sagim tesislerinde gergeklestirilen az sayida ¢alismada geleneksel sagim
yonteminin egilip bukulmus, her iki diz de bukilmis ya da ¢oémelmis halde ¢alisma gerektiren duruslar
icerdigi belirlenmistir (Perkio-Makela & Haentila, 2005). Sagimin gergeklestiriimesi sirasinda oturma, kalkma
ve cOmelme eylemlerinin inek basina en az U¢ dort kez tekrarlanabildigi, 6zellikle yuksek verimli
hayvanlarda sik tekrarlanan bu eylemlerin ¢alisan agisindan dayanilmasi zor bir hal alabilecegi ifade
edilmistir (Groborz et al., 2011). Benzer sekilde hortum agirliklari dahil edildiginde 6 kilograma
varabilecek sagim unitesinin memelere takilabilmesi icin ¢émelme zorunlulugunun zorlayici bir eylem
oldugu vurgulanmistir (Hvang et al., 2010). Ote yandan sadece seyyar siit sagim makineleri ile yapilan
sagim iglemindeki vicut duruglarini inceleyen bir calisma bulunmamaktadir.

Sagimcilarin galisma duruslarinin yaratabilecedi ergonomik maruziyetlerin belirlenmesine yonelik
arastirmalarda g6zlem, geri bildirim ve anket (Lower et al., 1996; Pinzke, 2003; Perkio-Makela & Haentila,
2005; Nonnenmann et al., 2008; Hwang et al., 2010; Innes & Walsh, 2010) ile kalp atim-oksijen tuketimi
Olgimu, elektrogonyometri, elektromiyografi, hareket izleme gibi vicut Gzerinden veri almaya dayall
dogrudan 6lgim yontemlerinin (Arborelius et al., 1986; Ahonen et al., 1990; Stal et al., 1999, 2000, 2003;
Pinzke et al., 2001; Perkio-Makela & Haentila, 2005; Jakob et al., 2009; Nonnenmann et al., 2010)
kullanildigi belirlenmistir. Bunlar icerisinde dogrudan o6lgim ydntemleri objektif ve niceliksel dlgimler
yapilmasina olanak saglamasi (Hansson et al., 2009) ve maruziyetler hakkinda kesin tahminler sunmasi
yonuyle 6ne gikmaktadir (Winkel & Mathiassen, 1994; van der Beek & Frings-Dresen, 1998; Burdorf &
van der Beek, 1999; Amasay et al., 2009).

Seyyar sit sagim makineleri ile yapilan sagim isleminde sagimcilar buyik oranda kollari omuz
hizasinin altinda, Ust kollari yUkselmis, diz ¢okerek, ¢Omelerek ve o6ne egilerek calismaktadirlar.
Literatirde bu tip makineler kullanilarak yapilan sagim islemindeki vicut duruslarini inceleyen bir ¢alisma
bulunmamaktadir. Bu ¢alismada, diger ¢alismalardan farkli olarak seyyar sut sagim makineleri ile yapilan
sagim islemindeki vicut duruslarinin yaratabilecegi ergonomik maruziyetlerin U¢ boyutlu hareket
yakalama sistemi yardimi ile belirlenmesi amaglanmistir. Meme seviyesinin ¢alisanin pozisyonuna gore
yukseltiimesinin maruziyetler zerindeki etkisinin ortaya konmasi galismanin bir diger hedefidir. Bu tarz
makinelerin Tarkiye’de yaygin olarak kullanildigi g6z énine alindiginda yapilan ¢alisma ile elde edilecek
sonuglarin ve ¢dzim Onerilerinin  ergonomik kosullarin iyilegtirimesi agisindan 6nem arz ettigi
distnulmektedir.
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MATERYAL ve YONTEM

Calisma, Potsdam-Almanya’da yer alan ATB (Leibniz Institute for Agricultural Engineering and
Bioeconomy Potsdam e.V.) ergonomi laboratuvarinda gergeklestiriimistir. Denemelerde gergek kosullarin
benzegtiriimesi amaciyla hazirlanmig, dért adet yapay meme bagina sahip sagim platformu ile tek
gugumld, 2.4 kg agirhida sahip tek sagim baslikh seyyar sut sagim makinesi kullaniimigtir.

Vlcut duruslarinin belirlenmesinde 3 boyutlu hareket yakalama sisteminden yararlaniimigtir.
Sistem saniyede 50 poz c¢ekim yapabilen iki adet dijital video kamera (Canon XM2), optik markérler ve
yazilimdan olusmaktadir. Calismada 171 cm boyunda goéndlli bir kadin denegin Uzerine koyu renkli bir
kazak giydirilmis, kazagin Uzerine beyaz renkli optik markdorler yerlestiriimistir. Markorler el bilegi, dirsek,
omuz, sirt (C7 ve Th12 omurlan) ve kalga (S1 omuru) Gzerine yerlestirilmistir. Farkl agilarda yerlestirilen
kameralar tarafindan kaydedilen goérUntiler SIMI Motion (Unterschleifheim, Germany) firmasina ait
bilgisayar yazilimina aktarilmis, kare kare izlenerek optik markérlerin yerleri sisteme tanitiimis ve 3
boyutlu koordinat ekseni olusturulmustur. Yazilim araciligi ile markorler belirlenen referans eksenlerine
gore birbirlerine birlestirilerek gubuk modeller olusturulmustur. Calismada Ust kol yikselme agilarinin
belirlenmesi icin dirsek-omuz-kalga, Ust beden egilme acilarinin belirlenmesi i¢in ise omuz-kalca eksenleri
referans eksenler olarak alinmistir. Yazilim aracilidi ile bu eksenlere gére markérler arasi mesafeler, kol
ve bedendeki aglilar ile kol ve bedenin hareket hizlari ve ivmesi gibi parametreler siireye bagli olarak
listelenmigtir. Sisteme iliskin araylz gorintist Sekil 3 de sunulmustur.

= Beispiel2. SMP:2 H[=E3

] &

> ‘; ke - ” MM Knachel re
ef“"— o ; k| R |Kniere
-‘/‘C | : R [R [Hiite e
’ g i R | R|Fuspitze l

MM Ferse l
K| k| Knichel f
K| RKnie
k| k]Hite f
M_\J Schulter re
MM Ellbogen re
!J_\_J Handre
K| K| Schulter l
1 || K] R ]Enbogen i
| | [ R ] R]Hand i
8 | K| Kopf

=|k]gal
| X| k| Kdrperschwerpunkt

Sekil 3. Yazilima iligkin araylz goriintusi (SIMI, 1993).
Figure 3. Interface image of the software (SIMI, 1993).

Denemeler (¢ farkli sagim platformu yuksekliginde (P-0= Platform yer dizleminde; P-20= Platform
yer duzleminden 20 cm yukseklikte; P-30= Platform yer dizleminden 30 cm yukseklikte) ve Ug¢ farkli calisma
durusu-postiirde (Tek diz yerde-TDY; Comelme-COM; Taburede oturma-30 cm yiksekliginde-TAB)
gergeklestirilmistir. Deneme diizeni, galisma duruslari ve markér yerlesimleri Sekil 4 de yer almaktadir.

Her bir deneme 10 kez tekrarlanmis, her besinci ve onuncu denemede Borg 6-20 Skalasi
kullanilarak denegin hissettigi rahatsizlik dizeyleri tespit edilmistir. “Borg Algilanan Efor Skalas1” yapilan
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is sirasinda harcanan efora bagll olarak ortaya ¢ikan rahatsizliklarin siddetini degerlendirmek amaciyla
kullanilan bir yontemdir (Borg, 1982). Yontemde calisanin yaptigi iste harcadidi eforun siddetine goére isin
glcliguni algilama dizeyi 6 ila 20 arasinda degisen dereceler ile degerlendiriimektedir (Cizelge 1).

Sekil 4. Deneme duzeni, postirler ve optik markérlerin yerlesimi.

Figure 4. Experiment design, postures and placement of optical markers.

Cizelge 1. Borg Skalasi (6-20) ve algilama siddetleri

Table 1. Borg Scale (6-20) and perceived exertions

Algilanan Efor Derecesi

Algilama Siddeti

6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

Zorlanma yok (dinlenme, oturma)
Cok ok hafif

Cok hafif

Hafif

Bir sekilde zor

Zor

Cok zor

Asiri derecede zor

Maksimum zorlanma

Calismada yazihim tarafindan listelenen veriler kabul edilen referans eksenlerine gére st kolun
yikselme acilari ve Ust bedenin egilme agisi esasinda degerlendirilmistir. Dederlendirmeler séz konusu
actlarin limitlerini ve kabul edilebilirlik kosullarini belirleyen 1SO 11226 (1ISO, 2000) standardi ve
uygulamada en sik kullanilan goézlemsel ergonomik degerlendirme ydntemlerinden biri olan RULA
yontemi (McAtamney & Corlett, 1993) esas alinarak yapimistir. Standartta belirtilen limitler ve kabul

edilebilirlik kosullari Cizelge 2 de yer almaktadir.
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Cizelge 2. Ust kol yilkselme ve (st beden egilme agisi limitleri ve kabul edilebilirlik kosullari (1ISO, 2000)

Table 2. Upper arm elevation and trunk inclination angle limits and acceptability conditions. (ISO, 2000)

Ust Kol Yukselme Hareket
Xukselome Statik Postir
¢ist (°) Dussiik Frekans (<2/s) Yiiksek Frekans (>2/s)
.W 0-20 KABUL EDILIR KABUL EDILIR KABUL EDILIR
e SARTLI KABUL EDILIR! SARTLI KABUL EDILIR?
20-60 Kol destegi varsa, yoksa calisma KABUL EDILIR 2<10 hareket/dakika, kisa
ve dinlenme surelerine bagl sureli makine kullanimi varsa
_ I _
> 60 KABUL EDILMEZ SARTLIKABUL EDILIR® \7p (| EDiLMEZ

3Makine kullanimi yoksa

Ust Bﬁden Egilme  Egilme Agisi (°)

<20 KABUL EDILIR
20-60 MAKSIMUM TUTMA SURESINE BAGLI
> 60 KABUL EDILMEZ

Standartta belirtilen agisal limitlerin kabul edilebilirligi ayni zamanda Ust kol ve Ust bedenin belirtilen
acllarda tutulma sireleri ile de iligkilendiriimis durumdadir (Sekil 5)
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Sekil 5. Ust kol yilkselme ve (st beden egilme agilarina gére maksimum tutma siireleri (SO, 2000).

Figure 5. Maximum holding times according to upper arm elevation and trunk inclination angles (ISO, 2000).

Derlenen veriler IBM® SPSS® Statistics V25 paket programinda varyans analizi (ANOVA) ve Duncan
testine tabi tutularak %95 anlam duzeyinde istatistiksel olarak degerlendirilmistir. Degerlendirmede her
platform yiksekligi ve her postir icin tesadlfen secilen dort veri blogu esas alinmistir.

ARASTIRMA SONUCLARI ve TARTISMA
Ust kol yiikselme agisi

ilgili standart Ust kol ylikselme agcilarinin kabul edilebilirligini galisma durusunun (postiir) statik ya
da hareketli olmasina gére degerlendirmektedir. Bu c¢alismada referans alinan unsura goére her iki
durumun da mevcut olabilecegi dusinulmektedir. Degerlendirme salt denegin durusu esas alinarak
yapildiginda statik postiriin varligindan séz edilebilir. Ote yandan sagim bashginin meme seviyesine
yikseltilip meme basliklarinin takilmasi dinamik bir eylemdir. Bu durumda degerlendirmelerin hareketin
frekansina gore de yapilmasi zorunlulugu ortaya ¢ikmistir. Sagim basliginin tek elle kavranmasi ve 4 ayri
meme bagliginin tek tek memelere takilmasi olmak uzere toplam 5 eylemin gerceklestirildigi g6z 6niine
alinarak ortalama calisma sirelerine bagli olarak belirlenen hareket frekanslar Cizelge 3 de sunulmustur.
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Cizelge 3. 1SO 11226 standardina gore belirlenen hareket frekanslari

Table 3. Determined movement frequencies according to ISO 11226 standard

Calisma Duruslari

Tek diz yerde Comelme Taburede oturma
Platform Yiksekligi hi h2 h3 hi h2 h3 hi h2 h3
Ortalama Calisma Suresi (s) 12.43 9.83 8.75 8.85 9.52 7.92 9.43 8.69 8.03
Tekrarlanan Hareket Sayisi 5 5 5 5 5 5 5 5 5
Hareket Frekansi (s™) 2.49 1.97 1.75 1.77 1.70 1.58 1.96 1.74 1.60

Frekans Duizeyi (ISO 11266) Yiksek Dusik Disik Dusuk Diasuk  Disik  Dusik  Dusik — Dustk

Belirlenen hareket frekanslarinin standarda gére diisiik diizeyli oldugu gézlenmektedir. Ote yandan
bu dederlendirmenin sadece bir hayvan i¢in meme basliklarinin memelere takilmasi sirasindaki eylemlere
gbre yapildidi hatirdan c¢ikarilmamalidir. Gergcek kosullarda sagim bashgdinin takilmasi disinda meme
temizligi, 6n sagim, son sagim, sagim basliginin g¢ikariimasi, meme baglarinin dezenfekte edilmesi,
makinenin diger hayvanlara yonlendiriimesi, sagim bashdinin ara dezenfeksiyonu, sit gugumlerinin
tasinmasi ve bosaltilmasi gibi ek eylemler de mevcuttur. Benzer sekilde Ulbricht et al. (2014), sagim
basliklarinin takilmasinin sagim sdrecinin ¢ok kuguk bir kismini olusturdugunu, toplanan sutin
aktarilmasi da dahil olmak tGzere en az 10 farkli eylemin daha gergeklestirildigini belirtmiglerdir. Groborz
et al. (2011) ise bir kez meme basliklarini dezenfekte etme ve takma, bir kez de memeden ayirma ve
¢clkarma eylemlerinin inek basina iki kez ¢omelmeyi gerektirdigini ortaya koymustur. Bu agidan seyyar
sagdim makineleri ile yapilan galismanin yiksek frekansli hareket igeren bir yapiya sahip oldugu aciktir.

ilgili standart Ust kol yiikselme agisi limitlerini her iki kogulda da (statik postirr ya da hareket) 20
dereceyi agsmadidi sirece kabul edilebilir nitelikte degerlendirmektedir. Bu dogrultuda st kolun referans
eksene gore olclilen ortalama yikselme acilari Sekil 6 da verilmigtir.

Platform

854 We-0
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Postir

Sekil 6. Postirler ve platform yliksekligine bagl olarak él¢ilen ortalama st kol yikselme agilari ve standart sapmalar.

Figure 6. Mean upper arm elevation angles and standart derivations depending on postures and platform height.

239



Oz vd.

Ust kol yiikselme agilarinin tim postiir ve tiim platform yiiksekliklerinde gerek statik postiir gerekse
yiksek frekansli hareket agisindan standardin belirledigi alt limit olan 20 derecenin Uzerinde degerler
aldigi goérilmektedir. Sagim platformunun zemin seviyesinde oldugu (P-0) ve TDY c¢alisma seklinin bu
acgidan kabul edilmez nitelikte (>60°) oldugu géze garpmaktadir. Cémelerek gerceklestirilen ¢alismanin
da paralel bir seyir izledigi gézlenmistir.

Yapilan varyans analizinde platform yiksekligi, postir ve bunlarin interaksiyonunun istatistiksel
anlamda 6nemli oldugu gézlenmistir (Cizelge 4).

Cizelge 4. Ust kol yilkselme agilarinin platform yiiksekligi ve postiire gére degisimi ve interaksiyonlarinin varyans analizi

Table 4. Variation analysis of upper arm elevation angles according to platform height and posture and their interactions

Source Type Il Sum of Squares df  Mean Square F  Sig.
Corrected Model 1021478.482 8 127684.81 5245.58 .000
Intercept 40572110.09 1  40572110.09 1666792.95 .000
Platform 738153.28 2 369076.64 15162.49 .000
Postur 137691.01 2 68845.50 2828.33 .000
Platform*Postur 94896.69 4 23724.17 974.64 .000
Error 406428.72 16697 24.34

Total 44148714.00 16706

Corrected Total 1427907.20 16705

Platform ylksekligi ve postire bagl olarak st kol ylikselme agilari arasindaki iliskilerin istatistiksel
acgidan 6nem arz ettigi belirlenmistir. Platform yiksekliginin artmasi ve taburede oturmayi iceren posturin
digerlerine gore nispeten daha iyi sonuglar sundugu gézlenmistir (Cizelge 5).

Cizelge 5. Ust kol yilkselme agilarinin platform yiiksekligi ve postiirlere gére DUNCAN gruplamasi (o = 0.05)

Table 5. DUNCAN grouping of upper arm elevation angles according to platform height and postures (« = 0.05)

. . Ust Kol . Ust Kol
Platform YUksekligi N Yikselme Acisi Postur N Yilkselme Acisi
P-0 6274 59.342 TDY 6168 54.332
P-20 5558 46.49° cOM 5102 50.02°
P-30 4874 43.93° TAB 5436 46.82°
Sig. 1.000 1.000

Sagim gukuruna sahip sut sagim tesislerinde gerceklestirilen ¢alismalar artan ¢alisma yuksekliklerinin
Ust kol ylkselme agilarinin artmasini dogrudan etkiledigini, omuz seviyesinin Ustlinde ya da altinda
calismanin kas eforunu ciddi derecede arttirdigini, kolun omuz hizasina kadar kaldiriimasinin omuz kas-
iskelet sistemi rahatsizliklarina yakalanma riskini arttirdigini ortaya koymustur (Jakob et al., 2009, 2012;
Oyama et al., 2017). Ancak bu ¢alismalar sadim ¢ukurunda, ayakta ve hayvanin meme seviyesine uzanarak
sagimi gergeklestiren sagimcilari irdelemektedir. Bu agidan mevcut ¢alismadaki verilerle kiyaslama olasiligi
s6z konusu degildir. Bu calismadaki ¢alisma duruslarina benzer g¢alisma duruslarinin degerlendirildigi tek
calismada dizin yere dayanarak, comelerek ve tabureye oturarak gergeklestirilen ¢alisma duruslarinin omuz
kaslarinda ortalama 13 Nm degerinde bir moment yarattigi, ayakta ve egilerek gerceklestirilen galisma
duruslarina gore yaklasik iki kat daha yiuksek dederde oldugu belirlenmistir (Arborelius et al., 1986). Ne var ki,
bu ¢alismada Ust kolun ylikselmesi ve Ust bedenin egilmesi yoniinde bir 6l¢im yapiimamistir.

Calismanin oturularak ve dusuk ¢alisma yiksekliklerinde gerceklestirimesine ragmen Ust kol yukselme
acisi degerlerinin ayakta gergeklestirilen meyve toplama ve sagim gukurunda gergeklestirilen sagim islemleri
ile paralellik arz etmesi ilgi ¢ekici olarak nitelendirilebilir. Bu durumun platformun algak seviyede olmasina bagli
olarak daha fazla 0ne dogru egilme gereksinimi dogmasindan kaynaklandidi distnilmektedir. Nitekim
platform yuksekliginin artmasina paralel olarak degerlerde hizli dususler oldugu belirlenmistir. Yukseltilmis
platform ve taburede oturma bilesiminin bu agidan kabul edilebilir sinirflara yakin oldugu gérilmektedir.
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Elde edilen sonuglar statik postir varsayimi ile degerlendirilirse standart geregi kabul edilebilirlik
kolun desteklenmesine baglidir (Cizelge 2). Pratikte bu kosulun saglanmasi pek mimkin degildir. Konu
ile ilgili yapilan bir calismada tasarimin kas yuUki ve kas iyilesmesi Gzerinde anlaml bir etkisinin olmadigi
belirlenmistir (Stal et al., 2003).

St sagim isleminin daha ¢ok dinamik bir is oldugu g6z 6nine alindiginda Ust kolun standartta
belirtilen agisal araliklarda ne kadar sure ile tutuldugu 6nem kazanmaktadir. Buna goére Ust kol yiksekliginin
artmas! durumunda tutma suresinin azaltiimasi gerektigi belirtiimekte ve 20°nin tzerinde kaldirilan kollar
icin 3 dakikadan uzun tutma slresi Oneriimemektedir (Sekil 3). Bu dogrultuda ilgili standartta yer
almamasina karsin RULA yonteminde kritik deger olarak (45°) kabul edildigi icin 20-40° arasindaki Ust kol
yukselme agilari da dahil edilerek en dustiik ve en ylksek tutma stireleri Cizelge 6 da verilmigtir.

Cizelge 6. Ust kolun postiirler ve platform yiiksekliklerine bagli olarak agisal araliklardaki tutma siireleri

Table 6. Holding times of upper arm in angular ranges depending on postures and platform heights

Acisal Araliklara Gére Tutma Sdreleri (s)

Postiirler $|L?|:fscgmgl 0-20° 21 - 40° 41 - 60° >60°
En En En En En En En En
Dislk  Yiksek Duslik  Yiksek DusiUk  Yiksek  DlsUk  Yiksek
P-0 - - - -- 0.06 10.42 0.38 11.96
TDY P-20 -- - 0.26 0.84 8.40 11.30 0.02 0.14
P-30 -- - 0.02 0.20 0.10 9.76 0.02 8.28
P-0 - -- -- -- 0.34 8.50 0.06 7.76
cOM P-20 - - 0.26 1.80 0.12 10.10 0.08 0.56
P-30 - - 0.08 1.14 0.04 8.50 0.30 0.96
P-0 - - 0.04 0.28 0.12 9.46 0.02 4.46
TAB P-20 - - 0.14 1.96 0.38 9.14 - -
P-30 -- - 0.02 8.36 0.24 1.00 - --

Elde edilen sonuglarin tim posturler ve platform yikseklikleri igin standardin belirledigi degerin
altinda kaldigi gorilmektedir. Her ne kadar disik degerler elde edilmis olsa da ergonomik agidan
etkilesimleri dngoérebilmek icin Ust kolun belirtilen agisal sektdrlerde tutulma siresinin toplam calisma
suresinin ne kadarini olusturdugunun bilinmesi gerektigi distinilmektedir. Bu baglamda ortalama tutma
surelerinin toplam calisma sureleri icindeki payi Sekil 7 de verilmigtir.
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&

Sekil 7. Posturler ve platform yuksekliklerine bagli olarak st kol yiikselmesinin toplam ¢alisma siresi igindeki pay!.

Figure 7. Share of upper arm elevation in total working time depending on postures and platform heights.
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Ust kolun 40° den fazla yiikseldigi calisma kosullarinin toplam calisma siiresi igindeki payinin
kayda deger nitelikte oldugu gézlenmistir. Bu galismada gdézlenen dagilimin énceki galismalarla buyik
oranda benzerlik gosterdigi ifade edilebilir. Tutma sirelerinin dadihmina iligkin calismalar toplam is
gunlnin ortalama %25 inde kolun 45° den, basliklarin baglandigi siirenin ise yaklasik %10 unda 60° den
daha yuksekte tutuldugunu ortaya koymaktadir (Tuure & Alessutari, 2009; Douphrate et al., 2012).

Ust beden egilme agisi

ilgili standart Gst bedendeki egilmelerin alt sinirini 20° olarak belirlemistir. Bu dogrultuda st
bedenin referans eksene goére dlgllen ortalama egilme agilari Sekil 8 de yer almaktadir.
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Sekil 8. Calisma duruslar ve platform ylksekligine bagli olarak élglilen ortalama list beden egilme acilari ve standart sapmalar.

Figure 8. Mean trunk inclination angles and standart derivations depending on working postures and platform height.

Ust beden egilme agilarinin diistik platform yiiksekliklerinde (P-0) tim postirler igin standardin
kabul ettigi sinir degerin (20°) Gzerinde degerler aldidi géze garpmaktadir. Bu durumun Ust kol yiikselme
acllarinda oldudu gibi memelere ulagsmak igin daha fazla egilme gereksiniminden kaynaklandigi
distndlmektedir. Platform ylksekliginin artmasi ile birlikte egilme acilarinda keskin disUsler
belirlenmistir. Ozellikle yiikseltiimis platform (P-30) ve taburede oturma seklinde gerceklestirilen
¢alismanin hem ilgili standart hem de RULA degerlendirme yonteminin kabul ettigi en dlsuk degerin de
(20°) altinda sonuglar urettigi gdze carpmaktadir.

Yapilan varyans analizinde platform yuksekligi, postir ve bunlarin interaksiyonunun istatistiksel
anlamda énemli oldugu gdzlenmigtir (Cizelge 7).

Cizelge 7. Ust beden egilme agilarinin platform yiiksekligi ve postiire gére degisimi ve interaksiyonlarinin varyans analizi

Table 7. Variation analysis of trunk inclination angles according to platform height and posture and their interactions

Source Type Il Sum of Squares df  Mean Square F  Sig.
Corrected Model 1789644.24* 8 223705.53 13257.95 .000
Intercept 15891178.94 1 15891178.94 941793.58 .000
Platform 1234993.20 2 617496.60 36596.05 .000
Postur 475770.72 2 237885.36 14098.319 .000
Platform*Postur 83229.98 4 20807.50 1233.160 .000
Error 281733.73 16697 16.87

Total 19319733.00 16706

Corrected Total 2071377.97 16705
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Platform yiksekligi ve postlre bagl olarak Ust beden egilme acilari arasindaki iliskilerin istatistiksel
acidan 6nem arz ettigi belirlenmigtir. Platform yUksekliginin artmasi ve taburede oturmayi igceren posturin
digerlerine gore en iyi sonucu ortaya koydugu gézlenmistir (Cizelge 8).

Cizelge 8. Ust beden egilme agilarinin platform yiiksekligi ve postiirlere gsre DUNCAN gruplamasi (o. = 0.05)

Table 8. DUNCAN grouping of trunk inclination angles according to platform height and postures (« = 0.05)

Pll.latformw pst Beden Postiir pst Beden
Yiksekligi Egilme Acisi Egilme Agcisi
P-0 6274 43.09? TDY 6168 38.572
P-20 5558 27.63° COM 5102 31.63°
P-30 4874 23,16° TAB 5436 25.30°¢
Sig. 1.000 1.000

ISO 11226 standardi 20° nin Uzerindeki Ust beden egilme agilarinin kabul edilebilirligini bedenin bu agi
araliklarinda tutulma suresine bagl olarak degerlendirmektedir (Sekil 3). Buna gore ¢alisma duruglarn ve
platform yiksekliklerine gore olgllen en disiik ve en yiksek st beden egilme acilar Cizelge 9 da verilmistir.

Cizelge 9. Ust bedenin postiirler ve platform yliksekliklerine bagl olarak agisal araliklardaki tutma siireleri

Table 9. Holding times of upper body in angular ranges depending on working postures and platform heights

Agcisal Araliklara Gére Tutma Sireleri (S)

. Platform 0-20° 21 - 40° 41 - 60°

Postlrler  yijksekigi En En En En En En
Disik Yiksek  Duslk Yiksek  Duslk Yiksek

P-0 -- -- 0.1 12.34 0.02 11.42

TDY P-20 -- -- 8.70 11.40 - -
P-30 -- -- 5.66 10.72 -- --

P-0 -- -- 0.58 8.80 0.52 9.34

cOM P-20 0.12 7.98 0.28 9.74 - -
P-30 0.46 8.52 0.28 5.22 - -

P-0 0.10 0.68 0.04 9.42 - -

TAB P-20 0.04 10.70 0.24 0.66 - -
P-30 6.50 9.18 - - - -

Calismada dlcllen surelerin standardin kabul ettigi degerlerin oldukga altinda oldugu goéze
carpmaktadir. Ote yandan (ist kol yiikselme agilarinda oldugu gibi salt tutma siirelerine dayanarak yorum
yapmanin dogru olmayacagi distnilmektedir. Bu dogrultuda (st bedenin s6zl edilen agisal araliklarda
tutma surelerinin toplam c¢alisma zamani igindeki payinin belirenmesi daha gercekgi bir degerlendirme
yapmak agisindan faydali olacaktir. Buna gore ortalama tutma sirelerinin toplam calisma sureleri icindeki

)]

TDY_P-0 GOM_P0 TAB_P-30 TDY_P-20 GOM_P-20 TAB_P-20 TDY_P-30 GCOM_P-30 TAB_P-30

pay! Sekil 9 da verilmistir.
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Toplam Galigma Siresi Icindeki Pay!
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Sekil 9. Posturler ve platform yuksekliklerine bagli olarak tst beden egilmesinin toplam ¢alisma siiresi igindeki pay!.

0020 m2140

4160

Figure 9. Share of trunk inclination in total working time depending on postures and platform heights.
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Seyyar sagim makineleri ile yerden dusuk yiksekliklerde yapilan sagim isleminde viicudun buyuk bir
bélimlnin toplam cgalisma zamaninin %70 inden fazlasinda éne dogru bukilmus oldugu belirlenmistir
(Hayati et al., 2015). Arastirmalar omuz seviyesinin altindaki ¢alismalarda Ust bedendeki egilmelerin kabul
edilebilir limitin (20°) Gzerine giktidini ve sirtin bukdldigund (Jakob et al., 2012), meme yuksekliginin artmasi
ile sirt kaslarindaki gerilmelerin azaldigini, memelerin omuz seviyesinde ya da Ustiinde olmasi durumunda
sirtin alt kisimlarindaki yikin dists gosterdigini ortaya koymaktadir (Oyama et al., 2017).

Bu dogrultuda bu calismada elde edilen sonuglarin s6zu edilen bulgularla paralellik gosterdigi ifade
edilebilir. Platform ylUksekliginin Ust kol ylkselme acisi ile Ust beden egilme agisi interaksiyonuna etkisinin
postire gore daha baskin oldugu géze ¢arpmaktadir (Sekil 10).
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Sekil 10. Postirler ve platform ylksekliklerine bagli olarak Ust kol yikselme agisi ile Ust beden egilme agisinin iligkisi.

Figure 10. Relations between upper arm elevation angle and trunk inclination angle depending on postures and platform heights.

Platform yiksekliginin arttinimasinin 6zellikle Ust kol ylkselme agilarinin diismesinde olumiu yénde
etkisi oldugu gbze carpmaktadir. Bu etkinin postir agisindan ¢ok belirgin olmadigi gézlenmektedir. Bu
durumun st sagim isleminde gerceklestirilen eylemlerin dinamik yapisindan kaynaklandigi dusinutlmektedir.

Algilanan efor

Calisma duruslari ve platform yiksekligine bagli olarak denegin algiladigi efor ya da zorluk dereceleri
Sekil 11 de yer almaktadir.
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Sekil 11. Posturler ve platform yiksekliklerine bagh olarak génilliiniin algiladigi efor ve zorlanmalar.

Figure 11. Perceived effort and strains of volunteer’s depending on postures and platform heights.
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Denegin her besinci ve onuncu denemede beyan ettigi efor ya da zorlanma derecelerinin Borg
skalasina gore ¢ok hafif - hafif dizeyde oldugu gozlenmistir. Elde edilen sonuglar sagim ¢ukurunda hafif
sagim uniteleri ile gergeklestirilen sagim islemindeki sonuglarla benzerlik géstermektedir (Jakob et al.,
2012). Buna ragmen denegin 6zellikle TDY ve COM postiirlerinde yakinmalarinin ciddi diizeyde oldugu
goze carpmaktadir. Sagim Unitelerinin takilmasinin omuz, kol ve ellere statik ve dinamik kas yukleri
uyguladidindan yorgunluk ve diger etkilerin goérilme olasiiginin arttigr degisik calismalarda ortaya
konmustur (Bjorksten & Jonsson, 1977; Ulmer, 1989). Bu ¢calismada da tim ¢alisma duruglari ve platform
yuksekliklerinde en sik beyan edilen yakinmanin yorgunluk oldugu g6zlenmektedir.

Sagim iglemlerinde omuz, kol ve ellerin yani sira dizlerde de 6nemli sorunlarin gézlendigi
bilinmektedir (Liebers & Caffier, 2006). Denemelerde yorgunluktan sonra en sik beyan edilen diger bir
yakinmanin diz agrilari oldugu géze carpmaktadir. Ozellikle bagli ahirlarda ve bu calismadaki calisma
duruslarina benzer duruslarda gercgeklestirilen arastirmalarda toplam galisma siresinin %32’sinde dizin
bicimsiz pozisyonlarda tutuldugu (Nevala-Puranen et al., 1996), bu sirecte dizin 70°-110° arasinda
degdisen kivriima degerlerine ulasildigi belirlenmistir (Nonnenmann et al., 2010).

Bu calismada elde edilen sonuglar gercek sagim kosullari esasinda degerlendirildiginde dusuk
calisma yukseklikleri ve dizlerin kivrilmak durumunda kaldigi ¢alisma duruslarinin ergonomik agidan
sorun yaratma potansiyeli oldugu ifade edilebilir. Uger (2008), ayni anda iki hayvan sagabilen iki ayri
sagim baslidina sahip seyyar st sagim makinesi ile gergeklestirdigi calismasinda sagim siresinin glinde
bir kez sadim igin yaklagik 7 dakika oldugunu, bagliklarin memelere takilmasinin 45 saniye (hayvan
bagina 22.5s), sokiilmesinin ise 18 saniye (hayvan basina 9s) sirdigini belirlemistir. Ozellikle
basliklarin memeye takilma sirelerinin bu ¢alismada elde edilen surelerden daha yuksek oldugu gbze
carpmaktadir. Bu slre toplam stre igerisinde disuk bir orana sahip gézikse de meme basgliklarinin
takilmasi isleminin en yorucu gorev olarak tanimlandigi, bagliklarin agir olmasi durumunda harcanan kas
eforunun artis gosterdigi ortaya konmustur (Stal, et al., 1996; Jakob et al., 2009). Blylikbas hayvancilik
isletmelerindeki ortalama hayvan sayisi (1-9 hayvan) esas alindidinda s6z konusu iglemlerin tek sagim
Unitesine sahip makinelerde on kez, ¢ift Gniteye sahip makinelerde ise bes kez tekrarlanmasi durumu s6z
konusu olacaktir. Meme temizligi, 6n sagim, son sagim ve meme baslarinin dezenfekte edilmesi islemleri
de dahil edildiginde (st kollardaki yiikselmenin meyve toplama islemine yakin diizeyde (Oz & Jakob,
2020) olacagi ifade edilebilir. Sagimin, her giin ve glinde iki kez gergeklestirildigi dikkate alindiginda, Ust
kol ylkselmesi ve Ust beden egilmesinden kaynaklanan kas-iskelet sistemi rahatsizliklarinin ortaya
cikmasina neden olacak énemli bir faktor olarak degerlendirilebilir.

SONUG ve ONERILER

Farkli ahir tipleri ve sagim sistemleri ile gergeklestiriien arastirmalar sagim isleminin tim
gelismelere ragmen calisanlarin kas-iskelet sistemi rahatsizliklari agisindan ciddi etkisinin devam ettigini
ortaya koymustur. Sirdiurilen is genel anlamda hafif olarak algilanmakla birlikte Ozellikle sagim
basliklarinin takilmasi islemi zahmetli ve yorucu olarak nitelendirilmektedir.

Tarkiye’de makine ile sit sagim isleminin yarattigi ergonomik maruziyetleri inceleyen bir galisma
bulunmamaktadir. Bu g¢alismada llkemizde bulyikbas hayvancilik isletmelerindeki disik sayili hayvan
varlii nedeniyle halihazirda yaygin olarak kullanilan seyyar sut sagim makineleri ile gergeklestirilen st
sagim islemindeki calisma kosullarinin ergonomik ydnden ciddi dizeyde olumsuzluklar yaratabilecegdi
somut verilerle ortaya konmustur.

Sonuglar geleneksel sagim sekillerinin (tek diz yerde ya da ¢omelme) st kol yikselmesi ve Ust
beden egilmesi agisindan kas-iskelet sistemi rahatsizliklarina neden olabilecek potansiyelde oldugunu
ortaya koymustur. Sagimin kisa sirdigu gerekgesi ile sik bagvurulan bu galisma duruslarinin ginlik
tekrarlar da dikkate alindiginda c¢alisanlarin saghgini olumsuz ydnde etkileyebileceginin kaginilmaz oldugu
dusunulmektedir.
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Calismada meme seviyesinin yukseltiimesinin hem ilgili standartlarda belirtilen limitler hem de
¢alisma konforu agisindan ciddi katkisi oldugu belirlenmistir. Bu agidan hayvanlarin meme seviyesinin
sagimcinin omuz seviyesine yakin olacak sekilde yiiksek bir platforma c¢ikarilarak sagilmalari, bunun
gercgeklestiriliememesi durumunda ise en azindan yiiksek olmayan (ortalama 30 cm) bir taburede oturarak
sagimin gerceklestiriimesinin kas-iskelet sistemi Gzerindeki zorlanmalari en az dizeye indirmek agisindan
onemli katki saglayacagina inaniilmaktadir.

Bu calismada elde edilen sonuglara dayanilarak gercek sagim kosullarinda karsilasilabilecek
ergonomik maruziyetlerin gergekgi olarak ortaya konmasi ve bu yénde calisanlarin bilinglendirilmesinin
blylk 6nem tasidigi distintlmektedir.
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oz

Amag: Iklim degisikligine bagh olarak yiikselen sicaklik, artan buharlasma kosullari
ve baz bdlgelerde gézlemlenen yagislardaki azalma egilimi kuraklik olaylarinin
frekansini, siddetini, siresini ve alansal dagilisini etkilemektedir. Bu galismanin
amaci, tarimsal verimliligi ytksek olan Ege Bolgesinin kuraklik kosullarinin
zamansal degisimini Standardize Yagis ve Evapotranspirasyon Indisi (SPEI)
yontemiyle dederlendirmektir.

Materyal ve Yontem: Ege Bolgesini kapsayan 8 grid hucresinin 1951- 2022
dénemine ait SPEI verileri kullaniimigtir. Ege Bolgesindeki meteorolojik, tarimsal ve
hidrolojik kurakliklarin zamansal degisimini belirlemek icin 3, 6 ve 12 aylik zaman
Olcegine ait SPEI degerleri incelenmistir. Aylik SPEI degerinin -1'e esit veya daha
distk oldugu dénem kuraklik olarak tanimlanmigtir.

Arastirma Bulgulan: Zaman serileri Ege Bolgesi'nde kuraklik olaylarinin 1980’li
yillarin ortalarindan itibaren arttigini ve daha kurak kosullara dogru kaydigini
gostermektedir. SPEI-3-6 ve 12 zaman 6lceginde ortak olarak bdlgede 2001, 2007,
2008, 2016 ve 2021 yillarinin belirgin sekilde kurak yillar olarak 6ne ciktigi
gorulmustur.

Sonug: Bolgede daha kurak kosullara dogru kayma egilimi basta toprakta
depolanan nem miktar ve yeristi/yer alti su kaynaklarinda énemli degismelere
neden olacaktir. Bu durum tarimsal verim ve Uretimi dogrudan etkileyecektir.
Kuraklasma edgilimi bolgesel ekonomiyi olumsuz etkilerken o&zellikle kirsal
bolgelerdeki gelir diizeyinde ciddi azalmalar yasanacagi sdylenebilir.

ABSTRACT

Objective: Rising temperatures due to climate change, increasing evaporation
conditions and the decreasing trend in precipitation observed in some regions
affect the frequency, severity, duration and spatial distribution of drought
events. The aim of this study is to evaluate the temporal change of drought
conditions in the Aegean Region, which has high agricultural efficiency, with the
Standardized Precipitation Evapotranspiration Index (SPEI) method.

Material and Methods: SPEI data for the period 1951-2022 of 8 grid cells
covering the Aegean Region were used. SPEI values of 3, 6 and 12 months
time scales were examined to determine the temporal changes of
meteorological, agricultural and hydrological droughts in the Aegean Region. A
period in which the monthly SPEI value was equal to or lower than -1 was
defined as drought.

Results: Time series show that drought events in the Aegean Region have
increased since the mid-1980s and have shifted towards drier conditions. It has
been observed that the years 2001, 2007, 2008, 2016, and 2021 stand out as
significantly dry years in the region on the SPEI-3-6 and 12 time scales.

Conclusion: The tendency to shift towards drier conditions in the region will
cause significant changes in the amount of moisture stored in the soil and
surface/underground water resources. This situation will directly affect
agricultural efficiency and production. While the aridification trend negatively
affects the regional economy, it can be said that there will be serious decreases
in the income level, especially in rural regions.
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GiRiS

Kuraklik, hemen hemen tim iklim bélgelerinde dogal olarak olusan ve gogunlukla bir mevsim veya bir
yil gibi gecici bir sire boyunca alinan yagis miktarindaki azalmayla iligkili olarak ortaya ¢ikan iklim
olaylarindan biridir. Evrensel olarak kabul edilmis bir kuraklik tanimi bulunmamakla birlikte kurakhga iliskin
farkl tanimlamalarin “yagis eksikligi’, “uzun bir sire devam etmesi” ve “olumsuz etkilerin ortaya ¢cikmasi”
noktalarinda birlestikleri gorilmektedir (Mishra & Singh, 2010). Yiksek hava sicakliklari, kuvvetli riizgarlar,
distk bagil nem ve yagislarin zamanlamasinda g6zlenen degisimler olusan kurakliklarin siddet, sire ve
alansal dagiligi Uzerinde belirleyici bir rol oynamaktadir.

Kuraklik olaylari meteorolojik, tarimsal, hidrolojik ve sosyo-ekonomik olmak (zere dort temel
yaklasima gére siniflandirimaktadir (Wilhite & Glantz, 1985). ilk li¢ yaklagim kuraklidi fiziksel bir olay olarak
Olgerken sonuncu yaklagim kurakligi suya olan arz ve talep agisindan degerlendirmektedir. Bir bdlgede
belirli bir donemde yagislarin, uzun yillar ortalamasinin altina dusmesi meteorolojik kuraklik olarak
tanimlanmaktadir. Tarimsal kuraklik, toprak neminin biylk Olgiide azalmasi sonucu bitkilerin buytyilp
gelisebilmeleri icin ihtiya¢c duyduklarn en dusuk su kapasitesine ulasamadiklarn kosullarda ortaya ¢ikmaktadir
(Wingley & Atkinson, 1977). Hidrolojik kuraklik, yadis agigina bagli olarak yer alti ve yerustl sularinda
gorilen azalmadir. Sosyo-ekonomik kuraklik ise diger kuraklik cesitlerinin bir sonucu olarak iklim
kosullarindan kaynaklanan su arzindaki eksiklik nedeniyle ekonomik bir mala olan talebin arzi agsmasi
durumunda ortaya ¢ikmaktadir (Wilhite & Glantz, 1985).

Kurakliklar siresi, siddeti ve etkili oldugu alana bagh olarak gevresel, sosyal ve ekonomik olarak
yikici etkiler olusturabilmektedir. Kurakliklarin ¢evresel etkilerine 6rnek olarak orman agaglarinda biyime
oraninin azalmasi hatta 6lim olaylarini tetiklemesi, topragin karbon depolamasinda azalma ve toprak
yapisininin bozulmasi gosterilebilir (Robinson et al., 2016). Kuraklidin sosyal ve ekonomik etkileri ise
istihdamdaki dususler ve is kayiplan veya rekreasyon faaliyetlerinin askiya alinmasi gibi dolayli etkilere
bagli olarak ortaya ¢ikabilmektedir (Freire-Gonzélez et al., 2017).

Kuraklik dogal olarak meydana gelmesine ragmen insan kaynakl iklim degisikligi genel olarak
hidrolojik stregleri hizlandirarak kuraklik olaylarinin daha hizli baglamasina ve daha siddetli hale gelmesine
yol agmistir. Gozlemler Glney Amerika'nin buyuk bir kisminda, Amerika Birlesik Devletleri'nin Ortabatisinda
ve Dogu Avrupa'dan Dogu Asya'ya uzanan bir kusakta kurak kosullarin daha sik ve siddetli yasandigini
gostermektedir. Akdeniz bolgesi de kiresel ortalamaya gore daha hizli isinma egilimi ve azalan yagis
miktari ile kuraklagsma egiliminin ylksek oldugu alanlardan biridir (Lionello & Scarascia, 2018; Chiang et al.,
2021). Yapilan ¢alismalar Akdeniz havzasinda yer alan Turkiye'nin blyuk bir bolimdnin yari kurak iklim
kosullarinin etkisi altinda oldugunu ve kuresel dlgekte daha kurak kosullara dodru kayma egiliminde
oldugunu gdstermektedir (Dabanli et al., 2017; Topgu, 2022; Jamal et al., 2022). Omegin Tirkiye'de 250
meteoroloji istasyonun verileri 12 aylik Standardize Yagis indisine goére incelendiginde, 1931-2010
doneminde ekstrem, siddetli ve orta siddetteki kurakliklarin Trakya ve Ege Bdlgesi'nde 1990°li yillarin ilk
yarisinda gozlendigi belirtiimistir (Dabanl et al., 2017).

Ege Boélgesi Tirkiye'nin kuraklagma egiliminin g6zlendigi bolgelerimizin basinda gelmektedir. Ornegin
Ege Bdlgesi'nde 1971-2001 donemine ait 14 gdzlem istasyonun yagis verilerinden yararlanilarak yapilan
calismada, Standardize Yagis indisi sonucuna gore kuraklik analizinde 6zellikle Temmuz ve Adustos
aylarinda istasyon bazinda normal seviyenin lzerinde kuraklik yasandigi belirlenmistir (Pamuk vd., 2004).
Yukari Gediz Havzasr'nda yer alan 6 meteoroloji istasyonun 1960-2017 yillari arasindaki aylik, mevsimlik ve
yillk yagislari Standardize Yagis indisine gére degerlendirildiginde mevsimsel kurakliklarda Aralik ayi
yagislarinin belireyici oldugu, kurakliin en sik kis mevsiminde gorildigid ve bu mevsimin yagislarinda
azalmaya bagh olarak 1972, 1992 ve 2008 yillarinda ¢ok siddetli kurakliklarin yagandigi belirlenmigstir.
Yukari Gediz Havzasi'nda 1984 ve 6ncesi yillarda nemli dénemlerin daha hakim oldudu fakat bu tarihten
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sonra kurakliklarin daha sik, daha siddetli ve daha uzun sureli gergeklestigi sonucuna ulasiimistir
(Kumanlioglu & Fistikoglu, 2019). Kiigiik Menderes havzasinda 5 meteoroloji istasyonun verilerine gére
1960-1985 dbéneminde havzada kuraklidin siddetinin arttigi, sikhginin ise zamanla azaldig saptanmigstir. 3
aylik SPEI degerlerine gore en uzun kurak dénem 28 ay ile 2016-2018 déneminde, 6 aylik SPEI degderlerine
gore 30 ay sire ile 2016-2018 doéneminde, 12 aylik SPEI degerlerine gbre 40 ay ile 1991-1994 déneminde
gO6zlenmistir (Eris et al., 2020). Ege Bdlgesi'nde bulunan 29 meteorolgji istasyonun 1975-2014 yillari
arasindaki 1, 3, 6, 12 ve 24 aylik zaman olgeklerinde SPEI degerleri incelendiginde, bdlgede kisa zaman
Olgeginde 2007 yili, uzun zaman O&lgeginde 2008 yili ¢ok siddetli kurak yillar olarak belirlenmistir. Ege
Bolgesi’'nde uzun zaman dlgeginde 1985-1995 yillan arasindaki 10 yillik dénem stirekli ardil orta dereceli ve
siddetli, 2007-2009 yillari arasi ise ¢ok siddetli kurak bir ddbnem olarak saptanmigtir. 2011 yilindan sonra ise
siddeti duisiik kurak dénemlerin ardil olarak gergeklestigi belirenmistir (Ozgelik & Akkuzu, 2023).

Bu galismada meteoroloji istasyonu gézlemleri yerine gridli veri kullanilarak Ege Bélgesi'nde uzun
doneme ait 3-6-12 aylik zaman Olgeklerinde kuraklik kosullarinin zamansal degisimi Standardize Yagis
Evapotranpirasyon indisi (SPEI) yéntemiyle degerlendirilmistir.

MATERYAL ve YONTEM
Materyal

Bu calismada Ege Bolgesi'ni (36°16°-39°54" Kuzey enlemleri ile 26°12°-31°44" Dogu boylamlari
arasinda) kapsayan 8 grid hicresinin 1951-2022 doénemine ait SPEI verileri kullaniimistir (Cizelge 1).
Kiresel SPEI veritabani SPEIbase, 0.5 derecelik uzaysal ¢dzinurik ve aylik zaman ¢6zinuarliGgu ile kiresel
Olgekte kuraklik kosullari hakkinda uzun sireli veri sunmaktadir (SPEI Global Drought Monitor, 2023).

Cizelge 1. Calismada kullanilan grid hiicreleri ve cografi koordinatlari

Table 1. Grid cells and geographical coordinates used in the study

Sira istasyon istasyo_n istasyon Kullanilan Kullanilan
Enlemi Boylami Grid Enlemi Grid Boylami
1 izmir 38.39 27.08 38.25 27.25
2 Aydin 37.84 27.84 37.25 27.25
3 Manisa 38.62 27.40 38.75 27.25
4 Mugla 37.21 28.37 37.25 28.25
5 Denizli 37.76 29.09 37.75 28.75
6 Usak 38.67 29.40 38.75 29.25
7 Kutahya 39.42 29.99 39.75 29.75
8 Afyonkarahisar 38.74 30.55 38.75 30.25
Yontem

Kurak doénemleri siddet, sire ve cografi kapsam acisindan nesnel bir sekilde 6lgmek oldukca
zordur. Bu nedenle kurakhdin izlenmesi ve analizi, gesitli gdsterge ve indisler sayesinde yapilmaktadir
(WMO, 2016). Literatirde en sik kullanilan kuraklik indisleri arasinda Standardize Yagis indisi (SPI),
Standardize Yagis Evapotranspirasyon indisi (SPEI), Ering Kuraklik indisi (Im), Palmer Kuraklik Siddet
indisi (PDSI) gelmektedir (Mishra & Singh, 2010; Tiirkes & Tatli, 2010). Bunlardan SPEI, Vicente-Serrano
et al., (2010) tarafindan gelistiriimis, SPI indisinin degistirilmis halidir. SPEI'nin hesaplama ydntemi SPI ile
oldukca benzer olmakla birlikte, farkl olarak yagisin yaninda hava sicaklikhdi parametresinin kullaniimasi
ve bitki 6rtiistiniin terleme-buharlagsma dengesinin de hesaba katilmasidir.

Ege Bodlgesi'ndeki kurakliklarin zamansal dagilisinin belirlenmesinde sicaklik ve potansiyel
evapotranspirasyon degerlerini de dikkate alan Standardize Yagis Evapotranspirasyon indisi (SPEI)
yararlanilmigtir. SPEI Kiresel Kuraklik Monitorii veri seti SPEI hesaplamasinda East Anglia Universitesi
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iklim Aragtirma Birimi'nden alinan aylik yagis ve potansiyel buharlagsma-terleme verileri kullaniimakta ve
potansiyel evapotranspirasyon (PET) tahmin etmek igin Thortnthwaite denklemini temel almaktadir (SPEI
Global Drought Monitor, 2023).

Calismada Ege Bolgesi'ndeki meteorolojik, tarimsal ve hidrolojik kurakliklarin zamansal degisimini
belirlemek i¢cin 3, 6 ve 12 aylhk zaman dlgedine (SPEI-3, SPEI-6 ve SPEI-12) ait SPEI degerleri
incelenmistir. Kuraklik, aylik SPEI degerinin -1'e esit veya daha disik oldugu dbénem olarak
tanimlanmistir. SPEI gore nemlilik/kuraklik siniflandiriimasi ve indis degerleri Cizelge 2'de yer almaktadir.

Cizelge 2. Standardize Yagis-Evapotranspirasyon indisinde indis degerleri ve indis degerlerinin olasiliklarinin siniflandirmasi
(Vicente-Serrano et al., 2010)

Table 2. Classification of index values and probabilities of index values in the Standardized Precipitation-Evapotranspiration Index
(Vicente-Serrano et al., 2010)

Siniflandirma SPEI indis degerleri Olasilik
Ekstrem nemli 220 0.02
Cok nemli 1.50t0 1.99 0.06
Orta nemli 1.49to 1.00 0.10
Normal 0.99 to -0.99 0.65
Orta kurak -1.00 to -1.49 0.10
Siddetli kurak -1.50 to -1.99 0.06
Ekstrem kurak <2.00 0.02

ARASTIRMA BULGULARI veTARTISMA
3 aylik SPEI indis Degerlendirmesi

Ege Bolgesi’ni kapsayan 8 grid verisinin ortalamasina gore 3 aylik SPEI indis degerlerinde 1951-
2022 yillarn arasindaki 72 yilhk strede %91.3 normal ve %8.7 oraninda orta kurak kosullar egemen
olmustur.

Ege Bolgesi’'ne ait 3 aylik SPEI grafigi incelendiginde, SPEI degerlerinin 1985 yilina kadar pozitif
anomali gosterdigi gdze carpmaktadir. 1985 yilindan itibaren ise negatif anomali degerlerinin agirlik
kazandidi gorulmektedir. 3 aylik SPEI indis degderlerine gore 2000’li yillardan itibaren meteorolojik kurakliklar
daha sik gézlenmeye baslamis ve kurakligin siddeti artmistir. Nitekim 1951 yilindan bu yana orta siddette
kurak yillar 2007, 2008, 2016, 2020, 2021 ve 2022 yillarinda gézlenmistir (Cizelge 3 & Sekil 1).

1-3 aylik zaman olgeklerinde hesaplanan SPEI degerlendirmeleri meteorolojik kuraklig
tanimlamada yardimci bir goésterge oldugundan, Cizelge 3’de belirtilen yillarda azalan yagis/ yukselen
sicaklik ve artan buharlagsma kosullarina bagli olarak meteorolojik kuraklik yasandigi séylenebilir.

Cizelge 3. Ege Bolgesi'ndeki 8 grid hiicresi ortalamasina gore 1951-2022 dénemi 3 aylik SPEI verileri (-1=<)
Table 3. 3-month SPEI data for the period 1951-2022 according to the average of 8 grid cells in the Aegean Region (- 7<)

SIRA YIL SPEI-3 INDEKS SINIFI
1 2007 -1,00 ORTA KURAK
2 2008 -1,04 ORTA KURAK
3 2016 -1,14 ORTA KURAK
4 2020 -1,00 ORTA KURAK
5 2021 -1,03 ORTA KURAK
6 2022 -1,00 ORTA KURAK
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Sekil 1. Ege Bolgesi'ni kapsayan 8 grid verisi ortalamasina gére 1951-2022 dénemi SPEI-3, SPEI-6, SPEI-12 zaman serisi.
Figure 1. SPEI-3, SPEI-6, SPEI-12 time series for the period 1951-2022, based on the average of 8 grid data covering the Aegean Region.
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Ege Bolgesi'nde kiyi kusaginda kuraklik siddetinin daha fazla oldugu, bélgenin i¢ kisimlarina dogru
kuraklik siddetinin azaldigi gériimektedir. izmir, Manisa ve Aydin’in yer aldidi grid hiicrelerinde orta kurak
indis sinifina dahil kosullarin orani %7-8 iken bu deger Afyonkarahisar'in yer aldigi grid hiicresinde %3’Un
altina digmektedir (Cizelge 4).

Cizelge 4. Ege Bolgesi'ndeki 8 grid hlicresinin 1951-2022 dénemi 3 aylik SPEI kuraklik frekansi (%)
Table 4. 3-month SPEI drought frequency of 8 grid cells in the Aegean Region for the period 1951-2022

Sira Grid Hicresi Enlem Boylam Orta Kurak % | Siddetli Kurak %
1 izmir 38.39 27.08 8.7 0.0
2 Aydin 37.84 27.84 7.2 1.4
3 Manisa 38.62 27.40 8.7 0.0
4 Mugla 37.21 28.37 5.8 0.0
5 Denizli 37.76 29.09 4.3 0.0
6 Usak 38.67 29.40 4.3 0.0
7 Kitahya 39.42 29.99 0.0 0.0
8 Afyonkarahisar 38.74 30.55 2.9 0.0

6 aylik SPEI indis Degerlendirmesi

Ege Bolgesi'ni kapsayan 8 grid verisinin ortalamasina gore 6 aylik SPEI indis degerlerinde 1951-2022
yillari arasindaki 72 yillik strenin %87,0 normal, %4,3 orta nemli ve %8,7 oraninda orta kurak indis sinifi
icinde kaldig1 goriimektedir. Ege Bdlgesi’ne ait 6 aylik SPEI grafigi incelendiginde, SPEI degerlerinin 3 aylik
SPEI grafiginde oldugu gibi 1985 yilina kadar pozitif anomali gésterdigi géze ¢arpmaktadir. 1985 yilindan
itibaren ise negatif anomali degerlerinin adirlik kazandigi gortilmektedir. SPEI indis degerlerinin 2001, 2007,
2008, 2016, 2020 ve 2021 yillarinda orta kurak seviyelerine ulastigi goérilmektedir (Sekil 1 & Cizelge 5). 3-6
aylik zaman olgeklerinde hesaplanan SPEI degerlendirmeleri tarimsal kurakhgi tanimlamada yardimci bir
gosterge oldugundan, Cizelge 5 de belirtilen yillarda azalan yagis/ yukselen sicaklik ve artan buharlagsma
kosullarina bagl olarak tarimsal kuraklik yagandidi sdylenebilir.

Cizelge 5. Ege Bolgesi'ndeki 8 grid hilicresi ortalamasina gére 1951-2022 ddnemi (-1<) 6 aylik SPEI verileri
Table 5. 6-month SPEI data for the period 1951-2022 according to the average of 8 grid cells in the Aegean Region (- 1<)

SIRA YIL SPEI-6 INDEKS SINIFI
1 2001 -1,04 ORTA KURAK
2 2007 -1,41 ORTA KURAK
3 2008 -1,23 ORTA KURAK
4 2016 -1,44 ORTA KURAK
5 2020 -1,23 ORTA KURAK
6 2021 -1,37 ORTA KURAK

izmir, Manisa ve Aydin'in yer aldigi grid hiicrelerinde siddetli kurak indis sinifina dahil kogullarin
orani %4-5 iken bu deger diger grid hicrelerinde %3’ln altina dismektedir (Cizelge 6).

Cizelge 6. Ege Bolgesi'ndeki 8 grid hiicresinin 1951-2022 donemi 6 aylik SPEI kuraklik frekansi (%)
Table 6. 6-month SPEI drought frequency of 8 grid cells in the Aegean Region for the period 1951-2022

Sira Grid Hucresi Enlem Boylam Orta Kurak Siddetli Kurak %
1 izmir 38.39 27.08 7,2 5,8
2 Aydin 37.84 27.84 11,6 4,3
3 Manisa 38.62 27.40 7,2 5,8
4 Mugla 37.21 28.37 8,7 1,4
5 Denizli 37.76 29.09 10,1 14
6 Usak 38.67 29.40 10,1 1,4
7 Kitahya 39.42 29.99 10,1 0,0
8 Afyonkarahisar 38.74 30.55 5,8 2,9
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12 ayhk SPEI indis Degerlendirmesi

Ege Bolgesi'ni kapsayan 8 grid verisine gore 12 aylik SPEI indis degerlerinde 1951-2022 yillari
arasindaki 72 yillhk sirenin 71,0 normal, %2,9 ¢cok nemli, %8,7 orta nemli, %11,6 orta kurak, %5,8
oraninda siddetli kurak indis sinifi iginde kaldigi gérilmektedir.

Ege Bdlgesi’ne ait 12 aylik SPEI grafigi incelendiginde, SPEI deg@erlerinin 3-6 aylik SPEI grafiklerinde
oldugu gibi 1985 yilina kadar pozitif anomali gosterdigi géze ¢arpmaktadir. 1985 yilindan itibaren ise negatif
anomali degerlerinin agirlik kazandigi gérilmektedir. SPEI indis degerlerinin 1957, 1989, 1990, 2000, 2016,
2017, 2018, 2020 yillarinda orta kurak seviyelerine ve 2001, 2007, 2008, 2021 yillarinda siddetli kurak
seviyelerine ulastigi gortulmektedir (Sekil 1 & Cizelge 7). 12 aylik ve daha uzun zaman OJlgeklerinde
hesaplanan SPEI degerlendirmeleri hidrolojik kurakhgi tanimlamada yardimci bir gostergedir. 12 aylik SPEI
verileri Ege Bolgesi'nde 1980li yillarin sonlarindan itibaren azalan yagis/ yikselen hava sicaklik ve artan
buharlagma kogullarina bagli olarak daha sik ve siddetli hidrolojik kurakliklarin yasandigi géstermektedir.

Cizelge 7. Ege Bolgesi'ndeki 8 grid hlicresi ortalamasina gore 1951-2022 donemi (-1<) 12 aylik SPEI verileri
Table 7. 12-month SPEI data for the period 1951-2022 according to the average of 8 grid cells in the Aegean Region (-71<)

SIRA YIL SPEI-12 INDEKS SINIFI
1 1957 -1,40 ORTA KURAK
2 1989 -1,34 ORTA KURAK
3 1990 -1,28 ORTA KURAK
4 2000 -1,07 ORTA KURAK
5 2001 -1,60 SIDDETLI KURAK
6 2007 -1,57 SIDDETLI KURAK
7 2008 -1,60 SIDDETLI KURAK
8 2016 -1,33 ORTA KURAK
9 2017 -1,34 ORTA KURAK
10 2018 -1,11 ORTA KURAK
11 2020 -1,45 ORTA KURAK
12 2021 -1,73 SIDDETLI KURAK

izmir, Manisa, Aydin ve Usak'in yer aldigi grid hiicrelerinde Siddetli kurak indis sinifina dahil
kosullarin orani %13-8 iken bu deger diger grid hicrelerinde %7 in altina dismektedir (Cizelge 8).

Cizelge 8. Ege Bolgesi’ndeki 8 grid hiicresinin 1951-2022 dénemi 12 aylik SPEI kuraklik frekansi
Table 8. 12-month SPEI drought frequency of 8 grid cells in the Aegean Region for the period 1951-2022

Sira Grid Hicresi Enlem Boylam Orta Kurak % | Siddetli Kurak %
1 izmir 38.394873 27.081854 15,9 8,7
2 Aydin 37.840239 27.837905 11,6 13,0
3 Manisa 38.615329 27.404940 15,9 8,7
4 Mugla 37.209486 28.366834 18,8 5,8
5 Denizli 37.762027 29.092075 13,0 7,2
6 Usak 38.671233 | 29.404040 7,2 8,7
7 Kitahya 39.417085 | 29.988148 11,6 7,2
8 Afyonkarahisar | 38.737904 30.554277 14,5 2,9

Ege Bolgesi'ndeki 8 grid hicresinin ortalamasina goére 1951-2022 yillari arasindaki 3-6 ve12 aylik
SPEI verileri degerlendirildiginde, 3 ve 6 aylik ddnemde % 8.7 ile sadece orta siddette kurakliklarin
g6zlendigi gortlmektedir. Bu durum Ege Bdlgesi’nde meteorolojik ve tarimsal kurakliklarin oraninin son
72 yil icinde %10’un altinda kaldigini ortaya koymaktadir. Buna karsilik hidrolojik kurakliklarin gostergesi
olan 12 aylik SPEI degerleri incelendiginde, son 72 yilda orta siddetteki kurakliklarin oraninin % 11.6’ya
yukseldigi ve % 5.8 oraninda ise siddetli kurakliklarin gézlendigi ortaya ¢ikmaktadir (Sekil 2).
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Sekil 2. Ege Bolgesi'ni kapsayan 8 grid verisinin ortalamasina gére 1951-2022 dénemi SPEI kuraklik frekansi.
Figure 2. SPEI drought frequency for the period 1951-2022 according to the average of 8 grid data covering the Aegean Region.

SONUC ve ONERILER

Calismada 1951-2022 yillar arasinda gridli veri kullanilarak Ege Bdlgesin’de SPEI degerlerinin 3 aylik
(SPEI-3), 6 aylik (SPEI-6) ve 12 aylik (SPEI-12) zaman Olgeklerinde olusturulan zaman serileri ile kuraklik
olaylarinin zamansal dagilimi ve siddeti degerlendirilmistir.

8 gridin ortalamasina gore olusturulan zaman serileri Ege Boélgesi'nde yillik olarak kuraklik olaylarinin
1980'li yillarin ortalarindan itibaren arttigini ve daha kurak kosullara dogru kaydigini géstermektedir. SPEI-3-6
ve 12 zaman 6lgedinde ortak olarak bdlgede 2001, 2007, 2008, 2016 ve 2021 yillarinin belirgin sekilde gerek
zaman serileri tUzerinde gerekse kuraklik siniflarina gore orta ve/veya siddetli kurak yillar olarak 6ne ¢iktig
gorilmistir. Standartlastinimis Yagis indisi veya normallestiriimis yillik yadis ve kuraklik indisleri gibi farkli
yontemlere gobre yapilan galismalarin sonuglari da Ege Bdlgesi'nde yillik olarak 1980 sonrasinda kurak
dénemlerin nispeten siddetinin arttigini, 6zellikle 2007-2008 sonrasi daha siddetli ve uzun kuraklik olaylarinin
yasandi§ini ortaya koymaktadir (Tlrkes, 2011; Kumanlioglu & Fistikoglu, 2019; Ozcelik & Akkuzu 2023).
Ornegin hem uydu hem de 23 adet meteoroloji istasyonun verileriyle 1980-2018 yillari arali§inda yapilan bir
calisma, Ege Bdlgesi'nde 1989-1990 yillarinin en siddetli kurak yillar olarak 6ne c¢iktigini, 2000-2001 ve
2007-2008 yillarinin orta/siddetli kurak, 2016 yilinin da siddetli kurak sinirina yakin bir orta/siddetli kurak yil
oldugunu gostermisir (Kocaaslan Karamzadeh, 2022). Bolgedeki daha kurak kosullara dogru kayma egilimi,
yillik yagis miktanindaki azalma egiliminden c¢ok, yukselen sicakllk ve buna bagll siddetlenen
evapotranspirasyon degerleri ile iligkili gbzikmektedir. Nitekim Ege Bolgesi'nde incelenen 14 meteoroloji
istasyonun verilerine gére 1973-2020 déneminde tim istasyonlarda yillik ortalama sicakligin 0.20-0.35°C/on
yil araliinda arttigi, istasyonlarda yillik sicakliklarda ani deg@isimin 2007 yilinda gerceklestigi belirlenmistir.
Buna karsilik istasyonlarin yillik toplam yagis de@erlerinde 4.2-7.9 mml/yil artis, buyuk béliminde ise
istatistiki olarak anlamli artis veya azalig egilimi belirenmemistir (Mersin vd., 2022).

Ege Bélgesinde kuraklik siddetinin alansal dag@ilisinda énemli farkhliklar bulunmaktadir. Ozellikle
bélgenin batisinda yer alan ve tipik Akdeniz makroklima bdlgesinin 6zelliklerini yansitan alanda bolgenin
dogusuna gore kuraklik olaylarinin daha siddetli yasandigi gérilmektedir. Ornegin son 72 yilda 3, 6 ve 12
aylik SPEI indis degerlendirmesine gdre, Aydin, izmir ve Manisa’yi kapsayan grid hiicrelerinde orta kuraklik
seviyelerinin diger gridlere gore frekansi daha yuksektir.

8 grid hicresinin ortalamasina gore 1950 yilindan bu yana Ege Boélgesi'nde gbzlenen en siddetli
kuraklik olayi 3 ve 6 aylik SPEI zaman 6lceklerinde 2016 yilina aittir. 12 aylik SPEI zaman dlgeginde ise 2021
yilinda -1.73 indis degeri ile bolgede “siddetli kurak” kosullar egemen olmustur. Turkiye ortalamasina gore
1951-2022 doneminde en siddetli ve uzun kurakliklarin SPEI 3, 6 ve 12 zaman Olgeklerinde 2020-2021 su
yilina ait oldugu belirlenmistir. SPEI-12 esas alindiginda, 2020-2021 su yilinda, Aralik 2020-Kasim 2021
tarihleri arasinda birbirini izleyen 12 ay boyunca “siddetli kurak” kosullar devam etmis, ayni dénem icinde 4
ayda ise “ekstrem kurak” kosullar gézlenmigtir (Erlat & Guler, 2023).
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BMGCSS tarafindan énerilen Aridite indisi (Kuraklik indisi-Ki) temel alindiginda, giinimiiz kosullarinda
Ege Bolgesi'nde 11 istasyonun 7’sinin (% 63.6) ¢ollesmeye agik (0.79-0.65) oldugu goérilmektedir (Tirkes,
2012). Ege Bodlgesi'ne iligkin olusturulan iklim modellerinin sonuglar da bdlgede insan kaynakli iklim
degisikligine bagh olarak kurakliklarin siddetlenecegini ve suresinin uzayacagdini géstermektedir (Camalan
vd., 2018). HadGEM2-ES modelinin RCP4.5 senaryosuna goére Ege Bdlgesi'nde, 1971-2015 déneminde
normal sinifin “Hafif Nemli” béliminde yodunlasan SPEI kuraklik siddet frekans olasiliklarinin, 2016-2040
doneminde “Hafif Kurak”, 2041-2070 periyodunda ise “Orta Kurak” sinifina dogru kayma egilimi
gOstermesini dngérmektedir. Ayrica bélgede ylzyilin sonundaki kuraklik siresinin ve siddetinin dogrudan
sicaklik artisiyla iligkili olacagini ortaya koymaktadir (Camalan vd., 2018).

Bolgede 1980’li yillarin ortalarindan itibaren daha kurak kosullara dogru kayma egiliminin
gelecek de devam etmesi basta toprakta depolanan nem miktari ve yeristi/yer alti su kaynaklarinda
Onemli degismelere neden olacaktir. Bu durum tarimsal verim ve Uretimi de dodrudan etkileyecektir.
Kuraklagsma egilimi bdlgesel ekonomiyi olumsuz etkilerken 6zellikle kirsal bolgelerdeki gelir dizeyinde
ciddi azalmalar yasanacagi soylenebilir. Son 72 yildaki kuraklik kosullarindaki degisim ve gelecege
yonelik 6ngoriler dikkate alinarak, Ege Bolgesi’'nde uriin desenlerinin yeniden belirlenmesi, yeralti ve
yer Ustl su kaynaklarinin korunarak tarimda damlama sulama sistemine bir an énce gegilmesi
saglanmalidir.
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ABSTRACT

Objective: The objective of this study was to utilize a literature review and the
PRISMA methodology. Analyzing how agriculture can alleviate the world's food
problems is crucial. The application of digital platforms, artificial intelligence, and
sensors, with a strong emphasis on innovation and digitalization, provides tangible
evidence of the impact of digital agriculture.

Materials and Methods: This study comprehensively analyzes existing studies.
Specific attention is given to policies encouraging digital technology adoption in
agriculture, assessing challenges, studying policies from developed and
developing nations to synthesize findings.

Results: By the use of 10T, big data analytics, and Al, digital technology improves
sustainability, productivity, and efficiency in agriculture. Benefits for both
developed and developing countries are acknowledged, but issues like training
and access continue. Legislators must enact laws and take other measures to
foster favorable conditions. Digital technology adoption increases productivity and
decision-making, but it also creates privacy issues. Infrastructure, education, and
data protection should be the main focuses of government policy in order to
promote fair and sustainable agricultural development.

Conclusion: Adopting digital technology in agriculture on a large scale and
improving global sustainability and efficiency require effective legislation. To
advance the industry, recommendations include incorporating technical
advancements into Indonesian agriculture laws based on successful worldwide
experiences.

0oz

Amag: Bu cgalismanin amaci literatiir arastirmasinin yapilmasi ve PRISMA
yonteminin kullaniimasidir. Arastirma, dijital platformlarin, sensorlerin ve yapay
zekanin tarim Uzerindeki etkilerine 6zel bir vurgu yaparak, dijital teknolojilerin
kiresel gida guvenligi sorunlarini gozmede oynadigi rolii incelemektedir.

Material ve Yéntem: 30 makalenin analizi arastirmanin temelini olusturmustur.
Arastirma kriterleri titizlikle uygulandi ve sonuglar PRISMA kilavuzlarina uygun
olarak metodik olarak birlestirildi.

Arastirma Bulgulan: Nesnelerin interneti (IoT), bilyilk veri ve yapay zeka gibi
dijital teknolojiler, mahsullerin hayatta kalmasini, Uretkenligini ve basarisini
artirmasini sagladi. Arastirmaya gore, bu teknolojiler hava durumu, toprak kontroli
ve hasere kontroli icin kullanilabilir. Gelismis Ulkelerde uygulanmasinda egitim
eksikligi ve erisim eksikligi gibi sorunlarla karsilagilmaktadir. Dijital tarim, uygun
politikalarla desteklendiginde mahsul verimini, kaynak verimliliini ve karar alma
sureclerini iyilestirmek i¢in biyUk bir potansiyele sahiptir. Bu nedenle, veri gvenligi,
egitim ve altyapi politikalari gok énemlidir.

Sonug: Dijital tarim, kaynak verimliligini, mahsul verimini ve karar alma
sureclerini iyilestirebilir, ancak bunu basarmak i¢in uluslararasi isbirligi ve uygun
politika taahhutleri gereklidir.
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Barki & Rachmah

INTRODUCTION

The goal of ensuring food security on a worldwide scale has become more difficult in recent years
due to the growing global population and the increasing impact of climate change on agricultural production.
In response to these challenges, there is a growing interest in finding new ways to address the global food
crisis and support sustainable agriculture. Meeting the increasing nutritional needs of the population is
essential for agriculture, which is the foundation of many economies. Conventional farming methods face
several problems, including declining natural resources, increased efficiency, and resource limits. With
populations increasing worldwide and the impact of climate change on agricultural productivity, the
challenge of ensuring food security worldwide is increasingly becoming difficult (FAO, 2020). Therefore, it is
imperative to investigate new approaches to support sustainable agriculture and address the global food
crisis (FAO, 2021). Agriculture is essential to meeting the nutritional needs of a growing population because
it is the basis of many economies (FAO, 2019). However, conventional farming methods face a number of
problems, such as reduction of natural resources, increased efficiency, and limited resources (Cakmakg! et
al., 2023). In agriculture, artificial intelligence (Al), digital technologies, and sensor-based solutions have
been the path to progress in response to these challenges (Oliveira et al., 2023). The rise of sensors, digital
platforms and atrtificial intelligence has transformed agricultural operations by improving production,
accuracy and sustainability (Sharma et al., 2023). Developed countries made great progress in integrating
this technology into their agricultural systems to demonstrate its potential benefits for small and large-scale
agricultural operations. However, despite these advances, there is still a lack of knowledge on how these
innovations can be used effectively in developing countries, where agricultural practices are often
characterized by various difficulties, such as limited access to technology (Dhanaraju et al., 2022).

In agriculture, there has been a major shift towards the integration of digital technology, artificial
intelligence, and sensor-based solutions. These technologies have demonstrated the capacity to transform
agricultural operations by improving sustainability, production, and accuracy. While developed countries have
made great progress in integrating this technology into their agricultural systems, they still do not understand
how this innovation can be used in developing countries. Developing countries often face problems such as
limited access to technology, scattered land tenure, and insufficient infrastructure. Policies that encourage the
use of digital technology in agriculture have become popular around the world, showing that more and more
people are realizing how important a paradigm shift is in agricultural engineering.

The success of these policies varies, and a deeper understanding of effective techniques that can be
applied in a variety of agricultural contexts in both developed and developing countries is required, as they
enable farmers to adopt digital solutions and increase productivity while using fewer resources and
producing higher yields. Policies that encourage the use of digital technologies in agriculture have become
popular around the world, showing how important it is to change the paradigm of agricultural engineering
(FAO, 2019). Farmers should be able to adopt digital solutions and increase productivity while using fewer
resources and yielding higher yields with the help of these rules (Konfo et al., 2023). Although the success
of these policies varies, future agricultural development projects must be driven by knowledge of effective
techniques. This study looks at the benefits of implementing digital technologies in agriculture across the
board and examines the impact of policies in developed and developing countries. The purpose of this study
is to increase current knowledge. In addition, the study recognizes how important it is to address the
challenges associated with incorporating digital technologies. This study ensures that these advances can
be obtained and benefit many agricultural practitioners (Mikhailov et al., 2022). To improve agricultural
sustainability, it is important to achieve the Sustainable Development Goals (SDGs) (FAO, 2018). This goal
can be achieved by digital agriculture by producing more with less environmental impact (Hrustek, 2020).

The study conducted will address global issues, innovative solutions, and the use of digital
platforms, artificial intelligence, and sensors in agriculture to build a resilient and sustainable future. This
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is because digital agriculture has the potential to produce more results with less environmental impact.
Therefore, this research aims to enhance the current knowledge base to create a resilient and
sustainable future by thoroughly examining the benefits of applying digital technologies in agriculture. The
study intends to provide insights into effective methods and recognize the importance of solving
difficulties related to the integration of digital technology by studying the effects of policies across different
agricultural settings. Furthermore, the objective is to provide significant perspectives on the capacity of
digital technology to tackle sustainability issues in agriculture, including improving resource efficiency,
reducing climate change, and guaranteeing food security. The goal of the study is to provide useful
suggestions for the efficient application of digital technology in various agricultural contexts by analyzing
case studies and best practices from industrialized and developing nations. It will also go over how
technical advancements are making it easier for traditional and contemporary farming practices to
coexist, with an emphasis on how this is helping small-scale farmers in developing nations.

MATERIALS and METHODS

This study was carried out in order to perform a literature review that can be used as a
resource in descriptive and explanatory research. Using a narrative systematic review approach,
specifically the Systematic Literature Review (SLR) method with Preferred Reporting Items for
Systematic Review and Meta-Analysis (PRISMA) guidelines, this study identified and analyzed
relevant research topics in descriptive-based studies that addressed current and interesting issues.
The Systematic Literature Review approach, along with the PRISMA methodology, permitted a
thorough search and screening of relevant publications. To find papers that aligned with the study
aims, the established inclusion and exclusion criteria were strictly implemented. This study contained
30 papers and the findings were methodically arranged and presented in accordance with the
PRISMA criteria. The PRISMA technique aided in the methodological arrangement and presentation
of the findings of the review. This comprehensive strategy aims to increase knowledge on the subject
by integrating information from a broad selection of 30 papers that satisfied the established criteria. It
can be stated that this study contributes to the body of knowledge in the field by using a narrative
systematic review technique and adhering to the PRISMA principles, providing a useful resource for
future descriptive and explanatory investigations. The following is a list of 30 articles used in this
study with the PRISMA method as follows:

Scopus Science direct ProQuest JSTOR EMERALD
(n=200) (n=133) (n=14) (n=153) (n=103)

' ' . ! '

Search by keyword: agriculture, digital, technology, policy (n=603)

A4
Final results of SO
article screening 1.F’ubl|ca1_|on in 2018-2023. o
based on criteria 2.Has policy resegrch stud]es, and digital
(n=30) techr_mlogy adoption in agrllculture
3.Article can be accessed in full

Criteria:

Figure 1. PRISMA method.
Sekil 1. PRISMA yontemi.
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RESULTS and DISCUSSION
Number and Type of Publications

Several academic studies investigated the influence of incorporating digital technology into
agriculture on agricultural policies. Researchers, institutes, governmental entities, and numerous
organizations have been actively studying the use of digital technology in agriculture. The link between
the incorporation of digital technology in agriculture and its alignment with government policy goals
related to agribusiness and agricultural development is a recurring subject of this study. Notably, a
temporal analysis based on the publication year classification revealed an increasing tendency in
research effort. According to classification by year of publication, many studies showed that the adoption
of digital technologies in agriculture supports government policy programs related to agribusiness and
agricultural development. Studies conducted over the past five years were in 2018 (10%), 2019 (10%),
2020 (17%), 2021 (17%), 2022 (37%), and 2023 (10%) as shown in Table 1.

Table 1. Number of studies as published by the year of publication

Cizelge 1. Yayin yilina gore arastirmalar ve sayilarir

Year Amount Percentage (%)
2018 3 10
2019 3 10
2020 5 17
2021 5 17
2022 11 37
2023 3 10
100

Source: Primary Research Data, 2023.

The authors' classification, as delineated by their affiliations, revealed a predominant representation
from academic institutions, with 90% of the contributors affiliated with universities and colleges. This
underscores the substantial involvement of scholars and academics in exploring the intersection between
digital technology and agriculture, highlighting the keen interest of the academy community in this research
domain. Additionally, the data indicated that 10% of the authors were associated with the research sector
reflecting the engagement of professionals and experts from non-academic research entities. This diversity
in authorship affiliation suggests a collaborative effort between academia and the broader research sector to
address the multifaceted implications of integrating digital technology into agricultural practices
comprehensively. The juxtaposition of these affiliations underscores the interdisciplinary nature of research,
as both academic and research sector perspectives contribute to a holistic understanding of the complex
dynamics between digital technology and agricultural policy as shown in Table 2.

Table 2. Author affiliation

Cizelge 2. Yazar baglantilari

Affiliation Amount  Percentage (%)

University 27 90
Researcher 3 10
100

Source: Primary Research Data, 2023.

Research on digital technology in agriculture relies on diverse sources, with 13% from e-journals
and a significant 37% from research findings. Half of the papers conduct thorough reviews of previous
studies, emphasizing knowledge synthesis. Conceptual papers constitute 81%, empirical research 19%,
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and case studies 11%, all maintaining methodological rigor. Methodologies consist of surveys (20%),
case studies (55%), and regression analysis (14%). Additional techniques like Structural Equation
Modeling (SEM) (2%), NVIVO (5%), and Partial Least Squares (PLS) (2%) were also utilized, showcasing
methodological diversity.

Geographically, the research landscape spans both developing and developed countries over the
past five years, predominant 70% of research articles originating from developed nations. Notable
contributors included China (20%), the USA (20%), Germany (10%), France (3%), Greece (3%), Australia
(3%), Taiwan (3%), the UK (3%), and Japan (3%). Developing countries accounted for 30% of the
research output, with contributions from Russia (7%), Ukraine (3%), Philippines (3%), Indonesia (3%),
India (10%), and Kenya (3%) (see Table 3 for a detailed breakdown). This global distribution underscores
the widespread interest and engagement of countries across different levels of economic development in
exploring the intersection between digital technology and agriculture as shown in Table 3.

Table 3. Country distribution of research publications

Cizelge 3. Ulkelere gbére aragtirma yayinlarinin dagihimi

Amount Percentage (%)

Developed Countries

China 6 20
us 6 20
Germany 3 10
France 1 3
Greece 1 3
Australia 1 3
Taiwan 1 3
UK 1 3
Japan 1 3
Developing Countries
Russia 2 7
Ukraine 1 3
Philippines 1 3
Indonesia 1 3
India 3 10
Kenya 1 3
100

Source: Primary Research Data, 2023.

Digital Technology in Agricultural Development

Digital technologies have great potential to accelerate agricultural growth and increase productivity. As
it can improve the productivity, efficiency, and sustainability of the agricultural sector, digital technology is
essential for agriculture (Gabriel & Gandorfer, 2023). Based on the statement of Zhong et al. (2021), digital
technologies such as mobile agricultural applications, Al, big data analytics, blockchain, and loT can be used
for weather monitoring, soil management, pest management, and animal health monitoring. In addition,
digital technologies have the potential to improve the market, strengthen the link between the agricultural
sector and information and communication technology, and enhance the capacity of farmers. Therefore, to
increase the productivity and sustainability of the agricultural sector, the government and the agriculture
industry must support the spread and adoption of technology in the agricultural sector. Overall, the use of
digital technologies in agriculture can help farmers improve productivity, efficiency, and yield quality of
agricultural products. This promotes more sustainable agriculture and contributes to global food security
(Lioutas et al., 2021).
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Digital agriculture has been used by both developed and developing countries to achieve
agricultural development goals. Some of the digital technologies include big data technology to improve
crop monitoring data, supply chain coordination, and sustainability metrics, as well as distributed ledger
technology (DLT) to change the roles of stakeholders in the agricultural supply chain. In agriculture, big
data technologies can be used to improve the quality of crop monitoring data, sustainability metrics and
supply chain coordination. By collecting and analyzing data from various sources, big data technology
can provide insights into crop growth patterns, soil quality, weather patterns, and other elements that
affect agricultural production (Jayashankar, 2020). Reducing waste, improving sustainability, and
increasing crop yields can be achieved using this data. In addition, big data technologies can be used to
coordinate the supply chain from farm to market by providing information on inventory levels, demand,
and prices in real time. Farmers can use algorithms and data analytics techniques to collect and analyze
farm data so that they can understand trends, patterns, and variability in their production. Using
algorithms and data analytics techniques, farmers can make crop forecasts, import more crops, and
increase yields. Agricultural technology providers can decide how to make the co-creation process more
beneficial for farmers. Technology providers also can create the right technology tools that help farmers
understand crop management. Agricultural stakeholders can learn how to create big data analytics tools
and marketing narratives to maximize value and prevent value destruction (Griffin, 2022).

Additionally, some developed countries have used artificial intelligence technologies such as
Artificial Intelligence Al to support agricultural development. Farmers can develop prediction models with
artificial intelligence and machine learning to anticipate weather changes, forecast harvest levels, and
optimize agricultural risk management (Garske, 2021), new cloud-based Internet of Things (I0T) systems
to monitor livestock health parameters, such as stress levels, body temperature, movement recognition, and
heart rate, as well as environmental metrics such as relative humidity levels and air temperature. In
addition, livestock and their owners can be electronically identified through ear tags used with smart cards
and UIDs (Saravanan & Saraniya, 2018). Farmers can also monitor and control farm conditions in real-
time with IoT connected sensors and devices. For example, they can measure temperature, humidity, soil
pH, and air quality in the farm field. This data can help make better decisions about what to do, such as
fertilizing, watering, or protecting crops against pests and diseases (Wang et al., 2020). The development
of digital villages and the use of digital technologies in China to promote sustainable agriculture are also
reported to have a positive impact on the progress of the sector (Wang &Tang, 2023). Digital
technologies in agriculture can improve productivity, efficiency, and sustainability. However, it is important
to consider that these technologies are accessible to all farmers, that the necessary infrastructure is in
place, and that farmers must receive the necessary training and instruction to utilize them effectively. All
of these can work together to improve the efficiency of agricultural production and help farmers make
better choices (Kumar & Basu, 2022).

E-agriculture or agricultural digitalization is a pillar of agricultural and rural development (Ugochukwu
& Phillips, 2017). The adoption of digitalization in agriculture provides great benefits to agricultural
productivity due to its potential to support sustainable agricultural development, digital agricultural
technology has attracted a lot of attention because it can improve agricultural sustainability, productivity
and efficiency (Kashina et al., 2022; Zhu et al., 2023). Research conducted by Kitole et al. (2024) shows
that digitalization of agriculture can increase agricultural production in Tanzania, in the study it was found
that 78% of farmers agree that digitalization of agriculture can reduce risk and uncertainty, 74.75% of
farmers stated that digitalization has made it easier for them to access capital/money, so that farmers'
income can increase. However, on the other hand, Kitole et al. (2024) in their research found that the
adoption of digital technology among smallholders in Tanzania was influenced by household income. This
shows that a high level of income will certainly be easier to access agricultural digitalization because it
has the resources to invest (Sanga et al., 2014; Rotondi et al., 2020; Subramanian, 2021). Therefore,
support from various parties, especially the government, is needed in encouraging the transformation of
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agricultural digitalization. Abdulai (2022) also stated that digitalization of agriculture has an impact on
increasing productivity, profitability, and is able to reduce the risk/uncertainty of climate change that is
often felt by smallholders. Digitalization of agriculture is a source of strength to increase rural incomes,
food security and national economy because it encourages farmers to make the right decisions and be
able to connect small-scale farmers to consumers or more profitable markets (Keogh & Hendry, 2016;
Mushi et al., 2022; Kitole et al., 2023).

Digital farming has been used in a variety of contexts and demonstrates the ability to transform
agricultural practices. Case studies have shown how digitalization impact agriculture in different regions. For
example, the spatial distribution of Freshippo village in China shows the adoption of sustainable digital
farming practices (Peng et al., 2023). In Nigeria, a review of agricultural digitalization shows the country's
efforts to adopt digital technologies in agriculture (Izuogu et al., 2023). Furthermore, the "Africa Goes Digital"
case emphasizes the development of communities of practice consisting of companies founded by youth
engaged in agriculture through digitalization, affirming the important role played by youth in African
agriculture (Ayamga et al., 2023). Case studies using the latest technology in the digital management of
agriculture in Romania showed the progress the country has made in digitizing its agricultural practices. In
addition, the influence of the digital economy on the growth of high-quality specialty farmer cooperatives in
China demonstrates the potential of digital technology transformation in agricultural cooperatives (Liu &
Zhang, 2023). These case studies collectively show the different ways digital agriculture is used and its
impact in different regions, showing how it can help develop sustainable agriculture.

In agriculture, the Internet of Things (loT) is growing in popularity, transforming traditional farming
methods and supporting sustainable growth. 10T implementation in agriculture includes the use of
interconnected sensors and devices to collect and transmit data, allowing farmers to optimize various
aspects of agricultural production and make data-driven decisions. According to Ciruela-Lorenzo et al.
(2020), Automated systems using Internet of Things (loT) technology have been created to monitor and
control agricultural processes. For example, in Europe, the "Internet of Food and Farm 2020" demonstrates
the integration of the Internet of Things throughout the supply chain, from logistics and processing to field
operations. As a result, an olive farming cooperative developed an "automatic olive chain”.

Sugarcane farming communities have been using the Internet of Things through wireless sensor
networks connected by Internet of Things technology. This enables a network of automated rainfall
gauges and data collection to support better decision-making (Fielke et al., 2021). In addition, it is proven
that the Internet of Things (loT) has the ability to improve the efficiency and sustainability of resources.
IoT sensors and remote sensing can improve technical efficiency, business performance, and agricultural
sustainability (Garske et al., 2021). In addition, it has been proven that the ever-increasing digital
transformation of agriculture facilitated by 10T systems increases farmers' production efficiency and the
quality of agricultural products, which in turn results in an increase in farmers' incomes (Zhang & Fan,
2023). In addition, the Internet of Things has played an important role in encouraging environmentally
friendly livestock management, assisting animal welfare, and supporting sustainable agricultural practices
(Rolandi et al., 2021). The use of 10T in farm management can improve animal welfare and support
sustainable agricultural practices. Overall, it has been proven that the use of the Internet of Things (IoT)
in the agricultural industry has the ability to encourage sustainable agricultural practices, improve
resource efficiency, and improve decision-making processes. Ultimately, this will result in progress in the
agricultural industry.

The digital transformation of agriculture has many benefical aspects but it also brings unacceptable
impacts and several problems. Digital agricultural transformation will reduce human labor so that it will
have an impact on increasing unemployment (Carlon, 2008). The use of digital agricultural technology will
also create a gap between traditional farmers and modern farmers and will cause problems of inheritance
of traditional agricultural culture that is environmentally friendly for young farmers (Lobley et al., 2018;
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Burton et al., 2008). An example of the adverse impact of digital transformation is that machines replace
labor in China, even though agriculture in China provides jobs for 194.45 million people, mainly living in
rural areas (National Bureau of Statistics of China, 2019). In addition, digital transformation has an impact
on weak data privacy and security. In China, some farmers are not aware of cyber threats such as data
theft, accessing sensitive data, and so on (Xie et al., 2021). Therefore, special attention is needed in the
social and political implications caused by the digital transformation of agriculture.

Agricultural Policy towards Digital Technology Adoption

Considering the advances in digital technologies that have been implemented in several developed
and developing countries, it is clear that policies that support the adoption of digital technologies in the
agricultural sector are an important step towards innovation, increased productivity and sustainability.
Digital technology has transformed the world of agriculture by offering effective and real-time data-driven
solutions to farmers' problems. Appropriate policies are still needed to encourage the adoption of digital
technologies in agriculture. One important step towards innovation, increased productivity, and sustainability
of the agricultural sector is a policy that supports the adoption of digital technology. With good technology
infrastructure, adequate education and training, adequate funding, data and privacy protection, and
intensive research, farmers will be able to adopt digital technologies successfully and utilize them to
increase yields, reduce losses, and produce better products. Policymakers should think of ways to reach out
to farmers and the agriculture industry. The agriculture industry can use digital mobile-based interfaces to
support the adoption of these technologies.

Supportive government regulations and policies should favor the adoption of these technologies in
the agricultural sector. To combat low productivity and poverty, the agricultural sector must build and
strengthen its relationship with information and communication technologies in various areas, especially in
agricultural production, improving markets, and building farmers' capacity. Mobile agriculture applications
have been initiated by the Indian government and can now be used by farmers in many areas such as crop
protection, weather monitoring, soil management, and pest management (Sharma et al., 2020). Kenya has
implemented digital finance for farmers. Agribusiness risks will be reduced with the adoption of more
financial services (Gopane, 2018). The agriculture sector also requires strengthening the workforce,
especially in rural areas for technology adoption. Currently, the success of mobile agricultural applications
depends on penetration into rural areas. Chuang et al. (2020) stated that when HR knowledge, perception,
and behavior are good, the adoption of agricultural innovations will be successful.

Policy makers should consider ways to collaborate with local authorities and the agricultural industry
to support digital mobile-based interfaces. To educate end users, agricultural science curricula should be
enriched with information on advances in agricultural extension (Drewry et al., 2022). In addition, actions
need to be taken to revive strategies to popularize mobile farming applications and their implications.
Policies around the world have made the adoption of digital technologies and mobile devices in agricultural
practices a top priority, so the implementation of smart agriculture with the use of smart technologies will be
more quickly achieved (Gerli et al., 2022).

The government should concentrate on increasing the adoption of technology in the agricultural
sector. The government can create policies to encourage the adoption of digital technologies, such as
mobile apps for farmers, electronic identification for livestock, and the use of big data technologies to
organize supply chains and monitor crops. In addition, the government can use digitalization to support the
development of digital villages and promote sustainable agriculture. In addition, the government can
establish policies to bridge the digital divide and encourage digital empowerment in rural areas, as well as to
promote high-quality and environmentally friendly agricultural development. To encourage innovation in the
agricultural sector, the government should create policies that support the adoption of digital technologies,
such as artificial intelligence (Al), Internet of Things (loT), and data analytics. These technologies can
generate new efficient and sustainable solutions to address challenges in agricultural production.
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Policies that support the adoption of these digital technologies will help developing and implementing
these innovative solutions. Government policies that encourage farmers to use digital technologies can
increase the productivity of the agricultural sector and improve crop monitoring and management as well as
the quality and quantity of production. Digital technology can also improve the resilience and sustainability of
the agriculture sector. Farmers can find and address issues before they become serious problems through
accurate and real-time monitoring. In addition, digital technology can help in effective water management,
proper fertilizer use, and disease and pest prevention. In addition to promoting sustainable agricultural
practices, policies that support the adoption of digital technologies will increase the resilience of the
agricultural sector to market fluctuations and climate change. Better financial management and agricultural
information can be accessed through digital technology. Through digital platforms, farmers can find out
market prices, the latest cultivation techniques, weather information, and business opportunities. Farmers
can optimize their product sales, expand market reach, and make better decisions using digital technology.
Government policies that encourage the adoption of digital technology will expand market opportunities and
improve information accessibility. If agricultural enterprises are able to innovate technologically, they will
have to compete with global competition. The government can play an important role in encouraging the
adoption of digital technology by making the right policies.

CONCLUSION

In agriculture, the use of digital technology can significantly increase productivity, efficiency, and
sustainability. Technologies such as the Internet of Things, big data analytics, and Al offer real-time
solutions for livestock management, supply chain coordination, and crop monitoring. Although
digitalization helps developed and developing countries, issues such as access and training still need to
be addressed. Policymakers play an important role in creating a supportive environment through the
implementation of supportive regulations and initiatives. In agriculture, the adoption of digital technologies
can improve production, resource efficiency, and decision-making. However, this also raises issues such
as privacy concerns and changes in agricultural systems. To ensure equitable profits and promote
sustainable agricultural development, government policies should concentrate on infrastructure,
education, and data protection.
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