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Research Article Arastirma Makalesi

Enrichment of Bread with Whey Treated with
High Hydrostatic Pressure

Ekmegin Yiiksek Hidrostatik Basincla islenmis Peynir Alti
Suyuyla Zenginlestirilmesi

ABSTRACT

There are some deficiencies in the nutritional profile of bread due to the use of refined flour
in modern production. Therefore, various additives are employed to enhance the
nutritional profile of bread. Whey is a valuable source of functional proteins, lipids,
vitamins, and minerals. However, bread volume and water absorption decrease when whey
is added directly to the bread dough. Therefore, studies are being carried out to investigate
pretreatments that can improve the technological properties of whey. This study aimed to
develop a bread product fortified with whey treated with high hydrostatic pressure (HHP)
and evaluate its quality. Properties of bread enriched with whey treated with HHP (300
MPa, 3 min, 20°C) (HHPWB) were examined using crumb images, experimental (moisture,
ash, and unsalted ash content, acidity, weight, dough yield, volume, specific volume, and
crust/crumb ratio), texture, color, and sensory analyses. The HHPWB formulation resulted
in a decrease in gas cells, hardness, and chewiness, as well as an increase in ash content,
acidity, weight, volume, and a* color values. HHPWB received better sensory acceptance
for crust, symmetry, and color. The HHP treatment may have the potential to boost the
benefits of fortifying bread with whey.

Keywords: High hydrostatic pressure, Bread, Whey, Enrichment

0z

Modern lretimde rafine un kullaniimasi nedeniyle ekmegin besin profilinde bazi
eksiklikler bulunmaktadir. Bu nedenle, ekmegin besin profilini gelistirmek icin cesitli
katki maddeleri kullanilmaktadir. Peynir alti suyu fonksiyonel proteinler, lipitler,
vitaminler ve mineraller acisindan degerli bir kaynaktir. Ancak peynir alti suyu dogrudan
ekmek hamuruna eklendiginde ekmek hacmi ve su emilimi azalmaktadir. Bu nedenle,
peynir alti suyunun teknolojik 6zelliklerini gelistirebilecek 6n islemler ile ilgili arastirmak
icin cahismalar yiratilmektedir. Bu ¢alisma, ylksek hidrostatik basing (HHP) ile islenmis
peynir alti suyuyla zenginlestirilmis bir ekmek urini gelistirmeyi ve kalitesini
degerlendirmeyi amaglamistir. HHP (300 MPa, 3 dakika, 20°C) ile islenmis peynir alti
suyuyla zenginlestirilmis ekmegin (HHPWB) ozellikleri, kirinti gorintileri, deneysel
(nem, kil ve tuzsuz kil icerigi, asitlik, agirlik, hamur verimi, hacim, 6zgil hacim ve
kabuk/i¢c orani), doku, renk ve duyusal analizler kullanilarak incelenmistir. HHPWB
formiilasyonu gaz hiicrelerinde, sertlikte ve gignenebilirlikte azalmanin yani sira kil
icerigi, asitlik, agirlik, hacim ve a* renk degerlerinde artisa neden olmustur. HHPWB
kabuk, simetri ve renk agisindan daha iyi duyusal kabul gérmustir. HHP uygulamasi
ekmegin peynir alti suyuyla zenginlestirilmesinin faydalarini artirma potansiyeline sahip
olabilir.

Anahtar Kelimeler: Yiksek hidrostatik basing, Ekmek, Peyniralti suyu, Zenginlestirme
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Introduction

Bread, which can be produced in various forms, is one of the
most basic traditional foods consumed by people all over the
world and can meet a large part of their daily nutritional
needs (Lockyer & Spiro, 2020). Although there are varieties
of bread made with different grain flours (rye, corn, and
barley), wheat flour is the most preferred basic raw material
due to its structure, which allows it to form a dough when in
contact with water in traditional bread making (Kourkouta
et al., 2017). Bread, which is produced by fermenting and
baking dough prepared with wheat flour, water, salt, and
yeast. However, rafinated wheat flour used in bread
production may cause malnutrition in people whose diet
mainly consists of bread, due to the low lysine content in
wheat protein. In low-income societies where malnutrition
is common due to being bread as main food source,
research on enriching bread with vitamins, minerals,
flavonoids, anthocyanins, fatty acids, carotenoids, folic acid,
protein, and/or amino acids is very important (Betoret &
Rosell, 2020). In addition, issues such as the production of
low-calorie and improved-quality bread that can aid in the
treatment of diseases such as obesity in high-income
societies have started to receive more attention. For this
reason, researchers are focusing on studying the addition of
functionality to bread, especially by using additives with
proven health benefits (Martins et al., 2017; Meral & Erim
Kose, 2019; Lachowicz et al., 2021).

In the food industry, cheese processing plants produce whey
in large quantities as waste during cheese making or the
coagulation of the milk casein step. Whey causes serious
environmental pollution due to its high chemical oxygen
demand (COD: 50-80 g/L), biochemical oxygen demand
(BOD: 40-60 g/L), and organic content (lactose, proteins,
lipids, vitamins) (Das et al., 2016; Zandona et al., 2021). In
addition, difficulties in separating whey components pose a
significant challenge for treatment plants. It is vital to
manage, process, and reuse whey properly. For this
purpose, advanced technologies are used to manage high
organic and inorganic nutrients in whey, and alternative
methods are being explored to maximize benefits and
further processing (Yadav et al., 2015). Whey is a byproduct
rich in functional proteins and peptides, lipids, vitamins,
minerals and lactose. Whey proteins are crucial because
they contain essential amino acids such as leucine,
isoleucine, and valine. The positive effects of whey proteins
on boosting immunity, lowering the risk of heart disease,
and reducing cancer incidence have been reported (Pillai et
al., 2024; Thampy et al.,, 2024). Due to these properties,
whey was included in bread in various studies (Madenci &
Bilgicli, 2014; Zhou et al., 2018; Tsanasidou et al., 2021;

Ingrassia et al., 2022). Lactose in whey increases the Maillard
reaction (Diblan et al., 2024; Zhang et al., 2024). However, it
can reduce the volume of the bread by creating high osmotic
pressure, slowing down yeast activity. When whey is added
directly to the bread dough, it increases protein, mineral,
thiamine, and riboflavin contents, but reduces water
absorption. In addition, whey protein caused to ruptures of
gluten network in dough (Van Riemsdijk et al., 2011). The
study aimed to reduce or eliminate adverse conditions in
whey by exploring the effects of various technological
applications.

There has been increasing attention in high hydrostatic
pressure (HHP) due to its ability to increase the extraction
efficiency of functional elements and enhance the health
efficacy of foods (Huang et al., 2020). HHP is a non-thermal
technology that meets consumer requirements by
extending the shelf life and enhancing the safety of foods. It
is endorsed as reliable by the U.S. Food and Drug
Administration (FDA) (Wang et al.,, 2016). HHP can be
applied to inactivate of pathogenic microorganisms that,
deactivate enzymes, increase the shelf life of foods, and
induce desired conformational and chemical modifications
in the food matrix (Aganovic et al., 2021). Previous studies
have demonstrated that HHP treatment can increase the
surface hydrophobicity, enhance solubility, and improve
foaming features of whey proteins (Lim et al., 2008a;
Ambrosi et al., 2016). However, no study has been found on
the contribution of HHP treated whey to bread quality.
Therefore, this study investigated the effects of HHP treated
whey on certain quality parameters of bread.

Methods
Materials

Wheat flour and whey were provided from Ankara Public
Bread and Flour Factory Inc. (Ankara, Tlrkiye) and Atatlrk
Forest Farm Milk Factory (Ankara, Tirkiye), respectively.
Wheat flours (Type 550, Type 650, and Type 85) were mixed
in equal proportions, and the mixed flour was utilized in
bread making. Good quality refined salt and baker's yeast
(Saccharomyces cerevisiae) were provided from Ankara
Public Bread and Flour Factory Inc. (Ankara, Turkiye).

Material Analysis

Moisture content, wet gluten, dry gluten, Zeleny
sedimentation, falling number, ash content, acidity, sieve
analysis, farinograph, and extensograph properties of flour
were analyzed following the methods outlined by Elglin et
al. (1998). Dry matter, ash, oil, acidity, and pH values of whey
were analyzed using the methods specified by Kurt et al.
(1996).

Research in Agricultural Sciences
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High Hydrostatic Pressure Treatment of Whey

High hydrostatic pressure treatment was conducted at
Middle East Technical University. In previous studies, the
features of the device used were detailed (Erkan et al., 2011;
Onir etal., 2018). Deionized water was used as the medium
for isostatic pressure transduction. HHP treatment
conditions for whey were justified (R = 0.999). The whey
samples were exposed to HHP treatment for 3 minutes at
300 MPa and 20+1°C. Pressurization times did not contain
the times for pressure rise and release. The sterile falcon
tubes containing whey, wrapped with stretch film, were
placed inside the cylindrical vessel of the HHP equipment.
The chamber was then closed, and the samples were left for
2 minutes for temperature equilibration. After the HHP
treatment, the samples were immediately removed from
the chamber and stored at 4°C (Cicek, 2011).

Bread Baking Procedure

The dough was prepared by combining 45 g of refined salt,
203 g of bread yeast, 3 kg of flour, and 1800 mL of water in
a stainless-steel mixing bowl. Water absorption capacity of
the flour (59.5%) was determined using a farinograph, as
per standard methods. Whey (treated with high
hydrostatic pressure or untreated) was added at a ratio of
25% of the water absorption capacity of the flour, with the
exact amount of whey added being 450 mL (Dingoglu &
Ardig, 2012; luga et al., 2020). The ingredients were mixed
using a spiral kneader, initially at slow speed for 4 min and
then at fast speed for 18 minutes to form the dough. The
dough was then weighed and divided into three equal
portions, each of which was allowed to rest for 10 min at
room temperature. After this, the dough portions were
shaped and allowed to rest for an additional 10 min. The
dough was transferred to a fermentation room and left to
ferment for 75 min at 25+1°C. The oven was preheated to
an inlet temperature of 190°C and an outlet temperature
of 242°C, and the dough was baked for 28 min, following
the AACC 10-10B guidelines with slight modifications. After
baking, the bread was removed from the oven, weighed,
and allowed to cool to room temperature. Finally, texture
analysis was performed on the cooled bread 24 hours after
baking.

Bread Quality

Stereo microscope images of bread samples

Bread samples were sliced (3 mm thick) after 24, 48, and 120
hours and photographed under a stereo microscope (Nikon
SMZ 1500, Japan, 40X magnification).

Research in Agricultural Sciences

Experimental analysis

The moisture, ash, and unsalted ash content, acidity, weight,
dough yield, volume, specific volume, and crust/crumb ratio
of bread samples were analyzed using the methods specified
by Nwosu et al. (2014).

Texture analysis

Texture profile analyse was carried by a texture analyzer
(Lloyd TA Plus, UK). The diameter of the cylinder probe was
3.5 cm. The bread was cut into 1.25 cm thick slices using a
saw blade after 24, 48, and 72 hours. Two slices were taken
from the loaf, stacked on top of each other, and measured
to be a total of 2.5 cm thick (Basman et al., 2002; Cetiner et
al., 2017). Hardness values were obtained by compressing
the bread at a rate of 25% with a stroke of 1 mm/s. The
overall average value of three measurements was reported.

Color analysis

Values of brightness (L*), redness (a*), and yellowness (b*)
of bread samples were determined using the CIE L*a*b*
system with a Minolta Spectrophotometer CM-3600d. The
color of bread samples was determined by averaging three
L* a* and b* readings. In this context, L* indicates
brightness (ranging from O=black to 100=white), +a*
indicates redness, —a* indicates greenness, +b* indicates
yellowness, and —b* indicates blueness. A white calibration
plate was used to standardize the equipment before
conducting color measurements (Adamczyk et al., 2021).
Color measurements were taken at four points on the
surface of the bread.

Sensory analysis

Sensory features of bread samples were scored by 10
panelists, consisting of six females and four males aged 23-
35. The bread samples were labeled with letters, and the
order of sample presentation was entirely randomized
before serving them to the panelists. All bread samples were
served simultaneously on the same day. The sensory quality
characteristics of bread samples (structure of the bread
inside, crust, symmetry of shape, color, taste, and smell)
were scored on a 1-5 scale, where 1 indicated “dislike
extremely” and 5 indicated “like extremely” (Bilgicli &
ibanoglu, 2015).

Statistical Analysis

All measurements were examined using SPSS 15.0 software
(SPSS Inc., Chicago, IL, USA). The least significant difference
was calculated at the p <.05 level. Significant differences
amongs means were determined using Duncan's multiple
range test. All analyses were conducted with at least 3
replications. The values are given as + standard error.
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Results
The physical and chemical parameters of the flour and
whey used in the study are provided in Table 1.

The images of the internal structure of the bread samples
at 24, 48, and 120 hours are presented in Figure 1.

Table 1.
Physical and chemical parameters of the flour and whey

Parameters for flour Values (Unit)

Moisture 12.90 (%)
Dry matter 87.10 (%)
gsz\fr;)leve (the sieve pore size: 0.05 (%)
;J;firrj)leve (the sieve pore size: 99.96 (%)
Ash 0.56 (%)
Acidity 0.03 (%)
Wet gluten 31.97 (%)
Dry gluten 11.19 (%)
Sedimentation 26 (cm?)
Falling number 869 (s)
Parameters for whey Values (Unit)
Dry matter 5.73 (%)
Ash 0.38 (%)
Acidity 0.17 (%)
pH (at 28.5°C) 4.93
Fat 0.30 (%)
m NB NWB HHPWB

Time

Figure 1.

The images of the internal structure of the bread samples
(NB: Normal bread, NWB: Normal whey added bread,
HHPWRB: HHP treated whey added bread)

The results of the experimental analysis of the bread
samples are presented in Table 2.

Table 2.
Experimental Values of the Bread Samples

Experimental Bread Samples

analysis NB NWB HHPWB
Moisture (%) 37.63+0.03°  37.6240.02°  38.79+0.01°
Ash (%) 2.28+0.01° 2.28+0.012 2.21+0.01°
Unsalted Ash (%) 0.55£0.00°  0.5330.00°  0.53+0.01°
Acidity 2.85£0.07°  3.7130.05°  3.82:0.03°
Weight (g) 143.50£1.53° 148.50£1.53° 148.20£0.18"

Dough Yield (%) 166.60+0.32° 169.40+1.83% 171.30+1.46°

Volume (cm?3) 355+0.03? 377.50+3.53b 365+0.00°¢
ific vol

specificvolume ) 4710030 2.5410.05¢  2.46:0.00°

(cm3/g)

fart“izt/cr“mb 0.7640.00°  0.71#0.00°  0.63+0.00?

NB: Normal bread, NWB: Normal whey added bread, HHPWB: HHP treated
whey added bread; »°: Means with different lowercase letters in the same
column are statistically different at p<.05
The results of the texture analysis of the bread samples
are presented in Table 3.

Table 3.

Texture Values of the Bread Samples

Bread Samples

Texture Parameters

NB NWB HHPWB
Hardness (N) 13.342 10.16° 9.88°
Gumminess 0.54° 0.54° 0.542
Elasticity (mm) 5.402 5.442 5.70°
Chewability (Nmm) 38.31° 29.64° 30.67°

NB: Normal bread, NWB: Normal whey added bread, HHPWB: HHP treated
whey added bread;  °: Means with different lowercase letters in the same
column are statistically different at p<.05
The results of the color analysis of the bread samples are
presented in Table 4.

Table 4.

Color Values of the Bread Samples

Color Bread Samples

Values NB NWB HHPWB
L* 67.4615.66° 65.09£6.39° 65.10+4.96°
a* 7.69+6.37°  8.77+6.89°  8.80+6.93°
b* 28.35£1.20* 27.68+£0.78* 28.11+0.63°

NB: Normal bread, NWB: Normal whey added bread, HHPWB: HHP treated
whey added bread; » °: Means with different lowercase letters in the same
column are statistically different at p<.05

Research in Agricultural Sciences
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The results of the sensory analysis of the bread samples
are presented in Table 5.

Table 5.
Sensory values of the bread samples

Sensory Bread Samples

Parameters NB NWB HHPWB
Bread Crumb 3.70+0.95° 4.40+0.70° 3.50+0.97?
Bread Crust  3.2040.92*  4.10+0.88°  4.40+0.70°
Symmetry 3.10+0.57°  4.10+0.57° 4.20+0.42°
Taste 3.40+1.07* 3.80+0.79* 4.00+1.15°
Odour 3.60+1.17% 3.70+1.06* 4.10+0.99°
Color 2.9040.99*° 4.00+1.05° 3.90+0.99°

NB: Normal bread, NWB: Normal whey added bread, HHPWB: HHP treated
whey added bread; ® ®: Means with different lowercase letters in the same
column are statistically different at p<.05

Discussion

The parameters, such as moisture content, dry matter, ash
content, acidity, wet gluten, and dry gluten of the mixed
flour, were found to be suitable for bread making according
to the Turkish Food Codex Wheat Flour Communique
(Communigue Number: 2013/9) (Table 1). The low volume
of the normal bread observed in this study may be
attributed to the very low amylase activity in the flour, as
indicated by the falling number of 869 s. This reduced
amylase activity limits the availability of fermentable sugars
for the yeast, which can result in insufficient fermentation
and lower bread volume.

The whey was characterized by the following parameters:
dry matter, ash, acidity, pH, and fat values were 5.73%,
0.38%, 0.17%, 4.93, and 0.30%, respectively (Table 1). It has
been reported that the dry matter content of whey from six
dairy plants ranged from 5% to 7% (Alsaed et al., 2013). In
another study, it has been demonstrated that large
variations were observed in the ash content of acid whey
(0.57-1.88) and sweet whey (0.37-0.58) (Gernigon et al,,
2010). The characterization parameters of whey mostly
depend on the processing techniques used in cheese
factories.

The addition of HHP-treated and untreated whey to the
bread dough did not led to a significant change in bread
properties in terms of unsalted ash, dough yield, specific
volume, and crust/crumb ratio according to the control
group (normal bread: NB). It has been reported that whey
affects the specific volume of bread depending on the
presence of hydrocolloids in the dough formulation. Whey,
which increases the specific volume of bread in the presence
of hydrocolloids such as hydroxypropylmethylcellulose
(HPMC), yeast B-glucan, and whey protein isolate (WPI),
decreases the specific volume of bread in the absence of
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hydrocolloids (Kittisuban et al., 2014). The decrease in the
specific volume can be explained by the low water
absorption of proteins. In this case, a more intense
breadcrumb feature can be encountered (Kittisuban et al.,
2014). A significant decrease in bread acidity, as well as a
notable increase in bread weight and volume, were
observed with the addition of whey. The addition of HHP-
treated whey to bread dough resulted in significant
differences in moisture, ash content, and bread volume
compared to bread with untreated HHP whey and normal
bread. Gluten proteins have a greater capacity to form
hydrogen bonds with water molecules compared to whey
proteins. Lower water absorption and water binding
capacity of whey proteins may be responsible for bread with
low moisture content. It has been reported that bread
prepared with 20% whey protein concentrate (WPC) had
lower moisture content compared to normal bread
(Ferreyra et al.,, 2021). Because high hydrostatic pressure
can be applied at low temperatures, it provides an
advantage in modifying food products while preserving their
quality (Carullo et al., 2021). The incorporation of untreated
WPC (5%) into wheat flour decreased water absorption by
66% compared to the control group (100% classical wheat
flour with 70% water absorption). Conversely, the inclusion
of HHP-treated WPC (5%) at 85 Kpsi for 30 minutes resulted
in an increase in water absorption to 70% (Kadharmestan et
al., 1998). Pressure treatment up to 300 MPa can cause
reversible  protein  denaturation at low protein
concentrations, while pressures above 300 MPa can cause
irreversible denaturation of proteins. High pressure causes
conformational and structural changes in proteins by
deprotonating charged groups, disrupting salt bridges, and
hydrophobic interactions. Here, HHP treatment improved
the hydrogen bonding of proteins in whey with water
molecules (Table 2).

Acidity increased significantly in breads with whey added,
both in the HHP-treated and untreated samples. This
increase in acidity can be attributed to the presence of whey
proteins, which contribute additional amino acids to the
bread formulation. In the case of HHP-treated whey,
structural changes in the proteins may enhance the
availability of amino acids, potentially influencing the acidity
further. The alteration of the whey proteins, especially
through protonation of their amine groups in the acidic
environment, could increase the release of free protons
(H*), contributing to the overall rise in acidity in the bread
(Table 2) (Falade et al., 2021; Yang et al., 2019).

The specific volume of bread increased when 25% whey was
added compared to normal bread, but this increase was not
significant (Table 2). Previous studies have shown that
adding 5%, 10%, and 15% whey protein to bread resulted in
a decrease in specific volume, while adding 20%, 25%, and
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30% whey protein led to an increase in specific volume
compared to the control group. However, these changes in
specific volume were not statistically significant (Zhou et al,,
2018). The presence of whey proteins in bread dough in a
higher concentration than the gluten content of wheat flour
can result in a better specific volume by increasing the
gelation of whey proteins with heat and strengthening the
expanding cells of the dough. The utilization of HHP-treated
whey resulted in the lowest specific volume of bread,
although this difference was not statistically significant. HHP
treatment results in a reduction in the specific volume of
proteins. When water molecules permeate the polypeptide
core, they cause the tertiary and quaternary structures to
unfold as the spaces become occupied. In this way,
conformational and structural changes of proteins occur
(Carullo et al., 2021).

A significant decrease was seen in the hardness and
chewability properties of HHP-treated and untreated whey-
added breads compared to normal breads (Table 3). In
previous studies, it was reported that the hardness and
chewiness of bread increased when whey was added
compared to normal bread. However, some studies have
reported that bread made with enhanced whey was softer
than normal bread after 30 minutes of baking but tended to
become harder over time. Dissolved proteins in whey can
play a role by creating a homogeneous structure (Guiné et
al., 2020; Hossein, 2009; Ozturk & Mert, 2018). Organic
acids and calcium in whey can contribute to a softer texture
by influencing the activity of protease and amylase in bread
dough. In addition, the high amount of whey added to the
bread dough can also contribute to the softness of the bread
and increase the fermentation ratio. The elasticity of the
bread with whey added and treated with HHP was
significantly increased according to the other bread
samples. Previous studies have indicated that the HHP
treatment affects the foaming, surface hydrophobicity,
solubility, gelling, and emulsifying properties of whey,
particularly whey proteins (Lee et al., 2006; Lim et al,
2008b). It has been reported that HHP application provides
accessibility for antibodies and increases the antigenicity of
epitopes embedded in whey proteins. Conformational
changes induced by HHP can impact enzyme activity,
enhance enzymatic digestion efficiency, alter hydrolysis
reaction kinetics, influence flavor binding, and affect
overrun and foam stability (Ambrosi et al., 2016; Liu et al.,
2005; Lim et al., 2008b).

Color measurements showed that high hydrostatic pressure
(HHP)-treated and untreated whey-added breads had a
darker but less yellowish color, although there was a
decrease in the brightness of normal breads. It can be seen
that the a* value increased in both HHP-treated and
untreated whey-added breads, whereas there was no

significant change in the b* values. L* values were lower in
high hydrostatic pressure (HHP)-treated and untreated
whey-added breads compared to normal breads (Table 4). It
has been demonstrated that bread supplemented with
whey protein concentrate (WPC) had a lower L* value of
crumb compared to normal bread. In addition, it has been
observed that the L* value decreased further when the
addition of WPC was increased from 5% to 10% (Zhou et al.,
2018). In another study, a decrease in L* values and an
increase in a* values were observed in the crust and crumb
color parameters of bread prepared with 20% WPC-added
sourdough compared to the control group (Ferreyra et al.,
2021). The slightly yellowish hue of bread may be due to
vitamin B2 (riboflavin) found in whey (Chudy et al., 2020).
The HHP application may have caused the release of
riboflavin by affecting the disintegration of micelles in whey.
The reduction in micelle size can increase the yellowness of
whey color. With the application of pressure in the range of
300 MPa to 676 MPa, it is possible to recombine the
dispersed micelles. HHP application can affect non-covalent
bonds, such as hydrogen, ionic, and hydrophobic bonds, as
well as high molecular weight compounds due to their
sensitivity to pressure (Chawla et al., 2011). The darker color
can be explained by the active role of the amino acid lysine
and lactose in whey in the Maillard reaction. The Maillard
reaction is a series of sequential reactions that occur
between the a and € ends of amino acids, including lysine,
and the carbonyl group in the reduced carbohydrate
monomers at high temperatures (Mzoughi et al., 2024;
Xiang et al., 2021). It is important for the desired brown
color formation in foods such as bakery products (Wang et
al., 2013). The dark color tone and lighter yellow bread tone
obtained in this study are consistent with findings from
other studies on bread enrichment with whey (Divya & Rao,
2010; Tsanasidou et al., 2021).

With the addition of whey to bread, the sensory scores for
bread crust, symmetry, and color were significantly higher
compared to normal bread (Table 5). These high scores can
be attributed to the role of whey in the Maillard browning
reaction. Considering the protein content of whey, it is
known to be particularly rich in lysine. The amino acid lysine
is highly reactive in the Maillard reaction. In addition, the
high lactose content of whey positively affects the Maillard
reaction (Komeroski & Oliveira, 2023; Pofizka et al., 2023).
In studies on the antioxidant effects of Maillard reaction
products, it has been stated that they gain antioxidant
properties by scavenging peroxyl radicals in the Maillard
reaction, which occurs with the cooperation of lactose and
lysine (Feng et al., 2022). The application of high hydrostatic
pressure to the whey enhanced the overall sensory
perception of bread, with the exception of the crumb
structure and color. However, there was no statistical
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difference in sensory analysis between normal whey-added
bread and HHP-treated whey-added bread. Bread made
with HHP-treated whey had the lowest score in crumb
properties, but there was no significant difference
compared to other bread samples.

The taste and odour of the bread improved with the addition
of HHP and untreated whey, but no significant difference
was observed. HHP treatment does not affect low molecular
weight compounds responsible for nutritional and sensory
properties, such as vitamins and aroma compounds
(Tirpanci et al., 2022). In the study examining the flavor
binding properties of high hydrostatic pressure (HHP)
treatment (600 MPa at 50°C) on whey protein concentrate
(WPQ), it was reported that there were significant increases
in the binding sites of WPC for heptanone and octanone (Liu
et al, 2005). Hydrophobic, electrostatic, and steric
properties of protein molecules affect their functionality.
For example, the hydrophobic surfaces of proteins affect
their emulsion capacity and stability. With the increase in
the hydrophobicity of the proteins, the oil-binding capacity
can increase. In this case, the flavor properties of the foods
can be positively affected (Liu et al., 2005). B-lactoglobulin
(B-Lg), which constitutes over 50% of whey proteins, plays a
crucial role in determining the properties of whey, including
solubility, gelling, foaming, emulsification, and flavor. It has
been reported that the application of high hydrostatic
pressure causes openings in the protein structure. This leads
to the exposure of embedded hydrophobic groups, thereby
increasing the surface hydrophobicity and binding affinities
of B-Lg (Lopez-Fandifio, 2006). It has been reported that
whey proteins enhance the crust quality of gluten-free
breads made with rice flour and corn starch. The bread crust
has a high pyrazine content, contributing to its dark color.
Additionally, whey proteins increase the volatile compound
content through lipid oxidation, thereby influencing the
taste of the bread (Pico et al., 2019). Therefore, the
concentration and ratio of whey used should be carefully
selected to control the development of a rancid taste due to
the increase in volatile compounds originating from lipid
oxidation. In this study, only one concentration of whey was
investigated, as the focus was on evaluating the specific
effects of HHP-treated whey on the quality of the bread,
particularly physicochemical, texture, sensory, and color.
Future studies could explore a range of concentrations to
assess how different levels of whey affect lipid oxidation and
the associated flavor changes.

Conclusion and Recommendations

This study investigated the impact of HHP-treated whey on
the physicochemical, texture, color, and sensory properties
of bread. The application of HHP treatment resulted in
reduced bread hardness, while increasing the ash content,
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acidity, weight, and volume of the bread. In addition, there
was a decrease in L* values (lightness) and an increase in a*
values (redness). Sensory evaluation showed improvements
in the crust, symmetry, and overall color of the bread
compared to the control. The HHP treatment also influenced
the ash content and elasticity of the whey in the bread
formulation. This study provides valuable insights into the
conformational changes in whey proteins induced by HHP,
which enhance its potential for enriching bread. HHP
treatment has gained significant attention for its ability to
induce desired properties by altering the structure of large
molecules held together by noncovalent bonds, especially in
dairy products. Given the nutritional and technological
benefits of dairy products, including whey, their
incorporation into bakery products is common. Therefore,
further research into the application of HHP-treated whey in
other bakery and food products is recommended.
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Research Article Arastirma Makalesi

The Frequency and Density of Weeds in Peanut
(Arachis hypogaea L.) Fields of Adana Province,
Turkiye

Adana ili Yer Fistig1 (Arachis hypogaea L.) Tarlalarinda
Yabanci Otlarin Rastlanma Sikhgi ve Yogunlugu, Turkiye

ABSTRACT

Peanut (Arachis hypogaea L.) is an important arable crop. However, weeds cause significant yield
losses difficulties. This study was conducted to determine the occurrence frequency and density of
weed species in peanut fields in Adana province. In the 2021 vegetation period, surveys were
conducted in 50 peanut fields in Adana and its districts. As a result of the surveys, 38 weed species
belonging to 17 different families were identified. The Poaceae family had the highest number of
weed species with 12 species, followed by the Amaranthaceae family with 4 species. Other important
families included Euphorbiaceae, Asteraceae, Cyperaceae, Convolvulaceae, Malvaceae, and
Solanaceae, each represented by 2 species. The studies showed that most of the weeds in peanut
fields were broadleaf and annual species. According to survey results, species such as Cyperus
rotundus L. (78%), Sorghum halepense (L.) Pers (67%), Xanthium strumarium L. (52%), Convolvulus
arvensis L. (49%), and Portulaca oleracea L. (46%) were among the most common weeds in the region
with the highest occurrence frequencies. In terms of density, Setaria viridis (L.) P. Beauv. (1,050
plants/m?) had the highest density. Other dense species included C. rotundus (0.715 plants/m?),
Echinochloa colona L. (0.630 plants/m?), Echinochloa crus-galli (L.) P. Beauv. (0.505 plants/m?), and
S. halepense (0.425 plants/m?). These species are dominant in the weed flora of the region with high
occurrence frequencies and density levels.

Keywords: Peanut, Weeds, Adana, Frequency of occurrence, Density

0oz

Yerfistigi (Arachis hypogaea L.), ekim alanlarinda yabanci otlarin neden oldugu verim kayiplari
nedeniyle nemli bir sorun teskil etmektedir. Bu ¢alisma, Adana ilindeki yerfistigi ekim alanlarinda
bulunan vyabanci ot tdrlerinin rastlama sikligi ve yogunluklarini belirlemek amaciyla
gerceklestirilmistir. 2021 yili vejetasyon doneminde, Adanaiili ve ilcelerinde toplamda 50 yerfistigi
tarlasinda surveyler yapilmistir. Surveyler sonucunda, 17 farkli familyaya ait 38 yabanci ot tiri
tespit edilmistir. Poaceae familyasi, 12 tiirle en fazla yabanci ot barindirirken, Amaranthaceae
familyasi ise 4 tiirle ikinci siradadir. Diger 6nemli familyalar arasinda Euphorbiaceae, Asteraceae,
Cyperaceae, Convolvulaceae, Malvaceae ve Solanaceae yer almakta ve her biri 2 tirle temsil
edilmektedir. Yapilan incelemeler, vyerfistigi ekim alanlarindaki yabanci otlarin biylk
¢ogunlugunun genis yaprakh ve tek vyillik tirlerden olustugunu gostermektedir. Survey
sonuglarina gore, Cyperus rotundus L. (%78), Sorghum halepense (L.) Pers (%67), Xanthium
strumarium L. (%52), Convolvulus arvensis L. (%49) ve Portulaca oleracea L. (%46) gibi turler, en
yuksek rastlama sikligina sahip olup bolgedeki en yaygin yabanci otlar arasinda yer almaktadir.
Yogunluk agisindan, Setaria viridis (L.) P. Beauv. (1,050 adet/m?) en yiksek yogunluga sahip tur
olarak 6ne ¢ikmaktadir. Diger yogun tirler sirasiyla C. rotundus (0,715 adet/m?), Echinochloa
colona L. (0,630 adet/m?), Echinochloa crus-galli (L.) P. Beauv (0,505 adet/m?) ve S. halepense
(0,425 adet/m?) olarak belirlenmistir. Bu turler, yliksek rastlama sikligi ve yogunluk seviyeleriyle
bolgedeki yabanci ot florasinda baskin durumdadir.

Anahtar Kelimeler: Yer fistigi, Yabanci otlar, Adana, Rastlama sikligi, Yogunluk
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Introduction

Peanut (Arachis hypogaea L.) is an annual plant of the
legume family that thrives in tropical and subtropical regions
characterised by a warm climate. It is found in regions
between 40° north and south latitudes (Kadiroglu, 2018).
Peanut is an important oil plant both in Turkey and
worldwide (Arslan et al.,, 2022). This plant, which is a
valuable food source for humans and animals, is rich in oil,
protein, carbohydrates, vitamins, and minerals (Arioglu,
2007). In addition to its use in human consumption and as
animal feed, peanut is also significant as an oilseed crop due
to its ability to fix nitrogen in the soil (Dogaka, 2020). Peanut
seeds contain 42-52% oil and 25-32% protein, and it is
particularly used in the production of peanut oil, snack
foods, and peanut butter (Chang et al., 2013). Globally, 49%
of peanuts are used for oil production, 41% for human
consumption, and 10% for animal feed and seed production.
In Turkiye, a large portion of the peanut production is
consumed as snack foods, while a smaller portion is used in
the oil industry (Sahin, 2014). In 2022, a total of
54,238,560.13 tons of peanuts were produced worldwide
on 30,536,263 hectares of land. The production came from
Asia (58.45%), Africa (32.01%), and America (9.49%). The
top three peanut-producing countries in that year were
China (18,329,500 tons), India (10,134,990 tons), and
Nigeria (4,284,000 tons) (FAO, 2024). In Turkiye, as of 2023,
185,137 tons of peanuts were produced on 460,098
hectares, with Adana province accounting for 48.07% of
Turkiye's peanut production, producing 89,011 tons from
208,442 hectares (TUIK, 2024).

With the increasing global population, the demand for
agricultural products is growing. Therefore, enhancing plant
production is necessary to meet the nutritional needs of the
population. However, various factors negatively affect
agricultural productivity, with weeds being one of the most
significant (Tepe, 1998; Swinton & Van Deynze, 2017,
Gharde et al., 2018). Weeds not only reduce crop yield but
also damage the quality of the products (Jabran & Chauhan,
2018). The yield losses caused by weeds vary depending on
the type of crop, geographic region, and weed species. Some
weed species cause problems in multiple crops, while others
affect only specific crops (Giincan, 2025). Weeds compete
with crops for resources such as water, light, and nutrients,
negatively affecting the physiological processes and growth
of the crops, resulting in reduced yield and quality. This leads
to economic losses (Anwar et al., 2021; Abdelaal et al., 2022;
da Silva et al., 2022; Kumar et al., 2024)

To minimize losses caused by weeds, it is necessary to
develop an effective weed management strategy. The
foundation of this strategy is to identify weed species and
understand their biology (Ozer et al., 1998). There are many

weed species in peanut cultivation areas in Turkey, and these
species cause significant yield and quality losses in peanuts
(Uygur, 1997; Arslan & Uremis 2003; Uludag et al., 2012;
Abaci & Uremis, 2016; Beycioglu et al., 2020; Yilmaz et al.,
2022). Farmers in the Cukurova region have reported
encountering new weed species in peanut fields that are not
affected by the currently registered herbicides. This situation
necessitates the identification of weeds in peanut fields and a
better understanding of their biological/ecological
characteristics. Based on the data obtained, it is aimed to
develop region-specific weed control methods considering
the ecological characteristics of the area (Ozaslan & Kendal,
2014). This study aims to determine the occurrence
frequencies and densities of weed species found in peanut
fields in Adana province, Turkiye.

Methods

Surveys were conducted in the districts of Yiregir, Karatas,
Kozan, Ceyhan, Karaisali, Yumurtalik, and imamoglu in
Adana province to identify weed species problematic in
peanut production areas. In this study, surveys were
conducted in 50 peanut fields during the 2021 vegetation
period. The surveyed districts and fields were selected
based on the total peanut planting areas (da) in 2020
according to TUIK data. Table 1 shows the total peanut
planting areas (da) in Adana Province and its districts and the
number of surveys conducted in these districts.

Table 1.

Peanut planting areas in Adana province and the number
of surveys conducted in districts based on 2020 data from
TUIK

Total number of

Districts Planting area (da) fields surveyed
Ylregir 46,500 8
Karatas 64,367 9
Kozan 17,300 7
imamoglu 12,650 6
Ceyhan 112,400 12
Karaisali 2,550 3
Yumurtalk 8,250

Before the surveys, peanut planting areas were determined,
and by going in lines towards these areas, the nearest
peanut field, which was randomly selected every 10 km, was
entered (Uygur, 1985). In the areas where the study was to
be carried out, care was taken to ensure that the land
generally consisted of medium-sized parcels. Using Sirma et
al., (2001), the plants in the field were counted according to
the size of the field (Table 2).
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Table 2.
Number of frames thrown according to the size of the field
in the surveys

Field Size (da) Number of Frames Placed
0-5 4
5-10 6
10-20 8
20-50 12
50+ 16

In the counts, a 1 m? frame was used to represent the field,
starting from 5-10 m inside, away from the edge effect, and
the weeds that entered were counted randomly. After the
weeds were determined, the % Frequency of Encounter
(R.S) of the weeds was calculated according to (Odum, 1983;
Uygur, 1985). Frequency of Encounter; It is the ratio
showing what percentage of a weed species is encountered
in the regions where observations were made. The
calculation of these ratios was made with the formula
below.

R.S (%) = 100 x N/M
R.S: Frequency of Encounter (%)
N: Number of fields where a species is found

M: Total number of fields where measurements were
made

The evaluation was made based on the arithmetic mean to
determine the density of weeds. The total number of plants
in m? of the surveys determined for weed densities
(plants/m?) were divided by the number of surveys made
and the density of the species were calculated one by one
(Odum, 1971).

Density (plant/m?) = B/m
B: Total number of individuals in the sample taken
m: Total number of samples

Davis (1965-1988) was used in the identification of plant
samples. Scale values developed and adapted by different
researchers (Uludag, 1993) were used to classify the weeds
determined in the surveyed planting areas according to their
frequency and density values and to emphasize important
species. The meanings of the scale values were evaluated
according to (Arslan, 2018). The relevant scale values are
given in Table 3.
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Table 3.
Grading of the density and prevalence of weeds
Frequency Density
. A 210
G 2%50 Very Common plants/m? Very Dense
. B 5,00-9,99
Y %25-49 Common plants/m? Dense
Moderately C 1,00-4,99 Moderately
o _
O %1324 mmon plants/m?  Dense
. D 0,10-0,99
N <%12 Rare plants/m? Low Dense

E 001-00S vVerylow
plants/m*  Dense
F <0,01

Rare
plants/m?

Evaluation of data

Sankey diagram was used to visualize the distribution and
interactions of weed species according to their families, leaf
types and life spans. After transforming and normalizing the
data, hierarchical cluster analysis (SRplot) was performed to
group weeds according to their similarities in frequency and
density. Network graph analysis (PAST software) was applied
to determine and visualize the relationships between weeds
according to frequency and density. When these two
analyses are used together, it is possible to examine and
evaluate the relationships of different applications in a much
more comprehensive way. In addition, principal component
analysis (PAST software) was performed to reduce
multivariate data to a lower dimensional space and to
determine important variables.

Results and Discussion

As a result of the surveys conducted in peanut cultivation
areas of Adana province, a total of 38 weed species belonging
to 17 different families were identified. In this study, the
number of weed species in each family was determined and
these data are presented visually in Figure 1.

The distribution of weed species identified as a result of surveys
conducted in peanut cultivation areas by family shows that the
Poaceae family has the most species with 12 weed species. This
is followed by the Amaranthaceae family with 4 species. Other
families include important groups such as Euphorbiaceae,
Asteraceae, Cyperaceae, Convolvulaceae, Malvaceae, and
Solanaceae, each of which has 2 weed species. The remaining
families are represented by only 1 weed species (Figure 1). The
identified weed species, their families, whether they are
narrow-leaved or broad-leaved, and their life spans are
presented in Figure 2 in the form of a Sankey diagram.
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Figure 2.

CY: Cyperaceae
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Sankey diagram of the detected weed species, their families, narrow and broad leaves and their life spans
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As a result of the surveys conducted in the peanut
cultivation areas of Adana province, a total of 38 weed
species belonging to 17 different families were detected. 14
of these species are narrow-leaved and 24 are broad-leaved.
Narrow-leaved weeds consist of the Poaceae and
Cyperaceae families, 7 of which are annual and 7 are
perennial. Among the broad-leaved weeds, 21 species are

annual and 3 species are perennial (Figure 2). This
distribution shows that the vast majority of weed species in
peanut cultivation areas consist of annual broad-leaved,
while narrow-leaved weeds have a more balanced mix of
annual and perennial species. The percentage frequencies
and densities of weed species detected in peanut cultivation
areas are given in Table 4.

Table 4.

Percentage frequencies and densities of weed species detected in peanut cultivation areas in Adana.

Scientific Names Common Names F (%) C. D.(plants/m?) D.L
Abutilon theophrasti Med. Velvetleaf 6 0 0.035 F
Amaranthus albus L. White pigweed 24 0 0.125 D
Amaranthus retroflexus L. Redroot pigweed 31 ] 0.160 D
Amaranthus palmeri L. Palmer amaranth 16 0 0.095 F
Anthemis spp. Chamomile 0 0.065 F
Avena sterilis L. Wild oat 0 0.130 D
Chenopodium album L. Lamb's quarters N 0.055 F
Chrozophora tinctoria (L.) A.Juss. Dyer's croton 3 N 0.040 F
Convolvulus arvensis L. Field bindweed 49 G 0.255 C
Cucumis melo subsp. agrestis (Naudin.) Wild melon 37 Y 0.140 D
Cyperus rotundus L. Purple nutsedge 78 C 0.715 A
Cyperus longus L. Yellow nutsedge 17 0 0.220 C
Cynodon dactylon (L.) Pers. Bermuda grass 26 Y 0.325 B
Digitaria sanguinalis (L.) Scop. Crabgrass 3 N 0.175 D
Echinochloa colonum (L.) Link. Jungle rice 42 Y 0.630 B
Echinochloa crus-galli (L.) P. Beauv. Barnyard grass 29 0 0.505 B
Euphorbia prostrata L. Prostrate spurge N 0.210 C
Fumaria officinalis L. Fumitory 4 N 0.050 F
Heliotropium europaeum L. European heliotrope N 0.040 F
Hibiscus trionum L. Flowering hibiscus 4 N 0.075 F
Ipomoea spp. Morning glory 21 O 0.090 D
Mercurialis annua L. Annual mercury 1 N 0.025 F
Prosopis farcta (Banks & Sol.) J.F. Macbride. Mesquite 7 0 0.175 D
Phalaris spp. Canary grass 3 N 0.155 D
Phragmites australis (Cav.) Trin. ex Steud. Common reed 9 0 0.120 D
Physalis angulata L. Cutleaf groundcherry 4 N 0.045 F
Polygonum spp. Knotweed 1 N 0.020 F
Portulaca oleracea L. Purslane 46 C 0.235 C
Paspalum paspolodes L. Nutsedge 5 0 0.040 F
Setaria verticillata (L.) P. Beauv. Bristly foxtail 16 0 0.385 B
Setaria viridis (L.) P. Beauv. Green foxtail 14 0 1.050 A
Sinapis arvensis L. Wild mustard 0 0.050 F
Solanum nigrum L. Black nightshade 4 N 0.060 F
Sorghum halepense (L.) Pers. Johnsongrass 67 C 0.425 B
Tribulus terrestris L. Puncturevine 4 N 0.060 F
Triticum spp. Volunteer wheat 17 0 0.275 C
Urtica urens L. Small nettle 2 N 0.020 F
Xanthium strumarium L. Common cocklebur 52 C 0.260 C

F: Frequency; D: Density; C: Common; D.L: Density level; C: F>%50, Very Common; Y: F= %25-49, Common; O: F=%13-24, Moderately Common; N: F<%12, Rare; A: D>10
plants/m?, Very Dense; B: D= 5.00- 9.99 plants/m?, Dense; C: D=1.00-4.99 plants/m?, Moderately Dense; D: D= 0.10-0.99 plants/m?, Low Dense; E: D= 0.01-0.09 plants/m?,

Very Low Dense; F: D<0.01 plants/m?, Rare.
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Among the species identified in the surveys, 16 species had
a frequency of occurrence above 10%. The plants with the
highest frequency of occurrence were C. rotundus (78%), S.
halepense (67%), X. strumarium (52%), C. arvensis (49%),
and P. oleracea (46%). These species are the most common
weeds in terms of frequency and generally occur at high
density levels. In particular, species like C. rotundus and E.
colona dominate the weed flora in the region. The species
with the lowest frequency of occurrence were M. annua
(1%), Polygonum spp. (1%), C. album (2%) and U. urens (2%).
When examining the density (individuals/m?), the species
with the highest density in the peanut fields of Adana
province was S. viridis, with a density value of 1,050
individuals/m2. Other species with high density were C.
rotundus (0.715 individuals/m3), E. colona (0.630
individuals/m?), E. crus-galli (0.505 individuals/m?), and S.
halepense (0.425 individuals/m?). Species with lower density
values included A. theophrasti (0.035 individuals/m?), C.
tinctoria (0.040 individuals/m?3), and M. annua (0.025
individuals/m?). In the general evaluation, C. rotundus is
categorized as "Very Common" with a frequency of
occurrence and as "Very Dense" with a density value of
0.715 individuals/m?2. S. viridis, with a density value of 1,050
individuals/m?, is also categorized as "Very Dense."
Meanwhile, S. halepense, with a density value of 0.425
individuals/m?, is classified as "Dense." On the other hand,
species like A. albus and A. retroflexus have medium density
and are frequently encountered but are not excessively
dominant species (Table 4). The weeds identified in peanut
fields are an important issue directly affecting production.
The species with the highest frequency of occurrence in the
Adana study, such as C. rotundus, S. halepense, X.
strumarium, C. arvensis, and P. oleracea, are commonly
found in peanut fields. The important weed species
observed in peanuts grown in Tarkiye, with varying
prevalence and density rates, are S. halepense, X.
strumarium, C. arvensis, A. retroflexus and P. oleracea
(Uygur, 1997; Arslan & Uremis 2003; Uludag et al., 2012;
Abaci & Uremis, 2016; Beycioglu et al., 2020; Yiimaz et al.,
2022). This is similar to findings from studies by Gozlyesil
(2014) and Kadiroglu (2018), which highlighted common
weed species in peanut fields. Furthermore, studies by
Grichar (2008) and Burke et al. (2007) also mentioned that
weeds like Amaranthus palmeri limit peanut growth. As a
result, the identified weed species largely align with the
existing literature.

Various statistical analyses were conducted to assess and
visualize the relationship between weed frequency and
density. These analyses included hierarchical clustering
analysis, network graph analysis, and Principal Component
Analysis (PCA) based on average frequency and density
values. The hierarchical clustering analysis was performed in

three different ways: by frequency, by density, and by
considering both variables together. In the hierarchical
clustering analysis based on frequency, the weeds were
divided into two main groups. The first group included
species with very high frequency, which were widespread in
almost all areas, such as C. rotundus, S. halepense, C.
arvensis, X. strumarium, P. oleracea, C. melo, and E. colona.
Within this group, C. rotundus and S. halepense formed a
separate subgroup. The second main group was further split
into two subgroups. The first subgroup consisted of species
with medium frequency, and the second subgroup included
species with low frequency of occurrence. Similarly, the
hierarchical clustering analysis based on density revealed
two main groups. The species with the highest density, S.
viridis, formed its own group. In the other main group,
species with relatively high density included S. verticillata, S.
halepense, C. dactylon, C. rotundus, E. colona, and E. crus-
galli. Other species with lower density values were grouped
into a separate subgroup.
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Figure 3.
A; Dendrogram of frequency of occurrence and B;
dendrogram of density

In the study, hierarchical clustering analysis was conducted
by considering both frequency of occurrence and density
values together. As a result, the weed species were divided
into two main groups. The first group included S. viridis,
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which has a density significantly higher than the other
species. The other main group was further divided into two
subgroups. The first subgroup consisted of seven weed
species with both high frequency of occurrence and high
density values. Prominent species in this group included C.
rotundus, E. colona, X. strumarium, P. oleracea, C. arvensis,
E. crus-galliand S. halepense. These species are dominant in
peanut fields due to both their high density and wide
occurrence. The second subgroup included rare weed
species with low frequency of occurrence and density. These
analysis results not only provide an evaluation of the current
situation but also highlight which species need more
attention (Figure 4).
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Figure 4.
Dendrogram of frequency and density of occurrence

The network graph analysis performed to determine the
relationships between weeds visualized the strength of the
connections between species and allowed for a more
detailed evaluation of these connections. As a result of the

Research in Agricultural Sciences

analysis, lines representing the strength of the relationships
between species were used. The thickness of the lines
indicated the strength of the relationships, while thicker
lines indicated strong connections, and thinner or lighter
lines indicated weak connections. The results obtained
showed that a clear distinction emerged, consistent with the
hierarchical clustering analysis. It was determined that weed
species with high frequency and density of occurrence in
particular were not related to other species. However, a
certain degree of relationships were found between other
weed species (Figure 5).

In this study, principal component analysis (PCA) was
applied to better understand the frequency and density of
weed occurrences, to determine the differences between
species and to reduce the complexity of the data. PCA is a
powerful method that allows multidimensional data to be
examined by reducing it to a smaller number of components
and stands out as an effective tool especially in evaluating
weed profiles in agricultural ecosystems. This analysis
determined how species with high frequency and density of
occurrence differ from others. Within the scope of the
study, the first two components (PC1: 75.45% and PC2:
21.54%) of the data obtained explained 96.99% of the total
variance. This rate shows that the parameters related to the
distribution and density of weed species can be effectively
evaluated with PCA. The high variance explained indicates
that the analysis results are reliable. PCA also clearly
revealed how dominant species (S. viridis, C. rotundus, E.
colona, X. strumarium, P. oleracea, C. arvensis, E. crus-galli
and S. halepense) differed from rare species (Figure 6).

In the study, advanced analyses such as hierarchical
clustering, network graph analysis and principal component
analysis performed on the average values of the frequency
and density of weeds were quite effective in determining
the clustering of weed species and their relationships with
each other. These analyses were used as a powerful method
in reducing the complexity in the data and narrowing down
the size of the variables considered. With the applied
analyses, the effects and relationships between the
parameters such as frequency and density were clearly
revealed. In this way, more comprehensive and reliable
findings were obtained about the distribution, density and
relationships of weed species in our study.
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Conclusion and Recommendations

This study was carried out to determine the frequency and
density of weed species found in peanut cultivation areas in
Adana province. As a result of the study, a total of 38 weed
species belonging to 17 different families were determined, and
it was seen that the majority of these species were from the
Poaceae and Amaranthaceae families. In addition, the majority
of the weeds detected in peanut cultivation areas were annual
broad-leaved species. Evaluations based on frequency of
occurrence and density data reveal that species such as C
rotundus, S. viridis, and S. halepense are the most common and
dense weeds in the region. While C. rotundus and E. colona are
dominant in the weed flora in the region with their very high
frequency of occurrence, S. viridis draws attention with its high
density value. As a result of the study, an integrated weed
control method should be applied especially against the weed
species detected intensively. The herbicides to be used should
be carefully selected to avoid environmental factors and damage
to other plant species. In areas where weeds are intensive,
rotational farming practices are recommended instead of
continuous cultivation of single-type products such as peanuts.
These findings provide basic information for the development of
effective weed control methods in peanut farming. In order to
prevent yield loss, especially in important agricultural products
such as peanuts, having information about the types and
densities of weeds will help to spread more efficient and
sustainable practices in agriculture. In addition, this study can
guide local farmers to provide a more efficient production
process by using correct and targeted control methods.
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Research Article Arastirma Makalesi

Effect of Plant Growth-Promoting Local
Rhizobacteria on Rhizome Development and
Plant Growth of Trachystemon orientalis

Bitki BuyUmesini Tesvik Eden Yerel Rizobakterilerin
Trachystemon orientalis’in Rizom Gelisimi ve Bitki
Blyumesine Etkisi

ABSTRACT

One of the most important strategies to increase agricultural productivity and sustainability is to use
a variety of local plant growth-promoting rhizobacteria (PGPB) and their improved consortium
formulations. This study aimed to determine the effect of local PGPB on plant growth and rhizome
development of Trachystemon orientalis, which has great potential as an alternative food source. Six
different combined microbial consortia prepared from 11 different rhizobacteria isolated from tea
rhizosphere, based on their multiple beneficial effects, were applied to the rhizomes of
Trachystemon orientalis planted in 1:1 (v/v) peat: perlite medium. The experiment was set up
according to the randomized complete block design with three replications, five rhizomes in each
replication, and rhizomes not subjected to any treatment were used as controls. PGPB consortia
were detected to be effective on 14 parameters examined related to rhizome development and
plant growth. The correlation heatmap revealed a strong relationship between the applications and
all the parameters examined. The best result was obtained from the P4 application containing a
mixture of Pseudomonas putida and Bacillus spp. This microbial cocktail can be a good alternative to
chemical fertilizers, as it is both beneficial and profitable, especially in seedling cultivation of
Trachystemon orientalis.

Keywords: Rhizobacter, Quality, Microbial community, Sustainable agriculture, Bacillus spp.,
Pseudomonas spp.

0z

Tarimsal verimliligi ve strdurilebilirligi artirmanin en 6nemli stratejilerinden biri, gesitli yerel bitki
blylimesini tesvik eden rizobakterileri (PGPB) ve bunlarin gelistirilmis konsorsiyum
formilasyonlarini kullanmaktir. Bu calismada, bitkilerin topraktan daha fazla besin maddesi
almasini saglayan Trachystemon orientalis'in bitki bliyiimesi ve rizom gelisimi (izerine etkisinin
belirlenmesi amaglanmistir. Cay rizosferinden izole edilen 11 farkl rizobakteriden ¢ok sayidaki
yararh etkileri géz 6niine alinarak hazirlanan alti farkli mikrobiyal konsorsiyum kombinasyonu 1:1
(v/v) torf:perlit ortamina dikilen Trachystemon orientalis rizomlarina uygulanmistir. Deneme
tesadif bloklari deneme desenine gore li¢ tekrarlamali olarak kurulmus olup, her tekrarlamada
bes rizom yer almis ve herhangi bir uygulama yapilmayan rizomlar kontrol olarak kullaniimistir.
Calisma sonucunda PGPB konsorsiyumlarinin rizom gelisimi ve bitki blylUmesi ile ilgili incelenen
14 parametre Uzerinde etkili oldugu tespit edilmistir. Korelasyon isi haritasi, uygulamalar ile
incelenen tim parametreler arasinda giiclii bir iliski oldugunu ortaya koymustur. En iyi sonug
Pseudomonas putida ve Bacillus spp. karisimi iceren P4 uygulamasindan elde edilmistir.
Mikrobiyal karisim, Trachystemon orientalis'in 6zellikle fide yetistiriciliginde faydali ve karli olmasi
nedeniyle uygulanabilir oldugu ortaya koyulmustur.

Anahtar Kelimeler: Rizobakteri, Kalite, Mikrobiyal topluluk, Sirdirilebilir tarim, Bacillus spp.,
Pseudomonas spp.
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Introduction

The center of genetic diversity of Trachystemon orientalis in
the Boraginaceae family of the order Boraginales is in the
Mediterranean basin and the Middle East, and its
distribution extends to Europe and tropical Africa (Selvi &
Bigazzi, 2001). The Trachystemon genus, belonging to the
Boraginaceae family, represented by one species, is broadly
distributed in the Black Sea region of Turkiye (Akcin et al.,
2004). Trachystemon orientalis (L.) G. Don, with the diploid
chromosome number 56, is a perennial and herbaceous
plant with rhizomes, hairy, blue-red flowers, 30-40 cm tall
(Akgin et al., 2004; Coppi et al., 2006; Ozer & Aksoy, 2019).
The venation in the broad and hairy leaves of Trachystemon
orientalis is reticulate and the veinlets branch out,
networking towards the edge of the leaf (Selvi & Bigazzi
2001; Koca et al., 2015). It has been used for medicinal
purposes in the mountainous regions along the Turkiye-
Georgia border in the Western Lesser Caucasus Region,
which is also consumed as wild edible plants (WEPs) by local
people in the Black Sea region (Kazanci et al., 2020; Ustin et
al., 2018). With its rich phenolic compounds and high
antioxidant activity, it has anticarcinogenic, antidiabetic,
antioxidant, antifungal, and herbicide properties (Demirel
Ozbek et al., 2024). This species, also known by local names
such as Hodan, Galdirek, Kaldirik, Kalduruk, Tamara, Zilbit,
and Burgi in Turkiye (Akcin et al., 2004), is of great economic
importance for the local people as well as in terms of human
nutrition (Ustiin et al., 2018). The flowering branches,
rhizomes, leaves and stems of the plant are consumed as
vegetables in different regions of the Black Sea (Akgin et al.,
2004). The rhizome structures are covered with several
layers of scaly leaves that protect the apical meristem and
help push the soil. The thick, horizontally oriented rhizomes
located underground are the main axis of the plant,
producing roots downwards and shoots towards the top of
the soil. The buds on the rhizome produce adventitious
roots to expand the root system of the plants (Guo et al,,
2021). Trachystemon orientalis is ordinarily found in
relatively cool environments such as wetlands and shady
areas in deep valleys and mountain slopes (Novak et al.,
2019). Since this species has not yet been cultured, it is
collected from its natural habitats by ranchers and offered
to consumers in local markets (Ozer & Aksoy, 2019; Demirel
Ozbek et al., 2024). The natural plantations of this perennial
species are in regional areas with a unigque microbiota
adapted to the environment. Its cultivation requires special
applications aimed at environmentally friendly production
and preservation of the ecological balance.

Plant growth-promoting rhizobacteria promotes plant
growth by positively contributing to rhizosphere microbiota
change and rhizosphere microbial consortia formation
(Zhang et al., 2019). PGPB, free-living microbes on or around
roots, promotes plant growth due to their capacity to form
stable endospores and can also suppress plant diseases. In
addition, they play a role in the carbon, nitrogen, and sulfur
cycle and the transformation of nutrients (Lin et al., 2019).
However, for naturally occurring PGPB in soil to be effective
on plants, it must successfully colonize the rhizome and
compete with other resident bacteria (Zhu et al., 2024).
Although there is still limited information on PGPB-plant
interactions, some of these bacteria are used commercially
to promote plant growth in agricultural practices (Glick,
2012).

This study aimed to (i) evaluate the impact of the different
plant growth-promoting local rhizobacteria plant growth-
promoting rhizobacteria on Trachystemon orientalis
rhizome development and plant growth, (ii) identify the
correlations among plant growth-promoting rhizobacteria
composition, rhizome development and plant growth, and
(iii) assess the benefits of combining native plant growth-
promoting rhizobacteria.

Methods

The research was conducted in a greenhouse covered with
polycarbonate and a laboratory during the growing season
of 2024 at the Recep Tayyip Erdogan University, Faculty of
Agriculture.

Experimental Material

The rhizomes of Trachystemon orientalis, a naturally
disturbing plant in the Black Sea region of Turkiye, were
provided from the Pazar district of Rize province.

Plant growth-promoting rhizobacteria (PGPB) was provided
by SoilBiom Biotechnology Research and Development Co.
Ltd. PGPB that support plant growth were strains isolated
from roots of tea (Camellia sinensis L.) grown in Rize
province (Yildiz et al, 2024). Plant growth-promoting
rhizobacteria (PGPB) used as material in this study were
obtained from tea genotypes in the Recep Tayyip Erdogan
University National Tea Gene Pool. Six different combined
microbial consortiums prepared according to their multiple
beneficial effects from a total of 11 different rhizobacteria
isolated belonging to the tea rhizosphere were used in the
study. Active components and proportions of PGPB cocktails
are presented in Table 1.
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Table 1.
The characteristics, active components and proportions of plant
growth-promoting rhizobacteria (PGPB) used in the study

. . Proportions
Code Characteristics Active components (CFU/ml)
p1 Slderophores Bac.///.us tgyonens.ls, . 1% 107
production Lysinibacillus fusiformis
p? Phosphatg Bacillus proteo/yt/cus,- . 1x107
solubilization Pseudomonas batumici
Bacillus cereus,
P3  Cocktail Pseudomonas putida, 1x 107
Bacillus toyonensis,
Bacillus safensis
P4 [AA . Bacillus toyonenS/s., 1x107
production Pseudomonas putida
pS Potas.siumv Psegdomonas l'ini, 1x107
solubilization Bacillus safensis
PG N, fixer Pseudomonas konensis, 1x107

Bacillus thuringiensis

Experimental Design

The rhizomes, collected from the garden in January, were
grown in a 1:1 (v/v) ratio of peat: perlite medium until the
rhizomes reached an average length of 10 cm. The plants
were uprooted in May 2024; the shoots were removed from
the rhizomes. They were transplanted in styrofoam boxes
(50x29.7x15 cm) containing peat:perlite (1:1, v/v) mixture.
PGPB applications were carried out with six different
mixtures, as outlined in Table 1. The application was made
once at following the planting. 20 ml of bacterial suspension
(containing approximately 1 x 10’ CFU/ml in sterile water)
was inoculated into the rhizosphere for each rhizome. As a
control, the rhizomes were treated with an equal volume of
sterile distilled water. The trial was laid out as a randomized
block design with three replicates and five rhizomes in each
replicate.

Plant and Rhizome Growth Index Measurement

Morphological observations were taken at the end of 90
days from the establishment of the experiment. Plant height
(PH) was measured with a ruler from the root collar to the
tip. Leaf width (LWDT) was determined by measuring the
widest part of the leaf that completed its development, and
leaf length (LLGN) was determined in cm by measuring the
longitude from the tip of the leaf's blade to the stem with a
ruler. The number of leaves (LNUM) was recorded by
counting all the leaves formed on the plant (number plant™).
Leaf chlorophyll content (SPAD) was estimated using a
portable hand-held chlorophyll meter (Minolta SPAD-502
Plus). Leaf color was measured by identifying CIE L, a, and b
values with a colorimeter (CR-400, Minolta Corporation,
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Ltd.,, Osaka, Japan). Plant fresh weight (PFW) was
determined by weighing with a precision scale after the
plant material above the soil was harvested. Plant dry weight
(PDW) was determined after drying the samples in the oven
at 72°Cuntil they reached a constant weight. The root length
(PRL) formed on the rhizome was measured with a ruler. The
density of hairy roots (RFD) at the branch roots’ base was
observed morphologically using a rating scale (1=very little,
3=little, 5=medium, 7=dense, 9=very dense). Rhizome
development was recorded by calculating the differences
between the rhizome’s (RLG) lengths measured with a ruler
and their diameters (RD) measured with a digital vernier
caliper before and after the experiment.

Statistical Analyses

The study’s data collected in the study were subjected to
variance analysis using the JUMP 13.0 statistics program.
Statistically significant differences between the applications
were determined using the LSD (Least Significant Difference)
multiple comparison test. A correlation heatmap graph was
generated using OriginPro Version 2021.

Results

In the study conducted to determine the effects of PGPB
on both plant growth and rhizome development of
Trachystemon orientalis, it was found that the difference
in the parameters examined between PGPB inoculated
and uninoculated treatments was significant. The effect
of PGPB was detected in all growth and development
parameters examined. However, it was observed that
plant growth responses were variable, and PGPB showed
different effects depending on their plant growth-
promoting properties (Figure 1).

PGPB inoculations prompted a significant increase in
plant height except for the P5 (production of potassium)
and P2 (phosphate solubilization) treatments. The N, fixer
(P6) PGPB produced the tallest plants, 23.53 cm, followed
by Cocktail (P3), with 22.27 cm. In contrast, the shortest
plants were observed in the P5 treatment, 18.73 cm. Leaf
width and leaf lenght were varied considerably among the
applications. While the P3 application significantly
increased in leaf size, in the P5 application had much
smaller leaves than in the other applications. P3
application increased leaf width by 36.42% and leaf length
by 30.25% compared to the control. The number of leaves
were ranged between 2.70 and 4.53. While the highest
leaf formation was observed in the P3 application, the
lowest leaf production was detected in the P2 application.
The P3 application resulted in a 30.55% increase in leaf
number compared to the control group, while the P2
application showed a decrease of 22.19% in leaf number.
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The chlorophyll content in the leaf blade, referring to SPAD
value, was higher in the P3 treatment than in other
treatments. CIE L* value was also high in the same
application as parallel. It was revealed that the leaves were
brighter in the P3 application compared to the others. P1
and P5 applications did not significantly affect on CIE a*
value compared to the control, but the other applications
caused marked decreases. There was a 25% decrease in the
P3 application. A decrease occurred in the CIE b* value in
all applications compared to the control and P2. However,
the lowest value was measured in the P3 application. In this
application, a 55.60% decrease in CIE b* value was detected
compared to the control. P3 application contributed
significantly to fresh and dry plant weight, and the highest
values were obtained from this application. There was an
increase of 77.86% for plant fresh weight and 29.73% for
plant dry weight. On the other hand, it was determined that
there was a significant decrease in the values in other PGPB
applications compared to the control, except for P3 and P1
for plant fresh weight and P3 and P4 for plant dry weight.
P1, P3, and P5 also contributed positively to the elongation
of rhizomes; the longest rhizome was measured in the P3
application. In addition, compared to the pre-trial
measurement, the highest elongation was settled in the P4

Figure 1.

The effect of PGPB mixtures inoculated and non-inoculated
treatments on rhizome development and plant growth of
Trachystemon orientalis. P1: Siderophores production, P2:
Phosphate solubilization, P3: Cocktail, P4: IAA production, P5:
Potassium solubilization, P6: N; fixer, C: Control (non-treated)

application. The applications other than P3 caused an
increase in rhizome diameter. Compared with the pre-
experimental measurement, it was revealed that the P3
application contributed the most to the increase in rhizome
diameter (Table 2).

Table 2.
The effects of various mixtures of PGPB on rhizome development and plant growth of Trachystemon orientalis

LNUM
Code PH LwoT LLGN (number  SPAD MNTL MNTa MNTb PFW . PDW . PRL RFD RLG RD
(cm) (cm) (cm) plant) (g plant?) (g plant?) (cm) (cm) (mm)
p1 21.57+ 10.03¢ 12.30% 3.20+ 32.67% 55.43+ 17.93% 23.00+ 36.67+ 5.46% 19.80% 4.47+ 1.17+ 0.00+
0.74b¢ 0.31° 0.46°¢ 0.35° 0.40¢ 0.559% 0.64° 0.44° 0.58° 0.28¢° 0.53° 0.23° 0.06° 0.00¢
Py 19.43+ 10.30+ 13.17+ 2.70+ 27.57+ 55.00+ 16.60+ 24.30+ 34.40+ 497+ 16.47+ 5.66+ 1.37+ 0.70+
0.45¢ 0.26° 0.21° 0.17¢ 0.55f 0.78¢ 0.17¢ 0.44% 1.22¢ 0.06° 0.31¢ 0.232 0.08° 0.10¢
p3 22.27+ 11.50+ 15.33+¢ 4,53+ 43.3+ 67.77+ 12.90+ 11.13+ 67.00+ 9.73+ 23.53+ 5.26+ 1.37+ 5.07+
0.31° 0,362 0.232 0.23° 0.322 0.152 0.20° 0.31¢ 1.00° 1.26° 0.422 0.232 0.10° 0.152
pa 21.57+ 8.90+ 11.63+ 3.53+ 33.27+ 61.93% 14.40+ 13.40+ 31.67% 7.21% 17.47+ 4.33+ 3.16% 3.20%
0.35b¢ 0.20¢ 0.15¢ 0.12° 0.71¢ 0.55P 0.44¢ 0.70¢ 1.534 0.42° 0.23¢ 0.23¢b¢ 0.152 0.20°
P5 18.73+% 7.20+ 9.87+ 3.33+ 29.87+ 58.67+ 17.40+ 18.90+ 20.00+ 5.20+ 19.87+ 4.73+ 1.23+% 1.33%
0.12¢ 0.20¢ 0.12° 0.12° 0.67¢ 1.27¢ 0.44%° 0.36° 1.00f 0.61¢ 0.64° 0.23° 0.15° 0.20¢
P6 23.53% 8.83% 12.17+ 3.27+ 37.63% 60.97+ 15.13% 15.17+ 29.67+ 5.30+ 16.00% 3.27% 0.57+ 1.23+%
1.21° 0.40¢ 0.25¢ 0.23° 0.61¢ 0.90° 0.25¢ 0.25¢ 1.53¢ 0.36° 0.20f 0.23¢ 0.06¢ 0.08<
c 20.63+ 8.43+ 11.77+ 3.47+ 38.77+ 56.63+ 17.23+ 25.07+ 37.67+ 7.50+ 19.06+ 493+ 0.63+ 1.37+
0.21¢ 0.23¢ 0.159% 0.12° 0.15° 0.31¢ 0.21b¢ 2.812 0.58° 0.53b 0.31¢ 0.23¢ 0.06¢ 0.09¢
LSD 1.105 0.516 0.468 0.387 0.846 1.300 0.687 2.014 1.784 0.968 0.366 0.439 0.150 0.168
CV (%) 2.95 3.04 2.14 6.35 1.37 1.23 2.42 6.05 2.73 8.40 1.09 5.46 6.17 5.12

Group means were compared with LSD test (p <.05). P: Plant growth-promoting rhizobacteria P1: Siderophores production, P2: Phosphate solubilization, P3: Cocktail, P4 IAA production,
P5: Potassium production, P6: N2 fixer, C: Control (non-treated), PH: Plant height, LWDT: Leaf width, LLGN: Leaf length, LNUM: number of leaves, SPAD: Leaf chlorophyll content, MNTL:
Leaf color CIE L value, MNTa: Leaf color CIE a value, MNTb: Leaf color CIE b value, PFW: Plant fresh weight, PDW: Plant dry weight, PRL: Length root formed on the rhizome, RFD: Density
of hairy roots, RLG: Differences between the lengths of the rhizomes before and after the experiment, RD: Differences between the diameters of the rhizomes before and after the
experiment.
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Differences in the development of Trachystemon orientalis
rhizomes before and after inoculation with various PGPB
mixtures are shown with horizontal lines in Figure 2. PGPB,
characterized by siderophore production (P1), only
contributed to the elongation of rhizome length.
Nevertheless, other applications contributed to the increase
in length and diameter of rhizome development. P4 and P5
made a balanced contribution to both length and diameter
development, while P3 played a greater role in increasing
the diameter. The changes in rhizome diameters were
270.07% for the P3 treatment and 133.58% for the P4
treatment, compared to the control group.

The differences in development among rhizomes

Figure 2.

Differences in the development of Trachystemon orientalis
rhizomes before and after inoculation with various PGPB
mixtures. P: Plant growth-promoting rhizobacteria P1:
Siderophores production, P2: Phosphate solubilization, P3:
Cocktail, P4 IAA production, P5: Potassium solubilization,
P6: N fixer, C: Control (non-treated). RLG: Differences
between the lengths of the rhizomes before and after the
experiment, RD: Differences between the diameters of the
rhizomes before and after the experiment

The possible relationships between the investigated
parameters are displayed with the correlation heatmap
graph. Pearson’s correlation coefficient was computed to
quantify linear associations between variables (p<.0001).
Orange and blue colors indicate direct and inverse
correlation, respectively. The treatments were strongly
associated with all parameters. The plant’s fresh weight was
positively correlated, with Pearson’s correlation coefficients
of 0.92 for leaf length and 0.84 for leaf width. In contrast, a
negative relationship was found in between plant fresh
weight and Leaf color CIE a (r=-0.64) and Leaf color CIE b
(r=-0.38) (Figure 3).
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Figure 3.

Correlation heatmap of Trachystemon orientalis rhizome
development and plant growth parameters data collected
from untreated and treated mixtures of PGPB. PH: Plant
height, LWDT: Leaf width, LLGN: Leaf length, LNUM: Number
of leaves, SPAD: Leaf chlorophyll content, MNTL: Leaf color
CIE L, MNTa: Leaf color CIE a, MNTb: Leaf color CIE b, PFW:
Plant fresh weight, PDW: Plant dry weight, PRL: Length root
formed on the rhizome, RFD: Density of hairy roots, RLG:
Differences between the lengths of the rhizomes before and
after the experiment, RD: Differences between the diameters
of the rhizomes before and after the experiment.

Discussion

The collection, protection, and sustainability of wild edible
vegetables are critical issues on the agenda, and their
cultivation as an alternative food source is also key to
providing food security (Borelli et al., 2020; Kidane & Kejela,
2021). Sustainable collection programs are needed to
ensure supplies of edible wild plants. However, their natural
distribution area is threatened by adverse environmental
conditions caused by climate change, industrialization, and
urbanization (Taghouti et al, 2022). Trachystemon
orientalis is an important edible wild species used for human
nutrition and has potential industrial products for the
pharmaceutical and cosmetic industries (Biyik et al., 2023;
Chrzanowska et al., 2024). This study provides important
findings regarding the PGPB application that may increase
the success rate of the Trachystemon orientalis cultivation
process.

Plant growth-promoting bacteria (PGPB) are generally
effective in supporting growth by communicating with the
host plant. They play a role in nitrogen fixation, the
solubilization of inorganic phosphate and potassium, 1AA,
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and the production of siderophore molecules (Santoyo et
al., 2021; Vocciante et al.,, 2022). In this study, the
relationships of local PGPB with the specified characteristics
of the plant were revealed in the environment where no
nutrients were added to the growth medium, and there was
no competition with other endophytic bacteria. The
differences in these relationships on the growth and
development of plants were evident.

Research indicates that when a large amount of chemical
fertilizer is applied to soil, beneficial bacteria that aid plant
growth by supplying nitrogen or phosphorus may not
benefit the plants (Glick, 2012). In this study, the
effectiveness of plant growth promoting rhizobacteria in a
nutrient-free  medium was investigated. However, no
positive impact on plant development was observed in most
traits measured compared to the control group. These
results may relate to the structure of the growing medium.

PGPB affects plants' root properties, especially in root
length, biomass, and volume, as reported in various studies
(Grover et al,, 2021). PGPB influenced the root length, the
density of hairy roots, and the lenght and diameter of
rhizomes formed in the rhizome of Trachystemon orientalis.
However, the impacts were varied; some consortia had
great impacts on root architecture, while others had no
impact or the impacts were negative way. The PGPB,
Cocktail, mixture of Bacillus toyonensis and Lysinibacillus
fusiformis, and mixture of Pseudomonas lini and Bacillus
safensis contributed positively to the increase of hairy roots.
In contrast, the others, except mixture of Bacillus toyonensis
and Lysinibacillus fusiformis, contributed to the increase of
rhizome diameter. N2 fixer caused a decrease in root length.
Although the N2 fixer bacteria (P6) contributed to the
extension of plant height, no positive contribution was
detected for other parameters. It may be due to a lack of
nitrogen or insufficient nutrients in the growth medium.
Similarly, Ghaffari et al. (2018) reported a strong
relationship between the activity of Pseudomonas bacteria
and the presence and amount of nitrogen in the medium.
On the other side, bacteria belonging to the Bacillus and
Pseudomonas genera can perform beneficial interactions in
the rhizosphere thanks to their enzymes called adhesins,
which facilitate their attachment to plant roots (Santoyo et
al., 2021). Therefore, the cocktail, including Bacillus and
Pseudomonas, may have contributed more positively to
growth and development.

Auxin-producing PGPB may play an important role in
improving plant growth by triggering various metabolic
processes that directly or indirectly control different aspects
of plant growth and development. These processes may
provide higher root biomass and reduce stomata size and

density (Borah et al., 2023). Compatible with this
information, it was observed that the IAA-producing PGPB
used in this study actually increased root mass compared to
the control and caused a decrease in leaf chlorophyll
content.

The discovery of different Pseudomonas strains that support
plant growth has brought their use as a safe alternative to
chemical fertilizers to the agenda. Pseudomonas strains, in
particular, increase the plant's resistance by ensuring the
production of defense-related chemicals and stress-
protective proteins in the host plant and contribute to the
increase in plant height and biomass (Singh et al., 2024). In
this study, the mixtures prepared using four different
isolates of Pseudomonas (Pseudomonas batumici,
Pseudomonas putida, Pseudomonas lini, Pseudomonas
konensis), the Pseudomonas putida isolate had a significant
positive effect on plant growth and biomass increase was
observed. The positive effect of P. putida, a Gram-negative
rhizobacteria, on the development of different plant species
were also reported in previous studies (Naserzadeh et al.,
2018; Arslan & Akkaya, 2020). The presence of different
strains of Bacillus together with Pseudomonas putida in the
most effective mixtures for the growth of Trachystemon
orientalis indicates that these two families of promoting
bacteria may have made an important contribution
together. Dimki¢ et al. (2022) relayed that bacteria
belonging to the genera Bacillus and Pseudomonas are
known producers of secondary metabolites, enzymes, and
other bioactive compounds that can benefit plants. Bacillus
promotes plant growth and development and provides
biocontrol of plant pathogens. This strain's usage for more
sustainable agricultural practices is becoming increasingly
widespread (Borriss, 2015). It was evident by Esitken et al.
(2010) that the application of Bacillus and Pseudomonas to
the roots and leaves of strawberry plants enhances plant
growth, yield, and microelement content. They reported
that these bacteria could serve as a promising alternative
biofertilizer for fruit and vegetable production in sustainable
and organic farming systems.

Conclusion and Recommendations

In conclusion, plant growth-promoting rhizobacteria (PGPB)
affected the growth and rhizome development parameters
of Trachystemon orientalis. In the growth medium, where
there was no plant nutrient and no competition with other
bacteria, the cocktail, including a mixture of Bacillus and
Pseudomonas isolates, promoted plant growth. This cocktail
has great potential to be used, especially in cultivating
seedlings of Trachystemon orientalis. However, the effects
of PGPB will undoubtedly differ in the soil and the
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environments where nutrients are added. Therefore, it
cannot be simply claimed that mixtures other than the
cocktail are ineffective. The efficiency of these bacterial
mixtures should also be tested in the soil with different
physical, chemical, and biological characteristics. The effects
of PGPB applications should be determined according to
each environment and condition.
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Kent Ekolojisi Acisindan Diyarbakir Kenti
Acik-Yesil Alanlarinda Kullanilan Bitki
Materyallerinin Degerlendirilmesi

Evaluation of Plant Materials Used in Open-Green Areas
of Diyarbakir City in Terms of Urban Ecology

oz

Kentsel agik yesil alanlar, kentlerdeki bahgeler, parklar, yesil koridorlar, yol peyzaji ve benzeri alanlari
kapsamaktadir. Bu alanlar rekreasyonel aktiviteler disinda insan psikoloji ve insanlar arasi sosyal
etkilesimi saglayan 6nemli mekanlardir. Surdurilebilir kent tasarimlari igin kentsel agik yesil alanlarin
artinlmasi 6nemli bir yere sahiptir. Kentsel yerlesimlerde bitkiler kentsel yasamin gelismesinde
onemli rol oynarlar. Ancak istenilen amaca ulasmak icin bilimsel ve teknik cercevede, planlama-
tasarim-uygulama-bakim ¢alismalarinin bir bitin icinde ve 6zellikle ilgili meslek disiplinleri ve uzman
kisiler tarafindan gerceklestirilmesi gereklidir. Calismada Diyarbakir kent merkezindeki 6nemli kent
parklari ve resmi kurum bahgeleri, yol agaglari ve degisik semtlerdeki ev bahgelerinde kullanilan bitki
materyalinin tespit edilmesi amaglanmistir. Bu kapsamda belirlenen alanlarda bitki sayimlan
yapilarak, bitkilerin turleri, kullanim alanlari, kullanim amaglari, kullanim yogunluklari ve bitkisel
tasarim yoniinden degerlendirilmeleri yapilmistir. Kent agik-yesil alanlarinda, 44 agac ve agaceik (9
tlird yaygin) ve 16 gali (7 tiri yaygin) olmak tizere toplam 60 bitki taksonu kullanildigi belirlenmistir.
Arastirma soncunda belirlenen alanlarda bitkisel materyal kullaniminda kente marka degeri
kazandiracak bitkisel uygulamalarin yetersiz oldugu sonucuna varilmistir. Sicak ve kurak iklim
sartlarina dayanikl bitki gesitliliginin artirilmasi yani sira biyogesitlilige katki saglayacak meyvesi yenen
bitki taksonlarinin kullaniimasi gerekliligine yonelik 6neriler yer verilmistir.

Anahtar Kelimeler: Bitki materyali, Tur gesitliligi, Acik yesil alanlar, Diyarbakir

ABSTRACT

Urban green spaces encompass gardens, parks, green corridors, roadside landscapes, and similar
areas within cities. Beyond recreational activities, these spaces are important venues for
enhancing human psychology and social interaction. Increasing urban green spaces is vital for
sustainable urban design. Plants play a significant role in the development of urban life. However,
achieving the desired goals requires planning, design, implementation, and maintenance
activities to be carried out as a whole within a scientific and technical framework, especially by
relevant professional disciplines and experts. This study aims to identify the plant materials used
in key urban parks, official institution gardens, roadside trees, and residential gardens in different
districts of Diyarbakir city center. In this context, plant inventories were conducted in the
specified areas, and the species, usage areas, purposes, densities, and plant design aspects of the
plants were evaluated. It was determined that a total of 60 plant taxa, including 44 trees and
shrubs (9 of which are widespread) and 16 shrubs (7 of which are widespread), were used in
urban open-green spaces. The study concluded that plant applications that would add brand
value to the city were insufficient in the identified areas. Recommendations were made for
increasing the diversity of plants resistant to hot and dry climate conditions, as well as using fruit-
bearing plant taxa that would contribute to biodiversity.

Keywords: Plant material, Species diversity, Open green areas, Diyarbakir
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Giris

Sehir agaclari, tarihsel olarak kentlesme ile birlikte
sekillenmis ve zamanla ¢esitli sosyal, cevresel ve ekonomik
islevler kazanmistir. Yesil alanlar, hava kalitesini artirmaktan
sosyal etkilesimleri glclendirmeye kadar pek cok olumlu
etkiye sahiptir. Kentsel yasamin slrdardlebilirligi  ve
insanlarin saghgl acgisindan kritik bir unsur haline gelmistir.
Kentsel planlamada yesil alanlarin entegrasyonu, modern
kentlerin en 6nemli bilesenlerinden biri olarak 6ne
¢cikmaktadir (Dirik, 1997).

Modern kentler agaglarin  varhigi ve c¢esitliligi ile
tanimlanmaktadir. Gelismis tlkelerde, kentsel yesil alanlarin
yonetimi ve korunmasi, bilimsel ve teknolojik yontemlerle
yapllmaktadir.  Kentsel ekosistemlerin  saghgini  ve
sirdurulebilirligini  artirmak icin  kritik 6neme sahiptir.
Bdylece, sehirlerin yesil alanlari daha iyi yonetilebilir ve bu
alanlarin sagladigi ekosistem hizmetleri en Ust dizeye
cikarilabilir (Urgeng, 1998).

Kentlesmenin  hizla  arttigini vyapilan  calismalarda
gormekteyiz. 1995-2030 vyillari arasinda dinya nifusunun
biyik bir kismi kentlere yerlesecegi 6n gorilmektedir
(McConnachie vd., 2008).

Kentlesme alan kullanimlari dogal habitatlarin kaybi, tirlerin
yok olmasina ve ekosistem dengelerinin bozulmasina neden
oluyor (Sandstrom vd., 2006). Kentlesme sireclerinin daha
cevre dostu ve insan odakli bir sekilde yonetilmesi, saglikli
yasam alanlarinin yaratiimasi icin hayati bir gerekliliktir. Bu
baglamda, yesil alanlarin korunmasi ve gelistirilmesi, kentsel
cevre kalitesini artirmak icin kritik 6neme sahiptir (Grahn ve
Stigsdotter, 2003).

Kentsel acik yesil alanlarin en énemli bileseni olan bitkiler;
hava kirliligi azaltma, iklim degisikligini onleme, termal
konforu saglama, erozyon kontroll, estetik gorintl
saglama, yaban hayvanlarina yasam alani olusturma, karbon
tutma gibi bircok 6nemli fayda saglamaktadir (Yilmaz vd.,
2009; Onder ve Akbulut, 2011; Sakici vd., 2013; Yilmaz vd.,
2017; Duzenlivd., 2018; Giilgin ve Van Den Bosch, 2021).

Kentlerin en 6nemli faktorlerinden biri bitki ortistdar (Oke
vd., 2017). Bitki 6rtusinin yetersiz oldugu yogun yerlesim
alanlarin  da 1si adasi yogunlugunun fazla oldugu
bilenmektedir (Gartland, 2008). Kentsel alanlarin sogutma
calismalarin da genel olarak bitkilendirme calismalari yaygin
olarak kullanilan stratejidir. Bitkiler 1si adasi etkisini iki
sekilde azaltmaktadir. Birincisi buharlasma yoluyla sicakligi
aza indirgeme, ikincisi ise beton zeminlerin golgelenmesiyle
sicakhgin azaltilmasidir (Saaroni vd., 2018; Yao vd., 2020; He
vd., 2021).

Kentlesmenin artmasiyla kentsel ekoloji, bircok alanda yer

alarak gelecegin kentlerini ileriye tasimak icin énemli bir
multidisipliner bilimdir. Kentlerin blyUmesi ile slregelen
zorluklarin 1s18inda, kentsel sistemlere ait anlayisimizi
kolaylastirip stirdtrulebilir kentler icin ¢cozim odakh konulari
belirlemek  amaciyla  kentsel  ekolojideki  konulari
cozimlemek gerekecektir (Kowarik, 2023). Biyocesitlilik
kaybi insanlarin yarattigl ayni zaman da insanlari birebir
etkileyen kiresel bir sorundur. Dinya ntfusunun ¢ogunlugu
kentlerde yasadigl icin kentlerin biyocesitliliginin insanlari
hangi yonlerden ve nasil etkiledigi yoninde de galismalara
cok biyik ihtiyac vardir (Zari, 2018).

Kentsel biyogesitlilik, ekosistemlerin strdurulebilirligini ve
tim canhlarin refahini saglamak igin temel bir unsurdur. Bu
hizmetler, sehirlerde daha saglikli ve yasanabilir bir ortam
yaratilmasina yardimci olur. Kentsel biyocesitlilik Kiltdrel
hizmetler, Dizenleyici  hizmetler, Ekosistem/Habitat
hizmetleri gibi bircok énemli konuda fayda saglamaktadir
(EEA, 2011; Panwar, 2021).

Tarkiye'nin farkl kentlerinde acik-yesil alanlarda kullanilan
bitki materyallerine yonelik yapiimis arastirmalari vardir.
Calismamizda, kent 6lceginde bitki materyali kullaniminin
mevcut durumunu degerlendirebilmek, farkli kentlerde
benimsenmis tir tercihlerini, dogal ve ekzotik tlr dengesini,
aromatik ve tibbi bitkilerin kullanim oranlarini karsilastirmali
olarak analiz edebilmekicin bu literattr taramasi yapismistir.
Bunlar;

istanbul Adalarindaki dogal ve ekzotik bitkiler ve peyzaj
dzellikleri tespit edilmistir (Yaltirik vd., 1993). i¢ Anadolu
Bolgesi kosullarina uygun bazi herdem yesil bitki tirlerinin
adaptasyonu yapilmistir (Arslan vd., 1996). Diizce kenti agik
yesil alanlarinin mevcut bitki potansiyeli belirlenistir (Eroglu
vd., 2005). istanbul'un 6zellikle tarihi park, bahce ve
korularinda bulunan ekzotik aga¢ ve cali turleri tespit
edilmistir (Yaltink vd., 1997). Canakkale kenti acik-yesil
alanlarinda kullanilan bitkiler belirlenmistir (Kelkit, 2002).
Erzurum Kent acik-yesil alanlarinda, 44 agac ve agaccik (9
tlrG yaygin) ve 16'0 ¢ali (7 tlrd yaygin) olmak Gzere toplam
60 bitki tard kullanildigl belirlenmistir (Yilmaz ve Irmak,
2004). Erzincan Kenti Acik-Yesil alanlarinda 23 familyaya ait
46 genis yaprakli agag, 3 familyaya ait 18 igne yaprakli agac,
21 familyaya ait 34 agaccik cali, 7 familyaya ait 9 sarilici
olmak Uzere toplam 107 bitki taksonu kullanildig
belirlenmistir (Askan ve Yilmaz, 2016). Sanlurfa ili Haliliye
ilcesi acik yesil alanlarinda bitki materyali degerlendirme
sonucunda dogal bitki kullaniminin az oldugu, yaprak doken
ve her dem yesil bitki tirlerinin yeterli oldugu, aromatik bitki
cesitliligi bakimindan zengin taksona sahip oldugu tespit
edilmistir (Hatipoglu ve Ekrem, 2022). Kahramanmaras
kentsel acik ve yesil alanlarinda 173 bitki taksonu tespit
edilmistir. Degerlendirme sonucunda Kahramanmaras
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kentinin, zehirli bitki turlerini fazla kullandigi ve dogal
tdrlerin kullaniminin az oldugu, tibbi ve aromatik bitkiler
acisindan zengin oldugu belirlenmistir (Ekren ve Corbaci,
2022). Yapilan bir arastirmada agac¢ tirl sayisi arttikca
ekosistem direnci artmakta olup, tek bir agac tirl toplam
agac tlrlerinin %10-20'sini gecmemesi (Kendal vd., 2014).
Yurtdisinda da kentsel ekosistem icinde agaclarin rold,
kullanilan bitki tdrleri, kentsel 1si adadi olusumuna olumlu
etkileri, estetik degerleri, termal konfora katkilari, ekonomik
ve saglik agisindan yararlari gibi ana konularda c¢ok sayida
arastirma yapilmistir;

Kent icinde bulunan bitkiler kent biyocesitliligini destekleyen
ve kentlerin iklim degisikligine direncini ylkselten en 6nemli
yapl taslarindan biri oldugu belirlenmistir. Kentsel
ortamlardaki bitkilerin insanlarin biyosfer ile arasindaki bagi
olusturmaktadir (Liu vd., 2021). Acik vyesil alanlar,
kentlesmenin getirdigi ndfus artisina  gore  sirekli
yenilenmesi  gereken alanlar olup, uzun &mirlQ,
sardlrilebilir  kentlesme, planlama, geri besleme ve
yeniliklere acik olarak planlanip tasarlanmasi gerektigi tespit
edilmistir (Friedman ve Lee, 2017). Kentlerde bitkilere dayali
yesil duvar tasarim tercihlerinin cevresel
degerlendirmesinde yesil duvar sisteminin Gretimi kullanimi
bu sistemlerin cevresel performansi Gzerinde cok ylksek bir
etkiye sahip oldugunu gostermistir  (Reyhani vd.,
2023). Sehirlerde bitkilerle peyzaj dizenlemesinde ekolojik
bilginin  kullaniimasinda yalnizca estetik acidan hos
gorinmekle kalmaz, ayni zamanda yaygin bakim sorunlarini
azalttigl, bitki performansini ve dayaniklihgini iyilestirebildigi
belirlenmistir (Tabassum vd., 2020). Kurak alanlardaki
sehirler bitkiler igin yapay koruma alanlari olarak kullaniliyor
ve kiiresel 1Isinma, ¢ollesme yaban hayatini tehdit eder, kalan
bitki unsurlarini gé¢ ve yok olma ikilemiyle karsi karsiya
birakir. Yonetilen ve sulanan yesil alanlariyla sehirler, birgok
bitki icin glvenli limanlar olmustur (Ghahremaninejad vd.,
2021).

Gelismis Ulkelerde kentsel mekanlarda bitki kullanimlarina
biyik 6nem verilmektedir. Bu amacla Diyarbakir kent
merkezindeki degisik acik yesil alan tiplerinde kullanilan bitki
turlerinin tespitini yaparak, kentsel yesil alan sistemindeki
olasi rolleri degerlendirilmeye calisilmistir. Sicak iklim bitki
turlerini temsil eden kentteki bitki materyalinin ortaya
konasi diger calismalarin yani sira, benzer ekolojik
ortamlarda bitki kullanimmna da kaynak olusturmasi
amaclanmistir.

Yontemler

Calismanin ana materyalini Diyarbakir kent merkezindeki
acik ve yesil alanlarda kullanilan agac, agaccik ve calilar
olusturmaktadir.  Diyarbakir  kenti, sdénmus volkanik
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Karacadag’dan Dicle’ye uzanan genis bazalt platosunun
dogu kenarinda kurulmustur. Kent, tarihin her déneminde
blyik medeniyetlerin, kiltlrel ve ekonomik hareketlerin
merkezi olmustur (Yigit, 2002). Gineydogu Toroslari
cevresindeki alanlardan farkli kilan asil iklim 6zelligi ise yagis
miktarinin fazlaligi ve yagis rejiminin farklihgidir. Kentin yillik
sicakhk ortalamasi 22°C, en sicak ay ortalamasi 38.2 °C ile
Temmuz ayl, en soguk ay 7°C ile Ocak ayindadir. Diyarbakir
490 mm vyillik yagisa sahiptir. ilde ortalama nispi nemi en
ylksek Aralik ve Ocak aylarinda, %77 oraninda 6lgtlmustir.
Yaz aylarinda ise en distk nem temmuz-agustos aylarinda
olup, bu aylarda nemin %20'yve dUstiglu gorulmustir
(Diyarbakir Valiligi, 1990). Diyarbakir ilinde kirsal nifus %27
(456.660 kisi) ve sehirsel nUfus %73 (1.243.241 kisi)'tur.
Kirsal ntfus genis tarim alanlari ve 6nemli hayvancilik
potansiyeline sahip alanlarda yogunlasmistir (TUIK, 2017).
Diyarbakir calisma alani konum haritasi Sekil 1’de verilmistir.

| KONUM HARITASI |

Sekil 1.
Diyarbakir calisma alani konum haritasi

Bu calisma inceleme, gozlem, analiz ve degerlendirme
asamalarindan olusmustur. Ornekleme alani olarak; kentin
degisik semtlerinde bulunan 5 konut bahgesi, 6nemli 2 resmi
kurum bahcesi (Karayollari Tarim il MudarlGga.), farkl
semtlerde yaygin olarak kullanilan parklari 3 park (Kent
meydani, Anit park, Tema parki) ile kent ana cadde yol
agaclari secilmistir. Bu alanlarda bulunan bitkiler sayilarak,
teshisleri, kullanim alanlari, yogunluklari ile bitkisel tasarim
yoninden  degerlendiriimeleri  yapilmistir.  Bitkilerin
teshisinde TUBIVES (Trkiye Bitkisel Veri Servisi) konuyla ilgili
yazill ve gorsel kaynaklar ek olarak alanda vyapilan
gbdzlemlerden yararlaniimistir.
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Acik-yesil alanlarda kullanilan bitkilerin fonksiyonlari (G:
Grup, S: soliter, Y: Yol Agaci, K: Koruluk, C: Cit, U: Uretim, Sa:
Sarilici) tespit edilmistir. Bitkilerin kullanim yogunluklari bitki
sayisina gore, nadir: 500 tane, az: 50-200, orta: 200- 500,
yaygin: >500 olarak belirlenmistir (Yilmaz ve Irmak 2004).

Bulgular

Diyarbakir kent merkezinde yogun olarak kullanilan halka
acik yesil alanlar, sehrin merkezine konumlanan kurum
bahceleri ve yeni yerlesim alanlarinin oldugu ev bahceleri
secilmistir. Farkli alan kullaniminda tespit edilen bitki
turleri: kent peyzajinin genel karakterini resmi kurum
bahceleri, Anit Park, Kent meydani, kentin farkli
semtlerinde bulunan ev bahceleri ve 75 m yolu boyunca
yer alan vyesil doku olusturmaktadir. Diyarbakir kent
merkezindeki acik ve vyesil alanlarinda kullanilan bitki
materyali Tablo 1'de verilmistir. Arastirma sonucunda
kentsel acik-yesil alanlarda 44 agac ve agaccik ve 16 cal
turd kullanildigl saptanmistir.

Bolgede en cok Morus alba L. (Beyaz dut), Platanus
orientalis (Dogu c¢inari), Robinia pseudoacacia (Beyaz
cicekli yalanci akasya) tlrlerinin kullanildigl belirlenmistir.
Bu bitkiler genelde golgeleme, keskin hatlari yumusatma,
maskeleme, tanimlama amacli kullaniimistir.

Yol ve orta reflj agaci olarak kentte daha cok Acer
saccharum (Seker akgaagacl), Lagerstroemia indica (Oya
agacl), Platanus orientalis (Dogu c¢inari), Robinia
pseudoacacia (Beyaz cicekli yalanci akasya) agaclari
kullaniimistir. Yeni yapilasan alanlarda bitkilerin bakimi ve
gorunimu saghkli iken eski yapilasmanin oldugu alanlarda
bakimlarin yetersiz oldugu gozlenmistir. Bununla beraber
son zamanlarda orta reflj ve yol bitkilendiriimesinde
basarili sonuglar alinmakta ve kentin estetik gdrintisin
arttirma yoninde gelismeler devam etmektedir.

Arastirma yapilan Anit Park, Kent meydani parklarinda
bitki cesitliliginin yeterli olmadigl belirlenmistir. Alanda
yapilan arastirma sonucunda 24 agac 11 cali taksonu
kullanildigi tespit edilmistir. Parklarda en fazla Morus alba
L. (Beyaz dut), Platanus orientalis (Beyaz cicekli yalanci
akasya), Cercis siliquastrum  (Erguvan), Catalpa
bignonioides (Katalpa)’'ler kullaniimistir. Cali tlrG olarak
en fazla kullanilanlar ise Lonicera etrusca (Hanimeli),
Spirea japonica ‘Gold Flame” (Pembe cicekli keci sakali),
Euonymus japonica ‘Aurea’ (Altuni taflan)’dir (Sekil 2). Son
zamanlarda vyapilan parklarda cali formunda farkli
bitkilerin kullanilmasiyla gorsel kalite olarak gelisme
gostermistir.

Sekil 2.

Diyarbakir kent parkinda kullanilan bazi bitki gérselleri

1) Catalpa bignonioides (Katalpa), 2) Catalpa bignonioides (Katalpa), 3) Morus alba
L. (Beyaz dut), 4) Platanus orientalis (Dogu ¢inar), 5) Cedrus libani (Liibnan sedliri), 6)
Fraxinus excelsior (Adi disbudak), 7) Tilia tomentosa (Giimdisi thlamur), 8) Punica
granatum (Nar), 9) Spirea japonica ‘Gold Flame’(Pembe ¢icekli kegi sakali), 10)
Platycladus orientalis ‘Pyramidalis Aurea’ (Altuni piramit mazsi), 11) Cotinus
coggygria (Duman adaci), 12) Thuja occidentalis ‘Samaragad’ (Bati mazist)

Diyarbakir da kent parklarinda kullanilan agac turleri;Thuja
occidentalis ‘Samaragad’ (Bati mazisi), Pinus mugo (Dag cami),
Malus floribunda (Sis elmasi), Cupressus arizonica (Arizona
servisi), Prunus cerasifera (SUs erigi), Platanus orientalis (Dogu
¢inari), Populus alba (Ak kavak), Prunus armeniaca (Kayisi),
Crataegus orientalis  (Alig), Quercus rubra (Kirmizi
mese), Pinus persica (iran ¢ami), Rhus typhina (Sumak),
Casuarina equisetifolia (Demir agaci), Prunus avium (Kiraz),
Robinia pseudoacacia (Beyaz cicekli akasya), Tilia tomentosa
(GUmUsi 1hlamur), Melia azedarach (Tesbih agaci), Punica
granatum (Nar), Elaeagnus angustifolia (igde), Cedrus libani
(Libnan sediri), Catalpa bignoides (Katalpa), Acer saccharum
(Seker akgaagac), Morus nigra L. ( Kara dut), Ailanthus
altissima ( Kokar agac),

Parklarda cali tlri olarak ise; Lavandula officinalis (Lavanta),
Spirea japonica ‘Gold Flame’” (Pembe cicekli keci sakali),
Cotinus coggygria (Duman agaci), Rosa hybrida (GUl), Berberis
thunbergii (Bodur kadin tuzlugu), Buddleja davidii (Kelebek
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calist), Cornus, alba “Sibirica” (Kirmizi gévdeli kizilcik), Cornus
alba ‘Aurea’ (Sari govdeli kizilcik), Juniperus horizontalis
(Yayilici ardig), Juniperus chinenesis. (Cin ardicl), Platycladus
orientalis  ‘Pyramidalis‘Aurea’  (Altuni piramit  mazisi)
kullanilmistir.

Resmi kurum bahcelerinden karayollari 9. Bélge Mudurlugu
ve I Tarm MudirlGgl bahceleri 6rnekleme alani olarak
secilmistir. Bu bahcelerdeki acik-yesil alanlarda en fazla bitki
cesitliligini sahip oldugu belirlenmistir. Bununla beraber
bitkisel materyal kullanimi konu uzmanlari disinda tasarim
ilkelerine uyulmadan siradan yapildigi gézlenmistir. Kentte
cok az sayida gorilen Viburnum opulus (Kartopu), Cercis
siliquastrum (Erguvan), Yucca flamintosa (Avize agaci),
Forsythia intermedia (Altin - canagl) bitkileri  kurum
bahgelerinde yer almaktadir.

Bu bahcelerde; Morus alba L. (Beyaz dut), Ficus carica (incir),
Platanus orientalis (Dogu ¢inari), Cerciss iliquastrum
(Erguvan), Robinia pseudoacacia (Beyaz cicekli yalanci
akasya), Albizia julibrissin (GUlibirisim), Cedrus libani (Libnan
sediri), Cupressus arizonica (Arizona servisi),
Elaeagnus angustifolia (igde), Prunus cerasifera (Sis erigi),
Aesculus hippocastanum (At kestanesi), Casurina equisetifolia
(Demir agacl), Fraxinus excelsior (Adi dis budak) yaygin olarak
kullanilmistir.  Cali tlrlerinden Buxus sempervirens (Simsir),
Hedera helix (Duvar sarmasigl), Rosa hybrida (Gil), Euonymus
japonica ‘Aurea’ (Altuni taflan), Forsythia intermedia (Altin
canagl), Cotinus coggygria (Duman agacl), Spirea japonica
‘Gold Flame’ (Pembe cicekli keci sakall), Lonicera etrusca
(Hanimeli) kullanilmistir (Sekil 3). Diger yesil alanlarin aksine
kurum bahcelerinde az sayida Viburnum opulus (Kartopu),
Cercis siliquastrum (Erguvan), Yucca filamentosa (Avize agaci)
tlrlerine rastlanmustir.

Ev bahcelerinde 6zellikle Prunus avium (Kiraz), Morus alba L.
(Beyaz dut), Ficus carica (incir), Punica granatum (Nar) gibi
meyve agaclari kullanimi yogundur. Kent genelinde kullanilan
bitki tlrd sayisi az olmakla birlikte peyzaj karakteri glcli
bitkiler nadiren kullanilmistir.

Ev bahgelerinde kullanilan agacg tirleri Cercis siliquastrum
(Erguvan), Prunus serrulata (SUs kirazi), Platycladus orientalis
‘Pyramidalis‘Aurea’ (Altuni piramit mazisi), Ficus carica (incir),
Eriobotrya japonica (Malta erigi/yeni dinya), Morus alba L.
(beyaz dut), Nerium oleander (Zakkum), Prunus avium (Kiraz),
Salix babylonica (Salkim s6gut), Syringa vulgaris (Leylak),
Citrus lemon L. (Limon), Fraxinus excelsior (Adi disbudak)’dir.
Caliturleri olarak Hedera helix (Duvar sarmasigl), Rosa hybrida
(Gul), Wisteria sinensis (Mor salkim), Lonicera etrusca
(Hanimeli),  Parthenocissus  quenquefolia  (Amerikan
sarmasigl), Photinia x fraseri ‘Red Robin” (Alev calisi)
kullanilmistir (Sekil 4).
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Sekil 3.

Diyarbakir kurum bahgesinde kullanilan bazi bitki gérselleri
1) Euonymus japonica ‘Aurea’ (Altuni taflan), 2) Lonicera etrusca
(Hanimeli), 3) Albizia julibrissin (Giilibrisim), 4) Aesculus hippocastanum
(At kestanesi), 5) Ficus carica (incir), 6) Viburnum opulus (Kartopu), 7)
Yucca filamentosa (Avize agaci), 8) Hedera helix (duvar sarmasigi), 9)
Cercis siliquastrum (Erguvan), 10) Rosa hybrida (Gil) , 11) Buxus
sempervirens (Simsir), 12) Euonymus japonica ‘Aurea’ (Altuni taflan), 13)
Forsthia intermedia (Altin canagi)

Sekil 4.

Diyarbakir ev bahgelerinde kullanilan bazi bitki gérselleri

1) Syringa vulgaris (Leylak), 2) Wisteria sinensis (Mor salkim), 3) Nerium
oleander (Zakkum), 4) Parthenocissus quinquefolia (Amerikan sarmasigi),
5) Lonicera etrusca (Hanimeli)



Tablo 1.

Diyarbakir kenti agik-yesil alanlarinda kullanilan agag ve agacgiklar ile bazi 6zellikler

Latince Adi Tarkce Adi Yaygin Kullanim Alani  Kullanim Amaci Kullanim Yogunlugu
1.Acer saccharum Seker akgaagaci Park, yol Y,G Nadir
2.Albizia julibrissin Gulibrigim Kurum S Az
3.Aesculus hippocastanum At kestanesi Kurum S Az
4.Ailanthus altissima Kokar agag Park, kurum S Az
5.Buxus sempervirens Simgir Kurum, yol GY Orta
6.Casuarina equisetifolia Demir agaci Park, kurum S Orta
7.Catalpa bignonioides Katalpa Park, yol Y,S, G Yaygin
8.Cedrus libani Toros sediri Kurum, park S Yaygin
9.Cercis siliquatrum Erguvan Kurum, park, ev S Orta
10.Citrus lemon Limon Ev S, U Az
11.Cupressus arizonica Arizona servisi Park, kurum K, G,S Orta
12.Chamaerops filifera Tlysuz Palmiye Ev S Nadir
13.Crataequs orientalis Alig Park S,G Az
14.Elaeagnus angustifolia igde Kurum, park S Orta
15.Eriobotrya japonica Malta erigi (yeni dlinya) Ev S, U Nadir
16.Ficus carica incir Ev, kurum S, U Yaygin
17.Fraxinus excelsior Adi disbudak Kurum, park, ev S Orta
18.Juniperus horizontalis Yayilici ardig Park G,S Az
19.Juniperus chinensis Cin ardici Park G Az
20.Lagerstroemia indica Oya agacl Yol, ev Y,S Az

21. Populus alba Ak kavak Park S Az
22.Pinus mugo Dag cami Park S Az

23. Pinus persica iran cami Park S Orta
24.Punica granatum Nar Ev, park S, U Yaygin
25.Prunus serrulata SUs kiraz Ev, park S Orta
26.Prunus avium Kiraz Ev, park S, U Orta
27.Prunus armeniaca Kayisi Park, ev S, U Orta
28.Prunus cerasifera SUs erigi Park, ev S Orta
29.Platanus orientalis Dogu cinari Ev, park, yol, kurum S, Y Yaygin
30.Robinia pseudoacacia Beyaz cicekli yalanci akasya Ev, kurum, yol, park S, Y Yaygin
31. Rhus typhina Sumak Park S Az
32.Salix babylonica Salkim sogut Park, ev, kurum S Orta
33.Syringa vulgaris Leylak Ev S Az
34.Malus floribunda Sas elmasi Park, ev S Orta
35.Melia azedarach Tesbih agaci Park S,G,Y Yaygin
36.Morus alba L. Beyaz dut Park, ev, kurum,yol S, G, U, Y Yaygin
37.Morus nigra L. Kara dut Park, ev, kurum,yol S, G, U, Y Yaygin
38.Nerium oleander Zakkum Yol, ev Y,S, G Yaygin
39.Thujia occidentalis 'Samaragad’ Bati mazisi Park, kurum GY,S Orta
?@Zczsﬁgﬁfﬁgjﬁmhs Altuni piramit mazisi Park, ev, kurum, yol Y, S, G Yaygin
41.Tilia tomentosa. GUmusi thlamur Park S Az
42.Viburnum opulus Kartopu Kurum S Nadir
43.Yucca filamintosa Avize agacl Kurum S Nadir
44, Quercus rubra Kirmizi mesge Park S, G Orta

G: Grup; S: Soliter; Y: Yol Agaci; K: Koruluk; C: Cit; U: Uretim; Sa: Sarilici.
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Tablo 2.

Diyarbakir kenti agik-yesil alanlarinda kullanilan ¢alilar ve bazi ézellikleri

Latince Adi Tiirkce Adi Yaygin Kullanim Alani  Kullanim Amaci  Kullanim Yogunlugu
1.Berberisthunbergii Bodur kadin tuzlugu Kurum G Az
2.Buddleja davidii Kelebek calisi Park G Az
3.Cotinus coggygria Duman agaci Kurum, park S Az
4.Cornus, alba “Sibirica” Kirmizi gévdeli kizilcik Park G Az
5.Cornus alba “Aurea” Sari govdeli kizilcik Park G Az
6.Euonymus japonica ‘Aurea’ Altuni taflan Kurum, yol, park G Yaygin
7.Forsthia intermedia Altin canag| Kurum S Nadir
8.Hedera helix Duvar sarmasigl Kurum, ev Sa Yaygin
9.Lavandula officinalis Lavanta Kurum, park G Yaygin
10.Lonicera etrusca Hanimeli Kurum, park, ev S, G, Sa Yaygin
11.Parthenocissus quinquefolia Amerikan sarmasig| Ev Sa Yaygin
12.Photiniax freaseri ‘RedRobin’ Alev calisi Ev S Az
13.Rosa hybrida Gul Kurum, yol, ev, park S, G Yaygin
14.Spirea japonica ‘Gold Flame’ Pembe cicekli keci sakal Park, kurum G Nadir
15.Vitis vinifera Asma Kurum, ev Sa Yaygin
16.Wisteria sinensis Mor salkim Ev S Az

G: Grup; S: Soliter; Y: Yol Agaci; K: Koruluk; C: Cit; U: Uretim; Sa: Sarilici

Tartisma

Yasanabilir kentsel mekanlar olusturmada dinamik bir yapi
gosteren, kent estetigi ve ekolojisine katkida bulunan agac ve
calilar modern kentlerin simgesi durumundadir. Nitekim
Tyruainen (1997)'e gore agaclar sadece kent estetigi degil,
ayni zamanda yakininda bulunan taginmazlarinin degerine de
oldukca onemli katkilar saglamaktadir. Kent ekolojisinde
bitkisel materyalin 6nemi Uzerinde genis capli arastirmalar
yurutilmektedir (Jim ve Liu, 1997).

Kentlesmenin  getirdigi alan  degisimleri, ekosistemin
bozulmasina ve istilaci tirlerin sayisinin artmasina sebep
olmaktadir. Bunlarin yaninda kentlesmeyle beraber su, toprak,
hava, 1sI adasi, guralta kirliligi, acik yesil alanlarin azalmasi
kentsel biyocesitlilik Gzerinde tehdit olusturmaktadir. Kentsel
biyogesitliligi koruma altina almak icin, koruluk, cayir, mera,
tarim alanlari, yesil kusaklar, orman ve hobi bahgeleri, parklar,
konut bahgeleri, su ylzeyleri gibi alanlar kentsel biyocesitlilige
katki saglamaktadir (Yilmaz, 2024).

Diyarbakir'da Prunus serrulata (Sus kirazi), Ficus carica (incir),
Morus nigra L. (Kara dut), Morus alba L. (Beyaz dut), Malus
floribunda (Sts elmasi), Prunus avium (Kiraz), Prunus
cerasifera (Sus erigi),Punica granatum (Nar) gibi kurakliga
dayanikh bitki taksonlari tespit edilmis olup bu bitkiler ev
bahcelerinde, kurum bahcelerinde, parklarda ve yol
agaclandiriimasinda goérdlmustar.
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Giderek artan kentlesmenin var olan olumlu ekosistem
bilesenlerini farklilastirdigi ve kentsel mekanlari dogal bitkiler
icin uyumsuz alanlar haline donUstirecegi bilinmektedir
(Sjoman vd., 2016). Dogal bitkilerin kent iklimine dayanikli
oldugu ve kent biyocesitliliginde pozitif etkisi oldugu
gortlmusttr. Kentlerin yeni yerlesim alanlarinda kent
biyogesitliligine hangi bitki tlrintn katki saglayacagl da
glincel arastirma konularindan olmalidir (Berthon vd., 2021).

Kentsel acik ve yesil alanlar, yalnizca fiziksel bosluklar degil;
ayni zamanda biyolojik ¢esitliligin barindigi, iklim dizenleyici,
estetik, sosyal ve psikolojik katkilar sunan yasam alanlaridir.
Diyarbakir kent merkezinde yapilan bu arastirmada, 44 agac-
agacclk ve 16 cali tirdntn kullanildigr belirlenmis; bununla
birlikte bitki tlrt cesitliliginin 6zellikle Anit Park ve Kent
Meydani gibi 6nemli kamusal alanlarda sinirli oldugu
saptanmistir. Bu durum, kent genelinde biyocesitliligin
potansiyel dizeyinin altinda kaldigini gostermektedir.

Kentte ozellikle bazi bolgelerde (resmi kurum bahceleri gibi)
bitki cesitliligi daha fazla olmasina ragmen, bu cesitliligin planli
ve ekolojik temelli yaklasimlarla yonetilmedigi gorilmektedir.
Bu durum, kentsel peyzaj tasarimlarinin ekosistem temelli
degil, daha cok gorsel ya da rastlantisal tercihlere dayali
oldugunu ortaya koymaktadir.

Biyocesitliligin artirilmasi, ozellikle yerli tirlerin kullanimi ile
birlikte, kent ekosistemlerinin dayanikhligini artirmakta,
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kuslar, bocekler gibi faunanin yasam alanlarini desteklemekte
ve ekolojik baglantilar kurarak kentsel doga ile insan arasinda
bitlnlesik bir yapi olusturmaktadir. Ayrica cesitli tirlerin
kullanimi, kentsel yesil alanlarin estetik kalitesini ve iklimsel
islevlerini de olumlu yonde etkilemektedir.

Diyarbakir ve cevresine dogal olarak yayilis gbsteren veya
Turkiye florasina 06zgl vyerli tirler de 6nemli bir vyer
tutmaktadir. Bu yerli tlrlerin peyzaj tasarimlarinda kullanimi,
hem ekosistemle uyumlu hem de bakim ve adaptasyon
acisindan avantaj saglamaktadir. Calisma alaninda yer alan
dogal tarler arasinda;
Platanus orientalis (Dogu ¢inari), Morus alba L. (Beyaz dut),
Prunus armeniaca (Kayisi), Populus alba (Ak kavak), Crataegus
orientalis (Alig), Cedrus libani (Libnan sediri), Elaeagnus
angustifolia (igde), Fraxinus excelsior (Adi disbudak), Tilia
tomentosa (GUmusi thlamur), Viburnum opulus (Kartopu) ve
Cercis siliquastrum (Erguvan) gibi tlrler yer almaktadir. Bu
bitkiler, boélgenin dogal florasina uyumlu olmalarinin yani sira,
gorsel degerleri, golgeleme kapasiteleri ve bazi tirlerde
meyve verimi ile de kent peyzajina katki saglamaktadir.

Yerli tirlerin  kullaniminin  artirilmasi, bolgesel peyzaj
karakterinin korunmasi, su tasarrufu, iklim kosullarina uyum,
biyolojik cesitliligin desteklenmesi gibi bircok ekolojik ve
ekonomik avantaj sunmaktadir. Bu nedenle, 6zellikle yeni
kentsel tasarimlarda dogal tlrlerin kullanimina oncelik
verilmesi dnerilmektedir.

Diyarbakir kentinin bitki materyalleri Uzerinde c¢ok fazla
calisma olmadigl icin insanlar tarafindan merak edilmektedir.
Diyarbakir kentinde toplam 60 tir bitki farkli peyzaj kriterleri
yoninden kullaniimis olup Tablo 1, Tablo 2 de bitkilerin
sadece 18 tire yakini agik-yesil alan tiplerinde yaygin olarak
gorilmektedir.Tim kent alaninda 6rnekleme vyapilan
alanlarda bu bitki taksonlari tespit edilmis olup, daha ayrintili
bir calisma bu sayi artabilecegi kaginilmazdir. Yaygin kullanilan
bitkilerin ¢ogunlugu yasca buylk bitkilerdir. Yeni yerlesim
alanlarinda farkli bitki turleride gézlemlenmistir. En fazla tir
cesidine parklar sonrasinda sirasiyla resmi kurumlar, ev
bahcelerive yol agaclari oldugu gdzlemlenmistir. Herdemyesil
i8ne yaprakli bitki cesidinin genel olarak ¢ok az sayida oldugu
yeni yapilan mekanlarda bazi c¢ali ve agac¢ tirlerinden
kullanilmasiyla az da olsa zenginlik saglanmistir. Kentsel
ortamda ev bahgesinden, mahalle, kent ve bolge parklarina
kadar her olcekte bitkisel materyalin dnemi bulylk olup,
aslinda agaclar kentin birer bireyleri durumundadir. Kent
biyocesitliligin - taninmasi, gelismesi ve strdurtlmesi igin
biyodostkent Onerileri daha yasanabilir kent alanlari igin
onemli olacagl distnUlmustir (Yilmaz, 2024). Ayni sekilde
kentsel ekosistem icinde kentsel bitki materyalinin kent
biyogesitliligi, kentsel 1si adasini engelleme, arsa degerinin,
cevre sagligina katkisi (glrultiyU azaltma, oksijen saglama,

havayl temizleme, nem saglama vb. gibi) saghk ve estetik
acidan bircok vararlari bulunduguna dair cok sayida
arastirmada (Yilmaz, 2024; Zari, 2018; Kendal, 2014) ortaya
konmustur.

Bitki kullaniminda yoredeki fidanliklarda dogal bitki tlrlerinin
satisinin tesvik edilmesi gerekmektedir. Nitekim yapilan bir
arastirmada Erzurum kent halkinin degisik sUs bitkilerinin
satisinin yapilmadigl veya taninmadigi icin kullanmadigi, gizel
gorinimli, golge veren sUs bitkilerini, meyve-sebze
bahgelerine gore daha ¢ok tercih ettikleri belirlenmistir. Bu
konuda yapilan benzer bir ¢calismada (Yilmaz ve Zengin 2009)
da benzer sonuglar bulunmus olup, fidanliklarda bitki
tlrlerinin gesitliligi bitki satislarini dogrudan etkilemektedir.

Kurakeil peyzaj, hem cevresel stirdirulebilirlik hem de estetik
acgidan etkili bir ¢ozim sunar. Bu yaklasim, su kaynaklarinin
korunmasina ve kurak iklim kosullarinda daha verimli
peyzajlar olusturulmasina yardimci olur. Bundan dolayi
kentlerde kurakcil peyzaji olusturabilecek bitkilerin tespit
edilmesi ve kullanilmasi bir zorunluluk durumuna gelmistir.
Diyarbakir kent merkezinde kurakcil peyzaj uygulamalarina
yonelik bitkilerin yasam formu, kent icindeki yetisme
ortamlari, dogalliklari peyzaj degerleri gibi ozellikleri goz
onlne alindiginda asagidaki bitkilerin  kullanilabilecegi
sonucuna varilmistir. Bu amacla; Olea europaea (Zeytin
Agacl), Robinia pseudoacacia (Beyaz cicekli yalanci akasya),
Crataegus orientalis (Alig), Pyracantha coccinea (Ates dikeni),
Pyrus communis (Yaban armudu), Cupressus arizonica
‘Glauca’ (Mavi sedir), Ceratonia siliqua (Kegi boynuzu),
Elaeagnus angustifolia (igde), Prunus amygladus (Badem),
Ailanthus altissima (Kokar agacg)’larin  kurakgll peyzaj
tasarimlari uygulanabilecek agaclar oldugu gorilmektedir. Bu
bitki taksonlarinin ¢coklu uygulamalarla gesitliligi artirilmalidir.
Juniperus horizontalis (Yayilicl ardig), Juniperus chinenesis.
(Ardig), Berberis thunbergii (Bodur kadin tuzlugu), Lavandula
officinalis (Lavanta), Cornus alba ‘Sibirica’ (Kizilcik)'larin
kurakgll peyzaj tasarimlari uygulanabilecek ¢alilar oldugu
tespit edilmistir (Corbaci ve Ekren, 2022). Kentsel biyogesitlilik
acisindan kentlerde agac tarinin c¢oklu kullaniimasiyla
ekosistem direncinin arttigi bilinmektedir (Kendal ve ark.,
2014). Estetikten cok kent kent mikro iklimine katki
saglayacak bitki tlrleri secilmelidir (Celik ve Yilmaz, 2023).

Diyarbakir kentinde sicaklik faktori 6nemli bir etken oldugu
icin bitkisel tasarimlarda termal konfora katki saglayacak tac
genisligi, golge verme durumu gdz 6nlne alindiginda Platanus
orientalis (Dogu cinari), Acer saccharum (Seker akcaagaci),
Cedrus libani (Libnan sediri), Tilia tomentosa (GUmusi
thlamur), Quercus rubra (Kirmizi mese), Fraxinus excelsior (Adi
disbudak) agaclarinin kullanilabilecegi sonucuna ulasiimistir.

Yapilan calismada 60 bitki taksonu icinde meyvesi yenen agac
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tard sayisinin %8.33 oldugu gorilmustir. Bu bitki taksonlarini
daha cok Ficus carica (incir), Morus nigra L. (Kara dut), Morus
alba L. (Beyaz dut), Punica granatum (Nar) olusturmakta olup,
kentsel biyocesitlilik acisindan meyvesi yenen agaclarin etkisi
onemli olmakla birlikte kentlerde artirilmasi gereken bitki
tlrleridir. Yenen bitki tirlerinin peyzaj tasariminda kullanimi,
estetik, ekolojik ve egitsel katkilarinin yani sira, kullanici
glvenligi ve alanin islevselligi acisindan bazi riskleri de
beraberinde getirmektedir. Ozellikle meyve doékiminin
yogun oldugu doénemlerde, bu bitkilerin yakin cevresinde
kayma tehlikesi olusabilecegi, cocuklarin agaclara tirmanma
isteginin disme gibi fiziksel riskleri artirabilecegi ve dékilen
meyvelerin arag yollarina ulasarak ylzeyde leke ya da zarara
neden olabilecegi gbéz onlnde bulundurulmalidir. Meyve
agaclari sert zeminlerden uzak konumlandirilip genellikle ¢im
alanlar Gzerinde kullaniimahdir.

Sonuglar ve Oneriler

Elde edilen bulgular dogrultusunda, kentteki yesil alanlarda
toplam 44 agac ve agaccik ile 16 cali tarinin kullanildig
belirlenmistir. En sik kullanilan tirler arasinda Morus alba L.
(Beyaz dut), Platanus orientalis (Dogu cinari), ve Robinia
pseudoacacia (Beyaz cicekli yalanci akasya) 6n plana
clkmakta olup, bu tirlerin golgeleme, sinir belirleme ve
maskeleme gibi peyzaj islevleri acisindan tercih edildigi
gorilmektedir.

Kentsel ekolojik planlamada acik ve yesil alanlarin hem
cevresel hem de sosyal agidan hayati bir rol oynamaktadir.
Yesil alanlar sadece kentte oksijen saglayan, iklimi
dizenleyen fiziksel bosluklar degil; ayni zamanda insanlarin
bir araya geldigi, sosyallestigi, dinlendigi ve dogayla temas
kurdugu cok yonli mekanlardir. Kent ekosistemi, doga ile
insan yapimi sistemlerin i¢ ice gectigi karmasik bir yapidir. Bu
sistem icinde yesil alanlar, ekolojik dengenin korunmasini
saglar; su dongusl, toprak koruma, hava kalitesinin
ivilestirilmesi gibi bircok ekosistem hizmeti sunar. Ayni
zamanda kentin sosyal yapisini da dogrudan etkiler: kamusal
yasamin gelismesini destekler, kent sakinlerinin fiziksel ve
ruhsal sagligina katki saglar ve sosyal esitsizliklerin
giderilmesine aracilik edebilir (Barbosa vd., 2007).

Kentsel mekanlar da agaclar yogun teknolojinin ve cevre
baskilarinin olumsuz etkileri arasinda yasam miucadelesi
vermektedir (Jim ve Liu 1997). Kent ekolojisi dengesi
acisindan kent icerisinde bitki cesitliligi arttirilmahdir.
Bdlgenin iklimine ekolojisine uygun bitki tirleri kullanimiyla
kentte peyzaj karakteri yiksek bitki tdrleri ile calismalar
yapilmalidir. Ozellikle yol peyzajinda yetersiz olan bitki tiirleri
arttirilmall ve gblge yapan agaclar kullanilmahdir. Rastgele
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yapilan bitkisel tasarimlarin yeni yapilacak mekanlara
tasinmamasi icin bu asamada peyzaj mimari ile calismalar
surdardlmelidir.
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Assessing Soil Degradation: A Comprehensive
Study Using Soil Degradation Index (SDI) in
Godrahav Watershed

Toprak Bozulmasinin Degerlendirilmesi: Godrahav
Havzasinda Toprak Bozulma indeksi (SDI) Kullanilarak

Yapilan Kapsamli Bir Calisma
ABSTRACT

Soil degradation is an important problem for watersheds that contain agricultural and natural areas
within their border. This study was conducted to assess soil degradation using soil degradation index
(SDI). The watershed was divided into transects at 500m intervals in the north-south and the east-west
directions. Except for the hard-to-reach points because of topography, disturbed and undisturbed soil
samples were taken from 138 sample points at the intersections of the transects. The SDI was calculated
using the measured soil parameters including particle size distribution, aggregate stability, aggregation
rate, mean weight diameter, dispersion rate, bulk density, porosity, field capacity, wilting point, organic
matter content, pH and electrical conductivity. The spatial distribution patterns of these parameters
were defined using geostatistical analyses. Slope, elevation, aspect and land use type of the watershed
were also mapped using the Geographic Information System (GIS) technique. The results of the study
showed that soil degradation can be quantified using an index value, and that basic soil properties can
serve as parameters for this index. These parameters affect index values with different weighting, and
these weighting values can be calculated by correlation analysis. Moreover, according to the
distribution maps, SDI showed spatial variability due to the land use, altitude, and aspect, but it did not
vary regularly due to the slope. Based on the findings, it is recommended to implement land use-specific
soil management strategies across the watershed. Regular SDI-based monitoring and geospatial
analysis can support early detection of degradation and guide sustainable land use planning.
Keywords: Correlation, Physiographic factors, Soil degradation, Soil mapping, Spatial variability

0oz

Toprak bozulmasi, sinirlari iginde tarimsal ve dogal alanlar bulunduran su havzalari igin dnemli bir sorundur.
Bu galisma, bir su havzasinda toprak bozulma durumunu degerlendirmek amaciyla Toprak Bozulma
indeksi (SDI) adli ampirik bir yéntem kullanilarak gerceklestirilmistir. Bu amagla, havza kuzey-giiney ve
dogu-bati yonlerinde 500 m araliklarla transektlere bolinmistir. Topografya nedeniyle ulagilmasi zor olan
noktalar gikarildiktan sonra, transektlerin kesisim noktalarindan 138 ornek noktasindan bozulmus ve
bozulmamis toprak ornekleri alinmistir. SDI hesaplamasinda tanecik boyu dagilimi, agregat stabilitesi,
agregasyon orani, agirlikli ortalama cap, dispersiyon orani, hacim agirligi, porozite, tarla kapasitesi, solma
noktasl, organik madde igerigi, pH ve elektriksel iletkenlik gibi parametreler kullanilmigtir. Bu galisma ayni
zamanda bu parametrelerin mekansal dagiimini belirlemistir. Havzanin egim, yikselti, baki ve arazi
kullanimi gibi bazi o6zellikleri Cografi Bilgi Sistemleri (CBS) teknigi kullanilarak haritalandiriimistir.
Jeoistatistiksel teknikler, bu 6zellikler ve SDI'nin enterpolasyonu icin kullanilmistir. Calismanin sonuglari,
toprak bozulmasinin bir indeks degeri ile ifade edilebilecegini ve temel toprak 6zelliklerinin bu indeks igin
parametre olarak kullanilabilecegini gostermistir. Bu parametreler indeks degerlerini farkh agirliklarda
etkilemekte olup, bu agirlik degerleri korelasyon analizi ile hesaplanabilmektedir. Ayrica, dagiim
haritalarina gore SDI, arazi kullanimi, yikseklik ve bakiya bagli olarak mekansal degiskenlik gostermistir;
ancak egime bagli olarak diizenli bir degisim gostermemistir. Elde edilen bulgular dogrultusunda, havza
genelinde arazi kullanimina 6zgii toprak yonetim stratejilerinin uygulanmasi énerilmektedir. SDI temelli
dizenli izleme ve mekansal analizler, bozulmanin erken tespiti ile surdlrllebilir arazi kullanim
planlamasina katki saglayabilir.

Anahtar Kelimeler: Korelasyon, Fizyografik faktorler, Toprak bozulmasi, Haritalama, Mekansal degiskenlik
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Introduction

Soil degradation, defined as the change in physical, chemical
and biological properties of the soil resulting in a diminished
capacity of the ecosystem to provide goods and services for
its beneficiaries (FAO, 2020), leads to the degradation of
ecosystem services (Cerretelli et al., 2018). Soil degradation
includes erosion (such as soil loss due to deforestation or
overgrazing), salinization, compaction, crusting caused by
cattle trampling, and waterlogging with impaired water
movement (Scanes, 2018).

The soil properties play a crucial role in determining soil
health and degradation. Different soil properties directly
influence the physical, chemical, and biological
characteristics of the soil, which in turn affect its ability to
support plant growth, retain water, and nutrient cycle, and
resist degradation. Thus, various soil properties, such as soil
texture, structure, water holding capacity, organic matter
content, soil reaction, and electrical conductivity contribute
to the vulnerability of soil to degradation processes
(Barcelos et al., 2022; Lorenz et al., 2019; Rabot et al., 2018;
Zhang et al., 2022).

A watershed is a topographic unit containing aquatic and
terrestrial ecosystems, with various land-use types such as
forest, pasture, and agriculture. Watersheds play a major
role in the important requirements in human life, such as
water supply, and agricultural and animal production.
Besides, watersheds are also important for other creatures
that benefit from ecosystem services. Godrahav watershed
consists of different land-use types. Forestry, animal
husbandry, and agricultural production are carried out in the
watershed. The problem of soil degradation may disrupt the
ecosystem services provided by the watershed.

Researchers reported the main reasons for the soil
degradation in the watershed as degraded forest, water
erosion, and shifting cultivation (Amundson et al., 2015;
Baul et al.,, 2023; Hattori et al., 2019; Mo et al., 2023).
Different methods and models are used to evaluate soil
degradation. In many previous studies, the loss of organic
matter, decrease in carbon and nitrogen contents, change
in particle size distribution, salinization, acidification,
compaction, and erosion have been evaluated as
degradation separately. For example, plant nutrient
deficiency was considered as chemical degradation, and soil
compaction as physical degradation.

Multivariate models are used based on the approach that
more than one type of degradation can be seen in an area.
A global evaluation of soil degradation requires sampling
and evaluation methodology, and a degradation metric
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meets the needs and interests of multiple different groups
(Hatfield et al., 2017).

Multicriteria decision analysis (MCDA) is an umbrella term
to describe a collection of formal approaches which seek to
take explicit account of multiple criteria in helping
individuals or groups explore decisions that matter (Belton
& Stewart, 2002). The MCDA provides a compatible
methodological framework for deliberate valuation, which is
considered helpful in addressing plural value dimensions
related to common goods such as ecosystem services.

The novelty of this study lies in its integrated approach to
assessing soil degradation by combining multiple soil
physical and chemical properties with topographic and land
use variables through a Geographic Information System
(GIS)-based multicriteria decision analysis (MCDA). Unlike
conventional methods that consider soil degradation
components in isolation, this study develops a
comprehensive Soil Degradation Index (SDI) to spatially
evaluate and classify degradation severity within the
watershed. This approach enhances the accuracy and
applicability of soil degradation assessments for sustainable
land management.

This study was carried out in a watershed to determine the
soil properties and their spatial variability and distribution. It
was also aimed to calculate the soil degradation index with
different weighting methods and determine the spatial
variability and spatial distribution of the soil degradation
index. Besides, determining the effect of topography and
land use differences on soil degradation index is another
purpose of the present study. A model was developed using
the GIS-based MCDA to determine the spatial distribution of
the soil degradation index. Created GIS-MCDA models are
based on established soil properties that affect soil
productivity. The model was used to classify watersheds of
low, medium, and high soil degradation index. The
hypothesis was that some topographic factors such as
altitude, aspects and slope, and land use correlate to the soil
degradation index.

Methods

The Godrahav watershed has a catchment area of 6750 ha
and is in the Black Sea Region. It lies in the north-south
direction between the Karcal mountains and the Coruh River
(Figure 1A). Its climate is semi-humid with a long-term
average rainfall of 1000 mm year-1 and a temperature of
12°C. The watershed was divided into 500 x 500 m transects,
and a total of 274 disturbed and undisturbed soil samples
were taken from 138 cross points of transects (Figure 1).



Figure 1.

R E B
41°0'0"E 42°0'0"E 43°0'0"E 41 5[?0 E 41 5I50 E 42 Oln E
; A el N z r 7
X o A
e
7 o &
] P
.\ " %
= i y L%
o =T T
; 2 | T 5
| 0‘_ ) -
= i r R
. )
£ re 3
=] o oy
= 5 N
- 1 )
<t \
Nt
.\.
g o
’
o JArtvin
st e [ study Area. 7
L T (N ) Ao EMBLB LI, Haaceir i EraghAbe Syt S oo e v 0051 2 3 4 v A
- — o021, 141 GRENGEASTAaP Conbini1ors and he €15 Lser Gorvmunity . S Kilometers G
T T r
41°0'0"E 42°0'0"E 43°0'0"E 41°50'0"E

The geographic position of the study area is named Godrahav watershed in Artvin province, Turkiye. According to the Universal
Transverse Mercator system (UTM), the coordinates of the midpoint of the watershed are 37 T, 742040E, 4569701N. B. The
sampling points were created with 500x500 m transects to take soil sample

us000 st e Taacen Tazon Teszon reanen
I i i T L L 3 i i L i x
5 - o
! 3 i
% I .
§ Elevation (m) [ i- -.“-Iopn %)
[e-e2
i Wea s
[ z0-500 e
g [T EES i_ ol
[ o000 o
[] 10001250 P
[ 12501500 5
g [ 1500-1750. g. E Ll
‘ - Moo
[ 2000-2250 ok
I =zs0-z462 T
T T T T T T
D 07515 3 45 8
b 075 15
Kitomatars
1020 o0 asaze
g L o v o el %000 razey Tast00 o
g r i ]
§
£ L
! H 7
£] = ot st
: Aspect %‘ culivation pateme F
o
o P
W Hern enatructian sites
;4 W e 1 [ Dicomiucs wten faovie
[ [T Bl dustral ar commercal unes.
[ Southeast [] Lana pincipaity acupiad by aead
B soun I e forest
I- [ southaes ;. 5 [l #anwai rassiancs
W v | [ oy vagmtated srens.
[] Mermmest ‘_1 E:::::::mdhr: —
T

0 07518 3 45 L
. — E—

Figure 2.
The landforms and land use of Godrahav watershed. A. Digital elevation
map.

model; B. Slope map; C. Aspect map; D. Land use
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The elevation of the study area varies between 207 m-2482
m (Figure 2A), has a very steep slope (Figure 2B) and mainly
the east aspect (Figure 2C). The main land uses are forest,
grassland, and agricultural field (Figure 2D).

Soil texture was determined by the Bouyoucos hydrometer
method (Gee & Bauder, 1986). Water-stable aggregates
were determined using the wet sieving method (Kemper &
Rosenau, 1986), and the aggregation rate was calculated
accordingly (Turgut & Ates, 2017). The mean weight
diameter and the dispersion rate were also calculated
based on standard procedures. Bulk density was
determined by the cylinder method (Blake and Hartge,
1986), and total porosity was calculated accordingly
(Danielson & Sutherland, 1986). The field capacity and
wilting point were determined by applying pressures of 33
kPa and 1500 kPa to the initially saturated samples (Cassel
& Nielsen, 1986). Organic matter content was determined
by the Smith-Weldon method (Nelson and Sommers,
1983), and pH was measured using a pH meter in a 1:2.5
soil-water  suspension  (Mclean, 1983). Electrical
conductivity was measured by an EC meter (Rhoades,
1983). XLSTAT software was used to calculate descriptive
statistics.

The data set was submitted to descriptive statistics (mean,
standard deviation, coefficient of variation, maximum and
minimum values). The coefficient of variation (CV) of each
data set was classified as low variability (CV < 15%),
moderate variability (15% < CV < 35%), and high variability
(CV > 35 %) (Wilding & Drees, 1983). Geostatistical

methods were used to assess the spatial variability of the
Soil Degradation Index (SDI) and the soil properties used in
its calculation. For visualization purposes, ordinary kriging
with an exponential semivariogram model was applied to
estimate values across the study area, and the resulting
prediction maps were generated using the Kernel
Smoothing method. All spatial analyses were conducted
using the ArcGIS Geostatistical Analyst extension.

Calculation

Weighting, scoring, and calculation stages were followed
to determine the soil degradation index and create the
distribution map.

i. Weighting the indicators: In this step, the correlation
coefficients between the indicators were determined
by Pearson correlation analysis, then the calculation
matrix was created by taking the absolute values of the
correlation coefficients (Table 1), the correlation
coefficients with the indicators themselves were not
included in this matrix, and finally, the weighting
coefficients were calculated using equation 1.

. Scoring the indicators: Indicators were scored with
linear functions, such as “more is better”, “optimum
range”, and “less is better” (Table 2).

iii. Calculating degradation index: After the variables were

scored between 0 and 1, final scores (SDI) were

computed using weighting and function scores (Eq. 2).

(Guler, 2020)

Table 1.

The matrix model was created by using the absolute values of the correlation coefficients obtained from the Pearson
correlation analysis at the stage of weighting the indicators.

A B C D N
A lkag] |kacl |kap |kanl
B |kpal lkpcl lkppl |kpnl
C lkcal lkcal lkeol lkcnl
D lkpal lkpgl lkpel |k pnl
n |knal lkns |kncl |knpl
n n n n n
Total D1k D1k DIk D1 D1 P
=4 =R i=C i=D i=n
n ikl Where SDI is soil degradation index; w; is the weighting
Ay = m (1) and s; is the score of the ith parameter.

SDI = Z:l w; X S; (2)

Aa, the weight of indicator A; | k|, the absolute value of the
correlation coefficient between properties.
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The values of the parameters, weight coefficients, and
score values used to determine the SDI are given in the
supplementary file.

To explain the relationship between SDI and land
properties, “zonal statistics as table” ArcTOOL was used.
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Table 2.
Functions and function parameters used in the scoring of indicators.
Indicators Function X1 T T Xo Equation
Electrical conductivity 0.00 0.69 (x— %)
Bulk density More is better 0.19 1.47 f(x) =—=<
Dispersion rate 13.48 92.71 (X2 —x1)
Clay content 379 30 35 5956 gy q_ (x—x4) e <x<r
Silt content 0.78 30 35 44.02 (ry — %)

Optimum range fx) =0;r; <x<ry
Sand content 9.12 30 35 82.59 (x—1,)

f(x) =—<;1r, <x<Xx,

pH 3.7 68 7.2 766 (X, — 1)
Aggregate stability 57.59 98.91
Aggregation rate 18.75 96.75
Mean weight diameter 0.28 1.16 (x — x;)
Porosity Less is better 24.69 87.38 f(x)=1——=<
Field capacity 15.26 91.62 (X2 —x1)
Wilting point 8.48 75.97
Organic matter content 0.15 5.90

Results and Discussion

The descriptive statistics showed that the range of data
was from 3.79 to 59.56% for clay content, from 0.78 to
44.02 % for silt content, from 9.12 to 82.59% for sand
content, from 18.75 to 96.75% for aggregation rate (AR),
from 57.59 to 98.91% for aggregate stability (AS), from
0.28 to 1.16 (mm) for mean weight diameter (MWD),
from 0.19 to 1.47 (g/cm?) for bulk density (BD), from

13.48 to 92.71% for dispersion rate (DR), from 24.69 to
87.38% for total porosity (f), from 15.26 to 91.62% for
field capacity (FC), from 8.48 to 75.97 % for wilting point
(WP), from 0.15 to 5.90 % for organic matter content
(OM), from 0.0 to 6.89 (uS/cm?) for electrical conductivity
(EC), and from 3.71 to 7.66 for pH. Sand content and AS
showed low variability; MWD, BD, f, and pH indicated
moderate variability; clay, silt, DR, FC, WP, OM, and EC
had high variability (Table 3).

Table 3.

Descriptive statistics of soil properties (n=137) used as indicators for determining soil degradation index.

Properties Min Max Mean Standard deviation Coefficient of variation
Clay (%) 3.79 59.56 29.24 10.76 36.80
Silt (%) 0.78 44.02 22.02 10.41 47.28
Sand (%) 9.12 82.59 48.74 13.82 28.35
AR (%) 18.75 96.75 69.81 18.78 26.90
AS (%) 57.59 98.91 86.97 8.15 9.37
MWD (mm) 0.28 1.16 0.76 0.14 18.42
BD (g cm?) 0.19 1.47 0.91 0.29 31.87
DR (%) 13.48 92.71 44,15 18.01 40.79
f (%) 24.69 87.38 57.10 11.96 20.95
FC (%) 15.26 91.62 41.47 15,31 36.92
WP (%) 8.48 75.97 30.32 12.66 41.75
OM (%) 0.15 5.90 3.41 1.60 46.92
EC (uS/cm?) 0.00 6.89 1.28 1.22 95.90
pH 3.71 7.66 5.77 1.01 17.50

The variation of soil

properties depending on the

physiographic characteristics of the basin and the
differences in land use is seen in the distribution maps
(Figure 3). Clay content, electrical conductivity and pH
were low in the upper zones of the basin and high in the

accumulation zones due to runoff. On the other hand,
organic matter was high in forest areas and low in
agricultural areas and settlements. Other soil properties,
such as aggregate stability, porosity, bulk density, varied
across the basin depending on the associated properties.

Research in Agricultural Sciences
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The soil properties and Soil Degradation Index (SDI) values
obtained in this study are consistent with findings from
similar research conducted in the Black Sea Region of
Turkiye. For instance, in the Deviskel Stream Watershed
located in Borgka, Artvin, a study investigating the effects of
different land use types on soil properties found that
agricultural lands had an average organic matter content of
6.20%, a pH of 7.22, and an electrical conductivity of 448.99
1uS/cm. These values were considerably higher compared to
forest and pasture areas, indicating the significant impact of
agricultural practices on soil characteristics (Erdogan &
Yavuz, 2021).

Similarly, a study conducted around Kaz Lake in Tokat
Province reported significant changes in soil properties
following drainage activities. Notably, the clay content
ranged between 25.40% and 62.90%, with an average of
50.65%. The authors emphasized that such high clay content
may negatively affect water infiltration and plant growth
(Acir et al., 2021).

In addition, a study carried out in the Alaca Watershed

revealed that the spatial distribution of soil organic carbon
(SOC) stocks was influenced by both land use and
topographic features. Higher SOC stocks were reported in
forested areas, while lower values were observed in
agricultural lands, confirming the role of land cover in
shaping soil carbon dynamics (Yilmaz, 2021).

These findings corroborate the current study’s results,
suggesting that land use and physiographic factors such as
elevation and slope play a crucial role in shaping soil quality
and degradation patterns in the Black Sea Region

Weights of indicators

The weights determined using the absolute values of the
binary correlation coefficient are given below (Table 4). pH
had the highest weight coefficient, followed by Pb, f, OM,
FC, clay, sand, WP, EC, MWD, DR, AS, AR, and silt,
respectively. Since the weight coefficient was determined by
dividing the absolute value of the correlation coefficient of
each property by the total correlation absolute value, the
weighting values were in the same order (Table 5).

Zzlz!su‘:‘.e values of correlation coefficients were obtained from Pearson correlation analysis performed among soil
properties.

Indicator Clay Silt Sand AR AS MWD Py DR F FC WP OM EC pH
Clay 0.13 0.63 038 031 035 029 028 027 012 004 029 036 0.53
Silt 0.13 0.62 0.07 0.05 0.03 0.13 036 0.1 017 01 0.1 0.1 0.11
Sand 0.63 0.62 0.32 025 0.27 0.13 051 0.16 001 01 0.17 0.18 0.32
AR 0.38 0.07 0.32 0.02 0.27 023 005 022 037 051 013 0.06 0,02
AS 0.31 0.05 0.25 0.02 0.22 0.31 0.04 01 0.19 0.03 0.27 044 045
MWD 0.35 0.03 0.27 0.27 0.22 0.26 048 028 004 0.04 01 0.29 0.38
BD 029 0.13 013 023 031 026 0.11 083 0.65 057 065 0.33 0.69
DR 028 036 051 005 004 048 0.11 022 0.02 0.03 013 023 0.25
f 027 0.1 0.16 022 0.1 0.28 0.83 0.22 048 043 05 021 0.54
FC 0.12 0.17 001 037 019 0.04 0.65 0.02 048 081 062 0.2 0.52
WP 004 0.1 0.1 0.51 0.03 0.04 0.57 003 043 0.81 0.6 0.01 0.37
oM 029 0.1 0.17 013 0.27 0.1 0.65 0.13 05 0.62 0.6 0.16 0.57
EC 036 0.1 0.18 0.06 044 0.29 033 023 021 02 0.01 0.16 0.52
pH 0.53 0.11 032 002 045 038 0.69 025 054 052 037 057 052

> 398 2.07 367 265 268 301 518 271 434 420 364 429 309 527

Z =50.78

AR: aggregation rate; AS: aggregate stability; MWD: mean weight diameter; BD: bulk density; DR: dispersion rate; f: porosity; FC: field capacity; WP: wilting
point; OM: organic matter content; EC: electrical conductivity.

Research in Agricultural Sciences
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Table 5.
Total correlation coefficients of indicators calculated with absolute values of correlation coefficients, and weights of
indicators.

. X correlation Weight of . 2 correlation Weight of
Indicator - - Indicator - .

coefficient indicator coefficient indicator

Clay 3.98 0.078 DR 2.71 0.053
Silt 2.07 0.041 f 4.34 0.085
Sand 3.67 0.072 FC 4.20 0.083
AR 2.65 0.052 WP 3.64 0.072
AS 2.68 0.053 oM 4.29 0.084
MWD 3.01 0.059 EC 3.09 0.061
BD 5.18 0.102 pH 5.27 0.104

AR: aggregation rate; AS: aggregate stability; MWD: mean weight diameter; BD: bulk density; DR: dispersion rate; f: porosity; FC: field capacity; WP: wilting

point; OM: organic matter content; EC: electrical conductivity.
Scores of indicators

The scores were calculated for each indicator using the
functions specified in methods. Here are examples of
functions (more is better, optimum range, and less is better)
used (Figure 4).

Soil Degradation Index

The SDI varied between 0.297 and 0.620 in the basin.
According to the values obtained by the ratio of SDI classes
to the whole area, SDI values in the range of 0.422-0.455
were seen to be the most common class, followed by 0.389—
0.422, 0.455-0.488, 0.356-0.389, and 0.323-0.356,
respectively (Figure 5). It can be said that a significant
portion of the basin land (95%) is below 0.5 on the 0—1 scale
(Figure 6). This indicates that while soil degradation is

1 7’
0.8
0.6 /
0.4 /
0.2

0 L.

0.00 0.50 1.00 1.50 2.00
Bulk density (gr cm3)

Score
L)

Score
’

0.5 \
0 .

0 20 40 60 80 100
Aggregate stability (%)

Figure 4.

present, it has not yet reached critical levels in most parts of
the basin.

Similar SDI distributions were reported by Yiimaz and
Korkang (2021) in the Devrekani Basin (Kastamonu), where
over 85% of the land had SDI values below 0.6. Their study
also found that agricultural practices and topographic
position were the major drivers of spatial variability in
degradation. Likewise, in the Arhavi watershed (Artvin),
GUrsoy and Sahin (2020) identified low to moderate SDI
values predominantly in forest and pasture lands, but
observed significant increases in SDI in settlement and
agriculture-dominated zones. These studies emphasize that
although natural landscapes maintain relatively better soil
quality, human-induced activities such as tillage and
deforestation markedly elevate SDI levels.

0 20 40 60 80 100
Clay content (%)

B

A: bulk density, “more is better” function;
B: clay content, “optimum range”;

C: aggregate stability, “less is better”.

Graphs show the relationship between the measurement values of the indicators and the score values calculated with linear functions.
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Spatial distribution map of soil degradation index in
Godrahav watershed.
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Proportions of Soil degradation index (SDI) classes in
Godrahav watershed

The consistency of SDI values with findings from different
parts of the Black Sea region confirms that basin-specific
factors such as slope, vegetation cover, and land
management practices play crucial roles in soil degradation
processes (Aydin & Kara, 2019; Yildiz et al., 2017).

To understand the reasons for the change of the SDI in the
study area, it was associated with the watershed
characteristics, such as land use differences, topographic
factors, and cover rate.

The effect of land use on SDI

The first watershed characteristic that affects the SDI is the
differences in land use. The area with the highest SDI is the
settlement (0.54) followed by the waterside (0.53) used for
recreational activities. These areas are followed by
agriculture (0.46), forest (0.43) and meadow (0.39),

respectively (Figure 7). Human settlement activities are
often associated with land degradation through the
depletion of essential soil nutrients (e.g., nitrogen,
phosphorus) and the accumulation of pollutants such as
heavy metals and other chemical residues (Asare et al,
2021; Fenger-Nielsen et al.,, 2019; Smejda et al., 2018).
Management practices such as soil tillage and field traffic in
the agricultural areas lead to negative changes in soil
properties (Poesen, 2018; Tian et al., 2023; Wang et al,,
0.533

2023) and an increase in SDI.
0.54
05 0461
0.426
0.388
0.4
2 03
wn
0.2
0.1
0

Forest ~ Meadow Waterside Seftlement Agriculture

0.6

Land use

Figure 7.
Variation of the soil degradation index (SDI) in the study
area according to land use.

Factors causing soil degradation in the forest are reduction
in plant cover, decrease in soil fertility, weak soil structure,
erosion, recurrent forest fire, and reduction of beneficial
microorganisms (Bax & Francesconi, 2018; Guo et al., 2019;
Navarro Rau et al., 2023; Roth et al., 2023; Sabogal, 2012).
The low human activities in the forest of the study area have
prevented these factors. For this reason, it is expected that
the SDI will be low in this area. The same situation has been
observed in meadow areas, the low grazing pressure has
prevented the negative changes in the soil properties, and
accordingly, the SDI is also placed in the low class.

According to this result, land use practices can significantly
impact soil degradation, leading to changes in soil
degradation indices (Buraka et al., 2023; Leul et al., 2023;
Zahedifar, 2023). Like our results, the researchers report
that the soil degradation problem was less common in forest
and meadow areas than agricultural fields (Kidron et al,,
2010; Leul et al., 2023; Moebius-Clune et al., 2011; Yousefi
et al., 2016; Zhang et al., 2019).
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The effect of altitude on SDI

Altitude constitutes another watershed characteristic that
exerts an influence on the Soil Degradation Index (SDI). As
altitude increases across the watershed (Figure 8), a
concomitant reduction is observed in the SDI values. The
regions characterized by lower altitudes within the
watershed exhibit a heightened susceptibility to human
activities such as settlements and recreation due to their
enhanced accessibility. Consequently, these areas are
marked by the presence of settlements and extensive
agricultural fields. Conversely, the areas dominated by
forest and meadows situated at higher altitudes remain
relatively less accessible, playing a pivotal role in the
preservation of their innate natural attributes. Within these
elevated natural zones, distinguished by their high altitudes,
the soil demonstrates a noteworthy organic matter content
as well as significant total nitrogen levels, finer soil texture,
and a more stable aggregate structure (Mujiyo et al., 2022;
Zhu et al., 2020). Consequently, soil degradation in these
elevated natural areas is notably limited Our results are
consistent with previous studies that reported a gradual
increase in soil degradation from higher to lower altitudes
(Wang et al., 2020).
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Figure 8.
Variation of the soil degradation index (SDI) in the study
area according to altitude.

The effect of slope on SDI

The SDI values exhibited variations based on the gradient of
slopes within the research area. The alteration in SDI with
respect to distinct slope categories is illustrated in Figure 9.
Corresponding to an escalating incline across the watershed,
a progressive decrease in SDI is observed. The 0-18 slope
class yielded the highest SDI value (0.439), whereas the >100

Research in Agricultural Sciences

slope class displayed the lowest value (0.422) (Figure 9). This
disparity can be attributed to the infrequent occurrence of
human activities in rugged terrains. Consequently, these
steep terrains are predominantly covered by forests,
thereby affording protection against soil erosion (Samonil et
al., 2023; Wisniewski & Marker, 2019) and losing organic
matter content (Pan et al., 2023). Erosion, a well-
acknowledged agent of environmental degradation
(Wisniewski & Marker, 2019), is mitigated through this
natural safeguard.

0.445
o 0439
0,455 0.434
0.43
= 043 0427
g 0425
0.425 0423 40y
0.42
0.415
0.41
018 1836 3654 5472 7290 90100 >1
Slope
Figure 9.

Variation of the soil degradation index (SDI) in the study
area according to the slope.

The effect of aspect on SDI

SDI showed variability across different aspects within the
watershed. The most elevated SDI values were observed in
east-facing regions, contrasting with the lowest values
recorded in northeast-facing areas. Stated differently,
throughout the watershed, shaded zones exhibited lower
SDI values compared to sun-exposed areas (Figure 10). This
phenomenon can be attributed to the augmented
vegetation density on the northern and western facets of
the land, resulting from diminished evaporation rates
(Griffiths et al., 2009; Han et al., 2022). Greater vegetation
density is associated with increased levels of organic matter
and clay content, primarily attributed to reduce erosion
rates (Tian et al., 2023). Consequently, it is normal for
regions displaying lower Soil Degradation Index (SDI) values
in the northern and western peripheries of the study area to
exhibit broader spatial coverage. Although it varies
depending on the climate and land use, this is a common
phenomenon, as supported by our findings, and aligns with
previous research (Lenka et al., 2013), which also reported
diminished degradation parameters in north-facing areas.
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Variation of the soil degradation index (SDI) in the study
area according to the aspect.

Conclusion

While this study provides a comprehensive framework for
assessing soil degradation through the Soil Degradation
Index (SDI), it lacks a clear articulation of practical
recommendations for decision makers. Identifying degraded
zones is valuable, yet the study could be strengthened by
translating these findings into actionable land management
strategies. For instance, in areas with high SDI values,
specific restoration techniques such as organic matter
amendment, conservation tillage, or afforestation could be
suggested. Moreover, land use planning decisions could
benefit from prioritizing conservation in highly degraded
areas and limiting intensive agriculture or construction in
zones with vulnerable soils.

Additionally, the study does not fully address the limitations
of the SDI approach. One key limitation is the potential
subjectivity in assigning weights to soil parameters, even
when supported by correlation analysis. The empirical
scoring functions, though useful, may not fully capture the
complexity and interactions of soil processes across diverse
landscapes. To improve robustness, future studies could
incorporate machine learning algorithms or multi-criteria
decision analysis (MCDA) to refine parameter weighting and
scoring. Another limitation is the temporal static nature of
the data; soil degradation is a dynamic process, and
repeated sampling or remote sensing integration over time
would allow for monitoring trends and evaluating the
effectiveness of management interventions.In conclusion,
while the SDI provides a valuable snapshot of soil health,
future research should enhance its predictive and

prescriptive power by integrating socio-economic factors,
land management histories, and time-series data. This
would help guide sustainable land use policies and adaptive
management practices more effectively.
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The Current Situation, Problems and
Proposed Solutions of Aquarium Businesses
in Erzurum Province

Erzurum ilinde Yer Alan Akvaryum isletmelerinin Mevcut
Durumu, Sorunlari ve Céziim Onerileri

ABSTRACT

This research was conducted to reveal the general situation of aquarium businesses operating in
Erzurum, identify current problems and propose solutions to these issues. It was observed that the 10
active aquarium businesses in the province were concentrated in three central districts. A
questionnaire, consisting of both open-ended and closed-ended questions tailored to the research
objectives, was administered to these 10 businesses through face-to-face interviews. The research
findings indicated that 60% of the aquarium businesses were tenants, all personnel were male, the
owners were older and more experienced than the employees, and 70% of them were university
graduates. It was determined that all operators sourced their fish domestically, made retail sales,
experienced an increase in sales during the winter months, sold a total of 9 fish species, with Japanese
(Carassius auratus) and guppy (Poecilia reticulata) fish being the most sold, and that the most common
disease observed was white spot disease, affecting 80% of the fish. The majority of operators (60%)
stated that aquarium cooperatives should be established. Among the most significant problems
identified were high feed and material costs, high rent and electricity expenses, and low customer
demand. In light of the data obtained, it has been concluded that organizing activities to increase
interest in the aquarium sector nationwide and providing financial and educational support to
entrepreneurs by public institutions and universities would be beneficial for the development of the
sector and the resolution of existing problems.

Keywords: Aquarium fish, Business, Erzurum, Retail sales, Survey

0oz

Bu arastirma, Erzurum’da faaliyet gosteren akvaryum isletmelerinin genel durumunu ortaya koymak,
mevcut sorunlarini tespit etmek ve bu sorunlara ¢éziim énerileri sunmak amaciyla yapilmistir. ilde yer alan
ve aktif durumda olan 10 adet akvaryum isletmesinin g ilcede toplandigi gorilmistir. Bu 10 adet
isletmeye yiz ylize goriisme yontemi ile amaca uygun hazirlanmis agik ve kapali uglu sorulardan olusan
anket uygulanmistir. Arastirma sonunda akvaryum isletmelerinin %60’ inin kiraci oldugu, personelin
tamaminin erkek oldugu, isletme sahiplerinin ¢alisanlardan yasca blytk, tecriibeli ve %70'inin Giniversite
mezunu olduklar belirlenmistir. isletmecilerin tamaminin sattiklar baliklar yurt icinden temin ettigi,
perakende satis yaptiklari, kis aylarinda satislarin arttig, toplam 9 tir balik satisi yapildigi ve en ¢ok satilan
tlrlerin Japon (Carassius auratus) ve lepistes (Poecilia reticulata) baligi oldugu ve en fazla beyaz benek
hastaliginin (%80) goriildiigii tespit edilmistir. isletmecilerin ¢ogunlugu akvaryum kooperatifciliginin
kurulmasi gerektigini (%60), en 6nemli sorunlari arasinda; yem ve malzeme maliyetleri ile kira ve elektrik
giderlerinin yliksek oldugunu, misteri talebinin ise diisiik oldugunu belirlenmistir. Sektoriin gelisebilmesi
ve mevcut sorunlarin ¢ozilebilmesi icin Ulke genelinde akvaryum sektoriine ilgi artinlmal, girisimciler
desteklenerek siis baligi Gretimine yonlendirilmeli ve bu konuda disa olan bagimlilik azaltilmalidir.

Anahtar Kelimeler: Akvaryum balig), isletme, Erzurum, Perakende satis, Siirvey
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Introduction

Today, aquariums range from small glass bowls in our homes
to massive public aquariums (Goreci & Demirarslan, 2021).
Ornamental fish attract people's attention with their vibrant
colors, different shapes, patterns, and behaviors (Shraborni
et al., 2024). For all these reasons, the aquarium hobby is
among the preferred hobbies in the world (Sharma, 2020;
Shraborni et al.,, 2024). Although aquarium hobbies are
considered as a leisure activity, it is a sector that covers 125
countries in the world and has a trade volume of
approximately 15-30 billion US dollars every year (Evers et
al., 2019). Aquarium businesses offer both domestic and
international market opportunities, contribute foreign
exchange to the country, and provide employment
opportunities for thousands of people (Anjur et al., 2021;
Wijaya & Huda, 2021).

The global ornamental fish industry generates
approximately 333 million USD in revenue, including export
and import activities, and trades more than 2 billion live
ornamental fish (Satam et al., 2018; Raja et al., 2019;Willis
& Bakuwel, 2018). The leading importers of ornamental fish
in the world are the USA, the UK, Japan, Germany, Belgium,
China, and Australia (Yue, 2019; Sharma, 2020). According
to ITC 2020 data, in 2018, 82 countries exported freshwater
aquarium fish, while 130 countries imported them. The top
three countries in freshwater aquarium fish exports were
Japan (39.4 million USD), Singapore (36.8 million USD), and
Indonesia (24.6 million USD), with a total export value of 251
million USD (ITC, 2020).

In Tlrkiye, although the history of the aquarium hobby dates
back to the 1960s, it is known that the first fish farming
facility for aquarium fish was established in the 1980s (Tolon
& Emiroglu, 2014). Imports began in 1989, and over time,
both species diversity and price competition emerged
(Tolon & Emiroglu, 2014). Looking at Turkiye’s aquarium fish
import rankings, it is ranked 42nd in freshwater species and
37th in marine species (ITC, 2020).

Previously, aguarium shops were only seen in large cities,
but in recent years, they have spread to provinces and
districts (Ozlier Hunt & Koca, 2014). There is a need for
accurate, reliable, and systematic information about the
number, capacity, fish species, sales status, and staff
characteristics of aquarium businesses in Turkiye (Kilicerkan
& Cek, 2011). Profiling aquarium businesses and identifying
their needs and deficiencies is important. This way, the
necessary steps for the development of the sector can be
determined, and a perspective can also be created. In this
context, survey studies conducted by provinces and regions
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are highly important. In this context, the aim of this research
is to determine the current status of aquarium businesses in
Erzurum, identify their structural characteristics and
available resources, analyze the problems they face, and
propose solutions.

Methods

The data utilized in the study originated from aquarium
enterprises that sell live fish and are registered with the
Erzurum Provincial Directorate of Agriculture and Forestry.
While there are 11 aquarium businesses registered with the
Provincial Directorate of Agriculture and Forestry in
Erzurum, 10 of them are actively operating. Data were
collected from these 10 businesses, located in the central
districts of Aziziye, Palandbdken, and Yakutiye, using the
survey method. A gquestionnaire, consisting of both open-
ended and closed-ended questions tailored to the research
objectives, was conducted through face-to-face interviews.
The questionnaire covered topics such as the structural
characteristics of the businesses, fish species, water quality,
diseases, aquariums, feeding, encountered problems, and
marketing. Before the surveys were conducted, necessary
explanations regarding the purpose of the survey and its
content were provided. The responses given by business
owners and employees to the questions were recorded by
the surveyors on the questionnaire forms. The data
obtained in the study were analyzed using the Microsoft
Excel software, with percentages calculated and interpreted
in tables and graphs.

All applicable international, national, and institutional
guidelines for the care and use of animals were followed.
This study was approved by the Social and Human Sciences
Ethics Committee of Ordu University (Ethics approval
number: 2024-161, Date: 30/10/2024). Consent was
obtained from all participants in the study.

Results and Discussion

The investigation revealed that aquarium enterprises
registered with the Erzurum Provincial Directorate of
Agriculture and Forestry were mainly located in three
central districts, with no aquarium firms present in other
districts. When the general distribution of the 10
aquarium businesses in Erzurum province was examined;
it was determined that 80% were located in Yakutiye, 10%
in Aziziye, and 10% in Palanddken. Evaluating the entire
province, it is clear that aquarium businesses are not
located in the center, but are instead found in three
districts with large populations. In the research carried
out Pala and Yilmaz (2020), it was determined that
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aquarium enterprises were predominantly situated in
areas with elevated population densities and greater
economic development. Conversely, Olgunoglu et al.
(2021) reported that 70% of these businesses were
established in the central and most populous district of
the province. Bulut and Ozcan (2022) also reported that
nearly all the businesses were located in the city center.

In the study, it was found that 60% of the aquarium
businesses were established between 2011 and 2018,
while 40% were established between 2019 and 2023. It
was also determined that 30% of the businesses were
property owners, while a large proportion (70%) were
tenants (Figure 1). The ownership status of the businesses
has also been identified as predominantly tenant-based
(73-94%) in previous studies (Table 1) (Bulut & Ozcan,
2022; Buyuktas & Kizak, 2018; Celik et al., 2010;
Hekimoglu et al., 2005; Olgunoglu et al., 2021; Ozlier
Hunt & Koca, 2014; Pala & Yilmaz, 2020). Additionally, it
has been reported that rental expenses were among the
significant costs for these businesses (Bulut & Ozcan,
2022; Olgunoglu et al., 2021; Pala & Yilmaz, 2020).
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Figure 1.

Ownership structure of aquarium businesses

The study found that 100% of aquarium business owners did
not have any other source of income. In previous studies, it has
been reported that business owners provided their livelihoods
with the income from aguarium business at varying rates such
as 47% (Hekimoglu et al., 2005), 62.1% (Celik et al., 2010),
78.3% (Ozliler Hunt & Koca, 2014), 100% (Bilyiktas & Kizak,
2018), 82% (Pala & Yilmaz, 2020), 80% (Olgunoglu et al., 2021),
93% (Bulut & Ozcan, 2022).

When looking at the gender ratios in the enterprises, it was
determined that all of the business owners and employees
(100%) were male. In previous studies, it was reported that all
of the staff were male at high rates, ranging from 85.7% to
100% (Bulut & Ozcan, 2022; Biiyiktas & Kizak, 2018; Celik et
al., 2010; Hekimoglu et al.,, 2005; Kilicerkan & Cek, 2011;

Olgunoglu et al., 2021; Ozlter Hunt & Koca, 2014; Pala &
Yilmaz, 2020), and the results are presented in Table 1.

An analysis of the results from previous studies and the current
study on women's employment, as shown in Table 1, reveals
that the Black Sea Region has the highest number of female
employees, while the Southeastern Anatolia Region has the
lowest. According to the results of the Turkish Statistical
Institute (TURKSTAT) Household Labour Force Survey, the
highest female employment rate in 2022 was in TR90 (Trabzon,
Ordu, Giresun, Rize, Artvin, Gimushane) region with 37.4% and
the lowest female employment rate was in TRC3 (Mardin,
Batman, Sirnak, Siirt) region with 18.2%, and this result
coincides with the findings of the study (TURKSTAT, 2022). In
the studies conducted on aquarium establishments in our
country, the average rate of female employees is 6.7% and it is
seen that female employment in this sector is quite low. In
addition, Ayta and Sen (2023), in their study on the general
outlook of women's employment in Tirkiye, reported that
Turkiye lags behind all EU and OECD countries in women's
employment and labour force participation rates.

Data on the ages and work experiences of aquarium business
owners and employees are shown in Table 2. It was
determined that the average age of the business owners was
37 years and 14 years of experience, while the average age of
the employees was 28 years and 8 years of experience. Analysis
of the data from previous studies in Table 1 indicates that
business owners possess greater age and experience
compared to employees (Hekimoglu et al., 2005; Ozltier Hunt
& Koca, 2014; Pala & Yilmaz, 2020).

Analysis of Table 3, which presents the educational status of
the business owners and employees, reveals that 70% of
business owners are university graduates, whereas all
employees possess high school diplomas. In this study, it was
determined that 12% of all personnel were primary school
graduates, 47% were high school graduates and 41% were
university graduates. Blylktas and Kizak (2018) reported in
their study on enterprises located on the European side of
Istanbul that a very low rate of 2% of aquaculture engineering
graduates operate in the sector and that this low rate causes
the failure of information transfer to the customer and the
decrease in the amount of sales.

The data on the educational status of enterprise owners and
employees in previous studies are given in Table 1. Analysis of
prior studies reveals that high school graduates represent the
highest rates, while primary school graduates present the
lowest rates (Celik et al., 2010; Hekimoglu et al., 2005; Ozluer
Hunt & Koca, 2014; Pala & Yilmaz, 2020). Unlike other studies,
the highest rate of university graduates was found in this study.
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Table 1.

General overview of the results of studies conducted with aquarium businesses in various provinces of Tiirkiye.
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Current study Erzurum 10 70 100 100 37/14 28/8 12 _4147 ) 100 - - 62 80-20-0 60 -40
Hekimoglu et al., izmir
4 7 47 4 14 31/7 21-53-26  44-3- 7 2-49-1 -
(2005) (Center) 3 9 6/9 38/ 31/ 53-26 3-53 6 3 9-19
Celik et al., ’ 32.7-38.2
(2010) Istanbul 19 88.1 62.1 10.1/89.9 9.1 12 -21-67 90.9
Kiligerkan & Cek, 90 (WS+F)-
(2011) Hatay 31 7.1/92.9 10 55-45
Ozliier Hunt & Koca,  Mersin 40-475- 70 ( WS+F)-
(2014) (Center) 23 82.4 78.3 5/95 33/11.4 27/5.3 125 65.3 30
- istanbul
Buytiktas & Kizak, (European 52 94 100 5/95 ; - ; - : ;
(2018) .
side)
Pala & Yilmaz, Ordu 11 73 82 13/87 4310 2774 0074886 g g 55 45-50-5  73-27
(2020) 66
Olgunoglu etal, Adiyaman 10 80 80 100 36.57/10+ : 90 - - - - -
(2021)
Bulut & Ozcan, ;
(2022) Elazig 14 93 93 14.3/85.7 - - - - - - -
* The "-" sign in the table indicates that there is no data for the relevant section.
Table 2. In the study, it was determined that none of the aquarium

Age and work experience of the owner and employees
(vears)

Business Owner Business Employee

Age Experience Age  Experience
Minimum 24 10 20 3
Maximum 52 25 57 27
Average 37 14 28 8
Standart deviation  7.26 5.35 10.73 7.21

Table 3.
Educational status of aquarium business owners and
employees

Education Status

Primary School+

High School University Total
Owner 3 7 10
Employee 7 - 7
Total 10 7 17
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businesses sold live plants, and all of the fish sold by the
businesses (100%) were obtained from domestic markets.
Table 1 shows the fish supply locations of previous studies.
When the data are analysed, it is seen that the rate of
domestic fish procurement is higher in this study than the
other studies.

The fish species offered for sale by the enterprises are
goldfish, guppy, swordtail, moli, dolphin cichlid, scavenger,
stingray, gourami and beta fish. The fish species sold in the
enterprises and the average monthly fish sales of the
enterprises are given in Table 4. Looking at the enterprises in
general, it was determined that a total of 9 species of fish
were sold, the most sold species was goldfish, followed by
guppy in the second place, and the least sold species was
gourami. This finding in Erzurum province is similar to the
results of studies conducted in various provinces of Turkiye.
Kilicerkan and Cek (2011), Ozliier Hunt and Koca (2014), Pala
and Yilmaz (2020), Olgunoglu et al. (2021), Bulut and Ozcan
(2022) reported that the most sold fish species was goldfish,
followed by guppy in Hatay, Mersin, Ordu, Adiyaman and
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Elazig provinces, respectively. The high sales rate of these two
types of aquarium fish is associated with the fact that they are
economic species, easy to maintain, easy to breed, easy to
supply and easy to import (Bulut & Ozcan, 2022; Bilyiiktas &
Kizak, 2018). In addition, in studies conducted in different
countries of the world, it has been emphasised that goldfish
and guppies are among the most popular and demanded
species and are widely available in aguarium businesses
(Faruk et al., 2012; Rixon et al., 2005; Sinha, 2016).

Table 4.
Fish species sold in aquarium businesses and monthly
average number of fish sales

Average Standard

Latin Name Name Min  Max Sales Deviation
Carassius Goldfish 50 500 157  135.26
auratus
Poecilia

1 7 .32
reticulata Guppy 0 >0 3 °8.3
Xiphophorus ¢ el 30 120 66 49.20
helleri
Poecilia Mol 0 120 63 46.20
sphenops
Cyrtocara moorii Dolphin 0 100 54 41.15

4 Cichlid '

Corydoras sp. Scavenger 0 100 42 36.15
Prerygoplichthys o\ ooy 0 100 44 35.96
gibbiceps
Colisa unicolor Gourami 0 40 20 16.33
Betta splendens  Beta 0 100 43 38.02
Total 9 species 562

Only 10% of the enterprises stated that they breed fish and
the species they breed is scavenger fish. Celik et al. (2010)
reported that 35.7% of the enterprises and Hekimoglu et al.
(2005) reported that 23.5% of the enterprises produced fish
and the species produced were guppy, swordtail, plati, moli,
ray, cichlid, goldfish, scavenger, beta, discus and gourami. In
our study, it was observed that the fish production rate was
lower than in other studies, with 90% of the enterprises
citing high costs related to electricity, water, medicine, and
feed, as well as low demand for fish, as the reasons for not
raising fish.

It was determined that all of the businesses in Erzurum
(100%) sold aquariums, air motors, heaters, filters, air
stones, scoops, sand, siphon hoses and aquarium decoration
materials. As seen in Table 1, aquarium material sales rates
were determined as high as 91-97% in previous studies

(Hekimoglu et al., 2005; Kilicerkan & Cek, 2011; Ozliier Hunt
& Koca, 2014; Pala & Yilmaz, 2020). However, in this study,
it was determined that 60% of the businesses sold different
types of animals (birds, rabbits, dogs and turtles) and their
feed and other items. Ozlier Hunt and Koca (2014) stated
that 96% of the businesses sold live animals other than fish
or materials related to these animals, and Olgunoglu et al.,
(2021) stated that these rates were higher than the research
findings.

Fifty percent of businesses has a website; however, only one
engages in online sales, while the remainder does not utilize
these sites actively. Furthermore, ten percent of businesses
hold a favorable perspective on online fish sales, in contrast
to ninety percent who regard it negatively. E-commerce,
which has become an increasingly widespread and
developing sector today, provides the advantage of reaching
a large number of consumers simultaneously and
effectively, in addition to the convenience it offers (Yiimaz
et al.,, 2016). Despite all these positive features of e-
commerce, it was seen in the research that the number of
businesses selling fish online is very few and the negative
perspective on online fish sales is quite high.

It has been determined that all of the businesses engage in
retail sales, that fish sales vary seasonally, and that the
highest sales, at a rate of 62%, occur in the winter season
(Figure 2). In line with the results of this study, Pala and
Yilmaz (2020) reported that 91% of businesses engage in
retail sales, and the highest fish sales, at 55%, occur during
the winter months. Other researchers who reported that
fish sales are highest in winter have sales rates ranging from
65.3% to 90.7% (Celik et al., 2010; Hekimoglu et al., 2005;
Ozlier Hunt & Koca, 2014) (Table 1). The high sales rates in
winter can be explained by the fact that, as people's time
spent indoors increases, they are more likely to engage in
soothing and visually appealing hobbies.

15%

62%
15%

W Spring M Summer Autumn B Winter

Figure 2.
Distribution rates of fish sales according to seasons
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It was determined that the number of glass aquariums used
in aquarium businesses varies between 4-15, has an average
volume of 80 liters, and only 1 business uses two aquariums
with a volume of 130 and 200 liters for display purposes. It
was determined that all of the businesses use dry feed and
do not use any live feed. It was also determined that the fish
are fed twice a day and in small amounts (60%).

It was determined that 80% of the fish diseases seen in
aquarium businesses are white spot, 20% are fungal
diseases, and parasites and fungicides are used in the
treatment of the diseases. When Table 1 is examined, it is
seen that the disease types detected at a high rate in other
studies are white spot and fungus, and these results are
parallel to the research findings. Barata et al., (2017)
reported in their research that problems caused by
protozoan parasites have an important place among the
pathogenic diseases of aquarium fish, and that one of the
most important of these is Ichthyophthirius multifilis, the
cause of white spot disease. Taner and Yildiz (2018) pointed
out in their study that pathogen transfer via aquatic
organisms, including aquarium fish, should be regularly
monitored.

Among aquarium businesses, the rate of those who want
aquarium cooperatives to be established in order to develop
the sector further and solve its problems is 60%, while 40%
have a negative view of cooperatives. In similar studies; Pala
and Yilmaz (2020) reported that 73% of business owners
have a positive view and 27% have a negative view of the
establishment of cooperatives, while Kilicerkan and Cek
(2011) reported that 55% have a positive view and 45% have
a negative view. When we look at the studies in general, it is
seen that the rate of those who have a positive view of
cooperatives is high. Dogan (2018) emphasized that, just like
in other branches of agriculture, organizational structures
and cooperatives can be applied in aquarium fish
production, and through this, significant achievements can
be made as civil initiatives in both national and international
markets, as well as in decisions to be made by central
governments. From this point of view, it should be
considered that cooperatives will contribute to the
development of the aquarium business sector.

60% of the business owners have a positive view on the
obligation to employ a responsible veterinarian when
opening a business, while 40% have a negative view.
However, it has been determined that the business owners
who find this positive do not receive consultancy services
from veterinarians on any issue (disease, death, quarantine,
etc.). Pala and Yilmaz (2020) stated that the majority of the
business owners (64%) have a negative view on this
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guestion, and that similar to the research findings, business
owners who had a positive view did not receive consultancy
services from veterinarians, and that this situation was quite
thought-provoking. Blylktas and Kizak (2018) emphasized
the importance of removing the mandatory employment of
veterinarians in this field and granting this authority to
individuals who have received engineering education in
aquaculture and possess real authority.

The operators stated that there is a shortage of educated
and trained personnel in the sector, this negatively affects
the development of the sector, the demand for fish, feed,
materials, etc. They stated that costs are high, demand for
aquarium fish is low, expenses such as rent and electricity
are high, and the fact that feeds for other animals are sold
in markets negatively affects their sales. They also
emphasized that the knowledge and experience level of
business owners and employees must increase in order for
this sector to develop. 60% of business owners think that
those who engage in clandestine aguarium hobby negatively
affect fish sales, do not comply with the maintenance and
feeding conditions of the fish, produce as a side business
with hearsay information and disrupt price stability. They
also stated that many people who sell without a tax plate
negatively affect the market by selling fish cheaper than
aquarium shops.

When aquarium business owners were asked about their
perspective on illegal fish entry, 20% of the operators
thought that it had a positive effect and stated that there
was illegal fish entry from Iran, and that this increased their
chances of buying fish at a low price. 80% stated that they
had no information on this subject. Many researchers have
pointed out that fish are entering our country from Syria,
that fish are transported in unhealthy and unsuitable
conditions, that diseases are spread, that market conditions
are shaped according to the prices of incoming fish, and that
illegal fish entry should be prevented (Kilicerkan & Cek,
2011; Gimds et al.,, 2013; Kanyilmaz et al., 2013; Ozluer
Hunt & Koca, 2014). 60% of the businesses stated that they
apply quarantine procedures when they buy fish, while 40%
stated that they do not apply any procedures. It has been
emphasized in studies conducted in izmir (Hekimoglu et al.,
2005) and Mersin (Ozliier Hunt & Koca, 2014) that imported
fish and plants cause problems in businesses by spreading
diseases because they are not quarantined. The fact that the
number of businesses applying quarantine as a result of the
research is high shows that aguarium owners are somewhat
aware of the problems that businesses may encounter when
fish are not quarantined when purchased from abroad.
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Conclusion and Recommendations

As a result of the findings obtained from the research, the
problems experienced by aquarium owners in Erzurum
province were determined and solution suggestions were
developed for these problems. The first of these problems is
the high costs. The main costs are rent, electricity, fish, feed
and aquarium material expenses. The operators, who are
tenants at a high rate of 70% and only deal with this
business, experience financial difficulties from time to time
and have difficulty in surviving in the sector. As a result of
high bills due to electricity usage, there is also a loss of work
efficiency. This situation causes an increase in expense costs
and decreases the profit and income of the operator. For
this reason, not being left alone with incentives or supports
on rent, electricity, etc. through the Ministry of Agriculture
and Forestry will encourage the increase in initiatives and
activities to be carried out in the sector.

Another problem detected in the sector is that there is not
enough fish sales to minimize the high cost disadvantage. In
this regard, it is thought that it would be beneficial to carry
out some entrepreneurial activities that will increase the
interest and curiosity of people living in Erzurum province in
aquarium fish. These include the establishment of city
aquariums that can attract people of all ages and the
establishment of large aquarium businesses in city shopping
malls. Such businesses are areas where students of various
educational institutions can visit and families can spend time
on weekends and can accelerate the development of the
sector.

In the study, it was determined that aquarium operators
complain about the inadequacy of the knowledge and
experience levels of people working in this sector, that this
situation negatively affects the development of the sector
and that they want more educated people to be employed
and take part in the sector. It is possible to close the gap in
educated personnel through lifelong learning programs and
seminars to be organized by universities or the Ministry. It
would be beneficial to encourage the participation of
existing aquarium operators and employees in these
trainings and seminars. Through these training programs
and seminars, the knowledge levels of the fish species they
sell, feeding programs, fry production, broodstock care,
recognizing diseases, knowing the methods of combating
them, hygiene and also sales and marketing can be
increased and conscious and professional aquarium
management can be ensured. Especially being able to
produce fry from their own broodstock can provide great
benefits in terms of disease control and preventing the

spread of diseases, which is one of the important problems
of the enterprises. In addition, it would be more functional
for the consultancy work in aquarium enterprises to be
given by aquaculture and fisheries technology engineers
who have knowledge and experience in both fish farming
technigues and diseases, instead of veterinarians.

In this research and similar studies conducted in different
provinces, it has been frequently emphasized that aquarium
enterprises do not have a professional chamber or
cooperatives that will have the power to represent them. In
fact, it has been determined that the enterprises are
registered to different chambers. It is seen that it is
necessary to realize the cooperative organization as soon as
possible, which will enable them to take faster steps in order
to prevent this confusion and solve the existing problems.
The segment that is not keen on cooperativism also needs
to be enlightened about the opportunities that
cooperativism will offer them. In this context, there is a need
for projects that will enlighten the operators about the
importance of cooperatives to be established between
university and sector members and the opportunities they
will offer them.

The breeding and trade of aguarium fish not only meets the
demands of hobbyists, but also creates employment
opportunities for thousands of people in rural areas of
developing countries, as in the Far East. Therefore,
supporting entrepreneurs and directing them to ornamental
fish production in order to increase interest in this sector
throughout the country is important in terms of reducing
external dependency and providing employment. At the
same time, large enterprises can be encouraged to invest in
this field, and foreign exchange input can be provided to the
country's economy.

It is a fact that our country is not in the place it deserves in
the aquarium fish sector. Numerous academic studies have
been conducted on aquarium fish and their breeding to
date. The studies and the data from this research show that
serious steps need to be taken to remove the obstacles to
the development of the sector. Considering the data
obtained from the scientific studies conducted, conducting
a regional and countrywide current situation analysis will be
an important step towards eliminating the deficiencies.
Paving the way for the development of aquarium fish
management with projects to be carried out jointly by the
University, the General Directorate of Fisheries and Aquatic
Products of the Ministry of Agriculture and Forestry and
sector representatives is of great importance in terms of the
professionalization of the sector.
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Effect of Altitude on Cold Damage and
Phenophase Durations in cv. Karaerik

Karaerik Uziim Cesidinde Rakimin Soguk Zarari ve Fenofaz
Uzerine Etkisi

ABSTRACT

Karaerik, the only standard table grape variety of Erzincan, distinguishes itself from other grape varieties
with its training system and unique taste. This variety, which has a high commercial value, is also a
natural heritage and is an important example of Tiirkiye in terms of sustainable viticulture. In Erzincan
Uziimlii district, where Karaerik grape cultivation is widespread, the vineyards are located between
1150 m and 1650 m altitude. In this study, the damage levels caused by low winter frosts in vineyards
at different altitudes and the effectiveness of the methods used to determine these damage levels were
investigated. In addition, the phenophase stages of the grapevines that occur between the pruning and
harvest periods depending on the altitude were determined. Within the scope of the study, frost
damage in Karaerik vineyards located at 1200 m, 1300 m, 1400 m and 1500 m altitudes throughout the
district was determined by cross sectioning, shooting and real-time shooting methods and tests, and it
was revealed to what extent the sectioning and shooting methods and damage detection confirmed
real-time shooting. In all of the methods used, it was determined that the most frost damage occurred
in the bottom buds (first 3 buds) of the vineyard at an altitude of 1200 m, and in terms of bud type, the
damage in the primary buds was greater than the secondary and tertiary buds. The cross sectioning
method confirmed 83.02% of real-time shooting test, while the shooting method confirmed 93.06%.
The number of days between pruning-bud break, bud break-full bloom, full bloom-veraison, veraison
and beginning of harvest increased from 1200 m altitude to 1500 m altitude. Taking the altitude factor
into account in cultural processes in Karaerik vineyards will both increase the sustainability of local
viticulture and carry a genetic heritage to future generations.

Keywords: Altitude, Cold damage, Karaerik, Phenophase

0z

Erzincan’in tek standart sofralik Gzim cesidi olan Karaerik; terbiye sistemi ve essiz tadi ile diger Gizim
cesitlerinden ayrilmaktadir. Ticari degeri yiiksek olan bu gesit ayni zamanda dogal bir miras niteliginde olup
strdurdlebilir bagcilik agisindan Tiirkiye’nin dnemli drneklerindendir. Karaerik Gziim yetistiriciliginin yaygin
olarak yapildigi Erzincan’in Uziimlii ilgesinde baglar 1150 m ile 1650 m rakimlari arasinda yer almaktadir.
Bu calismada, farkli rakimlarda kis donlarinin baglarda meydana getirdigi hasar dizeyleri ve bu hasar
diizeylerini belirlerken kullanilan yéntemlerin etkinligi incelenmistir. Ayrica asmalarin budama ile hasat
doénemleri arasinda rakima bagli olarak gerceklesen fenofaz evreleri tespit edilmistir. Calisma kapsaminda
ilce genelinde 1200 m, 1300 m, 1400 m ve 1500 m rakimda bulunan Karaerik {iziim baglarindaki don zarari
kesit alma, stirdiirme ve gergek zamanli stirme yontem ve testleri ile belirlenmis, kesit alma ve stirdirme
yontemleri ile hasar tespitinin gergcek zamanli siirmeyi hangi oranda dogruladigi ortaya koyulmustur.
Kullanilan yontemlerin tamaminda en fazla don zararinin 1200 m rakimdaki bagin dip gézlerinde (ilk 3 goz)
gerceklestigi ayrica tomurcuk tipi bakimindan primer tomurcuklarda meydana gelen zararin sekonder ve
tersiyer tomurcuklardan daha fazla oldugu tespit edilmistir. Kesit alma yontemi %83,02, siirdiirme
yontemi ise %93,06 oraninda gergek zamanli stirme sayimini dogrulamistir. Budama-gozlerin uyanmasi,
uyanma-tam giceklenme, tam ciceklenme-ben diisme, ben diisme ve hasat baslangici arasinda gegen giin
sayisi 1200 m rakimdan 1500 m rakima dogru artis gostermistir. Karaerik Gzim baglarinda kalttrel
islemlerde rakim faktoriiniin dikkate alinmasi, hem yore bagciliginin stirdirilebilirligini artiracak hemde
genetik bir mirasi gelecek nesillere tasiyacaktir.

Anahtar Kelimeler: Rakim, Soguk zarari, Karaerik, Fenofaz
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Introduction

Grapes one of the oldest fruits that have existed since
prehistoric times and have survived to the present day
(Ekhvaia & Akhalkatsi 2010; Naginezhad et al., 2018; Zohary
& Spiegel-Roy, 1975). Vine and wine are frequently
mentioned in the holy books of monotheistic religions such
as the Torah and the Bible. From the mythological period to
the present, grapes and grape by-products have always
been included in artistic works. As a matter of fact, the
archaeological excavations carried out to date have been
the greatest proof of the importance societies give to grapes
(Deliorman et al., 2011). Itis thought that the vine began to
be cultivated in the Neolithic period (6000-5000 BC) in the
region known as Transcaucasia in the eastern part of the
Black Sea. Turkiye, which is located in the world's most
suitable climate zone for viticulture, has a very old and deep-
rooted viticulture culture. Grapevine, which was first
cultivated in Anatolia, has been one of the most important
agricultural products for all civilizations that made this
geography their home (Candar et al., 2021; Dogan, 1996).

Grape, one of the most diverse fruit species in the world, is
still facing the negative effects of the climate in some
regions, even though it has survived to the present day.
Especially in regions where the continental climate prevails,
winter cold is one of the most important abiotic factors that
limits economic viticulture. Therefore, producers face
serious problems when they aim to obtain high quality
grapes in areas where short vegetation and cold climate
prevail (Fennel, 2004). Although Turkiye has a significant
advantage for viticulture due to its climate, low
temperatures and frost events cause vyield loss and
economic losses in vineyards (Kipe, 2019). Especially in the
Eastern Anatolia Region, viticulture is faced with many
negative effects of the continental climate. For Vitis vinifera
L. varieties, low temperatures in winter cause damage at -
12°C in winter buds, -16°C in shoots and -20°C in branches
(Kose & Gulerylz, 2009). The threshold values of this
damage vary depending on factors such as altitude, location
of the vineyard, rootstock, variety, dormancy period
temperatures, pruning time and method, training method,
cultural control, product load, genetic factors, and
adaptability of the variety. In fact, according to research, it
is estimated that approximately 5-15% of world grape
production is lost each year due to frost damage (Evans,
2000).

One of the regions most affected by winter frosts in terms
of viticulture in Turkiye is the Uzimli District of Erzincan.
Although the grape microclimate is a suitable region for
viticulture, the short vegetation period and winter frosts in
the region cause economic losses in grapes. The Karaerik

grape variety, which is thought to be one of the grape
varieties with the high commercial value in Tlrkiye. Karaerik
grown in Uziimli as the only standard table grape variety of
Erzincan and is marketed at a high demand (Kose, 2002). The
vineyard areas in Uziml{ start from 1150 m altitude and go
up to 1650 m altitude. In a study conducted by Kdése and
Gulerylz (2009) in Karaerik vineyards, it was reported that
there were significant differences between the damage
levels occurring at different altitudes. Another factor that
changes with altitude is phenological periods. It has been
reported that altitude drives phytophenological stages
through a temperature decrease of about 0.6°C per 100 m
(Barry, 1981; Koch et al, 2007, Ziello et al,
2009).Phenological stages includes processes such as the
growth, development, and fruiting of a vine throughout the
year (Nasirovic, 2024). Monitoring phenological periods is
important for quality grape and wine production. In a study
conducted by Alikadic et al. (2019) on the phenological
periods of altitude in grapevines, it was reported that bud
burst was delayed by 0.85 to 2.88 days and harvest was
delayed by 6.27 to 7.16 days for every 100 m increase in
altitude, thus the increase in altitude on a global scale
caused a delay in phenological stages and the main effect of
the increase in altitude was seen in bud burst and the
beginning of harvest. Agricultural science uses phenological
data for the timing of agricultural work and the selection of
suitable products and varieties. Nowadays phenological
data are usually used in providing valuable input data for
crop vyield modelling, they provide important support to
frost warnings and are essential for pest control measures
(Koch et al., 2007).

Within the scope of this study, the level of damage caused
by low winter temperatures on the Karaerik grape variety in
Erzincan Province UzUmlU District, where the continental
climate prevails but exhibits microclimate characteristics,
was examined in laboratory, greenhouse and field
conditions in vineyards at 4 different altitudes (1200 m,
1300 m, 1400 m and 1500 m). It was tried to detected by
cross-sectioning, shooting and real-time shoot counting
tests. In addition to determining the level of damage that
occurs depending on altitude, the study also tried to reveal
the difference between the methods used to determine
these damage levels and the effect of altitude on the time
between phenological stages of grapevine was evaluated.

Methods

Meteorological data for Uzimlii District were obtained from
Erzincan Meteorology Station. According to long-term (1929-
2022) climate data, the annual average temperature in
Erzincan is 10.9°C, the annual average highest temperature is
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17.4°C, the annual average lowest temperature is 4.8°C, the
average number of rainy days is 102.1, and the annual
average rainfall is 367.2 mm. According to the long-term
temperature average, the temperature values in summer are
between 20°C and 24.1°C, and in winter the temperature is
between 1.2°C and -3°C. The number of cloudy days per year
was determined as 197.9 and the number of sunny days as
105.4 (Anonymous, 2022a). As of 2022, there are 38,672
acres of planted land in Erzincan Province, 9478 acres of
which are vineyards, and 58% of these vineyards are located
in Uziml. In 2022, 4190 tons (67.5%) of the 6202 tons of
grapes produced in the province were produced in Uzimli
(Anonymous, 2022 b).

Material

The Karaerik (Vitis vinifera L.) grape variety that we used as
material in the study is the only standard table grape variety
of Erzincan and is widely grown in Uzimli (Cimin) District.
Karaerik is a table grape variety with black color, flattened
oval shape, an average weight of berries is 3-4 g, an average
number of seeds of 1-4, medium skin thickness, plump
density and an average cluster weight of 300 g-500 g
(Kdse,2002; Kiipe,2013; Ozogul, 2024). It has a unique mist on
its berries and aroma that is not seen in other grape varieties,
meeting at a very fine point between tart and sweet in taste
(Karadeniz & Altinbilek, 2016).

The training method for the Karaerik grape variety is the
baran system, which is a method specific to the region. The
Baran system can be described as a system in which the grape
trunk is taken underground, the branches and rods are left
above the soil, and the soil is raised from the ground in a
herringbone shape. In recent years, due to global warming,
the decrease in snow cover in the region and climate changes,
the Karaerik grape variety has been seriously affected by
winter frosts (Kose & Gulerylz, 2009; Kupe, 2012).

Determination of Frost Damage

The level of frost damage was determined using 3 different
methods: cross sectioning, shooting and real-time shoot
counting tests in greenhouse, laboratory and field conditions.
As a matter of fact, carrying out frost damage detection
studies in viticulture comparatively in the laboratory,
greenhouse and field triangle will increase the accuracy of the
studies.

Cross-Sectioning Test

In this method, a total of 72 number 1-year-old healthy
branches with 9 buds were taken from 4 different altitudes in
January and February. The samples were brought to the
laboratory on the same day and kept at room temperature for
1 day to allow enzymatic browning to occur and to more
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clearly determine the level of damage. In this method, the
damage level in primary, secondary and tertiary buds was
examined according to the positions of the buds (bottom,
middle, end) on January and February 24, a total of 648
number of buds, according to their positions and altitude.
Then, the winter buds on 1-year-old branches were cut with
a scalpel and the vitality of the primary, secondary and
tertiary buds was determined (Celik et al., 2008; Kose &
Gulerylz, 2009; Kipe, 2013; Odneal, 1984). Primary,
secondary and tertiary buds with green tissue were
considered alive and brown ones were considered dead
(KGpe, 2013) (Figure 1).

Figure 1.
Determination of vitality in buds by cross sectioning method

Shooting Test

In the shooting test, a total of 72 number 1-year-old healthy
branches with 9 buds were taken from 4 different altitudes in
2 different periodsin January and February. Branches brought
to the laboratory were grouped according to their altitude
and position, and the 1%, 2", and 3™ buds of the 9-bud
branches were accepted as bottom buds; the 4™, 5™ and 6™
buds were accepted as middle buds; and the 7%, 8", and 9t
buds were accepted as end buds. After the branches were cut
into 1-bud cuttings and kept in room temperature water for
24 hours, they were planted in shooting boxes prepared from
a 1:1:1 mixture of sand, perlite and soil in a greenhouse
environment according to the bud position and altitude
(Ozgirr et al., 2021). In this method, a total 324 number of 1-
bud cuttings were used from 4 different altitudes, including
27 bottom, 27 middle and 27 end buds for each period.
Cuttings with buds were considered as living and cuttings
without buds were considered as dead (Figure 2).

AT
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Real-Time Shoot Counting Tests

In Karaerik vineyards located at altitudes of 1200 m, 1300 m,
1400 m and 1500 m, buds that have completed their
blooming were counted on different vines in the vineyard on
May 20. The number of shoots on all the remaining 3- bud
branches after pruning on the 3 number of vines detected at
each altitude was counted directly in real time. In this
method, the buds that have completed their bud burst stage
and formed leaves and green shoots are considered alive, and
the buds that have not formed are considered dead. Because
of only 3 number of buds are usually left during pruning of the
Karaerik grape variety in the region, the damage level was
determined at the bottom buds according to the bud position
(Figure 3).

Figure 3.
Real-time viability detection in buds

Differences Between Methods in Determining Frost Damage

In frost damage determinations made by sectioning method,
the situation in which all three primary, secondary and
tertiary buds within the winter bud were dead at the same
time was evaluated as final death. As a matter of fact, in the
shooting and real time shooting methods, in cases where
none of the buds in the eyes erupt, the eye is considered dead
and the damage rate is determined accordingly. Therefore,
final mortality rates were taken into account when comparing
frost damage between methods. However, since the frost
damage detection with the ploughing method is done after
pruning and generally 3 buds are left in the traditional pruning
carried out in the region, the damage difference comparison
was made on the bottom buds.

Phenophase Durations

Bud Burst

In spring, as the daily average air temperature rises above
10°C and the soil temperature increases, the buds begin to
swell, internal development accelerates, the protective scales
on the bud separate from the tip, and first the brown woolly
bud hairs, then the green shoot tip, begin to appear, and the
bud completes its bud burst process (Agaoglu, 2002; Coombe,
1995; Eichhorn & Lorenz, 1977; Lorenz et al., 1994). This

period was recorded as the period when the buds burst.

Full Bloom

The period when 50% of the caliper was shed was taken as
basis (Agaoglu, 2002; Coombe, 1995; Eichhorn & Lorenz,
1977; Lorenz et al., 1994).

Veraison

In order to determine the veraison date, the vines in the
vineyard were visited one by one and the bunches were
examined, and the date when the coloration was first
observed was determined as the veraison (Coombe, 1995;
Eichhorn & Lorenz, 1977; Lorenz et al., 1994;).

Harvest

The harvest date is based on the variety's unique appearance
and taste are formed and the first product is brought to the
market (Coombe, 1995; Eichhorn & Lorenz, 1977; Lorenz et
al., 1994).

Yield (kg/da)
Yield was calculated as kg/decare by multiplying the number
of clusters on the vine by the average weight of 3 clusters
representing the vine and by 200 (it is assumed that there are
200 vines on average in the vineyard).

Results and Discussion

As a result of cross sectioning and shooting tests made in
January, it was determined that the air temperatures in this
period did not drop significantly below the critical limit (Figure
4), and in parallel, frost damage was not significant (p>.05)
(Table 1, Table 2).
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Figure 4.

Minimum temperatures for the cold damage in study period
(Anonymous, 2023)
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In the February period, frost damage determinations were
made by taking into account the positions of the buds using
the sectioning method, and among the bottom, middle and
top buds. The highest damage occurred in the primary buds
in the bottom buds of the vineyard at an altitude of 1200 m
with 63%. This was followed by the primary bud of the middle
buds of the vineyard at 1200 m altitude with 62%, and then
by the primary bud of the end buds with 55.6%. The total
damage rate in the bottom buds was found to be statistically
significant (p<.05) according to altitude. After 1200 m
altitude, the highest damage was detected in the primary
buds of the middle buds of the vineyard at 1300 m altitude
with 40.7%. Among all groups and bud positions, the most
damage was detected in primary buds. Among all vineyards
where damage was determined by the cross sectioning
method, the highest average damage was determined in the
vineyard at 1200 m altitude with 31.98%, followed by the
vineyard at 1300 m altitude with 12.7% and at 1400 m and
1500 m altitude with 7.4% (Table 1).

Table 1.

Vitality rate of buds according to cross sectioning method (%)
2

Period  Position budtype  1200m 1300m 1400 m 1500 m _If’é ot

Primary 96.3 100.0 96.3 100.0 0.565
Bottom Secondary 100.0 100.0 100.0 100.0

Tertiary 100.0 100.0 100.0 100.0

Primary 100.0 1000 963 100.0 0.387
Middle Secondary 96.3  100.0 100.0 100.0 0.387

Tertiary 100.0 100.0 100.0 100.0

Primary 96.3 1000 100.0 100.0 0.387
End Secondary 963  100.0 100.0 100.0 0.387

January
(n=108)

Tertiary 96.3
Primary 37.0 59.3 81.5 74.1 0.004

100.0 100.0 100.0 0.387

Bottom Secondary  66.7 96.3 92.6 92.6 0.004

Tertiary 852 1000 100.0 1000 0.006

Primary 380 556 815 778 0.002

(Fr?:blrgggy Middle Secondary 667 852 926 963 0011
Tertiary 1000 963 1000 1000 0.387

Primary 444 963 852 963 0.000

End Secondary 77.8 96.3 1000 96.3 0.008

Tertiary 963 1000 100.0 1000 0.387

In the determination of frost damage made by taking into
account the positions of the buds with the shooting method
in the February period, the highest damage occurred in the
bottom buds of the vineyard at 1200 m altitude with 38.9%,
followed by the middle buds of the same vineyard with 33.3%.
In four different altitudes examined with the shooting
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method, the average damage was detected to be the highest
at 1200 m altitude with 28.6%, followed by 16.1% at 1300 m
altitude, 6.6% at 1400 m altitude and 5.9% at 1500 m altitude
(Table 2).

Table 2.
Vitality rate according to bud position with shooting
method

Period Altitude N Bottom  Middle End X2 Test
1200 m 96 93.90% 97.00% 90.00% 0.521
1300 m 126 95.20% 95.20% 95.20% 1.000

January
1400 m 93 97.00% 96.80% 96.60% 0.996
1500 m 101 97.00% 94.10% 97.10% 0.780
1200 m 123 61.10% 66.70% 86.30% 0.019
1300 m 158 71.40% 91.80% 88.30%  0.012

February

1400 m 117 91.90% 97.10% 93.30%  0.624
1500 m 151 82.00% 100.0% 98.10%  0.000

When the results obtained from the determinations made
with the real-time shoot counting method in the vineyard
were examined, it was determined that the highest damage
occurred at 1200 m altitude with 34.2%, at 1300 m altitude
with 20.12%, at 1500 m altitude with 10.71% and at 1400 m
altitude with 5.71%, respectively. Thus, it was determined
that the most frost damage in the real-time shoot counting
method, as in the cross sectioning and shooting methods,
occurred in the bottom buds of the 1-year-old shoots of the
vineyard at an altitude of 1200 m.

120,00%

100,00%

80,00%
60,00%
40,00%
20,00%

0,00%

1200 m 1300 m 1400 m 1500 m Average

B Cross Sectioning  H Shooting Real Time Shooting

Figure 5.
Vitality rate of buds according to different methods

In this study, in which frost damage was determined with 3
different methods in vineyards at different altitudes, it was
observed that although the frost damage level determined
with the cross sectioning and shooting methods was generally
parallel to the frost damage determined with the real-time
shoot counting method, there were some differences
between the methods. It was observed that the shooting test
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conducted under greenhouse conditions confirmed the real-
time shoot counting in the vineyard to a higher extent
compared to the sectioning method applied under laboratory
conditions. When the altitudes were evaluated together, it
was determined that the sectioning method was 83.02%
similar to the real-time shoot counting test, while the
shooting method was 93.06% similar (Figure 5). In fact, in a
similar study conducted by Kipe and Kose (2019) low
temperature damages occurring on winter buds of vines in
the Karaerik grape variety were determined under vineyard
(burst test) and laboratory conditions (sectioning method)
and it was investigated whether there was a difference
between the two methods. As a result of the study, the
researchers reported that there were 7.9%, 14.56% and 0.1%
differences in primary, secondary and tertiary buds between
the sectioning method and the burst test, respectively.
However, in a study conducted by Korkutal et al. (2023)
investigating the productivity of buds growing in climate
chamber and vineyard conditions, it was stated that there
may be differences in terms of bud growth and bud
productivity in climate chamber and vineyard conditions.
These different results show that conducting bud productivity
studies in viticulture in the triangle of greenhouse, vineyard
and laboratory will increase the accuracy of the study and
explain why three different techniques were used in this
study. In this study, it was determined that the bottom buds
were more sensitive than the middle and end buds in the
damage detections made by sectioning and continuing
methods (Table 1, Table 2). Kdése and Glleryiz (2009)
investigated frost damage in Karaerik vineyards located at 6
different altitudes (between 1197 m and 1650 m) using the
cross-section method and found that the highest damage
occurred at 1197 m and 1660 m altitudes, while the lowest
damage occurred at 1360 m and 1460 m altitudes. In a study
conducted by Khanizandeh et al. (2005) in a study conducted
with 20 grape varieties at 3 different altitudes (43 m, 125 m
and 205 m) in Quebec, Canada; It has been reported that
winter cold damage is greater in the low-altitude C'Orpailleur
and Dietrich-Joos regions compared to vineyards at higher
altitudes, and this is due to the cold air draining and settling
in low areas this study where cold damage was determined in
vineyards. In this study where cold damage was determined
in vineyards, it was determined that the highest cold damage
occurred at 1200 m altitude, followed by 1300 m altitude in
all of the cross sectioning, shooting and real-time shooting
tests, and that there were differences in cold damage at 1400
m and 1500 m altitude depending on the applied method
(Table 1, Table 2). These results are similar to previous cold
damage studies conducted by taking altitude into account. It
should not be overlooked that the vineyard, which is located

at an altitude of 1200 m, is located at the bottom of the plain
and that the cold air mass may accumulate here and cause
more frost damage as a result of radiational cooling. In
addition, the topographic structure of Uziimlii and the spread
of vineyards from the hillsides to the bottom lands also
support this situation. Indeed, Geiger et al. (1965) reported
that under radiation cooling conditions, the Earth loses heat
to space and cools the air mass, thanks to light winds and
clear skies. Similarly, it has been reported that most of the
winter frosts that cause damage in vineyards are usually
caused by radiational frost, and that vineyards in frost lakes
are more exposed to winter cold damage than vineyards at
higher altitudes (Korkutal et al., 2012). In the frost damage
determinations we made at different altitudes, another
reason why the most damage occurs at the lowest altitude
(1200 m). It should not be ignored that it may be related to
the more limited protective effect of snow cover on vineyards
in the bottom land. As a matter of fact, in Erzincan Uziml,
our study was carried out, cultivation is carried out with the
baran training system and it is known that one of the main
advantages of the system is to benefit from the protective
effect of the snow cover against low temperatures in the
winter (Figure 6). However, the decrease in snowfall in recent
years and the shortening of the duration of snow cover at low
altitudes exposes the winter buds on 1-year-old branches
directly to cold air on frost days and increases frost damage.
Davenport et al. (2008) reported that although the Pacific
Northwest has a mild climate, in addition to the small amount
of snow cover and low temperatures, in some winter periods
when snowfall is limited, this situation causes damage to
grapevine buds and complete death of the grapevine, thus
making the selection of suitable site and variety critical in
viticultural activities.

Figure 6.
Baran training system under snow
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In the Karaerik vineyards examined at 4 different altitudes, it
was observed that the shortest period between pruning and
bud break was 20 days at 1200 m altitude and the longest
period was 37 days at 1500 m altitude. From bud break to full
bloom, 59 days passed at 1200 m altitude and 68 days at 1500
m altitude. After full blooming, veraison occurred in 47 days at
1200 m altitude and in 56 days at 1500 m altitude. After
veraison in the vineyards, harvest started 26 days later at 1200
m altitude and 31 days later at 1500 m altitude (Figure 7). A 40-
day difference was determined between 1200 m and 1500 m
altitude from pruning to harvest. In terms of the duration of
phenological stages, it was determined that the longest period
at all altitudes was the phase from bud break to full blooming,
and the shortest phase was the bud break phase after pruning.
In Karaerik vineyards at 1200 m, 1300 m, 1400 m and 1500 m
altitudes where phenological periods were examined, it was
determined that the shortest number of days in phenological
periods were at 1200 m altitude and the longest number of
days were at 1500 m altitude (Figure 9).
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Average phenological delay per 100 m after bud burst stage
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In this study carried out in Uzimli, Erzincan, it was
determined that for an average increase of 100 m in altitude,
there was a delay of 5.66 days in bud burst, 3 days in
flowering, 5.66 days in veraison and 7.33 days in harvest
(Figure 10). It is considered that the sum of the decreasing air
temperature and low effective heat summations (EHS) due to
altitude increase is effective in this difference. In fact, the
results of this study are similar to previous studies. For
example, in a study conducted by Pellerin et al. (2012) to
examine the phenology of grapevines in the Western Alps, it
was investigated how air temperature, altitude and other
topographic factors affect phenological processes. The study
reported that altitude was the main determinant of bud burst
dates with delays ranging from 2.4 to 3.4 days per 100 m as
expected. Again, Cornelius et al. (2013) made phenological
observations on grapes in 24 regions at an altitude of 680 to
1425 meters. The study found that the phenophases of the
species were highly dependent on interannual temperature
changes and altitude, with an average delay of 3.8 days
reported for every 100 m increase in altitude. In a study
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conducted by Muniz et al. (2015) in the southern region of
Brazil, it was reported that the air temperature of the
vineyard at 1400 m altitude was 4.4°C lower than the vineyard
at 950 m altitude and received 12% higher total radiation, and
that this altitude difference in the growing regions caused a
50-56 day delay in the harvest date and a 37 day delay from
bud break to full bloom for both Merlot and Cabernet
Sauvignon grape varieties, and that phenophases were
significantly affected by altitude. Similarly, Ruml et al. (2016)
examined the bud burst, flowering, veraison and harvest
periods of 20 grape varieties, and as a result of the study, it
was reported that an average 1°C increase in these periods
brought the harvest period 7.4 days earlier on average. In a
study conducted by Alikadic et al. (2019) bud break and
harvest periods of five varieties (Pinot Noir, Sauvignon Blanc,
Chardonnay, Merlot, Pinot Gris) were examined in vineyards
located at an altitude of 67 m above sea level and 950 m
above sea level in the Trento Region of Italy. As a result of the
research, it was reported that the beginning of harvest was
significantly affected by altitude and that the harvest was
delayed by 6.27 to 7.16 days for every 100 m increase in
altitude, while the bud break period advanced by 0.85 to 2.88
days for every 100 m. All these results obtained from previous
studies support our study and show that altitude is an
important factor in phenological periods for Karaerik
vineyards.

Conclusion

As a result of the study, it was concluded that there are
differences between the methods used to determine frost
damage in buds, that the shooting method confirms a higher
rate of real-time shooting than the cross sectioning method,
and therefore it would be more accurate to evaluate the two
methods together in frost damage determinations. In
Uzimli, where the continental climate prevails, it is
considered that the possibility of the vines being damaged by
winter frosts is quite high and that it would be more
advantageous in the long term for producers to establish their
vineyards on sloping lands in order to minimize frost damage.
It is thought that in years where frost damage is experienced,
the number of buds left on the branches during the pruning
period can be increased and the negative effect of damage to
the bottom buds on vyield can be reduced. It has been
observed that there are significant differences between the
phenophase stages of vineyards located at different altitudes
in the Uzimli region. These differences occurring in
phenological periods make the cultural processes that need
to be carried out during the vegetation period (irrigation,
fertilization, spraying, pruning, etc.) a necessity that pushes
for periodic planning. For these reasons, it has been
concluded that in grape cultivation carried out at different
altitudes in the region, carrying out cultural processes such as

the time and intensity of pruning, irrigation frequency, and
fertilization within a periodic plan, taking into account the
altitude factor, will allow producers to produce more
economically with less input and will contribute to the
sustainability of local viticulture.
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Contributions to the Aphid Fauna of Tirkiye
from the Thracian Region

Trakya Bolgesinden Tirkiye’'nin Yaprak Biti Faunasina
Katkilar

ABSTRACT

Aphids are obligatory phytophagous insects specific to the host plant. The aphids have attracted the
attention of researchers because of their increasing damage levels due to their invasion of new host
plants and new regions. The study was conducted in Kirklareli, Tekirdag and Istanbul provices from July
to November 2024. Some important distinguishing characters were measured for the identification of
the samples. As a result of this study, nine aphid species, Aphis (Aphis) eupatorii Passerini, 1863; Aphis
(Aphis) parietariae Theobald, 1923; Capitophorus mitegoni Eastop, 1956; Dysaphis (Dysaphis) ranunculi
(Kaltenbach, 1843); lllinoia (lllinoia) liriodendri (Monell, 1879; Macrosiphoniella (Asterobium) asteris
(Walker, 1849); Protaphis carthami (Das, 1918); Tiliaphis shinae (Shinji, 1924) and Yamatochaitophorus
yichunensis Jiang, Chen & Qiao, 2016 were added to the Tirkiye aphid fauna and the number of listed
species increased to 685. However, the detection of A. (A.) eupatorii on the host plant Chromolaena
odorata (L.) King and Robinson were observed for the first time in this study.

Keywords: Aphid, New host plant, New record, Thracian, Tiirkiye

0oz

Yaprak bitleri, konak bitkiye 6zgii zorunlu fitofag boceklerdir. Yaprak bitleri, yeni konak bitkileri ve yeni
bolgeleri istila etmelerinden dolayi zarar seviyeleri giderek arttigindan arastirmacilarin ilgisini cekmistir.
Calisma Temmuz-Kasim 2024 tarihleri arasinda Kirklareli, Tekirdag ve istanbul illerinde yiiriitiilmistir.
Orneklerin tanimlanmast igin bazi &nemli ayirt edici karakterler 6l¢iilmiistiir. Bu ¢alisma sonucunda dokuz
yaprak biti tlirli, Aphis (Aphis) eupatorii Passerini, 1863; Aphis (Aphis) parietariae Theobald, 1923;
Capitophorus mitegoni Eastop, 1956; Dysaphis (Dysaphis) ranunculi (Kaltenbach, 1843); Illinoia (lllinoia)
liriodendri (Monell, 1879); Macrosiphoniella (Asterobium) asteris (Walker, 1849); Protaphis carthami (Das,
1918); Tiliaphis shinae (Shinji, 1924) ve Yamatochaitophorus yichunensis Jiang, Chen & Qiao, 2016 Turkiye
yaprak biti faunasina eklenmis ve listelenen tiir sayisi 685'e yikselmistir. Ek olarak, konak bitki
Chromolaena odorata (L.) King and Robinson Uzerinde A. (A.) eupatorii'nin tespiti ilk kez bu calismada
gozlemlenmistir.

Anahtar Kelimeler: Afit, Yeni konak bitki, Yeni kayit, Trakya, Turkiye
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Introduction

The world aphid fauna has recently been represented by
approximately 6080 species belonging to 781 genera
(Blackman & Eastop, 2025; Favret, 2025) and the Turkiye
aphid fauna by 676 species and 28 subspecies. (Gorir et al.,
2025; Kok et al., 2024). One of the world's most important
pests, aphids cause serious damage to crops by feeding on
plant sap. It is reported that aphids cause about 40 to 45 per
cent yield loss in developing countries and 30 to 35 per cent
in developed countries. (Ruberson, 1999). In addition to the
direct and indirect damage caused by aphids to host plants,
their most important characteristics, telescopic generations
and cyclic parthenogenesis, allow them to take advantage of
global warming to increase their spread and damage (Gorur
et al., 2023; Hulle et al., 2010). Tirkiye is an important
geographical region in terms of geographical location
between continents, geological structure, different climate
characteristics and rich floristic richness. These properties of
the Turkiye resulted in both insect and plant diversity.
Approximately 12,000 plant species are listed in Tirkiye and
31% of them are endemic (Giner et al., 2012). This floristic
shows that more aphid species and new records are
possible.

In this study, 9 aphid species from Istanbul, Kirklareli and
Tekirdag were identified for the first time from Tirkiye.

Methods

This study was conducted in Kirklareli, Tekirdag and Istanbul
provinces in July to November 2024. Samples from nine
different plants were preserved in eppendorf tubes
containing 96% alcohol. The permenant slides of the samples
were made according to in Martin (1983). These specimens
were identified by Blackman & Eastop (2025) using an
Olympus BX51 microscope and the current taxonomic status
was checked by Favret (2025). The voucher samples were
stored at the Biotechnology Department of the Nigde Omer
Halisdemir University.

Results

In the study conducted to evaluate the aphid population, nine
aphid species were identified on nine plants from the study
area. These species are new records for the aphid fauna of
Turkiye.

Aphidoidea Latreille, 1802
Aphididae Latreille, 1802
Aphis Linnaeus, 1758

It is the largest genus of aphids and contains around 500
species. About 106 species belonging to this genus have been
recorded in Turkiye (Blackman & Eastop, 2025; GorUr et al.,
2025).

Aphis (Aphis) eupatorii Passerini, 1863

General features: Distributed in Italy and Germany. Dark
green or whitish yellow aptera individuals were feeding
underside of leaves of Eupatorium cannabinum L. The
populations were ant attended. Body length (BL): 0.9-2.0 mm
(Blackman & Eastop, 2025; Holman, 2009).

Material examined: Kirklareli/Uskiip-Demirkdy-Kadinkule
pass, 22.VII1.2024. Green or yellow 30 apterae individuals (?)
feeding on the trunk and underside of leaves of Chromolaena
odorata (L.) King and Robinson. The new host plant C. odarata
was recorded for the first time. The populations were ant
attended. Morphometric measurements of Aphis (Aphis)
eupatorii are as follows: Body length (BL): 1.05 mm. Sixth
antennal segment processus terminalis/sixth antennal
segment base (PT/Base): (0.25/0.10): 2.5 mm. Siphunculi
length (SIPHL): 0.18 mm. Length of rostrum segment VI + V
(RIV+V): 0.10 mm (Figure 1).

Figure 1.

a) Chromolaena odorata plant, b) Aphis (Aphis) eupatorii on
C. odorata, c) General view, d) SIPH and Cauda, e) Rostrum
(RIV+V), f) ANT VI (PT+Base).

Aphis (Aphis) parietariae Theobald, 1923

General features: Distributed in Europe, North Africa and
Middle East. Dark or pale green aptera individuals were
feeding on the stem or underside of leaves of Parietaria sp.
BL: 0.9-1.7 mm (Blackman & Eastop, 2025; Dransfield, 2025;
Holman, 2009).

Material examined: istanbul/Catalca, 01.X1.2024. Green 10
apterae individuals (?) feeding on the underside of leaves of
Paraetaria judaica L. Morphometric measurements of Aphis
(Aphis) parietariae are as follows; BL: 1.35 mm. SIPHL: 0.20
mm. RIV+V: 0.11 mm (Figure 2).

Research in Agricultural Sciences



Figure 2.
a) Aphis (Aphis) parietariae on Paraetaria judaica, b) General
view, ¢) SIPH and Cauda, d) Rostrum (RIV+V).

Capitophorus van der Goot, 1913

They are widely in the Palearctic and eastern regions. The
genus contains about 30 species, and 7 species have been
recorded from Tirkiye (Blackman & Eastop, 2025; Goriir et
al., 2025).

Capitophorus mitegoni Eastop, 1956

General features: Palearctic (Africa) originated, distributed in
Africa, Afghanistan, India, Bangladesh, Bhutan, Nepal, Hong
Kong, Philippines, New Guinea and Australia. Pale green
aptera individuals were feeding on the underside of leaves of
Polygonum sp. and Persicaria sp. BL: 1.6-2.2 mm (Blackman
& Eastop, 2025; Holman, 2009).

Material examined: Kirklareli/Pimarhisar, 18.VIl.2024 and
istanbul/Eylpsultan-Piringci village, 20.VIII.2024. Pale green
15 apterae individuals (?) were feeding underside of leaves of
Persicaria sp. and Persicaria maculosa Gray Morphometric
measurements of Capitophorus mitegoni are as follows; BL:
1.62 mm. PT/Base (0.74/0.10): 7.4 mm. SIPHL: 0.55 mm.
Cauda length (Caudal): 0.22 mm (Figure 3).

. S

Figure 3.
a) Capitophorus mitegoni on Persicaria maculosa, b) General
view, ¢) SIPH and Cauda, d) ANT VI (PT+Base).
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Dysaphis Bérner, 1931

It is a Palaearctic genus and consists of about 110 species.
About 19 species have been recorded from Turkiye (Blackman
& Eastop, 2025; Gorir et al., 2025).

Dysaphis (Dysaphis) ranunculi (Kaltenbach, 1843)

General features: Distributed in Europe, Iran and Central Asia.
Grey-green with wax, aptera individuals were feeding on
Ranunculus sp. Also, pale yellowish-green aptera individuals
were feeding on curled-leaf galls on Crataegus sp. BL: 1.7-2.3
mm (Blackman & Eastop, 2025; Holman, 2009).

Material examined: Kirklareli/Babaeski, 29.X.2024. Pale green
6 apterae individuals (?) were feeding inside flower of
Ranunculus sp. Morphometric measurements of Dysaphis
(Dysaphis) ranunculi are as follows; SIPHL: 0.25 mm (Figure 4).

3 g ’*;,._J N
Figure 4.
SIPH and Cauda.

lllinoia Wilson, 1910

This genus includes about 45 North American species and one
Caucasian species. 2 species have been recorded from
Tarkiye (Blackman & Eastop, 2025; Gorir et al., 2025).

Illinoia (lllinoia) liriodendri (Monell, 1879)

General features: Nearctic (North America) originated,
distributed in North America, Japan, France, lItaly, UK,
Germany, Luxembourg, Slovenia, Poland, Hungary, Serbia,
Greece, Egypt and Korea. Pale green with lightly wax, aptera
individuals were feeding underside of leaves of Liriodendron
tulipifera L. Antennae and siphunculi black except at bases.
Also, the legs are pale green except for black apices to the
tibiae and tarsi. BL: 1.7-2.5 mm (Blackman & Eastop, 2025;
Dransfield, 2025; Holman, 2009).

Material examined: Istanbul/Atattirk arboretum, 20.VII1.2024.
Pale green or pale yellow 15 apterae individuals (?) were
feeding underside of leaves of Liriodendron tulipifera L.
Morphometric measurements of /llinoia (lllinoia) liriodendri
are as follows; PT/Base (1/0.15): 6.6 mm. Siphunculi
length/cauda length (SIPHL/Caudal): (0.72/0.22): 3.27 mm.
RIV+V: 0.10 mm (Figure 5).



177

Figure 5.
a) linoia (lllinoia) liriodendri on Liriodendron tulipifera, b)
General view, ¢) SIPH and Cauda, d) ANT VI (PT+Base), e) Rostrum
(RIV+V).

Macrosiphoniella Del Guercio, 1911

The genus, which is Palearctic and Nearctic, contains about
115 species. About 17 species have been recorded from
Turkiye. (Blackman & Eastop, 2025; Gorir et al., 2025).

Macrosiphoniella (Asterobium) asteris (Walker, 1849)

General features: Palearctic (Spain) originated, distributed in
throughout Europe, Spain and Korea. Reddish brown with
little wax, aptera individuals were feeding on the upper parts
of the stems and the flowers of Aster tripolium L. Also,
Galatella sedifolia (L.) Greuter has been recorded. BL: 2.3-3.2
mm (Blackman & Eastop, 2025; Dransfield, 2025; Holman,
2009).

Material examined: Kirklareli/Vize/Clvenli village/ April 10th
Police Forest, 30.X.2024. Dark brown 24 apterae individuals
(?) were feeding inside flower of Galatella linosyris (L.) Rchb.
f.  Morphometric measurements of Macrosiphoniella
(Asterobium) asteris are as follows; BL: 2.65 mm. PT/Base
(1.04/0.16): 6.5 mm. SIPHL/Caudal (1.14/0.55): 2.07 mm.
RIV+V: 0.15 mm (Figure 6).

Protaphis Bérner, 1952

This genus is closely related to Aphis and contains about 50
nominal species. Most nominal species are in Europe and
Central Asia. About 5 species have been recorded from
Turkiye (Blackman & Eastop, 2025; Gorir et al., 2025).

Protaphis carthami (Das, 1918)

General features: Palearctic (North Africa) originated,
distributed in North Africa, Lebanon, lIran, Kazakhstan,
Pakistan and India. Dark green or reddish-brown with greyish
white wax, aptera individuals were feeding on the stems and
flowers of Carthamus tinctorius L. and Carthamus sp. BL: 1.6-
2.3 mm (Blackman & Eastop, 2025; Holman, 2009).

Figure 6.

a) Macrosiphoniella (Asterobium) asteris on Galatella linosyris,
b) General view, c) Rostrum (RIV+V), d) Cauda, e) ANT VI
(PT+Base).

Material examined: Tekirdag/Muratli, 20.VI1.2024. Dark green
with wax, 12 apterae individuals (?) were feeding on the
stems Carthamus lanatus L. The populations were ant
attended. Morphometric measurements of Protaphis
carthami are as follows; BL: 1.60 mm. SIPHL: 0.10 mm. RIV+V:
0.14 mm (Figure 7).

e—
0.5 mm

= -
Figure 7.

a) General view, b) SIPH, c) Rostrum (RIV+V).
Tiliaphis Takahashi, 1961

This genus is very similar to Eucallipterus and includes four
oriental species. 2 species have been recorded from Tirkiye
(Blackman & Eastop, 2025; Gorlr et al., 2025).

Tiliaphis shinae (Shinji, 1924)

General features: Palearctic (Japan) originated, distributed in
Japan, China, Korea and eastern Siberia. Pale yellow or
greenish-yellow alate individuals were feeding on the
underside of leaves of Tilia sp. BL: 1.7-2.4 mm (Blackman &
Eastop, 2025; Holman, 2009).
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Material examined: Kirklareli- Central, 29.X.2024. Yellow 10

alate individuals (?) feeding on the underside of leaves of Tilia

sp. Morphometric measurements of Tiliaphis shinae are as

follows; BL: 2.10 mm. PT/Base (0.19/0.08): 2.37 mm. Hind

tarsus | segment length/hind tarsus Il segment length

(HTI/HTII): (0.05/0.10): 0.5 mm. RIV+V: 0.11 mm. (Figure 8).
J T
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Figure 8.
a) General view, b) Rhinaria on ANTIII, c) Rostrum (RIV+V),
d) HTI and HTII.

Figure 9.
a) Yamatochaitophorus yichunensis on Acer sp., b) General
view, c¢) Rostrum (RIV+V), d) ANT VI (PT+Base), e) SIPH.

Yamatochaitophorus Higuchi, 1972

This genus includes two east Asian species (Blackman &
Eastop, 2025).

Research in Agricultural Sciences

Yamatochaitophorus yichunensis Jiang, Chen & Qjao,
2016

General features: Palearctic (China) originated, distributed in
China. The records are given on undersides of leaves of Acer
tegmentosum Maxim. BL: 0.8-1.4 mm (Blackman & Eastop,
2025).

Material examined: Kirklareli/ Degimenkdy/ Sarpkdy/ Dupnisa
cave, 17.VII.2024. Green 35 apterae individuals (?) aptera
individuals were feeding on the underside of leaves and
petiole of Acer sp. Morphometric measurements of
Yamatochaitophorus yichunensis are as follows; BL: 1.55 mm.
PT/Base (0.25/0.09): 2,77 mm. SIPHL: 0.06 mm. RIV+V: 0.10
mm (Figure 9).

Discussion

Approximately 676 aphid species have been identified in
Turkiye so far (Gorlr et al., 2025; Kok et al., 2024). As a result
of various studies, 97 aphid species were identified in Istanbul
and approximately 30 species of aphids were recorded from
the Thrace region of Istanbul (Canakgioglu, 1967, 1975; Toper
Kaygin & Canakclioglu, 2003). Akyildirm Begen & Gorir
(2021), detected 43 aphids in Istanbul (Blytkada) and 2 of
these species are new records for the Turkiye aphid fauna.
Kok et al. (2016) identified 39 aphid species in Canakkale and
Aphis sedi Kaltenbach, 1843 was a new record for the aphid
fauna of Tirkiye. Kok (2021) described 27 aphid species as a
result of their study in Canakkale (Cardak Lagoon) and stated
that Aphis symphyti Schrank, 1801 is a new record for the
aphid fauna of Turkiye. Tayat & Ozder (2024) identified 83
aphid species in their study conducted in Tekirdag. In another
study, 4 species (Sitobion avenae, Rhapalosiphum padi,
Rhapalosihum maidis and Schizaphis graminum) were
identified in Edirne (Tayat & Ozder, 2016). Considering these
studies, it is thought that the aphid diversity in this region is
even higher.

Conclusion and Recommendations

With this study, 9 aphid species determined as new records
for Turkiye aphid fauna and Tirkiye aphid fauna reached to
685 aphid species. In addition, new host plant relation was
determined during the conducted study. Aphis (Aphis)
eupatorii was detected on the new host plant preference
Chromolaena odorata (L.) King and Robinson. These studies
are very important for determining the aphid fauna of the
country. The number of aphid species is expected to increase
due to Turkiye geographical characteristics, climatic variability
and rich plant diversity. Therefore, further studies are
recommended. These findings represent preliminary results
of an ongoing project.
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Review Article Derleme Makalesi

The Utilization of Plant Growth Regulators
(PGRs) in Agricultural Application and The
Effecting Mechanisms

Tarimsal Uygulamalarda Bitki Bliylime Duzenleyicilerinin
(BBD) Kullanimi ve Etki Mekanizmalari

ABSTRACT

Plants, which lack a sophisticated endocrine system, utilize growth regulators
(phytohormones) naturally produced within their bodies to grow, develop, and respond to
environmental factors. Many physiological processes in plants occur under the control of
hormones that are continuously interacting with each other in a balance. Plant growth
regulators are classified into two main categories: growth simulators (e.g auxin, gibberellic
acid, cytokinin.) and growth inhibitors (e.g. absisic acid ethylene). They play a role in various
processes such as plant elongation, branching, germination, fruit growth, flowering, cell
division, root development, and stress responses. This article provides a detailed
examination of how plant growth regulators are used in agriculture and their effects on
physiological processes. Research on these regulators is of great importance for agricultural
productivity and sustainability. They enhance plant growth, improve stress resistance,
leading to higher yields and increase product quality. Additionally, they offer opportunities
for multiple harvests with shorter growth periods and optimize resource use. Thus, while
the economic benefits are provided, environmental impacts are also minimized. Such
research contributes to the development of innovative agricultural techniques, playing a
critical role for increasing global food demand, ensuring food security.

Keywords: Agriculture, Growth inhibitors, Growth simulators, Plant growth regulators

oz

Gelismis bir endokrin sistemi olmayan bitkiler, bliyimek, gelismek ve ¢evresel faktorlere
yanit olusturmak igin viicutlarinda dogal olarak Urettikleri bliylime dulzenleyicilerini
(fitohormon) kullanmaktadirlar. Bitkide meydana gelen fizyolojik siireclerin bircogu bir

denge icerisinde birbirileriyle strekli etkilesim halinde olan hormonlarin kontroliinde
gerceklesmektedir. Bitki bliylime dizenleyicileri bliiyimeyi tesvik edenler (6rn; oksin,

giberellin, sitokinin, ...) ve bliyimeyi baskilayanlar (6rn; absisik asit, etilen) olmak tzere
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Introduction

In the physiological processes of plants, numerous chemical
compounds that act as stimulators or inhibitors of growth
have been identified, with their chemical structures varying.
These compounds, referred to as phytohormones when
naturally produced by plants, are produced in low
concentrations as signaling molecules within plants. They
play crucial roles in plant development and growth (Binici et
al., 2022; Cakir et al., 2021; Kdéksal, 2012; Mundiyara et al.,
2020). Understanding these regulators and their
mechanisms of action is essential for obtaining higher
guality, more productive, and stress-tolerant crops. This
article aims to provide informative insights into plant growth
regulators, their applications in agriculture with advancing
technologies, and their effects on physiological processes.

Growth Regulators

External factors such as light, air, water, and various
nutrients significantly influence plant growth and
development. In addition to these, internal chemical factors
also play a role. Plant growth regulators (PGRs) that regulate
plant growth are known as plant growth substances. These
regulators can be effective in the tissues where they are
produced and can be transported to different parts or
tissues of the plant, maintaining their effectiveness in other
tissues as well. PGRs influence plant development from
germination through to harvest and even post-harvest
stages (Kumlay & Eryigit, 2011). They play important roles in
germination, organ development, seed maturation, storage,
stress response, and other functional processes (Figure 1)
(Amoanimaa-Dede et al., 2022). Auxins, gibberellin (GA),
cytokinin (CK), abscisic acid (ABA), and ethylene are among
the most important regulators known to influence plant
growth, yield, and various physiological responses. Jasmonic
acid, salicylic acid, brassinosteroids, strigolactones, and
polyamines are also considered plant regulators
(Amoanimaa-Dede et al., 2022). Growth regulators can be
classified into two main categories: those that promote
growth and those that inhibit it (Figure 1) (Kumlay & Eryigit,
2011). They can also be categorized based on their origin as
endogenous (produced with in plants) and exogenous
(applied externally) regulators.

Growth Simulators

Growth-promoting regulators primarily include auxins (1AA),
gibberellins (GAs), and cytokinins (CKs), which regulate key
vegetative processes such as elongation, branching, and
organogenesis. The concentrations of these three regulators
increase  during early fruit development and
pollination/fertilization. Strigolactones and brassinosteroids
are also included in this group (Srivastava & Handa, 2005;
Sezgin & Kahya, 2018).

Plant Growth and Development

Understanding the PGRs and
mechanism of action
provides:

Organ
development Respond

- Higher quality
- More productivity
= - Stress tolerant plants

PGRs

Growth Growth
Simulators Inhibitors

Auxin Abscisic acid
Gibberellins Ethylene
Cytokinin

Figure 1.
Classification and function of plant growth regulators
(PGRs)

Auxin, first discovered and identified chemically in rice, is
one of the most effective hormones in plant growth and
development and has been extensively studied. Active forms
of auxins include Indole-3-acetic acid (IAA), 4-chloroindole-
3-acetic acid (4-Cl-IAA), and phenylacetic acid (PAA), while
inactive precursors include Indole-3-pyruvic acid (IPyA),
Indoleacetamide (IAM), Indole-3-acetaldoxime (IAOx),
Indole-3-acetonitrile  (IAN), and Indole-3-acetaldehyde
(IAAld). Auxins conjugated with amino acids and sugars, such
as Indole-3-butyrate (IBA) and Methyl-IAA (MelAA), are
known as storage forms. Both natural and synthetic forms of
auxins are available. Synthetic auxins such as 2,4-
dichlorophenoxyacetic acid (2,4-D), 1-naphthaleneacetic
acid (NAA), and 4-amino-3,5,6-trichloropicolinic acid
(picloram) stimulate the auxin response (Koksal, 2012;
Korasick et al.,, 2013). Auxins are synthesized in high
amounts in the apical meristems of plant tissues and are
transported to lower tissues, significantly influencing cell
elongation and proliferation. They play crucial roles in
growth, phototropism, gravitropism, branching, and
embryonic pattern formation (Catak & Atalay, 2020; Liu & L,
2023; Sezgin & Kahya, 2018). Auxins produced in the apical
bud inhibit the growth of lateral buds, allowing the plant to
grow with a single main stem. This inhibition mechanism is
known as apical dominance. When auxin production stops
or the apical bud is removed, the number of branches
increases (Cetin, 2002; Rademacher, 2015). Auxins also
interact with other compounds to alleviate stress conditions
during many abiotic stress processes (Sabagh et al., 2021).
When auxin levels are low, plant growth slows, and the
number of leaves increases (Catak & Atalay, 2020).

Gibberellins (GAs), named after the fungus Giberella fujikuroi
that causes disease in rice, have been extensively studied since
1956, leading to in the isolation of over 50 GAs (Koksal, 2012).
According to Sezgin and Kahya (2018), more than 126 forms of
GAs exist. GAs, which are predominantly tetrasubstituted
diterpenoid compounds, play roles in various physiological
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processes including photosynthesis, flowering, leaf
development, germination, seed dormancy, and cell division.
Gibberellic acid (GAs) is one of the most produced and used
GAs associated with these processes (Amoanimaa-Dede et al.,
2022; Kaynak & imamgiller 1997). Typically synthesized in
roots, young leaves, and embryos, GAs affect fruit growth and
seedless fruit formation. Excessive application of GAs can
cause increased plant height, while insufficient application
results in dwarf plants (Catak & Atalay, 2020).

Cytokinins (CKs), distinct from auxins and GAs, were first
identified in coconut milk and later isolated from fish sperm
in 1995. CKs promote cell division in tissue cultures and have
similar chemical structures to kinetin, which was isolated in
1964 from corn kernels and named Zeatin (Koksal, 2012).
CKs are involved in processes such as germination,
increasing root and shoot biomass, bud development,
enhancing antioxidant capacity, stimulating root and shoot
development, leaf expansion, delaying senescence, and
promoting chlorophyll synthesis. Unlike auxins, they
primarily stimulate root formation rather than shoot
development (Catak & Atalay, 2020; Cetin, 2002; Sabagh et
al., 2021). CKs also play a role in plant defense mechanisms
(Martineau et al., 1994). Their most effective function is
known to be in cell division. Natural and synthetic
derivatives of CKs include Zeatin, Dihydrozeatin,
Isopentyladenine, Dimethyladenine, Kinetin, Benzyladenine,
and Benzimidazole (Cetin, 2002). CKs are closely related to
nitrogen metabolism, performing their functions mainly in
roots (Sakikabara et al., 2016).

Growth Inhibitors

Growth inhibitors are substances that play inhibitory roles in
physiological and biochemical processes related to growth
and development. ABA and ethylene are well-known growth
inhibitors (Cetin, 2002).

ABA is one of the most recognized growth inhibitors,
synthesized in almost all plant tissues, with its quantity
varying according to environmental conditions. It is
produced in fresh leaves, root tips, buds, and seed embryos.
ABA is involved in seed and bud dormancy, preventing seed
germination, and promoting stomatal closure under
extreme weather conditions, thus preventing leaf, flower,
and fruit drop. By regulating stomatal closure, ABA helps
conserve water during drought conditions (Catak & Atalay,
2020; Kaynak & Ersoy, 1997).

Ethylene, despite having a more complex chemical structure
compared to other regulators, has a simpler structure and is
in a gaseous form at normal temperatures. It is synthesized
in ripe fruits, aged leaf tissues, and flowers. Ethylene
influences various processes such as seed germination, leaf
and fruit abscission, and fruit ripening. It is also activated
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under biotic and abiotic stress conditions. Its gaseous form
allows it to spread easily in the environment and affect other
plants. For example, ethylene released by one plant can
induce flowering in another or cause nearby fruits to ripen
(Catak & Atalay, 2020; Keskin, 2012).

Utilization Areas of Growth Regulators

The primary applications of plant growth regulators include
accelerating ripening, enhancing germination capacity,
stimulating or delaying flowering, increasing seed
production, improving fruit size, enhancing disease
resistance, extending fruit shelf life, preventing fruit drop,
breaking dormancy, controlling weeds, and promoting
organ development in tissue culture studies (Algll et al.,
2016). Similar synthetic derivatives of the growth regulators
mentioned above are available. These regulators can be
used in agricultural production either by direct application
or through natural plant enhancement. For example,
synthetic auxin derivatives are known to be effective in
weed control (Catak & Atalay, 2020). Synthetic growth
stimulants like NAA, used as a substitute for IAA, have been
utilized to thin fruit sets and thus produce larger and higher-
quality fruits. They are also known to be used in promoting
rooting in cuttings (Kaynak & Ersoy, 1997).

GAs is employed in viticulture and some pear varieties for
seedless production, in artichokes to promote early
maturation, and in strawberries to increase fruit size
(Kaynak & imamgiller, 1997). Many plants enter a period of
dormancy after completing their bud growth phases.
Various chemicals are used to shorten or eliminate this
period. In a study on potatoes, GA application was shown to
break dormancy, emphasizing that the hormone should
primarily act on the buds of the tubers. Additionally, the
effectiveness of GA on potato tubers was found to depend
more on the treatment duration than on the GA
concentration (Alexopoulos et al., 2008). Despite being an
important food source, chestnut trees may exhibit low
productivity due to producing fewer female flowers and
more male flowers. Consequently, a study investigating
flower buds before and after winter indicated that high GA
concentrations break bud dormancy and promote male
flower bud development, while low GA levels combined with
high jasmonic acid concentrations affect female flower bud
formation (Cheng et al., 2022).

Short internodal distances are caused by a mutation in a gene
that inhibits GA activity or effectiveness. This genetic dwarfism
can be completely resolved with GA application. Additionally,
plants rich in GA have longer internodes (Feucht & Watson,
1958). For tea quality, which is significantly affected by leaf
integrity, obtaining varieties suitable for mechanical harvesting
is crucial. A study with seven tea varieties showed a positive
correlation between internode length and bud and leaf



183

integrity, with a strong relationship between GAs levels and
internode length (Luo et al., 2023).

In a study, external applications of IAA, ABA, and GA; to
Nitraria tangutorum shrubs at doses of 10 mg L%, 150 mg L?,
and 200 mg L%, respectively, resulted in increased osmotic
regulatory compounds and antioxidant enzyme activities in
the plants. This aimed to enhance tolerance to stress factors
and improve environmental adaptation (Didi et al., 2022).

Plant tissue culture studies are among the most common areas
for using plant hormones. CKs are frequently used in tissue and
meristem cultures. In tissue cultures, CKs and auxins are
typically used together. When auxins are used in higher
amounts than CKs, root formation is stimulated, while excess
CKs over auxins result in shoot and leaf formation in callus
tissues. When used in similar ratios, they promote the
formation of callus tissues (Catak & Atalay, 2020; Kdksal, 2012).

Ethylene, used as a ripening hormone, is also employed in
post-harvest technologies to preserve many garden
products and as a stress hormone. Ethylene exhibits
physiological effects when present in concentrations above
10 ppm in the air. Ethylene production accelerates under
stress conditions, with the highest levels detected near plant
death (Catak & Atalay, 2020). On the other hand, during
drought conditions, synthesis of another hormone, ABA,
increases, and external application of low amounts of ABA is
known to reduce plant transpiration (Aslam et al., 2022).

Dosages of external applications of plant growth regulators
are crucial. For instance, it has been shown that horizontal
gene transfer of antibiotic resistance genes in bacteria is
stimulated by IAA and GAs. The study reported that reactive
oxygen species (ROS) formation was induced, changes
occurred in cell membrane permeability, and these
regulators increased the frequency of gene transfer at
specific concentrations (Zhao et al.,, 2023). This situation
leads to an increase in resistant pathogens. It indicates the
need for controlled and careful use of PGRs.

The Effect Mechanism of Growth Regulators

The growth and development processes of plants involve
complex mechanisms. Therefore, it is challenging to explain
which vital functions are affected by chemical stimulators or
inhibitors. Understanding how hormones function requires
examining the expression of genes in relevant signaling
pathways. Cells have specific binding sites, and the presence
of these sites is crucial for a hormone's recognition by the
cell (Bruinsma, 1985; Keskin, 2012). Each hormone or group
of hormones has distinct formation, transport, and effects.
Hormones that have similar or opposing effects always
maintain a balance (Aydogdu & Boyraz, 2005). Growth
regulators have the ability to activate and block genes and
their compounds (Koksal, 2012). The perception of

hormones occurs through various ligands and receptors
(Sabagh et al, 2021). For example, ethylene binds to
receptors in the ER (endoplasmic reticulum) via diffusion
across the cell membrane, activating the EIN3 (ethylene-
insensitive 3) transcription factor. The expression of genes
involved in the constitutive triple response, characterized by
thick, short stems, and horizontal growth, is stimulated by
this TF. EIN3 directly activates Ethylene Response Factor
(ERF) genes, aiding in the plant's survival under mechanical
stress and other extreme conditions (Keskin, 2012; Tipu &
Sherif, 2024). Another example is that ABA interacts with
receptors associated with G-proteins in the plasma
membrane of plant cells. The activation of G-proteins
initiates the synthesis of secondary messengers such as Ca*?
ions and ROS (reactive oxygen species), which in turn trigger
protein phosphorylation and result in changes in gene
expression. Effective responses to various stress conditions
arise from these changes in gene expression. ABA
application alters cytosolic Ca*? concentrations, leading to
the closure of stomata (Keskin, 2012).

Genes like Aux/IAA and DR12 encode proteins with nuclear
localization signals and constitute a gene family involved in
auxin responses (Srivastava and Handa, 2005). Mutations in
the DR12 gene cause changes in seed and seedling
development, fruit cell division, and result in phenotypes
such as upward curling leaves, high chlorophyll content,
unripe fruit conditions, and irregular fruit formation. These
conditions are thought to be due to auxin and CK responses,
indicating that DR12 affects hormonal responses (Martineau
et al., 1994; Srivastava & Handa, 2005).

Starch stored in the endosperm is reduced to simple sugars
via enzymatic pathways during germination and s
transported to the embryo as an energy source. In the
germination environment, the seed swells with water, and
GA is synthesized in the embryo. GA is transported to the
layer surrounding the endosperm, where it facilitates the
movement of starch by inducing the formation of amylase
and protease enzymes (Karakurt et al., 2010). The role of GA
in this enzymatic effect is controlled by genes. Genes
responsible for enzyme synthesis become active in the
presence of GA (Boyraz et al., 2019).

An increase in auxin levels in plants stimulates ethylene
production, which then inhibits the effects of auxin, thereby
slowing down plant growth (Catak & Atalay, 2020). Ethylene,
the primary regulator of fruit ripening, causes the breakdown
of cell walls, leading to reduced fruit firmness and changes in
color, thereby facilitating ripening (Tipu & Sherif, 2024).

Growth regulators also respond under stress conditions. For
example, auxins interact with stress response signaling
components such as Ca*> and ROS. During nutrient
deprivation, they play a role in stimulating root
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development to enhance the uptake of essential nutrients
like N, P, and K from the soil. For instance, the nitrate
transporter gene NRTI-1 stimulates the downward
movement of auxins, reducing their accumulation in lateral
roots (Sabagh et al., 2021).

Hormonal changes induced by pathogen-host interactions
or other stress factors in plants can be controlled through
the application of external growth regulators. This approach
can also enhance the host's activity against pathogens. For
example, the destruction of the host cell wall by enzymes
such as pectinase, hemicellulose, and protease from
pathogens facilitates pathogen development within the
plant. By altering the solubility of pectin with auxins, the
damage to pectin structures by pathogen enzymes is
prevented, leading to the development of resistant plants
(Aydogdu & Boyraz, 2005). Auxins are also thought to
influence phenol metabolism, thereby contributing to
disease resistance.

Under stress conditions, growth regulators play regulatory
roles in processes such as ROS scavenging, effective
photosynthesis, stress protein accumulation, and other
crucial metabolic processes. PGRs manage defense
responses through synergistic and antagonistic activities
known as crosstalk. They balance the negative effects of
stress conditions by interacting with various compounds
such as nitrates, H,0,, ROS, and NO™ (Sabagh et al., 2021).

Conclusion

PGRs play a critical role in plant growth and development
processes. Particularly, growth regulators such as auxins,
GAs, and CKs promote plant growth and enhance
productivity. Additionally, the potential of plant growth
regulators to increase plant resilience under environmental
stress conditions is of great significance. However, effective
use of these regulators requires determining the correct
dosages and careful application. Future research should
continue to improve the understanding of these regulators'
mechanisms and their more effective use in agricultural
practices. Studies like these are essential for supporting
sustainable agriculture, enhancing agricultural productivity,
and promoting environmental sustainability.
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