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ABSTRACT

Tomato wilt disease caused by Clavibacter michiganensis subsp. michiganensis (Cmm) is one of the
most destructive tomato diseases and causes significant crop loss in both greenhouse and field tomato
production areas worldwide. In this study, the presence of the causal agent of bacterial wilt disease
in tomato plants was investigated in Aras Valley. Isolation was made from diseased plant samples
and it was determined whether the strains were pathogenic by cellulase activity and HR test. The
virulence, morphological and biochemical characteristics of the strains were determined. Strains that
fatty acid methyl ester extraction, isolation and purification were performed were identified at species
and subspecies level with % similarity index using gas chromatography system. The diagnosis was
confirmed with the Biolog Gen I11 System and all strains were identified at the subspecies level with
a % similarity index. As a result of this study, 57 strains were obtained in the isolation, and 39 of the
strains were determined not to be pathogenic. Strain 18 was determined as the pathogen causing the
most damage to tomato plants with 100 % disease severity. Strains were identified as Cmm at
subspecies level with a similarity index of 71-87 % using gas chromatography system and 54-75 %
similarity index with Biolog Gen 11l System. According to the heat map created, it was determined
that the strains consisted of two main clusters. The presence of pathogen in Aras Valley was proven
for the first time by this study.

Please cite this paper as follows:

Donmez, M. F. (2024). First report of bacterial wilt caused by Clavibacter michiganensis subsp. michiganensis affecting tomato in
Igdir. Journal of Agricultural Production, 5(4), 217-227. https://doi.org/10.56430/japro.1488826

1. Introduction

Tomato (Solanum lycopersicum L.) is one of the most

The disease still remains a serious source of concern for the
tomato industry worldwide with 50-80 % vyield and quality
losses (Takishita et al., 2018).

important vegetable species grown worldwide, with high
production and consumption and commercial value. Bacterial
diseases are of great importance among the factors limiting the
cultivation of tomato plants, and the production of quality
tomatoes is made possible by the diagnosis and control of these
disease-causing organisms. Among these diseases, tomato wilt
disease caused by Clavibacter michiganensis subsp.
michiganensis (Cmm) is one of the most destructive tomato
diseases and causes significant crop loss in both greenhouse and
field tomato production areas worldwide (Gautam et al., 2020).

® Correspondence
E-mail address: sudefigen@hotmail.com

The aerobic, gram-positive pathogen penetrates the plant
through natural openings and wounds, then passes into the
xylem and creates characteristic symptoms such as light brown
colouring of the vascular bundles, wilting of one-sided leaves,
necrotic lesions on the stem and petioles (Eichenlaub &
Gartemann, 2011). When the pathogen infects the plant during
the seed and seedling period, systemic infection occurs and
leads to the death of the plant. When the infection occurs in the
later stages of plant development, bird's eye symptom occurs
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on the fruit. The pathogenicity is manifested by transcriptional
regulators and virulence factors encoded by chromosomes and
two plasmids. Virulence factors consist of serine proteases and
cell wall degrading enzymes (cellulases, xylanases, pectinases).
In studies, it was detected that the virulence genes viz. Cel A
encoding cellulase enzyme and patl, chp C and ppa A encoding
serine protease were stimulated after the entry of the pathogen
into the host (Nandi et al., 2018).

The successful use of fatty acid methyl ester (FAME)
analysis and Biolog Gene |11 System in the diagnosis of bacteria
was reported by different researchers (Anak et al., 2021;
Belgiizar et al., 2016; Cakmake1 et al., 2010; Sunyar et al.,
2021). Vauterin et al. (1995) used the Biolog System as one of
the classification criteria for pathovars belonging to the genus
Xanthomonas. Mirik et al. (2011) successfully identified
Pseudomonas cichorii causing disease in tomato by FAME
analysis with a similarity index of 84-97%. Aysan and Uygur
(2005) detected mainly 12 fatty acids as a result of FAME
analysis and identified the pathogen as Pseudomonas
viridiflava with 81-96% similarity index. This study was
carried out with the aim of investigating the presence of Cmm,
which causes the disease in tomato plant that has economic
value in Aras Valley, and determining the morphological,
biochemical and pathological characteristics of the strains
obtained and detecting their diagnosis by fatty acid methyl ester
analysis and Biolog Gen 111 system.

2. Materials and Methods

2.1. Collection and Isolation of Diseased Plant
Samples

In 2020, tomato fields were visited in Igdir, Aralik, Tuzluca
and Karakoyunlu districts and Kasimcan, Oba and Melekli
villages of Igdir city center, and diseased plant samples were
taken according to the simple random sampling method by
selecting 3 fields from the district and each village. The surveys
were carried out 2 times during seedling and fruiting periods of
the plants. Fruits showing bird's eye symptoms and stems with
browning of vascular bundles were taken as isolation material.
Bacteria were isolated from the samples and yellow coloured
colonies were purified from the bacteria growing on YDC
(YYeast Dextrose Carbonate Agar) medium. Stock cultures of
the strains were prepared in 500 ml Luria Bertani Broth and 500
ml 30% glycerol and stored at -80°C.

2.2. ldentification of Non-Pathogenic Strains

Cellulase activity of the strains was tested to identify non-
pathogenic bacteria. For this test, a medium consisting of four
different solutions recommended by Yin et al. (2010) was used.
The prepared medium was inoculated with bacterial cultures
cultivated on Nutrient Agar (NA) medium for 24-48 hours and
incubated at 26°C for 4 days. After incubation, the petri surface
was covered with 10 ml of 0.1% congo red solution and waited

for 20 minutes. After this duration, the solution in the petri dish
was removed from the medium. The medium was then covered
with 10 ml of 1M NaCl and waited for 5 minutes. The yellow
coloured open area formed around the colonies in the red
coloured medium was evaluated as a positive result. The
pathogenicity of strains with positive cellulase activity was
confirmed by the hypersensitive reaction test in tobacco
(Nicotiana tabacum L. Samsun) specified by Lelliot and Stead
(1987).

2.3. Evaluation of Virulence of Bacterial Strains

The pathogenicity test was carried out using super 5656
tomato variety. Plants were grown for five weeks in pots
containing sterile sand + soil mixture prepared at a ratio of 1:4.
Cells of the strains grown on NA medium were transferred to
Nutrient Broth (NB) medium with a sterile core and incubated
overnight at 150 rpm/min on a shaker set at 26°C. At the end of
the incubation period, the inoculum density was set as 108 CFU
mlt by turbidimeter. Tomato seedlings were inoculated with
100 pl of bacterial suspension using stem inoculation assay.
The plants in the negative control group were treated with
sdH,0. After inoculation, polythene bags were placed over the
plants and incubated at 26°C for 48 hours. At the end of the
period, the bags were removed and the occurrence of disease
symptom was monitored daily for 14-21 days. The study was
carried out according to random plots experimental design with
3 repetitions. Disease appearance was evaluated according to a
0-5 scale (0: no disease symptoms; 1: wilting on 1-10% of the
leaves; 2: wilting on 11-25% of the leaves; 3: wilting on 26-
49% of the leaves; 4: wilting on 50-74% of the leaves; 5: all
leaves of the plant wilted) (Soylu et al., 2003). The % disease
severity was determined using the formula of Townsend and
Heuberger (1943) (Formula 1).

X (scale valuexnumber of plants evaluated on the scale
¢ > 2 x100 (1)

% Disease Severity=
0 ty highest scale valuextotal number of plants

2.3.1. Determination of colony and mobility
characteristics of bacterial strains

Colony characteristics of bacterial strains were determined
in YDC medium. For the mobility test of bacterial strains, 10 g
tryptone, 5 g NaCl and 5 g agar were added to one litre of
sdH20. The pH of the mixture was adjusted to 7.2 and 5 ml of
this mixture was placed in tubes and sterilised in autoclave at
121°C for 15 minutes. After inoculation of bacterial strains into
the prepared media, bacterial growth was checked at 8%, 24
and 48™ hours. Colony growth from the inoculation point to the
surrounding area was recorded as a positive result (Schaad et
al., 2001).

2.4. Biochemical Characterization of Bacteria
Strains

The gram reaction test was performed with 3 % potassium
hydroxide (KOH) solution (Hyder et al., 2020), the catalase test
with 7% H,0,, the oxidase test with discs containing 1% tetra
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methyl-p-phenylendiamine dihydrochloride (Narayanasamy,
2001). The arginine dehydrolase test was determined by the
pinkish red colour of Thornley 2A medium, the levan test by
the presence of convex, mucoid colonies on Nutrient Sucrose
Agar medium, starch hydrolysis by the detection of a
transparent zone around the colonies on Nutrient Starch Agar
medium, and the pectolytic activity of bacterial strains by the
formation of wells or watery appearance on Crystal Violet
Pectate Agar (CVP) medium (Hélias et al., 2012).

2.5. Identification of Microorganisms by Fatty Acid
Methyl Ester Analysis

Bacterial strains maintained as pure cultures at -80°C were
cultivated on Tryptic Soy Agar medium for 24-48 hours for
fatty acid methyl ester extraction, isolation and purification.
The colonies of the bacterial strains were collected with a sterile
core and placed in glass test tubes with Teflon caps and each
tube was treated with cell lysis solution [150 ml methyl alcohol
(HPLC Grade, 45 g sodium hydroxide (ACS Grade), 150 ml
sdH20]. 1 ml was added to free fatty acids. Then 2 ml of
methylation solution [325 ml hydrochloric acid (6N), 275 ml
methyl alcohol (HPLC Grade)] was added to the test tubes and

Table 1. Gas chromatography analysis conditions.

methyl was added to the free fatty acids with ester bonds and
fatty acid methyl esters were obtained and fatty acids were
given high temperature volatility. After this process, the tubes
were cooled rapidly and 2.5 ml of the purification solution
[200mI methyl-tert-butyl-ether (HPLC Grade) 200 ml hexane
(HPLC Grade)] was added. Meanwhile, the organic phase
formed in the tube was retained and the acidic phase remaining
at the bottom was discarded with a pasteur pipette. In the last
step, 3 ml of basic washing solution [10.8 g solid sodium
hydroxide (ACS Grade) 900 ml sdH,O] was added to the test
tubes and free fatty acid methyl esters were obtained in the pure
form. At this stage, the phase containing fatty acid methyl esters
collected at the top of the tube was collected with a pasteur
pipette and transferred to 2 ml gas chromatography tubes, then
the caps were firmly sealed and placed in the sample storage
tray on the device. The cultured strains were identified at the
species and subspecies level using the Microbial Identification
System (Agilent 7890A GC System, MIDI, Inc., Newark, DE,
Sherlock Software Version 6.1), which is a computer-
controlled gas chromatography system. Fame profiles were
compared with the RTSBA 6 library (Sasser, 1990). Analysis
conditions of gas chromatography were presented in Table 1.

System Agilent 7890A GC System

Column HP-Ultra 2 (25 m x 199 um x 0.33 pm)
H2 Flow 30 ml/min

Air Flow 350 ml/min

N2 Flow 28.771 ml/min

Total Flow 53.37ml/min

Septum Purge Flow 3 ml/min

Pressure 20 psi

Oven Temperature 120-210°C

Equilibration Time 0.25 min

Injection Temperature 250°C

Column Temperature 60°C for 2 min, 10°C/min to 200°C, 5°C/min to 240°C, hold 240°C for 7 min
Split Ratio 1/40

Split Flow 100 ml/min

Flame lonization Detector 250°C

2.6. Diagnosis of Bacterial Strains with Biolog Gene
11 System

The obtained bacterial strains were grown on BUG (Biolog
Universal Growth Agar) medium to determine their metabolic
profiles. The bacterial cultures were suspended in IF-A buffer
solution and the bacterial concentration in the tubes was
adjusted by turbidimeter with a transmittance value of 92-95%.
100 pl of the adjusted bacterial suspensions were added to each
well on the microplates and the plates were and the plates were
incubated.

After incubation, the microplates were read on a Biolog
reader. The metabolic profiles obtained for the test
microorganisms were compared with the metabolic profiles of
the microorganisms in the package programme of the system
(MicroLogTM3 MicroStationTM  Software, Version 5.2.2)
(Saygili et al., 2006).

2.7. Statistical Analysis

The data obtained as a result of the pathogenicity test were
subjected to analysis of variance in SPSS statistical programme
(16.0). Significant values were grouped by using the Duncan
multiple comparison test at p<0.0! significance level.
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Depending on the differences in the fatty acid profiles and
metabolic profiles of the strains, a heat map was created by
using the “heat map.2” command in the “glots” library in the R
package programme.

3. Results and Discussion

As a result of isolation from the stems and fruits of diseased
tomato plants, 57 bacterial strains were obtained. By using the

cellulase activity test, 39 non-pathogenic strains were identified
from the bacteria. The pathogenicity test was carried out with
the remaining 18 strains and the results are given in Table 2 and
Figure 1. The differences between the strains in terms of scale
values were determined to be statistically significant (p<0.01).
When the disease severity values were analysed, it was
determined that 12 Cmm strains had high virulence.

Table 2. The pathogenicity test results and virulence of bacterial strains.

Strain Scala Value Virulence Level Strain Scala Value Virulence Level
Cmm1 1.78¢ Low Cmm 10 4,77 High
Cmm 2 3.078 Moderate Cmm 11 4.3~ High
Cmm 3 1.78¢ Low Cmm 12 3.078 Moderate
Cmm 4 3.0°8 Moderate Cmm 13 3.078 Moderate
Cmm 5 4,04 High Cmm 14 437 High
Cmm 6 4.0° High Cmm 15 4.3 High
Cmm?7 4.0~ High Cmm 16 4.3 High
Cmm 8 437 High Cmm 17 3.078 Moderate
Cmm 9 437 High Cmm 18 5.0% High
Control oc

ABCThe values indicate the average of 3 replications, according to the Duncan multiple comparison test, the difference between the averages shown
with different letters in the same column is significant with respect to p<0.01.

100

Disease Severity (%)*
o o o

o

o

86.8
80 80 80 e 767
8
60 60
6
40 333 333
1 2 3 4 5 6 7 8 9

100
93.3 93.3
86.7 86.7
76.7
60 60 60

10 11 12 13 14 15 16 17 18 K

Figure 1. The disease severity index of Cmm strains.

The morphological and biochemical characteristics of the
bacterial strains are given in Table 3. It was observed that all of
the strains formed mucoid, yellow coloured colonies on YDC
medium. The bacterial strains were identified as rod-shaped,
gram positive bacteria by using the Biolog System. However,

the strains were detected to be gram-negative in the KOH test.
The results of the catalase and starch hydrolysis tests were
positive, while the levan colony formation and pectolytic
activities were negative.
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Table 3. Morphological and biochemical characteristics of bacterial strains.

SN Colony Description M GR BG CT OoX AD LC SH PA
1 Yellow, mucoid, rod - - + - - - ;
2 Yellow, mucoid, rod - - + + - - - -
3 Yellow, mucoid, rod - - + Wa - - - + -
4 Yellow, mucoid, rod - - + + - - - W -
5 Yellow, mucoid, rod - - + + - - - + _
6 Yellow, mucoid, rod - - + + - - - + _
7 Yellow, mucoid, rod - - + + - - - + _
8 Yellow, mucoid, rod - - + + - - - + -
9 Yellow, mucoid, rod - - + + - - - + -
10 Yellow, mucoid, rod - - + + W - - + -
11 Yellow, mucoid, rod - - + + - - - + _
12 Yellow, mucoid, rod - - + + - - - W+ -
13 Yellow, mucoid, rod - - + + - - - + -
14 Yellow, mucoid, rod - - + + - - - + ;
15 Yellow, mucoid, rod - - + + - - - + -
16 Yellow, mucoid, rod - - + + - - - + ;
17 Yellow, mucoid, rod - - + W+ - - - + R
18 Yellow, mucoid, rod - - + + WA - - + -

SN: Strain No; M: Motility; GR: Gram reaction; BG:

Levan Colony; SH: Starch Hydrolysis; PA: Pectolytic Activity; +: Positive result; -: Negative result; W*: Weak positive.

The fatty acid types and their % amounts in 18 Cmm strains
were determined by the gas chromatography system. The
identification results, the similarity index and the number of
fatty acids contained in the strains are given in Table 4. The
strains obtained were identified as Cmm at subspecies level

Biolog System gram reaction result; CT: Catalase; OX: Oxidase; AD: Arginine Dihydrolase; LC:

with 71-87% similarity index. It was determined that the
number of fatty acids detected varied in the strains. The highest
number of fatty acids (18) was detected in Cmm 2 and Cmm
12.

Table 4. Diagnostic results of bacterial strains according to FAME profiles.

SN FAME ldentification Result SI (%) NFA
1 Clavibacter michiganensis subsp. michiganensis 72 11
2 Clavibacter michiganensis subsp. michiganensis 72 18
3 Clavibacter michiganensis subsp. michiganensis 76 11
4 Clavibacter michiganensis subsp. michiganensis 78 15
5 Clavibacter michiganensis subsp. michiganensis 71 12
6 Clavibacter michiganensis subsp. michiganensis 82 15
7 Clavibacter michiganensis subsp. michiganensis 87 14
8 Clavibacter michiganensis subsp. michiganensis 72 13
9 Clavibacter michiganensis subsp. michiganensis 83 13
10 Clavibacter michiganensis subsp. michiganensis 74 11
11 Clavibacter michiganensis subsp. michiganensis 85 14
12 Clavibacter michiganensis subsp. michiganensis 72 18
13 Clavibacter michiganensis subsp. michiganensis 72 13
14 Clavibacter michiganensis subsp. michiganensis 83 13
15 Clavibacter michiganensis subsp. michiganensis 71 12
16 Clavibacter michiganensis subsp. michiganensis 82 15
17 Clavibacter michiganensis subsp. michiganensis 78 15
18 Clavibacter michiganensis subsp. michiganensis 74 11

SN: Strain Number; FAME: Fatty Acid Methyl Ester; SI: Similarity Index; NFA: Number of Faty Acid.
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When the FAME profiles of the strains were analysed, it
was observed that 10 fatty acids (14:0, 14:0 iso, 15:0 iso, 15:0
anteiso, 16:0, 16:0 iso, 17:0, 17:0 iso, 17:0 anteiso, 18:1 w9c)
were common in all strains. Fatty acids 13:0, 14:0 anteiso and
17:1w8c were present in Cmm strain 2 and 12, while 18:0 30H
and 20:0 iso were present only in Cmm strain 7. It was
determined that 15:0 anteiso (42.4-52.4%) and 17:0 antesiso
(26.45-34.60%) fatty acids were present in all strains. The
presence of 15:1 anteiso A fatty acid, having a diagnostic value
for Cmm, was determined at a rate of 2.3-4.9%. A heat map was
created based on the fatty acid types and % amounts determined

in the strains with the R package programme (Figure 2). In this
map, the relationship between the data of fatty acids that enable
the grouping of bacterial strains is represented by colours. In
the heat map, X axis represents fatty acids and Y axis represents
bacterial strains. When the heat map is analysed, it is seen that
18 Cmm strains consist of 2 main clusters, A and B. The first
cluster consists of two subgroups, Al (Cmm strain 2-12) and
A2 (Cmm strain 4-17). The second cluster consists of B1, which
is represented only by Cmm 7, and B2 (Cmm strain 8-13, 14-9,
11, 5-15, 16-6, 18-10, 3-1) subgroups that contain a wide
variety.

Color Key

Abinl

3 Z 8 &
¢ 8 o 3

g

aneso A

5]

7.0 anteiso

The properties of the bacterial strains obtained in the study
to utilise 71 different carbon sources and sensitivity tests for 23
chemicals were evaluated in the Biolog Gen Ill MicroPlate
system and profiles were obtained accordingly. MicroPlates
were evaluated visually, optically and spectrophotometrically.
Visual reading revealed that redox reaction occurred in some of
the wells, indicating that Cmm was metabolically active and as
a result the wells were coloured purple. Optical reading was
performed on the Biolog reader provided with a video camera
that captured images at specific times. Spectrophotometric
reading was carried out with a MicroStationTM reader at
absorbance values of 590 nm and 750 nm at two intensities.
Columns 1-9 were used for the carbon source utilisation tests.
All reactions in these columns were compared to the reaction in
the well Al, the negative control well. Therefore, reactions in
wells in the columns 1-9 that gave a similar colour to the well
ALl (absence of any colour) indicated that the respective carbon
sources were not used and were considered negative. The

S0anteiso

T/
TR

4:0 anteiso
Canteiso
170 cyso

Figure 2. Heat map indicating the grouping of bacterial strains based on fatty acids.

purple coloured wells indicated that the strains metabolised the
respective substrates using the carbon sources and were
considered positive. The columns 10-12 were used for the
chemical sensitivity tests. The reactions in these wells were
compared with the reaction in the well A10, which was the
positive control reaction. Since the colour of the positive
control was purple, the reactions in the purple coloured wells in
the columns 10-12 were considered positive and indicated that
the strains were resistant to the respective chemical. The
colourless well were considered negative as they demonstrated
no growth and indicated that the strains exhibited a significant
sensitivity to the chemical inhibitor. All of the strains were
identified as Clavibacter michiganensis subsp. michiganensis
at subspecies level. When the diagnosis report of the strains was
analysed, the lowest similarity index was 54% and the highest
was 75%. The diagnostic results of the strains are presented in
Table 5.
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Table 5. Identification of Cmm by Biolog Gen 111 System.

Identification Strain No Prob*(%) Sim (%) Dist
1 100 97 0.3
2 100 80 2.4
3 99 80 2,7
4 99 82 2.3
5 99 88 1.6
6 98 78 15
7 98 76 1.4
8 98 74 3.0

cmm 9 98 54 1.2
10 96 80 1.1
11 94 71 1.6
12 91 68 1.9
13 87 75 0.2
14 85 76 15
15 75 72 1.2
16 75 64 14
17 75 75 1.7
18 70 56 3.0

*Prob: Probability of correct identification; Sim: Similarity index value indicating the quality of each match; Dist: Distance rating indicating the

number of mismatches.

When the profiles of Cmm strains were evaluated, it was
determined that all of them used 3 carbon sources, namely
Sucrose, D-Fructose and D-Mannitol. It was detected that only
strains 9 and 14 grew in Tween 40 and the other strains did not
grow in the presence of Tween 40. While all strains were
observed to grow in 1% NaCl in the well B10, none of them
were observed to grow in 8% NaCl in the well B12. In 4% NaCl
inwell B11, only 6 and 16 of the strains were observed to grow.
When the tolerance of the strains to pH was analysed, it was
detected that all of the strains grew at pH 6 and none of them
grew at pH 8. When the reactions of Cmm strains against
antibiotics were evaluated, it was observed that all of the strains
did not grow in the wells containing troleandomycin, rifamycin,
minocycline, lyncomycin and vanomycin, so they were
sensitive to these antibiotics. In the wells containing Aztreonam
antibiotic, all strains grew and therefore were resistant to this
antibiotic. In the well containing nalidixic acid antibiotic, it was
determined that all of the strains except 9 and 14 grew. A heat
map was created based on the metabolic profiles determined
with the R package programme (Figure 3). In the heat map, the
relationship between the data belonging to the metabolic
profiles that enable the grouping of Cmm strains is expressed
in colours. In the heat map, the horizontal axis represents the
bacterial strains and the vertical axis represents the wells in the
Biolog Gen Il MicroPlate. When the heat map is evaluated, it
is seen that 18 Cmm strains consist of 2 main clusters, namely
A and B. The first cluster consists of two subgroups, which are
Al (Cmm strain 9 and 14) and A2 (Cmm strain 6 and 16). The
second main cluster (B) consists of two subgroups, namely B1

and B2. It is observed that the diversity in B1 is considerably
high.

It is observed that the FAME and the Biolog Gen Il System
grouped Cmm strains differently based on their own
characteristics. The results obtained demonstrate the value of
both systems in the diagnosis of bacterial strains.

In this study, 57 bacterial strains were isolated from the
stems and fruits of the diseased tomato plants. Jahr et al. (2000)
reported that the endoglucanase gene celA of Cmm was an
important virulence factor required for wilt induction on
tomato. Therefore, cellulase activity test was used to determine
the non-pathogenic Clavibacter strains. The results showed that
39 of the strains lacked cellulase activity, which was the proof
of the non-pathogenicity. In the pathogenicity test, the disease-
causing properties of 18 strains were investigated and it was
determined that bacterial strains with cellulase activity caused
wilt symptom on tomato plants. The results of the cellulase
activity test were confirmed by determining that 12 of the
bacterial strains had high, 4 of them had moderate and 2 of them
had low levels of virulence. Zatuga (2013) also investigated the
presence of cellulase activity in the non-pathogenic Clavibacter
strains and found that 15 non-pathogenic Clavibacter strains
showed no cellulase activity, while the LMG 5616 and PD 5707
strains had high cellulase activity. It was determined that the
strains formed yellow, mucoid colonies on the YDC medium.
This result was found to be homogeneous with the results
obtained in the study conducted by Li et al. (2018). In parallel
with the findings of Cristina et al. (2018), it was determined in
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this study that the bacterial cells were rod-shaped and
immobile. As a result of biochemical tests, catalase, amylase,
oxidase and levan colony formation of the strains were detected
positive and negative. These test results were consistent with
the findings of Kolomiets et al. (2017). In this study, while the
strains were determined as gram positive bacteria by the Biolog

System, they were determined as gram negative as a result of
the 3% KOH test. In the study conducted by Tripathi et al.
(2022), Cmm strains were found to be positive as a result of
gram staining, but negative in the gram reaction test conducted
with KOH. As stated in EPPO (2016), it was determined that
Cmm strains developed in 6% NaCl.
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Figure 3. The heat map indicating the grouping of bacterial strains based on their metabolic profiles.

In numerous studies, the FAME analysis was used to
classify microorganisms. A large library of fatty acid profiles
including the Cmm fatty acid profile was established and the
taxonomic significance of the FAME content in Coryneform
bacteria, including Clavibacter, was reported. The
anteisopenladecenoic acid, an unsaturated branched chain fatty
acid with a carbon number of 15 and a double bond, was
identified as an important criterion for the diagnosis of Cmm
(Gitaitis & Beaver, 1990). In this study, the presence of 15:1
anteiso A fatty acid, which had a diagnostic value for Cmm,
was identified in all strains at a rate of 2.33-4.95 %. In all
strains, 15:0 anteiso (42.4-52.4%) and 17:0 antesiso (26.4-
34.6%) fatty acids were detected at high rates and were
identified as Cmm with a similarity index of 72-87%. These
values were similar to other studies. For example, in the study
conducted by Sahin et al. (2002) in the Eastern Anatolia Region

of Tiirkiye, 16 strains were identified as Cmm with a similarity
index of 47-89% as a result of the FAME analysis in the study
in which the pathogen causing heavy yield losses up to 100%
in tomato production areas was investigated. In the study
conducted by Cetinkaya Yildiz (2007), 6 strains obtained from
Mersin and Adana provinces were identified as Cmm with a
similarity index of 41-81% and the 13 strains obtained from
tomato production areas in Tokat province by Belgiizar et al.
(2016) were identified as Cmm with a similarity index of 58-
82% by using the Microbial Identification System. When the
rates of fatty acids were analysed, it was observed that the
strains were largely similar and 14:0 iso, 14:0, 15:1 anteiso A,
15:0 iso, 15:0 anteiso, 16:0 iso, 16:0, 17:0 iso, 17:0 anteiso and
17:0 fatty acids were detected in all strains. Especially 15:0
anteiso and 17:0 anteiso fatty acids were detected at high rates
in the strains. It was determined that 15:1 anteiso A, which is
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characteristic for Cmm, was found in strains at an average rate
0f 2.2%. Basim and Basim (2018) isolated a total of 118 strains
from diseased tomato samples in the Western Mediterranean
region of Tirkiye. As a result of the FAME analysis, it was
determined that the anteisoheptadeconic acid (al5:0, 41.8-
55.8%), palmitic acid  (i16:0, 7.1-15.4%) and
anteisoheptadeconic acid (al7:0, 24.8-30.9%) were the major
components in all strains and were detected in high amounts.
These results were consistent with the characteristics of the
Clavibacter genus members. It was stated that the number,
diversity and % amount of bacterial fatty acids remained
unchanged as long as the environmental conditions were the
same, therefore differences in fatty acid profiles were an
indirect indicator of genetic kinships between strains (Yang et
al., 1993). As aresult, cellular fatty acid profiles were suggested
to determine the differences between microorganisms. It was
stated that quantitative and qualitative changes in cellular fatty
acids could be used as an indicator of differentiation between
species. However, in the comparison of fatty acid profiles, it
was stated that standardisation of cultivation conditions was
important since the composition of the medium, age of the
culture, temperature and oxygen availability had a strong effect
on fatty acids (Schumann et al., 2009).

The Biolog System is described as the gold standard for
bacterial diagnosis (Morgan et al., 2009). However, most of the
studies using this system did not focus on gram-positive
corineform phytopathogens, i.e., bacteria belonging to the
genus Clavibacter. In this study, Clavibacter michiganensis
michiganensis, which causes wilt in tomato, was identified by
using the Biolog Gen I11 system. When the profiles of bacterial
strains obtained with the Biolog Gen 111 System were evaluated,
18 of them were identified as Cmm. It was determined that all
of the strains used 3 carbon sources (Sucrose, D-fructose and
D-mannitol). It was determined that they did not use 47 carbon
sources in the MicroPlate and yielded negative results in the
sensitivity test against 6 chemicals. Stancu and Mitrea (2020)
conducted a study on the identification of Cmm strains obtained
from different regions of Romania by using the Biolog
Microbial Identification System. The bacterial strains were
identified as C. michiganensis at the species level, but
subspecies could not be identified. It was determined that all of
the identified strains used a-D-glucose, dextrin, D-mannose, D-
mannitol, D-fructose, D-galactose and sucrose carbon sources
and 27 carbon sources were not used. It was determined that D-
mannitol, D-fructose and sucrose were also used by the strains
in this study, but the strains exhibited differences in the use of
a-D-glucose, dextrin, D-mannose and D-galactose carbon
sources. Regarding the chemical sensitivity tests, the growth of
the strains in the presence of 1% NaCl, nalidixic acid,
aztreonam, potassium tellurite and pH 6 was detected as
positive, while their tolerance to 8% NaCl was detected as
negative. In this study, the same results were obtained for all
tests except growth in potassium tellurite in well G12. The

strains were found to be sensitive to troleandomycin,
lincomycin, vancomycin, fusidic acid, rimfamycin SV,
guanidine HCI, D-serine, minocycline and niaproof 4. As
reported in the study by Yasuhara-Bell and Alvarez (2015), it
was determined in this study that Cmm strains did not hydrolyse
gelatin. In the study conducted by Korus (2011) on the
identification of subspecies of 32 C. michiganensis strains, only
one strain was identified as Cmm by using the GEN Il
OmniLog ID System. The similarity index of the strain was
relatively low (31%). In the study conducted by Yasuhara-Bell
and Alvarez (2015) on the differentiation of Clavibacter
subspecies from Cmm, Cmm strains were identified with the
Biolog System with an average similarity index of 0.748 and
0.898 and a probability index of 0.564 and 0.686. lalacci et al.
(2016) used the Biolog System for the diagnosis of 63 strains
obtained from samples taken from 17 farms during tomato
bacterial cancer outbreaks in Sicily and identified 21 of the
strains as Cmm with a similarity index of 0.50-0.70 and a
probability index of 83-100%. In this study, 18 strains were
identified as Cmm with a similarity index of 54-97% and a
probability index of 70-100% and the result was confirmed by
the pathogenicity test. lalacci et al. (2016) and Stancu and
Mitrea (2020) emphasised that the identification would be
correct if the similarity index was greater than 0.5. In this study,
it was determined that the similarity index of the strains was
greater than 0.5. Harris-Baldwin and Gudmestad (1996)
reported that the accuracy of the strain identification increased
when the profiles of the known strains of a particular species
were added to the Biolog System database. In this study, the
strains were successfully identified with the Biolog Gen Il
System. However, in most of the studies, it was found that the
differences between the strains studied with the Biolog System
database did not alter their classification at the genus and
species level, but were inadequate for their classification at the
subspecies level (Morgan et al., 2009). The results indicated
that C. michiganensis subspecies shared very similar dietary
characteristics and therefore produced very similar profiles,
which could pose a problem when trying to use profiles for
subspecies differentiation. Yasuhara-Bell (2014) suggested that
differences in metabolic profiles of strains could reflect loss or
gain of genetic material and/or adaptation to a more specific
niche.

4. Conclusion

In this study, all bacterial strains isolated from tomato plants
were identified based on the FAME analyses and the metabolic
profiles obtained using the Biolog Gene Il System. The
obtained morphological and biochemical test results provided
valuable information for the diagnosis of Cmm. The results
showed that morphological and biochemical properties could
be used together to make a distinction between species, but it
was necessary to use MIS and Biolog Gen Il System to
determine subspecies categories. It is thought that the profile
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data obtained in this study will be useful in the development of
databases of systems for the diagnosis of Cmm.
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Sunflower study was carried out as a pot trial based on this experimental design. At the end of the trial period,

plant growth parameters and some physiological measurements and analyzes were performed on
sunflower plants and the differences between the treatments were evaluated. According to the
research findings, significant differences were observed between the different treatments and
irrigation levels. The application of Ca(NOs3)2 significantly influenced plant growth parameters (such
as plant height, stem diameter, fresh and dry weight) and physiological parameters [such as tissue
relative water content (RWC)] in sunflower grown under varying irrigation levels. At the end of the
study, it was determined that dry conditions negatively affected plant growth in sunflowers and
reduced the RWC value. In conclusion; calcium nitrate applications reduced this negative effect of
drought compared to the control application. It can be said that especially the results obtained from
the application of 15 Mm CaN at 70% (l1) irrigation level are relatively less affected by drought.
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1. Introduction Sunflower is easier to cultivate than corn. It is drought

Sunflower (Helianthus annuus L.) is cultivated for snack resistant and can be grown in arid areas without irrigation
purposes even in regions with short vegetation periods, such as (Arioglu, 2000). With its deep root system, sunflower can use
the Eastern Anatolia Region and similar ecologies. This groundwater with a depth of approximately 2 m. For this
increases the importance of sunflowers in places where corn, reason, sunflower can be considered an alternative to corn as a
the first plant that comes to mind when it comes to silage, silage forage plant in periods and places where rainfall or water
cannot reach harvest maturity. is low (Bremner et al., 1986). It is resistant to lower

temperatures than corn; It is much less damaged by the last
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frosts of spring and the first frosts of autumn. The appropriate
growth temperature in corn agriculture is 24-32°C, and the total
temperature requirement during the development period varies
between 2000-4000°C depending on the region and varieties
(Kartok, 1998). It also needs a relative humidity that does not
fall below 60%. On the other hand, sunflower requires a total
temperature of around 2600-2850°C during its growing period
(Arioglu, 2000). In addition, the vegetation period of the
sunflower plant until harvest maturity is quite short (90-120
days) (Ahmad et al., 2014). In addition to being a very valuable
plant for silage, it is one of the four most important oilseeds in
the world. In terms of vegetable oil production, sunflower ranks
second after cotton and outperforms other non-traditional
oilseed crops such as soybean and canola (Government of
Pakistan, 2007).

Although Tiirkiye has suitable ecological conditions for
sunflower cultivation, our sunflower cultivation areas cannot be
increased (Meral, 2019). Although the sunflower plant is
drought tolerant due to its taproot structure, the drought that
occurs as a result of being a summer plant and not enough
rainfall in this season reduces the yield per decare considerably
(Kolsaricr et al.,, 1995). It is known that drought has increased
in recent years and is one of the main abiotic factors that
negatively affects crop production worldwide (Reddy et al.,
2004). Unlike other stress factors, drought stress does not
appear suddenly, but develops gradually and increases in
severity over time, causing damage (Larcher, 2003). Drought
negatively affects plant growth and productivity by affecting
water and nutrient supply to plants (Erdem et al., 2001; Jones
& Qualset, 1984). Limited water in the plant prevents the
accumulation of mineral elements in the tissues, negatively
affecting normal root development, nutrient uptake and
mobility in the soil (Luo etal., 2011). There are studies showing
that the water potential, osmotic activity and gas exchange
properties of sunflower are suppressed during drought (Tezara
et al., 1999). Ashraf and O’Leary (1996) found that stomatal
conductance and transpiration of sunflower plants grown under
limited water stress were negatively affected. Studies aimed at
reducing the negative effects of drought stress by spraying
nutrient solutions on the leaves have been frequently used in
recent years. Application of water-soluble fertilizers is foliar to
increase nutrient availability (Al-Shammari et al., 2018, 2019).

Calcium nitrate fertilizer contains nitrate nitrogen and
calcium, two essential nutrients for plants (Anonymous, 2024).
It can be said that top fertilization is suitable for all types of soil
and plants. Since the interaction of calcium and nitrate is
favorable, there is no residue or salinity in the soil. It is
generally used in foliar applications with drip and sprinkler
irrigation systems on plants grown outdoors and in
greenhouses. It has a white-colored granular structure and
contains 15.5% N in the form of nitrate and 26.5% Ca, which is
completely soluble in water. When given too little, it causes the
plant to wilt, while when given too much, it causes crop

maturation and harvest delays. Increasingly widespread
agricultural drought limits irrigation opportunities in
cultivation, and leading producers to seek alternative ways
against the negative effects of drought stress. It has been
determined that calcium has a reducing effect on drought stress
in sugar beet, Arabidopsis thaliana, tea and corn plants
(Hosseini et al., 2019; Huang et al., 2018; Malyukova et al.,
2022; Naeem et al., 2018).

Numerous studies have shown that mineral nutrition plays
an important role in increasing plant tolerance to abiotic
stresses. However, despite the positive effect of calcium on
plant growth and stress tolerance, studies on its application in
sunflower are limited. The aim of this study is to investigate
whether foliar application of calcium nitrate provides tolerance
to drought stress in sunflower plants exposed to drought stress.

2. Materials and Methods

The study was conducted as a pot experiment in the
greenhouses of the Atatiirk University Plant Production
Application and Research Center in 2024. The 'Bright Gold'
variety of sunflower was used as the plant material in the
research. The 2-liter pots were filled with the prepared soil
mixture (garden soil (2): sand (1): peat mixture (1)) and 5 seeds
were planted in each pot at a depth of 2-3 cm. After reaching
the seedling stage, the plants were thinned to leave four uniform
plants in each pot.

2.1. Calcium Nitrate and Water Restriction
Practices

The study included nine different treatments: 100%
irrigation (control), 70% irrigation, 40% irrigation, 15 (mM)
Ca(NO3), + 100% irrigation, 15 (mM) Ca(NOs3), + 70%
irrigation, 15 ( mM) Ca(NOs), + 40% irrigation, 30 (mM)
Ca(NO3), + 100% irrigation, 30 (mM) Ca(NOs); + 70%
irrigation, 30 (mM) Ca(NOs). + 40% irrigation. The experiment
was conducted using a two-factor completely randomized
experimental design, with three replications and four plants per
replication. The 100% irrigation treatment (lo) represents field
capacity, while the 70% (11) and 40% (l,) irrigation treatments
represent water restriction levels relative to field capacity. Field
capacity was calculated by weight percentage usingthe
following formula (Giingor et al., 1996). 70% and 40% water
restriction applications were calculated according to field
capacity. Tap water was used in the study.

Water retention capacity = (Moisture level at field capacity
(weight percentage) - Moisture level at wilting point (weight
percentage))*VVolume weight of the soil*Depth of the soil.

2.2. Physical Methods

Calcium nitrate and water restriction treatments were
initiated when the first true leaves formed at the seedling stage.
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Fertilizer applications were made by spraying the leaves using
a hand sprayer.

Within the scope of the study, seedling height (cm) and the
number of leaves were measured. Additionally, fresh and dry
weights of stems and roots (g) determined. Samples were dried
at 68°C until a stable weight was achieved. Leaf area was
measured using a LICOR model LI-3100 (Lincoln, NE, USA).
Chlorophyll content was assessed with a SPAD502 chlorophyll
meter (Konica Minolta Sensing Inc., Japan).

The stem diameter (mm) of the above-ground parts of the
plants was measured at the harvest stage using a digital caliper
(Gullap et al., 2022).

Leaf relative water content (LRWC) was determined
according to Kaya et al. (2003).

The experiment was designed using a two-factor completely
randomized experimental design. All data obtained at the end
of the research were analysed using the variance analysis test
with the SPSS 18 package program, and means were compared
using the Duncan multiple comparison test (N. Y1ldiz & Bircan,
1991).

3. Results and Discussion

Differences in the average stem diameter (mm), plant fresh
and dry weight (g), as well as root fresh and dry weight (g)
under water restriction and calcium nitrate treatments are
presented in Table 1. It is known that water stress negatively

Table 1. Effect of applications on plant development in sunflower.

affects nutrient uptake in plants and reduces productivity
(Ahmad et al., 2014). As a matter of fact, in Table 1, the
decrease in irrigation level led to a decrease in all parameters.
The highest and lowest stem diameter values were obtained
from the control application (4.84) and the lowest irrigation
level (3.31 mm), respectively. In both 15 mM and 30 mM
Ca(NO:s), applications, the stem diameter under 70% irrigation
applications was higher than in the control applications and was
included in the same statistical group. While a 59.42% weight
loss was observed in fresh plant weight between Io and I,
irrigation levels in control applications, this value was 48.65%
in 15 mM Ca(NQ3), applications. The weight loss in 30 mM
Ca(NOs), applications was determined to be 44.52%. These
values suggest that calcium nitrate applications can reduce the
yield loss in plants due to drought. In plant dry weight, the
weight loss in control applications was 68.57%, the weight loss
in 15 mM Ca(NO3), applications was 61.66%, and the weight
loss in 30 mM Ca(NOs). applications was 72.35%. The highest
root fresh weight was obtained from CaNji-1; treatment (2.25 g),
While the lowest fresh root weight was from CaN»-1, treatment
(0.549). The highest values for root dry weight were obtained
from CaN;i-lp (1.01) and CaNj-11 (1.15 g) treatments (Table 1).
It is known that drought stress reduces photosynthesis,
suppresses plant growth and food production, and causes
decreases in total biomass and yield (Sariyer et al., 2023). In
addition, it has been determined that leaf water content and
relative humidity in plants decrease significantly (Anjum et al.,
2011). Clapco et al. (2018) stated that sunflower seedling fresh
weight was negatively affected by increasing drought doses.

Stem diameter Plant fresh weight Plant dry weight Root fresh weight Root dry weight
Treatments

(mm) (9) (9) (9 (9
lo 484 a 13.16 a 525a 2.03 ab 0.79¢c
I 4.32c 8.28 bc 3.15bc 1.95ab 0.82 bc
I2 3.31d 5.34d 1.65d 117 cd 0.55d
CaNzi-lo 4.74 ab 12.60 a 553 a 2.08 ab 101la
CaNi-I1 4.46 bc 947h 3.99b 2.25a 1.15a
CaNzi-12 3.57d 6.47 cd 212cd 1.80 abc 0.49d
CaNz-lo 440c 9.14b9,14 557a 2.04 ab 0.98 ab
CaNz-11 4.52 bc 7.78 bc 2.99 bc 1.40 bc 0.48d
CaNz-12 3.48d 5.07d 1.54d 0.54d 0.10e

Means marked with different letters are statistically different.

The effects of calcium nitrate applications aimed at
reducing the negative effects of different water restriction levels
on seedling height, number of leaves, chlorophyll content, leaf
area and tissue relative water content (RWC) in sunflower are
presented in Table 2. The highest seedling height (52.00 cm and
52.67 cm) were obtained from control irrigation (lo) and 15 mM
Ca(NOs3), with g irrigation applications, both of which were in
the same statistical group. The highest seedling height under I,
irrigation application, which is the lowest irrigation level, was

obtained from 15 mM Ca(NOs), application (42 cm). The
number of leaves decreased with reduced irrigation levels in all
treatments. The highest number of leaves (11 pieces per plant)
was recorded with lo treatment, while the lowest number of
leaves (6.67 pieces per plant) was observed with CaNg-I;
treatment. CaNi-l; and CaNj-l, treatments had higher leaf
numbers compared to I; and I irrigation levels of other
treatments. Previous studies have determined that drought
stress in sunflower, especially in the early development period
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(4 to 8 leaves), causes a decrease in the number and area of
leaves, a decrease in absorption during the maturity phase, and
also a shorter life span of the plants (Goksoy et al., 2004). It is
known that chlorophyll is the pigment that provides the green
and healthy appearance of the plant. According to the results of
our study, lo irrigation levels of all treatments and CaNi-l;
treatment had high chlorophyll content and were in the same
statistical group. As expected, chlorophyll contents decreased
with reduced irrigation levels. The stress caused by limited
water in the plant develops due to the decrease in impulse
growth, the expansion of cells in the root and shoot meristems,
and the cessation of cell division. The suppression of cell
expansion or division is parallel to the decrease in the rate of
photosynthesis due to water deficiency (Anjum et al., 2011).
Reducing irrigation levels decreased leaf area in all treatments.
In the control application, there was a leaf area loss of 51.02

cm? between lo and | irrigation levels, 32.05 cm? between 15
mM Ca(NOs), applications, and 37.62 cm? between 30 mM
Ca(NO:s), applications. Accordingly, it can be said that at least
15 mM Ca(NOs), applications of the leaf area are affected by
water restriction applications. Researchers have stated that leaf
area index is one of the most important growth indicators in
sunflower. The reason for this is that sunflower reaches the
highest leaf area and reaches maximum photosynthesis when it
is not under any stress (Goksoy et al., 2004). Similarly, Pekcan
et al. (2015) reported in their study that leaf area is the
parameter most affected by drought stress in sunflower lines
and that stress reduces leaf area up to 75%. In our study, it was
determined that the highest RWC values were at Iy levels, and
as irrigation levels decreased, RWC values also decreased. Our
results are parallel to other studies (Giir, 2019; S. Yildiz, 2017).

Table 2. Effect of applications on seedling height, number of leaves, chlorophyll value (SPAD), leaf area and tissue proportional water

content in sunflower.

Treatments Seedling height Number of leaves (pcs per Chlorophyll Leaf area (cm? per RwWC
(cm) plant) SPAD plant) (%)

lo 52.00 a 11.0a 40.00 a 194.83 a 67.00 bc
I 45.33 bc 8.67 cd 36.66 b 139.90 ¢ 63.66 C
I2 39.00d 7.67 de 29.66d 95.42d 55.66 d
CaNzi-lo 52.67 a 10.67 ab 39.44 a 187.82 ab 71.96 a
CaNi-I1 49.33 ab 9.33 bc 40.66 a 151.89,bc 56.48 d
CaNzi-12 42.00 cd 8.33cd 33.28¢c 127.62 cd 42.79 f
CaNz-lo 45.00 bc 9.67 abc 40.00 a 153.80 bc 70.33 ab
CaNz-11 44.00 ¢ 8.67 cd 36.33 b 135.11 cd 56.33d
CaNz-12 32.00¢e 6.67 e 29.00d 95.93d 50.66 e

Means marked with different letters are statistically different.

4. Conclusion

Sunflower is a valuable silage alternative forage plant in
regions where the corn plant has a risk of freezing. Although it
is a drought-resistant plant due to its taproot structure, drought
caused by the fact that it is a summer plant and there is
insufficient rainfall in this season significantly reduces the yield
per decare. It is known that mineral nutrition plays an important
role in increasing tolerance to drought stress, which negatively
affects plant production. In fact, it was determined in our
research that different irrigation levels and calcium nitrate
applications significantly affected plant development and some
physiological characteristics in sunflower. Increasing drought
levels negatively affected all parameters. However, it was
determined that calcium nitrate applications reduced this
negative effect caused by drought compared to the control
application. It can be said that the results obtained from the
application of 15 mM CaN Ca(NOs), at 70% (1) irrigation level
were relatively less affected by drought. Testing the results of
this research, which was carried out controlled greenhouse
conditions, with different plants and varying fertilizer doses

under field conditions will be useful for further evaluation in
terms of yield and quality.
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1. Introduction 1980; Olgun, 2011). In these storage methods, the moisture
content of the grain to be stored and the storage temperature are
two important factors affecting the storage time of the grains
(Muir, 1980). The moisture content of storage of 14% or less
for wheat, ensures safe and long-lasting preservation (Wallace

requirement on average and about 21% of the daily protein et al., 1983). Wolter (1986) reported that the positive effect of
intake in the human diet (Shiferaw et al., 2013). Wheat grains

are also widely used in the flour and bakery sector as well as in
the fermentation industry to produce beer, alcohol, vodka and

Wheat is one of the most cultivated and consumed
agricultural products by mankind since the day it was
cultivated. It provides about 20% of the daily caloric

temperature on the flour quality extent of within 10°C to 30°C
in stored wheat. Generally, storage temperature is kept at 15°C
and below to reduce metabolic activity and variability in stored

biogiiesel. Most of the products in the cereal group are stored in grains (Timm et al., 2020; Wallace et al., 1983). Wheat grains
various ways for future use after harvest. The preferred general can be infected by many microorganisms in the field condition

storage method for most of the other cereals, particularly wheat, or at post-harvest, which has a significant negative impact on
is storage in silos or stacks in warehouses (Ertugay, 2010; Muir, food safety and product quality. Species belonging to fungal
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genera such as Fusarium, Penicillium, Alternaria and
Aspergillus cause spoilage in stored wheat and the formation of
mycotoxins that adversely affect human and animal health
(Magan et al., 2011; Placinta et al., 1999; Solanki et al., 2021).

In this study, it was aimed to determine the fungal flora in
stored wheat grain samples collected from different villages in
Bafra district of Samsun province and to identify the fungal
genera and species based on their morphological
characteristics.

2. Materials and Methods

This study was carried out in 13 different villages of Bafra
district (41°38'23" North; 35°59'7” East, Elevation = 20 m) of
Samsun province, where wheat is cultivated and collected from
21 different wheat stores in 2017. The warehouses were
selected as closed warehouses belonging to farmers or closed
areas where bagged products were located. Sampling was done
from the products stored within 6 months after harvest.

These villages in Bafra district of Samsun province include
Yakintag, Titlinciiler, Evrenusagi, Karmncak, Kosukdyii,
Yesilyazi, Kuscular, Kaygusuz, Emenli, Hariz, Azay,
Cataltepe, Gokceagag villages. In the process of determining
the villages where the study was carried out, it was important
that the villages were in different locations and topographical
features from each other. Totally, twenty samples were
collected from stores in located these villages. The collected
wheat samples were kept in sealed paper envelopes and brought
to the laboratory.

Each collected sample batch was divided into two
parts and the part not to be used for isolation was kept for
further studies. From the remaining sample batch, thirty wheat
grains were randomly selected. For surface disinfection, these
grains were soaked in 1% NaOCI for 3 minutes, washed with
distilled water and dried on blotting paper. After drying, the
grains were placed on Potato Dextrose Agar (PDA) medium (39
g per liter distilled water with sterilized for 15 minutes at 121°C
and added Streptomycin sulfate in 0.1 g L't and Oxytetracycline
dehydrate 0.05 g L) in 3 replicates with 10 seeds in each petri
dish. The petri dishes were then sealed with parafilm and left to
incubate for 5-8 days in cabinets with a temperature of 24+1°C
and Black Light with 12 hours of light and 12 hours of darkness
(Booth, 1977; Burgess et al., 1994; Nelson et al., 1983).

At the end of approximately 1 week, cultures with mycelial
growth were examined under a light microscope. The seeds in
the petri dishes were evaluated one by one and the fungi were
identified, and the number of affected seeds was recorded.
Barnett and Hunter (1998) were used for identification some
fungi that did not develop spores and resembling Fusarium sp.
transferred on CLA (Carnation Leaf Agar) medium. All
identified fungi and other identified fungi on carnation leaf agar

(CLA) media were transferred to 2 PDA media and stored in
the refrigerator at 4°C for a certain period.

The SPSS v21 statistical packages (IMB, Statistic, OMU
Licensed for online users) were used analysis of differences
between the variances by One-Way ANOVA. The variance
homogeneity was analysis Levene Test (Levene, 1960) and
means were grouped by Duncan multiple range test (Duncan,
1955).

3. Results

In this study, 600 wheat seeds from 21 different storage
samples were examined to investigate the fungal flora in wheat
grains stored for 6 months after harvest. As a result, 68.5%
(411) of the seeds examined did not show any fungal growth,
while 38.5% (189) were found to be infected with at least one
fungal genus or species (Figure 1). A total of 192 isolates
belonging fifteen fungal genera were obtained from 189 wheat
seeds in which fungal growth was observed.

Fungal Isolation Rates on Seeds
450 68.5%
400

350
300
250
200
150
100

50

31.5%

Number of Seeds

Fungal Growth Non-Fungal Growth

Figure 1. The percentage and number of fungal growth/non-
growth on stored wheat seeds.

Fungal isolates obtained from the seeds on PDA were varied
to base on their morphological characteristics and they were
identified under the light microcopy. Alternaria alternata was
the most dominant species with 41.5% among the isolated fungi
from the seeds and together with other Alternaria isolates was
the most common fungal genera with 60.4% in this study (Table
1). The morphology of Alternaria is typical and its conidia are
dark colored, typically elliptical or spherical in shape, with both
transverse and longitudinal compartments (Figure 2A and B).
Following these, Chaetomium with 14.5% and Phoma with
6.7% were observed second and third most common fungal
genera, respectively. The genus Chaetomium is generally
characterized by rounded, ovoid, or obovate ostiolate ascomata
covered with characteristic hairs (Figure 2C). Epicoccum,
Cladosporum and Penicillium were among the other common
fungi with 3.2%, 3% and 2.6%, respectively (Figure 2D and E).
Fusarium was less common at 2.1%, but three different species
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had been identified as F. graminearum, F. tabacinum and F.
poae (Figure 2F, G, H). Bipolaris, Ulocladium and Septonema
were represented by two isolates for each genus, while

Aspergillus, Stemphylium, Nigrospora, Torula, Papularia were
rarely identified as only one isolate for each (Figure 2).

Table 1. The fungal genera/species and isolation rate of stored wheat seeds.

Fungal Genera & Species No. Isolates Isolation Rate* (%) Std. Deviation Groups**
Alternaria spp.

Alternaria alternata 79 41.46 +3.40 a

Alternaria others 37 18.96 +5.32 ab
Fusarium spp.

Fusarium graminearum 2 0.96 +0.86

Fusarium tabacinum 0.50 +0.86 e

Fusarium poae 1 0.63 +1.09 e
Bipolaris spp.

Bipolaris spicifera 1 0.63 +1.09 e

Bipolaris sorokiniana 0.63 +1.09 e
Phoma spp. 13 6.66 +1.42 d
Aspergillus sp. 1 0.50 +0.86 e
Penicillium spp. 5 2.63 +3.06 de
Epicoccum nigrum 6 3.23 +1.62 de
Chaetomium spp. 29 14.50 +6.06 c
Cladosporum spp. 6 3.03 +1.15 de
Septonema spp. 2 1.13 +1.00 e
Stemphylium sp. 1 0.63 +1.09 e
Ulocladium spp. 3 1.73 +1.92 e
Torula sp. 1 0.63 +1.09 e
Nigrospora oryzae 1 0.63 +1.09 e
Papularia sp. 1 0.50 +0.86 e
Sterile fungus 1 0.50 +0.86 e

* There is a significant difference among the variances (F=54.74, df=19, p<0.01).

**Duncan multiple range test.

4. Discussion

When the seeds were examined randomly by eye although

a few seeds were chalky, embryos were blackened and spindly,
95% of the seeds appeared healthy. It is thought that most of
the fungi obtained from these seeds may be endophytes.
Researchers have shown that endophytes have an effect on
plant growth and that phytohormones, such as indole-3-acetic
acid, cytokinin, and other plant growth regulators play a role in
increasing plant growth (Tan & Zou, 2001). Some researchers
have also reported that endophytes contribute to the uptake of
nutrients such as nitrogen and phosphorus by the host
(Malinowski & Belesky, 1999; Reis et al., 2000). Gibberellins
also play an important role in plant development. However, 12
fungal species have been found to produce gibberellins so far
(Kawaide, 2006; MacMillan et al., 2005; Vandenbussche et al.,
2007). In one study, the gibberellin production capacity of 19
endophytic fungal isolates was determined in Waito-C paddy
cultivar and their effect on shoot growth was investigated, and

more plant height growth was recorded in cucumber plants
compared to the control (Hamayun et al., 2010).

On the other hand, it is known that isolates of Torula,
Ulocladium, N. oryzae, E. nigrum, Penicillium and Aspergillus
species are saprophytic (Barnet & Hunter, 1998). However, it
should be taken into consideration that Aspergillus and
Penicillium species, for example, produce mycotoxins (Prasher
et al., 2024). It is known that about 250 of the fungal species
whose existence has been revealed to date produce mycotoxins
and about 20 of them cause poisoning in humans and animals
(Erdem & Ozen, 1990).

In a study on mycotoxin formation in cereals, it was stated
that there is a very suitable environment for mycotoxin
formation in cereals. The probability of formation of aflatoxin
B1 and other aflatoxins in stored and carbohydrate-rich
foodstuffs such as wheat and flour are very high (Evren, 1999).
Aflatoxins are known to have toxigenic, mutagenic, teratogenic
and carcinogenic effects for humans and animals (Unliitiirk &
Turantag, 1998). Aflatoxin formed by Aspergillus species and
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ochratoxin A formed by Penicillium species are the leading and during storage. Most mycotoxins are chemically stable, and
mycotoxins that cause significant health problems. The they survive food processing.
mycotoxins mainly grow on the food before or after harvesting

Epicoccum nigrum, E= Cladosporum sp., F= Fusarium graminearum sporodochium, G= F. graminearum macroconidium, H=
Fusarium poae, I= Aspergillus sp., J= Bipolaris sorokiniana conidia, K= Bipolaris spicifera conidia, L= Nigropora oryzae, M= Torula
sp.
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When the results are analyzed, it is seen that Alternaria spp.
is the most common genus in wheat seeds and A. alternata is
the most common species. In some other studies, it was
determined that A. alternata was the most common species in
the leaves, stems, ears and grains of wheat plants (Larran et al.,
2002, 2007). The most frequently detected Alternaria toxins,
which have significant toxicity, are alternariol (AOH),
alternariol monomethyl ether (AME), altertoxins (ATXs; I, I
and I11), altenuene (ALT), tenuazonic acid (TEA), tentoxin
(TEN) and A. alternata f. sp. lycopersici toxins (AALs) (EFSA,
2011). Alternaria alternata (Fr.) Keissl. is the most important
and widespread Alternaria species, both in terms of its wide
biological activity (pathogen, saprophyte, etc.) and host
distribution, and mycotoxin production and diversity (Barkai-
Golan, 2008; Bottalico & Logrieco, 1998; Logrieco et al., 2009;
Pinto & Patriarca, 2017; Tunal et al., 2023). Alternaria spp.
can produce many different secondary metabolites at different
stages of pathogenicity and these are defined as host-specific
toxins (HSTs) and non-HSTSs (Berestetskly, 2008; Friesen et al.,
2008). Both groups of toxins are considered to be a “virulence
factor” of Alternaria species, especially in terms of plant
pathogenicity (Andrew et al., 2009). Fusarium species produce
three most important classes of mycotoxins namely:
trichothecenes, zearalenone (ZEN), and fumonisins (FBs).
Among the fungi isolated from wheat grain, F. graminearum
and F. poae are also important pathogens. These fungi are
among the leading agents causing head blight disease in small
grains. Although several species have now been described
within the clade, F. graminearum sensu stricto remains the
most economically important toxigenic species in the genus, as
it is the most frequent cause of Fusarium head blight of small
grains and Gibberella ear rot of maize throughout most of the
world. Several mycotoxins with different chemical structures
have been reported to be associated with health problems in
humans and animals (Munkvold et al., 2021). Fusarium
graminearum can produce multiple mycotoxins, but production
of the DON during the development of Fusarium head blight of
cereals is most significant. F. graminearum is the species from
which DON was first characterized (Vesonder et al., 1973,
Yoshizawa & Morooka, 1973).

In this study, fungal flora was examined nine months after
harvest. Isolates belonging to Penicillium and Aspergillus
genera were also identified as a result of the examination, while
in a study, the flora six months later was compared with the
flora immediately after harvest. Analyses of the mycoflora
revealed that in the tested varieties of grains at harvest, field
fungi were overwhelmingly predominant constituting more
than 90 % of the total number of species. Alternaria alternata
was most predominant followed by other field fungi,
Curvularia  pallescens, Cladosporium  herbarum, B.
sorokiniana and species of Fusarium spp. and sterile fungi. The
number of field fungi was found to decrease significantly with
prolonged storage in all cases. The percentage of Aspergillus

and Penicillium, on the other hand, which were present only
occasionally at harvest, showed a continuous increase during
the storage period (Ghosh et al., 1981).

5. Conclusion

As a result of this study, it was determined that a large
number of fungal species were present in the fungal flora of
wheat seeds nine months after harvest. With this study, we think
that it would be useful to examine what kind of differences in
the fungal flora in producer warehouses immediately after
harvest and after certain periods of time after harvest. As a
matter of fact, there are studies on this subject in the world. In
addition, both endophytic fungi that can be used in biological
control and toxigenic and saprophytic fungi obtained as a result
of the research should be emphasized.
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ARTICLE INFO ABSTRACT

Article History Tomato (Solanum lycopersicum L.), is an important crop in tropical and subtropical regions, but it is
Received: 14.08.2024 highly susceptible to biotic stresses, particularly late blight caused by Phytophthora infestans. This
Accepted: 16.10.2024 fungus disease can lead to sudden outbreaks, resulting in severe crop losses. Chemical control
First Published: 31.12.2024 remains a vital strategy for managing such outbreak. This study evaluated the effectiveness of 20

different fungicides, sprayed at recommended doses, for controlling late blight tomato and improving
tomato production. A susceptible tomato variety, Nagina, was grown under randomized complete
block design (RCBD) in vivo. Based on the percentage of disease infections produced on tomato
plants and statistical analysis results, the results found that Chlorostrobin (13.62%), Cabrio Top
(14.91%), Curzate M (15.38%), Ridomil Gold (16.77%), Jalva (17.13%), Nanok (19.2%), and
Antracol (19.34%) were the most effective fungicides against P. Infestans. Other fungicides such as
Co-pride (21.1%), Flumax (21.54%), Alliette (23.81%), Score (24.35%), Success 40 WSP (25.13%),
and Melody Due (28.82%) also exhibited effective results. However, fungicides like Rally (32.23%),
Cytrol (34.28%), Thrill (37.46%), Evito (37.52%), Shincar (43.63%), Topas (45.83%), and Tilt
(48.59%) were less effective in controlling the disease. These findings highlight the importance of
using Chlorostrobin, Cabrio Top, Curzate M, Ridomil Gold, Jalva, Nanok, and Antracol are highly
effective fungicides to combat late blight. This targeted approach ensures that fungicides are applied
when they are most effective at preventing disease outbreaks, reducing overall fungicides use and
Costs.
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1. Introduction pathogens and pests alone causing as estimated annual crop loss
of US$220 bhillion globally. This directly affects food security,
economic stability, and a range of interconnected socio-
economic factors significantly affecting both regional
economies and global markets (Ali et al., 2020; Anwaar et al.,

in vulnerable regions (Mubeen et al., 2024; Nauman et al., 2022; Azeem et al., 2020; Iftikhar et al., 2024; Rehman et al.,
2023). These outbreaks result in considerable losses, with 2023).

The increasing frequency and intensity of plant disease
outbreaks present significant and escalating threats to primary
productivity, global food security, and biodiversity, particularly
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Pakistan is recognized for its favourable agro-climatic
conditions, which support the robust cultivation of various of
various fruits and vegetables. The country’s total vegetable
production has reached approximately 7.07 million tonnes,
contributing to the overall agriculture output of 13.764 million
tonnes (Abbas et al., 2023; Ahmad et al., 2021; Nagqvi et al.,
2024). The primary vegetables cultivated in the country are as
tomato (Solanum lycopersicum L.), potato (Solanum tuberosum
L.), onion (Allium cepa L.), chilies (Capsicum spp.), turnip
(Brassica rapa L.), okra (Abelmoschus esculentus L.), carrot
(Daucus carota L.), cauliflower (Brassica oleracea var.
botrytis), peas (Pisum sativum L.), tinda (Praecitrullus
fistulosus) gourd, collectively occupying 78% of the total
vegetable acreage and contributing 81% of the overall
production. Its adaptability to both tropical and subtropical
climates, coupled with its status as a key organic vegetable,
underscores its role in sustainable agricultural practices in the
region Tomatoes are a nutrient-rich source of essential
vitamins, minerals, and dietary fibre, contributing to a well-
balanced diet. They are particularly valued for their high
concentration of lycopene content, a carotenoid recognized for
its potent antioxidant activity, which has been extensively
studies for its role in reducing the risk of various chronic
diseases including cardiovascular disease and certain cancers.
Interestingly, the bioavailability of the lycopene is significantly
increased through thermal processing, such as during
production of tomato juice or puree, enhancing its absorption
and efficacy in the human body. This increased bioavailability
likely explains why more than 80% of global tomato
consumption occur in processed forms. In addition to lycopene,
tomatoes are rich in other antioxidants, including vitamin C,
beta-carotene, and phenolic compounds, which may act
synergistically to provide a broad spectrum of health benefits
by reducing oxidative stress and inflammations (Helyes &
Lugasi, 2006).

Late blight, caused by the oomycete Phytophthora
infestans, is a highly destructive pathogen affecting both
tomatoes and potatoes. Its origins are traced to the Andes
Mountains, with its global spread facilitated by cool, humid
environments. The co-evolutionary relationship between the
host plants and the pathogen, hypothesized in 19th century
following the Irish potato famine of 1845-46 (De Bary, 1876;
Ghorbani et al., 2004) has been confirmed by modern genetic
analyses, including isozyme profiling, DNA sequencing, and
pathogenicity comparisons. These studies have revealed
striking genetic similarities among P. infestans isolates from
Peruvian, U.S., and Europe (Foolad et al., 2008; Nowicki et al.,
2012; Vleeshouwers et al., 2011) supporting the hypothesis of
a common evolutionary origin. On tomatoes, the disease was
first reported in France by Payen in 1847, and it is now known
to infect all parts of the tomato plant, including leaves, stems,
fruits, and seeds, leading to substantial crop losses (Reeves et
al., 2023; Vincent et al., 2023). Symptoms typically begin as

water-soaked lesions on the leaves, which can rapidly progress
to blight and death of the entire plant within days. In the
presence of moist weather, a whitish growth forms on the
margins of the lesions on the underside of the leaf.

Once an unprotected crop (field, greenhouse, and/or plastic-
cover cultures) is infected by P. infestans, the whole crop can
be devastated within seven to ten days (Foolad et al., 2008).
Economic losses may be in the form of reduced yield, lower
quality of the fruit (such as low specific gravity), diminished
storability, and increased cost associated with fungicide
applications (Nowicki et al., 2012).

Different management strategies are adopted by the various
researchers and farmers towards late blight of tomato and the
most economical and environment friendly is the use of
resistant varieties (Kanwal et al., 2024). Late blight of tomato
disease can also be managed through the application of
biocontrol agents and crop rotation. However, farmers need
quick action in case of severe infection or the emergence of
epidemics, and quick action can be acquired through the use of
fungicides. Integrated Pest Management (IPM) suggests the
application of fungicides after the appearance of typical disease
symptoms (Mazumdar et al., 2021). Spraying fungicides at
seven to ten days interval leads high crop quality and best
average yield potential (Zhi et al., 2021).

This study aimed to evaluate the effectiveness of twenty
fungicides available in Pakistan against P. infestans in field
conditions to identify the most potent antifungal agent for
managing late blight in tomatoes. The widespread application
of fungicides in Pakistan necessitated a meticulous evaluation
to identify the most efficacious fungicide for disease control,
thereby optimizing resource allocation and minimizing
financial burdens on farmers. The fungicides tested included
Cholorostobin, Score, Alliette, Success, Antracol, Melody Due,
Cytrol, Ridomil Gold, Curzate M, Rally, Cabrio Top, Co-Pride,
Thrill, Evito, Shincar, Topas, Score, Flumax, Jalva, and Nanok,
each applied as foliar sprays at recommended doses.

2. Materials and Methods

2.1. Study Design and Agronomic Practices

The study was conducted at the Vegetable Research
Institute, AARI Faisalabad, Pakistan, during the 2017 growing
season. The highly susceptible variety Nagina was used to
evaluate the efficacy of twenty different fungicides (Table 1).
The nursery was sown in October, and transplanting was
completed in November. The seedlings were arranged in a
randomized complete block design (RCBD) with three
replications. Each treatment plot measured 1x10 m, with plant-
to-plant spacing of 50 cm and row-to-row spacing of 60 cm.
Conventional agronomic practices were followed throughout to
maintain optimal crop conditions.
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Table 1. List of used fungicides and their recommended dozes.

Fungicides

Formulations

Active Ingredients

Manufacturers

Recommended doses

(per Liter)
Chlorostrobin 56 EC Azoxystrobin Chlorothalonil Sitara 5mL
Cabrio Top 60 WDG Pyraclostrobin Metiram FMC 59
Curzate M 72 WP Cymaoxanil Mencozeb Arysta 69
Ridomil Gold 68 WG Metalaxyl-m, Mencozeb Syngenta KX
Jalva 325 SC Azoxystrobin Difenoconazole Orange Protection 3mL
Nanok 25SC Azoxystrobim Flutrifol Swat Agro Chemicals 3¢
Antracol 70 WP Propineb Bayer 59
Co-pride 50 WP Copper Oxychloride FMC 109
Flumax 60 EC Fluazinam Metalaxal-M Evyol Group 2mL
Alliette 80 WP Fosetyl Aluminium Bayer 30
Score 250 EC Difenoconazole Syngenta 2mL
Success 40 WSP 72 WP Chlorothalonil Metalaxyl Arysta 30
Melody due 66.8 WP Propineb, Iprovalicarb Bayer 30
Rally 40 WSP Myclobutanil Dow AgroSciences 19
Cytrol 75 WP Thiophanate Methyl Chlorothaloni Sitara 5¢
Thrill 20 WP Bismerthiazole FMC 309
Evito 480 SC Fluoxastrobin Arysta 1mL
Shincar 50 EC Carbendazim FMC 3mL
Topas 100 EC Penconazole Syngenta 1mL
Tilt 250 EC Propiconazol Syngenta 2mL
Control - Distilled water - -

2.2. Disease Inoculation and Fungicide Application

Late blight disease was artificially induced using a 20 pl
zoospore suspension of Phytophthora infestans cultured from
infected leaves, following the method described by
Pliakhnevich and Ivaniuk (2008). High humidity levels were
maintained by regular water spraying to promote disease
development. Fungicides were applied as foliar sprays (Sharma
et al., 2011), after the onset of disease symptoms, with two
applications administered at a seven-day interval using a
battery-operated knapsack sprayer. The fungicides used
included Chlorostobin, Score, Alliette, Success, Antracol,
Melody Due, and others, at recommended doses.

2.3. Data Collection and Statistical Analysis

Disease incidence was recorded weekly for three intervals,
beginning seven days after the fungicide treatments, using the
following formula:

Disease incidence (%) = (Number of infected plants)/(Total
number of plants) x 100 (1)

Statistical analysis was performed using Statistix 8.1
(Mitani et al., 2001), with graphical representation generated
through Minitab 18. Pairwise comparisons were made using the
Least Significant Difference (LSD) test at a 0.05 significance
level to determine the effectiveness of the fungicides.

3. Results and Discussion

Pathogenicity tests confirmed symptoms consistent with
late blight in tomatoes, as reported in the literature (Figure 1).
The effectiveness of the tested fungicides varied significantly
in controlling the late blight disease. Chlorostrobin was the
most effective, reducing disease incidence to 13.62%, followed
closely by Cabrio top (14.91%), Curzate M (15.38%), Ridomil
Gold (16.77%), Jalva (17.13%), Nanok (19.2%), and Antracol
(19.34%). These treatments demonstrated substantial
reductions in disease prevalence compared to untreated plants.

Other fungicides such as Co-pride (21.1%), Flumax
(21.54%), Alliette (23.81%), Score (24.35%), Success 40 WSP
(25.13%), and Melody due (28.82%) showed moderate
effectiveness but did not match the performance of the top-tier
treatments. Despite reducing the incidence of late blight, their
efficacy was comparatively lower.

In contrast, fungicides including Rally (32.23%), Cytrol
(34.28%), Thrill (37.46%), Evito (37.52%), Shincar (43.63%),
Topas (45.83%), and Tilt (48.59%), were far less effective.
These treatments failed to sufficiently control the spread of the
disease, with exhibited a significantly higher disease incidence
at 68.31% (Figure 2, Table 2). The limited effectiveness of
these fungicides suggests their reduced capacity to mitigate
fungal infestation, further underscoring the superior
performance of the top-performing fungicides.
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Table 2. Correlation based on disease incidence and the
efficacy of each fungicide.

Fungicide Disease Incidence (%) Rank
Chlorostrobin 13.62 1
Cabrio Top 14.91 2
Curzate M 15.38 3
Ridomil Gold 16.77 4
Jalva 17.13 5
Nanok 19.20 6
Antracol 19.34 7
Co-pride 21.10 8
Flumax 21.54 9
tomato plants in the field (B Alliette 23.81 10
omato plants in the field (B). Score 24.35 11
The fungicides Chlorostrobin, Cabrio Top, and Curzate M Success 40 WSP 25.13 12
showed the highest efficacy with the lowest disease incidences, Melody Due 28.82 13
making them ideal candidates for controlling late blight (Table Rally 32.23 14
2). In contrast, fungicides like Rally, Cytrol, and Tilt exhibited Cytrol 34.28 15
lower efficacy, with significantly higher disease incidences. Thrill 37.46 16
This highlights the critical importance of selecting the most Evito 37.52 17
effective fungicides, particularly those with a disease incidence Shincar 43.63 18
below 20%, to ensure optimal late blight management in Topas 45.83 19
tomatoes. Tilt 48.59 20
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Figure 2. Fungicides’ potential in mitigating the incidence of late blight of tomato.
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Tomato a widely cultivated vegetable crop in tropical and
subtropical regions, faces various biotic and abiotic challenges,
particularly from fungal, bacterial, and viral pathogens, as well
as several insect pests. Major fungal diseases of tomatoes
include early blight, late blight, botrytis blight, alonf with
widespread viral diseases include tomato leaf curl virus
pathogen. All of these diseases reduce the tomato fruit size and
leave it unmarketable. The best approach to control these
diseases by use of effective fungicides.

Previous research by Peerzada et al. (2020) aligns with our
findings, demonstrating the positive impact of fungicide
application on controlling late blight. Their observations
support the notion that fungicides effectively inhibit spore
germination, sporulation, and intercellular mycelial growth of
the late blight pathogen. This study further highlights a
significant correlation: untreated control plots displayed higher
AUDPC values, indicating a more rapid spread of the disease.
Conversely, fungicide application significantly reduced
AUDPC values, primarily by hindering spore germination and
sporulation, which are crucial factors in the disease's
progression. The severity of late blight directly translates to
yield losses. These losses were quantified by measuring the
yield difference between fungicide-treated and untreated plots.
Notably, plants treated with systemic fungicides, particularly
those receiving foliar sprays of Curzate, produced the highest
tuber yield. In contrast, untreated control plots exhibited the
lowest tuber yield (11.40 t/ha) alongside higher levels of
defoliation at season's end and elevated AUDPC values. This
observed variation in tuber yield across different treatments can
be primarily attributed to the differing severities of late blight
experienced in each treatment group.

Corroborating our findings, Neupane et al. (2018)
investigated the efficacy of various active ingredients against
late blight in tomato plants. Their study encompassed a broad
spectrum of fungicides, including dimethomorph, cymoxanil,
azoxystrobin, famoxadone, chlorothalonil, fenamidone,
fosetyl-AL, cupric oxychloride, and cupric hydroxide, as well
as several commercially available products. Notably, all tested
fungicides with the exception of azoxystrobin (Quadris)
demonstrated suppressive effects on late blight development.
This aligns with previous research suggesting the effectiveness
of contact fungicide applications applied towards the end of
August in providing robust protection for both leaves and fruit
throughout the growing season until harvest (Alexandrov,
2011; Mugao et al., 2020).

Our study aligns with the observations of To6foli et al.
(2014), who reported enhanced efficacy of fungicide
combinations against potato blight under specific precipitation
regimes. Their findings demonstrate that mefenoxam +
mancozeb, mefenoxam + chlorothalonil, dimethomorph +
ametoctradin, dimethomorph + chlorothalonil, propamocarb,
fenamidone + propamocarb, benthiavalicarb + fuazinam,

mandipropamid, mandipropamid + chlorothalonil,
ametoctradin + metiram, cyazofamid, cymoxanil + zoxamide,
and cymoxanil + famoxadone exhibited superior blight control
when the initial rainfall event occurred 30 minutes after
application, followed by progressively increasing simulated
rain. Conversely, the activity of dimethomorph + mancozeb,
fuopicolide + propamocarb, pyraclostrobin + metiram,
fuazinam, chlorothalonil, and mancozeb NT was demonstrably
diminished up to the 1-hour post-application interval (HAA).
Notably, blight control by fenamidone treatments displayed a
significant decline that extending up to the 2-hour HAA
interval.

A growing body of research has investigated the
effectiveness of various fungicides in combating late blight
disease, a destructive illness caused by the pathogen P.
infestans and plaguing crops like potato and tomato. Vincent et
al. (2023) identified Bonsoin as the most potent fungicide
against tomato late blight in their study, advocating for its use
to control the disease and bolster tomato production within
Cameroon. Furthermore, Ben Naim and Cohen (2023) observed
that two applications of Zorvec Endavia yielded significantly
superior late blight control compared to six applications of
Ranman or four applications of Revus. These findings suggest
these fungicides as potential alternatives to Mancozeb, offering
the possibility of effective late blight management while
reducing the risk of P. infestans developing resistance to
mandipropamid and oxathiapiprolin.

Although my current research involves the use of fungicides
to control plant infections, it is recommended that future
strategies focus on prioritizing the utilization of biocontrol
agents and the development of crop types that are more resistant
to pathogens. Sometimes, the beneficial microorganisms and
natural predators, known as biocontrol agents, provide a
sustainable and ecologically sound substitute for synthetic
fungicides (Ali et al., 2024a, 2024b). In addition, the process of
breeding and genetically modifying crops to have improved
resistance against infections might greatly decrease the need for
chemical treatments (Ali et al., 2024c; Baloch et al., 2023). By
implementing these strategies, the adverse environmental
effects of fungicides can be reduced, biodiversity can be
promoted, and long-term agricultural sustainability and food
security can be ensured. It will be essential to prioritize the
implementation of integrated pest management solutions for
effective disease control in the future.

4. Conclusion

The results revealed Chlorostrobin, Cabrio top, Curzate M,
Ridomil Gold, Jalva, Nanok, and Antracol as the most effective
fungicides in field situations against P. infestans. Co-pride,
Flumax, Alliette, Score, Success 40 WSP, and Melody Due
were also found effective. On the other hand, Rally, Cytrol,
Thrill, Evito, Shincar, Topas and Tilt were found less effective.
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The on-time pervasive application of the most effective
fungicide optimizes resource utilization and mitigates financial
strains on farmers by minimizing the need for multiple
fungicide applications throughout the growing season. Based
on the current research, a fungicide program utilizing
Chlorostrobin, Cabrio top, followed by sequential applications
of Curzate M, Ridomil Gold, Jalva, Nanok, and Antracol is
recommended for combating late blight in tomatoes and a range
of other fungal diseases.
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ABSTRACT

The agricultural sector holds strategic economic importance due to its roles in food production,
employment, and providing raw materials to industry. Tiirkiye is a significant agricultural country
with its biological diversity, favourable climate conditions, and agriculture-based sector. According
to the labor force statistics of the Turkish Statistical Institute (TUIK), as of 2023, approximately 4.7
million people are employed in the agricultural sector in Tiirkiye, with the majority being seasonal
workers. The farm sector includes field farming, livestock, fisheries, and forestry. Occupational
Health and Safety (OHS) is vital for the sustainability of the agricultural sector. The Occupational
Health and Safety Law No. 6331, which came into force in 2012, has mandated OHS provisions for
all enterprises and employees in the agricultural sector. This study examines the statistics on work
accidents, occupational diseases, and lost workdays in Tiirkiye's plant and animal production sector
between 2018 and 2022 and evaluates the current state of OHS practices. Based on data from the
Social Security Institution (SGK), the analysis reveals that 13,993 work accidents and 96 fatal work
accidents occurred in the plant and animal production sector between 2018 and 2022, with the highest
frequency of work accidents recorded in 2022. Additionally, 13 cases of occupational diseases were
reported during the same period. An examination of temporary incapacity durations shows 133,008
days of incapacity reports, with the highest number occurring in 2021, influenced by the COVID-19
pandemic. The study's findings indicate that OHS practices in the agricultural sector are inadequate
and need improvement. In light of these findings, various policy recommendations have been
developed, such as the widespread implementation of OHS training, increased health screenings, and
stricter OHS inspections.
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Ozdemir, M. (2024). A study on occupational health and safety in the agricultural sector in Tiirkiye: Analysis of work accidents,
occupational diseases,
https://doi.org/10.56430/japro.1515703

lost  workdays. Journal  of  Agricultural  Production, 5(4), 248-254.

1. Introduction

ten globally for producing fifty-five products, Tiirkiye is among
the world's significant agricultural countries (Solmaz, 2023).

The agricultural sector holds strategic importance in
national economies because it meets food needs, contributes to
national income and employment, and provides raw materials
for agriculture-based industries (Demir, 2015). With its
biological diversity, rich climate and geographical conditions,
presence of agriculture-based industries, and ranking in the top

® Correspondence
E-mail address: mozdemir@bayburt.edu.tr

According to 2023 employment data from the Turkish
Statistical Institute (TUIK), approximately 4.7 million people
aged 15 and overwork in the agricultural sector, with 2.7
million being male workers and 2 million female workers, the
majority of whom are seasonal workers (TUIK, 2023).
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When referring to the agricultural sector, it is essential to
remember that it includes not only field farming with branches
such as grain cultivation, vegetable growing, greenhouse
farming, fruit growing, and seedling cultivation but also
livestock breeding, including types such as large and small
animal husbandry, dairy farming, and poultry farming; fishing,
including marine and lake fishing, fish farming in ponds and
farms; and forestry-logging (Suvla, 1949).

The sustainability of the agricultural sector is possible by
ensuring the health and safety of agricultural workers.
Regarding economy and employment, occupational health and
safety in the agricultural sector are of indispensable importance.
Until June 30, 2012, the occupational health and safety
provisions of Labor Law No. 4857 were only applied to
agricultural enterprises employing more than 50 workers,
exempting those with fewer than 50 workers. However, with
the publication of the Occupational Health and Safety Law No.
6331 on this date, the provisions of this law were applied to all
enterprises and workers (Engin, 2014). In addition, agricultural
activities were generally located in "Hazardous" occupational
zones according to the Workplace Hazard Classes
Communiqué published in the Official Gazette dated 27.2.2017
and numbered 29992.

Occupational health and safety in the agricultural sector are
vital to meet workers' basic needs, ensure suitable working and
living conditions, protect their health and welfare, and increase
labour productivity. Agricultural workers face a series of
potential occupational health and safety risks, including
physical, chemical, biological, ergonomic, and psychosocial
risks. These risks can lead to work accidents and occupational
diseases, endangering the health and safety of workers. The
health and safety problems faced by agricultural workers
largely resemble those of industrial workers (Bakirci, 2011;
Engin, 2014; Seyhan & Seyhan, 2015; Yalg¢m et al., 2016).

Common or potentially developing diseases, injuries, and
accidents among agricultural workers include severe
mechanical risks such as death or limb loss related to the use of
vehicles, tools, tractors, and agricultural machinery; cancers;
respiratory diseases; skin disorders; animal-related accidents
and diseases; exposure to pesticides and other chemicals; dust
exposure; contact with hazardous plants and biological
substances; infectious and parasitic diseases; noise exposure
and hearing loss; vibration exposure and its effects; ergonomic
problems such as heavy lifting and repetitive movements,
leading to musculoskeletal disorders; working in adverse
climatic conditions like extreme heat or cold, leading to thermal
risks; and psychosocial factors and stress. Causes of fatal work
accidents in the agricultural sector include transportation (being
run over by tractors or agricultural machinery, or vehicle
overturning), falls from height, being hit by moving or falling
objects, drowning, livestock-related accidents, machinery-
related accidents, and electrical accidents (Bakirci, 2011;
Engin, 2014; Seyhan & Seyhan, 2015; Yalgn et al., 2016).

Previous research on occupational health and safety (OHS)
in the agricultural sector reveals that workers in this field face
significant physical, chemical, biological, ergonomic, and
psychosocial risks (Bakirci, 2011; Engin, 2014). In Tiirkiye,
these risks are further intensified due to the high rates of
seasonal and informal employment in the agricultural sector.
For instance, Demir (2015) notes that seasonal agricultural
workers in Tirkiye experience significant challenges in
accessing social security rights. Yalgim et al. (2016) identified
machinery-related accidents, pesticide exposure, and extreme
weather conditions as primary causes of occupational accidents
in agriculture. Although the Occupational Health and Safety
Law No. 6331, enacted in 2012, aimed to extend OHS
protection across all sectors, the unique structural issues of the
sector, such as seasonal labor and informal employment, have
posed various challenges to implementing this law in
agriculture (Giilgubuk, 2017).

This study aims to examine the statistics on work accidents,
occupational diseases, and temporary and permanent workday
losses in the "Plant and Animal Production Sector" in Tiirkiye
over the five years from 2018 to 2022 and to contribute to the
policies to be produced on occupational health and safety by
making some recommendations based on the data obtained
from these statistics.

While occupational health and safety (OHS) in agriculture
has been explored in previous studies, there remains a
significant gap in the literature regarding comprehensive, up-
to-date statistical analysis specific to Tiirkiye’s plant and
animal production sectors. Most existing research focuses
broadly on OHS risks without providing detailed temporal data
on work accidents, occupational diseases, and lost workdays
across multiple years. This study fills that gap by offering an
in-depth analysis of recent OHS data from 2018 to 2022, which
includes year-over-year comparisons that highlight trends and
emerging risks specific to Tiirkiye’s agricultural sector. The
originality of this research lies in its focus on quantifying and
examining OHS incidents in a sector marked by high rates of
informal and seasonal employment, which presents unique
challenges. By identifying specific risk factors and trends
within the agricultural sector, this study contributes actionable
insights to policymakers, aiming to improve safety regulations
and reduce work-related accidents and diseases in agriculture.
Furthermore, the study’s findings provide a foundation for
future research on effective OHS policies tailored to the needs
of Tiirkiye’s agricultural workforce.

This article is structured as follows: The introduction
section provides general information about the agricultural
sector in Turkey, its workers and occupational health and safety
risks in the sector. The materials and methods section describes
in detail the materials and methods outlining the data sources
and statistical approaches used to analyze occupational
accidents, occupational diseases and lost work days in the
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agricultural sector in Turkey. The results and discussion section
presents the results of this analysis, including trends in accident
frequency, mortality rates, occupational disease incidence and
temporary disability days in different years. The section also
places these findings in the context of occupational health and
safety (OHS) practices, compares them with international
standards and identifies critical gaps in current practices.
Finally, the conclusion section concludes with policy
recommendations aimed at improving OSH in the agricultural
sector in Turkey, including the need for enhanced safety
protocols, regular health screenings and improved training
programs for agricultural workers.

2. Materials and Methods

According to the Social Insurance and General Health
Insurance Law No. 5510, work accidents and occupational
diseases only cover insured individuals (Social Security and
General Health Insurance Law, 2006). Therefore, this study
utilised the annual statistics of the T.C. Social Security
Institution (SGK) as the data source. The "statistics on work
accidents and occupational diseases," "statistics on work
incapacity periods,” and "insured and workplace statistics"”
from the 2018-2022 period in the SGK annual statistics were
examined. Attempts were made to analyse work accidents,
occupational diseases, and work incapacity days for insured
workers in Tiirkiye's Plant and Animal Production Sector. The
statistical data used in this study were obtained according to the
NACE Rev.2 classification. In the NACE classification, the
main category is defined as 'Agriculture, forestry, hunting, and
related service activities." However, our study focuses
specifically on the subcategory '‘Crop and animal production.'
The data used do not include statistics from the 'Hunting and
related service activities' subcategory but instead cover only the
statistics related to crop and animal production activities.
Therefore, the OHS data analyzed in this study provide specific
information related to the agriculture and livestock subsector.
Due to the classification of employees as 4-a and 4-b under the
Social Insurance and General Health Insurance Law No. 5510
after 2017, the five years from 2018 to 2022 include the total of
these two groups. Definitions related to the concepts examined
in this study are given below.

2.1. Work Accident

Accidents occurring under the following conditions are
considered occupational accidents.

a) Incidents occurring while the insured is at the workplace,
causing immediate or later physical or mental harm to the
insured,

b) Incidents occurring outside the workplace while
performing tasks or duties assigned by the employer, causing
immediate or later physical or mental harm to the insured,

c) Incidents occurring while the insured working for an
employer is sent to another place outside the workplace for a
task, causing immediate or later physical or mental harm to the
insured when the main job is not being performed,

d) Incidents occurring during the time allowed for
breastfeeding by insured female workers, causing immediate or
later physical or mental harm to the insured,

e) Incidents occur while the insured is commuting to and
from where the job is performed using a vehicle provided by
the employer, causing immediate or later physical or mental
harm to the insured (Social Security and General Health
Insurance Law, 2006).

2.2. Work Accident Frequency Rate

Work Accident Frequency Rate (WAFR) indicates how
many insured individuals out of every 100 who work full-time
have experienced a work accident. The formula is as follows.

WAFR = IKS / (Total Working Hours) x 225,000 1)

IKS represents the number of insured individuals who have
experienced a work accident. In contrast, Total Working Hours
represent 2,250 hours (considering a standard work year of 45
hours per week and 50 weeks per year for a full-time worker)
and the total number of workers. The coefficient of 225,000 is
calculated based on the assumption of 100 insured individuals
working full-time for 45 hours per week and 50 weeks per year
(Akyiiz et al., 2016; Aritan & Ataman, 2017).

2.3. Death Resulting from a Work Accident

According to the definition adopted by the European
Statistics on Accidents at Work (ESAW) project, "fatal work
accidents are accidents that cause the death of the insured
worker within one year" (Erginel & Toptanci, 2017).

Occupational Disease refers to temporary or permanent
diseases or physical or mental disabilities experienced by the
insured due to repeated reasons related to the nature of the job
or the conditions of its execution (Social Security and General
Health Insurance Law, 2006).

Incapacity for Work refers to when the insured cannot work
due to a work accident. Temporary incapacity for work
represents the number of days the insured cannot work due to a
work accident, occupational disease, illness, and maternity
conditions, as indicated in the reports by doctors or health
boards authorised by SGK. Permanent incapacity for work
represents the number of insured individuals whose ability to
earn a livelihood has decreased by at least 10% due to a work
accident or occupational disease, as determined by health
boards of healthcare providers authorised by SGK and
confirmed by the SGK health board (Social Security and
General Health Insurance Law, 2006).

Total Incapacity for Work Duration consists of the
temporary incapacity period due to a work accident or

250



Ozdemir (2024). Journal of Agricultural Production, 5(4), 248-254

occupational disease, the days lost due to death from a work
accident or occupational disease, and the days lost due to
becoming permanently incapable of working.

3. Results and Discussion

In Tiirkiye, the total number of workplaces in the Plant and
Animal Production Sector increased from 17,216 in 2018 to
19,802 in 2022, an increase of approximately 15%. The number
of workplaces in the Plant and Animal Production Sector by
year is shown in Table 1 (SGK, 2024).

Table 1. Number of workplaces in the plant and animal production sector by year.

Years Permanent Temporary Public Private Total

2022 19,508 294 820 18,982 19,802
2021 18,575 292 799 18,068 18,867
2020 17,638 288 800 17,126 17,926
2019 16,911 282 635 16,558 17,193
2018 16,863 353 740 16,476 17,216

In parallel with this increase in the number of workplaces in
the Plant and Animal Production Sector, the total number of
insured workers increased from 103,608 in 2018, with 32,659
being female workers and 70,949 being male workers, to
123,990 in 2022, with 42,979 being female workers and 81,011

being male workers. Over the five years, workers increased by
approximately 19.6%. The number of workers in the Plant and
Animal Production Sector by year is shown in Table 2 (SGK,
2018, 2019, 2020, 2021, 2022).

Table 2. Number of employees in the plant and animal production sector by year.

Years Permanent Temporary Public Private Male Female Total

2022 118,617 5,373 11,937 112,053 81,011 42,979 123,990
2021 111,606 4,297 10,673 105,230 76,529 39,374 115,903
2020 108,417 4,996 10,709 102,704 75,363 38,050 113,413
2019 101,278 3,591 8,564 96,305 71,925 32,944 104,869
2018 98,691 4,917 9,887 93,721 70,949 32,659 103,608

In the Plant and Animal Production Sector, 13,993 work
accidents occurred over the five-year period from 2018 to 2022,
96 of which were fatal. The highest number of work accidents
during this period was recorded in 2022, with 3,114 work
accidents, 19 of which resulted in death. The number of work
and fatal work accidents by year in the Plant and Animal
Production Sector is shown in Table 3 (SGK, 2018, 2019, 2020,
2021, 2022).

Table 3. Number of employees involved in work accidents and
fatal work accidents in the plant and animal production sector
by year.

Number of Work Number of Fatal Work
Years

Accidents Accidents
2022 3,114 19
2021 3,060 19
2020 2,452 15
2019 2,758 18
2018 2,609 25

The work accident frequency rate, calculated per 100 full-
time workers, was the lowest at 2.1 in 2020 and the highest at
2.6 in 2021. The work accident frequency rates by year in the
Plant and Animal Production Sector are shown in Table 4
(SGK, 2018, 2019, 2020, 2021, 2022).

Table 4. Frequency rates of work accidents in the plant and
animal production sector by year.

Years  Frequency Rate of Work Accidents
2022 2.5

2021 2.6
2020 2.1
2019 2.6
2018 2.5

In the Plant and Animal Production Sector, 13 workers
contracted occupational diseases over the five years from 2018
to 2022. None of these occupational diseases resulted in death.
The highest number of occupational diseases was recorded in
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2018, with 5 cases. The number of workers contracting
occupational and fatal occupational diseases per year in the
Plant and Animal Production Sector is shown in Table 5 (SGK,
2018, 2019, 2020, 2021, 2022).

Table 5. Number of employees with occupational diseases and
fatal occupational diseases in the plant and animal production
sector by year.

Years Number_of _ Number_of Fata_l
Occupational Diseases Occupational Diseases

2022 2 0

2021 1 0

2020 1 0

2019 4 0

2018 5 0

In the Plant and Animal Production Sector, workers
received 133,008 days of temporary incapacity reports over the
five years from 2018 to 2022, with 128,037 days treated as
outpatients and 4,971 days hospitalised. The highest number of
days of incapacity, 32,767 days, occurred in 2021 when the
COVID-19 pandemic was intensely experienced in Tiirkiye.
The number of days of temporary incapacity due to work
accidents by year in the Plant and Animal Production Sector is
shown in Table 6 (SGK, 2018, 2019, 2020, 2021, 2022).

Table 6. Number of temporary disability days due to work
accidents in the plant and animal production sector by year.

Years  Tiokiment  Treame 1O

2022 28,843 974 29,817
2021 31,662 1,105 32,767
2020 22,790 711 23,501
2019 25,371 1,016 26,387
2018 19,371 1,165 20,536

A total of 2,700,296 work accidents occurred in Tirkiye
between 2018 and 2022, resulting in the deaths of 8,480
workers. During the same period, 5,901 workers were
diagnosed with occupational diseases, and 48 workers died due
to these diseases (SGK, 2018, 2019, 2020, 2021, 2022).
According to the SGK data for 2022, which alone recorded
588,823 work accidents and 1,517 fatal work accidents,
approximately one work accident occurs every 60 seconds in
Tiirkiye, and four workers die each day due to these accidents.

In this study, data on occupational health and safety in the
agricultural sector in Tiirkiye between 2018 and 2022 were
examined, and the current situation in the sector was assessed
in light of the findings. The results indicate that OHS practices
in the agricultural sector are inadequate and need improvement.

Work accident rates remained relatively steady between
2018 and 2022. While a partial decrease was observed in 2020
(2.16%), the rate rose again to 2.64% in 2021. This fluctuation
may be related to restrictions and a reduced workforce in
agricultural activities during the COVID-19 pandemic in 2020.
In 2021, as pandemic restrictions were lifted and work intensity
increased, accident rates also rose.

Although the rate of fatal work accidents showed slight
fluctuations over the years, it remained between 0.01% and
0.02%. While the limited number of fatal accidents suggests
relatively low incidence, it also highlights the hazardous nature
of agricultural activities and the need for further improvements
in safety measures.

The rate of occupational diseases remains at very low levels
(ranging from 0.00% to 0.0048%). However, these low rates
may not fully reflect the health risks in agricultural activities.
In particular, diseases related to pesticide exposure, heavy
physical workload, and ergonomic issues may be
underdiagnosed or unreported. Therefore, it is important to
conduct more frequent health screenings and raise awareness
regarding occupational diseases in the sector.

The rate of temporary incapacity days per employee also
varies by year. The highest rate of incapacity days, 0.28%, was
recorded in 2021. This increase indicates that health conditions
and workload related to the intense period of the COVID-19
pandemic led to a rise in the rate of employees taking sick leave.

The analysis results suggest that stronger occupational
health and safety measures are needed to reduce accident rates
and prevent occupational diseases in the sector. Expanding
training programs, tightening safety protocols, and conducting
regular health screenings can help mitigate safety and health
risks in the sector. Given the seasonal and physical challenges
inherent in agricultural activities, these measures are essential
to maintaining a sustainable work environment.

4. Conclusion

This study analyzes the status of occupational health and
safety (OHS) in Tirkiye’s agricultural sector by examining
work accidents, occupational diseases, and temporary
incapacity days. The high prevalence of informal and seasonal
employment in the agricultural sector creates a risky
environment for worker safety and health.

The findings of this study exhibit certain similarities and
differences when compared to existing literature. Previous
studies, such as Bakirc1 (2011) and Seyhan and Seyhan (2015),
emphasize that occupational accidents in the agricultural sector
are predominantly associated with risks like machinery use,
pesticide exposure, and heavy physical workload. These
findings align with the primary causes of occupational
accidents observed in our study during the 2018-2022 period.
For instance, the prevalence of accidents involving tractors and
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other agricultural machinery corroborates the conclusions
drawn in earlier research.

Furthermore, the more recent data presented in our study
highlights the trends in occupational accidents over the years,
particularly emphasizing the impact of the COVID-19
pandemic on lost workdays. The increase in temporary
incapacity days during the pandemic period underscores the
influence of pandemic-specific conditions on occupational
safety in the agricultural sector.

In the literature, studies like Giilgubuk (2017) and Yal¢in et
al. (2016) argue that seasonal and informal employment
significantly complicates the implementation of occupational
health and safety (OHS) measures in this sector. Similarly, our
findings identify the high proportion of seasonal workers and
limitations in access to social security as key structural
challenges restricting the effectiveness of OHS practices.

Additionally, our study contributes to the literature by
addressing the frequently reported inadequacies in diagnosing
occupational diseases in the agricultural sector (e.g., Bakirci,
2011; Seyhan & Seyhan, 2015). It suggests that the low
reported rates of occupational diseases between 2018 and 2022
may be linked to underreporting and a lack of awareness.

The results indicate that current OHS measures are
insufficient to effectively reduce work accidents and improve
the diagnosis of occupational diseases in the sector. Key
measures that should be implemented include expanding OHS
training programs for workers, increasing safety education
regarding the use of agricultural machinery, and conducting
regular health screenings. Additionally, stricter enforcement of
safety protocols and regular inspections are essential to prevent
work accidents and occupational diseases. Improving access to
essential facilities such as accommodation, hygiene, and
healthcare services for seasonal workers is also critical for
enhancing workplace health and safety in the sector.

For future research, it would be beneficial to conduct
detailed analyses across different subfields within agriculture
using larger datasets. Field studies on the causes of work
accidents and risk analyses based on the demographic
characteristics of sector employees would provide valuable
insights for improving OHS policies. Such studies will
contribute to establishing a sustainable work environment in the
agricultural sector and enhancing OHS standards.

In conclusion, improving OHS in the agricultural sector is
critical to protecting workers' health and well-being and
ensuring sustainability. Utilising larger data sets in the future
and examining the different sub-sectors in detail will contribute
to developing more comprehensive and effective OHS policies.
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1. Introduction environment have forced the search for alternative sources in
terms of plant nutrition. In this context, biological nitrogen
fixation, a process in which elemental atmospheric nitrogen is
converted into organic forms by symbiotic and asymbiotic
microorganisms possessing nitrogenase enzymes, has gained
great importance as an alternative nitrogen source to chemical
fertilizers (Elkoca et al., 2008). These microorganisms, which
have nitrogenase enzymes, convert gaseous nitrogen into a
form that can be taken up by plants and provide an important
nitrogen gain biologically (Bohlool et al., 1992; Elkoca et al.,

Nitrogen is the most limiting nutrient for crop production in
many agricultural areas worldwide (Fageria & Baligar, 2005).
The atmosphere, which contains about 78% nitrogen gas, is the
main source of nitrogen on Earth. Although nitrogen is
abundant in the atmosphere as a gas, it cannot be taken up and
utilized directly by plants. Plants can only take nitrogen from
the soil in the reduced form of ammonium and nitrate (Gul et
al., 2014; Li etal., 2013). Today, most of the nitrogen is applied

tq cropping.s.ystems i_n the form (?f industria_lly produced 2010; Mohammadi & Sohrabi, 2012).

nitrogen fertilizers, which causes various ecological problems _ ) )

worldwide (J. P. Verma et al., 2013). Increasing fertilizer costs ~ Chickpea is the second most produced edible legume plant
and the negative effects of chemical fertilizers on the in the world after dry beans with 14.8 million hectares of

cultivation area and 18.1 million tonnes of production. In
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Tiirkiye, it ranks first among edible legumes with 456 thousand
hectares of cultivation area and 580 thousand tonnes of
production (FAO, 2022). Chickpea, a member of the legume
family, can fix atmospheric nitrogen to the soil symbiotically
through  Rhizobium bacteria (Kantar et al., 2007).
Mesorhizobium ciceri is the bacterium that forms nodules and
fixes nitrogen in chickpea. This bacterium is specific to
chickpea and does not show inoculation affinity with any
member of the cross-inoculation groups (Kantar et al., 2007;
Rupela & Saxena, 1987). Therefore, there is a need for
inoculation with effective strains in soils where chickpea has
not been previously grown or do not contain effective bacterial
strains (EI Hadi & Elsheikh, 1999; Gul et al., 2014;
Somasegeran et al., 1988; D. P. S. Verma, 1984).

Nodule formation and nitrogen fixation in legumes are
influenced by both bacterial and host plant genes (Buttery et al.,
1997; Danso et al., 1987; Davis et al., 1985; Goyal et al., 2021;
D. P. S. Verma, 1984). Therefore, even if the bacteria used in
inoculation are effective and environmental conditions are
suitable for nitrogen fixation, the amount of nitrogen fixed is
limited if the bacteria and the host are not compatible.
Genotypic variation among cultivars has a significant impact on
nodulation and nitrogen fixation in chickpea as in many legume
species (Bhuiyan et al., 2009; Pandey et al., 2018; Priyadarsini
et al., 2017; Roy et al., 2018). Thus, it is crucial to identify
chickpea cultivars with high nodulation and nitrogen fixation
potential. While many chickpea cultivars have been developed
in our country in recent years, there has been insufficient
research on the response of these cultivars to bacterial
inoculation and their nitrogen fixation potential. In light of this
information, this study aims to determine the effect of
Mesorhizobium ciceri inoculation on nodulation, nitrogen
fixation and plant growth parameters of some chickpea
cultivars.
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2. Materials and Methods

The experiment was conducted in 2-liter pots under outdoor
conditions in the Field Crops Department of Atatiirk
University, Erzurum. The pots were filled with a mixture of
sifted field soil, peat and sand in a ratio of 1:1:1. Some
properties of the experimental soil are presented in Table 1. In
the study, 10 registered chickpea cultivars (Akga, Aksu, Arda,
Aslanbey, Bayram, Botan, Cevdetbey, Goktiirk, Ilgaz, Yazici)
were used as seed material. Bacterial culture (Mesorhizobium
ciceri) in peat was obtained from the Central Research Institute
of Soil, Fertilizer and Water Resources, Ankara.

Table 1. Characteristics of the experimental soil used in the
study.

Contents Value Contents Value
pH 7.27 Mg (cmol/kg) 11.99
EC (umhos/cm) 81.45  Na (cmol/kg) 1.16
Organic matter (%) 0.78 B (ppm) 0.03
CaCOs (%) 1.99 Cu (ppm) 0.53
Total N (ppm) 5.14 Fe (ppm) 0.59
P (ppm) 33.55  Zn (ppm) 0.16
K (cmol/kg) 2.28 Mn (ppm) 0.21
Ca (cmol/kg) 14.05  Cl (ppm) 2.59

The research was conducted using a completely randomized
design with 3 replications. The responses of chickpea cultivars
to Mesorhizobium ciceri inoculation were compared to an un-
inoculated control treatment. The un-inoculated control
treatment was sown first to prevent bacterial contamination. In
the inoculation treatment, bacterial culture in peat (1.1 x 10°
cfu/g) was applied to seeds soaked in a 10% glucose solution.
The inoculation was performed in the shade and the inoculated
seeds were immediately sown. Five seeds were planted in each
pot and three plants were retained per pot after emergence. Pots
were irrigated with tap water as needed. Sowing took place on
June 29, 2024 and plants were harvested 42 days after
emergence. Daily minimum and maximum temperatures were
recorded throughout the experimental period, ranging between
7 and 30.6°C (Figure 1).

W\/\
’\V/\/W\/\/VV/\_
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Days after emerhence

Figure 1. The minimum and maximum air temperatures recorded during the experimental period.
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2.1. Data Collection

A portable chlorophyll meter (SPAD-502, Konica Minolta
Sensing, Inc., Tokyo, Japan) was utilized to assess leaf
greenness as an indicator of chlorophyll content of chickpea
cultivars just before harvesting. SPAD measurements were
conducted on 10 fully expanded leaves in each pot and
averaged. The relative leaf chlorophyll content was represented
in SPAD units with “1” indicated very light green pigmentation
(chlorotic) and “50” indicated very dark green pigmentation.

Plants were harvested 42 days after emergence. The root
and shoot parts were separated after washing the roots
thoroughly with tap water. Nodules on roots were removed and
the fresh weights of nodules, shoots and roots per plant were
determined. Dry weight parameters were recorded after drying
the root, shoot and nodule samples in an oven at 65°C for 24
hours. Plant nitrogen content (N%) was determined using the
Kjeldahl method. Total N per plant (shoot dry weight x N%)
and the fixed N (total N in inoculated plants — total N in un-
inoculated plants) were calculated (Elkoca et al., 2015; Ogiitcii
etal., 2008).

2.2. Statistical Analysis

The data was subjected to analysis of variance using the
MSTATC Statistical Package (version 1.4, Michigan State
University, MI, USA) and means were separated according to
Duncan’s multiple range test at p<0.05.

3. Results and Discussion

3.1. Effect of Inoculation

In this study, an average of 69.3 mg of fresh and 9.7 mg of
dry nodule weight per plant was determined in the un-
inoculated control treatment, serving as evidence of the
presence of native rhizobial population in the soil (Table 2).
The success of inoculation depends on the ability of the
introduced rhizobium bacteria to survive and colonize by
competing with the native bacterial population in the soil
(Bordeleau & Prevost, 1994). When inoculation is successful,
significant increases in plant dry matter production and total
nitrogen amounts are observed in chickpea (Ogiitcii et al., 2008;
Pandey et al., 2018; Solaiman et al., 2010). Therefore, increases
in these parameters as a result of rhizobial inoculation are
considered among the most important indicators of nitrogen
fixation (Beck, 1992; Hardarson & Danso, 1993). In our study,
Mesorhizobium ciceri inoculation provided significant
increases in all parameters examined in chickpea as an average
of the cultivars (Tables 2 and 3). These results demonstrate that
the bacteria used in the inoculation could compete with the
native bacterial population in the soil, indicating successful
inoculation.

3.2. Effect of Cultivar

Infection of root hairs, nodule development and the
resulting amount of nitrogen fixed are influenced by host plant
genes (Dwivedi et al., 2015; Perret et al., 2000; D. P. S. Verma,
1984). Therefore, different genotypes and cultivars within the
same legume species may react differently to inoculation. As a
result of the genotypic effect, significant differences may occur
between cultivars in terms of the parameters examined in
bacterial inoculation studies (Di Bonito et al., 1990; Farid &
Navabi, 2015; Pandey et al., 2018). In this study, significant
differences were also detected among the cultivars in terms of
nodulation, plant growth parameters, chlorophyll content, N%
and total N (Tables 2 and 3).

Ilgaz had no nodule formation, while Aksu had the highest
nodule fresh and dry weights (434.4 and 60.2 mg plant?,
respectively). On the other hand, Aslanbey, Bayram, Botan and
Cevdetbey with nodule dry weight ranging between 27.8 and
37.1 mg plant! were in the second highest group. The highest
shoot fresh and dry weight values were recorded in Akga,
Aslanbey, Cevdetbey and Aksu (Table 2). Meanwhile, Arda,
Cevdetbey, Goktirk, Aslanbey and Ilgaz were the leading
cultivars in root fresh weight, with the highest root dry weight
determined in Akca and Aslabey (Table 3). The chlorophyll
contents of Goktiirk, Cevdetbey and Aksu were higher than the
other cultivars. Plant nitrogen content varied considerably
between 2.07% (llgaz) and 2.53% (Aslanbey) according to
cultivars. The highest total N per plant was determined in Akca
(69.4 mg) and Aslanbey (73.7 mg), followed by Aksu, Botan,
Cevdetbey and Yazic1 with amounts ranging between 56.2 mg
and 60.8 mg (Table 3). In other inoculation studies, it was also
reported that significant differences were found among
genotypes in terms of nodulation, plant growth, chlorophyll and
nitrogen content, indicating that the host factor is an important
determinant of the parameters investigated (Bidlack et al.,
2001; Hossain et al., 2018; Hungria & Bohrer, 2000; Keneni et
al., 2012; Ndiaye et al., 2000).

3.3. Effect of Inoculation x Cultivar Interaction

In this study, chickpea cultivars generally performed better
in the inoculated treatment than in the un-inoculated treatment.
However, there was significant variation among cultivars in
response to Mesorhizobium ciceri inoculation. Except for shoot
height and root fresh weight, the inoculation-cultivar
interaction had a significant effect on all parameters examined
(Tables 2 and 3).
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Table 2. The effects of Mesorhizobium ciceri inoculation on the nodulation, shoot height, shoot fresh and dry matter production of

chickpea cultivars.

Nodule fresh weight Nodule dry weight (mg  Shoot height ~ Shoot fresh Shoot dry
(mg plant?) plant?®) (cm) weight (g) weight (g)

Inoculation (1)
EJIE‘)"”OC”'ated 69.3b 9.7b 29.5b 8.41b 2.14b
Inoculated (I+) 249.8 a 35.7a 32.0a 9.78 a 2.56 a

Cultivar (C)
Akga 88.8 de 16.3 ¢ 34.2ab 10.62 a 294 a
Aksu 4348 a 60.2 a 32.7b 9.22b 231c
Arda 61.2 de 8.8 cd 24.1d 7.35d 1.79e
Aslanbey 215.3¢c 28.0b 34.4 ab 10.67 a 2.90a
Bayram 197.2¢ 27.8b 28.8¢ 7.90 cd 2.04d
Botan 283.3b 37.1b 28.4c 9.83 ab 257b
Cevdetbey 179.3¢ 28.6b 29.8¢ 9.45b 2.46 bc
Goktiirk 40.3 ef 5.2d 25.9d 7.80 cd 1.92 de
llgaz 0.0f 0.0d 33.4ab 8.77 bc 2.38 bc
Yazici 95.0d 15.0¢c 359a 9.32b 231c

IxC
Akga (I-) 51.3 f-i 6.7 hi 335 9.67 b-f 2.60 bc
Akga (I1) 126.3 ef 26.0 ef 34.9 1157 a 3.27a
Aksu (I-) 202.7d 29.2 de 30.3 8.43 e-h 2.22 def
Aksu (1+) 667.0 a 91.1a 35.1 10.00 a-e 2.41 b-e
Arda (1-) 10.0 hi 1.0i 23.6 6.00 i 1.49h
Arda (1+) 112.3 efg 16.7 e-h 24.7 8.70 d-h 2.09 ef
Aslanbey (I-) 110.0 efg 14.0 f-i 33.2 10.00 a-e 2.65b
Aslanbey (I+) 320.7c¢ 42.0cd 35.6 11.33ab 3.15a
Bayram (I-) 121.3 ef 15.3 fgh 275 7.57 ghi 1.98 fg
Bayram (I+) 273.0c 40.3 cd 30.1 8.23 fgh 2.10 ef
Botan (I-) 122.7 ef 17.2 e-i 27.9 9.33¢c-g 2.42 b-e
Botan (I+) 444.0b 57.0b 28.8 10.33 a-d 2.71b
Cevdetbey (I-)  42.0 ghi 5.0 hi 26.6 8.67 d-h 2.24 def
Cevdetbey (I1+) 316.7c 52.3 bc 331 10.23 a-d 2.68b
Goktiirk (I-) 0.0i 0.0i 24.7 7.13 hi 1.71gh
Goktirk (I+)  80.7 e-h 10.4 ghi 27.2 8.47 e-h 2.13 ef
llgaz (1-) 0.0i 0.0i 33.6 9.30 c-g 2.47 bed
llgaz (1+) 0.0i 0.0i 33.2 8.23 fgh 2.29 c-f
Yazici (I-) 32.7 hi 8.7 ghi 34.4 7.97 fgh 2.02fg
Yazici (I+) 157.3 de 21.3 efg 374 10.67 abc 2.60 bc

CV (%) 26.2 32.8 6.9 10.0 7.5

Source F-test

I ** ** ** ** **

C ** ** ** ** **

IxC ** ** ns * *

* and ** significant at 0.05 and 0.01 levels, respectively; ns, not significant.

Mean values with the same letter in the column are not statistically different at p<0.05.
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Table 3. The effects of Mesorhizobium ciceri inoculation on the root fresh and dry matter production, chlorophyll, nitrogen content and
total nitrogen amount of chickpea cultivars.

Root fresh weight ~ Root dry weight Chlorophyll Nitrogen content Total N (mg
(9) (mg) (SPAD) (%) plant™)

Inoculation (1)
EJIE‘)"”OC”'ated 133b 141b 37.0b 2.19b 48.1b
Inoculated (1+) 15.2a 1.66a 41.7 a 250 a 64.1a

Cultivar (C)
Akga 13.2 abc 1.75ab 39.2 bc 2.35bc 69.4 a
Aksu 12.5bc 1.28 de 40.6 ab 2.42 ab 56.3 b
Arda 16.6 a 1.50 bcd 39.9 bc 2.39 abc 431¢c
Aslanbey 15.7 ab 191a 36.5¢ 253 a 73.7a
Bayram 110c 123e 39.8 bc 2.26¢ 46.2 ¢
Botan 12.6 bc 1.40 cde 37.6 bc 2.36 bc 60.8 b
Cevdetbey 16.0 ab 1.66 abc 409 ab 242 ab 60.1b
Goktiirk 159 ab 1.52 bed 433 a 2.40 abc 46.4 ¢
llgaz 15.4 ab 1.66 abc 36.9¢ 2.07d 49.1¢c
Yazict 14.1 abc 1.46 cde 39.0 be 242 ab 56.2 b

IxC
Akga (I-) 12.0 1.34 cde 35.6 efg 2.22 def 57.6 c-f
Akga (I1) 14.5 2.16a 42.7 abc 2.48 abc 8lla
Aksu (1-) 11.6 1.21de 37.6cg 2.16 def 48.0 fg
Aksu (1+) 13.3 1.35 cde 43.7 a 2.67a 64.5 bed
Arda (I-) 15.1 1.39 b-e 37.2d-g 2.24 def 334i
Arda (1+) 18.0 1.61 bcd 42.6 abc 2.53 ab 52.8 efg
Aslanbey (I-) 13.9 1.65 bc 34.6 fg 2.35 bed 62.4 b-e
Aslanbey (I+) 175 2.16a 38.4 b-g 2.70a 85.0a
Bayram (I-) 10.4 1.10e 37.0d-g 2.23 def 44.2 gh
Bayram (1+) 11.6 1.37 cde 42.7 abc 2.29 cde 48.2 fg
Botan (I-) 12.2 1.30 cde 3449 2.21 def 53.6 efg
Botan (I+) 13.0 1.49 b-e 40.7 a-d 251 ab 68.0b
Cevdetbey (I-) 15.1 1.63 bc 42.2 abc 2.25 def 50.4 fg
Cevdetbey (1+) 16.9 1.68 bc 39.6 a-f 2.60 a 69.7b
Goktiirk (I-) 14.9 1.54 bed 42.9ab 2.14 def 36.3 hi
Goktiirk (I+) 16.9 1.49 b-e 43.7a 2.65a 56.5 def
llgaz (I-) 14.2 1.52 bed 335¢g 2.04f 50.4 fg
llgaz (1+) 16.5 1.79Db 35.2 efg 2.10 ef 47.8 fg
Yazici (I-) 13.6 1.40 b-e 35.3 efg 2.26 def 45.2 gh
Yazici (I+) 14.7 1.52 bed 42.6 abc 2.58a 67.3 bc

CV (%) 19.3 133 6.7 5.1 10.0

Source F-test

I ** ** ** ** **

C * ** ** ** **

IxC ns * * * *x

* and ** significant at 0.05 and 0.01 levels, respectively; ns, not significant.
Mean values with the same letter in the column are not statistically different at p<0.05.
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The nodulation process is tightly regulated by both host and
rhizobia genetics (Goyal et al., 2021; Wang et al., 2018).
Significant increases in nodulation are observed when
compatible bacteria x cultivar associations are achieved
(Rupela & Saxena, 1987). This indicates that specific
expression of both plant and bacterial genes is necessary for
successful nodulation and nitrogen fixation. The inoculation x
cultivar interaction was also significant for nodule weight in
this study. The highest nodule fresh and dry weights per plant
(667.0 and 91.1 mg, respectively) were determined in the
inoculated Aksu, significantly higher than the other inoculated
cultivars. On the other hand, llgaz could not produce nodules in
either the un-inoculated or inoculated treatment. Compared to
the un-inoculated control, the inoculation treatment
significantly increased the nodule dry weight of cultivars except
Goktiirk, Ilgaz and Yazict (Table 2). The highest and lowest
shoot fresh and dry weights were recorded in inoculated Akca
and un-inoculated Arda, respectively. The response of cultivars
to inoculation in terms of shoot dry weight was higher in
Aslanbey, Cevdetbey, Goktiirk, Ak¢a, Yazici and Arda. These
cultivars showed 18.9%, 19.6%, 24.6%, 25.8%, 28.7% and

40.3% increase in shoot dry weight compared to the un-
inoculated control, respectively. In contrast, the inoculation
treatment did not increase shoot dry weight in llgaz (Table 2).

The highest root dry weight (2.16 mg plant) was found in
inoculated Ak¢a and Aslanbey, which was significantly higher
than all other inoculated and un-inoculated cultivars. The
lowest root dry weight (1.1 mg plant®) was recorded in the un-
inoculated Bayram (Table 3). Similar shoot dry weight,
significant differences were observed in root dry weight among
cultivars in terms of their response to inoculation. Inoculation
did not increase root dry weight in Cevdetbey and Goktiirk
compared to the un-inoculated control. Aslanbey and Akga
exhibited the most significant response to inoculation,
increasing root dry weight by 30.9% and 61.2%, respectively,
compared to the un-inoculated control (Table 3). Consistent
with our findings, other studies conducted on chickpea, have
also shown that the interaction between inoculation and cultivar
has a significant impact on nodulation and plant dry matter
production (Bhuiyan et al., 2009; Di Bonito et al., 1990; Eusuf
Zai et al., 1999).
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Figure 2. Relationships of chlorophyll and nodule dry weight with shoot fresh weight, N% and total N. * and ** significant at 0.05 and

0.01 levels, respectively; n= 20.

Nitrogen is an essential component of chlorophyll
production in plants (Mendoza-Tafolla et al., 2019). In case of
nitrogen deficiency, plants become light green, while the

amount of chlorophyll increases and plant color becomes darker
depending on the increase in the amount of nitrogen supplied to
the plant (Kumawat et al., 2000; Odabas & Giiliimser, 2001).
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Therefore, chlorophyll content is considered one of the
indicators of plant nitrogen content and nitrogen fixation
(Hoque et al., 1999; Wood et al., 1992). In this study, the
average chlorophyll content of the cultivars significantly
increased from 37.0 SPAD in the un-inoculated control to 41.7
SPAD in the inoculation treatment, indicating that inoculation
provides nitrogen to the plant (Table 3). The high correlation
coefficient (r= 0.59**) between chlorophyll content and N%
confirmed this phenomenon (Figure 2a). The highest and
lowest chlorophyll contents were measured in inoculated Aksu
(43.7 SPAD) and un-inoculated Ilgaz (33.5 SPAD),
respectively. However, cultivars exhibited different responses
to the inoculation treatment in terms of chlorophyll content. The
inoculation treatment significantly increased the amount of
chlorophyll in Akga, Aksu, Arda, Bayram, Botan and Yazic1
compared to the un-inoculated control. In other cultivars, the
increases in chlorophyll content in relation to inoculation were
not statistically significant (Table 3).

In rhizobium inoculation studies, increases in plant nitrogen
percentage and total nitrogen content are the most important
indicators of nitrogen fixation. Rhizobia-host compatibility is
crucial in increasing plant nitrogen content and thus ensuring
effective nitrogen fixation (Kantar et al., 2007; Santalla et al.,
2001; Solaiman et al., 2007). This study observed significant
variation in the effect of bacterial inoculation on nitrogen
percentage, total and fixed nitrogen depending on the cultivars.
The nitrogen percentage ranged from 2.04% (un-inoculated
llgaz) to 2.70% (inoculated Aslanbey) and total N per plant
ranged from 33.4 mg (un-inoculated Arda) to 85.0 mg
(inoculated Aslanbey). The impact of inoculation on nitrogen
percentage and total nitrogen varied significantly among the
cultivars, similar to chlorophyll content. Except for Bayram and
llgaz, the inoculation treatment significantly increased nitrogen
percentage and total nitrogen in all cultivars compared to the
un-inoculated control (Table 3). Akca, Arda, Aslanbey,
Cevdetbey, Goktiirk and Yazici, which fixed between 19.3 and
23.5 mg nitrogen per plant, exhibited the highest response to
rhizobial inoculation. In contrast, Ilgaz did not fix any nitrogen,
while Bayram fixed a considerably low amount of nitrogen (4

mg plant?) (Table 4). Other researchers have also reported that
the interaction between cultivar and bacteria significantly
effects the amount of nitrogen fixed in chickpea (Beck, 1992;
Elkoca et al., 2015; Solaiman et al., 2007).

Table 4. The amount of fixed N by the chickpea cultivars
inoculated with Mesorhizobium ciceri.

Cultivars Fixed N (mg plant?)
Akca 235a
Aksu 16.5 bc
Arda 19.4 abc
Aslanbey 22.6 ab
Bayram 4.0d
Botan 144 c
Cevdetbey 19.3 abc
Goktiirk 20.2 abc
llgaz 0.0d
Yazici 22.1ab
CV (%) 21.6

Mean values with the same letter are not statistically different at p<
0.05.

Correlation coefficients revealed significantly relationship
between shoot fresh weight, N% and total N with nodule weight
(Table 5 and Figure 2 b,c,d,). Many researchers, including
Bhuiyan et al. (2009), Ogiitcii et al. (2010) and Solaiman et al.
(2010) have reported similar positive correlations between
nodulation and the parameters examined when effective
nodules are formed. However, the amount of nitrogen fixed did
not show a correlation with nodule weight (Table 5). For
instance, Bayram with 40.3 mg nodule dry weight per plant
only fixed 4 mg of nitrogen, while Akc¢a and Goktirk with
lower nodule dry weight per plant (26.0 and 10.4 mg,
respectively), fixed larger amounts of nitrogen (23.5 and 20.2
mg, respectively) (Tables 2 and 4). These results indicate that
nodule efficiency is more crucial than nodule weight in nitrogen
fixation. Similar findings have been reported by other
researchers such as Elkoca et al. (2015), Kipe-Nolt and Giller
(1993) and Ogiitcii et al. (2008).

Table 5. Correlation coefficients between nodulation and examined parameters.

SH SFW SDW RFW Chlor. N% Total N Fixed N
NFW 0.30™ 0.48* 0.37"™ -0.12m™ -0.01m™ 0.39™ 0.64** 0.53* 0.11m
NDW 0.34™ 0.50* 0.40 ™ -0.10"™ 0.03"m™ 0.41M 0.65** 0.56** 0.14"

* and ** significant at 0.05 and 0.01 levels, respectively; ns: Not significant; n = 20.
SH: Shoot height; SFW: Shoot fresh weight; SDW: Shoot dry weight; RFW: Root fresh weight; RDW: Root dry weight.

4. Conclusion

The results of this study showed that the response of
chickpea to rhizobium inoculation varied significantly among
cultivars and that symbiotic nitrogen gain in chickpea can be
increased by selecting compatible cultivars. Akga, Arda,

Aslanbey, Cevdetbey, Goktirk and Yazici are the most
compatible cultivars, considering the amount of nitrogen fixed.
It would be useful to confirm the nitrogen fixation efficiency of
chickpea cultivars used in this research conducted under pot
conditions with field trials in future studies.
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ABSTRACT

Altitude significantly influences the yield and composition of essential oils in medicinal
plants, with Origanum acutidens (Hand-Mazz.) letswaart, an endemic species in Eastern
Anatolia, Tiirkiye, showing noticeable variations. Known for its traditional medicinal uses
and aromatic qualities, this species was studied at three different altitudes (1150, 1650, and
2150 m) in the Eastern Black Sea Region. The results showed that essential oil yield
increased with altitude, with yields at 0.75%, 0.86%, and 1.03% at each altitude,
respectively. Key components of the oil, carvacrol and p-cymene, also varied with altitude.
Carvacrol content increased significantly from 38.30% to 58.76% as altitude increased,
while p-cymene content decreased from 35.47% to 17.12%. These results suggest that
higher altitudes, which provide conditions like lower temperature, reduced air pressure,
and higher UV exposure, stimulate secondary metabolite production in O. acutidens. It is
recommended that further research be conducted to explore this plant’s chemical diversity
across varied topography and climate conditions.

Please cite this paper as follows:

Coban, F., Ozer, H., & Cakmakci, R.
acutidens (Hand-Mazz.) letswaart. Jo

(2024). Altitude-dependent variation in chemical composition of essential oil of Origanum
urnal of Agricultural Production, 5(4), 265-271. https://doi.org/10.56430/japro.1576344

1. Introduction

Tirkiye is home to a diverse array of plant species harvested

properties. These plants, from genera like Thymus, Origanum,
Satureja, Tymbra, and Coridothymus, are widely used across

for purposes such as food, medicine, and various other
applications, thereby contributing significantly to both
domestic and foreign markets. Among these, members of the
Lamiaceae family, which includes approximately 220 genera
and 4,000 species globally, are of particular importance.
Tiirkiye hosts 48 genera and 873 species from this family,
showcasing the country's rich botanical diversity (Gliner et al.,
2012). Within this family, plants colloquially referred to as
"thyme" are especially valued for their medicinal and aromatic

® Correspondence
E-mail address: furkan.coban@atauni.edu.tr

Tiirkiye, often known by various local names depending on the
region. Notably, a large portion of the Lamiaceae species in
Tirkiye is endemic, with endemicity rates of 44.2% for the
family, 65.2% for Origanum, and 52.6% for Thymus,
emphasizing Tirkiye’s role as a gene center for these genera
(Baser et al., 1997; Davis, 1970; Tumen et al., 1995), (Figure
1). Many taxa belonging to the genus Origanum, commonly
known as oregano, are widely used in folk medicine for the
treatment of ailments such as headaches, dizziness, cough, flu,
gastrointestinal diseases, bronchitis, high cholesterol, diabetes,
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abdominal pain, hypertension, and toothache (Fidan et al.,
2020).

[l Distribution of The Taxon Over Turkey(Origanum acutidens (HAND.-MAZZ.) IETSWAART)

Figure 1. Geographic distribution of Origanum acutidens in Tiirkiye (TUBIVES, 2023).

One noteworthy member of this family is Origanum
acutidens, a perennial herb endemic to Eastern Anatolia Region
in Tiirkiye (Figure 1). Flowering from July to August in bright
pink to white hues, this species thrives on sun-exposed slopes
with calcareous or limestone substrates, requiring minimal
moisture. O. acutidens appealing aroma has made it a candidate
for ornamental use in urban landscaping and rock gardens,
while its fragrant and disease-protective properties have led to
its adoption in the food industry as a natural flavoring and
preservative. The essential oil of O. acutidens is particularly
rich in carvacrol, a phenolic compound known for its
antimicrobial properties, which, along with other components
like p-cymene and thymol, provides a potent, natural alternative
to synthetic preservatives (Burt, 2004). This oil has
demonstrated significant antibacterial efficacy, notably against
strains like Salmonella typhimurium and Escherichia coli,
making it a promising natural antiseptic for applications in
health and hygiene sectors (Cosge et al., 2009). As a high-
altitude plant endemic to Eastern Anatolia, O. acutidens
exemplifies the traditional medicinal uses associated with
Origanum species, which have historically been applied as
sedatives, diuretics, digestive aids, and antiseptics (Kose et al.,
2021).

Thymol and carvacrol are often confused due to their similar
structures; however, these two compounds have different
properties and effects. Especially in medical and industrial
applications, it is important not to mix up thymol and carvacrol
to ensure the correct compound is used (De Vincenzi et al.,
2004; Ultee et al., 2002). One of the primary pathways for
carvacrol synthesis is through the conversion of p-cymene, a
compound with the formula CioH14. This transformation can
occur via different mechanisms. Isomerization allows p-
cymene to serve as an intermediate, where structural
rearrangement of atoms leads to the formation of carvacrol.
Oxidation is another pathway; exposure to oxygen or oxidative
conditions within the plant modifies p-cymene structure,
enabling the formation of carvacrol. Additionally, enzymatic
reactions in essential oil-producing plant cells play a crucial
role, as specific enzymes can catalyze the transformation of p-
cymene into carvacrol during the plant's natural metabolic
processes. These pathways underscore the biochemical
complexity behind essential oil composition in plants
(Marchese et al., 2016) (Figure 2).
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Figure 2. Pathways for the synthesis of carvacrol from y-terpinene via p-cymene (Taherian et al., 2009).

The composition of essential oils is influenced by numerous
factors that determine the chemical profiles and quality of these
oils in various plant species. These factors include the
geographical location of the plant, climatic conditions, soil
composition, and the altitude at which the plant grows (Hussain
et al., 2008; Talebi et al., 2019). Altitude plays a critical role in
determining the quality and yield of medicinal plants by
impacting their biochemical composition, growth rate, and
adaptability (Khalil et al., 2020; Mahdavi et al., 2013). For
species like Origanum acutidens, these altitude-related
variations are particularly significant, as changes in altitude can
influence essential oil content, concentration of active
compounds, and overall plant morphology. Variations in the
composition of essential oils with altitude are often complex
and depend on multiple interacting factors, including specific
plant species, geographic location, climate conditions, soil
composition, and the altitude range itself.

Given this context, the present study seeks to investigate
how different altitudinal levels influence the essential oil yield
and composition in the aerial parts of Origanum acutidens
(Hand-Mazz.) letswaart during its flowering period. This
research will examine three distinct altitudes 1150, 1650, and
2150 meters in the Eastern Black Sea Region of Tirkiye,
aiming to capture how variations in altitude affect the plants
chemical profile. By understanding these differences, the study
will contribute valuable insights into the medicinal and

commercial applications of O. acutidens. This information
could inform optimal harvesting conditions for maximizing
essential oil yield and quality, aiding in the sustainable and
efficient use of this valuable plant in industries ranging from
food preservation to natural medicine.

2. Materials and Methods
2.1. Plant Materials

Aerial parts of Origanum acutidens (Hand-Mazz.) letswaart
were collected from Baba Mountain, Ispir, Erzurum, Tiirkiye,
during the flowering season in 2023 at three different altitudes
(1150, 1650, and 2150 m) (Figure 3). The samples were
collected simultaneously on the same date to ensure
consistency, as the content and yield of samples collected at
different times may vary. The collected plant material was dried
in the shade, ground in a grinder equipped with a 2 mm diameter
mesh, and stored. The taxonomic identification of the plant
material was verified by Dr. Ali Kandemir, a senior plant
taxonomist from the Department of Biology at Erzincan
University, Erzincan, Tirkiye. Additionally, herbarium
specimens were prepared and deposited in the herbarium of the
Department of Field Crops, Atatiirk University, under the
accession  numbers  0Org2023008, Org2023009, and
0rg2023010, corresponding to the collection sites in ascending
order of altitude.
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Figure 3. Collection sites of Origanum acutidens at different altitudes on Baba Mountain, Ispir, Erzurum, Tiirkiye.

2.2. Essential Oil Extraction

The air-dried aerial parts of the plant samples were extracted
via hydrodistillation using a Clevenger-type apparatus for a
duration of 3 hours. The extraction process was repeated three
times to ensure reproducibility. The resulting essential oil was
then dehydrated using anhydrous sodium sulfate, filtered, and
stored at +4°C until further testing and analysis.

2.3. GC Analysis Conditions

Essential oil analysis was conducted on a Thermofinnigan
Trace GC/A1300 system equipped with an SGE/BPX5 MS
capillary column (30 m x 0.25 mm i.d., 0.25 pm). Helium was
used as the carrier gas at a flow rate of 1 mL/min. The injector
temperature was set to 220°C. The temperature program started
at 50°C, increased to 150°C at 3°C/min, held isothermal for 10
minutes, and then raised to 250°C at 10°C/min. Diluted samples
(1/100, v/v in methylene chloride) of 1.0 pL were manually
injected in splitless mode. Quantitative data were obtained from
the FID area percentage.

2.4. GC-MS Analysis Conditions

The essential oils were analyzed using a Thermofinnigan
Trace GC/Trace DSQ/A1300 system (E.I. Quadrupole) with an
SGE-BPX5 MS capillary column (30 m x 0.25 mm i.d., 0.25
um). Detection was carried out via electron ionization at 70 eV,
with helium as the carrier gas at 1 mL/min. Injection and MS
transfer line temperatures were 220°C and 290°C, respectively.
The temperature program was set from 50°C to 150°C at
3°C/min, held for 10 minutes, and then increased to 250°C at
10°C/min. A 1.0 pL volume of diluted sample (1/100, v/v in
methylene chloride) was injected in splitless mode. Component

identification was based on retention times, mass spectra
comparison with Wiley7N and TRLIB databases, and literature
data. Identification was further validated by matching relative
retention indices with non-polar phase values reported in the
literature (Adams, 2007).

3. Results and Discussion

The essential oil (EO) yield of Origanum acutidens varied
significantly with altitude, indicating that altitude plays a role
in enhancing oil production in this plant. At 1150 m, the
essential oil yield was recorded at 0.75 & 0.01%, increasing to
0.86 = 0.02% at 1650 m, and reaching a peak of 1.03 = 0.02%
at 2150 m (Table 1). Increasing altitude positively impacts
essential oil (EO) yield, mainly due to environmental stresses
such as elevated UV radiation, lower temperatures, and
fluctuating light intensity. These conditions stimulate the
production of secondary metabolites, including essential oils, in
plants. The heightened UV exposure at higher altitude promotes
the production of protective compounds with antioxidant
properties, such as phenolics and terpenoids (Chrysargyris et
al., 2020). These compounds enhance the plants defense against
UV-induced oxidative stress, thereby boosting EO yield and
effectiveness. Temperature fluctuations in mountainous areas
also influence EO composition, specifically by promoting the
biosynthesis of oxygenated monoterpenes, which are crucial for
aroma and medicinal properties (Chrysargyris et al., 2020;
Zhang et al., 2021). Furthermore, studies on medicinal plants
indicate that both light and temperature stress enhance EO yield
and alter antioxidant activity, emphasizing the critical role of
altitude in plant bioactivity (Thoma et al., 2020). The EO vyield
we obtained, ranging from 0.75% to 1.03%, aligns closely with
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the findings reported by Karagoz et al. (2022), who identified
EO yields within the range of 0.42% to 1.13%. This consistency
suggests that our results fall within the expected yield range
under similar conditions, supporting the reliability of our
findings in the context of established research.

Carvacrol and p-cymene are two primary monoterpene
compounds that play a crucial role in the chemical composition
of plant essential oils. However, the concentrations of these

compounds vary depending on the altitude at which the plants
grow and the environmental stress factors they experience. As
observed in the study, p-cymene is found in high levels at
moderate altitudes (1150-1650 m), while its concentration
decreases at higher elevations (2150 m). In contrast, the
Carvacrol content shows a significant increase with altitude; at
1150 m, the Carvacrol level is 38.30%, which rises to 41.58%
at 1650 m and further to 58.76% at 2150 m (Table 1).

Table 1. Chemical profiling of essential oil of Origanum acutidens from different altitudes of Eastern Black Sea Region, Tiirkiye.

Composition (%)

Constituents RI* Altitude Method of identification
1150m 1650m 2150m

a-thujene 924 0.87 3.07 0.70 GC-MS- RI

a-pinene 932 3.08 - 2.18 GC-MS- RI

camphene 946 1.30 0.47 0.79 GC-MS-RI

S-pinene 974 - 0.32 0.41 GC-MS-RI

myrecene 988 3.05 4.19 3.28 GC-MS-RI

a-phellandrene 1002 - 0.61 0.44

0-3-Carene 1008 0.55 - -

a-terpinene 1014 1.80 3.38 1.78 GC-MS- RI

p-cymene 1020 35.47 22.75 17.12 GC-MS-RI

trans-f-ocimene 1044 - 0.35 - GC-MS-RI

y-terpinene 1054 5.53 15.89 7.69 GC-MS-RI

cis-sabinenehydrate 1065 0.43 0.22 0.30 MS- RI

terpinolene 1086 0.36 - 0.13 GC-MS- RI

linalool 1095 2.45 - 0.71 GC-MS- RI

borneol 1165 2.46 0.55 1.88 GC-MS-RI

terpinen-4-ol 1174 0.76 0.83 0.95 GC-MS-RI

a-terpineol 1186 0.57 0.33 0.44 GC-MS-RI

cis-dihydrocarvone 1191 - - 0.13

carvocrol methyl ether 1241 - 2.58 0.09

ascaridole 1234 - - 0.14

thymol 1289 0.16 2.13 0.36 GC-MS-RI

carvacrol 1298 38.30 41.58 58.76 GC-MS-RI

carvacrol acetate 1370 - 0.26 -

geranyl acetate 1379 0.39 - 0.14 GC-MS- RI

p-caryphyllene 1417 2.12 0.49 1.39 GC-MS- RI

aromadendrene 1439 - - 0.19 GC-MS- RI

EO yield 0.75+0.01 0.86 +0.02 1.03 +£0.02

Total 99.65 100 100

*RI, retention index: Compounds listed in order of elution from a BPX5 MS column.

The carvacrol content of Origanum acutidens and its related
species exhibits considerable variability across different
regions of Tirkiye, with documented values ranging between
49.4% and 87.0%. This variation is closely associated with
geographical and environmental factors that significantly
influence the composition of essential oils (Baser et al., 1997;
Cosge et al., 2009; Gulec et al., 2014; Kordali et al., 2008;

Sokmen et al., 2004). Among these factors, altitude emerges as
a critical determinant, shaping the biosynthesis of major
constituents such as carvacrol and p-cymene.

High-altitude regions expose plants to unique
environmental stressors, including increased UV radiation and
lower temperatures. These conditions stimulate the production
of secondary metabolites, particularly phenolic compounds,
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which play a vital role in enhancing the plant's defense
mechanisms. The increase in carvacrol content at higher
altitudes is attributed to the upregulation of the mevalonate
(MVA) pathway, which governs the biosynthesis of terpenoids
and related compounds (Khoshbakht et al., 2020; Pirigharnaei
et al., 2012; Tsoumani et al., 2022). Furthermore, the
conversion of precursor molecules, such as p-cymene, into
carvacrol is believed to intensify in response to these stressors
(Hosseini et al., 2024).

These adaptive biosynthetic responses are not merely
survival mechanisms but also illustrate the complex
relationship between environmental factors and the chemical
profile of oregano essential oils. Understanding these dynamics
provides a basis for optimizing cultivation strategies aimed at
enhancing carvacrol content. For instance, deliberate exposure
to moderate environmental stress, as observed at higher
altitudes, may be strategically utilized to improve the
therapeutic and commercial value of oregano essential oils.

4. Conclusion

This study demonstrates that altitude significantly affects
the essential oil yield and composition of Origanum acutidens
(Hand-Mazz.) letswaart, an endemic species to Tirkiye’s
Eastern Anatolia Region. As altitude increases, there is a
corresponding increase in essential oil yield and notable shifts
in chemical composition, particularly in carvacrol and p-
cymene content. Higher altitudes stimulate the production of
carvacrol while reducing p-cymene levels, likely due to
increased UV radiation, lower temperatures, and reduced
atmospheric pressure. These environmental factors activate
biosynthetic pathways such as the mevalonate (MVA) pathway,
enhancing the production of secondary metabolites that
strengthen the plant's defense mechanisms. The findings
suggest that by strategically cultivating O. acutidens at higher
altitudes, it may be possible to optimize carvacrol levels,
thereby improving its antimicrobial potency and commercial
value for applications in food preservation, medicine, and
natural products.

Further research on the influence of altitude and other
environmental factors across various topographies and climates
could provide deeper insights into the adaptive mechanisms of
O. acutidens. This knowledge could inform more sustainable
harvesting and cultivation practices, enhancing the quality and
yield of essential oils from this valuable species.
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This study investigated the socio-economic characteristics of cattle farms in the Selim district of Kars
province. A face-to-face survey was conducted with 350 cattle farm owners selected by random
sampling method. Frequency analysis was used to interpret the data obtained. The majority of the
farmers in the district were above 40 years of age, while the share of farmers younger than 40 years
was only 19.7%. The share of the farmers with primary school (34.4%) or secondary school (33.5%)
education was considerably high. A large majority of the farmers in the district had over (68.5%) 20
years of cattle farming experience while only 6.0% had less than 10 years of experience. It was found
that 76.8% of the enterprises in the district had 5 or more people in the family. Crossbreds of
European and indigenous cattle breeds were quite common (72.3%) in the district. Simmental was
determined to be the most commonly raised European breed (44.8%). The 30.9% of enterprises had

cattle between 20-30. The majority (50.6%) of the enterprises had 10-20 lactating cows. It was found
that 50.9% of the farmers engage in both meat and milk production in their enterprises, while 48.0%
engage solely in milk production. It was determined that 52.0% of the enterprise owners in the district
were members of associations and cattle breeders' association was the most preferred (90%) among
the farmers. High feed prices (98.3%) and diseases (33.1%) were indicated as the major problems by
the farmers. In addition, credit support (88.3%), supply of quality breeding stock animals (34%),
veterinary services (39.4%) and support in marketing of the products obtained (25.1%) were the main
expectations of the farmer from the government.
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1. Introduction

The livestock sector, which has a strategic position in
Tirkiye, is the main source of livelihood in developing regions
and contributes to meeting the demand for protein of animal
origin. The sector also provides raw materials for many
industries, especially dairy, meat, leather, textiles,
pharmaceuticals and cosmetics, and contributes to national
income, employment as well as exports (Ergiin & Bayram,
2021). Cattle farming is one of the most important sub-sectors
of the livestock sector in Tiirkiye. According to current

® Correspondence
E-mail address: bbayram@atauni.edu.tr

statistics, approximately 92.9% of total raw milk and 70.1% of
the total red meat production in Tiirkiye is obtained from cattle
(TURKSTAT, 2024). The Eastern Anatolian region in
particular plays an important role in Tiirkiye’s livestock sector.
About 37.53% of the country pastures and meadow area is
located in this region (Okcu, 2020). This region is home to over
19 per cent of the total cattle population of the country.
According to actual data, the cattle population of the eastern
Anatolia region is 3073955 (TURKSTAT, 2024). Kars
province ranks 2" in the region and 4" in the country with
615279 cattle population as compared to other provinces of

272


https://orcid.org/0000-0003-3035-7695
https://orcid.org/0009-0003-0626-1367
https://orcid.org/0000-0002-4742-6768
http://agriprojournal.com/
https://prensip.gen.tr/
https://doi.org/10.56430/japro.1524942

Ozdemir, Tarhan and Bayram (2024). Journal of Agricultural Production, 5(4), 272-282

Tiirkiye. Kars is a highland province with an altitude of 1750
meters, and livestock farming plays an important role in the
economy of the province. The abundance of grasslands,
meadows, pastures and plateaus, which are of great importance
for cattle farming, has made cattle farming one of the main
economic activities of the province from the past to the present.
The province has a total of 8 districts, and after the central

district, Selim district has the highest cattle population. The
number of cattle in the district is 107140 and increasing every
year (Figure 1). Cattle farming has a very special place in the
economy of the district, providing a livelihood for the majority
of the population. The district is home to 17 per cent of the
province's cattle population (TURKSTAT, 2024).
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70000
60000
50000

40000
2014 2015 2016 2017 2018

58331 59010

2019 2020 2021 2022 2023 2024

107140

Figure 1. Changes in the number of cattle in Selim district over the years (TURKSTAT, 2024).

Despite the increase in the number of cattle, the population
of the district has decreased from 24204 in 2015 to 21178 in
2023. Cattle production in the district faces several problems
and challenges. The decline in the district's population and the
increase in the average age of livestock farmers are among the
most significant. Majority of the cattle enterprises in the district
is small or medium scale. In order to ensure the development
and sustainability of the farming sector, economic and social
status in these enterprises should be taken into consideration
(Diler et al., 2022). Improving the economic and social
conditions of farmers will help them adapt to future challenges
and maintain their operations over the long term. In order to
achieve this, it is very important to reveal the problems of
farmers in the region. This study aimed to determine the farm
management and socio-economic structure of cattle enterprises
in the Selim district of Kars province, identify the existing
problems, and provide solutions to achieve a sustainable cattle
farming.

2. Materials and Methods

The study has been approved by Atatiirk University,
Agricultural Faculty Ethics Committee Chairmanship in 2024
(Decision no: 2024/1).

The research involved administering questionnaires to 350
cattle enterprise owners, randomly selected from 3925 cattle
enterprises in the Selim district of Kars province. Face-to-face
surveys were conducted with these 350 enterprise owners.

The data obtained were transferred to Microsoft Office
Excel. Numerical and proportional values were obtained by
frequency analysis in descriptive statistics in the statistical
program SPSS 20.0v. The numerical and proportional values
were used to create graphs and interpret the results. In
determining the sample size, the following method was utilized
(Arikan, 2007).

_ N.t?pgq
n= 2,42
(N-1).D%2+t%.p.q

@)
n = minimum number of necessary samples

N = population size

D = acceptable or desired sampling error (5%)

t = table value

p = the rate to be calculated (0.5)

q=1-p

n 3925.(1.96)2.0.5.(1-0.5)
T (3925-1).0.052+(1.96)2.0.5.(1-0.5)

= 350

3. Results and Discussion

The distribution of enterprise owners by age is shown in
Figure 2. It was found that 3.7% of the farmers were less than
30 years old, 16.0% were between 31-40 years old, 42.0% were
between 41-50 years old, 28.9% were between 51-60 years old
and 9.4% were 61 years old and above. The average age of the
cattle farmers in Selim district is predominantly falls between
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41-50 years old. Our results indicate that the interest of the
younger population (<30 age group) in animal farming is not at
the desired level. Similar results have been reported in other
studies conducted in other parts of Tiirkiye. For instance, Diler
et al. (2022) reported that the average age of cattle farmers in
Ispir district of Erzurum was 55.2 years. In Eyyiibiye district of
Sanliurfa Province, 41.5% of enterprise owners were
determined to be between 46-55 years of age (Doganay &
Yanar, 2023). Additionally, the average age of the cattle
farmers was reported to be 47.6 years in Hatay province and
44.0 years in Aksaray province (Paksoy & Bulut, 2020; Tapki

et al., 2018). These results suggest that the average age of the
cattle farmers in Tiirkiye is increasing and younger generations
don’t find cattle farming attractive. This trend is not unique for
Tiirkiye. Mzingula (2019) found that the majority (43.3%) of
the cattle farmers in Tanzania were between 40-59 years of age.
The average age of the cattle breeders was reported to be 47
years in Finland (Sahlstrom et al., 2014) and 48 years in Nigeria
(Saleh, 2018). Together, these results indicate a global trend of
ageing cattle farmers, with younger generations less interested
in the profession.

9.4%

28.9%

=<30 =31-40

= 41-50

3.7%

16.0%

42.0%

= 51-60 =61+

Figure 2. Age of enterprise owners (years).

It was found that 1.4% of the enterprise owners in the
district were illiterate, 34.4% were primary school graduates,
33.5% were secondary school graduates, 28.9% were high
school graduates and 1.7% were university graduates (Figure
3). The majority of the farm owners in Selim district were
primary school graduates, and the rates of primary and
secondary school graduates (34.4% and 33.5%, respectively)
were noticeably high while the share of university graduates
was considerably low. Studies conducted in the eastern regions
of Tiirkiye revealed that the education level of farmers is lower
and is not in desired level. For instance, the share of primary
school graduates was 51.7% and university graduates was 0.8%
among farmers in Catak, Ozalp and Ercis districts of Van
province (Terin & Ates, 2010). Similarly, the percentage of
cattle farmers who are primary school graduates was reported

as 55.6% in Kars province (Tilki et al., 2013). Majority of the
cattle farmers (54.2%) in Giresun province was primary school
graduates (Tugay & Bakir, 2009). Additionally, in Diyarbakir
Province 43% of the dairy cattle farmers were primary school
graduates and 13% were illiterate, while only 5% were
university graduate (Tutkun et al., 2017). On the other hand, in
Tekirdag province, the share of high school and university
graduates was reported to be 15% and 14% respectively (Soyak
et al., 2007). Education level of the farmers is highly important
in terms of economic efficiency of cattle enterprises. It was
observed that the majority of the farmers in Selim district of
Kars province had low level of education. Higher education
levels among farmers correlate with increased profitability of
their enterprises (Tilki et al., 2013).
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Figure 3. Education status of the farmers.

In Selim district of Kars province 6.0% of the farm owners
had less than 10 years of experience, while 25.4% had 10-20
years, 37.1% had 21-30 years, 27.1% had 31-40 years, and
4.3% had more than 40 years of cattle farming experience.
Majority of the farmers in the district had over (68.5%) 20 years
of cattle raising experience while only 6.0% had less than 10
years of experience. Similarly, Bakan and Aydin (2016)
reported that the average cattle farming experience of farmers
were 24.3 years in Agr1 province. While 82.5% of the cattle
farmers has over 20 years of cattle farming experience in
Tekkekoy district of Samsun province (Kaygisiz & Ozkan,
2021). Similarly, in Kars province the average cattle farming
experience of farmers were found to be 30.2 years (Tilki et al.,

2013). Additionally, Duguma et al. (2012) found that 50% of
the cattle farmers in Ethiopia had 15 years of experience.
However, in Nigeria 62% of farmers were reported to have less
than 10 years of cattle breeding experience (Saleh, 2018).
While in South Africa 41.4% of the farmers had over 21 years
of farming experience (Grobler et al., 2008). The experience
among cattle farmers in Selim district was determined to be
higher compared to similar studies. However, despite this
apparently advantageous situation, the high proportion of older
farmers with low levels of education in the district is a
disadvantage and a serious threat to the sustainability of cattle
farming in the district.

37.1%

n <10 =10-20

= 21-30

27.1%

4.3%

6.0%

25.4%

w31-40 = 40+

Figure 4. Farming experience (years).
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In the current study we also instigated the family
populations of the enterprises in the district. It was determined
that the majority (76.8%) of the farms had 5 or more individuals
in the family. Only 23.2% of the farms had less than 5
individuals in the family. 63.1% of the farms had 5-7 people in
the family (Figure 5). Similarly, Giiler et al. (2016) found that
the average family population in Hinis district of Erzurum was
5.2 in the cattle enterprises. While majority of the enterprises in
Kahramanmarag province had 3-5 people in the family
(Kaygisiz et al., 2010). In Ispir district of Erzurum over 70% of
the farmers had 3-5 people in the family (Diler et al., 2022).
Similarly, majority of the enterprises in Karagoban district of

Erzurum was determined to have 4 (15.2%), 5 (23.5%) and 6
(20.6%) individuals in their families (Yanar et al., 2024). In the
studies conducted in Western Kenya and Uganda number of
individuals in the farmer’s families were reported to be 8 and
8.7 respectively (Ahikiriza et al., 2021; Amimo et al., 2011).
The family population of the enterprises is important for the
sustainability and production capacity of the enterprises. Based
on the findings, it was observed that the average number of
family members in enterprises in the district is sufficient when
compared to other regions, which is promising for the
continuity of the enterprises.

30%
25%
20%

15% 13.7%

10%
0% 6.6%

5% 2.3%
0.6%
0% | —

1 2

21.1%

24.6%

17.4%

9.1%
0,
2.9% 1.7%
i =
8 10+

Figure 5. Number of family members.

Majority of the enterprises had crossbreds in their
enterprises (72.3%). Simmental was the most preferred (44.8%)
European cattle breed by the farmers. The proportions of Brown
Swiss and indigenous cattle breeds were 22.6% and 38.0%,
respectively. Holstein Friesian was the least preferred (2.6%)
cattle breed among the cattle farmers in the district (Figure 6).
Similarly, in Eyyiibiye district of Sanlurfa province Simmental
was the most widely raised European cattle breed (59.3%).
However, indigenous breeds were raised only in 5.2% of the
enterprises (Doganay & Yanar, 2023). Moreover, in Giresun
province the majority of the cattle raised in the farms were
crosshreds (71.1%), and 23.6% of the cattle were indigenous
breeds (Tugay & Bakir, 2006). Seker et al. (2012) reported that
46.9%, 37.2% and 15.9% of the farmers reared indigenous,
crossbreds and European breeds respectively in cattle farms
located in Mus province. On the other hand, 71% of the cattle
farmers in Eastern Mediterranean raised European dairy cattle
breeds in their farms while the share of crossbreds was 19%
(Boz, 2013).

In the questionnaire the farmers were also asked about the
reasons why they had chosen these breeds. The majority of

farmers (65.4%) stated that they had chosen these breeds
because they were adapted to the conditions of the region and
38.6% of farmers cited being more resistant to diseases as the
reason. On the other hand, 35.7% of them (farmers keeping
European breeds or their crossbreds) stated that their reason for
choosing these breeds was their high yield (Figure 6). In a
similar study carried out in Eyyiibiye district of Sanlurfa
province, where the proportion of indigenous breeds is much
lower, the majority of farmers (55.6%) stated that they chose
their breeds because of their high yield (Doganay & Yanar,
2023). In comparison with the other regions, the preference for
indigenous breeds or their crossbreds with European breeds is
higher in the region. The main reason for this result is the harsh
climatic and geographical conditions of the region. The
adaptation of European breeds in this region is very difficult.
The second reason is that cattle farming in the district is largely
based on traditional methods. The stables and rearing
conditions are more suitable for indigenous cattle breeds.
Therefore, most of the breeders prefer to cross these breeds with
indigenous breeds, which are highly adapted to the conditions
of the region.
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Figure 6. Cattle breeds raised in the enterprises and the reason for preferring these breeds.

The distribution of cattle, cows and heifers (female cattle
that have not yet given their first birth) on the enterprises is
shown in Figure 7. In Selim district, 6.0% of the enterprises had
between 1-10 cattle, 26.3% had between 10-20, 30.9% had
between 20-30, 19.1% had between 30-40, 10.3% had between
40-50, 7.4% had 51 or more cattle (Figure 7). The majority of
enterprises had between 20 and 30 cattle (30.9%). The majority
of farms (50.6%) also had between 10 and 20 lactating cows in
the barn. While 89% of the farms had less than 10 heifers, only
11% of them had 10 or more heifers. In a similar study
conducted in the Gonen district of Balikesir province,
researchers found that the average number of lactating cows
was 7.14 (Y. Ozdemir et al., 2021). Average number of cattle

in the cattle enterprises in Igdir province was reported as 20.9
head (Yilmaz et al., 2020). In addition, the average number of
cattle in Cankirt province was reported to be 30 and 220 in
traditional and modern farms, respectively (Kaba & Canakci,
2020). In Kahramanmaras province, the number of cattle in the
enterprises was between 1-5 in 52% of the enterprises and 6-10
in 26% of the enterprises (Kaygisiz et al., 2010). Additionally,
the average number of lactating cows in the enterprises in Torul
district of Giimiishane province was reported as 9.2 by C. Y.
Ozdemir et al. (2023). In Selim district, majority of the
enterprises are determined to be middle sized with 21-30 cattle
and 10-20 lactating cows.
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Figure 7. Distribution of cattle, lactating cows, and heifers by number in the district.
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It was found that 50.9% of the farmers engage in both meat
and milk production in their enterprises, while 48.0% prefers
milk production and sell their male calves at early ages. Only
1.1% of the farmers engage solely in meat production (Table
1). In a similar study conducted in Hims district of Erzurum
province Giiler et al. (2016) reported that 94.0% of the farmers
engaged in both meat and milk production. Similarly, in Mus
province 79.2% of the cattle farmers were determined to focus
on combined rearing system (meat and milk production) in their
enterprises (Seker et al., 2012). In a similar study conducted in
Southern Nigeria, Ahaotu et al. (2013) found that 77.5% of the
farmers engaged solely in milk production. In Tiirkiye, meat
production farms are not common. Thus, meat production is
based mostly on the males of dairy cattle or multipurpose cattle
breeds. As in the country, the preference of multipurpose cattle
is widespread in Selim district of Kars province.

It was determined that 12% of the enterprises in the district
had 1, 52.3% had 2, 24.9% had 3, 7.4% had 4 and 3.4% had 5

working person. Majority of the farms had 2 or 3 employees.
Similarly, Diler et al. (2022) reported that 43.7% and 33.5% of
the farms had 2 and 3 employees respectively in the farms in
Ispir district of Erzurum. Additionally, in Hiis district of
Erzurum Giiler et al. (2016) found that majority of the farms
had 2 or 3 employees. On the other hand, Das et al. (2014)
indicated that majority of the farms in Bing6l province had 3-5
people. Since the big share of the farms in the district is small
or middle scale, only family members were working in the
farms. It was found that in 92.7% of the farms, only family
members were working. Only 3.2% of the enterprises had
external employees, while in 4.1% of the farms both workers
and family members engaged in the care of animals (Table 1).
Similarly, Unalan et al. (2013) found that 92% of the cattle
enterprises relied solely in family labor in Nigde province.
Additionally, the share of farms using solely family members
in the cattle enterprises was 96.6% in Ispir district of Erzurum
(Diler et al., 2022).

Table 1. Distribution of farm types, number of employees, and labor source.

Type of Cattle Farming Frequency Percentage (%0)
Meat Production 4 1.1%
Milk Production 168 48.0%
Meat and Milk Production 178 50.9%
Total 350 100.0%
Number of employees working in the cattle farm

1 42 12.0%
2 183 52.3%
3 87 24.9%
4 26 7.4%
5+ 12 3.4%
Total 350 100.0%
Labor Source

Only family labor 292 92.7%
Worker 10 3.2%
Family labor and worker 13 4.1%
Total 315 100.0%

It was determined that 52.0% of the enterprise owners in the
district were members of associations and 48.0% were not
(Figure 8). In a similar study conducted in Tekkekoy district of
Samsun revealed that 62.5% of the cattle farmers were member
of milk producer’s union (Kaygisiz & Ozkan, 2021).
Furthermore, 75% of the farmers were members of any unions
or cooperatives in Tokat province (Calli, 2016), while only
30.0% of the enterprise owners were members of any
agricultural cooperative in eastern Mediterranean region (Boz,
2013). In ispir province of Erzurum, only 27.9% of the cattle
farmers had membership to agriculture related associations
(Diler et al., 2022). Among the farmers who were members of
an association, 90% were members of a cattle breeders'

association, 7.2% were members of a village cooperative, and
2.8% were members of other associations. In a similar study,
Ozyiirek et al. (2014) found that in Cayirh district of Erzincan
province 55.0% of the farmers were not members of any
organization, while 13% were members of cattle breeders'
association and 32.0% were members of other agricultural
cooperatives. Such organizations play a crucial role in
providing services to farmers and producers, including
facilitating access to markets and enabling small enterprises to
create network. In the district, the reason for the membership to
unions or cooperatives was either to meet agricultural input
needs or to benefit from agricultural supports.
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Figure 8. Association membership status in the district.

Respondents were also asked whether or not they were
satisfied with cattle farming. The majority of the farmers
(66.5%) indicated that they found cattle farming fulfilling.
While 33.5% were not satisfied with this activity. Cattle
farming was the only economic activity of the 84.3% of the
enterprise owners. Only a small proportion of the enterprises
(15.7%) had other occupation in addition to cattle farming
(Table 2). Cattle farming was reported by 91.1% of enterprise
owners as the main source of income. In a similar study
conducted in Ispir district of Erzurum, 41.6% of the farmers
were found to have other occupations in addition to cattle
farming (Diler et al., 2022). In Mus and Sivas provinces the
share of enterprise owners having additional occupations to
cattle farming were reported to be 48% and 37%, respectively
(Hozman & Akgay, 2016; Seker et al., 2012). Similarly, in
Hinis district of Erzurum only 17% of the cattle farmers were
reported to have additional occupation by Kogyigit et al.
(2016).

Based on the respondents' answers, high feed prices stand
out as the biggest problem facing farmers in the district. Almost
all farmers (98.3%) reported that feed is expensive. Diseases
were also cited as a major problem by 33.1% of farmers. In
addition, 22.6%, 20.6% and 17.4% of the farmers, respectively,
indicated that difficulty in accessing feed, lack of market and
difficulty in handling cattle were among the problems faced in
this activity. Only 9.7% of farmers replied that cattle farming

was not profitable (Table 2). High feed prices have been
identified as the main problem in many studies conducted in
different parts of Tiirkiye. In Giresun province 93.7% (Tugay
& Bakir, 2009), and in Odemis district of Izmir 78.3%
(Koyubenbe, 2005) of the farmers indicated high feed prices as
the main problem. Similarly, Akbay et al. (2023) reported that
high feed prices were among the main problems faced by dairy
cattle enterprises in Tiirkiye.

Participants were also asked about their expectations from
the governments. A vast majority of the farmers (88.3%)
indicated that credit support was their main expectation from
the government. Veterinary services (39.4%), supply of quality
breeding stock (34%) and marketing support (25.1%) were also
among the main expectations of farmers in the district (Table
2). Only 10% of the farmers replied that they expected
educational programs from the government. Similarly, Seker et
al. (2012) found that the major expectations of the farmers were
credit support with reasonable conditions (42.7%), veterinary
services (29.1%) and support in marketing the products
(19.1%) in Mus province. On the other hand, only 2.7% of
farmers stated that they expected technical educational
programs. In addition, credit support (67.6%) and supply of
quality breeding stock (53.1%) were reported as the main
expectations of farmers in Giresun province (Tugay & Bakir,
2009).
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Table 2. Information about the cattle farming practices, satisfaction, and challenges.

Do you find cattle farming satisfying? Frequency Percentage (%0)
Yes 232 66.5%
No 117 33.5%
Total 349 100.0%
Do you have any other occupation?

Yes 55 15.7%
No 295 84.3%
Total 350 100.0%
Why do you engage in cattle farming?

Main source of livelihood 319 91.1%
Habit 14 4.0%
Contribution to family income 118 33.7%
Just to meet my families need for animal products 14 4.0%
What are the main problems you face in cattle farming

Feed is expensive 344 98.3%
Feed is hard to obtain 79 22.6%
Diseases 116 33.1%
Cattle are difficult to care for 61 17.4%
Market insufficiency 72 20.6%
It is not profitable 34 9.7%
What are your expectations from the government?

Credit support 309 88.3%
Supply of quality breeding stock animals 119 34.0%
Educational programs 35 10.0%
Marketing support 88 25.1%
Veterinary services 138 39.4%

4. Conclusion

This study investigated the socio-economic characteristics
of cattle farms in the Selim district of Kars province. The
majority of the farmers in the district were above 40 years of
age, while the share of farmers younger than 40 years was only
19.7%. Younger generation’s interest in cattle farming in the
district is determined to be insufficient. This situation seems to
be a significant threat for the future of cattle farming in the
district. The enterprises in the district were mostly small and
medium scale family type. The level of education of the farmers
in the district was considerably low. The majority of the farmers
were primary school (34.4%) or secondary school graduate
(33.5%). On the other hand, the experience level of the farmers
was significantly higher. However, this is also a major problem
for the district since a large number of farmers are elderly and
have limited education. This situation poses a significant
challenge to the sustainability of livestock production in the
district, as it may limit the ability to adapt to new practices and
technologies that are essential for long-term viability. For this
reason, the active participation of young and educated
entrepreneurs in agricultural activities is crucial both for the
future and sustainability of cattle farming in the district. The

family population of the enterprises is important for the
sustainability and production capacity of the enterprises. It was
found that 76.8% of the enterprises in the district had 5 or more
people in the family which is sufficient when compared to other
regions. This situation seems promising for the continuity of
cattle farming in the district. It was found that 48% of the farms
in the district are not members of any agricultural organization.
In addition, a number of challenges such as high feed prices,
diseases and market shortages are threatening livestock
production in the district as stated by the farmers. Increasing
the activities of agricultural unions and associations to
overcome these problems would increase farmers' interest in
such organizations. The majority of farmers indicated that their
main expectations from the government were credit support,
veterinary services, marketing support and the supply of quality
breeding stock. The government can play a more active role to
address the challenges faced by farmers and meet their
expectations by improving market and veterinary services,
providing loans or feed incentives as well as supplying high
quality breeding stock cattle in the region. However,
prioritizing the activities and initiatives of cattle breeders'
associations and other agricultural unions over reliance on
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government support alone could also help to solve the problems
of the cattle farmers. These associations can offer educational
programs, technical assistance, and shared resources such as
group purchasing, access to shared equipment, or cooperative
marketing strategies to improve production efficiency,
providing targeted and specialized support according to the
needs of breeders.
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ABSTRACT

This paper investigates the microplastic (MP) abundance and morphology in Karagomak
Dam Lake, a freshwater source used for irrigation and drinking water, located in
Kastamonu, Tiirkiye. Water and sediment samples were collected during January, April,
July and October 2023 from two stations determined on the lake. MPs obtained from the
samples were counted and classified according to their sizes, shapes (fiber, fragment, film,
microbead) and colors. Results showed that the mean MP abundance in the water samples
was 3206 particle/m3, while it was 180 particle/kg dry weight in the sediment samples. The
most frequent MP type was fiber in surface water samples and fragment in sediment
samples. Predominant colors were blue and black for surface water and sediment,
respectively. Majority of the MPs found were small-sized MPs (<1 mm). MP abundance
was the highest in winter season, followed by autumn, spring and summer, respectively.
The seasonal differences were probably driven by rainfall and the anthropogenic activities
around the lake. We concluded that the values obtained in this study are moderate in
comparison with the literature data. Although it was inferred that sources of MP are
domestic waste, agriculture and recreational activities, it is recommended to conduct more
comprehensive studies to better understand the sources of MP pollution in Karagomak Dam
Lake.
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1. Introduction

Plastics are widely used worldwide due to their lightness,

widely to all surrounding environments (i.e., soil, water and
atmosphere) through various ways (Peeken et al., 2018; Sun et
al., 2021).

durability, corrosion resistance and low electrical and thermal
conductivity (Wagner et al., 2014). This use has led to intensive
production and has become one of the biggest threats to the
environment in recent years. These plastics, which are
discarded into nature from various sources or have limited
recycling possibility, undergo a series of degradation processes
and turn into microplastics (MPs), defined as those with a
diameter of less than 5 mm (Andrady, 2011). MPs can spread

® Correspondence
E-mail address: ytastan@kastamonu.edu.tr

MPs can be dispersed into the aquatic ecosystem through
natural means such as wind, water currents, turbulence and
oceanographic effects (e.g., physical properties of water and
wave movements) (Ballent et al., 2012; Turra et al., 2014). In
addition to being transported naturally, they can also enter the
aquatic ecosystem as a result of human activities. MPs directly
or indirectly mix into the aquatic ecosystems as a result of
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unfiltered discharge of domestic or industrial wastewater (Ryan
et al., 2009). The circulation in aquatic ecosystems can cause
critical pollution problems. A significant portion of these
ecosystems consists of freshwater ecosystems used for drinking
water, irrigation, fishing and energy production (Sahin &
Zeybek, 2019). While most researchers focus on the presence
of microplastic pollution in the seas, the reality of microplastics
in freshwater systems has received less attention (Wong et al.,
2020). However, studies show that microplastics also constitute
a significant pollution burden in freshwater ecosystems (Egessa
et al., 2020).

The examination of freshwater resources in Tirkiye in
terms of MP pollution has gained momentum in recent years
(Atamanalp et al., 2022a, 2022b, 2023; Boyiikalan & Yerli,
2023; Cullu et al., 2021, Erdogan, 2020; Gedik & Atasaral,
2022; Giindogdu et al, 2023; Kankili¢ et al., 2023; Mutlu et al.,
2024; Tavsanoglu et al., 2020; Turhan, 2022). However, more
data are required and more freshwater sources need to be
monitored to better understand the nature of MP pollution and
determine  the status. Furthermore, seasonal
investigations are limited to only a few studies. Seasonal
determination will help evaluate the trends in MP pollution.

current

Therefore, this study aims to fill the data gaps regarding MP
pollution in Tiirkiye’s freshwater ecosystems and to contribute
to the creation of an infrastructure for future monitoring studies
by qualitatively and quantitatively determining the microplastic
load of the Karagomak Dam Lake, which is used as a source of
drinking and irrigation water for Kastamonu and is also an
important recreational fishing area, and examining its seasonal
changes.

2. Materials and Methods
2.1. Study Area and Field Sampling

Karagomak is a dam lake, which was built for irrigation,
flood control and drinking water supply purposes, located on
the Karagomak Creek within the borders of Kastamonu
province in the Western Black Sea region, at the coordinates of
41°19'08"N, 33°44'41"E (Figure 1). Its height from the river
bed is 49.00 m, the lake’s volume at normal water level is 23.10
hm?, and the lake’s area at normal water level is 1.43 km?. It
provides irrigation service to an area of 2,596 hectares and 3
hm? of drinking water per year (DSI, 2016).
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Figure 1. Location of the investigated lake and the sampling stations.

Surface water and sediment samplings were carried out on
January, April, July and October 2023. Two stations were
determined on the dam lake and samplings were carried out
from these stations. The 1% station was the Karagomak Creek’s
entrance to the dam and the 2" station was the dam’s outlet
(Figure 1).

Surface water and sediment sampling was carried out
according to Baldwin et al. (2016), Bergmann et al. (2017) and
Gray et al. (2018) with some modifications. For surface water

sampling, forty liters of surface water sample (0-30 cm depth)
was collected from each station with a large pre-cleaned
stainless-steel bucket. The collected water was passed through
a stainless-steel sieve (45 pm mesh size). All particles
remaining on the sieve were carefully taken into a 1-L glass
bottle containing deionized water. At each sampling interval,
the sampling bucket was carefully cleaned with pre-filtered
deionized water to prevent cross-contamination. At each
sampling, a new sieve was used.
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Sediment samples (at least 1 kg) were collected from each
station using a stainless-steel Van Veen Grab sediment sampler.
The samples were put into pre-cleaned glass bottles and
transported to the laboratory along with the water samples
immediately.

2.2. Laboratory Analysis

Wet peroxide oxidation was used to detect the presence of
microplastics in surface water samples (Masura et al., 2015).
Water samples were transferred to a conical flask and 30 ml of
H,0O, was added to the samples. Then, organic substances were
removed with hydrogen peroxide in an incubator at 50°C for 72
hours (Nuelle et al., 2014). Afterward, this mixture was passed
through a 0.45 pm mesh-sized filter (47 mm @) and left to dry
for 24 h at room temperature (Tavsanoglu et al., 2020).

Sediment samples were transferred to 1-L glass beakers
covered with aluminum foil and placed in an oven at 50°C for
48 h to dry (Yuan et al., 2019). After drying, 500 g of the
sediment samples were weighed on a precision scale and placed
in 1-L beakers, and 1 L of 1.2 ppm NaCl solution was added to
the samples and then mixed for 5 min (Di & Wang, 2018). The
samples were left to settle for 24 h. Afterwards, the upper part
was transferred to a separate beaker, taking care not to suspend
the sediment samples that settled to the bottom. This process
was repeated three times. Then, 100 mL of 30% H,0O, was
added to this beaker. The beakers were covered with aluminum
foil and kept in an oven at 50 °C for 72 h. After this period, the
liquid in the beaker was removed from the oven and filtered
through a 0.45 pm mesh-sized filter (47 mm @) and left to dry
for 24 h at room temperature.

2.3. Identification of Microplastics

MPs were counted and classified under a stereomicroscope
(ZEISS Stemi 508) at up to 250x magnification, and the number
of MPs determined was calculated as particles per m® water
(p/m?) in water samples and as particles per kg dry weight
(p/kg) in sediment samples. Unfortunately, we were unable to
further characterize MPs with an instrument, such as FT-IR or
p-Raman spectroscopy. For this reason, while identifying MPs,
a set of rules were followed. The items, which lack cellular
structures, have uniform width and display artificial color
(Barrows et al., 2018; Hidalgo-Ruz et al., 2012; Weideman et
al., 2019), were recorded as MPs. Although it has been
recommended to use spectroscopy to confirm MP type when
available, it has been proposed that visual inspection with a
microscope is a sufficient tool for quantification of MPs bigger
than 50 pm (Kotar et al., 2022).

2.4. Quality Assurance and Quality Control

Utmost attention was paid to prevent contamination of
samples and filters. Nitril gloves and cotton lab coats were worn
throughout all procedures. All reagents used were pre-filtered

through 0.45 pm mesh-sized filters. Three blank filters were
arbitrarily left in different places in the lab throughout the
laboratory work to detect airborne contamination. Also, three
blank samples were prepared following the same procedure for
water samples with the pre-filtered distilled water to identify
the efficacy of the filtration and cleanliness of the equipment.
None of the materials used were plastic. All equipment were
rinsed with pre-filtered distilled water three times before use
and in between samples. Equipment and samples were covered
with aluminum foil when not in use.

2.5. Statistical Analysis

MP numbers between stations and seasons were compared
with Kruskal-Wallis test. Mann-Whitney U test was employed
to determine different groups. All analyses were carried out
using SPSS (IBM) version 23.0. Five percent confidence
interval was preferred.

3. Results
3.1. Microplastic Abundance

MP values detected in water and sediment samples taken
from two stations in the Karagomak Dam for different seasons
are given in Table 1. No MP was detected in blank samples
throughout the study.

Table 1. MP abundance in water and sediment samples.

Sample Season Station Mean Range
) 15t 3925 + 1082 3025-5125
Winter
2nd 3733 £401 3350-4150
) I8t 3458 £472 3050-3975
Spring
Water 2nd 2592 £ 101 2500-2700
(p/m?) 1st 2850 =250 2600-3100
Summer
2nd 2825+ 139 2700-2975
I8t 3367+ 76 3300-3450
Autumn
2nd 2900 £ 246 2700-3175
) 15t 236+ 22 216-260
Winter
2nd 257 +28 230-286
I8t 152+ 17 136-170
Spring
Sediment 2nd 159+ 16 144-176
(p/kg) 1st 133+ 11 122-144
Summer
2nd 125+ 12 114-138
I8t 210+ 11 200-222
Autumn
2nd 169 + 23 146-192

3.2. Morphological Features of Microplastics

The classification graphs of MPs detected in water and
sediment samples collected from different seasons in terms of
their size, color and shape are presented in Figures 2, 3 and 4,
respectively.
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Figure 2. Percentages of MPs detected in surface water and sediment samples in different seasons according to their size ranges.

When the distributions according to sizes were examined,
the predominantly detected MP groups in surface water in
autumn and winter seasons were microplastics between 0.2-1
mm, while microplastics with sizes <0.1 mm were more
frequent in other seasons. There was a statistical difference

between all seasons in terms of microplastic sizes (p<0.05). In
sediment samples, microplastic sizes measured in autumn and
winter seasons were statistically higher than in other seasons
(»<0.05).
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Figure 3. Percentages of MPs detected in water and sediment samples according to their colors.

The classification of microplastics in surface water and
sediment samples based on their colors is given in Figure 3.
According to the findings, blue colored microplastics were
dominant in the water samples in the autumn and winter
seasons, while white, brown, black and transparent colored

microplastics were distributed proportionally close in the spring
and summer seasons. In the sediment, black was dominant in
the winter, while white, brown, black and partly yellow colors
were distributed in the stations in other seasons.

287



Tastan and Sonmez (2024). Journal of Agricultural Production, 5(4), 283-294

Surface Water

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

1st St. 2nd St. 1st St. 2nd St. 1st St. 2nd St. 1st St. 2nd St.
Winter Spring Summer Autumn

m Fiber mMicrobead mFragment mFilm

Sediment

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

1st St. 2nd St. 1st St. 2nd St. 1st St. 2nd St. 1st St. 2nd St.
Winter Spring Summer Autumn

® Fiber ®mMicrobead ®Fragment mFilm

Figure 4. Percentages of MPs detected in water and sediment samples according to their types.

When the distribution of microplastics detected in water and samples, whereas the most common MP type in sediment
sediment samples was examined according to their shapes, it samples were fragments.
was observed that fibers were usually predominant in water
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Figure 5. Photographs of MP types detected in surface water and sediment samples. (a): Two fibers; (b): An entangled fiber; (c): A
fragment; (d): A microbead and a film; (e): A microbead; (f): A fragment.

4. Discussion under the influence of sun, temperature, wind and waves, and
can be transported to water resources either by direct disposal
or by factors such as rain, wind, stormwater, etc. (NOAA,
2024). MPs have been detected in many water sources and MP

MPs are defined as plastic particles smaller than 5 mm.
Some of these MPs are produced as small on purpose, while
others are formed as a result of the breakdown of large plastics
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pollution has become a major problem on a global scale today
because MPs pose a health risk to both aquatic life and other
wild animals and humans who use the respective water resource
(Zolotova et al., 2022). Therefore, it is utmost importance to
monitor water sources and determine MP pollution levels.
Based on this, this study aimed to determine the amounts and
types of MPs in Karagomak Dam and a total of 3523 MPs were
counted in the water and sediment samples obtained. It was
observed that the average number of MPs in water was 3829
p/m? in winter, 3133 p/m? in autumn, 3025 p/m? in spring and
2837.5 p/m? in summer. Similarly, an average of 247 p/kg of
MPs were detected in the sediment in winter, 189 p/kg in
autumn, 156 p/kg in spring and 129 p/kg in summer. Other
studies on lakes and dams have yielded varying results. For
example, it was determined that the surface water of the Three
Gorges Dam in China contained an average of 4703 p/m?® and
its sediment contained an average of 82 p/kg MPs (Di & Wang,
2018). Another similar research found that the surface water of
Lake Taihu contained between 3400 and 25800 p/m> MPs (Su
etal., 2016). It has been reported that the surface water of Siirgii
Dam contains an average of 157 p/m> MPs (Turhan, 2022).
Significantly less than these results, MPs detected in the waters
of Chiusi and Bolsena lakes were in the range of 2.68-3.36 p/m?
and 0.82-4.42 p/m’, respectively (Fischer et al., 2016). As can
be inferred from these data, the MP numbers in different water
sources can significantly vary. Although the sampling method
could influence this difference, it is primarily attributed to the
level of anthropogenic pressure that the relevant water source
is under (Ma et al.,, 2024; Quesadas-Rojas et al., 2021).
Furthermore, one should note that we were unable to use
spectrometry to characterize the MPs. For this reason, the
numbers reported in this paper may be slightly overestimated.

It was determined that the majority of MPs in Karagomak
Dam water were fibers (54%). Likewise, fibers were reported
as the dominant MP type in many different freshwater sources,
including Siirgli Dam (Turhan, 2022), a treatment plant in
Scotland (Blair et al., 2019), Siireyyabey Dam (Tavsanoglu et
al., 2020), Pearl River (Lin et al., 2018) and Manas River Basin
(G. Wang et al., 2020). Plastic fibers mixed into water bodies
can originate from many products. The main sources of these
are fishing gear, textile products, industrial activities and
domestic waste (Dris et al., 2015; Horton et al., 2017; Hu et al.,
2020). On the other hand, in this study, it was determined that
the most common MP type in sediment samples was particles
(61%). Similar to these results, it has been reported that
particle-type MPs are predominant in Lakes Erie and Ontario
(Mason et al., 2020), a wastewater treatment plant in China (Lv
et al., 2019) and the Nakdong River (Eo et al., 2019). Particle
MPs found in water resources can originate from various plastic
products such as widely used plastic bottles, toys, decorative
products, building products, etc. (Lv et al., 2019). In this study,
it was determined that the film and microbead-type MPs were
the least abundant. While 11% of MPs in water were films and

1% were microbeads, it was observed that 6% of MPs in
sediment were films and 2% were microbeads. Films are
generally formed as a result of the breakdown of plastic bags
and packaging wastes (Nor & Obbard, 2014). The main source
of microbeads is personal care products (Cheung & Fok, 2016).
These results show that Karagomak Dam is under the pressure
of MP pollution from many different products and that these are
predominantly composed of secondary MPs.

It was determined that most of the MPs in the water samples
obtained from Karagomak Dam Lake were blue (29%) and
were followed by black MPs (19%). In sediment samples, it was
observed that the majority consisted of black (33%) and brown
(16%) MPs. Color is an important parameter in MPs because
MPs can be perceived as food by aquatic creatures or water
birds due to their colors and can be ingested (Hidalgo-Ruz et
al., 2012). Furthermore, due to the variety of pollutants
affecting water resources, MPs with different colors can be
detected in different water bodies. For example, there are
studies reporting that MP samples are predominantly
transparent (Tavsanoglu et al., 2020), white (Li et al., 2018),
black (Lam et al., 2020) or blue (Weideman et al., 2019). Color
can also give an idea about for how long MP pollution has been
persistent because MPs that have been in water for a long time
tend to fade (yellowing) due to oxidation (Hidalgo-Ruz et al.,
2012). However, in this study, white-yellow MPs were detected
in very small amounts and the observed MPs typically had
bright and vivid colors. This indicates that the MP pollution in
Karagomak Dam may be relatively recent.

When classified based on their sizes, MPs sized 0.2-1 mm
and smaller than 0.1 mm were detected in the water samples at
the same rate (33%). These were followed by MPs sized 0.1-
0.2 mm with 22%. In the sediment samples, the predominant
MP size was MPs smaller than 0.1 mm with 42%, while MPs
sized 0.2-1 mm (27%) came second, and MPs size 0.1-0.2 mm
(24%) came third. On the other hand, MPs sized 1-2.5 mm
(10% in water, 6% in sediment) and 2.5-5 mm (3% in water, 1%
in sediment) were found in much smaller amounts. According
to these results, it is possible to say that the majority of MPs in
Karagcomak Dam Lake are small-sized. Consistent with these
findings, it has been reported that most MPs in both water and
sediment in Three Gorges Dam are small in size (Di & Wang,
2018). MPs perceived as food and ingested by aquatic
organisms may cause internal abrasions, physical obstruction or
damage to the endocrine system through the release of toxic
components (Wright et al., 2013; Wright & Kelly, 2017). MPs
can be taken into the body of fish not only by being swallowed
but also via water passing through the gills and skin. The small
sizes of the MPs detected in this study may facilitate this intake.
Therefore, considering the high MP concentrations and small
sizes, it is possible to infer that MP pollution may pose a risk
for the populations in the Karagomak Dam Lake. Karacomak
Dam is also the drinking water source of Kastamonu. With this
feature, it has the potential to threaten human health.
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The abundance of MP levels in Karagomak Dam was
determined in winter, autumn, spring and summer seasons,
respectively. It was determined that the amount of MP increased
in autumn, peaked in winter, and started to decrease in spring
and reached the lowest amount in summer. This situation can
be attributed to the amount of rainfall during the year, the area
where the dam is located, the surrounding agricultural and
animal husbandry activities, and the fact that the dam lake is
also a good fishing and recreational area. Indeed, many studies
have shown that MP concentrations in water can vary
seasonally, and heavy rainfall, stormwater and melting snow
can transport MPs from land to water (Ross et al., 2023; J. Wang
et al., 2022). Moreover, it is an unequivocal fact that human
activities such as urban life, agriculture, fishing and tourism can
also affect the amounts of MPs in water resources (Zhao et al.,
2024).

5. Conclusion

Ultimately, the microplastic data obtained from the study
conducted in the Karagomak Dam Lake are similar to other
studies conducted in Tiirkiye and the world lakes in terms of
quantity and quality, and are at average levels. However, this is
insufficient to draw a conclusion on whether the dam lake is
rich or poor in plastic, under a risk/pressure or not since there
is no reference regarding how much MPs cause pollution in the
waters and to what extent yet. On the other hand, it is not
possible to clearly demonstrate how much of it is ingested by
inhabitant wildlife in the lake or how much of it poses a risk to
the end consumers. Therefore, more studies and comprehensive
research are needed. Based on this, studies should be carried
out to determine the source of MP pollution in the Karagomak
Dam, reduce and prevent it. Furthermore, the MP levels in tap
waters should be investigated in future studies as the dam
provides drinking water to Kastamonu.
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