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Abstract Research Article
In this study, the effects of post-harvest applications of melatonin and
methyl jasmonate (MeJA) on the quality parameters of Albion
strawberries during the storage process were examined. The results
showed a continuous increase in pH values during storage; The highest
value was recorded in the 1 umol L't MeJA group and the lowest value
was observed in the 0.5 mMol L' Melatonin group. TSS content
decreased in all treatments during storage due to increased respiration.
Similarly, titratable acidity initially increased but decreased at the end of
storage. In particular, it has been observed that administration of 0.5

mMol L melatonin slows down the decrease in titratable acidity. There ~ Article History
were fluctuations in color parameters (L*, a*, b*, C*, h°) during storage, Received :10.12.2023
and both melatonin and MeJA applications were effective in maintaining Accepted :20.01.2024

the L* value. MeJA application showed superior results in preserving
overall color values. Respiratory rate increased initially and decreased
after storage day 12; both melatonin and MeJA administrations
contributed to the reduction in respiratory rate. The tanning index
fluctuated across all treatments; Melatonin-treated groups showed the
highest index at the end of storage. MeJA applications were more
effective in protecting pH, TSS, L* value and color tone value. In
conclusion, it can be said that post-harvest treatments of melatonin and
MeJA have significant effects on quality parameters during the storage

process of Albion strawberries and contribute to the understanding of IS<eywords

post-harvest management strategies to increase the shelf life and quality torarg];e

of strawberry fruits post-harvest
melatonin

Methyl jasmonate (MeJA)

273
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Diizgiin and Cavusoglu

1.Introduction

Belonging to the Fragaria genus of the
Rosales family, strawberries exhibit unique
characteristics such as the ability to thrive in a
variety of climates, from desert regions to cold
environments (Agaoglu, 1986). Known for its
exquisite taste and aroma, strawberries have
significant health benefits attributed to their
high content of ellagic acid and L-ascorbic
acid, which contribute to antioxidant
properties and various anti-disease effects.
However, despite their popularity and
nutritional value, strawberries are susceptible
to microbial spoilage, resulting in significant
post-harvest losses (Cvetkovic and Jokanovic,
2009). Cold storage plays a crucial role in
maintaining strawberry quality, but challenges
remain due to their delicate nature and
susceptibility to spoilage factors such as
microorganisms, enzymes and biochemical
reactions (Siileymanoglu, 2009). Various
interventions, including hormone
administrations such as melatonin and methyl
jasmonate (MeJA), have been investigated to
reduce spoilage and extend shelf life
(Yakupoglu et al., 2018). Melatonin
synthesized from tryptophan acts as a stress-
responsive hormone, while MeJA derived
from linoleic acid maintains food quality by
modulating enzymatic activity. Despite the
effectiveness of cold storage, the effect of
melatonin  and MeJA on post-harvest
strawberries during cold storage remains
relatively unexplored. This study aims to
investigate the effects of exogenous melatonin
and MeJA doses on strawberry quality
parameters during post-harvest storage. By
examining the effectiveness of these
substances, valuable information is obtained
on optimizing storage conditions and
extending the shelf life of strawberries, thus
increasing their marketability and reducing
post-harvest losses (Vick and Zimmerman.,
1984).

2.Materials and Methods
2.1. Materials

The fruits of the Albion strawberry variety
harvested at the same maturity in the Sason
district of Batman province were used as the

research material. The harvested fruits were
promptly delivered to the laboratory on the
same day. Initially, the strawberry fruits were
pre-cooled at 0°C for 12 hours. The selected
strawberries were then randomly divided into
three groups for the following treatments:
Methyl Jasmonate (MelJal 0.5, 1.0, 1.5 uM),
Melatonin (MLT 0.5, 1.0, 1.5 mM), and pure
water applied as a control. The methodology
for the specific packaging treatments was as
follows: each group of strawberries was
divided into three replicas, each containing 500
g of strawberries. Finally, all samples were
stored at a temperature of 0°C and 80-85%
relative humidity conditions.

2.2. Methods
2.2.1. pH

Calculation of pH in Albion strawberry
variety is obtained by taking the supernatant
part obtained after the samples are divided and
centrifuged (Beckman Coulter, Allegra X-
300R Brea, CA, USA) with the help of a
homogenizer (IKA Ultra-Turrax T-25) and
directly in the pH meter (Mettler-Toledo,
Columbus, OH, USA) is determined by
reading.

2.2.2. Total soluble solids content (TSS)

Calculation of total soluble solid (TSS)
content in the Albion strawberry variety was
measured using a digital hand refractometer
from the supernatant part obtained (IKA Ultra-
Turrax T-25) after the samples were divided
and centrifuged with the help of a homogenizer
(Beckman Coulter, Allegra X-300R) (Atago,
Pal. -1, Pocket) and values are given in %
(Elgar et al., 1997).

2.2.3. Titratable acidity (TA)

The method developed by modifying the
method specified by Elgar et al. (1997) was
used. Strawberry samples were crushed and
centrifuged with the help of a homogenizer
(IKA Ultra-Turrax T-25) (Beckman Coulter,
Allegra X-300R Brea, CA, USA), 10 ml of
fruit juice sample was taken from the
supernatant portion, 20 ml of ultrapure water
was added and diluted. In a pH meter, the juice
was titrated with 0.1 N NaOH until the pH was
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8.1 and the amount of titratable acidity was
calculated as approaches 100 citric acid.
(Karagali, 2009).

2.2.4. Colour (L, a*, b*, C*, h°)

Fruit color measurements in Albion variety
strawberries were measured from 3 opposing
regions from the middle axis of the fruit with
the help of Minolta CR-410 colorimeter
(Konica Minolta Sensing Inc., Osaka, Japan),
and color values were determined as L*, a*, b*
C* and hue angle values expressed. Colors
represent a* (+red, -green), b* (+yellow, -blue)
and L* (brightness) color values. It shows that
the brightness increases as the L* value
approach 100. The chroma value expresses the
vitality and dullness of the fruit skin. While the
chroma values are low in matte colors, the
chroma value increases in vivid colors. The
Hue angle represents the angle between the X-
axis and the line passing through the
intersection of a* and b* values. It corresponds
to red when the angle is 0°, yellow when it is
90°, green when it is 180° and blue when it is
270°.

2.2.5. Browning index

The following formula was used to
determine the darkening of strawberry fruits
during the storage period.

2.2.6. In-Pack gas composition

The CO2 and O3 gas levels in the packages
of Albion variety strawberries were
determined by Headspace Gas Analyzer
GS3/L device from the packages removed
from the warehouse in each period.

2.2.7. Respiration rate

Respiration rate measurements in fruit
samples of Albion strawberry variety,
strawberry fruits were placed in gas-tight
containers and the amount of CO. they gave to
the environment at the end of 2 hours was
determined by Headspace Gas Analyzer
GS3/L analyzer device. Respiration rate values
were calculated by using fruit weight and
volume values (Cavusoglu, 2020).

3.Results and Discussion

3.1. pH, total soluble solids content (TSS),
titratable acidity (TA)

Descriptive statistics and comparison
results for changes in pH value, TSS, and
Titratable acidity (TA) contents in Albion
strawberries are shown in Table 1.

When the changes in the pH value during
the storage of Albion strawberry variety fruits
are examined; It has been observed that there
is an increase in all applications from the
beginning to the end of storage. At the end of
storage, the highest pH value was 3.790 in the
1 pmol L™ MeJA group, and the lowest was
3.690 in the 0.5 mmol L™ melatonin group
(Table 1). Respiration is one of the most
important factors affecting to pH (Kader and
Ben-Yehoshua, 2000). It is in agreement with
the findings that the pH values of strawberry
fruits increase with ripening as the storage
period increases. Cavusoglu (2018) reported
that the MelJa application applied to the
mushroom cap kept the pH value at a higher
level at the end of storage compared to the
control group. In the current study, it is thought
that a 1 umol L MeJa dose prevents the
decrease in pH during storage due to its effect
on the respiration rate in strawberry fruits.

When the changes in the TSS content of
Albion strawberry cultivar fruit samples were
examined; A decrease in TSS content was
observed in all applications throughout the
storage period. It has been determined that
there is a decrease in all applications from the
beginning of storage to the end of storage.
During the ripening period of horticultural
crops, it increases due to the activity of the
sucrose phosphate synthesis enzyme, which
has an important role in TSS sucrose
biosynthesis, and this enzyme becomes active
on the ethylene side (Ozgan et al., 2018).
Strawberry fruit is harvested after fully
ripening due to its non-climacteric nature. It is
thought that the decrease in TSS content at the
end of storage is due to the increase in
respiration rate in strawberry fruits (Gil et al.,
1997; Cordenunsi et al., 2005; Oz and Kafkas,
2015). It has been reported that TSS level has
a positive effect with ripening and ripe fruits

275



Diizgiin and Cavusoglu

have higher TSS values than unripe fruits
(Kondo et al., 2001; Kiiciiker and Oztiirk,
2014). It has been reported that MeJA
application prevents the decrease in TSS
content in postharvest grape (Jiang et al., 2018)
and mushroom (Cavusoglu, 2018) fruits.
Similar to the studies on its storage, the MeJA
application is thought to be effective in
preventing decreases in the TSS content due to
the consumption of sugars during the storage
period. When the changes in the titratable
acidity ratio are examined; Although an
increase was noticed in all applications

compared to the beginning of storage on the
6th day of storage, it was determined that there
was a decrease in all applications at the end of
storage. At the end of storage, it was
determined that the highest titratable acidity
ratio was between 0.685 and 0.5 mMol L
Melatonin group, and the lowest was 0.494 in
the control group (Table 3). In the titratable
acidity ratio, both the difference between
applications and the difference between
storage times were found to be statistically
significant (Table 1).

Table 1. Changes in pH, TSS (%) and TEA (gl™) values in fruits of Albion strawberry variety during storage

pH
App. (Day)
0 3 6 9 12 14 Ort.
Cont. 0 3.61 s007C 3.71 1904 Ab 3.66 ..00 bC 3.74 so0 8 3.72 0sab  3.74 .00 BCa 3.69 901 A
MeJ 0.5 3.61 +0.07 b 3.64 +0.02 Ab 3.70 +0.01 3.72 1002 A 3.72 1002 A 3.72 +0.01 CDEa 3.69 +0.01 AB
eJa
(uM) 1 3.61 1007 C 3.66 L9001 AC 3.65 L002C 3.75 4003 ab 3.71 5000 b 3.79 1001 Aa 3.69 1001 A
15 3.61l.0b 3.61 .00 Bb 3.66 .00 ab 3.65 904 @b 3.67 007ab  3.71 000 DEa 3.65 .901 B
MEL 0.5 3.61 1007 C 3.65 L9001 AC 3.69 101 ab 3.71 2003 ab 3.72 sowa 3.69 1002 Eab 3.68 1001 AB
(mM) 1 3.61 .007d 3.70 1001 ABC 3.67 001 Cd 3.73 03 @b 3.73 s002ab  3.76 1003 ABCa 3.70 s001 A
15 3.61.007C 3.70 903 Ab 3.65 901 bC 3.69 001 b 3.67 w003 bC  3.77 1007 ABa 3.68 .50 AB
Ort. 361 £0.02 d 3.67 2001 C 3.67 4007 C 3.71 20,01 b 3.70 +0.08 b 3.74 40,09 A
pApIication = 0.003 pS. T = 0.001 pApIicationxS. T = 0.051
TSS (%)
(Day)
App. 0 3 6 9 12 14 Ort.
Cont. 0 9.46+7a 7.73 1003 ABb 7.30 1026 ABbc  7.50 .20 ABb 6.16 1026 d 6,66 190 Cd 7,47 ~026
MeJ 05 9.46.,7a 7.30 403 BCb 6.76 023 Bb 6.23 .33 Db 6.73 Lo04 b 6,93 .036b 7,07 2032
eJa
(UM) 1 9.46 917 a 7.00 420 Cc 7.76 1037 Ab 7.30 490s ABCbc  6.06 .06 d 6,06 .9,16d 7,27 2029
15 9.46 .72 8.10 937 Ab 8.00 .9.17 Ab 7.06 1921 A-Dc 6.83 1018 C 6,46 2013 C 7,65 ~025
MEL 05 9.46.,7a 8.03 .012 Ab 7.60 03 Ab 6.56 +93, CDC 6.66 0,16 C 6,26 10,16 C 7,43 L028
(mM) 1 9.46 917 a 7.56 013 ABCbc 7.53 +0.20 ABbc 7.73 +0.27 Ab 6.73 1046 cd 6,36 1023 d 7,56 +0.25
15 9.46.7a 7.93 1508 ABb 7.86 .08 Ab 6.63 .92 BCDC 6.60 1047 C 6,36 1917 C 147 007
Ort.  9.46 o052 7.66 1010 b 7.54 5011 b 7.00 4014 C 6.54 1014 d 6,30 s00sd _
pApIication :0 010 pS. T. :0 001 pApllcatlon xS. T.
) ) = 0.070
TEA(GL?)
App. (Day)
0 3 6 9 12 14 Ort.
Cont. 0 0.73 20,01 A 0.69 20,01 Db 0.66 20,01 Bc 0,56 20,09 Cd 0,52 20,02 De 0,49 0,01 Ef 0,61 20,02 D
MeJ 0.5 0.73 2001 @ 0.74 20.00 BDa 0.79 20,01 Aa 0,64 0,04 A-Ch 0,59 0,01 BChc 0,57 0,01 CDc 0,68 0,02 BC
eJa
(”'M) 1 0.73 501 @ 0.70 901 CDab 0.75 2003 ABa 0,62 0,05 BCbc 0,54 0,01 CDc 0,55 0,03 Dc 0,65 0,02 CD
15 0.73 +0.01 b 0.83 4003 Ad 0.83 +0.02 Aa 0,68 £0.04 ABbc 0,63 <001 ABC 0,61 40,01 BCc 0,72 2002 AB
MEL 0.5 0.73 +0.01 cd 0.79 20.02 ABab 0.84 20.03 Aa 0,75 0,01 Abc 0,68 0,01 Ad 0,68 0,01 Ad 0,74 0,01 A
(mM) 1 0.73 w01 ab 0.73 4002 BCab 0.80 2005 Ad 0,72 0,03 ABab 0,61 0,04 ABCb 0,61 0,01 Bb 0,70 0,02 ABC
1.5 0.73 +0.01 bc 0.76 10.01 BCab 0.83 10.02 Aa 0,74 40,02 ABb 0,67 40,02 Acd 0,62 40,01 Bd 0,72 40,01 AB
Oort 0.73 +0.03 b 0.75 20,01 ab 0.78 20,01 & 0,67 2001 C 0,61 20,01 d 0,59 0,01 d
pApIication = 0001 pS. T = 0001 pApIicationxS T = 0026

A,B,C : | The difference between applications that receive different capitalizations within the same storage period is significant (p<0.05).
a, b, ¢ : — The difference between storage times that have different lowercase letters within the same application is significant (p<0.05).

MeJA: Metil jasmonate
MEL: Melatonin
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Since the titratable acidity value of fruits is
affected by the metabolic activity and the
respiration value that consumes organic acids,
it has been reported that the amount of acidity
decreases with the increase in respiration (Jin
etal., 2012). Liuetal. (2016); in a study similar
to the results of their study on strawberry fruit,
it was determined that melatonin application
slowed down the decrease in titratable acidity
value in strawberry fruit during storage. As a
result of the study, it is thought that 0.5 mMol

L melatonin dose treatment slows down the
decrease in TA level due to slowing respiration
in strawberry fruits.

3.2. Colour (L, a*, b*, C*, h°)

When the changes in L* values during
storage of Albion strawberry cultivar fruit
samples at 4°C and 85+5% were examined; It
was determined that there were fluctuations in
all applications during storage (Table 2).

Table 2. Changes in color parameters (L*, a*, b*, Chroma and h°) values during storage of Albion

strawberry variety at 4°C and 85+5%

L*
App. (Day)
0 3 6 9 12 14 Ort.
Cont. 0 30.73 z0418b 30.59 +0.12 ab 29.48 1035 b 30,22 <055 b 31,53 1042 Aa. 31,69 <031 Aa 30,70 +022
MeJa 0.5  30.73.041 29.87 w025 30.51 z033 30,41 1037 30,73 1049 AB 31,18 043 AB 30,57 <017
(uM) 1 30.73 1041 30.45 +053 30.69 050 30,58 10,39 31,31 5045 A 31,07 033 AB 30,80 0,17
1.5 30.73 2041 8D 29.78 1052 b 30.20 +0.35 b 30,61 +0,128b 31,72 w004 Aa 31,70 <061 Aa 30,79 z022
MEL 0.5 30.73 2041 30.62 +035 29.85 1094 30,01 038 30,55 1021 AB 30,89 1026 AB 30,44 0,19
(mM) 1 30.73 204180 30.20 z0.2 b 29.73 1014 b 29,95 s049 b 29,94 4030 Bb 31,50 w007 Aa 30,34 2023
15 30.73 z0418b 29.84 +o60ab 29.72 s0.57 ab 29,46 s0.18 b 31,06 +035 ABa 30,10 +45 Bab 30,15 1021
Ort  30.73 013 30.19 0.5 30.02 1019 30,18 <015 30,98 1017 31,16 <047
PPN = 0,068 p> T = 0.00L PPN xS T = () 541
a
App. (Day)
0 3 6 9 12 14 Ort.
Cont. 0 30.62 ~0252 29.62 s0.42 Aab 28.04 1066 ABC 28,02 10,16 BC 28,80 10,63 bc 26,33 10,53 BCd 28,57 <037
MeJa 0.5 30.62:0252a 30.99 1043 Aa 29.78 1031 Abc 29,42 10,13 ABC 29,76 1049 bC 28,30 10,52 ABd 29,81 <024
(uM) 1 30.62 2025 28.56 +0.74 Bab 28.12 19,64 ABab 28,76 1,17 ABa 28910252 26,06 41,15 Cb 28,51 <043
15 29.03 ~o.75 Bab 28.14 1053 ABb 29,38 .040ABab 28,33 .015b 26,33 +0.40 BCC 28,64 037
MEL 05 30.62:002s52a 28.57 w052 Bab 27.03 4124 Bb 29,69 10,50 ABa 29,02 <070 ab 28,48 +043 Aab 28,90 1037
(mM) 1 30.62 s925 @ 29.09 -0, Bab 28.93 +0.50 ABab 30,29 <084 Aab 29,96 10,73 ab 28,54 1051 Ab 29,57 027
15  30.62 0252 29.06 -021 Bb 29.10 +028 ABb 29,44 1050 ABb 29,78 035 ab 26,98 1045 ABC 29,16 ~029
Ort  30.62 -0.08 29.27 w025 28.41 029 29,29 <025 29,22 s021 27,290+0,30
PPN = 0,001 P> T =0.001 AT RS T = () 250
o
App. (Day)
0 3 6 9 12 14 Ort.
Cont. 0 17.38 <065 17.41 2047 16.17 w055 16,01 2064 17,75 2023 17,07-036 BC 16,968:0.5
MeJa 0.5 17.38 065 17.47 056 16.61 1940 17,24 1068 17,48 052 18,03 1075 AB 17,37 1023
(uM) 1 17.38 065 16.33 :0.66 15.62 1035 16,31 1023 17,38 10,78 15,50 4085 C 16,42 1028
15  17.38.065 16.62 -1.27 15.85 1057 16,84 030 18,14.055 17,75 2025 AB 17,10 030
MEL 08 17.38 wo6sab 16.37 z0.72ab 15.27 w099b 16,43 1036 ab 16,78 z0572b 17.75 :000 ABa 16,66 20200
(mM) 1 17.38:965ab 16.69 <013 b 16.10 40440 17,33 s066ab 17,05 <996 ab 18,84 .03 Aa 17,23 1029
1.5 17.38 065 ab 16.20 +0.08C 15.72 1044 C 16,71 1026 bC 18,03 s04a 15,76 1041 CC 16,63 023
Ort  17.38 1020 16.73 2024 15.91 4021 16,70 z0.8 17,51 s021 17,24 030
PPN = ().063 p>T=0.001 Aok S T = () 516
C*
App. (Day)
0 3 6 9 12 14 Ort.
Cont. 0 35.30 +055a 34.46 +0.53 Aab 32.46 1099 b 32,34 1046 Bbc 33,97 10,55 ab 31,50 1060 BCC 33,34 1039
MeJa 05  35.30:0s5ab 35.65 10.30 Aa 34.16 10462 34,27 1037 ABab 34,59 .67 ab 33,69 1070 ABb 34,60 10,5
(uM) 1 35.30:055a 32.99 +097 Bab 32.23.0ma 33,14 .10 ABab 33,89 .063a 30,45 4145 Ch 33,00 <049
1.5 35.30 :0.55 & 33.36 +1.13 ABa 32.37 +095 b 33,93-049 ABab 33,76 <013 ab 31,89 -0.33 BCh 33,43 1036
MEL OiS gggg 055 & gggﬁi £0.10 2aBb géig s154b gj,gé £0,68 ﬁBab gi,g; 20,86 @b gi,gg 4039 ﬁBa gi,gg 4044
.30 <055 .61 1034 17 1074 ,98 11,04 ,55 1115 ,38 10,68 ,33 1033
M) 15 3530.sa 33.36 017 ABb 33.12 024 b 33.04 055 ABab 3492 wousa 3134 o5 BCc 33,66 .05
Ort.  35.30 0.7 33.78 1031 32.66 +034 33,79 2029 34,18 <025 32,42 <039
PPN = 0,003 p>T=0.001 pPPTEIOTRS T = ) 340
Hue (h%)
App. (Day)
0 3 6 9 12 14 Ort.
Cont. 0 29.36 w068 b 30.29 045 b 29.78 109 b 29.62 1080 b 31.35 1056 ABab 32.97 .51 ABa 30.56 1038
MeJa 05  29.36:06sb 29.29 1057 b 29.07:052b 30.19 1094ab 30.33 1043 ABab 32.30 1079 ABCa 30.09 1036
(uM) 1 29.36 <068 29.46 10437 28.94 1030 29.55 10.60 30.60 1058 AB 30.73 1052 CD 29.77 2026
15  29.36-06sb 29.07 z054 b 29.22 z013b 29.68 047D 32.33 2093 Aa 33.84 2067 Aa 30.58 051
MEL 0.5  29.36:06sb 29.63:055 b 29.27 z060b 28.77 z000b 29.92 .51 Bab 31.66 +0.21 BCDa 29.77 030
(mM) 1 29.36 <068 b 29.6101 b 29.03 x024b 29.60 z051b 29.48 +.63 Bb 33.19 4021 ABa 30.04 1038
15  29.36 .65 abc 28.88.0.14 be 28.32 10.13C 29.38 10008 30.88 +0.10ABa 30.26 1090 Dab 29.51 4026
Ort.  29.36.021 29.46.0.21 29.09 <018 29.54 1021 30.70 £0.28 32.14 £0.33
pAp ication — () 020 ps, T -0.001 pAm XST 20.251

A,B,C : | The difference between applications that receive different capitalizations within the same storage period is significant (p<0.05).
a, b, ¢ : — The difference between storage times that have different lowercase letters within the same application is significant (p<0.05).
MeJA: Metil jasmonate; MEL: Melatonin
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Colors; are one of the most important
factors affecting the consumer perspective of
strawberry fruit. The L* value has experienced
decreases from the beginning to the end of
storage (Sen et al., 2022). Liu, et al. (2018);
Cavusoglu (2018) reported that the Mela
application was effective in preserving the L*
value, and in the same way Liu et al (2018) in
their study, MeJa application was effective in
preserving the L* value of strawberry fruit.
Similarly Zhang et al. (2018) reported that
melatonin application applied to lychee fruit
after harvest was effective in keeping the color
parameters (a*, b*, C*, h°) at the desired level
in terms of marketability. In the current study,

it was noticed that the melatonin and MeJa
applications applied after the harvest had
positive effects on the color parameters of the
strawberry fruits, and the MeJA application
applied after the harvest was more effective in
preserving the color values of fruits and
vegetables.

3.3. In-pack gas
respiration rate

composition (CO2),

Descriptive statistics and comparison
results for changes in respiration rate (mL CO-
kg h-!) and CO; (%) gas composition during
storage of Albion strawberry variety fruits are
shown in Table 3.

Table 3. Changes in respiratory rate (mL CO; kg h?) and CO; (%) rates during the storage of Albion

strawberry variety fruits.

Respiration Rate (mL COzkg h)

App (Day)
0 3 6 9 12 14 ort.
Cont. 0 65.30 4095 C 77.74 ss53 be 73.39.56> be 85.19 17 ABb 104.22 12652 68,20 4691 C 79,01 1352
Meda 05 65.30.00s cd 76.59 1313 be 72.96 2142 C 86.70 2077 ABab 98.74 252 a 60,01 1540 d 76,72 1342
(uM) 1 65.30 105 cd 74.66 1315 be 75.08 20,32 be 87.16 1125 ABab 9230 551 a 58,48 163 d 75,50 1324
15 65.30 205 C 74.10 +2.00 be 70.26 1215 be 84.46 .13 Bab 91.77 1050 @ 66,79 1496 C 75,45 1290
MEL 05 65.30 <005 C 78.37 w27 66.18 2.7 C 83.18 1255 BCab 91.52 15252 61,69 427 C 74,37 15
(mM) 1 65.30 <005 be 7019 4120 b 71.20 1346 b 91.77 1251 Aa 9231 .424a 59,34 4445 C 75,02 134
15 65.30 1095 C 73.59 4365 be 68.20 1257 bc 77.08 1169 Cb 89.22 ;301 @ 54,42 :s42d 71,30 4243
Ort. 6530 .00 75.03 4121 710 srier 85.08 112 94.30 123 61,27 1215
phelication = 0,081 p* T =0.001 phelication xS.T. = 0 896
App In-Pack Gas Composition (COz)
(Day)
0 3 6 9 12 14 ort.
Cont. 0 0.30 2001 € 0.36 +0.03 ABbC 0.36 <003 be 0.43 4003 b 0.40 20,01 Bb 0,56 <0032 0,40 10,02
MeJa 05  030.mc 0.40 2001 Ab 0.40 2001 b 0.40 2001 b 0.40 001 Bb 0,50 20052 0,40 2001
(uM) 1 0.30 2001 C 0.36 1003 ABD 0.40 2001 b 0.40 2001 b 0.40 001 Bb 0,46 20032 0,38 <001
15 0.30 2001 C 0.33 1003 ABC 0.40 001 b 0.40 z001 b 0.43 10,03 Bb 0,50 z0018 0,39 4001
MEL 05  030.00 0.40 s001 A 0.40 1001 0.40 4001 0.40 001 B 0,50 2001 0,40 20,01
(mM) 1 0.30 2001 C 0.40 1001 Ab 0.40 2001 b 0.43 003 b 0.43 2003 Bb 0,56 0032 0,42 w000
15 0.30 2001 d 0.30 2001 Bd 0.40 2001 C 0.46 003 b 0.50 2001 Ab 0,56 <0038 0,42 2002
ort.  0.30.00 0.36 <001 0.39 201 0.41 001 0.42 001 0,52 2001
pApIicaliun =0.035 ps T.-0.001 pApIicaliunxS T -0.004

A,B,C : | The difference between applications that receive different capitalizations within the same storage period is significant (p<0.05).
a, b, ¢ : — The difference between storage times that have different lowercase letters within the same application is significant (p<0.05).

MeJA: Metil jasmonate; MEL: Melatonin

When the changes in gas levels in
respiration rate (mL CO kg h) and CO; (%)
gas composition were examined during storage
of Albion strawberry variety fruit samples at
4°C and 85+5%; Although an increase was
observed in the respiratory rate from the
beginning of the storage period to the 12th day
of storage, it was determined that the

respiratory rate decreased in all application
groups after the 12th day of storage. When the
changes in the gas values in the CO. gas
composition were examined, it was observed
that there was a fluctuating increase in all
applications during the storage period. At the
end of storage, it was determined that the
highest CO- level was 0.567 in the Control, 1
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mMol L*? melatonin and 1.5 mMol L*
melatonin group, the lowest CO, value was
0.467 and 1 umol L MeJa group (Table 5).
The difference between storage times and
applications was found to be statistically
insignificant in respiration rate (Table 5).
Although it differs according to species and
cultivars, there is an interaction between
respiration and maturation. The rate of
respiratory activity is related to the speed of the
maturation process. As the respiration rate
increases in horticultural crops, the shelf life is
shortened (Cemeroglu et al., 2001). Slowing
respiration rates during post-harvest storage of
fruits and vegetables are one of the most
important factors in maintaining quality.
Because slowing the respiratory rate means a
decrease in the metabolic rate. Therefore, it is
necessary to slow down the respiratory rate as
an important step to preserve quality
characteristics (Kasim, 2021). Meng et al.
(2012). reported that the postharvest MeJA
application, which they applied to mushrooms,
decreased the respiration rate rapidly
compared to the initial level, increased to a
certain extent in the middle of the storage, and
then decreased the respiration rate again at the
end of the storage. In mango fruits that were
applied MeJA after harvest and kept at 7 °C,
the respiratory rate decreased in both control
and MeJA-treated fruits on the 7th day of
storage, increased and reached the highest
level on the 21st day of storage, and then at the
end of the storage, the respiratory rate
decreased in both application groups

(Gonzalez-Aguilar et al., 2012). In addition, it
is thought that melatonin application applied to
nectarine fruits after harvest is effective in
reducing the respiration rate of the fruits
compared to the control group, and exogenous
melatonin application is effective in inhibiting
respiration by reducing the presence of O in
the tricarboxylic acid cycle (Bal, 2021). In the
current study, when compared to the control
group fruits, it was observed that the
respiration rate decreased at the end of storage
in both melatonin-treated fruits and MeJA-
treated fruits, however, melatonin application
was more effective in reducing the respiration
rate of the fruits.

3.4. Browning index

Descriptive statistics and comparison
results for the changes in the significant
browning index (%) during storage are shown
in Table 3.7. When the changes in the
browning index (%) of strawberry fruits were
examined, it was observed that there were
increases and decreases in the form of
fluctuations in all applications during the
storage period. It was determined that the
application with the highest browning index
rate at the end of storage was in the 1 mMol L
! melatonin group with 146,588, and the lowest
browning index value was 123.616 in the 1
umol L MeJa group (Table 4). While the
difference between storage times was not
found to be statistically significant, the
difference between applications was found to
be statistically significant (Table 4).

Table 4. Changes in the browning index (%) of Albion strawberry variety fruit samples during storage at

4°C and 85+£5%
Browning Index (%)
ApP (Day)
0 3 6 9 12 14 Ort.
Cont. 0 144 283 A 144 .53 ABa 139 14,95 ab 134 1334 Bab 139 42.85 ab 130 +4.26 BCb 138 +1.75 BC
MeJa 05 144 283 ab 150 +4,02 Aa 139 +1,46 b 143 13,67 ABab 143 224 ab 142 37 ABab 144 4,55 A
(uM) 1 144 52 135 ., 9 Babc 129 .55 be 135 59 Babc 138 .35 ab 123 750 CC 134 5,5 C
15 144 55 142 ;0 AB 133 1476 139 .5 AB 140 104 134 090 ABC 139 ., 6s ABC
MEL 05 144 83 a 135 44,05 Bab 129 44,97 b 140 £1,64 ABa 139 43,79 ab 142 42,40 ABa 138 £1,71 BC
(mM) 1 144 ., 140 .4 AB 138 1345 148 616 A 145 4690 146 508 A 144 .1 60 A
15 144 ,5a 139 ;,; ABab 136 .33 8b 145 ;50 ABa 145 594 8 131 ., BCb 140 .1 64 AB
Ort 144 +0.89 141 +1,67 135 +1,52 141 +1,55 142 +1.35 135 +2,11
pApIication =0.001 pS, T = 0.001 pAplicationxS, T — 0.207

A,B,C : | The difference between applications that receive different capitalizations within the same storage period is significant (p<0.05).
a, b, ¢ : — The difference between storage times that have different lowercase letters within the same application is significant (p<0.05).

MeJA: Metil jasmonate; MEL: Melatonin
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Zheng et al. (2019) reported that when
compared to the control group, it has been
reported that the application of melatonin
applied to freshly cut pear fruits after harvest
has the highest browning index rate at the end
of storage. Similarly, Zhang et al. (2018)
reported that it was reported that the highest
darkening index rate at the end of storage in
Litchi fruit was in the fruit groups treated with
melatonin. In addition, Cao et al. (2009)
reported that it has been reported that the
MeJA application applied to the loquat fruit
after harvest has a lower browning index rate
at the end of storage compared to the control
group fruits and that MeJA application may be
effective in preserving quality parameters such
as the darkening index of the loquat fruit after
harvest. In the current study, it was observed
that there were increases and decreases in the
darkening index in all applications and that the
highest rate of the darkening index at the end
of storage was in the groups treated with
melatonin.

3. Conclusions

Strawberries are widely recognized for their
ease of cultivation, delightful taste, high
productivity per unit of land, and significant
nutritional value. However, their vulnerability
to spoilage post-harvest poses a challenge.
Given their susceptibility to mechanical
damage, water loss, and decay, strawberries
quickly lose their quality and aroma. Their soft
texture makes them prone to physical damage
and hastens spoilage, resulting in a shortened
shelf life. Extending the post-harvest shelf life
of strawberries not only benefits producers
economically but also encourages consumers
to opt for healthier options. To address this
issue, various approaches have been explored
to preserve the fruit's nutritional value and
prolong its shelf life. Among these, the
utilization of substances like melatonin and
methyl jasmonate has shown promise in
enhancing strawberry resilience against decay
and maintaining their marketable condition.
Researchers prioritize criteria ensuring that
post-harvest chemicals are safe for human
consumption and meet commercial standards
during storage. The application of melatonin

and methyl jasmonate post-harvest has been
found to have differing effects on the
preservation of strawberry fruits during

storage. Specifically, methyl jasmonate
(MeJA) treatments have shown greater
efficacy in safeguarding crucial quality

parameters such as pH, total soluble solids
(TSS), lightness (L* value), and color hue.
Considering the limited shelf life and
vulnerability of strawberries to post-harvest
deterioration,  enhancing their  quality
parameters and extending their shelf life
through MeJA applications emerges as a viable
and effective preservation method for
commercial producers. This approach not only
improves marketability but also ensures the
delivery of high-quality strawberries to
consumers, thereby benefiting both producers
and consumers alike.
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Abstract Research Article

This study was conducted to investigate the impact of incorporating dried

egg yolk into the diet on the growth performance, carcass quality

characteristics, and thigh-breast malondialdehyde value of quails

(Coturnix coturnix japonica) subjected to heat stress. A total of 160

quails, 10 days old, were divided into four groups, each comprising 10

replicates with four chicks in each group. Throughout the experiment, the

quails were provided with isonitrogenic and isocaloric feeds. The Article History
experimental groups were as follows: 1) Basic ration without temperature e 15.12.2023
application (Control); 2) Basic ration with 1% added egg yolk, without

S . . . Accepted :22.01.2024
temperature application; 3) Basic ration with temperature treatment (30
°C for 8 hours per day); and 4) Basic ration with 1% added egg yolk,
along with temperature treatment (30 °C for 8 hours per day). At the end
of the experiment, the highest body weight gain occurred in male and
female quails which fed the diets incorporated with dried egg yolk and
not exposed to heat (P<0.05). The males and females that were exposed
to heat and fed with the basic ration showed the lowest feed intake, and
this difference was statistically significant (P<0.05). There was no Ke_ywords
significant difference observed in the malondialdehyde (MDA) values of Dried egg yolk
thigh meat on days 3 and 9, as well as in breast meat on days 3, 6, and 9 growth performance
(P>0.05). However, a significant change in thigh malondialdehyde value heat stress
was detected on day 6 (P<0.05). In conclusion, the addition of dried egg malondialdehyde
yolk to the diets of quails exposed to heat stress diminished the negative quails

effects of heat stress on growth performance.
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1. Introduction

Stress can be defined as the living
organism's response to situations that disrupt
normal physiological balance and functioning
(Selye, 1976; Gonzalez-Rivas et al., 2020;
Rostagno, 2020; Goel, 2021). The negative
energy between the heat an organism releases
into the surrounding environment and the heat
energy it produces within is what causes heat
stress (Lara and Rostagno, 2013; Rostagno,
2020). Poultry must balance the amount of heat
entering their bodies with the amount of heat
leaving them in order to maintain a steady
body temperature (Vandana et al., 2021). It is
generally agreed that the appropriate
temperature range for poultry is 18-22 °C for
broilers and 19-22 °C for laying hens
(Vandanaet al., 2021). Heat stress in poultry is
classified according to the temperature and
duration of exposure (Zmrhal et al., 2018).
When poultry experience temperatures ranging
from 27 to 38°C for a duration of 1 to 24 hours,
it's termed as acute heat stress. If the exposure
extends up to 7 days within the same
temperature range, it's termed as sub-acute heat
stress. Chronic heat stress, on the other hand,
occurs when temperatures range from 38 to
50°C and persist for more than 7 days
(Vandana et al., 2021). Poultry farming has
many stress factors due to its nature. The most
important among these stress factors is heat
stress (Sahin et al., 2017; Sahin et al., 2018;
Zmrhal et al., 2018; Goel, 2021; Vandana et
al., 2021). The egg production, feed intake, and
growth performance of poultry subjected to
heat stress experience negative impacts,
alongside an elevated mortality rate in the
animals (Goel, 2021; Oluwagbenga and
Fraley, 2023). Numerous methodologies and
tactics have been devised to mitigate the
adverse consequences of heat stress.
Management practices such as sprinkling,
ventilation, suitable housing environments,
and shading are used to combat heat stress in
poultry farming (Vandana et al., 2021). In
addition, in order to eliminate the negative
effects of heat stress, interventions are also
made with various additives to poultry rations.
These substances include vitamins, minerals,
probiotics, and herbal products (Sahin et al.,

2006). Many researchers have studied to
eliminate the negative effects of heat stress by
adding substances such as electrolyte balance
application (Ahmad and Sarwar, 2006),
sodium and chloride (Mushtaq et al., 2007),
vitamin E (Sahin et al., 2001; Karami et al.,
2018), A, E, zinc (Sahin et al., 2001) ascorbic
acid (Ferreira et al., 2015; Karami et al., 2018)
and vitamin D (Sahin et al., 2001) to the diet.
Egg yolk includes various nutrients such as
essential fatty acids, vitamins, minerals
(Abeyrathne et al., 2022), phospholipids and
antibodies (Pereira et al., 2019) as well as
proteins with high biological value (Ahn et al.,
1997; Anton, 2013). Chickens are animals with
a significant capacity to develop antibodies
(Gadde et al., 2015). These antibodies are
transferred to the egg (Gadde et al., 2015; Nath
and Aravindkumar, 2021). Thanks to these
antibodies, animals can protect themselves
from various diseases and stressful situations
(Gadde et al., 2015; Pereira et al., 2019). When
the structure of egg yolk is evaluated, it is seen
that half of it consists of water and the
remaining part consists of lipids, proteins,
vitamins and minerals. It is observed that most
of the lipids in the egg are in the yolk. It is seen
that 62% of these lipids consist of
triglycerides, 33% of phospholipids, and 5% of
cholesterol (Anton, 2013; Abeyrathne et al.,
2022). It is reported that the proteins in the
structure  of eggs have anticancer,
immunomodulatory, antihypertensive,
antioxidant and antibacterial properties These
proteins are found in both egg whites and egg
yolk (Lee et al., 2022). Additionally, egg yolk
contains various color pigments known as
xanthophyll carotenoids (Papadopoulos et al.,
2019). Due to these properties, it is believed
that the inclusion of egg yolk in the diets of
poultry exposed to heat stress may reduce the
harmful effects of heat stress. The present
experiment was designed to assess the effects
of 1% dried egg yolk supplementation to the
diet on growth performance, organ weights,
intestinal pH, carcass colour parameters,
carcass parameters and thigh-chest
malondialdehyde (MDA) levels in broiler
quails raised under heat stress and thermo-
neutral conditions.
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2. Materiel and Methods

After Ethics Committee approval (Date:
31/05/2022 No: 2022/35), this study was
conducted in accordance with the Animal
Research Centre's Animal Experimentation
guidelines. In the study, 160 one-day-old
broiler quail (Coturnix coturnix japonica)
chicks were used. The study comprised 4
groups, each consisting of 10 replicates, with 4
quail chicks in each replicate. All quails were
fed a basal diet consisting of corn and soybean
meal within the appropriate temperature range
for rearing until day 10. The control group of

the present study was fed a basal diet during
the study period and housed in an environment
maintained at 23 + 2 °C after the 10th day. The
egg yolk (1%) group was also fed with the
basal diet supplemented with 1% dried egg
yolk after day 10 while being housed in an
environment with a temperature of 23 + 2°C.
The temperature (30°C) experimental group
was given a basal experiment diet prepared for
the study after day 10 and exposed to 30 + 1°C
for 8 h per day. Egg yolk (1%) + Temperature
(30°C) group was kept at 30 £ 1°C for 8 h per
day after day 10 and fed a diet supplemented
with 1% egg yolk.

Table 1. Nutrient contents (%) obtained through analysis and calculation methods in the ingredients of the

mixed feed formulation

Ingredients Control Heat (30°) Eggyolk (1%) Heat+Eggyolk (1%)
Sunflower oil 1.50 1.50 1.50 1.50
Corn 56.00 56.00 56.00 56.00
Soya Bean Meal (%48 CP) 33.00 33.00 33.00 33.00
Full-fat soybean 5.50 5.50 4.50 4.50
Eggyolk 0.00 0,00 1.00 1.00
DCP 1.00 1.00 1.00 1.00
Bone Flour (%30 Ca. %13 CP) 2.00 2.00 2.00 2.00
DL-Metiyonin 0.15 0.15 0.13 0.13
L-Lizin 0.20 0.20 0.22 0.22
NaCl 0.40 0.40 0.40 0.40
Vitamin and Mineral Premix 0.25 0.25 0.25 0.25
Parameters Values Obtained from Analysis
Dry Matter 89.9 89.9 89.9 89.9
Crude Protein 23.0 23.0 23.0 23.0
Crude Oil 4.40 4.40 4.69 4.69
Crude Ash 6.02 6.02 6.2 6.2
Crude Cellulose 2.82 2.82 2.80 2.80
Calculated Chemical Composition
ME (kcal/kg) 3016 3016 3034 3034
Ca 0.90 0.90 0.90 0.90
Auvailable P 0.60 0.60 0.60 0.60
Na 0.19 0.19 0.19 0.19
Cl 0.28 0.28 0.28 0.28
Metiyonin+Sistin 0.90 0.90 0.90 0.90
Lizin 141 141 141 141
Treonin 0.86 0.86 0.82 0.82
Triptofan 0.30 0.30 0.30 0.30
Linoleik asit 2.38 2.38 2.33 2.33
Electrolyte Balance (mEqg/kg 258 258 258 258
DM)

The MDA level, a gauge of lipid oxidation,
was ascertained using the thiobarbituric acid
(TBA) method described by Witte et al. (1970)
in quail breast and thigh flesh collected from
the study. To determine milligrams per
kilogram of meat, the MDA values from the
spectrophotometer were corrected using a
correction factor of 7.8 (Tarladgis et al., 1960).

2.1. Statistics

The data of the present study were
statistically analysed using SPSS version 18.0
(SPSS, 2013). The differences between group
means were evaluated using one-way analysis
of variance (ANOVA). The significance of
differences between groups was confirmed
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using the Tukey test, and significance levels
were determined as P < 0.05.

3. Results

The effects of heat stress and the addition of
dried egg yolk (1%) to the diet on the

performance, visceral organ weights, intestinal
pH, carcass color parameters, carcass
parameters, and MDA values of thigh and
breast muscles in quails are presented in tables
(Tables 2,3,4,5,6).

Table 2. Effects of dried egg yolk supplementation on growth performance of male and female quails under
heat stress

Male Female

Groups Body Feed Feed Conversion Body Feed Feed Conversion

weight intake Ratio weight gain intake Ratio

gain

Control 153.7% 459.6° 2.99° 197.7% 633.5% 3.20%
Egg yolk (%1) 167.72 504.22 3.00° 216.70 663.9° 3.06°
Heat (30 °C) 147.0° 468.8% 3.182 174.4° 610.4° 3.262
Egg yolk (%1) + Heat (30°C) 160.8%  489.0% 3.04° 196.1%® 489.0% 3.12%¢
P 0.003 0.026 0.001 0.002 0.044 0.0001
Std. Error 2171 5.868 0.1798 4.159 12.43 0.018

Body weight gain, feed consumption, and
feed conversion ratio data of animals were
determined for the methods applied to the
experimental groups (Table 2). While the
applied heat significantly decreased the feed
intake, feed conversion ratio and body weight
gain of male quails (P<0.05), the
supplementation of dried egg yolk 1% to the
diet significantly increased the feed intake,
feed conversion ratio and body weight gain
(P<0.05; Table 2 ). The groups that received
dried egg yolk and the control group had the
highest feed conversion ratio, while the groups

supplements had the lowest feed conversion
ratio (Table 2). End of experiment data in
female quails are as shown in Table 2. While
the applied heat decreased feed intake, feed
conversion ratio and body weight gain in
female quails (P<0.05), dried egg yolk
supplemented to the diet at 1% level caused an
increase in feed intake, feed conversion ratio
and body weight gain (P<0.05). In females, the
best feed conversion ratio was obtained in the
dried egg yolk 1% group, while the worst feed
conversion ratio was obtained in the heat
(30°C) group (Table 2).

that were subjected to heat and did not get any

Table 3. Effects of dietary dried egg yolk supplementation on internal organ weights and intestinal pH of
male and female quails under heat stress

Male Female
Gruplar Gizzard  Proventriculus  Heart  Liver Inl-;stteil:]e Imis':i nal Gizzard  Proventriculus ~ Heart  Liver InIeostg:le Inte;s:: nal
Control 2.44% 0.33 0.80 1.72 3.50 7.16 2.592 0.332 0.80% 2.27 4.02 7.14
Egg yolk (%1) 2.40% 0.29 0.88 151 3.15 7.17 2.20% 0.31% 0.81° 2.25 3.75 7.08
Heat(30 °C) 2.10° 0.28 0.79 1.70 2.96 7.42 1.87° 0.27° 0.68° 2.13 3.52 7.13
Egﬁeﬁ?'éé%é; 2,618 0.31 078 18 341 7.29 243 0.32% 073 209 341 7.03
P 0.022 0.083 0.127  0.217 0.579 0.221 0.007 0.049 0.032 0.941 0.494 0.805
Std. Error 0.062 0.008 0.017  0.053 0.148 0.050 0.083 0.009 0.019 0.113 0.187 0.042
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The effects of dried egg yolk
supplementation to male quail diets on internal
organ (gizzard, proventriculus, heart, liver,
total intestinal weight) weights and intestinal
pH values are presented in Table 3. No
differences was observed in proventriculus,
heart, liver, total intestinal weights, and
intestinal pH in male quails (P>0.05). A
significant difference among the study groups

was observed in terms of gizzard weight
(P<0.05), with the dried egg yolk 1% + heat
(30°C) group displaying the highest gizzard
weight. Significant differences were observed
in gizzard, proventriculus, and heart weights
among female quails (P<0.05). On the other
hand, no significant difference was detected in
liver weight, total intestinal weight and
intestinal pH values (P>0.05).

Table 4. Effect of dietary dried egg yolk supplementation on carcass color parameters of male quails under

heat stress

Male Female
Groups '[Eigh :arbigh 'brrigh Eieast Breast kIi[east [Eigh aTfigh g’figh Eieast aB*reast tI?’[east
Control 34.35 4.30 6.50 31.91 5.53° 7.55 36.35 451 7.55 31.07 6.73 8.04
Egg yolk (%1) 33.97 5.35 7.48 30.57 6.67® 8.07 33.99 414 6.84 31.85 5.56 7.92
Heat (30 °C) 32.25 5.45 7.01 29.26  6.55% 7.39 34.52 3.54 6.73 30.19 5.99 7.36
(E39093’C°)'k Uil 3294 503 725 3118 725 762 3574 405 715 3148 529  7.90
P 0.152 0.395 0577 0141 0042 0529 0397 0.106 0635 0270 0.064 0.671
Std. Error 0.363 0.256 0.257 0419 0225 0.166 0.536 0.143 0236 0309 0.215 0.204

The carcasses obtained from the study
groups were assessed for color parameters
using the colorimetric method (Table 4). No
significant difference was observed between
the groups in thigh color assessment (L*, a*,
b*) in male quails (P>0.05). Similarly, no
significant difference was determined in breast
L* and breast b* (P>0.05), while a statistically

significant change was detected in breast a*
(P<0.05). The color parameters of thigh and
breast in female quails were assessed using the
calorimetric  method.  No  significant
differences were observed in thigh and breast
color parameters (L*, a*, b*) in female quails
(P>0.05).

Table 5. Effects of dietary dried egg yolk supplementation on carcass parameters of male quails under heat

stress
Male Female

Groups Cafcass il Cold Carcass Carcass Yield Hot Carcass calt

Yield Carcass Carcass
Control 62.62 130.23 122.13% 60.45 145.15 134.09
Egg yolk (%1) 60.97 128.25 124.562 58.63 136.86 129.94
Heat(30 °C) 61.25 123.60 109.04° 58.17 137.06 122.09
Egg yolk (%1) + Heat(30 °C) 61.33 124.53 114.39%® 56.98 138.29 128.76
P 0.390 0.589 0.018 0.470 0.650 0.402
Std. Error 0.360 1.900 2.033 0.770 2.579 2.473

The effects of dietary dried egg yolk
supplementation on carcass yield, hot carcass

weight and cold carcass weight are shown in
Table 5. There was no significant difference
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among the groups in terms of carcass yield and
hot carcass weight (P>0.05). However, the
group receiving dried egg yolk showed the
highest cold carcass weight (P<0.05).

Similarly, no difference was detected between
the female groups in terms of cold carcass, hot
carcass and carcass yield weights (P>0.05).

Table 6. Effect of dirtay dried egg yolk supplementation on the diets of quails under heat stress on the
MDA value of thigh and breast meat on the 3rd, 6th, and 9th day

MDA

Gruplar Thighs Thigh s Thigh o Breasts Breasts Breast o
Control 0.1253 0.08072 0.1308 0.1250  0.0715 0.1198
Egg yolk (%1) 0.1168 0.0485% 0.1358 0.1290  0.0678 0.1313
Heat (30 °C) 0.1392 0.0608% 0.1427 0.1380  0.0603 0.1628
Egg yolk (%1) + Heat (30°C) 0.1243 0.0678° 0.1310 0.1325  0.0753 0.1333
P 0.775 0.010 0.812 0.936 0.731 0.559
Std. Error 0.00719 0.00389 0.00462 0.00679 0.00457 0.01049

MDA levels in thigh and breast meat were
analyzed on the 3rd, 6th, and 9th days after
slaughter as a result of the addition of egg yolk
to quail diets. The effects of heat stress with the
addition of egg yolk to quail diets were not
detected on MDA values on thigh and breast
meat on thigh 3, thigh 9, breast 3, breast 6, and
breast 9 between the study groups (P>0.05).
There was a significant difference between the
groups in terms of thigh MDA values on day 6
(P<0.05). The lowest MDA value was found in
the egg yolk (1%) group.

4. Discussion

In recent years, many natural and synthetic
supplements (Sahin et al., 2001; Ahmad and
Sarwar, 2006; Mushtaq et al., 2007; Karami et
al., 2018; Mehaisen et al., 2019; Pereira et al.,
2019) have been used to alleviate the negative
effects of heat stress on poultry performance
and maintain maximum production at high
environmental temperatures. In the present
study, feed conversion ratio, feed intake and
body weight gain were negatively affected in
both male and female animals exposed to heat
stress (Table 2). The best results were obtained
in animals not exposed to heat stress and
received only dried egg yolk (1%)
supplementation, while the data of animals
exposed to heat stress and receiving dried egg
yolk (1%) supplementation were improved
(Table 2). Egg yolk is nutrient-rich in proteins,
vitamins, minerals, and immunoglobulins
(1gY) as well as essential fatty acids (Anton,

2013; Pereira et al., 2019; Xiao et al., 2020;
Abeyrathne et al., 2022). Heat stress negatively
affects egg production, feed consumption, and
growth performance in poultry, and this stress
condition not only causes low productivity in
animals but also negatively affects health
(Anton, 2013; Pereira et al., 2019; Xiao et al.,
2020; Abeyrathne et al, 2022). The
improvement obtained with the addition of 1%
dried egg yolk to the diet in groups exposed to
heat stress may be attributed to the capacity of
essential fatty acids in the yolk structure to
reduce heat stress. Because 65% of the dry
matter of egg yolk consists of lipids (Xiao et
al., 2020). As fats are metabolized, they raise
body temperature less than proteins and
carbohydrates (Attia and Hassan, 2017; Wasti
et al.,, 2020). Attia and Hassan (2017) and
Ghazalah et al. (2008) previously showed that
the effects of heat stress were reduced by
adding different amounts of fat to the diet. A
similar effect may have been obtained due to
the fatty acids in the structure of egg yolk. In
this sense, similar results were obtained with
our present study. Because the animal exposed
to the hot environment spends most of its time
performing the actions required to cool the
body (Mack et al., 2013) rather than eating.

Table 3 shows the internal organ weights
and intestinal pH values of male and female
quail of the experimental groups. According to
the experiment results, gizzard weight of male
quails showed a difference depending on the
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treatments (P<0.05), while proventriculus,
heart, liver, total intestinal weight, and
intestinal pH did not change (P>0.05). In
males, the highest gizzard was obtained in the
group that was exposed to heat stress and
received dried egg yolk supplementation at the
same time (P<0.05). The lowest gizzard weight
was obtained in the group exposed to
temperature stress without any
supplementation (P<0.05). There was no
significant difference among the female quail
groups in terms of liver, total intestinal, heart
weights and intestinal pH values (P>0.05).
There  were differences in  gizzard,
proventriculus and heart weights (P<0.05).
The highest gizzard, stomach with gland, and
heart weights were obtained in the control
groups (P<0.05). The lowest gizzard,
proventriculus, and heart weights were found
in groups exposed to heat stress. In many
previous studies, negative side effects of heat
stress on internal organ weights have been
mentioned (Onderci et al., 2005; Sahin et al.,
2009; Lara and Rostagno, 2013; Sahin et al.,
2013; He et al., 2019; Chang et al., 2020). The
increase in organ weights may be an indication
of the development of the organism. As the
organism grows, the internal organs grow
within their physiological limits. Adverse
conditions during the growth period can affect
the development of internal organs. In the
present study, the supplementation of dried egg
yolk to the diet of quails exposed to heat stress
may have reduced the side effects of heat stress
due to the properties of egg yolk (Ahn et al.,
1997; Anton, 2013; Gadde et al., 2015; Pereira
et al., 2019; Abeyrathne et al., 2022).

Meat color in poultry and other animals may
vary depending on age at slaughter, stress at
the time of slaughter, genetic factors, gender,
and especially the effect of nutrition (Warner,
2014). The color of meat is determined by
factors such as the concentration of myoglobin
on the surface of the meat, its chemical
structure, texture, and light scattering (Warner,
2014; Kong et al., 2023). Meat color is an
important criterion for consumer preferences
(Warner, 2014; Kong et al., 2023). In the L* a*
b* evaluation system, L* is used to denote the
brightness, a* the redness coordinate, and b*

the yellowness coordinate (Le Bihan-Duval et
al., 2008; Warner, 2014; Salueiia et al., 2019).
The quality of thigh and breast meat was
measured and evaluated using the L*a*b*
colour correction system (Table 4). In the color
criteria, only in the male quail group, breast a*
was higher than the others (P<0.05). No
difference was detected in the other groups
(Table 4). The high a* value indicates that the
redness of the meat increases (Warner, 2014;
Kong et al., 2023). In that study, a difference
was found in terms of breast a* in male quails
(P<0.05). There was no significant difference
in other data (P<0.05). Heat stress causes
glycogen to be converted into lactic acid in
muscles faster than normal, causing a* value to
decrease, Hao and Gu (2014) and Zaboli et al.
(2019) studies are similar to our current study.

Carcass yield, hot carcass, and cold carcass
data were measured in male and female quails
(Table 5). Experimental results showed that the
addition of dried egg yolk to the diet of quails
under heat stress increased cold carcass yield
in male quails (P<0.05). Considering the cold
carcass data, both male and female quails were
found to be low in the group exposed to
temperature stress. This can be linked to the
rapid anaerobic glycolysis effect of heat stress
on muscles (Zaboli et al., 2019; Vandana et al.,
2021). Because in muscles exposed to heat
stress, it causes glycogen to convert to lactic
acid faster than normal (Zaboli et al., 2019).
This rapid transformation can cause more
water loss in the carcass in the time after
slaughter (Hao and Gu, 2014; Zaboli et al.,
2019). These studies (Hao and Gu, 2014;
Zaboli et al., 2019) are similar to our current
study.

One byproduct of polyunsaturated fatty acid
peroxidation in cells is MDA. MDA increases
as a result of the organism's increased
production of free radicals. It is widely
acknowledged that elevated MDA levels
indicate oxidative stress. In the current study, a
decrease was detected in MDA values on the
6th day of thigh when compared to the
remaining groups. On the other days, although
there was no statistical difference in MDA
levels, the highest MDA values were found in
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the group exposed to heat stress and not
receiving any supplementation. Sahin et al.
(2006) reported a decrease in liver MDA levels
in their study in which vitamin E and zinc
picolinate were added to the diet. Sahin et al.
(2002) found that Vitamin E and C decreased
MDA levels in quails exposed to heat stress.
Onderci et al. (2003) reported that zinc
supplementation decreased serum MDA levels
in heat stress. Sahin et al. (2002) egg is a rich
food containing various proteins such as
ovalbumin, ovotransferrin, and fosvitin as well
as lipids such as phospholipids. It also contains
many micronutrients such as vitamin E,
vitamin A, selenium, and carotenoids, which
makes the egg a food with antioxidant
properties. These antioxidants can reduce
cellular damage by fighting free radicals
(Nimalaratne and Wu, 2015). In the present
study, dried egg yolk added to the diet may
have prevented the increase in MDA due to
these effects.

5. Conclusions

The problem of broken eggs is an important
economic loss in laying hens. Broken eggs can
be evaluated as feed additives to reduce the
adverse impacts of heat stress on poultry by
adding dried eggs to poultry diets.
Thermostress is one of the major
environmental stress factors in poultry. This
situation causes various negativities in terms of
both yield and meat quality in poultry. There
are very few studies on the inclusion of egg
yolk obtained from broken eggs in the diet.
There is a need for more extensive and
comprehensive studies on this subject.
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Abstract Research Article
Beekeeping activities, widely carried out around the world, hold
significant importance in our country due to its rich vegetation and
climate characteristics. There are parasitic, bacterial, viral, and fungal
diseases that are crucial in beekeeping. Parasitic infestations such as
Nosemosis, Varroasis, Aethina tumida, Tropiaelaps spp., and Acarapis
woodi are notable among bee parasites. However, when reviewing the
literature, it was noted that there are insufficient studies on bee parasitic
diseases. Furthermore, there are no studies on bee parasitic diseases in the
Devrekani district. The primary source of income for the people living in
the Devrekani district, where the study took place, is animal husbandry

and agriculture. The aim of the study is to determine the prevalence and Article History

seasonal distribution of bee parasitic diseases in the Devrekani district, to Received 316'12'2023
provide information to beekeepers about bee farming, to identify ways to Accepted :23.01.2024
protect against diseases observed in bees, to minimize veterinary health

costs with the precautions to be taken, and to prevent the spread of bee

parasitic diseases seen in the district to neighboring provinces through

migratory beekeeping. Additionally, the aim is to determine the economic

loss due to the decrease in honey sales resulting from hive deaths due to

parasitic diseases and the cost of establishing new hives. The research

material consisted of samples suspected of parasitic diseases taken from

21 different beekeeping enterprises registered with the Devrekani District

Directorate of Agriculture between May 2023 and January 2024. Samples

were collected from the hives and placed in sterile sample bags. Diagnosis Keywords

of samples suspected of parasitic diseases was conducted in the Bee

parasitology laboratory using a Nikon brand SMZ 745T model stereo disease prevalence
microscope and NIS Elements-D software imaging program. As a result economic loss

of the diagnosis, no bee parasitic diseases were found. The absence of bee Kastamonu

parasitic diseases indicates the possibility of bee deaths due to bacterial, parasite

fungal, and viral diseases, and suggests that multidisciplinary studies can
be conducted on this issue.
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1. Introduction

Beekeeping in Turkey and around the world
has experienced a significant rise in recent
years. When examined statistically, there is an
increase in the number of hives, the number of
beekeepers, and total honey production.
Turkey has become an important region in
beekeeping due to its surface area, climate,
vegetation, and topographic characteristics.
However, honey yield in Turkey is lower
compared to developed countries. Among the
factors causing low productivity are: lack of
awareness of bee diseases and pests,
insufficient care and feeding, limited technical
knowledge and queen bee production,
inadequate understanding of wintering, and
lack of timely diagnosis, treatment, and
protection methods (Doganay, 1997; Borum,
2014).

With the transition of beekeeping from
traditional production to modern methods,
there has been a rapid increase in the world's
bee population. Alongside the rise in the
number of bee colonies, factors such as
disruptions in queen bee production, lack of
control over queen bee sales, buying and
selling of bees between countries, an increase
in migratory  beekeeping, industrial
development, shrinking beekeeping areas, and
the widespread use of pesticides, particularly
agricultural pesticides, have led to an increase
in problems in the beekeeping sector. While
some of these effects are partially mitigated,
beekeeping has been exposed to another threat
with global warming, which has become
increasingly significant in recent years (Kurt,
2023).

Bee diseases are classified according to the
factor causing the disease: bacterial (American
and European Foulbrood, Septicemia), fungal
(Chalkbrood and Stonebrood), viral (Bee
Paralysis and Sacbrood), parasitic (Varroa
destructor, Acarapis woodi), and protozoan
(Nosema apis). Alternatively, depending on
the host where the disease occurs, they can be
classified as adult and brood bee diseases
(Uygur and Girisgin, 2008).

Bee diseases and pests are very important as
they reduce colony population development

and productivity and cause product and colony
losses if not intervened in time. It is reported
that varroosis, nosemosis, and arthritis diseases
have become significantly more common in
Turkey and around the World (Aydin et al.,
2003a; Aydin et al., 2003b).

Nosema disease is one of the diseases
affecting adult bees, and the disease agent is a
protozoan called Nosema apis. Nosema apis
spores are generally oval in shape, 4-6 um
long, and 2-4 um wide (Shimanuki and Knox,
2000). Nosema apis spores were first detected
by Zander in Germany in 1909. Nosema apis
spores are widespread throughout the world,
except for Central Africa (Gen¢ and
Dodologlu, 2002). The first information about
infection caused by Nosema apis in our
country was provided in 1952, and the first
diagnosis of the disease was made in the
Turkish  Development  Foundation Bee
Diseases Laboratory, established in 1986
(Tutkun and Inci, 1992). Nosema disease,
which is common in Turkey, especially in the
Black Sea and Marmara Regions, is most
prevalent in the spring months. In order to
eradicate the disease, it is necessary to control
humidity; otherwise, colony death is possible
(Aydin et al., 2005). Since Nosema disease
exhibits symptoms similar to those of pesticide
poisoning and other diseases causing paralysis
in bees, a definitive diagnosis is made after
examining diseased bee samples in the
laboratory (Uygur and Giriggin, 2008). The
definitive diagnosis of the disease is made by
observing Nosema spores under a microscope
(Aydn et al., 2001).

Bee mite (Varroa destructor) is a very
dangerous external parasite that lives on the
larvae, pupae, and adults of the honey bee
(Apis mellifera L.) and multiplies rapidly,
causing mass death of bees. The parasite was
transmitted to Russia and western countries
through migratory beekeeping, queen and
swarm trade, and entered Turkey from
Bulgaria in 1977 (Kaftanoglu, 2002).
Symptoms known as "Parasitic Mite
Syndrome" caused by Varroa destructor can
also be observed. In colonies affected by
Parasitic Mite Syndrome, the adult bee
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population decreases, the egg-laying efficiency
of the queen bee decreases, symptoms similar
to brood rot appear, dotted holes emerge in the
eyes of the young bees, and the eyes of the
deceased young bees remain in a shape similar
to the letter "C" (Uygur and Girisgin, 2008).

Braula coeca, from the order Diptera,
known as the bee louse, was first diagnosed in
our country in 1977. It is a brown ectoparasite
that is 1 mm wide and 1.5 mm long (Uygur and
Girisgin, 2008).

Tracheal mite, caused by Acarapis woodi, is
a bee disease primarily affecting the
respiratory system of worker bees. Acarapis
woodi was first identified by Rennie in
England in 1921 (Giilegen, 2002).

2. Material and Methods

The research material consisted of dead bee
samples taken from 21 different beekeeping
enterprises registered to Devrekani District
Directorate of Agriculture between May 2023
and January 2024. Samples were taken from
the hives and placed in sterile sample bags
(Figure 1).

Figure 1. Examples of bees with suspected parasitic diseases

Identification of dead bee samples in the
parasitology laboratory was made using a
Nikon brand SMZ 745T model stereo

microscope and NIS Elements-D software
imaging program (Figure 2, Figure 3, Figure
4),

Figure 2. Bee samples in sterile sample bags
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Figure 4. Diagnosis of samples suspected of parasitic disease

3. Results and Discussion

As a result of the diagnosis of samples from
21 different beekeeping enterprises registered
to Devrekani District Directorate  of
Agriculture, no bee parasitic disease was
found. There are a limited number of studies in
the literature on parasitic diseases in bees in
our country.

In recent years, there have been molecular-
based studies for the diagnosis of varroasis

disease (Damayo et al., 2023; Kipkoech et al.,
2023). However, our study could not be carried
out due to budget and technical impossibilities.

In a study conducted in Elazig, the
prevalence of Nosema infection was found to
be 10% in Sivrice district and 4% in Elaz1g
center and Baskil (Simsek et al., 2001). The
frequency of Nosema apis in honey bees in
Kars and surrounding areas was found to be
15.74%; in residential areas, it was 87.50%,
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and in apiaries, it was 40% (Topg¢u and Arslan,
2004). In studies evaluating the prevalence of
Nosema disease by region, Ozbilgin et al.
(1999) reported 2% in the Aegean Region;
Yasar et al. (2002) reported 30.4% in the Black
Sea Region; Aydin et al. (2003a) found it to be
5% in Southern Marmara, and Sirali and
Dogaroglu (2005) found it to be 6.5% in
Thrace.

In the nationwide varroasis disease research
conducted by the Ministry of Agriculture and
Forestry between 1979 and 1981, it was
determined that varroasis disease was present
in 60 provinces except 7 provinces, and in
1983, it was determined that it had spread to all
provinces. It has been determined that 41% of
the hives in our country and 35% of the hives
in the Southern Marmara Region are highly
infected with Varroa destructor (Uygur and
Girisgin, 2008).

In a study investigating enterprises located
in Kirsehir province between 2009 and 2011
for bee diseases, it was determined that 65.3%
of the enterprises had varroa, 18.4% had
chalkbrood, 9.1% had foulbrood, and 5.1% had
nosema disease (Tunca and Cimrin, 2012).

In Van province, Bingdl et al. (2014)
determined the effect of the Varroa factor on
colony losses to be 15.71%. A study conducted
in Bingdl found that the colony loss rate in
hives infected with varroasis was 25% (Kutlu
and Giil, 2020).

As a result of the literature review, nosema
infection was found in 2-87.5% and varroasis
infection was found in 15.71-65.3% of apiaries
in our country. In this study, no parasitic
diseases were found in bees. It is thought that
the reason for this is that diseases do not occur
due to antiparasitic applications with the active
ingredient amitraz at the beginning of spring
and at the end of autumn, and the deaths seen
in beeries may be of viral, bacterial and fungal
origin (Anonymous, 2023).

4. Conclusion

As a result, the absence of bee parasitic
diseases in the study area does not mean that
the disease has been eradicated from that
region, but it shows that bee deaths due to

bacterial, fungal and viral diseases are possible
and multidisciplinary studies can be carried out
on this issue together with other study areas. It
is thought that this study may guide future
research on varroasis in the Kastamonu region.
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In Vitro Kosullarda Besin Ortamina Eklenen Farkh Konsantrasyonlarda Tuz’un

Domates (Solanum lycopersicum L.) Bitkisinin Gelisimi Uzerine Etkilerinin Belirlenmesi

Ecem KARAM ™ Hatira TASKIN2", Gokhan BAKTEMUR!

! Sivas Bilim ve Teknoloji Universitesi, Tarim Bilimleri ve Teknoloji Fakiiltesi, Bitkisel Uretim ve Teknolojileri

Bolimii, Sivgs
2 Cukurova Universitesi, Ziraat Fakiiltesi, Bah¢e Bitkileri Boliimii, Adana
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Ozet

Bu ¢alismada, in vitro kosullar altinda besin ortamina eklenen degisik
konsantrasyonlarda (0, 50, 100, 150 ve 200 mM) sodyum kloriir
(NaCl)’tin domates (Solanum lycopersicum L.) bitkisi gelisimi {izerine
etkileri saptanmistir. Temel besin ortami olarak Murashige ve Skoog
(MS) kullanilmistir. Deneme siiresince ¢imlenme orani (%), ortalama
cimlenme siiresi (gilin), tuz tolerans indeksi (%), gercek su igerigi (%),
govde yas agirligr (g), govde kuru agirhigi (g), kok yas agirhigi (g), kok
kuru agirhigi (g), gévde uzunlugu (mm), kok uzunlugu (mm) ve tuz stresi
sonrasi domates bitkilerinin gorsel 6l¢cek degerlendirmeleri parametreleri
incelenmistir. Ortamlar arasinda ¢imlenme orani en fazla DA (0 mM
NaCl) (% 80.00), DB (50 mM NaCl) (% 76.00) ve DC (100 mM NacCl)
(% 75.60) ortamlarinda belirlenmistir. Ortalama ¢imlenme siiresi en kisa
DA (3.19 giin) ortaminda saptanmustir. Tuz tolerans indeksi en diisitk DE
(200 mM NaCl) (% 81.25) ortamindan elde edilmistir. Deneme sonuglart
dikkate alindiginda, NaCl dozu arttik¢a bitki gelisimin yavasladigi tespit
edilmistir.
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Makale Tarihgesi
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Anahtar Kelimeler
Abiyotik stres
tuzluluk

in vitro

domates

Determination the Effects of Different Concentrations of Salt (NaCl) Added to the
Nutrient Medium under in vitro Conditions on the Development of Tomato (Solanum

lycopersicum L.)

Abstract

In this study, the effects of sodium chloride (NaCl) at different
concentrations (0, 50, 100, 150 and 200 mM) added to the nutrient
medium under in vitro conditions on tomato (Solanum lycopersicum L.)
development were determined. Murashige and Skoog (MS) was used as
the basic nutrient medium. During the study; germination rate (%),
average germination time (days), salt tolerance index (%), actual water
content (%), stem fresh weight (g), stem dry weight (g), root fresh weight
(9), root dry weight (g), stem length (mm), root length (mm) and visual
scale evaluation parameters of tomato plants were examined. Among the
nutrient media, the germination rate was found as the highest in DA (0
mM NaCl) (80.00%), DB (50 mM NaCl) (76.00%) and DC (100 mM
NaCl) (75.60%) media. The shortest average germination time was
determined in DA medium (3.19 days). The lowest salt tolerance index
was obtained from DE (200 mM NacCl) (81.25%) medium. Considering
the study results, it was determined that plant development slowed down
as the NaCl dose increased.
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1.Giris

Yiiksek tuzluluk, kuraklik, yiiksek ve diisiik
sicaklik gibi baslica abiyotik stres faktorleri,
temel gida triinlerini tireten bitkilerin hayatta
kalmasini, biyokiitle {iretimini ve verimini
%70'e varan oranlarda olumsuz yonde
etkilemektedir (Vorasoot ve ark., 2003; Kaur
ve ark., 2008; Ahmad ve ark., 2010; Thakur ve
ark., 2010; Mantri ve ark., 2012; Ahmad ve
ark., 2012). Na ve CI gibi minerallerin yiiksek
oranlarinin bitki tizerindeki olumsuz etkisi tuz
stresi olarak adlandirilir (Munns, 2005).
Toprak tuzlulugunun insanlardan ve tarimdan
cok Once var oldugu, ancak sorunun tarimsal
uygulamalarla daha da kotiye gittigi
bilinmektedir (Zhu, 2001). Tuz stresi, bitki
biliyiimesi ve bitkisel {iretim i¢in en ciddi
sinirlayict faktorlerden birisidir (Parihar ve
ark., 2015).

Diinya genelinde en Onemli kiiresel
sorunlardan birisi de diinya c¢apinda yeterli
gidanin saglanamamasidir. FAO, 2050 yilina
kadar gida ihtiyacinda ciddi bir artig olacagini
tahmin etmektedir (Cobb ve ark., 2013). Gida
iretimindeki talebi karsilamak ig¢in tarim
alanlarinda optimum kosullar saglansa bile,
gida  talebini  gerceklestirmenin  kolay
olmayacagi, hatta bitkisel iiretim igin arazi ve
su kullaniminin artmasi, iklim degisikligi ve
abiyotik stres faktorleri nedeniyle tarim
alanlarinin  daha da  kotiye  gidecegi
distiniilmektedir (Ruggiero ve ark., 2017).

Domates (Solanum lycopersicum L.),
diinyada ve iilkemizde en fazla tiiketilen sebze
tirtidiir. Diinya  genelinde = domates
yetistiriciligi 4.9 milyon hektarlik bir alanda
186 milyon ton iretim ile
gergeklestirilmektedir. Domates iiretiminin en
fazla yapildig tilkeler sirasiyla Cin, Hindistan,
Tiirkiye, Amerika Birlesik Devletleri, Misir,
Italya, Meksika ve Brezilya’dir (FAO, 2022).
Domates temel bir gida iirlinli olmasinin yam
sira sagliga faydali ¢esitli bilesikler icermekte,
kanser ve kalp hastaliklar1 riskini azaltabilme,
beyin, cilt ve kemik saghiginm iyilestirebilme
potansiyelinden bahsedilmektedir (Bhatkar ve
ark., 2021). Domates oOzellikle taze olarak
tiikketilse de salga, sos, tursu, konserve gibi
farkli  sekillerde islenmis olarak da

kullanilmakta, sanayiye hammadde
saglamaktadir. Domatesin yiiksek nem igerigi
(>% 90) taze formda saklanabilmesini biiyiik
Olclide kisitlamakta, bu nedenle hasat sonrasi
kayiplar1 6nlemek icin uygun isleme ve
muhafaza tekniklerinin uygulanmasi
gerekmektedir (Pravitha ve ark., 2024).

Bitki doku kiiltiirii veya hiicrelerin,
dokularin, organlarin ve bunlarin
bilesenlerinin  tanimlanmis  fiziksel ve
kimyasal kosullar altinda in vitro aseptik
kiiltiiri hem temel hem de uygulamali
caligmalarda ve ticari uygulamalarda onemli
bir aragtir (Thorpe, 2007). Son yillarda doku
kiltiric  teknikleri, stres degerlendirmesi
caligmalarinda gecerli bir yontem olarak kabul
edilmektedir. Doku kiiltiirii teknikleri ile farkli
stres denemelerinin yapilmasi, smurli bir
alanda biiyiik popiilasyonlari test etme olanagi
sunmast ve ¢evresel kosullarin  kontrol
edilmesine olanak saglanmasi nedeni ile
avantajli olmaktadir (Pérez-Tornero ve ark.,
2009; Vives-Peris ve ark., 2017; Pérez-
Jiménez ve Pérez-Tornero, 2020). Yapilan bu
calismada, in vitro kosullarda besin ortamina
eklenmig  farklt  konsantrasyonlarda (0
(kontrol), 50, 100, 150, 200 mM) sodyum
klortir (NaCl)’lin domates bitkisinin gelisimine
etkisinin belirlenmesi amag¢lanmistir. Calisma
ile bitki {izerinde tuz stresi etkilerinin in vitro
kosullarda belirlenip belirlenemeyeceginin
tespit edilmesi hedeflenmistir.

2. Materyal ve Yontem

Calisma, 2023 yilinda, Sivas Bilim ve
Teknoloji Universitesi (SBTU) bitki doku
kiiltiirii laboratuvarinda gerceklestirilmistir.
Falcon standart domates c¢esidi Dbitkisel
materyal olarak kullanilmistir. Arastirmada
besin ortamlari, NaCl’nin farkli dozlarinin (0,
50, 100, 150, 200 mM) eklenmesiyle
hazirlanmistir (Tablo 1). Calismada temel
besin ortami olarak MS (Murashige ve Skoog,
1962) kullanilmistir. Besin ortamlarinin pH’s1
5.8 olacak sekilde ayarlanmistir. Hazirlanan
besin ortamlari, otoklavda 1.2 atm basingta,
121°C’da ve 15 dakika siire ile sterilize
edilmistir. ~ Sterilizasyon  sonrast  besin
ortamlarinin, 60 mm ¢apl steril plastik
petrilere steril kabinde dokiimii saglanmistir.
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Domates tohumlar1 yiizey sterilizasyonu
amaciyla, % 20’lik sodyum hipoklorit
cOzeltisinde 20 dakika bekletilmis ve steril
edilmis bidistile su ile en az bes defa
durulanmistir. Sterilizasyon sonrasi domates
tohumlarinin, her petride bes tohum olacak

Tablo 1. Besin ortamlarinin kodlar1

sekilde petrilere ekimi saglanmustir. Petriler,
bitki biiylitme odasinda 25 + 2°C sicaklik
kosullarinda, 16 saat aydinlik 8 saat karanlik
olacak sekilde 3000 lix 1sik kosullarinda
gelismeye birakilmistir.

Konsantrasyonlar NaCl
Kontrol (0) DA

50 mM DB

100 mM DC

150 mM DD

200 mM DE

2.1.Denemede yapilan él¢iimler

Denemede c¢imlenme orani (%), ortalama
cimlenme siiresi (giin) (Kaya ve ark., 2006) tuz
tolerans indeksi (%) (Rahman ve ark., 2008;
Khayatnezhad ve ark., 2011; Giildiiren, 2012;
Aydin ve Atici, 2015), gercek su igerigi (%),
govde yas agirligr (g), govde kuru agirhigi (g),
kok yas agirhigi (g), (Keles, 2019) ve tuz stresi
sonrast domates bitkilerinin gorsel Olcek
degerlendirmeleri (Dasgan ve ark., 2002)
parametreleri her bitkide degerlendirilmistir.

2.2.Sonuclarm degerlendirilmesi

Calisma, 4 tekerriirlii ve her bir tekerrtirde 5
petri olacak sekilde tesadiif parselleri deneme
desenine gore planlanmistir. Yiizde degerler
ac1 tranformasyonuna tabi tutularak % 5 6nem

diizeyine gore karsilastirlmistir. Istatistik
analizler, JMP  programi  kullanilarak
belirlenmistir.

3.Bulgular ve Tartisma

Tablo 2’de besin ortamina eklenmis farkli
dozlarda eklenmis NaCl’nin  domates
tohumlarinin ¢imlenme orani1 (%), ortalama
cimlenme siiresi (giin), tuz tolerans indeksi (%)
ve gercek su icerigi (%) {lizerine olan
etkilerinin sonuglar1 verilmistir. Istatistiksel
analiz sonuglarma gore, ortamlar arasindaki
fark Onemli bulunmustur. En yiiksek
cimlenme, istatistiksel olarak ayni grupta yer
alan DA (% 80.00), DB (% 76.00) ve DC (%
75.60) ortamlarinda goriilmiistiir. Ortalama

¢imlenme siiresi acisindan en hizli ¢imlenme
DA (3.19 giin), en yavas cimlenme ise DE
(5.76 gilin) ortamindan elde edilmistir. Tuz
tolerans indeksi en yiiksek DA (% 99.80), en
diisitk DE (% 81.25) ortaminda belirlenmistir.
Gergek su igerigi agisindan en yiiksek deger
DA (% 93.98) ortaminda tespit edilmistir.
Fallahi ve ark. (2015), roka tohumlarinin 100
mM NaCl'ye kadar tuz stresinden Onemli
Olgiide etkilenmedigini ve NaCl dozunun
artmasiyla onemli derecede azaldigini (200
mM NacCl'de kontrole gore % 60 azaldigini)
bildirmistir. Abdel-Farid ve ark. (2020), in
vitro ve in vivo kosullarda hiyar ve domates
tohumlarina farkli konsantrasyonlarda NaCl
(25, 50, 100 ve 200 mM) uygulayarak tohum
¢imlenme durumu ve fide biiylimesini
belirledikleri ¢aligmalarinda, 200 mM tuz
dozunun hiyar tohumlarinda ¢imlenme
stiresini  geciktirdigini, domateste ise NaCl
konsantrasyonun  tamaminda  ¢imlenme
yilizdesinin, tohum ¢imlenme hizinin ve fide
biliylimesinin 6nemli derecede etkilendigini
tespit etmislerdir. Kara ve Baktemur (2023a),
tuz stresi altinda havug bitkisinin biiyiime
performansini belirledikleri caligsmalarinda, en
fazla gergek su igerigini HA (Kontrol, %87.38)
ortaminda en az gergek su igerigini ise HD
(300 MM, % 81.02) ortaminda belirlemislerdir.
Sunulan bu denemenin sonugclari
incelendiginde, NaCl konsantrasyonu
yiikseldikge gelismenin yavagladigi tespit
edilmis ve durum literatiirde de benzer
olmustur.
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Tablo 2. Degisik dozlarda NaCl eklenerek hazirlanan besin ortamlarindaki ¢imlenme orani, ortalama
¢imlenme siiresi, tuz tolerans indeksi ve gercek su igerigi (%)

Uygulama C.0. (%) 0.C.S (giin) T.T.i (%) G.S.1 (%)

DA 80.002 (63.44) 3.19f 99.802 (87.44) 93.982 (75.80)

DB 76.002 (60.67) 5.44P 95.00" (77.08) 92.94% (74.59)
DC 75.602 (60.00) 5.49P 93.75% (75.52) 92.45b (74.05)

DD 70.00" (56.79) 5.58P 87.50¢ (69,30) 92.44b (74.04)

DE 65.000 (53.73) 5.76° 81.25¢ (64.34) 91.59% (73.14)

LSD 5.13%** 0.18%** 2.61%** 1.41*

* Cimlenme Orant: (C.0.), Ortalama Cimlenme Siiresi: (0.C.S), Tuz Tolerans indeksi: (T.T.I), Gergek Su igerigi: (G.S.0).

Besin ortamina eklenmis farkl
konsantrasyonlarda ~ NaCl’nin  denemede
kullanilan domates ¢esidinin govde ve kok yas
ve kuru agirligina etkilerine dair veriler Sekil
1’de sunulmustur. Farkli ortamlarin govde yas
ve kuru agirhigi ve kok yas agirhigi lizerine
etkileri, istatistiksel olarak Onemli
bulunmustur. Govde yas agirligi en fazla DA
(0.35 g) ortaminda belirlenmistir. Govde kuru
agirligl en fazla DA (0.020 g) ortaminda elde
edilirken, en az govde kuru agirlig1 ayni grupta
yer alan DB (0.011 g), DC (0.009), DD (0,008
g) ve DE (0.005 g) besin ortamlarinda
goriilmiistiir. Kok yas agirligt en fazla DA
(0.100 g), en az ise DE (0.008 g) ortamlarinda
saptanmuistir.

Kiran ve ark. (2015), baz1 patlican
anaclarinin tuzluluk stresi altinda tepkilerini
belirledikleri c¢aligmalarinda, 100 mM NaCl
dozunun bitkiler 4-5 gergek yaprakli doneme
geldiginde yesil aksam yas agirliginda
azalmalara neden oldugunu bildirmislerdir.
Seth (2018), bes ticari domates ¢esidinde
tuzluluk toleransinda genotipik varyasyonu
degerlendirmek iizere yaptig1 calismada, 100
mM NaCl’nin bitkide siirgiin/kdk uzunlugunu
ve yag/kuru agirligini azalttigini tespit etmistir.
Alay ve ark. (2023), farkl tuz yogunluklarinin

kamigs1 yumak (Festuca arundinacea Schreb.)
bitkisi {izerine etkisini belirlemek amaciyla
yaptiklari calismada, tuz dozu arttikg¢a yas bitki
agirhginda % 79, kuru bitki agirliginda %84
oraninda azalis oldugunu bildirmislerdir.
Baktemur (2023), in vitro kosullarda degisik
dozlarda NaCl’nin kabak bitkisinin gelisimi
lizerine etkilerini inceledigi calismasinda, en
yiiksek kok yas agirligini KD (150 mM, 3.78
g) ortamindan, en diisiik ise KF (250 mM, 2.03
g) ortamindan elde etmistir. Keregin ve Oztiirk
(2023), soya bitkisinin tuz stresine karsi
tolerans seviyesini belirlemeyi amacladiklar
calismalarinda, tuz stresinin; ¢imlenme, fide
gelisimi ve vejetatif gelisme asamalarinda bitki
metabolizmasini olumsuz etkiledigini
bildirmislerdir. Kara ve Baktemur (2023b), in
vitro kosullarda tere tohumlarini farkli NaCl
konsantrasyonlarinda (0, 50, 100, 150, 200,
250 ve 300 mM) tutarak bitki gelisim
durumlarin1 inceledikleri caligmalarinda, en
yiksek govde yas agirligini TRA (Kontrol,
0.200 g) ve TRB (50 mM, 0.183 g), en diisiik
govde yas agirhigimi ise TRF (250 mM, 0.066
g) ve TRG (300 mM, 0.040 g) ortamlarinda
saptamiglardir. Deneme sonuglarimiz
literatiirle uyumlu gériinmektedir.
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Sekil 1. Besin ortamlarina eklenen farkli NaCl dozlarmin domates bitkisi yas govde kuru agirligi ve
yas kok kuru agirlig lizerine etkileri

Sekil 2°de besin ortamlarina eklenen farkli
dozlarda NaCl’nin denemede kullanilan
domates c¢esidinin gévde ve kok uzunluklari
lizerine etkisine ait veriler sunulmustur.
Istatistiksel olarak ortamlar arasindaki fark,
onemli bulunmustur. En fazla gévde uzunlugu
DA (57.04 mm) ortamindan elde edilirken, en
kisa govde uzunlugu DE (39.37 mm)
ortaminda  saptanmistir. Kok  uzunlugu
degerleri incelendiginde, en uzun kok aym
grupta yer alan DA (65.03 mm), DB (60.80
mm) ve DC (58.73) ortamlarinda tespit
edilmistir. Loganayaki ve ark. (2020), dort
farklh sebze tiirtinde (domates, biber, hiyar ve

70 +
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57,04

50 A

40

30 4
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10

50,04°t
47 06°b
Iag,gs'g%?c

Govde Uzunlugu
LSD 10,32**

bamya) tuzlulugun bitkilerin ¢imlenme ve fide
biliylimesi lizerindeki etkilerini belirledikleri
caligsmalarinda, artan NaCl konsantrasyonu
sonucunda kirmizi biber hari¢ tiim tilirlerde
strgiin ~ uzunluklarmin  azaldig1  tespit
edilmistir. Mahmood ve Pirlak (2023)
tarafindan yapilan bir ¢aligmada, in vitro ve in
vivo ortamlarda aronya bitkisinin tuz stresine
kars1 verdigi tepkiler incelenmis ve calisma
sonucunda  tuz  dozlarmin  yiikselmesi
sonucunda bitki boyu, bitki kuru agirligi, kok
uzunlugu, klorofil icerigi ve protein igeriginin
azaldig: bildirilmistir.

65,03%

60,82

58,732
45,06°
I41,13h

Kok Uzunlugu
LSD 13,56%*

HDA ENDE mDC EDD mDE

Sekil 2. Besin ortamlarina eklenen farkli NaCl dozlarinin domates bitkisi gdvde ve kok uzunlugu
iizerine etkileri
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Sekil 3’te besin ortamlarina eklenen farkli
dozlarda NaCl’nin denemede kullanilan
domates ¢esidinin gorsel skala
degerlendirilmesine ait sonuglar sunulmustur.
Ortamlar arasindaki fark istatistiksel olarak
onemli bulunmustur. Sunulan bu ¢alismada,
tuzluluk  konsantrasyonunun  artmasiyla
domates bitkisinin olumsuz yonde etkilendigi
tespit edilmistir. Buna gore en az zararlanma
DA (1.4) en fazla zararlanma ise DE (3.2)
ortaminda belirlenmistir. Saragoglu ve Akat
(2022), farkli tuzluluk konsantrasyonlarinin,

Gorsel Skala (0-5)

3,5

2,5

3]

1,6“‘

e
15 1,4
OJ I
0
DA DB

[y

4]

topraksiz siis lahanas1t yetistiriciligindeki
gelisim diizeyini belirledikleri ¢alismada,
gorsel skala degerleri en diisiik tuzluk diizeyi
konularinda elde etmistir.

Baktemur (2023), in vitro kosullarda
degisik dozlarda sodyum kloriir eklenen
ortamlarda kabak bitkisinin skala degerlerini
inceledigi calismasinda, dozlar arttikca
bitkilerde zararlanmanin arttigini belirtmistir.
Calisma  sonuglar1  dikkate alindiginda,
literatiirle uyumlu oldugu goriilmektedir.

LSD 0,79%**

3,2°
2,63‘:
2,2“ I
DC DD DE

Sekil 3. Besin ortamlaria eklenen farkli NaCl dozlarinin domates bitkisindeki gorsel dlgek
degerlendirilmesi

4.Sonuglar

Sunulan bu calismada, besin ortamlarina
eklenmis farkli dozlarda NaCl’nin in vitro
kosullarda domates bitkisi gelisimi {izerine
etkileri incelenmistir. Calismada c¢imlenme
orani (%), ortalama ¢imlenme siiresi (giin), tuz
tolerans indeksi (%), govde uzunlugu (mm),
kok uzunlugu (mm), gercek su igerigi (%),
govde yas- kuru agirlhigi (g), kok- kuru agirhig
(g) ve tuz stresi sonrasi domates bitkilerinin
gorsel Olgek degerlendirmeleri parametreleri
incelenmistir. Deneme siiresince yapilan
analizler ve degerlendirmeler sonucunda, tuz
konsantrasyonu arttikca bitkilerin gelisiminde
aksamalar tespit edilmistir. Bu beklenilen bir
durumdur. Bu c¢alismada, in vitro kosullar
altinda yapilan denemelerde bu azalmanin

tespit edilebilip edilemeyeceginin belirlenmesi
hedeflenmistir. In vitro kosullarda bu sekilde
belirleyici sonucglara ulasilabilmesi, fazla
sayida genotipin tuzluluk stresine tepkilerinin
hizli ve etkin bir sekilde degerlendirilme
olanag agisindan 6nemli olacaktir.

Yazarlarin Katki Beyam

Yazarlar makaleye esit katkida
bulunduklarii, makalenin yaymna hazir son
halini gordiiklerini/okuduklarini ve
onayladiklarini beyan ederler.

Cikar Catismasi1 Beyani

Tlim yazarlar, bu ¢alisma i¢in herhangi bir
cikar catigsmasi olmadigini beyan etmektedir.
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Abstract

This study examines the impact of foliar application of salicylic acid (SA)
at various concentrations on the growth, nutrient uptake, and
physiological responses of pepper plants (Capsicum annuum L.)
subjected to different levels of deficit irrigation. Pepper plants were
exposed to three irrigation regimes (full irrigation, 75% field capacity,
and 50% field capacity) and four SA concentrations (0 mM, 0.25 mM,
0.50 mM, and 1.0 mM). Decreasing irrigation levels led to significant
reductions in fresh shoot weight, dry shoot weight, root dry weight, and
plant height, with reductions of up to 66% observed under severe drought
conditions. However, foliar application of SA mitigated these reductions,
with an 18% increase in fresh shoot weight and up to 50% increase in root
dry weight observed at the highest SA concentration (1.0 mM). Analysis
of nutrient contents in fresh shoots revealed higher concentrations of
several macro and micronutrients under reduced irrigation levels,
attributed to the dilution effect. SA application positively correlated with
increased uptake of essential nutrients, particularly potassium,
magnesium, and calcium. Chlorophyll and carotenoid contents remained
unaffected by SA application or irrigation levels. Relative water content
varied across SA treatments and irrigation levels, indicating potential
alterations in water status. Electrical conductivity measurements showed
variability among treatments, suggesting changes in membrane
permeability. Overall, our findings underscore the potential of SA foliar
application to mitigate the adverse effects of deficit irrigation on pepper
plant growth and nutrient uptake, offering insights for enhancing plant
productivity and resilience to drought stress in arid and semi-arid regions.
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1. Introduction

Climate change poses a significant threat to
global food security, with rising temperatures
and reduced water availability jeopardizing
crop productivity. Future projections indicate
that water shortages will affect a staggering
50% of agricultural land by 2050
(Hasanuzzaman et al., 2019). Water scarcity
remains a critical impediment to plant
productivity and soil fertility, hindering plant
growth, development, and ultimately, yield
(Dietz et al., 2021; Ozdogan et al., 2021).
Drought stress, a consequence of water
scarcity, presents multifaceted challenges for
plants, including water deficiency, hampered
transpiration, and disrupted physiological
metabolism. These factors ultimately lead to
decreased yield and increased vulnerability to
biotic stresses (Faroogi et al., 2020). The
detrimental effects are observed across diverse
crop species, including wheat, cotton, and
pepper (Alotaibi et al., 2023; Zafar et al., 2023;
Isik, 2012). Understanding plants responses to
drought stress is crucial for developing
effective strategies to mitigate its impact.

Salicylic acid (SA), a key phytohormone,
has emerged as a promising regulator of plant
physiological processes and stress responses,
including drought tolerance (Zhang et al.,
2016; Maruri-Lopez et al., 2019), acting as a
crucial plant signaling molecule in the defense
response (Gorni et al., 2017). SA exhibits a
multifaceted role in plant resilience, not only
mitigating abiotic stresses but also enhancing
resistance to biotic stress factors (Wei et al.,
2018; Pasternak et al.,, 2019). Research
suggests that SA application can modulate
plant growth and development under both
normal and stress conditions, highlighting its
potential for agricultural applications (Kim and
Hwang 2011; Sadeghi et al. 2013; Chakma et
al., 2021; Shaukat et al., 2022). Additionally,
SA's antioxidative properties play a crucial
role in alleviating oxidative stress in plants,
thereby enhancing their resilience to
environmental challenges (Li et al., 2019).
Furthermore, SA application has been linked to
increased production of nitric oxide (NO),
which aids in mitigating reactive oxygen

species (ROS)-induced damage in plant cells
(Rai et al., 2020).

Numerous studies have documented SA's
role in mitigating various stresses (Kere¢in and
Oztiirk, 2024). For instance, Shemi et al.,
(2021) have shown that SA application
counters the negative effects of water deficit by
increasing gas exchange characteristics in
plants, while water deficit alone reduces
stomatal conductance, transpiration, and CO>
assimilation. SA application has been found to
alleviate the adverse effects of boron toxicity
in maize plants (Nawaz et al., 2020) and
mitigate heavy metal stress-induced damage
(Sharma et al., 2020). SA's beneficial effects
have also been observed in enhancing yield
and quality parameters in crops such as garlic
(Shama et al., 2016) and basil (Kaya and Inan,
2017) under stress conditions. Furthermore,
SA application has been linked to improved
growth,  biomass  accumulation,  and
maintenance of photosynthetic pigments in
Portulaca oleracea plants under water deficit
stress (Saheri et al., 2020).

In the context of pepper cultivation, where
water availability significantly influences yield
and quality, understanding the interaction
between SA application and water stress
becomes paramount. Studies evaluating the
response of red pepper plants to limited
irrigation levels have underscored the
importance of water management in pepper
production, emphasizing the need for
sustainable irrigation practices (Gengoglan et
al., 2006). Furthermore, investigations into the
effects of SA application on pepper plants
under drought stress have provided valuable
insights into its potential for enhancing plant
resilience and mitigating the adverse effects of
water scarcity (Dorji et al., 2005).

This study aims to investigate the impact of
foliar SA application on the growth, nutrient
uptake, and stress tolerance of pepper plants
under different water regimes. By examining
the physiological and biochemical responses of
pepper plants to SA under varying water
levels, we aim to provide insights into
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strategies for improving pepper production
under water-limited conditions.

2. Materials and Methods
2.1. Experimental soil

The soil used in the experiment was
obtained from Arkli Series located in the
research and application farm of the Faculty of
Agriculture of Cukurova University. The soil
used in the greenhouse experiment exhibited
specific physical and chemical properties, as
outlined in Table 1. The soil was characterized
by a clay content of 17.5%, indicating a
moderate  presence of fine particles.
Additionally, the soil contained a significant
proportion of silt, constituting 62.5% of its
composition. The soil had a lime content of
29.1 g kg?, indicating a neutral to slightly
alkaline pH environment. This pH level of 7.6
is within the optimal range for most crops,

facilitating nutrient availability and uptake by
plants. Organic matter (OM) content in the soil
was 1.29%, indicating a moderate level of
organic material. Electrical conductivity (EC)
of the soil was 0.21 dS m, indicating low
levels of soluble salts. This is favorable for
plant growth as excessive salt levels can inhibit
nutrient uptake and lead to physiological stress
in plants. The soil was rich in potassium (K),
with a concentration of 1489.5 g kg™
Phosphorus (P) content in the soil was 23.2 g
kg?, indicating an adequate supply of this
essential nutrient for plant growth and
development. Iron (Fe), zinc (Zn), manganese
(Mn), and copper (Cu) were present in the soil
at concentrations of 2.9 g kg%, 0.53 g kg2, 8.8
g kg, and 1.6 g kg2, respectively. Overall, the
soil used in the greenhouse experiment
exhibited favorable physical and chemical
properties conducive to plant growth and
development.

Table 1. Some of physical and chemical properties of soil used in the greenhouse experiment (Giilez and

Senol, 2002)

Clay [Silt [sSand [ Lime [OM pH

K [P [Fe  [zn [Mn JcCu

%

ds m? g kg?!

175 [625 [200 [291 [1.29 7.6

5
14895 [ 232 29 Jo053 [88 |16

2.2. Plant material and experimental design

The experiment was conducted at the
Research and Application Greenhouses of the
Department of Soil Science and Plant
Nutrition, Faculty of Agriculture, Cukurova
University. Temperature, relative humidity
and light density in the greenhouse fluctuated
between 25 and 35 °C, 70 and 85% and 25 and
28 klux, respectively, during the experiment.
The experiment was set up in a randomized
complete block design with 7 replications. The
experimental treatments consisted of three
drought stress levels (full irrigation, 100% of
field capacity; moderate stress, 75% of field
capacity; and severe stress, 50% of field
capacity) assigned to main plot and four
exogenous foliar applications (control, water;
SAL, 0.25mM SA (SA2), 0.50 mM SA(SA3)
and 1.0 mM SA (SA4)) as subplot.

In this study, Demre pepper variety was
used as the plant material. Pepper (Capsicum
annuum L.) were provided by South Fidagro

seed company. The seedlings were carefully
transplanted into individual plastic pots filled
with 2 kg of soil. The initial fertilization
applied to the soil used consisted of; 200 mg
kg-1 N (CaNOs.4H,0), 100 mg kg* P, and 125
mg kg? K (KH2POs), 2 mg kg! Zn
(ZnS04.7H20), and 1 mg kg™ Fe (Fe-EDTA).
One plant was planted in each pot. Drought
treatment was started 17 days after planting.
During the following days, the water levels of
the plants in the control were maintained at
field capacities by weighing the plants 2 or 3
times a day. Water requirement was met with
distilled water. Salicylic acid applications were
prepared as solutions of 0, 0.25, 0.50, and 1.0
mM (% 0.01 Tween-20) applied foliarly.
When preparing salicylic acid, the weighed SA
amount for each dose was dissolved in 1 ml of
ethanol and a small amount of distilled water
was added. Then, the pH of SA was adjusted to
a value between 5.5-6.0 using 0.1 N NaOH,
and the solution was made up to 1 liter. Tween-
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20 was added to the prepared SA solution to a
concentration of 0.01%. The first salicylic acid
application was made 14 days after planting,
and the second application was made 26 days
after planting. Pure water (% 0.01 Tween-20)
was used for the control dose of salicylic acid.
The plants were harvested at 41st day of the
experiment. Before harvesting the plants, the
heights of the plants were measured, and they
were harvested as root and fresh parts. Roots
were carefully washed by removing the soils in
each pot with tap water. The fresh parts and
roots of the plants were dried in an oven at
70°C for at least 48 hours. The dried fresh parts
and roots were weighed, and the fresh parts
were ground in an agate mill to prepare them
for analysis.
2.3. Plant analysis

2.3.1. Plant nutrient analysis

The ground plant samples were incinerated
by microwave digestion method to determine
the concentrations of phosphorus (P),
potassium (K), calcium (Ca), magnesium
(Mg), cupper (Cu), manganese (Mn), iron (Fe),
and zinc (Zn) (Jones and Case, 1990).
Accordingly, 0.2 g of ground samples were
weighed and digested with 2 ml of H2,O2 and 5
ml of HNOsz in a microwave digestion set.
After cooling, 13 ml of distilled water was
added to the samples, and the final volume was

concentrations of K, Ca, Mg, Cu, Mn, Fe, and
Zn in the filtrate were determined by Atomic
Absorption  Spectrometry  (AAS). The
phosphorus concentration in the plant sample
were determined using a vanado molybda
phosphoric  acid method  with a
spectrophotometer (Kuo, 1996).

2.3.2. Chlorophyll and carotenoid content

Approximately 0.1 g of fresh leaf samples
were homogenized in 12 ml of 80% acetone in
a ceramic mortar. After this process, the
samples were filtered through coarse filter
paper, and the absorbances at 652 nm
wavelength were determined
spectrophotometrically (Wellburn, 1994).

Leaf fresh weights (LFW) totaling 0.05 g
were meticulously gathered from each
treatment, followed by thorough mixing with
an extraction solution comprising an 80%
acetone to absolute ethanol ratio (1:1).
Subsequently, this mixture was transferred into
a 1.5 ml microcentrifuge tube and centrifuged
at 10,000 rpm. The resulting transparent
extract underwent analysis using a UV-Vis
spectrophotometer (Hitachi U-2000; Hitachi,
Tokyo, Japan), with absorbance values for
chlorophyll A, B, and carotenoids recorded at
wavelengths of 663 nm, 645 nm, and 470 nm,
respectively. The calculations were carried out
using the following equations (Eq.1 — 4):

adjusted to 20 ml and filtered. The

Chlorophyll A =[(12.25 x A663) — (2.55 x A645)] x [1/(100 x LFW)] Eq.1
Chlorophyll B =[(20.30 x A645) — (4.91 x A663)] x [1/(100 x LFW)] Eq.2
Total Chlorophyll (A +B) =[(7.34 x A663) + (17.76 x A645)] x [1/(100 x LFW)] Eq.3
Carotenoids = [(4.46 x A441) — (Total Chlorophyll)] x [1/(100 x LFW)] Eq.4

2.3.3. Membrane permeability

Membrane permeability was conducted
according to Cakmak and Marschner (1987).
Accordingly, leaves cut with a 1 cm diameter
disc were incubated in deionized water at room
temperature for 24 hours, and then the
electrical conductivity (EC, %) of the medium

Membrane Permeability (%) =[1 — (EC1/EC2)] x 100

was measured. After this measurement, the
same medium was heated with leaf samples up
to 105°C, and after heating, the EC of the
medium was measured again. Membrane
permeability was expressed as a percentage by
comparing the initial EC1 value with the
second EC2 value (Eg. 5).

Eqg.5
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2.3.4. Relative water content

Relative water content (RWC, %) serves as
a valuable tool for identifying drought-tolerant
varieties. RWC reflects a plant's water status
by comparing the weight of a fresh leaf sample
to the combined weights of the same leaf when
fully hydrated (turgid) and completely dried.
The RWC was assessed by extracting leaf discs
from both treated and untreated plants, and

RWC (%) = Fresh Weight — Dry Weight/Turgid weight — Dry Weight x 100

2.4. Statistical analysis

JMP statistical software was used for the
statistical analysis of data. Analysis of variance
(ANOVA) was performed, and LSD test was
applied to determine the significance of
differences between means. All statistical
analyses were set at a significance level of P
<0.05.

3. Results and Discussion
3.1. Results

In this study, the effects of foliar application
of different doses of salicylic acid (OmM SA-
SA1, 0.25 mM SA- SA2, 0.50 mM SA-SAS3,
1.0 mM SA- SA4) on the growth and nutrient
uptake of pepper plants grown under different
irrigation levels were investigated to determine
the optimal water requirement for pepper
plants.

3.1.1. Growth parameters of pepper plants

Irrigation levels significantly influenced
(P=0.001) all growth parameters measured,
including fresh shoot weight, dry shoot weight,
root dry weight, and plant height (Table 2).
Plants subjected to decreasing irrigation levels

their respective fresh weights were measured.
Subsequently, these leaf discs were immersed
in Petri dishes filled with distilled water for a
duration of 1 hour to attain full turgidity. Upon
achieving turgid weight, the leaf discs were
subjected to oven-drying at 80°C for a period
of 24 hours to determine their dry weight. The
RWC of pepper plants was calculated
according to Smart and Bingham (1974) using
the following equation (Eg. 6):

Eq.6

(Irrl > Irr2 > Irr3) exhibited a consistent and
gradual reduction in all growth parameters. For
instance, compared to full irrigation, the
average fresh shoot weight decreased by
approximately 66% under 50% of field
capacity irrigation. Similarly, root dry weight
and plant height also exhibited significant
reductions of approximately 36% and 27%,
respectively, under the lowest irrigation level
(Irr3). Salicylic acid (SA) application also
significantly affected the most growth
parameters, except for plant height (P=0.443).
Increasing SA doses (SAl < SA2 < SA3 <
SA4) generally led to an increase in fresh shoot
weight, dry shoot weight, and root dry weight
(Table 2). For instance, the highest SA dose
(SA4) resulted in an approximately 18%
increase in average fresh shoot weight
compared to no SA application (SAL).
Additionally, the dry shoot weight and root dry
weight showed increases of approximately
34% and 50%, respectively, with the highest
SA concentration. However, the interaction
between irrigation levels and  SA
concentrations was not significant for any of
the measured parameters.
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Table 2. Effects of irrigation levels and salicylic acid application levels on growth parameters of pepper
plants (mean value + standard deviation)

Treatments Fresh Shoot Dry Shoot Dry Root Plant
Weight (g) Weight (g) Weight (g) Height (cm)
Irr1xSAl 29.6+9.5 cd 5.7£1.7 bed 1.5£0.41 b-e 37.8£7.1 be
Irr1xSA2 32.9+6.2 be 6.1+1.2 be 1.6+0.55 be 42.0+6.3 ab
Irr1xSA3 36.6+3.0 ab 6.8+1.0 ab 1.8+1.52 ab 45.143.0 a
IrrixSA4 40.742.8 a 7.5+0.5 a 2.1x0.29 a 43.0+3.1 ab
Irr2xSA1 27.8+5.4 cd 5.3+1.0 cd 1.5+0.38 bed 37.3+5.1 be
Irr2xSA2 24.0+5.5d 45+1.2d 1.3+0.33 cde 34.0+6.2 cd
Irr2xSA3 29.1+3.3 ¢d 5.540.6 cd 1.5+0.12 bed 38.6+4.3 be
Irr2xSA4 31.7+4.5 be 5.940.7 be 1.6+0.20 bed 38.3+2.4 be
Irr3xSA1 15.844.1¢ 3.1x0.7 ¢ 1.1+0.30 ef 29.1+3.2 de
Irr3xSA2 12.743.7 ¢ 2.5+0.6 ¢ 0.9+0.32 f 274+43 ¢
Irr3xSA3 12.3+2.0 ¢ 23104 ¢ 0.8+£0.20 f 259439¢
Irr3xSA4 154+2.1 ¢ 3.0+0.4 ¢ 1.2+0.21 def 274+18e
Irr (P: LSD value) 0.001:2.693 0.001:0.512 0.001:0.175 0.001:2.562
SA (P: LSD value) 0.001:3.110 0.005:0.601 0.018:0.202 0.443:2.959
IrrxSA (P: LSD value) 0.074:5.386 0.112:1.041 0.121:0.35 0.115:5.124

* The difference between letters bearing the same symbols in the same column is not significant (p<0.05). Irr1: Full Irrigation, Irr2: 75% of Field capacity, Irr3: 50%

of Field capacity: SA: Salicylic acid, SA1: 0 mM, SA2: 0.25 mM, SA3: 0.5 mM, SA4: 1 mM

3.1.2. Macro and micronutrient contents
(mg plant?) of fresh shoots

with Irr2 showing a 27.0% rise and Irr3
exhibiting a substantial 134.6% increase

The analysis of variance revealed  compared to Irrl (P=0.001). Interestingly, Mn
significant differences in nutrient  content displayed the opposite trend,
concentrations among different irrigation  exhibiting a decrease with decreasing

levels (Table 3). Plants subjected to full
irrigation (Irrd) exhibited higher
concentrations of nitrogen (N), phosphorus
(P), potassium (K), calcium (Ca), magnesium
(Mg), copper (Cu), zinc (Zn), iron (Fe), and
manganese (Mn) compared to those subjected
to reduced irrigation levels (Irr2 and Irr3).
Among the irrigation treatments, plants under
Irrl consistently displayed the highest nutrient
concentrations across all measured elements.
In contrast, plants subjected to 75% field
capacity (Irr2) and 50% field capacity (Irr3)
exhibited  progressively lower nutrient
concentrations, with the most pronounced
reductions observed in Mg, Cu, Zn, Fe, and Mn
Compared to plants under full irrigation (Irrl),
those subjected to reduced irrigation levels
(Irr2 and Irr3) exhibited an increase in the
content of N by 11.1% and 14.2%, P by 13.3%
and 16.7%, K by 5.1% and 12.9%, Ca by 3.0%
and 15.3%, Mg by 2.7% and 10.8%, and Fe by
7.8% and 24.3% for Irr2 and Irr3, respectively.
Notably, Cu content also significant increased

irrigation levels. Plants under Irr2 and Irr3
showed reductions of 12.9% and 34.5%,
respectively, compared to Irrl.

While most measured nutrients were not
significantly affected by SA application, N and
Mn content showed a significant increase
(0.001) across all irrigation levels and SA
doses compared to the control (Table 3 and
Figure 1). Across the different treatments, N
concentrations ranged from 1.62+0.25 mg kg™*
(Irr1xSA2) to 2.80+0.63 mg kg™ (Irr2xSAL).
There appears to be a discernible trend
suggesting that at the same irrigation level,
increasing SA levels caused a significant
decrease in the N concentration, while in the
SA4 application, the N concentration has been
higher at each irrigation level compared to SA2
and SA3 (Figure 1). Moreover, different
irrigation levels also exerted influence on N
concentration, with Irrl generally displaying
higher N concentrations compared to Irr2 and
Irr3 under the same SA treatment. The
ANOVA results underscore significant
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differences (p=0.001) among the treatments
for N concentration, implying that both
irrigation levels and SA treatments play crucial
roles in modulating N uptake of pepper plants.
Phosphorus  (P)  concentration  varied
significantly across different irrigation and SA
treatments. The mean P content ranged from
0.09+0.01% to 0.17+0.03%, indicating notable
fluctuations under various experimental

Irr : P=0.001 LSD: 0.21
3 - SA: P=0.001 LSD: 0.25
Irr x SA: P=0.046 LSD: 0.43

Nitrogen (%)

0 0.25 05 1
SA (mM)

Phosphorus (%)

conditions (Figure 1). The statistical analysis
revealed significant differences in phosphorus
concentration among irrigation treatments
(P=0.001). However, no  significant
differences were observed for phosphorus
content concerning SA application (P=0.205)
or the interaction between irrigation and SA
treatments (P=0.413).

03 b
025 1 Irr : P=0.001 LSD: 0.01
' SA: P=0.205 LSD: 0.02
Irr x SA: P=0.413 LSD: 0.03
0,2 T
015 +
0,1 +
0,05 +
0 .':' L % ", % 4
0 0.25 0.50
SA (mM)

g Irrigation (%)-50 &Irrigation (%)-70 @Irrigation (%)-100

Figure 1. Effects of irrigation and salicylic acid treatments on total nitrogen (a) and phosphorus (b)

contents of pepper plants.
Irrd: Full Irrigation, Irr2: 75% of Field capacity, 1rr3: 50% of Field capacity: SA: Salicylic acid, SA1: 0 mM, SA2: 0.25 mM, SA3: 0.5 mM, SA4: 1 mM.

Plants treated with SA (SA2, SA3, and
SA4) exhibited 22.5% to 41.5% higher Mn
concentrations compared to the control. When
comparing the effect of SA concentration
within each irrigation level, it is evident that
the highest SA concentration (1 mM) generally
resulted in decreased nutrient levels compared
to lower SA concentrations (0.25 mM, 0.5
mM, and 0 mM). This trend was particularly
noticeable in plants subjected to Irrl, where

higher SA concentrations led to decreased
nutrient uptake, indicating a potential
inhibitory effect of SA on nutrient absorption.
Plants treated with SA (SA2, SA3, and SA4)
showed a 22.5% to 41.5% increase in Mn
concentration compared to the control (SA1).
This suggests a potential role of SA in
enhancing Mn uptake or translocation within
the plant.
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Table 3. Nutrient concentrations of pepper plants under different irrigation and salicylic acid treatments
(mean value + standard deviation)

K Ca ‘ Mg Cu zZn Fe Mn
mg kg*

IrIxSAL | 2.78+0.22¢ 2.68+0.50b-e | 0.74+0.13abc | 21.39+12.47b | 16.65+5.65¢c | 93.73+9.60bc 82.46=7.20abc
Irr1xSA2 | 2.93+0.14bc 2.17+0.15¢ 0.64+0.05¢ 19.53+7.43b | 18.39+2.16bc | 91.30+8.80c 69.66+11.69de
Ir1xSA3 | 3.02+0.23ab 2.67+0.16b-e | 0.71£0.03¢ 17.31+4.45b | 1633+1.92¢c | 103.09£29.97abc | 68.64+8.92¢
Irr1xSA4 | 3.00+0.11ab 2.46+0.22cde | 0.70£0.05¢ 14.41+5.0b 18.90+6.26bc | 96.55£16.09abc | 77.52+7.37b-e
Im2xSAL | 2.92+0.07bc 2.76£0.27a-d | 0.72£0.06bc | 27.04+11.79b | 19.77£5.08bc | 101.07+9.83abc | 88.60+7.38a
IM2xSA2 | 2.95+0.11abc | 2.54+0.57cde | 0.67+0.08¢ 26.97+11.30b | 18.87+4.87bc | 98.87:8.74abc 76.71+4.38cde
Ir2xSA3 | 3.07+0.07ab 2.30£0.64de 0.69+0.07¢ 29.93+6.47b | 19.66=5.14bc | 103.80+28.55abc | 80.15+11.17a-d
Irr2xSA4 | 2.88+0.17bc 2.61£0.12b-e | 0.72+0.0lbc | 30.43+7.22b | 17.11#4.05¢c | 97.77+5.97abc 76.21+3.84cde
Ir3xSAL | 3.13+0.13a 2.84+02labc | 0.80+0.08ab | 61.47+19.15a | 27.09+7.15a | 117.078.44+a 90.39+8.21a
Irr3xSA2 | 3.02:+0.10ab 3.09+0.40ab 0.80£0.05ab | 53.97+31.80a | 24.65+5.95ab | 110.60£10.69abc | 78.31%4.73b-e
Irr3xSA3 | 3.04+0.11ab 3.21+0.40a 0.82+0.07a 63.67£17.88a | 27.74£5.03a | 114.19£15.96ab | 87.517.20ab
Irr3xSA4 | 2.99:£0.09ab 3.0520.30ab 0.80+0.09ab | 57.27+20.32a | 23.98+4.78ab | 116.01+14.22ab | 88.95+9.41a

Irr 0.023:0.08 0.001:0.21 0.001:0.04 0.001:8.75 0.001:2.93 0.001:9.18 0.001:4.58
(P'QED) 0.186:0.09 0.715:0.25 0.192: 0.05 0.863:10.10 0.875:3.79 0.670:10.61 0.001:5.29
Eﬁ}tiiz 0.041:0.16 0.050:0.42 0.753: 0.08 0.948:17.51 0.713:5.85 0.974:18.37 0.278:9.16

P:LSD

* The difference between letters bearing the same symbols in the same column is not significant (p<0.05). Irrl: Full Irrigation, Irr2: 75% of Field capacity, Irr3: 50%
of Field capacity: SA: Salicylic acid, SA1: 0 mM, SA2: 0.25 mM, SA3: 0.5 mM, SA4: 1 mM

The interaction between irrigation level and
SA concentration was significant for N, K, and
Ca content (Table 3). The highest nitrogen (N)
concentration was recorded in plants treated
with  Irr3xSA1  (2.69%), which was
approximately 67% higher than the lowest
concentration observed in plants treated with
IrrIxSA2 (1.62%). Generally, increasing SA
application level resulted in a decrease in N
concentration, except for the plants treated
with Irrl where the N concentration slightly
increased with the increase in SA application
level. The highest potassium concentration
was observed in the plants treated with
Irr3xSA1 (3.13%), while the lowest was
recorded in Irr1xSA2 (2.93%). Salicylic acid
application did not have a significant effect on
potassium concentration. Similar trends were
observed for other nutrients, such as P, Ca, Mg,
Cu, Zn, Fe, and Mn, with notable differences
between treatments.

3.1.3. Total chlorophyll, chlorophyll A and
B and carotenoid contents

The analysis revealed that SA application
did not significantly affect the chlorophyll
content of pepper plants, regardless of

irrigation level. This means that across all
treatments, the measured values for
chlorophyll A (ChlA), chlorophyll B (ChlIB),
carotenoids, and total chlorophyll did not
exhibit any statistically significant increases or
decreases compared to the control group (SA1)
that received no SA. For Chl A content, the
mean values ranged from 1.00£0.19 to
1.39+£0.22 mg/g fresh weight, while Chl B
content ranged from 0.49+0.05 to 0.74+0.24
mg/g fresh weight (Table 4). Similarly, total
chlorophyll content varied from 0.66+0.11 to
0.92+0.24 mg/g fresh weight, and carotenoid
content ranged from 1.07+0.12 to 1.50+0.29
mg/g fresh weight (Table 4). Despite some
fluctuations in the mean values, the differences
were not statistically significant based on the
ANOVA results (P > 0.05), which could be due
to natural variations within the plant
population or random error. This suggests that
within the tested range, irrigation amount did
not have a substantial impact on the
concentration of these pigments in the plants,
which indicates that the effect of SA on
pigment concentrations was not dependent on
the irrigation level, and vice versa. The
ANOVA revealed no statistically significant
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interactions between irrigation and SA
treatments for any of the measured pigments
(ChlA, ChiIB, total chlorophyll, and
carotenoids). The results indicate that the
combined effects of irrigation and SA on
chlorophyll content did not vary depending on
the specific combination of treatments used
(Table 4).

Relative water content (RWC) exhibited
variations across different SA treatments and
irrigation levels. The RWC values ranging
from 79.84+10.42% (Irr2xSA2) to
88.73+2.86% (Irr2xSA4) across treatments
suggest varying degrees of water availability
and hydration levels in the plants. The

relatively lower RWC values in Irr2xSA2
treatment suggest potential water stress under
these conditions (Table 4). Electrical
conductivity (EC), a measure of membrane
permeability, also showed variability among
treatments. The EC values ranged from
18.81+£0.02% (Irr1xSA1) to 25.24+£2.13%
(Irr3xSA3), indicating  differences in
membrane integrity  across treatments.
Relatively higher EC values suggest increased
membrane permeability, possibly due to stress-
induced damage. Conversely, lower EC values
indicate better membrane integrity under these
conditions.

Table 4. Effect of salicylic acid treatment on chlorophyll, carotenoid content and relative water content and
electrical conductivity (membrane permeability) in pepper plants under different irrigation levels (mean

value + standard deviation)

Treatments ChlA ‘ chiB ‘ Total Chl Carotenoid RWC ‘ EC
mg g fresh weight %

Irr1xSAL 1.00+0.19 0.52+0.08 0.66+0.11 1.12+0.15 88.26+5.86 18.81+0.02
Irr1xSA2 1.14+0.30 0.64+0.20 0.77+0.21 1.23+0.27 84.74+3.81 22.02+0.51

Irr1xSA3 1.07+0.11 0.53+0.07 0.68+0.08 1.09+0.12 81.26+1.78 23.30+ 2.64
IrrlxSA4 1.26+0.23 0.67+0.14 0.84+0.16 1.27+0.19 81.67+4.17 21.12+2.54
Irr2xSA1 1.18+0.08 0.57+0.05 0.74+0.06 1.27+0.06 85.39+0.55 22.99+3.56

Irr2xSA2 1.39+0.22 0.74+0.24 0.92+0.24 1.50+0.29 87.57+0.82 20.09+2.17

Irr2xSA3 1.08+0.07 0.57+0.01 0.71+0.03 1.21+0.08 87.38+6.34 22.03+1.05

Irr2xSA4 1.12+0.13 0.58+0.05 0.73+0.07 1.27£0.13 88.73+2.86 24.07+3.05

Irr3xSA1 1.09+0.14 0.49+0.05 0.66+0.07 1.07+0.12 84.89+1.86 21.21+1.75

Irr3xSA2 1.29+0.03 0.59+0.01 0.79+0.02 1.37£0.08 79.84+10.42 19.66+0.14

Irr3xSA3 1.22+0.23 0.56+0.10 0.74+0.13 1.32+0.15 86.21+1.67 25.24+2.13

Irr3xSA4 1.35+0.10 0.63+0.07 0.83+0.08 1.41+0.13 85.21+1.25 19.37+1.33

Irr (P: LSD) 0.403:0.177 0.707:0.114 0.229:0.128 0.809:0.168 0.256:4.57 0.726:2.23

SA (P: LSD) 0.210:0.204 0.175:0.132 0.219:0.148 0.180:0.194 0.871:5.28 0.155:2.57

IrrxSA (P: LSD) 0.670:0.353 0.854:0.228 0.685:0.256 0.779:0.337 0.489:9.14 0.152:4.46

* The difference between letters bearing the same symbols in the same column is not significant (p<0.05). Irrl: Full Irrigation, Irr2: 75% of Field capacity, Irr3: 50% of
Field capacity: SA: Salicylic acid, SA1: 0 mM, SA2: 0.25 mM, SA3: 0.5 mM, SA4: 1 mM, Chl: Chlorophyll, RWC: Relative water content, EC: Electrical conductivity

(membrane permeability)

3.2. Discussion

3.2.1. Effects of deficit irrigation and
salicylic acid treatment of plant growth
parameters of pepper plants

This study investigated the effects of foliar
application of salicylic acid (SA) on pepper
plants grown under different drought stress
(irrigation) levels and its impact on growth and
nutrient uptake. The findings demonstrated

complex responses in pepper plants to foliar
SA application under varying irrigation levels,
offering  valuable insights into their
physiological and nutritional adaptations to
drought stress. Drought stress led to a
significant decrease in fresh shoot dry matter
production, indicating limitations in plant
biomass accumulation under water-deficient
conditions. This highlights the crucial role of
maintaining adequate water availability for
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optimal pepper plant growth, as water
deficiency restricts essential physiological
processes. For instance, under control
conditions (Irr1xSA1), the fresh shoot dry
matter production averaged 29.6+9.5 g plant™,
while it decreased to 27.8+5.4 and 15.844.1 g
plant® under 75 and 50% drought stress
conditions. Intriguingly, SA application at 1.0
mM  (SA4) mitigated this reduction,
particularly under severe drought, where dry
matter production increased to 40.7+2.8 ¢
plant® in Irr1xSA4 and 31.7+4.5 g plant? in
Irr2xSA2 demonstrating a notable
enhancement in plant biomass under SA
treatment. Our findings are in accordance with
observations of Ghahremani et al. (2023)
regarding the positive impact of SA
application on pepper plants under varying
irrigation levels. Ghahremani et al. (2023)
demonstrated that SA foliar application
enhanced drought tolerance in pepper plants by
regulating stomatal conductance, increasing
leaf chlorophyll content, and improving water
use efficiency. These mechanisms likely
contributed to the observed increase in fresh
shoot dry matter production, nutrient uptake,
and yield in our study, particularly at the
optimal SA dose of 1.0 mM.

The findings unveiled valuable insights
into the morphological adaptations of pepper
plants to drought stress and SA treatment,
focusing on plant height responses. We
observed substantial constraints in vertical
growth under water-deficient conditions, with
increasing drought stress leading to significant
reductions in plant height. For instance,
average plant height was 37.8+7.1 cm under
control conditions (Irr1xSA1), but it decreased
to 29.1+3.2 cm under 50% drought stress
(Irr3xSA1). The observed reduction in plant
height under drought stress aligns with
previous research attributing it to adverse
effects on cell turgor pressure, cell expansion
rates, metabolic activity, photosynthesis, and
nutrient accumulation. SA application may
mitigate these effects by enhancing cell turgor
pressure, promoting cell expansion, and
modulating metabolic processes, thereby
supporting plant growth and development even
under water-limited conditions (Mahdi

Zamaninejad et al. 2013). Mahdi Zamaninejad
et al. (2013) found significant mitigation of the
reduction in plant height with SA application
in corn, while our findings did not show a
statistically significant influence of SA on
plant height in pepper plants under drought
stress. This discrepancy could be attributed to
variations in plant species, experimental
conditions, SA application methods, or
drought severity. In line with the present study,
which found that 1.0 mM salicylic acid (SA)
application improved fresh shoot dry matter
production under 100% drought stress
compared to no SA application, Mostafa et al.
(2024) reported similar positive effects of SA
on pepper plants grown under deficit irrigation
(60% of crop evapotranspiration). They
observed that 1.0 mM SA application
significantly  enhanced various growth
parameters, including plant height, total
chlorophyll content, fruit yield, and total dry
matter content, compared to control groups
without SA application. These findings
collectively suggest that SA application has the
potential to alleviate the detrimental effects of
drought stress on pepper plants by improving
various aspects of their growth and yield.

The results indicated a significant decrease
(P=0.01) in dry shoot production with
increasing drought stress levels in pepper
plants (from 5.7 g in IrrdxSAl to 3.1 g in
Irr3xSAL), while SA application did not
substantially influence plant height (P=0.443).
This aligns with the findings of Abbaszadeh et
al. (2020) on leaf yield being significantly
affected by SA in rosemary cultivation,
suggesting that SA's impact may vary across
different plant growth parameters and crop
types. Moreover, the study by Chen et al.
(2014) highlights SA's role in enhancing stress
tolerance in zoysiagrass, indicating potential
variations in SA effects across different crops.
However, our findings differ in terms of the
optimal SA concentration, with our study
showing the highest dry shoot and root matter
productions at the 1.0 mM SA dose under
severe drought conditions in peppers, while
Abbaszadeh et al. (2020) found the highest leaf
yield at the 2 mM SA level in rosemary.
Overall, the findings of our study highlight the
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importance of irrigation management and SA
application in influencing plant growth.
optimizing irrigation levels and utilizing SA
treatments could significantly enhance plant
productivity and resilience to environmental
stressors in agricultural practices.

Based on the ANOVA results provided in
Table 2, it is noteworthy that the interaction
between irrigation level and SA application
levels did not yield significant differences for
any of the measured parameters (P>0.05). This
implies that, within the examined ranges, the
impacts of irrigation and SA on plant growth
were not influenced by each other. In other
words, the beneficial effects of SA were
observed irrespective of the irrigation level,
and conversely. This outcome holds promise
for practical agricultural applications, as it
suggests that growers can optimize irrigation
and SA treatments independently to enhance
growth without being concerned about
intricate interactions.

3.2.2. Effects of deficit irrigation and

salicylic acid treatments on nutrient
contents of pepper plants
The examination of plant nutrient

concentrations in pepper plants grown under
different drought stress levels revealed the
complexity —of nutrient uptake and
accumulation in plant organs. Generally, an
increase in stress levels was associated with
increased concentrations of N, P, K, Fe, and Zn
in plant organs. The increase in nutrient
content under deficit irrigation conditions can
be attributed to the interplay of water uptake
and dilution effects (Faloye et al. 2020; Zhao
et al. 2020). Under lower irrigation levels (Irr2
and Irr3), reduced water uptake led to a smaller
dilution effect within the plant tissues,
resulting in higher concentrations of most
measured nutrients in the plant tissues, except
P and Mn. Overall, phosphorus concentration
exhibited a trend of increasing with higher
irrigation levels. Pepper plants subjected to full
irrigation (Irrl) consistently displayed higher P
content compared to those under moderate
(Irr2) and severe (Irr3) stress conditions. This
observation suggests that water availability
positively influences P uptake, as well as Mn

uptake, and accumulation in pepper plants. The
observed decrease in P and Mn concentrations
at lower irrigation levels suggests different
uptake or translocation mechanisms specific to
these elements.

Salicylic acid has the potential to boost
plant resilience against drought. This is
achieved by influencing various physiological
and biochemical processes within the plant
(Khalvandi et al. 2021). However, the
influence of SA applications on nutrient
concentrations varied, with some nutrients
showing decreases and others increases. In
general, SA application positively correlated
with increased uptake of essential nutrients (K,
Mg, and Ca), while drought stress led to
significant reductions or increases in nutrient
contents, particularly under severe stress
levels. The potassium concentrations in pepper
plants were influenced by both irrigation levels
(P=0.023) and interaction of irrigation level
and SA applications (P=0.041). Generally,
higher K concentrations were observed with
increasing levels of SA  application,
particularly under severe drought conditions.
For instance, under full irrigation (Irrl), the
mean K concentration ranged from 2.78+0.22
to 3.13+0.13 mg kg across different SA
treatments. Interestingly, the highest K
concentration was observed under Irr3xSA1
treatment, where the plants received 50% of
field capacity irrigation along with 0 mM SA
application, suggesting a potential
compensatory mechanism in response to water
stress. Conversely, under severe drought
conditions (Irr3), K concentrations tended to
decrease, with the lowest mean value of
2.99+0.09 mg kg recorded under Irr3xSA4
treatment. The findings suggest that while SA
application may enhance K uptake in pepper
plants, the magnitude of this effect is
influenced by the level of water availability.

Drought stress induced contrasting
responses in micronutrient uptake, with
increases in Cu content and decreases in Zn,
Fe, and Mn contents. Interestingly, SA
application did not significantly influence
micronutrient contents, suggesting that its
effects may be more focused on macro nutrient
dynamics rather than micronutrient uptake.
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The observed significant increase in Mn
content across all irrigation levels and SA
concentrations compared to the control
highlights a potential role of SA in influencing
Mn uptake or translocation within pepper
plants. While most measured nutrients were
not significantly affected by SA application,
the increase in Mn concentrations suggests a
specific responsiveness of pepper plants to SA
treatment in terms of Mn assimilation. The
plants treated with SA2, SA3, and SA4
exhibited substantial increases ranging from
225% to 415% in Mn concentrations
compared to the control, indicating a dose-
dependent effect of SA on Mn uptake or
utilization. The findings from Shi and Zhu
(2008) align closely with the observations
from our study regarding the effect of SA on
Mn accumulation in pepper plants. They found
that the application of SA mitigated reduced
Mn transport from roots to shoots, alleviating
the inhibition of Ca, Mg, and Zn absorption
induced by excess Mn, and promoted
cucumber growth.

The total chlorophyll concentration did not
increase with SA applications, but drought
stress treatments had similar effects. SA doses
did not have a significant effect on RWC, but
drought stress treatments did. Although SA
application did not significantly affect total
chlorophyll concentration or RWC, it induced
changes in EC values compared to control
conditions, implying potential alterations in
ion uptake and water relations in response to
SA treatment. Our findings parallel those of
Khazaei and Estaji (2020), illustrating the
adverse impact of drought stress on sweet
pepper plants. Like their study, we observed
decreases in shoot and root fresh weight, dry
weight, relative leaf water content, fruit
dimensions, chlorophyll index, and leaf area
under drought conditions. Additionally, both
studies noted increases in electrical
conductivity in response to drought stress.
After foliar application of SA, our results
mirrored theirs, showing a decrease in
electrical conductivity. However, unlike their
study, we did not find statistically significant
increases in shoot dry weight, root fresh
weight, or chlorophyll index post-SA

application. These findings suggest consistent
outcomes regarding the detrimental effects of
drought stress and the potential mitigating
effects of SA, contributing valuable insights
for crop management under stress conditions.

3.2.3. Effects of deficit irrigation and
salicylic acid treatments on chlorophyll and
carotenoid content of pepper plants

Salicylic acid application, at the
concentrations and irrigation levels tested, did
not have a significant impact on the overall
chlorophyll  content in pepper plants
(P=0:685). The lack of significant differences
suggests that SA application did not exert a
discernible effect on the chlorophyll and
carotenoid concentrations in pepper plants
under the experimental conditions tested. This
indicates that SA, at the concentrations applied
in this study, may not significantly alter the
photosynthetic pigment composition in pepper
plants. However, it is essential to note that
other factors, such as environmental conditions
and plant physiological responses, could
influence the efficacy of SA treatment,
warranting further investigation. While we did
not observe significant changes in chlorophyll
content upon SA application, our findings
differ from those reported by the researchers
who observed increased chlorophyll content in
pepper plants (Khazaei et al. 2015), basil
(Damalas 2019), okra (Ayub et al. 2020), and
others treated with SA under drought stress
conditions.

Our findings align with observations from
Saheri et al. (2020) who investigated the
impact of drought stress and SA application on
purslane. Both studies observed a negative
impact of water limitations on pigment
content. Several other studies have proved that
drought stress led to significant reductions in
chlorophyll A, B, and carotenoid content in
purslane leaves (Saheri et al. 2020), rice plants
(Kunpratum et al. 2023; EI-Okkiah et al.
2022), while SA application improved the
content of chlorophyll A, B, and carotenoids in
purslane leaves (Saheri et al. 2020), rice plants
(Kunpratum et al. 2023; EI-OKkkiah et al. 2022)
and lettuce leaves (Shehata et al. 2020)
compared to drought-stressed plants alone.
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While we did not find a statistically significant
difference between irrigation levels, the
overall trend suggests a decrease in
chlorophyll and carotenoid content with
decreasing irrigation (increased drought
stress). This aligns with Ayub et al. (2020)
where drought stress (25% field capacity)
significantly reduced chl A, B, and total
chlorophyll in okra plants. Both studies also
hint at the potential benefits of SA in
mitigating the negative effects of drought
stress on plants. Ayub et al. (2020) observed
improvements in various parameters like fresh
weight, dry weight, and chlorophyll content in
SA-treated okra plants under drought stress.
Although our study did not show a significant
interaction between irrigation and SA on
pigments, the absence of a substantial decrease
in pigment concentrations even at lower
irrigation levels might suggest some protective
effect from SA. However, key differences exist
between the studies. The plant species (pepper
vs. okra) might have varying responses to
drought stress and SA  application.
Additionally, the SA application method
(foliar sprays vs. seed priming) and the
severity of drought stress levels differed
between the studies, which could explain the
observed variations in responses. Several
potential mechanisms for SA's positive effects
on pigments under drought stress have been
suggested including reduced chlorophyll
degradation (Saheri et al. 2020), enhanced
ROS scavenging (Saheri et al. 2020; Gujjar et
al. 2020), increased chlorophyll synthesis
(Saheri et al. 2020; Alharbi et al. 2021), and
improved water relations (EI-Okkiah et al.
2022). These mechanisms could potentially
explain why pepper plants in our study
maintained pigment levels even under some
drought stress when treated with SA.

3.2.4. Effects of deficit irrigation and
salicylic acid treatments on relative water
content and membrane permeability of
pepper plants

The relative water content (RWC) and
electrical conductivity (EC) measurements
provide insights into the water status and
membrane integrity of pepper plants under SA

treatments and irrigation levels. The findings
on RWC and EC suggest that SA treatment and
irrigation levels influence the water status and
membrane permeability of pepper plants,
highlighting the importance of these factors in
plant physiology and stress response
mechanisms. As a measure of plant leaf water
deficits compared to full turgid pressure, the
RWC has been widely used to evaluate plants
under varying levels of drought stress, which
focus on drought-resistant crops to identify
drought-tolerant individuals (Hu and Xiong
2014). Although statistically not significant,
we observed a general trend of decreasing
RWC with decreasing irrigation levels
(increased drought stress). This indicates that
plants subjected to greater drought stress had
lower water content in their tissues. This
finding  aligns  with  well-established
knowledge that drought stress disrupts water
uptake and transport in plants, leading to
cellular dehydration. The findings highlight
the importance of maintaining adequate soil
moisture for optimal plant growth and
physiological function. The lack of a
significant effect of SA on RWC in our study
suggests that under the conditions employed,
SA application might not directly influence
water uptake or retention in pepper plants.
However, it is important to consider that SA
might exert its protective effects through other
mechanisms, such as improved stomatal
regulation or enhanced antioxidant activity
(Khalvandi et al. 2021), which could indirectly
contribute to maintaining cellular water
content under drought stress. Ghahremani et al.
(2023) reported similar findings, observing no
significant impact of SA application on water
content (not directly measured) in pepper
plants under drought stress. However, they
suggested that SA might enhance drought
tolerance through other mechanisms. The
researchers reported that SA application
increased the number, size, and total yield of
pepper fruits, potentially by regulating
stomatal conductance and increasing leaf
chlorophyll content (Ghahremani et al. 2023).
This aligns with the possibility that SA
application, even if not directly affecting
RWC, might improve overall plant growth and

322



Giliit and Taze

stress tolerance in pepper plants under drought
conditions.

The findings from both our study and
Ghehremani et al. (2023) suggest that foliar
application of SA holds promise as a practical
technique to alleviate drought stress and
enhance the productivity of pepper plants,
particularly in arid and semi-arid regions. This
conclusion is further supported by the research
of Damalas (2019), whose findings align with
our observations. In his study, Damalas (2019)
reported a significant impact of drought stress
on sweet basil, leading to a substantial
reduction in its relative water content (RWC)
by 29.2%. However, they also noted that SA
application emerged as a potential solution to
mitigate the effects of drought stress.
Specifically, sweet basil plants treated with SA
exhibited a significant increase in RWC
compared to untreated plants, indicating an
improvement in water retention under drought
conditions. These consistent findings across
different plant species underscore the
effectiveness of SA as a drought mitigation
strategy and highlight its potential for broader
application in agricultural settings.

The EC is a measure of the leakage of
electrolytes from damaged cell membranes
(Bajji et al. 2002). While drought stress can
eventually lead to membrane damage (Lopez-
Serrano et al. 2019), the lack of a significant
increase in EC in our study suggests that the
imposed drought stress levels might not have
been severe enough to cause widespread
membrane disruption in the pepper plants.
Additionally, SA application, at the
concentrations used in this study, did not
significantly alter EC.

4. Conclusion

In this study, we investigated the effects of
deficit irrigation and salicylic acid (SA)
treatments on the growth parameters and
nutrient contents of pepper plants. The results
revealed complex effects of SA on pepper
plants under varying irrigation levels, offering
valuable insights into the physiological and
nutritional adaptations of pepper plants to
drought stress. As expected, drought stress
significantly reduced the dry weight of fresh

shoots, highlighting the critical role of
adequate water availability for optimal plant
growth. However, applying SA at a
concentration of 1.0 mM mitigated this
reduction, particularly under severe drought
conditions. This suggests a significant
enhancement in plant biomass accumulation,
underlining the potential of SA as a tool to
alleviate the detrimental effects of water
deficiency on pepper productivity.

Additionally, our examination of nutrient
contents revealed intriguing  dynamics
influenced by both drought stress severity and
SA application. As drought stress intensified,
concentrations of certain nutrients increased.
This can be attributed to the complex interplay
between reduced water uptake and the
concentration of solutes within the plant. The
SA application displayed a positive correlation
with the uptake of essential macronutrients,
particularly  potassium, magnesium, and
calcium. This suggests a targeted effect by SA
on these crucial nutrients. While the influence
of SA on micronutrients was less prominent, a
significant increase in manganese (Mn)
content was observed across all irrigation
levels with SA treatment. This finding suggests
a potential mechanism by which SA might
enhance Mn uptake or translocation within
pepper plants.

While SA application did not significantly
alter pigment content, the overall trend
suggested a decline in pigment concentrations
with increasing drought stress. This decline
suggests potential protective role of SA under
stress conditions. In summary, our study
underscores the importance of optimizing
irrigation management and SA application to
enhance pepper plant growth and productivity,
particularly in water-limited environments.
These findings offer valuable guidance for
sustainable agricultural practices aimed at
mitigating the adverse impacts of drought
stress on crop yields.
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Kedi ve Kopeklerde Konjunktivit Olgularina Neden Olan Bakterilerin

Karakterizasyonu: 25 Olgu
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Ozet

Bu ¢alismada kedi ve kdpeklerde konjunktivitise neden olan bazi bakteriyel
etkenlerin varliginin ve ¢esitli antimikrobiyal maddelere kars1 duyarliliginin
belirlenmesi amaglandi. Bu amagla klinik olarak konjunktivitis teshisi
koyulan kedi ve kopeklerden alinan g6z svabi drneklerinden izole edilen
etkenler MALDI-TOF MS ile identifiye edildi. Identifiye edilen izolatlarin
cesitli antimikrobiyal maddelere kars1 duyarlilign disk diflizyon yontemiyle
belirlendi. G6z svabi Orneklerinden Gram pozitif bakterilerin izolasyon
oraninin, Gram negatiflere gore daha fazla oldugu goriildii. Staphylococcus
pseudintermedius suslarmin 6rmeklerden en yiiksek oranda izole edilen
etkenler oldugu tespit edildi. Zoonoz karakterde olan Staphylococcus felis ve
Streptococcus canis suslari ayri ayr1 4 olgudan izole edildi. Arastirmada elde
edilen izolatlarda antimikrobiyal diren¢ orani genel olarak diisiik bulundu.
Bununla birlikte Enterococcus spp. izolatlarinda imipenem ve ampisilin
direnci ile Enterobacteriaceae izolatlarinda genislemis spektrumlu beta
laktam direncinin yiiksek oldugu belirlendi. Sonug¢ olarak bu g¢alismada
Staphylococcus spp. suslarmin pet hayvanlarinda konjunktivitis vakalarinin
primer etkenleri arasinda yer aldig1 ortaya koyuldu. Calismadan elde edilen
veriler ile Gram pozitif bakteriyel etkenlerin neden oldugu konjunktivitis
olgularinda  gentamisin, sefalosporin, enrofloksasin, klindamisin,
siprofloksasin, kloramfenikol ile tedavisinin, Gram negatif bakteriyel
etkenlerin meydana getirdigi olgularda ise gentamisin, enrofloksasin,
piperasilin+tazobaktam, imipenem ve eritromisin tedavisinin etkili
olabilecegi kanisina varildi.
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Characterization of Bacteria Causing Conjunctivitis Cases in Cats and Dogs: 25 Cases

Abstract

In this study, determination of presence of some bacteria causing
conjunctivitis cases in cats and dogs and their susceptibility to various
antimicrobial agents were aimed. For this purpose, the isolates obtained from
ocular swab samples of cats and dogs diagnosed with conjunctivitis
clinically, were identified by MALDI-TOF MS. The susceptibility to various
antimicrobial agents of identified bacteria was determined by disk diffusion
method. It was observed that the isolation rate of Gram positive bacteria from
ocular swab samples was higher than Gram negative ones. It was determined
that the mostly isolated bacteria species from the samples was
Staphylococcus pseudintermedius. Staphylococcus felis and Streptococcus
canis that have zoonotic potential were isolated from 4 cases, separately.
Generally, antimicrobial resistant rate was found to be low in isolated bacteria
in the research. On the other hand, it was determined that imipenem and
ampicillin resistance in Enterococcus spp. and extended spectrum beta lactam
resistance in Enterobacteriaceae were high. In this study, it was concluded
that Staphylococcus spp. were among the primer agents of conjunctivitis
cases in cats and dogs. With the data obtained from the study, it was
concluded that treatment with gentamicin, cephalosporin, enrofloxacin,
clindamycin, ciprofloxacin, chloramphenicol could be effective in cases of
conjunctivitis caused by Gram positive bacteria while gentamicin,
enrofloxacin, piperacillin+tazobactam, imipenem and erythromycin
treatment could be effective in cases caused by Gram negative bacteria.
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1. Giris

Konjuktiva; miik6z bir membran olup alt ve
iist gbz kapaklarinin i¢ ylizeyini sarmaktadir.
Konjunktivitis ise enfeksiydoz ve/veya non-
enfeksiy0z etkenlere bagli olarak konjuktivada
maydana gelen yangisal reaksiyonlardir.
Konjunktivitis olgularinda gozde hiperemi,
semozis ve eksudasyon gibi klinik bulgulara
rastlanmaktadir (Gelatt, 2012).

Kedi ve kopeklerde goz hastaliklariin
genel olarak sistemik enfeksiyonlara bagl
olarak gelistigi bildirilse de (Gelatt, 2012),
hastaligin  olusumunda ¢esitli  bakteriyel
etkenlerin primer rol oynadigi da rapor
edilmektedir (\Varges ve ark., 2005; LoPinto ve
ark., 2015; Hamed ve ark., 2017; Soimala ve
ark., 2020). Saglikl1 goz florasindan bakteriyel
etkenlerin izole edilmesi (Mouney ve ark.,
2015), s6z konusu etkenlerin firsatg1 patojen
ozelliklerini de ortaya koymaktadir.

Saglikli ve konjunktivitisli kopeklerden
alinan okular svap orneklerinden ¢ogunlukla
Gram pozitif etkenler izole edilmekte olup,
Gram negatif etkenlerin izolasyon orani daha
sinirl1 kalmaktadir (Gelatt, 2012; Ploneczka-
Janeczko ve ark., 2017). Yapilan ¢alismalarda
Staphylococcus  spp. suslarinin  izolasyon
oraninin diger etkenlere gore daha ylksek
oldugu dikkati ¢ekmektedir (LoPinto ve ark.,
2015; Mouney ve ark., 2015; Hamed ve ark.,
2017; Soimala ve ark., 2020).

Pet hayvanlarinda karsilagilan
konjunktivitis olgularinin tedavisinde
kloramfenikol, eritromisin, tobramisin,

gentamisin gibi antimikrobiyal maddelerin
kullannmi  oOnerilmektedir (Gelatt, 2012).
Ancak  bakteriyel  etkenlerde  gelisen
antimikrobiyal direng¢, tedavi segeneklerini
kisitlamaktadir (Soimala ve ark., 2020).
Bununla  birlikte  bilingsiz  antibiyotik
kullaniminin direng gelisimine katki sagladigt
ve insanlarla da yakin temas halinde bulunan
pet hayvanlarin tasidig: direngli bakterilerin
hem insan sagligim1 hem de hayvan sagligim
tehdit ettigi gergegi global bir sorun haline
gelmistir. Bu nedenle enfeksiydz etkenlerin
neden oldugu hastaliklarin tedavisinde etken
teshisi ve antimikrobiyal duyarlilik testleri
biiylik 6nem arz etmektedir.

Ulkemizde  kedi  ve  kopeklerde
konjunktivitis olgularindan bakteriyel
etkenlerin  izole edilip  antimikrobiyal

duyarlilik sonuglarinin degerlendirildigi sinirl
sayida calisma bulunmaktadir (Ilhan ve ark.,
2001). Bu dogrultuda bu c¢alismada klinik
olarak konjunktivitis bulgular1 tespit edilen

kedi ve kopeklerden alinan goz svabi
orneklerinden bazi bakteriyel etkenlerin
izolasyonu ve antimikrobiyal duyarlilik

sonuglarmin degerlendirilmesi amaglandi.
2. Materyal ve Yontem
2.1.Materyal

Bu c¢aligmanin materyalini 2018-2023
yillar1 arasmda Siirt Universitesi Hayvan
Sagligt Uygulama ve Arastirma Hastanesi
Cerrahi Klinigi’ne teshis ve tedavi amach
getirilen ve Kklinik olarak konjunktivitis teshisi
koyulan farkli irk, cins ve yasta 21 kedi ve 4
kopekten alman 36 adet okular svap Ornegi
olusturdu.

2.2.Yontem
2.2.1.Klinik muayene ve 6rnek alimi

Rutin klinik gz muayenesi sonucunda tek
ya da her iki gozde hiperemi, serd6z ve/veya
irinli akinti, gegici ve/veya kalic korliik tespit
edilen hastalardan mikrobiyolojik analiz i¢in
okular svap Ornekleri alindi. Svap Ornekleri
alinmadan Once hastalara antimikrobiyal
tedavi uygulanmamis olmasina dikkat edildi.
Hastalara herhangi bir anestezi prosediirii
uygulanmadan, asepsi-antisepsi kurallarina
dikkat edilmek suretiyle etkilenen goz ve/veya
gozlerden svap Ornekleri alinarak icinde
transport besi yeri bulunan tiiplere (Giilka
Kimya, Ankara, Tiirkiye) koyuldu ve kisa
stirede mikrobiyoloji laboratuvarina ulastirildi.

2.2.2.Etken izolasyon ve identifikasyonu

Alman orneklerden aerob ve/veya fakiiltatif
anaerob bakteriyel etkenlerin izolasyonu ig¢in
%S5 defibrine koyun kani1 igeren agar besiyerine
(Oxoid, CM0271, Ingiltere) ekim yapilarak
37°C’de 1-2 giin boyunca aerobik ve
mikroaerofilik ortamda inkiibasyon
periyoduna birakildi. Inkiibasyon sonrasi
ireme goriilen besiyerleri degerlendirmeye
almarak sekillenen kolonilerden saf kiiltiirler
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elde edildi. Izolatlarm tiir diizeyinde
identifikasyonu icin Matrix Asisted Laser
Desorption Ionization-Time of Flight Mass
Spectrometry (MALDI-TOF MS) kullanildi
(Uysal ve ark., 2019). Bu amagla izolatlar,
Hatay Mustafa Kemal Universitesi Bitki
Saghgr Klinigi Uygulama ve Arastirma

Merkezi’ne gonderilerek hizmet alimina
gidildi.

2.2.3.Antimikrobiyal duyarhhgin
belirlenmesi

Orneklerden izole edilen bakteriyel

etkenlerin ¢esitli antimikrobiyal maddelere
karst duyarliligmin belirlenmesinde disk
diflizyon yontemi kullanildi (Bauer ve ark.,
1966). Bu amacla izole edilen bakteriyel
etkenler i¢in kullanilan antibiyotik diskleri ve
dikkate alman degerlendirme kriterleri
tablo1’de gosterildi.

Staphylococcus spp. izolatlarinda metisilin
direncinin belirlenmesinde sefoksitin (30 pg)
diski  dikkate alimdi  (CLSI, 2018).
Enterococcus spp. izolatlarinda yiiksek doz
aminoglikozid (HLAR) ve yiiksek doz
streptomisin (HLSR) direncinin
belirlenmesinde sirasiyla gentamisin (30 pg)
ve streptomisin (300 pg) disklerinden
yararlanild1 (EUCAST, 2023).
Enterobacteriaceae’da genislemis spektrumlu
beta laktam (GSBL) direncinin
arastirllmasinda CLSI (2018)’de bildirilen
kombine disk yontemi uygulandi. Test
sonuclart belirtilen kriterler dogrultusunda
duyarli (S), orta duyarli (I) ve direngli (R)
olarak degerlendirildi. Buna gore ii¢ veya daha
fazla kategoride yer alan antimikrobiyal
maddelerden en az birine diren¢ goriilmesi,
coklu antibiyotik direnci olarak kabul edildi
(Magiorakos ve ark., 2012).

Tablo 1. Calismada izole edilen bakteriyel etkenlerin antimikrobiyal duyarliligmnin belirlenmesinde

kullanilan antibiyotik diskleri

Etken Kullanilan antibiyotik diskleri ve dikkate alinan degerlendirme kriterleri

Staphylococcus spp.
Micrococcus spp.

Streptococcus spp.
Enterococcus spp.

Corynebacterium spp.

Enterobacteriaceae

Acinetobacter spp.

Pseudomonas spp.

gentamisin (10 pg,), rifampin (5 pg), penisilin (10 units), sefoksitin (30 pg), sefpodoksim (10
ng), enrofloksasin (5 pg), trimetoprim-sulfametaksazol (1.25/23.7 ng), klindamisin (5 pg),
eritromisin (15 pg), tetrasiklin (30 pg), siprofloksasin (5 ug) (CLSI, 2018; EUCAST, 2023).
sefpodoksim (10 pg), enrofloksasin (5 pg), klindamisin (2 pg) tetrasiklin (30 pg) ve
kloramfenikol (30 pg) (CLSI, 2018)

ampisilin (10 pg), penisilin G (10 IU), eritromisin (15 pg), kloramfenikol (30 pg), tetrasiklin
(30 pg) (11), imipenem (10 pg), siprofloksasin (5ug), vankomisin (5 pg) (EUCAST, 2023)
siprofloksasin (5pg), vankomisin (5 pg), klindamisin (2 pg), tetrasiklin (30 pg), rifampin (5
ng) (EUCAST, 2023)

gentamisin (10pg), streptomisin (10 pg), enrofloksasin (5 pg), siprofloksasin (5pg),
tetrasiklin (30 pg), trimetoprim-sulfametaksazol (1.25/23.7 pg), piperasilinttazobaktam
(100/10 pg), kloramfenikol (30 pg) (CLSI, 2018), imipenem (10 pg), ertapenem (10 pg)
(EUCAST, 2023)

imipenem (10 ng), siprofloksasin (5pg), gentamisin (10pg), tobramisin (10 pg), trimetoprim-
sulfametaksazol (1.25/23.7 pg) (CLSI, 2018)

gentamisin (10pug), piperasilinttazobaktam (100/10 pg), imipenem (10 pg), enrofloksasin (5
ug), aztreonam (30 pg) ve siprofloksasin (5ug) (CLSI; 2018)

3.Bulgular ve Tartisma

Calismada  oftalmolojik  muayeneleri
gerceklestirilen olgularin 11 (% 44)’inde hem
sag hem de sol gozde konjunktivitis
bulgularina rastlanirken; 7 (% 28)’sinde sadece
sag g6z, 7 (% 28)’sinde ise sadece sol gozde
klinik bulgular tespit edildi. Alinan svap
orneklerinin (n=36) 28 (% 77.77)’inden
bakteriyel etken izole edildi (Tablo 2). Elde
edilen izolatlarin 19 (% 67.85)’unun Gram

pozitif, 9 (% 32.14)’unun Gram negatif oldugu
belirlendi. Calismada en yiiksek oranda izole
edilen etkenin Staphylococcus spp. (n=7, %
19.44) izolatlar1 oldugu goriildii. Bunu
sirastyla Enterococcus spp. (n=6, % 16.66) ve
Enterobacteriaceae (=6, %  16.66)
izolatlarinin izledigi belirlendi.

Izole edilen 7 Staphylococcus spp. susunun
5’1 Staphylococcus pseudintermedius  (S.
pseudintermedius), 2’si ise Staphylococcus
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Enterobacteriaceae ailesinde siniflandirilan
etkenlerden 3’ii Escherichia coli (E. coli), 1’1
Pantoea agglomerans ve 1’i Salmonella spp.
olarak identifiye edildi (Tablo 2; Sekil 1).

Tablo 2. Calismaya dahil edilen olgularin esgal bilgileri ve mikrobiyolojik analiz sonuglart

No Esgal Sol Goz Sag Goz

1 Kedi, 3 haftalik, Melez, Erkek Candida paropsilpsis Enterococcus hirae
Pseudomonas putida -

2 Képek, 2 yas, Melez, Erkek Staphylococcus pseudintermedius Enterococcus faecium

3 Kedi, 3 haftalik, Melez, Erkek etken izole edilmedi Enterococcus hirae

4 Kedi, 1 haftalik; Tekir, Disi Escherichia coli -

5 Kedi, 3 aylik, Melez, Disi etken izole edilmedi Enterococcus faecalis

6 Kedi, 3 yasinda, Melez, Disi Acinetobacter Iwoffii Pantoea agglomerans

7 Kedi, 2 aylik, Melez, Erkek - Salmonella spp.

8 Kedi, 4 aylik, Melez, Disi - Staphylococcus felis

9 Kedi, 1 aylik, Melez, Disi - Enterococcus faecium

10 Kedi, 1 aylik, Van Kedisi, Erkek Streptococcus canis -

11 Kedi, 1 aylik, Tekir, Erkek etken izole edilmedi etken izole edilmedi

12 Kopek, 2 aylik, Golden Retrivier, Disi ~ Staphylococcus pseudintermedius -

13 Kedi, 1 aylik, Melez, Disi - etken izole edilmedi

14 Kedi, 1.5 aylik, Melez, Erkek - Enterococcus faecium

15 Kedi, 1 aylik, Melez, Disi etken izole edilmedi -

16 Kedi, 1 aylik, Melez, Disi - etken izole edilmedi

17 Kedi, 1 yas, Melez, Erkek Acinetobacter baumannii Staphylococcus felis

18 Kedi, 1 yas, Melez, Disi etken izole edilmedi etken izole edilmedi

19 Kedi, 1 yag, Melez, Disi Staphylococcus pseudintermedius Klebsiella ozaenae

20 Kopek, 3 yas, Melez, Disi etken izole edilmedi etken izole edilmedi

21 Kedi, 5.5 aylik, Tekir, Disi Staphylococcus pseudintermedius Staphylococcus pseudintermedius
Streptococcus canis Streptococcus canis

22 Kedi, 3.5 yas, Melez, Erkek Escherichia coli -

23 Kedi, 3 yas, Melez, Erkek - Corynebacterium amycolatum

24 Kopek, 2 aylik, Melez, Disi Escherichia coli -

25 Kedi, 1 yas, British, Disi Micrococcus luteus -

-: Klinik olarak konjunktivitis bulgusuna rastlanmadig: igin 6rnek almmadi

identification rate of bacteria from swab samples

Micrococcus luteus

%2.77

Corynebacterium
amycolatum

Salmonelia spp.
%2.77

Pantoea agglomerans
%2.77

77\
Acinetobacter baumannii —__ %13.88
%2.77
Acinetobacter Iwoffii
%2.77
Pseudomonas putida —
%2.77

Candida

paropsilosis Klebsiella ozaenae

%2.77 %2.77
\ \

Staphylococcus
pseudintermedius

Enterococcus

faecium
%8.33

\_énterococcus faecalis
%2.77

Enterococcus hirae
%5.55

Staphylococcus felis

Sekil 1. Svap 6rneklerinden identifiye edilen etkenlerin dagilimi (%)
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Calismada izole edilen etkenlerin kullanilan
antibiyotiklere = farkli  oranlarda  direng
gosterdigi  belirlendi. Staphylococcus spp.
izolatlarinda sadece 1 S. pseudintermedius
izolatinin metisiline orta duyarli oldugu
belirlenirken, 3 S. pseudintermedius izolatinin
penisiline direngli oldugu gorildi.

Enterococcus spp. izolatlarinin %50’sinde
ampisilin, tamaminda imipenem direnci,
2’sinde ise HLAR direnci belirlendi.
Streptococcus canis (S. canis) izolatlarinda
klindamisin direncinin % 66.66 oldugu tespit
edildi (Tablo 3).

Tablo 3. Staphylococcus spp., Streptococcus spp. ve Enterococcus spp. izolatlarinda antimikrobiyal

duyarlilik sonuglarinin dagilimi

Staphylococcus spp. (n=7)

Streptococcus canis (n=3)  Enterococcus spp. (n=6)

Antibiyotik
Gentamisin
Rifampin
Penisilin
Sefoksitin
Sefpodoksim
Enrofloksasin
Sulfametaksazol+Trimetoprim
Klindamisin
Eritromisin
Tetrasiklin
Siprofloksasin
Kloramfenikol
Vankomisin
Ampisilin

™ U1 OO OO OO OO OO OO W o O W
O N OO kP OO0 P Pk O -
P OFRr P ORFRP PO WLEROTIJI

Imipenem - - -
Gentamisin (30 pg) -
Streptomisin (300 pg) - - -

S | R S | R
- - - 4 0 2
3 - - - - -
3 - - - - -
1 0 2 - - -
- - - 1 3 2
1 2 - 4 0 2
- - - 5 0 1
3 0 0 6 0 0
- - - 6 0 0
- - - 3 0 3
- - - 0 0 6
- - - 4 0 2
- - - 6 0 0

Enterobacteriaceae suslarinin %50’sinde
(Klebsiella ozaenae=1, Escherichia coli=2)
GSBL direnci belirlenirken, séz konusu
izolatlarin ¢oklu antibiyotik direncine de sahip
oldugu tespit edildi. Pseudomonas putida

izolatinda herhangi bir antibiyotige karsi
direng tespit edilmezken, Acinetobacter spp.
izolatlarinin 1’inde ¢oklu antibiyotik direnci
belirlendi (Tablo 4, 5).

Tablo 4. Enterobacteriaceae, Pseudomonas spp. ve Acinetobacter spp. izolatlarinda antimikrobiyal

duyarlilik sonuglarinin dagilimi

Enterobacteriaceae (n=6)

Pseudomonas putida (n=1)  Acinetobacter spp. (n=2)

Antibiyotik S I
Gentamisin 5 0
Streptomisin 3 0
Enrofloksasin 4 0
Siprofloksasin 3 0
Tetrasiklin 3 1
Sulfametaksazol+Trimetoprim 3 0
Piperasilin+Tazobaktam 5 0
Kloramfenikol 3 0
Imipenem 4 1
Eritromisin 5 0
Tobramisin - -

PP WPRFR WRNWNWRTD

s | R s | R
1 0 0 1 - 1
1 0 0 - - -
1 0 0 - - -
- - - - 1 1
- - - 1 - 1
1 0 0 - - -
0 1 0 - 1 1
- - - 1 - 1
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Tablo 5. izolatlarda belirlenen ¢oklu antibiyotik direng profili

Bakteri

Coklu antibiyotik direnc profili

Staphylococcus pseudintermedius (n=1)
Enterococcus faecium (n=1)
Enterococcus faecium (n=1)
Corynebacterium amycolatum (n=1)
Micrococcus luteus (n=1)

Klebsiella ozaenae (n=1)

Escherichia coli (n=2)

Acinetobacter baumannii (n=1)

RD, P, CPD, ENR, CLI, E, CIP
P, E, AMP, IMP, GEN (30 pg)

CIP, P, E, AMP, IMP, GEN (30 pg)

CIP, CLI, TET, RD

GEN, RD, P, FOX, CLI, E

GEN, S, CIP, SXT, TPZ, CHL, IMP, ETP
S, ENR, CIP, TE, SXT, CHL

IMP, CIP, GEN, TOB, SXT

RD: Rifampin, P: Penisilin, CPD: Sefpodoksim, ENR: Enrofloksasin, CLI: Klindamisin, E: Eritromisin, CIP: Siprofloksasin, AMP: Ampisilin, IMP: imipenem, GEN:
Gentamisin, TET: Tetrasiklin, FOX: Sefoksitin, S: Streptomisin, SXT: Sulfametaksazol+Trimetoprim, TPZ: Piperasilin+Tazobaktam, CHL: Kloramfenikol, ETP:

Ertapenem, TOB: Tobramisin

Coklu antibiyotik direncine sahip bakteriyel
etkenlerin meydana getirdigi nozokomiyal
enfeksiyonlar hem insan hem de hayvan
saglig1 acisindan biiyiik risk olusturmaktadir.
Metisilin direngli koagulaz pozitif
Staphylococcus spp., GSBL  iireten
Enterobacteriaceae hastane enfeksiyonlarinin
baslica kaynagi olup, bu etkenlere karsi
koruma-kontrol stratejilerinin  gelistirilmesi
gilinlimiizde 6nem arz eden ¢alismalar arasinda
yer almaktadir (Soimala ve ark., 2020). Bu
kapsamda bu calismada kedi ve kopeklerde
gorlilen konjunktivitis vakalarinin bakteriyel
etiyolojisi ve olgulardan izole edilen bakteriyel
etkenlerin ¢esitli antimikrobiyal maddelere
kars1 duyarhiliklar1 degerlendirildi.

Staphylococcus spp. izolatlar1 firsatgi
patojen olmalar1 yan1 sira kedi ve kopeklerde
bir¢ok enfeksiyondan izole edilmektedir. S.
intermedius grup iginde siniflandirilan S.
pseudintermedius koagulaz pozitif olup kedi
ve kopeklerden siklikla izole edilmekte ve
zoonoz Ozelligi de 6nemle vurgulanmaktadir
(Tamakan ve Go¢men, 2019; Lynch ve Helbig,
2021; Sips ve ark., 2023). Hamed ve ark.
(2017) yaptiklar1 ¢calismada konjunktivitisli 2
kopekten aldiklar1 svap oOrneklerinden S.
pseudintermedius izole ettiklerini
bildirmislerdir. LoPinto ve ark. (2015) keratitis
tanis1 koyulan 70 kopekten 71 stafilakok susu
elde etmislerdir. Soimala ve ark. (2020) goz
lezyonu bulunan kedi ve kdpeklerden aldiklar
orneklerin % 40’inda S. pseudintermedius
izole ettiklerini rapor etmislerdir. Varges ve
ark. (2009) konjunktivitisli  kdpeklerden
Staphylococcus spp. izolasyon oranini % 58.8
olarak bildirmisler ve izolatlarin ¢ogunun S.
intermedius grup olarak identifiye edildigini

belirtmislerdir. Benzer sekilde Wang ve ark.
(2008) hem saglikli hem de konjunktivitisli
kopeklerden alinan okuler svap o6rneklerinden
en yliksek oranda izole edilen sugslarin
Staphylococcus spp. oldugunu ve bu izolatlarin
cogunlugunun da S. intermedius grup olarak
identifiye edildigini belirtmislerdir.

Yapilan caligmalara paralel olarak bu
caligmada da klinik olarak konjunktivitis tanisi
koyulan kedi ve kopeklerden alinan svap
orneklerinden en yiiksek oranda izole edilen
etkenlerin ~ Staphylococcus  spp. oldugu
goriildii. Izole edilen stafilakok suslarmmn
biiylik ¢ogunlugu diger calismalarla benzer
sekilde S. pseudintermedius olarak identifiye
edildi. Bununla birlikte koagulaz negatif
stafilakok tiirleri arasinda yer alan ve
cogunlukla kedilerden izole edilen S. felis
suslarmin da 2 Ornekten izole edildigi
belirlendi. S. pseudintermedius izolatlarinin
yani sira insanlarda zoonotik enfeksiyonlara
neden oldugu bildirilen S. felis (Giilld
Yiicetepe ve ark., 2021; Sips ve ark., 2023)
suslarinin varliginin belirlenmesi, c¢alismaya
dahil edilen olgularin halk saglig1 a¢isindan da
risk teskil ettigini diistindiirdii.

Metisilin  direnci, stafilakok tiirlerinin
neden oldugu enfeksiyonlarin tedavisinde
olumsuzluklara yol agmaktadir (Giilaydin ve
ark., 2021). Cesitli c¢alismalarda kedi ve
kopeklerin goz oOrneklerinden izole edilen
Staphylococcus spp. izolatlarinda metisilin
direncinin - % 2-24 arasinda  degistigi
bildirilmektedir (LoPinto ve ark., 2015;
Mouney ve ark., 2015; Soimala ve ark.,
20203). LoPinto ve ark. (2015) kopeklerden
aldiklar1 goz svabi 6rneklerinden izole ettikleri
Staphylococcus spp. izolatlarinda metisilin
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direncini % 23.9 oraninda belirlediklerini
bildirmislerdir. Bir diger calismada ise bu
oranin oldukca disiik (% 1.6) bulundugu
bildirilmistir (Mouney ve ark., 2015). Soimala
ve ark. (2023) ise kedi ve kopek goz savbi
orneklerinden % 7.9 oraninda metisilin
direngli stafilakok susu izole ettiklerini rapor
etmislerdir.

Bu calismada da  izole edilen
Staphylococcus spp. izolatlarinda metisilin
direncinin Mouney ve ark. (2015) ile Soimala
ve ark. (2023) elde ettigi bulgulara benzer
olarak diisiik oldugu, sadece 1 izolatin
metisiline orta duyarli oldugu belirlendi.
Varges ve ark. (2009) ise caligsmalarinda izole
ettikleri suslarda penisilin, tobramisin ve
tetrasiklin  direncinin  yiiksek  oldugunu
vurgularken, izolatlara karsti en etkili
antimikrobiyal maddelerin seftiofur, sefaleksin
ve amoksisilintklavulanik asit oldugunu
belirtmiglerdir. Sunulan calismada da benzer
sekilde izolatlarda penisilin direncinin %50
oldugu belirlenirken, Varges ve ark.
(2009)’nin aksine tetrasiklin direncinin diisiik
oldugu goriildii.

Enterokok tiirleri firsat¢1 patojenler olup,
insan  ve  hayvanlarin  gastrointestinal
sisteminin dogal florasinda bulunabilmekle
birlikte hastane enfeksiyonlarina da neden
olmaktadir (Giilaydin ve ark., 2022). Kedi ve
kopeklerde cesitli enfeksiyonlardan izole
edilen enterokok tiirlerinin (Van den Bunt ve
ark., 2018) hem saghkli hem de
konjunktivitisli hayvanlarin gézlerinden alinan
orneklerden de izole edildigi bildirilmistir
(Kielbowicz ve ark., 2015). Daha 6nce yapilan
bir  calismada  saglikh  (n=30) ve
konjunktivitisli (n=30) kedilerden alinan goz
svab1 Orneklerinden sirasiyla 10 ve 9
Enterococcus spp. izole edildigi bildirilmistir
(Kielbowicz ve ark., 2015).

Bu calismada da kedi ve kopeklerden alinan
gbz svabr Orneklerinden Enterococcus spp.
suslar1 elde edildi ve baskin tiiriin E. faecium
oldugu belirlendi. Daha o6nce yapilan
calismalarda enterokok tiirlerinin neden
oldugu enfeksiyonlarin tedavisinde kullanimi
Onerilen ampisilin ve imipenem direncinin
izolatlarda diisiik oranda belirlendigi bildirilse

de (Bang ve ark., 2017; Ben Said ve ark., 2017,
Troscianczyk ve ark., 2021) sunulan bu
calismada diger ¢alismalarin aksine ampisilin
(% 50) ve imipenem (% 100) direncinin
oldukca yiiksek oldugu goriildii.

S. canis pet hayvanlarinda o6zellikle
yumusak doku enfeksiyonlarindan izole edilen
ve Lancefield grup G’de smiflandirilan
streptokok tlriidiir (Giillii Yiicetepe ve ark.,

2021). Molekiiler tekniklerin kullanildig:
calismada  kedilerin konjuktivalarindan
streptokok  tiirlerinin  identifiye  edildigi

bildirilmistir (Ptoneczka-Janeczko ve ark.,
2017). Daha énce yapilan galigmalara (ilhan ve
ark., 2011; Wang ve ark., 2008; Suter ve ark.,
2017; Williams ve ark., 2017; Cloet ve ark.,
2023) benzer olarak bu ¢alismada da S. canis
izolatlar1 konjunktivitis vakalarindan elde
edilmis olup, zoonotik karaktere sahip bu
etkenlerin (Giillii Yicetepe ve ark., 2021)
hasta sahiplerinin saghigini da olumsuz
etkileyecegi kanaatine varildi.

Genel olarak S. canis izolatlarinda
antimikrobiyal direncin  diisiik  oldugu
bildirilmektedir (Giillii Yiicetepe ve ark., 2021;
Sababoglu ve ark., 2021). Etkenin neden

oldugu enfeksiyonlarin etkili tedavisinde
enrofloksasin  tercth  edilebilecegi  rapor
edilmistir (Ingrey ve ark., 2003; Giilli

Yiicetepe ve ark., 2021). Sunulan ¢alismada
diger caligmalara paralel olarak izole edilen S.
canis suslarinin enrofloksasine duyarli oldugu
belirlendi. Izolatlarda klindamisin direng
oraninin ise yiiksek oldugu goriildii.

Saglikli ve/veya konjunktivitisli kedi ve
kopeklerden alinan okuler 6rneklerde Gram
negatif bakterilerin izolasyon oraninin sinirlt
oldugu goriilmektedir (Wang ve ark., 2008;
Kielbowicz ve ark., 2015; Suter ve ark., 2017
Williams ve ark., 2017). Sunulan ¢alismada da
diger calismalarla benzer sekilde Gram negatif
bakteriyel etkenlerin izolasyon oraninin Gram
pozitif bakteriyel etkenlerin izolasyon oraninin
yaris1 oldugu belirlendi. Bunun yami sira
veteriner hekimlik alaninda siklikla kullanilan
beta-laktam ve sefalosporin grubu
antibiyotiklere kars1 direngte Onemli rol
oynayan genislemis spektrumlu beta laktamaz
enzimleri, calismada izole edilen
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Enterobacteriaceae izolatlarinin % 50’sinde
tespit edildi. Bu durumun kedi ve kopeklerde
goriilen konjunktivitis vakalariin tedavisinde
etkili antibiyotik se¢iminde zorluk yaratacagi
diistiniildii.

4. Sonuclar

Sonug olarak bu ¢alismada Staphylococcus
spp., Enterococcus spp. ve Enterobacteriaceae
suslarinin kedi ve kopeklerde konjunktivitis
olgularina neden olabilecegi ortaya koyuldu.
Pet hayvanlarinda goriilen konjunktivitis
olgularindan S. felis ve S. canis gibi zoonotik
etkenlerin izole edilmesinin kedi ve kopek
saghiginin yani sira hasta sahiplerinin de
saghigr agisindan risk teskil ettigini ortaya
koydu. Bununla birlikte Gram pozitif
bakteriyel etkenlerin  neden  oldugu
konjunktivitis olgularinda gentamisin,
sefalosporin,  enrofloksasin,  klindamisin,
siprofloksasin, kloramfenikol ile tedavide
basarili sonuglar alinabilecegi, Staphylococcus
spp. izolatlarinda penisilin, Enterococcus spp.
izolatlarinda ise imipenem direncinin goz
onlinde bulundurulmasi gerektigi belirlendi.
Gram negatif bakteriyel etkenlerin meydana
getirdigi  olgularin  etkili tedavisinde ise
gentamisin, enrofloksasin,
piperasilin+tazobaktam, imipenem ve
eritromisin gibi antimikrobiyal maddelerin
kullanilabilecegi sonucuna varildi.
Arastirmadan elde edilen verilerin kedi ve
kopek sagligi lizerine calismalarda bulunan
veteriner  hekimlere  katki  saglayacagi
diistiniildi

Yazarlarin Katki Beyam

Tiim yazarlar caligmada esit derecede
katkida bulunmus olup; makalenin son halini
okuyup onayladiklarini beyan ederler.

Cikar Catismasi1 Beyani

Tiim yazarlar bu ¢alisma i¢in herhangi bir
cikar catigsmasi olmadigini beyan ederler.

Etik Kurul Onay1

Bu calisma 15 Subat 2014 tarihinde resmi
gazetede yayimlanan “Hayvan Deneyleri Etik
Kurullarinin Calisma Usul ve Esaslarina Dair
Yonetmelik™ madde 8, k bendi 1. fikra “Teshis
ve tedavi amagli klinik uygulamalar”

kapsaminda yer aldig1 icin HADYEK iznine
tabi degildir.
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Abstract Research Article

To observe the moisture content and germination capacity of durum

wheat seed stored in different storage containers for certain storage

periods, a Lab. experiment was carried out at the Agronomy laboratory,

Hajee Mohammad Danesh Science and Technology University (HSTU),

Dinajpur, Bangladesh during March-May 2016. The experiment was

designed completely randomized design (CRD) with three replications

under three storage periods (30, 45, and 60 days after storage) and three

seed containers (sealed plastic container, polythene bag and gunny bag).

Initial seed moisture content (MC) and germination percentage (GP) was

measured before storage of seeds. Seeds stored in containers gradually

absorb moisture from air with the advancement of storage periods, and Article History

air leaked storage container i.e., gunny bag quickly absorb moisture than Seesiive) 93122023
other two containers. The maximum values of GP were recorded of

durum wheat seed with 30 days after storage (DAS) and the GP reduced Accepted :29.01.2024
significantly with increasing storage periods from 30 to 45 DAS. The

highest GP (78.00 %) was found at 30 DAS in sealed plastic container

while the lowest (57.67 %) at 60 DAS in gunny bag. The rate of reduction

was found to increase with the advancement of storage periods. Durum

wheat seed kept in sealed plastic container and ply bag maintained the

minimum MC and eventually showed highest GP. An outstanding

performance of GP was observed in sealed plastic container seed while

the gunny bag provided the inferior GP among all of the three containers.

Several fungi was observed such as Alternaria, Aspergillus, Keywords
Colletotrichum, Fusarium, Penicillium and Rhizopus during germination Storage containers
study, although no insect was found to any storage container during the storage periods
storage periods. Higher number of fungus was observed in seeds of gunny moisture content
bag than sealed plastic container and poly bag. In conclusion, durum abnormal seedlings
wheat seeds should be stored in air tight container for certain periods. biotic factors

durum wheat seed
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Islam et. al.

1. Introduction

Durum wheat [Triticum turgidum L. var.
durum (Desf.)] is an important cereal crop.
Approximately 90 % of the wheat grown in the
global is the common wheat (Triticum
aestivum). The remaining 9 % acreage is made
up of durum, and club wheat (Triticum
dicoccum) and the rest minors are grown as
livestock feed (Delorit et al., 1974). Durum
wheat is adapted widely to semiarid climates
than bread wheat. In spite of its low acreage,
it is an economically important crop because of
its unique characteristics. Durum kernels are
usually  large, golden amber, and
translucent. These characteristics, along with
its protein content and gluten strength, make it
suitable for manufacturing diverse food
products like suji, semya, sphagetti, egg
noodles, ouscous, and macaroni. Pasta is the
most common durum end product consumed in
Europe, North America, and Russia (Delorit et
al., 1974). Durum wheat is grown primarily
because it withstands drought better and is
more resistant to most diseases than the
common wheat. Despite of its versatile use and
adoptability to the agro-environment, the crop
is still neglected both in the research and
farmers level. Maximum yield potential of the
crop can be exploited through genetic and
agronomic manipulation, among these, use of
quality seed play a key role to get higher yield.
Use of quality seed is the most important factor
for better yield, as quality seeds ensure better
germination (Ahmad, 2001; Islam et al., 2017,
2018). Using of good quality seed can
contribute to increase yield as high as 30%
keeping the other factors of production as
constant (BARI, 1993). Good seed alone can
give an increased production (10-15%)
compare to the seed of a poor seed stock (Alim,
1977). A very significant yield reduction of
17% in case of wheat and 10% in case of rice
due to effect of different quality components of
seed (Huda, 2001). Durum wheat is grown the
winter season (November to March) and seeds
from harvested crops are stored for at least 8-9
months before sowing in the next season.
Major part of seed quality deteriorates at the
time of storage. Although seed quality is
governed by genetic make-up, but commonly

the quality of seeds is deteriorated during
storage period. Seeds tend to lose their
viability due to the effect of biotic and abiotic
factors viz. pathogens, high and low
temperature, moisture etc. during this period.
The proper storage of seed is a very important
factor for the better production of crop and to
ensure food security for future generation.

Several studies have indicated the effect of
packaging materials on the quality of seeds in
terms of germination and viability over a
period of time (Sinha and Sharma, 2004,
Malaker et al., 2008; Chattha et al., 2012;
Sawant et al., 2012; Azam et al., 2018). For
instance, blackgram seeds stored in a gunny
bag resulted in low germination percentage
compared to seeds stored tin and plastic
containers (Islam et al., 2018). However, it has
been reported that the intensity of quality
decreasing of stored seed under different
storage techniques differ among plant species
and within plant species (Al-Yahya, 2001;
Guberac et al., 2003). Using a sweet corn
experiment, Camargo and Carvalho (2008)
confirmed the advantages of employing
hermetically sealed material to maintain
quality of seed, under ambient environments.
Moreover, Adebisi et al. (2008) included
bottles as one of the best materials to store okra
seeds. Seeds which are supposed to be planted
in the subsequent season need to be dried and
stored in moisture barrier materials to control
loss of viability and vigour (Justice and Bass,
1979). Thus, the choice of material used in
storing seed is crucial in ensuring that the
quality of seed is maintained during storage.
Moreover, the deterioration rate depends on
storage condition that is temperature, relative
humidity, seed moisture contents, storage
container types, etc. Types of container also
regulate temperature, relative humidity, and
seed moisture contents. High temperature,
relative humidity, and moisture in the storage
environment appear to be principle factors
involved in deterioration of seed quality (Fakir
et al., 1989). The deterioration of seed during
storage is greatly influenced by storage period
(Islam et al., 2017; Hasan et al., 2017a). It is
against this background that this study was
conducted to determine the effects of
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packaging materials and storage periods on
seed quality and to predict the longevity of
durum wheat seeds.

2. Materials and Methods
2.1. Location and weather conditions

The investigation was conducted at the
Agronomy laboratory of the Hajee Mohammad
Danesh Science and Technology University

(HSTU), Dinajpur during the period from
March to May 2016.

2.2. Weather conditions

The experimental site is located under
tropical climate characterized by high relative
humidity and temperature during the months of
April to July. Information regarding monthly
maximum and minimum temperature and
relative humidity recorded during the period of
experiment are included in Figure 1.
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Figure 1. Relative humidity and air temperature at storage during the period of seed storage

2.3. Seed source, experimental treatments
and design

Durum wheat seed, used material in the
study was collected from Wheat Research
Centre (Bangladesh Agricultural Research
Institute), Nashipur, Dinajpur, Bangladesh.
The experiment consisted two factors naming
factor A: three storage containers, viz. i)
Sealed container (plastic bottle) (Cy), ii) Poly
bag (Cz), and iii) Gunny bag (Cs), and factor B:
three storage periods viz., i) 30 (SP1), ii) 45
(SP2), and iii) 60 (SP3) DAS (days after
storage). There were altogether nine treatment
combinations as follows: i) C1SPy, ii) C1SP»,
iii) C1SP3, iv) C2SP1, v) C2SP2, vi) C3SP3, vii)
C3SPy, viii) C3SP2, and ix) C3SP3. The
experiment was laid out in completely
randomized design (CRD) with three

replications. Total numbers of experimental
units were 27 (3 storage containers X 3 storage
duration x 3 replications).

2.4. Experimentation

Collected seeds were sundried and initial
seed moisture content was measured (wet
basis) before storing the seeds and the value
was (10.5%). Seeds were preserved in the
containers of sealed (plastic bottle) container,
poly bag and gunny bag and stored in room
temperature and relative humidity (RH) up to
60 days. The sealed container was covered
tightly, and the polythene bag and gunny bag
were tight with rope. During the storage period
seed samples were taken at 30, 45, and 60 DAS
from the containers for determination of
change of moisture content (wet basis),
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germination percentage, presence of insect and
diseases.

2.5. Data collection

Sampling was carried out after 30 days of
preservation at 15 day intervals up to 60 days
i.e. 3 times. At each sampling, samples were
taken randomly from each storage container.

2.5.1. Moisture content test

Moisture content was determined at every
15 days during experimental period from 30
DAS. Moisture content was determined by
using high constant temperature oven method
(125-130°C, 2 hr) following International
Rules for Seed Testing (ISTA, 1999).

2.5.2. Germination test

Four hundred seeds were tested for
germination from each container for every
storage period in the plastic pots as per the
rules of ISTA (1999). Germination test was
conducted using sand as substratum in plastic
tray. The sand was sieved to discard particles
bigger than 0.8 mm and smaller than 0.05 mm
in diameter. For every test new sand was used.
Seed was placed on a uniform layer of moist
sand and then covered to a depth of 10 mm
with sand, which was left loose. The pot was
irrigated at every odd day. After 5 days and 8
days, germination percentage was determined.
Data on normal and abnormal seedlings were
recorded from pot experiment. The normal
seedlings and abnormal seedlings were
classified according to the prescribed rules
given by ISTA (2019). Germination
percentage was calculated using the following
formula ISTA (1999).

Number of normal seedlings
* 100

Germination (%) =
Number of seeds tested

2.5.3. Insects and diseases

In every ten days presence and number of
insects and diseased seeds were also observed
in the stored Durum wheat seed. The
pathogens identified from the seed were
recorded.

2.6. Statistical analysis

The recorded and calculated data were
statistically analyzed using a MSTAT-C
Statistical Computer Package Program in
accordance with the principles of Completely
Randomized Design (Gomez and Gomez,
1984). Duncan’s Multiple Range test (DMRT)
was performed to compare variations among
treatments.

3. Results and Discussion

3.1. Effect of storage containers and storage
periods on the moisture content of seed

Moisture absorption by the seeds increased
with the increasing storage period from 30 to
60 DAS. Sealed plastic container and poly bag
were of the statistically identical moisture
content in all sampling dates but the seeds in
gunny bag absorbed a lot of moisture over
time. At 60 DAS, the highest moisture content
(17.88%) was observed in Cs which was
statistically higher than C; (13.00%) and C»
(13.17%). Such result is in agreement with the
findings of Ansari et al. (1996),
Khalequzzaman et al. (2012), and Hasan et al.
(2016) where they concluded that storage
containers have significant effect on the
absorption of moisture from the surrounding
environment. Moisture content was greatly
influenced by the storage containers specially
in gunny bag possibly due to the fact that
gunny bag absorbed moisture from air if it is
stored in natural environment where relative
humidity is higher than the seed moisture
content. For this reason, seeds absorbed
moisture from the ambient air and tended to
equilibrium with relative. Higher moisture
level in seed during storage is one of the main
reasons for loses of viability and vigor sooner.
The MC of durum wheat seed gradually
increased with increasing relative humidity.
The correlation between moisture content and
relative humidity was observed by Huda
(2001) in wheat seed showed that there existed
a positive relationship. Equilibrium moisture
percentages of different crops are shown in
Table 4 (Copeland, 1988).
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Table 1. Effect of storage containers and storage periods on the moisture content of durum wheat seed

Storage containers Moisture (%)
Before storage Storage periods (Days after storage)
0 DAS 30 DAS 45 DAS 60 DAS
C1 11.50 12.47b 12.87b 13.00b
c2 11.50 12.58b 13.02b 13.17b
C3 11.50 14.57a 16.33a 17.88a
LSD 0.373 0.328 0.457

container, C= Poly bag, and Cs= Gunny bag; DAS= Days After Storage

3.2. Effect of storage containers and storage
periods on the GP of durum wheat seed
Germination is the most important function
of a seed as an indicator of its viability and
worth as seed. Seed germination test provides
to the ability of seeds to germinate and produce
a seedling that will emerge and develop onto a
healthy vigorous plant. The germination
percentage (GP) was significantly influenced
by the storage containers during the periods of
30, 45 and 60 DAS. The GP of seeds increased
with the increasing storage period from 30 to
60 DAS. Among the three containers,
germination percentage of the seeds of sealed
plastic container was the highest (78.23%)
followed by poly bag (77.17%) without any
significant variation. The lowest GP (75.83%)
was observed in the seeds stored in gunny bag
at 30 DAS this is due the fact that the seeds in
gunny bag absorbed a lot of moisture from the
ambient air over time (Table 2). At the end of
2 months the germination percentage of durum
wheat seeds kept in sealed plastic container,
poly bag, and gunny bag were decrease to
70.83, 68.05, and 57.61%, respectively. The
decline rate was higher in seeds of gunny bag

In a column, figures having similar letter(s) do not differ significantly whereas figure s bearing dissimilar letter (s) differ significantly (as per DMRT); C1= Sealed plastic

than that of sealed container and poly bag
(Table 2). The GP of wheat seeds stored in
different types of packing materials decreased
with the progress of storage period, and air
leaked storage containers remarkably reduced
the GP than air tight containers as reported by
many researchers (Sinha and Sharma, 2004,
Chattha et al., 2012; Sawant et al., 2012; Azam
et al., 2018; Islam, 2008). Seed deterioration is
natural phenomena and life span of seeds
decrease with the passing of time. Seed
deterioration processes, however, depend on a
large number of genetical and environmental
factors. As seed is highly hygroscopic living
materials and it absorbs moisture from the
surrounding atmosphere. This higher moisture
in the seed may be the main reason of quick
germination deterioration in the seeds of gunny
bag. Similar observations were also recorded
by Khalequzzaman et al. (2012) in French
bean, Hasan et al. (2017b) in lentil, Islam et al.
(2017) in mungbean, and Islam et al. (2018) in
blackgram. The main reason of declining GP
of the seed in gunny or paper bags was due to
insect infestation as a result of high MC
(Chattha et al., 2012).

Table 2. Effect of containers and storage periods on the germination percentage of durum wheat seed

Germination (%)
Storage containers Before storage Storage periods (Days after storage)
0 DAS 30 DAS 45 DAS 60 DAS
Cl 80.23 78.00 75.17a 70.83a
C2 80.23 77.17 73.33a 68.05a
C3 80.23 75.83 64.83b 57.67b
LSD - - 2.258 2.372

Legends: C1= Sealed plastic container, C.= Poly bag, and C3= Gunny bag

3.3. Abnormal seedling

The initial abnormal seedling of seeds in
sealed plastic container, poly bag and gunny
bag were minimum, but it was increased with

increasing storage time. At the end of two
months the abnormal seedling of durum wheat
seed were increased in all treatment
combinations (Table 3). The increasing rate
was higher in seeds of gunny bag, might be due
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to high moisture and fungal activities (Mali et
al., 1983). The percentage of normal seedlings
decreased (Table 2) whereas production of
abnormal seedlings (Table 3) and the number
of dead seeds (data not sow) increased
indicating substantial loss in seed viability.
Similar observation was also reported by Kaur

et al. (1990). Storage conditions along with
pathogenic presence of inocula are responsible
for causing loss in seed germination and
causing primary disease to the emerged
seedlings and also eventually increased
abnormal seedlings.

Table 3. Effect of containers and storage periods on the abnormal seedling of durum wheat seed

Abnormal seedling (%)

Storage containers Before storage

Storage periods (Days after storage)

0 DAS 30 DAS 45 DAS 60 DAS
Cl 9.77 11.27a 16.40a 21.00a
C2 9.77 12.00a 17.86a 22.60a
C3 9.77 14.67b 24.67b 31.00b
LSD - 112 8.25 4.23
C1= Sealed plastic container, C>= Poly bag, and C3= Gunny bag
Table 4. Equilibrium Moisture Content (EMC) chart for different kinds of seeds at 25°C
SNo | Relative Humidity (%) 30 | 40 50 | 60 | 70 | 8 | 90
Name of Seed Seed Moisture Content (%)
1 Rice (Rough) 7.9 9.4 10.8 11.8 134 14.8 17.6
2 Foxtail millet 8.2 9.2 10.9 11.8 13.6 15.3 18.4
2 Wheat 8.5 9.8 11.1 11.8 13.9 15.9 19.7
3 Maize 8.5 9.8 11.0 12.2 13.1 14.2 18.3
4 Peanut 4.2 5.0 6.1 7.2 8.9 10.9 13.0
5 Rye 8.7 9.9 10.9 12.2 13.5 15.7 20.5
6 Sunflower 4.0 5.3 6.7 8.0 9.3 11.7 15.0
7 Pea 8.6 9.6 10.7 11.9 135 155 18.6

Source: Copeland (1988)

3.4. Biotic factors

No biotic factors like insects and pathogen
was observed during the storage period in all
the containers, but during investigation like
germination analysis, several fungi was
observed such as Alternaria, Aspergillus,
Colletotrichum, Fusarium, Penicillium and
Rhizopus. No insect was found to any storage
container. Higher number of fungus was
observed in seeds of gunny bag than sealed
plastic container and poly bag. Because as seed
is highly hygroscopic living materials and it
absorbs moisture from the surrounding
atmosphere, this higher moisture in the seed
may be the main reason for growing of fungus
in the seeds of gunny bag (Mali and Joi, 1985).

4. Conclusion

The moisture content (MC) in seeds stored
in gunny bag significantly increased with the
increment of storage periods but the

absorbance of moisture was minimum in
sealed plastic container and poly bag without
any significant variation between them. On the
other hand, the GP of stored seed in gunny bag
were significantly lower than the seeds stored
in sealed plastic container and poly bag while,
with the advancement of storage periods the
GP decreased and MC increased. The highest
abnormal seedling was found from gunny bag
after two months of storage period than sealed
plastic container and poly bag. Sealed plastic
container is the best storage containers and can
be used for general storage purpose, and durum
wheat seeds should be kept in container for
short period of storage.
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Farkli Organomineral ve inorganik Kompoze Giibrelerin Cérek Otu Bitkisinde Verim
ve Baz1 Verim Unsurlan Ile Kalite Ozellikleri Uzerine Etkisi

Sidika EKREN '™ Ali KOC ¥
! Ege Universitesi, Ziraat Fakiiltesi, Tarla Bitkileri Béliimii, izmir
*Sorumlu Yazar (Corresponding author): alikoc344@gmail.com

Ozet Arastirma Makalesi
Caligma, 2021-22 vejetasyon doneminde Ege Universitesi Ziraat Fakiiltesi

Tarla Bitkileri Boliimii deneme alaninda yiiriitilmistiir. Arastirmada

organominaral ve kompoze giibrelerin ¢orekotu bitkisinin verim ve verim

komponentleri ile yag orani ve yag kompozisyonunun belirlenmesi

amaglanmigtir. Cameli ¢orek otu tohumu arastirma materyali olarak

kullanilmistir. Arastirmada faktor olarak kontrol, 4:11, 11:21:5, 18:46:0, Makale Tarihgesi

20:20:0 ve 15:15:15 giibreleri uygulanmustir. Cikis siiresi (giin), ¢igeklenme Gelis Tarihi :25.12.2023
stiresi (gilin), yetistirme siiresi (giin), bitki boyu (cm), toplam dal sayis1 (adet s .

bitki™), toplam kapsiil say1s1 (adet bitki™), bin tane agirhg: (g), tohum verim (kg Sl 29.01.2024
da?), biyolojik verim (kg da), hasat indeksi (%), yag verimi (kg da), yag oran1

(%) ve yag bilesenleri (%) gibi 6zellikler incelenmistir. Elde edilen sonuglara

gore, tohumlarinin ¢ikis siirelerinin 15-18 giin, vejetasyon siirelerinin ise

118-129 giin arasinda degisim gosterdigi belirlenmistir. Uygulanan giibreler

acisindan bitki boyunun 63.0-72.3 cm, toplam kapsiil sayisinimn 6.0-8.8 adet

bitki* arasinda degisim gosterdigi belirlenmistir. Tohum verimi en yiiksek Anahtar Kelimeler
85.48 kg da! ile 20:20:0 inorganik kompoze giibrede bulunmustur. Corek otu
Organomineral giibrelerin igerisinde ise 4:11 giibresi 11:21:5 giibresine gore giibre

daha yiiksek verim degerine ulasmustir. Yag veriminin ise 20.9-26.0 kg da’ verim

arasinda degismistir. Yag orani en yiiksek % 32.1 ile 20:20:0 ve % 31.2 ile yag orani

11:21:5 giibresinden tespit edilmistir. Uygulanan organomineral ve inorganik yag kompozisyonu

kompoze giibreler agisindan yag asidi kompozisyonunda en fazla linoleik asit
onu sirastyla oleik ve palmitik asitlerin izledigi goriilmiis olup oransal olarak
dagilimlar1 sorasiyla % 22.79-23.93, % 52.77-54.69, % 12.56-13.41 olarak
saptanmistir.

The Effect of Different Organomineral and Inorganic Composite Fertilizers on Yield
and Some Yield Components with Quality Parameters in Black Cumin

Abstract Research Article
This study was carried out Ege University Faculty of Agriculture Field Crops
Department in the experimental area during the 2021-22 vegetation period.
In this study, it was aimed to determine the yield and yield components, oil
ratio and oil composition of the black cumin plant of organomineral and
compound fertilizers. Cameli black cumin seeds were used as research
material. Control, 4:11, 11:21:5, 18:46:0, 20:20:0 and 15:15:15 fertilizers

were applied in the experiment. Emergence time (days), flowering time Avrticle History
(days), growing time (days), plant height (cm), total number of branches Received :25.12.2023
(pieces plant?), total number of capsules (pieces plant?), thousand grain Accepted :29.01.2024

weight (g), seeds yield (kg da™), biological yield (kg da™), harvest index (%),
oil yield (kg da?), oil ratio (%) and oil components (%) were investigated.
According to the results obtained, it was determined that the emergence
period of the seeds varied between 15-18 days and the vegetation period
between 118-129 days. In terms of applied fertilizers, it was determined that
the plant height varied between 63.0-72.3 cm and the total number of capsules
varied between 6.0-8.8 pieces plant™. In terms of seed yield, the highest 85.48 Keywords

kg da?! was found in 20:20:0 inorganic compound fertilizer. Among the Black cumin
organomineral fertilizers, 4:11 fertilizer reached a higher yield value than fertilizer
11:21:5 fertilizer. The oil yield varied between 20.9-26.0 kg da™. In terms of yield
organomineral and compound fertilizers, the highest oil ratio was determined oil content

from 20:20:0 with 32.1% and 11:21:5 with 31.2%. In terms of applied oil composition
organomineral and inorganic composite fertilizers, linoleic acid was the most

followed by oleic and palmitic acids, respectively, in fatty acid composition,

and their proportional distribution was determined as 22.79%-23.93%, 52.77-

54.69%, 12.56-13.41%.
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Ekren ve Kog

1. Giris

Son yillarda diinyada ve {ilkemizde
insanlarin dogal {iriinlere olan talep ve ilgisi
artmistir. Bu ilgi ve talep artisinin pek c¢ok
sebebi vardir. Sentetik {riinler hakkindaki
potansiyel toksik ve kanserojen etkiler
nedeniyle olumsuz algmin artmasi, dogal
driinlerin daha saglikli olmasi ve diinya
capinda yasanilan pandemi siireci bu artigin
baslica kaynaklari oldugu diistintilmektedir.

Tiirkiye tibbi ve aromatik bitkilerin mensei
ve cesitliligi agisindan zengin bir ilke
konumundadir.  Sifali  bitkiler arasinda,
iilkemizin farkli yorelerinde kara kimyon, kara
tohum, ciliccam, coccam gibi birgok isimle
bilinen ¢orek otunun geleneksel tipta halk
arasinda  yaygin  olarak  kullanildig
bilinmektedir (Baytop, 1999; Telci ve ark.,
2011).

Ranunculacea familyasindan bir bitki olan
¢orek otu (Nigella sativa L.), diinyada pek ¢ok
iilkede tarimi yapilmakla birlikte; Giineybati
Asya ve Akdeniz Bolgesi’'nde daha yogun
olarak yetistirilmektedir (Kaskoos, 2011, Kara
ve ark., 2015). Tek yillik otsu bir formda olup
dogal olarak da yayilis gostermektedir.
Ulkemizde Nigella sativa L., Nigella
damascena L. tiirlerine ait ¢orek otu tohumlari
daha yaygin olarak kullanilmaktadir. Ancak
yetistiriciliginin yapildig1 ve ticari anlamda
kullaniminin daha yogun oldugu tiir ise Nigella
sativa L.’dir (Faydaci, 2019).

Ulkemizde ¢orek otu bitkisi daha ¢ok
Bursa, Afyonkarahisar, Konya, Burdur,
Nevsehir, Gaziantep ve Mardin illerinde
yetistirilmektedir. Tiirkiye Istatistik Kurumu
verilerine gore, yillar itibar1 ile ¢orek otu
iiretim alan1 ve liretim miktarinda artis oldugu
goriilmektedir. 2020 yilinda 3377 dekardan
3412 ton; 2021 yilinda 8391 dekar iiretim
alanindan 6435 ton ve 2022 yilinda da 10802
dekardan 10089 ton ¢orek otu tohumu elde
edilmistir (TUIK, 2022). Her ne kadar tiretim
miktarinda  yillar  bazinda  bir  artig
kaydedilmesine ragmen son on yilin dig alim
ve dis satim verilerini degerlendirdigimizde
net ithalatci durumda oldugumuz
gorilmektedir.

Yukarida acgik¢a belirtildigi gibi; son
yillarda iiretim miktarlarindaki artis genis bir
kullanom alanina sahip ¢orek otunun
tiiketimimizdeki miktar1 karsilayamamaktadir.
Ciinkii ¢orek otu c¢ok eski yillardan bu giline
halk hekimliginden tedavi edici yoniine; gida
tirtinlerindeki kullanimindan baharat olarak
tiiketimine kadar ¢ok yonlii bir bitkidir (Akgtil,
1993; Kiigiikemre, 2009). Yag igeriginde
bulunan bilesenler antitlimor, antibakteriyel,
antioksidan, antimikrobiyal, antifungal
aktiviteler gibi pek ¢ok genis yelpazede etki
gostermesi neticesinde kas gevsetici, cesitli
agrilart  giderici, bagisiklik  giiclendirici,
kolesterol ve tansiyon diizenleyici gibi
hastaliklarin tedavi edilmesinde yardimct bir
bitki oldugu bilinmektedir. Tiim bunlarin yan
sira, Tiirk tibbinda Hipokrat ve Ibn-i Sina’nin
recetelerinde de bu bitkiye ayr1 bir 6nemin
verildigi kayitlarda goriilmektedir. Islam
tilkelerinde ¢orek otu tohumu kutsanmis tohum
olarak belirtilir ve 6liim hari¢ bin bir derde
deva bitki olarak bilinmektedir (Baydar, 2016).

Yetistirme teknigi acisindan gerek sulu
tarim alanlarinda gerekse kuru tarim alanlarina
uygunlugu nedeniyle ve i¢ ve dis pazarlardaki
talep artiglar1 diistiniildiigiinde liretiminin karl
bir liretim oldugu diisiiniilmektedir.

Ulkemizde ¢oérek otu yetistiriciliginde
ozellikle bolgesel popiilasyonlardan iiretilip
yetistiriciligi yapilmaktadir. Halihazirda tescil
edilmis bir tek ¢esidi bulunmaktadir. Eskisehir
Gegit Kusagi Tarimsal Arastirma
Enstitiisii’'nde 1slah edilen ve 8 Nisan 2014
tarihinde tescil edilmis olan bu ¢esit Cameli
¢esididir (Anonim, 2020) Cesit gelistirme ile
ilgili  yapilmis c¢ok fazla  arastirma
bulunmamaktadir. Ancak bu bitki ile ilgili
ekim zamani, sulama, giibreleme, tohum
miktart gibi yetistirme teknikleri {izerine
yapilmis pek ¢ok arastirma mevcuttur. (Das ve
ark., 1991; Hajar ve ark., 1996; Geren ve ark.,
1997; Mozaffari ve ark., 2000; Ashraf ve ark.,
2006, Akgoren, 2011, Baytore, 2011, Kilig ve
Arabaci, 2016, Giilhan, 2020).

Yapilan bu ¢alismalar icerisinde bitki besin
maddesi iizerine olan aragtirmalarda azot,
fosfor dozlariin bitki gelisimi ve iirlin kalitesi
tizerine etkilerinin oldugu dikkati gekmektedir.
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Besin maddelerinin yeterli miktarda olmadigi
durumlarda giibreleme vasitasiyla topraga ve
bitkiye besin maddesi saglanmaktadir. Aksi
takdirde istenilen verim kalitede iiriin elde
etmek mimkiin olamamaktadir. Bitkiler azot,
fosfor, potasyum gibi temel giibreleri istenilen
miktarlarda alamadiklar1 durumlarda vegetatif
gelisimleri  yavas olmakta nihayetinde
generatif doneme gecis asamasinda ¢icek
olusumlar1 ve meyve ve de tohum tesekkiilleri
tam olarak ger¢ceklesememektedir. Bu yilizden
bitkiler kompoze ve organomineral igerikli
ticari giibreler ile bitki besin maddesi icerikleri
temin edilmektedir (Onceler, 2005).

Ele alman bu calismada; ¢orek otu
bitkisinin farkli organomineral ve inorganik
giibrelerle Bornova ekolojik kosullarinda
verim, bazi verim komponentleri ve kalite
unsurlari iizerine etkileri amaglanmistir.

2.Materyal ve Yontem

Calismada materyal olarak Gegit Kusagi
Tarimsal Arastirma Enstitiisii’'nde (Eskisehir)
1islah edilen ve 8 Nisan 2014 tarihinde tescil
edilen Cameli ¢esidi kullanilmustir.

Arastirma 2021-22 yilinda Ege Universitesi
Ziraat Fakiiltesi Tarla Bitkileri Boliimii deneme
tarlasinda yuritilmistir. Tablo 1
incelendiginde, ¢orek otu bitkisinin ekiminden
hasada kadar gecen vejetasyon siiresi
igerisinde ortalama sicaklik, ortalama oransal
nem ve toplam yagis miktarlar1 uzun yillar
ortalamalar1 ile karsilastirildiginda sicaklik ve
nem degerlerinin uzun yillar verilerinden daha
yiiksek; toplam yagis miktarlarinin ise daha
diistik oldugu goriilmektedir.

Tablo 1. Arastirmanin yiiriitiildiigii izmir ili Bornova ilgesi arastirma ve uzun yillara ait iklim verileri

Aylar Ort. Solcakhk Ort. Oransal 'I:oplam
C) Nem (%) Yagis (mm)
2021-22 Uzun yillar 2021-22 Uzun yillar 2021-22 Uzun yillar
Aralik-2021 11.2 105 78.1 717 178 137.9
Ocak-2022 7.9 9.0 719 70.1 71.9 112.2
Subat-2022 10.0 9.2 74.8 68.1 74.8 99.7
Mart-2022 8.6 11.8 62.6 66.1 62.6 82.9
Nisan-2022 17.7 16.1 63.8 62.9 63.8 46.4
May1s-2022 22.3 21.0 58.6 59.6 58.6 254
Haziran-2022 27.5 26.0 55.0 52.9 55.0 7.5
Temmuz-2022 29.9 28.3 44.9 51.2 44.9 21
¥/ X 16.9 16.5 63.7 62.6 408.0 514.1
Wwww.mgm.gov.tr
Arastirmanin yuriitildigi Bornova  bir yapiya sahip oldugu goriilmektedir.

ekolojik Ege Universitesi Ziraat Fakiiltesi
Tarla Bitkileri Bolimii’ne ait deneme alanine
toprak 6zellikleri Tablo 2.’de sunulmustur

Deneme alani toprak yapisinin killi-tin (%
30.4 kil, % 38.6 mil ve % 31.0 kum 0-60 cm)

Arastirma alan1 topragi pH orta alkali
reaksiyonlu, organik madde igeriginin diisiik,
kiregge zengin, azotga orta, fosforca noksan ve
potasyumca yeterli oldugu tespit edilmistir
(Kacar, 2009).
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Tablo 2. Arastirmanin yiiriitiildiigi deneme alanina iligkin toprak 6zellikleri

) Toprak Derinligi (cm)

Ozellik Birim 0-30 30-60
Tekstiir Killi-tn Killi-tin

Kum % 34.84 34.84

Mil % 32.16 32.16

Kil % 33.00 33.00

pH 8.01 7.76

Organic madde % 1.56 1.78

CaCOs % 20.81 22.14

Toplam Tuz % 0.080 0.092

Toplam N % 0.072 0.084

Almabilir Fosfor mg kg™ 2.15 1.86
Almabilir Potasyum mg kg™ 245.18 210.21

Alnabilir Kalsiyum mg kg™ 5884 6402

Calisma Tesadiif Bloklar1 Deneme Desenine
gore 3 tekerrlirlii olarak kurulmustur. Sira arasi
40 cm, sira tizeri kesiksiz olacak sekilde Ekim
23 Aralik 2021 tarihinde yapilmistir. Dekara 2
kg hesabiyla tartilan tohumlar 1-2 cm derinlige
diisecek sekilde acilan gizilere elle atilmig ve
tizerleri  Ortiilmistiir.  Parsel  boyutlar
1.2x3m=3.6m? olan denemede bloklar arasinda

Tablo 3. Calismada uygulanan giibreler

Im bosluk birakilmistir. Toplam deneme alani
134.2 m? dir.

Calismada 8 kg da™ saf azot gelecek sekilde
asagida belirtilen organomineral ve inorganik
kompoze giibreler kullanilmistir (Tablo 3).
Azotlu giibrelerin yaris1 ekimle beraber diger
yarist da dallanma baslangicinda her parsele
ayr1 ayri verilmistir.

Kontrol

4:11

11-11-11-11+(SO3)+Zn+5HF

Organomineral Giibreler 11:21:5

11:21:5+(10S03)+0,5Zn+150.M+7H.F

18:46:0

Diamonyum fosfat

Inorganik Giibreler 20:20:0

15:15:15

Sira iizerinde ¢ikis islemi gergeklestikten
sonra sira lizerinde 10 cm aralik birakilarak
bitkiler seyreltilmigtir. Sulama, yabanci ot
temizligi gibi kiiltiirel islemler bitkinin gerek
duydugu hava sartlarina gore ayr ayr
yapilmistir. Vejetasyon siiresince herhangi bir
hastalik ya da zararli ile karsilagilmadigi i¢in
herhangi bir ilaglama gergeklestirilmemistir.

Hasat olgunluguna gelen bitkiler 11
Temmuz 2022 tarithinde toprak {izerinden 5-10
cm birakilarak bigak yardimiyla elle hasat

edilmistir. Daha sonra kapsiillerinden tohumlar
her parsel i¢in ayr1 ayr1 temizlenmistir.

Arastirmada, ¢ikis siiresi (giin), ¢igeklenme
stiresi (giin), yetistirme siiresi (gilin), bitki boyu
(cm), toplam dal sayis1 (adet bitki™), toplam
kapsiil say1s1 (adet bitki™), bin tane agirhgi (g),
tohum verim (kg da™), biyolojik verim (kg da-
1), hasat indeksi (%), yag verimi (kg da™) gibi
fenolojik gozlemler ile verim ve verim
komponentleri (Telci, 1995), yag orant (%):
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(FAO, 1996; Hisil, 2007), yag bilesenleri (%)
belirlenmistir.

Sonuglarin istatistiksel degerlendirmesi
Tesadif Bloklari Deneme Desenine gore
TotemStat Istatistik Programindan

yararlanilarak yapilmistir. Arastirmadan elde
edilen veriler varyans analizine tabi tutularak,
muameleler arasindaki farklar LSD testi ile
belirlenmistir (A¢ikgdz ve ark., 2004).

3. Bulgular ve Tartisma
3.1.Cikis, ciceklenme ve yetistirme siiresi

Cikis, ciceklenme ve yetisme siireleri

bakimindan uygulanan giibreler arasinda
istatistiki anlamda  bir fark olmadig
gorilmiistiir.

Corek otu tohumlarinin ¢ikis siiresinin 15-

PR

18 giin arasinda degistigi saptanmistir.
140 129 127 125
120 : : :
100
g 80
| 60 | | I
40
20 18 16 17
0
Kontrol 04:11

m Cikis stirest (giin) ®m Cigeklenme siiresi (giin)

75
16| 16|

11:21:05 18:46:00 20:20:00 15:15:15 Ortalama

Inorganik  kompoze giibre  uygulanan
parsellerde ¢ikis siirelerinin organomineral
giibre konularina ye nazaran daha 6nce ¢ikis
gosterdigi  belirlenmistir. Cigeklenme ve
yetistirme siirelerinde de ¢ikis siiresine uygun
paralel bir seyir izlendigi gorilmustiir.
Ciceklenme siiresinin 72 giin ile 15:15:15
giibresinde tespit edilmistir. Onu 76 giin ile
20:20:0 ve 11:21:5 giibreleri izlemistir.
Uygulanan giibrelerin vejetasyon siirelerine
etkileri 118-129 giin arasinda belirlenmistir
(Sekil 1). Istatistiki olarak aralarinda fark
bulunmamakla beraber organomineral
giibrelenen parsellerde vejetasyon  siiresi
bakimindan inorganik kompoze  giibre
uygulamalarina nazaran bir artis oldugu
bulunmustur. Her iki giibre konular1 kontrol
uygulamasina kiyasla vejetasyon siiresini daha
erkene ¢cekmistir.

h

121 123 g

7l 758
1~\| 16,|

H

Yetistirme stiresi (giin)

Sekil 1. Organomineral ve inorganik kompoze giibrelerin ¢orekotu bitkisinin ¢ikis, ¢igeklenme ve
yetistirme siireleri {izerine etkisi

Tokat ekolojik kosullarinda ytiriitiilen bir
calismada farkli sira arasi (15-20-25-30 cm)
mesafelerde yetistirilen Tokat, Balikesir ve
[zmir ¢érek otu popiilasyonlarinin ¢imlenme,
ciceklenme ve vejetasyon siirelerinin farklilik
gosterdigini  rapor  edilmistir.  Izmir
popiilasyonun 20 cm sira arasinda ve Balikesir
popiilasyonunun ise 25 cm sira aras1 mesafede
15 gilinde; Tokat popiilasyonunun ise tiim
mesafelerde 16 glinde ¢imlendigini
saptamistir. Cigeklenme siireleri bakimindan

ise Izmir ve Balikesir popiilasyonlar1 70-71
giin, Tokat 76 giinde ¢iceklenme siiresine sahip
oldugu belirlenmistir. Ayni1 aragtirmada
vejetasyon siirelerinin ise Izmir 118 giin,
Balikesir 120 giin ve Tokat ise 126 giinliik

yasam dongilistine sahip oldugu tespit
edilmistir (Telci, 1995).
Cimlenme, c¢iceklenme ve vegetayon

stirelerinin bitkinin genotipik yapisinda, ekim
zamanina (yazlik-kislik), giibreleme, sulama
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gibi kiiltiirel islemlere ve yorenin ve yilin iklim
kosullarina bagli olarak degistigini ifade
etmistir (Ertas, 2016). Kirsehir ekolojik
kosullarinda 3 farkli corekotu genotipinin
incelendigi bir aragtirmada ¢imlenme stiresinin
17-25 giin, ¢igceklenme siiresinin 54-86 giin ve
vejetasyon siiresinin ise 107-153 giin arasinda
degistigini  bulmustur (Selicioglu, 2018).
Isparta ekolojik kosullarinda Nigella sativa L.
ve Nigella damascana L. tiirlerine ait 10 farkli
corek otu genotipinin arastirildigi ¢alismada
vejetasyon siiresinin  134-157 giin arasinda
degistigini  saptamistir  (Faydaci, 2019).

76
74
72 70.3 70,7
b
68
66

cm

N N
o A~
S

Kontrol 04:11

LSD 4.118**

Arastirmamizda bulgularimizda ¢imlenme,
ciceklenme ve vejetasyon siirelerine ait
sonuglarin yukaridaki literatiir bulgular ile
uyumlu oldugu goriilmektedir.

3.2.Bitki boyu

Bitki boyu {izerine uygulanan giibrelerin
etkisinin istatistiksel olarak % 1 seviyesinde
onemli  oldugu  gorilmiistir.  Corekotu
bitkisinde bitki boyunun 63.0-72.3 cm arasinda
degistigi belirlenmistir. En yiiksek bitki
boyuna (72.3 cm) inorganik giibrelerden
15:15:15 glibresinde ulagilmistir (Sekil 2).

11:21:05 18:46:00 20:20:00 15:15:15 Ortalama

** p<0.01

Sekil 2. Organomineral ve inorganik kompoze giibrelerin ¢orekotu bitkisinin bitki boyu (cm), tizerine
etkisi

Corekotu bitkisi ile ilgili yiiriitiillen bazi
aragtirmalarda  bitki  boyunun  Ankara
ekolojisinde 28.6-32,1 cm (Arslan, 1994) ve
29.17-56,53 cm (Arslan ve ark., 2011),
Tekirdag ekolojisinde  34.53-38.10 cm
(Baytore, 2011), Eskisehir ekolojisinde 33-
43.67 cm (Kulan ve ark., 2012), 32.33-35.47
cm (Tavas ve ark., 2013) ve 34.81-37.48 cm
(Turan, 2014) ve Erzurum ekolojisinde 22.0-
47.7 ecm (Uriisan, 2016) arasinda degistigini
tespit etmislerdir.

Arastirmamizda  bitki boyuna iligkin
buldugumuz degerlerin yukarida belirtilen
arastirma sonuglarindan daha yiiksek oldugu
tespit edilmistir. Bu durumun kullanilan

cesitten, uygulanan giibre ¢esidi ve dozundan,
yetistirildigi ekolojiden kaynaklanmis
olabilecegi diisiiniilmektedir.

3.3.Toplam dal sayisi

Toplam dal sayis1 bakimindan yapilan
istatistigi analiz sonucunda % 1 seviyesinde
onemlilik gosterdigi belirlenmistir. Kontrole
kiyasla en yiiksek dal sayisina 9.2 adet ile
11:21:5 organomineral giibresinden elde
edilmistir. Onu istatistiki anlamda ayn1 grup
icerisinde yer alan 8.8 adet bitki! ile 4:11
organomineral giibresi izlemistir. Inorganik
kompoze giibreler icerisinde en yiiksek dal
sayist 8.5 adet bitki ile 18:46:0 giibresinden
elde edilmistir (Sekil 3).
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(adet/bitki)
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Kontrol 04:11

LSD 0.876**
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11:21:05 18:46:00 20:20:00 15:15:150rtalama

** n<0.01

Sekil 3. Organomineral ve inorganik kompoze giibrelerin ¢orekotu bitkisinin toplam dal say1si (adet/bitki)
izerine etkisi

Corek otunda farkli ekim zamanlar1 ve
tohumluk  miktarlarinin  arastirildigr  bir
calismada dal saymmin 3.80-9.54 adet bitki™
arsinda degistigini saptamiglardir (Kilig ve
Arabaci, 2016). Yapilan diger arastirmalarda
dal sayisinin 2.50-6.90 arasinda degistigini
belirlemisglerdir (Kalgin, 2003; Baytore, 2011;
Taqi, 2013, Faydact, 2019). Calismamizda dal
sayisina iliskin elde etigimiz sonuglarin Kilig
ve Arabaci’nin (2016) nin tespit ettigi degerler
araligi ile uyumlu oldugu goriilmektedir.

Kontrol 04:11

LSD 0.703**

(adet/bitki)
O = ) e L Oy =1 00 o O
o
I
: o0
I -

3.4. Toplam kapsiil sayisi

Farkli organamineral ve inorganik kompoze
giibrelerin toplam kapsiil sayis1 {izerine etkisi
p<0.01 o6nem diizeyinde istatistiki farklilik
oldugu tespit edilmistir. Toplam dal sayisinda
oldugu gibi toplam kapsiil sayisinda da en
yiksek deger organomineral giibrelerde elde
edilmistir. Toplam kapsiil sayist uygulanan
giibreler agisindan 6.0-8.8 adet/bitki arasinda

PR

degistigi saptanmistir (Sekil 4).

11:21:05 18:46:00 20:20:00 15:15:15 Ortalama

** n<0.01

Sekil 4. Organomineral ve inorganik kompoze giibrelerin ¢érekotu bitkisinin toplam kapsiil sayisi (adet/bitki)
iizerine etkisi
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Tokat ekolojik  kosullarinda  yazlik
ekimlerde kapsiil sayisinin  5-7,  kishik
ekimlerde ise 7-14 adet arasinda degistigini
tespit etmistir (Ertas, 2016), Ankara’da
ylriitiilen arastirmada 4.57- 13.72 adet
(Kalgin, 2003), Sanliurfa’da ise 4.03- 7.63 adet
(Kosar ve Ozel, 2018) araliginda degistigini
bulmuslardir.

Arastirmamizda elde ettigimiz sonuglarin
Ertas (2016)’mm kislik ekimlerinde buldugu
sonug araliginda oldugu gorilmektedir. Diger
literatiir ~ degerlerindeki  farkliligin  ise
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Kontrol 04:11

uygulanan giibre ve giibre dozu, ¢esit ve iklim
kosullarindan olabilecegi diisiiniilmektedir.

3.5.Bin dane agirhgi

Farkli organomineral ve inorganik kompoze
giibrelerin bin dane agirlig1 tizerine istatistiki
anlaminda fark bulunmadig goriilmistiir.
Kontrole kiyasla en yiiksek bin dane
agirhginin 2.40 gr ile 11:21:5 organomineral
giibresinden elde edildigi belirlenmistir. Onu
rakamsal olarak 2.33 g ile 4:11 giibresi
izlemistir (Sekil 5).

11:21:05 18:46:00 20:20:00 15:15:15 Ortalama

Sekil 5. Organomineral ve inorganik kompoze giibrelerin ¢orekotu bitkisinin bin dane agirligi (g) iizerine
etkisi

Farkli  tohumluk miktar1 ve ekim
zamanlarinin arastirildigi ¢alismada bin dane
agirhiginin 1.94-2.59 arasinda degistigini tespit
etmislerdir (Kili¢ ve Arabaci, 2016). Yapilan
farkli aragtirmalarda bin dane agirhigini 2.57-
2.79 g (Taqi, 2013), 2.22-2.65 g (Kulan ve ark.,
2012), 2.40-2.90 g (Tektas, 2015) arasinda
degistigini belirlemislerdir.

Arastirmamizda bin dane agirligina iliskin
buldugumuz sonuglarin yukarida belirtilen

literatiir degerleri ile uyum igerisinde oldugu
gorilmektedir.

3.6.Biyolojik verim

Biyolojik verim bakimindan uygulamalar
arasindaki  fark istatistiki olarak %]
seviyesinde Oonemli bulunmustur. En yliksek
biyolojik verim degerinin 20:20:0 giibresinden
elde edilmistir. Organomineral giibrelerinden
elde edilmistir. Organomineral giibrelerinden
ise en yiksek 155.37 kg dal ile 4:11
giibresinde bulunmustur. Uygulanan
giibrelerin verim degerleri verdigi
bulunmustur. Calismamizda biyolojik verime
ait bulgularin 115.39-184.63 kg da™ arasinda
degisim gosterdigi saptanmustir (Sekil 6).
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kg/da

Kontrol 04:11

LSD 14.0**

11:21:05 18:46:00 20:20:00 15:15:15 Ortalama

** n<0.01

Sekil 6. Organomineral ve inorganik kompoze giibrelerin ¢orekotu bitkisinin biyolojik verim (kg da‘l)
tizerine etkisi

Izmir ekolojik kosullarinda ¢érek otu
biyolojik veriminin 113.5-118.8 kg da’
arasinda bulmuglardir (Geren ve ark., 1997).
Bornova ekolojik kosullarinda 10 farkli ¢orek
otu popiilasyonu ile yiiriittiikkleri calismada
biyolojik verimin 99.5-336.1 kg da™ arasinda
degismistir (Sonmez ve ark., 2009). Tokat’ta
ylriittiigli calismasinda biyolojik  verimin
146.1-334.6 kg da' arasinda degistigini
saptamistir (Ertag, 2016). Biyolojik verime
iliskin  buldugumuz sonuglarin belirtilen
literatiir deger araliklar1 ile uyumlu oldugu
belirlenmistir.

100

76,3 75,6
80 70,8 =
I

kg/da
N
]

Kontrol 04:11

LSD 7.207**

3.7.Tohum verimi

Glibre uygulamalarinin tohum verimine
etkisinin istatistiksel olarak % 1 seviyesinde
onemli oldugu tespit edilmistir. En yiiksek
tohum verimi 85.48 kg dal ile 20:20:0
inorganik kompoze giibrede bulunmustur. Bu
giibreyi ikinci sirada 83.11 kg da?ile 18.46.0
giibresinin  izledigi  goriilmiistiir. Tohum
verimi  bakimindan inorganik kompoze
giibrelerin organomineral giibrelere gore daha
yiksek sonu¢ verdigi tespit edilmistir.
Organomineral giibrelerin igerisinde ise 4:11
giibresi 11:21:5 giibresine gore daha yiiksek
verim degerine ulagmustir (Sekil 7).

11:21:05 18:46:00 20:20:00 15:15:15 Ortalama

** n<0.01

Sekil 7. Organomineral ve inorganik kompoze giibrelerin ¢orekotu bitkisinin tohum verimi (kg da™)
iizerine etkisi.
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Yapilan arastirmalarda tohum verimine
iligkin elde edilen sonuglar incelendiginde;
28.4-43.5 kg da* (Baytére, 2011), 67.7-90.3 kg
da?! (Kulan ve ark., 2012); 28.1-89.1 kg da*
(Kilig ve Arabaci, 2016) arasinda degisen
sonuclarda oldugu goriilmektedir.

Bu arastirmada elde edilen sonuglarin
belirtilen literatiirler ile uyumlu oldugu
belirlenmistir.

3.8. Hasat indeksi

Verilere uygulanan istatistiki  analiz
sonucunda giibrelerin hasat indeksine etkisi %
1 seviyesinde dnemli bulunmustur. En yiiksek
hasat indeksi % 61.6 ile Kkontrol
uygulamasindan en diisiik ise % 44.6 ile
20:20:10 inorganik kompoze giibrelerinden
elde edildigi goriilmiistiir (Sekil 8).

11:21:05 18:46:00 20:20:00 15:15:15 Ortalama

** n<0.01

Sekil 8. Organomineral ve inorganik kompoze giibrelerin ¢orekotu bitkisinin hasat indeksi (%) tizerine
etkisi

70
61,6
60 I 55.7
_ 491 I
50 I
40
© 30
20
10
0
Kontrol 04:11
LSD 7.187**
Bursa  ekolojik  kosullarinda  farkli

genotipler ile yiriitilen arastirmada hasat
indeksinin % 36.7-45.7 arasinda degistigini
belirlemistir  (Ozdemirel, 2019).  Farkli
ekolojik kosullarda yiiriitiilen aragtirmalarda;
hasat indeksi degerleri % 22.4-42.6 (Arslan,
1994; Telci, 1995; Beyzi, 2018; Selicioglu,
2018) olarak elde edilmistir.

Aragtirmamizda buldugumuz hasat indeksi
degerleri belirtilen literatiirlerin iizerinde
bulunmustur.

3.9.Yag verimi

Elde edilen verilere uygulanan istatistiki
analiz neticesinde giibre uygulamalar1 arasinda
% 5 seviyesinde Onemli farklilik oldugu
belirlenmistir. En yiiksek yag verimi 26 kg da
lile 15:15:15 giibresinden tespit edilmistir.
Yag verimi miktarlar1 kontrol uygulamasi ile
karsilagtirildiginda inorganik kompoze
giibrelerin organomineral giibrelere gore daha
yiksek sonu¢ verdigi saptanmistir. Yag
verimin 20.9-26.0 kg da® arasinda degisim
gosterdigi belirlenmistir (Sekil 9).
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5,00

0,00

Kontrol 04:11

LSD 2.629**

11:21:05 18:46:00 20:20:00 15:15:150rtalama

* p<0.05

Sekil 9. Organomineral ve inorganik kompoze giibrelerin ¢orekotu bitkisinin yag verimi (kg da™) iizerine
etkisi

Farkli arastiricilar  yiiritmiis  olduklari
calismalarinda ¢orek otu verimini; Erzurum
ekolojik kosullarinda 68.39-77.01 kg da*
(Kalg¢in, 2003), Kirsehir ekolojik kosullarinda
19.7-43.3 kg da?® (Selicioglu, 2018), Isparta
ekolojik kosullarinda 36.0-109.9 kg da?
(Faydaci, 2019) araliklarinda  degisen
degerlerde tespit etmiglerdir.

Calismamizda buldugumuz yag verimi
degerlerinin Selicioglu, (2018) ile uyumlu
oldugu goriilmektedir. Diger arastiricilarin
bulgularindan daha diistiktiir. Bu durumun
kullanilan cesit ya da genotipten kaynaklanmis
olabilecegi sdylenebilir.

3.10.Yag oram

Yapilan varyans analiz sonucunda yag orani
bakimindan istatistiksel bir farklilik olmadig1
belirlenmistir. En diisiik yag oran1 % 28.7 ile
18:46:0 giibresinden elde edilirken en yiiksek
ise % 32.1 20:20:0 kompoze giibresinden elde
edilmistir. Organomineral giibrelerin yag
oranlari incelendiginde ise 4:11 giibresinden %
30.7 ve 11:21:5giibresinden ise % 31.2 olarak

belirlenmistir. Kontrol uygulamasinin ise yag
oraninin % 29.5 oldugu sonucuna varilmigstir
(Sekil 10).

Saglik, (2020), farkli organik giibre
uygulamalarinda ¢orek otu bitkisinin sabit yag
oranlar1 % 12.20- % 19.95 arasinda degisen
degerlerde tespit etmistir. Ozdemirel, (2019),
Bursa ekolojik kosullarinda yiiriitmiis oldugu
arastirmasinda sabit yag degerlerini % 29.14-
32.98 arasinda degistigini belirlemistir. Farkli
arastiricilarin ¢orek otu bitkisinin yag oranlar
% 24-43 arasinda degisen degerlerde
etmislerdir (Akgiil, 1993; Telci, 1995; Kalgin,
2003; Ozel ve ark., 2009).

Arastirmada sabit yag oranma iliskin elde
edilen sonuglarin Saglik, (2020) disinda diger
literatiir ~ bulgular1 ile uyumlu oldugu
goriilmektedir. Bu durumun yodntemden
kaynaklandig1r soguk pres yonteminde yagin
tamaminin allamamis olmasindan
kaynaklanmis olabilecegi diistiniilmektedir.
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11:21:05 18:46:00 20:20:00 15:15:150rtalama

Sekil 10. Organomineral ve inorganik kompoze giibrelerin ¢orekotu bitkisinin yag orani (%) tizerine
etkisi

3.11.Yag bilesenleri

Tablo 4 incelendiginde, ¢orekotu bitkisine
uygulanan  organomineral ve inorganik
kompoze giibreler acisindan yag asidi
kompozisyonunda en fazla linoleik asit onu
sirastyla oleik ve palmitik asitlerin izledigi
goriilmistiir. Linoleik asit oransal bakimdan %
52.37-54.69 arasinda degistigi goriilmiis olup
en fazla 15:15:15 giibresinde tespit edilmistir.
Oleik asit ise en az % 22.79 ile 11:21:5

giibresinde bulunurken en ¢ok % 23.93 ile 4:11
organomineral  giibresinde  saptanmustir.
Palmitik asitin degisim aralig1 ise % 12.56-
13.32 olarak belirlenmistir. Bu major
bilesenlerin yan1 sira arastirmada tridecanoic
asit, Muyristic asit, Pentadecanoic asit,
Heptadecanoic asit, Stearik asit, Arachidic asit,
Cis-11-eicosenoik asit, Linolenik asit ve Cis-
11, 14-eicosadienoic asit gibi yag asidi
kompozisyonlari da elde edilmistir.

Tablo Hata! Belgede belirtilen stilde metne rastlanmadi.. Organomineral ve inorganik kompoze giibrelerin
corekotu bitkisinin yag asitleri kompozisyonu iizerine etkisi (%)

Yag asidi Kompozisyonu | Kontrol 4:11 11:21:5 | 18:46:0 | 20:20:0 | 15:15:15
Tridecanoic asit C13:0 0.38 0.42 0.48 0.36 0.52 0.41
Myristic asit C14:0 0.65 0.53 0.62 0.38 0.53 0.49
Pentadecanoic asit C15:0 0.21 0.24 0.43 0.20 0.35 0.15
Palmitik asit C16:0 13.04 13.41 13.32 12.56 13.03 12.93
Heptadecanoic asit C17:0 0.39 0.39 0.63 0.35 0.55 0.40
Stearik asit C18:0 2.66 2.54 8.65 2.53 2.33 241
Oleic asit C18:1 cis 23.33 23.93 22.79 23.15 23.58 22.84
Linoleik asit C18:2 cis 53.37 52.90 52.37 54.34 52.77 54.69
Arachidic asit C20:0 0.46 0.35 0.47 0.25 0.37 0.40
Cis-11-eicosenoik asit C20:1 0.39 0.52 0.48 0.41 0.37 0.42
Linolenik asit C18:3n3 0.30 0.35 0.00 0.41 0.31 0.38
Cis-11, 14-eicosadienoic asit C20:2 2.41 2.46 2.43 2.51 2.51 2.59
Behenik asit C22:0 0.38 0.32 0.33 0.54 0.30 0.25
Cis-13, 16-docosadenoic asit C20:3n6 0.23 0.41 0.46 0.37 0.44 0.33
Lignoceric asit C24:.0 0.25 0.32 0.50 0.37 0.26 0.18
Faydact  (2019), yiritmiis  oldugu  bilesigin linoloik asit (% 42.3 - % 55.8) oldugu

arastirmada ¢orek otu yaginda en fala bulunan

ve onu sirasiyla oleik ve palmitik yag
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asitlerinin  izledigini  belirlemistir.  Seran
(2011), ¢orekotu yaginda en ¢ok bulunan yag
asitlerini linoleik asit (% 50-60), oleik asit (%
18-25), palmitik asit (% 12-13) olarak
bulmustur. Amin ve ark. (2010), ¢orekotu
yaginin yag asitleri kompozisyonun da baslica
yag asitlerinin linoleik asit (% 50.2), oleik asit
(% 19.9), margarik asit (% 10.3) ve stearik asit
(% 2.5) oldugunu ifade etmislerdir.

Arastirmada yag asitleri kompozisyonu
bakimindan bulunan bilesenler ve oransal
dagilimlarinin diger arastiricilarin bulgulari ile
uyumlu oldugu goriilmektedir.

4. Sonuglar

Tiirkiye tibbi ve aromatik bitkilerin mensei
ve cesitliligi agisindan zengin bir iilke
konumundadir. Ulkemizde tarrmi yapilan ve
ticarete konu olan tek ¢orek otu tiirii Nigella
sativa L.’dir. Corek otu Diinya’da ve
Tiirkiye’de tliketiminin ¢ok olmasina karsin
bitkinin yetistiriciliginde 06zellikle bolgesel
poplilasyonlardan  dretilip  yetistiriciligi
yapilmaktadir. Calismamizda  Cameli
corekotu ¢esidi arastirma materyali olarak
kullanilmigtir. Uygulanan organomineral ve
kompoze giibrelerin bu ¢esidin verim, verim
komponentleri ve bazi kalite parametreleri
iizerine etkisi incelenmistir. Mevcut arastirma
ile elde edilmis sonuglar1 degerlendirmek ve
bulgulara dayali asagidaki sonug¢ ve Onerileri
siralamak miimkiindiir:

Verim miktarlar1 bakimindan arastirma
sonuglari yorumlandiginda; inorganik
kompoze giibrelerin organomineral giibrelere
gore daha 1yi sonug verdigi belirlenmistir. Yag
verimi ve yag orani bakimindan sonug 20:20:0
giibresinden elde edilmistir. Organomineral
giibreler acisindan ise 4:11 giibresi daha iyi
bulunmustur.

Uygulanan organomineral ve inorganik
kompoze giibreler acisindan yag asidi
kompozisyonunda en fazla linoleik asit onu
sirastyla oleik ve palmitik asitlerin izledigi
goriilmiistir.

Calismanin tek y1llik olmasi nedeniyle en az

bir yil daha yiritilip sonuglarinin
yorumlanmasinin daha iyi olacagi
diistiniilmektedir.

Yazarlarin Katki Beyani

Yazarlar makaleye esit katkida
bulunduklarini, makalenin yayma hazir son
halini gordiiklerini/okuduklarini ve
onayladiklarini beyan ederler.

Cikar Catismasi1 Beyani

Tlm yazarlar, bu ¢alisma i¢in herhangi bir
cikar catigmast olmadigini beyan etmektedir.

Finansman

Bu arastirma FYL-2021-23363 no’lu
projeden iretilmis bir Yiiksek Lisans Tez
calismasidir.  Ege Universitesi  Bilimsel
Arastirma Proje Koordinatorliikk birimine
tesekkiirlerimizi arzederiz.

Aciklama

Bu caligma, ikinci yazarin yliksek lisans
tezinden tiretilmistir.

KAYNAKLAR

Acikgdz, N., llker, E., Gokedl, A., 2004.
Biyolojik  Arastirmalarin  Bilgisayarda
Degerlendirilmeleri.  Ege  Universitesi

Tohum Teknoloji Uygulama ve Arastirma
Merkezi Yayin No:2 Bornova/lzmir.

Akgoren, G., 2011. Baz1 ¢orek otu (Nigella
sativa L.) popiilasyonlarmm tarimsal
ozellikleri. Yiiksek Lisans Tezi, Eskisehir

Osmangazi Universitesi Fen Bilimleri
Enstitiisii, Eskisehir.
Akgil, A., 1993. Baharat Bilimi ve

Teknolojisi. Gida Teknolojisi Yayinlari,
No:15, Ankara.

Amin, S., Mir, S.R., Kohli, K., Babar, A,
Mohd, A., 2010. ‘A study of chemical
composition of black cumin oil and its
effect on penetration enhancement from

transdermal formulations’. National
Product Research, 24(12): 1151-1157.

Anonim, 2020. Corek Otu Fizibilite Raporu ve
Yatirimer Rehberi. T.C. Tarim ve Orman
Bakanhigi  Bitkisel ~ Uretim  Genel
Midiirligi. Ankara.

358



Ekren ve Kog

Anonim, 2022. T.C. Cevre Sehircilik ve Iklim
Degisikligi Bakanligi, Meteoroloji Genel
Midirliagi.  (www.mgm.gov.tr), (Erisim
Tarihi: 18.11.2023)

Arslan, Y., Katar, D., Subast. 1., 2011. Cérek
otu (Nigella sativa L)nda farkli ekim
zamanlarinin  verim ve baz1 bitkisel
Ozelikler tizerine etkileri. Tibbi ve Aromatik
Bitkiler Sempozyumu, Kongre Bildiriler
Kitabi, 13-15 Eyliil, Tokat, s. 132-139.

Arslan, N., 1994. Ekim zamanmi ve bitki
sikligmin  ¢orek otu (Nigella sativa)
verimine etkisi. Ankara Universitesi, Tarla

Bitkileri Merkez Arastirma  Enstitiisii
Dergisi, 3(1-2): 73-80.

Ashraf, M., Ali, Q., Igbal, Z., 2006. Effect of
nitrogen application rate on the content and
composition of oil, essential oil and
minerals in black cumin (Nigella sativa L.)
seeds. Journal of the Science of Food and
Agriculture. 86(6): 871-876.

Baydar, H., 2016, Tibbi ve aromatik bitkiler
bilimi ve teknolojisi. Siilleyman Demirel
Universitesi, Ziraat Fakiiltesi, Yaym No:51,
Isparta.

Baytop, T., 1999. Tirkiye’de Bitkiler ile
Tedavi (Geg¢miste ve Bugiin) 2. Baski.
Nobel T1bb1 Kitabevi.

Baytore, F., 2011. Baz1 ¢orek otu (Nigella
sativa L.) popiilasyonlarinin verim ve verim
kriterlerinin belirlenmesi. Yiiksek Lisans
Tezi, Namik Kemal Universitesi Fen
Bilimleri Enstitiisti, Tekirdag.

Beyzi, E., 2018. Corek otu bitkisinin (Nigella
sativa L.) Kayseri ekolojik kosullarinda
verim ve kalite 6zelliklerinin belirlenmesi.
Avrupa Bilim ve Teknoloji Dergisi, 14: 245-
248.

Das, A.K., Sadhu, M.K., Som, M.G., 1991.
Effect of N and P levels on growth and yield
of black cumin (Nigella sativa linn.).
Horticultura Journal, 4(1): 41-47.

Ertas, M.E., 2016. Tokat Kazova ekolojik
kosullarinda kishik ve yazlik ekilen ¢orek
otu (Nigella sp.) genotiplerinin agronomik
ve kalite Ozelliklerinin  belirlenmesi.

Yiiksek Lisans Tezi, Gaziosmanpasa
Universitesi Fen Bilimleri Enstitiisu, Tokat.

FAO, 1996. Food and Nutrient Paper, 14/8,
5.256-261.

Faydaci, 2019. Isparta kosullarinda ¢orek otu
(Nigella sativa L.) genotiplerinin fenolojik
agronomik  ve  kalite  Ozeliklerinin
belirlenmesi. Yiiksek Lisans Tezi, Isparta
Uygulamali  Bilimler Universitesi Fen
Bilimleri Enstitiisti, Isparta.

Geren, H., Bayram, E., Ceylan, A., 1997.
Corekotu (Nigella sativa L.)’unda farkli
ekim zaman1 ve  fosforlu  giibre
uygulamasinin verim ve kaliteye etkisi.
Tiirkiye II. Tarla Bitkileri Kongresi, Kongre
Bildiriler Kitabi, 22-25 Eyliil, Samsun, s.
376-380.

Giilhan, M.F., 2020. Aksaray ekolojik
kosullarinda farkli ekim zamanlarinda
corek otunun (Nigella sativa L.) verim,
kimyasal igerik ve antioksidan kapasitesinin
belirlenmesi. EJONS International Journal
on Mathematic, Engineering and Natural
Science.

Hajar, A.S., Zidan, M.A. and Al Zahrani, H.S.,
1996. Effect of salinity stress on the
germination, growth and some
physicological activites of black cumin
(Nigellasativa L.). Arab Gulf Journol of
Scientific Research, 14(2): 445-454.

Hisil, Y., 2007. Enstriimantal Gida analizleri
Lab.  Deneyleri. Ege  Universitesi
Miihendislik Fakiiltesi Yaymnlar1, Izmir.

Kacar, B., 2009. Toprak Analizleri. 2. Baski,
Nobel Yayinlari, Ankara.

Kalgm, F.T., 2003. Iki ¢orek otu tiiriinde
(Nigella sativa L., Nigella damascena L.)
ekim sikliklarinin verim ve verim 6gelerine
etkisi. Yiiksek Lisans Tezi, Ankara
Universitesi Fen Bilimleri Enstitiisii,
Ankara.

Kara, N., D., Katar, H., Baydar., 2015. Yield
and quality of black cumin (Nigella sativa
L.) populations: the effect of ecological
conditions. Turkish Journal of Field Crops,
20(1): 9-14.

359


http://www.mgm.gov.tr/

Ekren ve Kog

Kaskoos, R.A., 2011. Fatty acid composition
of black cumin oil from Irag. Research
Journal of Medicinal Plant, 5(1): 85-89.

Kilig, C., Arabaci, O., 2016. Corek otu
(Nigella sativa L.)'nda farkli ekim zamani
ve tohumluk miktarinin verim ve kaliteye
etkisi. Adnan Menderes Universitesi.

Kosar, 1., Ozel., A., 2018. Cérekotu (Nigella
sativa L.) ¢esit ve popiilasyonlarmin
karakterizasyonu: 1. Tarimsal ozellikler.
Harran Tarim ve Gida Bilimleri Dergisi,
22(4): 533-543.

Kulan, E.G., Turan, Y.S., Giilmezoglu, N.,
Kara, 1., Aytag, Z., 2012. Kuru kosullarda
yetistirilen ¢orek otunun (Nigella sativa L.)
baz1 agronomik ve kalite ozellikleri. Tibbi
ve Aromatik Bitkiler Sempozyumu, Kongre
Bildiriler Kitabi, 13-15 Eyliil, Tokat, s. 177-
181.

Kiigtikemre, D., 2009. Corek otunda (Nigella
sativa L.) farkli sira araliklari ve ekim
normlariin verim ve kalite ozeliklerine
etkileri. Yiiksek Lisans Tezi,
Gaziosmanpasa Universitesi Fen Bilimleri
Enstitiisti, Tokat.

Mozoffari, F.S., Ghorbanli, M., Babai, A.,
Sepehr, M.F., 2000. Effects of watter stress
on the seed oil of Nigella sativa L. Journal
of Essential Oil Research, 12(1): 36-38.

Onceler, 1.H., 2005. Ana iiriin yerfistig1
yetistiriciliginde, farkli igerikli giibre
uygulamalarinin, verim ve bazi tarimsal
Ozelliklere etkisi. Yiksek Lisans Tezi,
Cukurova Universitesi Fen Bilimleri
Enstitiisii, Adana.

Ozdemirel, F., 2019. Farkli kokenli ¢corek otu
(Nigella sativa L.) genotiplerinin Bursa
ekolojik kosullarinda verim ve bazi kalite
Ozelliklerinin belirlenmesi. Yiiksek Lisans
Tezi, Bursa Uludag Universitesi Fen
Bilimleri Enstitiisii, Bursa.

Ozel. A., Demirel, U., Giiler. 1., Erden, K.,
2009. Farkli sira araligt ve tohumluk
miktarlarinin ¢orek otunda (Nigella sativa
L.) verim ve bazi tarimsal karakterlere
etkisi. Harran Universitesi Ziraat Fakiiltesi

Dergisi, 13(1): 17- 25.

Saglik, A., 2020. Cukurova kosullarinda
corekotu (Nigella sativa L.)‘nda organik ve
ticari giibre uygulamalarinin verim ve kalite
lizerine etkileri. Yiiksek Lisans Tezi,
Cukurova Universitesi Fen Bilimleri
Enstitiisii, Adana.

Seliciogluy, M., 2018. Kirsehir-Boztepe
ekolojik kosullarinda bazt ¢orek otu
popiilasyonlarinin  bitkisel ve tarimsal
Ozelliklerini belirlenmesi. Yiiksek Lisans
Tezi, Siileyman Demirel Universitesi Fen
Bilimleri Enstitiisti, Isparta.

Sénmez, C., Ekren, S., Sancaktaroglu, S.,
2009. Farkli ¢orekotu (Nigella sativa L.)
popiilasyonlarimin =~ verim  ve  kalite
ozellikleri. Tiirkive 8. Tarla Bitkileri
Kongresi, Poster Bildiriler, Cilt 1., 19-22
Ekim, Antakya, s. 303-307.

Seran, E., 2011. Yagl tohumlara uygulanan
ultrasonik destekli 6n gézlem ile soguk pres
yaglarinda verim ve kalitenin arttirilmasi.
Yiiksek Lisans Tezi, Istanbul Teknik
Universitesi Fen Bilimleri Enstitiisii,
[stanbul.

Taqi, H., 2013. Samsun kosullarinda bazi
¢orek  otu (Nigella  sativa  L.)
populasyonlarinda 6nemli tarimsal ve kalite
ozelliklerinin belirlenmesi. Yiiksek Lisans
Tezi, Ondokuz Mayis Universitesi Fen
Bilimleri Enstitiisti, Samsun.

Tavas, N., Katar, N., Aytac, Z., 2013. Eskisehir
ekolojik kosullarinda yetistirilen ¢orek otu
(Nigella sativa L.)’nda verim, verim
ozellikleri ve sabit yag bilesenleri. /1. Tibbi
ve Aromatik Bitkiler Sempozyumu, Kongre
Bildiri Kitabi, 23-25 Eyliil, Yalova, s. 623-
629.

Uriisan, Z., 2016. Bazi ¢orek otu
genotiplerinde ~ tarirmsal ~ ve  kalite
Ozelliklerinin belirlenmesi. Yiiksek Lisans
Tezi, Atatiitk Universitesi Fen Bilimleri
Enstitiisti, Erzurum.

360



Ekren ve Kog

Tektas, E., 2015. Harran ovasi kosullarinda
birim alandaki tohum sayisinin ¢orek otu
(Nigella sativa L.)’nun verim ve bazi
bitkisel 6zelliklerine etkisi. (Basilmamis
Yiiksek Lisans Tezi), Harran Universitesi
Fen Bilimleri Enstitiisii, Sanliurfa.

Telci, 1., 1995. Tokat sartlarinda farkli ekim
sikliginin ¢orek otu (Nigella sativa L.)'unda
verim, verim unsurlar1 ve bazi bitkisel
Ozelliklerine etkisi. Yiiksek Lisans Tezi,
Gaziosmanpasa Universitesi Fen Bilimleri
Enstitust, Tokat.

Telci, 1., Bayram, E., Ekren, S., Sonmez, C.,
2011. Tirkiye’de tibbi ve aromatik

bitkilerin tiretimi, /. Ali Numan Kira¢ Tarla
Bitkileri Kongresi, Kongre Bildiri Kitab,
27-30 Nisan, Eskisehir, s. 2263.

Tuik, 2022. Tiirkiye Istatistik Kurumu (TUIK).
(Www.tuik.gov.tr), (Erisim tarihi:
22.11.2023).

Turan, Y., 2014. iki ¢érek otu genotipine
(Cameli c¢esidi, Bilecik populasyonu)
uygulanan farkli fosfor dozlarinin verim ve
kalite unsurlar1 iizerine etkileri. Yiiksek
Lisans Tezi, Osmangazi Universitesi Fen
Bilimleri Enstitiisii, Eskisehir.

Ekren, S., Kog¢, A., 2024. Farkli Organomineral ve Inorganik Kompoze

Atif Sekli

Giibrelerin Corek Otu Bitkisinde Verim ve Bazi Verim Unsurlan Ile Kalite

Ozellikleri Uzerine Etkisi. ISPEC Tarim Bilimleri Dergisi, 8(2): 346-361.
DOI: https://doi.org/10.5281/zenodo.11158367.

Ekren, S., Kog, A., 2024, The Effect of Different Organomineral and Inorganic

To Cite

Composite Fertilizers on Yield and Some Yield Components with Quality

Parameters in Black Cumin. ISPEC Journal of Agricultural Sciences, 8(2): 346-

361.

DOI: https://doi.org/10.5281/zen0do.11158367.

361


http://www.tuik.gov.tr/

ISPEC Tarim Bilimleri Dergisi, 8(2): 362-368, 2024
ISPEC Journal of Agricultural Sciences, 8(2): 362-368, 2024
DOI: https://doi.org/10.5281/zenodo.11207993

©O28

Determination of Volatile Organic Compounds in Different Parts of Hibiscus syriacus L.

by SPME/GC-MS Method

Mubin KOYUNCU *® Musa KARADAG 2/, Ayse BARAN 3", Ziibeyir GUNES *

! Igdir University, Department of Food Engineering, Faculty of Engineering, Igdir
2 Igdir University, Department of Chemical and Chemical Processing Technologies, Vocational School of

Technical Sciences, Igdir

3 Mardin Artuklu University, Graduate Education Institute, Department of Biology, Mardin
4 Mardin Artuklu University, Department of Crops and Animal Production, Mardin

“Corresponding author: mubin.koyuncu@igdir.edu.tr

Abstract

Aromatic plants are plants with a wide range of traditional uses. One of
the areas of medical use is their consumption for nutritional purposes.
Aromatic plants have been used for thousands of years for their
preservative and medicinal properties and for enhancing the aroma and
flavor of foods. Hibiscus species L. are among the aromatic plants widely
used in Tirkiye. Studies have shown that Hibiscus species L. have anti-
inflammatory, antibacterial, antifertility, antifungal, antioxidative,
antihypertensive, and hypoglycaemic effects. The use of aromatic plants
for therapeutic purposes for centuries has made their compounds the
research subject. Gas chromatography-mass spectroscopy (GC-MS) was
combined with solid phase microextraction (SPME) to determine volatile
organic compounds. Twenty-nine volatile organic compounds were
determined from different parts of H. syriacus L. species. The compounds
with the highest content are carvacrol, thymol, eucalyptol, and linalool.
The compounds with the highest ratios determined in the flower, seeds,
leaves, and buds of Hibiscus syriacus L. were carvacrol (57.93 %),
carvacrol (31.50 %), thymol (44.53 %) and carvacrol (54.54 %),
respectively.
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1. Introduction

Aromatic plants have been used for
centuries for pharmaceutical, cosmetic, and
perfumery purposes. Essential oils, medicines,
herbal health products, dyes and colorants,
personal care products, plant protection
products, and intermediate components of
these products are obtained from aromatic
plants (Lubbe and Verpoorte, 2011; Tetik et
al., 2013). Aromatic plants have been used for
thousands of years for their preservative and
medicinal properties and for enhancing the
aroma and flavor of foods (Christaki et al.,
2020). According to the World Health
Organization, traditional medicines are used
by more than 80 % of the world's population
for primary health care (Balkrishna et al.,
2022). Turkiye is one of the countries where
aromatic plants are used most intensively with
its rich plant diversity (Tetik et al., 2013).
Hibiscus species are among the aromatic plants
widely used in our country.

Hibiscus species, including those from
Asia, the Middle East, Europe, and North
America, are widely distributed. More than
300 species of the genus Hibiscus, Hibiscus
sabdariffa, and Hibiscus rosa-sinensis are the
main species investigated for pharmacological
activities. Various parts of Hibiscus species L.,
including flowers, stem and stem bark, roots,
leaves, and seeds, have been used in oriental
medicine (Balkrishna et al., 2022; Yang et al.,
2020). H. syriacus L. is known for its
medicinal properties in traditional treatments.
The biological structure of the tree classifies it
as part of the Malvaceae plant family, and it is
widely cultivated in more than 50 countries
worldwide, including Europe and Asia. The
color of the petals of H. syriacus L. cultivars
varies between white, pink, red, and purple,
and the shape of the flower is described as a
single or double flower (Park et al., 2022).

Bioactive compounds such as flavonoids,
anthocyanins,  phenolic  acids, lignans,
coumarins, hydroxybiscone A, nonanoic acid,
triterpene derivatives, and polysaccharides
have been isolated from Hibiscus species. In
the last 20 years, the antioxidant activities of
anthocyanins obtained from Hibiscus flower

pigments have been investigated (Yang et al.,
2020). Recently, antiproliferative activity of
the root bark of H. syriacus L. against cancer
cells has been reported, and several
triterpenoids have been isolated as active
constituents. There are many published studies
on the pharmacological activity of the root and
bark (Park et al., 2022). In addition, Hibiscus
species are known to contain a large number of
secondary  metabolites with  biological
activities  such as  anti-inflammatory,
antibacterial, antifertility, antifungal,
antioxidative, antihypertensive, and
hypoglycaemic (Balkrishna et al., 2022). It is
reported that Hibiscus species show
antioxidant, antibacterial, diuretic, antipyretic,
antihypertensive, anticholesterol, and
antidiabetic properties depending on the
bioactive substances they contain. Hibiscus is
used in the food industry to prepare herbal tea,
hot and cold drinks, jams, confectionery, ice
cream, chocolate, flavorings, puddings, and
cakes (Dinger et al. 2020).

The use of aromatic plants for therapeutic
purposes for centuries has made their
compounds the research subject.
Characterization of the volatile organic
compound profile is an important tool for
authenticity assessment, food quality, and
determination of potential benefits of the
compounds (Koyuncu, 2022). The study aimed
to determine the volatile organic compound
characteristics of steam extracts obtained from
different parts of Hibiscus syriacus L..

2. Materials and Methods
2.1. Plant material

The species identification of Hibiscus
syriacus L. plant used in the study was carried
out by Prof. Dr. Hasan Akan from Harran
University. The flowers, seeds, leaves, and
buds of this plant were used for the study.

2.2. Essential oil extraction

30 g from each part of Hibiscus dried in
shadow at air conditions and powdered by a
blender added to 200 mL of distilled water
(1/10: w vy separately, and extraction was
performed in a Neo-Clevenger then filtered.
The filtrate was used for chromatographic
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analysis. Karadag et al. (2021)’s method was
used with modifications.

2.3. Analysis of volatile organic compounds

Volatile organic compounds were analyzed
using the SPME/GC-MS technique. 1.00 ml of
plant extract was weighed into 30 ml vials
(Supelco, USA), and 5 ml of ultrapure water
was added. The vials were kept at 40 °C for 30
min to allow the volatile components to
equilibrate in the headspace. SPME fiber
(Supelco Co., Bellefonte, PA, USA) was used
for the adsorption of volatiles. Desorption of
the extracted volatiles was carried out using the
Thermo Fisher Trace 1SQ GC-MS gas
chromatography-mass spectrometry system.
The device was operated in split (1:8 ratio)
mode. During desorption, helium was used as
carrier gas (at a flow rate of 1.0 mL min'), and
the SPME fiber was kept in the injection port
at 250 °C for 2 min. Volatile compounds were
separated using a DB-5MS column (30 m X
0.25 mm x 0.25 pm; Agilent, USA). The oven
temperature was kept at 40 °C for 1 minute,
then increased to 120 °C by heating at 5 °C per
minute and kept at this value for 2 minutes,
then increased to 240 °C by heating at 10 °C
per minute and kept at this temperature for
three minutes. The mass spectrometer was set
to scan between 45 and 450 amu (threshold
1000) at a sampling rate of 1.11 scans s
(Koyuncu, 2021). Volatile components were
identified by comparison with MS libraries.

3. Results and Discussion

Volatile organic compounds are emitted as
gases and contain different structures of
chemicals with health effects (EPA, 2017).

Essential oils from plants have been reported
to have broad antimicrobial activity against
various bacterial and fungal pathogens (Zhang
et al., 2017). Characterization of the volatile
profile is essential for authenticity assessment
and food quality (Oliveira-Alves et al., 2020).
Volatile organic compounds such as ketones,
terpene esters, and alcohols are volatile
compounds obtained from medicinal plants.
Some of these compounds are considered
inhibitory agents of pathogens and are widely
used for food preservation (Karadag et al.,
2021).

As a result of the chromatographic analyses
(Figure 1), 29 volatile organic compounds
were determined from Hibiscus syriacus L.
plant (Table 1). Among the volatile organic
compounds obtained from flowers, seeds,
leaves, and buds of H. syriacus L., the highest
ratios are carvacrol, thymol, eucalyptol, and
linalool compounds, respectively. The
compounds with the highest ratios determined
in the flower part of H. syriacus L. were
carvacrol (57.93 %), eucalyptol (12.09 %), and
y-terpinene (10.62 %). The compounds with
the highest ratios determined from the seeds of
Hibiscus syriacus L. were carvacrol (31.50 %),
eucalyptol (21.40 %), and thymol (9.71 %).
Among the volatiles determined from the
leaves of this plant, 44.53 % thymol, 12.36 %
eucalyptol, and 8.15 % linalool were the
compounds with the highest ratios. In
comparison, 54.54 % carvacrol, 10.54 %
linalool, and 4.59 % eucalyptol were the
compounds with the highest ratios from the
buds of this plant.
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Figure 1. Chromatographs of different parts of H. syriacus L.

The bioactive properties of aromatic plants
are determined by their ingredients. In vitro
and in vivo studies show that carvacrol, which
has the highest rate of volatile components in
Hibiscus syriacus L., possesses a variety of
biological and pharmacological properties
including antioxidant, antibacterial, antifungal,
anticancer, anti-inflammatory,
hepatoprotective, spasmolytic, and
vasorelaxant (Can Baser, 2008; Sharifi-Rad et
al., 2018; Suntres et al., 2015). Carvacrol has
been reported to be found in many aromatic
plants like oregano, thyme, white thyme,
summer savory, winter savory, pepperwort,
and wild bergamot (Sharifi-Rad et al., 2018;
Suntres et al.,, 2015). The second most
abundant volatile organic compound in H.
syriacus L. was thymol. Thymol has been
observed its antioxidant, antispasmodic,
antimicrobial, anti-inflammatory, and
anticancer properties and is also identified for
its antiseptic and antimicrobial effects (Memar
etal., 2017). Carvacrol and thymol are isomers
and are monoterpenic  phenols and
biosynthesized from y-terpinene (Can Baser,
2008). In our study, we detected y-terpinene in
all parts of H. syriacus L.. To determined
thymol and carvacrol as the highest volatile
organic compounds in Thymus vulgaris in their

study (Gavaric et al., 2015). The same survey
found carvacrol to be the most volatile organic
compound in the Origanum vulgare plant.
Fachini-Queiroz et al. (2012) reported
carvacrol, alpha-terpineol, and endo-berneol as
the dominant volatile aromatic compounds in
Thymus vulgaris L.

The compound with the third highest ratio
among the volatile organic compounds
detected in H. syriacus L. is eucalyptol.
Eucalyptol displays therapeutic effects in
respiratory illnesses. Several clinical trials
have been conducted in people with respiratory
diseases such as rhinosinusitis, bronchitis,
asthma, and chronic obstructive pulmonary
disease (COPD), with positive results (Galan et
al., 2020; Boukhatem et al., 2020). reported a
lavander species containing more than 60 %
eucalyptol. In a study in which the Lavandula
angustifolia plant was examined, eucalyptol
(15.10 %) and linalool (11.98 %) were reported
as the volatile components with the highest
ratio (Karadag et al., 2021). Linalool, the
fourth one of volatiles, is a monoterpene
alcohol that occurs naturally in many aromatic
plants and is widely used in the flavor and
fragrance industry. The biological activities of
linalool can be listed as antimicrobial, anti-
inflammatory, anticancer, antioxidant
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properties, hepatoprotective, renal protective, al. 2009) reported that linalool and eucalyptol
and lung protective activity, and it has been  have a strong protective effect against oxidant-
confirmed that linalool has various effects on induced genotoxicity, mainly due to their
the central nervous system (An et al., 2021; radical scavenging activity.

Kamatou and Viljoen, 2008; Mitic-Culafic et

Table 1. Volatile organic compounds of different parts of H. syriacus L.

Flowers ‘ Seeds Leaves Buds
RT Compound Name Cas Number Area %
1.73 2-Propanol 67-63-0 10.17 nd nd nd
2.13 Hexane 110-54-3 nd 0.80 nd nd
4.76 Hexanal 66-25-1 0.58 0.35 0.92 0.94
6.00 2-Hexanal 505-57-7 nd nd 2.20 0.17
7.28 Heptanal 111-71-7 0.49 1.22 0,56 0.19
8.19 a-Pinene 80-56-8 0.20 0.89 nd nd
8.67 Camphene 79-92-5 nd 0.78 0,84 nd
9.49 2-a-Pinene 127-91-3 1.09 141 2.91 1.03
9.83 a-Myrcene 123-35-3 1.31 1.73 4.40 0.15
10.23 | Octanal 124-13-0 nd 0.41 nd 0.29
10.65 |a-Terpinene 99-86-5 2.08 0,43 nd 0.29
11.11 | Eucalyptol 470-82-6 12.09 21.40 12.36 4.59
11.93 | y-Terpinene 99-85-4 10.62 2.12 1.43 1,64
12.26 | Cis-Sabinen hydrate 15826-82-1 0.47 0.46 nd 0,63
13.15 | Linalool 78-70-6 4.71 5.42 8.15 10.54
13.67 | a-Thujone 546-80-5 nd 0.27 nd nd
14.54 | Camphor 76-22-2 nd 1.00 2.07 nd
15.29 | Borneol 507-70-0 0.83 1.00 1.95 1.06
15.53 | 4-Terpineol 562-74-3 2.56 0.45 1.43 1,40
15.94 | a-Terpineol 98-55-5 nd 0.55 1.12 nd
16.23 | Decanal 112-31-2 nd 1.91 1.81 1.69
16.50 | Chavicol 501-92-8 nd nd 0.47 nd
17.48 | Carvone 99490 nd 1.12 0.85 0.15
17.98 | Nonanoic acid 112-05-0 nd nd nd 1.77
18.55 | Thymol 89-83-8 nd 9.71 44.53 0.36
19.15 | Carvacrol 499-75-2 57.93 31.50 nd 54.54
21.39 | p-Damascenone 23726-93-4 nd nd 0.76 nd
22.34 | trans-Caryophylene 87-44-5 1.94 1.89 nd 0.25
23.03 | a-Humulene 6753-98-6 nd 0.15 nd nd
RT: Retention time. nd: not determined.

4. Conclusion very important in human nutrition due to their

bioactive properties, was carried out. The
study was performed by chromatographic
analysis method. Twenty-nine volatile organic
compounds were identified from different

In our study, the characterization of volatile
organic compounds in flowers, seeds, leaves,
and buds of H. syriacus L. species, which are
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parts of H. syriacus L. Among these
compounds, the highest ratios are carvacrol,
thymol, eucalyptol, and linalool. In the studies
on these compounds, their positive effects on
human nutrition and health have been
determined, so it has been understood that H.
syriacus L, which contains these compounds,
is a plant that should be included in human
nutrition.
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Abstract Research Article

This study was conducted to evaluate the suitability of Lavender

(Lavandula latifolia) plant for the remediation of soils contaminated with

nickel (Ni). The Lavender plant has the potential to clean contaminated

soils by absorbing pollutants through a method called phytoextraction. In

the research, Ni-contaminated soils were prepared under controlled

conditions, and Lavender plants were grown in these soils. The growth

and development of the plants were monitored, and it was investigated

whether the plants absorbed Ni from the soil and accumulated it on the

plant. Increasing doses of Ni (0-200-400-600-800 mg kg*) were applied

in solution form, and pot soils were incubated for one week at 60-65% of

field capacity. Then, seedlings in peat medium were transferred to pots Article History

and grown under controlled conditions for 6 weeks. It was determined St :03.01.2024
that the plant age, fresh and dry weight, and height increased with 200 Accepted 25 02.2024
and 400 mg Ni kg™ applications compared to the control groups, while R
there was a decrease with 600 and 800 mg Ni kg applications. The
lowest concentrations of Ni (mg kg™) in plants and Ni content (ug plant’
1) were observed in the control group (0 mg Ni kg™), while the highest
values were found in the 800 mg Ni kg™ application. It was found that the
concentrations of 400 mg Ni kg* (124 pg plant™), 600 mg Ni kg (137
ug plant?), and 800 mg Ni kg (150 pg plant) exceeded critical levels
for plants, yet the plants remained alive at these concentrations. The
phytoextraction ability of plants refers to their ability to absorb and retain
harmful or polluting substances from the soil. Lavender may be among Keywords

the plants that have phytoextraction potential for metals like Ni. Heavy metal

However, the phytoextraction ability can vary depending on the species lavender (Lavandula latifolia)
of the plant, growth conditions, and the pollutant applied. The research nickel

results demonstrated that the Lavender plant effectively absorbed Ni from soil pollution

the soil and accumulated it on the plant. This suggests that Lavender can

be used for the remediation of soils contaminated with Ni.
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1. Introduction

Our soils, which sustain our nutrition with
today's technology, are becoming increasingly
contaminated with each passing day. The
increasing pollution poses a threat to
agricultural activities, leading to a gradual
decrease in the areas where farming is
practiced (Syed, 2005). Soil pollution can
occur due to many reasons, including primarily
poor hygiene habits, excessive use of
agricultural pesticides, inadequate methods for
solid and liquid waste disposal, improper waste
disposal through open dumping, unplanned
urbanization, waste generated from livestock
farming activities, industrial and mining waste,
irrigation of agricultural lands with untreated
polluted waters, radioactive contamination,
and air pollution (TCMO, 2018; Giiler and
Cobanoglu, 1997).

Heavy metals are among the primary
pollutants in soil pollution, which has become
a global issue. It is reported that soil pollution,
particularly due to heavy metals, is becoming
an increasingly significant problem (Doelsche
etal., 2005 a, b).

Heavy metals are distinguished from other
toxic metals by the fact that they cannot be
destroyed or created by humans. Therefore,
they tend to accumulate in soils, solutions,

clean water sources, and seawater (Karacagil,
2013).

The  excessive and indiscriminate
application of phosphorus fertilizers such as
Diammonium  Phosphate (DAP), Triple
Superphosphate  (TSP), and composite
fertilizers to increase yield in soils used for
agricultural activities leads to an increase in the
concentration of toxic metals, especially in the
upper layers of the soil (Dagdeviren, 2007).

Some heavy metals such as mercury (Hg),
lead (Pb), cadmium (Cd), selenium (Se), and
nickel (Ni) can transfer from soils to animal
and plant-based foods. These substances are
highly dangerous and toxic at high
concentrations (Giiler and Cobanoglu, 1997).

Nickel (Ni), a heavy metal that is also a
plant nutrient element, can be taken up by
plants in its ion form from the soil. Nickel is

present in small or large amounts in all soils,
and among the primary sources of Ni in soils
are minerals found in phosphorus-containing
fertilizers and volcanic rocks (Brohi et al.,
1995). Although NI is considered a plant
nutrient element, its necessity for plants is not
fully understood. However, it has been
determined that plants cannot benefit from
urea-based fertilizers in the absence of Ni
because Ni is involved in the formation of
enzymes such as urease and hydrogenase in
plants (Kacar and Katkat, 2007). In humans,
excessive intake of Ni beyond the threshold
value can result in symptoms such as diarrhea,
vomiting, shortness of breath, and damage to
the liver and kidneys. Additionally, chronic Ni
poisoning can lead to allergic reactions
(Caglarirmak and Hepgimen, 2010).

Indeed, heavy metals are difficult to break
down, making their removal from the
environment quite challenging (Tripathi and
Ranjan, 2015). The removal of heavy metal
pollution involves the use of physical,
chemical, and biological methods (Fu and
Wang, 2011). Biological remediation methods
involve the environmentally friendly use of
plants and organisms to restore polluted areas
(Dindar et al., 2017). Phytoremediation, a
method  within  biological remediation,
involves the removal of organic and inorganic
pollutants from soil and water through the
roots of plants, transporting them to the aerial
parts of the plant, and neutralizing them. This
method is used to reduce environmental
pollution by allowing natural plants to clean
pollutants (Daghan and Oztiirk, 2015; Eren and
Mert, 2017). Hyperaccumulator plants,
referred to as accumulators, have the ability to
accumulate more heavy metals in their above-
ground parts than the levels present in the soil,
making them hyperaccumulator plants used in
phytoremediation to remove heavy metals
from soils (Baker and Walker, 1990).

The use of hyperaccumulator plants in the
remediation of areas contaminated with heavy
metals is becoming increasingly important
today, as is the identification of plants
possessing these characteristics (Mulligan et
al., 2001). The characteristics of a plant that
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can be used in phytoremediation include: (1)
Plant selection; aims to capitalize on different
plant characteristics for various
phytotechnologies, (1) Fast growth capability;
plants with rapid growth potential are
preferred, (111) Competitiveness; the ability of
plants to compete with other plant species is
important, (IV) Resilient and pollution-
tolerant; plants capable of withstanding and
showing tolerance to pollution sources are
preferred, (V) ability to thrive in high metal
levels; The ability of plants exposed to high
metal concentrations to survive is important,
(VI) Easy harvestability; plants that can be
easily harvested are preferred, (VII) High
metal accumulation capability; the potential of
plants to accumulate high amounts of metal in
harvestable parts is important, (VIII) Strong
and rich root system; plants with a strong and
rich root system capable of producing high
biomass in the field are preferred, (IX) Easy
reproduction and accumulation capability; the
ability of plants to reproduce easily and
accumulate the targeted metal is important, (X)
Important aspects for phytoextraction; the
ability of plants to uptake, transport, and

accumulate  inorganic  substances  in
harvestable  tissues are  crucial  for
phytoextraction. Plants with these
characteristics are preferred in

phytoremediation applications.

This study aimed to evaluate the suitability
of Lavender (Lavandula latifolia), a medicinal
aromatic plant known for its shallow roots and
ability to grow in climates that are hot in
summer and cool in winter, for the remediation
of soils contaminated with Ni.

2. Materials and Methods
2.1. Plant material

In the study, Lavender (Lavandula latifolia)
plant material was used. Lavender is preferred

particularly for its shallow root system. It is not
highly selective regarding soil type, preferring
dry, light, and calcium-rich soils (Giilsen,
2017). The plant can thrive in soil pH ranging
from 6.4 to 8.2 and is suitable for climates that
are hot in summer and cool in winter. Lavender
has moderate water requirements and is
resistant to short-term drought (Mason, 2014).

2.2. Soil preparation

The Ni content of the soil was determined
using the 0.05 M DTPA method (pH=7.3), as
reported by Risser and Baker (1990), by
calculating the ratio of 10 g of soil to 20 mL of
DTPA. Heavy metal analysis and trace
elements were determined using ICP-MS
(Inductively Coupled Plasma-Mass
Spectrometry) for soil samples. Total N was
determined using the Kjeldahl method
(Bremner, 1965). Phosphorus content was
determined according to the Olsen method
(Olsen, 1954). Potassium analysis was
performed using the method of 1 N ammonium
acetate (pH:7) as reported by Kacar (1995).
Soil texture was determined using the
Bouyoucos hydrometer method (Bouyoucus,
1952). pH was measured using the CaCl;
method. CaCOz content was determined using
the volumetric method described by Loeppert
et al. (1996). Organic matter content was
determined as reported by Kacar (1995).

2.3. Soil parameters used in the study

Some physical and chemical analysis
results of the soil used in the experiment are
presented in Table 1. As seen in the table, the
soil used in the study has a clay-loam texture.
The lime content of the experimental soil is
approximately 12.3 %, indicating moderately
calcareous soil, with a pH of 7.48, indicating
slightly alkaline conditions. There are no
issues regarding salinity.

371



Can and Eren

Table 1. Some chemical and physical parameters of the experimental soil

Parameters Soil
Texture Clay-Loam
pH 7.48
Salinity (%) 0.15
Lime (%) 12.3
0. M. (%) 1.47
N (%) 0.21
P (kg P,Os da?) 8.13
K (kg K20 dat) 56.8
Fe (mg kg% 34.8
Cu (mg kgt 2.05
Mn (mg kg™ 38.6
Zn (mg kg?) 1.48
Ni (mg kg1 0.13

2.4. Artificial soil contamination process

To ensure homogeneous distribution of Ni
in the soil, a solution of NiSO4.6H20 was used
to prepare different Ni doses. These doses were
prepared in increasing doses of Ni, namely
control (0 mg kg*), 200 mg kg*, 400 mg kg,
600 mg kg, and 800 mg kg. The solution of
the determined Ni doses was applied to the soil
of each pot. This application aims to ensure
homogeneous enrichment of the soil with Ni.
The amount of applied solution was adjusted to
60-65 % of the soil's water holding capacity.
This is important to regulate the soil moisture
level and provide a suitable incubation
environment. After the process was completed,
the pots were left for incubation under
controlled conditions for one week. During this
time, the soil interacts homogeneously with Ni,
ensuring distribution.

2.5. Setting up the pot experiment

Throughout the experiment, 3-liter pots
were prepared using clean and artificially
contaminated air-dried soil samples. Each pot
was filled with 3 kg of air-dried soil. Lavender
plant seedlings were prepared in advance in
peat medium for cultivation. These seedlings
were transferred to the pots and grown under
controlled conditions (16 hours of light:8 hours
of dark) for approximately 6 weeks. The
experiment was set up in triplicate. Each pot
was considered an independent trial. The
watering process aimed to reach 60-65 % of the
soil's water holding capacity.

2.6. Preparation and analysis of plant
samples

Plant samples obtained from the pot
experiments were harvested along with their
green parts. The plant samples were washed
with distilled water. This step ensures the
removal of any dust, dirt, or other
contaminants present on the plants. Washed
plant samples were dried in a drying cabinet at
65 °C until a constant weight was reached. This
process removes the water content of the plants
and allows for the determination of their dry
weights. The dry weights of the dried plant
samples were measured. This weight
represents the remaining weight of the plant
after the water content is removed. Plant
samples were ground into a fine powder using
a plant grinding mill. This step ensures that the
plants are ground into a fine powder for later
analysis. The ground plant samples can be used
for various analyses, such as determining the
content of nutrients, toxins, or other
components. The nitrogen (N) content in the
plant samples was analyzed using the Kjeldahl
method (Bremner, 1965). Additionally, the
total element concentrations (Ni, P, K, Cu, Fe,
Mn, and Zn) in the ground plant samples were
determined by digesting them with nitric acid
(HNO3) in a microwave oven (MarsXpress
CEM) and then analyzed using ICP-AES.

2.7. Statistical analysis

The SPSS statistical package program was
used to determine the significance of
differences between means using analysis of
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variance (ANOVA). The Walker-Duncan test
is a method used in post-hoc analysis of
ANOVA results. This test makes pairwise
comparisons between groups to determine
differences and statistically separates groups
into significant subgroups. In this way, it can
be determined which groups are statistically
different from each other. The SPSS statistical
package is a commonly used software that
allows for statistical analysis, including
ANOVA analysis and post-hoc tests. This
program is frequently used in research for the
statistical analysis of data and evaluation of
results. The Walker-Duncan test, based on
ANOVA results, statistically separates groups
into significant subgroups and uses P-values.
The P-value is a measure used to determine the
significance of the statistical difference
between two groups. P<0.01 and P<0.05 are
commonly accepted threshold values for
statistical significance.

3. Results and Discussion

3.1. The effect of different doses of Ni
applications on fresh and dry weights, as
well as plant heights of Lavandula latifolia
plants

According to the variance analysis results
for the fresh and dry weights (g per plant) and
plant heights (cm) of Lavandula latifolia
plants, it was statistically significant at the
level of P<0.01 for the weight amounts and at
the level of P<0.05 for the height amounts
(Table 2). These results indicate that the
different doses of Ni applications have a
significant effect on the growth and weight
development of the plant.

It was determined that Ni applications
resulted in variations in the fresh weights of
plants ranging from 10.5 to 16.7 g per plant,
with the lowest being in the application of 800
mg Ni kg* and the highest in the application of
200 mg Ni kg™ (Table 2). Heavy metal (Cd, Pb,

and Ni) contamination significantly reduces
plant height, fresh and dry weight per plant,
flower and fruit numbers per plant, and fruit
yield compared to non-contaminated soil
(Zeeshan et al., 2020). Decreases in fresh and
dry weights were reported in chickpea plants
with Ni applications (10, 50, 100, 200, and 400
mg kg?') (Khan and Khan, 2010). It was
determined that the dry weights of plants
varied from 2.36 to 3.97 g per plant, with the
lowest being in the application of 800 mg Ni
kg™ and the highest in the application of 200
mg Ni kg?!. The different doses of Ni
applications resulted in variations in plant
height ranging from 26.0 to 29.7 cm, with the
lowest being in the application of 600 mg Ni
kg and the highest in the application of 200
mg Ni kg (Table 2). It was found that the
fresh and dry weights and plant heights
increased with 200 and 400 mg Ni kg*
applications compared to the control groups,
while a decrease was observed in plants with
600 and 800 mg Ni kg applications.

Nickel toxicity reduces the green biomass,
dry matter accumulation, and height of the
stems in many plant species. Additionally, Ni
toxicity has been reported to decrease flower
and fruit numbers in various plant species
(Balaguer et al., 1993; Singh and Nayyar,
2001; Mizuno et al., 2003; Dogru et al., 2021).
These effects indicate that high Ni
concentrations have a negative impact on plant
growth, development, and reproductive
abilities. Nickel toxicity can disrupt normal
physiological processes in plants, negatively
affecting plant health and yield.

The results obtained demonstrate that
different doses of Ni applications have dose-
dependent effects on the fresh and dry weights
and plant heights of plants, leading to an
increase at lower doses and a decrease at higher
doses.
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Table 2. The effect of different doses of ni applications on fresh weight, dry weight, and height of

Lavender plants.

Doses Fresh Weight Dry Weight Height
(mg Ni kg?) (g bitki?) (g bitki?) (cm)

0 14.7 a 3.52bc 28.3a

200 16.7 a 3.97a 29.7a
400 16.3a 3.84a 28.7a
600 13.7 ab 3.23b 26.0b
800 105b 2.36¢ 27.7 ab

F 6.41** 15.3** 4.39*

(**) Statistically significant at the level of P<0.01, (*) Statistically significant at the level of P<0.05

3.2. The effect of different doses of Ni
applications on N, P, and K concentrations
in Lavandula latifolia plants

According to the variance analysis results
for N and P concentrations in Lavandula
latifolia plants, it was found to be statistically

significant at the level of P<0.01, while the K
concentration was determined to be not
statistically significant (Table 3). The analysis
indicates that Ni applications have a significant
effect on N and P concentrations in the plant,
but do not affect K concentration.

Table 3. The effect of different doses of Ni applications on N, P, and K concentrations in Lavender

plants
Doses N P K
(mg Ni kg™) (%) (mg kg) (mg kg)
0 2.87hb 2.76a 4,14
200 3.38a 271a 4,01
400 2.82b 1.96¢c 3,81
600 2.72 cb 237b 3,83
800 259¢c 1.82d 3,69
F 29.9** 168** 2.42NS

(**) Statistically significant at the level of P<0.01, (N.S.) Not statistically significant

The application of Ni resulted in variations
in % N concentrations in plants ranging from
2.59 to 3.38 %, with the lowest concentration
observed in the application of 800 mg Ni kg*
and the highest in the application of 200 mg Ni
kg. The concentrations of P in plants varied
from 1.82 to 2.76 mg kg*, with the lowest
concentration observed in the application of
800 mg Ni kg and the highest in the control
group with no application. Different doses of
Ni applications resulted in variations in K
concentrations in plants ranging from 3.69 to
4.14 mg K kg, with the lowest concentration
observed in the application of 800 mg Ni kg*
and the highest in the control group with no

application (Table 3). It has been reported that
different doses of Ni applications in Xanthium
strumarium L. plants (50, 100, 200, and 400)
led to a decrease in N, P, and K concentrations
in the plants depending on the doses (Eren,
2019). Daghan et al. (2013) indicated that the
effect of heavy metal applications on N, P, and
K in transgenic and non-transgenic tobacco
plants decreased depending on Ni applications.

It is concluded that Ni applications can
affect the N, P, and K concentrations in plants
and these elements can accumulate in plant
tissues at different concentrations.
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3.3. The effect of different doses of Ni
applications on Cu, Fe, Mn, and Zn
concentrations in Lavandula latifolia plants

According to the variance analysis results,
it has been determined that different doses of

Ni applications have a statistically significant
effect on Cu and Zn concentrations in
Lavandula latifolia plants. This indicates that
it is statistically significant at the level of
P<0.01 (Table 4).

Cizelge 4. The effect of different doses of Ni applications on Cu, Fe, Mn, and Zn concentrations in

Lavender plants

Doses (Cu) (Fe) (Mn) (Zn)
(mg Nikg™) (mg kg™)

0 134¢c 1368 173 40.3c¢ch
200 24.2 ba 1497 158 46.5 ba
400 276 a 1703 195 524 a
600 9.73 ¢ 1484 134 31.0dc
800 16.0 cb 1228 84,5 28.2d

F 8.72** 0.93N-S- 1.49NS. 13.9*%*

(**) Statistically significant at the level of P<0.01, (N.S.) Not statistically significant.

The application of Ni resulted in variations
in Cu concentrations in plants ranging from
9.73 to 27.6 mg kg?, with the lowest
concentration observed in the application of
600 mg Ni kg?! and the highest in the
application of 400 mg Ni kg® The
concentrations of Fe in plants varied from 1228
to 1703 mg kg, with the lowest concentration
observed in the application of 800 mg Ni kg*
and the highest in the application of 400 mg Ni
kg Different doses of Ni applications
resulted in variations in Mn concentrations in
plants ranging from 84.5 to 195 mg kg, with
the lowest concentration observed in the
application of 800 mg Ni kg™ and the highest
in the application of 400 mg Ni kg. The effect
of Ni doses on Zn concentration in plants
ranged from 28.2 to 52.4 mg kg, with the
lowest concentration observed in the
application of 800 mg Ni kg and the highest
in the application of 400 mg Ni kg™ (Table 4).
Different levels of Ni applications (10, 20, 30,
and 40 mg L) were reported to significantly
decrease the concentrations of micronutrients
(Zn, Mn, Fe, and Cu) in both leaves and stems
of Helianthus annuus L. plants by Ahmad et al.
(2011). Other researchers have also reported
that Ni applications lead to a decrease in

micronutrients in plants (Turgut et al., 2004;
Ali et al., 2009).

3.4. The effect of Ni applications at
different doses on Ni concentration (mg kg
1) and Ni content (ug plant?) in plants

According to the variance analysis results
for Ni concentration (mg kg™) and Ni content
(ug plant?) in Lavandula latifolia plants at
different doses of Ni applications, it was
statistically significant at the level of P<0.01
(Table 5). These results indicate that different
doses of Ni applications have a significant
effect on both Ni concentration and Ni content
in the plant.

Nickel applications resulted in variations in
Ni concentrations in plants ranging from 2.58
to 63.6 mg Ni kg, with the lowest application
in the control group without any treatment and
the highest at 800 mg Ni kg? application
(Table 5). Kaviani et al. (2017) reported in
their research using Salicornia iranica plants
that Ni doses in soil (0, 50, 250, and 500 mg Ni
kg?) led to an increase in Ni concentration in
plants. Daghan et al. (2013) reported an
increase in Ni concentration in tobacco plants,
both transgenic and non-transgenic, in
response to Ni applications of heavy metals.
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Different doses of Ni applications resulted
in variations in Ni content in plants ranging
from 9.04 to 150 pg plant?, with the lowest

value in the control group without any
treatment and the highest value at 800 mg Ni
kg™ application (Table 5).

Table 5. The effect of different doses of Ni applications on Ni concentration and Ni content in Lavender

plants

Doses Ni concentration Ni Content
(mg Ni kg™ (mg kg™) (g bitki™)

0 2.58¢e 9.04c

200 17.6d 69.6 b

400 32.2¢ 124 a

600 42.3d 137 a

800 63.6 a 150 a

F 294%** 50.02**

(**) Statistically significant at the level of P<0.01

Khan and Khan (2010), investigating the
effects of increased Ni applications (0, 10, 50,
100, 200, and 400 mg kg™) on chickpea plant
growth and yield, reported an increase in Ni
content in roots, stems, and leaves of plants
with Ni applications. The critical toxic level of
Ni in soil is 100 mg kg%, > 10 pug g dry matter

in sensitive plants, and > 50 pug g dry matter
in moderately sensitive plants (Ozbek et al.,
1995). The effect of different doses of Ni
applications on Ni concentration and Ni
content in Lavender plants is presented in
Figure 2.

160,00
140,00
120,00
100,00
80,00
60,00
40,00
20,00
0,00

e Ni concentration
(mg/kg)

e Ni Content
(ng/plant)

150

63.6

200

400

Doses
(mg/kg)

600 800

Figure 2. The effect of different doses of Ni applicati
plants

4. Conclusion and Recommendations

The increasing presence and usage of Ni in
the environment raise concerns for both
environmental and health reasons. Research is
being conducted to better understand the

ons on Ni concentration and Ni content in Lavender

environmental effects of Ni and its potential
impacts on human health. Topics such as Ni
sources, dispersion, effects, and control
methods form an important area of research for
environmental protection and human health.
Nickel is one of the heavy metals that can
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affect the development of living organisms at
high concentrations. Nickel naturally occurs in
soil and water sources, but human activities
lead to an increasing amount of Ni in the
environment over time.

In the study of plants, it was observed that
the age, dry weight, and height of the plants
increased with the application of 200 and 400
mg Ni kg™ compared to the control groups,
while a decrease was observed in plants treated
with 600 and 800 mg Ni kg™.

In the research conducted with Lavender
plants, it was found that increasing doses of Ni
applications resulted in variations in the N %
concentrations ranging from 2.59 % to 3.38 %,
P concentrations ranging from 1.82 to 2.76 mg
kg?, and K concentrations ranging from 3.69
to 4.14 mg kg®. The lowest concentrations
were observed in the 800 mg Ni kg?
applications, while the highest values were
found in the untreated control group. The
effect of Ni applications on %N concentrations
in plants increased with the application of 200
mg kg* compared to the control group, and the
lowest content of N, P, and K concentrations
was observed in the 800 mg kg! Ni
applications.

The effect of Ni applications on
microelement concentrations in plants was
observed as follows: Fe: ranging from 1228 to
1703 mg kg, Mn: ranging from 84.5 to 195
mg kg, and Zn concentration ranging from
282 to 524 mg kgl The lowest
concentrations were observed in the 800 mg Ni
kg! applications, while the highest
concentrations were found in the 400 mg Ni kg
1 applications. Nickel applications also
affected Cu concentrations in plants, which
ranged from 9.73 to 27.6 mg Cu kgt, with the
lowest concentration observed in the 600 mg
Ni kg application and the highest in the 400
mg Ni kg* application.

In addition, Ni applications resulted in
variations in Ni concentrations in plants,
ranging from 2.58 to 63.6 mg Ni kg, with the
lowest concentration observed in the control
group without Ni application and the highest in
the 800 mg Ni kg* application. Different doses
of Ni applications also affected Ni content in

plants, with the lowest value of 9.04 pg plant™
observed in the control group without any Ni
application and the highest value of 150 pg
plant? observed in the 800 mg Ni kg*
application.

Further research is needed to evaluate the
phytoremediation potential of Lavender plants,
particularly to determine their Ni uptake and
removal capacities. Such studies are important
for understanding and harnessing the
phytoremediation abilities of plants in
combating heavy metal pollution. Plants like
Lavender hold potential as natural and
sustainable methods for reducing soil
pollution.
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Abstract Research Article
Spinach (Spinacia oleracea L.) cultivation is gaining prominence due to
increasing interest in health and wellness. Nitrogen (N) is crucial for
spinach growth, and traditional fertilization practices are being
reconsidered for their environmental impact. In this study, we
investigated the effects of different N sources, doses (25, 50, 100, 200,
and 400 mg N kg?), and storage durations on dry weight and total N
content of spinach plants. Four N sources, including ammonium sulfate
(AS), calcium nitrate (CN), slow-release ammonium soil (SRAS). The
spinach plants were subjected to storage for 0, 5, and 10 days, and their

dry weight and total N content were measured. The results revealed Article History
significant variations in spinach dry weight and total N content among Received :03.01.2024
different nitrogen treatments and storage periods. Calcium nitrate Accepted :26.01.2024

consistently promoted higher dry weight and total N content, reaching
5.40 % for total N at 400 mg kg on Day 0, compared to other N sources
across various storage durations. The YR and SRAS also showed high
total N levels, with values consistently above 4 % at the highest dose. The
SRAS exhibits potential for prolonged efficacy, particularly at higher
doses and later storage stages. Initially, at Day 0, the total N content in
SRAS treatment was highest and decreased significantly by Day 5, with
a slight recovery by Day 10. The correlation between dry weight and total
N content became more pronounced with longer storage periods and
higher N doses and sources. Yeast residue exhibited the strongest positive

correlation between dry weight and total N content, suggesting its Keywords
effectiveness in promoting dry weight. In addition, a strong positive Spinach cultivation
correlation between dry weight and total N content underscores the nitrogen sources
crucial role of N management in determining spinach yield and quality. fertilization practices
The results showed that CN and SRAS, particularly at higher doses, were crop yield

the most effective N sources for promoting dry weight in spinach. The total nitrogen content
findings underscore the importance of selecting the appropriate N source post-harvest quality
and dose is crucial for optimizing spinach yield and quality during

storage.
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1. Introduction

Spinach (Spinacia oleracea L.) is a
nutritious leafy green vegetable from the
Chenopodiaceae family, renowned for its rapid
growth cycle (Naseem et al., 2024). The
spinach contains a wealth of vitamins A, B, and
C, alongside essential minerals (Tai et al.,
2020). Driven by a growing global population
focused on health and wellness, spinach has
emerged as a vegetable of increasing interest.
This surge in popularity is reflected in the
increased spinach production in the world.
Cultivated extensively around the globe,
spinach boasts an annual production of 30
million tons. China reigns supreme in global
production, contributing a staggering 27.5
million tons. Following China, the United
States (435.721 tons) and Japan (226.865 tons)
secure the second and third positions,
respectively. Tirkiye holds the fourth place
with an annual spinach production of 229.793
tons (Anonymous, 2024).

Nitrogen (N) is the most essential element
for healty spinach growth and productivity.
This assertion is supported by a robust body of
research demonstrating a significant influence
of N on these key aspects. During the
vegetative stage, increasing the application of
N levels can empower plants in two ways.
First, N improves and supports root
development, allowing for increased water and
nutrient absorption. Second, it accelerates
growth, resulting in an abundance of lush,
green foliage. This translates to potentially
higher yields, improved vegetable flavor, and
even enhanced resistance to pests, diseases,
and environmental stresses (Echert, 2020). In
addition, N plays a vital role in plant
metabolism, influencing enzyme activity,
protoplasm formation, and the synthesis of
amino acids and proteins. These processes
drive cell division and initiate meristematic
activity, impacting overall growth and
production (Mirdad, 2009; Kus and Gedik,
2023).

Mineral nutrients containing forms of N that
are easily absorbed by plants are widely used
in agriculture. Spinach cultivation practices
typically involve the application of inorganic

N fertilizers at a rate of approximately 150 kg
N ha™', which indicates the critical role of N in
spinach growth and quality (Darani et al.,
2013; Rouphael et al., 2018). The long-term
effects of slow-release fertilizers, which have
gained popularity in recent years and aim to
mitigate the negative impacts of chemical
fertilizers, have been extensively investigated
in various plant species. These fertilizers
possess extended efficacy due to their gradual
dissolution and prevent nutrient leaching
losses. They remain unaltered in the soil, do
not bind to clay, lime, or organic matter, and
do not form complexes with other elements.
Consequently, they are readily absorbed by
plants without undergoing conversion to
inactive forms (Mukherjee et al., 2015). This
enhances  fertilizer  uptake efficiency.
However, in slow-release fertilizers, the
nutrient element release over time cannot be
accurately predicted, and the release rate varies
depending on environmental, soil, and climatic
conditions. Nutrient elements in slow-release
fertilizers are gradually released, altering the
composition of the soil solution as they
become available (Azeem et al., 2014). Despite
the existence of a diverse array of nitrification
inhibitor compounds globally, dicyandiamide
(DCD) and 3,4-dimethylpyrazole phosphate
(DMPP) stand out as the most widely
commercially available nitrification inhibitors
(Sahan et al., 2017). The primary objective of
employing nitrification inhibitors is to prolong
the retention of N in the soil in the NH4* form,
thereby preventing N losses in the form of
NOs" or gaseous N and enhancing N utilization
efficiency (Trenkel, 2010). Slow-release
fertilizers offer several advantages, including
the ability to be applied in a single application,
minimize nutrient element losses, reduce the
detrimental impacts on human health
associated with soil respiration, and enhance
fertilizer use efficiency (Hutchinson et al.,
2002: Sempeho et al., 2014). In their study on
N transformations in soil and plant
productivity, Yang et al. (2016) conducted a
meta-analysis on the effectiveness of two
different nitrification inhibitors
[dicyandiamide (DCD) and 3,4-
dimethylpyrazole phosphate (DMPP)]. They
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concluded that both DCD and DMPP were
equally effective in regulating soil N
transformations  in  agricultural  fields
worldwide. However, they highlighted that
DCD exhibited a superior ability to enhance
plant productivity compared to DMPP.
Additionally, they emphasized the need for
further research to evaluate the long-term
performance of DCD and DMPP under
continuous application.

Organic amendments are emerging as
compelling alternatives to slow-release and
chemical fertilizers in sustainable agricultural
practices. Despite their lower nutrient content,
organic fertilizers play a pivotal role in
enhancing soil organic matter and improving
soil physical properties. Their multifaceted
positive contributions to the soil include
accelerating microbiological activity,
enhancing soil structure, aeration, and water
holding capacity, and providing both macro-
and micronutrients (Kara and Yakupoglu,
2023). A study by Citak and Sonmez (2010)
compared the effects of three organic manure
applications and their mixtures against
conventional chemical fertilizers and an
unfertilized control plot on spinach growth,
yield, and nutrient content across two seasons.
Their  findings highlight the potential
effectiveness of organic amendments,
particularly in the autumn season, where all
organic applications demonstrated positive
impacts on spinach growth compared to the
winter season.

Waste organic matter produced after yeast
production can be used as feed in animal
husbandry and as the organic main raw
material in the production of organic liquid
fertilizer in agriculture. A comprehensive
review of existing literature revealed a dearth
of studies that directly comparethe effects of
chemical, slow-release, and yeast production
waste fertilizers on spinach growth and total N
content. Therefore, this study was conducted to
investigate the changes in dry matter yield and
total N content during a 10-day storage period
in spinach grown under different fertilizer
sources and increasing dosage applications.

2. Materials and Methods
2.1. Material

This study was conducted in the Research
and Application  Greenhouses of the
Department of Soil Science and Plant Nutrition
at Cukurova University Faculty of Agriculture.
The experiment was established in February,
and Matador spinach (Spinacia oleracea L.), a
broad-leaved variety, was used as the plant
material. The variety is characterized by rapid
growth, full leaves, short stems, a dark green
color, a smooth surface, and oval leaf tips that
spread out over the soil. It is cultivated in all
regions of Tiirkiye and is both productive and
cold tolerant. The recommended spacing
between rows is 5-10 cm, the spacing within
rows is 30-35 cm, and the planting depth is 1.5-
25 cm. The optimum temperature for
germination and growth is 15-25°C.

2.2. Methods

2.2.1. Greenhouse experiment setup and
implementation

The greenhouse experiment was conducted
using plastic pots with 2 kg of soil per pot. As
base fertilization, KH2PO4 was applied to
provide 100 mg P kg*, 125 mg K kg, and Fe-
EDTA was applied to provide 10 mg Fe kg*,
while ZnSO4 was applied to provide 2.5 mg Zn
kg™. The amount of CaSO4 was calculated to
ensure equal sulfur content in all pots based on
the sulfur content of the ammonium sulfate
applied. Ten seeds were sown in each pot and
thinned to six seedlings after germination.

The experiment consisted of 60 pots with
five different N doses (25, 50, 100, 200, and
400 mg N kg?). The increasing doses of N
were applied from slow-release ammonium
sulfate (SRAS) (DCD Inhibitor), ammonium
sulfate  (NH4):SOs4 (AS), calcium nitrate
Ca(NOs3)2 (CN), and yeast residue (YR). The
experiment was designed in a randomized
block design with three replications.

Seeds were sown in the pots on February 24,
2021. Initial germination occurred within 8-10
days, and approximately 16 days later (March
10, 2021), the 10 seedlings in each pot were
thinned to six seedlings. The pots were watered
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to maintain field capacity from seed sowing
until harvest. Growth and development were
monitored throughout the experiment. Plants
were harvested at 52 days of the experiment on
April 16, 2021, when significant differences in
growth and development were observed due to
the different N fertilizer sources and increasing
N application rates.

Following the harvest at 52 days of the
experiment, the harvested plants were divided
into three equal portions for further analysis.
The first portion served as the initial sample
(Day 0 period) and was washed and dried
immediately in a 48 °C oven. The second
portion (Day 5 period) was washed and stored
in a sealed polyethylene bag for five days at
refrigeration temperature (+4 °C). Similarly,
the third portion (Day 10 period) was washed
and stored in a refrigerator for ten days. After
their respective storage periods, all plant
samples were dried thoroughly ina 70 °C oven
for 48 hours for further analysis.

2.2.2. Physical and chemical analysis of
expeirmental soil

The soil used in the experiment was sieved
(2 mm) and analyzed for various physical and
chemical properties using established methods.
Electrical conductivity and pH were measured
with a pH meter in a 1:2.5 soil-water dilution
(Mclean et al., 1982). Lime content (CaCOs)
was determined by the Scheibler calcimeter
method (Allison and Moodie, 1965). Available
Zn, Fe, Mn, and Cu were extracted with
DTPA-TEA solution (pH 7.3) suitable for
calcareous soils (Lindsay and Norvell, 1978).
Organic matter content was assessed using the
Walkey-Black wet digestion method (Jackson,
1959). Available phosphorus was determined
based on molybdenum blue colorimetry after
extraction with 0.5 M NaHCO3 solution (Olsen
et al., 1954). Finally, available potassium and
magnesium were extracted with 1 N
ammonium acetate solution following the
method developed by Knudsen et al. (1982).

2.2.3. Total N analysis in plants

Total N content of spinach samples was
determined using the Kjeldahl distillation
method (Bremner, 1965). The principle of this

method is to convert organic N in the fresh-
burned plant sample with H2SO4 into NH4-N
form, and to determine the N content of the
plants from the amount of NHs released and
captured in boric acid during distillation
conducted in an alkaline environment.

2.2.4. Statistical analysis

Statistical analysis of the data was
conducted using the SPSS software. To assess
the effects of different N sources and doses on
dry weight and total N content of spinach
plants during 10 days of storage period,
analysis of variance (ANOVA) was
performed. The least significant difference
(LSD) test was applied to determine the
significance of differences between means. All
statistical analyses were set at a significance
level of P<0.05. In addition, correlations
between dry weight and total N content of
spinach plants were carried out to assess
nitrogen use efficiency. This analysis helps us
understand how effectively the spinach plants
are utilizing nitrogen for growth.

3. Results and Discussion

3.1. The effect of different N sources, doses
and duration of starogae on dry matter yield

Table 1 presents the effects of various N
sources and application rates on spinach dry
weight during different storage periods (Day 0,
5, and 10). The ANOVA results showed
statistically significant differences in dry
weight based on day, fertilizer type, and N dose
(p-values of 0.004, 0.003, and 0.001,
respectively). However, the interactions
between day, fertilizer type, and N dose were
not statistically significant, suggesting the
effects of N source and dose were consistent
across the storage periods.

The highest dry weight in Day 0 was
obtained with the 200 mg N kg™ dose of SRAS
(2.17£0.32 g plant™) and the 400 mg N kg*
dose of YR (2.07+0.14 g plant™®), both showing
significant increases in dry weight. The lowest
dry weight was observed with the 25 mg N kg
! dose of YR (1.04+0.16 g plant™). The 400 mg
N kg?! dose of CN (2.26+0.51 g plant?)
resulted in the highest dry weight in Day 5,
followed by SRAS (2.13+0.11 g plant™). The
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lowest dry weight was recorded with the 25 mg
N kg dose of YR (0.85+0.05 g plant?). The
highest dry weight in Day 10 was seen with the
400 mg N kg doses of SRAS (2.78+0.10 g

plant?), CN (2.59+£0.51 g plant?), and YR
(2.76+0.26 g plant?). The lowest dry weight
was observed with the 25 mg N kg™ dose of
AS (1.14+0.41 g plant™).

Table 1. Effects of different N sources and doses on dry weight of spinach during different

storage periods

Period N dose Ammonium Sulphate SRAS Calcium Nitrate | Yeast Residue
mg/kg g plant?!
25 1.244+0.04 h-k 1.4140.61 e-k 1.34+0.22 g-k 1.04+0.16 jk
50 1.42+0.24 e-k 1.48+0.16 e-k 1.44+0.10 e-k 1.32+40.02 g-k
Day 0 100 1.46+0.14 e-k 1.68+0.14 d-k 2.03+0.20 a-i 1.78+0.33 b-j
200 1.98+0.14 a-i 2.17+0.32 a-g 1.83+0.56 b-j 1.80+0.11 b-j
400 1.62+0.22 d-k 2.06+0.03 a-h 1.67+0.12 d-k 2.07+0.14 a-h
25 1.44+0.21 e-k 1.14+0.13 ijk 1.36+0.07 -k 0.85+0.05 k
50 1.52+0.38 d-k 1.4940.10 e-k 1.50+0.20 d-k 1.25+0.19 h-k
Day 5 100 1.8340.40 b-j 2.2840.45 a-e 2.02+0.29 a-i 1.49+0.22 e-k
200 2.03£0.16 a-i 1.90+0.21 a-j 1.51+0.22 d-k 1.46+0.10 e-k
400 1.9940.13 a-i 2.1340.11 a-h 2.26+0.51 a-f 1.7940.02 b-j
25 1.14+0.41 ijk 1.2840.09 g-k 1.75+0.05 b-j 1.24+0.13 h-k
50 1.59+0.20 d-k 1.7840.13 b-j 2.0+0.51 a-i 1.33+0.14 g-k
Day 10 | 100 1.75+0.35 b-j 1.65+0.15 d-k 2.09+0.23 a-h 1.78+0.14 b-j
200 1.724+0.42 c-k 2.394+0.20 a-d 2.61£0.15 ab 1.63+0.12 d-k
400 1.924+0.19 a-j 2.78+0.10 a 2.59+0.51 abc 2.76+0.26 a
Day LSD=0.154 P =0.004
Fertilizer Type LSD=0.183 P =0.003
N Dose LSD=0.204 P =0.001
ANOVA | Day x Fertilizer Type LSD =0.316 P =0.074
Day x N Dose LSD =0.354 P=0.219
Fertilizer Type x N Dose LSD =0.409 P =0.627
Day x Fertilizer Type x N Dose LSD=0.708 P =0.934

* Values with the same letter in the table do not significantly differ from each other (p<0.05).

The highest dry weight in AS treatments
was observed at 200 mg kg for all storage
days (Day 1: 1.98 g plant®, Day 5: 2.03 g plant”
! Day 10: 1.72 g plant™). The increase in N
dose (400 mg kg™?) resulted in a decrease or
stagnation in dry weight compared to 200 mg
kg™ across all storage days. Unlike AS, SRAS
displayed a slightly different pattern. While the
highest dry weight on Day 0 was at 200 mg kg
1(2.17 g plant?), the highest on Day 10 was at
400 mg kg (2.78 g plant™). The SRAS at 400
mg kg? maintained a statistically similar or
slightly higher dry weight compared to 200 mg
kg on some storage days (Day 5 and 10),
suggesting a potential benefit for this dose at
later storage stages.

The results show a dose-dependent increase
in the dry weight of spinach plants with

increasing doses of calcium nitrate over
different storage periods. This trend is
consistent with the results reported by Elsayed
and Abdelraouf (2016), who found that
increasing N fertilization rates up to 224 kg N
hal in spinach increased plant growth, fresh
and dry weight, leaf area, and leaf area index.
Calcium nitrate at higher doses (200 mg kg™
and 400 mg kg1) consistently led to greater dry
weight compared to lower doses. This suggests
that CN is an effective N source for promoting
growth in spinach plants. The highest dry
weight on Day 0 was observed with the
application of 100 mg kg™ (2.03+0.20 g plant
1. Like Day 0, the dry weight of spinach plants
increased with the increase in CN doses on Day
5. At 25 mg kgl, the dry weight was 1.36+0.07
g plant?, whereas at 400 mg kg2, it reached the
highest value at 2.26+0.51 g plant. On Day
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10, the dry weight continued to follow a dose-
dependent trend. The dry weight on Day 10
was 1.75£0.05 g plant® at 25 mg kg* and
increased to the highest level of 2.61+0.15 g
plant® at 200 mg kg™. The 400 mg kg dose
resulted in a slightly lower value of 2.59+0.51
g plant?. Karaal and Ugur (2014) observed a
similar trend, with their average dry matter
yield increase ranging from 17.4 % to 66.1 %
for increasing N doses compared to the N25
application. This further supports the notion
that N dosing plays a crucial role in
maximizing spinach yield and quality.

In optimizing spinach yield and quality,
selecting the right N source is essential (Zhang
et al., 2018). Our research investigated the
impact of various N sources on dry weight, and
the findings align with observations from
previous studies. Krezel and Kolota (2014)
explored the influence of different N sources
on spinach, and their results agreed with our
findings. They recorded the highest yield with
ENTEC 26 - DMPP, while AS resulted in the
lowest. This highlights the significant variation
in yield depending on the N source used. In our
study, a moderate dose (200 mg kg?) of AS
and SRAS exhibited a positive impact on dry
weight up to a certain point. However, AS
displayed a decrease or stagnation in dry
weight with increasing storage days,
suggesting a potential limitation in shelf life.
SRAS, on the other hand, showed promise for
later storage, particularly at the higher dose
(400 mg kg) on Day 10, where it maintained
or even increased dry weight compared to the
200 mg kg dose.

The research conducted to investigate the
impact of the DMPP inhibitor on nitrate (NO3
) concentration and yield in spinach grown in
various soil types revealed that the SRAS
application significantly increased leaf yield
by 29 % compared to the standard AS
application (Ghetasi and Hosseinpur, 2020).
Moreover, other studies, such as one by
Mordogan et al. (2001), have shown positive
effects of increasing N doses on lettuce yield.
Chohura and Kolota (2011) further indicated
that yield in lettuce varies depending on the
specific N sources and varieties used.

Considering previous findings, we observed
serious problems in plant dry matter yield
particularly when the 25 mg N kg™ was used.
Conversely, when N was applied at an optimal
level, the impact of different N fertilizer
sources on increasing dry matter yield became
apparent. It is important to note that both the
application of various N sources and the use of
increasing N doses had statistically significant
effects (P<0.01) on dry weight (Table 1).

When storage days were not considered, the
highest dry weight of spinach plants (2.32 g
plant™?) was obtained with SRAS treatment as
a dose of x 400 mg N kg*. This was followed
closely by yeast residue (2.20 g plant?) and
calcium nitrate (2.18 g plant™) both applied at
the same dose. These results suggest that high
doses of these fertilizers, particularly SRAS,
can lead to significant increases in spinach dry
weight. In contrast to our findings, Machado et
al. (2020) who investigated the impact of N
source on spinach shoot dry weight, reported
that the N fertilizer source itself did not
significantly affect shoot dry weight. The
researchers did observe that plants grown
solely with organic compost had lower shoot
dry weight compared to those receiving
compost and additional N fertilization.
However, the addition of N (regardless of
source) led to a decrease in shoot dry weight
percentage. Several factors might contribute to
the discrepancies between our findings and
those of Machado et al. (2020) such as specific
N sources, overall nutrient balance, or cultivar
variation. The types of N fertilizers used in our
study (SRAS, yeast residue, calcium nitrate)
might differ in their uptake and utilization by
spinach plants compared to ammonium nitrate
used by Machado et al. (2020). The presence
or absence of other essential nutrients in the
growth medium (beyond N) could influence
the response to N application (Aulakh et al.,
2005). In our study, the specific fertilizer
formulations might have provided a more
balanced nutrient profile compared to the sole
addition of N in Machado et al. (2020).
Different spinach cultivars might exhibit
varying responses to N fertilization (Ahmadi et
al., 2010; Joshi et al., 2022).
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The Figure 1 illustrates the dry weight of
spinach plants treated with various N sources,
highlighting noticeable variations among the
fertilizer types. Calcium Nitrate emerges as the
most effective, yielding the highest dry weight
at 1.868 g plant?, followed closely by SRAS
with 1.841 g plant™. In contrast, AS displays a
slightly lower dry weight of 1.642 g plant?,
while YR exhibits the lowest dry weight at
1.572 g plant™. The SRAS resulted in a slightly
higher dry weight (12.12 % increase)
compared to plants grown with AS. The slow-
release nature of SRAS could explain this
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observation. By gradually releasing N over
time, SRAS might provide a more continuous
and balanced supply of nutrients for plant
growth compared to the potentially quicker
release of N from AS. This could lead to more
efficient N utilization by the spinach plants and
consequently, higher dry weight accumulation
(Anonymous, 2024). These findings, without
considering the N doses and storage days,
indicate that CN significantly outperforms the
other N sources in promoting spinach dry
weight, suggesting its potential as a superior
fertilizer option for spinach cultivation.
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Figure 1. The effects of fertilizer type on dry weights of spinach plants regardless of N doses and
duration of storage day. AS: Ammonium Sulphate, CN: Calcium Nitrate, SRAS: Slow-Release

Ammonium Nitrate, YR: Yeast Residue

When fertilizer type and storage days were
not considered, the results demonstrated a clear
trend of increasing dry weight with increasing
N dose (Figure 2). At the lowest dose of 25 mg
kg?, the dry weight is 1.269 g, while at the
highest dose of 400 mg kg, the dry weight
reaches 2.136 g, nearly doubling the initial
weight. This significant increase in dry weight

as N dose increases suggests a positive
correlation between N availability and plant
growth. The increase in dry matter content was
particularly pronounced in CN (Figure 3) and
SRAS (Figure 4) applications, with a
significant rise in dry matter observed with
increasing doses.
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Figure 2. The effects of N doses on dry weights of spinach plants regardless of N sources and duration
of storage day

Figure 4. The increased doses of slow erleased ammonium sulphate fertilizer on growth of spinach

3.2. The effect of different n sources, doses
and duration of starogae on total N content

The effects of different N sources
(Ammonium Sulfate, SRAS, calcium nitrate,
yeast residue) and doses (25 mg kg™ to 400 mg
kg™?) on the total N content of spinach plants
during storage periods (Day 0, 5, and 10) are
presented in Table 3. The table reports a

plants

statistically significant impact of storage day,
fertilizer type, and N dose (p-values < 0.001
for each factor) on the total N content of
spinach plants. Additionally, significant
interactions were observed between these
factors (p-values < 0.001 for Day x Fertilizer
Type, Day x N Dose, Fertilizer Type x N Dose,
and Day x Fertilizer Type x N Dose).
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Table 2. Effects of different N sources and doses on total N content of spinach during different storage

periods
Period N dose | Ammonium Sulphate SRAS Calcium Nitrate Yeast Residue

mg kgt %

Day 0 25 1.15 aa-b +0.08 1.73 w-z+0.08 1.91 s-w=0.09 2.15 n-s+0.01
50 1.26 aa £0.04 1.95 r-w=+0.02 1.98 g-v+0.05 2.17 m-r+0.02
100 2.18 I-r £0.03 2.16 n-s+0.09 2.02 p-v+0.03 2.18 |-r+0.01
200 2.39i-n+0.11 3.06 £+0.09 3.70 d+£0.17 3.31 e+0.02
400 2.63 gh +0.04 4.75 c£0.15 5.40 a+0.08 4.57 ¢£0.05

Day 5 25 1.82 v-y+0.06 1.63 yz+0.09 1.12 aa-b+0.03 1.01 ab+0.01
50 2.08 0-u+0.06 1.65 xyz+0.10 1.16 aa-b+0.03 1.28 aa+0.04
100 2.20 1-r+0.02 1.86 u-y+0.08 1.66 xyz+0.02 1.88 t-x+0.07
200 3.76 d+0.17 2.27 k-p+0.17 2.13 0-s+0.08 1.96 r-w+0.07
400 4.98 b+0.04 2.59 ghi+0.12 3.693 d+0.10 2.41 h-m+0.15

Day 10 | 25 1.53 z+0.01 2.07 0-u+0.02 2.19 I-r+0.04 2.48 h-k+0.02
50 2.12 0-t+0.03 2.49 h-k+0.06 2.20 1-r+0.01 2.52 g-j+0.03
100 2.19 1-r+0.02 2.64 gh+0.07 2.21 1-q+0.02 2.14 0-s+0.03
200 2.32 j-0+0.03 2.29 j-0+0.03 2.49 h-k+0.03 2.47 h-k+0.05
400 2.13 0-s+0.01 2.75 g+0.02 2.42 h-1£0.17 2.49 h-k+0.05

ANOVA | Day LSD=0.046 P =0.001

Fertilizer Type LSD=0.053 P =0.001
N Dose LSD=0.059 P =0.001
Day x Fertilizer Type LSD=0.092 P =0.001
Day x N Dose LSD=0.103 P =0.001
Fertilizer Type x N Dose LSD=0.119 P =0.001
Day x Fertilizer Type x N Dose LSD=0.206 P =0.001

* Values with the same letter in the table do not significantly differ from each other (p<0.05).

As expected, increasing N dose (from 25
mg kg to 400 mg kg™) led to higher total N
content on Day 0. However, the relationship
between dose and total nitrogen N might be
more complex at later storage days (Day 5 and
10) based on the observed interactions (Table
3). The data implies that different fertilizer
types may affect N uptake in spinach plants
differently. This could be due to variations in
the chemical composition of each fertilizer
type, its release rate, or its compatibility with
the soil and plant requirements.

When focusing solely on the N dose,
excluding the source of N and storage duration,
the expected increase in total N content in
spinach plants becomes evident (Figure 5).
This increase aligns with established findings
that higher N doses typically result in greater
nutrient absorption in plants. Similar to
Zikalala et al. (2017), who reported a
significant increase in the percentage N
content of baby spinach leaves with increasing
N application, our study demonstrated a
statistically significant rise in total N content

with higher N doses (p<0.001) (Table 2). This
strengthens the evidence for a direct and robust
relationship between N application and plant
nutrient uptake. This correlation highlights the
importance of managing N dosage carefully to
optimize plant health and productivity while
minimizing potential negative environmental
impacts. Compared to the lowest dose of 25 mg
kgt (1.73 % total N), the 50 mg kg* dose
shows a 10.0 % increase in total N content
(1.90 %), the 100 mg kg dose shows a 21.9 %
increase (2.11 %), the 200 mg kg™ dose shows
a54.8 % increase (2.68 %), and the 400 mg kg
! dose shows a 96.4 % increase (3.40 %)
(Figure 2). Our results align with the findings
reported by Elsayed and Abdelraouf (2016)
concerning the impact of increasing N
fertilization rates on total N content and
nutrient uptake in spinach plants. Elsayed and
Abdelraouf (2016) found that increasing N
fertilization rates significantly (p<0.01)
increased the total N content of spinach, with
the highest content observed at a rate of 224 kg
N ha. Additionally, their study demonstrated
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a significant increase in N uptake with higher
N rates, with the greatest relative increases in
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Figure 5. The effects of N dose on total N content of spinach plants regardless of N sources and
duration of storage day

The highest overall total N content of
spinach plants was recorded with calcium
nitrate at 400 mg kg™ on Day 0 (5.40 %). The
increase in total N content from 25 mg N kg
(1.15 %) to 400 mg N kg™ (5.40 %) was 182.7
%. Yeast residue also exhibited high total N
levels, reaching 4.57 % at 400 mg kg™ on Day
0 (1126 % increase) and remaining
consistently high across storage days. The
highest total N content in SRAS treatments
(4.75 %) was observed at the 400 mg kg™* dose
on Day 0 (129.6 % increase). Ammonium
sulphate followed a similar trend, with the
highest content (4.98 %) occurring at 400 mg
kg on Day 5. The highest values indicate a
substantial absorption of N from the soil or
fertilizer sources. This high value suggests that
conditions were favorable for N uptake and
assimilation by the plants. The lowest total N
content across all fertilizers and storage days
was observed with ammonium sulfate at 25 mg

kg on Day 5 (1.82 %). Other fertilizers also
displayed their lowest content at 25 mg kg™ on
Day 5, with yeast residue (1.01 %) and calcium
nitrate (ranging from 1.12 % to 1.16 %)
exhibiting the lowest values. Unlike other
fertilisrs, SRAS displayed its lowest content on
Day 0 (1.73 %) at the 25 mg kg dose. The
lowest total N content suggests limited N
uptake, which may indicate potential nutrient
deficiencies or suboptimal growing conditions.

Regardless on N doses and duration of
storage period, all fertilizer types result in
relatively similar total N contents in spinach
plants, with CN having the highest average
total N content (2.419 %) and YR having the
lowest (2.334 %), although the differences are
not substantial. SRAS and AS have moderate
total N contents (2.392 % and 2.316 %,
respectively) (Figure 6).
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Figure 6. The effects of N dose on total N content of spinach plants regardless of N sources and
duration of storage day

Figure 7 shows the total N content in

spinach plants over three different storage
periods (Day 0, Day 5, and Day 10) regardless
of N sources and nitrogen doses. Initially, at
Day 0, the total N content was at its highest,
measuring 2.633 %. This value decreased
significantly by Day 5, reaching a level of
2.155 %, indicating a drop of approximately
18.2 %. By Day 10, the total N content
recovered to 2.307 %, representing a slight

4,00 | q
3,50
3,00

< 2,50
2,00

Total N (%

1,50
1,00
0,50

increase of around 7 % from Day 5 but still
lower than the initial level measured at Day 0.
The decrease in total N content could
potentially lead to a reduction in the overall
nutritional value of the spinach during storage.
Since N is a crucial component of proteins and
other essential plant compounds, this could be
a point of concern for maintaining the quality
of stored spinach.

0,00

Day 5

Duration of Storage Period

Figure 7. The effects of the duration of storage period on total N content of spinach plants regardless
of N sources and N doses
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The correlation coefficients between dry
weight and total N content of spinach plants
according to the N dose used in the spinach
growth are given in Table 3. The correlation of
0.457 for 25 mg N kg is significant but lower
compared to other doses, indicating a moderate
positive relationship. At this low dose, N
content may not play as prominent a role in
influencing dry weight. In 50 mg N kg™ dose,
the correlation increased to 0.610, showing a
stronger relationship. This suggests that as N
dose increases, its impact on dry weight
becomes more substantial. In 100 mg N kg
dose, the correlation further rose to 0.773,
indicating a strong positive relationship. This
dose is particularly effective at increasing dry
weight in correlation with total nitrogen
content. In 200 mg N kg™ dose, the correlation

drops slightly to 0.607, but remains significant,
suggesting that although there is a strong
relationship, it is not as pronounced as at the
100 mg N kg* dose. In 400 mg N kg™ dose, the
correlation (0.748) is strong and significant,
showing a clear positive relationship. This
higher dose may indicate a potential threshold
where additional N increases may not yield
substantial dry weight gains. Zhang et al.
(2014) conducted a field experiment where a
moderate N fertilizer application (170 kg ha™)
resulted in the highest spinach yield, while
excessive fertilization (255 kg ha?) had a
negative impact. Our findings, coupled with
yield response observations from Zhang et al.
(2014), emphasize the importance of
identifying the optimal N application rate for
maximizing spinach dry weight.

Table 3. Correlations between Dry Weight of Spinach Plants and Total N Content

Dry Weight Total N
Storage Days \
Day 0 | Dry Weight 1
Total N 0.740™ 1
Day 5 | Dry Weight 1
Total N 0.912" 1
Day 10 | Dry Weight 1
Total N 0.924™ 1
N Sources \
Ammonium Sulphate | Dry Weight 1
Total N 0.793™ 1
Calcium Nitrate | Dry Weight 1
Total N 0.755™ 1
Slow-Release Ammonium Sulphate | Dry Weight 1
Total N 0.768" 1
Yeast Residue | Dry Weight 1
Total N 0.851™ 1
N Doses \
25 mg N/kg | Dry Weight 1
Total N 0.457" 1
50 mg N/kg | Dry Weight 1
Total N 0.610™ 1
100 mg N/kg | Dry Weight 1
Total N 0.773" 1
200 mg N/kg | Dry Weight 1
Total N 0.607" 1
400 mg N/kg | Dry Weight 1
Total N 0.748" 1

** Correlation is significant at the 0.01 level

4. Conclusion and Recommendations

This study investigated the effects of N

management on spinach (Spinacia oleracea

L.) during 10 days of storage period. Nitrogen
source, dose, and their interaction significantly
impacted spinach quality, including dry weight
and total N content. Across various storage

391



Giliit and Sentiirk

periods, calcium nitrate consistently emerged
as an effective N source, promoting higher dry
weight and total N content compared to other
sources. The slow-release nature of some N
sources, such as slow-release ammonium
sulfate, demonstrated potential benefits for
sustained nutrient release and prolonged plant
growth, especially for plants with longer
storage durations. For instance, SRAS at 400
mg kg maintained a statistically similar or
slightly higher dry weight compared to 200 mg
kgl on some storage days (Day 5 and 10),
suggesting a potential benefit for this dose at
later storage stages. Additionally, our findings
underscore the importance of N dose
optimization, with higher doses leading to
increased dry weight and total N content, up to
a certain threshold beyond which further
increases may not yield significant gains. The
correlation analyses further elucidated the
relationship between N content and plant
growth, emphasizing the critical role of N in
determining spinach yield and quality.
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Giineydogu Anadolu Bolgesi Orjinli Yerel Arpa (Hordeum vulgare L.) Genotiplerinin
Morfolojik Yonden Degerlendirilmesi

Dogan OKUR ! Hiisnii AKTAS %"
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Ozet

Bu calisma 2020/21 yetistirme sezonunda Mardin ve Diyarbakir
lokasyonlarinda yiiriitiilmustiir. Diyarbakir lokasyonunda yagisa dayali
sartlarda Mardin lokasyonunda ise destek sulama yapilarak yiiriitiilen
calismada, denemeler Augmented deneme deseni uyarinca kurulmus
olup, 78 adet yerel arpa ¢esidi ve 7 adette standart ¢esit kullanilmstir.
Deneme deseni her blokta 26 adet yerel genotip ve 7 adet kontrol ¢esit
kullanilarak 3 blok halinde diizenlenmistir. Bu arastirmada Giineydogu
Anadolu bolgesinin farkli alanlarindan toplanan yerel arpa gesitlerinin
morfolojik karakterizasyonu amacglanmistir. Yerel arpa genotipleri ve
kontrol ¢esitlerin Diyarbakir lokasyonundan elde edilen sonuglar sirasiyla
tane verimi 150,1 kg da* ve 134,62 kg da*; Mardin lokasyonunda ise
sirastyla yerel genotiplerin ve kontrol gesitlerinin tane verimi 325 kg da
L ve 460.7 kg da? olarak kaydedilmistir. Kuraklik stresinin yasandigi
sezonda, Mardin lokasyonunda destek sulama yapildig1 i¢in tane verimi,
bin tane agirligi, bitki boyu ve diger degerler bakimindan Diyarbakir
lokasyonundan daha yiiksek degerler elde edilmistir. Bu ¢alisma
sonucunda incelenen ozellikler bakimmdan arpa islah programlarinda
yararli olacak yiiksek derecede varyasyonlar tespit edilmistir. Ayni
zamanda bu yerel arpa cesitlerinin siirdiiriilebilir tarim faaliyetleri ve
gelecekte planlanacak 1slah programlari igin korunmasi gerektigi
onerisinde bulunulmustur.
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Observation Barley Landraces (Hordeum vulgare L.) Interms of Morphological Traits

Abstract

This research was conducted in 2020-21barley growing season under
condition of Mardin and Diyarbakir. 78 barley landraces originated from
Southeast Anatolia and 7 registarted barley varieties were evaluated
according to Augmented Trail Design. Large variations were determined
in barley landraces collections for examinated traits. Mean of observed
traits of barley landraces and checks were ranged between 150 kg da*and
134,62 kg da* for grain yield in Diyarbakir location while 325 kg da* and
460.7 kg da! in Mardin location. Grain yield, thousand kerned weight
and plant height were higher in Mardin location compare to Diyarbakir
because of supplemented irrigation. This study indicated that barley
landraces have huge potential to increase variation for barley breeding
programs and barley collection can be useful to developing desirable
barley genotypes. We also recommend barley landraces should be
preserved for sustainable agriculture activities for marginal areas and
future breeding programs.
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Okur ve Aktas

1. Giris

Bugdaygiller ~ familyasinin ~ (Poaceae)
Triticeae oymagina ait olan Arpa (Hordeum
vulgare L.) yem ve malt sanayisinde
kullanilmaktadir.  Tiirkiye’nin ~ Gilineydogu
Anadolu Bolgesi, icinde arpa’nin da oldugu
birgok tahilin gen merkezidir. Gilineydogu
Anadolu Bolgesinin Karacadag alaninda kiiltiir
arpasinin yabani formlar1 Hordeum bulbosum
ve Hordeum spontaneum tiirleri dogal olarak
yetismekte ve cok genis bir genetik ¢esitlilige
sahiptir (Akinct ve Yildirim, 2009). Arpa,
basakta sira sayisina gore iki sirali (Hordeum
vulgare cv. distichon) ve alt1 sirali (Hordeum
vulgare CV. hexastichon) olarak
siniflandirilmaktadir. Bunun yaninda kavuz ve
kilgik rengi ve durumuna gore arpalar
karakterize edilebilmektedir. Iki sirali arpa
cesitleri yeknesak ve iri olan tanelere sahip
olmalar1 nedeniyle daha ¢ok malt sanayisinde
kullanilirken, alt1 sirali arpalar ise yeknesak
olmayan ve kiiciik olan tane yapilar1 nedeniyle
yem sanayisinde kullanilmaktadir. Yemlik
arpalarda protein orani ve sindirilebilirlik
oraninin yiiksek olmasi ve yumusak tane
yapisina sahip olmasi arzulanirken, maltlik
arpalarin ise malt oranimnin yiiksek protein
oraninin diisiik olmast istenir. Ozellikle yemlik
arpalarin taneye bagh kilgiklarin bir kisminin
taneye yapisik halde kalmast hayvan
beslenmesinde  bazit  sorunlara  neden
olmaktadir. Bu nedenle yemlik arpalar kirma
makinesinde Ogiitildiikten sonra hayvanlara
verilmektedir. Ulkemizde arpa daha ¢ok
hayvan beslenmesinde kullanilmak amaciyla
iretimi yapilmaktadir. Arpa tanesi yaklasik
olarak % 67 karbonhidrat, % 10 protein % 2
yag, % 5 seliiloz igermesi ve igerigindeki
kalsiyum, potasyum, fosfor ve A, E, B
vitaminleri nedeniyle hayvan beslenmesinde
vazgecilmez besin kaynagi olarak kabul
edilmektedir (Sonmez ve ark., 2000; Guo ve
ark., 2003).

Diinya genelinde musir, bugday ve
celtik’ten sonra en yiiksek iiretim oranina sahip
olan arpa; genel olarak ikinci simif marjinal
olarak  degerlendirilebilecek  alanlardaki
yuksek adaptasyon kabiliyeti nedeniyle tane
veriminde belirli bir stabiliteye sahiptir. Arpa

bitkisinin, su tutma kapasitesi yiiksek ve derin
toprak yapisina sahip ve yagisin da belli
oranlarda yiiksek oldugu alanlarda yatma
problemi biiylik verim kayiplarina neden
olmaktadir. Tuzlu olan topraklarda topraktan
kaldirdig1 tuz orani ve tuza karsi toleransinin
yliksek olmasi tuzluluk problemi olan
topraklarin 1slahinda 6nemli bir bitkidir.

Arpa tariminda kuraklik, yiiksek sicaklik,
diistik sicakliklar toprak yapisindan kaynakli
ekstrem durumlar (toprak oOrtiisiiniin diisiik,
tuzlu, kirecli vb), hastalik ve zararlilar tane
verimini kisitlayan faktorlerdir. Tane verimini
kisitlayan bu faktorlere dayaniklilik ve verim
stabilitesi icin 1slah caligsmalar1 yapilmaktadir.
Bu faktorlere dayaniklilik ic¢in genetik
cesitlilige ihtiya¢c bulunmaktadir. Genetik
cesitlik kaynagi bakimindan yerel cesitler ¢ok
onemli olup, modern 1slah ¢alismalarinin
temeli bu yerel c¢esitlere dayanmaktadir.
Ayrica, elimizde mevcut olan yerel g¢esit
germplazminin karakterizasyonu 1slah
caligmalarinin ilk asamasi olup, bu konuda
yapilacak calismalar biiyilk Onem arz
etmektedir. Yerel cesitler ekstrem iklim
kosullar1, marjinal alanlardaki kosullara kars1
modern 1slah ¢esitlerine gore iistiin 6zelliklere
sahip olduklarin1 ve bu nedenle bu ekstrem
kosullara sahip alanlarda tane ve saman
veriminde stabiliteyi saglamak icin yerel
cesitlerin  kullanildigr  bircok arastirmaci
tarafindan bildirilmistir (Allard ve Bradshaw,
1964). Yerel cesitlerin, popiilasyon seklinde
farkli genotipler icermesi, verimi kisitlayan
durumlarda bu genotiplerden birisi veya
birkagt mutlaka dayamiklihik  o6zellikleri
tasidiklar1 ve bu nedenle; ¢ok yiliksek verim
kapasitesine sahip olmamalarina ragmen tane
ve saman verimde tatmin edici bir rekolte ve
yliksek stabilite degerlerine sahip olduklari
bildirilmistir (Ceccarelli ve Grando, 2006). Bu
nedenle yerel arpa cesitlerinin 6zellikle gen
merkezi bolgelerinden ve gentik cesitliligin
yiiksek  oldugu  alanlardan  toplanip,
karakterizasyonu, On 1slah programlarinda
kullanilmast biiyiik bir dGneme sahiptir (Eser ve
ark., 1987). Yerel cesitlerin genetik cesitlilik
kaynagi ve genetik tabani genisletmek
amaciyla kullanilmas1 bu anlamda 6énemlidir.
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Yapilan bu c¢alismada, arapanin gen
merkezlerinden en Onemli alan olan
Gilineydogu Anadolu  Bolgesinin  ¢esitli
lokasyonlarindan  toplanan  yerel arpa
cesitlerinin bazi tarimsal karakterler bazinda
karakterizasyonu ve bu yerel gesitlerin kayit

2. Materyal ve Yontem

Yapilan ¢alismada, ¢cogunlugu Giineydogu
Anadolu Bolgesinden, bir kismi ise Dogu
Anadolu Bolgesinden toplanmis toplamda 78
adet yerel arpa genotipi ve standart olarak 7
adet tescilli arpa ¢esidi bitki materyali olarak

altina

almarak ¢ogaltilmasi

Ve

kusaklara aktarilmasi amaglanmistir.

gelecek

kullanilmistir. Calismada
materyali listesi Tablo 1°de verilmistir.

Tablo 1. Yerel arpa ¢esitlerinin toplandigr iller

Genotip Toplandig: Yer Basak Tipi Genotip Basak Tipi Toplandig1 Yer
G1 Siverek-Karabahce 2 sirall G45 2 sirall Mardin-Midyat
G2 Siverek-Karabahge 2 sirall G46 2 sirall Mardin-Midyat
G3 Siverek-Karabahge 2 siralt G47 2 siralt Mardin-Midyat
G4 Siverek-Karabahge 2 siralt G48 2 siralt Mardin-Midyat
G5 Siverek-Karabahge 2 sirali G49 2 sirali Mardin-Midyat
G6 Siverek-Karabahge 2 sirali G50 2 sirali Mardin-Midyat
G7 Siverek-Karabahge 2 siralt G51 2 siralt Mardin-Midyat
G8 Siverek-Karabahge 2 sirall G52 2 sirali Mardin-Midyat
G9 Erzincan 2 sirall G53 2 siralt Mardin-Omerli
G10 Erzincan 2 siralt Gbh4 2 sirall Mardin-Omerli
G11 Erzincan 2 siral G55 2 siralt Mardin-Omerli
G12 Mardin-Mazidagi 2 sirall G56 2 sirali Mardin-Omerli
G13 Mardin-Mazidag: 2 siral G57 2 sirall Mardin-Omerli
G14 Mardin-Mazidag: 2 siral G58 2 sirall Mardin-Omerli
G15 Mardin-Mazidagi 2 sirali G59 2 sirali Mardin-Omerli
G16 Mardin-Mazidagi 2 sirali G60 2 sirall Mardin-Omerli
G17 Mardin-Mazidag: 2 siral G61 2 sirall Mardin-Omerli
G18 Mardin-Mazidagi 2 siral G62 2 sirall Mardin-Omerli
G19 Siirt-Eruh 2 sirali G63 2 siralt Mardin-Omerli
G20 Siirt-Eruh 2 sirall G64 2 sirall Mardin-Midyat
G21 Siirt-Eruh 2 sirall G65 2 sirall Mardin-Midyat
G22 Siirt-Eruh 2 siralt G66 2 siralt Mardin-Midyat
G23 Siirt-Eruh 2 siralt G67 2 siralt Mardin-Midyat
G24 Erzincan 2 sirall G68 2 sirall Mardin-Midyat
G25 Erzincan 2 sirall G69 2 sirall Mardin-Midyat
G26 Erzincan 2 siralt G70 2 siralt Mardin-Midyat
G27 Elazig-Kovancilar 2 siralt G71 2 siralt Mardin-Midyat
G28 Elazig-Kovancilar 2 siralt G72 2 siralt Mardin-Midyat
G29 Sirnak-Uludere 2 siralt G73 2 siralt Mardin-Midyat
G30 Sirnak-Uludere 2 siralt G74 2 siralt Mardin-Midyat
G31 Sirnak-Uludere 2 sirall G75 2 sirall Mardin-Midyat
G32 Sirnak-Uludere 2 sirall G76 2 sirall Mardin-Midyat
G33 Siverek-Karacadag 2 siralt G77 2 siralt Mardin-Midyat
G34 Siverek-Karacadag 2 sirali G78 2 sirali Mardin-Midyat
G35 Siverek-Karacadag 2 sirali ST1 (Samyeli) 2 sirali

G36 Siverek-Karacadag 2 siralt ST2 (Sahin 91) 2 siralt

G37 Siverek-Karacadag 2 siralt ST3 (Sur 93) 2 siralt

G38 Siverek-Karacadag 2 sirali ST4 (Altikat) 6 sirali

G39 Siverek-Karacadag 2 siralt ST5 (Hevsel) 6 sirali

G40 Mardin-Mazidag: 2 siralt ST6 (Dara) 6 sirali

G41 Mardin-Mazidagi 2 siralt ST7 (Baris) 2 siralt

G42 Mardin-Midyat 2 siralt

G43 Mardin-Midyat 2 siralt

G44 Mardin-Midyat 2 siralt
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2.1. Tarla kosullarinda deneme diizeni,
giibreleme, sulama, alinan gozlemler ve
istatistiki analizler

Bu c¢alisma Diyarbakir yagisa dayal
sartlarinda ve Mardin destek Sulamali
Kosullarinda yiirtitiilmistiir. Denemeler, iki
lokasyondada Augmented Deneme Desenine
gore 3 blok olarak kurulmustur. Her blokta
standart cesitler ekilmistir. Her genotip 1 metre
uzunlugunda tek sirali bigimde ve sira arasi 30
cm olacak sekilde 15-20 Kasim tarihleri
arasinda her siraya 35 adet tohum olacak
sekilde ekim islemleri elle yapilmistir. Mardin
lokasyonunda siddetli bir kuraklik stresi
nedeniyle metrekareye 50 mm su olacak
sekilde bir defa sulama yapilmistir. Her iki
lokasyonda da  ekimle beraber 7 kg da* azot
7 kg da* fosfor (35 kg da™ 20.20.0 Kompoze
giibre) giibresi tatbik edilmistir. Ust giibresi
olarak 7 kg da* azot (15.3 kg da Ure, % 46

azot) tatbik edilmistir. Yabanci ot miicadelesi
her iki lokasyonda da elle yiiritiilmiistiir.
Denemeler Mardin ilinde, Artuklu ilgesinde,
Diyarbakir’da ise Cinar ilgesinde 2020-2021
yetistirme sezonunda yiirtitiilmiistiir.

Deneme alanlarindan alinan goézlemler
Kendal (2013)’ iin belirttigi yontemlere goére
alinmistir.  Bitki boyu, metrekarede bagak
sayisi, bin tane agirligi, basakta tane sayisi,
basak uzunlugu, olgunlagma giin sayisi, tane
rengi ve tane verimi goézlemleri alinmistir.
Istatistiki ~ analizler — Peterson  (1985)’e
(Augmented for Peremilary Yield Trial) gore
Microsoft Excel programi  kullanilarak
yapilmistir.

Calismanin yiiriitilmiis oldugu Diyarbakir
ve Mardin illerine ait 2020/21 yetistirme
donemine ait iklim verileri Tablo 2’de
verilmistir.

Tablo 2. Mardin ve Diyarbakir lokasyonlar1 2020/21 iklim verileri

Mardin iklim verileri Diyarbakir iklim verileri
T. Uzun yillar
yagis | yagis (ml)
Sic. ort (°C) | T. yagis (ml) | Uzun yillar yagis (ml) | Sic. Ort. (°C) | (ml)
2020 Eyliil 28.9 0 1.47 18.6 0.0 33.0
2020 Ekim 22.1 0 2451 11.4 54.0 55.2
2020 Kasim 14.4 35.7 33.29 3.9 27.6 72.3
2020 Aralik 9.6 40.8 33.53 2.0 39.1 70.7
2021 Ocak 8.4 99.2 36.03 7.0 40.2 67.7
2021 Subat 10.6 25,5 33.15 5.7 43.6  |66.7
2021 Mart 121 62.6 59.18 16.8 5.6 70.0
2021 Nisan 194 7.1 37.62 18.4 2.8 44.4
2021 May1s 27.8 2.1 38.77 27.6 0 8.7
2021 Haziran 28.3 0 3.53
Top. 273 301.1 213 [4886
Hem Mardin hem de Diyarbakir  lokasyonunda kurulan denemede bir defa 6

lokasyonlarinda 2020/21 yetistirme sezonunda
uzun yillar toplam yagis miktarindan daha az
yagis gergeklesmis olup, 6zellikle arpa bitkisi
icin kritik donem olan Mart ve Nisan
yagmurlar1 ¢cok ge¢ gerceklesmistir. Mart ay1
icerisinde toplamda 62 kg yagis diismiis olsa
bile bu yagls mart aymin sonunda
gerceklesmis ve bitkiler bu dénem boyunca
kuraklik stresine maruz kalmistir.  Nisan
ayinda ise yagis zaten yok denecek kadar az
olmus ve sonu¢ olarak kurak bir sezon
gerceklesmistir.  Bu  nedenle  Mardin

saat sulama yapilmistir (Yaklasik 50 mm m?).
2.2. Toprak ozellikleri

Diyarbakir ve Mardin lokasyonlar1 deneme
alanindaki topaktan 0-30 cm derinlikten alinan
numunelere ait fiziksel ve kimyasal 6zellikler
asagidaki su sekildedir. Her iki lokasyonda da
taoprak biinyesinin killi-tinli, pH degerinin 7.7
ile 7.9 arasinda oldugu, tuz oranmin diisiik ve
kire¢ oraninin orta diizeyde, organik madde
oraninin diisiik, fosfor igeriginin orta ve
potasyumca zengin oldugu tespit edilmistir.
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3. Bulgular ve Tartisma

Bu calismada incelenen tiim o&zelliklere
iliskin varyans analiz tablosu, Tablo 3’te

Okur ve Aktas

sonucunda, her iki loksayonda da aragtirmada
kullanilan kontrol c¢esitlerin incelenen tiim
ozelliklere ait ortalama degerleri arasindaki

verilmistir. ~ Yapilan  istatistiki  analiz fark istatistiki ~olarak  (P<0.01) ~ nemli
bulunmustur.
Tablo 3. incelenen dzelliklere ait varyans analiz tablosu
Diyarbakir Lokasyonu (diisiik yagis)

TV | MKBS [ BTS | BSKB [ BTA | BB 0GS
Varyasyon
Kaynagi SD KT
ST 6 78114** 27634** 5411** 6.24 ** 498** 741 862.3**
BLOK 2 38.95 106.3 4.7 0.09 4.0 4.7 0.86
HATA 12 844.38 1396.7 125.3 1.25 175 64.7 15.14
GENEL 20 78997 29137.1 5541.2 7.57 519.0 810.7 878.29
CV (%) 6.23 6.2 9.5 3.96 3.1 3.6 0.73

Mardin Lokasyonu (sulu kosullar)

TV MKBS BTS BSKB BTA BB OGS
Varyasyon
Kaynagi SD KT
ST 6 61478** 44266** 4819** 4819** 371** 371** 730.6**
BLOK 2 2745.2 178.3 0.1 0.1 24 24 1.14
HATA 12 1920.1 1800.2 89.9 89.9 19.6 19.6 192.86
GENEL 20 66143.2 46244.8 4909.2 4909.2 393.2 393.2 924.57
CV (%) 2.7 2.1 6.8 6.8 3.0 3.0 2.56

ST : Standart; TV: tane verimi; MKBS : Metrekarede basak sayisi; BTS: Basakta tane sayisi; BSKB: Basak boyu; BTA: Bin tane agirligi;

BB: Bitki boyu; OGS: Olgunlagma giin sayisi; *. ** %5 ve %1 diizeyinde énemlidir. Od: énemli degil.

Tablo 4. Calismada kullanilan standart ¢esitlerde incelen 6zelliklerin ortalamasi

Diyarbakir Lokasyonu (diisiik yagis)

v MKBS BTS BSKB BTA BB OGS
ST1 (Samyeli) 125.0 209 23.3 8.07 41.08 62.0 145.7
ST2 (Sahin-91) 83.33 110.5 24.3 7.67 39.58 59.0 158.7
ST3 (Sur-93) 267.3 2185 23.7 8.77 49.58 77.3 160.7
ST4 (Altikat) 167.7 158.5 65.3 7.80 35.00 64.3 160.7
ST5 (Hevsel) 120.3 163.5 28. 8.83 39.83 59.0 151.7
ST6 (Dara) 101.7 206 52.33 8.53 33.17 64.0 145.7
ST7 (Baris) 77.0 149.5 22.3 7.30 38.42 60.0 160.0
Ort. 134.6 173.6 34.2 8.14 39.52 63.7 154.7
AOF (0.01) 6.6** 8.8** 2.6%* 0.25** 0.95** 1.8%* 0.93**
Blok 1 -18.4 -3.1 -0.10 0.08 0.52 0.10 0.14
Diizeltme Blok 2 3.2 1.1 0.62 -0.08 0.03 -0.62 -0.29
Terimi Blok 3 15.2 2.0 -0.52 0.00 -0.55 0.52 0.15
Mardin Lokasyonu (sulu kosullar)
I v MKBS BTS BSKB BTA BB OGS
ST1 (Samyeli) 478.3 530 32 9 45 96.7 149.4
ST2 (Sahin-91) 370.0 481 35 8 43 96.7 159.0
ST3 (Sur-93) 426.3 560 27 10 49 103.3 164.0
ST4 (Altikat) 540.7 613 65 8 38 98.3 164.0
ST5 (Hevsel) 511.3 591 37 10 42 93.3 153.3
ST6 (Dara) 493.0 597 62 9 35 98.3 149.0
ST7 (Baris) 508.7 616 25 8 43 95.0 159.4
Ort. 460.7 570 40.4 8.6 42.4 97.4 156.9
AOF (0.01) 9.98** 9.7** 2.2%* 0.25** 1.01%* 2.10** 3.16**
Blok 1 -28 -6.9 0.5 0.2 0.05 24 -0.29
Diizeltme Blok 2 16 51 0.7 0.1 0.04 -0.5 0.29
Terimi Blok 3 12 1.8 -1.2 -0.3 -0.09 -1.9 0.00

TV: tane verimi; MKBS: Metrekarede basak sayisi; BTS: Basakta tane sayisi; BSKB: Bagak boyu; BTA: Bin tane agirligi; BB: Bitki boyu;

OGS: Olgunlasma giin sayist; *. ** % 5 ve % 1 diizeyinde nemlidir. Od: 6nemli degil.
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3.1. Tane verimi

Kontrol ¢esitlerin bloklardaki tane verimi
degerleri Tablo 4’te verilmistir. Yagis
miktarinin ~ diisik  oldugu  Diyarbakir
lokasyonunda, bloklarda kontrol gesitlere ait
ortalama degerler 77 kg da! (Baris) ile 167.7
kg dal (Altikat) arasinda degismis, standart
cesitlerin ortalamas1 134.6 kg da?! olarak
belirlenmistir. Destek sulama yapilan Mardin
lokasyonunda kontrol c¢esitlerin ortalama
degerleri 370 kg da? (Sahin-91) ile 540.7 kg
da® (Altikat) arasinda degismistir. Tane verimi
kantititif bir karakter olup, bircok gen
tarafindan idare edilen ve ¢evre sartlarindan
ctkilenen bir oOzelliktir  (Aktas, 2017).
Calismada kullanilan yerel arpa cesitlerinin
tane verimi degerleri Tabla 5’te verilmistir.
Diistik yagis yasanan ve kuraklik stresinin
hissedildigi Diyarbakir lokasyomnunda, yerel
cesitlerin tane verimi ortalama degeri 150.1 kg
da?® olurken, destek sulama yapilan Mardin
lokasyonunda tane verimi 325 kg da* olarak
kaydedilmistir. Diisiik yagishh  Diyarbakir
lokasyonunda standart ortalamasini gegen 34
adet yerel gesit tespit edilmis ve bu yerel
cesitler i¢erisinde G9, G14, G19, G56, G63 en
yiiksek tane verimine sahip genotipler olarak
kaydedilmistir. Destek sulamali  Mardin
lokasyonunda standart cesitlerin ortalamasini
gecen sadece 4 adet yerel genotip (G8, G9,
G13, G28) tespit edilmistir. Kuraklik stresi
yasanan diisiik yagish Diyarbakiar
lokasyonunda standart ¢esitleri gecen ¢ok fazla
yerel arpa genotipin tespit edilmesi bu yerel
cesitlerin su stresi gibi marjinal iklim ve toprak
sartlarina adaptasyonun yiiksek oldugunu,
modern 1slah ¢esitlerinin ise daha rahat iklim
ve toprak sartlarinda yiiksek tane verimine
ulagtiklarin1 - gostermektedir. Yerel cesitler
konusunda calisan c¢ok sayidaki arastirmada,
bu genetik kaynaklarin toprak verimliligi az,
kuraklik ve sicaklik stres kosullarinin
yasandigi  marjinal  alanlara  spesifik
adaptasyon gelistirdikleri bu yerel cesitlerin
cok yiiksek tane verimine sahip olmamalarina
ragmen, modern 1slah ¢esitlerine gore kayda
deger tane verimine sahip olduklarini
belirtmiglerdir (Kandemir ve ark., 2010;
Akman ve Kara, 2007). Yerel ve ticari

cesitlerin  kullanildig1 bir ¢alismada, ideal
iklim ve toprak sartlarinda ticari gesitlerin
yikksek tane verimine ulastiklarini, ideal
olmayan (stres kosullarinda) ise yerel ¢esitlerin
ticari ¢esitlerden daha yliksek tane verimine
sahip olduklarini rapor etmislerdir (Ceccarelli
ve Grando, 2006).

3.2. Metrekarede basak sayisi

Kontrol ¢esitlerin bloklardaki metrekarede
basak sayis1 degerleri Tablo 4’te verilmistir.
Yagis miktarinin diisiik oldugu Diyarbakir
lokasyonunda, bloklarda kontrol gesitlere ait
ortalama degerler 110.5 adet m™ (Sahin 91) ile
218.5 adet m2 (Sur 93) arasinda degismis,
standart cesitlerin ortalamasi 173.6 adet m™
olarak belirlenmistir. Destek sulama yapilan
Mardin lokasyonunda kontrol cesitlerin
ortalama degerleri 466.5 adet m= ile 637. adet
m™ arasinda degismistir. Calismada kullanilan
yerel arpa ¢esitlerinin metrekarede bagak sayisi
degerleri Tablo 5°te verilmistir. Diisiik yagis
yasanan ve kuraklik stresinin hissedildigi
Diyarbakir lokasyonunda, yerel c¢esitlerin
basak sayisi ortalama degeri 218 adet m™
olurken, destek sulama yapilan Mardin
lokasyonunda basak sayis1 383 adet m? olarak
kaydedilmistir. Diisiik yagishh  Diyarbakir
lokasyonunda standart ortalamasini gecen 54
adet yerel gesit tespit edilirken, destek sulamali
Mardin lokasyonunda ise higbir yerel ¢esit,
standart cesitlerin ortalamasin1 ge¢memistir.
Elde edilen bu veri yerel gesitlerin daha ¢ok
stres kosullarinda daha iyi performansa sahip
olduklarimi, standart olarak kullanilan modern
1slah cesitlerinin yiiksek verim potansiyelli

olmalarina ragmen bu performansin 1iyi
kosullarda gerceklestirdikleri, stres
kosullarinda  1se geride  kaldiklarini

gostermektedir. Birim alanda basak sayisinin,
kullanilan c¢eside, diisen yagis miktarina,
toprak yapisi, bitki besin maddesi igerigine ve
ekim sikligina baghh olarak  degistigi
bildirilmistir. (Kizilge¢i ve ark., 2016; Aktas,
2017; Kendal, 2020). Yapilan baska bir
calismada, yagis miktariin az oldugu
senelerde ana sap disindaki kardeslerin c¢ok
zayif gelistigi ve buna bagli olarak bagak
sayisiin diisiik oldugu bildirilmistir (Sonmez
ve ark., 1996).
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Tablo 5. Calismada kullanilan yerel arpa genotiplerinin iki lokasyondaki tane verimi (kg da®) ve
metrekarede basak sayisi (adet m™) degerleri

DYB | MRDN | DYB MRD DYB MRD | DYB MRD
Blok Gen V. | TV MKBS MKBS Blok Gen V. | TV MKBS MKBS
1 Gl 156 273 302 342 2 G40 | 148 349 197 384
1 G2 96 108 143 168 2 G41 | 164 393 251 390
1 G3 120 250 234 383 2 G42 | 80 455 171 428
1 G4 232 364 270 435 2 G43 | 136 177 269 276
1 G5 240 417 308 555 2 G44 | 72 255 140 362
1 G6 268 400 446 525 2 G45 | 64 212 179 335
1 G7 112 193 161 233 2 G46 | 116 202 311 359
1 G8 228 535 224 495 2 G47 | 76 408 161 383
1 G9 308 532 329 518 2 G48 | 112 238 188 261
1 G10 | 196 437 302 585 2 G49 | 88 354 150 413
1 G11 | 108 295 224 368 2 G50 | 188 309 191 323
1 Gl2 | 96 343 197 423 2 G51 | 184 313 236 368
1 G13 | 132 512 203 548 2 G52 | 92 372 179 429
1 G14 | 352 502 311 518 3 G53 | 88 173 158 222
1 G15 | 100 263 204 362 3 G54 | 132 344 203 318
1 G16 | 104 168 203 240 3 G55 | 184 232 327 362
1 G17 | 160 270 266 368 3 G56 | 256 398 293 458
1 G18 | 244 324 273 360 3 G57 | 60 169 113 225
1 G19 | 404 433 533 540 3 G58 | 88 140 107 192
1 G20 | 260 350 266 368 3 G59 | 148 201 209 234
1 G21 | 144 310 177 330 3 G60 | 152 376 179 473
1 G22 | 116 486 209 540 3 G61 | 112 402 191 398
1 G23 | 60 279 107 297 3 G62 | 76 110 173 179
1 G24 | 244 297 263 453 3 G63 | 280 289 203 330
1 G25 | 204 368 218 465 3 G64 | 180 520 236 495
1 G26 | 180 324 248 383 3 G65 | 64 318 191 405
2 G27 | 112 409 128 308 3 G66 | 180 268 302 395
2 G28 | 104 494 147 455 3 G67 | 48 185 68 200
2 G29 | 232 374 296 417 3 G68 | 236 266 269 372
2 G30 | 240 288 278 300 3 G69 | 144 366 218 345
2 G31 | 196 445 206 578 3 G70 | 88 180 143 230
2 G32 | 104 330 222 455 3 G71 | 80 284 176 336
2 G33 | 36 281 170 386 3 G72 | 64 324 143 308
2 G34 | 156 513 218 585 3 G73 | 152 366 162 375
2 G35 | 316 354 488 405 3 G74 | 104 324 236 459
2 G36 | 200 317 213 398 3 G75 | 68 266 156 345
2 G37 | 176 292 227 330 3 G76 | 68 332 104 453
2 G38 | 132 391 191 432 3 G77 | 116 372 146 405
2 G39 | 100 265 173 368 3 G78 | 52 327 98 477
TV STD Ort. (DYB; MRDN); 134.62 kg dat; 476 kg da!
TV Yerel Cesit Ort. (DYB; MRDN) 150.1 kg da’!; 325 kg da*
TV standart ortalamasini gegen hat sayisi (DYB; MRDN) 34 adet; 4 adet
MKBS Standart Cesit Ort. (DYB; MRDN) 174 adet m2; 570 adet m2
MKBS Yerel Cesit Ort. (DYB; MRDN); 218 adet m?; 383 adet m2
MKBS standart ortalamasini gecen hat sayisi (DYB; MRDN) | 54 adet; (gecen yok)

401



Okur ve Aktas

Tablo 6. Calismada kullanilan yerel arpa genotiplerinin iki lokasyondaki basakta tane sayisi
(adet/basak) ve basak boyu (cm) degerleri

DYB | MRDN | DYB MRD DYB MRD | DYB MRD
Blok Gen BTS | BTS BSKB BSKB Blok Gen BTS | BTS BSKB BSKB
1 Gl 20 28 8 11.2 2 G40 | 28 29 9.4 10.2
1 G2 21 27 8.5 10.9 2 G41 | 25 32 9 10.8
1 G3 20 27 7.7 9.7 2 G42 | 30 34 9.2 11.2
1 G4 26 26 7.4 8.2 2 G43 | 23 25 8.1 9.6
1 G5 21 28 8.2 10.8 2 G44 | 22 25 7.3 10
1 G6 22 26 8.7 10.7 2 G45 | 18 22 7.4 8.8
1 G7 24 25 8.3 10.8 2 G46 | 18 23 74 8.6
1 G8 26 31 9 11.3 2 G47 | 26 32 9.2 11.2
1 G9 30 31 9.7 10.6 2 G48 | 24 30 9.1 11.2
1 G10 | 25 28 8.7 10.5 2 G49 | 26 28 9.6 9.4
1 Gl1 | 27 26 9.4 10.1 2 G50 | 28 29 9.3 10.2
1 Gl2 | 21 29 8.6 12.2 2 G51 | 26 27 9.1 9.4
1 G13 | 27 30 9.7 10.7 2 G52 | 29 31 10.9 11
1 Gl4 | 28 25 9.5 9.5 3 G53 | 22 22 7.5 7.6
1 G15 |21 24 7.8 9.5 3 G54 | 24 28 6.4 8.4
1 G16 | 23 26 8.9 10.7 3 G55 | 26 26 6.8 6.7
1 Gl7 | 23 25 8.4 9.7 3 G56 | 26 29 9.4 10.9
1 G18 | 27 29 8.9 9.8 3 G57 | 18 25 79 9.7
1 G19 | 28 28 9.4 11 3 G58 | 22 24 8.5 9.6
1 G20 | 27 26 9.4 10.1 3 G59 | 25 29 9.2 11.2
1 G21 | 27 26 9.7 9.7 3 G60 | 26 25 8.7 9.6
1 G22 | 26 28 9.2 10.3 3 G61 | 22 29 9 12.7
1 G23 | 26 32 9.2 10.9 3 G62 | 19 25 74 9.4
1 G24 | 24 24 8.7 8.8 3 G63 | 24 29 7.4 105
1 G25 | 23 27 8.3 10 3 G64 | 26 32 9 10.7
1 G26 | 21 25 6.3 7 3 G65 | 20 26 8 10.6
2 G27 | 25 27 7.8 8.9 3 G66 | 24 25 8.2 9.9
2 G28 | 26 29 7.4 7.9 3 G67 | 25 27 7.2 9.7
2 G29 | 26 28 9.8 10.5 3 G68 | 28 27 11 11
2 G30 | 24 25 74 7.7 3 G69 | 24 32 8.9 11
2 G31 | 26 26 9 11.2 3 G70 | 19 27 7.7 11.1
2 G32 | 25 25 9.8 10.3 3 Grl | 21 26 8.6 10.5
2 G33 | 24 26 9.5 9.9 3 G72 | 28 31 9.5 10.5
2 G34 | 22 27 8.2 10.6 3 G73 | 29 28 9 9.5
2 G35 | 25 31 9.2 10.5 3 G74 | 22 27 8.8 9.5
2 G36 | 27 29 8.8 10.7 3 G75 | 19 26 7.3 10.3
2 G37 | 25 30 8.6 11.1 3 G76 | 24 27 9.7 114
2 G38 | 25 30 8.9 9.8 3 G77 | 24 31 9.2 10.9
2 G39 |19 24 8 9.7 3 G78 | 20 26 7.8 9.5
BTS STD Ort. (DYB; MRDN) ; 34.2 adet basak® ; 40.5 adet basak™
BTS Yerel Cesit Ort. (DYB; MRDN) 24.2 adet basak! 28 adet basak™
BTS standart ortalamasini gegen hat sayis1 (DYB; MRDN) (gecen yok) ; gecen yok
BSKB Standart Cesit Ort. (DYB; MRDN) 8.14cm; 8.7cm
BSKB Yerel Cesit Ort. (DYB; MRDN); 8.4 cm;10.1cm
BSKB standart ortalamasini gegen hat sayis1 (DYB; MRDN) | 55 adet ; 69 adet
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Tablo 7. Calismada kullanilan yerel arpa genotiplerinin iki lokasyondaki bin tane agirligi (g) ve bitki

boyu (cm) degerleri
DYB MRDN DYB MRD DYB MRD DYB MRD

Blok Gen BTA | BTA BB BB Blok | Gen | BTA BTA BB BB
1 Gl 40.5 42.8 63 95 2 G40 | 39 47.0 64 80
1 G2 42 35.8 60 75 2 G41 | 38 47.3 65 95
1 G3 36.5 36.3 63 90 2 G42 | 343 47.0 58 100
1 G4 47.8 48.3 77 90 2 G43 | 333 38.5 62 85
1 G5 46.3 40.3 82 85 2 G44 | 338 42.3 57 100
1 G6 45 44.0 81 93 2 G45 | 32 43.3 61 85
1 G7 44.3 49.8 69 70 2 G46 | 44 46.3 73 80
1 G8 45 52.3 81 110 2 G47 | 313 50.0 64 95
1 G9 48.3 49.8 86 100 2 G48 | 39 455 65 85
1 G10 | 423 40.0 73 100 2 G49 | 338 46.0 61 95
1 G11 | 365 46.3 68 100 2 G50 | 47.8 495 80 100
1 G12 | 348 42.0 58 90 2 G51 | 46.8 47.3 84 95
1 G13 | 393 46.8 63 90 2 G52 | 355 42.0 63 95
1 G14 | 50.5 51.8 82 85 3 G53 | 51 53.3 73 100
1 G15 | 40 455 62 85 3 G54 | 443 58.0 71 105
1 G16 | 36.8 48.0 58 85 3 G55 | 438 48.8 68 80
1 G17 | 418 44.0 65 95 3 G56 | 46.5 45.0 75 95
1 G18 | 435 46.5 76 107 3 G57 | 418 45.0 55 80
1 G19 |50 43.0 86 85 3 G58 | 42.8 455 54 80
1 G20 | 50.3 55.0 78 90 3 G59 | 428 445 64 80
1 G21 | 428 54.3 72 100 3 G60 | 51.8 47.8 68 90
1 G22 | 365 48.3 60 95 3 G61 | 445 52.3 65 90
1 G23 | 325 44.0 58 97 3 G62 | 39.3 405 58 75
1 G24 | 46 41.0 72 85 3 G63 | 42.3 45.3 74 88
1 G25 | 435 44.0 60 90 3 G64 | 423 49.3 68 90
1 G26 | 493 50.8 69 100 3 G65 | 36 45.3 63 90
2 G27 | 29 28.5 63 90 3 G66 | 43.8 40.8 69 80
2 G28 | 425 56.3 75 110 3 G67 | 248 515 56 88
2 G29 | 453 48.0 65 90 3 G68 | 46.5 39.8 82 82
2 G30 | 58 62.3 85 100 3 G69 | 43 49.8 65 100
2 G31 | 495 44.5 64 80 3 G70 | 388 435 57 95
2 G32 | 49.8 435 85 115 3 G71 | 40 48.8 57 85
2 G33 | 40 42.0 73 105 3 G72 | 358 51.0 60 100
2 G34 | 445 48.8 67 95 3 G73 | 43 52.3 70 88
2 G35 | 455 42.3 86 100 3 G74 | 35 39.3 73 95
2 G36 | 43.3 41.3 81 90 3 G75 | 373 445 54 105
2 G37 | 428 44.3 67 95 3 G76 | 44 40.8 63 85
2 G38 | 39.3 45.3 64 110 3 G77 | 49 445 60 70
2 G39 | 40.8 45.0 61 95 3 G78 | 425 39.5 52 105
BTA STD Ort. (DYB; MRDN); 39.5¢9;422¢gr
BTA Yerel Cesit Ort. (DYB; MRDN) 41.8g; 459¢r
BTA standart ortalamasini gecen hat sayisi (DYB; MRDN) 52 adet; 61 adet
BSKB Standart Cesit Ort. (DYB; MRDN) 63.7cm; 97.4 cm
BSKB Yerel Cesit Ort. (DYB; MRDN); 67.8 cm; 92 cm
BSKB standart ortalamasini gegen hat sayist (DYB; MRDN) 48 adet; 22 adet

Basakta tane sayisi

Calismada kontrol olarak  kullanilan

cesitlerin basakta tane sayis1 ortalama degerleri
Tablo
Diyarbakir lokasyonunda basakta tane sayist

4’te  verilmistir. Diisiik  yagish

ortalama degerleri 22.33 (Baris) ile 65. 33
(Altikat) adet basak? arasinda degisim
gostermis, standartlarin ortalamasi 34.2 adet
basak™ olarak tespit edilmistir. Destek sulama
yapilan Mardin lokasyonunda ise kontrol

cesitlerin basakta tane sayist degerleri 25
(Baris) ile 65 (Altikat) adet basak™ arasinda
degismis, standart ortalamas1 40.5 adet bagak™
olarak kaydedilmistir.

Calismada  kullanilan  yerel arpa
genotiplerinin basakta tane sayisi ortalama
degerleri Tablo 6’da verilmistir. Yagisin diisiik
oldugu Diyarbakir lokasyonunda yerel
genotiplerin basakta tane sayisi ortalamasi 18
(G57) ile 64 (G27) adet basak™ arasinda
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degismis, yerel ¢esitlerin ortalamasi ise 25 adet
basak ™ olarak kaydedilmistir. Destek sulamali
Mardin lokasyonunda ise basakta tane sayisi
ortalama degerleri 22 (G45) ile 70 (G27) adet
basak™? arasinda degisim gostermis, ortalama
deger 28 adet basak™ olarak tespit edilmistir.
Diyarbakir ve Mardin lokasyonlarinda yerel
cesitler standart ortalamasini gegememistir. Bu
sonug, modern ¢esitlerin basakta tane sayisi
bakimindan yerel c¢esitlerden daha yliksek
degerlere sahip oldugunu gdostermektedir.
Bagakta tane sayisinin verimi etkileyen en
onemli Ozelliklerden biri oldugu g6z Oniinde
bulunduruldugunda yerel arpa c¢esitlerinin
modern arpa ¢esitlerinden daha diisiik verim
potansiyeline sahip olmalarinin sebeplerinden
birisinin yerel arpa cesitlerinin bagakta tane
sayist bakimindan modern ¢esitlere gore daha
diisik  potansiyele sahip  olmalarindan
kaynaklandigin1 gostermektedir. Daha Once
yapilan c¢aligmalarda basakta tane sayisinin
ceside bagl genetik bir 6zellik oldugu ve tane
verimini dogrudan etkileyen bir karakter
oldugu belirtilmistir (Kirtok ve ark., 1992;
Akinci ve ark., 1999).

3.4. Basak boyu

Calismada kontrol olarak  kullanilan
cesitlerin basak boyu ortalama degerleri Tablo
4’te verilmistir. Diisiik yagish Diyarbakir
lokasyonunda basak boyu degerleri 7.30
(Baris) ile 8.83 (Hevsel) cm arasinda degisim
gostermis standartlarin ortalamas: 8.14 cm
olarak tespit edilmistir. Destek sulama yapilan
Mardin lokasyonunda ise kontrol g¢esitlerin
basakta boyu ortalama degerleri 8 (Baris) ile
10 (Hevsel) cm arasinda degismis standart
ortalamasi 8.6 cm olarak kaydedilmistir.

Calismada kullanilan yerel arpa
genotiplerinin basak boyu ortalama degerleri
Tablo 6’da verilmistir. Yagisin diisiik oldugu
Diyarbakir lokasyonunda yerel genotiplerin
basak boyu degerleri 6.3 (G26) ile 11.2 (G42)
cm arasinda degismis, yerel cesitlerin
ortalamasi ise 8.4 cm olarak kaydedilmistir.
Destek sulamali Mardin lokasyonunda ise
basak boyu degerleri 7 (G26) ile 12.7 (G61) cm
arasinda degisim gostermis, ortalama deger
10.1 cm olarak tespit edilmistir. Diyarbakir
lokasyonunda 55 adet ve Mardin lokasyonunda

ise 69 adet yerel genotip standart ortalamasini
geemistir. Daha Once yapilan g¢aligmalarda
basak boyunun genetik 06zellik oldugu ve
ceside bagli olmakla beraber. birim alanda
kullanilan tohumluk miktari, topraktaki besin
elementi miktar1 ve yagis gibi c¢evresel
faktorlerden dolayr ayni gesitte farkli basak
boyu degerleri elde edilebilecegi belirtilmistir
(Sonmez ve ark., 1999; Turgut ve ark., 1997,
Karadogan ve ark., 1999).

3.5. Bin tane agirhgi

Calismada kontrol olarak kullanilan
cesitlerin bin tane agirligi ortalama degerleri
Tablo 4’te verilmistir. Disliik yagish
Diyarbakir lokasyonunda kontrol gesitlerinin
bin tane agirlig1 degerleri 33.17 g (Dara) ile
49.6 g (Sur) arasinda degisim gostermis,
kontrol ¢esitlerinin ortalamast 39.5 gr olarak
tespit edilmistir. Destek sulama yapilan
Mardin lokasyonunda ise kontrol ¢esitlerin bin
tane agirligi degerleri 35 g (Dara) ile 49 g (Sur)
arasinda degismis, standart ortalamasi 42.2 g
olarak kaydedilmistir.

Calismada  kullanilan  yerel arpa
genotiplerinin bin tane agirhigi ortalama
degerleri Tablo 7°de verilmistir. Yagisin diisiik
oldugu Diyarbakir lokasyonunda yerel
genotiplerin bin tane agirligir degerleri 24.8
(G67) ile 58 (G30) g arasinda degismis, yerel
cesitlerin ortalamasi ise 39.5 g olarak
kaydedilmistir. Destek sulamali  Mardin
lokasyonunda ise bin tane agirligi degerleri
28.5 (G27) ile 62.3 (G30) g arasinda degisim
gostermis, ortalama deger 42.2 g olarak tespit
edilmistir. Diyarbakir lokasyonunda 52 adet ve
Mardin lokasyonunda ise 61 adet yerel genotip
standart ortalamasinin {istiinde bin tane agirlig
degerine sahip olmustur. Arpa’da bin tane
agirhig1 pazar fiyatinin belirlenmesinde 6nemli
bir kriter olup, tane dolgunlugu, tanedeki
nigasta igerigi, tane yapisinin yeknesakligi gibi
ozelliklerden etkilenmektedir (Oztiirk ve ark.,
2007). Arpada bin tane agirligi cok genle idare
edilen genetik bir 6zellik olmasinin yaninda,
yetistirme sezonu igerisinde yasanan ekolojik
kosullardan da etkilenmektedir (Colkesen ve
ark., 1994). Bu calismada da elde edilen
sonuclar  kuraklik  stresinin  yasandigi
Diyarbakir lokasyonu ile destek sulama
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yapilan Mardin lokasyonundan elde edilen bin
tane agirligt degerlerinin farkli olmasi bu
durumu desteklemektedir.

3.6. Bitki boyu

Calismada kontrol olarak  kullanilan
cesitlerin bitki boyu ortalama degerleri Tablo
4’te verilmistir. Disiik yagisli Diyarbakir
lokasyonunda bitki boyu degerleri 60 (Dara)
ile 77.3 (Sur) cm arasinda degisim gostermis,
standartlarin ortalamasi 63.7 cm olarak tespit
edilmistir. Destek sulama yapilan Mardin
lokasyonunda ise kontrol ¢esitlerin bitki boyu
ortalama degerleri 93.3 (Hevsel) ile 103.3 cm
(Sur) arasinda degismis, standart ortalamasi
97.4 cm olarak kaydedilmistir.

Calismada  kullanilan  yerel arpa
genotiplerinin bitki boyu ortalama degerleri
Tablo 7.’de verilmistir. Yagisin diisiik oldugu
Diyarbakir lokasyonunda yerel genotiplerin
bitki boyu degerleri 52 (G78) ile 86 (G9, G19)
cm arasinda degismis, yerel cesitlerin
ortalamasi ise 67.8 cm olarak kaydedilmistir.
Destek sulamali Mardin lokasyonunda ise bitki
boyu degerleri 75 (G2, G72) ile 115 (G32) cm
arasinda degisim goOstermis, ortalama deger
97.4 cm olarak tespit edilmistir. Diyarbakir
lokasyonunda 48 adet ve Mardin lokasyonunda
ise 22 adet yerel genotip, standart ortalamasini
gecmistir. Bu calismadan elde edilen sonuglara
gore hem sulama yapilan hem de yagis
oranmin diisiik oldugu lokasyonlarda ideal
yerel arpa gesitlerinin daha uzun bitki boyuna
sahip olduklar1 tespit edilmistir. Diisiik yagish
alanda yiiksek boya erismek kurakliga kars1 bir
toleransin oldugunu gdstermektedir. Yagish
yillarda ise uzun boy yatmaya ve verim
kaybmma neden olan bir 6zellik olarak one
cikmakta, bu nedenle bitki islahgilart sap1
saglam, yatmaya dayanikli cesit gelistirmek
icin ayrica cesitli g¢alismalar yapmaktadir.
Gholipoor ve ark. (2013)’a gére modern arpa
cesitlerinde en uygun bitki boyu araligi1 90-105
cm’dir.

3.7. Olgunlasma giin sayisi

Calismada kontrol olarak kullanilan
cesitlerin olgunlagsma giin sayist ortalama

degerleri Tablo 4’te verilmistir. Diisiik yagish
Diyarbakir lokasyonunda olgunlagsma giin
sayisi degerleri 145 (Samyeli) ile 160.7 (Sur ve
Altikat) gilin arasinda degisim gdostermis,
standartlarin ortalamasi 154.7 giin olarak tespit
edilmistir. Destek sulama yapilan Mardin
lokasyonunda ise kontrol ¢esitlerin olgunlagsma
giin sayis1 degerleri 149.4 (Samyeli) ile 164
(Sur ve Altikat) giin arasinda degismis,

standart ortalamasi  156.9 giin olarak
kaydedilmistir.
Calismada  kullanilan  yerel arpa

genotiplerinin olgunlasma giin sayis1 ortalama
degerleri Tablo 8.’de verilmistir. Yagisin
diisiik oldugu Diyarbakir lokasyonunda yerel
genotiplerin olgunlagma giin sayist degerleri
149 (G5, G19) ile 163 (G58, G61) giin arasinda
degismis, yerel ¢esitlerin ortalamasi ise 156.9
giin olarak kaydedilmistir. Destek sulamali
Mardin lokasyonunda ise olgunlagma giin
sayist degerleri 153 (G19) ile 167(G58) giin
arasinda degisim goOstermis, ortalama deger
160.3 giin olarak tespit edilmistir. Diyarbakir
lokasyonunda 56 adet ve Mardin lokasyonunda

ise 61 adet yerel genotip, standart
ortalamasmin  istiinde  degerlere  sahip
olmustur.

Arpa ve bugday bitkilerinde erken

olgunlagsma, kuraklik ve yliksek sicaklikta
kagis i¢in ideal bir karakter olup (Ergiin ve
ark., 2017), vejetasyon siiresinin uzun ve
sicaklik stresinin olmadigi senelerde geg
olgunlasan cesitler tane verimi bakimindan 6ne
gecerken, diisiik yagis ve erken baslayan
sicakliklarda ise erkenci gesitlerin 6ne ¢iktig
bildirilmektedir (Aktas, 2017; Kendal, 2013).
Arpada erkenciligin kurakliktan kagimnma
bakimindan 6nemli bir karakteristik Ozellik
oldugu bilinmektedir. (Erglin ve ark., 2017;
Bayhan ve ark., 2022) Yaptiklar1 ¢aligmada
ge¢ basaklanmanin ve olgunlagsmanin tane
verimini ve bin dane agirligini olumsuz yonde
etkiledigini bildirmislerdir. Yapilan baska bir
caligmada, olgunlagsma giin sayisi ile tane
verimi arasinda Onemli ve olumlu iliskiler
oldugunu bildirilmistir (Oztiirk ve ark., 2007).
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Tablo 8. Calismada kullanilan yerel arpa genotiplerinin iki lokasyondaki olgunlasma giin sayisi (giin)

degerleri
DYB MRDN DYB MRD

Blok Gen OLGS OLGS Blok Gen OLGS OLGS
1 Gl 150 155 2 G40 160 164
1 G2 151 153 2 G41 154 159
1 G3 152 154 2 G42 160 163
1 G4 149 151 2 G43 154 158
1 G5 149 153 2 G44 155 158
1 G6 154 157 2 G45 156 160
1 G7 158 160 2 G46 156 159
1 G8 152 155 2 G47 158 163
1 G9 160 164 2 G48 157 160
1 G10 158 162 2 G49 159 161
1 Gl1 159 163 2 G50 160 162
1 Gl12 159 162 2 G51 157 160
1 G13 158 160 2 G52 159 162
1 Gl14 150 155 3 G53 158 160
1 G15 159 162 3 G54 154 156
1 G16 160 164 3 G55 153 155
1 Gl7 155 160 3 G56 153 156
1 G18 150 154 3 G57 162 165
1 G19 149 153 3 G58 163 167
1 G20 160 162 3 G59 157 162
1 G21 158 160 3 G60 156 160
1 G22 159 161 3 G61 163 167
1 G23 160 162 3 G62 162 165
1 G24 150 155 3 G63 154 159
1 G25 151 153 3 G64 154 158
1 G26 151 155 3 G65 161 167
2 G27 159 162 3 G66 158 162
2 G28 160 163 3 G67 159 164
2 G29 160 163 3 G68 155 160
2 G30 160 162 3 G69 158 163
2 G31 160 162 3 G70 161 167
2 G32 151 155 3 G71 161 166
2 G33 159 163 3 G72 161 166
2 G34 158 160 3 G73 153 155
2 G35 160 162 3 G74 159 163
2 G36 160 165 3 G75 160 163
2 G37 157 160 3 G76 160 162
2 G38 156 160 3 G77 160 163
2 G39 160 164 3 G78 160 161
OLGS STD Ort. (DYB; MRDN); 154.7 giin; 156.9 giin
OLGS Yerel Cesit Ort. (DYB; MRDN) 156.9 giin; 160.3 giin
OLGS Standart Ortalamasin1 Gegen Hat Sayis1 (DYB; MRDN) 56 adet; 61 adet

4. Sonuglar

2020/21 yetistirme sezonunda Giineydogu
Anadolu Bolgesine ait 78 adet yerel arpa
cesidinin ve 5 adet modern 1slah ¢esidinin
materyal olarak kullanildig1 calismada; yerel
arpa gesitlerinin bitki boyu, bin tane agirligi,
olgunlasma giin sayis1 gibi motfolojik
ozellikler bakimindan daha yiiksek degerlere
sahip oldugu; basakta tane sayist bakimindan
kontrol olarak kullanilan 1slah ¢esitlerinin 6ne
ciktigi, 1slah cesitlerinin  tane verimi

potansiyelinin yiiksek olmasinda basakta tane
sayisinin  yiksek olmasinin saglayan bir
karakter oldugu tespit edilmistir. Yagisin
diisiik oldugu ve kuraklik stresinin yasandigi
Diyarbakir  lokasyonunda  yerel  arpa
cesitlerinin tane verimi dahil neredeyse tiim
ozellikler bakimindan 6ne ¢iktigi bu nedenle
yerel arpa genotiplerinin kuraklik ve stres
kosullarina uygun g¢esit gelistirme 1slah
caligmalarinda  kullanilabilecek  genetik
potansiyele sahip oldugu tespit edilmistir. Elde
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edilen sonuglara gore yerel arpa cesitlerinin
ex-siti ve in-sitii koruma yoOntemleriyle
korunmalarinin bir gereklilik oldugu, arpa
iiretimini  kisitlayacak kosullarin  olusmast
durumunda kullanilacak en o6nemli genetik
kaynaklarin yerel arpa gesitleri oldugu tespit
edilmis olup, bu genetik kaynaklarin muhafaza
edilmesi ve gelecek nesillere aktarilmasi
konusunda bu konunun tiim paydaslarinin
izerine diisen sorumluluklari yerine getirmesi
gerektigi gegmiste bu konuda ¢aligma yapip bu
dogrultuda 6neride bulunan tiim arastirmacilar
gibi bizimde Onerimizdir.

Yazarlarin Katki Beyam

Yazarlar makaleye esit katkida
bulunduklarini, makalenin yayina hazir son
halini gordiiklerini/okuduklarin ve
onayladiklarini1 beyan ederler.

Cikar Catismasi1 Beyani

Tiim yazarlar, bu ¢alisma i¢in herhangi bir
cikar catigsmasi olmadigini beyan etmektedir.
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Abstract

The aim of this study is to analyze the demographic structure, knowledge
level about organic products and healthy lifestyle preferences of students
of Igdir University. In the study, a face-to-face survey was conducted on
300 students. RStudio program was used to analyze the data and machine
learning method with XGBoost algorithm was preferred. The participants
of the survey were 53.7 % male and 46.3 % female. Most of the
participants are in the age group of 21-22 years (32.7 %) and are students
in formal education (85.3 %). It was observed that the higher the number
of siblings, the lower the level of education. There is a positive correlation
between family income and educational level. The factors that most
influence the knowledge of organic products are the number of siblings,
fast food diet and family income. As family income increases, so does
awareness of organic products. The majority of participants correctly
define organic products. AHP analysis revealed that being physically
healthy in the future is more important than being physically healthy now.
The relationship between organic products and physical health stands out
as an important result. The Friedman test confirms that the AHP analysis
has produced a successful result with a high degree of accuracy.
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1. Introduction

The global population growth has led to an
increase in agricultural production, which in
turn triggered the so-called 'green revolution’
between the 1940s and 70s (Teksoz, 2016).
However, the widespread use of conventional
agricultural practices and the unconscious use
of chemical fertilizers and pesticides during
this period had negative impacts on the
environment and human health (Ozalp et al.,
2017). This situation has disrupted the natural
balance and increased health hazards. As a
result, there has been a growing interest in
environmentally  friendly and healthy
agricultural practices, such as organic farming.

Organic agriculture emerged in the 1970s as
a response to growing environmental
awareness and demand for healthy products.
The International Federation of Organic
Agriculture  Movements (IFOAM) was
established in Germany in 1972, further
fueling the movement (Eyiler, 2014). Today,
organic agriculture refers to products that are
controlled and certified to protect human and
environmental health throughout the entire
process, from seed to harvest and from harvest
to the end user (Lotter, 2003).

Interest in healthy nutrition has increased,
especially during the Covid-19 pandemic
(Dilber and Dilber, 2020; Macit, 2020).
Organic foods are preferred due to their
hygienic and reliable nature. However, no
comprehensive research has been conducted
on Igdir University students' knowledge of
organic products and healthy nutrition.
Therefore, this study aims to determine
students' awareness of organic products and
their perspectives on healthy nutrition.

Igdir is a province located in Turkey's
Eastern Anatolia Region. It is bordered by
three countries: Armenia, the Nakhchivan
Autonomous Republic of Azerbaijan, and Iran.
The province has a rich cultural heritage
(Eyduran et al., 2015). Additionally, a large
portion of Mount Ararat, Turkey's highest
mountain, is located within the borders of
Igdir. Igdir's economy is based on agriculture
and animal husbandry. The region produces

various agricultural products and engages in
live animal trade.

Igdir University, a state university
established in 2008.The university offers a
wide range of academic programs, including
undergraduate, graduate, and doctoral
programs. Igdir University aims to contribute
to the development of the region through its
modern campus, experienced teaching staff,
and rich social facilities.

The university has around 14.000 active
students and over 800 staff members. It offers
educational services through 15 faculties and
vocational schools, 23 research centers, and 69
student societies, creating a rich academic and
social environment. The university offers
students the chance to pursue their education
on a contemporary campus with a diverse
range of programs and knowledgeable faculty.
Furthermore, the institution has produced
approximately 17.000 alumni to date,
empowering them to contribute to both
regional and national development.

Igdir University specializes in the field of
High Value-Added Agricultural Products and
places great importance on education and
research activities in this area. The university
welcomes international students and fosters a
diverse cultural and academic environment.

It is crucial for university students to have a
strong understanding of organic knowledge,
particularly in relation to organic food
consumption and healthy lifestyle choices.
Research  has shown that students'
consumption of organic food is influenced by
various factors, including their level of
knowledge. A study conducted in Isparta
province found that university students'
consumption of organic food was significantly
affected by their level of knowledge (Sarica et
al., 2023).

In this context, students' sufficient
knowledge about organic foods may help them
develop healthy eating habits and consume
consciously,  considering  environmental
concerns. Additionally, it was observed that
students with higher probiotic knowledge
consumed more probiotic foods, indicating
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that knowledge level may affect consumption
preferences. Therefore, the knowledge level of
organic foods for university students is an
important factor for both individual health and
a sustainable environment.

2. Materials and Methods
2.1. Collection of survey data

This study's primary data was collected
from undergraduate and associate degree
students enrolled in faculties affiliated with
Igdir University during the 2022-2023
academic year. The data was collected through
interviews using a survey designed for the
study's purpose. The study's secondary data
was obtained from the Igdir University

Np(1-p)

~ (V103 _+p(1-p)

Where; n is the sample size, N is the number
of students of Igdir University, p is the
variance of apricot producers in the population
(0.5 for maximum sample volume) and op IS
the variance of the x? ratio. In the research, it
was aimed to reach the largest possible sample
volume and for this purpose, p: 0.50 and (1 -
p): 0.50 were taken. With the proportional
sampling method, the number of students to be
surveyed was determined as 251 with a 90 %
confidence interval and a 5 % margin of error.
In addition, at least 15 % replacement surveys
were conducted in case of a possible erroneous
survey. However, as the survey was conducted
with university students who volunteered to
participate, the number of in-study participants
was greater than that of the original sample
size. Following the a priori control measures,
it was determined that 300 questionnaires were
suitable for machine learning and AHP
analysis. Consequently, the study was shaped
accordingly.

2.2.  Machine learning analysis

The evaluation phase of the survey studies
utilized a machine learning method (Cordoni et
al., 2021; Gono et al., 2023). The free and
open-source software, RStudio, was used for

rectorate student affairs department and
student affairs services of faculties. The study's
sample size was determined using the
Proportional Sampling Method. For a finite
population, the sample size is determined
based on the known or estimated proportion of
individuals with a certain characteristic. The
value of p can be obtained from previous
studies or estimated intuitively. To achieve the
maximum sample size, p = 0.5 should be used.
Values of p lower or higher than 0.5 will result
in a smaller sample size. Therefore, when p is
unknown, it is recommended to use p = 0.5 as
this will result in the maximum sample size
and reduce the potential error (Newbold et al.,
2012).

1)

the machine learning process. The XGBoost
algorithm was employed in the machine
learning model to analyze the organic product
knowledge levels of Igdir University students
by examining the demographic structure. The
analysis examined the nutritional preferences
of Igdir University students based on their
demographic structure.

During the training phase of the XGBoost
machine learning model, specific parameters
are utilized. This process, known as
hyperparameter ~ optimization, involves
defining ranges for the values of seven distinct
parameters and generating combinations for
these optimizations. The parameters used in
the training process include nrounds, booster,
max_depth, eta, nthread, gamma,
colsample_bytree, min_child_weight, and
subsample. Sequentially, decision trees for
classification and regression (known as
Classification and Regression Trees or CART)
are created. Each tree in the model is trained
using the residuals of the previous tree. Each
new tree aims to predict outcomes while
correcting errors made by the previously
trained tree (Cordoni et al., 2021; Gono et al.,
2023).
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Yi=FX)=30_1f,X).f,€Fi=1,..,n )

F represents the function space of CART
models, with each fd corresponding to an
independent CART structure denoted as g. In
other words, q is the set of rules of an
independent CART that classifies each into a
single leaf. The correlation between actual and
predicted values is then calculated. Correlation
analysis within XGBoost machine learning
was also used to determine the relationship
between variables. Correlation is a statistical
measure that ranges from -1 to 1. A value of 1
indicates perfect positive correlation, while a
value of -1 indicates perfect negative
correlation (Huang et al., 2017; Cordoni et al.,
2021).

2.3. Analytic hierarchy process (AHP)

The process involves making a choice
among options to achieve goals and objectives
(Forman and Selly, 2001). AHP is a decision-
making method developed by Thomas L. Saaty
in 1980 (Bernasconi et al., 2010). It is used to
solve complex problems involving multiple
criteria. It allows decision makers to model
complex problems in a hierarchical structure
that shows the relationship between the main
objective, criteria, sub-criteria, and options
(Bernasconi et al., 2010). The method helps to
structure and analyze decision problems by
breaking down the complex problem in a
hierarchic order and by employing pair-wise
comparisons of its elements to determine the
preferences among the set of alternatives
(Ciftei at al., 2013). The study utilized the
Analytic Hierarchy Process (AHP) method to
analyze the dietary sensitivity of Igdir
University students and their preferences for

future health. The statistical data obtained from
this method were used to model the best
nutrition and health designs for students in the
future.

3. Results and Discussion
3.1. Demographic structure analysis of
Igdir University students

The survey conducted a demographic
analysis of university students, including age,
gender, number of siblings, and education
types. The data collected was organized into
groups and presented in Table 1. Interpreting
the data from Table 1 academically allows for
analysis of the effects of students' demographic
characteristics on their education and social
life. Among the age groups, the number of
students in formal education is higher than
those in secondary education for the 21 and 22-
24 age groups. This may indicate a higher
interest in full-time education among younger
age groups. In contrast, for the age group of 25
and above, the number of students in both
types of education decreases. This suggests
that the probability of continuing full-time
education decreases with increasing age.

When analyzing the data based on the
students' education type, it can be assumed that
second education students are generally more
likely to balance work and education. Work
and family responsibilities may be factors
affecting students' educational preferences.
The number of married students is low,
indicating that marriage is less common among
university students and the majority are single.
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Table 1. Demographic structure analysis of Igdir University students

Age group | Education type Gender

Marital status

Number of siblings

Number of people

Lessthan 17| Formal Education | Female

Single

between 6-9

Male

Single

between 0-2

10 and above

between 3-5

between 6-9

Secondary Education

Married

between 6-9

Female

Single

10 and above

between 3-5

between 6-9

Male

18-21 Ages

Single

between 0-2

10 and above

between 3-5

between 6-9

Formal Education

Female

Single

between 0-2

10 and above

between 3-5

between 6-9

Married

between 3-5

Male

Single

between 3-5

between 6-9

Secondary Education
Female

Single

10 and above

between 3-5

between 6-9

Male

Single

between 0-2

10 and above

between 3-5

between 6-9

22-24 Ages

Formal Education

Married

between 3-5

Female

Single

between 0-2

10 and above

between 3-5

between 6-9

Male

Single

between 3-5

between 6-9

Secondary Education
Female

Single

between 3-5

between 6-9

Male

Single

between 0-2

between 3-5

25 and above

Formal
Female

Single

between 0-2

10 and above

between 3-5

between 6-9

Total

w
NN w | NN (N
=] Ll Sl Ll L R B L Ll ol L P N L L D P P CR R R L R C L N N R N P SR S S D T E B D DN

Results of the analysis by number of
siblings show that the number of students with
0-2 siblings is generally higher than other
sibling groups. This suggests that small family
size may have a positive impact on educational
access and attendance.

The analyses conducted in this project may
also be important for university administration
and policy makers. Designing educational

programs and support services that consider
student demographics can enhance student
success and satisfaction.  Additionally,
demographic data can aid in planning social
and cultural activities at the university. This is
particularly important for Igdir University,
which is still  developing since its
establishment.
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3.2. Organic product knowledge level
analysis of Igdir University students

The study utilized the XGBoost machine
learning method to obtain unbiased and
accurate interpretations of the survey data. A

machine learning model was established using
14 demographic variables from the survey,
which included a question on awareness of
organic products. The importance parameters
of the model are presented in Table 2.

Table 2. Importance ranking of variables according to the Machine Learning model

No Feature Gain  Cover Frequency
1 Number of siblings 0.19 0.20 0.17
2 Fast-Food nutrition 0.11 0.10 0.10
3 Family income 0.10 0.10 0.10
4 Regular meals at restaurants and cafes on or off campus 0.08 0.06 0.07
5  Regular meals at the university cafeteria (or dormitory canteen) 0.07 0.07 0.07
6  Mother's education level 0.06 0.05 0.06
7  Father's education level 0.06 0.08 0.08
8 Age 0.06 0.06 0.06
9  The place of childhood 0.06 0.07 0.07
10  Regular meals at home 0.05 0.06 0.07
11 Gender 0.05 0.04 0.04
12 Place of completion of high school education 0.04 0.04 0.04
13 Monthly allowance 0.03 0.04 0.04
14 Mode of study 0.03 0.03 0.03

Table 2 displays the feature importance
table, which indicates the features of a machine
learning model that have the most influence on
the outcome. The 'Gain’, 'Cover, and
'Frequency' values for each feature are metrics
that show how effective they are in the model's
predictions. 'Gain' indicates how much a
feature improves the model's predictions. A
high 'Gain' value means that the model
considers this feature more in the decision-
making process. 'Cover' This text describes
how to interpret the 'Cover' and 'Frequency’
values of a feature in a dataset. A high 'Cover'
value indicates that the feature affects more
data points and plays an important role in the
overall structure of the model. A high
'Frequency' value indicates that the feature is
frequently used by the model to make
decisions.

Based on the data presented in Table 2, it is
evident that the number of siblings has a
significant impact on organic product
knowledge. The second most important factor
in the model ranking is the consumption of
fast-food. The results indicate that as the

number of siblings increases, organic product
awareness decreases. It can be predicted that
with an increase in the number of siblings, the
awareness of organic products will decrease.
According to the machine learning analysis,
family income was found to be the third most
significant factor affecting organic product
awareness. However, low family income was
found to have a negative impact on organic
product awareness. The machine learning
model identified variables with Gain values
below 0.1 as insignificant. Thus, the study
identified the number of siblings, fast-food
eating habits, and family income level as the
three most significant factors affecting the
awareness of organic products among Igdir
University students.

To ensure the reliability of the results
obtained from the machine learning model,
hyperparameter tuning was performed first
using the XGboost algorithm. In this process,
we tried different combinations of 7
parameters and determined the optimal
hyperparameter settings.
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Table 3. Best hyperparameter values for the XGBoost machine learning model

Nrounds  Max_ depth Eta Gamma

Colsample bytree

Min_child weight Subsample

1000 3 0.01 0

0.6 3 0.8

Table 3 provides information on the
parameters used in the model. Nrounds refers
to the number of boosting iterations, which
determines the number of rounds the model
will be trained. Nrounds refers to the number
of boosting iterations, which determines the
number of rounds the model will be trained.
Max_depth is the maximum depth of the tree,
which can increase the model's complexity and
the risk of overfitting. Eta is the learning rate,
which determines the amount by which the
trees 'shrink’ their weights at each step. Gamma
determines the minimum loss reduction
required for the tree to grow, with larger values
making the model more conservative.
Colsample_bytree determines the proportion
of columns used when creating the subset of
observations for each tree. Min_child_weight
is the minimum weight required for further
splitting of a node, and it is used to check for
overfitting. Subsample is the proportion used
when creating the subset of observations in
each iteration. The optimal values for model
training are determined by the tuning
combinations of these parameters, resulting in
the model achieving the optimal prediction.

K8 .
K10 .
K11 .

K12 .

K13
K18
K20
K23
K34
K35
K36
K37
K49

The success of the predictions is measured
by three different values, including the Root
Mean Square Error (RMSE), which is the
square root of the average of the squares of the
differences between the actual and predicted
values. The RMSE measures the accuracy of
the model's predictions and gives more weight
to large errors. Mean Absolute Error (MAE) is
the average of the absolute errors between the
actual and predicted values. It gives equal
weight to all errors when measuring the
model's performance. The R-squared (R?)
value is a statistical measure of how close the
data are to the fitted regression line. It indicates
how well the model explains the variance
between the independent and dependent
variables, with a value ranging from 0 to 1. The
closer it is to 1, the better the fit of the model.

The machine learning model was evaluated
using RMSE, MAE, and R? values. The results
showed an RMSE value of 1.035261, an MAE
value of 0.9821299, and an R? value of 0.725.
No changes were made to the content of the
original text.

28938858
0.8

0.6

04

0.2

‘ 0
. -0.2
o
‘ 0.6
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Figure 1. Correlation matrix between dependent and independent variables.
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Although machine learning ranks the
importance of variables and explains them
with numerical data, it does not provide a clear
indication of whether the relationship between
variables is positive or negative. Therefore,
correlations between variables were also
examined at the end of the machine learning
process. Figure 1 shows the results for organic
product awareness (K49), number of siblings
(K23), fast food consumption (K34), and
family income (K18). Since the other K
variables are not significant for the model, they
are not evaluated in this section. However, the
K values generally correspond to the survey
questions, which can be found at the end of the
report.

Although K49 does not exhibit a clear
correlation with K34 and K18 based on normal
correlation values, it does reveal that the most
significant indicator, K23 (i.e., the change in

the number of siblings), has a negative
correlation with K49. This situation highlights
the impact of the number of siblings, as
explained in the machine learning model, on
organic product awareness. The second most
common diet type in the model is fast food.
According to the model, the awareness of
organic products decreases as the number of
siblings increases. The awareness of organic
products is predicted to decrease with an
increase in the number of siblings.
Unfortunately, low family income has a
negative impact on the awareness of organic
products.

During another stage of the project study,
participants were asked to define organic
products. Table 4 presents the frequency and
percentage values of the four different answers
provided by the participants in the survey.

Table 4. Igdir University students' definitions of organic products

Answers

Frequency Percentage

1) High yield crops. 88 29.33
2) The use of artificial fertilizers and pesticides is intensive. 8 2.67
3) Green manures such as animal manure and plant residues are used and cultural 202 6733
and biological methods other than pesticides are used to control diseases. '
4) Damages soil, air and water 2 0.67
Total 300 100

Table 4 shows that the first definition,
which includes the term 'high yielding crops',
represents about 29.33 % of the total

responses. The second definition, which
emphasizes ‘intensive use of artificial
fertilizers and  pesticides’,  represents

approximately 2.67 % of the responses. The
third definition provides a more detailed
description of organic farming practices.
Organic farming utilizes green fertilizers like
animal manure and plant residues, and prefers
cultural and biological methods over pesticides
to control diseases. This definition accounts for
the majority of responses, approximately 67.33
%. The fourth definition, which includes the
statement that it damages soil, air, and water,
represents only a very small proportion, about
0.67 %. In conclusion, most participants

correctly identified the definition of organic
products, with the third definition being the
correct one. This indicates that the majority of
[gdir University students are aware of organic
farming as a natural and sustainable
agricultural practice.

2.3. AHP analysis for Igdir University
students

Tables 5 and 6 present the statistical results
of the Analytic Hierarchy Process (AHP)
applied to the data obtained from surveys
administered to students at Igdir University.
The AHP analysis is a mathematical method
used to evaluate different alternatives and
criteria in decision-making processes. One
table displays statistical values, while the other
shows the AHP scores of the alternatives.
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Table 5. AHP analysis statistical data

Mean Median  St. Dev. Min Max
Organic product 0.251 0.231 0.128 0.032 0.574
Consuming dietary product groups 0.207 0.195 0.087 0.040 0.499
Sport/walking/dance 0.189 0.171 0.093 0.020 0.501
Reading books and various mental activities 0.169 0.168 0.069 0.028 0.472
Working at a job 0.184 0.165 0.113 0.014 0.544
Table 6. AHP analysis results
Consuming .
Organic dietary SPOTt Reading t.’OOkS Working
Walking and various -
product product oy atajob
Dance mental activities
groups
Being physically
healthy right now 0.29 0.16 0.23 0.18
Being physically 0.23 0.20 0.16 0.18

healthy in the future

Table 5 presents the statistical
characteristics of a set of alternatives, while
Table 6 displays the AHP (Analytic Hierarchy
Process) scores of these alternatives in terms of
specific criteria. Upon closer evaluation of the
results, it is evident that Organic Product has
higher mean and median values than the other
alternatives, indicating a preference for
organic products among participants. The
standard deviation is low, indicating consistent
attitudes towards organic products among the
participants.

The mean and median values for consuming
dietary product groups are at an average level,
with a balanced preference for diet products in
general. For sport, jogging, and dance, the
mean and median values are lower than the
other alternatives, but the standard deviation is
higher. The statement suggests that
participants' preference for physical activities,
such as sports, walking, and dance, varies
significantly.

Reading books and engaging in mental
activities are generally less preferred
alternatives, but there is a broad consensus
among the participants on this issue. In terms
of work, the mean and median values are

moderate compared to the other alternatives,
but the maximum value is higher than the

others. The data suggests that certain
participants prioritize work over other
activities.

Table 6 evaluation shows that 'Organic
Products' received the highest score for the
criterion of being physically healthy right now,
while other activities received lower scores.
This indicates a preference for organic
products over other alternatives in terms of
physical health. In the Future Physical Health
Criterion, Organic Products and Dietary
Product Groups received the highest scores,
indicating a preference among participants for
these types of products to maintain their future
physical health. These comments provide
insight into the relationship between health and
activity preferences by evaluating participants'
preferences. The correlation between organic
products and physical health is a significant
result. However, personal preferences and
lifestyles can also impact these choices.
Therefore, it is crucial to consider these factors
when developing health policies and public
health strategies.
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Table 7. Statistical data for alternatives

Mean Median St. Dev. Min Max
Being physically healthy right now 0.29 0.17 0.256 0.1 0.9
Being physically healthy in the future 0.71 0.83 0.256 0.1 0.9

Table 7 displays the statistical significance
of the criteria 'being physically healthy now'
and 'being physically healthy in the future'
within the Analytic Hierarchy Process (AHP).
The values in the table represent the following:
Mean, the average level of importance for each
criterion. Median, the degree of importance at
the midpoint of the criteria. Standard Deviation
(St.dev.), this section displays the distribution
of importance ratings. The criteria can receive
a minimum (Min) and maximum (Max)
importance rating.

The mean and median values indicate that
'being physically healthy in the future' is
considered more important than ‘being
physically healthy now' by the participants.
As the standard deviation is the same for both
cases, the distribution of participants' opinions
is similar. Additionally, the minimum and
maximum values fall within the same range for
both criteria.

A Friedman test was conducted to test the
accuracy of the AHP analysis results. The test
revealed a statistically significant difference in
the importance levels of the criteria for 2
different criteria and 5 different variables,
rather than a random variation. This type of
analysis is crucial in decision-making
processes that involve choosing among
multiple alternatives. The values obtained
from the Friedman test show a highly
statistically significant result, with a p-value of
2.032532°, This suggests that the probability
of random variation between the compared
criteria is very low. The alpha value of 0.01
indicates a statistically significant difference
between the criteria at a 1% alpha level. The
Friedman test confirmed that the AHP analysis
yielded a successful result with a high degree
of accuracy.

When examining research on determining
university students' perspectives on healthy
nutrition and organic product awareness, many

studies were found in the literature. The
research conducted on organic products has
focused on material considerations. The results
indicate that young individuals, who mostly
have low-income levels, are the most affected
by high prices when it comes to consuming
organic products.  In other words, young
participants found organic products to be
expensive. In studies similar to ours, data were
mostly collected through face-to-face surveys
(Ciftci at al., 2013; Bahsi et al., 2019; Akgiil et
al., 2020; Ayasan et al., 2021).

The studies primarily utilized descriptive
statistics and sampling methods for analysis.
Additionally, regression and SWOT analyses
were conducted, revealing weak organic
nutrition habits among the students (Toplu
Yilmaz and Demirbas, 2021; Sarica et al.,
2023). Additionally, the study analyzed the
general factors that could trigger these
situations. It was also observed that there are
discrepancies between consumer demand for
ecological food products and the supply
provided by companies.  This indicates a
shortage of eco-products in the market, with
demand exceeding supply (Toplu Yilmaz and
Demirbas, 2021; Sarica et al., 2023).

Research has analyzed the factors leading to
obesity and the dietary preferences of
university students using the AHP method
(Erdem Hacikoylii, 2006; Bolayir et al., 2023).
The most significant factors were dietary
habits (29.9 %) and physical activity (22.7 %).

Students prioritized easily prepared and
time-saving food products, and out-of-home
and fast-food options were popular. There
were no significant differences found between
eating habits and demographic factors.
However, differences were observed in BMI,
adequate nutrition, and reasons for skipping
meals. Male students were found to have
higher levels of physical activity than female
students. When it comes to fast-food restaurant

418



Sahin Demirel and Tiirk

preferences, cleanliness, taste, and staff
attitude were determined to be important
factors. The main reasons affecting fast-food
consumption were product features, speed, and
price policy. The study found that physical
factors and the image of the establishment
were deemed less significant. It is emphasized
that the Analytic Hierarchy Process (AHP) is
an effective tool for conducting complex
analyses (Bolayir et al., 2023).

Although the project results are similar to
those found in the literature, the analysis of the
demographic structure reveals that the student
profile at Igdir University differs from those in
previous studies.  The analysis includes
grouping students based on factors such as age,
education type, marital status, and number of
siblings. This analysis is crucial for
comprehending students' educational
preferences and social lives. For instance, the
results indicating a high interest in full-time
education among younger age groups and a
decreasing likelihood of continuing full-time
education as age increases can provide
valuable insights in shaping educational
policies.

The analysis of organic product knowledge
level was conducted using the XGBoost
machine learning method. This analysis aims
to determine students' level of knowledge
about organic products and the factors
affecting it. The study revealed that certain
factors, such as the number of siblings, fast-
food eating habits, and family income, have a

significant impact on organic product
awareness.
Specifically, low family income and

increased fast-food consumption were found to
have a negative effect on organic product
awareness. These results are consistent with
previous research. In 2012, Longacre et al.
revealed a correlation between low-income
levels and fast-food consumption, particularly
in non-metropolitan areas such as Igdir
province (Longacre et al., 2012). Similarly,
analogous relationships have been identified in
other studies in the literature (Block et al.,
2004; Akbay et al., 2007).

AHP analysis was utilized to evaluate the
health and activity preferences of students. The
results indicated a preference for organic
products over other alternatives, particularly
for physical health. Additionally, organic
products and dietary product groups were
favored for future health concerns. These
results can serve as a guide for promoting
organic products and healthy lifestyles in the
development of health policies and public
health strategies.

In conclusion, these analyses provide
insight into the demographic structure, organic
product knowledge levels, and health
preferences of Igdir University students. This
information can be used by the university
administration, policy makers, and health
experts to better respond to the educational and
health needs of students.

4. Conclusion

This study provides a thorough examination
of the demographic characteristics, organic
product knowledge levels, and health-related
preferences of students at Igdir University. The
analysis of the demographic structure revealed
that factors such as age, level of education,
marital status, and number of siblings
significantly influence students' educational
preferences and social lives. The interest in
full-time education, particularly among
younger age groups, and the decreasing
likelihood of continuing full-time education as
they age provide important insights for shaping
education policies. An analysis of organic
product knowledge levels was conducted using
the XGBoost machine learning method. This
analysis revealed that factors such as the
number of siblings, fast-food eating habits, and
family income have significant effects on
organic product awareness. Low family
income and increased fast-food consumption
were found to negatively affect awareness of
organic products. AHP analysis was used to
evaluate students' health and activity
preferences. The results showed that organic
products were preferred over other
alternatives, particularly for physical health,
and for future health concerns, organic
products and dietary product groups were
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preferred. These results can guide the
promotion of organic products and healthy
lifestyles in health policies and public health
strategies. University administration, policy
makers, and health professionals can consider
this information to respond more effectively to
the educational and health needs of students.
Additionally, demographic data can inform the
planning of social and cultural activities at the
university. These results are of great
importance especially for Igdir University,
which has been developing since its
establishment and is still developing.
Therefore, the results of this study can make
significant contributions to the future
development of Igdir University and student
success.
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Siirt ilinde Incir Zararhs1 Choreutis nemorana (Hiibner, 1799) (Lepidoptera:

Choreutidae)
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Ozet

Bu caligma 2019 yilinda Siirt ilinde incir agaglarinda yeni bir zararli olan
Choreutis nemorana (Hiibner, 1799)’nin yayilisi, zarar durumu ve bazi
biyolojik donemlerin  morfolojik  ozelliklerini  belirlemek igin
ylriitiilmiistir. Caligmalar Siirt ilinin Merkez, Sirvan ve Pervari
ilgelerinde 8 kdyde ve toplam 20 bahgede yapilmistir. Calisma sonucunda
C. nemorana’nin tiim ilgelerde yayilis gosterdigi, gozlem yapilan 20
bahgeden 16 tanesinin zararli ile bulasik oldugu, kontrol edilen agaglarin
ise % 56’sinda zararlimin farkli biyolojik donemleri saptanmustir.
Larvalar1 incir yapraklarin alt ve tst parankima hicreleri ile
beslenmektedir. Larva zarar1 sonucu yapraklarda kivrilma, renk degisimi,
beslenme yaralar1 ve yirtilmalar olusur. Yapraklarin st yiizeyinde
pamugumsu yap1 olusur ve bu pamugumsu yapida larva pislikleri goriiliir.
Temmuz ve Agustos aymda daha ¢ok yaygindir. Agustos ay1 basinda
ergin ve larvalarimi bir arada goriilebilmektedir. Choreutis nemorana
incir alanlarinda yeni yayginlik olusturan bir zararli oldugunda bu
zararlinin miicadelesine yonelik biyo-ekolojik g¢alismalarin yapilmasi
gerekmektedir.
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Anahtar Kelimeler
Choreutis nemorana
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zarar sekli

Choreutis nemorana (Hiibner, 1799) (Lepidoptera: Choreutidae) Pest of Fig in Siirt

Province

Abstract

This study was carried out to determine the distribution, damage status
and morphological characteristics of some biological periods of
Choreutis nemorana (Hiibner, 1799), a new pest of fig trees in Siirt
province in 2019. The studies were carried out in 8 villages and a total of
20 orchards in the Central, Sirvan and Pervari districts of Siirt province.
As a result of the study, C. nemorana was distributed in all districts, 16
of the 20 orchards observed were infected with the pest, and different
biological stages of the pest were detected in 56 % of the trees checked.
The larvae feed on the upper and lower parenchyma cells of fig leaves.
As a result of larval damage, curling, color change, feeding wounds and
tears occur on the leaves. A cottony structure forms on the upper surface
of the leaves and larval droppings are seen in this cottony structure. It is
more common in July and August. Adults and larvae can be seen together
at the beginning of August. When Choreutis nemorana is a newly
widespread pest in fig areas, bio-ecological studies should be carried out
to control this pest.
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1. Giris

Incir (Ficus carica L.) (Moraceae) diinyada
kiiltlire alinan ilk agaclardan biridir. Diinyanin
tliman  iklime sahip birgok yerinde
yetistirilmektedir (Crisosto ve ark., 2011).
Incir, insanlik tarihi boyunca énemli bir tarim
iirlintidiir ve kiiltiirel agidan biiyiik bir 6neme
sahip olmustur. Incir agaci, diinya capinda
kuru ve taze tiiketim i¢in 6nemli bir {irlindiir
(Duefias ve ark., 2008). incir meyvesi, cesitli
antioksidanlar ve fenolik bilesikler igerir
(Mawa ve ark., 2013). Bu bilesikler, saglik
yararlarina  katkida bulunabilecek giiclii
antioksidan  ozelliklerine  sahiptir.  Incir
meyvesi, kokii ve yapraklar1 geleneksel tipta
mide-bagirsak (kolik, hazimsizlik, istahsizlik
ve ishal), solunum yolu (bogaz agrisi, oksiiriik
ve brongs sorunlar1) ve kalp-damar bozukluklar1
gibi gesitli rahatsizliklarin tedavisinde ve anti-
inflamatuar olarak kullanilmaktadir (Duke,
2002). Bu nedenle, incir, geleneksel tipta
cesitli  saglik  sorunlarinin  tedavisinde
kullanilan ¢ok yonlii bir bitki olarak
bilinmektedir. Ayrica incir meyvesi, taze,
kurutulmus ve konserve olmak tizere farkli
formlarda 6nemli ticari degere sahip yenilebilir
bir meyvedir (Barolo ve ark., 2014).
Giliniimiizde diinyanin birgok bolgesinde incir
meyvesi, kek, biskiivi, recel, jole gibi bircok
gida Urtiniinde kullanilmaktadir (Rasool ve
ark., 2023).

Diinyada Tirkiye, Misir, Fas, Cezayir ve
Iran basta olmak iizere bir¢ok iilkede incir
tarim1 yapilmaktadir. Tirkiye incir liretimi
350.000 ton olup diinyada 1.sirada yer
almaktadir (FAO, 2024). Tiirkiye’de incir
yetistiriciligi yaklasik % 76’s1 Ege Bolgesi’nde
yapilmaktadir ve tariminin en fazla oldugu iller
Aydin, Izmir ve Bursa illeridir (Anonim,
2024). Bu iller disinda iilkemizde hemen
hemen tiim sehirlerinde incir yetistiriciligi
yapilmaktadir. Calismamizin yiiriitiilldiga Siirt
ilinde ise her ne kadar incir iiretimde yiiksek
iller arasinda olmasa da 2023 yili itibari ile
toplam 69 ton iiretim gerceklestirilmistir
(Anonim, 2024).

Bu oOnemli meyve ¢esidinin tariminda
stirdiiriilebilir bir liretim saglamak i¢in uygun
yetistirme tekniklerine ek olarak, bitki koruma

sorunlarinin ¢oziimii de biiylik bir Oneme
sahiptir. Ozellikle, iiriiniin verim ve kalitesini
onemli Olgiide etkileyen bir¢ok zararli bocek,
entomolojik acidan dikkate alinmalidir. Bu
nedenle incir alanlarinda bulunan zararlilarin
tespiti ve bunlarin bilinmesi son derece
degerlidir. Son on yilda diinyanin farkh
yerlerinde incirde zararli olan bdcek tiirleri
lizerine yapilan c¢alismalar incelendiginde;
Moniruzzaman ve ark., (2017) Unlubitlerin
(Hemiptera:  Pseudococcidae) ii¢  tiirl
Phenacoccus solenopsis Tinsley,
Pseudococcus longispinus (Targioni Tozzetti)
ve Planococcus ficus (Signoret) incir tiretimini
etkileyen en ciddi zararhilar  olarak
bildirilmistir. Baska bir calismada Lopez-
Martinez ve ark., (2015) tarafindan Meksika
incir bahgelerinde ylriitiilen ¢aligmada
Buprestidae familyasina ait 3 tir ve
Cerambycidae familyasina ait 11 tlir tespit
edilmistir. Son yillarda, incir agaglarin
olimiine sebep olan ve Asya'ya 6zgii yeni bir
zararli olan Aclees taiwanensis Kono, 1933
(Coleoptera:  Curculionidae), Fransa ve
Italya'da kaydedilmistir (Farina ve ark., 2021).
Diger bir c¢alismada Pauropsylla buxtoni
(Hemiptera: Psylloidea) Filistin’de yetistirilen
incirlerin  zararlis1  olarak  gosterilmistir
(Burckhardt ve Batta, 2018).

Tiirkiye’de ise bir¢ok arastirmaci tarafindan
incir agaglarinin kok, govde, siirgiin, yaprak ve
meyvelerinden beslenen ve ekonomik anlamda
kayiplar meydana getiren bir¢ok zararli tiir
rapor edilmistir (Aksit ve ark., 2003; Coskuncu
ve ark., 2004; Genger ve ark., 2005; Giilper¢in
ve ark., 2020). Genel olarak Tirkiye’de incir
bahgelerinde 3'li akar, 98'i bocek (Coleoptera
42, Hemiptera 27, Dipteral2, Lepidoptera 8,
Thysanoptera 6, Orthoptera 2, Hymenoptera 1)
ve 10 nematod zararlis1 olmak iizere toplam
111 zararh tiir oldugu bildirilmistir (Cakmak
ve Aksit, 2022).

Kiiresellesmeyle birlikte iilkeler arasindaki
ticaretin armasi ve iklim degisikligi sonucu,
tropikal bolgelerden iliman bdlgelere yayilan
ve yerlesen yabanci istilact bocek tiirlerin,
diinya capinda ciddi ekonomik kayiplara ve
biiyiik biyolojik istilalara yol agmistir. Nitekim
Stojanovic ve ark., (2020) Choreutis nemorana
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(Hiibner, 1799) (Lepidoptera: Choreutidae)
Sirbistan’da incir agacinin yeni bir zararlisi
olarak bildirilmistir. Benzer sekilde Vaneva-
Gancheva (2017) tarafindan Bulgaristan’da
incir agacinda yeni kayit olarak C. nemorana
zararlisin1 bildirilmistir.

Son yillarda Siirt ilinde incir agaglarinda
tarafimizdan  yapilan  gozlemlerde  ve
iireticilerden gelen sikayetler tizerine yeni bir
zararlh  tlirin  yayginhk ve  yogunluk
olusturdugu goriilmiistiir. Akdeniz’e 6zgli olan
C. nemorana (Hiibner, 1799) (Lepidoptera:
Choreutidae) Siirt ili incir agag¢larinda
saptanmistir.  C. nemorana incirin  bir
zararlisidir ve oOzellikle incir agaci icin de
biiylik bir tehdit olugturmaktadir.

Simdiye kadar Tirkiye’de C. nemorana ile
ilgili yapilan c¢alismalar ¢ok sinirhdir.
Tiirkiye’de daha once C. nemorana Ege ve
Marmara bolgesinde cok disiik
popiilasyonlarda bulundugunu bildirilmistir
(Aksit ve ark., 2003; Genger ve ark., 2005).
Siirt ilinde ise simdiye kadar incir agaglarinda

zararli olan bocek tiirleri ve C. nemorana ile
ilgili yapilan herhangi bir c¢alismaya
rastlanilmamistir. Bu ¢alisma ile Siirt ili i¢in
yeni kayit niteliginde olan bu yeni incir
zararlis1 C. nemorana ‘nin yayilis alani, zarar
durumu ve bazi biyolojik doénelerin (ergin,
larva ve pupa) morfolojik 6zellikleri
belirlenmeye ¢alisilmistir. Calisma sonucunda
elde edilen bilgiler zararlinin miicadelesi ve
sonraki ¢alismalara 1s1k tutacaktir.

2. Materyal ve Yontem
Calismanin ana materyalini Choreutis
nemorana (Hiibner, 1799) (Lepidoptera:

Choreutidae) farkli biyolojik (Ergin, larva,
pupa) donemleri ve incir agaglan
olusturmustur. Bu calisma 2019 yilinda Siirt
(Merkez, Sirvan, Pervari ilgeleri) ilinde
yurltilmustir (Tablo 1). Siirt ilinde incir
yetistiriciligi daha ¢ok karisik meyve bahgesi
seklinde ya da bahge kenarlarinda yetistiricilik
seklinde yapilmaktadir. Siirt ilinde kapama
incir bahgesi ¢ok az sayida bulunmaktadir.

Tablo 1. 2019 yilinda ¢alismalarin yiiriitildigi ilge, kdy ve bahge sayilari

11 ilce Koy Bahge sayisi
Dogan Mah 3
Gokgebag 2
Merkez Kezer 1
Siiirt Yerl?bahge 3
Sirvan Pringli 4
Kapili 3
Pervari Narsuyu 2
Kilis (Palamutbag) 2
Toplam 20

Calismada C.nemorana’nin yayilisi, zarar
durumu ve farkli biyolojik donemlerin
ozellikleri  belirlenmistir. ~ Zararli  tiirlin
belirlenmesinde gozle kontrol ve atrap yontemi
kullanilmistir. Goézlem ve inceleme yapilan
incir agaclarinda once genel bir gozlem
yapilmistir. Ayrica C. nemorana larva zarari
goriilen yaprak ve siirglinlerde incelemeler
yapilmistir. Inceleme sirasinda zarar belirtisi
gorlilen agaclar, zarar ugrayan yapraklardaki
belirtiler ve yapraklardaki zarar orami gibi
gozlemler yapilmistir. Larva ile bulasik olan

yapraklar ve igerisinde pupa bulunan yapraklar
kese kagitlarina alinmis kese kagitlari naylon
torbalara konulup buz kabi iginde laboratuvara
getirilmistir. Larva ile bulasik olan yapraklar
laboratuvarda oda kosullarinda seffaf plastik
kaplarda kiiltiire alinmis ve yapilan giinliik

kontrollerle  biyolojik  donemleri  takip
edilmistir.
Erginler ise  dogada  bulunduklari

donemlerde agag¢ ve siirgiinler iizerinde atrap
yardimi ile toplanmistir. Toplanan erginler
bocek oldiirme sisesinde Oldiiriildiikten sonra
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kiicik  bocek  kutularina  alinmis  ve
laboratuvara getirilmistir. Araziden
laboratuvara getirilen ergin, larva, ve pupa
donemindeki bireyler ile kiiltiir kaplarinda
cikis yapan erginler Bitki Koruma Boliimi
Entomoloji laboratuvarinda Olympus SC61
stereo mikroskobuna bagli Olympus SC50
baslig1 ile Entry CellSens Olympus SC50
yazilimi ile 6l¢timleri yapilmis ve fotograflar
cekilmistir. Elde edilen orneklerin teshisleri
Dog. Dr. Mustafa OZDEMIR (Kavak ve Hizli
Gelisen Orman Agaglari Arastirma Enstitlisii
Miidiirligii, Kocaeli) tarafindan
gerceklestirilmistir.

3. Bulgular ve Tartisma

3.1. Choreutis nemorana (Hiibner, 1799)’nin
yayilisi

Calisma sonucunda Choreutis nemorana
‘nin Siirt ilinin Merkez, Pervari ve Sirvan
ilcelerinde yayilis gosterdigi  goriilmiistiir.
Ornekleme yapilan toplam 20 bahgenin 16
tanesinde zararl tiir tespit edilmistir. Kontrol
edilen agaclarin ise % 56’sinda zararlinin
farkli  biyolojik  donemleri ve  zarari
saptanmuigtir.

Tiirkiye’de daha once yapilan caligsmalar
incelendiginde; Ege ve Marmara bdlgelerinde
daha cok incir zararlilarin tespiti ve onemli
tirlerin ~ yogunluk tespitleri  yapilmistir.
Yapilan bu calismalarda Ege ve Marmara
bolgelerinde C. nemorana’nin c¢ok diisiik
yogunluklarda tespit edildigi belirtilmektdir
(Aksit ve ark., 2003; Genger ve ark., 2005).
Diinyadaki yayilist  inceledigimizde; C.
nemorana’nin incirde yaygin bir tiir oldugu ve

incirin yetistigZi hemen hemen her yerde
bulundugu  belirtilmektedir. ~ Akdeniz'de,
Kanarya Adalari'ndan Madeira'ya kadar
yaygindir. Kuzeybati Afrika, batida Kiiciik
Asya, Iran, Kafkasya, Giircistan, Azerbaycan,
Ermenistan, Ozbekistan, Arnavutluk,
Avusturya,  Bosna-Hersek,  Bulgaristan,
Belgika, Hirvatistan, Fransa, Almanya,
Yunanistan, Macaristan, Italya, Kibris, Malta,
Kuzey Makedonya, Portekiz, Romanya,
Ispanya, Isvigre, Tiirkiye, Sirbistan ve
Ukrayna gibi iilkelerde yayilis gostermektedir
(Christian ve ark., 2008; Karsholt ve van
Nieukerken, 2013; De Prins ve ark., 2014; De
Prins, and De Prins, 2014; Fazekas, 2015;
Vaneva-Gancheva, 2017; Stojanovi¢ ve ark.,
2020).

3.2. Choreutis nemorana (Hiibner, 1799)’mn
bazi morfolojik ozellikleri

Ergin

Ergin kanat agiklig1 16- 20 mm arasindadir.
Viicudun dorsal kismi kahverengi ve ventral
tarafta acik gri renktedir. On kanatlar biraz
yamuk seklinde, dalgali kenarli bigimde,
turuncu-kahverengi ile koyu kahverengi
renktedir. Kanatlar katlandiginda karakteristik
bir desen veren enine seritler bulunur. Arka
kanatlar koyu kahverengidir ve ortasinda
turuncu kisimlar vardir. Kanatlar kapali ve tist
iiste iken kanatlarin birlestigi kanat sonu “V”
seklinde ve bu kisim biraz daha koyu renktedir.
Ventralden bakildiginda her iki kanat ¢ifti de
gri-kahverenginde, thoraks ve bacaklar grimsi
beyaz renktedir. Tarsus koyu renktedir (Sekil

Sekil 1. Choreutis nemorana (Hiibner, 1799) ergini a) dorsal gériiniim b) lateral gériiniim (Orijinal, Cevdet
KAPLAN)
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Yumurta doneminde c¢alisma esnasinda

rastlanmamugtir. Ancak literatlirde
yumurtalarinin  kiiresel, beyazims1 kremsi
renkte ve 0,5 mm c¢apinda oldugu

belirtilmektedir (Stojanovi¢ ve ark., 2020).
Larva

Yumurtadan yeni ¢ikmis geng larva 2-3 mm
boyda sarimsi yesil renktedir (Sekil 2). Olgun
larva ise yaklagik 20-25 mm uzunlugunda, bazi
son donem larvanin boyunun 40 mm kadar
olabilmektedir. Larvanin abdomen kismi agik
yesil, parlak, yar1 seffaf renktedir. Dorsal

kisminda hafif uzunlamasina bir serit bulunur.
Thoraks ve abdomen segmentlerinde c¢ok
sayida siyah nokta seklinde sigiller
bulunmaktadir. Protorak {iizerindeki siyah
noktalar diger segmentlerden sayica daha fazla
ve daha kiigiiktiir. Larva iizerinde beyazimsi
sart uzun killar bulunur. Larvanin bas kismi
sarims1 kahverengindedir (Sekil 3).

Pupa

Mumya pupa tipinde, 7-8 mm uzunlugunda
koyu kahverengindedir (Sekil 4).

Sekil 3. Choreutis nemorana (Hiibner, 1799) nin olgun larvasi (Orijinal, Cevdet KAPLAN)
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LN

Sekil 4. Choreutis nemorana (Hiibner, 1799) nin pupa goémlegi (Orijinal, Cevdet KAPLAN)

3.3. Zarar durumu

Asil zarar1 larvalar yapmaktadir. Geng
larvalar taze yapraklarin st parankima
hiicrelerini kemirmektedir. Yapraklarin alt
kisimlarina ise zarar vermezler. Larva donemi
artikca larvalar yapraklarin hem alt ve hem st
parakima hiicreleri ile beslenmektedirler.
Beslenme sirasinda ¢ogunlukla yapraklarin st
kismimi katlayarak, katladiklar1 yerdeki yuva
icinde beslenirler. Larva zarar1 sonucunda

yapraklar kivrilir, rengi degisir, yenik sonucu
yara izi ve yirtilmalar meydana gelir (Sekil 5).
Yogun bulagmalarda yaprak kurumasi ve
dokiilmesi de olmaktadir. Yapraklarin {st
ylizeyinde pamugumsu bir yapi olustururlar
(Sekil 5, 6) ve bu pamugumsu yapi igerisinde
yogun larva pislikleri goriiliir. Olgun larvalar
yapraklarin iist tarafinda olusturduklar1 beyaz
ipek kozanin iginde, biikiilmiis yapraklarin ug
kisimlarinda ve bitkinin diger kisimlarinda
pupa olmaktadir.

Sekil 5. Choreutis nemorana (Hiibner, 1799) nin incir yapraklarindaki zarari (Orijinal, Cevdet KAPLAN)
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Sekil 6. Choreutis nemorana (Hiibner, 1799) nin ergini ve incir yapraklarindaki zarar1 (Orijinal, Cevdet
KAPLAN)

Yapilan gozlemlerde zararin daha ¢ok geng
agaclarda ve agaclarin dip kisimlarinda ¢ikan
taze siirginlerde oldugu goriilmiistiir. Daha
once yapilan c¢aligmalara irdelendiginde;
Choreutis nemorana monofag bir zararli
oldugu ve yalniz incir yapraklari ile beslendigi
belirtilmistir (Mifsud ve ark., 2012). Alford,
(2007) ise bu zararlinin incir bahgelerinde
yaygin olmadigt mindr bir zararli oldugu,
yalniz agaglarda zararli oldugu bildirmistir.
Tunus’ta meyve bahgelerinde yapilan diger bir
calisgmada C. nemorana’nin 6nemli zararlara
neden oldugu rapor edilmistir (Zouba, 2010).
Baska bir ¢alismada Chitgar ve ark., (2014),
Iran’da birincil dolde toplu cikista zararlinin
hemen hemen her incir yapragma saldirdigi
ikinci nesil larvalarinda meyvelere de zarar
verebildigini belirtilmistir.

Calismamiz ~ esansinda  laboratuvarda
kiiltiire alian bireylerde ve arazide yapilan
gozlemlerde; 11 Temmuz tarihinde pupa
doneminde Kkiiltiire almman bireylerde 22
Temmuz tarihinde ergin ¢ikisit olmustur. 5
Temmuz tarihinde kiiltiire almman olgun
larvalarin 9 Temmuz tarihinde pupa olduklari
ve pupalarinda 20-22 tarihinde ergin ¢ikisinin
oldugu goriilmiistiir 26 Temmuz- 7 Agustos
tarthleri  arasindaki ~ donemde  erginler
goriilmiistiir. Ayrica Agustos ayr basinda
birinci ve son donem larvalar ile ergin bireyler
dogada bir arada goriilmiistiir. Erginler kisa
mesafelerde ugusup tekrar incir agacina geldigi
ve agacin giines almayan kisimlarida erginler
yogunlastigr gozlemlenmistir. Erginler daha
cok agaclari bat1 kisminda golgelik yerde kisa

mesafe ugusup tekrar

gorilmiustir.

agaca konduklar

Calismamizda en fazla zarar Botan nechri
kenarinda bulunan Yerlibah¢e ve Gokcebag
koylerindeki agaclarda saptanmistir. Bazi
agaclarin yapraklarinda % 70-80 oraninda
bulasiklik tespit edilmistir.

4. Sonuc ve Oneriler

Choreutis nemorana, Siirt ilinde incir
agaclarinda son yillarda zararli olarak goriilen
bir bocek tiirtidiir. Bu zararli tiiriin larvasi, incir
yapraklarin ~ parankimasinda  beslenmesi
sonucu Yyapraklarda yenikler, deformasyon,
yirtilmalar ve kurumaya sebep oldugunda
incirde verim ve kalite kaybmna neden
olmaktadir. Siirt ilinde baraj sayisinin
artmasina bagli olarak baraj havzasinda olasi
bitki deseni de degisecektir. Ozellikle son
yillarda meyve agacglarinin dikim alanlarinda
artis oldugu gozlenmektedir. Bu meyve
agaclar1 arasinda incire de talep artmustir.
Incirde verim ve kalite kaybin neden olan C.
nemorana, siire¢ igerisinde incir lireticileri i¢in
ciddi bir tehdit olusturabilir. Bu zararlinin ilk
kez tespit edilmesi, ilgili yetkililerin bu
zararllya karst  uyarilmast  son  derece
onemlidir. Aksi takdirde, her gegen giin zararl
tiirlin popiilasyonu hizla artabilir ve zararin
boyutu daha da biyiyebilir. Choreutis
nemorana zararlisinin Siirt ilinde ilk kez
goriilmesi nedeniyle, etkili bir izleme ve erken
tespit sistemi olusturulmasinda yarar vardir.
Daha sonraki siiregte zararli popiilasyonunun
kontrol altina alinmasina ve yayilmasinin
onlenmesine yardimci olacaktir.  Ayrica
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zararhyla miicadelede etkili  ¢oziimler
gelistirmek i¢in yerel aragtirma ve gelistirme
calismalar1 desteklenmelidir. Siirt ilinde, C.
nemorana’nin  biyolojisi,  ekolojisi  ve
miicadelesine yoOnelik ¢alismalarin yapilarak

uygulayicilar  i¢in  teknik  talimatinin
hazirlanmasi agisindan 6nemlidir.
Yazarlarin Katki Beyam

Yazarlar makaleye esit katkida

bulunduklarini, makalenin yayina hazir son
halini gordiiklerini/okuduklarini ve
onayladiklarini1 beyan ederler.

Cikar Catismasi Beyani

Tiim yazarlar, bu ¢alisma i¢in herhangi bir
cikar catigsmasi olmadigini beyan etmektedir.
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Yonca (Medicago sativa L.) Tohumlarinda Farkh Priming ve Kaplama Uygulamalarmin
Cimlenme ve Erken Fide Gelisimi Uzerine Etkisinin Belirlenmesi

Mehmet OTEN " Beyzanur TUZLACI *
! Sakarya Uygulamal Bilimler Universitesi, Ziraat Fakiiltesi, Tarla Bitkileri Boliimii, Sakarya
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Ozet Arastirma Makalesi
Son yillarda yonca (Medicago sativa L.) yetistirme teknikleri konusunda
yapilan c¢alismalara, tohum On uygulamalart ve tohum kaplama
yontemleri de eklenmistir. Bitki gelisim diizenleyici iiriinler tohum 6n
uygulamalarinda tercih edilmektedir. Denemede 6n uygulama olarak
tercih edilen tiriinler, ilk defa bu amagla kullanilmistir. Deneme Sakarya

Uygulamali Bilimler Universitesi Ziraat Fakiiltesi Laboratuvarlarinda, Makale Tarihgesi
tesadiif parselleri deneme desenine gore 3 tekerriirlii olarak kurulmustur. Gelis Tarihi :01.03.2024
Yapilan ¢alismada priming asamasinda bitki gelisim diizenleyici olarak Kabul Tarihi :15.04.2024

piyasada satilan ticari tiriinlerden Kerotin-L, Avesis Root, Momentum
Plus ve Panoramix isimli irinlerin farkli dozlari kullanilmis, 6n
uygulama yapilan tohumlar daha sonra, kiil, kil, melas ve nisasta
kullanilarak kaplanmis ve yapilan bu priming ve kaplama islemlerinin

yonca tohumlarmin ¢imlenme ve fide gelisimleri tizerine olumlu sonuglar Anahtar Kelimeler
verdigi gozlemlenmistir. Incelenen 6zelliklerden en yiiksek ¢imlenme Tohum kaplama
hizi; Avesis Root’un 300 dozunda, ¢imlenme giici Momentum’un 100, yonca

200, 400 ve 500 dozu ile Keratin-L’nin 100 dozundan, kok yas agirligs; priming
Keratin-L’nin 300, 500 dozundan, kok kuru agirligi; Keratin-L’nin tim ¢imlenme
dozlarindan elde edilmistir. Alinan veriler 1s1ginda kullanilan priming ve fide gelisimi
kaplama maddelerinin yonca tohumuna uygun igerikler oldugu

sOylenebilir.

Determination of the Effect of Different Priming and Coating Applications on
Germination and Early Seedling Development in Alfalfa (Medicago sativa L.)

Abstract Research Article

In recent years, seed pre-treatments and seed coating methods have been

added to the studies on alfalfa (Medicago sativa L.) growing techniques.

Plant growth regulator products are preferred in seed pre-applications.

The products preferred as a preliminary application in the experiment

were used for th_ls purpose for the_ flrst_tlme. The_experl_ment was set up Article History

in the Laboratories of Sakarya University of Applied Sciences Faculty of Sy :01.03.2024
Agriculture with 3 repetitions according to the randomized plots Accepted 15.04.2024
experiment pattern. In the study, different doses of Kerotin-L, Avesis
Root, Momentum Plus and Panoramix products from commercially
available commercial products were used as plant growth regulators
during the priming stage. The pre-applied seeds were then coated using
ash, clay, molasses and starch, and it was observed that these priming and
coating processes gave positive results on germination and seedling

. L Keywords
development of alfalfa seeds. The highest germination rate among the Seed coating
examined features; germination power of Avesis Root in 300 doses, root alfalfa
fresh weight of Momentum in 100, 200, 400 and 500 doses and Keratin- priming
L in 100 doses; Keratin-L at 300, 500 doses, root dry weight; Obtained germination
from all doses of Keratin-L.In the light of the data obtained, it can be said seedling development

that the priming and coating materials used are suitable priming material
for alfalfa seed.
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1. Giris

Stirdiiriilebilir ve giivenilir kaba yem
iretiminin en Onemli yolu yem bitkileri
tarimidir (Akman ve ark., 2007). Yem bitkileri
tarimi1 tarimsal faaliyetler igerisinde 6nemli bir
yere sahip olup, tarimin da sigortasi olarak
goriilmektedir. Tarim alanlarinda tiretilen otlar
oncelikle hayvanlar tarafindan tiiketilerek et ve
siit tirlinlerine doniistiirilmekte ve insanlarin
kullanabilecegi tiriinler haline getirilmektedir
(Soya ve ark., 2004). Tarihi kayitlar 3300 y1l
once Tirkiye’de yoncanin bir yem bitkisi
olarak kullanildigin1 bildirmektedir (Hanson
ve ark., 1988). Yem bitkileri igerisinde yer alan
yonca (Medicago sativa L.), ucuz bir yem
kaynag1 olmasi, hayvanlarin mide floras1 igin
gerekli besin igeriklerini icermesi, besin
vitamin ve minerallerce zengin olmasi,
hayvanlarin ilireme kabiliyetini artirmast,
ylksek kalite ve standartta hayvansal iirlin
saglamasi bakimindan hayvan beslemede ¢ok
bliylik Oneme sahip bir bitkidir. Yonca
hayvanlarin  giinliik  protein  ihtiyacini
fazlasiyla karsilamasi bakimindan da son
derece O6nemli bir yem bitkisidir. Yoncanin
hayvan beslemesi disinda bir baska 6nemli
rolii de toprak verimliligi biiyilk oranda
arttirmasidir. Ozellikle azot eksikligi bulunan
tarim arazilerinde azot miktarinin
arttirlmasinda 6nemli bir rol oynamaktadir.
Ayrica yonca, uzun kok yapist sayesinde
topragin  derinliklerinde bulunan mineral
maddelere ulasarak, topragin havalanmasini
saglamaktadir (USDA, 1997). Adaptasyon
yetenegi yiiksek, vejetasyon siiresince birgok
kez bigilebilir, uzun 6miirli, yliksek verimli ve
bazi ¢esitlerinin otlatilabilir olmasi
nedenleriyle yonca diger yem bitkilerinden
ayrilmaktadir.  Ulkemiz ~ yoncanin  gen
merkezidir ve degisik iklim, toprak kosullarina
uyum gosterdigi i¢in Tiirkiye’nin hemen her
yoresinde yetistirilmekte ve son yillarda da
ekilis alan1 giderek artmaktadir (Kir ve Soya,
2008). Yem bitkilerinin kraligesi olarak
adlandirilan yonca, ilkemizde 644 bin ha ekim
alaniyla yem bitkileri yetistiriciliginde en ¢ok
tiretimi yapilan yem bitkisi durumundadir
(TUIK, 2022).

Genis ekilis alanina sahip yoncada son

yillarda  kaplanmis  tohum  kullanimi
artmaktadir  (Anonim, 2023). Kullanilan
kaplama malzemeleri ile yonca ¢ikis ve verim
performansini etkileyici maddelerin
kullannminda  dreticinin =~ verim  kaybi
yasamamasi i¢in on c¢alismalarin yapilmasi
gerekmektedir. Kaplamanin performansini
etkileyen bir¢ok faktoér bulunmaktadir. Burada
kullanilan primingler ve kaplama materyalleri
ile bunlarin kullanim oranlar1 son derece 6nem
arz etmektedir. Priming, bir¢ok farkli tohumun
kalitesini artirmak, ¢imlenmeyi ve depolama
performansini iyilestirmek i¢in kullanilan bir
yontemdir (McDonald, 2000). Bu ydntem
tohumlarin, ¢imlenmeden once
metabolizmalarim1  aktif hale  getirerek,
tohumdan  kokgiligiin~ ¢ikmasina  izin
verilmeden bir soliisyon icerisinde
nemlendirilmesi  esasina  dayanmaktadir.
Priming uygulamasimnin faydalari; niikleik
asitlerin  onarimi1  ve olusumu, protein
sentezinin artmasi ile hem mitokondrinin hem
de hiicre zarlarmin onarimi olarak ifade
edilmektedir (McDonald, 2000). Ayrica
priming  uygulamalart  ile  tohumlarda
antioksidan mekanizmast yenilenmektedir.
Bununla birlikte, priming teknigi ile
tyilestirilmis ~ tohumlarin ~ ¢imlenmesinin
ardindaki fizyolojik nedenler ve biyokimyasal
degisiklikler — halen  belirsizdir.  Tohum
canliligini iyilestirmek i¢in kullanilan priming
teknigi ile tire gore degisen kritik nem
kapsami yiikselmektedir. Bu sayede uzun
periyotlarda ve aerobik kosullarda, canlilikta
iyilesme saglanmaktadir. FElkoca (2007),
priming uygulamasinin kok ve siirgiin ¢ikisinin
hizli olmasina ve kuvvetli fide gelisimine etkili
oldugu dolayistyla da verimin arttig1, ancak,
her bir bitki tiirtinde etkili bir sekilde
uygulanabilecek priming tekniginin
birbirinden farkli olabilecegini, her bir
teknigin stiin yanlarmi da dezavantajh
yonlerini de arastirmak gerektigini bildirmistir.

Tohum ylizeyine uygulanan kaplamalar
giinimiizde daha c¢ok; tohumlarin sekil
Ozelliklerini  ve  tohum  ¢imlenmesini
gelistirmek, yabanci ot, hastalik, zararlilar vb.
gibi olumsuz etmenlerden bitkileri korumak
icin yapilmaktadir. Tohumculuk sektdriinde
son 20 yilda tohum kaplama biiylik 6nem
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kazanmistir. Tohum kaplama sistemleri
Avrupa, ABD ve Uzakdogu iilkelerinde ¢esitli
firmalar tarafindan yiiriitiiliip yaygin olarak
kullanilmaktadir, ancak ekonomisi tarima
bagli olan bir¢ok iilkede yeterli diizeyde
gelismemistir. Tohum kaplama teknolojileri,
peletleme, film kaplama ve her ki
uygulamanin bir arada (pelet+film kaplama)
yapildig1 ii¢ ana uygulamayi kapsamaktadir
(Taylor ve ark., 1998; Haciyusufoglu ve Giiler,
2015). Tohum peletlemesi bitki yetistirme
tekniginde performans: arttiran Onemli bir
unsurudur. Tohum kaplamada, dolgu materyali
ve baglayict maddeler kullanilmaktadir (Sachs
ve ark., 1981). Ayrica kaplanan tohumlarin
boyanmasi  amaciyla  ¢esitli  boyalar
kullanilmaktadir. Kaplama isleminde
kullanilan yapistirici maddenin amaci kaplama
materyalinin tohum ylizeyine tutunmasini
saglamaktir. Bu amagcla cesitli nisastalar,
seker, akasya sakizi, vinil polimerler, Kkil,
seliiloz ve su kullanilmaktadir (Sachs ve ark.,
1981). Tohumlar1 makinali ekime uygun hale
getirmek, hastalik ve zararlilara kars1 korumak,
tohumun ¢imlenme giiciinii, fide biiylimesini,
kok ve filiz gelisimini, yaprak alanini, kuru
agirhk ve verimi arttirmak amaglaryla
(Gevrek ve ark., 2012; Tavares ark., 2013),
yapilan tohum kaplama isleminde, bitki
bliyime  diizenleyicileri, bitki besin
elementleri, yararli organizmalar, fungusitler,
insektisitler, herbisitler, kimyasal ve biyolojik
maddeler kullanilmaktadir (Rufino ark., 2013;
Corlett ark., 2014). Ayrica Dumanoglu ve

Oztiirk  (2022)te  kaplama ile birlikte
tohumlara ilag, hormon gibi  tohum
ozelliklerini iyilestirici ve verim artigini

saglayan materyaller de ilave edilebilecegini
bildirmislerdir. Kaplamada kullanilan boya
veya renklendirici maddesi ise, tohum
kaplamaciliginda yasa geregi tohumlarin
islendiginin anlasilmasi i¢in gereklidir. Tiim

islenmis  tohumlar sadece onaylanmis
renklendiriciler veya boyalar igermelidir.
Tohum kaplama malzemeleri icin EPA

(Environmental Protection Agency) onaylh
boyalar (sari, mor, mavi, kirmizi, yesil)
kullanilmaktadir (Robani, 1994). Kaplamada
kullanilacak maddelerin 6zelligi ve kalinligi,
tohum c¢imlenmesini etkilemektedir. Bu

nedenle, tohum ¢ikisina engel olmayacak
ozellikte kaplama materyali ve kalinlig
olmalidir (Barut, 2006). Kaplamada kullanilan
kil, kum gibi materyallerin tohumun oksijen
alimmmi siirladigi  Sachs ve ark. (1981)
tarafindan belirtilmistir. Grellier ve ark.
(1999), kaplama kalinliginin oksijen ve su
alimina dogrudan etki ettigini belirtmistir. Bu
sebeple kullanilacak kaplama maddelerinin
test edilmeden kullanilmamasi 6nerilmektedir
(Robani, 1994).

Farkli bitkilerde, farkli 6n uygulama
malzemeleri ile c¢alismalar yiirGtilmustiir.
Omegin, Sivritepe ve ark. (2003)nin yaptig
calismada priming asamasi i¢in Tuz (NaCl)
sollisyonu kullanilmis ve ¢alismada kullanilan
kavun bitkisi tohumlarinda ¢imlenmeyi
hizlandirdig, fidelerde kuru madde igerigi ve
tuz stresine dayanimi artirdig: tespit edilmistir
(Sivritepe ve ark., 2003). NaCl c¢ozeltisi ile
priming uygulamasinin aygicegin  bitkisi
tohumlarinda (Bajehbaj, 2010) ve misirda
(Bakht ve ark., 2011) olumlu etkilerinin
oldugu yapilan calismalarda bildirilmistir.
Yine Carpici ve ark. (2018)’in Ingiliz ¢iminde
yapmis oldugu NaCl 6n uygulamalarinin
sap¢ik uzunlugu, sapgik ve kokelik yas
agirliklar1 tizerine olumlu etkilerinin oldugu
belirtilmistir. Ornegin Dogan ve Zeybek,
(2009) tarafindan yapilan ¢aligmada, kaplama
isleminin susam bitkisinde bitki boyunu, yan
dallar1 ve bitki basina kapsiil sayisini ciddi
Olgiide arttirdigr belirtilmistir. Diger taraftan
kaplama malzemesinin miktarinin da 6nemli
oldugu bazi calismalarda gozlemlenmistir.
Yapilan c¢alismada, lahana tohumlarinda
kaplanan madde miktar1 artttkca tohum
c¢imlenmesi Onemli Olciide azaldig1 tespit
edilmistir (Wu ve ark., 2018). Hactyusufoglu
ve Erkul (2015), arpa tohumlarini peletleme
maddesi ile kaplamis ve daha sonra kapli
tohumlarin {izerine farkli oranlarda sivi
humik+fulfik asit, N, P, K, azot ve ¢inko
uygulamiglardir. Arastirma sonunda ¢imlenme
hiz1 ve ¢imlenme giicii lizerine, humik+fulfik,
asittazot uygulamalarinin 6nemli derecede
olumlu etkilerinin oldugu belirlenmistir.

Bu c¢alisma, farkli  bitki  gelisim
diizenleyicileri ile 6n muamele Yyapilip,
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kaplanmig yonca tohumlarmin ¢imlenme ve
fide gelisim performanslarinin belirlenmesi
amaciyla yiritilmiistiir.

2. Materyal ve Yontem

Calisma Sakarya Uygulamali Bilimler
Universitesi  Ziraat Fakiiltesinde tesadiif
parselleri deneme desenine gore ii¢ tekerriirlii
olarak laboratuvar kosullarinda yiirtitiilmiistir.
Denemede ‘“Beyzade” c¢esit adayr yonca
(Medicago sativa L.) tohumluk materyali
olarak kullanilmistir. Bitki gelisim diizenleyici
olarak piyasada satilan Kerotin-L, Avesis
Root, Momentum Plus ve Panoramix isimli
ticari tirtinlerin farkli dozlart (100 ml I, 200
ml 11, 300 ml I, 400 ml I, 500 ml I'Y) kaplama
oncesinde tohumlara uygulanmistir.
Denemede ayrica kontrol grubu olarak hem
hi¢bir uygulama yapilmayan tohum hem de
priming uygulamasi1 yapilmadan kaplama
yapilmig tohumlar kullanilmigtir. Kaplama
esnasinda toprak kokenli patojenlere karsi
kullanilan ticari fungusitlerden Metalaxyl,
kaplama materyali olarak kullanilan kil ve kil

karistmma  ilave  edilmistir.  Kaplama
materyalinin tohum {izerine yapismasini
saglamak i¢in misir nisastast ve melas

kullanilmustir.

2.1 Tohum sterilizasyonu

Calismada kullanilan cesit aday1r Beyzade
yonca tohumlar1 priming Oncesinde suyla
yikanarak, kaba toz ve  kirlerinden
temizlenmistir. Daha sonra % 0.05’lik sodyum
hipoklorit ¢ozeltisinde 1 dakika bekletilip,
steril saf su ile 3 kez yikanarak, yiizey
sterilizasyonu iglemi tamamlanmustir.

2.2 Priming uygulamasi

Denemede bitki gelisim diizenleyici olarak
piyasada satilan ticari iirlinlerden Kerotin-L,
Avesis Root, Momentum Plus ve Panoramix
Plus isimli iiriinlerin 0, 100, 200, 300, 400 ve
500 ml L dozlar1 kaplama dncesinde priming
teknigi ile tohumlara uygulanmistir. Priming
asamasinda her iglem i¢in; 50 g tohum 100 ml
priming ¢Ozeltisi igerisinde, 1 saat siireyle
tutulmustur. Yapilan 6n uygulama islemi
sonunda tohumlar siiziilerek, 5 saat siireyle
38°C’de etiivde kurutulup, tohum kaplama
islemi i¢in hazir hale getirilmislerdir.

2.3 Tohum kaplama islemi

Kaplama islemlerinde dolgu olarak; kiil ve
Kil yapistirici olarak da misir nisastasi ve melas
kullanilmigtir. Kaplama islemi yapilirken,
tohumlar falkon tiipleri igerisinde kaplama
maddeleriyle karistirtlmigtir.  Daha sonra
kaplama yapilan tohumlar kurutulmalar igin
etlive konulmustur.

2.4 Tohumlarin ¢cimlendirilmesi

Kaplama yapilan yonca tohumlari,
icerisinde ¢ift katmanli ¢imlendirme kagitlari
bulunan petri kaplarina 50 adet tohum olacak
sekilde yerlestirilmis ve 10 ml saf su ilave
edilmistir. Buharlasmay1 engellemek i¢in petri
kaplarinin etrafi parafilm ile sarilmistir. Bu
islemlerden sonra petriler 10 saat karanlik 14
saat aydinlik kosullara sahip 20+1°C sicakliga
ayarlanmis ¢imlendirme kabinlerine
konulmustur (Sehrali, 1997).

2.5 Denemede gozlem alinmasi

Denemenin 4. giin ¢imlenme hizi ve 10. giin
cimlenme giici gozlemleri alinmistir (ISTA,
2013). Ayrica 10. gilinlin sonunda kok
uzunlugu (cm) fide uzunlugu (cm), kok yas
agirhgr (g), kok kuru agirhigr (g), fide yas
agirligi (g) ve fide kuru agirlhigi (g) gozlemleri
alimmistir. Cimlenme Orant (%): 15 giiniin
sonunda ¢imlenen tohumlar sayilip, (¢cimlenen
tohum/toplam tohum) x 100 formiiliiyle
hesaplanmistir. Sapc¢ik ve Kokclik Uzunlugu
(mm): Cimlenmeden sonra tesadiifen secilen
10 bitkinin uzunluklar1 milimetrik cetvelle
Ol¢iilmiis, 2 mm’yi gegen tohumlar ¢gimlenmis
olarak kabul edilmistir. 4. giinde yapilan ilk
sayimda ¢imlenen tohumlarin orani ¢cimlenme
hizi, 10. giinde yapilan sayimda c¢imlenen
tohumlarin orani ise ¢cimlenme giicii olarak
belirlenmistir. Her iki gézlem; ¢cimlenen tohum
say1st toplam tohum sayisina boliiniip, 100 ile
carpilarak elde edilmistir. Fide ve kok yas
agirhigr ¢imlenmeden sonra tesadiifen segilen
homojen 10 bitkinin yas agirligr hassas
terazide tartilarak bulunmustur. Fide ve kok
kuru agirligi, yas agirligi alinan 6rneklerin 70
°C’de 48 saat kurutulup, tartilmasi ile
belirlenmistir.
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2.6 listatistiksel analizler

Calismadan elde edilen veriler JMP
istatistik paket programi kullanilarak tesadiif
parselleri deneme desenine gore varyans
analizi yapilmistir. Aralarinda farklilik tespit
edilen ozellikler Duncan ¢oklu karsilastirma
testi ile gruplandirilmistir (Diizgiines ve ark.,
1987).

3. Bulgular ve Tartisma
3.1. Cimlenme hiz1

Yonca tohumlarinda uygulamalara bagh
olarak belirlenen ¢imlenme hizlarina ait
ortalamalar ve duncan gruplar1 Tablo 1°‘de
verilmigtir. Buna gore en yiiksek ¢imlenme
hiz1 degeri Avesis Root’un, 300 ml I'* dozunda
% 97.3 olarak belirlenirken bu uygulama ile
Panaromix’in 1, 100, 200 ml It dozlar1, Avesis
root™un 1, 100, 200 ml I"* dozlar1, Keratin L’nin
1 dozu ve Momentum’un 1, 100, 200, 400 ml
I dozlar1 ayni istatstik grupta yer almuslardir
(Tablo 1). Diger taraftan en diisiik ¢imlenme
hizi % 82.0 ile Panaromix’in 300 ml I
dozunda belirlenmis ve bu uygulama kontrol,
Momentum 500 ml I, Keratin L 300, 500 ml
I* ve Panaromix 500 ml I uygulamalar ile
ayni istatistik grupta yer almistir. Kulan ve
Kaya (2016)’in 4 farkli seker pancarinin
kaplamali ve kaplamasiz tohumlarinda
cimlenme, ¢ikis ve verimi incelendigi
caligmada; en yiliksek c¢imlenme hizi Giraf
¢esidinin kaplamasiz tohumlarinda (% 85.0),
en diisiik ¢imlenme hiz1 ise Stine ¢esidinin
kaplanmig tohumlarinda (% 11.0)
belirlenmistir. Calismada elde edilen deger
bulgularimizdan diisik olup, bu durum
calisilan materyal farkindan kaynaklanmis
olabilir.

3.2. Cimlenme giicii

Cimlenme giiciine ait ortalamalar ve
Duncan gruplari Tablo incelendiginde en
yiiksek ¢imlenme giici Momentum’un 100,
200, 400, 500 ml I'* dozunda ve Keratin-L’nin
100 ml I* dozunda goriilmiistiir. En diisiik
¢imlenme giicii ise Momentum’un 0, Keratin-
L’nin 0, Avesis Root’un 0 ve Panoramix’in 0
dozundan elde edilmisti. On uygulama
yapilan tohumlarda ¢imlenme giiciinde ytiksek
sonuglar elde edilirken, higbir uygulama

yapilmamis kontrollerde, Momentum’un 300
dozunda, Avesis Root’un 300 dozunda ve
Panoramix’in 300 dozunda diger dozlara gore
daha diisiik sonuglar elde edilmistir. Cimlenme
gliciiniin en yiiksek degerlerinin priming
maddelerinden Momentum’da % 98.6 olarak
tespit edildigi goriilmektedir. Kullanilan
kaplama maddeleri i¢inde ¢imlenme giicii
0zelligi acisindan en iyi sonuglar Momentum
uygulamasinda goriiliirken, en diisiik degerler
ise  hicbir islem  gormemis  kontrol
tohumlarinda (% 85.0) gortilmistiir. Aslan ve
ark. (2022), kaplanmigs Nimet yonca
tohumlarinin tuzluluk kosullarinda ¢imlenme
ve fide c¢ikislarim1 incelemistir. Calisma
sonucunda mevcut c¢alismadan farkli olarak
uygulanan tuz stresi ¢imlenmeyi olumsuz
etkiledigi goriilmistiir. Calismada en yiiksek
cimlenme giicii tuzluluk stresinin kontrol
dozunda % 88.50 olarak goriiliirken, en diistik
deger ise % 21.33 ile 250 Mm tuzluluk
dozunda  goriilmiistir. Bu  sonuglara
bakildiginda kaplanmis yonca tohumlarinin
tuz stresi altinda diisiik cimlenme giicii verdigi
tuz stresinin uygulanmadigi, sadece kaplama
isleminin yapildig1 uygulamada ise gozle
goriiliir olumlu sonuglar elde edildigi
saptanmistir. Celen ve Goke¢ol (2021)’tin
yaygin fig tohumlarinda ¢imlenme ve fide
¢ikis performanslarinin iyilestirilmesi tizerine
yaptiklar1 c¢aligmada, en yiliksek c¢imlenme
giicii degerinin % 91.0 oldugu en diisiik
degerin ise % 80.5 oldugu goriilmiistiir.
Kaplama ve priming uygulamalarinin
calismamizla benzer sekillerde ¢cimlenme giicli
tizerinde olumlu etkileri oldugu sdylenebilir.

3.3. Kok uzunlugu

K06k uzunluguna ait ortalamalar ve Duncan
gruplar1 incelendiginde en yiiksek kok
uzunluguna Momentum’un 1 (3.17 cm),
Keratin-L’nin 1 (3.17 cm), Avesis Root’un 1
(3.17 em), Panoramix’in 1 (3.17 cm) dozlan
sahip olmustur. Keratin-L’nin 400 (0.86 cm)
dozunda ise en diisiik kok uzunlugu degeri elde
edilmistir. Tablo 1. incelendiginde; 6n
uygulama isleminde genel olarak yiiksek
sonuglar gosterdigi, kontrol ile Momentum’un
400, 500 dozlari, Keratin-L’nin 400 dozu ve
Avesis Root’un 400 dozu diger dozlara gore
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daha disiik degerlere sahip oldugu
goriilmektedir. Kok uzunlugunda priming
islemi uygulanmadan kaplanan tohumlarda en
yiiksek deger 3.17 cm olarak tespit edilmistir.
Keratin-L’nin 400 (0.86) dozunda ise en diisiik
kok uzunlugu degerine sahip oldugu
gorilmistir. Basaran ve Copur Dogrusodz
(2022)’iin saks1 ortaminda yaptig1 kaplanmis
yonca tohumlarinin ¢imlendirme
caligmasinda; kok uzunlugu ortalamalarinda
en yiiksek degerler 7.35- 8.40 cm arasinda iken
en disik deger ise 3.44 cm olarak
belirtilmistir. Aydmoglu (2019)’nun priming
uygulanmig bazi baklagil tohumlarmin farkl
stres kosullarindaki ¢cimlenme 6zelliklerinin ve
fide gelisimlerini inceledigi ¢aligmasinda
yaygin fig fidelerinin kok uzunluklarinin
kuraklik seviyesi, priming siiresi ve priming
dozu faktorlerinden istatistiki anlamda 0,01
seviyesinde Onemli derecede etkilendigini
ortaya koymustur. Calismadan elde ettikleri
sonuglara bakildiginda kok uzunluklar1 27.78
mm ile 76.22 mm arasinda degismistir. Bu
calismadan elde edilen sonuglar Aydinoglu
(2019)’nun elde ettigi sonuglarla benzerlik
gosterirken, Basaran ve Copur Dogrusoz
(2022)’ iin sonuglarindan daha diisiik
bulunmustur.  Farkliligin  nedeni  olarak

3.5. Kok yas agirhg

Kok yas agirligina ait ortalamalar ve Duncan
gruplart Tablo 2’de belirtilmistir. Tablo
incelendiginde en yiiksek kok yas agirhig
ortalamalarinin Keratin-L’nin 300 ve 500 ml I
! dozlarinda, en diisiik kok yas agirlig
ortalamalarinin ise Momentum 300 ml I
dozunda belirlendigi  goriilmektedir. On
uygulama ve farkli dozlarinda kok yas agirligt
acisindan yiiksek degerler elde edilirken,
uygulamalarin kendi dozlar1 igerisinde ise
Momentum’un 500 dozunda, Keratin-L’nin
100 dozunda, Avesis Root’un 300 dozunda ve
Panoramix’in 300 dozunda en diisiik kok yas

c¢imlendirme  denemelerinin
ortamlarin farklilig1 gosterilebilir.

yuriitiildigi

3.4. Fide uzunlugu

Calisma  sonucunda elde edilen fide
uzunluguna ait ortalamalar ve Duncan gruplari
incelendiginde en yiiksek fide uzunlugu;
Momentum’un 400 (3.10 cm) dozu, Keratin-
L’nin 100 (3.06 cm), 200 (3.25 cm) dozu ve
Panoramix’in 400 ml I* (3.20 cm) dozunda

goriilmiistiir (Tablo 1). Calismada fide
uzunlugunun, priming ve kaplama
uygulamalarindan olumlu etkilendigi

goriilmiistiir. Ancak priming uygulamalarinda
artan dozlar ile ortalamalar arasinda biiytlik
farklarin  olmadigr  goriilmektedir. Fide
uzunlugu bakimindan priming ve kaplama
islemi uygulanmis tohumlar kontrole gore
daha iyi sonuglar vermistir. Bagsaran ve Copur
Dogrusoz (2022), Bilensoy yonca ¢esidine ait
tohumlarla  sakst  ortaminda  yaptiklar
calismada, en diisiik fide uzunlugunu 5.38 cm,
en yiikksek fide uzunlugu ise 7.37 cm olarak
belirlemislerdir. Bu c¢alismada belirlenen
sonuclar arastiricilarin bildirdigi degerlerden
daha diisiik bulunmustur. Bu durum her iki
caligmanin farkli ¢imlendirme ortamlarinda
yiiriitiilmiis olmasindan kaynaklanmais olabilir.
agirhiklart  tespit  edilmistir.  Priming
uygulamalarmin dozlar1 arasinda Onemli
farklar goriilmemistir. Bicaket ve ark. (2020),
yaptiklar1 ¢alismada, kuraklik stresine maruz
kalan kaplanmis yonca tohumlarinda kontrol
grubunda kok yas agirliginin ortalamasi 4.33
mg iken, kaplanmig tohumlarda bu deger en
diisiik 2.79 mg, en yiiksek ise 5.58 mg olarak
Olcililmiistiir. Bu galismada belirlenen sonuglar
Bicake1 ve ark. (2020)’nin sonuglarindan daha
yiiksek bulunmustur. Bu durum caligmalarda
yer alan farkli uygulamalardan
kaynaklanabilecegi gibi kullanilan yonca
cesitlerinden de kaynaklanmis olabilir.
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Tablo 1. Cimlenme hizi, ¢imlenme giicli, kok uzunlugu, fide uzunlugu ortalamalari ve duncan

gruplandirmalart

Uygulama Doz Cimlenme hizi Cimlenme giicii Kok uzunlugu Fide uzunlugu
Momentum 0 82.6 i 85.3h 1.74 hj 2.46 dg
Momentum 1 93.3 ad 93.3de 3.17a 251dg
Momentum 100 96.0 ac 98.6a 2.58 bc 2.70 ce
Momentum 200 96.6 ab 98.3ab 2.30cd 2.66 ce
Momentum 300 90.0 dg 93.3de 2.26 de 2.73cd
Momentum 400 93.3 ad 96.0 ad 1.57j 3.10ab
Momentum 500 86.6 fi 95.6 ae 1.94 fi 2.49 dg
Keratin L 0 82.6 hi 85.3h 1.74 hj 2.46 dg
Keratin L 1 93.3 ad 93.0df 317a 2.51dg
Keratin L 100 90.0 dg 97.6 ac 1.92 a1 3.06 ab
Keratin L 200 87.3eh 93.3de 1.97 eh 3.25a
Keratin L 300 84.0 1 90.0 fg 1.56] 272 cd
Keratin L 400 86.6 fi 88.6¢9 0.86 k 2.56 ¢cg
Keratin L 500 86.0 g1 92.6 ef 1.68 hj 2.55¢cg
Avesis root 0 82.6 85.3h 1.74 hj 2.46 dg
Avesis root 1 93.3 ad 93.3de 317a 2.51dg
Avesis root 100 96.0 ac 95.3 be 2.46 bd 2.45dg
Avesis root 200 95.3ac 93.6 de 2.32cd 2.83 bc
Avesis root 300 97.3a 87.3¢gh 2.24 df 242 ¢eg
Avesis root 400 91.3 cf 94.6 ce 1.641j 2.44 dg
Avesis root 500 92.0 be 92.6 ef 2.16 dg 2.64 cf
Panaromix 0 82.6 i 85.3h 1.74 hj 2.46 dg
Panaromix 1 93.3ad 92.6 ef 317a 2.51dg
Panaromix 100 94.6 ad 95.3 be 3.18a 2.48 dg
Panaromix 200 93.3 ad 95.3 be 2.36 bd 231g
Panaromix 300 82.01 87.3gh 2.64b 2.35fg
Panaromix 400 92.0 be 94.6 ce 2.64b 3.20a
Panaromix 500 84.0 92.6 ef 2.43 bd 2.58 ¢cg
CV (%) 3.3 2.1 8.5 6.6

0: Higbir uygulama yapilmayan tohum, 1: Primingsiz kaplama yapilmig tohum

3.6. Fide yas agirh@

Calismadan elde edilen fide yas agirligina
ait ortalamalar ve Duncan  gruplar
incelendiginde kontrol uygulamasi en yiiksek
fide yas agirhigma sahip olmustur. On
uygulamalardan Momentum’un 100, 200, 400
dozu, Keratin-L’in 200 dozu, Avesis Root’un
200 ve 400 dozu da kontrol ile ayni istatistik
grupta yer almiglardir. Calismada en yiiksek
fide yas agirligi degeri 0.235 g ile Keratin-L
uygulamasinnn =~ 200 ml I dozunda
belirlenmistir. Basaran ve Copur Dogrusoz
(2022)’lin saks1 ortamindaki calismasindaki
calismada en yiiksek kok yas agirligi islem
gormiis ticari tohumlarda 0.8366 g, en diisiik
kok yas agirhigr ise islem gormemis
tohumlarda 0.5420 g alarak belirlenmistir.
Bicaker ve ark. (2020), yonca tohumlarinda
yaptiklar1 kuraklik stresi calismasinda strese
maruz  birakilmig  ve kaplama islemi
uygulanmis tohumlarda en diisiik fide yas
agirhigr 16.29 mg iken, en yiiksek fide yas
agirhigr ise 18.16 mg bulunmustur. Hicbir
islem goérmemis kontrol tohumlarinda ise fide
yas agirligl degeri 24.45 mg olurken, kaplama
isleminin aksine daha iyi sonuc¢larin alindig

goriilmiistlir. Bu ¢alismada belirlenen fide yas
agirhigr degerleri Bagaran ve Copur Dogrusoz
(2022)’tin  caligmasindan  farkli, kontrol
uygulamasi1 bakimindan ise Bigak¢i ve ark.
(2020)’nin sonuglartyla benzerlik gostermistir.

3.7. Kok kuru agirhg:

Kok kuru agirhig ortalamalar
incelendiginde, en yiiksek degerin 0.012 g ve
en disik degerin ise 0.003 g oldugu
belirlenmistir. Priming uygulamalarinin kok
kuru agirlig1 tizerine olumlu etkide bulundugu
goriilmektedir. Uygulamalar kendi iglerinde
degerlendirildiginde, genel olarak en iyi
sonuglar Keratin-L uygulamasindan elde
edilirken, Momentum’un 300 ve 500 dozu,
Kerotin-L’nin 100 dozu, Avesis Root’un 300
dozu ve Panoramix’in 300 dozu en diistik kok
kuru agirligma sahip dozlar olmuslardir.
Bicaker (2019)’nin yaptigr ¢alismada kokeiik
kuru agirhigr kaplama uygulamalar ile 3.21
mg’dan 4.25 mg’a yiikseldigi belirtilmistir.
Mevcut calismada alinan verilerle Bigakei
(2019)’un yaptig1 ¢alismadaki alinan verilerle
farkliligma uygulanan stress kosullarinin
sebebiyet vermis olabilecegi diisiiniilmektedir.
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3.8. Fide kuru agirhg

Calismanin sonuglarina gore belirlenen fide
kuru agirliklart ve Duncan gruplar1 Tablo 2'de
sunulmustur. Buna gore, Keratin-L'nin 100
(0.062 g) ve 200 (0.062 g) dozlar ile
Panoramix'in 500 (0.056 g) dozu, en yiiksek
fide kuru agirligina sahip olan dozlar olarak
belirlenmistir. En diigiik fide kuru agirlig: ise
Panoramix uygulamasimni 400 ml It (0.031 g)
dozundan elde edilmistir (Tablo 2).
Uygulamalarin artan dozlarimin fide kuru
agirliginin  az miktarda da olsa azalttig
goriilmiistiir. Basaran ve Copur Dogrusoz
(2022)tin  saks1 ortaminda  yirttiikleri
calismada kaplanmis yonca tohumlarinda en

yiiksek fide kuru agirligi 0.0505 g olarak elde
edilirken, en diisiik fide kuru agirligi 0.0370 g
olarak belirlenmistir. Aslan ve ark. (2018)’nin
yonca tohumlariyla yaptigi ¢alismada ise en
yiiksek fide kuru agirliginin 5.16 mg, en diisiik
fide kuru agirlig1 degerinin ise 2.33 mg oldugu
bildirilmistir. Bigake¢1 ve ark. (2020)’nin yonca
tohumlarinda  yaptiklar1  kuraklik  stresi
calismasinda strese maruz birakilmis ve
kaplama iglemi uygulanmis tohumlarda ise en
disik fide kuru agirhg 3.12 g oldugu
belirtilirken, en yiiksek fide kuru agirliginin ise
4.04 g oldugu belirtilmistir. Bu calismadan
elde edilen sonuglar Basaran ve Copur
Dogrusdz (2022)’lin ¢alismasi ile benzerlik
gostermektedir.

Tablo 2. Kok yas agirhigy, fide yas agirligi, kok kuru agirligi, fide kuru agirligr ortalamalar1 ve duncan

gruplandirmalart

Uygulama Doz Kok yas agirhgi Fide yas agirhg: Kok kuru agirhg Fide kuru agirhg
Momentum 0 0.042 bc 0.201 ae 0.012a 0.040 dh
Momentum 1 0.042¢ 0.164 fh 0.007 cd 0.032 gh
Momentum 100 0.020 jk 0.222 ac 0.005 eg 0.047 be
Momentum 200 0.024 gh 0.215ad 0.006 ce 0.034 th
Momentum 300 0.018 ki 0.193 cg 0.004 th 0.039 eh
Momentum 400 0.024 gh 0.233ab 0.007 cd 0.046 be
Momentum 500 0.016 1 0.171dh 0.004 gh 0.041 dg
Keratin L 0 0.043 be 0.201 ae 0.012a 0.040 dh
Keratin L 1 0.042¢c 0.164 fh 0.012a 0.045 ce
Keratin L 100 0.024 g1 0.200 ae 0.006 ce 0.062 a
Keratin L 200 0.044 bc 0.235a 0.012a 0.062 a
Keratin L 300 0.047 a 0.161 g1 0.012a 0.050 bd
Keratin L 400 0.025 eh 0.126 1 0.007 cd 0.052 bc
Keratin L 500 0.045 ab 0.142 i 0.012a 0.046 ce
Auvesis root 0 0.042 bc 0.201 ae 0.012a 0.040 dh
Auvesis root 1 0.042¢c 0.164 fh 0.012a 0.042 cf
Auvesis root 100 0.034d 0.175dh 0.009 b 0.039 eh
Auvesis root 200 0.026 eg 0.199 af 0.007 cd 0.041 dg
Auvesis root 300 0.021 1j 0.166 eh 0.005 dg 0.041 dg
Auvesis root 400 0.028 ef 0.205 ad 0.007 be 0.047 be
Auvesis root 500 0.025 fh 0.198 bf 0.006 ce 0.046 be
Panaromix 0 0.042 be 0.201 ae 0.012a 0.040 dh
Panaromix 1 0.042 ¢ 0.164 fh 0.012a 0.042 cf
Panaromix 100 0.022 hj 0.151 lu 0.006 cf 0.035 fh
Panaromix 200 0.0171 0.143 1 0.004 fg 0.042 cf
Panaromix 300 0.010m 0.147 hu 0.003h 0.033 th
Panaromix 400 0.025 fh 0.190 cg 0.007 cd 0.031h
Panaromix 500 0.028 e 0.158 g1 0.007 bc 0.056 ab
CV (%) 6.1 12 13.6 13.9

0: Higbir uygulama yapilmayan tohum, 1: Primingsiz kaplama yapilmis tohum

Tim ozellikler birlikte
degerlendirildiginde;  yonca  tohumlarina
uygulanan priming ve kaplama islemlerinin
tohumlarinin ¢imlenme ve fide gelisimleri
iizerinde olumlu sonuglar verdigi
gozlemlenmis  ve  kullanilan  priming
maddelerinin yonca tohumlar1 i¢in uygun
olduklar1  goriilmiistiir. Ayrica kaplama

isleminin kok gelisimi ve c¢imlenme hizi
lizerinde priming islemi yapilmasa dahi gozle
goriliir sonuglar verdigi saptanmistir.

4. Sonuglar

Giderek artan niifus ve olumsuz iklim
sartlar1 tiim diinya genelinde olumsuz bir¢ok
sorun teskil etmektedir. Tarimsal sorunlar bu
olumsuz sorunlar iginde son derecede 6nemli
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konulardan biridir. Diinya genelinde insan ve
hayvan varlig1 arttikca gidanin temelini
olusturan tohum ve tohumculuk sektorii de
stratejik olarak biiyiik bir 6nem kazanmaistir.
Bitkisel iiretimin en Onemli noktast olan
tohum bitkinin en degerli materyali olarak
goriilmektedir. Bu calismada kullanilan
priming ve kaplama islemleri tohumun fide
gelisimi ile ¢gimlenme lizerinde olumlu etki
yaparken, ayni zamanda kaplanmig tohum
kullanimi  pnomatik  ekimlerde  tohum
atlamasi, tohum zayiatinin dniine gegme gibi
sorunlara da olumlu ydnde etkilemektedir.
Calismada incelenen o6zelliklerden ¢imlenme
hiz1 en yiiksek Avesis Root’un, 300 (% 97.3)
dozunda  goézlemlenmistir. En  yliksek
cimlenme giicii ise Momentum’un 100, 200,
400 ve 500 dozunda, Keratin-L’nin 100
dozunda goriilmiistiir. En yiiksek kok
uzunlugu degerine Momentum’un 1, Keratin-
L’nin 1, Avesis Root’un 1, Panoramix’in 1
dozlar1 sahip olmustur. Kok uzunlugunda
priming islemi uygulanmadan kaplanan
tohumlarda en yiiksek deger 3.17 cm olarak
tespit  edilmistir.  Fide  uzunlugunda;
Momentum’un 400 dozu, Keratin-L’nin 100
ve 200 dozu ile Panoramix’in 400 dozu 6n
plana ¢ikmistir. Keratin-L’nin 300, 500 dozu
en yiiksek kok yas agirligt sahip olurken, genel
olarak kok kuru agirliginda en iyi sonuglar da
Keratin-L degisik dozlarindan elde edilmistir.
Kok kuru agirhiginda oldugu gibi Keratin-
L’nin 100 (0.062 g), 200 (0.062 g) dozlar ile
Panoramix’in 500 (0.056 g) dozu en yiiksek
fide kuru agirhi@mma  sahip  priming
uygulamalar1 olarak 6n palana c¢ikmistir.
Calismada priming ve kaplama islemlerinin
uygulanmast sonucu yonca tohumlarinin
cimlenme ve fide gelisiminde gozle goriiliir
olumlu sonuglar elde dilmis ve kullanilan
priming ve kaplama maddelerinin yonca

tohumuna uygun icerikler oldugu
gorilmistir.  Higbir  islem  gérmemis
tohumlarla kiyaslama yapildiginda fide yas
agirhiginda  beklenen  olumlu  sonuglar

alinmazken, ¢imlenme giicli, ¢imlenme hizi,
kok wuzunlugu gibi o6zelliklerde olumlu
sonuglar alimmistir. En iyl sonuglarin ise
priming  uygulamalarindan  Keratin-L’de
goriildiigi gézlemlenmistir.

Yazarlarin Katki Beyam

Yazarlar makaleye esit katkida
bulunduklarini, makalenin yayma hazir son
halini gordiiklerini/okuduklarini ve
onayladiklarini beyan ederler.

Cikar Catismasi1 Beyani

Tlim yazarlar, bu ¢alisma i¢in herhangi bir
cikar catigsmasi olmadigini beyan etmektedir.
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Abstract

Tissue culture, an essential technique in modern plant biology, offers
promising avenues for the mass production of elite plant varieties for
desirable traits. This study compared the effects of 0.1 mg L™ NAA- 0.25
mg L* BAP plant growth regulator combination using Cotyledon leaves
(0.4 cm?) of three Eruca cultivars Estht 195, Estht 198, and Estht 201 of
arugula (Eruca sativa Mill.) cultured for four and six weeks. Significant
differences were noted among them for callus induction percentage, shoot
induction percentage, and plant height (cm). Notably, var. Estht 201
indicated consistently improved performance, with a callus formation
percentage of 61.83 % in 4 weeks and 74.05 % in 6 weeks. Similarly,
Var. Estht 201 exhibited higher shoot induction (Week 4 67.45 %, Week
6:69.9 %), and plant height (Week 4:7.50 cm, Week 6:9.6 cm),
throughout the experiment. These findings contributed to a deeper
understanding of arugula micropropagation Dynamics. At the same time,
this study has once again shown how important tissue culture
micropropagation protocols are in terms of improving yield and quality
as well as breeding studies.
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1. Introduction

Arugula (Eruca sativa Mill.) is an edible
annual plant in the family Brassicaceae utilized
as a leaf vegetable for its distinguished, tart,
and severe peppery flavor. It is called nursery
rocket or Eruca in England, Australia, South
Africa, Ireland, New Zealand and roka in
Turkey.

E. sativa is popular for making mixed
greens vegetable and salad in the
Mediterranean region of Turkey, and is utilized
as nourishment for its sharp flavor and
bountiful supplements (potassium, sulfur, iron,
and nutrients A and C) in leaves (Freitas et al.,
2017; Nascimento et al., 2022). Arugula is
spread in the Central and East Mediterranean
region, (Barazani et al., 2012). It can be used
in pharmaceutics, and spice industries, and as
fresh vegetables (Hadi et al., 2017). Arugula
has additionally been utilized for most
restorative purposes as its leaves contain
pharmaceutically  important  compounds,
which are rich in glucosinolates and cell
reinforcements  with  demonstrated  anti
malignant properties (Traka, 2016; Wilson et
al., 2017; Tripodi et al., 2017; Jaafar and
Jaafar, 2019; Nascimento et al., 2022). It is
most often confused with Diplotaxis tenuifolia,
known as" perennial wild rocket" from another
species of the same family (Brassicaceae) that
is utilized similarly (Reis et al., 2022; Banjac
etal., 2023).

Cultivation of arugula negatively affects
multiplication of pests and plant diseases
(Srivastava et al., 2020; Pani¢ et al., 2021;
Kular and Kumar, 2011; Soroka et al., 2013).
Hybridization with Brassica species may
improve them for qualitative traits. Tissue
culture can aid rapid breeding. Banjac et al.
(2023) reported that, different tissue culture
studies performed on the arugula are complex
and responses to growth regulators vary.

No single medium is recommended as
being completely agreeable for multiplication
of a wide range of plant tissues and organs.
Nitrogen (N), phosphorus (P), potassium (K),
calcium (Ca), magnesium (Mg), and sulfur (S)
are inorganic components expected by cells in
larger amounts. The fundamental

micronutrients expected by plant cells
incorporate iron (Fe), manganese (Mn), zinc
(Zn), boron (B), copper (Cu), and molybdenum
(Mo). Chelated forms of iron and zinc are
frequently utilized in several culures
(Anonymous, 2024).

Phytohormones have different effects in
tissue culture studies. Cytokinins are knowm to
invigorate cell division, prompt shoot
arrangement, axillary shoot multiplication and
impede root development (Anonymous, 2024).

The employment of auxin and cytokinin
together is thought as the most crucial
component for regulating growth and
regeneration (Kiiplemez and Yildirim, 2020).
The auxins primarily affect root induction
(Khawar et al., 2004).

In plant tissue and organ cultures,
cytokinins, auxins, and cytokinin-auxin
relationships are generally considered the most
important factors in regulating growth and
initiating regeneration (George, 2008). The
relationship between cytokinin and auxin is
important for the formation of the entire plant
body because they play crucial roles in
controlling many aspects of developmental
processes and the establishment of meristems
(Su et al, 2011; Kiiplemez and Yildirim,
2020).

The study aimed to select disease-free
arugula, through callus culture and distinguish
the best genotype for inducing callus under in
vitro conditions.

2. Materials and Methods

This study was carried out at Usak
University in 2023. Arugula seeds were
obtained from the Molecular Biology and
Genetics Department of the same university.
The seeds were sown in pots at a depth of 1 cm,
filled with field soil, followed by seeds
germination. Thereafter, the cotyledon leaves
(0.4 cm?) were used for micropropagation of
three species mentioned above.

Preparation of stock solution: The stock
solutions of MS medium (Murashige and
Skoog, 1962) were prepared for vitamins+
amino acids, Fe EDTA, major and
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micronutrients, separately by weighing their
respective amounts and dissolving them in one
liter of distilled water. They were stored at 4
°C for 6 months.

NAA, and BAP were prepared by weighing
10 mg each dissolving them in 1-2 drops of
ethanol or 1 N NaOH followed by adding water
to complete the volume to 10 ml. They were
stored at 4 °C for 6 months.

Preparation of cultures: The cultures
consisted of the following components: MS
medium, 30 g I sucrose as carbon source,
desired amounts of 0.1 mg Lt NAA, and 0.25
mg L™ BAP used as plant growth regulators,
and 3.5 g I'* phytagel as solidifying agent.

Double distilled water was used to prepare
each culture. The pH of the solution was
adjusted to 5.6+0.1 with IN NaOH or 1N HCI
solution at room temperature before adding
Phytagel. The electrodes of pH meter were
rinsed with distilled water before use and after
each use to eliminate cross-contamination.
These were covered and labeled accordingly
and then autoclaved for 20 min at 121 °C and
4.15 kilopascal pressure.

The explants were surface sterilized using 1
% bleach diluted with sterilized distilled water.
The forceps, tissue papers, petri dishes, and
bottles were dry sterilized at 160 °C for 2
hours. The whole laboratory and the laminar
flow cabin were also disinfected using 96 %
ethanol.

The plants were passed through running tap
water for 2-3 minutes followed by rinsing with
double distilled water. The explants were
surface disinfected using 20 % commercial
bleach for 10 min, followed by rinsing them for
7x10 min with sterile distilled water.

Culture and growth room conditions: All
cultures were kept in a growth room
programmed to continuously provide 16 h light
and 8 hours darkness cycle, using light
intensity of 3000 Lux, and temperature of 24
°C+ 2°C throughout the experiment.

2.1. Statistical analysis

The statistical analysis (One way ANOVA)
was performed using SPSS 26. The means

were compared using LSD test. All values
given in percentage were arcsine transformed
before analysis.

3. Results and Discussion

3.1. Effect of blends of 0.1 mg L NAA-0.25
mg L BAP on regeneration from variety
Estht 195, Estht 198, and Estht 201 after 4
weeks of culture

Treatments showed significant differences
among means of callus formation and shoot
induction percentage at 0.01 level, plant height
and number of leaves per explant at 0.05 level.
Callus induction started after 2 weeks of
culture and terminated after 3 weeks to induce
shoots. These were counted after 4 weeks of
culture.

The results of weeks 4 analysis elucidate the
complex interplay  between  hormonal
treatments and arugula variety Estht 201
(Figure 1) in micropropagation. Variations in
callus formation, leaf production, plant height,
and shoot development underscore the genetic
diversity among arugula varieties. Moreover,
the significant influence of hormonal
treatments highlights need of optimizing the
tissue culture protocols for enhanced arugula
regeneration.

This analysis provides insights into the
performance of different arugula varieties
under the effects of hormonal treatments,
elucidating key factors influencing arugula
micropropagation success.

The means of significant parameters after
Duncan multiple range test are shown in Table
1. Which explains the effects of 0.1 mg L
NAA-0.25 mg L BAP treatments on three
arugula varieties after 4 weeks of tissue
culture, Variety Estht 201 induced maximum
callus formation (61.83 %), followed by
Variety Estht 195 (50.23 %), and Estht 198
(36.25 %). This demonstrated a clear variation
in callus formation potential of the three
arugula varieties.

Var. Estht 201 demonstrated the maximum
shoot induction percentage of 67.45 %,
followed by Var. Estht 195 displaying 55.37 %
(Figure 1), and Var. Estht 198 indicated 53.0
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% shoot induction. This highlights variations
in shoot proliferation potential across different
arugula varieties (Table 1).

Var. Estht 201 produced the highest number
of leaves with an average of 19.73, followed by
Var. Estht 195 with average of 12.25 leaves per
explant, and Var. Estht 198 had 9.75 leaves per
explant.

Var. Estht 201 displayed the tallest plants
with an average height of 7.50 cm, followed by
Var. Estht 198 at 5.25 cm, and Var. Estht 195
at 5.00 cm. This indicated significant
variability among arugula varieties in terms of
vertical growth.

Table 1. Differences among varieties for regeneration parameters using 0.1 mg Lt NAA and
0.25 mg L! BAP added to MS medium after 4 weeks of culture

Varieties Callus induction | Shoot induction % | Number of leaves | Plant height (cm) *
% after 3 weeks of | ™ per explant *
culture ™

Estht 201 61.83a 67.45a 19.73 a 7.50 a

Estht 195 50.23b 55.37b 12.25b 5.00b

Estht 198 36.25¢ 53.00c 9.75¢ 525b

“All values shown by different small letters in a single column are statistically different using LSD test at 0.01 level of significance
“All values shown by different small letters in a single column are statistically different using LSD test at 0.05 level of significance

3.2. Effect of blends of 0.1 mg L' NAA-0.25
mg L BAP on regeneration from variety
Estht 195, Estht 198, and Estht 201 after 6
weeks of culture

The treatment means showed significant
differences for callus induction, shoot
regeneration percentage and plant height at
p<0.01 level. The differences between the
average values of the number of leaves per
explant were not found to be significant. The
second count of callus induction and shoot
regeneration was noted after 6 weeks of initial
culture. Var. Estht 201 exhibited the highest
percentage of callus induction (74.05 %,
Figure 2), followed by Var. Estht 195 (50.16
%), and Var. Estht 198 (45.33 %). This
consistent parallel trend after 6 weeks of
culture suggested that Var. Estht 201

maintained a superior ability to form callus
tissues compared to the other varieties (Table
2).

Var. Estht 201 also exhibited the highest
shoot induction percentage of 69.9 % (Figure
1), followed by Var. Estht 195 with an
induction percentage of 62.8 %, and Var. Estht
198 with shoot induction percentage of 57.0 %.
Once again, Var. Estht 201 demonstrated a
consistent trend of vigorous shoot induction
compared to the other two varieties.

Var. Estht 201 displayed the tallest plants of
9.6 cm, followed by Var. Estht 195 (6.0 cm),
and Var. Estht 198 (5.88 cm). This suggested
that Var. Estht 201 maintained superior
vertical growth compared to the other varieties
used in the study.

Table 2. Differences among varieties for regeneration parameters using 0.1 mg L* NAA and 0.25 mg

L BAP on MS medium after 6 weeks of culture

Variety Callus induction % | Shoots  induction | Number of leaves | Plant Height (cm) ™"
o %™ per explant ™

Estht 201 74.05a 69.90 a 13.00 9.60 a

Estht 195 50.16 b 62.80 b 11.00 6.00b

Estht 198 45.33¢ 57.00c 10.25 5.88¢

“All values shown by different small letters in a single column are statistically different using LSD test at 0.01 level of significance

" non significant
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The findings of the Week 6 analysis
reconfirm the different significant effect of the
same hormonal treatment on different types of
arugula. The continued superior performance

of Var. Estht 201 in callus formation, leaf
production, plant height, and shoot
development underscores its potential as a
preferred variety for micropropagation.

Figure 1. Plant regeneration on different explant of arugula. Callus formation after 1 and 6 weeks of
tissue culture in same sequence (bar = 2mm). Indirect plant regeneration after 4 - 6 weeks of tissue culture
(bar = 5mm) using Var. Estht 201

This study suggests inherent genetic
differences among the varieties, which could
be exploited to select superior breeding lines or
optimize tissue culture protocols. These
finding emphasizes the importance of
personalized treatment regimens to maximize
micro propagation success across diverse
arugula varieties.

Understanding these temporal dynamics is
essential for optimizing cultivation protocols
and predicting long-term growth outcomes.
Moreover, the significant influence of
hormonal treatments suggests potential
strategies for enhancing arugula cultivation
efficiency  through  targeted  hormonal
interventions. By understanding the interplay
between variety genetics and treatment effects,
practitioners can optimize protocols to achieve
desired growth outcomes in arugula
production. Nagar and Mekawi (2015), have
found that there are significant differences
between two different arugula genetic types.
Callus formation was better in cotyledon

explants than in stem explants, induced in MS
medium containing different combinations of
NAA and BA as well as 2,4-D and Kinetin.
Hunaish and Almasoody (2020), used
hypocotyl, stems and cotyledon leaves as
explants in their research. The highest dry
weight they obtained from callus was obtained
from cotyledon leaf explants.

The study contributes to the development of
more effective micropropagation strategies
advancement of arugula breeding and
production practices.

4. Conclusion

The study highlights the significant
variability in growth performance among 3
arugula varieties, with Var. Estht 201
consistently exhibiting superior characteristics
compared to Var. Estht 195 and Var. Estht 198.
This underscores the importance of genetic
diversity in arugula breeding programs. The
impact of hormonal treatments on callus
formation and shoot development reaffirms the
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crucial role of varieties in modulating
physiological processes during arugula micro
propagation.

Overall, this analysis provides valuable
insights for arugula breeders, growers, and
researchers, offering potential strategies for
enhancing  cultivation  efficiency and
advancing breeding programs.
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Abstract Research Article
This study investigates optimal physiological parameter measurement
times in Gossypium hirsutum L. to assess the effects of drought stress.
Observations of SPAD (Leaf Chlorophyll Content) and canopy
temperature depression (CMD) were made at different growth stages,
including Early Growth, Flowering, Bolling, and Boll Opening stages.
These measurements were linked to yield and fiber quality parameters
across the cotton grown stages.Data was analyzed using Principal
Component Analysis (PCA) to uncover complex trait variations and
genetic diversity under water-limited conditions. Specifically, PCA
revealed significant variations in key traits such as yield and fiber quality
under water stress conditions.Canopy temperature measurements
highlighted the reliability of assessments made during specific stages,
particularly the Bolling stage, for evaluating trait relationships.Leaf
chlorophyll content (SPAD) analysis emphasized the significant
correlation of SPAD4 with fiber elongation (FE) and lint percentage Keywords
(LP).Overall, the results demonstrate the critical importance of timely Drought stress

SPAD and CMD measurements, especially during the Bolling stage SPAD

(SPAD3 and CHD3), for understanding cotton traits under drought canopy heat depression
stress.These findings underscore the importance of strategic cotton

physiological parameter assessments in cotton breeding under

challenging environmental conditions.
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1. Introduction

Drought stress presents a significant
challenge to cotton (Gossypium hirsutum L.)
cultivation, impacting various physiological
parameters crucial for plant growth and
productivity. Understanding the physiological
responses of cotton plants to drought stress is
essential for developing strategies to enhance
drought tolerance and mitigate yield losses. In
this context, two key physiological parameters,
Two important physiological parameters used
to assess drought stress in cotton are the Spad
chlorophyll meter readings and canopy
temperature depression (Guendouz et al.,
2021).

The Spad chlorophyll meter is a non-
destructive tool widely used to measure the
relative chlorophyll content in plant leaves,
serving as an indicator of photosynthetic
activity and overall plant health. Under
drought conditions, cotton plants often exhibit
a decrease in chlorophyll content due to
reduced photosynthetic activity and premature
leaf senescence. By measuring Spad readings
at various growth stages, growers can monitor
the impact of drought stress on cotton's
physiological status and make informed
decisions regarding irrigation management and
other agronomic practices (Ata-Ul-Karim et
al., 2016). Canopy temperature depression
(CTD) refers to the temperature difference
between the air under the cotton canopy and
the ambient air temperature. Drought stress
typically leads to higher canopy temperatures
as a result of reduced transpiration rates and
increased stomatal closure in response to water
scarcity. Elevated canopy temperatures can
exacerbate drought stress effects, negatively
impacting cotton growth and development.
Monitoring CTD provides valuable insights
into the extent of water stress experienced by
cotton plants, allowing growers to adjust
irrigation  schedules  and  implement
supplemental watering strategies to alleviate
stress and minimize yield losses (Singh et al.,
2014; Cakalogullari and Tatar, 2020; Ozkul et
al., 2022).

In addition to Spad readings and CTD, other
physiological parameters such as leaf water

Goren

potential, stomatal conductance, and relative
water content are also commonly used to
assess drought stress in cotton. Integrating
these physiological indicators with agronomic
observations and remote sensing technologies
enables comprehensive monitoring of crop
water status and facilitates timely interventions
to mitigate the adverse effects of drought stress
on cotton production. In conclusion, drought
stress poses a significant threat to cotton
cultivation, impacting various physiological
processes essential for plant growth and
productivity. By utilizing physiological
parameters such as Spad chlorophyll meter
readings and canopy temperature depression,
growers can accurately assess drought stress
levels in cotton fields and implement targeted
management strategies to enhance crop
resilience and sustainability in water-limited
environments.

The timing of physiological observations
under drought stress in plants is a critical
aspect that requires careful consideration.
According to Arabaci et al. (2017), some
different perdiod of harvest has an effect on
quality characteristics of plants. Research by
Suzuki et al. (2014) highlighted the complexity
of correlations between growth and
physiological parameters under combined
drought and salt stress, suggesting a nuanced
relationship that may vary under different
stress conditions. Similarly, Chen et al. (2016)
emphasized the importance of physiological
changes like leaf water potential, chlorophyll
content, and Fv/Fm as reliable indicators for
selecting drought-adaptive genotypes in maize
seedlings. Physiological studies, such as those
conducted by Hayano-Kanashiro et al. (2009)
and (Ahmed et al., 2022), have demonstrated
the accumulation of osmolytes like sugars and
amino acids under drought stress, indicating
plant responses to dehydration. However, the
optimal  timing for assessing these
physiological responses remains a subject of
debate due to the dynamic nature of plant stress
responses. Integrating genetic and molecular
approaches, as shown in studies by Abtahi et
al. (2019) and Zhang et al. (2012), can provide
valuable insights into the genetic basis of
physiological responses to drought stress. By
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mapping physiological traits associated with
drought tolerance, researchers can identify
selectable features that contribute to plant
resilience under stress conditions. In
conclusion, the confusion regarding when to
take physiological observations under drought
stress for a insufficient to understand the
timing and relevance of physiological
assessments. Further research, as demonstrated
by various studies (Barik et al., 2020; Lanceras
et al.,, 2004; Oguz, 2021; Tang et al., 2023;
Balkan et al., 2023), is essential to elucidate the
optimal timing for evaluating physiological
responses to drought stress, ultimately
enhancing our ability to develop drought-
resilient crop varieties.

It is critical to obtain physiological
parameters at the right time to evaluate the
effects of drought stress. This study aims to
determine the most appropriate physiological
parameter measurement time in Gossypium
hirsutum L. For this purpose, Early Growth
Stage Flowering Stage Boll Setting Stage: Boll
Opening Stage, spad and canopy temperature
depression (CMD) observations were taken at
different stages of the plant's life cycle. In this
study, SPAD and CMD measurements taken at
different growth stages were compared with
the yield and fiber quality parameters of the
plant. Observations made during seed
germination and seedling periods have been
linked to root development and initial growth
of the plant. Data taken during the flowering
period focused on assessing effects on the
plant's pollen production and fertilization
ability. Observations made during fruit
formation and harvest periods aimed to
determine the effects of the plant on seed
maturation and harvest yield.

2. Metarials and Metods

The study material obtained breeding in
2008 by using line tester method with five
cotton varieties which are most cultivated and
high yielding in Turkey. In this paper, we
evaluate selected ten homozygous lines which
tolerant deficit stress in a randomized block
design with 4 replicates in deficit water
conditions (F9 generation). The study was
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conducted at the Faculty of Agriculture, Adnan
Menderes University, in Turkey.

Understanding the impact of drought stress
during these important growth stages is crucial
for developing effective strategies to increase
cotton resilience to water deficit conditions
and improve overall crop performance. The
following important yield and fiber parameters
were used to determine the purpose of
physiological parameters for developing these
strategies.

Observations were recorded on five
randomly selected each line were used for
observing the following traits Observations,
boll weight (g), lint percentage, and seed
cotton yield (kg da'). Lint percentage was
calculated by using formula suggested by
Ghule et al. (2013).

Lint percentage (%) = (Weight of lint / Weight
of seed cotton) x 100

Three samples were collected from each
line for fiber quality analysis after the lint
cleaner. The fiber quality traits were measured
using HVI instruments (fiber length,
elongation, micronaire, strength).

The four most important periods during
which cotton plants are significantly affected
by drought stress can be identified based on the
following: SPAD and Conopy Heat Stress
traits were taken in these four plant grown
stages.

v' Early Growth Stage: Khan et al. (2018)
highlighted the structural, physiological, and
molecular damage induced by drought stress in
cotton plants. This early growth stage is crucial
for establishing a strong foundation for plant
development, making it vulnerable to the
adverse effects of drought stress.

v" Flowering Stage: Temple et al. (1988)
discussed the interaction between drought
stress and ozone effects on cotton Yyield.
Drought stress during the flowering stage can
have a substantial impact on cotton sensitivity
to environmental stressors, potentially leading
to yield reductions.

v' Boll Setting Stage: Chen et al. (2022)
investigated the role of the GhBEE3-Like gene
in cotton drought tolerance. The boll setting
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stage is critical for cotton yield determination,
and drought stress during this period can
significantly affect boll development and
ultimately impact crop productivity.

v' Boll Opening Stage: Guo et al. (2022)
evaluated cotton drought resistance using
hyperspectral ~ imaging  and artificial
intelligence techniques during the boll opening
stage. This period is crucial for fiber
maturation and quality, and drought stress at
this stage can lead to reduced fiber yield and
quality.

Leaf Chlorophyll Content (SPAD): It was
measured with “Konica Minolta SPAD-502
Plus” portable chlorophyll meter in the fully-
developed flag leaves and determined as
“SPAD value” (Pask et al., 2012). It was taken
three averages of five leaves per plot, and they
were done from 11:00h to 14:00h.

Canopy Temperature (CT-°C): It was
measured with a portable infrared thermometer
(Extech Mini IR Thermometer Modell 42500)
as o C (Reynolds et al., 2001). It was taken as
two measurements per plot during the day
between (11:00h to 14:00h). Canopy
temperature depression (CTD) is the difference
between ambient air temperature and canopy
temperature in degree centigrade.

2.1. Irrigation method

The experiment included 50 % irrigation
regime. Well-watered (control treatment) was
designed to provide 100 % replenishment of
soil water depletion. A surface drip irrigation
system was used for irrigation. A 16 mm
diameter polyethylene pipe with in-line
pressure compensating drippers at 0.33 m
intervals was placed on one side of each cotton
row. The different irrigation treatments were
started on 18 June and continued according to
regional practice until late August when 10%
of'bolls on a plant were fully open. The average
amount of water applied was 400 mm for 50%
(deficit water). Soil water levels were
monitored by gravimetric method in the
control plots (James, 1988).

2.2. Statistical analysis

Principal component analysis (PCA) was
employed to extract the maximum variance
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from the data set, with each component
reducing a large number of variables to a
smaller number of components. Furthermore,
correlation heat maps and PCA were applied to
SPAD and CHD measurements taken at four
different times. In these analyses, cotton
selection parameters in drought, yield, and
fibre quality parameters were calculated
according to SPAD and CHD components. The
principal component analysis (PCA) was
conducted using the JMP Pro16 software (SAS
Institute, Cary, NC, USA). The correlation
heatmap was analysed with the help of the R
package program.

3. Results
3.1. Principal component analysis (PCA)

Principal component analysis (PCA) is a
powerful statistical approach to analyze and
simplify complex and extensive datasets. In
this study, PCA was employed to investigate
the variation patterns in cotton genotypes and
assess their genetic diversity in relation to the
studied traits.

For the genotypes grown under water deficit
condition (50 % water availability), the total
variation was divided into 15 Principal
Components (PCs) (Table 1). Notably, the first
five PCs exhibited eigenvalues greater than 1,
indicating their significance in explaining the
variation among the trait (Figure 1). The
cumulative contribution of the first seven PCs
accounted for 80.836 % of the total variability
in yield and fiber quality traits, reflecting their
strong association with these traits under
deficit conditions.

In the analysis of cotton genotypes under
drought stress (DS) conditions, notable trait
correlations and variability patterns were
observed, shedding light on the genetic
diversity of the studied traits. The boll number
(BN) trait displayed a strong negative
correlation with FS (fiber strenght), FU (Fiber
Lenght) and FUI (Fiber uniformity). The
length of vectors originating from the biplot's
center depicted the correlation among traits.
Traits, CHD3 was associated with long
vectors, indicating higher variation among
these traits. On the other hand, CHDI
exhibited the least variability, as evidenced by
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its shorter vector length. This information is
illustrated in Figure 1, providing a visual
representation of the correlations and
variability among traits under DS conditions.

When we examined the relationship
between canopy temperature depression
(CTD) values and yield and fiber parameters; a
positive correlation was found with CHDI1
(Early Growth Stage) and FS, FU, FUI. This
means that if these three traits are the traits we

Goren

target, canopy temperature taken at Early
Growth Stage can be used to determine these
traits. There was a strong correlation between
CHD2, CHD3 and CH4 periods and seed
cotton yield. It is concluded that if a yield-
oriented study is carried out, it is appropriate to
take observations during these periods. In
addition, since CHD3 has the longest vector
length, it is concluded that the most reliable
result will be the canopy temperature taken in
the boll setting period.

Table 1. PCA obtained from SPAD, CHD, yield and fiber parameters deficit under deficit irrigation

condition

Number Eigen value Percent Cum percent
1 3.4892 23.261 23.261
2 2.0473 13.648 36.909
3 1.9120 12.747 49.656
4 1.3981 9.321 58.977
5 1.3261 8.841 67.818
6 1.0945 7.297 75.115
7 0.8582 5.722 80.836
8 0.6885 4.590 85.426
9 0.6678 4.452 89.878
10 0.4902 3.268 93.146
11 0.3820 2.547 95.693
12 0.2408 1.605 97.298
13 0.1902 1.268 98.566
14 0.1425 0.950 99.515
15 0.0727 0.485 100.000
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Figure 1. Summary of bar chart displaying eigenvalue and variation percentage contribution by all
principal components (PCs), a biplot between PC1 and PC2 displaying the distribution of SPAD, CHD
and yield and fiber parameters under deficit irrigation

“BN: Boll number. LP: Lint percentage. FU: Fiber length. FS: Fiber strength. FF:Fiber fineness. FUI: fiber uniformity index. FE: Fiber
elengation. YD: Seed cotton yield. SPAD1 and CHD1: Early Growth Stage; SPAD2 and CHD2: Flowering Stage; SPAD3 and CHD3: Boll

Setting Stage; SPAD4 and CHDA4: Boll Opening Stage
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When we examined the relationship
between Leaf Chlorophyll Content (SPAD)
and yield and fiber parameters; SPAD4 had the
longest vector length. According to the results
of the analysis. no positive correlation was
found between SPAD and fiber properties
except FE (fiber elongation). The highest
positive correlation was observed in LP (lint
percantage) trait.

The purpose of this analysis is to answer the
question whether the measurements for these
two traits should be made more than once or
whether the two traits can be measured in the
same period. Evaluating the SPAD and CHD
subjected to drought stress condition (50 %
water availability) observed in 4 different
periods. the total variation was distributed
among 8 PCs. the first three PCs displayed
eigenvalues greater than 1, indicating their
relevance in explaining the observed variation
( Figure 2). The cumulative contribution of the
first four PCs accounted for 76.901 % of the
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total variance in yield and fiber quality traits
under drought-stress conditions (Table 2).

When these 2 physiological parameters are
analysed for each period of observation; it is
seen that the CHD1 parameter is the shortest
vector. And there is no positive correlation
with the measurements taken. CHD2, CHD3
and CHDA4 are in positive correlation with each
other. If only the CHD parameter is to be used.
it is determined that the measurements are
suitable for this observation. especially at the
Boll Setting Stage. Flowering Stage and Boll
Opening Stage. When the SSAP parameter was
analysed. the highest effect was found in
SPAD3, SPADI1, SPAD2 and SPAD3 showed
positive correlation with each other (Figure 2).

As a result of this analysis. SPAD3 and
CHD3 were determined as the longest proxy.
And it is concluded that the most appropriate
observation time for these two features is Boll
Setting Stage.

Table 2. PCA obtained from SPAD1, SPAD2, SPAD3, SPAD4 and CHD1, CHD2, CHD3, CHD4 under

deficit irrigation condition

Number Eigenvalue Percent Cum Percent
1 2.3851 29.814 29.814

2 1.6590 20.738 50.552

3 1.2016 15.020 65.572

4 0.9064 11.330 76.901

5 0.8519 10.649 87.550

6 0.4702 5.877 93.427

7 0.3971 4.963 98.390

8 0.1288 1.610 100.000

95% Confidence El

Component 2 (20,7 %)

-2 0 2
Component 1 (29,8 %)

Component 2 (20,7 %)

:
-0,5 0 0,5
Component 1 (29,8 %)

-1,0 1.0

Figure 2. Summary of bar chart displaying eigenvalue and variation percentage contribution by all
principal components (PCs), a biplot between PC1 and PC2 displaying the distribution of SPADI,

SPAD2, SPAD3, SPAD4 and CHD1, CHD2, CHD3, CHD4 under deficit irrigation
*SPAD1 and CHD1: Early Growth Stage; SPAD2 and CHD2: Flowering Stage; SPAD3 and CHD3: Boll Setting Stage; SPAD4 and CHD4:

Boll Opening Stage:.
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3.2. Correlation analysis

Correlation coefficients between yield.
yield components. SPAD and CHD of cotton
under water deficit conditions are presented in
Figure 3. This analysis was carried out to
measure whether the correlations are important
to use for selection traits changed under deficit
irrigation conditions.

As shown in Figure 3. LP was negatively
and significantly correlated with FU, BN was

NI
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positively and significantly correlated with
SPADI and SPAD2 and SPAD4 while fiber
strenght (FS) was negatively correlated with
BN but FS positively and significantly
correlated with YD. On the other hand. FU was
negatively and significantly correlated with
SPAD4. FE and LP while FU positively and
significantly correlated FS. Also FS was
negatively and significantly correlated with

SPAD4 and positively and significantly
correlated with FU, FUI and YD.

Refined Correlation Matrix Heatmap with Significance Indicators Lo
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Figure 3. Correlation Matrix Heatmap for SPAD. CHD and yield and fiber parameters under deficit

irrigation

*BN: Boll number. LP: Lint percentage. FU: Fiber length. FS: Fiber strength. FF:Fiber fineness. FUI: fiber uniformity index. FE: Fiber
elengation. YD: Seed cotton yield. SPAD1 and CHD1: Early Growth Stage; SPAD2 and CHD2: Flowering Stage; SPAD3 and CHD3: Boll

Setting Stage; SPAD4 and CHDA4: Boll Opening Stage

Upon analysis of the correlations between
SPAD and CHD at different time points. It was
observed that SPAD1 exhibited a negative and
statistically significant correlation with CHD3.
while SPAD2 and SPAD3 demonstrated

positive  and  statistically  significant
correlations. Additionally, SPAD2 exhibited a
positive and statistically significant correlation
with SPAD3. Similarly, CHD2 demonstrated a
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positive and statistically significant correlation
with CHD3 (Figure 4).

When individual correlation heatmaps of
SPAD and CHD were analysed across four
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different periods. It was found that there was a
very high and positive correlation between BN
and SPAD2. FE and SPAD3. CHD1 and YD.
In contrast. SPAD4 was negatively and
significantly correlated with FS and FUI.

SPAD & CHD vs. Other Parameters Correlation Heatmap with Significance Indicators

SPADZ  SPADL

SPAD4  SPAD3

CHD3 CHD2 CHD1

CHD4

Figure 4. Correlation Matrix Heatmap for SPAD1. SPAD2. SPAD3. SPAD4 and CHD1. CHD2. CHD3

CHD4 under deficit irrigation

*SPAD: Leaf Chlorophyll Content. CMD: canopy temperature depression . SPAD1 and CHD1: Early Growth Stage; SPAD2 and CHD2:
Flowering Stage; SPAD3 and CHD3: Boll Setting Stage; SPAD4 and CHD4: Boll Opening Stage.

4. Discussion

To determine the optimal plant
development stage for assessing the SPAD
parameter in cotton plants under abiotic stress
conditions. It is crucial to consider the stage
where the parameter can best reflect the plant's
response to stress. Studies have shown that the
SPAD chlorophyll meter method, is a valuable
and indicative of the plant's physiological
status and stress tolerance (Magwanga et al.,
2020). This instrument provides a rapid and
non-destructive ~ method to  measure
chlorophyll content. which is indicative of
plant health and stress levels In the context of
cotton plants. research suggests that the SPAD
parameter should be measured at specific

developmental stages to effectively capture the
impact of abiotic stress on the plant. For
instance, in wheat. SPAD measurements were
taken at the anthesis stage to assess responses
to salinity and nutrient stress (Shah et al.,
2019). Similarly, in rice. SPAD values were
measured on the third fully opened leaf from
the top under reproductive stage stress
experiments (James et al., 2018). These studies
highlight the importance of selecting the
appropriate plant growth stage for SPAD
measurements to accurately evaluate stress
responses. Furthermore. the SPAD parameter
has been utilized in various plant stress studies.
including those involving wheat. rice. and
sweet potato. to assess chlorophyll content
under different stress conditions (EI-Daim et
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al., 2019). The SPAD readings obtained from
these studies have provided valuable insights
into the physiological responses of plants to
abiotic stressors. aiding in the identification of
stress-tolerant genotypes and the development
of stress mitigation strategies. When assessing
canopy temperature in cotton. It is crucial to
understand its significance in plant growth and
development. especially in response to
environmental stressors. Canopy temperature
is a valuable indicator of plant stress and
physiological activity. reflecting the plant's
adaptation to changing conditions Monitoring
canopy temperature can offer insights into the
plant's water status and growth performance, as
elevated temperatures may signal insufficient
water availability and stress (Sarwar et al.,
2019).

The timing for measuring canopy
temperature and SPAD in cotton is crucial for
understanding plant responses to
environmental conditions and stress factors.
Canopy temperature is a valuable indicator of
plant water status and stress levels. reflecting
the plant's physiological activity and
adaptation to changing environmental
conditions. Monitoring canopy temperature
can provide insights into the plant's growth
performance and stress tolerance. particularly
in response to factors like soil salinity and
water deficits (Mahan et al., 2015).

Karademir et al. (2018) in their study on
advanced line and control varieties. canopy
temperature values during the peak flowering
period were found to be higher than the pre-
flowering period. Also according to the results
of their correlation analysis to determine
canopy temperatures and chlorophyll content
measured at different development stages and
other traits associated with final yield and fiber
quality traits. they found that seed cotton yield
and canopy canopy at all cotton growing stages
(pre-bloom, peak flowering and post-
bloom/boll formation period). They observed a
significant and positive relationship between
temperature. However, correlation coefficients
were strongest when canopy temperature was
measured during the peak flowering period of
the cotton growth period. Similar results have
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been observed by many researchers (Conaty et
al., 2015; Amani et al., 1996; Bahar et al.,
2008; Alam, 2014). However. the results of this
study concluded that. contrary to these studies.
this correlation is stronger in the boll opening
stage. There are also studies parallel to these
study results (Lopes and Reynolds, 2010;
Mason and Singh, 2014; Bennani et al., 2016).

5. Conclusion

The results of this study demonstrate the
effectiveness of Principal Component Analysis
(PCA) in unraveling complex trait variations
and genetic diversity in cotton under water
deficit and drought stress conditions. Under 50
% water availability. PCA revealed that the
first five Principal Components (PCs)
explained  significant  trait  variations.
particularly in yield and fiber quality traits.
Notably, traits like boll number (BN) exhibited
strong negative correlations with fiber strength
(FS), fiber length (FU) and fiber uniformity
index (FUI). highlighting genetic associations
and variability patterns.

The analysis also explored the relationship
between canopy temperature depression
(CTD) and yield/fiber parameters revealing
positive correlations with early growth stage
(CHDI) and certain fiber traits. Canopy
temperature measurements during specific
stages like boll setting were deemed most
reliable due to trait associations. Leaf
chlorophyll content (SPAD) analysis indicated
SPAD4's strong correlation with fiber
elongation (FE) and lint percentage (LP)
emphasizing its role in trait evaluation.
However. SPAD showed limited positive
associations with fiber properties overall.
Correlation analyses between SPAD and CHD
across different time points identified
significant relationships, with SPAD2 and
SPAD3 exhibiting positive correlations.
Additionally, CHD2 and CHD3 showed
positive  correlations,  suggesting  the
importance of specific observation periods for
trait assessments.

Overall, these findings underscore the
significance of conducting timely
measurements of SPAD and CHD to
comprehend cotton traits under drought stress
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conditions. Specifically, SPAD3 and CHD3
(boll opening stage) emerged as crucial
indicators, highlighting the boll setting stage as
the most appropriate observation time for
assessing these features.
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Abstract

Due to bee pollen's exceptional nutritional profile and unique phenolic
composition, it has received significant attention recently. The aim of this
study was to investigate the botanical origin, protein content, and
phenolic composition of the eight bee pollen samples (BP01-BP08) from
different districts of Mersin city, Tiirkiye. According to palynological
analysis, pollen grains of 51 taxa belonging to 25 families were
determined. BPO1 and BP07 were bifloral, and the other samples were
multifloral. Pollen belonging to the genera Ceratonia sp., Helianthemum
sp. and Olea sp. were predominant in the samples. The protein content
values ranged from 23.1+1.23-28.1£1.49 g/100g. The presence of 23
phenolic compounds was investigated in bee pollen samples by liquid
chromatography-tandem mass spectrometry (LC-MS/MS), and 12 of
them were detected. Taxifolin, caffeic acid, quercetin, oleuropein, and
kaempferol were determined to be the most abundant phenolic
components, respectively. The bee pollen sample with the low protein
content (BP03) had the highest phenolic composition. Furthermore,
protein content and phenolic composition showed significant variability
based on geographical origin.
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1.Introduction

Plant pollen originates from the anther of
stamen. During collection, honey bees blend
the pollen grains with saliva and nectar,
forming distinctive loads, store them in pollen
baskets on their hind legs, and transport them
to the hive (Komosinska-Vassev et al., 2015).
These loads are collected by beekepers with
pollen traps that are place at the entrance of
hives and are called bee pollen (Aylanc et al.,
2021).

Bee pollen is a highly nutritious substance
that plays a crucial role in the development and
health of bee colonies. Since ancient times,
flower pollen has been utilized by humans for
its nutritional benefits, although bee-collected
pollen only began to be used for human
nutrition after the Second World War (Kosti¢ et
al., 2015). Bee pollen contains essential
nutrients such as trace elements (potassium
(K), phosphorus (P), magnesium (Mg),
calcium (Ca), sodium (Na), etc.), proteins
(2.90-33.51 % w/w), carbohydrates (13-55 %
w/w), lipids (1-13 % w/w), and vitamins
(0.02-0.7 %) that are vital for the growth and
well-being of bees and supports human health
(Yang et al., 2013; Hsu et al., 2021). Following
carbohydrates, proteins constitute primary
components in bee pollen, thereby serving as
the principal protein source vital for the
survival of honey bees (Almeida-Muradian et
al., 2005). The protein content of pollen
appears to be crucial for the lifespan of honey
bees. When pollen is lacking or has insufficient
protein, it leads to decreased levels of total
protein and vitellogenin in the hemolymph,
impacting the longevity of honey bees (Liolios
etal., 2015). Also, proteins and amino acids are
critical for human growth, nitrogen balance,
protein synthesis, and cell signaling (Baky et
al., 2023). The protein concentration found in
bee pollen serves as an indicator of its
nutritional quality (Hsu et al., 2021).

Bee pollen contains phenolic compounds
ranging from 3.0 % to 5.0 %, with the quantity
and composition of these phenolics subject to
significant variation based on the plant source
(Mutlu  and  Erbas, 2023). Phenolic
compounds, prevalent in plants as secondary

metabolites, are integral to the biological
activities observed in bee pollen, including
antioxidant, anti-carcinogenic, antimicrobial,
and anti-inflammatory properties (Li et al.,
2018). These compounds are credited with
diverse protective effects against ailments such
as cancer, cardiovascular diseases,
inflammatory disorders, and neurological
degeneration. Bee pollen is a good source of
polyphenols which have the ability to scavenge
free radicals (Alvarez-Suarez, 2017; Rocchetti
etal., 2019).

Researchs have shown that the bee pollen’s
chemical composition varies depending on the
botanical diversity of the plants from which it
is collected (Al-Kahtani, 2017). The botanical
origin of bee pollen is determined by
palynological analysis (Alimoglu et al., 2021;
de Souza et al., 2019). Palynological studies
determine the plant source of the bee pollen by
evaluating the physical properties of the pollen
grains such as shape, size, and ornemantation
on the exine layer (Barth et al., 2010). Bee
pollen is classified as monofloral, bifloral,
trifloral, and multifloral according to the pollen
analysis (Cobanoglu, 2024).

Tiirkiye's  geographical location  has
positioned it as one of the leading countries in
apiculture, producing various bee products,
including bee pollen (Sahin and Kemal, 2020).
Studies have been conducted to determine the
elemental content, and antioxidant properties
of Turkish bee pollens. Furthermore, the
botanical origins and total bioactive
compounds of bee pollen from different
regions of Tiirkiye have been determined
(Altunatmaz et al., 2017; Dulger Altiner et al.,
2020; Temizer, 2023).

Mersin, a province in southern Tiirkiye, is
known for its rich floral diversity, with a
significant number of endemic plant species.
Beekeeping has been a traditional practice in
Mersin province for generations. However,
until today, studies on the identification of bee
plants and investigation of composition of bee
products from Mersin province, Tiirkiye have
been limited (Margaoan et al., 2021; Gorhan,
2021). Therefore, the main scope of the present
study was to determine botanical origin,
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protein content, and phenolic composition of
bee pollen samples from Mersin province of
Tirkiye. This study aimed to provide a
comprehensive understanding of the effect of
the botanical composition of bee pollen
produced in Mersin on the protein and phenolic
content of bee pollen.

2. Materials and Methods
2.1. Sampling

In 2021, a total of eight fresh bee pollen
samples were collected from various beehives
in Mersin, Tirkiye.

After collection, the bee pollen samples
were promptly placed in foam boxes
containing ice to maintain their freshness.
They were transported to the laboratory. Upon
arrival, the samples were kept in a dry place
and immediately frozen at -20 °C to preserve
their composition until further analyses could
be conducted.

2.2. Palynological analysis

Palynological analysis has been used to
identify the floral sources of bee pollen. Bee
pollen samples evaluated the procedure
described by Cobanoglu, (2024). 2 g bee pollen
was mixed with 13 mL 70:30 ethanol:distilled
water. The mixture was kept in ultrasound bath
for 5 minutes. Then, the homogeneous mixture
was centrifuged at 3500 rpm using a centrifuge
(Eppendorf SE, Hamburg, Germany) for 15
minutes. Following that, a 1:1 mixture of
glycerin and water was used to dilute the
residue. Next, a 10 uL suspension was applied
to a microscope slide and fixed using glycerin
gelatin containing basic fuchsin. Subsequently,
the prepared slides were examined using an
(Light Emitting Diode) LED optical
microscope (Leica DM 2500, Leica
Microsystems, Germany) at magnifications of
600x and 1000x. To assess the relative
abundance of pollen types, at least 500 pollen
grains were counted on each slide. All analyses
were performed in triplicate for each sample to
ensure the accuracy and reliability of the
results. The pollen composition of the
examined samples was categorized as follows:

Monofloral: Consisting of a single pollen type
at a percentage of >80 % or 46—80 % if there is
no pollen at 1545 %.

Bifloral: Containing two kinds of pollen types,
one at a percentage of 46—80 % and the other
at a percentage of 15-45 %, or two types each
at a percentage of 46—80 %.

Multifloral: Comprises pollen grains from
multiple plant species.

2.3. Protein content

The total protein content was calculated by
using the Micro-Kjeldahl method and by
multiplying the nitrogen content determined,
Gerhardt's digestion unit, and the Vapodest
distillation system by a factor of 6.38 (Kivang
and Yapici, 2015).

2.4. Pollen extraction for phenolic analysis

50 grams of sample were extracted in 500
mL of 70% ethanol (>96 %, Merck, Germany).
The solutions were kept in ultrasound bath at
40 °C for an hour. The mixture was centrifuged
at 3500 rpm for 15 minutes. Following
extraction, the samples were filtered, and the
collected filtrates underwent evaporation using
a rotary evaporator at 40 °C to remove the
solvent entirely (Cobanoglu et al., 2023a). The
resulting extracts were stored in tubes in the
dark at -20 °C for further analyses.

2.5. Phenolic compound detection

Bee pollen extracs’s phenolic compounds
were determined by liquid chromatography-
tandem mass spectrometry (LC/MS/MS,
Thermo Scientific/TSQ Quantum Access
Max). A C18 column (ODS Hypersil, 4.6 1D x
250 mm 5 m) was used to separate phenolic
compounds at 30 °C with a flow rate of 0.7 mL
min’!. The injection volume was 20 pL, and the
analysis was performed over the course of 20
minutes. As mobile phases, A (water
containing 0.1 % formic acid) and B
(methanol) were employed. Starting with 100
% A, the mobile phase mixture was run
through the column for one minute. The
gradient elution was then changed to be 5 % A-
95 % B between minutes 1 and 22, and after
minute 22, the 5 % A-95 % B phase was
continued for an additional three minutes.
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The system was then set up to run from 0%
A to 100 % B for 25 to 30 minutes, at which
point it was turned off. The capillary
temperature was set at 300 °C, the vaporizer
temperature at 350 °C, and the positive and

Table 1. Phenolic compound standard’s parameters

negative spray voltages were set at 4000 V and
2500V, respectively (Cobanoglu et al., 2023b).
Tablel contains the parameters for quantifying
phenolic compounds.

1;1)‘;‘;‘;1;1 s Rt (min.) MS [m/z] HMV;MS [ LOD (mg.L)) LOQ (mgL"')  Polarity
Gallic acid 8.92 169.7 2132.65.(2)0 0.061 0.203 -
Caffeic acid 15.27 179.7 ggﬁg 0.047 0.157 -
Taxifolin 16.68 303.0 ;ﬁggg 0.058 0.194 ]
E zfgocat“h“ic 12.13 153.8 ;;95"(‘)0 0.049 0.162 -
zlrc‘l’etﬁ;zteed‘“ic 13.16 136.9 ?3'82;0 0.026 0.087 ;
Sesamol 12.82 137.18 }82%;2 0.048 0.161 -
p-coumaric acid 17.00 163.9 94.30 0.116 0.387 -
120.20
Catechin 10.92 289.2 %2;:38 0.068 0.227 -
Epicatechin 11.26 291.5 gg;g 0.045 0.151 +
Rosmarinic acid 17.82 359.18 }2‘2‘38 0.029 0.095 -
Vanillin 15.87 150.91 ?ﬁﬁ?o 0.023 0.076 -
Ferulic acid 17.19 193.35 33:(1)8 0.061 0.204 -
4-OH-benzoic acid ~ 18.12 137.90 gi:gg 0.031 0.104 -
Salicylic acid 18.13 137.14 6531 0.030 0.099 -
93.26
Syringic Acid 15.45 183.07 %.33'2 0.192 0.643 -
Ellagic acid 19.47 300.90 ﬁﬂgz 0.087 0.289 -
Rosmarinic acid 17.82 359.18 }2‘2"_;8 0.029 0.095 -
Quercetin 20.58 301.00 }% ; 0.038 0.123 -
Oleuropein 18.00 539.10 gg'_ig 0.050 0.167 -
Rutin 18.26 609.37 gg?ﬁg 0.007 0.024 -
Rezveratrol 18.45 228.98 }2;%8 0.030 0.099 +
Flavone 23.90 222.90 Z;fﬁ. A 0.027 0.090 +
Kaempferol 21.68 %22?)(7) 153.00 0.055 0.184 +
2.6. Statistical Analysis analysis was conducted using one-way

The experiments were carried out in
triplicate, and the results were presented as the
mean =+ standard deviation (SD). Statistical

analysis of variance (ANOVA), followed by
Tukey’s post hoc test. Variations were

considered significant at a threshold of p
<0.05.
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3. Results and Discussion In this study, Table 2 shows the pollen spectra
3.1. Botanical Origin ot: ei‘ght bee pollen samples from Mersin,
Tirkiye.

Table 2. Palynological analysis’ results, and geographical origin of bee pollen samples
Sample Geographical Origin Botanical Origin Pollen Type%

*kkkk

**** Ceratonia sp. (58.8)

*** Helianthemum sp. (16.2)

** Achillea sp. (14.7)

* Astragalus sp.(0.7), Brassicaceae (0.7), Cistus
sp. (0.7), Thymus sp. (0.7), sp. (0.7), Ranunculus
sp. (0.7), Robinia sp. (0.7), Rosaceae (2.2),
Rumex sp. (0.7), Salix sp. (0.7), Sanguisorba sp.
(0.7), Thalictrum sp. (0.7)

*hkkkk

Bifloral (Ceratonia
dominant)

BPO1 Mersin

*kkk

*** Helianthemum sp. (32.4), Quercus sp. (21.3),
Salix sp. (26.9)

BP02 Mersin Multifloral ** Paliurus sp. (4.6)
* Astragalus sp. (1.85), Brassicaceae (0.9),
Cistus sp. (0.9), Crateagus sp (1.9), Juglans sp.
(0.9), Laurus sp (0.9), Lotus sp. (2.8), Morus sp.
(0.9), Myrtaceae (0.9), Thalictrum sp. (2.8)

*hkkkk

*kk*k

***Astragalus sp. (18.4), Ceratonia sp. (35.6),
Helianthemum sp. (29.9)

** Brassica sp. (6.9)

* Citrus sp. (1.1), Erica sp. (1.2), Juglans sp.
(1.1), Melilotus sp. (1.1), Pinaceae (1.1),
Thalictrum sp. (3.5)

*kkkk

BP03 Mersin Multifloral

*kkk

***Ceratonia sp. (27.1), Olea sp. (37.4)

** Cistus sp. (3.7), Juglans sp. (4.7), Eucalyptus
sp. (10.3)

* Carex sp. (0.9), Caryophllaceae (0.9), Citrus
sp. (0.9), Chenepodium sp. (0.9), Crepis sp. (0.9),
Medicago sp. (2.8), Mentha sp. (0.9), Paliurus
sp. (2.8), Rumex sp. (2.8), Salix sp. (1.9), Salvia
(0.9), Thalictrum sp. (0.9)

*kkkk

BPO4 Mersin Multifloral

*kk*k

*** Astragalus sp. (16.9), Citrus sp. (41.5)

** Eragaria sp. (5.6), Lotus sp. (8.9), Olea sp.
BP05 Mersin Multifloral (8.9),

* Brassicaceae (3.4), Carex sp. (1.1), Cistus sp.

(1.2), Quercus sp. (1.1), Plantago sp. (3.4),

Rumex sp. (1.2), Salix sp. (3.4), Taraxacum sp.

3.4)

*kkkk

*kkk

*** Cistus sp. (38.4)
** Brassica sp. (11.6), Cyanus sp. (12.7),
Hedysarum sp. (9.3),
: : * Ceratonia sp. (1.2), Chenepodium sp. (1.2),

BP06 Mersin Multifloral Crateagus sp. (2.3), Crepis sp. (2.3), Ferula sp.
(1.2), Helianthus sp. (2.3), Helianthemum sp.
(1.2), Helicrysum sp. (2.3), Juglans sp. (2.3),
Onobrychis sp. (2.3), Pedicularis sp. (1.2),
Plantago sp. (2.3) Rosaceae (1.2), Turgenia sp.
(1.2),

BPO7 Mersin fuleioiolel
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Bifloral (Pimpinella

dominant)

**** Pimpinella sp. (49.4)

*** Astragalus sp. (16.5),

** Centaurea sp. (3.9), Cistus sp. (5.2), Cyanus
sp. (3.8), Helianthus (3.9), Ranunculus sp. (3.9),
Salix sp. (3.5),

* Amaranthaceae (1.3), Crepis sp. (1.3),
Fragaria sp. (1.3), Melilotus (1.3), Morus sp.
(1.6), Quercus sp. (1.6), Rumex sp. (1.3),
Verbascum sp. (0.3)

BP08 Mersin

Multifloral

*hkkkk

*kkk

*** Cirsium sp. (20.5), Olea sp. (43.8)

** Cistus sp. (10.9), Eucalyptus sp. (4.1),
Helianthemum sp. (13.7),

* Astragalus sp. (2.7), Caprifoliaceae (1.4),
Erica sp. (1.4), Thalictrum sp. (1.4),

HHEE: > 80 %; ¥¥H* 46-80 Yo; ¥F* 15-45 %; *¥* 3-15 %; ¥ <3

Palynological analysis of bee pollen
samples revealed the presence of pollen grains
from a total of 51 taxa belonging to 25 families
of plants. The most commonly encountered
pollen grains in the samples were from the
families (insect-pollinated types) Fabaceae,
Asteraceae, Cistaceae, and Apiaceae. The bee
pollen samples presented different numbers of
pollen taxa ranging from 9 (BP08) to 19
(BP06) types. Pollen belonging to Ceratonia
sp., Helianthemum sp., and Olea sp. are most
frequently genera represented in the samples.
There were no common botanical species
present in all the analysed samples. This
observation suggests that the variability in
pollen types presence may be linked to the
geographical origin, reflecting the diverse flora
within the beekeeping area.

In the study, two bee pollen samples were
bifloral, the others were multifloral. The
identified taxa from the bee pollen samples in
our study were also observed in the pollen
spectra of previous palynological studies
carried out in Mediterrian regions of Tiirkiye
(Silici and Gokceoglu, 2007; Temizer, 2023).
Ceratonia sp. serves as an excellent resource
for honey bee nourishment due to its
advantageous characteristics like blooming in
autumn, a season with limited plant flowering,
production of nectar and pollen, significant
nectar yield, and frequently visits by
honeybees (Maha and Haddad, 2012). The
pollen grain of Ceratonia sp. was dominant in
BPO1 (58.8 %) sample. A study was conducted

that honey bees are actively utilizing olive
flowers as a pollen source (Giovanetti, 2018),
Olea sp. pollen grains were detected in bee
pollen samples in this study. Particularly in the
summer, honey bees choose the Cistaceae
family as a source of pollen, finding it to be an
exceptionally appealing source (Dimou et al.,
2014). In this study, Helianthemum pollen was
found as BPO1 (16.2 %), BP02 (32.4 %), BP03
(29.9 %), BP06 (1.2 %), and BPO8 (13.7 %).
Some taxa (A4stragalus sp., Trifolium sp.,
Melilotus sp. etc.) from the Fabaceae family
are considered important resources used by
bees (Kiiclikaydin et al., 2023; Sultana et al.,
2022). Pollen grains belonging to the Apiaceae
family were frequently found in the samples,
like in other studies conducted in the
Mediterrian region of Tiirkiye (Silici and
Gokceoglu, 2007). Cirsium sp. pollen grain has
already been reported in Eastern Anatolia bee
pollen (Cobanoglu et al., 2021). Eucalyptus sp.
trees are grown along the coastlines of the
Aegean and Mediterranean regions of
Anatolia, with their flowering period is
between from May to September. Pollen grains
of Eucalyptus plant in the bee flora of Mersin
province were determined in two (BP04,
BPO08) samples (Gorhan, 2021).

3.2. Protein Content

The protein content showed statistical
differences (P<0.05) and ranged from
22.8%+1.21 (BP07) to 28.1%+1.49 (BPO1)
(Table 3), (Figure 1).
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Table 3. Protein content of bee pollen samples

BPO1 BP02 BPO3 BP04

BP05 BP06 BPO7 BP08

Protei
n a c c b

28.11+1.49 23.655+1.25b 23.056+1.22b 26.643+1.4a 23.695+1.25b 27.606+1.46 22.811+1.2 23.3+1.23b

C a c C

*Results are given as g/100 g. Mean values (n=3) with the different letters in a line indicate statistical differences among the results that determined by Tukey test

(p<0.05)

Protein content results were similar to the
results reported by Kosti¢ et al. (2015), from
Serbia (14.81-27.25 %), Estevinho et al.
(2012), from Portugal (24.23-34.18%) and
Mayda et al. (2020), for pollen samples from
Tiirkiye (17.6-22.2 %). Nevertheless, Taha et

al. (2019), found lower values (15.19-20.23
%) in bee pollen from Saudi Arabia. The
significant variation in protein levels could
potentially be impacted by factors such as
floral sources, geographical origin, and storage
conditions (Oroian et al., 2022).

40.00

30.00

20.00

Mean Protein

10.00

0.00

Protein %

BPO1 BFO2 BPO3 BFO4

Samples

BFO5 BFOB BFOT BFO8

Figure 1. Protein content of bee pollen samples

Bee pollen's protein content stands out as its
key defining feature, often serving as the
primary criterion for assessing quality. It's
typically categorized into three grades based
on protein levels: excellent (above 25 %),
average (20-25 %), and poor (below 20 %)
(Somerville, 2001). In the current study, BPO1,
BP04, and BP06 were categorized excellent,
other samples were classified as average
according to this classification.

3.3. Phenolic compounds

For their wide range of functions, such as,
anti-diabetic, antimicrobial, anti-
inflammatory, antioxidant, and anti-
hyperlipidemia effects, phenolic compounds
have recently increased in attention (Ares et
al., 2018). The results obtained by LC-MS/MS
for the eight bee pollen samples from Mersin
are presented in Table 4.
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Table 4. Phenolic compounds of bee pollen samples

BP0O1 BP02 BP03 BP04 BP05 BP06 BP07 BP08
12.49+0.78 4.94+0.3 37.9+2.37 16.58+1.0
Gallic acid cd le a nd 4b 9.34+0.6 nd nd
2.24+0.14 0.71+0.04 0.2+0.012
Caffeic acid nd nd b nd c 4.1+0.26a nd d
0.37+0.0 104.4+6.5 5.55+0.34 10.79+0.6
Taxifolin nd 2c a 9.46+0.6b bc nd nd 8b
Protocatechuic acid  nd nd nd nd nd nd nd nd
Protocatechuic
aldehyde nd nd nd nd nd nd nd nd
Sesamol nd nd nd nd nd nd nd nd
5.48+0.34
p-coumaric acid nd nd nd nd nd a nd nd
Catechin nd nd nd nd nd nd nd nd
Epicatechin nd nd nd nd nd nd nd nd
Rosmarinic acid nd nd nd nd nd nd nd nd
0.96+0.0 1.06+0.07
Vanillin nd 6b b 1.63+0.1a  1.1+0.07b 1.76x0.1a nd nd
Ferulic acid nd nd nd nd nd nd nd nd
0.05+0.00
4-OH-benzoic acid nd nd nd 3a nd nd nd nd
Salicylic acid nd nd nd nd nd nd nd nd
4.69+0.3
Syringic Acid 4.05+0.25b nd nd nd nd nd a nd
1.05+0.06
Ellagic acid nd nd nd a nd nd nd nd
Rosmarinic acid nd nd nd nd nd nd nd nd
31.44+1.9 15.65+0.9
Quercetin nd nd 6a 22.7+1.4b nd 8c nd 6.45+0.4d
0.05+£0.00 2.31+0.14 3.95+0.25
Oleuropein nd nd 3d c b nd nd 9.8+£0.61a
Rutin nd nd nd nd nd nd nd nd
0.55+0.0
Rezveratrol 0.8+0.05a nd nd nd nd nd 3b nd
Flavone nd nd nd nd nd nd nd nd
6.32+0.39
Kaempferol nd nd 7.740.48a nd nd b nd nd

*Results are given a mean value of three replicates+standart deviation. Mean values (n=3) with the different letters in a column indicate statistical differences

among the results that conducted by Tukey test (p<0.05). The results are given as pg/g. Nd: not detected.

The optimized chromatographic conditions

investigated bee pollen samples, respectively.

enabled the measurement of 23 phenolic
compounds in bee pollen samples. Of the 23
phenolic compounds analysed, 12 were
determined 1in samples. Gallic, cafteic,
syringic, and ellagic acids, taxifolin, vanillin,
quercetin, oleuropein, rezveratrol, and
kaempferol were determined in the samples.
Taxifolin, gallic acid, and quercetin were the
most abundant phenolic compounds of the

However, the 40H benzoic acid, ellagic acid,
and rezveratrol levels were at remarkably low
amounts. The mean levels of taxifolin, gallic
acid, quercetin, and kaempferol were high in
the BPO03 multifloral sample (Figure 2).
Additionally, the BP06 bee pollen had high
vanillin content, the BP04 bee pollen had high
ellagic acid content, and the BPOS sample had
high oleuropein content.
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Figure 2. Chromatogram of BP03

In a study conducted by Mutlu and Erbas
(2023), phenolic compounds were investigated
in monofloral/multifloral bee pollen samples
from different regions in Tirkiye. It was
reported that the amounts of rosmarinic acid,
naringenin, rutin, and apigenin were 155.38,
5191, 3431, and 29.16 mg/100 g,
respectively. In another study conducted a bee
pollen sample collected from Bayburt,
Tiirkiye, the major phenolic compounds such
as rutin, kaempferol, quercetin, myricetin, and
p-coumaric acid were determined 115442.25 +
7774.28, 9870.72 + 790.14, 7849.8 + 528.63,
2220.70 + 177.76, 1508.98 + 91.89 ng/kg,
respectively (Gercek et al., 2021). Rutin,
which was detected at high levels in bee pollen
Cobanoglu, 2024), was not detected in Mersin
bee pollen. In this study, taxifolin was found
0.37+£0.02-104.4+6.5 pg/g, while in another
study with bee bread collected from Tiirkiye,
was found 3.14+0.3-5.340.3 pg/g (Cobanoglu et
al., 2023b). The gallic acid wasn’t found in the
ethanolic extract of chestnut bee pollen by
Karkar et al., (2018), but it was determined in

five samples with this study. Quercetin, the
third most abundant phenolic component in
bee pollen, was also found in bee pollen in
previous studies (Bridi et al., 2022; Gercek et
al., 2021). With this study, the phenolic
compound oleuropein detected in bee pollen
samples, but it was not found in a previous
study from Tirkiye (Celik et al., 2022).
Kaempferol was detected 7.7+0.48 and
6.32+0.39 as pg/g in BP03, BP06, respectively
and it was found 6.37-100.18 pg/g in another
study (Cobanoglu, 2024). BP03 had the most
abundant phenolic compounds among the
samples. Both the amount and type of
phenolics in bee pollen may vary depending on
the geographical location and conditions
during production. Even if the samples
originate from the same botanical source, these
factors can lead to divergent outcomes (De-
Melo et al., 2016).

4. Conclusions

Bee pollen is a bee product that provides the
development of bees in the hive and is also
recommended to be consumed by humans due
to its content. The chemical content of bee
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pollen varies depending on the plant diversity
and environmental conditions in the
environment where it is produced. Therefore,
content determination studies of bee pollen are
important for both beekeeping and human
consumption. In this study, the botanical
origin, protein and phenolic content of bee
pollen produced in Mersin province of Tiirkiye
were evaluated. The samples were divided into
bifloral and multifloral as botanical source. It
was found that the protein content of bee
pollen samples was higher in bifloral samples.
No such distinction was found in phenolic
content. The findings underscore the
importance of understanding the diverse
factors influencing bee pollen composition,
offering significant implications for its
utilization in various fields, including
nutrition, health, and apiculture.
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Abstract

The aim of this study is to determine the energy use efficiency in dry bean
production. Energy use efficiency calculations were made for the 2023
production season. The study was carried out in the Central district of
Kirklareli province of Turkey. Within the scope of the study, total energy
input was calculated as 16717.86 MJ ha and total energy output was
calculated as 34440 MJ ha't. Energy use efficiency in dry bean production
was calculated as 2.06, specific energy as 9.71 MJ kg™, energy efficiency
as 0.10 kg MJ* and net energy as 17722.14 MJ ha'. Energy input types
in dry bean production were examined. It was observed that it consists of
6633.38 MJ ha! (39.68 %) direct energy, 10084.48 MJ ha? (60.32 %)
indirect energy, 2507.99 MJ ha* (15 %) renewable energy and 14209.87
MJ ha'! (85 %) non-renewable energy. According to the 2023 production
season study data, dried beans production can be said to be profitable in
terms of energy use.
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1. Introduction

Beans are high in protein and delicious. For
this reason, it is widely consumed as fresh,
canned, fresh grains and dried grains in the
world and in Tiirkiye. Its dry grains contain 23-
34 % protein, 60 % carbohydrates, 5 % crude
fibre, 1.7 % fat and 3.6 % ash. It is one of the
legume plants that can fill the animal protein
gap of our country, especially due to its high
protein content (Abaci and Kaya, 2018). In
addition, it is a plant whose grains are rich in
potassium, phosphorus, calcium, magnesium,
sulphur, iron and manganese minerals and
vitamins A, B and D (Sehirali, 1988; Peksen
and Artik, 2005; Sirat, 2020).

Food and Agriculture Organization (FAO)
data for 2020 shows that 27.55 million tons of
dry beans were produced in an area of 34.80
million hectares with an average yield of 790
kg ha™. India, Myanmar and Brazil are in the
top three world production rankings. Tiirkiye
ranks 19th in the world production rankings in
2020 and 12th in the productivity rankings.
Among the dried legumes produced in Turkey,
beans rank third after chickpeas and lentils.
According to TUIK data, dry bean production
reached 305 thousand tons in 2021, with an
increase of 9 % compared to the previous year
(Anonymous, 2024a).

Energy use in agriculture is of great
importance in terms of efficiency and
sustainability. Despite the food demand of the
increasing world population, the decrease in
agricultural areas necessitates the purchase of
more products per unit area. Therefore,
intensive energy use in agriculture is
inevitable. Achieving maximum efficiency
with minimum energy inputs in agricultural
production is desirable in every period (Alam
et al., 2005; Dilay, 2021). While financial
savings will be made through efficient energy
use in agriculture, fossil fuel consumption and
air pollution will also be reduced. In this way,
sustainable agricultural production will be
achieved (Uhlin, 1998; Azarpour et al., 2013;
Dilay, 2021).

The following studies can be presented as
examples of defining energy use efficiency in
agricultural production. Soybean (Mandal et

Demir

al., 2002), sugar beet (Haciseferogullarn et al.,
2003; Baran and Gokdogan, 2016), dry bean
(Sonmete and Demir, 2007), wheat (Tipi et al.,
2009), chickpea (Marakoglu et al., 2010),
garlic (Samavatean et al., 2011, Baran et al.,
2023), forage pea, (Turan et al., 2023), bean
(Kazemi et al., 2015), sunflower (Bayhan,
2016), chickpea (Baran and Gokdogan, 2017),
onion (Ozbek et al., 2021), maize (Dilay,
2021), cotton (Baran et al., 2021), grape (Uzun
and Baran, 2022), persimmon (Baran, 2022),
guar and lupin (Gokdogan et al., 2017),
summery vetch (Baran, 2016), rice (Baran et
al., 2015) etc. The aim of this study is to
determine the energy use efficiency of dry
beans by calculating the energy use efficiency
indicators for the 2023 production season in
the Central district of Kirklareli province.

2. Materials and Methods

Kirklareli is located in the Thrace Region of
Turkey on the European Continent. It lies
between 41°44' - 42°00' northern latitudes and
26°53' - 41°44' eastern longitudes. It has a land
size of 6,555 km?. Bulgaria is located to the
north with a border length of 159 km. It is
surrounded by the Black Sea in the east with a
coastline of 58 km, Edirne in the west, Istanbul
in the southeast, and Tekirdag in the south. 48
% of the land is mountainous, 35 % is wavy
land, and 17 % is plain (Anonymous, 2024b).
Continental climate prevails in the center of
Kirklareli. Black Sea climate is seen in the
north-facing parts of the Yildiz Mountains.
Accordingly, summers are cool and winters are
cold. In the inland areas away from the sea, a
continental climate is observed. Summers are
hot, winters are cold and occasionally snowy
(Anonymous, 2024c).

In Kirklareli province, the annual average
temperature for many years was 13.3 °C, and
the average monthly total precipitation amount
(mm) was 583.7 (Anonymous, 2024d). This
study was carried out in the Central district of
Kirklareli province of Turkey in the 2023
production season. The production area
covered 0.20 hectares, and a randomized
complete-block design with three replications
was employed in a working area of 0.20
hectares.
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Since it was aimed to determine fuel
consumption, the full tank method was used.
The tank for a given area is completely filled.
Immediately after the machine finished the job,
the tank was filled to its original level again
using a scaled container. The amount of fuel
consumed per unit area was determined by
measuring the treated area and the amount of
fuel filled (Goktirk, 1999; El Saleh, 2000;
Sonmete and Demir, 2007). A three-stopwatch
measurement set was used in time
measurements and field work efficiency
calculations (Sonmete, 2006). Area work
efficiency is calculated as effective area work
efficiency. Work efficiency (ha™) was
calculated using the effective working time
(tef) spent while processing the trial plots
(Giizel, 1986; Ozcan, 1986; Sonmete, 2006).

Various energy inputs such as human
labour, machinery, chemicals, chemical

Energy output (%)

EUE = i
Energy input (;)
. M]J
Energy input (—)
SE = ha

Product output ( l;—i )

Product output (:—ag)

EP =

Energy input ( %)

NE = Energy output (MJ hal) - Energy input (MJ ha™)

Table 1. Energy equivalents in agricultural production
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fertilizers, diesel fuel, seeds, electricity and
irrigation water (Table 1) were quantified in
terms of their usage per hectare within dry bean
production. With regards to calculating the
total energy inputs, the usage of inputs per
hectare have been multiplied by their
respective energy equivalents. The acquired
output was dry bean. With the purpose of
obtaining the EUE of dry bean production, the
inputs and outputs of the table have been
combined. The following formulae have been
used to calculate the EUE, SE, EP and NE in
dry bean production (Mandal et al., 2002;
Mohammadi et al., 2008; Mohammadi et al.,
2010). Koctiirk and Engindeniz (2009)
reported that forms of energy input are
involved in dry bean production, including
direct, indirect, renewable, and non-renewable
sources.

Eq(1)

Eq(2)

Ea(3)

Eq(4)

Inputs Unit Energy equivalent (MJ unit?) References

Human labour h 1.96 Singh et al., 2001; Ozalp et al., 2018
Machinery h 64.80 Singh, 2002; Kizilaslan, 2009

N kg 60.60 Singh, 2002; Demircan et al., 2006

P kg 11.10 Singh, 2002; Demircan et al., 2006

K kg 6.70 Singh, 2002; Demircan et al., 2006
Herbicide kg 288 Kitani, 1999; Ekinci et al., 2020
Insecticide kg 363.60 Pimentel, 1980; Ekinci et al., 2020

Diesel Fuel | 56.31 Singh, 2002; Demircan et al., 2006
Irrigation water m3 0.63 Yaldiz et al.,1993; Ekinci et al., 2020
Electricity kWh 3.60 Ozkan et al., 2004

Seed kg 21 Awad Alla et al., 2014; Kazemi et al., 2015
Dry bean kg 20 Awad Alla et al., 2014, Kazemi et al., 2015
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3. Results and Discussion

Table 2 presents the energy balance of dry
bean production. The total energy input for dry
bean production has been established as
16717.86 MJ ha, while the energy output has
been established as 34440 MJ ha*. The energy
inputs consist of 7128 MJ ha'l (42.64 %)
chemical fertilizer energy, 3885.39 MJ hal
(23.24 %) diesel fuel energy, 1458 MJ ha'
(8.72 %) electricity energy, 1217.60 MJ ha'
(7.34 %) chemical energy, 1218 MJ ha* (7.29

Table 2. EUE of dry bean production

%) seed energy, 907.20 MJ hal (5.43 %)
irrigation water energy, 510.88 MJ ha* (3.06
%) machinery energy and 382.79 MJ ha* (2.29
%) human labour energy. The output energy
has been established as 34440 MJ hal.
Similarly, Kazemi et al. (2015) has reported
the chemical fertilizer input in bean production
as 56.17 %, Tipi et al. (2009) reported the
chemical fertilizer input in wheat production as
34.21 %, Ozbek et al. (2021) as 60.43 % in
onion production.

Inputs Unit Input used per hectare (unit hat) Energy value (MJ ha?) Ratio (%)
Human labour h 195.30 382.79 2.29
Machinery h 7.88 510.88 3.06
Chemical fertilizers 7128 42.64
N kg 100 6060 36.25
P kg 60 666 3.98
K kg 60 402 2.40
Chemicals 1217.60 7.34
Herbicide kg 3 864 5.17
Insecticide kg 1 363.60 2.17
Diesel fuel | 69 3885.39 23.24
Irrigation water m3 1440 907.20 5.43
Electricity kwWh 405 1458 8.72
Seed kg 58 1218 7.29
Total (Input) 16717.86 100
Total (Output) Dry bean kg 1722 34440 100

El, EO, EUE, SE and NE values for dry
bean production are presented in Table 3. They
are based on the production of 1722 kg of dry
bean. The total energy input has been
established as 16717.86 MJ ha*, while the total
energy output has been established as 34440
MJ ha. The EUE has been established as 2.06,
with a SE of 9.71 MJ kg%, an EP of 0.10 kg

Table 3. EUE calculations in dry bean production

MJ ! and a net energy value of 17722.14 MJ ha
L In previous studies, various values for EUE
in agricultural production have been reported.
Kazemi et al. (2015) calculated the efficiency
as 4.70 bean, while Tipi et al. (2009) reported
a value of 3.09, Ozbek et al. (2021) obtained a
value of 2.21 for onion production.

Calculations
Dry bean
Energy input
Energy output
EUE

SE

EP

NE

Unit Values
kg 1722
MJ hal 16717.86
MJ hat 34440
- 2.06
MJ kgt 9.71
kg MJ? 0.10
MJ hal 17722.14
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The energy inputs in dry bean production
are categorized into four group. These are,
direct, indirect, renewable and non-renewable,
corresponding to 6633.38 MJ ha™ (39.68 %),
while the indirect energy inputs have been
established as 10084.48 MJ ha? (60.32 %).
Furthermore, renewable energy inputs have
been established as 2507.99 MJ ha (15 %),

Demir

and non-renewable energy inputs have been
established as 14209.87 MJ ha* (85 %) (Table
4). Similarly, in studies on bean, wheat, onion
production, it has been found that non-
renewable energy inputs exceeded renewable
energy inputs (Kazemi et al., 2015; Tipi et al.,
2009; Ozbek et al., 2021).

Table 4. Energy inputs in the forms of energy for dry bean production

Energy groups Energy input (MJ hal) Ratio (%)
DE 6633.38 39.68
IDE 10084.48 60.32

Total 16717.86 100
RE 2507.99 15
NRE 14209.87 85

Total 16717.86 100

4. Conclusion

Within the scope of this study, energy use
efficiency, specific energy, energy efficiency
and net energy calculations were made as
energy use efficiency indicators in dry bean
production in Kirklareli province. In addition,
classifications and calculations of energy input
types have been made. The total energy input
in dry bean production has been established as
16717.86 MJ ha, while energy output has
been established as 34440 MJ hal. Under the
scope of the study, 1722 kg of dry beans has
been yielded per hectare. Based on the energy
use efficiency indicator calculations, energy
use efficiency has been established as 2.06
specific energy as 9.71 MJ kg?, energy
productivity as 0.10 kg MJ* and net energy as
17722.14 MJ ha'l. Energy input types consists
of 6633.38 MJ ha! (39.68 %) direct energy,
10084.48 MJ ha! (60.32 %) indirect energy,
2507.99 MJ ha! (15 %) renewable energy and
14209.87 MJ ha'l (85 %) non-renewable
energy. According to the calculations of
energy use efficiency indicators, it can be said
that dry bean production is a profitable
production in terms of energy use efficiency
(2.06) as of the 2023 production season trial
run. There are a number of ways to further
increase efficiency, and one of them could be
said to be using farm manure instead of
cemical fertilisers, which constitute the highest

input at 14209.87 MJ ha* (85 %). This current
study has been the first of its kind, as it
examined dry bean energy balance and will
contribute to future studies and literature.
When there is a shortage of energy and it
should be economical, sustainable and
productive, then energy management becomes
even more significant. The conclusions of
various studies indicate that reduction in diesel
fuel, electricity, chemicals and fertilizer
consumptions are important for energy saving
and decreasing the environmental risk
problem. Chemicals and fertilizer energy are
applied as there is a lack of pest analysis and
soil analysis, The use of such materials lead to
unconscious usage of chemicals and total
fertilizer. On the other hand, machinery is
extensively used for soil preparation, spraying
activities and transportation in production
process leading to a high level of required
diesel fuel energy (Rafiee et al., 2010). These
recommendations can be taken into
consideration to increase energy use efficiency
in dry bean production.
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Abstract Research Article

The most common etiologic agent that causes canine hepatozoonosis is

Hepatozoon canis (H. canis). High parasitemia is associated with

symptoms of fever, anorexia, weight loss, anaemia, ocular discharge, and

paralysis of the hind legs. The agent has also been reported to cause

myocardial lesions. Troponins are considered the gold standard as they

have high sensitivity and specificity for myocardial injury. The study

consisted of a total of 27 dogs brought to Igdir University Animal

Hospital, 15 dogs diagnosed with H. canis infection by polymerase chain

reaction analysis, and 12 healthy dogs. Of the examined dogs, 59.3 % Article History

were female, and 40.7 % were male. Of the dogs, 55.6 % were 4 years Received :03.03.2024
old and under, and 44.4 % were 5 years old and over. This study Accepted :24.04.2024
determined high-sensitivity cardiac troponin | (hs-cTnl) and T (hs-cTnT)

levels in healthy dogs as 0.1262 and 0.1054 ng mL %, respectively. In dogs

infected with H. canis, hs-cTnl and hs-cTnT levels were 0.4706 and

0.3056 ng mL?, respectively. In addition, there was a significant

difference in serum Alanine aminotransferase (ALT), aspartate

aminotransferase  (AST), alkaline phosphatase (ALP), lactate

dehydrogenase (LDH), and albumin levels in dogs infected with H.canis

compared to the control. There was no significant increase in cholesterol

and calcium levels. In conclusion, there was a significantly higher Keywords

increase in hs-cTnT and hs-cTnl levels in dogs infected with H. canis. Vector induced diseases
Considering that even the slightest change in troponin levels is important myocardial infarction
for prognosis, H. canis may have caused myocardial injury in dogs in our biomarkers

study. Besides, the relative increase in hs-cTnT and hs-cTnl detected in cardiac enzymes

the healthy animal group may indicate various possible causes, such as
low clearance and distant myocardial ischaemic events.
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1. Introduction

H. canis is an apicomplexan parasite from
the family Hepatozoidae (Guo et al., 2020),
first detected in India (James, 1905), and is
transmitted by Rhipicephalus sanguineus,
known as the brown dog tick (Aktas et al.,
2015; Mohanapriya et al., 2021). This tick is
frequently observed in dogs in the Balkan
peninsula and the Mediterranean region (Aktas
et al., 2015). Although studies have revealed
more than 340 species in the Hepatozoon
genus, canine hepatozoonosis is known to be
caused by H. canis and H.americanum (Baneth
and Allen, 2022). H. canis has been reported as
the most common species causing canine
hepatozoonosis (Aktas et al., 2015; Aydin et
al., 2015).

H. canis has a prevalence rate of 2.5-58.7 %
(Rojas et al., 2014; Harris et al., 2015; Hamel
etal., 2016; Pacifico et al., 2020) and generally
progresses in a subclinical form. Clinically, the
agent causes long-term parasitemia (Baneth
and Allen, 2022). High parasitemia is
associated with symptoms of fever, anorexia,
weight loss, anemia, ocular discharge, and
paralysis of the hind legs (Vincent et al., 2021).
It is possible to encounter H. canis in the lungs,
heart, skeletal muscles, liver, spleen, and
lymph nodes during schizogony (lvanov and
Tsachev, 2008). Another study reported that
the agent causes myocardial lesions (Kegler et
al., 2018). However, the most sensitive
diagnostic method for canine hepatozoonosis
is real-time polymerase chain reaction
(PCR)(Totkacz et al., 2023).

Troponins are globular proteins that play a
role in the contraction and relaxation of
myofibrils (Basbugan et al., 2010). Cardiac
troponin 1 (cTnl) and T (cTnT) have a high
sensitivity to myocardial necrosis (Kirbas et
al., 2021; Ayvazoglu et al., 2023). These
troponins and their isoforms are essential
markers of cardiac tissue-specific cellular
damage (Mahendran et al., 2022). High-
sensitivity cTnl (hs-cTnl) and T (hs-cTnT) can
be detected at lower levels than troponin (I and
T), thus contributing to the detection of mild
myocardial injury that may occur in the early
stages of diseases (Ayvazoglu et al., 2022).

In the literature, while some studies
observed no clinical symptoms in dogs with H.
canis who have reached high parasitemia,
some research reported clinical symptoms with
co-infections accompanying the infection
(Schifer et al., 2022; Totkacz et al., 2023)
Scarce studies have investigated this parasite's
clinical and immunopathological co-infection
mechanisms  (Ortuiio et al., 2022).
Furthermore, the number of literature studies
reporting the association between H. canis
infection and myocarditis is scant. Although
these studies have emphasized myocardial
effects, there is also a potential for vertical
transmission of the disease (Schéfer et al.,
2022). It is essential to prevent severe
myocardial damage in animals and detect
damage at the prognosis stage. This situation
will enable the determination of accurate,
rapid, and sensitive testing strategies for
disease diagnosis that will allow early
intervention. In order to evaluate myocardial
necrosis, this research analyzed serum enzyme
levels (ALT, AST, LDH, ALP) and albumin,
cholesterol, and calcium values together (De
Bonis et al., 2021; Hassanein et al., 2023). The
current study aimed to compare high-sensitive
hs-cTnl and hs-cTnT levels in "dogs with H.
canis" with healthy animals, to fill out the gap
in the literature on clinical diagnosis of canine
H. canis infection and myocarditis (Hamacher
et al., 2015; Kegler et al., 2018). Our results
were aimed to fill the gap in the relationship
between H. canis infection and serum troponin
levels, which is missing in the literature.

2. Materials and methods

This study was conducted by obtaining
approval from the Animal Experiments Local
Ethics Committee of Kafkas University (Kars,
Turkey, KAU-HADYEK\2022-056).

2.1. Animal material

The study consisted of 27 dogs brought to
[gdir University Tuzluca Animal Hospital in
2022, 15 dogs diagnosed with H. canis
infection by polymerase chain reaction (PCR)
analysis, and 12 healthy dogs (Figure 1). Of the
examined dogs, 59.3 % (16/27) were female
(The oestrous cycle was not taken into
account), and 40.7 % (11/27) were male. Of the
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dogs, 55.6 % (15/27) were 4 years old and
under, and 44.4 % (12/27) were 5 years old and
over. A blood sample of 5 mL was collected
from the Vena cephalica of sick and healthy
animals into serum tubes. These blood samples

et
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were centrifuged at 3000 rpm for 10 minutes,
and their serums were separated. The serums
were stored at -20°C until measuring the hs-
cTnl and hs-cTnT levels.

|
|
|
1

Figure 1. Gel image of samples positive and negative for H. canis.
M: marker; 1: H. canis positive control; 2,3,4: positive site sample; 5: negative field example; 6: negative control (distilled water)

2.2. PCR analysis

DNA extraction of collected dog blood was
performed using the blood DNA extraction kit
(Quick-DNATM  Miniprep  Kit, Zymo
Research, Irvine, USA) in accordance with the
manufacturer's instructions. DNA samples
obtained from Hepatozoon spp. PCR was
performed using Hep F (5'-
ATACATGAGCAAAATCTCAAC-3) and
Hep R (5-CTTATTATTCCATGCTGCAG-
3") primers specific to H. canis, which amplify
the 666 bp fragment of the 18S rRNA gene
(Inokuma et al., 2002).

2.3. Measurement of cardiac markers

Levels of serum hs-cTnl and hs-cTnT, were
determined by ELISA equipment (Thermo
Scientific Multiscan GO, TYPE: 1510) and
calculated with commercial test kit (ng mL™)
as instructed by the manufacturer (Canine
High Sensitivity Cardiac Troponin I and T Kit,
BT Lab, Shanghai). Serum enzymes, albumin,
cholesterol, and calcium analysis were
performed in an auto-analyzer at Igdir
University Animal Hospital Laboratories
(Randox Monaco)(Gultekin et al., 2023).

2.4. Statistical analysis

SPSS 20 software package was used for
statistical analysis of the obtained data. To
reveal the differences in hs-cTnl and hs-cTnT
levels of healthy and H. canis infected dogs
according to age and gender, first of all,
conformity of data to normal distribution was
determined using a normality test, and then an
independent t-test was performed. All results
are presented as Mean+SE. Results with a P-
value less than 0.05 were considered
statistically significant.

3. Results and Discussion

Of the 27 Akbash crossbreed dogs used in
this study, 44.4 % (12/27) were healthy, and
55.6 % (15/27) had H. canis infection
confirmed by PCR analysis. The hs-cTnl and
T levels were 0.4706+0.073, and
0.3056+0.052 ng mL™?, respectively, in dogs
infected with H. canis, and 0.1262+0.008, and
0.105440.009 ng mL 1 in healthy dogs (Table
1). Statistical analysis revealed higher hs-cTnl
and hs-cTnT levels in dogs with H. canis
(P<0.01).
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Table 1. Changes in hs-cTnl and T levels in healthy and H. canis infected dogs

Mean+SE

Parameters Group N (Min-Max) T/P
hs-cTnl Healthy 12 ?6.157622;%.(1%852) T=4.196
CRET o G
hs-cTnT Healthy 12 ?d.lgjg(i%.(ﬂ%l) T=3.392
(ng mL™Y) H. canis 15 0.3056+0.052 P<0.01

(0.1201-0.7836)

Table 2. Changes in Hs-cTnT levels in healthy and H. canis infected dogs by sex

Parameter Group Gender N Mean+SE T/P
Female 7 0.1143+0.014 T=1.222
Healthy
hs-cTnT Male 5 0.0930+0.007 P>0.05
(ng mLY) H. canis Female 9 0.297240.061 T=0.191
) Male 6 0.3182+0.099 P>0.05

Of the examined dogs, 59.3 % (16/27) were
female, and 40.7 % (11/27) were male. In H.
canis infected female and male dogs, the hs-
cInT levels were 0.2972+0.061, and
0.3182+0.099 ng mL? respectively, and
0.1143£0.014, and 0.0930+0.007 ng mL? in
healthy dogs with no statistically significant
difference between the groups (P>0.05, Table

2). In H. canis infected female and male dogs,
the hs-cTnl levels were 0.3854+0.086, and
0.5985+0.117 ng mL?* respectively, and
0.1351+0.013, and 0.1138+0.007 ng mL! in
healthy dogs with no statistically significant
difference between the groups (P>0.05, Table
3).

Table 3. Changes in hs-cTnl levels in healthy and H. canis infected dogs by sex

Parameter Group Gender N MeantSE T/P
Healthy Female 7 0.1351+0.013 T=1.257
hs-cTnl Male 5 0.1138+0.007 P>0.05
(ng mL1) . canis Female 9 0.3854+0.086 T=1.496
' Male 6 0.5985+0.117 P>0.05
Table 4. Changes in hs-cTnT levels in healthy and H. canis infected dogs by age
Parameter Group Age N Mean£SE T/P
Healthy <4 7 0.0984+0.011 T=0.939
hs-cTnT >5 5 0.1153+0.014 P>0.05
(ng mL™?) H. canis <4 8 0.3040+0.058 T=0.031
' >5 7 0.3074+0.095 P>0.05

Of the dogs, 55.6 % (15/27) were 4 years
old and under, and 44.4 % (12/27) were 5 years
old and over. In H. canis infected and healthy
dogs aged 4 years and younger, the hs-cTnT
levels were 0.3040+0.058, and 0.0984+0.011
ng mL*and 0.3074+0.095, and 0.1153+0.014
ng mLtin dogs 5 years and older, respectively
with no statistically significant difference
between the groups (P>0.05, Table 4). In H.

canis infected and healthy dogs aged 4 years
and younger, the hs-cTnl levels were
0.4005+0.084, and 0.1193+£0.011 ng mL*
respectively, and  0.5508+0.122, and
0.1360+0.014 ng mL? in dogs 5 years and
older, respectively with no statistically
significant difference between the groups
(P>0.05, Table 5).

485



Yasar et al.

Table 5. Changes in hs-cTnl levels in healthy and H. canis infected dogs by age

Parameter Group Age N Mean+SE T/P
Healthy <4 7 0.1193+0.011 T=0.956
hs-cTnl >5 5 0.1360+0.014 P>0.05
(ng mLY) H. canis <4 8 0.4005+0.084 T=1.033
) >5 7 0,5508+0,122 P>0.05

Independent t-test was used to revealed
differences in ALT, AST, LDH, ALP,
Albumin, cholesterol, and calcium values
between healthy and infected dogs (regardless
of sex and age). The analysis revealed a
statistically significant difference between
healthy and infected dogs for the ALT (t(18)=-
5.19, p<0.01), AST (t(18)= -6.00, p<0.05),

Table 6. Serum Biochemistry results

ALP (t(18)= -2.93, p<0.05), LDH (t(18)= -
3.14, p<0.05) and albumin (t(18)= 4.81,
p<0.01) values. However, the difference
between the groups for cholesterol (t(18)= -
0.90, P>0.05) and calcium (t(18)= -0.21,
P>0.05) values was not statistically significant.
(Table 6).

Parameters Group N Mean+SE T/P
ALT Healthy 10 12.85+1.28 o510
(UL H. canis 10 30.01+3.05 P<0.01
AST Healthy 10 17.12+1.65 T=-6.00
UL H. canis 10 35.80+2.63 P<0.05
IZBT-l) Healthy 10 168.78+33.87 ;'2630%_’4

H. canis 10 356.23+49.19

10 146.73+16.48 T=-0.90

Healthy P>0.05
E:r:;)IgSLti;OI H. canis 10 168.73+18.02

Healthy 10 4.61+£0.36 T:-O'§i0_05
(Cnilr(r:lloulwll_ 2 H. canis 10 4.70+0.25

Healthy 10 3.57+0.11 T=4.§)1<0.01
A(I;lg?llr)] H. canis 10 2.97+0.06

Healthy 10 23.10+2.46 T:-2§30_05
AI(_S L H. canis 10 36.80+£3.98

H. canis infection, which usually progresses
subclinically with  mild symptoms, is
transmitted by ticks. It may create long-term
parasitemia leading to a severe and fatal

clinical presentation with fever, lethargy, and
anaemia. The agent has also been shown to
cause myocardial lesions (Dixit et al., 2023,
Tresamol and Vincy, 2023).
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A small proportion of troponin molecules,
which are mostly attached to the intracellular
contractile apparatus, are cytosolic. Although
the cytosolic troponin released immediately
after myocardial injury causes a sudden
increase in the blood serum sample, there is
also a long and slow-term release from the
intracellular apparatus ( Wu, 2017; Coscarella
et al., 2023). Since it is difficult to distinguish
between cytosolic or dependent release, as in
the aforementioned case, molecules with
complex mechanisms of release are not used
for this type of distinction in blood studies
(Langhorn and Willesen, 2016).

It has been reported that cTnT, a specific
biomarker of cardiac muscle, is secreted at a
minimum level in skeletal muscle (Langhorn
and Willesen, 2016). Result from different
studies that the cTnT level ranges from <0.01
to <0.05 ng mL? in healthy dogs (Shaw et al.,
2004). In our study, the hs-cTnT level was
0.1054+0.009 ng mL* in the control group.
Despite being healthy in terms of H.canis, the
reason for this difference may be due possible
pre-post capillary pulmonary hypertension
(Guglielmini et al., 2010), acute chronic
disease (Ricchiuti et al., 1998), necrosis,
apoptosis, necroptosis, cellular injury, reduced
clearance (Hammarsten et al., 2018), a
measurement made with high sensitivity.

Different studies report an increase in cTnT
in cardiac injury in dogs(Burgener et al., 2006;
Cakiroglu et al., 2009), however, there is no
study on cTnT levels in dogs infected with H.
canis. Results from this study, showed that the
hs-cTnT level was significantly higher in H.
canis infected dogs than in healthy ones
(P<0.01). This situation suggests heart
damage.

Mclaurin et al. (1997) reported that cTnl is
more specific than ¢TnT among cardiac
troponins. This specificity was attributed to the
lower molecular weight of cTnl (McLaurin et
al.,, 1997; Missov and De Marco, 1999).
Therefore, cTnl is considered to be a more
sensitive and specific marker than cTnT for the
detection of minor myocardial injury
(Langhorn and Willesen, 2016). It has been
reported in different studies that cTnl levels

vary between 0.004 and 0.136 ng mL™ in
healthy dogs (Langhorn et al., 2013). The hs-
cTnl levels in healthy dogs in our study were
similar to previous studies.

Several studies on dogs reported that cTnl
levels increase in cardiac injury (Oyama and
Sisson, 2004; Bakirel and Gunes, 2009).
However, literature on H. canis infected dogs
lacks high-sensitivity studies on cTnT levels.
In our study, the hs-cTnl level was found to be
significantly higher in dogs with H. canis
compared to healthy ones (P<0.01).

Since the cTnl gene sequence in dogs and
cats is 95-96 % homologous to humans
(Rishniw et al., 2004), a similar difference was
expected in dogs, but our study found that hs-
cTnT and hs-cTnl levels in dogs did not differ
by sex (P>0.05). Although there was no
statistically significant difference between the
sexes, there was a numerical decrease in hs-
cTnT and hs-cTnl levels in female dogs
compared to male dogs (P>0.05). This may be
caused by the oestrous cycle and estrogen.
Studies have reported that estrogen provides
myocardial protection due to its antioxidant
activity (Kim et al., 1996; Knowlton and Lee,
2012).

In a human study, slight increases in cTnl
levels were reported due to increased
myocardial  remodelling  with  possible
cardiomyocyte loss characterized by ageing
(Reiter et al., 2011). A study on dogs reported
a significant correlation between age and cTnl
level (Oyama and Sisson, 2004). In the present
study, although hs-cTnT and hs-cTnl levels
were found to be higher in dogs aged 5 years
and older than in dogs aged 4 years and
younger, the difference was not statistically
significant (P>0.05).

The asexual phase (merogony) of the
biological cycle of H. canis takes place in the
canine epithelium, liver, and muscle tissue
(Ewing and Panciera, 2003). In this case, it is
crucial to consider that potentially
unvaccinated dogs can cause worsening liver
disease. Vaccinated dogs may show a milder
inflammatory response. In addition, today,
some are still discussing systemic diseases and
clinical pathological implications that may
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occur in this infection and mentioning its
zoonotic potential. Previous studies have
reported that the role of this infection in
systemic diseases may be reasonable and
clinical manifestations may vary (Baneth,
2011; De Bonis et al., 2021). Myositis and
myocarditis have been shown in recent cases
of hepatozoonosis (Gokge et al., 2013,
Simonato et al.,, 2022). These studies
documented increasing AST, ALT, ALP, and
LDH activities (Gokge et al., 2013; De Bonis
et al, 2021), decreasing albumin levels
(hypoalbuminemia), and no significant
difference in cholesterol and calcium levels
(Maguire et al., 2011). Similar to the literature,
this research determined a significant increase
in cytosolic enzyme activities [ALT (p<0.01),
AST (p<0.05), LDH (p<0.05), and ALP
(p<0.05)]. While there was a significant
decrease in serum albumin levels (p<0.01),
there was no difference in cholesterol and
calcium values (P>0.05). Some studies
mention the effectiveness of cholesterol in the
occurrence of myocardial damage(Sakamoto
etal., 1991). Some studies have stated that high
cholesterol increases the likelihood of having
an infarction(Sakamoto et al., 1991; Yo6ntem et
al., 2017). The fact that serum cholesterol
levels were insignificant in our study
suggested that the increase in troponin levels in
control and infected dogs was not due to a
cholesterol-induced infarction. In our study, no
significance was observed in serum calcium
levels. This situation is similar to the studies in
the literature showing that calcium values are
not significant in the development of
infarctions (Khoshnegah et al., 2009; Maguire
etal., 2011).

4. Conclusions

Although our study contributed to the
expansion of the knowledge in the literature
regarding the myocardial injury in H. canis
infected dogs with findings on troponin (cTnl
and cTnT), it was not sufficient to fully define
the specificity or make it less complex. In our
current study, the significant increase in
Troponin levels in the serum of dogs with H.
canis (in accordance with the literature)
suggests that it is an effective biomarker.

However, the fact that the increase in the
healthy group did not match the literature data
suggested that troponin levels may have
increased due to many different reasons (low
clearance) and even distant myocardial
ischaemic events (acute, pulmonary) in dogs
who were supposed to be healthy. Due to the
uncertainty of these partial causes, more
studies on troponin levels of dogs infected with
H. canis should contribute to the literature. In
this context, our recommendation for future
studies is to increase the number of samples
according to age and gender, and to evaluate
whether there are other diseases other than
H.canis infection by researchers.

Our aim was to determine the relationship
between dogs with H.canis and serum troponin
levels. The small number of samples and the
scarcity of literature studies in this context
constitute the limitations of our discussion and
study. It is important to increase the number of
samples in each group in future studies. Our
results suggest that troponin levels may be a
marker in infected dogs. In clinical practice,
the veterinarian can evaluate the possible
relationship between troponin levels and H.
canis infection.
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Siirt ili Gokcebag Beldesi ve Cevresinde Halk Tarafindan Beslenme, Endiistri, Tarim ve
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Ozet

Calisma alani olarak secilen yer Siirt ili merkez ilgesine bagli Gok¢ebag
beldesi olup belde hakli daha ¢ok tarim ve hayvancilik ile ugrasmaktadir.
Niifus olarak 2580 kisiye sahip olan belde, simdiye kadar il disina ¢ok
fazla go¢ vermistir. Calisma alaninda 2019-2020 yillar1 arasinda arazi
calismalar1 gergeklestirilmis ve bolge halki ile diyalog kurularak farkli
amagclar (beslenme, endiistri, tarim ve hayvancilik) i¢in kullandiklar
bitkilere ait bilgiler derlenmistir. Ayrica ortaokul diizeyindeki 6grenciler
tizerinden aileleri ile gorismeler yapilarak baz1 calismalar
gergeklestirilmistir. Diyaloglar ve karsilikli bilgi alis verisi sonucunda
bolge halki tarafindan beslenme, endiistri, tarim ve hayvancilik amaglh
kullanim1 olan toplam 86 bitki taksonu tespit edilmistir. Toplamda 32
familyaya ait olan bu bitkilerden en fazla takson iceren familya 14 takson
ile Rosaceae familyasidir. Bu bitkilere ait toplam 96 farkli kullanim sekli
elde edilmis olup bunlardan 78 tanesinin beslenme amagli, 18 tanesinin
de diger (endiistri, tarim ve hayvancilik) amaglar i¢in kullanildigt
belirlenmistir.
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Plants Used by the People in Gokcebag (Siirt) and Its Surroundings for Nutrition,
Industry, Agriculture and Livestock Purposes

Abstract

The place selected as the study area is Gok¢ebag town of Siirt center and
the town is mostly engaged in agriculture and animal husbandry. The
town, which has a population of 2580 people, has emigrated a lot so far
out of the city. Field studies were carried out in the study area between
2019 and 2020 and information on the plants used for different purposes
(nutrition, industry, agriculture and livestock) was collected by
establishing dialogues with the local people. In addition, a questionnaire
study was conducted by interviewing the families of middle school
students and asking them to fill out a questionnaire. As a result of
dialogues and questionnaire surveys, a total of 86 plant taxa that are used
by the people of the region for nutrition, industry, agriculture and animal
husbandry purposes were identified. of these plants belonging to 32
families in total, the family with the highest number of taxa is the
Rosaceae family with 14 taxa. A total of 96 different uses of these plants
were obtained and it was determined that 78 of them were used for
nutritional purposes and 18 of them were used for other purposes
(industry, agriculture and animal husbandry).
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Inal ve Fidan

1. Giris

Bitkiler ile insanoglu arasinda ¢ok eskiye
dayanan hatta ilk insanlik doneminden itibaren
siiriip gelen bir iliski bulunmaktadir. Insan ile
bitkiler arasindaki iligkiyi gosteren en eski
bulgular Irakta bulunan Sanidar magarasindaki
neandertal kalintilariyla beraber tespit edilen
bazi bitkilere ait kalintilar 6rnek gosterilebilir.
Bu neandertalllere ait mezarlarda insan
iskeletleri ile beraber giiniimiizde tibbi
aromatik olarak tarif ettigimiz baz1 bitkilere ait
polen vb. kalintilar tespit edilmistir. O
donemde artik Oliilerini gdmmeye baslayan
topluluklar ~ Oliillerin  tekrar  dirilecegine
inanarak onlarla  beraber dirildiklerinde
kullanmalar1 i¢in faydalanabilecegi bitkilerle
beraber gdbmme islemini gerceklestirdiklerine
inanilmaktadir. Mezarlarda bulunan bu bitkisel
kalintilar aslinda insanlar ile bitkiler arasinda
ne derece kokli bir gecmisin oldugunun
kanitidir (Cosge Senkal, 2020; Fidan ve
Karaismailoglu, 2020; Fidan ve ark., 2022).

Insanlar daima bulunduklari gevre ile giiclii
bir iligkiye sahip olmustur. Onu anlayabilmek
ve ondan daha fazla fayda elde edebilmek i¢in
calismiglar yuriitmiistiir. Bulunduklari
cevrenin en ilgi ¢ekici yOniiniin biyolojik
cesitlilik oldugu anlasildiginda biyolojik
cesitlilige yonelmeye baslanmistir. Bitkiler bu
karmasik biyolojik cesitliligin  tam da
merkezinde yer aliyordu. Pek ¢ok canlinin
temel besin kaynag1 ve dogal yasam alani olan
bitkiler, ana tireticiler olarak biiyilik 6nem tagir.
Bitkiler uzun zamandir farkli amaclar icin
kullanilmaktadir. Bu kullanimlara bagl olarak
giinimiizde baz1 bitki tiirlerinin tek bir
kullanim1 varken bazilarinin birden fazla
alanda kullanim1 bulunmaktadir (Fidan ve ark.,
2023). ik insanlardan giiniimiize kadar
insanlar daima farkli amaclar (beslenme,
endiistri, saglik, tarim ve hayvancilik gibi) i¢in
bitkilerden faydalanmislardir. Anadolu, sahip
oldugu cografi konumu nedeniyle bir¢ok
canlinin dogal yasam alanidir. Cografik yap,
iklim Ozellikleri, mikro iklim alanlar1 ve
topografik yap1 bu ¢esitliligin olusmasinda en
etkili etmenler olmustur. Dogal olarak bu
cesitlilikten nasip alan énemli bir canli grubu
bitkiler olmustur. Bu denli zengin olarak

floristik yap1 insanlar tarafindan kullanilmaya
tesvik edici olmus ve bitkileri hayatlarinin her
alaninda kullanmaya baglamislardir (Fidan ve
ark., 2022). Tirkiye gibi floristik agidan
zengin ilkelerde dogal olarak insan bitki
iliskisi daha yogun olmaktadir. Ozellikle kirsal
kesimde yagamin fazla olmasi, ulagim gili¢ligii
gibi nedenler insanlari dogal yontemler ile
¢Oziim  iretmeye  zorlamustir.  Giinliik
ihtiyaglarin1 karsilamak, tarim aleti yapmak,
beslenmek, el sanatlari, ¢it yapimi, temizlik,
giyim, mobilya, kozmetik ve saglik gibi bir¢ok
thtiyacin1 ~ karsilamak icin  g¢evrelerinden
faydalanmaya calismiglar ve en ¢ok
faydalandiklar1 gruplarin basinda bitkiler
gelmistir. Bilimsel ¢aligsmalar, son donemlerde
bitkilerin kullanim durumlarinin
belirlenmesinin  yaninda ni¢in ve nasil
kullanildigini, yetisme sartlarini, habitatlarinin
belirlenmesi konularma da odaklanmistir
(Cotton, 1996; Fidan ve ark., 2022; Fidan ve
ark., 2023). Daha anlasilir bir ifade ile bilimsel
calismalar insan-bitki iliskilerinin
incelemesinin  yaninda onlar  arasindaki
karsilikli iliski sonucunda meydana gelen
etkilesim, kullanim, {iretim ve tiiketim
terimlerine de cevap bulmaya calisilmaktadir
(Ertug, 2004). Bitkilerin en ¢ok kullanim
alanlarmin basinda beslenme gelmektedir.
Insanlar birgok bitkiyi farkli sekillerde
(yemek, ¢ay, tursu, kahve, hamur isi, maya,
peynir, temizlik vb.) beslenmek amaciyla
kullanmaktadirlar. Caligma alan1 ve yakin
cevresinde daha Once bitkilerin tespiti ve
kullanim sekillerine gore birgok calisma
yapilmistir. Yapict ve ark. 2009 yilinda
“Kurtalan ~ (Siirt) Ilgesinin  Etnobotanik
Ozellikleri” isimli ¢alismalarinda 34 taksonun
yerel isimleri, tibbl ve gida maddesi olarak
kullanimlar1 ile diger etnobotanik ozellikleri
verilmistir. Fidan ve ark. (2019) “Siirt Ili Nadir
ve Endemik Bitkileri’” isimli ¢alismalarinda
giincel veriler dogrultusunda Siirt ilinin nadir
ve endemik bitki listesini glincellemislerdir.
Pmar ve ark. (2019) “Siirt Ili Petaloid
Monokotiledon Florasi’’ isimli ¢alismalarinda
Siirt  ilinde yayilist  bulunan petaloid
monokotiledon bitkilerin listesini ve bunlara
ait baz1t dogal ortamlarinda ¢ekilmis
fotograflar1 rapor etmislerdir. Fidan ve ark.
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(2020) “Etnobotanik Amag¢hi  Kullanilan
Origanum  acutidens  Bitkisinin ~ Toplam
Fenolik-Flovonoid Icerigi, Fenolik Bilesikleri
ve Element Analizi” isimli ¢aligmada bir¢ok
yerde etnobotanik kullanimi olan Origanum
acutidens tiiriiniin element analizi, toplam
fenolik ve flavonoid analizi, antioksidan
aktivite tayini ve fenolik bilesik analizleri
yapilmistir.  Surr1 ve ark. (2020) yilinda
yaptiklar1 “Siirt'te Dogal Yayilis Gosteren
Parazit Yabanci Otlar ve Konukgular1” isimli
caligmalarinda tam parazitlik 6zellikte olan 5
takson belirlemislerdir. Inal ve Fidan (2021)
yilinda “Siirt Ilinin Farkli Bélgelerinde Yay1lis
Gosteren Crocus biflorus  Mill.  subsp.
pseudonubigena B. Mathew Tiirline Ait
Ormnekler Arasindaki Akrabalik Iliskisinin
Molekiiler Diizeyde Belirlenmesi” g¢aligmasi
kapsaminda bitkinin gosterdigi varyasyon
ozellikleri ortaya konulmustur. Pmar ve ark.
(2021) yilinda yaptiklarr “Siirt ili Florasina
Genel Bir Bakis” isimli ¢aligmalarinda Siirt ili
sinirlart  igerisinde yayilis gosteren 786
taksonun oldugunu ifade etmislerdir. Sirr1 ve
ark. (2021) “Eruh (Siirt) Ilgesinde Gida ve
Halk Tababetinde Kullanilan Bazi Dogal ve
Yabanci Otlar isimli c¢aligmalarinda 22
familyaya ait 37 bitki tlirtiniin gida ve tibbi
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amacla kullanmildigim1  tespit  etmislerdir.
Yilmaz, (2022) “Tillo (Siirt) ve Cevresi
Etnobotanik Ozellikleri” isimli ¢alismasinda
49 familyaya ait toplam 151 takson farkli
sekillerde kullanimini tespit etmistir. Pinar ve
ark. (2023) yilinda “A New Species of
Gladiolus from Southeastern  Tirkiye,
Gladiolus siirtensis (Iridaceae, Crocoideae)”
isimli calismalarinda bilim diinyasina Siirt’ten
yeni bir bitki taksonu tanitmislardir.

Bu c¢alismanin amaci, Siirt ili Gokgebag
beldesi ve g¢evresinde 2019-2020 yillar
arasinda yapilan arazi ¢alismalar1 sonucunda
bolge halki ile ikili diyaloglar kurularak farkli
amaclar (beslenme, endiistri, tarim ve
hayvancilik) icin kullandiklar1 bitkilere ait
bilgilerin derlenmesidir.

2. Materyal ve Yontem
2.1. Materyal
Bu caligmanin materyali 2019-2020 yillar

arasinda  Gokcebag  (Siirt/Merkez) ve
cevresinde (Sekil 1) yasayan insanlara
uygulanan ikili goriisme notlar, arazi
caligmalar1 sonucunda bdélgeden toplanan

bitkiler ve bu bitkilere ait fotograflardan
olusmaktadir.

Sekil 1. Caligma alanina ait harita
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2.2. Yontem
Bilgi alig verisine yonelik calismalar:

Calisma alaninda bulunan okullarda okuyan
Ogrenciler  yasadiklar1  ¢evrede  halkin
faydalandiklar1 bitkilere yonelik ¢eitli bilgiler
vermislerdir.

Yerel halk ile yapilan goriismeler: Calisma
kapsaminda yliz yiize goriismeler yapilarak
halkin faydalandig1 bitkilere yonelik bilgiler
ile bu bitkilere ait ornekleri toplanmaigtir.

3. Bulgular ve Tartisma

Gokgebag  beldesi ve cevresinde
gergeklestirilen c¢alismalardan elde edilen
veriler degerlendirilerek bitkilerin kullanilan

Tablo 1. Bitkilerin kullanilan kisimlar1

kisimlar1 (Tablo 1) ve kullanilan kisimlara ait
fonksiyonel bilgiler (Tablo 2)’de verilmistir.
Calisma swrasinda elde edilen verilerin
degerlendirilmesi sonucunda 86 bitkiye ait
toplam 96 farkli kullanim sekli tespit
edilmistir. Bu kullanim sekillerinden 78 tanesi
beslenme ve 18 tanesi de diger (endiistri, tarim
ve hayvancilik) amaglara yonelik olduklari
belirlenmistir (Tablo 3). Tespit edilen bitkiler
32 familyaya ait olup en ¢ok takson igeren
familya Rosaceae familyasidir. Bitkilerin
kullanilan kisimlarina bakildiginda en ¢ok
kullanilan ilk 3 kisim sirasiyla yaprak, meyve
ve toprak istli kisimlar oldugu belirlenmistir
(Tablo 3).

1 Tiim bitki 11 Ugucu yag/Aetheroleum
2 Toprak tisiitii kisimlar 12 Sabit yag/Oleum

3 Odun 13 Dal

4 Govde 14 Taze dal

5 Govde Govde kabugu 15 Stirgtin

6 Kok 16 Tomurcuk

7 Kok kabugu 17 Cigek

8 Toprakalt: uzantilar 18 Polen

9 Sagan/Bulps 19 StigmaStillus/Ovaryum
10 Yumru/Tuber 20 Anter/Filament

21 Cigek sap1 31 Mazi

22 Tag yaprak 32 Kupula/palamut ¢anagi
23 Canak yaprak 33 Gal

24 Meyve 34 Kozalak

25 Meyve kabugu 35 Yaprak

26 Meyve etli kismu 36 Yaprak sap1

27 Meyve suyu 37 Balozii

28 Katran/Pix 38 Recine

29 Siit/Latex 39 Balsam

30 Tohum

Tablo 2. Calismada elde edilen bitkilerin kullanilan kisimlarina ait fonksiyonel bilgiler

Beslenme (Gida) Diger (Endiistri, Tarim ve Hayvancihik)
1. Yemek 11. Pekmez 21. Tursu 1. Yag yapim 11. Ancilik 21. Sepet 31. Yakacak 41. Siir/mani
2. Gorba 12. Hosaf 22. Gemen 2. Kilyapmu |12, Ipek bocekeiligi 22. Esya bakimu 2 Euy;lgje‘lt 42. Masal
3. Salata 13. Marmelat 23. Sirke 3. Gidakoruma [(13. Bécek dldiiriicii 23. Siis bitkisi cEk E:;Zfr}:ﬁg 43. Cocuk oyunu
P y 7
4. Baharat 14. Regel 24. Aroma verici |4. Keyif verici 14. Zehir olarak 2 ;{;a;:::yorgauyatak 34. Balikgiik  [44. Dogum
5. Cay 15. Pestil 25. Peyniryapimi |5. Kozmetik 15. Tabakalama/sepicilik 25. Boya 35. Taki 45. Nisan/diigiin
6. Kahve 16. Helva S ;‘;’gl:nr: 6. Koku verici 16. Cit yapim 26. Temizlik 36. Oyuncak 46. Olim
. 27. Ekmek 3 . -
7. Soguk icecek [17. Dondurma e — 7. Miizik aleti 17. Yap:1 malzemesi/insaat 27. Tarim aleti 37. Nazarhik 47. Diger
8.  Serbet 18. sahlep 28. Cacik 8. Veterinerlik 18. Mobilya 28. Hayvancilik 38. Tiitsii
9. Surup 19. Sakiz 29. Bérek 9. Yem 19. Ev/siis esyas1 29. Yapistirict 39. Atasozii
10. Nektar 20. Ezme 30. Hamur isi 10.Aveilik 20. Siipiirge 30. Giyim tekstil 40. Bilmece
31. Diger
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Tablo 3. Gokgebag (Siirt) ve ¢evresinde halk tarafindan beslenme, endiistri, tarim ve hayvancilik amaglh

kullanilan bitkiler
Diger
F = s = 5z o Beslenme
Familya Takson Tiirkce isim Yoresel isim Beslenme | Diger K kullanim | Kullamilan kisim
ullanim amaci G
AMARANTHACEAE Amaranthus retroflexus L. Tilkikuyrugu Selmi + 1 2
AMARANTHACEAE Beta vulgaris L. var. yulgaris | Yabanpancart Bersilk. Pincar + 1,29 35
AMARANTHACEAE Spinacia oleracea L. Ispanak Ispinak et 1,2,29,30 2
AMARYLLIDACEAE Allium ampeloprasum L. Pirasa Kurat + 1 2
AMARYLLIDACEAE Allium cepa L. Sogan Pivaz + 3 359
AMARYLLIDACEAE ‘;ilg:"" kharputense Freyn & | proscozam Soryaz + 12129 1
AMARYLLIDACEAE Allium sativum L. Sarumsak Sir + 31 (c1g) 359
AMARYLLIDACEAE Allium vineale L. Sirmo Sirtk + 25,29 2
ANACARDIACEAE Pistacia eurycarpa Yalt Bendek Kevzan + 4. 6, 31(gerez) 9.26,31 4,13.2435
ANACARDIACEAE Pistacia khinjuk Stocks Buttim Kevzav, Beybuk + 6, 31(gerez) 9.26,31 4,24.3538
ANACARDIACEAE Pistacia vera L. Antep Fistigi Fustek + 31(gerez) 31 424
APIACEAE Foeniculum vulgare Mill Rezene Rizyani + 5 16,3035
APIACEAE Daucus carotaL. Yabanihavug Havug + 1,3, 31(c1g) 8,6
APIACEAE Ocimum basilicum L. Feslegen Rihan + + 3,24, 6,19 2
Petroselinum crispum (Mill.) I I
APIACEAE A 1y + 1,3,29, 2
Arum rupicola Boiss. yar. . .
ARACEAE o (Stapf) P.C.Boyce Dagsorsalt Kari + 2,30 35
Eminium rauwolffii (Blume)
ARACEAE Schott var. rauwolffii (Blume) | Yilanbacagi Kari + 1,2,30 35,
Schott
Carduus pycnocephalus L.
ASTERACEAE subsp. breviphyllarius Kilindor Kerbes + 1 35
P.H.Davis
ASTERACEAE Echinops pungens Trautv.var. | g, Sertesi . 31 (Cig olarak 40 (Cicek tablast)
tiiketilir)
ASTERACEAE Gundelia siirtica Firat Kereng + 1,21,24 35,6
ASTERACEAE Helianthus annuus L. Aygicegi Gulberoj + 31(gerez) 30
ASTERACEAE Helianthus tuberosus L. Yerelmast Sivbinerd: + 31(¢18) 10
ASTERACEAE Lactuca sativa L. Marul Marul + 3 35
ASTERACEAE Notobasis syriaca (L.) Cass Yavankenger Kerbeg + 1 35
Tragopogon buphthalmoides
ASTERACEAE (DC.) Boiss. var. Tarla Yemligi Siping + 31(¢18) 2
Tragopogon porrifolius L.
ASTERACEAE subsp. longirastris (Sch.Bip.) | Helevan Siping + 31(518) 2
Greuter
BORAGINACEAE Alkanna froedinii Rech f. Gedikhavacivaotu | Mijmijok + 10 17.6
BORAGINACEAE Anchise azurea Mill zar Sigwrdili Guriz + 1 35
azurea
BRASSICACEAE Eruca vesicaria (L.) Cav. Roka Roka + 13,29 35
Lepidium sativum L. subsp. 5
BRASSICACEAE 4 P Tere Tere + 1.2,3,31(meze) 35
BRASSICACEAE Nastwrtium officinale R Br. Suteresi Tiizik + 3,29, 31(sig) 2
" 1.3,21,27,29, "
BRASSICACEAE Raphanus sativus L. Turp Binerd + 31(salgam) 351
BRASSICACEAE Sinapis arvensis L. Hardal Gerdel + 1 2
CONVOLVULACEAE Convolvulus arvensis L. Tarlasarmagigt Laviav + 9 2
Convolvulus betonicifolius
CONVOLVULACEAE Mill. subsp. i Kuzusarmagigt Laviav + 9 2
(Boiss.) Parris
CONVOLVULACEAE Ipomoea purpurea (L.) Roth Kahkahagigegi Stksebap + + 1 23 1
CUCURBITACEAE Cucumis melo L. Kavun Petig, Seman, + 1 24
Gindor
CUCURBITACEAE Bryonia aspera Stev. ex Ledeb. | Sevtangalgam: Rezik + 1 2
CUCURBITACEAE Cucurbita moschata Duchesne | Balkabag: Kulint + 2, 31(tatly) 2430,
CUCURBITACEAE Cucurbita pepo L. Sakizkabagi Kulint + 1 24
FABACEAE Glycyrihtza glabra L. var. Meyan Meyan + 8 6
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FAGACEAE Quercus brantii Lind]. Karamege Daraberuni 9,31 43524
FAGACEAE m‘(f{’{zﬁ)’"\zﬁle@ Zindiyen Daramazini 31 (gerez) 931 43524
IRIDACEAE ;"’u:&l’ ;ﬁ‘)"gs\ll‘;ﬂe;‘—’hsg Berfan Pivuk 31 (cig) 10
IRIDACEAE Iris x germanica L. Géksiisen Susmn ‘(gieza.rhk 1
bitkisi)
JUGLANDACEAE Juglans regia L. Ceviz Guz 30, 31 (¢1g) 25 24
LAMIACEAE :éizg’“ {""Z 2t "! H?&g}ﬁaﬂey Derenanest Piink 2,27,28.30 5
LAMIACEAE Mentha x piperita L. Nane Nane 3,24, 30 2
LAMIACEAE %’ Bspieaa L subp, Zahter Catrr 45 35.17.16
LAMIACEAE }T{t‘l::f kal s Cf’{ e Boiss. & | 1k Catrr 24 35
LILIACEAE Zgﬁ;’:’”’e’m Boiss var Hoglale Lilz 23 1
LYTHRACEAE Punica granatum L. Nar Hinar 31 (¢ig) 24
MALVACEAE Malva neglecta Wallr. Cobangéregi Tulik 1,.3,29; 35
MORACEAE Ficus caricaL. subsp. carica | Incir Hejir 14, 31 (¢18) 24
MORACEAE Morus albaL Akdut Ti 31 (s18) 9 2435
MORACEAE Morus nigraL. Karadut Tiireg 31 (s18) 9 2435
MORACEAE Morus rubra L. Mordut Tiisimi 31 (ig) 9 2435
OLEACEAE Olea europaea L. Zeytin Zuytun, Zeytin 31 (¢ig) 2435
PAPAVERACEAE Papaver rhoeas L. Gelincik Gecicok 1,29, 30, 31 (5ig) 16
POACEAE Zeamays L. Misir Genmegami, Mistr 1 24,40 (puskal)
POLYGONACEAE Polygonum cognatum Meissn. | Madimak Madimak 29 35
POLYGONACEAE Rheum ribes L Isgin Reevas, Ribes 31 (sig) 2136
POLYGONACEAE Rumex crispus L. Labada Tiwrsok 3,31 (¢18) 35
POLYGONACEAE Rumex scutatus L. Eksimen Tiwrsok 3,31 (¢18) 35
PORTULACACEAE Portulaca oleracea L. Semizotu Parpar 1.28.29,30 2
RANUNCULACEAE Nigelia sativaL. Corekotu Regres, Corekotu 27,29, 30 30
ROSACEAE Amygdalus communis L. Badem Behiv 9. 31 (¢i8) 30,25
ROSACEAE Amygdalus orientalis Mill Payam Behiv 9. 31 (518) 30,25
ROSACEAE Armeniaca vulgaris Lam. Kayist Keysi 14, 31 (¢18) 243
ROSACEAE Cerasus avium (L.) Moench Kiraz Kiraz, Gilvaz 5.31 (¢i8) 24,40 (meyve sap1)
ROSACEAE (CSZ‘\”KE";"%‘ZZ?’;M@ Yabankiraz: gglﬁ’/"uf Helilok, 31 (cig) 24
ROSACEAE 2 ‘”"_eg“" monogyna Jaca; Yemigen Ghi 31 (sig) 2435
ROSACEAE Cydonia oblonga Mill. Awva Bih 14, 31 (g1g) 2435
ROSACEAE gﬁ‘;’;;‘::;”;:f:f (Weston) | oy Cilek 14, 31 (cig) 24
Malus syivestris (L.) Mill.
ROSACEAE snhsp. arientalis (Uglitzk.) Acielma Siv 31 (¢18) 24
Browicz var arientalis
ROSACEAE Prunus x domestica L. Erik Hili 31 (¢18) 24
ROSACEAE %fg’g";“gfg I‘ subsp. Armut Kargin 31 (sig) 24
ROSACEAE g‘ﬂ’:‘;ﬂ syriacd Boiss. Zat. Cakalarmudu Reri 31 (sig) 31 24
ROSACEAE Rosa caninaL. Kugburnu Silan 24
ROSACEAE Rubus sanctus Schreb. Bogiirtlen Tiitrt 31 (¢18) 24
SALICACEAE Salix aegyptiaca L. Halef Bi 23,16 1
SALICACEAE Salix alba L. Aksagit Bi 23,16 1
SOLANAECAE Lycopersicon esculentum Mill. | Domates Bacanesor, Firingi 1.3 24
URTICACEAE Urtica dioica L. subsp. dinica | Istrgan zgez, Gezl 1,2,29,30 2
VITACEAE Vitis viniferaL. Asma Tiri 11,31(5ig, kuru) 24
XANTHORRHOEACEAE | Eremurus spectabilis M Bieh. | Cirig Stirht 1 35

Diger (endiistri, tarim ve hayvancilik amagh kullanim)

Calisma kapsaminda toplam

107 kisi ile
goriigme saglanmis ve 68 kisiden bitkilerin

kullanimi ile ilgili bilgiler alinmistir. Bilgi
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Tablo 4. Bilgi alinan kullanicilarin demografik 6zellikleri

Demografik ézellikler Say1
Cinsiyet Kadin 38
Erkek 34
35’ten kiigiik kadin 21
35-45 yas aras1 kadin 7
45-70 yas ars1 kadin 9
Yas 70 yas iistii kadin 1
35’ten kiigiik erkek 14
35-45 yas arasi1 erkek 10
45-70 yas aras1 erkek 9
| 70 yas Ustii erkek 1

Calisma alanina yakin bir bdlge olan
Cizre’de yapilan Cizre (Sirnak)'nin
etnobotanik 6zellikleri isimli ¢alismada 2005-
2006 yillar1 arasinda, Cizre ve ¢evresindeki 23
kdy, 26 mezra ile kurulan yerel pazarda
ylriitilen ¢alisma  sonucunda  bdlgede
kullanimi1 tespit edilen 53 familyaya ait 171
bitki taksonu ve bunlarin kullanim sekline gore
yerel bilgiler elde edilmistir. Bu taksonlara ait
toplam 254 farkli kullanim tespit edilmis olup
bunlardan 99’u gida, 45’1 yem, 44’1 ilag, 25’1
siis, 21’1 el sanatlari, 20’si yakacak olarak
kullanildig1 ifade edilmistir (Gencay, 2007).

Siirt’e yapilan bagka bir caligmada halk
tarafindan kullanimi olan 34 bitkinin mahalli
isimleri ve kullanim alanlar1 verilmistir. Bu
bitkilerden 23’1 tibbi, 4’1 gida, 7’s1 de diger
(yakacak, hayvan yemi vb.) alanlarda
kullanildig1 bildirilmistir. Bu ¢aligmada tespit
edilen bitkilerden 9 tanesi bizim ¢alismamizda
tespit edilen taksonlar ile aynidir. (Yapici ve
ark. 2009). Tillo (Siirt) ve ¢evresi etnobotanik
ozellikleri isimli ¢alismada 2019-2021 yillar
arasinda saha ¢alismalar1 sonucu elde edilen
verilerin degerlendirilmesi sonucunda 49
familya icerisinde yer alan toplam 151
taksonun kullanim sekilleri verilmistir. Bu 151
taksona ait toplam 276 farkl kullanim sekli
belirlenmis olup bunlardan 99'u gida, 88'i ilag,
19'u boya, 17'si hayvan yemi, 15'i alet, 12'si
siis, 9'u aroma, 7'si yakacak, 6's1 baharat, 3'i
kozmetik ve 1'1 oyun amagli olduklar ifade
edilmistir (Yilmaz, 2022).

4. Sonuglar

Tiirkiye’nin sahip oldugu bitki taksonu
sayist1 ile tim Avrupa Kitasi’'ndaki bitki
taksonu sayisi neredeyse aynidir. Tiirkiye

sahip oldugu yaklasik 12000 bitki taksonunun
yaklasik 4000’1 endemiktir (Akgigek ve Vural,
2007). Bu denli zengin bir bitki ¢esitliligine
sahip olan yerlerde dogal olarak insanlarin
bitkiler ile olan iligkileri st diizeyde
olmaktadir. Tiirkiye sahip oldugu cografik
yapt nedeniyle insanlarin birgogu kirsal
alanlarda yasamaktadir. Kirsal alanlarda
yasayan insanlarin modern tekniklere ulagma
imkanlar1 diisiik olmaktadir. Bu nedenle de
cevrelerinden olabildigince faydalanmaya
calismaktadirlar. Ozellikle ¢evrelerinde dogal
yayilis gosteren bitkileri farkli ihtiyaglarini
(saglik, beslenme, temizlik, endiistri vb)
karsilamak i¢in kullanmaya calismaktadirlar.
Siirt  iline bagli Gokgebag beldesinde
gergeklestirilen bu ¢alismada bolge halki
tarafindan farkli amaglar i¢in kullanilan toplam
86 bitkiye ait 276 kullanim sekli tespit
edilmistir. Bu kullanimu tespit edilen bitkilerin
eskiden daha fazla yayilist oldugu bolge halki
tarafindan ifade edilmistir. Gliniimiizde bu
bitkilerin ¢ok lokal ve dar alanlarda kaldig1 ve
bunlardan eskisi kadar faydalanamadiklarini
dile getirmiglerdir. Calismamizda
gerceklestirdigimiz ikili gorlismelerde halkin
bitkilerden bilingli sekilde faydalanmasimin
onemine deginilmistir. Bitkilerin bilingsiz ve
asirt kullanimina bagl olarak azaldigi ve
gelecekte onlardan faydalanma imkéaninin
kalamayacagini tarafimizca ifade edilmistir.

Arastirma bolgesinde yapilan goézlemler
sonucunda bag bahge alani agma islemleri
nedeniyle bircok dogal alan, yerini kiiltlir
bitkilerinin oldugu =zirai alanlara birakmig
durumdadir. Bu nedenle bolgenin dogal
taksonlardan olusan orman varligi zayif bir
goriiniim kazanmistir. Bolgede dogal yapisi
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bozulan alanlarda zirai ve ekonomik amaclh
yetistiriciligi yapilan taksonlarin 06zellikle
fistik agaglarinin ge¢mesi alanda baglardan
olusan bir alanin goriinmesine neden olmustur.
Zirai faaliyetlerin yaninda asir1 otlatma ve
kislik odun ihtiyaglarinin karsilanmasi amaci
ile kesilen agaglar nedeni ile alanin dogal
vejetasyon yapist  bozulmustur. Calisma
alanindaki yerlesim birimlerindeki halkin
isinma  ihtiyaglarim1  karsilamalari  igin
bolgeden gecen dogal gaz enerjisinden
faydalanmasi saglanmalidir. Bdylece alanin
dogal bitki Ortiisliniin tahribatinin azalmasina
katki sunulabilir. Ayrica halkin dogal bitki
ortiisiinli korumasina yonelik bilinglendirme
caligmalar1 yapilmalidir. Alinacak 6nlemlerin
sonucunda ortaya ¢ikacak her tiirlii faaliyetin
strdiiriilebilir olmast tim bu cabalarin en
onemli kismini olusturacaktir.

Yazarlarin Katki Beyam

Yazarlar makaleye esit katkida
bulunduklarini, makalenin yayina hazir son
halini gordiiklerini/okuduklarini ve
onayladiklarini beyan ederler.

Cikar Catismasi1 Beyani

Tiim yazarlar, bu ¢alisma i¢in herhangi bir
cikar catigsmasi olmadigini beyan etmektedir.
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Tiirkiye Orijinli Yabani Nohut (Cicer reticulatum L.) Genotiplerinin Agro-Morfolojik
Ozelliklerinin Belirlenmesi

ilker YUCE Y™, Tolga KARAKOY !
! Sivas Bilim ve Teknoloji Universitesi, Tarim Bilimleri ve Teknoloji Fakiiltesi, Sivas
*Sorumlu Yazar (Corresponding author): ilkeryuce001@gmail.com

Ozet Arastirma Makalesi
Nohut (Cicer arietinum L.) yiiksek protein igerigiyle insan gidasi olarak

Tiirkiye’de 6nemli bir yere sahiptir. Bu aragtirma 2022 ve 2023 yetistirme

sezonunda, Sivas ekolojik kosullarinda 10 standart ¢esit ve 86 yabani

nohut genotipi kullanilarak, Augmented deneme desenine gore

yiiriitiilmiistiir. Incelenen biitiin &zellikler bakimindan genotipler

arasindaki farkliliklar istatistiki olarak onemli bulunmustur. Calismanin

iki yillik ortalama sonuglarma gore; ilk ¢ikis siiresi (ICGS) 21.7 giin,

ciceklenme siiresi (CGS) 57.1 giin, ilk bakla baglama siiresi (IBGS) 65.89 Makale Tarihgesi

giin, olgunlagma siiresi (OGS) 101.64 giin, bitki boyu (BB) 32.35 cm, ilk Gelis Tarihi :10.03.2024
bakla yiiksekligi (IBY) 8.20 cm, bitkide bakla sayis1 (BBS) 102.02 adet, Kabul Tarihi :26.04.2024
bitkide tane sayis1 (BTS) 97.94 adet, bitkide tane agirligi (BTA) 13.30 g,

yiiz tane agirlig1 (100TA) 14.72 g, biyolojik verim (BV) 622.1 kg da™,

tane verimi (TV) 132.96 kg da™ ve hasat indeksi (HI) % 20.55 olarak

saptanmistir. Yapilan temel bilesenler biplot analizinde 1. ana bilesen

varyasyonun % 48.6’sini1, 2. ana bilesen varyasyonun % 24.4’tnil ve

toplamda varyasyonun % 73’inii olusturmustur. Biplot grafigi

incelendiginde ICGS, CGS, IBGS ve OGS kendi aralarinda pozitif, BB, Anahtar Kelimeler

IBY, 100TA, BV, TV ve Hi kendi aralarinda pozitif, BBS ve BTS kendi Cicer arietinum
aralarinda pozitif bir iliski i¢erisindedir. BBS, BTS, BTA, BV ve TV Cicer reticulatum
bakimindan ILWC81 yabani nohut genotipi, CGS bakimindan 73 yabani nohut

numarali yabani nohut genotipi, IBGS bakimindan 473 numarali yabani agro-morfolojik ozellikler
nohut genotipi ve OGS bakimindan 53 numarali yabani nohut genotipi

one gikmustir.

Determination of Agro-morphological Characteristics of Turkey Origin Wild Chickpea
(Cicer reticulatum L.) Genotypes

Abstract Research Article
Chickpea (Cicer arietinum L.) has an important place with its high protein

content as food in Tiirkiye. This research was conducted in 2022 and 2023

growing seasons under Sivas ecological conditions using 10 standard

varieties and 86 wild chickpea genotypes in an augmented experimental

design. Differences among genotypes were found significant for all traits

examined. The mean days to emergence (DE) was 21.7 days, days to - -

flowering (DF) was 57.1 days, days to first pod setting (DFP) was 65.89 Artlc_le Sl .

days, days to maturity (DM) was 101.64 days, plant height (PH) was Received :10'03'2024
32.35 cm, first pod height (FPH) was 8.20 cm, number of pods per plant Accepted :26.04.2024
(NPP) was 102.02, number of grains per plant (NGP) was 97.94, grain

weight per plant (GWP) was 13.30 g, hundred grain weight (100GW) was

14.72 g, biological yield (BY) was 622.1 kg da’l, grain yield (GY) was

132.96 kg da? and harvest index (HI) was 20.55 %. In the principal

components biplot analysis, the first main component accounted for 48.6

% of the variation, the second main component accounted for 24.4 % of

the variation and 73 % of the total variation. In the biplot graph, DE, DF, Keywords

DFP and DM were positively correlated with each other, PH, FPH, Cicer arietinum

100GW, BY, GY and HI were positively correlated with each other, NPP Cicer reticulatum

and NGP were positively correlated with each other. ILWC81 wild chickpea

chickpea genotype stood out in terms of NPP, NGP, GWP, BY and GY, Agro-morphological traits
number of 73 wild chickpea genotype in terms of DF, 473 wild chickpea

genotype in terms of DFP, and 53 wild chickpea genotype in terms of

DM.
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1. Giris

Nohut (Cicer arietinum L.), kendine
dollenen, diploid (2n=2x=16) kromozomlu,
diinya ¢apinda 6nemli bir gida {iriinii olarak
kabul edilir (Arumuganathan ve Earle,
1991). Cicer cinsine ait 9 adet tek yillik ve
34 adet c¢ok yillik yabani tiir mevcuttur
(Singh ve ark., 2008). Kiltlirii yapilan
nohuta bu tlirler arasinda en yakin
(progenitorii) tir Cicer reticulatum’dur
(Canci ve Toker, 2009). Ozellikle Akdeniz
Havzas1 ve Giliney Asya'da yaygin olarak
yetistirilmektedir. Bu bolgedeki geleneksel
diyetlerin temel bir parcast olan nohut,
diinyada en 6nemli tiglincii baklagil tirtidiir
ve Ozellikle Hindistan, Pakistan, Iran ve
Tiirkiye gibi iilkelerde 6nemli bir tarim
tirtiintidiir (Anonim, 2017). Tarihsel olarak,
C. arietinum'un atalar1 yaklasik 11.000 yil
once Verimli Hilal bolgesinde kiiltiire
alimmustir ve giiniimiizde de sadece bu tiiriin
kiiltiiri  yapilmaktadir (Zohary ve Hopf,
2000). Cicer arietinum ile melezlenebilen
Cicer reticulatum, kiiltiirii yapilan nohudun
yabani progenitorii olarak  kabul
edilmektedir (Ladizinsky ve Adler, 1976).
C. reticulatum ve C. echinospermum tiirleri,
soguga ve hastaliklara kars1 direng gosteren
genlere sahiptir (Robertson ve ark., 1995),
ve bu oOzellikleriyle tarimsal genetik
cesitliligi artirmak i¢in Onemli bir
potansiyel sunmaktadirlar.

Nohudun diinya ¢apindaki ortalama
verimi, teorik potansiyelinin oldukga
altinda kalmaktadir. FAOmun 2022 yili
verilerine gore hektar basmna ortalama
1221.8 kg'dir (Anonim, 2022). Bu diisiik
verimlilik, cesitli faktorlerden
kaynaklanmaktadir ancak en belirgin sebep,
genetik cesitliligin yetersizligi ve gecmiste
yasanan evrimsel siire¢lerdeki selektif
darbogazlardir (Abbo ve ark., 2003, 2014).
Nohudun yetersiz genetik  cesitliligi,
hastaliklara ve soguga kars1 duyarlilii
artirmakta, bu da genel verimliligi olumsuz
etkilemektedir. Yabani Cicer tiirleri, bu
sorunun {istesinden gelmek icin potansiyel

sunmaktadir. C. reticulatum ve C.
echinospermum gibi tiirler, kiiltiirii yapilan
nohut ile yiiksek derecede melezlenebilir
ozellikler gosterir ve bu tiirler biyotik ve
abiyotik streslere karsi direngli genlere
sahiptir (Ladizinsky ve Adler, 1976;
Robertson ve ark.,, 1995). Bu tirler,
Ozellikle antraknoz ve fusarium gibi
hastaliklara ve ¢esitli zararlilara karst
dayaniklilik genleri barindirmaktadir.

Bu yabani tiirlerin kullanimi, nohudun
genetik ¢esitliligini genisletmekle kalmaz,
aynt zamanda g¢esitli c¢evresel stres
kosullarina adaptasyonunu artirabilir. C.
echinospermum'un kurak kosullara
tolerans1 ve C. reticulatum'un soguk
kosullarda daha iyi gelisebilme yetenegi, bu
tirlerin ¢esitlendirilmis gen havuzlarindan
yararlanilarak yeni nohut ¢esitlerinin
gelistirilmesine imkan tanimaktadir
(Kahraman ve ark., 2017). Bu yeni ¢esitler,
sadece hastaliklara ve zararlilara kars1 daha
direncli olmakla kalmayip, ayn1 zamanda
daha genis iklim kosullarina uyum
saglayarak  kiiresel gida gilivenligini
destekleyebilir.

Diinya gen bankalarindaki sinirli sayida
ornege ragmen, son yillarda yapilan genotip
toplama g¢alismalari, C. reticulatum ve C.
echinospermum tiirlerinin erisim sayilarini
onemli Olgiide artirmistir (Toker ve ark.,
2014). Bu c¢aligmalar, Tirkiye'nin
giineydogusundan ve Kuzey Irak'tan yeni
ornekler toplayarak, bu tiirlerin gen
havuzlarindaki ¢esitliligi daha genis bir
sekilde belgelemistir. Bu yeni toplanan
genetik  materyaller, nohut 1slah
programlarinda  kullanilarak,  genetik
cesitliligi artirma ve tarimsal &zellikleri
lyilestirme potansiyeli tagimaktadir. Bu
caligmanin  amact  nohut  1slahinda
kullanilmak  tizere  C.  reticulatum
genotiplerinin agro-morfolojik
ozelliklerinin belirlenmesidir.
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2. Materyal ve Yontem

Aragtirma, 2022 ve 2023 yillarinda Sivas
Bilim ve Teknoloji Universitesi Tarim
Bilimleri ve Teknoloji Fakiiltesi, Tarimsal
Ar-Ge Merkezi arazisinde iki yil siireyle
yazlik  iirlin  yetistirme  sezonunda

yuritilmustir. Calismada 10 adet ticari
(Aksu, Azkan, Cakir, Diyar, Hasanbey,
Hisar, Isik, Inci, Seckin ve Yasa) nohut
cesidi kontrol olarak ve 86 adet yabani
nohut genotipi (Cicer reticulatum) materyal
olarak kullanilmistir (Tablo 1).

Tablo 1. Denemede kullanilan genotiplere ait bilgiler

Genotip Tiir Form Genotip Tiir Form
Aksu Cicer arietinum L. Kiultiir 315 Cicer reticulatum Yabani
Azkan Cicer arietinum L. Kiultiir 321 Cicer reticulatum Yabani
Cakur Cicer arietinum L. Kiilttir 328 Cicer reticulatum Yabani
Diyar Cicer arietinum L. Kiltir 332 Cicer reticulatum Yabani
Hasanbey Cicer arietinum L. Kiltiir 335 Cicer reticulatum Yabani
Hisar Cicer arietinum L. Kiiltiir 352 Cicer reticulatum Yabani
Isik Cicer arietinum L. Kiiltiir 367 Cicer reticulatum Yabani
inci Cicer arietinum L. Kiultiir 373 Cicer reticulatum Yabani
Seckin Cicer arietinum L. Kiilttir 374 Cicer reticulatum Yabani
Yasa Cicer arietinum L. Kiilttir 377 Cicer reticulatum Yabani
14 Cicer reticulatum Yabani 391 Cicer reticulatum Yabani
16 Cicer reticulatum Yabani 402 Cicer reticulatum Yabani
36 Cicer reticulatum Yabani 414 Cicer reticulatum Yabani
41 Cicer reticulatum Yabani 444 Cicer reticulatum Yabani
42 Cicer reticulatum Yabani 473 Cicer reticulatum Yabani
46 Cicer reticulatum Yabani 482 Cicer reticulatum Yabani
47 Cicer reticulatum Yabani 483 Cicer reticulatum Yabani
49 Cicer reticulatum Yabani 490 Cicer reticulatum Yabani
53 Cicer reticulatum Yabani 497 Cicer reticulatum Yabani
56 Cicer reticulatum Yabani 555 Cicer reticulatum Yabani
59 Cicer reticulatum Yabani 563 Cicer reticulatum Yabani
73 Cicer reticulatum Yabani 582 Cicer reticulatum Yabani
75 Cicer reticulatum Yabani 645 Cicer reticulatum Yabani
78 Cicer reticulatum Yabani 651 Cicer reticulatum Yabani
108 Cicer reticulatum Yabani 699 Cicer reticulatum Yabani
110 Cicer reticulatum Yabani 737 Cicer reticulatum Yabani
111 Cicer reticulatum Yabani ILWCO0 Cicer reticulatum Yabani
112 Cicer reticulatum Yabani ILWC 21 Cicer reticulatum Yabani
120 Cicer reticulatum Yabani ILWC 81 Cicer reticulatum Yabani
123 Cicer reticulatum Yabani ILWC114 Cicer reticulatum Yabani
125 Cicer reticulatum Yabani ILWC116 Cicer reticulatum Yabani
131 Cicer reticulatum Yabani ILWC117 Cicer reticulatum Yabani
146 Cicer reticulatum Yabani ILWC122 Cicer reticulatum Yabani
160 Cicer reticulatum Yabani ILWC124 Cicer reticulatum Yabani
171 Cicer reticulatum Yabani ILWC126 Cicer reticulatum Yabani
174 Cicer reticulatum Yabani ILWC129 Cicer reticulatum Yabani
182 Cicer reticulatum Yabani ILWC130 Cicer reticulatum Yabani
189 Cicer reticulatum Yabani ILWC134 Cicer reticulatum Yabani
218 Cicer reticulatum Yabani ILWC136 Cicer reticulatum Yabani
222 Cicer reticulatum Yabani ILWC137 Cicer reticulatum Yabani
230 Cicer reticulatum Yabani ILWC140 Cicer reticulatum Yabani
234 Cicer reticulatum Yabani ILWC141 Cicer reticulatum Yabani
267 Cicer reticulatum Yabani ILWC216 Cicer reticulatum Yabani
273 Cicer reticulatum Yabani ILWC219 Cicer reticulatum Yabani
285 Cicer reticulatum Yabani ILWC229 Cicer reticulatum Yabani
290 Cicer reticulatum Yabani ILWC233 Cicer reticulatum Yabani
300 Cicer reticulatum Yabani ILWC257 Cicer reticulatum Yabani
301 Cicer reticulatum Yabani ILWC290 Cicer reticulatum Yabani

504



Yiice ve Karakoy

Deneme, augmented deneme desenine
gore her tekerriirde 10 kontrol ¢esidi ile 29
yabani nohut genotipinin yer aldigi 3
tekerriirden olusmustur (Federer, 2005).
Denemede her bir genotip 2 m
uzunlugunda, sira iizeri 10 cm ve sira arasi
70 cm’den olusan 1’er siradan olugmustur.

Denemenin ekimleri ilk y1l 25 Nisan, ikinci
yil ise 12 Mayis tarihlerinde yapilmistir.
Deneme alani, ekim sirasinda dekara 4 kg
azot ve 10 kg fosfor (P20s) oraninda
Diamonyum fosfat (DAP) ile
giibrelenmistir.

Tablo 2. Deneme yillarina ait yags, sicaklik ve nispi nem degerleri”

Toplam Yagis (mm) Sicaklik (°C) Nispi Nem (%)

Uzun Uzun Uzun

Aylar 2022 2023 Yillar 2022 2023 Yillar 2022 2023 Yillar

Nisan 4.3 74.8 33.7 12.2 9.1 8.9 445 928 62.3

Mayis 5.6 56.4 54.7 125 130 13.5 53.1 936 61.1

Haziran 1166 514 43.4 18.8 173 17.0 55.8 95.3 58.3

Temmuz 0 3.0 6.2 191  20.1 20.0 519 828 54.0

Agustos 114 3.6 4.5 23.7 234 20.3 475 76.6 53.0

Toplam/Ortalama 1379 189.2 1425 173 16.6 15.9 506 88.2 57.7

*Sivas Il Meteoroloji Mudiirligi

Sivas ilinin iklimi, yazlarni sicak ve  yiikksek agustos ayinda (23.7 °C)

kurak, kislar1 soguk ve kar yagisli olan
karasal iklimdir. Calisma dénemi i¢in nispi
nem, toplam yagis ve sicaklik gibi temel
iklim degerleri Tablo 2'de gosterilmistir.
Toplam yagis miktari, 2022 yilinda en
diisiik temmuz ayinda (0 mm), en yiiksek
ise  haziran aymda (116.6 ~mm)
gerceklesmistir. 2023 yilinda ise toplam
yagis en diisiik temmuz aymda (3.0 mm)
gerceklesirken, en yiliksek nisan ayinda
(74.8 mm) gergeklesmistir.  Go6zlenen
ortalama sicaklik 2022 yilinda en disiik
nisan aymda (12.2 °C) gerceklesirken, en

gerceklesmistir. 2023 yilinda ise en diisiik
ortalama sicaklik Nisan ayinda (9.1 °C)
gerceklesirken, en yiiksek agustos ayinda
(23.4 °C) gergeklesmistir. Ortalama nispi
nem degeri 2022 yilinda en diislik nisan
ayinda (% 44.5) gerceklesirken, en yiiksek
Haziran ayinda (% 55.8) gerceklesmistir.
2023 yilinda ise en diisiik ortalama nispi
nem degeri agustos aymda (% 76.6)
gergeklesirken, en yiliksek ortalama nispi
nem degeri ise haziran ayinda (% 95.3)
gerceklesmistir.

Tablo 3. Deneme alani topraginin fiziksel ve kimyasal 6zellikleri

Kirec Tuz Fosfor ~ Potasyum  Organik

Derinlik Tekstiir pH o o (P20s (K20 madde
(% CaCO:) (%) | rgal)  kgda?) (%)
0-30 cm Siltli killi tin 7.28 19.6 0.33 3.40 93.59 1.7

Deneme alaninin kimyasal ve fiziksel
Ozellikleri Tablo 3'de verilmistir. Sivas
bolgesindeki siltli killi tin topragmn pH
degeri 7.28'dir. Ayrica diisiik organik
madde (% 1.7), yiiksek potasyum (93.59 kg
dal), diisiik fosfor (P20s), kire¢ (19.6) ve

disik tuz (% 0.33) igermesi ile dikkat
cekmektedir. Calisma sirasinda herhangi bir
yeraltt suyu sorunu yasanmamis ve arazi
yeterince drene edilmistir.
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Aragtirmadan elde edilen verilerin
analizi JMP 13 istatistik paket programinda
yapilmis ve ortalamalar arasindaki farklar
“LSMeans Differences Student's t” testine
gore karsilastirilmistir.  Varyans analizi
yapilmadan once yillar arasinda homojenite
testi uygulanmis ve sonug olarak 6nemli bir
farklilik olmadig1r (p>0.05) tespit edilmis
olup, bu sonuca gore yillar birlestirilerek
varyans analizi yapilmistir (Levene, 1960).
Temel Bilesen analizleri JMP 13 istatistik
paket programinda ortalama veriler
kullanilarak yapilmigtir (SAS Institute Inc.
2019).

3. Bulgular ve Tartisma

Arastirmada materyal olarak kullanilan
nohut kontrol ¢esitleri (Cicer arietinum L.)
ile yabani nohut (Cicer reticulatum)
genotiplerinin incelenen ilk ¢ikig stiresi
(ICGS), cigeklenme siiresi (CGS), ilk bakla
baglama siiresi (IBGS), olgunlasma siiresi
(OGS), bitki boyu (BB), ilk bakla
yiiksekligi (IBY), bitkide bakla sayis1
(BBS), bitkide tane sayis1 (BTS), bitkide
tohum agirhgr (BTA), yliz tane agirligi
(100TA), biyolojik verim (BV), tane verimi
(TV) ve hasat indeksi (HI) 6zelliklerine ait
ortalama degerler tablosu Tablo 5 ve Tablo
7’de sunulmustur.

Ik ¢ikis siiresi bakimindan genotip, yil
ve genotip X yil interaksiyonu arasinda
onemli  bir  varyasyon  bulundugu
belirlenmistir (p<0.01) (Tablo 4). Ortalama
ICGS ilk y1l 23.33 giin, ikinci y1l 20.03 giin
olarak gerceklesirken iki yilin ortalamasi
ise 21.7 giin olarak gerceklesmistir. Yabani
nohut genotipleri arasinda ICGS 19.4-25.5
giin arasinda degisiklik gosterirken, kontrol
cesitleri arasinda ICGS 15.5-17.5 giin
arasinda degisiklik gostermistir. En kisa
ICGS yabani nohut genotipleri arasinda 367
numarali  genotipte, kontrol c¢esitleri
arasinda ise Yasa cesidinde
gozlemlenmistir. En uzun ICGS yabani
nohut genotipleri arasinda ILWC126
genotipinde, kontrol ¢esitleri arasinda
Segkin ¢esidinde gozlemlenmistir (Tablo

5). Daha once yapilan calismada ilk ¢ikis
giin siiresini Karakody (2008) 35.1-36.5 giin
arasinda degistigini bildirmistir. Arastirma
bulgularimizin daha 6nce yapilan calismaya
kiyasla daha kisa ilk ¢ikis siiresine sahip
oldugu goriilmektedir.

Cigeklenme siiresi bakimindan genotip,
yil ve genotip X yil interaksiyonu arasinda
Oonemli varyasyonlar oldugu saptanmigtir
(p<0.01) (Tablo 4). Ortalama CGS ilk yil
59.94 giin, ikinci yi1l 54.25 giin olarak
gerceklesirken iki yilin ortalamasi ise 57.1
giin olarak gerceklesmistir. Yabani nohut
genotipleri arasinda CGS 52.25-62.15 giin
arasinda farklilik  gdsterirken, kontrol
cesitleri arasinda CGS 56.16-60.83 giin
arasinda farklilik géstermistir. En kisa CGS

yabani nohut genotipleri arasinda 73
numarali  genotipte, kontrol ¢esitleri
arasinda ise Aksu cesidinde

gerceklesmistir. En uzun CGS yabani nohut
genotipleri arasinda ILWC229 genotipinde,
kontrol cesitleri arasinda Diyar ¢esidinde
saptanmigtir (Tablo 5). Yiriitilen benzer
caligmalar  incelendiginde  ¢iceklenme
stresini Jaafar (2015) 193-223 giin
arasinda, Aydin (2019) ve Cakmak (2019)
Sanlurfa ekolojik kosullarinda sirasiyla
126.67-140 giin ve 121-142 giin arasinda,
Singh ve ark. (2022) Hindistan’da Bhopal
ve Ludhiana lokasyonlarinda ytirtittiikleri
calismada sirasiyla 61.14-90.14 giin ve 80-
106.71 giin arasinda degisiklik gosterdigini
bildirmislerdir. Arastirma sonuglarimiz
farkli arastiricilar tarafindan  bildirilen
sonuglar ile karsilastirildiginda daha diisiik
degerlere sahip oldugu goriilmektedir. Bu
farkliligin ~ temel  nedeni,  nohutta
cigeklenme siiresi ¢evre sartlarna, ekim
zamanina ve genotiplere gore degisiklik
gosterebilmektedir (Summerfield ve ark.,
1987).

Ik bakla baglama siiresi bakimindan
genotip x yil interaksiyonu ortalamalarina
gore istatistiki olarak dnemsiz bulunurken,
genotip ve yillar arasinda  Snemli
varyasyonlar oldugu saptanmistir (p<0.01)
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(Tablo 4). Ortalama IBGS ilk yil 70.19 giin,
ikinci y1l 61.57 giin olarak gerceklesirken
iki yilin ortalamasi ise 65.89 giin olarak
gerceklesmistir. Yabani nohut genotipleri
arasinda IBGS 57.35-77.50 giin arasinda
farklilik  gosterirken, kontrol ¢esitleri
arasinda IBGS 65.50-72.83 giin arasinda
farklilik gdstermistir. En kisa IBGS yabani
nohut genotipleri arasinda 473 numarali
genotipte, kontrol ¢esitleri arasinda ise
Aksu gesidinde saptanmistir. En uzun IBGS
yabani nohut genotipleri arasinda 285
numarali  genotipte, kontrol ¢esitleri
arasinda ise Diyar ¢esidinde saptanmigtir
(Tablo 5). Daha 6nce yapilan ¢aligmalarda

Tablo 4. Arastirmada incelenen 6zelliklerin
kareler toplam1 degerleri

ilk bakla baglama siiresini Jaafar (2015)
205-322 giin, Talip ve ark. (2018) 90-107
giin ve Cakmak (2019) 132-149 giin olarak
bildirmislerdir. Arastirma sonuc¢larimizin
onceki calismalarda bildirilen sonuglardan
daha diistik degerlere sahip oldugu
goriilmektedir. Bu durumun nedeni olarak
ekim zamanlarinin farkli olmasi1 ve gevre
kosullarinin etkisinin oldugu
distiniilmektedir. Bunun yaninda erken
bakla baglama 6zelligine sahip olan yabani

genotiplerin  erkenci nohut 1slahinda
kullanilmasinin yeni cesitlerin
gelistirilmesine yardimc1 olacagi
distiniilmektedir.

genotip, yil ve genotip x y1l interaksiyonuna ait

ICGS CGS IBGS OGS BB iBY BBS
Genotip 1774™ 1021 3065~ 4991 8989~ 3393 189505
Yil 560.08™  1674™ 3849 6253 1.43 0.41 3191
Genotipx Yill  943.16™  981.5™ 2005 1586™ 1159 25152 85762

ICGS: ilk gikis siiresi, CGS: gigeklenme siiresi, IBGS: ilk bakla baglama siiresi, OGS: olgunlasma siiresi, BB: bitki boyu, IBY: ilk bakla

yiiksekligi, BBS: bitkide bakla sayis1

Olgunlagma stiresi bakimindan genotip,
yil ve genotip x yil interaksiyonu arasinda
onemli ~ bir  varyasyon  bulundugu
belirlenmistir (p<0.01) (Tablo 4). Ortalama
OGS ilk y11 107.15 giin, ikinci y11 96.14 giin
olarak gerceklesirken iki yilin ortalamasi
ise 101.64 giin olarak gergeklesmistir.
Yabani nohut genotipleri arasinda OGS

96.50-109.00 giin arasinda degisiklik
gosterirken, kontrol ¢esitleri arasinda
108.00-114.00 giin arasinda degisiklik

gostermistir. En kisa OGS yabani nohut
genotipleri arasinda 53 numarali genotipte,
kontrol ¢esitleri arasinda ise Aksu ¢esidinde
saptanmistir. En uzun OGS yabani nohut
genotipleri  arasinda 367  numarali

genotipte, kontrol c¢esitleri arasinda ise
Diyar g¢esidinde saptanmustir (Tablo 5).
Aydin (2019) 174-213 giin, Singh ve ark.
(2022) Hindistan’da Bhopal ve Ludhiana
lokasyonlarinda yiiriittiikkleri  ¢aligmada
sirastyla  109.05-128.38 vel42.62-155.62
giin arasinda olgunlagsma stiresi
bildirmislerdir. Olgunlagma siiresi, yabani
nohut genotiplerinin es zamanl
olgunlagmamasi nedeniyle genis bir zaman
dilimine yayilmaktadir. Bunun sonucunda
yabani nohut genotipleri ile kiiltiirii yapilan
nohut genotiplerinin olgunlagsma
stirelerinde farkliliklar meydana
gelebilmektedir (Cakmak, 2019).
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Tablo 5. Arastirmada incelenen zelliklere ait ortalama degerler

Genotip iCGS CGS iBGS OGS BB iBY BBS
Aksu 16.8% 56.16™  65.501  108.009  43.67*¢  14.30*"  69.70™"
Azkan 16.5" 57.83*k  66.00  110.50°  46.50*  16.28*¢  81.87k'
Cakir 16.0% 59.67*¢  67.67°°  109.00°  41.83*"  12.67*"  3.13°"
Diyar 17.3t 60.83*¢  72.83*¢  114.00°  42.18*9  18.28% 72.37"
Hasanbey 17.2u 57.16™  65.83""  111.00°  43.37%¢  13.72%9  77.30k"
Hisar 16.0% 60.667¢  69.33*"  110.50°  48.382 17.85%  52.77'
Isik 16.5" 59.33>f  66.509P  109.00°  40.17%*  14.72%¢  59.23°"
inci 16.8% 58.83¢h  69.33*"  111.00°  40.92**  16.10%¢  80.90k"
Seckin 17.5! 56.669"  66.677°  110.009  44.20*¢  14.82%¢  71.43™f
Yasa 15.5¢ 59.33>F  67.33*"  109.00°  43.02¢f  14.27>"  63.80°"
14 21.0%° 56.25°  66.20°Y  102.50'  26.55"  2.60" 87.40i
16 23.50¢ 60.75*¢  70.70*"  100.50°  23.40" 4.20M 123.40%!
36 22.0Mk 57.25"™  70.70*"  102.50'  33.40°"  6.30°" 148.70%¢
41 22.0Mk 54.75™9  64.201%  98.50! 33.10¢"  6.65°" 86.30i
42 19.57 58.25¢k  69.70°  100.50°  33.20%"  4.45M 132.73>h
46 21.5m 56.75¢"  65.70%  100.50°  31.809"  6.61¢" 117.10°"
47 20.0Ps 53.75°9  63.20™Y  98.50! 28.85k" 285 94.00°
49 22.0"k 56.257°  67.20°9  97.50 27.15%"  3.90M 95.80"?
53 20.0Ps 56.75¢"  63.20™Y  96.50 30.35™"  4.20M 89.20"
56 22.5M 57.75¢'  66.70°  98.50! 28.95k"  4.05M 123.90¢"
59 23.0%9 54.75™9  67.20°9  102.50'  31.709"  4.25M 121.90¢M
73 20.0Ps 52.25¢ 61.7042  99.50" 25.70" 3,75 108.90¢°
75 22.5M 57.75¢'  66.70°>  100.50°  33.20%"  6.55°" 123.10¢"
78 20.5™4 55.25"°  62.20°Z2  102.50' 25.65"  3.65' 85.00i
108 20.5™4 56.75¢"  67.20°9  100.50°  28.45k"  4.809" 120.70¢™
110 20.0P 52.75"  60.20%  101.00° 26.20"  3.55 98.509°
111 20.5" 60.757¢  70.20®"  98.50 25.60"  2.65' 114.00%°
112 21.5im 53.75°¢  61.202  100.50°  29.80I"  4.749" 105.408°
120 19.5' 54.75™9  66.20°¢  99.00° 31.709"  4.35M 98.909°
123 21.0%° 56.257°  64.70*  102.00™ 26.60"  2.90r 121.50¢M
125 20.5™4 57.75¢'  65.209*  98.00 30.50™  4.45M 130.80"
131 21.0%° 56.75¢"  61.709%  99.00° 30.10"  5.50™ 118.50¢"
146 21.5im 55.75°  61.709%  103.00k  30.45"  5.009" 125.50¢"
160 21.0%° 57.75¢'  64.20  101.50" 26.10™  3.30r 100.009?
171 20.5" 52.75P  67.20°9  100.50°  27.95%"  4.909" 101.607P
174 23.5¢¢ 55.75°  67.50°"  99.50" 25.05™ 4,909 101.30%P
182 22.0Mk 55.75°  62.20°2  99.50" 25.10™  3.90M 68.40"
189 23.0%9 59.25h  70.70*"  105.50"  32.30™"  4.959" 98.909°
218 21.5im 55.25"  63.70"  101.50"  28.35k"  3.25 94.00°
222 19.4s 58.10%k  67.85%°  100.50°  39.23%1  7.57% 111.21¢%°
230 22.9¢h 56.10°  66.35¢'  96.50% 33.83¢n  7.72¢ 104.01%°
234 20.407 57.60¢'  63.35™Y  100.50°  36.23'  10.07*'  113.11¢°
267 21.4kn 55.601°  63.35™Y  103.50/  35.23>m 937 137.11°f
273 22.501 57.60¢'  66.85%  100.009  34.43" 957 127.41%k
285 23.5¢f 57.10"™  77.502 101.50"  30.88"  8.07¢" 112.81%°
290 25.0% 59.10°"  77.00®  101.50" 26.08" = 7.12% 113.16%°
300 19.9¢s 57.60°'  62.85"2  100.50°  32.53*"  9.87% 97.719F
301 20.407 56.609"  61.35"2  100.50°  27.08k"  7.82¢ 75.11%
315 24.0cd 59.60°*  65.857V  101.50" 29.98"  8.72¢ 80.31k"
321 21.9" 57.60°'  66.85  97.00%  29.83"  7.92¢ 95.91hp
328 20.407 54.60™9  62.35°Z  99.00° 33.88c"  9.27bn 155.61%4
332 22.9¢h 58.10%k  65.857V  97.00%  36.68"'  12.02*"  126.81¢k
335 20.9™P 5410  61.35"2  99.00° 31.08™  10.37*'  89.61"
352 22.501 55.601°  60.85'7  103.00k  34.18"  8.02¢" 110.21¢%°
367 19.4s 53.60°¢  60.85'7  109.00°  33.93¢"  6.57¢" 105.81¢°
373 22,501 56.609"  62.85"7  102.00m 30.78"  8.97" 77.11k
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374 24.0% 55.60°  60.85%2 102.00m  33.73°" 9,723 80.51%"
377 22.9¢" 59.60°  67.85%°  102.00m  34.23°"  10.27*" 110.71¢%°
391 22,591 60.10*¢  67.35°9  102.00™ 32.78¢"  10.17%*  95,01MP
402 22.9¢N 55.10""  60.35"%  99.00° 34.18°"  9.62* 73.61""
414 20.9™P 55.60°  59.85"%  99.00° 33.13%"  10.37* 128.81¢
444 24.5¢ 57.10"™  67.85%°  102.50' 34.33¢"  8.62%" 125.01¢!
473 20.9™P 55.10""  57.35? 97.00% 33.58¢"  9,7281 102.11%
482 21.9" 58.10%  66.35°'  100.00¢  32.38™  8.22%" 197.71%®
483 24,5b¢ 60.60*¢  69.35%'  99.00° 28.18%"  8.62%" 115.61¢°
490 21.4kn 56.10°  61.85%%  99.00° 30.68"  10.32%" 110.71¢%°
497 21.4kn 54.60™9  57.85% 99.00° 31.53%" 857 110.21¢%°
555 22.9¢" 56.10°  61.85%%  100.50°  30.88™"  8.06°" 132.61°"
563 21.9" 56.157°  75.00%¢  101.50"  27.83k"  7.44% 62.79P"
582 24.5b¢ 56.659"  64.95"*  100.50°  34.02°"  8.44%" 129.49%
645 22.9¢N 57.65%"  65.45™ 9950 3107 8.94M 111.594°
651 24.0% 58.65"  65.95™  99.50" 2657 8.24% 70.49M7
699 25.0% 59.15%"  69.95¢ 99.50" 30.627"  8.99" 79.09%"
737 20.4°7 56.157°  64.45  108.50"  32.52°"  8.19%" 90.79"¢
ILWC 0 24.0% 61.65% 70.95%9  102.50' 33.67¢"  8.99 88.29"
ILWC 21 24,0 56.15"°  67.95%°  100.50°  32.97¢"  7.44% 132,390
ILWC 81 19.99° 55.65°  59.45%z  101.50"  40.72% 11.89*"  214.19°
ILWC114 25.0% 61.15%¢  68.009"  99.50" 3112 9.54* 86.79d
ILWC116 25.0% 59.15""  70.45>* 9950 33.37¢" Q.29 98.399°
ILWC117 22.591 57.65%!  65.45™ 9950 33.17%"  10.14* 109.294°
ILWC122 21.4k0 56.15°  66.95%°%  99.50" 34.17¢"  8.09%" 97.899P
ILWC124 22.591 57.65¢ 70.450 101.50" 32.97¢n 9.992 112.49¢9°
ILWC126 25.52 61.15%¢  70.45"*  99.50" 26.62'"  8.79% 70.29™"
ILWC129 24 5b¢ 57.65¢ 64.45 99.50" 27.07'" 8.29¢ 64.29°"
ILWC130 22.9¢N 52.65M 60.45"%  99.50" 30.77"  7.49% 52.99
ILWC134 25.0% 56.659"  63.95%  99.50" 30.72"  7.69%" 71.59™"
ILWC136 23.5¢f 56.659"  65.957  101.50"  30.62""  9.44% 89.39"4
ILWC137 23.5¢f 59.65*F  69.95¢ 100507  31.07""  8.54%" 68.59""
ILWC140 22.591 56.15°  67.45%9  102.50' 27.92"  6.69%" 72.99%
ILWC141 22.591 55.65°  61.957  101.50"  34.07°"  10.39*" 121.79¢m
ILWC216 23.5¢f 54.15™4  59.45%Z  100.50°  38.07%%  9.19" 55.89%
ILWC219 24,0 61.65% 71.95*¢  103.50! 33.02¢"  10.14* 158.49%°¢
ILWC229 22.95 62.15% 71.95%¢  104.50'  35.62°™  10.39 122.59¢m
ILWC233 24.5b¢ 59.65%F  69.45%'  103.00  38.27%k  8.94%" 115.09¢°
ILWC257 23.5¢f 58.15%k  68.009"  101.00°  24.87" 6.89%" 136.39"9
ILWC290 22.95 56.15°  64.95"™  102.00™ 25.22™  7.74% 65.69°"
Ortalama 217" 57.1™ 65.89™ 101.64™ 32.35™ 8.20™ 102.02™
2022 Ort. 23.33 59.94 70.19 107.15 32.45 8.16 98.12
2023 Ort. 20.03 54.25 61.57 96.14 32.26 8.24 105.91
Ccv 1.88 2.31 4.12 1.25 8.12 24.25 14.91
Standart Sapma  4.16 4.46 6.77 8.11 6.75 4.14 35.60

ICGS: ilk gikis siiresi, CGS: gigeklenme siiresi, IBGS: ilk bakla baglama siiresi, OGS: olgunlasma siiresi, BB: bitki boyu, IBY: ilk bakla

yiiksekligi, BBS: bitkide bakla sayis1

Bitki boyu bakimindan yil ve genotip x
yil interaksiyonu ortalamalarmma gore
istatistiki olarak Onemsiz bulunurken,
genotipler arasinda 6nemli varyasyonlar
oldugu saptanmistir (p<0.01) (Tablo 4).
Ortalama BB ilk y1l 32.45 cm, ikinci yil
32.26 cm olurken iki yilin ortalamasi ise

32.35 cm olarak saptanmistir. Yabani nohut
genotipleri arasinda BB 23.40-40.72 cm
arasinda degisiklik gosterirken, kontrol
cesitleri arasinda 40.17-48.38 c¢cm arasinda
degisiklik gostermistir. En kisa BB yabani
nohut genotipleri arasinda 16 numaral
genotipte, kontrol ¢esitleri arasinda ise Isik
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¢esidinde saptanmistir. En uzun BB yabani
nohut genotipleri arasinda ILWCSI1
genotipinde, kontrol gesitleri arasinda ise
Hisar ¢esidinde saptanmistir (Tablo 5).
Daha once yiiriitiilen calismalarda bitki
boyunu Adak ve ark. (2017) C. arietinum
genotiplerinde 40-62 cm, C. reticulatum
genotiplerinde 27-38 cm, Talip ve ark.
(2018) 6-65 cm ve Singh ve ark. (2022)
Hindistan’da  Bhopal ve  Ludhiana
lokasyonlarinda  yiriittiikkleri  ¢aligmada
strastyla 31.29-68.62 cm ve 31.62-59.82 cm
arasinda bildirmislerdir. Arastirmada elde
etmis oldugumuz bulgular, dnceki yapilan
calismalar ile benzerlik gostermektedir.

Ik bakla yiiksekligi bakimindan yil ve
genotip x yil interaksiyonu ortalamalarina
gore istatistiki olarak dnemsiz bulunurken,
genotipler arasinda onemli varyasyonlar
oldugu saptanmistir (p<0.01) (Tablo 4).
Ortalama IBY ilk y1l 8.16 cm, ikinci y1l 8.24
cm olurken iki yilin ortalamasi ise 8.20 cm
olarak  saptanmistir.  Yabani  nohut
genotipleri arasinda IBY 2.60-12.02 cm
arasinda degisiklik gosterirken, kontrol
cesitleri arasinda 12.67-18.28 cm arasinda
degisiklik gdstermistir. En kisa IBY yabani
nohut genotipleri arasinda 14 numaral
genotipte, kontrol c¢esitleri arasinda ise
Cakir cesidinde saptanmustir. En uzun IBY
yabani nohut genotipleri arasinda 332
numarali  genotipte, kontrol cesitleri
arasinda ise Diyar ¢esidinde saptanmigtir
(Tablo 5). Nohutta ilk bakla yiiksekligi,
genotiplerin makineli hasada uygun olmasi
bakimindan onemli 6zelliklerden biridir.
Dogan ve ark. (2015) 13-15.3 cm, Glingor
ve Dumlupinar (2018) baz1 nohut hat ve
cesitleri ile yaptiklari ¢aligmada ilk bakla
yiiksekligini standart ¢esitlerde 19.6-30 cm,
hatlarda ise 17.6-35.3 cm, Demirci ve
Bildirici (2020) 28.8-38.8 cm ve Ozcan ve
Yiicel (2022) 14.5-30 cm  olarak
bildirmiglerdir. ~ Bitkide bakla sayisi
bakimindan  y1l  ortalamalarina  gore
istatistiki olarak Onemsiz bulunurken,
genotip ve genotip x yil interaksiyonu

arasinda Onemli varyasyonlar oldugu
saptanmustir (p<0.01) (Tablo 4). Ortalama
BBS ilk y11 98.12 adet, ikinci y1l 105.91 adet
olurken iki yilin ortalamasi ise 102.02 adet
saptanmistir. Yabani nohut genotipleri
arasinda BBS 52.99-214.19 adet arasinda
degisiklik gosterirken, kontrol c¢esitleri
arasinda  52.77-81.87 adet arasinda
degisiklik gostermistir. En az BBS yabani
nohut genotipleri arasinda ILWC130
genotipinde, kontrol ¢esitleri arasinda ise
Hisar c¢esidinde belirlenmistir. En fazla
BBS yabani nohut genotipleri arasinda
ILWCS81 genotipinde, kontrol ¢esitleri
arasinda ise Azkan ¢esidinde belirlenmigtir
(Tablo 5). Bitkide bakla sayisini, Adak ve
ark. (2017) C. arietinum genotiplerinde 19-
40 adet, C. reticulatum genotiplerinde 23-
90 adet, Bhavyasree ve ark. (2018) 12-174
adet, Talip ve ark. (2018) 9-712 adet ve
Demirci ve Bildirici (2020) 6.9-13 adet
olarak bildirmislerdir. Bitkide tane sayisi
bakimindan genotip, yil ve genotip x yil
interaksiyonu  arasinda  Onemli  bir
varyasyon bulundugu belirlenmistir
(p<0.01) (Tablo 6). Ortalama BTS ilk yil
92.00 adet, ikinci y1l 103.88 adet olurken iki
yilin ortalamas1 ise 97.94 adet olarak
belirlenmistir. Yabani nohut genotipleri
arasinda BTS 53.03-215.03 adet arasinda
degisiklik gosterirken, kontrol c¢esitleri
arasinda  50.47-87.40 adet arasinda
degisiklik gostermistir. En az BTS yabani
nohut genotipleri arasinda ILWC216
genotipinde, kontrol ¢esitleri arasinda ise
Hisar ¢esidinde belirlenmistir. En fazla BTS
yabani nohut genotipleri arasinda ILWCS81
genotipinde, kontrol cesitleri arasinda ise
Inci ¢esidinde belirlenmistir (Tablo 7).
Daha once yapilan calismalarda bitkide tane
sayisini Erdin ve Kulaz (2014) 27.6-44.4
adet, Adak ve ark. (2017) C. arietinum
genotiplerinde 14-34 adet, C. reticulatum
genotiplerinde 20-76 adet, Koseoglu ve ark.
(2017) C. arietinum genotiplerinde 14-23
adet, C. reticulatum genotiplerinde 26-76
adet ve Yalcin ve ark. (2018) 20.8-21.5 adet
olarak bildirmislerdir.
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Tablo 6. Arastirmada incelenen 6zelliklerin genotip, y1l ve genotip x yil interaksiyonuna ait

kareler toplam1 degerleri

BTS BTA 100TA BV TV Hi
Genotip 172350™ 11556™ 30961 3578611 1155638™ 8347
Yil 7374 477.0 62.08 312569™ 47699 237.62"
Genotip x Y1l 77172™ 2360 336.65 1093994 236030 1596

BTS: bitkide tane sayisi, BTA: bitkide tohum agirlig1, 100TA: yiiz tohum agirligi, BV: biyolojik verim, TV: tane verimi, Hi: hasat indeksi

Bitkide tane agirlig1 bakimindan yil ve
genotip x yil interaksiyonu ortalamalarina
gore istatistiki olarak dnemsiz bulunurken,
genotipler arasinda onemli varyasyonlar
oldugu saptanmistir (p<0.01) (Tablo 6).
Ortalama BTA ilk yi1l 11.79 g, ikinci yil
14.80 g olurken iki yilin ortalamasi ise
13.30 g olarak saptanmistir. Yabani nohut
genotipleri arasinda BTA 6.64-30.59 ¢
arasinda degisiklik gosterirken, kontrol
cesitleri arasinda 19.49-28.62 g arasinda
degisiklik gostermistir. En az BTA yabani
nohut genotipleri arasinda 301 numarali
genotipte, kontrol cesitleri arasinda ise
Hisar ¢esidinde belirlenmistir. En fazla
BTA yabani nohut genotipleri arasinda
ILWCS81 genotipinde, kontrol ¢esitleri
arasinda ise Aksu c¢esidinde belirlenmistir
(Tablo 7). Daha 6nce yapilan ¢aligmalarda
bitkide tane agirligim Adak ve ark. (2017)
14-34 g, Talip ve ark. (2018) 0.06-41.94 g
ve Singh ve ark. (2022) 10.63-32.5 ¢
arasinda bildirmislerdir.

Yiiz tane agirligi bakimindan yil ve
genotip x yil interaksiyonu ortalamalarina

gore istatistiki olarak dnemsiz bulunurken,
genotipler arasinda 6nemli varyasyonlar
oldugu saptanmistir (p<0.01) (Tablo 6).
Ortalama 100TA ilk y1l 14.17 g, ikinci y1l
15.27 g olurken iki yilin ortalamasi ise
14.72 g olarak saptanmistir. Yabani nohut
genotipleri arasinda 100TA 9.16-15.64 ¢
arasinda degisiklik gosterirken, kontrol
cesitleri arasinda 32.26-41.13 g arasinda
degisiklik gdstermistir. En az 100TA yabani
nohut genotipleri arasinda ILWC233
genotipinde, kontrol ¢esitleri arasinda ise
Inci cesidinde belirlenmistir. En fazla
100TA yabani nohut genotipleri arasinda
ILWC141 genotipinde, kontrol ¢esitleri
arasinda ise Cakir c¢esidinde belirlenmistir
(Tablo 7). Yiiz tane agirhgim Jaafar (2015)
0.04-70 g, Archak ve ark. (2016) 3.5-45 g,
Adak ve ark. (2017) C. arietinum
genotiplerinde 30-35 g, C. reticulatum
genotiplerinde 15-16 g, Erol ve Okant
(2020) 10.45-44.61 g, Soysal ve ark. (2020)
30.7-33.3 g ve Singh ve ark. (2022) 9.42-
23.44 g arasinda bildirmislerdir. Arastirma
sonuglart ile 6nceki ¢alismalarda bildirilen
sonuglar benzerlik gostermektedir.

Tablo 7. Arastirmada incelenen 6zelliklere ait ortalama degerler

. BTA 100TA BV TV Hi

Genotip  BTS(adet) ) (@  (kgda’)  (kgda?) (%)
Aksu 72.47™" 28.622 39.54ab 844.0>f 286.18?2 33.352
Azkan 69.77MT 26.61%¢ 38.76% 852.7%¢ 266.09%¢ 31.19%¢
Cakir 66.90™" 27.742 41.132 801.3b" 277.402 33.952
Diyar 70.77™T 27.37® 38.50%¢ 914.0% 273.662° 28.13%I
Hasanbey 74.97"" 28.622 39.21% 888.7%¢ 286.172 31.882f
Hisar 50.47" 19.490f 38.01b¢ 707.3¢m 194.93%f 26.74%k
Isik 62.20"" 24.823d 40.322b 740.7% 248.18%d 32.66%°¢
inci 87.401P 28.342 32.264 859,32 283.412 32.40%d
Seckin 72.07™" 25.4784d 35.63¢ 788.0b 254,65 32.18%¢
Yasa 63.90"" 24,244 37.52bc 782.0b 242 4134 30.94%h
14 82.55kP 11.05¢&h 12.75¢8h 561.9ms 110.52¢N 18.94fk
16 129.17bh 13.94¢&h 10.16% 608.4i 139.38¢" 20.852k
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36 141.17%¢ 13.38%h 10.07% 726.4" 133.80°" 18.219%
41 86.67P 11.65¢" 13.20¢" 574.4% 116.45°" 19.66¢k
42 130.42>h 18.120h 13.71%¢ 724.4°% 181.15>" 24.86%«
46 109.97¢n 11.52¢h 10.03¢7 588.4'1 115.20%" 19.08%k
47 86.87° 12.26%h 14.12¢ 620.44 122.56°" 19.33¢%k
49 90.80° 11.21%h 12.39¢h 598.4%" 112.06°" 18.249%
53 91.57° 11.30%h 12.22¢h 656.4"° 113.03¢" 17.19"
56 120.67>* 17.84¢h 15.20¢ 668.4%° 178.44¢h 26.32%k
59 114.17¢ 13.66¢" 12.07¢h 674.4%° 136.63¢" 19.93¢k
73 99.679° 12.31¢h 11.73%h 576.4" 123.12¢h 20.69°
75 116.47" 14.26¢h 11.80¢" 650.49° 142.60°" 21.59%k
78 92.07+° 12.06¢" 12.38%h 568.4™* 120.56°" 20.655
108 103.87¢" 12.28¢h 11.63%" 626.4" 122.76°" 19.07¢k
110 92.17° 10.65%" 11.44% 574.4" 106.54¢" 18.00M«
111 112.47¢m 10.60%" 9.254 572.4™m 106.02¢" 17.88M«
112 103.57¢" 12.87¢h 11.99¢h 608.44 128.718h 20.38%«
120 98.779° 13.17¢h 12.88%" 630.4" 131.72¢h 20.38%«
123 106.47¢" 13.69¢" 12.30¢" 624.4" 136.87¢" 21.54%k
125 120.77%k 13.06°" 10.69°7 670.4%° 130.59¢" 19.11¢k
131 108.174" 13.11%h 12.23¢%h 650.49° 131.06%" 19.82¢k
146 129.170M 17.32¢h 13.29%¢ 670.4%° 173.20¢" 25.60%k
160 101.27%" 12.04&h 11.88%" 582.4' 120.42¢h 20.17¢k
171 104.17¢" 11.77¢h 10.86°%1 638.4"° 117.72¢h 17.91Mk
174 99.779° 9.73M 9.674 560.4™* 97.25%¢ 16.141
182 66.37"" 8.98M 12.46%N 482.4P 89.79%¢ 17.51+
189 91.87° 13.71%h 14.46° 620.4¢ 137.10%" 21.50%k
218 82.37%P 9.55h 10.77¢ 532.4m 95.47%9 16.95"
222 104.70%" 11.45¢h 12.86°" 613.814 114.52¢h 18.98«
230 100.70™" 10.78%h 11.60°%" 555.8m 107.77¢h 20.09¢
234 103.80°" 12.86°" 13.31%¢ 613.814 128.58¢" 21.64%K
267 132.3009 14.55¢N 12.608" 655.89° 145,508 22.80%k
273 114.90c-1 10.67¢N 10.38%1 579.8' 106.708" 19.25%k
285 93.70° 8.45M 11.22%" 493.8°° 84.51%¢ 18.349
290 108.784" 10.81¢" 11.748h 541.8™* 108.07¢" 19.13¢%k
300 89.80"° 7.559" 10.03" 549.8™s 75.46%" 14.85k
301 68.40™" 6.64" 10.98%1 459.8" 66.38" 15.54
315 78.20" 9.28%h 13.19%h 521.8m 92.76"9 18.79™
321 86.701° 9.33%h 12.09¢" 525.8m 93.29%9 18.77%
328 149.00% 19.96*¢ 14.41° 735.8%K 199.60*¢ 27.45%K
332 128.40>" 13.07¢h 11.31% 661.8" 130.73¢" 20.03%
335 83.501° 9.18™ 12.81¢h 505.8°¢ 91.78"9 19.11¢k
352 94.20™° 10.74¢h 11.73%h 561.8™ 107.418h 19.41%«
367 96.009° 12.008" 13.31%¢ 531.8™* 120.008" 21.84%k
373 71.38™" 9.42f 14.43¢f 499.3%¢ 94.22%¢ 19.85%k
374 83.80° 7.919 10.35%1 459.8" 79.159" 18.369%
377 100.50™" 12.208h 12.748h 595.8kT 122.02¢h 21.14%k
391 83.50P 10.13" 13.37%¢ 571.8™s 101.289 18.659%
402 71.20™" 7.659" 12.29¢8N 487.8%° 76.559" 16.41
414 121.50 13.90¢" 13.16%h 669.8%° 138.98¢" 21.41%K
444 126.33" 12.46%h 10.51¢ 640.8"P 124.63¢" 19.98¢k
473 92.80-° 11.64¢h 13.74%¢ 555.8m 116.42¢h 21.49%K
482 190.40% 18.36°9 10.98¢7 707.8cm 183.60°¢ 26.44%k
483 104.20%" 11.44h 12.40¢h 545.8m 114.37¢h 21.62%k
490 105.90%" 11.86%" 11.908h 477.8%° 118.60%" 25.72%k
497 96.809° 9.39M 10.96°%1 491.8°° 93.94%¢ 20.14¢k
555 137.20°f 16.57¢" 12.91¢&h 701.8¢M 165.759" 23.19%k
563 61.23°" 8.43M 12.89¢%N 543.8™3 84.29%¢ 14.34)
582 116.53%! 11.96%N 10.27M 575.8" 119.61%N 20.65
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645 103.23" 11.94¢h 11.52¢ 567.8™* 119.40%" 21.50%k
651 77.43% 7.76%" 9.85™M 453.8° 77.599" 17.28"
699 75.33" 10.16M 13.32%¢ 517.8™* 101.65%¢ 19.79¢k
737 92.33° 11.85%h 13.42%¢ 609.8 118.50%" 19.67¢k
ILWC 0 91.93-° 9.80™" 9.89" 595.8%" 98.049 15.77
ILWC 21 123.71Y 12.50¢" 12.58%" 683.87" 124.99¢" 17.527
ILWC 81 215.03? 30.59? 15.35° 1023.82 305.922 29.31*!
ILWC114 90.63"° 10.67¢" 11.59% 525.8m 106.67¢" 20.650«
ILWC116 96.439° 12.32¢h 11.97¢h 583.8" 123.18°" 20.84%k
ILWC117 108.034" 11.59¢h 10.70¢7 605.8 115.89°" 18.359°%
ILWC122 84.43° 10.52¢h 11.16° 623.8" 105.17¢" 16.05"
ILWC124 112.33%™ 13.96¢" 11.91¢h 707.8°M 139.58¢" 18.89%
ILWC126 75.23" 7.83%" 10.01M 553.8™* 78.309" 13.50¢
ILWC129 61.63°" 8.54"h 12.86°" 551.8m 85.37™9 14,58k
ILWC130 55.81°7 7.38%" 12.70%h 529.3m 73.819" 13.38k
ILWC134 71.18™" 9.58h 13.75%¢ 584.8" 95.85™9 15.83"
ILWC136 83.831° 9.20%" 11.07¢ 615.8" 92.04%9 14.37k
ILWC137 65.23™" 7.25% 11.16° 525.8m 72.549" 13.32¢
ILWC140 69.66™" 8.169" 12.12¢h 547.3m 81.57%" 14.37k
ILWC141 116.73! 17.52¢h 15.64° 743.8" 175.22¢h 23.15%k
ILWC216 53.03P" 7.59¢" 14.02¢f 527.3™% 75.869" 13.82
ILWC219 157.23*¢ 16.88%" 10.08" 833.8%¢ 168.774" 19.62¢k
ILWC229 117.93%! 11.93¢h 9.95M 679.84" 119.29¢N 16.941
ILWC233 116.73! 11.458h 9.16’ 669.8%° 114.53¢h 16.61"
ILWC257 128.530" 13.13¢%N 10.54¢1 677.84" 131.27¢N 18.78"
ILWC290 57.63P" 7.25% 11.95%h 531.8™s 72.519" 12.83k
Ortalama 97.94™ 13.30™ 14.72™ 622.1" 132.96™ 20.55™
2022 Ort. 92.00 11.79 14.17 583.51 117.88 19.48
2023 Ort. 103.88 14.80 15.27 660.77 148.03 21.62
Ccv 16.61 35.48 13.54 16.92 35.47 14.95
Std. Dev. 34.22 8.32 11.72 155.22 83.24 6.87

BTS: bitkide tane sayisi, BTA: bitkide tohum agirlig1, 100TA: yiiz tohum agirligi, BV: biyolojik verim, TV: tane verimi, HI: hasat indeksi

Biyolojik verim bakimindan genotip x
yil interaksiyonu ortalamalarma gore
istatistiki olarak Onemsiz bulunurken,
genotip ve yillar arasinda  Onemli
varyasyonlar oldugu saptanmistir (p<0.01)
(Tablo 6). Ortalama BV ilk y11 583.51 kg da’
! ikinci y11 660.77 kg da* olurken iki y1lin
ortalamas1 ise 622.1 kg dal olarak
saptanmistir. Yabani nohut genotipleri
arasinda BV 453.8-1023.8 kg da* arasinda
farklilik  gosterirken, kontrol  ¢esitleri
arasinda 707.3-914.0 kg da! arasinda
farklilik gostermistir. En az BV yabani
nohut genotipleri arasinda 651 numaral
genotipte, kontrol cesitleri arasinda ise
Hisar ¢esidinde saptanmistir. En fazla BV
yabani nohut genotipleri arasinda ILWCS81
genotipinde, kontrol cesitleri arasinda ise
Diyar ¢esidinde saptanmistir (Tablo 7).
Daha onceki caligmalarda biyolojik verim,

Koseoglu ve ark. (2017) C. arietinum
genotiplerinde 30-40 g, C. reticulatum
genotiplerinde 20-25 g, Talip ve ark. (2018)
3.44-300 g, Aydm (2019) 80-237,67 g ve
Cakmak (2019) 64-245 g arasinda
bildirmislerdir.

Tane verimi bakimindan genotip x yil
interaksiyonu ortalamalarina gore istatistiki
olarak Onemsiz bulunurken, genotip ve
yillar arasinda 6nemli varyasyonlar oldugu
saptanmistir (p<0.01) (Tablo 6). Ortalama
TV ilk y1l 117.88 kg da®, ikinci y1l 148.03
kg da?® olurken iki yilin ortalamasi ise
132.96 kg da® olarak saptanmustir. Yabani
nohut genotipleri arasinda TV 66.38-305.92
kg da® arasinda farklihk gosterirken,
kontrol ¢esitleri arasinda 194.93-286.18 kg
da? arasinda farklilik gostermistir. En az
TV yabani nohut genotipleri arasinda 301
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numarali  genotipte, kontrol ¢esitleri
arasinda ise Hisar cesidinde saptanmuistir.
En fazla TV yabani nohut genotipleri
arasinda ILWC81 genotipinde, kontrol
cesitleri arasinda ise Aksu g¢esidinde
saptanmustir (Tablo 7). Tane verimini Biger
ve ark. (2017) 91.6-172.7 kg da*, Giingér
ve Dumlupinar (2018) bazi nohut hat ve
cesitleri ile yaptiklar1 caligmada standart
cesitlerde 56.4-160 kg da, hatlarda ise
76.4-254.2 kg da ve Demirci ve Bildirici

(2020) 140.6-398.7 kg da! olarak
bildirmislerdir.  Tane  verimi, ¢evre
kosullarina,  genotipe ve  yetistirme

tekniklerine bagli olarak ©nemli oranda
degisiklik gosterebilmektedir (Gilingdr ve
Dumlupinar 2018).

Hasat indeksi bakimindan genotip x yil
interaksiyonu ortalamalarina gore istatistiki
olarak Onemsiz bulunurken, genotip ve
yillar arasinda 6nemli varyasyonlar oldugu
saptanmigtir (p<0.01) (Tablo 6). Ortalama
HI ilk yil % 19.48, ikinci yil % 21.62
olurken iki yilin ortalamasi ise % 20.55
olarak  saptanmistir. ~ Yabani  nohut
genotipleri arasinda HI % 12.83-29.31
arasinda farklilik gdsterirken, kontrol
cesitleri arasinda % 26.74-33.95 arasinda
farklilik gostermistir. En az HI degeri
yabani nohut genotipleri arasinda ILWC290
genotipinde, kontrol gesitleri arasinda ise
Hisar cesidinde saptanmistir. En fazla HI

degeri yabani nohut genotipleri arasinda
ILWC81 genotipinde, kontrol ¢esitleri
arasinda ise Cakir g¢esidinde saptanmigtir
(Tablo 7). Hasat indeksini Adak ve ark.
(2017) C. arietinum genotiplerinde % 16-
75, C. reticulatum genotiplerinde % 16-62
ve Erol ve Okant (2020) % 4.68-50.53
arasinda bildirmislerdir.

3.1. Temel bilesenler (PC) biplot analizi

Arastirmada incelenen ozellikler
arasindaki  iligkileri ~ gorsel  olarak
yorumlamak icin Temel Bilesenler (PC)
Biplot analizi yapilmistir (Yan ve Kang,
2003). Ogzellikler arasindaki iliskileri
gosteren  biplot  grafigi  Sekil 1°de
verilmistir. Yapilan temel bilesenler biplot
analizinde 1. ana bilesen varyasyonun %
48.6’sm1, 2. ana bilesen varyasyonun %
24.4’inii ve toplamda varyasyonun %
73’tnti  olusturmustur. Biplot  grafigi
incelendiginde ICGS, CGS, IBGS ve OGS
kendi aralarinda pozitif, BB, IBY, 100TA,
BV, TV ve HI kendi aralarinda pozitif, BBS
ve BTS kendi aralarinda pozitif bir iligki
icerisindedir.  Singh ve ark. (2022)
Hindistan’da iki lokasyonda yiirlitmiis
oldugu calismasinda, yabani nohut
tirlerinin  agro-morfolojik  6zelliklerini
incelemis ve cigceklenme siiresi, olgunlasma
stiresi ve bitki boyunun birbirleriyle yiiksek
korelasyon gosterdigini bildirmislerdir.
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Sekil 1. Temel bilesenler analizine gore incelenen 6zellikler arasi iliskiler

4. Sonuc ve Oneriler

Onu standart ¢esit (C. arietinum) ve
86’s1 yabani nohut (C. reticulatum)
toplamda 96 adet nohut genotipi bazi agro-
morfolojik ozellikler bakimindan
incelenmistir. Yapilan degerlendirmeler
sonucunda BBS, BTS, BTA, BV ve TV
bakimindan ILWC81 yabani  nohut
genotipi, CGS bakimindan 73 numarali
yabani nohut genotipi, IBGS bakimindan
473 numaral1 yabani nohut genotipi ve OGS
bakimindan 53 numarali yabani nohut
genotipi One c¢ikmistir. Bitkilerin yabani
formlari, kiltliri yapilan tiirlere kiyasla
adaptasyon yetenegi yliksek, biyotik ve
abiyotik stres faktorlerine daha toleransh
olabilmektedir. Yeni c¢esit gelistirme
amaciyla baslatilacak 1slah programlarinda
bazi agro-morfolojik 6zellikler bakimimdan
Oone c¢ikan yabani nohut genotiplerinin

ebeveyn olarak kullanilmasimnin uygun
olacag diisiiniilmektedir.

Yazarlarin Katki Beyam

Yazarlar  makaleye esit katkida
bulunduklarini beyan ederler. Tiim yazarlar
makalenin yayina hazir son halini
gordiiklerini/okuduklarin ve
onayladiklarini beyan ederler.

Cikar Catismasi Beyani

Yazarlar bu calismada higbir ¢ikar
iliskisi olmadigin1 beyan etmektedirler.

Finansman

Bu calisma Sivas Bilim ve Teknoloji
Universitesi Rektorliigii, Bilimsel
Arastirma  Projeleri  Koordinatorliigi
tarafindan “2024-DTP-TBT-0003" proje
numarasi ile desteklenmistir. Sivas Bilim ve
Teknoloji Universitesi Rektorliigii Bilimsel
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Arastirma  Projeleri  Koordinatorliigii'ne
desteklerinden dolay: tesekkiir ederiz.

Aciklama

Bu calisma Ilker YUCE’nin “Tiirkiye
Orijinli Yabani Nohut (Cicer reticulatum
L.) Genotiplerinin Agro-morfolojik
Ozellikleri ve Molekiiler
Karakterizasyonu” isimli doktora tezinden
tretilmigtir.
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Abstract

This study was carried out to determine the first spraying time and other
spraying intervals in the chemical control against the disease and to
establish a spraying program that will be effective in the control of the
disease. The study was carried out in 2015 in a farmer's vineyard of 5 da
of Razaki grape variety in Tasova district of Amasya province in a
randomized block design with 4 treatments and 5 replications. In the
study, treatments with different spraying times and intervals were applied
for the control of the disease. At the end of the study, the effects of these
treatments on the control of the disease were statistically evaluated and
the most successful spraying program was determined. The same
fungicide containing 100 g I'* Kresoxim-Methyl+200 g I Boscalid active
ingredient was used in all treatments. According to the statistical analyses
and evaluations, all treatments were found to be effective in the chemical
control of powdery mildew on both leaves and clusters. However, due to
reasons such as economic losses, environmental health and resistance
problems in systemic drugs, it is thought that the application with the
lowest number of sprayings and the highest effect of 91.96 % on panicle
and 87.52 % on leaf should be considered.
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1. Introduction

Tiirkiye, which is located on a favorable
climate zone for viticulture in the, is one of the
important viticulture centers in the world with
its vineyard area and production values. While
Spain ranks 1% in the world production with
922.920 ha. production area, Tiirkiye ranks 5th
with 384.537 ha. production area after France,
Italy and China respectively (FAO, 2022). The
favorable ecological factors in our country
increase the spread of viticulture over large
areas. In 2023, grape production in the country
was reported to be 3,400.000 tons. Amasya
province has an important agricultural
production potential. There is a total vineyard
area of 8.064 da in Amasya province and 4.192
da in Tasova district (TUIK, 2023). Erysiphe
necator Schw. is an obligate parasite of
American ivy, wall ivy, wild grapevine and
grapevine. It overwinters on the plant as
cleistothecium and mycelium in the eyes. It
starts its activity from the first moment when
the shoots begin to elongate and continues to
develop on all green parts (leaves, stems,
shoots, panicles) (Built and Lafon, 1978,
Pearson and Goheen, 1988). In vineyards
affected by powdery mildew in the early
stages, the growth of grains stops in all organs
affected by the disease, and ash-like spore
structures are seen on the leaf and cluster
skeleton. If the grains are infected before they
reach their full size, the grain cracks in the
direction of the stem and the kernel is seen. If
colored varieties are infected, they do not get
their full color. The sale quality of table and
wine varieties decreases and the taste of the
wine deteriorates (Anonymous, 2015b).

Spraying is carried out according to the
current  Agricultural  Control  Technical
Instructions (ACTI) (Anonymous, 2015a).
However, it was observed that this program
was insufficient to control the disease in some
regions. This is due to the fact that the first
spraying time recommended for the disease in
the ACTI is late in our region according to the
development of the disease and there is a time
interval between the first and second spraying
times, which can extend up to 30-40 days,
depending on the region. For this reason, it was

necessary to revise the agricultural control
instruction of the disease and studies were
initiated for the control of the disease. This
study was carried out in order to determine the
first spraying time and other spraying intervals
in the chemical control against the disease and
to establish the most effective spraying
program in the control of the disease and as a
result of the study, the most effective spraying
program in the control of the disease was
determined.

2.Materials and Methods
2.1. Material

The study previously examined the
vineyard powdery mildew disease agent E.
necator. The study was carried out in a 5-da
farmer's vineyard with Razaki grape variety in
the Tasova district of Amasya Province, which
is known to be contaminated with. In the
applications, fungicide containing 100 g It
Kresoxim-Methyl+200 g I Boscalid active
ingredient (Collis SC, BASF) was used at a
dose of 30 ml 100 L of water. The effective
substance in question was included in the trial
because it was licensed in the regions where
the trial would be established and its
effectiveness in the fight against the disease
was known. During the spraying, a mechanical
back sprayer suitable for providing uniform
distribution in the entire trial area or for
accurate regional spraying (partial branches,
trunk, etc.) was used.

2.2. Method
2.2.1. Trial design and arrangement

The study was established in a randomized
block design with 4 characters (Program A,
Program B, Program C and Control) and 5 in
the Tasova District of Amasya Province in
2015. The plots in the wired vineyard system
consisted of 6 shoulders on the same row and
the counts were made in the middle 4
shoulders. In the study, 6 shoulders were taken
as a plot and one row was left as a safety strip
between the plots during spraying. Sprayings
were repeated taking into account the duration
of the pesticide. No treatment was applied to
the vines in the control plots. The same
fungicide was used in all treatments and
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necessary records were kept. The duration of
action of the drug was accepted as 11-12 days
considering the label of the drug. In the study,
applications were made according to Program
A, Program B and Program C for the control of
the disease.

2.2.1.1. Applications
Program A

It was carried out according to the ACTI. 1%
Spraying: Before flowering when the shoots
are 25-30 cm; 2" Spraying: When the flower
petals fall off and the cores are the size of
pellets; 3 and other sprayings: After the
second spraying, according to the duration of
action of the drug used (11-12 days), until the
time when the grains are covered with fresh
water (mole fall).

Program B

Spraying was carried out by adding one
more application between the first two
sprayings made according to the ACTI.

1% Spraying: Before flowering, when the
shoots are 25-30 cm; 2" Spraying: Before
flowering, when the flower buds are separated;
3" Spraying: When the flower petals fall off
and the cores are the size of a pellet; 4" and
other sprayings: After the third spraying,

according to the duration of the effect of the
drug used (11-12 days), until the time when the
grains are covered with fresh water (mole fall).

Program C

Early Spraying

1% spraying: Before flowering, when the shoots
are about 10 cm; 2" and other sprayings:
According to the duration of action of the
pesticide used (11-12 days), until the time
when the grains are covered with fresh water
(mole fall).

Control
No treatment was applied in the control.
2.2.2. Counting and assessments

Evaluations were carried out on leaves and
panicles on 4 of the middle 4 of the 6 shoulders
on each plot.

2.2.2.1. Leaf count and evaluation

Counting and evaluations were made on 25
leaves randomly taken from the shoots around
each vine to be counted, from the leaves after
the 3" leaf from the bottom, and a total of 100
leaves taken from 4 vines. The evaluation scale
for leaves in vineyard powdery mildew disease
is given in Table 1 (Anonymous, 2015b).

Table 1. 0-3 evaluation scale for leaves in vineyard powdery mildew disease

Scale Value Disease Description
0 There are no spots on the leaf
1 There are 1-2 spots on the leaf
2 There are 3-10 spots on the leaf
3 There are more than 10 spots on the leaf

2.2.2.2. Counting and evaluation in bunches

The number of diseased and healthy grains
in the parcel was determined by counting the
number of diseased and healthy grains in a total
of 20 clusters taken from 4 vines, 5 clusters
from each of the vines subject to counting in
each parcel.

2.2.3. Counting time

Leaf and panicle counts were made after the
last spraying, taking into account the sum of
the pesticide's duration of action and the
incubation period (5-6 days).

2.2.4. Evaluation of data

Percentage disease severity was calculated
according to the Towsend-Heuberger formula
(Townsend and Heuberger, 1943) from the
values obtained according to the scale used in
the leaf evaluation, and the percentage effect of
the treatments was calculated from the disease
severity with the Abbott formula. In the
evaluation of the panicles, the percentage of
the disease of the grains separated as sick and
healthy at the end of the count was found and
the percentage effects of the treatments were
calculated by evaluating with the Abbott
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formula (Abbott, 1925). ArcSin transformation
was applied to the obtained values and analysis
of variance was performed. Multiple
comparison test (LSD) was applied to the
results and treatments were grouped. The
evaluations were made in JMP statistical
program.

3. Results and Discussion

In the study, phenological follow-ups were
carried out and phenological records are given
in Table 2.

Table 2. Phenological follow-ups and dates in the experimental area

Phenological Periods Date

Beginning of Bud Burst Period 24.04.2015
First Detection of the Disease 20.05.2015
Beginning of Mole Fall Period 14.08.2015
Evaluation of the Project 28.08.2015
Harvest Period 07.09.2015

In the experimental vineyard, the disease
symptom was detected on the leaves on
20.05.2015. The first spraying in Program A
application was made when the shoots reached
an average of 25-30 cm. In Program A, 6
sprayings were made until the pre-molescence
period. In Program B, the first spraying was
started when the shoots reached approximately

25-30 cm. According to this program, 7 sprays
were applied. In Program C, the first spraying
was started when the shoots reached an
average of 10 cm and 9 sprayings were made
until the mole fall period. The number, date
and phenological period of spraying of
Program A, B and C in the experiment are
given in Table 3.

Table 3. Spraying programs applied against vineyard powdery mildew, application times and

phenological periods

Spraying Program Spraying . .
Program A Program B Program C Dates Phenological Period

X 11.05.2015 Shoots 10 cm long
X X X 22.05.2015 Shoots 25-30 cm long

X 03.06.2015 Shoots 60-70 cm long

X 08.06.2015 Separation of flower buds

X 15.06.2015 Beginning of flowering
X X X 26.06.2015 The berries in the size of a pellet
X X X 07.07.2015 The grains in the size of chickpeas
X X X 20.07.2015 Beginning of cluster tightening
X X X 03.08.2015 Cluster tightening
X X X 14.08.2015 Beginning of the spot fall period

Counts and evaluations were made on
leaves and panicles taken from the
experimental vineyard on 28.08.2015. As a
result of the counts made on the leaves, the
percentage effects of the treatments compared
to the control: Program A 77.35 %, Program B
87.52 % and Program C 86.13 %. As a result
of the counts made on the panicle, the
percentage of diseased grains was 87.35 % in

the control, 19.97 % in Program A, 7.02 % in
Program B and 7.61 % in Program C. Spraying
was discontinued with at the beginning of the
mole fall period in the experimental vineyard
and counting and evaluation were carried out
11-15 days after the last application.
Percentage effects and statistical groupings of
pesticide applications on leaves and panicles
compared to the control are given in Table 4.
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Table 4. Effect of different pesticide applications on powdery mildew disease on leaves and bunches

Applications Disease Severity Effect of Diseased Grain Effect of
on Leaf (%) Applications on Rate (%) Applications on
Leaf (%) Cluster (%)
Program A 1797b 77,35 19,97 b 77,14
Program B 9,9d 87,52 7,02¢c 91,96
Program C 1l1c 86,13 7,61c 91,29
Kontrol 79,34a" - 87,35a" -

Significant at P<0.01 according to Duncan multiple comparison test in leaves and panicles. Means with the same letter are in the same statistical group.

In this study, the first spraying time and
other spraying intervals in the chemical control
to be applied against grape powdery mildew
disease were determined and a spraying
program that will provide efficiency in the
control of the disease was established. In the
study, applications were made according to
Program A, Program B, Program C with
different spraying times and intervals for the
control of the disease. In Program A, in which
applications were made according to the ACTI,
6 sprayings were made and 77.35 % efficiency
was determined in leaves and 77.14 %
efficiency was determined in panicles. It was
determined that a period of 35 days elapsed
between the first and second spraying time and
when the average period of 10-14 days, which
is the efficacy period of the pesticide, was
subtracted from the 35-day period, it was
determined that at least 21 days passed without
spraying. In the study carried out to determine
the appropriate control method against
powdery mildew of the vineyard, the period
between the first two spraying times (20-30 cm
shoot period and pellet size period) in the
application made according to the ACTI was
found to be 38 days in Arpagsakarlar, 30 days
in Akdam and Sarigukur and 34 days in
Findikli (Turan and Tokgoniil, 1994). This
unsprayed period covers the pre-bloom and
post-bloom period when the vineyard is most
susceptible to powdery mildew disease
(Gadoury et al., 2006). In a study conducted
by Uddin et al. (2023), Bordeaux slurry was
applied in the first spraying as a preventive,
followed by Elite 45 as a therapeutic and
Quintec as a systemic during the dormant
period, at the separation of flower buds, one
week before flowering and during fruit
formation. A preventive fungicide was applied
before flowering, followed by a systemic
fungicide on the fruit, which was reported to

effectively control E. necator and resulted in
healthier and higher grape yields. In our study,
the fact that the 1st spraying time in Program
A was late in preventing the first infections and
the time between the 1%t and 2" spraying times
was longer than the duration of action of the
fungicides used against the disease, in years
when the seasonal conditions were favorable
for the development of the disease, were
effective in the course of the disease during the
vegetation period and the amount of crop
losses it caused. The lowest percentages of
disease on leaves and panicles were observed
in B and C treatments. Although 9 sprayings
were made in C and 7 sprayings were made in
B, the results were very close. It has been
reported in many studies that grape berries are
susceptible to powdery mildew during the 4-5
weeks before and after flowering, i.e. during
the grain set period, and if the disease is not
controlled during this period, serious crop
losses occur (Gadoury et al. 2000, Gubler et al.
1999, Reuveni 2010). Hartman and Beale
(2008) reported that applications in the control
of powdery mildew should start just before
flowering and early control of primary
infections, especially in susceptible varieties,
is important in the treatment of this disease. In
programs A and B, the sensitive period before
and after flowering was kept under constant
control by following the duration of the drug's
effect. It is thought that the results were very
close and successful because the vineyard was
protected by spraying during the sensitive
period. Due to the high frequency of
application of the C program, it is thought that
it may create risks in terms of human and
environmental health in the product. In
addition, it was the program with the highest
economic burden on the producer. When the
available data are evaluated in all aspects such
as producer, product and human health, the B
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program can be recommended for use in the
control of vineyard powdery mildew disease.
According to this program, we believe that it
would be appropriate to start spraying when
the shoots are 25-30 cm, followed by the 2"
and 3" applications when the flower buds are
separated and the petals are shed. Considering
the effective substances wused, climatic
conditions and disease development, it may be
recommended that the producers continue

spraying.
4. Conclusions

In this study, it was aimed to determine the
appropriate time and a more effective spraying
program for chemical control of grape
powdery mildew disease. The study was
carried out in 2015 in a farmer's vineyard of 5
da Razaki grape variety in Tasova district of
Amasya province with 4 treatments and 5
replications in a randomized block design.
Three programs with different spraying times
were tested: Program A (spraying according to
ACTI), Program B (spraying by adding one
more application between the first two
sprayings made according to ACTI) and
Program C (spraying starting in the early
period when the shoots are 10 cm). In the
applications, fungicide containing 100 g I*
Kresoxim-Methyl+200 g I* Boscalid active
ingredient (Collis SC, BASF) was used at a
dose of 30 ml 100 L™ of water. As a result of
the counts made on the leaves, the percentage
effects of the treatments compared to the
control: Program A 77.35 %, Program B 87.52
% and Program C 86.13 %. As a result of the
counts made on the panicle, the percentage of
diseased grains was 87.35 % in the control,
19.97 % in Program A, 7.02 % in Program B
and 7.61 % in Program C. Programs B and C
were the most effective programs. When the
available data are evaluated in all aspects such
as producer, product and human health and
spraying cost, program B can be recommended
for the control of vineyard powdery mildew
disease. According to this program, it was
concluded that it would be appropriate to start
spraying when the shoots are 25-30 cm,
followed by the 2" and 3™ applications when

the flower buds are separated and the petals are
shed.
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Katastrofik Riskler ve Tiirkiye’deki Tarim Sigortalar Kapsaminda Incelenmesi
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Ozet

Diinyanin bir¢ok iilkesinde tarim sektorii ve bu sektorde faaliyette
bulunan tiim paydaslar ¢ok sayida risklerle karst karstyadir. Bu risklerin
cogunlugu alinabilecek ¢esitli tedbirler ile bertaraf edilebilirken,
Katastrofik Riskler olarak bilinen deprem, kuraklik, sel, firtina gibi dogal
afetler karsisinda insanoglu ¢ogu zaman ¢aresiz kalmaktadir. Hiikiimetler
tarim sektort ile ilgili ¢esitli tedbirler alarak ortaya ¢ikabilecek zararlar
onleme yoluna gidebilmektedirler. Bu tedbirlerden en 6nemlisi de Tarim
Sigortalaridir. Tarim sigortalari, gift¢ilerin sel, kuraklik, dogal afetler,
kazalar ve hastaliklar gibi riskler sonucu karsilagabilecekleri ekonomik
kayiplarin azaltilmasinda etkili bir mekanizmadir. Bu ¢alismada,
Katastrofik riskler ve bu risklerin neden olabilecegi hasarlar Tiirkiye’deki
tarim sigortalari baglaminda incelenmistir. Calismada nitel yontem
kullanilmistir. Konu hakkinda ilgili literatiirde yer alan ¢alismalardan
faydalanilarak tarim, tarim sektorii, risk, katastrofik riskler ve tarim
sektoriindeki sigortacilik uygulamalart hakkinda ikincil verilerden
yararlanilarak belge ve dokiiman incelemeleri ve degerlendirmeleri
yapilmigtir. Calismanin sonuglarina gore, Tlirkiye’de tarim sigortalarinin
Tarsim tarafindan uygulandigi, sigortalanabilir riskler ic¢in gerekli
teminatlarin standart olarak verildigi, iiriin ve bolge bazinda daha genis
teminatlarin ise istege bagl olarak ek sdzlesmeler ve ek primler sayesinde
miimkiin olabilecegi diger yandan ise katastrofik nitelikteki risklerin
kapsam disinda birakildig1 sonucuna varilmaistir.
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Catastrophic Risks and Their Examination within the Scope of Agricultural Insurance

in Turkey

Abstract

In many countries of the world, the agricultural sector and all stakeholders
operating in this sector face many risks. While the majority of these risks
can be eliminated by various measures that can be taken, human beings
are often helpless in the face of natural disasters such as earthquakes,
droughts, floods and storms, known as Catastrophic Risks. Governments
can prevent possible damages by taking various measures regarding the
agricultural sector. The most important of these measures is Agricultural
Insurance. Agricultural insurance is an effective mechanism in reducing
the economic losses that farmers may encounter as a result of risks such
as floods, drought, natural disasters, accidents and diseases. In this study,
catastrophic risks and the damages that these risks may cause are
examined in the context of agricultural insurance in Turkey. Qualitative
method was used in the study. By making use of the studies in the relevant
literature on the subject, documents and document reviews and
evaluations were made by using secondary data about agriculture,
agricultural sector, risk, catastrophic risks and insurance practices in the
agricultural sector. According to the results of the study, agricultural
insurance in Turkey is implemented by Tarsim, the necessary guarantees
for insurable risks are provided as standard, wider guarantees on the basis
of product and region are optionally possible thanks to additional
contracts and additional premiums, while catastrophic risks are excluded
from the scope. It was concluded.
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1.Giris

Iklim degisikligiyle baglantili olarak ortaya
cikan katastrofik riskler diinya capinda her
gecen giin artmakta ve gelecek yillarda da bu
tiir risklerin sayisinda artiglar beklenmektedir
(Franzke, 2017; Leip ve ark., 2024). Bu durum
diinyada gida giivenligini ve % 75’inden
fazlas1 ge¢imini tarimdan saglayan yoksullarin
gecimini  dengesiz bir sekilde etkileyecek
olmasi konunun ne denli 6nemli oldugu ortaya
koymaktadir (Cohen ve Fischhendler, 2022;
Franzke, 2017; Leip ve ark., 2024). Son
yillarda yapilan arastirmalara gére (Barnett ve
Mahul, 2007; Loayza ve ark., 2012; Chavas ve
ark., 2019) dogal afetlerin tetikledigi
katastrofik riskler en ¢ok iilke ekonomileri
tarima dayali olan ilkeleri etkilemektedir
(Franzke, 2017; Leip ve ark., 2024). Mason-
Delmotte ve ark. (2018), yakin gelecekte
diinyanin birgok yerindeki ciftciler, kuraklik,
diizensiz yagislar ve cesitli dogal risklerle
birlikte daha sik goriilen katastrofik nitelikteki,
daha zorlu kosullarla karsilagsmalart muhtemel
goriinmektedir (Franzke, 2017; Leip ve ark.,
2024).

Tarim, genellikle ciftcilerin kendilerinin
kontrolii disindaki cesitli dogal faktorlerden
kaynaklanan, ozellikle katastrofik nitelikteki
biiylik risklerle kars1 karsiya olan bir sektordiir
(Tangermann, 2011; Leip ve ark., 2024).
Diinyanin her boélgesinde tarim sektoriindeki
riskler dogaldir ve tarimla ilgili her yerde bu
riskler mevcuttur (Dinler ve ark., 2005;
Choudhary ve ark., 2016; Franzke, 2017; Leip
ve ark., 2024). Bu riskler ¢esitleri itibariyle
tartm  kesimindeki tiim paydaslart  ve
tiiketicileri olumsuz etkileyerek 6nce onlar i¢in
sonra da faaliyette bulunduklar iilkeler i¢in
ciddi sonuglar dogurmaktadir (Keskinkili¢ ve
Alemdar, 2013; Leip ve ark., 2024). Tarimla
ugrasan  ¢iftcilerin  iiretim  siirecinde
karsilagtiklar1 risklerin yalmizca bir kismin
yonetebilmesi ve onlarin kontrolii disindaki
dogal kosullarinin da 6nemli bir etkiye sahip
olmas1 nedeniyle tarimsal faaliyetler her
zaman risklere aciktir (Tangermann, 2011,
Leip ve ark., 2024). Ornegin hem bitkisel hem
de hayvansal iiretim hava kosullarindan biiytiik
olglide etkilenebilmekte, verimler yildan yila
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degismekte ve don, kuraklik, sel ve firtina gibi
asir1 hava olaylar1 tarimsal iiretime biiytlik
zararlar verebilmektedir (Leip ve ark., 2024).
Tarim sektoriinde gergeklesebilecek riskler bir
yandan tedarik zincirlerinin yapisini bozarak
bliyiik mali ve ekonomik kayiplara neden
olabilmektedir (Dinler ve ark., 2005; Cekici,
2009; Tangermann, 2011). Diger ac¢idan
bakildiginda bu s6z konusu riskler ayni
zamanda gida arzt icin de tehlikeler
olusturmakta ve gelismekte olan diinyada
milyonlarca hane i¢in bir sok ve toparlanma
kisir dongiisiinii dayatan bir yoksulluk tuzagi
olusturmaktadir (Choudhary ve ark., 2016;
Leip ve ark., 2024). Tarim sektoriinde
karsilasilan Katastrofik Riskler ise basta iklim
degisikliginin de etkisiyle risklerin sikligini ve
yogunlugunu degistirerek ve  belirsizligi
artirarak bu dongiiyli daha da siddetli bir hale
getirmektedir (Franzke, 2017; Leip ve ark.,
2024).

Tarim ve tarim sektoriindeki olasi risklerin
nasil  yoOnetilecegi  konusunda  yapilan
calismalarda risklerin olumsuz sonuglarinin
azaltilmas1 amaclanmaktadir (Tangermann,
2011; Franzke, 2017). Tarim sektdriinde
karsilasilan birtakim dogal riskler alinabilecek
cesitli tedbirler ile bertaraf edilebilirken,
Katastrofik Riskler olarak bilinen ve belirli bir
esik degeri asan, deprem, kuraklik, sel, firtina
gibi dogal afetler seklindeki riskler karsisinda
insanoglu ¢ogu zaman c¢aresiz kalmaktadir
(Dinler ve ark., 2005; Tangermann, 2011;
Keskinkili¢ ve Alemdar, 2013; Franzke, 2017).
Insanlarin mevcut bilgi ve teknolojik becerileri
ile Onlenemeyen ve gerceklestiginde ¢ok
sayida farkli alanlar etkileyerek biiylik ¢apli
hasarlara yol acan katastrofik riskler, tarim
sektoriiniin ~ ayrilmaz bir pargast  gibi
goriinmektedir. Katastrofik risklerin yonetimi
ve bunun i¢in bir stratejisinin belirlenmesi,
risklerin ortaya ¢ikmadan Once azaltilmasina
yardimci olabilir (Franzke, 2017). Katastrofik
nitelikteki bir risk gerceklestiginde tarim
kesimindeki paydaslarin  yardim ihtiyact
hafifletebilir. Ozellikle felaket diizeyinde
gerceklesen hasarlar olmak {izere, hiikiimetin
mali dengesi lizerindeki etkiyi azaltabilir ve
son olarak iyi planlanmis bir 6n risk yonetimi
stratejisi (katastrofik riskler gerceklesmeden
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once  almacak  muhtemel  tedbirlerin
belirlenmesi) sayesinde, kaynaklarin uygun
sekilde harekete gegirilmesini kolaylastirabilir
(Dinler ve ark., 2005; Choudhary ve ark.,
2016; Franzke, 2017). Bu oOzelliklerinden
dolayr Diinyanin pek ¢ok {ilkesinde
hiikiimetler tarim sektoriiniin sahip oldugu
stratejik Ozelliginden dolayr tarim kesimini
etkileyebilecek katastrofik risklerin 6nlenmesi
veya etkilerinin azaltilmasi amaciyla cesitli
tedbirler almaktadir (Keskinkili¢ ve Alemdar,
2013; Franzke, 2017). Bu tedbirlerden en
onemlisi de Tarim Sigortalaridir (Turvey,
2001; MuBhoff ve Hirschauer, 2008).

Bu calismanin amaci, Katastrofik riskler ve
bu risklerin neden olabilecegi hasarlarin
Tiirkiye’deki tarim sigortalar1 ile bertaraf
edilip  edilemeyeceginin  arastirilmasidir.
Calismada nitel bir yontem kullanilmistir.
Konu hakkinda ilgili literatiirde yer alan
caligmalardan faydalanilarak tarim, tarim
sektori, risk, katastrofik riskler ve tarim
sektorlinii ilgilendiren sigortacilik
uygulamalar1 hakkinda ikincil verilerden
yararlanilarak belge ve dokiiman incelemeleri
yapilmistir. Yapilan inceleme ve
degerlendirmelere gore, Tiirkiye’de katastrofik
riskler karsisinda tarim sigortalari
uygulamalarinin giincel durumu agiklanmaya
calisilmistir.

Calismanin sonuglarina gore, Tiirkiye’de
tarim sigortalarinin diinyanin diger iilkelerinde
oldugu gibi devletin yasal uygulama ve
diizenlemelerine tabi oldugu goriilmistiir.
Tiirkiye’de tarim sigortalar1 uygulamalarinda
sigortalanabilir tarimsal riskler i¢in gerekli
teminatlarin standart ve istege bagli olarak
(tirtin ve bolge bazinda degisiklik gostermesi
kosuluyla) ek sozlesmeler ve ek primler
sayesinde miimkiin olabilecegi sonucuna

varilmistir. Ancak, Kkatastrofik nitelikteki
(deprem, savas, salgin hastaliklar vb. gibi)
risklerin ~ kapsam  disinda  birakildigt
gOrilmiistiir.

Bu ¢alismanin ilgili literatiirde gérece ihmal
edilmis olan tarim, katastrofik riskler ve tarim
sigortalar1 alaninda O6nemli bir boslugu
doldurmasi beklenmektedir. Ciinkii bu konuda
neredeyse yok denecek kadar az calisma
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vardir. Insanlarin temel yasamsal ihtiyaglarinin
karsilanmasinda en Onemli sektorlerden biri
olan tarim sektoriiniin (Leip ve ark., 2024)
Oonemi goz Oniinde bulunduruldugunda bu
alanda daha fazla ¢alismanin yapilmasi tarim
ve tarimsal riskler konusunda toplumsal
duyarhiligin arttirilmasi bakimindan bir zaruret
olarak ortaya ¢ikmaktadir. Konu hakkinda
arastirma  yapacaklarin  diinyanin  diger
iilkelerindeki uygulamalar1 ve sonuglarini
arastirarak Tirkiye ile mukayese etmeleri ve

konunun bir arastirma programi haline
gelmesine  katki  saglamalarn  tavsiye
edilmektedir.

2.Materyal ve Yontem

2.1. Risk yonetimi ve sigortacilikta temel
kavramlar

2.1.1. Risk, cesitleri ve yonetimi

Homo sapiens’in (Homo sapiens -bilge
insan- tiirline ait oldugu disiiniilen alt
tiir, modern insan) hayatta kalmasi, insanin
icgiidiisel olarak kendini riske kars1 korumaya
yonelik siirekli bir arzunun gelisimi ile her
zaman yakindan iligkili olmustur (Kloman,
2010). Riskten kacinmaya yonelik bu genetik
egilim, son zamanlarda gelisen risk yonetimi
alaninin temelini olusturmaktadir. Bundan
dolay1 belirsizlik karsisinda karar vermek -
insanoglunun varolusundan bu yana bu genetik
egilim her zaman onun yaninda olmustur
(Przetacznik, 2022). Risk teriminin belirsizligi
cagristirtyor olmasi ve farkli anlamlara sahip
olmast nedeniyle bircok yazar ve risk
yoneticisi, riskin gerceklesmesi sonucu ortaya
cikabilecek potansiyel kayiplart tanimlamak
igcin  “zarara maruz kalma” terimini
kullanmaktadirlar. Mgili literatiir
incelendiginde c¢ok sayida risk taniminin
oldugu goriilmektedir. Konuyla ilgilenen
iktisat¢ilar,  davramig  bilimcileri,  risk
teorisyenleri, istatistik¢iler ve aktiierlerin her
birinin  kendi  bakis  acilarma  gore
tanimladiklar1 bir risk kavrami vardir. Bundan
dolay1 da riskin tek bir tanimimin olmadig
sOylenebilir. Ancak risk tarihsel olarak
cogunlukla belirsizlikle tanimlanmistir. Bu
bakis agisina gore “risk, bir kaybin meydana
gelmesine iligkin belirsizlik olarak
tanimlanmaktadir” (Rejda, 2005; Ferguson ve
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ark., 2005; Gupta, 2011; Outreville, 2012).
Sigorta perspektifinden bakildiginda risk ii¢
bilesenden olusur (Smolka, 2006): tehlike,
tehlikeye maruz kalan nesnelerin hassasiyeti
ve maruz kalan nesnelerin degeri.

Bir baska acidan riskler, cesitlendirilebilir
risk ve c¢esitlendirilemeyen risk olarak
degerlendirilmektedir. Cesitlendirilebilir risk,
ekonominin tamamini degil, yalnizca bireyleri
veya kiiciik gruplar etkileyen bir risk olarak
tanimlanmaktadir. Bu riskler ¢esitlendirme ile
olumsuz etkileri azaltilabilecek veya ortadan
kaldirilabilecek bir risk cesididir.
Cesitlendirilemeyen risk ise, bir iilke
ekonomisinin tamamini veya bu ekonomi
icindeki c¢ok sayida kisiyi veya kurumlar
etkileyen bir risk cesididir. Bu tiir riskler,
cesitlendirmeyle olumsuz etkileri ortadan
kaldirilamayacak veya azaltilamayacak kadar
biliylik ve yikict etkileri olan risklerdir. Bu
risklere 6rnek olarak savaslar, kasirgalar, sel,
tsunami, kuraklik ve depremler 6rnek olarak
gosterilebilir. Cesitlendirilemeyen risk olarak
adlandirilan bu riskler, bir iilke ekonominin
tamamint veya lilke ekonomisindeki ¢ok
sayida insam1 ve kurumu etkilediginden
sistematik risk veya temel risk olarak da
adlandirilmaktadir. Bu tir  risklerin
sigortalanmas1 i¢in devlet yardimi ve destegi
gerekli olabilir. Ornegin, katastrofik riskler
olarak da bilinen deprem, yanardag patlamasi,
sel, kuraklik, savas, niikleer olaylar gibi
risklerinin  6zel sigorta sirketleri olarak
sigortalanmas1 pek miimkiin degildir (Rejda,
2005; Ferguson ve ark., 2005; Gupta, 2011;
Outreville, 2012). Bu ylizden bdyle risklerin
gerceklesmesi  sonucu  ortaya  ¢ikacak
zararlarin  giderilmesinde devlet destegine
ihtiya¢ duyulmaktadir.

2.1.2. Katastrofik riskler

Gergeklestiginde birden fazla sigorta
bransinda ¢ok sayida birimi etkileyen dogal
felaketler gibi biiylik c¢apl kot riskler

Katastrofik risklerdir. Von Arb. (2016),
calismasinda  “Katastrofik”  kelimesinin
tarthsel gecmisine yonelik bir caligma

yapmistir. Yazar caligmasinda “Katastrofi”
kelimesinin “felaket” kelimesi ile ayn1 anlama
geldigini ve bu kelimenin eski Yunancadan
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gelmekte oldugunu belirtmistir. Bu kelimenin
ilk olarak 1740’li ve 1750’li yillarda
kullanildigin1 ve “altlist etmek, devirmek,
mahvetmek, bir yikim veya biyik bir
talihsizlik”  seklinde  kullanmildigimni  ileri
stirmektedir. Esasen bu riskler yukarida
aciklanmis olan ¢esitlendirilemeyen riskler
olarak da bilinmektedir. Bir baska ifade ile
Katastrofik riskler, olumsuz etkileri ortadan
kaldirilamayacak veya azaltilamayacak kadar
biliyilk ve yikici etkileri olan dogal afetler
seklindeki risklerdir (Rejda, 2005; Ferguson ve
ark., 2005; Gupta, 2011; Outreville, 2012).

2.1.3. Risklerin yonetimi

Risk yOnetiminin gelisimi, yeni risk
tiirlerinin ortaya c¢ikmasiyla yakindan iligkili
olup, diinyadaki teknolojik ve ekonomik
gelismenin bir sonucudur (Przetacznik, 2022).
Sigorta yonetimi olarak bilinen risk yonetimi,
ylizyillar boyunca yalnizca kazalardan (saldiri,
hirsizlik, hasar, olumsuz hava kosullar1 vb.)
kaynaklanan  zararlara karst  sigortanin
kullanilmastyla es tutulmustur. Giinlimiizde
ise bir risk yonetim uygulamasi olarak sigorta
modern toplumun bir ayrilmaz bir pargasi
haline gelmistir (Dalkili¢ ve Kirkagag, 2024).
[nsan ve toplum yasaminda potansiyel
tehditlerle basa ¢gikmanin yeni bigimleri ancak
1950’lerin ortalarina kadar ortaya ¢ikmustir.
Ortaya ¢ikan maliyetli veya sigortalanamayan
riskler, bazi sigortalar1 karsiz hale getirerek
onlari ¢ogu zaman kullanilamaz duruma
getirmistir (Dionne, 2013). Gelecekteki zarar
yiikleriyle basa ¢ikmak, sigorta sektorii icin
zorlu bir miicadeleyi temsil etmekte ve risk
yonetimine biitlinsel bir yaklagim
gerektirmektedir. Bu tiir bir yaklasim, riskin
tanimlanmasi, riskin degerlendirilmesi, riskin
kontrol edilmesi ve riskin finansmani
adimlarindan olugmaktadir (Smolka, 2006).
Riskler bir iilke igerisinde bazi istenmeyen
dogal, sosyal ve ekonomik etkilere neden
olabilmektedir. Genel olarak, risk bir iilkedeki
toplum iizerinde {i¢ biiylik yiik dogurmaktadir
(Rejda, 2005; Ferguson ve ark., 2005; Gupta,
2011; Outreville, 2012): Birincisi, acil durum
fonu icin kaynak ayirma zorunlulugu, ikincisi,
risklerin ortaya c¢ikmasi halinde mal ve
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hizmetlerden mahrum kalma durumu ve
tiglinciisii de endise ve korkudur.

Riski yonetme teknikleri genel olarak risk
kontrolii veya risk finansman: olarak da
siniflandirilabilir. Risk kontrolii, kayiplarin
sikligini veya siddetini azaltan teknikler olarak
aciklanabilir. Risk finansmani ise, zararlarin
finansmanmi1  saglayan teknikleri ifade
etmektedir (Rejda, 2005; Ferguson ve ark.,
2005; Gupta, 2011; Outreville, 2012). Risk
yoneticileri genellikle her bir risk i¢in birden
fazla teknigin kombinasyonunu
kullanmaktadirlar. Baslica risk  kontrol
teknikleri olarak kaginma, kayip Onleme ve
kayip azaltma seklinde ifade edilebilir. Risk
Finansmanmi  ise  kayiplarin  meydana
gelmesinden sonra Gdenmesini  saglayan
teknikleri ifade etmektedir. Buna 6rnek olarak

elde tutma, sigorta disi transferler ve sigorta
gosterilebilir (Miller ve ark., 2004).

2.1.4. Sigorta

Amerikan Risk ve Sigorta Birligi Sigorta
Terminolojisi Komisyonu sigortay1 su sekilde
tamimlamustir (Rejda, 2005): “Sigorta, tesadiifi
zararlarin, bu tlir zararlar i¢in sigortalilari
tazmin etmeyi, meydana geldiklerinde bagka
maddi faydalar saglamay1 veya riskle ilgili
hizmetleri saglamay1r kabul eden sigorta
sirketlerine bu tiir risklerin devredilmesi
yoluyla bir havuzda toplanmasidir.”

Tiirk Ticaret Kanunu da (TTK), sigorta
sOzlesmesini, “‘sigortacinin bir prim
karsiliginda, kisinin para ile Olciilebilir bir
menfaatini  zarara  ugratan  tehlikenin,
rizikonun, meydana gelmesi halinde bunu
tazmin etmeyi ya da bir veya birkag¢ kisinin
hayat stireleri sebebiyle ya da hayatlarinda
gerceklesen bazi olaylar dolayisiyla bir para
O0demeyi veya diger edimlerde bulunmay1
yukiimlendigi sozlesme” olarak
tanimlamaktadir (TTK, 1401).

Sigortanin temel 6zellikleri ise kayiplarin
bir havuzda toplanmasi, tesadiifi kayiplarin
karsilanmasi, risk transferi ve tazminat
O0demesi seklinde ifade edilebilir. Zararlarin
havuzda toplanmasi1 veya paylasilmasi
sigortanin  en  Onemli  fonksiyonudur.
Havuzlama, birka¢ kisinin maruz kaldig
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kayiplarin tiim gruba yayilmasi anlamina
gelmektedir. Sigortacilar ideal olarak risklerin
tiim yikici1 zararlardan kaginmak istemelerine
ragmen bu ¢ok miimkiin goriinmemektedir
(Rejda, 2005). Ciinkii ne zaman gergeklesecegi
onceden bilinmeyen sel, kasirga, kasirga,
deprem, orman yangini ve diger dogal afetler
nedeniyle  biiyilk  kayiplar  meydana
gelmektedir. Felaket niteligindeki kayip
sorununu ¢ozmek i¢in c¢esitli yaklasimlar
mevcuttur. ilk olarak, reasiirans anlasmasi,
sigorta sirketlerinin reasiirérler tarafindan
katastrofik kayiplar i¢in tazmin edildigi bir
yontem olarak kullanilabilmektedir (Gupta,
2011; Qutreville, 2012).

2.1.5. Reasiirans

Belli bir prim karsiliginda iizerine riski
almig olan sigortacinin, bu sigortayla iliskili
potansiyel zararlarin  bir kismini veya
tamamin1 baska bir sigortaciya veya reasiirans
sirketine  (reastiror  olarak  adlandirilir)
devrettigi bir diizenlemedir (Franzke, 2017).
Burada riski devreden sirket olan sigorta
sirketine sedan girket denilir. Riskin bir
kismin1 veya tamamini {izerine alan sirkete de
reaslirOr denir. Sedan sirketin riske iliskin
kendi hesabinda tuttugu sigorta tutarina
saklama pay1 veya net saklama (konservasyon)
adi verilir. Reasiirdre devredilen riskin sigorta
tutarina da devir (sesyon) adi verilir. Bu
stirecin  haricinde riskin  olas1  yikici
etkilerinden  kendisini  korumak isteyen
reasiirér, lizerindeki riskin bir kismini veya
tamamini bir bagka reasiirore devredebilir, bu
isleme de retrosesyon denilmektedir. Aslinda
reaslirans mekanizmast sigortacilikta riskin
yayilmasint saglamasi bakindan oldukga
onemlidir (Franzke, 2017). Ornegin, reasiirans,
katastrofik  riskler  nedeniyle meydana
gelebilecek ekonomik kayiplarinin
kargilanmasinda ¢ok onemli bir islevi yerine
getirebilmektedir (Rejda, 2005; Ferguson ve
ark., 2005; Gupta, 2011; Outreville, 2012).
Sigortacilik baglaminda devlet, 6zel sektoriin
kapasitesini agsan c¢ok ender, olaganiistii
hasarlar ve/veya sigortalanamayan riskler yani
katastrofik riskler i¢in son gare reasiiror olarak
hareket etmek zorundadir (OECD, 2011).
Ancak devletin as1l gorevi risk yonetimi ve risk

530



azaltmanin yaninda, arazi kullanimi ve
diizenlemelerinin tasarlanmasi ve
uygulanmasi, kritik tesislerin ve altyapinin
hizmet verilebilirliginin  giivence altina
alinmas, ilgili yetkililerin sorumluluklarini ve
koordinasyonunu tam olarak tanimlayan acil
durum planlarinin gelistirilmesi ve 6zel sigorta
sirketlerinin afet rezervlerine vergi muafiyeti
taninmas1 seklinde ifade edilebilir (Smolka,
2006; OECD, 2011, OECD, 2016).

2.2. Tarim ve tarmm sigortalar1 ile ilgili
aciklamalar

2.2.1. Tarim

Tarim, diinyanin gelismekte olan pek ¢ok
iilkesinin ekonomisinde baskin bir sektor
olmaya devam etmektedir. Ulkelerin gayri safi
milli hasilanin biiyiik bir kismin1 olusturmakta
ve hala iilkelerin temel istihdam sahas1 olarak
goriilmektedir (Franzke, 2017). Ayrica tarim
iirliinleri birgok iilke i¢in ¢ogu zaman Onemli
bir ihracat unsurunu olusturmaktadir (Dinler
ve ark., 2005; OECD, 2016). Buna ragmen
gelismekte olan iilkelerde tarimin
gelistirilmesi i¢in alinan ¢esitli tedbir ve
girisimler ¢ogu zaman tam olarak fayda
saglayamamaktadir (Keskinkili¢ ve Alemdar,
2013; OECD, 2016). Diinyanin pek ¢ok
iilkesinde diisiik gelir seviyeleri, diisiik
sermaye-emek oranlart ve tarimsal iiretimin
genel istikrarsizliglr bu sektoriin karakteristik
bir 0Ozelligi olarak dikkat ¢ekmektedir
(UNCTAD, 1994; OECD, 2016; Franzke,
2017; Tarsim, 2024;).

Tarim ve buna bagl sektorlerin ya da bagka
bir ifadeyle kirsal sektoriin diizenli bir sekilde
bliyiimesi i¢in  kapsamli  bir  destek
hizmetlerinin uygulamaya konulmas1 olduk¢a
onemlidir (OECD, 2016). Ciinkii tarim her
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zaman igin riskli bir is alan1 (Dinler ve ark.,
2005; Keskinkili¢ ve Alemdar, 2013; Franzke,
2017) olmakla birlikte, sanayi sektoriiniin
aksine, hava kosullarinin degiskenliklerine
bagli oldugundan, dogal c¢evrenin neden
olabilecegi degisiklikler nedeniyle meydana
gelebilecek zararlar ciftgiler tarafindan tam
olarak karsilanamamaktadir (OECD, 2011;
Franzke, 2017). Tarim, iklim degiskenligine ve
kuraklik, sel, tayfun vb. gibi asir1 hava
kosullarina kars1 olduk¢a hassas bir yapiya
sahip oldugundan (Franzke, 2017) kiiresel
iklim degisikligi nedeniyle artan siklikta ve
biiyiiklikte tarimsal felaketler meydana
gelebilmektedir (Cekici, 2009; OECD, 2011,
Keskinkili¢ ve Alemdar, 2013). Ayrica iklim
degiskenligi ve degisikligi nedeniyle ortaya
cikabilecek  katastrofik  riskler tarimsal
stirdiiriilebilir kalkinma stratejisini olumsuz
yonde etkileyebilmektedir (Xu ve ark., 2011;
OECD, 2011). Diinyanin pek cok tilkesinde
devlet, kamu politikalar1 geregince dogal
afetler gibi katastrofik riskler karsisinda tarim
sektoriine yardim veya destek saglamaktadir
(OECD, 2011; Keskinkili¢ ve Alemdar, 2013;
Franzke, 2017). Tarim sigortalar1 bu g¢esit
sorunlarla miicadelede daha etkili bir ara¢ ve
kurumsallasmis  bir mekanizma olarak
giinimiizde bircok iilkede devlet destekli
olarak uygulanmaktadir (UNCTAD, 1994).

2.2.2. Tarimda risk kaynaklar

Miller ve ark., (2004) calismalarinda tarim
kesiminde cift¢ilerin karsilastigi risklerin ¢ok
sayida degisim veya belirsizlik kaynagindan
meydana geldigini ileri siirmektedirler.
Yazarlar  caligmalarinda  tarimda  risk
kaynaklarmin  farkli  sekillerde  ortaya
cikabilecegini belirtmislerdir. Tablo 1’de
tarimda risk kaynaklar1 yer almaktadir.
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Tablo 1. Tarimda risk kaynaklari

Uretim Riski Tarim alanlarinda ve hayvancilik kesiminde {iretim belirsizligi, hava kosullarindaki degisikliklerden,
hastaliklardan, boceklerden ve diger biyolojik zararlilardan kaynaklanmaktadir.

Fiyat Riski Tarimsal triinlerdeki fiyat dalgalanmalari ve fiyat belirsizligi riski, hava durumu ve diger dogal
tehlikelerle yakindan iligkilidir. Tarim kesimi mensuplart ¢iftlik girdisi ve iriin fiyatlarindaki
dalgalanmalara kars1 6zellikle savunmasizdir.

Kayip Riski Deprem, yangin, sel, firtina, hirsizlik vb. nedeniyle olusan maddi kayiplar tarim kesimi igin risk
kaynagdir.

Teknolojik Tarim sektoriinde yeni tekniklerin veya iiretim yontemlerinin siirekli gelistirilmesi ve

Risk benimsenmesinden kaynaklanan risklerdir. Teknolojik belirsizlik ¢ogu zaman iiretim riskine katkida
bulunan bir faktor olarak goriiliir, ancak basli bagina 6nemli bir belirsizlik kaynagidir.

Diger Riskler Devlet kurumlarinin, yasama organlarinin ve mahkeme kararlari, ¢iftgilerin is yaptig1 firmalar, kisiler ve
kuruluslarin izledigi yol ve yontemler belirsizlige neden olabilmektedir.

Yasal Bu tiir riskler dava, idari uyum veya icra takibi gibi olaylar olarak tanimlanir. Ciftgiler, varliklar1 oldukc¢a

Belirsizlik goriiniir oldugundan, biiyiik yasal sorumluluk iddialarina kars1 6zellikle savunmasizdir.

Kisisel Riskler =~ Tarim kesimi ¢alisanlarinin, ¢iftgilerin gelecekte saglik durumu ile ilgili karsilagabilecekleri risklerdir.
Yani ciddi bir hastaligin ne zaman ortaya ¢ikabilecegini veya ¢iftlik iginin igleyisi i¢in 6nemli olan aile
iiyelerinin ne zaman 6lebilecegini kimsenin bilemeyecegi gibi.

Operasyonel Tarim sektoriindeki firmalarinin isletilmesiyle iligkili geleneksel riskler, is riski ve finansal risk olarak

Riskler simflandirilabilir. Is riski genel olarak, bir firmanin finanse edilme seklinden bagimsiz olarak finansal
performansindaki dogal belirsizlik olarak tanimlanir. Finansal risk, bor¢ finansmaniyla ilgili finansal
yiikiimliiliiklerden kaynaklanan net getirilerdeki ilave degiskenlik olarak tanimlanir.

Stratejik Tarim kesiminde stratejik riskin odak noktasi, bir tarim firmasinin stratejik yoniiniin ve nihai degerinin

Riskler is ortamindaki belirsizliklere kars1 duyarliligidir. Ornegin, politik, hiikiimet politikasi, makroekonomik,

sosyal ve dogal beklenmedik durumlar ve girdi pazarlarin, iiriin pazarlarini ve rekabetci ve teknolojik
belirsizlikleri igeren endiistri dinamikleridir. Cogu stratejik risk, geleneksel vadeli iglemler veya sigorta
araglar1 veya piyasalar aracilhifiyla yonetilemez veya aktarilamaz. Stratejik risk ¢ok boyutludur,
dolayistyla yoneticiler riskler ile riskten korunma veya sigorta araglar1 arasinda basit bire bir eslestirmeyi
iistlenemezler.

Kaynak: Risk management for farmers. Calismasindan esinlenerek yazar tarafindan olusturulmustur (Miller ve ark., 2004).

2.2.3. Tarimda risk yonetim teknikleri

Miller ve ark., (2004) caligmalarinda risk
yoneticilerinin riski yonetmek icin cesitli
mekanizmalar1  kullandiklarim1 =~ ve  riski

Tablo 2. Tarimda Risk Yonetim Teknikleri

yonetmenin en iyi yolunu bulmanin hig
kuskusuz s6z konusu riskin niteligine bagl
oldugunu ileri siirmektedirler. Tarimda riski
yonetmek i¢in kullanilan teknikler Tablo 2’de
yer almaktadir.

Kacinma Tarimsal faaliyetleri, belirli risk tiirlerinin mevcut olmayacagi sekilde yapilandirma siirecidir.

Azaltma  Tarmmsal faaliyetlerle ilgili ticari girisimlerle iliskili olabilecek riskleri azaltma siirecidir. Ureticilerin riski
azaltmasinin bir diger yaygin yolu da farkli tarimsal faaliyetler arasinda gesitlendirme yapmaktir.

Saklama  Saklama, tarimsal faaliyetlerde riskin kontrolii siirdiirmek ve/veya genel karlilig1 artirmak oldugunu varsaymak
amactyla riskleri kendi iizerlerinde tutma veya kabul etme siirecidir.

Aktarma

Risk transferleri veya aktarilmasi, bir tarafin, genellikle ticret karsiliginda, riski baska birine devrederek kendi

iizerindeki riskini azaltmas1 durumunda ortaya ¢ikmaktadir. Tarimsal iiretimde riskleri bu sekilde degistirmeye
yonelik ¢ok sayida yontem bulunmaktadir. Bunlar vadeli islem ve opsiyon sdzlesmeleri, tarim sigortalari

cesitleri gibi 6rneklendirilebilir.

Kaynak: Risk management for farmers. Calismasindan esinlenerek yazar tarafindan olusturulmustur (Miller ve ark., 2004).

2.2.4. Katastrofik
sigortalar:

riskler ve tarmm

Bireylerin veya kurumlarin gelecekteki
zarar yiikleriyle karsilagsma olasiliklar ile basa
cikmak, sigorta sektorii icin her zaman zorlu
bir miicadeleyi temsil etmektedir. Bunun i¢in
risk yonetimini biitliinsel bir yaklasim olarak
ele alinmasi gerekmektedir. Bu tiir bir
yaklagim, riskin  tanimlanmasi,  riskin

degerlendirilmesi, riskin kontrol edilmesi ve
riskin finansmani adimlarindan olusmaktadir
(Smolka, 2006; OECD, 2016). Sigorta
acisindan bakildiginda ise risk {i¢ bilesenden
olusmaktadir. Bunlar, tehlike, tehlikeye maruz
kalan nesnelerin hassasiyeti ve maruz kalan
nesnelerin degeridir. Tehlike, genellikle belirli
bir minimum biiyiikliikkteki bir olayin asilma
olasilig1 olarak tanimlanir. Bu s6z konusu
tehlike eger belli bir biyiikliigiin {izerine
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cikarsa burada katastrofik riskler s6z konusu
olur ki, boyle durumlarda sigorta sisteminin
islemesinin neredeyse imkansiz olabilecegi
ileri stirilmektedir (Smolka, 2006; Outreville,
2012).

Katastrofik riskler olarak bilinen; savas ve
savas tiirli olaylar, niikleer patlama ve buna
bagli riskler, kuraklik, don, sel, deprem, firtina,
yanardag faaliyetleri ve asir1 sicaklar gibi
riskler insan giicii ve iradesiyle Onlenmesi
miimkiin olmayan riskler olup, genis alanlarda
bliylik  hasarlara  sebep  olabildiginden,
genellikle sigorta primleri yiiksek olup,
genellikle 6zel sigorta sirketleri bu riskleri tek
baslarina iistlenmek istememekte ve ¢ogu da
bu riskler kapsam dis1 olarak birakmaktadirlar
(Rejda, 2005; Gupta, 2011; OECD, 2011;
Outreville, 2012).

Diinyada tarim sigorta uygulamalarinin 18.
ylizyllda Avrupa’da basladigi, tarimsal
faaliyetlerin  katastrofik risklerin  Oniine
gecilememesinden dolayr da ¢ok fazla
gelisemedigi bilinmektedir. Ancak, 19.yiizyila

gelindiginde  gelisen  teknolojilerin  de
sayesinde meteorolojik tahminlerin
yapilabilirligi sayesinde kismen de olsa
olusabilecek katastrofik risklerin

ongoriilebilirligini artmistir. Boylelikle giincel
hava tahminlerinin yapilarak ilerleyen giinlere
ait daha ayrintili olarak incelenmesi sayesinde

uzun stireli tarimsal faaliyetlerin
yapilabilirliginin onilinii a¢ilmistir. Boylece,
teknik olarak tarim sigortalarinin

yapilabilirligi de islevsellik kazanmistir
(Ozdemir ve Baylan, 2017). Giiniimiizde
kisaca, tarim sigortalari, tarimsal iiretimde
karsilasilabilecek risklere karsi police sartlari
geregince teminatlar veren bir sigortalardir
(Tarsim, 2024).

Glinlimiiz diinyasinda sigortacilik
baglaminda devlet, 6zel sektoriin kapasitesini
ve belli bir hasar esik degerini asan katastrofik
riskler (¢cok ender, olaganiistii hasarlar ve/veya
sigortalanamayan riskler) 1i¢in son c¢are
reasiirans mekanizmasina uygun olarak
hareket etmek zorundadir (OECD, 2011).
Devletin asil gorevi risk yonetimi ve risk
azaltma alaninda yapacagi ¢alismalara agirlik
vermesidir. Ornegin, arazi kullanmi ve
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tarimsal  faaliyetlerin  tasarlanmasi  ve
uygulanmasi, kritik tesislerin ve altyapinin
hizmet verilebilirliginin  giivence altina
alinmasi, ilgililerin  sorumluluklarini  ve
koordinasyonunu tam olarak tanimlayan acil
durum planlarmin gelistirilmesi ve 6zel sigorta
sirketlerinin afet rezervlerine vergi muafiyeti
taninmas1 tarim sektoriinde karsilasilabilecek
katastrofik risklerle basa ¢cikmayi1
kolaylastirabilecektir (Smolka, 2006).

3.Bulgular

Nitel bir yontemin kullanildigi  bu
calismada, katastrofik riskler incelenmis ve
Tiirkiye’deki tarim sigortalar1 kapsaminda
degerlendirmeleri yapilmistir. Bir bagka ifade
ile katastrofik risklerin neden olabilecegi
olumsuzluklar Tiirkiye’deki tarim sigortalar
ile bertaraf edilip edilemeyecegi arastirilmistir.
Konu hakkinda ilgili literatiirde ©nceden
yapilmis ¢alismalar incelenerek, risk, sigorta,
reasiirans, tarim, katastrofik riskler ve tarim
sigortalar1 uygulamalar1 hakkinda ikincil
verilerden yararlanilarak kavramsal cergeve
olusturulmustur.  Belge ve  dokiiman
incelemeleri yapilarak Tirkiye’de katastrofik

riskler karsisinda tarim sigortalari
uygulamalarinin giincel durumu
degerlendirilmistir. Diger yandan Tarsim

tarafindan yayinlanmis olan tehlike bolgeleri
hakkindaki veriler incelenip analiz edilmistir.
Analiz siireci su seklide gerceklesmistir:

Tarsimin web sayfasinda yer alan Tehlike
Bolgeleri ile ilgili verilerin yer aldig1 Excel
dosyalar1, (bunlar; Bitkisel Uriin Sigortast,
Sera Sigortasi, Koy Bazli Kuraklik Verim
Sigortasi, Gelir Koruma Sigortasi Tehlike
Bdélgeleri) izerinde veri madenciligi yapilarak
ilgili branglarda A, B ve C risk kategorisinde
Tiirkiye’de kag¢ tehlike bolgesi oldugu ve
bunlarin oranlar1 belirlenmeye c¢alisilmistir.
Buradaki en temel amag, s6z konusu tehlike
bolgelerinde potansiyel olarak katastrofik
hasar olusturma kapasitesine sahip olabilecek
tehlike bolgelerini belirlenmesidir. Elde edilen
sonuglar arastirmaci tarafindan tablo haline
getirilerek sunuma hazir hale getirilmistir.

Aragtirma  kapsaminda konuyla ilgili
bilgiler, belgeler, dokiimanlar ve sektor
raporlari incelenmis ve bunlar
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degerlendirilmistir. Katastrofik risklerin neden
olabilecegi olumsuzluklar Tiirkiye’deki tarim
sigortalar1 ile bertaraf edilip edilemeyecegi
arastirilmistir.  Ikincil — ampirik  verilerin
kullanilmas1 giiniimiizde bir¢ok arastirmada
kullanilan bu tiir arastirmalar igin oldukc¢a
uygun olabilecegi belirtilmektedir (Blumberg
ve ark., 2014). Fischer (2006) de ikincil
ampirik verilerin kullanilmasinin hem basili
hem de elektronik materyaldeki bilgi, belge ve
dokiimanlarin  gozden gecirilmesi veya
degerlendirilmesi i¢in sistematik bir prosediir
olarak tamimlamaktadir. Yazar calismasinda
diger analitik  yoOntemler gibi  nitel
aragtirmalarda bu tarz yontemlerin anlam
iiretmek, anlayis kazanmak ve ampirik bilgiyi
gelistirmek i¢in oldukga yararli oldugunu ileri
stirmektedir. Eisner (1991) da arastirmacilarin
ikincil veriler tlizerinde yaptiklart igerik
analizleri ile, arastirma konusu hakkinda
cikarimlarda bulundugunu belirtmektedir.

4. Tartisma

4.1. Tiirkiye'de
uygulamalar

tarim sigortalar:

Ulke ekonomisi ve insanlar iizerinde énemli
etkileri bulunan tarim sektoriindeki risklerin
yonetilmesi  lilkemizde tarim sigortalari
hakkinda bagslarda pek {izerinde durulmamakla
birlikte sonralar ¢esitli diizenlemeler yapilmis
ve bu dogrultuda bir havuz sistemi
olusturulmus ve devlet destegi sunulmustur
(Pehlivan ve Akpinar, 2022). Diinyanin diger
iilkelerinde oldugu gibi Tirkiye’de de
glinlimiizde sigortacilik sektorii, yasal ve
diizenleyici  kurumlarm  mali  agidan
beklentilerini  karsilayan ve vatandaglarin
haklarin1  ve g¢ikarlarint  koruyan, kendi
sistemlerine olan giiveni artiran bir etkiye
sahip olacak sekilde tasarlanmistir (Dalkilic ve
Kirkbesoglu, 2015). Ornegin, Tiirkiye’de
Tarim  sigortalarinin  nasil  ve  sekilde
uygulanacagir 14/06/2005 tarihli 5363 Sayili
“Tarim Sigortalar1 Kanunu” ile
aciklanmaktadir. Bu kanuna dayanilarak
kurulan Tarsim (Tarim Sigortalar1 Isletmeleri
Miidiirliigii) iilkedeki Tarim sigortalarmin
A’dan Z’ye uygulamasindan, takibinden ve
hasar O0demelerinden sorumludur. Tarim
Sigortalar1 Kanununa dayanilarak hazirlanip
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uygulamaya konulan yonetmelikler,
yonergeler, talimatlar ve uygulama tebligleri
gibi yasal diizenlemelerle iilkedeki Tarim
sigortalarimin ~ hangi  yasal  cergevede
yiriitiilecegi belirlenmistir. Diinyanin diger
pek ¢ok iilkesinde oldugu gibi Tiirkiye’de
Tarim Sigortalar istege bagli (zorunlu degil)
devlet destekli bir yapida olup, bu sigortalarin
uygulamasi, takip edilmesi, yasal ve
diizenleyici kurumlar tarafindan yapilmaktadir
(Tarsim, 2024). Daha oOnce Hazine
Mistesarligina  bagli  Sigortacilik  Genel
Miidiirliigii  tarafindan  yiiriitiilmekte olan
sigortacilik uygulamalari, 18.10.2019 tarihli
ve 30922 sayili Resmi Gazete’de yayimlanan
“47 sayill Sigortacilik ve Ozel Emeklilik
Diizenleme ve Denetleme Kurumunun
Teskilat ve Gorevleri Hakkinda
Cumhurbagkanlig1 Kararnamesi” ile SEDDK
tarafindan yiiriitilmeye ve denetlenmeye
baslamistir. SEDDK verilerine gore Mart 2024
tarihi itibariyle iilkemizde asagidaki tarim
sigortalari branslar1 uygulanmaktadir
(SEDDK, 2024).

e Devlet Destekli Aricilik Sigortasi

e Devlet Destekli Bitkisel Uriin Sigortast

e Devlet Destekli Biiyiikbas Hayvan Hayat

Sigortast

e Devlet Destekli Gelir Koruma Sigortasi

e Devlet Destekli Koy Bazli Kuraklik Verim

Sigortast

e Devlet Destekli Kiiciikbas Hayvan Hayat

Sigortast

e Devlet Destekli Kiimes Hayvanlar1 Hayat

Sigortast

Devlet Destekli Sera Sigortasi

Devlet Destekli Su Uriinleri Hayat Sigortasi

Dolu Sigortasi

Sera Sigortasi

Hayvan Hayat Sigortasi

e Kiimes Hayvanlar1 Hayat Sigortasi

4.2. Tirkiye’de tarim sigortalarimin brans

bazinda belirlenmis olan tehlike bolgeleri
Tarsim tarafindan 2024 yili igin Tiirkiye’de

tehlike bolgeleri (mahalle, kdy, mezra bazinda)

belirlenmis ve toplamda 71903 tehlike bolgesi

tespit edilmistir (Tarsim, 2024). Calismanin bu

kisminda Bitkisel Uriin Sigortasi, Sera

Sigortasi, Koy Bazli Kuraklik Verim Sigortasi
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Cesur

ve Gelir Koruma  Sigortast  Tehlike
Bolgelerinin risk dereceleri ve bu risklerin
toplam bolge sayisina orani cergevesinde
degerlendirmeler yapilmistir. Yapilan bu
calisma ile s6z konusu sigortalar baglaminda
katastrofik risk olusturma kapasitesine sahip
tehlike bolge sayis1 ve orani belirlenmistir.

4.2.1. Bitkisel iiriin sigortas1 tehlike
bolgeleri
Bitkisel Uriin Sigortasi igin Tarsim

tarafindan belirlenmis olan tehlike bolgeleri
caligmasi incelendiginde toplam tehlike bolge
sayist iginde A risk kategorisi i¢in dolu % 5,

don % 0.001, firtina % O, sel-su baskin1 % 0,
yagmur % 1, pamuk {irlini i¢in yagmur % 98,
B risk kategorisi i¢in dolu % 29, don % 0.06,
firtina % 19, sel-su baskin1 % 0, yagmur % 2,
pamuk drinii i¢in yagmur % 1, olarak
belirlenmistir. Tablo 3’te Bitkisel Uriin
Sigortas1 Tehlike Bolgeleri ve risk kategorisine
gore bolge sayist ve oranlar1 verilmistir.
Yapilan  incelemede  katastrofik  hasar
olusturma kapasitesine sahip olabilecek A risk
kategorisi i¢in dolu % 5, yagmur % 1, pamuk
irlinii i¢in yagmur % 98 oraninda riskler tespit
edilmistir.

Tablo 3. Bitkisel iiriin sigortasi tehlike bolgeleri (2024 Yili)

Te!.ﬂlke Dolu Tehlike Don Tehlike Firtina Tehlike Sel Su Baskini Yagm“ur Te]Tlike Pavmuk Uriin_ii
Bolge : » X . . . . X o . Bolgeleri Yagmur Tehlike
Risk Bolgeleri Bolgeleri Bolgeleri Tehlike Bolgeleri . .
Toplam Kategorisi Béolgeleri
Sayisi Adet % Adet % Adet % Adet % Adet % Adet %
A Risk
Kategorisi 3602 5 1 0.001 0 1 0.001 657 1 70189 98
B Risk
71903 Kategorisi 20575 29 48 0.06 13754 19 2 0.002 1453 2 620 1
c RISk. . 4425 6.1 1256 1.75 14970 20 50923 71 707 1 1093 1
Kategorisi
Digerleri 43.301 59.9 70598 98 43179 61 20.980 29 69.08 96 1 0.001

Kaynak: Tehlike Bolgeleri (2024). Yazar tarafindan hazirlanip olusturulmustur.

4.2.2. Sera sigortasi tehlike bolgeleri

Sera Sigortas1 i¢in Tarsim tarafindan
belirlenmis olan tehlike bolgeleri calismast
incelendiginde toplam tehlike bdlge sayisi
icinde A risk kategorisi i¢in dolu % 3.14,
firtina % 0, sel su baskini1 % 0, Hortum % 97.7
olarak, B risk kategorisi i¢in ise, dolu % 29,

Tablo 4. Sera sigortasi tehlike bolgeleri (2024 Yili)

firtina % 19, sel su baskini % 0, Hortum % 2.1
olarak belirlenmistir. Tablo 4’te Sera Sigortasi
Tehlike Bolgeleri ve risk kategorisine gore
bolge sayisi ve oranlari verilmistir. Yapilan
incelemede katastrofik hasar olusturma
kapasitesine sahip olabilecek A risk kategorisi
icin dolu % 3.14, Hortum % 97.7 oraninda
riskler tespit edilmistir.

Tehlike . " . Firtina Tehlike Sel Su Baskini Tehlike Hortum Tehlike
M . Dolu Tehlike Bolgeleri . . . . . .
bolgeleri . - Bolgeleri Bolgeleri Bolgeleri
Toplam Risk Kategorisi
Adet % Adet % Adet % Adet %
Sayisi
A Risk Kategorisi 2259 3.14 0 0 1 0.001 70272 97.7
71903 B Risk Kategorisi 20853 29 13754 19 2 0.002 1524 2.1
C Risk Kategorisi 5048 7.02 14970 20 50923 71 70 0.1
Digerleri 43.743 60 43179 61 20.980 29 69.08 0.1

Kaynak: Tehlike Bolgeleri (2024). Yazar tarafindan hazirlanip olusturulmustur.

4.2.3. Koy bazh kuraklhik verim sigortasi
tehlike bolgeleri

Koy Bazli Kuraklik Verim Sigortas: i¢in
Tarsim tarafindan belirlenmis olan tehlike
bolgeleri c¢aligmast incelendiginde toplam

tehlike bolge sayisi icinde A risk kategorisi
icin bugday % 2.1, arpa % 2.1, ¢cavdar % 1.42,
yulaf % 1.42, tritikale % 2.2, nohut % 1.4,
kirmizi mercimek % 1.4, yesil mercimek % 1.4
olarak, B risk kategorisi i¢in ise, bugday %
10.1, arpa % 10.1, gavdar % 11.8, yulaf %
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10.9, tritikale % 10.9, nohut % 11, kirmizi
mercimek % 11, yesil mercimek % 11 olarak,
belirlenmistir. Tablo 5’te Koy Bazli Kuraklik
Verim Sigortast Tehlike Bolgeleri ve risk
kategorisine gore bdlge sayisi ve oranlar
verilmigtir. Yapilan incelemede katastrofik

Cesur

hasar olusturma kapasitesine sahip olabilecek
A risk kategorisi i¢in bugday % 2.1, arpa %
2.1, cavdar % 1.42, yulaf % 1.42, tritikale %
2.2, nohut % 1.4, kirmizt mercimek % 1.4,
yesil mercimek % 1.4 oraninda riskler tespit
edilmistir.

Tablo 5. Koy bazli kuraklik verim sigortasi tehlike bolgeleri (2024 Yili)

T;T.‘"ke Bugday Tehlike Bolgeleri Arpa Tehlike Cavdar Tehlike Bolgeleri Y W1af Tehlike Bolgeleri
olge : . Bolgeleri
Toplam Risk Kategorisi
Sayist Adet % Adet % Adet % Adet %
A Risk Kategorisi 1550 2.1 1535 2.1 1024 1.42 1024 1.42
B Risk Kategorisi 7244 10.1 7304 10.1 8475 118 7867 10.9
71903 C Risk Kategorisi 7232 10.1 7117 10.1 9734 135 7174 101
D Risk Kategorisi 5208 7.24 5532 7.3 6215 8.64 5680 74
Digerleri 50.669 70.5 50415 69.4 46455 64.64 50158 70.18
Tetﬂike Tritikale Tehlike Nohut Tehlike Kirmizi Mercimek Yesil Mercimek
T';gllgn Risk Kategorisi Bolgeleri Bolgeleri Tehlike Bolgeleri Tehlike Bolgeleri
Sayisi Adet % Adet % Adet % Adet %
A Risk Kategorisi 1572 2.2 1024 1.4 1024 1.4 1024 1.4
B Risk Kategorisi 7859 10.9 7904 11 608 11 608 1
71903 C Risk Kategorisi 9789 136 7538 105 7305 101 7305 101
D Risk Kategorisi 5365 75 5962 8.2 6908 9.6 6908 9.6
Digerleri 47.318 65.8 49475 68.8 56058 78 56058 78

Kaynak: Tehlike Bolgeleri (2024). Yazar tarafindan hazirlanip olusturulmustur.

4.2.4. Gelir koruma sigortas1 tehlike
bolgeleri
Gelir Koruma Sigortasit i¢in Tarsim

tarafindan belirlenmis olan tehlike bdlgeleri
caligmasi incelendiginde toplam tehlike bolge
sayist i¢inde A risk kategorisinde %0.49, B
risk Kategorisinde % 1.1, C risk

kategorisinde % 6.9, D risk kategorisinde ise %
4.8 olarak belirlenmistir. Tablo 6’da Gelir
Koruma Sigortast Tehlike Bolgeleri ve risk
kategorisine gore bolge sayisi ve oranlar
verilmistir. Yapilan incelemede katastrofik
hasar olusturma kapasitesine sahip olabilecek
A risk kategorisinde % 0.49, oraninda risk
tespit edilmistir.

Tablo 6: Gelir koruma sigortasi tehlike bolgeleri (2024 Y1ili)

i . Gelir Koruma Sigortasi Tehlike Bolgeleri
Risk Kategorisi
Adet %
A Risk Kategorisi 355 0.49
B Risk Kategorisi 811 11
C Risk Kategorisi 4946 6.9
D Risk Kategorisi 3449 4.8
Digerleri 62.342 86.7
Kaynak: Tehlike Bolgeleri (2024). Yazar tarafindan hazirlanip olusturulmustur.
4.3. Tiirkiye’de tarim sigortalar1 havuzu iliskin Cumhurbagkani kararlarindan

tarafindan kapsama alinacak riskler,
iiriinler ile prim destegine iliskin yasal
diizenlemeler

Tarim  Sigortalart  ile ilgili  yasal
diizenlemelerin 6nemli bir cogunlugu, 6rnegin,
Tarim Sigortalar1 Havuzu tarafindan kapsama
almacak riskler, triinler ve bolgeler ile prim
destegi oranlar1 ve hasar fazlasi destegine

olusmaktadir. Tarim Sigortalart Kanunu ve bu
kanuna bagli olarak ¢ikartilan yonetmeliklerde
de belirtildigi lizere, Tiirkiye’de her yil Tarim
Sigortalari Havuzu (Tarsim) tarafindan
kapsama aliacak riskler, iirlinler ile prim
destegine iliskin kararlar Cumhurbaskani
kararnamesi ile belirlenmekledir. Ayrica her
yil i¢in biitiin Tarim Sigortalar1 branslari i¢in 1
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Ocak-31 Aralik arasinda gegerli olmak iizere,
tarife ve talimatlar yayinlanmaktadir. Bu tarife
ve talimatlar ile ilgili y1l i¢in s6z konusu tarim
sigortasina iligkin yapilacak tiim is ve iglemler
basta olmak iizere, her bir tarimsal iiriin ve
ilgili sigortanin hangi kapsamda ve oranda
sigortalanacagr bu tarife talimatlarda yer
almaktadir. Ayrica katastrofik nitelikteki
cesitli riskler gergeklestiginde olusabilecek
hasar fazlas1 destegine iligkin Devletin
Tarsim’e saglayacagi katkilar da bu yasal
diizenlemeler i¢inde yer almaktadir (Tarsim,
2024).

4.3.1. Teminat altina alinacak iiriinler ve
riskler (2024 y1li i¢in)

Cumbhurbagkanlig1 tarafindan 28.12.2023
tarihinde yayinlanan 8015 nolu kararnamede
2024 yili icin tarim sigortalar1 kapsaminda
hangi risklerin kapsama alinacagi ve bunlara
iliskin ~ prim  destekleri ~ Tablo  7°de
gosterilmistir. Buna gore; ilgili genel sartlar ile
tarife ve talimatlar kapsaminda; mevcut tesis,
isletme ve yetistiricilik bilgileri dikkate
alinarak, Tarim Sigortalar1 Havuzu tarafindan
teminat altina alinacak riskler sunlardir:

Bitkisel iirlin sigortalari i¢in dolu, firtina,
hortum, yangin, heyelan, deprem, sel ve su
baskini1 ve kara, hava, deniz tasitinin ¢arpma
riskleri, yaban domuzu zarari, yagmur zarari,
kus zarari. Belirtilen bu risklere ilave olarak,
istege bagli olmak tizere; don riski, dolu
agirligy, kar agirhigi, yagmur riski, sicak hava
zarar1 riski,

Koy bazli kuraklik verim sigortalar1 i¢in
dolu paketi disindaki; kuraklik, don, sicak
riizgar, sicak hava dalgasi, asir1 nem, asiri
yagis riskleri.

Cesur

Sera sigortalar1 i¢in dolu, firtina, hortum,
yangin, heyelan, deprem, sel ve su baskini ile
kara, hava, deniz tasitinin carpmasi, kar
agirhigr.

Biiytikbas hayvan sigortalari i¢in 6liim riski
ve ek olarak istege bagli olmak iizere hirsizlik,
teror, grev, lokavt, kargasa ve halk hareketleri
riskleri.

Kiiciikbas hayvan hayat sigortalar1 ig¢in
olim riski ve ek olarak istege bagli olmak
iizere hirsizlik, terdr, grev, lokavt, kargasa ve
halk hareketleri riskleri.

Kiimes hayvan hayat sigortalar1 i¢in agik ve
yart acgik sistemde yetistirilen kiimes
hayvanlar i¢in 6liim riski ve ek olarak istege
bagli olmak tizere teror, grev, lokavt, kargasa
ve halk hareketleri riskleri.

Su riinleri sigortalar1 i¢in hastalik,
yetistiricinin kontrolii disindaki kirlenme ve
zehirlenmeler, firtina, hortum, deprem, sel ve
su baskini, kazalar, predatorler, alg patlamasi
nedeniyle meydana gelen 6liim riski ile istege
bagli olmak {lizere; kazalar, predatdr saldirisi,
firtina, hortum, deprem, sel ve su baskini,
hirsizlik, Terdr, grev, lokavt, kargasa ve halk
hareketleri, riskleri

Aricilik  kovan sigortalar1 igin; firtina,
hortum, yangin, heyelan, deprem, sel ve su
baskini, kara, hava, deniz tasitinin ¢arpmast,
nakliye ile vahsi hayvan saldiris1 riskleri.

Prim destegi: Bu karar kapsaminda
belirlenen riskler i¢in 2024 yilinda, sigorta
priminin %50’si oraninda prim destegi Tarim
Sigortalar1 Havuzuna, Tarim ve Orman
Bakanlig1  biitgesinin  ilgili  tertibinden
aktarilarak karsilanacag belirtilmistir.
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Cesur

Tablo 7. Teminat altina alinacak iiriinler ve riskler (2024 Y1l1 i¢in)

o g g g 3
= 8 = = £ 3 = E =23 =E z = =&
X = X = X a8 X~ (o X a8 x~ ;3 8 X 3 X 2,
; 25 2% gEs 2.2 g2T:5 2::E 2 £ 22
RISKLER ) DD L 2 o0 L = g o T80 wégﬂ 3 S < S
0 o=z 2 O’ O DO=®n S o so D:;%
8 88% 8%z 848% zfz 3zfz EZ 3% L
3 Z =) Ry 2385 a8 & - 35 2 E 5
o< Om®# [al-ol-- OXMI QXTI QX T O @w QB @
Dolu X X X
Don X X
Kuraklik X
Firtina X X X X
Yaban Domuzu X
Sel ve Su Baskini X X X X
Yagmur Zarar1 X
Kus Zarar1 X
Yangin X X X
Heyelan X X X
Sicak Hava X X
Sicak Riizgar X
Dolu Agirlig: X
Hortum X X X X
Kar Agirligt X X
Deprem X X X X
Tasit Carpmasi X X X
Oliim Riski X X X X
Nakliye X
Vahsi Hayvan Saldirisi X
Hirsizlik X X X
Asirt Nem X
Asirt Nem X
Terér, Grev, lokavt,
kargasa ve halk X X X X
hareketleri
Kirlenme ve X
Zehirlenmeler
Hastalik X
Predator saldirist X
Kaynak: 28.12.2023 tarihinde yayilanan 8015 nolu Cumhurbagkani kararnamesi baz alinarak yazar tarafindan hazirlanip olusturulmustur.
4.3.2.Tiirkiye'de uygulanmakta olan tarnm  O6demelerini nedenleri Sekil 1°de yer

sigortalarina iliskin sayisal veriler
4.3.2.1.Devlet destekli tarim sigortalarinda
odenen hasarin nedenleri
Tiirkiye’de uygulanmakta
sigortalar1  kapsaminda  yapilan

olan Tarmm
hasar

almaktadir. Buna gore, 2021 yilinda en fazla
hasar 6demesine neden olan sebep % 55,2 ile
don riski iken, 2023’te % 32 ile dolu riski
olmustur. 2023’te % 25.1 ile don, % 17.4 ile
Kuraklik en etkili riskler olmustur.
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2021

Cesur

2022

Kuraklk 12,0

'D\eey 10,7

Dolu 22,1

Don 25,1

Kuraklk 17,4

Dolu

32.3

Diger 25,2

I Don I Kuraklhik
I Dolu W Diger

Sekil 1: Devlet destekli tarim sigortalarinda 6denen hasarin nedenleri
Kaynak: Tiirkiye Sigorta Birligi, (TSB, 2024).

Don
55,2
Il Don I Kuraklik
Il Dolu W Diger
Devlet Destekli Tarim Sigortalarinda

gergeklesen hasar nedenleri Tablo 8’de

incelendiginde, dolu, don, kuraklik, sel ve su
baskinlariin agirlikta oldugu anlasilmaktadir.

Tablo 8. Devlet destekli tarim sigortalarinda hasar nedenleri

Hasar Nedeni 2021 (TL) 2021 (%) 2022 (TL) 2022 (%) Degisim (%)
Dolu 408.061.727 22,1 F17.206.224 323 758
Don 1020.964.153 55.2 556.,699.723 25.1 -45.5
Kurakhk 222473773 120 385.537.603 174 /3.3
Firtina 79.507 567 4.3 317.276479 14.3 £99,1
Yaban Domuzu 41609.713 2.2 121.577.864 55 192.2
Sel ve Su Baskiru 59.568857 3.2 83.871.143 3B 408
Yagmur 3.986.705 0.2 14.908.047 0.7 2739
Kus Zarari 3762033 0.2 9.902.059 0.4 163.2
Yangmn 8451222 0.5 7.389.567 03 -128
Heyelan 531.115 0,0287 2048177 0,09 28556
Sicak Hava 314.736 0.0170 1.262.436 0,06 301.1
Yagmur (Miktar Kaybi) 218528 00118 413614 0,02 89,2
Hortum 77012 0.0042 232534 0.0105 2019
Kar Agilig 1338 0,0001 140839 0,0063 10426,0
Deprem 1571 10,0001 25957 00012 15518
Tasit Carpmasi ] 0,0000 9570 0,0004 -
Genel Toplam 1.849.530.151 100,00 2.218.501.835 100,00 19.9

Kaynak: Tiirkiye Sigorta Birligi, (TSB, 2024).

4.4. Tirkiye’de tarim sigortalar1 genel
sartlarna  gore Kkatastrofik risklerin
degerlendirilmesi

Tarsim tarafindan uygulamaya konulmus
olan ve SEDDK’nin da web sayfasinda
yayinlanmig olan Tarim Sigortalar1 genel
sartlar1 incelenmis ve asagidaki sonuglar elde
edilmistir.

1-Tarim Sigortalar1 Kanunu geregince her
yilin  basindan gecerli olacak  sekilde

yayimnlanan Cumhurbagkan1 kararnamesi ile
Tirkiye’de s6z konusu riskler ve destek
miktarlar agiklanmaktadir.

2-Tarsim tarafindan yayinlanmis olan
tehlike bolgeleri hakkindaki analiz sonuglarina
gore, Tirkiye’de 71903 tehlike bdlgesi
bulunmaktadir. Yapilan analiz sonuclarina
gore, A risk kategorisinde olup da katastrofik
risk unsuru tasiyan, Bitkisel Uriin Sigortasi
icin dolu % 5, yagmur % 1, pamuk {iriinii i¢in
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yagmur % 98, Sera Sigortasi i¢in dolu % 3.14,
Hortum % 97.7, Koy Bazli Kuraklik Verim
Sigortast icin bugday % 2.1, arpa % 2.1,
cavdar % 1.42, yulaf % 1.42, tritikale % 2.2,
nohut % 1.4, kirmiz1 mercimek % 1.4, yesil
mercimek % 1.4, Gelir Koruma Sigortasi i¢in
A risk kategorisinde % 0.49, oraninda
katastrofik hasar olugturma kapasitesine sahip
olabilecek unsurlar tespit edilmistir.

3-Biitlin tarim sigortalarinda dar kapsam
olarak teminatlarin verildigi haller genellikle
sigortalanabilir nitelikteki riskler oldugu tespit
edilmis, genis kapsam olarak ifade edilen ve
nispeten risk katsayis1 yliksek olan riskler
ancak yapilacak risk inceleme, degerlendirme
sonucuna gore, ek prim 6demek sartiyla ve ek
sozlemeler ile teminat altina alinabilecegi
tespit edilmisgtir.

4-Dolu, don, kuraklik, firtina, sel ve su
baskini, yagmur, yangin, heyelan, sicak hava,
hortum ve deprem riskleri biitlin tarim
sigortalar1 sigorta branglarinda istege bagl ve
yapilacak risk inceleme, degerlendirme
sonucuna gore, ek prim ddemek sartiyla ve ek
sozlemeler ile teminat altina alinabilmektedir.

5-Savas, her tiirlii savas olaylari, istila,
yabanci diisman hareketleri, savas ilan edilmis
olsun olmasin ¢arpisma, i¢ savas, ihtilal, isyan,
ayaklanma ve bunlarin gerektirdigi inzibati ve
askeri hareketler nedeniyle, meydana gelen
biitlin zararlar biitlin tarim sigortalarinda
kapsam disinda birakilmistir.

6-Herhangi bir niikleer yakittan veya
niikleer yakitin yanmasi sonucu, niikleer
atiklardan veya bunlara atfedilen sebeplerden
kaynaklanan, radyasyon veya radyoaktivite
bulagmalarmin ya da bunlarin gerektirdigi
askeri ve inzibati tedbirlerin sebep oldugu
hasar ve kayiplar biitlin tarim sigortalarinda
kapsam diginda birakilmistir.

7-Biitlin tarim sigortalarinda katastrofik
nitelikteki diger riskler Aktiieryal
(Aktiierya:Sigorta matematik bilimi) Yyani
sigortacilik teknigi bakimindan hesaplanmasi
cok miimkiin olmadig1 icin kapsam dis1
birakilmistir.

8-Diinyanin diger {ilkelerinde oldugu gibi
Tiirkiye’de de Katastrofik riskler nedeniyle

Cesur

meydana gelebilecek hasarlarin devlet destegi
ile bertaraf edilebilecegi ilgili arastirmalardan
tespit edilmistir.

5. Sonuclar
Calismanin kavramsal cercevesinde
aciklandigr iizere, tarim, diinyanin her

bolgesinde riskli bir alandir. Bu séz konusu
riskler cesitleri itibariyle tarim kesimindeki
tim paydaslart ve tiiketicileri olumsuz
etkilemekte ve basta lilke ekonomisi olmak
lizere tiim tarim kesimi paydaslari i¢in ciddi
sonuclar dogurabilmektedir. Tarim
sektoriindeki birtakim riskler alinacak tedbirler
sayesinde ve ortaya ¢ikarabilecekleri zararlari
bakimindan katlanilabilir boyutlarda
olabilmektedir. Ancak Tarim sektdriinde
Katastrofik Riskler olarak tanimlanan ve
felaket  boyutunda  zararlar  olusturma
kapasitesine sahip olan risklerin yonetilmesi
diinyanin her iilkesinde ¢ok ciddi maliyetlere
katlanilmas1 anlamimna gelmektedir. Oncelikle
son yillarda yasanmakta olan iklimsel
degisikliklerin neden oldugu katastrofik
hasarlar, savas ve savas tiirii olaylar sonucunda

meydana  gelebilecek  hasarlar, niikleer
risklerin gerceklesmesi sonucunda ortaya
cikabilecek hasarlar ve c¢esitli nedenlerle

ortaya cikabilecek katastrofik nitelikteki diger
hasarlar ~ sigortacilik teknigi bakimindan
hesaplanmas1 miimkiin olmadig: i¢in sigorta
sistemine  dahil  edilememektedir.  Bu
nedenlerden dolayr diinyanin pek c¢ok
ilkesinde tarim kesimine yonelik bu tiir
risklerin  6nlenmesi ve yOnetilmesi i¢in
hiikiimetler 6zel cabalar harcayarak, tarim
kesimini kollayacak siibvansiyon gibi cesitli
destek programlarin uygulamaya
koymaktadirlar.

Yapilan bu ¢aligmayla Tiirkiye’deki tarim
sigortalarinin genel olarak durumu ve ne
zaman ve ne siddette ortaya ¢ikacagi belli
olmayan  katastrofik  risklerin  neden
olabilecegi olumsuzluklar1 ortadan kaldirma
kapasitesine sahip olup olmadig1
degerlendirilmistir.  Nitel bir  yOntemin
kullanildig1 bu ¢alismada ilgili literatiirde daha
once yapilmis olan calismalardan ve sektor
raporlarindan yararlanilarak cesitli belgeler,
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sigorta genel sartlar1 ve  dokiimanlar

incelenmistir.

Yapilan arastirma, inceleme ve analiz
sonuglarina  gore, Tirkiye’de  tarim
sigortalarinin Tarsim tarafindan etkin bir
sekilde uygulandigi, sigortalanabilir riskler
icin gerekli teminatlarin standart ve istege
bagl olarak ek sozlesmeler ve ek primler
sayesinde mimkiin olabilecegi sonucuna
varilmistir. Ancak, diger yandan katastrofik
riskler karsisinda Tiirkiye’deki sigortacilik
sisteminin bdylesine biiylik ¢apli hasarlari
karsilayabilecek yapida olmadigr igin bu tiir
risklerin tarim sigortalar1 genel sartlarinda
kapsam disinda birakildig goriilmiistiir.

Yapilan bu ¢alismanin ilgili literatlirde
kismen ihmal edilmis olan tarim, katastrofik
riskler ve tarim sigortalar1 alaninda 6nemli bir
boslugu doldurmasi hedeflenmektedir. Konu
hakkinda arastirma yapacak arastirmacilarin
diinyanin diger iilkelerindeki uygulamalar1 ve

sonuclarint  aragtirarak  konuyu  siirekli
giindemde  tutmalar1  Onemle  tavsiye
edilmektedir.
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Sirnak ili Meyve Bahcelerindeki Coccoidea (Hemiptera) Tiirleri ve Yayilis Alanlar
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Ozet

Sirnak ili, meyve yetistiriciligi i¢in uygun kosullara sahip bir bolge
olmasindan dolayr meyve yetistiriciliginin degeri her yil giderek
artmaktadir. Meyveciligin artmasiyla birlikte bitki koruma sorunlar da
ortaya c¢ikmakta buna karsin yogun bir kimyasal ilaglama
yapilmamaktadir. Bu ¢aligma biitiin bu nedenlerden dolay1 ele alinmis
olup 2021-2022 yillar1 arasinda Sirnak ili ve ilgelerinde meyve iiretim
alanlarindaki Coccoidea (Hemiptera) tiirlerini ve yayilis alanlarim
belirlemek amaciyla yiiriitiilmiistiir. Calisma meyve yetistiriciligi yapilan
7 ilgede toplam 60 bahgede siirvey yapilarak ve laboratuar g¢aligmalari
seklinde yiriitilmistiir. Calisma sonunda Coccoidae familyasina ait 3 tiir
ve Diaspididaec familyasina ait 2 tiir olmak tiizere toplam 5 tiir
belirlenmistir. Bunlar Eulecanium sp. (Linnaeus), Parthenolecanium sp.
(Bouche), Didesmococcus unifasciatus (Archangelskaya), Parlatoria
oleae (Colv.) ve Lepidosaphes ulmi (Linnaeus) tiirleridir. Siirvey yapilan
tim bahgelerde Coocoidea iist familyasina ait tiirlerden bulundugu en
yaygin tiirtin ise Didesmococcus unifasciatus oldugu goriilmiistiir. Meyve
agaclarindan badem ve incirin en fazla bulasik agaglar oldugu
saptanmuistir.
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Coccoidea (Hemiptera) in Fruit Orchards of Sirnak Province Species and Distribution

Areas

Abstract

Due to the fact that the province of Sirnak is a region with favorable
conditions for fruit growing, the value of fruit cultivation is increasing
steadily every day. With the increase in fruiting, plant protection
problems also arise, but there is no intensive chemical spraying. This
study was considered for all these reasons and fruit production in Sirnak
province and districts between 2021-2022 years species and distrubition
areas in the areas of Coccoidea (Hemiptera). The study was carried out in
a total of 60 orchards in 7 districts in fruit growing areas and laboratory
studies. At the end of the work, total of 5 species were identified,
including 3 species belonging to the Coccoidae family and 2 species
belonging to the Diaspididae family. These are the species Eulecanium
sp. (Linnaeus), Parthenolecanium sp. (Bouche), Didesmococcus
unifasciatus  (Archangelskaya), Parlatoria oleae (Colv.) and
Lepidosaphes ulmi (Linnaeus). Didesmococcus unifasciatus has come to
the fore as the most common species of species belonging to the
Coccoidea parent family in all areas that are surveyed in view of the
propagation areas. When we look at the basis of fruits, it was seen that
the most widespread species with pests are almond and fig.
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1. Giris

Tiirkiye diinya meyve {iiretiminde Snemli
bir yere sahiptir. Ozellikle iklim sartlarinin
uygunlugu bakimindan sert cekirdekli, sert
kabuklu, yumusak cekirdekli ve daha birgok
cesitli meyve tiirleri yetistirilebilmektedir.
Diinyada iizerinde tarimi gergeklestirilen
yaklasik 140 meyve tiirlinden 80’inden daha
fazlas1  Tiirkiye’de  bulunmaktadir.  Bu
meyveler icerisinde yumusak ¢ekirdekli
meyveler, meyve Uretimimizin % 23" iind,
turunggiller % 19’unu ve sert ¢ekirdekli
meyveler ise % 19’unu olusturmaktadir
(Anonim, 2022).

Meyve agaclarinda zararli pek cok bocek
tirii vardir. Hemiptera takimi Coccoidea {ist
familyasinda bulunan kabuklu bitler, kosniller
ve unlubitler 6nemli tarim zararlisi tiirleri
icerirler. Diinya iizerinde 7.355 tiiriin
bulundugu Coccoidea iistfamilyasina bagl 28
familya bilinmektedir. Bu familyalardan ise 12
tanesinin Tirkiye’de bulundugu ve 187 cinse
ait 267 tiir oldugu tespit edilmistir. Bunlardan
en kalabalik olant 96 tiir iceren 40 cinsin
bulundugu Diaspididae familyasidir. Ardindan
73 tir igeren 26 cinsin baghi oldugu
Pseudococcidae familyast ve 48 tiirlin yer
aldig1 25 cinsi kapsayan Coccidae familyasi
gelmektedir. En disiik sayida tiir tespiti
yapilan familyalar ise Asterolecaniidae (2 cins,
6 tiir), Cerococcidae (1 «cins, ltiir),
Eriococcidae (3 cins, 20 tiir), Kermesidae (2
cins, 8 tiir) Leconodiaspidae (2 cins, 2 tiir) ve
Margarodidae (7 cins, 11 tiir) gelmektedir.
Yine sadece bir cins ve bir tiir kaydedilen
familyalar ~da  bulunmaktadir.  Bunlar
Dactylopidae, Micrococcidae ve Orthezeiidae
familyalaridir (Kaydan ve ark., 2010).

Coccoidea st familyasinaait tiirlerin
bulundugu alanlarda  gerekli  tedbirler
alinmadiginda, zararli tiirler hizla ¢ogalarak
popiilasyonunu artirabilmekte ve meyvelerin
ist kisimlarinin kirlenmesine, Yyeteri kadar
biiyliyememesine, erken yaprak dokiimiine,
yogun bulagmalardan ise dallarin hatta

Ayaz

agaclarin  tamamen  kurumasma Yol
acabilmektedir. Meyve bahgelerindeki kosnil
ve kabuklubitlere karsi gerekli miicadelenin
yapilabilmesi i¢in alanda bu zararlilardan olup
olmadiginin, varsa ne diizeyde bulundugunun
ve miicadele sekli ile miicadele zamaninin
buna gore tespit edilmesi dogru sonuca
gotlirecektir. Coccoidea {iist familyasina ait
tiurler ile ilgili bu c¢alismanin yapildig:
bolgelerde hava sartlarinin uygunlugu ile
donem donem miicadelesi zor ve ekonomik

anlamda  kayiplar  olusturan  zararlar
olabilmektedir. Bu oOnemli meyve
zararlilarinin  tiirlerinin net olarak ortaya
koyulmas1 miicadele yOnteminin ortaya

¢ikmasi agisindan son derece dnemlidir.

Sirnak  ilinde meyveciligin  giderek
yayginlagsmasi ve dnemli konuma gelmesi ile
meyve agaglarinda Onemli zarara ve verim
kayiplarina yol agan Coccoidea familyasina ait
tirlerin neler oldugu ve bu tiirlerden
hangilerinin daha yaygin olarak bulundugu bu
calisma ile ortaya konulmustur.

2. Materyal ve Yontem

Sirnak ili ve ilgeleri meyve bahgelerinde
zararli Coccoidea iist familyasina dahil tiirlerin
ve bu tilirlerin bulunduklar1  bdlgeleri
belirleyebilmek i¢in mart-haziran aylarinda
haftada bir kez ve temmuz-mart aylari arasinda
ise ayda bir kez olarak arazi c¢ikiglari
yapilmistir. Bu ¢alismanin materyalini Sirnak
ili ve ilgelerinde (Beytiissebap, Cizre,
Giigliikonak, Idil, Silopi ve Uludere) bulunan
meyve agaclari (elma, erik, kiraz, kayisi, incir,
badem ve zeytin) ve Coccoidea iist familyasina
ait tiirlerin farkli biyolojik donemleri, ayrica
ornekleme ve laboratuvar malzemeleri
calismanin diger materyallerini olusturmustur.

2.1. Coccoidea tiirlerin saptanmasi ve
yayilis alanlarinin belirlenmesi

Siirvey caligmalar1 2021-2022 yillarinda Tablo
1’de belirtilen ilge ve koylerde toplam 60
bahgede yapilmustir.
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Tablo 1. Siirvey ¢alismasinin yiriitiildiigi alanlar

ilge Koy Kontrol edilen bahge sayisi
Merkez Balveren, ikizce, Kasrik, Kumgcati, Yeniaslanbasar 10

Cizre Asagicesme, Diizova, Kurtulus, Cigir, Yesilyurt 10

Silopi Basverimli, Ozgen, Caliskan, Doruklu, Goriimlii 10

idil Dirsekli,Ulak, Ogiindiik, Haberli, Kay1 10

Uludere Giilyaz, Hilal, Senoba, Uzungegit, Yemisli 10

Beytiisebbap Ayvalik, Ilicak, Merkez 5

Giicliikonak Damlarca, Yagmurkuyusu, Ormanigi 5

Siirveylerde bahgede incelenen agag sayisi

Lazarov ve Grigorov (1961) ve Erkam (1981)
esas alarak gerceklestirilmistir. ~ Siirvey
caligmalari, iklimsel olarak daha sicak
ilcelerden baglayarak 2021 yili Mart-Haziran

Toplam Agag Sayisi

aylarinda haftada bir yapilmistir.  Siirvey
caligmalar1 sirasinda incelenen bahgelerde
agaclar1 tim organlart g6z ile kontrol
edilmistir.

Incelenen Agag Sayist

1-20 Agac bulunan bahgelerde
21-70 Agac bulunan bahgelerde
71-150 Agac bulunan bahgelerde
151-500 Agac bulunan bahgelerde
500-1000 Agac bulunan bahgelerde
1000 Agactan fazla bahgelerde

Tamami

20-30 Agac

31-40 Agag

41-80 Agag

%15 Agac

%S5 (en az 50) agac incelenmistir.

Agaclarin farkli organlar1 (meyve, dal,

yaprak, silirglin ve govde) iizerinde bulunan
Coccoidea  istfamilyasina ait tiirlerden
ornekler alinmistir. Temmuz 2021 ve Mart
2022 tarihleri arasinda ise bu zararh tiirlerin
yayilis alanlarimi belirleyebilmek ig¢in iklim
kosullarina bagl olarak ayda bir kez siirveyler
yaptlmistir. Siirveyler Sirnak’in Merkez ve
diger ilgelerinde gergeklestirilmistir.
Coccoidea tist familyas: tiirlerinin bulundugu
agacin biitiin organlarindan (meyve, siirgiin,
yaprak ve dal) budama makasi yardimiyla
kesilen materyaller koruyucu polietilen
torbalar icerisinde laboratuvara getirilmistir.
Laboratuvarda dal, siirgiin ve meyve iizerinde
bulunan ornekler daha 6nceden % 70’lik etil
alkol ile doldurulmus ependorf tiiplerin
icerisine alinmigs ve bu sekilde muhafaza
edilmistir.

Calismalarda elde edilen Coccoidea
istfamilyasina ait Orneklerin saklanmasinda
iki yontem kullanilmastir.

1-Kuru Saklama: Bu yontem siirgiin ve
yapraklar tizerinde elde edilen Orneklerin
iizerinde bulundugu bitki parcasi ile birlikte

laboratuvarda bulunan kurutma kagitlar
arasina alimmasi ve diizgiince yerlestirilerek
preslenip  kurutulmaktadir.  Kurutulmus
materyaller tizerine Ornekle ilgili toplandigi
tarth, elde edildigi bitki ve toplandig1 yer a
yazilarak muhafaza edilmistir.

2-Sivida Saklama: Araziden elde edilen
materyallerden bir bolimii iizerinde kiiciik
parcalara ayrilarak iizerinde ki zararhilar ile
birlikte icinde % 70’lik etil alkol bulunan
tiiplere alinarak saklanmustir.

Araziden elde edilerek laboratuvara alinan
numunelerin preparatlart Kosztarab ve Kozar
(1988)’e gore hazirlanmustir. Ornekler %
10’luk KOH eriginde 10 dakika 1sitildiktan
sonra 10’ar dakika sirastyla % 70 ve % 96’lik
alkol igerisinde bekletilmistir. Daha sonra
alkolden ¢ikarilan numuneler boyay:1 alana
kadar asit fuksinde bekletilmis daha sonra en
az 10 dakika da % 70’lik alkolde bekletilmistir.
Son olarak bu numuneler karanfil yaginda en
az 10 dakika bekletildikten sonra lam-lamel
arasmma ‘kanada balzami’ i¢ine alinarak
preparasyon islemi tamamlanmaigtir.
Hazirlanan ornekler etiket bilgileri de
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yazilarak teshise hazir hale getirilerek konu
uzmanina gonderilmistir. Teshis g¢aligmalart
Ankara Universitesi Ziraat Fakiiltesi Bitki
Koruma Béliimii Ogretim Uyesi Prof. Dr.
Selma ULGENTURK tarafindan yapilmistir.

3. Bulgular ve Tartisma

3.1. Coccoidea tiirlerin saptanmasi ve
yayilis alanlarinin belirlenmesi

Sirnak ili ve ilgelerinde kurulu meyve

Ayaz

bulunan tiirleri ve bunlarin yayildig1 alanlari
tespit edebilmek i¢in 01.04.2021 tarihinden
baslayarak arazi c¢alismalar1 yiiriitilmistir.
Yapilan  calismalarda  kontrol  edilen
bahgelerden  43’tinde  Coccoidea  iist
familyasina ait tiirler tespit edilmistir. 2021-
2022 yillarinda Sirnak ili ve Ilgelerinde yapilan
stirveylerde Coccidae familyasindan 3 tiir ve
Diaspididae familyasindan 2 tiir olmak tizere
Coccoidea iist familyasina ait toplam 5 tiir
belirlenmistir (Tablo2).

bahgelerinde Coccoidea iist familyasinda
Tablo 2. Sirnak Ilinde belirlenen Coccoidea iist familyasina ait tiirler ve konukgulari

Familya Tiir Konukgulari

Coccidae Didesmococcus unifasciatus (Archangelskaya) Badem, Incir
Eulecanium sp. (Linnaeus) Erik, Kayisi
Parthenolecanium sp. (Bouche) Erik, Kiraz

Diaspididae Parlatoria oleae (Colvée) Zeytin
Lepidosaphes ulmi (Linnaeus) Elma

Calisma sonucunda elde edilen Coccoidea
tirlerinin yayilis alanlar1 Tablo 3 ‘de
sunulmustur. Yayilis alanlarina bakildiginda,
en yaygin tiriin D. unifasciatus oldugu
goriilmektedir. D. unifasciatus’un ¢aligilmanin
yiriitiildiigi tiim alanlarda incir ve bademlerde
bulundugu tespit edilmistir. Eulecanium sp. ise
Cizre, Idil ve Silopi ilgelerinde erik ve kayisi

agaclarinda saptanmistir. Parthenolecanium
sp. tiirii Merkez, Cizre, idil ve Silopi
ilcelerinde erik ve kayisi agaclarinda tespit
edilmistir. P. oleae ise Cizre ve idil ilgelerinde
zeytin agaglarinda bulunurken, L. ulmi ise
Merkez, Beytiissebap, Giicliikonak ve Uludere
ilcelerinde Elma agaclarinda kaydedilmistir.

Tablo 3. Coccoidea iistfamilyast tiirlerinin bulundugu il¢eler

Tiirler Merkez | Beytiigsebap Cizre Giicliikonak Idil Silopi Uludere
D.unifasciatus X X X X X X X
Eulecanium sp. - - X - X X -
Parthenolecanium sp. X - X - X X
P. oleae - - X - X -

L. ulmi X X - X - X
Ulkemiz meyve alanlarinda daha o6nce  Quadraspidiotus pernisiosus Comst

yuriitiilmiis ¢alismalari inceledigimizde hemen
her alanda bu familyaya ait zararlilarin
bulunabildigini gormekteyiz. Altay ve ark.
(1972) Marmara Bolgesin’de  yliriitmiis
olduklar1 ¢alismada meyve alanlarinda
ekonomik anlamda zararli olan Coccoidea
tiurleri igerisinde Parthenolecanium corni,
Sphaerolecanium prunastri ve Ceroplastes
sinensis’i bildirmislerdir. Iren (1977) Orta
Anadolu Bolgesi meyve alanlarinda bulunan
zararhlar belirlemek i¢in yiiritiigli ¢alismada
Palaeolecanium bituberculatum, P. corni,
Nilotaspis halli (Green) (Seftali kosnili),
Lepidosaphes ulmi (Virgil kabuklubiti),

Parlatoria oleae Colvée (Zeytin kabuklubiti)
ve P. pentagona tiirlerinin tespit edildigini, bu
tirlerden Q. pernisiosus’un  Tirkiye’ye
ulagsmasmin Amerikan’dan Avrupa’ya ithal
edilen  fidanlarla  Tirkiye’ye  ulastigi
belirtilmistir. Yine Diizglines ve Cobanoglu
(1985), Ankara ili meyve bahgelerinde bulanan
ve zararli olan kabuklu bitleri tespit etmek
amaciyla yirtittiikleri arastirmada,
Diaspididae familyasindan Lepidosaphes ulmi
(L.), Epidiaspis leperii (Sign), Nilotaspis halli
(Green), Pseudaulacaspis pentagona (Tang.
Tozz), Melanaspis inopinata  (Leon),
Quadraspidiotus anatolica, Quadraspidiotus
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pyri (Licht.) ve Quadraspidiotus perniciosus
(Comst.)  belirlenmistir. ~ Yaygmn  tirler
bakimindan degerlendirildiginde E. leperii
armutlarda, N. halli ise bademlerde en yaygin
tir olarak bildirilmistir. Kozar ve ark. (1979),
Tirkiye’ de meyve agaclarinda en yaygin
coccid tirliniin  Parthenolecanium corni
oldugunu kaydetmektedirler.  Tiirkiye’'nin
Coccoidea (Hemiptera) igerisinde bulunan
tirleri, tiirlerinin listesini (Kaydan ve ark,
2008) yeniden degerlendirilmistir.  Bu
caligmaya gore Tiirkiye’de 267 tiiriin yer aldig1
187 cinsi igeren Coccoidea list familyasinda 12
familya bulundugu bildirilmektedir. En
kalabalik familya olarak 96 tiiriin yer aldig1 40
cinsi kapsayan Diaspididae familyasidir.
Ardindan 73 tiiriin yer aldig1 26 cinsi kapsayan
Pseudococcidae familyasi ve 48 tiirii igeren 25
cinsi kapsayan Coccidae familyasi
gelmektedir. Eriococcidaec (3cins, 20 tiir),
Asterolecaniidae ;(2 cins, 6 tiir), Cerococcidae
(1cins, 1 tiir), Leconodiaspidae(2 cins, 2 tiir),
Kermesidae (2 cins, 8 tiir), Margarodidae (7
cins, 11 tiir) tiir sayis1 ¢ok az olarak bilinen
familyalar olarak karsimiza ¢ikmaktadir. En az
bir bireykaydedilen familyalar olarak ise
Dactylopidae, Micrococcidae ve Orthezeiidae
familyalar1  bildirilmistir. Dogu Anadolu
Bolgesi illerinden Bitlis, Agr1, Hakkari, Van ve
Igdir illerinde Diaspididae ve Odonaspidinae
alt familyalarma ait tiirleri belirlemek igin
Kaydan ve ark. (2008) tarafindan 2005- 2008
yillarinda yiiriitiilen arastirmada 16 tiiriin tespit
edildigini bildirmislerdir. Bu tiirlerden iki
tanesinin Tirkiye i¢in yeni kayit oldugunu
belirtmislerdir. Bu tiirler Epidiaspis sallicis
Bodenheimer  ve  Chionaspis  lepiney
Balachowsky’dir. Yine ayni bolgede tarim dis1
ve tarim alanlarinda Coccidae familyasinda yer
alan tiirleri tespit etmek i¢cin Kaydan ve Kozar
(2010) tarafindan yiiriitiilen arastirmada ile 17
cinse ait 31 tiir tespit etmislerdir. Belirlenen
tiirlerden Didesmococcus unifasciatus
(Archangelskaya), Eulecanium caraganae
Borchsenius, E. ficiphilum Borchsenius,
Lecanopsis  subterranea  (Gomez-Menor
Ortega), L. taurica Borchsenius, Pulvinaria
tremulae Signoret, Rhizopulvinaria armeniaca
Borchsenius, R. dianthi (Bodenheimer) , R.
grandicula  Borchsenius, R. hissarica
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Borchsenius, R. megriensis Borchsenius, R.
turkmenica  Borchsenius, R. variabilis
Borchsenius, Rhodococcus turanicus
(Archangelskaya) ve Vittacoccus longicornis
(Green) “in Tiirkiyenin Coccidae faunasina ilk
kayit oldugunu bildirmislerdir. Ayaz ve ark
(2015), 2012 yilinda Coccoidae iistfamilyasina
yonelik  yiirlitmiis  olduklar1  ¢alismada
Diyarbakir ve Elazig illerinde Diaspididae
familyasindan 5, Coccidae familyasindan ise 3
tir belirlemislerdir. Basheer ve ark. (2016),
Coccoidea 1lst familyasina bagl tiirleri
belirlemek amaciyla 2009-2011  yillan
arasinda Suriye’de bir ¢alisma yiirtitmislerdir.
Calisma sonucunda Ceroplastes rusci (L.),
Coccus hesperidum L., Coccus
pseudomagnoliarum (Kuwana),
Parthenolecanium corni (Bouche) ve Saissetia
oleae (Olivier) tiirlerini, ayrica Diaspididae
(8), Pseudococcidae (1), Margoridae (1),
Phoenicococcidae (1) olmak iizere 5
familyadan toplam 16 tiir saptamiglardir.

4. Sonuglar

Bu calismada Sirnak ili meyve alanlarinda
Coccoidea st familyas1 tiirleri, bu tiirlerin
yayilis alanlart  belirlenmistir.  Calisma
sonucunda; Coccidae familyasina ait 3 tiir ve
Diaspididae familyasina ait 2 tiir olmak {izere
toplam 5 tiir belirlenmistir. Bunlar Eulecanium
sp.  (Linnaeus), Parthenolecanium  sp.
(Bouche), Didesmococcus  unifasciatus
(Archangelskaya), Parlatoria oleae (Colv.) ve
Lepidosaphes ulmi (Linnaeus) tiirleridir.

Yayilis alanlarina bakildigindan siirvey
yapilan tiim alanlarda Coocoidea iist
familyasina ait tiirlerden bulundugu en yaygin
tir olarak ise D.unmifasciatus’un on plana
ciktifi  gorilmiistir. Meyveler bazinda
baktigimizda ise zararlilarla en bulagik tiirlerin
badem ve incir oldugu goriilmiistiir.

Sirnak ili meyve alanlarindaki Coccoidea
iist familyasina ait zararli faunanin tam olarak
bilinmesi gerektigi diisiiniildiiglinden bu
calisma ele alinmistir. Caligsma ile belirlenmis
tirlerin ayr1 ayr1 ele alinarak ayrmtili bir
bicimde calisilmasinin  degerli  olacagi
kanaatindeyiz. Ozellikle badem ve incirde
zarar yapan Didesmococcus unifasciatus’un
biyolojik, ekolojik ve ayn1 zamanda miicadele
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yontemlerini  de kapsayacak ¢alismalar
yapilmast iireticilerin biiyiik sorun yasadigi bu
zararlya kars1 miicadele olanagini artiracaktir.

Yiiriitiilen bu calisma siiresince
meyvecilikle ugrasan ¢iftgilerile yapilan
goriigmlerde bitki koruma sorunlart ve
yetistirme  teknikleri  acgisindan  bilgi
diizeylerinin  yeterli seviyede olmadig
goriilmiistiir. Bolgede meyve iireticilerinin bu
zararlilara karst herhangi bir miicadele
yapmadigt ya da yanlis zamanda yanlig
kimyasallarla miidahale etmeye ¢alistig1
goriilmiistiir. Coccoidea tist familyasi tiirlerine
ait miicadele zamanlar1 bilinmeden ve rastgele
ilaclamalar yapildigindan zararli baski altina
alinamamakta aksine yararli bocekler yok
edilmektedir. Yapilan bu yanlislarin zaman
gectikce daha biiyiikk sorunlara yol agacagi
bilinmelidir. Ureticilerin egitim gereksinimi
oldugu ve buna uygun olarak gerekli
caligmalarin yapilmasi gerektigi
distiiniilmektedir.

Coccoidea tiirleri ile kimyasal miicadele,
zararlmin Ozellikle ilk nimf donemini hedef
almarak  yapilmalidir. [limiz meyve
alanlarinda  yogun olarak bulunan D.
Unifasciatus’un ekonomik 6neme sahip bir
kosnil tiiri oldugu belirlenmistir. Bu zararlinin
yiiksek poplilasyon yogunlugu gosterdigi
bahcelerde, agaglarda 6liime varan kurumalara
neden oldugu goriilmiistir. Bu nedenle bu
zararlinin  miicadelesine esas olusturacak
biyoekolojik ¢alismalarin yapilmasinin énemli
olacagi kanisina varilmastir.
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