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Fathieh NABHANI, Shapour LORZADEH

YIELD AND YIELD COMPONENTS OF WHERT AS AFFECTED BY
WEED CONTROL OF COMMON MALLOW WITH APYRUS AND
OTHELLO HERBICIDES

ABSTRACT

This study was conducted to investigate the effect of various concentrations
of Apyrus and Othello herbicides on the common mallow weed control and the-
ir possible negative effect on wheat yield in 2017-18 in Ahwaz, Iran. The treat-
ments were Othello at concentrations of 1.25, 1.5, and 1.75 L/ha and Apyrus at
24.6, 26.6, and 30.6 g/ha. Results showed that herbicide treatments significantly
reduced common mallow weed density and dry weight after spraying (15 and 30
days after application). Best results in reducing the common mallow weed density
and dry weight were recorded in 30.6, 26.6 g/ha of Apyrus, and 1.75 and 1.5 L/ha of
Othello. The effect of treatments was also significant on wheat plant height, spike
number per plant, grain number per spike, 1000-grain weight, biological yield, and
grain yield. The highest wheat grain yield (4359 kg/ha) was obtained in no-weed
control, and among the herbicide treatments, the highest wheat grain yield (3981
kg/ha) was obtained by 1.75 L/ha of Othello, followed by 26.6 g/ha of Apyrus; whi-
le, these yields were not significantly different. Therefore, to control the broadleaf
common mallow weed in wheat fields by using Apyrus herbicide, a lower dose of
this herbicide (dose of 26.6 g/ha) could be used. Also 1.75 L/ha is a more accep-
table application rate for Othello herbicide to control the common mallow weed
in wheat fields.

Keywords: Mesosulfuron Methyl, Iodosulfuron Methyl Sodium, Diflufenican,
Sulfosulfuron, Wheat Grain Yield, Common Mallow Weed Control.

ek

APYRUS VE OTHELLO HERBISITLER iLE EBEGUMECI
YABANCIOTUN KONTROLUNDEN ETKILENEN BUGDAYIN VERIM
VE VERIM BILESENLERI

Oz:

Bu ¢alisma, Apyrus ve Othello herbisitlerinin ¢esitli konsantrasyonlarinin yay-
gin ebegiimeci otu kontrolii tizerindeki etkisini ve bunlarin bugdayin verimi tize-
rindeki olasi olumsuz etkilerini ortaya koymak amaciyla 2017-18 yillarinda iran,
Ahwaz'da yiiriitiilmustiir. Othelloda 1.25, 1.5 ve 1.75 L/ha ve Apyrusda 24.6, 26.6
ve 30.6 g/ha'da konsantrasyonlarinda uygulamalar yapildi. Herbisit uygulamala-
rinin, plskiirtmeden sonra (uygulamadan 15 ve 30 giin sonra) yaygin ebegiime-

https://doi.org/10.7161/0muanajas.1039982 d
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ci ot yogunlugunu ve kuru agirligi 6nemli olgiide azalttigini gostermistir. Yaygin
ebegiimeci ot yogunlugunu ve kuru agirhig1 azaltmada en iyi sonuglar Apyrus'ta
30.6, 26.6 g/ha ve Othello'da 1.75 ve 1.5 L/ha'da belirlenmistir. Ayrica bugday bitki
boyu, bitki bagina basak sayisi, basaktaki tane sayisi, 1000 tane agirligi, biyolojik
verim ve tane verimi tizerine uygulamalarin etkisinin 6nemli oldugu saptanmis-
tir. En yiiksek tane verimi (4359 kg/da) yabanci otsuz miicadeleden elde edilirken
herbisit uygulamalarinda ise aralarinda istatistiksel olarak fark olmamakla birlikte
en yiiksek tane verimi (3981 kg/da) 1,75 L/da ile Othellodan ardindan da 26,6 g/
ha ile Apyrus'tan elde edilmistir. Bu nedenle, bugday tarlalarindaki genis yaprakli
ebegiimeci otunu kontrol etmek i¢in Apyrus'un daha diisiik bir dozunun (26.6 g/
ha doz) kullanilabilecegi belirtilmistir. Ayrica bugday tarlalarindaki yaygin ebegii-
meci otunu kontrol etmek i¢in Othellonun 1,75 L/ha dozunun daha kabul edilebi-
lir bir uygulama orani oldugu vurgulanmistir.

Anahtar Kelimeler: Mezosiilfiron Metil, Iyodosiilfuron Metil Sodyum,
Diflufenikan, Siilfosiilfuron, Bugday Tanesi Verimi, Yaygin Ebegiimeci Ot Kontrolii.

e

1. INTRODUCTION

Wheat (Triticum aestivum L.), the most important crop and human food sour-
ce, is one of the first plants cultivated by humans (Godarzi and Fathi 2006). Several
factors, such as weeds, effectively reduce the yield of agricultural production (Es-
kandari and Alizadeh-Amraie 2016). Common mallow (Malva neglecta) is a winter
annual or biennial weed of the Malvaceae family propagated by seeds; the other
names of this weed are cheese-weed, cheese-plant, dwarf mallow, button-weed,
and round-leaf mallow (Lorzadeh 2009), and in recent years it has spread widely in
Khuzestan Province (Iran). It is becoming a problematic weed in this region. There
is no registered or recommended herbicide for chemical control of this weed, and
there is little information on how herbicides affect this weed. Therefore, in addition
to investigating the chemical control of this weed, it is necessary to study the agro-
nomic response of wheat to herbicides.

It seems that one of the most important reasons for the increase in the common
mallow population in wheat fields of Khuzestan Province of Iran is the continuous
use of herbicides Tribenuron methyl and Clodinofop propargyl, which in many ca-
ses has led to herbicide resistance (Makenaly and Minbashi 2013). The alternative
herbicide application is one of the proper approaches to reducing herbicide resis-
tance (Hajiabaee et al. 2021). Although there is no report on herbicide resistance
in this weed, if there is resistance in this weed, it can be investigated by conducting
this study via different doses of herbicides.

ANAJAS, 2023, Cilt 38, Sayi 1, Sayfa 1-18
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In this study, two herbicides, i.e. Apyrus and Othello, were investigated as al-
ternative options provided for farmers, especially in the fields where herbicide re-
sistance could occur in the future. ALS (Acetolactate Synthase) inhibitors, such as
Apyrus herbicide (Sulfosulfuron), are the major dual-purpose registered herbici-
des for wheat fields and are used for the chemical management of herbicide-resis-
tant weeds (Zand et al. 2012). Apyrus is a selective, systemic herbicide belonging
to the sulfonylurea group, and it is used as a post-emergence herbicide (Baghes-
tani et al. 2007). Othello (mesosulfuron methyl + iodosulfuron methyl sodium
+ diflufenican) is a selective, systemic, post-vegetative herbicide and belongs to
the sulfonylurea group that controls broadleaf and narrow-leaf weeds. The mode
of action for mesosulfuron methyl and iodosulfuron methyl sodium is to prevent
the production of the enzyme esthydoxy acetate. Also, diflofenic acid prevents the
construction of phytoene dehydrogenase (Ghassam et al. 2017).

This study’s objective was to investigate the effect of two herbicides on mal-
low weed control and their possible side effects on wheat. Dual-purpose herbicide
should be used to compare and provide appropriate ways to chemical control whe-
at weeds while having no adverse effect on wheat yield.

2. MATERIAL AND METHODS
2.1. Location

To study the efficacy of different concentrations of Apyrus and Othello herbi-
cides on common mallow weed control wheat yield under Ahwaz climate conditi-
ons (southwest of Iran), an experiment was conducted in the 2017-2018 growing
season. With a latitude of 31°20” North and longitude of 48°41” east, Ahvaz city is
located about 20 meters above sea level.

2.2. Treatments

A randomized complete block design with eight treatments and three replica-
tions was used in the study. The treatments were Othello® (Mesosulfuron methyl
(0.75%)+ iodosulfuron methyl sodium (0.25%)+ diflufenican (5%) + mefenpy-
r-diethyl (2.25%), OD 8.25%, Bayer science, Germany) at concentrations of 1.25,
1.5, and 1.75 L/ha and Apyrus® (Sulfosulfuron, DF 75%, Bayer Company, Ger-
many) (at concentrations of 24.6, 26.6, and 30.6 g/ha); while weed-free control and
weed-infested control were included. Doses of herbicides were selected based on
the recommended dose so that 25% lower than recommended dose was determi-
ned as the first dose, recommended dose as the second dose, and 25% higher than
the recommended dose as the third dose of each herbicide. The herbicide appli-
cation was carried out uniformly using a lanced 16-L MATABI Elegant Sprayer,
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with a nozzle 8002, pressure 240 kPa, and also at the common time of herbicide
application in the region.

2.3. Field Operations

Spring wheat local cultivar called Chamran (Attila) was the selected cultivar for
the experiment. Before planting, the base fertilizing included: 130 kg/ha Azot (46%
Nitrogen), 200 kg/h triple superphosphate fertilizer (43-44% P205), and 80 kg/h
potassium sulfate (53% K2S0O4) was applied according to the soil test results (Table
1). The first irrigation was done after planting, and the next irrigations were based
on the plant’s water needs.

Table 1. Soil characteristics in 0-30 cm depth of field soil and fertilizer
application details in experiment.

E.C. OrganicC TotalN P Total K Fe Mn Zn B

Texture  pH
(dS m?) (%) (%) mg kg
Silty-loam 7.7 0.71 1.01 0.16 1292 222 518 431 0.61 3.24
2.4. Sampling

Sampling and evaluation of mallow weed were before herbicide application, 15
days, and 30 days after herbicide application. Weed counting and sampling were
performed in the middle of the each plot in an area of one square meter using
a 50 x 50 cm quadrat. The weed samples were placed in an oven at 70 °C in the
laboratory for 48 hours, and after drying, all samples were weighed with a digital
scale. Evaluated factors for wheat were the weight of the aerial part, yield and yield
components, grain number per spikelet, 1000-grain weight, grain yield, biological
yield, and harvest index. Wheat grain yield, biological yield, and harvest index
were calculated by following formulas:

Grain yield (kg) subplot™
Grain yield (kg ha™") = x 1000
Area sub plot™?

Biclogical yield (kg) subplot™
Biological yield (kg ha™") = x 1000
Area sub plot™!

Harvest index (H.l) = Grain yield/Biclogical yield™" x100

ANAJAS, 2023, Cilt 38, Sayi 1, Sayfa 1-18
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2.5. Data Analysis

Data were analyzed using SAS software Ver. 9.3 (SAS, 2008) and variance
analysis and mean comparison were performed. Then, the Duncan method was
used as a post hoc test at a 99% confidence level. Microsoft Excel (2010) software
was used for graph drawing.

3. RESULTS AND DISCUSSION
3.1. Mallow Weed

Obtained results showed that the effect of herbicide treatments on the density
of mallow weed was significantly reduced after 15 and 30 days. Also, the herbicides’
effect on the weed dry weight was significant after 15 and 30 days.

3.1.1. Mallow Weed Density

The mean comparison for the effect of experimental treatments on mallow
density, 15 and 30 days after herbicides application, showed that the best treatment
was Apyrus herbicide at the dose of 30.6 gr/ha with a 62.8% weed reduction. App-
lication the 1.75 and 1.5 L/ha of Othello reduced weed percentages to 60.2% and
59.8%. Also, obtained results showed no significant differences between herbicides
in three doses. The lowest effect was obtained at 1.25 L/ha of Othello herbicide
(19% reduction), which was not significantly different from 24.6 g/ha of Apyrus
(26.5% reduction) (Figure 1).

100 -
90 -
80 -
70 - a
60 -
50 -
40

OApyrus B Othello

Density reduction (%)

30 A c
20 A

24.6 g/ha 1.25 L/ha 26.6 g/ha 1.5 L/ha 30.6 g/ha 1.75 L/ha
Herbicides doses

Figure 1. The effect of Apyrus and Othello herbicides on mallow weed density
15 days after spraying
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After 30 days, Apyrus in 30.6 g/ha concentration was the most effective treat-
ment, reducing the weed density by 99%. However, it has no significant difference
with Othello in 1.5 and 1.75 L/ha and Apyrus itself at 26.6 g/ha, leading to 92.8,
94.2,and 93.4 percent of reduction. After 30 days, 1.25 L/ha of Othello was the least
effective against the weed and reduced its density by 39% (Figure 2).

120 - OApyrus B Othello
100 -
80 -
60 -

40

Density reduction %

20

24.6 g/ha 1.25L/ha  26.6 g’ha 1.5L/ha  30.6 g/ha 1.75 L/ha
Herbicides doses

Figure 2. The effect of Apyrus and Othello herbicides on mallow weed density
30 days after spraying

In a study by Lotfi Mavi et al. (2015), found out that 1.6 L/ha of Othello herbi-
cide, in 30 days after spraying, reduced the density of wild oat (Avena iudoviciana)
by over 85%; however, at the doses of 2 and 1.2 L/ha, this herbicide had no statis-
tically significant difference with 1.6 L/ha. It seems that the non-significant effect
of this herbicide was due to the inadequate time length of investigation since this
investigation could be 60 to 90 days after herbicide application. In an experiment,
the 1.6 and 2 L/ha doses of Othello reduced wild oat density by 90% (Sharifi Ziwe
et al. 2016). According to another study, Apyrus in doses of 26.6 and 33.2 g/ha
controlled wild mustard (Sinapis arvensis) in wheat fields at Moghan, Iran (Kar-
balaei Khiavi and Baghestani, 2014). The study by Hesami et al. (2007) found that
Apyrus controlled the wheat weeds in the 30 gr/ha dose application.

3.1.2. Mallow Weed Dry Weight

The effect of herbicide treatments on the dry weight of mallow weed 15 days
after spraying showed that Apyrus at 30.6 g/ha had a significant effect on this trait,
reducing it by 72.3%. There was no significant difference between 26.6 g Apyrus
and 1.5 and 1.75 L/ha of Othello. The lowest dry weight reduction of this weed
(25.5%) was obtained in Othello herbicide at 1.25 L/ha (Figure 3).
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100 OApyrus @ Othello
90 -
80 a
70 - b
60 -
50
40 c

30 - d
20 4
10

Weed dry weight loss (%0)

246 g/ha 125L/ha  26.6¢g/ha 1.50/ha  30.6 g'lha 1.75 L/ha
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Figure 3. The effect of Apyrus and Othello herbicides on the dry weight of
mallow weed, 15 days after spraying

The mean comparison for the effect of different herbicides on the dry weight
of mallow weed 30 days after spraying showed that Apyrus herbicide at 30.6 g/ha
reduced the dry weight of this weed by more than 98%. After that, Othello (1.75 L/
ha) and Apyrus (26.6 g/h) and again Othello (1.5 L/ha) reduced the dry weight of
mallow weed by 91.8%, 90.7%, and 88.6%, respectively. Post hoc tests showed that
these doses were significantly different. By decreasing both herbicides’” doses, their
effectiveness was also reduced so that the lowest percentage of dry weight loss of
mallow weed (44.4%) was observed in Othello at 1.25 L/ha (Figure 4).
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Herbicides doses

Figure 4. The effect of Apyrus and Othello herbicides on the dry weight of
mallow weed 30 days after spraying
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A study showed that Apyrus at 24, 27, and 30 g/ha reduced the weeds’ dry we-
ight by 78.1%, 80.6%, and 84.5%, respectively, after two weeks of spraying. There
was no significant difference between 27 and 30 gr/ha doses (Malekian and Ghadi-
ri 2016). Their study’s result does not agree with the results of the present study sin-
ce, in this study, 24.6 and 26.6 g/ha of Apyrus did not show a significant difference.
This mismatch could be because of the weed species. In the study by Malekian and
Ghadiri (2016), weeds were included Hordeum spontaneum, Setaria viridis, and
Descurainia sophia. Also, the climate differences should not be omitted.

Bazoo et al. (2007) reported that Apyrus at a 30 g/ha dose caused a significant
reduction in the dry weight of Sinapis arvensis, which was similar to the results of
this study. They investigated the effect of broadleaf herbicides on the wild mustard
control in the wheat field, and the results confirmed the current study.

3.2. Wheat Traits

Based on obtained results, the effect of herbicide treatments on the weed plant
height reduction was significant. Also, herbicides” effect on the number of fertile
spikes was significant. The effect of herbicides on the grain number per spike was
significant.

Obtained results showed that the herbicides’ effect was significant on wheat
1000-grain weight and biological yield. Finally, herbicides reduced wheat grain
yield and harvest index significantly.

3.2.1. Wheat Plant Height

Mean comparisons showed that although the highest wheat plant height (94
cm) was obtained in the weed-free control treatment; however, Othello at 1.5 and
1.75 L/ha and Apyrus at 26.6 and 30.6 g/ha (with a wheat plant height of 93.2, 90.3,
92.9, and 88.8 cm, respectively) showed non-significant difference with the recor-
ded maximum. Obtained wheat plant heights in Apyrus 24.6 g/ha (81.9 cm) and
Othello 1.25 L/ha (79.3 cm) were not significantly different from weed-infested
control (76.1 cm) (Figure 5).
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Figure 5. The effect of Apyrus and Othello herbicides on wheat plant height

Hesami et al. (2007) stated that herbicide application increases the efficiency
of nutrient consumption in wheat and, consequently, the wheat plants’ height the
also grows by decreasing the competition between weeds and wheat plants for nut-
rients, light, water, and space. Our study showed similar results and confirmed the-
ir idea. Control of mallow weed can eliminate the competition between wheat and
this weed, and it creates suitable conditions for the growth of the wheat stalk. Des-
pite this, weed competition with wheat reduced its growth in the control (without
weeding). Sulfonylurea herbicides provide various herbicides for wheat fields, but
the rapid resistance of weeds to these herbicides (after five years of repeated use)
should be in herbicidal rotation (Zand et al. 2007). In this experiment, Othello her-
bicide in doses of 1.5 and 1.75 L/ha significantly decreased the mallow weed dry
weight and density. Accordingly, this herbicide can be used alternately with other
herbicides with a different site of action and in replacement with the same family’s
herbicides, including Apyrus. Also, the dose of 26.6 g/ha of Apyrus herbicide has
been able to control the density and dry weight of cheese weed favorably, and the
consumption of this herbicide can be reduced from 30.6 to 26.6 g/ha.

3.2.2. Number of Fertile Wheat Spike

The number of fertile wheat spikes in the no-weed control was 398.9, which
was 1.75 L/ha with Othello, and there was no significant difference between this
treatment and 26.6 g/ha in the case of the number of fertile wheat spikes. Doses of
1.25 L/ha of Othello and 24.6 g/ha of Apyrus caused 304.7 and 316.7 fertile spikes/
m2, respectively. It was 286.2 spikes/m2 in weed control (Figure 6).
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Figure 6. The effect of Apyrus and Othello herbicides on the number of fertile
wheat spikelet

Jafar-Nejad and Rahimian (2003) showed that wheat competition with weeds
reduced the number of fertile wheat spikes. According to Noroouzi et al. (2003),
Avena iudoviciana, Salsola kali, and Rapistrum rugosum weeds significantly re-
duced the number of fertile wheat tillers. Reducing interspecific competition and
reducing plant losses increase the fertility percentage of tillers, and as a result, the
number of fertile spikes/m2 increases (Seyed-Masoom et al. 2012).

In a report by Ariannia et al. (2010), weeds” chemical control increased the
number of fertile spikes in wheat compared to weed control. In this experiment,
the application of Othello and Apyrus herbicides’ effective doses caused optimal
weed control and consequently reduced competition between weeds and wheat
plants, which also positively affected the number of fertile wheat spikes.

3.2.3. Seed Number Per Spikelet

Studying the effect of applying different levels of herbicide on wheat showed
that the highest grain number per spikelet was obtained in the no-weed control
(38.4), followed by Othello at 1.75 (35.9), Apyrus at 26.6 (34.8), Othello at 1.5 L/
ha (33.2), and Apyrus at 30.6 g/ha (33.1), respectively. There was no significant
difference between them (Figure 7).
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Figure 7. The effect of Apyrus and Othello herbicides on the grain number per
spikelet

Weeds presence limits available nutrient resources for wheat; therefore, in con-
ditions where moisture, nutrients, and other growth factors are limited for wheat, a
small number of tillers will develop (Thiry et al. 2002). Accordingly, the number of
grains on wheat spikes decreases significantly. Our results showed that eliminating
these restrictions through Othello and Apyrus played an essential role in impro-
ving fertile spike production and the grain number per spike of wheat.

3.2.4.1000-Grain Weight Of Wheat

The mean comparison for the effect of experimental treatments on the
1000-grain weight of wheat showed that the highest amount (38.37 g) was obta-
ined in no-weed control. It was not significantly different from Othello in 1.75 L/
ha (35.97 g) and Apyrus in 26.6 (34.84 g) and 30.6 g/ha (33.14 g), respectively. The
lowest 1000-grain weight (20.43 g) was in weed control (Figure 8).
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Figure 8. The effect of Apyrus and Othello herbicides on the 1000-grains of
wheat
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Reducing the application dose of Apyrus and Othello herbicides to 24.6 g/ha
and 1.25 L/ha have reduced the ability of these herbicides to improve the wheat’s
1000-grains weight; while other doses of these herbicides by eliminating the effects
of mallow weed competition with wheat plants have increased the wheat 1000-gra-
in weight compared to no-weed control.

3.2.5. Biological Yield

Comparing various treatments showed that the highest wheat biological yield
was in no-weed control (13158 kg/ha), which was not significantly different from
the Apyrus in 26.6 and 30.6 g/ha (12750, 12203 kg/ha, respectively) and Othello at
a rate of 1.75 L/ha (12433 kg/ha). The lowest wheat biological yield (7049 kg/ha)
was observed in weed control (Figure 9).

In weedy control, mallow competition with wheat reduced its vegetative growth
and reduced wheat’s dry matter. By shading, weeds prevent light radiation from en-
tering the crop’s canopy and reduce biomass (Ebrahimpour et al. 2006). Spraying
with herbicides and appropriate doses suppresses weeds, thus providing favorable
conditions for crop growth and increasing its competitiveness and utilization of
available resources, which ultimately causes decreased dry weight and weed height
and increased dry matter production of the crop (Baghestani et al. 2007).
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Herbicides doses

Figure 9. The effect of Apyrus and Othello herbicides on the biological yield

It is noteworthy that although Apyrus in 30.6 g/ha was able to reduce the den-
sity and dry weight of mallow weed more than 26.6 g/ha; however, it did not show
this effect in increasing the biological yield of wheat. It can be said that the use of
26.6 g/ha has ultimately played a more influential role in increasing wheat biomass.
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3.2.6. Grain Yield

Mean comparisons for various herbicides on wheat showed that wheat’s highest
grain yield was in the no-weed control (4359 kg/ha). After that, there were Othello
in 1.75 L/ha (3981 kg/ha) and Apyrus in 26.6 (3959 kg/ha), and 30.6 gr/ha (3866
kg/ha) respectively. The lowest grain yield of wheat was 1881 kg/ha observed in
weed control, while it was not significantly different from Othello in 1.25 L/ha
(Figure 10).

In Esmaili et al. (2011), Apyrus caused optimal control of wild oat weed and
increased wheat yield by more than 30% compared to the control. Ariannia et al.
(2011) also reported an increase in wheat yield in herbicide treatment compared to
the control treatment. In the study by Hesami et al. (2007), the highest grain yield
in wheat was obtained in Apyrus treatment, and there was a significant difference
with other herbicides used. Bazoo et al. (2007) reported that Apyrus 30 g/ha sig-
nificantly increased wheat yield compared to the control. Although, in Karbalaei
Khiavi and Baghestani’s (2014) experiment, 33.2 and 26.6 g/ha of Apyrus cont-
rolled the wild mustard broad-leaved weed of wild mustard (S. arvensis) in wheat
fields; however, the dose of 26.6 g/ha of this herbicide was the most appropriate
dose to control this broadleaf weed.
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Figure 10. The effect of Apyrus and Othello herbicides on the grain yield

According to Birgani et al. (2007), the application of Apyrus in 26.6 g/ha in the
early stages of wheat tillering increased wheat yield by 22%, while no vegetation
effects were observed on wheat. In the study conducted by Kelley et al. (2003),
35, 70, and 140 g/ha Apyrus showed that it reduces the yield by 6, 18, and 24%,
respectively. Application of selective herbicides in the early stages of weeds and
crop growth by eliminating weeds is a good stimulant for wheat growth because
the ability of weeds to absorb nutrients is often more significant than that of crops,
in which case the weeds are not able to use the fertilizer used, and the competitive
advantage to crop profits will change (Rahsepar et al. 2011).
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3.2.7. Harvest Index

Results showed that the highest harvest index of wheat (33.1%) was achieved in
no-weed control. There was no significant difference between Apyrus herbicide at
doses of 26.6 and 30.6 g/ha and Othello at doses of 1.75 and 1.5 L/ha (31.1, 31.4, 32,
and 32.3%, respectively). The lowest harvest index of wheat was obtained in Othel-
lo herbicide treatment at a dose of 1.25 L/ha (23.14%), which was not significantly
different from Apyrus 24.6 g/ha (23.91%) (Figure 11).
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24.6 g/ha 1.25L/ha  26.6 g’ha 1.5L/ha  30.6 g'ha 1.75 L/ha Weedy C No-weed C
Herbicides doses

‘Wheat harvest index (%)

Figure 11. The effect of Apyrus and Othello herbicides on the harvest index

4. CONCLUSION

The results showed that the effect of treatments was significant on wheat plant
height, spike number per plant and grain number per spike, 1000-grain weight,
biological yield and grain yield of wheat. The highest grain yield of wheat was ob-
tained in no-weed control (4359 kg/ha), and in herbicide treatments (3981 kg/ha)
was obtained in 1.75 L/ha of Othello, followed by 26.6 g/ha of Apyrus; while these
yields were not significantly different. Othello herbicide at the dose of 1.75 compa-
red to the dose of 1.5 L/ha, although it was superior in reducing the dry weight of
common mallow and was in a higher statistical group, in reducing the density of
this weed, there was no statistical difference. Compared to the dose of 1.25 L/ha in
reducing common mallow weed density and dry weight, this herbicide was more
than 50% superior. Therefore, increasing the dose of Othello herbicide from 1.5 to
1.75 L/ha does not cause significant control of this weed, but reducing the dose of
this herbicide from 1.5 to 1.25 L/ha significantly reduces the effectiveness. This is
also true for different doses of the herbicide Apyrus in the experiment, as increa-
sing the dose from 26.6 g/ha to 30.6 g/ha gives the herbicide a 6 to 7% advantage
in controlling the common mallow weed. However, reducing its application to the
dose of 24.6 g/ha reduces the efficiency of this herbicide in controlling common
mallow by more than 40%. Chemical control of common mallow weed by these
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herbicides removes the limited access to growth resources for wheat created by
competition with the weed and creates the conditions for the production and de-
velopment of tiller, fertile spike, and grain increase in wheat spike.

In general, it could be stated that when common mallow weed is not controlled
in wheat fields (weed infested control) compared to when complete weed control
is done during the season (weed-free control), wheat grain yield has decreased by
56.9%. The application of adequate doses of Othello and Apyrus herbicides and
reasonable control of common mallow weed also significantly increased the final
yield of wheat.

In this study, Othello herbicide at doses of 1.75 and 1.5 L/ha, although they
were able to control the density and dry weight of common mallow weed proper-
ly, the dose of 1.75 L/ha increased wheat grain yield to a greater extent than the
increase resulted by the dose of 1.5 L/ha. Therefore, 1.75 L/ha is a more acceptable
application rate for Othello herbicide to control the common mallow weed in whe-
at fields. On the other hand, the dose of 30.6 g/ha of Apyrus herbicide had a slight
advantage in controlling common mallow weed compared to the dose of 26.6 g/ha
of this herbicide, but 26.6 g/ha was more successful in increasing wheat grain yield.
However, they did not have a statistically significant difference. Therefore, to cont-
rol the broadleaf common mallow weed in wheat fields by using Apyrus herbicide,
a lower dose of this herbicide (dose of 26.6 g/ha) could be used.
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RZOT VE FOSFOR GUBRELEMESININ MERA OTUNUN MAKRO VE
MIKRO ELEMENT ICERIGINE ETKISI

0z:

Azot ve fosfor dozlarinin mera otunun makro ve mikro element igerigi tizerin-
deki etkisinin belirlenmesi amaciyla bu ¢aligma 2017 yilinda Bingol ilinde yirii-
tillmustiir. Calismada dort farkl azot dozu (0, 5, 10, 15 kg da™), dort farkls fosfor
dozu (0, 4, 8, 12 kg da™') ve bu dozlara ait kombinasyonlar kullanilmistir. Kulla-
nilan dozlar ve kombinasyonlarin mera otunun makro elementlerden kalsiyum
(Ca), sodyum (Na), magnezyum (Mg) ve potasyum (K), mikro elementlerden ise
demir (Fe), bakir (Cu), ¢inko (Zn) ve mangan (Mn) igerikleri tizerindeki etkisi
aragtirilmistir. Mera otunun element igeriklerinin belirlenmesinde ICP-MS cihazi
(Inductively Coupled Plasma-Mass Spectroscopy) kullanilmis ve ¢aligma iig te-
kerriirld tesadiif bloklarinda iki faktorlii faktoriyel deneme desenine uygun olarak
yiriitillmistiir. Calismada artan azot ve fosfor dozlarinin mera otunun makro ve
mikro element icerigi tizerindeki etkisinin istatistiksel olarak 6nemli oldugu belir-
lenmistir. Azot ve fosfor dozlarinin artmasi ile mera otunun Ca, Na, Mg, K, Fe ve
Zn igeriklerinin sistematik olarak azaldig1 gérilmiistiir. Azot dozunun artmasi ile
birlikte Cu ve Mn igeriklerinin de arttig1, ancak fosfor oraninin artmasinin mera
otunun Cu ve Mn igerigi iizerinde herhangi bir etkisinin olmadig1 belirlenmistir.
Sonug olarak 10 kg da™ azot ve 4 kg da! fosfor giibrelemesinin yapilmasi tavsiye
edilmigtir.

Anahtar Sozciikler: Mera kalite, Besin elementleri, ICP-MS, Mineraller.

e

THE EFFECT OF NITROGEN AND PHOSPHORUS FERTILIZATION
ON MACRO AND MICRO ELEMENT CONTENT OF PASTURE GRASS

ABSTRACT

This study was conducted in Bingdl province in 2017 in order to determine the
effect of nitrogen and phosphorus doses on the macro and micro element content
of pasture grass. Four different nitrogen doses (0, 5, 10, 15 kg da™'), four different
phosphorus doses (0, 4, 8, 12 kg da!) and combinations of these doses were used
in the study. The effects of the doses and combinations used on the macro (calci-
um (Ca), sodium (Na), magnesium (Mg) and potassium (K) and micro element
(iron (Fe), copper (Cu), zinc (Zn) and manganese (Mn)) contents of pasture grass
were investigated. The ICP-MS device (Inductively Coupled Plasma-Mass Spect-
roscopy) was used to determine the elemental contents of pasture grass, and the
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study was carried out in randomized blocks with three replications in accordance
with a two-factor factorial experiment design. In the study, it was determined that
the effect of increasing nitrogen and phosphorus doses on the macro and micro
element content of pasture grass was statistically significant. It was observed that
the Ca, Na, Mg, K, Fe and Zn contents of pasture grass decreased systematically
with the increase of nitrogen and phosphorus doses. It was determined that the Cu
and Mn contents increased with the increase of the nitrogen dose, but the increase
in the phosphorus dose did not have any effect on the Cu and Mn contents of the
pasture grass. As a result, it was recommended to fertilize 10 kg da™ nitrogen and
4 kg da™' phosphorus.

Anahtar Sozciikler: Mera kalite, Besin elementleri, ICP-MS, Mineraller.

e 2k
GIRIS

Bir tilkenin en 6nemli yenilenebilir dogal kaynaklarindan biri olan ¢ayir mera-
lar, hayvanlarin ihtiya¢ duydugu kaba yemlerin hem kaliteli hem de ucuz bir sekil-
de kargilandig: yerlerdir. Dogal bitki ortiisiine sahip olan bu alanlar tilkede zengin
biyolojik ¢esitlilik kaynagi olmasinin yani sira yaban hayvanlarinin da beslenme
ve barimmma ortamlarini olusturmaktadirlar. Cayir meralar, topraklarin erozyona
kars1 korumasi ve verimliliginin artirilmasi ile birlikte su kaynaklarinin muhafaza
edilmesi agisindan olduk¢a 6nemli alanlardir (Altin ve ark., 2005).

Hayvanlar i¢in kaba yem kaynag1 olan ¢ayir meralarda bulunan bitkilerin bo-
tanik kompozisyondaki oranlarinin ve bu bitki tiirlerinin kimyasal iceriklerinin de
bilinmesi gerekmektedir. Hayvan beslemede yemin kaliteli olup olmadigy, bitkile-
rin besin maddeleri ile makro ve mikro element iceriklerine ve yemdeki dagilimi-
na gore degismektedir. Meralardaki otun besleme degeri, diger bir ifadeyle besin
maddesi ile makro ve mikro element igerigi; otun botanik kompozisyonuna (bug-
daygiller, baklagiller ve diger familyalar), bolgenin iklim ve toprak o6zelliklerine
bagli olarak degismektedir (Polat ve Bayrakli, 2019). Bitkilerdeki makro ve mikro
elementlerin miktari ve ¢esitleri ise; bitkilerin tiir, gelisme ¢agi, kok gelisme duru-
mu, topragin kimyasal, fiziksel ve biyolojik yapisi, topraktaki yarayish elementlerin
gesit ve miktarlari, tarimsal uygulamalar, hava sartlar1 gibi pek ¢ok faktoriin etkisi
altindadir (Kacar, 1984).

Bitkilerdeki demir, yaprak hiicrelerinin fizyolojik faaliyetlerinde 6nemli rol oy-
nar (Aydemir ve Ince, 1988). Demir eksikliginde, hemoglobin konsantrasyonunun
azalmasi nedeniyle, dokularda oksijen azalir ve bir¢ok sistem olumsuz etkilenir. Bu
acidan hayvanlarda anemi ve canli agirhik kazancinda dusts, istah kayb: ve enfek-
siyonlara kars: hassasiyet gibi belirtiler meydana gelir (Kutlu ve ark., 2005).

ANAJAS, 2023, Cilt 38, Sayi 1, Sayfa 19-32



Erdal CACAN, Kagan KOKTEN

Mangan, hayvanlarin biiytimesi ve dol verimi i¢in gereklidir, ayrica normal ke-
mik biiytimesi amaciyla hayati 6neme sahiptir. Bitkilerdeki mangan icerigi, bitki-
nin tiiriine ve topragin kimyasal bilesimine gore degisir (Mengel, 1984).

Cinko, hormonlarin iiretilmesi, depo edilmesi ve saliniminda gérev alir, ayri-
ca immiin sistemin biitiinliigii i¢in gerekmektedir. Otlayan hayvanlarda gézlenen
yetersizlikler, herhangi bir belirti goriilmeksizin biiylimede ve dol veriminin azal-
masina neden olmaktadir (Kutlu ve ark., 2005).

Bitkilerdeki bakir seviyesi bitkilerin tiiriine, gelisme ¢agina ve toprak ozellik-
lerine gore degismektedir (Kacar, 1984). Bakir eksikligi kuzularda sinir sistemi
bozukluklarina, ayrica kuzularin zayif dogmasina, siit emmede zorlanmalarina ve
hatta 6lmelerine neden olmaktadir. Ruminantlarda bakir eksikliginin en 6nemli
belirtileri, kil ve yapagida pigment kaybinin olmasi, 6zellikle uzun kemiklerin ko-
lay kirilmasi ve hayvanlarda topallik meydana gelmesidir. Bakir elementinin yeter-
siz oldugu meralarda otlayan hayvanlarda kizginlik gecikmekte ve yavru atmalar
ortaya ¢ikabilmektedir (Kutlu ve ark., 2005).

Sodyum eksikliginde ise hayvanlarda yemden yararlanma azalmakta, siit inek-
lerinde verim diismekte ve canli agirlik kaybr meydana gelmektedir. Ayrica erkek
hayvanlarda kisirlik, disilerde ise dol verimi bozukluklar: ortaya ¢ikmaktadir (Kut-
lu ve ark., 2005). Hayvanlarin gereksinimlerinin karsilanmasi amaciyla kuru otun
demir, mangan, ¢inko, bakir ve sodyum igeriklerinin sirastyla biiyiikkbag hayvanlar
i¢in 50 mg kg-1, 22 mg kg™, 30-40 mg kg, 8-10 mg kg ve 0.8-1.8 g kg (NRC,
2000) ve kiigitkbag hayvanlar i¢in ise 30-50 mg kg™, 20- 40 mg kg™, 20-33 mg kg™,
7-11 mg kg ve 0.9-1.8 g kg (NRC, 2007) olmasi gerekmektedir.

Ulkemiz topraklarinin ¢ogunlugu K ydniinden zengin oldugundan dolay bit-
kiler ve hayvanlar agisindan problem olan bir besin elementi degildir. Ancak, bit-
kiler bu besin elementini Ca ve Mg’a gore daha fazla almasi halinde otlayan hay-
vanlarda ot tetanosu hastaligina sebep olabilmektedir (Altin ve ark., 2005). Yeterli
miktarda kalsiyum alamayan hayvanlarda kemiklerin sertlesmemesi ve anormal
sekillenme gibi kemik anormallikleri meydana gelmektedir (Ceylan, 2001). Mag-
nezyum yetersizliginin hayvanlardaki en 6nemli belirtisi ot tetanosudur. Ozellikle
laktasyon donemindeki koyunlarin ve sigirlarin ¢ayir tetanisine karsi ¢ok hassas
oldugu vurgulanmaktadir (Mayland ve Hankins, 2001; Altin ve ark., 2005). Hay-
vanlarin gereksinimlerinin karsilanmasi amaciyla kuru otun potasyum, magnez-
yum ve kalsiyum igeriklerinin sirasiyla biiyiikbas hayvanlar i¢in 6.5-10.0 g kg,
1.0-2.0 g kg ve 1.6-15.3 g kg (NRC, 2000) ve kiigitkbag hayvanlar igin ise 5.0-8.0
gkg!, 1.2-1.8 gkg' ve 2.0-8.2 g kg (NRC, 2007) olmas1 gerekmektedir.

Bu bilgiler 151nda bu ¢aligmanin amaci; dogal mera alanlarina uygulanan azot
ve fosfor giibrelemesinin mera otunun makro ve mikro element icerigine olan et-
kisinin tespit edilmesidir.
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2. MATERYAL VE YONTEM
2.1. Materyal

Arastirma ile ilgili deneme, Bingol iline 15 km mesafe uzaklikta ve ortalama
1088 m rakima sahip olan Bingdl Universitesi Uygulama ve Arastirma Alaninda
(38.81256° K - 40.53551° D) kurulmustur. Aragtirma alaninda biiytik oranda bug-
daygil yem bitkilerinin hakim durumda oldugu, baklagil ve diger familya bitkileri
oranlarinin diigiik oldugu gortilmistiir.

Bingdl Meteoroloji il Miidiirliigiinden alinan iklim verilerine gére 2014-2017
yillarina ait ortalama sicaklik degerleri 13.7 °C, 13.7 °C, 12.8 °C ve 12.8 °C, toplam
yagis miktar: 757.7 mm, 801.8 mm, 832.5 mm ve 709.1 mm, ortalama nispi nem
degerleriise %51.9, %52.7, %52.1 ve %51.6 olarak kayit altina alinmigtir. Sicaklik ve
nispi nem degerleri agisindan yillar arasinda meydana gelen degisimlerin birbiri ile
benzerlik gosterdigi ancak bolgenin aldig: toplam yagis miktarlarinin 2014 ve 2017
yillarinda diger yillara nazaran daha diisiik oldugu goriilmektedir (MGM, 2021).

Deneme kurulum agamasinda yapilan toprak analizine gore; arastirmanin
yuritildigi mera topraginin killi-tinli yapida, hafif asidik (pH: 6.266), tuzsuz
(%0.014), organik madde (%1.09) ve kireg oranlarinin az (%0.41), potasyum (20.27
kg da™) ve fosfor (7.60 kg da') miktarlarinin da yeterli oldugu belirlenmistir.

2.2.Yontem

Aragtirmada, dort farkli azot dozu (0, 5, 10, 15 kg da™'), dort farkli fosfor dozu
(0, 4, 8, 12 kg da™) ve bu dozlara ait kombinasyonlarin (0-0, 0-4, 0-8, 0-12, 5-0,
5-4, 5-8, 5-12, 10-0, 10-4, 10-8, 10-12, 15-0, 15-4, 15-8, 15-12 kg da™') mera otu-
nun makro ve mikro element igerigi iizerindeki etkisi incelenmistir. Deneme alani,
her bir kombinasyon i¢i bir parsel olmak iizere toplam 16 parselden olusmustur.
Her bir uygulama ve kombinasyon i¢in parsel biiytikliigli 2 x 6 = 12 m2 olarak
tutulmustur. Arastirma, {i¢ tekrarlamali tesadiif bloklarinda iki faktorlii faktoriyel
deneme desenine uygun olarak planlanip ve yiiriitiilmiistiir. Arastirma 2014 yilin-
da kurulmus ve 2017 yilina kadar dort yil boyunca yiiriitiilmiistiir. Arastirmada;
fosfor uygulamasi her dort yilda sonbaharda ilk etkili yagislarin basladig1 ekim ay1
basinda, azot dozlari ise her yilin nisan ayinda uygulanmistir. Bu ¢alismada kulla-
nilan veriler 2017 yilinda alinmigtir.

2017 yilinda mera alaninda dominant bitkilerin basaklanma donemine rast-
layan mayis aymnin son haftasinda, her parselde tesadiifi olarak belirlenen {i¢ alan
33 x 33 cm ebadinda ¢ergeve yardimuyla i tekerriir olacak sekilde bigilmistir (Ca-
¢an ve Basbag, 2019). Bicilen her parseldeki ot 6rnekleri 78°C'de 24 saat kuru-
tulduktan sonra analize hazir hale getirilmistir (Cinar ve ark., 2020). Analizler,
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Bingdl Universitesi Merkezi Laboratuvar Uygulama ve Arastirma Merkezinde ya-
pilmustir. Arastirmada mera otunun makro elementlerden kalsiyum (Ca), magnez-
yum (Mg), sodyum (Na) ve potasyum (K), mikro elementlerden ise Demir (Fe),
Bakir (Cu), Cinko (Zn) ve Mangan (Mn) igerikleri belirlenmistir. Mera otunun
element iceriklerinin belirlenmesinde ICP-MS cihazi (Inductively Coupled Plas-
ma-Mass Spectroscopy) kullanilmigtir (Bagaran ve ark., 2021).

2.3. istatistiksel Degerlendirme

Aragtirmadan elde edilen verilere, ti¢ tekrarlamali tesadif bloklarinda iki fak-
torlii faktoriyel deneme desenine uygun olarak JMP istatistik paket programindan
yararlanilarak varyans analizi uygulanmigtir. Gruplarin farkliliklar: LSD testi ve
P<0.05 6nem seviyesine gore karsilastirilmistir (JMP, 2018).

3. BULGULAR VE TARTISMA

3.1. Azot ve Fosfor Giibrelemesinin Mera Otunun Makro Element
icerigine Etkisi

Azot ve fosfor giibrelemesinin mera otunun kalsiyum (Ca), sodyum (Na), mag-
nezyum (Mg) ve potasyum (K) tizerindeki etkisi Tablo 1'de verilmistir. Azotun,
fosforun ve azot x fosfor interaksiyonun mera otunun Ca, Na, Mg ve K igerigine
olan etkisinin istatistiksel olarak 6nemli oldugu gorilmektedir.

Azot dozlarimin (0 kg da™', 5 kg da, 10 kg da™' ve 15 kg da!) mera otunun Ca,
Na, Mg ve Kicerigi tizerindeki etkisinin énemli oldugu ve en yiiksek Ca, Na, Mg ve
Kigeriklerinin kontrol grubundan alindig1 goriilmektedir. En diisitk Ca, Na, Mg ve
K igerikleri 10 kg azot verilen parselden alinmustir (Tablo 1, Sekil 1). Fosfor i¢in de
benzer bir durum s6z konusu olmugtur. En yiiksek fosfor oranlar1 Ca, Na, Mg ve K
acisindan kontrol grubundan alindig1 goriilmektedir. Ancak fosfor, azottan farkl
olarak en diisitk degerlerini geriye kalan tiim uygulamalarda verdigi goriilmektedir
(Tablo 1, Sekil 2).

Her dort makro element igin azot ve fosfor dozlarinin interaksiyonu énemli
bulunmugstur. Azot ve fosfor dozlarinin kombinasyondaki dozlarinin artmasi ile
birlikte makro element igeriklerinin de sistematik olarak azaldig goriilmektedir
(Tablo 1).

Bakoglu ve ark. (1999) tarafindan meralarda yaygin bulunan bitkilerin ele-
ment igeriklerinin incelendigi bir ¢calismada, mera bitkilerinin ortalama Ca icerigi
%1.00, Mg icerigi 2391 ppm ve K icerigi %3.85 olarak tespit edilmistir. Ayan ve ark.
(2010), giibre uygulamasinin mera otunun besleme degeri tizerine ytiriittiikleri ¢a-
lismada 2007 ve 2008 yillarinda sirasiyla Mg oranini 2.46 ve 2.57 g kg'!, potasyum
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oranini da 21.44 ve 24.10 g kg’ olarak tespit etmislerdir. Comakli ve ark. (2008),
mera otlarinin ortalama K icerigini %2.4, Mg icerigini 2687 ppm olarak tespit et-
miglerdir. Bu sonuglar ile aragtirmada elde edilen sonuglarin birbirine yakin oldu-
gu gorulmistir.

Tablo 1. Azot ve fosfor uygulamasmin mera otunun makro element igerigine
etkisi (g kg!)

Table 1. The effect of nitrogen and phosphorus application on macro element content
of pasture grass (g kg')

Kalsiyum (Ca)
Azot/Fosfor PO P4 P8 P12 Ortalama
NO 1.74 ab** 1.45 bed 1.35 bed 1.53 be 1.52 A**
N5 2.22a 1.04 cde 0.72 e 0.69 e 1.17B
N10 1.30 bed 0.65¢ 0.67 e 0.67 e 0.82C
N15 1.39 bed 0.80 e 0.97 de 1.08 cde 1.06 B
Ortalama 1.66 A** 0.98 B 0.93 B 0.99 B 1.14

Sodyum (Na)
Azot/Fosfor PO P4 P8 P12 Ortalama
NO 2.53 ab** 3.08a 2.45 ab 2.62a 2.67 A**
N5 2.71a 1.47 ¢ 1.52¢ 1.40 ¢ 1.78 B
N10 1.39¢ 143 ¢ 1.53 ¢ 1.30 ¢ 141C
N15 1.80 be 1.63 ¢ 1.59 ¢ 1.64 ¢ 1.66 B
Ortalama 2.11 A** 1.90 AB 1.77 B 1.74B 1.88

Magnezyum (Mg)

Azot/Fosfor PO P4 P8 P12 Ortalama
NO 5.15b** 4.93 be 4.40 b-e 4.60 bed 4.77 A**
N5 7.13a 3.31 def 3.05 def 2.50 f 3.99B
N10 3.92b-f 244 f 2.59 f 246 f 2.85D
N15 4.53 b-e 2.96 ef 3.30 def 3.40 c-f 3.55C
Ortalama 5.18 A** 3.41B 3.33B 3.24B 3.79

Potasyum (K)
Azot/Fosfor PO P4 P8 P12 Ortalama
NO 40.9 b** 33.8 bc 31.3 bed 35.2 bc 35.3 A**
N5 53.7a 16.1 ef 19.9 def 16.2 ef 26.5B
N10 26.0 cde 16.2 ef 13.7f 10.6 f 16.6 C
N15 28.4 cd 14.6 ef 13.7f 14.7 ef 17.8C
Ortalama 37.2 A 20.2 B 19.7 B 19.1 B 24.1

**: P<0.01

Arastirmada azot ve fosfor dozlarinin artmasi ile mera otunun Ca, Mg, Na
ve K igeriklerinin azaldig1 goriilmektedir. Daha dnce yapilan ¢aligmalarda, artan
azot dozlari ile mera otunun Ca ve Mg igeriginin azaldigi, ancak K igeriginin
degismedigi bildirilmistir (Algan ve Aydin, 2015; Algan ve ark., 2016). Baz1
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caligmalarda da N ve P giibrelemesinin K igerigini arttirdig1 bildirilmistir (Algan
ve Aydin, 2017; Kacorzyk ve Glab, 2017). Tiirk ve ark. (2007), azot dozlarinin
K igerigini artirdigini ve Mg igerigini diigiirdiigiinii bildirmistir. Aydin ve Uzun
(2008), N, K ve Mg giibrelemesi ve kombinasyonlarinin mera otunun Ca ve Mg
igerigini arttirdigini ve K igerigini diislirdiigii bildirmislerdir.

Giibreleme ile (6zellikle azot gilibrelemesi) mera otunun Ca ve Mg oraninin
azalmasi bilylik oranda botanik kompozisyonda bulunan baklagil oraninin azalmasi
ile agiklanabilir. Ciinkii baklagil ve diger familya yem bitkileri Ca ve Mg igerigi
acisindan bugdaygillere gore li¢ kat daha zengindir (Algan ve Aydin, 2015). Azot
giibrelemesi bugdaygilleri tesvik edip, baklagillerin botanik kompozisyondaki
oraninin azalmasina sebebiyet verdiginden, mera alanindaki Ca ve Mg oranlarinda
da azalmalara yol agmaktadir. Ancak 10 kg/da azot uygulamasindan sonra
Ca ve Mg oranlarinin tekrar bir artig egilimi gosterdigi goriilmektedir. Bunun
muhtemel nedeni yapilan azotlu giibrelemenin bir noktaya kadar etkili olmasindan
kaynaklanmaktadir. 15 kg/da olarak yapilan azotlu giibrelemenin mera otunun
Ca ve Mg igerigine etkisinin neredeyse 5 kg/da olarak yapilan azotlu giibreleme
esdeger oldugu goriilmektedir.
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Sekil 1. Artan azot dozlarinin mera otunun Ca, Na, Mg ve K icerigine etkisi

Figure 1. The effect of increasing nitrogen doses on the Ca, Na, Mg and K content
of pasture grass
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Sekil 2. Artan fosfor dozlarinin mera otunun Ca, Na, Mg ve K icerigine etkisi

Figure 2. The effect of increasing phosphorus doses on the Ca, Na, Mg and K
content of pasture grass

Neticede elde edilen sonuglarin daha 6nce yiiriitiilen ¢alismalarla paralel olacak
sekilde artan azot ve fosfor dozlarmin Ca ve Mg icerigini diislirdiigii goriilmiistiir.
Ancak bu calismada K igerigi diismiis olmasina ragmen, diger ¢aligmalarda K
iceriginin diistiigiinii bildiren ¢alismalar oldugu gibi, K iceriginin degismedigini
ve K iceriginin arttigini bildiren ¢alismalar da mevcuttur. Bunun olasi birkag
nedeni olabilir. Birincisi diger ¢calismalarin bazilarinda azot ve fosfor giibrelemesi
ile birlikte K giibrelemesinin de yapilmis olmasidir. Diger bir neden meralarda
farkl1 bitki gruplarmin hakim olmasidir. Ornegin baklagillerin hakim oldugu bir
merada, mera bitkilerinin topraktan alabilecekleri K icerigi ile bugdaygil yem
bitkilerinin hakim oldugu veya diger familya bitkilerinin hakim oldugu mera
bitkilerinin topraktan alacaklari K igeriginin, bunun dogal sonucu olarak da bitki
biinyesindeki K igeriginin farkli olacagidir. Uciincii bir faktér de topraklarin
K igeriklerinin farkli olmasidir. K agisindan zengin olan bir mera topragindaki
bitkilerin K icerikleri ile K icerigi agisindan fakir olan mera topraklarinda yetisen
bitkilerin igerecekleri K igerigi elbette ki farkliliklar gosterecektir. Ayrica farkl
iklim faktorleri de topraklarin K igerikleri ve bu igerigin bitkiler tarafindan
alinmasi tizerinde etkili olmaktadir.

Mevcut caligma alaninda bugdaygillerin oranit daha fazla oldugundan K
icerigi de daha fazla ¢ikmaktadir. Comakli ve ark. (2008) tarafindan yiiriitiilen bir
calismada, bugdaygillerin oran olarak diger familya ve baklagillerden daha fazla
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olduklar1 mera alaninda tespit ettikleri K icerigi (24.0 g kg') mevcut ¢alisma ile
benzer gekilde (24.1 g kg™) yiiksek olarak tespit edilmistir. Motsara ve Roy (2008),
bitkilerde Ca oranin %0.10-1.00, Mg oraninin %%0.10-0.40 ve K oraninin da
%1-5 arasinda olmas1 gerektigini bildirmistir. Ca, Mg ve K agisindan elde edilen
sonuglarin Motsara ve Roy (2008) tarafindan bildirilen sinir degerler igerisinde
oldugu goriilmiistiir.

3.2. Azot ve Fosfor Giibrelemesinin Mera Otunun Mikro Element icerigine
Etkisi

Azot ve fosfor giibrelemesinin mera otunun mikro element (demir (Fe), bakir
(Cu), ¢inko (Zn), mangan (Mn)) igerigine olan etkisi Tablo 2’de verilmistir.
Azot uygulamasi ile azot x fosfor interaksiyonun mera otunun Fe, Cu, Zn ve
Mn igerigine etkisinin dnemli, fosfor uygulamasinin ise mera otunun Fe ve Zn
icerigine etkisinin dnemli, Cu ve Mn igerigine etkisinin ise istatistiksel olarak
o6nemsiz oldugu goriilmiistir.

Tablo 2. Azot ve fosfor uygulamasinin mera otunun mikro element igerigine
etkisi (mg kg™")

Table 2. The effect of nitrogen and phosphorus application on microelement con-
tent of pasture grass (mg kg')

Demir (Fe)
Azot/Fosfor PO P4 P8 P12 Ortalama
NO 135 ab** 112 a-d 136 ab 137 ab 130 A**
N5 108 a-e 103 b-e 67 f 76 ef 88D
N10 133 abc 100 c-f 133 abc 114 a-d 120 B
N15 113 a-d 88 def 88 def 138 a 107 C
Ortalama 122 A** 101 B 106 B 116 A 111
Bakar (Cu)
Azot/Fosfor PO P4 P8 P12 Ortalama
NO 7.40 £+ 8.27 ef 8.93 def 10.13 cde 8.68 C**
N5 11.13 bed 11.73 abc 11.33 be 7.47 f 10.42 B
N10 8.60 ef 720 f 8.13 ef 8.73 ef 8.17C
N15 11.80 abc 11.13 bed 12.40 ab 13.67 a 12.25 A
Ortalama 9.73 9.58 10.20 10.00 9.88
Cinko (Zn)
Azot/Fosfor PO P4 P8 P12 Ortalama
NO 79.5 ab** 71.0 be 68.9 bc 64.2 cde 70.9 A**
N5 74.7 be 74.3 be 65.3 b-e 68.5 bed 70.7 A
N10 90.7 a 69.7 bc 68.5 bed 46.8 f 68.9 A
N15 68.6 bed 47.5f 53.8 def 53.3 ef 55.8 B
Ortalama 78.4 A** 65.6 B 64.1 B 58.2C 66.6
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Mangan (Mn)
Azot/Fosfor PO P4 P8 P12 Ortalama
NO 45.4 de* 45.8 cde 47.8 cde 45.5 de 46.1 B**
N5 43.3 de 50.3 bed 42.6 de 40.5 de 44.2 B
N10 49.1 bed 348e 43.3 de 47.1 cde 43.6 B
N15 62.1 ab 59.7 abc 64.8 a 66.6 a 63.3 A
Ortalama 50.0 47.7 49.6 49.9 49.3
*: P<0.05, **:P<0.01
e [
164 : 211
144 204 ~.19
124 TN
10 02 kg
L 104
044 05
02+
=X
518 1 a2
a 2
il 3 324 254 p
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W ]

Sekil 3. Artan azot dozlarinin mera otunun Fe, Cu, Zn ve Mn i¢erigine etkisi.

Figure 3. The effect of increasing nitrogen doses on the Fe, Cu, Zn and Mn content

of pasture grass.
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Sekil 4. Artan fosfor dozlarinin mera otunun Fe, Cu, Zn ve Mn icerigine etkisi.

Figure 4. The effect of increasing phosphorus doses on the Fe, Cu, Zn and Mn
content of pasture grass.

Azot uygulamasinin mera otunun Fe icerigine etkisi 6nemli bulunmus ve en
yiksek Fe icerigi kontrol parselinde tespit edilmistir. Azot uygulamas: ile birlikte
Fe iceriginin diisiis gosterdigi goriilmektedir. En diisiik Fe icerigi 5 kg da-1 azot
uygulanan parselden alinmigtir (Tablo 2, Sekil 3). Fosfor uygulamasi ile en yiiksek
Fe igerigi kontrol parseli ile 12 kg da-1 fosfor uygulanan parselden alindig: goriil-
mektedir (Tablo 2, Sekil 4). Azot ve fosfor interaksiyonun Fe i¢erigine olan etkisine
bakildiginda, sadece azot uygulanan veya sadece fosfor uygulanan parsellerde Fe
iceriginin yiiksek oldugu, azot ve fosfor dozlarinin artmast ile birlikte Fe iceriginin
azaldig, ancak belli bir dozdan sonra Fe igeriginin tekrar arttig1 gortilmektedir
(Tablo 2).

Azot uygulamast ile mera otunun Cu igeriginin arttig1 ve en yiiksek Cu dege-
rinin 15 kg da-1 azot uygulanan parselden alindig1 gortilmektedir (Tablo 2, Sekil
3). Fosfor uygulamasimin mera otunun Cu icerigi tizerinde herhangi bir etkisi ol-
mamustir (Tablo 2, Sekil 4). Azot x fosfor interaksiyonunun Cu igerigi tizerindeki
etkisinin 6nemli oldugu, azot ve fosfor dozlarinin artmast ile birlikte Cu igeriginin
arttig1 ve en yliksek Cu iceriginin N15 x P12 kg da! uygulama yapilan parselden
alindig: gortlmektedir (Tablo 2).

Azot uygulamasmin mera otunun Zn igerigi izerindeki etkisinin 6nemli ol-
dugu ve kontrol parseli ile 5 ve 10 kg da™ azot verilen parseller arasinda bir fark
olmadiy, 15 kg da! uygulamadan ise en diisitk Zn igeriginin elde edildigi goriil-
mektedir (Tablo 2, Sekil 3). Fosfor uygulamasi ile birlikte mera otunun Zn icerigi-
nin azaldig1 ve 12 kg da uygulamada en diisiik Zn igeriginin elde edildigi goriil-
mektedir (Tablo 2, Sekil 4). Azot x fosfor interaksiyonda en yiiksek Zn igeriginin
kontrol parseli ve 10 kg da' N uygulanan parselden alindig1 goriilmektedir. Artan
azot x fosfor dozlari ile birlikte mera otunun Zn igeriginin azaldig1 goriilmektedir.
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Azot uygulamasinin mera otunun Mn igerigi tizerinde etkisinin 6nemli oldugu,
kontrol parseli ile 5 ve 10 kg da-1 azot uygulanan parseller arasinda fark olmadigi,
en yiiksek Mn igeriginin de 15 kg da N uygulanan parselden alindig1 goriilmek-
tedir (Tablo 2, Sekil 3). Fosfor uygulamasinin mera otunun Mn igerigi tizerindeki
etkisi 6nemsiz bulunmustur (Tablo 2, Sekil 4). Azot x fosfor interaksiyonu 6nemli
bulunmug ve artan azot ve fosfor dozlari ile birlikte mera otunun Mn igeriginin de
arttig1 gorilmektedir.

Arastirmada Fe igerigi 67-138 mg kg™, Cu igerigi 7.40-13.67 mg kg, Zn igerigi
48.8-90.7 mg kg ve Mn igerigi 34.8-66.6 mg kg arasinda degisim gostermistir.

Pakistanda bazi mera bitkilerinin mineral igeriklerinin belirlendigi bir ¢alis-
mada Fe icerigi 282-889 ppm, Cu igerigi 4.74-12.27 ppm, Zn igerigi 9.32-55.0 ppm
ve Mn igerigi 20.17-80.40 ppm arasinda degisim gosterdigi bildirilmistir (Hussain
ve Durrani, 2008). Meralarda bulunan bazi yem bitkilerinin kimyasal igerikleri ile
beslenme degerlerinin incelendigi caliyjmada Fe icerigi 132-815 ppm, Zn igerigi
12.4-68.0 ppm ve Mn igerigi 21.7-138.4 ppm olarak tespit edilmistir (Ayan ve ark.,
2006). Bu miktarlar, mevcut calismada elde edilen sonuglar ile benzerlikler goster-
mektedir.

En yiiksek Fe igerigi 15N-12P ve en yiiksek Mn igerigi 15N ve diger P kom-
binasyonlarindan elde edilmistir. Bu sonuca benzer sekilde Algan ve ark. (2018),
en yliksek Fe ve Mn igerigini 6N ve 12P uygulamasindan elde etmislerdir. Ayni
zamanda mera otunun uygulamalar arasinda farklilik gosterdigini ve Fe igeriginin
230-1080 mg kg, Mn igeriginin 72.88-158.51 mg kg, Zn igeriginin 24.97-32.75
mg kg! ve Cu igeriginin 26.72-29.32 mg kg degistigini bildirmislerdir.

Ancak farkli sonuglarin elde edildigi ¢alismalar da mevcuttur. Ornegin, mera
kalitesinin Ankara kegilerinin tiftik kalitesine olan etkisinin incelendigi ¢aliymada
mera bitkilerinin Fe igerigi %1.32-2.79, Cu igerigi %0.17-0.24, Zn igerigi %0.03
ve Mn igerigi %1.30-.1.35 araliginda oldugu bildirilmistir (Saricicek, 2021). Pa-
kistanda ytiriitiilen bir calismada Cu igerigi 29.8 ppm, Zn igerigi 8.96 ppm ve Mn
icerigi 6.14 olarak elde edilmistir (Sultan ve ark., 2008).

4. SONUC

Azot ve fosfor giibrelemesinin mera otunun makro ve mikro element igerigi
tizerindeki etkisinin istatistiksel olarak 6nemli oldugu goriilmistiir. Makro ele-
mentler agisindan bakildiginda azot ve fosfor dozlarinin artmast ile mera otunun
makro element (Ca, Na, Mg, K) i¢eriginin diizenli olarak diisiis gosterdigi goriil-
mektedir. Benzer bir durum azot ve fosfor kombinasyonu dozlarinin artmast ile de
ortaya ¢ikmustir. Azot ve fosfor kombinasyonu giren dozlarin artmasi ile birlikte
mera otunun makro element iceriginde azalmalar goriilmiistiir. Mikro element-
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ler agisindan bakildiginda da azot ve fosfor dozlarinin artmasi ile birlikte mera
otunun Fe ve Zn igeriklerinde, makro elementlerde oldugu gibi bir diisiis oldugu
goriilmektedir. Ancak Cu ve Mn agisindan ise tersi bir durum s6z konusu olmus-
tur. Azot dozlarinin artmast ile mera otunun Cu ve Mn igeriginin diizenli olarak
arttig, fosfor dozlarinin artmasinin ise mera otunun Cu ve Mn icerigi {izerinde
herhangi bir etkisinin olmadig1 gortilmiistiir. Mera otunun makro element icerik-
leri tizerinde yapilan giibrelemenin 10 kg/da azot ve 4 kg/da fosfor giibrelemesine
kadar etkili oldugu, 15 kg/da azotlu giibreleme ile makro element igeriklerinin tek-
rar bir artis egilimi gosterdigi, fosfor giibrelemesinin de 8 kg/da uygulamasindan
sonra bu igerikler tizerinde etkili olmadig1 anlagilmaktadir. Dolayisiyla bélgenin
iklim ve toprak kogullar1 gz 6niinde bulunduruldugunda topragin muhafazasi,
hayvanlarin kaba yem ihtiyacinin karsilanmasi ve yapilan islemin ekonomik ol-
masi agisindan 10 kg/da azot ve 4 kg/da fosfor giibrelemesinin yapilmasi tavsiye
edilmektedir.

Cikar Catismasi:

Yazarlar herhangi bir ¢ikar catigmasi olmadigini beyan eder.

Etik:

Bu ¢aligma etik kurul onay1 gerektirmez.

Yazar Katki Oranlari :

Calismanin Tasarlanmasi (Design of Study): EC (%50), KK (%50)
Veri Toplanmasi (Data Acquisition): EC (%50), KK (%50)

Veri Analizi (Data Analysis): EC (%70), KK (%30)

Makalenin Yazimi (Writing up): EC (%50), KK (%50)

Makalenin Génderimi ve Revizyonu (Submission and Revision): EC (%70), KK (%30)
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FACTORS AFFECTING CONSUMERS’ ORGANIC AGRICULTURAL
PRODUCTS PREFERENCES IN TURKEY

ABSTRACT

This study was conducted with consumers consuming and not consuming or-
ganic products in six regions in Turkey classified in terms of development levels
according to socio-economic development index values. The study aimed to com-
pare the socio-economic aspects of consumers and to reveal the factors affecting
the organic product purchasing behaviors of consumers. In the research, a survey
was conducted with a total of 1494 consumers in 32 provinces, who consumed
and did not consume organic products. Logistic regression analysis was used to
analyze the factors affecting consumers’ tendency to consume organic products.
It was determined that consumers who consumed organic products were slightly
younger than consumers who did not, and their monthly food expenditures were
higher. It was determined that the education level of consumers who consumed
organic products was higher. In addition, it was determined that the non-working
and retired occupational groups were more dominant in the consumer group that
did not consume organic products. According to the results, it was determined
that the gender of the consumers, the education period, the presence of children in
their households, the person doing the food shopping in the family, the monthly
food expenditures, and the organic product consumption of the region they lived
in affected the organic product consumption status positively.

Keywords: Organic Product, Consumption, Consumer Behavior.
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TURKIYE’DE TUKETICILERIN ORGANIK TARIM URUNLERI
TERCIHINI ETKILEYEN FAKTORLER

0z:

Bu c¢alisma, Tiirkiyede sosyo-ekonomik gelismislik endeksi degerlerine gore
gelismislik seviyeleri bakimindan siniflandirilan alt1 bolgede organik {iriin tiike-
ten ve tiitketmeyen tiiketicilerle ylritilmiistiir. Caligmanin amaglary; tiiketicile-
rin sosyo-ekonomik yonden karsilastirilmasi ve tiiketicilerin organik iiriin satin
alma davranislarina etki eden faktorlerin ortaya konmasidir. Aragtirmada 32 ilde
organik tirtin tiiketen ve tiiketmeyen toplam 1494 tiiketiciyle anket ¢alismas ya-
pilmustir. Tiiketicilerin organik triin titketme egilimlerinde etkili olan faktorlerin
analizinde Lojistik regresyon analizi kullanilmigtir. Organik tiriin titketen tiiketi-
cilerin titketmeyen tiiketicilere gore az da olsa daha geng¢ oldugu ve aylik gida har-
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camalarinin daha fazla oldugu belirlenmistir. Organik iiriin tiiketen tiiketicilerin
egitim diizeylerinin daha yiiksek oldugu belirlenmistir. Bunun yaninda organik
irtin tiiketmeyen tiiketici grubunda ¢aligmayan ve emekli meslek gruplarinin daha
agirlikli oldugu tespit edilmistir. Elde edilen sonuglara gore, tiiketicilerin cinsiye-
tinin, egitim siiresinin, hanelerinde ¢ocuk olup olmama durumunun, hanelerinde
gida aligverisini yapan kisinin, aylik gida harcamalarinin ve yasadiklar: bolgenin
organik iiriin titketimi durumunu pozitif yonde etkiledigi belirlenmistir.

Anahtar Kelimeler: Organik Uriin, Tiiketim, Tiiketici Davranisi.

ik

1. INTRODUCTION

Agriculture, which includes many activities such as obtaining plant and animal
products by using soil and water resources, increasing productivity and quality,
meets the food requirements of the world population as the sector that has been
most in harmony with the environment from past to present. However, agriculture,
which has been seen as an activity that protects the environment in the past, has
become a sector that can have negative effects on the environment as a result of the
intensive use of inputs based on increasing the yield obtained from the unit area
(Hasdemir, 2016).

Today, one of the crucial issues that all countries of the world focus on is human
health and the other is environmental problems. Against the increasingly negative
effects of conventional agriculture and agricultural products, the transition to or-
ganic agriculture has gained great importance. Organic agriculture is an alternative
farming method for environmental protection, which can prevent agricultural en-
vironmental pollution and eliminate the negative effects of chemicals on humans.
In developed countries, the demand for organic products started with the requests
from consumers and environmental organizations, organic agriculture was started
and organic product markets increased (Sarikaya, 2007)

The purposes of organic agriculture are to protect the environment and human
health and natural resources, to ensure biological diversity, to restore the deterio-
rated ecological balance, to protect the environment from negative effects by pre-
venting the use of synthetic chemical pesticides, hormones, and mineral fertilizers,
to prevent the erosion of organic and green fertilization, rotation, soil, and gene
resources, to use renewable energy sources and to save energy, to increase the resis-
tance of the plant, to benefit from natural enemies in biological control, to support
the economy and to increase not only the quantity increase in production but also
the product quality (Altindisli and Ilter, 1999; Stolze and Lampkin, 2009).
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The market for organic agricultural products is growing rapidly especially in
developed countries and in Turkey. The most important factor in the growth of
this market is consumer demand. The increase in the education and income levels
of the individuals, the increase in the care and sensitivity about the quality of the
products they consume, and accordingly, the fact that they start to consume more
natural and qualified products by paying more increases the demand for organic
products. Although organic production is increasing worldwide, organic produ-
cts sales are concentrated in developed and industrialized countries. Naturally, in
market with such a high economic value, the consumers’ marketing function and
tendencies are vital (Glurses, 2014).

Many studies were conducted to determine the consumers’ behaviors on orga-
nic production. In the study conducted by Wier and Calverley (2002), it was de-
termined that environmental and ethical reasons impacted consumers’ purchasing
organic products and consumers primarily purchased organic products for health
reasons. Shepherd et al. (2005) investigated the attitudes and behaviors of consu-
mers towards organic foods. In the study conducted by Mutlu (2007), it was aimed
to compare the attitudes and behaviors of Turkish and German consumers towards
organic foods. It was determined that the consumers of both countries were in the
high education level and middle-income group, and it was determined that they
preferred supermarkets to buy organic products. The study conducted by Sarikaya
(2007) aimed to examine consumers’ attitudes towards organic products and the
factors affecting their preferences. In the study conducted by Ritson and Brennan
(2008), it was explained that consumer behaviors consisted of psychological, socio-
logical and even anthropological situations of individuals, which greatly impacted
organic food selection. Chen (2009) determined that health and environmental
concerns were significant in organic food consumption and that there was a positi-
ve relationship between health awareness and attitude towards organic food.

The study carried out by Akin et al. (2010) determined that people’s attitudes
towards organic and non-organic foods were affected by their education level in
Nigde province. Dagistan et al. (2010) determined the demands and tendencies of
consumers living in the central district of Hatay province for organic agricultural
products. In the study conducted by Karabas and Giirler (2012), the behaviors of
consumers in Samsun city center towards organic products and the factors that
affected their preference for organic products were determined. In the study con-
ducted by Agir et al. (2014) in Kayseri province in 2013, it was determined that as
consumers’ age and education level increased, they may adopt organic products
early. In the study conducted by Eti (2014), it was determined that women tended
to buy more organic food than men, and the 35-44 age group was the age group
that tended to give the most positive response. In the study conducted by Giirses
(2014) in order to determine the organic product consumption trends of consu-
mers in Sakarya province and to examine some marketing characteristics, it was
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determined that the middle-aged and above consumer group with high education
and income levels consumed organic products. The study conducted by Sandal-
lioglu (2014) determined that the total monthly income, education level, month-
ly food expenditure amount and marital status of organic product consumers in
Adana province were effective on organic product consumption. In a study con-
ducted by Ozgen and Yesiloglu (2015) in Ankara, it was observed that the age of
consumers was a factor that would make a difference in their purchasing beha-
vior towards organic food. In the study conducted by Ustaahmetoglu and Toklu
(2015), it was found that there was a relationship between occupation and attitudes
towards organic products, and between gender and intention to purchase organic
products with demographic characteristics. Dogan and Giirel (2016) determined
consumers’ perspectives on organic products, their consumption tendencies and
awareness levels in Kirsehir city center. It was determined by Varoglu and Tarhan
(2016) that the middle-aged and above consumer group with high education levels
and income levels consumed organic products in Sakarya province. In the study
conducted by Giilgor (2017), organic product consumption trends of consumers in
Istanbul were determined. In the study carried out by Inci et al. (2017) in the city
center of Diyarbakir, consumers’ attitudes towards organic products and the fac-
tors that affected their preference for organic products were determined. Aydogdu
et al. (2018) determined the consumption reasons of organic product consumers
living in Sanliurfa. In the study carried out by Bahsi and Akea (2019) in Osmaniye
and Sanlurfa provinces, it was aimed to determine the perspectives of consumers
towards organic products and the factors that affected their preference of organic
products. Sezgin and Uzundumlu (2019) in Erzurum province concluded that the
organic product consumption level of the consumers was affected by their active
working status, family size, income, paying attention to a balanced and healthy
diet, and being a conscious consumer.

In this study, attitudes and behaviors of consumers about purchasing organic
food in Turkey were determined, and the factors affecting consumers’ organic pro-
duct purchasing behaviors were revealed. When the studies on the subject were
examined, it was observed that the studies were generally carried out on a provin-
cial basis. This study is a first in terms of being carried out throughout Turkey and
making regional comparisons.

2. MATERIALS AND METHODS

The study was carried out in six regions in Turkey classified in terms of de-
velopment levels according to socio-economic development index values, and 32
provinces were selected by taking into account the index values in 2018. The target
group of the study consisted of consumers selected by sampling, and the primary
data consisted of data collected from these consumers by face-to-face interview
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technique. On the other hand, secondary data were obtained using the literature
and statistics on the subject.

Provinces in Turkey are classified into six levels in terms of their development
levels according to their socio-economic development index values. The index va-
lues of the provinces in the first level are greater than 1, the index values of the pro-
vinces in the 2nd, 3rd, 4th and 5th levels are between 1 and -1, and the index values
of the provinces in the 6th level are less than -1. There are 8 provinces in the first
level, 13 provinces in the second level, 12 provinces in the third level, 17 provinces
in the fourth level, 16 provinces in the fifth level and 15 provinces in the sixth level.
Approximately 25% of the number of provinces at each level was selected purpo-
sefully, taking into account the index values, and the population numbers of the
provinces were obtained. The population of the selected provinces corresponded
to 68% of the total population of Turkey (79 814 871). The total population of the
Istanbul, Ankara and Izmir provinces, which were in the first level, constituted
30.53% of the total population of Turkey. Considering the total population of the
provinces at each level, the number of consumers to be surveyed was determined
by the proportional sampling formula given below (Newbold, 1995). The number
of surveys was distributed proportionally to the provinces. Sampling was done se-
parately for the Istanbul, Ankara and Izmir provinces. Since the characteristics of
the consumers constituting the main population were not known at the beginning,
p=0.5 was taken to maximize the sample size.

N. p(1-p)
(N-1)o°p + p(1-p)

In the formula;
n = Sample size
N = Population size (total population size)

p = Estimation ratio (consumption rate of organic products) (based on 50%
assumption)

0” = Variance of the ratio (calculated according to a certain confidence interval
and margin of error)

According to 99% confidence interval and 0.10 margin of error;

Za/2 o, =1
2.58 o, = 0.10
o =0.03876.

p
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As aresult of the sampling, the number of consumers surveyed was determined
as 1494. The provinces where the survey was conducted and the number of consu-
mers are given in Table 1.

Table 1. The provinces where the survey was conducted and the number of

surveys
Region  Provinces  Number of Surveys Region Provinces Number of Surveys

1 Istanbul 166 4 Kirikkale 12

1 Ankara 166 4 Malatya 35

1 Izmir 166 4 Hatay 69

1 Kocaeli 38 4 Kastamonu 17

1 Antalya 49 4 Bartin 9

1 Bursa 61 4 Corum 24

1 Eskisehir 18 5 Cankir1 9

2 Bolu 8 5 Erzurum 39

2 Adana 61 5 Kahramanmarag 57

2 Kayseri 37 5 Ordu 39

2 Konya 60 5 Yozgat 22

3 Burdur 10 6 Diyarbakar 59

3 Karabiik 9 6 Igdir 7

3 Zonguldak 23 6 Batman 21

3 Gaziantep 75 6 Bingol 10

3 Samsun 49 6 Sanlurfa 69

In the analysis of the obtained data, some socio-economic characteristics of the
consumers were determined by using descriptive statistics such as mean, percen-
tage, and cross tables. The chi-square test in discrete data was used to determine
whether there was a difference between the groups that consumed organic produ-
cts and those that did not. In continuous data, first of all, the Kolmogorov-Smirnov
test and the normal distribution test were applied to determine the variables with
and without normal distribution. The t-test was used for the normally distributed
variables, and the Mann-Whitney U test was used for the non-normally distribu-
ted variables.

Logit regression analysis was used to analyze the tendencies of the consumers
to consume organic products and the factors affecting these tendencies. Logit Reg-
ression is a nonlinear regression model designed especially for a binary dependent
variable. In the literature, Logit regression is also called “Logistic Regression” (Sto-
ck and Watson, 2007). If the dependent variable in the model is expressed by two
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categories, the model is called a “Binary Logistic Regression Model’, and if it is
expressed by more than two categories, it is called a “Multiple Logistic Regression
Model” (Leech et al., 2004). In the binary logistic regression model, the observed
value of the dependent variable takes the value 1 if the event occurs and 0 if it does
not occur to express two possible situations (Walker and Duncan, 1967).

In Logit regression analysis, G statistic with chi-square distribution is used to
test the general significance of the model (Isigigok, 2003). If the G statistic is gre-
ater than the chi-square table value in the related degree of freedom, it is decided
that all the explanatory variables contained in the model are important for the
dependent variable. Another test to analyze the goodness of fit provided by all
variables of the model is the Hosmer and Lemeshow test statistic, which shows a
chi-square distribution. If the Hosmer and Lemeshow test statistic is smaller than
the chi-square table value with the related degree of freedom, it is decided that the
fit of the model is good.

In the binary logistic regression model used in the study, organic product con-
sumption (1) and non-consumption (0) were used as dependent variables. The
independent variables of the model; the age of the consumer (years), education
period of the consumer (years), monthly food expenditure (TL), number of family
members (1: 1-2 people; 2: 3-4 people; 3: 5 people and above), gender (1: male;
2: female), marital status (1: married; 2: single), occupation (1: private sector; 2:
public sector; 3: retired; 4: self-employed; 5: student; 6: not working), being a child
at household (0: no; 1: yes), the person doing the food shopping in the household
(1: replying to the survey; 2: other family members; 3: both). The region variable is
included in the model as a dummy variable.

3. RESULTS AND DISCUSSION

3.1. Organic Product Consumption Status and Socio-Demographical
Characteristics of Consumers

In this part of the research, the organic product consumption status and soci-
o-demographic characteristics of the consumers were examined. Organic product
consumption status by region is given in Table 2. It was observed that 25.60% of
the consumers in the first region, 47.59% of the consumers in the second region,
31.33% of the consumers in the third region, 20.48% of the consumers in the fourth
region, 27.11% of the consumers in the fifth region, 13.86% of the consumers in the
sixth region stated that they consumed organic products. It was determined that
the region where organic products were consumed the most was the second region.
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Table 2. Consumption of Organic Products by Regions.

Region 1 Region 2 Region 3 Region 4 Region 5 Region 6 Total
Organic
Product
0. % No. % No. % No. % No. % No. % No. %
Consumption
Yes 170 25.60 79 47.59 52 31.33 34 20.48 45 27.11 23 13.86 403 26.97
No 494 74.40 87 5241 114 68.67 132 79.52 121 72.89 143 86.14 1091 73.03
Total 664  100.00 166 100.00 166 100.00 166 100.00 166 100.00 166 100.00 1494 100.00

While the average age of consumers consuming organic products was 34.67,
the average age of consumers who did not consume organic products was 37.79.
The monthly average food expenditure of consumers consuming organic products
was determined as 1323.33 TL whereas the monthly average food expenditure of
consumers who did not consume organic products was determined as 1149.87 TL.
The education period of the consumers consuming and not consuming organic
products was found as 12.89 and 11.60 years. As a result of the statistical analysis
carried out to determine whether or not the difference in age, monthly food expen-
diture and education period of consumers were statistically significant between the
groups, it was determined that there was a difference at 1% (p=0.000) significance
level (Table 3).

Table 3. Some Socio-Cultural Indicators of Consumers

Socio-Cultural ~ Consuming Organic Products Non-Consuming Organic Products
Indicators Average SD Min  Max Average SD Min  Max
Age 34.67 11.99 17.00  90.00 37.79 14.27 18.00  77.00 0.002
Monthly Food

1323.33  848.60 0.00 12000.00  1149.87 565.29 0.00 4000.00 0.000
Expenditure
Education

12.89 3.06 5.00 17.00 11.60 3.51 0.00 17.00 0.000
Period

The distribution of consumers by gender is given in Table 4. Most of the con-
sumers consuming organic products were female consumers, and most of the con-
sumers who did not consume organic products were male consumers. This result
was similar to the results of the studies conducted by Inci et al. (2017) and Aydogdu
et al. (2018). As a result of the chi-square test performed to determine whether
the gender difference between the groups was statistically significant, it was deter-
mined that there was a difference at the 1% (p=0.000) significance level.
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Table 4. Gender of Consumers

Consuming Organic Products  Non-Consuming Organic Products Total
Gender Number % Number % Number %
Man 182 45.16 656 60.13 838 56.09
Woman 221 54.84 435 39.87 656 4391
Total 403 100.00 1091 100.00 1494 100.00

Chi-Square: 26.767 p: 0.000

The distribution of consumers according to their marital status is given in Table
5. It was found that 55.33% of consumers consuming organic products and 60.86%
of consumers who did not consume organic products were married consumers.
According to the chi-square test results, it was determined that the marital status
of the consumers did not change according to the groups.

Table 5. Marital Status of Consumers

Consuming Organic Products ~ Non-Consuming Organic Products Total
Marital Status
Number % Number % Number %
Married 223 55.33 664 60.86 897 60.04
Single 170 42.18 427 39.14 597 39.96
Total 403 100.00 1091 100.00 1494 100.00
Chi-Square: 1.137 p: 0.286

The distribution of consumers by occupational groups is given in Table 6. It
was determined that 37.72% of consumers consuming organic products were pri-
vate sector, 26.80% were public employees, and 34.19% of consumers who did not
consume organic products were private sector and 18.61% were public employees.
While 8.44% of the consumers in the organic product group were in the non-wor-
king group and 4.71% were in the retired group, these rates were higher in the
group that did not consume organic products. It was determined that the rates of
self-employed and student groups were quite close to each other in both groups. It
was determined that the non-working and retired occupational groups were more
dominant in the consumer group that did not consume organic products. In both
groups, most of the consumers worked in the public and private sectors. This result
was similar to the result in Akttrk (2015) literature. Chi-square test results showed
that there was a difference between the groups at the level of 1% (p=0.000) signi-
ticance level.
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Table 6. Occupational Groups of Consumers

Consuming Organic Non-Consuming
Total

Job Groups Products Organic Products

Number % Number % Number %
Private Sector

152 37.72 373 34.19 525 35.14

Employee
Public Employee 108 26.80 203 18.61 311 20.82
Self-Employed 45 11.17 129 11.82 174 11.65
Student 45 11.17 122 11.18 167 11.18
Not Working 34 8.44 139 12.74 173 11.58
Retired 19 4.71 125 11.46 144 9.64
Total 403 100.00 1091 100.00 1494 100.00

Chi-Square: 29.229  p: 0.000

The distribution of consumers by household income is given in Table 7. While
the household income of 37.22% of consumers who consumed organic products
was above 5000 TL, this rate was determined as 24.20% for consumers who did
not consume organic products. It was determined that the household income of
35.48% of consumers consuming organic products and 48.85% of consumers who
did not consume organic products was between 3000-5000 TL. In the consumer
group consuming organic products, the ratio of consumers with a household in-
come above 5000 TL was higher. This result showed similarities with the results of
Mutlu (2007), Akin et al. (2010), Dagistan et al. (2010) and Giirses (2014) litera-
ture.

As a result of the chi-square test, which was conducted to determine whether
the difference in household incomes of consumers between the groups was statis-
tically significant, it was determined that there was a significant difference of 1%
(p=0.000) significance level.

Table 7. Monthly Household Income of Consumers

Household Consuming Organic Products ~ Non-Consuming Organic Products Total
Income Number % Number % Number %
<3000 110 27.30 294 26.95 404 27.04
3000-5000 143 35.48 533 48.85 676 45.25
>5000 150 37.22 264 24.20 414 27.71
Total 403 100.00 1091 100.00 1494 100.00
Chi-Square: 29.651 p: 0.000
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The distribution of consumers by education level is given in Table 8. While
7.94% of the consumers consuming organic products were postgraduate gradu-
ates and 47.89% were university graduates, 2.29% of the consumers who did not
consume organic products were postgraduate graduates and 37.40% were univer-
sity graduates. The ratios of primary, secondary and high school graduates in the
group consuming organic products were lower than the ratio of consumers in the
non-consuming group. It was determined that the education level of consumers
who consume organic products was higher. This result was similar to the results of
Mutlu (2007), Akin et al. (2010), Karabas and Gtirler (2012), Giirses (2014), San-
dallioglu (2014), Aktiirk (2015) and Aydogdu et al. (2018) literature.

As a result of the chi-square test, it was determined that there was a difference
in the education level of the consumers between the groups at the 1% (p=0.000)
significance level.

Table 8. Education level of consumers

Consuming Organic Products  Non-Consuming Organic Products Total

Education Level
Number % Number % Number %

Literate 0 0.00 9 0.82 9 0.60
Primary School 21 5.21 125 11.46 146 9.77
Middle School 25 6.20 93 8.52 118 7.90
High School 132 32.75 431 39.51 563 37.68
University 193 47.89 408 37.40 601 40.23
Postgraduate 32 7.94 25 2.29 57 3.82
Total 403 100.00 1091 100.00 1494 100.00
Chi-Square: 53.311 p: 0.000

The distribution of consumers according to the number of people in their
households is given in Table 9. While the number of people in the households of
20.10% of consumers consuming organic products was over 4, this ratio was deter-
mined as 22.36% in the consumer group that did not consume. In the group that
did not consume organic products, the ratio of those who had 1-2 people in the
family was higher than the group that consumed organic products. Chi-square test
results showed that there was a difference between the groups at the 5% (p=0.014)
significance level.
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Table 9. Number of People in the Households of Consumers

Number Of Consuming Organic Products ~ Non-Consuming Organic Products Total
People In The

Number % Number % Number %
Household
1-2 People 85 21.09 295 27.04 380 25.44
3-4 People 237 58.81 552 50.60 789 52.81
>4 People 81 20.10 244 22.36 325 21.75
Total 403 100.00 1091 100.00 1494 100.00
Chi-Square: 8.546 p:0.014

The distribution of consumers according to the status of having children in
their households is given in Table 10. It was determined that 55.58% of consumers
consuming organic products and 45.46% of non-consumers stated that they had
children in their household. As a result of the chi-square test, it was determined
that there was a difference between the groups at the 1% (p=0.001) significance
level.

Table 10. Childhood in the Household

Are There Consuming Organic Products  Non-Consuming Organic Products Total
Children In The

Number % Number % Number %
Household?
Yes 224 55.58 496 45.46 720 48.19
No 179 44.42 595 54.54 774 51.81
Total 403 100.00 1.091 100.00 1494 100.00

Chi-Square: 12.072 p: 0.001

The age groups of the children in the households of the consumers are given in
Table 11. It was determined that 9.18% of the consumers consuming organic pro-
ducts were between 0-2 years of age and 17.62% of them were between 3-5 years
of age. In the consumer group who did not consume organic products, these ratios
were determined as 6.23% and 12.47%, respectively. It was observed that the age
groups of the children in the group consuming organic products were lower than
those of the non-consuming group.
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Table 11. Age Groups of Children in the Household

Non-Consuming Organic

Age  Consuming Organic Products Total*
Products
Groups
Number % Number % Number %
0-2 37 9.18 68 6.23 105 7.03
3-5 71 17.62 136 12.47 207 13.86
6-14 105 26.05 247 22.64 352 23.56
14-18 73 18.11 210 19.25 283 18.94

*Multiple options marked

The distribution of consumers according to people shopping for food in their
households is given in Table 12. 55.33% of consumers consuming organic products
and 56.46% of non-consumers stated that shopping was done with all family mem-
bers in their households. Chi-square test was conducted to determine whether the
difference between the people who shopped in the households of the consumers
between the groups was statistically significant, and it was determined that there
was a difference at 1% (p=0.005) significance level.

Table 12. Person/s doing food shopping in the household

Who Does the Consuming Organic Products  Non-Consuming Organic Products Total
Food Shopping in
Number % Number % Number %

the Household?
Answering the

108 26.80 218 19.98 326 21.82
Survey
Other Family

72 17.87 257 23.56 329 22.02
Members
Both of Them 223 55.33 616 56.46 839 56.16
Total 403 100.00 1091 100.00 1494 100.00
Chi-square: 10.662 p: 0.005

3.2. Factors Affecting Consumers’ Organic Product Consumption
Preferences

First of all, it was examined whether there was a multicollinearity problem
between the independent variables and it was determined that there was no mul-
ticollinearity between the independent variables. According to the results of the
logistic regression analysis, when the first classification table was examined, it was
determined that the program was primarily classified in the category of not con-
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suming organic products, and as such, the percentage of correct classification was
73%. The issue examined in the initial model table is whether the constant term
was meaningful. Since p=0.000<0.05, it was concluded that all independent vari-
ables contributed significantly to the model and variable selection was continued.
When the iteration history table was examined, the constant term value was found
as -2.110 and the -2LogL statistic was found as 1585.109 at the end of the fourth
iteration.

The estimation results of the logistic regression model are given in Table 13.
Hosmer and Lemeshow statistics (Model Chi-Square Statistic) is used to test the
logistic regression model in general. As a result of the Hosmer and Lemeshow test,
the chi-square value was calculated as 11.230. It was obtained as P=0.189>0.05,
showing that the model was suitable.

The chi-square value in the model established to determine the organic product
consumption tendencies of consumers was determined as 156.912 and the signifi-
cance level of this value was determined as 0.000. Since the significance level was
P<0.05, the coefticients of the model were found to be significant. The estimated
model was generally significant and it was seen that at least one of the independent
variables in the model was effective on the dependent variable.

The Nagelkerke R? statistic was found to be 14.5%, and it showed that there
was a 14.5% relationship between the dependent variable and the independent va-
riables, and only 14.5% was explained by the independent variables in the model.

Among the variables included in the model, it was determined that the variab-
les of consumers’ age, marital status, occupation and the number of individuals in
their families were statistically insignificant (p>0.10).

It can be said that the other 6 variables, which were gender, education peri-
od, having a child in the household, the person doing the family food shopping,
monthly food expenditure and the region, were statistically significant and were
effective in consuming organic products or not.

The equation written using the original logit coeflicients is given below.

g(x) =-2,110 + 0.536 x gender(1) + 0.067 x education period + 0.338 x number
of children in the household (1) + 0.399 x who does the shopping(1) - 0.177 x who
does the shopping(2) + 1.009 x region(1) + 0.340 x region(2) -0.168 x region(3) +
0.090 x region(4) - 0.760 x region(5)
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Table 13. Estimation Results of the Logistic Regression Model

Variables Coefficient ~ Standard Error ~ Wald Statistics ~ DF P Value  Odds Ratio
Constant -2.110 0.459 21.170 1 0.000 0.121
Age -0.009 0.008 1.384 1 0.239 0.991
Gender(1) 0.536 0.137 15.377 1 0.000*** 1.709
Marital status(1) 0.161 0.181 0.791 1 0.374 1.174
Occupation 7.500 5 0.186

Occupation (1) -0.036 0.179 0.041 1 0.839 0.964
Occupation (2) -0.148 0.352 0.177 1 0.674 0.863
Occupation (3) 0.100 0.227 0.194 1 0.659 1.105
Occupation (4) -0.313 0.233 1.805 1 0.179 0.732
Occupation (5) -0.534 0.236 5.102 1 0.024 0.586
Education period 0.067 0.023 8.320 1 0.004*** 1.069
Family size 0.524 2 0.770

Family size(1) 0.066 0.191 0.119 1 0.730 1.068
Family size(2) -0.046 0.241 0.037 1 0.847 0.955
Status of having a child in

the household(1) 0.338 0.168 4.068 1 0.044** 1.402
Who does the food

shopping? 9.115 2 0.010%**

Who does the food

shopping(1) 0.399 0.158 6.417 1 0.011 1.490
Who does the food

shopping(2) -0.177 0.184 0.925 1 0.336 0.838
Monthly food expenditure 0.000 0.000 13.441 1 0.000*** 1.000
Region 47.710 5 0.000***

Region(1) 1.009 0.198 26.037 1 0.000 2.744
Region(2) 0.340 0.201 2.861 1 0.091 1.405
Region(3) -0.168 0.224 0.564 1 0.453 0.845
Region(4) 0.090 0.211 0.183 1 0.669 1.094
Region(5) -0.760 0.256 8.850 1 0.003 0.468

Nagelkerke R* = 0.145

-2 Log likelihood= 1585.109

X?=11.230 p= 0.189 (Hosmer Lemeshow test)
X2 =156.912 p= 0.000 (Omnibus test)

*: Significant at 10% significance level; **: Significant at 5% significance level; ***: Significant at 1%
significance level; DF: Degree of freedom

Gender: Female consumers were 1.709 times more likely to purchase organic
products than male consumers (reference group).
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Education Period: One unit increase in the education period increased the
probability of purchasing organic products 1.069 times, or in other words, one unit
increase in the education period increased the probability of purchasing organic
products (1.069-1) x 100 = 6.9%.

Status of Having Children in the Household: Consumers with children in
their households were 1.402 times more likely to purchase organic products than
consumers without children (reference group).

Food Shopper: Consumers who did food shopping with all family members
were 0.838 times less likely to buy organic products compared to the group whe-
re the food shopper was only the consumers who answered the survey (reference
group) and the group where other family members did food shopping was 1.490
times more likely to buy organic products compared to the reference group.

Monthly Food Expenditure: One unit increase in monthly food expenditure
increased the probability of purchasing organic products by one times. This result
indicated that the purchase of organic products increased as the monthly food ex-
penditure increased.

Region: It was determined that the region with the highest probability of pur-
chasing organic products was the second region. Consumers in the second region
were 2.744 times more likely to purchase organic products than the consumers in
the first region (reference group), consumers in the third region were 1.405 times
more likely to purchase organic products compared to the reference group, and
consumers in the fourth region were 0.845 times less likely to purchase organic
products compared to the reference group. Consumers in the fifth region were
1.094 times more likely to purchase organic products compared to the reference
group, and consumers in the sixth region were 0.468 times less likely to purchase
organic products compared to the reference group (Table 13).

4. CONCLUSION

In this study, attitudes and behaviors of consumers on purchasing organic food
in Turkey were determined, and the factors affecting consumers’ organic product
purchasing behaviors were revealed. It was determined that consumers who con-
sumed organic products were slightly younger than consumers who did not con-
sume, and their monthly food expenditures were higher. It was concluded that
consumers consuming organic products were mostly women and the consumers
who did not consume were mostly men. It was determined that the education level
of consumers who consumed organic products was higher than the other group. In
addition, it was determined that the non-working and retired occupational groups
were more dominant in the consumer group that did not consume organic produ-
cts. In both groups, most of the consumers worked in the public and private sec-
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tors. In the consumer group consuming organic products, the ratio of consumers
with a household income of more than 5000 TL and the rate of having children in
the households of consumers consuming organic products were higher than those
of non-consumers, and it can be said that these two criteria were important in ter-
ms of organic product consumption.

According to the results of the logistic regression analysis, it was determined
that the gender of the consumers, the education period, the status of having a child
in their household, the person doing the family food shopping, the monthly food
expenditures and the region they lived in were effective on whether or not they
consumed organic products. Education is one of the most effective factors in the
formation of consumer attitudes and behaviors towards organic food and agricul-
tural products in EU countries (Eryilmaz et al., 2015). Because, it has been obser-
ved that organic agriculture and food products are preferred more by people with
higher education levels (Hassan et al., 2009)

In order to increase the consumption of organic products and to transfer suffi-
cient and healthy information about the products to the consumers, it is necessary
to increase advertising activities. The right price policies should be determined
and government support should be given to the producers, so that the formation
of prices at which organic products can be demanded by consumers in the midd-
le-income group should be ensured. In order to increase consumer awareness of
organic products, the development of organic markets will be provided by incre-
asing consumer demand with the help of training activities on organic products.

It can be said that the increase in the number of public markets contributes to
the spread of organic foods and thus to their easy availability by consumers and it
is also possible to say that by making it possible for the producer to sell their goo-
ds directly to the consumer and raising the awareness of organic products, it will
contribute to more reasonable prices of organic products over time.

For the development of the organic market in Turkey, the demand of a certain
group for these products is not sufficient. Studies should be made to influence
middle-income consumers as well. Both producers and consumers should benefit
from government support, and consumers’ knowledge of organic products should
be increased. By planned and long-term studies, it will be possible to increase con-
sumer demand and develop the market. Giving priority to specific stores before
supermarkets during the sale of organic products in Turkey gains importance in
terms of expressing the product characteristics to the consumer by making one-to-
one contact between the salesperson and the consumer at the selling point.
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MODELING OF CLIMATIC VARIRBLES USING STOCHASTIC
APPROACHES IN SUDAN

ABSTRACT

The climatic variables play a significant role in agricultural process and irrigati-
on management because we need to know all changes related to the climate, which
will absolutely affect agricultural yield. For this purpose, the ARIMA models were
suggested in this study for modeling daily average temperature, solar radiation,
and relative humidity factors related to five main meteorological stations (Wad
Madani, Khartoum, Al Gadaref, Al Damazin, and Dongola) in Sudan. The daily
variables were obtained from the period 2013 to 2020. Time series analysis met-
hods are used for estimating and modeling the climatic variables using Autoreg-
ressive Integrated Moving Average methods, which are called Box Jenkins models.
For modeling purposes, linear stochastic models were used to estimate the future
values of daily variables. The Augmented Dickey-Fuller test (ADF) was used to
check the stationarity of the data at 1%, 5%, and 10% confidence levels. The time
series of variables showed stationarity and no trend. The best models were selec-
ted from the autocorrelation (ACF) and partial autocorrelation (PACF) function
graphs employing diagnostic testing. The adjusted R2, Standard error (S.E), Akaike
information criterion (AIC), and Bayesian information criterion (BIC) values were
used to assess which models were the best. The appropriate findings were observed
in ARIMA (1,0,1) and (1,0,2) which can be effective for predicting future values.
The ARIMA models obtained satisfactory results for temperature, relative humi-
dity, and solar radiation variables. So, this study might be extremely helpful for
agricultural engineers to achieve all the processes related to agricultural practices.

Keywords: Variables, Arima Models, Adf Test, Stochastic, Prediction,
Autocorrelation.

e

SUDAN’DA STOKASTIK YAKLASIMLAR KULLANILARAK iKLIMSEL
DEGISKENLERIN MODELLENMESI

0z:

Iklimsel degiskenleri, tarimsal siireg ve sulama yonetiminde nemli bir rol oy-
namaktadir ¢linkii iklimle ilgili tarimsal verimden kesinlikle tiim etkilenecek de-
gisiklikleri bilmemiz gerekmektedir. Bu amagla, bu ¢alismada Sudan'daki bes ana
meteoroloji istasyonu (Wad Madani, Hartum, Al Gadaref, Al Damazin ve Dongo-
la) ile ilgili giinliik ortalama sicaklik, bagil nem ve giines radyasyonu degiskenleri-
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nin modellenmesi igin ARIMA modelleri 6nerilmistir. 2013-2020 yillar1 arasinda-
ki giinliik iklim verileri kullanilmistir. Box Jenkins modelleri olarak adlandirilan
ARIMA (Otoregresif Entegre Hareketli Ortalama Modelleri) kullanilarak iklim-
sel degiskenlerin tahmin ve modellemesini i¢in zaman serisi analiz yontemlerini
kullanilmistir. Modelleme amaciyla, giinlik degiskenlerin gelecekteki degerlerini
tahmin etmek icin dogrusal stokastik modeller kullanilmistir. Duraganligi 1%, 5%
ve 10% giiven diizeylerinde kontrol etmek i¢in zaman serilerine artirilmig Dic-
key-Fuller testi (ADF) uygulanmustir. Degiskenlerin zaman serileri duraganli ve
egilimsiz oldugunu tespit edilmistir. Modelleri kontrol etmek ve otokorelasyon
(ACF) ve kismi otokorelasyon (PACF) fonksiyon grafiklerinden en iyi modelle-
ri segmek i¢in diyagnostik kontrolleri kullanilmistir. En iyi modelleri, diizeltilmis
R2, Standart hata (S.E), Akaike bilgi kriteri (AIC) ve Bayesian bilgi kriteri (BIC)
degerlerine gore secilmistir. En iyi sonuglari, gelecekteki degerleri tahmin etmek
i¢in etkili olabilecek ARIMA (1,0,1) ve (1,0,2) modellerinde gozlenmistir. ARIMA
modelleri sicaklik, bagil nem ve giines radyasyonu degiskenleri i¢in tatmin edici
sonuglari elde etmistir. Bu nedenle, bu ¢aligma ziraat mithendislerinin tarimsal uy-
gulamalarla ilgili tiim siiregleri gerceklestirmeleri i¢in ¢ok yardimei olabilmektedir.

Anahtar Sozciikler: Degiskenler, ARIMA Modelleri, ADF Testi, Stokastik,
Tahmin Etmek, Otokorelasyon.

2

1. INTRODUCTION

The climate system is known as a complex system that is characterized by major
changes in climatic variables, which are very necessary for many environmental
systems, especially agricultural processes, which are affected by weather conditions
that can affect agricultural production. Agricultural productivity might be incre-
ased or reduced due to a longer or shorter growing season, so the most important
climatic variables such as temperature, relative humidity, and solar radiation make
a big sense of crop yield. However, crop yields are also expected to vary increasing-
ly from year to year due to extreme weather events, and it varies/they(crop yields)
vary? depending on different geographical locations. Therefore, many different
methods have been used in many previous studies to interpret and estimate the
changes in variables, such as time series analysis techniques using Autoregressive
Integrated Moving Average (ARIMA) models to model future values. Time series
analysis is important to analyze and predict the future values of hydrological pa-
rameters such as the evapotranspiration process which is considered a complex
process in the hydrology field. In addition, time-series analysis is necessary for
testing hydrologic and climatologic models with reconstructed hydrologic models
from the past (Palmroth et al., 2010).
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It is worth mentioning that the most evident patterns appearing in time series
data are trends and seasonality (G. E. Box et al., 2015).

The Box-Jenkins model, also known as the autoregressive integrated moving
average* model, is widely used in analyzing hydrologic time series and has been
used to extrapolate past patterns of behavior into the future. (Mohan and Arumu-
gam, 1995). ARIMA is the first method introduced by Box-Jenkins and has until
now been the most popular model for forecasting univariate time series data (Lee,
2011). According to (Yiirekli et al., 2007) the ARIMA models have been applied to
simulate and estimate the climatic variables for Tokat city in Turkey and the mo-
dels that obtained satisfying results can be used for predicting future values.

According to (Asteriou and Hall, 2007) time series analysis is necessary to set
up a hypothetical probability model to represent data for predicting future values .
It is then possible to estimate parameters, check for good data fit, and perhaps use
the fitted method to improve our understanding of the processes by generating
the data after an appropriate collection of models has been selected as the best.
In addition, time series analysis is very important for economic statistics such as
unemployment to recognize the presence of seasonal components and not being
confused them with long-term trends. Time series models can be applied for cont-
rolling future values of series by adjusting parameters. For instance, time series
analysis is playing the main role in prediction of future values such as testing hy-
pothesis of global warming using recording temperature data and predicting one
series from observations of another population data. Also, it is useful in simulation
studies, for example, the performance of a reservoir depends heavily on the ran-
dom daily inputs of water to the hydrological system. There are many studies that
have been carried out in different environmental components using the time series
analysis approaches with another stochastic methods to increase the performance
of models as observed in the study of (Ashrafzadeh et al., 2020) which forecasted
monthly ETo using different methods of time Series Models, Support Vector Mac-
hines (SVM), and Goup Method of Data Handling GMDH in Iran for Long-Term
during 1993-2014 and these models were used to forecast reference evapotranspi-
ration for the next 2-year period (2013-2014). According to (Luo et al., 2014) have
proposed a method for forecasting short-term daily reference evapotranspiration
using Hargreaves—Samani model and temperature forecasts. In this study, the HS
model was compared with the Penman-Monteith model to calibrate and validate
the Hargreaves—Samani (HS) model. The ARIMA models were applied by (Mos-
sad and Alazba, 2016) to predict monthly reference evapotranspiration under arid
climate using daily metrological parameters to develop the ETO time series.

In the study of (Kim etal,, 2011) ARIMA model has applied seasonal to eva-
luate and predict temporal-spatial Precipitation in Mongolia. In such an approach
(Han et al., 2012) used the ARIMA models to predict drought, and the results
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demonstrated how the model had important short-term forecasting for the SPI in-
dex. Also, (Han et al., 2010) employed a new technique of modelling for the Spatial
and temporal series the VTCI series and applied the ARIMA models to simulate
and forecast the VT'CI (vegetation temperature condition index) series to simulate
and forecast VTCI (vegetation temperature condition index) series.

(Zhang, 2003) has suggested a hybrid method of ARIMA and ANNs (Artificial
neural networks) models to improve the accuracy of forecasting and estimate the
strength of the modeling in linear and nonlinear case. The combination of ARIMA
and neural network models are especially essential to extract different patterns of
data and show the ability to capture the non-linearity in the data. An Artificial neu-
ral network model is an effective tool to improve forecasting accuracy and achieve
a high degree of model performance in time series data (Khashei and Bijari, 2010).

Kaur et al. (2015) used neural networks to apply a hybrid model that conside-
red two methods of ARIMA and wavelet transform models. To forecast the hydro-
logical drought on annual and seasonal time spans, (Bazrafshan et al., 2015) have
tested the accuracy of stochastic known as Autoregressive Integrated Moving Ave-
rage (ARIMA) and Seasonal Autoregressive Integrated Moving Average (SARI-
MA) models. They also calculated the accuracy of models in terms of lead-time for
forecasting. In such an approach (Mishra and Desai, 2005) and Grazhdani, (2010)
have used the SARIMA model to predict droughts using standardized precipitati-
on index series in the Kansabati river basin in India. In this study, the ARIMA mo-
dels were applied for simulating and estimating the daily climatic variables which
were calculated from five main meteorological stations in Sudan over a period of
seven years related to the years 2013-2020.

2. MATERIALS AND METHODS
2.1. Study Area

Five major stations in the Sudan were chosen as the study experimental samp-
les and served as the study area. Sudan is officially known as the Republic of Sudan.
The Northeast of Africa is home to Sudan which is bordered by Egypt in the north,
Libya in the northwest, Chad in the west, the Central African Republic in the sout-
hwest, South Sudan in the south, Ethiopia in the southeast, Eritrea in the east, and
the Red Sea in the east. Sudan lies at the latitudes of 12.86280 N and a longitude
of 30.217 0 E, also 405 m above mean sea level. Sudan occupies 1.886.068 km2
(728.215 square miles) making it Africa’s third-largest country by area (Fig. 2.1).
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2.2. Data Collection

The used data sets were daily climatic variables of temperature, relative humi-
dity, and solar radiation, covering the period from 2013 to 2020 (Fig. 2.1).

2.3. Time Series Analysis Technique (RRIMA model)

A time series is a collection of data points that are taken at evenly spaced points
or observations and are plotted based on a certain time. Time series analysis starts
with plotting the observations of the time series and then applying the approach
from (G. E. Box et al., 2015) using mathematical functions which were autocorre-
lation and partial functions that indicate how each value of the series is correlated
with the previous value according to the time (Chen et al., 2009). The used mathe-
matical functions were shown as following:

(i) Autocorrelation Function

A mathematical process that describes the correlation between all the of points
in the time series data with separately time or lag. In this process, lags indicate
the stationarity and non-stationarity of the series by using the Ljung-Box Q and
p-values confidence intervals for each lag showing if the series has a statically sig-
nificant or non-significant correlation.

(ii) Partial Autocorrelation

The partial autocorrelation function (PACF) is used to detect trends and sea-
sonality. In this process, lags play an important role in data analysis which aims to
identify the extent of the lag in an autoregressive model, by plotting this function,
the appropriate lags “P” in an AR(p) model or in an extended ARIMA (p,d,q) mo-
del would be applicable to determine The partial autocorrelation function (PACF)
(Chen et al., 2009).

2.4. Procedure of ARIMA Model

This model is fitted to time series data either to better understand the data or
to predict future points in the series. In this study, the ARIMA model is applied
in some cases where the data show evidence of non-stationarity features, and an
initial differencing step (corresponding to the “Integrated” part of the model) can
be applied to remove the non-stationarity features. The model is referred to as an
ARIMA (p, d, q) model where p, d, and q are integers greater than or equal to zero
and refer to the order of the autoregressive, integrated, and moving average parts
of the model, respectively. The first parameter “p” refers to the number of auto-
regressive lags (not counting the unit-roots), the second parameter “d” refers to
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the order of integration, and the third parameter “q” gives the number of moving
average lags. ARIMA model form an important part of the Box-Jenkins approach
to time-series modeling (G. E. Box et al., 2015). According to the following sub-ca-
tegories of ARMA model described for response series [yi], form of the ARIMA
model is:

Xt-¢l xt-1-...-¢ X-p=2+0 -1+...40_-q (1)
Where:

{Z}~ = WN(0,0%), Polynomials of (1—(|>1Z—...—(])PZP) and (1+612+...+6qzq) have
no common factors.

The process {Xt} is released to be an ARMA (p, q) process with mean p if {Xt
— u} is an ARMA (p,q) process. It is convenient to use the more concise form of
equation (1).

And ¢@(B)Xt=0 (B)Zt, (2)
where: ¢(B) and 0 (B) are the pth and qth-degree polynomials,
9@)=1-¢lz——¢ 2z (3)
and 0(z)=1+01z+-+ Gq zy (4)
where:

B is the backward shift operator (B, X =X ~j, B, Z =Z—j,j=0, +1...) The time
series {Xt} is said to be an autoregressive process of order p (or AR(p)) if 0 (z) =1,
and a moving-average process of order q (or MA(q)) if ¢(z) = 1.

On the other hand, when the data series is non-stationarity ARIMA models
can be applied using differencing operations and make it more suitable for estima-
ting and forecasting the future values. In other words, The ARIMA (p,d,q) mode-
ling approach is suitable for non-stationarity in the historic data series (Mohan and
Arumugam, 1995). The following sub-categories of ARIMA model are described
for response series [yi], form of the ARIMA model is:

@ (B) (0T-p) =0 (B) a, (5)
Where:

t = is the time index
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p= is the backshift operator defined as: B =y, - 1
o r = (1-b)?y = is the response series after differencing
u = is the mean term

@ (B) and © (B) are the autoregressive operator and the moving average opera-
tor, respectively. They are written as:

©(P)=1-¢,p-¢,p*-.... 0 P (6)
And

O (B)=1-6,B-0,B,-..6_p* ?)
Where:

a are the sequence of random error, while all the other terms have already been
explained.

The at values, are assumed to be independent and follow the normal distributi-
on with mean zero and constant variance. The model can be written as:

® (B)w, =8+0 (B) o, (8)
Where the constant estimate § is obtained by the formula:

=P pu=p-6pOu.6u (9

The ARIMA model was developed using the approach from (T. M. Box et al.,
1994), which includes four main iterative steps, as known, these main stages in
building an ARIMA model based on Box-Jenkins procedure, i.e. (1) model iden-
tification, (2) model estimation, (3) model checking, and (4) model forecasting.
In the identification step, differencing transformations of the data were applied to
remove the seasonal and non-seasonal trends.

In this study, ARIMA models were created to evaluate the values of the climatic
variables using the techniques of time series analysis. For this purpose, The sta-
tistical Eviews program was used to analyze time series and generate models for
forecasting future values.
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2.5. ARIMA (Box-Jenkins) Model Steps

The ARIMA model was applied using the time series analysis steps according
to the approach of (G. E. Box et al., 2015) as following:

(i) Identify Data

To begin, the original data was identified to find the ARIMA patterns for the
various data series by plotting both the ACF and PACF and the associated cor-
relogram graphs, which show the statistical significance based on the lags of the
graphs. A unit root test is present in a time series sample which is the null hypot-
hesis of an Augmented Dickey-Fuller test in statistics. This test is used for checking
the stationarity or trend -stationarity of the series (MacKinnon, 2010). The Aug-
mented Dickey-Fuller test (ADF) was used with various levels of confidence to de-
termine the stationarity of time series. This test was required to determine whether
the series data was genuine or fabricated. In parliamentary law to generate valid
data, both the variables and the error term must be stationary. It does signify that
the error term must have a way of reverting to its average value(Saravanan, 2015).
The stationarity examined using the following equation of ADF:

AZt=a+0 +AZ-1+3k@ AZ-1+¢ (10)
Where:

Null hypotheses, Hn = A = 0 (Z  is not stationary, Z contain unit root) and
alternative hypotheses, H = A < 0 (Z is stationary).

It is worth mentioning that the means () and the variance (02) of error term
must be constant. The ADF test should be taken with the trend and intercept at
level first (The original data), If the null hypothesis fails to decline, then the first
difference should be taken. The second difference is only tested if the first differen-
ce is not important (Ibrahim and Amin, 2005).

The testing process of the ADF test is applying to the models mathematically
as following

Ay,=a+t Bt yy, +OLAY, o 8 Ay, te

Where:

a is constant, the coefficient on a time trend, and P the lag order of the auto-
regressive process. By considering lags of the order p, the ADF formulation allows
for higher-order autoregressive processes. This means that the lag length p must
be determined when applying the test. One possible approach is to test down from
high orders and examine the t- values on coefficients.
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The unit root test is achieved by the null hypothesis y = 0 against the alternative
hypothesis of y < 0.

The null hypothesis assumes that Z  is not stationary or Z contain unit root)
and the alternative hypotheses A < 0 means (Zt is stationary).

Where: DFt is the Dickey -Fuller test value.

Once the value of the test statistic is computed, it can be compared to the re-
levant critical value for the Dickey-Fuller test. As this test is asymmetrical, we are
only concerned with negative values of our test statistic DFy. If the calculated test
statistic is less (more negative) than the critical value, then the null hypothesis of y
=0 is rejected and no unit root is present in the time series.

(ii) Estimation of ARIMA Model

The ARIMA and ARMA patterns were estimated to be the most sensitive mo-
dels by considering the ACF and PACF correlogram graphs with the lowest values
of the determination criteria and the most sensitive model. The most comparison
appropriate model has been chosen according to the criteria of accuracy in time
series analysis which are the highest significant coefficient, the least volatility, the
highest adjusted R2, P-values (should be greater than 0.05), the least of AIC (Aka-
ika info criterion) and SIC (Schwarz info criterion) values that all make sense for
choosing the best model. In addition, the smallest values of RMSE are considered
as criteria for choosing the best model.

(iii) Diagnostic of Model

In this stage, The Lunj-box test is performed for testing autocorrelation, and it
is also called the autocorrelation test. This test was used to check the residuals cor-
relogram to figure out if there is any information yet to be captured in the model
whereas the flat correlogram in the ACF and PACF graphs referred to the most
ideal model. For instance, it is very important to avoid over-fitting when checking
the residuals of the correlogram.

(iv) Forecasting of the Model

The forecasting process is the essence of fitting an ARIMA model to forecast
tuture values of the series using the past values of the original dataset. The forecas-
ting is based on the selected model. In this step the forecasting graphs are plotted
and verified as successful, and the forecasting has predicted the future values of
the series.
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2.6. Statistical Criteria (Information Criteria)

As known, there are many statistical criteria for selecting the most accurate
models, some of them were used in this study to select the best model and assess
the ARIMA models in forecasting long-term data of the climatic variables. The
statistical criteria are defined mathematically according to (G. E. Box et al., 2008)
approach as follows:

(1) The root squared error, RMSE is:

RMSE — JE(Pi-00)2

(13)
(2) The coefficient of determination (R2) is:

T (Pi —"F)(0i —0)

JZ(Pi - "P)2/T(0T-0)2 (14)

R2 =

Where: Pi is the predicted value of the sample.

Ol is the observed or the calculated value of the sample.

i is the forecast sample sequence number; i=1,2, ... n.

P is the average predicted value of the sample sequence number.

O is the average observed value of the sample sequence number; and

n is the sample number of the predicted value.

(3) Akaike information criterion (AIC): Akaike’s entropy-based Informati-
on Criterion (AIC) has had a fundamental impact in statistical model evaluation
problems, in addition it is important to select the optimal model for forecasting the
values of series data (Ozaki and Oda, 1977):

A=nLnR+2Kn (15)
where:
n is the number of experimental points or observations,
R is the residual sum of squares and

Ln is the log likelihood function (assuming normally distributed errors), which
is computed by the equation:
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€=—n2-(1+In(2-n) +In(1n-Yi=1n(yi-y"i)2)) (16)

p is the number of parameters in the model to choose is the one for which A is
least (Webster and McBratney, 1989). When comparing many alternative models,
the one with the minimum AIC value assures a good balance of goodness of fit and
complexity.

(4) The Bayesian information criterion (BIC) is also known as Schwarz Crite-
rion, it is another statistical measurement for the comparative evaluation among
time series models, it is closely related to the AIC (Profillidis and Botzoris, 2018).

(5) The difference between BIC and AIC is manifested when we add number
of K parameters (regressors or/and intercept), to increase the goodness of fit of the
model. The BIC deals more with increasing parameters compared to the AIC. The
BIC is calculated by the equation:

SIC or BIC=-2-¢/n + kiln n /n (17)
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Fig. 2.1. Distribution Map of Main Meteorological Station.

3. RESULT AND DISCUSSION

According to the Table 3.1. the Dikey Fuller *values were obtained based on the
original data and were most likely used to check the series’ stationarity. As shown
in the table 3.1. the values of calculated DF values of data series were less (more
negative) than T-test critical values at 0.01, 0.05, and 0.10 significance levels for
all climatic variables which means the null hypothesis is rejected and there is no
unit root is present in the series. On other words, the data series was stationarity
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at all significance levels except solar radiation parameter in Khartoum station the
DF value only at 1% was greater than T-test critical value which was -3.01> -3.432
then in this case the null hypothesis cannot be reject at 1% (there is unit root=not
stationary) but it is rejected at 5% and 10% significance levels (there is no unit root)
(Dickey, 2015).

It is important to mention that the daily data was investigated by plotting the
ACF and PACF correlogram graphs which show the statistical significance based
on associated lags with the data using the Box -Jenkins technique. For instance,
before deciding on the ideal model, the residuals of the correlogram should be
checked to indicate all information has been captured then the forecasting will be
based on this model.

As shown in Table 3.2. the best models were chosen according to Statistical
criteria for Selection models which were the adjusted R2, standard error SE, AIC,
and SIC parameters. As presented in Table 3.2. the models with the highest values
of R2 are considered as the best models for each daily variable related to the sta-
tions. The models with fewer errors outperform the others in terms of predicting
future values.

The daily climatic variables related to 2013-2020 were forecasted based on ARI-
MA model and compared with the original data series for each station as given in

Figure 3.1.

Table 3.1. The Unit Root Test for Variables Depending on Df Aand T-Test
Values at Different Level of Confidence.

T-test critical values

Station Variable DF value
1% 5% 10%
Medani Temperature -6.056 -3.432 -2.862 -2.567
Humidity -4.068 -3.432 -2.862 -2.567
Radiation -5.436 -3.432 -2.862 -2.567
Khartoum Temperature -4.810 -3.432 -2.862 -2.567
Humidity -6.06 -3.432 -2.862 -2.567
Radiation -3.01 -3.432 -2.862 -2.567
AlGadaref Temperature -6.658 -3.432 -2.862 -2.567
Humidity -3.675 -3.432 -2.862 -2.567
Radiation -3.848 -3.432 -2.862 -2.567
AlDamazin Temperature -5.498 -3.432 -2.862 -2.567
Humidity -3.457 -3.432 -2.862 -2.567
Radiation -5.180 -3.432 -2.862 -2.567
Dongola Temperature -3.780 -3.432 -2.862 -2.567
Humidity -6.09 -3.432 -2.862 -2.567
Radiation -3.561 -3.432 -2.862 -2.567
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Table 3.2. The Best Models The Determination Criteria for Each Variable.

Station Variable Model Adjusted R? S.E AIC BIC
Wad medani ~ Temperature ARIMA(1,0,2) 0.92 0.0005 2.844 2.851
Humidity ARIMA(1,0,1) 0.92 0.0007 2.857 2.863
Radiation ARIMA(1,0,1) 0.92 0.0005 0.350 0.356
Khartoum Temperature ARIMA(1,0,1) 0.95 0.0008 3.073 3.079
Humidity ARIMA(1,0,2) 0.89 0.0017 6.059 6.006
Radiation ARIMA(1,0,1) 0.98 0.0007 0.675 0.681
ALGadaref Temperature ARIMA(1,0,2) 0.90 0.0005 2.711 2.718
Humidity ARIMA(1,0,2) 0.93 0.0014 6.214 6.220
Radiation ARIMA(1,0,2) 0.94 0.0006 0.661 0.667
Al Damazin Temperature ARIMA(1,0,2) 0.90 0.0005 2.671 2.678
Humidity ARIMA(1,0,2) 0.95 0.0001 5.871 5.877
Radiation ARIMA(1,0,1) 0.87 0.0119 4.603 4.609
Temperature ARIMA(1,0,1) 0.98 0.0001 3.150 3.156
Dongola Humidity ARIMA(1,0,2) 0.82 0.002 5.415 5.421
Radiation ARIMA(1,0,1) 0.97 0.0002 0.883 0.889

W Mmdant Station

R e A M e S ER

Actusl verage Tomperatisne (C0)

Khartcum Statien

Frecasied dreagt Tesperatsn 103]

Actianl Avesage Temperatues (€0}

Al Gadare! Station

Fover e b oy )
RS R EEEER]

-

10 30 B0 4D B0 GO FO RS 00 108

Axctai ety Bl Ay {3

Diangoln Seatian

Wad medani Station

Forecasted Reabve Humoty (%)

16 20 ra

AcTiasd Bakative Husmid Ty (%]

RH R=092

28

Kharteurm Station

[——————
»
2

o
G A0 30 kO 40 S0 60 PO &b 00

Actual fetasive Humidioe (551

A1 Gadaref Statian

Forecmted Ser Ratanca My'=2a)

St el e s o Rk i

P ——

Wad medani Station

T & @

10 11 13 a3

Arnast Sodar Radiation {Ms/m/de)

Mhartoum Station

ol .

& i ix it

Al Soter Rusita o (AL T/ Sav]

1 Gacdarel StaTon

Bibaal At ape Tarpar e (555

Dangals Station

https://doi.org/10.7161/0muanajas.1145094 d



m Modeling of Climatic Variables using Stochastic Approaches in Sudan

[ —

0_535333

P ———

5885853888

Fig.3.1. Scatter Graphs for Each Station of The Actual and Predicted Values of
The Variables Temperature, Relative. Humidity, and Solar Radiation.

4, CONCLUSION

The climatic variables play a significant role in agricultural process and irrigati-
on management because we need to know all changes related to the climate which
absolutely will effect on agricultural yield. Also, the climatic variables are very ne-
cessary for the hydrological process that can indicate to the quantity of water and
how much water will be lost by evapotranspiration process. These parameters are
affected by the climatic conditions and geographical locations; therefore, many dif-
ferent methods have been used in many previous studies to interpret and estimate
the complexity of variables such as time series analysis using models’ techniques to
predict future values. In this study, the stochastic methods were applied to develop
and increase the agricultural yield of different regions in Sudan using the ARIMA
models which obtained satisfactory results of temperature, relative humidity, and
solar radiation parameters. So, this study might be extremely helpful for agricultu-
ral engineers to achieve all the process related to the agricultural practices.

For instance, it is important to note that the performance of the models is redu-
ced by the ARIMA models’ poor forecasting, which has an impact on the model’s
goodness of fit. As a result, less-parameterized models yield better outcomes than
over-parameterized ones.
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FARKLI SEKILLERDE YAPILAN KALSIYUM UYGULAMALARININ
0900 ZIRART KiRAZ CESIDINDE MEYVE KALITESINE ETKILERI

0z:

Bu ¢aligma hasat 6ncesi farkli sekillerde yapilan kalsiyum uygulamalarinin
0900 Ziraat kiraz ¢esidinde meyve kalitesine ve meyve ¢atlamasina olan etkilerini
belirlemek i¢in yapilmistir. Bu amagla %35 CaO (Kalsiyum oksit) iceren “Codiagro
Agroplant”; yapraktan piiskiirtme ile; topraktan damlama ile ve yaprak + topraktan
damlama ve piiskiirtme ile olmak fizere farkli sekillerde agaglara uygulanmistir.
Calismada, meyve agirligi (g), meyve eni (mm), meyve boyu (mm), meyve yiik-
sekligi (stitur) (mm), ¢ekirdek agirlig1 (g), suda ¢oziinebilir kuru madde mikta-
r1 (SCKM; %), pH ve titre edilebilir asitlik (mg mL" degerleri, meyve eti sertligi
incelenmis, meyve catlama orani belirlenmistir. Ayrica, meyve kabuk ve et rengi
ile meyve sap rengi degerleri belirlenmistir. Sadece yapraktan yapilan uygulama
ile yaprak + topraktan birlikte yapilmis uygulamada meyve agirligi bakimindan
en yiiksek sonuglar almmuistir (sirasiyla, 8.91 g ve; 8.80 g). Ayni seklide yapraktan
yapilan kalsiyum uygulamasinda meyve eni 26.73; mm, meyve boyu 26.61 mm,
meyve yiiksekligi 24.5 mm ile en yiiksek degerleri almistir. Kalsiyum uygulamala-
riin meyvenin suda ¢oziinebilir kuru madde (SCKM), pH ve titre edilebilir asitlik
(TEA) tizerine etkisi istatistiki olarak 6nemsiz bulunmustur. En sert meyveler yap-
rak+toprak uygulamasindan elde edilmistir (5,15 N). Ayni sekilde en az ¢atlayan
meyveler yaprak+toprak uygulamasindadir (gatlama indeksi; 7.10). Sadece yap-
raktan ve yaprak+topraktan yapilan kalsiyum uygulamalar1 kirazda daha kaliteli
meyve i¢in onerilebilir.

Anahtar Kelimeler: Prunus Avium L., Meyve Catlamasi, Yaprak Uygulamasi, Cao.

e

DIFFERENT CALCIUM APPLICATIONS EFFECTS ON FRUIT
QUALITY OF 0900 ZIRAAT (PRUNUS AVIUM)

ABSTRACT

This study was carried out to determine the effects of pre-harvest calcium app-
lications on fruit quality and fruit cracking in “0900 Ziraat” cherry variety. For this
purpose, “Codiagro Agroplant” containing 35% CaO (Calcium oxide). It has been
applied to trees in different applications such as dripping from the soil and leaf +
dripping from the soil and foliar spraying. In the study, fruit weight (g), fruit width
(mm), fruit length (mm), fruit height (suture) (mm), seed weight (g), amount of
water-soluble dry matter (TSS; %), pH and acidity (mg mL") values, fruit firmness,
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cracking ratios were investigated. In addition, fruit skin and flesh color and fruit
stem color values were determined. The highest results were obtained in terms of
fruit weight (8.91 g and ; 8.80 g respectively) in the application made only with
leaves and the application made with leaves and soil. Likewise, in the application of
calcium made from leaves, the fruit width is 26.73 mm; fruit length was 26.61 mm,
fruit height was 24.35 mm and had the highest values. The effect of calcium app-
lications on the (total solible solids) TSS %, pH and SSCM of the fruit was found
to be statistically insignificant. The hardest fruits were obtained from foliar+soil
application (5.15 N). Likewise, the least cracked fruits are in leaf+soil applicati-
on (cracking index; 7.10). Calcium applications made only from leaves and leaves
+ soil can be recommended for higher quality fruit in cherries.

Keywords: Prunus Avium L., Fruit Cracking, Foliar Fertilization, Cao.

e 2k
1. GIRIS

Azot ve potasyumdan sonra bitkiler tarafindan en fazla tiiketilen besin ele-
menti olan kalsiyum, bitkilerde temel fizyolojik siireglerin diizenlenmesinde rol
oynayan 6nemli bir makro besin elementidir (Correia ve ark., 2020). Sitoplazma
icerisinde kalsiyum hareketinin sinirli olmasi ve hiicre duvarinda kalsiyum bag-
lanmasinin fazla olmasi nedeniyle, bitkilerde, toplam kalsiyumun biiyiik bir boli-
mil hiicre duvarinda bulunmaktadir. Pektatlar seklinde bulunan kalsiyum, hiicre
duvarmnin ve bitki dokularinin giiglenmesinde temel gorevi iistlenmigtir. Meyve
olusumu, gelisimi ve kalitesi tizerinde de 6nemli islevleri bulunan kalsiyum, kalite
kayiplarinin azaltilmasi ve hasat sonrasi dmriin artirilmasinda da etkilidir (Kagar
ve Katkat, 2007; Budak ve Erdal, 2016; Aglar ve ark., 2017). Kalsiyum, meyvede
hiicre duvari yapisi, plazma membran yapisi-butiinliigii ve hiicresel sinyal yanitlar
icin son derece 6nemlidir (Winkler ve ark., 2020).

Kalsiyumun ksilemde hareketliliginin az olmasi, floemde tasinmamasi nede-
niyle meyveye ulasmasinda ciddi sorunlar ortaya ¢ikmaktadir. Kitle akisi ile tagi-
nan kalsiyumun bitki tarafindan alinmasi ve tasinmasi tizerinde en 6nemli faktor
sudur. Kalsiyumun ve dolayistyla su hareketinin olmadig1 kosullarda bitkilerin Ca
eksikligi gostermesi kaginilmaz bir durumdur. Bitkide transprasyonla su hareketi
yakindan iligkilidir. Toprakta yeterli kalsiyumun oldugu durumda transprasyon
orani diisiikse bitki kalsiyumdan yararlanamaz (Michailidis ve ark., 2021).

Meyvelerin mineral beslenmelerinin biiyiik oranda floem yoluyla olmasi nede-
niyle, floemde hareketsiz olan Ca gibi elementlerin meyvelere aktarilmasi olduk¢a
zordur. Bu duruma birde ksilem hareketini engelleyen kosullarin varlig1 eklendi-
ginde, bu durumdan en fazla etkilenen organin meyveler olmasi kaginilmazdir.
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Kalsiyumun yararl: etkileri, katyonun uygulanma zamanina, uygulanma sekline,
tuz tipine ve uygulama sayisina bagli olarak degismektedir (Alcaraz ve ark., 2003).
Hiicre duvari olusumu, hiicresel sinyal yanitlar: ve hiicre membran stabilitesi i¢in
kalsiyum mutlak gereklidir (Marschner, 2012). Kalsiyumun floemden taginmasi
sinurli olup, toprak ¢ozeltisinden kokler tarafindan emilen kalsiyum ksilem vasita-
styla farkli doku ve organlara tasinmaktadir (Song ve ark., 2018). Ancak kalsiyum
alimi kok apeksinden uzaklastik¢a azalir ve bazal kok bolgelerinde apikalde oldu-
gundan daha ytiksektir (Bonomelli ve ark., 2020).

Ekonomik meyve yetistiriciliginde meyve kalitesini arttirmak i¢cin modern ta-
rim teknikleriyle birlikte bazi kimyasal ve bliylimeyi diizenleyici maddelerin kul-
lanim1 da 6n plana ¢ikmaktadir. Meyve catlamasinin 6nemli bir ihracat sorunu
oldugu kirazda, kalsiyum uygulamalart ile ilgili ¢alismalar 6nem kazanmaktadur.

Kalsiyumun bitkiye uygulama zamani, uygulama sekli, uygulanan doz, bitkide
taginim mekanizmas, bitkiye uygulanan formiilasyonu halen tizerinde ¢aligilan ve
mekanizmasi tam olarak ¢oziilememis konulardir. Bu nedenle farkl: tiirlerde, farkls
uygulama zamanlarinda, farkli uygulamalar seklinde, farkli dozlarda yapilan ¢alis-
malara ihtiya¢ duyulmaktadir.

Bu ¢aligma ile yapraktan, topraktan, yaprak ve topraktan yapilan kalsiyum
uygulamalarinin uygulamalarin 0900 Ziraat kiraz ¢esidinin meyve morfolojik ve
kimyasal 6zellikleri ile meyve ¢atlamasina olan etkisi arastirilmistir.

2. MATERYAL VE YONTEM

Bu ¢alisma Isparta ili Egirdir ilgesine bagli Serpil koyiinde 8x8 dikim mesafesi
ile dikilmis Kus kiraz1 anaci tizerine asili 10 yasindaki 0900 Ziraat kiraz bahge-
sinde yiirtitilmistiir. Uygulamalar, hasat tarihi géz 6niine almarak, ilk uygulama
hasat tarihinden yaklasik 45 giin 6nce olmak tizere, 3 farkli zamanda yapilmistir
(I. Uygulama 8 Nisan 2019; II. Uygulama 28 Nisan 2019; III. Uygulama 18 Mayis
2019). Uygulama doénemlerinde %35 CaO igeren “Codiagro Agroplant”; yapraktan
puskiirtme (1. Uygulama); topraktan damlama (2. Uygulama) ve yaprak+ toprak-
tan damlama ve piiskiirtme ile (3. Uygulama) olmak iizere, 3 farkli sekilde agaglara
uygulanmustir. Kontrol grubu agaglara ise sadece su ptiskiirtiilmiistiir.

Calismada ortalama meyve agirligi (g), meyve eti agirhigs (g) ve ¢ekirdek agir-
1181 (g), 0.01 g hassas teraziyle tartilarak belirlenmistir. Ortalama meyve eni (mm),
meyve boyu (mm), siitur (mm) ve sap uzunlugu (mm) 0,01 mm’ye duyarl dijital
kumpasla 6l¢iilmiistiir. Olgiimlerde 3 tekerriir ve her tekerriirde 10 adet olmak
tizere toplam 30 adet meyve kullanilmistir. Meyve eti sertligi degerleri meyvenin
ekvatoral bolgesinden Lloyd marka LF Plus (Ametek, U.K.) model tekstiir cihazi
ile saptanmugtir. 50 N'luk kuvvet ile 100 mm/dk degismez hizda, 3 mm ¢apindaki
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(Neven ve Drake, 2000) silindirik u¢ meyveye batirilmis ve elde edilen maksimum
kuvvet Newton (N) cinsinden meyve eti sertligi olarak degerlendirilmistir. Mey-
velerin suyu kat1 meyve sikacag: yardimiyla ¢ikartildiktan sonra suda ¢oziinebilir
kuru madde miktar: (SCKM) dijital el refraktometresi (Atago Pocket PAL1) ile
olgiilmiis ve sonuglar % olarak belirlenmistir. Titre edilebilir asit (TEA) miktarr,
¢ikartilan meyve suyundan 10 mL alinmig 0.1 N’lik sodyum hidroksit (NaOH) ile
pH degeri 8.1 oluncaya kadar, pH metre (WTW Inolab) kullanilarak, titre edilerek
belirlenmistir (Erbas ve ark., 2018). Sonuglar harcanan NaOH miktar1 tizerinden
malik asit cinsinden mg mL™" olarak hesaplanmustir (Erbas ve Koyuncu, 2022).

Erken saatte (08:00-10:00) hasat edilen meyveler laboratuvara getirilerek, her
tekerriirde 30 meyve olmak tizere toplam 90 meyve ¢atlama testine alinmistir.
Meyvelerin saplari, sap ¢ukuru hizasindan, meyveye zarar vermeden kesilmistir.
Saplari kesilen meyveler 2 It'lik beherlere konulup iizerlerini tamamen gegecek se-
kilde saf su ile doldurulmustur. 20 °C + 1 ‘de 2-4-6 saat siireyle bekletilmistir. Her
2 saatte bir sayim yapilarak ¢atlayan meyveler ayrilmistir. Catlama indeksi asagida-
ki formiile gore hesaplanmistir (Christensen, 1972).

Catlama indeksi = [(5a + 3b + ¢).100]/250
a: 2 saatte ¢atlayan meyve sayisi,
b: 4 saat sonunda gatlayan meyve sayisi,

c: 6 saat sonunda gatlayan meyve sayisi

Meyve kabuk rengi, renk cihazi (CR-300 Minolta) kullanilarak CIE L*a*b* cin-
sinden ol¢tilmiis, bu verilerden kroma (C*) ve hue agist (h®) degerleri McGuire
(1992)e gore asagidaki formiillerle hesaplanmustir.

h° = tan-1 (b*/ a*)
C*=[(a*)2 + (b*)2] %
2.1. istatistiksel Analizler

Deneme, tesadiif bloklar: deneme desenine gore 3 tekerriirlii kurulmus olmak-
la birlikte her tekerriirde 3 aga¢ kullanilmis, her uygulama toplam 9 agag iizerinde
yapimistir. Elde edilen sonuglar, SPSS Statistics V.23 paket programinda varyans
analizine tabi tutulmus ve ortalamalar arasindaki farklar1 belirlemek amaciyla Tu-
key ¢oklu karsilagtirma testi kullanilmistir.
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3. BULGULAR VE TARTISMA

Yapraktan, topraktan ve yaprak +topraktan yapilan kalsiyum uygulamalarinin
kontrol grubuna gére meyve kalite 6zelliklerinin etkisi istatistiki olarak 6nem-
li bulunmustur (p<0.05). Cizelge 1den de goriildiigii gibi meyve agirligi, meyve
et agirhigr ve cekirdek agirligr bakimindan en yiiksek sonuglar yapraktan yapilan
kalsiyum uygulamasindan alinmistir (sirasiyla 8.91g; 8.51g ve 0.40g). Kontrol gru-
bunda meyve agirlig1 8.28 g, meyve et agirhigs 7.91g ve ¢ekirdek agirligs 0.37g bu-
lunmustur.

Cizelge 1. Kalsiyum Uygulamalarinin, Meyvenin Fiziksel Ozellikleri Uzerine
Etkisi

Table 1. The influence of Calcium Applications on The Physical Properties of Fruits

Meyve Meyve Et Cekirdek En Boy Siitur Sap Uzunlugu
Uygulamalar Agirhig Agirhig: Agirhig Fruit Stalk
Applicaitons ~ Fruit weight ~ Fruit flesh ~ Seed weight ~ Width Length  Height Length
(& weight(g) (8 (mm) (mm) (mm) (mm)
Kontrol 8.28b* 7.91c 0.37ab 25.76b 24.77b 22.51b 64.01a
Yaprak 8.91a 8.51a 0.40a 26.73a 26.61a 24.35a 57.10b
Toprak 8.30b 7.95bc 0.35b 24.79b 23.83b 21.81b 56.91b
Yaprak+ 8.80a 8.42ab 0.38ab 2538b  2230b  24.43b 54.90b
Toprak

*p<0.05. ayni siitunda farkli harfler ile gosterilen ortalamalar arasindaki fark 6nemlidir. (Mean values with the different

letters in a column are significantly different at p < 0.05)

Yapraktan yapilan kalsiyum uygulamasi, meyve eni (26.73 mm), meyve boyu
(26.61 mm) ve meyve yiiksekligi (24.43 mm) bakimindan en yiiksek sonuglara sa-
hip olmustur. Sap uzunlugu bakimindan degerlendirildiginde en uzun sapli mey-
veler kontrol grubu meyveleridir (64.01lmm). Meyve iriligi kirazin pazar fiyatin
belirleyen en temel parametredir (Whiting ve Ophardt, 2005). Diger meyve tiirle-
rinde oldugu gibi kirazda da meyve iriligini, agirligini arttiran uygulamalar 6nem
kazanmigtir. Ancak hasada yakin déonemde meyveye yapilan uygulamalar meyve
tizerinde kaldig1 i¢in alternatif uygulamalar arastirilmaya baslanmustir. Bizim ¢alis-
mamizda da yapraktan yapilan kalsiyum uygulamalari meyve agilig1 bakimindan
kontrol grubuna gore yapraktan ve topraktan yapilan uygulama ile birlikte en iyi
sonuglar1 vermistir. Ayrica yapraktan yapilan uygulama meyve enini de arttirmis-
tir. Kirazda kalsiyum uygulamalar1 uzun zamandir yapilmaktadir ancak meyveye
puskiirtme geklinde uygulama yaygindir. Diger bircok meyve ve sebze tiiriinde
yapraktan yapilan kalsiyum uygulamalarinin basta meyve agirlig: ve iriligi olmak
tizere bir¢ok kalite kriterini olumlu etkiledigi bildirilmektedir. Caliskan ve ark.
(2020), nektarin cesitlerinde yapraktan yapilan kalsiyum ve potasyum uygulama-
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larinin, hem meyve iriligini hem de meyve sertligi, meyve kabuk ve et rengi gibi
parametrelerle meyve kalitesini arttirdigini bildirmiglerdir. Narda yapraktan yap:-
lan % 2’lik ve % 4’liik kalsiyum klorid uygulamalarinin meyve agirligini istatistiki
olarak 6nemli derecede arttirdig1 gorillmustiir (Ramezanian ve ark., 2009). Bun-
larin disinda yapraktan kalsiyum uygulamalari ¢ilekte (Kazemi, 2013), domateste
(Singh ve ark., 2007), maviyemiste (Ochmian, 2012) meyve iriligini arttirmigtir.

Farkli sekillerde agaclara verilen kalsiyum uygulamalarinin kiraz meyveleri-
nin kimyasal iceriklerine etkisi istatistiki olarak 6nemsiz bulunmustur (p<0.05).
Istatistiki olarak énemli olmasa da yiiksek SCKM (14.43) ve pH (3.77) degerleri
ile ditgiik asitlik (0.58 mg mL-1 ) degerleri kontrol meyvelerinden elde edilmistir.
Bu sonucumuz diger ¢aligmalarla paralellik gostermektedir (Yildirim ve Koyuncu,
2010; Caligkan ve ark., 2020; Levent, 2020). Meyve eti sertligi degerlendirildiginde
uygulamalar arasindaki fark istatistik olarak 6nemli bulunmustur (p<0.05). En sert
meyveler yaprak+topraktan yapilan kalsiyum uygulamasindan (5.15 N) alinirken
bunu sirasiyla yapraktan ve topraktan ayri ayr1 yapilan kalsiyum uygulamalari iz-
lemistir (4.98 ve 4.78 N). Kontrol grubu meyveleri en yumusak meyvelere sahip
olmustur (4.42 N) (Cizelge 2).

Cizelge 2. Kalsiyum Uygulamalarinin Meyvelerin S¢ckm (%) Ph, Asitlik
(Mg MI-1). Sertlik (N) ve Catlama Indeksi Uzerine Etkisi

Table 2. The Effect of Calcium Applications On The Sckm (%). Ph. Acidity
(Mg MI-1). Fruit Firmness (N) And Cracking Index Of Fruits.

Dl G God)  Gahmoe Gl
(mg mL") (N)
Kontrol 14.43* 3.77 0.58 4.42b 15.90a*
Yaprak 13.63 3.70 0.63 4.98ab 13.61b
Toprak 13.60 3.74 0.64 4.78ab 11.0c
Yaprak+ Toprak 13.13 3.76 0.70 5.15a 7.10d

#: 6nemli degil (not serious) *p<0.05, ayni stitunda farkli harfler ile gosterilen ortalamalar arasindaki fark

6nemlidir. (Mean values with the different letters in a column are significantly different at p < 0.05)

Meyve eti sertligi kirazda raf omriinii belirleyen en 6nemli parametredir (Va-
lero ve ark., 2007). Ayrica tiiketiciler tarafindan meyve eti sert olan kirazlar tercih
edilmektedir. Bu nedenle meyve eti sertligini arttirabilecek uygulamalar 6nem ka-
zanmaktadir. Yaprak+toprak seklinde yapilan kalsiyum uygulamast en iyi sonucu
vermekle birlikte, yapilan diger uygulamalarda da, kontrol grubuna gore, daha sert
meyveler elde edilmistir. Bu da tiim uygulamalarin meyve sertligini olumlu yénde
etkiledigini gostermektedir. Giberellik asit ve kalsiyum uygulamalarinin Dalbas-
t1 kiraz ¢esidinin meyve kalitesi tizerine etkileri aragtirildig: bir ¢aliymada hasat
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oncesi 1000 ppm kalsiyumun kontrol grubuna gore meyve eti sertligini 6nemli
olgiide arttirdig bildirilmistir (Levent, 2020).

Meyveye kalsiyum girisi ksilem yoluyla gerceklesir. Kiraz meyvesi cift sigmoid
gelisme gosterip, genellikle 3 asamada meyve gelisimi tamamlanmaktadur. Birinci
agsamada, perikarp boyunca hiicre bolinmesiyle birlikte kiitle artis1 meydana gelir.
Ikinci agamada, meyve kiitlesinde gok az degisim olur. Ugiincii agamada ise mezo-
karpte hiicre bityiimesi nedeniyle meyve kiitlesinde hizli bir artig goriliir. Kiraz-
da renk degisimi ti¢lincii evreyle birlikte baslar, ikinci asamadan ti¢lincii agamaya
geciste ksilemde meydana gelen fizyolojik gerileme 6zsu akis hizinda bir disiise
neden olur. Bunun sonucu kalsiyum taginimi da sekteye ugrar. Meyve gelismesinin
ti¢lincii agamasinda kalsiyum akiginin azalmasi, meyve kiitlesinin de hizla artmasi
nedeniyle, meyvelerde kritik hale gelebilecek kalsiyum eksikligi goriiliir (Grimm ve
ark., 2017; Winkler ve Knoche., 2021). Iste tam bu dénemde meydana gelebilecek
yagislar ve fazla sulama meyvelerde catlamaya neden olur. Kirazda meyve ¢atla-
masi diinyada kiraz tiretiminin yapildig1 birgok yerde goriilen en 6nemli fizyolojik
sorundur. Catlamig kiraz meyvelerinin dis goriiniisii bozulmakta, ihra¢ imkéanla-
r1 sinirlanmaktadir Kirazdaki meyve catlamasini engellemek ve en aza indirmek
i¢in ¢aligmalar 1930’lu yillardan beri yapilmaktadir (Demirsoy, 2015). Caliymamiz
kapsaminda yapilan uygulamalar catlama indeksi bakimindan degerlendirildigin-
de; uygulamalarin kontrol grubuna gore ¢atlamaya etkileri istatistiki olarak 6nemli
bulunmugtur (p<0.05). Catlama indeksi en yiiksek kontrol grubunda bulunmustur
(15.90), bunu yapraktan yapilan kalsiyum uygulamalarinin oldugu grup (13.61)
ve topraktan kalsiyum uygulamas: takip etmistir (11.0). Yaprak+topraktan yapi-
lan kalsiyum uygulamasindaki meyveler en diisiik ¢atlama indeksine sahip olan
meyvelerdir (7.10). Goriildiigii gibi yapilan tiim kalsiyum uygulamalar1 kontrol
grubuna gore meyve ¢atlamasini azaltmistir. Farkli kalsiyum formlarinin 0900 Zi-
raat kiraz gesidinde ¢atlamaya olan etkilerinin arastirildig: bagka bir ¢aliymada;
kalsiyum kloriir, kalsiyum kazeinat, kalsiyum hidroksit ve kalsiyum nitrat yaprak-
tan sprey olarak kullanilmistir. Yapilan uygulamalarin ¢atlama indeksini % 38 ve
% 66 oraninda azalttig1, catlamayi azaltmak igin en etkili uygulamalarin kalsiyum
hidroksit ve kalsiyum kloriir oldugu bildirilmistir (Erogul, 2014). Yine 0900 Zi-
raat kiraz ¢esidinde yapilan baska bir ¢calismada Ca(OH), (% 0,5), CaCl, (% 0,5),
zeytinyag1 (% 0,3) ve gliserin (% 1) soliisyonlar: piskiirtiilmiiy CaCl,, Ca(OH),
ve gliserin uygulamalarinin meyve ¢atlamasini azaltmaya yonelik etkilerinin oldu-
gu bildirilmistir (Sahin, 2014). Vangdal ve ark. (2006), kalsiyumun, fenolik bilesik
igeriginin artmasinda, kirazlarda bozulmanin azaltilmasinda, kiitikular kiriklarin
azalmasinda farkli mekanizmalarla etkili olabilecegini bildirmislerdir.

0900 Ziraat kiraz gesidine farkli sekillerde yapilan Ca uygulamalarinin meyve
kabuk rengi tizerine olan etkisi Cizelge 3’te sunulmustur. Renkteki parlaklig: ifade
eden L# degeri en yiiksek (22.98) topraktan Ca uygulamasi yapilan meyvelerde
saptanirken, L# degerinin en disiik (24.93) olgiildiigii uygulama ise hem yaprak-
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tan hem de topraktan yapilan uygulama olmustur. Kontrol uygulamasinda meyve
kabuk rengi L# degerinin yitksek olmasi rengin a¢ilmast ile agiklanabilir. Benzer
sekilde diger bir ¢calismadan elde edilen meyve kabuk rengi h® degeri sonuglar1 da
bu durumu destekler niteliktedir. Meyve kabuk rengi parlaklig: kirazin pazar dege-
rini belirleyen 6nemli kriterlerden birisidir (Bai ve ark., 2011; Wang ve ark., 2014).

Kiraz gibi kirmizi renkli meyvelerde h® degerinin yiiksek olmasi, kirmizi ren-
gin daha agik oldugunun gostergesidir. Caliymada meyve kabuk rengi h® degeri en
yiiksek (24.44) kontrol grubu meyvelerinde belirlenirken bunu sirasiyla topraktan
Ca (23.20), yapraktan Ca (20.76) ve yapraktan + topraktan Ca (18.92) uygulama-
lar1 takip etmistir. Kontrol uygulamasinda h® degerinin en yiiksek degeri almasini
olgunlagmanin fazla olmasina dolayisiyla olgunlagsmayla birlikte kirmizi rengi ve-
ren renk pigmentlerinin parcalanmasiyla iligkilendirebiliriz. Kirmizi renk goster-
gesi a degeri de en yiiksek topraktan Ca uygulamasinda goralmiistiir.

Cizelge 3. Kalsiyum Uygulamalarinin Meyvelerin Meyve Kabuk Rengine Etkisi.

Table 3. The Effect of calcium Applications on Fruit Skin Color.

Uygulamalar Lf a b Kroma (C) Hue (h")
Kontrol 28.85a% 28.52a 12.72a 31.29a 24.44a
Yaprak 26.32b 24.07b 9.30b 25.84b 20.76b
Toprak 28.98a 27.82a 12.25a 30.45a 23.20a

Yaprak+ Toprak 24.93b 18.92¢ 6.63¢c 20.07¢ 18.92b

*P<0.05 ayni siitunda farkli harfler ile gosterilen ortalamalar arasindaki fark o6nemlidir.
(Mean values with the different letters in a column are significantly different at p < 0.05)

Kiraz, visne gibi meyvelerde meyve kabugundaki canli kirmizi rengin matlas-
mast meyve sap rengindeki yesil renk kaybiyla birlikte degerlendirildiginde meyve
kalitesinde azalma oldugunun belirtisidir (Cizelge 4).

Cizelge 4. Kalsiyum Uygulamalarinin Meyvelerin Meyve Sap Rengine Etkisi

Table 4. The Effect of Calcium Applications on Fruit Stem Color

Uygulamalar L a’ b Kroma (C") Hue (h")
Kontrol 44.92b* -12.63* 24.07 27.24 -62.31
Yaprak 43.42ab -12.26 25.29 28.20 -64.26
Toprak 45.11ab -13.18 25.03 28.39 -62.52

Yaprak+ Toprak 46.66a -13.16 25.60 28.81 -62.70

#: onemli degil (not serious).*p<0.05, aymi siitunda farkli harfler ile gosterilen ortalamalar arasin-
daki fark 6nemlidir. (Mean values with the different letters in a column are significantly different at

p <0.05)
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Bu durum farkli ¢alismalarda da belirtilmistir (Schick ve Toivonen, 2002; Er-
bas ve Koyuncu, 2021; Oziisoy ve Koyuncu, 2021). Meyve sapinin durumu kiraz
ve visne gibi meyvelerde kiraz kalitesinin gostergesidir. Saptaki esmerlesme, hiicre
zarinin bitiinliginin bozulmasi, zarar goren hiicrelere polifenol oksidaz ve po-
lifenol maddelerinin karigmasi ile gerceklesmektedir (Schick ve Toivonen, 2002).
Aragtirmada tiim renk degerleri arasindaki farklarin istatistik olarak 6nemli olma-
dig1 bulunmustur. Fakat topraktan ve yapraktan + topraktan Ca uygulamalarinin
meyve saplarindaki a* degerleri dikkate alindiginda en yiiksek yesil renk degerine
sahip olduklar1 goriilmektedir. Ayrica L# ve h® degerleri de bu uygulamalardaki
yesil rengin daha parlak, agik ve albenili goriindiigtinti gostermektedir. Bu arastir-
madaki sonuglar ile kalsiyumun uygun uygulama sekillerinin meyve sapini daha
yesil ve saglikli gosterdigi kanisindayiz.

4. SONUC

Yapraktan piiskiirtme; topraktan damlama, ve yapraktan piiskiirtme + toprak-
tan damlama olmak tzere farkli sekilde yapilan kalsiyum uygulamalar1 arasinda
yapraktan piiskiirtme seklinde yapilan kalsiyum uygulamasi, pomolojik 6zellikler
bakimindan kontrol grubu ve diger uygulama sekillerine gére daha iyi sonuglar
vermistir. Bunu yapraktan piiskiirtme ve topraktan damlama seklinde yapilan uy-
gulama izlemistir. Meyve eti sertligi ve catlama indeksi bakimindan en iyi degerler
ise yapraktan piiskiirtme ve topraktan damlamanin birlikte yapildigi uygulamadan
almmustir. Farkl: sekillerde yapilan kalsiyum uygulamalarinin meyvenin kimyasal
icerigine etkisi ise istatistiki olarak 6nemsiz bulunmustur. Sonug olarak yaprak-
tan ve yaprak+topraktan piiskiirtme ve damlama uygulanan % 35 CaO (Kalsiyum
oksit) 0900 Ziraat kiraz gesidine daha iyi kalite 6zellikleri, ¢atlamaya dayaniklilik
bakimindan 6nerilebilir. Ancak farkli doz, uygulama sekli ve farkli gesitlerde yeni
caligmalar yapilmalidir.

Cikar Catismast:
Yazarlar herhangi bir ¢ikar ¢atigmasi olmadigini beyan eder.

Etik:

Bu ¢alisma etik kurul onayi gerektirmez.
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BAZI YAYGIN iNSEKTISITLERIN DOMATES (S. LYCOPERSICON L.)
BITKiSINDE LiPiD PEROKSIDASYON VE ANTIOKSIDATIF SISTEM
UZERINE ETKILERI

0z:

Giintimiizde entansif tarimda pestisit kullanim1 yiiksek diizeylerdedir. Bu
kimyasallarin bitkilerde morfolojik, fizyolojik ve biyokimyasal degisikliklere neden
olduklari da gosterilmigtir. Mugla {li iilkemizde yogun bir sera potansiyeline sahip-
tir ve pestisit kullanimi da @ist diizeydedir. Bu ¢aligmada, Imidacloprid, Abamectin
ve Acetamiprid etken maddeli insektisitlerin sera domatesinde potansiyel oksida-
tif stres izlerini aragtirmak ve lipit peroksidasyon diizeyi ile antioksidatif sistemin
uyarilma derecesini ortaya koymak yoluyla bitkinin strese yanitini belirlemek
amaglanmistir. Insektisit uygulamalarina bagl olarak, prolin, klorofil ve malondi-
aldehit (MDA) ile oksidatif stres durumunda bitkinin antioksidatif yanitini belir-
lemek amaciyla siiperoksit dismutaz (SOD), peroksidaz (POX) ve katalaz (CAT)
spesifik enzim aktiviteleri belirlenmistir. Bulgularimiza gére Imidacloprid , kon-
trole gore MDA ve prolin kapsamlarini arttirmis ancak antioksidatif sistemi uyar-
arak kontrole gore 200 ve 400 ul L' dozlarinda POX ve SOD enzim aktiviteleri-
ni yiitkseltmistir. Abamectin MDA kapsamini kontrole gore tiim dozlarda, prolin
kapsamini ise ilk 2 dozda arttirmis, buna karsin antioksidatif sistem uyarilarak tim
enzim aktivitelerinde artis kaydedilmistir. Acetamiprid ise 6zellikle 0.3 g L' kon-
santrasyonda prolin kapsamini agir1 derecede uyararak lipid peroksidasyon diizey-
inin baskilanmasina sebebiyet vermistir. Elde edilen veriler, her 3 insektisitin de
domates bitkisinde prolin ve lipit peroksidasyonu arttirarak antioksidatif sistemin
uyarilmasina neden oldugunu gostermektedir.

Anahtar Sézciikler: Insektisit, Lipid Peroksidasyon, Imidacloprid, Abamectin
Acetamiprid.

ek

EFFECTS OF SOME COMMON INSECTICIDES ON LIPID
PEROXIDATION AND ANTIOXIDATIVE SYSTEM IN TOMATO
(S. LYCOPERSICON L.)

ABSTRACT

Today, pesticide use in intensive agriculture is at high levels. It has also been
shown that these chemicals cause morphological, physiological and biochemical
changes in plants. Mugla Province has an intense greenhouse potential in our
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country and pesticide use is at a high level. In this study, it was aimed to investi-
gate the potential oxidative stress traces of Imidacloprid, Abamectin and Acetami-
prid active ingredient insecticides in greenhouse tomato plant and to determine
the plant's response to stress by revealing the level of lipid peroxidation and the
degree of stimulation of the antioxidative system. Depending on the insecticide
applications, the specific enzyme activities of superoxide dismutase (SOD), per-
oxidase (POX) and catalase (CAT) were analyzed in order to determine the anti-
oxidative response of the plant in case of oxidative stress with proline, chlorophyll
and malondialdehyde (MDA). According to our findings, Imidacloprid increased
MDA and proline levels compared to the control, but increased the POX and SOD
enzyme activities at 200 and 400 pl L' doses compared to the control by stimulat-
ing the antioxidative system. Abamectin increased the MDA content in all doses
and the proline content in the first 2 doses compared to the control, however, all
enzyme activities were increased by stimulating the antioxidative system. Acet-
amiprid , on the other hand, caused the suppression of lipid peroxidation level by
excessively stimulating the proline content, especially at a concentration of 0.3 g
L. The data obtained show that all 3 insecticides cause stimulation of the antioxi-
dative system by increasing proline and lipid peroxidation in tomato plant.

Keywords: Insecticides, Lipid Peroxidation, Imidacloprid, Abamectin
Acetamiprid.

e 2k
1. GIRIS

Diinya tizerindeki tarim alanlari, giintimiizde sinirlanmis olmasina karsin; ar-
tan niifusun ve nitelikli tarimsal iirtin arama egilimindeki insanoglunun gerek-
sinimlerini kargilamak i¢in, birim alandan daha fazla ve daha verimli triin elde
etmek adeta bir zorunluluk olmustur. Tiim bu ¢abalar kuskusuz, iirtin artigini
birkag kata kadar yiikseltmekte ancak bir¢ok sorunu da beraberinde getirmekte-
dir. Bilingli ve etkili bitki koruma 6nlemleri alinmadan entansif tarimin (modern
yontemlerle yapilan, verimi yiiksek tarim) yapilabilme olasilig1 yoktur. Fakat dog-
ru kullanilmadiklarinda; kiiltiir bitkilerinde en 6nemli stres kaynaklarindan biri
olmalarinin yani sira, topraga, yer alti sularina, denizlere, atmosfere ve de tiim
canlilara besin zinciri yolu ile ulagan zirai miicadele amagli bu biyositler tiim eko-
sistemin canliligini ve devamliligini biyobirikim sonucu tehdit etmektedirler (Dag,
2000; Durmugoglu ve ark., 2010). Tarimsal uygulamalarda pestisitler 6nemli bir
girdi kaynag: ve bilesendir. Tarimsal dirtinlerde olast kalintilar izin verilen limit-
lerin altinda olmalidir. flaglamada 6nerilen pestisit uygulama dozlar1 asildiginda,
biyo ¢esitlilik acisindan potansiyel risk olusmaktadir. Bu nedenle, son zamanlarda
pestisit kalintilarinin minimuma indirilmesi amaciyla yikama islemi basta olmak
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tizere duyarlilik s6z konusudur. Bir arastirmada hasattan sonra biberlerin; ¢cesme
suyu, sitrik asit, asetik asit ¢ozeltileri ve ultrasonik banyo ile yikama uygulamala-
rindan (2 ve 5 dakika boyunca) gegirilmesiyle ve yikama siireleri arttik¢a kalinti
miktarinin da azaldig saptanmstir. Kalinti analizleri, QuEChERS analiz metho-
duyla yapilmistir (Catak ve ark., 2020).

Tiirkiyede 2019 yilinda 6rtii altinda 790 bin dekar alanda 7.8 milyon ton sebze
iiretilmigtir. Ulkemiz értitaltt varligi bakimindan diinyada ilk dért iilke arasinda
Avrupada ise Ispanyanin ardindan ikinci sirada yer almaktadur. Ortiialt1 sebze iire-
timde Antalya % 48’lik payla (3.8 milyon ton) birinci siradadir. Bu ilimizi sirasiyla,
Mersin % 16 (1.2 milyon ton), Adana % 13 (1 milyon ton) ve Mugla % 9 (690 bin
ton) illeri takip etmektedir. Bu 4 ildeki toplam ortii alt1 iiretim yaklagik 6.7 milyon
ton ile toplam Ortiialt: tiretiminin yaklasik % 86’sin1 olugturmaktadir. Mugla ilinde
toplam ortii alt alan miktar1 39 bin da ile tilkemizde 4. sirada yer almaktadir. Do-
mates Ortil altinda tretilen sebzelerin, toplamda % 49’unu olugturmaktadir (Tarim
ve Orman Bakanligi, 2019).

Sistemik pestisitler, iletim dokular1 vasitasiyla bitkinin tiim organlarina ulasa-
bilen pestisitlerdir. flaglamadan ¢ok kisa bir siire sonra bitki tarafindan tamamen
emilirler. Yapraktan uygulanan pestisitin kalintisina koklerde rastlanabilir. Pestisit
titketiminin fazla olmasi sadece gida giivenligi ve ekonomik agidan zarar olustur-
makla kalmamakta, bunlar ¢esitli mekanizmalar ile su kaynaklarina ulasmaktadir.
Kullanim kolaylig, ¢evreden etkilenmemeleri (yagmur gibi dis etkilerden), etkin-
liklerinin yiiksek olusu vb. nedenlerle avantajlar: fazla olan bu pestisitlerin, de-
zavantajlar1 da fazladir. Ornegin, zararlilarin bu pestisitlere dayanikliliklar1 daha
fazla olmaktadir. Ayrica sistemik etkili pestisitlerin, bilingsiz kullanimi genel canli
sagligr acisindan da 6nemli bir risk faktortidiir (Dogan ve Karpuzcu, 2019). Sis-
temik Imidacloprid, tarla ve bahge bitkileri i¢cin Diinyada en ¢ok kullanilan in-
sektisitlerden biridir. Bu ndrotoksik madde, 6zellikle misir, aygicegi ve kolza i¢in
genellikle tohum kaplama olarak kullanilir. Nikotinerjik néronal yolda bir tikan-
maya neden olarak bocegin sinir sistemindeki uyaranlarin iletilmesine miidahale
eder (Bonmatin ve ark., 2005). Acetamiprid, neonikotinoid grubuna ait bir insek-
tisittir. Organik fosforlu insektisitlere direng gelistirmis boceklerle etkin miicade-
lede benzersiz bir etki tarzina sahiptir (Gupta ve Gajbhiye, 2007). Makrosiklik bir
lakton olan Abamectin ise, toprak mikroorganizmasi Streptomyces avermitilis'in
bir tiirtinden elde edilen en ¢ok kullanilan “Avermectin’lerden biridir. Deneysel
hayvan galismalarina dayanarak, Abamectin alinimi takiben tiim dokulara ve ana
organlara hizla yayilir. Ek olarak, histopatolojik ¢aligmalar Abamectin’in néral, he-
pato-renal ve iireme sistemlerinde ciddi hasarlara neden oldugunu gostermistir.
Toprakta kalicilig1 ise azdir. Bu etken maddelerin tiimiiniin bitkiye alinimlar1 kolay
ve bilinen toksisiteleri orta derecelidir (Macar, 2020).
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Kimyasal savasim cogunlukla direkt olarak bitkide stres kaynag: olabilir. Stres,
bitkide biiyiime ve gelismeyi olumsuz etkilemekle kalmayip, iirtin ve kaliteyi de
inhibe etmektedir. Boylesi bir durumda metabolizmadaki normal miktarindan
fazla iretilen reaktif oksijen tiirleri; DNA, protein ve lipit gibi yasamsal biyolojik
molekiilleri okside edebilir boylece membran gibi bazi 6nemli bitki dokularinda
bozulmalar ve hasarlar meydana gelebilmektedir. Ozellikle membran lipitlerinin
reaktif oksijen tiirleriyle yiikseltgenmesi yoluyla bozulmasina ve permeabilitele-
rinin artisina neden olan lipit peroksidasyon olayi, en tehlikelisidir ve bitkiler bu
sartlar altinda reaktif oksijen tiirlerini de-toksifiye edebilmek i¢in antioksidatif sa-
vunma yanitini kullanir (Kog ve Ustiin, 2008). Stres; dnemli fizyolojik ve metabo-
lik degisimlere yol agarak, tiriinde nitelik ve nicelik kaybina ve bitkinin 6liimiine
yol acabilmektedir. Stres etmenlerinin olusturdugu zarar bitkinin ¢evreye genetik
adaptasyon derecesine bagli olarak degisir. Stres ve strese tolerans kavramlari bir-
birleriyle yakindan iligkilidir. Stres toleransi bitkinin uygun olmayan ortam kosul-
lar1 ile basa ¢ikabilme potansiyelidir. Strese dayaniklilik mekanizmas: bitkilerde iki
sekilde etkili olur. Bitkiler ya gelistirdikleri dnleyici mekanizmalarla stres faktorle-
rinin etkinligini 6nlemekte ya da tolerans mekanizmalariyla onlara kars1 koyarak
yagsamlarini siirdiirmektedirler (Taiz ve Zeiger, 2008).

Bitkiler i¢in temel bilesenlerden olan oksijen; molekiiler oksijenin (O,), suya
(H,O) indirgenmesi yoluyla enerji kaynagi olusturmaktadir. Oksijenin indirgen-
medigi durumlarda ise biyolojik molekiilleri okside edebilen reaktif oksijen tiirleri
olusmaktadir. Bitkinin normal gelisim siirecinde metabolik faaliyetler sonucunda
ikincil maddeler olarak sentezlenirler ancak detoksifikasyon mekanizmasi ile ara-
larindaki denge sayesinde zararli etki olusturmazlar. Reaktif oksijen tiirleri (ROS),
radikal olmayan bir atom veya molekiilden bir elektron ¢ikmasiyla ya da atom veya
molekiile bir elektron ilavesiyle olusurlar. Diger molekiillere elektron verebildik-
lerinden ya da onlardan elektron alabildiklerinden organizmada indirgeyici veya
yiikseltgeyici olarak davranirlar. Hiicrelerde bilinen baslica ROSler; singlet oksi-
jen (*0,), stiperoksit anyonu (O, 7), hidrojen peroksit (H,0,) ve hidroksil radikali
(OH") olup normal kosullarda hiicredeki diizeyleri siirekli olarak denge halindedir
(Kog ve Ustiin, 2008; Karabulut ve Giilay, 2016).

Bitkiler oksidatif stres altinda yagamlarini devam ettirebilmek ve stresle basa
¢ikabilmek i¢in ROSun kontrolii ve detoksifikasyonunu saglayan antioksidatif
savunma yanitlarini kullanirlar. Bu koruma sistemi ¢aliymadig ya da yeterli ol-
madig1 zaman bitki hiicrelerinde 6liim hemen gerceklesir. Antioksidantlar diigiik
konsantrasyonlarda oksidasyon yapabilen ve diger bir substratin oksidasyonunu
azaltan (elektron aktarimiyla) veya engelleyen yani oksidasyona karsi miicadele
eden maddelerdir (Biiyiik ve ark., 2012). Hiicresel savunmada ¢ok 6nemli bir yeri
olan enzimatik antioksidantlar: stiperoksit dismutaz (SOD), askorbat peroksidaz
(APX), glutatyon peroksidaz (GPX) ve katalaz (CAT) olarak bilinmektedir. Enzi-
matik ve enzimatik olmayan antioksidantlar, hiicredeki lokalizasyonlarina ve rol-
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lerine gore farklilik gostermektedirler. Stres altindaki canlilarin genelinde oldugu
gibi bitkilerde de stres karsisinda serbest oksijen radikallerini zararsiz bilesikle-
re doniigtiiren antioksidant miktarlar1 ve antioksidant enzim aktiviteleri yiiksek
oldugunda, o bitkiler oksidatif zararlanmaya karg1 daha dayanikli olmaktadirlar
(Mehdy, 1994). Ornegin; bir enzimatik antioksidan olan SODun ifadesindeki
artiglarin biyotik ve abiyotik strese bagli olusan oksidatif stresle basa ¢ikmada ve
bitkilerin stres kosullari altinda canlilig: siirdiirmesine katki saglamada 6nemli
rolleri oldugu ileri siirtlmiistir. Morus alba L. (dut), Cicer arietinum L. (nohut)
ve S. lycopersicon L. (domates) gibi bircok bitkide cesitli stres kosullar1 altinda ger-
ceklestirilen ¢alismalarda SOD aktivitesinde artislar meydana geldigi gozlenmistir
(Harinasut ve ark., 2003; Gapinska ve ark., 2008). Yiiksek bitkilerde tanimlanmuis
¢ok sayida CAT izozimi; Hordeum vulgarede (arpa), Helianthus annuus Lide (ay-
gicegi), Brassica oleracea L. de (karnabahar) ve Zea mays Lida (musir) ¢alistlmigtir
ve elde edilen veriler neticesinde enzimin farkli stres kosullari ile farkl bitkilerde
degisik diizeylerde koruma sagladig: gozlenmistir (Polle ve ark., 1992; Azevedo ve
ark., 1998).

Lipit peroksidasyonu olgusu: diger pek ¢ok stres gesidi etkisiyle de goriilen bir
olgu olup, membran biitiinliigiiniin bozulmasi ve hiicrenin hasar gormesi anlami-
na gelir. Daha onceki pek ¢ok bilimsel ¢aligma lipit peroksidasyonunun da dahil
oldugu belirli parametreler ile bitkinin stres karsisinda savunma yanit: olarak kul-
landig1 antioksidatif sistemi konu almistir. Serbest oksijen radikallerinin zararlarin-
dan en ¢ok etkilenen hiicre elemanlar1 membran lipitleridir. Oksidatif stres, 6zel-
likle polyansatiire (doymamis) yag asitlerinin peroksidasyonu ile kendini gosterir.
Coklu doymamuis yag asidi zincirindeki metilen gruplarindan bir hidrojen atomu
uzaklastirilmast ile peroksidasyon baglamaktadir. Lipit peroksidasyonu sonucu li-
pit radikalleri olusur, bu radikaller bir araya gelerek konjuge dienleri olustururlar.
Devam eden oksidasyon ile bu dienler de pargalanir ve MDA (malondialdehit) bu
zincirde ara iiriin olarak ortaya gikar. Olusan MDA, hiicre membranlarindan iyon
aligverisine etki ederek; membrandaki bilesiklerin ¢apraz baglanmasina, plazma
membraninda permeabilite artigina ve hasara neden olarak nihayetinde enzim ak-
tivitesinde degisime yol acar (Jablonska-Trypuc, 2017).

Lipit peroksidasyonunu baglatan ilk radikal, hidroksil radikalidir. Lipit perok-
sidasyonu; membran yapi ve biitiinliigiiniin bozulmasi, olusan serbest radikalle-
rin, gesitli hiicre bilesenleri tizerine etkisi ve son iiriinlerin sitotoksik etkileri gibi
farkls yollarla hiicre hasarma neden olmaktadir. Lipit peroksidasyonu bir zincir
tepkimesi seklinde baslar ve daha ileri peroksidasyonu baslatacak serbest radikal-
ler igin siirekli bir kaynak niteligindedir. Kendi kendini devam ettiren bu zincir
reaksiyonlarin hiicre membranina hasar1 geri doniisiimsiizdiir. Hidrojen atomu-
nun uzaklagstirilmasi ile olusan lipit radikali (L) dayaniksizdir ve bir dizi spontan
degisiklige ugrayarak olusan konjuge-dienler daha stabildir. Lipit radikalinin mo-
lekiiler oksijen ile reaksiyona girmesi sonucu lipit peroksit radikali (LOOs) meyda-

https://doi.org/10.7161/0muanajas.1092843 d



m Bazi Yaygin insektisitlerin Domates (S. lycopersicon L) Bitkisinde Lipid ...

na gelmektedir. Bu radikaller de membran yapisindaki diger ¢oklu doymamis yag
asitlerini etkileyerek yeni lipit radikallerinin olusumunu saglar ve kendileri de ag1-
ga ¢ikan hidrojen atomlarini alarak lipit hidro-peroksitlerine (LOOH) doniisiirler.
Lipit hidro-peroksitlerden, fenton tipi bir reaksiyonla aldehit ve alkanlar olugur.
Lipit peroksidasyonu sonucunda ortaya ¢ikan cesitli aldehitlerden en iyi bilinenleri
malondialdehit (MDA)dir (Jablonska-Trypuc, 2017).

Bu ¢alisma, Mugla yoresinde sera domatesi bitkisinde (Solanum lycopersi-
con L.) en ¢ok kullanilan insektisitlerden bazilari ile gerceklestirilmistir. Caligmanin
amact: bolgede yaygin kullanilan 3 farkl insektisitin sera domatesi bitkisinde neden
oldugu olas1 oksidatif stres izlerini, lipit peroksidasyon ve antioksidatif savunma
sisteminin yanitini aragtirmaktir.

2. MATERYAL VE YONTEM
2.1. Calismanin Planlama, Yetistirme ve Uygulama Asamalari

Bu galigma, Mugla-Mentesede Mugla Sitki Kogman Universitesi’ne ait agik sera
alaninda diizenlenmis ve Manyla F, cesidi sirik domates fideleri (Solanum lyco-
persicon L.) kullanmilmigtir. Caligmada sistemik etkili 3 ayr1 insektisit tiirevi kul-
lanilmistir. Mugla Ili; Ortaca, Fethiye ve Dalaman [lgelerindeki zirai ilag bayileri,
tireticiler ve Tarim Il Midiirligii ile yapilan goriismeler sonucunda, bolgede en
¢ok satilan ve kullanilan 3 insektisit belirlenmis ve denemede kullanilmistir (Ci-
zelge 1). Bunlar:

1. Abamectin (AB) (Syngenta; AGRIMEC), (Macrocyclic lactone insektisitler gru-
bundan), C w150, Farelerde oral LD, 11 mg kg, 6nerilen doz: 25 mL 100 L su™*

2. Acetamiprid (AC) (Sumitomo; MOSPILAN), (Pyridilmethylamine nicotinoid
insektisitler grubundan), C, H ,CIN, Farelerde oral LD, : 185 mg kg, 6nerilen
doz: 30 g 100 L su™

3.Imidacloprid (IM) (Bayer; CONFIDOR), (Nitroguanidine nicotinoid insekti-
sitler grubundan), CH, CIN,0, Farelerde oral LD, : 450 mg kg™, énerilen doz:
20 mL 100 L su™
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Cizelge 1. Caligmanin deneme plani

Table 1. Trial plan of the study

K* Kontrol
AB1* 250 pl L-1
AB2 500 pl L-1
AB3 1000 pl L-1
K Kontrol
ACTIH** 03gL-1
AC2 0.6gL-1
AC3 12gL-1
K Kontrol
IM 1%+ 200 pl L-1
IM2 400 pl L-1
M3 800 ul L-1

*(K): Kontrol; sadece sulama suyu
**(AB): Abamectin 6nerilen doz: 25 mL 100 L-1
***(AC): Acetamiprid 6nerilen doz: 30 g 100L-1
#004(IM): Imidacloprid 6nerilen doz: 20 mL 100 L-1
Etken madde sembollerinin yanindaki rakamlar uygulanan farkli dozlar1 gosterir.

3 farkli insektisit x kontrol dahil 4 uygulama grubu x 3 tekerriir olmak iizere
toplam 36 adet 10 L hacimli plastik saksi kullanilmistir. Bunun yani sira 10 adet
yedek saks1 bulundurulmustur. Saksilarin tiimii ilaglamalar sirasinda olugabilecek
kontaminasyonu 6nleme amaciyla aralarinda 20°ser cm birakilarak yerlestirilmis
ve her bir grup kendi i¢inde etiketlenerek nizami sekilde siralanmigtir.

Saksilar 2:1 v v oraninda torf ve dere kumu ile 1 kg 15:15:15+Zn kompoze
glibre homojen sekilde karistirilarak doldurulmustur. Nisan ayinin son haftasinda
fidelerin dikimleri yapilmis ve ilk sudan sonra iki giin ara ile ortalama 300-700
mL su verilmigstir. Fidelerin boylanmaya basladig: May1s ayinin tigtincii haftasinda
ise fideler askiya alinmistir. Mayis sonu itibariyle bahge tipi 2 L kapasiteli basing-
li-plastik el piilverizatorleriyle ilk insektisit uygulamasi yapilmistir. Her insektisit
etken maddesi igin ayr1 piilverizator kullanilmigtir. Islanabilir toz formiilasyondaki
Acetamiprid i¢in her bir grubun ilaci etiketli kii¢iik plastik posetlerde kullanima
hazir hale getirilmistir. Abamectin ve Imidacloprid etken maddeli diger insektisit-
ler ise mikropipet yardimi ile etiketli kii¢iik plastik siselere alinmis ve uygulamaya
hazir hale getirilmistir. Ilaglama islemi sabahin erken saatlerinde riizgarsiz havada
yapilmus, yapraklara homojen dagilacak sekilde uygulama yapilmistir. Daha son-
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rasinda ise her 10 giinde bir zararli popiilasyonundaki dagilim gézlenmek suretiyle
ilaglamalar tekrar edilmis, toplam doért uygulama yapilmigtir. Haziran ay1 son hat-
tas1 itibariyle yapilan dordiincti insektisit uygulamasinin ardindan Temmuz ayinin
ilk haftasinda hasada gidilmistir. Hasat esnasinda her uygulama grubunu temsil
edebilecek sekilde rastgele yaprak ornekleri toplanarak numaralandirilmis poset-
ler igerisinde laboratuvara getirilmis ve saf suyla yikandiktan sonra biyokimyasal
analizlerde kullanilmak {izere dipfrizde -20 0C'de buzdolab1 posetleri igerisinde
mubhafaza edilmistir.

2.2. Uygulanan Analiz Yontemleri

Toplanan 6rneklerin analizleri Mugla Sitki Kogman Universitesi Fen Fakiilte-
si Biyoloji Boliimil laboratuvarinda yuriitilmiistiir. Lipit peroksidasyon (MDA:
Malondialdehit) analizi, siiperoksit dismutaz (SOD: EC 1.15.1.1) aktivite analizi,
peroksidaz (POX: EC 1.11.1.7) aktivite analizi, katalaz (CAT: EC 1.11.1.6) aktivite
analizi ve ayrica klorofil ve prolin kapsami laboratuvar sartlarinda belirlenmistir.

Prolin Analizi i¢in 0.5 g yas yaprak érnegi % 3’liik siilfosalisilik asit ile parga-
lanmus ve filtre edilmigtir. Asetik asit ve ninhidrin reagent eklenen 6rnekler 1 saat
100°C'de su banyosunda tutulmus ve reaksiyon buzda sonlandirilmistir. Ardindan
4 mL toluen eklenerek, 520 nmde spektrofotometrede optik yogunluklar: belir-
lenmis ve prolin standartlariyla karsilastirilarak hesaplama yapilmistir (Bates ve
ark., 1973). Toplam klorofil tayini Strain ve Svec (1966) yontemi ile gerceklesti-
rilmistir. 0.5 gr yaprak 6rnegi % 80’lik aseton ile ekstrakte edilerek 5 dakika 3.000
devirde santrifiij edilmis ve siipernatant kismindan 4 mL ¢ekilip, tizerine tekrar 12
mL aseton eklenmistir. Nihai soliisyonda spektrofotometrede 645 ile 663 nm dalga
boylarinda okuma yapilmistir.

Enzim ekstraksiyonu ve belirlenmesi amaciyla, +4°C ortam kosulunda 0.5 g
yaprak materyali 5 mL 50 mM fosforik bufferde (pH:7) homojenize edilmistir.
Sonra +4°C 10.000 gde santrifiij edilmis ve elde edilen siipernatant enzim kaynagi
olarak kullanilmistir. SOD enzim aktivitesinin belirlenmesinde Beauchamp ve Fri-
dovich (1971), nitroblue tetrazoliumun fotokimyasal azalmay1 inhibe etme yetene-
ginin 6l¢iimii ile analiz edilmistir. Reaksiyon karisimi (3.0 mL) 50 mM fosfat buffer
(pH:7.8), 13 mM L-methionine, 75 uM nitroblue tetrazolium, 0.1 mM EDTA, 2 ym
riboflavin ve 0.1 mL enzim ekstrakt: icerecek sekilde hazirlanmis ve riboflavin en
son eklenerek test tiipleri bir 151k kaynagina (30 W floresan lambalari) yerlestiril-
mistir. 30 dakika reaksiyon siiresinden sonra absorbans UV-VIS spektrofotomet-
rede 560 nmde Ol¢ililmiistiir. POX aktivitesinin belirlenmesi, Chance ve Maehly
(1995) metoduna gore guaiacol oksidasyonu kullanilarak yapilmistir. 50 mM fos-
fat buffer (pH:6.5), 13 mm guaiacol, 100-200 mL enzim ekstrakt: ve 5 mM H,0,
iceren 3 mL reaksiyon karisimi kullanilmigtir. H O, eklendikten sonra 30 saniye
icerisinde, 2 dakika boyunca 470 nmdeki absorbans yiikselisi kaydedilmistir (Lee
ve Lin, 1995). Spesifik enzim aktivitesi enzim unit/¢6ziinebilir protein cinsinden
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belirlenmistir. Lipit peroksidasyonu seviyeleri Sresty ve Rao (1999)e gére malon-
dialdehit (MDA) ol¢iimii yapilarak saptanmistir. MDA tayini tiyobarbitiirik asit
reaksiyonu kullanilarak belirlenmistir. 0.5 g yaprak 6rnegi 10 mL % 0.1’lik TCA
(trikloroasetik asit) iginde homojenize edildikten sonra santrifiij edilmis ve 4 mL
% 20 TCA (trikloroasetik asit) icinde hazirlanmis % 0.5’lik TBA (tiyobarbitiirik
asit) eklenmistir. Elde edilen karigim 95°C'de 30 dk su banyosunda bekletildikten
sonra reaksiyon buzda sonlandirilmistir. CAT enzim aktivitesi Bergmeyer ve ark.
(1970) metoduna gére gergeklestirilmistir. H,O, nin miktarinda olugan azalma 240
nmde gosterdigi maximum absorbanstaki distisle belirlenmistir. 1mIlik son hac-
me sahip kuvartz kiivetlerdeki reaksiyon karisimi; 0.1 mM EDTA, 50 mM Na-fos-
fat tamponu (pH:7), distile su ve % 0.3 H,O,den olugmaktadir. Reaksiyon boyunca
absorbansta olusan diistis 180 sn boyunca takip edilmistir. CAT aktivitesi dakikada
harcanan umol H202 olarak ifade edilmistir.

2.3. istatistik Analiz

Uygulamalar arasinda kargilastirma yapilmadan 6nce, normalite ve varyans
homojenitesini belirlemek i¢in sirasiyla, Shapiro-Wilk ve Bartlett testleri uygulan-
mustir. Elde edilen olgiimler arasindaki farkliliklar ise tek yonlii varyans analizi
(one-way ANOVA) ile stnanmustir. Istatistiksel farklihigin belirlendigi durumlarda,
Tukey HSD (Tukey’s honestly significant difference test) testi analize dahil edil-
mistir.

3. BULGULAR VE TARTISMA

3.1insektisit Uygulamalarinin Toplam Klorofil, Prolin ve MDA Diizeylerine
Etkisi

Abamectin uygulanan grupta toplam klorofil kapsami yéniinden kontrole gore
istatistiksel agcidan anlamli bir fark gériilmemistir. Tim konsantrasyon gruplarin-
da, bitkilerin toplam klorofil igerikleri kontrol grubu bitkilerinden daha diisiiktiir.
En diisiik toplam klorofil igerigi 250 pl/L uygulama yapilmis gruptadir. Kontrol
bitkilerine gore toplam klorofil igeriginde % 27’lik diisiis tespit edilmistir. Abame-
ctin uygulamasi yapilmis tiim domates bitkilerinde, her bir konsantrasyon grubun-
da, prolin kapsamlar1 kontrol grubuna gore istatistiki olarak artmistir (p<0.05).
Fakat bu artig 1000 pl L' uygulama yapilmis bitkilerde, kontrole gore % 34’lik
oran ile diger grup bitkilerine gore bir miktar daha az olmugtur. Maksimum prolin
icerigine ise kontrole gore % 51 artis ile 500 pl/L Abamectin uygulanmis domates
bitkilerinde rastlanmigtir. Bitkilerde MDA diizeyleri her ii¢ konsantrasyon igin de,
Abamectin uygulamalari ile kontrolle karsilastirildiginda istatistiki olarak anlam-
l1 artis gostermistir (Sekil 1). En yiiksek artis ise kontrole gore % 64’lik artis ile
1000 ul L* Abamectin uygulamasi ile tespit edilmistir. Goriintige gére Abamectin,
membran lipitlerini oksidasyona ugratmis ve hiicrede hasara sebep olmustur.
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Acetamiprid uygulamalarinin timi, bitkilerde kontrole gore fotosentetik
pigment kapsamlarini arttirmis olup, hicbir artis kontrole gore anlamli bulun-
mamuigtir. Dahasi farkli konsantrasyon uygulamalar: yapilmis domatesler, kendi
aralarinda da istatistiki anlamlilikta bir fark gostermemislerdir. Prolin kapsamlari
incelendiginde, 0.3 ve 0.6 g/L grubunda prolin kapsamlari sirasi ile kontrole gére %
69 ve % 42 farkla anlaml sekilde artarken, 1.2 g L' uygulama yapilmus bitkilerde
ise % 21'lik bir artis goriilmiis fakat istatistiki acidan anlamli farka rastlanmamas-
tir. Tim Acetamiprid uygulamalar: kontrole gore MDA miktarini anlamli olarak
arttirmigtir. Sonuglar konsantrasyon artis ile pozitif korelasyon gostermistir. 1.2 g
L* konsantrasyonda Acetamiprid uygulanmus bitkilerde kontrol bitkilerine gore %
54 oraninda MDA artis1 goralmistiir.

Imidacloprid grubunda ise, kontrol grubu ile uygulamalar arasinda onemli
bir fark gortilmemistir. Imidacloprid’in 200 ul L uygulandig: bitkilerde kontrol
grubuna oranla bir miktar azalis gozlense de, diger gruplarin toplam klorofil kap-
samlar1 kontrole gore daha yiiksektir. En yiiksek toplam klorofil icerigi kontrole
gore % 24’liik artis ile 400 ul L uygulama yapilmis grupta tespit edilmistir. Imi-
dacloprid uygulamasinda, prolin kapsami, 6nerilen dozda (200 pl L' uygulama
yapilmus bitkilerde % 30 artarken, 400 ul L konsantrasyonda, kontrole gore % 45
artmustir. Imidacloprid’in 800 pl L konsantrasyonunda ise kontrole gore anlamli
olmayan % 25’lik bir artis mevcuttur (Sekil 1). Oksidatif stres ve devaminda lipit
peroksidasyon olgusunun metabolizma {iriinii olarak kabul edilen MDA bakimin-
dan, kontrol grubuna gére konsantrasyona bagli lineer bir artis s6z konusudur ve
istatistiki olarak anlamlidir (p<0.05). Onerilenin dért kat1 konsantrasyonda (800
ul L) Imidacloprid uygulamas: yapilmis bitkilerde, kontrol bitkilerine gére MDA
iceriginde % 115 artis saptanmigtur.

z

AB1 ABZ2 AB3 AC1 ACZ2 AC3 IM1 IM2 IM3

O oMW~

]

T.Klorofil, Proline ve MDA
kapsamlari

ET.Klorofil ™ Proline = MDA

Sekil 1. insektisitlerin toplam klorofil, prolin ve MDA diizeylerine etkisi

Figure 1. Effect of insecticides on total chlorophyll, proline and MDA level
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Pestisitlerin uygulanma siireclerinde her ne kadar hedef patojenlere kars1 mii-
cadelede bagar1 kazanilip, tarimsal {iriin verim ve kalitesinde artis saglansa da,
ozellikle “patojen direnci ve regetesiz pestisit kullanimi nedeniyle” kiiltiir bitkile-
rinde abiyotik stres faktorlerine de sik¢a rastlanmakta ve bu durum dolayli olarak
bitkisel tiretimde verim ve kaliteyi olumsuz etkilemektedir.

Bu husus, 6zellikle pestisit kullaniminin yayginlastig1 son 10 yilda bilimsel ilgi
odag haline gelmistir. Ornegin, Zea mays L. (musir)da Pyriproxyfen etkili maddeli
insektisit uygulamasinin potansiyel etkilerini belirlemek amaciyla diizenlenen bir
calismada, Zea mays L. tohumlari, kontrollii kosullar altinda 72 saat siireyle Py-
riproxyfen konsantrasyonlar1 (0.1-0.2-0.4-0.6 ppm) ile muamele edilmistir. Elde
edilen verilere gore; insektisit konsantrasyonu arttik¢a antosiyanin digindaki foto-
sentetik pigment icerikleri azalmis, ancak antioksidatif adaptasyon olarak prolin
birikimi artmistir. Bu ¢alisma, Pyriproxyfen’in asir1 ve kontrolsiiz kullaniminin
bazi morfolojik, anatomik, fizyolojik ve metabolik siirecleri indiikleyerek fitotok-
sik etkilere yol agtigini gostermektedir (Coskun ve ark., 2015). Diger yandan Yil-
diztekin (2012) ise, domates fidelerine uygulanan 30 cc 100 L" Spinosad ve 35
cc 100 L! Ftoxazole etken maddeli insektisitler neticesinde bitkide klorofil-a, klo-
rofil-b ve toplam klorofil miktarlarinda genel fakat anlamli olmayan bir artistan,
prolin kapsaminda ise anlamli bir artistan bahsetmistir. Dereboylu ve ark. (2019)
calismalarinda sera kogullarinda yetistirilen hiyar (Cucumis sativus L.) bitkilerine
farkli konsantrasyonlarda (6nerilen doz; 0.4 mL L 6nerilen dozun iki kats; 0.8 mL
L' ve ¢ kat;; 1.2 mL L' Cypermethrin etken maddeli insektisit uygulanmuistir.
Kontrole kiyasla toplam klorofil kapsaminda x3 grubunda diisiis goriiliirken, pro-
lin, absisik asit ve indol-3 asetik asit kapsamlarinda ise artig saptanmustir. Ozellikle
yiiksek konsantrasyonlarda uygulanan insektisitin hiyar bitkilerinde abiyotik stres
yarattigi, metabolizmay1 bozdugu, biiytimeyi ve gelismeyi olumsuz etkiledigi be-
lirlenmistir.

Tort ve ark. (2004) ¢alismalarinda, Cyprodinil etkili maddeli fungusitin 60 ve
120 g 100L"! konsantrasyonlart ile toplam klorofil degerleri kontrole gére artmus,
180 g 100 L konsantrasyonunda ise kontrol seviyesinin altina diigmiistiir. Ancak
bu artis ve azalislar, kontrole gore istatistiksel olarak 6nemli bulunmamis olup
bizim elde ettigimiz sonuglarla 6rtiismektedir. Mishra ve ark. (2011) tarafindan
yapilan bir ¢calismada ise, Vigna unguiculata L. (boriilce) bitkisine Dimethioate
etkili maddeli insektisiti uygulanmis, enzimatik olmayan antioksidatif savunma
cevabi aragtirilmistir. Yitksek konsantrasyon (200 ppm) Dimethoate uygulanmis
bitkilerde prolin igeriginde % 60 artis gézlenmistir. 50 ve 100 ppm uygulamalar ise
prolin igerigini sirasiyla % 13 ve % 53 oraninda arttirmistir. MDA kapsamlarinda
da konsantrasyona bagh lineer artis gézlenmistir. Bu veriler ¢alismamizi destek-
ler niteliktedir. Song ve ark. (2007) bir ¢aligmalarinda Chlorotoluron uygulanmis
(0-25 mg kg') topraklarda, Triticum aestivum L. (bugday) bitkilerini kiiltiire al-
miglardir. Bitkide plazma membran lipitlerinde peroksidasyon meydana gelmistir.
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Chlorotoluron artisi ile TBARS (Tiyobarbitiirik asit reaktif tiriinleri)da artig sap-
tanmugtir. Yine Chlorotoluron etkili kok ve yapraklarda endojen prolin diizeyinin
kontrole gore anlaml 6l¢iide arttigi, koklerin ise kimyasala daha duyarli oldugu
gozlenmistir.

Zhang ve ark. (2011) Omethoate stresi altinda Triticum aestivum L. (bugday)
fidelerinde yiiksek konsantrasyonlarda (5 ve 10 g L) MDA lineer olarak artmis,
ilk hasatta kontrole oranla sirast ile % 41 ve % 146 artig bildirilmistir. Caligmada
en yitksek prolin kapsamlar1 5 g L uygulamalarda bildirilmistir. Prolin kapsamlar1
ilk hasatta 1-5 ve 10 g L' uygulama yapilmis bitkilerde kontrole gore sirasi ile %
93, % 480 ve % 273 artig gostermistir. Bulgular ¢alismamuz ile yiiksek oranda uyum
icindedir.

3.2. insektisit Uygulamalarinin POX, SOD ve CAT Enzim Aktivitelerine Etkisi
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Sekil 2. insektisitlerin POX, SOD ve CAT enzim aktivite seviyelerine etkisi

Figure 2. Effect of insecticides on POX, SOD and CAT enzyme activitie levels

Abamectin uygulamalar1 domates (Solanum lycopersicon L.) bitkilerinde anti-
oksidatif savunma sisteminde gorev alan POX, SOD ve CAT enzim aktivitelerini
uyarmistir. Abamectin etken maddeli insektisitin, 1000 ul L™ konsantrasyonda uy-
gulandig1 grupta, POX spesifik enzim aktivitesini kontrole gore % 205 arttirdig1
saptanmistir. Tiim konsantrasyonlarda bitkilerde POX enzim aktivitelerinde bir
artis mevcut olmasina karsin yalniz 1000 pl L' Abamectin uygulanmis bitkilerde
maksimum ve istatistiki anlamlilik diizeyinde artis gézlenmistir (p<0.05). Ayrica
minimum POX aktivitesine, 6nerilenin 2 kat1 (500 ul L) Abamectin uygulanmis
bitkilerde rastlanmistir. SOD enzim aktivitesi de POX aktivitesi ile paralel sonug
vermistir. Maksimum artig 1000 pl L' uygulamada goriilmiis ve kontrole kiyasla
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% 205 artis tespit edilmistir. Fakat spesifik SOD aktivitesi, deneme boyunca POX
aktivitesine gore bir miktar daha diistik seviyede seyretmistir. CAT enzim akti-
vitesi, kontrol grubu ile karsilastirildiginda onerilen konsantrasyon (250 ul L)
Abamectin uygulamast ile % 43’liik ve 6nerilen konsantrasyonun iki kat1 konsant-
rasyon uygulamasi (500 pl L) ile % 91’lik anlamli lineer artig gdstermistir. One-
rilen konsantrasyonun dort katinin uygulandigi (1000 pl L) bitkilerde ise CAT
aktivitesi agisindan kontrolle karsilastirildiginda istatistiki agidan anlamli bir fark
bulunamamistir (Sekil 2).

Acetamiprid’in farkli konsantrasyonlarinin uygulandig: bitkilerde antioksidatif
enzim aktiviteleri incelendiginde; POX aktivitesi ile ilgili olarak 0.3 ve 0.6 g L' in-
sektisit uygulanmus bitkilerde kontrol grubu bitkilerine gore anlamli artig saptan-
mustir (p<0.05). Maksimum konsantrasyon grubunda (1.2 g L) ise kontrol grubu
bitkilerine gore POX aktivitesinde anlamli bir fark olmamasina ragmen, iliml bir
artig saptanmustir. SOD aktivite degerleri POX aktiviteleri ile paralel sonug ver-
mistir. Fakat SOD aktivitesi, deneme boyunca POX aktivitesinden bir miktar daha
diisiik seviyede seyretmistir. SOD ve POX enzimleri maksimum aktivitelerine one-
rilenin iki kat1 konsantrasyonda (0.6 g L) Acetamiprid uygulanmis grupta ulas-
muslardir. Hem POX hem de SOD enzimleri, kontrole gore % 132’lik bir aktivite
artig1 gostermistir. CAT aktivitesi ise, hem onerilen konsantrasyon grubunda (0.3
g L") hem de 6nerilenin iki kat1 konsantrasyonda Acetamiprid uygulanmis grup-
ta (0.6 g/L) kontrol bitkilerine gore anlamli artigla kendini gdstermistir. Oneri-
len konsantrasyon (0.3 g L) uygulanan bitkilerdeki CAT aktivite degerleri diger
konsantrasyonlardan da anlaml sekilde fazla bulunmugtur. Kontrole gore oneri-
len konsantrasyon grubunda % 147’lik CAT aktivite artis1 belirlenmistir. Onerilen
konsantrasyonda uygulama yapilmis grubu, 6nerilenin iki kat: konsantrasyon (0.6
g L) uygulanmis grup izlemistir. Onerilenin dort kat1 konsantrasyonda (1.2 g L)
Acetamiprid uygulanmis bitkilerle kontrol grubu bitkiler arasinda istatistiksel agi-
dan anlamli fark saptanmazken, 6nerilenin dort kat1 konsantrasyon grubu (1.2 g
L") bitkilerinde CAT aktivitesi, diger konsantrasyonlardaki CAT aktivitelerinden
istatistiki anlamli olarak daha diisiik degerlerde bulunmustur.

Imidacloprid’in 200 pl L' konsantrasyonunda, bitkilerde POX aktivitesi kont-
role gére % 77 oraninda artarken, 400 ul L' konsantrasyonunda ise kontrole gore
% 157 oraninda istatistiki agidan anlamli olarak artmistir (p<0.05). 800 pl L' uy-
gulamasi ise spesifik POX aktivitesini kontrole gore % 51 oraninda istatistiki agi-
dan anlaml sekilde azaltmistir. SOD aktivitesi sonuglar1 POX aktivitesi sonuglari
ile paraleldir. Imidaclopridin 200 ve 400 pl L' konsantrasyonlar1 SOD aktivitesini
anlamli sekilde arttirirken, 800 pl L' uygulamasi ile bitkilerde kontrole gére % 51
oraninda istatistiki anlamlilikta azalis tespit edilmistir. Bitkilerde antioksidatif esik
bu konsantrasyonda agilmis olabilir. CAT aktivitesi ise Imidacloprid’in tiim kon-
santrasyonlarinda artmistir. Imidacloprid’in 200 ve 800 pl L uygulanmasi ile CAT
aktivitesi kontrol grubuna gore anlamli olarak artarken, 400 pl L uygulama yapil-
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mus bitkilerde bu artigin kontrole gore istatistiki bir anlamlilig1 belirlenememistir

(Sekil 2).

Bitkiler maruz kaldiklar1 gevresel stres faktorleriyle bas edebilmek ve stres
sonucu sentezlenen serbest oksijen radikallerinin detoksifikasyonunu saglamak
amaciyla antioksidatif kapasitelerini aktive etmek zorundadirlar. Bu enzimatik an-
tioksidanlar metabolik hasarin 6nlenmesinde olduk¢a 6nemli bir fonksiyon {ist-
lenmiglerdir. Konu halen giincelligini siirdiirmektedir. Ornegin, pestisit kaynakli
stres, hiicre metabolizmasi, biyokimyasal ve diger fizyolojik aktiviteler tizerindeki
zararli etkilerden sorumlu yiiksek seviyelerde reaktif oksijen tiirleri (ROS) yoluyla
hedef olmayan bitkileri etkilemekte ve bitki antioksidan savunma sistemini hare-
kete gegirmektedir (Shakir ve ark., 2018). Nitekim, yaygin kullanilan Emamectin
benzoate, Alpha-cypermethrin ve Imidacloprid insektisitlerinin domates bitkisin-
de oksidatif strese etkisi arastirilmistir. Verilerin analizi, ytiksek konsantrasyonlar-
da pestisit uygulamasiin ROS (reaktif oksijen tiirleri) seviyelerini 6nemli 6lgiide
yikselttigini ve TBARS (Lipid peroksidasyonunun bir yan iiriinii olan tiyobar-
bittirik asit reaktif maddeleri) olusumuyla membran hasarina neden oldugunu,
kontrole kiyasla hem kok hem de siirgiin dokularinda hiicre hasarini artirdigini ve
hiicre canliligini azalttigini ortaya koyarak, pestisit kaynakli oksidatif stresle baga
¢ikmak icin, daha yiiksek dozlarda pestisitlere maruz kalan bitkilerde antioksidan
seviyelerinde 6nemli bir artis gozlendigi belirlenmistir. Birlikte ele alindiginda, bu
sonuglar, onerilen dozun tizerinde pestisit uygulanmasimin oksidatif stres duru-
munu tetikleyebilecegini ve hedef olmayan konukgu bitkilerde oksidatif hasarlara
neden olabilecegini kuvvetle 6ngérmektedir (Shakir ve ark., 2018). Yine, Capsi-
cum annuumda Metaflumizone etkili maddeli insektisit uygulamasinin etkilerinin
aragtirildigr diger bir ¢calismada, Metaflumizone (1.2-2.4-4.8 mM) uygulamalari-
nin etkileri incelenmistir. Elde edilen verilere gore yiiksek dozda Metaflumizone
uygulamasy; toplam klorofil ve karotenoid igeriklerinde azalmaya, APX, GST, GR
aktiviteleri ile GSH, MDA ve prolin iceriklerinde bir artisa sebep olmustur (Kaya,
2019). Diger bir ¢aligmada da, 1-10 mM Atrazine etkili maddeli herbisit uygu-
lanmig Pisum sativum L. (bezelye) bitkisinde ¢ok kullanilan bu yasakl herbisitin,
subletal ve uzun siireli etkileri arastirilmistir. 20 giin sonunda lipit peroksidasyon
artis1 gozlenmis ve siire¢ sonunda CAT ve SOD aktiviteleri inhibe olmugtur. POX
aktivitesi ise kontrole gore artis gostermistir (Ivanov ve ark., 2013). Chloropyri-
fos ve Malathion uygulanmis patlican ve domates bitkileri ile yapilmig bir diger
calismada ise pestisitler, SOD ve POX aktivitelerini anlamli derecede uyarmis ve
konsantrasyona bagimli olarak lineer artig gozlenmistir (Nasrabadi ve ark., 2011).
Yildiztekin (2012)'de domates (Solanum lycopersicon L.) fidelerine uygulanan 30 cc
100 L* Spinosad ve 35 cc 100 L Etoxazole etkili maddeli insektisitler neticesinde
SOD miktarinda artis bildirmistir. POX enzim aktivitesinde kontrole gore belirgin
fark gozlenmemistir. CAT aktivitesi bakimindan tiim konsantrasyonlarda istatisti-
ki olarak 6nemli sayillmayacak diizeylerde artislar rapor edilmistir.
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Bu calisgma da SOD degerleri bakimindan bizim ¢alismamizi desteklemistir.
Fakat POX ve CAT aktivite sonuglar1 ¢aligmamiz ile paralel degildir.

Zhang ve ark. (2011), Omethoate insektisit/akarisit stresi altindaki Triticum
aestivum L. (bugday) fidelerini incelemiglerdir. Pestisit uygulama sonrasinda bit-
kiler 1, 3, 5 ve 7. glin sonunda hasat edilmistir. Bulgulara gore, SOD ve POX akti-
viteleri siirgiinlerde artan Omethoate konsantrasyonlari ile dogrusal artig goster-
mistir. Maksimum SOD aktivitesi, 7. giinde 5 g L' uygulama yapilmus bitkilerde
rapor edilmistir. CAT aktivitesi 0.1 g L Omethoate uygulamast ile ¢arpici bigimde
artmigtir. 7. giinde yapilan analizlerde tam 16 kat CAT aktivite artis1 bildirilmistir.
Bu ¢alismadan elde edilen sonuglar, bircok noktada bizim elde etigimiz sonuglar-
la uyum igerisindedir. Caliymamizi destekler nitelikte olan diger bir ¢alisma ise
Song ve ark. (2007) tarafindan Chlorotoluron etkili maddeli herbisit uygulanmus
(0-25 mg kg) topraklarda, Triticum aestivum L. (bugday) bitkileri ile gerceklesti-
rilmistir. Koklerde maksimum spesifik SOD aktivitesi 25 mg kg™ Chlorotoluron
uygulanmis bitkide saptanirken, yaprakta maksimum spesifik SOD aktivitesi ise
15 mg kg uygulanmus bitkide gézlenmistir. Bu ¢aliymada Chlorotoluron uygula-
mali fidelerde koruyucu enzimler arasindan, genellikle SOD aktif olmustur. POX
ve CAT total enzim aktiviteleri de koklerde anlamli artig gostermistir. Bir baska
calismada patlican ve domates bitkilerine uygulanan Chloropyrifos ile Malathion
etkili maddeli insektisitleri, her iki bitkide SOD ve POX aktivitelerini anlamli de-
recede uyarmis ve konsantrasyona bagimli olarak lineer artis gézlenmistir. Artisin
strese tolerans mekanizmalarinda adaptasyondan kaynaklanmis olabilecegi ileri
stirtilmiistiir. Bulgular ¢alismamiz i¢in de yiiksek konsantrasyonlarda azalan SOD
ve POX degerleri ile zit sonuglar vermis olsa da, genel anlamda ¢alismamizi destek-
ler niteliktedir (Nasrabadi ve ark., 2011). Diger bir ¢aliymada, Deltamethrin etkili
maddeli insektisit etkisindeki 45 giinliik soya fasulyesinde (Glycine max L.) anti-
oksidatif yanit sistemi incelendiginde; lipit peroksidasyonunun ve prolin igeriginin
artt1g1 bildirilmistir. Enzimatik antioksidantlardan SOD aktivitesinin ise kontrole
oranla 6nemli derecede arttig1 gozlenmistir. CAT, artan konsantrasyonlarla inhi-
be olmustur. Yani; Deltamethrin, CAT iizerinde konsantrasyona bagiml ve giiglii
negatif korelasyon etkisine sahip olmustur. Maksimum CAT aktivitesi ise ¢igeklen-
me agamasinda % 0.2 Deltamethrin uygulamasi yapilmis soyada goriilmistiir. Bu
¢aligma da bizim ¢aligmamiza paralel kisimlar1 mevcut olan bir ¢caligmadir (Bashir
ve ark., 2007).

4. SONUG

Calismamizda uygulanan insektisit konsantrasyonlarina bagli olarak prolin
miktarindaki anlamli artiglar ile birlikte MDAnin lineer artis1 oksidatif stresi ve
toksisite sonucu membranlarda lipit peroksidasyonu isaret etmektedir. Bunlarin
yaninda bitkinin strese karst tepki niteliginde antioksidatif sistemini kullandig:
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sonuglar da acik¢a ortaya ¢ikmustir. POX ve SOD’un belirli savunma gérevlerin-
de isbirligi icinde ¢aligtig1 sonuglarimizda belirgindir. Fakat en yiiksek insektisit
konsantrasyonunda bitkilerde bu enzimlerin aktiviteleri goreceli olarak azalmuistir.
CAT ise onerilen konsantrasyon Imidacloprid uygulamast ile maksimum aktivite
gostermigtir. Sebep kimi aragtirmacilarin benzer ¢alismalarinda bahsettikleri ba-
gimsiz hiicresel ve doku hasar1 sonucu diisiik CAT aktivitesinin temel faktor olusu
olabilir. Bitkide SOD ve POX un korumakla goérevli oldugu, antioksidatif savunma
esigi bu noktada reaktif oksijen tiirlerince asilmis olabilir ve gortintise gore, CAT
ya da bagka enzimler bu noktada kilit gorev aliyor olabilirler.

Abamectin uygulanmis domateslerde prolin miktarindaki artisin sebebi: stres
kosullarinda salgilanmasindaki uyarilma, serbest O, radikallerinin de-toksifikas-
yonuna katilmasi ve stres kosullarina dayaniklilikta 6nemli rol oynayan koruyucu
ozellige sahip azot icerikli bir iminoasit olmasi olabilir. Abamectin ile muamele
edilen domates bitkisinde antioksidatif enzimlere ve MDA miktar1 artisina baki-
lirsa, yiiksek konsantrasyon uygulamasinda bitkiler oksidatif strese girmislerdir.
Goriiniise gore Abamectin, membran lipitlerini oksidasyona ugratmis ve hiicrede
hasara sebep olmustur. POX, SOD ve CAT enzimleri isbirligi i¢inde, stres duru-
munda serbest oksijen radikallerine kars: bitkiyi korumaktadirlar.

Acetamiprid uygulamasi ile prolin ve MDA artiglar1 oksidatif stresi kanitla-
makta, antioksidatif enzimlerin aktifligi de bu durumdan kaynaklanmaktadir ve
muhtemel olarak bu enzimler savunmada birlikte gorev aliyor olabilirler. Oneri-
lenin dért kat1 konsantrasyonda Acetamiprid uygulanmis bitkilerle ilgili olarak,
MDA artisy, toksik insektisit birikimi sebebiyle daha fazla oksidatif hasar ve buna
cevaben yiiksek lipit peroksidasyonun gostergesidir.

Kullanilan insektisitler arasinda, MDA bulgulari 151ginda 6zellikle membran-
da lipit peroksidasyonu ve stres hasar1 bakimindan yorum yapilacak olunur ise,
domates bitkilerine en ¢ok Imidacloprid zarar vermis olabilir. Sonuglar 151g1nda
pestisitleri en az riskle en ¢ok fayda prensibine gore bilingli ve regeteli kullanmanin
ve bunun i¢in ruhsatl ve amaca uygun pestisitleri dogru zamanda, dogru kon-
santrasyonda ve kullanim kosullarina uygun olarak bu konuda egitim almis uz-
man goriisii dogrultusunda uygulamanin 6nemi bir kez daha yinelenmistir. Genel
olarak, domates bitkisinde strese karsi bir tolerans mekanizmasinin varligindan
bahsedilebilir. Prolin ile osmoregiilasyon saglanirken, oksidatif hasarlanmadan ise
antioksidatif enzimleri sayesinde domates bitkileri kendilerini belirli bir seviyeye
kadar koruyabilmislerdir. Bunlara ragmen stresin biyolojik molekiillerde memb-
ran hasarina yol agtig1 s6ylenebilir.
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FINDIK URETIM ALANLARINDA BiTKi KORUMA iLACLARINI
UYGULAYAN OPERATORLERIN RiSK ALGI DUZEYLERININ
SAPTANMASI

0z:

Diinya findik iiretiminde 6nemli bir paya sahip olan {ilkemizde birim alan-
dan elde edilecek findik miktar: ve kalitesi {izerinde hastalik ve zararlilarin 6nemli
bir etkisi vardir. Findik tiretiminde 6zellikle son yillarda yogun olarak tarim ilaci
kullanilmakta olup, iilkemizde findik yetistiren isletmelerde tarimsal ilaglarin se-
¢iminde, hazirlanmasinda, uygulanmasinda ve tarim ilaci atiklarinin yonetiminde
operatorler bircok tehlike ve riskle karst karsiya kalmaktadir. Ancak bu risklerin
farkindalig1 hakkinda bilgi bulunmamaktadir. Bu ¢aligmada, operatorlerin bitki
koruma iiriinii segiminden, ila¢ uygulama sonrasina kadarki yapilan islemlerde-
ki risk algilar1 bir anket ¢alismasiyla belirlenmistir. Caligma Ordu, Giresun, Sam-
sun, Sakarya, Trabzon ve Diizce illerinde yiritilmiistiir. Bitki koruma triinleri
hakkinda risk algilar1 belirlenen operatorlerin %62’sinin 6nerilen doza uyduklari,
%79.4iniin ekonomik zarar esigini takip etmedigi, %90 1n1n uygulama esnasin-
da meteorolojik kogullar1 takip ettigi, %32.9’unun alet ve ekipman kalibrasyonu
yapmadig, kisisel koruyucu donanim kullanma oranlarinin ¢ok diisiik seviyeler-
de oldugu ve standart olmayan donanimlarin kullanildig1 saptanmistir. Opera-
torlerin risk algilar: tizerinde tarim ilaglar1 hakkinda egitim alma, findik tiretimi
yapilan alan, findik tarimi deneyimi, tarim ilaci kullanimi deneyimi ve 6grenim
diizeylerinin etkili oldugu sonucuna varilmistir. Bolgede ortaya konulan operator
profiline gére demonstrasyonlarla destekli yayim faaliyetlerinin, tarim ilaglarinin
seciminden baslayarak, hazirlama, uygulama ve sonrasi i¢in ayr1 ayr1 planlanmal,
kimyasal miicadelede yeni teknolojiler sistem igerisine dahil edilmeli, tarim ilac1
kullanim hacmini diisiirmeye yonelik projelere 6ncelik verilmelidir.

Anahtar Kelimeler: Findik Uretimi, KKD Kullanimi, Tarim flaci-Risk Algist,
Tarim Ilact Uygulama.
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DETERMINATION OF THE RISK PERCEPTION LEVELS OF
OPERATORS WHO USE PESTICIDE IN HAZELNUT
PRODUCTION AREAS

ABSTRACT

Diseases and pests have a significant impact on the amount and quality of ha-
zelnuts obtained from a unit area in our country, which contributes significantly
to global hazelnut production. Pesticides have been used extensively in hazelnut
production, particularly in recent years, and producers face numerous dangers
and risks in the selection, preparation, application, and management of pesticide
wastes in our country’s hazelnut growing enterprises. However, there is no infor-
mation about risk awareness. A survey study was used in this study to determine
the risk perceptions of hazelnut producers throughout the process, from plant
protection product selection to pesticide application. The investigation was con-
ducted in the provinces of Ordu, Giresun, Samsun, Sakarya, Trabzon, and Diizce.
Of the producers whose risk perceptions about plant protection products were as-
sessed, 62 percent adhere to the recommended dosage, 79.4 percent do not adhere
to the economic damage threshold, 90 percent adhere to meteorological condi-
tions during application, 32.9 percent do not calibrate tools and equipment, and
personal protective equipment is not used. It was determined that usage rates are
extremely low, and that non-standard equipment is being used. It was determined
that the level of pesticide education, hazelnut production area, hazelnut farming
experience, pesticide use experience, and education levels have an effect on pro-
ducers’ risk perceptions. According to the producer profile in the area, extension
activities supported by demonstrations should be planned separately, beginning
with the selection of pesticides, preparation, and application, and moving on to
the inclusion of the new technologies in the chemical control system and projects
aimed at reducing the volume of pesticide use.

Keywords: Hazelnut Production, Pesticide-Risk Perception, PPE Use, Pesticide
Application.

e 2 e
GIRIS

Diinyada 1.000.232 hektar alanda 1.125.178 ton findik {iretimi yapilmaktadir.
Tiim findik alanlarinin %73’tine sahip olan iilkemiz (734.409 ha), diinya tiretiminin
ise % 69’unu (776.046 ton) karsilamaktadir (FAO, 2019). Findik tiretimi diger il-
kelerle karsilastirildiginda, tilkemizde birim alandan elde edilen verim ¢ok diisiik
kalmakta, verim diigiikliigiiniin sebepleri arasinda hastalik ve zararlilarla yeterince
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ve teknigine uygun miicadele edilememesi gosterilmektedir (Balik ve ark., 2015).
Yogun olarak Karadeniz Bolgesinde yetistirilen findik, bugiin basta Ordu, Giresun,
Samsun, Trabzon, Sakarya ve Diizce olmak tizere 37 ilimizde iiretilmektedir.

Guiniimiize kadar findik yetistiriciliginde tanimlanan énemli hastaliklar; bak-
teriyel yaniklik, kiilleme, dal kanseri, armillaria kok ¢iirtikliigi, rosellinia kok ¢ii-
rukligi, mozaik hastaligr iken, 6nemli zararhlari ise findik kurdu, findik koza-
lak akarlari, findik yesil kokarcasi, dalkiran, findik teke bocegi, findik filiz giivesi,
amerikan beyaz kelebegi, mayis bocegi, virgiil kabuklu biti, findik gal sinegi, findik
yaprak delenidir (Anonim, 2017).

Bitkisel iiretimi sinirlayan hastalik, zararli ve yabanci otlarin zararindan bit-
kileri koruyarak tarimsal iiretimi artirmak ve kaliteli iiriin elde etmek amaciyla
yapilan tim islemlere bitki koruma ya da tarimsal miicadele denmektedir. Artan
diinya niifusu ve girdi maliyetleri ile degisen tiiketici aligkanliklar karsisinda bi-
rim alandan en yiiksek verimi almak ve tiiketiciler i¢cin kozmetik agidan kusursuz
triinler yetistirmek giiniimizde ciftciler icin bir zorunluluk haline gelmistir
(Damalas ve ark., 2010). Tiim tarimsal faaliyetlerde oldugu gibi findik tiretimin-
de de kalite ve miktar olarak yeterli {iriin alabilmek i¢in siirekli artan hastalik ve
zararl popiilasyonlari ile miicadele etmek treticiler i¢in ka¢inilmaz olup, miicade-
lenin en kolay ve etkili yolu ise tiim risklerine ragmen tarim ilaci kullanimindan
gecmektedir.

Tarim ilaglarmin kullanimi her ne kadar tarimsal verimliligi artirsa da, biling-
siz ve hatali kullaniminin; toprak yapisi, insan sagligi, hedef olmayan organizma-
lar, yer alt1 ve yiizey sularinda yol a¢tig1 olumsuzluklarin maddi karsilig1 yoktur.
Bu nedenle tarimsal miicadelede operatérlerin tarim ilaglarinin risklerinin farkin-
da olarak; ruhsatsiz tiriin kullanmamalari, dogru ilac1 hedef organizmaya uygun
dozda ve teknigine uygun uygulamalari, cevreyi gozeterek olast siiriiklenmelere
kars1 gerekli tedbirleri almalar1 uygulayicinin kendisi, tiiketiciler ve dogal yagamin
stirdiiriilebilirligi agisindan son derece 6nemlidir. Operatorlerin bilinglendirilerek,
dogru uygulamalar yapmasini saglayabilmek i¢in ise oncelikle tarim ilaglarinin
olumsuz etkileri tizerindeki risk algilarinin belirlenmesi gerekmektedir.

Ulkemizde bitki koruma iiriinlerinin énerilmesi, uygulanmasi ve kayt islem-
leri 29194 sayili Resmi Gazetede yayimlanan “Bitki koruma triinlerinin 6neril-
mesi, uygulanmasi ve kayit islemleri hakkinda yonetmelik” ile diizenlenmistir.
Yonetmeligin 13. Maddesinde bitki koruma iirtinlerinin uygulamalarinin yetkili
kisilerce veya yetkili kisilerin gozetiminde yapilacag belirtilmis, Madde 14’te yet-
kili kisileri profesyonel uygulayicilar ve bitkisel iiretim yapan kisiler olarak ikiye
ayirilmigtir. Uygulayicilarin ekipmanlarin kalibrasyonu, yanlarinda hamile kadin
ve 18 yasindan kii¢iik ¢ocuk ¢alistirmama hususu, kisisel koruyucu ekipman kulla-
nimi, uygulama esnasinda yiyecek ve icecek bir sey titketemeyecegi gibi sorumlu-
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luklarina ise Madde 18de yer verilmistir. Ayrica hassas bolgeler ve sulak alanlarin
korunmas1 Madde 19da agiklanmisgtir. Tim bu diizenlemelere ragmen, tilkemi-
zin tarimsal isletme profili gibi findik iireten igletmelerinde kiigiik tarim isletmesi
sinifinda olmasi bu isletmelerin ilaglama sezonlarinda tek tek denetlenmesini zor-
lagtirmakta olup, bilingsiz uygulamalarin 6niine gecilememektedir.

Tarim ilaglarinin neden olabilecegi gevresel, kalint1 ve dayaniklilik riskleri, kul-
lanimini etkileyen faktorlerdir. Operatorlerin uygulama 6ncesi, uygulama esnasin-
da ve sonrasindaki davranislar1 bu {i¢ riski belirleyen bir bilesendir. Bu nedenle
operatorlerin bitki koruma triinlerini se¢imi, kullanimi ve sonrasindaki egilim ve
bilgi diizeylerinin belirlenmesi 6ncelikle bitki koruma ilaglari ile ¢aligmada riskleri
azaltan proaktif yaklagimlar i¢in ¢ok 6nemlidir. Zira Diinya Saglik Orgiitii'ne gore
sadece egitimli kisiler tarim ilac1 uygulamas: yapmalidirlar.

Bu ¢alisma, findik tiretim alanlarinda tarim ilaglarinin ortaya ¢ikarabilecegi
olumsuzluklarin en aza indirgenebilmesi i¢in, operatdrlerin tarim ilaci kullanimi-
na karar verme siirecinden baslayarak, satin alma, hazirlama, uygulama ve piil-
verizator temizligi ile atiklarin bertarafindaki tutum ve davraniglar1 konusundaki
bilgiler anket yoluyla elde edilmis, ila¢ uygulayan operatorlerin risk algilari arasin-
daki istatistiksel iligki ortaya konmustur.

1. MATERYAL VE YONTEM
1.1. Arastirma Alani ve Veri Toplama Yéntemi

Operatorlerin bitki koruma ilaglari kullanimindaki risk algilarini ortaya koyan
bu ¢alisma, tilkemizin en biiyiik findik direticisi illeri olan, Ordu (227.121 ha), Gi-
resun (117.729 ha), Samsun (116.519 ha), Sakarya (72.668 ha), Trabzon (65.535
ha), Diizce (63.220 ha)de 2019 yilinda yiiraitiilmistiir. Alan biiytikligi ve tarimsal
yapilar1 goz oniine alinarak; Ordu ilinde Fatsa, Golkdy, Persembe, Ulubey, Unye,
Giresun ilinde Bulancak, Gorele, Kesap, Merkez, Tirebolu, Samsun ilinde Ayvacik,
Salipazari, Carsamba, Terme, Trabzon ilinde Akgaabat, Arsin, Ortahisar, Vakfike-
bir, Sakarya ilinde Hendek, Karasu, Kocaali, Diizce ilinde ise Merkez, Ak¢akoca,
Cumayeri, Glimiisova il¢elerine bagli kéy/mahalleleri calismaya dahil edilmistir.

Findik diretimini en iyi diizeyde temsil edebilecek anket say1sin1 belirlemek i¢in
“Oran Ortalamalarina Dayali Basit Tesadiifi Ornekleme” ile érneklem bityiiklii-
gii (Newbold, 1995) 383 olarak tespit edilmistir. Ornek hacmi il ve ilcelere gore
oransal olarak dagitilmis, giiven aralig1 %95, hata pay1 0.05 olarak alinmistir. Ordu,
Giresun, Trabzon, Sakarya, Samsun ve Diizce illerinde diizenlenecek anket sayi-
lar1 sirasi ile 112, 94, 59, 44, 41 ve 33 olarak belirlenmistir. Calismada 6nceden
hazirlanmig sorular tesadiifi olarak secilen operatorlere yiiz yiize yapilan anket ile
uygulanmigtir.
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Operatorlerin risk algilari, ekonomik zarar esiginin takip edilmesi, uygulama
esnasinda bir gey yiyip igme durumu, uygulama yaparken meteorolojik kosulla-
rin takip edilmesi, alet ve ekipmanlar1 kalibrasyonu, tarim ilaglarini hazirlamada
etiket bilgilerine uyulmasi, kisisel koruyucu donanim kullanimi, uygulama esna-
sinda riizgar yoniine dikkat etme, uygulama sonrasi kiyafetlerin degisimi ve ayrica
yikanmasi, bos kutu, sise ve ambalajlarin imhasi, son ilaglama ve hasat arasinda
gecen siirenin 6nemi, tarim ilaglar1 konusunda egitim alma hakkindaki fikirleri
sorularina verdikleri cevaplar likert tipi 6l¢ek kullanilarak belirlenmigtir. Puanla-
ma dogrultusunda operatdrlerin alacag: en yiiksek puan 42 iken, tarim ilaci risk
algilarini belirleyen puan aralig: ise 0-15 diisiik risk algisi, 16-30 orta risk algis,
31-42 yiiksek risk algis1 seklinde olmugtur.

1.2. Verilerin Analizi

Anketlerden elde edilen veriler, SPSS 23 paket programu ile analiz edilerek
degerlendirilmistir. Frekans, yiizde ve standart sapmadan olusan tanimlayici is-
tatistikler kullanilarak ¢izelgeler olusturulmustur. Shapiro Wilk-W ve Kolmogo-
row-Smirnov normallik testleri sonucu normal dagilim géstermeyen iki bagimsiz
grubun ortalamalarinin degerlendirilmesinde Mann-Whitney U ve kontrast testi,
{i¢ bagimsiz grubun ortalamalarinin degerlendirilmesinde Kruskall Wallis-H testi
uygulanmug, gruplar arasindaki farkliliklarin ortaya konulmas: amaciyla her grup
kendi arasinda Mann-Whitney U testine tabi tutulmus ve anlamlilik dizeyleri
p<0.05 secilmistir. Aralarinda iligki arastirilan parametreler ise; tarim ilaci kullani-
mi1 hakkinda egitim alma-risk algisi, findik tiretimi yapilan alan-risk algisi, findik
tarimi1 deneyimi-risk algisi, tarim ilac1 kullanim deneyimi-risk algisi, 6grenim dii-
zeyi-risk algisidir.

2. BULGULAR VE TARTISMA
2.1. Operatorlerin Risk Algilari

Operatorlerin pestistilerin insan ve ¢evre tizerindeki olumsuz etkilerini bilme-
leri, ruhsatsiz tirtin kullanmamalari, dogru ilaci, dogru dozda ve teknigine uygun
olarak dogru hedefe uygulamalar: 6nemlidir. Operatorlerin bilinglendirilmesi ve
dogru uygulamalar yapmasini saglayabilmek i¢in 6ncelikle tarim ilaglarmin olum-
suz etkileri izerindeki risk algilarinin belirlenmesi gerekmektedir. Risk algilarinin
belirlenmesine y6nelik hazirlanan sorulara operatorler tarafindan verilen cevaplar
agagidaki alt basliklarda 6zetlenmistir.

2.1.1. Operatérlerin Ekonomik Zarar Esiginin Takip Etme Durumu

Ankete katilan operatorlerin ilaglamaya karar vermeden once zararli ya da
hastalik i¢in ekonomik zarar esigine gore karar verme durumlar1 incelenmis ve
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operatorlerin %79.4’tinilin kimyasal miicadele uygulamalarindan 6nce ekonomik
zarar esigi parametresini dikkate almadan aligageldikleri ilaglama programina ya
da komsularinin ilaglamaya basglama tarihlerine gore miicadeleye basladiklar: go-
rilmistir (Cizelge 1). Bu veri operatorlerin kimyasal kullaniminin insan ve ¢evre
sagligy tizerindeki riskleri 6nemsemedigini gostermektedir. Herhangi bir zararl
organizma goriilmeden ilaglama yapan operatér oranlari Ozkan ve ark., (2003) ile
Tanrivermis (2000)de sirastyla % 74.15 ve % 78.75 olarak bulunmustur.

Cizelge 1. Ekonomik Zarar Esiginin Belirlenmesi

Table 1. Calculating economics injury level

Ekonomik Zarar Esiginin Takip Edilmesi Siklik (adet) Oran (%)
Hig 304 79.4
Bazen 10 2.6
Siklikla 17 44
Her zaman 35 9.1
Toplam 383 100.0

2.1.2. Uygulama Esnasinda Bir Sey Yiyip icme Durumu

Calismaya dahil olan operatdrlerin uygulama esnasindaki davraniglar: incele-
diginde, operatorlerin ila¢ uygulamas: esnasinda bir seyler yiyip icme durumlar:
incelenmis ve operatorlerden % 92.7’sinin kimyasal uygulamalar esnasinda her-
hangi bir sey tiiketmedikleri, bir seyler tiikettigini beyan eden % 7.3’liik kesimin
ise genellikle sigara, sakiz ve/veya su tiikettikleri sonucuna varilmistir (Cizelge 2).

Cizelge 2. Uygulama Esnasinda Bir sey Yiyip/i¢me

Table 2. Eating/drinking during the control

Uygulama Esnasinda Bir sey Yiyip/icme Siklik (adet) Oran (%)
Hig 355 92.7
Evet 28 7.3
Toplam 383 100.0

Tarim ilaglar1 siniflaria gore degisik oranlarda insan saglig1 agisindan zehirli
birlesikler icermektedir. Uygulama esnasinda operatorlerin bir sey titkketmemesi
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kendi sagliklar1 agisindan ¢ok onemlidir. Caligmaya dahil olan operatérlerin bu
konuda oturmus bir bilince sahip olduklar1 gorallmiistiir.

2.1.3. Uygulama Yaparken Meteorolojik Kosullarin Dikkate Alinmasi
Calismada operatorlerin uygulama esnasinda meteorolojik kosullara ve riizgar
yoniine dikkat etme durumlari incelenmis, 362 operatdriin bu konuya dikkat ede-

rek ilaglama yaptiklari sonucuna varilmistir (Cizelge 3).

Cizelge 3. Uygulama esnasinda meteorolojik kosullarin takip edilmesi

Table 3. Monitoring the meteorological conditions during the control

Meteorolojik Kosullarin Takip Edilmesi Siklik (adet) Oran (%)
Hig 12 3.1
Bazen 4 1.0
Siklikla 21 5.5
Her zaman 346 90.3
Toplam 383 100.0

Uygulamalar sirasindaki meteorolojik kosullar hem uygulayicinin tarim ilaci-
na maruz kalmamas: hem de kullanilan tarim ilacinin fizikokimyasal 6zelliklerine
bagli olarak riizgar, yagmur gibi etkenlerle siiriiklenerek hedef dis1 alanlarin etki-
lenmemesi ile ilacin etkinligi acisindan ¢ok 6nemlidir. Operatorlerin bu konuda
oturmus bir bilince sahip olmalari siirdiiriilebilirlik agisindan ¢ok 6nemlidir. Erdil
(2019) riizgarl havada ilaglama yapmayan operatorlerin % 82’lik bir kesimi temsil
ettigi, Unakitan ve ark., (2017) ¢aligmasinda da operatorlerin en yiiksek katilim
diizeyinin riizgarli havada ilaglama yapmamasi degiskeninde oldugu vurgulanmas-
tir.

2.1.4. Pilverizatérlerin Kalibrasyonu Hakkinda Aliskanliklar

Kalibrasyon tarim ilaglarinin birim alana belirlenen miktarin dagitilmasini sag-
lamak amaciyla sarf edilmesi gereken su miktarinin saptanmasi agisindan énemli-
dir. Her ilaglama 6ncesinde yapilacak kalibrasyon, dozun homojen olarak dagitil-
masint saglayarak ilaglamanin etkinligini arttiracak ve gereksiz ila¢ kullaniminin
oniine gegilecektir. Operatorlerin kalibrasyon konusunda bilgi sahibi olmadiklar:

https://doi.org/10.7161/0muanajas.1103344 d



Findik Uretim Alanlarinda Bitki Koruma ilaclarini Uygulayan Operatérlerin ...

belirlenmis olup (Cizelge 4), kalibrasyon yaptigini beyan eden operatorlerinde
kendi deneyimlerine gore goz karari kalibrasyon yaptiklar: sonucuna varilmaistir.

Cizelge 4. Operatorlerin piilverizator kalibrasyonu hakkindaki aliskanliklar

Table 4. Habits of operators about tools and equipman calibration

Kalibrasyon Hakkinda Aligkanliklar Siklik (adet) Oran (%)
Hic 194 329
Bazen 19 5.0
Nadiren 21 5.5
Siklikla 23 6.0
Her zaman 126 329
Toplam 383 100.0

2.1.5. Tarim ilaglarini Hazirlamada Etiket Bilgisine Uyulmasi

Uygun doz segiminde operatérlerin % 39.7’sinin zirai ilag bayilerini, % 29.5’inin
kendi deneyimlerini dikkate aldiklar1 goriilmektedir (Cizelge 5).

Cizelge 5. Tarim ila¢larinin etiket bilgisine gore hazirlanmasi

Table 5. Preparation of pesticides according to label information

Tarim ilaglarinin Etiket Bilgisine Gore

Hazarlanmast Siklik (adet) Oran (%)
Bayii 152 39.7
Kendi deneyimleri 113 29.5
Etiket bilgileri 73 19.1
Teknik danigmanlar 41 10.7
Toplam 383 100.0

Operatorlerin neredeyse %70’inin bu konuda bilingsizce davrandiklar1 so-
nucuna varilabilir. Oysa Kili¢ (2014)in Giresun ilinde yiiriittiigli calismada ise
operatorlerin doz ayarlamada % 69.74’tiniin ilacin etiketinden, % 10.52’sinin ilag
bayisinden, % 9.21’inin kendi deneyimlerinden, % 7.89’unun teknik tegkilatlar-
dan, % 1.32%sinin ise ziraat mithendisi ve komsunun onerilerinden faydalandig:
bildirilmistir. Bu durum 2014 yilindan bu yana findik hastalik ve zararhlar ile
miicadelede kimyasal miidahalelerin artmasi ile agiklanabilir. Ayrica ¢alismada
tavsiye edilen dozu uygulama egilimleri incelenen operatorlerden %34.2’inin tav-
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siye edilen tizerinde kullanim yaptiklari goriilmistiir. Operatorlerin % 62.9’unun
onerilen doza uymalari sevindirici olsada doz se¢imlerini zirai ilag bayileri ve ken-
di deneyimlerinden yola ¢ikarak yapmalar: ticari ve maddi kaygilar icerebilmesi
acisindan 6nemli bir problem olarak goze ¢arpmaktadir.

2.1.6. Kisisel Koruyucu Donanim Kullanimi

flag hazirlama ve uygulama esnasinda kullanilmasi gereken kisisel koruyucu
donanim durumlar1 dikkate alindiginda operatorlerin % 70% yakininin eldiven
kullandi8i, % 50den fazlasinin koruyucu sapka kullandigi, % 60'indan fazlasinin
maske kullandig1, % 32.4’niin ¢izme/bot giydigi, % 22.7 sinin is tulumu giydigi ve
ancak % 17.8‘nin korunmak igin gozliik taktig gorillmektedir (Cizelge 6).

Cizelge 6. Operatorlerin KKD kullanim durumu

Table 6. PPE use case of operators

KKD KKD kullanimi Siklik (adet) Oran (%)
Bazen 14 3.7
Kullanmam 117 30.5
Eldiven
Her zaman kullanirim 252 65.8
Toplam 383 100.0
Bazen 12 3.1
Kullanmam 183 47.8
Koruyucu $apka
Her zaman kullanirim 188 49.1
Toplam 383 100.0
Bazen 28 7.3
Kullanmam 146 38.1
Solunum Maskesi
Her zaman kullanirim 209 54.6
Toplam 383 100.0
Bazen 30 7.8
Kullanmam 229 59.8
Bot/Cizme
Her zaman kullanirim 124 32.4
Toplam 383 100.0
Bazen 12 3.1
. Kullanmam 284 74.2
Is tulumu
Her zaman kullanirim 87 22.7
Toplam 383 100.0
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Bazen 9 2.3

Kullanmam 306 79.9
Gozlik

Her zaman kullanirim 68 17.8

Toplam 383 100.0

*KKD: kisisel koruyucu donanim

Anket esnasinda yapilan goézlemlerde, kullanilan kisisel koruyucu donanim-
larin, ilacin toksik seviyesine gore secilmeyip son derece basit koruyuculardan
olustugu goriilmiistiir. Ornegin koruyucu olarak kullanilan maskelerin daha ¢ok
boyacilarin kullandig1 toz maskeleri oldugu, tulum olarak giyilen kiyafetin neop-
ren olmadig ve giinliik is kiyafetlerine benzer tekstil tiriinlerden tiretildigi goriil-
mistiir. Kullanilan hi¢bir koruyucu tizerinde “CE® isaretine rastlanmamigtir. Do-
layisiyla operatorlerin kisisel koruyucu donanim konusunda yeterli bilgiye sahip
olmadiklar1 gériilmistiir. Caligmaya katilan operatérler arasinda en yaygin kulla-
nilan kisisel koruyucu ekipmanin eldiven oldugu, bot/¢izme, is tulumu ve gozliik
kullaniminin ¢ok diisitk seviyelerde kaldig1 goriilmiigtiir. flag uygulamalarinda
kisisel koruyucu donanim kullanimina yonelik yapilan bir¢ok arastirmaya benzer
sonuglar ve endiseler ¢aligmamizda da goriilmiistiir. Keza, Jallow ve ark. (2017)
yaptiklar1 ¢alismada 250 Kuveyt ciftcisinin %58’inin ila¢ uygularken koruyucu
ekipman kullanmadig1 sonucuna varmislardir. $Simsek ve ark. (2012) ise opera-
torlerin yaklasik %70’inin ilaglama maskesi takmadigini, %90’ mnin tulum/ilaglama
kiyafeti giymedigini bildirmislerdir. Operatérlerin maske, eldiven ve gozliik vb.
koruyucu ekipman kullanmama oranlari, Karatas ve Alaoglu (2011) ¢aligmalarin-
da % 50 olarak bildirilirken, Damalas ve Hashemi (2011) ¢aligmalarinda koruyu-
cu ekipman kullaniminin endise verici diizeyde diisiik oldugunu belirtmislerdir.
Calismada ayrica incelenen operatorlerin ilaclama esnasinda farkl bir elbise giyme-
leri konusunda risk algilarinin yiiksek oldugu sonucuna varilmaktadir. {laglamada
kullanilan kiyafetlerin ayrica ytkanmasi durumu ile ilgili yoneltilen soruda ise ope-
ratorlerin % 47.8 (183)’(1 hayir, % 47.5 (182) her zaman, % 4.7 (18)’si bazen cevabi-
n1 verdikleri goriilmiistiir. Kisisel koruyucu ekipman kullanimi hakkinda tam bir
bilince sahip olunmasa da ilaglama esnasinda giindelik kiyafetlerin kullanilmama
ve ilaglamada kullanilan kiyafetlerin ayrica yikanmasi konusunda yiiksek risk al-
gisina sahip olunmasi operatdriin ve yasam ¢evresinin sagligi acisindan oldukga
onemlidir. Uygulama sonrasinda operatorlerin dug alma konusunda da oturmus
bir bilince sahip olduklari ilgili soruya verdikleri cevaplarin analizi neticesinde go6-
rilmistiir (Cizelge 7).

ANAJAS, 2023, Cilt 38, Sayi 1, Sayfa 97-114



Emin TAYLAN, Ali BAYAT

Cizelge 7. Uygulamadan sonra operatoriin ytkanma aligkanlig

Table 7. Take a shower habits of the operators after the control

ilaglama Sonrasi1 Operatoriin Yikanma

Aligkanlig Siklik (adet) Oran (%)
Bazen 2 05
Hayir 15 3.9
Her zaman 366 95.6
Toplam 383 100.0

2.1.7.ila¢ Kullanimi Sonrasi Ambalaj ve Kutularin imhasi

Calismanin sonuglari incelendiginde, bosalan ila¢ kutu ve ambalajlarinin imha
etmeden 6nce temizlenmesi durumu incelendiginde, operatérlerin % 48.6 (186)’s1-
nin bir kez ¢alkalayarak ila¢ deposuna ekledigi, % 37.6 (144)’sinin temizlemeden
imha ettigi, % 7 (27)’sinin birkez ¢alkaladigi, % 5.7 (22)’sinin etikete gore, % 1 (4)’i
ise tigte bir oraninda su ile bos kutular1 temizledigi goriilmiistiir (Cizelge 8).

Cizelge 8. Ambalaj ve Bos Kutularin imhasi

Table 8. Destruction of empty packaging

Operatorlerin Tarim ilaci Ambalaji Yonetme

Bigimleri Siklik (adet) Oran (%)

Evde Kullanryor 2 0.5
Diger Tarim {laglarini Dolduruyor 6 1.6
Ormana Akarsuya Atryor 19 5.0
Topraga Gomiiyor 33 8.6
Bahgeye Atiyor 44 11.5
Cope Atryor 60 15.7
Atik Toplama Alanina 71 18.5
Yakiyor 148 38.6
Toplam 383 100.0

2.1.8. Son ilaglama ile Hasat Arasindaki Bekleme Siiresi

Son ilaglama ile hasat arasindaki bekleme siiresinin kendileri i¢cin 6nemi hak-
kinda verilen cevaplar analiz edildiginde (Cizelge 9), operatorlerin, % 67.4 (258)’ti
onemli degil, % 20.1 (77) ¢ok 6nemli, % 7.3 (28)’tiniin 6nemli, % 4.4 (17) bir fikrim
yok % 0.8 (3) az 6nemli siniflandirmasi yapmuislardir. Bekleme siiresi sonunda bile
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irlin tizerinde kalint1 birakan ilaglarin bekleme siireleri hakkinda operatorlerin
sahip olduklar diisiik risk algisi cok onemlidir.

Cizelge 9. Son ilaglama ile hasat arasindaki bekleme siiresi

Table 9. Requring time between last spraying and harvest

Bekleme Siiresi Siklik (adet) Yiizde (%)
Az 6nemli 3 0.8
Fikrim Yok 17 4.4
Onemli 28 7.3
Cok Onemli 77 20.1
Onemli degil 258 67.4
Toplam 383 100.0

2.1.9. Operatérlerin Tarnim ilalari Hakkindaki Egitim Yayim Calismalarina Bakis

Operatorler tarim ilaglariin hazirlamasi, uygulamasi ve sonrasi hakkinda egi-
tim almanin kendileri i¢in 6nemini siniflandirmis, sonuglara gizelge 10de yer ve-
rilmistir. Operatérlerin % 57.1’inin bu konu hakkinda egitim almanin gok énemli
ya da 6nemli oldugunu beyan etmesi (Cizelge 10) yayim ¢alismalarinin etkinligi
agisindan degerlendirilebilir olsa da, % 42.3%iintin diizenlenen veya diizenlene-
bilecek egitimlere bakislarinin az 6nemli yada 6nemli degil bakis agisinda olmast
egitim yayim c¢aligmalar1 konusunda farkindaligin olmadig1 sonucunu ortaya ¢i-
karmaktadir.

Cizelge 10. Operatorlerin tarim ilaglar: hakkindaki egitimlere bakislar:

Table 10. Views of operators on agricultural extension

Operatorlerin Tarim ilaglar1 Hakkinda

Egitimlere Bakislar: Stk (adet) Oran (%)
Az Onemli 6 1.6
Cok Onemli 171 44.6
Fikrim Yok 2 5
Onemli 48 125
Onemli Degil 156 40.7
Toplam 383 100.0
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2.2. Operatérlerin Risk Algilarini Etkileyen Faktorler
2.2.1. Egitim Alma-Risk Algisi iliskisi

Yapilan analizler neticesinde operatorlerin % 72.6 (278)’sinin daha 6nce tarim
ilaglarinin hazirlanmasi, uygulanmasi ve sonras ile ilgili bir egitime katilmadikla-
r1, % 27.4 (105)iniin ise en az bir kez konu hakkinda egitim aldiklar: sonucuna
varlmistir. Operatorlerin % 12.8 (49)’inin firmalar, % 7.8 (30) tarim danigmanlari,
% 6.8 (26)’inin Tarim ve Orman Bakanlig tasra teskilatlar: tarafindan diizenle-
nen egitimlere katildig1 goriilmektedir. Egitim alan operatorler ile daha 6nce tarim
ilaglar1 konusunda hig egitim almamis operatorlerin risk algilar1 arasindaki farkin
ortaya konulmasi amaciyla Mann Whitney-U testi uygulanmis ve iki grup arasinda
istatistiksel agidan bir farklilik bulunmustur (p<0.05).

Daha 6nce egitim alan operatdrlerin risk algilarinin egitim almayan operator-
lere gore daha yiiksek oldugu sonucuna varilmistir. Egitim alan grubun risk algist
ortalamalar1 31.28, egitim almamus olan grubun risk algis1 ortalamast ise 17.62dir.
Bu sonugtan yola ¢ikarak tarim ilaglarinin se¢imi, hazirlanmasi, uygulanmasi, atik
yOnetimi ve alet ekipman kalibrasyonu konularinin ayri ayr1 ele alindigi demons-
trasyonlarla destekli yayim caligmalarinin yapilmas: ozellikle Dogu Karadeniz
Bolgesinde findik tarimindan bagka yetistiricilige uygun olmayan toprak ve arazi
yapisinin stirdiirtilebilirligi agisindan ¢ok 6nemlidir.

2.2.2. Findik Uretimi Yapilan Alan-Risk Algisi iliskisi

Karadeniz Bolgesinin tarimsal yapisi goz oniinde bulundurularak, sahip olduk-
lar1 alanlara gore operatérler 0-25 ile 26 ve yukarisi dekar alana sahip olanlar altin-
da 2 gruba ayrilmistir. Sahip olunan alanin risk algisi arasinda anlamli bir farklilik
olup olmadiginin test edilmesi amaciyla Mann-Whitney U testi uygulanmistir.

Arazi varlig1 gelir diizeyini, tarim teknolojilerini kullanmay1 ve iriin ile ilgi-
li alinacak kararlari etkileyen en dnemli etkenlerden biridir. Ankete katilan ope-
ratOrlerin sahip olduklar: arazi biiytikliikleri ile risk algilar1 arasinda istatistiksel
agidan bir fark bulunmustur (p<0.05). >26 Dekar alana sahip olan operatorlerin
risk algilarinin, kendilerine gore daha kii¢iik alanlara sahip operatérlerden ytiksek
oldugu sonucuna varilmigtir. 0-25 Dekar alana sahip operatér grubunun risk algisi
ortalamasi 20.52, >26 dekar alana sahip operatér grubunun risk algis1 ortalamasi
ise 22.56d1r. Yakut (1996)’ya gore bir ailenin ge¢inebilmesi i¢in ortalama bahge bii-
yiikligiiniin 30 dekar veya iizerinde olmas1 6ngoriilmektedir. Caligmamizda orta-
ya konulan sonuglara gore operatdrlerden % 58.23’iiniin 26 dekardan daha az bah-
ceye sahip olduklar: goriilmektedir. Findik alanlar1 i¢in yeter gelirli arazi yapisinin
30 dekarin altinda olmamasina karsin yasal tedbirlerin alinmasi gerekmektedir.
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2.2.3. Findik Tarimi Deneyimi-Risk Algisi iliskisi

Operatorler findik tarimi deneyimlerine gore, 0-25 yil ile 26 ve yukarisi yil
deneyime sahip operatérler olarak 2 grup altinda toplanmiglardir. Sahip olunan
alan ve risk algis1 arasinda anlaml bir farklilik olup olmadiginin test edilmesi ama-
ctyla Mann-Whitney U testi uygulanmus, findik tarimi deneyimi ile risk algilari
arasinda istatistiksel agidan p<0.05 diizeyinde anlamli bir farklilik bulunmustur.

0-25 yil deneyime sahip operatorlerin risk algilarinin kendilerine gore daha
uzun yillardir findik tarimi yapan operatorlerden daha yiiksek risk algisina sahip
olduklar1 sonucuna varilmistir. 0-25 yil deneyime sahip operatoér grubunun risk
algis1 ortalamasi 23.40, >26 yil deneyime sahip operatér grubunun risk algisi or-
talamasi 20.43’tlir. Findik tariminda daha az deneyime sahip operatorlerin, ken-
dilerine gére daha deneyimli olan operatorlerden daha yiiksek risk algisina sahip
olmalar1 yenilikleri takip etmeleri ve {iretimde daha temkinli davranmalar ile
aciklanabilir. Calismamizda operatorlerin %68.4’tintin findik tariminda 26 yildan
daha fazla deneyime sahip olduklar1 goriilmiis, diisiik risk algisina sahip kesimin
tiretimdeki etkinligini azaltmak adina, findik tariminda refah seviyesini artiracak
destekleme ve alim politakalar ile yiiksek risk algisina sahip geng niifusun findik
tarimina yonlendirilmesi saglanmalidir.

2.2.4. Operatorlerin Tarim ilaci Kullanim Deneyimi-Risk Algisi iligkisi

Aragtirmada operatorlerin tarimsal miicadeleye ne kadar zaman 6nce basladig:
belirlenmeye ¢alisilmig, 0-25 yil ve 26 ve yukarist yil ilaglama deneyimine sahip
operatorler olarak 2 grup altinda toplanmiglardir. Tarim ilaci kullanim deneyimi
ile risk algis1 arasinda anlamli bir farklilik olup olmadiginin test edilmesi amaciyla
Mann-Whitney U testi testi uygulanmuis, tarim ilaci kullanim deneyimi ortalama-
lart ile risk algilar1 arasinda p<0.05 diizeyinde anlamli bir farklilik bulunmustur.

Tarim ilact kullanma deneyimi daha az olan operatorlerin risk algilarinin, daha
uzun yillardir tarim ilact kullanan operatorlere gore daha yiiksek oldugu sonucu-
na varilmigtir. 0-25 yil tarim ilact kullanim deneyimine sahip operator grubunun
risk algis1 ortalamasi 21.82, >26 yil deneyime sahip operator grubunun risk algist
ortalamasi 19.22dir. Tarim ilact kullaniminda daha az deneyime sahip operatérle-
rin, kendilerine gore daha deneyimli olan operatérlerden daha yiiksek risk algisina
sahip olmalari yenilikleri takip etmeleri ve ilaclamada daha dikkatli davranmalar1
ile agiklanabilir.

2.2.5. Operatorlerin Ogrenim Diizeyi-Risk Algisi iligkisi

Operatorler egitim durumlarina gore, diisiik (okuma yazma bilmiyor, okur-
yazar, ilkokul ve ilkdgretim), orta (ortaokul ve lise) ve yiiksek (yiiksekokul ve
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iiniversite) olarak ii¢ grup altinda toplanmistir. Ogrenim durumlari ile risk algi-
s1 arasinda anlamli bir farklilik olup olmadiginin test edilmesi amaciyla Kruskall
Wallis-H testi uygulanmuis, gruplar arasindaki farkliligin ortaya konulmasi amaciy-
la gruplar arasinda Mann-Whitney U testi yapilmistir. Diisiik 6grenim seviyesinde
olan operatorlerin orta ve yiiksek 6grenim seviyesine gore, orta 6grenim seviye-
sindeki operatorlerin de yiiksek 6grenim seviyesindeki operatorlere gore p<0.05
onem seviyesinde daha diisiik risk algisina sahip olduklar1 saptanmistir.

Disitk 6grenim diizeyine sahip olan operatér grubunun risk algist ortalama-
s1 19.33, orta 6gretim diizeyine sahip operator grubunun risk algisi ortalamasi
22.81, yiiksek 6gretim diizeyine sahip operator grubunun risk algisi ortalamasi ise
20.03’tiir. Ogrenim seviyesi operator davraniglarini etkileyen bir faktor olarak ele
alinmaktadir. Gelisimleri takip etme, gerekli kaynaklara ulasma, ilgili kuruluslarla
iletisim kurma, tiretim faaliyetlerine karar verme ve uygulama gibi bir ¢cok durum-
da en 6nemli etkenlerden biridir. Celik (2000), Nevsehir-Nigde bolgesinde yiirtit-
tigii caligmada patates bocegine kars: daha az sayida daha az ilaglama yapan ope-
ratorlerin digerlerine gore daha yiiksek egitim seviyesine sahip olduklari ve patates
tarimiyla ilgili diger bazi konularda da 6grenim seviyesi oransal olarak yiiksek olan
bireylerin daha bilingli davrandig: bildirilmistir.

3. SONUCLAR

Calismada elde edilen sonuglar 6zetlendiginde; findik operatérlerin 6nemli bir
orant ilaglama kaynakli insan ve gevresel riskleri dikkate almadan ilaglamay1 tak-
vimsel olarak yiiriitmektedir. Hangi zararli ya da hastalik i¢in hangi ilacin kullani-
lacagi ve kalibrasyon konusunda bayilerin énerileri 6n plana ¢ikmaktadir. flaglama
sirasinda ilacin toksik seviyesi dikkate alinmadan kisisel koruyucu donanim kul-
lanimi s6z konusu olup, kullanilan koruyucularin ilgili yonetmelik ve standartla-
rin 6n gordigi kalitede olmadig: anlasilmistir. Operatdrlerin 6nemli bir boliimi
tarim ilac1 bos ambalajlarini dogrudan yaktiklarini beyan etmektedir. Halbuki
tehlikeli atik olarak degerlendirilen bu ambalajlarin en az 3 asamali olarak temiz
su ile yikandiktan sonra tehlikeli atik yonetmeliginde dngoriilen kurallar cergeve-
sinde yonetiminin yapilmasi gerekmektedir. Operatorlerin énemli bir orani tarim
ilac1 kullaniminda egitime ihtiya¢ duyduklarini belirtmelerine ragmen, ¢aligmanin
yapildig1 bolgelerde bu konuda kamusal anlamda bir programin olmadig: anlagil-
mustir. Operatorlerin tarim ilaglart konusundaki risk algilari dikkate alindiginda;
egitim alan operatdrlerin, biiyiik alanlarda findik {iretimi yapanlarin, daha geng
ve daha az tarim ilac1 kullanim ge¢misi olanlarin risk algisi daha yiiksek olmustur.
Operatorlerin egitim durumu ve risk algis: iliskisi arasinda kiigiik farkliliklar go-
rilmistiir. Yiiksekogretim alanlarin risk algisinin yiiksek olmasi beklenirken bu
caligmada orta 6gretimi tamamlamis olanlarin risk algisi daha yiiksek ¢ikmigtir.
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Calismanin sonucunda da belirtildigi tizere daha 6nce tarim ilaglar: hakkinda
egitim almis operatorlerin risk algilarinin daha yiiksek oldugu gorilmektedir.
Geleneksel tarimsal yayim tepeden tirnaga yeniden incelenmeli, operatérlerin 6n
yargisinin kirilabilecegi yeni yayim sistemleri devreye sokulmalidir. Operatorlerin
yerel bilgileri, arastirma merkezli, talep sahiplerine gore sekillendirilmis ve 6zel-
likle operatoriin bilgiye ulagma ¢abasini arttirmaya 6ncelik veren, kisisel koruyucu
ekipman kullanimi, etiket bilgileri ve iiriin tizerindeki kisaltmalarin anlasilmast,
depolama, hazirlama, uygulama ve ilaglama sonrast i¢in ayr1 ayr1 planlanmig yayim
sistemleriyle desteklenmelidir. Demonstrasyonlarla, makine ekipman kullanimi ve
kalibrasyonu, doz se¢imi, ekonomik zarar esigi, uygulama zamani ve yontemi, ma-
kine temizligi, ambalaj ve atik suyun bertarafi konular pekistirilerek ¢iftci egilim-
leri degistirilmelidir. flaglamada kullanilan alet ve makinelerin belirli araliklarla
kontrol edilmesi amaciyla denetim istasyonlar: kurulmalidir. Tarimdan sorumlu
kurumlar, gevre politikalar: temelinde ¢evreyle uyumlu tarimsal miicadele sistem-
leri gelistirmek i¢in kisa ve uzun vadeli planlar yapmalidir. Entegre miicadele yon-
temlerinin bolgenin tamami tarafindan benimsenmesi saglanmalidir.

Zirai ilag bayilerinin teshis ve tedavide etkinliklerinin diigiiriilmesi amaciyla
regete ve barkod sistemine gegilmeli ve ilaglama kayit altina alinmalidir. Kisisel ko-
ruyucu ekipman kullanimi ve ambalaj atiklarinin toplanmast i¢in ilag firmalarinin
da icinde olacag: bir tesvik ve yonetim sistemi olusturulmalidir. Kamu spotu uy-
gulamasi tarim ilact kullanimi Gizerinede planlanmali, kdy ve mahallelerde afigler
ile desteklenmelidir.

Yiiksek 6grenim seviyesine sahip ve geng operatorlerin risk algilarinin yiiksek
olmasi goz 6niine alindiginda, findik tariminda refah seviyesinin yiikseltilerek egi-
timli ve geng kesimin findik tarimina yonlendirilerek profesyonellesmeleri saglan-
malidir.

Ulkemizin en ¢ok yags alan bélgesi olan Karadeniz bélgesinde zamaninda ve
etkin zirai miicadele i¢in erken tahmin uyar: sistemi, rakim ve bolge farkliliklar
gozetilip hayata gecirilmeli, operatorler ile haberlesme ag1 kurulmalidir. Uygula-
nacak tarim ilacinin miktarinin belirlenmesi ve selektif uygulamalar i¢in teknoloji
destekli sistemler gelistirilmelidir. Tarim ilaglarinin siiritklenmesi sebebiyle zarar
gorebilecek tarim dig1 mera ve sulak alanlar i¢in tampon bolgeler olusturulmali ve
operatorler tarim ilaglarinin hedef disi alanlara etkileri tizerine bilinglendirilmeli-
dir.

Temel 6nceligimiz, tarim ilact kullanim hacmini diigiirmeye yonelik ve yeni
teknolojiler ile desteklenmis ekolojik politika modelleri gelistirmek olmalidr.
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TURKIYE’DE BIBERDE ENFEKSIYON OLUSTURAN ViRUSLERIN
BELIRLENMESI

0z:

Biber (Capsicum annuum L.)de ¢ok sayida viriis enfeksiyona neden olmakta
ve onemli tiriin kayiplarina yol agmaktadir. Bu ¢alisma kapsaminda, 2018 yilinda
Tiirkiye biber tiretiminin biiyiik bir bélimiiniin gerceklestirildigi Antalya, Manisa,
Canakkale, Samsun ve Bursa illerinde biber yetistirilen alanlardan viriis-benzeri
simptom sergileyen 616 adet biber 6rnegi toplanmistir. Bu 6rnekler daha sonra
Alfalfa mosaic virus (AMV), Cucumber mosaic virus (CMV), Impatiens necrotic
spot virus (INSV), Pepper mild mottle virus (PMMoV), Potato virus Y (PVY),
Tobacco etch virus (TEV), Tobacco mosaic virus (TMV), Tomato chlorotic spot
virus (TCSV), Tomato mosaic virus (ToMV) ve Tomato spotted wilt virus (TSWV)
poliklonal antiserumlar1 kullanilarak Double antibody sandwich-enzyme linked
immunosorbent assay (DAS-ELISA) yontemi ile test edilmistir. Test sonuglarina
gore orneklerin % 55’inin TSWYV, % 22.2’sinin CMV, %0.5’inin PMMoV, %0.5’inin
PVY ve %0.3’iiniin ise AMYV ile tekli enfekteli oldugu belirlenmistir. Incelenen &r-
neklerin % 6.5’inin ise birden fazla viriis ile karigik enfekteli oldugu tespit edil-
mistir. Karisik enfeksiyonlu 6rnekler igerisinde en yaygin olarak TSWV+CMV
ikili enfeksiyonuna (% 4.5) rastlanilirken, bunu sirasi ile; TSWV+PVY (% 0.6),
TSWV+PMMoV (% 0.5), PMMoV+CMV (% 0.3) izlemistir. Ayrica, test edilen
orneklerde TSWV+CMV+PVY (% 0.3) ve TSWV+CMV+PMMoV (% 0.2) tigli
karigik enfeksiyonu belirlenmistir. Bununla birlikte, ¢calismada test edilen biber
orneklerinin higbirisinde ToMV, TMV, TEV, TCSV ve INSV tespit edilememis-
tir. Bu ¢aligmada tespit edilen PMMoV, Ege ve Marmara Bolgesi i¢in ilk kayit ni-
teligindedir.

Anahtar Kelimeler: Capsicum Annuum L., Das-Elisa, Stirvey, Bulunma Orani.

e
DETERMINATION OF VIRUSES INFECTING PEPPER IN TURKEY

ABSTRACT

Various viruses cause infection in pepper (Capsicum annuum L.) and can lead
to significant crop losses. In this study, 616 pepper samples exhibiting virus-like sy-
mptoms were collected in 2018 from pepper production areas in Antalya, Manisa,
Canakkale Samsun and Bursa province, where most of Turkey’s pepper producti-
on is carried out. Samples were tested using polyclonal antisera of Alfalfa mosa-
ic virus (AMV), Cucumber mosaic virus (CMV), Impatiens necrotic spot virus
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(INSV), Pepper mild mottle virus (PMMoV), Potato virus Y (PVY), Tobacco etch
virus (TEV), Tobacco mosaic virus (TMV), Tomato chlorotic spot virus (TSCV),
Tomato mosaic virus (ToMV) and Tomato spotted wilt virus (TSWV) by Double
antibody sandwich-enzyme linked immunosorbent assay DAS-ELISA. Based on
the serological test results, TSWV, CMV, PMMoV, PVY and AMV were detected
in 55, 22.2, 0.5, 0.5 and 0.3 % of the total tested samples, respectively. Mixed infe-
ctions involving different combination of viruses were found in 6.5 % of samples.
TSWV+CMYV dual infection was the most common (4.5 %) among mixed-infected
samples, followed by TSWV+PVY (0.6 %), TSWV+PMMoV (0.5 %), PMMoV+C-
MV (0.3 %). Also, TSWV+CMV+PVY (0.3 %) and TSWV+CMV+PMMoV (0.2
%) triple infections were determined in the tested samples. However, ToMV, TMV,
TEV, TCSV and INSV were not detected in any of the pepper samples tested in
this study. To our knowledge, this is the first report of PMMoV on pepper in the
Aegean and Marmara Regions of Turkey.

Keywords: Capsicum Annuum L., DAS-ELISA, Survey, Incidence.

e 2k
1. GIRIS

Biber (Capsicum annuum L.), Solanaceae familyasinin Capsicum cinsine ait bir
bitki tiirii olup, gerek besin icerigi, gerekse ekonomik degeri yoniinden yetistirilen
en Onemli sebze tiirlerinden birisidir. Capsicum cinsi 30dan fazla tirii igermekte
olup, diilnyada bu tiirlerden besinin (C. annuum, C. frutescens, C. chinense, C. bac-
catum ve C. pubescens) yaygin olarak yetistiriciligi yapilmaktadir (Parisi ve ark.,
2020). Turkiye, 2.265.669 ton biber tiretimi ile Cin ve Meksikadan sonra diinyada
3. sirada yer almaktadir (FAO, 2020). Ulkemiz biber iiretiminde ise Antalya ili,
501.213 tonluk tiretim ile ilk sirada bulunmaktadir. Antalya ili ile birlikte, Bursa,
Manisa, Canakkale ve Samsun illeri Tiirkiye toplam biber tiretiminin yaklasik yari-
sin1 karsilamaktadir (TUIK, 2020). Yetistirme tekniklerinden kaynaklanan hatalar,
hastaliklar ve zararlilar nedeniyle biberde verim ve kalitede 6nemli kayiplar ortaya
¢ikabilmektedir. Hastalik etmenleri icerisinde ozellikle viriisler miicadelelerinin
zor olmasi nedeni ile 6n plana ¢ikmaktadir (Pernenzy ve ark., 2003).

Biber bitkisi viriis hastaliklarina karsi oldukga hassas olup diinyada 70'den fazla
viriis tiirii biberde enfeksiyon olusturmaktadir (Pernezny ve ark., 2003). Akdeniz
iilkeleri biber tiretim alanlarinda basta Tobamovirus'lar olmak tizere, Potato vi-
rus Y (PVY), Tobacco etch virus (TEV), Cucumber mosaic virus (CMV) ve Ort-
hotospovirus'larin oldukg¢a yaygin olduklar: bildirilmistir. Ozellikle, son yillarda
Tomato spotted wilt virus (TSWV)’un basta Akdeniz iilkeleri olmak iizere bircok
tilkede salgin olusturdugu rapor edilmistir (Moury ve Verdin, 2012). Bugiine kadar
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yuritiilen ¢aligmalar ile tilkemiz biber tiretim alanlarinda ise; Tomato mosaic virus
(ToMV), Tobacco mosaic virus (TMV), PVY, CMV, TEV, TSWYV, Potato virus X
(PVX), Alfalfa mosaic virus (AMV), Pepper mild mottle virus (PMMoV), Pepper
vein yellows virus (PeVYV), Pepper veinal mottle virus (PVMV) ve Pepper mottle
virus (PepMoV)un varlig1 rapor edilmistir (Yilmaz ve Davis, 1985; Erkan, 1986;
Cigek ve Yorganci, 1991; Giildiir ve ark., 1994; Arli S6kmen ve ark., 2005; Buzkan
ve ark., 2006; Ozaslan ve ark., 2006; Ozdemir ve Erilmez, 2007; Buzkan ve ark.,
2013; Keles Oztiirk ve Baloglu, 2019). Ayrica, son yillarda, domates alanlarinda
yaygin olarak goriilen Tomato brown rugose fruit virus (ToBRFV)’iin iilkemizde
biberde de enfeksiyon olusturdugu bildirilmistir (Fidan ve ark., 2021).

Viriis enfeksiyonu sonucunda biberde olusan simptomlarin goriiniisii ve sid-
deti; konukeu bitkinin tiirdi, ¢esidi, gelisme donemi (fide, vejetatif, ciceklenme,
meyve donemi vs.), iklim sartlar1 (sicaklik, 151k vs.) ve viriis irkina bagli olarak de-
gisebilmektedir (Adkins, 2000; Pernezny ve ark., 2003). Biberde enfeksiyon olustu-
ran virtsler genel olarak; ciicelik, yapraklarda mozayik, kivirciklik, deformasyon,
klorotik ve nekrotik halkali lekeler, meyvelerde ise renk agilmalari, halkali lekeler
ve sekil bozuklugu seklinde belirtilere neden olmaktadir (Pernezny ve ark., 2003;
Arli S6kmen ve ark., 2005). Biberde viriis enfeksiyonlar1 nedeni ile meyve kalitesi
ve agirliginda 6nemli oranda azalmalar olmakta ve % 80% varan iiriin kayiplar1
olugabilmektedir (Green ve Kim, 1991; Avilla ve ark., 1997). Bununla birlikte, ka-
rigik viral enfeksiyonlar ise hastaligin siddetinde ve tirtin kayiplarinda artisa yol
acabilmektedir (Kenyon ve ark., 2014). Nitekim; yapilan ¢alismalarda biberde CM-
V+PepMoV ikili enfeksiyonunun sozii edilen viriislerin tek enfeksiyonlarina gore
daha siddetli belirtilere yol actigs, bitki biiyimesinde ve bitki agirliginda 6nemli
ol¢tide azalmalara neden oldugu ortaya konulmustur (Murphy ve Bowen, 2006).

Bu caliymada Tiirkiye biber iiretiminin yaklagik yarisinin gergeklestirildigi
Samsun, Antalya, Manisa, Canakkale ve Bursa illerinde biberde enfeksiyon olustu-
ran viriislerin belirlenmesi ama¢lanmigtir.

2. MATERYAL VE YONTEM
2.1. Siirvey Calismalari

Caligmada, Tirkiyenin dort farkli cografik bolgesinde yer alan Antalya
(Akdeniz Bolgesi), Samsun (Karadeniz Bolgesi), Bursa ve Canakkale (Marmara
Bolgesi), Manisa (Ege Bolgesi) illerine ait ilgelerdeki biber iiretim alanlarindan
2018 yili Nisan-Ekim aylar1 boyunca (iiretim sezonu siiresince) toplam 616 adet
bitki 6rnegi toplanmigtir (Sekil 1, Cizelge 1). Stirveylerde, virtis-benzeri simptom
sergileyen biber yaprak ve meyve 6rnekleri toplanmis ve drnekler test edilinceye
kadar -20°C'deki derin dondurucuda muhafaza edilmistir.
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Akdeniz

Sekil 1. Survey ¢aligmalarinda 6rnekleme yapilan iller

Figure 1. The provinces where survey studies are carried out

2.2. Double Antibody Sandwich-Enzyme Linked immunosorbent Assay
(DAS-ELISA)

Stirvey ¢aligmalar ile toplanan biber 6rnekleri, TSWV, PMMoV, CMV, AMYV,
PVY, ToMV, TMV, TEV, Impatiens necrotic spot virus (INSV) ve Tomato chlorotic
spot virus (TSCV)’ye spesifik poliklonal antiserum kullanilarak Double antibody
sandwich-enzyme linked immunosorbent assay (DAS-ELISA) yontemi ile test
edilmistir. DAS-ELISA yontemi, Clark ve Adams (1977) ve antiserumlarin temin
edildigi firmalarin agiklamalar1 géz 6niine alinarak uygulanmigtir. Sonuglar, Tecan
Sunrise ELISA mikropleyt okuyucusunda substrat ilavesinden 60-120 dk sonra
405 nm dalga boyunda absorbans degerlerinin alinmasiyla elde edilmis, negatif
kontrollerin absorbans degerlerinden 3 kati ve daha fazla deger veren 6rnekler po-
zitif olarak degerlendirilmistir (Rodriguez-Alvarado ve ark., 2002).

3. BULGULAR

Bu ¢aligmada; Tiirkiye biber tiretiminnde 6nemli bir paya sahip olan Antalya,
Manisa, Canakkale, Samsun ve Bursa illerinde biber yetistiriciligi yapilan alanlarda
yiiriitillen siirvey ¢alismalar: ile viriis-benzeri belirti gosteren toplam 616 biber
ornegi toplanmistir. Daha sonra, bu 6rnekler 10 farkl: viriise (TSWV, CMV, PVY,
TCSV, PMMoV, TMV, ToMV, TEV, INSV ve AMV) kars1 DAS-ELISA yontemi ile
test edilmigtir.
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Test sonuglarina gore il bazinda viriislerin dagilimi incelendiginde; Antalya
ilinde ELISA ile testlenen 161 6rnegin % 93.2’1 (150 adet) tek olarak TSWV ile en-
fekteli bulunurken; % 1.2’sinin ise TSWV+CMV (2 adet) ve TSWV+PVY (2 adet)
ile karigik olarak enfekteli olduklar1 belirlenmistir (Cizelge 1).

Samsun ilinde test edilen 150 6rnegin; % 44’tintin TSWV, % 30.6’sinin CMV ve
% 1.3’tintin PVY ile tek olarak bulagik oldugu saptanmigtir. Bu ile ait karigik olarak
enfekteli ornek oranlariise, TSWV+CMV'de % 10, TSWV+CMV+PVYde % 1.3 ve
TSWV+PVYde ise % 0.7 olarak tespit edilmistir (Cizelge 1).

Cizelge 1. Illere gore viriisle enfekteli 6rnek sayilar1 ve oranlari

Table 1. The number and rates of samples infected with the virus on the basis of
provinces

i lge 3‘:.3 TSWV CMV  PVY AMV PMMoV TMV ToMV TEV INSV TCSV Tg:;x* li“'\/;’ * li:“;vavo‘*/ Pm:;/ 1;:Slvlw\)++ 1;25;4\1\7: ng::‘:;h
Saytst PVY  PMMoV  sayist
Antalya  Serik 38 35 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 37
Aksu 19 18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 18
Demre 2 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2
Kumluca 0 75 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 77
Toplam 4 161 150 (932)" 0 0 0 0 0 0 0 0 0 202 202 0 0 0 0 154
Samsun  Garsamba 7 0 19 2 0 0 0 0 0 0 0 2 0 0 0 1 0 64
Bafra 66 20 2 0 0 0 0 0 0 0 0 1 1 0 0 1 0 58
Terme 10 6 2 0 0 0 0 0 0 0 0 2 0 0 0 0 0 10
Topam 3 150 66(14)  46(30.6) 2(L3) 0 0 0 0 0 0 0 1510 107 0 0 2(13) 0 132
Manisa Kirkagag 27 21 0 0 0 1 0 0 0 0 0 1 0 0 0 0 1 2
Saruhanli 23 2 0 0 0 0 0 0 0 0 1 0 0 0 0 0 23
Akhisar 2 30 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 2
Ahmetli 16 15 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 16
Golmarmara 25 15 0 0 0 0 0 0 0 0 0 8 0 2 0 0 0 25
Topam 5 123 103(83.) 0 0 0 108 0 0 0 0 0 1EY 108 324 0 0 108 120
Ganakkale  Yenice 56 0 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 I
Ezine 10 6 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 8
Biga 16 0 4 1 0 0 0 0 0 0 0 0 0 0 0 0 0 5
Bayramic 10 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4
Toplam 4 92 665 5863 1) 0 10 0 0 0 0 0 0 0 0 0 0 0 66
Bursa Karacabey 37 14 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 16
Yenisehir 5 0 27 0 1 1 0 0 0 0 0 0 0 0 1 0 0 30
MKemalpasa 8 0 5 0 0 0 0 0 0 0 0 0 0 0 1 0 0 6
Toplam 3 9 140155 330366 0 222 1(L) 0 0 0 0 0 0 0 0 202 0 0 52
Genel 19 66 3:GH) ) 305 203 305 00 00 00 00) 00) 28@5 406 305 203 203 102 52469
Toplam (222)

*: Enfekteli 6rnek sayisi (enfekteli 6rnek yiizdesi)

Manisa ilinde 123 6rnek test edilmis ve bu 6rneklerin tek olarak % 83.7’sinin
(103 adet) TSWYV, sadece bir tanesinin ise PMMoV ile (% 0.8) enfekteli oldugu
tespit edilmistir. Ayrica, % 8.9unun (11 6rnek) TSWV+CMYV, % 2.4’tntin (3
ornek) TSWV+PMMoV, % 0.8’inin (1 6rnek) TSWV+PVY ve % 0.8’inin (1 6rnek)
ise TSWV+PMMoV+CMYV ile karigik olarak enfekteli olduklari saptanmigtir

(Cizelge 1).
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Calismada, Marmara Bolgesine ait iki ilde (Canakkale ve Bursa) 6rnekleme
yapimistir. Diger bolgelerdeki illerin aksine; bu bolgedeki her iki ilde de biber-
lerde CMV enfeksiyonunun TSWV'den daha yaygin olmas: dikkat cekmistir. Ni-
tekim, Canakkalede ELISA ile testlenen 92 6rnegin; % 63’tiniin CMV (58 6rnek),
% 6.5’inin (6 6rnek) TSWV ile enfekteli oldugu saptanirken, birer 6rnegin ise tek
olarak PVY (% 1) ve PMMoV (% 1) ile enfekteli oldugu belirlenmistir (Cizelge 1).
Bursa iline ait testlenen 90 6rnekte ise; % 36.6 oraninda CMV (33 6rnek), % 15.5
oraninda TSWV (14 6rnek), % 2.2 oraninda AMV (2 6rnek) ve % 1.1 oraninda
PMMoV (1 6rnek) enfeksiyonunun varligi ELISA testi ile ortaya konulmugtur. Bu
ile ait 2 6rnegin ise PMMoV+CMYV ile (% 2.2) karisik olarak enfekteli oldugu tespit
edilmistir (Cizelge 1).

Siirvey yapilan bes ile ait ELISA testi sonuglar1 degerlendirildiginde; biber
tiretim alanlarinda en yaygin viriis tiiriiniin % 55 (339 adet) oran ile TSWV old-
ugu, bunu % 22.2 (137 adet) oran ile CMV’nin izledigi tespit edilmistir. Ayrica,
incelenen 6rneklerde bu virtsler disinda; diisiik oranda tek olarak PVY (% 0.5),
PMMoV (% 0.5) ve AMV (% 0.3) enfeksiyonlar1 da belirlenmistir (Cizelge 1).
Incelenen érneklerin % 6.5’inin ise birden fazla viriis ile enfekteli oldugu tespit
edilmistir. Bu ¢alismada, en fazla % 4.5 (28 6rnek) oran ile TSWV+CMYV ikili en-
feksiyonuna rastlanilmistir. Bunu sirast ile; TSWV+PVY (% 0.6), TSWV+PMMoV
(% 0.5), PMMoV+CMV (% 0.3) izlemistir. Test edilen orneklerdeki ticlii enfek-
siyon oranlarinin ise sirasiyla; TSWV+CMV+PVY (% 0.3) ve TSWV+CMV+P-
MMoV (% 0.2) oldugu belirlenmistir. Bununla birlikte, tim illerde de test edilen
biber 6rneklerinin hi¢birisinde ToMV, TMV, TEV, TCSV ve INSV enfeksiyonu
saptanmamustir (Cizelge 1).

Survey yapilan illerde genellikle bir ya da daha fazla viriise karsi (6zellikle TSWYV,
TMYV, ToMV, PMMoV ve CMV) dayanikl1 veya toleransl cesitlerin yetistirildigi
dikkati ¢ekmis olup, hassas ve dayanikli cesitler arasinda simptom farkliliklar
gozlenmemigtir. ELISA testi pozitif olan ornekler simptomatolojik olarak
degerlendirildiginde; TSWV'nin genel olarak biber bitkilerinin yapraklarinda
mozayik ve sekil bozuklugu, klorotik ve nekrotik halkali lekeler, meyvelerinde ise
konsantrik halkalar, nekrotik halkali lekeler ve sekil bozuklugu belirtileri sergile-
digi goriilmistir. CMV enfeksiyonu saptanan biberlerin yapraklarda mozayik,
mottle ve sekil bozuklugu, meyvelerde ise ¢okiik olmayan nekrotik halkal: lekel-
erin olustugu ve bu lekelerin daha ziyade giines yaniklig1 belirtisine benzer old-
ugu gozlenmistir. Survey ¢aligmalarinda yaygin olarak rastlanilan TSWV+CMV
ikili viriis enfeksiyonunun biber meyvelerinde tek olarak TSWV ya da tek olarak
CMYV enfeksiyonuna gore daha siddetli nekrotik ¢6kiik halkali lekelere neden old-
ugu tespit edilmistir. Bununla birlikte, PMMoV ile enfekteli meyve 6rneklerinde
renk agilmalari, halkali lekeler ve sekil bozuklugu, PVY ile enfekteli meyvelerde ise
sadece renk agilmalar1 ve sekil bozukluklarinin olustugu goriilmistiir. Tek olarak
AMV ile enfekteli bitkilerde genel olarak simptomlar yapraklarda gézlenmis olup
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virits ile enfekteli bitkilerin yaprak damarlarinin etrafinda renk agilmalar1 dikkat
¢ekmistir (Sekil 2).

Sekil 2. TSWV ile enfekteli biber yapraklarinda olusan mozayik, sekil bozuklu-
gu (a), klorotik ve nekrotik halkali lekeler (b), TSWV-enfekteli biber meyvelerin-
de konsantrik halkalar (c ve d), nekrotik halkali lekeler ve sekil bozuklugu. CMV
ile enfekteli biber yapraklarinda mozayik, beneklenme ve sekil bozuklugu (f),
CMV-enfekteli biber meyvelerinde nekrotik halkali lekeler (g). TSWV+CMYV ikili
viriis enfeksiyonu sonucu biber meyvelerinde nekrotik halkali lekeler (h). PMMoV
ile enfekteli biber meyvelerinde renk a¢ilmalari, halkali lekeler (i) ve sekil bozuklu-
gu (j). PVY ile enfekteli biber meyvelerinde renk agilmalar: ve sekil bozuklugu (k
vel). AMV ile enfekteli bitkilerin yaprak damarlari etrafinda renk agilmalari (m)

Figure 2. Mosaic, deformity (a), chlorotic and necrotic ring spots (b) on pepper
leaves, concentric rings (c and d), necrotic ring spots and deformity on pepper fruits
infected with TSWV. Mosaic, mottle and deformity (f) on pepper leaves, necrotic ring
spots on pepper fruits (g) infected with CMV. Necrotic ring spots on pepper fruits ca-
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used by TSWV+CMYV dual infection (h). Discoloration, ring spots (i) and deformity
(j) on pepper fruits infected with PMMoV. Discoloration and deformity on pepper
fruits infected with PVY (k and I). Discoloration around the leaf veins infected with
AMYV (m)

4. TARTISMA

Virtisler, biberde verim ve kalitede 6nemli kayiplara neden olabilen patojenler-
in baginda gelmektedir. Bu ¢aligmada, Tiirkiye'nin major biber iiretim alanlarin-
da (Antalya, Samsun, Manisa, Canakkale ve Bursa) yiiriitiillen siirvey ¢aligmalari
ile 616 adet viriis-benzeri simptom gosteren biber 6rnegi toplanmis ve takiben
10 farkli virtise (TSWV, CMV, PVY, TCSV, PMMoV, TMV, ToMV, TEV, INSV ve
AMYV) kars1 DAS-ELISA yontemi ile test edilmistir. ELISA sonuglar1 genel olarak
degerlendirildiginde; incelenen érneklerde en yaygin olarak TSWV (% 55) belirle-
nirken, bu viriisit CMV (% 22.2) takip etmistir (Cizelge 1).

Bu viriis tiirlerinden; TSWV, Tospoviridae familyasinin Orthotospovirus cin-
sine dahil olup, dogada dokuz trips tiirii ile propagatif (vektor biinyesinde ¢ogal-
ma Ozelligi) olarak tasmmmaktadir (Nilon ve ark., 2021). En 6nemli vektoriiniin
ise bolgelere gore degismekle birlikte, bati ¢icek tripsi (Frankniella occidentalis)
oldugu bildirilmistir (Whitfeld ve ark., 2005). TSWV’nin kontroliinde, en etkili
yontemlerin basinda dayanikli gesitlerin kullanilmasi gelmektedir. Giiniimiizde,
diinyada ve tilkemizde ticari olarak yetistirilen TSWV’ye dayanikl biber cesitleri
Tsw geni igermekte olup, iireticiler tarafindan yaygin olarak kullanilmaktadir (Pa-
risi ve ark., 2020). Bununla birlikte, dayanikliligin tek bir gen tarafindan kontrol
edilmesi, yiiksek viriis populasyon baskisi ve TSWV’nin vektor trips biinyesinde
¢ogalarak genomik yapisini degistirebilmesi gibi faktorler, dayaniklilik kiran vary-
antlarin kolay olusabilmesine imkan saglamaktadir (Wijkamp, 1995; Margaria ve
ark., 2007). Nitekim; yeni olusan TSWV varyantlar: tarafindan biberde Tsw geni
dayaniklihginin kirildig: farkli ¢alismalarla ortaya konulmustur (Boiteux ve ark.,
1993; Roggero ve ark., 2002; Margaria ve ark., 2004; Ferrand ve ark., 2015; Yoon ve
ark., 2021). Ulkemizde ise; biberde dayaniklilik kiran TSWYV izolatlarinin varlig:
ilk olarak 2014 yilinda Samsun ilinde (Delig6z ve ark., 2014); takiben 2016 yilinda
ise Antalyada belirlenmistir (Fidan, 2016). Bu ¢alismada, tekli ve karisik enfeksi-
yonlar birlikte degerlendirildiginde TSWV enfeksiyonu en fazla Manisa ilinde (%
96.7) belirlenirken; bu ili sirasiyla Antalya (% 95.7) ve Samsun (% 56) illeri izlemis;
en disiik oranda ise Bursa (% 15.5) ve Canakkale (% 6.5)de tespit edilmistir (Ci-
zelge 1). Yiiriitillen siirveylerde genel olarak biber alanlarinda tripslerin yogun
olarak bulundugu gézlenmistir. Vektor trips tiirlerinin yogunlugu ve incelenen
orneklerde TSWV’nin yaygin olarak tespiti, bu zararlinin biber {iretim alanlarinda
etkili bir sekilde kontrol edilemedigini gostermektedir. Diger taraftan, inceleme
yapilan illerde biber yetistiriciliginde yogun olarak TSWV’ye dayanikli ¢esitlerin
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kullanilmasina ragmen, TSWV’nin yiiksek oranda tespit edilmesi tilkemizdeki bib-
er tretim alanlarinda Tsw geni dayanikliliginin da biiyiik oranda kirildigini isaret
etmektedir. Tek gen dayanikliligina sahip cesitler yogun olarak yetistirildiginde
patojen tizerinde baski olusmasi ve patojen tarafindan dayanikliligin kirilmasi,
pek ¢ok patojen-konukgu iligkisinde olusan bir durumdur (Pink ve Hand, 2002;
McDonald, 2010).

Calismada yayginlik agisindan 2. sirada yer alan CMV ise Bromoviridae fami-
lyast Cucumovirus cinsinin bir iiyesi olup, biberde tohumla taginabilmesinin yani
sira afit vektorler ile de non-persistent olarak etkili bir sekilde tasinmaktadir (Pa-
lukaitis ve ark., 1992; Arogundade ve ark., 2019). Bu aragtirmada, CMV en yaygin
olarak sirasiyla; Canakkale (% 63), Samsun (% 42) ve Bursa (% 38.5) illerinde tespit
edilmistir. Manisa ve Antalya illerinde ise sadece karigik enfekteli 6rneklerde daha
diisiik oranda (sirast ile % 9.8 ve % 1.2) saptanmistir (Cizelge 1). Bu ¢aliymada,
CMV'nin standart gesitlerin tiretiminin yapildig1 acik alanlarda (Canakkale, Bursa
illeri ve Samsun ili Bafra ilgesi) daha yaygin olmasi dikkat gekmistir. Bunun ned-
eninin ise; agikta biber yetistiriciliginde kullanilan fideleri daha ¢ok treticilerin
kendi tohumlarindan elde etmeleri ve CMV'nin biberde yiiksek oranda tohumla
taginmasindan kaynaklanmis olabilecegi diistiniilmektedir. Nitekim; Arogundade
ve ark. (2019) CMV'nin biber gesitlerine gore degismekle birlikte, dogada % 57-71
oraninda tohumla tagindigini bildirmislerdir. Bu ¢alismanin bulgularina benzer
sekilde, Keles Oztiirk ve Baloglu (2019), Adana, Mersin, Hatay, Kahramanmaras ve
Osmaniye illerinde agikta biber yetistiriciligi yapilan alanlarda viriislerin belirlen-
mesi iizerine yaptiklar1 ¢alismada, % 33.68 oran ile CMV’yi en yaygin viriis olarak
belirlemigler, bunu sirasiyla % 22.26 ile TEV, % 19.64 ile PVY, % 11.38 ile PVMYV,
% 4.66 ile TSWYV, % 3.3 ile PepMoV, % 1.52 ile PMMoV, % 1.42 ile ToMV, % 1.08
ile TMV ve AMV'nin izledigini ortaya koymuslardir. Diger taraftan Uzunogullar
ve Gumiis (2015), daha ¢ok agik alanda tiretimin yapildig1 Bursa, Yalova, Istanbul,
Bilecik ve Sakarya illerinden topladiklar: 103 biber 6rnegini CMV’ye kars1 ELISA
yontemi ile test etmisler ve drneklerde ¢ok yiiksek oranda % 68.9) CMV enfeksiy-
onu saptamuslardir.

Ulkemizde en fazla biber yetistiriciliginin yapildig1 Antalya ilinde daha énce
yiriitillen c¢aliymalarda da, bu arastirma sonuglarina benzer sekilde biberde
TSWV'nin yaygin oldugu rapor edilmistir. Celik ve ark. (2012), 2007 ve 2008
yillarinda Antalya ilinden elde ettikleri toplam 274 biber érneginde, en yaygin
viriisleri sirasiyla; TSWV (% 34.6), TMV (% 14.5), CMV (% 13.1), PMMoV (%
7.6) ve PVY (% 7.6) olarak bildirmislerdir. Giines ve Giimiis (2019), 2015 yilinda
Antalya ilinde 148 biber 6rnegini TSWV ve CMV’ye kars1 ELISA ile testlemisler ve
en yaygin olarak TSWV’yi (% 35.8) belirlerken, CMV’yi ise diisiik oranda (% 7.3)
saptamiglardir. Beskegili ve ark. (2021), 2019 yilinda Antalya il Demre ilcesinde
biberde 82 6rnekte TSWV ve CMV’yi hem serolojik, hem de molekiiler yéntemler
ile aragtirmislar, ve bu 6rneklerin % 57’sinde tek olarak TSWYV, % 12’sinde CMV ve
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% 10’ununda ise TSWV+CMYV ikili viriis enfeksiyonunu belirlemislerdir. Samsun
ilinde ise Arli S6kmen ve ark. (2005), 1998 ve 1999 yillarinda biberde 313 6rnegi
ELISA ile etmisler ve en yaygin viriisleri sirastyla PVY (% 24.6), TMV (% 21.5),
ToMV (% 8.4), AMV (% 6.9), TSWV (% 3.8) ve CMV (% 2.3) olarak belirlemisle-
rdir. Bu calismada ise, Samsun ilinde biber tiretim alanlarinda TSWV ve CMV’nin
diger viriislere oranla daha da yayginlastig1 ortaya konulmustur.

Test edilen biber 6rneklerinde TSWV ve CMYye ilave olarak; diisiik oranda
PVY (% 0.5), PMMoV (% 0.5) ve AMV (% 0.3) enfeksiyonlar1 da belirlenmistir.
Caligmada ayrica, testlenen biber 6rneklerinin % 6.5’inde ikili veya ti¢lii karisik
viriis enfeksiyonlar tespit edilmistir. En yiiksek karisik enfeksiyon orani % 4.5 oran
ile TSWV+CMVde belirlenmis olup, bunu sirast ile TSWV+PVY (% 0.6), TSWV+
PMMoV (% 0.5), PMMoV+ CMV (% 0.3) ikili enfeksiyonlari, TSWV+PVY+CMV
(%0.3) ve TSWV+ PMMoV+CMYV (% 0.2) tiglii enfeksiyonlar: takip etmistir. AMYV,
yalnizca Bursa ilinde tespit edilirken; PVY, Antalya, Samsun, Manisa ve Canakkale
illerinde; PMMoV ise Canakkale, Bursa ve Manisa illerinde saptanmigtir. Caligma
kapsaminda saptanan PMMoV bugiine kadar tilkemizde Giineydogu Anadolu
Bolgesinde Sanlurfa ilinde (Giildiir ve Caglar, 2006), Akdeniz Bolgesinde Antalya
(Sevik, 2011), Adana, Kahramanmaras ve Mersin illerinde (Caglar ve ark., 2013)
ve Karadeniz Bolgesinde ise Samsun ilinde (Deligoz ve Arli Sékmen, 2020) tespit
edilmis olup, bu ¢alisma ile Ege Bolgesi ve Marmara Bolgesinde de tespit edilmistir.

Bununla birlikte; incelenen biber 6rneklerinin hi¢birisinde TMV, ToMV ve
TEV tespit edilmemistir (Cizelge 1). Ancak, bahsedilen bu viriislerin daha 6nce
tilkemizde yiiriitiilen farkli calismalarla biber alanlarinda bulundugu bildirilmistir
(Arli Sokmen ve ark., 2005; Buzkan ve ark. 2006; Celik ve ark., 2012; Keles Oz-
tiirk ve Baloglu, 2019). Ulkemizde biberde karantina listesinde olan ve daha énce
tilkemizde rapor edilmeyen, Orthotospovirus cinsi tiyelerinden INSV ve TCSV de
bu ¢aligmada test edilen 6rneklerde saptanmamuistir.

5. SONUC

Bu caligmada, Tiirkiyenin 6nemli biber tiretim merkezlerinden Antalya, Sam-
sun, Manisa, Canakkale ve Bursa illerinde biberde enfeksiyona neden olan bazi
viriislerin bulunma durumlar1 arastirilmistir. Incelenen orneklerde en yaygin
olarak TSWV (% 55) ve CMV (% 22.2) enfeksiyonlar: tespit edilmistir. Son yillar-
da yapilan caligmalar ve mevcut ¢aligma dikkate alindiginda; Tiirkiyede TSWV ve
CMV’nin biber iretimi i¢in 6nemli bir tehdit olusturdugu goériilmektedir. TSWV
kisa mesafelere vektorii olan tripslerle; uzak mesafelere ise bulasik fide sevkiyatlar:
ile yayilabilmektedir. Ayrica, fide doneminde enfekte olan bitkiler viriisten daha
¢ok etkilenmekte ve 6nemli oranda tiriin kayiplar: yasanabilmektedir. Bu neden-
le TSWYV ile miicadelede ilk olarak erken donemde tripslerin kontrol edilmesi ve
enfekteli bitkilerin imha edilmesi 6nemlidir. Bununla birlikte, virtsle bulasik fide
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sevkiyatlarina yonelik daha siki 6nlemlerin alimmast ile virtisiin farkli bolgelere
yayilmasinin ve verim kayiplarinin 6ntine gegilebilir. CMV ise biberde tohumla
taginabilmesinin yani sira vektor afit tiirleri ile non-persistent olarak etkin bir sekil-
de yayilabilmektedir. Caligmada yapilan gézlemlerde CMV’nin daha ¢ok strandart
biber gesitleri kullanilan agik alanlarda yaygin oldugu goriilmiistiir. Tohumla
tasinma, virtslerin ilk enfeksiyon kaynagini olusturmalar: bakimimdan 6nemlidir.
CMV'nin yiiksek oranda tohumla taginabilmesi nedeni ile miicadelede viriisten
ari sertifikali tohumlarin kullanilmasi anahtar rol oynamaktadir. Bununla birlikte
toleransl ¢esitlerin kullanilmasi ve vektor yaprak bitlerinin kontrol edilmesi ger-
ekmektedir.

Cikar Catismast:

Yazarlar herhangi bir ¢ikar catigmasi olmadigini beyan eder.
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Bu ¢aligma etik kurul onay1 gerektirmez.
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Elif OZDEMIR, Rahime CENGIZ, Bayram SADE

CHARACTERIZATION OF WHITE, YELLOW, RED, AND PURPLE
COLORED CORNS (ZEA MAYS INDENTATA L.) ACCORDING TO
BIO - ACTIVE COMPOUNDS AND QUALITY TRAITS

ABSTRACT

The study was conducted to highlight differences of colored corns according
to bio — active compounds and quality traits in Selcuk University, Agriculture
Faculty, Crop Science Department, Konya/Turkey. At the study we attempted to
explain the impacts of grain color (white, yellow, red, and purple) factor on bio
— active compounds as total antioxidant activity, total phenolic compounds, total
flavonoids, total anthocyanin content, total carotenoids, and some quality traits as
grain fat content, grain protein content, grain starch content and amylose — amy-
lopectin rate. All analysis was practiced at three coincidently chosen samples for
each trait. Wide and significant variations were observed among the genotypes at
all traits except grain fat content feature. While purple corn had the highest values
at six (total antioxidant activity, total phenolic compounds, total flavonoids, total
anthocyanin content, grain fat content and grain starch content) of nine characters;
the red and the white ones had the highest values one of [total carotenoids (red
corn), grain protein content (white corn)] nine characters in the study. Results of
the study showed that grain color changes had remarkable effects on bio —activate
contents and some quality features and exhibited possibility of using colored corns
as bio - active resources in human and animal nutrition.

Keywords: Antioxidants, Phenolic Compounds, Flavonoids, Anthocyanins,
Carotenoids.

ek

BEYAZ, SARI, KIRMIZI VE MOR RENKLi MISIRLARIN
(ZEA MAYS INDENTATA L.) BIYO - AKTIF BILESENLER VE KALITE
OZELLIKLERI BAKIMINDAN KARAKTERIZASYONU

0z:

Caligma renkli misirlarin bio — aktif bilesenler ve kalite 6zellikleri bakimin-
dan farkliliklarini belirlemek amaciyla Selguk Universitesi, Ziraat Fakiiltesi, Tarla
Bitkileri Boliimii, Konya/Tiirkiye’ de yiiriitilmistiir. Bu galismada misirda tane
rengi faktoriiniin (beyaz, sar1, kirmizi ve mor) total antioksidanlar, total fenolik
bilesenler, total flavanoidler, total antosiyaninler, total karotenoidler gibi biyo —
aktif bilesenler ile, tane yag icerigi, tane protein icerigi, nisasta icerigi ve amiloz —
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amilopektin orani gibi kalite 6zelliklerine etkileri belirlenmistir. Tiim analizler her
bir analiz i¢in ti¢ kez tesadiifen segilmis 6rneklerde yapilmistir. Tane yag icerigi ka-
rakteri digindaki tim 6zelliklerde istatistik olarak 6énemli varyasyonlar gorilmis-
tir. Mor musir dokuz karakterin altisinda (total antioksidan aktivitesi, total fenolik
bilesenler, total flavonoid, total antosiyanin igerigi, tane yag icerigi ve tane nisasta
icerigi) en yliksek degerlere sahip olurken; kirmizi ve beyaz renkli misirlar dokuz
karakterin birinde en yiiksek degere sahip olmuslardir [total karotenoid (kirmizi
musir); tane protein icerigi (beyaz musir)]. Caligmanin sonuglar tane rengindeki
farkliligin biyo — aktif bilesenler ve bazi kalite 6zelliklerinde 6nemli degisiklikle-
re neden oldugunu; renkli misirlarin insan ve hayvan beslenmesinde biyo — aktif
kaynaklar olarak da degerlendirilmesinin miimkiin olabilecegini gostermistir.

Anahtar Kelimeler: Antioksidanlar, Fenolik Bilesenler, Flavanoidler, Antosi-
yaninler, Karotenoidler.

i

1. INTRODUCTION

About 2 billion people suffer from micronutrient deficiency around the world.
Although cereals are responsible 50% of human nutrition; they are deficient by es-
sential minerals and vitamins. While yield increased nearby 530% with green rev-
olution; new generation corn genotypes are still poor in micronutrients according
to local populations and traditional varieties (Ashokkumar et al., 2020). The eco-
nomic and nutritional value of maize grains is mainly due to its high starch (73%),
protein (9%) and oil (4%) contents (Ozdemir and Sade, 2019). Maize is also known
with its wide range of grain color variation. Purple corn trade had been increased
near by 467% between 1998 — 2002 years according to “United Nations Bio-Trade
Facilitation Program” Purple corn usage as a natural colorant is very common par-
ticularly in Germany, France, Italy and Japanese. Anthocyanins that are basic com-
pounds of purple corn, decrease risky of cardiovascular diseases, obesity, diabetes,
cancer and some chronic diseases (Fei et al., 2017). Oxidative stress is defined as
corruption of redox balance against antioxidants (Lobo et al., 2010; Magafia-Ceri-
no et al., 2020). Antioxidative defense is effective enough during normal metabolic
conditions; but defense system sometimes must be supported artificially under un-
favorable situations. Vitamin C, E, carotenoids, anthocyanins and flavonoids can
balance redox cycle of plants and animals (Kasote et al., 2015). Human consumed
anthocyanins rich fruits and vegetables have lower risks of having cancer, diabetes
and cardiovascular diseases was reported in many epidemiological studies (Pandey
and Rizvi, 2009). Anthocyanins get attention of especially food industry’s produc-
ers because of being colorants from natural resources and have a wide range of
color spectrum. They are responsible of red, blue, and violet colors of plant tissues
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and foods. Pharmacological and therapeutic effects of anthocyanins gained them
properties as related humans’ health beside their food colorant usage (Yang and
Zhai, 2010). In many studies conducted so far anthocyanin’s detoxifying effects
of free radicals that cause chronically illnesses as atherosclerosis, aging, diabetes,
and hypertension were reported as well (Fei et al., 2017; Kim et al., 2013; Long et
al., 2013; Urias-Lugo et al., 2015). Anthocyanins are water soluble flavonoids of
polyphenolic pigments. Corns that have colored grains are known as rich antiox-
idant resources as well. Being natural and reliable of plant sourced anthocyanins
increased their popularity day by day. Anthocyanins from natural antioxidants
have ability of detoxifying ROS (reactive oxygen species) that cause cell damage. It
was reported that antioxidant enzymes in milk and plasma of ruminants that con-
sumed anthocyanin rich purple corn were higher (Tian et al., 2019).

Carotenoids are important components for human nutrition. All these yellow
and orange pigments are tetraterpenes. Those with C and H atoms in their stru-
cture are known as carotenes, those with C and H together with O atoms are col-
lectively known as xanthophylls. The long — term conjugate bonds and elemental
structures of all carotenoid forms determine their color, revealing their biological
activities and antioxidant capacities. Previous research has identified a relationship
between the intake of these ingredients and the prevention of cancer, heart disease,
and age-related degeneration (Kahriman et al., 2019).

The aim of the study is explaining the impacts of grain color (white, yellow,
red, and purple) factor on bioactive compounds as total antioxidants, total pheno-
lic compounds, total flavonoids, total anthocyanins, total carotenoids, and some
quality traits as grain fat content, grain protein content, grain starch content and
amylose-amylopectin rate.

2. MATERIALS AND METHODS
2.1. Materials

White, yellow, red, and purple seeds of dent corn variety group were used as
materials that were obtained from “Sakarya Maize Research Institute”. The seeds of
each genotype were from long term self-pollinated populations and produced in
Sakarya/Turkey at 2018 growing season.

2.2. Methods

Enough seed samples from each genotype were grinded with the grinder “BOS-
CH TSM6A013B” at approximately 15% grain moisture. The moisture contents of
the seed samples were detected by “Kett Grain Moisture Tester, Model PM 600”.
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The powder was sieved with 0.5 mm sieve. All analysis was practiced at three co-
incidently chosen samples.

Total Antioxidant Activity (TAA)

DPPH (2,2 — Diphenyl — 1 — picrylhydrazyl) radical scavenging activity of
phenolics was assessed by measuring the capacity of bleaching a black colored
methanol solution of DPPH radical according to (Khampas et al., 2013). A 4.5 ml
DPPH solution was added on 0.5 ml phenolic extract. The mixture was vortexed
and left to stand for 30 minutes in dark. The absorbance values of samples were
measured at 517 nm against solvent blank.

The scavenging rate on DPPH radicals was calculated according to the formula
as follows:

Ay — 4
Scavanging rate (%) = [ e =

] = 100
]

where A is the absorbance of the control (0.5 ml extraction solvent with 4.5
ml DPPH solution) and A is the absorbance in the presence of phenolic extracts
solution.

Total Anthocyanin Content (TAC)

Anthocyanins were analyzed following procedure of Cervilla et al. (2012). A
0.1 g DW (dry weight) sample was homogenized in 5 ml propanol and HCI soluti-
on. Homogenates were centrifuged at 5000 rpm. All samples were left at room con-
ditions for 24 hours. Afterwards tubes were centrifuged at 6500 rpm. Absorbance
readings at 535 nm were taken and corrected for background absorbance at 700
nm in a UV Spectrophotometer (Leticia et al., 2009).

Total Phenolic Compounds (TPC)

The total phenolic compounds of grinded corn grains were extracted using
methanol according to Mohsen and Ammar (2005) with some modifications. Ext-
raction was carried out using a shaking incubator at room temperature, followed
by filtration through Whatman No.1 filter paper. The total phenolic compounds
was determined according to the Folin — Ciocalteu method (Konrade and Klava,
2017) using gallic acid standard calibration curve.

Total Flavonoids (TF)

Grain total flavonoids concentrations were determined according to Jothy et
al. (2011). 0.5 ml seed extract (1 mg ml') (Konrade and Klava, 2017) was added
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falcon tubes and mixed with 2 ml distilled water. Subsequently 0.15 ml aluminum
trichloride was added and allowed to stand for 6 min; then 2 ml sodium hydroxide
was added to reaction mixture. The final volume was completed up to 5 ml with
distilled water. After 15 minutes absorbance of pink color was measured at 510 nm
with UV spectrophotometer against blank. Total flavonoids were calculated accor-
ding to Quercetin standard calibration curve.

Total Carotenoids (TC)

Total carotenoids were detected according to Rocha et al. (2015). Briefly, 2 g
grain samples were ground with cold acetone (25 ml). The mixture was agitated for
10 min, followed by filtration using Whatman No. 1 filter paper. The filtrate was
transferred into a separation funnel and partitioned with petroleum ether (20 ml).
To remove the acetone, the filtrate was washed with distilled water (100 ml) and
the lower phase was discarded. The procedure was repeated twice. The petroleum
ether layer was filtrated by using Whatman No. 1 filter paper covered with 5 g of
anhydrous sodium sulphate to remove residual water. The petroleum ether extra-
cts were pooled, and the volume was adjusted to 25 mL with petroleum ether. The
absorbance was measured at 450 nm to determine the total carotenoids content
using the following formula:

Total carotenoids (pg f — carot ) X P mhx10]
otal carotenoids (ug § —carotene g~°) = [E%lem x P (2g)]

Grain Starch Content (GSC)

Each sample was extracted with HCI (1%) then sedimented with phosphorus
wolfram acid. Optical rotations of solutions were determined with polarimeter.
Results were concerted and recorded according to Alan et al. (2015).

Amylose/Amylopectin

Amylose and amylopectin rate was determined according to Galicia et al.
(2008) by using spectrophotometry. The calibration curve of standard potato amy-
lose was used to modify the results.

Grain Fat Content (GFC)

Grain fat content was determined according to Khan et al. (2014) with soxhlet
extractor. Fifteen gram of each sample was treated with n — hexane; after extracti-
on, oil and n — hexan was evaporated from each other. Oil content was calculated
and recorded as % oil content.
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Grain Protein Content (GPC)

Grain protein content rate was detected according to Radha et al. (2013) with
Lowry method then results were converted and recorded as % protein rate.

2.3. Statistical Analysis and Evaluation

All data shown are the mean values. Data were statistically analyzed according
to “Completely Randomized Plot Design” with the analysis of variance [ANOVA
(One — Way)] in MINITAB software, means were grouped by Tukey’ s multiple
range test at the 0.05 level of significance. Correlation analyses were done in the
MINITAB software at the 0.01 and 0.05 level of significance as well.

3. RESULTS AND DISCUSSION

This study was conducted to characterized different colored maize genotypes
according to bioactive compounds and some quality traits. White, yellow, red, and
purple corn grains were used as materials in the trial. Total antioxidant activity,
TPC, TE, TAC, TC, GFC, GPC, GSC and amylose/amylopectin features were de-
termined for this aim. According to the results of variance analysis, wide variati-
ons were observed among all genotypes at all traits except GFC (Table 1). While
the highest TAA (10.24%) was obtained from purple corn; the lowest value was
from the white one (1.57%). The red corn had more TAA (10.12%) than the yellow
(6.43%) one but not as higher as the purple corn. It may be concluded that TAA
results indicated a correlation between antioxidant levels and pigment concentra-
tions because of increasing TAA level while grain’s color becomes darker (Figure
1, Table 2). Correlations of the traits were investigated as well. Total antioxidant
trait had significant and positive correlations with TPC (0.63*), TF (0.83**) and
GSC (0.58%) characters (Table 3). Antioxidants prevent oxidative degeneration and
protect health in biological systems (Halliwell et al., 1992). Purple corn is rich in
antioxidants; so detoxifying effects of it has been tried so far also in vivo and in
vitro conditions. Results of these studies verified it’ s strong detoxifying effects (Fei
etal., 2017). Results of this trial are also compatible with literature; Khampas et al.
(2013) detected TAA levels between 13.2% — 68.9%.

Total anthocyanin contents of the genotypes were determined as well. Accor-
ding to the results purple corn (373.78 mg 100g" C3G) had the highest TAC le-
vel and followed by red (16.14 mg 100g* C3G), white (7.51 mg 100g" C3G), and
yellow (6.26 mg 100g* C3G) ones respectively (Table 1, Figure 1, Table 2). While
grain color concentration increased, TAC level increased as well like TAA, but the
yellow corn left behind of the white one at this trait. Total anthocyanin content had
significant and positive correlations with TPC (0.88**), TF (0.83**), GFC (0.59*)
and GSC (0.61**) traits. Martinez-Martinez et al. (2019) stated TAC between 0.73
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and 36.12 mg 100g"' C3G while Zilic et al. (2012) reported 2.50 — 696.7 mg C3G
kg! TAC levels. Navarro et al. (2018) detected in wide range of varying amounts
anthocyanin levels; between 0.018 — 1600 mg 100g" C3G in purple corn. Purple
corn is known with its higher anthocyanin contents that indicates higher antioxi-
dant potentials such that anthocyanin level of purple corn is higher than blueber-
ry that is popular with high anthocyanin concentrations (1.3 - 3.8 mg g' FW)
(Cevallos-Casals and Cisneros-Zevallos, 2003; Li et al., 2008; Wu et al., 2006).

Total phenolic contents changed due to color concentrations; purple corn
(188.99 mg 100g" GAE) has garnered attention with its highest TPC as well
(Table 1, Table 2, Figure 1). Méndez-Lagunas et al. (2020) determined average
307.57 mg 100g" GAE TPC at purple corn samples; at another study Cuevas Mon-
tilla et al. (2011) detected TPC ranged from 311.00 mg 100g" GAE to 817.60 mg
100g-1 GAE. Martinez-Martinez et al. (2019) reported TPC between 68.19 and
137.39 mg 100g* GAE at purple corn samples as well. Total phenolic concentra-
tions represent significant and positive correlations with other traits as TF (0.82**)
and GSC (0.59*) (Table 3). Phenolic compounds are second metabolism produc-
tions in plants and animals. There are soluble and non-soluble forms of them.

Table 1. Variance analysis results of all traits

Cizelge 1. Tiim ozelliklere ait varyans analiz sonuglar:

Source DF  TAA TAC TPC TC TF GFC GPC GSC Amylose/Amylopectin
Genotype 3 285.67** 297968** 4041.50** 670.28*  0.0024**  1.90 9.00** 95.22*%* 0.09**
Error 8  28.69 1846 713.00 20.02 0.0001 2.56 0.35 46.91 0.01
Total 11 314.36 299814 4754.50 690.30 0.0025 4.64 9.35 142.13 0.09
**P<0.01
*P<0.05
TAA : Total Antioxidant Activity (%) TC : Total Carotenoids (pug 8 — carotene g*) GPC : Grain Protein Content (%)
TAC : Total Anthocyanin Content (mg 100g" C3G) TF : Total Flavonoids (mg g' DW Quercetin)  GSC : Grain Starch Content (%)
TPC : Total Phenolic Compounds (mg 100g" GAE) GFC : Grain Fat Content (%)
Total Antioxidant Total Phenolic Content Total Flavonoids
Activity (%) (mg 100g™ GAE) (mg g DW quercetin)
12 230 0.08
a a _ a
10 ; 2 0.07 =
200
0,06
3 b b b b b
a 150 — 0035 o
[ 0,04
C
4 100 0,03 -
0.02
2 b 50
' 0,01
0 0 0.00
WC YC RC PC WC YC RC PC WC YC RC PC
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Total Anthocyanin Total Carotenoids Grain Protein
Content (p p— carotene g) Content (%)
(mg 100 g C3G)
2 a 10
450 2 - 9 2
400 a b
350 : ! b ; < -
1 7 d
300 ) 6 =
250 5
200 1 4
150 1 3
c
100 o B 2
50y b b 0 = I 1
¢ = — = o B 0
WC YC RC PC WC YC BRC PC WC YC RC PC
Grain Fat Content (%4) Grain Starch Content (%) Amylose/Amylopectin
5 74 0,40
5 a  a
035 o =
4 72
4 0,30
70
3 0,25
3 63 020 b
2
0,15
2 a6
1 0,10
64
1 0,05
0 a2 0,00
wWC ¥YC ERC WC YC RC WC YC RC PC

Figure 1. Means of TAA, TPC, TE, TAC, TC, GPC, GFC,GSC and Amylose/
Amylopectin features

Sekil 1. TAA, TFB, TE TAL TK, TP, TYI, TNI ve Amiloz/Amilopektin ozelliklerinin
ortalamalar

Table 2. Comparison means of all features of each genotype

Cizelge 2. Tiim genotiplerin denemeye konu ozeliklere ait ortalamalarinin
karsilastirmasi

TAA Purple > Red > Yellow > White
TAC Purple > Red > White > Yellow
TPC Purple > Red > Yellow > White
TC Red > Yellow > Purple > White
TF Purple > Yellow > Red > White
GFC Purple > Yellow > Red > White
GPC White > Purple > Yellow > Red
GSC Purple > Red > White > Yellow

Amylose/Amylopectin ~ White = Yellow > Red > Purple
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Table 3. Correlation coefficients of all traits with each other

Cizelge 3. Denemeye konu ozelliklerin korelasyonlar:

Features TAA TAC TPC TC TE  GFC GPC Ai‘;ﬁ:’:&’m
TAC 0.54

TPC 0.63* 0.88**

TC 0.52 022 003

TF 0.83%  0.83%  0.82% 004

GFC 0.49 0.59* 043 016 0.70%

GPC 2065 010 021  -085%* -029  -0.01
Amylose/Amylopectin -0.74%* -0.64*  -0.66**  -0.50 -0.63*  -0.19  0.40

GSC 0.58* 061* 059 030 053 003 -024 0,07+
“*P<0.01

* P<0.05

Soluble phenolics that show a wide range of variation are effective on grain
color formation (Liyama et al., 1994; Takanori et al., 1994). Total phenolic com-
pounds are antioxidants, besides their responsibility of grain color formation; they
are also effective on grain hardness of white corns. Effects of phenolic concentra-
tions on grain hardness of white corn depends on ferulic acid concentrations of
cell wall (Chalker — Scott, 1999). Purple corn is very rich in phenolic compounds
and include anthocyanins and flavonoids as phenolics (Gonzalez — Manzano et al.,
2008). Red grain corns are also very rich in phenolic compounds compared with
uncolored genotypes (Chalker - Scott, 1999).

According to the results of TF concentration, purple corn (0.07 mg g' DW
Quercetin) had higher TF than all other genotypes of the trial. Yellow one fol-
lowed purple corn with 0.05 mg g' DW Quercetin flavonoid (Figure 1; Table 2).
Martinez-Martinez et al. (2019) reported TF values ranged from 0.02 to 0.10 mg
¢! DW Quercetin. Similar results were obtained from the study as previous. To-
tal flavonoid feature has significant and positive correlations with GFC (0.70*) as
summarized at Table 3. Plant resources natural compounds get attention of pro-
ducers with being economic, bioavailability, reliability and minimum side effects
(Navarro et al., 2018). Flavonoids have potential of acting as anti-cancer agents that
triggers cytotoxic cancer cell apoptosis therewithal get attention of scientist with
antioxidant and neuroprotective effects (Abotaleb et al., 2019).

A remarkable relation was not observed between color and carotenoid content
because carotenoid concentration was lower at purple corn (0.32 pg p - carotene g*)
that has the highest pigmentation. Red (1.66 pg  — carotene g*) and yellow (1.24
ug P - carotene g') genotypes had higher TC concentrations although lower pig-
mentation than purple one (Figure 1; Table 2). Total carotenoids have significant
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and negative relations with GPC (-0.85**) trait as represented at Table 3. There
are limits to major and minor components in the literature to specify maize ge-
notypes. These limits indicate that maize genotypes can be classified. For examp-
le, maize genotypes containing more than 6 — 7% fat are called high-fat maize,
while those with carotenoids over 50 micrograms per gram are high carotenoids
(Kahriman et al., 2021). Messias et al. (2014) reported TC ranged from 10.03 to
61.50 pg g 18 — carotene while Khampas et al. (2013) revealed TC between 1.00
— 35.60 ug g' 8 — carotene. Trono (2019) reported widely varying TC values and
declared carotenoid concentrations between 1.60 and 156.14 pg g 8 — carotene at
corn grain samples. Main carotenoids that are essential for human nutrition are a,
§ — caroten, 3 - cryptoxanthin, lutein, zeaxanthin and lycopene and are metabo-
lized to provitamin-A in human metabolism. Carotenoids cannot be produced in
human body thus must be taken regularly in human diet otherwise deficiency of
them can cause blindness and this is very common in some countries in the world
(Ashokkumar et al., 2020; Davey et al., 2009; Fraser and Bramley, 2004). Phyto-
chemicals of cereals are localized at outer part of the grains more than inner. Those
kind of bio activated compounds have ROS detoxification, minimizing peroxidase
forms and activating antioxidant enzymes (Smuda et al., 2018). To be rich in those
kinds of bio-activated compounds of a genotype can gain it nutrition values as well.

A wide variation was observed among genotypes according to GSC in the trial
(Figure 1; Table 2). Purple corn (72.43%) has the highest starch and followed by
red (70.55%), white (66.26%), and yellow (65.79%) genotypes. It was supposed that
grain massiveness is more effective on formation of this trait more than grain color
because purple corn is the one that has the biggest grains in the trial.

Fluctuations were observed at GPC rates. The highest values were obtained
from white corn (8.55%) and followed by purple (7.46%), yellow (6.90%) and red
(6.18%) ones (Figure 1, Table 2). Purple corn (4.36%) was the genotype with the
highest GOC and followed by yellow (3.73%), red (3.40%) and white (3.37%) gen-
otypes (Figure 1, Table 2). Ozdemir and Sade (2019) reported that a standard corn
grain contains 73% starch, 9% protein and 4% oil. Findings of this trial are compat-
ible with the previous knowledge as well (Table 1).

While amylose/amylopectin results were investigated it was observed that
purple (0.17) and red corns (0.19) that are in the same color scale has lower rates
than yellow (0.35) and white (0.35) ones. Amylose/amylopectin feature had signi-
ficant and negative relations with some other traits as TAA (-0.74**), TAC (-0.64%),
TPC (-0.66**) and TF (-0.63**) and GSC (-0.07**) (Table 3). This situation could
indicate relation of color and amylose/amylopectin trait (Table 2). While common
corn amylose/amylopectin rate is near by 0.38; this value goes up 1.94 at amylo-
se maize according to Xie et al. (2020). Chen et al. (2021) revealed that amylose/
amylopectin rates can increase till 4. Yalcin et al. (2020) reported that amylose/
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amylopectin values were between 25 — 28% / 72 — 75%. Previous literatures sup-
port results of this study. Common starch has higher glycemic index because of
easy digestion property. Starch digestion can be decreased with higher amylose
content hence glycemic index of starch can be managed with this way. Amylose/
amylopectin rate and structure; arrangement, form and position of starch molecu-
le and interactions with other molecules determined physicochemical and functio-
nal properties of starch (Shevkani et al., 2017; Yal¢in et al., 2020). Hogg et al. (2015)
stated that high amylose pasta is richer in enzyme resistant starch that decreases
glycemic reaction and prevent cardiovascular diseases compatible with this Yalgin
et al. (2020) expressed that amylose/amylopectin is one of the main factors that
effects starch digestion as well.

4. CONCLUSION

Results of the study showed distinct advantages of purple corn compared with
others. Purple corn had the highest values at 6 (TAA, TAC, TPC, GFC, TF and
GSC) of 9 traits. The red one also had higher values than others after the purple
one. These results indicated a relation between color factor and features subjected
of this study therefore it is possible claiming that colored corns can be used as sour-
ce of bio — active compounds in animal and human nutrition. According to the
results of the trial yellow and white corns amylose/amylopectin values were higher
than the purple and red ones. These findings indicated higher amylopectin rates of
purple and red corns. These genotypes can be used in breeding programs with the
aim of decreasing starch digestion as well.
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YOZGAT iLi ARICILIK YAPISININ VE ARICILIK FAALIYETLERININ
BELIRLENMESI

0z:

Bu ¢aligma, Yozgat ilinde yapilan aricilik faaliyetinin mevcut yapisinin belir-
konakladiklar: yerlerde ziyaret edilerek teknik aricilik ile ilgili sorular igeren anket
caligmast olarak yapilmistir. Bu caligmada veri toplama araci olarak, ¢oktan se¢me-
li ve agik uglu sorulardan olusan anket formu kullanilmistir. Bu anket ¢alismasinda
sorulan sorularla aricilarin kisisel bilgileri, egitim durumlari, ariciliga baslama ne-
denleri, kag yildir arilik yaptiklari, ar1 hastaliklari ve zararlilarini tanima durumlar:
ve yetistiriciligi yapilan ar1 irklar: gibi konularda veriler elde edilmistir. Ankette
kullanilan sorular ildeki aricilik yapisinin genel olarak anlamak ve aricilarin kar-
silagtiklar1 sorunlar: belirlenmeye ¢alismak i¢in hazirlanmistir. Yapilan ¢alisma-
dan elde edilen verilerin degerlendirilmesi sonucunda, ildeki aricilarin %96.05’nin
erkek oldugu ve aricilik yapan bireylerin yas ortalamasi 51.8 yil oldugu belirlen-
mistir. Aricilarin %35’inin egitim diizeyinin ilkokul, aricilik deneyim siirelerinin
ortalama 14.07 yil ve koloni sayilar1 ortalamalarinin 52.63 adet oldugu belirlen-
mistir. Aragtirma sonucunda aricilarin agirlikli olarak Kafkas 1rki ar1 kullandiklari,
biiylik oranda temel petek ve siizme makinasi kullandiklar: belirlenmistir. Yozgat
ilinde aricilik isletmelerinde biiyiik oranda yan gelir kaynag olarak aricilik yap-
makta olduklar belirlenmistir. Yaganan pazarlama sorunlar1 aricilig1 yorede temel
gecim kaynagi olarak yapmay1 olumsuz etkilemektedir. Bu nedenle Yozgat ilinde
ariciligin daha ileri seviyelere tasinabilmesi icin verimli ve y6reye uyumlu irklarin
kullanmasi, pazarlama sorunlariin ¢oziimlenmesi ve aricilara yonelik teknik bil-
gilendirme caligmalarinin daha fazla yapilmasi gerekmektedir.

Anahtar Kelimeler: Yozgat, Aricilik, Bal Arisi, Anket.

e

DETERMINATION OF STRUCTURE OF BEEKEEPING AND
BEEKEEPING ACTIVITIES IN YOZGAT

ABSTRACT

This study was conducted to determine the current structure of beekeeping ac-
tivity in Yozgat province. The research was conducted as a survey study, including
questions about technical beekeeping by visiting 203 beekeepers in Yozgat in their
accommodation. This study used a questionnaire consisting of multiple-choice
and open-ended questions as a data collection tool. With the questions asked in
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this survey study, data were obtained on subjects such as the personal informa-
tion of beekeepers, their educational status, the reasons for starting beekeeping,
how many years they have been beekeeping, their recognition of bee diseases and
pests, and the bee breeds cultivated. The questions used in the questionnaire were
prepared to understand the structure of beekeeping in the province and determine
the problems beekeepers faced. As a result of the evaluation of the data obtained
from the study, it was determined that 96.05% of the beekeepers in the province
were male, and the average age of the individuals engaged in beekeeping was 51.8
years. It was determined that 35% of the beekeepers had primary school education,
an average of 14.07 years of beekeeping experience, and 52.63 colonies. As a result
of the research, it was determined that beekeepers mainly use Caucasian bees, and
they mostly use raw comb foundation and centrifugal extractor. It has been deter-
mined that beekeeping enterprises in Yozgat primarily use beekeeping as a source
of side income. The experienced marketing problems negatively affect beekeeping
as the primary source of income in the region. For this reason, to carry beekeeping
to a higher level in Yozgat, it is necessary to use productive and locally compati-
ble breeds to solve marketing problems and carry out more technical information
studies for beekeepers.

Keywords: Yozgat, Beekeeping, Honey Bee, Questionnaire.

e 2k
1. GIRIS

Bal, polen, ar1 siitii gibi iirtinleriyle insan beslenmesinde, tozlasmaya katkilar1
ile bitkisel tiretimin devamliligini saglayan bal arilari, ekolojik ve ekonomik
acidan 6neme sahiptir. Aricilik, tilkemizde hem geleneksel hem de ticari olarak
yiritillen bir hayvancilik faaliyetidir. Diinya ariciliginda Tiirkiye, sahip oldugu
genis cografyas1 ve zengin florasi yani sira koloni varlig1 ile de 6nemli bir yere
sahiptir (Karlidag ve Koseman, 2015). 2019 yili verilerine gore diinya toplam
kovan miktarinda ilk sirada yer alan Hindistan 12.3 milyon kovan ile %13.6'lik
paya sahiptir. 9.1 milyon kovan ile %10.1’lik paya sahip olan Cin ikinci sirada
ve 8.1 milyon kovan ile %9.0’lik paya sahip olan Tiirkiye ise {i¢lincii sirada yer
almaktadir. 2019 yilinda diinyada yaklagik 1.9 milyon ton bal iiretiminin, kovan
basmna verimi yaklasik olarak 20.7 kg olarak gerceklesmistir. Dlinya bal verimi
2019 yilinda bir nceki yila oranla %2.2'lik azalig gdstermistir (FAO,2020). TUIK
2021 yilina ait verilere gore, Tiirkiye bal {iretimi 2020 yilina gore %?7.5 azalarak 96
344 ton, kovan bagina verimi ise 11.03 kg olarak gerceklesmistir.

Ulkemiz genelinde aricilik yapisi ve faaliyetlerinin tespiti amaciyla yiiriitiilen
anket caligmalarinin genel sonuglar1 incelendiginde; ar1 yetistiriciligi yapan
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kisilerin yas ortalamasinin yiiksek oldugu (Ozbilgin ve ark., 1999; Erkan ve Askin,
2001; Sahinler ve Gil, 2005; Sirali ve Dogaroglu, 2005), teknik aricilik bilgisinin
yetersiz oldugu, kaliteli ana ar1 saglamanin O6neminin anlasimadigl ve sorun
oldugu, (Sezgin ve Kara, 2011; Tunca ve Cimrin, 2012; Kekecoglu ve Rasgele, 2013;
Karakaya ve Kiziloglu, 2015), hastalik ve zararlilarla etkin ve dogru miicadele
yapilamadig1, pazarlama konusunda aksakliklar oldugu, 6zelliklede hileli, sahte bal
sorunlarinin oldugu, yapilan caligmalarda 6ne ¢ikan ortak sonuglar olarak ortaya
cikmugtir (Ozmen Ozbakar ve ark., 2016, Késoglu ve ark., 2019; Sogiit ve ark., 2019;
Kutlu ve Kilig, 2020).

Tiirkiye kovan varligt ve bal iiretimi bakimindan degerlendirildiginde
diinyadaki ger¢ek yerini ancak aricilik sektoriindeki sorunlarin belirlenip
gerekli tedbirlerin alinmasi durumunda, alacagi yapilan ¢aligmalar ile ortaya
konulmustur. Bunun da baslangig noktasi, bélgesel ve yerel diizeyde aricilarimizin
ve aricilik faaliyetlerimizin yeterince bilinmesidir. Sekil 1'de goriildiigl tzere
Tiirkiye Istatistik Kurumu 2021 verilerine gore Yozgat ili kovan sayis1 (29 343 adet)
bakimindan Tiirkiyede 67.sirada ve bal tiretimi (337 ton) bakimindan Tiirkiyede
59.sirada yer almaktadir.

31421 31588 31510
258343

33358
27737 29370
23063 21804 22176 23315 2468
1gi% 18i3 | ‘ 15iﬁﬁ ‘ ‘ | |

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

| kovan sayis

Sekil 1. Yozgat ilinin yillara gére kovan varlig (adet)

Figure 1. The number of beehives in Yozgat province by years (pieces)
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Sekil 2. Orta Anadolu bélgesi illeri kovan varligi (%) ve IBBS (Istatistiki Bélge

Birimleri Siniflandirmasi) diizey-1%e gére 2021 yili Tiirkiye kovan varlig1 (%)

Figure 2. The presence of beehives in the provinces of Central Anatolia (%) and
the presence of beehives in Tiirkiye in 2021 according to NUTS (Statistical Regional

Units Classification) level-1 (%)

TUIK’in 2021 yilina ait verilere gore, 2020 yilinda 234 258 kg olan bal iiretimi
%43’lik artis gostererek 336 852 kg, kovan basina verimi ise 11.5 kg olarak
gerceklesmistir. Cizelge 1.de goriildiigii tizere 2021 yilinda Akdagmadeni, Merkez
ve Sarikaya ilgelerindeki kovan basina verimi Yozgat ili genel ortalamasindan ve
diger ilgelerden daha yiiksektir. Yozgat'taki aricilik faaliyetlerinin incelendigi bu

calisma ile bolgesel olarak mevcut durumun ortaya konulmasi amaglanmigtir.

Cizelge 1. Yozgat iline bagli ilgelerin aricilikla ilgili verileri (TUIK,2021)

Table 1. Data on beekeeping of districts of Yozgat province (TSI, 2021)

ilge i@le:f:lzl;tym Kovan Sayis1  Bal Uretimi (kg) Kova;}r;fi ;21?;?&:;1 ama
Akdagmadeni 66 3 496 59 561 17.04
Aydincik 3 455 6 0.01
Bogazliyan 9 890 600 0.67
Kadisehri 11 735 2700 3.67
Merkez 145 8 500 134 145 15.78
Saraykent 5 200 1400 7.00
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Sarikaya 16 1972 25350 12.85
Sorgun 42 4122 36 500 8.85
Yenifakili 2 45 400 8.89
Yerkoy 15 3033 32730 10.79
Candir 21 863 7150 8.29
Cayiralan 55 2 850 18 300 6.42
Cekerek 30 1860 17 900 9.62
Sefaatli 5 322 110 0.34
Toplam 425 29 343 336 852 11.47
2. MATERYAL VE YONTEM

Arastirmanin materyalini, Yozgat ar1 yetistirici birligine kayitl igletmeler ile
Yozgat il Tarim ve Orman Miidiirliigiinden alinan isletme bilgileri bir araya getiri-
lerek tespit edilen aricilar ile yliz ylize yapilan anket verileri olusturmustur. Ankete
katilan aricilara galismanin tamamen aragtirma amagcli oldugu ifade edilerek soru-
lara net ve dogru cevaplar vermeleri saglanmaya caligilmigtir. Orneklemede kulla-
nilan isletmeler ili temsil edecek sekilde ilcelerdeki aricilik faaliyetinin yogunlugu
dikkate alinarak rastgele belirlenmistir.

Yozgat ilinde 2021 Yozgat Il Tarim ve Orman Miidiirliigii verilerine gore; 2021
yilinda ar1 yetistiriciligi yapan Merkez ilcede 145, diger ilcelerde 280 isletme olmak
lizere toplam 425 isletme mevcuttur. Bu isletmelerde barindirilan arili kovan sayisi
ise 29 343 adettir. Anket ¢alismasi ise, Sekil.3'de goriildiigii iizere Yozgat ili tim
ilcelerinde ulasimin kolay oldugu ve anket ¢alismasina katilmay1 kabul eden top-
lam 203 ar1 yetistiricisi ile karsihikli goriisiilerek yapilmistir. Minimum &érneklem
biiytikliigi, il genelindeki aricilarin sayisinin biliniyor olmasi nedeniyle asagidaki
formiilden yararlanarak saptanmigtir

n= (N *t2* p *q)/((N-1) * d2) + (t2 *p *q))

Formiilde; n=Ornekleme alinacak birey sayisi, N=Hedef kitledeki birey
say1st (425), p=Incelenen olayin gergeklesme olasilig1 (0,50), q=Incelenen olayin
gerceklesmeme olasiligi (0,50), t=Standart normal dagilim degeri (1,96) ve
d=Ornekleme hatasidir (0,05). Ornek hacminin (anket sayisi) tespitinde; %95
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gliven sinirlar1 ve %5 hata payi ile calistlmistir. Yapilan hesaplama sonucu, 6rnek
hacmi 202 olarak belirlenmigtir.

Il genelinde anket sonuglarinin degerlendirilmesi ve cografik kosullar goz
oniine almarak ilgeler merkez bat1 bolgesi, kuzey bolgesi, giiney bolgesi olarak
3 bolgeye ayrilmustir. Cizelge 2de anket galismasina katilan ar1 yetistiricileri ve
ilelere gore dagilimi belirtilmistir.

(8] Kovan sayisi
& Katilimei sayisi
Merkez bati bolgesi
Kuzey bolgesi
[ Giiney bolgesi

Sekil 3. Yozgat ili ilcelere gore anket calismasinda yer alan ar1 yetistiricileri ve
kovan sayilari

Figure 3. Beekeepers and the number of hives in the survey study by districts of
Yozgat province

Anket formunda, aricilarin birliklerle olan iligkilerini, ariciliga baslama neden-
lerini, aricilig1 6grenme sekillerini, egitim durumlarini, bal verimlerini, tiretim ¢e-
sitliligini (bal, ar1 stitii, ar1 zehri, propolis ve balmumu), sabit veya gezginci aricilik
durumu, ariciliktan elde edilen gelir diizeyi, hastalik ve zararlilar ile miicadele yon-
temlerini belirlemeye y6nelik 30 soru yer almaktadir. Toplanan verilerin istatistiki
analizlerinde, SPSS v21 adli paket programi kullanilmistir. Toplanan verilerin de-
gerlendirilmesinde aritmetik ortalama ve yiizde hesaplari ile pasta ve gubuk grafik-
ler, tek Yonlii Varyans (ANOVA) analizinden faydalanilmistir. Tek Yonli Varyans
analizinde farkliligin hangi gruplardan kaynaklandigini belirlemek icin Duncan
testi kullanilmustir.
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Cizelge 2. Bolgede uygulanan anket formlarinin merkez ve ilgelere gore
dagilimi

Table 2 . Distribution of the questionnaires applied in the region by center and
districts

Bolgeler flgeler Anket Sayis1 % Kovan Sayist %
Me;;e;elsaian Merkez 57 43.84 2905 4938
Sorgun 23 1923
Yerkoy 8 416
Sefaatli 1 32
Kuzey Bolgesi Aydincik 1 27.59 30 24.19
Cekerek 12 470
Kadisehri 4 211
Akdagmadeni 39 1873
Giiney Bolgesi Sarikaya 11 28.57 602 26.43
Bogazliyan 10 674
Candir 11 505
Cayiralan 26 1043
Toplam 203 100.00 10 684 100.00

3. BULGULAR VE TARTISMA
Sosyo- Ekonomik Nitelikler

Ankete katilan aricilar degerlendirildiginde; Yozgat ilinde 203 katilimcr arici-
dan; 8 (%3.95) kisinin kadin, diger 195 (%96.05) kisilerin ise erkek oldugu anlasil-
migtir. Adana ili kapsaminda yapilan caliymada ankete katilan 169 aricidan yalnizca
1 kisinin kadin diger 168 kisinin ise erkek oldugu ortaya konmustur (Giinesdogdu
ve Akyol, 2019). Diizce ilinde ariciigin yapisi ve faaliyetleri {izerine yapilan arag-
tirmada aricihigin Diizce ilinde %98.8 oraninda erkek bireyler tarafindan yapildig:
saptanmustir (Kekegoglu ve ark., 2014). Mugla ili ve Adiyaman illerinde yapilan an-
ket ¢aligmalarinda ise katilan katilimcilarin sadece erkek oldugu ortaya konulmus-
tur (Oztiirk 2017, Ozbakir ve ark., 2016).

Yozgat ilinde ankete katilan aricilarin yas ortalamalarinin 53.03 ol-
dugu bulunmusgtur. Aricilikla ugrasan kisilerin 56-65 yas araliginda kisi
sayisinin fazlalastigini gostermektedir, 25-35 yas araliginda ise en az
kigsinin oldugu gorilmektedir (Sekil.4).
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Sekil 4. Ankete katilan aricilarin yas araliklar:

Figure 4. Age ranges of beekeepers participating in the survey

Calisma sonuglari incelendiginde {ilkemizde aricilarin yas ortalamalarinin
yiiksek oldugu ve genglerin aricilik sektdriinii pek fazla tercih etmedigi
sOylenebilir. Idir ilinde (Celik ve Yilmaz, 2019) yaptiklar: ¢alismada, tireticinin
51.8 yas ortalamasina sahip oldugunu belirlemistir.

Universite
14%

28 kisi ilkégretim
Yiiksekokul 35%

11%
23 kisi

Orta Ogretim
29% 11%

Sekil 5. Ankete katilan aricilarin egitim durumlar

Figure 5. Educational status of the beekeepers participating in the survey
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Yozgat genelinde ankete katilan aricilarin %35’inin ilkdgretim mezunu oldu-
gu, %29’unun ise lise mezunu oldugu ortaya konmustur ($ekil.5). Glindogdu ve
Akyol (2019), Adana ilinde isletmecilerin %58.58inin ilkokul mezunu oldugunu
ortaya koymustur. Karahan ve ark. (2021), Mugla ilinde %78’inin ilkokul mezu-
nu, %13’iniin ortaokul, %5’inin lise, %4’{iniin iniversite mezunu, Afyonkarahisar
ilinde ise %66’sin1n ilkokul mezunu, %16’smin ortaokul, %8’inin lise, %10’unun
tniversite mezunu oldugunu belirlemislerdir.
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Sekil 6. Ankete katilan aricilarin bolgelere gore egitim durumlar:

Figure 6. Educational status of the surveyed beekeepers by region

Yozgat ilinde incelenen igletmelerin %19.21’inin temel gelir kaynag1 olarak,
920.20%sinin hobi olarak, %60.59’unun yan gelir kaynag: olarak ar1 yetistiriciligi
ile ugrastigr ortaya konmustur. Ariciik {ilkemizde ¢ok eski zamanlardan bu
yana siiregelen ve tarim sektoriinde sosyoekonomik olarak yapilan bir faaliyettir.
Ariciligin ilerlemesinde teknik ve bilimsel ¢alismalar, ariciligin yapilmas: igin
gerekli olan bilgi ve tecriibe kadar 6nemlidir.

Sahip oldugu fiziki cografya, flora, iklim farkliliklar: ve bitkisel biyocesitlilik gibi
faktorler, ariciligin yapildig: bolgelerde etkilidir. Yozgat il merkezi ile ¢evresinde
daha distik yiikseltilerde kurulmus yerlesim yerleri arasinda belirgin sicaklik
ve yagis farklari vardir. ilin yaygin formasyon tipi bozkirdir. Bununla birlikte,
Akdagmadeni, Cekerek, Aydincik ve Cayiralan ilgelerinde konifer, yaprak doken
veya karisik ormanlara rastlanir. Akarsu kenarlarinda kavak ve sogiit tiirlerinin
baskin oldugu riparyan ormanlara rastlanir (Tastan, 2021). Bu unsurlar ariciligin
yapildig1 bolgelerde etkili olmaktadir. Yozgat, cografyasi, su kaynaklar1 ve iklim
farkliliklar1 nedeniyle floral kaynaklar bakimindan olduk¢a zengindir, il genelinde
ilk verimli ¢igeklenme doénemi olan nisan ayinda havalarin serin olacagi, son
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verimli ¢iceklenme donemi olan agustos ayindan sonra ¢igeklerin yaklasik bir ay
daha gozlenecegi distiintildiigiinde, aricilik i¢in en elverigli donemin mayis—eyliil
aylar1 arasi olacagi soylenebilir (Tastan, 2021). il genelinde anket sonuglarinin
degerlendirilmesi amaciyla ve cografik kogullar goz 6niine alinarak ilgeler merkez
bati bolgesi, kuzey bolgesi, gliney bolgesi olarak 3 bolgeye ayrilmistir ve aricilik
yapma nedeni ile bolgeler iliskilidir (p<0.05). Ari yetistiriciligi ana gelir kaynag:
olarak en fazla merkez bat1 bolgesinde, hobi olarak en fazla giiney bolgesinde ve yan
gelir kaynagi olarak en fazla kuzey bolgesinde yapilmaktadir (Cizelge.3). Bunun
yansira isletmelerin %65.52sinin 6niimiizdeki yillarda mevcut kovan sayisin
artirmak istegi oldugu ortaya konmugtur. Karahan ve ark. (2021), aricilarin Mugla
ilinde %84’iiniin, Afyonkarahisar ilinde %88’inin aricilig1 yan gelir kaynag1 olarak
yaptiklarini belirlemiglerdir. Tabur ve Giil (2019), ¢alismalarinda ankete katilan
isletmelerin %55.9’'unun aricilig1 yan gelir kaynag: olarak yaptigi, %5.4’tiniin ise
temel ge¢im kaynagi olarak yaptigini ortaya koymuglardir.
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Sekil 7. Ankete katilan aricilarin bolgelere gore aricilik tecriibe durumlari

Figure 7. Beekeeping experience of the surveyed beekeepers by region

Yozgatilindeanketekatilanisletmelerin %32.02’sinin 10-19y1larasi, %25.62’sinin
20-29 y1l aras1, %24.63’iniin 1-9 yil arasi, %17.73’iiniin 30 ve iizeri y1l aras1 aricilik
yaptig1 tespit edilmistir. Karahan ve ark. (2021), ankete katilan isletmelerin Mugla
ilinde en fazla (%28) 10- 15 y1l aras1 aricilik yaptig1, Afyonkarahisarda ise en fazla
(%33) 20 yil ve iizeri aricilik yaptig1 ortaya koymuslardir. Giindogdu ve Akyol
(2019), Adana ilinde 169 kisiden 37'sinin 10 yildan daha az siiredir, 33'iiniin ise en
az 30 senedir bu meslegi yaptig1 ortaya koymuslardir. Yozgat ilinde ytiriitiillen bagka
bir ¢aliymada aricilarin yaglar1 35 ile 70 arasinda degisilmekte oldugu, genelinin
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ortalama yaginin 50 oldugu ortaya konmustur, aricilik yapma stiresi ise ortalama
13.16 y1l olarak hesaplanmigtir (Yildiz et al.,2022).

Cizelge 3. Aricilik yapma nedeninin merkez ve bolgelere gore dagilimi

Table 3. Distribution of the reason for beekeeping by center and regions

Ariclik Yapma Nedeni Merkez Bat1 Bolgesi ~ Kuzey Bolgesi Giiney Bolgesi il Genel

Ana Gelir Kaynag1 26 [ 7° 39
29.2% 10.7% 12.1% 19.2%
Hobi 14* 52 22° 41
15.7% 8.9% 37.9% 20.2%
Yan Gelir Kaynag: 49 45° 29 123
55.1% 80.4% 50.0% 60.6%
Toplam 89 56 58 203

*P<0.05, ayni satirda farkls harflerle gosterilen ortalamalar arasindaki farklihik 6nemlidir.

Anket caligmasina katilan ar1 yetistiricilerinin igletmelerinin koloni sayis
bolgelere ayrilarak koloni sayis1 bulunmustur (Cizelge 4). Mevcut kovan sayisi
ile bolgeler birbirleriyle istatistiksel olarak anlamli bir sekilde iligkilidir (p<0.05).
1-50 kovan sayisinin oran1 Merkez Bat1 bolgesinde en diisiik; giiney bélgesinde en
yuksektir. Kuzeyde 50-100 adet kovan orani daha fazla; 100den fazla adet kovan
orani Merkez batida en ¢ok; giiney bélgesinde en azdir.

Cizelge 4. Ana ar1 yenileme sikliginin merkez ve bolgelere gore dagilimi

Table 4. Distribution of queen replacement frequency by center and regions

Mevcut Kovan Sayist ~ Merkez Bat1 Bolgesi  Kuzey Bolgesi  Giiney Bolgesi il Genel

1-50 30° 30 33b 93
33.70% 53.60% 56.90% 45.80%
50-100 28* 232 17° 68
31.50% 41.10% 29.30% 33.50%
100-200 212 1, 8® 30
23.60% 1.80% 13.80% 14.80%
200 ve iizeri 10° 2w ob 12
11.20% 3.60% 0.00% 5.90%
Toplam 89 56 58 203

*P<0.05, ayni satirda farkli harflerle gosterilen ortalamalar arasindaki farklilik 6nemlidir.
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Yozgat ilinde ¢aligmaya katilan aricilarin %19.70’inin gezici, %80.30’unun ise
sabit aric1 oldugunu ortaya koymustur. Tabur ve Giil (2019), Usak ilinde bulunan
isletmelerin %60,8’inin sabit, %39.2’inin ise gezginci aric1 oldugu tespit edilmistir.
Kekegoglu ve Rasgele (2013), Diizce Ili, Yigilca ilgesinde yapmis oldugu calismada
aricilarin %79.5’inin sabit aricilik, %20.5’inin ise gezginci aricilik yaptiklarini bil-
dirmislerdir.

Teknik ozellikler

Yozgat ilinde aragtirmaya katilan isletmelerin %95.57’sinin bes y1l ve tizeri sii-
regte kovan yenilendigi, bununla birlikte %20’sinin iki yilda bir, %19’unun her yil,
%19’unun ise {i¢ yilda bir ana ar1y1 yeniledikleri, %42’sinin ana ar1y1 hi¢ yenileme-
dikleri ortaya konmustur. Ana ar1 yenileme siklig1 ile bolgeler arasinda istatistiksel
olarak anlamli bir iligki vardir (p<0.05). Her yil ana ar1 yenilme giiney bélgesinde
(%25.9), merkez bat1 bolgesine (%10.1) gore daha fazladir. Ayrica hig yenilememe
orani merkez bati bolgesinde (%30.3), gliney bolgesine (%12.1) gore daha fazladir
(Cizelge.5). Tabur ve Giill (2019), ireticilerin %30.1’inin iki yilda bir, %3.3’tiniin
ise her y1l ana ar1y1 degistirdigi tespit edilmistir. Diizce II'inde yapilan bir caligma-
da aricilarin %5.90'm1n her yil, %47.10’unun iki yilda bir, %27.50%inin ¢ yilda
bir ana arisin1 degistirdigini, %19.10’unun ise ana arisini hi¢ degistirmedigini bil-
dirmislerdir (Keke¢oglu ve ark., 2013). Yozgat ilinde ankete katilan katiimcilarin
kullandiklar1 ana ar1y1 ise %68.47’sinin kendi ariligindan, %21.67’sinin bagka arici-
lardan, %9.85’inin damizlik istasyonlardan temin ediyor olduklar: tespit edilmistir.

Cizelge 5. Ana ar1 yenileme sikliginin merkez ve bolgelere gore dagilimi

Table 5. Distribution of queen bee replacement frequency by center and regions

Ana Ar1 Yenileme Merkez Bat1 Bolgesi  Kuzey Bolgesi  Giiney Bolgesi il Genel

Her Yil 9 13 15° 37
10.10% 23.20% 25.90% 18.20%
2 Yilda Bir 41* 222 30? 93
46.10% 39.30% 51.70% 45.80%
3 Yilda Bir 10° 3 6 19
11.20% 5.40% 10.30% 9.40%
Hi¢ Yenilemiyorum 27 18° 7° 52
30.30% 32.10% 12.10% 25.60%
Toplam 89 56 58 203

*P<0.05, ayni satirda farkli harflerle gosterilen ortalamalar arasindaki farklilik 6nemlidir.
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Yozgat ilinde incelenen isletmelerin %65.52sinin Kafkas, %26.11'inin Karni-
yol, %25.62’sinin Anadolu 1rki, %14.29’unun Belfast irki ve geriye kalan isletme-
cilerin ise melez irklar kullandig: tespit edilmistir. Karahan ve ark. (2021), Mugla
ve Afyonkarahisar illerinde bulunan igletmelerde sirasiyla %66’sinda ve %62’sinde
Anadolu arisinin, %22’sinde ve %24’tinde yerel 1rk arilarin, %21’inde ve %45’inde
melez arilarin, %13’inde ve %10'nunda Karniyol arilarinin tercih edildigi belir-
lenmistir. Aydin, Izmir ve Mugla illerinde yapilan baska bir galigmada ise islet-
melerin %65.1’sinde, Mugla, %16.11’inde Anadolu, %12.75’inde melez, %2.01’inde
Karniyol, %1.34’tinde [talyan, %1.34’iinde Belfast ar1 irki kullanilmakta oldugu
ortaya konulmustur (Sengiil, 2020). Yapilan ¢alismada tireticilerin; %78.82’sinin
bal verimi yiiksek oldugu, %64.53’inlin ana armin uyum kabiliyeti iyi oldugu,
%7’si sakin huylu karaktere sahip oldugu, geriye kalan isletmelerde ise kolay te-
min edilebilir oldugu, i¢in kullandiklar1 ar1 irklarini tercih etme sebepleri olarak
tespit edilmigtir. Yozgat ilinde yiiritillen baska bir ¢calismada aricilardan %77’sinin
Kafkas irka sahip oldugunu bildirmistir. (Yildiz et al.,2022). Yapilan anket ¢alisma-
sinda aricilarin, %93.10’unun temel petek, %90.64’tiniin toz seker, %54.68’inin ar1
keki, %17.73’iintin ar1 yemi kullandig1, %3.45’inin ise hi¢bir malzeme kullanma-
dig1 ortaya konmustur. Bunun yansira, aricilarin %80.79’inin bal siizme makinast,
%15.27’sinin sagim ¢adiri, %23.15’inin dinlendirme kazani, %41.38inin ana ar1
1zgarasl, %55.67’sinin polen tuzagl, %10.84’iiniin ise hi¢ ekipman kullanmadiklar1
ortaya konulmustur.

Yozgat ilinde incelenen isletmelerin %99.51’inin stizme ve petek bal, %52.22’si-
nin polen, %12.81’inin ana ar1, %3.45’inin ar1 siitii, %29.56’stnin propolis triinle-
rini iirettigi ortaya konmustur. Elde edilen iirtinlerin pazarlama sekli bakimindan
%93.10’unun kendisi pazarladigi, %0.49’unun aracilara verdigi, %6.40’min ise ken-
di titketimi i¢in tiretim yaptig1 ortaya konmustur.

Yozgat ilinde aricilarin %31.53’{iniin kayit tuttugu, %68.47’sinin kayit tutma-
dig1 tespit edilmistir. Yigilcada yiiriitiillen bir ¢calismada aricilar ile yapilan ankette
aricilarin %13’liniin kayit tuttugunu, %87’sinin ise kayit tutmadigini belirtmistir
(Kekegoglu ve Rasgele, 2013). Malatya ilinde yapilan ¢alismada ise isletmelerin
%69.1'inin kayit tutmadig: belirtilmistir (Seker ve ark., 2017). Karahan ve ark.
(2021), tarafindan yapilan ¢alismaya katilan aricilarin Mugla ilinde %14’tiniin, Af-
yonkarahisar ilinde %18’inin kayit tutmadigin1 belirtmistir.

Yapilan ¢aligmada kislatma yeri olarak isletmelerin %90.64’tinlin a¢ik alanda,
%5.91’inin sundurma altinda, %3.45’inin depoda kovanlarinin kisi gecirdigi orta-
ya konmustur. Yozgat ilinde ankete katilan isletmelerin %80.30’unun sabit aricilar
olmasi sebebiyle ve Yozgat ili kis sartlar1 diisiinerek kiglatma yeri se¢imi, cogra-
tik benzerliklere gore ayrilan bolgeler bazinda degerlendirildiginde; kislatma yeri
ile bolgeler arasinda istatistiksel olarak anlamli bir iliski vardir (p<0.05). Agikta
kislatma orani diger bolgelere gore merkez bati bolgesinde daha fazladir (Cizelge
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6). Merkez-bat1 bolgesinde diger bolgelere kiyasla hava sicakligi diisiik olmasina
ragmen havasizlik ve nem yogunlagmasinin 6niine ge¢ilmedigi taktirde bu tip kis-
latmalarda gereken basar: saglanamayabilir. Bunun yerine iyi bir izolasyon yapil-
mas1 ve gerekli kis yiyeceginin birakilmasi kosulu ile agikta kislatma daha iyi sonug
vermektedir (Geng, 1993).

Cizelge 6. Kislatma yeri se¢ciminin merkez ve bolgelere gére dagilimi

Table 6. Distribution of wintering place selection by center and regions

Kislatma Yeri Merkez Bat1 Bolgesi  Kuzey Bolgesi Giiney Bolgesi il Genel
Depo 1? 28 4 7
1.1% 3.6% 6.9% 3.4%
Sundurma Alt1 1 530 6° 12
1.1% 8.9% 10.3% 5.9%
Agik Alan 87 49° 48° 184
97.8% 87.5% 82.8% 90.6%
Toplam 89 56 58 203

*P<0.05, ayni satirda farkl harflerle gosterilen ortalamalar arasindaki farklihk 6nemlidir.

Yapilan anket ¢alismasi sonucunda yozgat ilinde kislatma siiresi boyunca
%3.45’inin bir-ii¢ ¢erceve, %16.75'inin dort-bes cerceve, %79.80’inin bes
ve lizeri gerceve biraktifi belirlenmistir. Yozgat ilinde yiiriitiilen bagka bir
¢alismada ise kiglatma i¢in aricilarin %72’sinin 6-7 ¢erceve ar1 ile kiga girmekte
oldugunu bildirmistir (Yildiz et al., 2022). Kovan kontrol etme siklig: ile
bolgeler arasinda istatistiksel olarak anlaml bir iligki vardir (p<0.05). Haftada
bir kez kontrol etme orani merkez bati bolgesinde diger bolgelerden daha
fazladur.

Koloni kayiplarinda ar1 kiglatma ¢ok 6nemli olup basarili bir kislatmanin
yolu da 6ncelikle sonbaharda hastalik ve zararlilar etkin bir miicadele ve yeterli
kis besin stoklarindan ge¢mektedir. Yozgat ilinde yapilan anket ¢alismasina
katilan aricilarin kiglatma kayiplarina neden olan faktorleri tespit edemedigi
anlagilmistir (Cizelge 7). Bilinmeyen nedenden yasanan kislatma kayiplar: ile
bolgeler arasinda istatistiksel olarak anlamli bir iligki vardir (p<0.05). Kuzey
bolgesindeki sebebi bilinmeyen kayip orani merkez bati bolgesine gore daha
tazladir.
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Cizelge 7. Koloni kayiplarinin merkez ve bolgelere gore dagilimi

Table 7. Distribution of colony losses by center and regions

Kayip Merkez Bat1 Bolgesi  Kuzey Bolgesi 1? (:Z:zl il Genel
Varroa 68° 12° 30¢ 110
76.4% 21.4% 51.7% 54.2%
Yavru Ciiriikliigii 53¢ 19° 29 101
59.6% 33.9% 50.0% 49.8%
f(eal;:ll:i Bilinmeyen & 10 geb 27
6.7% 21.4% 15.5% 13.3%
Toplam 89 56 58 203

*P<0.05, ayni satirda farkls harflerle gosterilen ortalamalar arasindaki farklihk 6nemlidir.

Yozgat ilinde ankete katilan isletmelerde %54.19’unun varroa, %49.75’inin
yavru ¢iiriikliigii, %8.87’sinin nosema oldugu ortaya konulmustur, Kars'ta
yapilan aragtirmada %100 oraninda varroa tespit edilmistir (Onk ve Kilig,
2014). Diizcede yapilan bir arastirmada en fazla goriilen ar1 hastaliklarinin
%81.9’'unun varroa, %17.9’unun nosema ve %9.7sinin Amerikan yavru ¢ii-
ritkliigii oldugu bildirilmistir (Kekegoglu ve ark., 2013). (Cakmak ve Cakmak,
2016), Tirkiyenin bazi bolgelerde %80’lere kadar varabilen koloni kayiplarini
etkileyen faktorler olarak; varroa, nosema, yavru ¢liriikliigii, tarim ilaclari, ana
ar1 yetersizligi, koloni yonetimi ve uzun mesafeli gezginci ariciligin neden ol-
dugunu bildirilmistir.

Yozgat ilinde ankete katilan isletmelerin sorunlarinin; %59.11’inin pazar-
lama sorunlari, %24.14’tiniin seker, petek, gerceve, ila¢ gibi her sene kullani-
lan malzemenin pahali olmasi, %17.24’{iniin devlet desteginin yetersiz olmasi,
%13.79’unun bitkisel tiretim i¢in kimyasal ilag kullanimi, %7.39’unun sahte
ballardan dolayi tiiketici giivensizligi, %4.93’tiniin egitim ve teknik bilgi eksik-
ligi, %4.43’tintin yer, konaklama ve nakliye zorluklari, %0.49’unun 6rgiitlenme
sorunlari, oldugu tespit edilmistir. Cizelge 8de goriildiigi gibi sahte bal gii-
vensizligi sorunu ile pazarlamada yaganan sikintilar ar1 yetistiricilerinin bu-
lundugu ilgelerin konumlarina baghdir (p<0.05). Merkez Bat1 bolgesindeki ar1
yetistiricilerinin diger bolgelerdekilere gore daha fazla bu sorunla kargilagtik-
larini ortaya koymustur. Ar yetistiricilerinin egitim ve teknik bilgi yetersizligi
sorunun varlig1 ar1 yetistiricilerinin bulundugu ilgelerin konumlarina baglidir
(p<0.05). Kuzey bolgesindeki ar1 yetistiricileri diger bolgelerdekilere gore daha
fazla egitim ve teknik bilgi eksikligine sahip olduklarini ve kendilerini daha
fazla sahipsiz hissetmekte olduklarini ifade etmislerdir.
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Cizelge 8. Isletme sorunlarinin merkez ve bélgelere gore dagilimi

Table 8. Distribution of business problems by center and regions

Kayip Merkez Bat1 Bolgesi ~ Kuzey Bolgesi  Giiney Bolgesi il Genel
Sahte Bal Giivensizligi 23¢ 1° 1° 25
25.8% 1.8% 1.7% 12.3%
e : o
1.1% 10.7% 0% 3.4%
Toplam 89 56 58 203

*P<0.05, ayni satirda farkls harflerle gosterilen ortalamalar arasindaki farklihk 6nemlidir.

Yapilan benzer ¢aligmalarda; Malatya ilinde karsilagilan sorunlar sirasiyla ko-
naklama, zirai ilaglar, kredi, tesvik yetersizligi, yabanci arici, hirsizlik ve muhtarlar
ile karsilasilan sorunlardir (Kutlu ve Kilig, 2020). Diyarbakur ilinde yapilan ¢alis-
mada aricilarin en 6nemli sorunlar yer/konaklamadir (Kutlu ve Kilig, 2020). Adi-
yaman, Diyarbakir, Gaziantep, Mardin, Siirt, Sanlurfa ve $irnak illerinde yapilan
caligmada aricilarin kargilastiklar: sorunlar sirasiyla tiriinlerin pazarlanmasi, has-
taliklarla miicadele, konaklama, kredi alma, bilgi eksikligi, 6rgiitlenme, kislatma ve
nakliye olarak belirlenmistir (Karahan ve Ozbakir, 2020). Giinesdogdu ve Akyol,
2019 tarafindan Adana ilinde yapilan ¢aligmada aricilarin kargilastigi en 6nemli
sorunun konaklama oldugu ortaya konulmustur. Adana ilinde yapilan diger bir
aragtirmada ise isletmelerin karsilastiklar1 en 6nemli sorunlarin sirasiyla %37’sinin
balin pazarlanmasi, %23.8%inin yiiksek girdi fiyatlari, %13.9’unun tarimsal ilag-
lama, %7.9’unun konaklama, %1.65’inin egitim eksikligi ve %1.25’inin destekle-
me politikasinin yanlighgi, oldugu olarak ortaya konmustur (Segmenoglu, 2018).
Canakkale ilinde yapilan arastirmada iireticilerin aricilik yaparken karsilagtiklar
ilk bes sorunun sirasiyla; tiriinlerin pazarlanmasi, hastaliklarla miicadele, konak-
lama yeri, nakliye ve 6rgiitlenme olarak tespit edilmistir (Aktiirk ve Aydin, 2019).
Denizli, Mugla, Aydin illerinde yapilan ¢alismada isletmelerin birinci sorunu koy
arazisine alinmama (%26.9), ikinci siradaki sorun ulagim (%17.7) olarak belirlen-
mistir (Cevrimli ve Sakarya, 2018).

4. SONUC

Sosyo-ekonomik nitelikler, teknik 6zellikler ve tiretim faaliyetleri ile karsilagilan
hastaliklar ve sorunlar bakimindan Yozgat ilindeki ¢alismaya katilan aricilik islet-
melerinin degerlendirildigi bu arastirma ile Yozgat ilinin mevcut aricilik potansi-
yeli bakimindan Tiirkiye geneline gore siralamada gerilerde kaldig1 goriilmektedir.
Elde edilen bulgulara gore karsilagilan sorunlar bakimindan devlet desteginin az
olmasy, sahte bal giivensizligi, egitim ve teknik bilgi yetersizligi acisindan istatiksel
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olarak anlamli bir farklilik bulunmustur. Buna gore kuzey bolgesinde bulunan ye-
tistiricilerin egitim ve teknik destege ulagamadiklari, aricilik yapma nedenlerinin
hobi amagli olarak kaldigini gostermektedir. Merkez- bati bolgesinde ana gelir kay-
nag1 olarak yapilan aricilik ise ¢ogunlukla sahte bal sorunu ile karsilagilmasindan
dolay1 pazarlama sorunlari ile karsilagildigini ortaya koymustur. Bununla birlikte
ana ar1 yenileme, kiglatma yeri se¢imi, kovan kontrol sikligi gibi teknik aricilik
konular1 agisindan da istatiksel olarak anlamli bir farklilik bulunmustur. Aricilik
isletmesinde geng ve kaliteli ana arilar tarafindan yonetilen kolonilerle ¢alismak,
aricinin 2 yilda bir ana arilarini kaliteli geng bir ana ar1 ile degistirmeleri islet-
menin karliligini ve siirekliligini artiracaktir. Uretimde kullanilan ar1 irklari, ari-
cilikta kullanilan malzemeler ve ekipmanlar bakimindan elde edilen veriler ildeki
ariciligin yapisini anlamak amaciyla ele alinmustir. Arastirma sonucunda aricilarin
agirlikli olarak Kafkas irki ar1 kullandiklari, biiyiik oranda temel petek ve stizme
makinast kullandiklar1 belirlenmistir. Yozgat ilinde aricilik isletmelerinde biiytik
oranda yan gelir kaynagi olarak aricilik yapmakta olduklar: belirlenmistir. Yaganan
pazarlama sorunlar1 aricilig1 yorede temel gecim kaynagi olarak yapmay: olumsuz
etkilemektedir.

Bu nedenle Yozgat ilinde aricihigin daha ileri seviyelere taginabilmesi igin ve-
rimli ve yoreye uyumlu irklarin kullanmas, isletme kayitlarinin tutulmasi, pazar-
lama sorunlarinin ¢éziimlenmesi ve aricilara yonelik kurs, egitim ve teknik bilgi-
lendirme ¢aligmalarinin daha fazla yapilmas: gerekmektedir.

Tesekkiir:

Bu makale TUBITAK-2209A tarafindan desteklenen 1919B012100763 nolu pro-
jeden iiretilmistir. Bu yiizden TUBITAK a tegekkiir ederiz.

Cikar Catismasi

Yazarlar herhangi bir ¢ikar ¢atismasi olmadigini beyan eder.

Etik:

Bu ¢aligma etik kurul onay1 gerektirmez.

Yazar Katki Oranlar:

Caligmanin Tasarlanmasi (Design of Study): EC (%90), ZG (%10),
Veri Toplanmasi (Data Acquisition): EC (%30), ZG (%70),

Veri Analizi (Data Analysis): EC (%90), ZG (%10),

Makalenin Yazimi (Writing up): EC (%100),

Makalenin Génderimi ve Revizyonu (Submission and Revision): EC (%100)
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EFFECT OF DIRZEPAM ON THE DEVELOPMENTAL PARAMETERS
OF MUSCA DOMESTICA

ABSTRACT

The objective of the present study was to investigate the some population dy-
namics and morphological parameters of Musca domestica Linnaeus, 1758 (Dip-
tera: Muscidae) under the influence of diazepam. For this purpose, larvae of M.
domestica were reared on diet with different dose of diazepam. We evaluated effect
of diazepam on the some life history parameters i.e., pupal, and adult weight, the
number of adult and pupae, and developmental rate of M. domestica. This study
was carried out at the Entomology Laboratory of Ondokuz Mayis University in
2021. The obtained results showed the pupal and adult weight, the number of adult
and pupae, and development durations, were negatively associated with diazepam
concentration. The findings showed that diazepam accelerates larval and pupal
development period. Rising from the results, special attention should be taken in
the application the toxicological analysis of insect larva data of fatal diazepam or
other drug-related cases. Also, when analyzing entomological evidence for drug or
chemical-related death, it is important to keep in mind its effects on Postmortem
Interval (PMI) prediction.

Keywords: Entomotoxicology, Flies, Forensic Entomology, Population
Dynamics, Musca domestica.
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DIAZEPAMIN MUSCA DOMESTICA’'NIN GELISIMSEL
PARAMETRELERI UZERINE ETKISi

0z:

Bu ¢alismanin amaci Musca domestica Linnaeus, 1758 (Diptera: Muscidae)nin
diazepam etkisi altindaki bazi populasyon dinamiklerini ve biyolojik parametre-
lerini arastirmaktir. Bu amagla, M. domestica larvalar: farkli dozlarda diazepam
iceren besinle yetistirilmistir. Diazepamin M. domesticanin bazi yasam oykiisii
parametreleri; pupa ve yetiskin agirlig, yetigskin ve pupa sayis1 ve gelisim hiz1 gibi
tizerindeki etkisini degerlendirdik. Bu galigma, Ondokuz Mayis Universitesi En-
tomoloji Laboratuvarrnda 2021 yilinda gergeklestirilmistir. Elde edilen sonuglar
pupa ve ergin agirligi, pupa ve ergin sayisi ve gelisme siirelerinin diazepam kon-
santrasyonu ile negatif iliskili oldugunu gostermistir. Bulgular, diazepamin larva
ve pupa gelisim siirecini hizlandirdigini gostermistir. Sonuglardan yola ¢ikarak,

https:/doi.org/10.7161/0muanajas.1206784 d



Effect of Diazepam on the Developmental Parameters of Musca domestica

diazepam veya diger uyusturucuyla bagh 6liim olaylarinda bocek larva verilerinin
toksikolojik analizi uygulamasinda 6zel dikkat gosterilmelidir.

Ayrica, uyusturucu veya kimyasala bagli 6liim icin entomolojik kanitlar1 analiz
ederken, bunun Postmortem Interval (PMI) tahmini tizerindeki etkilerini akilda
tutmak 6nemlidir.

Anahtar Kelimeler: Entomotoksikoloji, Sinekler, Adli Entomoloji, Populasyon
Dinamigi, Musca Domestica.

ek

1. INTRODUCTION

Death investigations contain the analysis of gastric contents, blood, and urine.
If it has been a long time since death, it can be difficult to use samples such as blood
or urine. Insect evidence may be important tool incriminal investigations, parti-
cularly when examining suspected poisoning cases. A samples of the larval skin
debris, maggots, and empty pupae, collected from the corpse can assist in forensic
entomological investigations (Goff et al., 1988).

Insects, which have been on the planet for over 400 million years, are conside-
red one of the most enduring and successful life forms, and constitute the basis of
the global ecosystem (Amendt, 2004). Insects are colonized to the corpse imme-
diately after death and generally used to estimate minimum Posmortem Interval
(minPMI) and cause of death. Flies could also give evidence for the presence of
toxins and drugs in the corpse (Kintz et al., 1990; Gautam et al., 2013). Insects
generally involved in the forensic investigations are the Calliphoridae (blow flies),
Sarcophagidae (flesh flies) and Muscidae (house flies) (Joseph et al., 2011). The
larvae of carrion-feeding flies can metabolize chemical substances, poisons, and
drugs and accumulate chemical substances ingested by the deceased people. These
chemical substances may impact the growth rate and development of insects. Thus,
entomological specimens collected from the corpse provide an alternative source
of toxicological specimens that may assist in determining cause of death (El-Kady
et al.,1994). The pharmacokinetics of chemicals and drugs in flies depend on their
feeding behaviors, species, and developmental stages (Miller et al., 1994). Therefo-
re, the knowledge of population dynamics, local insect communities, and growth
rates is essential for entomotoxicological research (Gosselin et al., 2011).

Entomototoxicology, which is a new branch of forensic entomology, that allows
qualitative and quantitative analysis of toxic substances, chemicals, and drugs in
the corpse with the use of entomological evidence obtained from the crime scene
(Hall et al., 1993; Liu et al., 2009; Dayananda and Kiran, 2013; Chophi et al., 2019).
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Several studies have indicated that the presence of toxins and drugs could
change the growth rates of insects and affect estimation of PMI (Carvalho et al.,
2001; Elshehaby et al., 2019; Al-Keridis et al., 2022a; Al-Keridis et al., 2022b, Lamia
et al., 2011; Bhandari et al.,, 2015; Al-Shuraym, 2021; Liu, 2009; Al-Shareef et al.,
2021; Nuorteva et al., 1982; Kintz et al., 1990; Bourel et al., 2001; El-Samad et al.,
2011; Baia et al., 2016).

Diazepam is a benzodiazepine and misuse of diazepam is associated with inc-
reased mortality (Pawar, 2021). Diazepam can help to treat seizures, anxiety, symp-
toms of alcohol withdrawal, and muscle spasms (Carvalho et al., 2001). Unders-
tanding the different impacts of drugs may have on cadaveric insects is of major
importance because the impacts of drugs on flies’ development vary from species
to species.

The house fly Musca domestica Linnaeus, 1758 (Diptera: Muscidae), is a op-
portunistic and, cosmopolitan species and found throughout the world in close
association with human activities. Musca domestica is a mechanical vector of pat-
hogens that affect both humans and animals (Graczyk et al., 2001; Forster et al.,
2007; Scott et al., 2014; Asiri, 2017). Moreover, house flies are the most important
pests in livestock and poultry production and could lead to the economic loss in
the livestock industry, (Scott et al., 2014; Asiri, 2017; Hussein et al., 2017; Miranda
et al., 2019). Several studies observed the presence larvae and adults of houseflies
on carcasses. M. domestica usually arrives at corpses after the blowflies, thereby it
may serve as a possible forensic indicator. M. domestica can cause myiasis. When
myiasis caused by houseflies larvae is generally used as evidence of insufficient
care or neglect of the elderly and children (Wang et al., 2018). This study aimed to
evaluate the effect of diazepam on the development and some life history parame-
ters of M. domestica.

2. MATERIALS AND METHODS
2.1. Sample Collection and Insects Rearing

Adult of Musca domestica was collected from the campus land from June th-
rough August 2020 using aerial insect nets and atraps and transferred to to the
Entomology laboratory of Ondokuz Mayis University (41° 15" N, 36° 19" S) within
1 hour of collection. Adult flies (approximately 600) were cultured in clear rectan-
gular plastic cages at a photoperiod of 14:10 (L:D) h, 50 + 1.5% relative humidity
(RH), and 26.2 + 0.5°C. Adult flies were provisioned with table sugar, and water
ad libitum (Hogsette and Coler, 2002). The houseflies were breeding method, with
modifications proposed by (Holl and Gries, 2018). Males and females were held
together in the same cages. The eggs collected were used to sustain the colony.
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The larval oviposition substrates were a mixture of wheat bran, yeast, dry milk
powder, and sugar, and water placed in a 100 ml plastic cups. We used flies from
the same generation of the colony at all replicates to reduce the genetic variability
among the samples. Larvae that hatched from the eggs were maintained under the
same environmental conditions as the adult flies The pupae were kept in 500 ml
glass jar containing sawdust till the adult emerging out.

2.2. Experimental Design

Diazepam in tablet form (Nervium 5 mg tablet Saba Pharmaceuticals Industry
and Trade Inc) was dissolved in 5 ml of distilled water (1 mg/ml Diazepam stock
solution). To set the experiment, three plastic cups of different concentrations were
prepared, and one cup was set as a control (an untreated diet). Three replicates
of each concentration were used in each trial. From the stock solution, different
amounts were mixed with diet to prepare different concentrations 1.5 ppm, 2 ppm,
and 3 ppm, respectively. Forty first-instar larvae were added to 40 g of a diet com-
posed of the different concentrations of diazepam inside 300 ml plastic cups. Lar-
val and pupal durations, adult and pupal weight, larval and pupal survival were
recorded.

2.3. Statistical Analysis

Statistical analysis was done using SPSS 22 software (SPSS Inc., Chicago, IL).
One way ANOVA tests with Tukey post-hoc tests were used to evaluate differences
between groups. P < 0.05 was achieved to indicate statistical significance.

3. RESULTS
3.1. Larval and Pupal Developmental Period

Results revealed that treatment with diazepam influenced the the larval and
pupal development times of flies. We determined significant declines among larval
(F=12.770; p<0.000) and pupal (F=6.231; p<0.000) development periods, with the
shortest period at concentration 3 (3ppm) and the longest period at control group
(Table 1).

Table 1. Larval and pupal development durations of M. domestica at different
diazepam concentrations.

Concentration Larval Duration (days) Pupal Duration (days)
(ppm) (Mean + SE) (Mean + SE)
Control 6.00 + 0. 068 bc* 517 +£0.444b
1.5 5.83+0.166 b 4.50 £+ 0.000 ab
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2.0 5.33 0. 166 ab 4.00 +0.000 a

3.0 5.00 £ 0.000 a 4.00 +0.000 a
F=12.770; df = 3.8; F=6231;df=3.38
P <0.000 P <0.000

*Means in the same column followed by different letters are significantly different by Tukey test at the

5% significant level.
3.2. Pupal and Adult Weight

Mean pupal weight and adult decreased with increasing drug concentration
(Table 2). Significant differences were determined for pupal weight (F=171.621;
p<0.00), female weight (F=53.189; p<0.000) and male weight (F=11.365; p<0.000)
of flies between the diazepam-treated and control group (Table 2). Female and
male weight significantly decreased when the concentration increased.

Table 2. Pupal and adult weight (g) of M. domestica at different diazepam
concentrations

Concentration (ppm) Pupal Weight Female Weight Male Weight
pp (Mean + SE) (Mean + SE) (Mean + SE)
Control 0.0179 +0.002 d* 0.0028 + 0.006 ¢ 0.0020 * 0.009 ¢
1.5 0.0148 +0.003 ¢ 0.0019 + 0.008 b 0.0019 £ 0.001 ¢
2.0 0.0111 £+ 0.004 b 0.0018 £ 0.001 b 0.0017 £ 0.001 b
3.0 0.0076 +0.002 a 0.0013 +0.001 a 0.0011 +0.001 a
F =171.621; df=3.321; P F=53.189; df = F=11.365df=3.111;
< 0.000 3.137, P < 0.000 P <0.000

*Means in the same column followed by different letters are significantly different by Tukey test at the

5% significant level.
3.3. Larval and Pupal Survival

The effects of diazepam treatment on survival rates of pupae and adults are
presented in Table 3. Statistical analysis revealed a significant difference in the
numbers of surviving pupae (F= 15.847; p<0.001), males (F= 4.632; p<0.000) and
females (F=89.333, p<0.000) between diazepam-treated and control groups. In our
study, pupal and adult mortality rates increased with increasing drug concentra-
tion (Table 3).
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Table 3. Numbers of pupa and adult of M. domestica at different diazepam
concentrations.

Concentration (ppm) Number of Pupae  Number of Females Number of Males
PP (Mean:+SE) (Mean:SE) (Mean+SE)
Control 37.33+0.333d* 20.66 + 0.666d 14.00 £ 0.577d
1.5 30.33 £ 0.881c 17.00 + 1,000c 9.66 * 1.666 ¢
2.0 22.33+1,201b 533 +1.201b 8.66+1.027 b
3.0 15.66 £0.484 a 5.00 + 0.000 a 6.00 £ 1.527 a
F=15.847;df=3.8; F=289.333;df=3.8 F=4.632; df=3.8
P <0.000 P <0.000 P<0.000

*:Means in the same column followed by different letters are significantly different
by Tukey test at the 5% significant level.

4. DISCUSSION

The current study was performed to investigate the effect of diazepam on the
some life history parameters of M. domestica. In our study, the development time
of M. domestica were affected by diazepam in a concentration-dependent manner.
The duration of larval and pupal development of Musca domestica was significantly
decreased compared to control. This was probably related to the drug interfering
with the insect’ physiology, metabolic processes, and therefore affecting their de-
velopment (Introna et al., 2001). In the current experiment, relative to the develop-
mental duration of control insects, the larval developmental duration was reduced
by 4-24 h, pupal developmental duration was reduced by 16-28 h, and the total
developmental duration was reduced by 20 h -2,17 days. Our result is consistent
with Carvalho et al. (2001), who found that diazepam accelerate development rate
of Chrysomya putoria (Wiedemann, 1830) and Chrysomya albiceps (Wiedemann,
1819) (Diptera: Calliphoridae). In another study, Bhandari et al. (2015), observed
that the development periods of Calliphoridae and Sarcophagidae species were
shorter in high concentrations diazepam treated groups as compared. These results
concur with Al-Shareef et al. (2021), who observed that the total development pe-
riod of C. albiceps which, fed on the diazepam-containing rabbit tissue, developed
faster than the control group.

Different chemicals and drugs may significantly distrupt the physiology of car-
rion flies (Introna et al., 2001) and accelerate or delay developmental rates (Carval-
ho, 2010). In this respect, it is crucial to test the effects of different drugs on the fly’s
life cycle. For examples: Zolpidem tartrate also prolonged the developmental stages
of Sarcophaga ruficornis Fabricius, 1794 (Diptera: Sarcophagidae) (Al-Keridis et
al., 2022a), Chrysomya rufifacies (Macquart, 1842) (Diptera: Calliphoridae) and
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Chrysomya indiana (Diptera: Calliphoridae) (Al-Keridis et al., 2022b) in a con-
centration-dependent manner.

Our study showed a significant negative relationship between drug concentra-
tions and pupal and adult weight. Pupae, female and male weights decreased with
increasing drug concentration. The heaviest pupae, female and male weights were
recorded in the control group. These results are line with who Al-Keridis et al,
(2022b), indicated that pupa and adult weights of C. rufifacies, C.indiana and S. ru-
ficornis (Al-Keridis et al., 2022a), decreased as zolpidem concentration increased.
Similarly, Al-Shuraym et al. (2021), who showed that the pupal and adult weight
of C. megacephala and Chrysomya saffranea (Bigot,1877) (Diptera: Calliphoridae),
decreased with increased concentration of zolpidem tartrate. This observation ag-
reement with Baia et al. (2016), who found C. megacephala pupae of the 8 and 32
ng/g groups were heavier than the control, and 4 ng/g groups, and the adults of the
8, 16, and 32 ng/g groups were heavier than the 4 ng/g and control groups.

In our study, there is a negative relationship between pupa and adult numbers
and drug concentrations. As the drug concentration increased, the number of pu-
pae and adults decreased. Baia et al. (2016), showed that the mortality of C. mega-
cephala larvae was increased when fed on Flunitrazepam treated compared to the
control culture. Carvalho et al. (2001), found that pupae, adult rate, and mortality
rates were significantly affected when larvae of C. putoria and C. albiceps were fed
with diazepam-treated rabbit tissues.

5. CONCLUSION

In this study, the effects of different concentrations of diazepam on some life
history parameters and development periods were investigated. The findings
showed that diazepam accelerates development period and and as such can inf-
luence the colony of such insects. This drug also decreased the values of some life
history parameters, the weight of pupae and adult, number of pupae and adult, de-
pending on the drug concentrations. Thus, these morphological parameters can be
considered important measurements that may provide useful data for postmortem
interval estimation. Based on the results of the present study; it is clear that further
analysis is needed, including different fly species, drugs, and concentrations, to
establish a systematic database to support criminal investigations.
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ANTALYA EKOLOJiK KOSULLARINDA YETISTIRILEN 4 AVOKADO
(PERSEA AMERICANA MILL.) CESIDININ MEYVE OZELLIKLERI
ILE FARKLI DOKULARININ BAZI BIYOKIMYASAL iCERIKLERININ
BELIRLENMESI

0z:

Diinyada meyvesi yenen {riinlerin tarimsal iiretimi yaygin bir sekilde yapil-
maktadir. Bu iriinler icerisinde avokado da yer almaktadir. Avokadonun ¢ogun-
lukla meyve eti tiiketilmekte ve yan iriinleri (meyve kabugu, tohumu vb.) israf
edilmektedir. Fakat bu {iriinlerin kimyasal bilesenler agisindan zengin oldugu ve
degerlendirilmesi gerektigi siklikla vurgulanmaktadir. Ozellikle avokado tohum-
larinin bol miktarda antioksidan madde igerdigi ve son yillarda ¢ay olarak tiiketi-
minin arttig1 gozlenmistir. Bu nedenle ¢alismada, Antalya ilinin Alanya ilgesinde
yetistirilen “Bacon”, “Fuerte”, “Zutano” ve “Hass” avokado ¢esitlerinin meyve 6zel-
liklerinin ve farkli dokularinin (meyve, yaprak ve tohum) biyokimyasal icerikleri-
nin belirlenmesi amag¢lanmigstir. Meyve agirligi 253.9 g ile 123.0 g, meyve eni 68.0
mm ile 56.4 mm, meyve boyunun 107.9 mm ile 77.9mm, tohum agirliginin 39.5 g
ile 20.7 g, tohum eninin 31.9 mm ile 26.5 mm, tohum boyunun 51.3 mm ile 31.9
mm ve meyve eti sertliginin 20.3 N ile 14.1 N arasinda degistigi tespit edilmistir.
Fiziksel goriiniis olarak degerlendirildiginde “Zutano” ¢esidine ait meyvelerin di-
ger cesitlerden daha parlak oldugu saptanmustir. “Bacon” ve “Hass” ¢esitlerine ait
meyvelerin daha mat bir goriintiiye sahip oldugu, renk degerlerinin de en diisiik
sonuglar verdigi belirlenmistir. Meyve hasat kriterleri arasinda yer alan suda ¢o-
ziinebilir kuru madde, titre edilebilir asitlik ve pH degerleri incelendiginde tim
cesitlerin birbirine yakin asitlik degerlerine sahip oldugu saptanmustir. Aragtirma
bulgularinda meyve 6zellikleri ve biyokimyasal igerik bakimindan “Bacon” ¢esidi
one ¢ikarken diger ¢esitlerin de tiiketim i¢in uygun besin kaynagi oldugu belirlen-
mistir. Ayrica aragtirma bulgularinin konu ile ilgili yapilacak sonraki ¢alismalar,
titketim, yetistiricilik ve saglik ile ilgili sorularin cevabi icin de uygun bir kaynak
olacagi diisiiniilmektedir.

Anahtar Kelimeler: Antioksidan Aktivite “Bacon”, Pomolojik Ozellikler, Toplam
Fenolik Madde, Toplam Flavonoid Madde.

e
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DETERMINATION OF FRUIT CHARACTERISTICS AND SOME
BIOCHEMICAL CONTENTS OF DIFFERENT TISSUES OF 4
AVOCADO (PERSEA AMERICANA MILL.) CULTIVARSS GROWN
IN ANTALYA ECOLOGICAL CONDITIONS

ABSTRACT

Agricultural production of the products whose fruit is eaten is widely carried
out in the world. These products include avocado. Mostly fruit pulp of avocado is
consumed and its by-products (fruit peel, seeds, etc.) are wasted. However, it has
been frequently emphasized that these products are rich in chemical components
and should be evaluated. It has been observed that especially avocado seeds con-
tain plenty of antioxidant contents and their consumption as tea has increased in
recent years. Fruit weight 253.9 g to 123.0 g, fruit width 68.0 mm to 56.4 mm, fruit
length 107.9 mm to 77.9 mm, seed weight 39.5 g to 20.7 g, seed width 31.9 mm to
26.5 mm, seed length 51.3 mm to 31.9 mm, and fruit firmness of it was determined
to vary between 20.3 N and 14.1 N. When evaluated in terms of physical appearan-
ce, it was determined that the fruits of the “Zutano” variety were brighter than the
other cultivars. It was determined that the fruits of “Bacon” and “Hass” cultivars
had a duller appearance and the color values gave the lowest results. When total
soluble sugar contents, titratable acidity and pH values, which are among the fruit
harvest criteria, were examined, it was determined that all varieties had acidity
values close to each other. In the research findings, while the “Bacon” cultivar is
out in terms of fruit characteristics and biochemical content, it has been determi-
ned that other cultivars are suitable food sources for consumption. In addition, it
is thought that the research findings will be a suitable source for future studies on
the subject, and answers to questions about consumption, agriculture, and health.

Keywords: Antioxidant Activity “Bacon’Pomological Properties, Total Phenolic
Content, Total Flavonoid Content.

e 2 e
1. GIRIS

Avokado (Persea americana Mills), Amerika ve Giiney Asya orjinli olup, La-
uraceae familyasina ait ¢ift cekenekli bir bitki tiiriidiir (Yahia, 2011). Yiiksek lipit
icerigi ile gida, farmasotik ve kozmetik gibi alanlarda yaygin olarak kullanilmak-
tadir. Ayrica gesitli hastaliklar icin geleneksel tipta da kullanildig: bilinmektedir
(Mensah ve ark. 2009). Avokado karbonhidrat, yag, protein, lif, mineral ve diger
cesitli biyoaktif bilesikler agisindan zengin bir besin kaynagidir (Araujo ve ark.,
2020). Hidroksisinamik asitler, hidroksibenzoik asitler, organik asitler, fenolik-al-
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kol tiirevleri, flavonoidler gibi bilesikleri de igerdigi farkli arastiricilar tarafindan
tespit edilmistir (Oboh ve ark., 2016; Fitriani Abubaka ve ark., 2017; Figueroa ve
ark., 2018; Alkhalf ve ark., 2019). Olgun avokado meyvesi vitaminler, mineraller,
potasyum, fosfor, magnezyum ve demir icermektedir. Ayrica antioksidan ve ra-
dikal siiptiriicii aktiviteler sergileyen E vitamini, karotenoidler ve steroller dahil
olmak tizere yiiksek seviyelerde lipofilik, biyoaktif fitokimyasallar da icermektedir
(Lee ve ark., 2004). Tiim bu besin igerikleri ¢eside, olgunluk derecesine ve yetistir-
me kosullarina bagl olarak degisebilmektedir (Schaffer ve ark., 2013).

Atilan avokado yan iirtinlerinin, kimyasal bilesenler agisindan zengin oldugu
ve degerlendirilmesi gerektigi siklikla vurgulanmaktadir. Ayrica avokado meyvesi-
nin icerdigi biyoaktif bilesiklerin oksidatif stresi ve inflamatuar stiregleri azalttig,
kanser hiicrelerini notralize ettigi bildirilmistir (Melgar ve ark., 2018; Tremocol-
di ve ark., 2018; Ramos Athaydes ve ark., 2019). Avokado tohumlar: tek basina
toplam meyve agirliginin neredeyse %25’ini olusturmakta ve meyve tiiketildikten
sonra ¢ogu zaman atilmaktadir. Oysaki tohumlarin polifenoller agisindan zengin
oldugu ve yiiksek antimikrobiyal ve antioksidan aktivitelere sahip oldugu bilin-
mektedir (Raymond Chia ve Dykes, 2010).

Fenolik bilesikler, meyve ve sebzelerde en ¢ok ¢alisilan fitokimyasallar grubunu
olusturmaktadir (Dominguez- Avila ve ark., 2017; Septembre-Malaterre ve ark.,
2018). Fenolik maddeler avokado kabuk ve tohumunda bol miktarda bulunmak-
tadir (Rodriguez-Carpena ve ark., 2011). Ozellikle fenolik asitler, flavonoidler ve
tanenler avokado meyvesinde en ¢ok bulunan fenolik bilesikler arasinda yeralmak-
tadir (Di ve ark., 2017; Tremocoldi ve ark., 2018). Bu bilesiklerden biri olan flavo-
noidler, vakuollere ek olarak mezofilik hiicrelerin ¢ekirdeginde ve reaktif oksijen
tiirlerinin (ROS) olusum bélgelerinde bulunmaktadir (Kumar ve Pandey, 2013).
Fenolik asitlere benzer sekilde avokado meyvesindeki flavonoidler, giiglii serbest
radikal stabilizatorleri olarak iglev gormektedir (Burda ve Oleszek, 2001). Orne-
¢gin, taksifolin, rutin, quarsetin gibi bilesiklerin DPPH’1 (1,1-diphenyl-2-picrylhyd-
razyl) %94 oraninda nétralize ettigi bilinmektedir (Burda ve Oleszek, 2001). Icer-
digi fenolik ve antioksidan maddelerden dolay1 avokado tip, eczacilik, kozmetik ve
gida sanayisinde siklikla kullanilmaktadir.

> < »

Bu aragtirma, Antalya ilinin Alanya ilgesinde yetistirilen “Bacon”, “Fuerte”, “Zu-
tano” ve “Hass” avokado cesitlerinin farkli dokularinin (meyve, yaprak ve tohum)
pomolojik ve biyokimyasal iceriklerinin belirlenmesi amaciyla yiriitilmiistiir.
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2. MATERYAL VE YONTEM
2.2.1. Calismada incelenen Pomolojik Ozellikler

Analizler 3 tekerriirlii ve her tekerriirde 12 meyve olacak sekilde toplamda 144
adet meyvede gergeklestirilmistir. Calismada meyve eni (mm), meyve boyu (mm),
tohum eni (mm) ve tohum boyu (mm) dijital kumpas ile ortalama meyve agirlig
(g) ve tohum agirhig1 (g) dijital tart1 ile meyve eti sertligi (N) dijitaj penetromet-
re ile ve meyve kabuk rengi dijital refraktometre ile 6l¢tilmiistiir (Oztiirk ve ark.,
2013; Butar, 2013).

2.2.2. Calismada incelen Biyokimyasal Analizler

Caligma kapsaminda ¢esitlerin meyve dokularindan elde edilen meyve suyun-
dan, suda ¢oziinebilir kuru madde (SCKM), pH, titre edilebilir asit (TEA) mik-
tarlari, meyve, tohum ve yaprak dokularindan elde edilen ekstraklarda ise toplam
fenolik, toplam flavonoid madde ve DPPH siipiiriicii aktivite belirlenmistir. Eks-
traksiyon islemi Singleton ve Rossi (1965)’nin belirttigi yontem modifiye edilerek
gergeklestirilmistir. Buna gore 2 g 6rnek tartilmig ve 10 ml %60 etanol (EtOH)
igerisinde homojenitér yardimiyla par¢alanmistir. Daha sonra elde edilen edilen
homojenat ultrasonik banyoda 15 dakika inkiibasyona tabi tutulmus ve ardindan
4000 gde 10 dakika santrifiij edilmistir. Tiip icerisinde kalan kat1 kisim tizerine
tekrar 10 ml %60 EtOH eklenmis ve yukaridaki asamalar takip edilmistir.

2.2.2.1. Suda Céziinebilir Toplam Kuru Madde Miktari (SCKM %)

Suda ¢6ziinebilir toplam kuru madde miktar1 Oztiirk ve ark. (2013) ve Butar
(2013) tarafindan belirtilen yonteme gore belirlenmistir.

2.2.2.2. Meyve Suyunun pH’si

Cesitlerden elde edilen meyve sularinin pH’s1 dijital pH metre yardimiyla 6l-
ciilmiistiir (Oztiirk ve ark., 2013; Butar, 2013).

2.2.2.3. Meyve Suyunda Titre Edilebilir Asit Miktarinin Belirlenmesi (%)

Titre edilebilir asitlik miktar1 Oztiirk ve ark. (2013) tarafindan belirtilen yon-
teme gore belirlenmistir.
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2.2.2.4. Toplam Fenolik Madde iceriginin Belirlenmesi (Mg Gallik Asit
Esdegerligi (GAE) 100g™)

Toplam fenolik miktari Singleton ve Rossi (1965) nin belirttigi Folin-Ciocalteu
yontemine gore belirlenmistir.

2.2.2.5. Toplam Flavonoid icerigi (mg katesin/100g™)

Toplam flavonoid icerigi Zhishen ve ark. (1999) tarafindan belirtilen yonteme
gore belirlenmigtir.

2.2.2.6. DPPH Siipiriicii Aktivite (mg Troloks Esdedgeri Antioksidan Kapasite
(TE) 100g™)

DPPH siipiiriicii aktivite Braca vd. (2001) tarafindan bildirilen DPPH (1,1-dip-
henyl-2 picrylhydrazyl) yontemi kullanilarak belirlenmistir.

2.2.2.6. Verilerin Degerlendirilmesi

Calismada tiim analizler 3 tekerriirlii olarak yapilmistir. Elde edilen sonuglar
Minitab paket programi (MINITAB 17 inc) kullanilarak varyans analizine tabi tu-
tulmus ve 6nemli ¢ikan ortalamalar arasindaki farkliliklar Tukey testi ile belirlen-
mis ve farkls harfler ile gosterilmistir.

3. BULGULAR VE TARTISMA

Avokado meyvesinin gesitlere gére meyve agirlig1 (g), meyve eni (mm), meyve
boyu (mm), tohum agirlig1 (g), tohum eni (mm), tohum boyu (mm) ve meyve eti
sertligi (N) Cizelge 1'de sunulmus ve cesitler arasindaki farkin istatistiksel anlamda
onemli oldugu (p<0.05) saptanmistir. Aragtirmada, en yiiksek meyve agirliginin
“Bacon” (235.9 g) ve “Fuerte” (213.6 g) gesitlerinde en diisiik meyve agirliginin
ise “Hass” (123.0 g) ¢esidinde oldugu belirlenmistir. Kaplankiran ve Tuzcu (1994),
Toplu ve ark. (1998) ve Shepherd (1984) avokado meyvelerinin agirliklarinin 100 g
ile 300 g arasinda degistigini bildirmislerdir. Dolayisiyla aragtiricilarin verileri, ¢a-
ligmamizda elde edilen veriler ile benzerlik gostermektedir. Benzer sekilde en yiik-
sek meyve eni “Bacon” (65.6 mm) ve “Fuerte” (68.0 g) ¢esitlerinde en diisiik meyve
eni ise “Hass” (56.4 mm) gesidinde tespit edilmistir. Arastirmada en uzun meyve-
lerin “Bacon” (104.2 mm) ve “Zutano” (107.9 mm) gesitlerine en kisa meyvenin ise
“Hass” (77.9 mm) ¢esidine ait oldugu tespit edilmistir. Bayram ve Demirkol (2003)
¢alismalarinda meyve agirligi, meyve boyu ve meyve enini “Bacon” ¢esidinde sira-
styla, 257.42 g, 105.05 mm, 69.14 mm, “Fuerte” ¢esidinde sirastyla, 295.79 g, 129.09
mm, 69.93 mm, “Hass” ¢esidinde sirasiyla, 164.31.g, 91.82 mm, 61.13 mm ve “Zu-
tano” ¢esidinde 286.57 g, 118.74 mm, 70.98 mm olarak tespit etmislerdir. Avoka-
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do gesitlerinin meyve agirligi, meyve eni ve meyve boyunun ¢eside ve yetistirme
kosullarina gore farklilik gosterebilecegi farkli arastiricilar tarafindan bildirilmistir
(Young ve Lee, 1978; Zilkah ve Klein 1987; Undurraga ve ark., 1987; Olaeta ve ark.,
2007; Bayram ve Askin, 2006; Bayram ve ark., 2016). En yiiksek tohum agirlig1 ve
tohum boyu yine “Bacon” ve “Zutano” ¢esitlerinde (sirasiyla, 39.5 g ve 48.0 mm) en
diisiik tohum agirligs ve tohum boyunun “Hass” ¢esidinde (sirasiyla, 20.7 g ve 31.9
mm) oldugu belirlenmistir. Tohum eni bakimindan cesitler incelendiginde “Ba-
con” ve “Fuerte” ¢esitlerinin tohumlarinin diger ¢esitlere kiyasla daha enli oldugu
(31.9 mmve 29.7 mm) saptanmustir. “Zutano” meyvesinin tohum boyu en uzunlar
arasinda yer alsa da tohum eninin diger ¢esitlere kiyasla daha diisitk oldugu (28.4
mm) tespit edilmistir. En diigiik tohum eni “Hass” ¢esidinde elde edilse de (26.5
mm) istatistiksel olarak incelendiginde “Zutano” cesidi ile aynu istatistik grubunda
yer aldig1 belirlenmigtir. Tiim pomolojik 6zellikler bakimindan en digitk deger-
lerin elde edildigi “Hass” ¢esidinde, meyve etinin diger ¢esitlere kiyasla daha sert
oldugu (20.3 N) saptanmugtr.

Cizelge 1. Avokado gesitlerinin meyve agirligr (g), meyve eni (mm), meyve
boyu (mm), tohum agirlig1 (g), tohum eni (mm), tohum boyu (mm) ve meyve eti
sertligi (N)

Table 1. Fruit weight (g), fruit width (mm), fruit length (mm), seed weight (g),
seed width (mm), seed length (mm) and fruit firmness (N) of avocado cultivars

. I\t[eyv? Mey?/e Meyve T?hu?j Tohum Tohum Meyve. Etl
Cesitler Agirhig: Eni Boyu (mm) Agirhig: Eni(mm) Boyu (mm) Sertligi
® (mm) 4 @ Y ™)
“Bacon” 2359a 65.6 ab 104.2 ab 39.5a 319a 48.0a 14.1c¢
“Fuerte” 213.6a 68.0a 102.5b 29.2b 29.7 ab 40.5b 19.4 ab
“Zutano” 185.0 b 60.0 be 1079 a 33.6 ab 28.4 bc 513a 16.8 bc
“Hass” 123.0¢ 56.4 ¢ 779 c 20.7 ¢ 26.5¢ 319¢ 20.3a

*Farkli harfle gosterilen ortalamalar arasindaki fark p<0.05 diizeyinde 6nemlidir.

Avokado meyvelerinin gesitlere gore renk, SCKM, titre edilebilir asitlik ve pH
degerleri Cizelge 2'de sunulmustur. Aragtirmada incelenen L* degeri parlakligi, a*
degeri kirmizilik ve yesilligi, b* degeri ise sarilik ve maviligi belirtmektedir (Uren,
1999). En yiiksek L*, a* ve b* degerleri “Zutano” ¢esidinde elde edilmistir (sirasiy-
la, 44.5-19.5-30.0). Dolayistyla fiziksel goriiniis olarak degerlendirildiginde “Zuta-
no” ¢esidine ait meyvelerin diger ¢esitlerden daha parlak oldugu tespit edilmistir.
“Bacon” ve “Hass” ¢esitlerine ait meyvelerin daha mat bir goriintiiye sahip oldugu
renk degerlerinin de en diisiik sonuglar verdigi saptanmustir. Meyve hasat kriterleri
arasinda yer alan SCKM, titre edilebilir asitlik ve pH degerleri incelendiginde tiim
gesitlerin birbirine yakin asitlik degerlerine sahip oldugu belirlense de aralarin-
daki kiigiik farklarin istatistiksel olarak énemli oldugu tespit edilmistir (p<0.05).
En yitksek SCKM igerigi “Zutano” ¢esidinde (%10.3) en diisiik ise “Hass” ¢cesidinde
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(%7.5) elde edilmistir. Martinez-Hernandez ve ark. (2013), hasattan sonra SCKM
miktarinda cesitler arasinda degismelerin oldugunu bu degisimin metabolik akti-
vite sonucunda, SCKM’nin solunumda kullanilmasina baglamiglardir. Titre edile-
bilir asitlik degerleri incelendiginde “Fuerte” gesidinin en yiiksek (%0.091) “Hass”
ve “Bacon” ¢esitlerinin en diisiik (sirasiyla, %0.083 ve %0.083) titre edilebilir asitlik
degerlerine sahip olduklari saptanmigtir. Ozdemir ve ark. (2004) yaptiklar1 galis-
mada en yitksek pH ve titre edilebilir asit miktarlarin1 “Hass” ¢esidinde en dii-
stk ise “Zutano” ¢esidinde elde etmislerdir. Calismamizda ise “Fuerte” ¢esidinin
en yiiksek asitlik derecesine, “Hass” ve “Bacon” ¢esitlerinin ise en diisiik asitlik
derecesine sahip olduklar: tespit edilmistir. Bu farkliligin, hasat zamani ve ol-
gunluk derecesinden kaynaklanabilecegi diisiiniilmektedir (Echeverria ve Valich,
1989; Dogan ve ark., 2017) Meyve suyu pH degerleri kiyaslandiginda “Fuerte” ve
“Zutano” gesitlerine ait meyvelerinin daha asidik olduklari (7.0) belirlenmistir.

Cizelge 2. Avokado meyvelerinin L, a, b, SCKM, titre edilebilir asitlik ve pH
degerleri

Table 2. L, a, b TSS, titratable acidity and pH values of avocado fruits

Cesitler L a b SCKM (%) Titre Edilebilir Asitlik (%) pH
“Bacon” 329¢ 123 ¢ 16.1¢ 7.7b 0.082b 6.8b
“Fuerte” 38.5b 14.1b 19.5b 8.9 ab 0.091 a 7.0a
“Zutano” 445a 195a 30.0a 103 a 0.087 ab 7.0a
“Hass” 33.0c 12.9d 16.3 ¢ 7.5b 0.083 b 6.8b

*Farkli harfle gosterilen ortalamalar arasindaki fark p<0.05 diizeyinde 6nemlidir.

Aragtirmada kullanilan meyve 6rneklerine ek olarak yaprak ve tohumlarinin
da biyokimyasal igerikleri karsilastirilmis ve sonuglar Cizelge 3, 4 ve 5’te sunul-
mustur. Yaprak orneklerinde gerceklestirilen analiz sonucunda en yiiksek fenolik
madde icerigi “Bacon” ¢esidinde (275.3 mg GAE 100g™) en diisiik ise “Hass” ¢esi-
dinde (136.1 mg GAE 100g™) belirlenmistir. Meyve etinde gerceklestirilen toplam
fenolik madde icerigi analizinde ¢esitler arasinda istatistiksel olarak bir farklilik
tespit edilemese de en yiiksek fenolik madde igerigi “Fuerte” (215.0 mg GAE 100g°
'), en diisiik ise “Hass” (186.3 mg GAE 100g™) ¢esidinden elde edilmistir. Aras-
tirmada tohumlarin, yaprak ve meyve etinden daha fazla fenolik madde icerdigi
tespit edilmistir. Tohumda en fazla fenolik madde igerigi “Fuerte” ¢esidinde (424.3
mg GAE 100g") en diisiik ise “Hass” ¢cesidinde (228.8 mg GAE 100g") belirlenmis-
tir. Murathan ve Kaya (2020) avokado yapraklarinin farkli diizeyde fenolik madde
igerdigini en yiiksek fenolik maddenin “Fuerte” en diisiik ise “Hass” gesinde tespit
edildigini saptamislardir. Calismamizda ise en yiiksek yaprak fenolik madde igeri-
&i “Bacon” ¢esidinden elde edilirken arastirmacilarin sonucuna benzer sekilde en
diisiik yaprak fenolik madde icerigi “Hass” ¢cesidinde belirlenmistir. Tremocoldi ve
ark. (2018) “Hass” ve “Fuerte” ¢esitlerinin tohumlarinin fenolik madde igeriklerini
sirastyla, 57.3, 59.2 mg 100g* oldugunu bildirmislerdir. Wang ve ark. (2010) farkl
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trabzon hurmasi meyve dokularinda toplam fenolik madde ve DPPH siiptiriicii
aktiviteyi arastirmislardir. Avokado tohumlarinda yaptiklar: analiz sonucunda en
diisiik toplam fenolik madde iceriginin Slimcado ¢esidinde (19.2 mg GAE g') en
yiiksek ise “Hass” ¢esidinde (51.6 mg GAE g"') oldugunu saptamiglardir. Meyve
dokusunda en yiiksek toplam fenolik maddenin Choquette ¢esidinde (13.9 mg
GAE g') en dusiik ise Tonnage ¢esidinde (4.3 mg GAE g') oldugunu belirlemisler-
dir. Yine aragtiricilar tohumda en yitksek DPPH siipiiriicti aktivitenin Simmonds
cesidinde (240.2 umolTE g') en diisiik ise Choquette ¢esidinde (157.8 pmolTE
g') oldugunu tespit etmislerdir. Uzmanlar, avokado meyve, yaprak ve tohumla-
riin yitksek oranda fenolik madde icerdigini ve siklikla tiiketilmesi gerektigini
bildirilmistir. Bu nedenle gegmisten glinimiize avokadonun farkli dokulari ile ¢ok
fazla ¢alisma yiirttillmustiir (Soong ve Barlow, 2004; Wang ve ark. 2010; Rodrigu-
ez-Carpena ve ark., 2011; Gémez ve ark., 2014; Rotta ve ark. 2016; Segovia ve ark.
2018; Jimenez ve ark., 2021).

Cizelge 3. Avokado gesitlerinin yaprak, meyve eti ve tohumlarinin toplam
fenolik madde (mg GAE 100g™") igerikleri

Table 3. Total phenolic contents (mg GAE 100¢") of leaves, fruit and seeds of
avocado cultivars

Cesitler Yaprak Meyve Eti Tohum
“Bacon” 2753 a 203.4 318.4 ab
“Fuerte” 189.1 ab 215.0 4242a
“Zutano” 230.9 ab 213.5 250.8 b
“Hass” 136.1b 186.3 228.8b

*Farkli harfle gosterilen ortalamalar arasindaki fark p<0.05 diizeyinde 6nemlidir.
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Cizelge 4. Avokado ¢esitlerinin yaprak, meyve eti ve tohumlarinin toplam
flavonoid madde (mg katesin 100g™") icerikleri

Table 4. Total flavonoid contents (mg catechin 100g™) of leaves, fruit and seeds
of avocado cultivars

Cesitler Yaprak Meyve Eti Tohum
“Bacon” 58.3 38.0 54.8
“Fuerte” 70.3 43.4 447
“Zutano” 73.4 432 41.6
“Hass” 50.0 41.7 39.8

*Farkli harfle gésterilen ortalamalar arasindaki fark p<0.05 diizeyinde 6nemlidir.

Cizelge 5. Avokado c¢esitlerinin yaprak, meyve eti ve tohumlarinin DPPH
stipiiriicti aktivite (mg TE 100g") icerikleri

Table 5. DPPH scavenging activity (mg TE 100g") of leaves, fruit and seeds of
avocado cultivars

Cesitler Yaprak Meyve Eti Tohum
“Bacon” 85.2 822a 55.1b
“Fuerte” 78.4 72.7 ab 61.3b
“Zutano” 78.7 65.0b 79.5a
“Hass” 82.8 78.1a 59.7b

*Farkl harfle gosterilen ortalamalar arasindaki fark p<0.05 diizeyinde 6nemlidir.

Avokado c¢esitlerinin yaprak, meyve eti ve tohum dokularindan elde edilen
ekstraklarin flavonoid igeriklerinde istatistiksel olarak bir farklilik (p<0.05) tespit
edilmemistir. Analiz sonuglar1 ayni istatistik grubunda yer alsa da en yiiksek yap-
rak flavonoid madde icerigi “Zutano” (73.4 mg katesin 100g") en diisiik ise “Hass”
(50.0 mg katesin 100g") cesidinde elde edilmistir. Meyve etinde en yiiksek flavono-
id madde igerigi “Fuerte” (43.4 mg katesin 100g™") en disiik ise “Bacon” (38.0 mg
katesin 100g™) ¢esidinde elde edilmistir. Tohumlarda en yiiksek flavonoid madde
icerigi “Bacon” (54.8 mg katesin 100g") en diisiik ise “Hass” (39.8 mg katesin 100g"
') gesidinde saptanmustir. Murathan ve Kaya (2020) avokado yapraklarinin top-
lam flavonoid igeriklerinde istatistiksel olarak farklilik olmadigini bildirmislerdir.
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Diger yandan avokado meyve ve yapraklarinin yiiksek oranlarda flavonoid madde
icerdigi farkls arastiricilar tarafindan bildirilmistir (Owolabi ve ark., 2010; Yamas-
saki ve ark., 2017; Murathan ve Kaya, 2020).

Avokado ¢esitlerinin yaprak, meyve eti ve tohum dokularindan elde edilen eks-
traklarin igeriklerinin farkli diizeyde DPPH stipiiriicii aktiviteye sahip olduklar1 ve
yaprak dokusundan elde edilen sonuglar disinda verilerin istatistiksel olarak 6nem-
li oldugu (p<0.05) saptanmustir. Cesitlerin farkli dokularinin yiiksek oranda DPPH
stipiiriicii aktivite sahip oldugunu soyleyebiliriz. Meyve etinde en yiiksek DPPH
stipiiriici aktivite “Bacon” ¢esidinde (82.2 mgTE 100g) en diisiik ise “Zutano”
¢esidinde (65.0 mgTE 100g™) elde edilmistir. Tohumda ise en yiiksek DPPH siipii-
ricii aktivite “Zutano” (79.5 mgTE 100g") ¢esidinde elde edilirken diger cesitlerin
ayni istatistik grubunda yer aldig tespit edilmistir. Farkli doku ekstraklarinin farkl
diizeyde antioksidan aktivite gostermesinin olagan bir durum oldugu; bitkinin ok-
sidatif stres ve hiicresel oksidasyon reaksiyonlarin: katalize etme durumuna bagh
olarak sonuglarin degisebilecegi farkl: aragtiricilar tarafindan bildirilmistir (Abdu-
lazeez ve Ponnusamy, 2016; Wang ve ark., 2016). Owolabi ve ark. (2010) avokado
yapraklarinin yiiksek oranda antioksidan aktiviteye sahip oldugunu (%33.17-98.34
DPPH supuriicii aktivite) bildirmiglerdir. Kumar ve Cumbali (2016) avokadonun
farkli dokularindan elde edilen ekstraklarin farkli diizeyde antioksidan aktiviteye
sahip oldugunu tespit etmislerdir. Tremocoldi ve ark. (2018) “Hass” ve “Fuerte”
gesitlerinin yitksek oranda DPPH siipiiriicii etkisinin oldugunu bildirmiglerdir.

4. SONUC

Avokado, vitaminler (A, B, D ve E) ve besin icerigi yoniinden olduk¢a zengin
bir meyve tiiriidiir. Igerdigi antioksidan, yag asitleri ve fenolik bilesikler nedeniyle
halk arasinda “hayatin meyvesi” olarak adlandirilmaktadir. Hayatin neredeyse her
alaninda kullanim olanagina sahip olmasina ragmen yan triinleri (kabuk, tohum
vb.) gogunlukla israf edilmektedir. Halbuki tohumu, yapraklar1 ve kabugu zengin
besin ve fitokimyasal kaynagidir. Son zamanlarda avokado tohumlarindan cay
elde edilmekte ve farkli amaglarla titketilmektedir. Caliymamizda, avokado mey-
vesinin yenen kisimlar: kadar atilan kisimlarinin da antioksidan aktiviteye sahip
olduklars; éyle ki tohumlarin, meyve etinden daha fazla fenolik madde igerdigi ve
mutlaka degerlendirilmesi gerektigi sonucuna varilmigtir. Cesitler arasi degerlen-
dirme yapilacak olursa “Bacon” ¢esidinin tiim 6zellikler bakimindan 6n plana ¢ik-
tig1 ancak diger gesitlerin de tiiketim i¢in uygun besin kaynagi oldugunu sdylemek
miimkiindiir.

Calismamizda saglik ve endiistri i¢in 6nem arz eden avokadonun meyve, to-
hum ve yapraklarinin farkl 6zellikleri arastirilmaya calisilmistir. Aragtirma bulgu-
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larinin konu ile ilgili yapilacak sonraki ¢alismalar, titkketim, yetistiricilik ve saglik
ile ilgili sorularin cevabr i¢in de uygun bir kaynak olacag disiiniilmektedir.

Cikar Catismasi:

Yazarlar herhangi bir ¢ikar ¢atismasi olmadigini beyan eder.
Etik:

Bu ¢aligma etik kurul onay1 gerektirmez.

Yazar Katki Oranlari:

Calismanin Tasarlanmasi (Design of Study): CC (%20), SB (%20), ANY (%20)
BS (%15), FY (%15), SB (%10)

Veri Toplanmas: (Data Acquisition): CC (%20), SB (%20), ANY (%20)
BS (%15), FY (%15), SB (%10)

Veri Analizi (Data Analysis): CC (%20), SB (%20), ANY (%20), BS (%15)
FY (%15), SB (%10)

Makalenin Yazimi (Writing up): CC (%20), SB (%20), ANY (%20), BS (%15)
FY (%15), SB (%10)

Makalenin Goénderimi ve Revizyonu (Submission and Revision): CC (%20)
SB (%20), ANY (%20), BS (%15), FY (%15), SB (%10)
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KURUTMA YONTEMI VE SICAKLIK DEGERLERININ MOR
REYHANIN KURUMA KiNETiGi VE RENK KALITESI UZERINE ETKISi

0z:

Reyhan diinyada ve Tiirkiyede 6nemli derecede tiretimi yapilan tibbi ve aroma-
tik bir bitkidir. Hasat doneminde igerdigi yitksek nem sebebiyle mikrobiyolojik bo-
zulmalara elverisli olup uzun donemli muhafaza edilmesi i¢in giivenle depolama
nem seviyesine disiiriilmesi gerekmektedir. Bu ¢aligmada, etiivde, iklimlendirme
test kabininde ve golgede kurutma yontemleri kullanilarak mor reyhan bitkisinin
kalite degerleri ve kuruma kinetigi agisindan en uygun kurutma yonteminin bu-
lunmas: amaglanmigtir. Kurutma denemeleri golgede, etiivde 45, 50 ve 55 °C ku-
rutma sicakliklarinda ve iklimlendirme test kabininde 50 °C sicaklikta % 20 Rh,
% 35 Rh ve % 50 Rh bagil nemde ¢alisilmistir. Mor reyhan bitkisinin kuruma sii-
relerine bakildiginda; en uzun kuruma siiresi 82,5 saat ile golgede kurutma yon-
teminde, en kisa kuruma siiresi ise 10 saat olarak etiiv de 55 °C sicaklikta yapilan
kurutma isleminde tespit edilmistir. Kurutma sonugclarini matematiksel olarak ta-
nimlamak i¢in en uygun {i¢ kurutma matematiksel modeli se¢ilmis ve aralarinda
karsilagtirma yapilmistir. Bu modelleme esitlikleri Lewis, Midilli Kiigiik ve Yag-
crogludur. Tim modellerin belirtme katsayisinin (p<0.05) uygun oldugu belirlen-
mistir. Belirlenen R*degerleri arasinda en yiiksek esitlik Midilli Kii¢iik modelinde
tespit edilmistir. Renk kriteri agisindan da tiim kurutma yontemleri arasinda taze
mor reyhanin ozelliklerini en iyi muhafaza eden yontemin iklimlendirme cihazi
50 °C % 20 Rh oldugu belirlenmistir. Kimyasal o6zellikler agisindan (SCKM, pH
ve titre edilebilir asitlik) ise en uygun kurutma yonteminin etiiv kurutucuda 55 °C
sicaklikta yapilan kurutma oldugu bulunmustur. Yapilan mor reyhan kurutma is-
leminde iklimlendirme test kabininde 50 °C etiivde ise 55 °C kurutma sicakliginin
elde edilen sonuglara gére uygun oldugu ve bu sicaklik degerlerinin mor reyhan
gibi tibbi aromatik bitkiler i¢in kullanilabilir olacag: 6nerilmektedir.

Anahtar Kelime: Kurutma, Modelleme, Mor Reyhan, Kalite.

ek

THE EFFECT OF DRYING METHOD AND TEMPERATURE VALUES
ON DRYING KINETICS AND COLOR QUALITY OF PURPLE BASIL

ABSTRACT

Reyhan is a medicinal and aromatic plant that is produced significantly in the
world and in Turkey. Due to the high humidity it contains during the harvest pe-
riod, it is suitable for microbiological deterioration and must be safely reduced to
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the storage humidity level for long-term preservation. In this study, it was aimed
to find the most suitable drying method in terms of quality values and drying ki-
netics of purple basil plant by using drying methods in an oven, air-conditioning
test cabinet and in the shade. Drying experiments were carried out in the shade, at
drying temperatures of 45, 50 and 55 °C in an oven, and at a temperature of 50 °C
in a climate test cabinet at 20% Rh, 35% Rh and 50% Rh relative humidity. Consi-
dering the drying times of the purple basil plant; The longest drying time was de-
termined in the shade drying method with 82.5 hours, and the shortest drying time
was determined as 10 hours in the drying process performed in an oven at 55 °C. In
order to describe the drying results mathematically, the three most suitable drying
mathematical models were selected and compared between them. These modeling
equations are Lewis, Midilli Kiigiik and Yagcioglu. The coefficient of determina-
tion (p<0.05) for all models was found to be appropriate. The highest equality
among the determined R2 values was found in the Midilli Kii¢iik model. In terms
of color criteria, it was determined that among all drying methods, the method
that best preserved the properties of fresh purple basil was the air conditioner 50
°C 20% Rh. In terms of chemical properties (SSKM, pH and titratable acidity), the
most suitable drying method was found to be drying in an oven dryer at 55 °C. In
the purple basil drying process, it is suggested that the drying temperature of 50
°C in the air-conditioning test cabinet and 55 °C in the oven is suitable according
to the results obtained and these temperature values will be usable for medicinal
aromatic plants such as purple basil.

Keywords: Drying, Modeling, Purple Basil, Quality.

e 2k
1. GIRIS

Tiirkiye tibbi ve aromatik bitki bakimindan zengin iilkelerden birisidir. Tiir-
kiye'de dogal olarak yetisen 12.000 bin tiir ve bunlar arasinda endemik olarak
bulunan 3.750 bin tiir tibbi ve aromatik bitkiler bulunmaktadir. Tiirkiye'de basta
endemik tiirler olmak tizere tibbi ve aromatik bitkilerin ekonomik degeri yiiksektir
(Ceylan, 1995; Baytop, 1999; Baydar, 2013). Reyhan (Ocimum Basilicum L.), Lami-
aceae familyasinda yer alan 6nemli bir tibbi aromatik bitkidir. Cok degerli bir ugu-
cu yag ve baharat bitkisidir. Reyhan bitkisinin hem taze olarak hem de kurutulmus
halinin baharat degeri oldukea yiiksektir. Kuru reyhanin Uzakdogu ve Akdeniz
mutfaginda 6nemli bir yeri vardir. Salata, ¢orba, pizza, sirke, peynir ve sos aromasi
gibi gidalarin yapiminda kullanilir (Baydar, 2013; Kulan, 2013).

Tiirkiye'de yapilan bir arastirmada taze ve kuru reyhan yapraklarinda gallik,
rosmarinik ve sisorik asit degerli fenolik maddeler bulunmasindan dolay1 reyhan
fenolik madde bakimindan zengin bir tibbi aromatik bitkidir. Ayrica rehan bit-
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kisinin antioksidan aktivitelerinin de yiiksek oldugu belirlenmistir (Telci ve ark.,
2015). Turkiye de ve Diinyada tiretimi oldukgca fazla olan mor reyhan bitkisinin
mubhafazasi oldukca 6nemlidir. Ulkemizde tarim iiriinlerinin énemli bir kismi1 ku-
rutularak muhafaza edilmektedir (Gtilgimen, 2008).

Tibbi ve aromatik bir bitki olan reyhan genellikle ¢ciceklenme déneminde hasat
edildigi i¢in yiiksek nem icerigine sahiptir. Mikrobiyolojik ve biyokimyasal bo-
zugma reaksiyonlarini durdurmak i¢in hasat edilen taze bitki aksaminin (dal ve
yapraklarin) giivenli depolama nem seviyesine ulasana kadar kurutulmalar1 ge-
rekmektedir. Kurutma sirasinda iiriin kalite degerlerinin (rengi, u¢ucu yag icerigi,
vd.) korunmast ve enerji titketiminin azaltilmasi i¢in uygun kurutma sartlar: ve
yontemleri olusturulmasi gerekmektedir (Ertugrul ve ark., 2017). Literatiirde mor
reyhan tizerine yapilan ¢aligmalarda genellikle bu bitkinin ugucu yag bilesenleri
ozelliklerine bakilmustir ( Ak, 2022; Ozer, 2022; Giizeldere, 2022). Caligmamizda
ise diger kalite kriterleri olan SCKM, pH ve TA 6zellikleri incelenmistir.

Tarim triinlerinin kurutulmasinda birgok kurutma yoéntemi bulunmaktadir.
Bunlardan en ekonomik olani giineste kurutma yontemidir. Ancak giineste kurut-
ma yontemi giines 1s1s1yla gerceklesmekte oldugundan sicaklik degerlerinin kont-
rol edilememesi ve dis ortam ¢evre sartlarinin olumsuz etkileri (toz, toprak hayvan
kalintilar1) sebebiyle kurumanin her yerde ve her zaman bu yolla saglanmasi ola-
naksizdir. Bu nedenle alternatif sicak hava ile ¢alisan kurutuculardan yararlanmak
gerekmektedir (Doymaz ve Pala., 2000; Tugrul ve ark., 2001).

Bu ¢alismada, etiivde, iklimlendirme test kabininde ve golgede kurutma yon-
temleri kullanarak reyhan bitkisinin kuruma kinetigi ve renk kriteri agisindan en
uygun kurutma yonteminin belirlenmesi amag¢lanmigtir.

2. MATERYAL VE YONTEM
2.1. Bitki Materyali

Bu caligmada tibbi ve aromatik bitki olan mor reyhan kullanilmistir. Kurutma
islemleri Tokat Gaziosmanpasa Universitesi Ziraat Fakiiltesi Biyosistem Miihen-
disligi Bolimii Kurutma Laboratuarinda ger¢eklesmistir.

2.2. Nem Tayini islemi

Taze mor reyhanin ilk nem igeriginin belirlenmesi icin ortalama 17+1g 6rnek
kullanilmistir. Nem tayini islemi etiivde 70 °C sicaklikta agirliklar sabit oluncaya
kadar devam etmigstir (Yagcioglu, 1999). Yas ve kuru baza gore nem igerigi degerle-
ri 1 ve 2 numaral esitlikler kullanilarak hesaplanmistir.
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Wi, W
Ny = W, x 100

Wi-W,
Nk = W X 100 (2)

8

Burada; Ny: Yas baza gore nem (%), Nk: Kuru baza gére nem (%), Wi: Yas 6r-
negin agirligi (g) Ws: Kuru drnegin agirlig: (g).

2.3. Kurutma Denemeleri

Kurutma islemleri golgede, Oven marka etiivde ST 120 model cihazda 45, 50 ve
55 °C sicakliklarda ve Niive marka ID 300 model iklimlendirme test kabininde 50
°C +% 20 Rh, 50 °C +% 35 Rh ve 50 °C +% 50 Rh bagil nemde yapilmistir.

Kurutma islemi belirli araliklarda tartilarak mor reyhan bitkisi son nem dege-
rine ulagincaya kadar devam etmistir. Kurutma islemi baslamadan dnce ve sonra
bitki materyali olan mor reyhandan renk degerleri alinmistir. Her kurutma yénte-
mi i¢in ayr1 ayr1 yapilmistir. Taze ve kurutulmus iiriinlere titre edilebilir asit (TA),
pH ve suda ¢oziinebilir kuru madde (SCKM) kimyasal analizleri yapilmistir.

2.4. Renk Analizi

Mor reyhanin kurutma islemi Oncesi taze tiriinlerin, kurutma iglemi sonrasi
kuru tiriinlerin renk 6l¢timii yapilmistir. Bu 6l¢timlerin kuruma 6ncesi ve sonrast
yapilmasinin nedeni kurutma sirasinda uygulanan bagil nemin kurutma yontem-
lerinin ve sicakliklarin renk tizerindeki etkisini taze tiriin ile kiyaslamaktir. Calis-
mada materyalin renk 6l¢imii (Minolta CR-300 model) renk 6l¢iim cihazi ile ya-
pilmis ve Sl¢timlerin sonucu L, a, b tiiriinden saptanmuistir. L, a ve b degeri sirasiyla
parlaklik, kirmizilik ve sarilig1 temsil etmektedir. Ayrica a ve b degerlerinin negatif
degerleri sirasiyla yesil ve mavi rengi belirtmektedir (McGuire, 1992). C (kroma),
Hue, AE (toplam renk degisimi) ve BI (kahverengilesme indeksi) degerleri sirasiyla
rengin doygunlugunu, renk radyantini, toplam renk degisimini ve kuruma sonrasi
kahverengilik degerini belirtmektedir. Kroma degeri yiiksek olursa tiriinler canl,
diisiik olursa solgun olmaktadir. Kroma degeri esitlik 3, hue agisi esitlik 4, toplam
renk degisimi esitlik 5 ve kahverengilesme indeksi esitlik 6-7 ile hesaplanmaktadir
(Plou ve ark., 1999; Celen ve ark., 2015).

C=(a2+b?)"2 (3)
h’=tan™ () (4)
AE = \/(Lmza - L)2 + (al‘aze - a')z + (bmze - b)z (5)
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X — a+(175xL) (6)
T [(5645xL)+(a—(3.012xD))]

_ [100(x—0,31)]
BI = 017 (7)

2.5. Kimyasal analizler

Mor reyhan bitkisinin taze ve kuru 6rneklerine TA, pH ve SCKM analizleri
yapilmigtir.

2.5.1. Toplam Asitlik Miktari ve pH Ol¢iimii

Bitkinin asitligi sitrik asit cinsinden, titrasyon asitligi metoduyla gerceklestiri-
lerek % olarak ifade edilmistir. Homojenize edilmis meyve 6rneklerinden 5 g tarti-
lip, 95 ml saf su ilave edilerek pH degeri, pH metre yardimiyla 6l¢tilmiistir. Daha
sonra pH degeri 8,1 ulagincaya kadar 0,1 N sodyum hidroksit (NaOH) ilave edil-
migtir. pH degeri ise homojenize edilmis meyve 6rnekleri pH-metre ile dogrudan
cam elektrot daldirilarak olgiilmustiir (Ergun, 2016).

2.5.2. Suda Cdziinebilir Kuru Madde Miktari (SCKM)

Piire haline getirilmis mor reyhan homojen hale getirildikten sonra santrifiij
cihazina konularak sular1 ¢ikarilmistir. Suyu ¢ikarilmis 6rnekler ilk damlalar saf su
baz alinarak kalibre edilmis el refraktometresi (0-53 6l¢ekli, Refractometer PAL-1)
lizerine alinip sonuglar yiizde (%) olarak ifade edilmistir (Cemeroglu, 2007).

2.6. Meyve Agirlik Olgiimii

Belirli araliklarda bitki materyalinin agirliklar1 6l¢tilmiistir. Agirhiklar 0.01g
hassasiyetindeki ANDGF300 model terazi ile 6l¢iilmiistiir

2.7. Matematiksel Modelleme

Kurutulan mantar drneklerinin siireye bagli olarak ayrilan nem orani degeri 16
numarada verilen esitlik kullanilarak hesaplanmistir.

M-M,

ANO = TS (8)

ANO: Ayrilabilir nem orani

M  :Kurutulan materyalin anlik nem icerigi (g nem g kurumadde™)
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Me: Kurutulan materyalin verilen durumdaki denge nemi (g nem g kurumadde™)

MO: Kurutulan materyalin ilk nem igerigi (g nem g kurumadde™)

Kurutma igin literatiirde yaygin olarak kullanilan model esitlikleri segilmis ve
aralarinda karsilastirma yapilmistir. Bu model esitlikleri Lewis, Midilli Kiigiik ve
Yagciogludur.

2.8. istatistiksel Analiz

Denemeden elde edilen sonuglar1 degerlendirmek i¢in SPSS23 programinda
islenerek ¢coklu karsilastirma testi (Duncan) yapilmustir.

3. BULGULAR VE TARTISMA
Kurutma denemeleri sonucunda elde edilen bulgular asagida verilmistir.
3.1. Kuruma Verileri

Cizelge 1. Mor reyhan bitkisinin kuruma stireleri

Table 1. Drying times of purple basil plant

Kurutma Yontemleri Ortalama Son Nem Kurutma Siireleri
Degerleri (% y.b.) (saat)
45 °C 11.59 18
Etiiv 50 °C 10.28 16
55°C 13.46 10
50°C/ % 20 Rh 11.58 15.5
Iidimlendirme 50°C/ % 35 Rh 9.15 16
Cihaz1
50°C/ % 50 Rh 13.73 18
Golge - 13.02 82.5

Cizelge 1'e bakildiginda en uzun kuruma siiresi 82.5 saat ile golgede kurutma
yonteminde, en kisa kuruma siiresi ise etiiv 55 °C yonteminde oldugu tespit edil-
mistir. Kuruma siireleri sicaklik ile dogru, bagil nem ile ters orantilidir. Yani sicak-
lik arttik¢a kuruma siireleri azalmis, bagil nem arttik¢a kuruma siireleri artmuistir.
Polatc1 (2008), etiiv de 35 °C, 45 °C ve 55 °C sicaklikta reyhan bitkisini kurutmustur.
Kuruma siireleri sirasiyla 52, 50 ve 34 saattir. Bulgular karsilastirildiginda kuruma
stireleri daha diisiiktiir. Bunun sebebinin ise kurutulan reyhan bitkisi miktarinin
Polatci (2008) e gore daha az olmasidir.
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3.2. Renk parametreleri

Taze ve kurutulmus mor reyhan bitkisine ait 6l¢iilen ve hesaplanan renk deger-
leri Cizelge 2 ve Cizelge 3’te verilmistir.

Cizelge 2. Mor reyhan bitkisinin 6l¢iilen renk degerleri

Table 2. Measured color values of purple basil plant

Kurutma Yontemi L a b
Taze - 2.32423.38¢ 0.72+4.5244¢ 0.68+-1.57°
45°C 1.35422.06° 1.39+5.26¢ 2.154-0.32%
Etiiv 50 °C 2.24+21.85 1.23+4.26" 1.78+2.27"
55C 4.16+21.91¢ 0.85+4.07 2.75+2.37°
_ 50 °C/ % 20 Rh 3.86222.04 1.37+4.46%% 2.3321.06%
Ilimlendirme = - o 35 oy, 2.21+20.97< 0.69+3.52° 1.29+1.26%
Cihaz1
50 °C/ % 50 Rh 2.40421.14% 0.73-3.59° 1.56+1.73¢
Gilge - 0.98+18.65" 0.62+4.38! 0.67+-0.15b

* Ortalama degerler (p<0.05) 6nem seviyesine gore kiyaslanmistir.

Taze ve kurutulmus mor reyhan bitkisine ait L, a, b degerleri 6l¢iilerek ikincil
renk degerleri olan kroma, hue a¢is1 ve kahverengilesme indeks degerleri hesap-
lanmistir. Ayrica taze ve kurtulmus mor reyhan ait renk degerlerinin istatistiksel
acidan aralarinda farkin olup olmadigini belirlemek i¢in Duncan testi uygulanmis-
tir (Cizelge 2). Cizelge 2 incelendiginde taze tirtintin parlaklik (L) degeri kuruma
sonrasi tiim yontemlerde kuru tiriiniin parlaklik degerleri azalmstir. Polatci ve ark
(2018), seftali (Prunus persica L.) posasi kurutma ¢alismasinda taze iirlintin par-
laklik degerinin kurutma sonrasi azaldigini belirtmislerdir. Bunun nedeninin si-
cakligin parlaklig: azaltan bir etkisi oldugu distiniilmektedir. L degerleri incelen-
diginde tazeye kiyasla golgede kurutma yontemi disinda diger yontemlerin tazeye
yakin oldugu bulunmustur. a degerinde ise tazeye en yakin yontemin iklimlendir-
me cihaz1 50 °C / % 20 Rh yontemi oldugu belirlenmistir. Renk kriterleri agisindan
taze mor reyhanin renk parametrelerini en iyi koruyan iklimlendirme cihazi
50 °C / % 20 Rh yonteminin oldugu tespit edilmistir.
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Cizelge 3. Mor reyhan bitkisine ait hesaplanan renk degerleri

Table 3. Calculated color values of purple basil plant

Kurutma Yontemi C b/a Hue AE BI

Taze - 479 035 19.13 - -
45°C 5.27 -0.06 -3.48 17.62 15.00
Etiiv 50 °C 482 0.53 28.01 1752 2462
559C 471 0.58 30.25 1765 2451
' 50 °C / % 20 Rh 458 0.24 13.42 17.98 19.05
Ilimlendirme 5, o 35 ppy 3.74 0.36 19.72 17.54 17.98

Cihaz1

50 °C / % 50 Rh 402 051 2699 1774 -4.05
Gilge - 439 -0.03 1.93 14.94 15.43

Cizelge 3% gore kurutulmus mor reyhan bitkisinin hesaplanan renk degerleri
tazeye kiyasla 6nemli bir farklilik oldugu bulunmustur. Kuru triinlerin kalitesi
hakkinda 6nemli bilgi veren ve olgiilen renk degerleri ile hesaplanan kroma,
toplam renk degisimi ve kahverengilesme indeksi mor reyhan bitkisi i¢in dnemli
bir renk kriteridir. Taze mor reyhanin kroma degeri 4.79 olarak hesaplanmistir. En
diigitk kroma degeri iklimlendirme cihaz1 50 °C %35 Rh yontemi ile 3.74 olarak
tespit edilirken en yiiksek kroma deger ise etiiv 45°C ile 5.27 olarak belirlenmistir.
BI (kahverengilesme indeksi) yapilan denemelerde en yiiksek deger etiiv 50 °C
yontemi ile 24.62 olarak bulunmustur. Toplam renk degisim degeri ise en fazla
iklimlendirme cihazi 50 °C % 20 Rh kurutma islemi 17.98 iken en az ise golgede
kurutma yonteminde 14.94 olarak tespit edilmistir.

3.3. Kimyasal Analiz Degerleri

Mor reyhanin taze ve kuru 6rneklerinin pH, TA ve SCKM analiz degerleri Ci-
zelge 6de verilmistir.

Cizelge 4. Mor reyhan bitkisine ait kimyasal analiz degerleri

Table 4. Chemical analysis values of purple basil plant

Kurutma Yontemi SCKM pH TA
Taze - 1.15+16.67¢ 0.03£5.53¢ 0.07+1.40¢
45°C 2.31+26.67* 0.09+6.01¢ 0.33+2.91°
Etiiv 50 °C 0.00+28.00" 0.07+6.14b< 0.22+2.72%
55°C 2.31+26.67* 0.02+6.06¢ 0.25+2.63®
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50 °C / % 20 Rh 2.31429.33%® 0.06+6.12¢  0.19+2.30"

Iidimlendirme 50°C / % 35 Rh 2.31429.33% 0.20+6.29%  0.56+2.93
Cihaz1

50 °C / % 50 Rh 2.31429.33% 0.27+638°  0.23+2.36"

Gilge ] 2.31+30.67% 0.02+6.34®  0.25+2.36"

* Ortalama degerler (p<0.05) 6nem seviyesine gore kiyaslanmugtur.

Cizelge 4% gore, kurutulan mor reyhan bitkisi i¢in belirlenen SCKM, pH ve TA
degerleri taze 6rnekler ile istatistiki agidan (p<0.05) kiyaslandiginda biitiin kurutma
denemelerinde farkli bulunmustur. Polatci ve Aksiit (2021) nane bitkisinde yapmuis
olduklar: calismada SCKM, pH ve TA degerlerinin taze 6rneklerle kiyaslamasinda
kurutma denemelerinin artig sagladiklarini ve daha yiitksek degerler elde ettiklerini
bildirmislerdir. SCKM degerleri incelendiginde diger kurutma yontemleri kendi
aralarinda benzerlik gostermektedir. pH degerinde ise istatistiki acidan tazeye
kayasla etiiv de 45-55 °C kurutma sicakliginda yapilan denemelerde yakin oldugu
tespit edilmistir. Tim yontemler degerlendirildiginde en iyi sonucu veren yonte-
min etiiv 55 °C oldugu belirlenmistir.

3.4. Matematiksel Model Verileri
Matematiksel model verileri Cizelge 5de verilmistir.

Cizelge 5e gore, en yiiksek R?degeri Midilli Kiigitk model esitliginin iklimlen-
dirme cihaz1 50 °C % 50 Rh yonteminde 0.9997 olarak bulunurken, en diisiik R2
degeri ise Lewis model esitliginin iklimlendirme cihazi 50 °C % 20 Rh yonteminde
0.9202 olarak belirlenmistir. Tasova (2018), diisiik ve yiiksek sicakliklarda patlican
kurutma ¢aligmasinda Page, Midilli Kiigiik ve Yagcioglu modelleri kullanmistur.
Literatiirde benzer olarak tiim kuruma modelleri igerisinde en yiiksek R2 degeri
Midilli-Kii¢iik modelinde tespit etmistir.
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Cizelge 5. Modelleme esitliklerine ait hesaplanan degerler

Table 5. Calculated values of modeling equations

Model Esitlikleri Kurutma Yontemi k R? P
45°C 0.7679 09994  <0.0001
Etiiv 50 °C 11046 09982  <0.0001
55 C 11235 09991  <0.0001
f_h*e?:;‘(‘;:l(lt‘}fl':)‘i'f(‘m* 9 50°C/%20Rh  0.8157 09981  <0.0001
Ickilli:‘zlle“d“me 50°C/%35Rh  0.8119 09983  <0.0001
50°C/%50Rh 09640 09997  <0.0001
Golge - 0.7825  0.9996  <0.0001
45°C 09588  0.9953  <0.0001
Etiiv 50 °C 11582 09982  <0.0001
55 °C 10952 09989  <0.0001
f_lgiizz’_ghlft)ﬂ 50°C/%20Rh  0.9443 09944  <0.0001
Ickill:;llend“me 50°C/%35Rh 09569 09942  <0.0001
50°C/%50Rh 09836 09996  <0.0001
Golge - 09349 09934  <0.0001
45°C 0.1890 09910  <0.0001
Etiiv 50 °C 0.5717 09870  <0.0001
55 C 03139 09959  <0.0001
f_eL;l:‘(’fls( 9 50°C/%20Rh 03093 09202  <0.0001
Icl?li:‘zllend“me 50°C/%35Rh 04042 09921  <0.0001
50°C/%50Rh 03543 09992  <0.0001
Golge - 0.0602 09886  <0.0001

R? Kararlilik katsayisi, p: Onemlilik seviyesi, k-h-j-m: Model katsayilari

4. SONUC

Bu calismada; etiivde, iklimlendirme test kabininde ve golgede kurutma yon-
temleri kullanarak mor reyhan bitkisinin kuruma kinetigi ve renk kriteri agisindan
en uygun kurutma yonteminin belirlenmesi amaglanmistir. Denemeler sonucunda
bazi kalite 6zellikleri (pH, TA, SCKM) incelenmis ve sonuglar karsilastirilmigtir.

Mor reyhan bitkisinin kuruma siirelerine bakildiginda; en uzun kuruma siiresi
82,5 saat ile golgede kurutma yonteminde, en kisa kuruma siiresi 10 saat ile etiiv 55

°C yonteminde oldugu tespit edilmistir. Belirlenen R2 degerleri arasinda en yiiksek
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esitlik Midilli Kii¢itk modelinde belirlenmistir. Renk kriteri bakimindan da taze
mor reyhanin ozelliklerini en iyi koruyan yontemin iklimlendirme cihazi 50 °C
% 20 Rh oldugu belirlenmistir. Kimyasal 6zellikler a¢isindan ise (SCKM, pH ve
titre edilebilir asitlik) etiiv de 55 °C yonteminin daha uygun oldugu tespit edil-
mistir. Yapilan mor reyhan kurutma isleminde iklimlendirme test kabininde 50 °C
etitvde ise 55 °C kurutma sicakliginin elde edilen sonuglara gére uygun oldugu ve
bu sicaklik degerlerinin mor reyhan gibi tibbi aromatik bitkiler i¢in kullanilabilir
olacag onerilmektedir.

Cikar Catismast:

Yazarlar herhangi bir ¢ikar ¢atismasi olmadigini beyan eder.
Etik:

Bu ¢aligma etik kurul onay1 gerektirmez.

Yazar Katki Oranlari:

Caligmanin Tasarlanmasi (Design of Study): BA (%25), ED (%25), OS (%25)
HP (%25)

Veri Toplanmasi (Data Acquisition): BA (%30), ED (%30), OS (%20), HP (%20)
Veri Analizi (Data Analysis): BA (%20), ED (%20), OS (%30), HP (%30)
Makalenin Yazimi (Writing up): BA (%40), ED (%20), OS (%20), HP (%20)

Makalenin Gonderimi ve Revizyonu (Submission and Revision): BA (%20)
ED (%40), OS (%20), HP (%20)

KAYNAKCA

Aki, K, 2022. Bursa ekolojik kosullarinda yetistirilen reyhan (Ocimum basilicum L.) bitkisinde ciceklenme periyodu
boyunca tarimsal dzellikler ile ugucu yag orani ve bilesenlerindeki degisimlerin belirlenmesi. Yiksek Lisans
Tezi. Uludag Universitesi, 100s, Bursa.

Baydar, H., 2013. Tibbi ve aromatik bitkiler bilimi ve teknolojisi (Genisletilmis 4. Baski), Sileyman Demirel
Universitesi, Yayin No:51, 14-16, 20, 206-208 s, Isparta.

Baytop, T, 1999, Ttrkiye'de bitkiler ile tedavi (Gecmiste ve Bugiin), Nobel Tip Kitabevleri 2.8aski, Istanbul, 3,137, 237 s.

Cemeroglu, B. 2007. Gida analizleri. Gida Teknolojisi Yayinlari, 682 s, Ankara.

Ceylan, A, 1995, Tibbi bitkiler | (Ill. Basim), Ege Universitesi Ziraat Fakiiltesi Yayinlari, No:312, 23 s, izmir.

Celen, IH, Celen, S, Moralar, A, Bulus, H. N, Onler, E, 2015. Mikrodalga bantli kurutucuda patatesin
kurutulabilirliginin deneysel olarak incelenmesi. Electronic Journal of Vocational Colleges- Special Issue:
The Latest Trends in Engineering, 5(4). 242- 287.

Doymaz, 1, Pala, M, 2000. Kahramanmaras kirmizi biberinin kuruma karakteristiklerinin incelenmesi. 1V. Kimya
Mihendisligi Kongresi, TA45, 31 Agustos- 4 Eyliil, Avcilar, istanbul.

Ergun, B, 2016. Farkli olgunluk asamalarindaki bazi Avrupa eriklerinin (Prunus Domestica) pomolojik ve
fitokimyasal 6zellikleri. Yiksek Lisans Tezi. Tokat Gaziosmanpasa Universitesi Fen Bilimleri Enstitlist, 775, Tokat.

Ertudrul, M, Tarhan, S, 2017, Farkli kurutma havasi sicaklik profillerinin melisa (Melissa officinalis L.) bitkisinin

https://doi.org/10.7161/0muanajas163973 d



Kurutma Yéntemi ve Sicaklik Degerlerinin Mor Reyhanin Kuruma Kinetigi ...

kuruma kinetigi ve enerji tiketimine etkisi. Gaziosmanpasa Bilimsel Arastirma Dergisi, 6, 1-10.

GUlcimen, F, 2008. Yeni tasarlanan havali kollektorler yardimi ile reyhan ve nane kurutulmasl. Doktora Tezi. Fen
Bilimleri Enstitis(, 169s, Elazig.

Glzeldere, HK.B, 2022. Ocimum basilicum L. ve Ocimum sanctum bitkilerinin farmakolojik etkileri. Saglik Bilim
Medikal Arastirmalar, 69.

Kulan, EG, 2013 Eskisehir kosullarinda yetistirilen reyhan () bitkisinin bazi bitkisel 6zelliklerin ve diurnal varyabilitesinin
belirlenmesi. Yiiksek Lisans Tezi. Eskisehir Osmangazi Universitesi Fen Bilimleri Enstittist, 98s, Eskisenir.

Lewis, W.K, 1921. The rate of drying of solid materials. Industrial Engineering Chemistry, 13, 427-443.

McGuire, R.G, 1992. Reporting of objective color measurements. HortScience, 27: 1254-1255.

Ozer, PC, 2022. Bursa ekolojik kosullarinda reyhan (Ocimum basilicum L)n tarimsal 6zellikleri, ugucu yag orani
ve kompozisyonu izerine farkli organik ve inorganik giibrelerin etkileri. Yiksek Lisans Tezi. 151s, Uludag
Universitesi, Bursa.

Plou, E, Lopez-Malo, A, Barbosa-Canovas, GV, Welti-Chanes, |, Swanson, B.G., 1999. Polyphenoloxidase activitiy
and color of blanced and high hydrostatic pressure treated banana puree. Journal of Food Science, 64, 42-45.

Polatcr, H, 2008. Farkli kurutma yontemlerinin reyhan (Ocimum basilicum L) bitkisinin kuruma slresine ve
kalitesine etkisi. Yiksek Lisans Tezi. Tokat Gaziosmanpasa Universitesi Fen Bilimleri Enstitlist, 61s, Tokat.

Polatci, H., Tasova, M, Saracodlu, O, Taskin, O, 2018. Seftali (Prunus persica L) posasinin farkli sicakliklarda
kuruma parametrelerin belirlenmesi. Tarim Makinalari Bilimi, 14 (3), 149-156.

Polatcr, H, Aksit, B, 2021. Nane bitkisine uygulanan farkli kurutma yontemlerinin kuruma kinetigi ve kalite
Ozelliklerine etkisi. Tarim Makinalari Bilimi Dergisi, 18(1), 1-8.

Tasova, M, 2018. Distk ve yiiksek sicakliklarda kurutulan patlican (Solanum melongena L) dilimlerinin kurutma
kinetigi ve renk degerleri agisindan en uygun kurutma sicakliginin belirlenmesi. Kafkas Universitesi Fen
Bilimleri Enstitis( Dergisi, 11(2), 84-93.

Telci, I, Elmastas M., Demirtas, 1, Kacar, 0, Aytag, Z, Yilmaz, E, 2015. Turkiye'de Kultirii yapilan reyhanlarda
(Ocimum  basilicum L) flavonoid ve fenolik asit kompozisyonlarinin arastirilarak farkli kemotiplerin
belirlenmesi, 6nemli bilesiklerin ekolojilere gore degisimi ve antioksidan potansiyellerinin karsilastiriimasi.
1110677 Nolu Proje, TUBITAK.

Tugrul, N, Doymaz, I, Pala, M., 2001. Dereotunun kuruma karakteristiklerinin incelenmesi, Gida, 26(6): 403-407.

Yagcioglu A, 1999. Tarimsal Griinleri kurutma teknidi. Ege Universitesi Ziraat Fakiiltesi yayinlart No: 536. Bornova, izmir.

ANAJAS, 2023, Cilt 38, Sayi 1, Sayfa 187-198



S

|

RAnadolu Tarim Bilimleri Dergisi,
Anadolu Journal of Agricultural Sciences

&
—
T

e-ISSN: 1308-8769, ANAJAS February 2023, 38 (1): 199-208

Characterization of Catalase Enzyme from Leaf
Tissue of Aronia (Aronia melanocarpa) Plant

Aronia (Aronia Melanocarpa) Bitkisinin Yaprak
Dokusundan Katalaz Enziminin Karakterizasyonu

Omer TAS', Betiil MITROVICA?, Deniz EKINCP?

'Ondokuz Mayis University, Faculty of Agriculture, Department of Agricultural Biotechnology, 55139, Samsun
» omer.tas@omu.edu.tr ¢ > 0000-0003-1782-8210

20ndokuz Mayis University, Faculty of Agriculture, Department of Agricultural Biotechnology, 55139, Samsun
« betullmitrovica@gmail.com ¢ > 0000-0002-6229-6172

30ndokuz Mayis University, Faculty of Agriculture, Department of Agricultural Biotechnology, 55139, Samsun
« deniz.ekinci@omu.edu.tr ¢ > 0000-0001-7849-4117

Makale Bilgisi / Article Information

Makale Tiirii / Article Types: Arastirma Makalesi / Research Article
Gelig Tarihi / Received: 27 Aralik / December 2022
Kabul Tarihi / Accepted: 25 Ocak / January 2023
Yil/Year: 2023 | Cilt - Volume: 38| Sayi-Issue:1 |Sayfa/Pages:199-208

Atif/Cite as:Tas, O, Mitrovica, B. ve Ekinci, D. "Characterization of Catalase Enzyme from Leaf Tissue of Aronia (Aronia mela-
nocarpa) Plant" Anadolu Journal of Agricultural Sciences, 38(1), February 2023; 199-208.

Sorumlu Yazar / Corresponding Author: Deniz EKINCI

https://doi.org/10.7161/omuanajas.1225053 d



(Omer TAS, Betiil MITROVICA, Deniz EKINCI

CHARACTERIZATION OF CATALASE ENZYME FROM LERAF TISSUE
OF ARONIA (ARRONIA MELANOCARPR) PLANT

ABSTRACT

Aronia is among the most antioxidant containing plants which is found com-
monly around the world. Aronia cultivation started in Turkey for the first time in
2012 at the Atatiirk Central Research Institute of Garden Cultures, and a plantati-
on was constructed in the experimental area. Since antioxidants help to preserve
food by blocking oxidation processes and contributing to the health promotion
provided by numerous dietary supplements, nutraceutical and functional food ad-
ditives, antioxidant capacity of these plants should be well characterized. To assess
and evaluate the antioxidant content of foods and plant products, many approac-
hes are utilized. In this study, catalase (CAT) enzyme was partially purified from
aronia plant leaf tissue and characterization was carried out. Purification process
consisted of homogenate preparation, ammonium sulfate precipitation and dialy-
sis. The optimal ionic strength, pH, substrate concentration and enzyme quantity
were examined. These values were found to be 300 mM Tris, pH:8.0, 12 mM H,O,
and 75 pl, respectively, for the catalase enzyme of the Aronia plant leaf tissue. This
study is the first in the literature dealing with the characterization of antioxidant
enzyme from Aronia plant.

Keywords: Antioxidant, Aronia, Catalase, Characterization.

e

ARONIA (RRONIA MELANOCARPA) BiTKiSINiN YAPRAK
DOKUSUNDAN KATALAZ ENZIMININ KARAKTERIZASYONU

0z:

Aronia, diinya ¢apinda yaygin olarak bulunan en ¢ok antioksidan igeren bit-
kilerden biridir. Tirkiyede ilk kez 2012 yilinda Atatiirk Bahge Kiiltiirleri Merkez
Aragtirma Enstitiisi'nde Aronia yetistiriciligine baslanmis ve deneme alanina
agaglandirma yapilmistir. Antioksidanlar, oksidasyon siireglerini bloke ederek ve
¢ok sayida diyet takviyesi, nutrasétik ve fonksiyonel gida katki maddesi tarafin-
dan saglanan sagligin 6nemine katkida bulunarak gidalarin korunmasina yardim-
c1 olduklarindan, bu bitkilerin antioksidan kapasiteleri iyi karakterize edilmelidir.
Gidalarin ve bitkisel iirtinlerin antioksidan igerigini degerlendirmek ve belirle-
mek i¢in bir¢ok yaklasim kullanilmaktadir. Bu ¢alismada aronia bitkisinin yaprak
dokusundan katalaz (CAT) enzimi kismen saflastirilmis ve karakterizasyonu ya-
pilmustir. Saflastirma islemi, homojenat hazirlama, amonyum siilfat ¢okeltme ve
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diyalizden olugmaktadir. Optimum iyonik kuvvet, pH, substrat konsantrasyonu ve
enzim miktar1 incelenmistir. Bu degerler Aronia bitki yaprak dokusunun katalaz
enzimi igin sirastyla 300 mM Tris, pH:8.0, 12 mM H,0, ve 75 l olarak bulunmus-
tur. Bu ¢aligma Aronia bitkisinden elde edilen antioksidan enzimin karakterizas-
yonu ile ilgili literatiirdeki ilk ¢alismadir.

Anahtar Kelimeler: Antioksidan, Aronya, Katalaz, Karakterizasyon.

1. INTRODUCTION

A native plant of North America, Aronia melanocarpa (aronia) is commonly
known as black chokeberry and is now cultivated worldwide. The aronia plant,
which belongs to the Rosaceae family, is very rich in anthocyanins and other phe-
nolic compounds and has a dark purple color. With its high total polyphenol and
anthocyanin content and DPPH radical scavenging activity, Aronia is known to
have powerful antioxidant features compared to many other fruits (Jakobek et al.,
2007; Benvenuti et al., 2004).

Aronia has a wide range of phenolic chemicals, including phenolic acids, flavo-
nols, anthocyanins, and flavan-3-ols (Taheri et al., 2013). So far, it has been shown
that aronia berry decreases cystolic blood pressure and cholesterol levels (Hawkins
et al., 2021), which reduces the risk of chronic illnesses (Jurikova et al., 2017) and
provides strong antioxidant protection (Kardum et al., 2014).

O, is generally not reactive to most cellular components, but ROS (reactive
oxygen species) causes oxidation of lipids, proteins, RNA, DNA and many small
molecules in the cell. ROS have a high reactivity to these biological components
due to their changed chemistry as compared to O,, which permits them to donate
an electron or transfer an excited energy state to an acceptor molecule (Halliwell
and Gutteridge, 2015). Hydrogen peroxide (H,O,), superoxide (O,), singlet oxy-
gen ('O,), the hydroxyl radical (HO.) and different types of organic and inorganic
peroxides are the principal forms of ROS in cells, which vary widely in their cha-
racteristics and chemical reactivity (Halliwell and Gutteridge, 2015; Mittler, 2017;
Waszczak et al., 2018; Smirnoff and Arnaud, 2019; Sies and Jones, 2020). Since
ROS is very reactive and is produced independently in nearly all cell compart-
ments, its levels must be controlled to prevent undesired cellular oxidation.

A group of polyphenolic compounds commonly found in fruits, vegetables and
other food products and produced as secondary metabolites in plants are called
flavonoids. In addition to other bioactivities (eg, anti-inflammation, anti-aging),
flavonoids have beneficial biochemical effects on certain diseases (eg, anti-glau-
coma, anti-cancer) by affecting certain enzymes (Guven et al., 2019; Williamson
et al., 2018; Gentile et al., 2018). Their principal biological function is antioxidant
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protection. Flavonoid antioxidant activity can protect against free radical damage
by scavenging reactive oxygen species, activating antioxidant enzymes, inhibiting
oxidases (e.g., xanthine oxidase [XO], cyclooxygenase [COX], lipoxygenase and
phosphoinositide 3-kinase [PI3K]), and reducing a-tocopheryl radicals. To dec-
rease oxidative stress, flavonoid antioxidant activity can raise uric acid levels, me-
tal-chelating activity, and low-molecular-weight antioxidant activity (Williamson
etal., 2018).

Antioxidants have been promoted as helpful agents in improving plant stand
and minimizing the impacts of biotic and abiotic stressors.

Plants have many enzymatic and non-enzymatic defensive strategies against
oxidative stressors caused by ROS. The antioxidant enzymes of superoxide dismu-
tase (SOD), catalase (CAT), ascorbate peroxidase (APX) and guaiacol peroxidase
(GPX) have an important place in the enzymatic defense systems of plants to remo-
ve ROS (Azevedo Neto et al.,, 2004). SOD is the primary O,.- scavenger and results
in the formation of H,0, and O, by enzymatic reaction. The H,O, generated is sub-
sequently removed by CAT (Azevedo Neto et al., 2006). Catalase (H,O, : H,O, oxi-
doreductase E.C.1.11.1.6) is a kind of antioxidant enzyme found in all aerobic orga-
nisms. It is known that H,O, is converted into water and oxygen in the cell in the
presence of catalase with the realization of environmental stress. Catalase is found
in all major locations of H,O, generation in higher plants’ cellular environments
(such as peroxisomes, mitochondria and cytosol) (Sharma and Ahmad, 2014).

Due to the importance of catalase in plant defense system, we aimed in this
study to purify the enzyme from Aronia melanocarpa leaves for the first time and
to determine optimum buffer, optimum ionic strength, optimum pH and opti-
mum substrate amount in order to find new potential natural antioxidant sources.

2. METHODS
2.1. Chemicals

Sigma-Aldrich supplied the chemicals utilized in the purifying process Aldri-
ch (St. Louis, Mo, USA). Merck supplied the other compounds used (Darmstadt,
Germany).

2.2. Preparation of the Homogenate and in Vitro Enzyme Assay

Leaf tissue was obtained from the aronia plant. The leaves were crushed into
small pieces and then thoroughly crushed and homogenized with liquid nitrogen
(approximately -196°C), then 300 mM Tris (2-Amino-2-(hidroksimetil)-1,3-pro-
pandiol) buffer was added and centrifuged at 4°C, 15.000 xg. After centrifugation
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step, the supernatant was filtered and enzyme activity was measured. The activity
was measured at 240 nm using a Shimadzu UV-1800 spectrophotometer.

Hydrogen peroxide (H202) was used as the substrate for catalase. 100 pl of
H202 in 0.3 M Tris buffer (pH 8.0) was transferred to the cuvette. The enzymatic
reaction was initiated by adding 100 pl of supernatant containing catalase enzyme
to the cuvette, and the final volume was reduced to 1 ml with distilled water; the
absorbance value at the commencement of the reaction was then measured in a
spectrophotometer at 240 nm.

2.3. Ammonium Sulfate Precipitation and Dialysis

Ammonium sulfate precipitation was performed for the prepared homogenate.
Accordingly, the homogenate was adjusted at different intervals with solid ammo-
nium sulfate at a salt concentration of 0-100%. The precipitate was dissolved with
a minimal amount of Tris buffer 0.3 M, Tris. The maximum enzyme activity was
found at concentrations ranging from 20-40%.

To remove salts from protein solutions, dialysis was performed. A dialysis bag
with a semi-permeable membrane, typically composed of cellulose acetate and ha-
ving a porous structure, is utilized for this procedure. The prepared solution was
placed in this bag and slowly mixed by passing it through the suitable buffer. Small
molecules go across the membrane until the osmotic pressure was adjusted. The
buffer outside the membrane was altered multiple times during this procedure.

2.4. Characterization of the Enzyme With Kinetic Parameters

To characterize the enzyme, different pH, substrate, and ionic strength parame-
ters were examined. The enzyme’s characterization parameters were calculated as
optimum ionic strength: 300 mM Tris, pH: 8.0 and substrate concentration: 12 mM.

3. RESULTS AND DISCUSSION

Catalase enzyme was partially purified and characterized from aronia plant leaf
tissue in this work. The high antioxidant content of the aronia plant and its favo-
rable effects on human health highlight the significance of our work. Throughout
history, people have used the leaves of many plants to make herbal tea. These teas
contain high levels of phytochemicals derived from polyphenols, flavonoids and
chlorophyll. Phytochemicals are secondary metabolites found in plants that have
been extensively studied in terms of different bioactivities such as anticancer, an-
ti-inflammatory and antibacterial, and so on (Gawron-Gzella et al., 2012; Do Thi
and Hwang, 2014). Quercetin, rutin, and chlorogenic acid are the most abundant
polyphenols in aronia leaves (Pirvu et al., 2014). Polyphenols are the most abun-
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dant antioxidant chemicals in plants which can reduce inflammation, cancer, and
aging by quenching reactive oxygen species (Tsuda, 2012).

The characterization research is critical for determining and selecting the ideal
values for the importance and antioxidant characteristics of the aronia plant-deri-
ved catalase enzyme. As previously stated, in addition to the relevance of the aronia
plant’s leaf content, the characterisation of the catalase is critical for both the plant
and the enzyme.

Because of the strong antioxidant content of aronia, the purification and chara-
cterisation of the catalase enzyme demonstrates the study’s uniqueness.

Catalase enzyme was partially purified from aronia plant and characterized in
this work for the first time. After homogenization, the enzyme’s precipitate satura-
tion with solid (NH4)2504 was determined to be 20-40%. This finding demons-
trates that the purification process is consistent with previous investigations and
will serve as a model for future research. Both potassium phosphate and Tris buffer
measurements were made for optimum ionic strength optimization. The ideal io-
nic strength was evaluated between 10 mM and 600 mM Tris buffer as a result of
the optimization experiments, and the optimum ionic strength was identified in
300 mM Tris (Table 1).

Table 1. Activity measurements of aronia fruit leaf tissue catalase enzyme optimal
ionic strength TRIS buffer

[mM] 10 20 50 100 150 200 300 400 500 600

%Activity 22.8 748 645 582 84 70,8 100 53,7 74,8 63,4

pH was adjusted between 5.0 and 8.5 to find the optimal pH, which was deter-
mined to be 8.0 (Table 2).

Table 2. Activity measurements of aronia fruit leaf tissue catalase enzyme optimal
pH value Tris (300 mM) buffer

pH 50 60 65 70 75 8.0 8.5

%Activity 952 628 562 68.8 820 100 90.4

In addition, the optimum substrate concentration was measured between 3 and
15 mM and the optimum substrate concentration was found to be 12 mM H202
(Table 3).
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Table 3. Optimum substrate concentration 300 mM TRIS (pH=38) buffer activity
measurements for aronia fruit leaf tissue catalase enzyme

H,0, (mM) 3 6 9 12 15

%Activity 25 50 75 100 125

Many studies on the inhibition of CAT and other antioxidant enzymes have
been done in the literature, and the results showed similar results with our study.

In a study by Dingler and Aydemir, catalase enzyme was purified from the
chard plant. As a result of the study, a wide optimum pH range was found to be
6.0-8.0. At the same time, the precipitation range of ammonium sulfate was found
to be 45% (Dingler and Aydemir, 2001).

In another study, catalase enzyme was purified from sprouted black gram
(Vigna mungo) seeds and optimum pH and temperature were found to be 7.0 and 40
°C, respectively (Kandukuri et al., 2012).

In the purification and characterization study of the catalase enzyme carried
out in Turkey Van apple, the optimum pH value was found to be 5.0 and the opti-
mum temperature was 50 °C (Yoruk et al., 2005).

In the study of partial purification of catalase enzyme from red cabbage, the
optimum pH was found to be 7.0 at an optimum temperature of 30 °C (Adnan et
al., 2018).

Agaricus bisporus is a well-known and extensively consumed mushroom. The
best pH value for the purification and characterisation of the catalase enzyme from
this fungus was determined to be 7.5, while the optimum ammonium sulfate preci-
pitation range was 45-90% (Susmitha et al., 2013).

In another study, the catalase enzyme from the seaweed Porphyra yezoensis was
characterized and the optimum pH value was found in the range of 6.0 to 11.0 at
an optimum temperature of 30 °C (Nakano et al., 1995).

Catalase enzyme is found not only in plants but also in animals and the purifi-
cation process takes place. Purification and characterization studies from different
animals and different tissues have also found similar results with our study.
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In the study on the purification and partial characterization of catalase from
chicken erythrocytes, the optimum pH was 7.0 and the optimum temperature was
25 °C (Aydemir and Kuru, 2003).

The optimal pH and temperature in the Purification and Properties of Liver
Catalase in Water Buffalo (Bubalus bubalis) investigation were determined to be
7.5 and 30 C, respectively (Nadeem et al., 2015).

In a research comparing purification and characterisation of liver catalase with
normal dog liver catalase in the acatalasemic beagle dog, the activities of wild type
and acatalasemic dog liver catalases revealed distinct pH profiles in the pH range
of 3.0 to 11.0. Catalase activity purified from wild type dog liver did not alter sig-
nificantly across a large pH range, although it did demonstrate activity even at pH
11.0. Catalase activity isolated from acatalasemic dog liver, on the other hand, was
only stable in a restricted pH range of 6.0-9.0 (Nakamura et al., 2000).

In a study, it was found that the aronia plant has high antioxidant activity. The-
se results demonstrated the high antioxidant activity of chokeberry berries with a
large variation ranging from 127.45 (juice) to 301.89 (pomace) for DPPH radical
equivalents per uM Trolox/100 g dry weight and from 314.05 (juice) for ABTS
radical to 779.58 (pomace) pM Trolox/100 g dry weight (Oszmianski and Wojdylo,
2005).

Catalase enzyme has been isolated from many tissues of both plants and mam-
mals, as observed in our work and other investigations, and characterisation tests
have been performed. We think that the results obtained from our study will cont-
ribute to catalase enzyme purification and characterization studies to be carried
out in the future.

4. CONCLUSIONS

As a result, catalase enzyme was characterized from leaf tissue of aronia plant.
This study is the first to reveal the partial purification and characterization of the
catalase enzyme of aronia, which is an economically important plant and has high
antioxidant value in both the leaf and fruit part. Our findings will help to promote
the emergence of novel aronia plant characteristics as well as the consumption of
the plant.
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EVALUATION OF GREENHOUSE AND FIELD PERFORMANCES
OF DEPAR F1 TOMATO VARIETY GRAFTED ON DIFFERENT
ROOTSTOCKS

ABSTRACT

In this study, the effects of rootstocks on yield and some quality parameters
of Solanum Lycopersicum cv. Depar F1 tomato variety grafted on three different
rootstocks (Kudret, Hamarat, Penge) were investigated in open field and green-
house conditions. According to the results obtained, while the plants grown in
greenhouses grew up 42.3% faster than those grown in the open, an increase in
yield was achieved by 265%. While TA and vitamin C values, among the fruit qu-
ality characteristics, came to the fore in the plants grown in the greenhouse, the
fruit firmness values came to the fore in the tomatoes grown in the field. Kudret
rootstock came to the fore regarding yield and fruit quality characteristics. When
the nutrient contents of the fruits were examined, the highest N, Ca and Mg were
measured in greenhouse-grown tomatoes, while the highest O.M and Mn were
measured in field plants. Hamarat rootstock has come to the fore in terms of fruit
nutritional content. As a result, the importance of growing conditions for grafted
plants to show their performance has been demonstrated again. However, it has
been demonstrated for the first time that such successful results can be obtained,
especially with organic plant nutrition methods.

Keywords: Grafted Seedling, Compost, Tomato, Organic Growing.
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FARKLI ANAGLAR UZERINE ASILANAN DEPAR F1 DOMATES
CESIDININ SERA VE ACIKTAKI PERFORMANSLARININ
DEGERLENDIRILMESI

0z:

Bu ¢alismada, ii¢ farkli ana¢ (Kudret, Hamarat, Pence) iizerine agilanarak acik-
ta ve sera kosullarinda yetistirilen Solanum lycopersicum cv. Depar F1 domates ce-
sidinde anaglarin verim ve bazi kalite parametreleri tizerine etkileri incelenmistir.
Elde ettigimiz sonuglara gore serada yetistirilen bitkilerde, aciktakilere gére or-
talama %42.3 daha hizla bir biiylime meydana gelirken, verimde %265 artis sag-
lanmistir. Meyve kalite 6zelliklerinden TA ve C vitamini degerleri serada yetisti-
rilen bitkilerde 6n plana ¢ikarken, meyve eti sertligi degerleri acikta yetistirilen
domateslerde 6n plana ¢ikmistir. Genel olarak verim ve meyve kalite 6zellikleri
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bakimindan Kudret anaci 6n plana ¢ikmistir. Meyvelerin besin icerigi degerleri
incelendiginde en yiiksek N, Ca ve Mg serada yetistirilen domates meyvelerinde
olgiiliirken, en yitksek O.M ve Mn agikta yetistirilen bitkilerde 6l¢ctilmiistiir. Meyve
besin igerikleri yontinden Hamarat anac1 6n plana ¢ikmistir. Sonug olarak, asi-
l1 bitkilerin performanslarini gosterebilmeleri i¢in yetistirme kogullarinin 6nemi
birkere daha ortaya konmustur. Bununla birlikte, 6zellikle organik bitki besleme
yontemleri ile bu derece bagarili sonuglar alanabilecegi ilk defa bu ¢alisma ile or-
taya konulmustur.

Anahtar Sozciikler: Asili Fide, Kompost, Domates, Organik Yetistiricilik.

ik

1. INTRODUCTION

The use of grafted seedlings aims to increase earliness and yield by providing
resistance against diseases and pests. In general, the presence of abiotic and biotic
stress conditions in vegetable cultivation has made the use of grafted seedlings a
common practice in vegetable growing (Yetisir et al., 2003; Yetisir et al., 2004; Yars1 et
al., 2008; Sen and Ozeng, 2017). Grafted plants have also been used to improve plant
growth and yield, provide earliness, extend the harvesting period, influence product
quality, improve water and nutrient use efficiency, etc. (Oztekin and Tiizel, 2017).

In addition, using rootstocks that are resistant/tolerant to diseases and pests
ensures more substantial development of plants. Reducing the use of pesticides by
providing tolerance to vigorous plants, especially soil-borne diseases, and toleran-
ce to low soil temperatures, salinity and excessive moisture are among the advanta-
ges of grafting in vegetable growing. The use of grafted seedlings in Turkey is inc-
reasing due to soil-related problems. The fact that grafted plants have a strong root
structure increases the resistance of the plants to soil-based problems and increases
productivity. (Lee, 1994; Tiizel et al., 2005; Yars: et al., 2008; Ece ve Cimen, 2013).

Especially today, the use of grafted seedlings has become widespread due to the
spread of monoculture in vegetable cultivation. However, the widespread use of
grafted seedlings increases the costs of producers. Monoculture vegetable produ-
ction, soil-borne diseases, and nematodes cause significant yield and quality loss
(Ece and Cimen, 2013; Saribas, 2019). However, it has been reported by the studies
that the soil structure is improved, especially in terms of soil microorganisms and
significant advantages are provided in the use of seedlings without grafting and
planting on the raised-beds (Oztiirk and Ozer, 2019; Alagoz et al., 2019).

In order to provide tolerance/resistance to soil-borne diseases in organic agri-
culture, grafting is an acceptable practice, especially in organic greenhouse vege-
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table production, as grafting contributes to sustainable agriculture by reducing the
number of chemicals in agriculture (Oztekin and Tiizel, 2017).

It is reported that grafted plants continue to develop at low soil temperatures
and take more plant nutrients because they have strong root structures (Yetisir et
al., 2004; Yars1 and Sari, 2006). Grafted plants show rapid growth because they are
grafted on vigorous rootstocks (Tiizel et al., 2009). However, this strong growth
is possible with the suitability of growing conditions and high fertilization. The-
re are limited studies on the different growing conditions (greenhouse and field)
and especially organic cultivation of grafted seedlings in tomato cultivation. This
study aimed to determine the effects of greenhouse and field conditions of tomato
seedlings grafted on different rootstocks on yield and some quality parameters of
tomato plants.

2. MATERIAL AND METHOD
2.1. Experimental Site and Plant Materials

The study was carried out in greenhouses (glass and polycarbonate covered)
and in an open field located in Ondokuz Mayis University Faculty of Agriculture
Research and Implementation area (41° 37’ 24.71" N, 36° 21’ 11.02" E and 137 m
altitude) between April 15 and July 1, 2022. In the research, Depar F1 tomato seed-
lings were grafted on three different rootstocks (Solanum Lycopersicum cv. ‘Kudret,
Hamarat, Pence’).

2.2. Experimental Design and Treatments

In the study, seeds of tomato rootstocks (Kudret, Hamarat, Penge) and scion
(Depar F1) were sown in 210-well viols with 2.6 x 2.6 cm diameter cells. These
viols are filled with peat. The seeds of the rootstocks were sown on April 15, 2022,
while the scion was sown on April 20, 2022. The viols, in which the seeds were
sown, were placed on the growing benches in the heated-glass greenhouse, and
five-minute irrigations were aplied three times a day (hours: 10.00, 14.00, 16.00)
untill transplanting date. Depar F1 seedlings were grafted on to rootstocks on May
24,2022 using the tube grafting method. After grafting, tomato seedlings were kept
in the intensive care unit created in the glass greenhouse for ten days in an environ-
ment containing 25/21 °C and 85% relative humidity. Then the grafted seedlings
were transplanted in the greenhouse and open field.

Planting sites were prepared in greenhouses and open fields where tomatoes
were not grown in previous years. 2 kg m? of animal manure was added to the
raised-beds prepared with a height of 20 cm and a width of 1 m as the planting site.
Drip irrigation pipes with a dripper spacing of 25 cm were placed in the prepared
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planting places (raised-beds) in a way suitable for double-row planting. Irrigation
was carried out with a system that can irrigate according to soil moisture throu-
ghout the growing period. Then, black PE mulch was applied over the planting
areas. Grafted Depar F1 tomato seedlings were transplanted 50 x 50 cm between
and with in the row spacing in double row transplanting system in the glasshouse
and open field. Texture analysis of soil samples belonging to the experimental area
(greenhouse and field); pH, electrical conductivity, organic matter content, nit-
rogen, available phosphorus and potassium values were determined according to
Kagar and Inal (2008) (Table 1). Greenhouse and field temperature (°C) and relati-
ve humidity (%) (KT100, Kimo, France) values were measured during the seedling
growing period (Table 2).

Table 1. Some physical and chemical characteristics of the soil.

H E.C. O.M. N P K
P (dS m") (%) (%) (ppm) (me/100g)
Greenhouse 7.3b 031a 52b 0.18b 12.3a 437
Field 8.0 a* 0.25b 6.1a 0.24a 114b 426

*: P<0.05

Table 2. Temperature (°C) and relative humidity values in the greenhouse and
field.

Greenhouse Field
Temperature (°C) Humidity (%) Tem[()oe(l:'?ture Humidity (%)
Lowest 16.1 45.6 13.1 26.4
Highest 47.3 89.2 383 79.8
Average 28.7 64.4 24.3 62.3

Additional organic fertilization has been made since planting. Organically
grown tomato plants were fertilized with the organic plant nutrients (compost wa-
ter fertilizer) that we prepared. Irrigation was carried out with compost water (500
ml/plant-EC; 1.4 dS m™) as one application for 15 days. The compost used for fer-
tilization was prepared in the compost pool using the heap method (Inckel et al.,
2005). While preparing the compost, tomato stalk waste (25 cm) was used as the
primary material. On top of the tomato waste layer, 10 cm high burnt farm manure
was added. As the third layer, 2 cm of the garden soil was added. This process was
repeated in 3 rows and as a result, a pile of 1.6x0.9x1m was obtained. The resulting
heap was watered and covered with the lid on it. Since the compost pool in which
the heap is formed is ventilated, the humidity of the heap is constantly controlled.
The compost water from the compost prepared in December 2021 became ready
for use within three months. Compost water fertilizer analysis; pH, E.C., nitrogen,
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phosphorus, potassium and sodium values were determined according to Kagar
and Inal (2008) (Table 3).

Table 3. Some chemical characteristics of compost water fertilizer.

Values
pH 7.73
EC dSm? 3.58
Nitrogen % 0.4
Phosphorus ppm 6.9
Potassium ppm 441
Sodium ppm 25.5

Stem diameter (mm), plant height (cm), and the number of leaves and clusters
were measured at 20 day measurement intervals from planting to tomato plants.
The final measurement values obtained are given in Table 4.

Weights of fruits harvested from the first to last harvest were measured with
a precise balance (0.1 g). Resultant fresh fruits were used to determine the yield
per plant. For fruit firmness (N) measurements, a 1 cm diameter peel was cut shal-
lowly from the firm sections of both sides of the harvested fruits. The resistance
against the 7.4 mm penetration of the 5 mm penetrometer (4301, Instron, USA) tip
from the cut sections of the fruits was taken as the fruit firmness of the fruit. So-
luble solids (SSC) content was measured in fruit juice of ripened fruits with a hand
refractometer (ATC-I, Atago, Japan) and expressed as present (%). To determine
the titratable acidity (T.A., %) of the fruits, 10 ml fruit juice was diluted with 10 ml
distilled water, then 0.1 N sodium hydroxide (NaOH) solution was added until the
pH value of 8.1. T.A. was determined in terms of citric acid (g 100 ml") equivalent
considering the amount of NaOH spent in titration. For the vitamin C content of
fruits, 5 g fresh fruit samples were taken, and 0.4% oxalic acid solution was added to
make the final volume of the mixture 50 ml. Then the mixture was filtered through
a filter paper and the resultant assay was read at 520 nm wavelength in a spectrome-
ter (Kilig et al., 1991) (Table 5).

In order to analyze the nutrients in fruits, the harvested fruits were sliced and
dried by placing them in an oven at 65 °C. The drying process was carried out for
at least 64 hours. It was decided whether the drying process was completed by app-
lying the weight change method on the samples that did not complete their drying
in this period. Then, 0.5 g of the ground samples were weighed and the ash obtained
was dissolved in hydrochloric acid after dry burning at 550 °C for 4-8 hours in the
muffle furnace. Fruits nutrient analyses (O.M, N, P, K, Ca, Mg, Fe, Cu, Mn and Zn)
were performed following the methods specified in Jones (2001).
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2.3. Statistical Analysis

The study was conducted in a Randomized Complete Block Design in split-
plot arrangements with three replications. Planting system treatments were placed
in blocks and rootstock treatments were placed in plots. In total, 18 plants were
measured for each treatment, including six tomato plants in each plot. SPSS 17.0
statistical software was used to analyze experimental results using two-way ANO-
VA (planting applications X rootstock). Duncan’s multiple comparison test compa-
red the differences between treatment means.

3. RESULTS AND DISCUSSION

3.1. Stem Diameter, Plant Height, Number of Leaves and Number of
Clusters

Significant effects of different cultivation practices (greenhouse and field) and
different rootstock practices on tomato growth were determined. According to the
results obtained, significant differences were determined between the plants grown
in the greenhouse compared to those grown in the open field (P<0.05). When we
examine Table 4, an increase of 16% in stem diameter, 67% in plant height, 44% in
the number of leaves and 78% in the number of clusters was detected in greenhou-
se-grown tomato plants compared to the field.

Table 4. The effects of different planting applications (greenhouse and field)
and using different rootstocks (Kudret, Hamarat and Penge) on tomato stem diam-
eter, plant height, number of leaves, and number of clusters values.

Stem .
Application Rootstock Diameter Plant Height Number Number of
(mm), (cm) of leaves Clusters
Kudret 174 a 239a 44 a* 15a*
Greenhouse Hamarat 13.3 ab 241 a* 39a 11b
Pence 18.1 a* 235a 42a 12 ab
Kudret 16.6 ab 160 b 30b 8c
Field Hamarat 14.2 ab 129 ¢ 28b 7c¢
Pence 11.2b 140 ¢ 28b 7c¢
Main Effects
L Greenhouse 16.3 a* 238 a* 42 a* 12.6 a*
Application
Field 14.1b 143 b 29b 7.1b
Kudret 16.9 a* 200 a* 37 a* 11.2 a*
Rootstock Hamarat 13.8b 185b 34b 8.8b
Penge 14.7b 187b 35 ab 9.5 ab
*: P<0.05
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It has been significant in different studies that temperature has important ef-
fects on leaf and plant height, which has important effects on yield (Uzun, 1996;
Kandemir, 2005; Ozer, 2012). In the studies carried out, it is significant that the
light intensity has important effects on the stem diameter and the number of clus-
ters. However, it is reported that light and temperature must be balanced for plant
growth. This balance is disrupted in the absence of light and temperature simul-
taneously or in the absence of one of them. It has been reported that the highest
yield, high stem diameter and plant height at a particular optimum are obtained
(Cocksull et al., 1992; Uzun, 1996; 2000; 2001; Kandemir, 2005; Ozer, 2012). In our
study, similar results were obtained. The fact that the plants grown in the green-
house were grown in higher temperature conditions since the light conditions were
the same significantly contributed to the faster growth of the plants. In particular,
the higher stem diameter and the number of leaves increased the number of clus-
ters and, therefore the yield significantly (Table 4; 5). When the performances of
the rootstocks were examined, it was determined that the Kudret rootstock stood
out in all growth parameters compared to the others (Table 4).

3.2.Yield, firmness, SSC, TA and vitamin C

While different growing conditions had significant effects (P<0.05) on yield
values, no significant differences were found between rootstocks. According to the
results obtained, the highest yield was determined as 9.3 kg plant™ in the plants
grown in the greenhouse, while Kudret rootstock came to the fore. In the study
where the Depar F1 variety was grown without grafting, the yield values showed a
change in the ratio of 1.63-1.78 kg plant (Alagoz and Ozer, 2019). The yield val-
ues of Monroe and Belle tomato varieties grafted on two different rootstocks (P.G.
3 and Beaufort) in greenhouse cultivation were determined as 3.1-4.8 kg plant™
(Marsi¢ and Osvald, 2004). Our study measured it as 3.4-3.6 kg plant in the field,
while it was determined as 9.1-9.7 kg plant™ in the greenhouse (Table 5).

Table 5. The effects of different planting applications (greenhouse and field)
and the use of different rootstocks (Kudret, Hamarat and Penge) on tomato yield,
fruit firmness, soluble solids (SSC), titratable acidity (T.A.) and vitamin C values.

Application Rootstock (kg‘}()il?:t- 1 (F;;Tll:-e;s) SSC % TA % (:lgil::(;l;_(i)
Kudret 9.7a 249b 42b 0.17 a 11.1d
Greenhouse Hamarat 9.1a 23.5ab 4.8 a* 0.16a 17.0b
Penge 92a 24.8b 43b 0.16a 13.0c¢
Kudret 3.6b 26.2 a* 40b 0.14 ab 16.0b
Field Hamarat 3.7b 219¢ 42b 0.12b 22.4a*
Penge 3.4b 27.1a 41b 0.11b 195 A
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Main Effects

Greenhouse 9.3 a* 24.3b 44 0.17 a* 13.5b*
Application

Field 35b 25.2 a* 4.1 0.12b 19.3a

Kudret 6.6 255a 4.1 0.15 13.3¢
Rootstock Hamarat 6.4 22.7b 45 0.14 19.7 a*

Pence 6.3 26.0a 4.2 0.14 16.3b
*: P<0.05

While the values of titratable acid and vitamin C, among the fruit quality pa-
rameters, were measured higher in the greenhouse, the fruit firmness values came
to the fore in the field. Significant differences were found between rootstocks in
firmness and vitamin C values (P<0.05). In vitamin C values, Hamarat rootstock
stood out with 197 mg 100 g'. In a study examining the effects of grafted and
un-grafted tomato cultivation on fruit quality, the contents of SSC varied between
4.17% and 4.86%. The fruit SSC contents of grafted plants were lower than those
of un-grafted plants (Turhan et al., 2012). In another study, it was reported that the
content of SSC in tomato plants grafted on Beaufort rootstock increased signifi-
cantly compared to un-grafted ones (Mohammed et al., 2009; Turhan et al., 2012).
According to our results, SSC contents showed a change between 4-4.8% and sim-
ilarity with the studies conducted.

The amount of fruit T.A. in the grafted tomato plants changed between 0.12
and 0.17 % in the greenhouse and open field. No significant difference was detect-
ed between rootstocks. On the other hand, Turhan et al. (2012) found significant
differences in T.A. values in grafted and un-grafted tomatoes and reported that the
values varied between 0.3% and 0.39%. In a study with similar results, T.A. values
varied between 0.25-0.7%. The study reported that higher values were obtained
in grafted tomato plants (George et al., 2004). IIi'C et al. (2014) reported that fruit
quality was characterized by titratable acidity increased with high air temperatures.
In the study, similar results were obtained. It is thought that T.A. values increase
with high temperatures in the greenhouse.

Vitamin C contents in tomatoes were determined at different rates in different
studies. Generally, it varies between 7 and 40 mg 100 g (Unlii and Padem, 2009,
Turhan et al., 2012; Ozer, 2012; Ozer, 2017; ; Oztiirk and Ozer, 2019; Alagdz and
Ozer, 2019). It is reported that the vitamin C content decreases with grafted seed-
lings in tomato cultivation (Turhan et al., 2012). They report that using rootstock
increases the SSC, TA and Vitamin C values in tomatoes, especially under stress
conditions, especially salinity (Francisco et al., 2010). In our study it is obtained sim-
ilar results for vitamin C values but different for SSC and T.A. (Table 5). It is thought
that these results are because the climatic conditions in the field are not optimal for
tomato cultivation and the temperature difference between day and night is high.
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In addition, this difference in the findings may have been caused by the preferred
variety, maturity stage and vegetative development stage of conventionally grown
tomatoes (Pieper and Barrett, 2008).

According to the results, the effect of rootstock and growing conditions on fruit
firmness values was found to be significant (P<0.05). When the rootstocks were
examined, the highest firmness was obtained from the Penge rootstock with 26.0
kg cm™, while the highest field-grown plants came to the field with 25.2 kg cm™
compared to the ones in the greenhouse (Table 5). Leafing increases with the for-
mation of solid roots in grafted plants. The increase in leafing accelerates water
and nutrient uptake (Haberal et al., 2016). They reported that as the water intake
increases in plants, the cell size increases in epidermal tissues and the firmness
of fruit flesh decreases in tomatoes (Unlii and Padem, 2009). In the study, we ob-
tained similar results. The foliation rate was high under greenhouse conditions.
The increased foliation rate may have accelerated plant water uptake and decreased
fruit flesh firmness.

3.3. Some Chemical Characteristics of the Fruit

Significant effects of grafting tomato plants grown in the greenhouse and field
on different rootstocks on O.M, N, Ca, Mg, Fe and Mn of tomato fruits were deter-
mined (P<0.05). According to the results obtained, the highest N (1.66%), Ca (249
ppm), Mg (242 ppm) and Fe (56.3 ppm) contents in tomato fruits were measured
in greenhouse-grown plants, while the highest O.M (91.2%) and Mn (10.8 ppm)
contents were determined in open-grown plants. When we examined the root-
stocks, the highest Fe (64 ppm) content was in the Kudret rootstock, the highest N
(1.71%), Ca (232 ppm) and Mg (257 ppm) content in the Hamarat rootstock and the
highest Mn (11.3 ppm) content in Penge rootstock determined in fruits (Table 6).

Table 6. Different planting applications (greenhouse and field) and rootstocks
(Kudret, Hamarat and Penge) affect tomato O.M, N, P, K, Ca, Mg, Fe, Cu, Mn and
Zn values.

Application  Rootstock % ppm
oM N P K Ca Mg Fe Cu Mn Zn
Kudret 899¢ 1.35¢ 0.17 39c¢ 227b  258a*  90.1a*  19.7b 86cd  382c
Greenhouse ~ Hamarat 88.3d 1.78 a 0.20 4.5a*  287a* 24la 38.3b 223ab  11.7b  418a
Penge 89.8 ¢ 1.84a* 019  42b  233b  227a 40.4b 239a*  95c¢ 40.8 ab
Kudret 91.3 ab 142c¢ 0.20 3.6d 227b 58b 379b 21.1ab 11b 4.2 ab
Field Hamarat 90.9b 1.64b 0.24 3.7d 177d 272a 29.3b 226ab  83cd 40.1b
Penge 91.5a* 1.32¢ 0.26 35e 202¢ 252a 57.4ab  2lab 13.1a*  322¢
Main Effects
L Greenhouse  89.4b 1.66 a 0.19 4.2 249 a 242 a 56.3a 21.9 99b 40.3
Application i
Field 91.2a 1.46 b 0.23 3.6 202 b 195b 41.5b 21.5 10.8 a 39.5
Kudret 90.6 1.38b 0.18 3.8 227a 158b 64.0a 20.4 9.8b 39.7
Rootstock Hamarat 89.6 1.71a 0.22 4.1 232a 257 a 33.8¢ 22.5 99b 40.9
Penge 90.6 1.58 ab 0.23 39 218b 240 s 48.9b 225 113 a 38.9

*: P<0.05, organic matter; O.M,
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Grafting has been reported to affect the absorption of minerals in plants. It was
determined that nitrate, phosphate, calcium and magnesium amounts were higher
in cucumber plants grafted on the pumpkin. It has been reported that phosphate
absorption decreases at 10 °C in un-grafted cucumber plants, while the oxygen
consumption in the roots of grafted cucumber plants is 1.5 times higher than in
un-grafted plants (Ertok and Padem, 2007). The effects on plant nutrient uptake
were investigated in the Falez F1 melon cultivar grafted on 12 different pumpkin
rootstocks. According to the results obtained, it was determined that the grafted
plants took more macro and micro elements than the control, except for Mn and
K (Yars: and Sari, 2006). In their study, Mohammed et al. (2009) determined the
significant effects of grafting the Cecilia F1 cultivar on three different rootstocks
on fruit nutrient contents. Unlike our study, a significant decrease was found in
Ca, Mg, K, Fe, Zn and Mn contents in un-grafted plants for control purposes com-
pared to grafted plants. A study that showed the opposite results of these studies
stated that using grafted plants did not significantly affect the nutrient content of
tomato fruits (Gebologlu et al. 2011).

4. CONCLUSION

In the literature, it is stated that grafting increases tomato yield and fruit qual-
ity by growing strongly depending on the relationship between rootstock/scion.
Vigorous plants take in more nutrients from the soil. This situation increases the
inputs. This brings an additional cost as grafted seedlings are already higher than
un-grafted ones. Our results in the literature and our study are that grafted plants
have high resistance to stress conditions and diseases. This situation supports that
it may be better to produce grafted plants using organic farming methods. Howev-
er, it is stated in the literature that plant nutrition methods in organic agriculture
can limit this situation. Our study has detected that grafted plants have shown that
they can demonstrate high yield and quality with the use of organic plant nutrients.
The yield and quality results we obtained show similar values in soil cultivation us-
ing many chemical fertilizers. Researchers should work on increasing the diversity
of organic nutrients for successful vegetable cultivation and enrichment of soil vi-
tality/microorganisms. This way, the use of inputs in agriculture will be reduced to
reasonable levels and profitability will increase. In addition, the situations that may
occur when strongly growing grafted plants are grown in the field and greenhouse
have been demonstrated by this study. As a result, it was determined that grafted
seedlings should definitely be grown greenhouse.
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ISKORPIT BALIGI SOLUNGAC DOKUSUNDAN GLUTATYON
REDUKTAZ ENZIMININ SAFLASTIRILMASI VE METAL
INHiBISYONUNUN iNCELENMESI

0z:

Bu ¢alismada iskorpit balig1 solunga¢ dokusundan glutatyon rediiktaz enzimi
literatiirde ilk kez kismi olarak saflastirilmis ve agir metal iyonlarinin enzim akti-
vitesi lizerindeki etkileri belirlenmistir. Saflastirma islemi homojenat hazirlanma-
s1, amonyum siilfat ¢oktiirmesi ve diyaliz olarak {i¢ asamada gergeklestirilmistir.
Calisma sonucunda optimum pH 6.5, optimum substrat konsantrasyonu 2 mM
NADPH ve optimum tampon 400 mM KH,PO, olarak bulunmustur. Kismi saf-
lagtirma sonrasinda agir metal iyonlar1 olarak Ni**, Zn** ve Cd**’nin inhibisyon
etkileri aragtirilmig ve agir metallerin IC_| degerleri sirastyla 31 pM, 56 uM ve 74
uM olarak hesaplanmistir. En giiglii inhibitoriin ¢inko oldu tespit edilmistir.

Anahtar Kelime: Enzim Saflagtirilmasi, Glutatyon Rediiktaz, Iskorpit Baligs,
Metal Iyonlar:.

ek
ABSTRACT

PURIFICATION AND METAL INHIBITION OF GLUTATHIONE
REDUCTASE ENZYME FROM GILL TISSUE OF SCORPIONFISH

In this study, glutathione reductase enzyme was partially purified from gill tis-
sue of scorpion fish and the effects of heavy metal ions on enzyme activity were
determined. The purification process was achieved in three steps as preparation of
homogenate, ammonium sulfate precipitation and dialysis. As a result of the study,
optimum pH 6.5, optimum substrate concentration 2 mM NADPH and optimum
buffer 400 mM KH_PO, were determined. After partial purification, the inhibition
effects of Cd*?, Ni*?, Zn*? as heavy metal ions were investigated. The IC, values of
heavy metals were calculated as 74 uM, 31 uM, and 56 uM, respectively. The most
potent inhibitor was determined to be zinc.

Keywords: Enzyme Purification, Glutathione Reductase, Metal fon, Scorpion
Fish.
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1. GIRIS

Iskorpit balig1 (Scorpaena porcus), Scorpaenidae familyasinin bir iiyesi arasin-
da yer almaktadir. Ulkemizde en yaygin olarak Akdeniz ve Karadeniz bolgelerinde
yagam gdstermektedir. 1000 m’ye kadar derinliklerde yasayan Iskorpit balig1 s1§ ve
alglerle kapli bolgeleri tercih etmektedir (Aksiray, 1987). Denizlerdeki kirlilik esas
olarak deniz canlilarinda ve tortullarda birikmektedir. Bu nedenden dolay1 besin
zinciri yoluyla da insanlara gegmektedir (Aksakal ve ark., 2021). Baliklar en yiik-
sek trofik seviyeyi en yiiksek sucul ekosisteminde isgal etmektedir (Hisar ve ark.,
2006). En 6nemli kirletici faktorlerden biri olan agir metaller, insan saglig1 {izerin-
de olumsuz etkilere sahiptir ve oksidatif strese neden olan reaktif oksijen tiirlerinin
(ROS) tiretimini indiikleyebilmektedir. Reaktif oksijen tiirleri lipitler, proteinler ve
DNA gibi hiicre bilesenlerine zarar vermektedir (Siktar ve ark., 2011). Sonug ola-
rak canli viicudunda reaktif oksijen tiirleri tarafindan olusturulan oksidatif hasar1
gidermede en 6nemli ajan antioksidanlardir (Bayir ve ark., 2011).

Antioksidanlar, reaktif oksijen tiirlerinin olusumunu 6nleyen ve neden olduk-
lar1 hasari tamir eden savunma sisteminin en 6nemli iiyesi olarak bilinirler (Sen ve
ark., 2010). Canli hiicrelerin yasaminin devamliligi, karmasik biyokimyasal reaksi-
yonlarin dengesine baglhidir. Bu dengeyi bozacak faktérlerden kaynaklanan endo-
jen/eksojen bilesikler hiicre yikimina neden olmaktadir (Demirdag ve ark., 2012).

Dogal bir indirgeyici molekiil olan glutatyon (GSH), hiicreler tarafindan ok-
sidatif strese karsi kendilerini korumak i¢in kolayca kullanilabilir. ROS’a kars: bu
koruyucu etki, glutatyon peroksidaz ve glutatyon rediiktaz gibi enzimlerle etkilesi-
me girerek saglanmaktadir (Mate, 2000). GSH, bir antioksidan olmasinin yani sira
hiicrenin detoksifikasyon sisteminde, gen ekspresyonunda ve regiilasyonunda da
rol oynamaktadir (Townsend, 2003).

Glutatyon metabolizmasinda 6nemli bir enzim olan glutatyon rediiktaz (EC
1.8.1.7; GR), birgok reaktif elektrofil i¢in giiclii bir sekilde niikleofilik olan indir-
genmis glutatyon formunun korunmasi i¢in 6nemlidir (Calberg ve Mannervik,
1975; Sentiirk ve ark., 2009). Flavin bir enzim olan GR, glutatyon disiilfiti (GSSG)
indirgenmis formuna (GSH) indirgeyerek hiicreleri oksidatif stresten korumak
icin bir antioksidan gorevi gormektedir (Meister ve Anderson, 1983). Ozellikle
karacigerde onemli bir role sahip olan indirgenmis glutatyonun (GSH), ilag ve de-
toksifikasyonu ve hidrojen peroksitlerin uzaklagtirilmas: reaksiyonlarinda 6nemli
bir etkiye sahiptir. Bunun nedeni detoksifikasyon olaylarinin karaciger mikrozom-
larinda bulunan sitokrom P-450 sistemi tarafindan saglanmasidir (Beutlar, 1963).
GR enziminin katalizledigi reaksiyonlarin bilinen en 6nemli hedeflerinden biri,
hiicre ortamindaki GSH/GSSG oranimni korumasidir (Kocaoglu ve ark., 2019).
Glutatyon perdoksidaz enziminin katalizledigi, hidroperoksitlerin detoksifikasyo-
nu ve diger baz1 bilesiklerin indirgenmesiyle olusan GSSG i¢in glutatyon rediiktaz
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hiicre i¢i glutatyonun indirgenme-yiikseltgenme olayinda 6nemli bire role sahiptir
(Toribio ve ark., 1996). Bu katalitik siire¢te kullanilan NADPH kaynagi, NADP+
bagimli malat dehidrogenaz ve pentoz fosfat yolundan kaynaklanmaktadir (Ekinci
ve Beydemir, 2009; Levy, 1979). Pentoz fosfat dongiisiiniin 6nemli bir iirtint olan
NADPH, indirgeyici biyosentezde yaygin olarak kullanilmaktadir. Ayrica, hiicre-
nin oksidatif hasara karsi korunmasina da yardimei olmaktadir (Townsend ve ark.,
2003).

GR ve GSH eksikligi hiicrede oksidatif hasara neden olmaktadir. Bu eksiklik
Alzheimer, Parkinson, karaciger ve akciger hastaliklari, orak hiicreli anemi, HIV,
AIDS, kanser, inme, sizofreni ve diyabet gibi birgok hastaliga neden olmaktadir
(Townsend ve ark., 2003; Wu ve ark., 2004).

Cevremizde dogal olarak ve su kiitlelerinde bulunan metaller dogal ve antro-
pojenik nedenlerden kaynaklanmaktadir. Cesitli metaller ve kimyasallar, inhibitor
etkileri agisindan ¢esitli enzimler tizerinde test edilmistir (Durdag: ve ark., 2016).
Cok fazla endiistriyel problemler nedeniyle cevredeki agir metal birikimi ciddi bir
sorun haline gelmistir (Bewley, 1980). Diisiik miktarlarda bile toksik etki gosteren
agir metaller viicuda ag1z, solunum ve deri yoluyla girmektedir. Bobrek, karaciger,
barsak, akciger ve deri gibi bosaltim yollarina 6zel bir miidahale olmadig: siirece
atilamazlar. Bunun sonucunda agir metallerin neredeyse tamami biyolojik orga-
nizmalarda birikmektedir. Bu metaller canli biinyesinde birikerek tiroid nérolojik
hastaliklari, otizm ve kisirlik gibi 6nemli hastaliklara yol agmaktadir. Yiiksek kon-
santrasyonlara sahip agir metaller hayvanlari, bitkileri ve insanlar1 olumsuz yénde
etkilemektedir. Ozellikle agir metaller, akuatik canlilarda serbest radikallerin olu-
sumunu baglatmakta ve arttirmaktadir. Bu yiizden serbest radikallerin olusturdu-
gu hasar1 6nlemek amaciyla kontrol altinda tutulmalidir (Isik ve ark., 2015; Fidan
ve ark., 2015; Tas ve ark., 2019; Kelestemur, 2012; Valavanidis ve ark., 2006). Agir
metaller ve metal iyonlarinin enzim-substrat ve kofaktor afinitesini etkileyen de-
giskenler tizerinde de etkisi bulunmaktadir. GSH’1n gegici olarak titkenmesine ve
antioksidan enzimlerin inhibisyona neden olan metal iyonlarinin da enzim aktivi-
tesini etkiledigi bilinmektedir (Tandogan ve Ulusu, 2010). Ayrica Glutatyon rediik-
taz enziminin, GSSG konsantrasyonu diisiik oldugunda metal iyonlarina oldukg¢a
duyarli oldugu bilinmektedir (Garcia ve ark., 1993).

Bu caligmada agesitli hastaliklarin tedavisinde hedef gosterilen glutatyon re-
ditktaz enziminin Iskorpit balig1 (Scorpaena porcus) solungag dokusundan kismi
saflagtirmasi ve gevrede bol miktarda bulunan agir metallerin inhibisyon kinetigi-
nin incelenmesi hedeflenmistir.
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2. MATERYAL VE METOT
2.1. Kimyasallar

Saflastirma islemi icin kullanilan tiim kimyasallar Sigma-Aldrich’ten satin alin-
mustir. Diger tiim dereceli kimyasallar Merck'ten temin edilmistir.

2.2. Glutatyon Rediiktaz Enzim Aktivitesi

5 farkli balik 6rneginden solungag dokular: alindi (Sekil 1 ve 2). Alinan solun-
ga¢ dokularindan 5.935 g tartilarak havanda siv1 azot igerisinde par¢aland. Fizik-
sel parcalama iglemine tabi tutulduktan sonra 50 ml falkon tiip icerisine almarak
tizerine ImM EDTA + 0,15 M KCI igeren 0,1 M KH,PO, pH (7,6) tamponu eklene-
rek 45 ml'ye tamamlandi. Daha sonra +4°C ‘de 10000 xg de 60 dk boyunca santrifiij
islemi yapildi. Santrifiij isleminden sonra stizge¢ kagidindan stipernatant ve ¢oke-
lek kismi birbirinden ayrilarak enzim aktivitesine bakildi. Enzim tayini spektrofo-
tometrik yontemle NADPH’nin oksitlenmesine bagli olarak, 340 nmde absorbans
azaligina gore belirlendi. Ol¢iimler Kinetics ratede 340 nmde 3 dk boyunca yapild:
(Calberg ve Mannervik, 1985).

Sekil 1. Iskorpit balig1 (Scorpaena porcus)

Figure 1. Scorpion fish (Scorpaena porcus)
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Sekil 2. Iskorpit balig1 solungag dokusu

Figure 2. Gill tissue of scorpion fish
2.3. Amonyum Siilfat Céktiirme ve Diyaliz

flgili proteinin bagka proteinlerden ayrilmasi islemlerinde ya da proteinlerin
deristirilmesi islemi i¢in amonyum siilfat ((NH4),SO,) ¢oktiirme islemi yapilmis-
tir. Iskorpit baligi solungag dokusu ekstrat1 %0-100 ¢oktiirme araligina tabi tutul-
du (Sekil 3). Yapilan ¢oktirme sonucunda %60-80 araliginda doygunluga ulasarak
enzimin aktif oldugu aralik belirlendi. Cokelti KH,PO, (400 mM; pH:6.5) tamponu
icinde ¢oziildi. Belirlenen araliktan sonra protein ¢6zeltisinin tuzlardan arindi-
rilmas igin diyaliz islemi yapild1 (Sekil 4). Daha sonra 40 mM KH_PO, (pH: 6.5)
tamponu icinde 2 saat boyunca diyaliz edildi.

Sekil 3. Amonyum siilfat islemi

Figure 3. Ammonium sulfate process
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Sekil 4. Diyaliz islemi

Figure 4. Dialysis process
2.4. Enzimin Kinetik Parametrelerinin Karakterizasyonu

Saflagtirilmis enzim tizerinde kinetik ozellikleri belirlemek icin farkli pH,
substrat ve iyonik siddet kosular1 incelenmistir. Enzimin kinetik parametrelerinde
optimum iyonik siddet 400 mM KH,PO, tamponu, optimum pH 6,5 ve optimum
substrat konsantrasyonu 2 mM NADPH olarak bulundu.

2.5. Agir Metallerin in Vitro Etkileri

Agir metallerin iskorpit balig1 solunga¢ dokusu GR tizerindeki etkilerini deger-
lendirmek i¢in reaksiyon ortamina ¢esitli konsantrasyonlarda agir metaller ilave
edildi. Enzim aktivitesi degerlendirildi ve agir metal icermeyen bir deney kontrol
olarak kullanildi (%100 aktivite).

Farkli konsantrasyonlardaki (Zn(NO,),), Ni(NO,),, Cd(NO,), tuzlarinin so-
lunga¢ dokusu GR enzim aktivitesitizerindeki etkileri spektrofotometrik olarak
olgiildii. Tipik polinom regresyon yazilimi kullanilarak, her bir agir metal igin ak-
tivite ylizdesine kars1 inhibitor konsantrasyon grafigi ¢izilmistir. Enzim aktivitesini
%50 oraninda engelleyen agir metal konsantrasyonlari (IC, ) belirlenmis ve Tablo
I'de gosterilmistir.
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Tablo 1. iskorpit balig1 (Scorpaena porcus) agir metal iyonlar: ile GR enzim
inhibisyon verileri

Table 1. Scorpion fish (Scorpaena porcus) GR enzyme inhibition data with heavy
metal ions

Metal ion IC,, (uM)
Ni+2 31
Zn+2 56
Cd+2 74

3. BULGULAR VE TARTISMA

Glutatyon (GSH), karacigerde iiretilen ve hiicrenin sitozold, ¢ekirdegi ve mito-
kondrisinde bulunan bir tripeptittir (Liebman ve Greenberg, 1988). Glutatyonun
onemi, bitkilerde, memelilerde, mantarlarda ve bazi prokaryotik organizmalarda
yaygin olarak kullanilmasindan anlagilmaktadir (Anderson, 1988). GSH, detok-
sifikasyona ek olarak, glioksalaz sistemi, riboniikleotitlerin indirgenmesi, tiyol:di-
stlfit degisim reaksiyonlar1 yoluyla protein ve gen ekspresyonunun diizenlenmesi
dahil olmak tizere diger hiicresel reaksiyonlarda rol oynamaktadir (Mullineaux,
1997). Glutatyon rediiktaz (GR), hiicreleri serbest radikallerin zararl etkilerinden
koruyan hiicre i¢i antioksidan sisteminin temel enzimlerinden biri olan diisiik veya
yitksek molekiiler agirlikli disiilfit substratlari ile indirgenmis piridin niikleotitleri
arasindaki elektron transferini katalize etmektedir (Toribio ve ark., 1996). NADPH
aracihifiyla glutatyon distlfiirtin (GSSG) indirgenmesi GR enzimi tarafindan ka-
talize edilir (Cakmak ve ark., 2011). GR enziminin katalizledigi reaksiyonda en
onemli hedef hiicre ortamindaki GSH/GSSG oranini korumaktir. Eritrosit hiicre-
lerde yaklasik bu oran 500/1dir (Keha ve Kiifrevioglu, 2012). Bundan dolay: sade-
ce GSH/GSSG oranini korumakla kalmaz, ayni zamanda reaktif oksijen tiirlerinin
detoksifikasyonu gibi hiicrenin 6nemli gorevlerinin devam etmesine de destek ol-
maktadir (Cakmak ve ark., 2011). Serbest radikaller ve antioksidanlar arasinda bir
denge s6z konusudur. Serbest radikaller ve antioksidan savunma sistemi arasinda
bir denge s6z konusudur. Fazla tiretilen serbest radikaller sonucunda antioksidan
savunma mekanizmalarinda bir hasar olugsmaktadir. Bu yiizden serbest radikaller
ve antioksidan sistemi arasinda bozulan denge sonucunda hiicre oksidatif strese
maruz kalmaktadir (Townsend ve ark., 2003).

Proteinlerin indirgenmis formda kalmalarini saglayan GSH eritrositlerde kiire-
sel yapinin korunmasinda rol oynamaktadir. Oksidatif hasara kars1 duyarl eritro-
sitlerin GSH eksikligi sonucunda yasam siireleri kisalmakta ve hemolitik kaynakli
anemiye neden olmaktadir (Chang ve ark., 1978).
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Giiniimiizde hizli niifus artis, kentsel atiklar, endistriyel atiklar, tarimda bi-
lingsizce kullanilan giibre ve ilaglar agir metallerin olugsmasina sebep olmaktadur.
Toprak, deniz ve akarsulara karigan bu agir metaller canlilarin maruz kalmasiyla
hiicrede antioksidan enzimlerin inhibisyonuna ve oksidatif hasara bagl olarak or-
ganizmalarda birtakim sorunlar ortaya ¢ikarmaktadir.

Bu makalede iskorpit balig1 (Scorpaena porcus) solungag dokusundan glutatyon
reditktaz enzimi kismi saflagtirma islemine tabi tutulup bazi karakteristik 6zellikle-
ri incelenmigtir. Kismi saflagtirma iglemi sirasiyla homojenat hazirlama, amonyum
stilfat ¢ktiirme islemi ve son olarak diyaliz islemi ile gerceklestirilmistir.

Saflagtirma islemi ilk olarak homojenat hazirlama islemiyle gerceklesti. Ha-
zirlanan solunga¢ dokusu homojenatlarina %0-100 araliklarinda amonyum siil-
fat ¢oktiirme islemi yapildi. Yapilan ¢oktiirme isleminde GR enziminin %60-80
araliginda ¢coktiigii belirlendi. Kismi bir saflagtirma yontemi olan amonyum stilfat
¢oktiirme igleminde bir¢ok safsizliklar giderilerek proteinler daha derisik hale ge-
tirildi. Erat (2002) sig1ir ve insan eritrositlerinden GR enzimi i¢in amonyum siilfat
araligini %30-70, Acan ve Tezcan (1989) koyun beyni i¢in GR enziminin amon-
yum siilfat araligini %35-55, Ulusu vd. (2005) koyun karacigerinden %0-60 aralik-
larinda bulmugstur. Coktiirme isleminden sonra ortamdaki iyonlar: uzaklastirmak
amaciyla diyaliz islemi gergeklestirildi. Kismi olarak saflagtirilan enzim tizerine
Zn**, Ni*%, Cd* agir metalleri uygulanmistir. Uygulanan agir metallerin IC_ de-
gerleri sirasiyla 56 pM, 31 uM, 74 uM olarak hesaplanmigtir. IC50 degerlerinin
grafikleri Sekil 5-7 ve Tablo 1 de belirtildi.
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Sekil 5. Farkli agir metal konsantrasyonlarinda iskorpit baligi GR enzimi i¢in
% aktivite-[Ni"?] regresyon analiz grafikleri

Figure 5. Activity % [Ni**] regression analysis graphs for Scorpionfish (Scorpaena
porcus) GR enzyme in the presence of different heavy metal concentrations.
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Sekil 6. Farkli agir metal konsantrasyonunlarinda iskorpit baligi GR enzimi
i¢in % aktivite-[Zn"*] regresyon analiz grafikleri

Figure 6. Activity %-[Zn*’] regression analysis graphs for Scorpionfish (Scorpaena
porcus) GR enzyme in the presence of different heavy metal concentrations
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Sekil 7. Farkli agir metal konsantrasyonlarinda iskorpit baligi GRenzimi igin
%aktivite-[Cd+2 ] regresyon analiz grafikleri

Figure 7. Activity %-[Cd+2 | regression analysis graphs for Scorpionfish (Scor-
paena porcus) GR enzyme in the presence of different heavy metal concentrations

Yapilan ¢alismada karakterizasyon islemi gerceklestirildi. GR enziminin op-
timum pH:6.5, optimum substrat 2 mM NADPH ve optimum tampon 400 mM
KH2PO4 olarak bulunmustur. Literatiirde sigir eritrosit GR enzimi i¢in optimum
iyonik siddet 435 mM fosfat tamponu, koyun karacigeri i¢in 50 mM Tris olarak
bulunmugtur (Erat, 2002; Ulusu vd, 2005). Farkl: tiirlerden yapilan ¢alismalarda
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ise GRlerin optimum pH’sinin 6.5-8.5 araliginda oldugu tespit edilmistir (A¢an,
1990; Ogiis ve Ozer, 1991; Ogus ve Ozer, 1998; Willmore ve Storey, 2007; Tekman
vd, 2008).

Dogada bulunan agir metallerin etki ettigi zararlar ¢caliymanin 6nemini goster-
mektedir. Clinkii ¢evresel problemler sonucu ortaya ¢ikan agir metaller toprak, su
ve denizlere karisarak canli ekosistemine zarar vermektedir. Ozellikle denizlerde
ve akarsularda biriken agir metaller sucul canlilarin maruz kalmasina neden ol-
maktadir. Sucul canlilarin maruz kalmasi sonucunda bu agir metaller besin alimi
vasitastyla da insanlara gegmektedir.

Ekinci ve ark. (2011) yaptiklar1 ¢alismada, gokkusag: alabaliginin karacigerin-
den izole ettikleri GR enziminin Co*?, Zn*?, Ca*?, Fe*?, Mn*?, Cr*’, Sn*? ve Mg** agir
metalleri ile inhibisyon etkilesimini incelemistir. Agir metallerin IC50 degerleri
sirastyla 42.2 uM, 63.1 pM, 357 uM, 486 uM, 508 uM, 592 uM, 657 pM olarak
bulunmugtur. Tekman ve ark., (2008) yaptiklar1 bir calismada ise Gokkusag: alaba-
liginin (Oncorhynchus mykiss) karacigerinden saflastirdiklart GR enzimi iizerine
uygulanan Cd*?, Cu*?, Pb*?, Hg*?, Fe*? ve Al** agir metallerinin inhibisyon kinetigi
incelenmistir. IC50 degerleri sirasiyla 65.5 uM, 82 uM, 122 pM, 509 uM, 797 uM
ve 804 uM olarak bulunmustur. Yusuf ve Ciftci, (2017) tarafindan tavuk bobre-
ginden saflagtirilan GR enzimi tizerinden yapilan ¢alismada ise Ni*%, Zn*2, Pb*?,
Hg+2, Ag* ve Al** agir metallerin enzim tizerinde inhibisyon etkilerini belirlemis-
lerdir. IC50 degerleri ise sirasiyla 337 uM, 191 uM, 168 pM, 187 uM, 289 uM olarak
bulunmustur.

Calismamizdan elde ettigimiz sonuglara gore GR enzim aktivitesi tizerinde me-
tal iyonlarimin IC50 degerleri kiigiikten biiylige dogru Cd**> Zn**> Ni*?geklinde-
dir. Dolayisiyla enzimi en giiglii inhibe eden metal, Ni*? iyonu olarak belirlenmistir.

4. SONUC

Sonug olarak bu ¢aligmada solunga¢ dokusu GR enziminin metal iyonlari ile
diistik mikromolar konsantrasyonlarda inhibe oldugu saptanmustir. Canli hiicre-
lerde antioksidan savunma sisteminin 6nemli bir enzimi olan GR, ¢esitli agir me-
tallerle inhibisyonu organizmada olumsuz etki birakmistir. Bu nedenle bir¢ok pa-
tolojik durumun ortaya ¢ikisinda etkin rol oynamaktadur. iskorpit baligi solungag
dokusundan kismi olarak saflastirilan GR enzimi hayati 6neme sahip olan GSH/
GSSG oranini kontrol altinda tutmaktadir. GR enzimini inhibe ederek bu dengeyi
bozabilecek bu metallerin kullaniminda dikkatli olunmali ve kullanimi kontrol al-
tinda tutulmalidir. Bu galisma, Iskorpit balig1 solungag dokusundan GR enziminin
kismi saflagtirilmasi, karakterizasyonu ve kinetik 6zelliklerinin belirlenmesi baki-
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mindan literatiirde ilk kez gerceklestirilmistir. Caliymamizdan elde edilen bulgular
antioksidan enzim ¢aligmalarina katk: saglayacaktir.

Cikar Catismasi:

Yazarlar herhangi bir ¢ikar ¢atismasi olmadigini beyan eder.
Etik:

Bu ¢alisma etik kurul onayi gerektirmez.

Yazar Katki Oranlari:

Caligmanin Tasarlanmasi (Design of Study): KI (30), ES (70)
Veri Toplanmasi (Data Acquisition): KI (30), ES (70)

Veri Analizi (Data Analysis): KI (30), ES (70)

Makalenin Yazimi (Writing up): KI (30), ES (70)

Makalenin Génderimi ve Revizyonu (Submission and Revision): KI (30), ES (70)
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