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ABSTRACT

In the study, 3 American rootstocks (110 R, 1103 P and 5 BB) with low, medium, and
high rooting ability were used, 2 different bacterial isolates Bacillus cereus (ZE-7) and
Pseudomonas putida (ZE-12) and their binary combination and the bottom of the
cuttings. It was aimed to determine the effect of bacteria on rooting by treating the
rooting part. During the rooting stage, hormone-free MS medium was treated with
PGPRs, and in addition, hormone-free MS medium containing 1 mgl-1 IBA was used to
determine the effects of PGPRs strains. At the end of the study, the root ratio of the
explants was maintained; root length, number of roots, root fresh weight, root dry
weight, shoot length, shoot fresh weight, and shoot dry weight data were examined. It
was determined that PGPR applications generally gave higher values than control and
IBA applications. Among the rootstocks, it was determined that they gave the best
results in terms of root development. The highest values were obtained in the 5BB
rootstock, and the lowest values were generally obtained in the 110R rootstock. Shoot
development values varied according to the rootstocks and applications. In terms of the
effects of the applications on root development, the highest rooting rate was 72.03%,
the highest root number ratio was 1.95 on average, and the highest root fresh weight
was 39.75 mg from the Bacillus Cereus application; Additionally, the highest root dry
weight was obtained from B.cereus+P.putida application with 13.06 mg. The research
highlighted this feature of 5 BB rootstock, which is considered among the easily rooting
rootstocks, with its PGPR effect. 110 R, which is known as a difficult rooting rootstock
and has high resistance to drought and active lime, which are the biggest threats today,
showed a lower rooting rate, but when the values were examined, it was above the
control and IBA applications.

Key Words: 5BB rootstock, rooting rate, in vitro, Bacillus cereus, Pseudomanas putida
0z

Calismada koklenme yetenegi disuk, orta ve yiksek olan 3 Amerikan anacini (110 R,
1103 P ve 5 BB ), 2 farkl bakteri izolati (Bacillus cereus (ZE-7) ve Pseudomonas putida
(ZE-12) ve bunlarin ikili kombinasyonu ile geliklerin dip kismint muamele etmek suretiyle
bakterilerin koklenme Uzerinde etkisini belirlemek amaclanmistir. Koklendirme
asamasinda hormondan ari MS ortami, BBAR'lar ile muamele edilmis olup ayrica, BBAR
irklarinin etkilerini belirleyebilmek icin hormondan ari 1 mgl™ IBA iceren MS ortamlari

kullanilmistir. Calisma sonunda sirdirilen eksplantlarin kok orani, kok uzunlugu, kdk
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sayisi, kok yas agirligi, kok kuru agirhgi, siirglin uzunlugu, sirgiin yas agirhigi ve stirglin kuru agirligi verileri incelenmistir.

BBAR uygulamalarinin, genel olarak kontrol ve IBA uygulamalarina oranla daha yiiksek degerler verdigi saptanmistir. Anaglar

arasinda kok gelisimi bakimindan en yiiksek degerler 5BB anacinda, en diisiik degerler ise genel olarak 110R anacinda elde

edilmistir. Surglin gelisim degerleri anaglara ve uygulamalara gore degisiklikler gostermistir. Uygulamalarin kék gelisimleri

Uzerine etkileri agisindan en yiiksek Bacillus cereus uygulamasindan en yiiksek koklenme %72.03, en yliksek kok sayisi orani

ortalama 1.95 adet ile en yiiksek kok yas agirligi 39.75 mg elde edilmistir; ayrica en ylksek kok kuru agirligi da 13.06 mg ile

B.cereus+P.putida uygulamasindan alinmistir. Arastirma kolay koklenen anaglar arasinda degerlendirilen 5 BB anacinin,

BBAR etkisi ile bu 6zelligini daha ¢ok 6n plana ¢ikmistir. Zor kéklenen anag olarak bilinen, glinimuzdeki en biyiik tehdit olan

kuraklik ve aktif kirege dayanimi yiiksek olan 110 R ise daha diisiik bir koklenme gostermistir, fakat degerler incelendiginde

kontrol ve IBA uygulamalarinin istiinde olmustur

Anahtar Kelimeler: 5BB anaci, koklenme orani, in vitro, Bacillus cereus, Pseudomanas putida

Introduction

The phylloxera plague, which had only natural
distribution before the 19th century, on viticulture
emerged as a result of its transport to Europe
before 1860. It showed devastating effects on the
Vitis vinifera L. (Vitaceae; Rhamnales) species,
which is known as the European grape, which was
included in this distribution through the first
European colonies in the early 18th century,
destroying all the vineyards in the European
continent after the vineyards in France. It was
subsequently carried by colonization to Africa,
South America, and Australia/New Zealand
(Gokbayrak, 2006). Today, it has spread all over the
world, except for parts of Chile, China, and
Australia (Granett et al., 2001). Weakening and
vine death due to vineyard phylloxera were
observed in all regions where the pest spread
(Gokbayrak, 2006). Regional drying out in the
vineyards may spread to the entire vineyard area
in the future, causing not only yield loss but also
the loss of the entire vineyard. For this reason,
American grapevine species with different levels of
resistance to phylloxera are used as rootstocks.

Many rootstocks are used in the world that can
adapt to different soil types, have different
resistance to drought, lime, salinity, phylloxera,
and nematodes, as well as their ability to adapt to
V. vinifera varieties (Yagci, 2022) Another factor
affecting the selection of rootstocks is the rooting
rate. Among the grapevine rootstocks, some
rootstocks root easily (5 BB, 1613 C) as well as
more difficult rootstocks (110 R, 140 Ru, 41 B)
(Howell, 1987; Celik, 2011).

Although the exact system of root formation is

not known today, it is accepted that some
phytohormones (such as auxin) prevent ethylene
synthesis and accordingly provide mineralization
of nutrients (Goto, 1990; Steenhoudt and
Vanderleyden, 2000). In viticulture, IBA and NAA
are the most preferred hormones to promote
rooting in cuttings (Algil et al., 2016).

In addition to these, there have been many
studies in recent years using non-pathogenic
rhizobacteria (known as plant growth promoting
-PGPR)
Agrobacterium,

rhizobacteria such as  Bacillus,

Pseudomonas, Streptomyces,
Alcaligenes for rooting cuttings (Patena et al.,
1988; Goto, 1990; Srinivasan et al., 1996; Tripp et
al., 1997; Stomp, 1997; Ercisli et al., 2003; Esitken
et al., 2003a; Larraburu et al., 2007; Teixeira et al.,
2007; Peyvandi et al., 2010).PGPR’s are known as
beneficial bacteria strains found in soil. They make
important contributions by increasing the root
development of plants (Kloepper, 1994; Glick,
1995; Cleyet-Marcel et al., 2001). Bacteria that
increase rooting by producing auxin also have
other beneficial effects such as inhibiting ethylene
synthesis and providing mineral substance uptake
(Kapulnik et al., 1985; Lifshitz et al., 1987).

Some reproduction methods: due to negative
features such as allowing the production of a
limited number of plants over a long period,
causing the transmission of systemic diseases and
undesirable mutations, needing large
reproduction areas and requiring more time for
the production of propagation materials,
nowadays it is more rapid and massive. It is seen
that tissue culture methods, which are more
effective in production, gain importance in plant

reproduction. Tissue culture methods; allow the
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production of strong and healthy plants by
genetically plant
populations (Murashige, 1974; Blazina et al., 1991,
In propagation
using the tissue culture method, some problems

creating homogeneous

Figiel-Kroczyniska et al., 2022).

arise in rooting woody plants (Larraburu et al.,
2007). To solve these problems, some vitamins
(Antonopoulou et al., 2005) and tryptophan
(Khalid et al., 2004; Sharma et al., 2014), amino
acids (Pedrotti et al., 1994), indole acetic acid (De
Klerk et al., 1997) and similar methods were used.

In this study, micro cuttings of 3 American
rootstocks (110 R, 1103P and 5 BB) with low,
medium and high rooting ability, propagated
under in vitro conditions, were treated with 2
different PGPR Bacillus cereus, Pseudomanas
putida and their dual combination (B. ceresus+ P.
putita) to determine the effect of PGPR on rooting,
it was aimed to observe the effect of BBARs on

rooting under in vitro conditions.

Materials and Methods

Material
Rootstocks

Plant material of 3 American vine rootstock
(5BB, 1103P, 110R) with different rooting abilities
(high, medium, and low) was obtained from the
vineyard of Tokat Gaziosmanpasa University
Application and Research Center.

5 BB; It is a strong rootstock, and its vegetation
period is shorter than 420 A rootstock. 5 BB
rootstock is a rootstock that can adapt to moist
and clay soils. It does not like very arid soils; it is
well resistant to around 20% active lime and
nematodes. Although it is well rooted, some
problems may arise in grafting in the vineyard. In
situ inoculations in the field, too many roots are
formed from the pen (Howell, 1987; Celik, 2011;
Anonymous, 2023).

110 R; It is one of the most widely used
rootstocks recognized since 1945. Since it is a
strong growing rootstock, it delays the ripening of
the grape variety grafted on it. It is a rootstock that
is very resistant to active lime and drought up to
17%. Although the 100 R rootstock, which has a

very weak rooting ability, gives good results in
grafting in the field, the lignification of annual
sticks remains weak (Howell, 1987; Celik, 2011;
Anonymous, 2023).

1103 Paulsen (1103 P); It develops vigorously, as in
110 R, and adapts well to moist and clayey-
calcareous soils and is based on active lime by 17-
18%. Rooting and grafting rate of rootstock, which
can withstand 0.6 g NaCl/kg salt in the soil, is high
(Howell, 1987; Celik, 2011; Anonymous, 2023).

PGPR applications

Bacillus cereus (ZE-7) and Pseudomonas putida
(ZE-12) bacterial isolates were used in the study.
The isolates used are isolated from the pepper
production areas of Tokat Province and are kept as
stock cultures in the Phytopathology laboratory.

Method
Establishment of in vitro Culture

The samples of rootstocks were thoroughly
washed under running tap water with 1-2 drops of
Tween 20 for 20 min. After defoliating micro
cuttings (1-1.5 cm long) were cut and surface
sterilized with 70% (v/v) ethyl alcohol. Thereafter,
micro cuttings were washed with sterilized
distilled water followed by a 20% (v/v) sodium
hypochlorite solution (NaOCI, containing 5% active
chlorine) for 20 min together with a few drops of
Tween-20 under aseptic conditions of a laminar
airflow cabinet. Finally, the explants were
thoroughly washed three times (2, 3, and 5 min,
respectively) with sterilized distilled water.

Surface sterilized explants were prepared for
planting by cutting about 0.5-0.7 cm in length and
with 1 active bud on it. 0.5 mgl? BA, 3% sucrose
and 0.7% bacto agar were added to the MS
nutrient medium used in the initial culture stage.
The pH was adjusted to 5.8 without adding agar to
the nutrient medium (Sivritepe, 1995). In the initial
culture, 15 ml of nutrient medium was placed in
105 cc jars and autoclaved at 1212C under 1.06 bar
pressure for 20 minutes. In the establishment of in
vitro culture, one explant was planted in each jar.
Root induction

Nutrient broth bacteria growth media (0.65
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gr/50 ml) were prepared for 3 PGPR (Bacillus
cereus (ZE-7), Pseudomonas putida (ZE-12) and
their dual combination) in Petri dishes and
sterilized in an autoclave at 121°C for 15 minutes.
The development media contaminated with PGPR
were covered with aluminum foils and kept in a
shaker at 27 °C at 200 rpm for 24 hours in the dark.
Growing bacteria were diluted with 10% distilled
water in a sterile laminar cabinet, then applied to
the bottom of the micro cuttings, and then the
micro cuttings were planted in hormone-free MS
environments. To determine the effects of PGPR
strains during the rooting stage, media containing
1 mg/It IBA and hormone free were used in MS
media. The planted explants were kept in the
growth chamber at a temperature of 24+2 °C and
a photoperiod of 16 hours.

6 weeks after the treatments, rooting rate (%),
number of roots per explant (pieces or number),
root length (cm), shoot length (cm), root fresh and
dry weight (mg), shoot fresh and dry weight (mg)
were examined. To determine the effect of PGPR
on rootstocks, the fresh weights of shoots and
roots (mg) were determined with the help of
precision balances (Radwag WTB200, Poland) with
an accuracy of £0.001 g. After drying the samples
inan oven at 65 °C for 72 hours, root and shoot dry
weights (g) were determined with the same
precision balance measurement.

Statistical analyses

Experiments were conducted in randomized
plots design with 3 replications with 10 saplings in
each. The data were analysed with Two-way
Factorial ANOVA by using SAS Version 9.1 (SAS
Institute Inc., Cary, NC, USA) software. Duncan’s
multiple range test was used to determine
different treatment means when ANOVA showed
significant differences among the means. The level
of significance was set as 5%.

Results and Discussion

The results of the parameters related to the
plant growth and rooting of the plantlets extracted
from the rooting conditions are given in Table 1-2.
In general terms; Bacteria appear to have a
significant effect on rooting rootstocks. In Table 1,
the effect of applications on root rate created
statistical differences between rootstocks and
rootstock x application interaction, and it is seen
that B. cereus application gave the highest rooting
rate (84.80%). In terms of rootstocks, the highest
rooting rate was seen in 5 BB (84.80%) rootstocks
(Figure 1).

Data on root development of rootstocks after
applications are presented in Table 1. In the
number of rootstocks, except 110R, there were
statistical differences in 1103P and 5BB rootstocks
(Table 1). The highest root number was seen in 5BB
rootstocks with 2.61 in B.
application. When looking at the rootstocks, the

cereus bacteria

highest root length was seen in 5BB rootstock,
when evaluated in terms of applications, B. cereus
application gave the highest root length value.
1103P rootstock gave the highest root length ratio
with 2.14 cm in B. cereus application, 110R
rootstock with 1.49 cm in B. cereus application,
and 5BB rootstock with 3.13 cm in B. cereus
application. In terms of root wet weight, when the
rootstocks are examined, it is seen that the highest
rootstock is 1103P. When evaluated in terms of
applications, B. cereus application gave the highest
root fresh weight. 1103P rootstock gave the
highest root fresh weight value with 54.62 mg in B.
cereus application, 110R rootstock with 31.87 mg
in B. cereus+ P. putida application, and 5BB
rootstocks with 40.57 mg in B. cereus application.
When examined in terms of rootstocks, the lowest
root fresh weight was seen in 110R rootstock with
22.51 mg. There was no statistical difference in
rootstock x

root dry weight in rootstock,

application interaction.
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Figure 1. Rooting rates of rootstocks
Table 1. Effects of applications on roots development

5 Rootstock | Hormon free | IBA B. cereus P. putida B. cereus+P. putida | Mean
© 1103 P CD46.30a BC48.50 a A58.00c B51.60b D 44.80c C49.84
£ X |110R C31.43b B42.66a A73.30b A67.70 a A64.50 b B 55.92
§ 5BB D37.10b C48.86 a A 84.80a B 67.70a AB 75.00 a A 62.69
= Mean 38.27d 46.67 c 72.03 a 62.33 b 61.43b
5 1103 P AB 1.76 a A197a AB1.79b AB1.51b B1.28 a B 1.66
g g 110R A158a A1l66a Al4d6b Al137b Al25a B 1.46
g o 5BB B1.66a B1.74a A26la AB 2.04 a B1.67a A1.94
=z Mean. 1.67 ab 1.79a 1.95a 1.64 ab 1.40b
= 1103 P B161b AB 1.84a A2.14 ab AB 1.83a AB 1.79 ab B 1.90
%D € 110R C0.86¢ BC1.10b Al149b BC1.05b AB1.31 b C1.16
s £ | 5BB B214a AB 2.51a A3.13a B 2.07a B2.30a A243
< Mean. 1.53b 1.82b 2.35a 1.65b 1.80b
< & | 1103P B 15.40a AB 23.22 a A54.62a AB 26.98 a AB 29.97 a A 30.05
§ £ [110R B 14.76 a B 16.27 a AB 24.08 a AB 25.58 a A31.87a A 2251
:; ED 5BB C1833a BC 26.03 a A 40.57 a BC 25.29 a B 28.95a A27.83
2 q;_) Mean 16.16 c 21.87 bc 39.75a 25.95 bc 30.26 ab

o | 1103 P A3.12a A5.23a A7.46a A6.06 a Al1l1.15a A 6.60
-g % 110R A3.63a A3.77a A5.29a A5.66a A13.34a A 6.32
§ Jc:_:o 5BB A4.28 a A5.97a A7.88a A5.14a A14.70a A7.65
= QEJ Mean 3.68b 499b 6.87 b 571b 13.06 a

A, B, C: —Different capital letter on the same line represent statistically significant differences among the applications (p<0.05).

a, b, c:{ Different lowercase letter on the same column represent statistically significant differences among the rootstocks

doses (p<0.05).

Among the shoot length applications, P. putida
was statistically insignificant, while IBA application
gave the highest shoot length. In the rootstock x
application interaction, the highest shoot length
in 1103P IBA
application and 3.61 cm in 5BB rootstocks (Table

was measured as 3.72 cm in

2). While 5BB rootstock gave the highest shoot
fresh weight to rootstocks, B. cereus application
gave the highest shoot fresh weight ratio when
1103P
rootstock gave the highest rooting rate with 75.14

evaluated in terms of applications.

mg in B. cereus application, 110R rootstock with
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129.75 mg in B. cereus+ P. putida application, and
5BB rootstocks with 71.53 mg in B. cereus
application. When the lowest fresh shoot weight
was examined in terms of rootstocks, it gave 43.56
mg of 1103P (Table 2). When looking at the
rootstocks, 5BB rootstock gave the highest shoot
dry weight ratio, while when evaluated in terms of
applications, B. cereus application gave the highest

Table 2. Effects of applications on shoots development

shoot dry weight ratio. 1103P rootstock gave the
highest shoot dry weight ratio with 13.66 mg in B.
cereus application, 110R rootstock with 18.24 mg
in B. cereus application, and 5BB rootstocks with
16.10 mg in B. cereus application. The lowest shoot
dry weight ratio among rootstocks was 8.63 mg
with 1103P (Table 2).

Rootstock = Hormon IBA B.cereus P.putida B.cereus+P.putida = Mean
free

%o 1103P A3.59a A3.72a B1.74b B1.55a B1.06b A2.33
E 3 110R A2.05b AB 1.83 b BC1.37b C1.03a BC1.26b B 1.51
g L2 5BB A277b A3.6la B2.65a C1.60a C1.58a A2.44
2 Mean 2.80 a 3.06 a 1.92b 1.39¢ 1.30¢
< W 1103pP A29.46 b A46.30a A75.14 a A38.48a A28.43a A 43.56
2 % 110R B50.16a B27.77b AB 82.08 a B 49.46 a A 46.67 a A 46.66
§ %o 5BB C38.75ab BC49.76 a A71.53a ABC58.87a AB65.74a A 56.93
5 o2 Mean 39.46 b 41.28 b 76.25 a 48.94 b 46.95 b
. W 1103P B5.66a AB9.96 a A13.66 a AB 10.08 a B3.80b B 8.63
E %— 110R A8.67a A5.05b A18.242a A9.00 a A 10.57 a AB 10.30
_§ %o 5BB B8.23a AB 11.68 a A16.10a AB 12.54 a A1591a A 12.89
R Mean 7.52b 8.90 b 16.00 a 10.54 b 10.09 b

A, B, C: —Different capital letter on the same line represent statistically significant differences among the applications (p<0.05).

a, b, c:{ Different lowercase letter on the same column represent statistically significant differences among the rootstocks

doses (p<0.05).

PGPR are bacteria that live in the rhizosphere
and can directly and/or indirectly improve the
extent or quality of plant growth. Direct promotion
of PGPR involves either providing the plant with
plant growth promoting agents or helping plants
mobilize and uptake nutrients from the
rhizosphere (Amarouchi et al., 2021). Among the
main beneficial activities of PGPR are there is the
conversion of minerals in the soil into the form that
the plant can take, nitrogen fixation, suppression
of pathogens and the production of hormones that
promote plant growth (Berg et al., 2013; Mendes
et al., 2013).

There is some data on the effect of beneficial
microorganisms on rooting, growth promotion,
and reduction of hyperhydricity in in vitro cultivars
(Frommel et al., 1991; Burns and Schwarz, 1996;
Carletti et al., 1998; Nowak 1998). In the field of
viticulture, these PGPR’s are used in controlling
disease agent (Ferreria et al., 2022; Fu et al., 2022),

in storage (Chen et al., 2022), in organic viticulture

(Ostroukhova et al., 2022; Korkutal et al., 2017)
and to promote plant growth in greenhouse/field
conditions (Kose et al., 2005; Sabir et al., 2012).
In-vivo studies examining the effects of PGPR
strains on the rooting and shoot growth of vines;
showed that these bacterial groups have positive
effects on root formation (Di Marco and Osti,
2008; Sabir et al., 2012; Sabir, 2013; Mahmood,
2015). Esitken (2003b) stated that PGPR, with their
various hormonal potentials, can be used for
various purposes such as rooting of cutting,
grafting union, fruit setting and thinning, lateral
root formation, increasing tolerance against
abiotic stress as well as growth, development, and
biological control with root inoculation and/or
spraying. However, studies on promoting rooting
in in-vitro propagation remained limited. In a study
examining the effects of bacteria on vineyard
stated that PsJN
(Pseudomonas sp.) stimulated the growth of

disease agents, it was

grapevine plantlets grown in-vitro for two
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generations, and the beneficial effect of the

second generation was more pronounced
compared to the first generation. In addition, in
the same study, it was stated that Pseudomas sps
caused an increase in shoot and root dry weight
and the number of nodes (Barka et al., 2000).
When the results of the study are examined, the

positive effect of PGPRs on root development is

literature

presented in parallel with the

5 BB B. ceresus

information given above. In the study, it is seen
that bacterial applications give higher values
compared to control and IBA applications. When
the results are analyzed in terms of rootstocks, it is
seen that 5BB rootstocks, which are considered
among the easily rooted rootstocks, bring this
feature to the forefront with the effect of PGPR
(Figure 2).

5 BB B.ceresus+ P. putita

Figure 2. The effect of bacteria on rooting 5 BB rootstock (orginal photograph by Neval Topcu Altinci, 2021)

The 110R rootstock, which is known as hard-to-
root rootstock and has high resistance to drought
and active lime, which is the biggest threat today,
showed a lower rooting rate, but these values
were above control and IBA applications. In-vitro
studies are one of the methods frequently used in
the production of plant materials that are difficult
to reproduce. For this reason, it is seen as a
method that can be used in seedling production or
in the propagation of these grapevine rootstocks,
which are difficult to root in field conditions.

Conclusions

Sustainable and environmentally friendly
agricultural practices come to the force to lead a
guality and healthy life in a changing, developing
and increasing population. PGPRs are one of the
solutions that should be used in this sector. In our

study, positive effects of antagonistic bacteria on

American grapevine rootstocks with different
rooting abilities were observed in vitro. The
research highlighted this feature of 5 BB rootstock,
which is considered among the easily rooting
rootstocks, with its BBAR effect. 110 R, which is
known as a difficult rooting rootstock and has high
resistance to drought and active lime, which are
the biggest threats today, showed a lower rooting
rate, but when the values were examined, it was
above the control and |IBA applications.
Considering the role of in vitro propagation in rapid
and healthy plant production, it is thought that
these two factors can be used in an integrated
manner to create a practical way to obtain

rootstocks that root hard.
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ABSTRACT

Silene compacta Fisch. ex Hornem., which grows naturally, is a plant species with high
ornamental plant potential in the Silene L. genus of the Caryophyllaceae family. Vegetative
propagation is one of the important ways to preserve naturally growing and cultivated
plant species. In this study, the effect of two different cutting areas of the cutting base
(above the node-below the node) and five different indole-3-butyric acid (IBA) doses
(control, 500, 1000, 2000 and 4000 ppm) on the rooting of stem cuttings taken from
individuals of the natural S. compacta species were investigated. IBA was applied to the
cuttings’ bases in a commercial rooting powder. Perlite+peat mixture at a ratio of 1:1 (v/v)
was used in the rooting medium. Survival rate, rooting percentage, blooming rate, root
number, root length, seedling height, seedling stem diameter, side shoot number, shoot
length and shoot stem diameter were evaluated. The evaluation was made one month after
the start of the experiment. As a result, the highest survival rate in cuttings was obtained
from above-node control group (100%) and under-node 2000 ppm IBA (95%) application,
and the highest rooting percentage was obtained from under-node 2000 ppm IBA (68%)
and above-node control group (65%), respectively. Based on the results, it can be
concluded that different cuttings of the cutting base and IBA concentrations have different
effects on the rooting success of the S. compacta species with stem cuttings.

Key Words: Silene compacta, Ornamental plant, IBA, Rooting, Vegetative propagation
0z

Dogal olarak yetisen Silene compacta Fisch. ex Hornem., karanfilgiller (Caryophyllaceae)
familyasinin Silene L. cinsi icerisinde siis bitkisi potansiyeli yiiksek olan bir bitki tlriddr.
Dogal olarak yetisen ve kiltlri yapilan bitki tirlerinin korunmasindaki 6nemli yollardan biri
de vejetatif cogaltmadir. Bu calismada, dogal S. compacta tirinin bireylerinden alinan
govde celiklerinin koklenmesi tzerine gelik tabaninin iki farkli kesim yerinin (bogum Gsti-
bogum alti1) ve bes farkli indol-3-biitirik asit dozunun (kontrol, 500, 1000, 2000 ve 4000
ppm) etkisi arastirilmistir. IBA, celiklerin tabanlarina ticari bir koklendirme tozu icinde toz
olarak uygulanmistir. Koklendirme ortami olarak 1:1 (v/v) oraninda perlit+torf karisimi
kullanilmistir. Canhlik orani, koklenme yiizdesi, ciceklenme orani, kok sayisi, kok uzunlugu,
fide yiksekligi, fide gévde c¢api, yan sirgilin sayisi, sirgiin uzunlugu ve sirgiin gévde capi
yoniinden degerlendirme yapilmistir. Deney, bir ay sonra sonlandirilmistir. Sonug olarak,
celiklerde sirasiyla en yiiksek canlilik orani bogum Usti kontrol grubu (%100) ve bogum alti
2000 ppm IBA (%95) uygulamasindan, en yiiksek kklenme yiizdesiise bogum alti 2000 ppm
IBA (%68) ve bogum Ustli kontrol grubu (%65) uygulamasindan elde edilmistir. Sonuglara
dayanarak, celik tabaninin farkl kesimi ve IBA konsantrasyonlarinin S. compacta tiranin
govde celikleriyle koklendirme basarisi tzerinde farkh etkiye sahip oldugu sonucuna
varilabilir.

Anahtar Kelimeler: Silene compacta, Sis bitkisi, IBA, Koklenme, Vejetatif cogaltma
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Introduction

Silene L., which has been an ecologically
important plant group since ancient times, is a
member of the Caryophyllaceae family (Ferreira et
al., 2015). Silene L., one of the largest genera in the
world flora, contains approximately 870 plant
species (Eggens et al., 2020; Guner et al., 2012;
Jafari et al., 2020; Moiloa et al., 2021).

Silene compacta Fisch. ex Hornem., which
grows naturally, is a plant species with high
ornamental plant potential in the Silene L. genus of
the Caryophyllaceae family. S. compacta, which
has phytoremediation potential, has a very
important advantage in landscape planning with
its ornamental plant feature (Kosa and Karaguzel,
2020; Wei et al, 2021). It has side-branched
inflorescences, pink flowers, upright form, very
small seeds, striped on the back and flat on the
sides (Draghia and Chelariu Zaharia, 2011). It is
naturally found in the altitude range of 0-2100 m
in the Western, Northern, Eastern, Southern and
Central Anatolian regions of Turkiye. It is a single,
biennial herb form, completely
1967; Kosa and

Karaguzel, 2020). It has head-shaped flowers

or perennial
hairless (Coode and Cullen,

consisting of numerous pink-colored florets. It
grows naturally on steep slopes, stream edges,
shores, forest clearings, stones and cliffs. When
the
examined, it is seen that the research on this

literature studies on S. compacta are
species is quite limited, and no data has been
found especially for its vegetative propagation.
Natural plant species are in danger of extinction
under the influence of many factors such as mines,
forest fires, increasing urbanization and climate
changes. Therefore, it is necessary to identify
with
ornamental plant potential and to bring them into

natural plant species economic and
the ornamental plants sector. Thus, ex-situ and in-
situ conservation of natural plant species will be
possible (De Souza and Beckmann-Cavalcante,
2022).

Interest in natural plant species is increasing
day by day. Detection and identification of plant

species with ornamental plant characteristics and
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determination of reproduction methods can both
reduce the risk of extinction and bring them into
the ornamental plants sector. Cuttings are a rapid
vegetative propagation method that allows the
preservation of traits of interest and promotes ex-
situ conservation of native species (Villa et al.,
2017; Assumpcao Bastos et al., 2020).

In plant production, growth regulators (auxins)
are widely used as rooting enhancers (Pacholczak
and Zatkiewicz, 2022). Auxins are used to stimulate
the development of roots (Assumpcdo Bastos et
al., 2020). The most widely used of this auxin group
is indole-3-butyric acid (IBA) (Cassol et al., 2017,
Azad et al., 2018; Costa Junior et al., 2018; Pégo et
al., 2019; Dias Bezerra et al., 2020; Singh et al.,
2021; Adiba et al.,, 2022; Solgi et al., 2022; Xie et
al.,, 2023).

Nowadays, the emergence of a new breed for
commercial flower production is rare. Within a
common genus, the introduction of new species is
more common, and the dissemination of new
varieties from these species is certainly more
appropriate. However, it is difficult to develop and
launch a taxon that can be commercially successful
and profitable. One of the stages of introducing
natural plants into the sector as ornamental plants
and taking them into culture is to determine the
appropriate propagation protocol. Propagation by
cuttings, which is one of the vegetative
propagation methods, is one of the primary
methods that should be taken into consideration
in the first attempts (Alp et al., 2020).

The objective of this study was to evaluate the
vegetative propagation of stem cuttings of S.
compacta, which grows naturally in Bolu province
and has high ornamental plant potential, using two
different base cuttings and five different indole-3-
butyric acid (IBA) concentrations.

Material and Methods

In this study carried out in May-June 2021, the
stem cuttings of S. compacta (Figure 1) were used.
The cuttings were taken from S. compacta, which
grows naturally in Bolu, located in the geographical
coordinates of 40° 32'-40° 38' N, 32° 10'-32° 20' E



Arslan, 2024. Harran Tarim ve Gida Bilimleri Dergisi, 28(1): 11-18

and at an altitude of 1300-1600 m. The experiment
was carried out in the unheated greenhouse of
Aydin Adnan Menderes University Faculty of
Agriculture, located at the geographical
coordinates of 37° 45' N 27° 45' East and at an
altitude of 61 m. The cuttings used in the research
were prepared in two different base cuts, 10+2 cm
in length, half cut double leaf, straight with a sharp
knife, from the main stem, under and above the
node. The prepared cuttings
sterilized in 1% sodium hypochlorite (NaClO)
solution for 5 min. Then, the cuttings were washed
thoroughly with distilled water and kept in distilled
water for 5 min. Before planting, five different IBA
concentrations (control, 500, 1000, 2000 and 4000

were surface

Survival rate (%), rooting percentage (%),
blooming rate (%), root number (piece), root
length (mm), seedling height (cm), seedling stem
diameter (mm), side shoot number (piece), shoot
length (cm) and shoot stem diameter (mm) were
evaluated.

Logl0 transformation was performed on the
(West, 2022). The

treatments was

obtained variable data
the
determined by one-way analysis of variance

difference  between
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ppm) mixed with talcum powder were applied to
the cuttings’ bases in powder form to stimulate
rooting. The humidity and temperature of the
greenhouse were recorded daily with a thermo-
hygrometer (Figure 2). This study, with 200
cuttings in total, was carried out in a rooting
medium in an equal volume white styrofoam foam
box with a 1:1 ratio of perlite+peat mixture (v/v).
Each application was established according to the
random plot design with 4 replications and 10
cuttings in each replication, with a total of 40
cuttings. The medium was sprayed with fungicide
(50% Captan) every two weeks. The experiment

was terminated after 30 days.

H

Figure 1. Seedling (a) and flower (b) of wild S. compacta species, which constitutes the material of the study.

(ANOVA). Means with difference were compared
using Tukey's HSD test (p<0.05). IBM SPSS Statistics
22.0 software was used for data statistical analysis.

Results and Discussion

At the end of the one-month experiment, the
daily average temperature and humidity values of
the rooting greenhouse were recorded between
22-33 2C and 62-87% (Figure 2), respectively.
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Figure 2. Average temperature (°C) and humidity (%) values measured daily in the trial greenhouse.

Survival rate, rooting percentage, blooming
rate, root length, seedling height, seedling stem
diameter and side shoot number were affected by
different IBA concentrations and the above-under
the node cuts of the cutting bases (p<0.05).
However, for root number, shoot length and shoot
stem diameter, there was no significant difference
in stem cuttings of wild S. compacta in terms of
both different IBA concentrations and the above-
under the node cuts of the cutting bases (p>0.05;
Table 1).

In terms of survival rate, the highest effect was
obtained from above the node control group
(100%), and the lowest effect was obtained from
above the node 4000 ppm IBA (55%) application.
The survival rate decreased as the IBA dose
increased in the above-node cutting of the cutting

14

base compared to the control group. In the under-
node cutting of the cutting base, the highest
survival rate was obtained from 2000 ppm IBA
(95%) application. The highest rooting percentage
was obtained from under the node 2000 ppm IBA
(68%), and the lowest rooting was obtained from
under the node control group and above the node
4000 ppm IBA (20%) applications. The percentage
of rooting decreased as the IBA dose increased
compared to the control group (65%). The highest
blooming rate was obtained from above the node
control group (75%), and the lowest blooming was
obtained from under the node 4000 ppm IBA (21%)
(Table 1; The high
temperatures in the rooting medium can be said to

application Figure 3).

be the reason for the flowering seen in the cuttings
(Figure 2).
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Table 1. Average rooting and vegetative growth data as a result of two different base cutting IBA concentrations applied to

stem cuttings of S. compacta.

Treatments SR" RP" BR" RN™ (N SH" SESD" | SSN” sL™ SHSD™
Control (above) 100? 65% | 752 2.0 16.6* 19.12 3.72 1.0%° 11.5 0.8
500 ppm (above) 86° 56% | 44 | 3.2 18.3%® | 15.1%® | 3.1% 1.22 8.5 0.7
1000 ppm (above) 71%® 30 |30 | 1.8 8.7 11.8%® | 2.5% 0.5% 5.8 0.4
2000 ppm (above) 70%® 40%° | 44 | 15 13.9%® | 153% | 2.7% 0.7% 9.7 0.6
4000 ppm (above) 55° 20° 25% | 0.7 8.5% 8.6° 2.0° 0.4° 4.2 0.3
Control (under) 90? 20° 40 | 0.7 4.6° 13.0® | 3.3% 0.6%° 5.1 0.5
500 ppm (under) 80% 55% | 65 | 3.6 18.1%® | 17.0®® | 3.3% 1.1% 11.6 0.8
1000 ppm (under) 75% 51% | 37® |34 21.4® | 13.8% | 2.8% 0.6%° 7.6 0.5
2000 ppm (under) 952 682 34% |29 21.2° 15.13® | 3.5% 1.0% 7.8 0.8
4000 ppm (under) 80% 60 | 21° 2.5 16.73® | 12.2®* | 3.0% 0.7% 5.9 0.6

*The difference between the values with different letters is significant according to the Tukey's HSD test at p<0.05. **The
difference between the values with the same letter is not significant according to the Tukey's HSD test at p>0.05. SR=survival
rate (%), RP=rooting percentage (%), BR=blooming rate (%), RN=root number (piece), RL=root length (mm), SH=seedling height
(cm), SESD=seedling stem diameter (mm), SSN=side shoot number (piece), SL=shoot length (cm), SHSD=shoot stem diameter

(mm).

The average maximum root length was
obtained from under the node 1000 ppm IBA (21.4
mm), while the lowest root length was obtained
from under the node control group (4.6 mm)
applications. The average longest seedling height
and seedling stem diameter was obtained from
above the node control group (19.1 cm; 3.7 mm),
while the lowest seedling height and seedling stem
diameter was obtained from above the node 4000
ppm IBA (8.6 2.0 mm)
respectively. Likewise, the average maximum

cm; applications,

number of side shoots was obtained from above

the node 500 ppm IBA (1.2 piece/cutting) and the
least from above the node 4000 ppm IBA (0.4

100- A

Mean (%)
8
T
—~—
e

I ' | 1 ! ) ! ) ! 1
ControlContel 500 500 1000 1000 2000 2000 4000 4000
(andes) (sbove) ppm PP PRI PRI PRI pRIM  pEIn  ppam
1BA 1BA IBA IBA IBA 1BA IBA 1BA
(nndex) (above) (undex) (above) (andex) (bove) (under) (above)

Treatments

units/steel) applications (Table 1; Figure 3).

The average maximum number of primary roots
was obtained from under the node 500 ppm IBA
(3.6 piece/cutting), while the lowest number of
primary roots was obtained from under the node
control group (0.7 piece/cutting) and above the
4000 ppm IBA (0.7
applications. The average longest shoot length and

node piece/cutting)
shoot stem diameter was obtained from under the
node 500 ppm IBA (11.6 cm; 0.8 mm), while the
lowest shoot length and shoot stem diameter was
obtained from above the node 4000 ppm IBA (4.2
cm; 0.3 mm) applications, respectively (Table 1;
Figure 3).

$ide shoot murber (piscs)

Mean

T 1 1 T T ) | T T T

ConbelContol 500 500 1000 1000 2000 2000 4000 4000

(mdex) (sbove) ppm  ppm  ppm  ppm  ppm  ppm  ppm  ppm
184 1BA 15A IBA IBA [BA 1BA 1IBA

(mulez) (above) (ander) (above) (under) (above) (ander) (above)

Treatments

Figure 3. Graphical view of the data obtained from the cuttings at the end of the experiment.

No study was found on the vegetative
propagation of S. compacta. In this respect, In
rooting Silene fabaria subsp domokina with
cuttings, optimum rooting (100%) was achieved
with 20.75 roots of 4.84 cm length with 1000 ppm

IBA (Sarropoulou et al., 2018). In rooting Silene
chalcedonica with cuttings, the highest rooting
rate (54.93%) and average number of roots (4,044)
were obtained from the application of 1% IBA and
0.5% NAA (Jiang et al., 2016). On the other hand, it

15
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has been compared with rooting studies on other
species.  Different IBA
applications had different effects on the rooting
success of black and white myrtle (Myrtus

concentrations  of

communis L.). The highest rooting percentage
(76.67%) in black myrtle was obtained from
cuttings applied 1000 mg L' IBA. In white myrtle,
the highest rooting percentage (43.33%), shoot
percentage (43.33%),
(43.33%) and average root number (1.63 pcs) were
obtained from 500 mg L IBA dose (Alim and Kaya,
2023). The highest rooting success of Sterculia

rooted-shooted rates

foetida cuttings and the survival rate of rooted
cuttings were seen in cuttings treated with 0.8%
IBA. The sprouting success of rooted cuttings was
obtained from cuttings treated with 0.4% IBA.
Also, the cutting type (leaf/leafless) of the cuttings
had no effect on rooting and sprouting success and
overall survival (Azad et al., 2018). In a study on the
rooting of lavender (Lavandula angustifolia Mill.),
the most suitable cutting type was determined as

the semi-woody cutting and the most suitable IBA
dose was 8000 ppm (Cicek and Ozel, 2021). IBA
did affect the
percentage of ‘Otto’ azalea (Rhododendron simsii
Planch.) cultivars. However, 2000 mg L' IBA
application had a positive effect on root number,

concentrations not rooting

mean and total length, dry matter, surface area
and volume (Dias Bezerra et al., 2020). In a study
on the rooting sandy thyme (Thymus revolutus
Celak), the highest rooting rate was determined
with 88,33% in cuttings that were applied 500 ppm
IBA and rooted in torf+perlite (1:1 by volume)
(Kosa, 2021). Maximum rooting, root number and
root length were obtained from the application of
3000 mg L IBA concentration in pomegranate
cuttings (Adiba et al.,, 2022). The highest rooting
rate (88.00%) in goji berry was obtained from
cuttings applied with 1000 ppm IBA (Celik and
Cetin, 2021). According to these studies, the
results of our study are similar and even have

higher rooting values than some studies.

Figure 4. Stem cuttings planted (a) in rooting medium and cuttings rooted (b) at the end of the experiment.

Conclusion

Above-under the node point of the cutting base
cuts and applied IBA doses were effective in the
reproduction of S. compacta with stem cuttings.
The average highest rooting percentage was
obtained from the experiment made from above
the node of the base cutting of the cuttings and no
IBA applied. the highest
percentage was obtained from the 2000 ppm IBA

Likewise, rooting

concentration in the experiment, which was
carried out under the node at the base cuts. The
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highest survival rate in cuttings was obtained from
above-node control group (100%) and under-node
2000 ppm IBA (95%) application, and the highest
rooting percentage was obtained from under-node
2000 ppm IBA (68%) and above-node control
group (65%), respectively. The results of this study
showed that S. compacta can be easily reproduced
vegetatively by stem cuttings.

Conflict of interest: The author declare that he has
no conflict of interest.
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Insecticidal effects of wood vinegars produced from organic wastes on
harmful almond leaf bee Cimbex quadrimaculata (Miiller, 1766)
(Hymenoptera: Cimbicidae)

Organik atiklardan iiretilmis odun sirkelerinin zararli badem yaprak arisi Cimbex
quadrimaculata (Miiller, 1766) (Hymenoptera: Cimbicidae)’na insektisidal etkileri
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ABSTRACT

In agricultural activities, there is an increasing need for organic products as alternatives to
chemical pesticides. Wood vinegar (WV, pyrolysis liquid) from these alternative potential
products is produced as a result of the carbonization process in which it is obtained from
organic wastes together with useful products such as energy and biochar. This study was
carried out to determine the insecticidal effects of WVs produced from broiler chicken litter
and nutshells on the harmful almond leaf wasp Cimbex quadrimaculata Miiller, 1766
(Hymenoptera: Cimbicidae). The study was carried out in an almond orchard in Diyarbakir
(Egil district) and Elazig (Keban district) in the 2019-2021 production seasons. WV mixed
solutions (1%, 3%, 5%, 7%, 10% and 25%) were applied with a back sprayer at the beginning
and end of leafing in contaminated almond orchards. The effects of the applications were
determined by impact and visual control methods on the 1st, 7th, 14th and 21st. In the
analysis of the obtained data, first of all, normality test was performed. In the analysis of
the obtained data, the Kruskal-Wallis test was applied. In conclusion; It has been
determined that WV-added solutions have a insecticidal effect against harmful almond leaf
bees, and the highest decrease in the number of larvae occurs at doses of 10% to 25%. It is
important to test these vinegars in different locations with more detailed studies and to
conduct detailed bioecological studies depending on the climatic factors and population
ecology of the pest in terms of alternative control of the pest. The data of this study contain
basic data for almond integrated pest management (IPM) studies.

Key Words: Alternative control, Almond, Cimbex quadrimaculata, Insecticidal effect,
Wood vinegar (pyrolysis liquid)

0z

Tarimsal faaliyetlerde, kullanilan kimyasal pestisitlere alternatif organik Griinlere giin
gectikce daha ¢ok gereksinim duyulmaktadir. Bu alternatif potansiyelli Griinlerden odun
sirkesi (OS, piroliz sivi), organik atiklardan enerji ve Biyokémir (Biochar) gibi faydali
Grlinlerle birlikte elde edildigi karbonizasyon islemi sonucunda tretilmektedir. Bu ¢alisma,
Broiler (etcil) tavuk yetistiriciligi althg ve findikkabuklarindan tretilmis OS’larin zararli
badem yaprak arisi Cimbex quadrimaculata (Miiller, 1766) (Hymenoptera: Cimbicidae)’'na
insektisidal etkilerini belirleme amaci ile yapilmistir. Calisma, Diyarbakir (Egil ilgesi) ve Elazig
(Keban ilgesi) illerinde bulunan birer badem alaninda 2019-2021 (iretim sezonlarinda
yuratilmustir. OS karisimh soltsyonlar (%1, 3, 5, 7, 10 ve 25), bulasikli badem bahgelerinde
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yapraklanma basi ve sonunda sirt piilverizatori ile uygulanmis ve uygulamalarin etkileri 1.,

7., 14. ve 21. giinlerde darbe ve gozle kontrol yontemleri ile belirlenmistir. Elde edilen verilerin analizinde, Kruskal-Wallis testi

uygulanmistir. Sonug olarak; OS katkili sollisyonlarin zararli badem yaprak arisina karsi insektisidal etki gosterdigi ve larva

sayisinda ise en fazla distisiin %10 ile %25’lik dozlarda gerceklestigi tespit edilmistir. Bu sirkelerin daha detayl ¢alismalarla

farkh lokasyonlarda denenmesi, iklimsel faktérler ve zararlinin populasyon ekolojisine bagh olarak detayli biyoekolojik

calismalarin yapilmasi zararli ile alternatif miicadele agisindan énemlidir. Bu calismanin verileri, badem entegre zararl yonetimi

(IPM)galismalari icin temel veriler igermektedir.

Anahtar Kelimeler: Alternatif kontrol, Badem, Cimbex quadrimaculata, insektisidal etki, Odun sirkesi (piroliz sivi)

Introduction

Almond, (Prunus dulcis L.), is a source of
magnesium, riboflavin, manganese, copper,
phosphorus, fiber, mono-unsaturated fatty acids,
nutrient-dense vitamin E and protein (Chen et al.,
2006). The countries producing almonds in the
world are USA, Spain, Iran and Morocco,
respectively (Simsek and Gilsoy, 2017). Although
commercial almond cultivation has increased
significantly in Turkey, economic losses occur due
to pests such as Cimbex quadrimaculata Miiller,
1766 (Hymenoptera: Cimbicidae). It was
determined that the pest is among the dominant
species with a rate of 51% in the almond fields of
Diyarbakir, Elazig and Mardin provinces (Bolu et al.
2005). Studies about the population and
population dynamics of the pest which causes
damage to cherries, apricots, peaches, and pears
apart from almonds, and how to control it in terms
of organic agriculture (Cakici et al., 2015) are not
enough in number. In the light of current
information, there is no effective application in the
control against pests and the information about
the current situation of their natural enemies is
quite limited (Ozgen et al., 2010; Ozbek, 2014).
Farmers generally prefer the chemical warfare
method to solve plant protection problems, and
unconscious pesticide applications bring about
much negativity in terms of human and
environmental health (Kaplan and Saltuk, 2021).
Synthetic insecticides used in the fight against
pests are applied indiscriminately and these
applications  negatively  affect  non-target
organisms in the agro-ecosystem and the
environment. Because of this situation, alternative
methods are used in the fight against pests. It has
been stated that different doses of azadirachtin, a
plant-derived preparation, could reduce the
harmful effects or limit the use of chemical
methods in the fight against some agricultural
pests (Kaplan, 2019; Askin et al., 2022)
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Among these methods, it was determined that
wood vinegar (WV, pyrolysis liquid), which is an
organic product that is still used for various
purposes today, application was used for plant
protection in the past (Tiilikkala et al., 2010). WV is
a liquid by-product obtained by the condensation
of the steam formed during the production of
charcoal and the carbonization of plant and animal
wastes. WV is effective on a number of pests in
agricultural areas (Yatagai et al., 2002; Wititsiri,
2011; Pangnakorn et al.,, 2012; Hagner, 2013;
Oramahi and Yoshimura, 2013; Yamauchi and
Matsumoto, 2016; Omulo et al., 2017; Adfa et al.,
2017; Ozgen et al., 2018; Oramahi et al., 2018; Kog
and Yardim, 2018; Kog, 2019; Kog, 2020). There
are some scientific studies that show that the
negative effects on non-target organisms are not
at a level to worry about (Cai et al., 2012; Hagner,
2013; Rui et al., 2014; Koc et al., 2018; Kog et al.,
2019; Kog and Yardim, 2019). Parameters include
WV (Tiilikkala et al., 2010), the type of raw material
used and carbonization temperature, which have
the potential to replace synthetic pesticides, and
their content and effects change. Wood vinegars
(BCLWV and NWV) produced from broiler chicken
litter and hazelnut shells have been used in various
scientific studies both in the laboratory and in the
wheat agro-ecosystem (Ko¢ and Yardim, 2018;
Ozgen et al., 2018; Kog, 2020). The effects on
harmful almond leaf bees have not been
investigated. In this context, it is crucial to find an
alternative way to combat this pest, which causes
damage to cherries, apricots, peaches and pears as
well as almond fields. In this study, the insecticidal
effects of different doses of BCLWV and NWV on
the

quadrimaculata Miiller,

leaf bee Cimbex

1766

harmful almond

(Hymenoptera:
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Cimbicidae), which causes significant losses in
almond fields, were investigated.
Material and Methods

This study was carried out in one almond field
each in Diyarbakir (Egil district) and Elazig (Keban
district) the 2019-2020 and 2020-2021
production season (Figure 1-2).

in

Figure 1. Preparation of WV
supplemented solutions

WV’s used in the study; broiler chicken breeding
litter and nutshell raw materials (BCLWV and
NWV) were obtained from a commercial company
obtained by gasification machine (Namli et al.
2014). Back sprayer assistance (Hyundai Turbo 300
Gasoline Atomizer, 14 Lt, Blown Sprayer HIM.)
(Figure 1-2) and at doses of 1%, 3%, 5%, 7%, 10%
and 25%. Each dose of WV was applied to five trees
and the effects were examined with impact and
visual control methods on the 1st, 7th, 14th and
21st days of the applications. The population
change of the pest was determined by the counts
of 5 randomly selected wild almonds (Prunus
dulcis) and grafted cultivated almond tree (Prunus
amygdali) (ferragnez variety) in orchards in each
trial orchard. The larvae that fell on the Japanese
umbrella were counted by blowing on four
different sides of the sample trees, and after
counting, they were left to the sample tree again.
The average height and crown projections of wild
and grafted almond trees are 3.5 m /2 m and 2.5
m /1.5 m, respectively. In the statistical analysis of
the obtained data, Kolmogorov Smirnov test was

Figure 2. Field study

21

Figure. 3. C. quadrimaculata larvae

applied primarily to determine whether it showed
a normal distribution. As a result of this test,
Kruskal-Wallis test, which is one of the non-
parametric tests, was applied since the assumption
of normality was not provided. The p value < 0.05
was considered for statistical significance.

Results and Discussion

As regards Keban district, it can be seen in
Figure 4 that all doses were effective in reducing
the number of C. quadrimaculata by 25%, 10%, 7%,
5% and 1%, respectively, compared to the control
group in the applications applied with BCLWV
during the leafing period. Although it has been
observed that the population change fluctuation in
control applications is different compared to other
dose parameters, there are no statistical
differences (Table 1). It was determined that as the
dose increased, the vinegar material used was
more effective on the population change of the C.

quadrimaculata.
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Figure 4. Change in the number of C. quadrimaculata depending on the time of the onset of foliation
in Keban district where BCLWV was applied
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Figure 5. Change in the number of C. quadrimaculata depending on the time of the onset of foliation
in Keban district in which NWV was applied

It was found that all doses were effective on the of pests, it was determined that the percentages
pest, compared to the control group, in the were 25%, 1%, 10%, 7%, 5%, and 3%, respectively
application of NWV treated start of foliation period (Figure 5).
in Keban district. In terms of reducing the number
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Figure 6. Change in the number of C. quadrimaculata depending on the time at the end of foliation in
Keban district where BCLWV was applied
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It was found that all doses were effective on the district. In terms of reducing the number of pests,
pest compared to the control group in the BCLWV it was determined as 25%, 7%, 10%, 5%, 1% and
treated end-of-foliation application in Keban 3%, respectively (Figure 6).
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Figure 7. Change in the number of C. quadrimaculata depending on time after NWV applied in
Keban district.

It was observed that all doses were effective on district. In terms of reducing the number of pests,
the pest compared to the control group in the they were found to be 25%, 1%, 3%, 7%, 10% and
NWYV treated and-foliation application in Keban 5%, respectively (Figure 7).

e CoNtrol === 1% ==fr==3% =it 5% e=ie=7% =@==10% ====—725%

8

(3}

= 5

&

< 4

=

< 3

=

o 2 4
G

= 1

2 o

2 0 1 7 14 21

DAT

Figure 8. Change in the number of C. quadrimaculata depending on time per foliation applied
to BCLWV in Egil district

In the application of BCLWV treated foliage control group. In terms of reducing the number of
head in Egil district, it was determined that all pests, they were recorded as 10%, 3%, 25%, 7%,
doses were effective on the pest compared to the 1% and 5%, respectively (Figure 8).
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Figure 9. Change in the number of C. quadrimaculata depending on time per foliation applied to
NWV in Egil district.

In the application of NWV treated foliage head It was determined that all doses were effective
in Egil district, all doses were found to be effective on the pest compared to the control group in
on the pest compared to the control group. In BCLWV treated end-foliation application in Egil
terms of reducing the number of pests, they were district. In terms of reducing the number of pests,
found to be 25%, 10%-7%, 5% and 3%, respectively they were as 25%, 10%, 7%-1%, 5% and 3%,
(Figure 9). respectively (Figure 10).
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Figure 10. Change in the number of C. quadrimaculata depending on the end of foliation in Egil district
after BCLWV applied

It was observed that all doses were effective on district. In terms of reducing the number of pests,
the pest compared to the control group in the they were found to be 3%, 25%, 1%, 7%, 10% and
NWV treated end-foliation application in Egil 5%, respectively (Figue 11).
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Figure 11. The change in the number of C. quadrimaculata depending on the time at the end of
foliation in Egil district where NWV was applied

According to Kruskal Wallis test, there was a
statistically significant difference between the
groups as the P value is <0.05 in the end of foliation
treatments for BCLWV and NWV treatments in
Keban district. Similarly, there was a statistically
significant difference between the groups as the p
value was <0.05 in the post-foliation treatments
for BCLWV and NWV treatments in Egil district
(Table 1). When the Kruskal Wallis test pairwise
comparison results were examined, there is a 25%

difference between the control groups and the
control groups at the end of foliation in Keban
district BCLWYV application, in Keban district NWV
application at the end of foliation, in Egil district at
the end of foliation in BCLWV application and in
Egil district at the end of foliation (Table 1).
Moreover; there was also a difference between
the control group and the 1% group at the end of
foliation of NWV application in Keban district
(Table 1).

Table 1. Determining the differences between dosing and control averages using the Kruskal-Wallis Test

Applications Group Mean Mean Rank SD P Pairwise Comparisons
Control 2.70 29.80 1.94
1% 0.68 18.30 0.79
Keban district 3% 0.56 17.80 0.55
BCLWV application foliation|5% 0.56 17.80 0.55 0.138
start 7% 0.44 16.30 0.53
10% 0.28 12.70 0.38
25% 0.28 13.30 0.30
Control 2.03 26.40 1.74
1% 0.40 14.50 0.58
Keban district 3% 0.80 16.80 1.19
NWV application foliation|5% 0.80 17.50 1.01 0.620
start 7% 0.72 17.20 0.92
10% 0.60 16.20 0.78
25% 0.68 17.40 0.70
Control 4.30 31.10 1.45
1% 2.32 17.20 1.11
Keban district 3% 2.72 22.70 0.86 There is a difference between
BCLWV application foliation[5% 2.12 16.30 0.57 0.032 the control group and the 25%
end 7% 2.04 15.40 0.65 group.
10% 1.88 12.90 0.59
25% 1.72 10.40 0.64
Control 4.50 30.80 1.64
1% 1.76 11.00 0.76 . .
Keban  district  NWVB% 236 [17.10 1.08 0.025 I::r:o:trzld;f;:‘;”;i dbf;";’ef(;
application end of foliation 5% 2.48 17.80 1.30 )
and 25% group.
7% 2.72 21.10 0.80
10% 2.52 19.00 0.79

25
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25% 1.48 9.20 0.80
Control 2.43 27.00 1.68
1% 1.24 22.50 0.71
Egil district 3% 0.80 17.10 0.64
BCLWV application foliation|5% 1.00 18.10 1.00 0.268
start 7% 0.68 14.80 0.68
10% 0.56 12.80 0.55
25% 0.64 13.70 0.76
Control 2.46 27.00 1.88
1% 0.68 15.20 0.79
Egil district 3% 1.08 17.80 1.35
NWV  application foliation|5% 0.84 16.60 1.00 0.568
start 7% 0.80 17.40 0.76
10% 0.76 15.90 0.77
25% 0.72 16.10 0.60
Control 4.43 30.40 1.72
1% 2.52 17.10 0.76
Egil district 3% 3.08 23.40 0.91 There is a difference between
BCLWV application foliation|5% 2.60 18.50 0.63 0.026 the control group and the 25%
end 7% 2.28 14.10 0.62 group.
10% 2.24 13.50 0.90
25% 1.84 9.00 0.65
Control 4.86 31.80 1.69
1% 2.08 13.10 0.85
Exil district 3% 2.04 12.70 0.65 There is a difference between
NWV application foliation end5% 2.60 17.30 1.20 0.033 the control group and the 25%
7% 2.60 18.40 1.00 group.
10% 2.80 20.70 0.70
25% 1.96 12.00 0.75

It was determined that all dose applications of
the vinegars (BCLWV and NWV) used were
effective in reducing the harmful almond leaf bee,
C. quadrimaculata, population in both locations in
study. With this
determined that the effect increased with the

current situation, it was
increading dose rate (Pangnakorn et al., 2012) and
especially 10% to 25% dose applications reduced
the number of eggs laid by the pest. Findings from
this study of Yatagai et al. (2002) showed that WVs
produced from different raw materials have high
termiticide  activity against  Reticulitermes
speratus. A similar finding that WV produced from
coconut waste has a pesticidal effect was observed
by Wititsiri (2011). Pangnakorn et al. (2012) stated
that the OS they used in laboratory conditions (10,
15, 20, 25 and 30 doses) and the larval mortality
rate of houseflies (Musca domestica L.) increased
with increasing WV concentration and exposure
time. Hagner (2013) reported that WV against
molluscs provides strong evidence of its potential
be

environmentally friendly method. Oramahi and

to an effective, inexpensive and
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Yoshimura (2013) revealed that three types of WV
produced from Vitex pubescens at three different
pyrolysis temperatures (350, 400 and 450 °C)
both
Coptotermes

showed antitermite activity against

Reticulitermes  speratus  and
formosanus. Yamauchi and Matsumoto (2016)
reported that some components of WV on red
mites may cause death by inhaling through the
stigma and peritreme in the red mite body. Adfa et
al. (2017) revealed that WV has strong termicidal
effect on Coptotermes curvignathus. Ozgen et al.
(2018) determined that WVs produced from
hazelnut shells and broiler chicken litter against
Tribolium confusum du Val., 1863 showed a certain
amount of insecticidal activity, but did not cause a
great deal of mortality. Oramahi et al. (2018)
reported that WVs produced from palm trunks
(350, 400 and 450 °C) exhibit antitermite activity
against C. formosanus workers. Ko¢ and Yardim
(2018) reported that the WV they used affects the
average number of arthropods on the cultivated
plant. Kog (2019) revealed that 100% dose of WV

treatments on California red worm (Eisenia
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foetida) in vermicompost medium under in-vitro
conditions had a toxic effect and WV had bio-
pesticide potential. In another study, which is in
line with the findings, Ko¢ (2020) reported that WV
produced from hazelnut shells caused a decrease
in the average Opilionid (grass cutter) number and
an increase in the average Arachnid number. The
findings are thought to have a repellent and
biocidal effect due to the content of WV (such as
acetic acid, phenol) (Yatagai et al., 2002), the smell
of vinegar and the residue left in the plant.

Conclusion

In conclusion; It has been determined that both
BCLWV and NWYV applications have a insecticidal
effect against the harmful almond Cimbex
quadrimaculata, and the highest decrease in the
and 25%

concentrations. The effective results of vinegars,

number of larvae occurs at 10%
which are pyrolysis products, will provide very
important agricultural control gains for organic
almond cultivation in the region. As a suggestion;
the pest population should be carefully monitored
between May and June, the pest creates a high
population in newly established gardens and its
control is important in these gardens of the pest; It
that the
monitoring of natural enemy biodiversity, and the

has been concluded continuous
use of organic-based compounds instead of
synthetic chemicals in the control, will be an
appropriate approach for environmentalist and

organic agriculture.
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ABSTRACT

Common bunt caused by the basidiomycetes fungi Tilletia caries and Tilletia foetida is
significant wheat disease, particularly following rust (Puccinia spp.) diseases. Seed
treatment with fungicides has traditionally been the primary method for disease control.
However recently its effectiveness has reduced. Growing resistant plant materials are
therefore preferred to management of common bunt disease. In this regard, the current
study was conducted to detect common bunt resistance genes (Bt8, Bt10, and Bt11) in a
total of 61 registered durum wheat varieties and landraces using molecular techniques. In
PCR assay, these plant materials were screened with SSR marker Xxgwm114 to identify
whether they carried any of the Bt resistance genes. According to the molecular results,
most of the tested varieties and landraces were found in the Bt8 resistance gene (15
registered varieties and 5 landraces). Additionally, the results showed that none of the
tested varieties and landraces had gene combinations. To sum up, this is the first molecular
study to identify common bunt resistance genes in durum wheat varieties and landraces in
Tirkiye. Furthermore, these findings can be used in breeding programs to management
with common bunt disease.

Key Words: Durum wheat, common bunt, Bt genes, resistance genes, marker
0z

Basidiomycetes fungusu Tilletia caries ve Tilletia foetida’ nin neden oldugu siirme hastaligi
bugdayda pas (Puccinia spp.) hastaliklarindan sonra 6nemli bir hastaliktir. Bu hastalig
kontrol etmek icin genellikle tohum ilaglamasi yapilir, ancak son zamanlarda etkinligi
azalmistir. Bu nedenle, hastalik ile miicadelede dayanikli bitki materyalleri tercih
edilmektedir. Bu kapsamda, mevcut c¢alismada toplam 61 tescilli makarnalik bugday
cesidinde ve yerel cesitlerde stirme dayaniklilik genlerini (Bt8, Bt10 ve Bt11) molekiler
tekniklerle belirlemek amaciyla gergeklestirilmistir. PCR analizinde, kullanilan bitki
materyallerinde Bt dayaniklilik genlerini tanimlamak icin SSR belirteci Xgwm114
kullanilmistir. Molekiiler sonuglara gore, test edilen tescilli gesit ve yerel cesitlerin cogunda
t8 dayaniklilik geninin bulundugu tespit edilmistir (15 tescilli cesit ve 5 yerel gesit). Ayrica,
sonuglar test edilen materyallerin gen kombinasyonu icermedigi belirlenmistir. Sonug
olarak, Turkiye'deki tescilli makarnalik bugday ve yerel cesitlerde siirme dayanikhlik
genlerinin tanimlandigi ilk molekiler calismadir. Ayrica, bu bulgular bugdayda siirme
hastaligi ile ilgili 1slah programlarinda kullanilabilir.

Anahtar Kelimeler: Makarnalik bugday, siirme, Bt genleri, dayaniklilik genleri, belirteg
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Introduction

Common bunt (CB) caused by Tilletia caries and
T. foetida can cause dramatically grain yield losses
in wheat. Generally, grain yield decreases on
infected plant with CB disease compared to the
non-infected plants and their quality is also low
which due to the infected heads filled with dark
colore bunt balls spores (Goates et al. 1996;

Mourad et al. 2018). Seed treatment with
fungicides is an effective strategy for managing
common bunt disease. However, genetic

resistance is a more suitable control method to the
disease and also it mitigates the need for chemical
be
advantageous in organic farming systems.

seed treatments and can particularly

Marker-Assisted Selection (MAS) has been
widely used in the resistance breeding studies to
fungal pathogens. Molecular markers, when
associated with bunt resistance genes, can assist in
the development of resistant varieties. They enable
the the

introgression of resistance genes into varieties with

determination of resistance and
good agronomic traits (Matanguihan et al. 2011).
Since symptoms of bunt disease become apparent
when the plant matures, screening for resistant
varieties is time-consuming. In addition, when
disease incidence is low, it is difficult to detect on
common bunt disease in wheat since the
evaluation of the variety reaction varies according
to environmental effects. For these reasons, to
identify for common bunt resistance, it is necessary
to have information about the genes that confer
resistance to common bunt (Mourad et al. 2018).
The resistance is often controlled by a single gene
with complete or incomplete dominance effect
(Knox et al. 1998). To date, 16 race-specific
resistance genes, ranging from Bt1 to Btl15, and
Btp,

(Goates, 2012). Similarly, mapping studies has been

have been identified for common bunt
conducted for some of these 16 resistance genes
(Menzies et al. 2006). These genes are determined
by employing the race differential set
(Matanguihan et al., 2011). The study of Mamluk
(1998) emphasized the Bt5, Bt6, Bt8, Bt9, Bt10, and
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Bt11 resistance genes are effective in common
bunt pathogen race/races.

In Tirkiye, a study conducted by Mamluk and
Nachit (1994), durum wheat genotypes were
tested against nine common bunt isolates obtained
from the West Asia and North Africa (WANA)
region. According to the obtained results, it was
reported that 26 genotypes showed resistance
reactions. In another study, to identify the common
bunt
resistance tests were conducted against disease

resistance in durum wheat varieties,
races virulent on 10 Bt resistance genes, as well as
local races in the Mediterranean Region from 1988
to 1991. In the reaction analysis, it was determined
that five out of 29 durum wheat varieties showed
resistance reactions (Ata¢ and Cetin 1995). A
review study reported by Mamluk et al. (1997)
evaluated the prevalence of the dominant common
bunt pathotypes in Tlrkiye, Egypt, Syria, Tunisia,
Lebanon, Iran, and Morocco. In Tiirkiye, 37 and 88
races were reported in 1981 and 1983 respectively.
it was also stated that five races were similar to
North American races. As mentioned above, it can
be seen that the conducted studies were mainly
based on the use of a race differential set and their
reactions against to common bunt disease.
According to the literature, there is no study
currently published information available regarding
the common bunt resistance genes using the
molecular techniques in Turkiye. To sum up, the
objective of this study is to molecular screening of
the durum wheat varieties and landraces for

resistance to common bunt disease in Tlrkiye.

Materials and Methods

Plant materials

A total of 61 durum wheat including 51
registered varieties and 10 landraces were used in
this study. Information about these varieties and
landraces were given in Table

DNA  extraction, PCR analysis and gel
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electrophoresis

At least three seeds of each variety were
planted in plastic pots (with mixture of seat and
peat in 1:1 and grown up to the ZGS 12-13 of
seedling (Zadoks et al., 1974). . Later, the leaves of
each variety were collected and transferred to 1.5
Eppendorf tubes for the DNA isolation.
Plant I DNA
isolation kit was used for total genomic DNA

ml

NucleoSpin (Macherey-Nagel)
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extraction. To quality of the isolated DNAs was
control by agarose gel electrophoresis and stored
at -20°C until used. To identify Bt8, Bt10 and Bt11
resistance genes carries of each variety, SSR

marker Xgwm114 (F: 5-
ACAAACAGAAAATCAAAACCCG-3, R: 5’-
ATCCATCGCCATTGGAGTG-3') (Goates and

Mercier, 2009) which is located on chromosome
3B was used in the current study.
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Table 1. Information about the durum wheat varieties/landraces used in this study

No Variety Release year Pedigree

1 Kunduru 414/44 1963 Landrace

2 Berkmen 469 1967 Landrace

3 GCakmak 79 1979 UVEYIK-162/ND-61-130

4 Kiziltan 91 1991 UVEYIK-162/61-130//BARRIGON-YAQUI-ENANO*2/TE

5 Altin 40/98 1998 BARRIGON-YAQUI-ENANO/2*TEHUACAN-60//2B//LONGSHANKS/3/BERKMEN-469

6 Yimaz98 1998 DF-9-71/3/V-2466//ND-61-130/414-44/4/ERGENE
KOBAK-2916/LEEDS//6783/3/BERKMEN-469/7/CRANE/GANSO//APULICUM/3/DF-17-72/4/DI-165137/GEDIZ-

7  Ankara 98 1998 75/5/ANHINGA/6/CASTELPORZIANO/G2//2*TEHUACAN-60/TEHUACAN-60

g  Cesit-1252 2000 61-130/KUNDURU-414-44//377-2

Mirzabey 2000 2000 GD-2/D-1184528

CMK79//14-44/0OVIACHIC-65/3/BERKMEN/OVIACHIC-65/4/KUNDURU-1149/5/LEEDS//DWARF-MUTANT/SARIBASAK

10 Eminbey 2009

11 imren 2009 DF-21-72/GERARDO-VZ-466//ND-61-130/414-44/3/ERGENE/4/DF-21-72//ND-61-130/UVEYIK-162/3/128-3

12  Kunduru 1149 1967 Landrace

13 Altintag 95 1995 KUNDURU//D-68111/WARD

14 Kimbet 2000 2000 ND-61-130//414-44/377-2/3/DF-15-72

15 Yelken 2000 2000 ZF/LEEDS//FORAT/3/ND-61-130/LEEDS/4/AU-107/5/GERARDO

16 Dumlupinar 2006 BERKMEN/G-75-T-181

17 FataSel 1961 Landrace

18  Selguklu-97 1997 073-44*2/0VIACHIC-65/3/DF-21-72//ND-61-130/UVEYIK-162

19 Meram-2002 2002 ND-61-130/414-44//CAKMAK-79

20 Tunca79 1979 FATA(SEL.181-1)/ND-61-130//LEEDS

21 Gokgol 79 1979 BUCK-BALCARCE//BARRIGON-YAQUI-ENANO*2/TEHUACAN-60

27  Diyarbakir-81 1987 LD-393//BELADI-116-E/2*TEHUACAN-60/3/COCORIT-71

23 Ceylan 95 1995 STORK/RABICORNO

24 Saricanak 98 1998 DACKIYE/GEDIZ-75//USDA-575
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25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43

44
45
46
47
48
49
50
51

Altin toprak 98

Aydin-93
Firat-93
Artuklu
Eyyubi
Sahinbey
Zihre
Guney Yildizi
Gediz-75
Ege 88
Salihli 92
Titen 2002
GAP

Turabi
Sham-1
Amanos-97
Fuatbey 2000
Sari Basak

Akcakale-2000

Ozberk
Pinar-2001

Zenit
Svevo
Levante
Saragolla
Maestrale

Bisante

1998
2002
2002
2008
2008
2008
2010
2010
1976
1988
1992
2002
2004
2004
1991
1997
2000
2013
2002

2005
2001

2001
2001
2011
2011
2012
2012

ALTAR-84/ARAOS

JORI-C-69/HAURANI
SNIPE/3/JORI-C-69/CRANE/GANSO/ANHINGA
LAHN//GANSO/STORK
MORUS//ALTAR-84/ALONDRA

Unknown
SN-TURK-M-183-84-375/NIGRIS-5//TANTLO-1
RASCON-39/TILD-1
LD-357-E/2*TEHUACAN-60//JORI-69
JORI-C-69/ANHINGA//FLAMINGO
SHWA//21563/ANHINGA/3/EGE-88
ALTAR-84/AVETORO/3/GANSO/FLAMINGO//CANDO
GEDIZ-75)/FLAMINGO//TEAL

CRESO/CRANE
PELICANO/RUFF//GAVIOTA/ROLETTE
OSTRERO//CELTA/YAVAROS,

Unknown

Unknown
SCHELLENTE//CORMORANT/RUFFOUS/3/AJAIA

FLAMINGO,MEX/GARZA//CANDEAL-1/GREBE/3/CENTRIFEN/FLAMINGO,MEX/PETREL,MEX/5/AKBASAK-073-

44/YERLI/6/CAR
Unknown

VALRICCARDO/VIC
CIMMYT-SELECTION/ZENIT
G-80/PICENO//IONIO
IRIDE/LINEA-PSB-0114
IRIDE/SVEVO

Unknown

8€-67 :(T)8Z ‘Is1643Q 13|wijig DPID dA WLID| UPLIDH $Z0T ‘10D



143

Landraces

v b W N B

Name

Landrace 1
Landrace 2
Landrace 3
Landrace 4
Landrace 5

No

10

Name
Landrace 6
Landrace 7
Landrace 8
Landrace 9
Landrace 10
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Polymerase chain reaction (PCR) was carried
out in a thermal cycler (T100: BioRad, USA). Total
reaction volume was 15 pL with 1X PCR buffer (50
mmol KCI, 10 mmol Tris-HCI, pH 8.3), 1.5 mM
MgClz,0.2 mM dNTP mix, 1U Taq DNA polymerase,
each of forward and reverse primers (10 uM), 100
ng template DNA and double distilled water. The
PCR
denaturation at 94 °C for 3 min, 35 cyles of

reaction was performed an initial
denaturation at 94 °C for 1 min, annealing at 58 °C
for 30 s, and extension at 72 °C for 1 min and last
extension at 72 °C for 5 min. The amplified PCR
products were separated on 2.5% agarose gel
staining with ethidium bromide at 80 V for 2 h. UVP
UVsolo touch gel imaging system (Analytik Jena,
Germany) was used to visualize the PCR bands
under UV. The sizes of the PCR products were
determined by using the 100 bp DNA ladders as

reference standard.

Data analysis

For data analysis, the obtained band with a
different size of each Bt resistance gene was
scored as presence (1) or absence (0) and the data
was recorded in Excel software.

Results and Discussion
Molecular markers associated with resistance

genes provide facilities for the development of
resistant varieties and the transfer of these

resistance genes to cultivars with good agronomic
traits (Muellner et al. 2021). Randhawa et al.
(2013) stated that marker-assisted selection in
resistance to common bunt disease in wheat is
crucial. In accordance with this, the usage of
molecular markers has been rapidly increasing in
recent years (Wang et al. 2019; Aboukhaddour et
al. 2020; Mourad et al. 2023; Amangeldikyzy et al.
2023). One of the most effective methods to
manage common bunt disease is the use of
resistant cultivars in production. Therefore, the
aim is to transfer existing Bt genes or new
resistance genes that provide resistance to
common bunt into wheat (Madenova et al. 2021).
To detect the presence of the Bt8, Bt10, and Bt11
genes, PCR analysis was conducted by using the
Xgwm114 marker. This primer amplified fragments
of 180, 160, and 120 bp linked to resistance genes
Bt8, Bt10, and Btl1 respectively (Goates and
Mercier, 2009). In the present study, the Xgwm114
marker was used and it was determined that
common bunt resistance genes namely Bt8, Bt10
and Bt11 are found in durum wheat varieties and

landraces (Figure 1).

Figure 1. Agarose jel electrophagrame of Bt genes. M: DNA ladder (100 bp), W: Water and the numbers of lanes
corresponding to the durum wheat materials as stated in Table 1. The arrow shows resistance fragments
Bt8, Bt10 and Bt11 genes 180, 160 and 120 respectively.

Among the Bt resistance genes, the resistance
gene Bt8 was detected in 15 durum wheat
varieties (Altin 40/98, imren, Kunduru 1149,
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Altintas 95, Dumlupinar, Fata Sel, Altin toprak 98,
Sahinbey, Ziihre, Amonos-97, Sari Basak, Levante,
and five

Saragolla, Maestrale and Bisante)
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landraces (Table 2).

Table 2. Molecular screening of registered and landraces durum wheat varieties.

Resistance genes

Resistance genes

No Varieties Bt8 Bt10 Bt11 No Varieties Bt8 Bt10 Bti1
1 Kunduru 414/44 - + - 27 Firat-93 - - +
2 Berkmen 469 - - - 28 Artuklu - - -
3 Cakmak 79 - - - 29 Eyyubi - - -
4 Kiziltan 91 - - - 30 Sahinbey + - -
5 Altin 40/98 + - - 31 Zihre + - -
6 Yilmaz 98 - - - 32 Guney Yildizi - - +
7 Ankara 98 - - - 33 Gediz-75 - - -
8 Cesit-1252 - - - 34 Ege 88 - - -
9 Mirzabey 2000 - - - 35 Salihli 92 - - -
10 Eminbey - - - 36 Tiiten 2002 - + -
11  imren + - - 37 GAP - - -
12 Kunduru 1149 + - - 38 Turabi - - -
13 Altintas 95 + - - 39 Sham-1 - - -
14 Kiimbet 2000 - - - 40 Amanos-97 + - -
15 Yelken 2000 - - - 41 Fuatbey 2000 - - -
16 Dumlupinar + - - 42 Sari Basak + - -
17 Fata Sel + - - 43 Akcakale-2000 - - +
18  Selguklu-97 - - - 44  Ozberk - - -
19 Meram-2002 - - - 45 Pinar-2001 - - -
20 Tunca 79 - - - 46 Zenit - - -
21 Gokgol 79 - - - 47 Svevo - - -
22 Diyarbakir-81 - - - 48 Levante + - -
23 Ceylan 95 - - - 49 Saragolla + - -
24 Sari ganak 98 - - - 50 Maestrale + - -
25 Altin toprak 98 + - - 51 Bisante + - -
26 Aydin-93 - - +

1 Landrace 1 + - - 6 Landrace 6 - - +
2 Landrace 2 + - - 7 Landrace 7 - - +
3 Landrace 3 + - - 8 Landrace 8 - + -
4 Landrace 4 + - - 9 Landrace 9 - + -
5 Landrace 5 + - - 10 Landrace 10 - - +

The CB resistance gene Bt10 was only detected
in two varieties (Kunduru 414/44 and Tuten 2002).
Among the tested landraces, the Bt10 gene was
found in two landraces. Menzies et al. (2006)
stated that Bt10 is commonly employed in wheat
breeding programs due to its efficacy against the
majority of common bunt races. In line with this,
these genotypes carrying the Bt10 gene can be
used to control of the pathogen. In the present
work, the resistance gene Bt11 was molecularly
detected in four varieties namely, Aydin-93, Firat-
93, Gliney Yildizi and Akgakale-2000). In addition,
this resistance gene was found in three landraces
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(Table 2). In a similar way to the current study,
several studies have been conducted to determine
the presence of common bunt resistance genes in
wheat varieties. As for these studies, 43 Kazakh
and foreign winter wheat cultivars were tested to
determine resistance genes, Bt9 and Bt10, and
their results showed that four and seven varieties
contained Bt9 and Bt10 respectively (Madenova et
al. 2019). Similarly, it was shown to be an effective
resistance gene to common bunt disease and as a
result of these studies, different Bt genes effective
in Syria (Bt5, Bt8, Bt9, Bt10, and Bt11), Iraq (Bt1,
Bt3, Bt9, Bt11, and Bt12), America (Bt6, Bt9, Bt11,
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Bt12, Bt13, Bt15, and Btp), Australia (Bt8, Bt9, and
Bt10) and Kazakhstan (Bt8, Bt9, Bt10 and Bt11)
were identified (Mamluk and Nachit, 1994; Al-
Maaroof et al., 2016; Hagenguth, 2016; Mourad et
al.,, 2018: Madenova et al. 2021; Moruad et al.
2023). When examining the previous works
conducted in Turkiye, common bunt isolates have
been tested on differential sets, the virulence
phenotypes of existing races and their reactions on
wheat genotypes have been revealed (Finci, 1981;
Akcura and Akan, 2018; Morgounov et al. 2018;
Moruad et al. 2023). On the other hand, based on
the molecular findings, none of the tested varieties
and landraces had two or three gene-based
resistance in the present work. Contrary to the
results obtained in this study, Madenova et al.
(2021) identified four Bt resistance genes (Bt8, Bt9,
Bt10, and Bt11) in the one variety “Karasai” in their
study. In summary, molecular research focusing on
the identification of the specific Bt resistance
genes present in existing varieties have been
performed recently but there is no molecular study
in Tarkiye related with this. Therefore, with this
conducted research, the presence of Bt genes in
durum wheat genotypes has been revealed at the
molecular level for the first time.

Conclusion

The presence of resistance genes Bt8, Bt10, and
Bt11, which provide resistance against common
bunt disease, has been detected in the tested
varieties in the current study. According to
molecular results, it was determined that the
tested material contains different Bt genes, and
most of them had Bt8 resistance gene. In addition,
two or three combinations of each resistance gene
were not found., The varieties identified to contain
resistance genes can be used as parents in the
wheat breeding program to control of the common
bunt disease.
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control measures, whether through biocontrols, traps, or chemicals, to increase the
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Tirk findigi hem Tirkiye'de hem de kiiresel olarak dnemli bir tarim Griind olup, diinya
Received Date: findik Gretiminin yaklasik %70'ini Turkiye saglamaktadir. Ancak, findik hasadi 6nemli
06.04.2023 .. . .
Accepted Date: zorluklarla karsi karsiyadir, bunlardan biri de brown marmorated stink bug ve benzeri
17.01.2024 zararlilaninin  varligidir. Bu ¢alisma, matematiksel bir model kullanarak brown

marmorated stink bug (Halyomorpha halys) ve benzeri zararlilarinin findik Gretimi
Gizerindeki olumsuz etkisini incelemektedir. Bulgular, 2017 ile 2022 yillari arasinda
Tirkiye'deki findik veriminin brown marmorated stink bug tlrG zararlilarindan
kaynaklanan zarari yillik olarak 106.820 ton ve kiimiilatif olarak 640.920 ton oldugunu
ortaya koymustur. Ayrica, bu calisma, brown marmorated stink bug tiri zararlilarin
popilasyonlarindaki 61tm oranini %25 veya %50 artirarak veya yumurtlama oranini %25
veya %50 azaltarak uygulanan kontrol 6nlemlerinin, bu zararlilarin neden oldugu kaybi
yillik olarak 82.506 ton kadar azaltma potansiyeline sahip oldugunu gostermektedir.
© Copyright 2018 by Harran University ~Genel olarak, bu calisma, tarimsal Uretimde zararlilarin yénetilmesinin 6nemini ve

Faculty of Agriculture. Available on-ine  atkilerini azaltmak igin kontrol yéntemlerinin kullanminin potansiyel faydalarini
at www.dergipark.gov.tr/harranziraat
vurgulamaktadir.
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Introduction

Hazelnuts are one of the most important fruits
in the world, and Turkey is the main producer of
hazelnuts since about %70 of hazelnut production
worldwide comes from Turkey. However, hazelnut
productivity and efficiency of vyields are
guestionable in Turkey due to low productivity. We
have two main problems that have been affecting
hazelnut production negatively. The first one is the
percentage of aged hazelnut trees, unfortunately,
the percentage is very high and these aged trees
are less productive as compared with young
hazelnut trees. Additionally, the presence of
harmful insect populations in Turkey is another
significant challenge that needs to be addressed.
It's
management strategies that can help control

important to develop effective pest
these harmful insect populations and reduce their
impact on hazelnut yields. Thus, it is clear that
solving one or both of these problems will help
farmers to increase the productivity of hazelnut
farms in Turkey. Overall, addressing the challenges
facing hazelnut production in Turkey is critical to
maintaining the country's position as the leading
producer of hazelnuts and ensuring a stable global
supply of this important crop.

Since stink bug pests are one of the main
problems for low production per area in hazelnut
orchards in Turkey (Viggiani, 1984; Tuncer and
Ecevit, 1997; AliNiazee, 1998), this study will focus
the negative effect of BMSB

Marmorated Stink Bug (Halyomorpha halys) -type

on (Brown
pests on hazelnut orchards. In Turkey, some pests
harm hazelnut production by consuming various
plant parts such as leaves and fruits. On the other
hand, some insect pests affect the kernel quality
by consuming hazelnuts. Besides these, some stink
bugs (Hemiptera: Pentatomidae, Coreidae, and
Acanthosomatidae) cause economic damage in
hazelnut orchards (Tavella et al., 1997; Tuncer et
al., 2005). There are over 15 species of stink bugs
have been identified in Turkish hazelnut orchards,
as this indicates a significant risk to hazelnut
production. Each species of stink bug may cause
different types of damage to hazelnuts, such as
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discoloration, deformation, and reduced kernel
weight. (Kurt, 1975; Tuncer et al., 2005).

Besides these sting bugs, another dangerous
sting bug was introduced in Turkey in 2017 which
is the brown marmorated stink bug (Cerci and
Kogak, 2017). The BMSB is an invasive, highly
that
reduces the availability, quality, and value of
hazelnut production (Acebes, 2016). Since 2014 a
polyphagous invasive insect BMSB has been
invaded by Russia (Neimirovets, 2018), distributed
in west Georgia, and caused the loss of 70- 90% of

polyphagous, severe agricultural pest,

the major industrial hazelnut harvest (Meskhi,
2017; Murvanidze et al., 2018; EPPO Global
Database, 2019; International Nut and Dried Fruit
Council, 2019).

In Turkey, the BMSB was first recorded in
Istanbul in 2017 (Cerci and Kocak, 2017). In the
same year, the pest was also documented in Artvin
(Glincan and Gimids, 2019). Following the initial
detection of the pest in Turkey, it was found in the
Black Sea Region in Rize, Trabzon, Giresun, Ordu,
and Samsun (Goktirk et al., 2018; Ak et al., 2019;
Goktlirk and Tozlu, 2019). Additionally, in the
Marmara Region, it was identified in Sakarya and
Yalova (Goktiirk, 2020; Ozdemir and Tunger, 2021),
and in the Aegean Region, it was detected in izmir
(Cergi, 2021).

Since it is not easy to identify the effect of
BMSB from the other sting bug effects on hazelnut
orchards in Turkey, the cumulative effect of these
sting bugs was considered in this study. Since
BMSB was introduced in Turkey in 2017, we will
investigate the effect of these sting bugs between
the years 2017 and 2022. We will
mathematical model to capture the effect of sting

use a

bugs on hazelnut production by using ordinary
differential equations. Using ordinary differential
equations in modeling is a very common method
for modeling biological or ecological systems
(Demir, 2019; Aslan et al., 2022). Note that even if
we will explore the cumulative effect of all the
sting bugs on hazelnut production in Turkey, we
assumed that the BMSB will be the main driver in
the reduction of hazelnut production between
2017 and 2022 in Turkey. We are confident with
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this assumption since we know that the BMSB
caused annually the loss of 70- 90% of the major
industrial hazelnut harvest in Georgia (Meskhi,
2017; Murvanidze et al., 2018; EPPO Global
Database, 2019; International Nut and Dried Fruit
Council, 2019) and this is very huge as we compare
the negative effect of the other sting bugs on
hazelnut production in Turkey.

In the following sections, we will introduce a
mathematical model that was created for this
study, and we will estimate the parameters of the
model. After that we conduct a sensitivity analysis
(parametric analysis). Then, we will present the
results of the model and discuss and quantify the
BMSB-type
production. In addition, we took into account

impact of pests on hazelnut
several methods of control to exert influence on
the egg ratio and death rate of BMSB-type pests.
We aimed to assess the potential increase in
hazelnut production resulting from a decrease in
the egg ratio and an increase in the death rate of
these pests through the application of biocontrol,

chemical controls, or traps.

Material and Methods

A mathematical model, shown in Equation (1)
below, was constructed to assess the impact of
stink bugs, including the brown marmorated stink
bug, on the production of Turkish hazelnuts. This
model will allow us to estimate the annual
production of hazelnuts and evaluate the
detrimental effects of stink bugs on hazelnut
production in Turkey. As the brown marmorated
stink bugs were first observed in Turkey in 2017,
this study will focus on the years between 2017

and 2022.

Model Formulation

The model given in Eq. (1) represents a
predator-prey system, consisting of hazelnut fruits
(H) and BMSB-type pests (B). The negative impact
of the pests on hazelnut fruits is denoted as
aB(t)H(t), while the harvesting of hazelnuts is
represented by the term bH (t)
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an =p(t BH — bH

dt - p( ) a )

dB

d_t =cBH — dB (1)

with the initial conditions: H(0) = H, and B(0) =
By. In the given model, the term cB(t)H(t)
represents the growth rate of the BMSB-type
pests, while dB(t) represents their death rate. The
term p(t) is a pulse that represents the emergence
of new hazelnut fruits each spring, which occurs at
the beginning of June every year. The size of this
pulse may vary due to various factors such as
fertilization efficiency, pruning practices, weather
conditions, and others. Hence, it is assumed that
the size of the pulse follows a normal distribution
that is random:

p(t) ~ Normal (u, o)

where u and o represent the mean and standard
deviation of the pulse, respectively.

Parameter Estimation

The parameters of model (1) were estimated
using annual hazelnut production data from
Turkey (FAO, 2021; TUIK, 2022), with the Ordinary
Least Squares (OLS) method used to minimize the
sum of the squares of the differences between the
observed hazelnut production and the model's
predictions. The goodness of fit was assessed by
calculating the relative error of the fit using the
following formula:

Yhoi(Hye = ﬁk)z
ﬁ:l(Hk)Z

min(

)

where H, and H, are the exact and estimated

annual hazelnut production, respectively. An
ode45 solver with fmincon from the Optimization
Toolbox of MATLAB is used in this parameter

estimation.
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Figure 1. Left plot: the fit of hazelnut fruits with 95% simulation intervals. Right plot: the amount of hazelnut

loss due to BMSB-type pests with 95% simulation intervals.

Tablel. Parameter descriptions and values.

Parameters Description Unit Value Source
H, Initial biomass of hazelnut fruits Tonnes 0 Assumed
B, Initial biomass of the BMSB-type populations Tonnes 2e3 Assumed
U Mean of hazelnut fruit’s pulse Tonnes 650204 | Estimated
o Standard deviation of hazelnut fruit’s pulse Tonnes 378208 @ Estimated

a Damage rate caused by BMSB-type populations on (week x Tonnes)™' | 1.84e™5 | Estimated
hazelnut fruits

b Harvest rate of hazelnut fruits week ™1 0.37 Estimated

c Egg ratio of BMSB-type populations due to predation of = (week x Tonnes)™* | 8.9e~7 Estimated
hazelnut fruits

d Death rate of BMSB-type populations week ™! 0.05 Estimated

Note: Here e is the scientific notation in MATLAB and it is a shorthand for 10.

All the parameters were estimated in the model
given in Eqg. (1) (see Table 1) and the visualization
of model fit is presented in Figure 1 with a 95%
simulation interval. To obtain the mean and 95
percentiles of hazelnut harvesting and hazelnut
loss due to BMSB-type pests, we run the model
with estimated parameters 100 times and saved all
the outputs, and then obtained the mean and 95
percentiles of these 100 outputs given in Figure 1.
In addition, in the result section, all the outputs
were obtained similarly by running the model 100
times. Note that we used bH(t) and aB(t)H(t)
terms in Eq. (1) to obtain the yield of hazelnut and
the hazelnut loss due to BMSB-type pests,

respectively.

Sensitivity Analysis of Parameters

Several parameters play important roles in
model (1). These parameters were estimated using
existing data. To determine the set of parameters
that are statistically significant regarding annual
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hazelnut production, we conducted a sensitivity
analysis (parametric analysis) of the model.
Utilizing Latin Hypercube Sampling (LHS) and the
partial rank correlation coefficients (PRCC) method
(Marino et al., 2008), we sampled parameters from
the range provided in Table 2, following a uniform
distribution. Subsequently, these samples were
employed as input variables when running system
(1) for one year, with initial conditions Hy(0) = 0
and B,(0) = 2e3. The annual hazelnut production
at the final time serves as the output variable for
our sensitivity analysis (see Figure 2). In Figure 2,
we employed 300 random parameter values from
each parameter interval in Table 2 to identify
which parameters are more sensitive to system
(1). We present PRCC values, p-values, and the
range for each corresponding parameter in Table
2. It's important to note that all analyses were
conducted in MATLAB, and the corresponding
sensitivity analysis codes modified from the codes
provided by Marino et al., 2008.
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The sensitivity analysis reveals that the
parameters a, b, ¢, and d are statistically
high PRCC values.

Consequently, there is interest in investigating

significant due to their

how the annual hazelnut production fluctuates
whenvarying a, b, c, and d, while keeping all other
parameters constant as outlined in Table 1, and
maintaining the initial conditions as previously
stated. Figure 2 illustrates the outcomes of these
experiments, showcasing the variations in annual
hazelnut production at the final time for different
valuesof a, b, ¢, and d.

The PRCC values for c and d are -0.9 and 0.55,
respectively. This indicates that the parameter c

(the egg ratio of BMSB-type populations) is more
sensitive compared to parameter d (the death rate
of BMSB-type populations) when maximizing the
annual hazelnut production at the final time.
Consequently, reducing the egg ratio of BMSB-
type populations will lead to higher annual
hazelnut production than increasing the death rate
of BMSB-type populations when applying the same
effort to decrease the egg ratio or increase the
death rate of BMSB-type populations. This result
matches with the finding obtained in the following
section.

Table 2. Results of sensitivity analysis with partial rank correlation coefficient (PRCC), p-value, and parameter ranges.

Parameters Description PRCC p-value Range

U Mean of hazelnut fruit’s pulse 0.24 2.6e75 200000-1000000

o Standard deviation of hazelnut fruit’s pulse 0.16 0.79 200000-800000

a Damage rate caused by BMSB-type populations on -0.61 1.7e734 0.000001-0.001
hazelnut fruits

b Harvest rate of hazelnut fruits 0.82 1.8e774 0.1-0.8

c Egg ratio of BMSB-type populations due to predation of -0.90 1.6e107 578 —5¢~>
hazelnut fruits

d Death rate of BMSB-type populations 0.55 3.8¢725 0.0001 -5
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Figure 2. Visualization of sensitivity analysis: X axis denotes the variation of parameters with the ranked range of
parameters given in Table 2 and Y axis denotes the change in the annual hazelnut production as we vary

parameters in X axis.
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Results and Discussion

This section of the study involved fitting the
mathematical model with the annual hazelnut
production data and presenting the outcomes.
Figure 1 not only demonstrated the accuracy of the
model in capturing the data but also indicated the
guantity of hazelnut yield that was affected. The
study found that between 2017 and 2022,
approximately 106,820 tonnes of hazelnut yields
were damaged per year by the BMSB-type pestsin
Turkey, with a 95% simulation interval of 94,709 to
120,040 tonnes.

In this result section, we also analyzed the
effectiveness of various control methods such as
introducing predators as a biocontrol, using
chemicals or traps to increase the death rate, and
introducing egg and larvae parasites or using
specific chemicals to reduce the egg ratio of BMSB-
type pests. The goal was to reduce the amount of
hazelnut loss caused by these pests. We divided
the controls into two types: (1) controls to increase
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Figure 3. Seasonally averaged biomass of hazelnut
years are given in (a) and (b). The effect

the death rate of BMSB-type pests, and (2) controls
to reduce the egg ratio of BMSB-type pests. We
then examined the impact of these controls on
hazelnut production.

Effect of increasing death rates of BMSB-type pests
via biocontrol, chemicals, or traps

In this subsection, we will explore three
commonly used methods to control invasive pests:
bio-control, chemical control, and biotechnical
control. These methods aim to
abundance of BMSB-type pests and increase their
death rate, d. Specifically, bio-control involves

reduce the

introducing a new predator to the system to put
more pressure on the pests. Chemical control uses
pesticides to eliminate pests, and biotechnical
control uses attractive materials to trap them. By
reducing the death rate, d, by 25% or 50%, we will
investigate the effects of these controls on
hazelnut production and quantify the increase
obtained when applying such controls. (see Figure
3).

b)
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fruits and biomass of BMSB-type pests over the period of six
of varying the parameter, d (death rate of BMSB-type pests)

on hazelnut production is given in (c) and (d).

44



Demir, 2024. Harran Tarim ve Gida Bilimleri Dergisi, 28(1): 39-48

The results of the investigation suggest that
the extent to which we increase the death rate is a
crucial factor, as we do not observe equal
increases in hazelnut production when we increase
the death rate by 25% or 50% (as demonstrated in
Figures 3c and 3d). By increasing the death rate of
the BMSB-type pests by 25% or 50%, we can
produce about 721,903 (with a 25% increase) or
749,284 (with a 50% increase) tonnes of hazelnuts,
whereas, without any control, the hazelnut yield
would be 684,203 tonnes. This means that a 25%
increase in the death rate results in an additional
37,700 tonnes of hazelnut production while
increasing the death rate from 25% to 50% results
in only 27,381 tonnes of additional production.
Thus, we do not see the same proportional
increases in hazelnut production when we apply a
50% reduction rather than a 25% reduction in the
death rate. Overall, this strategy can result in up to
65,081 tonnes of extra hazelnut yield per year.
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Effect of reducing the egg ratio of BMSB-type
pests via biocontrol or chemicals

The egg ratio of BMSB-type pests can be
lowered using biological control (eggs and larvae
parasites) or chemical control. This study explores
the effects of these methods on hazelnut yields. A
25% or 50% reduction in the egg ratio of the pests
was applied, and the resulting increase in hazelnut
yield was analyzed. The study found that a 25%
increase inthe egg ratio resulted in a hazelnut yield
of 728,471 tonnes (compared to 681,879 tonnes
without control methods), and a 50% increase in
the egg ratio resulted in a yield of 756,864 tonnes.
Increasing the death rate of the pests by 25% led
to an additional 46,592 tonnes of hazelnuts, while
a death rate increase from 25% to 50% produced
an extra 28,393 tonnes. Overall, the control
strategy suggests that we could potentially
increase hazelnut yields by up to 74,985 tonnes
per year (See Figure 4).
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Figure 4. Seasonally averaged biomass of hazelnut fruits and biomass of BMSB-type pests over 6

years are given in (a) and (b). The effect of varying the parameter, ¢ (the egg ratio of

BMSB-type pests) on hazelnut production is given in (c) and (d).
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Effect of simultaneously reducing egg ratio and
increasing death rate of BMSB-type pests

In this subsection, we explore the effect of both
strategies mentioned in subsections 3.1 and 3.2.
Increasing the egg ratio, ¢ by 25% (or 50 %) and
reducing the death rate, d by 25% (or 50 %) lets us
produce about 747,631 (764, 751) tonnes of
hazelnuts instead of producing 682,245 tonnes
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(see Figure 5). Thus, decreasing the egg ratio by
25% and increasing the death rate by 25% brings
extra 65,386 tonnes of hazelnut fruits but changing
the effort in the death and egg ratio from 25 % to
50% brings about 17,120 tones of extra hazelnut
fruits (see c and d in Figure 5). Therefore, applying
hazelnut

this strategy can increase annual

production by up to 82,506 tonnes per year.
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Figure 5. Seasonally averaged biomass of hazelnut fruits and biomass of BMSB-type pests over 6 years are
given in (a) and (b). The effect of varying the parameter, c (the egg ratio of BMSB-type pests) and d
(death rate of BMSB-type pests) on hazelnut production is given in (c) and (d).

One of the key findings of this study is that the
BMSB-type pests in Turkey cause an annual loss of
around 106,820 tonnes of hazelnut production,
with a 95% simulation interval of 94,709 to
120,040 tonnes. This suggests that between 2017
and 2022, approximately 640,920 tonnes of
hazelnuts were lost in Turkey due to these pests.

Another crucial finding of this study is that
applying control methods to reduce the egg ratio
of BMSB-type pests is more effective in increasing
hazelnut yields than applying control methods to
increase the death rate. The investigation showed
that overall, these control methods can lead to an
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increase of up to 82,506 tonnes of hazelnut yield
per year, as outlined in section 3.

Considering the cost of implementing these
control mechanisms and assuming that the same
amount of effort is required to achieve the
percentage decreases and increases in egg ratio
and death rate of BMSB-type pests, it can be
concluded that focusing on controlling the egg
ratio of BMSB-type pests is more cost-effective.
This conclusion is based on the findings of the
study, which indicate that controlling the egg ratio
of BMSB-type pests leads to a higher increase in
hazelnut production compared to controlling both
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the egg ratio and death rate simultaneously, even
when the same amount of effort is applied. For
instance, if we implement a control mechanism
that causes a 50% reduction in the egg ratio or
implement a strategy that involves a 25%
reduction in the egg ratio and a 25% increase in the
death rate of BMSB-type pests simultaneously
(with the same cumulative effort), controlling only
the egg ratio would lead to higher hazelnut yields.

Furthermore, this analysis indicated that in the
long term, applying 25% and 50% effort provided
the same increases in hazelnut production in the
case we applied both increases in death rate and
decrease in the egg ratio of BMSB-type pests (see
Figure 5c).

In this study, the percentage of reductions or
increases in the egg ratio and death rate of BMSB-
type pests was chosen randomly because the
optimal values were not known. However, the use
of an optimal control technique can help estimate
the optimal values for these rates and optimize the
efforts required to achieve the maximum increase
in hazelnut production (Demir and Lenhart 2020;
Demir and Lenhart 2021).

Conclusion

The study highlights the negative impact of
BMSB-type pests on hazelnut production in
Turkey. It estimates that these pests cause an
annual loss of around 106,820 tonnes, resulting in
a cumulative loss of about 640,920 tonnes
between 2017 and 2022. The study suggests that
implementing measures such as biocontrols,
chemicals, or traps can help mitigate the damage
caused by these pests. By reducing the egg ratio
of BMSB-type pests by 25% or 50% and/or
increasing the death rate by 25% or 50%, hazelnut
production in Turkey can be increased by up to
82,506 tonnes per year between 2017 and 2022.

This study also highlights that implementing any
control measures aimed at reducing the egg ratio
of BMSB-type pests will result in a greater increase
in hazelnut production compared to applying
controls to increase the death rate of BMSB-type
pests, given the same level of effort.
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Appendix A. Data used in this study

Table Al provides the data used in this study,
which is the yield of annual hazelnut production in
Turkey (FAO, 2021; TUIK, 2022).

Table Al The annual yields of hazelnut production
between 2017 and 2022 in Turkey.

Years Hazelnut Production (Tonnes)
2017 675,000
2018 515,000
2019 776,000
2020 665,000
2021 687,412
2022 765,287
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ABSTRACT

Pesticides are widely used to prevent damage caused by pests during the storage of
agricultural products under warehouse conditions. However, in recent years, alternative
methods for controlling pests have gained significance due to the emergence of toxic
effects of pesticides on non-target organisms. Recently, Diatomaceous Earth (DE) is widely
utilized for control storage pests. Therefore, it is considered that a local Diatomaceous
Earth Almina could be used for the potential control of Oryzaephilus surinamensis (L., 1758)
(Coleoptera: Silvanidae) and Acanthoscelides obtectus (Say, 1831) (Coleoptera:
Chrysomelidae). Almina® DE was applied at varying doses (125, 250, 500, 750, and 1000
ppm) (mg DE/ kg grains), and mortality rates were assessed at 24, 48, 72, and 96 hours. The
highest mortality rates achieved were 100% for O. surinamensis after 96 hours with the
1000 ppm dose and for A. obtectus after 48 hours with doses of 500, 750, and 1000 ppm
DE. In addition, the lowest LTso and LTgo values were determined as 20.5, and 45.6 hours at
1000 ppm for O. surinamensis. For A. obtectus, LTso and LTg values at 250 and 125 ppm
were 14.2 and 56.5 hours, and 51.4 and 95.7 hours, respectively. Consequently, Almina®
DE can be considered a good alternative to synthetic chemicals to control two important
stored product pests, O. surinamensis and A. obtectus.

Key Words: Diatomaceous earth, Effect, Acanthoscelides obtectus, Oryzaephilus
surinamensis

0z

Tarimsal Grinlerin depo kosullarinda saklanmasi sirasinda zararli boceklerin triin kaybina
neden olmamasi icin yayginlikla pestisitler kullanilmaktadir. Ancak pestisitlerin hedef disi
organizmalar (zerinde olusturdugu toksik etkilerin ortaya c¢ikmasi ile zararlilarla
micadelede alternatif yontemler son yillarda 6nem kazanmaktadir. Son yillarda, depo
zararhlarinin kontroliinde Diatom Topragi (DE) yayginlikla kullanilmaktadir. Bu nedenle
Oryzaephilus surinamensis (L., 1758) (Coleoptera: Silvanidae) ve Acanthoscelides obtectus
(Say, 1831) (Coleoptera: Chrysomelidae)’'un potansiyel kontrolii amaciyla yerel Almina®
Diatom topragi kullanilabilecegi diisinilmektedir. Bu ¢alismada 125, 250, 500, 750, 1000
ppm (mg DE/kg tahil) dozunda DE belirtilen turlere uygulanmistir. 24, 48, 72 ve 96 saat
sonunda 6lim oranlari belirlenmistir. O. surinamensis’de elde edilen en yiiksek 6lim
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orani 96 saat sonunda 1000 ppm doz uygulanan bireylerde 100%, A. obtectus iginse en yiiksek 6lim orani 48 saat sonra 500,

750 ve 1000 ppm DE uygulanan bireylerde 100% olarak belirlenmistir. Ayrica, O. surinamensis igin en disik LTso ve LTgg

degerleri 1000 ppm de sirasiyla 20.5 ve 45.6 saat olarak belirlenmistir. A. obtectus igin 250 ve 125 ppm'deki LTso ve LTgo

degerleri ise sirasiyla 14.2 ve 56.5 saat ve 51.4 ve 95.7 saat olarak bulunmustur. Sonug olarak Almina® DE, iki 6nemli

depolanmis Griin zararlisi O. surinamensis ve A. obtectus ile miicadelede sentetik kimyasallara iyi bir alternatif olarak

distnalebilir.

Anahtar Kelimeler: Diatom topragi, Etki, Acanthoscelides obtectus, Oryzaephilus surinamensis

Introduction

The
heightened

increasing  world has
the
production and further emphasized the need for
food (Gilland, 2002; Crist et al., 2017; Zs6gon et al.,

2022). Therefore, research on factors leading to

population

importance of agricultural

product loss in agricultural fields and post-harvest
storage conditions has been on the rise. Among
the foremost factors causing reduced yield in
agricultural fields and storage conditions are
agricultural pests (Eickhout et al.,, 2006; Garcia-
Oliveira et al., 2022; Floret et al., 2023). Pesticides
are one of the most commonly used products to
protect agricultural products from post-harvest
pests. However, in recent years, the determination
of the toxic effects of pesticides used in chemical
control on non-target organisms (such as bees,
fish, and humans) has led to restrictions on their
use in agricultural areas and storage conditions.
Moreover, residues of pesticides used for pest
control, especially under storage conditions, can
directly reach humans. For this reason, alternative

methods of chemical control have gained
importance in recent years.
Oryzaephilus  surinamensis (L., 1758)

(Coleoptera: Silvanidae), also known as the
Sawtoothed Grain Beetle, is a widely distributed
insect species worldwide. It causes yield losses in
various products such as grain crops, nuts,
chocolate, and tobacco (Weston & Rattlingourd,
2000; Trematerra & Sciarretta, 2004; Nika et al.,
2020; Abdel-Banat et al.,, 2023). Adults of this
species can rapidly reproduce, especially in warm
and humid conditions, leading to productivity
losses in storage facilities. Female beetles can live
for approximately 5-10 months under suitable
conditions and can lay nearly 300 eggs during their

lifespan (Arthur, 2000; Trematerra & Sciarretta,
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2004; Nika et al., 2020; Nika et al., 2021). These
eggs hatch within 2 to 3 days at 28°C. The larvae of
this pest, like the adults, typically feed on grain
kernels, contributing to productivity losses in
storage conditions (Finkelman et al., 2006; Klys &
Przystupinska, 2015).

Similarly, another species that causes yield
losses in food products both in the field and in
storage conditions is Acanthoscelides obtectus
(Say, 1831) (Coleoptera: Chrysomelidae). This pest
is commonly known to feed on bean seeds, but it
also feeds on the seeds of peas, lentils, and many
other leguminous plants. A. obtectus larvae feed
by entering plant leaves and seeds (Papachristos &
Stamopoulos, 2002; Parsons & Credland, 2003;
Sen et al.,, 2020). These pests become adults in
storage facilities, producing new generations and
perpetuating their damage. Considering climatic
conditions, A. obtectus can produce an average of
5 generations throughout the vyear. This pest
the
germination capacity of seeds by creating holes in

diminishes product quality, vyield, and
the grains (Franco et al., 2005; Jovanovic¢ et al.,
2007; Freitas et al., 2016; Hervet et al., 2023).

To control both pests, pesticides are widely
used in storage conditions (Haddi et al., 2018).
However, the use of pesticides in food products,
especially after harvest, is restricted due to their
toxic effects on non-target organisms. In addition,
regulations implemented by the European Union
in recent years have supported alternative
methods to the use of pesticides (Bltlner &
Susurluk, 2023).

Diatomaceous earth has become increasingly
popular, particularly for controlling harmful insects
in storage conditions. Diatomaceous earth (DE) is
a type of natural soil obtained from the remains of
fossilized algae (diatoms) found in marine or

freshwater sources. DE has been used for pest
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control purposes in storage conditions since the
early 1930s (Quarles, 1992; Wakil et al., 2010; Bello
et al., 2014, Zeni et al., 2021). It is known that DE
particles adhere to the exoskeleton of insects,
causing their death due to drying or dehydration.
Additionally, studies have shown that DE causes
abrasions of insect cuticles, leading to
deformations and ultimately death in insects
(Vayias et al., 2009; Shah & Khan, 2014; Koruni¢ et
al., 2020; Wakil et al., 2023).

Studies on the effect of diatomaceous earth on O.
surinamensis and A. obtectus pests are quite
limited. This study aims to determine the
effectiveness of a local diatomaceous earth in the

control of both pests. Therefore, this study is

important for the potential control of O.
surinamensis and A. obtectus pests.

Materials and Methods

Cultures of Oryzaephilus surinamensis and

Acanthoscelides obtectus

The cultures of O. surinamensis and A. obtectus
were cultivated in 2.5 L plastic containers in
climate chambers maintained at 26+2°C, 6515 %
humidity. Cracked wheat grains served as the
cultivation medium for O. surinamensis, while
white, medium-sized Dermason variety bean
grains were employed for the cultivation of A.
obtectus, as documented in studies by Soares et al.
(2015) and Hassan et al. (2020). Emerging adult
mixed-sex individuals (< one week old) were used

in the trials (Astuti et al., 2018). To achieve this
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objective,
population of 100 mixed-sex individuals aged 1-2

containers were prepared with a

days. These containers were furnished with beans
and cracked wheat for A. obtectus and O.
surinamensis, respectively. After, approximately 7
days (for mating and egg-laying), all adult insects
were extracted from the containers, allowing the
laid eggs to develop into F; offspring. The
progression of the culture was regularly monitored
at two-day intervals, and experiments were
initiated with newly emerged adults. Each trial was
the

atmosphere conditions and its continuity was

carried out under above controlled

ensured.

Diatomaceous earth

In this study, Almina® Diatomaceous Earth was
utilized in a water-dispersible powder formulation,
which is produced by a local company (Minitalya
Mining Company, Antalya, Tirkiye). The raw
material for this compound is known to be
obtained from regions rich in geothermal water
sources. The general composition of the DE is as
follows: 0.28% TiO,, 85.97% SiO2, 2.36% Al,Os3,
0.66% Ca0, 0.91% MgO, 2.61% Fe,03, 0.75% K0,
and less than 0.010% Na,O (Argetest, Ankara,
Tirkiye). The average particle size of DE varies
between 12-20 um. Also, the particle shapes of the
diatomaceous earth used are mixed (angular, oval,
etc.) (Figure 1). In this study, different doses of the
DE were mixed into bean and wheat grains.
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Figure 1. Electron microscope image of the general structure of the diatomaceous earth

used in the study.

Experimental design

First of all, cracked wheat grains (30 g / replicate
/ dose rate) for O. surinamensis, and bean grains
(30 g/ replicate / dose rate) for A. obtectus were
placed in small glass jars (6.5 cm in diameter, 7 cm
in height) (Freitas et al., 2016). Then, 125, 250, 500,
750, and 1000 ppm (mg DE kg grains™) DE doses
were added to these jars separately. Each jar was
shaken by hand for approximately 2-3 minutes to
ensure even distribution. In each jar, 20 adults of
O. surinamensis, and A. obtectus used in the
experiment were released. Then, lids with holes to
facilitate air circulation were placed over the jars.
Underneath these lids, filter papers were placed to
prevent the insects from escaping. After 24, 48, 72,
and 96 hours, the numbers of live and dead
individuals in the jars were determined. As a
control group, jars containing only wheat and bean
grains were used, and adult individuals were
released into them. Similarly, the numbers of live
and dead individuals in the control group jars were
observed after 24, 48, 72, and 96 hours. If an insect
could not move when touched with a small brush,
it was considered dead (Jovanovic¢ et al., 2007). The
experimental setup adhered to a randomized
parcel design, implemented with a minimum of
three replications for each dose.

Statistical analyses
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Cumulative mortality rates at 24, 48, 72 and 96
hours were analyzed using two-factor analysis of
variance (ANOVA) and means were compared
using LSD (Least Significant Differences) test (P <
0.05). ANOVA analysis was conducted using
JMP®16.0 software, while the LTso and LTgo values
were determined using Probit analysis and Log-
method (POLO-PLUS ver.2.0) (LeOra
Software). All graphs were produced using
GraphPad Prism® Version 8.0.1.

probit

Results and Discussion

According to the obtained results, when
examining the mortality of O. surinamensis adults
under different doses and at different time
intervals, the highest mortality for 24 hours was
observed in individuals subjected to a dose of 1000
ppm of the DE. This rate was determined to be
60%. The mortality for 750, 500, 250, and 125 ppm
for 24 hours were determined as 45, 45, 16.67 and
8.33%, respectively. In the control group (0 ppm),
no mortality was observed. After 48 hours, the
highest mortality was determined to be 91.67% at
1000 ppm. The mortality for other doses were
80.00, 61.67, 25.00, and 21.67% for 750, 500, 250,
and 125 ppm, respectively. This value was
obtained as 3.33% in the control group. When the
mortality of individuals were examined at 72

hours, the highest mortality was observed in
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individuals subjected to a dose of 1000 ppm. This
rate was determined as 96.67%. At 750 ppm, this
rate was 93.33%. For 500, 250, and 125 ppm, these
values were determined as 88.33, 50.00, and
46.67%, respectively. For the control group, this
value was found to be 10.00%. After 96 hours, all
individuals subjected to a dose of 1000 ppm of DE

Oryzaephilus surinamensis

Dose (ppm)

| | |
100

Mortality Rates (%)

were found to have died (100%). The mortality for
750, 500, 250, and 125 ppm were determined as
96.67%, 86.67%, 71.67%, 61.67%,
respectively. For control group, this value was
determined as 10.00% for 96 hours (Figure 2). The
data exhibits statistically significant differences (F
=39.06; df = 23, 48; p < 0.0001).

and

24 Hours
48 Hours
72 Hours

96 Hours

Figure 2. The mortality rates of Oryzaephilus surinamensis induced by Almina DE were examined. Statistical analysis
was conducted separately for each species (MeanzSE). Doses of the DE with the same letters following

the means are not significantly different (p < 0.05).

When examining the mortality of A. obtectus,
the highest mortality for 24 hours was determined
to be 93.33% in individuals subjected to a dose of
1000 ppm of DE. For individuals exposed to a dose
of 750 ppm of DE, this rate was determined to be
91.67%. The mortality for 500, 250, and 125 ppm
were determined as 81.67, 75.00 and 10.00%,
No dead
encountered in the control group. After 48 hours,
when the mortality for 1000, 750, and 500 ppm
were examined, the mortality for these doses was
determined to be 100%. For 250 and 125 ppm,
these values were obtained as 90.00, and 31.67%,
group, no dead

respectively. individuals  were

respectively. In the control
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individuals were encountered. When the mortality
rates were examined at 72 hours, similar to the
rates at 48 hours, the mortality rates for 1000, 750,
and 500 ppm were determined to be 100%. For
250 and 125 ppm, these values were obtained as
95.00, and 78.33%, respectively. In the control
group, the mortality rate was determined to be
1.67%. After 96 hours, the highest mortality rates
were obtained for 1000, 750, 500, and 250 ppm,
which were all 100%. For 125 ppm, this value was
93.33%, while in the control group, it was 3.33%
(Figure 3). All of these data show statistically
significant differences (F = 215.82; df = 23, 48; p <
0.0001).
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Acanthoscelides obtectus

1000

750

500

250

Dose (ppm)

125

100

Mortality Rates (%)

24 Hours

48 Hours

72 Hours

96 Hours

Figure 3. The mortality rates of Acanthoscelides obtectus induced by Almina DE were examined. Statistical analysis
was conducted separately for each species (MeanzSE). Doses of the DE with the same letters following
the means are not significantly different (p < 0.05).

For the species that were subjected to testing,
all primary factors (dosage and time) and their
respective interactions (time x dose) were found

to be statistically significant with a p-value of less
than 0.001 (Table 1).

Table 1. ANOVA parameters for the primary factors and their interactions related to the mortality rates of Oryzaephilus

surinamensis and Acanthoscelides obtectus.

Species Oryzaephilus surinamensis Acanthoscelides obtectus
Source Df F p df F p
Whole Model 23 39.06 <0.001 23 215.82 <0.001
Dose 5 128.66 <0.001 5 845.99 <0.001
Times 3 70.05 <0.001 3 96.91 <0.001
Dose x Times 15 2.99 0.0020 15 29.55 <0.001

Additionally, in this study, the LTso and LTgo
values of Almina DE used in different doses and on
different 0.
surinamentsis, the lowest LTso value was observed

species were determined. In
at 1000 ppm at 20.551 hours. However, according
to the fiducial limits, there was no difference in
LTso values between 1000, 750, and 500 ppm. The
highest LTso value for O.
determined at a dose of 125 ppm (78.626 hours).

However, the fiducial limits of LTso values did not

surinamensis was

show a difference between 250, and 125 ppm.
When LTgo values were examined, it was seen that
there was no difference between 500, 250, and
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125 ppm doses, and the lowest LTgo value was
obtained at the highest 1000 ppm dose.

The LTso and LTgo values could not be calculated for
A. obtectus due to the very high mortality rate at
doses of 1000, 750, and 500 ppm. (Table 2). LTso
value was 14.262 hours at 250 ppm. In other
words, for A. obtectus, 50% of the adults tested at
a dose of 250 ppm died in less than 24 hours.
Similarly, 90% of A. obtectus adults died at
approximately 57 hours (LTgo value) at the same
dose. On the other hand, the highest LTso (51.496
hours) and LTgo (95.749 hours) values were found
at 125 ppm.
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Table 2. The LTso and LTy values were determined for Oryzaephilus surinamensis and Acanthoscelides obtectus.

0. surinamensis

Dose Slope (+SE) LTso LToo X2 (df)
(95% Fiducial Limits) (95% Fiducial Limits)
1000 ppm 3.699 (+0.609) 20.551 (15.023-24.792) 45.638 (39.176-56.429) 7.748 (10)
750 ppm 3.313 (+0.469) 26.282 (20.630-30.966) 64.045 (54.651-80.548) 8.957 (10)
500 ppm 2.573 (£0.410) 29.306 (12.605-40.419) 92.283 (64.304-279.752) 28.217 (10)
250 ppm 2.583 (£0.414) 68.197 (58.597-82.490) 213.791 (151.819-402.111) 9.077 (10)
125 ppm 2.929 (+0.460) 78.626 (68.183-95.636 215.330(156.191-386.773 6.271 (10)
A. obtectus
Dose Slope (+SE) LTso LToo X* (df)
(95% Fiducial Limits) (95% Fiducial Limits)
1000 ppm*
750 ppm*
500 ppm*
250 ppm 2.141 (+0.488) 14.262 (2.407-23.110) 56.591(41.500-108.978) 14.465 (10)
125 ppm 4.758 (+0.512) 51.496 (45.342-57.861) 95.749 (81.961-121.415) 12.095 (10)

* Not calculated; S.E. means Standard Error; LT means Lethal Time.

In this study, the effects of a local diatomaceous
earth on two important stored product pests were
evaluated under laboratory conditions. Based on
the study, it was determined that the death rate of
pests increased with an increase in DE dose in ppm
and the duration of exposure of insects to DE
(hours) in the control of O. surinamensis and A.
this study holds
promise for the potential control of these pests.

obtectus adults. Therefore,

The sensitivity of different target species to
diatomaceous earth applications also varies (Zeni
etal., 2021). In the present study, 90% of mortality
occurred in the bean weevil at a dose of 250 ppm
within the first 48 hours. Time is of the essence as
very small damages to stored products cause large
economic losses. The high mortality seen in a short
period has yielded very promising results in the
control of this insect. Chireceanu et al., (2022) in
their study, reached high mortality rates in beans
treated with diatomaceous earth (900 ppm) only
after 7 days. In their study, adult mortality rates
were found to be 93, 96, and 98.5% in the Buzau,
Bucharest, and Bacau populations, respectively.
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Similarly, Gad et al., (2020) obtained a 93.88%
mortality rate after 7 days when they applied the
Trichoderma harzianum Rifai fungus together with
diatomaceous earth (800 ppm of DE, and 2.1 x 10
(7) spores/kg of T. harzianum) to the bean weevil.
Viteri Jumbo et al., (2019), similar to our study,
stated that over 90% of mortality occurred in A.
obtectus at temperatures above 30 °C (at 0.50 - 1
g/kg DE doses) within 48 hours. In the study
conducted by Prasantha et al., (2019), similar to
other studies, it was determined that an increase
in DE dose resulted in an increased mortality rate
among A. obtectus individuals. Inhibition of mating
and rapid death ultimately means reduced damage
to the crop. Therefore, the results obtained for
bean weevil are very important.

In this study, mortality rates over 90% were
observed in O. surinamensis at a dose of 750 ppm
in 72 hours. A similar study conducted by Arthur
(2000) exposed O. surinamensis adults to DE
particles added to their food sources at different
temperatures (22, 27, and 32 °C) for durations
ranging from 4 to 72 hours. The results obtained
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indicated that as the exposure duration to DE
increased, mortality rates also increased. Similarly,
in the study conducted by Baliota et al., (2022), as
in O.
surinamensis, the mortality rate also increased.
While 13.3% of deaths occurred at 25 °C at the
highest dose of 1000 ppm on day 1, this rate
reached 100% on day 7. In a study by Ziaee et al.,

the dose rate and duration increased

(2016), adult O. surinamensis was exposed to
wheat, barley, and rice treated with DE doses of
300, 600, 1000, 1500, and 2000 ppm. On the 2nd,
5th, 10th, and 14th days, both dead and live
individuals were recorded. The results showed
that as the dose and duration of exposure to DE
increased, there was an increase in mortality rates.
At higher concentrations, wax adsorption and
corrosivity caused by DE occur faster, resulting in
faster deaths (Shams et al., 2011). In this regard,
the results obtained from these studies are in line
with the findings of the present study.

In general, since DE does not act quickly
depending on the difference in environmental
conditions and insect species, control of the pest
may take a few days (Korunic¢ et al., 2020). In our
study, temperature and humidity values were
found to be quite suitable for both stored product
pests, and deaths were observed in a short time.
A. obtectus adults were found to be more sensitive
to the diatomaceous earth than O. surinamensis.
Bello et al., (2006), in their study where they
of DE
Beauveria bassiana (Balsamo) Vuillemin, stated

applied different combinations and
that A. obtectus was more sensitive to Sitophilus
oryzae L. (Coleoptera: Curculionidae) in terms of
both mortality rate and median lethal time values.
In our study, the reason for this sensitivity is
thought to be the mobility of the insect, apart from
species differences. Insect mobility is a very
important factor affecting the effectiveness of DE
(Zeni et al., 2021). In the experiments, it was
observed that A. obtectus adults were more
mobile than O. surinamensis adults. The high
mortality observed in A. obtectus may be due to
the insect coming into contact with more DE due
to its movement and therefore dying from water
loss. Similarly, Rigaux et al., (2001) stated that
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there was a direct relationship between insect
activity and mortality rate when they applied
diatomaceous earth to Tribolium castaneum
(Herbst., 1797) (Coleoptera: Tenebrionidae) races.

In a study conducted by Ziaee et al., (2007), five
different DE dust formulations with varying
particle sizes (5 um, 8.2 um, 11.7 um, 8-12 um, 13-
15 um) were mixed into the food sources of O.
surinamensis, T. castaneum, and Rhyzopertha
1792) (Coleoptera:
Bostrichidae) adults and the mortality rates of

dominica (Fabricius,
individuals were examined. The results revealed
that the mortality of O. surinamensis individuals
increased with the duration of exposure to DE
doses. These findings align with the outcomes of
the present study.

The effectiveness of DE depends on many
parameters apart from the applied target species
and insect mobility as mentioned above. The most
important component of diatomaceous earth, and
associated with its insecticidal effect is its silicon
dioxide content (Koruni¢, 1997; latrou et al., 2010).
The SiO; content used in this study (85.97%) is
quite high, and the insecticidal effect seen on both
stored product pests may be related to the SiO;
content. In addition, the insect's eating speed,
cuticle waxes, adhesion of DE to the cuticles and
the food it eats, and water absorption from the
hindgut (Koruni¢ & Fields, 2006; Shams et al.,
2011) are other factors that play a significant role
in the effectiveness of DE. These factors should
also be studied in future studies.

In recent years, regulations have been imposed
to limit the use of pesticides in agricultural fields
and storage facilities for chemical pest control due
to the toxic effects of pesticides on non-target
organisms. One of the main reasons for these
restrictions is the residues of pesticides on stored
products, which can directly impact human health.
In this regard, the use of Almina DE in storage
conditions holds promise as an alternative for pest
control. This study has achieved a high level of
success in controlling O. surinamensis, and A.
obtectus adults under laboratory conditions using
Diatomaceous earth. With effective research and
studies in the coming years, diatomaceous earth is
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expected to be used extensively in storage

conditions.
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6z

Orman agaglari ile sebze ve meyvelerde énemli kayiplara yol agan Alternaria alternata,
ruhsath fungisitler ile kontrol edilmek istenmesine ragmen arzu edilen sonug elde
edilememektedir. Bu galismada etmene karsi bazi fungisitlerin aktif maddeleri (Fosforoz
asit (D*), Thiophanate methyl + Tetraconazole (Y*), Pyraclastrobin + Fluxapyroxad (P*),
Metrafenone (V*), Azoxystrobin + Propiconazole (As), Azoxystrobin + Cyproconazole
(Ar)) ile bunlarin gesitli kombinasyonlari test edilmistir. Calismada tium fungisitlerin arazi
kosullarindaki dozlari (mg L?) kullanilmis ve her uygulama dort tekerriirlii olarak
yapilmistir. Saf olarak Patates Dekstroz Agar (PDA) ortaminda gelistirilen A. alternata
izolatlarindan elde edilen miselyal diskler (9 mm gap) ilgili fungisit sollisyonlarina 45
saniye slre ile batirilmis ve PDA ortamina aktarilmistir. Calismada izolatlarin miselyal
gelisme gaplari iki glin ara ile 6l¢lilmiis ve deneme sonunda izolatlarin fungisitlere karsi
gosterdikleri % engellenme oranlari hesaplanmistir. A. alternata’nin 18 giinliik gelisimi
sonucu misel engelleme orani en etkili bulunan fungisitler sirasi ile %90.6 ile P*, %88.5
ile Ar*, %84.8 ile As, %71.8 ile Y*bulunurken en az etkili bulunan fungisitler ise %7.2 ile
V* ve %37.4 ile D* olmustur. Etmene karsi micadelede in vitro kosullarda etkili bulunan
fungisitlerin arazi kosullarinda da etkili olabilecegi timitvar gorulmustir. Ayrica P* ve
Ar* aktif maddeli fungisitlerin karisimi, bu fungisitlerin tekli uygulanmasiile kiyaslanmis,
fungisit kombinasyonlarinin etkinligi tartisilmistir. A. alternata’ya karsi bu aktif
maddelerin ruhsatli olmamasi ve alternatif fungisitlerin etkinliklerinin bilinmemesi,
genis konukgu kitlesine sahip olan ve farkli orman ve meyve agaclari ile sebzeleri enfekte
edebilen patojenin kimyasal miicadelesi (izerinde durulmustur.

Anahtar Kelimeler: Alternaria alternata, fungisit, % etki, kombinasyon, Petri capi

ABSTRACT

The control of A. alternata, causes significant losses in forest trees, vegetables and
fruits, with registered fungicides cannot provide the desired effect. In this study, active
ingredients of new generation fungicides (Phosphorus acid (D*), Thiophanate methyl +
Tetraconazole (Y*), Pyraclastrobin + Fluxapyroxad (P*), Metrafenone (V*), Azoxystrobin
+ Propiconazole (As), Azoxystrobin + Cyproconazole) (Ar)) and various combinations
there of were tested. In the study, the doses of all fungicides in field conditions (mg L?)
were used and each application was made with four replications. A. alternata grown on
pure Potato Dextrose Agar (PDA) medium. Mycelial discs (9 mm diameter) obtained
from isolates were immersed in the relevant fungicide solutions for 45 seconds and
transferred to PDA medium. In the study, mycelial growth diameters of the isolates
were measured with an interval of two days, and at the end of the experiment, the %
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inhibition rates of the isolates against fungicides were calculated. As a result of the 18-day development of A. alternata, the
most effective fungicides with mycelial inhibition rate were P* with 90.6%, 88%, respectively. Ar* with 5, As with 84.8%, Y*
with 71.8%, the least effective fungicides were V* with 7.2% and D* with 37.4%. It is hoped that fungicides, which are found
to be effective in the fight against the agent in vitro, can also be effective in field conditions. In addition, the mixture of
fungicides with P* and Ar* active substances was compared with the single application of these fungicides, and the
effectiveness of the fungicide combinations was discussed. The fact that these active substances are not registered against
A. alternata and the efficacy of alternative fungicides is not known, the chemical control of the pathogen, which has a wide
host range and can infect different forest and fruit trees and vegetable crops, has been emphasized.

Key Words: Alternaria alternata, fungicide, % effect, combination, Petri diameter

Giris

Kozmopolit saprofit fungal patojenlerinden olan
ve Pleosporaceae familyasina ait Alternaria
alternata cok sayida urinl enfekte ederek en az
%20 verim kayiplarina neden olmaktadir (Sanchez-
Garcia ve ark., 2020). Alternaria spp. insan ve
hayvan ortamlari dahil olmak izere hemen hemen
her ortamda bulunan funguslardir (Patriarca,
2016). Alternaria spp. disik besinli ortamlarda
gelisimine devam edebildigi gibi bu kosullarda ilave
enerjiye ihtiyac duyulmaksizin hastalik
olusturabilmektedir (Brambilla ve ark., 2020). A.
bitkide
hastaliga neden oldugu kaydedilmistir
(Deshieldsve ark., 2021). A. alternata dogrudan
kaybi,
mikotoksinler yolu ile kalite ve kantite kaybina

alternata‘nin  100'den fazla konukgu

ardin hasat sonrasi bozulma veya
neden olarak insan ve hayvan sagligi Gizerinde de
olumsuz etkiye sahiptirler (da Cruz Cabral ve ark.,
2019). A. alternata uygun kosullarda ¢imlenen

konidileri ile appresorium olusturarak seluloz

iceren  bitki  hiicre duvarlarini  parcalama
yetenegine sahiptir (Mohan ve ark., 2015).
Alternaria  enfeksiyonlari genellikle konukgu

bitkinin yapraklarinda ve goévdelerinde gorilir
(Tralamazza ve ark., 2018). Yaprak lekeleri, klorotik
nekrotik

yapragi
sebzelerin pazarlanabilirliginin azalmasina neden

halelerle c¢evrili siyah lezyonlarla

spesifiktir. Yaprak nekrozu, tuketilen
olabilir. Ayrica meyve agaclarinda, fotosentez
alanini daraltarak verim kaybina neden olabilir
(Schiro ve ark., 2018). Alternaria spp. meyveler
Uzerinde lekelere ve ayrica hasat sonrasi kayiplara
da neden olmaktadir (Morettive ark., 2017; Tomas
ve ark., 2019). Giney Afrika'daki Red Delicious

elma cesitlerinde meydana gelen yillik %6-8'lik
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kayiplarin  Alternaria kuru  ¢Urikliglinden
kaynaklandigi rapor edilmistir. Etmen depolanmis
Urlinler Gzerinde de etkili olmaktadir. Bugday
danelerinde tarla ve depo kosullarinda gelisim
gosterdigi bilinmektedir (Barkat ve ark., 2016).
Depo kosullarinda fungusun mikotoksin Urettigi de
bildirilmistir (Colovic ve ark., 2019). Mikotoksinler,

funguslar tarafindan Uretilen secici toksinler olup

Alternaria spp.’den 30 farkli toksin tanisi
yapimistir. A. alternata'nin ise Alternariol
Monometil Eter (AME), Alternariol (AOH),

Altertoxin | (ATX-1), Altertoxin Il (ATX -Il), Altertoxin
Il (ATX-111) mikotoksinleri Grettigi ve Alternaria’nin
en ¢cok mikotoksin treten tiirli oldugu bildirilmistir
(Kaya ve Zorba, 2021). Alternaria mikotoksinleri
meyve Urlnleri ve meyve sular ile bugday ve
bitkisel yaglar gibi Urilinlerde tespit edilmistir
(Mujahid ve ark., 2020).
sorumlu tirlerin genellikle A. infectoria veya A.

Kontaminasyondan

alternata oldugu bildirilmektedir (Escriva ve ark.,
2017). Alternaria cinsi ve Ozellikle A. alternata
tdrd, ayrica alerji, astim ve kronik rinosinizit gibi
sikhkla
iliskilendirilmistir (Barac ve ark., 2018). Ozellikle

insan solunum yolu hastaliklari ile
bagisikhk sistemi baskilanmis hastalarda akciger
veya deri alti enfeksiyonlari yaptigi rapor edilmistir
(Puvaca, ve ark., 2020).

Alternaria etmenleri bitkilerde 6nemli kayiplara
yol actigl gibi insan ve hayvanlarda da cesitli
enfeksiyonlara neden oldugundan bu etmenin
micadelesinde her yaklasim ciddiyetle ele
alinmali, etmenin erken safhada elimine edilmesi
toksin Uretim potansiyeli acisindan bilyik 6nem
arz etmektedir.

Hastaligi etkili bir sekilde kontrol altina almak
icin bliyime mevsimi boyunca c¢oklu fungisit

uygulamalari tavsiye edilmistir (Rosenzweig ve
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ark., 2008; Horsfield ve ark., 2010). Ancak bu
yaninda  fungisit
da actigi
unutulmamalidir. Ornegin, Boscalid adli fungisit,

durumun c¢evre sorunu

duyarliliginin  azalmasina yol
2003 yilinda Amerika Birlesik Devletleri'nde ve
2008'de Almanya'da patateslerde erken yanikligin
kontrolu igin tescil edilmis ve o zamandan beri
dizenli olarak uygulanmaktadir. Ancak, 2009
yilinda ilk kez ABD Idaho’da Alternaria solani’de
Boscalid direnci tespit edilmistir. (Wharton ve ark.,
2012). A. solani fungisit duyarlihginin kismi kaybina
ek olarak (Leiminger ve ark., 2014), Boscalide karsi
direncg raporlari da artmistir (Gudmestad ve ark.,
2013). Yine bir diger calismada Boscalid bazli
fungisitlerin ‘Endura® (%70 boscalid) ve Pristine®
(%25.2 boscalid ve %12.8 piraclostrobin)’ 2003
yiinda Kaliforniya'da fistik agaclarinda ve diger
calismalarda etkinligini kaybettigi belirlenmistir
(Avenot ve Michailides, 2007). Akdeniz iklim
bolgelerinde, domates ekim alanlarinda goriilen
Alternaria solani’ye karsi yapilan bir calismada,
maneb ve mancozeb aktif maddeleri yiksek
oranda etkigosterirken captan, thiram ve propineb
aktif maddelerinin daha az oranda etki gosterdigi
saptanmistir (Delen ve ark., 1991). Turuncgil
kahverengi yaprak lekesi (Alternaria alternata

bir
Iprodione,

citri)ne  karsi yapilan fungisit  direng

¢alismasinda ise Propineb,

Proxymidone ve Propiconazole etken

maddelerinin ilk zamanlarda basarili sonuglar
verdigi fakat sik kullanimi ile birlikte belirli bir siire
sonra direng sorunu olusturdugu tespit edilmistir
(YUksel ve Erkilig, 2014).

Bu c¢alismada

fungisitlerin laboratuvar

maddeli
A.
alternata’nin gelisimine etkileri tespit edilmis,

ele alinan etken

kosullarinda
ile  kullanim

kombinasyonlari potansiyelleri

belirlenmistir.
Materyal ve yontem

Bu calisma Harran Universitesi Ziraat Fakiiltesi
Bitki
laboratuvarlarinda yuritilmustir. Calismanin ana
kaltar
bulunan, meyve agaclarindan izole edilen A.
alternata ve 400 g/L Fosforoz asit (D*), 233 g/L
Thiophanate-methyl + 70 g/L Tetraconazole (Y*),
150 g/L Pyraclostrobin + 75 g/L Fluaxapyroxad (P*),
500 g/L Metrafenone (V*), 62,5 g/L Propiconazole
+ 37,5 g/L Azoxystrobin+ (As*), 200 g/L
Azoxystrobin + 80 g/L Cyproconazole (Ar*) aktif

Koruma Bollimu Fitopatoloji

materyalini laboratuvardaki stogunda

maddeli 6 adet fungisit olusturmaktadir (Cizelge 1).

Cizelge 1 Calismada kullanilan fungisitlerin etken maddeleri, etkili madde oranlar1 ve 6zellikleri
Table 1 Active ingredients, effective ingredient ratios and properties of fungicides used in the study

Formiilasyon Etken madde ve oranlari Arazi Dozlari Ticari isimler
(ml/L) trade names
formulation Active ingredient and rates Field Doses
(mi/L)
SL (Suda Cozlinen Konsantre) 400 g/| Fosforoz Asit 4 ml/L D*
EC (Emulsiyon Konsantre) 150 g/| Pyraclostrobin + 75 g/I 0.8 ml/L p*
Fluaxapyroxad
SE (Suspo-EmiilsiyonKonsantre) 233 g/l Thiophanate-methyl + 1.6 ml/L Y*
70 g/l Tetraconazole
SC (Akici Konsantre/Suispansiyon Konsantre) 500 g/| Metrafenone 0.2 ml/L V*
SC (Akici Konsantre/Suispansiyon Konsantre) 62.5 g/l Propiconazole + 37.5
g/l Azoxystrobin 2ml/L As*
SC (Suspansiyon konsantre) 200 g/1 Azoxystrobin + 80 g/I 1ml/L Ar*
Cyproconazole

* Fungisitlerin tam ticari adlari markalarin ticari 6zllik haklari gerekcesi ile verilmemistir.
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Funguslarin tek spor izolasyonu
A. alternata etmenine ait saf koloni elde etmek

stoktaki
antibiyotik (tetracycline) iceren PDA (Patates
Dekstroz Agar; 39 g PDA/1 litre distile su) ortamina
transfer edilmistir (Kiling, 2021). Petri kaplari,

icin kiltirden miseller alinmis ve

25°C’de 14 gin sure ile karanhk ortamda inkube
edilmistir. Tek spor izolasyon teknigi ile gelismis
hiflerden kuguk bir parga alinarak PDA ortamina
ekimleri yapilmis ve tek spordan saf olarak gelisen
kalturler in vitro fungisit galismasiigin kullanilmistir
(Dikilitag, 2003).

Fungus izolatlarinin muhafazasi

Saf olarak elde edilen fungal izolatlardan alinan
miselyal diskler (3 mm ¢ap) PDA ortami iceren Petri
kaplarinin icine yerlestirilmis olan steril Whatman
kagitlarinin (zerine yerlestirilerek 25+2°C’'de 14
gilin boyunca inkubasyona birakilmistir.
inkubasyon sonunda Uzeri fungus ile kapli olan
Whatman kagidi steril pens yardimi ile ortamdan
alinip steril Petri kaplari icinde 3 gilin boyunca
inkubatorde kurumaya birakilmistir. Kurutulan
izolatlar steril kagit zarflarin icine konularak -
20°C'de muhafaza edilmistir. Ayrica saf kiltirden
elde edilen miseller Eppendorf (1.5 mL) tiplere

alinmis ve tzeri %15’lik gliserol stogundan alinan

500 pL solusyon ile kaplanmis ve -20°C'de
muhafaza edilmistir.
Alternaria  alternata etmenine karsi  bazi

fungisitlerin etkinligi

Calismada ele alinan 400 g/L Fosforoz Asit (D*),
150 g/L Pyraclostrobin + 75 g/L Fluaxapyroxad (P*),
233 g/L  Thiophanate-methyl 70 g/L
Tetraconazole (Y*), 500 g/L Metrafenone (V*),
62.5 g/L Propiconazole + 37.5 g/L Azoxystrobin
(As*) ve 200 g/L Azoxystrobin + 80 g/L
Cyproconazole (Ar*) fungisitlerinin arazi dozlari

+

mL™ diizeyinde hesaplanip Petrilere aktariimistir.
A. alternata miselleri bir mantar delici (9 mm) ile
ilgili  bu
solusyonlarina 45 saniye batirilarak PDA ortami

ana stoktan alinmis ve fungisit

iceren Petrilerin merkezine yerlestirilmistir. Fungal
diskler fungisit iceren PDA ortamina alinmamis,
tarla ve bahgedeki dogal durumu simule etmek icin
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45 saniye sure ile ilgili fungisit solusyonuna
daldirmak sureti ile muamele edilmistir (Dr. Murat
Dikilitas Mayis 2023
otomasyona bagl bahce ve tarla ilaglamalarinda

ile kisisel goriisme, -
bitkiler Gzerine hedeflenen kimyasalin miktarinin
yaklasik 45 saniye sire iginde verildigi ve sonraki
parsellere gecildigi tespit edilmistir). Kontrol grubu
icin diskler steril distile suya batiriimistir. Deneme
tesadiif parselleri deneme desenine goére 4
25°C'de
karanhkta, kontrol grubuna ait Petri kaplarindaki

tekerlrli olarak yapilmistir. Petriler

miseller Petrilerin tamamini kaplayana kadar

inkube edilmislerdir. iki giinde bir Petrilerde
gelisen misellerin ¢aplari yatay ve dikey sekilde
Ol¢ullip ¢ap ortalamalari alinmistir. Deney sonunda
Petrilerinde gelisen misellerin % etki degerleri
(1)

fungisitli Petrilerdeki gelisme oranlarinin kontrol

Townsend-Heuberger Formiili’'ne gore

grubuna orani ile hesaplanmistir (Townsend ve
Heuberger, 1943).

Yuzde Etki =(A-B)/Ax100
A: Kontrolde Miselyal Gelisim
B: Uygulamada Miselyal Gelisim

(1)

Calisma sonunda, en iyi etki gdsteren P* (150
g/L Pyraclostrobin + 75 g/L Fluaxapyroxad) ve bir
diger etkili bulunan Ar* 200 g/L Azoxystrobin + 80
g/L Cyproconazole fungisitlerinin karisimi tekrar
test edilmistir. Daha 6nceki asamada oldugu gibi
miselyal diskler (6 mm ¢ap) fungisit solusyonlarina
daha kisa bir sirede (10 saniye) batirilarak
inkubasyona (25°C ve karanhkta) birakilmistir.
Kontrol grubu icin miselyal diskler steril su ile
muamele edilmis ve PDA ortaminda inkubasyona
birakilmistir. Bu iki fungisitin ve karisim halinin etki
degerleri hesaplanmistir.

Arastirma Bulgulari ve Tartisma

Calisma, kontrol grubuna ait misellerin Petri
kaplarini tamamen kaplamasi ile sonlandiriimistir
(Sekil 1). Miselyal disklerin fungisit sollisyonuna
batiriimasi ve Petri kaplarina yerlestirilmesi ile
¢alismanin baslatildigi glin 0. gln olarak kabul
bittigi (18. giin)
Olciimleri esas alinarak hesaplamalar yapiimistir.

edilmis, c¢alismanin glinln
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Sekil 1. Alternaria alternata etmenine karsi yapilan fungisit ¢calismasi sonucu Petri goriintileri
Figure 1. Petri images as a result of the fungicide study against Alternaria alternata agent

Her uygulamanin misel ¢ap uzunluklari Petri
iki  farkl
alinmisg

kaplarinin tarafindan  6lglilmdis,

ortalamalari ve her uygulamanin
ortalamasi belirlendikten sonra sonuglar Sekil 2’de
ifade edilmistir. Buna gore, % engelleme veya %
etki degeri agisindan %7 oran ile V* (metrafenone)
ve %37.41 ile D* (Fosforoz asit) aktif maddeleri en
az etkili bulunan fungisitler olurken, %90.59 etki
gosteren P* (Pyraclostrobin + Fluaxapyroxad),
%88.47 ile Ar* (Azoxystrobin + Cyproconazole),

%84.82 ile As* (Azoxystrobin+Propiconazole) ve
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%71.79 ile Y* (Thiophanate-methyl  +
Tetraconazole) aktif maddeye sahip fungisitler
etkili

Pistacia vera’da A. alternata’ya karsi uygulanan

oldukga bulunmuslardir.  Kaliforniya’da

fungisitlerden pyraclostrobin etken maddesi
hastalik etmenine karsi oldukg¢a yiliksek oranda
direng gostermistir (Avenot, ve ark., 2015). Bu
¢alismada ise pyraclostrobin etken maddesi iceren

fungisit Alternaria’ya karsi etkili bulunmustur.
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Sekil 2. Farkli fungisit kosullarinda Alternaria alternata’nin gelisme durumlari
Figure 2. Growth status of Alternaria alternata under different fungicide conditions

Bu calismada kullanilan etkili maddeye sahip
Ulkemizde heniiz

kadar yaygin
kullanilmadigi ve sik uygulama yapilmadigi icin

fungisitlerin direng

olusturamayacak olarak
hedef funguslar Uzerinde etkili oldugu tahmin
edilmektedir. Hastaligi etkili bir sekilde kontrol
altina almak i¢in blylime mevsimi boyunca ¢oklu
fungisit uygulamalar gerektiginden (Rosenzweig
ve ark., 2008, Horsfield ve ark., 2010), bu tip ¢oklu
fungisit uygulamalarinin Glkemizde de fungisit
direnci kazandiracagl endisesi ile, bu calismada
etkili bulunan fungisitlerin etken maddelerinin
farkh ticari isimler altinda pazarlanmasi farkh
fungisitler kullanildig1 distncesi ile yine bir etken
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maddenin ¢oklu uygulamasi anlamina gelecegi g6z
ardi edilmemelidir. Bu calismada etkili bulunan iki
fungusidin (P* ve Ar*) karisimlari test edilerek
etkinligi arastiriimis, coklu fungisit uygulamasinin
azaltimasi hedeflenmistir. Boylece, karisimi
yapilan etkili fungisitlerin doz azaltilmasi veya daha
siklikla

olmayacagi degerlendirilmistir. Bu calismada, etkili

az uygulanmasinin - mimkin  olup

bulunan fungisitler arasindan (P*) Pyraclastrobin +
Fluxapyroxad etken maddeli ve (Ar*) Azoxystrobin
+ Cyproconazole etken maddeli fungisitler
karistirihp, bu fungisitlerin etkinlikleri Sekil 3’te

verilmistir.
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Sekil 3. Alternaria etmenine karsi etkili bulunan iki fungisitin kombinasyonu sonucu misel gelisme

¢aplari grafigi

Figure 3. Graph of mycelial growth diameters as a result of combining two fungicides found to be

effective against Alternaria.

Alternaria i¢in uygulanan bu ¢alisma kontrol grubu
misellerinin Petri kaplarini tamamen kaplamasi
sonucu (8.5 cm) 18 glinde bitirilmistir.
Azoxystrobin + Cipraconazole (Ar*) uygulamasi
4.88 cm

Pyraclastrobin + Fluxapyroxad (P*)

capinda  gelisme  gosterirken

uygulama

grubu ise 3.7 cm’lik bir gelisme gostermistir.
Azoxystrobin + Cipraconazole ve Pyraclastrobin +
Fluxapyroxad aktif maddelerin kombine uygulama
grubu (Ar*+P*), 3.25 cm’lik ¢ap ortalamasi Ar* ve
P* fungisitlerinin uygulama gruplarina kiyasla daha
etkili bulunmustur (Sekil 4).

Sekil 4. En etkili bulunan iki fungisitin kombine uygulanmasi sonucu Petri kaplarindaki misel

gorinimu

Figure 4. Mycelial appearance in Petri dishes as a result of the combined application of the two

most effective fungicides

Uygulanan fungisitler Alternaria etmeninin
melanin pigmenti salgilamasini engelleyerek beyaz
kolonizasyona yol agmistir. Bu durumda hastalik

etmeninin  melanin  pigmenti  yoklugunda

enfeksiyon siddetini kaybettigi séylenebilir. Fakat
Azoxystrobin + Cipraconazole (Ar*) aktif maddeli
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fungisit belirli bir stire sonra tesirini kaybetmeye
basladiginda pigment
baslamis ve koloni kenarindan baslayarak koyu

miseller olusturmaya
yesil rengine birlinmustir. Melanin ile patojen
virilensligi arasindaki iliski Pyrenophora teres
fungusunda rapor edilmis, fungal etmenin melanin
iceriginin patolojik enzimler ile iligskisi ortaya
konmustur (Dikilitas ve ark., 2018).

Benzimidazollerin kullanima girmesinden bu

yana, segici fungisitlerin ¢ogunun degisen

diizeylerde direng riski tasidigi bilinmektedir
(Thind, 2021). bir

mutasyonlarin Botrytis cinerea, A. alternata, A.

Yapilan calismada bazi
solani, Sclerotinia sclerotiorum’a karsi Boscalid
icerikli fungisitlere karsi laboratuvar kosullarinda
direng kazandigi tespit edilmistir (Lendschood ve
ark., 2017; Fernondez - Ortuno ve ark., 2017).
Diger bir calismada izole edilmis bircok patojen
fungus Boscalid dahil olmak Uzere farkli fungisit
aktivitelerini etkisiz hale getirerek farkh direng
mekanizmalari gelistirmistir (Cherred ve ark.,
2018). iki pestisitin tek basina degil de ikili
kombinasyonlar halinde uygulanmasinin direng
gelisimini engelledigi vurgulanmistir (Schwarz ve
2022).
fungisitlerinin kombinasyon halinde kullanilmasi

ark., Mancozeb ve Klorothalonil
patojen baskilamasina karsi iyi koruma saglamistir
(Adams ve ark., 2015). Cyprodinile ve Fludioxonile
kombinasyonlari uzun yillar kullanilmasi sonucu
B.
Fluopyram+Boscalid kombinasyonu duisiik direng
gosterdigi bildirilmistir (Weber ve ark., 2015).
bir
Azoxystrobin+Siprokonazole

diren¢ olusturdugu ve cinerea’ya karsl

Yapilan baska ¢alismada Phosphite ve

karisimi musirda
Bipolaris etmenine etki etmedigi fakat Curvularia

etmenine etki ettigi tespit edilmistir. Yine bir

calismada  Phytophthora infestans’a  karsi
uygulanan Azoxystrobine karsi etmenin direng
gelistirdigi Yang ve ark. (2021) tarafindan

bildirilmistir. Bizim ¢alismamizda ise Azoxystrobin
aktif maddesi
etmenine karsi melanin engellemesini belirli bir

iceren fungisitin A. alternata
slire sonra durdurmus fakat baska bir aktif madde
ile kombinasyon halinde uygulanmasi sonucu misel
kolonisi ve melanin pigmenti olusumunu basaril
bir sekilde engellemistir.
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Fungisitlerde etken madde sayisinin az
olmasi direnc sorunlarina yol agmaktadir. Bundan
dolayr kalinti
drinlere yénelim artmaktadir. Kombine uygulanan

riski olan ve ruhsath olmayan
fungisitlerin direng gelisimini geciktirdigi veya
engelledigi Stk sik

pestisitler ve uygun olmayan dozlarda fungisit

gorulmustr. uygulanan
kullanimi direng mekanizmasini gelistirmektedir.
Bundan dolayi birgok direngli fungus tirlerinin
tarimda 6nemliverim/kalite ve ekonomik kayiplara
yol acacagi ongorilmektedir.

Sonuglar ve Oneriler

Alternaria alternata etmeni ile micadele
olanaklari arastirilmis pas ve killeme hastaliklarina
karsi ruhsath olan fakat daha once Alternaria’ya
karsi ruhsatli olmayan etken maddeler ilk kez bu
cahsmada  kullanilmistir.  Fungisit  c¢alismasi
sonucunda elde edilen verilere gore 6 fungisitten 4
tanesi etkili bulunmustur. Misel kolonizasyonunun
%50’sinden fazlasini engellemesi acisindan etkili
bulunan 4 fungisit, pyraclostrobin + fluaxapyroxad
(P*), (As),

Azoxystrobin ve

+ azoxystrobin
(Ar*)

thiophanate-methyl + tetraconazole (Y*) aktif

propiconazole
+  Cyproconazole
maddeli fungisitler olmustur. Metrafenone (V*) ve
Fosforoz Asit (D*) aktif maddeli fungisitler dGnemli
bir
Hastaligi etkili bir sekilde kontrol altina almak igin

misel engelleme etkisi olusturamamistir.
coklu fungisit uygulamasi yapilmistir. Bunun igin,
Ar* P* fungisitlerinin
karistirihp ~ (Ar*+P*)
gruplarina oranla etkili oldugu goérulmistir. Bu
daha  etkili

olabileceginin yani sira fungisit direncine karsi

ve etken maddeleri

kontrole ve bu fungisit
¢ahsma  ¢oklu  fungisitlerin
etkili olabilecegi 6ngorilmistir. Bélgemizde gesitli

orman ve meyve agacglarinda enfeksiyon

yapabilme kapasitesine sahip A. alternata’nin
yayginligina ciddi
ulasmadan oOnlem alinmasi gerekmektedir. Bu

karsi etmen boyutlara
¢alisma ile yeni fungisit gruplar ve etkili bulunan
sik

gecilebilecegi

fungisitlerin ~ karisimlari  ile fungisit

uygulamasinin oniine
degerlendirilmistir. iki ayri etken maddeye sahip
etkili bulunan fungisitlerin, A. alternata’da nasil

direnci azalttigi ve melanin sentezini distrdigi
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ayrica degerlendirilecektir.

Yazarlarin Katkisi
Bu ¢alisma, Mehmet Ertugrul GULDUR ve Murat

DIKILITAS tarafindan tasarlanmis ve Berfin KILINC
ile M. Ertugrul GULDUR tarafindan yuritilmastir.
Berfin KILINC makaleyi yazmis Murat DIKILITAS

makaleyi okuyup gerekli dizeltmelerde

bulunmustur. Tim yazarlar esit sekilde makaleye
katki saglamistir.

Cikar Catismasi Beyani
Yazarlar aralarinda herhangi bir gikar ¢atismasi

olmadigini beyan etmektedir.
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6z

Amaranthus tirleri farkh habitatlara uyum ve rekabet yetenekleri nedeniyle diinya
genelinde pek ¢ok tarimsal Grindn verimini etkileyen en 6nemli yabanci otlar arasinda yer
almaktadir. Glgli rekabet yeteneklerinin yaninda herbisitlere dayanikli biyotiplerinin varligi
da dikkate alindiginda: Amaranthus tirleri icin alternatif yabanci ot kontrol stratejilerinin
belirlenmesi 6nemlidir. Bu ¢ercevede ele alinan bu c¢alisma ile Amaranthus tiirlerinin
biyolojik miucadelesinde kullanilabilecek veriler elde etmek, yabanci otlara yoénelik
alternatif micadele galismalarini desteklemek ve biyolojik miicadele galismalarina bir
kaynak saglamak amaglanmistir.

Bu amaglar igin Tlrkiye’nin Glineydogu Anadolu Bolgesinde yer alan dort il genelinde 119
lokasyonda bir siirvey calismasiyla Amaranthus tirleri ile beslenen bocek tirleri tespit
edilmis ve bu tirlerin ilgili bitkilerin miicadelesinde biyolojik miicadele ajani olarak kullanim
olanaklari saha ve 6n laboratuvar calismalariyla arastiriimistir. Ornekleme alanlarinda (20m
x 20m = 400 m?) karsilasilan her bir Amaranthus tiiriinde en az 10 adet bitkinin tim bitki
aksamlari (kék, govde, yaprak, cicek, tohum) incelenmistir. incelemeler sirasinda
orneklenen bitkilerin zarar durumlari ve bocek tirlerinin biyolojik donemlerine (ergin, larva
ve pupa) ait veriler toplanmistir. Bu baglamda Amaranthus turleri Gzerinde tespit edilen
boceklere ait larva ve pupalar ile bu bocek tirlerinin beslenme belirtilerin oldugu geng
bitkiler laboratuvar ortaminda takip edilmistir. Elde edilen veriler degerlendirildiginde;
calisma alaninda Amaranthus retroflexus L., A. palmeri S. Watson ve A. albus L. olmak lizere
U¢ farkh Amaranthus tirl belirlenmistir. Ayrica, A. retroflexus ile A. palmeri tirleri ile
beslenen ve biyolojik donemlerini bu bitkiler Gizerinde gegciren iki Coleoptera: Curculionidae
tlrl; Hypolixus pica (F.) ve Lixus subtilis Boheman, 1835 tanimlanmistir. Laboratuvar
kosullarinda yapilan 6n etkinlik calismalari sonucunda ise her iki bécek tirinin de A.
retroflexus ile A. palmeri tirlerini baski altina alabildigi belirlenmistir. Ancak, ilgili bocek
turlerinin etkinlik dizeyi biyolojik kontrol ajanlarinin popiilasyon yogunluguyla dogru
orantili oldugu icin daha ayrintih bilgiler icin detayh saha ve laboratuvar calismalarinin
yapilmasi 6nerilmektedir.

Anahtar Kelimeler: Amaranthus spp., horozibigi tirleri, biyolojik miicadele, Hypolixus
pica (F.), Lixus subtilis Boheman, 1835, Turkiye

ABSTRACT

Amaranthus species are among the most important weeds affecting the yields of many
agricultural crops worldwide due to their adaptability and competitiveness in different
habitats. Considering their strong competitive ability and the presence of herbicide
resistant biotypes: It is important to determine alternative weed control strategies for
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Amaranthus species. The aim of this study was to obtain data that can be used in the biological control of Amaranthus
species, to support alternative control efforts for weeds and to provide a resource for biological control efforts. For these
purposes, insect species feeding on Amaranthus species were identified in 119 locations in four provinces in the
Southeastern Anatolia Region of Turkey and the possibilities of using these species as biological control agents in the control
of related plants were investigated by field and preliminary laboratory studies. All plant parts (root, stem, leaf, flower, seed)
of at least 10 plants of each Amaranthus species encountered in sampling areas (20 m x 20 m = 400 m?2) were examined.
During the surveys, data were collected on the damage status of the sampled plants and the biological stages (adults, larvae
and pupae) of the insect species. In this context, larvae and pupae of insects detected on Amaranthus species and young
plants with feeding symptoms of insect species were monitored in the laboratory environment. When the data obtained
were evaluated; three different Amaranthus species, namely Amaranthus retroflexus L., A. palmeri S. Watson and A. albus
L. were identified in the study area. In addition, two Coleoptera Curculionidae species that feed on A. retroflexus and A.
palmeri species and spend their biological periods on these plants: Curculionidae species; Hypolixus pica (F.) and Lixus
subtilis Boheman, 1835 were identified. As a result of preliminary efficacy studies conducted under laboratory conditions,
it was determined that both insect species were able to suppress A. retroflexus and A. palmeri species. However, since the
effectiveness level of the relevant insect species is directly proportional to the population density of biological control
agents, it is recommended to conduct detailed field and laboratory studies for more detailed information.

Key Words: Amaranthus spp., pigweed species, biological control, Hypolixus pica (F.), Lixus subtilis Boheman, 1835, Turkey

Giris neden olan en 6nemli yabanci otlardan biri de
Amaranthus tirleridir (Mlakar ve ark., 2010; Lee,
Topografya, iklim ve toprak ozellikleri  5411. Hyang ve ark., 2020). Genel olarak Amerika

bakimindan yedi cografik ve Uc¢ biyocografik kitasi orijinli olan Amaranthus turleri (POWO,

(Akdeniz, Avrupa-Sibirya ve Iran-Turan) bélgeye 2023) farkli cografyalarda ciddi bir tir dagilimina

sahip olan Tarkive, biyolojik cesitlilik agls'l'ndan sahiptir. Ornegin; tropikal ve iIiman bélgelerde
oldukca zengindir (Dogan ve ark., 2010; Onen,
2010a; Gliner ve ark., 2012). Turkiye'deki bu

cesitlilik dogal olarak pek ¢ok yabani bitki icin de

yayilim gosteren 74 Amaranthus (Amaranthaceae)
tard tanimlanmistir (Mosyakin ve Robertson,

2004). Turkiye florasinda ise Amaranthus cinsine

uygun ekolojik kosullar olusturmakta ve ayrica ait takson sayisinin son kayitlarla birlikte 18 oldugu

tarimsal ekosistemlerde ciddi verim (%36-92) ve bildirilmistir (Uygur ve ark., 2021). Tirkiye'de

kalite kayiplarina neden olan yabanci otlar ve bugday, pamuk, misir, mercimek, seker pancari,

bunlarin igerisinde bir gok'i'stilauyabana bitkiye de patates, anason, domates, hiyar, aycicegi, fasulye,
ev sahipligi yapmaktadir (Ozer ve ark., 1999; Giiner
ve ark., 2012; Garvey ve ark., 2013; Onen, 2015;

Uludag ve ark., 2017). Bu durum kiresel iklim

yonca, nohut, bamya, soya, susam, yerfistigi,
Ispanak, sogan, turuncgiller, findik, antepfistigi,
bag, meyvelik, sebzelik, fidelik, fidanhk ve 6rti alt
degisikliginden sonra biyolojik cesitlilik kaybina sebzecilik alanlarinin yaninda su kanallari, yol ve
neden olan en 6nemli etmenlerden biri olan istilaci
turlere (IPBES, 2023) yonelik risklerin Turkiye’de

artmasina neden olabilir. Bu baglamda, diinya

tarla kenarlari gibi ¢ok farkli yasam alanlarinda
(habitatlarda) yayilis gosteren Amaranthus turleri

meydana getirdikleri ¢evresel ve sosyo-ekonomik

genelinde ylksek cevresel ve sosyo-ekonomik etkiler nedeniyle dnemli yabanci otlar arasinda

etkilere neden olan istilaci bitkilerin, Tlrkiye’'de de sayilmaktadir (Ozer ve ark., 1999; Ergun ve ark.,

ciddi etkilere neden olabildigi rapor edilmektedir 2014; Tepe, 2014; Ozcan ve ark., 2015; Giincan ve
(Farooq ve ark., 2015; Uludag ve ark., 2017; Yazlik 30505 2018; Uludag ve ark., 2017; Yazlik ve ark.,
ve ark., 2018; Sirri, 2022; Onen ve ark., 2023). Tim 2018; Sirri, 2022).

bu durumlar dikkate alindiginda; tarim ve tarim disi Ornegin; Avrupa ve Amerika kitalari basta

alanlarda yiksek rekabet yeteneginde olan olmak Ulizere, A. retroflexus L. ve A. palmeri S.

yabanci menseli bitki tiirlerinin yonetimine yonelik Watson tiirleri tarimsal ekosistemlerde neden

calismalar 6nem arz etmektedir. olduklari ekonomik kayiplardan dolayr miicadele

Diinya genelinde neredeyse tim tarnmsal  q4iimesi gereken en Gnemli yabanci otlar arasinda

Uretim alanlarinda verim ve kalite kayiplarina ver almaktadir (Mahoney ve ark., 2021; Sirri,
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2022).
adaptasyon kabiliyetleri (toprak tipi, pH, rakim
gibi), yiksek Greme potansiyelleri, Gstin rekabet
yetenekleri ve sahip olduklari genetik gesitlilik

Nitekim Amaranthus turlerinin  genis

sebebiyle bulunduklari bdlgelerde popilasyon
yogunluklarini hizla arttirabilir, pek ¢ok faktorin
(su, alet-ekipman, tohumluk, hayvan glibresi gibi)
etkisiyle kolayca vyayilabilir ve sahip olduklari
morfolojik ozellikleriyle (yliksek habitus, kazik kdk
gibi) bir alanda kontrol altina alinmalari oldukga
giic olabilir (Ward ve ark., 2013; Ozcan ve ark.,
2015).

herbisitler

Amaranthus  tirlerinin  kontrolinde

basta olmak Uzere farkh kontrol
da

alinmayabilmektedir

yontemlerinden faydalanilsa her zaman

istenilen sonuclar
(Norsworthy ve ark., 2008). Ayrica, ilgili tlirler son
yillarda cesitli herbisitlere karsi dayanikli biyotipler
gelistirmistir. Ornegin; A. retrolexus ve A. palmeri
farkh

varyasyonlar

turlerinin herbisitlere  karsi  direncli

herbisit
uygulamalarina ragmen tarimsal ekosistemde ciddi

gelistirdikleri ve
verim kayiplarina neden olduklari saptanmistir (Li
ve ark., 2022; Carvalho-Moore ve ark., 2022). Bu
durum  Amaranthus tirlerinin  kontroliinde
alternatif yaklasimlara gerek duyuldugunu ortaya
koymaktadir. Diger taraftan, genel olarak yabanci
otlarin  6zelde ise Amaranthus tirlerinin
kontroliinde herbisit kullanimi ile basari saglansa
dahi, insan ve cevre sagligl agisindan muhtemel
riskler nedeniyle diger pestisitler yaninda
herbisitlere karsi da son yillarda olumsuz bir algi
olusmustur (Ayta¢ ve ark., 2017; Caiati ve ark.,
2020; Van Bruggen ve ark., 2021). Olusan bu
kamuoyu baskisi da tarimsal Uretimde alternatif
yaklasimlari zorunlu kilmaktadir (Onen, 2010).

Bu
yontemleri tarimsal Gretimde sirddrilebilirlik igin
biri
cikmaktadir (Atay ve ark., 2015; Ozaslan ve ark.,

kapsamda klasik biyolojik miicadele

en Onemli stratejilerden olarak ortaya
2016). Nitekim biyolojik micadele kisa vadede
yogun arastirma ve yatirim gerektirse de uzun
vadede basari i¢cin uygulanmasi en kolay, en ucuz
ve surdirulebilir bir yontemdir (Uygur ve Uygur,
2010). Bu nedenle de yabanci otlarin kontroliinde
biyolojik ajanlarin kullanilmasi son yillarda giderek
(Sirri ark., 2022).

yayginlasmaktadir ve
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Teknolojinin  tarima  entegrasyonu, Ozellikle
yabanci ot micadelesi ve biyolojik miucadele
calismalari agisindan o6nemli gelismelere vyol
acmistir. Bu gelismeler, hassas tarim uygulamalari
mimkiin hale gelmistir. Ornegin, hassas tarim
ekipmanlari ve otomatik kontrol sistemleri,
yabanci ot ilaglarinin dogru ve etkili bir sekilde
uygulanmasina olanak saglamistir.  Biyolojik
miuicadele ¢alismalarinda ise, teknolojinin katkilari
Ozellikle

biyolojik miicadelede kullanilan dogal diismanlarin

daha da belirgin hale gelmektedir.

Uretimi ve salinimi sireglerinde teknolojinin
kullaniimasi, bu yontemin daha etkili ve verimli bir
sekilde uygulanmasini saglamaktadir. Ayrica, akilli
tarim uygulamalari sayesinde, dogal diismanlarin
daha iyi

izlenebildiginden, miicadele stratejileri daha etkili

etkinligi ve vyayilma alanlari
bir sekilde planlanabilmektedir. Bu cercevede, son
ylz yil icerisinde 500’den fazla biyolojik kontrol
ajaninin aktif olarak kullanilmasi ile 200 kadar
yabanci ot tlriinGn idaresinin yapildigi rapor
edilmistir (Day ve Witt, 2019).

Tarim alanlarinda goriilen yabanci otlarin
biyolojik kontrollinde ¢ok farkli etmenlerden

(bocekler ve/veya patojenler)
faydalanilabilmektedir (Uygur ve Uygur, 2010).
Ornegin, bocekler igerisinde Curculionidae
(Coleoptera) tiirleri yabanci otlarin kontroliinde
onemli bir potansiyele sahiptir (Tozlu ve ark., 2010;
Gultekin ve Korotyaev, 2012; Day ve Witt, 2019;
2023). Bu

Curculionidae (Coleoptera) tirlerinin o6zellikle

Winston ve ark., baglamda;

Amaranthus turlerinin  biyolojik kontroliinde
basariyla  yararlanilabildigi  rapor edilmistir
(Napompeth, 1982; Kolaib ve ark., 1986; Tozlu ve
ark., 2010; Giiltekin ve Korotyaev, 2012). Ornegin;
(F.)

Curculionidae) tirunidn Tayland’da Amaranthus

Hypolixus truncatulus (Coleoptera:

spinosus’un kontroliinde herbisit kullanimina
alternatif olabilecegi vurgulanmistir (Napompeth,
1982). Ayrica, ayni bocek tiuri Misir'da ise A.
caudatus L.'un kok ve govdelerinde zararli
olusturdugu ve zarar oraninin yerel olarak %100'e
ulasabildigi bildirilmistir (Kolaib ve ark., 1986).
Tlrkiye’de yapilan bir calismada ise A. spinosus’un
Cosmobaris  discolor

idaresinde (Boheman)
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(Coleoptera: Curculionidae) ve H. pica tirlerinin
dogal
olabilecegi bildirilmistir (Glltekin ve Korotyaev,

biyolojik kontrol ajanlari olarak vyararh
2012). Ancak, bitkilerin biyolojik micadelesine
yonelik yapilan g¢aligmalar tim Diinya’da hala
eksiktir. Bu durumlar dikkate alinarak; bu ¢alisma
ile Turkiye'de tarim ve tarim disi alanlarda ciddi
sorunlar olusturan yabanci otlardan biri olan
Amaranthus tirlerinin (Ozer ve ark., 1999; Ergun
ve ark., 2014; Tepe, 2014; Ozcan ve ark., 2015;
Glincan ve Karaca, 2018; Yazlik ve ark., 2018; Sirri,
2022)
planlanmistir. Bunun igin Tirkiye’de Giineydogu

biyolojik miuicadelesine yonelik
Anadolu Bolgesinde yer alan Batman, Diyarbakir,
Mardin ve Siirt illerinin tarim ve tarim disi
alanlarinda Amaranthus tirleri izerinde beslenen
bocek tirlerinin tespiti, bu tirlerin hedef bitkilerin

miicadelesinde biyolojik micadele ajani olarak

kullanim  olanaklari  saha ve laboratuvar
calismalariyla  arastirilmistir.  Dolayisiyla  bu
calismayla; Amaranthus tirlerinin  biyolojik

miicadelesinde  uygulamada  kullanilabilecek
veriler elde etmek, yabanci otlara yonelik alternatif
miicadele calismalarini desteklemek ve biyolojik
miicadele saglamak

calismalarina  kaynak

amaclanmistir.

Materyal ve Yontem

Bu ¢alisma Glineydogu Anadolu Bolgesi’'nde yer
Mardin ve Siirt il
yillari

alan Batman, Diyarbakir,
2019-2021

gergeklestirilmistir. Bunun icin 6ncelikle ¢alisma

sinirlarinda arasinda
alanlarinda bulunan Amaranthus tirlerinden ve
ilgili turler ile beslenen bocek tirlerinden 6rnekler
alinmistir. Alinan tim bitki 6rnekleri laboratuvara
getirilerek herbaryum vyapilmis, teshis edilmis

(Davis, 1965-1970; Ozer ve ark., 1999) ve
etiketlenmistir.  Orneklerin  teshisleri  Siirt
Universitesi, Fen Edebiyat Fakiiltesi, Biyoloji

Bolimi, Botan Herbaryumunda o6gretim (yesi
Doc. Dr. Mehmet FiDAN tarafindan onaylanmistir.
Calismada tespit edilen boceklerin teshisleri (Sert,
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1995; Colonnelli, 2004) ise Hacettepe Universitesi
Fen Fakdltesi, Biyoloji BolimU 6gretim Uyesi Prof.
Dr. Osman SERT ve Gazi Universitesi Fen Fakiiltesi,
Biyoloji Bélimi Dr. Ogretim Uyesi Neslihan BAL
tarafindan gergeklestirilmistir.

Calismada, Batman, Diyarbakir, Mardin ve Siirt
illerinde ana ve ara yollar dikkate alinarak ve ilgili
illeri temsil edecek sekilde rastgele secilen 119
noktada gozlem ve detayl incelemeler yapilmistir.
Sirveyler esnasinda her bir 6rnekleme noktasinda
tarim (bugday, misir, pamuk, sebzelik, meyvelik,
vb.) ve tarim digi alanlardaki (tarla ve yol kenarlari
gibi) Amaranthus tir veya tirleri ile beslenen
bdcek tirleri genel olarak gbzden gegirilmis ve 20
m x 20 m = 400 m?'lik bir alan icerisinde en az 10’ar
adet Amaranthus tirine ait bitkiler ile beslenen
boceklerin olup olmadigi dikkatle incelenmistir.
Calisma alaninda bulunan Amaranthus album tiirQ
bir
calisma

ile  beslenen herhangi bocek tlirline

rastlanmadigindan, boyunca  tim
incelemeler A. palmeri ve A. retroflexus tirleri ile
yaratlilmustir. A. palmeri ve A. retroflexus tirleri
ile  beslenen boceklerden kaynakhh  zarar
durumlarini belirlemek icin oncelikle ilgili bitkilerin
morfolojik gériiniimlerindeki (cicek, yaprak, govde,
kok)

durumlarina yénelik veriler toplanmis ve ilgili zarar

degisimler ve tohumlarindaki zarar
durumlarini gosteren fotograflar cekilmistir (Sekil 1
ve Sekil 2). Bu asamada rastlanilan her bir ergin
bocek tlriinden de o6rnekler alinmistir. Ayrica
boceklerin biyolojik donemlerine ait veriler elde
edebilmek amaciyla da Amaranthus tirlerinin
govdelerinden enine kesitler alinarak bitki Gzerine
birakilan bécek yumurta ve larvalardan da 6rnekler
alinmistir (Sekil 1 ve Sekil 2). Ayni zamanda galisma
alaninda dagilim gosteren A. albus, A. palmerive A.
retroflexus tirlerinin rastlanma sikhgini belirlemek
icin Glincan (2014) tarafindan olusturan asagidaki

formilden yararlanilarak hesaplanmistir (Sekil 4).

RS =n/m x 100
(RS: rastlanma sikhgi (%), n: tlrin bulundugu tarla
sayisi, m: ornekleme yapilan toplam tarla sayisi)
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Sekil 1. Amaranthus palmeri lizerinde Hypolixus pica ergin ve larva donemleri
Figure 1. The adult and larval stages of Hypolixus pica on Amaranthus palmeri

Sekil 2. Amaranthus retroflexus Uzerinde Lixus subtilis larva donemi ve beslemesi
Figure 2. The larval stage and feeding on Amaranthus retroflexus by Lixus subtilis

Yumurta veya larva evrelerindeki bocekleri
iceren bitki ornekleri erginler elde edilene kadar
laboratuvar ortaminda 25 + 1°C sicaklikta, %60 + 10
bagll nemde ve 12L:12D isik (L: aydinhk; D:
karanlik) kosullarinda tutulmustur. Ayrica, ¢calisma
alanlarindan toplanan Amaranthus tirlerine ait
bocekler  kullanilarak
bir
Bitkilere ait tohumlar

tohumlar ve ergin

laboratuvar kosullarinda saksi denemesi

kurulmustur. viyolada

ekilmis ve cimlenerek ortalama 5 cm boyuna gelen
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fideler, agiz ¢capi (12 cm) ve derinligi (10.5 cm) olan
saksilara aktarilmistir. Saksida yetistirilen A.
retroflexus ve A. palmeri bitkileri 4-6 yaprakl
déneme ulastiklarinda kontrol ve 1 ile 5 arasinda
ergin bocek salimi yapilmistir. Konukgu bitkiler ve
Uzerindeki ergin boceklerin gelisimi 2 glin arayla
(Sekil — 3).
denemesinde dogal ajanla bitki arasindaki iliski ve

takip  edilmistir Kurulan  saksi

zarar seviyesi, kontrol ile kiyaslanmasi goz

muayene ile yapilarak degerlendirilmistir.
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Sekil 3. A: Laboratuvarda Amaranthus tiirlerinin yetistirildigi alan, b: Amaranthus retroflexus Gzerinde Lixus subtilis
erginin yaprakta beslenmesi c: L. subtilis erginin yaprakta beslenmesi d: L. subtilis larva zarari
Figure 3. A: Amaranthus species cultivation area in the laboratory, b: Leaf feeding of Lixus subtilis adult on

Amaranthus retroflexus c: L. subtilis adult feeding on leaves d: L. subtilis larval damage

Sekil 4. Amaranthus palmeri (izerinde Hypolixus pica ergin yaprakta beslenmesi
Figure 4. Adult leaf feeding of Hypolixus pica on Amaranthus palmeri

Bulgular ve Tartisma

Guneydogu Anadolu Bolgesi'nde; Batman,
Diyarbakir Mardin ve Siirt illerinde yapilan sirvey
sonucunda U¢ Amaranthus (A. retroflexus, A.
palmerive A. albus) tiirtine rastlaniimistir. Calisma
alaninda en sik karsilasilan A. retroflexus tirline
yonelik gozlemi destekleyen veriler, daha o6nce
yapilan calismalarda da bildirilmistir (Demir ve
Tepe, 2001; Pala ve Mennan, 2016). Ornegin,
Ozaslan ve Kendal (2014) Diyarbakir ve Mardin
illerinde en fazla sorun olusturan tirlerden birinin
A.

Avrupa genelinde tarimsal Gretim alanlarinda en

retroflexus oldugunu vurgulamistir. Bu tir

yliksek ekonomik kayba neden olan ilk 10 yabanci
ot tlrinden biri olarak da goérilmektedir
(Schroeder ve ark., 1993). Benzer sekilde A.
albus’un da Adiyaman, Batman, Diyarbakir,
Gaziantep, Mardin, Siirt, Sanliurfa ve Sirnak

illerinde farkli kiiltiir bitkilerinde (Ornegin; nohut,
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pamuk) sorun olusturdugu bildirilmistir (Demir ve
Tepe, 2001; Pala ve Mennan, 2016).

Glneydogu Anadolu Bolgesinde ¢alisma
alanlarinda yapilan 3 yillik gézlemlere dayanilarak,
ilk kez 2017 yihinda Mardin ilinde rapor edilen A.
2017) dagihm

kanisina varimistir.

palmeri’nin (Ozaslan ve ark.,
alanlarinin giderek arttigi
Ayrica A. palmeri Mardin ili basta olmak lzere yeni
alanlarda popilasyon  yogunlugunu hizla
yikseltmektedir. Benzer sekilde, Ozaslan ve ark.
(2017) (2022)

¢alismalarda A. palmeri'nin

Sirr tarafindan
da

Anadolu bolgesinde hizla yayilma potansiyeli

ve yapilan

Guneydogu

sergiledigi ve tarimsal ekosistem icin ciddi bir risk
(Sekil 5).
Anadolu bodlgesinde oldugu gibi diinya genelinde

oldugu bildirilmektedir Gulneydogu
de A. palmeri’'nin tarim alanlarina hizla yayildigi
farkli da
konulmustur (Ward ve ark., 2013; Mahoney ve
ark., 2021).

arastirmacilar  tarafindan ortaya
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Amaranthus tiirlerinin illere gore rastlanma sikliklari

Batman Diyarbakir

m A. albus

m A. palmeri

Mardin

Siirt

A. retroflexus

Sekil 5. Amaranthus tirlerin il bazindaki rastlama sikliklari
Figure 5. Incidence frequencies of Amaranthus species by province

Calisma alaninda rastlanan (¢ Amaranthus
tirinden ikisi (A. retroflexus ve A. palmeri)

Uzerinde Coleoptera: Curculionidae familyasina

ait bireylere rastlanmistir. Yapilan teshiste bu
boceklerin Hypolixus pica (F.) ve Lixus subtilis

Boheman 1835 tirleri
(Cizelge 1).

olduklari belirlenmistir

Cizelge 1. Calisma alaninda Amaranthus tiirleri lGzerinde tespit edilen bocek tiirleri ve biyolojik donemlerine iliskin veriler
Table 1. Insect species and biological periods detected on Amaranthus species in the study area

Toplam Hypolixus pica (F.) sayisi

Toplam Lixus subtilis Boheman, 1835 sayisi

Lokasyonlar = Amaranthus spp. Larva

Pupa

Ergin Larva Pupa Ergin

. albus - -

. palmeri - -

Batman . retroflexus - -

- - - 2

albus - -

palmeri - -

Diyarbakir . retroflexus - -

albus - -

palmeri 5 3

Mardin . retroflexus - -

. albus - -

>lx>xx>x>>>]>

. palmeri - -

Siirt A. retroflexus 2 -

= 17 9 17

Toplam 7 3

10 35 18 37

Avrupa kitasinda bulunan 21 Amaranthus tiri
Uzerinde bulunan boécek tlrlerinin belirlenmesi
amaciyla yuritilen ¢alismalarda toplam 241 bocek
tlrt saptanmistir (El Aydam ve Buirki, 1997;
Winston ve ark., 2017). Tir sayisi bakimindan 48
tur ile Curculionidae (Coleoptera) familyas ilk
sirada yer almistir (Haseeb ve ark., 2006). Diger
bazi llkelerde yapilan ¢alismalarda ise Glineydogu
Anadolu bolgesinde de rastlanan Hypolixus
spp.’nin Amaranthus tirleri Gizerinde beslendikleri

belirlenmistir (Kolaib ve ark., 1986; Louw ve ark.,
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1995; Pourtaherzarei ve ark., 2010; Esfandiari ve
Aynehnand, 2012). Hatta daha oOnce Turkiye’'de
ylritilen bir calismada bu cins igerisinde yer alan
ve bu c¢alismada Glineydogu Anadolu Bolgesinde
(F.) A,
retroflexus, A. palmeri ve A. spinosus tirlerinin

rastlanan  Hypolixus pica tardnin

biyolojik kontrol ajani olarak kullanilabilecegi
belirtilmistir (Glltekin ve Koryataev 2012; Pehlivan
ve ark., 2022). Yirutilen calisma ile hem saha
incelemeleri, hem de laboratuvar goézlemlerinde H.

pica tlrinin A. palmeri biyolojik miicadelesinde
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potansiyeli yiksek bir biyolojik ajan oldugu
belirlenmistir. Ancak H. pica’nin badem ve seftali
agaclarinin yapraklari ile beslendigi ve zarara
neden oldugu belirtildiginden (Ozbek, 2014), bu
tirin  biyolojik  miicadele  ajani  olarak
kullanilmasinin 6nemli riskler tasidigi sonucuna
varilmistir.

Calismada A. retroflexus ve A. palmeri izerinde
ikinci tur olarak Lixus subtilis de tespit edilmistir.
Bu bdcegin ilgili Amaranthus tirlerinin yaprak ve
govdesinde beslendigi, yumurtalarini govde
icerisine biraktigi ve larva ile pupa dénemlerini
govde icinde tamamladigl saptanmistir. L. subtilis
larvalarinin Amaranthus bitkilerinin gévde icinde
tlneller agmasi nedeniyle ilgili bitkilerin iletim
demetlerine zarar verdigi ve boylece bitkilerde
belli

kurumalara

bir sire sonra sararmalara ve ardinda
On
calismalarda kontrol ile kiyaslandiginda, bocek

neden oldugu gozlenmistir.
poplilasyonundaki artisa baglh olarak konukgu
bitkilerde (6zellikle 4-6 yaprakli gen¢ donemlerde)
gelisimin yavasladigi veya biylimeyi engelledigi
belirlenmistir (Sekil 3 ve Sekil 4). Benzer bulgulara
farkli arastirmalarda da rastlanilmistir. Ornegin; A.
retroflexus’un L. subtilis tariinin konukgusu

oldugu, bu bocegin A. retroflexus (izerinde
beslendigi ve bitkinin gelisimini olumsuz etkiledigi
rapor edilmistir. (Birki, 1997; Burki ve ark., 2001).
Bu sonuglar H. pica’dan farkh olarak L. subtilis’in
etkili

olabilecegini gostermektedir. Ayni familyadan olsa

Amaranthus tirlerinin  mucadelesinde
dahi farkh tlrlerin Amarathus tirlerini basariyla
baskilayabilmesi ve potansiyel kontrol ajani olarak
onerilmesi bu vyarglyir destekler mahiyettedir
(Balsbaugh ve ark., 1981; Burki ve ark., 1997; Burki
ve ark., 2001). Bu calismada belirlenen her iki
bocek tlrli her ne kadar A. retroflexus ve A.
palmeri ile beslenebildigi ve biyolojik dénemlerini
tamamlayabildigi tespit edilmis (Tablo 1) olsa da bu
turlerin H. pica’nin tarim Urlnleri ile de beslenen
polifag bir zararli olmasi (Ozbek, 2014) farkl
yonlerde risklere neden olabileceginden dogrudan
biyolojik miicadele ajani olarak kullaniimasi
onerilmemektedir. Ancak, bu asamada vurgulamak
gerekir ki 2022-2023 yillarinda Harran Universitesi

Ziraat Faklltesi uygulama alaninda vyetistirilen
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pamuk ekim alanlarinda dagilm gosteren A.
iki
beslendigi ve biyolojik donemlerini gegirdigi tespit
edilmistir (Tablo 1). Bu durum dikkate alinarak,
ilgili dogal ekosistemde
popllasyon ylksek
durumunda hedef bitkilerde etkinlik diizeylerinin

palmeri Uzerinde her bocek tirinin de

bocek tlrlerinin

yogunluklarinin olmasi
ylksek olabilecegi yargisina variimistir.

Genel olarak yabanci tirler sahip olduklar
Ustlin ozelliklerin (6rnegin; fakh toprak ve iklim
faktorlerine tolerans) yani sira yeni tanitildiklari
ekosistemlerde canli (6rnegin; dogal digmanlar)
faktorlerin baskisina maruz kalmadiklarindan,

savunma icin harcamalari gereken kaynaklari
gelisme ile ¢ogalma igin kullanarak yerli tirlere
nazaran ¢ok daha rekabetci hale gelebilir (Atay ve
ark., 2015; Yazlk ve ark., 2018). Dolayisiyla, yeni
ortam kosullarina hizla adaptasyon saglayarak
ortama vyerlesen ve hizla yayilarak yeni alanlara
yayllma egiliminde olan yabanci tirler (Hierro ve
ark., 2013; Onen, 2015) tanitildiklari bu vyeni
da

potansiyelleri

bolgelerde seleksiyon baskisina maruz

kalmadiklarindan istilaci olma
ylkselebilir. Bu nedenle, dogal ekosistemlerde bu
tdrleri kontrol altina alabilecek biyolojik miicadele
ajanlarina (patojenler ve/veya bocekler) yonelik
calismalarin arttirilmasi 6nemlidir. Bu baglamda
yapilan bu ¢alisma ile Giney Amerika orjinli A.
retroflexus ve A. palmeri (POWO, 2023) gibi
Tirkiye icin yabanci bitki tirlerine yonelik pozitif
ilgili
yabanci bitkilerin kontroliinde yapilabilecek ileri

veriler elde edilmesiyle yakin gelecekte

calismalara bir kaynak saglamistir. Ozellikle Tiirkiye
genelinde A. retroflexus ve A. albus tirlerinin en
dnemli yabanci otlar arasinda yer almasi (Ozer ve
ark., 1999; Tepe, 2014; Glincan ve Karaca, 2018;
Yazlik ve ark. 2018) ayrica Tirkiye genelinde A.
palmeri'nin hizla yayildigi ve o6nemli sorunlar
olusturdugunu bildiren calismalar (Eren ve ark.,
2016; Sirri, 2022; Erbas ve ark., 2024) dikkate
ilgili yonetiminde
kullanilabilecek biyolojik miicadele g¢alismalarinin

alindiginda turlerin

Turkiye’nin tim biyocografik bolgelerinde de
¢ahsilmasi yararl olacaktir.

Sonug ve Oneriler
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Genel micadele (herbisit

kullanimi) Amaranthus tirleri dahil olmak lzere

olarak kimyasal

yabanci otlarin kontroliinde en fazla tercih edilen
yontemlerin basinda gelmektedir (Delen ve ark.,
2010). Ancak herbisitlerin gevre ve insan saghgi
Uzerindeki zararl etkileri, direng olaylari, kiiresel
isinmanin ortaya cikardigi yeni kosullar, cevre
dostu ve slrdurulebilir uygulamalara daha fazla
ihtiyac oldugunu gostermekte ve biyolojik kontrol
onemli bir alternatif
Ozellikle
biyolojik micadele en etkili yontemlerin basinda

olarak gorilmektedir.

istilaci yabanci tlrlerin idaresinde
gelmektedir. Bu durumlar dikkate alindiginda; bu
calisma Tirkiye’de pek c¢ok bolgede o6zellikle
teskil

Amaranthus tlrlerinin  biyolojik miicadelesine

tarimsal ekosistemlerde sorun eden
yonelik az sayida yapilan calismalara 6nemli bir
katki saglar.

Saha ve laboratuvar gozlemleri, H. pica ve L.
subtilis bdcek tirlerinin A. retroflexus ve A.
palmeri’nin farkli vejetatif organlari (yaprak, govde
ve kok)

dénemlerini tamamlayabildiklerini ve bu yabanci

Gzerinde beslenebildikleri, biyolojik

otlarin gelisimi ile tohum olusturma

performanslarini  dasdrdiklerini  gdstermistir.
Ozellikle L. subtilis tirinin A. retroflexus ve A.
palmeri Uzerindeki zarar dizeyi dikkat gekicidir.
Sonug olarak, ilgili boécek tlrlerinin poplilasyon
yogunluklarinin dogal ortamda yilksek olmamasi
durumunda A. retroflexus ve A. palmeri tirlerini
baski altina almasi mimkin goértilmemektedir. Bu
nedenle, ilgili boécek tirlerinin  Amaranthus

turlerinin  biyolojik micadelesinde kullanma
olanaklarinin saglanabilmesi i¢in konukcu test
calismalari ve ilgili bocek tirlerinin yetistiriimesi
yoniinde calismalar basta olmak Uzere konuya
iliskin ileri laboratuvar ve saha c¢alismalarinin

yapilmasi 6nerilmektedir.
Tesekkiir

Yabanci otlarin teshisleri igin Siirt Universitesi,
Fen Edebiyat Fakiiltesi, Biyoloji Bolimi 6gretim
tiyesi Doc. Dr. Mehmet FIDAN, béceklerin teshisleri
Hacettepe Universitesi Fen Fakdltesi, Biyoloji

BOIUmU 6gretim Uyesi Prof. Dr. Osman SERT ve
Gazi Universitesi Fen Fakdiltesi, Biyoloji B6limdi Dr.
Ogretim Uyesi Neslihan BAL’a tesekkiir ederim.

Cikar Catismasi: Yazar tarafindan herhangi bir ¢ikar
catismasi beyan edilmemistir

Etik  Kurulu
gerektirmemektedir.

Karari:  Yayin etik  kurulu
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6z

Bu calisma, 2019 yilinda Kahramanmaras ili Dulkadiroglu ilcesinde salgalik biber
(Capsicum annuum var. conoides) yetistiriciligi yapilan Uretim alanlarindaki thrips
(Thysanoptera) tirleri ve popllasyon yogunluklarini belirlemek amaciyla yapilmistir.
Orneklemelerde; cicek, yaprak drneklemeleri ve CDC bécek aspiratorii kullaniimistir.
Kullanilan bu yontemler sonucunda Thripidae familyasina bagh g tiir, Aeolothripidae
familyasina bagh bir tir olmak tzere toplam dort tir tespit edilmistir. Bunlar Thripidae
familyasindan Frankliniella occidentalis (Pergande, 1895), Frankliniella intonsa (Trybom,
1895), Thrips tabaci Lindeman, 1889 ve Aeolothripidae familyasindan Aeolothrips
intermedius (Bagnall, 1934)’dur. Yapilan bu ¢alisma sonucunda tim 6rneklemelerde en
yaygin ve en yiksek yogunlukta goérilen turin Frankliniella occidentalis oldugu
belirlenmistir. Avci thrips Aeolothrips intermedius yogunlugunun en disiik diizeyde
bulunmustur.

Anahtar Kelimeler: Thysanoptera, Thrips, Salcalik Biber, Popiilasyon Yogunlugu,
Kahramanmaras

ABSTRACT

This study was conducted to determine thrips (Thysanoptera) species and population
densities in production areas where paste pepper (Capsicum annuum var. conoides)
was grown in Dulkadiroglu District of Kahramanmaras Province in 2019. For example,
flower and leaf samples, and a CDC insect aspirator were used. As a result of these
methods, four species were identified: three species belonging to the family Thripidae
and one to the family Aeolothripidae. These are Frankliniella occidentalis (Pergande,
1895), Frankliniella intonsa (Trybom, 1895), Thrips tabaci Lindeman, 1889 of the family
Thripidae, and Aeolothrips intermedius (Bagnall, 1934) of the Aeolothripidae family. As
a result of this study, Frankliniella occidentalis (Pergande, 1895) was found to be the
most abundant species in all samples. The predator thrips Aeolothrips intermedius was
found to have the lowest density.

Key Words: Thysanoptera, Thrips, Paste Pepper, Population Density, Kahramanmaras
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Giris

Salgalik biber (Capsicum annuum var. conoides)
Solanaceae familyasi, Capsicum cinsi icerisinde yer
almaktadir. Capsicum sp., askorbik asit, tokoferol
ve diger fitokimyasallarin énemli bir kaynagidir
(Paksoy ve Uslu, 2006). Askorbik asit ve fenolik
bilesikler, kanser, kardiyovaskiler hastaliklar ve
hipertansiyon, inme

ve norodejeneratif

bozukluklar gibi oksidatif stres aracili kronik
hastaliklarin 6nlenmesine yardimci olur, boylece
biberin beslenme ve ticari kalitesinde 6nemli bir
rol oynar (Deepa ve ark., 2006). Salcalik kirmizi
biber, A ve C vitaminleri bakimindan zengin bir
sebzedir (Doymaz ve Pala, 2002; Akbay ve ark.,
2012).

minerallerini de iceren ve zararh kimyasallara karsi

Ayrica kalsiyum, fosfor ve potasyum
insan vicudunun bagisikhgini artiran bir besin
kaynagidir (Cuhadar, 2008; Akbay ve ark., 2012).

Diinyada biber Gretimi 2021 yilinda 36286644
milyon tondur. Diinya biber Giretiminin ilk sirasinda
16721690 ton ile Cin, ikinci sirasinda 31071109 ton
ile Turkiye yer almaktadir (FAO, 2021). Turkiye’'nin
1481612 ton salcalik biber Gretimi 362989 dekar
alanda yapilmaktadir. Kahramanmaras ilinde ise
17255 ton biber (retiminin 7856 tonu salcalik
biber Salgalik  biber
Uretiminde sirasiyla Marmara Bolgesi, Akdeniz

olarak Uretilmektedir.
Bolgesi, Ege Bolgesive Glineydogu Anadolu Bolgesi
yer almaktadir (TUIK, 2022).

Biber uretiminde, birgok zararh bdcek zarar
vermekte ve bunlar ile micadele 6nem
kazanmaktadir. Biberde zararh olan bocek tirleri;
thrips, beyazsinek (Bemisia tabaci (Gennadius,
1889)),
Barnes, 1932), yaprak galeri sinegi (Liriomyza
trifolii 1880), vyesilkurt (Helicoverpa
armigera Hubner, 1808), vyaprakbitleri (Aphis

spp.)’dir (Anonim, 2018). Thripsler agiz yapilarinin

biber gal sinegi (Asphondylia capsici

Burgess,

karakteristik 6zelligi nedeniyle (asimetrik, kisa
konik, sokucu-emici) o6zellikle (Jeppson ve ark.,
1975), bitkilerin yaprak gibi
organlarinda  bitki ciddi
oranlarda kayiplara neden olmaktadir (Childers ve
Beshear, 1992; Childers ve Achor, 1995). Ergin ve
bitki ylizey

cicek, meyve,

Ozsuyunu emerek

larvalari, dokularinin kisminda
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beslenerek yaprakta karakteristik giimusi lekeler

yapragin
dokilmesine, bdylece bitkinin zayif kalip veriminin

olusturup, yogun popllasyonlarda

dismesine, Urlin  kalitesinin  bozulmasina,
beslenme sirasinda salgiladiklari toksik maddeler
ile de slirglin ve meyvelerde sekil bozukluklarina

neden olurlar (Lodos, 1984). Thripsler yapraga

biraktiklari  koyu renkli diskilariyla yaprakta
siyahimsi  lekeler olusturmakta, daha c¢ok
gelismekte olan vyapraklari tercih ederek

beslenmekte, bitkinin u¢ noktalarinda beslenerek

rozet  olusumuna, ciceklerde beslenerek
deformasyonlara neden olmaktadir (Loomans ve
ark., 1995). Shipp ve ark. (1998) ¢ farklh serada
sarl yapiskan tuzaklar kullanilarak Frankliniella
occidentalis’in  ekonomik zarar seviyelerini
belirleyip, bu tir nedeniyle olusan zarari rapor
etmislerdir. Frankliniella occidentalis cilegin cicek
ve meyvesinin bitki 6zsuyunu emerek, cicek
dokimu ile verim dustkligliine, meyvenin kicuk,
cekirdekli

olgunlasmasina,

sert ve olmasina, dizensiz

bronzlasmasina ve  sekil
bozukluguna neden olmaktadir (Coll ve ark., 2007;
2010). birlikte F.

occidentalis’in bazi bitki virdslerinin tasinmasinda

Anonymous, Bununla
da onemli rol oynamaktadir ve bu yonden de
onemli zararl olarak bilinmektedir (Sakura ve ark.,
2004),
Kahramanmaras biber

oldukca onemlidir ve yetistiriciligi yapilan salgalik

ilinde yetistiriciligi
biber de thrips tirleri ve bunlarin popilasyon
ilgili bir
bulunmamaktadir. Bu calisma, Kahramanmaras ili

yogunluklari ile kapsamli ¢alisma
icin ekonomik agidan 6nemli yer tutan salcalik
biber vyetistiriciligi yapilan Uretim alanlarindaki
thrips tlrlerini ve popllasyon yogunluklarini

ortaya ¢ikarmak amaciyla yapilmistir.

Materyal ve Metot

Materyal

Bu calismanin ana materyalini Kahramanmaras
ili biber
yetistiriciligi yapilan arazilerdeki (7 dekarlk) thrips

Dulkadiroglu ilcesindeki  salcalik

(larva  ve ergin)  tirleri  olusturmustur.

Orneklemelerde; CDC bécek aspiratérii, polietilen
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posetler, %70’lik alkol, Eppendorf plastik tipler,
pens, petri kaplari, samur firca, seffaf eldiven ve
buz kabi kullanilmistir.

Metot
Calisma 2019 yilinda ili
Dulkadiroglu ilcesindeki salgalik biber yetistiriciligi

Kahramanmaras

yapilan Uretim alanlarinda yirGtilmustir. Thrips

turleri  (larva ve ergin) ve popilasyon

yogunluklarinin belirlenmesinde; c¢igcek, yaprak

orneklemeleri ve CDC bocek aspiratori
kullaniimistir.

Cicek ve yaprak érneklemeleri

CGalisma alanlarinda arazinin kosegen

kisimlarindan girilerek 20-25 adimda bir olmak
Uzere toplamda her tarladan rastgele secilen biber
fidanlarindan 50’ser adet cicek ve yaprak ornekleri
alinarak ayri ayri polietilen torbalar icerisine etiket
kabi
Laboratuvara getirilen o6rnekler

bilgilerinide  ekleyerek buz icerisine
konulmustur.
boceklerin yasamsal fonksiyonlarinin azalmasi icin
yarim saat buzdolabinda bekletilmistir. Daha sonra
alinan c¢icek ve yaprak oérneklerini beyaz bir zemin
Uzerinde silkeleyerek diisen thrips bireyleri (larva
ve ergin) samur firca yardimiyla toplanarak
icerisinde %70’lik etil alkol bulunan Eppendorf

tuplerine alinmistir.

CDC bocek aspiratériiyle érnekleme

Calisma alanlarinda CDC bocek aspiratori 15
dakika g¢alstirilarak arazi icerisinde ¢apraz hareket
edilerek alinan oOrnekler polietilen torbalar
icerisine alinip etiket bilgileri yazilarak buz kabi
icerisinde laboratuvara getirilmistir. Laboratuvara
getirilen thrips bireylerinin (larva ve ergin)
yasamsal fonksiyonlarinin azalmasi i¢in yarim saat
buzdolabinda bekletilmistir. Daha sonra bireyler
samur firca yardimiyla toplanarak igerisinde
%70’lik etil alkol bulunan Eppendorf tiplerine

konulmustur.

Thrips preparati ve teshisi
Thripslerin preparati, Mound ve Kibby (1998)

tarafindan belirtilen protokolde degisiklikler

yapilarak yapimistir. Bu amacgla; 6Ornekleme
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alanindaki salgalk biber gesitlerinden toplanan

ornekler, ©nce, Orneklerin yumusamasi ve

boylelikle kolaylastiriimasi
amacliyla AGA (10 kisim etil alkol, bir kisim glacial
asetik asit ve bir kisim gliserin) iceren ortamda iki
giin bekletilmistir. Ornekler daha sonra % 10’luk
sodyum hidroksit (soguk) iceren cam hiicreler

icerisine alinarak 47 °C sicakhkta yaklasik 40 dk

preparatlarinin

bekletilmistir. Koyu 6rneklerde bu sire biraz daha
saat)
Orneklerde hafif renk degisim olunca ve ayrica

uzun slre (yaklasik bir tutulmustur.
kanatlarin acildigi gorilince ornekler % 96 alkol
iceren ortama alinmistir. Ornek birey petri kaplari
icerisinde bu ortamda bir siire bekletilmis olup,
daha sonra ¢ok ince uglu igne yardimiyla ya arka
bacaklarin coxa kaidelerinden girilerek ya da
abdomen sivazlanarak viicut icerigi bosaltilmistir.
Ornekler alkol ile temizlendikten sonra Hoyer
ortamina alinarak mikroskobik slaytlari dorsalden
yapilmistir. Preparati yapilan ornekler 47 °C de
yaklasik bir hafta kurumaya birakilmistir. Preparati
yapilan thrips bireylerinin teshisleri, Prof. Dr.
Ekrem ATAKAN (Cukurova Universitesi, Ziraat
Fakiltesi, Bitki Koruma Bo6lim, Adana) tarafindan
yapilmistir.  Ayrica preparati yapilan thrips
orneklerinin fotograflari Nikon SMZ 1270i markali

sterero mikroskop ile gekilmistir.

ili Cigli
Koylnidn nem, sicaklik ve riizgar hizi verileri T.C.
Cevre Sehircilik ve iklim Degisikligi Bakanlig
Meteoroloji Genel Mudurligi, Meterolojik Veri
Daha
meteorolojik veriler ile thrips tlirleri ve poplilasyon

Calisma siliresince Kahramanmaras

islem Dairesi’'nden alinmistir. sonra

yogunluklari arasindaki iliski incelenmistir.
Bulgular ve Tartisma

Kahramanmaras ili Dulkadiroglu ilgesindeki

salcalik biber yetistiriciligi yapilan alanlarda

Thripidae familyasina baglh g tir, Aeolothripidae
familyasina bagh bir tiir olmak (izere toplam dort
tir  tespit  edilmistir.  Bunlar:  Thripidae
familyasindan Frankliniella occidentalis (Pergande,
1895), Frankliniella intonsa (Trybom, 1895), Thrips

tabaci Lindeman ve Aeolothripidae familyasindan
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Aeolothrips intermedius (Bagnall, 1934)’dur

(Cizelge 1).

Cizelge 1. Kahramanmaras ili Cigli Kdylinde 2019 yilinda salcalik biber yetistiriciligi yapilan alanlarda tespit edilen thrips tirleri
Table 1. Thrips species detected in areas where paste peppers were grown in €igli Village of Kahramanmaras Province in 2019

Familya Tir Toplam Birey Sayisi (adet) Yiizdelik Orani

Thripidae Frankliniella occidentalis (Pergande 1895) 1438 % 90.38
Frankliniella intonsa (Trybom1895) 83 % 5.21
Thrips tabaci Lindeman 23 % 1.44

Aeolothripidae Aeolothrips intermedius (Bagnall 1934)* 47 % 2.97

*Avci thrips tira

Salcalik biber alanlarinda tespit edilen thrips
tiirlerinin tanimlanmasi
Frankliniella occidentalis (Pergande, 1895)

Sekil 5. Frankliniella occidentalis (Pergande, 1895) ergini (Anonim 2019)
Figure 5. Frankliniella occidentalis (Pergande, 1895) adult (Anonymous 2019)

Vicut renkleri mevsime bagl olarak soluk
kahverengiye kadar degisiklik
2015).  Frankliniella
occidentalis erkek bireyleri disi bireylere gore daha

saridan koyu

gosterebilir ~ (Anonim,
kiigliktdr. Yumurtasi 0.25 mm uzunlugunda, soluk
sarl ve sekli bobrege benzemektedir (Anonim,
2008). Anten sekiz segmentli ve kahverengi, kanat
rengi ise seffaf beyaz renktedir. On kanatlardaki iki
damarda da tam sirali seta dizilimi vardir (Mound

ve Kibby, 1998). Kisi genellikle ergin olarak
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gecirmektedirler (Anonim, 2008). F. occidentalis

polifag bir zararh olup orti alti sebze ve
meyvelerde, sis bitkilerinde ve c¢esitli yabanci
otlarda beslendigi tespit edilmistir (Reed ve
Reinecke, 1990; Klein ve Ben Dov, 1991;
Tommasini ve Maini, 1995; Atakan ve Tung, 2004;
Kilig ve Yoldas, 2004; Ozsemerci ve ark., 2006; Nas
ve ark., 2007; Atakan, 2008b; Oztiirk ve Atakan,
2008; Atakan, 2009; Atakan, 2011; Tung ve ark.,

2012a; Can ve Ulusoy, 2022; Younus ve ark., 2023).
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Frankliniella intonsa (Trybom, 1895)

Sekil 6. Frankliniella intonsa (Trybom, 1895) ergini (%)
Figure 6. Frankliniella intonsa (Trybom, 1895) adult (})

Frankliniella intonsa erkek bireylerinin viicut
rengi soluk kahverengi ve disi bireylere gére daha
kliciktar. Disi bireylerin viicut rengi kahverengi,
daha
kahverengidir. Anten 8 segmentli ve genellikle sari

abdomenleri ise viicuda gore koyu

renktedir (Anonymous, 2014). Frankliniella intonsa
polifag bir zararh olup en ¢ok yem bitkisi olarak

Q'

4

kullanilan Trifolium repens, T. pratense, biber ve
baglarda beslendigi tespit edilmistir (Lodos, 1993;
Kaplan ve ark. 2016; Kaplan ve Bayhan, 2018; Can
ve Ulusoy, 2022; Younus ve ark., 2023).

Thrips tabaci (Lindeman, 1889)

Sekil 7. Thrips tabaci (Lindeman, 1889) ergini (Alston, 2011)
Figure 7. Thrips tabaci (Lindeman, 1889) adult (Alston, 2011)

Thrips tabaci erginlerinin  vicut renkleri
sicakhga bagh olarak soluk saridan koyu
kahverengiye  kadar  degisiklik  g0Osterebilir

(Anonymous, 2014). On kanadin ilk damarinda
yaridan itibaren uca kadar dort, ikinci damarda ise
on bes seta bulunur (Mound ve ark., 1976). Anten
yedi segmentli, yedinci segment diger segmentlere
gore daha kisa ve birinci, ikinci ve lglncl anten
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segmentlerinin tabani diger anten
segmentlerinden daha acik renklidir (Blunck, 1958;
Stannard, 1968; Anonymous, 2014n). Thrips tabaci
polifag bir zararli olup biber ve en ¢ok sogan
Uzerinde beslendigi tespit edilmistir (Anonymous,
2014n; Kaplan ve ark. 2016; Kaplan ve Bayhan,

2018; Can ve Ulusoy, 2022; Younus ve ark., 2023).
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Aeolothrips intermedius (Bagnall, 1934)
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Sekil 8. Aeolothrips intermedius (Bagnall, 1934) ergini (%)
Figure 8. Aeolothrips intermedius (Bagnall, 1934) adult (})

Aeolothrips intermedius erkek ve disi bireylerin
vicut ve kanatlari kahverengi ve 6n kanatlar
Uzerinde iki sira bant bulunur. Erkek bireyler disi
bireylerden daha kigliktir. Anten kahverengi ve
dokuz segmentli, ikinci ve li¢clincl anten segmenti
ise sari renktedir. Uclincii ve dérdiincii anten
segmentlerinde duyu organlari vardir. Besinci
anten segmenti altidan dokuza kadar olan tim
anten segmentlerinden daha uzundur. Bas ve
pronotumda uzun killar yoktur (Mound ve ark.,
1976; Gruss ve ark., 2019). Fabaceae familyasina
bagl bitkilerin ciceklerinde daha ¢ok tespit
edilmesine ragmen, Solanaceae familyalarindaki
bitkilerin giceklerinde de bulunmaktadir (Bagnall,
1934; Bournier ve ark., 1978). Ayrica Rosaceae
familyasinda da bulundugu bilinmektedir (Sahin ve
Tezcan, 2014; Uzun ve ark., 2015). Avci olup, daha
cok Thrips ve Taeniothrips cinslerine bagli tirler ile

beslenir (Lodos, 1993).
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Kahramanmaras Ili Cigli Kéyii salcalik biber
alanindan 2019 yilinda ¢icek, yaprak 6rnekleri ve
cdc bécek aspiratériiyle toplanan thrips tiirleri ve
popiilasyon yogunluklari

Dulkadiroglu ilcesi Cigli Kéyiinde salcalik biber
Uretim alaninda orneklemelere 5 Mayis 2019
tarihinde baslanilmistir. Cigli Koylnden alinan
cicek ve yaprak orneklerinde cicekte toplam 615
adet, yaprakta ise 59 adet thrips bireyi toplanmistir
(Sekil 1). Ciceklerde ilk thrips bireyi 21 Haziran
tarihinde

popilasyon yogunlugu ise 19 Temmuz tarihinde

saptanirken, en vyiksek thrips
saptanmistir (Sekil 1). Yaprak 6rneklerinde ilk ve en
yogun thrips birey sayisi ise 21 Haziran tarihinde
kaydedilmistir. Bu tarihten sonra birey sayilari
azalmistir. CDC Bocek aspiratort ile alinan
orneklerde 2 Agustos tarihinde en yilksek birey
sayisi (308 adet) kaydedilmistir. Bu ornekleme ile
toplamda 903 adet thrips bireyi toplanmistir (Sekil

1).
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Sekil 1. Kahramanmaras ili Cigli Ky salgalik biber tretim alaninda 2019 yilinda gicek, yaprak érneklemeleri ve CDC
bocek aspiratori ile toplanan thrips bireylerinin popilasyon yogunluklari

Figure 1. Population densities of thrips individuals collected with flower and leaf samples and CDC insect aspirator
in 2019 in the paste pepper production area of Cigli Village of Kahramanmaras Province

Cicek oOrneklemeleriyle Uc¢ thrips tlrli tespit
edilmistir. Bu tlrler: Frankliniella occidentalis (657
adet), Frankliniella intonsa (65 adet) ve Aelothrips
intermedius (9 adet)’dur. Karsavuran ve Giiclk
(2007), Manisa da domatesi ekilis alanlarinda
yaptiklari calismada en yaygin goriilen tiirlerin F.
occidentalis ve T. tabaci oldugunu bildirmislerdir.
Bu
vejetasyon

tirlerin ise popllasyon yogunluklarinin
T. F.

occidentalis’e oranla daha ylksek bir poptlasyon

doneminde tabaci'nin

== Frankliniella occidentalis

Frankliniella intonsa

sagladigini belirtirken F. occidentalis’in domates
birlikte
yapraklarda hemen hemen hi¢ gorilmedigi ama

fidelerin ciceklenmeye baslamasiyla
uzun siirede domates ciceklerinde popiilasyon
saglamadigini bildirmislerdir. Bu ¢calismada yapilan
orneklemelerde toplanan thrips tirlerinin
¢ogunun F. occidentalis tiiriine ait oldugu ve bu
tirin en yilksek popilasyon yogunluguna 19
Temmuz tarihinde ulastig1 tespit edilmistir (Sekil

2).

~

% 120

s

(&4

o

S 100

>

4}

> 80

©

(%)

)

= 60

[a)

3

= 40

<

[

c

o 20

=

w

2 0

o

o« o o o o o o o o o o o o  *+

L e A e A e T . EE . e I E . R . R I e B . BN

- o ©o o o o oo oo o o o o o g

¢ &8 &84 & & & & & & & &8 &8 &7

r oo v v o 9~ N NN © 0 W

s S © © o© © o o o © o 9o 9o

s n on =@ 00 ;" N o wu N o o o

G - N N - « - N
Tarih

Aeolothrips intermedius

Sekil 2. Kahramanmaras ili Cigli K&yii salcalik biber iiretim alanlarinda 2019 yilinda toplanan biber ¢iceklerindeki 3 thrips
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tlrinin poptlasyon yogunluklari (adet/50 gicek)

Figure 2. Population densities of three thrips species in pepper flowers collected in 2019 in the paste pepper production
areas of Kahramanmaras Province Cigli Village (pieces/50 flowers)

Yaprak orneklemeleriyle bir thrips tlrl tespit
edilmistir. Bu tir; Frankliniella occidentalis (59
adet)’dir. Canbay ve ark. (2011), Erzincan ilinde
domates ve hiyar bitkilerinde 12 farkli serada
yaprak orneklemeleri ile zararli bocek tirlerini
belirleyerek F. occidentalis ve T. tabaci'nin
poplilasyon yogunluklarini tespit etmislerdir.
20
18
16
14
12
10

Frankliniella occidentalis Birey Sayisi/ 50 Yaprak
o N ~ )] (o]

5.06.2019
13.06.2019
21.06.2019
28.06.2019

5.07.2019
12.07.2019

Yaptigimiz orneklemelerde F. occidentalis’in en
ylksek popllasyon yogunluguna 21 Haziran
tarihinde ulastigini, ayrica bu tarihten sonra
F.
popllasyon yogunlugunun belirgin olarak azaldigi
tespit edilmigstir (Sekil 3).

yapilan  orneklemelerde occidentalis’in
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Sekil 3. Kahramanmaras ili Cigli K&y salcalik biber cesidi alanlarindan 2019 yilinda toplanan biber yapraklarindaki
Frankliniella occidentalis’in populasyon yogunlugu (adet/50 yaprak)

Figure 3. Population density of Frankliniella occidentalis in pepper leaves collected from Cigli Village,
Kahramanmaras Province paste pepper variety areas in 2019 (pieces/50 leaves)

CDC bocek aspiratoriyle dort thrips tiird tespit
edilmistir. Bu tirler: Frankliniella occidentalis (722
adet), Frankliniella intonsa (18 adet), Thrips tabaci
(23 adet), Aeolothrips intermedius (38 adet)’dur.
Yapilan ¢alismalarda Can ve Ulusoy (2022), Adana
iliacik alan biber yetistiriciliginde sorun olan zararli
belirledikleri

Frankliniella occidentalis (Pergande, 1895)’in biber

bocek tirlerini ¢alismalarinda

alanlarinda en yaygin ve popiilasyonu en yogun
turlerden biri oldugunu bildirmislerdir. Younus ve
ark. (2023)’nin yaptigi calismada ise, Tokat ili biber
alanlarinda  gorilen  thrips tlrleri olarak
Frankliniella occidentalis (Pergande, 1895), Thrips
tabaci (Lindeman, 1889), T. meridionalis (Priesner

1926), Chirothrips manicatus (Haliday, 1836),
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intermedius 1934), A.

fasciatus (Linnaeus 1758) ve Haplothrips aculeatus

Aeolothrips (Bagnall,

(Fabricius, 1803) tirlerini tespit ederken, en
F.

oldugunu

olan tirin
1895)

calismada

yliksek thrips poplilasyonu

occidentalis (Pergande,
Bu

toplanan

da
thrips

belirtmislerdir. yapilan

orneklemelerlede tirlerinin
¢ogunun F. occidentalis tiiriine ait oldugu ve bu
tirin en vyiksek popilasyon yogunluguna 2
Agustos tarihinde ulastigi tespit edilmistir (Sekil 4).
Ayrica Onceki yapilan c¢alismalara bakildiginda
Frankliniella intonsa (Trybom, 1895)'nin biber
alanlarinda bu da

bulundugu calisma

belirlenmistir.
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Sekil 4. Kahramanmaras ili Cigli Kby salgalik biber iiretim alanlarinda 2019 yilinda CDC bdcek aspiratérii ile
toplanan thrips tirlerinin poptilasyon yogunluklari (adet/CDC aspiratori)

Figure 4. Population densities of thrips species collected with the CDC insect aspirator in 2019 in the paste pepper
production areas of Cigli Village of Kahramanmaras Province (pieces/CDC aspirator)

Calismada nem, sicakhk ve riizgar hizinin thrips

turlerinin  popllasyon yogunluklan  (izerine

etkisinin 6nemli oldugu belirlenmistir (Sekil 5). Kilig
(2003), izmir ili oértialti hiyar yetistiriciliginde
zararli thrips tirlerini belirledigi calismada cicek ve
yaprak orneklemelerinde thrips popilasyonun
maximum oldugu haziran ayinda ortalama sicaklik
ve nemin sirasiyla 24.4 °C, % 45.1 oldugunu
belirlemistir. Kaplan ve Bayhan (2018), Mardin ili
alanlarindaki tarleri  ve

bag Thysanoptera

popllasyonlari lzerine yaptiklari ¢alismada

optimum sicakhgin 28-33 °C, optimum nemin ise %
20-39
yogunlugunun en vyiksek

oldugunu ve thrips  popilasyon
seviyeye ulastigini
belirtmislerdir. Kahramanmas ili Cigli Kéyu salcalik
biber alanlarindaki thrips turlerinin popiilasyon
yogunlugunun en yiiksek oldugu aylik ortalama
sicakhgin 24-27 °C, ortalama nemin % 54-58 ve
rizgar hizinin 2-3 m/sn oldugu tespit edilmistir

(Sekil 5).
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Sekil 5. Kahramanmaras ili Cigli Kéyii 2019 yil aylik ortalama nem (%), sicaklik (°C) ve riizgar hizi (m/sn) verileri
Figure 5. Kahramanmaras Province Cigli Village 2019 monthly average humidity (%), temperature (°C) and wind

speed (m/sn) data
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Sonuglar
Kahramanmaras’in  Dulkadiroglu ilgesindeki
salgalik biber vyetistiriciligi yapilan alanlarda

Thripidae familyasina bagh (g tir, Aeolothripidae
familyasina bagh bir tiir olmak lizere toplam dort
tlr tespit edilmistir. Calisma sonucunda cicek,
yaprak érneklemeleriyle ve CDC bocek aspiratori
ile yapilan orneklemelerde en yaygin ve birey
sayisinin en yliksek oldugu tirin F. occidentalis
oldugu belirlenirken, avci thrips, A. intermedius’un
poplilasyon yogunlugunun daha disik oldugu
tespit edilmistir. CDC bocek aspiratori ile yapilan
orneklemelerde tir sayisi ve bulunan thrips
turlerinin popilasyon yogunluklarinin daha yiiksek
ili
Dulkadiroglu ilcesi salcalik biber cesidinde F.

oldugu  belirlenmistir.  Kahramanmaras
occidentalis’in ekonomik kayiplara neden oldugu

tespit edilmistir.
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ABSTRACT

Manna bar, a kind of nougat, is a typical Iragi-Iranian confectionary that is made by manna,
glucose syrup, table sugar, egg white, cardamom and nuts (pistachio, walnuts, or almond).
Manna bar is a similar confectionary with French nougat, Italian torrone, and Spanish
turrdn, but produced from different raw materials and different process. The aim of this
research was to determine influence of cooking temperature, cooking time and mixing time
on the quality of manna bars during the production. The analyses made in this study were
moisture content, pH value, color and textural properties. It was found that increasing
cooking temperature from 100°C to 120°C, cooking time from 5 min. to 15 min., and mixing
time from 10 min to 30 min. decreased moisture content from 15.58 to 8.50 %, but
increased (p<0.05) hardness from 131.56 to 856.16 g. Browning index and pH value
decreased (p<0.05) by increasing mixing time. Response surface analysis was carried out to
optimize the production of manna bar. It’s results showed that cooking at 120°C for 10.10
min and mixing of 21.26 min was the best condition as desirability = 0.682. This study
showed that high temperature at 120°C and long cooking for 15 min., and mixing for 30
min. improved the physical and chemical properties of manna bars.

Key Words: Manna, Manna Bar, Response Surface Analysis, Optimization, Cooking And
Mixing Times

0z

Bir tiir nuga olan manna bar, manna, glikoz surubu, seker, yumurta aki, kakule ve fistik,
ceviz veya badem ile yapilan tipik bir Irak-iran sekerlemesidir. Manna bar, Fransiz nugasi,
italyan torrone ve ispanyol turrén ile benzer bir sekerlemedir, ancak farkli
hammaddelerden ve farkl islemlerden dretilir. Bu arastirmanin amaci, lretim sirasinda
manna barlarinin kalitesine pisirme sicakligi, pisirme siresi ve karistirma siiresinin etkisini
belirlemektir. Bu calismada yapilan analizler nem igerigi, pH degeri, renk ve dokusal
ozelliklerdir. Pisirme sicakliginin 100 °C den 120 °C ye, pisirme siiresinin 5 dakikadan 15
dakikaya ve karistirma siiresinin 10 dakikadan 30 dakikaya artmasinin nem igerigini %
15,58'den % 8,50'ye duslirdigu, sertligi ise (p<0,05) 131,56 g'dan 856,16 g'a yikselttigi
bulundu. Karistirma siresi arttikca esmerlesme indeksi ve pH degeri azalmistir (p<0.05).
Manna bar Uretimini optimize etmek icin tepki ylzeyi analizi yapildi. Sonuglar, 120°C'de
10.10 dakika pisirmenin ve 21.26 dakika karistirmanin arzu edilirlik = 0.682 olarak en iyi
kosul oldugunu gostermistir. Bu ¢alisma, yiiksek sicaklik (120°C) ve uzun pisirme (15 dakika)
ve karistirmanin (30 dakika) manna barlarinin fiziksel ve kimyasal 6zelliklerini iyilestirdigini
gosterdi.

Anahtar Kelimeler: Manna, Manna Bar, Tepki Ylizeyi Analizi, Optimizasyon, Pisirme e
Karistirma Sireleri
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Introduction

The history of manna goes back to three
thousand years ago. In the earliest time, manna
has been known in Asia Minor (Harrison, 1950).
Manna is mainly obtained in Penjween-
Sulaymaniyah in Iraq; it is collected between June
and July (Bodenheimer, 1947). Manna is a sugary
compound which consists of white to brown small
tears and soluble in water (Lanza, 2005). It chiefly
appears on the leaves of gallnut and oak trees
which mostly grown naturally in the mountains.
Manna is a crystalline covered with a white crust,
that is an exudate of tree probably wounds tree by
insect. Manna is used for production of local
sweets, delicious cakes mixed with nuts, bread and
a medicine for treatment of minor disease since
Noah flood in this region (Leibowitz, 1944; Sabry &
Atallah, 1961; Erkan et al., 2014; Al Safi et al.,
2022). Also, special confectionary produced by
manna sold in Baghdad under the name of “man
es-simma” means the manna from heaven
(Bodenheimer, 1947).

Manna collected from Iran (Gaz of Khunsar)
has a pH value of 5.5, rotates polarized light to the
right and free of nitrogen, alkaloids, tannin, sulfur,
and halogens (Br, Cl, and I) (Aeinechi et al., 1976;
Sdig & Saeed, 2019). It is originally white or cream-
colored while it may appear greenish or brownish-
yellow in bulk, depending on impurities. It is
hydrophilic, very sticky, and soft under normal
conditions, breakable when dry, and readily
soluble in alcohol and water. Nicknejad (1976)
analyzed gaz- alafi, it is (a type of manna), gathered
from desert trees, and reported about a 10%
fructose and 40% sucrose content. In Iran the word
“Angabin” is used for manna, and it is used in the
markets for traditional medicines. In Iranian
medicine, different kinds of manna have been
used as expectorant, antipyretics, laxatives and to
treat hyperbilirubinemia (Ghasemi et al., 2003;
Azadbakht & Alinejad, 2005; Al Safi et al., 2022).

Manna bar is a typical Iraqi-lranian
confectionary that is made up of manna, glucose
syrup, sugar, egg white, cardamom and nuts
Manna bar

(pistachio, walnuts, or almond).
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produced in Al-Sulaymaniyah, Iraq, is very famous
and this city has lots of famous firms. It is still
produced in a traditional way. In firms, traditional
manna bar production starts by dissolving of
manna in water, and boiling until becoming a
sauce or molasses. Then, it cooks with glucose
syrup, after a certain time egg white is added
during the mixing and then cardamom with or
without pistachios/walnuts is added. After that,
the mixture is put in a plate and left about 10
hours. Manna bar is ready for cutting. Finally, the
produced Manna bar is packaged and is ready to
sell.

Manna bar resembles to lots of product, such as
Italian torrone, French or Spanish nougat, and
Spanish turrdn, which are generally manufactured
during Christmas time. They are produced with
honey, inverted sugar, sugar, egg albumin, and
types of nuts such as pistachio or hazelnut,
sometimes chocolate. Torrone is manufactured in
some regions of Italy such as Lombardy, Abruzzo,
Calabria, and Campania by traditional way
(Speziale et al., 2010a). Manna bar has different
sensory and textural attribute than those of
products. Main quality attributes of manna bar its
texture and flavor evaluated by the consumer
(Hojjati et al., 2015a, b). Quality characteristics of
manna bar are quite due to the different producer
use different cooking time and temperature,
mixing time and quantity of foam added, owing to
the experience of masters.

In the literature, there is a lack of information
about the process parameters on the quality
during the production of manna bar. Process
optimization is also needed for standard manna
bar production. Therefore, the purpose of this
study was to optimize the process parameters of
manna bar during the production and to discover
the effects of cooking temperature and cooking
and mixing time on the physical and chemical
properties of manna bars.
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Materials and Methods

Materials

Glucose syrup, egg white, and cardamom were
obtained from local market in Gaziantep, Turkiye.
Manna was obtained from a grocery in Al-
Sulaymaniyah, Iraqg. Hand mixer (King, Model
Deluxe, Tiirkiye) was used to prepare foam from
egg white.
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Purification of manna

Manna was taken from a grocery, which could
have leaves and dust. For that reason, manna was
soaked in hot water and stirred until completely
dissolved. Then it was held for 36 hours without
shaking in order to separate leaves and mud. The
mud (precipitated at the bottom), and leaves (at
the top) were removed by decantation and
filtration, then clear syrup was obtained. After
that, it was boiled till becomes a sauce or molasses
(Figure 1).
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Purification of manna
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Transferring in a mold, covering
with flour and holding at room
temperature for 10 hr.

7

Cutting and packaging

Figure 1. Flow diagram of manna bar manufacture process
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Manna bar production

Glucose syrup was put into container and
started to cook after that the clarified molasses
was added. This mixture was cooked in hot plate
(magnetics stirrer-heater; Isolab; Germany)
according to experimental design given in Table

1. After cooking, it was cooled down for 5

Table 1. Process parameters used in manna bar production

minutes, and then foam was added into the
mixture, which was prepared from egg white by
shaking with at speed 2 hand mixer (Argelik,
Tirkiye). After that cardamom was added to the
mixture with mixing until obtaining homogenous
mixture. At the end, it was transferred to a mold
and covered by flour (Hojjati et al., 2015b).

Cooking temperature Cooking time Mixing time Recipe for each sample it
(°C) (min) (min) was consisted (%)
5 10, 20, and 30
100 10 10, 20, and 30
15 10, 20, and 30
5 10, 20,and 30
Manna: 26.0
110 10 10, 20, and 30 Glucose syrup: 65.0
Egg white: 8.0
15 10,20, and 30 Cardamom: 1.0
5 10, 20, and 30
120 10 10, 20, and 30
15 10, 20, and 30

Experimental design

Fifty-four samples (two batches; each batch
had 27 samples, so each recipe was made as 6
times) of manna bar were produced at different
cooking temperature (100, 110 and 120°C),
cooking time (5, 10 and 15 min), and mixing time
(10, 20, and 30 min), but at constant recipe 26%
manna, 65% glucose syrup, 8% egg white and 1%
cardamom. The process condition and recipe are
given in Table 1 as wet base.

Sampling and analysis

For all analysis, duplicate samples were taken.
Molds were used for texture profile analysis (TPA
analysis). The manna bar was put into molds,
after producing; the dimensions of molds were
4x3x2 cm? (Hojjati et al., 2015b).

Determination of moisture content of manna bar
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About 2 g of homogenized sample was taken
for moisture content analysis. Moisture content
was determined by use of oven method at 105°C
until constant weight was reached (AOAC, 1990).

Determination of pH value of manna bar

The measurement of pH value was carried out
on a 10 g of homogenized sample dissolved in 90
mL of distilled water (Hojjati et al., 2015b). The
pH value of sample was determined by use of
HANNA 211 pH meter
(Portugal).

instruments Model

Determination of color

Color measurements (L*, a*, b*, and Yl values)
were made using a Hunter Lab Color Flex (A60-
1010-615 Model Lab,
Reston, VA). The instrument was standardized

Colorimeter, Hunter

each time with a white and black ceramic plate
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(Lo = 93.01, ap = 11.11, and bo = 1.30). L* is the

lightness coordinate. a* is the red/green
coordinate, with +a* indicating red, and -a*
indicating green. b* is the vyellow/blue

coordinate, with +b* indicating yellow, and -b*
indicating blue (Bozkurt & Bayram, 2006).
Browning index [BI] was calculated using Hunter
L*, a*, and b* values as follows:

Bl =([100(x - 0.31)])/0.17

Where
x=((@* + 1.75L*)) / ((5.645L* + a* - 3.012b*))

Determination of texture attributes of manna bar

In this test, two compressions were made to
find an instrumental texture profile analysis
(TPA) (Texture Expert Exceed Version 2V3 (Stable
Micro Systems, 1998) as described by Bozkurt
and Bayram (2006), using a TA. TX2 Texture
Analyzer (Texture Technologies Corp., Scarsdale,
NY/ stable Microsystems, Godalmimg, UK). All
instrumental texture analyses were conducted at
room temperature 24 + 29C equipped with a 50-
kg load cell capacity. Molds were used to
determine texture attributes of manna bars.
adhesiveness,

Hardness, springiness,

cohesiveness, and chewiness values were
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obtained.

Statistical analysis

Statistical analysis was performed using the
SPSS 19.0 (USA) software for Windows. The one-
(ANOVA)
performed to determine significant differences

way analysis of variance, was
at a =0.05 level. Duncan Post Hoc test was also
carried out to determine homogenous group in
the changes of moisture content, pH, color, and
textural analysis. Optimization was done by using
Response Surface Analysis (DesingExpert,
version 12, Trial) as minimizing L*, a*, BI,
adhesiveness, and springiness. Moreover, for
optimization hardness and chewiness values
were taken as 562 g and 129 g, respectively (this
value was the average of 6 commercial manna

bars; the data obtained from Mahmood, 2017).

Results and Discussion

Moisture Content

The moisture content of manna bar was
followed at 100, 110 and 120°C for different
cooking time (5, 10, and 15) and mixing time (10,
20, and 30 min). Their results are given in Table
2.
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Table 2. Changes in moisture content and pH in manna bar at 100, 110 and 120°C for different cooking and mixing time.

Temperature Cooking time Mixing time Moisture content H
(°c) (min) (min) (%) P
10 15.58 +0.03? 5.84 +0.09°
5 20 15.45 +0.15° 5.84 +0.08°
30 15.34 £0.42° 5.84 +0.08?
10 15.26 +0.11* 5.59 +0.06*
100 10 20 14.96 +0.10* 6.24 +0.008
30 13.25 +0.12°8 6.33 +0.058
10 13.89 +0.23% 5.92 +0.08*
15 20 13.56 +0.16X" 6.17 +0.03Y
30 13.11 +0.91" 6.43 +0.067
10 13.42 £0.32° 5.65 +0.06?
5 20 13.07 +0.53? 6.20 £ 0.07°
30 12.46 +£0.42° 6.32 +0.03"
10 13.20 +0.11 6.02 +0.00*
110 10 20 12.60 +0.09® 6.20 +0.038
30 11.16 +0.07¢ 6.40 +0.03°¢
10 11.64 +0.43% 6.15 +0.05%
15 20 11.40 +0.17% 6.30 £0.04"
30 10.43 +0.32% 6.51 +0.037
10 11.06 +0.18° 6.06 +0.12°
5 20 10.45 +0.28° 6.16 +0.05°
30 9.41 +0.16° 6.29 +0.00°
10 10.71 +0.154 6.05 +0.02*
120 10 20 10.04 +0.09® 6.06 +0.02*
30 9.58 +0.06°¢ 6.30 +0.008
10 9.21 +0.04* 5.91 +0.07%
15 20 8.64 +0.06" 6.00 +0.03*Y
30 8.50 +0.07" 6.10 +0.00"

Small letters (a,b,c) show significant difference mixing time at a = 0.05 for 5 min of cooking time for each parameter. Capital
letters (A,B,C)show significant difference mixing time at a = 0.05 for 10 min of cooking time for each parameter. Capital letters
(X,Y,2) show significant difference mixing time at a = 0.05 for 15 min of cooking time for each parameter. + Standard deviation

obtained from 6 samples.

The moisture content of samples cooked at
100°C for 5 min decreased but not affected
significantly (P>0.05) by different mixing time. At
10 min cooking time, the increase of mixing time
from 10 to 20 min, moisture content was not
significant (P>0.05). However, increasing mixing
time to 30 min, moisture content decreased
significantly (P<0.05). At 15 min cooking time,
the moisture content decreased significantly
(P<0.05) by increasing mixing time.

The moisture content of samples cooked at
110°C was not significant (P>0.05) at 5 and 10
min cooking time for different mixing time.
However, it decreased and significantly (P<0.05)
for different mixing time.

The manna bar cooked at 120°C for 5 min, the
moisture content decreased but not significantly
(P>0.05) between 10 and 20 min mixing time.
However, it was significant (P<0.05) for 30 min

100

mixing time. The reduction of moisture content
was significant (P<0.05) at 10 min cooking time
by increasing mixing time. At 15 min cooking
time, the moisture content of samples decreased
significantly (P<0.05) among 10 with 20 and 30
min mixing time, but it was not significant
(P>0.05) between 20 and 30 min mixing time.

Generally, high cooking temperature, long
cooking time and mixing time affected the
moisture content. The reduction of moisture
content in manna bar could be due to the
evaporation of water by high temperature and
long time. Jeffery (2001) mentioned that
moisture content ranges from 6% in hard
nougats to 15-17% in soft nougats due to long
cooking at high temperature.

Hojjati et al. (2015a) studied moisture content
of two Spanish turrén cooked for one hour at 50-
60°C, then cooked again for one more hour at 70-
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80°C. They reported that moisture content was
5.02% and 4.28% for first and second cooking,
respectively. Also, the moisture content of two
French nougats was found which were cooked
for 12 hours at 35°C as 4.83% and 5.90%. These
results were consistent with our results.

pH Value

The pH value of manna bar was followed at
100, 110 and 120°C for different cooking times
(5, 10, and 15) and mixing times (10, 20, and 30
min). Their results are given in Table 2. Cooking
of manna bar at 100°C for 5 min, the pH value
was not changed (P>0.05) with increasing mixing
time. At 10 min at that
temperature, the pH value increased (P<0.05)

cooking time

from 10 to 20 min mixing time, but not
significantly affected (P>0.05) at 30 min mixing
time. At 15 min cooking time, the pH value
increased (P<0.05) by increasing mixing time. At
110°C for different cooking time, the pH value
increased (P<0.05) by mixing time, except
between 20 and 30 min of mixing. At 120°C,
increasing mixing time, the pH value was not
changed significantly (P>0.05) at 5 min cooking
time. Moreover, at 10 min of cooking time for 10
and 20 min mixing, the pH value was not affected
significantly (P>0.05), however, it was significant
(P<0.05) at 30 min mixing time. At 15 min cooking
time, pH value increased (P<0.05) from 10 to 20
min mixing time but not significant (P>0.05) at 30
min of mixing time. Vazquez et al. (2007) found
similar results that pH of turrén decreased during
the manufacturing. They noticed that reduction
of pH value increased by increasing cooking time.

Generally, the pH value increased (P<0.05)
during mixing time. The temperature of manna
bar decreased during the mixing time, this would
lead to decrease the ability of water to ionize,
and so the concentration of H* or H30* in manna
bars would increase, hence it could decrease the
pH.

Color Measurement
The Hunter L*, a*, b* values of the manna bar
were measured to determine the change in color
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of manna bar after producing at different
processes and recipes. L* (lightness-darkness),
a* (redness-greenness), b* (yellowness-
blueness) have been previously proved valuable
in describing deterioration of visual color (Garza
et al., 1999; Gunawan & Barringer 2000; Tijskens
et al., 2001). Browning index (BIl) values were
calculated by using of Hunter L*, a*, and b*
values (Bayram & Bozkurt, 2007).

The color value of manna bar was followed at
100, 110 and 120°C for different cooking time (5,
10, and 15) and mixing time (10, 20, and 30 min).
Their results are given in Table 3. The Hunter L*
value increased significantly (P<0.05) at different
cooking temperature, cooking time and mixing
time, except at 30 min mixing time for 15 min
cooking at 120°C. However, the Hunter a*, b*, YI
and Browning index (BI) values decreased
significantly (P<0.05) during the processes.
Generally, during the mixing, manna bar was
going to be white due to that manna bar took air
during mixing. Color attributes of that type of
confectionary depends on the process conditions
and also added egg white. During the process,
browning reactions, especially caramelization,
leads darker color, however, egg white makes
whitening of manna bar.
(2007)
manufacturing turrén, the L* values decreased

Vazquez et al. reported that in
during heating, implying that samples got darker
due to water evaporation. L* values of turrén
found to be 34.94 for 15 min, and 82.74 for 20
min. The addition of ovalbumin L* increased by
increasing heating time. They found also that a*
and b* values increased by cooking time at same
condition. These results were in agreement with
the results of this study.

Texture Analysis Profile

Texture profile analysis (hardness,
adhesiveness, springiness, cohesiveness, and
chewiness values) of manna bar were followed
during the production at 100, 110 and 120°C for
different cooking times (5, 10, and 15) and mixing
times (10, 20, and 30 min), and their results are

given in Table 4. Through the parameters
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hardness and adhesiveness are more important
than those of other parameters, as; hardness is
important to give a good texture in the final
product. Also, adhesiveness related to the
stickness of manna bar, should not be stick to
teeth during eating. Vazquez-Araujo et al. (2006)
reported that oversaturation of syrup is mainly
occurs in the production of Xixona turron which
was influence the textural attributes. They also
concluded that glass transition temperature is
affected from the small variations in moisture
content and sugar compositions.

The Hardness and adhesiveness values of the
manna bar samples cooked at 100°C, increased
significantly (P<0.05) at the different cooking
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times and mixing times, except from 10 to 20 min
mixing at 10 min cooking which was not
significantly affected (P > 0.05) in hardness.
Hardness and especially adhesiveness values of
the product linked to the moisture content. As
decreasing of moisture content of the manna bar
during the process increased hardness values
and decreased adhesiveness value of the
product. Vazquez-Araujo et al. (2006) found the
similar results. They observed that increase in
the mixing (homogenization) time would give
harder product, because of the stronger
consistency. It was also reported that less mixing

leads softer products.



Table 3. Determination color in manna bar at 100, 110 and 120°C for different cooking time and mixing time

Temperature Cooking time Mixing time

(0]

Q) (min) (min) CIE L* CIE a* CIE b* CIE YI BI
10 67.57 +0.14° 4.89 +0.04° 13.58 +0.06° 39.18 +0.11° 27.34 +0.08°
5 20 70.04 +0.00° 3.76 £0.00° 10.95 +0.04° 29.09 +0.07° 20.60 +0.07°
30 75.79 +0.28¢ 2.96 +0.00¢ 9.89 +0.01°¢ 35.73 +0.09¢ 16.54 +0.09¢
10 65.53 +0.10* 4.88 +0.017 13.27 +0.15* 37.16 +0.01* 27.69 +0.31*
100 10 20 74.18 +0.208 3.85 +0.00° 11.14 +0.05° 28.36 +0.03® 19.76 +0.03°
30 84.42 +0.60°¢ 2.80 +0.05°¢ 8.79 +0.02°¢ 20.32 +0.01°¢ 13.18 +0.02°¢
10 68.47 +0.09% 4.66 +0.01% 12.96 +0.00* 34.83 +0.01% 25.59 +0.00%
15 20 75.14 +0.04" 3.85 +0.00" 11.15 +0.00" 28.11 +0.02" 19.50 +0.01"
30 78.77 +0.297 2.67 +0.037 8.30 £0.027 20.43 +0.077 13.37 +0.01%
10 66.66 +0.21° 4.71 +0.00° 13.02 +0.02° 35.69 +0.09° 26.53 +0.11°
5 20 75.83 +0.00° 3.92 +0.00° 11.72 +0.04° 29.06 +0.09° 20.25 +0.07°
30 81.90 +0.02¢ 2.61 +0.02¢ 8.13 +0.03¢ 19.37 +0.04¢ 12.57 +0.03¢
10 68.88 +0.10* 4.39 +0.00* 12.83 +0.01* 34.06 +0.06* 24.90 +0.05*
110 10 20 77.38 +0.138 3.05 +0.008 9.40 +0.03® 23.23 +0.04°® 15.56 +0.02°
30 79.32 +0.26¢ 2.31 +0.04¢ 7.44 +0.03°¢ 18.20 +0.05°¢ 11.76 +0.04°¢
10 74.44 +0.00% 3.96 +0.02* 12.49 +0.03* 13.01 +0.04* 21.91 +0.02%
15 20 77.66 +0.02Y 2.83 +0.02" 9.32 +0.01" 22.8 +0.01" 15.18 +0.00"
30 83.17 +0.257 2.20 +0.02? 7.76 +0.022 17.99 +0.00% 11.50 +0.01%
10 71.13 +0.04° 2.61 +0.01° 10.44 +0.04° 26.51 +0.08° 18.23 +0.03?
5 20 82.92 +0.00° 2.26 +0.00° 9.57 +0.02° 21.57 +0.05° 13.99 +0.04°
30 84.89 +0.13¢ 2.00 +0.04¢ 8.62 +0.03¢ 19.17 +0.00¢ 12.19 +0.01¢
10 76.00 +0.10* 2.59 +0.04* 11.65 +0.02* 27.51 +0.02* 18.79 +0.03*
120 10 20 75.60 +0.05* 2.25 +0.01° 10.02 +0.02° 24.08 +0.01° 16.10 +0.048
30 78.21 +0.288 1.93 +0.00¢ 8.96 +0.06°¢ 21.05 +0.04°¢ 13.70+0.03¢
10 75.40 +0.14% 2.33 +0.00* 12.84 +0.09* 29.76 +0.21% 20.55 +0.11%
15 20 78.14 +0.25" 1.97 +0.05" 11.45 +0.04" 25.94 +0.03" 17.36 +0.04"
30 76.92 +0.107 1.74 +0.00% 10.72 +0.02? 24.59 +0.047 16.35 +0.03?

Small letters (a,b,c) show significant difference mixing time at a = 0.05 for 5 min of cooking time for each parameter. Capital letters (A,B,C)show significant difference mixing time at a =
0.05 for 10 min of cooking time for each parameter. Capital letters (X,Y,Z) show significant difference mixing time at a = 0.05 for 15 min of cooking time for each parameter. + Standard
deviation obtained from 6 samples.
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The hardness values of the manna bar samples
cooked at 110°C, hardness values of the samples
increased with increasing mixing time at the
different cooking times. Also, at 5 and 10 min
cooking, they were significant (P<0.05), but not
significantly affected (P>0.05) for 15 min cooking.
Speziale et al. (2010b) reported that in the
production of Italian torrone, cooking for a longer
time leads to harder texture than desired. In an
another study, Hojjati et al. (2015b) found that
hardness of Gaz (Iranian type manna bar) changed
between 31.6 Newton (N) to 257 N depending on
the amount of almond and pistachio nuts.
Adhesiveness values at 5 and 10 min cooking of the
samples were not significant (P > 0.05) at different
mixing times. However, adhesiveness values at 15
min cooking time increased between 10 and 20
min mixing, and then it decreased significantly
(P<0.05) at 30 min mixing. Hojjati et al. (2015b)
found that adhesiveness values ranged between -
21.1 N.sec.to-1.9 N.sec., and it was mainly related
with the surface free oil comes from almond and
pistachio.

The manna bar produced at 120°C, hardness
value of the samples increased significantly
(P<0.05) by increasing mixing times for 5, 10 and
15 min cooking times. Adhesiveness values of the
samples at 5 min cooking time decreased
significantly (P<0.05) between 10 and 20 min
mixing time, but it was not significant (P>0.05)
between 20 and 30 min mixing. At 10 min cooking,
adhesiveness values were significantly (P<0.05)
decreased, and then increased during the mixing
time. At 15 min cooking time, adhesiveness values
of the samples decreased not significantly (P>0.05)
between 10 and 20 min mixing time, but at 30 min
mixing time it increased significantly(P<0.05).
Speziale et al. (2010) found similar results that
lower and/or shorter cooking time caused more
adhesive product.

Vazquez-Araujo et al. (2006) and Speziale et al.
(2010a) concluded that process parameters such
as cooking time and temperature and mixing time
are the main factors affecting the textural
attributes of Xixona turron and Italian turrone like
manna bar. Higher temperatures used for cooking
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by reduced time cause softer products of Spanish
Xixona turron. Therefore, during the production of
manna bar cooking time and temperature with
mixing time should be arranged to produce
standard textural attributes.

Springiness value decreased for 100 and 110°C,
however, it increased for 120°C. Cohesiveness and
chewiness values increased by increasing cooking
temperature and time with mixing time.
Chewiness, related with hardness, is increased by
increasing hardness. Generally, these samples
produced at 100°C, did not give a good result due
to the soft samples by producing at low
temperature.

Hojjati et al. (2015a) studied different samples
of Spanish Turrén, Italian Torrone and French
Nougat. The hardness found 55.3, 36.9, 20.3,
104.0, 43.7 and 127 N, and for adhesiveness 3.39,
0.68, 7.72, 8.75, 1.24, and 3.49 N.s. The manual
control over operational conditions (temperature
and time) also leads to different final textures
(Speziale et al., 2010a).

The importance of textural properties in the
current study was effective to make better manna
bar. Softness or hardness is closely related to the
quality of the texture as the manna bar should be
be

temperature and time are the main reason in

enough firms to consumed. Process
developing of textural attributes of manna bar
during production. Therefore, high temperature
and long time had significant effect on the texture.
By increasing temperature and time, it caused the
formation of hard product by losing water. Also,
after adding egg white, textural attributes were

also affected by mixing time.
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Table 4. Changes in texture in manna bar at 100, 110 and 120°C for different cooking time and mixing time

Cooking Cooking time  Mixing time Hardness . Springiness Cohesiveness Chewiness
temperature ) I Adhesiveness (g.sec)
0) (min) (min) (e) (%) (%) (8)
10 131.56 +1.32° -1.05+0.022 0.70 +0.012 0.30+0.012 28.18 £1.26°
5 20 140.44 +1.32° -0.98 £0.01° 0.51+0.00° 0.33+0.00° 24.31£0.38°
30 144,70 £ 0.41° -0.31 +0.00¢ 0.38+0.01¢ 0.28 +0.00? 15.65 +0.68¢
10 156.68 +2.314 -1.02 +0.00* 0.41 +0.08* 0.31 £0.00* 20.59 +4.09*
100 10 20 164.15 +0.82* -0.61 +0.028 0.35+0.00* 0.32+0.01* 18.46 £1.36%
30 243.08 +12.978 -0.45 +0.02¢ 0.39 £0.00* 0.37 £0.018 35.86 +1.028
10 181.39 +1.40% -0.97 £0.01% 0.38 £0.02*% 0.31 +0.00% 22.37 £1.92%
15 20 199.15 +1.81Y -0.60 +0.02Y 0.38£0.01% 0.29 +0.00% 18.42 +0.06*
30 279.88 +0.74% -0.44 +0.022 0.31 £0.04% 0.32 £0.01% 34.75 +5.55Y
10 215.04 +7.51a -0.06 +0.01a 0.45 +0.02a 0.28 +0.02a 27.61 £1.75a
5 20 296.69 +3.91b -0.25 +0.01a 0.32 +0.02b 0.28 +0.00a 27.97 £2.69a
30 317.21 +0.66¢ -0.00 +0.43a 0.32 +0.02b 0.33 +0.01a 34.32 +4.65a
10 262.65 +6.27A 0.01+0.39A 0.35+0.02A 0.30 +0.02A 27.89 £1.55A
110 10 20 310.73 +2.72B -0.30 +0.00A 0.34 +0.00A 0.30 +0.01A 32.66 £2.58A
30 370.73 £7.73C -0.32 +0.01A 0.40 +0.01B 0.42 +0.01B 65.12 +6.51B
10 301.32 +0.33X -0.08 £+0.01X 0.32 +0.02X 0.31+0.01X 31.35 +0.79X
15 20 413.61 +73.36X -0.02 +0.00Y 0.35 +0.01X 0.35 +0.00Y 51.88 £11.96X
30 433.12 +0.82X -0.20 +0.00Z 0.42 +0.00Y 0.43 +0.00Z 79.71 £1.48Y
10 383.21+4.32a -0.11 +0.00a 0.39 +0.00a 0.40 +0.00a 61.10 +0.36a
5 20 424.94 +0.99b -0.26 +0.00b 0.44 £0.02ab 0.44 +0.00b 84.47 £5.79b
30 609.55 +5.94¢ -0.28 +0.00b 0.44 +0.01b 0.48 £0.00c 145.96 +7.54c
10 459.64 £8.26A -0.17 £+0.03A 0.36 +0.03A 0.39 +0.00A 66.16 £6.65A
120 10 20 488.97 £3.30B -0.81 £0.02B 0.41 +0.03AB 0.41 +0.01AB 85.34 +£10.23A
30 558.55 +57.08C -0.63 £0.01C 0.45 +0.00B 0.46 +0.03B 118.49 £2.82B
10 656.16 +43.29X -0.42 £0.05X 0.39 +0.06X 0.45 +0.01X 118.02 £23.73X
15 20 821.90 +5.70Y -0.47 £0.00X 0.46 +0.00X 0.46 +0.00X 174.37 £3.96 Y
30 852.57 +4.62Y -0.05 £0.04Y 0.50 +0.00X 0.50 +0.00Y 215.78 £5.97Y

Small letters (a,b,c) show significant difference mixing time at a = 0.05 for 5 min of cooking time for each parameter. Capital
letters (A,B,C)show significant difference mixing time at a = 0.05 for 10 min of cooking time for each parameter. Capital letters
(X,Y,2) show significant difference mixing time at a = 0.05 for 15 min of cooking time for each parameter. + Standard deviation

obtained from 6 samples

Optimization of Manna Production

Process optimization of manna bar was done by
using Response Surface Analysis. Optimization of
the manna bar processing was done as
considering; minimize L*, a*, Bl, adhesiveness, and
springiness. Moreover, for optimization hardness
and chewiness values were taken as 562 g and 129
g, respectively. The desirability value used for
optimization of the manna bar processing was
obtained by the use of Design Expert program. It’s
results showed that cooking at 120°C for 10.10 min
and mixing of 21.26 min was the best condition for
manna bar processing as desirability = 0.682
(Figure 2).

Process optimization reported in the literature
for different food processing by Response Surface

Methodology (Medina et al., 2021) or Artificial

Neural Network (Sadhu et al. 2020). Medina et al.
(2021) used RSM for rice cooking and they found
that desirability was greater than 0.6. Marra et al.
(2023) used D-optimal design, to plan the cocoa
hazelnut spread formulations. They found that
optimized formulation was identified in a spread
characterized by a total replacement of palm oil
with an oleogel made of 95% olive oil and 5% GMS.

Results indicated that manna bar production
should be done at those optimum conditions to get
high quality. Process optimization is an important
issue to prevent over burning (causing a lot of
health adverse effect compound formation from
Maillard reaction and quality losses), to prevent
very soft texture and to prevent sticky product
formation.
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Figure 2. Optimization of manna bar processing

Conclusion

This study presents production of manna and
investigating its properties by many of analysis. In
this study, moisture content, pH value, color and
textural properties were followed during mixing
time (10, 20 and 30 min) at different cooking time
(5, 10 and 15 min) and different cooking
temperature at 100, 110 and 120°C. By increasing
cooking temperature, cooking time and mixing
time decreased moisture content but increased
hardness and chewiness. Increasing mixing time
increased pH and lightness values, but decreased
redness, yellowness, CIE YI, and Bl values. The best
condition obtained from optimization for
producing of manna bar was found as cooking at
120°C for 10.10 min and mixing 21.26 min.
Therefore, that product was not so soft and hard,
also it was suitable for eating with an acceptable

color.
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ABSTRACT

The wild Foxtail lily (Eremurus spectabilis) is a valuable vegetable consumed in different
forms as food and employed as a remedy for preventive and curative purposes. In the
present study, the physicochemical and antioxidant properties and the volatile compounds
of the leaves and stem parts of wild Foxtail lily were determined. The moisture content, ash,
pH, crude fibre, crude protein and crude fat were determined as 93.90% and 90.90%; 0.48%
and 0.70%; 5.01 and 5.01; 0.62% and 1.06%; 1.4% and 2.27%; and 0.60% and 0.60% in stem
and leaf, respectively. L*, a* and b* values were found to be 67.77 and 46.70; -8.99 and -
12.85; and 22.54 and 17.48 in stem and leaf, respectively. The total phenolic content, FRAP
and DPPH were found in stem and leaf as 897.75 and 1781.83 mg GAE kg*; 5.26 and 12.29
mmol ISE g%; and 40.81 and 89.55 mmol TE g, respectively. 11 volatile compounds were
detected in Foxtail lily stem and leaf, including 3 aldehydes, 3 alcohols, 1 ester, 1 furan, 1
sulfur compound, 1 nitrogen compound and 1 aliphatic hydrocarbon. Acetaldehyde,
dimethyl sulfide, methyl isocyanide and ethyl alcohol were the most important volatile
compounds detected in the headspace of Foxtail lily. The leaf part presented the highest
physico-chemical and antioxidant properties, while the headspace of stem provided the
highest volatile compounds.

Key Words: Foxtail lily, antioxidant activity, volatile compounds, HS-SPME/GC-MS
0z

Yabani ¢iris otu (Eremurus spectabilis) farkli sekillerde gida olarak tiiketilen, koruyucu ve
tedavi edici amaglarla ilag olarak kullanilan degerli bir sebzedir. Bu galismada, ¢iris otunun
yaprak ve sap kisimlarinin fiziko-kimyasal ve antioksidan 6zelliklerinin yani sira ugucu
bilesikleri de belirlenmistir. Govde ve yaprakta nem, kiil, pH, ham lif, ham protein ve ham
yag icerigi sirasiyla %93.90 ve %90.90; %0.48 ve %0.70; 5.01 ve 5.01; %0.62 ve %1.06; %1.4
ve %2.27; ve %0.60 ve %0.60 olarak belirlenmistir. L*, a* ve b* degerleri ise gévde ve
yaprakta sirasiyla 67.77 ve 46.70; -8.99 ve -12.85; 22.54 ve 17.48 olarak bulunmustur.
Toplam fenolik madde, FRAP ve DPPH degerleri govde ve yaprakta sirasiyla 897.75 ve
1781.83 mg GAE kg?; 5.26 ve 12.29 mmol ISE g?; 40.81 ve 89.55 mmol TE g? olarak
bulunmustur. Ciris otunun gévde ve yapraginda 3 aldehit, 3 alkol, 1 ester, 1 furan, 1 kiiktrtla
bilesik, 1 azotlu bilesik ve 1 alifatik hidrokarbon olmak tizere 11 ugucu bilesik tespit edilmistir.
Asetaldehit, dimetil silfiir, metil izosiyanir ve etil alkol giris otunda tespit edilen en 6nemli
ugucu bilesiklerdir. Yaprak kisminin antioksidanlarca, govde kisminin ugucu bilesikler
acisindan daha zengin oldugu saptanmistir.

Anahtar Kelimeler: Ciris, antioksidan aktivite, ucucu bilesikler, HS-SPME/GC-MS
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Introduction

Plants which are edible or not edible contain
different bioactive compounds (Karakaya et al.,
2017). Foxtail lily (Ciris) Eremurus spectabilis Syn.
Asphodelus aestivus or Asphodelus microcarpus is
in the Liliaceae family. It grows in South Asia and
West Pakistan,
Afghanistan, Iraq, Turkey, Palestine, Lebanon,

Central Asia, including Iran,
Syria and the Caucasus. (Pourfarzad et al., 2014). It
is a perennial herb that is about 1 meter tall with
linearly large leaves (length 20-60 cm and width
4.5 cm) and long root (10-20 cm). E. spectabilis is
widely distributed throughout the provinces of
Turkey, such as Erzurum, Sivas, Yozgat, Bitlis, Usak,
Kars, Agri, Erzincan, Van, Artvin and Ardahan (Aysu
and Demirbas, 2014). E. spectabilis is locally called
as “Ciris, Cires, Dag pirasasi, Glllk, Kiris, Sari ciris,
Sari zambak, Yabani pirasa” in Turkey (Tosun et al.,
2012).

People living in Eastern Anatolia mostly get
inadequate vyields from agricultural products due
to unfavorable climatic conditions and high
altitudes. People in this area often use wild plants
as a supplement to their general diet (Tosun et al.,
2012). E. spectabilis is collected from nature and
the young shoots and fresh leaves are cooked and
consumed as vegetables. The root, blooming stem
and seeds are used in various diets. It can be
combined with purslane and spinach to give a
prized taste. It is cooked similarly to cooking
spinach by adding bulgur or sauteed with eggs, and
eaten. It is also used as an ingredient for cheese
making. E. spectabilis is traditionally used in folk

medicine as antidysuria and antihypertensive as

well as to treat some ailments including
hemorrhoids, and diabetes, and skin problems like
eczema, fungal infections (Li et al.,, 2000;

Mamedov et al., 2008; Tosun et al., 2012; Cinar et
al., 2017; Basiri et al., 2022). Also, some Eremurus
species have commercial value as ornamental
plants (Hadizadeh et al., 2020).

The root, leaf and stem are rich in nutrients and
bioactive compounds including protein, vitamin C,
K, Ca, Mg, Cu, Zn,
linolenate, chrysophanol, B-sitosterol, isoorientin,

B-carotene, Fe, methyl
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inosine and sucrose (Tosun et al., 2012; Cinar et al.,
2017; Karakaya et al., 2017). Foxtail lily has been
reported to contain prebiotics such as fructans and
glycosides  which
tremendous nutritional and pharmaceutical
applications (Li et al., 2000; Pourfarzad et al., 2014;
Pourfarzad and Najafi, 2015; Beigi and Jahanbin,
2019;). It has shown antioxidant, antimicrobial and

bianthraquinone exert

gastroprotective properties (Karaman et al., 2011;
Tosun et al., 2012; Kanaani and Sani, 2015;
Karaoglan et al., 2018). Moreover, previous studies
have revealed the effectiveness of Foxtail lily in
prevention and treatment of cancer (Tuzcu et al.,
2017). In addition, carvone, carvacrol, 2-methyl-
pentane, (E)-caryophyllene, valencene and cis-
calamenene were detected as major volatile
compounds in Foxtail lily (Karaman et al., 2011),

while  4-methyl-3-penten-2-one, 4-hydroxy-4-
methyl-2-pentanone, trimethyl benzene, 2,6-
dimethyl-2,5-heptadien-4-one, 3-Acetyl-2,5-

dimethyl furan and 3-(3-methyl-2-butenyl)-1H-
indole were detected as major volatile compounds
in Foxtail lily bio-oils (Aysu and Demirbas, 2014).

Thanks to health benefits and nutritional
properties, E. spectabilis is a valuble edible
vegetable. Hence, the main purpose of the present
study was to investigate the volatile composition,
nutritive value, antioxidant activity of E. spectabilis
which is naturally grown.

Material and Methods

Plant material

Fresh Foxtail lily samples were purchased from
eight different local markets in Erzurum province.
After the plants were washed and the inedible
parts were removed, each

samples were

seperated into stem and leaves.

Chemical and reagents

Distilled water was obtained by means of ultra
Trolox (6-
hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic
acid), diethyl TPTZ (2,4,6-tripyridyl-s-
triazine), DPPH (2,2-diphenyl-1-picrylhydrazyl),
sulfuric acid, Folin-Ciocalteau phenol reagent,

pure water system (Millipore-Q).

ether,
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methanol, sodium hydroxide and gallic acid were
acquired from Sigma-Aldrich. Glacial acetic acid,
hydrochloric acid, sodium acetate, potassium
chloride and sodium carbonate were purchased
from Carlo-Erba and ferric chloride from Merck.

Extraction

The stem and leaves were extracted separately.
The crushed samples were extracted in 80% (v/v)
methanol, standing in refrigerator overnight. Prior
to the analysis, the mixture was cooled to room
temperature and filtered.

Color analysis

The color measurement was performed by a
colorimeter (CR 400 chromometer, Konika Minolta
Sensing, Inc., Osaka, Japan) according to the
Hunter color system, L* (Brightness: 100, white; O,
black), a* (+, red; -, green) and b* (+, yellow; -,
blue). White ceramic (No: 19633162) was used for
the calibration of the colorimeter.

Dry matter determination

Dry matter analysis was carried out by drying up
to constant weight in the oven at 105 °C (AOAC,
2000).

Total ash determination

The total ash analysis was carried out by
burning at 550 °C in the ash oven until white ash
was obtained (AOAC, 2000).

Determination of pH

The samples were diluted with distilled water
and kept overnight in refrigerator. Prior to the
analysis, the samples were taken out from the
refrigerator to reach room temperature. The pH
was measured using a digital pH meter (Eutech
Cyberscan, Singapore) with +0.01 sensitive at 20
°C.

Crude protein analysis
Protein analysis was carried out according to

the Kjeldahl method (AOAC, 2000).

Crude fat analysis
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Crude fat was extracted with diethyl ether in a
Soxhlet device for 8 hours (AOAC, 2000).

Crude fibre determination

The crude fibre was determined using Weende
method (Carrier et al., 2010). Briefly, the crude
fibre was determined after an acidic hydrolysis
with a 1.25% (w/v) H,SOa4 solution for 30 min under
reflux, followed by an alkaline hydrolysis with a
1.25% (w/v) NaOH solution for 30 min under
reflux. The residue is filtered and washed with
alcohol. It is then calcinated at 550 °C after being
dried at 105 °C.

Total phenolic content (TPC)

The total phenolic content was determined
the method
(Singleton and Rossi, 1965). Briefly, the samples

according to Folin-Ciocalteau
were extracted with 80% (v/v) methanol and
filtered. A volume of 750 ul of 10% (v/v) Folin-
Ciocalteu solution was added in 150 pl diluted
sample and left to react for 5 minutes before
adding 600 pl of 7.5% (w/v) sodium carbonate
solution. The mixture was shaken again and placed
in the dark for 2h before reading absorbance at
760 nm against blank by using a UV-VIS
spectrophotometer (Helios Gamma). The standard
curve drawn using gallic acid and the total phenolic

content was expressed as mg GAE kg™.

FRAP assay

A volume of the diluted methanolic extract was
mixed at 10:1:1 ratio with FRAP
constituted of 300 mM acetate buffer (dissolved in
40 mM HCI): 20 mM FeClz: 10 mM TPTZ (2,4,6-
tripyridyl-s-triazine). The assembly was shaken for

solution

about 5 minutes and the absorbance was read at
593 nm against a blank. FRAP values were
expressed as UM of ferrous equivalent Fe (Il) per g
of dry sample (Tural and Koca, 2008).

DPPH assay

The DPPH (2,2-diphenyl-1-picrilhydrazyl) radical
scavenging effect of the samples was determined
following the previous method (Tural and Koca,
2008). 50 pL sample was mixed with 1 mL 100 uM
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DPPH solution. The mixture was shaken and left to
stand in dark for 3 h until the reaction completed.
Thereafter, the absorbance was recorded at 517
nm against a control. The reduction ratio of DPPH
was determined with the following equation:

Reduction (%) = (%) x 100 (Eq.1)
Where, Ac=Absorbance of control and

As=Absorbance of extract. DPPH radical scavenging
values were calculated using a calibration curve in
mmol Trolox equivalents per g (mmol TE g).

Extraction and determination of volatiles

The volatile compounds of Foxtail lily were
analyzed for the stem and leaf parts using
Headspace/Gas Chromatography/Mass
Spectrometry (HS-SPME/GC-MS) according to the
previous methods (Alasalvar et al., 2012; Shoko et
al., 2014; Koca et al. , 2016) with slight changes.

microextraction/Gas
(HS-

Headspace-Solid  phase
Chromatography-Mass
SPME/GC-MS)

1 g of samples was transferred into 22 mL
(Perkin USA). The

headspace vials were immediately sealed air-tight

Spectrometry

headspace vials Elmer,
with a silicone/polytetra-fluoroethylene (PTFE)
septum (Perkin Elmer, USA) and aluminum cover
(Perkin Elmer, USA). The sample was then heated
at 80 °C for 60 min and then put into headspace
autosampler. The transfer line was a fused silica
1m x 320 um. The vial pressure was set at 10 psi
and column pressure at 25 psi. The needle
temperature was set at 90 °C and transfer line
temperatures at 100 °C. The trap hold time was 6
min, and the outlet split was on. Desorbed
compounds were automatically injected into a GC
column (Optima-Wax, 60 m length, 0.25 mm inner
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diameter, 0.25 pum film thickness). The oven
temperature was 70 °C. The flow rate of the helium
carrier gas was 1 mL min?. The injection was
performed in the splitless mode (200 °C injection
port temperature). The GC column temperature
was programmed from initial holding at 35 °C for 5
min, from 35 °C to 160°C at a rate of 3 °C min* and
then 15 min at 160 °C. The MS conditions were 200
°C for ion source temperature, 70 eV for ionization
energy, 33-300 amu for mass scan range, 350 V
electron multiplier voltage, 0.25 s for scan time,
0.05 for standby time, and electron ionization (El)
as ion mode. The analyses were performed in
triplicate.

Identification of volatile compounds

The aroma compounds were determined by
comparison of their retention index and their mass
spectra with those of a commercial spectra
database (Wiley 6, NBS 75k) and the instrument’s
internal library. 10 pL methyl alcohol:water (1:1)
standard. The
standard peaks were compared to those of

mixture was used as internal
samples based on their retention time and their
mass spectra. The unknown chromatograms were
identified by using Mass Spectral Libraries
according to the retention index calculated thanks

to n-alkane series (Cs-Czo0).

Statistical analysis

The data were statistically evaluated by one
way ANOVA and t test (ver. 21.0, SPSS) at a 0.05
level of significance.

Results and Discussion

Physico-chemical characteristics

The physico-chemical properties of stem and
leaf parts of Foxtail lily (Ciris) were assigned in
Table1.
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Table 1. Physico-chemical and antioxidant characteristics of Foxtail lily

Characteristics Stem Leaf

L* 67.77£3.13 a 46.704+2.20 b
a* -8.991£0.60 a -12.85+1.02 b
b* 22.54+2.53 a 17.48+2.43 b
Moisture content, % 93.90+1.05 a 90.90+1.34 b
pH 5.01+0.14 5.0110.11
Ash, % 0.48+0.06 b 0.70+0.12 a
Crude fibre, % 0.62+0.11 b 1.06+0.14 a
Crude protein, % 1.45+0.29 b 2.27+0.47 a
Crude fat, % 0.60+0.11 0.60+0.12
Total phenolic content, mg GAE kg 897.75£105.90 b 1781.86+652.45 a
FRAP, umol ISE g 5.26x1.64 b 12.29+4.86 a
DPPH, mmol TE g* 40.81+12.20 b 89.55+10.71 a

*Means and standard deviations; Different letters in the same line show the significant differences between the values(p<0.05).

The Foxtail lily stem and leaf had moisture
content mean values of 93.90% and 90.90%. In
some previous literatures, the moisture content
range was reported as 86.62-92.00% (Tosun et al.,
2012; Cinar et al.,, 2017). The highest moisture
content was determined in the stem and the
lowest in the leaf part. The pH was found to be
5.01 in both stem and leaf. This finding was found
in agreement with the results Tosun et al. (2012)
who have reported pH ranged from 4.78 to 5.14 in
the aerial part of eight different Foxtail lily plants.
The ash values were detected as 0.48% in the stem
and 0.70% in the leaf part. The value detected in
the leaf part was found to be accordance with the
results of the previous studies (0.61-1.11%) (Tosun
et al., 2012; Cinar et al., 2017), however, a lower
total ash value was found in the stem. Likewise,
the ash values detected in the stem and leaf parts
in the present study were found lower than the
values identified previously in Foxtail lily root
powder (6.09%) (Pourfarzad and Najafi, 2015). The
color characteristics of the stem were mixture
=-8.99)

color

color of lightness (L*=67.77), greenness (a*
(b*=22.54).
properties of the leaf parts were mixture color of
lightness (L*=46.70), greenness (a*=-12.85) and
yellowness (b*=17.48). However, the leaf part of

and yellowness Likewise,

Foxtail lily was found less bright, greener and less
yellow when compared to the stem. When
comparing these color values to the literature,
although the dried Foxtail lily high level fructan
which had brightness character (L=37.41-71.20), it
had higher a* value (a=0.68-4.06 (redness)) and
lower b* value (b=7.13-11.13 (greenness)). When
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compared to the literature, due to its high fructan
level, the brightness character L* of dried Foxtail
lily varies between 37.41-71.20 it had a high a*
value (a=0.68-4.06 (redness)) and low b* value
(b=7.13-11.13 (greenness)) (Pourfarzad et al.,
2015).

The average crude fibre was determined as
0.62% and 1.06% in Foxtail lily stem and leaf,
respectively. These findings were found lower
when compared to the previous study which has
revealed 2.75% crude fibre in Foxtail lily leaf. These
variations could be attributed to the cultural
conditions, genetic and experimentation aspects.
For the studied Foxtail lily in this work, the highest
crude fibre was identified in the leaf part and lower
in the stem (Table 1). The average crude fat was
determined as 0.60% in both the stem and leaf
parts. Similar crude fat of 0.46% has been reported
previously in Foxtail lily leaf, however, higher
crude fat of 7.23% has been detected in Foxtail lily
root powder (Pourfarzad et al., 2015). The crude
protein was 1.45% for the stem and 2.27% for the
leaf. These results were found higher than the
value reported by Cinar et al. (2017), however, the
crude protein found in the stem was in accordance
with that identified previously young Foxtail lily
leaf (Tosun et al., 2012).

Antioxidant characteristics

The antioxidant properties encompassing total
phenolic content, DPPH radical scavenging and
FRAP values of Foxtail lily stem and leaf were given
in Table 1. The average of total phenolic content
was 897.75 GAE mg kgt in the stem and 1781.86
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mg GAE kg in the leaf. These findings were found
lower than the values of total phenolic content
reported in the previously in Foxtail lily (Karaman
et al.,, 2011; Tosun et al., 2012; Falahi et al., 2019).
However, Karadeniz et al. (2015) reported that the
total phenolic content was lower than our results.
Likewise, the total phenolic content of Foxtail lily
leaf and root extracted with acetone has been
found in accordance with our results, while the
ethanolic and aqueous extracts have displayed
lower values (Tuzcu et al., 2017). The total phenolic
content detected in the stem was found lower
when compared to value figured out in the leaf.
The mean FRAP values were 5.26 and 12.29 mmol
ISE gt in Foxtail lily stem and leaf, respectively. As
can be seen, the highest FRAP values were
detected in the leaf, while the lowest in the stem.

Table 2. Headspace volatile compounds (%) of Foxtail lily.

The values of DPPH free radical scavenging were
40.81 and 89.55 mmol TE g* in the stem and leaf,
respectively. These values were found higher than
the values reported by Tosun et al. (2012), while
lower than other previous studies (Falahi et al.,
2019). The variations observed amongst the
antioxidant properties of Foxtail lily could be
associated with the genetic, cultivation conditions,
analysis methods and the part analyzed. It was
remarked that the total phenolic content, FRAP
and DPPH values were higher in the leaf.

Volatile compounds

The headspace volatile compounds of Foxtail
lily (stem and leaf parts) samples were presented
as a percent with the linear retention index (LRI)
values in Table 2.

No LRI RT Volatile compounds Stem Leaf
Aldehydes

1 814 4.853 Acetaldehyde 22.95+8.66 13.64+12.57

2 1009 7.724 3-Methyl butanal 1.71+1.54 2.78+1.62

3 1158 13.571 Hexanal 0.15+0.14 0.12+0.09
Total 24.81 16.54
Alcohols

4 1045 9.072 Ethyl alcohol 4.71+2.55 3.63+1.27

5 1333 20.551 2-Methyl-1-butanol 0.3240.48 0.6110.60

6 1819 40.444 3-Furfuryl alcohol 0.1440.11 0.11+0.12
Total 5.17 4.35
Ester

7 933 6.061 Methyl acetate 1.25+0.80 2.28+1.27
Total 1.25 2.28
Furan

8 988 7.135 2-Methyl furan 0.12+0.07 0.3410.37
Total 0.12 0.34
Sulfur compound

9 868 5.204 Dimethyl sulfide 8.50%2.76 5.44+2.96
Total 8.50 5.44
Aliphatic hydrocarbon

10 748 4.462 Hexane 2.10£0.76 2.53+0.69
Total 2.10 2.53
Volatile nitrogen

11 1084 10.525 Methyl isocyanide 5.61+2.26 5.66+2.63
Total 5.61 5.66
General total 47.56 34.61

LRI: linear retention index calculated on DB-WAX capillary column Concentration: Means of three repetitions (%).

Eleven most abundant volatile compounds
were detected in Foxtail lily stem and leaf,
including three aldehydes, three alcohols, one
ester, one furan, one sulfur compound, one
nitrogen  compound and

one aliphatic

hydrocarbon. In contrast, terpenes have been
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reported as the most dominant aromatic class in
Foxtail lily, followed mainly by aldehydes, ketones,
alcohols and esters (Karaman et al., 2011; Falahi et
al., 2019). These differences might probably be
the
extraction and analysis techniques since volatile

associated with cultivation conditions,
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compounds have been reported to be very
sensitive to the operating conditions (Roux et al.,
2008; Koca et al. , 2016; Amanpour et al., 2019;
Zannou et al., 2020). It has been mentioned before
that 11 volatile compounds were detected
representing about 47.56% and 34.61% of the total
volatiles in the Foxtail lily stem and leaf,
respectively. Despite differences determined in
the amounts of volatile compounds of Foxtail lily
stem and leaf, the pattern of these compounds
was found to be quite similar (p>0.05) (Table 2).
Acetaldehyde was the most abundant volatile
compound discovered in the studied Foxtail lily
samples, followed by dimethyl sulfide, methyl

isocyanide and ethyl alcohol, respectively.

Aldehyde compounds.

Aldehydes were the most important volatile
group of the studied Foxtail lily, representing
24.81% and 16.54% in stem and leaf, respectively.
It
widespread in plants and derived products as one

is worth mentioning that aldehydes are

of the major volatile groups which affect their
overall aroma profile (Modise et al., 2004;
Alasalvar et al., 2012; Amanpour et al., 2019).
Three aldehyde compounds have been detected in
Foxtail lily samples, including acetaldehyde as a
major compound followed by 3-methyl-butanal
The
lily and were mostly

and hexanal,
identified for
concentrated in the stem than leaf (Table 2). The

respectively. aldehydes

Foxtail

volatile compounds might be short carbon chain
aldehydes, alcohols, and esters produced in higher
plants during the lipoxygenase (LOX) pathway.
They gives characteristic flavor of vegetables, fruits
and green leaves (Vincenti et al., 2019). The
aldehydes have 6-9 carbons and are formed from
fatty acids by lipoxygenase and hydroperoxide
lyase enzymes (Choi et.al., 2017). The C6 and C9
aldehydes, alcohols and their esters give the
typical odor of damaged leave and have a
characteristic green and fruity smell. They are
which
responsible for fresh green aroma in vegetables
and fruits (Vincenti et al., 2019). Fidler (1967)
reported that the formation of acetaldehyde

known as green-leaf volatiles are
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occurs naturally in plant tissues or through the
metabolism of carbohydrate and acid, during
fermentation under microbiological action on
sugar and amino acids (Liu and Pilone, 2000), and
through enzymatic reactions (Tajima et al., 1982).
Some researchers explain the acetaldehyde is one
of the key odorants in wine (Liu and Pilone, 2000)
and cheese (Engels et al., 1997). Acetaldehyde and
hexanal have been identified in strawberry
(Modise et al., 2004), while 3-methylbutanal and
hexanal have mentioned in black tea among major
aroma compounds (Alasalvar et al., 2012). While
acetaldehyde gives the green apple aroma, 3-
methylbutanal and hexanal volatiles give the
green, nutty and green grass aroma (Zhogoleva et
al., 2023). The aldehydes can transform into the
corresponding alcohols or esters (Engelberth and
Engelberth, 2020).

Alcohol compounds.
the second most

significant aromatic compounds discovered in the

Alcohols represented
present study. Alcohols are sub-products occurring
during enzymatic (especially under lipoxygenase)
and degradation of fatty acids (Chen et al., 1998).
The highest amount of alcohol was dedected in the
stem (5.17%), while the lowest in the leaf (4.35%)
(Table 2). Three alcohols were identified in Foxtail
lily, with ethyl alcohol as a major compound,
followed by 2-methyl-1-butanol and 3-furfuryl
alcohol, respectively. These compounds were
reported for the first time in Foxtail lily. However,
1-
octanol, hexenol and 3,4-dimethylcyclohexanol)

other aliphatic alcohols (2-ethyl-hexanol,
have been previously reported in Foxtail lily
(Karaman et al., 2011; Falahi et al., 2019). Ethyl
alcohol has been mentioned among the main
aroma contributors of broccoli (Jacobsson et al.,
2004) and black tea (Alasalvar et al., 2012),
whereas furfuryl alcohol has been reported in
2020).

been

roselle infusions (Zannou et al.,

Quantitatively, 3-methyl-lI-butanol has
reported to be one of the major parts of the
volatiles in apples (Aaby et al., 2002) and Cape

Gooseberry (Yilmaztekin, 2013).
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Sulfur and nitrogen compounds.
the
important volatile compound detected Foxtail lily

Dimethyl sulfide was second most
samples. Volatile sulfur compounds have been
widely reported in Cruciferous vegetables as
responsible for objectionable sulfurous aromas
and overcooked off-flavors (Chin and Lindsay,
1993). However, some sulfur-containing volatile
compounds, such as hydrogen sulfide, which
imparts a rotten egg-like aroma, impair the
sensory quality of foods, while some sulfur
compounds, such as 3-mercaptohexanol, which
imparts fruitiness, have a positive effect on the
taste and aroma of some fermented products such
as wine (Swiegers and Pretorius, 2007). In this
study, dimethyl sulfide was identified for Foxtail
lily, and was determined as 8.50% in the stem and
5.44% in the leaf. Previously, dimethyl sulfide has
been reported in cabbage (Chin and Lindsay,
1993), garlic (Koca et al., 2016), longleaf and ben
fry (Falahi et al., 2019). Methyl isocyanide was the
third most important volatile compound detected
in Foxtail lily. It is a major volatile transformation
product of the fumigant metam sodium which may
have a risk on human health and environmental
receptors (Geddes et al.,, 1995). In a study,
dimethylsulfide and methyl isothiocyanate and
methyl isocyanide volatiles identified in marine
sponge extract were found to be responsible for
antimicrobial activity and nauseating and toxic
odor (Duque et al., 2001). In the present study,
methyl isocyanide was determined as 5.66% and
5.61% in the foxtail lily leaf and stem, respectively.
The studies have shown that methyl isocyanide is
among the main volatile compounds of marine
sponge (Duque et al., 2001; Pawlik et al., 2002) and
kérmen (Koca et al., 2016). It has been previously
reported among major volatile compounds of the
marine sponge (Duque et al., 2001; Pawlik et al.,
2002) and kérmen (Koca et al., 2016).

Other compounds.

Methyl acetate, 2-methyl furan and hexane
were also detected among Foxtail lily headspace
volatile constituents. In a previous study, methyl
acetate in watermelon (Pino et al., 2003) and 2-
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methyl furanin malt (Dong et al., 2013) were found
among the main volatile compounds.

Conclusion
In this study, some physical and chemical

properties
determination of volatile compounds in stem and

characteristics, antioxidant and
leaf parts of wild-grown Foxtail lily (Eremurus
spectabilis) were evaluated. The results revealed
significant differences in physical, chemical and
antioxidant properties of stem and leaf. The
highest total phenol content, FRAP and DPPH
values were determined in the leaf part. 11 volatile
compounds were detected in Foxtail lily stem and
leaf, including 3 aldehydes, 3 alcohols, 1 ester, 1
furan, 1 sulfur compound, 1 nitrogen compound
Acetaldehyde,

dimethyl sulfide, methyl isocyanide and ethyl

and 1 aliphatic hydrocarbon.

alcohol were the most important volatile
compounds detected in the headspace of Foxtail
lily. The aromatic and bioactive compounds in its
structure might vary depending on the geography
where it grows. Foxtail lily, a wild herb and, in
addition to being edible, it can be seen as a
due to its bioactive

nutritious vegetable

components. The fact that the plant is not yet
produced agriculturally causes it to be collected
unconsciously from nature and limits its use only

to local cuisines.
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6z

Hayvansal liretim faaliyetleri esnasinda olusan atiklarin, ¢evre kirliligine neden olmasi ve
kiiresel 1sinmanin bir nedeni olarak gosterilen sera gazi emisyon oranini arttirmasi basta
Spirulina platensis olmak (izere protein agisindan zengin mikroalg kaynaklarini glindeme
getirmistir. Daha az enerji kullanilarak, uygun maaliyetle siirdirilebilir yetistirme
imkanlarina sahip olan S. platensis yliksek protein igeriginin yani sira gevre dostu kimligiyle
dikkatleri Uzerine g¢ekmistir. Mevcut calismada icerdigi probiyotik mikroorganizmalar
neticesinde fonksiyonel gida olarak nitelendirilen kefire farkli oranlarda (%0.5, %1 ve %1.5)
S. platensis ilave edilmis ve orneklerde norotransmiter madde olarak nitelendirilen y-
aminobutirik asit (GABA) igeriginin yani sira norolojik hastaliklarin ve dokularda biriken
oksidatif stresin 6nlenmesinde énemli bir rol oynayan karnosin ve anserin dipeptilerinin
icerigi belirlenmistir. Ayrica kefir 6rneklerinde indirgen seker ve Maillard reaksiyon Grini
olan 5-hidroksimetilfurfural (HMF) olusumu incelenerek S. platensis ilavesinin etkisi ortaya
konmustur. Bu baglamda, kefir 6rneklerine S. platensis ilavesinin istatistiksel olarak GABA,
karnosin ve HMF degerleri lizerinde ¢ok dnemli (p<0.01) ve indirgen seker lizerinde 6nemli
(p<0.05) etkiye sahip oldugu, anserin lizerinde ise 6nemli bir etkisinin olmadigi (p>0.05)
belirlenmistir. Kontrol grubu kefir 6rneklerinde GABA iceriginin 544.52 nmol mL? oldugu
belirlenirken, S. platensis ilavesiyle artarak 1310.62-2055.12 nmol mL? arasinda degistigi
saptanmistir. Benzer sekilde karnosin ve anserin iceriklerinin de S. platensis ilavesiyle
artarak, sirasiyla 10.51-16.01 nmol mL? ve 12.41-17.38 nmol mL? arasinda degistigi
belirlenmistir. Kefir orneklerinde saptanan HMF icerigi S. platensis ilavesiyle artmis
olmasina ragmen, tiiketilebilir limitler icerisinde yer aldigi ortaya konmustur. Sonug olarak,
S. platensis ilaveli kefir 6rneklerinin GABA, karnosin ve anserin kaynagi ve fonksiyonel bir
Urlin olarak tiiketimi tavsiye edilmektedir.

Anahtar Kelimeler: Spirulina platensis, kefir, y-aminobdtirik asit (GABA), karnosin,
anserin, 5-hidroksimetilfurfural (HMF)

ABSTRACT

The fact that the wastes generated during animal production activities cause
environmental pollution and increase the rate of greenhouse gas emissions, which is shown
as a cause of global warming, has brought protein-rich microalgae resources, especially
Spirulina platensis, to the agenda. S. platensis, which has sustainable cultivation
opportunities with less energy and affordable cost, has attracted attention with its high
protein content as well as its environmentally friendly identity. In the present study, S.
platensis was added at different ratios (0.5%, 1% and 1.5%) to kefir, which is characterized
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as a functional food due to the probiotic microorganisms it contains, and the content of y-aminobutyric acid (GABA), which is
characterized as a neurotransmitter substance, as well as carnosine and anserine dipeptides, which play an important role in
the prevention of neurological diseases and oxidative stress accumulated in tissues, were determined in the samples. In
addition, the effect of S. platensis addition was revealed by analyzing the formation of reducing sugar and Maillard reaction
product 5-hydroxymethylfurfural (HMF) in kefir samples. In this context, it was determined that the addition of S. platensis to
kefir samples statistically had a very significant effect on GABA, carnosine and HMF values (p<0.01) and a significant effect on
reducing sugar (p<0.05), while it had no significant effect on anserine (p>0.05). While the GABA content was 544.52 nmol mL™?
in the control group kefir samples, it increased with the addition of S. platensis and ranged between 1310.62-2055.12 nmol mL-
1, Similarly, carnosine and anserine contents increased with the addition of S. platensis and ranged between 10.51-16.01 nmol
mL?and 12.41-17.38 nmol mL?, respectively. Although HMF content in kefir samples increased with the addition of S. platensis,
it was found to be within the consumable limits. In conclusion, kefir samples with S. platensis addition are recommended to be

consumed as a source of GABA, carnosine and anserine and as a functional product.

Key Words: Spirulina platensis, kefir, y-aminobutyric acid (GABA), carnosine, anserine, 5-hydroxymethylfurfural (HMF)

Giris

Kokeni Kuzey Kafkasya’ya dayanan kefir, starter
kaltdr

fermantasyona ugratilmasi sonucu elde edilen ve

veya dane ilave edilerek sitin
hafif eksimsi bir tada sahip olan fermente sit
arantdar (Arslan, 2015; Rosa ve ark., 2017).
Blinyesinde barindirdigi mikroorganizmalar
sayesinde dogal probiyotik bir sit Grind olan
kefirin, insan saghg! lizerinde c¢esitli nutrasotik ve
terapotik etkileri bulunmaktadir (Hutkins, 2006).
Kefir glinlik diyete dahil edildiginde viicutta
sindirim  sistemini  dlzenlemekte, bagirsak
mikroflorasini olumlu yonde etkilemekte, kanserli
hicre olusumunun 6niine ge¢mekte, kalp-damar

hastaliklarini  onlemekte ve kan sekerini
dengelemektedir (Rosa ve ark., 2017). Diger
taraftan saglhk Uzerinde pek ¢ok yarar

bulunmasina ragmen, protein kalitesi ve biyolojik
degeri bakimindan et (protein verimlilik oran1 2.9 g
g!) ve yumurta (protein verimlilik orani 3.9 g g)
gibi diger hayvansal kaynaklh gidalara kiyasla kefirin
(protein verimlilik orani 0.84 g g*) nispeten fakir
bir gida olmasi, bu eksikligi iyilestirmeyi zorunlu
kilmaktadir (Urdaneta ve ark., 2007; Pellegrino ve
ark., 2013; Aktas, 2022).

Gida
molekiillerden biri olan proteinler, amino asitlerin

matrisindeki kompleks makro
peptit baglari ile birbirine baglanmasi sonucu
olusan uzun zincirli polimerlerdir (Bilisli, 2019;
Yetim ve Tekiner, 2020). Proteinler viicutta basta
yapim, onarim, bliyime ve gelisme olmak (izere
pek cok metabolik isleve sahip bilesiklerdir. Bu

nedenle, otoriteler bir kisinin glinltk diyette 1 kg
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vicut agirligi basina 0.8 g protein almasini tavsiye
etmektedir. Diger taraftan, glinliik diyette alinacak
%45’inin
hayvansal

protein miktarinin en az yuksek

biyoyararliliga sahip kaynakh
proteinlerden olusmasi gerektigi vurgulanmaktadir
(Recommended Dietary Allowance (RDA), 2005).
Peptitler, amino asitlerin peptit baglari araciligiyla
birbirlerine baglanarak olusturdugu kisa zincirli
polimerler olarak tanimlanmaktadir. Peptitlerin
blinyesinde yer alan amino asitler, amino asit
kalintist  olarak adlandiriimakta olup, zincir
uglarinda bulunan serbest a-amino ve a-karboksil
grubuna sahip amino asit kalintilarina sirasiyla
amino terminal (N-terminali) ve karboksil terminal
adi Peptit

proteinlerin temel yapi taslari olan ve hicrelerde

(C-terminali) verilmektedir. ve
gerceklesen kimyasal reaksiyonlarin birgogunu
katalizleyen amino asitler a-karbon atomuna bagli
bir amino grubu (-NH;), bir karboksil grubu (-
COOH), bir hidrojen atomu (H) ve radikal gruptan
(R) (Saldamh 2017;

Hamzaoglu, 2023). Dogada ortalama 300 adet

olusmaktadir ve Temiz,
amino asit bulunmakta olup, bu amino asitler
arasindan sadece 20 tanesi proteinlerin yapisina
katilmaktadir (Bilisli, 2019). Protein yapisinda yer
almayan amino asitler sinifina dahil edilen y-
aminobdtirik asit (GABA, C4sH9oNO>), L-glutamatin,
glutamik asit dekarboksilaz enzimiyle pargalanmasi
sonucu olusmakta ve 6zellikle memeli canhlardaki
en Onemli noérotransmitter inhibitorlerden biri
olarak kabul edilmektedir (Diana ve ark., 2014; Das
ve Goyal, 2015). GABA, merkezi sinir sisteminde
sinaptik iletimi modiile etmede, ndronal gelisimive
gevsemeyi  desteklemede,

uykusuzluk  ve
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depresyon problemini 6nlemede onemli bir rol
oynamaktadir (Nuss, 2015; Knoflach ve ark.,
2018). Ayrica vicutta antihipertansif, antikanser,
antioksidan, antiinflamatuar, antialerjik,
antimikrobiyal ve antidiyabetik etkiler sergileyen
GABA, bobrek ve bagirsak fonksiyonlari Gzerinde
de koruyucu etkilere sahiptir (Ngo ve Vo, 2019).
Karnosin (CoH14N40O3), B-alanin ve L-histidinden
olusan bir dipeptit olarak tanimlanmaktadir (Cesak
ve ark., 2023). Vicutta o©zellikle beyin ve kas
dokularinda bulunan karnosin, reaktif oksijen ve
nitrojen tirleri ile hiicresel diizeyde reaksiyona
girerek  biyomolekdillerin  hasara ugramasini
engellemektedir (Haus ve Thyfault, 2018). Ayrica
ileri  glikasyon lipit peroksidasyon

ve son

drinlerinin ~ olusumunu  azaltan karnosin,

protonlarla dogrudan reaksiyona girerek pH
dengesini korumakta ve yogun kas aktivitesinin
neden oldugu yorgunluk hissini 6nemli dizeyde
distirmektedir (Dolan ve ark., 2018; Aldini ve ark.,
2021). Anserin (Ci0H16N40O3) ise B-alanin ve 3-
bir
dipeptittir (Yeum ve ark., 2010). Viicutta beyin ve

metilhistidinden olusan, karnosin tiirevi

kas dokularinda bulunan anserin, Alzheimer

hastaliginin ve norovaskdiler fonksiyon
bozukluklarinin tedavisinde oldukca 6nemli bir rol
oynamaktadir (Kaneko ve ark., 2017; Everaert ve
ark., 2019). Bununla birlikte, anserin egzersiz
kaynakli hiicre hasarini 6nlemekte ve kas
dokularinda biriken oksidatif stresin azaltilmasina
yardimci olmaktadir (Alkhatip ve ark., 2020).
Karnosinaz aktivitesini inhibe edebilen anserin bu
sayede karnosinin etkinlik dizeyini de olumlu
yonde desteklemektedir (Derave ve ark., 2019).
Gunluk diyette karnosin ve anserinin birlikte

kullanimi ise epizodik hafizayi gliclendirmekte ve
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biligsel bozukluklari 6énlemektedir (Hisatsune ve
ark., 2016; Ding ve ark., 2018; Masuoka ve ark.,
2019).

Halihazirda piyasaya
kaynaklarinin yiksek maliyetli olmasi ve artan

sunulan protein
nifusun taleplerine karsiik verememesinin yani

sira  hayvansal Uretim faaliyetlerinin cevre
kirliligine yol agmasi ve sera gazi emisyon oranini
arttirarak iklim degisikliginde énemli bir paya sahip
olmasi nedeniyle farkli protein kaynaklarina
yonelim artmistir. Ginlimizde diinya nifusunun
protein ihtiyacinin karsilanmasinda dogal, cevre
dostu, uygun maliyetli ve sirdirilebilir 6zellige
sahip S. platensis gibi farkh mikro alg tirleri
tiketime uygun hale getirilerek potansiyel protein
kaynaklari arasinda gosterilmektedir (Hocquette
ve ark., 2015; Zhang ve ark., 2021). Ayrica
karbonhidrat icerigi de kismen vyiksek olan S.
platensis gidalarla birlikte tiketildiginde saghk
antikarsinojenik,

acisindan antimutajenik,

antioksidan, antiinflamatuar ve antimikrobiyal
ozellikler sergilemektedir (Zepka ve ark., 2019).
Gidalarin protein ve/veya karbonhidrat iceriginin
ylksek olmasi, beslenme ve saglik acisindan bazi
avantajlar sagladigi gibi bazi dezavantajlari da

beraberinde getirebilmektedir. Uretim esnasinda

mikrobiyal kontaminasyon riskinin en aza
indirilmesi ve muhafaza siresinin uzatilmasi
amaciyla  gidalara  uygulanan sil  islem,

fermantasyon ve depolama siiresinde amino grubu
ve indirgen sekerler arasinda gergeklesen Maillard
reaksiyonunun ileri asamalarinda sekerlerin termal
bozunma Uriind olan 5-hidroksimetilfurfural (HMF)
olusumu gozlenebilmektedir (Li ve ark., 2019;
Farag ve ark., 2020). Sekil 1’de karnosin, anserin,
GABA ve HMF’nin kimyasal yapisi verilmistir.
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Literatlrde Cuive ark. (2020) pastorize siit, UHT
siit, st tozu, fermente siit, rekonstitie sit ve
rekonstitiie yogurt orneklerinde; Czerwonka ve
(2020) mikro filtrelenmis sit, UHT siit,
pastorize sit ve siitli tozu 6rneklerinde; Xing ve

ark.

ark. (2021) ise UHT sit ve pastorize yogurt
HMF
Bununla birlikte, Siragusa ve ark. (2007) peynir

orneklerinde icerigini  arastirmislardir.
orneklerinde; Renes ve ark. (2019) koyun sitiinden
Uretilen olgunlagsmis peynir érneklerinde ve Galli
ve ark. (2022) ise fermente siit 6rneklerinde GABA
Bu

literatlrdeki ¢calismalar incelendiginde S. platensis

icerigini incelemislerdir. baglamda,
ilave edilen kefirlerde fonksiyonel gida olma
ozelligini niteleyen GABA, karnosin ve anserin
iceriklerinin yani sira sil islem toksikantlar
arasinda yer alan ve slte uygulanan isil isleminin
kalitesini niteleyen HMF ile HMF olusumunda etkili
olan indirgen seker igeriginin arastirildig1 baska bir
calismaya rastlanilmamistir.  Boylece, saglik
acisindan oldukga olumlu katkilar saglayan kefirin
S. platensis ile zenginlestirilmesinin bahsi gecen
bilesenler Gizerindeki etkisi detaylica ele alinmistir.
Bu amag¢ dogrultusunda, kefir érneklerine sirasiyla
%0.5, %1ve %1.5 oraninda S. platensis ilave edilmis
ve GABA, karnosin, anserin, HMF ve indirgen seker
(LC-MS/MS)

kullanilarak

icerikleri kromatografik ve

spektrofotometrik yontemler

belirlenmistir.

A
O
O
H I
H N }
” 'T
Anserin
Anserine
H >
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5-hidroksimetilfurfural (HMF)
5-hydroxymethylfurfural (HMF)
Sekil 1. GABA, karnosin, anserin ve HMF’nin kimyasal yapisi
Figure 1. Chemical structure of GABA, carnosine, anserine and HMF

Materyal ve Metot

Materyal

Kefir Gretiminde kullanilan inek sttl Erzurum
yerel Ureticilerinden, S. platensis Naturiga Natural
Foods (istanbul, Tuirkiye) firmasindan ve ticari kefir
kultiri (Debaryomyces hansenii, Kluyveromyces
marxianus subsp. marxianus, Streptococcus
thermophilus, Leuconostoc mesenteroides subsp.
cremoris, Lactococcus lactis subsp. cremoris,
Lactococcus lactis subsp. lactis, Lactococcus lactis
subsp. lactis var. diacetylactis) ise VIVO Gida
Limited Sirketi (istanbul,

Tirkiye)'den temin edilmistir.

Sanayi ve Ticaret

Metot
Kefir lretimi

Kefir Gretiminde hammadde olarak kullanilan
¢ig inek sitl, 90 °C'de 10 dk sireyle pastorize
edilerek 45 °C’ye sogutulmustur. Ardindan %0.5,
%1 ve %1.5 oranlarinda S. platensis ilave edilip 32
(Direct Vat
Inoculation) esasina gore ticari kefir kaltiri ilave

°C'ye sogutulan orneklere DVS
edilmistir. inokiilasyon asamasindan sonra kefir
ornekleri, 25 °C’de pH 4.6 oluncaya kadar inkiibe
edilmistir. inkiibasyon islemi tamamlandiktan
sonra kefir drneklerinde olusan pihti kirllmis ve

akabinde ornekler 4 °C'de depolanmistir. Kefir
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dretimin ait akis semasi Sekil 2’de detayl olarak verilmigtir.

[ Cig inek siitii ]

[ 90°C’de 10 dk 1s1l iglem ]

¥

Sogutma (45°C) ]

Sm—

Sade kefir %0.5 Spirulina % 1 Spirulina % 1.5 Spirulina
platensis ilavesi platensis ilavesi platensis ilavesi

Sogutma (32°C)

) 2

N
[ Kefir kiltiirtiniin

eklenmesi
B S
Inkiibasyon (25°C)

\ J
, 2 \
Sogutma (4°C)

. ‘ J

-
Analizler ]
\

Sekil 2. Kefir 6rneklerine ait Gretim akis semasi
Figure 2. Production flow chart of kefir samples
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| i af
Sekil 3. Kefir 6rnekleri (K: Sade kefir; KS-0.5: %0.5 oraninda S. platensis ilaveli kefir; KS-1: %1 oraninda S. platensis ilaveli kefir;
KS-1.5: %1.5 oraninda S. platensis ilaveli kefir)
Figure 3. Kefir samples (K: Plain kefir; KS-0.5: Kefir with 0.5% S. platensis; KS-1: Kefir with 1% S. platensis; KS-1.5: Kefir with
1.5% S. platensis)

5-hidroksimetilfurfural (HMF)
Kefir HMF
belirlenmesinde, 5 mL kefir 6rnegi lzerine 5 mL

orneklerinin iceriginin

oksalik asit ilave edilip 1 saat boyunca su
bekletilerek
sogutulmustur. Ardindan elde edilen karisim filtre

banyosunda oda sicakligina
edildikten sonra slzintiden 4 mL alinmis ve
Uzerine 1 mL 0.05 M tiyobarbitirik asit ¢ozeltisi
eklenerek tekrar su banyosunda bekletilmistir.
Daha sonra spektrofotometrede (Optizen, Optizen
POP, Giliney Kore) 443 nm dalga boyunda
absorbans o6lgimi yapilmistir (Terzioglu ve ark.,

2023).

indirgen seker

Kefir orneklerinin dinitrosalisilik asit ¢ozeltisi
(DNS) yontemine gore indirgen seker iceriginin
belirlenmesinde, 5’er mL Carrez | (potasyum
hekzasiyanoferrat (ll), %15) ve Carrez Il (¢inko
heptahidrat, %30) kefir
orneklerine ilave edilerek sizilmis ve elde edilen

sulfat cozeltileri
stzuntd aktif komdirle 100 mL'ye tamamlanmistir.
Karisim karanlikta 1 saat slreyle bekletildikten
sonra yeniden suzilerek 2 mL stizlintl elde edilmis
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ve 6 mL DNS c¢ozeltisiyle 5 dk siireyle isitilarak
spektrofotometrede (Optizen, Optizen POP, Gliney
Kore) 540 nm dalga boyunda absorbans olgimi
yapilmistir (Bakirci ve ark., 2023).

y-aminobiitirik asit (GABA), karnosin ve anserin
icerikleri

Kefir orneklerinin GABA, karnosin ve anserin
icerikleri belirlenirken Sivi Kromatografi Tandem
Kutle/Kutle Spektrometre (LC-MS/MS) analizi igin
JASEM amino asit kiti kullanilmis olup, mobil faz
(0.7 mL dk?
Analizde kullanilan

akisinda ise gradient akis

kullanilmistir. standartlar,
internal standart, mobil faz ve kolon JASEM
Laboratory Systems and Solutions tarafindan
Bu

ekstraksiyon isleminde 100 pL 6rnek, 50 plL

temin  edilmistir. ama¢ dogrultusunda
internal standart ve 650 pL amino asit solvent
(Mobil Faz A, Mobil Faz B, v:v, 1:4) karistiriimis ve
santrifij edilmistir. Daha sonra LC—-MS/MS (Agilent
6460 Triple Quadropol, ABD)’'te analiz edilmistir
(Atila ve ark., 2021). LC-MS/MS kuitle sartlari

Cizelge 1'de verilmistir.
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Cizelge 1. LC-MS/MS Kdtle Sartlar
Table 1. LC-MS/MS Mass Conditions

Harran Tarim ve Gida Bilimleri Dergisi, 28(1): 118-130

Parametreler (+) Degerler (-) Degerler
Parameters (+) Values (-) Values
Gaz sicakhig 150 150
Gaz akisi (L dk?) 11 11
Nebulizer (psi) 40 40
Sheath gaz sicaklig 375 375
Sheath gaz akisi 11 11
Kapiler voltaji 2000 0
Enjeksiyon hacmi (pL) 1

iyonlasma giicii AJSESI

iyonlasma modu Pozitif

GABA, karnosin ve anserin

4'te verilmistir.

bilesiklerinin
standartlarina ait LC-MS/MS kromatogramlari Sekil

+ MRM (104.0 -> 87.1) K-00.d +MRM (227.1 -> 110.1) K-00.d + MRM (241.1 -> 109.1) K-00.d
£ x10 59 2.168 min. £ x10 1 4.206 min. £ x10 17 4.516 min.
14 4.8 5.2
0.8+ 4.6 57
4.8
0.6 as e
0.4
4.4
024 4.2 ol
0 44 4
T T T T T T T 3.8~ T T T
2 25 3 35 4 45 5 4 45 5
Acquisition Time (min) Acquisition Time (min) Acquisition Time (min)
GABA Karnosin Anserin
GABA Carnosine Anserine
Sekil 4. GABA, karnosin ve anserin standartlarina ait LC-MS/MS kromatogramlari
Figure 4. LC-MS/MS chromatograms of GABA, carnosine and anserine standards
Istatistiksel analiz sonuglari Cizelge 2’de verilmistir. Kefir 6rneklerine

Kontrol grubuyla birlikte 3 farkl oranda (%0.5,
%1 ve %1.5) S. platensis ilave edilen kefir
orneklerine ait analizler 2 tekerrir olacak sekilde
faktoriyel dizenlemede Tam Sansa Bagli Bloklar
Deneme Planina gore yurutilmus ve veriler IBM®
SPSS® Statistics Version 20.0 paket programinda
varyans analizi ve Duncan ¢oklu karsilastirma testi
kullanilarak yorumlanmistir.

Aragtirma Bulgulari ve Tartisma
Kefir érneklerinin HMF ve indirgen seker igerigi

sonuclari
Kefir drneklerinin HMF ve indirgen seker icerigi
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S. platensis ilavesinin HMF olusumu (zerinde
istatistiksel olarak cok 6nemli (p<0.01) etkiye sahip
oldugu gorillrken, indirgen seker icerigi lGzerinde
ise (p<0.05) oldugu
belirlenmistir. Ayrica ilave edilen S. platensis
oranina bagh olarak kefir 6rneklerinde HMF ve
indirgen seker

onemli etkiye sahip

iceriginin arttigl saptanmistir.
Nitekim analiz sonuglarina goére en yiiksek HMF
(45.50 umol L) ve indirgen seker icerigi (%3.66)
%1.5 oraninda S. platensis ilave edilen kefir
orneginde, en disik HMF (18.15 pmol L1) ve
indirgen seker icerigi (%3.66) ise S. platensis ilavesi
yapilmayan kontrol grubu kefir 6rneginde tespit
edilmistir.
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Cizelge 2. Kefir 6rneklerinin HMF ve indirgen seker igerikleri
Table 2. HMF and reducing sugar contents of kefir samples

Kefir Ornekleri

HMF (umol L?)

indirgen Seker (%)

Kefir Samples HMF (umol L) Reducing Sugar (%)
K 18.15+1.70¢ 2.3441.17¢
KS-0.5 35.91+0.53b 2.90+0.09°
KS-1 38.62+1.60° 3.1840.24
KS-1.5 45.5040.48? 3.66+0.23°
Sign. ** *

a-c: sttunlar arasindaki farkhliklari gésterir; **: p<0.01; *: p<0.05; K: Sade kefir; KS-0.5: %0.5 oraninda S. platensis ilaveli kefir; KS-1: %1 oraninda S. platensis

ilaveli kefir; KS-1.5: %1.5 oraninda S. platensis ilaveli kefir

a-c: Different letters indicate significant differences in column; **: p<0.01; *: p<0.05; K: Plain kefir; KS-0.5: Kefir with 0.5% S. platensis; KS-1: Kefir with 1% S.

platensis; KS-1.5: Kefir with 1.5% S. platensis

Amino grubu ve indirgen sekerler arasinda
meydana gelen Maillard reaksiyonunun ileri
asamalarinda olusan HMF, furfurallar grubuna ait
bir bilesiktir. Glikoz, fruktoz, laktoz ve maltoz
indirgen seker olarak nitelendirilmekte olup, HMF
olusumunda oldukca 6nemli bir etkiye sahiptir
(Bakirci ve ark., 2023). Maillard reaksiyonunun
gerceklesmesi icin indirgen seker ve amino asitler
gerekli substratlar olup, dolayisiyla kefir gibi sit
Urinlerinde indirgen seker iceriginin artisinin
furfural bilesiklerinin olusumuna katki sagladigi
rapor edilmistir (Xing ve ark., 2021). Nitekim
mevcut arastirma sonugclarindan da gorildiga
Uzere kefir orneklerine ait HMF degerlerinin,
bir
sekilde artis gosterdigi saptanmistir. Cui ve ark.

indirgen seker icerigi sonuclariyla paralel

(2020) kirmizi hiinnap aromali rekonstitiie yogurt
orneginde HMF icerigini 3.430 mg kg* olarak tespit
ederlerken, fermente sit 6rneginde 0.167 mg kg?
olarak saptamislardir. Er Demirhan ve ark. (2015)
devam sitl o6rneklerinde HMF igerigini ortalama
237.85 pg 100 mL?' olarak tespit ederlerken,
Terzioglu ve Bakirci (2023) manda yogurdunda
16.33 umol L, kegi yogurdunda 21.59 umol Lt ve
koyun yogurdunda ise 17.81 pmol L olarak
saptamiglardir.

Satin karbonhidrat bilesiminin de Maillard
etkili
monosakkaritlerin indirgen disakkaritlere kiyasla

reaksiyonu Uzerinde oldugu ve
reaksiyona daha kolay girebildigi bildiriimektedir
(Ozdal ve ark., 2018). Ayrica heksozlarin asidik
ortamda sicakliga maruz kalmasiyla da olusabilen
HMF iceriginin, sitin laktoz ve glikoz iceriginin
sut UrUnlerinin Uretimi esnasinda

yani sira,

uygulanan sil islem kosullarina, fermantasyon
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surecine ve Urine ilave edilen katkilarin protein ve
seker icerigine bagh olarak degisebilecegi
bildirilmistir (Cui ve ark., 2020; Xing ve ark., 2020;
Li ve ark., 2022; Terzioglu ve ark., 2023). Nitekim,
literatirde yapilan calismalarda S. platensis’in
zengin bir protein icerigine (%55-70) sahip oldugu
ortaya konmustur (Belay, 1997; Giin, 2019; Ozbal,
2020). Ayrica Mercan (2022), S. platensis’in
karbonhidrat %13.5-15
degistigini ve karbonhidrat iceriginin baslica glikoz,

iceriginin arasinda
ramnoz, mannoz, galaktoz ve ksilozdan olustugunu
rapor etmistir. Bu arastirmada, S. platensis ilaveli
kefirlerde sade kefirlere kiyasla indirgen seker
iceriginin ve buna bagh olarak HMF iceriginin
artmasi S. platensis’in karbonhidrat ve protein
icerigiyle iliskilendirilmistir.

Sut drinlerinde HMF igeriginin belirlenmesinin
saghk acisindan 6nemli bir kalite parametresi
oldugu ve HMF'nin genotoksik, sitotoksik ve
timoral ozellikler sergilemesi nedeniyle belirli
diizeylerde viicuda alindiginda saglik agisindan risk
teskil edebilecegi bildirilmistir (Czerwonka ve ark.,
2020; Van den Oever ve Mayer, 2021; Li ve ark.,
2022). Avrupa Gida Givenligi Otoritesi (EFSA)
yayinladigi raporunda stt Uriinlerinde
bulunabilecek maksimum HMF miktarinin 15 mg
kg? oldugunu bildirmistir (Hou ve ark., 2022).
Mevcut calismada ise kefir 6rneklerinin HMF
miktarlarinin, EFSA tarafindan bildirilen bu sinirin
altinda oldugu ortaya konmustur.

Kefir érneklerinin GABA, karnosin ve anserin
icerikleri

Kefir 6rneklerinin GABA, karnosin ve anserin
Kefir

istatistiksel

icerigi sonuclari Cizelge 3’te verilmistir.

orneklerine S. platensis ilavesinin
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olarak GABA ve karnosin igerikleri Gzerinde ¢ok
onemli (p<0.01) etkiye sahip oldugu, anserin
Uzerinde ise 6nemli bir etkisinin olmadigi (p>0.05)
belirlenmistir. Kefir orneklerine ilave edilen S.
platensis oranina bagh olarak GABA ve karnosin
iceriginin arttigl, anserin igeriginin ise duzenli bir
artis gostermedigi saptanmistir. Elde edilen analiz
sonuclarina gore kefir drnekleri arasinda en yliksek
GABA icerigi (2055.12 nmol mL?) ve karnosin

Cizelge 3. Kefir 6rneklerinin GABA, karnosin ve anserin igerikleri
Table 3. GABA, carnosine and anserine contents of kefir samples

icerigi (16.01 nmol mL™?) %1.5 oraninda S. platensis
ilave edilen kefir 6rneginde, en yiliksek anserin
icerigi (17.38 nmol mL?) ise %1 oraninda S.
platensis ilave edilen kefir oOrneginde tespit
edilmistir. En disik GABA igerigi (544.52 nmol mL"
1), karnosin icerigi (8.03 nmol mL?) ve anserin
icerigi (12.21 nmol mL?) ise S. platensis ilavesi
yapilmayan kontrol grubu kefir 6rneginde tespit
edilmistir.

GABA (nmol mL?)
GABA (nmol mL?)
Kefir Ornekleri

Anserin (nmol mL?)
Anserine (nmol mL™)

Karnosin (nmol mL?)
Carnosine (nmol mL?)

Kefir Samples

K 544.52+4.51¢ 8.03+0.84° 12.21+0.33°
KS-0.5 1310.62+5.69¢ 10.51+0.51° 12.41+0.78°
KS-1 1709.42+40.77° 15.32+1.63° 17.38+0.37°
KS-1.5 2055.12+5.372 16.01+0.12° 16.78+3.32"
Sign. ** *E ns

a-d: sttunlar arasindaki farkliliklar gosterir; **: p<0.01; ns: not significant; K: Sade kefir; KS-0.5: %0.5 oraninda S. platensis ilaveli kefir; KS-1: %1 oraninda S.

platensis ilaveli kefir; KS-1.5: %1.5 oraninda S. platensis ilaveli kefir

a-d: Different letters indicate significant differences in column; **: p<0.01; ns: not significant; K: Plain kefir; KS-0.5: Kefir with 0.5% S. platensis; KS-1: Kefir with

1% S. platensis; KS-1.5: Kefir with 1.5% S. platensis

GABA, dort karbon atomuna sahip protein
olmayan bir amino asit olarak nitelendiriimekte
olup, sentezi L-glutamik asit veya tuzlarindan
glutamik asit dekarboksilaz enzimi ve kofaktor
piridoksal-5-fosfat tarafindan gerceklesmektedir
(Sahab ve ark., 2020). Laktik asit bakterileri ve
mayalar GABA Uretebilme yeteneklerine sahiptir
ve ticari olarak GABA uretiminde kullaniimaktadir
(Diana ve ark., 2014; Oketch-Rabah ve ark., 2021).
Bifidobacterium

Streptococcus  thermophilus,

adolescentis, Lactobacillus brevis,
Lacticaseibacillus paracasei ve Lactiplantibacillus
plantarum gibi gesitli laktik asit bakterileri glutamik
asit dekarboksilaz enzimi aktivitesine sahip
olmalari nedeniyle GABA Uretimi icin siklikla tercih
2020).

birlikte st ve sit Urinlerinde, kazeinin zengin

edilmektedir (Sahab ve ark., Bununla
glutamik asit kaynagi olmasi nedeniyle GABA'nin
dogal olarak bulundugu ifade edilmektedir (Yilmaz-
2022). laktik
fermantasyonu ile Uretilen gidalar GABA acisindan

Ersan ve ark., Ayrica asit

dogal kaynaklar arasinda gosterilmekte ve bu
gidalarin tiiketimi ile dizenli bir sekilde viicuda

ylksek miktarda GABA’nIn alinabilecegi
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bildiriimektedir (Diana ve ark., 2014).
Gharehyakheh (2021) koyun siti ve kiraz
meyvesi kullanarak Urettigi kefir 6rneklerine
Lactobacillus sp. Makhdzir Naser-1 (GQ451633)
yaparak GABA
Optimum kosullar

ilavesi icerigini
kefir

ortalama GABA iretimini 3.818 mg mL? olarak

incelemistir.
altinda orneklerinde
belirlemistir. Ayrica kiraz meyvesinin bilesiminde
bulunan glikoz ve fruktoz oraninin GABA Uretimini
arttirdigini ifade etmistir. Mevcut calismada da
indirgen seker miktari ile GABA iceriginin paralel
sekilde arttig1 tespit edilmistir. Hussin ve ark.
(2021) basit seker ve Lactiplantibacillus plantarum

Taj-Apis 362 kullanarak UGrettikleri  yogurt
orneklerinde GABA igerigini arastirmislardir.
Calisma  sonucunda glikoz ilaveli  yogurt

orneklerinin en yliksek probiyotik bakteri sayisina
(9.31 log kob g) ve GABA icerigine (58.56 mg 100
1) sahip oldugunu belirlemislerdir. Inoue ve ark.
(2003) hafif hipertansiyonu olan hastalara GABA
iceren fermente sit Griininln 12 hafta boyunca
her giin 100 mL verilmesinin hastalarda kan
basincini diisiirme potansiyeline sahip oldugu
bildirmislerdir. Nejati ve ark. (2013) farkli laktik asit
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bakterileri kullanarak Urettikleri fermente sitlerde
GABA iceriklerinin 10.1-77.4 mg kg'! arasinda
degistigini  rapor
fermente sitlerin GABA igeriklerindeki farkliliklar

etmislerdir.  Arastirmacilar

suslarin GABA sentezleme kapasitelerinin farkli

olmasiyla ve sttilin asidifikasyonuyla
iliskilendirmislerdir. Khanlari ve ark. (2021)
urettikleri fermente sit oOrneklerinde GABA

iceriginin fermantasyon islemiyle 18 mg LYden
136 mg LVye kadar yukseldigini saptamiglardir.
Arastirmacilar fermente Urlinlerde GABA igeriginin
bilesim, sicaklk, pH, inklibasyon siresi, GABA
prekirsorlerinin  bulunmasi ve mikroorganizma
inoklilasyon orani gibi cesitli faktorlerden
etkilendigini bildirmislerdir. Yilmaz-Ersan ve ark.
(2022) kestane suti ile zenginlestirdikleri yogurt
orneklerinde kestanenin GABA iceriginin yliksek
olmasi nedeniyle yogurt Orneklerinde GABA

iceriginin arttigini rapor etmislerdir. Mevcut
arastirmada ise kefir orneklerindeki S. platensis
GABA S.

platensis’in baskin amino asitleri arasinda glutamik

ilavesiyle iceriginin  artmasinda
asidin (8.47 g 100 g) yer almasinin etkili oldugu
distintlmektedir (Bashir ve ark., 2016).

Garbowska ve ark. (2020) farkli Lactobacillus
suslariyla Urettikleri peynir  oOrneklerinde
olgunlasma periyodu boyunca anserin ve karnosin
miktarlarindaki artislari incelemiglerdir.
Arastirmacilar laktik asit bakterinin faaliyetleri
sonucunda tim peynir o6rneklerinde anserin ve
karnosin peptitlerini tespit etmislerdir. Bartkiene
ve ark. (2023) Spirulina’nin fermente edilen ve
GABA

edilen

fermente edilmeyen suslarindaki

miktarlarini  incelemislerdir. Fermente
Spirulina’yr GABA retebilen Lactiplantibacillus
plantarum No. 122 susu ile fermentasyon islemine
tabi tutmuslardir. Arastirmacilar tim orneklerde
belirli miktarlarda GABA belirlemis olup, en yiksek
GABA

ortalama 228.6 mg kg! olarak tespit etmislerdir.

icerigini fermente edilmis Spirulina’da

Sonug¢

Zengin bir protein kaynagi olan ve cevre dostu
kimligiyle 6n plana ¢ikan S. platensis, kefir gibi
dogal probiyotik Urilinlere ilave edilerek beslenme
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birtakim
Bilesiminde bulunan gesitli amino asitler, peptitler

acgisindan avantajlar  saglamaktadir.
ve norotransmitter maddeler insan sagliginin
korunmasi agisindan 6nem tegkil etmektedir.
GABA, karnosin ve anserin gibi bilesenlerin giinliik
diyette gidalarla birlikte diizenli bir sekilde alinmasi
sonucu bir¢ok hastaligin 6nlenebildigi ve zihinsel
gelisim acisindan olumlu katkilar saglanabildigi
bildirilmektedir. Fakat  S.

zenginlestirilen kefirlerin proteince zengin olmasi

platensis ile
ve Uretim prosesi esnasinda isil isleme maruz
kalmasi, HMF’ nin olusumu gibi bazi dezavantajlari
da
arastirmada, protein igeriginin zenginlestirilmesi

beraberinde getirebilmektedir. Mevcut
amaciyla kefir 6rneklerine farkli oranlarda S.
HMF ve
iceriginin yani sira GABA, karnosin ve anserin
etkisi Kefir

orneklerinde S. platensis ilavesiyle indirgen seker,

platensis ilavesinin indirgen seker

icerigi  Uzerine incelenmistir.
HMF, GABA ve karnosin iceriginin arttigi tespit
edilmistir. Ayni zamanda, mevcut arastirmada
HMF

tarafindan belirtilen

iceriginin tim kefir Orneklerinde EFSA
limitlerin altinda oldugu
ortaya konmustur. Sonug¢ olarak, HMF icerigi
acisindan risk teskil etmeyen S. platensis ilaveli
kefirlerin biyoaktif bilesikler olan GABA, karnosin
ve anserinin vicuttaki fizyolojik islevlerinden

yararlanabilmek adina tuketimi tavsiye

edilebilmektedir.
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Bu calismada, Molehiya (Corchorus olitorius L.) ve Altin otu (Helichrysum arenarium L.)
bitkilerinin metanol ekstraktlarinin fitokimyasal icerikleri, antioksidan aktiviteleri ve
antimikrobiyal aktiviteleri ile fenolik bilesenleri arastirilmistir. Toplam fenolik ve flavonoid
icerikleri bakimindan iki bitki ekstrakti kisyaslandiginda Molehiya ekstraktinda daha yiiksek
verilere ulasilmistir. Altin otu metanol ekstraktinin askorbik asit miktari Molehiya metanol
ekstraktindan 5 kat fazla bulunmustur. Molehiya metanol ekstraktinda DPPH- radikali
giderme aktivitesi %76.97 olarak tespit edilirken, Altin otu metanol ekstraktinda ise bu
deger daha dustk (%73.06) bulunmustur. Tim antioksidan analizleri birlikte
degerlendirildiginde, 6 antioksidan analizinin 4’iinde Molehiya metanol ekstraktinin
antioksidan degerleri, Altin otu metanol ekstraktindan daha yiiksek tespit edilmistir.
Fenolik bilesen miktarlari toplami, Altin Otu metanol ekstrakti (110.866,394 mg kgt) >
Molehiya metanol ekstrakti(39.803,77 mg kg™?) seklinde tespit edilmistir. Escherichia coli
ATCC 25922, Salmonella typhimurium ATCC 14028 ve Pseudomonas aeruginosa ATCC
9027’ye karsi 6zltlerde herhangi bir inhibitor etkiye rastlanmazken; Staphylococcus aureus
ATCC 25923’e kars! inhibitor etki, Altin otu ve Molehiya metanol ekstraktlarinda gézlenmis
ve zon caplari sirasiyla 12 ve 9 mm olarak ol¢llmustir. Sonuglarimiza goére, bu bitkilerin
metanol ekstraktlarinin gida, fitoterapi ve tibbi uygulamalar icin yararli olabilecegini
soylememiz mimkinddr.

Anahtar Kelimeler: Molehiya (Corchorus olitorius L.), Altin otu (Helichrysum arenarium
L.), Fenolik bilesen, Antioksidan, Antibakteriyel

ABSTRACT

In this study, phytochemical contents, antioxidant activities, antimicrobial activities and
phenolic components of methanol extracts of Molehiah (Corchorus olitorius L.) and Golden
grass (Helichrysum arenarium L.) plants were investigated. When the two plant extracts
were compared in terms of total phenolic and flavonoid contents, higher data were
obtained in Molehiah extract. The amount of ascorbic acid of golden grass methanol extract
was 5 times higher than that of Molehiah methanol extract. While the DPPH radical
scavenging activity was determined as 76.97% in Molehiah methanol extract, this value was
found to be lower in the methanol extract of golden grass (73.06%). When all antioxidant
analyzes were evaluated together, the antioxidant values of Molehiah methanol extract
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were found to be higher than Goldengrass methanol extract in 4 of 6 antioxidant analyses. The total amount of phenolic
components was determined as Golden Herb methanol extract (110.866,394 mg kg?) > Molehiah methanol extract
(39.803,77 mg kg?). While no inhibitory effect was observed in the extracts against E. coli ATCC 25922, Salmonella
typhimurium ATCC 14028 and Pseudomonas aeruginosa ATCC 9027; Inhibitory effect against Staphylococcus aureus ATCC
25923 was observed in methanol extracts of Golden grass and Molehiah, and the zone diameters were measured as 12 and
9 mm, respectively. According to our results, it is possible to say that methanol extracts of these plants can be useful for

food, phytotherapy and medical applications.

Key Words: Molehiah (Corchorus olitorius L.), Golden grass (Helichrysum arenarium L.), Phenolic compound,

Antioxidant, Antibacterial

Giris

Gunumuzde ilerleyen teknolojinin beraberinde
getirdigi saglik sorunlarindan kaginmak igin dogala
ve dogaya donus egilimi gittikce artmaktadir.
Ulkemizde saglk hizmetlerine ulasmanin zor ve
pahali olmasi nedeniyle ¢ok sayida kisi koruyucu ya
da tedavi edici amaclarla, dogrudan bitkileri veya
bitkisel Grlinleri kullanmaktadir (Erdem ve Eren,
2009).

Tibbi ve aromatik bitkiler; gida, ilag, kozmetik ve
baharat dahil olmak Uzere bircok farkh kullanim
bitkilerdir

beri

amaci olan ve insanlik tarihinin

bu
kullanildiklari bilinmektedir. S6z konusu bitkilerin

baslangicindan tir amaclar igin
bir kismi dogadan toplanirken, diger bir kismi ise
kaltlre alinarak Uretilir. Tibbi ve aromatik bitkilerin
en ¢ok goze carpan ve arastirmaya konu olan
ozelliklerinden biri tedavi amagh kullanimlaridir.
Ulkemiz bulundugu cografi konum ve iklim
ozellikleri nedeniyle gok gesitli bitki tiiriine sahiptir
(Acibuca ve Budak, 2018).

Corchorus olitorius L., Malvaceae familyasindan
Corchorus cinsi igcinde yer alan, otsu bir bitkidir.
Genel olarak tropik ve vyari tropik alanlarda
bulunur.  Anavataninin  bazi  arastirmacilar
tarafindan Asya, digerleri tarafindan Afrika oldugu
soylenmektedir. C Corchorus cinsi icinde yaklasik
40 ila 100 tir bulunmasina ragmen, Corchorus
olitorius L. ve Corchorus capsularis L. diinya
lifi
birlikte, Akdeniz Havzasi ve Ortadogu (lkelerinde

¢apinda icin kullanilan tirlerdir. Bununla
(Misir, Libnan, Filistin, Urdiin, Suriye, Tunus ve

cesni
olarak

Kibris) Corchorus olitorius'un tohumlari

olarak; taze yapraklari ise sebze

kullanilmakta iken, kuru yapraklari bitki cayi olarak
kullanilmaktadir. Bitkinin yapraklarindan yapilan
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mutfaginin  geleneksel yemekleri arasindadir
(Tuncer ve Ummuhan, 2017). Arap mutfaginda C.
olitorius yapraklari, "Molukhyia" ve "Molokhia"
adlari altinda ¢orbalarda koyulastirici olarak
kullanilmaktadir (Chigurupati ve ark., 2020).

Corchorus olitorius yapraklarinin fitokimyasal
icerigini; flavonoidler, saponinler, tanenler,
steroidler, terpenler, alkaloidler, glikozitler ve
fenolik bilesikler olusturmaktadir. Corchorus
olitorius yapraklarinda protein miktari daha yliksek
bulunurken, gévde ve meyve kisimlarinda ham yag
oraninin daha yiiksek oldugu belirlenmistir. Genel
olarak analiz edilen Corchorus olitorus'un
yapraklarinin, meyve ve goévdelerine gore daha
yliksek mineral degerlerine sahip oldugu
gozlemlenmistir (Ndlovu ve Afolayan, 2008; Orieke
ve ark., 2018; Uriisan ve ark., 2022).

Altin otu, Latince adi "Helichrysum arenarium"
olan altin sarisi renginden dolayi bu adi alan ve 50-
60 santimetre boyunda sarigicekler agan otsu bir
bitkidir. Halk arasinda degisik isimlerle de anilir:
Altin gicek, 6lmez cicek, glines gicegi, ari cicegi vb.

Ulkemizde
Altin  Otu,

alanlarda buyuyen ¢ok yillik otsu bir bitkidir. Altin

ve anavatani Avrupa’dir. Dogu

Anadolu’da yetismektedir. kayalik
otu Ulkemizde her yerde yetismekte ve iklim
kosullarina bagh olmadigindan her zaman taze

olarak temin edilebilmektedir (Sen ve Kalayci,

2016).
Helichrysum arenarium'un ¢icegi 0Ozellikle
antibakteriyel, antiviral, antifungal,

antienflamatuar, antiproliferatif, antimikrobiyal,

antialerjik, antioksidan, antiradikal, kolinerjik,
hepatoprotektif ve detoksifikasyon aktiviteleri de
dahil olmak Uzere bircok biyolojik aktiviteye

sahiptir (Tepe ve ark., 2005; Mao ve ark., 2017; Liu
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2019). Altin otu;
karaciger ve safra kesesi rahatsizliklari, lumbago,

ve ark., halk hekimliginde
mide agrisi, astim, artrit bozukluklari, sistit, sarilik,
cilt enfeksiyonlari, solunum ve sindirim sistemi
bozukluklari, bobrek tasi, tGro-genital bozukluklar
gibi ¢esitli

kullaniimistir.

rahatsizliklari tedavi etmek igin

Ayrica kozmetik endistrisinde
kokusu igin uzun yillardir kullaniimaktadir (Liu ve
ark., 2019; Umaz ve Umaz, 2020).

kadar

onlenmesi veya tedavisinde siklikla kullanilan

Gecmisten glunimize hastaliklarin
bitkilerin bu etkilerini fenolik bilesenler olarak
bilinen sekonder metabolitler araciligiyla meydana
getirdikleri ve bu fenolik bilesenlerin de hem
antioksidan hem de antimikrobiyal aktivite
gostererek bircok tedavide etkin rol oynadiklari
bilgisinden yola cikilarak; molehiya ve altin otu
bitkilerinin aktivitelerinin arastirilmasi
Bu

calismamizda Molehiya (Corchorus olitorius L.) ve

calismamizin  hipotezini  olusturmustur.
Altin otu (Helichrysum arenarium L.), bitkilerinin
metanol ekstraktlarinin fitokimyasal iceriklerinin
(toplam fenolik madde, toplam flavonoid madde
ve askorbik asit miktar)) ve ayni zamanda
antioksidan aktivitelerinin (DPPH radikal giderim
testi, fosfomolibdenyum, demir iyonlarini
selatlama, indirgeme kapasitesi, bakir indirgeme,
ABTS radikal

antibakteriyel aktivitelerinin tespit edilmesi ve

katyonu giderimi) arastirilarak,
fenolik bilesimlerinin belirlenmesi hedeflenmistir.
Bahsi gegen bitki ekstraktlariile ilgili sinirli literatiir
bilgisi oldugu icin konunun son derece 0zgin
oldugu ve elde edilecek verilerin gida, kozmetik ve
saglik endustrilerine 6nemli katkilar saglayacagi
dislintlmektedir.
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Materyal

Bu calismada kullanilan Molehiya ve Altin otu
bitkileri Gaziantep ilinde bulunan Kirkg¢li Hani
Baharatlari adi verilen aktardan kurutulmus olarak
satin alinmistir.

Ekstraksiyon

Aktardan temin edilen kurutulmus bitkiler,
ogutilerek (Arcelik K 3104 marka kahve ve baharat
ogitlicl) toz haline getirilmis ve sonrasinda %85’lik
metanol (50:500 (w v?)) ile oda sicakliginda 1dk.
blenderda homojenize edilmistir. Daha sonra 5000
rom’de 10 dk. +4 °C’de santriflj edilerek, filtre
kagidi (Whatman filter paper No.1) ile stztldikten
sonra slipernatant 55 °C'de vakum altinda
uzaklastinlmis (Sekil 1.) ve oOrnekler analizlerde
kullaniimak tizere +4 2C’de depolanmistir (Aydin ve

ark., 2015).

Analizler
Toplam fenolik madde miktari
Methanol ekstraktindan 500 pL alinarak,
Uzerine 2.5 mL %10’luk FolinCiocalteu reaktifi ile
%7.5’lik 2.5 mL NaHCOs eklenip 45 °C’de 45 dk. su
banyosunda inkiibe edilmis ardindan 765 nm’de
LibraS60, B,
Olgllmustdr.

spektrofotometre  (Biochrom,

England) ile absorbanslar
Hesaplamalar mg GAE g*! seklindedir (Ucan

Tirkmen ve Mercimek Takci, 2018).

Toplam flavonoid madde miktari

ekstraktlan 1:5 oraninda
%5’lik 0.3 mL NaNO:
eklenmis, ornekler 5 dk. oda sicakliginda inkibe
edilmistir. Daha sonra karisima %10’luk AICl3.6H,0
0.6 mL eklenmis yine 5 dk. oda sicakhginda inkiibe

Metanol

seyreltildikten sonra,

edilip 1M NaOH 2 mL eklenmistir. Sonrasinda saf
suyla son hacim 10 ml'ye tamamlanmistir.
510
kullanilarak yapilmis ve sonuglar mg RE g* seklinde

Absorbanslar nm’de spektrofotometre

verilmistir (Ucan Tirkmen ve Mercimek Takcl,
2018).
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Sekil 1. Bitki ozutlerini elde etmek icin ekstraksiyon asamalari a. Molehiya
bitkisinin yaprak kisimlari b. Altin otu bitkisinin kisimlari c. Ogiitme d.

Tartim e. %85’lik metanol ile homojenize etme f. santriflijleme g. Slizme

h. stipernatanti uzaklastirma

Figure 1. Extraction steps to obtain plant extracts a. Leaf parts of the Molehiah b.
Parts of the goldengrass c. Grinding d. Weighing e. homogenizing with
85% methanol f. centrifugation g. filtration h. removing the supernatant

Askorbik asit miktari

Ekstrelerin L-askorbik asit miktarlar, mg L*
seklinde 2.6-diklorofenolindofenol araciligiyla,
Ucan Turkmen ve Mercimek Takci (2018)’ya gore

gergeklestirilmistir.

% DPPH' radikal giderme aktivitesi

Ekstraktlardan 100 pL alinarak, 3900 puL DPPH
(0.025 g L'! metanolde) eklenmis; numuneler oda
sicakliginda ve karanlikta 120 dk. inkiibasyona tabii

tutulmus, 515 nm’de spektrofotometrede
absorbans 6lgtimleri yapilmistir. inhibisyonlar
asagidaki denkleme (1) goére % olarak

hesaplanmistir (Ucan Turkmen ve Mercimek Takci,
2018).

% DPPH" Radikali Giderme Aktivitesi= (Axontroi—
Asrnek)x100/Akontrol (1)

Axontrol: Kontrolin absorbansi

Asmek: Ornegin absorbansi
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Demir indirgeme kapasitesi tayini (FRAP)
Ekstraktlardan 1’er mL alinip Uzerlerine 0.2 M
fosfat tamponu (pH=6.6) 2.5 mL eklenmistir. Daha
sonra % 1’lik 2.5 mL KsFe(CN)e ¢ozeltisi eklenerek
50 °C’de 20 dk. inkiibasyondan sonra 2.5 mL TCA
(% 10) eklenmistir. Sonrasinda 6rnekler 2500
10 dk.
slipernatantlardan 2.5 mL alinarak esit miktarda

rom’de santrifij  edilmis  ve
saf su ilavesiyle % 0.1’lik 0.5 mL FeClz eklenmistir.
Absorbans olclimleri spektrofotometrede 700
nm’de gerceklestirilmistir (Ucan Tlirkmen ve ark.,

2022).

Troloks esdegeri antioksidan kapasite testi (TEAC)

ABTS solisyonu (7mM) hazirlamak igin 2.45 mM
potasyum persilfat kullaniimistir. Bu soliisyon,
ABTS radikalini Gretmek i¢in 12 ve 16 saat boyunca
20 °C'ye ayarlanmig bir inkibatérde tutulmustur.
Radikal sollisyonu, Trolox

numuneleri ve



Tiirkmen ve ark., 2024. Harran Tarim ve Gida Bilimleri Dergisi, 28(1): 131-145

standardini seyreltmek igin kullanilan PBS (fosfat
Fosfat Salin)
hazirlanmis ve 0.1 M fosfat tamponuna 8.77 g NaCl

tamponu; Tampon sollisyonu

eklenmis ve pH 7.4'e ayarlanmistir. Analize
baslamadan 6nce 1 ml ABTS radikal ¢o6zeltisi
alinmis ve yaklagik 90-100 mL PBS ile 734 nm'de
0.700 + 0.02'lik bir absorbansa seyreltilmistir. Daha
sonra ekstrakt ve PBS karistirilmis; absorbanslar
Olcilmustlr. Sonuglar TEAC (Trolox Equivalent
Antioxidant Capacity) degeri olarak ifade edilmistir
(Ucan Turkmen ve ark., 2020).

Fosfomolibdenyum antioksidan kapasite testi
Reaktif ¢ozeltiden 3 mL alinarak (0.6 M silfirik
asit, 28 mM sodyum fosfat ve 4 mM amonyum
molibdat), 300 pl ekstrakt ile hizla karistirilmis ve
95 °C'de 90 dakika
absorbans 695 nm'de Olg¢lilmustiir (Biochrom,

inkibasyondan sonra,
Libra S60, B). Toplam antioksidan kapasite, troloks
esdegeri (ug TE g*) olarak ifade edilmistir. Her bir
spektrofotometrik  analiz ic kez

en az

tekrarlanmistir (Zengin ve ark., 2014).

Bakir iyonu indirgeme aktivitesi (CUPRAC)

Ekstraktlardan 0.5 mL alinarak tizerine, CuCl; (1
mL, 10 mM), neokuproin (1 mL, 7,5 mM) ve NH4AC
tamponu (1 mL, 1 M, pH 7.0) eklenmistir. Benzer
sekilde, CuCl, icermeyen 6nceden karistiriimis bir
reaksiyon karisimina (3 mL) numune sollisyonu
(0.5 mL) eklenerek bir kor hazirlanmistir. Daha
sonra oda sicakhginda 30 dakika inkiibasyondan
sonra numune ve koér absorbanslari 450 nm'de
okunmustur (Baltaci ve ark., 2021).

Fenolik bilesiklerin tayini
Ornek ekstraktlarinda fenolik bilesenlerin
analizi  ters-faz  ylksek performansh  sivi
kromatografisi (Agilent, 1260 Infinity RP-HPLC,
USA) teknigi kullanilarak saptanmistir. Fenolik
bilesenlerin ayrimi C18 ters faz (110 A, 5 pm, 4.6 x
250 mm, ACE Generix) HPLC kolonunda yapilmistir.
Ayrim isleminde; enjeksiyon hacmi 10 pl, mobil faz
A (%0,1 fosforik asit-su cozeltisi) ve B (%100
asetonitril) gradiyent sistemi, firin sicakligi 30 2C ve
DAD (diode dedektori

kullaniimistir. bilesenlerin

array  dedector)

Fenolik
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konsantrasyonlari dig standart ile

belirlenmis olup bilesenler alikonma zamanlarina

yontemi

gore tanimlanmistir. Elde edilen veriler mg/kg kuru
agirlik seklinde ifade edilmistir (Mradu ve ark.,
2012; Mizzi ve ark., 2020).

Antibakteriyel aktivite

Kirby-Bauer disk diflizyon metoduna gore
antimikrobiyel analizler yapilmistir (Bauer ve ark.,
1966). Mueller Hinton Agara steril eklivyon ¢ubuk
kullanilarak, dnceden 0.5 MacFarland bulanikhiga
ayarlanan mikroorganizma kiltdrlerinin
inokulasyonu gergeklestirilmistir. Daha sonra 6mm
caph steril bos disklere her ekstrakttan 20 plL
emdirilerek agar yizeyine steril penset yardimiyla
Spesifik

edilen

yerlestirme islemi gergeklestirilmistir.

pozitif  kontrol olarak test her
mikoorganizma tiriine o6zgl antibiyotik diskler
kullaniimistir: E. coli ATCC 25922 ve Salmonella
typhimurium ATCC 14028 icin Tetrasiklin (30
mcg/disk), Pseudomonas aeruginosa ATCC 9027
icin Polimiksin B (300 unite/disk), Staphylococcus
aureus ATCC 25923 igin Metisillin (5 mcg/disk).
Ayrica steril bos disklere 20 puL metanol negatif
kontrol icin emdirilmistir. 372C'de 12-24 saat
inklibasyondan

disklerin etrafinda

seffaf

sonra

bakterilerin tremedigi zonlar

gozlemlenmistir.

Istatistiksel analiz

Analiz sonuglari SPSS 23.0 paket programi
kullanilarak varyans analizine tabi tutulmus ve
onemli bulunan farklilklar bagimsiz 6rneklem t-
testi (independent sample t-test) karsilastirma
testine gore belirlenmistir.

Bulgular ve Tartisma

Molehiya ve Altin Otu ekstraktlarinin antioksidan
aktiviteleri ile fitokimyasal igerikleri

Molehiya ve Altin otu metanol ekstraktlarinin
fitokimyasal icerikleri ile antioksidan aktiviteleri
Cizelge 1. ve Cizelge 2.”de verilmistir.

Molehiya ve Altin otu bitkilerinin metanol
ekstraktlarina  uygulanan

fitokimyasal  ve

antioksidan analizler arasinda istatistiksel olarak
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anlamli bir fark olup olmadigini belirlemek igin
bagimsiz 6rneklem t-testi (independent sample t-
test) uygulanmistir. Yapilan analizler sonucunda iki
bitki ekstresi arasinda DPPH radikal giderimi,
askorbik asit, fosfomolibdenyum, bakir indirgeme
ve ABTS analizleri agisindan istatistiksel olarak
anlamli bir fark oldugu belirlenmistir (p<0.05).
Diger analizler (toplam fenolik madde, toplam
flavonoid madde ve FRAP) icin ise, istatistiksel
olarak anlaml bir farkhlik tespit edilememistir
(p>0.05).

Molehiya ve Altin otu metanol ekstraktlarinin
fitokimyasal igerikleri; toplam fenolik madde,
toplam flavonoid madde ve askorbik asit miktarlari
incelenerek belirlenmistir. Molehiya bitkisinin
metanol ekstraktinda toplam fenolik madde
miktari 0.716 mg GAE g?; Altin otu metanol
ekstraktinda ise 0.668 mg GAEg™’ olarak tespit
edilmistir. Toplam flavonoid madde miktari ise,
Molehiya ve Altin otu ekstraktlarinda sirasiyla
0.075 mg RE g?! ve 0.057 mg RE g! olarak
belirlenmistir. Askorbik asit miktari ise Molehiya
ekstraktinda 52.56 mg L%

belirlenirken, Altin otu ekstraktinda ise bu deger

metanol olarak
264.94 mg L olarak belirlenmistir. Toplam fenolik
ve flavonoid icerikleri bakimindan iki bitki ekstrakti
ekstraktinda daha
yuksek verilere ulasiimistir. Altin otu metanol
askorbik
metanol ekstraktindan 5 kat fazla bulunmustur

(Cizelge 1.).

kisyaslandiginda Molehiya

ekstraktinin asit miktari  Molehiya

Bitki ekstraktlarina antioksidan analizler de
uygulanmig ve bu bitki ekstraktlarinin antioksidan
icerikleri agiga c¢ikarilmaya calisiimistir (Cizelge 2.)
buna gore Molehiya metanol ekstraktinda DPPH:
radikalini giderme aktivitesi %76.97 iken, Altin otu
metanol ekstraktinda ise bu deger %73.06 olarak
tespit edilmistir. Fosfomolibdenyum analizi ile
antioksidan analizi sonuclarina goére ise, Molehiya
metanol ekstraktinda 0.60 pg TE g, Altin otu
metanol ekstraktinda ise 1.06 pug TE g* degerine
ulasilmistir. Demir indirgeme kapasitesi tayininde
(FRAP), Molehiya metanol ekstraktinda 1.280 abs.,
Altin otu metanol ekstraktinda ise 1.430 abs.
edilmistir.  Bakir
(CUPRAC)
Molehiya metanol ekstraktinda (130.95 mg troloks

degerleri elde indirgeme

antioksidan analizinde degerler,
esdegeri g 6rnek™) Altin otu metanol ekstraktindan
daha yiiksek (88.60 mg troloks esdegeri g 6rnek™)
bulunmustur. Troloks esdegeri antioksidan
kapasite (TEAC) analizinde % inhibisyon, Molehiya
ekstraktinda %14.35 olarak tespit edilirken, altin
otu bitkisinde ylzde inhibisyon bulunamamistir.
Ayni analizde degerler uM troloks esdegeri 10 g*
seklinde hesaplandiginda, Molehiya ve Altin otu
ekstraktlarinda degerler sirasiyla 19.32 ve 4.71
tespit edilmistir. Tim antioksidan
birlikte 6

antioksidan analizinin 4’Gnde Altin otu metanol

seklinde

analizleri degerlendirildiginde,

ekstraktinin  antioksidan degerleri Molehiya
metanol ekstraktindan daha vyiksek tespit
edilmigtir.

Cizelge 1. Molehiya ve Altin Otu bitkilerinin metanol ekstraktlarinin fitokimyasal icerikleri
Table 1. Phytochemical Contents of Methanol Extracts of Molehiya and Altin Otu Plants

Ekstraktlar Toplam Fenolik Madde Toplam Flavonoid Madde Ascorbik Asit Miktari (mg L)
(mg GAE g) (mg RE g?) Ascorbic acid amount
Extracts Total phenolics Total favonoids (mgL?)
(mg GAE g™) (mg RE g™)
Molehiya 0.716%0.07 0.075+0.01 52.56%2.69
Molehiah
Altin Otu 0.668+0.11 0.057%0.00 264.9418.01

Golden grass
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Cizelge 2. Molehiya ve Altin Otu bitkilerinin metanol ekstraktlarinin antioksidan aktiviteleri
Table 2. Antioxidant Activities of Methanol Extracts of Molehiya and Altin Otu Plants

Ekstraktlar %DPPH Radikali Fosfomolibdenyum FRAP(abs.) CUPRAC TEAC TEAC
Giderme Aktivitesi analizi FRAP(abs.) (mg trolox (Inhibition (uM trolox
Extracts %DPPH radical (ug TE g1) equivalentg %) equivalent 10g-
removal activity Phosphomolybdenum sample?) TEAC 1)
analysis (ug TE g1) CUPRAC (%inhibisyon)  TEAC(uM troloks
(mg troloks esdegeri 10g71)
esdegeri g érnek -
7)
Molehiya 76.9760.79 0.60+0.04 1.28+0.05 130.95+4.21 14.35+0.23  19.32+0.17
Molehiah
Altin Otu 73.064+0.93 1.0610.21 1.43+0.08 88.60+2.43 - 4.71+0.09
Golden grass
Antioksidan bilesenler, gida, kozmetik ve 0.19+0.05 mg RUE g* olarak tespit etmislerdir.

farmasotik Griinlerin bozulmasina neden olan lipid

peroksidasyon slirecini geciktirerek serbest
radikalleri sUplrebilir ve raf omriini uzatabilir
(Erdogan ve Gode, 2022). Antioksidan aktivite,
ekstraktlarin fenolik icerigine, cogunlukla fenolik
asitlere ve flavonoidlere baghdir. Bu bilesikler,
reaktif oksijen tdrlerinin olusumunda yer alan
enzimleri inhibe ederek veya eser elementleri
selatlayarak veya hidrojen atomu bagisi yoluyla
yiksek derecede oksitleyici serbest radikalleri
azaltarak etki gosterir (Vujic ve ark., 2020).
Sengun ve Gargl (2020), Corchorus olitorius
bitkisinde en yiksek toplam fenolik madde
miktarini etanol ekstraktinda 24.61 mg GAE g*
ekstraktinda
21.14,

ekstraktinda ise 9.86 mg GAE g olarak tespit

olarak belirlemislerdir. Metanol

toplam fenolik madde miktar su
etmislerdir. Ayrica, C. olitorius'un su, etanol ve
metanol ekstraktlari DPPH radikalini sirasiyla
%17.50, %87.10 ve %86.00 oraninda inhibe
etmistir. Arastirmacilarin metanol ekstraktinda
DPPH radikalini giderme aktivitesi ile ilgili bulmus

oldugu bu deger (%86.00), Molehiya metanol

ekstrakti DPPH radikalini giderme aktivitesi
sonucumuzdan (%76.97) daha yuksek
bulunmustur. Ayrica arastirmacilar metanol

ekstrakti icin toplam fenolik madde miktarini
mevcut ¢alismadan daha yiksek bulmuslardir.
(2020)
ekstraktlarinda

Chigurupati ve ark., Corchorus

olitorius’un  metanol toplam

fenolik madde ve toplam flavonoid madde

miktarini sirasiyla 0.330.07 mg GAE g?! ve
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Ayrica, C. olitorius'un metanol ekstraktlari DPPH
radikalini yaklasik %93-94 oraninda inhibe etmistir.
Arastirmacilarin sonucuna goére, toplam fenolik
madde miktari degeri sonucumuzla
kiyaslandiginda daha disiuk bulunurken; DPPH
radikalini giderme aktivitesinde ise daha yuksek
sonuglar elde etmislerdir. C. olitorius'un farkli
tibbi
metabolitlerin varligi, seker hastaligi (Innami ve
2005) dahil

bozukluklarinin

kisimlarinda acidan 6nemli sekonder
olmak Uzere cesitli saglk
(Kuete, 2017)
kullanimini hakli ¢ikarmaktadir (Chigurupati ve
ark., 2020).

Bitkilerde flavonoid igeriginin en ¢ok cografi ve

ark.,
tedavisinde

iklimsel kosullar, genetik ve biyolojik ¢esitlilik ve

mevsimsel degisimler tarafindan etkilendigi
bildirilmistir (Wang ve ark., 2003, Sparg ve ark.,
2004; Biswas ve ark., 2020).

Oboh ve ark. (2009), Corchorus olitorius’un su
ve hekzan ekstraktlarinda C vitamini igerigini
ekstraktinda

edemezken; su ekstraktinda ise 32.6 mg 100 g

arastirmislar ve hekzan tespit

olarak  belirlemislerdir.  Arastirmacilar, su
ekstraktlarinda toplam fenol icerigini 630.8 mg
100g? kuru agirlik, hekzan ekstratinda ise 99.9 mg
100g™? kuru agirlik olarak tespit etmislerdir. Ayrica
toplam flavonoid iceriklerini de inceledikleri bu
c¢alismada, su ekstrakti icin bu degeri 227.8 mg
100g? kuru agirlik, hekzan ekstrakti icin 54.0 mg
100g* kuru agirhk olarak bulmuslardir.

Biswas ve ark. (2020), Corchorus olitorius’un

etanol ekstraktlarinda toplam flavonoid icerigini
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5.26 ile 13.66 mg RE g?! kuru agirlik arasinda;
toplam fenolik madde igerigini 5.41 ile 7.78 mg
GAE gt kuru agirhk arasinda; ABTS miktarini 102.13
ile 149.90 mmol trolox g ekstrakt arasinda tespit
etmislerdir. Ayrica yuksek ABTS radikal yakalama
aktivitesinin  fenolik  bilesiklerin  varhgindan
kaynaklanabilecegi
ark., 1998).

Yan ve ark. (2013), Corchorus olitorius’dan % 80

sulu aseton kullanarak ekstre elde etmislerdir. Bu

bildirilmistir (Hagerman ve

ekstrede toplam fenolik madde miktarini tim bitki,
yaprak ve kok de sirasiyla 289.18, 244.18 ve 281.33
mg GAE g kuru agirlik olarak tespit etmislerdir.
Toplam flavonoid igerigini ise yine sirasiyla 132.13,
169.34 ve 46.15 mg QE g kuru agirlik olarak
belirlemislerdir.

Gliltekin (2020), Helichrysum arenarium (L.)
Moench  (Adiyaman, Akdag, Tut bodlgesinden
toplanmis) etanol ekstresinde DPPH siplirme
yetenegini %52-82 araliginda tespit etmistir. Bu
bitkinin etanol ekstresinde toplam fenol icerigini
ise 26.16 mg g olarak belirlemistir. Tepe ve ark.
(2005), ettikleri
Helichrysum arenarium (L.) Moench tirinin
%
stiplirme oranini maksimum % 57-58 oraninda
(2004),
Karakale bolgesinden temin ettikleri Helichrysum
ekstresinde 250

ppmlik konsantrasyonda %58.6 oraninda siplirme

Sivas  bolgesinden  temin
metanol ekstrelerinde DPPH serbest radikali
belirlemislerdir. Ozgen ve ark. Kars

arenarium tirinin metanol

orani belirlemislerdir (Gultekin, 2020). DPPH
radikalini giderme ile ilgili bulunan bu degerler,
¢alismamizin sonuglarindan daha disik

bulunmustur. DPPH kararl bir serbest radikaldir ve
maksimum absorbansi 517 nm'de meydana
gelmekle birlikte, bir ekstraktin DPPH tiiketim
orani ne kadar vyuksek olursa antioksidan
potansiyeli de o kadar gigli olur.

Kaya (2022), Altin otu bitkisinin farkh ¢ozici
bu

karsilastirdiginda en ylksek CUPRAC indirgeme

ekstrelerini elde etmis ve ekstreleri

kapasitesinin su ekstresinde, en disik indirgeme
kapasitesinin ise hekzan ekstresinde oldugunu
bitkinin ~ farkh
ekstreleri ile karsilastirdiginda en yliksek ABTS

gozlemlemistir.  Yine, ¢6zlict

radikali giderme aktivitesini etanol ekstresinde (%
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75.3) belirlemis; diger ¢oziicller ile hazirlanan bitki
ekstrelerinde ise standart antioksidanlardan daha
radikal gosterdigini
belirtmistir. Bitkinin farkli ¢oziicli ekstreleri ile
DPPH radikali
aktivitesini, en ylksek (% 62.4) su ekstresinde

disik giderme aktivitesi

karsilastirdiginda giderme
belirlemistir.

Stankov ve ark. (2020), H. arenarium (L.)
Moench'den %70'lik ekstrakt elde etmisler ve elde
ettikleri bu ekstraktin CUPRAC metoduyla
antioksidan degerini 159.46 mM TE/g olarak tespit

ve ark.(2008), H.
ekstraktinda DPPH
inhibisyonunun %90-100 arasinda bir degere sahip

etmislerdir.  Kulisic-Bilusic

arenarium'un sulu
oldugunu bildirmislerdir (Umaz ve ark., 2023).

Albayrak ve ark. (2010a), H. armenium subsp.
araxinum, H. arenarium subsp. erzincanicum, and
H. plicatum subsp. Pseudoplicatum’un metanol
esktrelerinde serbest radikal yakalama
aktivitelerini sirasiyla %85.86, %81.45 ve %79.59
olarak tespit etmislerdir. Toplam fenolik
iceriklerinin ise 71.81-144.50 mg GAE g oldugunu
belirtmislerdir.

Babota ve ark. (2018), Helichrysum arenarium
(L.) tlrd icin farkh solventler kullanarak toplam
fenolik madde icerigini arastirmislar ve toplam
fenolik icerik acisindan en yiksek degerleri
ekstraksiyon solventi olarak %70 (v/v) etanol
kullanarak elde ettiklerini ifade etmislerdir.

Hem Altin otu hem de Molehiya metanol
ekstraktlari ile ilgili yapmis oldugumuz bu ¢alisma
sonuglari literatir ile karsilastirildiginda
benzerlikler ve farkliliklar tespit edilmistir. Bu
farkhliklarin  nedeninin, kullanilan ¢6ziclnin
farkhhgi, ekstraksiyon yonteminin farkliligi, bitki
kisimlarinin farkliligi, tarimsal proses farkhligi, isik,
iklim, hasat zamani, depolama sartlari, bitkinin
toplandigi

bolgenin farklihgindan

kaynaklanabilecegi distnilmektedir.

Molehiya ve Altin Otu bitkilerinin metanol
ekstraktlarinin fenolik bilesen igerikleri

Molehiya ve Altin Otu bitkilerinin metanol
ekstraktlarinin fenolik bilesenleri Cizelge 3.'de
verilmistir.

Fenolik bilesen miktarlari toplami, Altin otu
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metanol ekstresi (110.866,394 mg kg!) > Molehiya
metanol ekstresi (39.803,77 mg/kg) seklinde tespit
edilmistir.

Altin otu metanol ekstraktinda hidroksibenzoik
asitler (vanilin, vanilik asit, 4-Hidroksibenzoik asit
ve prokatesik asit etil ester) tespit edilirken,
Molehiya metanol ekstresinde ise bu asitlerden
sadece prokatesik asit etil ester tespit edilmistir.
Hidroksinnamik asitlerden (o-kumarik asit, t-ferulik
asit, kafeik asit, p-kumarik asit, klorojenik asit, 3-
Hikdroksinnamik asit, rosmarinik asit, salisilik asit,
t-sinamik asit, gentisik asit, sinapik asit) klorojenik
asit ve 3-Hikdroksinnamik asit Molehiya metanol
ekstraktinda Altin otu metanol ekstraktindan daha
yliksek tespit edilmistir. Diger hidroksinnamik
asitler ise altin otu metanol ekstraktinda daha
yiksek bulunmustur. Ayrica Molehiya metanol
ekstraktinda kafeik, p-kumarik, salisilik, gentisik ve
sinapik asitler tespit edilememistir.
Hidroksinnamik asitlerden t-ferulik asit, Altin otu
metanol ekstraktinda yiksek miktarda (7287.10
mg kg?') tespit edilirken; klorojenik asit ise
Molehiya metanol ekstraktinda yiiksek miktarda
(10093.6 mg kg?) tespit edilmistir. Sonuglarimiza
Altin

hidroksinnamik asitler agisindan Molehiya metanol

gore, otu metanol ekstraktinin

ekstraktina gore daha ylksek bulundugunu
soylemek mimkindir. Flavon-3-ollerden (katesin
hidrat, kurkumin ve katesin) katesin Molehiya
metanol ekstraktinda 12292.4 mg kg olarak tespit
ekstraktinda

katesin dahil flavon-3-oller tespit edilememistir.

edilirken; Altin otu metanol ise
Flavanonlardan (narinjin, narinjenin ve hesperidin)
narinjin Altin otu metanol ekstraktinda 73620.9 mg
kg, Molehiya ekstraktinda ise 12625.5 mg kg*
olarak tespit edilmistir. Yine narinjenin ve
hesperidin de altin otu metanol ekstraktinda daha
yuksek Fenolik

bulunmustur. bilesenlerden

flavonoller  (rutin, hiperosit, kuersetin ve
izokuersitrin) rutin ve hiperosit Altin otu metanol
ekstraktinda tespit edilirken; Molehiya metanol
ekstraktinda tespit edilememistir. Kuersetin ve

izokuersitrin ise Altin otu metanol ekstraktinda
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tespit edilemezken, Molehiya metanol
ekstraktinda tespit edilmistir. Flavonlardan (krisin,
flavonlar, 6-hidroksiflavon ve baikalin) krisin,
flavonlar ve 6-hidroksiflavon Molehiya metanol
ekstraktinda tespit edilmemisken; baikalin ise Altin
otu metanol ekstraktinda tespit edilememistir.
Ayrica bu calismada, stilbenoidler ile sekoiridoidler
de tespit edilmeye calisiimis ancak bu bilesiklere
iki
rastlanamamistir.

her bitkinin metanol ekstraktlarinda da

Helichrysum arenarium (L.) (Altin otu) icerisinde
eterik yag flavonlar ve flavon glikozitleri, sterinler,
aci maddeler ve cesitli tanenler ile kumarinler
tespit edilmistir. Czinner ve ark. (2000), yaptiklar
calismada fenolikler ile flavanoidlerin varligini ve
bunlarin antioksidan 06zellik goOsterdigini tespit
etmislerdir (Sen ve Kalayci, 2016). Albayrak ve ark.
(2010b) (L.)

tdridnin metanol ekstresinde fenolik icerigini; 99

Helichrysum arenarium Moench
pg gl apigenin-7-glukozid, 89.9 pg g* klorojenik
asit, 27.5 pg g apigenin, 9.16 pg g naringenin
4.54 ug g luteolin ve kiiciik miktarlarda kumarik
asit, resveratrol, kafeik asit olarak belirlemislerdir.
Albayrak ve ark. (2010a), H. Arenarium subsp.
erzincanicum, H. arenarium subsp. rubicundum
veya H. armenium subsp. Araxinum ekstraktlarinda
bulunan baslica fenolik bilesenin klorojenik asit,
ardindan apigenin-7-glukozit ve apigenin oldugunu
belirlemislerdir. Ayrica test edilen ekstraktlarin
hicbirinde gallik asit, katesin, rutin, akasetin,
eriodiktyol, kuersetin ve rosmarinik asit tespit
edilememistir. Sato ve ark. (2011), klorojenik
asidin yuksek antioksidan kapasitesinin oldugunu
belirtmislerdir. Yamagata ve ark. (2018), A549
kodlu insan akciger kanseri hiicrelerinde klorojenik
asidin  apoptoz ve gen ekspresyonunu
dizenledigini bildirmislerdir (Giltekin, 2020). Yan
ve ark. (2003), calismalarinda yiksek miktarlarda
klorojenik asit, mirisetin ve min6r kuersetin
bulduklarini ve bu durumun da bitki ¢esidinin
bir rol

fenolik bilesimde 6nemli oynadigini

gosterdigini belirtmislerdir.
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Cizelge 3. Molehiya ve Altin Otu bitkilerinin metanol ekstraktlarinin fenolik bilesenleri

Table 3. Phenolic compounds of methanol extracts of Molehiah and Golden Grass plants

Fenolik Bilesikler Molehiya Altin Otu

Phenolic compounds (mg kg) (mg kg?)
Molehiah Golden Grass
(mg kg™) (mg kg™*)

Fenolik Asitler

Phenolic Acids

Hidroksibenzoik asitler (mg kg™)

Hydroxybenzoic acids (mg kg™?)

Vanilin t.e./n.d. 124.43

Vanillin

Vanilik asit t.e./n.d. 1129.45

Vanilic acid

4-Hidroksibenzoik asit t.e./n.d. 336.79

4-Hydroxybenzoic acid

Prokatesik asit etil ester 213.31 731.01

Procatetic acid ethyl ester

Hidroksinnamik asitler (mg kg™?)

Hydroxinnamic acids (mg kg)

o-kumarik asit 102.85 2300.96

o-cumaric acid

t-Ferulik asit 19.38 7287.10

t-ferulic acid

Kafeik asit t.e./n.d. 910.79

Caffeic acid

p-kumarik asit t.e/n.d. t.e./n.d.

p-cumaric acid

Klorojenik asit 10093.6 5347.73

Chlorogenic acid

3-Hikdroksinnamik asit 67.75 t.e./n.d.

3-Hydroxycinnamic acid

Rosmarinik asit 102.25 349.94

Rosmarinic acid

Salisilik asit t.e./n.d. 63.64

Salicylic acid

t-sinamik asit 61.75 1706.38

t-sinnamic acid

Gentisik asit t.e./n.d. 579.35

Gentisic acid

Sinapik asit t.e./n.d. 4917.79

Sinapic acid

Flavonoidler

Flavonoids

Flavon-3-oller(mg kg™)

Flavon-3-olls(mg kg)

Katesin hidrat t.e./n.d. t.e./n.d.

Catechin hydrate

Kurkumin t.e./n.d. t.e. /n.d.

Curcumin

Katesin 12292.4 t.e/n.d.

Catechin

Flavanonlar (mg kg™)
Flavanons(mg kg™)
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Narinjin

Naringine

Narinjenin
Naringenine
Hesperidin
Hesperidine
Flavonoller (mg kg™)
Flavonolls(mg kg™)
Rutin

Rutin

Hiperosit
Hyperocyte
Kuersetin
Quercetine
Izokuersitrin
Isoquercetin
Flavonlar (mg kg™)
Flavons(mg kg)
Krisin

Krisin

Flavonlar

Flavons
6-hidroksiflavon
6-hydroxyflavone
Baikalin

Baicalin
Stilbenoidler (mg kg?)
Stilbenoids(mg kg)
Resveratrol
Resveratrol
Sekoiridoidler (mg kg?)
Secoiridoids (mg kg™)
Oleuropein
Oleuropein

12625.5 73620.9 te:
Tespit

97.98 5881.73

5.68 1437.31

t.e./n.d. 2513.22

t.e./n.d. 911.69

119.86 t.e./n.d.

3943.32 t.e./n.d.

t.e/n.d. 185.66

t.e./n.d. 408.24

t.e./n.d. 122.32

57.93 t.e./n.d.

t.e./n.d. t.e./n.d.

t.e./n.d. t.e./n.d.

edilemedi. (Fenolik Bilesen Toplami: Altin Otu: 110866.394 mg kg*; Molehiya:39803.77 mg kg™)
n.d.:not detected.( (Total Phenolic Component: Golden Grass: 110866.394 mg kg; Molehiya: 39803.77 mg kg!)

Molehiya ve Altin Otu bitkilerinin metanol
ekstraktlarinin antibakteriyel aktiviteleri
Ekstraktlarin
incelenmesinde numaralandirmalar Molehiya (4)
ve Altin Otu (5) seklindedir (Sekil 2.)
Ekstraktlarin antibakteriyel aktiviteleri E. coli

antibakteriyel  aktivitelerinin

ATCC 25922, Staphylococcus aureus, Salmonella
typhimurium ve Pseudomonas aeruginosa ATCC
9027’ye karsi test edilmistir (Cizelge 4)(Sekil 2).

E. coli ATCC 25922, Salmonella typhimurium
ATCC 14028 ve Pseudomonas aeruginosa ATCC
9027’ye karsi oOzitlerde herhangi bir inhibitor
etkiye rastlanmazken; Staphylococcus aureus’a
kars! inhibitor etki Altin otu ve Molehiya metanol
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ekstraktlarinda gozlenmis ve zon ¢aplari sirasiyla
12 ve 9 mm olarak o6lgtlmistir. (Sekil 1). Negatif
kontrol olarak konsantre metanol kullaniimis ve
izolatlar  Uzerinde

metanoliin antibakteriyel

aktivitesine rastlanmamistir. Pseudomonas
aeruginosa ATCC 9027 icin pozitif kontrol olarak
kullanilan standart antibiyotik Polimiksin B’nin
inhibisyon zonu 17 mm’dir.

E. coli ATCC 25922, Salmonella typhimurium ve
Staphylococcus aureus igin pozitif kontrol olarak
tetrasiklin antibiyotigi kullaniimis ve inhibisyon
zonlarl ise sirasiyla 20, 17 ve 18 mm olarak

OlcUlmustir.



Sekil 2. Bitki ekstraktlarinin antimikrobiyel aktivitesi a.
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Bitkilerin
metanol ekstraktlarinin Salmonella typhimurium Gzerindeki
antimikrobiyal etkisi b.
Pseudomonas

Bitkilerin metanol ekstraktlarinin
ageruginosa  ATCC 9027
antimikrobiyal etkisi c. Bitkilerin metanol ekstraktlarinin E.
coli Uzerindeki antimikrobiyal etkisi d. Bitkilerin metanol
ekstraktlarinin Staphylococcus
antimikrobiyal etkisi

Gzerindeki

aureus Gzerindeki

Figure 2. Antimicrobial activity of plant extracts a. Antimicrobial effect

of methanol extracts of plants on Salmonella typhimurium. b.
Antimicrobial effect of methanol extracts of plants on
Pseudomonas aeruginosa ATCC 9027. c. Antimicrobial effect
of methanol extracts of plants on E. coli d. Antimicrobial effect

of methanol extracts of plants on Staphylococcus aureus

ilhan ve ark. (2007), Corchorus olitorius L.
(Molehiya)’nin petrol eteri ve metanol ekstraktlari
ile yapmis olduklari ¢alismalarinda, metanol
ekstraktlarinda Escherichia coli ATCC 25922 igin
antibakteriyel aktiviteyi inhibisyon zonu olarak
sirasiyla 20 ve 10 mm olarak 6lgmuslerdir.
Salmonella typhimurium ATCC 14028 i¢in metanol
ekstraktlarinda zon capi tespit edemememisken,
Staphylococcus aureus ATCC 25923 igin inhibisyon
zonunu petrol eteri ve metanol ekstraktlarinda
sirasiyla 19 ve 18 mm olarak tespit etmislerdir.
Ayrica arastirmacilar etil asetat+su ekstraktlarinda
Escherichia coli ATCC 25922 igin zon gap! tespit
edemezken, Salmonella typhimurium ATCC 14028
ve Staphylococcus aureus ATCC 25923 igin sirasiyla
zon gaplarini 15 ve 19 mm olarak tespit etmislerdir.
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Yine bu ¢alismada, hidroksisinnamik asitlerin gram
inhibitor
oldugu séylenmistir. Calismamizin da sonuglarina

pozitif bakteriler Uzerinde etkisinin
bakildiginda, hidroksisinnamik asitlerin altin otu
ekstraktlarinda metanol
daha
goriilmekte olup, Staphylococcus aureus ATCC
25923

zonlarinin

metanol molehiye

ekstraktlarina  gore yiuksek  oldugu
icin Olglilen 12 ve 9 mm
bu

mimkUundar.

inhibisyon

asitlerden geldigini soylemek

yapmisg
olduklari calismadan farkh olarak, calismamizda
14028

Escherichia coli ATCC 25922 igin inhibisyon zonu

Ayrica arastirmacilarin

Salmonella  typhimurium  ATCC ve

tespit edilememesinin  nedeninin  kullanilan

ekstraksiyon ve c¢oziculerin farkhh olmasindan
kaynaklanabilecegi dusliniilmektedir.
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Cizelge 4. Altin otu ve molehiya bitkilerinin metanol ekstraktlarinin inhibisyon zon gaplari (mm)

Table 4. Inhibition zone diameters of methanol extracts of Golden grass and Molehiah plants (mm)

Test edilen Altin Otu Molehiya Metanol Tetrasiklin PolimiksinB  Metisillin (PK)
mikroorganizmalar Metanol Metanol (NK) (PK) (PK) Methicillin(PK)
Tested microorganisms  Ekstrakti Ekstrakti Methanol  Tetracycline  PolymyxinB
Golden Grass Molehiah (NK) (PK) (PK)
methanol methanol
extract extract
E. coli ATCC 25922 - - - 20
Salmonella typhimurium - - - 17
ATCC 14028
Staphylococcus aureus 12 9 - - 18
ATCC 25923
Pseudomonas - - - 17
aeruginosa ATCC 9027

(-): Test edilen mikroorganizmalara karsi inhibisyon zonu gézlenmemistir. PK: Pozitif kontrol, NK: Negatif kontrol

(-): No zone of inhibition was observed against the tested microorganisms. PK: Positive control, NK: Negative control

Nakaziba ve ark., (2022) Corchorus olitorius’un
ham yaprak metanol ekstraktlarinda inhibisyon
zonunu E.coli ve S.aureus icin sirasiyla 9.50 ve
11.00 mm
Ozdenefe ve ark. (2018), Corchorus olitorius’un

olarak o6lcmislerdir. Simengen
metanol, etanol ve kloroform ekstrelerinin tim
yaprak orneklerinde kullanilan tim bakteri ve
mantar tirlerine karsi antibakteriyel ve antifungal
aktivite tespit edemediklerini soylemislerdir.
Arastirmacilar, S.aureus icin zon ¢apini 100 mg mL"
1 hekzan ekstraktinda 12 mm olarak élgmuslerdir.
Yine arastirmacilar, S.aureus igin idrar vyolu
enfeksiyonlari, gida zehirlenmeleri, abseler ve
solunum yolu enfeksiyonlarina neden olan bir
bakteri

sonucu ile benzer sekilde S.aureus’da gézlenen bu

oldugunu belirtmislerdir. Bu ¢alisma

antibakteriyel  aktivite  kullandigimiz  bitki
ekstraktlarinin da tibbi bitkilerle tedavi igin
kullanilabilecegini gostermektedir.
Sonug ve oneriler

Serbest radikallarin hem yaslanmayi
hizlandirdigi hem de hastaliklarin neredeyse

¢ogunun ana etmeni oldugu bilinen bir gercektir.
Bu sebepten 6tlirl sentetik antioksidanlar yerine
dogal antioksidanlarin 6nemi her gecen giin
artmaktadir. Bu ¢alismada da, Gineydogu Anadolu
bolgesinde gerek yemek yapimi gerekse tedavi

amach yaygin kullanim alani bulan Altin otu ve
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Molehiya bitkilerinin metanol ekstraktlari elde
edilerek; bu ekstraktlarin fitokimyasal icerikleri ve
antioksidan kapasiteleri ile fenolik bilesen icerikleri
ve antibakteriyel ozellikleri  arastiriimistir.
Arastirmamizin sonugclarina gore her iki bitkinin de
metanol ekstraktlarinin antioksidan icerige sahip
olduklari ve fitokimyasal agidan zengin bilesime
sahip olduklari agiga cikmistir. Ayrica bu bitkilerin
fenolik bilesen iceriklerinin de yisek olmasindan
dolayr bu bitkilerin 6énem tasidiklari sonucuna
variimistir. Ozellikle klorojenik asidin Molehiya
metanol ekstresinde yiliksek miktarda bulundugu
tespit edilmistir. Ayrica, S.aureus’da gozlenen
bitki
icin

aktivite  kullandigimiz
tibbi  bitkilerle
kullanilabilecegini gostermektedir. Gida ve tibbi

antibakteriyel
ekstraktlarinin tedavi
acidan o6nemli bulunan bu bitkilerin Ulkemize
kazaniminin saglanmasi ve bu bitkilerle ilgili
yapilacak diger calismalara da zemin hazirlamasi
¢alismamizin 6nemini géstermektedir. Bu nedenle
bu bitkilerin gida, saghk ve farmakoloji icin yararl
Bir
¢alismada mevcut bitkilerin in vivo arastiriimasi

olabilecegi sonucuna varilabilir. sonraki

hedeflenebilir.

Tesekkiir

Kilis 7 Aralik Universitesi'ne laboratuvar

imkanlarini sunduklari icin tesekkir ederiz. Ayrica

makalemizin  inceleme ve  degerlendirme
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asamasinda yapmis olduklar katkilardan dolayi
editor ve hakem/hakemlere tesekkur ederiz.

Cikar ¢catismasi beyani: Yazarlar herhangi bir ¢ikar
catismasi olmadigini beyan eder.

Yazar katkisi: Filiz UCAN TURKMEN; Calismayi
tasarlayip, yuritmus, verileri analiz etmis ve
makaleyi yazmistir. Kibar YAPICI ve Elife OSMAN:
Antioksidan  analizlerin yapilmasina  katkida
bulunmuslardir. Gilcan KOYUNCU; Antioksidan
analizlerinin yapilmasinda ve ayrica makalenin

okunmasi, incelenmesi ve dizeltmelerin

yapiimasinda katkida bulunmustur. Umit Haydar
EROL: Fenolik bilesen analizinin yapilmasinda
katkida bulunmustur.
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Fermented gilaburu juice is a traditional fermented beverage produced by natural
fermentation of gilaburu fruit (Viburnum opulus L.) with lactic acid bacteria. The
distinctive astringent and bitter taste of the fruit, which limits its fresh consumption,
can be reduced after applications such as fermentation and heat treatment. However,
it is not possible to completely remove the astringent and bitter taste that may affect
the sensory character of the fruit and the product to be obtained and limit its
consumption. In this study, fermentation was carried out with hydrosol, which is the
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gilaburu juices and hydrosols were collected and sensory analyses were carried out by determining pH, acidity, colour,

turbidity, phenolic matter, flavonoid matter, hydrolysed tannin, anthocyanin and antioxidant activity values of the samples.

It was determined that gilaburu juice samples fermented with hydrosol had significantly (p<0.05) higher antioxidant activity

value (19-30 mg TE 100 ml?) than the control group. In addition, it was determined that the sensory perception of

astringency in gilaburu juice samples fermented with hydrosol was less than the control group. With this study, both the

distillation waste product was utilised and new alternative fermented beverages were obtained by adding bioactive

substances that may come from this product to the fermented product.

Key Words: Gilaburu, hydrosol, hydrodistillation, fermentation, by product

Giris

Kekik (Thymus vulgaris L.) aromatik 6zellikleri
ile bilinen ve yemeklerde taze ya da kurutulmus
olarak, aroma verici ve gida koruyucu olarak siklikla
kullanilan bir tibbi ve aromatik bitkidir (Nikoli¢ ve
ark., 2014). Saghk acisindan oldukca fazla etkiye
sahip olan kekik kendine has kokusunu saglayan
ucucu yagi karvakrol ve timol bilesiklerinin yani sira
de
icermektedir (Popa ve ark., 2021). Tibbi nane

simol, borneol ve linalol bilesiklerini
(Mentha piperita L.) ugcucu yaglari, 6zellikle mentol
ve menton gibi ucucu bilesikler icermektedir. Bu
bilesikler, mikroorganizmalarin blylimesini inhibe
edebilen antiseptik oOzelliklere sahiptir. Bunun
yaninda tibbi nane fenolik ve antioksidan bilesikler
acisindan da zengindir. icerdigi bu aktif bilesikler
sayesinde saglk Uzerinde olumlu etkiler
sergilemektedir (Sadowska ve ark., 2016). Lavanta
(Lavandula angustifolia) o6zellikle ugucu yaglari
antispazmodik,

sebebiyle antidepresan,

antibakteriyel ve lokal anestezik etkiler
gostermektedir. Linalil acetat ve linalol temel aktif
bilesikleridir (Yadikar ve ark., 2018). Lamiaceae
ailesinde yer alan tibbi ve aromatik bitkiler ¢ok
yaygin kullanim alanlarina sahip olup, kekik, tibbi
nane ve lavanta bu familyaya ait olan ve ozellikle
degerli ugucu yaglari nedeniyle ticari Gneme sahip
turlerdir (Ya-ting, 2016). Ucucu yaglarin bitkiler ve
farkli kaynaklardan distilasyon yontemiyle elde
edilmesinin ardindan yan Uriin olarak hidrosol adi
verilen aromatik su acgiga ¢citkmaktadir (D’Amato ve
ark., 2018). Ucgucu yagin elde edildigi bitkinin
bilesimindeki bircok degerli bilesikleri iceren bu
yan Urln farkh gida, kozmetik ve diger alanlarda

yer alan Urlnlerin bilesiminde
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degerlendirilebilecek potansiyele sahip atik bir
farkli
bitkilerden elde edilen hidrosoller aromaterapide,

materyaldir. Bununla birlikte, aromatik
parfiimeride ve bazi gida formilasyonlarinda koku
ve lezzet diizenleyici olarak ve zenginlestirme
amacli kullanim alanlari bulunmaktadir (incegiil ve
Cam, 2021; Lee, 2016; Paparella ve ark., 2018).
Caprifoliaceae familyasinin bir Gyesi olan
gilaburu (Viburnum opulus L.) Avrupa’ ya 6zgi bir
bitki tiirii olup tlkemizde 6zellikle i¢c Anadolu ve
Karadeniz bolgesinde yetismektedir (Yilmaztekin
ve Sislioglu, 2015). Bilesiminde yer alan yliksek
orandaki asit,

fenolik bilesikler (klorojenik

antosiyanin, katesin), vitamin (askorbik asit),
mineral (potasyum, kalsiyum) ve organik asit
(malik asit) gibi biyoaktif bilesikler sayesinde saglik
Uzerinde bircok olumlu etkiler gosterdigi
bildiriimektedir (Kraujalyte ve ark., 2012; Sagdic ve
ark., 2006). Kendine 6zgi buruk ve aci bir tada
sahip olan gilaburu meyvesi igerisinde bulunan
tat

nedeniyle taze olarak tiketilememektedir (Sagdic

viburnine bilesiginin neden oldugu aci
ve ark., 2006). Bundan dolayl bu meyve Eylil ve
Ekim aylarinda hasat edildikten sonra igme suyu ile
birlikte bir kavanoz icerisinde geleneksel olarak 3-
5 ay silire ile fermantasyona birakilmaktadir.
Fermantasyon sonrasinda meyveler ezilerek elde
edilen fermente gilaburu suyu istege gére seker ve
su ilave edilerek tiketilmektedir (Yilmaztekin ve
Sislioglu, 2015).
Aromatik bitkilerden

edilmesinde kullanilan distilasyon yonteminde yan

ucucu vyaglarin elde

arin olarak bitkisel sulu ekstraktlar olan
hidrosoller agiga c¢ikmaktadir. Hidrosoller cesitli
organik asitler, proteinler ve fenolik bilesikler
icermektedir (Mielnik ve ark., 2008). Ugucu yagin
Uretimi sirasinda suda c¢6zinebilir bilesiklerden

Ozellikle kullanilan bitkinin fenolik bilesikleri
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hidrosol kisminda kalmakta ve bu bilesikler atik
Bu
calismada ucucu yag ticaretinde 6nemli bir yere

suya biyoaktif oOzellikler kazandirmaktadir.

sahip olan kekik, tibbi nane ve lavanta ugucu

yaglarinin elde edilmesinden sonra kalan

hidrosollerin gilaburu meyvesi fermantasyonu
ortamina ilave edilmesiyle elde edilen gilaburu
fizikokimyasal

suyunun duyusal, ve biyoaktif

ozelliklerinin belirlenmesi amaglanmigtir.

Materyal ve Metot

Materyal ve kimyasallar

Yeni hasat edilmis gilaburu meyvesi 2022 yilinin
Ekim ayinda Kayseri'nin Kiranardi ilgesindeki bir
Kekik
(Lavandula angustifolia)

Ureticiden temin edilmistir. (Thymus

vulgaris) ve lavanta
Kayseri'de yerel bir aktardan (inan Aktar), tibbi
nane (Mentha piperita L.) Erciyes Universitesi
Tarimsal Arastirma Merkezi’ nden temin edilmistir.
Calismada kullanilan tim kimyasallar analitik

saflikta olup Sigma-Merck kaynakhdir.

Hidrodistilasyon

Kuru formda temin edilen kekik, tibbi nane ve
lavanta yapraklari ayri ayri 50 g alinarak lzerine
1000 ml saf su ilave edilerek Clevenger distilasyon

Unitesine baglanmistir. Hidrodistilasyon islemi 2
saat boyunca gerceklestirilmis ve slire sonunda
ucucu yaglar ayrilmistir. Kalan distile yapraklar ve
hidrosoller
de

hidrosol filtre edilerek ayriimis,

fermantasyonda kullanilmak {izere 4°C

muhafaza edilmistir.

Fermantasyon

Hasat zamaninda taze olarak temin edilen
gilaburu meyveleri musluk suyu altinda yikanarak
otoklavda
kavanozlara 300 g olacak sekilde yerlestirilmistir.
Uzerine 700 ml %20, 40, 60, 80 ve 100 (v/v)
kekik, tibbi  nane
hidrosolleri eklenmistir.  Kavanozlarin kapaklari

onceden sterilize edilen cam

oranlarinda lavanta ve
sikica kapatilarak oda sicakhginda (25° C) karanlik
bir yerde 4 ay sire ile fermantasyona birakilmistir.
Fermantasyonda 1 aylik periyotlarla oOrnekler
alinmis ve hidrosollii fermente su ile fermente
tilbent bir
ayrilmistir. Ardindan meyveler bir tilbent bezle
Elde edilen
fermantasyon sivisi ve fermente gilaburu suyu
5000

santrifiijlenerek

gilaburu suyu bezle suzilerek

elle preslenmistir. hidrosolli

ornekleri rom’ de 5 dakika boyunca

slipernetanti analizlerde

kullanilincaya kadar -18°C de muhafaza edilmistir
(Yilmaztekin and Sislioglu 2015).

Sekil 1. Fermente gilaburu suyu ve hidrosollii fermantasyon sivisi 6rnekleri

Figure 1. Fermented gilaburu juice and fermentation liquid with hydrosol

Fizikokimyasal analizler

Orneklerin pH degerleri ve titrasyon asitligi
degerleri bir pH metre cihazi (Hanna, Amerika)
yardimiyla belirlenmistir. pH degeri pH metrenin
dogrudan o6rnege daldiriimasi ile, titrasyon asitligi
ise 0.1 N ayarli NaOH ile pH degeri 8.2 olana kadar
titre edilerek belirlenmistir. Asitlik, laktik asit
cinsinden yiizde olarak belirtilmistir. Orneklerin
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renk degerleri otomatik renk 6lgme cihazi (Konica
Minolta Chroma Meter CR-5, Japonya) kullanilarak
belirlenmistir. Briks (suda ¢ozlnir kuru madde)
degeri Abbe refraktometresi (Soif, 2WAJ, Cin) ile
Olglilerek ylzde olarak (%) ifade edilmistir.
Bulaniklik degerleri bir tirbidimetre cihazi (Hach,
2100 N, Turkiye) ile 6lctlerek NTU cinsinden ifade

edilmistir.
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Toplam fenolik madde miktari analizi

Toplam fenolik madde miktari analizi Singleton
ve Rossi (1965) metoduna gore gergeklestirilmistir.
0.4 ml 6rnek deney tiplerine alinarak tzerine 10
kat su ile seyreltilmis 2 ml Folin ¢o6zeltisi
eklenmistir. Ardindan %7.5" luk 1.6 ml Na,COs
¢Ozeltisi eklenerek vorteks ile karistiriimis ve tiipler
1 saat karanlikta bekletilmistir. Sire sonunda 765
nm’ de spektrofotometrede (Shimadzu, UV-1800,
Japonya) 6rneklerin absorbans okumalari 6rnek ile
ayni miktarda saf su ile hazirlanan kor 6rnege karsi
gerceklestirilerek sonuclar mg gallik asit esdegeri
(GAE) olarak belirtilmistir (Gallik asit egrisi
denklemi; y = 110,93x — 4,8265; R?>= 0,9957).

Hidrolize tanen analizi

Hidrolize tanen analizi Willis ve Allen (1998)
metoduna goére gerceklestirilmistir. Orneklerden 1
ml alinarak Gzerine %2.5’ luk KIO3 ¢ozeltisinden 5
ml eklenmis ve 25° C' de 2 dakika bekletilmistir.
Ardindan orneklerin absorbansi 550 nm dalga
boyunda saf su ile hazirlanan kor ¢ozeltiye karsi
spektrofotometrede Olglilerek tannik asit esdegeri
cinsinden sonuglar ifade edilmistir (Tannik asit
egrisi denklemi; y = 4786,6x - 542,32; R?>= 9884).

Toplam flavonoid madde miktari analizi

Toplam flavonoid madde analizi Zhishen ve ark.,
(1999) metoduna gore gergeklestirilmistir. Deney
tlpu icerisine 4 ml saf su, 1 ml 6rnek ve 0.3 ml %5’
lik NaNO; c¢ozeltisi alinarak karnisim 5 dakika
bekletilmistir. Ardindan 0.3 ml %10’ luk AICl3
¢Ozeltisi eklenerek 1 dakika bekletilmis ve 2 ml 1N
NaOH c¢ozeltisi eklenerek son hacim saf su ile 10

’

ml” ye tamamlanmistir. Karisim vorteks ile
karistirilarak 510 nm’ de spektrofotometrede saf
su ile hazirlanan kor ¢ozeltiye karsi absorbans
okumasi gergeklestirilmis ve sonuglar mg katesin
esdegeri (KE) olarak ifade edilmistir (Katesin egrisi
denklemi; y = 255,99x — 0,5073; R%= 0,9997).
Toplam monomerik antosiyanin madde analizi
Potasyum klorlr (0.025 M, pH=1) ve sodyum
asetat (0.4 M, pH=4) tampon ¢ozeltileri ve 6rnekler
tampon kapasitesi géz oOnlinde bulundurularak

deney tiliplerine alinmis ve 30 dakika karanlikta
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700 515
spektrofotometrede saf suya karsi absorbans

bekletilmistir. nm ve nm’de

okumalari yapilmistir. Sonuglar siyanidin-3-
glukozid esdegeri olarak asagida verilen formdl ile

hesaplanmistir (Cemeroglu, 2013).

A=(A 515 -A 700 ) pH=1 — (A 515-A 700 ) pH=4
Monomerik antosiyanin
(A*MW*SF*1000)/ (* 8)

(mg/L)=

A, absorbanslarin farki, MW, siyanidin 3-glukozidin
molekil agirhg, SF, seyreltme faktoril, €, molar
absorptivite, €, spektrofotometre kiveti katman
kahnhgi (€: 1 cm).

Antioksidan aktivite analizi
Orneklerin antioksidan aktivite degerleri DPPH
metoduna gore (Singh ve ark., 2002) belirlenmistir.
0.1 ml deney tiipline alinmis 6rnek tzerine 3.9 ml
metanolde hazirlanan 6.25 mM DPPH cozeltisi
eklenerek karistirilmis ve 30 dakika karanlikta
515
karsi

bekletilmistir. Sire sonunda nm

spektrofotometrede  metanole ornek
absorbans okumalari gerceklestirilerek sonuglar
troloks esdegeri (TE) olarak ifade edilmistir
(Troloks egrisi denklemi; y = 2,5805x + 13,74; R?=

0,9809).

Duyusal analiz

Orneklerin duyusal analizleri Gida Miihendisligi
bolimi 6grenci ve 6gretim elemanlari arasindan
10
gerceklestirilmistir.

secilmis egitimli  panelist  tarafindan

Orneklerin duyusal
degerlendirmeleri renk, aroma, meyvemsi tat,
ciceksi tat, fermente tat, otsu tat, renk, acilik,
burukluk ve genel begeni parametreleri agisindan
hedonik (1: Hig

begenmedim, 2: Az begendim, 3: Orta derecede

5 puanli skala testine
begendim, 4: Begendim, 5: Cok begendim) gore

gerceklestirilmistir. Panelistlere ornekler
birbirinden bagimsiz bolimlerde ve su ile birlikte
sunulmustur, duyusal test 6ncesi bilgilendirme

yapimistir.

Istatistiksel analiz
Analizler iki tekerrir ve (¢ paralel olacak sekilde
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gercgeklestirilmis ve sonuglar iki bagimsiz tekrarl

sonuglarin ortama ve standart sapmalarini
gosterecek sekilde verilmistir. Analiz sonuglarinin
istatistiki acidan degerlendirilmesinde SPSS 10.0.1
programi (SPSS Inc., Chicago, USA) kullanilarak
karsilastirma testi ile

gruplar arasi Tukey

degerlendirilmistir.

Aragtirma Bulgulari ve Tartisma

Hidrosol eklenmis fermente gilaburu suyunun
ozellikleri
Fermente orneklerinin

gilaburu suyu

hazirlanmasinda kullanilan hidrosoller ile gilaburu

meyvesinin  bazi fizikokimyasal ve biyoaktif
ozellikleri Cizelge 1’ de verilmistir. Hidrosollerden
tibbi nane hidrosolinin lavanta ve kekik

hidrosoliine gore antioksidan aktivite ve pH
degerinin yuksek oldugu belirlenmistir (p<0.05).
Popa ve ark., (2021) kekik ve lavanta hidrolatlarinin
toplam fenolik madde iceriklerini 18.38 mg GAE
100 ml?! ve 1.06 mg GAE 100 ml? olarak, DPPH
indirgeme antioksidan aktivite degerlerini ise
sirasiyla %98.16 ve %12.91 olarak belirlemislerdir.

Bu sonuglar kekik hidrosoliinin  lavanta
hidrosolinden daha vyiksek degerde olmasi
acisindan benzerlik gostermekle birlikte
¢alismamizdaki  hidrosollerin  toplam fenolik
madde miktarlari bu degerlerden oldukca

yuksektir. Bu farkhlik distilasyon tird, distilasyon
suresi, bitki genetik varyasyonlarindaki gesitlilik ile
aciklanabilir. Alice ve ark., (2019) kekik ve tibbi
nane distilasyon atik sularinin toplam fenolik
madde degerlerini rosmarinik asit cinsinden %7.43
ve %4.47 olarak belirlemiglerdir. Yilmaztekin ve
Sislioglu (2015) gilaburu meyvesinin pH, brix, asitlik
ve toplam fenolik madde degerlerini 2.77, %10.35,
%2.42 ve 413 mg GAE 100 g olarak belirlemistir.
Bu sonuglar gilaburunun asitlik degeri disinda
benzerlik gostermektedir. Yogun eksi ve buruk tat
ile karakterize edilen gilaburu meyvesinin pH,
briks, asitlik degerleri ile meyvenin olgunlugu bu
tatlar kismen etkilendigi bildiriimektedir. Bununla
birlikte toplam fenolik, flavonoid, antosiyanin gibi
biyoaktif

varyasyonlar

bilesenlerin
sebebi

icerikleri genetik

ile farklilasabilmektedir
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(Ozrenk ve ark., 2020).

Fermente oOrneklere ait pH degerlerindeki
degisimler Cizelge 2’ de verilmigtir. Buna gore
fermantasyon siresinin artmasi ile kontrol
orneginin pH degerinde istatistiksel olarak dnemli
bir diizeyde degisim tespit edilmezken, hidrosol
ortaminda fermente edilen gilaburu meyvesinin
pH degerleri fermantasyon siresi ile farkhlik
gostermektedir. Fermantasyonun ilk ayinda genel
olarak fermente gilaburu suyu orneklerinin pH
bir  degisim
gorilmezken, fermantasyon siresinin degisimine
ornekler arasinda farkhliklar
(p<0.05). Ozellikle %100 kekik

hidrosoli ile fermente edilen gilaburu suyunun pH

degerleri  arasinda  6nemli

bagh olarak

goriilmektedir

degeri 4. ayin sonunda diger hidrosoller ile Uretilen

gilaburu sularina gore en vyiiksek seviyeye
ulasmistir.  Fermente  gilaburu  suyu ile
fermantasyon ortamindaki  hidrosoller  pH

degerleri agisindan karsilastirildiginda ise genel
olarak hidrosollerin pH degerlerinin daha yliksek
oldugu goriilmektedir. Fermente olmamis
orneklerin pH degerlerine bakildiginda gilaburu
pH

degerinden daha disik oldugu goérilmektedir.

meyvesinin  pH degerinin  hidrosollerin
Fermantasyon siresi, hidrosol ¢cesidi ve ortamdaki
miktarina bagli olarak bu degisimin meyve ve
ortamda bulunan hidrosoller arasindaki asitlik
Uzerinde etkili olan organik asit gibi bilesiklerin
ortamlar arasindaki gegisi sonucu meydana geldigi
(2007) fermente

2.95 olarak

soylenebilir. Cam ve Hisil,

gilaburu suyunun pH degerini
belirlemislerdir.

Cizelge 2’ de yer alan gilaburu suyu 6érneklerinin
bakildiginda

hidrosollerin asitlik degerlerinin gilaburu suyu

titrasyon  asitligi  degerlerine
orneklerine goére distk oldugu kontrol grubu
asitlik
artmasi

gilaburu  suyunun ise degerinin

fermantasyon siresinin ile arttig

goriilmektedir. Diger hidrosol ile fermente edilen
gilaburu suyu 6rneklerinin benzer egilim gosterdigi
ancak kekik hidrosoli iceren 6rneklerde asitligin
azaldigi

belirlenmistir. 4 aylk fermantasyon

sliresinin ~ sonunda  hidrosollerdeki  asitligin

fermantasyonun baslangicina gore artis gosterdigi
ile

belirlenmistir. Bu durumun fermantasyon
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birlikte ortamda laktik asit bakterilerinin gelisimi
sonucu asitligin  artmasindan  kaynaklandigi
distnilmektedir. Sevindik ve ark. (2022) laktik asit
bakterileri inokile ederek fermente edilen
gilaburu suyunun pH degerini 2.87-3.01, asitlik
degerini %1.45-2.43 ve briks degerini 8.75-9.90
olarak belirlemistir.

Cizelge 3’ te fermente 6rneklerin fermantasyon
suresine ve hidrosol tirl ve oranina bagl olarak
verilmektedir.

renk degerlerindeki degisimler

Hidrosollerin gilaburu suyunun fermantasyon

ortaminda bulunmasinin L* degerlerinde artma ve
azalmalara neden oldugu, genel itibari ile hidrosol

konsantrasyonunun artmasi ile L* aydinhk
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degerlerinin 6rneklerde azaldigi goérilmektedir.
Ozellikle kekik hidrosolii
gilaburu suyu orneklerinin L* degerlerinin 4. ayin

ile fermente edilen

sonunda oldukca arttigi gorilmektedir. Bununla
birlikte fermantasyon ortamindaki hidrosollerin ise
fermantasyonla birlikte L* degerlerinin arttigi
gorlilmustlr. Hidrosol tlri ve oranina bagl
olmaksizin fermente gilaburu sularinin 4 aylik
fermantasyon siresi sonunda a* degerlerinin
azaldigi, b* degerlerinin ise arttigi gérilmektedir.
Sevindik ve ark., (2022) fermente gilaburu sularinin
L*, degerini 19.12-31.44, a* degerini 27.20-38.53

ve b* degerini 32.83-49.40 olarak belirlemistir.
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Cizelge 1. Fermente edilecek materyallerin bazi fizikokimyasal ve biyoaktif 6zellikleri
Table 1. Some physicochemical and bioactive properties of the materials to be fermented

Ornekler pH Asitlik | L* a* b* Briks Bulaniklik | Toplam Toplam Hidrolize Toplam DPPH ile
Samples pH (%) L* a* b* (%) (NTU) fenolik monomerik tanen (mg flavonoid antioksidan
Acidity Brix Turbidity | madde (mg antosiyanin (mg tannik asit (mg KE 100 | aktivite (mg TE
(%) (%) (NTU) GAE 100 mlY) | siyanidin-3- 100 ml?) ml?) 100 ml?)
Phenolic glukozid 100 mI) | Hydrolyzed Total Antioxidant
compound Total monomeric | tannin (mg flavonoid activity with
(mg GAE 100 | anthocyanin (mg | tannic acid (mg KE 100 | DPPH (mg TE
mi?) cyanidin-3- 100 mI?) mi) 100 mI?)
glucoside 100 ml
)
Gilaburu 3.00 0.77 21.04 | 48.10 | 36.16 | 9.25 1934 477.27 8.98 263.16 461.81 814.35
suyu +0.05° | +0.03% | £0.02° | +0.01% | +0.02¢ | +0.35° | +9.17? 16.28° +0.11 +4.40° +5.79° 194.46°
Kekik 5.50 0.04 54.43 | 1894 | 68.57 | 1.63 134.30 228.79 - 170.79 373.24 374.93
hidrosolii | +0.09° | £0.01° | +0.36° | £0.04° | +0.28° | +0.18° | +12.74° +1.88° +2.36° +2.90° +4.89°
Tibbi nane | 5.92 0.03 49.49 | 25.00 | 72.65 | 1.50 41.30 264.23 - 176.05 224.51 747.31
hidrosolii | +0.09° | £0.01° | +0.44° | +0.11° | +0.41° | +0.35° | +1.81¢ +16.47° +0.34° +12.67¢ +16.29°
Lavanta 5.40 0.03 50.15 | 19.97 | 64.33 | 2.00+ | 74.23 182.70 - 154.99 302.33 ¢ 343.26
hidrosolii | +0.01° | +0.01° | +0.87° | £0.20° | +0.91°¢ | 0.0° +2.33¢ +1.65¢ +3.72¢ 2.53¢ +30.13°

Cizelgede yer alan veriler ortalama * standart sapma olarak verilmistir. Tukey testi sonuclarina gore ayni siitun icerisinde bulunan farkh kii¢ctik harfler gilaburu suyu
ornekleri arasinda anlaml farkhhgi (p<0.05) ifade etmektedir. NTU: Nefelometrik Bulaniklik Birimi, GAE: Gallik asit esdegeri, KE: Katesin esdegeri, TE: Troloks esdegeri.
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Cizelge 2. Fermente orneklerin fermantasyon siiresine gore pH ve asitlik degerleri

Table 2. pH and acidity values of fermented samples according to fermentation time

Ornek Fermantasyon siresi (ay)
Sample | Fermentation time (month)
1. Ay 2. Ay 3. Ay 4. Ay

Fermente Gilaburu | Hidrosollu Fermente Gilaburu Hidrosolli Fermente Gilaburu Hidrosolli Fermente Gilaburu | Hidrosolli

Suyu fermantasyon sivisi | Suyu fermantasyon sivisi | Suyu fermantasyon sivisi | Suyu fermantasyon

Fermented Fermentation liquid | Fermented gilaburu Fermentation liquid | Fermented gilaburu Fermentation liquid | Fermented gilaburu | sivisi

gilaburu juice with hydrosol juice with hydrosol juice with hydrosol juice Fermentation

liquid with
hydrosol
pH Asitlik pH Asitlik pH Asitlik pH Asitlik pH Asitlik pH Asitlik pH Asitlik pH Asitlik
pH (%) pH (%) pH (%) pH (%) pH (%) pH (%) pH (%) pH (%)
Acidity Acidity Acidity Acidity Acidity Acidity Acidity Acidity
(%) (%) (%) (%) (%) (%) (%) (%)

Kontrol | 3.22+ | 0.54+ 562+ |0.01# 3.23+ 0.70 + 470+ |0.03# 3.32% 048+ | 4.35% 0.08 + 3.21+ 075+ | 4.40+ |0.03+

0.014°® | 0.035%® | 0.00** 0.005® | 0.007¢® 0.005% | 0021 | 0.005%® | 0.014%A | 0.010%® | 0.0219C | 0.010*** | 0.014<“® | 0.015"* | 0.021¢ | 0.005¢®
%20 3.22+ | 057+ |523+ |0.02% 3.25+ 0.78 + 486+ |0.03+ 3.26 + 065+ |5.12% 0.05 + 3.19+ 080+ |4.25+ |0.08+
Tibbi 0.007°* | 0.010%¢ | 0.028>* | 0.005 | 0.014%** | 0.015%°* | 0.014 | 0.005%¢ | 0.056%* 0.010*® | 0.021%® | 0.005°® | 0.014% | 0.005** | 0.014°C | 0.005*
nane
%40 3.22+ | 069+ |495+ |0.03% 3.25+ 0.82 + 6.15+ | 0.01% 3.34% 055+ | 4.63% 0.04 + 3.25% 081+ |451+ |0.09+
Tibbi 0.007°® | 0.010°® | 0.2129" | 0.005°°2¢ | 0.007**® | 0.010** | 0.021** | 0.005% 0.028%cdA | 0,010 | 0.035®® | 0.010® | 0.007°®® | 0.005** | 0.014°® | 0.005°*
nane
%20 3.22+ | 062+ |4.40+ |0.03% 3.23+ 0.76 + 427+ |0.05+ 3.25+ 054+ |4.21% 0.03 + 3.25+ 0.78+ | 454+ |0.05+
Lavanta | 0.021°* | 0.005®® | 0.007® | 0.010°* | 0.007°* 0.010°* | 0.014% | 0.010%** | 0.014% 0.005 | 0.014%® | 0.005% | 0.014°A | 0.005** | 0.014"* | 0.005%*
%40 3.22+ | 068+ |4.75+ |0.05% 3.24 + 071+ 448+ | 0.05+ 342+ 043+ |4.48% 0.05 + 3.22+ 0.73+ | 453+ |0.06+
Lavanta | 0.014°® | 0.010%** | 0.014%* | 0.005%** | 0.014°® | 0.025%* | 0.028°® | 0.005°** | 0.007** 0.010°® | 0.014%® | 0.005%* | 0.014°“® | 0.005* | 0.014°® | 0.005%
%20 3.29+ | 061+ |546+ |0.02% 3.30+ 0.58 + 476+ | 0.03+ 3.29+ 0.58+ | 4.95% 0.03 + 3.01+ 059+ |4.73+ |0.05+
Kekik 0.014** | 0.010%* | 0.014%** | 0.005®® | 0.007*** | 0.005%* | 0.007°¢ | 0.005°® | 0.021%* | 0.010°** | 0.014°® | 0.005% | 0.028® | 0.015%A | 0.014*¢ | 0.005%
%40 3.20+ [ 071+ |503+ |0.03%+ 3.26+ 0.75 + 452+ | 0.05¢% 3.33% 041+ |5.75% 0.03 + 3.26 + 052+ |439+ |0.06+
Kekik 0.028°® | 0.015** | 0.014%® | 0.005°® | 0.014%>“® | 0.015*** | 0.007°¢ | 0.010°°*® | 0.007°<%¢* | 0.0107 | 0.212** | 0.005% | 0.014°%® | 0.005® | 0.014<¢ | 0.005%
%60 3.22+ | 062+ |471+ |0.08+ 3.12+ 0.74 + 504+ | 0.03% 3.35% 058+ | 4.59% 0.08 + 311+ 061+ |4.02+ |0.10+
Kekik 0.007°® | 0.010°® | 0.007°® | 0.015** | 0.028 0.005°%* | 0.007°* | 0.000°%® | 0.014%<¢A | 0.010*° | 0.014%C | 0.015** | 0.014°¢ | 0.005%C | 0.021°° | 0.005%"*
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%80 324+ | 070+ |472%+ |0.08%+ |327+ 024+ 427+ |0.06% 3.37+ 063+ |[595+ |003+ |[332+ |057+ |419+ |0.11%
Kekik | 0.007*°® | 0.010** | 0.014%® | 0.005** | 0.014°*® | 0.001™ | 0.014° | 0.010" | 0.007°* | 0.010*® | 0.007** | 0.005% | 0.014°"* | 0.005° | 0.014° | 0.005°*
%100 |3.23+ |0.62+ |4.80+ |0.08% |330% 024+ 424+ |0.08% 3.42 % 046+ |436+ |0.13+ [333+ |056+ |439% |0.08%
Kekik | 0.007°° | 0.015** | 0.007°* | 0.010*® | 0.014°® | 0.001™ | 0.007° | 0.005°® | 0.014** 0.010%C | 0.014*® | 0.015°* | 0.014°® | 0.005%® | 0.021®® | 0.005°

Cizelgede yer alan veriler ortalama + standart sapma olarak verilmistir. Tukey testi sonuglarina gére ayni siitun igerisinde bulunan farkh kigiik harfler gilaburu suyu
ornekleri arasinda anlaml farklilig1 (p<0.05), ayni satir igerisinde bulunan farkli blyik harfler ayni gilaburu suyu 6rneginde fermantasyon slresine gore anlamli farklihgi
(p<0.05) ifade etmektedir.

Cizelge 3. Fermente gilaburu sularinin fermantasyon siiresine gore renk degerleri

Table 3. Color values of fermented gilaburu juices according to fermentation time

Ornek Fermantasyon suresi (ay)

Sample Fermentation time (month)

Fermente 1. Ay 2. Ay 3. Ay 4. Ay

gilaburu suyu L* a* b* L* a* b* L* a* b* L* a* b*

Fermented

gilaburu juice

Kontrol 20.89 47.58 + 35.77 £ 18.70 + 42.96 + 31.86 25.04 + 46.16 = 40.92 + 17.76 39.45 + 32.19 +
0.070°® 0.083% 0.125¢8 0.020<¢ 0.047°¢ 0.096¢® 1.2824 0.083%8 0.233 0.084i¢ 0.097%® 4.319™

%20 Tibbi 24.22 51.24 + 41.51+ 20.99 + 43.40 + 35.23 18.02 38.41+ 30.44 + 29.82 + 39.66 + 46.56 +

nane 0.036°® 0.042¢ 0.095°<8 0.044°® 0.035%8 0.160°¢ 0.038™® 0.084™ 0.101#° 0.024°4 0.020¢® 0.142°4

%40 Tibbi 18.92 + 44.98 + 32.49 + 13.79 + 35.95 + 23.35+ 18.33 39.78 + 31.22 + 26.13 + 39.37 + 42.20 +

nane 0.114¢® 0.077%* 0.1638® 0.0162° 0.07¢° 0.086"™ 0.020f 0.043% 0.110f 0.023% 0.038% 0.138¢A

%20 Lavanta 24.81 + 52.20 + 4230+ 17.22 41.30 29.35 + 10.21 29.38 + 17.50 + 24.63 + 44.21 + 40.87 +
0.088°* 0.447°A 0.224°A 0.024°¢ 0.051¢¢ 0.070°¢ 0.013¢° 0.054M" 0.061M" 0.02388 0.037%® 0.088¢8

%40 Lavanta 21.15 + 48.26 + 36.26 + 15.27 + 40.17 + 26.12 + 10.21 + 29.38 + 17.50 + 21.28 + 42.39 + 36.01
0.317¢* 0.406°"% 0.558%* 0.056 0.0864 0.1027 0.013&¢ 0.054" 0.061h¢ 0.100* 0.10808 0.234%

%20 Kekik 22.14 + 48.66 + 38.01 + 2214 + 48.66 + 38.01+ 21.53 + 4591 + 36.88 + 27.68 + 39.67 + 43.78 +
0.597% 0.716%A 0.643% 0.597°8 0.716°* 0.643%8 0.025% 0.043b8 0.0774 0.059% 0.015¢¢ 0.153bA

v9T-9¢T (T)8T “I151643Q L3jWijIg DPID dA WIIDL UDIDH “HZ0T “H40 3 SDQ|ISIA



SS1

%40 Kekik 29.98 + 55.24 + 49.79 + 18.05 + 40.34 + 30.41 + 27.97 + 38.76 + 43.61 + 345+ 37.22 + 48.98 +
0.437%® 0.483% 0.681% 0.030%° 0.037¢ 0.0549 0.021%¢ 0.034%¢ 0.196%¢ 0.164** 0.078"° 0.183%
%60 Kekik 24.25 + 49.07 + 40.96 + 14.18 + 36.62 + 2437 + 20.49 + 38.66 + 34.34 + 29.26 + 39.87 + 45.85 +
0.053Pc8 0.048% 0.084® 0.2248° 0.230°P 0.3908° 0.017¢¢ 0.023¢¢ 0.098¢¢ 0.035% 0.015¢% 0.047°*
%80 Kekik 19.81 + 45.61 33.82+ 11.13 + 34.19 + 18.88 + 25.92 30.16 + 41.41 + 26.33 + 37.35 + 42.20 +
0.161% 0.1748A 0.237% 0.089° 0.0978¢ 0.146"° 0.008°® 0.0208* 0.068°® 0.043%* 0.0218® 0.054%A
%100 Kekik 19.60 + 44.85 + 3338+ 11.70 + 35.06 + 19.15 + 25.74 + 40.76 + 41.18 + 24.40 + 41.50 + 40.39 +
0.132f¢ 0.1238* 0.178 0.055"° 0.825f 0.465"° 0.011bA 0.017¢® 0073 0.072M® 0.061¢® 0.146%

Cizelgede yer alan veriler ortalama + standart sapma olarak verilmistir. Tukey testi sonuglarina gére ayni siitun igerisinde bulunan farkh kigik harfler gilaburu suyu
ornekleri arasinda anlaml farkliligi (p<0.05), ayni satir igerisinde bulunan farkli bayuk harfler ayni gilaburu suyu 6rneginde fermantasyon siiresine gére anlamli farkhhgi

(p<0.05) ifade etmektedir.
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Sekil 2’ de fermente gilaburu suyu ve
hidrosollii fermantasyon sivilarinin suda
madde  miktarlari

¢Ozlinir  kuru

verilmigtir. Fermantasyonun
tamamlanmasi ile birlikte fermente
gilaburu suyunun briks degerlerinde
dustsler gorulmustir. Bununla birlikte

hidrosollii fermantasyon sivilarinin briks

meyvesinden hidrosollere suda ¢6zlinen
madde gegcisleri olmasi sebebiyle bu
artislar

gorildigl dusltnilmektedir.

Benzer sekilde Yilmaztekin ve Sislioglu

(2015) gilaburu meyvesinin
fermantasyon siresinin artmasi ile
toplam  kuru madde ve  briks

degerlerinin azaldigini belirlemislerdir.

Briks degerleri (%)

Brix values (%)

degerleri artis gostermistir.
Fermantasyon  slirecinde  gilaburu
12
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cd d b:def . P .
s M2 ]
6
4
! ‘ abg b t@h
sl [N
G fail il
Fermente Gilaburu Hidrosolli Fermente Gilaburu Hidrosollii
Suyu fermantasyon siisi Suyu fermantasyon sivisi
2 LAy 2. Ay

m Kontrol %20 Tibbi nane

Fermente Gilaburu

ab ab £

[
a

Fermente Gilaburu
Suyu

fef f‘" cd 1
||“||| iIiIII

Hidrosolli
fermantasyon swisi

Hidrosollii

Suyu fermantasyon svisi

3.4y 4.y

%40 Tibbinane W %20lavanta m%40lavanta M%20 Kekik M %40 Kekik m %60 Kekik ~ m%80 Kekik %100 Kekik

Sekil 2. Fermente orneklerin fermantasyon siiresine gore briks degerleri

Figure 2. Brix values of fermented samples according to fermentation time

Sekilde yer alan veriler ortalama + standart sapma olarak verilmistir. Ayni stitun icerisinde bulunan farkli

harfler Tukey testi sonuglarina gore anlamli farklihgi (p<0.05) ifade etmektedir.

Cizelge 4’ de hidrosol ile fermente
edilen ve kontrol grubu gilaburu suyu
orneklerinin toplam fenolik madde
degisimleri verilmistir. Tim 6rneklerde
fermantasyon sliresinin  artisi ile
ozellikle 2. aydan sonra fenolik madde
kayiplari meydana gelerek degerlerde
duslsler gorilmustir. Ayni  durum
ortamda bulunan hidrosollerin fenolik
madde degerlerinde de gézlenmektedir.
Bu durum fermantasyon ile birlikte
laktik asit bakterilerinin gelismesine
bagli olarak pH ve asitlik degerlerinin

degismesi sonucu toplam fenolik madde
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miktarinda azalmalara neden
olabilmesine baglanabilir. pH
degerindeki degisimler fenolik
maddelerin kimyasal yapisi U(zerinde

etkisi olabilecegi ve toplam fenolik
degerinin farkhlasabilecegi
bildiriimektedir (Ankolekar et al. 2012).
(2019)
hawthorn pulpundaki fenolik madde

Huang ve ark., fermente

aktivite
birlikte
artis gdsterdigini belirtmistir. ilk iki ayhk

iceriginin  ve antioksidan

degerlerinin  fermantasyonla
fermantasyon siresi sonrasi elde edilen
fermente gilaburu suyu 6rneklerinin
toplam fenolik madde miktari degerleri
fermente olmamis gilaburu suyunun
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degerinden vyuksek ¢iktig, 4 ayhk
fermantasyon sonrasi ise bu degerlerde
disusler

Gilaburu meyvesi

goruldigl  belirlenmistir.
fermantasyonunun
fermantasyon siiresinin artigina da bagl
olarak hidrosoliin bulundugu ortamda
gerceklestirilmesi ile toplam fenolik

madde miktarinda kontrol grubuna goére

onemli dlizeyde (p<0.05) azalma
gorulmustir. Gilaburu meyve
fermantasyonu  sirecinin  hidrosol

ortaminda gerceklestirilmesi ile acilik ve
buruklugun bir kaynagi olarak gortlen
fenolik bilesiklerin azalmasi sonucu bu
duyusal algilarin daha da azaltilabilecegi
gorulmustir.

Cizelge 4’ de fermente gilaburu suyu
orneklerinde fermantasyon siresi ile
birlikte antosiyanin madde miktarinin
degisimi gorilmektedir. Kontrol grubu
fermente gilaburu suyu antosiyanin
madde miktari 1. ayda maksimum
degerde iken (5.70 mg 100 ml?),
fermantasyonun tamamlanmasiyla
minimum degere ulasmistir (0.91 mg
100 ml?t). Fermantasyonun 1. ayinda

tibbi nane ve lavanta hidrosollu ile
fermente edilen gilaburunun
antosiyanin  madde  kaybi  diger

orneklere gore 6nemli dizeyde fazladir
(p<0.05). Bu kayiplar fermantasyonun
sonunda maksimum degere ¢ikmis ve
tim orneklerde gorulmustir.
Fermantasyonun ilk ayinda en ylksek
miktari  kontrol

antosiyanin madde

grubunda oldugu belirlenmistir.
Fermantasyonun ikinci ayinda ise %100
kekik ile %20 lavanta hidrosolu igeren
orneklerin antosiyanin madde miktarlari
kontrol ile benzer
(p>0.05).

ayinda ise %20 lavanta hidrosoll igeren

grubu citkmistir

Fermantasyonun  {glncu

ornek kontrol ve diger orneklere gore
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onemli dizeyde daha yuksek
antosiyanin madde icerdigi
belirlenmistir (p<0.05).
Fermantasyonun bitmesi ile birlikte

kontrol gilaburu suyu ve hidrosol ile
fermente edilen gilaburu suyu 6rnekleri
arasinda antosiyanin madde miktari
bir farklihk

Mousavi

onemli
(p>0.05).

ark., (2013) fermente nar suyundaki

antosiyanin ve fenolik madde igeriginin

acisindan

gorilmemistir ve

fermantasyonla birlikte azaldigini ve bu

degisimin  fermantasyon ortaminda
gelisen laktik asit bakterileri tarafindan
antosiyaninlerin metabolize edilmesi
sonucu bu degisimin gorilebilecegini
Ozellikle

antosiyaninlerin fermantasyon boyunca

bildirmislerdir. glikolize

bakteriler tarafindan hidrolizi ile seker

icermeyen aglikon formlarina
donltsmesi toplam antosiyanin
iceriginde azalmalara yol

acabilmektedir.

Cizelge 5 fermantasyon siirecini
tamamlamis 6rneklerin hidrolize tanen,
toplam flavonoid ve antioksidan aktivite
degerlerini gostermektedir. Buna gore
hidrolize tanen miktari %20 tibbi nane
hidrosoli ile fermente edilen gilaburu
suyunda en yiksek seviyede (144.93 mg
100 ml?)

flavonoid miktari

belirlenmistir.  Toplam

lavanta hidrosolu
iceren oOrneklerde anlamh olarak en
yliksek degere (168.45 ve 156.41 mg
100 mlI) ulagmistir. Antioksidan aktivite
sonuglarina bakildiginda ise hidrosol ile
fermente  edilen  gilaburu  suyu
orneklerinin 6nemli dlzeyde kontrol
grubu Orneginden  ylksek ¢iktigl
belirlenmistir (p<0.05). Fermantasyon
ortaminda bulunan hidrosoliin gilaburu
suyunun antioksidan aktivite degerine

kayda deger oranda katki sagladigi
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gorilmustir. Kaprasob ve ark., (2017)
fermente cashew elmasindaki hidroliz
edilebilir tanen miktarini 2.51-2.58 mg
tannik asit 100 ml? olarak, toplam
fenolik madde igerigini 12.30-12.49 mg
GAE 100 ml? olarak belirlemislerdir.
Ayrica toplam fenolik madde
degerlerinin 0-24 saat fermantasyon
sliresine kadar arttigi daha
hidroliz  edilebilir

fermantasyon

sonra

azaldigl, tanen

miktarinin sUresinin

artmasina  bagh olarak azaldigini

belirlemistir. Fermantasyon siireci ile

birlikte  fenolik madde igeriginin
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azalmasina bagh olarak antioksidan

aktivitenin artmasi gerek
de

yer

antosiyaninlerin  gerekse diger

flavonoidlerin  yapilarinda alan

bilesiklerin ortamdaki bakteriler

tarafindan enerji kaynagl olarak

kullanilmasina baglanabilir.

Fermantasyon sonrasi olusan diger
metabolitler daha yliksek antioksidan
aktiviteye sahip olmasi
daha

gostermis

nedeniyle

ornekler yuksek antioksidan

aktivite olabilir. Benzer
durum Mousavi ve ark. (2013)" yapmis

oldugu calismada da goriilmustdr.
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Cizelge 4. Fermente 6rneklerin fermantasyon siiresine gore fenolik madde ve antosiyanin madde miktarlari

Table 4. Phenolic and anthocyanin content of fermented samples according to fermentation time

Ornek Fermantasyon siresi (ay)
Samples | Fermentation time (month)
1. Ay 2. Ay 3. Ay 4. Ay
Fermente Gilaburu Hidrosolli Fermente Gilaburu Suyu | Hidrosolli Fermente Gilaburu Hidrosolli Fermente Gilaburu Hidrosolli
Suyu fermantasyon | Fermented gilaburu fermantasyon | Suyu fermantasyon | Suyu fermantasyon
Fermented gilaburu SIvIsI juice SIviIsI Fermented gilaburu SIviIsI Fermented gilaburu SIvISI
juice Fermentation Fermentation | juice Fermentation | juice Fermentation
liquid with liquid with liquid with liquid with
hydrosol hydrosol hydrosol hydrosol
Toplam | Toplam Toplam Toplam Toplam Toplam Toplam | Toplam Toplam Toplam | Toplam Toplam
fenolik antosiyanin | fenolik (mg fenolik antosiyanin | fenolik (mg fenolik antosiyanin | fenolik (mg fenolik antosiyanin | fenolik (mg
(mg (mg GAE 100 mI?Y) | (mg GAE | (mg GAE 100 ml?) | (mg (mg GAE 100 ml?) | (mg (mg GAE 100 ml?)
GAE siyanidin-3- | Total 100 mlY) | siyanidin-3- | Total GAE siyanidin-3- | Total GAE siyanidin-3- | Total
100 ml- | glukozid phenolic (mg | Total glukozid phenolic(mg | 100 ml" | glukozid phenolic(mg | 100 mI" | glukozid phenolic (mg
1 100 ml?) GAE 100 mI?) | phenolic | 100 mlI?) GAE100ml?) | Y) 100 ml?) GAE 100 ml?) | Y) 100 ml?) GAE 100 mI?)
Total Total (mg GAE | Total Total Total Total Total
phenolic | anthocyanin 100 ml?) | anthocyanin phenolic | anthocyanin phenolic | anthocyanin
(mg (mg (mg (mg (mg (mg (mg
GAE cyanidin-3- cyanidin-3- GAE cyanidin-3- GAE cyanidin-3-
100 ml | glucoside glucoside 100 ml | glucoside 100 mI" | glucoside
1) 100 ml?) 100 ml?) 1 100 mI?) 1 100 mI?)
Kontrol | 658.91+ | 5.70 = 6.21+ 617.20t | 2.70% 10.14+ 486.19+ | 2.06 + 17.41+ 270.88+ | 0.91 % 5.51+
3.29* | 0.52%* 0.63 3.77° 0.02%® 0.12® 2.823¢ 0.01°¢ 0.27¢* 0.63®® | 0.12%° 0.16
%20 531.45+ | 1.44 ¢ 56.46+ 537.78+ | 2.36t 46.58+ 289.52+ | 0.68 £ 55.07+ 195.89+ | 0.30 25.18%
Tibbi 1.88¢<8 0.17¢® 0.31¢* 0.63¢% 0.04°* 0.86" 1.41°C¢ | 0.04 0.16" 0.63° | 0.09%° 0.24¢¢
nane
%40 614.98+ | 2.77 105.60+ 619.86+ | 1.90+ 88.27+ 449,59+ | 1.78 + 116.05+ 129.56+ | 0.58 £ 41.01+
Tibbi 0.47<9A | 0.28%A 0.16% 7.530A 0.05% 0.71¢¢ 0.948 0.02¢® 0.71 0.94<¢ 0.29%¢ 0.24<P
nane
%20 602.34+ | 3.42 ¢ 52.46 £ 634.95+ | 2.66t 53.68+ 408.99+ | 2.24 + 59.43 + 122.46+ | 0.78 £ 3411+
Lavanta | 0.47% 0.23¢dA 0.31¢%8 1.26°A 0.03%® 0.82¢%8 1.88< 0.04%8 1.18fA 0.31® 0.18¢ 0.04°<¢
%40 633.29+ | 1.35¢ 92.85 + 737.45+ | 2.16t 73.54+ 312.15+ | 0.80 £ 104.05+ 7853+ | 0.78 % 42.26+
Lavanta | 3.77°® | 0.22%® 0.63¢8 4.39°A 0.06% 0.63 7.06%¢ 0.02 0.78% 0.94"™ | 0.18¢ 0.31°P
%20 532.12+ | 4.97 ¢ 74.32 £ 521.80+ | 1.35% 49.41+ 291.18+ | 1.98 + 69.99 + 7831+ | 0.55% 37.49+
Kekik 1.88% 0.3920A 0.78™ 4.39% 0.02¢¢ 0.94h¢ 0.94¢¢ 0.07°8 0.398 1.26" | 0.06°° 0.24%
%40 630.96+ | 4.97 105.71+ 564.40+ | 2.03+ 131.11+ 263.89+ | 1.29 ¢ 127.67+ 90.07+ | 0.54 23.73%
Kekik 1.41b7 1.27130A 0.31% 3.14% 0.04%8 0.784 18.83%¢ | 0.03¢¢ 0.31°8 0.94¢P 0.24%° 0.47"°
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%60 528.46+ | 4.55 % 198.56+ 599.01+ | 193+ 163.17+ 247.58 1.56 + 133.44+ 132.89+ | 041+ 31.16%
Kekik 7.06°® 0.16% 0.78%* 8.16% 0.06% 1.57°8 +2.358¢ | 0.04% 4.71°¢ 1.26%° 0.02°¢ 0.63
%80 542.77 5.42 227.84 554.19 215+ 118.02 375.04 | 034+ 14731 % 139.54 | 0.55+% 119.10 =
Kekik +0.94% | 0.31%A 2.98%A +10.04%A | 0.01 1.41% +2.82% | 0.018¢ 1.73% +0.63% | 0.17%¢ 0.16°¢
%100 628.96 | 4.32% 234.50 = 559.07 272+ 184.14 + 253.91 140+ 149.86 * 159.51 0.60 + 150.86+
Kekik + 80P 0.5Q° 0.16** +4.3929%8 | 0,05% 1.09% +4.718¢ | 0.02°¢ 0.31%¢ +1.26%® | 0.02%° 0.47°¢

Cizelgede yer alan veriler ortalama * standart sapma olarak verilmistir. Tukey testi sonuglarina goére ayni stitun igerisinde bulunan farkh kiigtik harfler gilaburu suyu 6rnekleri arasinda
anlamli farklihgi (p<0.05), ayni satir igerisinde bulunan farkli biylk harfler ayni gilaburu suyu 6rneginde fermantasyon siresine gore anlaml farklihgi (p<0.05) ifade etmektedir.
GAE: Gallik asit esdegeri.

Cizelge 5. Fermente gilaburu suyu ve hidrosollii fermantasyon sivilarinin hidrolize tanen ve toplam flavonoid madde miktarlari ve antioksidan aktivite degerleri
Table 5. Hydrolyzed tannins, total flavonoids and antioxidant activity values of fermented gilaburu juice and hydrosol fermentation liquids

Fermantasyon suresi (4. ay)
Fermentation time (4. month)
Ornekler

Fermente gilaburu suyu Hidrosollii Fermente Gilaburu Suyu Hidrosolli Fermente Gilaburu Suyu Hidrosollu
) Fermented gilaburu juice fermantasyon sivisi Fermented gilaburu juice fermantasyon sivisi Fermented gilaburu juice | fermantasyon
Ornek Fermentation liquid Fermentation liquid SIVISI
Sample with hydrosol with hydrosol Fermentation

liquid with
hydrosol

Hidrolize tanen Toplam flavonoid (mg KE 100 ml?) Antioksidan aktivite (mg TE 100 ml?)

(mg tannik asit 100 ml?) Total flavonoid (mg KE 100 mi*) Antioxidant activity (mg TE 100 ml*?)

Hydrolyzed tannin (mg tannic acid 100 ml%)
Kontrol 132.49 + 1.02* 63.56+1.01° 147.97+20.27% 1.19 +0.13f 18.68+0.208 2.71+£0.13
%20 Tibbi nane 144.93 + 2.37° 82.71+1.69¢ 130.82 +9.77%¢ 4.19 + 0.07¢f 19.06 £ 0.278 4.69 £ 0.078
%40 Tibbi nane 131.53 £ 3.72%¢ 113.82+2.36¢ 128.51 +0.72%¢ 8.84 +0.20¢ 26.59 + 0.10° 8.97 £0.23¢
%20 Lavanta 131.30+ 2.032° 111.91+3.04¢ 168.45+23.89° 4.94 + 0.54¢ 22.95+0.17¢ 7.17 £ 0.23f
%40 Lavanta 128.42 + 6.77°¢ 136.08+0.67¢ 156.41+18.46® 5.03 £ 0.60° 22.93 £ 0.33¢ 5.17 £0.078
%20 Kekik 110.71 + 8.80« 88.69+0.67° 121.34 +2.17%¢ 25.21 + 0.54¢ 21.37+0.17° 11.61 +0.10¢
%40 Kekik 111.91 + 1.69°« 121.48+3.04¢ 104.70 +1.09° 26.24 +1.27¢ 30.37 £ 0.30° 12.11+0.13¢
%60 Kekik 105.92 + 3.39¢ 180.83+3.72° 112.38 +8.33%¢ 29.95 +0.18° 24.63 +0.20¢ 16.08 £ 0.47°¢
%80 Kekik 112.86 + 11.17° 184.90+3.38" 116.22 £ 1.45" 37.69 +0.63° 23.99 +0.10¢ 20.47 +0.40°
%100 Kekik 116.45 + 0.68°¢ 208.37+7.44° 101.63 + 6.88°¢ 26.36 £ 1.81°¢ 29.05 + 0.03° 27.63 £ 0.232

Cizelgede yer alan veriler ortalama + standart sapma olarak verilmistir. Ayni siitun igerisinde bulunan farkli harfler Tukey testi sonuglarina gére anlamli farkliligi (p<0.05) ifade etmektedir. KE:
Katesin esdegeri, TE: Troloks esdegeri.
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Fermente gilaburu suyunun duyusal Cizelge 6’
da farkli hidrosol ve oranlari ile birlikte 4 ay sure ile
fermente edilmis gilaburu orneklerinin duyusal
degerlendirme  sonuglart  yer  almaktadir.
Fermantasyon uygulamasi ve fermantasyona farkl
aromatik bitki

gilaburu suyunun duyusal parametreleri lizerinde

hidrosollerinin dahil edilmesi

gozle goralar farklihklara neden olmustur.
Gilaburu suyu orneklerinin renk ve gorinusleri
degerlendirildiginde kontrol grubu ile birlikte,

lavanta hidrosoll ile fermente edilen 6rneklerin

panelistler tarafindan daha ¢ok begenildigi
belirlenmistir. Tatliik kriteri agisindan  tim
ornekler benzer olarak algilanmis ve degerler
arasinda istatistiksel olarak anlamh farkhlik

bulunamamisgtir (p>0.05). Koku agisindan %80
kekik hidrosoli ile fermente edilen 6rnek en diisiik
puani alirken diger ornekler arasinda anlamli bir
(p>0.05).
aroma en belirgin kontrol

farklihk  bulunamamistir Meyvemsi

grubunda tespit
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edilirken, cigceksi aroma lavanta, kekik ve tibbi
lavanta hidrosoli ile fermente edilen 6rneklerde
daha yiksek belirlenmistir. Fermente aroma, acilik
ve burukluk kriterleri agisindan érnekler arasinda
anlamli bir farklihk bulunmamistir (p>0.05). Ancak
puan degerlerine bakildiginda buruklugun hidrosol
ortaminda fermente edilen gilaburu 6rneklerinde
daha duslik algilandigl, bu da hidrosollii 6rneklerin
fenolik madde igeriklerinin kontrol grubuna gore
daha disiik olmasi ile dogru orantili olabilecegi
distntlebilir. Genel begeni puanlarina
bakildiginda ise kontrol grubunu takiben %40 tibbi
nane, %40 lavanta, %20 kekik ve %40 kekik
ornekleri en begenilen o6rnekler arasinda yer
almistir.  Gilaburu suyu o6rneklerinin duyusal
degerlendirmeleri sirasinda panelistlerin hidrosol
ile fermente edilen o6rneklerin daha aromatik
oldugu ve bu aromanin gilaburu kaynakli aci ve
buruk tadi baskiladigi belirtilmistir.



[4°))

Cizelge 6. Duyusal degerlendirme sonuglari

Table 6. Sensorial evaluation results

Ozellikler Fermente gilaburu sulari (4. ay)
Properties Fermentation time (4. month)
Kontrol Tibbi nane Tibbi nane Lavanta Lavanta Kekik Kekik Kekik Kekik Kekik
% 20 % 40 %20 %40 %20 %40 %60 %80 %100
Renk 4.7+ 2.7+ 3.1+ 4.3+ 4.4+ 3.5¢ 2.1+ 2.8+ 2.3 3.9+
Color 0.672 0.95de 0.74cde 0.822b 0.702b 0.71bcd 0.57¢ 0.79cde 0.82¢ 1.10Q%bc
Tathilik 2.9+ 2.6t 2.6t 2.2+ 2.5+ 2.6t 2.5¢ 2.2+ 2.0+ 2.6%
Sweetness 1.20° 1.582 1.512 1.032 1.182 0.972 1.082 0.922 0.822 1.172
Asitlik 3.3t 3.0+ 2.9+ 2.8t 2.6t 3.0t 2.6t 2.7+ 2.8+ 2.9+
Acidity 1.252 1.332 1.522 1.322 1.432 1.052 0.972 0.952 1.032 0.742
Koku 4.0+ 3.3t 3.3t 3.0t 3.2+ 3.4+ 3.2+ 2.4+ 2.1+ 3.4+
Odor 1.252 1.252b 1.162b 1.25ab 1.32a@b 1.07 2 1.23ab 1.43ab 0.88b 1.352b
Meyvemsi aroma 4.4+ 3.5¢ 3.2t 3.3t 3.2t 3.3t 3.5¢ 2.9+ 2.5% 3.3t
Fruity flavor 1.262 1.43ab 1.322b 1.062b 1.322b 1.162b 0.852 1.202b 1.08b 0.952
Cigeksi aroma 2.5+ 3.3t 3.8t 3.9+ 3.9+ 2.6 3.3t 3.2+ 3.0+ 3.2+
Floral flavor 1.652 1.652 1.322 1.372 1.452 1.352 1.342 1.322 1.052 1.232
Fermente aroma 3.0+ 3.6+ 3.3+ 2.7+ 2.7+ 3.0+ 3.4+ 3.2+ 3.7+ 3.2+
Fermented flavor 1.702 1.262 1.422 1.162 1.16° 1.252 0.972 1.142 0.822 1.142
Bitkisel aroma 2.7+ 3.1+ 3.4+ 3.5+ 3.2+ 2.4+ 3.3t 4.0+ 4.0+ 3.1+
Herbal flavor 1.812 1.522 1.512 1.51a 1.622 1.26° 1.252 0.942 0.942 1.10°
Acilik 2.8+ 3.1+ 2.9+ 3.2+ 2.8+ 2.7+ 2.6 3.7+ 2.7+ 2.7+
Bitterness 1.582 1.292 1.372 1.552 1.142 1.252 0.972 1.06° 1.062 1.252
Burukluk 3.5+ 3.1+ 2.8+ 3.2t 2.9+ 3.3t 2.7+ 3.2+ 3.0 3.0
Astringency 1.582 1.372 1.142 1.402 1.292 1.16° 1.222 1.132 1.412 1.052
Genel begeni 4.4+ 2.6t 3.2t 2.3+ 2.8+ 3.3t 3.0t 2.1+ 2.2+ 3.0t
Overall acceptability 0.972 1.58b 1.662° 1.16b 1.142b 0.952b 0.94ab 1.200 1.03b 1.3320

Cizelgede yer alan veriler ortalama + standart sapma olarak verilmistir. Ayni satir icerisinde bulunan farkli harfler Tukey testi sonuglarina gére anlamh farkhhgi (p<0.05) ifade

etmektedir.
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Sonuglar
Kekik, lavanta ve tibbi nane hidrosoli ile
fermente edilen gilaburu suyu O&rneklerinin

Ozellikleri ile fermantasyon boyunca
biyoaktif

degerlendirilmistir. Fermantasyon ortaminda yer

duyusal

fizikokimyasal ve ozellikleri

alan hidrosolliin cesidi ve konsantrasyonunun

degisimine  bagh olarak

Ozelliklerinde anlamh farklihklar belirlenmistir.

gilaburu  suyunun
Orneklerin asitlik ve pH degerlerinde anlamli
degismeler gorilmezken, fermantasyon siiresinin
artmasi ile birlikte hem kontrol 6rneginde hem de
hidrosol ile fermente edilen oOrneklerde
antosiyanin madde kayiplari goriilmustiir. Bununla
birlikte, hidrosollin fermantasyona dahil edilmesi
ile bazi fermente gilaburu sularinda hidrolize
tanen, toplam flavonoid ve antioksidan aktivitede
kontrol grubuna kiyasla artislar goériulmastar.

Duyusal acidan ise kontrol grubuna kiyasla
burukluk puanlarinin hidrosol ile fermente edilen
orneklerde azaldigi belirlenmistir. Bu c¢alisma ile
ucucu vyag endistrisinin atik materyali olan
hidrosoller gilaburunun fermantasyonu siirecine
dahil edilerek geri kazanilmis ve biyoaktif 6zellikleri
edilebilir

uretimi

gelistiriimis  duyusal olarak kabul

aromatik fermente gilaburu suyu
gerceklestirilmistir. Geleneksel fermente Urinlere
alternatif yeni laktik fermente meyve ve sebze
sularinin gelistirilmesinde bu Grinlerde kullanilan
ham maddelerin besinsel avantajlari ile laktik
fermantasyondan kaynaklanan faydalarin
birlesiminden yola ¢ikilarak 6nemli katma degere

sahip baska Urunler gelistirilebilir.

Tesekkiir: Bu calisma TUBITAK 2209-A lisans
arastirma projeleri kapsaminda 1919B012203455
kodlu proje ile desteklenmistir.

Cikar Makale
aralarinda herhangi bir ¢ikar ¢atismasi olmadigini

Catismasi  Beyani: yazarlar

beyan ederler.

Yazar Katkisi: MC ¢alismayi tasarlamig, FY, MSK ve
SA deneysel calismalari yiritmius, SB tarafindan
calisma verileri degerlendiriimis ve makale
yazilmis, MC tarafindan diizenlenmistir.
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Meyve agaclarinin gelisimini etkileyen en 6nemli toprak ozelliklerinden birisi toprak
pH’sidir. Bu galismada toprak pH’sinin disirilmesinde etkili olabilecegi distinilen
demir silfat, hidroklorik asit, bentonitli kiikiirt ve sivi kiikiirt materyalleri; agaglarin tag
izdiistimiine (1.2 m?) uygulanarak etkilerinin toprak, yaprak ve meyve analizleri ile
ortaya konmasi hedeflenmistir. Kulttrel uygulamalar (gubreleme, sulama vb.) esit
dozlar ve ayni kosullarda gergeklestirilmistir. Denemeler i¢ ve gegit bolge ikliminin hakim
oldugu Isparta ilinde (Turkiye) 0900 Ziraat ¢esidi ile olusturulmus kiraz (Prunus avium)
bahgesinde tesadiif bloklari deneme desenine gore 4 tekerrirlii ve her tekerrirde 1
agac olacak sekilde 2017 yilinda yiiriitilmustir. ilk uygulama zamanindan 2 hafta sonra
baslayan ve 14 giin araliklarla devam eden 6 farkli donemde alinmis toprak érneklerinde
pH, elektriksel iletkenlik (EC), bitkiye yarayisl demir (Fe), bakir (Cu), mangan (Mn) ve
¢inko (Zn) analizleri yapilmistir. Sezon ortasinda yaprak érneklerinde azot (N), fosfor (P),
potasyum (K), kalsiyum (Ca), magnezyum (Mg), Fe, Cu, Mn, Zn ve bor (B) igerikleri
belirlenmistir. Hasat zamaninda verim, meyve eni, meyve eti setligi, suda ¢ozinebilir
kati madde, pH, titre edilebilir asitlik ve meyve kabuk rengi degerleri 6lctiimustir.
Arastirma bulgularina gére toprak pH’si degerlerinde tiim uygulamalarda kontrole gore
1. dénem disinda 6nemli azalmalar meydana gelmis ve bu azalmalar genel olarak en
fazla bentonitli kiikiirt uygulamasinda gerceklesmis ve bunu sivi kiikiirt uygulamasi takip
etmistir. Toprak pH’sinin disiik oldugu uygulamalarda EC degeri yiksek bulunmustur.
Bu durumu EC ve pH degerleri arasinda elde edilen negatif korelasyon (-0.68*%*)
dogrulamistir. Toprakta bitkiye yarayish mikro elementler incelendiginde Fe ve Zn
konsantrasyonlari tizerine demir silfat uygulamasi etkili olurken Mn Gzerine bentonitli
kiikart etkili olmustur. Yapraklarin besin elementi icerigine ve meyvenin pomololojik
ozelliklerine uygulamalarin etkisi istatistiksel olarak 6nemli olmamistir. Calisma
sonucunda sadece toprak pH’si dikkate alindiginda bentonitli kikurt ile sivi kiikirt 6ne
cikmistir. Fakat denemenin yuritildugi sartlar altinda bitki besleme ve meyve kalitesi
yoniinden kiraz yetistiriciligi icin herhangi bir tGriin 6nerilmemistir.

Anahtar Kelimeler: Demir siilfat, hidroklorik asit, bentonitli kiiklrt, sivi kikiirt, toprak
pH’si
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ABSTRACT

One of the most important soil properties affecting fruit tree development is soil pH. In this study, ferrous sulfate,
hydrochloric acid, bentonite sulfur and liquid sulfur materials, which are believed to be effective in lowering soil pH, were
applied beneath the tree canopy (1.2 m?) and their effects were aimed to be revealed by soil, leaf and fruit analysis. Cultural
practices (fertilization, irrigation, etc.) were carried out in the same doses and under the same conditions. In 2017, the
experiment was carried out in the province of Isparta (Turkey), where the climate of the inland and transitional region
dominates, in the sweet cherry (Prunus avium) orchard cv. 0900 Ziraat, according to the randomized block design with 4
replications and 1 tree in each replicate. Soil samples were taken in 6 different periods starting 2 weeks after the first
application time to continuing at 14-day intervals and analyzed pH, EC, extractable Fe, Cu, Mn, and Zn. Leaf samples were
collected in the middle of the season and determined N, P, K, Ca, Mg, Fe, Cu, Mn, Zn, and B contents of them. Yield, fruit
width, fruit flesh firmness, soluble solids content, pH, titratable acidity, and fruit skin color were recorded at harvest time.
According to the results of the research, there was a decrease in soil pH values in all treatments compared to the control
except for the 1 period, and this decrease was generally highest in bentonite sulfur, followed by liquid sulfur. EC was found
to be high in treatments with low soil pH. This was confirmed by the negative correlation (-0.68**) between EC and pH
values. When plant-available microelements in the soil were examined, ferrous sulfate was effective on Fe and Zn
concentrations, while bentonite sulfur was effective on Mn. The treatments were ineffective on the nutrient contents of
the leaves and pomological properties. According to the results, considering only the soil pH, bentonite sulfur and liquid
sulfur came to the forefront. No product was recommended for cherry cultivation in terms of plant nutrition and fruit quality

under the conditions conducted the study.

Key Words: Iron sulfate, hydrochloric acid, bentonite sulfur, liquid sulfur, soil pH

Giris

Meyve agaclari bulunduklari topraklari uzun
yillar isgal ederler ve yasamlarini belirli bir alan
icindeki toprakta devam ettirirler. Her toprak
etmenlere  (ana  materyal, iklim,
vb.)

ozellikler gostermektedir (Aydemir et al., 2005).

cesitli

antropojenik etkiler, bagh olarak farkh

Topraklarin temel o6zelliklerini tekstir, kireg,
organik madde, pH ve besin elementi gibi faktorler
belirler. Bahge tesisi yapilacak ya da hali hazirda
bu

yetistiricilik agisindan uygun olmadigi durumlarda

kurulu meyve bahgelerinde faktorlerin

mimkiin oldugunca uygun hale getirmek igin

gerekli  uygulamalar  yapilmahdir.  Tirkiye
hafif alkali ve alkali
2006).

Topraklarin tekstirel 6zellikleri ve kireg icerikleri

topraklarinin yaklasik %60’

grupta yer almaktadir (Gugdemir,
en az degisiklik gosteren 6zelliklerindendir fakat
organik madde, pH ve besin elementi igerikleri
cesitli uygulamalar ile iyilestirilerek yetistiricilik icin
daha uygun

tamponlama ozellikleri nedeniyle pH degerlerinin

hale getirebilir.  Topraklarin
degistirilmesi ve degistirilen pH degerlerini uzun

streli ayni seviyede tutmak vyetistiriciler igin
maliyetli olmaktadir (Tisdale ve Nelson, 1975).
Toprak pH’sinin  diizenlenmesi icin yapilan
aktif olarak

gelistikleri donemde toprak pH’sini uygun hale

uygulamalarin  amaci agaclarin

getirmektir.
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Toprak pH’sinin katyon degisim kapasitesi (KDK)
etkisi

elementlerinin tutulmasi

Uzerine oOnemli vardir. Toprakta besin
ve tutulan bu besin
elementinin bitkiler tarafindan kullaniimasi KDK ile
iliskilidir. pH'nin disiik olmasi ile yani toprak
¢Ozeltisinde fazla miktarda bulunan hidrojen (H*)
katyonlari negatif ylizeylerde tutularak bitki besin
elementlerinin  toprak c¢ozeltisine gegcmesini
saglayarak bitkiler tarafindan kullanimini arttirir.
Molekil ¢api ve yiik yogunlugu besin elementinin
alimini etkiler. Demir (Fe), mangan (Mn), bakir (Cu)
ve ¢inko (Zn) gibi metalik 6zellikteki elementler
+2 +3

Bu ylzden s6z konusu besin

iyonlastigi  zaman veya degerlik
kazanmaktadir.
elementleri pH'nin yilksek dolasiyla H* iyonlari
konsantrasyonunun duisik oldugu bazik sartlarda
toprakta kuvvetli bir sekilde adsorbe edilerek
yarayishligl azalmaktadir. Bazik katyonlar olarak
(K*), (Ca*?),

sodyum diger

adlandirilan potasyum kalsiyum

(Mg*?) ve (Na*)
katyonlara gore caplari bliylk oldugundan toprak
bir
tutulamaz ve dolasiyla toprak ¢ozeltisinde bitkiler

magnezyum

partikilleri  tarafindan  kuvvetli sekilde

tarafindan alinabilir sekilde bulunur (McCauley ve
2009). yarayish
olabilmesi icin diger toprak faktorleri tarafindan

ark., Besin elementlerinin

etkilenmeden toprak c¢ozeltisinde uzun siire

bulunabilmelidir (Vossen, 2006). Genelde toprak
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pH’s1 6.5-8.0 arasinda olmasi azot (N), K, Ca, Mg ve
kikurt (S) icin; 5.0-7.0 arasinda olmasi, bor (B), Cu,
Fe, Mn ve Zn icin ve 5.5-7.5 arasinda olmasi P icin

arzu edilen araliklardir. (Manitoba, 2013;
McCauley ve ark., 2009).
Toprak pH’sinin  dislrilmesinde vya da

ylkseltilmesinde cesitli maddeler etkili olmaktadir.
Kakartla bilegikler, sonmis veya sdnmemis kireg,
kimyasal glibreler ve organik madde bunlar
arasinda yer almaktadir (Gineri ve ark., 2012;
2009).

azaltilmasinda en ekonomik kaynak elementel

McCauley ve ark., Toprak pH’sinin
kiikGrttir. Topraga karisan kikiirdin toprakta
birgok kimyasal reaksiyonla yapisi degismektedir
(Kaymak, 2011). Bu slregte elementel kikdrt
(H2S04)

Diger bir

bakteriler tarafindan sulfarik aside

doéniserek toprak pH’sini disdrir.
materyal demir silfattir. Fakat kikirtte gére cok
fazla kullanildigindan maliyeti yliksektir. Demir
stlfatin reaksiyonu ¢ok hizlidir ve bu tuzlar Fe ve
H,SO4’e ayrisir. Kikirt iceren diger bir materyal
Aliminyum silfattir. Fakat bu materyalin yiksek
dozlari bitkiler icin toksik etki olusturdugundan

kullanimi sinirhdir. Nitrik asit, hidroklorik asit,

kullanilabildigi yetistirme sistemlerinde kolaylikla
kullaniimaktadir (Longstroth, 2012).

Bu calismada; toprak pH’sinin dislirtilmesinde
etkili oldugu dislintlen demir silfat, hidroklorik
asit, bentonitli kikirt ve sivi kikdrdin kiraz
agaclarinin  tag bir
uygulanarak topraktaki pH, elektriksel iletkenlik
(EC), bitkiye yarayish Fe, Cu, Mn ve Zn degerlerinin

izdigimiinde belli alana

donemsel degisimi ve bu degisimin yapraklarin N,
P, K, Ca, Mg, Fe, Cu, Mn, Zn ve B icerikleri ve meyve
etkisi
Kimyasallar tiim tag iz disliimine degil sinirli bir

kalitesi  Gizerindeki degerlendirilmistir.
alana uygulanmistir. Sinirh alana uygulanmasinda
ayni miktar kimyasalla toprak 6zelliklerinde daha

fazla degisimin olmasi amaglanmistir.

Materyal ve Metot

Deneme materyali ve deneme alani:

Bu calisma 2017 Meyvecilik Arastirma Enstitlsa
MdaddarlGga (Egirdir-Isparta) arastirma arazisinde
bulunan Gisela 6 anaci Uzerine asili tam verime
ulasmis (7 yasinda) 0900 Ziraat kiraz (Prunus
avium) cesidi Uzerinde ylritilmustir. Uygulama

fosforik asit, stlfirik asit gibi sivi asitler pH bahcesinin  toprak oOzellikleri Cizelge 1'de
ayarlanmasinda o6zellikle damla sulama siteminin verilmistir.
Cizelge 1. Deneme alaninin toprak ozellikleri
Table 1. Soil characteristics of the trial area
Organik Bitkiye Yarayish
Saturasyon Kum Silt Kil . Kireg Madde Extractable
. . Tekstiir . .
Saturation Sand Silt Clay Lime Organic
(%) (%) (%) (%) Texture (%) matter P K Ca Mg
(%) (mg kg?) (mgkgt)  (mgkg?) (mgkg?)
57 31.1 38.5 30.4 Killi tin 13.2 2.1 27 256 3927 398

Denemenin kurulmasi ve uygulamalar
Kiltirel uygulamalarin (sulama, glibreleme vb.)

esit kosullarda uygulanmis olup, tesadif bloklar
deneme desenine gore 4 tekerriirli olarak (her
agag)
dislrict 1slah materyalleri olarak demir sitlfat
(FeS04.7H,0), hidroklorik asit (HCl; %37),
bentonitli kikurt (%90 S, %10 bentonit) ve sivi
kikart (%80 S) kullanilmistir. Kontrol grubunda ise

tekerrirde 1 kurulan denemede pH

herhangi bir 1slah materyali uygulanmamistir.

Hidroklorik asit ve sivi kiktrt 1 litre su ile

seyreltilerek, demir silfat ve bentonitli kikirt ise

seyreltme olmaksizin dogrudan topraga
uygulanmistir. Agaclarin her iki tarafinda tag iz
dusumlerinde 30 x 200 cm boyutlarinda (0.6 m?)
sinirlandirilmis alanlar olusturularak uygulamalar
bu alanlara yani toplam 1.2 m? alana yapilmistir
(Sekil kikart

uygulamalari tam doz olarak 1 uygulama ile

1). Demir silfat ve bentonitli

gerceklestirilirken, sivi kiikirt 3 ve HCI 6 farkh
donemde uygulanmistir. Uygulamalara ait detayli
bilgiler Cizelge 2’de sunulmustur.
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Sekil 1. pH dusurici 1slah materyallerinin uygulanmasi
Figure 1. Applying pH-reducing amendment materials

Cizelge 2. Uygulama dozu, sayisi ve zamani
Table 2. Application dose, number and time

Materyal Uygulama Dozu Uygulama Sayisi Uygulama Zamani
Material Application Dose Number of Applications Application Time
Demir Siilfat 750 g agac™? 1 3 Nisan
Bentonitli kiikiirt 750 g agac™? 1 3 Nisan
HCl 50 ml agag™ 6 9 Nisan, 23 Nisan, 7 Mayis, 21
(Her uygulamada) Mayis, 4 Haziran, 18 Haziran
Sac-l
Sivi Kukart 100 ml agag 3 9 Nisan, 7 Mayis, 4 Haziran
(Her uygulamada)
Toprak oOrneklemesi, analize hazirlanmasi ve okunmustur.
toprak érneklerinde yapilan analizler
Toprak ornekleri, 0-30 cm derinlikten ilk Yaprak orneklemesi, analize hazirlanmasi ve

(3 Nisan) takip eden 2 haftalik
periyotlar ile toplam 6 dénemde (16 Nisan, 30
Nisan, 14 Mayis, 28 Mayis, 11 Haziran, 25 Haziran)
alinmistir. Alinan érnekler Kacar (2012)’in belirttigi

uygulamayi

sekilde analize hazir hale getirilmistir ve pH, EC,
bitkiye yarayish Fe, Cu, Mn ve Zn analizleri
pH ve EC (uS cm?)
¢amurunda cam elektrotlu pH metre ve EC metre

yapilmigtir saturasyon
ile belirlenmistir (Jackson, 2005). Bitkiye yarayigli
Fe, Zn, Cu, Mn icin dietilen triamin penta asetik asit
(DTPA) ile ekstraksiyon yapilmis (Lindsay ve
Norvell, 1978) ve indiktif Eslesmis Plazma- Optik
(ICP-OES) ile

Emisyon Spektrometresi cihazi
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yaprak orneklerinde yapilan analizler

Yaprak oOrnekleri vejetasyon ortasinda (2
Temmuz) agaclarin tag bélgesinde bulunan bir yillik
slirglinlerin ortasindan gelismesini tamamlamis en
genc yapraklardan toplanarak (Hoying et al., 2004)
laboratuvara getirilmis ve gerekli yikama islemleri
yapilmistir. Yikanan yaprak ornekleri etlivde 65
°C’de sabit agirliga gelinceye kadar kurutularak ve
0.5 ¢apina
ogutulmustir. Toplam N analizi igin Kjeldahl yas

mm elek sahip degirmende
yakma yontemi; toplam P, K, Ca, Mg, B, Fe, Cu, Mn,
Zn ve B analizi icin kuru yakma yontemi uygulanmis

ve okumalar ICP-OES cihazi ile yapilmistir (Ryan ve
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ark., 2001).

Meyve érneklemesi, érneklerin analize hazir hale

getirilmesi, yapilan élciimleme ve analizler, verim

degerinin belirlenmesi
Meyve Orneklemesi, hasat zamaninda (22

Haziran) gerceklestirilmistir. Ornekleme, her
uygulamanin tekerrirlerini temsil edecek sekilde
agacin 4 tarafindan alinan 100 adet meyveden
10 adet

gerceklestirilmistir. Meyve eni 0.01 hassasiyetli

tesadiifen  segilen meyve ile
dijital kumpas yardimiyla olcilmdistir. Meyve eti
sertligi, (4.5 mm uclu penetrometre) tekstir analiz
cihazi (Guss FTA Type GS14, Strand, South Africa)
ile dlguilecek ve sonuglar Newton (N) birimi olarak
verilmistir. Meyve kabugundaki renk degisimleri
(L*, a*, b*, C* ve h°) CR-400 model (Minolta Co.
Ltd., Japonya) renk cihaziyla olclilmustir. Titre
edilebilir asitlik (TEA), pH ve suda ¢oziilebilir kuru
madde (SCKM) analizleri icin meyve ornekleri
oncelikle cekirdeklerinden ayrilmistir. Ardindan
kati meyve sikacagi ile elde edilen meyve suyunda
asitlik otomatik titrator (Mettler Toledo T50) ile
malik asit cinsinden, pH degeri dijital pH metre ile,
SCKM ise dijital refraktometre (HI 96801 model
Hanna, UK) ile

Verim degeri, deneme agagclarindan hasat edilen

belirlenmistir (Karacali, 1993).
meyveler tartilarak, agac¢ basina belirlenmistir.

Istatistiksel analizler

istatistik analizler icin paket program (JMP)
kullaniimistir. Bu paket program ile normal dagilim
analizi

yapilarak ekstrem degerler atiimistir.

Varyans analizlerinde uygulamalar arasindaki
farklihk 6nemli oldugu durumlarda asgari 6nemli
fark (LSD) ¢oklu karsilastirma testi uygulanmis ve
istatistiksel  farkliliklarin ~ tahmin edilmesinde
P<0.05 ve P<0.01 6nem dereceleri kullanilmistir.
S6z konusu paket program ile toprak pH’si ile EC

degerleri arasindaki korelasyon incelenmistir.
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Bulgular ve Tartisma

(1.
birbirinden farklihk gostermeyen pH degerleri

Uygulamanin  baslangicinda doénem)
zaman gectikge ayni donem iginde uygulamalara
gore farkhlik gostermis ve en disik degerler 2.
kakdrt;

kikirt; 4 donemde bentonitli kiikirt; 5. donemde

donemde bentonitli 3. dénemde sivi

sivi kiiklrt; 6 donemde sivi kiikiirt uygulamasindan
1.
herhangi

elde edilmistir. donem disindaki  tim

bir
uygulanmadigi kontrol uygulamasinda en yiksek

donemlerde materyalin
degerler gerceklesmistir (Sekil 2). Her donemdeki
pH degerindeki degisimler kontrol uygulamasina
gore 2. donemde bentonitli kiikiirt uygulamasinda
0.25 birimlik, 3. donemde sivi  kikirt
uygulamasinda 0.16 birimlik, 4. donemde
bentonitli kiikirt uygulamasinda 0.33 birimlik, 5.
donemde sivi kiikiirt uygulamasinda 0.20 birimlik,
6. donemde sivi kikdrt uygulamasinda 0.26
birimlik dislis gerceklesmistir. Her donemdeki
uygulamalar arasinda farklilik oldugu gibi her
uygulamanin dénemleri arasinda da uygulamaya
bagl olarak (kontrol, bentonitli kikiirt ve sivi
kukart) pH degisiminde farklilklar olusmustur
(Cizelge 3).

Soliman ve ark. (1992) misir bitkisinde yaptiklari
bir saks 1 ¢alismasinda pH degeri 8.3 olan kaba
bir kikart  (S)
uygulamasinin  etkisini incelemislerdir. Artan
miktarlarda 1000, 3000, 6000 mg kg! S ilave
edilmesi toprak pH’sinda sirasiyla 0.2, 0.5 ve 0.9

teksturli  kiregli toprakta

birim dlstse neden olmustur. Gilneri (2007),
limon ve portakal bahgelerinde kikirt, jips ve
amonyum silfat uygulamalari icinde pH’nin
dislrilmesinde en etkili yontemin elementel
kikart uygulamasi oldugu sonucuna varmistir.
Murovhi (2013), 13 yasindaki Valencia portakal
cesidinde yaptigl calismada 0, 60, 120, 180 ve 240
g S agac? olacak sekilde kikirt uygulamasinin
artan kikirt seviyesine bagh olarak toprak

pH’sinda azalma meydana getirdigini tespit

etmistir. Ucgun ve ark. (2019) hububat tariminda
sulu kukirt, bentonitli kukart + giftlik guibresi,
leonardit uygulamalari icinde bentonitli kikirt +
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ciftlik gibresi uygulamasinin yapildigi parselde en
dislik pH degerlerini elde etmislerdir.
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Bentonitli Kiikiirt Sivi Kiikiirt

Sekil 2. Gisela 6 anaci lizerine asili tam verime ulasmis kiraz bahgelerinde topraga uygulanan pH disurici
1slah materyallerinin Uygulamalarin toprak pH’si (izerine etkisi. Fakl harfler uygulamalar arasindaki
farki, * 0.05 diizeyinde 6nem seviyesini, ** 0.01 diizeyinde 6nem seviyesini ifade etmektedir. Dikey
cubuklar ortalama +* standart hatayi gosterir.

Figure 2. The effect of pH-reducing amendment materials applied to the soil on the soil pH in sweet cherry
orchard grafted on Gisela 6 rootstock with full yield. Different letters indicate the difference
between treatments, * indicates the significance level at 0.05 level, ** indicates the significance
level at 0.01 level. Vertical bars represent the average + standard error.

Cizelge 3. Her uygulamadaki pH degerlerinin donemlere gére degisimi
Table 3. Variation of pH values in each treatment according to the periods

Toprak OGrnekleme Dénemleri

:Zeg;ﬁr::::r Soil Sampling Periods

1 2 3 4 5 6
Kontrol 744 b 770 a 776 a 782 a 7.66 a 7.79 a**
Demir Sulfat 7.55a 761a 7.64 a 770 a 759 a 7.68a
HCI 754 a 7.69 a 7.69 a 7.64 a 7.66 a 772 a
Bentonitli Kakart 7.50 bc 745 c 7.61ab 742 c 7.47 bc 7.73 a**
Sivi Kuikart 7.51 bc 7.59 abc 7.60 ab 7.67 a* 746 ¢ 7.53 bc

Harfler her satirdaki sayilari karsilastirir. Ayni harfler istatistiksel olarak sayilar arasinda farkliligin olmadigini, farkli harfler
farkhhgin oldugunu gosterir. *: 0.05 diizeyinde 6nem seviyesini ifade eder. **: 0.01 diizeyinde 6nem seviyesini ifade eder.

Vejetasyon baslangicinda (16 Nisan) birbirine
¢ok yakin olan EC degerleri, vejetasyon ilerledikce
her dénem kendi icinde degerlendirildiginde
uygulamalara goére aralarinda 6nemli farkhliklar
En

uygulamalar dénemlere gore degismis 2. ve 4.

olusmustur. yliksek degerlerin  oldugu
donemde bentonitli kiiklirt, 3, 5 ve 6. donemlerde
sivi kikiirt uygulamasinda olusmustur. Ozellikle
bentonitli kikirt ve sivi kikirt uygulamalarinda
olusan bu vyilksek degerler kiraz agaclarinin
verimini olumsuz etkileyebilecek dlizeylere kadar

ulagsmistir (Sekil 3). Kontrol uygulamasina gore 2.

170

donemde bentonitli kiklrt uygulamasinda 1076
birimlik, 3. donemde sivi kikirt uygulamasinda
835 birimlik, 4. donemde bentonitli kakart
uygulamasinda 955 birimlik, 5. dénemde sivi
kikart uygulamasinda 444 birimlik, 6. donemde
sivi kiklrt uygulamasinda 769 birimlik artis
gerceklesmistir. Uygulamalar arasinda farkhlik
oldugu gibi her uygulamaya ait dénemler arasinda
da kontrol uygulamasi disinda EC degisiminde
farkhliklar olusmustur (Cizelge 4).

kiraz

ve ark. (2000)

agaclarinin tuz toleransinin diger iliman iklim

Kotuby-Amacher
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meyvelere gére disiik ve esik degerin 900 ps cm™
oldugunu ve bu deger 1900 ps cm™ oldugunda ise
%10 meydana  geldigini
bildirmislerdir. Yapilan bu ¢alismada uygulamalara

verimde azalma
gore degismekle birlikte topragin EC degerleri
1500 ps cm? degerlerine kadar vyikselmistir.
tuz artmasi

Toprak cozeltisinde seviyesinin

verimde azalmalara neden oldugu gibi bitkide

1600
1400
1200

m)

1000

EC (us/c

800

600 c|

T

ajada

1

400
200

M Kontrol ™ Demir Siilfat

D

HCl

morfolojik (Erturk ve ark., 2007) ve fizyolojik (Aras
ve Esitken, 2018; Eraslan ve ark., 2016) degisimlere
de neden olmaktadir. Ayrica tuzlu sartlarda bitkiler
toprakta bulunan besin elementlerinden de
yeterince vyararlanamadigi yapilan ¢alismalarda
belirlenmistir (Lacerda ve ark., 2018; Ribeiro ve
ark., 2021).

onemler

Bentonitli Kuikiirt Siw1 Kukurt

Sekil 3. Gisela 6 anaci lizerine asili tam verime ulasmis kiraz bahgelerinde topraga uygulanan pH disiriicia
1slah materyallerinin toprak tuzlulugu tzerine etkisi. Fakl harfler uygulamalar arasindaki farki, *
0.05 diizeyinde 6nem seviyesini, ** 0.01 dizeyinde 6nem seviyesini ifade etmektedir. Dikey
cubuklar ortalama +* standart hatayi gosterir.

Figure 3. The effect of pH-reducing amendment materials applied to the soil on the soil salinty in sweet
cherry orchard grafted on Gisela 6 rootstock with full yield. Different letters indicate the difference
between treatments, * indicates the significance level at 0.05 level, ** indicates the significance
level at 0.01 level. Vertical bars represent the average + standard error.

Cizelge 4. Her uygulamadaki EC degerlerinin dénemlere gore degisimi
Table 4. Variation of EC values in each treatment according to the periods

Toprak Ornekleme Dénemleri

?Lg‘;zr;\::sar Soil Sampling Periods

1 2 3 4 5 6
Kontrol 375a 448 a 464 a 403 a 555a 356 a
Demir Silfat 338d 1410 a** 1166 ab 1062 b 948 bc 715¢c
HCI 358d 711 a** 543 bc 636 ab 550 abc 456 cd
Bentonitli Kakart 379b 1524 a** 1187 a 1358 a 1251 a 561 b
Sivi Kuikart 362 ¢ 1218 ab 1299 a** 986 b 1295 a 1125 ab

Harfler her satirdaki sayilari karsilastirir. Ayni harfler istatistiksel olarak sayilar arasinda farkliligin olmadigini, farkli harfler
farkhhgin oldugunu gosterir. **: 0.01 diizeyinde 6nem seviyesini ifade eder.

pH’nin ylksek oldugu uygulamalarda disik

olan EC degerleri, pH'nin disik oldugu
uygulamalarda ise yliksek seviyelerde olmustur
(Sekil 2, Sekil 3). Hem pH hem de EC degerleri
Uzerine uygulamalarin etkisi olmadigi 1. donem

hesaba katilmazsa diger dénemlerde elde edilen
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pH ve EC degerleri arasinda istatistiksel olarak
onemli negatif korelasyon (-0.68**) elde edilmistir
(Sekil 4). Aizat ve ark. (2014) pH’nin ¢6zinebilir tuz
etkisi
oldugunu ifade etmistir. Smith ve Doran (1997)

miktarini arttirarak EC ({zerine arttirici

yaptiklar ¢alismada EC ve pH arasinda negatif bir
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korelasyon oldugunu tespit etmistir. Benzer
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Sekil 4. Gisela 6 anaci Uzerine asili bir kiraz bahgesinin topraginda toprak pH’si ve tuzlulugu arasindaki

korelasyon

Figure 4. Correlation between soil pH and salinity at soil of sweet cherry orchard grafted on Gisela 6

rootstock

Fe
1. donem disindaki tim

Topraklarin  bitkiye yarayisli icerikleri
degerlendirildiginde;
dénemlerde demir silfatin diger uygulamalara
gore icerdigi yuksek Fe miktarina orantili olarak Fe
icerikleri istatistiksel olarak 6nemli diizeyde yiiksek
bulunmustur (Sekil 5). Bakir icerikleri uygulamaya
bakilmaksizin sezon boyunca artis gostermistir.
Sadece 6.

farkhlk istatistiksel olarak 6énemli olmus ve sivi

donemde uygulamalar arasindaki
kikirt uygulamasinda en ylksek deger elde

edilirken en disik deger demir siilfat

uygulamasinda olmustur (Sekil 6). Topraklarin Mn
icerigi yonunden ilk 3 doénemde uygulamalar
acisindan bir farklihk bulunmamis fakat 4, 5 ve 6.
dénemde istatistiksel olarak uygulamalara gore

farklihklar  elde  edilmistir.  S6z  konusu
donemlerdeki Mn, bentonitli kakdrt
uygulamasinda en ylksek seviyelerde

gerceklesmistir. Diger uygulamalarda birbirine
yakin sonuglar elde edilmistir (Sekil 7). Topraklarin
bitkiye yarayisli Zn kapsami lizerine demir silfatin
etkisi cok dikkat cekici olmustur. ilk dénem
disindaki
uygulamasinin  diger gore Zn
etkisi kendi

arasindaki farklihgi gélgede birakmistir. Yani demir

diger donemlerde demir siilfat

uygulamalara
uzerindeki

diger uygulamalarin
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siilfat disindaki tim uygulamalar ayni grupta yer
almistir. Diger uygulamalarda en fazla 5 mg kgV’a
ulasan Zn seviyesi, demir silfat uygulamasinda 35
mg kg¥a kadar yikselmistir. Sayet demir siilfat
uygulamasi dikkate alinmazsa diger uygulamalarda
tim donemlerde sivi kiikirt 6ne cikmistir (Sekil 8).

Toprak pH’sinin disik olmasi ortamda H*
iyonlarinin yikselmesi anlamina gelmektedir. H*
iyonlari ise toprak yuzeyinde kuvvetli bir sekilde
tutularak Cu, Mn, Fe, Zn gibi metal 6zellikte besin
elementlerinin torak ylzeyine tutulmasini azaltir
ve toprak ¢ozeltisinde daha uzun sureli yarayish
halde kamasini saglar (McCauley ve ark., 2009).
Rengel (2001), Fe ve Mn’nin hareketliligi toprak
pH’si tarafindan kuvvetli bir sekilde etkilendigini ve
pH’'nin 1 birim degismesine karsilik Fe*¥'lin
aktivitesinde 1000 kat Fe*?’nin aktivitesinde 100
kat degisme oldugunu bildirmistir. Uggun ve ark.
(2019) toprak pH’sinin disiridlmesi amaciyla sulu
kikart, bentonitli kukirt + ciftlik glbresi ve
leonardit’in ekimle birlikte uygulandigi arpa
yetistiriciligi yapilan bir alanda bentonitli kikurt +
ciftlik glibresi uygulamasinin yapildigl parselde en
dislik pH degerini ve en ylksek bitkiye elverisli Fe
ve Mn degerlerini elde etmislerdir.
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Sekil 5. Gisela 6 anaci lizerine asili tam verime ulasmis kiraz bahgelerinde topraga uygulanan pH disiriici
1slah materyallerinin bitkiye yarayisli Fe Gzerine etkisi. Fakli harfler uygulamalar arasindaki farki, **
0.01 dlizeyinde 6nem seviyesini ifade etmektedir. Dikey ¢cubuklar ortalama + standart hatayi gosterir.

Figure 5. The effect of pH-reducing amendment materials applied to the soil on the plant-available Fe in
sweet cherry orchard grafted on Gisela 6 rootstock with full yield. Different letters indicate the
difference between treatments, ** indicates the significance level at 0.01 level. Vertical bars
represent the average + standard error.
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Sekil 6. Gisela 6 anaci Uzerine asili tam verime ulasmis kiraz bahgelerinde topraga uygulanan pH districi
1slah materyallerinin Uygulamalarin bitkiye yarayish Cu lzerine etkisi. Fakli harfler uygulamalar
arasindaki farki, * 0.05 diizeyinde 6nem seviyesini ifade etmektedir. Dikey ¢ubuklar ortalama +
standart hatayi gosterir.

Figure 6. The effect of pH-reducing amendment materials applied to the soil on the plant-available Cu in
sweet cherry orchard grafted on Gisela 6 rootstock with full yield. Different letters indicate the
difference between treatments, * indicates the significance level at 0.05 level. Vertical bars represent
the average * standard error.
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Sekil 7. Gisela 6 anaci lizerine asili tam verime ulasmis kiraz bahgelerinde topraga uygulanan pH dusurici
1slah materyallerinin bitkiye yarayish Mn Gzerine etkisi. Fakli harfler uygulamalar arasindaki farki, *
0.05 dlzeyinde 6nem seviyesini, ** 0.01 diizeyinde 6nem seviyesini ifade etmektedir. Dikey gubuklar
ortalama + standart hatayi gosterir.

Figure 7. The effect of pH-reducing amendment materials applied to the soil on the plant-available Mn in
sweet cherry orchard grafted on Gisela 6 rootstock with full yield. Different letters indicate the
difference between treatments, * indicates the significance level at 0.05 level, ** indicates the
significance level at 0.01 level. Vertical bars represent the average + standard error.
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Sekil 8. Gisela 6 anaci lizerine asili tam verime ulasmis kiraz bahgelerinde topraga uygulanan pH dusirici
1slah materyallerinin bitkiye yarayisli Zn Gzerine etkisi. Fakh harfler uygulamalar arasindaki farki, *
0.05 diizeyinde 6nem seviyesini, ** 0.01 diizeyinde 6nem seviyesini ifade etmektedir. Dikey cubuklar
ortalama % standart hatayi gosterir.

Figure 8. The effect of pH-reducing amendment materials applied to the soil on the plant-available Zn in
sweet cherry orchard grafted on Gisela 6 rootstock with full yield. Different letters indicate the
difference between treatments, * indicates the significance level at 0.05 level, ** indicates the
significance level at 0.01 level. Vertical bars represent the average + standard error.

besin elementi konsantrasyonlari
degerlendirildiginde
istatistiksel olarak herhangi bir farkhlik olugsmadigi
gorilmektedir. (2012)
karsilastirildiginda denemenin yuarataldugi kiraz

Yapraklarin

uygulamalara gore

Sonuglar  Anonim ile
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agaclarinin yapraklarinda toplam P (%0.23-0.38),
Ca (%1.60-2.60), Fe (50-250 mg kg!), Cu (6-25 mg
kg?), Mn (18-150 mg kg?) ve B (39-80 mg kg?)
konsantrasyonlari sinir degerleriiginde yani yeterli,
toplam K (%1.00-1.90) sinir degerlerinin (izerinde
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yaniyilksek, N (%2.30-3.30), Mg (%0.49-0.65) ve Zn
(20-200 mg kg) ise sinir degerlerinin altinda yani
disiuk seviyelerde olmustur (Cizelge 5 ve 6).
Yapraklarda analizlere gore dislik seviyede

eksiklik

belirtilerine rastlanmamistir. Ozellikle demir siilfat

bulunan N, Mg ve Zn’nun gorsel
uygulamasinin yapildigi topraklarda cok yiksek
miktarlarda bitkiler tarafindan alinabilir formda Zn
tespit edilmesine ragmen yaprak analizlerinde
disik olmasi dikkat gekici olmustur. Yapraklarin
besin elementi icerigine bircok faktor etki etmekle
birlikte 6zellikle topraktaki pH ve EC degerinin
daha etkili oldugu dusliniilmektedir. Fakat yapilan
bu calismada pH disirici islah materyallerinin
topraklarin EC ve pH degerleri Uzerine 6nemli
etkileri olmasina ragmen bu toprak 6zelliklerinin
bitkilerin beslenme durumu (izerine 6nemli etkileri
gerceklesmemistir. Calismanin yapildigi toprak
ozellikleri incelendiginde bitkiye yarayisl besin
elementlerinin yeterli, organik madde ve kireg
iceriklerinin  kiraz  vyetistiriciligi icin  uygun
degerlerde oldugu goridlmektedir (Cizelge 1).
Bunun vyaninda uygulamalarin sinirh alanlara
yapilmasi beklenen etkinin goriilmemesine neden
olabilir. Yapilan bircok calismada 6zellikle toprak
tuzlulugu ile bitki beslenmesi arasinda iliskiler
oldugu tespit edilmistir. Hu ve Schmidhalter
(2005), tuz stresinin olustugu durumlarda 6nce
ozmotik stresin olustugunu ve ozmotik stresin
devaminda ortaya ¢ikan iyon stresi evresinde,
ortamda artan Na* ve CI iyonlarinin K*, Ca*? ve
nitrat (NOs’) gibi gerekli besin elementleri ile
rekabete girmesiyle bitkilerde besin eksikligi veya
dengesizlik meydana getirdigini bildirmislerdir.
Lacerda ve ark. (2018), misir bitkisinde yaptiklari
bir c¢alismada; kadar

tuzlu sartlarda ihtiyac
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uygulanan N ve K’'dan bitkilerin yararlanmadigini
ve blylk boliminin yikanarak koék bolgesinden
uzaklagtigini tespit etmislerdir. Uggun ve ark.
(2020), 1spanak bitkisinde yaptiklari calismada tuz
uygulamalarinin Ca, Mg ve S alimini 6nemli

derecede azalttigini tespit etmisledir. Benzer
sekilde Loupassaki ve ark. (2002) zeytin
agaclarinda yaptiklari calismada tuz

uygulamalarinin N, K, Ca ve Mg alimini énemli

derecede disirdiglint belirtmislerdir. Neina
(2019) toprak pH’sinin topragin biyolojik, kimyasal
ve fiziksel ozelliklerini etkileyen en biylik toprak
degiskeni oldugunu belirtmistir. McCauley ve ark.
(2009) toprak pH’sinin bitki besin elementlerinin
yarayishhigini etkiledigini maksimum yarayighligin
N, K, Ca, Mg ve S icin toprak pH’sinin 6.5-8.0; B, Cu,
Fe, Mn, Ni ve Zn icin toprak pH’sinin 5.0-7.0 ve P
icin toprak pH’sinin 5.5-7.5 olmasi gerektigini
belirtmislerdir. Uggun (2019), toprak pH’si tizerine
farkli materyallerin etkisini arpa bitkisi kullanarak
arastirmislar ve kullanilan materyaller arasinda
bentonitli kikirt + ciftlik glibresi uygulamasinin
yapildigi parselde en disik pH degerini ve yliksek
bitkiye vyarayish Fe ve Mn degerlerini elde
etmislerdir. Ayni zamanda s6z konusu uygulama
basaklarin N, P, K, Mg ve Fe icerigi lizerine de etkili
olmus ve Mg hari¢ digerlerinde en yiksek
degerlerin olusmasina neden olmustur. Murovhi
(2013), dozda

uyguladiklari S’Gin toprak pH’siile yaprak N, Fe ve B

portakal agaclarinda artan
icerigini azalttigini, yaprak S ve Mg miktarini ise
arttirdigini tespit etmistir. Aka (2008), mandarin
agaclarinda uyguladiklari farkh dozlardaki S’ln
yaprak P, K, Ca, Mg, S, Fe, Mn ve Zn icerikleri
Uzerine arttirici Na igerigi Uzerine ise azaltic
etkisinin oldugunu bildirmistir.
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Cizelge 5. pH disuriicl 1slah materyallerinin Gisela 6 anaci lizerine asili tam verimdeki 0900 Ziraat ¢esidinin yaprak makro besin
elementi igerikleri izerine etkisi
Table 5. The effect of pH-reducing amendment materials on contents of leaf macro nutrients of sweet cherry cv. 0900 Ziraat
grafted on Gisela 6 rootstock with full yield.

Uygulamalar

Treatments N (%) P (%) K (%) Ca (%) Mg (%)
Kontrol 2.28 +0.05 0.29+£0.01 1.98 £0.09 1.67 £0.09 0.36 £0.00
Bentonitli Kiikirt 2.18 +£0.07 0.31+0.02 2.03+0.08 1.70+0.14 0.37 £0.00
Demir Sulfat 2.19£0.09 0.31+0.02 2.04+0.14 1.69+0.15 0.37£0.01
HCI 2.16+£0.14 0.28 £0.01 1.95+0.12 1.61+0.07 0.38 £0.01
Sivi Kukdart 2.25+0.03 0.28 £0.03 1.92 +0.06 1.63 +0.08 0.36 £0.01
Onem Seviyesi 0D 0D OD 0D OD+
Referans deger* 2.30-3.30 0.23-0.38 1.0-1.90 1.60-2.60 0.49-0.65

*: Anonim (2012); OD: énemli degil; Degerler kuru agirlik Gzerinden ifade edilmistir; Cizelgedeki degerler ortalama + standart
hatayi gosterir.

Cizelge 6. pH dusurtci 1slah materyallerinin Gisela 6 anaci lizerine asili tam verimdeki 0900 Ziraat ¢esidinin yaprak mikro besin
elementi igerikleri izerine etkisi

Table 6. The effect of pH-reducing amendment materials on contents of leaf micro nutrients of sweet cherry cv. 0900 Ziraat
grafted on Gisela 6 rootstock with full yield.

Uygulamalar Fe Cu Mn Zn B
Treatments (mg kg) (mg kg) (mg kg (mg kg) (mg kg?)
Kontrol 71.07 +2.97 11.01 + 0.37 26.82+1.14 13.14 + 0.67 53.87 + 1.24
Bentonitli Kiikiirt 74.26 +3.94 11.84 + 0.46 28.85+1.76 13.15 + 1.23 53.80 + 0.99
Demir Siilfat 65.57 £ 3.20 11.14 + 0.63 25.69 +1.42 12.97 + 1.35 52.17+1.78
HCl 69.33 + 1.46 17.08 +0.51 28.44 + 1.64 12.33 + 1.00 55.28 + 0.87
Sivi Kiikiirt 69.38 £ 5.53 12.17 + 1.68 25.64 + 1.73 12.33 £ 0.96 52.86 + 1.76
Onem Seviyesi oD (o]] oD (o)) oD
Referans deger* 50-250 6-25 18-150 20-200 39-80

*: Anonim (2012); OD: énemli degil; Degerler kuru agirlik (izerinden ifade edilmistir; Cizelgedeki degerler ortalama +
standart hatayi gosterir.

Agaclarin verim ve meyvelerin pomolojik
ozellikler incelendiginde verim degerleri 23.7 kg

aralarinda istatistiksel olarak farklilik olmamasina
ragmen sayisal bazi farkhliklar olusmustur. En

agac! (HCL uygulamasi) ile 31.3 kg agac® kirmizi ve renk yogunlugu en fazla olan meyveler
(bentonitli kikart uygulamasi) arasinda bentonitli kikirt uygulamasinda ve en parlak
degismistir. Pomolojik o6zelliklerden meyve eni meyveler ise kontrol uygulamasindan elde
21.9 mm (HCL) ile 23.8 mm (sivi kikirt edilmistir.  Meyve kalitesini gbsteren tim
uygulamasi); sertlik 10.7 N (demir sulfat parametreler beraber degerlendirildiginde pH

uygulamasi)-11.5 N (sivi kiiktirt uygulamasi); SCKM
%15.3 (bentonitli kikirt uygulamasi) ile %17.2
pH 0.19 kikiirt
uygulamasi) ile 0.27 (kontrol uygulamasi) arasinda

(kontrol uygulamasi); (sivi

degismistir. Titre edilebilir asitlik en diisiik kontrol
uygulamasinda (0.91) elde edilirken demir siilfat,
HCI ve sivi kikirt uygulamalarinda yiksek (0.95)
deger elde edilmisti. Meyve renginin
belirlenmesinde L* (parlakhk), a* [kirmizi (+) — yesil
(-)1, b* [sari (+) — mavi (-)], h® (hue agisi) ve C* (renk
yogunlugu) degerleri kullaniimaktadir. Kiraz
meyvesinde renk, dnemli bir kalite kriteri olmasi
nedeniyle ozellikle a* degeri ile rengin
yogunlugunu ve parlakhgini gosteren L* ve C*

degerleri 6nemli olmaktadir. Uygulamalara gore
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dislrici 1slah materyali uygulamalarinin bir etkisi
olmamistir (Cizelge 7 ve 8). Toprak pH’si lzerine
etkili olan uygulamalar topraktaki bazi besin
yarayislihgi etkili
olmustur. Fakat toprakta yarayishligi artan besin

elementlerinin uzerine de
elementinin deneme sartlarinda kiraz agaclarinin
beslenmesi (izerine arttirici bir etkisinin olmadigi
yukarida aciklanmistir. Bununla birlikte, besin
elementlerinin meyvelerin pomolojik o6zellikleri
etkisi
gosterilmistir. Ornegin Fallahi ve ark. (2010) besin

Uzerine oldugu  bircok calismada
elementlerinin meyve kalitesini etkiledigini ve bu
konuda en 6nemli besin elementlerinin N, P, K, Ca
Aka (2008)

mandarin agaclarinda yaptiklari ¢alismada artan S

and B oldugunu bildirmislerdir.
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dozlarina bagl olarak yapraklarin P, K, Ca, Mg, S,
Fe, Mn ve Zn igerikleri artmasina ragmen meyve
oldugu fakat bu
degisimin istatistiksel olarak 6nemli olmadigini

blyukligliinde azalmanin
bulmustur. Murovhi (2013) ise artan S dozlarina
bagli olarak portakal agaclarinda meyve sayisi ve
verimde artislar olugunu tespit etmistir. Sanz ve
ark. (1997) seftali agacglarinda Fe eksikliginin erken
teshis edilmesi ve
dizeltilmesiyle meyve buyukligiinin 2 katina

donemde problemin

ciktigini tespit etmislerdir. Anonim (2006) elma

yapraklarinda N seviyesinin ylksek olmasi meyve
rengini (kirmizi ve sari gesitlerde) ve sertligini
azalttigini ve N seviyesinde %0.1 diizeyinde artisin
meyve renginde %5 oraninda azalmaya neden
oldugunu Uggun (2019)
agaclarinda yaptiklari calismada artan dozda N
uygulamalarina bagli olarak yaprak ve meyvelerin

bildirmistir. kiraz

N igeriklerinin arttigini ve bu artisa dogrusal olarak
meyve renginde (a degeri) ve sertliginde artislarin
oldugunu tespit etmistir.

Cizelge 7. Gisela 6 anaci lizerine asih tam verimdeki 0900 Ziraat kiraz ¢esidinin meyve o6zellikleri Gizerine pH duslrlcu 1slah

materyallerinin etkisi

Table 7. The effect of pH-reducing amendment materials on fruit characteristics of sweet cherry cv. 0900 Ziraat grafted on

Gisela 6 rootstock with full yield.

Verim (kg .
Uygulamalar aga¢?) ME (mm) Ser:llk. (N) SCKM (%) TEA (%)
Treatments Yield (kg FW (mm) , ruit SSC (%) PH TA (%)
p firmness (N)
tree)

Kontrol 28.9+6.36 23.6 £0.82 11.1+0.54 17.2+0.65 0.27 £0.07 0.91+£0.01
Bentonitli Kikart 31.3+7.48 22.4+0.84 11.1+0.78 15.3+1.15 0.25+0.02 0.92 £0.03
Demir Silfat 29.6 £7.32 22.3+0.75 10.7 £ 0.33 16.3+0.72 0.20 £ 0.04 0.95+0.03
HCI 23.7+6.14 21.9+0.50 10.8 £ 0.33 16.6 + 0.96 0.20+£0.01 0.95 +0.02
Sivi Kuikdirt 28.9+4.28 23.8+0.69 11.5+0.41 16.3 £0.90 0.19 £ 0.02 0.95 +0.02
Onem Seviyesi 0OD 0D oD (o)) (o))

ME (FW): meyve eni (fruit width); SCKM (SSC): suda ¢6zinebilir kuru madde (soluble solids concentration); TEA (TA): titre
edilebilir asitlik (titratable acidity); OD: &nemli degil; +: standart hata ortalamasi

Cizelge 8. Gisela 6 anaci lizerine asili tam verimdeki 0900 Ziraat kiraz ¢esidinin meyve zemin rengi lzerine pH dusiricu i1slah

materyallerinin etkisi

Table 8. The effect of pH-reducing amendment materials on fruit skin color of sweet cherry cv. 0900 Ziraat grafted on Gisela 6

rootstock with full yield.

Uygulamalar

a* b* c* L* h°
Treatments
Kontrol 22.0+0.90 10.1+£0.47 24.3 +£1.02 31.0+0.33 24.5+0.22
Bentonitli Kikurt 24.1+2.14 11.5+1.34 26.8 £2.47 30.8 £ 0.66 25.3+0.90
Demir Silfat 23.0+1.19 10.8 £ 0.54 25.5+1.28 30.7 £0.37 25.0£0.59
HCI 22.8+2.12 10.6+1.24 25.1+2.44 30.6 £0.31 24.8 £0.63
Sivi Kiikart 21.2+0.91 9.7 £0.45 23.4+1.01 30.6 £0.37 24.5+0.32
Onem Seviyesi 0D 0D oD oD OD

OD: 6nemli degil; : standart hata ortalamasi

Sonug ve Oneriler

Uygulamalarin toprak pH’si Uzerine districi
etkisi olmus ve 6. dénem disinda diger dénemlerde
kikirt daha etkili
Kontrole gore aradaki fark 0.3 birime kadar

bentonitli bulunmustur.
dismustir. Ayni uygulamalarin EC zerine ise
arttirici etkisi olmustur. Uygulanan materyale gore
degismekle birlikte kontrole gére bu fark 1076 ps
cm degerlerine kadar yukselmistir. Uygulamalara
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gore toprakta Olcllen pH ve EC arasinda negatif
korelasyon elde edilmistir. Topraklarin bitkiye

yarayisli
uygulamasinda en yliksek diizeyde gerceklesmistir.

Fe icerigi dogal olarak demir sulfat

Topraklarin bitkiye yarayisl Zn icerigi demir stlfat
uygulamasindan yliksek oranda etkilenmistir.
besin elementi konsantrasyonlari
bir
agaclart  EC ve

Yapraklarin

bagh olarak &6nemli degis
pH

degisimlerine hizl tepki veren tirler arasinda yer

uygulamaya

gostermemistir.  Kiraz
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alir. Normal sartlarda EC ve pH degerlerindeki bu
degisimin bitki besin elementlerinin alimi izerine
etkisinin olmasi beklenmis fakat yaprak analizleri
ile bu durum ispatlanamamistir. Bu sonugclar
Uzerine deneme alaninin organik madde ve kireg
gibi diger toprak ozellikleri etkili olabilecegi gibi
uygulamalarin sinirlandirilmis alanlara yapilmis
da etkili

topraginin organik maddesi

olmasi olabilir. Ozellikle deneme

kiraz yetistirilen
alanlar dikkate alindiginda nispeten yiiksek (%2.1),
(%13.2)

sartlarda

kire¢ igeriginin ise dislik oldugu

gorlilmektedir. Denemenin yapildig
topraklarin pH degerinin disirilmesinde agaclarin
beslenme durumu ve meyve Kkalitesi dikkate
alindiginda kiraz yetistiriciliginde kullanmak Gzere
herhangi bir Urin 6nerilmemistir. Deneme farkli
toprak sartlarinda ayni metotla ya da tac¢ iz
disiminde daha genis beslenme alanlarinda
tekrarlanabilir. Ozellikle toprakta demir siilfat
kaynakli yiksek diizeyde bulunan Fe ve Zn’nun
nicin bitkiler tarafindan alinmadigi konusu daha

detayli calisiimalidir.

Ekler
Cikar Catismasi Makale
aralarinda herhangi bir cikar catismasi olmadigini

Beyani: yazarlari

beyan ederler.

Yazar Katkisi: Kadir UCGUN ve Murat CANSU

¢alismaylr  beraber tasarlayarak denemeleri

kurmuslar ve ¢alismayi birlikte ylrttmduslerdir.
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HARRAN TARIM ve GIDA BiLiIMLERi DERGISI
YAZIM KURALLARI

1. Makale, Microsoft Word programinda, Calibri yazi karakterinde, 1.15 satir araliginda, 12

2.

10.

11.

12.

punto diiz metin ve tek sttun olarak yazilmalidir.
Kenar bosluklari; sol, sag, alt ve list- 3 cm birakilarak, her satira ardisik olarak satir numarasi
verilerek hazirlanmalidir.

. Yazar(lar) makalenin ne tlrde bir yazi (Arastirma makalesi, derleme, teknik not vb.)

oldugunu belirtmelidir.

. Tiirkge baslik 14 punto (koyu ve ortah) kiiclk harflerle (Bashgin sadece ilk kelimesinin bas

harfi biyiik) ve diiz yazilmaldir. ingilizce bashk 12 punto ve ortali yazilmalidir.

Yazar isimleri Adi SOYADI kuralina gére Tirkce baslik sonrasi 12 punto (koyu, ortali ve
diiz) ve bir bosluk birakilarak yazilmali, yazar isimlerinin sonuna adres icin ist simge olarak
rakam, sorumlu yazari belirtmek icin ise * simgesi verilmelidir. Adres satiri yazar isimleri
sonrasinda 1 bosluk birakilarak 10 punto (normal, diiz ve ortali) yazilmalidir.

Adres satirindan sonra 1 bosluk birakilarak yazarlarin ORCID numaralari yazilmalidir. ORCID
satirinin altina, sorumlu yazar e-posta adresi belirtilmelidir.

. Metin genel olarak;

e Oz
e Abstract,
e Giris,

e Materyal ve Metot,

e Arastirma Bulgular ve Tartisma,
e Sonuglar,

e Ekler

e Kaynaklar seklinde olmalidir.

. Ana basliklarin yaziminda koyu olarak kelimelerin sadece bas harfleri bliyik yazilmalidir.

ikincil ve Gglincil bashklarda sadece ilk kelimenin bas harfi biyiik, diger kelimeler kiigiik,
koyu degil ve italik yazilmalidir. Metin ana basliklari, metin baslangici ve sonunda olmak
Uzere 1’ er bosluk birakilmahdir. Alt basliklardan 6nce 1 bosluk birakilmali, ancak,
sonrasinda bosluk birakilmamalidir. Tim basliklar girinti verilmeden sola yasli olarak
yazilmahdir.

. Metin icerisinde kaynak gésterimi (Yazar, yil) esasina gore yapilmalidir. Metin icerisinde

iki yazarli bir kaynagin gosteriminde, metin Tirkge ise (ilk yazar soyadi ve ikinci yazar
soyadi, yil) kurali uygulanmalidir. ikiden fazla yazarin bulundugu kaynaklarin gésteriminde
(ilk yazarin soyadi ve ark., yil) kurali uygulanmalidir.

Ornegin; (Mamay, 2020), (ikinci ve Bolat, 2018); (Séylemez ve ark., 2019),

Makale ingilizce olarak yazilacaksa (ilk yazar and ikinci yazar, yil) ve (ilk yazarin soyadi
et al., yil) kurali uygulanmalidir.

Ornegin; (Séylemez, 2018), (Bolat and Mamay, 2015), (Mamay et al., 2010).

Metin icerisinde birden fazla kaynaga ayni anda atif yapilacak ise; kaynaklar
yayinlandiklari yil dikkate alinarak kronolojik olarak siralanmalidir.

Oz (ABSTRACT): Baslk sola yasli olmali, 10 punto, koyu, paragraf basinda girinti
verilmemelidir. Tiirkce ve ingilizce metin 300 kelimeyi asmayacak sekilde, 10 punto ve 1
satir araliginda yazilmalidir. Oz ile Anahtar Kelimeler ve Abstract ile Key Words arasinda tek



satir bosluk (10 punto, diz) birakilarak metnin hemen altinda en fazla 5 adet Anahtar
Kelimeler (Key Words) yazilmalidir. Key Words ile ana metin (Giris) arasinda iki satir bosluk
birakilmalidir.

13. Makalelerde fotograf, grafik, cizim vb. “Sekil” olarak, Tablolar ise “Cizelge” olarak ifade
edilmelidir.

14. Cizelge ve Sekiller ardisik olarak numaralandiriimalidir (Sekil 1. veya Cizelge 1.). “Sekil”
ve “Cizelge” icerikleri 1 satir aralikh ve 10 punto olarak hazirlanmalidir.

15. Cizelge basliklari gizelgenin Ustlinde, sekil bashklari ise sekillerin altinda ilk harf biylk
olacak sekilde 1 satir aralikli 10 punto olarak yazilmalidir.

16. Tiirkge yazilmis makalelerde Sekil ve Cizelge basliklarinin ingilizceleri, Tiirkge bashgin
hemen altinda italik olarak yazilmahdir. (Makale ingilizce olarak yazilmissa, Sekil ve Cizelge
basliklarinin Turkge karsiliklari yazilmayacaktir)

Sekil 1. Arastirma bahcgesinde tespit edilen ortalama sicaklik, ortalama nispi nem ve aylik yagis miktari
ortalamasi degerleri (2007-2011 yillari ortalamasi)

Figure 1. The average temperature, average relative humidity and average monthly rainfall data detected in the
research garden (average of the years 2007-2011)

Cizelge 2. Seftali gesitlerinin 2007 - 2011 yillari arasindaki fenolojik gdzlem sonuglari
Table 2. Phenological observation results of peach cultivars for between 2007 and 2011

Tirkgce yazilmis makalelerde Cizelge ile Sekillerin igerisinde bulunan parametrelerin
ingilizce karsiliklari bu parametrelerin hemen altina italik olarak yazilmalidir. (Makale ingilizce
olarak yazilmissa, Sekil ve Cizelgelerin icerisinde belirtilen parametrelerin Tlrkge karsiliklari
yazilmayacaktir.)

Cizelge 3. Denemede yer alan seftali gesitlerinin bazi pomolojik 6zellikleri
Table 3. Some pomological properties of peach varieties

Cesitler Meyve agirhgi(g) Meyve eni (mm) | Meyve boyu(mm) Cekirdek agirhigi (g)
Varieties Fruit weight (g) Fruit width (mm) |  Fruit length (mm) Kernel weight (g)
Cardinal 78.19 f 50.73 d 48.48 ¢ 5.06d
Cresthaven 129.58 b 61.69 bc 59.56 b 8.31 bc

17. Makale metni ve Cizelge-Sekil icerisinde bildirilen ondalik rakamlar, nokta ile ayrilmalidir.
(123.87; 0.987 vb.).

18. Cizelge-Sekillerden dnce ve sonra bir satir bosluk birakilmalidir.

19. Makale yaziminda “Uluslararasi Birim Sistemi” (SI)’ye uyulmalidir. Buna gore; g/l yerine g
I, mg/l yerine mg I'* ya da ppm kullaniimalidir. Yuzde ile belirtilen ifadeler aciklayici
olmalidir. Ornegin; %3 yerine %3 (w/v), %3 (v/v), %3 (w/w) seklinde belirtilmelidir.

20. Harran Tarim ve Gida Bilimleri Dergisi Kaynaklar listesinin bildirisinde APA Formatini
kullanmaktadir. Buna gore kaynaklar listesi asagidaki kurallar c¢ergevesinde
hazirlanmalidir.

1. DERGIi YAYINLARINA ATIF VERME

1.1. Tek yazarli makale

Mamay, M. (2015). Nar yaprakbiti [Aphis punicae Passerini (Hemiptera: Aphididae)]’nin
Sanlurfaili nar bahgelerindeki bulasiklik haritasi. Tiirkiye Entomoloji Biilteni, 5(3), 159-
166.



1.2. iki yazarl makale

Soylemez, S., & Pakyurek, A. Y. (2017). Responses of rootstocks to nutrient induced high EC
levels on yield and fruit quality of grafted tomato cultivars in greenhouse conditions.
Applied  ecology and environmental research, 15(3), 759-770. DOI:
http://dx.doi.org/10.15666/aeer/1503 759770

1.3. ikiden fazla yazarl makale

Mamay, M., Unli, L., Yanik, E., Dogramaci, M., & ikinci, A. (2016). Efficacy of mating
disruption technique against carob moth, Apomyelois ceratoniae Zeller (Lepidoptera:
Pyralidae) in pomegranate orchards in Southeast Turkey (Sanliurfa). International
Journal of Pest Management, 62(4), 295-299.

Ikinci, A., Mamay, M., Unlu, L., Bolat, I., & Ercisli, S. (2014). Determination of heat
requirements and effective heat summations of some pomegranate cultivars grown
in Southern Anatolia. Erwerbs-Obstbau, 56(4), 131-138. DOI:
https://doi.org/10.1007/s10341-014-0220-8

2. KITAPLARI KAYNAK GOSTERME

2.1. Kaynak kitap ise,

Mohsenin, N. N. (1970). Physical Properties of Plant and Animal Materials. New York:
Gordon and Breach Science Publishers.

2.2. Kaynak kitaptan bir boliim ise,
Author, A. A. (Year). Chapter title. In E. E. Editor (Ed.), Title of book: And subtitle (pp.
pages). Place: Publisher.

2.3. Editorla kitap

Yesilyaprak, B. (Ed. ). (2003). Gelisim ve égrenme psikolojisi. Ankara: Pegema Yayincilik.

2.4. Yazari bilinmeyen kaynaklari veya internet kaynaklarini kaynak olarak gosterme;

Anonymous (2005). Tereyagl, diger sit yagi esash sirilebilir Grlinler ve sadeyag tebligi. Turk
Gida Kodeksi, Teblig No: 2005/19, Ankara.

FAO, (2015). Statistical data of FAO. Retrieved from:
http://faostat.fao.org/site/567/default.asp.

3. YUKSEK LISANS ve DOKTORA TEZLERINE ATIF VERME

Doktora ya da vyuksek lisans tezlerine elektronik veri tabanlarindan, kurumsal
arsivlerden ve kisisel web sayfalarindan erisilebilir. Eger bir teze ProQuest doktora ve yiiksek
lisans tezleri veri tabanindan ya da diger bir kaynaktan erisildiyse, atifta bu bilgi verilmelidir.
Bir veri tabani servisinde mevcut olan bir doktora ya da yiiksek lisans tezi icin asagidaki
kaynak gosterme bicimi kullanilir:


http://dx.doi.org/10.15666/aeer/1503_759770
https://doi.org/10.1007/s10341-014-0220-8
http://faostat.fao.org/site/567/default.asp

3.1. Yayimlanmamis tez

Mamay, M. (2013). Determination of population development and infestation ratio of carob
moth [Apomyelois ceratoniae Zell. (Lepidoptera:Pyralidae) in pomegranate orchards
in Sanliurfa province and using mating disruption technique for its control
(Yayimlanmamis doktora tezi). Harran Universitesi Fen Bilimleri Enstitiisti, Sanhurfa.

Soylemez, S. (2014). Effects of nutrient induced salinity levels and rootstocks on plant
growing, yield and some fruit quality features at soilless grown grafted tomatoes
(Yayimlanmamis doktora tezi). Harran Universitesi Fen Bilimleri Enstitiisti, Sanhurfa.

3.2. Yayimlanmis tez
May, B. (2007). A survey of radial velocities in the zodiacal dust cloud. Bristol, UK: Canopus
Publishing.

4. SEMPOZYUM VE TOPLANTI BiLDiRILERINE ATIF VERME

Mamay, M. (2017). Population density of overwintering larvae of Carob Moth [Apomyelois
(=Ectomyelois) ceratoniae Zell. (Lepidoptera: Pyralidae)] in pomegranate orchards in
Southeastern Anatolia. SEAB 2017. Proceedings of the 3" International Symposium on
EuroAsian Biodiversity, (pp. 235), 05-08 July 2017, Minsk, Belarus.

Ikinci, A. & Mamay, M. (2017). Effects of fruit thinning on morphological, physico-chemical
properties, bioactive compounds, antioxidant activity and pest & disease control in
pomegranate fruit (Punica granatum L.) International Conference on Agriculture,
Forest, Food Sciences and Technologies, (pp. 642), 15-17 May 2017, Cappadocia,
Turkey.

Sonmez, C., Mamay, M. & Soylemez, S. (2019). Determination of the effect of different
hydroponic culture and different NH4:NO3 ratio on the density of aphid [Aphis spp.
(Hemiptera: Aphididae)] population in greenhouse lettuce. 1% International Gobeklitepe
Agriculture Congress (IGAC-2019), (pp. 599-604), 25-27 November, Sanliurfa,
Turkey.

Not: Yukarida yer alan kaynak goésterimlerde bulamadiginiz farkli materyal veya konu

bashklarindaki kaynak bildirisleri icin internetteki APA Kaynak Gosterimi ile ilgili
web sayfalarindan ya da asagidaki linkteki bilgilerden yararlanabilirsiniz.

https://libguides.library.usyd.edu.au/ld.php?content id=47913440

Sencan, i., ve Dogan, G. (2017). Bilimsel yayinlarda kaynak gdsterme, tablo ve sekil
olusturma rehberi: APA 6 Kurallarl. Tiirk Kitiphaneciligi Dergisi, Ankara.

https://www.tk.org.tr/APA/apa_2.pdf


https://libguides.library.usyd.edu.au/ld.php?content_id=47913440
http://www.tk.org.tr/APA/apa_2.pdf

HARRAN TARIM ve GIDA BiLIMLERi DERGISi
YAZAR REHBERI

1. Harran Tarim ve Gida Bilimleri Dergisi’'ne génderilen makaleler Dergi Yayin Kurulu tarafindan
belirlenen yazim kurallarina gore yazilmalidir.

2. Makaleler, Dergipark Sistemi lizerinden online olarak yiklenmelidir.

3. Tum vyazarlar tarafindan imzalanan Telif Hakki Devir Soézlesmesi ve Makale Kontrol
Listesi (sorumlu yazar tarafindan imzalanacak) makale ile birlikte sisteme yuklenmelidir.

4. iThenticate Programi Benzerlik Raporu (%20’yi ge¢memelidir) ve gerekli ise Etik Kurul
Karari makale ile birlikte sisteme yuklenmelidir.

5. Hazirlanacak olan makale metni genel olarak;

e Oz,
e Abstract,
e Giris,
e Materyal ve Metot,
e Arastirma Bulgulari ve Tartisma,
e Sonuglar,
e Ekler,
e Beyanlar
e Cikar Catismasi

¢ Yazar Katkisi

e Kaynaklar bélimlerinden olusmalidir.

6. Bashlik: Kisa ve aciklayici olmali, Calibri yazi karakterinde, 14 punto, koyu, diiz, ortalanarak ve
kiicuk harflerle (Basligin sadece ilk kelimesinin bas harfi biyik) yazilmalidir. Baslik tercihen 15
kelimeyi gecmemelidir. ingilizce baslik Tiirkge basligi tam olarak karsilamali, 12 punto ve koyu
yazilmahdir.

7. Harran Tarim ve Gida Bilimleri Dergisi'ne yayinlanmasi i¢in makalenin ilk gonderiminde yazar
isimleri, kurum isimleri, adresleri, ORCID numaralari ve e-posta bilgileri yer almamalidir.

8. Makalenin hakem degerlendirmesi tamamlandiktan ve makale Yayin Kurulu tarafindan kabul
edildikten sonra, 7. maddede yer alan yazar isimleri ve diger bilgiler, hakem Onerilerine gore
yeniden diizenlenmis olan makale sayfasi (izerine yazildiktan sonra, Dergi web sayfasinda yer alan
dizenlenmis makaleyi gonder sayfasindan Dergi sistemine yiklenmelidir. Kontrol edilmis veya
diizeltilmis olan makale, yeni bir makale gibi Dergi web sayfasindan yiiklenmemelidir.

9. Yazar isimleri Adi SOYADI kuralina gére Tirkge baslik sonrasi 12 punto (koyu, ortali ve diiz) ve
bir bosluk birakilarak yazilmali, yazar isimlerinin sonuna adres icin (st simge olarak rakam,
sorumlu yazari belirtmek icin ise * simgesi verilmelidir. Adres satiri yazar isimleri sonrasinda 1
bosluk birakilarak 10 punto (normal, diiz ve ortali) yazilmalidir. Adres satirindan sonra 1 bosluk



birakilarak yazarlarin ORCID numaralari yazilmalidir. ORCID satirinin altina sorumlu yazar e-posta
adresi belirtilmelidir.

10. 0Z: Calismanin yiiriitildigii yer ve zamanini, amacini, ydntemini ve sonuglari icermelidir. Sola
yasli, 10 punto, koyu, paragraf basinda girinti verilmemelidir. Tiirkce ve ingilizce metin 300
kelimeyi asmayacak sekilde 10 punto ve 1 satir araliginda yazilmalidir. Oz ile Anahtar Kelimeler
ve Abstract ile Key Words arasinda tek satir bosluk (10 punto, diz) birakilarak, metnin hemen
altinda en fazla 5 adet Anahtar Kelimeler (Key Words) yazilmalidir. Key Words ile ana metin
(Girig) arasinda iki satir bosluk birakilmalidir.

11. Giris: Bu bolimde; ¢alisma konusu, gerekgesi, konu ile dogrudan ilgili dnceki ¢alismalar ve
calismanin amaci verilir. Bu bélimde; calismanin konusu 6zetlenmeli, konu hakkindaki mevcut
bilgi dogrudan iliskili 6nceki ¢alismalarla degerlendirilmeli ve bilgi Uretimine ihtiya¢ duyulan
hususlar vurgulanip ¢alisma ile iliskilendirilmelidir. Son olarak ¢alismanin amaci net ve agik bir
sekilde ifade edilmelidir.

12. Materyal ve Metot: Bu bolimde; calismada kullanilan canli ve cansiz materyaller, uygulanan
yontemler, degerlendirilen dlcitler, uygulanan deneme desenleri veya 6rnekleme yontemleri ile
istatistiksel analizler gerektiginde kaynaklarla da desteklenerek, acik ve net bicimde
anlatilmalidir. Yeni veya degistirilmis yontemler, ayni konuda calisanlara arastirmayi tekrarlama
olanagi verecek nitelikte agiklanmalidir. Bu amacgla gerektiginde alt baslik kullanilmalidir.

13. Arastirma Bulgulari ve Tartisma: Calismada elde edilen bulgular sekil ve cizelgeler yardimiyla
ve istatistiksel analizlere dayali olarak acik ve net bir bicimde verilmelidir. istatistiki olarak &nemli
bulunan faktorler, uygulanan istatistik analiz teknigine uygun Kkarsilastirma yontemi ile
yorumlanarak ilgili istatistikler tGzerinde harflendirme yapilmalidir. Ayni veriler hem grafik hem
de cizelge ile verilmemeli, konuya en uygun arac¢ secilmeli, anlatimda tekrarlayan ciimle ve
ifadelerden kaginilmalidir. Tartisma kisminda, uyum ve zithk agisindan Onceki calismalarla
karsilastirilmali, doldurdugu bilgi agigl vurgulanmali, dnceki bolimlerdeki ifadelerin oldugu gibi
tekrarindan kaginilmahidir.

14. Sonuglar: Bu boélimde; elde edilen nihai sonuclar ve varsa oneriler, bilime ve uygulamaya
katkisiyla birlikte kisa ve 0z olarak verilmelidir.

15. Ekler: Calismayi destekleyen kurum ve kuruluslar ile calismaya katki saglayanlar bu kisimda
ifade edilmelidir. Ayrica, makalenin lisansistl tezlerden Uretilip Gretilmedigi, abstract olarak
kongre ve sempozyumlarda sunulup sunulmadigi da Ekler bélimiinde belirtilmelidir.

16. Beyanlar (Declarations)

Cikar Catismasi: Kisiler makalelerin etik ilkeler cercevesinde degerlendirilebilmesi ve bagimsiz bir
sirec yurutilebilmesi icin olasi ¢ikar catismalari ile ilgili olarak yayin kurulunu bilgilendirmelidir.
Ekonomik veya kisisel fayda saglanan durumlar gikar catismasini meydana getirir. Bilimsel siirecin
ve yayinlanan makalelerin glvenilirligi; bilimsel calismanin planlanmasi, uygulanmasi, yazilmasi,
degerlendirilmesi, diizenlenmesi ve yayinlanmasi sirasinda c¢ikar catismalarinin objektif bir
sekilde ele alinmasiyla dogrudan iliskilidir. Makale ile ilgili ¢cikar ¢atismasi s6z konusu degilse,
“makale yazarlari, aralarinda herhangi bir ¢ikar catismasi olmadigini_beyan eder” ifadesi
yazilmahdir.

Yazar Katkisi: Calismanin tasarlanmasi, planlanmasi, kurulmasi, ylrittlmesi, verilerin analizi ve



makalenin yazilmasinda igerige bilimsel agidan katki saglayan her bir yazarin makaleye katki sekli
belirtilmelidir. Yazar katkilari, 6rnek olarak “MM galismayi tasarlayarak denemeleri kurmus, MM
ve AA calismay yiiriitmiis, BB verileri analiz etmis, MM, AA ve BB makaleyi yazmistir” seklinde
ifade edilebilir.

17. Kaynaklar: Makalede atifta bulunulan literatiirlere Harran Tarim ve Gida Bilimleri Dergisi
Yayin Kurulu tarafindan belirlenen yazim kurallarina gore yazilmalidir.

Harran Tarim ve Gida Bilimleri Dergisi Yazim Kurallari icin

18. Kisaltmalar ve Semboller: Makale basligi ve basliklarda kisaltma kullaniimamalidir. Gerekli
olan kisaltmalar kavramlarin ilk gectigi yerde parantez icinde verilmelidir. Kisaltmalarda ve
sembollerin kullaniminda ilgili alanin evrensel kurallarina uyulmasi zorunludur.

19. Formiiller: Makalelerde formuller “Esitlik” olarak adlandirilmali ve italik olarak yazilmahdir.
Makalede birden fazla esitlik varsa numaralandirilmali, numara formiliin yaninda saga dayali
olarak parantez icinde gosterilmelidir.

20. Makaleye ardisik olarak satir ve sayfa numarasi verilmelidir.
21. Calibri karakterinde, 12 punto ve 1.15 satir aralikli yazilan makale 20 sayfayi gecmemelidir.

22. Yayinlanmasina karar verilen eserler, sadece sekilsel olarak, yukarida yer alan bilgiler
dogrultusunda yeniden diuzenlenmeli, yazar(lar)ca herhangi bir eklenti ya da cikartma
yapitimamalidir.

23. Makale igerisinde, dergi basildigi haliyle gériinen hatalarin sorumlulugu yazarlara aittir. Yayin
Kurulundan kaynaklanan basim hatalari icin ise dlizeltme yayinlanabilir.

24. Harran Tarim ve Gida Bilimleri Dergisi; yazarlardan makale génderimi, degerlendirilmesi ve
basim asamalarinda herhangi bir basim Ucreti almamaktadir.


https://dergipark.org.tr/tr/download/journal-file/12907

MANUSCRIPT WRITING RULES

1. The manuscript should be written in Microsoft Word program, in Calibri
font, 1.15 line spacing, 12 pt. plain text and a single column.

2. Margins; Left, right, bottom and top 3 cm should be left, and each row
should be prepared consecutively by giving the line number.

3. Author (s) should indicate the type of manuscript (Research Manuscript,
Review, Technical Note etc.).

4. The English title should be written in 14 pt (bold and
centered) lowercase letters (only the first word of the title is capitalized) and in plain text.
The Turkish title should be written in 12 font size and centered.

5. Author names should be written in 12 pt. (Bold, centered and plain) and a

space after the title according to the Name SURNAME rule, followed by a number as superscript
for the address and a * symbol to indicate the corresponding author. Address line should be
written after the author names, leaving 1 space and 10 pt (normal, straight and centered).

6. Authors' ORCID numbers should be written, leaving 1 space after the

address line. Under the ORCID line, the responsible author e-mail address must be
specified.

7. The text should generally be in the following form;

e Abstract

e Introduction

e Material and Method,
e Results and Discussion,
e Conclusions

e Acknowledgement

¢ References

8. Inthe writing of main titles, only the initials of the words should be capitalized

in bold. In secondary and tertiary titles, only the first letter of the first word should be
capitalized, other words should be in small, not bold and italic. There should be 1 space each,
including the main headings of the text, the beginning and the end of the text. 1 space should
be left before subtitles, but no spaces should be left after them. All titles should be left justified
without indenting.

9. Reference should be cited in the text based on (Author, year) rule. In the

presentation of a reference with two authors in the text, the rule (first author's surname and
second author's surname, year) should be applied. In the display of sources with more than
two authors (first author's surname et al., year) rule must be applied.



For example; (Bilgili, 2020), (Bilgili and vanEs, 2018); (Bilgili et al., 2019).
10. If more than one reference will be cited at the same time in the text;

Referencens should be ordered chronologically, considering the year they were
published.

11. ABSTRACT: Title should be left justified, 10 pt, bold, not indented at the

beginning of the paragraph. Turkish and English texts should be written in 10 font size and 1
line spacing, not exceeding 300 words. A maximum of 5 Key Words should be written just
below the text, leaving a single line space (10 pt., Plain) between Abstract and Keywords, and
Oz (Turkish Abstract) and Key Words. Two lines of space should be left between Key Words and
the main text.

12. Photographs, graphics, drawings, etc. should be expressed as "Figure" and
Tables as "Tables".

13. Tables and Figures should be numbered consecutively (Figure 1. or Table
1.). Contents of "Figure" and "Table" should be prepared with 1 line spacing and 10 pt.

14. Table titles should be written above the table, and figure titles should be
written below the figures in 10 pt, 1 line spacing with the first letter capital.

15. Figure and Table titles should be written in italics;

Figure 1. The average temperature, average relative humidity and average monthly rainfall
data detected in the research garden (average of the years 2007-2011) Table 2.
Phenological observation results of peach cultivars for between 2007 and

2011

16. Decimal numbers in the manuscript text and Table-Figure should be
separated by a period. (123.87; 0.987 etc.).

17. One blank line should be left before and after the table-figures.

18. Manuscript writing should comply with the "International Unit System" (SI).

According to this; Use g I-1 instead of g / |, and mg I-1 or ppm instead of mg / |. Percentages
should be descriptive. For example; It should be specified as 3% (w / v), 3% (v / v), 3% (w / w)
instead of 3%.

19. Harran Journal of Agriculture and Food Sciences uses APA Style in the
submission of the sources list. Accordingly, the list of references should be

prepared in accordance with the following rules.

19.1. Citation to journal publications;

19.1.1. Single author manuscripts;



Mamay, M. (2015). Infestation map of pomegranate aphid [Aphis punicae Passerini (Hemiptera:
Aphididae)] in Sanliurfa province pomegranate orchards. Turkey Entomology Bulletin, 5(3),
159-166.

19.1.2. Two-author manuscripts;

Soylemez, S., & Pakyurek, A. Y. (2017). Responses of rootstocks to nutrient induced high EC
levels on yield and fruit quality of grafted tomato cultivars in greenhouse conditions. Applied
Ecology and Environmental Research, 15(3), 759-770. DOI: http://dx.doi.org/10.15666/
aeer/1503_759770

19.1.3. Manuscripts with more than two authors;

ikinci, A., Mamay, M., Unlu, L., Bolat, I., & Ercisli, S. (2014). Determination of heat requirements
and effective heat summations of some pomegranate cultivars grown in Southern Anatolia.
Erwerbs-Obstbau, 56(4), 131-138. DOI: https://doi.org/10.1007/s10341-014-0220-8.

19.2. Referencing Books;

19.2.1. If the source is a book;
Mohsenin, N.N. (1970). Physical Properties of Plant and Animal Materials. New York: Gordon and
Breach Science Publishers.

19.2.2. If it is a chapter from the source book;
Author, A. A. (Year). Chaptertitle. In E. E. Editor (Ed.), Title of book: And subtitle (pp. pages). Place:
Publisher.

19.2.3. Edited book;
Yesilyaprak, B. (Ed.). (2003). Development and learning psychology. Ankara: Pegema Publishing.

19.3. Citing sources of unknown author or internet sources;

Anonymous (2005). Butter, other milk fat-based spreads and plain butter notification.
Turkish Food Codex, Communiqué No: 2005/19, Ankara.

FAO, (2015). Statistical data of FAO. Retrieved from: http://
faostat.fao.org/site/567/default.asp.

19.4. Citing Master's and Doctoral theses;

Doctorate or master theses can be accessed from electronic databases, corporate archives and
personal web pages. If a dissertation is accessed from the ProQuest database of doctoral and
master's theses or any other source, this information should be provided in the reference. For a
doctorate or master thesis available in a database service, the following citation format is used;

Unpublished thesis;

Mamay, M. (2013). Determination of population development and infestation ratio of carob
moth [Apomyelois ceratoniae Zell. (Lepidoptera:Pyralidae) in pomegranate orchards in
Sanliurfa province and using mating disruption



technique for its control (Unpublished doctoral dissertation). Harran University, Graduate
School, Sanhurfa.

Soylemez, S. (2014). Effects of nutrient induced salinity levels and rootstocks on plant growing,
yield and some fruit quality features at soilless grown grafted tomatoes (Unpublished doctoral
dissertation). Harran University, Graduate School, Sanhurfa.

Published thesis; May, B. (2007). A survey of radial velocities in the zodiacal dust cloud. Bristol,
UK: Canopus Publishing.

19.5. Citing Symposium and Meeting Papers

Mamay, M. (2017). Population density of overwintering larvae of Carob Moth [Apomyelois
(=Ectomyelois) ceratoniae Zell. (Lepidoptera: Pyralidae)] in pomegranate orchards in
Southeastern Anatolia. SEAB 2017. Proceedings of the 3rd International Symposium on
EuroAsian Biodiversity, (pp. 235), 05-08 July 2017, Minsk, Belarus.

Ikinci, A. & Mamay, M. (2017). Effects of fruit thinning on morphological, physico-chemical
properties, bioactive compounds, antioxidant activity and pest & disease control in
pomegranate fruit (Punica granatum L.) International Conference on Agriculture, Forest, Food
Sciences and Technologies, (pp. 642), 15-17 May 2017, Cappadocia, Turkey.

S6nmez, C., Mamay, M. & Soylemez, S. (2019). Determination of the effect of different
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Eserin Adr:

Yazar(lar);

TELIF HAKKI DEVIR SOZLESMESI

Harran Tarim ve Gida Bilimleri Dergisi Yayin Kurulu Baskanligina

a) Sunulan makalenin yazar(lar)in orijinal galismasi oldugunu;
b) Tum yazarlarin bu ¢alismaya bireysel olarak katilmis olduklarini ve bu ¢alisma icin her ttrli sorumlulugu aldiklarini;

c) Tum yazarlarin sunulan makalenin son halini gérduklerini ve onayladiklarini;

d) Makalenin baska bir yerde 6zet disinda basiimadigini veya basilmak igin sunulmadigini;
e) Makalede bulunan metnin, sekillerin ve dokiimanlarin bagkalarina ait Telif Haklarini ihlal etmedigini taahhtt ederler.

Bununla birlikte, yazarlarin veya varsa yazarlarin igvereninin;

a) Patent haklari;

b) Yazar(lar)in kitaplarinda veya diger ¢alismalarinda makalenin timinu Gcret 6demeksizin kullanma hakki;

c) Makaleyi satmamak kosuluyla kendi amaglari igin gogaltma hakki gibi fikri mulkiyet haklari saklidir.

d) Makalenin herhangi bir bolumunin baska bir yayinda kullanilmasina Harran Tarim ve Bilimleri Dergisi yayimci kurulus
olarak belirtiimesi ve Dergiye atifta bulunulmasi sartiyla izin verilir.

Ben / Biz, telif hakki ihlali nedeniyle lglincli sahislarca istenecek hak talebi veya agilacak davalarda Harran Tarim ve Gida
Bilimleri Dergisi Editérlerinin higbir sorumlulugunun olmadigini, tiim sorumlulugun yazarlara ait oldugunu, ayrica makalede
higbir sug unsuru veya kanuna aykiri ifade bulunmadigini, arastirma yapilirken kanuna aykiri herhangi bir malzeme ve yéntem
kullanilmadigini taahhiit ederim/ederiz.

1. Yazarin Bilgileri

Adi SOYADI

Kurum Adresi

ORCID Numarasi Tarih imza
2. Yazarin Bilgileri

Adi SOYADI

Kurum Adresi

ORCID Numarasi Tarih imza

Telif Hakki Devir Sozlesmesi tiim yazarlarca imzalandiktan sonra tek bir form olarak sisteme yiiklenmelidir)

Litfen arka sayfaya geginiz.
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