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ABSTRACT Research Article
Medicinal plants in the world are natural antioxidant sources as
they contain some secondary metabolites such as phenolic acids and Article History
flavonoids. Therefore, they are used to prevent or treat many Received - 31.12.2020
diseases in many parts of the world. However, the use of Accepted »09.04.2021
antioxidants in cancer treatment is still controversial. Accordingly,

Keywords

the phenolic composition and antioxidant potential of the ethanol
extracts of Momordica charantia L. (Cucurbitaceae) and Datura
stramonium L. (Solanaceae), which are used traditionally in Turkey
and have cytotoxic potential on human cancer -cells, were

Momordica charantia
Datura stramonium
Antioxidant activity

investigated. The antioxidant assays (DPPH, metal chelating, Total phenolic and  flavonoid
phosphomolybdenum, and ferric reducing power) were applied to the ;});ieél b

ethanol extracts of the fruits of M. charantia and the leaves of D.
stramonium. The total phenolic and flavonoid contents were
determined. The phenolic compounds contained in ethanolic extracts
were identified using HPLC method. Fifteen phenolic compounds
were identified in the extracts. Caffeic acid was the major
constituent in both extracts. The amount of caffeic acid was detected
to be 6282.51 and 15183.36 pg g extract in M. charantia extract and
the D. stramonium extracts, respectively. D. stramonium leaf extract
showed higher antioxidant activity than M. charantia fruit extract
and this activity may be associated with high phenolic compound
concentrations. Hence, further studies about screening of bioactive
compounds from various part of these plants will be a great
importance for obtaining of source of novel natural antioxidants.

Momordica charantia ve Datura stramonium Etanol Ekstraktlarinin Antioksidan Aktivitesi ve Fenolik
Kompozisyonu

OZET Aragtirma Makalesi
Dinyadaki tibbi bitkiler, fenolik asitler ve flavonoidler gibi bazi

sekonder  metabolitler igerdikleri igin dogal antioksidan Makale Tarihgesi
kaynaklaridir. Bu nedenle diinyanin pek ¢ok yerinde bir¢ok hastalig: Gelig Tarihi  :31.12.2020
onlemek veya tedavi etmek igin kullamilmaktadirlar. Bununla Kabul Tarihi :09.04.2021
birlikte, antioksidanlarin kanser tedavisinde kullanimi1 hala

tartismalidir. Bu dogrultuda, Turkiye'de geleneksel olarak Anahtar Kelimeler

kullanilan ve insan kanser hiicreleri tizerinde sitotoksik potansiyele
sahip Momordica charantia L. (Cucurbitaceae) ve Datura
stramonium L. (Solanaceae) 'un etanol ekstraktlarimin fenolik
bilesimi ve antioksidan potansiyeli arastirilmigtir. Antioksidan
deneyler (DPPH, metal selatlama, fosfomolibdenyum ve demir
indirgeme giicti), M. charantianmin meyvelerinin ve D.
stramonium'un yapraklarinin etanolik ekstraktlarina uygulanda.
Toplam fenolik ve flavonoid igerikler belirlendi. Etanolik
ekstraktlarda bulunan fenolik bilesikler HPLC yontemi kullanilarak
tespit edildi. Ekstraktlarda on bes fenolik bilesik tanimlandi. Kafeik
asit, her iki ekstraktta da ana bilesendi. M. charantia ekstrakti ve D.
stramonium ekstraktinda kafeik asit miktarlari sirasiyla 6282.51 ve

Momordica charantia

Datura stramonium

Antioksidan aktivite

Toplam fenolik ve flavonoid igerik
HPLC
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15183.36 pg gt olarak tespit edildi. D). stramonium yaprak ekstrakti,
M. charantia meyve ekstraktindan daha yiiksek antioksidan aktivite
gosterdi ve bu aktivite yiksek fenolik bilesik konsantrasyonlar: ile
baglantili olabilir. Bu nedenle, bu bitkilerin ¢esitli kisimlarindan
biyoaktif bilegsiklerin taranmasi ile ilgili daha ileri ¢aligmalar, yeni
dogal antioksidan kaynaklarinin elde edilmesi i¢in biiylik o6nem

tasiyacaktir.

To Cite:

Alper M, Ozay C 2022. Antioxidant Activity and Phenolic Composition of Ethanol Extracts of Momordica

charantia and Datura stramonium. KSU J. Agric Nat 25 (1): 1-9. DOI: 10.18016/ksutarimdoga.vi.851251.

INTRODUCTION

Free radicals are generated by mitochondria,
peroxisomes, inflammatory processes, ischemia and
physical exercise during normal metabolism (Lobo et
al., 2010). It is known that the balance between the
production and neutralization of Reactive Oxygen
Species (ROS) with antioxidant systems is essential.
When an imbalance occurs, cells can be exposed to
oxidative stress due to increased ROS production
(Krishnaiah et al., 2011; Lépez-Alarcén and Denicola,
2013). This imbalance might harm molecules (e.g.
nucleic acids, lipids, proteins,), causing metabolic
disorders and diseases like diabetes, cancer,
atherosclerosis, neurological disorder, rheumatoid
arthritis, hypertension stroke due to oxidative stress
(Carocho and Ferreira, 2013; Alam et al., 2013).

Plants produce secondary metabolites with different
biological and pharmacological properties. Due to
this, antioxidant molecules, which may be obtained
from fruits and vegetables, are important to keep
oxidative balance (Armendariz-Barragan et al., 2016).
In this way, the identification of compounds is an
important study field together with their isolation
(Rajendran et al., 2014).

Momordica charantia L. (Cucurbitaceae), which is a
common plant in tropical and sub-tropical regions,
including Brazil, India, China, Africa, Australia and
Turkey (Krishnaiah et al., 2011; Giines et al., 2019),
are known as bitter melon or bitter gourd. M.
charantia has been widely used as food and medicine
and contains a great diversity of secondary
metabolites such as polyphenols, flavonoids,
triterpenoids, saponins and alkaloids. Its diverse
biological activities include anti-diabetic, anti-cancer,
anti-inflammatory, antimicrobial, anti-helminthic,
antioxidant and anti-ulcer activities (Villarreal-La
Torre et al., 2020). Studies on M. charantia have
revealed that its components with pharmaceutical
importance are phenolic compounds and triterpenes
(Cuong et al., 2018).

Datura L. genus is a member of Solanaceae, possesses
poisonous properties, and is represented in Turkey by
three species, Datura stramonium L., D. metel L.. and
D.innoxia Mill. Datura stramonium L. 1is a
widespread medicinal herbaceous plant throughout
the World, which is commonly known as thorn-apple
or jimson weed (Oz Arik, 2017). Researches have

determined that D. stramonium contains alkaloids,
phenols, glycosides, tannins and saponins. Alkaloids,
atropine, and scopolamine are the primary
biologically active substances in D. stramonium.
Some medicinal features of D. stramonium containing
its different activities like antimicrobial, anti-
inflammatory, antioxidant, anticancer, antiviral,
antiepileptic, antiasthmatic, insecticidal, and
analgesic were investigated (Singh and Singh, 2013;
Al-Snafi, 2017; Alper, 2019).

Although studies have been conducted on the
alkaloids of D. stramonium (Berkov et al., 2006; El
Bazaoui et al., 2011; Ally and Mohanlall, 2020),
studies regarding 1its phenolic compounds are
relatively few. It is known that the biosynthesis and
accumulation of secondary metabolites depend upon
different environmental factors as well as genetic,
ontogenic, morphogenetic features. Content of
different secondary metabolites does not stay steady
since several biotic (fungi, bacteria, nematodes, etc.)
and abiotic (location, temperature, soil, etc.) factors
play a significant role in their synthesis (Verma and
Shukla, 2015). Also, the uses of antioxidants in cancer
therapy have still been debated (Fuchs-Tarlovsky,
2013; Dastmalchi et al., 2020). Among the ethanolic
extracts of the aerial parts of M. charantia (Giines et
al.,, 2019) and D. stramonium (Alper, 2019) collected
from Edirne, it was determined that the fruit extract
of M. charantia and, the leaf extract of D. stramonium
have more cytotoxic potential on human cancer cells
tested, unlike seed extracts. All these factors
considered, we aimed to determine phenolic contents
of ethanol extracts of M. charantia fruits and D.
stramonium leaves from Edirne (Turkey) and also to
assign their potential antioxidant properties. In
addition, for two extracts obtained from similar
geography originating from our country, with this
study, the potential of D. stramonium extract, whose
bioactive properties are less known than M. charantia
extract, may able to evaluated comparatively.

MATERIALS and METHODS
Chemicals

All chemicals and reagents used in the antioxidant
assays were bought from Sigma-Aldrich (Germany)
and Merck (Germany).
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Plant Materials and Extraction

M. charantia and D. stramonium were gathered from
the Center of Edirne-Turkey in 2015. M. charantia
and D. stramonium were collected from Hidiraga
village and, Istasyon neighbourhood and its
surroundings, respectively. The botanical identity of
the both species was authenticated by Prof. Dr.
Fatma Giines from Trakya University (Edirne,
Turkey). Voucher specimens were preserved at her
herbarium. The fruits of M. charantia and the leaves
of D. stramonium were air-dried in shadow, brought
separately into fine powder. These plant parts were
individually extracted with ethanol. The filtered
extracts were concentrated with a rotary evaporator
(IKA RV10D, Staufen, Germany).
After the lyophilization process, the crude extracts
were placed in light-protected bottles and stored at -
20°C until use.

Antioxidant Activity Assays

DPPH Radical Scavenging Activity: For studied of the
DPHH (2,2-diphenyl-1-picrylhydrazyl) activity of the
extracts, each extract solution (1 mL) was mixed with
methanolic DPPH radical solution (0.004%, 4 mL).
Then, the mixture was left to incubate at room
temperature for 30 minutes protected from light. The
same processes were done in the standard Trolox. The
absorbances at 517 nm were taken. The radical
scavenging activity of the extracts was given as
equivalent of Trolox (mg TEs g extract) (Ceylan et
al., 2016).

Ferric Reducing Antioxidant Power (FRAP) Assay:

The method was done by the method of Zengin and
Aktumsek (2014) after slight modifications. Sample
solutions were mixed with freshly prepared working
FRAP reagent (acetate buffer-0.3 M, TPTZ (2,4,6-
tripyridyl-s-triazine—10 mM, FeCIs—20 mM). After 30
minutes of incubation at room temperature was
completed, the absorbance at 593 nm was recorded.
The same procedures were achieved for Trolox, which
is used as a standard. FRAP activity of the extracts
was reported as equivalents of Trolox (mg TEs g!
extract)

Phosphomolybdenum  Assay: 'Total antioxidant
capacities of the extracts were evaluated by
phosphomolybdenum method explained by Berk et al.
(2011). In short, each sample solution was reacted
with reagent solution (0.6 M H2SO4, 28 mM NasPOs
and 4 mM (NH4)2:MoO4), and held at 95°C for 90
minutes. The absorbance at 695 nm was recorded
after each mixture was brought to room temperature.
The antioxidant property of each extract was given as
Trolox equivalents (mg TEs g'! extract).

Metal Chelating Activity - For this assay, sample

solutions were mixed with FeCl: solution (0.05 mL, 2
mM). The absorbance of the reaction starting after
adding 5 mM ferrozine was read at 562 nm following
incubation at room temperature for 10 minutes. The
results for the extracts were stated as EDTA (mg
EDTAEs g'! extract) equivalents (Zengin et al., 2016).

Total Phenolic and Flavonoid Contents

Colourimetric assays were employed to achieve total
phenolic and flavonoid contents in the extracts (Ozay
and Mammadov, 2016). Folin—Ciocalteu reagent (1
mL) was mixed with the extract (I mg/mL) and
sodium carbonate (2%). After 2 h incubation, the
formation of the coloured mixture is determined
spectrophotometrically at 760 nm and the total
phenolic content was given as gallic acid equivalents
(mg GAEs g1). After mixing the extract solution (1
mL) with an equal volume of aluminium trichloride
solution (1mL), the absorbance at 415 nm was read.
The outcomes were reported as quercetin equivalents
(mg QEs g1 of extract).

Phenolic Compound Analyses

Analysis of phenolic contents of the extracts was
conducted by reversed-phase High Performance
Liquid Chromatography (RP-HPLC, Shimadzu,
Japan) according to the procedure of Caponio et al.
(1999) with some modifications. HPLC system was
furnished with pump (LC-20AT), Photo-diode array
detector (SPDM20A), and auto sampler (SIL-
20ACHT). The analysis was done with the C-18
column (Agilent Eclipse XDB, 250 mm X 4.6 mm, 5
pm) by a mobile phase at 30°C. The mobile phase
consisted of a mixture of two solvents, solvent A (the
formic acid solution 3%) and solvent B (methanol). 0.2
g of sample dissolved in the mobile phase were
filtered (0.45 um) before injection (10 uL) into the
HPLC. The gradient conditions were as stated in a
previous study (Alper et al.,, 2021). 15 compounds
shown 1in Table 2 were standards. Phenolic
compounds in the extracts were given as ug per gram
of the extract.

Statistical Analysis

Statistical analysis was done with the software SPSS
version 22.0 program. Statistical significance between
the extracts was analyzed with One-Way ANOVA and
Tukey’s multiple comparison test. Data were
presented as a mean =+ SE. Significance was
considered as *P<0.05.

RESULTS and DISCUSSION

Determination of Antioxidant
Phenolic and Flavonoid Contents

Capacity, Total

The different antioxidant assays were performed with
the ethanol extracts of the fruits of M. charantia and
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the leaves of D. stramonium. The results of these
assays are presented in Table 1. All antioxidant
assays applied in our study were significantly

different between the two plants (/X 0.05). D.
stramonium extract had higher antioxidant activity
compared to M. charantia extract.

Table 1. Antioxidant activities of M. charantia and D. stramonium extracts (mean + SE)
Cizelge 1. M, charantia ve D. stramonium ekstraktlarinin antioksidan aktiviteleri (ortalama + SE)

Plants DPPH FRAP assay Phosphomolybdenum assay Metal chelating activity
(mg TEs g1) (mg TEs g1) (mg TEs g1) (mg EDTAEs g1)

M. charantia 50.07+0.18P 57.32+0.23b 41.02+0.13P 08.47+0.02P

D. stramonium 63.1941.022 71.02£1.102 65.11+0.352 21.524+0.092

TEs: Trolox equivalents, EDTAEs: EDTA equivalents. Different letters in each column demonstrate significant difference

(* < 0.05)

Also, the total phenolic and flavonoid contents for
each extract were detected. Total phenolic and
flavonoid contents of the ethanolic extracts of M.
charantia and D. stramonium were given in Figure 1.
When these results were examined, the ethanolic
extract obtained from D. stramonium was determined

to have the highest total phenolic content (25.77 mg
GAEs g1). Total flavonoid contents of the extracts
from these plants were not significantly different
(P>0.05), but their phenolic contents were
significantly different (7< 0.05) (Figure 1).

® Total phenolic content (mg GAEs g'1 )

Total flavonoid content (mg QEs g'l )

30 - *
25.77

25
20 -
15 13.19

10.45
10 7.95

aks

5
o = T

M. charantia D. stramonium

Figure 1. Total phenolic and flavonoid contents of M. charantia and D. stramonium extracts. Each bar indicates
the mean of contents (+ SE) in each species. (GAEs: Gallic acid equivalents, QEs: Quercetin

equivalents). * P< 0.05.

Sekil 1. M. charantia ve D. stramonium ekstraktlarinin toplam fenolik ve flavonoid igerikleri. Her ¢cubuk, her
tiirdeki igerigin ortalamasini (¢ SE) gosterir. (GAEs' Gallik asit esdegerleri, QFEs: Kuersetin

esdegerleri). *P< 0.05.

Phenolics are the most widely distributed secondary
metabolites in plants. Plant polyphenols have been
reported to take increased attention owing to their
effective antioxidant features and their pronounced
effects in preventing various oxidative stress-related
diseases (Dai and Mumper, 2010). Cai et al. (2006)
revealed that conventional Chinese medicinal plants
related to anticancer had a great variety of natural
phenolic compounds with different constructive
properties as well as drastically different antioxidant
activity.

It was found that M. charantia and D. stramonium
possess antioxidant activity based on the results of
various antioxidant assays in vitro. The antioxidant
activity of M. charantia was confirmed in previous
studies (Kubola and Siriamornpun, 2008; Choi et al.,

2012; Ozusaglam and Karakoca, 2013; Chen et al.,
2019). Antioxidant compounds in M. charantia pulp
showed potential natural antioxidant activity to
inhibit the lipid peroxidation (Padmashree et al.,
2010). It was reported that a wild M. charantia
alcohol variety and aqueous extract had effects in the
elimination of DPPH free radical at 300 pg mL!, and
metal chelating activity at 100, 250, 500 pg mL!
compared with Vitamin E (Wu and Ng, 2008). In
another study, total phenolic contents of the ripe fruit
of M. charantia extracted in 80% ethanol were
detected as 14.9 mg GAEs g1 extract (Horax et al.,
2010).

D. stramonium has both poisonous and medicinal
properties and has been proven to have important
pharmacological potency with a great benefit and
usage in traditional folk medicine in nearly all parts



KSU Tarim ve Doga Derg 25 (1): 1-9, 2022
KSU J. Agric Nat 25 (1): 1-9, 2022

Aragtirma Makalesi
Research Article

of the World. (Soni et al., 2012). The methanol
extracts of D. stramonium leaves were reported to
show the DPPH scavenging activity with the ICso
value of 6.7 pg mL' (Sreenivasa et al., 2012).
Benabderrahim et al. (2019) investigated the
antioxidant activity and total phenolic and flavonoids
contents of Datura innoxia, collected from Isparta,
Turkey. The total phenolics and flavonoids results
and DPPH, FRAP, phosphomolybdenum assay results
of D. innoxia methanolic aerial parts were found to be
higher than D. stramonium, which we examined in
this study. However metal chelating activity of D.
stramonium was found to be higher than Datura
innoxia. In a previous study, where the methanolic
leaf extracts of . innoxia and D. metel were
examined for their total phenolics and flavonoids
content, the highest total phenolic and total flavonoid
content were found in D. innoxia leaf extract as 70.26
+ 1.12 mg GAE g! and 34.24 + 1.28 mg RE g!
respectively (Bhardwaj et al., 2016).

The antioxidant activity of the plants in this study
may be explained by the phenolic compounds they
contain. Caffeic acid was determined to be a major
constituent in both extracts and therefore, it may be
mainly responsible for the antioxidant activity

observed (Masek et al., 2016). There are various
studies in the literature that reveal a significant
relationship between total phenolic contents and
antioxidant activities (Ozay and Mammadov, 2016;
El-Hawary et al., 2019).

Determination of Phenolic Composition

The phenolic compound amount determined by HPLC
analysis in these extracts was summarized in Table 2
and the chromatograms were illustrated in Figure 2
and 3. All of the 15 phenolic compounds used as the
standards were detected in varying amounts
according to the extracts. Caffeic acid was clearly the
most abundant phenolic acid in both extracts
although its amount was very different (6282.51 ug g'!
extract in M. charantia fruit extract and 15183.36 pug
gl extract in D. stramonium leaf extract). The main
phenolic compounds of M. charantia fruit extract,
after caffeic acid were 2,5 dihidroxybenzoic acid,
epicatechin, gallic acid and 3,4-dihydroxybenzoic acid,
respectively. However, 2,5 dihidroxybenzoic acid,
epicatechin, vanillic acid, gallic acid and chlorogenic
acid were detected as the main phenolic compounds of
D. stramonium leaf extract, depending on their
amounts, respectively following caffeic acid.

Table 2. Phenolic compounds of M. charantia and D. stramonium extracts (g g1 extract) (mean + SE)
Cizelge 2. M. charantia ve D. stramonium ekstraktlarinin fenolik bilesikleri (ug g ekstrakt) (ortalama + SE)

No Phenolic Compounds RT (min) UVmax  M.charantia D. stramonium
(Fenolik Bilesikler) (pg g1 extract ) (ug g1 extract )

1 Gallic acid 6.8 280 549.34 + 3.83 680.89 + 4.64

2 3,4-dihydroxybenzoic acid 10.7 280 540.18 + 3.22 21.54+0.48

3 4-hydroxybenzoic acid 15.7 280 25.11 +0.54 311.73+ 3.54

4 2,5-dihydroxybenzoic acid 17.2 320 1477.58 + 12.75 4721.82 + 80.55

5 Chlorogenic acid 18.2 320 81.28 £ 0.76 410.70 £ 2.88

6 Vanillic acid 19.2 320 101.90 + 1.41 1411.50+11.13

7 Epicatechin 21.3 260 599.45 + 4.01 1928.60 + 15.17

8 Caffeic acid 22.7 280 6282.51 +£ 135.5 15183.36 £ 271.0

9 p-coumaric acid 26.1 320 1.18 £ 0.02 31.83 +£0.23

10 Ferulic acid 30.1 320 3.15+0.09 45.42 + 0.38

11 Rutin 45.6 360 24.07 £0.47 2.47+0.11

12 Ellagic acid 47.7 240 208.64 + 3.25 190.75 + 2.85

13 Naringin 49.7 280 18.00+ 0.45 5.18 £0.11

14 Cinnamic acid 67.8 280 232.17 + 3.42 227.94 + 3.36

15 Quercetin 71.1 360 9.94 +0.19 7.66 +0.15

RT: retention time (alikonma zamani)

When the main compounds aforementioned were
compared, the amount of chlorogenic acid, 4-
hydroxybenzoic acid, 2,5 dihidroxybenzoic acid,
vanillic acid, caffeic acid and epicatechin were
remarkably higher in D. stramonium leaf extract
than M. charantia fruit extract, whereas 3,4-
dihydroxybenzoic acid was importantly determined
higher in M. charantia fruit extract than that of D.
stramonium leaf extract. Also, both extract were
found to be rich in ellagic acid and cinnamic acid.
Quercetin was a little in both extracts. In addition, p-

coumaric acid and rutin were detected in the lowest
level of concentration in M. charantia fruit extract
and D. stramonium leaf extract, respectively.

The phytochemical compounds in plants were
demonstrated to have different biological activities
like antioxidant, anticancer, antibacterial,
antiinflammatory, cardioprotective properties, which
have potential beneficial effects for human health.
The research about phenolic compounds has
increased in recent, due to their potential ability
(Tungmunnithum et al., 2018).
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Figure 2. The HPLC chromatogram of M. charantia extract

Sekil 2. M. charantia ekstraktinin HPLC kromotogrami
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Figure 3. The HPLC chromatogram of D. stramonium extract
Sekil 3. D. stramonium ekstraktinin HPLC kromotogrami

There are various reports revealed the phenolic
composition of M. charantia. Horax et al. (2010)
extracted the phenolics, using ethanol and water
solvent systems, from pericarp (fleshy portion) and
seeds of M. charantia collected at three maturation
stages as immature, mature, and ripe and reported
that catechin, gallic acid, gentisic acid, chlorogenic
acid and epicatechin were the main phenolic
components in the extracts. Choi et al. (2012)
evaluated the phytochemical contents from the 80%
methanol extracts of roasted and unroasted M.
charantia fruits, leaves, stems, and roots from Korea
Farms. They expressed that epigallocatechin was the
most abundant phytochemical compound in both
extracts of M. charantia fruits and leaves. On the
contrary our findings, they showed that the amount of
caffeic acid in unroasted fruits (34.39£0.11 mg kg
d.w) and in roasted fruits (46.16+0.31 mg kg! d.w)
was significantly lower than that of our extract. Also,
they were detected neither rutin nor quercetin in
their fruit extract. In addition, gallic acid and
epicatechin in our extract were relatively more than
those found in their fruit extracts and the opposite
was true for p-coumaric acid and ferulic acid. The
amounts of vanillic acid and chlorogenic acid in their
fruit extracts were similar to our extract. In another

study, chlorogenic acid, gallic acid, catechin,
epicatechin, protocatechuic acid and gentisic acid
were found as the main phenolic compounds in the
fruit extract of M. charantia (Ghaima et al., 2013). In
bitter melon (M. charantia) fruit extracts with
increasing maturation, the contents of gallic acid,
chlorogenic acid and catechin were stated to be
increase, whereas the contents of ferulic acid, p-
coumaric acid and caffeic acid were denoted to be
reduce (Lee et al., 2017). In a different study,
epicatechin was indicated to be a highly accumulated
phenolic compound in flowers and fruits of bitter
melon, while the highest content in leaves was
reported to be rutin (Cuong et al., 2018). These
differences in the results may be attributed to the
location and harvesting time of the plants, chosen
solvent, extraction procedure, analysis method and
genetic variability.

Several previous reports demonstrated the phenolic
composition of different Datura species. Fatima et al.
(2015) notified, based on HPLC-DAD quantitative
analysis, that catechin and apigenin were
prominently detected in the methanol (5.41 and 2.11
pg mg! dry weight (DW), respectively) and methanol-
chloroform (1.28 and 1.78 mg g! DW, respectively)
extract among the extracts of Datura innoxia leaves.
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They also showed that catechin and apigenin were
present in the ethanolic extract of D). innoxia fruit,
and its amounts were 2.65 and 2.46 mg g1 dry weight
(DW), respectively. Rahmoune et al. (2017)
announced that D. stramonium included five
(luteolin, quercetin, trans-caffeic acid, trans-ferulic
acid and dihydroferulic acid) phenylpropanoid
compounds, whereas [D. innoxia contained eight
(luteolin, quercetin, trans-caffeic acid, trans-ferulic
acid, cis-caffeic acid, cis-4- hydroxy-cinnamic acid,
trans-4-hydroxy-cinnamic acid and trans-sinapic acid)
compounds, and the phenylpropanoids concentration
in leaves of both species were emphasized to be
notably higher than in the roots. Based on LC-ESI-
MS/MS method, the major flavonoids identified in
methanol extract of aerial parts of D. innoxia from
Turkey were reported to be (+)-catechin, (-)-
epicatechin and hyperoside (Benabderrahim et al.,
2019). According to their study, the phenolic
compounds detected in very high concentrations in .
innoxia were (+)-catechin and (-)-epicatechin, also the
amount of (-)-epicatechin (24147.64 + 2512.35 pg g
of dry plant) was importantly higher than the extract
of D. stramonium evaluated in the present study.
Partap et al. (2019) determined and quantified of
chlorogenic acid and caffeic acid from the root and
seed parts of Datura spp for the first time by HPTLC
analysis. The total concentration of phytotoxins
(phenolics) in aqueous extract of D.stramonium was
displayed as 28.96 mg L! and these compounds
detected by HPLC analysis, among 11 different
allelopathic compounds, were shown to be quercetin
(0.66 mg L1), chlorogenic acid (9.44 mg L1, sinapinic
acid (2.03 mg L7), caffeic acid (6.67 mg L71) and
benzoic acid (10.16 mg L) (Raza et al., 2019). As far
as we know, the study is the first one to report the
contents of phenolic compounds of ethanol extracts of
leaves of D. stramonium from Edirne Turkey. When
all the results are evaluated together, it is clear that
the antioxidant capacity and the contents of the
phenolic compound may differ depending on plant
species, the parts of the plants used, the region where
the plants are obtained, and the solvent choosen for
extraction.

CONCLUSION

The results of the present work showed that the
ethanol extracts of M. charantia fruit and D.
stramonium leaf are a potential natural antioxidant
source, and these plants may consider as prominent
species in pharmaceutical research, because they
contain different phenolic compounds associated with
pharmaceutical and medicinal properties. Further
studies are needed for the isolation and identification
of active phytoconstituents in extracts that might be
used for pharmaceutical use.
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ABSTRACT Research Article

This study aimed to investigate the phenolic compounds, total

phenolic content, and antioxidant activities of Pinus sylvestris L. var Article History

hamata Steven, Pinus pinaster Aiton subsp. pinaster, and Pinus Received - 06.02.2021
pinea L. bark extracts prepared with hot water. The phenolic Accepted £ 29.04.2021
composition and total phenolic content (TPC) of extracts were

determined by Reversed Phase-High Performance Liquid Ei(;}:ewk?;glj

Chromatography-Diode Array Detector (RP-HPLC-DAD) and Folin—
Ciocalteu method, respectively. The antioxidant activity was
determined by 2,2-diphenyl-1-picrylhydrazyl (DPPH-) radical
scavenging and ferric ion (ITI) reducing / antioxidant power (FRAP)
assays. Besides, the highest total phenolic content was detected in P.
pinea bark extract [984.46+4.08 pg mL ! gallic acid equivalent (GAE)
and 1163.33+4.04 ng mL! catechin equivalent (CE)] and the lowest
result was detected in P. sylvestris bark extract (361.53+3.52 ng mL!
GAE and 427.26+4.17 pg mL! CE). Among the tested materials, the
most abundant phenolic compounds in P. pinea bark extract were
catechin (3.586+0.114 mg g!) and taxifolin (1.866+0.096 mg g).
According to the antioxidant results, P. pinea bark extract exhibited
remarkable antioxidant activity than standard BHT and Trolox
[SCs0: 1.64310+0.00003 pg mL?! for DPPH and 1428.75+5.62 puM
Trolox Equivalent Antioxidant Capacity (TEAC) for FRAPI]. The
obtained results indicated that pine bark extracts can be used as an
easily obtainable natural source of antioxidants for the food and
pharmaceutical industry.

Antioxidant activity
Phenolic compounds
RP-HPLC-DAD

Total phenolic content

Giresun (Tirkiye) Ilinde Yetistirilen Pinus spp.’nin Kabugundan Elde Edilen Farkli Ekstraktlarin
Antioksidan Aktivitesinin Belirlenmesi — RP-HPLC-DAD ile Fenolik Analizi

OZET Aragtirma Makalesi

Bu ¢alismada, sicak su ile hazirlanan Pinus sylvestris L. var hamata

Steven, Pinus pinaster Aiton subsp. pinaster ve Pinus pinea L. Makale Tarihgesi

kabuk ekstraktlarinin fenolik bilesikleri, toplam fenolik madde Gelig Tarithi  : 06.02.2021
icerigi ve antioksidan aktivitelerinin incelenmesi amac¢lanmagtir. Kabul Tarihi :29.04.2021
Ekstraktlarin fenolik bilesimi ve toplam fenolik icerigi sirasiyla Ters

Faz-Yiiksek Performansh Sivi Kromatografi-Diyot Array Dedektori Anahtar Kelimeler
(RP-HPLC-DAD) ve Folin—Ciocalteu yéntemi ile belirlendi. Cam kabugu

Antioksidan aktivite, 2,2-difenil-1-pikrilhidrazil (DPPH+) radikal Antioksidan aktivite
temizleme ve demir (III) indirgeme / antioksidan kuvvet (FRAP) Fenolik bilegikler
metotlar1 ile belirlendi. Numuneler arasinda en yiiksek toplam RP-HPLC-DAD

fenolik icerik P. pinea kabuk ekstraktinda [984.46+4.08 png mL!
gallik asit esdegeri (GAE) ve 1163.33+4.04 ng mL! katesin esdegeri
(CE)] ve en diisiik sonu¢ P. sylvestris kabuk ekstraktinda tespit
edilmistir (361.53+3.52 pg mL! GAE ve 427.26+4.17 ng mL! CE). P.
pinea kabuk ekstraktlarinda en bol bulunan fenolik bilesikler
katesin (3.586+0.114 mg g1) ve taksifolindir (1.866+0.096 mg gl).
Antioksidan sonuglarina gore, P. pinea kabuk ekstrakti standart
BHT ve Trolox’a gore kayda deger antioksidan aktivite gosterdi
[SCs0: DPPH igin 1.64310+£0.00003 pg mL' ve FRAP icin

Toplam fenolik igerik
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1428.75+5.62 pM Trolox Egdegeri Antioksidan Kapasite (TEAC)].
Elde edilen sonuclar, ¢am kabugu ekstraktlarinin gida ve ilag
endustrisi i¢in kolayca elde edilebilen dogal bir antioksidan kaynagi

olarak kullanilabilecegini gosterdi.

To Cite:  Karacelik AA, Seker ME, Karakose M 2022. Determination of Antioxidant Activity of Different Extracts From
Bark of Pinus spp. grown in Giresun (Turkey) Province — Phenolic analysis by RP-HPLC-DAD. KSU J. Agric Nat
25 (1): 10-18. https://doi.org/10.18016/ksutarimdoga.vi.875313.

INTRODUCTION tuberculosis (Sezik et al., 1997), milk enhancer,

Secondary metabolites with important functions for
plants consist of many important biochemicals such
as phenolic compounds, flavonoids, terpenes, and
carotenoids (Giil¢in, 2012; Tohma et al., 2017; Giilcin,
2020). In recent years, many studies have been
conducted to obtain extracts rich in secondary
metabolites and to discover their natural antioxidant
properties. These products, which show different
bioactivity due to their different chemical structures,
have increased the interest in different industries
such as medicine, cosmetics, dyes, textiles, food, and
pharmaceuticals. The vast majority of plants, which
are considered natural resources, are distributed in
forest areas. Turkey is one of the world's most
important and richest centers of plant sources, due to
the presence at the junction of three different flora in
terms of plant geography, geographic location,
topography, water sources, the microclimate of
diversity, geological structure (Avci, 2005). This
potential has enabled the local people to benefit from
herbal resources in various ways from past to present.
Turkey's forest area is in a rising trend from the past
to the present. According to the latest data (Terzioglu
et al., 2012), Turkey has 22.6 million hectares of
forest areas, and this area covers 28.6% of its land.
Turkey forests, spatially 48% of pure coniferous, 33%
of pure broadleaf, while the remaining portion is
mixed coniferous-broadleaf forest structure. In a pine
tree, while the amount of average bark ranges from 8-
14% (Harkin and Rowe, 1971; Oktem, 1976), the
average bark ratio of the pine species in Turkey is
defined as 12.5% (Kurt and Mengeloglu, 2006). Thus,
the average is about 1,250,000 m3 of bark left in the
forest as waste material each year in Turkey.
However, many studies have reported that forestry
residues, especially the bark, are a rich source of
secondary metabolites containing biologically active
compounds (Kizilarslan and Sevgi, 2013; Cakir,
2017). In addition, pine bark extracts contain a large
number of phenolic compounds such as catechins,
epicatechins, taxifolin, and phenolic acids (Drézdz
and Pyrzynska, 2019; Hamad et al., 2019). The effect
of pine bark extract comes from these components
(D'Andrea, 2010). A group of active substances found
in French maritime bark (Pinus pinaster Aiton subsp.
pinaster) is called Pycnogenol and is also a
trademark. It is stated that pine bark extract is good
for many diseases such as cough, pertussis (Giizel et
al., 2015), asthma (Ozidogru et al, 2011),
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tuberculosis, urinary tract diseases, hemorrhoids,
memory weakness, wound healing, strengthening,
painkiller (Everest and Oztiirk, 2005) and used in
treatments (Maimoona et al., 2011; Taner et al.,
2014). Pinus, a member of Pinaceae, has three pine
species grown naturally (Pinus sylvestris L. var.
hamata Steven) and artificially grown (Pinus pinea L.
and Pinus pinaster Aiton subsp. pinaster) in Giresun
province in Turkey. Phenolic content and antioxidant
activity of various extracts of the genus of Pinus
members have been previously reported by a number
of researchers (Yesil-Celiktas et al., 2009a; Hamad et
al., 2019; Skrypnik et al., 2019). However, there are
very few studies in the literature about the Pinus
species grown in northern Turkey. As is known,
chemical compositions and antioxidant activities
depend on many factors such as geographical region,
climatic, experimental conditions, and diversity. In
this respect, the aim of the study is to identify new
natural antioxidant extracts or compounds. In line
with this goal, phenolic composition analysis barks of
three pine species (Pinus sylvestris L. var. hamata
Steven, Pinus pinaster Aiton subsp. pinaster, and
Pinus pinea L. were quantified by Reversed Phase-
High Performance Liquid Chromatography-Diode
Array Detector (RP-HPLC-DAD). In order to
investigate Iin vitro antioxidant activities of these
samples, ferric ion (III) reducing / antioxidant power
(FRAP) and 2,2-diphenyl-1-picrylhydrazyl (DPPH-)
tests were applied. Also, total phenolic content was
determined by the Folin—Ciocalteu method.

MATERIALS and METHOD
Reagents and chemicals

Catechin, epicatechin, taxifolin, gallic acid, vanillin,
vanillic acid, ferulic acid, caffeic acid, protocatechuic
acid, protocatechuic aldehyde, and ellagic acid were
purchased from Sigma-Aldrich (Steinheim, Germany).
Solvents in analytical purity of methanol, acetonitrile,
ethyl acetate, chloroform, and acetic acid were
purchased from Merck. Sodium sulfate and sodium
chloride were obtained from Merck (Darmstadt,
Germany). DPPH, 2,4,6-Tripyridyl-s-triazine (TPTZ),
Folin—Ciocalteu reagent phenol, and Trolox® (6-
hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic

acid) were purchased from Sigma Aldrich (Munich,
Germany). HPLC syringe filters (polyvinylidene
difluoride, 0.45 pm) were purchased from ISOLAB



KSU Tarim ve Doga Derg 25 (1): 10-18, 2022
KSU J. Agric Nat 25 (1): 10-18, 2022

Aragtirma Makalesi
Research Article

(Germany). The ultrapure deionized water used in the
experiments was obtained from the Sartorius
ultrapure water purification system.

Analysis of phenolic compounds by Reversed Phase-
High Performance Liquid Chromatography-Diode
Array Detector (RP-HPLC-DAD).

Stock solutions of the phenolic standards (1000 ppm)
were prepared in 40% methanol-ultra pure water or
%100 methanol, depending on their solubility.
Analysis of phenolic compounds was performed by
Thermo Scientific Dionex Ultimate™ 3000 system
(Thermo Scientific, Bremen, Germany) using a
reversed-phase Cis column (150 mm x4.6 mm, 5
Fortis). The mobile phase consists of A: 2% acetic
acid-ultrapure water, C: 50-50% acetonitrile-
ultrapure water solution in 0.5% acetic acid, and D:
acetonitrile. For the separation of phenolic

compounds, gradient elution with a flow rate of 0.7
mL/min was applied as followed: 0-8 min (7% C), 8-18
min (12% C), 18-23 min (23% C), 23-25 min (40%
before returning to the initial conditions C), 25-35
min (45% C), 35-40 min (55% C), 40-43 min (92% O),
43-46 min (25% C). The column temperature was set
to 25 °C and the injection volume was adjusted to 20
pL. Standards of eleven phenolic compounds
(catechin, epicatechin, taxifolin, gallic acid, vanillin,
vanillic acid, ferulic acid, caffeic acid, protocatechuic
acid, protocatechuic aldehyde, and ellagic acid) were
detected at four different wavelengths (260, 280, 308,
324 nm) comparatively. The wavelengths determined
in the DAD were selected based on the wavelength of
maximum absorption of phenolic standards in the
literature. The Limit of Detection (LOD) and Limit of
Quantification (LOQ) were calculated for the phenolic
compounds in the extracts (Table 1).

Table 1. Reversed Phase-High Performance Liquid Chromatography-Diode Array Detector validation parameters
Cizelge 1. Ters Faz-Yiiksek Performansh Sivi Kromatografisi-Diyot Array Dedektori dogrulama parametreleri

No Compound RT (min.) ma R? LOD® LOQP

1 Gallic acid 7.15 1.0597 0.9973 0.0417 0.1004
2 Protocatechuic acid 13.04 2.0259 0.9965 0.0105 0.0327
3 Protocatechuic aldehyde 19.20 0.6452 0.9961 0.1140 0.3031
4 Catechin 22.17 4.6834 0.9974 0.0032 0.0089
5 Vanillic acid 24.87 1.5219 0.9964 0.0137 0.0487
6 Caffeic acid 25.58 1.0534 0.9993 0.0542 0.1312
7 Epicatechin 27.82 4.2632 0.9971 0.0030 0.0091
8 Vanillin 30.03 0.8083 0.9964 0.0762 0.2257
9 Ellagic acid 31.75 0.3390 0.9968 0.1142 0.3445
10 Taxifolin 32.94 0.8500 0.9999 0.2035 0.6334
11 Ferulic acid 33.51 1.1052 0.9947 0.0297 0.0917

a,b: yalues are given in mg L1

Sample preparation and extraction

Analyzed pine barks (P. pinea, P. sylvestris, and P.
pinaster) were collected from harvesting areas in the
Giresun province in Turkey. The identification of the
gathered plant samples was done by Dr. Mustafa
KARAKOSE. Information on Pinus species is given in
Table 2. Each pine bark was ground separately and
pulverized. The powdered sample 10 g was extracted
in 150 mL of boiling water for 15 minutes. It was then
left to cool to room temperature. The extract was
centrifuged, and the liquid fraction was separated.
Solid sodium chloride was added to the red-brown

solution until saturation and high molecular weight
molecules were allowed to precipitate (Masquelier,
1987). The solution was filtered to remove the
precipitate. The remaining solution was extracted 3
times with 25 mL of ethyl acetate. The water and
ethyl acetate phases were separated, and residual
water was removed by the addition of sodium sulfate.
Unlike Masquelier’s method, the ethyl acetate phase
was completely evaporated at 40 °C using a rotary
evaporator. The resulting beige-colored solid was
dissolved in a 25% (v/v) methanol/water mixture and
injected into the RP-HPLC-DAD system.

Table 2. Locations, common names and collector numbers of the plant specimens
Cizelge 2. Bitki 6rneklerinin toplanma alanlari, yaygin isimleri ve toplayici numaralar:

Taxon name Common name Location Collector no
P{nus pinaster Aiton subsp. Maritime pine 4 m, Espiye district, dune afforestation area, M. Karakése 1471
pinaster 23.V1.2015.

. . . 5 m, Espiye district, dune afforestation area, ..
Pinus pinea L. Stone pine 23.V1.2015. M. Karakdose 1472
Pinus sylvestris L. var. hamata . 1754 m, Alucra district, Pinus sylvestris forest, ..
Steven Scots pine 923.V1.2015. M. Karakdose 1470

Determination of total phenolic content by Folin—
Ciocalteu method

The pine bark extracts were evaluated in terms of

total phenolic compounds by using the Slinkard and
Singleton method with some modifications (Slinkard
and Singleton, 1977). All samples were prepared by
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diluting (1:4) the stock solution. A sample solution of
50 pL was diluted with 2500 pL of distilled water.
The sample was mixed with 250 pLi of 0.2 normal
Folin—Ciocalteu reagent by vortexing for three
minutes. Then 750 pL sodium carbonate (7.5%) was
added into the solution and vortexed again. After
incubation for 2 h at room temperature, the
absorbance of samples was measured at 765 nm. Each
sample and standard concentration were studied in
three parallel runs. In addition, sample and reagent
blank were studied for each sample and each
concentration of the standard. Total phenolic contents
were expressed as ng gallic acid or catechin
equivalent per mL sample using calibration graph
plotted separately in the concentration range of 15.6
to 1000 pg mL1 of gallic acid and catechin standards.

Ferric reducing antioxidant power assay

The FRAP method is based on the measurement of
the absorbance given by the TPTZ-Fe (II) complex
developed later (Benzie and Strain, 1996; Karacelik et
al., 2015). The activities of all samples were defined
as micromolar Trolox Equivalent Antioxidant
Capacity (TEAC). The calibration graph was
constructed by using Trolox at a concentration range
of 62.5-1000 uM. All samples were diluted from the
concentrated solution (1:50). Briefly, 50 pL of the
sample was mixed with a 1.5 mL. FRAP reagent. The
FRAP solution was prepared according to the method
defined by Karagelik et al. (2015). The mixtures were
incubated at 24 °C for 20 min and measured
spectrophotometrically at 595 nm.

2,2-diphenyl-1-picrylhydrazyl radical scavenging
activity

Radical scavenging activity was tested according to
the method defined by Brand-Williams et al. (1995).
The working interval was determined by pretesting

all samples and standards (Trolox and BHT) prepared
in different concentrations. Firstly, samples were
mixed with an equal volume (750 pL) of 100 uM
methanolic DPPH solution by vortexing and then they
were incubated for 50 min at 24 °C. The maximum
absorbances that DPPH gave were recorded at 517
nm. According to the SCso values given as mg mL1,
high radical scavenging potential is seen at a low SCso
value (Giilcin, 2006b; a; Ak and Giilgin, 2008).

RESULTS and DISCUSSION

Identification and quantification analysis of phenolic
compounds by RP-HPLC-DAD

Previously some phenolic compounds in the bark of
the pine species in Turkey were examined (Ince et al.,
2009; Yesil-Celiktas et al., 2009a; Yesil-Celiktas et
al., 2009b). However, these studies are very limited
and local. Previously phenolic content of P. pinaster
in Turkey has not been determined. There are also
few studies on the phenolic content of other pine bark
species (Kivrak et al., 2013; Seker et al., 2021).
Normal phase and reverse phase liquid
chromatographic methods were used in studies with
pine bark.

Eleven phenolic compounds were analyzed in three
different pine bark extracts with the RP-HPLC-DAD
method. The chromatograms of three pine bark
extracts are given in Figure 1. Catechin,
protocatechuic acid, and taxifolin were found in three
pine barks. Ferulic acid, gallic acid, and ellagic acid
were not detected in any pine bark. Quantitative
results of phenolic constitutes in pine barks are given
in Table 3. Among the highest amounts, catechin and
taxifolin (3.586 and 1.866 mg g!) in P. pinea and
catechin in P. pinaster (1.231 mg g'!) are noteworthy.
Separation of all phenolic compounds was completed
within 33 minutes.

Table 3. Quantitative results of phenolic compounds in pine barks
Cizelge 3. Cam kabuklarindaki fenolik bilesiklerin kantitatif sonuglar:

Phenolics mgg”

P. pinea P. sylvestris P. pinaster
Catechin 3.586+0.114 0.681+0.008 1.231+0.078
Epicatechin 0.022+0.001 n.d. 0.011+0.001
Protocatechuic acid 0.041+0.001 0.271+0.010 0.138+0.005
Protocatechuic aldehyde n.d. 0.030+0.001 n.d.
Vanillic acid n.d. 0.018+0.001 0.010+0.001
Vanillin n.d. 0.024+0.001 n.d.
Caffeic acid 0.104+0.006 n.d. n.d.
Taxifolin 1.866+0.096 0.500+0.006 0.360+0.004
Ferulic acid n.d. n.d. n.d.
Gallic acid n.d. n.d. n.d.
Ellagic acid n.d. n.d. n.d.

n.d.: not detected.

Data are represented as means +SD (standard deviation) of triple measurements.
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Figure 1. Chromatograms of (a) P. sylvestris, (b) P. pinea, and (c) P. pinaster
Sekil 1. (a) P. sylvestris, (b) P. pinea ve (c) P. pinasterin kromatogramlari
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While the amount of catechin in P. pinaster, known
as the French maritime bark, was found to be 7.92 mg
g1 (Ince et al., 2009), the amount of taxifolin ranged
between 17-33 mg g'! (Ince et al., 2009; Yesil-Celiktas
et al., 2009a). However, the amount of catechin and
taxifolin in P. pinaster analyzed in the study was
found to be far below these rates. This is probably
because the tree does not grow in the area where it
grows normally. Although these rates are quite low in
P. pinaster obtained from the Espiye district, the
amount of catechin in P. pinea is close to that in
French P. pinaster. While the results given in the
literature are the amount of gram phenolic per gram
extract, it should be noted that the results given in
Table 3 are the gram phenolic amount per gram pine
bark. When evaluated in this way, it will be better
understood that the amount of catechin in P. pinea is
quite high. When compared with P. pinea and other
Pinus species analyzed in other studies in the
literature, the amount of catechin obtained from 2.
pinea barks collected from Espiye is quite high.
Especially taxifolin appears to be 13.36 times higher
than the values that were found in a study conducted
by Yesil-Celiktas et al. (2009b). In addition, the
amount of taxifolin found in P. sylvestris collected
from the Alucra region is also ten times higher when
the other studies were examined. Compared to the
same research, the catechin values obtained from P.
sylvestris in Alucra are higher than the catechin
values for P. sylvestris collected from Germany.
However, compared to French maritime pine (P
pinaster), the values obtained from the analysis are
about fifty times lower, especially for epicatechin and
taxifolin (Ince et al., 2009). When compared to P.
pinea, which was collected from Bilecik and analyzed,
although the amount of taxifolin in the P. pinea in
Espiye was almost the same, the amount of catechin
was found approximately twice. In both studies, the
results are given as gram phenolic per gram pine
bark (Seker et al., 2021). When compared with P.
sylvestris analyzed in the same study, the catechin
and taxifolin contents of P. sylvestris collected from
the Alucra region were found to be quite high.

On the other hand, the remarkable result is that
protocatechuic acid was found in all three types.
Unlike our benchmarking studies, protocatechuic acid
was analyzed for the first time in pine barks. Also,
caffeic acid was found in P. pinea. Catechin and
taxifolin, which are found in high amounts in pine
bark compared to others, are important compounds
for human health. In experiments, it has been
observed that taxifolin prevents enzyme increases due
to inflammatory reactions similar to hydrocortisone
(Gupta et al, 1971). In addition, taxifolin is
recommended for the development of new drugs, as it
has anti-tumors, anti-oxidants, anti-cardiovascular,
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and, more importantly, anti-cancer effects (Sunil and
Xu, 2019). Likewise, anti-carcinogenic and
antioxidant effects of catechin are known (Lotito and
Fraga, 1998; Menon et al., 1999). As can be seen from
the results obtained, pine bark is a rich source of
catechin and taxifolin.

In addition, both normal phase and reversed-phase
HPLC methods are used for pine bark analysis in the
literature. Although it is stated that reverse phase
analysis is more complicated and very successful
chromatograms were obtained with the reverse phase
method. For extraction, the boiling water method,
which does not harm the environment, was used.
Thus, only water-soluble species were obtained. Then
they were easily taken to the ethyl acetate phase and
the ethyl acetate phase was evaporated at 50°C. The
remaining solid portion was easily dissolved in 25%
methanol solution and injected into the device.
Considering the studies made with pine bark in the
literature, it is seen that the ratio of the same
phenolic components found in the bark of the same
type of pine can vary between 10 and 100 times.
These rates vary according to the environment in
which the tree grows.

Determination of total phenolic contents

In this study, the total phenolic contents of extracts
were determined by Folin—Ciocalteu method. Total
phenolic content results were given in Table 4. The
total phenolic content results were presented as pg
gallic acid equivalent per mL sample (GAE, ng mL1)
and pg catechin equivalent per mL sample (CE, ng
mL1). The total amounts of phenolic contents ranged
from 361.53+3.52 to 984.46+4.08 pg mL! in terms of
GAE and ranged from 427.26+4.17 to 1163.33+4.04 pg
mL?1 in terms of CE. The order of total phenolic
contents of pine bark extracts was P. pinea > P.
pinaster > P. sylvestris. Hamad et al. (2019) reported
that the phenolic contents were about 88 pg mlL!
GAE for pine bark (P. sylvestris) extracts prepared by
using a methanol-water mixture as solvent (Hamad et
al., 2019). Skrypnik et al. (2019) prepared water
extract by using whole bark and outer bark of P.
sylvestris L. and found the total phenolic contents of
extract between 4 mg GAE g! and 12 mg GAE g!
(Skrypnik et al., 2019).

Antioxidant activity

Many antioxidant assays based on the methodological
differences have been used for screening antioxidant
activities of plant extracts in the literature. FRAP
and DPPH - radical scavenging activities were used to
test the antioxidant activities of pine bark extracts.
The results of the DPPH* assay were expressed as
SCso (Table 4) means the effective concentration of
test samples required for 50% antioxidant activity
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under the experimental conditions. Lower SCso values
indicated higher radical scavenging activity. P. pinea
bark extract showed higher values than the other two
pine barks. P. pinea bark extract demonstrated the
higher DPPH- radical scavenging activities (SCso:
1.64310+0.00003 pg mL1), while P. sylvestris bark
extract exhibited the lowest antioxidant activities
(SCs0: 6.04765+0.09043 pg mL1). It was found that
the DPPH scavenging activities of all pine bark
extracts were higher than BHT standard antioxidant.
In addition, the DPPH" scavenging activities of P.
pinea and P. pinaster bark extracts were found to be
higher than BHT and Trolox standard antioxidants.
To compare study results with literature, the DPPH"
scavenging activity of the extracts was also evaluated
as %scavenging of DPPH* at 0.00300 mg mL! [P,
pinea (91,7 %), P. pinaster (70,4 %), P. sylvestris (27,0
%)]. Results obtained are higher than those achieved
in many studies (Yesil-Celiktas et al., 2009a;
Skrypnik et al., 2019).

The higher TEAC values in the FRAP test indicate
higher antioxidant activity (Table 4). The results of
three pine bark extracts were ranged from
549.37+8.59 to 1428.75+5.62 uM TEAC. While the
highest FRAP value of pine bark extracts was found
in P. pinea bark extract (1428.75+5.62 uM TEAC), the
lowest value was in P. sylvestris bark extract
(549.37+8.59 uM TEAC). According to all antioxidant

assays, all extracts exhibited an antioxidant activity
with the order of activity as P. pinea >P. pinaster >P.
sylvestris. The extract of P. pinea bark showed strong
DPPH" radical scavenging and FRAP activities
possessing a high amount of total phenolic compounds
was identified. It was also found that there was a
good positive correlation between SCso values of
DPPH" radical scavenging and TEAC values (R
0.9951).

In recent years, the number of publications for the
qualitative and quantitative determination of
biological activity potentials and active compounds of
extracts obtained from forest residues has increased.
In literature, there have been few studies on the
biological activity research on the P. pinea, P.
pinaster, and P. sylvestris bark extracts. P. pinaster
and P. sylvestris bark extracts prepared with polar
solvents such as ethanol or aqueous mixtures
containing ethanol were found to have the highest
phenolic compound contents and the highest
antioxidant activity (Drézdz and Pyrzynska, 2019;
Skrypnik et al., 2019; Ferreira-Santos et al., 2020).
The correlation coefficient between the results of the
phenolic content and antioxidant assays (DPPH and
FRAP) showed a good positive correlation with R2
values of 0.9624 and 0.9844. These findings suggested
that high antioxidant activity might be due to high
phenolic contents.

Table 4. Antioxidant activity and total phenolic content of pine bark extracts and standards
Cizelge 4. Cam kabug ekstraktlarinin ve standartlarin antioksidan aktivite ve toplam fenolik igerigi

DPPH radical

Sample and standards Total phenolic1 content  Total phenollic content scavenging FRAP

(GAE, pg mL) (CE, ng mL-Y) (SCso, g mLY) (TEAC, uM)
P. pinea 984.46+4.08 1163.33+4.04 1.64310+0.00003  1428.75+5.62
P. sylvestris 361.53+3.52 427.26+£4.17 6.04765+£0.09043  549.37+8.59
P. pinaster 816.92+2.31 965.45+2.73 1.83300+0.01108  1279.68+3.97
BHT n.d. n.d. 8.52667+0.01528 n.d.
Trolox n.d. n.d. 5.04667+0.00577 n.d.

n.d.: not detected.

Data are represented as means +SD (standard deviation) of triple measurements.

CONCLUSION

This is the first study to evaluate phenolic content of
barks of pine grown in Giresun. In the study, the
standard extraction method was cut short and
chemical and time savings were achieved. According
to the results of RP-HPLC-DAD system some of the
high peaks in the chromatograms were not identified.
Therefore, identification of these peaks can be
identified in further studies. The results of this study
will provide information to the literature about the
content of pine bark. It may also form the basis for
further research on alternative medical practices
regarding the compounds it contains.
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ABSTRACT

Research Article

The increase in the frequency of drug resistance in bacterial infections

has led to the research of new antibacterial agents targeting new
mechanisms. Many of the functions of NAD+*-dependent DNA ligase
have made it a remarkable target for antibacterial drug discovery.
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Escherichia coli (E. coli) NAD+dependent DNA ligase is presented as

a potential target due to its unique substrate specificity compared to
the ATP-dependent human DNA ligase. In this study, it was aimed to
produce and purify the £. coli NAD + dependent DNA ligase enzyme,
which is frequently used in antibacterial drug discovery. The E. coli
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DNA ligase gene sequence was cloned into pTOLT vector system. £.
coll DNA ligase enzyme was purified after the production in £. coli
BL21 (DE3) pLyskE cells. It was clearly demonstrated by the activity
test that the DNA ligase enzyme produced in this study can ligate the
DNA fragments. As a result, it was revealed that the effect of
candidate inhibitors can be studied simply on the enzyme.

Antibakteriyel Tla¢ Kesfi I¢in Bir Hedef Olarak E Coli NAD+Bagimh DNA Ligazin Rekombinant

Uretimi

OZET

Bakteriyel enfeksiyonlarda ila¢ direnci frekansindaki artig, yeni

mekanizmalari hedefleyen yeni
arastirnlmasina yol agmigtir. NAD+*-bagimlh

fonksiyonlarinin bir ¢ogu, onu antibakteriyel ila¢ kesfi icin dikkate
deger bir hedef haline getirmistir. Escherichia coli (E. col) NAD+
insan DNA
karsilastrildiginda, benzersiz substrat 6zgiilligi nedeniyle potansiyel
bir hedef olarak goérulmektedir. Bu calismada antibakteriyel ilag
kesiflerinde siklikla kullanilan £ coli NAD* bagimli DNA ligaz

bagimli DNA ligazi, ATP bagimh

antibakteriyel

Aragtirma Makalesi
ajanlarin Makale Tarihgesi
DNA ligazin Received $21.02.2021
Accepted 1 20.04.2021

Anahtar Kelimeler
NAD*-bagimli DNA ligaz
TolAIII peptid
Antibakteriyel Ila¢ Kesfi

ligaz1 ile

enziminin, yuksek miktarda ve saflikta tretilmesi amaglamigtir. £
coli DNA ligaz gen dizisi, pTOLT vektor sistemine klonlanmigtir. .
coli DNA ligaz enzimi, E. coli BL21 (DE3) pLysE hiicrelerinde
uretildikten sonra saflagtirilmigtir. Bu ¢calismada tiretilen DNA ligaz
enziminin DNA fragmanlarinin ligasyonunu saglayabildigi, aktivite
testi ile agikca gosterilmistir. Sonug olarak, bu enzim tizerinde aday
inhibitorlerin etkisinin basitge incelenebilecegi ortaya koyulmustur.

To Cite: Kaplan O, Imamoglu R, Gokee I 2022. Recombinant Production of . coli NAD*-dependent DNA ligase as a Target
for Antibacterial Drug Discovery. KSU J. Agric Nat 25 (1): 19-24. https://doi.org/10.18016/ksutarimdoga.vi.
884279
INTRODUCTION caused by environmental factors such as radiation,

DNA ligase is important in DNA repair and replication
(Cardona-Felix et al. 2010). DNA synthesis in one
strand may be continuous in DNA replication, while
synthesis is not continuous in the other strand. DNA
ligase is crucial for joining Okazaki fragments and
fulfilling DNA synthesis (Timson et al. 2000). Nicks

oxidants and alkylating agents which are repaired by
the activity of the DNA ligase (Crut et al. 2008). DNA
ligase is an essential protector of genome integrity
(Odell et al. 2000). Various organisms such as E. coli
(Wilkinson et al. 2005), Mycobacterium tuberculosis
(M. tuberculosis) (Srivastava et al. 2007),
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Staphylococcus aureus (S. aureus) (Kaczmarek et al.
2001) have NAD+*-dependent DNA ligase. T7
bacteriophage, Haemophilus influenzae (H.
influenzae) (Doherty et al. 1996), Staphylothermus
marinus (S. marinus) (Seo et al. 2007) have ATP-
dependent DNA ligase. In addition, all known
eukaryotic DNA ligases are ATP dependent (Wilkinson
et al. 2001). Bacterial genomes sequenced so far
contain at least one NAD*-dependent DNA ligase.
NAD+*-dependent ligase has been cloned from various
bacterial sources and sequenced. These sequences
appear to be significantly similar and all have almost
the same size (75 kDa) (Timson et al. 2000). These
enzymes have two functional domains: the C terminal
domain is the domain of binding to DNA. It is seen that
a zinc ion is bound in the C terminal domain of these
enzymes. The N terminal domain is responsible for the
self-adenylating reaction and NAD* binding
(Wilkinson et al. 2001). The DNA sequence of the DNA
ligase gene of a wide range of bacterial species
(Jonsson et al. 1994; Lauer et al. 1991; Subramanya et
al. 1996; Timson et al. 2000) has been identified, and
some conserved regions have been determined and
compared with the discovery regions in £FE. collL
Alignment of amino acid sequences displays that S.
aureus NAD*-dependent DNA ligase has 47% and 60%
amino acid identity with £E. coli and Bacillus
stearothermophilus NAD*-dependent DNA ligase,
respectively. It has been displayed in further studies
that these DNA ligases have motifs preserved in other
bacteria (Kaczmarek et al. 2001).

E. coli DNA 1is a protein encoded by the LigA gene, the
enzyme has 671 amino acids and its molecular weight
is 73,690 kDa. Wilkinson et al. (2005) found that £ coli
LigA protein has contains zinc-finger, oligomer-
binding (OB) h-barrel, helix—hairpin—helix motif
(HhH) and BRCT domain. In the same study, E. coli
LigA gene was cloned into the pET16b vector. The
vector contains a 10-His-Tag containing 21 extra
amino acids at the N-terminal of protein. Also, it was
stated that the presence of His-Tag at the N-terminal
or C-terminal end did not affect enzyme activity
(Wilkinson et al. 2005).

NAD+*-dependent DNA ligases are considered to be
possible targets for broad spectrum antibacterial
compounds (Gong et al. 2004; Kaczmarek et al. 2001;
Lee et al. 2000; Sriskanda and Shuman 2002; Swift
and Amaro 2009), because they are unavoidable for
many basic processes of DNA metabolism, including
replication, recombination processes and repairs that
require re-synthesis of DNA connection of Okazaki
fragments in the pathway (Timson et al. 2000). The
ligase inhibitors developed are generally competitive
inhibitors and can bind to hydrophobic pockets near
the NAD* substrate binding site (Swift and Amaro
2009). They inhibit the LigA activity of Streptococcus
pneumoniae (S. pneumoniae), H. influenzae, E. coli,
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Mpycoplasma and S. aureus. Their inhibitory activities
are very high (in the nanomolar range) and are
selective for bacterial DNA ligase (Mills et al. 2011).
There are several studies in the literature on the
inhibition of . coli DNA LigA. Gong et al. found that
pyropyranone compounds strongly inhibited the
ligation activity of E. coli DNA LigA (ICs0 = 0.6 uM)
(Gong et al. 2004). Dwivedi et al. have demonstrated
that Quinacrine (9-aminoacidine) is a strong candidate
for inhibition of £. coli DNA LigA (Dwivedi et al. 2008).
Mills et al. have described several adenosine analogs
as inhibitors of LigA. These compounds have been
shown to be effective in H. influenzae as well as E. coli
DNA LigA (Alomari 2019; Mills et al. 2011).

In this study, £. coli NAD+-dependent DNA ligase
enzyme, which is frequently used in antibacterial drug
discoveries, was aimed at high level production and
purification. First, the E. coli DNA ligase gene was
cloned into the pTOLT vector system and then
expressed in K. coli BL21 (DE3) pLysE cells. The
enzyme was purified by affinity chromatography and
its activity was demonstrated.

MATERIALS and METHOD

Cloning of the E. coliDNA Ligase Gene into the pTOLT
Vector System

The gene was first amplified for cloning the E. coli
DNA Ligase gene into the pTOLT vector (Anderluh et
al. 2003). PCR (polymerase chain reaction) mixture
was prepared using primers of /ligABamHlIsense
5TTTTGGATCCATGGAATCAATCGAACAACS and
ligAKpnlreverse 5TTTTGGTACCGCTACCCAGCAA
ACGCAG?3.

After PCR reaction, 10 pl of PCR mixture was taken
and analyzed in 1% agarose gel. The obtained PCR
products were purified with the PCR products cleaning
kit and digested with BamHI and Kpnl restriction
enzymes. The pTOLT plasmid which was used for
cloning was also cut with the same restriction
enzymes. F. coli DNA Ligase gene and pTOLT plasmid
digestion by restriction enzymes were ligated with T4
DNA ligase enzyme at room temperature for 16 hours.
The ligation products were transferred to £. coli DH5a
cells and spread on ampicillin (100 pg ml?!) containing
LB medium. Plasmid DNA was isolated from the
colonies, and diagnostic restriction digest and
diagnostic PCR were performed on plasmids. The
obtained products were analyzed in 1% agarose gel.

Expression of Z. coli DNA Ligase Protein

Protein expression and purification was carried out
similar to the protocol detailed in our previous work
(Kudug et al. 2019; Kaplan et al. 2021). In summary,
for protein expression, pTOLT clones were
transformed into £. co/i BL21 (DE3) pLysE and spread
on LB medium containing ampicillin (100 pg ml?).
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After overnight incubation, the colonies were
transferred to the 4 mL LB liquid medium containing
antibiotics. Then the cells were inoculated instead of
600 mL antibiotic LB liquid medium and protein
expression was induced by IPTG when OD600: 0.7. The
cells were collected by centrifugation 4 hours after
induction and lysed by sonicator. The lysate was
centrifuged, supernatant was taken and proteins were
purified by affinity chromatography (Ni-NTA Agarose
Resin). Each fraction taken from the column was
analyzed in SDS-PAGE.

Activity Test of E. coli DNA Ligase enzyme

The pET28b vector was digested for 3 hours with
BamHI and Apal enzyme. After 3 hours, it was
purified with the “Biobasic Gel and PCR Clean-Up” kit.
The digested and purified pET28b vector was ligated
with different amounts of E. coli DNA ligase enzyme
elutions for 2 hours at 25°C.

RESULTS and DISCUSSION

Cloning of the £. coli DNA Ligase Gene into the pTOLT
Vector System

As a result of the PCR reaction, it was observed in the
1% agarose gel that the £ coli DNA ligase gene (LigA)
was amplified in the 2016 bp size (Figure 1).

1 2 3 4 5 6

Figure 1. Analysis of the colony PCR results in 1% agarose
gel. Column 1 is ADNA/EcoRI/ HindIIT Marker,
Columns 3-6 is 2016 bp PCR product.
Sekil 1. Koloni PCR sonug¢larinin %1 agaroz jelde analizi.
Stitun 1, ADNA/EcoRI/ HindIII markeridir, Stitun
3-6, 2016 b¢ PCR tirtintidiir.

Confirmation of cloning was performed by diagnostic
restriction digestion using Mlul and Xhol restriction
enzymes. As seen in Figure 2, it is revealed with the
presence of the . coli Lig A gene region around 2016
bp and the pTOLT vector around 4300 bp.

Diagnostic PCR was also performed with
ligABamHlIsense and ligAKpnlreverse primers using
plasmid DNAs that were found to be positive in the
diagnostic restriction digestion process (Figure 3).

21

4268 bp+

2027 bp
1904 bp

Analysis of the diagnostic digestion results in 1%
agarose gel. Column 1 is ADNA/EcoRI/Hind III
Marker, Columns 4 and 7 are plasmids containing
the E. coli LigA gene, and columns 2, 3, 5, 6, 8 are
plasmids that do not contain the £. colf LigA gene.
Dogrulama kesim sonuglarinin %1 agaroz jelde
analizi. Stitun 1, ADNA/EcoRIl/ HindIIl markeridir,
Siitun 4 ve 7, E. coli LigA genini Iigeren
plazmitlerdir ve siitun 2, 3, 5, 6, 8 E. coli LigA
genini igermeyen plazmitlerdir.

Figure 2.

Sekil 2.

2027 bp
1904 bp

Figure 3 Analysis of diagnostic PCR results in 1% agarose
gel. Column 1 is ADNA/EcoRI/HindIII Marker and
columns 4, 5 are PCR products.

Sekil 3. Dogrulama PCR sonuglarinin %1 agaroz jelde

analizi. Stitun 1, ADNA/EcoRIl/ HindIIl markeridir
ve 4. 5. stitunlar PCR tirtinleridir.

As a result of diagnostic PCR and diagnostic restriction
analysis, F. coli LigA gene has been successfully cloned
into pTOLT vector and, the pTOL-E. coli DNA Ligase
plasmid was obtained (Figure 4).

Expression of E. coli DNA Ligase Protein

The pTOLT plasmid has a DNA sequence encoding the
TolAIII peptide of 9 kDa as fusion. TolAIII is a small
domain, expressed in high yields of soluble proteins in
the cytoplasm of Z. coli. The E. coli DNA ligase enzyme
is 74 kDa in size and appears to be 83 kDa with the 9
kDa TolAIII peptide in SDS-PAGE gel (Figure 5).
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Figure 4. Plasmid map of pTOL- Z. coli DNA Ligase construct to produce TolAIIl and Z. coli DNA Ligase fusion
Sekil 4. TolAIII ve E. coli DNA Ligaz fiizyonunu olusturan pTOL-E.coli DNA Ligazin plazmid haritasi

A . 6 . 3 Ligase enzyme was used (Figure 6). It was clearly seen
that the DNA ligase enzyme produced in this study
-— —— - ligated the DNA fragments. These results reveal that
the effect of inhibitors on £. coli DNA ligase enzyme
can be demonstrated simply in agarose gel

electrophoresis.

95 kDa g

72kDa vl

1 2 3 4 5 6 7

Figure 5. Analysis of the purified £. coli DNA Ligase protein
in 12% SDS-PAGE gel. 1. Page Ruler Plus
Prestained Protein Ladder 2. E. coli BL21 (DE3)
pLysE cell lysates before IPTG addition, 3. £. coli
BL21 (DE3) pLysE cell lysates after IPTG
addition, 4-8. purified Tol-III-A-DNA Ligase
fusion protein.

Sekil 5. Saflastirilan E. coli DNA Ligaz poteininin % 12 SDS-

PAGE jelinde analizi. 1. Page Ruler Plus Prestained
Protein Ladder 2. IPTG ilavesinden once E. coli

Figure 6. Analysis of the activity test of the purified protein
in 1% agarose gel. 1. Enzyme-free sample. 2.
Sample containing elution (1 pl) from E. coli BL21

BL2] . (DE3) pLysE ]1’uc1”e lizatlars, 3. IijG (DE3) pLysE cells without plasmid. 3. Sample

1]'avesmden sonra E. coli BL21 (DE3) pLysE bL{cre containing T4 DNA Ligase enzyme (1 pl). 4.

lizatlars, 4-8. saflagtiilmis TolIII'A-DNA Ligaz ADNA/EcoRI/HindIIT Marker. 5, 6, 7 are samples

fiizyon protein. containing 1, 2, 3 ul of £. coli DNA Ligase elution,
respectively.

The protein obtained in column 4 is> 95% purity. Sekil 6. Saflastirilan proteinin aktivite testinin % 1 agaroz

Protein concentration was determined as 2 mg ml! by jelde analizi 1. Enzim Iigcermeyen numune. 2.

the Bradford method. Plazmid igcermeyen E. coli BL21 (DE3) pLysE

hiicrelerinden elde edilen eliisyonu igeren érnek (1

- . . ul). 8. T4 DNA Ligaz enzimi (1 ul) iceren érnek. 4.

Activity Test of Z coli DNA Ligase enzyme \DNA EcoRIHimlIT Maarher. 3. 6, 7 sraseyla 1, 2

The activity test was performed by taking different 3 ul E. coli DNA Ligaz eliisyonu i¢eren orneklerdir.

concentrations of E. coli DNA ligase enzyme purified
by affinity chromatography. As a negative control, an CONCLUSION

Enzyme-free sample and a sample containing elution DNA ligase plays
(1 pb) from E. coli BL21 (DE3) pLysE cells without
plasmid were used. As a positive control, T4 DNA

an important role in DNA
recombination, replication, and repair of all living
organisms. The bacterial NAD*-dependent DNA ligase

22
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(LigA) has high potential as a broad spectrum
antibacterial target. Bacterial NAD+*-dependent DNA
ligase is essential for the viability of all Gram-positive
and Gram-negative bacteria tested so far, including S.
aureus, S. pneumoniae, FEscherichia coli, Salmonella
typhimurium, Bacillus subtilis, Salmonella enteritidis
(Dermody et al. 1979; Kaczmarek et al. 2001; Meier et
al. 2008; Shuman 2009). NAD*-dependent DNA ligases
were not detected in humans, which led to the research
that it could be the target for broad-spectrum
antibiotics (Brotz-Oesterhelt et al. 2003;

Georlette et al. 2003; Gong et al. 2004; Kaczmarek et
al. 2001; Lee et al. 2000; Sriskanda and Shuman (2002)
spectrum antibiotics (Brotz-Oesterhelt et al. 2003;
Georlette et al. 2003; Gong et al. 2004; Kaczmarek et
al. 2001; Lee et al. 2000; Sriskanda and Shuman 2002).
NAD+*-dependent DNA Ligases have low similarity
with eukaryotic DNA ligase, and the need for NAD* as
a substrate for ligase activity makes the bacterial
ligase unique, thus limiting toxicity for humans
(Korycka-Machala et al. 2007). Ligases are found in all
three systems of life (bacteria, archaea and
eukaryotes), while NAD*-dependent enzymes are only
present in bacteria (Wilkinson et al. 2001). At least one
NAD*dependent DNA ligase is found in each
bacterium. Genetic studies have demonstrated that
the LigA gene is required for E. coli growth (Shuman
2009). NAD+dependent ligase (LigA) is an essential
enzyme for the survival of £. coli and its homologous
protein may be required for all bacteria (Wilkinson et
al. 2001).

In this study, the £. coliDNA ligase gene fragment was
cloned into the pTOLT vector system. The protein
expression was performed in E. coli BL21 (DE3) pLysE
cells and the protein was purified. The E. coli DNA
ligase protein was highly expressed by fusion with the
TolAIII peptide. The greatest advantage of expression
in combination with TolAIII is that it provides high
efficiency protein production in Z. coli (Anderluh et al.
2003). The TolAIII peptide significantly increased the
production of E. coli DNA ligase protein. The activity
of the purified protein was confirmed by an activity
test. It has been revealed that the effect of selected
inhibitors can be studied simply on the enzyme we
produce within the scope of this study. In addition, the
produced Z. coli DNA ligase enzyme can also be used
in molecular cloning processes.
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ABSTRACT

The aim of study as to determine the effects of some composts on the
nutritional value of Pleurotus pulmonarius (Fr.) Quel. The energy,
dry matter, moisture, crude protein, fat, ash, organic matter, and
nitrogen free extract were 311.3-313.9 (kcal 100 g'1), 91.8-92.5, 7.5-
8.2, 27.3-38.6, 1.5-1.9, 5.3-6.4, 35.9-46.8 and 86.0-87.1 (g 100 g'!) of
dry weight, respectively. The contents of polymeric substance were
determined 13.6-16.2% of cellulose, 20.4-21.8% of hemicellulose and
0.1-0.3% of lignin. It was observed that the crude fat, energy, lignin
and hemicellulose contents of P. pulmonarius were not statistically
significant depending on the substrates used in the culture (p>0.05),
but there were variations in other nutrients (p<0.05). It is highly
valued as a good source of proteins, energy and carbohydrates, but
rather low in their fat, lignin and hemicellulose contents. It supports
that the substrate products used in the culture of P. pulmonarius can
affect the nutrient composition of the mushroom such as energy,
crude protein and carbohydrate.
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Bazi Lokal Lignoseliilozik Atiklar Uzerinde Kiiltiirii Yapilan Pleurotus pulmonarius (Fr) Quel’in

Besin Igerigi

OZET

Bu calismanin amaci, bazi kompost ortamlarimin Pleurotus
pulmonarius (Fr.) Quelin besin degeri tizerindeki etkilerini
belirlemektir. Enerji, kuru madde, nem, ham protein, yag, kiil,
organik madde ve azotsuz 6z madde miktarlar: kuru agirhigin; 311.3-
313.9 (kcal 100 g1), 91.8-92.5, 7.5-8.2, 27.3-38.6, 1.5-1.9, 5.3-6.4,
35.9-46.8 ve 86.0-87.1 (g 100 g!) olarak bulunmustur. Polimerik
madde igerigi ise % 13.6-16.2 seliloz, % 20.4-21.8 hemiseliloz ve %
0.1-0.3 lignin olarak belirlenmigtir. Mantarin; ham yag, enerji, lignin
ve hemiseliiloz igeriginin, kultirde kullanilan substratlara bagh
olarak istatistiksel olarak énemli bir farklilik bulunmadig (p>0.05),
fakat diger besin 6gelerinde ise degiskenlikler oldugu gézlenmistir
(p<0.05). P. pulmonarius, iyi bir karbonhidrat, enerji, protein
kaynagi olarak olduk¢a degerlidir, ancak yag, lignin ve hemiseliiloz
icerikleri bakimindan olduk¢a dustktir. P. pulmonariusun
kiltirinde kullanilan substrat Urlinlerin mantarin enerji, ham
protein ve karbonhidrat gibi besin bilesimini etkileyebilecegini
desteklemektedir.
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INTRODUCTION and serve as good source of many nutraceutical

Mushrooms are natural edible gift for humankind
with unique taste, flavor and medicinal properties
(Maity et al., 2021). Edible mushrooms have drawn
remarkable interest of the food industry. They were
called the “Food of the Gods” (Valverde et al., 2015)

compounds such as protein, unsaturated fatty,
carbohydrate, mineral substances, vitamins, amino
acids, dietary fiber, volatile organic compounds etc
(Corréa et al., 2016; Bach et al., 2017; Sardar et al.,
2017; Ma et al., 2018). It has been recently shown
that mushrooms have bioactive compounds exhibiting
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antioxidant, antiviral, antifungal, antimicrobial,
hepatoprotective, antimutagenic, anticarcinogenic,
antituberculoid, cytotoxic, antitumor, immunological,
antidiabetic, hypolipedemic, antiinflammatory etc.
making them as alternatives to synthetic drugs
(Wasser and Weis, 1999; Wasser, 2011, 2014;
Carrasco-Gonzélez et al.,, 2017; Finimundy et al.,
2018; Barbosa et al., 2020).

It is estimated that over 2300 mushroom species have
some medical and nutritional value, but only around
25 are widely accepted as food and few are
commercially cultivated. However, the global
mushroom cultivation industry and economy is based
on five species: button mushroom Agaricus bisporus
(J.E. Lange) Imbach, oyster mushroom Pleurotus
ostreatus (Jacq.) P. Kumm., shiitake mushroom
Lentinula edodes (Berk.) Pegler, wood ear mushroom
Auricularia  auricula-judae (Bull) Quél., enoki
mushroom Flammulina velutipes (Curtis) Singer and
its cultivars (Mleczek et al., 2020). According to the
FAO data, global mushroom cultivation amounted
almost 9 million tons in 2018, indicating that it was
one of the fastest growing branches of horticulture. In
the last 10 years, the harvest of fruiting bodies has
doubled together with an increase in species diversity
(FAO, 2018).

The genus Pleurotus (Fries) Kummer (Basidiomycota,
Agaricales) is probably the best known edible
mushroom genus in the world due to its gastronomic,
nutritional importance and also medicinal properties
(Knop et al., 2015; Correa et al., 2016), as much as
they achieved the second position in the production of
edible mushrooms (Royse et al., 2017). It is estimated
that there are more than 200 species of fungi of the
genus Pleurotus spp., all of which are edible and
appreciated for their taste, aroma, and texture, as
well as the health enhancing bioactive potentials
(Bazanella et al., 2013; Valverde et al., 2015). The
most important Pleurotus species cultivated in large
scale are P. ostreatus and P. pulmonarius. The second
often marketed by spawn manufacturers and
cultivators under the incorrect name “P. sajor-caju’.
The real P. sajor-caju is in fact a separate species of
mushroom, which was returned to the genus Lentinus
by Pegler (1975), and is correctly named L. sajor-caju
(Buchanan, 1993).

P. pulmonarius, also known as the Indian Oyster,
Ttalian Oyster, Phoenix Mushroom, or the Lung
Oyster, is most commonly known as the grey oyster
mushroom, which 1is characterized by a grayish
colored sporophore, which has a fleshy texture and
produces an aromatic, not anise-like aroma (Stamets,
2010). It is widely marketable and sells well in
several other countries (Lechner et al., 2004; Li et al.,
2015; Wu et al., 2019).

The most produced commercial mushroom in Turkey,
which known and constituting market share, are
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generally A. bisporus and P. ostreatus. Although the
P. pulmonarius, known as P. sajor-caju, has been
studied in the academic field for years, it is not
sufficiently recognized by consumers and has no
market share. The simplicity of cultivation of this
species, its completion in a short time (2 months), as a
result of obtaining 4 harvests, spreading it in terms of
earliness and diversity and increasing its market
share are important for producers. Determining that
it has important nutritional values as a food source
increases the importance of the subject.

In this study, it was aimed to determine the
nutritional values of the P pulmonarius by
evaluating the Medicago sativa L. straw, Prangos
pabularia Lindl. wastes and Poplar sawdust
residues, which can be provided abundantly and
cheaply in our region, and to spread the production of
this species as a cultivated mushroom and to
establish a market share.

MATERIAL and METHODS
Obtaining The Materials

The mushroom samples used in this study were was
obtained from the previous culture work (Akyuz et al.,
2019). For the formation of basidiocarp, Medicago
sativa L. (MS), Prangos pabularia Lindl. (PP) and
Poplar sawdust (PS) were used as culture media.
These local lignocellulosic wastes were obtained from
the vicinity of Bitlis, Turkey. Three types of compost
were prepared, consisting of a mixture of MS-PP (1:1),
MS-PS (1:1) and MS. In addition, MS was used as the
control treatment. The samples were harvested, dried
at room temperature for 15 days, placed in locked
bags, stored at 25°C in lab, and then samples used in
this study.

Methods
The energy, nutrient contents (moisture, protein, ash,
fat, carbohydrate) and lignocellulosic content

(hemicellulose, cellulose, lignin) were performed in
the Faculty of Veterinary Medicine, Firat University,
Turkey. The selected biochemical properties moisture,
ash, crude protein, fat, ash (AOAC, 1990) crude
cellulose (Crampton and Maynard, 1983) and
lignocellulosic contents (Vansoest et al., 1991) were
determined by appropriate methods. The lipid content
was analysed by the Soxhlet extraction method using
ethyl ether as the extraction solvent. Protein content
was determined by the Kjeldahl method using 6.25 as
converting factor to protein. Calculations were made
with the following formulas:

Nitrogen-free extract % dry matter — (% crude fat + %
crude ash + % crude protein + % crude cellulose) (6]
Organic matter: % dry matter— % crude ash 2
The energy (kcal) 4 x (protein + carbohydrate) + 9 x fat (3)
Cellulose: ADF - Lignin (4)
Hemicellulose: NDF - ADF (5)
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RESULTS and DISCUSSION

Nutritive value of various lignocellulosic residues are
changeable in dry matter, moisture, crude proteins,
ash, nitrogen free extract, polymeric substances,
organic matter and energy values. They have high
lignocellulosic content, but have low fat contents. The
nutritional value and bioactive compounds content of
mushrooms are change according to the species, the
stage of maturation, the substrate and used the
growing conditions. Various lignocellulosic wastes
used in this study are contained 92.1-94.5% dry

matter, 112-161 kcal energy, 8.2-15.9% crude protein,
1.4% crude fat, 3.4-10.3% crude ash, 81.8-91.1%
organic matter and 12.7-24.4% nitrogen free extract.
They are also contained the polymeric substances,
cellulose, hemicellulose and lignin in the range of
37.2-51.8%, 12.9-17.6% and 12.6-23.1%, respectively
(see Table 1). The dry matter, moisture, energy, crude
protein, crude fat, crude ash, nitrogen free extract,
organic matter, cellulose, lignin and hemicellulose
content of lignocellulosic wastes were significantly
different among substrates (p<0.05) shown in Table 1.

Table 1. Nutritive values of P. pulmonarius grown on some lignocellulosic residues (%, air-dried basis)
Cizelge 1. Bazi lokal lignoseliilozik atiklar iizerinde kiiltiirii yapilan P. pulmonariustun besin icerigi (%, havada kuru esasinda)

Material Dry ] Energy Crude Crude Crude Organic Nitrogen- Lignocellulosic content (%)
Matter Moisture |y ca1) Protein Fat Ash Matter gfijac . Hemicellulose | Cellulose ‘ Lignin
Nutrient content of substrates
PP 94.5+0.3 5.5+0.32 143.2+1.9b 8.2+0.32 1.4+0.32 3.4+0.12 91.140.4¢ 24.440.6° 17.6+0.2¢ 51.8+0.3¢ 12.6+0.12
PS 94.2+0.2P 5.8+0.22 112.4+1.32 12.3+0.1° 1.4+0.22 5.7+0.3P 88.5+0.4P 12.7+0.52 12.9+0.32 48.2+0.2P 23.1+0.1¢
MS 92.1+0.92 7.9+0.90 161.0+1.3¢ 15.94+0.2¢ 1.4+0.3* | 10.3+0.6 | 81.8+0.42 21.1+0.3P 13.8+0.3" 37.2+0.22 13.7+0.1b
F values 17.7 17.7 788.8 1164.9 0.048 278.3 442.6 455.6 336.8 2970.9 9702.8
pvalues 0.003 0.003 0.000 0.000 0.953 0.000 0.000 0.000 0.000 0.000 0.000
Nutritive value of P. pulmonarius grown on some local residues
MS PP (1:1) 91.8+0.3% 8.2+0.3Y 311.3+4.9% 30.9+2.7¢ 1.5+0.6% 5.3+0.2% 86.4+0.2% 43.6+3.5Y 20.442.1% 16.2+1.6Y 0.1+0.1%
MS -PS (1:1) 92.4+0.1Y 7.6+0.1% 313.9+4.4% 27.3+1.6% 1.9+0.6¢ 6.4+0.1Y 86.0+1.0% 46.8+1.1Y 20.4+1.6% 13.6+0.2% 0.3+0.1%
MS 92.5+0.2 7.5+0.2% 313.545.1% 38.6+1.1Y 1.7+0.2% 5.4+0.4x | 87.1+0.4¥ 35.9+2.1% 21.8+1.0% 15.240.7% 0.1+0.1x
F value 9.2 9.2 0.2 27.2 0.7 34.5 12.4 15.6 0.7 4.8 4.8
pvalue 0.015 0.015 0.785 0.001 0.514 0.001 0.007 0.004 0.534 0.046 0.057

MS: Medicago sativa L., PP: Prangos pabularia Lindl., PS: Poplar sawdust.
Each value is expressed as mean + SD of triplicate analysis (n=3),

abe : Comparison between substrates, *¥% : comparison in different culture media

Values with different small letters in the same column are significantly different at the level of 0.05 (p< 0.05)
Nitrogen free extract: % dry matter — (% crude fat + % crude ash + % crude protein + % crude cellulose)

Organic matter: % dry matter — % crude ash
Cellulose: ADF- Lignin, Hemicellulose: NDF — ADF

The fruit bodies of P. pulmonarius grown on culture
medium obtained from different agricultural wastes
and their mixture in the present study were
determined 91.8-92.5% dry matter, 311.3-313.9 kcal
energy, 27.3-38.6% crude protein, 1.5-1.9% crude fat,
5.3-6.4% crude ash, 86.0-87.1% organic matter and
35.9-46.8% nitrogen free extract of dry weight,
respectively. At the same time cellulose, hemiselose
and lignin contents were determined as 13.6-16.2%,
20.4-21.8% and 0.1-0.3% (see Table 1). The crude fat,
energy, lignin and hemicellulose contents of fruiting
bodies were not significantly different among
substrates (p>0.05), but can changeable in other
nutrient composition and polymeric substance
(p<0.05) as shown in Table 1. Because analysis of the
main components of P. pulmonarius has been
revealed differences in their values as depending on
the nature of the cultivation substrates.

The highest value of dry matter contents was
obtained from MS (92.5%) and MS-PS (1:1) (92.4%),
while lowest value was obtained from MS-PP (1:1)
substrate (91.8%). In previous studies, it was reported
that fresh mushrooms have approximately 90%
moisture and 10% dry matter, and dried mushrooms
have approximately 90% dry matter and 10%
moisture (Ragunathan et al., 1996; Manzi et al., 1999;
Ragunathan and Swaminathan, 2003; Kirbag and
Volkan, 2014; Sardar et al., 2017; Finimundy et al.,
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The energy (kcal): 4 x (protein + carbohydrate) + 9 x fat

2018). It is seen that the values obtained in the study
are consistent when compared with the previous
reports. The variation in the moisture percentage of
the mushroom depends on the species, time of
harvest, growth, storage condition, substrate and
other parameters related to the growth environment
such as temperature and relative humidity
(Guillamon et al., 2010; Reis et al., 2012).

Ash contents ranged from 5.3% to 6.4% and were
significantly different on all substrates (p<0.05, see
Table 1). Ash contents were previously reported 4.4-
13.7% in Pleurotus spp., A. bisporus and L. edodes
(Ragunathan et al., 1996; Mau et al., 1998; Manzi et
al., 1999; Yang et al., 2001; Wang et al., 2001; Rashad
and Abdou, 2002; Ragunathan and Swaminathan,
2003; Oyetayo and Akindahunsi, 2004; Furlani and
Godoy, 2007; Akytuz and Kirbag, 2009; Akyiz and
Kirbag, 2010ab; Kirbag and Volkan, 2014; Finimundy
et al.,, 2018). It has been observed that the ash
content of P. pulmonarius was similar to with the ash
content in those studies.

In general, mushrooms are very low in fat; the fat
fraction is mainly composed of unsaturated fatty
acids. The crude fat contents of P. pulmonarius were
not significantly different among substrates (p>0.05,
see Table 1). Minimum fat level was 1.5% on MS-PP
(1:1) and maximum was 1.9% on MS-PS (1:1) as seen
in Table 1. Fat contents were previously reported
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0.95-3.16% in Pleurotus spp. (Ragunathan and
Swaminathan, 2003), 0.3-4.1% in P. eryngii var.
eryngii and P. eryngii var. ferulae (Akyiiz and Kirbag,
2009; Akyiiz and Kirbag, 2010a), 0.5-4.5% in
Pleurotus spp. (Kirbag and Volkan, 2014), 1.1-4.0% in
Pleurotus spp. (Ragunathan et al., 1996), 1.16% in P.
sajor-caju (Finimundy et al., 2018), 2.6-4.7% in P.
sajor-caju (Oyetayo and Akindahunsi, 2004), 2.16% in
P. ostreatus (Yang et al., 2001), 4.36-6.4% in P.
ostreatus (Rashad and Abdou, 2002), 4.3-4.7% (Wang
et al., 2001), 4.30-5.42% in Pleurotus spp., A. bisporus
ve L. edodes (Furlani and Godoy, 2007). It has been
observed that the fat content of P. pulmonarius was
similar to with the fat contents in those studies.

Organic matters were determined the highest (87.1%)
on MS substrate, while the minimum values (86.0%
and 86.4%) were determined from MS-PP (1:1) and
MS-PS (1:1) substrates (p<0.05, see Table 1). Organic
matters contents were previously reported 76.0-84.0%
in A. bisporus and Pleurotus spp. (Akyiiz and Kirbag,
2010b), 85.1-87.4% in P. eryngii var. eryngii and P,
eryngii var. ferulae (Akyiiz and Kirbag, 2009; Akyiiz
and Kirbag, 2010a). The findings obtained were
supported by previous findings in the aforementioned
studies.

Recently, mushroom origin proteins have been gained
the attention of food industry players and scientific
community, their rich essential amino acid and high
nutritional value when compared to vegetables (Bach
et al., 2017). Therefore, the use of edible mushrooms
for the development of protein-rich food products can
encourage its utilization while offering an attractive
alternative to an animal protein source (Gonzales et
al., 2021). In this study, the highest value of crude
protein (38.6%) was obtained from MS while the
lowest value (27.3% and 30.9%) was obtained from
MS-PS (1:1) and MS-PP (1:1) substrates and was
found to be significantly different (p<0.05, see Table
1). Protein contents were previously reported 25.6-
44.3% in  Pleurotus spp. (Ragunathan and
Swaminathan, 2003), 8.5-29.9% in P. eryngii var.
eryngii and (Akyiiz and Kirbag, 2009; Akyiiz and
Kirbag, 2010a), 26.3-39.3% in Pleurotus spp. (Kirbag
and Volkan, 2014), 27.8-41.6% in A. bisporus and
Pleurotus spp. (Akyiiz and Kirbag, 2010b), 26.9-42.5%
in Pleurotus spp. (Ragunathan et al., 1996), 17.29% in
P. sajor-caju (Finimundy et al., 2018), 14.55-26.34%
in P. sajor-caju (Oyetayo and Akindahunsi, 2004),
23.9% in P. ostreatus (Yang et al., 2001), 29.91-
38.01% in P. ostreatus (Rashad and Abdou, 2002), 41-
53% in P. ostreatus (Wang et al., 2001), 18.98-28.45%
in Pleurotus spp., A. bisporus and L. edodes (Furlani
and Godoy, 2007). In this study, it is seen that the
crude protein value of P. pulmonarius is higher than
some (Yang et al., 2001; Rashad and Abdou, 2002;
Oyetayo and Akindahunsi, 2004; Furlani and Godoy,
2007; Akyiz and Kirbag, 2009; Akytuz and Kirbag,

28

2010; Finimundy et al,. 2018) and more variable than
some (Ragunathan et al.,, 1996; Wang et al., 2001;
Ragunathan and Swaminathan, 2003; Akyiz and
Kirbag, 2010; Kirbag and Volkan, 2014) compared to
previous studies. It is known that the protein content
of mushrooms varies according to the genetic
structure of the species, physical and chemical
differences in the growing environment, the nature
and nutrient content of the substrate used for
cultivation, the mushroom strain, the post harvest
analysis time, and the development stage (Jiskani,
2001; Gothwal et al., 2012).

Edible mushrooms are highly valued as a good source
of carbohydrate and their contents varies usually
range from 26.7% to 76.2% of dry weight
(Ragunathan et al., 1996; Yang et al., 2001; Wang et
al., 2001; Rashad and Abdou, 2002; Ragunathan and
Swaminathan, 2003; Oyetayo and Akindahunsi, 2004;
Furlani and Godoy, 2007; Akytz and Kirbag, 2010ab;
Kirbag and Volkan, 2014; Finimundy et al., 2018).
The highest value (46.8% and 43.6%) for nitrogen free
extract contents were obtained from MS-PS (1:1) and
MS-PP (1:1) and was significantly different from
other substrate (p<0.05), while the lowest value
(35.9%) for nitrogen free extract content was obtained
from MS substrate (Table 1). Nitrogen free extracts
are similar to that reported in the previous studies
(Ragunathan et al., 1996; Wang et al., 2001; Rashad
and Abdou, 2002; Ragunathan and Swaminathan,
2003; Oyetayo and Akindahunsi, 2004; Kirbag and
Volkan, 2014), lower than that reported earlier (Yang
et al., 2001; Furlani and Godoy, 2007; Finimundy et
al., 2018), and higher than previously reported
(Akyiiz and Kirbag, 2010ab).

Based on the crude protein, carbohydrate and fat
contents, the energy value of fruit bodies of P.
pulmonarius were calculated (p>0.05, see Table 1).
The energy values of P. pulmonarius were calculated
to be 311.3, 313.5 and 313.9 (kcal), for MS-PP (1:1),
MS and MS-PS (1:1), respectively. The energy values
were observed to be 272, 316, 288, and 304 kcal for P.
sajor-caju, 280, 298, 287, and 284 kcal for Pleurotus
platypus Sacc., and 295, 274, 307, and 325 kcal for
Pleurotus citrinopileatus Singer (Ragunathan and
Swaminathan, 2003), 267, 292, 308, 285, and 329 kcal
for P. sajor-caju, 298, 302, 286, 291, and 293 kcal for
P. platypus, and 277, 319, 269, 313, and 327 kcal for
P. citrinopileatus (Ragunathan et al., 1996), 384 kcal
for P. sajor-caju (Finimundy et al., 2018). When the
obtained results are compared with previous studies
(Ragunathan et al., 1996; Ragunathan and
Swaminathan, 2003), it has been observed that the
energy value of P. pulmonarius is higher. But some
values are different than those reported by other
researchers (Ragunathan et al., 1996; Ragunathan
and Swaminathan, 2003; Finimundy et al., 2018).
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The highest lignin content of P. pulmonarius was
seen in the MS-PS (1: 1) substrate (0.3%), while the
lowest value was seen in the MS and MS-PP (1: 1)
substrate (0.1%). Cellulose contents ranged from
13.6% to 16.2% and was changeable on all substrates
(p<0.05, see Table 1). Hemicellulose were determined
to be the highest (21.8%) on MS substrate, while the
minimum values (20.4%) were determined from MS-
PP (1:1) and MS-PS (1:1) substrates (p>0.05, see
Table 1). In previous studies, cellulose, hemicellulose,
and lignin of the fruit bodies contents were reported
as  28.4-44.8%, 27.3-41.2% and  13.0-20.0%
respectively (Ragunathan et al., 1996). In another
study, the same values were reported 27.4-46.2%,
23.40-40.30%, and 14.00-20.40% (Ragunathan and
Swaminathan, 2003). The levels of polymeric
substance of fruit bodies of P. pulmonarius were
relatively low compared to earlier published reports
(Ragunathan et al., 1996, Ragunathan and
Swaminathan, 2003).

CONCLUSION and RECOMMENDATION

In the present study, it was observed that the type of
substrate used for cultivation of P. pulmonarius could
influence the nutrient composition such as energy,
crude protein and nitrogen free extract of the fruit
bodies (shown Table 1). P. pulmonarius contain
different amounts of energy, protein, nitrogen free
extract, polymeric substrance such as cellulose and
lignin depending on the composition of the substrates
used for cultivation. The use of P. pulmonarius as
food or ingredient for processing functional products
is promising because of its nutritional attributes and
potential benefits on health.
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OZET Aragtirma Makalesi

Bu calismada, tatlisu midyeleri (Unio tigridis) bakirin (CuSO4

olarak) farkli derigimlerine (0, 30, 90 ug L-1) farkl strelerde (0, 7, 14, Makale Tarihgesi

21giin) maruz birakildiktan sonra, hepatopankreas ve solungac Gelis Tarthi  :05.10.2021
dokularinda katalaz (CAT), siiperoksit dismutaz (SOD), glutatyon Kabul Tarihi :15.11.2021
peroksidaz (GPX), glutatyon rediiktaz (GR) ve glutatyon S-transferaz

(GST) gibi antioksidan enzimlerinin tepkileri incelenmistir. Midyeler Anahtar Kelimeler

21 giin siiren deneyler esnasinda kiltir ortaminda yetistirilen tek Metal

hiicreli algler (Cholorella vulgaris) ile (yaklasik 300,000 alg/ml) Bakar

beslenmiglerdir. Kontrol midyelerde 0-21 giinler arasinda hicbir enzim Midye

aktivitesinde anlamlh (P>0.05) degisim olmamistir. Deneyler sonunda Antioksidan

bakir etkisiyle herhangi bir mortalite gézlenmezken, midyelerin Toksisite

solunga¢ ve hepatopankreas dokularinda antioksidan enzim
aktivitelerinde anlamli (P<0.05) artiglar olmustur. Buna gére
antioksidan enzim aktivitelerindeki en fazla anlamli artis en uzun etki
stiresinde olmustur. CAT ve SOD gibi enzimler, antioksidan savunma
sisteminin 6nciil enzimleri olmasi1 nedeniyle en fazla anlami artisin
gorildigi enzimler olmuslardir. Buna ragmen, solungag ve
hepatopankreas dokularinin toplam protein dizeyinde anlamli bir
degisim olmamistir (P>0.05). Bu c¢alisma, letal olmayan bakirin
midyelerde oksidatif strese neden oldugunu vurgulamagtir.

Investigations on the Responses of Antioxidant Enzymes in Freshwater Mussels (Unio tigridis) Exposed
to Copper in Differing Durations

ABSTRACT
In this study, freshwater mussels (Unio tigridis) were exposed to
different concentrations (0, 30, 90 pg L-1) of copper (as CuSO4) for
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different durations (0, 7, 14, 21 days) and then the responses of the Received 105.10.2021
antioxidant enzymes such as, catalase (CAT), superoxide dismutase Accepted 115.11.2022
(SOD), glutathione peroxidase (GPX), glutathione reductase (GR) and

glutathione S-transferase (GST) were investigated. Mussels were fed Keywords

with the unicellular algae (Cholorella vulgaris) (approximately Metal

300,000 algae mll) cultured in the laboratory conditions. There was Copper
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GIRIS

Cevreye salinan her turli kirleticinin son durag:
genellikle sucul ortamlardir. Bu nedenle sucul
ortamlar1 ve bu ortamlarda yasayan organizmalarin
saghgimmi kontrol etmek c¢evrebilimcilerin 6nem
verdikleri konularin basinda gelmektedir. Metaller
insanlar tarafindan c¢ok uzun yillardir kullanilmig
olmasina karsin, cevreye fazla miktarda salinmalari
sanayilesme devrimiyle baglamistir. Bunun anlami,
20. yuzyilin baglamasiyla birlikte metal kirliligi de
baslamistir. Clark (1989) sularda kirlilik ve
kontaminasyon terimleri arasinda bazi farklar
oldugunu Dbelirtmistir. Buna goére su kirliligi,
metallerin insan tarafindan dogrudan veya dolayl
olarak cevreye salinmasi sonucu sucul organizmalarin
cesitli sekillerde zarar gérmesi seklinde agiklanirken,
kontaminasyon sudaki metal seviyelerinin normal
degerlerden  daha  yiksek  olmasi  geklinde
aciklanmaktadir. Bagka bir deyisle, kontaminasyon
bir uyari sinyali verebilir, ancak kirlilik olabilmesi i¢in
insan faaliyetlerinden kaynaklanmis olmasi ve
organizmalar izerinde olumsuz etkilerinin gézlenmesi
gerekir. Tath sular denizlere gore ¢ok kii¢iik hacimlere
sahip olduklarindan, kirlenmenin etkenlerine c¢ok
daha fazla maruz kalabilmektedirler. Bunun anlama,
tathh sular denize gore daha hassas ekolojik
ortamlardir.

Sucul ortamlarin metal kontaminasyonunun etkisini
dogrudan gozlemleyebilmek genellikle zordur. Bunun
igcin biyobelirte¢ denilen ¢egitli enzimatik veya
enzimatik olmayan molekiller kirleticilerin
etkilerinin belirlenmesinde siklikla kullanilmaktadir.
Boylece sucul organizmalarin yasadig: stres ve i¢inde
bulunduklar fizyolojik durum hakkinda somut veriler
elde edilebilmektedir (Wood ve ark., 2012a ve b).
Midyeler ¢ok o6nemli indikatér organizmalardir ve
cevresel kirliligin veya kontaminasyonunun
belirlenmesinde siklikla kullanmilmaktadir (Nugroho ve
Frank, 2012; Goswami ve ark., 2014; Zhou ve ark.,
2021). Bunun en é&nemli nedenleri, midyelerin
beslenme sekilleri ve yerlesik yasam tarzlaridir. Suyu
filtre ettiklerinden suda bulunan metallerin midyeler
tarafindan yogun bir sekilde alinmasi ve besin zinciri
yoluyla tasinmasi, diger sucul canlilara goére daha
fazla olabilmektedir. Bu bakimdan midyeler besin
zinciri acgisindan da ¢ok o6nemli organizmalardir.
Kirliligin  potansiyel etkilerini belirlemek ig¢in
midyelerin solunga¢ ve hepatopankraes gibi aktif
organlarinda biyobelirte¢ analizleri yaparak hem
midye biyolojisi agisindan hem de insanlarin bir besin
kaynagi olmasi agisindan 6nemli veriler elde edilebilir
(Doyotte ve ark., 1997; Sukhovskaya ve ark., 2019). Bu
nedenle, farkli sistemlere 6zgii enzim aktivitelerinin
cesitli organlarda belirlenmesi daha sonra meydana
gelebilecek ¢ok ciddi hasarlar agisindan “erken uyari
sinyali” olarak kullanilabilecegi o6ne strilmustir
(Canli ve Stagg, 1996).
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Antioksidan enzimler aerobik organizmalarda gerek
organizmasinin kendi metabolizmasinin Urettigi,
gerekse digaridan alinan kimyasallarin neden oldugu
oksidatif stresi engellemek i¢in calisan bir enzim
grubudur. Bu enzimler ve gorevleri kisaca su sekilde
aciklanabilir. SOD, slperoksit anyon radikalini
hidrojen peroksit'e dontstirir. CAT hidrojen
peroksit'i suya indirger. GPX, hidrojen peroksiti
azaltir, peroksitleri ve siiperoksit radikallerini giderir
ve ayrica okside glutatyonu, indirge glutatyona
dontsturur. GST, GSHmin  ksenobiyotiklerle
konjugasyonunu katalize eder. GR, okside olmus
glutatyonu bir elektron donéri gorevi goren GSH'ye
indirger. Organizmalarda serbest radikaller ve
antioksidan savunma sistemleri arasinda dogal bir
denge s6z konusudur. Bu dengenin serbest radikaller
yoniine kaymasi durumunda oksidatif stres meydana
gelir (Winston, 1991). Bu bakimdan antioksidan
sistemin enzimleri ¢evresel faktorlerin neden oldugu
oksidatif stres ile basa cikmada 6nemlidir (Goswami ve
ark., 2014; Canli ve ark., 2019; Zhou vd, 2021).
Antioksidan enzim aktiviteleri sucul ve karasal
organizmalarin karsilastigr stres hakkinda bilgi
vermesi agisindan 6nemlidir ve bu nedenle toksikolojik
calismalarda siklikla kullamilmaktadir (Wood ve ark.,
2012a ve b).

Dogal sucul ortamlarda midyelerdeki metal birikimi
ve toksistesi Uzerine yapilmis calismalar, bilyik
sehirler ve sanayii bolgeleri disinda midyelerdeki
metal birikimini toksik diizeylerde olmadigini
vurgulamigstir. Benzer sekilde, bu c¢alismada
kullanilan kontrol midyelerin dokularinda da metal
birikimi ¢ok az miktarlarda 6l¢tildigiinden, midyelerin
dogal ortamlarinda da metal kirliligi olmadigini
vurgulamistir (Canli ve Canli, 2021a). Laboratuvar
deneyleri bakir dahil metal etkisinde kalmanin
midyelerin antioksidan sistemini harekete gecirdigi ve
antioksidan enzim aktivitelerinde anlamli artiglarin
yaninda azalglarin da oldugunu gostermigtir
(Rajalakshmi ve Mohandas, 2005; Company ve ark.,
2008; Jorge ve ark., 2013; Mlouka ve ark., 2019; Zhou
ve ark., 2021; Canli ve Canli, 2021b). Bu calismalar,
metallerin midyelerde antioksidan savunma sistemini
etkilerken metal derigiminin yaninda, etki siiresi,
suyun kimyasal ozellikleri ve tirin biyolojik
ozelliklerinin de o6nemli oldugunu vurgulamigtir.
Boylece, bakirin siireye baghh olarak tathisu
midyelerinin antioksidan sistem enzimleri iizerine
olan etkilerinin belirlenmesi amaciyla bu calisma
planlanmigtir. Bunun i¢in, U. tigridis turi tathisu
midyeleri farkli bakir derisimlerine (0, 30, 90 pg/L)
farkl: siirelerde (0, 7, 14 ve 21 giin) maruz birakilarak
CAT, SOD, GPX, GR ve GST gibi antioksidan enzim
aktiviteleri solunga¢ ve hepatopankreas dokularinda
olculmiustiir. Boylece, diigiik derigsimlerde kronik bakir
etkisinin midye antioksidan sistemine olan toksik
etkileri degerlendirilmistir.
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MATERYAL ve METOD
Deney Sartlari

Bu calismada Unionidae familyasina ait midyeler
(Unio tigridis) kullamlmistir. Midyeler profesyonel
dalgiclar yardimiyla Gélbasi goéliinden (Hatay) 1-6
metre derinliklerde toplanmistir (36° 30'17.6 "N 36°
29'10.8" E). Toplanan midyeler uygun sartlarda hizh
bir gekilde laboratuvara getirilip, iki hafta siiresince
laboratuvar sartlarina uyumlar: saglanmistir. Bunun
icin midyeler cam akvaryumlara (40x40x120 cm; 120
L) almarak deneyin yapilacagi su (pH; 8.3+0.08,
toplam sertlik; 304.2+21.2 mg CaCOs L1, alkalinite;
195+11.4 mg Ca2COsLY, iletkenlik; 580+10.8 uS cm)
sartlarina adaptasyonlar1 saglanmigtir. Deneyler
22+1.0 °C laboratuvar sicaklhiginda yapilmis olup,
midyelere oksijen saglamak (6.0+1.0 mg Li'?) i¢in hava
motorlari ile havalandirma yapilmistir. Suyun fiziksel
ve kimyasal kontrolleri Thermo Scientific Orion 5-Star
cihaz ile diizenli olarak yapilmistir. Deney ortami 12
saat aydinhik, 12 saat karanlik periyodu ile
aydinlatilmigtir. Bitiin kimyasallarin analitik saflikta
olmasina dikkat edilmis olup, Sigma sirketinden
saglanmigtir.

Tek Hiicreli Alg Uretimi

Midyelerin hem adaptasyon hem de deneyler
esnasinda beslenmelerini saglamak amaciyla tek
hiicreli tathisu alg (Cholorella vulgaris) iretimi
yapilmistir. Alg kultiirleri, 8 L kiltur ortami iceren
cam kavanozlarda tutulmustur. Alg Gretim ortamlar:
(BNBBM+V  ortami) siirekli olarak hava ile
karigtirilmig olup, ortam sicakligi ortalama 22+2 °C'de
olmustur. Aydinlatma floresan lambalar (Philips TLM
40W/54RS) ile 80 umol/m2/s 1s1k siddeti seviyesinde
16:8 (U:D) fotoperiyodu ile yapilmis olup, 1s1nim
seviyesi, bir radyasyon sensorii LI-COR (LI-250)
kullamilarak Dbelirlenmigtir. Alg sayilarn UV-vis
spektrofotometre (Schimadzu UV-1800) kullanilarak
680 nm'de optik yogunluk 6l¢ciimleri ile gunliik olarak
belirlenmig olup, alg tretimi 680 nm'de 1513+30
rakamlarina ulasincaya kadar bir hafta boyunca
devam etmigtir. Bu algler stok algler olarak
adlandirilmig ve midye beslemesinde kullanilmigtir.

Deney Protokolii

Adaptasyon sonunda, midyeler 33x33x40 cm
ebatlarinda olan ve 20 L ¢esme suyu iceren cam
akvaryumlara dagitilmigtir. Bu dagitimlar rastgele
yapildigindan gruplar arasinda midyelerin agirligi
(30,21+1,33 g ve wuzunlugu (58,65+0,97 mm)
bakimindan anlaml bir fark gériilmemistir (P>0.05).
Daha sonra midyeler bakirin (CuSO4 olarak) farkl
derisimlerine (0, 30, 90 pg L-1) farkh siirelerde (0, 7, 14,
21 giin) maruz birakilmistir. Deneylerde her bir kosul
icin 12 midye kullanilmistir. Deneyler sirasinda, cam
yizeye tutunma, suyun buharlasmasi ve bakirin dibe
¢okmesi gibi nedenlerle akvaryumlardaki bakir
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derigimleri ve akvaryum sulari her ikinci giinde
yenilenmigtir. Midyeler her su degisiminden 6nce tek
hiicreli tathsu algleri (Cholorella vulgaris) ile
beslenmistir (yaklasik 300,000 alg ml! olacak sekilde).
Midyelerin beslenmeleri karanlik ortamda 5 saat siire
ile  yapilmgtir. Farkli zaman  dilimlerinde
akvaryumlardan ¢ikartilan midyelerin 6nce canli olup
olmadiklari not edilmigtir. Midyelerin kabuklari sikica
kapaliysa canh kabul edilmistir. Ayrica, disseksiyon
sirasinda da hayvanlarin canlilign onaylanmistir.
Daha sonra midyeler kabuklari1 birbirine baglayan én
ve arka adduktor kaslarinin kesilmesiyle acilmig ve
dokular dissekte edilerek kullanilacaklar1 zamana
kadar —85 °C’de (Esco UUS-480A) saklanmistir.

Antioksidan Enzim Aktivite Olgiimleri

Enzim aktivitelerinin 6l¢imintn yapilabilmesi i¢in
solungag¢ ve hepatopankreas dokular1 oncelikle
homojenize edilmistir. Her deney grubu i¢in kullanilan
12 midyenin solunga¢ ve hepatopankreas dokulari
ikigerli olarak birlestirilmis olup, boylece her dokudaki
6lcimler 6 tekrarhi olarak yapilmistir. Bunun igin,
derin dondurucuda (-85 °C) saklanan dokular eritilip
tartildiktan sonra 1/10 (w/v) oraninda 100 mM KCl ve
100 mM KH2POys iceren bir tampon ile (pH 7.4) 9500
rpm’de 5 dakika siire ile buz igerisinde homojenize
edilmigtir. Elde edilen homojenatlar 30 dakika siire ile
10,000 rpm’de santrifiij (Hettich Universal 30 RF)
edilmis ve slUpernantantlar enzim aktivitelerinin
belirlenmesinde kullanilmigtir.

Antioksidan enzim aktivitelerinin 6lgimii  i¢in
asagidaki metotlar kullamlmigtir; SOD aktivitesi, 1
mL 50 mM fosfat tamponu (pH 7,8), 0,1 mM EDTA, 10
mM sitokrom ¢, 0,05 mM hipoksantin, 1,87 mU mL,
supernatant ve ksantin oksidaz igeren reaksiyon
ortaminda, 1 dk sure boyunca sitokrom c
rediksiyonunun 550 nm’deki  inhibisyonunun
gozlendigi yonteme gore 6lciilmiistir (McCord ve
Fridovich, 1969). GPX aktivitesi, 1 L son hacimde 100
mM fosfat tamponu (pH 7.4), 2 mM GSH, 0.12 mM
NADPH, 2 U GR, supernatant 3 mM CHP igeren
ortamda NADPH absorbans azalisitnin 340 nm’de
gozlenmesi sonucu 6lclilmiistiir (6=6.22 pmol! cm?)
(Livingstone ve ark.,1992). CAT aktivitesi, 1 dk
stireyle son hacmi 1 mL olan 75 mM fosfat tamponu
(pH 7,4), 25 mM H20:2 ve 20 pL supernatant iceren
ortamda absorbans azaliginin 240 nm’de kaydedilmesi
ile él¢iilmiistiir (=0,0392 umol ! cm?) (Lartillot ve ark.,
1988; Bessey ve ark., 1946). GST aktivitesi, 1 mLlik
100 mM fosfat tamponu (pH 7.4), 1 mM GSH, 1 mM
CDNB ve supernatant igeren reaksiyon ortamindaki
340 nm'de 1 dk siureyle GSH ve CDNB
konjugasyonuna bagli absorbans artigina baglh olarak
6lciilmiistiir (Habig ve ark., 1974). GR aktivitesi de
ayn1 esasa dayali olarak 100 mM fosfat tamponu (pH
7.4), 0.1 mM NADPH, supernatant ve 1 mM GSSG
iceren reaksiyon ortaminda 6lciilmiistiir (Carlberg ve
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Mannervik, 1975). Protein diizeyleri Lowry ve ark.
(1951) yéntemi kullanmilarak dl¢iilmiistiir.

Istatistiksel Analizler

Elde edilen verilerin oncelikle dagilim sekilleri
belirlenerek buna gore uygun istatistik testler
kullanilmistir  (SPSS 20). Nonparametrik veriler
Kruskal Wallis ve/veya Mann-Witney U testi ile,
normal dagilim gosteren veriler ise One Way Anova
ve/veya T testi ile analiz edilmigtir. Sonuc¢larda verilen
P degerleri Mann-Witney U testi veya T testinden elde
edilen verilerdir. Elde edilen verilerin
(ortalamatstandart hata) grafikleri Microsoft Excel
Programi ile ¢izildikten sonra grafik tizerinde
istatistiksel 6nem diizeyleri de belirtilmigtir.
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Yirmi bir giin siiren deneyler sirasinda bakir etkisinde
kalan midyelerde ve kontrol gruplarinda herhangi bir
6lim olay1 gézlenmemistir. Deney sonuglar1 solungag
ve hepatopankreas dokularinda bakirin oksidatif
strese neden oldugunu ve bitiin enzim aktivitelerinde
anlamli  (P<0.05) artiglara neden  oldugunu
gostermistir. Ancak kontrol midyelerde 0-21 giin
arasinda antioksidan enzim aktivitelerinde
dalgalanmalar olsa da, bu degisimlerin higbiri
istatistiki olarak anlamli (P>0.05) olmamistir. Kontrol
midyelerin solungag ve hepatopankreasinda CAT
aktivitesi (umol H2O2/mg prot./dk.) sirasiyla 60.0+7.59
ve 199.8+12.03 olarak 6l¢tilmiistiir. Her iki dokuda da
CAT aktivitesi anlamh (P<0.05) artislar gostermigtir
(Sekil 1).

0 T T T
0 7 14
Etkide Kalma Siiresi (giin)

os}

400 -

= &= Kontrol ==8==30ppbhCu ====90 ppb Cu

350 A

300 A

250 A

200 A

150 A

100 A

50 4

CAT Aktivitesi (umol H,0,/mg prot./dk.)

0 . . T

21

0 7 14
Etkide Kalma Stiresi (glin)

21

Sekil 1. Farkli derisim ve siirelerde bakir etkisinde kalan midyelerin solungac (A) ve hepatopankreas (B)
dokularinda CAT aktivitesi. * igareti her etki siiresinde kontrol grubu ile bakir etkisinde kalan
midyelerdeki anlaml (P<0.05) fark: gostermektedir.

Figure 1. Activities of CAT in the gill (A) and digestive gland (B) of mussels exposed to copper in differing
concentrations and durations. * indicates significant differences (P<0.05) among individual control group

and its copper exposure groups.
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SOD aktivitesi (U/mg prot.) kontrol midyelerin
solungag¢ ve hepatopankreasinda sirasiyla 26.98+7.03
ve 18.98+2.95 olarak olgilmustir. SOD aktivitesi her
iki dokuda bakir etkisiyle anlamh artiglar (P<0.05)
gostermistir (Sekil 2). Kontrol midyelerin solungac ve
hepatopankreasinda GPX  aktivitesi  (umol/mg
prot./dk.) swrasiyla 0.42+0.03 ve 0.32+0.04 olarak
6lcilmiis olup, bakir etkisinde kalan gruplarda GPX
aktivitesinde anlamli (P<0.05) artislar goézlenmistir
(Sekil 3). GR aktivitesi (umol/mg prot./dk.) kontrol
midyelerin solungag¢ ve hepatopankreasinda sirasiyla
0.045+0.05 ve 0.065+0.01 olarak dl¢ulmuistiir. Her iki
dokuda da bakir etkisiyle GR aktivitesinde anlamh
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Research Article
(P<0.05) artiglar olmustur (Sekil 4). Kontrol
midyelerde GST aktivitesi (umol/mg prot./dk.)

solunga¢ ve hepatopankreas dokularinda sirasiyla
0.11+0.032 ve 0.08+0.021 olarak 6l¢ilmiis olup, bakir
etkisinde kalan midyelerde GST aktivitesinde anlaml
(P<0.05) artiglar gozlenmistir (Sekil 5). Deney
baslangicinda (0. giin), kontrol midyelerin solungag ve
hepatopankreas dokularindaki toplam  protein
diizeyleri (mg protein/g y.a.) sirasiyla 8.03+0.97 ve
20.0+1.98 olarak 6l¢ilmiuistir. Yedinci, 14. ve 21. glin
sonunda yapilan Ol¢giimlerde toplam  protein
dizeylerinde dalgalanmalar olsa da, bu degisimler
istatistiki olarak anlaml (P>0.05) olmamistir (Sekil
6).
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Sekil 2. Farkli derisim ve siirelerde bakir etkisinde kalan midyelerin solungac (A) ve hepatopankreas (B)
dokularinda SOD aktivitesi. * isareti her etki slresinde kontrol grubu ile bakir etkisinde kalan
midyelerdeki anlaml (P<0.05) fark: géstermektedir.

Figure 2. Activities of SOD in the gill (A) and digestive gland (B) of mussels exposed to copper in differing
concentrations and durations. * indicates significant differences (P<0.05) among individual control group

and its copper exposure groups.
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Sekil 3. Farkli derisim ve siirelerde bakir etkisinde kalan midyelerin solungac¢ (A) ve hepatopankreas (B)
dokularinda GPX aktivitesi. * igareti her etki sliresinde kontrol grubu ile bakir etkisinde kalan
midyelerdeki anlaml (P<0.05) fark: gostermektedir.

Figure 3. Activities of GPX in the gill (A) and digestive gland (B) of mussels exposed to copper in differing
concentrations and durations. * indicates significant differences (P<0.05) among individual control group
and its copper exposure groups.
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Sekil 4. Farkli derigim ve siirelerde bakir etkisinde kalan midyelerin solungac (A) ve hepatopankreas (B) dokularinda GR
aktivitesi. * igareti her etki siiresinde kontrol grubu ile bakir etkisinde kalan midyelerdeki anlaml (P<0.05) farki
gostermektedir.

Figure 4. Activities of GR in the gill (A) and digestive gland (B) of mussels exposed to copper in differing concentrations and

durations. * indicates significant differences (P<0.05) among individual control group and its copper exposure
groups.
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Sekil 5. Farkli derisim ve siirelerde bakir etkisinde kalan midyelerin solungac (A) ve hepatopankreas (B) dokularinda GST
aktivitesi. * igareti her etki siiresinde kontrol grubu ile bakir etkisinde kalan midyelerdeki anlaml (P<0.05) fark:
gostermektedir.

Figure 5. Activities of GST in the gill (A) and digestive gland (B) of mussels exposed to copper in differing concentrations and

durations. * indicates significant differences (P<0.05) among individual control group and its copper exposure
groups.
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Sekil 6. Farkli derigim ve siirelerde bakir etkisinde kalan midyelerin solungac (A) ve hepatopankreas (B) dokularinda toplam
protein derigimi. * igsareti her etki siiresinde kontrol grubu ile bakir etkisinde kalan midyelerdeki anlamli (P<0.05)

fark: gostermektedir.
Figure

6. Concentrations of total proteins in the gill (A) and digestive gland (B) of mussels exposed to copper in differing

concentrations and durations. * indicates significant differences (P<0.05) among individual control group and its

copper exposure groups.

Bu ¢alismada, 21 giin stresince bakir etkisinde kalan
midyelerde herhangi bir mortalitenin goriilmemesi,
kullanilan bakir derisimlerinin subletal oldugunu
gostermektedir. Bu c¢alismada kullanilan bakir
derisimlerinin subletal oldugu baska midyelerde de
gosterilmistir (Rajalakshmi ve Mohandas, 2005;
Company ve ark., 2008; Zhou ve ark., 2021). Ancak,
deneylerde  midye  o6luimlerinin  gozlenmemesi,
midyelerin bakir maruziyetinden etkilenmedigi
anlamina gelmez. Zira hem solungag hem de
hepatopankreas dokularinda Dbiitin antioksidan
enzimlerin aktivitelerinde anlamli artiglar goriilmis
olmasi midye metabolizmasinin bakira kars1 tepki
verdigini ve oksidadif stres ile basa ¢ikmaya ¢aligtigim
gostermektedir.

Bilindigi gibi oksidatif stres tiim aerobik canlilar igin
potansiyel bir tehlikedir. Dogal olan oksidadif stres ile
birlikte, ¢evresel kirleticiler de oksidatif stresi
artirabilmektedir (Winston, 1991). Béylece, dogal ve
laboratuvar kosullarinda kirletici maddelere maruz
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kalan sucul hayvanlarda meydana gelen oksidatif
stresi  belirlemek i¢cin antioksidan sistemlerin
enzimleri kullanilmaktadir. Tatli su midyeleri su
kirliligi i¢in iyi bir bioindikat6r hayvan olduklarindan,
oksidatif stres biyobelirtecleri kullanilarak dogal ve
laboratuvar calismalarinda siklhikla kullanilmiglardir
(Doyotte ve ark.,1997; Labieniec ve Gabryelak, 2007;
Al-Fanharawi ve ark., 2019; Falfushynska ve ark.,
2018).

Literatiirde U. tigridis tirinde antioksidan
enzimlerinin bakira karsi verdigi tepkileri gésteren
caligsma sayisi sinirli olsa da, diger tatli su midyeleri ve
deniz midyeleri ile yapilmis ¢aligmalar
bulunmaktadir. Jorge ve ark. (2013) genc¢ tatlisu
midyesi Lampsilis siliquoidea ile yaptiklar: ¢calismada
cok diigiik derisimlerdeki bakirin (2 ve 12 pg/L) kronik
stirecte bile serbest radikal olusumunu, antioksidan
kapasiteyi, GST aktivitesini ve glutatyon diizeylerini
anlamh sekilde degistiremese de lipit
peroksidasyonuna neden oldugunu belirtmislerdir.
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Zhou ve ark. (2021) 7 giinliik bir deney protokoliinde
derin deniz midyesi Bathymodiolus platifronsu 100 ve
500 ug/Li derisimlerindeki bakir ve kadmiyumun
etkisine biraktiktan sonra, cesitli biyobelirteclerin

diizeylerini incelemiglerdir. Aragtiricilar her iki
metalin midyelerde biriktigini belirtirken, bakirin ve
kadmiyumun etkisinin farkh oldugunu

vurgulamiglardir. Ornegin, SOD aktivitesi her iki
metal tarafindan da degistirilemezken, CAT aktivitesi
bakir tarafindan artirnlmis, GSH diizeyleri ise
kadmiyum tarafindan artirilmigtir. Company ve ark.
(2008) deniz midyesi Bathymodiolus azoricus 24 giin
diisiik diizeydeki bakirin (25 pg/L) etkisine biraktiktan
sonra 6 gin eliminasyon slrecine tabii tutmuslar ve
solunga¢ ve manto dokusunda baz1 biyobelirteg
molekiillerin davranigini incelemiglerdir.

Deney sonuglar: midyelerde 24 gunde biriken bakirin
6 gunlik eliminasyon siiresine ragmen azalmadigini
gostermigtir.  Ayrica, CAT, GPX ve SOD
aktivitelerinde zamana baglh olarak bir artis egilimi
oldugunu gosterirken, bu ¢calismay1 da desteklemigtir.
Antioksidan  enzimlerin  aktiviteleri metallerin
yaninda ekolojik faktorlerle de degisebilmektedir
(Mlouka ve ark., 2019). Arastiricilar Akdeniz midyesi
(Mytilus galloprovincialis) ve mavi midyeleri (Mytilus
edulis) sicakllk ve bakirin etkisine birakarak
antioksidan enzimlerin tepkilerini incelemiglerdir.
Sonuclar bakirin etkisinin sicaklikla beraber daha da
arttigini ve midyelerin CAT, SOD ve GST
aktivitelerinde artiglar oldugunu gostermistir. Xu ve
ark. (2018) cok diisiik bakir derisiminin (8 ug/L) bile
Mytilus coruscusun hemositlerinde CAT ve SOD
aktivitesini artirdigimi, fakat daha dusik bakir
derisiminin (2 pg/L) anlamh degisime neden
olamadigini vurgulamiglardir. Bakir gibi kadmiyumun
da midyelerin antioksidan enzimler tzerine etkili
oldugu bilinmektedir (Sukhovskaya ve ark., 2019).
Arastiricalar kugu midyeleri (Anodonta cygnea) ile
yaptiklar: bir ¢galismada 10-100 pg/L derigsimlerindeki
kadmiyumun  midyelerde yiiksek  miktarlarda
kadmiyum Dbirikimine neden olmakla beraber,
midyelerin 6limine neden olmadigini, ancak oksidatif
strese neden oldugunu belirtmiglerdir.Calismanin
stiresi 72 saat olmakla beraber, CAT, SOD ve GPX
aktiviteleri ve GSH duzeyleri degerlendirildiginde
kadmiyumun dustiik derisimlerde ve kisa siirede
midyelerin antioksidan sistemini etkileyebildigini
gostermistir. Goswami ve ark. (2014) bakir (60 pg/L) ve
kadmiyumun (150 pg/L) birlikte etkilerini (21 giin)
deniz  yesil = midyelerinde  (Perna  viridis)
incelemiglerdir. Calismanin sonuglar1 SOD, GPX ve
GST aktivitelerinde anlamli artiglar oldugunu
belirtirken, bu ¢alismanin bulgularini da
desteklemektedir. Diger yandan metal
nanopartikillerinin midyelerinin antioksidan
enzimlerine olan etkileri de birka¢ calisma ile
gosterilmigtir. Midyelerin antioksidan sistem tepkisi
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uzerine yapilan c¢alismalar daha ¢ok deniz
midyelerinden, ozellikle  Mythilus turlerinden
gelmektedir. Gomes ve ark. (2011 Mytilus

galloprovincialisi 15 giin boyunca Cu nanopartikillere
maruz birakmiglar ve hayvanlarin oksidatif stres
biyobelirteg molekiillerindeki degisimleri
gozlemlemiglerdir. Arastiricilar midyelerin hem iyonik
hem de NP formlarinda solungaclarda bakir
biriktirdigini ve bu iki bakir formunun antioksidan
savunma sistemini degistirerek midyelerde oksidatif
strese neden oldugunu Dbelirtmiglerdir. Benzer
calismalar Ruiz ve ark. (2015) tarafindan da
yapilmistir. Arastiricilar, Cu nanopartikillerine
maruz kalan Mytilus galloprovincialisin
hepatopankreasinda antioksidan enzim aktiviteleri
uzerinde farkli etkiler yaptigin1 ve genel olarak
antioksidan aktiviteyi arttirdigimi goéstermiglerdir.
Bakir nanopartikilleri CAT ve SOD aktivitelerini
onemli oOlgtide artirirken solungaglarda bu etkinin
daha az oldugunu vurgulamiglardir.
Laboratuarimizda daha once yapilan bir calismada
(Canli ve Canli, 2021b), Cu nanopartikiillerinin U.
tigridisde CAT ve SOD aktivitelerini azalttigini,
ancak glutatyon metabolizmasi enzimleri olan GPX ve
GST aktivitelerini ise artirdigini gosterilmistir. Buda,
bakirin iyonik ve nanopartikil formlarinda farkh
etkilere sahip olabilecegini géstermekle beraber her iki
durumda da oksidatif strese neden oldugunu
vurgulamaktadir.

SONUC ve ONERILER

Tatlisu midyesi olan U. tigridis ile yapilan bu
calismada bakir etkisinde 21 gin stre ile kalan
hayvanlarin hem hepatopankreasinda hem de
solunga¢ antioksidan enzim aktivitelerinde anlamlh
artiglarin olmasi, bakirin neden oldugu oksidatif stresi
gostermesi bakimindan 6énemlidir. Bu durum, dogal
sucul ortamlarda metal etkisinde kalan midyelerde
olusabilecek kronik hasari vurgulamasi bakimindan
anlaml gérilmustir. Bir¢cok dogal sucul ortamlarda
metal derisimleri subletal duzeylerdedir. Ancak,
dustik bakir derisimlerinin bile midyelerde oksidatif
strese neden olmasi ¢evre duyarhiligi konusunu bir kez
daha vurgulamaktadir. Bu c¢aliganin devami olarak
midyelerde bakir toksistesi farkli yonlerden de
incelenebilir. Ornegin besin zincirinde metallerin
tasinmasi dogal sucul ortamlardaki durumu temsil
etmesi bakimindan o6nemli c¢aligmalar arasinda
goriilmektedir.
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OZET Aragtirma Makalesi
Calismada 5 cinse (Cephalanthera Rich., Dactylorhiza Neck. ex

Nevski, Epipactis Zinn, Serapias L., Platanthera Rich.) ait 6 taksonda Makale Tarihgesi

labellum mikromorfolojisi Taramali Elektron mikroskobu (SEM) Gelis Tarihi  :18.02.2021

yontemi ile incelenmis ve sonuglar karsilagtirmali tablolar halinde Kabul Tarihi :27.04.2021
sunulmustur. Ornekler, araziden toplandigi sirada % 70 alkole

alinmig, bir kismi da herbaryum kurallarina goére kurutularak Anahtar Kelimeler
tesghisleri yapilmigtir. Alkolden ¢ikarilan labellum 6rnekleri, bisturi Orchidaceae

ve ignelerle stereomikroskop altinda dissekte edilerek dogrudan tizeri Cicek

cift tarafli yapiskan bantlar bulunan ve SEM cihazina ait c¢elik Labellum

aparatlara yerlestirilmigtir. Bir gece kadar bekletilen ornekler, Morfoloji

dogrudan (SEM) ile incelenmis ve labellum mikrofotograflar cekil- Petal

migtir. Bulgulara gore; Platanthera chlorantha labellumunun tim
bazal, lateral ve medyan boélgelerinde diizensiz hiicreli, yiizeyi mikro
rugulate ve yogun ruminate seklinde bir morfolojiye sahip oldugu ve
bu ozellikleri ile diger tim incelenen taksonlardan oldukga farkli
oldugu tespit edilmistir. Konikal papilla olusumlari, Cephalanthera
epipactoides ve Dactylorhiza romananin farkli labellum bélgelerinde
bulunmustur. Epikil ve Hipokil ozellikli Epipactis ve Serapias
taksonlar1 ise birbirlerinden epidermal hiicre sekli, yanal ceper
ozellikleri ve ylzey oOzellikleri ile farklihik gostermistir. Sonucta
labellum ayrintili yitizey morfolojisi ve mahmuz o6zelliklerinin,
taksonlarin ayiriminda faydali oldugu gérilmuistiir.

Labellum Micromorphology in Some Orchid Taxa
ABSTRACT Research Article

In this study, micromorphology of labellum in 6 taxa belonging to 5 . .
genera (Cephalanthera Rich., Dactylorhiza Neck. ex Nevski, Epipactis Article History

Zinn, Serapias L., Platanthera Rich.) was examined by Scanning Received ©18.02.2021
Electron Microscopy (SEM) and the results were presented in Accepted ©27.04.2021
comparative tables. While the samples were collected from the field,

they were taken to 70% alcohol, some of them were dried according to Keywords

the herbarium rules and diagnosed. The labellum samples extracted Orchidaceae

from alcohol were dissected under the stereomicroscope with scalpel Flower

and needles and placed directly into the steel apparatus of the SEM Labellum

with double-sided adhesive tapes. The samples, from which alcohol II\)/Ie(j:;ihOlogy

was completely evaporated by waiting for one night, were examined
directly with Scanning Electron Microscope (SEM) and labellum
microphotographs were taken. According to the findings; It has been
determined that Platanthera chlorantha labellum has an irregular
cell, micro rugulate surface and dense ruminate morphlogy in all
basal, lateral and median regions, and it is quite different from all
other examined taxa with these features. Conical papillae formations
have been found in different labellum regions of Cephalanthera
epipactoides and Dactylorhiza romana. Epipactis and Serapias taxa
with epicile and hypocile featured differ from each other with their
epidermal cell shape, lateral wall features and surface features. As a
result, labellum detailed surface morphlogy and spur features were
found to be useful in distinguishing taxa.
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GIRIS epidermis hiicre ylizey yapilarinmin tirler arasindaki

Sekil ve renk agisindan degisime ugramis yapilar olan
orkidelerin labellumlari, histolojik doku ve koku
bakimindan da oldukga cesitlidir (Bradshaw ve ark.,
2010). Ilaveten labellum, tozlasmay:r saglayan
bocekleri cezbetmede en dikkat ¢ekici ¢igek yapisidir
ve bocek-bitki iligkileri tlzerindeki ortak evrimsel
hipotezlerin kurulmasinda da en o6nemli odak
noktasidir (Bradshaw ve ark., 2010). Ornegin Ophrys
L. dyelerinde labellum spekulumunun yanisira
labellumun tg¢ boyutlu morfolojik 6zelliklerinin ve
yaydig1 kokunun, disi bocegin salgiladigi kokuya ve
onun durusuna benzediginden tozlasmada erkek
bocekleri cekimlemede c¢ok o6nemli oldugu ifade
edilmistir (Bradshaw ve ark., 2010).

Labellum varyasyonlarinin (6zellikle sekil ve renk
bakimindan) genis bir yelpazede olacak sekilde
¢oklugundan dolayr bazi taksonlarin teghisi ¢ok
zordur; bu nedenle halen bir¢ok sistematik problem
coziilememistir (Sezik, 1984; Delforge, 2005). Bilhassa
farkli gevre kosullarindaki oérneklerde bu labellum
varyasyonlari, bilinen morfolojik yapidan daha biyiik
sapmalara yol acmaktadir (Tutin ve ark., 1968; Rossi
ve ark., 1992). Dolayisiyla labellum mikromorfolojisi
asagida belirtildigi gibi, arastiricilarin odak noktasi
olmustur:

Ornegin; Maxillaria Ruiz & Pav. cinsinden 75
taksonun labellum mikromorfolojisi incelenmis ve bu
calismada papilla tipt ve tiy dagilimi gibi
karakterlerin tiir ayiriminda kismen faydali oldugu
ifade edilmistir (Davies ve Turner, 2004). Diger bir
calismada; Bradshaw ve ark. (2010) 32 degisik Ophrys
taksonunda labellum mikromorfolojisini arastirmis ve
bu calismada spekulum o6zellikleri, epidermis yapisi,
tiy tipleri, epidermal hiicrelerin ulrasutriiktiirel
ozellikleri  tespit  edilmigstir. Hatta labellum
mikromorfolojisi tizerinden filogenetik ¢alismalara da
yer verilmistir (Bradshaw ve ark., 2010). Farkli bir
arastirmada; Platanthera Rich., Gymnadenia R.Br.,
Dactylorhiza Neck. ex Nevski, Anacamptis Rich.,
Orchis Tourn. ex L. cinslerine ait 21 degisik taksonda
mahmuz mikromorfolojisine deginilmistir (Bell ve
ark., 2009). Ciinkii mahmuz abaksiyal epidermal
hiicrelerinin nektar tretimi fonksiyonlar1 vardir
(Stpiczynska, 2003) ve tozlagmay saglayan béceklerin,
cigegi ziyaretleri sirasindaki davraniglarinin, mahmuz
morfolojisi ile yakindan iliskisi vardir (Box ve ark.,
2008). Bu nedenle mahmuz, tozlasma acisindan
oldukc¢a 6nemli bir labellum organidir. Benzer bir diger
arastirmada; Ophrys fusca Link ve O. lutea Cav.
turlerinde labellum mikromorfolojisi c¢aligilmis ve
sonucta trikom ve/veya papilla 6zelliklerinin,
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farkliliklarin tespitinde faydali oldugu belirtilmistir
(Ascensao ve ark., 2005). Baska bir arastirmada
degisik  Serapias L. taksonlarinda labellum
mikromorfolojisi incelenmis ve sonuclarin (tiiyler,
hiicreler, papilla 6&zellikleri) tiirlerin ayiriminda
faydali oldugu gibi, polinator béceklerin cezbedilmesi
ve seciminde de o6nemli olabilecegl saptanmigtir
(Lumaga ve ark., 2012).

Yukarida verilen bu o6rnek calismalar 1siginda;
labellum mikromorfolojisinin, orkide sistematigi,
taksonomisi, filogenisi ve tlreme biyolojisinde ¢ok
énemli verilere sahip oldugu anlasilmaktadir (Lumaga
ve ark., 2012). Literatiir taramalarina gére Tiirkiye'de
yapilan benzer bir c¢alismada 14 farkli orkide
taksonunda labellum mikromorfolojisi incelenmigtir
(Siingii Seker ve ark., 2016) ve halen bazi Orchidinae
taksonlarinin labellum yiizeyinin bilinmedigi tespit
edilmigtir. Calismanin hipotezi; tiir ayriminda sorun
olmasi durumunda labellum mikromorfolojisinin ¢ok
onemli bir karakter olabilecegidir. Bu boglugu
doldurmak tzere, bu calismada bazi degisik orkide
taksonlarmin labellum mikromorfojisinin incelenmesi
amaglanmigtar.

MATERYAL ve METOD

Calismada kullanilan materyal listesi asagidadir
(Cizelge 1). Ornekler, araziden toplandig sirada % 70
alkol icine alnmigtir. Orneklerin bir kismi da
herbaryum kurallarina goére kurutularak teshisleri
yapilmigtir (Tutin ve ark., 1968; Sezik, 1984; Delforge,
2005). Alkolden cikarilan ve yari nemli olan
ciceklerden labellum, bisturi ve ignelerle Olympus SZ
71 stereomikroskop altinda dissekte edilerek dogrudan
uzeri c¢ift tarafli yapiskan bantlar bulunan SEM
cihazina ait ¢elik aparatlara yerlestirilmigtir. Bir gece
kadar bekletilen bu o6rnekler, dogrudan Trakya
Universitesi Teknoloji Arastirma Merkezi
(TUTAGEM) biinyesindeki Zeiss Evo LS 10 Taramal
Elektron Mikroskobu (SEM) ile incelenmis ve labellum
mikrofotograflar1  ¢ekilmigtir. Mikrofotograflardan
labellum ylzey morfolojik 6zellikleri karsilagtirmali
olarak tablolar halinde sunulmustur.

BULGULAR ve TARTISMA

Incelenen degisik orkide taksonlarina ait labellum
mikromorfolojik 6zellikleri asagida Ozetlenmis ve
ayrica Cizelge 2'de ayrintili olarak sunulmustur.

Cephalanthera epipactoidesde her bolge (mahmuz
haric) konikal papilla ile kaphdir (Sekil 1a-b).

Dactylorhiza romana’da apeks hari¢ hemen hemen her
yer konikal papilla ile kaphdir (Sekil 1c-d).
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Cizelge 1. Kullanilan orkide taksonlarinin listesi
Table 1. List of orchid taxa used

Takson Herbaryum No Lokalite

Dactylorhiza romana (Sebast.& Mauri) Soo
Cephalanthera epipactoides Fisch. and C. A. Mey.
Epipactis helleborine (L.) Crantz

Platanthera chlorantha (Custer) Rchb.

Serapias orientalis (Greuter) H. Baumann and Kiink
Serapias vomeracea (Burm. f.) Briq.

8341 Edirne, Kesan, Gokgetepe
8345 Edirne, Kesan, Gokcetepe,
8378 Edirne, Kesan, Yerlisu
8377 Edirne, Kesan, Yerlisu,
8237 Kirklareli, Kastro,

8205 Edirne, Enez, Abdiirrahim

Cizelge 2. Incelenen orkide taksonlarinin labellum mikromorfolojik ézellikleri
Table 2. Labellum micromorphological characteristics of the orchid taxa examined

Takson

labellum mikromorfolojik 6zellikleri

Cephalanthera epipactoides

Dactylorhiza romana
yuzeyli, uzun hicreli

Epipactis helleborine

apeks: konikal papillali; mahmuz: hiicrelerde yogun favulariate gizgiler mevcut
medyan: konikal papillali; lateral: konikal papillali; apeks: diiz yuzeyli; mahmuz: diiz

Epikil ve hipokil, medyana yakin bolgelerde kare hiicreli, diiz yizeyli, dik yanal

ceperli; diger tiim bolgelerde tamamiyla diizensiz hiicreli diiz ytizeyli, dik yanal

geperli
Serapias orientalis

Epikil: diizensiz hiicreli, yogun rugose ylzeyli; hipokil: retikulat hiicreli, diiz yizeyli,

yanal ¢eperler yukar1 dogru dik

Serapias vomeracea

Epikil: retikulat hiicreli, yanal ¢eperler yukar: dogru dik, diiz yluzeyli ve tizerinde

hafif rugulate kirisikliklar vardir, Tlyler :villoz.
Hipokil: hiicreler diizensiz, geperler yukar: dogru dik ve tizerinde hafif rugulate
kirngikliklar var. Tayler: villoz

Platanthera chlorantha

Diizensiz hicreli, ylzey mikro rugulate, ve yogun ruminate; medyan: diizensiz

hiicreli, ylizey mikro rugulate, ve yogun ruminate; lateral: diizensiz hicreli, ylizey
mikro rugulate, ve yogun ruminate; mahmuz: diizensiz hiicreli, hiicreler
dikdortgenimsi, ¢ceperler ylizeyden yukar: dogru dik, favuolariate kirigikli, mikro

rugulate

Epipactis helleborine: Epikil ve hipokil, medyana
yakin bolgelerde kare hiicreli, diiz yuzeyli, dik yanal
ceperli, diger tum bolgelerde ise tamamiyla diizensiz
hiicreli, diiz yiizeyli, dik yanal ceperlidir (Sekil 1e-f).

Serapias oriantalisde epikil diizensiz hiicreli ve rugose
yuzeyli olurken hipokil retikulat hicreli, duiz
yuzeylidir. S. vomeracea'da epikil retikulat hiicreli,
diiz yliizeyli ve tizerinde hafif rugulate kirigikliklar ve
villoz tiylu iken, hipokil ise diizensiz hicreli olup

tizerinde hafif rugulate kirigikliklar vardir (Sekil 2a-
d).

Platanthera chlorantha; hepsinden ¢ok farkli. Bazal,
lateral ve medyan bélgeler de her yer “diizensiz

hiicreli, ylzey mikro rugulate, ve yogun ruminate”
seklindedir (Sekil 2e-f).

Mahmuz ozelliklerine gore; Cephalanthera
epipactoidesde yogun favulariate ¢izgili, Dactylorhiza
romanada duz yuzeyli, Platanthera chlorantha'da
diizensiz hicreli favuolariate ve mikro rugulate
yiizeylidir (Sekil 1b, 2f).

Cinsler farkli labellum o6zellikleri ile birbirinden
ayrilmigtir: Konikal papilla, Cephalanthera
epipactoides de tim labellum yiizeyinde, Dactylorhiza
romanada ise apeks hari¢ her yerde bulunmustur.
Diger incelenen taksonlarda konikal papilla
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bulunmamistir. Degisik arastirmalara gore; labellar
papilla yapisinin konikal, obpyriform, villiform,
fusiform veya clavate sekilllerinde oldugu gibi buytk
bir gesitlilik gosterdigi ve bunlarin dagiliminin 6nemli
oldugu vurgulanmistir (Davies ve Turner, 2004).
Ilaveten papilla geklinin onun altinda yatan bir
fizyolojik goérevle muhakkak alakali olduguna dair
bilgiler de mevcuttur (Davies ve Turner, 2004). Bu
¢alismanin bulgularinda da papil yapis1 ve dagilim
dikkatlice belirtilmigtir.

Bulgulara gore; Epipactis helleborine epikil ve hipokil
medyan kisimlarinda daha diizenli hiicreler varken,
lateral ve apeks bélgelerinde hiicreler
dizensizlesmektedir. Serapias taksonlari kendi
arasinda farklihk gostermektedir. Her iki Serapias
taksonu (S.orientalis, S.vomeracea) epikil ve hipokil
ozellikleri (hiicre sekli, yanal ¢eper 6zellikleri ve yiizey
ozellikleri) ve Serapias vomeracea’da villoz tiiylenme
nedeniyle birbirinden farklilik gostermistir.

Bu ozelliklerle ayrica epikil / hipokil yapili Epipactis
helleborine labellum mikromorflojisinden de farklidir.
Platanthera chlorantha diger tim cinslerdekinden
farkli bir mikromorfolojiye sahiptir. Bu taksonda tiim
bazal, lateral ve medyan bolgelerde hiicreler diizensiz,
yiuzeyi mikro rugulate ve yogun ruminate seklindedir.
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Signal A = SE1 Date :5 Nov 2020 EHT = 20.00 kV Signal A = SE1 Date :5 Nov 2020

Detector = SE1 Mag= 581X WD = 9.0 mm Detector = SE1 Mag= 700X

200 pym EHT = 20.00 kV Signal A= SE Date :9 Nov 2020 — 100 pm EHT = 20.00 kV Signal A = SE1 Date :9 Nov 2020
WD = 85mm Detector = SE1 Mag= 155X B WD = 85mm Detector = SE1 Mag= 381X

20 pm EHT =20.00 kV Signal A = SE1 Date :6 Nov 2020 — 100 pm EHT = 20.00 kv Signal A = SE1 Date :6 Nov 2020
WD = 85mm Detector = SE1 Mag= 531X '_{ WD = 8.5 mm Detector = SE1 Mag= 356 X

Sekil 1: Labellum mikromorfolojik ézellikleri. Cephalanthera epipactoides: konikal papillali labellum yiizeyi (a),
mahmuz hiicrelerinde yogun favulariate cizgiler mevcut (b); Dactylorhiza romana: konikal papilla ile
labellum yiizeyi (c-d); Epipactis helleborine: hipokil apeks (biiyiitiilmiisii) (e), epikil: diiz yiizeyli, genelde
kare hiicreli (f)

Figure 1° Labellum micromorphological features. Cephalanthera epipactoides: labellum surface with conical
papillae (a), dense favulariate lines in spur cells (b); Dactylorhiza romana‘ labellum surface with conical
papillae (c-d); Epipactis helleborine: hypococcal apex (enlarged) (e), epicyle: smooth-faced, usually
square cell ()

45



KSU Tarim ve Doga Derg 25 (1): 42-48, 2022 Aragtirma Makalesi
KSU J. Agric Nat 25 (1): 42-48, 2022 Research Article

- a A 25 2 a - 4208 S\l
EHT =20.00 kv Signal A = SE1 Date :5 Nov 2020 EHT =20.00 kv Signal A = SE1
WD = 9.0mm Detector = SE1 Mag= 400X WD = 9.0mm Detector = SE1

s 5 L i
EHT =20.00 kV Signal A = SE1 EHT =20.00 kv Signal A = SE1 Date :6 Nov 2020
WD = 85mm Detector = SE1 WD = 85mm Detector = SE1 Mag= 494 X

EHT =20.00 kV Signal A = SE1 EHT =20.00 kV Signal A = SE1 Date :5 Nov 2020
WD = 9.0 mm Detector = SE1 Mag= 4.00KX i WD = 9.0mm Detector = SE1 Mag= 600X

Sekil 2: Labellum mikromorfolojik 6zellikleri. Serapias orientalis: epikil (a-b); Serapias vomeracea: epikil, retikulat
hiicreli, ¢eperler yukar1 dogru ¢ikintili, diiz ylizeyli ve lizerinde hafif rugulate kirigikliklar var, villoz
tiyler (c), epikil biiyiitiilmiisti (d); Platanthera chlorantha: labellum (e), mahmuz (biiyiitiilmiis) (f)

Figure 2 Labellum micromorphological features. Serapias orientalis: epichil (a-b); Serapias vomeracea’ epichil,
reticulate cells, protruding walls upward, smooth surface with slightly rugulate wrinkles on it, villous
hairs (¢), epichil enlarged (d); Platanthera chlorantha: labellum (e), spur (enlarged) (f)
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Calismada mahmuz ozellikleri de incelenmistir.
Cunki mahmuz, polinatér béceklerin davraniglarina
rehberlik etmede ©nemli bir role sahiptir ve
orkidelerde tiir zenginliginin ana nedenlerinden biri
olarak énem kazanmaktadir (Rudall ve Bateman,
2002; Box ve ark., 2008). Mahmuz ézelliklerine gore de
taksonlar birbirinden farklhidir: Cephalanthera
epipactoidesde yogun favulariate ¢izgili, Dactylorhiza
romanada duz yuzeyli, Platanthera chloranthada
diizensiz hiicreli favuolariate ve mikro rugulate
yuzeylidir. Kisacasi; mahmuzda hiicre sekli, ylizey
yapisi ile taksonlar farklihk gostermigstir. Literatir
taramalarina gore incelenen taksonlardan sadece
Serapias vomeraceanin labellum morfolojisi ile ilgili
bilgilere rastlanilmigtir:

Siingii Seker ve ark. (2016)na goére Serapias
vomeracea'da yogun striate yapili sekresyon hucreleri
ve 2 loblu tiyler ve kubbe benzeri ¢ikintilar
belirtilmistir. Ayrica Platanthera chloranthada
tiy/papilla bulunmadig1 ve hiicre ¢eperlerinin derin
undulat, ylizeyinin ise retikulat oldugu bildirilmistir
(Siingii Seker ve ark., 2016).

Ozetle; S. vomeraceada epikilde diiz, hipokilde hafif
rugulate kirisitkllk ve her iki bolgede de yanal
ceperlerin yukar: dogru dik oldugu tespit edilmistir.
Platanthera chloranthada hiucrelerin diizensiz ve
yluzeyinin mikro rugulate ve yogun ruminate oldugu
gorilmustir. Soézkonusu farkliliklarin muhtemelen
degisen cevre kosullarindan ve o6zellikle polinator
davraniglarina bagl olarak gelistigi distintilmektedir.
Zira labellumda nektar Uretiminin, epidermal papilla
ve epidermal ¢izgi 6zellikleri ile alakali oldugu tespit
edilmistir (Bell ve ark., 2009). Elde edilen bulgular
1s1¢1inda labellum mikromorfolojisi ve mahmuz
morfolojisinin, tirlerin ayiriminda &énemli oldugu
tespit edilmigtir. Sonuc¢ olarak; burada elde edilen
sonuglarin taksonlarin labellum mikromorfolojisine
gore aywrimini sagladigr gibi ayrica evrimsel tireme
biyolojisine ve filogenisine de katkida bulunacagina
inanilmaktadir.

SONUC ve ONERILER

Bes farkli cinse (Cephalanthera, Dactylorhiza,
Epipactis, Serapias, Platanthera) ait 6 taksondaki
orneklerden elde edilen sonuclara gore; 1) Platanthera
chlorantha diizensiz hiicreli, ylizeyi mikro rugulate ve
yogun ruminate seklinde bir yiizey morfolojisine sahip
oldugu ve bu nedenle diger tim incelenen
taksonlardan oldukc¢a farkhh oldugu, 2) konikal
papillalarin Cephalanthera epipactoides ve
Dactylorhiza romanamnn birbirinden farkli labellum
bélgelerinde bulundugu, 3) epikil/hipokil yapili
Epipactis ve Serapias taksonlarimin ise epidermal
hiicre sekli, yanal ceper 6zellikleri ve ylzey 6zellikleri
ile birbirlerinden farklilik gosterdigi tespit edilmigtir.
Sonugta labellum ayrintili yiizey morfolojisi ve
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mahmuz 6zelliklerinin, tur veya alt tir alt
kategorisinde en yakin taksonlarin ayiriminda bile
faydali oldugu gibi evrimsel Ureme biyolojisi ve
filogeni arastirmalarina da katkida bulunacagina
inanilmaktadir.

TESEKKUR

Bu calisma, Trakya Universitesi TUBAP 2020 /94
kodlu proje ile desteklenmistir.

Aragtirmacilarin Katk: Oran1 Beyan Ozeti
Yazar (tek yazar) tiim ¢alismay: kendi yapmastar.

Cikar Catismas1 Beyam

Yazar (tek yazar) tiim calismayr kendi yapmis olup
herhangi bir ¢ikar ¢atismasi olmadigini beyan eder.
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OZET

Bu arastirmada, tulkemizin 6nemli gen kaynaklarindan karadutun
(Morus nigra L.), doku kiiltiirii yontemi ile cogaltilmasi i¢in en
uygun protokoliin belirlenmesi amaglanmigtir. Bunun i¢in en uygun
eksplant alma zamani, kiltiir baglatma ve slirglin ¢ogaltimi i¢in en
iyi 6-Benzilaminopiirin (BAP) konsantrasyonu ve koklenmeyi
saglamak icin en elverisli Indol-3-Biitirik Asit IBA) konsantrasyonu
arastirnlmigtir. Kiltir baglatmak i¢in Haziran ayinin uygun zaman
oldugu, besi ortamina 0.75 mg L1 BAP ilavesinin en iyi sonug verdigi
ve surgin ¢ogaltimi i¢in 1 mg L'! BAP1n 6ne ¢iktig1 saptanmastir. 1.5
mg L1 IBA uygulamasinda %95 kéklenme basarisi elde edilmistir.
Eksplantin alinmasindan aklimatizasyonun tamamlamas1 arasinda
gecen siire 20-25 hafta sirmustir. Geligtirilen mikrocogaltim
protokoli ile surdurilebilir, hizli ve ekonomik c¢ogaltim
yapilabilecegi kanitlanmigtir.
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In vitro

Micropropagation of the Morus nigra L. (Black Mulberry) cv. ‘Eksi Kara’

ABSTRACT

In this study, it was aimed to determine the most suitable protocol
for the propagate of black mulberry (Morus nigra L.), one of the
important gene resources of our country, by tissue culture method.
For this, the most suitable explant taking time, the best
concentration of 6-Benzylaminopurine (BAP) for culture initiation
and the shoot propagation and the best Indole-3-Butyric Acid (IBA)
concentration to achieve rooting was investigated. It was determined
that June is the right time for culture initiation, 0.75 mg L1 BAP
addition to the nutrient medium gives the best results and 1 mg L1
BAP comes into prominence for shoot propagation. Overall, 95%
rooting success was achieved in 1.5 1 mg L IBA application. The
period between the receipt of the explant and the completion of
acclimatization lasted 20-25 weeks. It has been proved that
sustainable, fast and economical propagation can be made with the
developed micropropagation protocol.
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GIRIS (Gékmen, 1973). Siirgiinleri koyu kahverengi, hafif

Morus nigra L. (Karadut), Urticales takimi, Moraceae
familyasi, Morus cinsinin iginde bulunmaktadir
(Datta, 2002). Karadut, lezzetli meyvelerinin yam
sira, peyzajda siis bitkisi olarak, ayrica farmakolojik
ve  kozmetik sanayide kullannmi igin  de
yetistirilmektedir (Benedetta ve ark., 2007; Vijayan
ve ark., 2011, Vijayan ve ark. 2012). Meyvesi
bakimindan degerli olan M. nigramin, M. alba L.
(Beyaz dut) gibi fazla cesidi yoktur. M. nigra tiiriiniin,
Iran ve Kafkaslar'dan orijinlendigi bildirilmektedir

tiyla olup kesildiginde lateks salgilar. M. nigranin
adaptasyon kabiliyeti iyidir. Bu o0zelligi sayesinde
farkli iklim ve toprak sartlarina uyum yetenegi
yiksek oldugu i¢in 1liman ve subtropik iklim
bélgelerinde yetigebilir.

Karadut fidan turetiminde; asilama, hava daldirma,
gelik ve doku kultiri ile c¢ogaltim yontemleri
kullanilmaktadar. Karadutlarin asl ile
¢ogaltilmasinda genellikle anag¢ olarak yabani beyaz
dut kullanilmaktadir. Anaglarin as1 kalinhigina
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gelmesi yaklagik i1ki yil strmekte ve bu zaman
kaybina neden olmaktadir. As1 ile cogaltilmada goz (T
ve ters T) ve kalem (yarma, kakma) asilar1 kullanilir.
Beyaz dut anaglarina asilanan karadut fidanlarinda
as1 tuttuktan sonra ag1 bolgesinde sigkinlik olarak
ortaya ¢ikan kismi uyusmazlik goérilebilir. Bu kismi
uyusmazlik, agacin erken meyveye yatmasini da
etkilemektedir Cok sik gorilmemekle birlikte, ileri
safhalarda as1 atmasi olayr meydana gelebilir. (Vural
ve ark., 2008; Giines ve Cekic, 2011). Ayrica dutun
lateks cikarmasi, goz asisinda alinan ag1 goziinin
altinda genellikle bogluk bulunmasi, as1 gozlerinin iri
olmasi ve as1 uyusmazhigr gibi nedenler ag1 tutma
oraninin azalmasina neden olmaktadir. Genel olarak
beyaz dut ve mordutlarda as1 tutma orani %90'nin
tuzerindeyken karadutlarda bu oran  %20-40
arasindadir (Anonim, 2010). Karadutlarda as1 ile
¢ogaltmanin basarisi bir yana o6zellikle uyusmazlik
konusu nedeniyle karadutta fidan tretiminde diger
vejetatif cogaltim yontemleri tercih edilmelidir.

Hava daldirmas: ile ¢cogaltma, fazla iscilik ve masraf
gerektirdiginden bu yoéntem ticari tiretim i¢in yavas
ve pahal olmaktadir. Karadutun celikle
cogaltilmasinda istenilen basar1i henlz elde
edilememistir. Ayfer ve ark. (1986) ile Koyuncu ve
ark. (2004) karadutun yesil celikle ¢ogaltiminda, hic
koklenme saglayamamiglardir. Karadutlarin cgelikle
cogaltiminda, farkli yontemler kullanarak Unal ve
ark. (1992) %4-20, Ozkan ve ark. (1996) %57,
Koyuncu ve Senel (2003) %0-33, Karadeniz ve Sisman
(2004) %1-23 oraninda kéklenme elde ettiklerini
bildirmiglerdir. Asilama, hava daldirmas1 ve celikle
cogaltimin dezavantajlar1 nedeniyle in vitro ¢ogaltim
gibi daha avantajli alternatif cogaltma metotlarinin
arastirilmas1 ihtiyacini ortaya cikarmigtir. Ayrica,
diger klonal cogaltim yontemleri ile
karsilastirildiginda in vitro ¢cogaltim, en hizli olanidir
(Bhojwani ve Razdan, 1996; Nas ve Read, 2004;
Suttie, 2002).

Bitki organ, doku ve hiucrelerinin in vitro kosullarda
manipule edilerek kiiltire alinmasi ve cogaltilmasa,
bitki doku kiltiri olarak adlandirilir. Steril
sartlarda ve gelistirilmis besi ortami tizerinde kultiire
alinmak suretiyle, bitkinin c¢esitli kisimlarindan
(meristem, yaprak vb.), hiicrelerinden veya bir
hiicreden tam bir bitki in vitro sartlarda elde
edilebilir. Boylelikle, elit bitki g¢esitleri klonal
cogaltilabilir, tehlike altindaki bitkiler muhafaza
edilebilir, meristem kultlra ile viriisten ari bitkiler
elde edilebilir, bitkisel gen kaynaklari1 saklanabilir ya
da bitki hicrelerinden sekonder metabolitler
tiretilebilir (Stewart, 2016). Ayrica, piyasaya yeni
sturulen cesitlerin fidanlarinin hizli bir sekilde
ureticilere  dagitilmasinda  6nemli  avantajlar
saglamaktadar. Doku kiltirinin bitkilerde
uygulanmasindaki amag, bitkisel iiretimde bilinen
klasik  yontemlerle ¢ézimi giic olan veya
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¢ozlilemeyen problemlere ¢oéziim getirmek, bitkisel
uretimin ekonomik, kalite ve kantite yoniinden daha
yiiksek olmasina yardime: olmaktir (Hatipoglu, 2018).

Bu arastirmanin amaci, ulkemizin O6nemli gen
kaynaklarindan karadutun (Morus nigra L. doku
kiltiri yontemi ile ¢ogaltilmasi i¢in en uygun
protokolii belirlemektir. Uretim i¢in, en uygun
eksplant alim zamani, baglangic, stirglin
proliferasyonu ve kéklendirme asamalar i¢in elverigli
bitki  bliyume  duzenleyici konsantrasyonunun
belirlenmesi  amaglanmigtir. Kullanim alanlan
genigleyen ve ticari olarak da 6nemi artan karaduta
olan talep son zamanlarda artmaktadir. Artan bu
talebi karsilayabilecek hizda ve yeterli miktarda
fidan tretimi, tlkemizde heniiz bulunmamaktadir.
Karadutta ticari kapama bahg¢e kurma ihtiyacinin
ortaya cikmasi, fidan talebinin ylksek olmasi gibi
nedenlerden dolay: hizli ¢ogaltmaya imkan veren in
vitro ¢ogaltim gibi alternatif metotlarin
geligtirilmesine ihtiyag vardir.

MATERYAL ve METOD
Bitki Materyalinin Alinmas

Bu arastirma, 2017-2019 yillarinda Kayis1 Arastirma
Enstitlisi'ne ait Doku Kiiltiirti Laboratuvari’nda ve
Inénii Universitesi Fen — Edebiyat Fakiiltesi Biyoloji
Boluimu  ile  birlikte  koordineli bir  gekilde
yuriatilmustir. Arastirmada kullanilan M. nigra
eksplantlari, Kayis1 Arastirma Enstitiisii arazisinde
bulunan  Ulkesel Dut  Genetik  Kaynaklar
Parseli'ndeki karadutun tescilli tek ¢esidi olan “Eksi
kara” gesidinden temin edilmigtir.

Alet ve Ekipmanlarin Sterilizasyonu

Doku kiiltiirti, biutiin asamalarin aseptik kosullarda
yapilmasi gerektigi ve sterilizasyonun c¢ok o6nemli
oldugu calismalardir. Calismada, polikarbonat
govdeli ve polipropilen kapakli kultur kaplar:
(Magenta Vessel GA-7) kullanilmigtir. Pens ve
bisturiler her kullanimdan énce aliuminyum folyoya
sarilarak otoklavda sterilize edilerek kullanilmigtir.
Arastirmada inokulasyon iglemleri i¢in steril kabin
kullanilmigtar.

Eksplantlarin Alinmasi

Eksplantlar, M. nigranmn in vitro ¢ogaltiminda uygun
vejetasyon donemini belirlemek i¢in; Haziran,
Temmuz ve  Agustos aylarinda bir yilhik
stirglinlerdeki nodal tomurcuklardan alinmistir.
Strgiinlerin u¢ kisimlarindan 5-10 cm uzunlugunda
geliklerden yararlanilmigtir. Celikler alindiktan
sonra, saf su igerisine konulup hizla doku kiltura
laboratuvarina getirilerek sterilizasyon iglemine tabi
tutulmustur.
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Yiizey Sterilizasyonu

Celikler laboratuvara getirildikten sonra yapraklar
kesilerek siirginden uzaklastirlmigtir. Celikler
nodyumlar igerecek sekilde 2-3 cm boyunda kesilerek
mikrocelikler elde edilmistir (Sekil 1). Mikroceliklerin
ust kism alt tarafa gore daha kisa birakilmigtir. Tim
eksplantlar 3 kez saf suda yikandiktan sonra
sterilizasyon asamalarina steril kabinde devam
edilmistir. Eksplantlar %3’lik CuSOs cozeltisinde,

manyetik  karigtiricida  ¢alkalanarak 20  dk
bekletilmig, daha sonra %707lik etil alkolde ise 1 dk
tutulmustur. Bu uygulamalardan sonra steril saf su
ile c¢alkalanan eksplantlar, %30luk NaOCl ve 5-6
damla Tween 20 igeren ¢ozeltiye alinarak burada 15
dk tutulmustur. %5 Proclin (ProClin 200, Sigma)
iceren suda 5 dk bekletildikten sonra 3’er kez 5 dk
olacak gekilde steril saf su ile yikanarak yilizey
sterilizasyon iglemi tamamlanmistir.

Sekil 1. Sturgtinlerin alinmasi ve sterilizasyona hazirlanmasi
Figure 1. Taking shoots and preparing them for sterilization

Baglangi¢ Kiiltiirii Asamasi

Kultura baslatma asamasinda; 4.4 g L1 vitaminli
Murashige ve Skoog (MS, M0222 Duchefa) 30 g L1
sukroz, 7 g L1 agar, 0.01 mg L1 indol-3-butirik asit
(IBA), 0.2 mg L1 giberellik asit (GAs), 3 mg L1
AgNOs, 0.5 mg L' Proclin iceren besi ortami
kullamilmistir. Ayrica 6-Benzilaminopiirin (BAP)1n
tomurcuklarin siirmesi lizerine etkisini belirlemek
icin besi ortamma 0.75, 1 ve 3 mg L1
konsantrasyonlarinda  BAP  eklenmigtir. Besi
ortamlarinin pH’s;, 0.1 N HCl ve 0.1 N NaOH

kullanilarak  5.75'¢  ayarlanmastir.  Hazirlanan
ortamlar, manyetik karistirici lizerinde agar
tamamen eriyinceye kadar tutularak kultur
kaplarina yaklastk 15 mL olacak sekilde

doldurularak 121 °C’de 1.1 atm basingta 20 dakika
stireyle sterilize edilmistir. Her kapta, dort eksplant
olacak sekilde dikim yapilmigtir. Dikim sonras1 4
hafta sureyle 25+1°C’de, 16 saat fotoperiyotta, 4000
lux floresan lamba altinda kiltire alinmigtir. 4
haftalik gelisme periyodu sonunda siirgin c¢ogaltim
asamasina transfer edilmistir.

Siirgiin Cogaltimi1 Agamasi

Stirglin ¢ogaltim asamasinda, baslangic ortamindan
elde edilen saglikli stirgiinler kullanilmistir. 4.4 g L'
MS, 30 g L't sukroz, 7 g L't agar, 0.01 mg L't IBA, 0.2
mg L1 GAs, 3 mg L't AgNOs, 0.5 mg L1 Proclin igeren
besi ortaminda strgilinlerin gelismesi saglanmigtir.
Ayrica stirgiin ¢ogaltiminda uygun BAP
konsantrasyonunu belirlemek igin besi ortamina 0.75,
1 ve 3 mg L' konsantrasyonlarinda BAP ilave
edilmigtir. Besin ortamlarinin pH’s1, 0.1 N HCI ve 0.1
N NaOH kullanilarak 5.75’¢  ayarlanmistir.
Hazirlanan ortamlar kultur kaplarina doldurularak
ve 121 °C'de 1.1 atm basingta 20 dakika stiireyle
sterilize edilmistir. Strgiinler 4 hafta siireyle 25+1
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°C’de, 16 saat fotoperiyotta florasan lamba altinda
kiltire alinmigtir.

Koéklendirme Agamasi

Koklendirme asamasinda, 4.4 g L1 MS, 30 g L1
sukroz, 7 g L1 agar, 3 mg L! AgNOs, 0.5 mg L1
Proclin iceren besi ortami kullanmilmistir. Ayrica besi
ortamina, kéklenmede uygun IBA dozunu belirlemek
uzere 0.5, 1.5 ve 2.5 mg L'! konsantrasyonlarinda IBA
eklenmigtir.

Kultur basglatma ve surgin c¢ogaltim asamasinda
eklenen 0.01 mg L1 IBA, 0.2 mg L' GAs ,ile kiltir
baslatma, stirgin cogaltim ve koklenme
asamalarinda eklenen 3 mg L' AgNOs, 0.5 mg L!

proclin sabit tutulmustur, sadece BAP ve IBA
konsantrasyonlar: degismistir.

Aklimatizasyon Agamasi

In vitro  kosullarda  koklendirilen  bitkiler,

aklimatizasyona alinmigtir. Kéklenmig bitkiler, akan
musluk suyu altinda yikanarak besi yeri kalintilari
uzaklastirilmigtir. Bu  islem, mikroorganizma
kaynakli ¢lirtimeleri en aza indirmek i¢in yapilmigtir.
Aklimatizasyon kabi olarak altina tek delik acilmig
plastik bardak kullanilmigtir. Ortam harc1 olarak

otoklavlanmig %80 torf %20 perlit karigimi
kullanilmigtir. Bitkiler, plastik bardaklara
dikildikten sonra otoklavlanmis distile su ile

sulanmistir ve bos bir plastik bardak ile Ttzeri
kapatilmigtir. 3 hafta sonra kademeli olarak tuzeri
acilarak aklimatizasyon agsamasi tamamlanmigtir.

Istatistiksel Analizler

Aragtirmada elde edilen verilerin analizleri, SPSS
(Statistical Program in Social Sciences) 25 programi
ile gerceklestirilmigtir. Test sonuglar1 i¢in, anlamhilhik
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diizeyi (p) 0.05 olarak alinmistir. Calismada verilerin
normal dagilima uygunlugu Shapiro Wilk Testi ile,
varyanslarin homojenligi ise LEVENE testi ile
kontrol edilmigtir. Veriler normal dagilim sagladig:
i¢in, ¢ok gruplu degiskenlerin analizinde parametrik
test yontemlerinden ANOVA testi kullanilmig ve
gruplar arasi ikili karsilagtirmalar igin Duncan goklu
kargilagtirma testi yapilmistir. Tekrarli goézleme
sahip verilerde ise, tekrarlayan olgimlerde ANOVA
analizi yapilmis coklu karsilagtirmalarda ise, LSD
Testi kullanilmasgtir.

BULGULAR ve TARTISMA

Yiizey Sterilizasyonu ve Baglangi¢c Kultiiri

Aylara ve  BAP  konsantrasyonlarina  baglh
sterilizasyon ve kiultir baslatma sonuclarinin

saptanan degerleri Cizelge 1’de verilmistir. Haziran,
Temmuz ve Agustos aylarinda alinan eksplantlar,
ayn1 sterilizasyon yontemine tabi tutulmustur.
Haziran ayinda baglatilan kiltirler %91 siirme ve
%8.67 kontaminasyon orani ile daha bagarih
bulunmustur. Agustos ayinda kontaminasyon orani

%13.33 1ile en yiksek ve stirme orani %79.33 ile en
dustik saptanmigtir. Bu durum, Temmuz ve Agustos
aylarinda karadut agaclarinda tomurcuklarin
buyluyerek tomurcuk pullarinda daha fazla toz
tutmas1 ve artan sicakliga bagli  inhibitor
hormonlarin  bitkide sentezi ile olabilecegini
digtindirmustir. Ayrica bu aylarda strgunler
tuylerle kaplanarak kalinlagmistir. Tiylerin tuttugu
mikroorganizmalar, besi ortaminda ¢ogalmalar: i¢in
uygun kosul bularak hizla ¢ogalmigtir. Kigin
yapragini déken turlerin yesil celikleri i¢in en 1iyi
sonuclar genellikle, ¢eliklerin mimkiin oldugu kadar
erken alinmasiyla elde edilir. Ancak bu sirada
yapraklar tam butunligini almis ve stirgtinler bir
dereceye kadar olgunlagmis olmalidir. Bir¢cok elma
gesitlerinde, yesil g¢eliklerin koklenmesi tizerinde
yapilan arastirmalarda, k6klenmeyi uyarici kimyasal
maddelerin optimum etkilerinde, ¢elik yasinin bir ay
artmasiyla bile azalma oldugu bulunmustur. En iyi
sonug, celiklerin Mayis ayinda, sturginler 10-17 cm
boyunda iken alinmalari halinde elde edilmigtir
(Hartman ve Kester, 1975).

Cizelge 1. Baslangi¢ kiiltlirti sonu¢larinin BAP degerlerine gore degisimi
Table 1. Change of culture initiation results by BAP values

BAP*Aylar
BAP(A) Aylar(B) (A*B)
Gruplar Aylar 0.75 mg L' BAP 1 mgL!BAP 3mgL1BAP pdegeri p degeri p degeri
Groups Months 0.75mgL?BAP 1mgL!BAP 38mgL?!BAP BAP(A) Months (B) BAP *Months
pvalue pvalue (A*B)
p value
Siirme orant (%) Haziran a91.0 +1.0a a88 + 1b a85.0 = 1.0a
Sprout rate (%) Temmuz b88.0+2.0a b85 + 1b b79.67+0.58a 0.001* 0.001* 0.134%*
Agustos  ¢84.33 + 1.15a c83 + 2b ¢79.33 £ 0.58a
Kontaminasyon = Haziran a8.67 +0.58a al0.33+1.53b a9.0 +1.0ab
g:;;a(;/gmﬁm Temmuz b10.0+1.0a b14.33+1.53b b13.67+0.58c ( 01%  0.030* 0.080%*
o Agustos ¢13.33 +1.53a ¢15.0 + 2.0b c13.33+0.58¢
rate (%)
Siirgiin uzunlugu Haziran a24.0+1.0a a22.0 + 1.0a al5.33 £ 0.58b
g;l]glo)t fength T?mmuz b22.33 + 0.58a b22.0 + 1.0b b16.67+0.58a  101% (001 0.089%*
(mm) Agustos ¢21.67 +0.58a c21.67+0.58a ¢15.33 +0.58a
Siirgiin sayis1 Haziran a3.67+0.58a a2.67+0.58a al.33 +£0.58a
(Adet) Temmuz b2.67 +0.58a b2.33 £ 0.58a al.33 +£0.58a 0.001* 0.001* 0.932%*
Shoot number Agustos  ¢3.0 +£0.0a c2.0+0.0a al.33 +0.58b
Bogum sayis1 Haziran a2.67 +0.58a a2.33 +0.58a a2.33 £ 0.58a
(Adet) Temmuz b3.0+1.0a a2.33 +0.58b b2.0 + 1.0a 0.001* 0.001* 0.513**
Node number Agustos  ¢3.67 £0.58.0a b2.0 £ 0.0b b2.0 £ 1.0c

p degeri; Tekrarli dlgimlerde ANOVA testi sonucu. *p<0.05 istatistiksel olarak anlamh fark vardir. **p>0.05 istatistiksel
olarak anlaml fark yoktur. Sol tarafta yer alan harfler aylara gore degisimi gosterirken, sag tarafta yer alan harfler gruplar

arasi degisimi gostermektedir.

p values ANOVA test result in repeated measurements. * p <0.05 statistically significant difference, ** p> 0.05 no statistically
significant difference. While the letters on the left show the change according to the months, the letters on the right show the

change between groups.

Kiltiirde kullanilan 0.75 mg L't BAP dozunun, en iyi
sirme orani, slrgin uzunlugu, sirgiin sayis1 ve
bogum sayis1 ile etkili oldugu saptandi. BAP
konsantrasyonunun artmasi stirgiinlerin daha kisa
olmasina neden olurken yaprak alanini artirdigi
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gozlendi. 3 mg L1 BAP igceren besi ortaminda
¢ogaltilan eksplantlarda en kisa siirglinler 6l¢uldd.
Balakrishnan ve ark. (2009) M. albanin nodal
tomurcuklarin1  kullanarak yaptiklar1 calismada,
besin ortamindaki BAP konsantrasyonu arttikca
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stirgiin uzunlugunda azalma oldugunu
bildirmislerdir. Ahalya ve ark. (2020) farklh dut
genotiplerinden = (Morus spp.) aliman  nodal
eksplantlarin stirme oranini, en yiksek M-5
genotipinde %83 ile 1 mg L't BAP ve 1 mg L' NAA
dozlarini iceren MS besi ortaminda bulmuglardir. En
disiik slrme oraninin ise % 56 ile Mysore
genotipinde, 0.5 mg L1 BAP ve 1 mg L1 NAA
dozlarini iceren ortamda bulundugunu
belirtmektedirler.  Arastirmacilar, tomurcuklarin
slirme oraninin, genotipik farkhiliga ve bitki biiytime
diizenleyicilerin konsantrasyonuna bagh oldugunu
bildirmektedirler.

Siirgiin Cogaltim1
Stirglin ¢ogaltiminda farkh BAP
konsantrasyonlarinin etkisi Cizelge 2’te verilmistir

(Sekil 2.

Besi ortamina eklenen BAP konsantrasyonunun
artmas1 vitrifikasyon oranini artirmistir. 3 mg L
BAP uygulamasinda %9.67 ile en yiksek
vitrifikasyon orani, 22.6 mm ile en dusuk siirgin
uzunlugu ve 2.33 adet ile en dusiik bogum sayisi
bulunmustur. Strgin uzunlugunun en yuksek 30.87
mm ve bogum sayisinin en fazla 5.3 adet olmas ile

stirglin ¢ogaltimi i¢in uygun konsantrasyonunun 1 mg
L1 BAP oldugu belirlenmistir. Gogoi ve ark. (2017) M.
Indicanin ¢ogaltiminda, nodal eksplant
kullanmiglardir. Slrgin ¢ogaltimi i¢cin MS besi
ortamimna 0.5, 1, 1.5, 2 ve 2.5 mg L1 BAP
eklemiglerdir. Bu arastirmaya benzer olarak, BAP
konsantrasyonunun artmasi ile, siirgiin uzunlugunu
azaldigini, en uzun siirgiiniin (2 cm) 0.5 mg L1 BAP
ve en kisa siirgiiniin ise (1.2 cm) 2.5 mg L1 BAP
ilavesinde gozlemislerdir. Internodyum sayis1 en fazla
(4.2 adet) 1.5 mg L't BAP, en az (3.3 adet) ise 2.5 mg
L1 BAP konsantrasyonunda bulmuglardir. Zaki ve
ark. (2011) M. nigra bitkisinin in vitro ¢ogaltiminda,
MS besi ortamina eklenen 0.5 mg L1 ve 1.5 mg L1
BAP dozlarinin stirgiin proliferasyon oranlarini sirasi
ile %80 ve %90 olarak belirlemiglerdir. Arastirma
bulgularina gore siirgin proliferasyon oranlari her g
ayda da yiksek bulunmustur. En yuksek deger,
Haziran ayinda 0.75 mg L' BAP uygulanan grupta
%91 olarak saptanmistir (Cizelge 1). Odunsu
bitkilerin in wvitro kosgullardaki cogaltiminda BAP
konsantrasyonunun yani sira bitkilerin besi ortamina
tutunmasini saglayan agar gibi jel yapici maddeler de
vitrifikasyona sebep olabilmektedir.

Cizelge 2. Stirgiin ¢cogaltiminin BAP degerlerine gore degisimi
Table 2. Change of shoot propagation according to BAP values

Gruplar 0.75 mg L BAP 1 mgL!BAP 3 mg L't BAP
Groups 0.75mg L BAP 1mglL?BAP 3 mg L1 BAP
Alt kiiltiire alinabilir eksplant (%)

Explant that can be subcultured (%) a95.33 £1.15 a94.33 £ 2.08 b85.00 + 1.00
Vitrifikasyon orani (%) Vitrification rate (%) a2.33 + 0.58 a2.67 + 0.58 b9.67 + 0.58
Siirgiin uzunlugu (mm) Shoot length (mm) a27.9 +0.26 b30.87 + 0.91 ¢22.6 + 0.36
Bogum sayis1 (adet) Node number a3.33 + 0.58 b5.33 + 0.58 a2.33 + 0.58

Harfler satir icindeki degisimleri gostermektedir.
Letters indicate the changes within the Iine.

Sekil 2. M. nigrada strgiin ¢ogaltimi

Figure 2. Shoot propagation in M. nigra

Eksi kara gesidinde bogum sayis1 degisimi en yiiksek
1 mg L'* BAP grubunda 5.33 adet olup, en disiik ise 3
mg L1 BAP grubunda 2.33 adet Olgilmiistur.
Durkovi¢ ve ark. (2012) M. nigrada siirgiin
proliferasyonununda MS besi ortamina eklenen 0.5
mg L1 BAP ve 0.1 mg L't IBA kombinasyonunun en
iyl sonug verdigini; Mnl genotipinde 5.3 adet/siirgiin
ve Mn2 genotipinde 6.9 adet/stirgin elde ettiklerini
bildirmislerdir. Yildiz ve Yilmaz (1999) M. nigramin
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doku kiltiiri ile gogaltiminda MS besi ortamina 5 mg
L1 kinetin ilavesi ile eksplant basina en fazla stirgiin
(4.1 adet) saptamislardir. Kalkisim ve ark. (2013)
M. nigranin ¢ogaltimi i¢in MS besi ortamina 1.0 ve 2.0
mg L' BAP eklenmesinin; rejenerasyonu, sirgin
sayisini, surgin uzunlugunu ve yaprak sayisini
artirdigimi  bildirmiglerdir. Arastirma bulgularina
gore slrgin sayisi, en ylksek 3.67 adet olarak 0.75
mg L' BAP uygulanan grupta saptanmistir.
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Cesitli dut turleri ile yapilan calismalarda; sirgin
gelisimi ve g¢ogaltimi i¢in BAP diger sitokininler ile
karsilastirildiginda daha etkili oldugu belirlenmigtir
(Yadav ve ark. 1990; Pattnaik ve Chand 1997).
Bununla birlikte yiiksek BAP konsantrasyonunun
stirgiin ¢ogaltimin engelledigi, distk
konsantrasyonlarda daha basarili sonuglarin elde
edildigi belirtilmektedir (Bhau ve Wakhlu 2003;
Channuntapipat ve ark. 2003; Rugini ve Verma 1983;
Tabachnik ve Kester 1977). M. nigranin siirgiin ucu
ve koltuk tomurcugu eksplantlarinda en iyi siirgiin
gelisiminin 1 mg L1! BAP uygulamasinda elde
edildigini belirtmektedir (Yadav ve ark., 1990).
Dagman (2019) Myrobolan anacinin
mikrocogaltiminda 1 mg L1 BAP igeren MS besi
ortaminda kardeg sayisini 5.25 adet/ bitki ve siirgiin
boyunu 2.25 cm Olgmiustir. Yapilan arastirmada da
benzer sekilde 0.75 mg L' BAP uygulanan gruplarda
karadutun gelisiminin daha iyi oldugu gézlenmigtir.

Koklendirme

Koklenme tuzerine IBA konsantrasyonlarmin etkisi,
Cizelge 3’de verilmistir. /n wvitroda bitkicikler 3-4
haftada koklenmislerdir (Sekil 3).

Sekil 3. M. nigrada koklendirme

Figure 3. Rooting in M. nigra

En iyi koklenme orami %95 ile 1.5 mg L1 IBA
uygulamasinda tespit edilmigtir. Bu konsantrasyon;
stirglin uzunlugu, kok sayis1 ve kok uzunlugu
kriterleri ile de 6nemli bulunmustur. Kék uzunlugu
degisiminde en diisik deger, 52.8 mm ile 0.75 mg L1
IBA grubunda olup, en yliksek deger 66.6 mm ile 1.5
mg Lt IBA grubunda o6lgilmustiir. Stirgiin uzunlugu
degisiminde en yiiksek deger, 52.5 mm ile 1.5 mg L1
IBA grubunda olup, en diisik deger ise 34.37 mm ile
3 mg L! IBA grubunda ol¢ilmustir. Kok
sayisi/siirglin degisiminde en diisik deger, 3 mg L1
IBA grubunda 4.67 adet iken en yiiksek deger 1.5 mg
L1 IBA grubunda 6.67 adet olarak ¢l¢ilmiustiir.

Ozkul (2014) urmu dutunun (M. nigra) cogaltiminda
%84 koklenme orani ile 1 mg L' IBA'nin kéklenme
i¢in en uygun doz oldugu bildirmistir. Habib ve ark.
(2003) M. albanin cogaltimi {izerine yaptiklar
arastirmada, en yiiksek koklenmeyi MS ortaminda,
0.5 mg L1! IBA uygulamasinda elde etmislerdir.
Sengiil (2012) M. nigranin in vitro
koklendirilmesinde, MS besi ortamina eklenen 0.5 mg
L1 IBA ile %29.6 koklenme basarisi sagladigini, 1 mg
L1 IBA'da basarinin %25%e distigunia bildirmigtir.
0.5 mg L1 IBA uygulamasinin 3.8 adet kok sayisi,
67.2 mm kok uzunlugu ve 24.8 mm siirgiin uzunlugu
ile daha basarili oldugunu belirtmektedir. Goékdere
(2019) Prunus domestica’nin koklendirilmesinde, IBA
konsantrasyonunun kok sayis1 tlizerine etkisini
arastirildigr calismada kok sayisini, 0.3 mg Lt IBA
uygulamasinda 1.25 adet, 1 mg L't IBA’da 2.5 adet ve
2 mg L1 IBA’da ise 2 adet olarak saptamistir. Eksi
kara cesidinde in vitro ortamda kok gelisimi icin, 1.5
mg L1 IBA uygulamasinin en uygun konsantrasyon
oldugu bulunmustur (Cizelge 3).

Cizelge 3. Koklendirme sonuc¢larinin IBA konsantrasyonlarina gére degisimi
Table 3. Variation of rooting results according to IBA concentrations

Gruplar 0.75 mg L1 IBA 1.5 mg L1 IBA 2.5 mg L1 IBA
Groups 0.75 mg L'! IBA 1.5 mg L1 IBA 2.6 mg L1 IBA
Koklenme orani (%) Rooting rate (%) ab92.00 + 1.00 a95.00 + 1.00 b87.33 + 3.06
Kok uzunlugu (mm) Root length (mm) a52.8 + 1.11 b66.6 + 1.18 ¢55.83 + 0.57
Siirgiin uzunlugu (mm) Shoot length (mm) a34.97 + 1.00 b52.5 + 1.50 a34.37 + 1.27
Kok say1sy/Siirgiin (Adet) Root Number/Shoot (Number) ab5.33 + 0.58 a6.67 + 0.58 b4.67 + 0.58

Harfler satir icindeki degisimleri géstermektedir.
Letters indicate the changes within the Iine.

SONUC ve ONERILER

Karadutun gida sanayisinde 6n plana c¢ikmasi ve
antosiyanin igerigi ile ila¢ sanayisinde kullanilmasi,
karadut yetigtiriciligine talebi artirmistir. Diger
cogaltim yontemleri ile karsilastirildiginda, birgok
avantaji bulunan in vitro ¢ogaltim igin en uygun
yontem  belirlenmeye  ¢alisilmigtir.  Karadutun
mikrogogaltim protokoliiniin belirlendigi bu
arastirmada, eksplant olarak nodal tomurcuklar
kullanilmigtar. Arastirma sonuclarina gore,
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eksplantlarin alinmasi igin Haziran ayinin uygun
oldugu, kiltiir baglatma i¢in 0.75 mg L1 BAP, stirgin
gogaltimi i¢in 1 mg L? BAP ve kéklenme i¢in 1.5 mg
L1 IBA konsantrasyonlarinin uygun oldugu
belirlenmigtir. Doku kiiltiirtinde nodal eksplanttan bu
mikrogogaltim protokoli kullanilarak 20-25 haftada
tam bir bitki elde edilmistir. Sonuc¢ olarak, bu
arastirmada karadutun mikrogogaltim yontemi ile
hizli ¢ogaltilmasi igin uygun protokoliin bulundugunu
ve bundan sonra yapilacak arastirmalar igin
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bulgularin bilim insanlarina énemli katk: saglayacag:
disunulmektedir.

TESEKKUR

Bu arastirma Duygu OZELCI'nin doktora tezinin bir
b6lumudir. Arastirmayr maddi olarak estekleyen
Inéniit  Universitesi Bilimsel Arastirmalar Proje
birimine (Proje No FDK-2017-682), Laboratuvar
imkanlar1 ve orneklerin temininin saglamasindaki
katkilarindan dolayr Kayis1 Arastirma Enstitiisi'ne
tesekkiir ederiz.

Aragtirmacilarin Katki Oran1 Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig
olduklarini beyan eder.
Cikar Catigmas1 Beyani
Makale yazarlar1 aralarinda herhangi bir cikar

catismasi olmadigini beyan ederler.
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OZET Aragtirma Makalesi

Bu calismada, Turkiye'nin cevizde mevcut tretim ile gelecekteki

uretim ve gereksinim tahmini incelenmigtir. Bu amagla 1999-2019 Makale Tarihgesi
doneminde gerceklegsen liretim ve talep verilerinden yararlanarak, Gelig Tarihi  :28.12.2020

2020-2045 yili iiretim ve gereksinim miktar1 tahmin edilmigtir. Kabul Tarihi :02.04.2021
Tirkiye'de ceviz tretim miktar: 1999 yilinda 120 bin ton iken, 2019
yilinda % 87.50 oraninda artarak 225 bin ton olarak gerceklesmistir. Anahtar Kelimeler

Tirkiye'de bu tretim artisa ragmen, 2019 yilinda ig ceviz talebi 289 Ceviz
bin ton olup, Turkiye kendi tUretimi ile bu talebi Uretim
karsilayamamaktadir. Bu nedenle Turkiye ceviz gereksinimini Talep
ithalat yoluyla temin etmekte olup, ceviz dis ticaretinde acik Projeksiyon

vermektedir. Nitekim 2018 yilinda Tiirkiye'nin ceviz ithalati 103 bin
ton iken, ihracati ise 30 bin ton civarindadir. Turkiye’de meyve
veren agac sayisl 1999 yilinda 3.525 bin adet iken 2019 yilinda %
319.18 artigla 11.251 bin adete yukselmistir. 1999-2019 déneminde
ceviz Uretimi ile meyve veren agag sayisi arasinda yiksek diizeyde
bir iliskinin (r=0.870) oldugu belirlenmistir. Ayn1 dénemde meyve
vermeyen agag sayisinda ise % 769.54 artis olmustur. Incelemenin
sonuglarina gore 2020-2045 doneminde ceviz TUretiminde ve
gereksinimde artis olacagi éngorulmektedir. Tiirkiye’'de ceviz tiretimi
2045 yilina kadar 550-600 bin tona yiikselecegi tahmin edilmektedir.
Gereksinim miktarinin ise dénemsel egilim ve talep artigina gore
500-560 bin ton civarinda olmasi 6ngérulmustir. Sonug olarak, 2020-
2045 doneminde Turkiye'nin cevizde kendine yeterli bir tulke
konumuna gelecegi tahmin edilmektedir.

Projections of Production and Demand for Walnut in The Period 2020-2045 in Turkey
ABSTRACT Research Article

In this study, current production rate as well as the projections of ) i
production and needs for walnuts in the period of 2020-2045 in Article History

Turkey were evaluated. For this purpose, the production and Received £ 28.12.2020
demand amount of 2020-2045 was estimated by making use of the Accepted £ 02.04.2021
production and demand data obtained in the period of 1999-2019.
While the amount of walnut production in Turkey in 1999 was about Keywords
120 thousand tons, it became 225 thousand tons as increased by Walnut.
87.50% in 2019. Despite this increase in production, domestic Production
demand of walnut in 2019 was about 289 thousand tons, and Turkey Derpanfl
Projection

could not meet its own demand. Therefore, Turkey has imported
walnuts and there has been foreign trade deficit for the country. In
fact, while Turkey's imports for walnuts in 2018 were around 103
thousand tons, the exports were about 30 thousand tons. Although
the number of fruiting trees was about 3 millions 525 thousands in
Turkey in 1999, it increased with the rate of 319.18 % up to 11
million and 251 thousands in 2019. It was determined that there was
a high level of relationship (r = 0.870) between walnut production
and the number of fruit-bearing trees in the period of 1999-2019. In
the same period, there was a 769.54% increase in the number of
trees that did not bear fruit. According to the results of this study, it
is estimated that there will be an increase in the demand and the
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production of walnuts in the 2020-2045 period. In fact, walnut
production in Turkey is estimated to rise to 550-600 thousand tons
by 2045. As for demand, it is calculated to be around 500-560
thousand tons according to the periodic trend and demand
increment. As a result, it is expected that Turkey will have a feature
of self-sufficiency for walnuts during the period of 2020-2045.

Atf igin: Giiveng I, Purlu G 2022. Tirkiye’nin 2020-2045 Déneminde Ceviz Uretim ve Gereksinim Projeksiyonu. KSU
Tarim ve Doga Derg 25(1): 57-65. DOI: 10.18016/ksutarimdoga.vi.848460.

To Cite Giveng I, Purlu G 2022. Projections of production and demand for walnut in the period 2020-2045 in Turkey.
KSU J. Agric Nat 25(1): 57-65. DOI: 10.18016/ksutarimdoga.vi.848460.

GIRIS Ulke niifusunun ve ceviz tiikketiminin hizla artmasi

Ekonomik faaliyetlerin hareket mnoktas1 insan (talep genislemesi) cevizde yeterlilik ~derecesinde

gereksinimleri ve isteklerinden olusmaktadir. azalmaya neden olmust}lr. Nitekim cevizde yeterlilik

Insanlarin  gereksinimlerini kargilama yo6niinde 2000 yihnda  %93.9 iken 2018 yilinda 9%74.2%

davranista bulunmasi talebi olusturur. Talep gerilemistir (Anonim, 2020).

karsisinda isletmelerin mal ve hizmet sunumunda
bulunmalar1 arz olarak nitelenir. Insan gereksinim ve
isteklerini karsilamaya yarayan somut araclara mal
denilmektedir =~ (Karalar, 2003). Gida maddeleri
ekonomik bir kavram olarak tiketim mallar
igerisinde degerlendirilmektedir. Turkiye‘de 80 kadar
bahce iiriiniiniin iiretimi (arz) yapilmakta ve bu
bahge urtinlerine yiksek diizeyde talep edilmektedir.
Bu trinlerden biri de cevizdir. Ceviz uzun 6miurli bir
agactir. Uretim esnekligi bircok meyve gibi dustiktiir.
Yani tretim slirecinin tiketici gereksinimlerine hizla
cevap verme yetenegl azdir. Bahge kurulup tam
meyve verebilmesi i¢in yillar gerekir.

Cevizin  anavatani arasinda  Tirkiye'nin de
bulundugu sert kabuklu bir meyve tiurudir. Bu tir
dinyada Anadolu veya Iran cevizi olarak da
bilinmektedir (Oz¢agiran ve ark., 2007). Ceviz latince
tiir ismi (Juglans regia L.) Juglans adl1 bir kelimeden

gelmekte olup, bu kelime Tanrinin meyvesi
anlamindadir. Turkiye’de de ceviz yetistiriciligi
oldukca eski tarihlere dayamir. Nitekim Osmanh
Tahrir Defterlerinin  bazilarinda (Yinang ve
Elibiiyiik, 1988) Anadolu’da on besinci yiizyilda ceviz
yetistiriciliginin  var  olduguna dair Dbilgilere
rastlanilmaktadir.

Ceviz besin olarak degerli bir kuru meyvedir. Ceviz
taze veya kuru olarak tiiketilmekte sekerleme ve gira
urlinlerinin  yapiminda da hammadde olarak
kullanilmakta ve goévde ve dallarinda elde edilen
kerestesi mobilya sanayinde oldukca
degerlendirilmektedir (Ozcagiran ve ark., 2007; Sen,
2011; Yiicer, 2013).

Dinya ceviz iretiminin % 5.201 Turkiye'de
uretilmektedir. Son yillarda cevizde uretimi artirici
politikalara 6nem verilmektedir. @ Bu dogrultuda
1999-2019 déneminde meyve veren ve vermeyen agag
sayisinda yiiksek bir artis olmustur (Anonim, 2020).
Bu durumda gelecekteki tiretim miktarinin i¢ ve dig
pazar  lzerine nasil  bir etkisi  olacagim
degerlendirilmesi 6nemlidir.

58

Turkiye ceviz ihtiyacinin bir kismimi ithalat yoluyla
temin etmektedir. Tirkiye ceviz dig ticaretinde acgik
veren bir lilke durumundadir. Bundan dolay1 Tiirkiye
ithalatci iilke konumundadir (Giivenc ve Kazankaya,
2019). Ancak Tiirkiye kendi iiretimi ile i¢ pazar
taleplerini kargilama yaninda ihra¢ etme potansiyeli
vardir. Ancak mevcut analizler Turkiyenin ceviz dig
ticaretinde rekabeti acisindan zayif oldugunu
gostermektedir. Turkiye’de kaliteli ceviz gesitleri
uretimi  pazarlarda uygun fiyat olusumu ve
ticaretinde rekabeti artirmaya yardimci olacaktir
(Ketenci ve Bayramoglu, 2018; Giivenc ve Kazankaya,
2019). Thracatta yapilacak iyilestirme ¢aligmalar: icin
uretim miktarindaki artig da énemlidir.

Cevizde Uretim projeksiyonunu inceleyen galigsmalar
olduk¢a simirlidir. Bununla birlikte Tirkiye'de
ekonomik olarak yetistiriciligi yapilan baz1 sert
cekirdekli meyvelerin uretim projeksiyonu
yapilmistir: Bu ¢alismada 2008—-2017 yil1 verilerinden
yararlanarak seftali, nektarin ve erik, kayisi, kiraz ve
visne meyvelerinin 2018-2027 yillar1 arasindaki
iretim miktar1 6ngériillmeye cahisilmistir (Uzun ve
ark., 2018). Bu incelemede Tiirkiye’de 6énemli bir
kuru meyve olan cevizin 1999-2019’daki mevcut
turetimi ile 2020-2045’deki Uretim ve gereksinim
(talep) projeksiyonu yapilmistir.

MATERYAL ve METOD

Bu c¢alismada, Tirkiye'nin cevizde mevcut ve
gelecekteki iiretim tahmini etmek amaciyla Diinya
Gida ve Tarmm Tegkilati (Anonymous, 2020) ve
Turkiye Istatistik Kurumu (Anonim,  2020)
verilerinden de yararlanilmigtir.

Gereksinim duyulan tretim miktary; Tirkiye Istatik
Kurumun’daki 1999-2019 dénemi cevizde yeterlilik
derecesi(%) ve mevcut iiretim miktar1 verilerini géz
ontinde bulundurarak basit orantiyla hesaplanmigtar.

Aragtirmada fert basina ve ortalama tiretim (kg fert!)
miktarim ise Tirkiyenin 1999-2019 dénemindeki
mevcut niifus ve cevizde mevcut Uretim miktar
verilerinden yararlanarak hesaplanmistir.
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Projeksiyon: Bu calismada tretim ve gereksinim
(talep) olmak {izere iki 6ngérii  belirlenmistir.
Incelenen 2020-2045 déneminde iiretim tahmini
1999-2019 doneminde gerceklesen ceviz liretiminden
yararlanarak iki yontemle yapilmistir. Bunlar;
doénemsel hesaplama yapma 6zelligi olan Excel Egilim
Programi (EEP) ile basit ve coklu dogrusal regresyon
yontemleridir. Bagimli degisken olarak tiretim (Y) ile
bagimsiz degisken agac sayist (Xi) arasinda basit
regresyon (Y=a + bX1); iiretim ile agac say1s1 ve agac
basina verim (X2) arasinda ¢oklu dogrusal regresyon
(Y= a + bX1 + cX2) hesaplamalar1 yapilmistir.

Gereksinim tahmini incelenen 2020-2045 dénemi igin
ise u¢ farklh gekilde yapilmigtir:

1-1999-2019 dénemindeki mevcut Uretim
miktarlarindan yararlanarak 2020-2045 dénemindeki
tahmini ceviz Uretim miktarini donemselligi dikkate
alarak Excel Egilim Programinda (EEP)
hesaplanilmistir (Dénemsel Egilim Projeksiyonu).

2- Niufus ile gereksinim arasinda yakin bir iligki
vardir. Bu nedenle Tirkiyenin = 2020-2045
dénemindeki niifus tahmini (Anonim, 2020) ve 2015-
2019 doneminde fert basina disen ortalama ceviz
gereksinimine (kg fert?) gére 2020-2045 dénemindeki
tahmini iiretim miktar1 hesaplanmistir (Ortalama
tiilketime gore projeksiyon).

3-Talebi de yansitmasi icin 1999-2019 dénemindeki
fert basina diisen ortalama gereksinim miktar1 ve

2020-2045 donemindeki tahmini nufus ile 2020-2045

donemindeki toplam ceviz gereksinimi lizerine
ongori yapilmistir (Talebe gore projeksiyon).

Bagimli degiskendeki degisimin ne kadarinin
bagimsiz degiskence acgiklanabilecegini gosteren

‘Belirlilik Katsayisi’ (BK); korelasyon katsayisinin
karesi alinarak hesaplanmigtir. Bu ¢alismada yapilan
tahminler ve yukarda belirtilen kurum kayitlarindan
elde edilen verilerden ihtiya¢ duyulan hesaplamalar
[Regresyon, Korelasyon (r). (%), Degisim Katsayisi
(DK)]  Microsoft Excel ve SPSS istatistik
programindan yararlanarak gergeklestirilmigtir.

BULGULAR ve TARTISMA
Mevcut Uretim ve Gereksinim

Turkiye’de 1999-2019 doneminde ceviz Uretimi
Cizelge 1’de verilmigtir. 1999°da 120 bin ton kadar
olan uretim miktar1 % 87.50 oraninda artarak 2019
yilinda 225 bin tona yukselmistir. Gereksinim
duyulan ceviz miktar1 da 1999 yili verisi ile
karsilagtirildiginda 2020 yilinda % 224.80 oraninda
(2.24 kat1) artarak 289 bin tona ulasmistir. Bu durum
ceviz olan talebin arttigini1 géstermektedir.

1999-2019 doéneminde fdUretim % 87.5 artarken
gereksinim% 124.80 oraninda artmistir. Dolayisiyla
2019 ceviz uretimi 225 bin ton olmasina ragmen
yeterlilik daha diisiiktiir (Cizelge 1). Bu durum talep
geniglemesi oldugunu gostermektedir.

Cizelge 1. Turkiye’de 1999-2019 déneminde cevizde tretim, yeterlilik ve gereksinim miktari.
Table 1. Production, sufficiency, and demand of walnuts in Turkey in the 1999-2019 period.

Yillar Mevecut iiretim (ton) Degigim (%) | Yeterlilik (%) | Gereksinim miktar:1 @ (ton) | Degigim (%)
Years | Prevailing production(tone) | Changing (%) | Sufficiency (%) Demand (tone) Changing (%)
1999 120.000 100.00 93.1 128.893,00 100.00
2000 116.000 96.67 93.9 123.535,67 95.84
2001 116.000 96.67 94.0 123.404,25 95.74
2002 120.000 100.00 86.2 139.211,13 108.01
2003 130.000 108.33 83.6 155.502,39 120.64
2004 126.000 105.00 77.8 161.953,72 125.65
2005 150.000 125.00 84.1 178.359,09 138.38
2006 129.614 108.01 83.1 155.973,52 121.01
2007 172.572 143.81 82.1 210.197,32 163.08
2008 170.897 142.41 84.3 202.724,79 157.28
2009 177.298 147.75 81.4 217.810,81 168.99
2010 178.142 148.45 88.0 202.434,09 157.06
2011 183.240 152.70 84.6 216.595,74 168.04
2012 203.212 169.34 87.6 231.977,16 179.98
2013 212.140 176.78 92.7 228.845,73 177.55
2014 180.807 150.67 87.2 207.347,47 160.87
2015 190.000 158.33 76.8 247.395,83 191.94
2016 195.000 162.50 76.7 254.237,28 197.25
2017 210.000 175.00 74.5 281.879,19 218.69
2018 215.000 179.17 74.2 289.757,41 224.80
2019 225.000 187.50 74.4 289.757,00 224.80

Kaynak: Anonim 2020 (TUIK) veri tabanindan yararlanarak hazirlanmistir.
(1)-Yeterlilik seviyesine gore ihtiyac duyulan toplam tiretimi géstermektedir.
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Mevcut Yeterlilik ve Talep

Tiurkiye'nin 1999-2019 déneminde cevizde yeterlilik
durumu Cizelge 1’de verilmistir. Incelenen dénemde
cevizde yeterlilik durumu 1999da % 93.1 iken
2019da % 74.4e dismustur. Turkiye'nin mevcut
tiretimi tiiketimi (talebi) karsilayamadig: icin ithalat

Ceviz Dis Ticareti

yoluna gidilmektedir. Bundan dolayr Turkiye ceviz
dis ticaretinde agik vermektedir. Nitekim 2018
yilinda ithalati 103 bin, ihracati ise 30 bin ton
civarindadir (Sekil 1). Yeterli oranindaki bu azalma
ithalat yoluyla karsilanmaktadir.

Foreign trade of walnut
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Sekil 1. 1999-2018 doneminde Tiirkiye ceviz dig ticareti (ton yil-!) (Anonim, 2020; Anoymous, 2020).
Figure 1. Amount of foreign trade (import and export) of walnut by Turkey in the 1999-2018 period (Tons Year-') (Anonim,

2020; Anoymous 2020).

Agac Sayis1 ve Verim

Turkiye’de 1999-2019 yillar1 arasinda cevizde meyve
veren ve vermeyen agac¢ sayisl ve artig oranlar
Cizelge 2’'de verilmigtir. Tirkiye’de meyve veren ceviz
agac sayis1 1999 yilinda 3.525 bin iken 2019 yilinda %
319.18 artigla 11.251 bin adete yukselmigtir. Aym

donemde meyve vermeyen agac¢ sayisinda ise %
769.54 bir artis olmustur.

Ceviz Uretimindeki artig buyuk oOlgide agag
sayisindaki  artistan  kaynaklanmaktadar. Bu

calismada ceviz liretimi ile meyve veren agag¢ sayisi
arasinda yiiksek diizeyde bir iliskinin (r=0.870)
oldugu belirlenmigtir. Ceviz iliretimi ile meyve veren
agac sayis1 arasinda %75.69 oraninda bir etkilesim
[belirlilik katsayis1 (r2)= 0.7569] vardir.

Meyve veren agag sayisi 1999 yilina gére 2019 yilinda
3.19 kati oraninda bir artig gostermistir. Meyve
vermeyen agag¢ sayisindaki artis ise 7.69 kati
seklindedir (Cizelge 2). Sadece son 5 yildaki artis
(2015°den beri) dikkate alinsa bile 2 kati bir agac
sayisinda artig olmustur. Bu durum gelecekte ceviz
tiretiminde 6nemli artiglar1 olacaginm géstermektedir.
Bu agaclarin bir kismi1 hentiiz genclik devresindedir.
Tam gelisme doéneminde iiretim miktar1 daha da
artacaktir. Agac basina verimde diisiis olmas1 meyve
veren agaglarin tam verim g¢agina erismemeleri ile
aciklanabilir.
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Uretim artis1 saglayacak bir diger faktér ise agag
bagsina verimdir. Aga¢ basina verim 1999'da 34.04 kg
iken 2019da 19.99 kg'dir. Incelenen iiretim
déneminde (1999-2019) agac basina verim o6zellikle
son yillarda azalmigtir. Soyle ki cevizde 1999-2013
déneminde aga¢ basina verim 30 kg ustindedir. 1999-
2019 doéneminde agac¢ basina ortalama verim 25.01
kg; 2014-2019 déneminde ise 23.4 kg'dir (Cizelge 2).
Bu durum yeni bahgelerin kurulmasi nedeniyle
gen¢lik doneminde olmalar: ve kiultiirel islemlerdeki
eksiklikle acgiklanabilir. Ceviz Uretimi ile meyve
veren aga¢ verimi arasinda % 26.41 oraninda bir
etkilesim [belirlilik katsayis: (r2)= 0.264] vardir. Ceviz
uretim ile meyve veren aga¢ sayisl ve agag¢ verimi
arasindaki BK (2= 0, 957 (% 95.70) olarak
belirlenmigtir.

Niifus ve Gereksinim

Turkiyenin 1999-2019 doéneminde niifus ile fert
basina ceviz Uretim ve gereksinimi Cizelge 3'de
sunulmustur. Incelenen doénemde nifus artis
yaninda ceviz Uretim ve gereksiniminde de artis soz

konusudur. 1999-2019 doéneminde niifus ile ceviz
gereksinimi arasinda korelasyon katsayis1 (r)=
0,962503 ve BK (2= % 92.64 (0,926) olarak
belirlenmigtir.
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Cizelge 2. Tirkiye’de 1999-2019 déneminde cevizde meyve veren ve vermeyen agac sayisl.
Table 2. The number of trees bearing or not bearing fruit of walnuts in Turkey in the 1999-2019 period.

Meyve veren agac | Degisim Aga¢ bagina verim | Meyve vermeyen agag sayisi Degisim(%)
Yillar | say1s1(1000)(adet) (%) (kg agac-!) (1000) (adet) C]? i %)

number of trees that bears fruit | Changing (%) | (vield tree-?) number of fruitless trees anging (7o
1999 3.525 100.00 34.04 1.300 100.00
2000 3.550 100.71 32.67 1.490 114.62
2001 3.640 103.26 31.86 1.780 136.92
2002 3.850 109.22 31.16 2.030 156.15
2003 4.100 116.31 31.70 2.100 161.54
2004 4.200 119.15 30.00 2.200 169.23
2005 4.535 128.65 33.07 2.245 172.69
2006 4.595 130.35 28.20 2.353 181.00
2007 4.927 139.77 35.02 2.788 214.46
2008 5.095 144.54 33.54 2.952 227.08
2009 5.192 147.29 34.14 3.200 246.15
2010 5.441 154.35 32.74 3.643 280.23
2011 5.594 158.70 32.75 4.045 311.15
2012 5.977 169.56 33.99 4.541 349.31
2013 6.526 185.13 32.50 4.878 375.23
2014 7.001 198.61 25.82 5.374 413.38
2015 7.596 215.49 25.01 5.560 427.69
2016 8.171 231.80 23.86 6.873 528.69
2017 8.767 248.71 23.95 7.895 607.31
2018 9.875 280.14 21.77 8.897 684.38
2019 11.251 319.18 19.99 10.004 769.54

(*)Uretim ile meyve veren agac sayis: arasindaki Korelasyon katsayis1 r=0,870; BK (r2)= 0,7569 (%75.69).

Ceviz iiretimi ile agac verimi arasindaki Korelasyon katsayisi r= -0,514 ve BK 0,264 (%26.41); Dogrusal regresyon esitligi
Y=80.987 + 14.74X; -0,513952295

Not: 2014-2019 ortalama verimi 23.4 kg; 1999-2019 ortalama verim 25.01 kg.

Cizelge 3. 1999-2019 doneminde Tiirkiye’de niifus ile fert bagina gergeklestirilen ve gereksinim duyulan ceviz liretimi.
Table 3. Prevailing Population as well as the production and the demand of walnut per capita in Turkey in the period of 1999-

2019.

Yil Niifus Uretim (kg Fert-) Degisim (%) Gereksinim® (kg Fert-') Degisim (%)
Years | Population Production of (kg person-') Changing (%) Demand (kg person-') Changing (%)
1999 | 62.243.779 1.9 100.00 2.07 100.00
2000 | 64.729.501 1.6 82.90 1.90 91.79
2001 | 65.603.160 1.6 82.90 1.88 90.82
2002 66.401.851 1.8 93.26 2.09 100.97
2003 | 67.187.251 2.0 103.63 2.31 111.59
2004 | 68.010.215 2.0 103.63 2.38 114.98
2005 | 68.860.539 6.0 310.88 2.59 125.12
2006 | 69.729.967 6.0 310.88 2.23 107.73
2007 | 70.586.256 2.8 145.08 2.97 143.48
2008 71.517.100 2.7 139.90 2.83 136.71
2009 72.561.312 2.9 150.26 3.00 144.93
2010 73.722.988 2.6 134.72 2.74 132.37
2011 74.724.269 2.8 145.08 2.89 139.61
2012 75.627.384 2.9 150.26 3.06 147.83
2013 76.667.864 2.8 145.08 2.98 143.96
2014 77.695.904 2.5 129.53 2.66 128.50
2015 78.741.053 3.0 155.44 3.14 151.69
2016 79.814.871 3.0 155.44 3.18 153.62
2017 | 80.810.525 3.3 170.98 3.48 168.12
2018 | 82.003.882 3.4 176.17 3.53 170.53
2019 | 82.886.421 2.7 140.40 3.50 170.56

Kaynak: Anonim 2020 (TUIK) veri tabamindan yararlanarak hazirlanmigtir. Korelasyon 1999-2019 déneminde niifus ile ceviz
gereksinimi arasinda korelasyon katsayisi (r)= 0,963 ve BK (2= % 92.64 (0,926). (1): 1999-2019 dénemi fert basi ortalama
gereksinim 2.73 kg;
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Uretim Projeksiyon

Turkiye’de 2020-2045 doneminde ceviz Uretimi
projeksiyonu ve tahmini gereksinim miktar1 Cizelge
4#de sunulmustur. Uretim miktarimin incelenen
dénemde diizenli artmasi beklenilmektedir. 1999-
2019 doneminde gerceklesen tretime goére Donemsel
Egilim Projeksiyonu ile 2045’de yilda toplam 371.038
kadar ceviz uretilmesi 6ngorilmektedir.

Basit ve c¢oklu dogrusal regresyon ile ceviz
Uretiminin; agac¢ sayis1 ve verim dikkate alinarak da
ongorilmesi miumkindir. Bu c¢alismada tretim
lzerine agac¢ sayisinin %75.69; agac sayisl ve verim
birlikte dikkate alindiginda ise % 95.70 (BK (x2)= 0,
957) oranin da etkisi vardir. 2019 yilinda meyve
veren ve vermeyen ceviz agag¢ sayisl toplam olarak
21.255 adettir (Cizelge 2). Bu agac sayisi ile dogrusal
regresyon esitlifinden (Y=80.987 + 14.74Xy)
yararlanarak yapilacak hesaplamada da 394.285 ton
uretime erigilecegi 6ngoriulmektedir. Bu tahmine gore
hi¢ yeni ceviz fidani dikilmese bile ortalama 400 bin
tona yakin ceviz uretilmesi beklenilmektedir. Ancak
yeni bahce veya fidan dikiminin olacagin
éngorebiliriz. Uretimin; agac sayis1 (X1) ve verim (Xo)
ile iligkisi (Y=-191.546 + 26.78X1 + 6753X2) dikkate
alindiginda agac sayis1 21.255 adet (Cizelge 2) ve agac
basina verim 1999-2019 doéneminde 25.01 kg

alindiginda 549.156 ton Uretime erisilecektir. Diger
yandan ortalama verimin 30 kg yiukseldigi
dugtnulurse Uretim miktarni 583 bin ton olarak
belirlenecektir. Bu oOngoriilere gore Tirkiye ceviz
uretimi dikilen agaglarin genglik dénemlerinden tam
verim ¢agina ge¢meleri ve 1yl bakim tedbirleri ile 550-
600 bin tona yiikselmesi beklenilmelidir.

Gereksinim Projeksiyonu

Donemsel egilime gore: Turkiye'nin 2020-2045
dénemine ait 1999-2019 verilerinden (Cizelge 1)
yararlanarak EEP ile belirlenen gereksinim tahmini
Cizelge 4'de sunulmustur. Bu dénemde gereksinimin
artmasi beklenilmekte ve 2045'de ceviz
gereksiniminin 504 bin ton civarinda yiikselmesi
tahmin edilmigtir. Doénemsel Egilim Projeksiyona
gore gerceklesen uretimin gereksinimden az olacagi
tahmin edilmektedir (Sekil 2). Yani, 1999-2019
yillarina kiyasla gelecekteki 25 yilhik strecte
gereksinim duyulan miktar tiretim miktarindan fazla
olacag1 6ngoriilmektedir (Sekil 2). Ancak Tiirkiye'nin
gereksinimin bir kismini ithalat yolu ile karsiladigi
(Sekil 1) dikkate alindiginda kendi iiretimi ile yeterli
hale gelmek i¢in {dretimi artirmaya devam
edilmelidir.

Cizelge 4. Turkiye'de 2020-2045 déneminde tiretim ve gereksinim projeksiyonu.
Table 4. Projection of the production and the demand of walnut for Turkey in 2020-2045.

Yillar Uretim (1) (ton) Degisim (%) Gereksinim (1) (ton) Degisim (%)
Years Production (tone) Changing (%) Demand (tone) Changing (%)
2020 229.805,4 100.00 294.824,143 100.00
2021 235.454,7 102.46 303.211,688 102.84
2022 241.104,0 104.92 311.599,234 105.69
2023 246.753,3 107.37 319.986,779 108.53
2024 252.402,6 109.83 328.374,325 111.38
2025 258.051,9 112.29 336.761,870 114.22
2026 263.701,3 114.75 345.149,416 117.07
2027 269.350,6 117.21 353.536,961 119.91
2028 274.999,9 119.66 361.924,506 122.76
2029 280.649,2 122.12 370.312,052 125.60
2030 286.298,5 124.58 378.699,597 128.45
2031 291.947,8 127.04 387.087,143 131.29
2032 297.597,1 129.50 395.474,688 134.14
2033 303.246,4 131.96 403.862,234 136.98
2034 308.895,7 134.41 412.249,779 139.83
2035 314.545,1 136.87 420.637,325 142.67
2036 320.194,4 139.33 429.024,870 145.52
2037 325.843,7 141.79 437.412,416 148.36
2038 331.493,0 144.25 445.799,961 151.21
2039 337.142,3 146.70 454.187,506 154.05
2040 342.791,6 149.16 462.575,052 156.90
2041 348.440,9 151.62 470.962,597 159.74
2042 354.090,2 154.08 479.350,143 162.59
2043 359.739,5 156.54 487.737,688 165.43
2044 365.388,9 159.00 496.125,234 168.28
2045 371038,2 161.45 504.512,779 171.12

(1):1999-2019 verilerinden (Cizelge 1) EEP ile belirlenmistir.
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Uretim ve Gereksinim

Production and demand
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Sekil 2. 1999-2045 déneminde cevizde mevcut (gerceklesen) ve éngoriilen iiretim ve gereksinim miktar: (ton).
Figure 2. Amount of prevailing and predicted production and demand of walnut for Turkey in the period of 1999-2045 (Tons).

Ortalama tiketime gore: Tiurkiye'nin 2020-2045
donemindeki niifus projeksiyonu ve ortalama ceviz
tiketimi dikkate alinarak yapilan ikinci projeksiyon
ise Tirkiye’de ontumiizdeki 25 yillik niifusta artis
gosterecegi ongériilmistir (Cizelge 5). 1999-2019
dénemindeki tiilketim ortalamasina 2020-2045
donemine ait ceviz gereksinimi Cizelge 5'de
sunulmustur. 2045’de nifusunun 102 milyon kadar
olup ceviz gereksinimin 280 bin ton (yilda 2.73 kg

fert! tiikketime gore) veya 342 bin ton (yilda 3.33 kg
fert! tilkketime gore olmas1) Sekil 2'de 6ngoriilmistiir.
Bu tahminde talep genislemesi dikkate alinmamaisgtir.
Ortalama tlketime gore gelecekte ceviz tretiminin
(Sekil 2) gereksinimden fazla olacagl tahminde
belirlenmigstir. Bu 06ngoérii meyve vermeyen agag
sayisindaki hizli artis ve meyve veren agaclarin tam
olgunluk doénemine ulagsmasi1 ile gerceklesmesi
mimkindir.

Cizelge 5. 2020-2045 doneminde Tirkiye’de niifus ve ortalama tiketime gore gereksinim projeksiyonu.
Table 5. Projection of production and demand of walnut by estimated population and average consumption in Turkey in the

period of 2020-2045.

Yillar Tahmini niifus® Tahmini gereksinim® (ton) Degisim(%)
Years Predicted population Predicted demand (tone) Changing (%)
2021 84.908.658 231.801 101.21
2022 85.911.035 234.537 102.40
2023 86.907.367 237.257 103.59
2024 87.885.571 239.928 104.75
2025 88.844.931 242.547 105.90
2026 89.784.581 245.112 107.02
2027 90.703.600 247.621 108.11
2028 91.601.117 250.071 109.18
2029 92.476.323 252.460 110.23
2030 93.328.571 254.787 111.24
2031 94.153.776 257.040 112.23
2032 94.951.512 259.218 113.18
2033 95.721.347 261.319 114.09
2034 96.463.090 263.344 114.98
2035 97.176.768 265.293 115.83
2036 97.862.519 267.165 116.65
2037 98.520.720 268.962 117.43
2038 99.151.467 270.684 118.18
2039 99.754.923 272.331 118.90
2040 100.331.233 273.904 119.59
2041 100.882.655 275.410 120.25
2042 101.409.507 276.848 120.87
2043 101.911.980 278.220 121.47
2044 102.390.159 279.525 122.04
2045 102.843.989 280.764 122.58

Anonim 2020’nin niifus projeksiyonu; (2) Ortalama fert bas: tiikketim 2.73 kg alinip niifus gére hesaplanmistir.
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Sekil 3. 2020-2045 doéneminde Tiirkiye’de cevizde ongériilen iiretim miktar1 ve gereksinim (Ton yil-!). (1)fert basina
gereksinim 2.73 kg ve (2) 3.33 kg’a gore ihtiya¢ duyulan gereksinim)

Figure 3. Projection of production and demand of walnut by average consumption in Turkey in for 2020-2045 (Tones/Year). In
2020-2045 period, the amount foreseen in walnut production and demand in Turkey (tons year-Y). (1) the demand
per capita is 2.73 kg and (2) the need to meet 5.33 kg demand)

Cizelge 6. 2020-2045 déneminde Tiirkiye’de fert basina gereksinime (tiiketime/talep) gore toplam ceviz gereksinimi.
Table 6. Projection of production and demand of walnut by estimated population in Turkey in for 2020-2045.

Yil Gereksinim® (kg fert-*) Degisim (%) Toplam gereksinim® (Ton) Degisim (%)
Years Demand (kg person-?) Changing (%) Total demand (tone) Changing (%)
2020 3.58 100.00 300.778,8 100.00
2021 3.66 102.16 310.963,4 103.39
2022 3.74 104.32 321.282,0 106.82
2023 3.82 106.48 331.732,6 110.29
2024 3.89 108.63 342.266,7 113.79
2025 3.97 110.79 352.877,5 117.32
2026 4.05 112.95 363.556,8 120.87
2027 4.13 115.11 374.296,5 124.44
2028 4.20 117.27 385.087,9 128.03
2029 4.28 119.43 395.922,8 131.63
2030 4.36 121.58 406.793,0 135.25
2031 4.44 123.74 417.675,1 138.86
2032 4.51 125.90 428.561,0 142.48
2033 4.59 128.06 439.442,2 146.10
2034 4.67 130.22 450.311,4 149.72
2035 4.75 132.38 461.162,2 153.32
2036 4.82 134.53 471.988,8 156.92
2037 4.90 136.69 482.786,5 160.51
2038 4.98 138.85 493.549,4 164.09
2039 5.06 141.01 504.271,9 167.66
2040 5.13 143.17 514.948,5 171.21
2041 5.21 145.33 525.584,7 174.74
2042 5.29 147.48 536.176,2 178.26
2043 5.36 149.64 546.718,5 181.77
2044 5.44 151.80 557.206,4 185.25
2045 5.52 153.96 567.633,8 188.72

(1): 1999-2019 doénemi gereksinim verilerinden EEP ile hesaplanmistir. (2): Siitun 1 ve niifus projeksiyonundan yararlanarak hesaplanmistir.
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Talebe gore: 2020-2045 dénemi i¢in 6ngoriilen cevizde
ortalama fert basi gereksinim (talep) ve niifustaki
degisime gore belirlenen toplam gereksinim miktar:
2020-2045 doneminde ceviz gereksinimi Cizelge 6 ve
Sekil 3’de sunulmustur. Niifustaki artista dikkate
alindiginda 2045 yilinda cevize olan talebin 567 bin
tona yiikselecegi oOngoérilmektedir. Buna gore
éngoriillen gereksinim miktarinin (talep) da artmas:
beklenilmektedir.

SONUC ve ONERILER

Incelenen 1999-2019 déneminde {iretilen cevizin
buyuk kismi i¢ pazarda olmak tizere talep
edilmektedir. Satis potansiyelinin pazar tarafindan
tumiyle karsilanmasina tam talep denilmektedir
(Tenekecioglu ve ark., 2006). Tirkiye artan talep
nedeniyle kendi gereksinimin bir kismini da ithalat
yoluyla karsilamaktadir. Bu dogrultuda gelecek 25
yillik slirecgte Turkiyenin cevizde Uretim
potansiyelinin i¢ ve dig ticaret TUzerine etkisi
incelenmigtir. Incelenen 2020-2045 doénemi igin
cevizde uretim ve gereksinimin artmasi
ongorilmektedir. Tirkiye ceviz tretimi dikilen
agaclarin genclik dénemlerinden tam verim c¢agina
gecmeleri ve iyl bakim tedbirleri ile 550-600 bin tona
yikselmesi beklenilmelidir. Bu c¢alismada incelenen
iki Giretim tahminin ortalamasi alinsa bile 460 bin ton
civarinda bir tretime ulasilacagi tahmin edilmistir.
Donemsel egilime gére tahmini tiretim miktar1 371
bin ton ve gereksinim miktar1 504 bin ton civarinda
olmasi1 6ngérilmigstiir. Ancak ortalama tiketim gore
hesaplanan gereksinim 280 bin ton (yi1lda 2.73 kg fert
1 tiiketime gére ) ve 342 bin ton (yilda 3.33 kg fert!
tiketime gore) olarak &ngorilmiistiic. Tiirkiye
nifusunda artma ve cevizde beklenen talep
geniglemesi dikkate alindiginda distktur. Bununla
birlikte gereksinimi ortalamasi 470 bin tondur.
Cevize yapilan tegvikler ile yeni kapama bahgelerin
kurulmasi, verimliligi artiran kiultiirel tedbirlerin
yayginlasmasi ile 2020-2045 déneminde Turkiye ig
talebi kendi tretimi ile kargilayacak kendi kendine
yeterli bir iilke durumuna gelmesi beklenilmedir.
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ABSTRACT

Research Article

This study is based on the macrofungi specimens collected from
Tonya district of Trabzon province. As a result, 216 macromycete
species belonging to 150 genera, 73 families, 23 orders, and 8 classes,
within Ascomycota and Basidiomycota were determined. The list of
the determined taxa was provided together with their habitats,
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Tonya (Trabzon) Yoresinde Belirlenen Makromantarlar

OZET

Aragtirma Makalesi

Bu ¢alisma Trabzon ilinin Tonya ilgesinden toplanan makromantar

orneklerine dayanmaktadir. Sonu¢ olarak, Askomikota ve Makale Tarihgesi
Bazidyomikota bolimleri iginde yer alan 8 sinif, 23 takim, 73 familya Gelig Tarthi  :09.01.2021
ve 150 cinse ait 216 makromantar tiira tespit edilmistir. Belirlenen Kabul Tarithi :09.04.2021
taksonlarin listesi, tiirlerin habitatlari, toplanma tarihleri ve .
toplayict numaralari ile birlikte verilmigtir. A?‘ahta? thmeler
Biyocesitlilik
Makromantarlar
Taksonomi
Turkiye
To Cite: Uzun Y, Kaya A 2022. Macromycetes Determined in Tonya (Trabzon) District. KSU J. Agric Nat 25 (1): 66-77.
DOI: 10.18016/ksutarimdoga.vi.857201.
INTRODUCTION 39°23' eastern longitudes. Phytogeographically the

Macrofungi are the group of fungi having wvisible
fruiting bodies with saprotrophic, parasitic, or
symbiotic  lifestyles. Besides their ecological
importance, they also serve as food for lots of animals
as well as mankind. Tough more than 50.000
macrofungi species have been estimated (Mueller et
al., 2007), and more than 15.000 species have been
determined in Europe (Lukic, 2008), only a small
portion of them (approximately 2.700 species) are
currently known from Turkey. Starting from the first
quarter of the 20t century, many studies (Sesli et al.,
2020) have been conducted to determine the
macrofungal biodiversity of Turkey. But the majority
of the territory of Turkey could still be regarded
among the unstudied or less studied regions, and
need to be studied in a detailed manner.

Tonya 1s a district of Trabzon province within Eastern
Black Sea Region of Turkey (Fig. 1). According to
Davis’ (1965) grid system, it takes place in A7,
between 40°42'-40°58' northern latitudes and 39°12'-

area falls in KEuro-Siberian floristic area within
Holarctic flora kingdom (Davis, 1965). The plant
cover of Tonya 1s mainly characterized by forest
areas. Abies nordmanniana Stev., Picea orientalis
Link., Pinus sylvestris L., Juglans regia L., Tilia
tomentosa Moecnh., Platanus orientalis L., Juniperus
oxycedrus L., Castanea sativa Mill., Alnus glutinosa
L., Salix alba L., Populus tremula L., Corylus
avellana L., Quercus ilex L., Fraxinus oxcycarpa L.,
Carpinus betulus L., Rhododendron ponticum L.,
Daphne pontica L., Fagus orientalis Lipsky.,
Pteridium aquilinum (L.) Kuhn, Rubus idaeus L,
Crataegus monogyna Jack., Buxus sempervirens L.,
Prunus laurocerasus L., Acacia L., and Arbutus L. sp.
are the common tree and shrubby forms in the region.

Though some local lists (Sesli, 1993; Baydar and
Sesli, 1994; Akata et al., 2014, 2016) were presented
at neighboring districts and provinces, and some new
records or new distributions were reported from the
region, a detailed research has not so far been
conducted on the mycobiota of Tonya.
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Figure 1. Map of the research area
Sekil 1. Arastirma alaninin haritasi

The study aims to determine the macrofungal
biodiversity of the region and to contribute to the
mycobiota of Turkey.

MATERIALS and METHOD

Field studies were carried out in Tonya district of
Trabzon province during the period 2014- 2017. The
object of investigations was the suitable habitats for
macrofungal growth. During the field study,
information about the ecology and geographic position
of the samples was collected and they were
photographed at their natural habitats. GPS data for
the localities of fungi were obtained using a Magellan
SporTrack Pro GPS Receiver (Table 1), and color
photographs were taken by a Sony HX-400V digital
camera. Microscopic investigations were carried out
on dried samples. Microscopic measurements were
made from preparations mounted in water or 3%
KOH. A Nikon Eclipse Ci-S trinocular light
microscope was used for microscopic investigations.
Identification of the collected materials was confirmed
using the works of Caillet and Moyne (1980),
Breintenbach and Kranzlin (1984-2000), Benkert
(1995, 2007), Miller and Miller (1988), Candusso and
Lanzoni (1990), Wang and Kimbrough (1992),
Courtecuisse and Duhem (1995), Pegler et al. (1995),
Bessette et al. (1997, 2007), Cappelli (1997), Ellis and
Ellis (1997), Hansen and Knudsen (1992, 1997, 2000),
Heilmann-Clausen et al. (1998), Montecchi and
Sarasini (2000), Arroyo et al. (2005), Kranzlin (2005),
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Medardi (2006), Trappe et al. (2007), Hausknecht
(2009), Jaklitsch (2009), Antonin and Noordeloos
(2010), Philips (2010), Thompson (2013), Beug et al.
(2014), Cripps et al. (2016) and Siegel and Schwarz
(2016). The samples are kept in Karamanoglu
Mehmetbey University, Science Faculty, Department
of Biology, Karaman.

RESULTS

The determined taxa are listed alphabetically, in
accordance with Index Fungorum
(www.indexfungorum.org; accessed 10 December
2020, together with their habitats, collection dates,
and accession numbers.

Ascomycota Whittaker

Eurotiomycetes O.E. Erikss. & Winka

Eurotiales G.W. Martin ex Benny & Kimbr.
FElaphomycetaceae Tul. ex Paol.

1. Elaphomyces citrinus Vittad.: (Uzun and Kaya,
2020).

2. FElaphomyces cyanosporus Tul. & C. Tul.: In soil
under mixed forest, locality 11, 13.04.2017, Yuzun
5536; in soil under Fagus L. sp., locality 18,
12.11.2016, Yuzun 5464; locality 15, 17.09.2015,
Yuzun 4547.

3. Elaphomyces granulatus Fr.. (Uzun and Kaya,
2019a).

4. FElaphomyces muricatus Fr.: In soil under mixed
forest, locality 40, 12.04.2017, Yuzun 5527; locality 7,
11.04.2017, Yuzun 5518; locality 28, 21.05.2016,
Yuzun 5112.

Leotiomycetes O.E. Erikss. & Winka

Helotiales Nannf.

Cenangiaceae Rehm

5. Heyderia abietis (Fr.) Link: On Picea Link sp.
needles, locality 3, 01.11.2015, Yuzun 4706.
Chlorociboriaceae Baral & P.R. Johnst.

6. Chlorociboria aeruginascens (Nyl.) Kanouse ex
C.S. Ramamurthi, Korf & L.R. Batra: On decaying
Alnus Mill. sp. branches, locality 8, 07.09.2014,
Yuzun 1604.

Gelatinodiscaceae S.E. Carp.

7. Ascocoryne cylichnium (Tul.) Korf: On decaying
Picea sp. stump, locality 33, 01.11.2015, Yuzun 4710.
Helotiaceae Rehm

8. Bisporella citrina (Batsch) Korf & S.E. Carp.: On
dead Fagus sp. branches, locality 33, 01.11.2015,
Yuzun 4714; locality 14, 19.09.2015, Yuzun 4573.

9. Hymenoscyphus fagineus (Pers.) Dennis: On
decaying Facus sp. cone, locality 3, 01.11.2015, Yuzun
4708.

Lachnaceae Raitv.

10. Lachnum pygmaeum (Fr.) Bres.: On decaying
herb stem, locality 25, 20.06.2016, Yuzun 5157.

11. Lachnum virgineum (Batsch) P. Karst.: On dead
Corylus L. sp. twigs, locality 37, 20.06.2017, Yuzun
5558.
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Table 1. Collection localities of the macrofungal samples
Cizelge 1. Makromantar érneklerinin toplanma lokaliteleri

Loc. No Locality name Coordinates Altitude (m)
1 Bicinlik village 40°50'N-39°16'E 1070
2 Bicinlik village 40°51'N-39°17'E 1150
3 Buytuk village 40°53'N-39°16'E 1070
4 Buytuk village 40°54'N-39°16'E 960
5 Camli village 40°54'N-39°17'E 915
6 Cayirbag village 40°50'N-39°19'E 1160
7 Cayirici village 40°49'N-39°17'E 1300
8 Cayirici village 40°50'N-39°18'E 1040
9 Cayirici village 40°50'N-39°17'E 1070
10 Erikbeli village 40°45'N-39°14'E 1420
11 Erikbeli village 40°46'N-39°14'E 1500
12 Erikbeli yaylasi 40°46'N-39°13'E 1650
13 Hosarl village 40°55'N-39°18'E 850
14 Hosarl village 40°56'N-39°18'E 910
15 Hosarli village 40°56'N-39°19'E 1100
16 Iskenderli village 40°56'N-39°13'E 780
17 Iskenderli village 40°55'N-39°13'E 800
18 Iskenderli village 40°55'N-39°14'E 760
19 Kadiralak high plateau 40°50'N-39°15'E 1280
20 Kalemli village 40°56'N-39°16'E 830
21 Kalemli village 40°56'N-39°17'E 700
22 Kalingam village 40°46'N-39°16'E 1500
23 Kalingam village 40°47'N-39°16'E 1110
24 Kalingam village 40°47'N-39°17E 1300
25 Karaagach village 40°55'N-39°17'E 640
26 Karaagach village 40°55'N-39°18'E 1000
27 Karasu village 40°56'N-39°18'E 845
28 Karasu village 40°57'N-39°18'E 900
29 Kayacan village 40°56'N-39°16'E 870
30 Kozluca village 40°56'N-39°13'E 1000
31 Kosecik village 40°57'N-39°17E 600
32 Melikgah village 40°54'N-39°16'E 910
33 Meliksah village 40°55'N-39°15'E 1040
34 Sagn village 40°57'N-39°18'E 780
35 Sayracg village 40°53'N-39°14'E 1060
36 Sayracg village 40°54'N-39°13'E 1100
37 Sayrac village 40°54'N-39°14'E 1100
38 Yakc¢ukur village 40°54'N-39°14'E 960
39 Yakgukur village 40°54'N-39°15'E 1000
40 Yeni koy village 40°53'N-39°18'E 1200
41 Yeni koy village 40°54'N-39°18'E 1150

12. Neodasyscypha cerina (Pers.) Spooner: On
Prunus L. sp. stump, locality 26, 07.11.2016, Yuzun
5371; on Castanea Mill. stump, locality 32,
26.03.2016, Yuzun 4965.

Mollisiaceae Rehm

13. Mollisia cinerea (Batsch) P. Karst.: On decaying
Fagus sp. twigs, locality 27, 21.06.2017, Yuzun 5595;

locality 34, 17.05.2016, Yuzun 5092.
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14. Mollisia ventosa P. Karst.: On decaying Fagus sp.
stump, locality 27, 21.06.2017, Yuzun 5594.

15. Tapesia fusca (Pers.) Fuckel: On decaying Fagus
sp. twigs, locality 17, 24.03.2016, Yuzun 4896.
Rutstroemiaceae Holst-Jensen, L.M. Kohn & T.
Schumach.
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16. Lanzia echinophila (Bull.) Korf: On dead cupules
of Castanea sp., locality 8, 07.09.2014, Yuzun 1615.
Sclerotiniaceae Whetzel

17. Ciboria caucus (Rebent.) Fuckel: On dead spikes
of Alnus sp., locality 8, 06.02.2015, Yuzun 3269.
Tricladiaceae P.R. Johnst. & Baschien

18. Cudoniella acicularis (Bull) J. Schrét.. On
decaying stump in mixed forest, locality 3, 01.11.2015,
Yuzun 4699.

Leotiales Korf & Lizon

Leotiaceae Corda

19. Leotia lubrica (Scop.) Pers: On soil in mixed
forest, locality 11, 28.10.2015, Yuzun 4626; locality
38, 26.08.2015, Yuzun 4453.

Orbiliomycetes O.E. Erikss. & Baral

Orbiliales Baral, O.E. Erikss., G. Marson & E. Weber
Orbiliaceae Nannf.

20. Hyalorbilia inflatula (P. Karst.) Baral & G.
Marson: On dead Acacia Martius sp. branches,
locality 33, 08.09.2014, Yuzun 1667.

Pezizomycetes O.E. Erikss. & Winka

Pezizales J. Schrot.

Ascobolaceae Boud. ex Sacc.

21. Ascobolus furfuraceus Pers.: On cow dung,
locality 35, 27.03.2016, Yuzun 4975; locality 32,
26.03.2016, Yuzun 4926.

22. Saccobolus glaber (Pers) Lambotte: On cow
dung, locality 36, 27.03.2016, Yuzun 4978; locality 37,
28.08.2015, Yuzun 4514.

23. Thecotheus pelletieri (P. Crouan & H. Crouan)
Boud.: On cow dung, locality 36, 28.08.2015, Yuzun
4515; locality 18, 23.07.2015, Yuzun 4364.
Discinaceae Benedix

24. Gyromitra infula (Schaeff.) Quél.: On decaying
Picea sp. stump, locality 23, 09.10.2014, Yuzun 1966.
Helvellaceae Fr.

25. Dissingia leucomelaena (Pers.) K. Hansen & X.H.
Wang: On soil among needle litter, locality 32,
12.04.2017, Yuzun 5526.

26. Helvella acetabulum (L.) Quél.: On soil among
grasses under Corylus sp., locality 34, 17.05.2016,
Yuzun 5088; locality 14, 25.03.2016, Yuzun 4950.

27. Helvella atra J. Konig: On soil among grasses
under Corylus sp., locality 20, 22.06.2017, Yuzun
5605; locality 27, 07.11.2016, Yuzun 5369.

28. Helvella crispa (Scop.) Fr.. On soil among
grasses under Corylus sp., locality 26, 07.11.2016,
Yuzun 5367.

29. Helvella elastica Bull.: On soil under Corylus sp.,
locality 38, 10.11.2016, Yuzun 5440; on soil under
mixed forest, locality 10, 19.09.2015, Yuzun 4571.

30. Helvella lactea Boud.: On soil under Corylus sp.,
locality 31, 22.06.2017, Yuzun 5609.

31. Helvella lacunosa Afzel.: On soil under mixed
forest, locality 34, 17.05.2016, Yuzun 5090.

32. Helvella macropus (Pers.) P. Karst. On soil
under Corylus sp., locality 38, 10.11.2016, Yuzun
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5432.

33. Helvella phlebophora Pat. & Doass.: On soil
among grasses under Corylus sp., locality 31,
22.06.2017, Yuzun 5612.

Pezizaceae Dumort.

34. Adelphella babingtonii (Sacc.) Pfister, Matodec &
I. Kusan: On Fagus sp. stump, locality 39, 20.06.2017,
Yuzun 5575; locality 38, 26.08.2015, Yuzun 4452.

35. Hydnobolites cerebriformis Tul. & C. Tul.: (Uzun
and Kaya, 2018).

36. Pachyella clypeata (Schwein.) Le Gal: (Uzun and
Kaya, 2019b).

37. Pachyphlodes citrina (Berk. & Broome) Doweld:
(Uzun and Kaya, 2018).

38. Peziza michelii (Boud.) Dennis: On soil under
mixed forest, locality 22, 21.07.2015, Yuzun 4296.

39. Peziza phyllogena Cooke: On soil at roadside,
locality 19, 20.07.2015, Yuzun 4268.

40. Peziza saniosa Schrad.: On soil in mixed forest,
locality 22, 21.07.2015, Yuzun 4307.

41. Peziza succosa Berk.: On soil under Corylus sp.,
locality 31, 22.06.2017, Yuzun 5611.

42. Peziza violacea Pers.: On burned ground, locality
33, 12.04.2017, Yuzun 5524.

43. Plicaria carbonaria Fuckel: (Kaya and Uzun,
2018).

44, Terfezia cistophila Ant. Rodr., Bordallo,
Kaounas, & Morte: (Uzun and Kaya, 2019b).
Pyronemataceae Corda

45. Aleuria aurantia (Pers.) Fuckel: On soil under
mixed forest, locality 10, 22.09.2015, Yuzun 4609;
19.09.2015, Yuzun 4567; locality 22, 21.07.2015,
Yuzun 4315.

46. Anthracobia melaloma (Alb. & Schwein.) Boud.:
On ash on burned ground, locality 30, 27.03.2016,
Yuzun 4988; 13.11.2016, Yuzun 5471.

47. Cheilymenia vitellina (Pers.) Dennis: On
herbaceaous remains among mosses, locality 38,
10.11.2016, Yuzun 5445.

48. Humaria hemisphaerica (F.H. Wigg.) Fuckel: On
soil under Picea sp., locality 22, 21.07.2015, Yuzun
4312.

49. Lamprospora campylopodis W.D. Buckley: (Uzun
and Kaya, 2019b).

50. Lamprospora dictydiola Boud.: On moss, locality
31,07.11.2016, Yuzun 5398.

51. Melastiza cornubiensis (Berk. & Broome) J.
Moravec: On soil at roadside, locality 10, 19.09.2015,
Yuzun 4568.

52. Neottiella rutilans (Fr.) Dennis: On moss under
Corylus sp., locality 31, 22.06.2017, Yuzun 5607;
locality 2, 10.04.2017, Yuzun 5513; locality 38,
10.11.2016, Yuzun 5436; locality 26, 07.11.2016,
Yuzun 5375.

53. Octospora axillaris (Nees) M.M. Moser: On moss
under Corylus sp., locality 26, 07.11.2016, Yuzun
5381.

54. Octospora rustica (Velen.) J. Moravec: On moss

V.
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at roadside, locality 14, 22.07.2015, Yuzun 4343.

55. Octospora tuberculatella (Seaver) Caillet &
Moyne: (Uzun and Kaya, 2019b).

56. Pulvinula alba (Velen.) Svréek: On damp soil
among mosses and liverworts in Corylus L. garden,
locality 35, 23.07.2015, Yuzun 4390.

57. Pulvinula convexella (P. Karst.) Pfister: (Uzun
and Kaya, 2019b).

58. Pyronema omphalodes (Bull.) Fuckel: On burned
ground, locality 11, 13.04.2017, Yuzun 5535; locality
28, 21.05.2016, Yuzun 5110.

59. Scutellinia armatospora Denison: On damp soil,
locality 31, 22.06.2017, Yuzun 5608; on damp soil
among mosses, locality 34, 17.05.2016, Yuzun 5080;
on damp soil under Corylus sp., locality 20,
14.05.2016, Yuzun 5039.

60. Tarzetta catinus (Holmsk.) Korf & J.K. Rogers:
On soil under Corylus sp., locality 38, 10.11.2016,
Yuzun 5439.

61. Tarzetta cupularis (L) Svréek: On soil under
Corylus sp., locality 13, 21.09.2015, Yuzun 4590.
Sarcoscyphaceae Le Gal ex Eckblad

62. Sarcoscypha coccinea (Gray) Boud.: On decaying
Corylus sp. twigs, locality 2, 06.02.2015, Yuzun 3237.
Sarcosomataceae Kobayasi

63. Plectania rhytidia (Berk.)) Nannf. & Korf: On
Corylus sp. wood, locality 15, 22.06.2017, Yuzun 5631;
locality 20, 14.05.2016, Yuzun 5037; On soil, locality
28, 25.03.2016, Yuzun 4933.

Tuberaceae Dumort.

64. Tuber puberulum Berk. & Broome: Erikbeli
village, in soil under broadleaved forest, locality 10,
22.09.2015, Yuzun 4605.

Sordariomycetes O.E. Erikss. & Winka

Hypocreales Lindau

Hypocreaceae De Not.

65. Trichoderma alni Jaklitsch: On decaying Alnus
Mill. sp. branches, locality 9, 07.09.2014, Yuzun 1603.
Nectriaceae Tul. & C. Tul.

66. Neonectria coccinea (Pers.) Rossman & Samuels:
On decaying woody remains, locality 33, 08.09.2014,
Yuzun 1679.

Xylariales Nannf.

Diatrypaceae Nitschke

67. Diatrype stigma (Hoffm.) Fr.: On decaying Fagus
sp. twigs, locality 7, 07.09.2014, Yuzun 1581.
Xylariaceae Tul. & C. Tul.

68. Daldinia concentrica (Bolton) Ces. & De Not.: On
decaying Alnus Mill. sp. remains, locality 36,
08.11.2016, Yuzun 5418.

69. Hypoxylon fragiforme (Pers.) J. Kickx f. On
decaying Fagus sp. branches, locality 30, 13.11.2016,
Yuzun 5474.

70. Hypoxylon fuscum (Pers.) Fr.: On dead Corylus
sp. twigs, locality 2, 06.02.2015, Yuzun 3244.

71. Kretzschmaria deusta (Hoffm.) P.M.D. Martin:
On Alnus Mill. sp. stump, locality 9, 06.02.2015,
Yuzun 3260.
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72. Nemania serpens (Pers.) Gray: On Castanea sp.
stump, locality 2, 06.02.2015, Yuzun 3243.

73. Xylaria hypoxylon (L. Grev.. On Fagus sp.
stump, locality 31, 22.06.2017, Yuzun 5622; locality
38, 26.08.2015, Yuzun 4450; on Corylus sp. stump,
locality 25, 20.06.2016, Yuzun 5166.

74. Xylaria longipes Nitschke: On Fagus sp. stump,
locality 25, 17.09.2015, Yuzun 4551.

75. Xylaria polymorpha (Pers.) Grev.. On Fagus sp.
stump, locality 27, 21.06.2017, Yuzun 5593.
Basidiomycota R.T. Moore

Agaricomycetes Doweld

Agaricales Underw.

Agaricaceae Chevall.

76. Coprinus comatus (O.F. Miill.) Pers.. On soil
among grass, locality 6, 09.10.2014, Yuzun 1913.

77. Echinoderma asperum (Pers.) Bon: On soil under
mixed forest, locality 6, 09.10.2014, Yuzun 1933.

78. Leucoagaricus nympharum (Kalchbr.) Bon: On
soil among grass under mixed forest, locality 18,
23.07.2015, Yuzun 4374.

79. Macrolepiota mastoidea (Fr.) Singer: On soil
among grass, locality 33, 08.09.2014, Yuzun 1686.

80. Macrolepiota procera (Scop.) Singer: On soil
among grass, locality 4, 11.11.2016, Yuzun 5457.

81l. Tulostoma brumale Pers.: On soil among mosses,
locality 2, 10.04.2017, Yuzun 5512; on soil among
grass, locality 33, 01.11.2015, Yuzun 4717.
Amanitaceae R. Heim ex Pouzar

82. Amanita citrina Pers.: On soil under mixed
forest, locality 11, 28.10.2015, Yuzun 4623.

83. Amanita gemmata (Fr.) Bertill.: On soil under
mixed forest, locality 11, 28.10.2015, Yuzun 4621.

84. Amanita muscaria (L.) Lam.: On soil under Picea
sp., locality 23, 19.09.2015, Yuzun 4584.

85. Amanita pantherina (DC.) Krombh.: On soil
under mixed forest, locality 6, 09.10.2014, Yuzun
1917.

86. Amanita phalloides (Vaill. ex Fr.) Link: On soil
under mixed forest, locality 31, 07.11.2016, Yuzun
5385; locality 11, 28.10.2015, Yuzun 4625.

87. Amanita rubescens Pers.: On soil under mixed
forest, locality 15, 22.06.2017, Yuzun 5632; locality
18, 23.07.2015, Yuzun 4361.

Chromocyphellaceae Knudsen

88. Chromocyphella muscicola (Fr.) Donk: On
mosses, locality 20, 07.09.2014, Yuzun 1620.
Clavariaceae Chevall.

89. Clavaria acuta Sowerby: On soil at roadside,
locality 31, 07.11.2016, Yuzun 5392.

Cortinariaceae R. Heim ex Pouzar

90.  Protoglossum niveum (Vittad.) T.W. May: In
soil under mixed forest, locality 3, 01.11.2015, Yuzun
4692; locality 33, 01.11.2015, Yuzun 4711.
Entolomataceae Kotl. & Pouzar

91. Entoloma chalybeum (Pers.) Noordel.: On soil
among grass, locality 19, 20.07.2015, Yuzun 4275.

92.  Entoloma sinuatum (Bull.) P. Kumm.: On soil
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under mixed forest, locality 39, 20.06.2017, Yuzun
5573.

Hydnangiaceae Gdum. & C.W. Dodge

93.  Laccaria amethystina Cooke: On soil among
leaf litter, locality 1, 07.09.2014, Yuzun 1652.

94.  Laccaria laccata (Scop.) Cooke: On soil under
Corylus sp., locality 26, 07.11.2016, Yuzun 5382; on
soil under mixed forest, locality 31, 07.11.2016, Yuzun
5390.

Hygrophoraceae Lotsy

95. Ampulloclitocybe clavipes (Pers.) Redhead,
Lutzoni, Moncalvo & Vilgalys: On soil among grass,
locality 6, 09.10.2014, Yuzun 1950.

96. Cuphophyllus virgineus (Wulfen) Kovalenko: On
soil among grass, 22, 09.10.2014, Yuzun 1962.

97. Hygrocybe acutoconica (Clem.) Singer: On soil
among grass, locality 25, 21.06.2015, Yuzun 4107.

98. Hygrocybe cantharellus (Schwein.) Murrill: On
soil among grass, locality 24, 07.09.2014, Yuzun 1638.
99. Hygrocybe conica (Schaeff.) P. Kumm.: On soil
among grass, locality 6, 09.10.2014, Yuzun 1915.

100. Hygrophorus eburneus (Bull.) Fr.: On soil under
mixed forest, locality 3, 01.11.2015, Yuzun 4694.
Hymenogastraceae Vittad.

101. Galerina marginata (Batsch) Kiithner: On Picea
sp. stump, locality 22, 09.10.2014, Yuzun 1954.

102. Hymenogaster citrinus Vittad.: In soil under
mixed forest, locality 33, 01.11.2015, Yuzun 4713;
locality 22, 28.10.2015, Yuzun 4641; locality 13,
21.09.2015, Yuzun 4592; locality 10, 19.09.2015,
Yuzun 4565.

103. Hymenogaster hessei Soehner: In soil under
mixed forest, locality 3, 01.11.2015, Yuzun 4698;
locality 33, 01.11.2015, Yuzun 4712.

104. Hymenogaster Iluteus Vittad.: In soil and
rotting plant residues under mixed forest, locality 34,
17.05.2016, Yuzun 5085.

Incertae Sedis

105. Calyptella capula (Holmsk.) Quél.: On dead
Sambucus L. sp. stem, locality 20, 07.09.2014, Yuzun
1617.

106. Clitocybe gibba (Pers.) P. Kumm.. On soil
among needle litter under Picea sp., locality 37,
21.06.2015, Yuzun 4098.

107. Clitocybe nebularis (Batsch) P. Kumm.: On soil
under mixed forest, locality 23, 09.10.2014, Yuzun
1987.

108. Crucibulum Iaeve (Huds.) Kambly: On decaying
woody remains, locality 3, 01.11.2015, Yuzun 4696.
109. Cyathus olla (Batsch) Pers.: On decaying woody
remains, locality 20, 22.06.2017, Yuzun 5603.

110. Cyathus striatus (Huds.) Willd.: On wood chips
at roadside, locality 31, 22.06.2017, Yuzun 5620; on
soil among woody debris, locality 5, 26.08.2015,
Yuzun 4463.

111. Delicatula integrella (Pers.) Fayod: On dead
Alnus sp. branches, locality 20, 07.09.2014, Yuzun
1622.
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112. Fistulina hepatica (Schaeff) With.: On
Castanea sp. stump, locality 15, 17.09.2015, Yuzun
4534.

113. Lepista nuda (Bull) Cooke: On soil among
needle-litter, locality 25, 21.06.2015, Yuzun 4119.

114. Panaeolus papilionaceus (Bull) Quél.: On
decaying cow dung, locality 37, 20.06.2017, Yuzun
5564.

115. Tricholomopsis rutilans (Schaeff) Singer: On
Picea sp. stump, locality 23, 09.10.2014, Yuzun 1979.
Lycoperdaceae Chevall.

116. Bovista nigrescens Pers.: On soil among grass,
locality 1, 07.09.2014, Yuzun 1663.

117. Bovista plumbea Pers.: On soil among grass,
locality 37, 21.06.2015, Yuzun 4105.

118. Lycoperdon echinatum Pers.: On soil under
Picea sp., locality 22, 21.07.2015, Yuzun 4309.

119. Lycoperdon excipuliforme (Scop.) Pers.: On soil
under mixed forest, locality 18, 12.11.2016, Yuzun
5461.

120. Lycoperdon perlatum Pers..: On soil among
grass, locality 3, 01.11.2015, Yuzun 4693.

121. Lycoperdon pyriforme Schaeff.: On Picea sp.
stump, locality 23, 09.10.2014, Yuzun 1974.

122. Lycoperdon utriforme Bull.: On soil among
grass, locality 15, 22.06.2017, Yuzun 5633.
Marasmiaceae Roze ex Kithner

123. Marasmius curreyi Berk. & Broome: On grass
remains in Corylus sp. Garden, locality 25,
20.06.2016, Yuzun 5156.

124. Marasmius oreades (Bolton) Fr.: On soil among
grass, locality 3, 20.07.2015, Yuzun 4280.

125. Marasmius rotula (Scop.) Fr.. On Fagus sp
stump, locality 27, 21.06.2017, Yuzun 5598; locality
15, 17.09.2015, Yuzun 4541.

Mycenaceae Roze

126. Mpycena acicula (Schaeff.) P. Kumm.: On dead
herbaceous stem, locality 20, 07.09.2014, Yuzun 1618.
127. Mycena haematopus (Pers) P. Kumm.. On
decaying Picea stump, locality 1, 07.09.2014, Yuzun
1653.

128. Mpycena pura (Pers.) P. Kumm.: On leaf litter
under mixed forest, locality 22, 21.07.2015, Yuzun
4305.

129. Mpycena renati Quél.. On decaying woody
remains, locality 13, 21.09.2015, Yuzun 4598.

130. Mpycena rosea Gramberg: On leaf litter under
mixed forest, locality 33, 01.11.2015, Yuzun 4715.

131. Panellus stipticus (Bull.) P. Karst.: On Alnus
sp. stump, locality 30, 27.03.2016, Yuzun 4984;
locality 3, 01.11.2015, Yuzun 4701.

Omphalotaceae Bresinsky

132. Gymnopus dryophilus (Bull.) Murrill: On soil
under mixed forest, locality 29, 21.06.2017, Yuzun
5582; locality 37, 20.06.2017, Yuzun 5561; locality 14,
25.03.2016, Yuzun 4949.

133. Gymnopus foetidus (Sowerby) P.M. Kirk: On
Quercus L. sp. twigs, locality 39, 20.06.2017, Yuzun
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5572.

134. Marasmiellus ramealis (Bull.) Singer: On dead
herbaceous stem, locality 27, 21.06.2017, Yuzun 5596.
135. Marasmiellus vaillantii (Pers.) Singer: On
decaying Rhododendron twigs, locality 29, 21.06.2017,
Yuzun 5587.

136. Mycetinis scorodonius (Fr.) A.W. Wilson &
Desjardin: On Rhododendron L. sp. twigs, locality 37,
21.06.2015, Yuzun 4100.

Physalacriaceae Corner

137. Armillaria mellea (Vahl) P. Kumm.. On
Castanea sp. stump, locality 3, 01.11.2015, Yuzun
4702.

138. Armillaria ostoyae (Romagn.) Herink: On Alnus
Mill. sp. stump, locality 13, 21.09.2015, Yuzun 4596.
139. Hymenopellis radicata (Relhan) R.H. Petersen:
On soil under mixed forest, locality 25, 17.09.2015,
Yuzun 4556.

Pleurotaceae Kihner

140. Pleurotus ostreatus (Jacq) P. Kumm.. On
Populus L. sp. stump, locality 8, 07.11.2016, Yuzun
5411.

Psathyrellaceae Vilgalys, Moncalvo & Redhead

141. Coprinellus micaceus (Bull.) Vilgalys, Hopple &
Jacq. Johnson: On soil around decaying stump,
locality 17, 24.03.2016, Yuzun 4907.

142. Parasola auricoma (Pat.) Redhead, Vilgalys &
Hopple: On soil under mixed forest, locality 19,
20.07.2015, Yuzun 4274.

Schizophyllaceae Quél.

143. Schizophyllum commune Fr.: On decaying
Fagus sp. branches, locality 30, 13.11.2016, Yuzun
5476; locality 3, 11.11.2016, Yuzun 5450; locality 17,
24.03.2016, Yuzun 4906.

Strophariaceae Singer & A.H. Sm.

144. Agrocybe praecox (Pers.) Fayod: On soil among
grass, locality 40, 12.04.2017, Yuzun 5531; locality 30,
27.03.2016, Yuzun 4989.

145. Hypholoma fasciculare (Huds.) P. Kumm.: On
decaying Corylus sp. stump, locality 23, 07.11.2016,
Yuzun 5402; locality 23, 25.03.2016, Yuzun 4952; On
Castanea sp. stump, locality 3, 01.11.2015, Yuzun
4704; locality 18, 23.07.2015, Yuzun 4370.

146. Kuehneromyces mutabilis (Schaeff.) Singer &
A.H. Sm.: On decaying Picea sp. stump, locality 13,
21.09.2015, Yuzun 4600.

147. Pholiota populnea (Pers.) Kuyper & Tjall.-
Beuk.: On Salix sp. stump, locality 36, 08.11.2016,
Yuzun 5421.

148. Stropharia rugosoannulata Farl. ex Murrill: On
woody sawdust, locality 25, 20.06.2016, Yuzun 5158.
Amylocorticiales K.H. Larss., Manfr. Binder
Hibbett

Amylocorticiaceae Jilich

149. Plicaturopsis crispa (Pers.) D.A. Reid: On
decaying Alnus sp. stump, locality 9, 06.02.2015,
Yuzun 3262.

Auriculariales J. Schrot.

&
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Auriculariaceae Fr.

150. Exidia glandulosa (Bull) Fr.. On decaying
stump under mixed forest, locality 2, 10.04.2017,
Yuzun 5509; on Quercus sp. stump, locality 4,
11.11.2016, Yuzun 5454.

Incertae Sedis

151. Pseudohydnum gelatinosum (Scop.) P. Karst.:
On decaying stump under mixed forest, locality 23,
07.11.2016, Yuzun 5399.

Boletales E.-J. Gilbert

Boletaceae Chevall.

152. Aureoboletus gentilis (Quél.) Pouzar: On soil
under mixed forest, locality 11, 28.10.2015, Yuzun
4624.

153. Boletus edulis Bull.: On soil under mixed forest,
locality 6, 09.10.2014, Yuzun 1918.

154. Boletus erythropus Pers.: On soil among leaf
litter, locality 35, 21.06.2015, Yuzun 4106.

155. Leccinum pseudoscabrum (Kallenb.) Sutara: On
soil under Corylus sp., locality 33, 08.09.2014, Yuzun
1672.

156. Octaviania asterosperma Vittad.: In soil under
mixed forest, locality 30, 13.11.2016, Yuzun 5479;
locality 33, 01.11.2015, Yuzun 4717; locality 11,
28.10.2015, Yuzun 4628; locality 23, 28.10.2015,
Yuzun 4639. 5

157. Xerocomellus chrysenteron (Bull.) Sutara: On
soil among needle litter, locality 3, 01.11.2015, Yuzun
4707.

Diplocystidiaceae Kreisel

158. Astraeus hygrometricus (Pers.) Morgan: On soil
under mixed forest, locality 2, 10.04.2017, Yuzun
5505; locality 4, 11.11.2016, Yuzun 5458; locality 30;
27.03.2016, Yuzun 4986; on soil under Corylus sp.,
locality 26, 07.11.2016, Yuzun 5379.

Paxillaceae Lotsy

159. Alpova diplophloeus (Zeller & C.W. Dodge)
Trappe & A.H. Sm.: (Yakar et al., 2019).

160. Gyrodon Ilividus (Bull.) Sacc.: On soil under
Corylus sp., locality 13, 21.09.2015, Yuzun 4595.

161. Melanogaster ambiguus (Vittad) Tul. & C.
Tul.: In soill under mixed forest, locality 20,
19.05.2016, Yuzun 5100.

162. Melanogaster broomeanus Berk.: In soil under
Corylus sp., locality 28, 22.06.2017, Yuzun 5628;
locality 25, 20.06.2016, Yuzun 5162.

163. Melanogaster variegatus (Vittad) Tul. & C.
Tul.: In soil under mixed forest, locality 37,
20.06.2017, Yuzun 5566.

164. Paxillus involutus (Batsch) Fr.: On soil among
leaf litter, locality 8, 07.09.2014, Yuzun 1598.
Rhizopogonaceae Giaum. & C.W. Dodge

165. Rhizopogon obtextus (Spreng.) R. Rauschert: In
soil among leaf litter under mixed forest, locality 34,
17.05.2016, Yuzun 5091.

Sclerodermataceae Corda

166. Scleroderma areolatum Ehrenb.: In soil under
Corylus sp., locality 26, 07.11.2016, Yuzun 5380.
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167. Scleroderma citrinum Pers.: On soil among leaf
litter, locality 10, 22.09.2015, Yuzun 4607.
Sclerogastraceae Locq.

168. Sclerogaster candidus (Tul. & C. Tul.) Zeller &
C.W. Dodge: In soil under mixed forest, locality 28,
22.06.2017, Yuzun 5625.

Suillaceae Besl & Bresinsky

169. Suillus lakei (Murrill) A.-H. Sm. & Thiers: On
soil under Pseudotsuga Carriére sp., locality 26,
07.11.2016, Yuzun 5376.

Tapinellaceae Locq. 5

170. Tapinella atrotomentosa (Batsch) Sutara: On
Quercus sp. stump, locality 28, 22.06.2017, Yuzun
5629; on Rhododendron sp. stump, locality 25,
17.09.2015, Yuzun 4548.

Cantharellales Gadum.

Cantharellaceae J. Schrot.

171. Cantharellus cibarius Fr.: On soil under mixed
forest, locality 31, 22.06.2017, Yuzun 5615; on soil
among grass, locality 1, 07.09.2014, Yuzun 1659.
Hydnaceae Chevall.

172. Clavulina cinerea (Bull.) J. Schrét.: On soil
among needle-litter, locality 22, 21.07.2015, Yuzun
4313.

173. Clavulina rugosa (Bull) J. Schrét.: On soil
among needle-litter, locality 22, 21.07.2015, Yuzun
4319.

174. Craterellus cornucopioides (L.) Pers.: On soil
under mixed forest, locality 31, 07.11.2016, Yuzun
5387.

175. Craterellus lutescens (Fr.) Fr.. On soil under
mixed forest, locality 1, 07.09.2014, Yuzun 1660.

176. Hydnum repandum 1.: On soil under mixed
forest, locality 3, 01.11.2015, Yuzun 4705.

177. Pseudocraterellus undulatus (Pers.) Rauschert:
On soil under mixed forest, locality 7, 07.09.2014,
Yuzun 1590.

Geastrales K. Hosaka & Castellano

Geastraceae Corda

178. Geastrum minimum Schwein.: On soil among
needle litter, locality 38, 10.11.2016, Yuzun 5441.

179. Geastrum saccatum Fr.: On soil under Picea
sp., locality 38, 26.08.2015, Yuzun 4454.

Gomphales Jilich

Clavariadelphaceae Corner

180. Clavariadelphus truncatus Donk: On soil under
Picea sp., locality 23, 09.10.2014, Yuzun 1969.
Gomphaceae Donk

181. Gautieria graveolens Vittad.: In soil under
mixed forest, locality 8, 11.04.2017, Yuzun 5517.
Hymenochaetales Oberw.

Hymenochaetaceae Imazeki & Toki

182. Hymenochaete rubiginosa (Dicks.) Lév.: On
Castanea sp. stump, locality 38, 10.11.2016, Yuzun
5433.

Incertae sedis

183. Trichaptum abietinum (Dicks.) Ryvarden: On
dead Rhododendron sp. stump, locality 7, 06.02.2015,
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Yuzun 3272.

Rickenellaceae Vizzini

184. Rickenella fibula (Bull.) Raithelh.: On mosses
under Corylus sp., locality 13, 21.09.2015, Yuzun
4591.

Hysterangiales K. Hosaka & Castellano
Hysterangiaceae E. Fisch.

185. Hysterangium clathroides Vittad.: In soil under
Picea sp., locality 18, 12.11.2016, Yuzun 5462.

186. Hysterangium nephriticum Berk.: In soil under
mixed forest, locality 11, 28.10.2015, Yuzun 4629; in
soil under Fagus sp., locality 25, 17.09.2015, Yuzun
4557.

Phallales E. Fisch.

Phallaceae Corda

187. Clathrus ruber P. Micheli ex Pers.: On soil
among needle litter, locality 31, 07.11.2016, Yuzun
5391; on soil under Corylus sp, locality 25,
20.06.2016, Yuzun 5147; on soil in bean grow, locality
14, 22.05.2016, Yuzun 5129.

188. Phallus impudicus L.: On soil under mixed
forest, locality 10, 22.09.2015, Yuzun 4606.

189. Pseudocolus fusiformis (E. Fisch.) Lloyd: On
soil under Corylus sp., locality 37, 28.08.2015, Yuzun
4525.

Polyporales Gaum.

Fomitopsidaceae Jilich

190. Daedalea quercina (L.) Pers.: On Castanea sp.
stump, locality 25, 20.06.2016, Yuzun 5148.

191. Fomitopsis pinicola (Sw.) P. Karst.: On Picea
sp. stump, locality 32, 26.03.2016, Yuzun 4958.
Meripilaceae Julich

192. Meripilus giganteus (Pers.) P. Karst.: On Fagus
sp. stump, locality 33, 01.11.2015, Yuzun 4716.
Phanerochaetaceae Jilich

193. Bjerkandera adusta (Willd.) P. Karst.. On
Alnus sp. stump, locality 8, 07.09.2014, Yuzun 1585.
194. Terana coerulea (Lam.) Kuntze: On Castanea
sp. stump, locality 38, 10.11.2016, Yuzun 5435.
Polyporaceae Fr. ex Corda

195. Cerioporus leptocephalus (Jacq.) Zmitr.: On
Fagus sp. stump, locality 37, 20.06.2017, Yuzun 5563.
196. Polyporus arcularius (Batsch) Fr.. On dead
Corylus sp. twigs, locality 7, 06.02.2015, Yuzun 3277.
197. Trametes gibbosa (Pers.) Fr.. On decaying
Fagus sp. stump, locality 36, 08.11.2016, Yuzun 5417.
198. Trametes hirsuta (Wulfen) Lloyd: On Fagus sp.
stump, locality 2, 10.04.2017, Yuzun 5511; locality 28,
25.03.2016, Yuzun 4943; on Corylus sp. branch,
locality 26, 07.11.2016, Yuzun 5370; locality 17,
24.03.2016, Yuzun 4902.

199. Trametes versicolor (L..) Lloyd: On Quercus sp.
stump, locality 17, 24.03.2016, Yuzun 4905.
Russulales Kreisel ex P.M. Kirk, P.F. Cannon & J.C.
David

Albatrellaceae Nuss

200. Leucogaster nudus (Hazsl.) Hollés: In soil and
rotting plant residues under mixed forest, locality 10,
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28.10.2015, Yuzun 4620.

Hericiaceae Donk

201. Hericium erinaceus (Bull.) Pers.: On Quercus
sp. stump, locality 18, 12.11.2016, Yuzun 5466;
locality 23, 28.10.2015, Yuzun 4637.

Russulaceae Lotsy

202. Lactarius decipiens Quél.: On soil under
Quercus sp., locality 14, 22.05.2016, Yuzun 5125.

203. Lactarius deliciosus (L) Gray: On soil under
Picea sp., locality 1, 07.09.2014, Yuzun 1654.

204. Lactarius piperatus (L.) Pers.: On soil under
mixed forest, locality 28, 22.06.2017, Yuzun 5623.

205. Lactarius stephensii (Berk.) Verbeken &
Walleyn: In soil under mixed forest, locality 7,
11.04.2017, Yuzun 5519.

206. Lactarius volemus (Fr.) Fr.. On soil under
mixed forest, locality 28, 22.06.2017, Yuzun 5627;
locality 25, 20.06.2016, Yuzun 5150.

207. Russula cyanoxantha (Schaeff.) Fr..: On soil
among grasses under Corylus sp., locality 25,
20.06.2016, Yuzun 5163.

Stereaceae Pilat

208. Stereum hirsutum (Willd.) Pers.: On decaying
Castanea Mill. sp. stump, locality 4, 11.11.2016,
Yuzun 5449; locality 17, 24.03.2016, Yuzun 4903.

209. Stereum ochraceoflavum (Schwein.) Sacc.: On
decaying Castanea Mill. sp. stump, locality 8,
07.09.2014, Yuzun 1579.

Thelephorales Corner ex Oberw.

Bankeraceae Donk

210. Hydnellum caeruleum (Hornem.) P. Karst.: On
soil under mixed forest, locality 25, 20.06.2016, Yuzun

1%_\ /_1%

5153.

211. Sarcodon imbricatus (L) P. Karst.. On soil
among needle litter, locality 23, 19.09.2015, Yuzun
4579.

Dacrymycetes Doweld

Dacrymycetales Henn.

Dacrymycetaceae J. Schrot.

212. Calocera cornea (Batsch) Fr.: On dead Fagus
sp. branches, locality 29, 21.06.2017, Yuzun 5586.

213. Dacrympyces capitatus Schwein.: On dead Fagus
sp. branches, locality 2, 10.04.2017, Yuzun 5510.

214. Guepiniopsis buccina (Pers) L.L. Kenn.: On
dead Fagus sp. branches, locality 29, 21.06.2017,
Yuzun 5585; on Corylus sp. stump, locality 3,
01.11.2015, Yuzun 4700.

Tremellomycetes Doweld

Tremellales Fr.

Tremellaceae Fr.

215. Tremella foliacea Pers.: On dead Corylus sp.
branch, locality 9, 06.02.2015, Yuzun 3273.

216. Tremella mesenterica Retz.: On dead FErica L.
stem, locality 2, 06.02.2015, Yuzun 3241.

DISCUSSION

A list of 216 macrofungi species was presented from
Tonya district. Seventy five of them (%34.72) belong
to Ascomycota and 141 (%65.28) to Basidiomycota.
The taxa are distributed in 8 classes. The class-wise
distribution of the determined taxa is presented in
Figure 2.

- -

Ny

= Pezizomycetes
Eurotiomycetes

= |_eotiomycetes
= Orbiliomycetes

Figure 2. Class-wise distribution of the determined taxa
Sekil 2. Tespit edilen taksonlarin sinif bazinda dagilimi

~2%

1%

= Sordariomycetes
= Agaricomycetes
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Figure 3. Order-wise distribution of the determined taxa
Sekil 3. Tespit edilen taksonlarin takim bazinda dagilimi

Considering the determined taxa, 23 orders were
found to be represented in the region, and the order-
wise distribution of the taxa is given in Figure 3.
Except for previously presented new records
(Elaphomyces citrinus, E. granulatus, Helvella
phlebophora, Hydnobolites cerebriformis, Lactarius
stephensii, Lamprospora campylopodis, Marasmiellus
vaillantii, Marasmius curreyi, Octospora
tuberculatella, Pachyella clypeata, Pachyphlodes
citrina, Plicaria carbonaria, Pulvinula alba, P.
convexella, Sclerogaster candidus, Terfezia cistophila)
and new locality records (Alpova diplophloeus,
Hymenogaster Iuteus, Leucogaster nudus, Tuber
puberulum) all the taxa are new for the region.

The macromycete taxa determined in Tonya district
are distributed in 73 families and 150 genera. The
most crowded 5 families are Pyronemataceae,
Pezizaceae, Helvellaceae, Xylariaceae, and
Lycoperdaceae with 17, 11, 9, 8 and 7 taxa
respectively. Likewise Helvella, Amanita, Lactarius,
Lycoperdon, Mycena, Peziza and Elaphomyces were
found to be the most crowded genera in the region
with 8, 6, 5, 5, 5, 5, and 4 taxa respectively.

According to the current literature, 52 of the
determined taxa are edible. Eight of them are
collected, with different names, and consumed by

locals. Locally consumed taxa and their local names
are as follows: Cantharellus cibarius (yumurta
mantarl, tavuk tirmiti, sar1 mantar), Craterellus
cornucopioides (huni mantari, borazan mantari),
Fistulina hepatica (karaciger mantari, Dbiftek
mantar1), Hydnum repandum (sigwr dili), Lactarius
volemus (siitlii mantar), Lepista nuda (mor mantar),
Macrolepiota procera (turna bacagi, kartal kanadi)
and Pleurotus ostreatus (kavak mantar1)). Among
them C. cibarius, C. cornucopioides, L. volemus and
M. procera also have regional economic importance.
They are collected and sold in public bazaars. Fifteen
of the determined taxa are more or less poisonous
while 149 are regarded as inedible.

One hundred and twenty one of the determined taxa
are terricolous, 72 are lignicolous, 8 are bryophilous, 4
are coprophilous, 4 are herbicolous and 4 are
pyrophilous. Twenty five of them were also
determined to be hypogeous or semi-hypogeous.

The determined taxa were also compared with the
studies carried out in close environs and some
similarities were observed. These studies and the
similarity percentages are given in Table 2. The
reason for this similarity may be the common climate
and vegetation.

Table 2. Similarity percentages of neighbouring studies with Tonya district
Cizelge 2. Tonya bélgesi ile komsu ¢alismalarin benzerlik ytizdeleri

# of Identical taxa Total taxa Similarity (%)
Peksen and Karaca (2003) 56 169 33,14
Demirel et al. (2010) 31 126 24,60
Keles and Demirel (2010) 33 191 17,28
Akata et al. (2014) 104 236 44,07
Keles et al. (2014) 35 127 27,56
Akata et al. (2016) 84 166 50,60
Akata and Uzun (2017) 95 205 46,34
Demirel et al. (2017) 39 172 22,67
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ABSTRACT: During a few decades, rapidly increasing number of Aragtirma Makalesi
studies have documented about the spread and expansion of alien

plant species all over the world. These species are either introduced Makale Tarihgesi
intentionally or unintentionally outside of their natural ranges. Gelig Tarihi  :28.01.2021
Impatiens glandulifera Royle (Balsaminaceae) introduced in Europe Kabul Tarihi : 06.05.2021
intentionally as garden and nectar-producing plant but later it was

spread and became a highly invasive annual species in many parts of Anahtar Kelimeler
Europe. This species was collected from outside of gardens in two Anatolia

close localities in Giresun (Turkey). So, we reported it as a new alien
vascular plant for the Flora of Turkey. As well, the description
together with Turkish name and photographs of the taxon are
presented in the present study.

Invasive species
New record

Tiirkiye'nin Yabanci Florasina Bir Katki: Impatiens glandulifera Royle (Balsaminaceae)

Turkce adi ve fotograflariyla birlikte betimi verildi.

OZET: Yabanci bitki tirlerinin diinya tizerindeki yayihis ve Research Article
dagiliglar1 artan sayidaki calismalarla ortaya konmaktadir. Bu
turler, kasith veya kasitsiz olarak kendi dogal alanlarinin disina Article History
taginirlar. Impatiens glandulifera Royle (Balsaminaceae), kasith Received - 28.01.2021
olarak bahcge ve nektar ureten bitki olarak Avrupa'ya ulasti, ancak Accepted - 06.05.2021
daha sonra yayildi ve Avrupa'min bir¢ok yerinde oldukca istilaci bir
tir haline geldi. Bu tiirii, Giresun'da (Tiirkiye) birbirine yakin iki Keywords
dogal habitattan topladik ve Tirkiye Florasi i¢in yeni bir yabanci Angdolu"
vaskiler bitki olarak rapor ettik. Ayrica bu makalede, taksonun ISUI?CI 1L

Yeni kayit.

To Cite :  Coskungelebi K, Terzioglu S 2022. Contribution to the Alien Flora of Turkey: Impatiens glandulifera Royle
(Balsaminaceae). KSU J. Agric Nat 25 (1): 78-82. https://doi.org/10.18016/ksutarimdoga.vi.870316.
INTRODUCTION their localities. Although it is difficult and complex to

Today, 3.9% (13168 species) of the plants in the world
have naturalized outside their natural habitats as a
result of human activity (van Kleunen et al., 2015).
Increased introduction and movement of alien species
were started by human activities around the planet
since the 18th century (Emer et al., 2015). The
number of alien species in Europe has increased by
76% in the last 40 years (CABI, 2021). Prolific seed
production and high spread capability of alien species
make them invasive outside their habitats. Unwary
people around the world have contributed to move
these taxa from their natural habitats to outside their
native ranges. With its moderate climatic conditions
(especially heavy rainfall and frequent mist
throughout the year), NE Anatolia has hitherto
hosted many of alien species (Terzioglu and Ansin,
2001). Many people from this region of Turkey have
stayed at different European countries, and spent
their holidays in hometown, nearly every year. Both
intentionally and unintentionally, these people have
carried some seeds, bulbs or plants from Europe to

explain the real factors of the naturalization process
and the vectors of alien species, some ornamental
plants were able to escape from gardens to natural
and planted/naturalized habitats.

As a garden ornamental and nectar-producing plant,
Impatiens glandulifera Royle (Himalayan balsam)
was introduced into Europe from the Himalayas in
the first half of the 19th century (PySek and Prach,
1995). It is included along with the 17 other
terrestrial plant species in Europe’s top 100 invasive
species (DAISIE, 2010) and on the EPPO List of IAS
since 2004 (Pacanoski and Saliji, 2014). It is reported
as a highly invasive annual species spread in 18
European countries, North America and Russia (from
northern regions to the Caucasus in the south) after
its introduction as an ornamental (CABI, 2021;
Pacanoski and Saliji, 2014; Cockel and Tannel, 2011;
Tanner at al., 2013).

The genus Impatiens is represented with a native I
noli-tangere L. and many cultivars of I walleriana
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Hook. in Flora of Turkey (Giiner, 2012). I
glandulifera 1s distributed as an invasive alien
species 1n northern and western neighboring
countries of Turkey (CABI, 2021), and has never been
recorded from Turkey before.

MATERIAL and METHOD

Specimens were collected from Camlica village
(Kesap/Giresun) in 2020. All specimens were labelled,
numbered, annotated with the date of collection, the
locality, and the name of the collector during the field
studies. After identification, voucher specimens were
deposited in both KATO (Karadeniz Technical
University, Faculty of Forestry) and KTUB
(Karadeniz Technical University, Faculty of Science,
Department of Biology) Herbariums in Trabzon.
Materials were collected from two close populations
around the settlement areas and, coordinated by GPS
(UTM 50 Datum) which were given below. This
species was named in Turkish according to the
guidelines of Menemen et al. (2013).

RESULTS and DISCUSSION

Impatiens glandulifera Royle, 111. P1. Himal. Mount.
151. t. 28, f. 2. (1834). (Figure 1)

Syn.: Lglanduligera Lindl.,, I. macrochila Lindl., I
moschata Edgew., I. royleana Payer, 1. royle1 Walp., L.
taprobanica Hiern, Balsamina glandulifera (Royle)
Ser., B.macrochila (Lindl.) Ser., B. roylei Hook. (TPL,
2021).

=

Annual, plant, robust, somewhat woody up to 2 m (-
sometimes 3 m) in height, glabrous. Stem simple or
rarely branching, hollow, green with a reddish tinge.
Simple leaves opposite (upper ones verticillate, mostly
by threes), wide up to 7 cm, 4-5 times longer than
wide, ovate-lanceolate, base cuneate, glandular
stipitate, petiole up to 5 cm. Sweetly scented flowers
hermaphrodite, zygomorphic, peduncle 1 mm thick;
calyx colored, central sepal enlarged and flaring,
lateral sepals oblique-cordate, to 9 mm long, lower
one saccate and abruptly ending in a 5-6 mm incurved
spur; petals three, pinkish to purplish-red, often
purple spotted, about 1.5 cm in length and 7 mm in
width, central one widened. Fruits loculicide-fleshy
capsule, clavate, up to 25 mm in length, nodding,
slightly 5-angled. Seeds depressed, sub globose, 3 mm
broad, pale grey-brown, ejected explosively. FIL- July-
August, Fr.© August-September, river banks,
disturbed area.

Type: W. Himalayas, Kashmir.
Turkish Name: Himalaya Kinagigegi

Collected locality

A7 Giresun — Kesap district, Camlica village, edge of
stream, 492 m, 12.08.2020, UTM: 0461015, 4515291,
KATO 24449!, KTUB (Coskuncelebi 1404a!).; Same
village, disturbed area, 579 m, 12.08.2020, UTM:
0460893, 4514718, KATO 24450!, KTUB
(Coskuncelebi 1404b!) (Figure 2).

Figure 1. Impatiens glandulifera: a-Hbit of plant, b-Habitat-edge of stream, c-Somewhat woody base of stem, d-Stem node

with glandular stipules, e-Base of leaf and petiole, f-Flower-side view, g- Fruit.
Sekil 1. Impatiens glandulifera: a- Bitkinin habitusu, b-Akarsu kenarindaki habitat, c-Kismen odunsu kék bogazi, d-Gévde
nodunda salgi tiiylii kulakgik, e- Yaprak tabani ve yaprak sapi, - Cicegin yan gortiniisii, g-Meyve.
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Figure 2. Distribution of Impatiens glandulifera (JJ}) in Turkey (Adapted from Giiner, 2014).
Sekil 2. Impatiens glandulifera () ’nin Tiirkiye'deki yayiligi (Giiner 2014°den uyarlanmistir).

According to Uludag et al. (2017), the number of alien
plant species in Turkey is 340 however literature
surveys show that the number is ca. 450. This study
aimed to give one more new alien species, Impatiens
glandulifera, for Turkish Flora. As strongly
emphasized, it is an extreme invasive alien species in
Europe (Schonfelder and Bresinsky, 1990; Perrins et
al., 1990; Bohusovai, 1992; Beerling and Perrins,
1993; Pacanoski and Saliji, 2014; CABI, 2021) and
Canada (Clements et al., 2008). To date, a doubtful
presence of this species reported without any
herbaria, vouchers and locality information from
Black Sea Region of Turkey by Aksoy and Uludag
(2016). At the same time, this species was not listed
in the first comprehensive compilation and analysis of
all available records on alien plant taxa in Turkey by
Uludag et al. (2017). So, this species was not
recorded/published before based on any confirmed
materials from Turkey.

The introduction of the species is the result of its use
as decorative plant and as a source of nectar to
pollinators including bumblebees, honeybees, moths,
and wasps (Beerling and Perrins, 1993, Helmisaari,
2010; ISSG, 2021). Considering its main pathway, in
order to prevent its introduction to new ecosystems,
public awareness is extremely important. As a tallest
annual plant species of Europe (Py$ek and Prach,
1995), its high holocellulose contented stems persist
until spring season and suppress competing seedlings
of natural taxa in the following spring (ISSG,
2021). Because of its general distribution in damp
woodlands near streams (as its new location in
Turkey), water is an important vector for dispersing
diaspores of the species, and the lower altitudes are in
risk of easy invasion. Furthermore, the capacity of an
individual to produce 2500 seeds (Koenies and
Glavac, 1979), the ability to explosive ejection of seeds
up to 5 (Fitch, 1976; Clements et al., 2008), a seed
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rain of up to 6000 seeds/m? (Beerling and Perrins,
1993) and its ability surviving longer than a year
(Perrins et al., 1990) extremely increase the invasion
capacity of I glandulifera. Though its young shoots
are sensitive to frost (Beerling, 1993), the rapid
growth rate of both its seedlings and young
individuals (Koenies and Glavac, 1979) result shading
other plants living in close vicinity of this tallest
annual species.

During the field studies an ongoing project of
“Addressing of Invasive Alien Species Threats in
Terrestrial Areas and Inland Waters in Turkey”, I
glandulifera was detected soon after its introduction
to Anatolian ecosystems with the present study. It
has already been known only from two close vicinities
in Camldere village, Kesap (Giresun) in NE
Anatolian ecosystem where the populations are very
sparse. Thus, it is easy to control its spreading and
eradicate it from Turkey.

The best way in order to manage the I glandulifera’s
dispersal is to prevent flowering and the formation
and spread of the seeds (Shaw, 2003). For this,
mechanical eradication is quite easy due to the
modest root system of the species (Pacanoski and
Saliji, 2014), and effective especially before than seed
ripen. In the one hand, sheep and cattle grazing is
reported as a good method to manage this species
(Larsson and Martinsson, 1998) on the other hand
grazing helps the explosive ejection of the seed which
helps its invasion. The rust, Puccinia komarovii
Tranzschel ex P.Syd. & Syd. var. glanduliferae R.A.
Tanner, C.A. Ellison, L. Kiss & H.C. Evans, 1is
reported as a classical biological control agent for I
glandulifera in its invasive ranges and this rust
negatively impacts on the growth of infected plants
(Tanner et a, 2015; Varia et al., 2016). As well,
Glyphosate application is effective against I
glandulifera (Stensones and Garnett, 1994). All the
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methods above should be used for controlling this
species in its different invasion steps, but in its small
Turkish populations we strictly recommend the
mechanical eradication.
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ABSTRACT Research Article

In many studies conducted in recent years, it has been found that the

beneficial natural ingredients found in mushrooms are very important Article History

in curing various diseases and eliminating disease factors. It has been Received 1 14.02.2021
reported that fungi that spread in different countries have biological Accepted 1 06.05.2021
activities. In this study, antioxidant level (TAS), oxidant level (TOS),

and antibacterial and antifungalactivity of Entoloma sinuatum (Bull.) Keywords

P. Kumm were determined. Ethanol extract of the mushroom was Antibacterial

extracted in a Soxhlet apparatus. Antioxidant and oxidant levels were Antifungal

determined using Rel Assay TAS and TOS kits. Also, antimicrobial Antioxidant

activity was tested against bacterial and fungal strains using the agar
dilution method. As a result of the studies, the TAS value of the
mushroom was determined 2.64+0.15, the TOS value was 6.58+0.23,
and the OSI (Oxidative stress index) value was 0.25+0.02. In addition,
it was determined that the ethanol extract of the mushroom was
effective against bacteria at 200 and 400 pg/mL, and against fungi at
50 pg/mL concentrations. As a result, it was determined that £
sinuatum is a natural antioxidant and antimicrobial agent.

OZET

Son yillarda yapilan bir¢ok ¢calismada mantarlarda bulunan faydah
dogal bilegsenlerin c¢esitli hastaliklar1 iyilestirmede ve hastalik
etkenini ortadan kaldirmada ¢ok 6nemli oldugu bulunmustur. Farkl
ulkelerde yayilis gosteren mantarlarin biyolojik aktivitelerinin oldugu
bildirilmistir. Bu calismada Tiirkiye’de Entoloma sinuatum (Bull.) P.
Kumm’un antioksidan seviyesi, oksidan seviyesi ve antimikrobiyal
aktivitesi belirlendi. Mantarin etanol 6zutii soxhlet cihazinda
cikarildi. Antioksidan ve oksidan seviyeleri Rel Assay TAS ve TOS
kitleri kullanilarak belirlendi. Ayrica antibakteriyel ve antifungal
aktivite agar dilisyon metodu kullanilarak bakteri ve fungus
sugslarina karsi test edildi. Yapilan ¢calismalar sonucunda mantarin
TAS degeri 2.64+0.15, TOS degeri 6.58+0.23 ve OSI (Oksidatif stres
indeksi) degeri 0.25+0.02 olarak belirlendi. Ayrica mantarin etanol
ozutlinin bakterilere karsi 200 ve 400 pg/mL, funguslara kars1 50
pg/mL konsantrasyonlarda etkili oldugu belirlendi. Sonug olarak E.
sinuatum'un dogal antioksidan ve antimikrobiyal ajan oldugu
belirlendi.

Entoloma sinuatum,
Medicinal mushroom
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INTRODUCTION

In terms of nutritional values of mushrooms, it has
been utilized in the treatment of cancer, cholesterol-

lowering, stress, insomnia, asthma, allergies, and
diabetes, and it has been included in studies that it is
effective. Besides, mushrooms contain various
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secondary metabolites, including phenolic compounds,
polyketides, terpenes, and steroids that act as
antioxidants (Ahmed et al., 2015; Inci and Kirbag,
2018; Krupodorova and Sevindik, 2020). In studies on
natural mushrooms in different parts of the world, it
has been reported that mushrooms have different
biological activities such as antioxidant, antimicrobial,
anticancer, antitumor, antiproliferative, anti-
inflamatuvar, DNA protective, anti-aging, and
antiallergic (Bae et al., 2007; Bal et al., 2017; Garcia-
Lafuentea, et al.,, 2010; Osman and Toliba, 2019;
Sevindik et al., 2017; Zhang et al., 2019; Umaiia et al.,
2020). In this context, the discovery of new natural
products has been inevitable, especially in recent
years, due to the interest of people in natural products
and the possible side effects of synthetic drugs. In this
study, wild poisonous mushroom FEntoloma sinuatum
(Bull.) P. Kumm was used as a material.

E. sinuatum (livid entoloma, livid agaric, livid pinkgill,
leaden entoloma, and lead poisoner) is a poisonous
fungus that has been detected in many regions of the
world. Fruiting bodies of the mushroom appear in late
summer and autumn (Zeitlmayr, 1976). It is seen in
deciduous woodlands covered with clay and calcareous
soils, usually Oak and Beech, rarely in birch or in
nearby park areas. Sometimes it meets in the form of
a fairy ring. It can be seen alone or in groups and most
members of the genus are saprotrophic. In young form,
it can be mixed with the edible Calocybe gambosa or
Clitopilus prunulus. Also, an ordinary observer might
confuse K. sinuatum with the meadow mushroom
Agaricus campestris (Lamaison and Polese, 2005). For
this reason, it has played a leading role in many
mushroom poisoning cases in Kurope. . sinuatum
poisoning 1s generally not fatal. Following
consumption of mushrooms, the gastrointestinal
syndrome 1s observed. Depression and delirium are
rare sequelae (Bastida et al., 1987). In this study, the
antioxidant, oxidant, and antimicrobial activities of
wild poisonous mushroom FE. sinuatum were
determined.

MATERIALS and METHODS
Sample extraction

Mushroom samples were collected from the Belgrad
forest (41°10'56.63"N- 28°59'5.91"E, 145m)
(Istanbul/Turkey). After the samples were collected,
they were dried in a dryer (Profilo, PFD2350W) for
about 12 hours at 45 °C and 10 g of each mushroom
sample was taken and ground into powder
(WANXINGBO, Grinder). Powder samples were
extracted with 200 mL of ethanol for 6 h in the Soxhlet
apparatus then obtained by filtration through filter
paper (ISOLAB, 125mm) and the solvent was removed
on a rotary evaporator (Heidolph Laborota 4000
Rotary Evaporator) at 40 °C. Crude extracts were
stored at + 4 ° C until further conducting experiments.
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Antibacterial activities

The antimicrobial activity tests of ethanol extract of
the mushroom sample were determined by the agar
dilution method. The lowest concentration of the
extract preventing the growth of microorganisms was
determined as the MIC (Minimum Inhibitor
Concentration) value. Extract concentrations were set
at 6.25 to800 pg/mL in distilled water (CLSI, 2002;
CLSI, 2003). Staphylococcus aureus (ATCC 29213),
Enterococcus faecalis (ATCC 29212), Escherichia coli
(ATCC 25922) and Pseudomonas aeruginosa (ATCC
27853) were used as test bacteria. Bacteria were pre-
cultured in Muller Hinton Broth medium. Amikacin,
Ampicillin, and Ciprofloxacin were used as positive
controls (Hindler et al., 1992).

Antifungal activities

Candida albicans (ATCC 10231) and C. tropicalis
(ATCC 13803) were used as test fungi. Fungi were pre-
cultured in RPMI 1640 Broth medium. Fluconazole
and Amphotericin B were used as positive controls
(Hindler et al., 1992).

Antioxidant activities

The total antioxidant status, total oxidant status, and
oxidative stress index of ethanol extracts of
mushrooms were evaluated using Rel Assay TAS and
TOS kits. Trolox was utilized as a calibrator in
antioxidant studies. Hydrogen peroxide was used as a
calibrator in oxidant studies (Erel, 2004; Erel, 2005).
The OSI (Oxidative stress index) value is determined
by proportioning the TAS value to the TOS value. The
following formula was used for the OSI value
(Sevindik, 2018).

RESULTS and DISCUSSION
Antibacterial and Antifungal activities

Antibacterial and antifungal drugs used today are
inadequate due to the antibiotic resistance that
microorganisms have gained 1n recent years.
Moreover, people turned to natural products due to the
possible side effects of antibacterial and antifungal
drugs (Liu et al., 2017; Abdalla et al., 2020). This trend
has made the discovery of new antibacterial and
antifungal natural products. In this study, the
antibacterial and antifungal activities of the ethanol
extract of E. sinuatum was determined. The findings
obtained were shown in Tablel.

In previous studies on Entoloma species, the methanol
extract of FEntoloma speculum was reported to be
effective against Xanthomonas campestris,
Pseudomonas syringae, Agrobacterium tumefaciens,
Klebsiella pneumonia, FEscherihia coli, Salmonella
typhi, P. aeruginosa, Staphylococcus aureus,
Streptomyces  pneumoneae, Candida  albicans,
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Chrysosporium merdarium, Trichophyton rubrum,
Chrysosporium keratinophilum, Fusarium solani,
Penicillium chrysogenum, Aspergillus flavus and A.
niger in different concentrations (Kodiyalmath and
Krishnappa, 2018). In another study, ethanol extract
of Entoloma nubigenum was reported to be effective
against Bacillus subtilis, FEscherichia faecalis,
Staphylococcus aureus, Penicillium notatum, and
Ceratocistys pilifera (Reinoso et al., 2013). In our
study, the antibacterial and antifungal activities of

ethanol extract of E. sinuatum was determined. As a
result of this, it has been determined to be effective
against S. aureus and P. aeruginosa in 400 pg/mL
concentration, £. faecalis and E. coli at 200 pg/mL
concentration, C. albicans and C. tropicalis at 50
pug/mL concentration. In other words, the antifungal
activity of the mushroom extract appears to be higher.
It was also determined that the fungus can be used as
a natural antibacterial and antifungal source.

Table 1. Antibacterial and antifungal activities of ethanol extract of £. sinuatum
Cizelge 1. E. sinuatum'un etanol ekstresinin antibakteriyel ve antifungal aktiviteleri

Antibacterial (ug/mL)

Antifungal (ug/mL)

Sample S. aureus E. faecalis FE. coli P. aeruginosa C. albicans C. tropicalis
Entoloma sinuatum 400 200 200 400 50 50
Flukonazole - - - - 1.56 3.12
Ampicillin 3.12 1.56 3.12 - -
Ciprofloxacin 0.78 0.78 1.56 3.12

Antioxidant activities

Antioxidant compounds are found in many natural
products including mushrooms that spread in many
different ecosystems. Mushrooms are very vital
sources of antioxidants with their numerous
antioxidant-effective enzymes and phenolic
compounds (Lu et al., 2018; Inci et al., 2019).

Table 2. TAS, TOS and OSI Values of ethanol extract of £.
sinuatum

Cizelge 2. E. sinuatum'un etanol ekstresinin TAS, TOS ve
OSI Degerleri

TAS (mmol/L)
E. sinuatum 2.64+0.15

TOS (pmol/L)
6.58+0.23

OSI
0.25+0.02

Sample

Values are presented as mean+S.D

Many studies have shown that mushrooms have high
antioxidant activities. The total antioxidant and total
oxidant status of used in our study were determined
for the first time. In previous TAS and TOS studies on
wild mushrooms, TAS value of Tricholoma virgatum
was reported as 3.754, TOS value was 8.362 and OSI
value was 0.223 (Selamoglu et al.,, 2020). The TAS
value of Cerioporus varius was reported as 2.312, TOS
value was 14.358 and OSI value was 0.627 (Sevindik,
2019). TAS value of Suillus granulatus was reported as
3.143, TOS value was 18.933 and OSI value was 0.603
(Mushtaq et al., 2020). The TAS value of Lactifluus
rugatus was reported as 3.237, the TOS value was
8.178 and the OSI value was 0.254 (Sevindik, 2020).
The TAS value of Infundibulicybe geotropa was
reported as 1.854, TOS value was 30.385 and OSI
value was 1.639 (Sevindik et al., 2020). The TAS value
of Lepista nuda was reported as 3.102, the TOS value
was 36.920, and the OSI value was 1.190 (Bal et al.,
2019). Compared to these studies, the TAS value of E.
sinuatum was found to be higher than 7. geotropa and
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C. varius, lower than L. rugatus, L. nuda, S.
granulatus and T. virgatum. TAS value shows the
whole of the antioxidant compounds produced within
the mushroom (Krupodorova and Sevindik, 2020). The
difference in TAS values determined in studies on
different mushrooms draws attention. The difference
in TAS value between species is due to the difference
in the potential of fungi to produce compounds with
antioxidant properties.

When TOS values were examined, E. sinuatum was
determined to be lower than C. varius, L. rugatus, I.
geotropa, L. nuda and T. virgatum. The TOS value
indicates the whole of the oxidant compounds produced
by the fungus as a result of environmental effects
metabolic activities (Krupodorova and Sevindik, 2020).
TOS value of E. sinuatum used in our study was
generally found to be low. In addition, the OSI value
shows how much the oxidant compounds produced in
the mushroom's body are suppressed by the
endogenous antioxidants (Krupodorova and Sevindik,
2020). E. sinuatum suppressed better than I. geotropa,
L. rugatus, S. granulatus, L. nuda, and C. varius, less
than 7. virgatum. Determining the oxidative stress
index is important in determining the antioxidant
potential of the mushroom. The OSI value shows the
success of suppressing the oxidant compounds
produced by the fungus by the antioxidant defence
system. In this context, it is seen that the antioxidant
defence system of FE. sinuatum is successful in
suppressing oxidant compounds. As a result, it was

determined that & sinuatum has antioxidant
potential.

CONCLUSION

In this study, the antioxidant, oxidant, and

antimicrobial potential of wild poisonous mushroom £.
sinuatum was determined. As a result, it was found
that the antioxidant potential of the mushroom was at
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normal levels. It was also found that the oxidant level
was low, yet, fungi were more effective against fungi.
Besides, it was determined that £. sinuatum could be
a natural antioxidant and antimicrobial source.
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ABSTRACT

This manuscript includes morphological and anatomical characters of
seeds of 7 taxa of Cardamine genus from Turkey and the importance
of these characteristics from a systematic perspective. The outcomes
demonstrate that the taxa vary in terms of seed shape and dimension.
The seed dimension varies between 0.91 mm and 2.20 mm in length
and between 0.41 mm and 1.65 mm in width, Cardamine graeca
having the biggest and C. tenera having the smallest seeds. The seed
surface ornamentation is categorized into five types: reticulate-
alveolate, scalariform, reticulate, foveate and reticulate-foveate. The
most common type is scalariform and reticulate, however; foveate,
reticulate-foveate and reticulate-alveolate ornamentation types have
been noticed to be taxon-specific. The testa is mostly occurred with 3
layers: the outer epidermis, the inner epidermis, and the parenchyma
layer. However, C. tenera and C. graeca taxa have an additional inner
testa layer under the outer testa. The shapes and thicknesses of the
outer epidermis and the inner epidermis, presence of the inner testa
and the parenchyma layer are very important characteristics that
disclose inter-specific relations within the studied species. Moreover,
a key is offered for the identification of the studied taxa based on seed
characters.

OZET

Bu makale Tirkiye'den Cardamine cinsinin 7 taksonunun
tohumlarinin morfolojik ve anatomik karakterlerini ve bu
karakterlerin sistematik bir bakis acisiyla onemini icermektedir.
Sonuglar taksonlarin tohum gekli ve boyut agisindan farkh oldugunu
gostermistir. Tohum boyutlar: boyda 0.91 mm ile 2.20 mm ve ende
0.41 mm ile 1.65 mm arasinda degismis, Cardamine graeca en bliyik
tohumlara, C. tenera ise en kiigiik tohumlara sahiptir. Tohum ytizey
ornamentasyonu bes tipe ayrilir: retikulat-alveolat, scalariform,
retikulat, foveat and retikulat-foveat. En yaygin tip scalariform ve
retikulattir, buna karsin; foveat, retikulat-foveat ve retikulat-alveolat
ornamentasyon tiplerinin taksona 6zgu oldugu not edilmigtir. Testa
cogunlukla 3 katmanla olugsmustur: dis epidermis, i¢ epidermis ve
parenkima katmani. Bununla birlikte, C. tenera ve C. graeca
taksonlarmmin dis testa altinda ek bir i¢ testa tabakasi vardir. Dig
epidermis ve i¢ epidermisin gekilleri ve kalinliklari, i¢ testa varligi ve
parenkima tabakasi incelenen tiirler arasi iligkileri ortaya koyan ¢ok
onemli ozelliklerdir. Ayrica, incelenen taksonlarin tohum
karakterlerine gére tanimlanmasi igin bir anahtar sunulmustur.
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INTRODUCTION species the world (Al-Shehbaz, 1988; Karaismailoglu,

The family Brassicaceae is one of the greatest

flowering plant families

containing

economic

importance includes more than 340 genera and 3350

2017). Taxa in this family are placed in worldwide,

particularly in the

North temperate areas and

Southwestern and Central Asia. The family has 85
genera and 458 taxa in Turkey (Al-Shehbaz, 2012).
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The genus Cardamine L. is taxonomically problematic,
widespread genus with over 200 Arctic, alpine, and
boreal taxa, and is one of the largest genera of the
family in terms of number of species (Hewson, 1982;
Al-Shehbaz, 1988; Webb et al., 1988; Al-Shehbaz et al.,
2006; Carlsen et al, 2009). The number of
acknowledged species differs noticeably among various
researchers, because of the taxonomic complexity of
the genus (Carlsen et al., 2009). As a result of the
performed some studies such as Schulz (1903), Al-
Shehbaz (1988) and Carlsen et al. (2009), it has seen
that the diversity center of the genus is Eurasia. Genus
has about 95 species in Eurasian, 48 species in China
and 25 species in Europe involving the Caucasus
(Carlsen et al., 2009). Some species of the genus are
widely distributed, for example C. hirsuta L., C.
flexuosa With., C. parviflora L. and C. impatiens L.
The new taxa have been discovered since the first
revision of the genus (Schulz, 1903); however, species
restriction is impractical and the total number of
species in Cardamine is still controversial (Carlsen et
al., 2009). The first sectional division of genus (Schulz,
1903) has been condemned by some researchers for
over-emphasis some morphological features (Al-
Shehbaz, 1988; Rashid & Ohba, 1993; Carlsen et al.,
2009). Some species in Cardamine have been analyzed
widely with cytological and molecular markers (Lihova
et al., 2000, 2003, 2004; Carlsen et al., 2009; Kucera et
al., 2010; Karaismailoglu, 2021). However, the
taxonomic usability of the detailed morphological and
anatomical characters in the genus has been ignored
so far.

The seed coat features are known as important
characteristics in taxonomical investigations of the
Brassicaceae family (Karaismailoglu & Erol, 2018). It

Table 1. The examined taxa and their locations
Cizelge 1. Incelenen taksonlar ve lokasyonlari

is mainly used to resolve classification difficulties
regarding closely correlated species, determine their
evolutionary connections, and describe their adaptive
importance (Kaya et al., 2011; Karaismailoglu & Erol,
2018). Moreover, many studies have shown that macro
and micro characters of the seeds has systematic
significance in separating the taxa within the family
Brassicaceae (Khalik and Maesen, 2002; Tantawy et
al., 2004; Kaya et al., 2011; Karaismailoglu and Erol,
2018; Karaismailoglu, 2019a). Also, the anatomical
features of the seed coat can contribute to solving the
taxonomic problems regarding family. This statement
has been supported by performed works on several
genera of the family (Vaughan et al., 1976;
Ghaempanah et al., 2013; Karaismailoglu and Erol,
2018; Karaismailoglu, 2019a). However, there is no
study on seed morphology and anatomy of the genus
Cardamine from Turkey, where is one of the diversity
centers of genus with 14 taxa (Mutlu, 2012), so far.

The aim of this investigation is to contribute to the
seed morphological and anatomical characteristics of
seven Cardamine taxa containing C. bulbifera Crantz,
C hirsuta L., C. impatiensvar. pectinata (Pall. ex DC.)
Trautv., C. lazica Boiss. & Bal., C. tenera Gmel ex
Mey., C. uliginosa Bieb. and C. graeca L. from Turkey
and to examine taxonomic uses of these characters at
the interspecies level.

MATERIAL and METHODS

This study was planned with 50 seeds belonging to 10
individuals for each taxon taken from different regions
of Turkey during the fruiting time. The examined taxa
were deposited at SUFAF (Siirt University Flora and
Fauna) and given in Table 1.

Cardamine bulbifera Crantz
160

Bursa, Uludag,
Karaismailoglu 302

C. hirsuta L.

C. impatiens var. pectinata
(Pall. ex DC.) Trautv.
C. lazica Boiss. & Bal.
C. tenera Gmel ex Mey.
C. uliginosa Bieb.
310
C. graeca L.
Karaismailoglu 122b

Aras valley,

Agr, Patnos, Kizkapan village, stone slopes, 1650 m, 16.5.2015, Karaismailoglu

roadside stony areas, 1650 m, 2.7.2016,

Bolu, Abant, roadsides, 801 m, 30.4.2015, Karaismailoglu 132b

Artvin, Hopa, roadsides, stone slopes, 350 m, 6.3.2015, Karaismailoglu 100b
Kiitahya, Gediz, Murat mountain, 1700 m, 23.6.2016, Karaismailoglu 286
Istanbul, Buylikgekmece, Beykent, meadows, 80-120 m, 6.7.2016, Karaismailoglu

Mugla, Marmaris, Kirzeytin mountain, serpentine rocks, 490 m, 3.4.2015,

Macromorphological features of the seeds involving
color, shape, dimension, and surface characters were
analyzed Dby utilizing an  Olympus SZX7
stereomicroscope and Kameram Imaging Software
(Figure 1). Micromorphological examinations of the
seeds involving surface ornamentation, anticlinal and
periclinal cell walls, and the form of epidermal cell
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were studied with a JEOL Neoscope-5000 Scanning
Electron Microscope (Figure 2). For
micromorphological observations, seeds were pasted
on the stub with silver adhesive and enclosed with
platinum-gold.

Findings of anatomical features were obtained on
samples well-preserved in 70% alcohol. Cross-sections
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were taken from midpoint of seeds with an automatic
microtome (Thermo Shonda Met Finesse). After, they
were treated with series of alcohol and xylene, and
dyed with hematoxylin in a staining tool (ASC 720
Medite) and covered with Entellan (Figure 3)

2

(Karaismailoglu, 2015, 2019a; Karaismailoglu & Erol,
2018). Anatomical characteristics were detected using
an Olympus CX21FS1 microscope and Kameram
Imaging Software.

1
=

)

@

@
=

7

Figure 1. Seeds of the studied taxa: 1- C. bulbifera, 2- C. hirsuta, 3- C. impatiens var. pectinata, 4- C. lazica, 5- C.
tenera, 6- C. uliginosa, 7- C. graeca (scales bars=1 mm)

Sekil 1. Calisilan taksonlarin tohumliari® 1- C. bulbifera, 2- C. hirsuta, 3- C. impatiens var. pectinata, 4- C. lazica,
5- C. tenera, 6- C. uliginosa, 7- C. graeca (6lgekler=1 mm)

The terminology of morphological and anatomical
characters was performed in accordance with Stearn
(1985), Ghaempanah et al. (2013) and Karaismailoglu
and Erol (2018).

The findings were evaluated with SPSS. Duncan’s
multiple-range test was utilized to define the
statistical importance of variations among the
quantitative values acquired for taxa (SPSS Inc, 2006).
Grouping of taxa was performed with using the
clustering assessment method (UPGMA) in accordance
with 38 characters in Tables 2 (Figure 4)
(Karaismailoglu and  Erol, 2018). Moreover, the

similarity matrix of the examined taxa was created in
MVSP (Kovach, 2007).

RESULTS
The seed features of the studied taxa involving color,
shape, dimension, and surface from are

macromorphologically assessed. Seed colors of the
examined taxa are noticed as brown and its tones. C.
Impatiens var. pectinata and C. lazica taxa are
distinctly different from other taxa with their light
brown seeds. It has been seen six seed shapes: ovatus
in C. bulbifera, ellipticus-rectangularis in C. hirsuta,
rectangularis in C.impatiens var. pectinata, circularis-
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rectangularis in C. lazica, ellipticus-late in C. tenera
and C. uliginosa, and ellipticus in C. graeca. Seed
shape is characteristic in studied taxa, except for C.
tenera and C. uliginosa. The seed dimension varies
between 0.91 mm and 2.20 mm in length and between
0.41 mm and 1.65 mm in width. Cardamine bulbifera

Vac-High PC-Std. 10 kV x 130

< {7
Vac-High PC-Std. 10 kv x 80 Vac-High PC-Std. 10kV x 500

s 200 P

Vac-High PC-Std. 10kV x 100 — 200 pm

Vac-High PC-Std. 10kV x 80

and C. graeca are markedly separate from the rest of
the studied taxa in terms of seed dimension. Seed
surface structures are smooth, except for C. graeca
that is of slightly striped. Cardamine impatiens var.
pectinata, C. tenera and C. uliginosa have raphe on
seeds, but not others (Figure 1 and Table 3).

Vac-High PC-Std. 10kV x 1000

50 pm Vac-High PC-Std. 10 kV x 1000

Figure 2. The micromorphological structures of the studied taxa: 1-3 C. bulbifera, 4-6 C. hirsuta, 7-9 C. impatiens

var. pectinata, 10-12 C. lazica.

Sekil 2. Calisilan taksonlarin mikromorfolojik yapilari: 1-3 C. bulbifera, 4-6 C. hirsuta, 7-9 C. impatiens var.

pectinata, 10-12 C. lazica.
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Vac-High PC-Std. 10kV x 130

Vac-High PC-Std. 10kV x 110

Vac-High PC-Std. 10kV x22

Figure 2. The micromorphological structures of the studied taxa: 13-15 C. tenera, 16-18 C. uliginosa, 19-21 C.
graeca.
Sekil 2. Calisilan taksonlarin mikromortfolojik yapilari: 13-15 C. tenera, 16-18 C. uliginosa, 19-21 C. graeca.

Table 2. Characters used in statistical analysis and their codes
Cizelge 2. Istatistik analizlerde kullanilan karakterler ve kodlari

Characters (Karakterler) Codes (Kodlar)
Seed color Dark brown or brown (1), Light brown (2)
Ovatus (3), Ellipticus-rectangularis (4), Rectangularis (5) Circularis-
Seed shape rectangularis (6), Ellipticus-late (7), Ellipticus (8)
Seed surface Smooth (9), Slightly striped (10)
Seed size Length (11), Width (12)
Raphe Presence (13)
Reticulate-alveolate (14), Scalariform (15), Reticulate (16), Foveate (17),
Surface ornamentation Reticulate-foveate (18)
Anticlinal cell walls Raised (19)
Periclinal cell walls Convex (20), Concave (21)
Epidermal cell structure Polygonal (22), Alveolar (23), Rectangular (24)
Anatomical structure of the outer
epidermis Flattened (25), Rectangular (26), Cubic (27)

Anatomical structure of the inner Flat (28), Rectangular (29), Elongated rectangular (30), Outer testa
epidermis thickness (31)

Inner testa structures Presence (32), Crushed (33), Flat (34), Thickness (35)
Parenchyma cell structures Flat (36), Thickness (37)
Mucilage cell Presence (38)
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Figure 3. The anatomical structures of the seed testa of the studied taxa: 1- C. bulbifera, 2- C. hirsuta, 3- C.
impatiens var. pectinata, 4- C. lazica, 5- C. tenera, 6- C. uliginosa, 7- C. graeca (oe: outer epidermis, ie:
inner epidermis, it: inner testa, co: cotyledon, pa: parenchyma, mc: mucilage cells, scale bars: 100 pm)

Sekil 3. Calisilan taksonlarin tohum testalarinin anatomik yapilari® 1- C. bulbifera, 2- C. hirsuta, 3- C. impatiens
var. pectinata, 4- C. lazica, 5- C. tenera, 6- C. uliginosa, 7- C. graeca (oe’ dis epidermis, ie’ i¢ epidermis,
it’ i¢ testa, co’ kotyledon, pa’ parenkima, mc: musilaj hiicreleri, élgekler: 100 jum)

The surface ornamentation types, anticlinal-periclinal reticulate-areolate, scalariform, reticulate, foveate,

cell walls, and epidermal cell forms of the seeds are
micromorphologically researched. The seed surface
ornamentation 1is categorized into five types:

reticulate-foveate (Figure 2 and Table 3). The most
common types are reticulate and scalariform, seen in
C. hirsuta, C. impatiens var. pectinata, C. lazica and
C. graeca. The reticulate-alveolate (in C. bulbifera),
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foveate (in C tenera), and reticulate-foveate (in C.
uliginosa) types are each characterized by solely one
taxon. While the forms of anticlinal cell walls in the
studied taxa are raised, periclinal cell walls are
concave except C. bulbifera (convex). Moreover, cell
shapes on surfaces are very different: polygonal,
alveolar and rectangular. The most common cell type
1s polygonal, whereas rectangular is quite rare types
(Table 3).

The outcomes of the anatomical examinations of the
seeds are demonstrated in Figure 3 and Table 4. The
seed testa of the studied taxa consists of the outer
epidermis and inner epidermis (outer testa), rarely
inner testa and parenchyma layers. The epidermis
layers in outer testa are of either parenchymatic or
sclerenchymatic form and occur with two layers
involving the outer epidermis and the inner epidermis.
According to the obtained observations from the cross-
sections, the outer epidermis differs considerably in
cell shape (flattened, rectangular or cubic), and wall
formation (undulated or straight and thick or thin-
walled) (Figure 3). The two most common types are
flattened and cubic, however; the rarest one is the
rectangular form (Table 4). The inner epidermis
includes 1 layer of flat, rectangular and elongated
rectangular cells. The average thickness of the outer
testa varies between 25.64 um (in C. impatiens var.
pectinata) and 98.75 um (in C. tenera). The inner testa,
which is a compressed tissue under the outer testa, has
1-2 layers of flat, or crushed cells. This layer is seen
only in 2 taxa studied, C. graeca and C. tenera. Its
thickness ranges from 21.19 um (in C. graeca) to 48.25
um (n C. tenera) (Figure 3 and Table 4). The
parenchyma layer of the examined taxa is 1-layered
and comprises of flat cells. The thickness of the
parenchyma layer ranges from 11.18 um to 44.65 um;
the largest endosperm is observed in C. tenera and the
thinnest in C. graeca (Table 4). In addition, mucilage
cells are observed in epidermis layers in seeds of C.
tenera unlike other taxa (Figure 3 and Table 4).

The numerical assessment of the seed morphological
and anatomical features allows the form of a
dendrogram, which reveals the variations or
resemblances among the studied taxa. A dendrogram
is created as a consequence of the cluster analysis of
the examined taxa of Cardaminebuilt on the difference
of 38 characteristics in 7 taxa. The cophenetic
correlation coefficient is designed to discover the
correlation between the dendrogram and dissimilarity
matrix (Table 5 and Figure 4). The cophenetic
correlation between the dissimilarity matrix and
dendrogram has been computed as 0.68, representing
a good match. As a result of the cluster analysis, 2
clusters have emerged; A and B. Cluster A consists of
C. graeca, C. impatiens var. pectinata and C. lazica.
Cluster B contains C. bulbifera, C. tenera, C. hirsuta
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and C. uliginosa (Figure 4). C. hirsuta and C. tenera
are the most closely related taxa (dissimilarity
coefficient: 0.88), as C. graeca and C. uliginosa are the
most distantly related taxa (dissimilarity coefficient:
2.39) (Table 5).

DISCUSSION

The morphological features of the seeds offer valuable
data regarding the evolutionary relations of the
angiosperms (Corner, 1976). The seed surface, shape,
color, and dimension in Brassicaceae family are
precious features in separation of the taxa (Barthlott,
1981; Koul et al., 2000; Karaismailoglu and Erol,
2018). Cardamine taxa vary among the species in
terms of the seed morphological characters. Seed shape
is almost sufficient to distinguish among the examined
taxa, it is the same in only C. tenera-C. uliginosa taxa,
different in others. Seed color in the studied taxa is
brown and its tones. C. impatiensvar. pectinata and C.
lazica are easily distinguished from other taxa by
having light brown seeds. Seed surface morphology is
of the taxonomic importance at the genus and species
levels (Brochmann, 1992; Karaismailoglu and Erol,
2018). C. graeca is separated with its slightly striped
seed surfaces from other taxa, which have a smooth
surface. The macromorphological results of this
research are compatible with the former works
performed with macromorphological features on seeds
of Brassicaceae family (Khalik and Maesen, 2002;
Kasem et al., 2011; Kaya et al., 2011; Karaismailoglu
and Erol, 2018; Karaismailoglu, 2019a, 2019b; Sirin
and Karaismailoglu, 2020).

The significance and efficiency of scanning electron
microscopy in explaining of the taxonomic difficulties
(Heywood, 1971). Many studies have shown that seed
micromorphological features are helpful
characteristics to utilize in discriminating of the taxa
in Brassicaceae family (Barthlott, 1981; Koul et al.,
2000; Kasem et al., 2011; Karaismailoglu and Erol,
2018; Karaismailoglu, 2016, 2019a, 2019b; Sirin and
Karaismailoglu, 2020). In this work, it has utilized
scanning electron microscopy to explain difficulties in
taxonomy of taxa, and reveal adaptive significance of
seed coat. All of the studied taxa have been examined
for the first time. 5 different surface types have found:

reticulate, reticulate-foveate, foveate, reticulate-
alveolate, and  scalariform. Reticulate seed
ornamentation type 1is the most common in

Brassicaceae, as indicated in this work (Tantawy et al.,
2004). The scalariform ornamentation type has found
in the genus Thlaspi L., Aethionema W.T. Aiton
(Karaismailoglu and Erol, 2018; Karaismailoglu,
2019a). Earlier seed exomorphic investigations have
demonstrated that the structures of anticlinal-
periclinal cell walls are well identification factors at
the species level (Barthlott, 1981; Tantawy et al.,
2004). Also, the structures of anticlinal-periclinal cell
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Table 3. Macro and micro morphological characters of the seeds of the studied taxa.
Cizelge 3. Calisilan taksonlarin tohumlarinin makro ve mikro morfolojik karakterleri
Taxa Color Shape Seed Seed Sizes* Raphe Seed surface Anticlinal cell wall Periclinal Epidermal
Taksonlar Renk Sekil surfaces Tohum boyutlari presence ornamentations Antiklinal  hiicre cell wall cell structures
Tohum L (mm) W (mm) Rafe Tohum yliizey duvari Periklinal Epidermal
ytizeyleri varligi ornamentasyonlari hiicre duvari hiicre yapilar:
C. bulbifera Light Ovatus Smooth 1.03+0.156bc  0.41+0.04d - Reticulate- Raised Convex Polygonal and
Brown Alveolate Alveolar cells
C. hirsuta Brown Ellipticus- Smooth 1.09+0.10b 0.95+0.08b Scalariform Raised Concave Rectangular cells
Rectangularis
C. impatiens Light Rectangularis  Smooth 0.92+0.08c 0.63+0.04c + Scalariform Raised Concave Rectangular cells
var. pectinata Brown
C. lazica Light Circularis- Smooth 1.05+0.06b 0.91+0.04b Reticulate Raised Concave Polygonal cells
Brown Rectangularis
C. tenera Dark Ellipticus- Smooth 0.91+0.08¢ 0.84+0.06b + Foveate Raised Concave Alveolar cells
Brown Late
C. uliginosa Brown Ellipticus-late ~ Smooth 1.14+0.21b 1.03+0.10b + Reticulate-Foveate  Raised Concave Polygonal and
Alveolar cells
C. graeca Brown Ellipticus Slightly 2.20+0.18a 1.65+0.12a Reticulate Raised Concave Polygonal cells
striped

*Average value + standard deviation; means with dissimilar letters are important at P = 0.05 by Duncan’s multiple range test, + =present, - =absent, L=length, W=width.

*Ortalama deger + standard sapma; Farkli harflere sahip ortalamalar Duncan’in ¢oklu aralik testine gore P = 0.06'te 6nemlidir, + =var,
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- =yok, L=uzunluk, W=geniglik.
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Table 4. Testa anatomical characters of the studied taxa
Cizelge 4. Calisilan taksonlarin testa anatomik karakterleri.

Taxa Outer testa (Dis testa) Inner testa (I¢ testa) Parenchyma layer Presence or absence
Taksonlar Outer epidermis Inner epidermis Thickness* Structure = Thickness* Structure Thickness* of mucilage cells
structures structures (um) Yapi (um) Yapi (um) Musilaj hiicrelerinin
Dis epidermis I¢ epidermis Kalhnhk Kalinhk Kalinhk varligi veya yoklugu
vapilari yapilari
C. bulbifera 1 layer, flattened 1 layer, flat 32.17+2.54e - - 1 layer, flat cells 24.16+£1.09b
cells cells
C. hirsuta 1 layer, cubiccells 1 layer, 51.294+2.35¢ - - 1 layer, flat cells 23.79+1.35b
rectangular
cells
C. Impatiens 1 layer, 1 layer, flat 25.64+2.21f - - 1 layer, flat cells 15.84+2.16¢
var. pectinata rectangular cells  cells
C. lazica 1layer, cubiccells 1 layer, flat 44.93+1.78d - - 1layer, flatcells 16.11+1.38c
cells
C. tenera 1layer, cubiccells 1 layer, 98.75+9.56a 1-2 layer, 48.45+2.56a 1 layer, flat cells 44.65+5.65a
elongated crushed
rectangular cells
cells
C. uliginosa 1 layer, flattened 1 layer, 55.62+2.55bc - - 1 layer, flat cells 40.09+2.35a
cells elongated
rectangular
cells
C graeca 1layer, cubiccells 1 layer, flat 60.15+4.17b 1 layer, 21.19+2.09b 1 layer, flatcells 11.18+0.58d
cells flat cells

*Average value + standard deviation; means with dissimilar letters are important at P = 0.05 by Duncan’s multiple range test, + =present, - =absent.
*Ortalama deger + standard sapma; Farkli harflere sahip ortalamalar Duncan’in ¢oklu aralik testine gore P = 0.05'te onemlidir, + =var, - =yok.
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C. graeca

C. impatiens var. pectinata

C. lazica

C. bulbifera

C. tenera

C. hirsuta

C. uliginosa
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48 4 32 24
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Figure 4. Cluster analysis of the studied taxa.
Sekil 4. Calisilan taksonlarin kiimeleme analizi

Table 5. The dissimilarity matrix of the studied taxa
Cizelge 4. Incelenen taksonlarin benzemezlik matrisi.

08 0

Taxa (Taksonlar) 1 2 3 4 5 6 7
C. bulbifera (1) 0 - - - - - -
C. hirsuta (2) 1.87 0

C impatiens var. pectinata (3) 2.11 2.33 0

C. lazica (4) 2.13 2.17 1.45 0

C. tenera (5) 1.88 0.88 2.24 1.57 0

C. uliginosa (6) 1.95 1.44 1.82 1.59 1.36 0

C. graeca (7) 2.29 2.35 2.16 2.36 2.31 2.39 |0

walls are active in discrimination of the taxa. The type
of the anticlinal cell wall is raised, as the type of the
periclinal cell wall is concave or convex. Taxa of
Cardamine are different in terms of epidermal cell
shapes. Epidermal cells are polygonal, rectangular or
alveolar types. Generally, scanning electron
microscope works have revealed that the
comprehensive assessment of seed structures of the
Cardamine taxa 1is considerably valuable in
discriminating taxa from each other.

The performed works on the seed coat anatomy in the
Brassicaceae have used to overcome of the taxonomic
difficulties (Vaughan et al., 1976; Ghaempanah et al.,
2013; Karaismailoglu and Erol, 2018; Karaismailoglu,
2019a, 2019b). It has been informed that the seed coat
characters can be utilized as consistent characteristics
in the taxonomy of the taxa (Koul et al., 2000;
Karaismailoglu and Erol, 2018). The seed testa
structures belonging to some genera in Brassicaceae
have anatomically defined by Vaughan et al. (1976),
Meyer (1973, 1991), Karaismailoglu and Erol (2018),
Karaismailoglu (2019a, 2020). The seed coat mostly
comprises 4 layers, which are the epidermis, the
subepidermis, the sclerotic or palisade, and the
parenchymatic layers (Bouman, 1975; Ghaempanah et
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al., 2013; Karaismailoglu and Erol, 2018). In this
work, anatomical structures of seed coats of the
examined taxa have been analyzed in detail for the
first time, and it is debated whether the anatomical
features of the seeds are able to be utilized for the
studied taxa to resolve reported systematic difficulties.
The seed coat occurs from discriminated layers as the
outer epidermis, the inner epidermis (outer testa) and
the parenchymal layer. Contrary to the literature
information, there is no inner testa except for C. tenera
and C. graeca taxa.

The anatomical works performed on seed coats of
species belonging various genera in Brassicaceae have
showed that seed epidermis cell types can be used as a
reliable taxonomic character. This character has been
found in 15 different types by Vaughan and
Whitehouse (1971), and 4 different types by
Karaismailoglu and Erol (2018). In this research, the
type of the epidermis quite differs among the taxa. This
1-layered epidermis layers can occur from flat,
rectangular, cubic or elongated rectangular. As flat
and cubic cells are commonly observed, rectangular
cells are the rarest in the studied taxa. The inner testa
is the sclerotic or palisade structure, which is a
compressed tissue under the outer testa. This layer is
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found in only two of the studied taxa (C. tenera and C.
graeca). It consists of 1-2 layers and its cells are be flat
or crushed.
The parenchyma thickness of seed coats of the taxa has
also been systematically analyzed for the first time in
this work, and it is noticed that its features differ
among the taxa. The parenchyma thickness ranges
from 11.18 um (C. graeca) to 44.65 um (C. tenera).
However; The number of layers and cell shape are the
same in all taxa examined. Notwithstanding the often
mentioned convergence on flowers and fruits in
Brassicaceae, epidermis layers, and parenchymal
thickness of the seed testa of the studied taxa have
demonstrated to be more useful characters than the
traditional ones utilized in taxonomy of Cardamine.
Karaismailoglu and Erol (2018) had similar outcomes
with studying anatomically of 7hlaspi L. from Turkey.
Also, the presence of mucilage cells distinguishes C.
tenera from others.
A dendrogram was created to assess the morphological
and anatomical features of the seeds of the studied
Cardamine taxa with UPGMA cluster analysis. The
dendrogram, showing 2 main groups, was partly
similar with the results of Cullen (1965). The
morphological and anatomical characters of the seeds
have maintained the characters utilized in the ranking
of Cardamine taxa in the flora of Turkey (Figure 4).
In conclusion, studying the morphological and
anatomical characteristics of seeds of the studied taxa
of Cardamine offers major assists in terms of the
systematics of taxa within the genus.
Key to examined Cardamine taxa, based on seed
characteristics
1. Seed color is light brown 2
2. Seed surface ornamentation is scalariform
C. impatiens var. pectinata
2. Seed surface ornamentation is reticulate .C. lazica
1. Seed color is brown or dark brown 3
3. Seed shape is ovatus C. bulbifera
3. Seed shape is ellipticus, ellipticus-late, ellipticus-
rectangularis 4
4. Seed surface ornamentation is scalariform
C. hirsuta
4. Seed surface ornamentation is foveate, reticulate,
reticulate-foveate 5
5. Outer testa consists of flattened cellsC. uliginosa
5. Outer testa does not consist of flattened cells .6
6. Mucilage cells are presence C. tenera
6. Mucilage cells are absence C. graeca

Statement of Conflict of Interest
Author has declared no conflict of interest.

REFERENCES

Al-Shehbaz TA 1988. The genera of Arabideae
(Cruciferae, Brassicaceae) in the southeastern
United States. Journal of the Arnold Arboretum,
69: 85-166.

Al-Shehbaz IA, Beilstein MA, Kellogg EA 2006.

98

Systematics and phylogeny of the Brassicaceae
(Cruciferae): An overview. Plant Systematics and
Evolution, 259: 89-120.

Al-Shehbaz IA 2012. A generic and tribal synopsis of
the Brassicaceae (Cruciferae). Taxon, 61(5): 931-
954.

Barthlott W 1981. Epidermal and seed surface
characters of plants: systematic applicability and
some evolutionary aspects. Nordic Journal of
Botany, 1: 345-355.

Bouman F 1975. Integument initiation and testa
development in some Cruciferae. Botanical Journal
of the Linnean Society, 70: 213-299.

Brochmann C 1992. Pollen and seed morphology of
Nordic Draba (Brassicaceae): phylogenetic and
ecological implications. Nordic Journal of Botany,
12: 657-673.

Carlsen T, Bleeker W, Hurka H, Elven R, Brochmann
C 2009. Biogeography and Phylogeny of Cardamine
(Brassicaceae). Annals of the Missouri Botanical
Garden, 96(2): 215-236.

Corner EJ 1976. The Seeds of Dicotyledons.
Cambridge: Cambridge University Press.

Cullen J 1965. Cardamine. In: Davis, P.H., editor.
Flora of Turkey and the East Aegean Islands, Vol.
1, Edinburgh: Edinburgh University Press, 438-444
pp.

Ghaempanah S, Ejtehadi H, Vaezi J, Farsi M 2013.
Seed-coat anatomy and microsculpturing of the
genus FErysimum (Brassicaceae) in Northeast of
Iran. Phytotaxa, 150: 41-53.

Hewson HJ 1982. Flora of Australia. Canberra:
Australian Government Publishing Service.

Heywood VH 1971. Scanning Electron Microscopy.
London: Systematic and Evolutionary Applications.

Karaismailoglu MC 2016. Addition to characters of
endemic Aubrieta canescens subsp. canescens
Bornm. (Brassicaceae) from Turkey. Bangladesh
Journal of Botany, 45: 509-515.

Karaismailoglu MC 2017. Palynological features of
eleven Aethionema taxa from Turkey and their
systematic implications. Bangladesh J Plant Taxon,
24:197-204.

Karaismailoglu MC, Erol O 2018. Seed structure and
its taxonomic implications for genus 7Thlaspi sensu
lato sections Nomisma, Thlaspi, and Pterotropis
(Brassicaceae). Turkish Journal of Botany, 42: 591-
609.

Karaismailoglu MC 2019a. Comparative morphology
and anatomy of seeds of some Aethionema W.T.
Aiton (Brassicaceae) taxa from Turkey. Bangladesh
Journal of Plant Taxonomy, 26(1): 1-12.

Karaismailoglu MC 2019b. Taxonomical,
morphological, palynological, anatomical and
ecological investigations on monotypic genus

Pachyphragma from Turkey. Pakistan Journal of
Botany, 51: 1021-1026.
Karaismailoglu MC 2020. Petiole Anatomy of 21



KSU Tarim ve Doga Derg 25 (1): 88-99, 2022
KSU J. Agric Nat 25 (1): 88-99, 2022

Arastirma Makalesi
Research Article

Representatives of Tribe Alysseae (Brassicaceae)
from Turkey. KSU Tarim ve Doga Derg, 23: 1535-
1544.

Karaismailoglu MC 2021. New Chromosome Numbers
in Five Cardamine Taxa from Turkey. Cytologia,
86:11-13.

Kasem WT, Ghareeb A, Marwa E 2011. Seed
morphology and seed coat sculpturing of 32 taxa of
family Brassicaceae. Journal of American Science,
7:166-178.

Kaya A, Unal M, Ozgékee F, Dogan B, Martin E 2011.
Fruit and seed morphology of six species previously
placed in Malcolmia (Brassicaceae) in Turkey and
their taxonomic value. Turkish Journal of Botany,
35: 653-662.

Khalik K, Maesen LJG 2002. Seed morphology of some
tribes of Brassicaceae (implication for taxonomy
and species identification for the flora of Egypt).
Blumea, 47: 363-83.

Koul KK, Ranjna N, Raina SN 2000. Seed coat
microsculpturing in Brassica and allied genera
(subtribes Brassicinae, Raphaninae,
Moricandiinae). Annals of Botany, 86: 385-97.

Kovach WL 2007. MVSP - A MultiVariate Statistical
Package for Windows, Ver. 3.1. Pentraeth: Kovach
Computing Services.

Kucera J, Marhold K, Lihova J 2010. Cardamine
maritima group (Brassicaceae) in the amphi-
Adriatic area: A hotspot of species diversity
revealed by DNA sequences and morphological
variation. Taxon, 59(1): 148-164.

Lihova J, Marhold K, Neuffer B 2000. Taxonomy of
Cardamine amara (Cruciferae) in the Iberian
Peninsula. Taxon, 49: 747-763.

Lihova J, Tribsch A, Marhold K 2003. The Cardamine
pratensis group (Brassicaceae) in the Iberian
Peninsula: Taxonomy, polyploidy and distribution.
Taxon, 52: 783-802.

Lihova J, Fuertes Aguilar J, Marhold K, Nieto Feliner
G 2004. Origin of the disjunct tetraploid Cardamine
amporitana (Brassicaceae) assessed with nuclear
and chloroplast DNA sequence data. American
Journal of Botany, 91: 1231-1242,

99

Meyer FK 1973. Conspectus der “Thlaspr’-Arten
Europas, Afrikas und Vorderasiens. Feddes
Repertorium, 84: 449-470 (in German).

Meyer FK 1991. Seed-coat anatomy as a character for
a new classification of 7hlaspi. Flora et Vegetatio
mundi, 9: 9-15.

Mutlu B 2012. Cardamine. In: Guner A, Aslan S, Ekim
T, Vural M, Babac MT (eds) Tiirkiye bitkileri listesi
(damarh bitkiler). [A Checklist of the Flora of
Turkey (Vascular Plants)]. Istanbul: Nezahat
Gokyigit Botanik Bahcgesi ve Flora Arastirmalar:
Dernegi Yayini.

Rashid A, Ohba H 1993. A revision of Cardamine
loxostemonoides O. E. Schulz (Cruciferae). Journal
of Japanese Botany, 68: 199-208.

Schulz OE 1903. Monographie der Gattung
Cardamine. Botanische Jahrbuicher fur Systematik,
32: 280-623.

SPSS Inc 2006. SPSS Base 15.0 for Windows. Chicago:
SPSS Inc.

Stearn WT 1985. Botanical Latin: History, Grammar
Syntax, Terminology, and Vocabulary. London:
David & Charles.

Sirin E, Karaismailoglu MC 2020. Contribution to the
systematic knowledge of endemic Aubrieta pinardii
Boiss. (Brassicaceae) from Turkey. Bangladesh
Journal of Plant Taxonomy, 27(1): 27-35.

Tantawy ME, Khalifa SF, Hassan SA, Al-Rabiai GT
2004. Seed exomorphic characters of some
Brassicaceae (LM and SEM Study). International
Journal of Agriculture and Biological Sciences, 6:
821-830.

Vaughan JG, Whitehouse JM 1971. Seed structure and
the taxonomy of the Cruciferae. Botanical Journal
of the Linnean Society, 64: 383-409.

Vaughan JG, Phelan JR, Denford KE 1976. Seed
studies in the Cruciferae. In: Vaughan JG, Macleod
AJ, Jones BMG (editors) The Biology and
Chemistry of the Cruciferae. London: Academic
Press, 119-144 pp.

Webb CJ, Sykes WR, Garnock-Jones PJ 1988. Flora of
New Zealand. Christchurch: Botany Division,
Department of Scientific and Industrial Research.



KSU Tarim ve Doga Derg 25 (1): 88-99, 2022
KSU J. Agric Nat 25 (1): 88-99, 2022
https://doi.org/10.18016/ksutarimdoga.vi.882821

Seed Morpho-Anatomical Characters of Some Cardamine taxa from Turkey

Mehmet Cengiz KARAISMAILOGLU™

1Siirt University, Faculty of Arts and Sciences, Department of Biology, Siirt, Turkey
thttps://orcid.org/0000-0002-6856-2742
P4: cengiz.karaismailoglu@siirt.edu.tr

ABSTRACT

This manuscript includes morphological and anatomical characters of
seeds of 7 taxa of Cardamine genus from Turkey and the importance
of these characteristics from a systematic perspective. The outcomes
demonstrate that the taxa vary in terms of seed shape and dimension.
The seed dimension varies between 0.91 mm and 2.20 mm in length
and between 0.41 mm and 1.65 mm in width, Cardamine graeca
having the biggest and C. tenera having the smallest seeds. The seed
surface ornamentation is categorized into five types: reticulate-
alveolate, scalariform, reticulate, foveate and reticulate-foveate. The
most common type is scalariform and reticulate, however; foveate,
reticulate-foveate and reticulate-alveolate ornamentation types have
been noticed to be taxon-specific. The testa is mostly occurred with 3
layers: the outer epidermis, the inner epidermis, and the parenchyma
layer. However, C. tenera and C. graeca taxa have an additional inner
testa layer under the outer testa. The shapes and thicknesses of the
outer epidermis and the inner epidermis, presence of the inner testa
and the parenchyma layer are very important characteristics that
disclose inter-specific relations within the studied species. Moreover,
a key is offered for the identification of the studied taxa based on seed
characters.

OZET

Bu makale Tirkiye'den Cardamine cinsinin 7 taksonunun
tohumlarinin morfolojik ve anatomik karakterlerini ve bu
karakterlerin sistematik bir bakis acisiyla onemini icermektedir.
Sonuglar taksonlarin tohum gekli ve boyut agisindan farkh oldugunu
gostermistir. Tohum boyutlar: boyda 0.91 mm ile 2.20 mm ve ende
0.41 mm ile 1.65 mm arasinda degismis, Cardamine graeca en bliyik
tohumlara, C. tenera ise en kiigiik tohumlara sahiptir. Tohum ytizey
ornamentasyonu bes tipe ayrilir: retikulat-alveolat, scalariform,
retikulat, foveat and retikulat-foveat. En yaygin tip scalariform ve
retikulattir, buna karsin; foveat, retikulat-foveat ve retikulat-alveolat
ornamentasyon tiplerinin taksona 6zgu oldugu not edilmigtir. Testa
cogunlukla 3 katmanla olugsmustur: dis epidermis, i¢ epidermis ve
parenkima katmani. Bununla birlikte, C. tenera ve C. graeca
taksonlarmmin dis testa altinda ek bir i¢ testa tabakasi vardir. Dig
epidermis ve i¢ epidermisin gekilleri ve kalinliklari, i¢ testa varligi ve
parenkima tabakasi incelenen tiirler arasi iligkileri ortaya koyan ¢ok
onemli ozelliklerdir. Ayrica, incelenen taksonlarin tohum
karakterlerine gére tanimlanmasi igin bir anahtar sunulmustur.
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INTRODUCTION species the world (Al-Shehbaz, 1988; Karaismailoglu,

The family Brassicaceae is one of the greatest

flowering plant families

containing

economic

importance includes more than 340 genera and 3350

2017). Taxa in this family are placed in worldwide,

particularly in the

North temperate areas and

Southwestern and Central Asia. The family has 85
genera and 458 taxa in Turkey (Al-Shehbaz, 2012).
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The genus Cardamine L. is taxonomically problematic,
widespread genus with over 200 Arctic, alpine, and
boreal taxa, and is one of the largest genera of the
family in terms of number of species (Hewson, 1982;
Al-Shehbaz, 1988; Webb et al., 1988; Al-Shehbaz et al.,
2006; Carlsen et al, 2009). The number of
acknowledged species differs noticeably among various
researchers, because of the taxonomic complexity of
the genus (Carlsen et al., 2009). As a result of the
performed some studies such as Schulz (1903), Al-
Shehbaz (1988) and Carlsen et al. (2009), it has seen
that the diversity center of the genus is Eurasia. Genus
has about 95 species in Eurasian, 48 species in China
and 25 species in Europe involving the Caucasus
(Carlsen et al., 2009). Some species of the genus are
widely distributed, for example C. hirsuta L., C.
flexuosa With., C. parviflora L. and C. impatiens L.
The new taxa have been discovered since the first
revision of the genus (Schulz, 1903); however, species
restriction is impractical and the total number of
species in Cardamine is still controversial (Carlsen et
al., 2009). The first sectional division of genus (Schulz,
1903) has been condemned by some researchers for
over-emphasis some morphological features (Al-
Shehbaz, 1988; Rashid & Ohba, 1993; Carlsen et al.,
2009). Some species in Cardamine have been analyzed
widely with cytological and molecular markers (Lihova
et al., 2000, 2003, 2004; Carlsen et al., 2009; Kucera et
al., 2010; Karaismailoglu, 2021). However, the
taxonomic usability of the detailed morphological and
anatomical characters in the genus has been ignored
so far.

The seed coat features are known as important
characteristics in taxonomical investigations of the
Brassicaceae family (Karaismailoglu & Erol, 2018). It

Table 1. The examined taxa and their locations
Cizelge 1. Incelenen taksonlar ve lokasyonlari

is mainly used to resolve classification difficulties
regarding closely correlated species, determine their
evolutionary connections, and describe their adaptive
importance (Kaya et al., 2011; Karaismailoglu & Erol,
2018). Moreover, many studies have shown that macro
and micro characters of the seeds has systematic
significance in separating the taxa within the family
Brassicaceae (Khalik and Maesen, 2002; Tantawy et
al., 2004; Kaya et al., 2011; Karaismailoglu and Erol,
2018; Karaismailoglu, 2019a). Also, the anatomical
features of the seed coat can contribute to solving the
taxonomic problems regarding family. This statement
has been supported by performed works on several
genera of the family (Vaughan et al., 1976;
Ghaempanah et al., 2013; Karaismailoglu and Erol,
2018; Karaismailoglu, 2019a). However, there is no
study on seed morphology and anatomy of the genus
Cardamine from Turkey, where is one of the diversity
centers of genus with 14 taxa (Mutlu, 2012), so far.

The aim of this investigation is to contribute to the
seed morphological and anatomical characteristics of
seven Cardamine taxa containing C. bulbifera Crantz,
C hirsuta L., C. impatiensvar. pectinata (Pall. ex DC.)
Trautv., C. lazica Boiss. & Bal., C. tenera Gmel ex
Mey., C. uliginosa Bieb. and C. graeca L. from Turkey
and to examine taxonomic uses of these characters at
the interspecies level.

MATERIAL and METHODS

This study was planned with 50 seeds belonging to 10
individuals for each taxon taken from different regions
of Turkey during the fruiting time. The examined taxa
were deposited at SUFAF (Siirt University Flora and
Fauna) and given in Table 1.

Cardamine bulbifera Crantz
160

Bursa, Uludag,
Karaismailoglu 302

C. hirsuta L.

C. impatiens var. pectinata
(Pall. ex DC.) Trautv.
C. lazica Boiss. & Bal.
C. tenera Gmel ex Mey.
C. uliginosa Bieb.
310
C. graeca L.
Karaismailoglu 122b

Aras valley,

Agr, Patnos, Kizkapan village, stone slopes, 1650 m, 16.5.2015, Karaismailoglu

roadside stony areas, 1650 m, 2.7.2016,

Bolu, Abant, roadsides, 801 m, 30.4.2015, Karaismailoglu 132b

Artvin, Hopa, roadsides, stone slopes, 350 m, 6.3.2015, Karaismailoglu 100b
Kiitahya, Gediz, Murat mountain, 1700 m, 23.6.2016, Karaismailoglu 286
Istanbul, Buylikgekmece, Beykent, meadows, 80-120 m, 6.7.2016, Karaismailoglu

Mugla, Marmaris, Kirzeytin mountain, serpentine rocks, 490 m, 3.4.2015,

Macromorphological features of the seeds involving
color, shape, dimension, and surface characters were
analyzed Dby utilizing an  Olympus SZX7
stereomicroscope and Kameram Imaging Software
(Figure 1). Micromorphological examinations of the
seeds involving surface ornamentation, anticlinal and
periclinal cell walls, and the form of epidermal cell
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were studied with a JEOL Neoscope-5000 Scanning
Electron Microscope (Figure 2). For
micromorphological observations, seeds were pasted
on the stub with silver adhesive and enclosed with
platinum-gold.

Findings of anatomical features were obtained on
samples well-preserved in 70% alcohol. Cross-sections
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were taken from midpoint of seeds with an automatic
microtome (Thermo Shonda Met Finesse). After, they
were treated with series of alcohol and xylene, and
dyed with hematoxylin in a staining tool (ASC 720
Medite) and covered with Entellan (Figure 3)

2

(Karaismailoglu, 2015, 2019a; Karaismailoglu & Erol,
2018). Anatomical characteristics were detected using
an Olympus CX21FS1 microscope and Kameram
Imaging Software.

1
=

)

@

@
=

7

Figure 1. Seeds of the studied taxa: 1- C. bulbifera, 2- C. hirsuta, 3- C. impatiens var. pectinata, 4- C. lazica, 5- C.
tenera, 6- C. uliginosa, 7- C. graeca (scales bars=1 mm)

Sekil 1. Calisilan taksonlarin tohumliari® 1- C. bulbifera, 2- C. hirsuta, 3- C. impatiens var. pectinata, 4- C. lazica,
5- C. tenera, 6- C. uliginosa, 7- C. graeca (6lgekler=1 mm)

The terminology of morphological and anatomical
characters was performed in accordance with Stearn
(1985), Ghaempanah et al. (2013) and Karaismailoglu
and Erol (2018).

The findings were evaluated with SPSS. Duncan’s
multiple-range test was utilized to define the
statistical importance of variations among the
quantitative values acquired for taxa (SPSS Inc, 2006).
Grouping of taxa was performed with using the
clustering assessment method (UPGMA) in accordance
with 38 characters in Tables 2 (Figure 4)
(Karaismailoglu and  Erol, 2018). Moreover, the

similarity matrix of the examined taxa was created in
MVSP (Kovach, 2007).

RESULTS
The seed features of the studied taxa involving color,
shape, dimension, and surface from are

macromorphologically assessed. Seed colors of the
examined taxa are noticed as brown and its tones. C.
Impatiens var. pectinata and C. lazica taxa are
distinctly different from other taxa with their light
brown seeds. It has been seen six seed shapes: ovatus
in C. bulbifera, ellipticus-rectangularis in C. hirsuta,
rectangularis in C.impatiens var. pectinata, circularis-
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rectangularis in C. lazica, ellipticus-late in C. tenera
and C. uliginosa, and ellipticus in C. graeca. Seed
shape is characteristic in studied taxa, except for C.
tenera and C. uliginosa. The seed dimension varies
between 0.91 mm and 2.20 mm in length and between
0.41 mm and 1.65 mm in width. Cardamine bulbifera

Vac-High PC-Std. 10 kV x 130

< {7
Vac-High PC-Std. 10 kv x 80 Vac-High PC-Std. 10kV x 500

s 200 P

Vac-High PC-Std. 10kV x 100 — 200 pm

Vac-High PC-Std. 10kV x 80

and C. graeca are markedly separate from the rest of
the studied taxa in terms of seed dimension. Seed
surface structures are smooth, except for C. graeca
that is of slightly striped. Cardamine impatiens var.
pectinata, C. tenera and C. uliginosa have raphe on
seeds, but not others (Figure 1 and Table 3).

Vac-High PC-Std. 10kV x 1000

50 pm Vac-High PC-Std. 10 kV x 1000

Figure 2. The micromorphological structures of the studied taxa: 1-3 C. bulbifera, 4-6 C. hirsuta, 7-9 C. impatiens

var. pectinata, 10-12 C. lazica.

Sekil 2. Calisilan taksonlarin mikromorfolojik yapilari: 1-3 C. bulbifera, 4-6 C. hirsuta, 7-9 C. impatiens var.

pectinata, 10-12 C. lazica.
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Figure 2. The micromorphological structures of the studied taxa: 13-15 C. tenera, 16-18 C. uliginosa, 19-21 C.
graeca.
Sekil 2. Calisilan taksonlarin mikromortfolojik yapilari: 13-15 C. tenera, 16-18 C. uliginosa, 19-21 C. graeca.

Table 2. Characters used in statistical analysis and their codes
Cizelge 2. Istatistik analizlerde kullanilan karakterler ve kodlari

Characters (Karakterler) Codes (Kodlar)
Seed color Dark brown or brown (1), Light brown (2)
Ovatus (3), Ellipticus-rectangularis (4), Rectangularis (5) Circularis-
Seed shape rectangularis (6), Ellipticus-late (7), Ellipticus (8)
Seed surface Smooth (9), Slightly striped (10)
Seed size Length (11), Width (12)
Raphe Presence (13)
Reticulate-alveolate (14), Scalariform (15), Reticulate (16), Foveate (17),
Surface ornamentation Reticulate-foveate (18)
Anticlinal cell walls Raised (19)
Periclinal cell walls Convex (20), Concave (21)
Epidermal cell structure Polygonal (22), Alveolar (23), Rectangular (24)
Anatomical structure of the outer
epidermis Flattened (25), Rectangular (26), Cubic (27)

Anatomical structure of the inner Flat (28), Rectangular (29), Elongated rectangular (30), Outer testa
epidermis thickness (31)

Inner testa structures Presence (32), Crushed (33), Flat (34), Thickness (35)
Parenchyma cell structures Flat (36), Thickness (37)
Mucilage cell Presence (38)
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Figure 3. The anatomical structures of the seed testa of the studied taxa: 1- C. bulbifera, 2- C. hirsuta, 3- C.
impatiens var. pectinata, 4- C. lazica, 5- C. tenera, 6- C. uliginosa, 7- C. graeca (oe: outer epidermis, ie:
inner epidermis, it: inner testa, co: cotyledon, pa: parenchyma, mc: mucilage cells, scale bars: 100 pm)

Sekil 3. Calisilan taksonlarin tohum testalarinin anatomik yapilari® 1- C. bulbifera, 2- C. hirsuta, 3- C. impatiens
var. pectinata, 4- C. lazica, 5- C. tenera, 6- C. uliginosa, 7- C. graeca (oe’ dis epidermis, ie’ i¢ epidermis,
it’ i¢ testa, co’ kotyledon, pa’ parenkima, mc: musilaj hiicreleri, élgekler: 100 jum)

The surface ornamentation types, anticlinal-periclinal reticulate-areolate, scalariform, reticulate, foveate,

cell walls, and epidermal cell forms of the seeds are
micromorphologically researched. The seed surface
ornamentation 1is categorized into five types:

reticulate-foveate (Figure 2 and Table 3). The most
common types are reticulate and scalariform, seen in
C. hirsuta, C. impatiens var. pectinata, C. lazica and
C. graeca. The reticulate-alveolate (in C. bulbifera),
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foveate (in C tenera), and reticulate-foveate (in C.
uliginosa) types are each characterized by solely one
taxon. While the forms of anticlinal cell walls in the
studied taxa are raised, periclinal cell walls are
concave except C. bulbifera (convex). Moreover, cell
shapes on surfaces are very different: polygonal,
alveolar and rectangular. The most common cell type
1s polygonal, whereas rectangular is quite rare types
(Table 3).

The outcomes of the anatomical examinations of the
seeds are demonstrated in Figure 3 and Table 4. The
seed testa of the studied taxa consists of the outer
epidermis and inner epidermis (outer testa), rarely
inner testa and parenchyma layers. The epidermis
layers in outer testa are of either parenchymatic or
sclerenchymatic form and occur with two layers
involving the outer epidermis and the inner epidermis.
According to the obtained observations from the cross-
sections, the outer epidermis differs considerably in
cell shape (flattened, rectangular or cubic), and wall
formation (undulated or straight and thick or thin-
walled) (Figure 3). The two most common types are
flattened and cubic, however; the rarest one is the
rectangular form (Table 4). The inner epidermis
includes 1 layer of flat, rectangular and elongated
rectangular cells. The average thickness of the outer
testa varies between 25.64 um (in C. impatiens var.
pectinata) and 98.75 um (in C. tenera). The inner testa,
which is a compressed tissue under the outer testa, has
1-2 layers of flat, or crushed cells. This layer is seen
only in 2 taxa studied, C. graeca and C. tenera. Its
thickness ranges from 21.19 um (in C. graeca) to 48.25
um (n C. tenera) (Figure 3 and Table 4). The
parenchyma layer of the examined taxa is 1-layered
and comprises of flat cells. The thickness of the
parenchyma layer ranges from 11.18 um to 44.65 um;
the largest endosperm is observed in C. tenera and the
thinnest in C. graeca (Table 4). In addition, mucilage
cells are observed in epidermis layers in seeds of C.
tenera unlike other taxa (Figure 3 and Table 4).

The numerical assessment of the seed morphological
and anatomical features allows the form of a
dendrogram, which reveals the variations or
resemblances among the studied taxa. A dendrogram
is created as a consequence of the cluster analysis of
the examined taxa of Cardaminebuilt on the difference
of 38 characteristics in 7 taxa. The cophenetic
correlation coefficient is designed to discover the
correlation between the dendrogram and dissimilarity
matrix (Table 5 and Figure 4). The cophenetic
correlation between the dissimilarity matrix and
dendrogram has been computed as 0.68, representing
a good match. As a result of the cluster analysis, 2
clusters have emerged; A and B. Cluster A consists of
C. graeca, C. impatiens var. pectinata and C. lazica.
Cluster B contains C. bulbifera, C. tenera, C. hirsuta
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and C. uliginosa (Figure 4). C. hirsuta and C. tenera
are the most closely related taxa (dissimilarity
coefficient: 0.88), as C. graeca and C. uliginosa are the
most distantly related taxa (dissimilarity coefficient:
2.39) (Table 5).

DISCUSSION

The morphological features of the seeds offer valuable
data regarding the evolutionary relations of the
angiosperms (Corner, 1976). The seed surface, shape,
color, and dimension in Brassicaceae family are
precious features in separation of the taxa (Barthlott,
1981; Koul et al., 2000; Karaismailoglu and Erol,
2018). Cardamine taxa vary among the species in
terms of the seed morphological characters. Seed shape
is almost sufficient to distinguish among the examined
taxa, it is the same in only C. tenera-C. uliginosa taxa,
different in others. Seed color in the studied taxa is
brown and its tones. C. impatiensvar. pectinata and C.
lazica are easily distinguished from other taxa by
having light brown seeds. Seed surface morphology is
of the taxonomic importance at the genus and species
levels (Brochmann, 1992; Karaismailoglu and Erol,
2018). C. graeca is separated with its slightly striped
seed surfaces from other taxa, which have a smooth
surface. The macromorphological results of this
research are compatible with the former works
performed with macromorphological features on seeds
of Brassicaceae family (Khalik and Maesen, 2002;
Kasem et al., 2011; Kaya et al., 2011; Karaismailoglu
and Erol, 2018; Karaismailoglu, 2019a, 2019b; Sirin
and Karaismailoglu, 2020).

The significance and efficiency of scanning electron
microscopy in explaining of the taxonomic difficulties
(Heywood, 1971). Many studies have shown that seed
micromorphological features are helpful
characteristics to utilize in discriminating of the taxa
in Brassicaceae family (Barthlott, 1981; Koul et al.,
2000; Kasem et al., 2011; Karaismailoglu and Erol,
2018; Karaismailoglu, 2016, 2019a, 2019b; Sirin and
Karaismailoglu, 2020). In this work, it has utilized
scanning electron microscopy to explain difficulties in
taxonomy of taxa, and reveal adaptive significance of
seed coat. All of the studied taxa have been examined
for the first time. 5 different surface types have found:

reticulate, reticulate-foveate, foveate, reticulate-
alveolate, and  scalariform. Reticulate seed
ornamentation type 1is the most common in

Brassicaceae, as indicated in this work (Tantawy et al.,
2004). The scalariform ornamentation type has found
in the genus Thlaspi L., Aethionema W.T. Aiton
(Karaismailoglu and Erol, 2018; Karaismailoglu,
2019a). Earlier seed exomorphic investigations have
demonstrated that the structures of anticlinal-
periclinal cell walls are well identification factors at
the species level (Barthlott, 1981; Tantawy et al.,
2004). Also, the structures of anticlinal-periclinal cell
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Table 3. Macro and micro morphological characters of the seeds of the studied taxa.
Cizelge 3. Calisilan taksonlarin tohumlarinin makro ve mikro morfolojik karakterleri
Taxa Color Shape Seed Seed Sizes* Raphe Seed surface Anticlinal cell wall Periclinal Epidermal
Taksonlar Renk Sekil surfaces Tohum boyutlari presence ornamentations Antiklinal  hiicre cell wall cell structures
Tohum L (mm) W (mm) Rafe Tohum yliizey duvari Periklinal Epidermal
ytizeyleri varligi ornamentasyonlari hiicre duvari hiicre yapilar:
C. bulbifera Light Ovatus Smooth 1.03+0.156bc  0.41+0.04d - Reticulate- Raised Convex Polygonal and
Brown Alveolate Alveolar cells
C. hirsuta Brown Ellipticus- Smooth 1.09+0.10b 0.95+0.08b Scalariform Raised Concave Rectangular cells
Rectangularis
C. impatiens Light Rectangularis  Smooth 0.92+0.08c 0.63+0.04c + Scalariform Raised Concave Rectangular cells
var. pectinata Brown
C. lazica Light Circularis- Smooth 1.05+0.06b 0.91+0.04b Reticulate Raised Concave Polygonal cells
Brown Rectangularis
C. tenera Dark Ellipticus- Smooth 0.91+0.08¢ 0.84+0.06b + Foveate Raised Concave Alveolar cells
Brown Late
C. uliginosa Brown Ellipticus-late ~ Smooth 1.14+0.21b 1.03+0.10b + Reticulate-Foveate  Raised Concave Polygonal and
Alveolar cells
C. graeca Brown Ellipticus Slightly 2.20+0.18a 1.65+0.12a Reticulate Raised Concave Polygonal cells
striped

*Average value + standard deviation; means with dissimilar letters are important at P = 0.05 by Duncan’s multiple range test, + =present, - =absent, L=length, W=width.

*Ortalama deger + standard sapma; Farkli harflere sahip ortalamalar Duncan’in ¢oklu aralik testine gore P = 0.06'te 6nemlidir, + =var,
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- =yok, L=uzunluk, W=geniglik.
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Table 4. Testa anatomical characters of the studied taxa
Cizelge 4. Calisilan taksonlarin testa anatomik karakterleri.

Taxa Outer testa (Dis testa) Inner testa (I¢ testa) Parenchyma layer Presence or absence
Taksonlar Outer epidermis Inner epidermis Thickness* Structure = Thickness* Structure Thickness* of mucilage cells
structures structures (um) Yapi (um) Yapi (um) Musilaj hiicrelerinin
Dis epidermis I¢ epidermis Kalhnhk Kalinhk Kalinhk varligi veya yoklugu
vapilari yapilari
C. bulbifera 1 layer, flattened 1 layer, flat 32.17+2.54e - - 1 layer, flat cells 24.16+£1.09b
cells cells
C. hirsuta 1 layer, cubiccells 1 layer, 51.294+2.35¢ - - 1 layer, flat cells 23.79+1.35b
rectangular
cells
C. Impatiens 1 layer, 1 layer, flat 25.64+2.21f - - 1 layer, flat cells 15.84+2.16¢
var. pectinata rectangular cells  cells
C. lazica 1layer, cubiccells 1 layer, flat 44.93+1.78d - - 1layer, flatcells 16.11+1.38c
cells
C. tenera 1layer, cubiccells 1 layer, 98.75+9.56a 1-2 layer, 48.45+2.56a 1 layer, flat cells 44.65+5.65a
elongated crushed
rectangular cells
cells
C. uliginosa 1 layer, flattened 1 layer, 55.62+2.55bc - - 1 layer, flat cells 40.09+2.35a
cells elongated
rectangular
cells
C graeca 1layer, cubiccells 1 layer, flat 60.15+4.17b 1 layer, 21.19+2.09b 1 layer, flatcells 11.18+0.58d
cells flat cells

*Average value + standard deviation; means with dissimilar letters are important at P = 0.05 by Duncan’s multiple range test, + =present, - =absent.
*Ortalama deger + standard sapma; Farkli harflere sahip ortalamalar Duncan’in ¢oklu aralik testine gore P = 0.05'te onemlidir, + =var, - =yok.
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C. impatiens var. pectinata
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C. bulbifera
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Figure 4. Cluster analysis of the studied taxa.
Sekil 4. Calisilan taksonlarin kiimeleme analizi

Table 5. The dissimilarity matrix of the studied taxa
Cizelge 4. Incelenen taksonlarin benzemezlik matrisi.

08 0

Taxa (Taksonlar) 1 2 3 4 5 6 7
C. bulbifera (1) 0 - - - - - -
C. hirsuta (2) 1.87 0

C impatiens var. pectinata (3) 2.11 2.33 0

C. lazica (4) 2.13 2.17 1.45 0

C. tenera (5) 1.88 0.88 2.24 1.57 0

C. uliginosa (6) 1.95 1.44 1.82 1.59 1.36 0

C. graeca (7) 2.29 2.35 2.16 2.36 2.31 2.39 |0

walls are active in discrimination of the taxa. The type
of the anticlinal cell wall is raised, as the type of the
periclinal cell wall is concave or convex. Taxa of
Cardamine are different in terms of epidermal cell
shapes. Epidermal cells are polygonal, rectangular or
alveolar types. Generally, scanning electron
microscope works have revealed that the
comprehensive assessment of seed structures of the
Cardamine taxa 1is considerably valuable in
discriminating taxa from each other.

The performed works on the seed coat anatomy in the
Brassicaceae have used to overcome of the taxonomic
difficulties (Vaughan et al., 1976; Ghaempanah et al.,
2013; Karaismailoglu and Erol, 2018; Karaismailoglu,
2019a, 2019b). It has been informed that the seed coat
characters can be utilized as consistent characteristics
in the taxonomy of the taxa (Koul et al., 2000;
Karaismailoglu and Erol, 2018). The seed testa
structures belonging to some genera in Brassicaceae
have anatomically defined by Vaughan et al. (1976),
Meyer (1973, 1991), Karaismailoglu and Erol (2018),
Karaismailoglu (2019a, 2020). The seed coat mostly
comprises 4 layers, which are the epidermis, the
subepidermis, the sclerotic or palisade, and the
parenchymatic layers (Bouman, 1975; Ghaempanah et
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al., 2013; Karaismailoglu and Erol, 2018). In this
work, anatomical structures of seed coats of the
examined taxa have been analyzed in detail for the
first time, and it is debated whether the anatomical
features of the seeds are able to be utilized for the
studied taxa to resolve reported systematic difficulties.
The seed coat occurs from discriminated layers as the
outer epidermis, the inner epidermis (outer testa) and
the parenchymal layer. Contrary to the literature
information, there is no inner testa except for C. tenera
and C. graeca taxa.

The anatomical works performed on seed coats of
species belonging various genera in Brassicaceae have
showed that seed epidermis cell types can be used as a
reliable taxonomic character. This character has been
found in 15 different types by Vaughan and
Whitehouse (1971), and 4 different types by
Karaismailoglu and Erol (2018). In this research, the
type of the epidermis quite differs among the taxa. This
1-layered epidermis layers can occur from flat,
rectangular, cubic or elongated rectangular. As flat
and cubic cells are commonly observed, rectangular
cells are the rarest in the studied taxa. The inner testa
is the sclerotic or palisade structure, which is a
compressed tissue under the outer testa. This layer is
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found in only two of the studied taxa (C. tenera and C.
graeca). It consists of 1-2 layers and its cells are be flat
or crushed.
The parenchyma thickness of seed coats of the taxa has
also been systematically analyzed for the first time in
this work, and it is noticed that its features differ
among the taxa. The parenchyma thickness ranges
from 11.18 um (C. graeca) to 44.65 um (C. tenera).
However; The number of layers and cell shape are the
same in all taxa examined. Notwithstanding the often
mentioned convergence on flowers and fruits in
Brassicaceae, epidermis layers, and parenchymal
thickness of the seed testa of the studied taxa have
demonstrated to be more useful characters than the
traditional ones utilized in taxonomy of Cardamine.
Karaismailoglu and Erol (2018) had similar outcomes
with studying anatomically of 7hlaspi L. from Turkey.
Also, the presence of mucilage cells distinguishes C.
tenera from others.
A dendrogram was created to assess the morphological
and anatomical features of the seeds of the studied
Cardamine taxa with UPGMA cluster analysis. The
dendrogram, showing 2 main groups, was partly
similar with the results of Cullen (1965). The
morphological and anatomical characters of the seeds
have maintained the characters utilized in the ranking
of Cardamine taxa in the flora of Turkey (Figure 4).
In conclusion, studying the morphological and
anatomical characteristics of seeds of the studied taxa
of Cardamine offers major assists in terms of the
systematics of taxa within the genus.
Key to examined Cardamine taxa, based on seed
characteristics
1. Seed color is light brown 2
2. Seed surface ornamentation is scalariform
C. impatiens var. pectinata
2. Seed surface ornamentation is reticulate .C. lazica
1. Seed color is brown or dark brown 3
3. Seed shape is ovatus C. bulbifera
3. Seed shape is ellipticus, ellipticus-late, ellipticus-
rectangularis 4
4. Seed surface ornamentation is scalariform
C. hirsuta
4. Seed surface ornamentation is foveate, reticulate,
reticulate-foveate 5
5. Outer testa consists of flattened cellsC. uliginosa
5. Outer testa does not consist of flattened cells .6
6. Mucilage cells are presence C. tenera
6. Mucilage cells are absence C. graeca
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OZET Aragtirma Makalesi
Bu calismada Nibortem (Verticillium lecans), Nostalgist BL
(Beauveria bassiana) ve Biomagic (Metarhizium anisopliae) Makale Tarihgesi

entomopatojen funguslar1 iceren ticari preparatlar ile bitkisel Gelig Tarihi  : 04.03.2021
ekstraktli preparat Azadiractin, sentetik insektisit olan Decis ‘in Kabul Tarihi :07.05.2021
laboratuar kosullarinda Halyomorpha halys ’a karsit biyolojik

etkinlikleri belirlenmistir. Calismada Azadirachtin’in 1.25 ml, 2.5 ml Anahtar Kelimeler

ve 5 ml/500ml su dozlari, Nostalgist, Nibortem ve Bio-Magic Halyomorpha halys
preparatlarinin 1.25 m1/500ml su dozu (1x10° kob ml?) ve Decis’in Biyolojik preparat

0.15 m1/500ml su dozu kullanilmigtir. Her bir tekerriire 2 ml olacak Findik

sekilde spreyleme yapilmistir. Denemeler 26+2 C° sicaklik ve %60+2

orantili nem kosullarinda yurttalmustir. Ticari entomopatojenler

icinde Nibortem 7.giin sonunda %72.2 etki gostererek zararlh

tzerinde en etkili preparat olarak belirlenmistir. Calismada

kullanilan diger preparatlardan Bio-Magic %55.6, Nostalgist %38.9

etki gostermistir. Azadirachtin ise en etkili preparat olmus olup; 5 ml

dozda %94.4 etki saglamigtir.

Determination of Biological Preparations Efficacy Against Halyomorpha halys (Stél, 1885) (Hemiptera:
Pentatomidae)

ABSTRACT Research Article

In this study, the biological efficacy of commercial entomopathogenic

fungi, Nibortem (Verticillium lecani), Nostalgist BL (Beauveria Article History

bassiana) and Bio Magic (Metarhizium anisopliae), and botanical Received - 04.03.2021
insecticide Azadirachtin, and synthetic insecticide Decis against Accepted - 07.05.2021
Halyomorpha halys were determined in laboratory conditions.

Overall, 1.25 ml, 2.5 ml and 5 ml/500 ml water concentration of Keywords

Azadirachtin, 1.25 ml/500ml water (1x109 kob ml) concentration of Ha]y opzoz’pba haly: s
Nibortem, Nostalgist BL and Bio-Magic, for each, and 0.15 ml/500 ml Biological preparation
water concentration of Decis were applied in the study. The 2 ml dose Hazelnut

from each of the commercial bioinsecticides were sprayed on H. halys

for each replication. The experiments were conducted in 26+2 °C

temperature and 60+2% humidity conditions. Among the commercial

entomopathogens, Nibortem was determined as the most effective

preparation on the pest with a 72.2% at the end of the 7th day. Bio-

Magic was revealed 55.6 % and Nostalgist BL sustained 38.9%.

effectiveness. Overall, Azadirachtin was conclude as the most effective

preparation by 94.4% effectiveness on Halyomorpha halys at 5 m1/500

water doses.

Ataf igini Agkin AK, Yigit S, Akca I, Saruhan I 2022. Biyolojik Preparatlarin Halyomorpha halys (Stél, 1885) (Hemiptera:

Pentatomidae)a Kargi Etkinliginin Belirlenmesi. KSU Tarim ve Doga Derg 25 (1) 100-104.
httpsi//doi.org/10.18016/ksutarimdoga.vi.891237.

To Cite:  Askin AK, Yigit S, Akca I, Saruhan I 2022. Determination of Biological Preparations Efficacy Against
Halyomorpha halys (Stal, 1885) (Hemiptera: Pentatomidae). KSU J. Agric Nat 25 (1): 100-104.
https://doi.org/10.18016/ksutarimdoga.vi.891237.
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GIRIS

Findik, sistematikte Fagales takiminin Betulaceae
familyasinin, Coryleae alt familyasinin, Corylus
cinsine dahil olup kuzey yarimkiirenin iliman

bélgelerinde yetismektedir. Findigin kiltir cesitleri,
Turkiye, italya, ispanya, ABD, Cin, Iran, Yunanistan,
Fransa, Rusya Federasyonu, Kirgizistan, Portekiz,
Beyaz Rusya, Moldova, Tacikistan, Gurcistan,
Azerbaycan, Ukrayna, Tunus, Macaristan, Kibris ve
Kamerun’da yetistirilmektedir (Hizar, 2014). Tiirkiye
675 bin ton uretim ile diinya findik tretiminde ve
ihracatinda lider tulke durumundadir. Dinya findik
tretiminin ortalama %70’ini gerceklestiren Tirkiye’yi,
sirasiyla Italya, Kafkas Ulkeleri
(Azerbaycan+Giircistan), Iran, ABD ve Ispanya
izlemektedir (FAO, 2019).

Dinyada findik tretiminin bakimindan en buytk
uretici ulke Turkiye olmasina ragmen, verim
bakimindan findik dretimi yapan diger tretici
iilkelerin gerisindedir. Diinya Gida Orgiitii (FAO)
verilerine gore 2014-2018 yillar1 arasindaki ortalama
findik verimi ABD’de 236 kg da, Glrcistan’da 180 kg
da, Italya’da 153 kg da iken, Turkiye’de TUIK (2019)’e
gore 2014-2018 yillar1 arasindaki verim 76 kg da’dir
(Anonim, 2018a). Tirkiye’de findik veriminin diisiik
olmasinin en oOnemli neden, findigin ¢ok sayida
zararlisinin olmasi ve bu zararhlar ile miicadelenin
tam ve etkili bir sekilde yapilamamasindan
kaynaklanmaktadir. Diinyada findik iretiminin
yapildig: tilkelerde, findiga zarar veren 250 bocek tiru
belirlenmis olup, bunlarin bazilar1 her yil 6nemli
miktarda ekonomik zarara neden olmaktadirlar
(Tuncer, 2013; Kilig, 2014). Findiklarda gériilen en
onemli sorunlardan birisi lekeli i¢ zarari olup, findik
meyvelerinde kalite ve kantite kaybiyla
sonuclanmaktadir. Lekeli i¢ zararini meydana getiren
findik Gretim alanlarinda bulunan baz sokucu-emici
bécekler olup, bunlarin énemli bir kismi1 Hemiptera
takimi, Heteroptera alttakiminda; Pentatomidae,
Coreidae ve Acanthosomatidae familyalar i¢cinde yer
almaktadir. Bu familyalardan bugiine kadar findik
bahgelerinde 17 tiiriin varhig tespit edilmistir. Bu
zararhlar tirler findik meyvelerini sokup emmek
suretiyle verim ve i¢ kalitesinin diismesine neden
olmaktadirlar (Kurt, 1975; Saruhan, 2004; Tuncer ve
ark., 2005). Ulkemizde sokucu emici bocekler
icerisinde uzun yillardan beri bilinen en 6nemli tiir
Palomena prasina (L.) (Hemiptera: Pentatomidae)
olmasina karsin, son yillarda Gircistan sinir
bolgesinden Turkiye’ye giris yapan ve glinden giline
findik tiretim alanlarina yayilan Kahverengi kokarca
tird 6nem kazanmaya baglamastir.

Kahverengi kokarca, [Halyomorpha halys (Stal)
(Hemiptera: Pentatomidae)] en bilinen istilact ve
sokucu-emici zararl boceklerden biridir. Cin, Japonya,
Kore ve Tayvan'a 6zgtidir. Dinya ¢apinda yiiksek bir
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istila yetenegine ve yayilma oranina sahiptir (Zhu ve
ark., 2016). Bu istilact tiir ilk olarak 1990'larin
ortalarinda Pennsylvania'da (ABD) kaydedilmis ve su
anda ABD'nin 44 eyaleti ve Kanada'nin 4 bolgesinde
bulunmaktadir (Hoebeke ve Carter, 2003; Anonim,
2018b).

Avrupa'da, ilk olarak 2004 yilinda Isvigre'de tespit
edilmistir (Haye ve ark., 2015). Daha sonra bir ¢ok
Avrupa ve Asya ilkesinde H. halysin varligi
bildirilmigtir. Kahverengi kokarca Tiirkiye'de ilk kez
Istanbul'da Cerci ve Kocak (2017) ve Giircistan
sinirina yakin Dogu Karadeniz Boélgesi'nde yer alan
Artvin’de 2017 yilinda Giincan ve Giimiis (2019)
tarafindan kaydedilmistir. Ozellikle son yillarda Dogu
Karadeniz Bolgesinde Artvin’den Trabzon Hayrat
ilcesine kadar yayildigi bildirilmistir (Ak ve ark.,
2019). H. halys, kis1 ergin halde cogunlukla ev, depo
gibi kapali mekéanlarin korunakli kisimlarinda
gecirmektedir. Kiglayan erginler ortalama sicaklik
17°C’ye ulastiginda kigladigr yerlerden cikarak 2-3
hafta beslendikten sonra ¢iftleserek genellikle
yumurtalarini yapraklarin alt ylizeyine 14 veya 281ik
kiimeler halinde birakmaktadirlar. Ilk dénem nimfler
yumurta paketi etrafinda toplu halde kiimelenir,
ikinci nimf déneminden itibaren dagilir. 5 nimf dénemi
gecirdikten sonra ergin olmaktadirlar. Dagilan nimf ve
erginler konukcularinin yesil aksam, meyvelerinde
beslenmeye baslar ve haziran, temmuz ve agustos
aylarinda devam etmektedir. Dogu Karadeniz
Bolgesi'nde yilda 1-2 dol verir (Anonim, 2021). H.
halysn ergin ve nimfleri konukcgu bitkilerin 6z suyunu
emerek zarar yapmaktadirlar. Meyve ile beslenmesi
sonucunda meyvede yara izleri, cukurlar, sekilsizlikler
ve renk degisimleri meydana gelmekte, bodcegin
beslenme esnasinda salgiladigr salgilar meyvede
acilasma ve taglagsmaya neden oldugu bildirilmigtir
(Nielsen ve Hamilton, 2009; Leskey ve ark., 2012a,b;
Rice ve ark., 2014; Scheihing ve ark., 2016). Bu zararh
tur, Amerika Birlesik Devletleri, Avrupa ve
Gurcistan’da meyve ve sebzelere verdigi zarar sonucu
milyonlarca dolarlik ekonomik kayba neden olmustur
(Leskey ve ark., 2012a). H. halys ile miicadelede
zararll olarak kapali alanlari (ev, depo, isyeri vb.)
tercih ettigi icin kiglaklara c¢ekilme déneminin
baglamasindan itibaren kiimelendigi noktalardan
toplanip 1mha  edilerek mekanik  micadele
yapilmalidir. Kimyasal miicadele ise findigin ig
doldurma déneminde ilk erginler gorildiginde
zararhya karg: 1. ilaglama yapilir. Yumurtadan ¢ikan
1. dénem nimflerin gérilmesiyle birlikte findigin i¢
doldurma déneminde 2. ilaglama, yeni nesil erginlere
kars1 da findigin olgunlagsma déneminde 3. ilaglama
onerilir. Turkiye’de H. halys zararlisina karg1 ruhsatl
bir bitki koruma urini bulunmamaktadir. Ancak
gecici tavsiye ile kullanilabilen gesitli aktif maddeli
(Acetamiprid  ve Deltamethrin) preparatlar
bulunmaktadir. Kimyasal miicadelede kullanilan
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ilaglarin insan ve hayvan sagligina, cevreye olan MATERYAL ve METOT
olumsuz etkilere neden olmaktadur. Halyomorpha halys erginlerine karsi biyoinsektisitler
Bu nedenle ele alinan bu c¢alismada Azadirachtin, ve sentetik insektisitlerden Decis c¢alismada
Nibortem, Nostalgist BL. ve Bio-Magic gibi biyolojik kullanmilmistir (Cizelge 1.).
preparatlar Halyomorpha halys erginlerine laboratuar
kogullarinda biyolojik etkinlikleri belirlenmigtir.
Cizelge 1. Denemede kullanilan preparatlar ve etken maddeleri
Table 1. Materials and active ingredients used in the experiment
Izolat ve . Doz
insektisitler Etken Madde Etken Madde Oran1 Formiilasyon (m1/500m] su)
{so]atgs' . and Active ingredient Eate . of  active Formulation Dose
Insecticidies Ingredient
Bio- Magic Metarhizium anisopliae strain Ma-1 1x10% kob ml'? SL 1.25
Nibortem Verticilium lecanii strain V1-1 1x10° kob ml1 SL 1.25
Nostalgist BL Beauveria bassiana strain Bb-1 1x10% kob ml'? SL 1.25
Nimbecidine Azadirachtin 0,3g EC 1.25, 2.5, 5
Decis Deltamethrin 25 g1t EC 0.15
Halyomorpha halys Erginlerinin Elde Edilmesi BULGULAR ve TARTISMA

Calismada kullanilan Halyomorpha halys erginleri
Artvin ili Kemalpasa ilgesi 2020 yili Eylil ayi itibariyle
findik, turuncgil ve fasulye bitkisinden darbe ( 3*3,5
metre ebatlarinda bez 6rtii) ve atrap yontemleri
kullanilarak toplanmigs ve laboratuvar ortamina
getirilmistir (Anonim, 2021).

Ticari Preparatlarin Uygulanmasi

Calismada  plsklirtme yontemi  kullanilmigtir.
Denemeler 26+2 C° sicaklik ve %60+2 orantili nem
kogsullarinda yuritualmistir. Deneme i¢in 1 kg'hk
kaplar kullanilmis ve bu kaplar icerisine saf su ile
nemlendirilmis kurutma kagitlarn konulmus ve
erginlerin beslenmesi igin belli miktarda yem olarak
fasulye bitkisi konulmustur. Sonra her bir kaba 5 ergin
konulmustur. Her bir tekerrire 2 ml olacak sekilde
farkli dozlar1 hazirlanarak spreyleme yapilmis ve
kontrol uygulamasinda sadece saf su kullanilmigtir
(Cizelge 1). Her preparatin denemesi 4 tekerriir olarak
kurulmustur. Ik sayim 24 saat sonra, sonraki
sayimlar 24 saatte bir yapilmis ve 7 giin boyunca
sayima devam edilmistir. Cizelge olusturulup canl,
6li  sayimlari kaydedilmigtir. Ancak verilerin
degerlendirilmesinde 3., 5. ve 7. guin elde edilen veriler
dikkate alinmigtir.

Verilerin Degerlendirilmesi

Oliim oranlarinin belirlenmesinde; elde edilen verilere
tek yonli varyans analizi uygulanmis ve ortalamalar
arasindaki fark Duncan ¢oklu karsgilagtirma testi ile
belirlenmigtir. Ayrica yiizde 6lim oranlarina Abbot
formilid uygulanarak preparatlarin biyolojik etkinlik
oranlar1 (% etki) belirlenmistir (Abbott, 1925).
Calismada 6liim zamanlar1 (LT5s0 ve LT90) belirlenmesi
icin Probit analiz programi kullanilmigtir. Sonuglarin
degerlendirilmesinde ~ SPSS  (ver. 21) paket
programindan yararlanilmigtir.
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Halyomorpha halys erginlerine karsi yapilan ¢alisma
sonucunda elde edilen biyolojik etkinlik verileri
Cizelge 2. ‘de verilmistir. Azadirachtin’in farklh
dozlarinin H. halys erginlerine etkisi Cizelge 2.'de
gorildigi uzere doz arttikca ve zaman bagh olarak
arttigr belirlenmigtir. Calismada 7. giiniin sonunda
Azadirachtin’in 1.25 ml, 2.5 ml ve 5 ml dozlarinda
meydana getirdigi biyolojik etkiye bakildiginda
sirasiyla %33.3, %66.7 ve %94.4 etki oldugu tespit
edilmigtir. Lethal time degerleri ise doz'a baglh olarak
kisalmigtir. En yiiksek doz olan 5 ml dozunda LTso ve
LTe degerleri sirasiyla 2.59 ve 5.96 olarak tespit
edilmigtir. Entomopatojen fungus igeren preparatlar
Nibortem, Nostalgist BL ve Bio-Magic'in 7. giin
sonunda biyolojik etkinlik oranlar1 sirasiyla %72.2,
%38.9 ve %55.6 olarak tespit edilmigtir. Zamana bagh
olarak her 1g¢ preparatta da biyolojik etkinlik
oranlarinin arttigr goézlenmis olup, LTs0 degerleri
sirasiyla 5.57, 7.42 ve 6.40 bulunmustur. LTeo deger ise
9.12, 10.32 ve 10.14 olarak belirlenmistir. Sentetik
insektisit olan Decis ise 3. glinde %95, 5. giinde %100
6lim gorulmustir.

H. halys; konukc¢u dizini genis, polifag bir zararlidir.
Bu zararlhh Karadeniz bolgesi tiretiminde 6nemli sirada
yer alan findikta da ciddi kayiplara neden olma
potansiyeli vardir. Turkiye’'ye son yillarda giris
yapmasi itibariyle yapilan ¢alismalar sinirh sayidadir.

Morehead ve Kuhar (2017) H. halys miicadelesinde
pyrethrin, azadirachtin, spinosad gibi biyolojik
preparatlarin ve kombinlerinin kullanildig: ¢alismada
azadirachtinin biyik oranda etkili oldugunu
belirtmektedirler. Diger Pentatomidae’lerin
miicadelesinde azadirachtin ve biyolojik preparatlarin
kullanim1 1ile ilgili ¢alismalar mevcuttur. Yigit ve
Saruhan  (2020) yaptiklarn  calismada  baz
entomopatojen  fungus iceren  [(Paecilomyces
fumosoroseus (Priority), M. anisopliae (Bio-Magic),
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Verticilium lecanii strain V1-1 8 (Nibortem),
Beauveria bassiana strain Bb-1 (Nostalgist BL)],
entomopatojen bakteri igeren ticari preparatlar
[Spinosad  (Saccharopolyspora spinosa), Bacillus
thrugiensis (27-1A) ve B. megaterium (Akca)l, bitkisel
kokenli preparat Azadiractin ve sentetik insektisit
olan Proteus ‘un laboratuar kosullarinda Graphosoma
lineatum (L.) (Hemiptera: Pentatomidae)’a kars
biyolojik etkinliklerini belirlemiglerdir. Calismada

kullanilan ticari entomopatojen preparatlar 250 ml/da
dozda (1x10° kob ml1); Priorty %95.45, Bio Magic
%81.82, Nibortem %68.18 ve Nostalgist %100 etki
gosterdigi bildirilmigtir.  Azadiractin ise sentetik
insektisite benzer olarak %90 etkili olmustur.
Biyolojik kokenli insektisitlerden S. spinosa sentetik
kokenli  insektisitler  kadar etki = gosterdigi
belirtilmistir. Bunun bécek miicadelesinde etkin bir rol
oynadig: belirlenmisgtir.

Cizelge 2. Calismada kullanilan materyallerin Halyomorpha halyse karsi biyolojik etkinlikleri
Table 2. Biological efficacy of the preperations used in the study against Halyomorpha halys

Biyolojik etkinlik oram (%) (Biological activity rate(%))

Preparatlar Dozlar (ml 500 ml su) 3. giin 5.glin 7.glin LTs0 LT9o
Materials Doses 3th Day 5th Day 7th Day

1.25 0.0+0.0 d 11.8+3.9 ef 33.3+0.0 d* 7.80 10.47
Azadirachtin 2.5 10.0+5.8 cd 31.6+5.3 cd 66.7+6.4 be 6.04 9.01

5 55.0£5.0 b 84.245.3 b 94.445.5 a 2.59 5.96
Nibortem 1.25 20.0+0.0 ¢ 36.8+0.0 ¢ 72.245.5b 5.57 9.12
Nostalgist 1.25 0.0+0.0 d 21.1+5.3 de 38.9+5.5 d 7.42 10.32
Biomagic 1.25 10.0+5.8 cd 36.8+8.6 ¢ 55.6+9.1 ¢ 6.40 10.14
Decis 0.15 95.0+£5.0 a 100.0+0.0 a 100.0+0.0 a 1.09 2.60

*Verilere tek yonli varyans analizi uygulanmig olup, ortalamalar arasindakki farkliliklar 0.05 6nem seviyesinde DUNCAN
testine gore ortaya konulmustur. Ayni stitundaki farkl kiigiik harfler istatistiksel agidan farkhlik ifade eder.

*One-way analysis of variance was applied to the data and the differences between the means were determined according to
DUNCAN test at 0.05 significance level. Different lowercase letters in the same column represent statistical differences.

SONUC ve ONERILER

Bu calisma kimyasal miicadelenin zararlar: etkilerini
azaltip, kullanimi sinirlayacak sekilde bazi biyolojik
preparatlarin  etkisinin  belirlenmesi  amaciyla
yapilmistir. Calisma sonucunda bitkisel koékenli
preparat olan Azadirachtinin farkli dozlarn ve
entomopatojen fungus preparatlari olan Nibortem,
Nostalgist BL ve Bio-Magic preparatlari arasindan
Nibortem’in tek uygulama dozu olan 1.25 ml/500ml
(1x10° kob ml?) su dozunda ve Azadirachtin’in 5
ml/500ml su dozunun Halyomorpha halys erginlerine
karsit 6nemli dizeyde etkili oldugu bulunmustur. H.
halys ulkemiz tarimsal yetistiricilik alanlarinda son
yillarda gorilen istilact bir zararlidir. Bu zararhyla
micadelede 6ncelikle mekanik yontemler 6n plana
citkmaktadir. Bu zararlinin kiglaklara c¢ekilme
doneminin baglamasindan itibaren kimelendigi
noktalardan kitle halinde toplanip imha edilmesi,
popllasyon yogunlugunun azaltilmas1 agisindan
onerilmektedir. H. halysle kimyasal micadelede
tulkemizde gecici ruhsat almig Acetamiprid ve
Deltamethrin aktif maddeli ticari preparatlar, gecici
tavsiye ile sinirli bir siire findik alanlarinda H. halys
zararlisina kargit kullanilmistir. Findikta goriilen
zararli ve hastaliklara karg1 kimyasal miicadelenin
yapildig1 ve giinden giine de arttigi gorilmektedir.
Ancak son yillarda kullanilan kimyasallarin bagta
insanlar olmak tUzere g¢evreye olan olumsuz
etkilerinden dolay1 kisitlanmasina gidilerek alternatif
yontemler 6nem kazanmaktadir.

Yapilan bu ¢galismada da elde edilen sonuglar kimyasal
micadeleye alternatif olacak nitelikdedir. Ancak
yapilan bu laboratuar ¢alismalari, arazi calismalari ile
desteklendigi zaman daha basarili sonuglar alinacagi
dustntlmektedir.

Aragtirmacilari Katk: Orani1 Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig
olduklarini beyan eder.
Cikar Catigmasi Beyani
Makale yazarlar1 aralarinda herhangi bir c¢ikar

catismasi olmadigini beyan ederler.
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Blattella germanica is an important pest and able to transmit

various pathogens and parasites of human, cause allergic reactions Article History

and food contamination. Due to risks and problems related to Received $16.02.2021
currently employed chemicals for their control, use of Accepted 129.03.2021
entomopathogenic fungi as alternative control approach has been

under investigation. In this study, seven entomopathogenic fungi Keywords

isolated from soil samples and five fungal isolates obtained from Cockroaches

entomopathogenic fungal cultures have been tested against B.

Biological control

Microbial control
Hypocreales
Cordysipitaceae

germanica. The fungi belong to the species Beauveria bassiana (3
isolates), Metarhizium anisopliae (4 isolates), Isaria tenuipes (1
isolate), I fumosorosea (3 isolates), and I farinosa (1 isolate).
Conidial suspensions of all twelve isolates were applied at 1x107
conidia ml?! concentration to ten insects in each replication. Tests
were carried out at 26+2°C, 65+5% relative humidity in darkness
with three replications. Eight isolates were found effective on B.
germanica with mortalities varying between 60.0% and 96.7% in 14
days. The results indicated that Metarhizium isolates had the
highest efficacies (83.3-95.8%) followed by Beauveria isolates (70.8-
79.2%) and the isolates of Isaria had the lowest efficacies (50.0-
70.8%). These isolates were as effective as the previously reported
isolates of the same species with higher efficacy values. The most
effective two isolates of M. anisopliae (S8-2 and S11-6) appear to be
worth investigating further for developing a microbial control agent
against cockroaches.

Metarhizium, Beauveria ve Isariaya Baglh Entomopatojen Funguslarin Alman Hamambdécegine,
Blattella germanica (L.) (Blattaria: Blattellidae), Etkinlikleri

OZET Aragtirma Makalesi
Blattella germanica 6nemli bir zararl olup insanlarin patojen ve
parazitlerini tagiyabilmekte, alerjik reaksiyonlara ve yiyecek Makale Tarihgesi
kontaminasyonlarina neden olabilmektedir. Miicadelesinde bugiin Gelig Tarihi  :16.02.2021
i¢in kullanilan kimyasallarla iligkili riskler ve problemlerden dolay: Kabul Tarihi :29.03.2021
alternatif yaklagim olarak entomopatojen funguslarin kullanimi .
arastirilmaktadir. Bu ¢alismada, toprak érneklerinden izole edilmig Anahtar I"{elll'neler
Hamambdocegi

yedi ve entomopatojen fungus kiiltirlerinden bes entomopatojen
fungus izolati B. germanica’ya kars1 test edilmigtir. Bu funguslar
Beauveria bassiana (3 izolat), Metarhizium anisopliae (4 izolat),
Isaria tenuipes (1 izolat), I fumosorosea (3 izolat), ve I farinosa (1
izolat) tiirlerinde yer almaktadir. Tim izolatlara ait konidi
stispansiyonlari 1x107 konidi ml! konsantrasyonunda her tekerriirde
on boécege uygulanmigtir. Testler 26+2°C, %65+5 nispi nemde
karanlikta ug¢ tekerriirli olarak yuritilmustir. B. germanica ya
karg: etkili bulunan sekiz izolat 14 giinde %60.0 ve %96.7 arasinda
degisen olumlere neden olmustur. Sonuglar Metarhizium
izolatlarinin en yiiksek etkinlige (%83.3-95.8) sahip oldugunu, bunu
Beauveria izolatlarinin (%70.8-79.2) izledigini ve en diisiik etkinlige
Isaria izolatlarimin (%50.0-70.8) sahip oldugunu isaret etmektedir.

Biyolojik miicadele
Mikrobiyal miicadele
Hypocreales
Cordysipitaceae
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Bu izolatlar aym tiirden raporlanmig 6nceki izolatlar kadar virtilent
olup daha yiiksek etkinlik degerleri elde edilmistir. M. anisopliae
nin en etkili iki izolat1 (S8-2 ve S11-6) hamambécegine karsi
miicadele etmeni olarak gelistirilmek i¢in tizerinde ¢aligilmaya deger
mikrobiyal miicadele etmenleri olarak tespit edilmigstir.

To Cite:

Er MK, Tunaz H, Isikber AA 2022. Efficacies of entomopathogenic fungi from Metarhizium, Beauveria and

Isaria on German cockroach, Blattella germanica (L.) (Blattaria: Blattellidae). KSU J. Agric Nat 25 (1): 105~

112. DOI: 10.18016/ksutarimdoga.vi.881220.

INTRODUCTION

Blattella germanica (L.) (Blattaria: Blattellidae), the
German cockroach, is an important pest as it is able
to transmit various bacterial and fungal pathogens
and parasites of human being, and therefore spread
serious diseases (Ahmad et al., 2011; Graczyk et al.,
2005; Kassiri et al., 2018; Salehzadeh et al., 2007;
Saitou et al., 2009; Wannigama et al., 2014).
Furthermore, cockroaches cause allergic reactions by
their secretions and remaining after death (Sheih et
al., 2017; Pomes and Schal, 2020), and food
contamination by various microorganisms that they
carry (Yang et al., 2019). The primary control method

of cockroaches depends mostly on chemical
insecticides that poses risks to human and
environment. Especially, chemical applications
increase the concern for human health risk.

Furthermore, the use of such insecticides has also
been reported causing development of resistance in
cockroach populations (Chang et al., 2009, 2010;
DeVries et al., 2019; Fardisi et al.,, 2019; Wu and
Appel, 2017; Zhu et al., 2016). All these have been
directing researchers to explore alternative control
methods of cockroaches, and biological control has
been considered and studied as an alternative, safe
and environmentally friendly technique (Suiter, 1997;
Pereira et al., 2017; Pan and Zhang, 2020; Yang et al.,
2021).

Several species of entomopathogenic fungi have
potential for biological control of cockroaches,
especially those Dbelong to Metarhizium and
Beauveria (Abedi & Dayer 2006; Hubner-Campos et
al., 2013; Gutierrez et al.,, 2015, 2016; Lopes and
Alves, 2011; Quesada-Moraga et al. 2004). M.
anisopliae, M. blattodeae, M. robertsii, M. frigidum,
B. bassiana, Isaria fumosoroseus and Hirsutella
thompsonii have pathogenicity against cockroaches
(Mohan et al., 1999; Pachamuthu et al., 1999;
Montalva et al., 2016; Chaurasia et al., 2015; Zhang
et al., 2018b). Although pathogenic effects of these
fungi were demonstrated by assays conducted under
laboratory conditions, there are few reported cases of
such cockroach infections in nature (Montalva et al.,
2016).

The main way of fungal infection initiation is
penetration through the insect cuticle. However, M.
anisopliae conidia were given to cockroaches per os by
mixing in bait (Lopes and Alves, 2011) and Zhang et
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al. (2018a) added the conidia in water for ingestion.
In both studies, cockroach mortalities were rather
low, especially comparing to topical, dust or spray
applications. There are studies showing the
possibility of M. anisopliae transmission horizontally
among a German cockroach population (Kaakeh et
al., 1996, Quesada-Moraga et al., 2004). This was
attributed to some behavioral features of the
cockroaches like preference for humid places and
aggregation (Kaakeh et al., 1996). This may also
facilitate the spread of entomopathogenic fungi
increasing the effect of fungal applications. This
preference for places with high humidity by
cockroaches is also in favor of germination of fungal
conidia and sporulation of fungi on cadavers.

The utilization of entomopathogenic fungi combined
with chemical insecticides and compounds has also
been considered for controlling insect pests.
Combination of M. anisopliae and some insecticides
was more effective against B. germanica (Kaakeh et
al., 1997; Pachamuthu et al., 1999; Pachamuthu and
Kamble, 2000). Zurek et al. (2002) tested application
of M. anisopliae and boric acid together and B.
germanica mortalities increased while time to death
decreased significantly. Dayer and Karvandian (2016)
also found reduction of time to death by combining M.
anisopliae and boric acid in baits. This synergism was
found to be due to deleterious effect of boric acid on
perithrophic membrane allowing M. anisopliae
penetration and alteration in gut mycrobiome
creating a better environment for M. anisopliae
survival in B. germanica gut (Yang et al., 2021). All
the authors highlighted promising potential of this
combination for cockroach management.

All the previous studies show that entomopathogenic
fungi have great potential for cockroach management
either alone or in combination with other means and
can reduce the use of hazardous chemicals that has
been in use. In their review on biological control of B.
germanica, Pan and Zhang (2020) emphasized the
requirement for more studies including search for
more virulent or better suited fungal strains of
entomopathogenic fungi. In order to contribute to
explore fungal strains, in this study, seven
entomopathogenic fungi isolated from soil samples
and five fungal isolates obtained from
entomopathogenic fungal cultures have been tested
against B. germanica.
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MATERIALS AND METHODS
Insect culture

The Blattella germanica culture was maintained at
25+20C and 60+5% relative humidity in darkness in a
conditioned room. The insects were kept in large
plastic containers (50 Lt in capacity) aerated by small
holes on the lids. The upper inside of the containers
were greased to prevent insect escapes. Paper egg
cartons were placed inside the containers together
with dog food and water, which were renewed as
required in regular maintaining visits.

Fungal cultures

Five of the entomopathogenic fungal cultures (ARSEF
1512, 2488, 4045, 5855, 6646) were kindly provided by
Dr Richard A. Humber from USDA ARS Collection of
Entomopathogenic Fungal Cultures. The other seven
fungal cultures (S7-1, S7-2, S7-3, S8-2, S11-2, S11-6,
S12-1) were chosen from entomopathogenic fungal
culture collection in our department. All these seven
cultures were originally isolated from soil samples
collected from Turkey. Isolates 6646, S7-2, 1512
belong to the species Beauveria bassiana (Balsamo-
Crivelli) Vuillemin, isolates S12-1, S7-3, S11-6, S8-2
to Metarhizium anisopliae (Metschnikoff) Sorokin and
1solate 2488 to Isaria tenuipes Peck, isolates S11-2,
S7-1, 5855 to Isaria fumosorosea Wize, isolate 4045 to
Isaria farinosa (Holmsk.) Fries. All the fungi are in
Cordysipitaceae (Sordoriomycetes: Hypocreales). The
fungi were grown on potato dextrose agar (PDA) in
sealed Petri dishes at 25+2°C in darkness.

Preparing conidial suspensions

In order to collect conidia the fungal cultures on PDA
were kept at 25+2°C in darkness until sporulation is
completed (about 4 weeks). Ten ml of sterile 0.02%
Tween 80 solution was added in each Petri dish and a
conidial suspension was formed by dislodging conidia
by the help of a glass spreader. The suspension was
vortexed to disperse conidial clamps and then passed
through a double layer of sterile cheese cloth to
remove any debris from fungal cultures. The
concentrations of these conidial suspensions were
determined by counting conidia using a
haemocytometer under a light microscope. By adding
sterile 0.02% Tween 80 solution, the concentrations
were adjusted to the required 1x107 conidia ml! to be
used in biological assays. Conidial viability was
measured by a germination test for each suspension.
A small amount of suspension was spread on 1.5%
water agar and incubated in sealed Petri dishes at
25+20°C in darkness for 24 hours. Thereafter, spores
were examined under a light microscope for
germination. Conidia with germ tubes equal or longer
than the spore length or diameter were considered
germinated.
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Pathogenicity tests

All twelve entomopathogenic fungal isolates were
tested on German cockroach adults under controlled
conditions. Viability of conidia were checked as
described above and all the conidial suspensions
utilized in bioassays had conidial germination ratio
above 98%. The insects in control groups were treated
with sterile 0.02% Tween 80 solution instead of
conidium suspension. German cockroach adults were
individually dipped into 20 ml of relevant conidial
suspension at the concentration of 1x107 conidia ml!
for 10 seconds. They were placed in sterile glass jars
(1 liter) with a small amount of food and water. As
the purpose of bioassays were to demonstrate the
pathogenic ability of the fungi, all treatments were
kept at high humidity in the first day of experiments
by placing them inside a sealed large plastic container
(36x55x22 cm) with sterile distilled water. Thereafter,
they were transferred to a conditioned room at 65+5%
relative humidity.The bioassays were conducted
according to complete randomized design with three
replications. Each replication had ten mixed gender
German cockroach adults. All the tests were carried
out at 262 °C in darkness. In daily inspections food
and water were added when required. Number of
dead insects in treatments were recorded for two
weeks starting the third day with two-day intervals
and dead insects were removed.

After calculating mortality ratios, all data were
transformed by using arcsine transformation. They
were subjected to one way ANOVA and Tukey
multiple comparison tests using Minitab statistics
program. Furthermore, to allow comparison of only
the effective isolates’ pathogenicity levels, the related
data were corrected for control mortalities according
to Abbott’s formula (Abbott, 1925) before further
statistical analyses.

RESULTS AND DISCUSSION

Blattella germanica adult mortalities caused by the
tested twelve entomopathogenic fungus isolates
within 3-14 days post-treatment are presented in
Tables 1-3. In treatments with four of the tested
isolates (S12-1, 6646, 5855, 4045), the mortalities
were constantly low and statistically not different
from the control mortalities. The rest of the isolates
generally caused an increasing mortality as post-
treatment time was extended, and they all resulted in
significantly high mortalities before the end of the
experimental time. Especially the isolates in Table 1
required a longer initial time for significant cockroach
mortality, while those in Table 3 started causing
significant insect mortalities on the third or the latest
fifth day.

Efficacies of entomopathogenic fungal isolates against

Blattella germanica for the same duration were
illustrated as corrected mortalities in Figure 1.
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Table 1. Blattella germanica adult mortalities (%) (+ s.e.) due to applications of first group entomopathogenic
fungal isolates

Cizelge 1. Birincl grup entomopatojen fungus izolatlarinin uygulamasi sonucu Blattella germanica ergin
oliimleri (%) (+ s.h.)

Isolates Post-treatment time (days) Uygulama sonrasi siire (giin)

Izolatlar 3 5 7 9 11 14

S12-1 13.3+3.3 a 16.7+3.3 a 23.3+3.3 be 23.3+3.3 be 23.3+3.3 b 23.3+3.3 ¢
2488 13.3+3.3 a 26.7+8.8 a 40.0+£5.8 abce 43.3+8.8 be 56.7+6.7 ab 60.0+5.8 b
6646 16.7+8.8 a 20.0+5.8 a 20.0+£5.8 ¢ 20.0+5.8 be 23.3+6.7 b 26.7+8.8 ¢
S7-3 23.3+6.7 a 36.7+12.0 a 50.0+10.0 ab 53.3+6.7 ab 83.3+3.3 a 86.7+3.3 ab
S11-6 6.7+6.7 a 30.0+£0.0 a 40.0+5.8 abce 63.3+8.8 a 80.0+10.0 a 93.3+3.3 a
S7-2 16.7£3.3 a 33.3+6.7 a 53.3+3.3 a 60.0+£10.0 a 76.7+6.7 a 76.7+6.7 ab
Control 6.7+3.3 a 10.0£0.0 a 16.7+3.3 ¢ 16.7+3.3 ¢ 16.7+3.3b 20.0+.0.0 ¢
Kontrol

F 1.17 2.3 6.56 7.65 12.67 24.88

P 0.374 0.093 0.002 0.001 0.000 0.000

- Different letters in each column represent statistically significant differences amongst insect mortalities according to
Tukey multiple comparison tests, P<0.05, n=3 (F and P values from ANOVA tests are presented in the last two rows;
D.F.=6, 14).

- Tukey ¢oklu karsilastirma testine gore her stitundaki farkli harfler bocek éliimlerinde istatistiksel 6nemli farklar: belirtir
P<0.05, n=83 (ANOVA testi sonucu F ve P degerleri son iki satirda verilmistir; S.D.=6, 14).

Table 2. Blattella germanica adult mortalities (%) (+ s.e.) due to applications of second group entomopathogenic
fungal isolates

Cizelge 2. Ikinci grup entomopatojen fungus Izolatlarinin uygulamasi sonucu Blattella germanica ergin
oliimleri (%) (+ s5.h.)

Isolates Post-treatment time (days) Uygulama sonrasi siire (giin)

Izolatlar 3 5 7 9 11 14

5855 6.7+£3.3 13.3+£3.3 23.3+3.3 33.3+£6.7 33.3+£6.7 33.3+£6.7
4045 13.3+6.7 16.7+3.3 20.0£5.8 23.3+£8.8 23.3+8.8 26.7+8.8
Control = 5 4,53 13.3+8.8 16.7+6.7 16.7+6.7 16.7+6.7 16.7+6.7
Kontrol

F 0.65 0.31 0.46 1.31 1.31 1.28

P 0.554 0.743 0.649 0.338 0.338 0.344

- According to ANOVA tests, there are not statistically significant differences amongst treatments in each column, n=3 (F
and P values from ANOVA tests are presented in the last two rows; D.F.=2, 6).

- ANOVA sonucuna gore her siitundaki uygulamalar arasindaki farklar istatistiksel olarak énemli degildir, n=3 (ANOVA
testi sonucu F ve P degerleri son iki satirda verilmistir; S.D.=2, 6).

Table 3. Blattella germanica adult mortalities (%) ( s.e.) due to applications of third group entomopathogenic
fungal isolates

Cizelge 3. Uglincii grup entomopatojen fungus izolatlarinin uygulamas: sonucu Blattella germanica ergin
oliimleri (%) (+ s.h.)

Isolates Post-treatment time (days) Uygulama sonrasi siire (giin)

Izolatlar 3 5 7 9 11 14

1512 30.0£5.8 a 63.3+3.3 a 63.3+3.3 ab 73.3+3.3 ab 76.7+3.3 ab 83.3+3.3 ab
S8-2 40.0+5.8 a 66.7+12.0 a 83.3+6.7 a 83.3+6.7 a 90.0+0.0 a 96.7+3.3 a
S11-2 20.0411.5ab  46.7+12.0 a 70.0+5.8 ab 70.0+5.8 ab 73.3+3.3 ab 76.7+3.3 b
S7-1 13.343.3 ab 43.3+12.0 a 53.3+8.8 b 53.3+8.8 b 56.7+6.7 b 60.0+5.8 b
Control = ) 6.0b 3.3+3.3 b 13.343.3 ¢ 13.343.3 ¢ 16.746.7 c 20.0+5.8 ¢
Kontrol

F 6.74 9.33 19.3 20.37 33.91 28.41

p 0.007 0.002 0.000 0.000 0.000 0.000

- Different letters in each column represent statistically significant differences amongst insect mortalities according to
Tukey multiple comparison tests, P<0.05; n=3 (F and P values from ANOVA tests are presented in the last two rows;
D.F.=4, 10).

- Tukey ¢oklu karsilastirma testine gore her sititundaki farkli harfler bocek oliimlerinde istatistiksel onemli farklar: belirtir
P<0.05, n=3 (ANOVA testi sonucu F ve P degerleri son iki satirda verilmistir; S.D.=4, 10).
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Figure 1. Corrected mortalities of Blattella germanica adults during two weeks after the application of
entomopathogenic fungal isolates (Mortality corrections are according to Abbott’s formula; bars
represent standard errors; n=3; Different letters represent statistically significant differences

amongst insect mortalities in each graph

according to Tukey multiple comparison tests, P<0.05)

(M.a.: Metarhizium anisopliae, B.b.: Beauveria bassiana, 1.fm.: Isaria fumosorosea, 1.t.: Isaria

tenuipes)

Sekil 1. Entomopatojen fungus izolatlar1 uygulandiktan sonraki iki hafta siliresinde Blattella germanica
erginlerinin diizeltilmis 6liim oranlar: (Oliim oranlarinin diizeltmesi Abbott formiiliine géredir; barlar
standart hatayi belirtir; n=3; her grafikteki farkli harfler Tukey ¢oklu kargilastirma testine gore bocek
oliim oranlar1 arasindaki istatistiksel onemli farklari belirtmektedir, P<0.05) (M.a.: Metarhizium
anisopliae, B.b.: Beauveria bassiana, I.fm.: Isaria fumosorosea, I.t.- Isaria tenuipes)

As above mentioned four isolates (S12-1, 6646, 5855,
4045) did not cause cockroach mortality higher than
control at any time, these isolates were omitted from
efficacy evaluation. In Figure 1, it is apparent that
the efficacies of the eight remaining isolates increased

in time with varying rates. The efficacies of different
fungal isolates showed significant variation during
the experiment (Figure 1). The efficacy of M.
anisopliae S8-2 was constantly causing the greatest
mortality with 95.8% on the 14th day. The differences
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amongst the rest of the isolates, however, were not
statistically significant until the 14th day. On the 14th
day, along with the isolate S8-2, the isolate S11-6
showed significantly better efficacy than two Isaria
isolates (S7-1 and 2488) did. At the end of the
experiment, the efficacies of the tested isolates
varried with corrected mortalities between 50.0% and
95.8%. This variation was due to differences at isolate
level, as different isolates from the same species
showed significant diversity. While one M. anisopliae
isolate (S12-1) and one B. bassiana isolate (6646) had
no effect on B. germanica adults, the other three M.
anisopliae isolates (over 80% adult mortality) and, the
other two B. bassiana isolates (70 to 80% adult
mortality) had significant efficacies. Amongst the
eight effective isolates, however, the corrected
mortality values on the 11th and especially on the 14th
days indicated that Metarhizium isolates had the
greatest efficacies followed by Beauveria isolates and
the isolates of Isaria had the least efficacies. The
results of this study are in parallel with the results of
previous studies, and the efficacies of some tested
isolates can well be considered even better than
previously tested entomopathogenic fungi.
Metarhizium anisopliae has been one of the most
tested fungal species on cockroaches. Periplaneta
americana mortalities were 100% (Hubner-Campos et
al., 2013) in 10 days and 56.23% in 48 hours
(Chaurasia et al., 2015) after application of M.
anisopliae. Pachamuthu et al. (1999) reported 86.3%
German cockroach mortality in 21 days at the tested
highest spore concentration of strain ESC-1. In other
studies, B. germanica adult mortalities due to M.
anisopliae applications reached 83.8% (Lopes and
Alves, 2011), 93.3% (Gutierrez et al., 2014) and
83.33% (Zhang et al., 2018b) in 15 days. All these
studies on German cockroach were carried out in
similar ambient conditions with high doses but using
different application methods. However, considering
the doses together with delivery methods, the results
are comparable with the ones reported in this study.
German cockroach adult mortalities caused by M.
anisopliae in the present study varied according to
isolates and the most effective isolate S8-2 killed
96.7% adults in 14 days with corrected mortality of
95.8%. This isolate appear to be as effective as the
previously tested isolates if not better. Effects of other
species of entomopathogenic fungi on cockroaches
have been reported in limited literature. Beauveria
bassiana caused 75% mortality on P, americana in 10
days (Mohan et al., 1999). Gutierrez et al. (2014)
reported 80% B. germanica mortality in B. bassiana
treatment in 15 days. Hubner-Campos et al. (2013)
tested two isolates of B. bassiana on P. americana
nymphs and one isolate killed 58.3% and 81.7% in 10
and 25 days, respectively. In the same study, Isaria
farinosa and I. cateniobliqua did not kill any insects,
while a closely related fungus Purpureocillium
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Iilacinum caused 18.3% mortality in 25 days. In the
present study, more effective isolates of both B.
bassiana and Isaria are found although their
efficacies were lower than Metarhizium anisopliae
isolates.

This study demonstrates interspecific and
intraspecific variation in the virulence of different
entomopathogenic fungi on German cockroach under
controlled conditions. This finding supports the
suggestion of Pan and Zhang (2020) to continue
searching more effective isolates of entomopathogenic
fungi as better isolates could always be encountered.
Although high efficacies were recorded from different
species, M. anisopliae seems to have superior isolates
such as S8-2, S11-6 and thus should be considered for
further studies to develop a microbial control agent to
be utilized in the control of cockroaches, either alone
or in combination with other means.
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OZET Aragtirma Makalesi
Bu calismada, farkh oranlarda harmanlanmis rezene (Foeniculum
vulgare Mill.) ve defne (Laurus nobilis L.) ucucu yag karisimlarinin Makale Tarihgesi

kimyasal bilesimleri ve P. funerea’ya karsi antifungal etkileri in vitro Gelig Tarthi  :29.03.2021
kogullarda arastirilmigtir. Ugucu yaglarin kimyasal bilesimleri, GC- Kabul Tarihi :06.05.2021
MS analizi kullanarak belirlenmigstir. Ugucu yaglarin buhar fazindaki

farkli konsantrasyonlarin misel gelisimi ve konidi ¢imlenmesinin Anahtar Kelimeler
engellemesi tizerine antifungal etkileri in wvitro kosullarda Ucucu yag karigimi
belirlenmigtir. Ucgucu yag karisimlarimin en etkili oldugu Antifungal etkinlik
konsantrasyonlarda fungus hifi ve konidi morfolojisinde neden oldugu Sinerjik etki

etkileri 151k mikroskobu altinda incelenmigtir. GC-MS ile yapilan Pestalotiopsis funerea

kimyasal analizler sonucunda eucalyptol (%52.88) ve trans-anethole
(%81.55)iin defne ve rezene ucucu yaglarinin ana bilesenleri oldugu
belirlenmigtir. Tek baglarina kullanildiginda rezene ve defne ucgucu
yaglari P. funereamin misel gelisimini 20.0 ve 25.0 pl petri?
konsantrasyonlarinda tamamen engellemistir. Rezene/defne ucucu
yaglarinin harmanlanmasi ile misel geligimi ve konidi ¢gimlenmesinin
engellenmesinde sinerjik antifungal etki gérulmustur. Rezene:defne
ucucu yaglarin 3:1 oraninda harmanlanmasi antifungal etkinligi
onemli diizeyde artirmis olup, nispeten diisiik konsantrasyonda (10 pl
petril) daha yiiksek diizeyde antifungal etkinlik gdstermistir. Isik
mikroskobu ile yapilan gézlemlerde ugucu yag harmanlarinin en etkili
konsantrasyonuna maruz kalan hifler ve konidilerde, sitoplazmik
pihtilagsma, vakuollesme ve protoplazmik icerigin hiicre digina
akintis1  seklinde gerceklesen onemli yapisal deformasyonlari
gozlenmigtir. Sonuglar, sinerjik antifungal etki gosteren rezene ve
defne ugucu yag karigiminin bitki fungal hastalik etmenlerle
miuicadelede etkili bir biyofungisit olarak kullamilabilecegini
gOstermigtir.

Determination of Chemical Composition and Antifungal Activities of Fennel and Laurel Essential Oil
Mixtures Against Pestalotiopsis funereal

ABSTRACT Research Article

In this study, chemical compositions and antifungal activities of

different blended essential oils obtained from fennel (Foeniculum Article History

vulgare Mill.) and laurel (Laurus nobilis L.) were investigated against Received ©29.03.2021
P. funerea in vitro conditions. Chemical compositions of essential oils Accepted - 06.05.2021

were determined using GC-MS analysis. Antifungal volatile phase
effects of different concentrations of essential oils mixtures were
determined on inhibition of mycelial growth and conidial germination
in vitro conditions. The effect of most effective concentrations of
essential oil mixtures on the morphology of fungal hypha and conidia
were also investigated using light microscope. GC-MS analysis of
essential oils revealed that eucalyptol (52.88%) and trans-anethole
(81.55%) were the major components of laurel and fennel essential
oils. Individual use of fennel and laurel essential oils were found to
completely inhibit mycelial growth at 20.0 and 25.0 pl petri?
concentrations, respectively. Dual blending fennel/laurel essential oil
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mixtures showed synergistic antifungal activity on inhibition of
mycelial growth and conidial germination. By blending fennel and
laurel essential oils at proportion of 3:1, antifungal activities were
significantly increased that complete mycelial growth and conidial
inhibition were recorded at relatively lower concentration (10 ul petri
1). Microscopic observations on hyphae, exposed to volatile phase of
the most efficient concentrations of essential oil mixtures, revealed
considerable structural deformations such as cytoplasmic coagulation,
vacuolization and protoplast leakage from fungal hyphae and conidia.
The results showed that blending of fennel and laurel essential oils,
which have synergistic antifungal effects, might be used as an
effective bio fungicide in management of fungal plant disease agents.

Atif Igin:  Kara M, Tiirkmen M, Soylu S 2022. Rezene ve Defne Ucucu Yag Karisimlarimin Kimyasal Bilesenlerinin ve
Pestalotiopsis funerea’ya Kars1 Antifungal Etkinliklerinin Belirlenmesi. KSU Tarim ve Doga Derg 25 (1): 113-
126. DOI: 10.18016/ksutarimdoga.vi.904966.

To Cite:  Kara M, Tirkmen M, Soylu S 2022. Determination of Chemical Composition and Antifungal Activities of Fennel
and Laurel Essential Oil Mixtures Against Pestalotiopsis funerea. KSU J. Agric Nat 25 (1): 113-126. DOI:
10.18016/ksutarimdoga.vi.904966.

GIRIS Hastaliklarla  kimyasal micadeleye  alternatif

Monteri servi’si olarakta bilinen limoni servi agaci
(Cupressus macrocarpa L..) Cupressaceae (Servigiller)
familyasinda yer alan Kuzey Amerika orijinli,
yapraklar1 limon  kokusuna sahip, Akdeniz
Bolgesin’den Himalaya’lara kadar olan bolgede dogal
olarak yetisen bir orman agacidir. Son yillarda, park
bah¢e diizenlemelerinde kozalakli agac¢ tilrlerinin
onem kazanmasiyla limoni servi agaclarinin sehir
park, bahce, refiij diizenlemelerinin yanisira, yazlik
siteler, tatil  koyleri ve  otellerin  peyzaj
diizenlenmelerinde de kullanimi ciddi diizeyde artis
gostermistir (Salem ve ark., 2018). Kiiltiir bitkilerinde
oldugu gibi orman agaclarinda yaprak, kok, kok bogazi
ve giévdelerde farkh fungal turler tarafindan cesitli
hastaliklar olusturulmaktadir (Gordon ve ark., 2015).
Bu hastaliklardan biride Pestalotiopsis spp.’nin sebep
oldugu yapraklarda ve sturgun uclarinda kurumalara
neden olan fungal hastaliktir (Uysal ve ark., 2021). Soz
konusu hastaliklar, 6zellikle orman fidanlhiklarinda
kozalaklhi agac¢ tlrleri ve servi agaci uretimini
sinirlayan faktorlerin basinda gelir. Pestalotiopsis spp.
arasinda yer alan Pestalotiopsis funerea, konukcusu
oldugu kozalakli agac¢ turlerinde kok curiklagi,
slirglin ya da stirgiin ug yanikligi, geriye dogru 6lim ve
govde kanseri olarak adlandirilan hastaliklara sebep
olmaktadir (Sinclair ve ark., 1993; Bajo ve ark., 2008).
Hastalik etmeninin kompleks yapisinin yanisira,
farkli fungal turler ile etkilesime girmesi nedeniyle
hastaligin goriildiigi iilkelerde hastalikla miicadelede
etkili olabilecek herhangi bir fungisit tavsiyesi
bulunmamaktadir. Orman agaglarinda sorun olan
diger hastalik etmenlerinin miicadelesinde kullanilan
fungisitlerin sinirli etkinligi, kullanilan fungusitlere
karg1 etmenlerin dayanikli izolatlarinin geligimi,
fungisitlerin hedef dis1 yararli mikroorganizmalara
olan yan etkileri bu tiir hastaliklarla kimyasal
micadeleye alternatif yontemlerin arastirilmasi
gerekliligini ortaya koymaktadir (Staub, 1991).
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yontemlerden biride antifungal etkinlik gésteren bitki
ekstrakt ve ucucu yaglarinin kullamilmasidir (Bakkali
ve ark., 2008; Nazzaro ve ark., 2017). Giiniimiizde bu
konuda yapilan calismalar daha ¢ok ugucu yaglarin
kimyasal bilesenleri ve antimikrobiyal etkinliklerinin
arastirilmasi1 lzerine kurgulanmigtir. Farkh tiirlere
ait ucucu yaglarin antimikrobiyal etkinlikleri farklilik
gosterebilir. Bazi1 bitkilerden elde edilen ugucu yag
verimleri (birim miktardaki bitki materyalinden elde
edilen ucucu yag miktar)) yiiksek olmasina ragmen
ucucu yaglarin antimikrobiyal etkinlikleri dusik
olabilirken, bazi bitkilerin ucgucu yaglarinin yuksek
antimikrobiyal etkinliklerine kiyasla wucucu yag
verimleri  olduk¢a dusiik olabilir. Lauraceae
familyasina dahil olan defne (Laurus nobilis L.) her
daim yesil kalan, yaprak ve meyveleri ila¢ ve
parfimeri sanayisinde yogun olarak kullanilan bir
agac tiird olup (Chahal ve ark., 2017), iilke genelinde
ozellikle Akdeniz, Ege ve Karadeniz sahil kesimlerinde
yogun sekilde yetismektedir (Demir ve ark., 2004).
Rezene (Foeniculum vulgare Mill.) Umbellifera
famiyasina dahil tibbi, aromatik ve mutfaklarda
baharat olarak yogun sekilde kullanilan bitkidir.
Yakin zamanda yapilmis olan ¢alismada, rezene ve
defne ugucu yaglarnmin  kimyasal bilesenleri
belirlenmig olup, ugucu yaglarin hastalik etmeni P.
funereaZnmin misel gelisiminin engellenmesi lzerine
olan etkinlikleri arasinda 6nemli farkhiligin oldugu
ortaya konulmustur (Kara ve ark., 2020). Ugucu yaglar
veya ana Dbilegsenleri tek basina kullanmildig
durumlarda test edildikleri mikroorganizmalara karsi
disik antimikrobiyal etkinlik gosterirken, baska
ucucu yaglar veya bilesenler ile karigim seklinde
kullanildiklarinda etkinliklerinde biiyiikk oranda
farklilik  goriilebilir.  Antimikrobiyal etkinlikte
gézlenen bu degisim genellikle etkinligi diisiik olan
bilesen(ler)in baska bir bilesen(ler)le birlikte sinerjik
etkilesime girmesinden kaynaklandigi bilinir. Yapilan
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literatiir arastirmasinda ugucu yaglarin karigsim
halinde kullanilmasi durumunda antimikrobiyal
etkinliklerinde olas1 degisimlerin belirlenmesi izerine
olduk¢ca kisith sayida c¢alismanin  bulundugu
gorilmistir. Ugucu yaglarin karigstirnlmalariyla elde
edilen bilegiklerin sinerjik etkilegsimleri sonucunda
hastalik etmenlerinin fungisitlere kargi olan direncin
onlendigi, maliyet ve/veya toksik yan etkilerinin
azaldigi, farkli mikrobiyal tiirlere karg: antifungal etki
ve etki spektrumlarimin arttigi, yapilan sinirh
sayidaki calismalarla bildirilmistir (Nazzaro ve ark.,
2013; Turkmen, 2015, Swamy ve ark., 2016;
Hongratanaworakit ve ark., 2017). Rezene ve defne
ucucu yaglarinin birgok bitki fungal ve bakteriyel
hastalik etmenlerine karsi antimikrobiyal etkinligi
onceden yapilmig olan ¢alismalarda bildirilmis olup,
bitkilerden karisim geklinde elde edilmis ugucu
yaglarin limoni servi agacinda sorun hastalik etmeni

P.  funereaya  kargi  antifungal etkinliginin
belirlenmesine yonelik yapilmig calisma
bulunmamaktadir.

Bu calismada, defne (L. nobilis) ve rezene (F. vulgare)
bitkilerinden farkli yontemler kullanilmak suretiyle
elde edilen ugucu yag karigimlarinin kimyasal
bilegsenleri belirlenmis ve in vitro kogullarda limoni
servi surgun u¢ yamklik hastaligt etmeni P
funereanin misel gelisimi ve konidi ¢imlenmesi
uzerine olan antifungal etkinligi arastirilmigtir. Ugucu
yaglarin fungal etmenin konidi ve misellerinde sebep
oldugu morfolojik ve sitoyapisal degisiklikler ayrica
151k mikroskobu altinda arastirilmigtir.

MATERYAL ve METOD
Ucucu Yaglarin Elde Edilmesi

Calismalarda kullanilan rezene tohumlar1 Antakya
ilgesindeki aktarlardan satin alinmis olup, defne
yapraklar1 Samandag ilgesinde (36°07°56"N 35°56'48E)
dogal olarak yetigsen bitkilerden 2019 yili Haziran
ayinda toplanmigstir. Her iki bitki materyali oda
sicakliginda kurutulduktan sonra 200 gr tartilarak
500 ml damitilmis su (¢éziici) iceren cam balonlar
icerisine ayri ayri konulmus ve yaklagik 3-4 saat
kaynatilarak Neo-Clevenger aparat1 sistemin yan
kolunda ugucu yagin toplanmasi saglanmagtir
(Tirkmen ve Mert, 2020). Elde edilen ucucu yag koyu
renkli (amber) cam siselere konularak; GC-MS
analizine kadar buzdolabinda (+4 °C) muhafaza
edilmigtir.

Ucucu Yag Karisimlarinin Hazirlanmasi

Su buhari distilasyon yonteminin kullanildigi ugucu
yag karisimlarinda elde edilmesinde iki farkli yontem
uygulanmigtar. Ik yontemde (Mix-1), rezene tohumlari
ve defne yapraklar1 tartilarak sirasiyla % 75:25, %
50:50 ve % 25:75 oranlarinda karigtirillmis ve cam
balon igerisinde birlikte kaynatilarak ugucu yaglar
cikarlmigtir. Tkinci yéntemde (Mix-2), ayr1 ayri elde
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edilen rezene ve defne ugucu yaglar1 sirasiyla % 75:25,
% 50:50 ve % 25:75 oranlarinda Eppendorf tiipler
icinde dogrudan karigtirnlmak suretiyle ayri ayri
hazirlanmigtir.

Ucucu Yag ve Karigimlarinin Kimyasal Bilegenlerinin
Belirlenmesi

Ucgucu yaglar Gaz Kromatografisi-Kiitle
Spektrometresinde (Thermo Scientific Focus) otomatik
ornekleyici (TR-5MS, 5% phenyl-
polisilfenilenesiloxan, 60 m x 0.25 mm i¢ ¢api, film
kalinlig1 0.25) kullanilarak analiz edilmistir. Tasiyic
gaz olarak 1 ml./dakika akis hizina sahip Helyum
(99.9%) kullanilmis; iyonlasma enerjisi 70 eV ve kiitle
aralign m/z 50-650 amu olarak belirlenmistir. Kiitle
spektrometresinin transfer hatt1 ve enjeksiyon blogu
girig sicakligr 220 °C olarak belirlenmis ve 6rneklerin
enjeksiyonu 250 split oram ile gercgeklestirilmigtir.
Orneklerin enjeksiyon hacmi 1 pL’dir. Firin sicaklig: 3
°C dak.? artigla 50 °C’den 220 °C’ye kadar artacak
sekilde programlanmigtir. Her bir bilesenin
olusturdugu spektrumlar, GC-MSte Wiley 9
kiitiphanesi ile eglestirilmeleri sonucu tanimlanmigtir
(Adam, 2007). Veriler Xcalibur yazilimi kullanilarak
iglenmigtir.

Fungal Hastalik Etmeninin Izolasyonu

Fungal hastalik etmeni P. funerea, Hatay orman
fidaliklarinda yetisen enfekteli C. macrocarpa
fidanlarinin govdelerinden izole edilmigtir.
Kurumalarin gozlendigi dallarda saghkli/hastalikl
noktalardan alinan siirglin dokular1 éncelikle sodyum
hipoklorit (NaOCl) ile 2 dakika siireyle yiizey
dezenfeksiyon iglemine tabi tutulmustur. Dezenfekte
edilen bu doku pargalar, steril saf suda birka¢ dakika
durulandiktan sonra steril kurutma kagitlarinda
kurumaya birakilmigtir. Dezenfekte edilen bitki
dokular1, streptomisin siilfat (100 mg mL7) iceren
Patates Dekstroz Agar (PDA) iceren petri kaplarina
aktarilmig, daha sonra 25 °C’de 5 giin siireyle inkiibe
edilerek gelisen kolonilerden PDA’ya saflagtirma
igslemleri yapilmigtir. Tir teghisi, koloni ve sporlarinin
morfolojik &zelliklerine goére yapilmistir (Mordue,
1976). Denemelerde tek spordan gelistirimis fungus
izolat1 kullanmilmagtir.

Ucucu Yaglarin P. funereamn Misel Gelisimi ve
Konidi Cimlenmesi Uzerine Antifungal Etkisi

Defne ve rezene ucgucu yag karigimlarimin P
funereaZmin misel gelisimi iizerine buhar fazinda
antifungal etkileri in vitro kogullarda arastirilmigtir
(Soylu ve ark., 2010). Etmeninin tek spor kiiltiiri, 3—5
giin boyunca 25°C’de Potato Dextrose Agar (PDA)
ortaminda geligtirilmigtir. PDA besi ortamlari, steril
90 mm’lik cam petri kaplarmma (20 ml petril)
dokiulmusgtir. Ugucu yag karisgimlarinin farkl
konsantrasyonlar1 (0.0, 5.0, 10.0, 15.0, 20.0, 25.0 pl
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petri') her bir petri kapaginin ic kismina mikropipet
yardimiyla konulmustur. Hastalik etmeninin 5 giinluk
kiiltiirtinden diskler (6 mm) alinarak PDA besi yeri
iceren her bir petri kapinin ortasina yerlestirilmigtir.
Kontrol olarak ugucu yag uygulanmayan PDA igeren
petri kaplar: kullanilmigtir.

Ucucu yag ve karigimlarin fungal konidilerin
c¢imlenmeleri Uzerine olan etkinligi benzer sekilde
yapilmigstir. PDA besi ortamlari tzerine fungusun
steril  distile su icerinde 104 konidi ml!
konsantrasyonunda hazirlanmisg spor
stspansiyonlarindan 100 pl alinarak PDA besi yeri
uzerine steril cam baget ile yayilmistir. Ugucu yag
karisimlarinin farkl konsantrasyonlar: (0.0, 5.0, 10.0,
15.0, 20.0, 25.0 pl petri) her bir petri kapagimnin ic
kismina mikropipet yardimiyla konulmustur. Kontrol
olarak ucgucu yag uygulanmayan PDA iceren petri
kaplari kullanilmagtir.

Gerek misel gelisimi gerekse konidi ¢imlenmesinin
engellenmesi uzerine olan etkinlik c¢alismalarinda
uygulama yapilan petri kaplarinin etrafi parafilm ile
sarilarak inkiibatorde 25°C’de inkiibe edilmigtir. Her
bir ugucu yag ve karisgimlarin farkl
konsantrasyonlarinin bulundugu petrilerde misel
gelisimi gunlik takip edilmis, misel gelisim c¢aplar:
Olcilmiis ve kontrol uygulamasina gore misel
gelisiminin  engellenme oram1 MGI (%)=((MGc-
MGt)/MGe)x100 formiiliiyle belirlenmistir. Ucucu yag
ve karigimlarinin misel geligsimi tizerine olan etkinligi
uygulamadan 4-5 giin sonra, konidi c¢imlenmeleri
uzerine olan etkinlikleri uygulamadan 24 saat sonra
yapilan gozlemlerle degerlendirilmistir. Her
uygulamada 100 adet konidi, ¢im borucugu olusturup
olusturmamas: yoniinden degerlendirilmistir. Konidi
boyu kadar ¢im borucugu olusturan konidilerin
¢imlendigi kabul edilmigtir.

Ugucu Yag Kangimlarinin Misel ve Konidi
Morfolojileri Uzerine Etkisi
Ucucu yag karigimlariin en etkili

konsantrasyonlarinin hif morfolojisi tizerindeki etkisi
de 151k mikroskobu kullanilarak belirlenmistir (Soylu
ve ark., 2010; Kara ve ark., 2020). Taze kiiltiirden
alinan misel diskleri PDA besi yerine yerlegtirildikten
sonra herhangi bir yag karisitm uygulamasi
yapilmaksizin 2-3 giin 6n gelisime birakilmis ve
misellerin 20-30 mm c¢apinda gelisimi saglanmagtir.
Benzer sekilde inkiibasyondan 24 saat sonra ¢gimlenen
konidilerin yer aldigi petrilerle, 2-3 giin 6n gelisime
birakilmig misellerin yer aldigi1 petrilere, in wvitro
etkinlik caligmalarinda fungus gelismini tamamen

engelleyen ucucu yag karisimlarina ait
konsantrasyonlar = mikropipet yardimiyla petri
kapaklarina konulmus ve kapaklar parafilm ile

sarildiktan sonra tekrar 2 giin 25°C’de inkiibasyona
birakilmigtir. Inkibasyon sonunda PDA besi yerleri
tuzerinde daha oOnceden gelismis olan misel ve
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cimlenmis konidiler uzerindeki morfolojik
degisiklikler Nomarski/DIC atagmanl 151k

mikrsokobu (Olympus BX-51, Tokyo, Japonya) altinda
degerlendirilmigtir.

Istatistik Analiz

In vitro kogullarda yapilan antifungal etkinlik
calismalarinda, her bir ugucu yag ve Kkarisim
konsantrasyonunun antifungal etkinlikleri tg¢ farklh
petride ol¢uilmustir. Denemeler 2 farkli zamanda
tekrar edilmistir. Antifungal etkinliginin belirlendigi
petrilerdeki misel gelisim ¢aplar1 ve ¢imlenen konidi
sayillari % engellenme oranlarina cevrilmeden SPSS
istatistik programi (Versiyon 17.0, SPSS Inc., Chicago,
IL, USA) kullanilarak tek yénli ANOVA ile varyans
analizi yapilmis ve uygulamalar ve konsantrasyonlar
arasindaki farklilik Duncan Coklu Karsilastirma Testi
ile karsilastirilmistir (P<0.05). Ugucu yaglarin farklh
konsantrasyonlarda misel gelisimini ve konidi
¢imlenmesini %50 diizeyinde engelleyen etkili
konsantrasyonlar1 (ECs0) SPSS istatistik programi
(Versiyon 17.0, SPSS Inc., Chicago, IL, USA) yardimi
ile Probit analizi yapilarak belirlenmigtir.

BULGULAR ve TARTISMA

Ucucu Yag ve Karigimlarimin Kimyasal Bilegenlerinin
Belirlenmesi

Defne yapraklarindan ve rezene tohumlarindan elde
edilen ucucu yaglar1 ile bu bitkilerden elde edilen
ucucu yag karisimlarinin (Mix-1 ve Mix-2) kimyasal
bilegsenleri GC-MS ile belirlenmig, elde edilen sonuglar
Cizelge 1 ve Cizelge 2'de gosterilmistir. Defne yaprag:
ucucu yaginda toplam 41 bilesen belirlenmis olup, en
yiiksek oranda bulunan ana (temel) bilesenlerin
sirasiyla ayni zamanda 1,8 cineole olarakta bilinen
eucalyptol (%52.88), a-terpinyl acetate (%11.77) ve
sabinene (%8.05) oldugu belirlenmistir. Rezene ucucu
yvaginda toplam 14 farklh kimyasal bilesen belirlenmig
olup, en yuksek oranda tespit edilen ana bilesenler
sirasiyla transanethole (%81.55), estragole (%4.75) ve
limonene (%5.88) olarak belirlenmistir (Sekil 1).
Calismada kullanilan defne ve rezene wugucu
yaglarinda belirlenen ana bilesenler daha o6nceden
yapilmis bir ¢ok farkl ¢alismalarda da bildirilmigtir.
Elkiran ve ark. (2018) tarafindan yapilan ¢alismada
defne tohum ve yapraklarindan elde edilen ugucu yag
iceriginin ana bilegenlerinin eucalyptol ve a-terpinyl
acetate oldugu bildirilmistir. Benzer ana bilegenlerin
Tirkiyenin farklh bélgelerinde yetisen defne ugucu
yaginda bulunduguna dair yapilmis bir¢ok calisma
bulunmaktadir (Ozcan ve Chalchat, 2005; Soylu ve
ark., 2006; Tirkmen, 2015; Yilmaz ve Deniz, 2017;
Taban ve ark., 2018; Kara ve ark., 2020). Onceden
yapilmis olan ¢aligmalarla bu calismada elde edilen
sonuglar kargilastirildiginda, bilesenlerin oranlarinda
kicik degisiklikler goériillmekle birlikte biiyiik oranda
benzerligin oldugu gorilmiistir. Diger ana bilesen
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Cizelge 1. Mix-1 karisumlarina ait ucucu yaglarda belirlenen kimyasal bilesenlerin oranlar: (%)
Table 1. Chemical compounds (%) determined in Mix-1 essential oil mixtures

Ucucu Yag Mix-1
. Rezene* Defne* R75D25 Rs0Ds0 RasDrs

RT Bilegenler % % % % %
3.87 a-Pinene 0.53 5.32 2.22 3.30 4.10
4.64 Camphene - 0.22 0.10 0.14 0.18
5.49 B-Pinene 0.16 3.65 1.40 2.28 3.05
5.8 Sabinene 0.20 8.05 3.63 5.54 7.98
6.91 B-Myrcene - 0.67 0.30 0.49 -
7.33 a-Terpinene - 0.35 0.14 0.32 0.29
7.59 1.8-Epoxy-p-menth-2-ene - 0.29 0.06 0.10 0.12
7.88 Limonene 5.88 1.33 3.26 2.45 2.39
8.08 Eucalyptol 0.30 52.88 15.25 34.15 42.33
9.35 y-Terpinene 0.09 0.31 0.27 0.54 0.49
9.59 cis-Ocimene 0.26 0.09 0.11 - -
10.21  o-Cymene 0.26 1.99 0.46 0.67 0.80
10.58  a-Terpinolene - 0.14 - - 0.23
14.65  Fenchone 1.53 - 0.84 0.46 0.26
17.26 trans Sabinene hydrate - 0.28 0.24 0.31 0.58
20.45  cis-Sabinene hydrate - 0.19 0.18 0.20 0.40
20.6 Linalool - 0.79 0.52 0.75 1.34
21.03  Terpineol - 0.15 0.08 0.09 0.13
21.15 Pinocarvone - 0.12 0.06 0.06 -
21.62  Endobornyl acetate - 0.15 0.07 0.09 0.14
21.99  B-Elemene - 0.58 0.15 0.19 0.28
22.12 trans-Caryophyllene - 0.92 0.07 0.10 0.17
22.54  Terpinen-4-ol 0.05 2.83 0.68 1.71 1.46
23.43  Myrtenal - 0.20 - - -
23.55  Verbenol - 0.28 0.19 0.20 0.36
24.31  B-Fenchyl alcohol - 0.55 0.21 - 0.37
24.46 trans-Pinocarveol - 0.20 0.06 0.09 0.10
25.23  Estragole 4.75 - 2.87 1.80 -
26.03  a-Terpinyl acetate - 11.77 4.38 6.95 9.44
26.3 Germacrene -D - 0.29 - - -
26.64  B-Chamigrene - 0.15
26.85  a-Selinene - 0.11 - -
27.22  y-Elemene - 0.38 0.07 0.09 -
27.38  Carvone 0.94 - 0.59 0.37 0.17
27.5 Limonene oxide - 0.14 - 0.08 0.17
28.22 Germacrene A - 0.56 - - -
28.84  a-Humulene - 0.23 -
29.51  Myrtenol - 0.13 - - 0.08
30.9 trans-Anethole 81.55 - 59.32 34.42 18.36
35.72  Caryophyllene oxide - 0.28 0.09 0.11 0.18
37.24 Methyleugenol - 0.71 0.46 0.54 1.22
37.51  P-Anisaldehyde 1.76 - 0.26 0.55 -
40.4 Spathulenol - 0.13 0.08 0.15 0.20
41.49  Cinnamyl Acetate - 0.08 0.1 - 0.21
41.99  Eugenol - 0.32 0.23 0.28 -
43.56  B-Eudesmol - 0.13 0.13 0.11 0.15

Toplam bilesen sayis1 14 41 37 35 33

Toplam bilesen % 98.26 97.94 99.13 99.68 97.73

RT: alikonma zamamni (dak.), *: Kara ve ark., (2020)
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Cizelge 2. Mix-2 karisumlarina ait ucucu yaglarda belirlenen kimyasal bilesenler (%)
Table 2. Chemical compounds (%) determined in Mix-2 essential oil mixtures

Ugucu Yag Mix-2
. Rezene*  Defne* R7:D2s Rs0Ds0 RasDs

RT Bilegenler % % % % %
3.87 a-Pinene 0.53 5.32 1.49 2.10 4.22
4.64 Camphene - 0.22 0.10 - 0.16
5.49 B-Pinene 0.16 3.65 1.02 1.59 2.64
5.8 Sabinene 0.20 8.05 1.82 3.15 4.15
6.91 B-Myrcene - 0.67 - 0.32 0.52
7.33 a-Terpinene - 0.35 0.11 0.13 0.25
7.59 1.8-Epoxy-p-menth-2-ene - 0.29 0.10 - -
7.88 Limonene 5.88 1.33 4.97 3.27 2.72
8.08 Eucalyptol 0.30 52.88 11.58 25.23 38.50
9.35 y-Terpinene 0.09 0.31 0.22 0.26 0.41
9.59 cis-Ocimene 0.26 0.09 0.22 0.14 -
10.21  o-Cymene 0.26 1.99 0.63 1.03 1.52
10.58  a-Terpinolene - 0.14 - - -
14.65  Fenchone 1.53 - 1.19 0.87 0.45
17.26  trans Sabinene hydrate - 0.28 0.08 0.10 0.20
20.45  ci1s-Sabinene hydrate - 0.19 - - -
20.6 Linalool - 0.79 0.19 0.37 0.58
21.03  Terpineol - 0.15 0.60 - 0.08
21.15  Pinocarvone - 0.12 - - -
21.62  Endobornyl acetate - 0.15 - - -
21.99  B-Elemene - 0.58 0.16 0.25 0.41
22.12  trans Caryophyllene - 0.92 0.18 0.42 0.64
22.54  Terpinen-4-ol 0.05 2.83 - 1.23 1.66
23.43  Myrtenal - 0.20 0.07 - -
23.55  Verbenol - 0.28 0.11 0.14 0.19
24.31  B-Fenchyl alcohol - 0.55 0.14 0.25 0.41
24.46  trans Pinocarveol - 0.20 0.07 0.08 0.18
25.23 Estragole 4.75 - 2.80 2.08 1.57
26.03  a-Terpineneyl acetate - 11.77 2.43 6.57 9.24
26.3 Germacrene -D - 0.29 0.08 0.17 0.22
26.64  B-Chamigrene - 0.15 0.06 - -
26.85  a-Selinene - 0.11 - - -
27.22  y-Elemene - 0.38 - 0.16 0.23
27.38  Carvone 0.94 - 0.73 0.51 0.25
27.5 Limonene oxide - 0.14 - - -
28.22  Germacrene A - 0.56 - - -
28.84  a-Humulene - 0.23 0.07 0.12 0.17
29.51  Myrtenol - 0.13 - - -
30.9 trans-Anethole 81.55 - 66.86 47.80 26.56
35.72  Caryophyllene oxide - 0.28 - 0.13 0.19
37.24  Methyleugenol - 0.71 0.16 0.34 0.50
37.561  P-Anisaldehyde 1.76 - 1.38 0.97 0.50
40.4 Spathulenol - 0.13 - - -
41.49  Cinnamyl Acetate - 0.08 - - -
41.99  Eugenol - 0.32 - - 0.23
43.56  B-Eudesmol - 0.13 - - -

Toplam bilegen sayis1 14 41 30 29 31

Toplam bilegsen % 98.26 97.94 99.62 99.78 99.55

RT: alikonma zamamn (dak.), *: Kara ve ark., (2020)
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Sekil 1. Defne ve rezene bitki ucucu yaglarinda tespit edilen temel bilesenler (%)
Figure 1. Major compounds (%) determined in fennel and laurel essential oils

olan trans-anethole’iin rezene, yildiz anason ve anason
gibi tibbi, baharat ve aromatik bitkilerin ana bileseni
oldugu 6nceden yapilmis calismalarda da bildirilmistir
(Mimica-Dukic ve ark., 2003; Soylu ve ark., 2006;
Acimovic ve ark., 2015; Ahmed ve ark., 2019; Wodnicka
ve ark., 2019; Kara ve ark., 2020). Calismada elde
edilen ugucu yaglar i¢inde yer alan kimyasal bilesenler
ve % oranlarinda tespit edilen farkliliklarin, ug¢ucu
yagin ¢ikartildigi bitkilerin genetik 6zelliklerinin yani
sira, bu bitkilerin yetistigi bolge ve iklim kosullari,
ekstraksiyon yontemleri ve bitki materyallerinin
toplandig1 zaman ile bitkinin fenolojik déneminin
énemli diizeyde rol oynadig1 bildirilmistir (Woolf, 1999;
Tirkmen ve ark., 2021).
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Aymi cam balon igerisinde farkli oranlarda (%)
karigtirilip birlikte kaynatilmak suretiyle elde edilen
rezene (R) ve defne (D) ucucu yag (R75:Dss, Rso:Dso,
R25'D7s) karisimlardaki (Mix-1) kimyasal bilesenler
benzer gsekilde GC-MS’te belirlenmis olup elde edilen
sonuglar Cizelge 1’de gésterilmistir. Yapilan GC-MS
analiz sonucunda Mix-1 karigimlar: icerisinde toplam
33-37 farklh kimyasal bilesen belirlenmigtir. Farkl
oranda hazirlanan (R75:Dss, Rs0:Dso, Res:D7s ) Mix-1
karigimlar: igerisinde rezene ve defne ugucu yaglarin
ana bilesenlerinden olan  fransanethole ve
eucalyptolun % bulunus oranlari; R75:D2s igin
%59.32:15.25, Rs0:'Dso icin %34.42:34.15, Res:D7s i¢in
%18.36:42.33 olarak tespit edilmistir (Cizelge 1, Sekil
2).

% trans-Anethole

& Eucalyptol

Mix1-R25D75

Sekil 2. Mix-1 ugucu yag karigiminda belirlenen ana bilegenler
Figure 2. Major compounds determined in Mix-1 essential oil mixtures

Ucucu yaglarin ayr1 ayri ¢ikartilarak, farkl oranlarda
(R75:D2s, Rs0:Dso, Re5:D7s) karistirilmasiyla elde edilen
karisimlarinin (Mix-2) GC-MS ile analizi sonucu
belirlenen bilegenleri Cizelge 2’de verilmigtir. Yapilan
GC-MS analiz sonucunda Mix-2 karigimlar: igerisinde
toplam 29-31 farkli kimyasal bilegen belirlenmistir.
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Farkli oranda hazirlanan (R75:Dss, Rs0:Dso, Res:Drs)
Mix-2 karigimlar: igerisinde rezene ve defne ugucu
yaglarin ana bilesenlerinden olan trans-anethole ve
eucalyptolun % bulunus oranlari; R7s:Dss  igin
%66.86:11.58, Rs0:Dso igin %47.80:25.23, Res5:D7s icin
%26.56:38.50 olarak tespit edilmistir (Cizelge 2, Sekil
3).
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Sekil 3. Mix-2 u¢ucu yag karigiminda belirlenen ana bilesenler
Figure 3. Major compounds determined in Mix-2 essential o1l mixtures

Farkli yontemlerle hazirlanan karisimlar igerisinde
tespit edilen kimyasal bilesenler ve bulunus oranlari
birlikte degerlendirildiginde, Mix-1 karisiminda
bulunan bilesen sayisinin Mix-2 karisimina kiyasla
daha fazla oldugu belirlenmistir. Birlikte kaynatilarak
elde edilen Mix-1 karigim yaginda rezene ugucu
yaginin ana bilegeni olan trans-anethole %18.36-59.32
oranlar1 arasinda bulunurken, elle karistirilarak elde
edilen Mix-2 karisim yaginda transanethole’un
%26.56-66.86 arasinda degisen nispeten daha yiksek
oranlarda oldugu tespit edilmistir. Defne yaginin ana
bileseni olan eucalyptol’un Mix-1 deki bulunus oram
%15.25-42.33 oraninda degisirken, Mix-2 karisiminda
eucalyptol'un bulunus orami %11.58-38.50 arasinda
degismistir. Mix-2 yaginda trans-anethole orani Mix-1
yagina kiyasla daha yiksek duzeyde bulunurken,
eucalyptol oran1 Mix-1 karisitminda Mix-2 karisimina
kiyasla biraz daha ylksek oranda tespit edilmigtir.
Karigimlar igerisinde bulunan bilegenlerin say1 ve
oranlarinda tespit edilen farklihklarin karigim
esnasinda kimyasallar arasinda ortaya c¢ikan
reaksiyonlarin yani sira, oldukca dugsik oranlarda
(<%0.6) bulunan bazi minér bilesenlerin karigim
oranlarindaki miktarlarinda olan azalmalar
sonucunda GC-MS yontemi ile belirlenebilme sinirlar
altinda kalabildigi dugtiintilmektedir.

Ugucu Yag ve Karigimlarin P. funereamin Misel Gelisi
ve Konidi Cimlenmesi Uzerine Antifungal Etkisi

Ucucu yaglarin teksel ve karigimlarinin farklh
konsantrasyonlarimin buhar fazinda fungal hastalik
etmeni P. funereanin misel gelisimi tUzerine olan
antifungal etkinligi in vitro kogullarda belirlenmig
olup elde edilen sonuglar Sekil 4, Cizelge 3 ve 4’te
verilmigtir. P. funereaya karsi rezene ve defne
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yaglarinin tek baslarina kullanildiklarinda miselyal
gelisimini tamamen engelleyen konsantrasyonlar
sirasiyla 20 ve 25 ul petri! olarak belirlenmigtir. Elde
edilen sonu¢ daha 6nceden yapilmig ¢alisma sonucuna
paralellik gostermistir (Kara ve ark., 2020).

Iki farkll gekilde elde edilen ucgucu yag karigimlari,
kullanilan karigimin icerindeki trans
anethole:eucalyptol oranlari ve konsantrasyonlarina
bagli olarak miselyal gelisimini degisen oranlarda
engellemigtir. Rezene yag tek basina kullanildiginda
fungal etmenin misel gelisimini 20 pl petri?
konsantrasyonda tamamen engellerken, kaynatilarak
hazirlanan Mix-1 olarak adlandirilan karisimdaki
KR75D25 konsantrasyonunda misel geligimi 15 pl petri-
1 konsantrasyonda engellenmigstir. U¢ucu yaglarin elle
karigtirnlmak suretiyle hazirlanan ve Mix-2 olarak
adlandirilan diger karisimda ise %100 engellemenin
gorildigi antifungal etkinligin 10 pl petri! gibi
nispeten daha digiuk konsantrasyonda goézlenmistir
(Cizelge 3 ve Cizelge 4).

Antifungal etkinligin defne ucgucu yag1 yoéninden
degerlendirildiginde daha oOnemli oldugu, defne
yvaginin tek basina uygulandiginda 25 pl petri?!
konsantrasyonunda gosterilen %100 engelleme
etkinliginin karigimlarla 10 ul petrit
konsantrasyonuna cekildigi tespit edilmistir (Cizelge
3). Rezene ve defne ucucu yaglarinin tek bagina
kullanildign uygulamalardaki misel gelisimini %50
engelleyen en diisiik etkili konsantrasyonun (ECso)
yapilan Probit analizinde 5.66 ve 4.31 pl petri! olarak
belirlenmis olup, bu degerlerin en disik oldugu

uygulamanin 4.82 ul petri! ile Mix-2
formiilasyonundaki  R7:D25  karistminin  oldugu
belirlenmigtir.
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Fungal etmenin konidi ¢imlenmesinin engellenmesi
uzerine yapilan ¢alismada misel gelisimi lizerine olan
etkinliklere benzer sonuglar tespit edilmigtir.
Konidilerin ¢cimlenmesini azaltan konsantrasyonlar ile
misel geligimini azaltan konsantrasyonlar

kargilagtirildiginda, ugucu yag ve karigimlarinin spor
¢imlenmesinin engelleyici etkisinin, misel gelisiminin

Rezene ve defne ugucu yaglarinin teksel olarak
kullanildiginda  konidi ¢imlenmesini tamamen

engelleyen konsantrasyonlar sirasiyla 15 ve 20 ul/petri
olarak belirlenmigtir. Rezene ve defne ucucu yaglari
tek bagina kullanildiginda fungal etmenin konidi
¢imlenmesini sirasiyla 15 ul petri! ve 20 ul petri?!
konsantrasyonda tamamen engellerken, Mix-2

engellenmesinde goézlenen degerlere nispeten daha
yiiksek oldugu gozlenmistir (Cizelge 5 ve Cizelge 6).

Sekil 4. Farkli konsantrasyonlarda defne (A) ile rezene (B) ucucu yaglarinin teksel, Mix2-R75D25 (C) ve Mix2-R25D75
(D) karisim uygulamalarinda gériilen misel gelisimlerinin engellenmeleri

Figure 4. Inhibition of mycelial growth by different concentrations of fennel (A), laurel (B), Mix2-R7sDz2s (C) and

Mix2-Rz25D75 (D) blended essential oil treatments

Cizelge 3. Rezene (R) ve Defne (D) ucucu yag ve karisimlarimin P. funereanin misel gelisimi (mm) {izerine
antifungal etkisi
Table 3. Antifungal effect of fennel and laurel essential oils and blended mixtures on mycelial growth (mm) of P.
funerea

Farkli ugucu yag ve karigimlarin misel gelisimi (mm) iizerine etkinligi

Mix-1 Mix-2

Dozlar

.. Rezene Defne R75Dss Rs0Ds0 RasD7s R5Das Rs0Ds0 RasD7s
(ul petrit)
0.0 81.00d 81.00f 80.33d 80.33e 80.33e 79.00c 79.00¢ 79.00c¢
5.0 41.33cB 33.33eA | 56.67cC 70.33dD  66.00dD | 36.00bAB 42.66bB  53.00bC
10.0 21.66bB  20.67dB | 36.33bC  35.33¢cC 52.00cD | 0.00aA 0.00aA 0.00aA
15.0 18.00bB 14.66¢cB 0.00aA 31.00cC 42.33bD 0.00aA 0.00aA 0.00aA
20.0 0.00aA 10.00bB 0.00aA 23.33bC 0.00aA 0.00aA 0.00aA 0.00aA
25.0 0.00a 0.00a 0.00a 0.00a 0.00a 0.00a 0.00a 0.00a
ECso 5.66 4.31 7.25 10.52 10.66 4.82 5.08 5.48
ECoo 16.34 19.96 13.79 26.41 22.79 6.86 6.97 7.44

Elde edilen degerler 3 farkli petride gelisen fungus koloni cap (mm) degerlerinin ortalamasidir. Ayni siitun icinde yer alan
ortalama degerlerin yanindaki benzer kiiciik harfler veya satir i¢erisinde yer alan ortalama degerlerin yanindaki benzer biiytik
harfler uygulamalar arasindaki farkin istatistiksel olarak énemli olmadiginm gésterir (Duncan’s Multiple Range Test, P<0.05).
ECs0 ve ECoo, Probit analiz sonucunda fungusun misel gelisimini %50 ve %90 oraninda engelledigi tahmin edilen etkili
konsantrasyon degerini gosterir.
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Cizelge 4. Rezene (R) ve Defne (D) ucucu yag ve karisimlarinin P. funereanin misel gelisiminin engellenmesi (%)
uzerine antifungal etkisi

Table 4. Antifungal effect of fennel and laurel essential oils and blended mixtures on inhibition of mycelial growth
(%) of P. funerea

Farkli ugucu yag ve karigimlarin misel geligiminin engellenmesi (%) iizerine etkinligi

Ucucu Yag Karigimlar:
Ucucu Yaglar Mix-1 Mix-2

Et(l)z;:‘fri'l) Rezene Defne R7sDz2s RsoDso R2sD75 R7sD2s  RsoDso R2sD7s
0.0 - - -

5.0 48.98  58.85 29.45 12.45 17.84 54.43 46.00 32.91
10.0 73.26 74.48 54.77 56.02 35.27 100.00  100.00 100.00
15.0 77.78 81.90 100.00 61.41 47.30 100.00  100.00 100.00
20.0 100.00 87.65 100.00 70.96 100.00 100.00  100.00 100.00
25.0 100.00 100.00 100.00 100.00 100.00 100.00  100.00 100.00

Cizelge 5. Rezene (R) ve Defne (D) ucucu yag ve karisimlarinin P. funereamnin konidi cimlenmesi {izerine antifungal
etkisi

Table 5. Antifungal effect of fennel and laurel essential oils and blended mixtures on conidial germination of P.
funerea

Farkli ugucu yag ve karigimlarin bulundugu petride ¢cimlenen konidi sayis1

Ucucu Yag Karigimlar:

Ucucu Yaglar Mix-1 Mix-2
R?Z;:fri'l) Rezene Defne R7sD2s RsoDso  ResDs R7sD2s RsoDso  RasDis
0.0 94.33d 94.33e 93.67d  93.67f 93.67e 92.33c 92.33c 92.33c
5.0 31.33cC 48.67dD 54.33cD 78.67eE  74.33dE 11.33bA 20.33bB 22.33bB
10.0 14.00bB 34.33cD 21.67bC 32.67dD 36.67cD 0.00aA  0.00aA  0.00aA
15.0 0.00aA 19.33bB 0.00aA  24.67cC 22.00bBC 0.00aA  0.00aA  0.00aA
20.0 0.00aA 0.00aA 0.00aA  13.67bB 0.00aA 0.00aA  0.00aA  0.00aA
25.0 0.00a 0.00a 0.00a 0.00a 0.00a 0.00a 0.00a 0.00a
ECso 4.02 6.07 5.82 8.94 8.33 3.17 3.76 3.85
ECg 9.60 17.04 11.92 20.45 17.05 5.36 6.16 6.33

Elde edilen degerler 3 farkli petride ¢imlenen konidi sayisinin ortalamasidir. Ayni siitun i¢inde yer alan ortalama degerlerin
yanindaki benzer kii¢iik harfler veya satir igerisinde yer alan ortalama degerlerin yanindaki benzer biiytik harfler uygulamalar
arasindaki farkin istatistiksel olarak énemli olmadigini gosterir (Duncan’s Multiple Range Test, P<0.05).

ECs0 ve ECoo, Probit analizi sonucunda fungusun konidi ¢imlenmesini %50 ve %90 oraninda engelledigi tahmin edilen etkili
konsantrasyon (ul petri') degerini gésterir.

Cizelge 6. Rezene (R) ve Defne (D) ucucu yag ve karisimlarinin P. fiunereanin konidi ¢imlenmesinin engellenmesi
(%) tizerine antifungal etkisi
Table 6. Antifungal effect of fennel and laurel essential oils and blended mixtures on % inhibition of conidial
germination of P. funerea

Farkh ugucu yag ve karisimlarinin konidi ¢imlenmesini % engelleme oranlar:

Ucucu Yag Karigimlan

Ucucu Yaglar Mix-1 Mix-2
Dozlar .. Rezene Defne Rs5D2s Rs0Ds0 RasD7s RDas Rs0Ds0 RasD7s
(ul petrit)
0.0 - - - - - - - -
5.0 66.78 48.41 41.99 16.02 20.64 87.73 77.98 75.81
10.0 85.16 63.60 76.87 65.13 60.86 100.00 100.00 100.00
15.0 100.00 79.50 100.00 73.67 76.51 100.00 100.00 100.00
20.0 100.00 100.00 100.00 85.41 100.00 100.00 100.00 100.00
25.0 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
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karisimindaki uygulamalarin tamaminda konidi
¢imlenmesinin engellenmesi 10 ul petril!
konsantrasyonlarinda gériillmiistiir (Cizelge 5 ve
Cizelge 6). Elde edilen sonuclara goére antifungal

etkinligin defne ugucu yagi yoniinden
degerlendirildiginde daha 6nemli oldugu, normalde 20
ul  petril!  konsantrasyonunda gosterilen %100

engelleme etkinliginin karigimlarla 10 pl petri?
konsantrasyonuna ¢ekildigi tespit edilmistir (Cizelge 5
ve Cizelge 6). Rezene ve defne ucucu yaglarimin tek
bagina kullanildig: uygulamalarda konidi
¢imlenmesini %50 engelleyen en disik etkili
konsantrasyonlar (ECs0) rezene icin 4.02 pl petri?,
defne iginse 6.07 pl petril olarak belirlenmistir.
Karigimlar i¢inde en disiik ECso degeri ise 3.17 pul
petril konsantrasyon ile Mix-2 formiilasyonundaki
R75D25 karisgiminda belirlenmistir.

Yapilan literatiir arastirmasinda limoni servi
agacinda sorun olan sirglin ug¢ yaniklik hastalig
etmeni P. funerea'ya karsi bitki ugucu yaglarinin
antifungal etkinliginin arastirildigr olduk¢a sinirh
sayida yapilmig calisma bulunmaktadir. Cheng ve ark.
(2011) servi ailesine dahil bir agac olan Cunninghamia
konishii ugucu yagimin ana bilegenlerini GC-MS
analizleri ile arastirdiklar1 c¢alismalarinda, ugucu
yagin aralarinda Rhizoctonia solani, Fusarium solani
ve Pestalotiopsis funereaninda bulundugu fungal
hastalik etmenlerine karsi olduk¢a yuksek dizeyde
antifungal etkinliginin oldugunu bildirmiglerdir. Ho
ve ark. (2012) Tayvan’a 6zgii endemik bir agac tiiri
olan yalanct servi (Chamaecyparis formosensis
Matsum) ucucu yaginin ana bilesenin B-eudesmol
(%25.1)  oldugunu, ucucu yagin 500 pg ml?!
konsantrasyonunda Fusarium oxysporum,
Pestalotiopsis funerea ve Ganoderma austral, hastalik
etmenlerine kars1 swrasiyla %92.7, 71.1, ve 87.7
engelleme oranlariyla yiiksek diizeyde antifungal
etkinlik  gosterdigini  bildirmiglerdir. Sequoia
sempervirens ugucu yagin antifungal etkinliginin
arastirildigi bir diger c¢alismada ise Pestalotiopsis
funerea  misel  geligimin 0.417 mg  ml!?
konsantrasyonunda %73 oraninda engellendigini
bildirmislerdir (Espinosagarcia ve ark., 1993).

Ucucu yaglarin teksel olarak antifungal
etkinliklerinin arastirildigi bir¢ok g¢alisma olmasina
ragmen, karigimlarin antifungal etkinliklerinin
arastirildigi oldukc¢a sinirhh sayida yapilmis calisma
bulunmaktadir. Tadtong ve ark. (2012) lavanta,
petigrain, misk adagayi, ylang ylang ve yasemin ugucu
yvaglarindan harmanlanmig iki farkli ucgucu yag
karisimlarinin bakteriyel Staphylococcus aureus, S.
epidermidis, Escherichia coliile fungal etmen Candida

albicansa  kargt  antimikrobiyal etkinliklerinin
arastirildig1 ¢alismalarinda, ugucu yaglarin karigim
halinde kullanildiklarinda teksel olarak

kullanildiklarina kiyasla daha giicli antimikrobiyal
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etkinlik gosterdiklerini belirlemiglerdir. Daha 6nceden
yapilmis olan calismalarda farkli yontemlerle elde
ettigl rezene defne ugucu yag karisimlarinin beyaz
guruklik hastaligi etmeni Sclerotinia sclerotiorunr’un
misel gelisimini tek tek kullanilan dozlarindan %50
daha az dozlarda engelledigini belirlemistir (Tiirkmen,
2015; Tirkmen ve Kaya, 2021). Séz konusu
calismalardan elde edilen sonuglarin mevcut
calismada elde edilen sonuglar1 destekler nitelikte
oldugu gérulmustiir.

Ugucu yaglar igerisinde yer alan ana bilegenlerin,
gosterilen biyoetkinliklerden sorumlu oldugu yaygin
olarak bilinen bir durumdur. Yapilan literatiir
arastirmasinda, defne ve rezene ucucu yaginin ana

bilegenleri olan eucalyptol ve transanethole
bilegsenlerin sinerjik antifungal etkinliginin
arastirildigi bir c¢alisma bulunmamaktadir. Bu

calismada elde edilen sonuclara gore, karisimlarda
degigsen transanethole ve eucalyptol oranlarinin
ucucu yaglarimin antifungal etkinlikleri tzerinde
onemli diizeyde etkisinin bulundugu acikca
gorulmustur. So6z konusu antifungal etkinligin
artisinda, transanethole’in daha belirgin bir role
sahip oldugu belirlenmigtir. Daha 6nce yapilan
calismalarda transanethole ve eucalyptolin ana
bilesen olarak tek baslarina antifungal etkinlik
gosterdigi bildirilmistir (Mimica-Dukic ve ark., 2003).
Fujita ve ark. (2007) tarafindan yapilan calismada,
trans-anethole’iin polygodial ve (2E)-undecenal’in
fungusitatik olan etkinligini sinerjik olarak artirmak
suretiyle Saccharomyces cerevisiae ve Candida
albicansa kars1 fungusidal etkinlige c¢evirdigini
bildirmiglerdir. Huang ve ark. (2010) star anason
bitkisinin ugucu yagi ve ana bileseni trans-anethole’iin
fungal hastalik etmenlerinden A. solani, B. maydis, F.
graminearum, P. aphanidermatum ve K. solaniye
kars1 yiiksek duzeyde antifungal etkinlik gosterdigini,
ucucu yagin antifungal etkinliginin sahip oldugu
%99.5 gibi yiksek orandaki transanethol’den
kaynaklandigimi bildirmiglerdir. Morcia ve Terzi
(2012) terpinen-4-ol, eugenol, carvone, 1,8-cineole
(eucalyptol) ve thymoliin ana bilesen olarak in vitro
antifungal etkinligini fungal hastalik etmenlerinden
Fusarium subglutinans, Fusarium cerealis, Fusarium
verticillioides, Fusarium proliferatum, Fusarium
oxysporum, Fusarium sporotrichioides, Aspergillus
tubingensis, Aspergillus carbonarius, Alternaria
alternata ve Penicillium sp. kars1 arastirdiklar
¢alismalarinda tim ana bilegenlerin antifungal
etkinlige sahip oldugunu, antifungal etkinlik
siralamasinin thymol > eugenol > carvone > terpinen-
4-0l > 1,8-cineole seklinde gerceklestigini
bildirmiglerdir.

Ucucu Yag Karisimlarinin Misel Konidi
Morfolojileri Uzerine Antifungal Etkisi

Ucgucu yag karigimlari uygulanan petrilerde fungus

ve



KSU Tarim ve Doga Derg 25 (1): 113-126, 2022
KSU J. Agric Nat 25 (1): 113-126, 2022

Aragtirma Makalesi
Research Article

hiflerinde ve konidiler {izerinde yapilan mikroskobik
gozlemler sonucunda, karigimlarin %100 engelleyen
konsantrasyonlarinda fungus hifleri ve konidilerin
morfolojik yapilarinda o6nemli yapisal degisimlere
neden oldugu goérillmistir (Sekil 5). Karigimlar
icerisinde bulunan ucucu bilesik(ler)in plazma
membranina zarar vererek sitoplazmik pihtilagma, hif

capinin daralmasi ve hif ¢eperinin parcalanmasi gibi
deformasyonlara sebep olmustur. Yakin zamanda
yapilmis olan ¢calismada rezene ve defne ugucu yaginin
fungal etmenin misel yapisinda benzer

deformasyonlara neden oldugu belirlenmis olup (Kara
ve ark., 2020), mevcut calismada farkh olarak ucucu
yaglarin teksel kullanimlarinin yanisira ugucu yag

Sekil 5. Fungal etmenin hif ve konidilerin morfolojik yapilar: {izerine ucucu yag karisggtmlarimn etkileri. (A) Kontrol petrisinde

gelisen fungus hifi, (B) karisim (Mix2-R75D2s) uygulamasi yapilan petride gelisen hiflerin sitoplazmalarinda
pihtilagma (ok) seklinde gériilen morfolojik degisiklikler. (C) Ugucu yag karisimi (Mix2-R75D25) konulmadan énce
petride ¢cimlenen saglikli konidiler (ok). (D) Ucucu yag karissmi (Mix2-R75Dz25) eklendikten sonra énceden ¢imlenmig
konidilerde gdzlenen morfolojik degisiklikler ve biiziismeler (ok)

Figure 5. Effect of essential oil mixtures on morphological structures of hyphae and conidia of fungal agent. (A) Hyphae on
control petri. (B) Morphological deformations such as cytoplasmic coagulation (arrow) occurring on hyphae developed
in essential oil blend (Mix2-R75D25) treated petri. (C) Healthy germinated conidia on petri plate before adding
essential oil blend (Mix2-R75D25). (D) Morphological deformations and shrinkage observed in pre-germinated
conidia after the addition of essential oil blend (Mix2-R75D25)

Yapilmis olan onceki c¢alismalarda da o6zellikle
Thymbra spp., Thymus spp., Origanum spp., ve
Foeniculum spp. ait bitki ugucu yaglarin fungal ve

karisimlarininda sadece misel yapisinda degil aym
zamanda konidilerin morfolojisi tizerinde o6nemli
yapisal bozulmalara neden oldugu tespit edilmigtir.
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bakteriyel hastalik etmenlerin morfolojik yapilarinda
bu tir modifikasyonlara neden oldugu, s6z konusu

yapisal bozulmalarin ugucu yaglardaki ana
bilesenlerin mikroorganizmanin hiicre membranina
zarar vermek suretiyle hiicre duvar sentezini

diizenleyen enzimatik reaksiyonlar lizerine etkisiyle
ilgili olabilecegi bildirilmistir (Soylu ve ark., 2007;
Soylu ve ark., 2010; Lucas ve ark., 2012; Yong ve ark.,
2015; da Silva ve ark., 2019; Kachur ve Suntres, 2020,
Tirkmen ve ark., 2021).

SONUC ve ONERILER

Sonug olarak rezene / defne ugucu yag karigimlarinin
teksel kullanilmalarina kiyasla nispeten daha disiik
konsantrasyonlarda daha yiksek antifungal etkinlik
gbstermis olmalari, gelecekte planlanacak olan etkili,
dogal yeni biyofungisit(ler)in tasarlanmasina katk:
saglayacagi stiphesizdir. Calisma sonuglari, bu alanda
calisan arastirmacilara ugucu yaglarin ve/veya ana
bilesenlerinin kombinasyon halinde kullanilmasi
halinde sinerjik etkinlik goésterecegini, uygulamanin
sadece bitki koruma alaninda degil mikrobiyal
kontaminasyonu oOnlemek ic¢in gida alaninda da
kullanilabilecegini ortaya koymustur.

Aragtirmacilarin Katk: Orani Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig
olduklarini beyan eder.
Cikar Catigmasi Beyani
Makale yazarlar1 aralarinda herhangi bir cikar

catismasi olmadigini beyan ederler.
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OZET

Bu c¢alisma kurumus bocek o6rneklerini yumusatmak i¢in yeni bir
yontem sunar. Sistem 1siya dayanikli cam malzemeden yapilmig 4
ana bolimden olugur. Sistemin ana mantig1 kuru bocekleri izole bir
alanda sicak buharla yumusatmaktir. Sistemin en 6nemli bagarilari,
kuru bocek oOrneklerini ¢ok kisa bir zamanda yumusatmasi,
mantarlasmaylr minimuma indirmesi ve ekstremite kayiplarimi
onlemesidir. Yumusatma siiresi bécegin boyutuna, kitin tabakasinin
yogunluguna ve bocegin ne kadar kuru kaldigina bagli olarak
degisir. Yapilan denemelerde bocek takimlarinin bu sistemde
yumusatmasi 2 saatten fazla siirmez. Sistem 5 mm— 120 mm
uzunlugundaki bécekler igin kullanilabilir. Tasarlanan bu sistemle
2950 kuru ergin bocek yumusatilmigtir.

A New System for Relaxing the Dry Insects
ABSTRACT

The paper presents a new system for relaxing dry adult insect
specimens. The system was designed with 4 main parts builted with
high temperature resistant glass material. The main logic of the
system was to relax dry adult insects in an isolated chamber with
hot steam. The most important achievements of the system included
relaxing the dry insect samples in a very short time, minimizing
fermentation and preventing extremity losses. The relaxing duration
varies based on the insect size, the density of the chitin layer and the
degree of dryness. The experimental results show that it does not
take more than 2 hours for the insect orders to relax in this system.
The system can be used for insects of 5 mm to 120 mm in length.
With the designed system, about 2950 dry adult insects were relaxed
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INTRODUCTION

According to the literature, slightly over 1 million
insect species were described (Gullan and Cranston
2012). In other words, these species were reported in
a taxonomic publication as “new” to science. Since
certain insect species were noted as new more than
once in the literature due to the failure of the
recognition of a variation or the neglect of previous
studies, it is not possible to ascertain the actual
number of described species. Ongoing various studies
on insect diversity are published globally. Certain,
but not all, recent reanalysis studies reported lower
estimates based on the calculations conducted by
taxonomists and extrapolations from regional
sampling methods rather than calculations based on
ecological scaling. It would be safe and realistic to
propose a figure of between 4 and 6 million species of
insects to be described (Gullan and Cranston 2012).

Generally, nsect materials are 1dentified
morphologically and diagnostic procedures are
usually performed on adult specimens with classical
methods when adult insect specimens are either fresh
or relaxed. If the specimens are collected more than a
few days before the processing, they may be hard,
brittle, and it is almost impossible to pin them
without breaking or damaging them. Certain
extremities including antenna, mouthparts, wing,
abdomen, and legs or all material that are used in the
identification of insects. may be destroyed due to
fragility. In the preparation process, the adult insect
should remain fresh or moistened for a certain period.
The process of relaxing the dried adult insects is very
important since dry specimens could suffer from
negative morphological properties and discoloration,
which complicate the morphological diagnosis of the
taxon. Especially during the relaxing of butterfly
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(Lepidoptera) specimens, extremities loss is more
than other insect orders. Relaxing the dry insect
samples using several traditional methods takes a
long time and mold is formed during the relaxing
process. This is a serious challenge in taxonomic
studies.

Any dry insect to pin should be relaxed, that is,
remoistened sufficiently to prevent breaking when the
pin is inserted or to allow the rearrangement or
repositioning of the parts of the specimen. Insects,
especially Lepidoptera with spread wings should be
relaxed even when they have died only recently. Once
the rigor mortis sets in, the muscles of Lepidoptera
stiffen in a matter of minutes, preventing any desired
adjustment. However, when treated in a relaxing
chamber, the procedure becomes much easier. In
typical cases eight hours in a relaxing chamber
should provide sufficient relaxation; however, larger
specimens may require 24 hours or more. Storing the
specimens in a cyanide jar for a short period could
relax them; however, the method is far from being
reliable (Lane, 1965).

High humidity must be provided in a relaxing
chamber for periods between several hours and up to
about 3 days, based on the circumstances, without
completely wetting the specimens. Mold growth
should also be avoided, since it may destroy the
specimens that are left for too long in relaxing
chambers unless a chemical mold inhibitor is
introduced. Insects killed with cyanide could usually
be relaxed more easily; however, certain terminating
agents, especially chloroform, ether, and carbon
tetrachloride may stiffen muscles extremely, leading
to brittle specimens that resist the humidity in the
relaxing chamber. For instance, very hot water is
injected into butterfly thoracic muscles using a fine
hypodermic needle before spreading in Korea.
However, certain specimens could not be relaxed
sufficiently using any method (Schauff, 2001).

Insect relaxing is a procedure that has been
conducted for many years. Some different studies
performed in the past years are as follows.

Kilic (1987) adopted a relaxing method for dry insect
samples. In this method, a layer of moistened thin
sand was placed in a large chamber and the sand was
covered with a blotting paper. Then, dry adult insects
were placed on the blotting paper for relaxing during
1-2 days. Doganlar (2003) placed the dry butterfly
specimens in a petri dish, the base of which was
covered with a blotting paper, and moistened the
surface of the blotting paper. Then, dry insect adults
were placed on the blotting paper for relaxing during
24 hours. Dogrudz (2005), placed a water-saturated
sponge and covered the sponge with blotting paper in
a large chamber. In this System, the samples did not
come into direct contact with the water and were
allowed to relax for 1-2 days. In another relaxing
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process for bees, Plant and Dubitzky (2008) placed a
Styrofoam in a large chamber and added hot water.
As the Styrofoam floated on the water, the chamber
lid was closed and dried adult bee samples were
relaxed for 12-24 hours.

In this paper, it was aimed to relaxing dry insects

quickly, undamaged, without fungus and
sustainable.

MATERIALS and METHODS

Fquipment:  High-temperature resistant glass

chamber, high-temperature resistant glass pipe, high-
temperature resistant glass lid, heater, cloth barrier,
net barrier.

In a relaxing system, heat-resistant glass material
was used. However, it can be used instead in other
heat-resistant materials (eg. heat-resistant metal)

Procedure: Based on the process principle, the system
includes 4 sections. The laboratory type of electric
heater at the bottom, 15x15x15 heat-resistant glass
cube on the top of the heater, 2 cm diameter pipe on
the top of the glass cube that provides both the cover
and the vapor passage. At the top there is a glass
cube of 15x15x15, which is connected to the pipe and
at the top where the vapor reaches.

The heater should be at 100 °C until relaxation is
finished, because distilled water needs to boil until
relaxing is finished and Distilled water is placed in
the glass cube above the heater and the lid must be
closed. The water evaporating from this glass cube
passes through the steam pipe and reaches the upper
part ensureing the formation of the steam at the
bottom to go up quickly and directly. There is a cloth
barrier with a network barrier in the top glass cube
which is also used to prevent the steam coming from
below from directly touching the insects. There is a
network barrier where dry insects are placed 5 cm
above the cloth barrier. Approximately 20 minutes
after the relaxing system is started, the wvapor
transfer through the vapor pipe to the upper chamber
begins.

RESULTS

In this study, most of the insect specimens were
collected with Robinson Type Light Trap and an
insect net in different provinces of Turkey. For insect
specimens preparation, they should be fresh;
however, it could dty since it could take a very long
time in certain cases. This situation makes the
preparation process 1impossible without losing
extremities. During the PhD research of the first
author, most adult Geometridae specimens were
collected and stored in the Gaziantep University
Entomology Laboratory (GUGT). For the preparation
process, a designed relaxing system was used (Figure
1). Several methods were reported to relax tissues
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and chitin structures during the preparation of dry
insects. However, in many methods reported by
different researchers, the relaxing process could take
up to 2 days, which causes insect fermentation or
extremity loss. The present study aims to shorten the

Cloth
Barrier

Vapor
» Passage
Pipe

Distile
Water

Heate

Ground

Container

Glass Cap
Net Barrie

relaxing process and to prevent both mold and
extremity loss. In this study, dried insect adult sizes
varied between 5-120 mm. The number of relaxed
insects , average relaxing time, testes insect orders
are presented in Table 1.

Glass
Cap
Net

Barrier

Cloth
Barrier

—]

]

—

D

R

Figure 1: Relaxing system A: Overview (photo), B: Overview (llustrated), C- Top view (photo), D: Top view

(illustrated).

Sekil 1° Yumusatma sistemi A: Genel bakis (fotograf), B: Genel bakis (¢izim), C: Ustten goriiniis (fotograf), D:

Ustten goriiniis (¢izim).

The relaxing times of insects were measured as
follows: measurements started with the beginning of
the vapor transfer and the specimens were placed on
the net barrier and finished with the preparation
process. An average of 2300 adult butterfly specimens
could be relaxed with the steam produced in the lower
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chamber, which was initially half-filled with distilled
water and also the relaxing system was tested with
different insect orders to determine the average
relaxing time.

A review of the times presented in Table 1
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demonstrates that there was a direct correlation
between the thickness of the chitin layers and the
relaxing time. It is known that the Coleoptera order
species had the thickest chitin layer among all insect
orders and due to the thick chitin layer, the relaxing
process took a maximum of 2 hours. For Lepidoptera,
Diptera, and Neuroptera orders, the average relaxing

Table 1. Average relaxing times for insect orders.

Tablo 1: Bécek takimlarinin ortalama yumugama streleri.

time was approximately 25-35 minutes due to the
thin chitin layers. The relaxing times varied based on
the insect size, the drying time, and the proportion of
the chitin; however, the relaxing period never
exceeded 120 minutes and no specimen loss was
experienced because of the system  during the
relaxing process.

Insect Order
Bocek takimlar:

Relaxed Specimens Count (~n)
Yumugatilan Bocekler

Average Relaxing Time (minutes)
Ortalama Yumugsatma sitireleri (dakika)

Lepidoptera 2300

Diptera 100

Neuroptera 100 (25-35)
Heteroptera 50

Hymenoptera 100

Odonata 100 (45 - 60)
Orthoptera 100

Coleoptera 100 (100 — 120)

Relaxing of dry specimens by using the system and preparation process for the tested insect orders are explained in Figure 2.
Using the system designed in the present study, adult insects were relaxed then prepared and stored in insect drawers.

e

Relaxing system

Dry specimens

b eI TVENC
Lo P e

Preserved as dry specimens

Figure 2: The relaxing and preparing process.
Sekil 2 : Yumusgatma ve preparasyon iglemi.

The appearance of adult insect specimens (Figure 3)
was not different when compared to that of the fresh
specimens. The most important challenge during the
preparation of butterfly specimens is the loss of wing
scales and indirect loss of wing patterns. It was clear
that these problems were not experienced in our
system. Furthermore, during the preparation of dried
adult specimens of other insect orders, negative
conditions such as breaking, rupturing and tearing of
insect head, antenna, abdomen, leg or wing were
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Preparation of relaxed
specimes

minimized.

DISCUSSION

It is not possible to prepare all insect samples
collected from nature without being transferred to the
laboratory or it takes a long time to prepare and
convert the specimens into museum-ready material in
a short time after transfer to the laboratory. During
this period, several insects are known to dry quickly
and their body parts become fragile. This requires the
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the present study.
Sekil 3° Bu ¢alismada gelistirilen yumugatma sistemi kullanilarak hazirlanan farkli bécek takimlarina ait ergin
ornekler.

relaxation of insect adults to prepare them for study.
In the literature, reported relaxing methods take a
minimum of 12 and a maximum of 48 hours, in which
various chemicals are used to prevent mold growth
(Kilic, 1987). The application of these methods is
difficult because the specimens should be monitored
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continuously for the conditions, ie. molding, over-
relaxation, which leads to serious problems with the
material.

The priority in entomological studies is to conduct
preparations in a laboratory environment without
losing the colour, texture and morphological
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properties of dry adult specimens collected from
nature. In the proposed relaxing system, all
specimens in various insect orders were relaxed in the
present study. Since the relaxing process was
continuous and the dry specimens were kept in a hot
area during relaxing, no mold growth was observed
and the relaxing process took only a short time. No
specimen loss was observed due to mold formation or
systemic factors. Furthermore, the system only
requires distilled water and no chemicals are used.

The basic rationale of the system was relaxing the
specimens 1n an isolated environment with hot steam
and the system was designed for use with all insect
orders. The system could be used for Coleoptera with
a thick chitin layer and Lepidoptera, which is one of
the most delicate insect orders. Thus, the system
could be considered as the most comprehensive and
practical system where a higher number of adult
insect preparations could be produced in a very short
time without material loss.
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OZET

Bu ¢alismada 2016-2018 yillarinda Sinop ve Kastamonu’dan toplanan
Cercopidae familyasina ait ornekler incelenmistir. Cercopis ve
Triechphorella cinslerine ait 3 tur tespit edilmigtir. Tespit edilen
turlerin genel morfolojik 6zellikleri, disi ve erkek genital yapilarinin
¢izimleri, baz1 viicut kisimlarinin 6lgtimleri, Turkiye ve diinyadaki
dagilimlar1 verilmistir. Orneklerle ilgili kisa ekolojik notlardan
bahsedilmektedir. Ayrica tespit edilen turlerin elitral renk/desen
varyasyonuna dair veriler de incelenmistir.

ABSTRACT

In this study, specimens belonging to Cercopidae collected from Sinop
and Kastamonu in 2016-2018 were evaluated. Three species belonging
to to genus Cercopis and Triecphorella were identified. General
morphological characteristics, drawings of male and female of genital
structures, measurements of some body parts, distributional data
(Turkey and in the world) and collection localities of the species were
given. Brief ecological notes on examples are mentioned. The data
about the elytral color/pattern variation of identified species were also
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INTRODUCTION

Cercopidae is the most diverse group in the
Cercopoidea (Hemiptera: Auchenorrhyncha)
superfamily. This family includes xylem-sucking
insects containing 1500 species belonging to 150
genera. Since Cercopidae nymphs produce a frothy
secretion, the family name is foamy cicadas or
spittlebugs and also known as froghoppers because
adults have well jumping ability (Cryan and Svenson,
2010). thss group has a dominant distribution in
tropical and subtropical areas of the world. Almost 70%
of the identified species have tropical distribution. In
most species, adults are characterized by having
colorful elytral patterns. Adults feed on leaves and
stems of various plants, and nymphs on the roots
(Liang and Fletcher, 2002; Liang and Webb, 2002). The
family of members is 6-12 mm in size and
characterized by their colored elytra. There are two
simple eyes on the vertex. The femur is not thick in the
front legs. Pronotum is usually flat, slightly curved.

The posterior tibia is round, has 1-2 spines. The head
is narrower than the pronotum (Holzinger et al., 2003).

Some Cercopidae species have potential to cause
significant damage to economically important plants.
In particular, they cause harm in rice either through
by feeding or as a vector of phytoplasmas (Paladini et
al., 2018). Several species are known to cause
significant damage to forage grasses and sugarcane by
feeding (Peck et al., 2001).

The first records from our country belonging to the
Cercopidae family, which has 93 species in the
Palearctic Region, were given by Fieber (1872) and
Fahringer (1922). Metcalf (1961), listed 4 species from
Turkey. Lodos and Kalkandelen (1981), prepared a
checklist of Cercopidae family of Turkey. Kartal et al.,
(1994) conducted a taxonomic study on Cercopidae
species in Samsun and its surroundings. Turkey
Cercopidae fauna comprises of 7 species: Cercopis
distincta (Melichar, 1896), C. intermedia Kirschbaum,
1868, C. sanguinolenta (Scopoli, 1763), C.
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septemmaculata (Melichar, 1903), C. vulnerata Rossi,
1807, Haematoloma dorsata (Ahrens, 1812) and
Triecphorella geniculata (Horvath, 1881) (Lodos and
Kalkandelen, 1988; Onder et al., 2011).

The purpose of this study is to determine the species of
Cercopidae distributed in Sinop and Kastamonu
provinces in the West Black Sea Region of Turkey. And
it has also been intended to evaluate the species in
taxonomic terms and take data about the elytral
color/pattern variation of the species.

MATERIAL and METHOD

The specimens were collected from Sinop and
Kastamonu provinces in the West Black Sea Region of
Turkey between 2016 and 2018 (Figure 1). The
sampling of the adults was implemented biweekly

Figure 1. Study area
Sekil 1. Calisma alani

RESULTS

The specimens collected during fieldwork in Sinop and
Kastamonu provinces were identified, and it has been
determined that 3 species were found in the region
belonging to Cercopidae family. One of these Cercopis
intermedia Kirschbaum, 1868 is that has a large
distribution area in Turkey; the other is Cercopis
vulnerata Rossi, 1807 and the third one 1is
Triecphorella geniculata (Horvath, 1881). It was
determined that the samples belonging to the Cercopis
genus have a high rate of color and pattern variation
(Figures 2, 4). Morphometric measurements some body
parts of species are shown in Table 1, 2 and 3. With
this study, it can be stated that C. intermedia is
recorded for the first time from Sinop and Kastamonu,
T. geniculata is the first record for the local fauna of
Kastamonu.

Genus: Cercopis Fabricius, 1775
Cercopis intermedia Kirschbaum, 1868
(Figures 2-3)

Material

Sinop: 18.06.2016, 41° 56' 995" N 34° 48' 238" E (32
99); 13.05.2017, 41° 52" 31.3' N 34° 51' 00.6 (15 47,
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intervals between May and July. The spittlebugs were
frequently collected from the herbaceous plants in
humid habitats near water sources, such as mini-
meadows, streamsides and roadsides. In the sampling
of the adults, a standard sweeping net and a handheld
aspirator were used. The specimens were prepared by
standard insect preparation and identified according to
(Dusolier, 2004; Holzinger, 2003; 2008) by the first
author. An overview photograph of dry samples was
taken with Canon EOS 70D model camera connected
to Zeiss Stem 2000-C stereomicroscope. The shapes of
genital structures were drawn using Zeiss discovery V-
20 stereomicroscope attached drawing attachment.

The specimens are deposited in Sinop University,
Faculty of Arts and Sciences, Department of Biology,
Invertebrata Laboratory.

42 99); 14.05.2017, 41° 53' 05.9'N 34° 33' 53.6 E (24
443, 37 99); 27.05.2017 , 41° 44’ 52.0'N 34° 57' 40.9 E
(23 343, 38 99), 41° 32' 45.1'N34° 47° 0.01" E (17 44,
13 29), 41° 50' 22.0'N 35° 03' 02.2°E (75 34, 54 99);
01.06.2017 41° 44' 21.9N 35° 13" 53.1' E (8 44, 3 99);
09.06.2017 42° 00" 52.1'N 34° 58' 24.4°E (8 24,13 99),
41°59' 41.7N 34° 54' 00.2 E (83 33,13 29)

Kastamonu: 18.05.2017 41° 27' 35.2' N 33° 39' 38.9E
(63 343, 47 29); 19.05.2017 41° 42" 08.7 N 33° 28' 56.3'
E (78 443, 67 29), 41° 42" 08.4'N 33° 26' 37.0' E (53
33,33 99), (48 41° 38 35.8 N 33°07' 13.9 E (&4, 34
Q9), 41° 39" 33.2'N 33° 08' 02.2° E(73 38, 54 99), 41°
36' 45.4'N 33°07' 02.9 E 41° 58' 25.00' N 33° 48' 27.9'
E (23 34, 13 29); 20.05.2017 41° 58' 10.7 N 34° 05'
22.7 E41°55' 31.9'N 34° 10' 56.2 E (54 34, 33 99),
41°41' 34.8 N 33° 57" 43.3 E (90 33,65 29)

Distribution in Turkey: Adiyaman, Amasya, Artvin,
Ankara, Antalya, Bitlis, Canakkale, Corum,
Diyarbakir, Elazig, Eskisehir, Gaziantep, Giresun,
Hakkari, Hatay, Isparta, Istanbul, Izmir,
Kahramanmaras, Kayseri, Konya, Kiutahya,
Kirklareli, Mardin, Nigde, Rize, Samsun, Siirt,
Sanlurfa, Trabzon, Usak (Onder et al., 2011; Demir,
2019)
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Zoogeographic distribution: Albania, Algeria, Austria, Africa, Poland, Portugal, Romania, Russia, Sloyakia,
Bulgaria, Czech Republic, France, Germany, Greece, Syria, Spain, Switzerland, Turkey, Yugoslavia (Onder

Hungary, Iran, Israel, Italy, Lebanon, Morocco, North et al., 2011; Anonymous, 2021)

Figure 2. Cercopis intermedia Kirschbaum, 1868 () (scale bars: 1 mm)
Sekil 2. Cercopis intermedia Kirschbaum, 1868 (5) (6lcek ¢cubuklari: 1 mm)

c d

Figure 3. Genital structures of Cercopis intermedia a, aedeagus from lateral; b, stylus; C, genital plate; d, the tip
of the female abdomen from ventral (scale bars: 0,5 mm)

Sekil 3. Cercopis intermedia tiirtiniin genital yapilar: a, aedegus yandan; b, stilus; C, genital plak; d, diside
abdomenin ug kismi ventralden (6lcek ¢ubuklar:’ 0,5 mm)
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Table 1. Measurements of body parts of Cercopis intermedia (N=number of individuals).

Cizelge 1. Cercopis intermedia nin viicut kisimlarinin élgiileri (N= birey sayisi).

Male (N=50) Female (N=50)

Body parts (mm) Min. Max. Ave. Min. Max. Ave.

Body length 8 9.55 8.7 8.25 9.50 8.8

Head width 2 2.25 2.15 2.1 2.5 2.2

Vertex length 0.5 0.75 0.6 0.6 0.75 0.7
Pronotum length 1.5 1.75 1.6 1.5 1.7 1.35
Mesonotum length 1.05 1.6 1.25 1.25 1.5 1.35
Table 2. Measurements of body parts of Cercopis vulnerata (N=number of individuals).

Cizelge 2. Cercopis vulnerata’nin viicut kisimlarinin él¢iileri (N=birey sayisi).

Male (N=30) Female (N=30)

Body parts (mm) Min. Max. Ave. Min. Max. Ave.

Body length 9.5 10.7 9.9 9 11 9.74

Head width 2 2.3 2.2 2.1 2.5 2.3

Vertex length 0.5 0.7 0.6 0.5 0.7 0.6
Pronotum length 1.4 1.9 1.7 1.6 2 1.7
Mesonotum length 1.2 1.7 1.5 1.4 1.7 1.5

Table 3. Measurements of body parts of Triechphorella geniculata (mm) (N=number of individuals).

Cizelge 3. Triechphorella geniculata nin viicut kisimlarinin élgiileri (mm) (N=birey sayisi).

Male (N=31) Female (N=14)
Body parts (mm) Min. Max. Ave. Min. Max. Ave.
Body length 6 7 6.57 6.5 7.1 6.8
Head width 1.6 1.8 1.7 1.7 1.9 1.8
Vertex length 0.3 0.5 0.46 0.4 0.5 0.48
Pronotum length 1 1.3 1.2 1.2 1.4 1.3
Mesonotum length 1 1.2 1.06 0.9 1.3 1.1

Cercopis vulnerata Rossi, 1807

(Figures 4-5)

Material

Sinop: 13.05.2017 41° 53" 05.9'N 34° 33" 53.6 E (643)

Kastamonu: 20.05.201741° 52' 48.9 N 33° 42' 38.0° E
(83 343,13 29), 41° 58" 25.00'N 33° 48' 27.9 E (52 34,
28 99), 41° 55" 31.9' N 34° 10" 56.2' E (57 343, 54 2 9),

41°41' 34.8N 33°57' 43.3 E(233,19), 41° 39" 33.2

N 33°08 02.2E (6 29); 15.06.2017 41° 52' 49.0'N 33°

42" 38.1" E(1 3); 16.06.2017 41° 34’ 34.1'N 33° 12" 44.1"

E (13),19.05.2017 41° 38' 35.8 N 33° 07' 13.9' E (28
33,15 99), 41° 39' 33.2 N 33°08' 02.2 E (1 3,1 Q)

41° 36" 45.4'N 33° 07 02.9E (6 43, 2 29).

Distribution in Turkey: Antalya, Balikesir, Bartin,
Bursa, Eskigehir, Kastamonu, Kocaeli, Konya,
Sakarya, Sinop (Altinayar, 1981; Demir, 2005; 2006;
Onder et al., 2011; Tanyeri and Zeybekoglu, 2020)

Zoogeographic distribution: Albania, Austria, Belgium,
Britain, Bulgaria, Croatia, Czech Republic, France,
Germany, Greece, Hungary, Italy, Moldova, The
Netherlands, Norway, Spain, Switzerland, Poland,
Romania, Russia (Central Europe), Russia (Southern
Europe), Slovakia, Slovenia, Turkey, Yugoslavia
(Onder et al., 2011; Anonymous, 2021).

Figure 4. Cercopis vulnerata Rossi, 1807 (3) (scale bar: 1 mm)
Sekil 4. Cercopis vulnerata Rossi, 1807 (5) (6lgek ¢ubugu: 1 mm)
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d
c

Figure 5. Genital structures of Cercopis vulnerata a, Figure 6. Triechphorella geniculata (Horvath,

aedeagus from lateral; b, stylus; ¢, genital plate; 1881) (&) (scale bar: 1 mm)
d, the tip of the female abdomen from ventral Sekil 6. Triechphorella geniculata (Horvath, 1881)
(scale bars: 0,5 mm) (&) (Glgek gubugu: 1 mm)

Sekil 5. Cercopis vulnerata tiiriiniin genital yapilari a,
aedegus yandan; b, stilus; c, genital plak; d,
diside abdomenin u¢ kismi ventralden (6lcek
cubuklar1’ 0,5 mm)

Figure 7. Genital structures of 7Triechphorella geniculata a, aedeagus from ventral; b, aedeagus from lateral; c,
stylus; d, genital plate; e, the tip of the female abdomen (scale bars: a, b, ¢, d: 0,1 mm; d: 0,5 mm)
Sekil 7, Triechphorella geniculata tiirtintin genital yapilar1 a, aedegus ventralden; b, aedegus yandan; c, stilus; d,
genital plak; e, diside abdomenin u¢ kismi ventralden (6lcek ¢ubuklari’ a, b, ¢, d° 0,1 mm; d- 0,5 mm)
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Genus: Triecphorella Nast, 1933
Triecphorella geniculata (Horvath, 1881)
(Figures 6-7)

Material

Kastamonu: 19.05.2017, 41° 39' 33.2'N 33° 08' 02.2 E
(64 33, 45 29)

Distribution in Turkey: Adana, Amasya, Antalya,
Balikesir, Kahramanmaras, Konya, Osmaniye,
Samsun (Demir, 2005; 2006; Onder et al., 2011;
Zeybekoglu and Karavin, 2010)

Zoogeographic distribution: Croatia, Greece, Near
East, Turkey, Yugoslavia (Onder et al.,, 2011;
Anonymous, 2021).

DISCUSSION

Cercopidae which is characterized by their bright color
patterns consists of 7 species belonging to 3 genea in
Turkey. 3 species, C. vulnerata, C. intermedia, and T.
geniculata were determined from the study area.

Because of the elytral color/pattern variation, the
diagnosis of the Cercopidae species must be done
according to the their genital structures. According to
color/pattern, 4 variants belonging to C. intermedia
were determined. Variation of C. vulnerata evaluated
from the authors before (Tanyeri & Zeybekoglu 2020).
T. geniculata, has a transverse thin red band in the
rear part of the fore wings and this feature did not
show variation. When these data are evaluated, it is
seen that the first results reported regarding the
color/pattern variation displayed by C. intermedia.

C. vulnerata was collected on sunny slopes, pastures,
dry or humid areas with rich herbaceous vegetation
and around Kastamonu Hamidiye village over apple
trees. Other taxa were collected from herbaceous
vegetation. The first adult specimens were collected in
the second week of May. It has been observed that
adults belonging to the species of this genus exist in
nature for a very short time. It has been determined
that population densities have decreased considerably
since the second week of June, but a few individuals
could be collected.

According to literature, Cercopis fauna of Turkey
consists of 5 species. C. vulnerata distinguished from
other Cercopis taxa by following character; in males,
the anterior pair of processes on the apex of the
aedeagus is two-thirds the length of posterior pair. In
C. sanguinolenta and C. intermedia the anterior pair
is half the length of the posterior pair. C.
sanguinolenta differs from C. intermedia having
totally black legs. C. intermedia has red knees
(Holzinger et al., 2003).

C. septemmaculata closely looks like C. sanguinolenta
and C. intermedia in terms of genital structures. It is
known with limited records from Turkey. However,
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there is different information about this taxon in the
literature. C. septemmaculata originally described by
Melichar, 1903, was accepted as the morph of C.
sanguinolenta by Lindberg (1923). The intermittent
red band behind the wings resembles 3 points. Nast
(1933) accepted C. septemmaculata as the synonym of
C. intermedia. Similarly, Lallemand (1949) evaluated
this taxon as a morph. Dlabola (1965) evaluated C.
septemmaculata as a separate taxon and gave the
drawings of the lateral view of the aedeagus by stating
its differences with C. intermedia. However, in the
drawings, the differences between the two taxa are not
fully understood. C. septemmaculata recorded from
Kastamonu (Lodos and Kalkandelen, 1988) was not
determined

in this study.

Members of the Triecphorella genus have a black-red
pattern like Cercopis species. However, it is much
smaller than Cercopis taxa in size. The only known
taxon of this genus is 7. geniculata. It is sampled from
an area rich in herbaceous vegetation such as
Graminae, Cyperidaceae at the base, at the edge of the
river in Kastamonu (Ilica). The specimens collected in
a single locality are associated with the low population
density. This may result from specialization to the host
plant. However, there is no data on the ecology of this
taxon.
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ABSTRACT
In this study, total of 70 specimens of the genus Bledius Leach, 1819
(Staphylinidae: Oxytelinae) were collected from different regions of

Research Article
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Turkey between 2006 and 2020. As a result of the study, 10 species Received $11.02.2021
were determined from the study areas in Turkey. Among them, Accepted 1 25.03.2021
Bledius (Astycops) opacus (Block, 1799), B. (Bargus) secessus
Bondroit, 1912 and B. (Elbius) diota (Schiedte, 1866) are recorded for Keywords
the first time from Turkey. In addition, B. (Astycops) subterraneus Staphylinidae
Erichson, 1839 from Aegean Region, B. (Hesperophilus) cribricollis Oxytelinae
Heer, 1839 from Eastern Black Sea Region, B. (Pucerus) verres Bledius
Erichson, 1840 from Aegean Region and Southeastern Anatolia New records
Region, B. (s.str.) spectabilis Kraatz, 1858 from Central Anatolian Turkey
Region and B. (s.str.) unicornis (Germar, 1825) from Aegean Region
are recorded for the first time.
Tiirkiye Bledius Leach, 1819 (Staphylinidae: Oxytelinae) Faunasi Uzerine Ek Notlar
OZET Aragtirma Maklesi
Bu c¢alismada, 2006-2020 yillarn1 arasinda Turkiyemin farkh
bélgelerinden Bledius Leach, 1819 (Staphylinidae: Oxytelinae) cinsine Makale Tarihgesi
ait toplam 70 6rnek toplanmigtir. Calisma sonucunda Tiirkiye'deki Gelig Tarithi  :11.02.2021
calisma alanlarindan 10 tir tespit edildi. Bunlardan Bledius Kabul Tarihi :25.03.2021

(Astycops) opacus (Block, 1799), B. (Bargus) secessus Bondroit, 1912
ve B. (Elbius) diota (Schiedte, 1866) Tiirkiye'den ilk kez kaydedildi.

Anahtar Kelimeler

Ayrica, Ege Bolgesi'nden B. (Astycops) subterraneus Erichson, 1839 Staphylinidae
Dogu Karadeniz Bélgesinden B. (Hesperophilus) cribricollis Heer, Oxytelinae
1839 Ege Boélgesi ve Giineydogu Anadolu Bolgesi'nden B. (Pucerus) Bledius
verres Erichson, 1840 B. (s.str) spectabilis Kraatz, 1858 Orta Anadolu Yeni kayitlar
Bolgesi'nden ve Ege Bolgesinden B. (s.str) unicornis (Germar, 1825) Tirkiye

ilk kez kayit altina alinmigtir.

To Cite: Kacar EZ, Orgel S, Anlag S 2022. Additional notes on the genus Bledius Leach, 1819 (Staphylinidae: Oxytelinae)
fauna of Turkey. KSU J. Agric Nat 25 (1): 140-143. DOI: 10.18016/ ksutarimdoga.vi. 878610.
INTRODUCTION Euceratobledius Znojko, 1929 (three species)

The genus Bledius Leach, 1819 (Staphylinidae:
Oxytelinae) comprises 449 species all over the world
(Newton, 2019). In the Palearctic region, this genus is
represented by 192 species and subspecies in 11
subgenera, with 18 of them listed as incertae sedis.
Also, four species are known as nomina dubia (Schiilke
and Smetana, 2015). Anlas, (2009: uptaded) recorded
22 species and subspecies belonging to this genus from
Turkey. These species belong to nine subgenera: the
nominal subgenus (five species); Astycops Thomson,
1859 (one species); Bargus Schiodte, 1866:, (two
species); Belidus Mulsant & Rey, 1878 (one species);
Elbidus Mulsant & Rey, 1878 (three species);

Hesperophilus Stephens, 1829 (four species); Pucerus
Mulsant & Rey, 1878 (two species) and, Teratobledius
Adam, 2001 (one species).

Bledius species can be found in dung, seashores, salt
marshes, sandy, clayey places, decaying plants, and
nests in ants. They are mostly found in dung and
decaying organic matters. However, they are localized
according to their habitats and generally only occur to
the limited suitable habitats (Tottenham, 1954;
Makranczy, 2006). But, it has been reported that the
larvae of some Bledius species also feed on algae and
diatom (Paulian, 1941).
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The present paper is to supplement the knowledge of
the Turkey Bledius fauna based on the material of
different localities of Turkey.

MATERIAL and METHODS

Field trips were conducted from different regions of
Turkey between 2006 and 2020. The specimens in the
study were collected using aspirator (under the stone),
sifter, and lighter traps. The material referred to in
this study was deposited in the Alagsehir Zoological
Museum Manisa (AZMM). Classification and
nomenclature were made according to Schiilke and
Smetana (2015).

RESULTS

As a result of the examination of the material total of
10 species belonging to Bledius were determined
mantainned in the collection of AZMM. Among of
which, Bledius (Bargus) secessus Bondroit, 1912,
Bledius (Astycops) opacus (Block, 1799), and Bledius
(EIbius) diota (Schiedte, 1866) are the first records for
the Turkish Bledius Fauna. Moreover, first records
have been given for many regions and provinces of
Turkey.

Oxytelinae Fleming, 1821
Tribiis Blediini Ad4m, 2001
Bledius (Astycops) opacus (Block, 1799)

Material examined: Trabzon: 283, 2922, 06.VI1.20086,
Macka, Siimele road, leg. Anlas (Figure 1).

Distribution in Turkey: New record for Turkey.

Distribution in the world: B. opacus is widely
distributed in Europe and also known from Algeria,
Eastern and Western Siberia, Iran, Mongolia and
Yunnan (China) (Schiilke & Smetana, 2015).

Bionomics: The specimens have been found at an
altitude of 600 m near the forest under the stone.

Bledius (Astycops) subterraneus Erichson, 1839

Material examined: Aydin: 283, 16.V1.2013, Kogarls,
Mersinbeleni, 37°40'23"N, 27°41'25"E, 770 m, leg.
Yagmur & Orgel. Manisa: 13, 12, 08.IV.2008, Soma,
39°20'07"N, 27°40'34"E, 256 m, leg. Anlas.
Distribution in Turkey: Rize, Trabzon (Assing, 2007,
2009). This species is recorded from Aegean Region for
the first time.

Distribution in the world: B. subterraneus is widely
distributed in Europe and known from Siberia and
Turkey (Schiilke & Smetana, 2015).

Bionomics: The specimens were collected by sifting the
leaf litter of shrubs and trees at altitudes of 256 and
700 m.

Bledius (Bargus) secessus Bondroit, 1912

Material examined: Mugla: 783, 1099, 21.V.2015,
Dalaman, 36°53'37"N, 28°53'25"E, leg. Orgel & Altin
(Figiire 1).
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Distribution in Turkey: New record for Turkey.

Distribution in World: According to Schiilke and
Smetana (2015), B. secessus is known from Croatia,
Czech Republic, Italy and Germany in the Palaearctic
Region.

Bionomics: The specimens have been found at an
altitude of 100 m in the dried creek under the stone.

Bledius (Elbidus) diota Schiedte, 1866

Material examined: Afyonkarahisar: 343, 19,
31.V'..2014, Dazkir1, Acigol, 37°51'30"N, 29°52'569"E,
leg. Orgel & Altin (Figiire 1).

Distribution in Turkey: New record for Turkey.

Distribution in the world: B. diota occurs in Belgium,
Denmark, Estonia, Finland, Great Britain, Germany,
Romania, Sweden, Algeria and Egypt in the
Palaeartcric Region, also in the Afrotropical Region
(Schiilke & Smetana, 2015).

Bionomics: The specimens have been found at an
altitude of 841 m in the near seasonal creek under the
stone.

Bledius (Euceratobledius) furcatus (Olivier, 1811)

Material examined: Afyonkarahisar: 44&, 31.V.2014,
Dazkiri, Acigol, 37°48'12"N, 29°43'21"E, leg. Orgel &
Altin. Aydin: 18, 15.V.2013, Séke, light trap. Izmir:
14, 01.VIII.2013, Seferihisar, light trap.

Distribution in Turkey: Ankara, Aydin, Balikesir,
Diyarbakir, Izmir, Manisa (Anlas, 2009; Anlas & Rose,
2009; Kilic & Yoldas, 2012; Ozgen et al., 2010;
Scheerpeltz, 1961a; Varh et al., 2018).

Distribution in the world: B. furcatusis widespread in
Europe, North Africa, Cyprus, Iran, Kazakhstan,
Syria, Turkey in the Palearctic region. It is also known
from the Afrotropical Region (Schiilke & Smetana,
2015).

Bionomics: The specimens were collected by light trap
and near the lake under the stone.

Bledius (Hesperophilus) cribricollis Heer, 1839

Material examined: Giresun: 18, 27.1V.2013, Tirebolu,
Kugkaya, leg. Orgel. Ordu: 13, 14.VI.2020, Aybasta,
Uzundere, 40°35'36"N, 37°24'56"E, 897 m, leg. Orgel &
Kacar; 19, 14.VI.2020, Ulubey, Ohtamis waterfall,
40°48'43"N, 37° 39'38"E, 436 m, leg. Orgel & Kacar.
Distribution in Turkey: Amasya, Balikesir (Anlas,
2009; Heyden, 1890). This species is recorded from
Eastern Black Sea Region for the first time.

Distribution in the world: According to Schiilke and
Smetana (2015), B. cribricollis is known from Europe,
Algeria, Morocco, Tunisia, Iraq, Mongolia and Turkey
in the Palaearctic Region.

Bionomics: The specimens have been found in at

altitudes of 836 and 897 m near the waterfall in decay
leaf material.
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Figure 1. Distributions of Bledius (Astycops) opacus Block (square), Bledius (Bargus) secessus Bondroit (triangle),

and Bledius (Elbidus) diota Schigdte (Circles) in Turkey.
Sekil 1. Bledius (Astycops) opacus Block (kare) , Bledius (Bargus) secessus Bondroit (iliggen) ve Bledius (Elbidus)
diota Schiodte (Yuvarlak) ‘tiirlerininTiirkiyede’ki yayilislari.

Bledius (Pucerus) verres Erichson, 1840

Material examined: Aydin: 1&, 329, 10.VIII.2010,
Cine, 37°30'45"N, 28°06'36"E, leg. Anlag. Manisa:
433, 499, 11.X.2013, Alasehir, Kiraz-Alasehir road,
38°13'35"N, 28°33'39"E, sifted, leg. Yagmur & Orgel.
Tunceli: 533, 599, 14.IX.2007, Cemisgezek, Orman
road, 39°04'06"N, 38°54'18"E, 948 m, leg. Anlasg. Siirt:
14,129, 16.V.2011, Bostansuyu valley, 37°52'43"N, 42°
02' 33"E, 507 m, leg. Yagmur.

Distribution in Turkey: Adana and Tunceli (Anlas,
2009; Anlas & Rose, 2009). This species is recorded
from Aegean and Southeastern Anatolia Region for the
first time.

Distribution in the world: According to Schiilke and
Smetana (2015), B. verres is known from Eastern and
Southern Europe, North Africa, Middle East, South
and Middle Asia, Cyprus, Iran, Turkey in the
Palaearctic Region and in addition to the Afrotropical
and Oriental Region.

Bionomics: The specimens were collected by sifting the
leaf litter of shrubs and trees at altitudes of 507 and
948 m.

Bledius (s.str.) spectabilis Kraatz, 1858

Material examined: Konya: 243, 12, 05.II1.2018,
Cihanbey]i, Bolliuk lake, 38°30'49"N, 32°54'00"E, 988
m, leg. Orgel & Yaman; 19, 25.11.2019, Cihanbeyli,
Bollik lake, 38°31'00"N, 32°58'52"E, 994 m, leg. Orgel
& Yaman.

Distribution in Turkey: Adana, Afyonkarahisar,
Istanbul (Anlas, 2009; Scheerpeltz, 1961b; Schiilke,
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2009). This species is recorded from Central Anatolian
Region for the first time.

Distribution in the world: According to Schiilke and
Smetana (2015), B. spectabilis is known from Europe,
Tunisia, Middle East and Asia, Mongolia, Turkey and
Western Siberia.

Bionomics: The specimens have been found in at
altitudes 988 and 994 m near the lake under the stone.

Bledius (s.str.) tricornis (Herbst, 1784)

Material examined: Denizli: 13, 11.IV.2015, Tavas,
37°39'36"N, 28°52'06"E, 1131 m, leg. Orgel & Altin.
Distribution in Turkey: B. tricornis was known from
Turkey, without precise locality record (Anlas, 2009).
Thus, the above record is the first precise locality
record for Turkey.

Distribution in the world: This species is widely
distributed in Europe and known from Algeria,
Morocco, Afghanistan, Japan, China, Mongolia, Middle
Asia, Iran, Syria, and Western Siberia (Schiilke &
Smetana, 2015).

Bionomics: The specimen has found in a nearby forest
at an altitude of 1131 m under the stone.

Bledius (s.str.) unicornis (Germar, 1825)

Material  examined: Izmir: 14, 01.VIIL.2013,
Seferihisar, light trap. Konya: 247, 17.1V.2015, Meke
Lake, leg. Yagmur.

Distribution in Turkey: Adana, Tunceli (Anlag, 2009;
Anlas & Deveci, 2011). This species is recorded from
Aegean Region for the first time.

Distribution in the world: B. unicornis occurs in
Europe, North Afrika, Middle Asia, Middle East,
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Cyprus, Saudi Arabia, and Turkey in the Palaearctic
Region. It is also known from the Afrotropical Region
(Schiilke & Smetana, 2015).

Bionomics: The specimens have been found in the light
trap and near a lake in under stone.
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ABSTRACT
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This paper was carried out on two secotioid macrofungi taxa within
the order Agarigales. One of them, Chlorophyllum lusitanicum G.
Moreno, Muii.-Moh., Manjén, Carlavilla & Altés is reported as new
record for Turkish and Asian mycobiota. A new locality was given for
the second one, Chlorophyllum agaricoides (Czern.) Vellinga, which
is also a rare taxon in Turkey. Chlorophyllum lusitanicum was
described briefly, and the localities, voucher numbers are provided
together with macro and micro photographs of fruit bodies and
basidiospores of both taxa. A synoptic key for Turkish Chlorophyllum
was also prepared.

Article History
Received
Accepted

- 05.03.2021
$29.04.2021

Keywords
Agaricaceae
biodiversity
secotioid fungi
Turkey

Tiirkiye’deki Chlorophyllum Massee Cinsi I¢in Yeni Bir Kayit ve Yeni Bir Lokalite

OZET Aragtirma Makalesi

Bu makale Agaricales takimina ait iki sekotioid makromantar

taksonu uzerinde gerceklestirilmistir. Bunlardan birisi, Makale Tarihgesi
Chlorophyllum lusitanicum G. Moreno, Muni.-Moh., Manjon, Gelig Tarih1  : 05.03.2021
Carlavilla & Altés, Tiurkiye ve Asya mikobiyotas: igin yeni kayit Kabul Tarihi :29.04.2021
olarak rapor edilmigtir. Tirkide’de nadir yayilis gésteren ikinci ;

takson, Chlorophyllum agaricoides (Czern.) Vellinga, icin ise AnahFar Kelimeler
Trabzon’dan yeni bir lokalite verilmistir. Chlorophyllum lusitanicum A.gaﬂca.rce.a.e

kisaca betimlenerek her iki taksona ait lokaliteler, toplayici biyogesitlilik

numaralari, fruktifikasyon organlari ve bazidiyosporlara iligkin
makro ve mikro fotograflar ile birlikte verilmigtir. Turkiye’deki

sekotiyoid mantarlar
Turkiye

Chlorophyllum cinsine ait sinoptik anahtar da hazirlanmigtir.

To Cite:  Uzun Y, Kaya A 2022. A New Record and a New Locality for the Genus Chlorophyllum Massee in Turkey. KSU
Tarim ve Doga Derg 25 (1): 144-149. DOI: 10.18016/ksutarimdoga.vi.891567
INTRODUCTION of Chlorophyllum, but Index Fungorum (Accessed 15

Chlorophyllum Massee is a genus within the family
Agaricaceae. Members of the genus are characterized
by agaricoid to secotioid, or gasteroid habit; white,
green, brownish or brown spore deposit; basidiospores
without germ pore or with a germ pore caused by a
depression in the episporium without a hyaline
covering (Ge and Yang 2006; Crous et al. 2015,
Carlavilla et al. 2018; Ge et al. 2018; Alves et al.
2019).

The genus was first typified by Chlorophyllum
molybdites (G. Mey.) Massee. Later on some species
from the genera Chlorophyllum Massee,
Endoptychum Czern., Lepiota (Pers.) Gray and
Macrolepiota Sing. were transferred to the genus
based on morphological similarities and molecular
evidences (Carlavilla et al. 2018; Ge et al. 2018; Alves
et al. 2019).

Kirk et al (2008) reports the existance of 16 members

December 2020) currently lists 26 conformed species
of the genus. Until the end of 2020, four species, C.
agaricoides (Czern.) Vellinga (Isiloglu, 1994), C.
brunneum (Farl. & Burt) Vellinga (Askun and
Isiloglu, 1997), C molybdites (G. Mey.) Massee
(Demirel and Uzun, 1997), C. rhacodes (Vittad.)
Vellinga (Vlaev, 1915), of the genus have so far been
reported from Turkey. According to the checklists
(Sesli and Denchev, 2014; Solak et al., 2015) on
Turkish higher fungi and the latest contributions
(Akata et al., 2014; Dizkiric1 et al., 2019; Keles, 2019;
Isik, 2020; Kaya and Uzun, 2020; Cagli and Oztiirk,
2020; Sesli, 2020; Sesli et al., 2020) C. lucitanicum
hasn’t been reported before from Turkey.

The study, reports the first record of C. lusitanicum
and a new distribution locality for C. agaricoides and
aims to make a contribution to the mycobiota of
Turkey.
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MATERIALS and METHOD

The study materials were collected in 2018 during
routine field trips in Kemalpagsa district of Izmir
province and Of district of Trabzon province. First
they were photographed at their natural habitats,
and notes were taken related to their ecology,
morphology and geographic position etc. After
collection, the fruit bodies were put in paper boxes
and transferred to the fungarium. Microscopic
investigations were carried out in fungarium. A
Nikon Eclipse Ci-S trinocular microscope was used for
microscopic investigation and a DS-Fi2 digital camera
was used to obtain microstructural photographs. A
Hitachi SU5000 scanning electron microscope were
used for SEM images. The samples were identified
according to Ge and Yang (2006), Déorfelt and Gube
(2007), Crous et al., (2015), Carlavilla et al., (2018),
Ge et al. (2018) and Loizides et al. (2020). The
samples are kept at Karamanoglu Mehmetbey
University, Kamil Ozdag Science Faculty,
Department of Biology.

RESULTS
Basidiomycota R.'T. Moore
Agaricales Underw.

Agaricaceae Chevall.

Chlorophyllum lusitanicum G. Moreno, Mui.-Moh.,
Manjén, Carlavilla & Altés, in Crous et al., Persoonia
35: 297 (2015) (Turkish name: Cayir yumurtas).

Macroscopic and microscopic features: Basidiocarps
16-33 mm in diam., globose, subglobose to pyriform.
Stipe absent or rudimentary with a thick whitish
mycelial cord that includes sandy substrate. Peridium
whitish to light brownish cream, smooth or breaking
into polygonal to irregular patches at maturity, some
with small brownish scales. Columella white, variable
in length and morphology, up to 8 mm wide in some
samples. Gleba whitish at first, then whitish cream to
pale yellowish or straw coloured (Figure 1). Taste and
odor not detected. Basidia 33-44 X 15-18 pum, clavate
to broadly ellipsoid. Basidiospores (8.6)9-12(13) um,
globose to subglobose, more rarely ovoid to ellipsoid,
germ pore absent, hyaline, smooth with a hilar
appendix (Figure 2).

Ecology: Grassland areas used for cattle grazing,
where oaks (Quercus ilex L. subsp. ballota (Desf.)
Samp. and . suber L.) are the dominant trees (Crous
et al., 2015).

Specimen examined: Izmir, Kemalpasa, Nazarkdy
Village, meadow, 38°22'N-27°26'E, 300 m, 13.10.2018,
Yuzun 6779.

R\

Fgure 1. Basidiocarps of Ch]oro]z yllum lucitanicum

Sekil 1. Chlorophyllum lucitanicum’un bazidiyokarplari.
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Figure 2. Light microscope (a-c) and scanning electron microscope (d-f) images of basidiospores of Chlorophyllum

lucitanicum (a: in water, b-c: in Melzer) (Bars, a-e: 10 pm, f: 2 pm)
Sekil 2. Chlorophyllum Iucitanicum’un bazidiyosporlarinin 1sitk mikroskobu (a-¢c) ve taramali elektron
mikroskobu (d-f) gériintiileri (a’ su, b-c: Melzer) (Barlar, a-e: 10 um, £ 2 ym)

Chlorophyllum  agaricoides (Czern.)  Vellinga,
Mycotaxon 83: 416 (2002) (Turkish name: Koc
yumurtasy)

Syn.: Endoptychum agaricoides Czern., Secotium

agaricoides (Czern.) Hollés,

Specimen examined: Trabzon, Of, Yazlik Village,
meadow, 40°54'N-40°14'E, 130 m, 23.02.2018, Yuzun
6221.

Previous collections in Turkey: Mersin (Isiloglu,
1994); Van (Demirel et al., 2015; Demirel and Kocak,
2016); Bingosl (Uzun et al., 2017).

Key to species of Chlorophyllum in Turkey:

1 Fruit bodies sequestrate (either secotioid or gasteroid) 2

1 Fruit bodies agaricoid 3
2 Basidiocarps secotioid, the margin of the pileus does not
break free from the stipe, hymenophore (gleba)

labyrinthiform to sub-lamellate C. agaricoides

2 Basidiocarps gasteroid, stipe absent or rudimentary with
a thick whitish mycelial cord C. lusitanicum
3 Fruit bodies small to large; lamellae white or brownish
with age; spore print, never green 4
3 Fruit bodies large; lamellae becoming greenish when
mature; spore print green. .C. molybdites
4 Stipe abruptly to marginately bulbous at the base;
annulus simple, apices of spores often truncated;
cheilocystidia clavate,to narrowly clavate C. brunneum
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4 Stipe widened at the base, annulus complex, with double
crown; apices of spores rounded or truncated;cheilocystidia
clavate to broadly clavate . rhacodes.

DISCUSSION

Chlorophyllum lusitanicum was added as new record
for the mycobiota of Turkey. This is the fifth member
of the genus to be reported in Turkey. In general, the
macro and micromorphological characteristics of our
collection are in agreement with Moreno et al. (2015)
and Carlavilla et al., (2018). Both C lusitanicum and
C. agaricoides have sequestrate habits and close to
each other, but the latter species differs from C.
lusitanicum by its stipitate to  percurrent
basidiomata, well-developed columella, dark brown
gleba at maturity, and greenish to yellowish brown,
ellipsoid spores, not larger than 10 pm long (Crous et
al. 2015).

So far four members of the genus Chlorophyllum have
been reported from Turkey. Among them C.
agaricoides was reported from Mediterranean
(Isiloglu, 1994) and Eastern Anatolian (Demirel et al.,
2015, 2016; Uzun et al., 2017) regions. This will be
the first report of C. agarigoides from Black Sea
Region of Turkey. Chlorophyllum brunneum seems to
exist only in Marmara Region (Askun and Isiloglu,
1997) while C. molybdites was reported from Aegean
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Figure 3. Basdiocarps of Chlorophyllum agaricoides
Sekil 3. Chlorophyllum agaricoides’in bazidiyokarplari

&f Qo
P

@ &

- & - = :
Figure 4. Light microscope (a-b) and scanning electron microscope (c-d) images of basidiospores of Chlorophyllum agaricoides
(a-b: in Melzer) (Bars, a-c: 10 pm, d: 5 pm)

Sekil 4. Chlorophyllum agaricoides’in bazidiyosporlarimin isik mikroskobu (a-h) ve taramali elektron mikroskobu (c-d)
goriintiileri (a-b: Melzer) (Barlar, a-c: 10 um, d- 5 um)
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(Demirel and Alll, 2019) and Black Sea (Demirel and

Uzun, 1997) regions. Chlorophyllum rhacodes is the
most common member of the genus in Turkey and it
was reported from almost all regions except
Southeastern Anatolian Region

With the addition of C. lusitanicum, current taxa
number of the genus Chlorophyllum in Turkey
increased to five.
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The Influence of Age and Exposure Time on the Susceptibility of Carpophilus hemipterus
Pupa to High Carbon Dioxide with Low Oxygen Treatment
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ABSTRACT Research Article
Modified/controlled atmosphere applications, as an alternative to the
chemical treatments, are an effective technique in controlling pest of Article History
stored products, especially dried fruits. In gas tight units, it is Received - 01.02.2021
applied with the principle of preventing the insect respiration by Accepted £ 22.04.2021
changing the oxygen (O2), carbon dioxide (CO2) and nitrogen (N2) gas
levels of the atmosphere. In the study, 1-, 2- and 3- d-old pupae of K(.e}.fwor.ds
dried fruit beetle, Carpophilus hemipterus (L.), which is an Nitidulidae
important dried fruit pest, were exposed to the modified / controlled Mo,dlfled Atmosphere
atmosphere. The modified/controlled atmosphere consisting of 2.1% Dried Fruit
02 + 90% CO2 + 7.9% N2 gas mixture was applied for 48, 72, 96 and Sap Befetle

Mortality

120 h at 20°C and 75 + 5% relative humidity. One, two and three d
old pupae responded similarly to modified/controlled atmosphere
application. Mortality rates remained close in each exposure time
and no significant difference was found between age groups. Unlike
the age factor, the exposure time was found to be statistically
significant and the mortality rates increased as the exposure time
increased in each age group. The highest mortality rates were found
as 38, 60 and 47% in 1-, 2- and 3-d old pupae after 120 h of
application, respectively.

Carpophilus hemipterus (L) Pupasimin Diigiik Oksijenli Yiiksek Karbondioksit Uygulamasina
Duyarhligi Uzerinde Yagin ve Uygulama Siiresinin Etkisi

OZET Aragtirma Makalesi

Kuru meyveler basta olmak tizere depolanmig Uriin zararlilariyla

miicadelede, kimyasal kullanimina alternatif olarak, degistirilmis / Makale Tarihgesi
kontrollii atmosfer uygulamalar: etkili bir savasim teknigidir. Gaz Gelig Tarithi  :01.02.2021
gecirmez {initelerde, atmosferin oksijen (O2), karbondioksit (CO2) ve Kabul Tarihi :22.04.2021
nitrojen (N2) gaz1 seviyelerinin degistirilmesi sayesinde solunumun

engellenmesi prensibiyle uygulanir. Arastirmada, 6nemli bir kuru Anahtar Kelimeler

meyve zararlis1 olan eksilik bécegi, Carpophilus hemipterus (L.)un Nitidulidae

1, 2 ve 3 glinliikk pupalar1 degistirilmis / kontrolli atmosfere maruz Degigtirilmis Atmosfer
birakilmiglardir. Gaz karisimi %2.1 Oz + %90 COz2 + %7.9 N2’ den Kuru Meyve

olusan degistirilmis / kontrolli atmosfer 48, 72, 96 ve 120 saat Eksilik Bocegi

stireyle 20°C sicakhk ve 75 + 5% orantih nem kosullarinda Mutlak Olim

uygulanmigtir. Bir, iki ve ti¢ ginliik pupalar degistirilmis / kontrollt
atmosfer uygulamasia benzer tepki vermiglerdir. Oliim oranlar:
degistirilmig / kontrolli atmosfer uygulamasinin her bir uygulama
stiresinde yakin seyretmis ve yas gruplari arasinda 6énemli bir fark
tespit edilmemigtir. Yasg faktoriiniin aksine, uygulama slresi
istatistiki anlamda o6nemli bulunmus ve her bir yas grubunda
uygulama siiresi arttik¢a 6lim oranlari artmigtir. En yiiksek 6lim
oranlar1 120 saatlik uygulama sonucu 1, 2 ve 3 giinlik pupalarda
sirasiyla %38, 60 ve 47 olarak tespit edilmistir.

To Cite:  Tutinci S 2022. The Influence of Age and Exposure Time on the Susceptibility of Carpophilus hemipterus Pupa
to High Carbon Dioxide with Low Oxygen Treatment. KSU J. Agric Nat 25 (1): 150-157. https://doi.org/

10.18016/ksutarimdoga.vi.872440.
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INTRODUCTION

Sap beetles cause economic losses by feeding on many
stored products, especially in the postharvest or
ripening period of fruits and grains (Emekci and
Moore, 2015). In addition, they play a role in the
occurrence of serious health problems due to toxin
formation (Okstiztepe and Erkan, 2016) by
contaminating harmful microorganisms (Rodriguez-
Del-Bosque et al., 1998; Emekci and Moore, 2015).
Dried fruit beetle, Carpophilus hemipterus (Linnaeus,
1758) (Coleoptera: Nitidulidae) is commonly found in
figs and dates (Turanli, 2003; Burks et al., 2015;
Emekei and Moore, 2015; Rosi et al., 2019), which are
economically important dried fruits for world trade.
According to the data of 2019, approx. 479 (1000 US$)
of the world dried fruit export value of 1.461 (1000
US$) is provided by dried fig alone. In addition, dates
that can be consumed in fresh and dried form have an
important world export value (2.001.634 US$)
(Anonymous, 2020). The common preferred method of
disinfestation of stored product pests is the use of
synthetic chemicals. However, the long-term
implementation of synthetic chemicals can cause
negative effects on the practitioners, consumers and
the environment due to their residue. In addition,
pests can develop resistance to the insecticides
(Collins, 2006; Jagadeesan et al., 2012) as another
negative effect. Therefore, it is necessary to turn to
alternative pest management techniques in order to
reduce the negative effects on risk groups. Non-
chemical control methods have been tried and
developed to remove or reduce pest populations from
stored products, especially dried fruits (Emekci and
Ferizli, 2000; Bagci et al., 2006; Finkelman et al.,
2006; Kavallieratos et al., 2012; Abo-El-Saad and El-
Shafie, 2013; Burks et al., 2015; Navarro and
Navarro, 2015; Karakocg et al., 2018; Rosi et al., 2019;
Tutuncu and Emekci, 2019; Yilmaz et al., 2020).
Among these alternative methods, modified /
controlled atmosphere treatment is applied by
changing the CO2 and / or Oz levels of the normal
atmosphere to the levels at which insects cannot
perform normal respiration and metabolic activity, in
a gas-tight environment, by giving N2 or CO2 gas or
by using an exothermic gas generator (Navarro,
2012). The important factors that determine the
mortality time in low Oz or high CO:2 atmospheres are
specified as the level of gas concentration, the
ambient temperature and humidity at which the
application takes place, the species of the insect, its
biological stage and the age of the stage (Navarro,
2012). The egg stage, which is the embryological
development period, and the pupal stage, which is the
metamorphosis period, are relatively more resistant
to modified / controlled atmosphere application
compared to other active biological stages (Gbaye and
Odeyemi, 2005; Riudavets et al., 2009; Wong-Corral
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et al., 2013; Tutuncu and Emekeci, 2019). In these
stages where metabolic activity is low, a U-shaped
curve of oxygen consumption indicates that oxygen
demand changes with development / age (Fink, 1925;
Odell, 1998). Therefore, 1-, 2- and 3- d-old pupae were
tested in present study. There are very few studies of
modified / controlled atmosphere applications related
to control of C. hemipterus (Donahaye et al., 1994;
Emekei et al.,, 2003; Gbaye and Odeyemi, 2005). In
these studies, the effects of the atmosphere consisting
of relatively high CO:z with low Oz (1, 2 and 3% O:
+14, 13.3 and 12% COsg, respectively, balance N2) and
high CO2 with low Oz (0 - 1.2% O2 + 95-100% COsq,
balance Nz) on different biological stages of C.
hemipterus under high temperature (26-35°C) were
investigated. Under these conditions, exposure times
required for the death of half or all of the population
are reported as 137 h (50% mortality) at 2% Oz, 5 d
(100% mortality) at approx. 1% O2 and 39.8 h (50%
mortality) at 0% Og, respectively.

This study was carried out on 1-, 2- and 3-d-old pupae
of C. hemipterus for 48-120 h at low temperature
(20°C) and high COsz with low O2 atmosphere (2.1% Oq
+ 90% CO:2 + 7.9% N2). The objective of the study,
rather than determining the complete mortality time,
was to determine whether the lethal effect would
make a difference according to age and also how
effective the exposure times up to 5 d at 20°C in
controlling the pupal stage.

MATERIAL and METHOD
Insect Culture and Pupal Stage

Carpophilus hemipterus was grown on artificial feed
consisting of water (1 liter), corn flour (125 g), glucose
(90 g), sugar (44 g), yeast (50 g), agar agar (18 g),
propionic acid (3.1 ml and methyl 4
hydroxybenzoate (1 g) (Donahaye and Navarro, 1989)
at 25 + 5°C and 75 + 5% relative humidity (r.h) under
a dark condition. Food preparation and obtaining
pupae are as described in the previous study
(Tutuncu and Emekeci, 2014). Briefly, food slices
(7x7x1cm) prepared by cooking were placed in sterile
jars (1 liter) and 100 adults of mixed sex were
transferred on the food. The jars were closed by
sterile American cotton cloth cut and folded in half
instead of the jar lid. Eggs left between American
cotton cloth by adults were taken after 24 h and were
transferred to new jars containing food and their age
(0-24 h old) and date were recorded. By following the
biological stages, 12-d-old (from egg hatching) mature
larvae were obtained from these jars. Then, the new
jars containing these mature larvae were monitored
daily and 1-d-old (0-24-h-old) pupae were obtained.
Pupae aged 2 (24-48-h-old) and 3 (48-72-h-old) d were
obtained by keeping 1-d-old pupae in acclimatized
laboratory conditions. Pupae aged 1, 2 and 3 d were



KSU Tarim ve Doga Derg 25 (1): 150-157, 2022
KSU J. Agric Nat 25 (1): 150-157, 2022

Aragtirma Makalesi
Research Article

used in the experiments.

Experimental Equipment and Setup

Gas cylinders containing 2.1% Oz + 90% CO2 + 7.9%
N2 gas composition were used in the experiments
(Linde Gas, Ankara). The experimental setup and gas
washing procedure were as mentioned in Tutuncu
and Emekei (2017). Briefly, Plexiglas test tube (10 ml)
containing test pupae, and humidity solution tube (50
ml KOH) were placed in gas washing bottles (8 cm
diameter and 25 cm height) with a capacity of 550 ml.
After inserting the tubes, the lid of the gas washing
bottle was closed. Gas was supplied from the gas
cylinder connected to the gas flushing valve of the gas
washing bottle at a flow rate of 100 ml min! in 15
min. At the end of the period, the desired gas value
(2.1% O2) was measured with the oxygen meter
(OxyCheq Expedition O2 Analyzer, OA-01-01,
OxyCheck, Marianna, FL, USA) connected to the
outlet valve of the gas washing bottle. After the
measurement, the gas inlet and outlet valves were
closed and the gas flushing process was completed.
Afterwards the gas washing bottles were put into
incubators at a temperature of 20 = 0.5°C and 75 £+ 5%
r.h, and measurements were made with a
temperature / humidity meter (Hobo® UX100-003,
Onset Computer Corporation, MA, USA) inside the
gas washing bottles during the exposure period. The
control groups were prepared in the same way and
placed in the incubator under normal atmospheric
conditions, leaving the valves of the gas washing
bottles open. The experiments were carried out with 3
repetitions (3 parallels x 3 replicates) using 30 pupae
in each. Dead/live pupae were counted at 0 (control),
48, 72, 96 and 120 h of exposure time.

Post-treatment Evaluation

At the end of the exposure period, the gas washing
bottles were removed from the incubator and the
Plexiglas test tube containing the test pupae were
removed and aerated. In addition, 1 g of food was
added to the test tubes in order to prevent the adult
cannibalism. The test tubes were kept in the
acclimatized insect rearing room at 25 + 5°C and 75 +
5% r.h until the end of the observation after the
experiment. After daily count, pupae become adult
were removed from the Plexiglas test tubes and
recorded as alive. The observations were continued
until the pupae did not have any signs of vitality (i.e.,
they dried up and darkened). The numbers of alive
and dead in the control groups were performed using
the same method as the test groups.

Statistical Analysis

Since the mortality rate in the control group was less
than 5%, no correction was applied to the control.
Factorial ANOVA was used for the statistical analysis
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of mean mortality rates. The mean differences
between exposure times and pupal ages was made
according to the Duncan’s multiple range test (P <
0.05). Statistical calculations were made using the
Statistica 7.0 (StatSoft, 2004) program.

RESULTS

Mortality rates of C. hemipterus pupae, aged 1, 2 and
3 d, exposed to gas composition of high COz with low
Oz at 20°C and 75 + 5% r.h were shown in Figure 1.

According to the statistical values of “exposure time”
(F(4; 14) = 28.195, P=0.0001), “age” (#(2; 14) = 0.800,
P=0.4684) and “exposure time x age” interaction (#'(8;
14) = 1.626, P=0.2036), only the exposure time was
found to have significant effect on mortality rates of
C. hemipterus pupae. The mortality rate increased
with the increase in exposure time in each pupal age
group. However, the statistically difference was
generally seen between 120 h and other exposure
times (Table 1). For 1-d-old pupa, although >96 h of
exposure time resulted in significantly higher pupal
mortality compared to the control group, 120 h of
exposure was not sufficient to achieve complete pupal
mortality, and 38% mortality was obtained. In the
comparison of 1-, 2- and 3-d-old pupae, there was no
statistically significant difference between ages.
However, at 72 and 96 h of exposure times, low
mortality rates were observed in 2- and 3-d-old pupae,
while the mortality rate for 1-d-old pupae increased
up to 33%, was remarkable. The opposite situation
was observed at 120 h of exposure. The highest
mortality rate was observed at approx. 60% for 2-d old
pupae. This was followed by 3-d-old pupae and 1-d-old
pupae (Table 1 and Figure 1).

DISCUSSION and CONCLUSION

The highest mortality (60%) was achieved in 2-d-old
pupae of C. hemipterus for 5 d of exposure time under
high CO2 with low O: atmosphere. This highest
mortality rate (60%) detected at 20°C is supported by
the result of Donahaye et al. (1994), carried out at
26°C. Researchers determined the lethal time 50
(LTs0) values of the 1-and 2-d-old C. hemipterus pupa
in a low Oz atmosphere (2% Oz with 12% COg2) at 26,
30 and 35°C as 137, 43 and 36 h, respectively
(Donahaye et al., 1994). Due to the low Oz level (<1%
02 + 97% CO2) and the high temperature (average
27.97°C), the mortality rate obtained in the mixed
culture of C. hemipterus is higher than that found in
the current study. In the study, 100% mortality was
achieved after 5 d of modified atmosphere application
(Emekci et al., 2003). As in the current study, low
mortality rates were also observed in 2-4-d-old pupae
of Carpophilus dimidiatus (Fabricius, 1972)
(Coleoptera: Nitidulidae) after 8 h hours of modified
atmosphere (pure CO:2 + <1% 02 application at
29.5°C, and 33.3% mortality was obtained (Odeyemi
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et al., 2004). However, complete mortality was
achieved by applying pure (100%) COsq to C.
hemipterus pupae (2-4-d-old) for 8 h at 29.0 + 2°C and
90 + 5 r.h (Gbaye and Odeyemi, 2005). Although both
studies were performed at nearly the same
temperature, gas concentration and exposure time,
the high mortality rate in C. hemipterus for such a

in species. Also, complete mortality for C. hemipterus
pupae achieved for 8 h of exposure time (Gbaye and
Odeyemi 2005) is not similar to the result of the
current study. This could be explained by the
difference in temperature and gas concentration
among the parameters explained below. As the
temperature increases, the critical Oz level

short exposure time, is probably due to the difference

2.1% 04+ 90% CO,+ 7.9% N, at 20°C
70
65 60 E1 day old pupae
60 - B2 day old pupae
55 @3 day old pupae
50 BT
40 s
2 33 [
= 25 ot b i
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- 3 3 e e
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Figure 1. Mortality rates of different aged pupae of Carpophilus hemipterus, exposed to high carbon dioxide with
low oxygen (2.1% Oz + 90% COz + 7.9% N3) treatment for different periods at 20°C

Sekil 1. Diigtik oksijenli yliksek karbondioksit atmosfer uygulamasina farkli uygulama stirelerinde ve 20°C
sicaklikta maruz birakilan degisik yash Carpophilus hemipterus pupalarinin 61im oranlari

Table 1. Mean = SE mortality (%) of different aged pupae of Carpophilus hemipterus exposed to high carbon
dioxide with low oxygen (2.1% O2 + 90% COz + 7.9% N2) treatment for 48, 72, 96 and 120 hours at 20 °C

Cizelge 1. Diisiik oksijenli yiiksek karbondioksit (%2.1 Oz + %90 CO= + %7.9 N2) uygulamasina 20 °C sicaklikta
48, 72, 96 ve 120 saat siireyle maruz kalan Carpophilus hemipterus ‘un degigik yasl pupalarina ait
ortalama + SH oliim orani (%)

Biological stage

Exposure time (hours) n 1-day-old pupae n 2-day-old pupae n 3-day-old pupae
0 (control) 360 2.94 + 9.32 aA 360 0.00 £ 6.59 aA 360 0.00 £ 6.59 aA
48 270 4.0+9.32 aA 270 0.00+9.32 aA 270 0.00 £ 9.32 aA
72 270 21.05+9.32 abA 270 2.94 £ 9.32 aA 270 5.71+£9.32 aA
96 270 33.33 £ 5.38 bA 270 23.79+5.28 aA 270 16.66 + 5.38 aA
120 270 38.33 +5.38 bA 270  59.72 + 5.38 bA 270  46.66 + 5.38 bA

*In each column, the same lowercase letters and in each row, the same uppercase letters mean that the difference between
the means for exposure times and pupal age is not significant (Duncan's) (£ >0.05)

Her bir kolona ait ayni kii¢ciik harfleri ve her bir satira ait ayni biiyiik harfleri i¢eren ortalamalar arasindaki fark Duncan
testine gore istatistiki olarak énemli degildir (P >0.05)
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needed by the insect to survive increases (Zhou et al.,
2000), and also insect metabolism accelerates and the
effect of CO2 increases (Navarro, 2012). Both the fact
indicate that the increase in temperature shortens
the mortality time or mortality rate in modified /
controlled atmosphere applications. Sen et al. (2010)
showed that the application of low Oz (1% Oz + 12%
CO2) in a high temperature (41°C) may be sufficient
to provide complete mortality for a short exposure
time. Sixteen hours of application in the study
conducted at 41°C, was sufficient to complete
mortality in the mixture culture of Carpophilus spp.
At similar gas level tested by Sen et al. (2010) the
LT9s value was found as 60 h for the pupae of C.
hemipterus at 35°C (Donahaye et al., 1994). It can be
commended that the main factor affecting the
difference between complete mortality times in these
two studies conducted at similar gas concentrations,
is temperature. In addition, the effect of temperature
on the exposure time in modified atmosphere
applications is also emphasized by Donahaye et al.
(1994). In these two studies (Donahaye et al., 1994;
Sen et al., 2010), the mortality rates determined in
short exposure times are considerably higher than the
mortality rate of 60% after 120 h of exposure in this
study. The parameters affecting this difference are
seen as temperature and Oz / COz gas levels. Increase
in mortality rate and the shortening of the complete
mortality time due to the increase in COz levels have
been reported in previous studies (Navarro et al.,
2002; Hashem et al., 2012; Wong-Corral et al., 2013).
Also, in another study complete mortality could not be
achieved in some species even with 12 d of exposure
at 50% CO:z (with 3% Os2) concentration, while was
achieved in 12 d with 90% CO: (with 3% O2)
(Riudavets et al.,, 2009). In addition, relationship
between Oz level increase and mortality time increase
or mortality rate decrease, was observed in different
stage of C. hemipterus, Urophorus humeralis
(Fabricius, 1798) (Coleoptera: Nitidulidae), Cadra
cautella (Walker, 1863) (Lepidoptera: Pyralidae),
Tribolium castaneum (Herbst, 1797) (Coleoptera:
Tenebrionidae) and partly Sitophilus oryzae
(Linnaeus, 1763) (Coleoptera: Curculionoidea)
(Navarro, 1978; Donahaye et al., 1994). Humidity
level, such as temperature and gas concentration, is a
physical parameter that affects the mortality rate /
complete mortality time in modified /controlled
atmosphere applications. While it is stated that low
humidity conditions increase the mortality rate in
modified / controlled atmosphere applications (Ofuya
and Reichmuth, 2002), it is seen that this effect
should be evaluated on the basis of species
(Soderstrom et al., 1986). Although various relative
humidity levels were not studied in present study, it
is not thought that the humidity level of the study
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has a decreasing or increasing effect on mortality.
Because, the humidity level in which this study was
conducted is optimal for the survival, reproduction
and development of C. hemipterus (James and
Vogele, 2000; Kumkum, 2017). In addition, mortality
rates were below 5% in the control group exposed to
the normal atmosphere under the same temperature
and humidity conditions as the experimental groups.

According to the present results of the study, the
mortality was increased by the increasing exposure
time. However, the significant difference started
from 96 h of exposure in 1-d-old pupae, while it was
between 120 h of exposure and shorter exposure times
for 2- and 3- d-old pupae. Similarly, the positive
correlation between exposure time and increase of
mortality in 2-4-d-old pupae of C. hemipterus exposed
to 100% CO:z (Gbaye and Odeyemi, 2005) supports the
results obtained from present study. In the study
increase in mortality (from approx. 10% to 100%) with
increased exposure from 6 to 8 h was found to be
significant. In C. dimidiatus pupae, the mortality rate
increased with the increase in the exposure time, but
this increase was not found to be statistically
significant (Odeyemi et al., 2004). Such differences
between species belonging to the same genus have
also been seen in previous studies (Lindgren and
Vincent, 1970; Conyers and Bell, 2007). As the
exposure time increases, the mortality rate increases
in other stored product pest species were also
observed. In a study involving many species
Lasioderma serricorne (Fabricius,1792) (Coleoptera:
Anobiidae), Cryptolestes ferrugineus (Stephens, 1831)
(Coleoptera: Cucujoidea), Oryzaephilus surinamensis
(Linnaeus, 1758) (Coleoptera: Silvanidae), 7ribolium
confusum (Jaqcquelin du Val, 1868) (Coleoptera:
Tenebrionidae), S. oryzae and Rhyzopertha dominica
(Fabricius, 1792) (Coleoptera: Bostrichidae) of the
order Coleoptera, Plodia interpunctella (Hiibner,1813)
(Lepidoptera: Pyralidae) and Ephestia kuehniella

(Zeller,1879 ) (Lepidoptera: Pyralidae) of the
Lepidoptera, a psocid and mite Liposcelis
bostrychophila ~ (Badonnel, 1831)  (Psocoptera:

Liposcelididae), Tyrophagus putrescentiae (Schrank)
(Astigmata: Acaridae), this situation was generally
observed in all species (Riudavets et al., 2009).
Similarly, as the exposure time increased, an increase
in mortality rate was observed in the modified
atmosphere application performed in 3-96 h interval
in 3-d-old pupae of O. surinamensis (Hashem et al.,
2012). In another study performed at 50-90% CO: (in
air) concentration between 3-9 d, this correlation was

demonstrated in the pupae of Callosobruchus
maculatus (Fabricius, 1775) (Coleoptera:
Chrysomelidae), Acanthoscelides obtectus (Say, 1831)
(Coleoptera: Chrysomelidae) and Zabrotes
subfasciatus ~ (Bohemann, 1833) (Coleoptera:
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Chrysomelidae) (Wong-Corral et al, 2013). In
addition, are other studies Locatelli and Daolio (1993
and Husain et al. (2017) reported that the mortality
rate increases significantly with the increase in
exposure time in Coleopteran and Lepidopteran
species. The effect of modified / controlled atmosphere
application on the development of pupae at different
ages has been shown in Sarcophaga crassipalpis
(Macquart, 1839) (Diptera: Sarcophagidae) (Kukal et
al., 1991). In the study, while 1-5-d-old pupae exposed
to low Oz atmosphere for 4 d could not complete their
development, 5 to 8-d-old pupae were able to complete
their development and eclose to adult stage. In
another study, at 90% COg, 1-d-old C. cautella pupae
were found to be more resistant, while at 96% COz 1-
and 3-d-old pupae were more resistant than 2-d-old
pupae (Tutuncu and Emekei, 2019). Similarly, in
Storey’s (1975) study, it was observed that resistance
changes in pupae of P. interpunctella and C. cautella
depending on their age. However, according to the
results of this study, mortality rates in 1, 2 and 3-d-
old pupae of C. hemipterus were found to be similar
in all exposure times and no significant difference
was detected between 1-, 2- and 3-d-old pupae.

In this study, the effect of high CO: with low O:
atmosphere treatment for up to 5 d of exposure time
on different aged pupae of C. hemipterus has been
demonstrated at low temperature. These results are
thought to contribute to the preference of modified /
controlled atmosphere application and determination
of application parameters for the control of C.
hemipterus.
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OZET Aragtirma Makalesi

Bu arastirma, Turkiyenin guneyinde, Asag1 Seyhan Ovasinda yer

alan dusuk kota sahip Yemigli sulama sahasinda yuritilmustir. Makale Tarihgesi
Aragtirma alanindaki ¢iftciler, sulamadan dénen dusik kaliteli drenaj Gelig Tarihi  :15.02.2021
sularini ylizey sulama yontemleriyle kullanmaktadirlar. Arastirmada, Kabul Tarihi :05.05.2021

sulamadan doénen disuk kaliteli sularin sulamada kullanilmasinin

neden olabilecegi muhtemel taban suyu seviyesi ve taban suyu kalitesi
sorunlarinin 6rneklerle irdelenmesi amaclanmigtir. Calismada, 3 m
derinlikteki 55 adet drenaj gézlem kuyusunda élciilen taban suyu (TS)
derinlikleri ve taban suyu tuzlulugu gézlemleri kullanilmistir. Drenaj
gozlem kuyulari, alan tizerine homojen dagilacak gekilde tesis
edilmistir. Kuyulardaki taban suyu derinlik (m) 6lciimleri subat,
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Su tablasi
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nisan, temmuz ve eylil aylarinda yapilmigtir. Drenaj gozlem
kuyularinda, derinlik 6lgiimleri yapilan tarihlerde su ornekleri de
alinmig ve laboratuvarda kimi su kalitesi analizleri yapilmigtir.
Aragtirmada, TS derinliginin alansal ortalamalar:1 kigin ve yazin
hemen hemen ayni (1.14 m) bulunmustur. Siddetli drenaj sorunu olan
alanlar (TS <1.0 m), subat ve temmuz aylarinda toplam
alanin %27’sinden daha fazla dagilim gostermigtir. Yil boyunca,
toplam alanin neredeyse %60'indan daha buytk bir alanda taban suyu
derinligi 1.0 ile 1.5 m arasinda bulunmustur. Arastirma alaninda,
taban suyu ortalama tuzlulugu (EC) 20 dS mden daha biiyiik
degerler almigtir. TS ortalama tuzlulugunun neredeyse Akdeniz’deki
tuzluluk degerinin yarisina esit oldugu belirlenmistir. Akdeniz’e yakin
olan arastirma alaninda, disiik topografyanin ve pompajla olan
yetersiz drenajin taban suyu kalitesi tizerine olan negatif etkisi ortaya
konulmustur. Drenaj miihendisligi bakimindan kritik deger olan
EC>5 dS m alanlar, toplam alanin %901 ve tizerinde bulunmustur.
TS ortalama SAR degerinin, kritik SAR degerinin (13 (meq L:1)05)
tzerinde oldugu belirlenmigtir. TS kalite ve kantitesine dair bulgular,
drenaj sularinin tarimda kullanilmasinin negatif etkilerini agikca
ortaya koymustur. Ortaya c¢ikan sorunlarin hafifletilebilmesi igin,
pompajla drenajin yil boyunca etkin olarak yapilmasi; kis yagislarinin
seyreltme etkisi i¢in firsat yaratilmasi, drenajda diisiik topografyanin
dikkate alinmas1 ve agik drenajin kapali drenlerle desteklenmesi;
sulama suyunun daha randimanli sulama yontemleri ile uygulanmasi
gerekmektedir.

Investigating the Potential Impacts of Using Irrigation Return Flows on Quality and Quantity of
Groundwater in the Mediterranean Landscapes: A Study in Yemisli Irrigation Area of Lower Seyhan
Plain, Turkey

ABSTRACT

This study was conducted in Yemisli irrigation area of the Lower
Seyhan Plain, the south of Turkey, Adana. Overall, farmers in the
study area use IRFs for irrigation with practicing surface irrigation
methods characterized by low irrigation efficiency. Objective of this
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study was to examine the potential problems regarding groundwater
(GW) quality and quantity that may be caused by using IRFs having
poor quality in irrigation. In this context, GW depths and qualities
were observed in 55 drainage observation wells with the depth of 3 m.
Observation wells were installed in the study area with an almost
homogeneous distribution. Groundwater depth (m) were recorded in
winter (February), autumn (April), peak irrigation season (July) and
at end of irrigation season (September). Concurrently, with GW depth
observations, GW water samples were taken and certain water quality
analyzes were performed in the laboratory. In the study, the areal
averages of groundwater depth were surprisingly found almost
equally (1.14 m) in winter and summer seasons. Areas of severe
drainage problems (GD depth <1.0 m) covered more than 27% of the
total area in February and July. On the other hand, more than 60% of
the total area had a GW depth varying between 1.0 and 1.5 m,
indicating severe drainage problem. Areal mean GW salinity, i.e. EC,
was found to be greater than 20 dS m. This indicates clearly that
average GW salinity is almost equal to the half of salinity value of the
Mediterranean Sea. This result indicate that the negative impacts of
low topography and insufficient drainage with pumping on GW
quality and quantity are incontrovertible in the research area. More
than 90% of the area has EC values greater than 5 dS m, in terms of
drainage engineering principles, known as a threshold value.
Furthermore, average groundwater SAR values were found to be
above 13 (meq L1)%5 which is considered as a critical value for sodicity
hazard. Research findings have clearly revealed that the use of IRFs
of inferior quality has had substantial negative impacts on GW quality
and quantity. In order to mitigate the problems that have arisen in the
study area, it 1s essential that drainage pumping units should be run
accordingly for ensuring efficient drainage that winter rainfalls may
wash out the salts accumulated in the root-zone by facilitating water
storage function of root-zone. Low topographical situation of the study
area should be considered in drainage and open drainage system
should be reinforced with tile drains, that irrigation water should be
applied with maximum efficiency.
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GIRIS

Akdeniz iklim kusaginda, yagislarin zaman ve mekan
boyutundaki dagilimi1 diizensizdir. Bu kusakta yer
alan tilkeler, kurakliktan en ¢ok etkilenen
kategoridedir. Yaz aylarinda Dbitkisel iretimi
kisitlayan en 6nemli faktor, yagis yetersizligidir. Bu
nedenle, Tirkiyenin de i¢inde bulundugu Akdeniz
iklim zonunda, yaz aylarindaki yagis yetersizligi
tarimsal iretimin sulama ile yapilmasini zorunlu
kilmaktadir. Sulama, yiiksek tarimsal tiretimi giiven
altina alan son derece gerekli ve Onemli bir
uygulamadir. Tarimin diger sektorlerinde oldugu gibi,
uretim asamasinda sulama sektérinde de ¢esitli
sorunlar ortaya c¢ikmaktadir. Bu sorunlarin temel

159

nedeni, toprak-bitki-su iligkileri arasindaki ortaya
cikan dengesizliktir. Ureticilerin ne zaman, ne kadar
ve hangi yontemle sulama suyu wuygulamasinin
yapilacag: konusunda yeterli bilgi ve deneyime sahip

olmamalari, yanlis sulama uygulamalarina yol
agcmaktadir. Damla ve yagmurlama sulama
yontemlerinin uygulanmasina dair 1iyi Ornekler

olmakla birlikte, yetigtiriciler tarafindan randimani
diisiik ilkel sulama y6ntemlerinin kullanimi halihazir
durumda olduk¢a yaygindir. Bu durum, siirdiiriilebilir
sulu tarim i¢in ciddi bir engel olugsturmaktadir. Clinki
sulama randimamn diisiik olan sulama yontemlerinin
kullanilmasi tuzluluk ve alkalilik sorunlarina yol
acarak  topraklarin elden c¢kmasina neden
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olabilmektedir. Tirkiye’de, Akdeniz ikliminin hakim
oldugu zon ile guneydogu Anadolu ve i¢ Anadolu
bolgelerindeki sulama sebeke alanlarinda (Cetin ve
Ozcan, 1999; Cetin, 2020) bu tiir sorunlara sikca
rastlanilmaktadir.

Hangi yontemle olursa olsun, fazla sulama suyu
uygulamasi taban suyunun yiikselmesine yol agmakta;
bu durum, iklimin evaporatif gicine ek olarak
yetersiz drenaj kosullarinda toprak tuzlulugunu
artirmaktadir (Cetin ve Kirda, 2003). Toprakta bitki
kok bolgesindeki tuz birikimi, sulama suyu kalitesi
yaninda kullanilan sulama yontemleriyle de yakindan
ilgilidir (Tuzcu ve ark., 1988; Kaman ve ark., 2011a).
Yanlis sulama uygulamalari, iyi kaliteli sularla
yapilsa dahi, tarim topraklarinin tuzlanmasina veya
uzun vadede sodyumlagmasina (alkalilesmesine) bile
yol acabilmektedir (Kaman ve ark., 2011b). Amezketa
(2006) tarafindan da vurgulandig1 iizere topografik
ozellikler, dogal drenaj yapaisi, iklim, jeolojik yapi, ana
materyal ve denizden uzaklik gibi dogal faktorler de
toprak tuzluluguna neden olmaktadir. Drenaj
sorununa ek olarak, taban suyu ve toprak tuzlulugu
sulu tarimin stirekliligini engelleyen ve bitkisel verimi
sinirlayan ¢ok 6nemli bir sorundur. Tuzluluk kontrol
altina alinamadigr  takdirde, ekilebilir tarim
arazilerinin tarim diginda kalma riski daima vardir.
Kaman ve ark (2011b) tarafindan belirtildigi gibi,
tuzluluk nedeniyle tarim alanlarindaki kayiplar her
yil tedrici olarak artmaktadir. Diinyada tarim yapilan
alanlarin %37’si alkali, %230 tuzlu ve %401 da
sorunsuz toprak karakteri gostermektedir.
Strdirilebilir sulu tarim ve sulama yonetimi icin
taban suyu derinlik ve taban suyu kalitesinin
izlenmesi ve degerlendirilmesi gerekmektedir. Izleme
ve degerlendirme sonucunda elde edilecek bulgular,
alinabilecek o6nlemlerin tirine 1s1k tutacaktir
(Biiyiikcangaz ve Degirmenci, 2002). Ciinkii, taban
suyu seviyesi, taban suyu kalitesi ve toprak tuzlulugu
tarim alanlarinda tretimi etkileyen en Onemli
simirlayica  faktorler arasinda yer alir. Kurak
donemlerde, taban suyu bitki kok bolgesine kadar
yikselerek kritik degerlere ulasiyor ise, taban
suyunun sulamalarla beslendigi; dolayisiyla sebeke
bazinda sulama randimaninin disik oldugu ve
sulama yénetiminde de bir sorun oldugu sonucuna
varilabilir (DSI, 1982; Cetin ve Diker, 2003). Taban
suyu derinlik ve taban suyu kalitesi, diiz ve diize yakin
sulu tarim alanlarinda 3-4 m derinlige kadar tesis
edilen drenaj gozlem kuyulari kullanilarak izlenip
degerlendirilebilir.

Tirkiye'nin en biiyiik sulama alanlarindan biri olan
Asagl Seyhan Ovasi (ASO); 1942 yilinda Seyhan
regiilatori, 1956 yilinda Seyhan barajinin ingaatti ile
béliimler halinde kismen sulamaya acilmis (Cetin ve
Ozcan, 1999); bir kistm alan halihazir durumda
sulamaya agilamamigtir. Sulu tarimin bélgede
uygulanmaya baglamasiyla Dbirlikte sulanan ve
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sulanmayan alanlarda sulama oranlarimin ve
randimanlarinin  diasiik olmasi1 yaninda drenaj,

tuzluluk ve alkalilige iliskin sorunlar da meydana
gelmeye baglamistir (Cetin ve Ozcan, 1999). Bu
problemler, ASO 1IV. Proje alaninda, topografik
yetersizligin tetikleyici etkisi nedeniyle daha yaygin
durumdadir (Cetin ve Kirda, 2003; Cetin, 2020). Ele
alinan bu arastirma, Turkiye'nin giineyinde Asagi
Seyhan Ovasi’'nda yer alan pompajla drenaji yapilan ve
7100 hah kapsayan Yemigli sulama sahasinda
yurutilmustir. S6z konusu sahada giftgiler, genel
olarak sulama randimamni diigiik olan ylizey sulama
yontemleriyle sulamadan donen diigik kaliteli drenaj
sularim1  kullanmaktadirlar. Bu  arastirmada,
sulamadan doénen disiik kaliteli sularin sulamada
kullanilmasinin neden olabilecegi muhtemel taban
suyu seviyesl ve taban suyu kalitesi sorunlarinin

zaman ve mekan boyutunda irdelenmesi
amaglanmigtir.
MATERYAL ve METOD

Aragtirma alan ve genel 6zellikleri

Aragtirma, Turkiye'nin gineyinde ve dogu Akdeniz
bélgesinde; Adana il simirlari igerisinde yer alan
Yemigli sulama sahasinda 2008 yilinda yturitilmustir
(Sekil 1). Yemisli sulama sahasi Asag1 Seyhan Ovasi
icerisinde olup, topografik yetersizlikleri nedeniyle
drenaji pompajla yapilan 7100 ha genisligindeki
verimli tarim arazilerinden olusmaktadir. Arastirma
alanmi cografi olarak 36° 43' 32" ve 36° 38 07" N
enlemleri ile 35° 20' 08" ve 35° 27' 12" E boylamlari
arasinda yer almaktadar.

Akdeniz ikliminin hiikiim siirdiigu arastirma alaninda
yazlar sicak ve kurak, kiglar ilik ve yagighdir.
Aragtirma alanina en yakin (11 km) meteoroloji
istasyonu Karatag ilcesinde bulunmaktadir (Sekil 1).
Karatas meteoroloji istasyonunun uzun yillar (1960-
2020) sicaklik ortalamas1 18.8 °C’dir. Agustos ay1 28.1
°C ile en sicak ay iken, 9.9 °C ile ocak ay1 en soguk
aydir. Yagiglarin tamamina yakini kis aylarinda ve
yagmur olarak dismektedir. Yillik ortalama yagis
649.5 mm’dir. Ancak yagiglarin yil icerisinde dagilimi
turdes degildir. Oransal nem genellikle yaz aylarinda
sicakligin artmasi1 ve tarim arazilerinde sulama
yapilmas1 nedeniyle yiiksek degerlere (%80-95)
¢ikmakta, kig aylarinda ise diisiis géstermektedir.

Yemigli Sulama sahasi, Asagr Seyvhan Ovasi IV.
Merhale Projesi kapsaminda inga edilmis ve igletmeye
acilmig olan P2D1 drenaj kanali servis alani igerisinde
yver almaktadir. Arastirma alam1 kapali havza
karakteri gostermekte olup, havzanin ¢ikiginda Sekil
1'de gosterildigi gibi P2D1 drenaj pompa istasyonu
bulunmaktadir. Din¢ ve ark. (1988) tarafindan
bildirildigine gore, arastirma alaninda Helvaci toprak
serisi yaygindir; topraklar, Seyhan nehrinin tagidig:
sedimentin delta tabani ¢ukurlarinda depolanmasi
sonucu olusan aliivyal materyallerden olugsmustur.
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Mevcut  durumda, sulama acisindan  toprak
gecirgenliginin diisiik olmasi ortaya ¢ikan en 6nemli
simirlamadir. Diger taraftan, arastirma alanindaki
ciftcilerin blyiik cogunlugu ana drenaj kanali boyunca

ve kanalin kollarindan sahaya saptirilan sulamadan
donen disik kaliteli sulari sulama amacgh
kullanmaktadirlar.

Bulgaristan

o
Filibe

Istanbul

,,,,,,,

e

Tiirkiy

xxxxxx

P

o
£

Sekil 1. Calisma alaninin Turkiye’deki yeri ve Adana iline gore konumu.
Figure 1. Geographical location of the study areas in Turkey and Adana province.

Aragtirma alani sulama suyu genel 6zellikleri

Aragtirma alami, cikis agz1 kosullari nedeniyle
yetersizlik gostermektedir. Bu nedenle arastirma
sahas1 kiivet seklinde bir alandir. Bu o6zelliginden
dolay1, pompajla drenaj saglanmaktadir. Saha, ASO
sulama projesinin mansabinda kaldigindan, sulama
sebekesi tesis edilmemis olup sebeke harici alan olarak
degerlendirilmektedir. Aragtirma alaninin
membasinda yer alan ve sulama suyuna kavusmus
olan arazilerin drenaj sular1 arastirma alani i¢inden
ge¢mektedir. Arastirma alaninda bulunan cift¢ilerin
sulama yapabilecegi baska bir su kaynag
olmadigindan, sulamadan dénen sulari sulama suyu

olarak kullanmaktadirlar. Bu nedenle, arastirma
alaninin  tamami, sulamadan doénen sularla
sulanmaktadir.

Drenaj kanallarn tzerindeki 7 farkli noktadan

arastirma alanina drenaj suyu saptirilmaktadir.
Saptirilan bu drenaj sularmnin elektriksel iletkenlik,
TDS ve SAR degerleri farkhiliklar géstermektedir. Bu
sularin ortalama elektriksel iletkenligi 1.20 dS m™
olup minimum ve maksimum EC degereleri 0.83-3.10
dS m? arasinda degismektedir. Sularin SAR degerleri
disiik olup ortalamasi 2.4, minimum ve maksimum
degerleri sirasiyla 1.11 ve 8.04 bulunmustur. ABD
tuzluluk  laboratuvari sulama suyu kalitesi
siiflandirma standartlari esas alindiginda, arastirma
alaninda kullanmilan sulama sularinin ortalama
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degerler dikkate alindiginda C3S1 sinifinda oldugu
belirlenmigtir. Bu sularin yiiksek tuzlu sulama sulari
sinifinda oldugu tartismasizdir. Zira, sulama sularinin
TDS degerleri ortalama 953 mg L1 olup, 640-1815 mg
L1 arasinda degisim gostermektedir.

Aragtirma alani genel bitki deseni karakteri

Aragtirma alam Tirkiye’de ¢ok sayida degisik tiirden
bitkisel tiretimin en yogun olarak yapildigi sulu tarim
alanlarindan biridir. Asag Seyhan Ovasinda 1964
yilinda pamuk (Gossypium hirsutum L.) bitkisi en
fazla ekim oramni ile birinci sirada yer almigtir (Cizelge
1). Cizelge 1’deki veriler, arastirma alaninin énemli bir
tarimsal tretim potansiyeline sahip oldugunu ortaya
koymaktadir. Ancak; 1990’lardan sonra pamuk
(Gossypium hirsutum 1.) ekim oraninda azalma ile
birlikte birinci ve ikinci tiriin misir (Zea maysL.) ekim
oraninda 6nemli artiglar kaydedilmistir. Yorede, kig
aylarinda bugday ekimi en yaygin olan bitki olup, kis
sezonunda yetistirilen bugday (7riticum spp) kis ve
bahar yagislarinin genel olarak yeterli olmasi
nedeniyle sulanmamaktadir. Ancak, yaz sezonunda
tarimi yapilan pamuk (Gossypium hirsutum L.), misir
(Zea mays L.), karpuz (Citrullus vulgaris) ve diger
bitkiler randimani diisiik ylizey sulama yontemleriyle
sulanmaktadir. Karik sulama, en yaygin yiizey sulama
yontemidir.
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Table 1. Temporal changes in cropping pattern (%) in the Lower Seyhan Plain (1964-2000) covering the research
area (Kaman et al., 2017).
Cizelge 1. Arastirma alanini i¢ine alan Asag1 Seyhan Ovasi'nda (1964-2000) tiriin desenindeki zamansal degisimler
(%) (Kaman ve ark., 2017).

Yillar
Yetigtirilen bitkiler 1964 1974 1985 1995 2000
Bugday - 0.6 2.9 1.0 0.04
Sebze - 0.3 1.1 2.0 2.82
Kavun ve Karpuz - 0.6 7.4 5.0 4.66
Pamuk 94 96.5 50.3 35.0 9.98
Birinei urun Misir - 0.1 90 40.0 56.43
Ikinei tirtin Misir - - - - 5.22
Narenciye 1.0 1.0 2.7 10.0 11.28
Meyveler 2.0 0.4 5.9 6.0 4.58
Soya Fasulyesi - — 176 - 1.44
Yerfistig: - - - - 0.85
Sogan ve Sarimsak - - - - 0.59
Yonca - - - - 0.04
Piring 1.0 0.4 1.4 — —
Digerleri 2.0 — 1.7 1.0 2.07
TOPLAM 100 100 100 100 100

Taban suyu derinligi 6rneklemesi

Aragtirma alani topraklari, yaklasik 40 yildan fazla
stiredir sulanmasina ragmen sulama ve drenaj alt
yapisl tamamlanmamistir. Sulama suyu, drenaj
kanallarindan saglanmaktadir. Buna karsin, bu
arastirmada elde edilen taban suyu verileri harig,
alanin taban suyu kalite ve kantitesine yonelik bir
bilgi elde edilememistir. Bu nedenle, arastirma alanin
sulama, taban suyu derinligi ve tuzlulugu ile ilgili
yeterli bilgi mevcut degildir. ASO IV. Merhale Projesi
Planlama Drenaj Raporunda (DSI, 1982), arastirma
alan1 ve c¢evresinde sulama randimaninin duisik
oldugu bildirilmigtir. Drenaj kanallarindan saglanan
disuk kaliteli sulama suyu ile yapilan sulamalar
sonucu ortaya c¢ikan drenaj sorununu ortaya koymak
ve taban suyu kalitesinin zamansal degisimlerini
belirlemek i¢in derinlikleri 3-4 m arasinda degisen 55
adet drenaj gézlem kuyusu tesis edilmistir (Sekil 2).
Drenaj gozlem kuyular1 gézleme alinarak taban suyu
(TS) derinligi ve TS tuzlulugu izlenmistir.

Gozlem kuyular1 yerlerinin se¢iminde drenaj
kanallarinin konumlari, sulama sekli ve yond,

aylarinda olmak tzere yilda dort farklh doénemi
icerecek sekilde yapilmistir.

Taban suyu kalitesi analizleri

TS derinligi 6l¢iimii esnasinda gozlem kuyularindan
su ornekleri de alinarak laboratuvarda EC, katyon
(Ca, Mg, Na, K) ve anyon (Cl, COs, HCO3 ve SO4)
analizleri Richards (1954)te verilen yontemlere uygun
olarak yapilmistir. Alinan su o6rneklerinin sodyum
adsorpsiyon {SAR, (meq L1935} ve suda c¢oziinmiis
toplam eriyebilir maddeler (TDS, g L'1) Said ve ark.
(2021)e gore hesaplanmistar.

Taban suyu nicelik ve niteliklerinin haritalanmasi

Olgillen TS elektriksel iletkenligi (EC, dS m7),
hesaplanan taban suyundaki toplam ¢éziinmis tuzlar
(TDS, g L'1) ile taban suyu SAR {(meq L'1)05} degerleri
Cetin ve Diker (2003), Ritzema ve ark. (1996) ve
Keckler (1995)te belirtildigi sekilde cografi bilgi
sistemi (ArcView 3.0a GIS) (ESRI, 1996) ortaminda
haritalanmigtir. Bu haritalarin zonal istatistikleri
kullanilarak, degigskenlerin kapladigi alanlar ve

arazideki bitki tirleri ve dagilimlari, toprak 6zellikleri oranlar1 (%) Cetin ve Diker (2003)teki gibi
ile ulagilabilirlik gibi temel faktorler gbéz Ontine hesaplanmis ve ¢izelgeler halinde sunulmustur.
alinmigtir. Calisma alanmindaki drenaj gozlem
kuyularinin koordinatlari GPS ile Datum=ED50 baz BULGULAR ve TARTISMA
alinarak UTM olarak yerinde belirlenmistir. Konum .

Bu arastirmada, Yemigli sulama sahasinda

belirlenmesinde, Magellan Explorist 600 Reference
Manual  (Thales, 2005)0da  verilen  bilgiler
kullanilmigtir. TS goézlem kuyularindaki taban suyu
derinligi (m) gozlem ve olciimleri Cetin ve Diker
(2003)’de belirtilen esaslara gore yapilmistir. TS
derinligi ve kalite gozlemleri; yagis ve sulamalar
dikkate alinarak subat, nisan, temmuz ve eylil
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sulamadan donen diisiik kaliteli sularin sulamada
kullanilmasinin taban suyu kalitesi ve taban suyu
derinligi tzerindeki etkileri arastirnlmigtir. Bu
baglamda, sadece taban suyu derinligi ve taban
suyunun kimi kalite 6zelliklerinin (EC, TDS ve SAR)
mekansal ve zamansal dagilimlar: degerlendirilmistir.
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Sekil 2. Yemigli Sulama Birligi sahasinda taban suyu gozlem kuyular: ve su saptirma yerleri (Kaman ve ark.,

2011a).

Figure 2. Groundwater observation wells and water diversion sites in the Yemisli ID (Kaman et al., 2011a).

Taban suyu derinligi analiz sonucglari

Cografi bilgi sistemleri (CBS) ortaminda ters uzaklik
enterpolasyon (IDWI) yéntemi uygulanarak iiretilen
TS derinlik haritalarinin  zonal istatistikleri
yardimiyla taban suyu derinliginin  alansal
ortalamalar1 elde edilmigtir. TS derinligi alansal
ortalamalari, kis mevsiminde (subat ayinda) ve yazin

ekim aylarinda) alansal ortalama taban suyu derinligi
1.41 m elde edilmistir. Bu deger, ¢alisma alanindaki
taban suyu derinliginin sulama mevsimi sonunda
diger aylara kiyasla daha derinlere diistiigiine isaret
etmektedir. Bunun temel nedeni, sahada genellikle
pamuk ekimi yapilmasi ve pamuk sulamalarinin
agustos ay1 itibari ile tamamlanmasidir. Dolayisiyla,

(temmuz ayinda) hemen hemen aymi (1.14 m) alana sulama suyu saptirilmadigindan, TS derinligi
bulunmustur (Cizelge 2). Cizelge 2den acikca k.(ik bélgfesinin altina dogru disme egilimine
goriilebilecegi gibi, sulama mevsimi sonunda (eyliil- girmektedir.
Table 2. Areal coverages (%) of groundwater depths (m) in Yemisli ID.
Cizelge 2. Yemigli sulama sahasinda farkl taban suyu derinlikleri (m) ve alansal dagilimlar: (%).
Taban suyu derinligi (m)
Zaman Alansal ortalamalar ve standart <1.0 1.0-1.5 1.5-2.0 2.0<
sapmalari Kapladig alan (%)
Subat/08 1.14+0.26 27.5 66.6 5.5 0.4
Nisan/08 1.30+0.22 4.5 77.3 17.3 0.9
Temmuz/08 1.14+0.23 28.7 66.2 4.4 0.7
Eylul/08 1.41+0.25 3.2 59.4 36.4 1.0
Arastirma alaninda, siddetli drenaj sorunu olan uygulamalarindan kaynakl1 drenaj sorunu

alanlar (TS derinligi<1.0 m), subat ve temmuz
aylarinda toplam alanin yaklagsik %27’sinin lzerinde
gerceklesmigstir. Buradan anlasilacagi gibi, arastirma
alaninda kigsin yagiglardan yaz mevsiminde ise sulama
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yaganmaktadir. Ote yandan, arastirma alaninin
%4.5'inde sulama mevsiminin baglangicinda (nisan
ayinda) ve %3.2'inde sulama mevsimi sonunda (eyliil
ayinda) siddetli drenaj sorunu gozlenmistir. TS
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derinliginin yi1l boyunca 1.0-1.5 m arasinda
dalgalanma gosterdigi alanlar arazinin %59-%77’sini
olusturmustur. Dolayisiyla, arastirma  alanin,

%60indan daha fazla bir kesiminde drenaj sorunu
saptanmigtir. Taban suyu derinligi bakimindan, en
risksiz  donemin sonbahar oldugu sonucuna
varilmigtir. Bu durum, yagisin ve sulama suyunun
calisma sahasinda taban suyu derinligi tizerine ciddi
anlamda olumsuz etki ettigini gostermektedir.
Arazinin dustk topografyada olmasi nedeniyle dogal
drenaj hizinin yetersiz oldugu agiktir. Ancak,
arastirmaya konu olan 7100 ha’lik sahada drenajin

pompajla yapildigi dikkate alindiginda, pompaj
programinin arazideki TS derinligini istenilen
diizeylere getirecek sekilde yapilmadigr ya da acik
drenaj sisteminin etkin c¢alismadigi sonucuna
varilmaktadir.

Demir ve Antepli (2004) tarafindan da belirtildigi gibi
arastirmanin  yuritaldagi  Cukurova yoéresinde

sulama suyu kullanimi temmuz ayinda en yiiksek
degerlere ulagsmaktadir. Arastirmada elde edilen
bulgular, Cetin ve ark. (2007; 2008) ve Demir ve
Antepli  (2004)’de verilen bulgularla benzerlik
gostermigtir. Arastirma alaninda kullanilan sulama
suyunun (sulamadan dénen su: drenaj suyw)
elektriksel iletkenligi EC=1.2-4.0 dS m arasinda
degismektedir. Bu kalitedeki drenaj sular1 sulamada
kullanildiginda, drenaj sorunu yaninda TS
kalitesindeki bozunmanin da izlenmesi ve alinacak
onlemlerde su kalitesi unsurunun da dikkate alinmasi
kacinilmaz olacaktir. Ciinkii, Kaman ve ark. (2011a)
tarafindan isaret edildigi gibi, bu tur sularin
kullanilmasinin ¢evre tizerine bir takim negatif
etkileri olmaktadir. Tarim alanlarinda topraklarin
alkalilesmesi ve diigik gecirgenlik istenmeyen en
belirgin yan etkiler arasindadir.

Sulamanin en yiiksek oldugu temmuz ayinda, taban
suyu derinliklerinin alan tuzerindeki degisimi Sekil
3’te verilmigtir. Bu haritada, taban suyu derinliginin
0.0-1.0 m arasinda oldugu siddetli drenaj problemi
olan alanlar, topografik olarak en ¢ukur konumlarda
yer almaktadir. Bu harita, kapali havza
karakterindeki drenaji pompajla yapilan sahalarda
mikro topografyanin énemini agikca gostermektedir.
Cimlenme probleminin yasanmamasi i¢in,
uygulanacak ekim-dikim tekniginde bu duruma
dikkat edilmesi gerekmektedir. Arazideki dogal egim
0.0001-0.0008 arasinda degistiginden, dogal drenaj
kisitlanmigtir. Pompajla yapilacak olan drenaj,
hidrolik egimin arttirilmasini saglayan tek care
olmaktadir. Optimal tirtiin eldesi i¢in, taban suyunun
bitki kok bolgesi altinda tutulmasi gerektiginden,
Sekil 3 irdelendiginde, arastirma alaninin pompajla
drene edilmesi zorunlu olmaktadir.

Taban suyu kalitesi analiz sonuglari

Taban suyu gozlem kuyularindan alinan su
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orneklerinin elektriksel iletkenlik (EC, dS m)
6l¢timleri CBS ortaminda degerlendirilerek
haritalanmigtir. Subat, nisan, temmuz ve eylil aylar
icin taban suyu tuzlulugunun bir gostergesi olan
elektriksel iletkenlik haritalar1 dretilmigtir. Bu
haritalar, TS tuzlulugunun c¢ok yiiksek degerler
aldigin1 ve arazi lzerindeki degiskenliginin yiksek
olduguna isaret etmistir.

Su seviyesi kaydedicili
taban suyu kuyusu

@ Sulama suyu saptirma
noktalarn

@ Drenaj suyu saptirma

noktalari

W7  Taban suyu derinligi (m)

Temmuz 08

3 % 3 Kilometre
e —— '

Sekil 3. Arastirma alaninda, sulamanin en yogun
oldugu temmuz ayinda taban suyu

derinliginin (m) mekansal degisimi.
Figure 3. Spatial distribution of GW depths in the
research area, 1.e. Yemisli ID, in July.

Alansal ortalama EC degerleri (dS m) dikkate
alindiginda, TS elektriksel iletkenliginin her zaman 20
dS m1'in {izerinde oldugu belirlenmistir (Cizelge 3).
S6z konusu degerler, kritik taban suyu tuzluluk
degerinin (5 dS m'?) en az dort katina esit ya da bundan
daha biyik oldugunu goéstermektedir. Yil boyunca
taban suyu tuzluluk riski olmayan alanlar, toplam
alanin %10undan daha az bir orana sahiptir. Diger bir
ifadeyle, toplam alanin yaklagik %901 ve tizerindeki
alanlarda taban suyu tuzlulugu agir yiiksek degerler
almigtir. Bu durum, TS tuzlulugunun oldukc¢a
konsantre olduguna igaret etmektedir. Bu nedenle,
arastirma alaninda TS derinliginin daima bitki kok
bolgesi altinda tutulmasina yonelik bir strateji
izlenmesi gerekmektedir. Bu ise, etkin bir pompaj
programinin devreye sokulmasiyla mimkiin
olabilecektir.
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Table 3. Areal coverages (%) with groundwater EC (dS m) values in Yemisli ID.
Cizelge 3. Yemisli sulama sahasinda taban suyu elektriksel iletkenligi (EC, dS m™) degerleri ve kapladigr alanlar

(%).
Taban suyu tuzlulugu (EC, dS m™)
Zaman Alansal ortalamalar ve standart <2 2-3 3-5 5-10 10-30 30<
sapmalari Kapladig: alan (%)
Subat/08 21.81+15.36 0.0 0.3 1.8 14.3 62.8 20.7
Nisan/08 19.80+13.46 0.7 1.5 4.1 17.7 55.1 20.9
Temmuz/08 22.244+16.45 1.5 1.9 4.3 18.9 48.0 25.3
Eylil/08 21.88+15.98 1.8 2.2 5.7 16.0 51.1 23.2

Akdeniz bolgesindeki kig yagislarinin sulu tarim
alanlarindaki tuzluluk kontroliinde etkin oldugu ifade
edilmektedir (Cetin ve Ozcan, 1999). Ancak, Cizelge
3’ten acgikga gorilecegi gibi, bu beklenti arastirma
alaninda karsilanamamais; yagislarin kis ve ilkbaharda
taban suyu tuzlulugu izerinde seyreltme etkisi
olmamigtir. Bunun temel nedeni, kis yagislar:
oncesinde pompa istasyonunun devreye sokularak
taban suyunun dustiriilmemesi; dolayisiyla, yikama
igin toprakta yeterli su depolamam rezervinin
olusturulamamasidir. Ancak, yaz aylarinda sulama
amagcli drenaj hendeklerinden su ¢ekilmesi taban suyu
akiminda bir sirkilasyon meydana getirmektedir.
Bunun sonucunda da c¢ift¢iler tarafindan sulamada
diisiik kaliteli (EC>1.2 dS m') sularin kullanilmasiyla
taban suyu diizeyi yiikselmekte, TS tuzlulugunda hafif
bir seyreltme etkisi goézlenmektedir. Ciinki drenaj
hendeklerinden sulama suyu alindiginda ya da
pompajla drenaj saglandiginda, memba arazilerin
drenaj sulari bu hendeklere akarak taban suyuna
kiyasla daha kaliteli olan drenaj sular1 arastirma
alanina akmaktadir.

Cizelge 3’de verilen TS tuzluluk degerleri ve alanlar:
degerlendirildiginde, TS kalitesinde ciddi bir
bozuluma oldugu aciktir. Sulamada kullanilan su
kaynaginin ortalama tuzlulugu (EC) 1.2-4.0 dS m!
oldugu goz 6nline alinirsa taban suyunun sulama suyu
tuzlulugunun en az on (10) kat1, baz1 bélgelerde kirk
(40) kat1 oraninda konsantre hale geldigi soylenebilir.
Cetin ve Ozcan (1999) tarafindan yapilan bir
arastirmada, ASO’da sulama sgsebekesi olmayan
alanlarda bu tir sorunlarin ortaya ¢ikabilecegi ifade
edilmigtir. DSI (1982)'de, arastirma alamim da igine
alan ASO IV. Merhale Proje alanlarinda, Akdeniz’in
tuzlulugunun iki katina esit olan (=120 dS m) yiiksek
taban suyu tuzlulugu goézlendigi rapor edilmigtir.

Aragtirma alanindaki taban suyu ortalama tuzlugu, 20
dS mden daha biiyiik degerler almistir (Cizelge 3).
Tuzlulugun 30 dS m¥den daha biiyiik oldugu alanlar
arastirma alaninin %25’ inden daha fazla bir alanda yil
boyunca etkili olmustur. Béylece, taban suyu ortalama
tuzlulugunun neredeyse Akdeniz'in deniz suyu
tuzluluk degerinin yarisina denk oldugu ortaya
citkmigtir. Bunun temel nedeni, arazinin c¢ukur
topografyas1 ve dogal drenajin topografik yetersizlik
nedeniyle kisitlanmis olmasidir. Bu nedenle,
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arastirma alaninin drenajinin pompajla yapilmasi
kacimilmaz olmaktadar. Bir baska acidan
degerlendirildiginde; arastirma alaninin %90’1ndan
daha fazla bir alandaki TS tuzlulugu, drenaj
mihendisligi bakimindan kritik deger (DSI, 1982;
Cetin ve Ozcan, 1999; Cetin ve Kirda, 2003; Cetin ve
Diker, 2003) olarak kabul edilen EC=5 dS m™
degerinden daha biiyiik degerler almistir (Cizelge 3).

TS kalitesine yonelik olarak yapilan
degerlendirmelerde, EC degerlerinin yaninda taban
suyundaki ¢ézlinmiis toplam tuzlarimn (TDS) da
irdelenmektedir. Arastirma alaninda, taban
suyundaki TDSnin alansal ortalama degerleri yil
boyunca 13 g L Vin iizerinde bulunmustur (Cizelge 4).
Taban suyunda toplam c¢oéziinmus tuzlarin degeri
oldukc¢a yuksek ve kritik sinirlarin tizerinde olmasina
ragmen, en dusik degerler sulama mevsiminin
baslangicinda gézlenmistir. Arastirma alaninin
%53’ tinden daha fazla bir alanda T'S TDS degeri >10 g
L1 saptanmigtir. Bu deger, Akdeniz'in deniz suyu
tuzlulugunun neredeyse Ugte birine esittir. Ayrica,
arastirma alaninin %13.6’sinda subat ay1 TDS
degerleri Akdeniz’in deniz suyu tuzlulugu olan 30 g L
1 degerinden daha blyik degerler almigtir. Bu
degerler, arastirma alanindaki drenaj yetersizligi agik
bir sekilde ortaya koymaktadir. Bu sorunlarin
giderilebilmesi i¢in: a) Ciftcilere iyi kalitede sulama
suyu saglanmasi, b) Sulama suyunun, randimani
yiiksek sulama yontemleriyle uygulanmasi, ¢) Kapal
dren sistemiyle desteklenmis etkin bir “acgik derin
drenaj sistemi”nin devreye sokulmasi, d) Pompajin kis
yagislar: ve sulamalara gore planlanmip uygulanmasi
gerekmektedir.

Tarim alanlarinda, taban suyu tuzlulugu yaninda
suyun sodyum igeriginin, dolayisiyla SAR degerlerinin
de irdelenmesi yararli olmaktadir. Bu baglamda bir
degerlendirme yapildiginda, arastirma alanindaki TS
orneklerinin SAR degerlerinin de oldukg¢a yuksek
oldugu gorulmustur. Taban suyundaki SAR degerleri,
temmuz ve eylil aylarinda benzer bir dagilim
gostermistir (Cizelge 5). Ancak, subat ve nisan
aylarindaki SAR degerleri birbirinden oldukg¢a fakl
bulunmugtur. Taban suyu ortalama SAR degerleri
arastirma siiresince, Said ve ark. (2021) tarafindan
belirtilen kritik SAR degerinin {13 (meq L1)05}
iizerinde saptanmistir (Cizelge 5).
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Table 4. Areal coverage (%) with groundwater TDS (g Li'?) values in the study area.
Cizelge 4. Calisma alaninda taban suyunda toplam ¢éziinmiis tuzluluk (TDS, g L) degerleri ile kapladigr alanlar

(%).
Toplam ¢éziinmiis tuzlar (TDS, g L1
Zaman Alansal ortalamalar ve standart _<° 510 10-30 >30
sapmalari Kapladig: alan (%)
Subat/08 17.83+12.95 4.6 24.6 57.2 13.6
Temmuz/08 14.33+11.12 19.8 23.7 47.4 9.1
Eylul/08 14.95+11.27 15.9 24.6 47.8 11.7
Table 5. Areal coverage (%) with different groundwater SAR values in the research area.
Cizelge 5. Arastirma alaninda taban suyunda SAR degerleri ve alansal dagilimi (%).
Taban suyunda SAR
Zaman Alansal ortalamalar ve standart™> 36 6-13 13-20 20<
sapmalari Kapladig: alan (%)
Subat/08 25.45+10.02 0.1 0.4 8.7 23.6 67.3
Nisan/08 19.3349.35 0.8 3.7 24.8 25.7 45.1
Temmuz/08 29.71+10.80 0.9 4.1 12.3 28.7 54.1
Eylual/08 21.15+9.45 0.9 4.0 14.4 25.9 54.8

Arastirmada, SAR degerinin 20 (meq L1)%5 ve daha
buytuk oldugu alanlar sahasinin %45-%671 arasinda
degisim gostermistir. Anlasilacagl tizere, arastirma
alaninin en %50’sinde TS SAR degeri >20 (meq L~
1)0.5dir. Bu deger, Akdeniz'in deniz suyu ortalama SAR
degerinin neredeyse %40’ 1na esittir. Bu
degerlendirmeler, arastirma alanindaki TS tuzlulugu
ve SAR degerlerinin normal bir tarim alaninda
beklenen degerlere (FAO, 2001; Cetin ve Kirda, 2003;
Demir ve Antepli, 2004; Cetin ve ark., 2008) kiyasla
oldukeca yiiksektir. Arastirma alaninda, gelecekte daha
siddetli dlzeylerde dusik toprak gecirgenligi
beklenmelidir. Ayrica, TS SAR degerlerinin
topraklardaki alkaliligi arttiracagi unutulmamalidar.
Deginilen bu hususlarin, tarimsal bakimdan zayif
¢imlenme oranlar1 yaninda, triin verim ve kalitesinde
de diistisleri beraberinde getirmesi beklenmelidir.

SONUC ve ONERILER

Bu arastirmadan elde edilen bulgular dogrultusunda
ulagilan sonuglar ve 6neriler goyle 6zetlenebilir:

Taban suyu derinliginin 1 m’den daha az olan alanlar
siddetli drenaj sorunu olan alanlar olarak
bilinmektedir. Arastirmada, siddetli drenaj sorunu
olan alanlar subat ve temmuz aylarinda toplam alanin
yvaklagtk  %27si ve izerindeki bir alanda
gerceklesmistir. Ote yandan, sulama mevsiminin
baslangicinda (nisan ayinda) alanin %4.5'inde ve
sulama mevsimi sonunda (eylil aymnda) ise
alanin %3.2’sinde siddetli drenaj sorunu gézlenmistir.

166

Aragtirma alaninin %60'indan daha biiyiik bir alanda,
TS derinligi y1l botunca 1.0 ile 1.5 m arasinda degisim
gostermigtir. Diger bir ifadeyle, toplam alanin
yaklasik %60’ indan daha fazlasinda yil botunca drenaj
sorunu tespit edilmigtir. Ozellikle topografik
bakimdan c¢ukur olan alanlarda, drenaj sorunu
siddetlenmigtir.

Aragtirma alaninda, TS tuzlulugu yiiksek degiskenlik
tavrl gostermistir. Alansal ortalama EC degerleri (dS
m1), tim o6rnekleme dénemlerinde >20 dS m™
bulunmustur S6z konusu degerler, kritik taban suyu
tuzluluk degerinin (5 dS m'1) en az dért katina karsihik
gelmektedir. Taban suyu tuzluluk riskinin bulundugu
alanlarin, arastirma alaninin %90'mindan daha
fazlasini olusturdugu belirlenmigtir.

Aragtirma alaninda, taban suyunda toplam ¢éziinmis
tuzlarin (TDS) alansal ortalama degerleri yil boyunca
13 g LYin tzerinde bulunmustur. Taban suyu TDS
degerleri oldukga yiliksek ve kritik sinirlarin tizerinde
kaydedilmigtir. Arastirma alanin %53Unden daha
fazlasinda taban suyu TDS degerlerinin 10 g L'V’den
fazla oldugu saptanmistir. Calisma
alaninin %13’ inden daha buytik bir kisminda, subat
ayinda Akdeniz’in deniz suyu tuzluluguna esit olan 30
g L 'Vden daha buytuk TDS elde edilmistir.

Taban suyu sodyum zarari (SAR) etkisi goz oniine
alindiginda, arastirma alanindaki taban suyu SAR
degerleri kritik degerin tizerinde bulunmustur. Taban
suyundaki SAR degerleri, temmuz ve eylil aylarinda
benzer bir dagilim g6stermis; subat ve nisan
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aylarindaki SAR degerleri birbirinden fakhh tavir
gostermigtir.

Diigtiik kaliteli su kaynaklarinin tarimda kullanilmas;,
taban suyu elektriksel gec¢irgenliginin  asir
yikselmesine; SAR degerlerinin kritik degerlerin
oldukca tustine ¢ikmasina neden olmustur. Drenaj
sularmin, randimamn digsiik olan sulama yontemleriyle
kullanilmas1 TS kalite ve kantitesi tizerine olumsuz
etki yapmistir. Topografik yetersizlikler ve uygun
olmayan drenaj pompaj programi, arastirma
alanindaki taban suyu kalitesi ve derinligindeki
bozunmay1 hizlandirmig; kis yagiglarinin beklenen
yikama etkisini engellemigtir.

Ozetlenen sorunlarin giderilebilmesi i¢in: a) Ciftcilere
iyi kalitede sulama suyu saglanmasi, b) Sulama
suyunun, randimanm yiksek sulama yontemleriyle
uygulanmasi, ¢) Kapali dren sistemiyle desteklenmis
etkin bir ‘a¢ik derin drenaj sistemi’hin devreye
sokulmasi ve siirekli islevsel kilinmasi, d) Pompajin
kis yagislari ve sulamalar ile urlnlerin yetistirme
donemlerine uygun olarak planlanip uygulanmasi
gerekmektedir.

Aragtirma alaninda kullanilan sulama suyunun
drenajdan saglandigi dikkate alindiginda, toprakta
tuz birikimi riski yuksektir. Tarimsal {dretimin
stirdirilebilirligi gz 6nline alindiginda, yaz aylarinda
tuzluluga nispeten daha dayanikli olan misir ve
pamuk bitkilerinin; kis aylarinda ise arpa vb.
bitkilerinin yetistirilmesi énerilmektedir.
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OZET Aragtirma Makalesi

Bu c¢alisma kapsaminda Asi havzasinda bulunan sulama

birliklerinin performanslar1 2013-2017 yillar1 verileri ile analiz Makale Tarihgesi
edilmigtir. Analizde performans géstergeleri ve TOPSIS yéntemi ile Gelig Tarihi  :23.02.2021
sulama birliklerinin basarilar: tespit edilmigtir. Arastirmada sulama Kabul Tarihi :05.05.2021
alanina dagitilan yillhik sulama suyu miktari 14681-2318 m3 ha

arasinda degismis, sulanan alana dagitilan yillik sulama suyu Anahtar Kelimeler

miktar1 17715-2678 m3 ha'l, yillik su temin orani 0.29-1.61 arasinda
hesaplanmig, sulama orami %48-111 araliginda degismistir. Mali
yeterlilik oram1 %18-86 arasinda degisirken, bakim-onarim
masraflarinin gelire orani %9-181, sulama alanina digen isletme-
bakim ve yonetim masraflar1 49.17-343.75 $ ha'l, su lcreti toplama
performansi degeri %24-83, sulama alanina diisen enerji masraflari
0-233.96 $ ha'l, sulanan alana diisen enerji masraflar1 0-394.94 $ ha
1 yve sulama suyu miktarina karsilik enerji masraflar: 0—0.03494 $ m-
3 olarak hesaplanmigtir. Sulama alani tretim degeri 1509-7398 $ ha
1, sulanan alan tretim degeri 1948-11262 $ ha’l, sebekeye alinan
sulama suyuna karsilik tretim degeri 0.190-2.019 $ m=3 ve bitki su
ihtiyacina karsilik tretim degeri 0.203-0.950 $ m=3 olarak
saptanmigtir. TOPSIS y6ntemi ile analizde su kullanim bagarisi %6-
100, finansal basar1 %15-80 ve uretim basarist %0-100 arasinda
degismigtir. Sonu¢ olarak sulama birliklerinin bagsarisinda uretim
degeri ve igletme bakim giderleri 6nemli rol oynamaktadar.

Sulama y6netimi

Asi havzasi

Performans Gostergeleri
Sulama birlikleri
TOPSIS yontemi

Analysis of Water User Associations in Asi Basin with Irrigation Performance Indicators and TOPSIS

Method
ABSTRACT

In this study, water user associations (WUAs) were assessed with
the data between the dates 2013-2017 in Asi Basin. Success of WUAs
was determined with the TOPSIS method. The range of annual
irrigation water per unit command area, annual irrigation water per
unit irrigated area, annual relative water supply and irrigation
intensity were changed 14681-2318 m3 ha'l, 17715-2678 m3 hal,
0.29-1.61 and 48-111%, respectively. Calculated financial adequacy
ratio, total maintenance expenditure cost, revenue ratio, revenue
collection performance, energy cost per unit command area, energy
cost per unit irrigated area, and energy cost per unit volume
irrigation water were %18-86, %9-181, $49.17-343.75 hal, %24-83,
$0-233.96 ha'l, $0-394.94 ha! and $0-0.03494 m™3, respectively.
Output per unit command area was between $1509-7398 ha'l, output
per unit irrigated area was between $1948-1262 ha'l, output per unit
irrigation water supplied to users changed between $0.190-2.019 m3
and output per unit irrigation water requirement was between
$0.203-0.950 m3. In the analyzing with TOPSIS method, water use
success, financial success and production success changed between 6-
100%, 15-80% and 0-100%, respectively. As a conclusion, output and
maintenance-operation costs played important role in success of
water user associations.
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GIRIS gostergeleri kullanmiglardir.

Iklim degisikligi ve kuraklik nedeniyle artan tarimsal
su kullanimi, igme ve kullanma suyu ve sanayi
gereksinimleri su kaynaklarinin etkin ve
surdurulebilir kullanimin1  gerektirmektedir. Su,
yenilenebilir bir kaynak olmasina ragmen sinirh
kullanima sahip temel yasam maddelerinin basinda
gelir (Agca ve ark., 2014). Su yonetimi; su
kaynaklarinin planh bir bigimde gelistirilmesi, suyun
dagitima ve kullamimi olarak tanimlanmaktadir.
Sulama projelerinin amaci, ¢ift¢i gelirinin artirilmasi
ve su kaynaklarinin etkin bir bi¢imde kullaniminin
gerceklestirilmesidir. Sulama yo6netimi ise tarimda
suyun istenilen zaman ve miktarda dagitim ve
kullaniminm1 saglayan bir organizasyon bi¢imi olarak
tanimlanabilir (Akiiziim ve ark., 2010).

Turkiye’de tarimsal sulamada ihtiya¢ duyulandan
daha fazla su kullanilmaktadir. Fazla su
kullaniminin en 6nemli nedenlerinden biri, sulama
sebekelerindeki su kayiplarinin fazlahgidir (Cakmak
ve Akiizim, 2006). Tiirkiye’de DSI tarafindan insa
edilen ve yonetilen sulama sebekelerinin yonetimi
1993 yilindan itibaren su kullanici orgitlerine
(sulama birlikleri, kooperatifler) devredilmistir. Devir

sonrast sulama gebekelerinin igletme bakim ve
yonetim performanslarinin izlenmesi ve
degerlendirilmesi 6nemli bir konu olmustur.

Sulama sebekelerinin performans

degerlendirilmesinde g¢esitli arastiricilar tarafindan
¢ok sayida gosterge gelistirilmis ve uygulanmigtir.
Abernethy (1986) suyun dagitiminda esitlik,
diizenlilik, devamlilik ve glivenirlilik parametrelerini,
Smith (1990) verim ve sulama randimanini, Beyribey
ve ark. (1997) su temini orani, sulama orani, karhlk
orami  ve sUrdirilebilir sulama alanmi oram
gostergelerini, Kartal ve ark. (2020) sulama
sebekelerinde gsebeke alanmi briut uretim degeri,
sulanan alan brit Uretim degeri, saptirilan suya
karsilik brit tUretim degeri, bitki su ihtiyacina
kargilik brit Giretim degeri, su temin orani ve sulama
oran1 gostergelerini, Arslan ve Degirmenci (2018)
dissal (su iletim kapasitesi, yatirimin geri doniis
oranl) ve icsel gostergeleri, Aktiirk ve ark. (2010)
masraflar1 karsilama orani, bakim masrafinin gelire
orani, su Ucreti toplama performansi, birim alana
diigsen toplam igletme bakim yénetim masrafi, birim
alana diigen personel sayis1 ve su dagitiminda
istihdam edilen kisi basina disen toplam masrafi,
Kartal ve ark. (2021) bakim masrafi, planlanan
bakim masrafi, toplam gelir ve toplam gider ile ilgili
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Sulama performans gostergelerinin
degerlendirilmesinde g¢esitli istastistiksel yontemler
kullanilmaktadir. Degirmenci ve ark. (2017) sulama
birliginin sulama oranlarini, yillik bakim onarim
orani ve ortalama su lcreti géstergelerini kiimeleme
analizi ile, Kartal ve Degirmenci (2019a) c¢ok
degigkenli istatistiksel yontemlerle temel bilesenler
analizi ile (PCA), Biiyiikcangaz ve ark. (2018) sulama
performans gostergelerini veri zarflama analizi ile
(VZA), Rodriguez-Diaz ve ark. (2008) temel bilesenler
analizi, kiimeleme analizi ve kalite indeksleri ile,
Kartal ve Degirmenci (2019b) kalite indeksi ile, Alcon
ve ark. (2017) panel veri regresyon modeli ile, Zema
ve ark. (2018) performans gostergeleri arasindaki
korelasyon katsayis1 ile, Zema ve ark. (2020)
parametrik olmayan c¢ok degigkenli permiitasyonel
varyans analizi (PERMANOVA) ile
degerlendirmislerdir.

Cok kriterli karar verme yontemlerinden birisi olan
TOPSIS (Technique For Order Preference By
Similarity To An Ideal Solution) yéntemi bircok
alanda kullanilmaktadir. Tsaur ve ark. (2002)
havaalanlarinda hizmet kalitesi, Madumjar ve ark.
(2005) pamuk lif kalitesinin degerlendirilmesinde,
Yurdakul ve I¢ (2005) tretim girketlerine yénelik
performans ol¢im modeli geligtirilmek, Shyjith ve
ark. (2008) tekstil sanayisinde en uygun bakim
teknolojilerinin seciminde, Lin ve ark. (2008) {iriin

tasarim stireclerinde, Ustasuleyman (2009)
bankacilik sektoriinde hizmet kalitesinin
belirlenmesinde, Wang ve ark. (2009), tedarikci
seciminde, Ozfidaner ve ark. (2020) kuraklk
analizinde AHP ve TOPSIS yontemlerini
kullanmiglardir. TOPSIS  yéntemi  kullanilarak

sulama performans degerlendirilmesi konusunda ¢ok
kisith calisma bulunmaktadir.

Bu galismanin amaci1 Asi havzasinda faaliyet gosteren
Kirikhan, Hassa, Yarseli ve Samandag sulama
birliklerini 2013-2017 yili verileri kullamilarak su
kullanim etkinligi, finansal etkinlik ve {retim
etkinligine yonelik sulama performans gistergeleri ve
TOPSIS yontemi ile degerlendirmektir.

MATERYAL ve METOD
Materyal

Arastirmada Asi havzasinda yer alan Kirikhan,
Hassa, Yarseli ve Samandag sulama sebekelerinin
isletme ve bakim sorumlulugunu devir alan 4 sulama
birliginin 2013-2017 yili verileri materyal olarak
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alinmistir  (Anonim, 2013-2017). Asi Havzasi,
Turkiye'nin gluneyinde yer alir. Batida Akdeniz,
giineyde Suriye, doguda Firat Havzas: ve kuzeyde ise
Ceyhan Havzasi yer alir. Bu havza cografi olarak; 36°

Cizelge 1. Sulama birlikleri ile ilgili bilgiler
Table 1. Information on irrigation associations

21’ Kuzey, 35° 48 Giiney enlemleri, 36° 41’ Dogu ve
35° 53’ Bat1 boylamlar:1 arasindadir. Sulama birlikleri
ile ilgili bilgiler Cizelge 1’de verilmigtir.

Birlik Ada Kirikhan Hassa Yarseli Samandag
Name of Associations
Sulama Alam (ha) 7300 3400 6800 1575
Irrigation area (ha)
Cazibe (ha) 7300 3400 5364
Gravity (ha)
Pompaj (ha) 1436 1575
Pumping (ha)
Bitki Cesidi ve Ekim Pamuk (%42) Hububat (%38) Pamuk (%44) Narenciye (%60)
Oran1 Hububat (%34) Pamuk (%12) Msir (%26) Sebze (%10)
Crop  Variety and Nisir (%12) Meyve(%7) Hububat (%25) Meyve (%3)
Cropping ratio

Metot 2000)

Performans gostergelerinin hesaplanmasi

Bu calismada Uluslararast Su Yonetimi Enstitiist
(IWMI) tarafindan gelistirilen sulama performans
gostergeleri  kullamilmigtir. Sulama performans
gostergeleri ve hesaplama yontemleri Cizelge 2’de
verilmistir (Molden ve ark.,1998; Burt, 2001).

TOPSIS yontemi: Asi havzasinda bulunan her bir
sulama birligi icin sulama performans géstergeleri
kullanilarak ayri1 ayri her bir yil icin hesaplama
yapilmistir. Her bir sulama performans gostergesine
gore her sulama birligi digerlerine gore daha basarili
goriinmektedir. Farkh sulama performans
gostergelerine gore farkli sulama birliklerinin daha
bagarili goriinmesi, en bagarili sulama birliginin
belirlenmesinde sorun yaratmaktadir. Dogru bir
yaklasggim ile en bagsarili sulama  birligini
belirleyebilecek analiz yapmak ve bu analize tim
sulama performans gostergelerini dahil etmek ancak
performans gostergelerini ortak paydada
birlestirebilecek bir c¢oklu karar verme teknigi
kullanilarak yapilabilir. Bunun i¢in uygulanabilecek
en iyi analiz yontemlerinden bir tanesi de TOPSIS'tir.
Coklu karar verme tekniklerinden biri olan TOPSIS
yontemi biitlin karar noktalar1 i¢in degerlendirme
faktorlerini aym1 anda ¢6ziime katmakta ve karar
vericiye tek bir dagilm sunmaktadir (Yiikcii ve
Atagan (2010). Bu nedenle arastirmada sulama
performans gostergeleri su kullanim etkinlik basarisi,
finansal etkinlik bagaris1 ve tarimsal etkinlik bagarisi
yoniinden TOPSIS yéntemi ile analiz edilmistir.
TOPSIS yéntemi 6 adimdan olugmaktadir (Chen ve
Hwang, 1992; Hwang ve Yoon, 1981).

Adim 1: Karar matrisinin (A) olusturulmas: (Chen,
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Adim 2: Standart karar matrisinin (R) Olusturulmasi
(Jadidi ve ark., 2008)

Adim 3: Agirhklh standart karar matrisinin (V)
olusturulmasi (Jadidi ve ark., 2008).

Adim 4: Ideal (A*) ve negatif ideal (A7) ¢éziimlerinin
olusturulmasi (Abbasi ve ark., 2008)

Adim 5 Ayrim 6lciilerinin hesaplanmas: (Jadidi ve
ark., 2008)

Adim 6: Ideal ¢oziime goreli yakinhigin hesaplanmasi
(Li, 2010)

Analitik Hiyerarsi Prosesi (AHP): 1977 yilinda
Profesor Thomas Lorie Saaty tarafindan bir model
olarak gelistirilerek karar verme problemlerinin
¢oziiminde kullanilabilir hale getirilmigtir
(Yaralioglu, 2001). AHP cok &lciitlii bir karar verme
yontemi olup belirlenen o6l¢ltlere gore birden fazla
secenegin  O6nem  sirasina gbére siralanmasim
saglamaktadir. AHP, alternatiflerin ortak bir Glclte
gore ikili karsilastirmasina dayanan bir yontemdir.
AHP problemi birden fazla seviyeden meydana gelen
bir hiyerarsik yapi ile olusturulur. AHP ¢ok él¢uitli ve
¢ok segenekli karar problemlerinde ¢éziime ulagsmada
karar vericiye yardimci olur. Karar destek sisteminin
isleyis adimlar1 (Saaty,2004);

Adim 1: Sorun tanmimlanir ve aranan bilginin tari
belirlenir

Adim 2:

olusturulur

Faktorler aras1 kargilagtirma matrisi

Adim 3: Faktorlerin yiizde 6nem dagilimlar: belirlenir
Adim 4: Faktor kiyaslamalarindaki tutarlilik 6l¢ulir
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Cizelge 2. Sulama performans gostergeleri
Table 2. Irrigation performance indicators

Kodu  Gosterge
Code  Indicator

Tanim
Definition

Toplam sulama suyu miktar1(m?)

Al Sulama alani sulama suyu miktar: (m3ha)
S Sulama alani
u ; 3
Kullanim A2 Sulanan alan sulama suyu miktar: (m3ha) Toplam sulama suyu miktari(m’)
Etkinlisi Sulanan alan
g o Toplam sulama suyu miktari(m?)
Water Use A3 Yillik su temini orani P
Efficiency Toplam sulama suyu ihtiyaci(m?)
Sulanan alan(ha
A4 Sulama Oran (%) (ha) * 100
Sulama alani(ha)
B1 Mali veterlilik ) Toplanan su ticretleri($) 100
- *
atl yeteritiis orant 176 Toplam IBY Masraflari($)
. Bakim masraflari($)
B2 Bakim-onarim masraflarinin gelire orani (%) — ——+ 100
Toplanan su ticretleri($)
. Toplam IBY Masraflari($
B3 Sulama alani IBY masraflar: ($ ha'l) P ®)
Sulama alani(ha)
Finfflnsfal B4 Su tteret tool ; ) Tahsil edilen ($) 100
*
%11;;1;1;21 u ucreti toplama performansi (% Tahakkuk eden ($)
i Toplam enerji giderleri ($
Efficiency B5 Sulama alani enerji masraflar: ($ ha't) P L8 ®)
Sulama alani(ha)
Toplam enerji giderleri ($
B6 Sulanan alan enerji masraflar1 ($ ha?) P . ®)
Sulanan alan (ha)
Toplam enerji giderleri ($
B7 Sulama suyu enerji masraflari ($ m) P ] - )
Toplam sulama suyu miktari
Briit tiretim degeri ($
C1 Sulama alani briit tiretim degeri ($ ha'l) geri (3)
Sulama alani (ha)
S Briit tiretim degeri ($
Uretim C2 Sulanan alan briit tiretim degeri ($ ha'l) gerl (3)
Etkinligi Sulanan alan (ha)
Prodgca‘on s sul briit tiretim degeri (§ m-9) Briit tiretim degeri ($)
Efficiency ulama sty brut uretim degert iy m Toplam sulama suyu miktari(m?)
o o ) . Briit tiretim degeri ($)
. oy . 5
C4 Bitki su tiiketimi briit tiretim degeri ($ m™) Bitki su tiketimi (m?)
Arastirmada sulama performans degerlendirmesi sonucunda  olugan  degerlerin yani 6nceliklerin

konusunda arastirmalar1 bulunan 5 uzmandan
asagida belirtilen performans gostergelerinin bir
sulama birliginin bagarisina katki agirliklar gorisu

birbirleri ile olan mantiksal ve/veya matematiksel
tutarliliktir (Omirbek ve ark., 2015).

oranina gbére hesaplanan sulama

alinip, geometrik ortalamasi hesaplanmis ve ortak performans gostergeleri agirhklari  Cizelge 3'te
goriis kismina islenmigtir. Ikili kargilagtirmalar gosterilmistir.
Cizelge 3. Sulama performans géstergeleri agirhiklar:
Table 3. Irrigation performance indicators weights
Al 0.097 Bl 0.145
Su kullanim etkinlik gostergeleri A2 0.097 B2 0.058
Water use efficiency indicators A3 0.252 B3 0.075
A4 0.555 Finansal etkinlik gostergeleri B4 0.421
C1 0.277 Financial efficiency indicators B5 0.073
Uretim etkinligi gostergeleri C2  0.466 B6 0.073
Production efficiency indicators C3 0.161 B7 0.156
C4 0.096
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BULGULAR ve TARTISMA
Sulama performans gostergelerinin analizi

Sulama alan sulama suyu miktar1 (A1) : Al degeri
2013-2017 wyillarn arasinda 14681 ve 2318 m3 hal
arasinda degisirken, ortalama deger 6530 m3 ha Vdir.
Sekil 1 incelendiginde 14681 m3 hal degeriyle en
yiksek go6zlemlendigi sulama birligi 2013 yilinda
Kirikhan sulama birligidir. En diisik Al degeri ise
Kirikhan sulama birliginde 2014 yilinda 2318 m3 ha'!
olarak hesaplanmistir. Arslan ve Degirmenci (2018)
Kahramanmarag'ta bulunan Kartalkaya Sol Sahil
sulama sebekesinde 2015 yilinda yaptiklar: ¢calismada
bu degeri 6743.97 m3 ha'! olarak saptamiglardir.

16000

14000

'ﬁ; 12000
= 10000 12013
£ 8000 m2014
< 6000 2015

4000
2000 m 2016
0 m2017

Kirikhan  Hassa Yarseli Samandag
Al

Sekil 1. Sulama alani sulama suyu miktar: (A1)
Figure 1.Irrigation water per unit command area

Yillik su temin orani (A3): Arastirma alaninda 2013-
2017 yillar1 arasinda yillik su temin orani 0.29-1.61
arasinda degigirken, ortalama A3 degeri ise 0.90’dir.
A3 degeri en diisiik 2014 yilinda Kirikhan sulama
birliginde 0.29 ile goriilmustiir. Sekil 3 incelendiginde
Hassa sulama birligi 2013 yilinda 1.61 su temin
oraniyla en yiksek, Yarseli sulama birligi 2015 ve
2017 yilinda 0.98 ve 1.05 ile optimal seviyeye en
yvakin A3 degerlerine sahip Dbirlik olmustur.
Degirmenci (2001) 1998 yili i¢in sulama birliklerine
devredilen sulama gebekelerinde A3 degerini 0.91-
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Sulama Birlikleri

Sekil 3. Su temin orani (A3)
Figure 3. Relative water supply

Sulama orani (%)

Sulanan alan sulama suyu miktar1 (A2): 2013-2017
yillar1 arasinda A2 degeri 2678-17715 m3 ha'l
arasinda degisirken, ortalama deger 9913 m3 ha Vdur.
Sekil 2’ de goruldugu gibi en yiuksek deger 2013
yilinda Hassa sulama birliginde (17715 m3 ha'l)
gerceklesmistir. En disiik A2 degeri ise Kirikhan
sulama birliginde 2014 yilinda 2678 m3 ha! olarak
hesaplanmigtir. Elicabuk ve Topak (2016), Gevrekli
Sulama Birligi'nin 2008-2013 yillar1 verilerini
kullanarak yaptiklar: calismada birim sulanan alana
dagitilan yillik sulama suyu miktarini 2.577-5.273 m?
hal olarak tespit etmiglerdir.
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Sekil 2. Sulanan alan sulama suyu miktar1 (A2)
Figure 2. Irrigation water per unit irrigated area

7.15 olarak tespit etmigtir.

Sulama orani (%) (A4): Asi havzasinda sulama oram
2013-2017 yillar1 arasinda %48-111 araliginda
degismis ve ortalama A5 degeri %68 olarak
hesaplanmigtir. Sekil 4’de gosterilen grafikte en
yiksek A5 degeri 2013 yilinda Kirikhan sulama
birliginde gergeklesirken, en diisiik ise 2014 yilinda
Hassa sulama birliginde %48 ile gorilmistir.
Beyribey ve ark. (1997), 1984-1993 yillarinda icin 21
bélgede yaptiklar: ¢alismalarda A4 degerini %24-105
arasinda hesaplamiglardir.

120

100
80 m 2013
60 m 2014
40 2015
28 = 2016
Kirikhan Yarseli = 2017
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Sekil 4. Sulama orani (A4)
Figure 4. Irrigation intensity
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Mali yeterlilik orani (%) (B1): B1 degeri 2013-2017
yillar1 arasinda %18-86 arasinda degisirken, ortalama
B1 degeri %52 olarak hesaplanmigtir. Sekil 5'de
gosterilen grafik incelendiginde 2015 yilinda Yarseli
sulama birligi %86 ile en iyi B1 degerine sahipken,
2016 yilinda Kirikhan sulama birligi %18 ile en kot
diizeyde oldugu gorulmektedir. Cakmak ve Beyribey

(2003), Sakarya havzasi sulama sebekelerinde
yaptiklari calismalarda %8-300 olarak tespit
etmiglerdir.
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Sulama Birlikleri

Sekil 1. Mali yeterlilik orani (B1)
Figure 4. Financial adequacy ratio

Sulama alani igletme-bakim ve yénetim (IBY)
masraflar1 (B3): Arastirma alaninda tespit edilen
sulama alanina digen isletme-bakim ve yoOnetim
masraflar1 49.17-343.75 $ ha'l araliginda degismis ve
Sekil 7’de verilmigtir. Sulama alanina diigsen igletme-
bakim ve yoOnetim masraflar1 incelendiginde en
yiksek 2014 yilinda 343.75 $ ha! ile Yarseli Sulama

Birligi, en disik ise 2015 yilinda Hassa Sulama
Birliginin  49.17 $ ha! olarak gerceklestigi
goriilmiistiir. Arslan ve Degirmenci (2018),

Kartalkaya Sol Sahil sulama sebekesinde 2015
yilinda yaptiklar: ¢alismada B3 degerini 89.26 $ ha'!
olarak tespit etmiglerdir.
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Sekil 2. Sulama alani IBY masraflari(B3)
Figure 7. MOM expenditure cost

Sulama alanm1 enerji masraflarn (B5): Arastirma
alaninda tespit edilen sulama alanina diisen enerji
masraflar1 Sekil 9'da verilmigtir. Sekilde goriilecegi

Bakim-onarim masraflarinin gelire orani (%) (B2): B2
degerleri  2013-2017 yillarn  arasinda %9-181
araliginda degismisg ve ortalama B2 degeri %50 olarak
hesaplanmis ve Sekil 6’da verilmistir. En yliksek B2
degeri 2016 yilinda Kirikhan sulama birliginde %181
ile gergeklesirken, en diisiik ise 2017 yilinda Yarseli
sulama birliginde %9 olarak saptanmigtir. Kapan
(2010), Asartepe sulamasinda yaptig1l calismada B2
degerini %31-543 arasinda saptamistir.
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Sulama Birlikleri

Sekil 6. Bakim-onarim masraflarinin gelire oranm (B2)

Figure 6. Maintenance expenditure cost - revenue ratio

Su iicreti toplama performans: (%) (B4): Asi
havzasindaki sulama birliklerinin 2013-2017 yilina
iligkin su ucreti toplama performans: degeri %24-83
araliginda degismigs ve Sekil 8de verilmigtir. En
distk su ucreti toplama performansi1 2014 yilinda
Kirikhan Sulama Birliginde %24 oranla belirlenirken,
en yluksek oran ise Yarseli Sulama Birligi 2017
yilinda %83 ile saptanmigtir. Yavuz ve ark. (2006) ise,
Asag1 Seyhan ovasindaki 17 sulama birliginde 1998-
2002 yillarina iligkin B4 degerini %65-100 arasinda
hesaplamagtir.
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Sekil 3. Su iicreti toplama performansi (B4)
Figure 8. Revenue collection performance

tzere Hassa Sulama Birliginin hi¢ enerji
masraflarinin olmadigi, Yarseli Sulama Birliginin ise
pompaj tesisi oldugundan enerji giderlerinin ¢ok
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yiksek olarak saptanirken, bu gider en yiiksek
Yarseli Sulama Birligi 2014 yilinda 233.96 $ ha'l
olarak hesaplanmistir. Diker (2018) Asag1 Seyhan
ovasinda 18 sulama birliginde sulama alanina disen
enerji masraflarin1 2011-2015 verilerine gére 2.79 ile
123.94 $ hal arasinda degismis, ortalama 16.64 $ ha'l
bulmustur.

Sulanan alan enerji masraflar1 (B6): Asi havzasinda
sulanan alana diisen enerji masraflar1 (B6) degerleri

250
27 200 2013
g £ 150 = 2014
= & 100 2015
<
E <
= é 50 L L =2016
wn

0 —=— 2017

Kirikkhan Hassa  Yarseli Samandag
Sulama Birlikleri

Sekil 4. Sulama alani enerji masraflari(B5)

2013-2017 yillar1 arasinda 0-394.94 $ ha! araliginda
degismis ve ortalama B6 degeri 71.65 $ ha'l olarak
hesaplanmig ve Sekil 10°’da verilmigtir. En ylksek B6
degeri 2014 yilinda Yarseli sulama birliginde 394.94 $§
hal ile gerceklesirken, Hassa sulama birliginin hig
enerji masrafi olmadig belirlenmistir. Moreno ve ark.
(2010) Ispanya Castilla-La Mancha bélgesinde 15
sulama birliginde sulanan alana diigen enerji

masraflarimm  34.74 ile 471.26 € hal! arasinda

hesaplamiglardir.
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Sekil 4.5. Sulanan alan enerji masraflari1(B6)

Figure 9. Energy cost per unit command area Figure 10. Energy cost per unit irrigated area

Sulama suyu enerji masraflar1 (B7): Asi havzasinda
Sulama suyu miktarina karsilik enerji masraflar:
(B7) degerleri 2013-2017 yillar1 arasinda 0-0.03494 $
m3 araliginda degismis ve ortalama B7 degeri
0.00704 $ m=3 olarak hesaplanmigs ve Sekil 11’'de
verilmigtir. En ylksek B7 degeri 2014 yilinda Yarseli

sulama birliginde 0.03494 $ m=3 ile gerceklesirken,
Hassa sulama birliginin hi¢ enerji masrafi olmadig:
belirlenmistir. Alcon ve ark. (2017) Ispanya Murcia
bélgesinde 5 sulama birliginde sulama suyu
miktarina karsilik enerji masrafini ortalama 0.04 €
m3 bulmusglardar.
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Sekil 6. Sulama suyu enerji masraflar1 (B7)

Figure 11. Energy cost per unit volume irrigation water

Sulama alani iretim degeri (C1): Asi havzasinda
sulama alanm tretim degeri C1 degerleri 2013-2017
yillar1 arasinda 1509-7398 $ ha'! araliginda degismis
ve ortalama C1 degeri 3224 $ ha'! olarak hesaplanmig
ve Sekil 12’de verilmigtir. En yiksek C1 degeri 2014
yilinda Samandag sulama birliginde 7398 $ ha! ile
gerceklesirken, en disik ise 2017 yilinda Hassa
sulama birliginde 1509 $ hal olarak saptanmistir.
Shrestha ve ark. (2014) Endonezya Telagasari sulama

175

alaninda 2007 yilinda 5 ayr1 sektérde yapmis
olduklar1 g¢aligmada sulama alami tretim degerini
720-2962 $ halve ortalama 1720 $ ha! bulmuslardir.

Sulanan alan iiretim degeri (C2): Asi havzasinda
sulanan alan iiretim degeri (C2) degerleri 2013-2017
yillar1 arasinda 1948-11262 $ hal araliginda
degismis ve ortalama C2 degeri 4717 $ hal olarak
hesaplanmig ve Sekil 13’te verilmigtir. En yliksek C2
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degeri 2014 yilinda Samandag sulama birliginde
11262 $ ha?l ile gerceklesirken, en disik ise 2017
yilinda Hassa sulama birliginde 1948 $ ha! olarak
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Sekil 7. Sulama alani tiretim degeri(C1)
Figure 12. Output per unit command area

Sebekeye alinan sulama suyuna karsilik tretim
degeri (C3): Asi havzasinda sebekeye alinan sulama
suyuna karsilhik tretim (C3) degerleri 2013-2017
yillar1 arasinda 0.190-2.019 $ m™3 araliginda degismis
ve ortalama C3 degeri 0.585 $ m™ olarak hesaplanmig
ve Sekil 14’te verilmigtir. En yiiksek C3 degeri 2014
yilinda Kirikhan sulama birliginde 2.019 $ m™ ile
gerceklesirken, en dugik ise 2017 yilinda Hassa
sulama birliginde 0.190 $ m™ olarak saptanmigtir.
Céreoles ve ark. (2010) Ispanya Castilla-La Mancha
bélgesinde 7 sulama birliginde 2006-2008 yillar:
verileri ile yapmis olduklari calismada sebekeye
alinan sulama suyuna karsilik Gretim degerini 1.5 ile
3.44 € m3 arasinda bulmusglardir.
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Sekil 9. Sulama suyu iiretim degeri(C3)

saptanmistir. Alcon ve ark. (2017) ispanya Murcia
bélgesinde 5 sulama birliginde sulanan alan tretim
degerini ortalama 11.207 € ha! bulmuslardar.

12000

£ 10000

5 8000

S _ o 6000

EBE 4000 I . i II w2013
2§ 2000 | m 2014

g7 e ik 2015

<

5 PN u 2016

Z \525‘ F @*"’ Q,ob u 2017

X e

Sulama Birlikleri

Sekil 8. Sulanan alan iiretim degeri(C2)
Figure 13. Output per unit irrigated area

Bitki su ihtiyacina karsilik iiretim degeri (C4): Asi
havzasinda bitki su ihtiyacina karsilik uretim
degerleri (C4) 2013-2017 yillar1 arasinda 0.203—0.950
$ m3 araliginda degismig ve ortalama C4 degeri 0.427
$ m3 olarak hesaplanmig ve Sekil 15te verilmistir.
En yluksek C4 degeri 2014 yilinda Samandag sulama
birliginde 0.950 $ m3 ile gerceklesirken, en disuk ise
2017 yilinda Hassa sulama birliginde 0.203 $§ m™
olarak saptanmistir. Tanriverdi ve ark. (2011)
Turkiye’de 22 sulama birlikleri tarafindan igletilen
sulama sebekeleri tizerine yapilmis bir calismada
bitki su ihtiyacina karsilik tretim degerini 0.15-1.85
$ m3 ortalama ise 0.64 $ m3 olarak bulmuslardir.
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Sekil 10. Bitki su ihtiyaci iiretim degeri(C4)

Figure 14. Output per unit irrigation water supplied Figure 15. Output per unit irrigation water requirement

Sulama Birliklerinin TOPSIS Yéntemiyle Analizi

Sulama birlikleri su kullanim etkinligi, finansal
etkinlik ve iretim etkinligi basarisi olmak iizere 3
performans gosterge grubu ile analiz edilmistir.

Su kullanim basarisi (%): Arastirma alaninda tespit
edilen su kullanim basarisi Sekil 16’da verilmistir.
Sekil 16’da gorilecegi tlizere en dusiik deger %6

Yarseli Sulama Birliginde saptanirken, en yiiksek
deger Kirikhan Sulama Birliginde %100 olarak
hesaplanmigtir. Su kullanim bagarisina etki eden
sulama oranindan dolayr Kiritkhan Sulama Birligi
degerleri yiuksek gorilirken, pompaj sulamas1 olmasi
nedeniyle Yarseli Sulama Birligi ile parcali araziye
sahip Hassa Sulama Birligi su kullanim basarisi
degerinin ¢ok diisiik oldugu saptanmagtir.
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Sekil 11. Su kullanim basarisi
Figure 16. Water use success

Finansal basar1 (%) Finansal basar1 Asi havzasinda
2013-2017 yillar1 arasinda %15-80 arasinda
degismistir. Sekil 17de gosterilen grafik
incelendiginde, 2013 yilinda Hassa sulama birligi
%80 ile en iyi finansal basariya sahipken, 2013
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Sekil 12. Finansal basari
Figure 17. Financial success

Uretim basaris1 (%): Uretim bagaris1 Asi havzasinda
2013-2017 yillar1 arasinda %0-100 arasinda degisiklik
gostermigtir. Sekil 18de  gosterilen  grafik
incelendiginde 2016-2017 yillarinda Samandag
sulama birligi %100 ile en iyi Uretim basarisina
sahipken, 2013, 2015 ve 2017 yillarinda Hassa
sulama birligi %0 ile en kot dizeyde oldugu
gorilmektedir. Samandag  sulama  birliginde
narenciye bahgeleri bitki deseninde %80 diizeyinde
bulundugu i¢in, tretim basarisina etki eden Uretim
degerleri yiksek duzeylerde iken, Hassa sulama
birliginde ise sulama oram1 disik olup bitki
deseninde hububatin agirlikli olmasindan dolay:
uretim basarisinin ¢ok diigiik oldugu gorilmektedir.

SONUC ve ONERILER

Arastirmada Asi havzasinda
sebekelerinde 2013-2017 yillari

bulunan sulama
arasinda sulama

2016

177

yilinda Samandag sulama birliginin %15 ile en kot
dizeyde oldugu gorilmektedir. Hassa sulama
birliginde finansal basariya etki eden enerji giderleri
hi¢ olmadig: igin, bagsar1 degeri ortalamadan yiiksek
olarak saptanmigtir.

m Kirikhan
m Hassa
Yarseli

® Samandag

2017

alanina dagitilan yillik sulama suyu miktar: 14681-
2318 m3 ha’l, sulanan alana dagitilan yillik sulama
suyu miktar1 17715-2678 m3 hal, yilhik su temin
orani 0.29-1.61 ve sulama oram %48-111 araliginda
degismigtir. Tirkiye sulama gebekelerinde ortalama
sulama orami %65, 11. Kalkinma Planinda 2023
hedefi %68dir (Anonim, 2019). Baz1 yillarda sulama
oraninin yiksek olmasinin nedeni, ikinci trin ekimi
ve sulama sahas1 disinda da sulama yapilmasidir.
Arastirma sonucunda sulama birliklerinin finansal
etkinligini belirlemede kullanilan mali yeterlilik
orani %18-86, bakim-onarim masraflarinin gelire
orant %9-181, sulama alanina diigsen igletme-bakim
ve yonetim masraflar1 49.17-343.75 $ ha'l, su ucreti
toplama performansi degeri %24-83, sulama alanina
diisen enerji masraflar: 0-233.96 $ ha'l, sulanan alana
diigen enerji masraflari 0-394.94 $ ha! ve sulama
suyu miktarina karsilik enerji masraflar1 0—-0.03494 $



KSU Tarim ve Doga Derg 25 (1): 169-180, 2022
KSU J. Agric Nat 25 (1): 169-180, 2022

Aragtirma Makalesi
Research Article

m3 olarak hesaplanmistir. Bazi yillarda bakim-
onarima istenilen miktarda kaynak ayrilmadig,
sulama ftcret toplama oranlarinin oldukg¢a disik
oldugu ve enerji giderlerinin arttigr gorilmektedir.
Aragtirmada Asi  havzasinda Dbulunan sulama
sebekelerinde 2013-2017 yillar1 arasinda sulama
alam tretim degeri 1509-7398 $ ha’l, sulanan alan

100
S 80
5 60
g
I 40
0
2013 2014 2015 2016
Yillar
Sekil 13. Uretim basaris
Figure 18. Production success
Asi havzasinda  2013-2017  yillar1  arasinda
performans gostergelerinin  TOPSIS yontemiyle

analizi sonucunda; su kullanim basarisi olarak %6-
100 olarak hesaplanirken, en disik deger 2016
yilinda Yarseli Sulama Birliginde %6, en yiksek
deger ise Kirikhan Sulama Birliginde 2014-2016
yillarinda %100 olarak hesaplanmigtir. Sulama
birliklerinin Finansal bagsaris1 %15-80 arasinda
degisirken, 2013 yilinda Hassa sulama birligi %80 ile
en yluksek, Samandag sulama birligi ise yine 2013
yilinda %15 olarak en disiikk finansal basariy:
sergilemiglerdir. Uretim etkinligi basarisi1 %0-100
arasinda degisirken, en yiiksek 2016-2017 yillarinda
Samandag sulama birligi %100, en dusik 2013, 2015
ve 2017 yillarinda Hassa sulama birligi %0 olarak
belirlenmigtir. Hassa sulama birliginin sorumluluk
sahasinda sulama altyaptr ve su yetersizligi
gorilmektedir. Bu konuda c¢alismalar devam
etmektedir. Performans goésterge sonuglari ile
TOPSIS yéntemi sonuglari bir biitin olarak
degerlendirildiginde iki yaklagiminda uyumlu oldugu
ve sulama gebekelerinin performanslarinin analizinde
kullanilmasinin yararlh olacag: ortaya ¢ikmastar.

Sonug olarak, sulama birliklerinin basaris1 suyun
randimanli kullanimina, sulama altyapisina gerekli
bakim onarimin yapilmasina, {riinlerin pazar
fiyatlarina baglidir. Arastirmada yer alan sulama
sebekeleri hi¢ zaman kaybedilmeden acik kanal
sisteminden basingli sistemlere donistiiriilmeli, su
ucretleri zamaninda toplanmali ve elde edilen toplam
gelir igerisinde bakim onarima ayrilan pay
artirnlmalidir. Bagarili bir sulama igletmeciligi i¢in
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uretim degeri 1948-11262 $ hal, sebekeye alinan
sulama suyuna karsilik Gretim degeri 0.190-2.019 $
m3 ve bitki su ihtiyacina karsihik tretim degeri
0.203-0.950 $ m3 olarak saptanmigtir. Uretim
degerleri yillar ve sulama birlikleri diizeyinde 6nemli
degisim gosterdigi gorilmektedir. Bu durum bir
uretim-fiyat istikrarsizligi olarak yorumlanabilir.

m Kirikhan
m Hassa
Yarseli

B Samandag

2017

sulama birliklerinin ve ¢ift¢ilerin basingli sulama
sistemleri hibe destek programlarindan
yararlanmalari yoniinde tarimsal yayim
calismalarinin yayginlastirilmasi ve elde edilecek
sonuclarin izlenmesi ve degerlendirilmesi 6nerilebilir.
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ABSTRACT Research Article

In this study, the effects of two-step tempering treatment on the

physical, chemical and physicochemical characteristics of bread Article History

wheat (Triticum aestivum L.) flour were investigated. Two wheat Received $11.02.2021
varieties (Adana-99 and Russian) with different variety properties Accepted :29.04.2021
were used in the research. Each wheat variety was subjected to four

different tempering treatments. These treatments were; a. no Keywords

tempering (control), b. single-step tempering for 24 h, c. single-step Bread wheat

tempering for 48 h and d. two-step tempering for 48 h. Following the Tempering process
treatment procedures, flour samples obtained from wheat samples Two-step tempering

fed to the mill were subjected to chemical and technological analyses Flour characteristics

two days after the flour samples were obtained. Results indicated Flour parity

that the tempering treatment had a limited improvement in the
physical (flour yield and color) and chemical properties of the flour. It
was found that, the tempering treatment reduced the ash and
protein contents of the flour samples, however it resulted in an
increase in the gluten quality. Tempering treatment for 48 h among
single-step tempering treatments resulted in more improved flour
quality. The findings conclude that, when water added to the wheat
in the tempering process in two steps results in an improved flour
quality. However, further studies are needed to elucidate the
mechanism.

Ekmeklik Bugdaylara (Th'ticum" aestivum L.) Tki Agsamali Uygulanan Tavlama Igleminin Unun
Fiziksel, Kimyasal ve Teknolojik Ozelliklerine Etkileri

OZET Aragtirma Makalesi

Bu calismada; ekmeklik bugdaya (7riticum aestivum L.) iki agsamali

uygulanan tavlama igleminin bugday ununun fiziksel, kimyasal ve Makale Tarihgesi
fizikokimyasal  ozellikleri  tzerine  etkileri  arastirilmastir. Gelig Tarihi  :11.02.2021

Arastirmada, cesit ozellikleri farklh iki bugday 6rnegi (Adana-99 ve Kabul Tarihi - 29.04.2021
Rus) kullanilmistir. Her bir bugday cesidi tavlama ile ilgili dért ayr .

muameleye tabi tutulmustur. Bu uygulamalar; a. tavsiz (kontrol), b. Anahtal.' Kehfneler

24 saat sureyle tek asamali tavlama, c. 48 saat sureyle tek asamal Ekmeklik bugda}y

tavlama ve d. 48 saat suireyle iki asamali tavlama. S6z konusu ’.I‘a.vlama prosesi
muameleler neticesinde degirmene beslenen bugday orneklerinden Lki ?jl'sam.ah tgvlama

elde edilen un numuneleri iki gin sonra kimyasal ve teknolojik Un ozel.hkl.erl

analizlere tabi tutulmustur. Bulgular su sekilde 6zetlenebilir: Un paritesi
Tavlama muamelesi unun fiziksel (un randimani ve renk) ve
kimyasal 6zelliklerinde sinirh iyilesme saglamistir. Yine, tavlama
muamelesi un oOrneklerinin kiil miktarinda daha belirgin olmak
uzere protein miktarinda azalmaya, ancak gluten kalitesinde ise
artigsa yol agmigtir. Tek asamali tavlanmig 6rnekler arasinda 48 saat
stireyle tavlama un niteliklerini daha fazla gelistirmistir. Bulgular,
tavlama prosesinde bugdaya verilen su miktarinin kademeli olarak
iki defada verilmesinin un niteliklerini gelistirme noktasinda daha
iyi sonug¢ sagladigini ortaya koymustur. Ancak, bu mekanizmay1
aydinlatmak i¢in daha fazla ¢alismaya ihtiya¢ vardir.
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INTRODUCTION

Cereals are the main food raw materials that people
have consumed since ancient times. Wheat is a major
raw material used in the production of many bakery
products, especially bread, and has a unique place in
cereals due to its unique characteristics, unlike other
cereal flours (Dunn et al., 2015). In Turkey, as in
many countries, wheat ranks first among cereals in
terms of both cultivation area and production
quantity (20.5 million tones according to 2020-year
data; [Anonim, 2021]). it is an important culture plant
due to its ease of cultivation, its adaptability of
conversion to wide variety of foods and its role in
nutrition.

Wheat grain is anatomically formed from outside to
inside bran (13-17%), germ (2-3%) and endosperm
layers (80-85%; [Delcour and Hoseney, 2010]). The
aim of wheat milling is to separate the endosperm
(flour or semolina) from the bran and germ layers.
The processing of wheat in flour and semolina in
milling can be grouped under three major groups: a)
Preparation processes (buying and storing of wheat,
cleaning, and separating it from foreign substances,
blending, washing [if necessaryl, and tempering), b)
Milling (grinding) operation (with the help of sieving
tools and semolina-bran purification devices with
crushing [breaking] and reducing rolls) and c¢) Flour
storage and blending operations. All these process
steps affect milling products’ qualitative and
quantitative properties (flour, semolina, starch, bran,
germ, bon quality) to be obtained (Kent, 1984; Delcour
and Hoseney, 2010). Additionally, the labor and the
rigor shown in the preparation processes help obtain
high-quality flour and semolina. Also, there is overall
reduction in energy consumption of the milling
factory and these results in roller-sieve systems to be
used efficiently and an increased life span. For these
reasons, preparation processes in milling are the
processes that need to be considered. In these
processes, tempering has a special and important
place in cereal industry.

The optimum amount of water is supplied to the grain
by means of the tempering process to make the
physical characteristics of the wheat grain suitable
for milling and to improve the milling quality. Than
the wheat stack is rested in the silos for a certain
time to equilibrate the moisture content and allow
evenly distribution, which will result in optimum
properties for milling (until the optimum moisture
distribution and milling properties are reached for
milling). The water supplied to the wheat by
tempering, enters the grain through diffusion and
spreads (Keskinoglu et al., 2001). In this way, bran
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(shell) having a very rigid structure is broken more
easily by achieving an elastic structure (the energy
consumption of the milling factory is reduced) and the
loosening of the bond between the bran and the
endosperm layers of the grain, which are tightly
bonded to each other, is easier to separate from the
flour (Cornell and Hoveling, 1998; Yoo et al., 2009;
MacRitchie, 2010). Tempering process; it should be
such that it balances flour extraction and bran ratio
(Hook et al., 1982; Kweon et al., 2009). Many factors
such as grain hardness, initial moisture of wheat,
time to be applied, lying time, amount and
temperature of water, quality and quantity of
intermediate product to be obtained are effective on
tempering (Cornell and Hoveling, 1998; MacRitchie,
2010).

As is known, the quality of the bread made from the
new milled flour is relatively low. These flours need to
be rested for a while to improve their bread making
performance. For the flour to mature under normal
conditions, the flour should be rested for 3-4 weeks
after the milling process. Flour maturing and
bleaching chemical agents (such as chlorine gas,
benzoyl  peroxide, potassium  bromate and
azodicarbonamide) may be carried out within a few
hours of desirable improvements. The flours treated
in this way are less resistant to long-time storage
than those not treated (Dizlek and Kurt, 2017).
Although these chemicals provide serious advantages
to the wheat milling factories according to the natural
bleaching of the flour; flour storage area and saving
time, they have the potential a risk / problem in terms
of human health and thus limit the use of these
substances today.

Tempering has a great effect, especially at the point
of lowering the ash content of flour. Flour export in
Turkey has an increasing momentum in recent years.
At present, whiter flours with higher parity are
preferred in flour exports to the Middle East from
Turkey. Therefore, the importation of flour by wheat
milling industry, which has started to make wheat
importation and which provides value added by
processing this wheat in particular flour and
sometimes semolina, is the color of white matter
which is emphasized by importers (Kurt and Dizlek,
2020). For this reason, in the study, an application
was used (wheat has been tempered by two-steps)
that can be important in terms of providing flour to
support flour export. Thus - in the pilot scale — it is
tried to produce high parity flour that has low color
and ash values. Briefly, in the study it is aimed to
bleach the flour with a natural method. The possible
good results of this application may be an alternative
to the use of chemicals which are frequently used in
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bleaching of flour color but which are risky. In
addition, improper tempering; increases the volume of
tempering silos, extends the tempering period,
increases the number of mechanization units;
increases investment, labor and maintenance costs
and increases the energy and cost spent for grinding.

The rate of moisture movement into the kernels,
tempering time, tempering water temperature and
different tempering methods (warm, hot, steam,
microwave, ultrasound etc.) have been emphasized in
the previous studies (Butcher and Stenvert, 1973;
Stenvert and Kingswood, 1976; Moss, 1977; Finney
and Bolte, 1985; Ertugay et al., 1995a; 1995b; 1995c¢;
Cornell and Hoveling, 1998; Ibanoglu, 2001;
Keskinoglu et al., 2002; Siinter, 2003; Kweon et al.,
2009; Warechowska et al., 2016). The amount of
water to be supplied to the wheat mass during
tempering is usually given at single-step. However, in
this study, two bread wheat (7riticum aestivum L.)
varieties with different degrees of hardness were
subjected to the two-step tempering process as well as
classical (single-step) tempering process. In this way,
the effect of the two-step tempering process applied to
the bread wheat on the physical, chemical and
technological properties of the flour was investigated.

MATERIAL and METHODS
Materials

Wheat: In the study, two different bread wheat
(Triticum aestivum L.) varieties namely a low-
protein, soft ‘Russian’ variety imported from Russia
and a domestic, medium hard ‘Adana-99° wheat
variety were used. Both wheat samples are 2017 crop
season; The Adana-99 variety was supplied from
Islamoglu Trade in Osmaniye (Turkey) and the
Russian variety was supplied from Sunar Ozlem
Flour Factory (Osmaniye, Turkey). Approximately
100 kg of each wheat variety was supplied. The
samples taken from the wheat masses in accordance
with the sampling method were stored in 50 kg jute
bags and stored in cold storage (+4 °C) until they were
analyzed and ready for milling.

Flour: After applying different tempering processes to
the two wheat varieties, the wheat varieties were
milled according to method (Kurt and Dizlek, 2020)
described in method section to obtain subsequent
flours.

Water: Potable water supplied within the campus of
University of Osmaniye Korkut Ata (Osmaniye,
Turkey) was used in tempering process of the wheat
samples.

Laboratory Type Mill: Wheat samples were milled
into flour by using; the first three pieces of crushing
(breaking), the last two reducing rolls, a total of five
rolls of ‘Chopin’ brand ‘CD1’ model tempered wheat
grinding mill (Chopin Technologies, Paris, France).
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Formation of Experimental Wheat Groups

The target moisture content of the Adana-99 wheat
used in the study was 17% and the Russian wheat
was 16.5%. The amount of tempering water for given
masses of wheat was calculated according to
American  Association of  Cereal Chemists
International (AACCI) Method 26-95.01 (AACCI,
2010). Wheat samples were tempered with cold tap
water. Within the scope of this research, the
experimental materials and the pattern were formed
by applying the following different tempering
treatments in each of the two bread wheat varieties
whose qualities are different:

a) no tempering (= control)

b) single-step tempering for 24 h (The amount of
water calculated according to the target moisture is
given to the wheat at one time and tempered for 24 h)
c) single-step tempering for 48 h (The amount of
water calculated according to the target moisture was
given to the wheat in one time and tempered for 48 h)
d) two-step tempering for 48 h (Adana-99 and
Russian wheat were initially treated with 15% and
15.5%, respectively, with the first tempering water
and resting for 24 h. At the end of the 24 h period,
second tempering water added to Adana-99 and
Russian wheat to a target moisture of 17% and 16.5%,
respectively (In summary, the wheat samples were
tempered two times and the final moisture content of
the wheat was adjusted to the percentage in b) and
o).

e) The flour obtained from wheat, (tempered
according to item d)), was rested in cool and dry room
conditions for 30 days (Wheat flour that has been
tempered two-step for 48 h and kept in room
conditions for 30 days).

Milling Process

Optimally tempered wheat samples were separately
milled into flour using a laboratory mill. The milling
consisted of two parts: crushing and reduction.
Cleaned and tempered wheat was first broken by the
crushing system, and then semolina, coarse bran and
some crushed flour were separated from crushed
wheat. The semolina obtained as the main product
was reduced to the flour by milling in the reduction
system and divided into refined bran by-products. The
separated refined bran was passed through the
reduction system for a second time to obtain whole
flour (breaking flour + first reduction flour + second
reduction flour). These flour samples were used for
chemical and technological analyses. Flour samples
obtained from crushing and reduction systems were
weighed and the flour yields were calculated as % by
proportioning to the amount of milled wheat that was
to the initial cleaned and tempered wheat (Kurt and
Dizlek, 2020).
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Analysis of Wheat Samples

To determine the physical properties of wheat
samples; the percentage of sunn pest damaged grain
(Dizlek and Ozer, 2016a); hectoliter weight, thousand
kernel weights, kernel vitreousness analyses were
established according to procedure Uluoz (1965); in
addition, flour yield was calculated. The chemical
properties of wheat samples were also determined.
For this purpose; moisture, crude protein (AACCI
Method 39-25.01 [AACCI, 2010]) and starch contents
of the wheat samples were determined by using NIR
method (Near infrared reflection spectroscopy; NIR
Analysis System, Perten Diode Array 7250,
Stockholm, Swedish).

Analysis of Flour Samples

In this study, in order to determine some of the
chemical properties of the flour samples obtained
from five different tempering treatment methods; the
amounts of ash (AACCI Method 08-01.01 [AACCI,
2010]), crude protein and moisture (AACCI Method
39-11.01 [AACCI, 2010]) and damaged starch (by the
NIR method) were determined. Color values of flour
samples were also determined. For determination of
the physicochemical properties of flour samples;
which are important for bread-making, wet and dry
gluten amounts (with near-infrared spectroscopy
[Yildirim et al., 2018]), Zeleny sedimentation test
(AACCI Method 56-60.01 [AACCI, 2010]), delayed
Zeleny sedimentation test (Greenaway et al., 1965)
and falling number values (AACCI Method 56-81.03
[AACCI, 2010]) were determined. All analyses applied
to flour samples were determined two days after flour
milling. In the study, tempered flour from each
treatment group (single-step 24 h, single-step 48 h,

two-step 48 h, two-step 48 h and kept in room
conditions for 30 days) was compared with the flour of
non-tempered group (control).

Statistical Analysis

All experiments (different tempering treatments
applied to wheat samples and analyses) were carried
out in two replicates. In the experiments, variance of
analysis (ANOVA) was used to obtain conclusion on
measured characteristics of wheat and flour samples.
When a significant difference was found between the
treatments, Duncan’s multiple comparison tests was
used to determine the difference among treatment
means at P<0.05. Statistical analysis was performed
using the statistical package program developed by
the SAS statistical institute (The SAS System for
Windows v6.12; SAS Institute, 1982).

RESULTS and DISCUSSION
Basic Characteristics of Wheat Samples

The average values for the physical and chemical
properties of two different wheat samples used in the
study are presented in Table 1. It has been
determined that both wheat varieties are exposed to
about 2% sun pest damage ratios. The weight of
thousand kernels of both wheat samples was found to
be relatively high. Hectoliter weight values indicate
that both wheat samples according to Turkish
Standards Institution wheat standard (TS 2974; TSE,
2018) are included in the first quality bread wheat
class. The yield of Adana-99 wheat variety from
wheat samples passed through only two reducing rolls
was 52.3% and the flour yield of Russian wheat
variety was 61.3%.

Table 1. The average values for the physical and chemical properties of two different wheat samples used in the tudy.
Cizelge 1. Calismada kullanilan iki farkl bugday orneginin fiziksel ve kimyasal 6zelliklerine ait ortalama degerler.

L o N Q = <] Q Q Q ~
s 8 § . . 34 SRR 5 53
S =N gf S8 &5 HE T AN AP 5 3 - o
) X~ g = RS 9~ =2 — =i T R g B
2SS ema 85 S s&88® 8 BE I E2T3E »T oz B3 §§5§ 5 2% g
S SRS 22885 28 S g@ET B O g & g8 S £9% mE8L 8= g8 SE
EER® S55E% 25 S 2288 BES  ESRS £35S E3ES 2838 BEs =854Y
S0 48 Ex L. TS ES SgS ES(SES 50SS £8F #9&=

Adana-99 1.92+0.07 37.0£0.8  83.1+0.6 52.3£0.5 45+3 49+4 6+2 12.8+0.1 13.0+0.1 62+3
Russian 2.15£0.06  40.5£0.8  82.7+0.3 61.3+0.8 15+2 39+3 46+3 14.1+0.1 10.7+£0 63+4

1 Calculation based on dry matter basis.

2Tt was calculated by, milling with using 3 crushing and 2 reducing rolls in CD1 mill and sieving through the mill’s own sieve.

The data of the kernel vitreousness analysis revealed
that the Adana-99 wheat variety had a relatively
hard grain structure whereas the Russian wheat
variety had a soft grain structure (Table 1). Data on
kernel vitreousness reveals that the characteristics of
the two wheat samples discussed in the experiment
are different from each other. This situation serves
the purpose of planning and implementation of the
study. From both wheat samples exposed to the same
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number of crushing and reducing rolls, as expected,
the flour yield of the Russian wheat variety was found
to be as high as 17% compared to the Adana-99,
which had a hard grain structure. This finding is
consistent with the literature findings and reports
(Kent, 1984; Delcour and Hoseney, 2010). Namely;
more energy is required to obtain a sufficient amount
of flour and semolina yield by milling hard wheat.
Yet, wheat samples were milled in the same
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laboratory mill (they were exposed to the same energy
consumption) and flour yield of Adana-99 wheat
variety was found low.

The weight of hectoliter used in transport and storage
of wheat varies depends on wheat type, variety,
shape, density, foreign matter content, size and with
the characteristics of the spring-winter. The weight of
a thousand kernels varies depending on the wheat
type and the climate, gives an idea of the size of
wheat grains and that they are weak or plump
(Uludz, 1965). In milling, it is desirable to have high
data for each of the two measurements. Because the
thousand kernel and hectoliter weights are positively
correlated with flour yield (Kinaci and Kinaci, 2004;
Dizlek and Ozer, 2016a). Although it is a hard and
soft feature of the grain depends on wheat variety, it
also shows great changes according to growing
conditions. Generally, the quality and quantity of
gluten in hard-grained wheat is high. The amount of
moisture is an important criterion for trade and
storage of wheat; depends on climate and storage
conditions where wheat grown. The amount of protein
in wheat depends on the type, variety, environmental
conditions (climate, soil, disease and pests) and
production conditions (fertilization quantity and type,
irrigation, machine farming) varies between 8-20%.

In wheat, the amount and composition of the ash vary
depending on the type and varieties, the amount of
mineral matter in the soil where the wheat grows, its
ability to be taken by the plant, the condition of
fertilization and the climate (Kent, 1984).

Moisture content of Adana-99 wheat is below 14%,
which can be stored safely (Kent, 1984). The moisture
content of Russian wheat is at the critical limit. The
initial moisture content of both wheat samples was
found to be relatively high. It was thought that it
might be effective for the wheat to absorb some
moisture from the environment during storage in the
cold storage. The amount of protein varying
depending on properties of wheat variety and genetic
factors, as expected, high in Adana-99% wheat variety
(13%), Russian wheat variety was found to be
relatively low (10.7%). In relation to the amount of
protein, the starch amount of Adana-99 wheat is
relatively lower than that of Russian wheat (Table 1).
By analyzing the data of Table 1 together; it is
concluded that the wheat sample of Adana-99 is
medium hard quality wheat, while Russian is
relatively soft bread wheat. Both types have superior
physical properties; in this sense, thousand kernel,
hectoliter weights and flour yields were found to have
high values.

Table 2. Some physical and chemical properties of wheat flours milled with different tempering treatments!.
Cizelge 2. Farkl tavlama muameleleriyle ogiitiilmiis bugday unlarinin bazi fiziksel ve kimyasal ozellikleril.

Wheat Tempering Moisture Ash Protein Damaged Color Properties Flour
Variety Treatment Content Content Content Starch (Renk Ozelliklerd Yield
(Bugday (Taviama Muamelesi) (Nem (Kiil (Protein  (Zedelenmis L a* b* (Un
Cesidi) Miktar)  Miktar) Miktar) Nisasta) Verimi)
(%) (%) (%) (%)2 (%)3

‘ggana' non-tempered (control) 130001 075002 11.5:40.3  8.1:0.1 90.381£0.2  0.36::0  8.46£0.5 52.3:£0.3
;lfile'smp tempered for ;o604 06194002 10940 5602 93.43:40.3  0.1490 7.65£0.5 53.6%0.3
zglile'smp tempered for ;o038 0634002 111901 520202 92.54b+0.2  0.2040  7.74+£0.6  55.7:0.7
two-step tempered for 24h  5.4:£0.3  0.63>+0.01 11.3%+0.2  4.45+0.1 91.49:£0.3  0.29%0 8.43+0.4 51.9:%0.5
twostep tempered for 48 h g 5 1 (3n002 109401 4.35:0.1 92.772b+£0.2  0.17¢£0  8.06+0.6
(rested for 30 days)

Russian non-tempered (control) 4.2v+0.2 0.592+0.01  8.8+0.2 4.54+0 93.04¢+0 0.122+0 7.93£0.5 61.3+0.3
;Tile'smp tempered for ;.01 05600 8.65+0 5.45+0.1 94.36:£0.3  0.08>+0  7.18+0.4 60.8:+0.5
zglile'smp tempered for ;.. 03 05420 8.80+0.2  6.0:0.1 94.14240.3  0.08%0 7.61£0.3 63.42£0.2
two-step tempered for 24h  5.5:0.5  0.520£0.01 9.0:40.2  4.80.1 93.195+0.1  0.13:0 8.15£0.5 62.85+0.1
twostep tempered for 48h g o 1 o501 8501 4.8:20.1 94.35:0.2  0.06£0  7.72:0.5

(rested for 30 days)

1 Mean values in the same column and same wheat varieties (Adana-99 or Russian) followed by different

significantly different (P<0.05).
2 It is given on the dry matter basis.

31t was calculated by, milling with using 3 crushing and 2 reducing rolls in CD1 mill and sieving through the

Effects of Different Tempering Treatments
Physical and Chemical Properties of Flour

on

Some physical and chemical properties of wheat flour
milled with different tempering treatments are given
in Table 2. Applying tempering process to both wheat
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superscript letters are

mill’s own sieve.

samples and followed milling, moisture content of
flour was found higher than non-tempered control
sample. In the case of relatively high (15% to 15.7%)
moisture values of flour samples; the fact that the
flour was not rested and the moisture analysis was
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carried out on the second day following the milling
were effective. It was determined that the moisture
content of the wheats was reduced to a reasonable
rate (13.5%-13.6%) after the flour of the two-step
tempered wheats were rested for 30 days.

As expected, the amount of ash obtained from wheat
samples decreased with the application of tempering
(Table 2). In the Adana-99 wheat, different number (1
and 2) and time (24 and 48 h) the tempering process
did not cause a change in the amount of ash in itself,
whereas in Russian wheat sample the amount of ash
samples decreased in parallel with the increase in the
number and duration of the tempering (P<0.05). The
finding obtained from the study of the tempering
process which is easier to break the wheat by
loosening the rigid bond between the shell and the
endosperm layers of wheat and to obtain the high
yield flour with low-ash color values is consistent with
the literature finding (Ibanoglu, 2001). It was
determined that the data of the ash analysis were
consistent with the findings of the physical analysis of
the samples. Accordingly, the ash content of Adana-99
wheat flour, which has a hard grain structure and low
flour yield, is significantly higher than Russian wheat
flour.

As expected in the Adana-99 sample, the amount of
protein of non-tempered wheat samples was higher
than that of tempered wheat samples. This indicates
that the bran contamination of the non-tempered
wheat is more. Different time and number of
tempering treatments resulted in easier separation of
the endosperm from the crust and thus decreased
protein content of the flour samples. As a matter of
fact, the shell (bran) layer of wheat contains higher
rates of protein than the endosperm (flour) layer
(Kent, 1984; Delcour and Hoseney, 2010). There was
no meaningful relationship between protein values of
flour of Russian wheat samples. More limited
variation was observed between the protein amounts
of the tempering treatments of the Russian variety
according to the Adana-99 sample (Table 2).

In both wheat samples, it was determined that the
tempering treatment increased the amount of
damaged starch compared to the control sample. It
has been found that once made tempering has
increased starch damage in both Adana-99 and
Russian wheat more than the tempering process
performed twice.

As expected, the tempering process was found to
cause bleaching of flour color (Table 2). In both wheat
flour samples, it was determined that the control
sample had a darker color than the tempered
samples. It was found that there was a significant
relation between L* values and ash amount of flour
samples. Flour samples that were rested for 30 days
were found to be lighter color compared to untreated
flour samples. In this situation, it is thought that
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resting with oxidation event is effective in natural
bleaching of flour. The negative correlation was found
between the amount of ash obtained from the study
and the L* value, and a positive correlation was found
with a* value. It was observed that the data were
consistent with the findings of Alfin and Cakmakh
(1999). Reduction in redness of flour samples was
observed with the treatment of tempering. It has been
found that this situation is consistent with the
amount of ash as explained above. However, the
redness value of the flours of wheat samples, two-step
tempered for 48 h, increased. This increase led to the
same red value as the control sample of the Russian
wheat variety obtained by the said treatment. In both
wheat flour samples; a meaningful relationship was
not found between b* color values and tempering
treatments. However, in general, the control samples
were observed to have a more yellowish color than the
other three samples except sample with two-step
tempered for 48 h. By examining the effect of
different tempering treatments on the amount of flour
obtained from wheat samples, it was determined that
the samples which were tempered once for 48 h in
both varieties had the highest flour yield. The
tempering process did not affect flour yield in Adana-
99 variety but increased the total flour yield by 1.5%
in Russian variety. Investigation of flour yield
findings together: the tempering process increases the
flour yield of the wheat samples as can be expected,
the two-step tempering process does not show the
expected benefit at the point of increasing efficiency,
once the tempering process is better, but it is more
effective for 48 h - both wheat varieties. Hook et al.
(1982); who study on the subject, reported that an
increase in the amount of tempering water in wheat
grain reduced the yield of flour. Therefore, the
researchers stated that the tempering process should
be balanced in such a way that the flour yield and the
ratio of bran in the flour are acceptable. The data
obtained from this study were partially conducted by
Hook et al. (1982). This situation is thought to be
caused by the different types of wheat used in the
studies and the amount of water given in tempering
process.

Effects of Different Tempering Treatments on the
Technological Properties of Flour Physicochemical
properties of flour samples are presented in Table 3.
In Adana-99 sample, the wet gluten amount of non-
tempered wheat flour was found to be higher than the
tempered treatments. This situation is thought to be
caused by easier treatment of crust-endosperm
decomposition and easier obtaining of pure
endosperm flour. The amount of the gluten proteins
increases from the center outward in the endosperm
(Delcour and Hoseney, 2010). For this purpose, a
relatively high concentration of aleurone layer and
endosperm outer layer flours were found to be
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relatively high in non-tempered wheat flour samples.
It has been found that the wet gluten of wheat flour
sample with two-step tempered for 48 h is relatively
higher than the other tempered treatments. However,
it was found that there was no significant difference
(P>0.05) between the tempering treatments in terms
of wet gluten content. In the Russian sample, it was
observed that there was no statistical difference in
wet gluten amount between five different treatments.
Generally, dry gluten values were found to be
compatible with wet gluten values and it was

determined that there was a limited variation in dry
gluten content between tempering treatments. The
quantity and quality of the gluten; is one of the most
important quality criteria for wheat and it is one of
the most important factors affecting the dough:
kneading, processing properties, gas holding capacity
and final product quality (Park et al., 2006; Delcour
and Hoseney, 2010; Dizlek and Ozer, 2016b; 2017;
Girard et al., 2019). It is desirable for a bread flour to
have high gluten quantity and quality (Dizlek and
Ozer, 2016 a; b).

Table 3. Physicochemical properties of wheat flours milled with different tempering treatments?.
Cizelge 3. Farkli tavlama muameleleriyle ogtitiilmiis bugday unlarinin fizikokimyasal ozellikleri’.

Wheat Tempering Wet Dry Sedimentation  Delayed Falling
Variety Treatment Gluten Gluten Value Sedimentation Number
(Bugday  (Taviama Muamelesi) Content Content (Sedimantasyon Value Value
Cesidi) (Yas (Kuru Gluten Deger) (Gecikmeli (Diisme
Gluten Miktary) Sedimantasyon  Sayisi
Miktary) Degeri) Degeri)
(%) (ml) (ml) (s)
(%)

Adana-99 non-tempered (control) 28.52+0.4  9.22+0.1 381 310 337+21
single step tempered for 24 h  27.0b+0.2 8.9b+0 36ab+1 412£1 344+18
single step tempered for 48 h  27.3b+0.2 9.02b+0.1 38a+1 38a+2 344+21
two-step tempered for 24 h 27.985+0.3  9.1240.1 34b+1 39242 349+19
two-step tempered for 48 h 27.3b+0.2 8.8b+0.1 30°+1 34b+1 362+20
(rested for 30 days)

Russian  non-tempered (control) 21.6+0.4 6.7+0.1 321 20b+1 356+24
single step tempered for 24 h 21.5+0.5 6.82b+0 302+1 33a+2 351+19
single step tempered for 48 h 21.5+0.3 6.92+0.1 27°+0 342+2 363+19
two-step tempered for 24 h 22.0+0.4 7.02+0.1 31a+1 322+3 378+21
two-step tempered for 48 h 21.3+0.4 6.6+0.1 251 332+3 364+18

(rested for 30 days)

1 Mean values in the same column and same wheat varieties (Adana-99 or Russian) followed by different

are significantly different (P<0.05).

It is reported that there is correlation between
sedimentation values, which is one of the most
important criteria used in determining the quality of
wheat and vary depending on protein (gluten) quality,
and results of baking experiments (Faridi and
Faubion, 1990; Diraman, 2010). By examining the
findings of the sedimentation value which is a very
important quality criterion in flour milling and
showing the gluten quantity-quality simultaneously,
both wheat varieties had lower sedimentation value
compared to the control sample and there was some
decrease in gluten quantity and quality. Generally,
the findings obtained from sedimentation value were
found to be compatible with wet-dry gluten content
values. It was observed that the flour obtained by
milling the samples with tempered two-step for 48 h
and rest 30 days in both wheat varieties had the
lowest sedimentation value. According to the data of
delayed sedimentation analysis, the tempering
process results in improvement in gluten quantity
and quality of the samples as expected, there is no
significant difference (P>0.05) between the different
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superscript letters

tempering times and numbers in terms of these
improvements, but according to the control sample,
both tempering for 24-48 h and tempering for 1-2
times showed a significant effect (P<0.05) on the
gluten quality of the samples. This is due to the
triggering of protease activity by the 30 °C
temperature and 2 h time norms applied in the
delayed sedimentation analysis in the control sample
which has sunn pest damage but is not subjected to
any tempering treatment. With the tempering
process, gluten quality is improved (gluten structure
firming) and hence the delayed sedimentation values
of the flour of tempered samples are increased
(Ertugay et al., 1995c; Diraman et al., 2013; Dizlek
and Islamoglu, 2015).

By analyzing the falling number values that provide
information about the amylase activity of flour
samples (Table 3), it was determined that there was
no significant difference (P>0.05) between the
tempering treatments applied in both wheat samples.
This finding is consistent with the statement of
Stinter (2003); which investigated the effect of
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different tempering times and temperatures on wheat
quality. The data on falling number analysis shows
that it would be beneficial to add a certain (relatively
less) amount of a-amylase preparation and / or malt
flour to the dough formulation in the bread making
with of both wheat samples flour.

In literature, there is a little information about two-
step tempering. According to Buhler handbook
(Buhler 2016); general rules for tempering in two-
steps as follows: first tempering: 2/3 of total
tempering time (water addition to about 1-2% lower
than target moisture) and second tempering: 1/3 of
total tempering time (it should be 8 — maximum 12 h,
no longer leads to drying out of bran; water addition
1-2%). In this study, two-step tempering treatment
was partially effective on the physical, chemical and
technological properties of flour in bread wheat
(Triticum aestivum L.). However, further studies are
needed to elucidate on two-step tempering process.

CONCLUSIONS and RECOMMENDATIONS

In this study, the effects of two-step tempering
treatment on the physical, chemical and
physicochemical characteristics of two different bread
wheats were investigated. In this sense, the effects of
two different tempering times (24 and 48 h) and two
different tempering applications (once or twice) on the
raw material (wheat) and intermediate product (flour)
were investigated. In addition, the wheat flour with
two-step tempered, for the purpose of setting a
precedent for the market conditions, has been
evaluated as analytically by resting for 30 days. The
findings obtained from the study are summarized
below:

The tempering treatment resulted in a limited
improvement in the physical (flour yield and color),
chemical and technological properties of the flour. It
was found that, especially more evident in the ash
content, the tempering treatment reduced the ash
and protein contents of the flour samples, however it
resulted in an increment in the gluten quality (The
tempering treatment resulted in a significant
increase in the value of delayed sedimentation
according to the normal sedimentation value of flour
samples). Tempering treatment for 48 h among
single-step tempering treatments resulted in more
improved flour quality. As a result, the findings
include clues that, water when added to the wheat in
the tempering process in two-steps results in an
improved flour quality. However, further studies are
required on this subject to elucidate the mechanism.

It is recommended that in subsequent studies, the
kinetics of two-step tempering treatment applied to
wheat and its effect on product properties can be
examined more comprehensively. If this and similar
studies are carried out on more wheat varieties, more
inclusive analytical findings can be achieved. The
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study was carried out by applying the cold tempering
method. In the subsequent studies, the effect of two-
step tempering on wheat, flour, dough, and bread
quality can be investigated by use of warm and / or
hot tempering methods. It is predicted that these
practices will further improve the bread wheat
quality. In addition, this study can be continued with
a different research in terms of the energy spent in a
pilot flour mill.
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ABSTRACT Research Article

The current study aimed to determine fermentation quality, aerobic

stability, and enzyme soluble organic matter (ELOS) of wheat straw Article History

silage by replacing homofermentative (HM) and Received :12.02.2021
homofermentative+heterofermentative (HM+HT) Jactic acid bacteria Accepted :29.04.2021
(LAB) inoculants with kefir as silage additives. For this purpose,

commercially available Biotal Plus II (HMLAB), Biotal Buchneri 500 Keywords

(HM+HTLAB), and MYStarter KF (KF) were used as silage additives. Wheat straw silage

Four kg of wheat straw, about 400 g/kg, and 6.0 log cfu of inoculants Kefir

or kefir were used in each treatment group and replicate. Including Inoculant

the control group (CON), a total of 12 laboratory-type silos (3 Aerobic stability

replicates and 4 groups) were opened after 45 days. The dry matter ELOS

(DM), crude ash (CA), acid detergent lignin (ADL), and water-soluble
carbohydrate contents of silages were not affected by the addition of
HMAB, HM+HTLAB, and KF (P>0.05). The KF group had the lowest
pH value (4.32), NHs-N content (71.97 g/kg TN), and higher lactic
acid content (43.11 g/kg DM). The crude protein (CP) ratio was
decreased in HMLAB (5.95%) and HM*HTLAB (5.63%) groups and
increased in the KF group (4.54%, P<0.001). An improvement (by
lowering 17.02%) of NDF was only observed in the KF group
(P<0.001). The ELOS and ME in HMLAB, EM+HT[AB, and KF groups
were increased (P<0.001). The lowest carbon dioxide (3.42 g/kg DM)
and yeast (5.50 log10 cfu/g) were observed in the KF and CON group,
respectively. According to research findings, kefir could be an
alternative silage additive to commercially available inoculants and
could improve wheat straw silage’s nutritional quality instead of
them.

Ticari Inokulantlarin Yerine Kefir Kullanarak Bugday Samam Silajimin Fermentasyon ve Besin

Kalitesini Iyilegtirmek Miimkiin miidiir?

OZET Aragtirma Makalesi

Bu calisma homofermentatif (HM) ve homofermentatif +

heterofermentatif (HM+HT) Jaktik asit bakterileri (LAB) yerine kefir Makale Tarihgesi
kullanimimin bugday samamni silajlarinin fermentasyon Kkalitesi, Gelig Tarihi  :12.02.2021
aerobic stabilitesi ve enzimde coziinen organic madde (ECOM) Kabul Tarihi - 29.04.2021
miktarina olan etkisini arastirmayi amaclamaktadir. Bu amacla :

ticari olan kullanmilan Biotal Plus II (HMLLAB), Biotal Buchneri 500 Anzvihtar Kellmel(?r -
(EM+HTLAB) ve MYStarter KF (KF) silaj katki maddesi olarak  Dugday samanisilaj
kullanilmigtir. Her muamele grubunda yaklasik 400 g/kg kuru Kefir

maddeye sahip 4 kg bugday samani ve 6.0 log kob oraninda silaj Inoku}ant .

katk: maddesi yada kefir kullanilmistir. Kontrol grubu (KON) dahil ‘Eggﬁk stabilite

toplamda 12 adet laboratuvar tipi silo (3’er tekerriir ve 4 grup) 45
giin sonra acilmistir. Silajlarin kuru madde (KM), ham kiil (HK), asit
deterjan lignin (ADL) ve suda c¢oziinebilir karbondidrat icerigi
HM] AB, HM+HTL AB ve KF ilavesi sonrasi degismemistir (P>0.05). KF
grubu en diisiikk pH (4.32) ve NHs-N (71.97 g/kg TN) ve en yiiksek
laktik asit (43.11 g/kg KM) igerigine sahiptir. Ham protein (HP)
oran1 HMLAB (%5.95) ve HM*HTAB (%5.63) gruplarinda azalirken KF
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(%4.54) grubunda artmistir (P<0.001). Nétral deterjan lif (NDF)
iceriginde iyilesme sadece KF (%17.02) grubunda gézlemlenmistir
(P<0.001). ECOM ve ME degerleri HMLAB, HM+*HTLAB ve KF
gruplarinda artmistir (P<0.001). En diisiik karbondioksit (3.42 g/kg
KM) ve maya (5.50 logl0 kob/g) degerleri sirasiyla KF ve KON
gruplarinda gézlemlenmistir. Arastirma sonuglarina gore, kefir ticari
inokulantlar yerine silaj katkisi olarak alternatif olabilir ve ticari
inokulantlar yerine kullanildiginda bugday samani silajinin besin

degerini arttirabilir.

To Cite:  Okuyucu B, Esen S 2022. Is It Possible to Improve Wheat Straw Silage’s Fermentation and Nutritional Quality
by Adding Kefir? KSU J Agric Nat 25 (1): 191-197. https://doi.org/10.18016/ksutarimdoga.vi.879170.
INTRODUCTION well-preserved silage, and they suggested using a

Wheat straw (WS), the second-largest agricultural
residue, still contains some beneficial nutrients for
ruminants and is mostly used as cost-effective animal
feed in developing countries to cover the roughage
deficiency. However, WS 1is classified as low-quality
forages due to its high fiber fraction, low digestibility,
and voluntary intake (Wiedmeier et al., 2002;
Shahryari et al., 2018). WS's nutritional value which
1s also vary depending on the variety, growing
conditions, and maturity stages, is far from meeting
ruminants' dietary needs. On the other hand, its
competitive prices make it a step forward to other
commodities. However, intact WS is not an ideal feed
source for ruminants (Chekani-Azar and Chekani-
Azar, 2010). Thus, several methods are used to
improve WS quality, such as physical (grinding,
stream processing), chemical (alkaline treatments or
other chemicals, such as sulfur dioxide, urea, or
chlorine), and biological methods (fungal treatment,
inoculants, or enzymes) either solitary or in
combination (Eser, 2016; Gado et al., 2017; Ordaz,
2017; Ayasan et al., 2020). It has not been enough
progressed to improve WS quality by using physical
or chemical methods. Therefore, the application of
biological methods has become more common in this
field.

Ensiling, a complex biochemical process, is based on
the fermentation of water-soluble carbohydrates
(WSC) by lactic acid bacteria (LAB) under anaerobic
conditions (Kung et al., 2003). During the ensiling
period, forage type, WSC content, lignification degree,
and interaction between inoculants (LAB and/or
enzymes) and ensiled forage affect fiber degradation.
It was stated that the availability of volatile fatty
acids (VFA) decreases the pH of ensiled forage and
increased the availability of sugars fermented by the
LAB population through ensiling process results in
the nutritive quality of silage (Zwielehner et al.,
2014). Moreover, fibrolytic enzymes and inoculants
benefit animal performance, resulting in dry matter
intake, improved organic matter digestibility, and
microbial protein synthesis (Zwielehner et al., 2014).

Schniirer and Jonsson (2011) draw our attention to
the ingredients of an excellent starter culture for

192

combination form of yeast and lactic acid bacteria. A
number of authors have considered the effects of
yeast to control mould growth by depleting oxygen,
especially the initial phase of the ensiling, and
inhibiting mould growth by decreasing pH through
the secretion of organic acids also support this
suggestion (Gamba et al, 2016; Droby and
Wisniewski, 2018; Gonda et al., 2019). Recent
research findings have also shown that the addition of
kefir, which has heterolactic properties, into silage
reduces nutrient losses and positively affects aerobic
stability (Gonda et al., 2019; Kog et al., 2020). Given
this aspect, kefir can be used as a silage additive due
to its  unique aspects, cheap and  its
heterofermentative properties, as an alternative to
commercial inoculants. This study aimed to
investigate the improving possibilities of WS silage by
replacing inoculants with kefir and comparing
fermentation and nutritional quality.

MATERIALS and METHODS

The current study was conducted at the Animal Feed
and Nutrition Laboratory of Tekirdag Namik Kemal
University in 2017. WS (7Triticum aestivum L.) straw,
which dry matter (DM) contents were 931.3 g/kg), was
obtained from the experimental area of the Field
Crops Department and transferred into the
laboratory for silage preparation and further analysis.

To prepare laboratory-scale silages, WS was chopped
2-3 cm long, water was added to yield approximately
400 g/kg DM content, and allowed WS at least 1 h to
absorb added water (Nakashima et al., 1993). Then,
approximately 4 kg of WS spread in a thin layer on a
clean nylon cover with a 4 m2? surface area.
Commercially available Biotal Plus II (HMLAB;
Lallemand 1Inc., USA; contains Pediococcus
pentosaceus 12455, Propionibacterium freudenreichii
R2435 strains and #glucanase, xylanase and
gluctomanganase enzymes), Biotal Buchneri 500
(AM+HTLAB;  Lallemand Inc., USA; contains
Pediococcus  pentosaceus 12455,  Lactobacillus
buchneri NCIMB 40788 strains and #glucanase,
xylanase and gluctomanganase enzymes) inoculants,
and MYStarter KF kefir (KF; contains Lactococcus
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lactis subsp. lactis biovar diacetylactis, Lactobacillus
brevis, Leuconostoc mesenteroides subsp.
mesenteroides ve Saccharomyces cerevisiae strains)
were applied at 6.0 log cfu/g theoretically, in each
treatment group, and 3 replicates. A 0.074 g HMLLAB,
0.039 g HM+HT[LAB, and 1.5 g kefir were weighed and
dissolved in 20 ml tap water. Homogenized inoculants
and kefir were then applied by hand sprayer, mixed
silage well with wearing sterile gloves in each
replicate, and then vacuumed and sealed by a vacuum
sealer (CAS CVP-260PD).

The vacuumed packs, stored at an ambient
temperature of 25-30 °C, were opened at the end of 45
days ensiling, pH, DM, WSC, and lactic acid content
of silages was determined immediately (Anonymous,
1986; Chen et al., 1994; Ko¢ and Coskuntuna, 2003).
The proximate analysis of WS silages was performed
according to Weende’s analysis by using AOAC (1990)
methods. Briefly, DM of WS silages was determined
by drying samples at 102 °C overnight, and crude ash
(CA) content was determined by igniting the silage
samples in a muffle furnace at 550 °C for 3 h. The
nitrogen (N) content of WS silages was measured by
the Kjeldahl method and multiplied by 6.25 to get the
crude protein (CP) ratio. The Neutral detergent fiber
(NDF), acid detergent fiber (ADF), and acid detergent
lignin (ADL) of WS silages was determined according
to Van Soest et al. (1991). Enumeration of LAB, yeast,
and mould of silages were determined using MRS (de
Man, Rogosa and Sharpe) and potato dextrose agar,
according to Seale et al. (1990). The aerobic stability
of WS silages was determined according to Ashbell et
al. (1991). The two-stage enzymatic digestion method
described by Tilley and Terry (1963) was used to
evaluate enzyme soluble organic matter (ELOS) of
WS silages. The cellulose, obtained from 7richoderma
viride (Onozuka R-10, Merck, Darmstadt, Germany),
and pepsin (0.7 FIP-U/g, Merck, Darmstadt,
Germany) enzymes were used in enzymatic digestion
studies. Approximately 300 mg of a sample taken into
crucibles and added 30 ml pepsin (2 g of pepsin
dissolved in 1 L of 0.1 N HC)) to pre-treated for 24 h
at 40°C in the first stage. Then 30 ml cellulose buffer
solution (3.3 g cellulose dissolved in 1 L of acetate
buffer solution; Solution A: 5.9 ml Acetic acid in 1 L
distilled water; Solution B: 13.6 g Sodium acetate + 1
L distilled water; w/w: 400/600) was added to
crucibles and incubated. At the end of the incubation,
samples were filtered, dried at 105 °C at least 3 h,
and burned at 550 °C (Ozkan, 2016). The ELOS was
calculated between the weight differences of dried
and burned samples after incubation. The following
equations estimated the ELOS and ME of WS silages
(Comert Acar et al., 2018):

ELOS, g/kg= (DW-BW)/SWx1000
EULOS, g/kg= 1000- ELOS

6V
@)

ME (MJ/kg DM) 14.27-
(0.0120xEULOS)+(0.0023xCP)-(0.0147xCA) (3)

Where DW: dry weight of the sample (105 °C); BW:
burn weight of sample (550°C); SW: sample weight;
EULOS: enzyme insoluble organic matter; CP: crude
protein; CA: crude ash.

The effect of treatments on fermentation quality and
nutritive value of WS silages were analyzed using the
GLM procedure of Minitab (2014) statistical package
programs, and least-squares means were compared
using Tukey's multiple comparison tests. The
following statistical model was used:

(4)
Where Y;;= observed value; u = overall mean; a;=

effect of inoculants or kefir; e;= effect of the
experimental error.

Yijz,ll + ai+eij

RESULTS

The chemical and microbiological composition of pre-
ensiling material and fermentation quality and
chemical composition of WS silages is given in Table 1
and 2.

Table 1 Chemical and microbiological composition of
pre-ensiling material

Cizelge 1.Baslangic materyalinin kimyasal ve
mikrobiyolojik kompozisyonu

Parameters (Parametreler) SM. (BM)

DM, g/kg (KM, g/kg) 387.3

pH (wH) 7.60

CP, g/kg DM (HP, g/kg KM) 58.7

CA g/kg DM (Ham kiil, g/kg KM) 62.9

NDF, g/kg DM (NDF. g/kg KM) 624.8

ADF, g/kg DM (ADF, g/kg KM) 432.8

ADL, g/kg DM (ADL, g/kg KM) 42.6

Heen, g/kg DM (Hemiseliiloz, g/kg KM) 192

Cell, g’lkg DM (Seliiloz, g/kg KM) 390.2

WSC, grkg DM (SCK, g/kg KM) 18

ELOS, g/kg DM (ECOM, g/ke KM) 312.9

ME, MJ/kg DM (ME, MJ/kg KM) 5.24

Lactobacilli , 10g10 cfu/g 574

(Lactobacilli, log10 kob/g) :

Yeast, logl0 cfu/g (Maya, log10 kob/g) 5.69

Mould, log10 cfu/g (Kiif, log10 kob/g) 0

193

SM: Starting Material, DM: Dry Matter, CP: Crude Protein,
CA: Crude Ash, NDF: Neutral Detergent Fiber, ADF: Acid
Detergent Fiber, ADL: Acid Detergent Lignin, Heen:
Hemicellulose, Cell: Cellulose, WSC: Water Soluble
Carbohydrate, ELOS: Enzyme Soluble Organic Matter, ME:
Metabolizable Energy

The DM, CA, ADL, and WSC contents of silages were
not affected by the addition of HMLLAB, HM*HT[LAB, and
KF (P>0.05). Compared to control silages (Table 2),
the KF group had the lowest pH value; an increased
pH value was observed in HMLAB while (P<0.001)
HM+HTLAB did not affect pH (P>0.05). The CP ratio of
silages was decreased in HMLAB (5.95%) and
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HM+HTLAB (5.63%) groups, while the CP ratio was
increased by 4.54% in the KF group (P<0.001). The
ADF contents of silages treated with inoculants and
kefir were decreased (P<0.01). An improvement (by
lowering 17.02%) of NDF was only observed in the KF
group (P<0.001). The lowest hemicellulose (P<0.001)
and cellulose (P<0.05) content was recorded in the KF
group. The NH3-N and LA contents of treated groups

were significantly different from the CON group
(P<0.001). The KF group had lower NHsN content
(71.97g/kg TN) and higher LA content (43.11 g/kg
DM) than the control and other inoculated groups.
Both inoculants and kefir significantly affected ELOS
and ME of WS silages (P<0.001). The ELOS and ME
in HMLAB, HM*HT[LAB, and KF groups were increased
11.35, 8.38; 10.02, 7.08; 5.84, 4.28%, respectively.

Table 2 Fermentation quality and chemical composition of WS silages
Cizelge 2 Bugday samani silajlarinin fermantasyon kalitesi ve kimyasal bilesimi

Treatments (Muameleler)

CON HMLAB HM+HTAB KF P
Parameters (Parametreler) KON HM] AB HM+HT[ A B KF P
DM, g/kg (KM, g/kg) 382.2+12.3 384.0+2.8 385.4+2.2 381.5+0.8 NS
pH (H) 4.50+0.02b 4.60+0.022 4.52+0.00b 4.32+0.02¢ kk
CP, g/kg DM (HP, g/kg KM) 63.9+1.3b 60.1+0.14 60.3+1.4¢ 66.8+0.82 ok
CA, g/kg DM (Kiil, g/kg KM) 67.4+0.6 66.9+0.2 68.1+0.6 6.79+0.8 NS
NDF, g/kg DM (NDF, g/kg KM) 676.2+19.1p 718.9+36.6ab  738.3+4.8a 561.1+39.3¢ ek
ADF, g/kg DM (ADF, g/kg KM) 416.0+11.42 381.1+14.3p 380.9+16.3p 359.2+19.7b ok
ADL, g/kg DM (ADL, g/kg KM) 49.1+6.1 41.4+4.7 45.7+5.2 41.743.7 NS
Heen, g/lkg DM (Hemiseliiloz, g/kg KM)  260.2+18.3b 337.8+5.012 357.5+21.12 201.94+22.0¢ okk
Cell, g’lkg DM (Seliiloz, g/kg KM) 366.9+6.42 339.8+19.08b 335.1+11.14b 317.5+23.0¢ *
WSC, g/kg DM (SCK, g/kg KM) 5.91+1.21 8.12+1.55 7.33+1.20 5.94+1.59 NS
NHs-N, g/lkg TN (NHs-N, g/kg TN) 125.06£7.502  95.21+7.02¢ 113.84+0.06b  71.97+2.19d o
LA, g/kg DM (LA, g/kg KM) 20.86+0.26¢ 40.87+2.290 38.40+2.34sb 43.11+2.93a o
ELOS, g/kg DM (ECOM, g/kg KM) 328.4+12.9¢ 365.7+7.8a 361.3+5.9ab 347.6+0.5b o
ME, MJ/kg DM (ME, MJ/kg KM) 5.37+0.14¢ 5.82+0.092 5.75+0.08ab 5.60+0.02b ok

abc Values within a row with different superscripts differ significantly at P<0.05

DM: Dry Matter, CP: Crude Protein, CA: Crude Ash, NDF: Neutral Detergent Fiber, ADF: Acid Detergent Fiber, ADL: Acid
Detergent Lignin, Heen: Hemicellulose, Cell: Cellulose, WSC: Water Soluble Carbohydrate, NH3-N: Ammonia Nitrogen, TN:
Total Nitrogen, LA: Lactic Acid, ELOS: Enzyme Soluble Organic Matter, ME: Metobalizable Energy, NS: Not significant; *:

P<0.5; **: P<0.01; ***: P<0.001

The microbiological composition and aerobic stability
parameters of silages were given in Tables 3 and 4. In
all treatment groups, mould was not detected
(P>0.05). Compared to the control group, HMLAB,
HM+HTLAB, and KF increased the Lactobacilli and
decreased the yeast number of WS silages (P<0.001).
The highest Lactobacilli and lowest yeast number was
detected in the KF and HM*HTLLAB group, respectively
(Table 3). Compared to the CON group, the pH value
decreased only in the KF group after 5 days of aerobic
stability test (P<0.001). The lowest CO: (3.42 g/kg
DM) and yeast (5.50 log10 cfu/g) were observed in the
KF and CON group, respectively (Table 4).

Table 3 Microbiological composition of WS silages

DISCUSSION

The current study set out to investigate the
improving possibilities of WS silage by replacing
inoculants with kefir and comparing fermentation
and nutritional quality. Several reports have shown
that an adequate substrate for LAB, DM, and WSC
content is required to produce stable silages (Li et al.,
2016; Tao et al., 2017; Zhang et al., 2018). While the
pH and WSC content of starting material was
decreased after 45 days of the ensiling period, the DM
content was not affected. Also, silage additives
affected WS silages’ pH in all treated groups
(P<0.001). The main objectives of adding enzymes
into silages inoculants are to increase WSC supply

Cizelge 3 Bugday samani silajlarinin mikrobiyolojik kompozisyonu

Treatments (Muameleler)

CON HMLAB HM+HTT AB KF P
Parameters (Parametreler) KON HM[AB HM+HT[AB  KF P
Lactobacilli, 1og10 cfu/g (Lactobacilli, log10 kob/g)  4.94+0.01d 5.82+0.01p 5.74+0.01¢ 5.92+0.012 wokk
Yeast, logl10 cfu/g (Maya, log10 kob/g) 5.60+0.022 5.33+0.02b 5.07£0.014  5.15+0.01c  ***
Mould, log10 cfu/g (Kiif, log10 kob/g) 0 0 0 0 NS

abc Means in the same row with different superscripts differ significantly at P<0.05

NS: Not significant; ***: P<0.001
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Table 4 Aerobic stability parameters of WS silages

Cizelge 4 Bugday samani silajlarinin aerobik stabilite parametreleri

Treatments (Muameleler)

CON HM[LLAB HM+HTLAB KF P
Parameters (Parametreler) KON HMIAB HM+HT[LAB KF P
pH (vH) 4.59+0.01¢ 4.69+0.01> 4.75+0.012 4.44+0.014 bl
COg, g/kg DM (CO:, g'kg KM) 5.14+0.152 4.62+0.07° 5.08+0.232 3.42+0.07¢ ok
Yeast, log10 cfu/g (Maya, log10 kob/g) 5.50+0.014 5.68+0.01¢ 5.90+0.01P 6.68+0.002 Hokk
Mould, log10 cfu/g (Kiif, log10 kob/g) 0 0 0 0 NS

abc Values within a row with different superscripts differ significantly at £<0.05

NS: Not significant; ***: <0.001

and promote better fermentation by LAB and partial
degradation of fiber during the ensiling period,
especially when the WSC of pre-ensiled material was
below the recommended value (Ordaz, 2017; Yuan et
al.,, 2017). It was stated that the sugar content of
silage was increased as a result of partial
fermentation of fiber (hemicellulose and cellulose) by
enzymatic activity during the ensiling period (Kung et
al., 2003). The high sugar content of silages allows
fermenting of them by the LAB population of silages
and yielding lower pH results. The decrease in pH has
also been reported by Filya and Sucu (2007) and
Aktiirk and Giimiis (2020).

The breakdown of proteins by plant enzymes was
continued during the ensiling period; the decrease in
pH increases due to extending the proteolytic activity
during the active fermentation stage. The NH3s-N
content, an indicator of protein breakdown, was
significantly affected by HMLAB, HM+HT[,AB, and KF
(P<0.001). Due to the low NHs-N amount in the KF
group, the CP ratio is higher than the CON and
inoculated groups (Todorov et al., 1997; Demirel et
al., 2003;). Also, it was stated that the CP ratio of
silages could be increased in the reduction of NDF
(Babaeinasab et al.,, 2015). Moreover, many
researchers reported that the positive effect of
addition LAB into silage increased the CP ratio
(Nkosi and Meeske, 2010; Nkosi et al., 2011;
Babaeinasab et al., 2015). These results are
consistent with those research findings.

Results of cell wall components are summarized in
Table 2. Numerically, but not significantly, the ADL
content of treated groups was decreased (P>0.05). It
was stated that LAB could degrade NDF and ADF
content of forages due to increasing hydrolyzing
capacity (Rajabi et al., 2017). Several researchers
reported that LAB 1inoculation with or without
enzyme could degrade cellulose into sugars and
promote the LAB population, resulting in cell wall
losses (Djordjevic et al., 2016; Liu et al., 2016).
Moreover, a decrease in cell wall components
generally results in higher OMD and ME content of
silages. Thus, it expected that a decrease in the ADF
and NDF ratio of silages. Parallel to this expectation,
ADF content decreased by LAB and enzyme activity.

195

On the other hand, NDF only was reduced in the KF
group. An increased in HMLLAB and EM+*HTLAB may be
related to clustering the simple sugar after hydrolysis
in the silo. The obtained results are partially
consistent with those results.

Data obtained in the aerobic exposure are presented
in Table 4. The highest CO2 level was found in HM +
HTLAB group with 5.08 + 0.23 g/kg DM (P<0.001). As
previously stated, the population of LAB, the
composition of inoculants, concentration of organic
acid, and WSC of ensiling material affect the aerobic
stability of silages (Tao et al., 2017). Besides, several
researchers have been reported that second-
generation inoculants improve the aerobic stability of
silages (Nishino et al., 2004; Reich and Kung, 2010).
Second-generation inoculants, such as L.buchneri and
Propionibacteria, are known as antimycotic agents
and inhibit acid-tolerant yeasts in the silo by
converting lactic acid into acetic acid and WSC into
propionic acids (Weseh, 2013). It has also been
indicated that silage's aerobic stability reduced when
yeast was added into the silage with or without LAB
(Weinberg et al., 1999). In the current study, the
amount of yeast in the KF group is mainly related to
S. cerevisiae, found in the kefir’s natural flora, and
improved aerobic stability of WS silages by decreasing
pH.

In this study, a biological method was emphasized to
improve plant-derived lignocellulosic material's
nutritional value, rich in lignin and cellulose. The
effect of the inoculation of HMLAB, EM+HTLLAB, and
kefir on fermentation and WS silages' nutritional
quality was investigated. While a decrease in the
ADF and ADL composition of silages was observed in
all treated groups, the decrease in NDF was observed
only in the KF group. In all treated groups, the ELOS
and ME of silages were improved. Overall, this study
strengthens the idea that the addition of kefir in WS
silages increased their aerobic stability due to its
significant effect on the pH and COz level. Also, the
findings of this research provide insights for kefir
could be an alternative silage additive to
commercially available inoculants and could improve
WS's nutritional quality instead of them. However,
further studies should also be examined by carrying
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out in sacco degradability and in vivo digestibility
experiments to better understand the implications of
kefir on the nutritional quality of silage.

Researchers Contribution Rate Declaration Summary

The authors declare that they have contributed
equally to the article.

Conflicts of Interest Statement

None of the authors had any financial or personal
relationships with other individuals or organizations
that might inappropriately influence their work
during the submission process.

REFERENCES

Akturk B, Gumius H 2020. Effects of Lactic Acid
Bacteria Inoculant on Quality, Fermentation
Profile and Nutritive Value of Alfalfa Silage at
Different Ensiling Period. Ankara Univ Vet Fak
Derg 67(3): 281-287.

Anonymous 1986. The Analysis of Agricultural
Material. Reference Book, London, UK, 427-428
pp.

AOAC 1990. Official Methods of Analysis. 15th
Edition. Association of Official Analytical Chemist,
Washington DC.

Ashbell G, Weinberg ZG, Azrieli A, Hen Y, Horev B
1991. A Simple System to Study the Aerobic
Deterioration of Silages. Can Agric Eng 33: 391-
393.

Ayagsan T, Cabi E, Esen S, Kader Esen V, Eseceli H
2020. Effect of Arbuscular Mycorrhizal Inoculation
on the Quality and In Vitro Gas Production of
Einkorn Wheat Straw. S Afr J Anim Sci, 50(3):
415-420.

Babaeinasab Y, Rouzbehan Y, Fazaeli H, Rezaei J
2015. Chemical Composition, Silage Fermentation
Characteristics, and In Vitro  Ruminal
Fermentation Parameters of Potato-Wheat Straw
Silage Treated with Molasses and Lactic Acid
Bacteria and Corn Silage. J Anim Sci 93(9): 4377-
4386.

Chekani-Azar V, Chekani-Azar S 2010. Utilization of
Wheat Straw in Sheep: Using an Applicable
Method of Chemical Treatment. J Agrobio 27(2):
93-102.

Chen dJ, Stokes MR, Wallace CR 1994. Effects of
Enzyme-Inoculant Systems on Preservation and
Nutritive Value of Hay, Crop and Corn Silages. J
Dairy Sci 77: 501-512.

Coémert Acar M, Ozelcam H, Sayan Y, Soycan Oneng
S 2018. The Accuracy of Pepsin-Cellulase
Technique for Estimating the In  Vivo
Metabolizable Energy Values of Maize Silage and
Dry Forages. J Anim Prod 59 (2):49-53.

Demirel M, Cengiz F, Erdogan S, Celik S 2003. A
Study on Silage Quality and Rumen Degradability

196

of Mixed Silages Containing Different Levels of
Sudangrass and Hungarian Vetch. Turk J Vet
Anim Sci 27(4): 853-859.

Djordjevic S, Mandié¢ V, Stanojevic D 2016. The Effect
of Bacterial Inoculant on Chemical Composition
and Fermentation of Alfalfa Silage. Biotech Anim
Hus 32(4): 413- 423.

Droby S, Wisniewski M 2018. The fruit microbiome: A
new frontier for postharvest biocontrol and
postharvest biology. Postharvest Biol Technol 140:
107-112.

Eser S 2016. Inokulant ve Enzim Ilavesinin Farkh
Samanlarin Besleme Degeri Uzerine Etkileri.
Namik Kemal Universitesi Fen  Bilimleri
Enstitiisii Zootekni Ana Bilim Dali, Yiiksek Lisans
Tezi, 31 sy.

Filya I, Sucu E 2007. Baz1 Biyolojik ve Kimyasal
Katki Maddelerinin Misir, Sorgum ve Bugday
Silajlarinin  Fermantasyon, Mikrobiyal Flora ve
Aerobik Stabilite Uzerine Etkileri. 4. Ulusal
Hayvan Besleme Kongresi 25-28 Haziran 2017,
Bursa, 116-120 sy.

Gado HM, Elghandour MMY, Cipriano M, Odongo
NE, Salem AZM 2017. Rumen Degradation and
Nutritive Utilization of Wheat Straw, Corn Stalks
and Sugarcane Bagasse ensiled with
Multienzymes. J Appl Anim Res 45(1): 485-489.

Gamba RR, Caro CA, Martinez OL, Moretti, AF,
Giannuzzi L, De Antoni GL, Pelaez AL 2016.
Antifungal effect of kefir fermented milk and shelf
life improvement of corn arepas. Int J  Food
Microbiol 235: 859-92.

Gonda M, Garmendia G, Rufo C, Ledén Peldez A,
Wisniewski M, Droby S, Vero S 2019. Biocontrol of
Aspergillus flavus in Ensiled Sorghum by Water
Kefir Microorganisms. Microorganisms 7(8): 253.

Kog F, Coskuntuna L 2003. The Comparison of the
Two Different Methods on the Determination of
Organic Acids in Silage Fodders. J Anim Prod
44(2): 37-417.

Ko¢ F, Karapmnar B, Okuyucu B, Korucu Erdem D
2020. Kefir Ilavesinin Yonca Silajlarimin
Fermantasyon Ozellikleri ve Aerobik Stabilitesi
Uzerine Etkileri. KSU Tarim ve Doga Derg 23 (2):
535-542.

Kung JL, Stokes MR, Lin C 2003. Silage Additives.
(Silage Science and Technology. American Society
of Agronomy Inc., Crop Science Society of America
Inc., Soil Science Society of America Inc.,
Publishers, Madison, Wisconsin, USA: Ed. Buxton
DR, Muck RE and Harrison JH) 305-360.

Li P, Ji S, Hou C, Tang H, Wang Q, Shen Y 2016.
Effects of Chemical Additives on the Fermentation
Quality and N Distribution of Alfalfa Silage in
South of China. Anin Sci J 87(12):1472-1479.

Liu Q, Li X, Seare TD, Zhang J, Shao T 2016. Effects
of Lactobacillus plantarum and Fibrolytic Enzyme
on the Fermentation Quality and In Vitro



KSU Tarim ve Doga Derg 25 (1): 191-197, 2022
KSU J. Agric Nat 25 (1): 191-197, 2022

Aragtirma Makalesi
Research Article

Digestibility of Total Mixed Rations Silage
Including Rape Straw. J Integr Agric 15(9): 2087-
2096.

Minitab 2014. Minitab I: Statistical Software for
Windows, Release 17. Minitab Inc. USA.

Nakashima Y, Orskov ER, Adebowale EA, Ambo K
1993. Enzymatic Manipulation of Straw Quality:
Experience on Straw Upgrading. Proceeding of the
International Conference on Increasing Livestock
Production through Utilization of Local Resources
18-22 October 1993, Beijing-China, 139-152 pp.

Nishino N, Wada H, Yoshida M, Shiota H 2004.
Microbial Counts, Fermentation Products, and
Aerobic Stability of Whole Crop Corn and a Total
Mixed Ration Ensiled with and without
Inoculation of Lactobacillus casei or Lactobacillus
buchneri. J Dairy Sci 87(8): 2563-2570.

Nkosi BD, Kanengoni AT, Thomas R 2011. Effects of
Ensiling Total Mixed Potato Hash Ration with or
without  Bacterial Inoculation on  Silage
Fermentation and Nutritive Value for Growing
Pigs. J Anim Vet Adv 10(13): 1667-1672.

Nkosi BD, Meeske R 2010. Effects of Ensiling Totally
Mixed Potato Hash Ration with or without a
Heterofermentative Bacterial Inoculant on Silage
Fermentation, Aerobic Stability, Growth
Performance and Digestibility in Lambs. Anim
Feed Sci Technol 161(1-2): 38-48.

Ordaz S 2017. Fibrolytic Enzymes and Silage
Inoculants to Improve the Nutritive Value of
Silage. University of Vermont, The Faculty of
Graduate College, USA, MSc Thesis, 108 pp.

Ozkan M 2016. Hiicre Duvarm ve Nigastayl
Parcalayici  Enzimlerin  Fig-Yulaf Karigimi
Silajlarin Fermentasyon, Aerobik Stabilite ve In
Vitro Organik Madde Sindirilebilirligi Uzerine
Etkileri. Namik Kemal Universitesi Fen Bilimleri
Enstitiisii Zootekni Ana Bilim Dali, Yuksek Lisans
Tezi, 18-19 sy.

Rajabi R, Tahmasbi R, Dayani O, Khezri A 2017.
Chemical Composition of Alfalfa Silage with Waste
Date and 1its Feeding Effect on Ruminal
Fermentation Characteristics and Microbial
Protein Synthesis in Sheep. J Anim Physiol Anim
Nutr 101(3): 466-474.

Reich LdJ, Kung JL 2010. Effects of Combining
Lactobacillus buchneri 40788 with Various Lactic
Acid Bacteria on the Fermentation and Aerobic
Stability of Corn Silage. Anim Feed Sci Technol
159(3-4): 105-109.

Schniirer J, Jonsson A 2011. Pichia anomala J121: a
30-year overnight near success biopreservation
story. AvL 99: 5-12.

Seale DR, Pahlow G, Spoelstra SF, Lindgren S,
Dellaglio F, Lowe JF 1990. Methods for the
Microbiological Analysis of Silage. Proceeding of

197

The Eurobac Conference 12-16 August 1986,
Uppsala-Sweden, 147 pp.

Shahryari Z, Fazaelipoor MH, Setoodeh P, Nair RB,
Taherzadeh MdJ 2018. Utilization of Wheat Straw
for Fungal Phytase Production. Int J Recyc Org
Waste Agric 7: 345-355.

Tao L, Zhou H, Zhang N, Si B, Tu Y, Ma T, Diao Q
2017. Effects of Different Source Additives and
Wilt Conditions on the pH Value, Aerobic
Stability, and Carbohydrate and Protein Fractions
of Alfalfa Silage. Anim Sci J 88(1): 99-106.

Tilley JMA, Terry RA 1963. A Two-Stage Technique
for the In Vitro Digestion of Forage Crops. J Brit
Grassl Soc 18(2): 104-111.

Todorov NA, Pavlov DH, Djouvinov DS 1997. Effect of
Hybrid, Maturity and Grain Content on Rumen
Degradability of Maize Silage. Tirkiye 1. Silaj
Kongresi, 16-19 September 1997, Bursa, 127-134
pp.

Van Soest PJ, Robertson JB, Lewis BA 1991. Methods
for Dietary Fiber, Neutral Detergent Fiber, and
Nonstarch Polysaccharides in Relation to Animal
Nutrition. J Dairy Sci 1991 74: 3583-3597.

Weinberg ZG, Szakacs G, Ashbell G, Hen Y 1999. The
Effect of Lactobacillus buchneri and L. plantarum,
Applied at Ensiling, on the Ensiling Fermentation
and Aerobic Stability of Wheat and Sorghum
Silages. J Indust Microbiol Biotechnol 23(3): 218-
222.

Weseh A 2013. Effects of Silage Inoculants on Silage
Fermentation, Aerobic Stability and Animal
Performance. University of Alberta Department of
Agricultural, Food and Nutritional Science,
Canada, PhD Thesis, 33-38 pp.

Wiedmeier RD, Provenzat FD, Burritt EA 2002.
Exposure to Ammoniated Wheat Straw as
Suckling Calves Improves Performance of Mature
Beef Cows Wintered on Ammoniated Wheat
Straw. J Anim Sci 80(9): 2340-2348.

Yuan X, Wen A, Dong Z, Desta ST, Shao T 2017.
Effects of Formic Acid and Potassium Diformate
on the Fermentation Quality, Chemical
Composition and Aerobic Stability of Alfalfa
Silage. Grass and Forage Sci 72(4): 833-839.

Zhang Q, Yu Z, Wang X, Tian J 2018. Effects of
Inoculants and Environmental Temperature on
Fermentation Quality and Bacterial Diversity of
Alfalfa Silage. Anim Sci J 89(8):1085-1092.

Zwielehner JC, Schoendorfer K, Schatzmayr G 2014.
A Meta-analysis of Lactobacillus kefiri DSM 19544
and Lactobacillus brevis DSM 23231 as Silage
Inoculant in Whole Plant Maize Silage. Proceeding
of the International Scientific Conference on
Probiotics and Prebiotics 24-26 June 2014,
Budapest-Hungary, 173 p.



KSU Tarim ve Doga Derg 25 (1): 198-205, 2022
KSU J. Agric Nat 25 (1): 198-205, 2022
https://doi.org/10.18016/ksutarimdoga.vi.890836

Anason Tohumu Ilavesinin Yumurtact Tavuklarin Performans, i(; ve Digs Yumurta Kalite
Ozellikleri ve Yumurta Sarisi1 Kolesterol Konsantrasyonuna Etkisi

Erkan CINAR!, Asuman ARSLAN DURU2*

1Usak Universitesi Fen Bilimleri Enstitiisit Zootekni Anabilim Dali, 64200, Usak, Tiirkiye, 2Usak Universitesi Ziraat Fakiiltesi Zootekni
Bolumu, 64200, Usak, Turkiye.

thttps://orcid.org/0000-0001-8928-4043, 2https://orcid.org/0000-0002-7290-1719

¢ duru.asuman@gmail.com

OZET

Bu calismada, anason (Pimpinella anisum L. tohumu ilavesinin
yumurtac:t tavuklarin performans, yumurta i¢ ve dig, kalitesi ve
yumurta sarist kolesterol konsantrasyonu tizerine etkilerinin
aragtirilmas1 amaclanmigtir. Ik olarak, calismada, alternatif yem
katk: maddesi olarak kullanilan anason tohumunun toplam fenolik,
toplam flavonoid bilesenleri ve antioksidan aktivitesi belirlenmistir.
Arastirmada, 36 haftahk yastaki 55 adet (deneme bas1 ortalama
canli agirhiklar1 1741.15 g) ticari Lohmann kahverengi yumurtaci
tavuk kullanilmistir. Hayvanlarin karma yemlerine kontrol (0), 1, 5,
10 ve 20 g kg! anason tohumu ilave edilmistir. Yem kisith (110
g/hayvan), su ise ad-libitum, olarak verilmigtir. Deneme 8 hafta

Aragtirma Makalesi

Makale Tarihgesi
Gelis Tarihi  :04.03.2021
Kabul Tarihi :20.04.2021

Anahtar Kelimeler
Anason tohumu
Yumurtac: tavuk

Katk:

Performans

Yumurta saris1 kolesterolii

devam ettirilmigtir. Arastirma sonunda, anason tohumu ilavesiyle
yumurtacit tavuklarin yem tiiketimi ve yemden yararlanma oram
bakimindan gériilen farklhiliklar énemli bulunamamistir (P>0.05). En
disiik yumurta verimi, 1 g kg! anason tohumu katkili grupta
gozlemlenmistir (P<0.001). 10 g kg! anason tohumu ilavesiyle
yumurta agirlign artmistir (P<0.001). Anason tohumu ilavesiyle
yumurta sarisi kolesterol miktar1 diismiistiir (P<0.05). Yumurta
kolesterol diizeyini dugurmek i¢cin yeme 1 g kgl anason tohumu
kullanilabilir.

The Effect of Anise Seed (Pimpinella anisum L.) Supplement on Performance, Internal and External
Egg Quality Traits and Egg Yolk Cholesterol Concentration Level of Laying Hens

ABSTRACT
In this study, it was aimed to investigate the effects of dietary Anise
(Pimpinella anisum L.) seed treatment on performance, external and
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internal egg quality and egg yolk cholesterol level of laying hens. Received »04.03.2021
First, total phenolic, total flavonoid compounds and antioxidant Accepted - 20.04.2021
activity of anise seed as used alternative feed additive in the
experiment were determined. In this study, a total number of fifty- Ke?’w°rds
five (initial body weight average 1741.15 g) 36-week-old Lohmann An1§e seed
Brown laying hens were used commercially. Birds were fed basal Layl.n'g hens
(commercial) diets supplement with 0 (control), 1, 5, 10 and 20 g kg! Additive
anise seed. Feed was offered limited (110 g/hen) and water was Performance
Egg yolk cholesterol

available ad-libitum. The experiment was continued for 8 weeks. At
the end of the study, feed intake and feed conversion ratio of laying
hens were not affected by treatments with the addition of anise seed
(P>0.05). The lowest egg yield was observed with 1 g kg "anise seed
treatment (P<0.001). Egg mass increased by 10 g kg'! anise seed
supplement. Egg yolk cholesterol decreased by anise seed
supplement compared to control group (P<0.05). 1 g kg! anise seed
can use to reduce egg yolk cholesterol concentration.
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GIRIS randimamn ve fertilitenin azalma egiliminde oldugunu

Tibbi ve aromatik bitkiler antik c¢aglardan beri
dinyanin  bircok bolgesinde farkli amaglarla
kullanilmigtir. Esas olarak ikincil metabolit degisimi
sirasinda  olugan ugucu yaglar1 c¢ikarmak igin
uretilmekte olup, bunlar genellikle eczacilikta
kullanilmaktadir. Genellikle kuru maddede ortalama
% 0.1-2 oraninda ucucu yag bulunmaktadir (Oztekin
ve Martinov, 2007). Bircok bitki ve baharat giiclii
antioksidan aktiviteye sahip zengin bir fenolik bilesik
kaynagidir (Madsen ve Bertelsen, 1995; Bonanni ve
ark., 2007). Insan saghg {zerindeki yararh
etkilerinin yami sira, bu Dbitkiler dogal gida
koruyucular1 olarak da kullanilabilmektedirler
(Hinneburg ve ark., 2006).

Anason  (Pimpinella  anisum L)  Apiaceae
(Semsiyegcicekliler) familyasina ait tek yillik otsu bir
tibbi ve aromatik bir bitkidir. Tirkiye'de Pimpinella
cinsine ait; 8 adedi endemik olmak tizere toplam 23
tir bulunmaktadir (Davis, 1972). Anasonun
tohumlarindaki salgi kanallar igerisindeki kiymetli
ucucu yagi sebebiyle; aromatik ve tedavi edici
ozelliklere sahiptir. Bugiin Diinya’da Anason
yetistiren tlkelerin basinda; Hindistan, Meksika,
Masir, Italya, Ispanya, Fransa, Bulgaristan, Tunus ve
Tiirkiye gelmektedir (Reineccius, 1994; Arslan ve
ark., 2004). Tirkiye genelinde anason yetistirilen
bélgelerden toplanan 29 farkli anason tohumunun
sahip olduklari ugucu yag miktarmmin (% 1.3-3.7)
arasinda degistigi ve temel ugucu yag bileseninin
trans—anethole (% 78.63-95.21) oldugu belirlenmistir
(Arslan ve ark., 2004). Anason ucucu yaginin, spazm
giderici, antioksidan, mikrop o¢ldlricil, tarimsal
uygulamalarda bocek o6ldirici veya kovucu; ayrica
antifungal o0zelliklere sahip oldugu belirtilmistir
(Hasimi ve ark., 2014). Ayrica diiiretik, gaz giderici
ozellikleri sebebiyle hazmi ve sindirimi
kolaylastirdigi; antispazmodik etkiye sahip oldugu,
hafif sindirim bozukluklari, mide bulantisi, kolik,
dispeptik bas agris1 ve sigkinlik tedavisinde
kullanildig1 bildirilmistir (Janahmadi ve ark., 2006).

Anason tohumlarindan elde edilen yagin etlik
piliclerde biiyiimeyi tesvik ettigi (Ciftci ve ark., 2005;
Simsek ve ark., 2007; Al-Kassie, 2008; Al-Beitawi ve
ark., 2009), anason tohumunun canli agirhk ve
karkas randimanini artirdigr ve yemden yararlanma
oramini digiirdigic. (Mahmood ve ark., 2014),
bildircinlarda da yumurta sarisimai koyulastirdigi ve
serum  kolesteroliinii  distirdigi  bildirilmistir
(Christaki ve ark, 2011a; Christaki ve ark, 20115). Ali
ve ark. (2007), yumurtact tavuklarin karma
yemlerine % 0.25 anason ilavesiyle, yemden
yararlanma oraninin, yumurta sayisinin ve plazmada
antioksidan kapasitesinin iyilestigini ancak kulugka
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tespit etmislerdir. Irani ve ark. (2013), yumurtac:
tavuklarda yaptiklar: ¢alismalarinda, en iyi yemden
yararlanma oraninin ise % 0.4 anason tohumu, en
yiksek yumurta agirhiginin % 0.2 anason tohumu
katkili grupta oldugunu ve yumurta verimi, kan
kolesterol ve trigliserid konsantrasyonu bakimindan
gruplar arasinda herhangi bir farkhiligin olmadigim
bildirmiglerdir.

Ulkemizde yetistiriciligi yapilan ve bu c¢alisma
kapsaminda yem katki maddesi olarak karma
yemlere ilave edilen 6nemli bir tibbi ve aromatik bitki
olan anason tohumunun Gélhisar cesidi (tek tescilli
cesit) kullanilmistir. Bu cesidin, temininin kolay
olmas1 ve sahada uygulanabilirligi dikkate alinarak
arastirmada kullanilmig olup, yumurtac: tavuklarda

bu c¢esit ve bu dozlarda yapilan herhangi bir
calismaya literatiirde rastlanilamamagtir.
Bu calisma, ozellikle  bagisiklik sistemini

kuvvetlendirici ve istah acici 6zelligi bulunan ve
ayrica alternatif yem katkisi potansiyeline sahip olan
anason tohumunun farkli diizeylerde kullanimi ile
yumurtac: tavuklarda performans, yumurta kalitesi
ve yumurta sarisi kolesterol diizeyleri zerine
etkilerinin arastirilmasi amaciyla planlanmig ve
yuriatilmustur.

MATERYAL ve METOD
Yemler, hayvan materyali ve deneme diizeni

Bu arastirma, Ugsak Universitesi Ziraat Fakultesi
Kanathh Hayvan Deneme Unitesinde yiiritiilmistiir.
Bu kapsamda, 36 haftalik yasta ticari bir isletmeden
temin edilen deneme basi1 ortalama canli agirliklar
1741.15 g olan 55 adet Lohmann kahverengi
yumurtact tavuklar kullamilmigtir. Arastirmaya
alinan yumurtac: tavuklar, 3 gozli 4 kath (200 cm x
97 cm x 46 cm) yumurtac: tavuk kafesinde bireysel
olarak denemeye tabi tutulmuslardir. Tavuklara
calisma boyunca (8 hafta) 8 saat karanlk, 16 saat
aydinhk giklandirma programi uygulanmis ve
arastirma Unitesinin sicakliginin, ortalama 25 °C’ de
kalmas1 saglanmigtir. Calismanin baglangicindan
once 2 hafta sureyle tavuklarin giinlik yumurta
verimleri kaydedilmis ve 2. haftanin sonunda canl
agirhiklar1  belirlenerek deneme modeline uygun
olarak hayvanlar benzer canli agirlikta ve benzer
yumurta veriminde olacak sekilde deneme gruplarina
tesadifi olarak dagitilmistir. Hayvanlarin karma
yemlerine kontrol (0), 1, 5, 10 ve 20 g kg'! anason
tohumu ilave edilerek 5 grup olusturulmus ve her bir
grupta 11 hayvan olmak tizere toplam deneme basi
ortalama canli agirhiklar1 1741.15 g olan 55 hayvan
kullanilmigtir. Aragtirmada kullanilan hayvan sayisi
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ve yem katki maddesi olarak kullanilan anason
tohumunun dizeyleri benzer c¢alismalar dikkate
alinarak diizenlenmistir. Yem kisitli (110 g/hayvan),
su ise ad-libitum olarak verilmistir. Calismaya ait
yemin bilesimi Cizelge 1’de verilmistir.

Cizelge 1. Arastirma yeminin bilesimi (Faz I)
Table 1. Components of experimental layer diet

(Phase I)
Yemin bilegimi (Faz I) %
Misir 49
Soya kiispesi, %44 20.3
Aycicegi kuispesi, %32 9.6
Bugday kepegi 2.8
Misir gluten unu 6
Bitkisel yag 1
CaCOs 8.5
DCP (%17.5) 1.6
Lizin 0.2
Metiyonin 0.2
NaCl 0.3
Mineral madde ve Vitamin 6n karigimi* | 0.5
Hesaplanmis besin madde kompozisyonu
ME (kcal kgt 2730
Ham protein, % 16.4
Lizin, % 0.9
Metiyonin + sistin, % 0.8
Ca, % 3.7
P (kullamlabilir), % 0.4

* Yemin her kg’inda; 7000 IU Vitamin A, 2000 IU Vitamin
Ds, 15 mg Vitamin E, 2 mg Vitamin K3, 4 mg Vitamin Bs, 10
mg Vitamin Biz, 60 mg Mn, 50 mg Zn, 25 mg Fe, 15 mg Cu,
0.256 mg Co, 1 mg I, 0.2 mg Se bulunmaktadir.

Arastirmada katki maddesi olarak kullanilan anason
tohumu, tlkemizdeki tek tescilli ¢egit olan Goélhisar
cesidi, ticari olarak faaliyet gésteren bir firmadan
temin edilmigtir. Iginde bulunan sap ve yabanc
maddeler uzaklastirildiktan sonra hayvanlara
yedirmek tizere hazir hale getirilmigtir.

Performans parametreleri

Aragtirmanin baslangicinda ve sonunda, yumurtaci
tavuklarin  canli  agirhiklari  belirlenmis  ve
aralarindaki fark, canhh agrhk degisimi olarak
kaydedilmigtir. 8 hafta slren arastirma boyunca
hayvanlarin yem tiiketimleri, yumurta sayis1 ve
agirhgr ginlik olarak tespit edilmig ve yemden

yararlanma oram1 ise asagidaki esitlige gore
hesaplanmigtir.
Yemden Yararlanma Orani= Toplam Yumurta

Agirhig1 / Toplam Tiiketilen Yem

Aragtirma suresince elde edilen yumurtalar her gin
ve glnde bir kez olmak {zere ayni1 saatte
toplanmigtir. Yumurtalar toplandiktan hemen sonra

0,01 g hassasiyetli terazide tartilmig, ve yumurta
agirliklar: tespit edilmigtir. Arastirma kapsaminda,
hayvanlara ait yumurta verimleri haftalik olarak ele
alinmig ve asagida verilen esitlikle hesaplanmigtir;

Yumurta Verimi= Toplam Yumurta Sayis1 / Toplam
Hayvan Sayisi

Laboratuvar analizleri

Anason tohumunun Elzaawely ve Tawata, (2012)'nin
bildirdigi sekilde toplam fenolik madde tayini,
aliminyum klortir kolorimetrik yoéntemi ile toplam
flavonoid madde tayini (Chang ve ark., 2002) ve
Villano ve ark. (2007) bildirdigi yonteme gore
antioksidan aktivite analizleri yapimistir (Cizelge 2
ve Cizelge 3).

Cizelge 2. Anason tohumunun toplam fenolik ve toplam
flavonoid madde igerikleri
Table 2. Total phenolic and total flavonoid contents of anise
seed

Anason tohumu

Parametreler (Parameters) (Anise seed)

5.8
16.2

Toplam fenolik madde (mg GAE/ g D.W.)
Toplam flavonoid madde (mg CAE/ gr. D.W.)

Cizelge 3. Anason tohumunun inhibisyonu (%)
Table 3. Inhibition of anise seed
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Parametreler Inhibisyon (%)
(Parameters) (Inhibition)
Askorbik Asit 80

Anason tohumu 25

Aragtirma sonunda elde edilen yumurtalarin
sarilarinda  kolesterol ~miktarimin  tayini  i¢in

arastirmanin tamamlandigr gin her gruptan 6 adet
olmak tzere toplam 30 adet yumurta kolesterol
analizi i¢cin ayrilmigtir. Toplanan yumurtalar
haglanmig ve haglanan yumurtalardan sarilar
alinarak ezilerek karistirilmis ve homojenize edilerek
analize hazir hale getirilmigtir. Hazirlanan
orneklerden 0.1 g hassas terazide tartildiktan sonra
cam tupe aktarilmig ve lizerine 4 ml izopropil alkol
ilave edilmigtir. 3000 rpm/dak devirle 2-3 dakika
vortekste karigtirilan 6érnekler daha sonra 37 °C’de su
banyosunda 10 dakika bekletilmis daha sonra 5
dakika sure ile 25 °C’de 3000 rpm/dak devirde
santrifiij edilmistir. Yumurta sarilarimin kolesterol
konsantrasyonu ticari kit ile spektrofotometrede
belirlenmis ve hesaplamalar Biochemical Analysis
and Food Analysisin bildirdigi metoda gore
yapilmistir (Anonymous, 1989).

Yumurta I¢-Dig Kalite Analizleri

Aragtirmada yumurta i¢-dig kalite analizleri anason
tohumu ilaveli yemler verilmeye baglandig1 haftadan
itibaren arastirma sonuna kadar iki haftada bir kez
olmak tizere toplam 4 defa yapilmigtir. I¢ ve dig kalite
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ozellikler1 belirlenirken oncelikle her gruptan 6’sar
adet yumurta toplanmig, yumurtanin agirlign 0.01 g
hassasiyetli terazide tartilmis ve dijital kumpasla
yumurtanin eni ve boyu mm olarak Olgiilmustir.
Daha sonra yumurta kirilmig ve yas kabuk agirligi
tartilmigtir.

Kirilan yumurtanin sar1 ve ak yiiksekligi, sar1 ¢ap1 ve
ak capr yine kumpas yardimiyla kayit altina
alinmigtir. Bu 6lgiim  sonrasi yumurta akindan
yumurta sarist ayrilmig ve tartilmig ayni zamanda
yumurta sarisinin renk derecesi Roche sari renk
yelpazesi kullanilarak numarasi belirlenmistir.
Yumurta i¢ ve dig kalite kriterlerinden sekil indeksi
Reddy ve ark. (1979), sar1 indeksi Sharp ve Powell
(1930), ak indeksi Heiman ve Carver (1936) ve Haugh
birimi Haugh (1937)'nin bildirdikleri formiillere gére
hesaplanmigtir.

Istatistik Analizler

Arastirmada elde edilen veriler, SPSS paket programi
kullanilarak One-Way ANOVA (Tek Yénlii Varyans
Analizi) ile istatistik analiz ve muamele grup
ortalamalarinin karsilagtirilmasinda Duncan ¢oklu
karsilastirma testi kullanilmistir (SPSS, 2013).

BULGULAR ve TARTISMA

Anason tohumu ilave edilen karma yemlerle beslenen
yumurtaci tavuklarin deneme bag1 ve deneme sonu
canli agirlik ortalamalari ve deneme sonu canh
agirlik degisimlerine etkisi Cizelge 4’ de verilmigtir.

Hayvanlarin deneme sonu canlh agirlik
ortalamalarina ve deneme sonu canli agirhik
degisimine anason ilavesinin etki etmedigi

belirlenmistir (P>0.05). Yumurtaci tavuklarin karma
yemlerine farklh diizeylerde ilave edilen anason
tohumunun yem tiiketimi, yemden yararlanma orana,
yumurta verimine etkisi Cizelge 5’ de verilmistir.

Cizelge 4. Anason tohumunun yumurtaci tavuklarin deneme basi1 ve deneme sonu canli agirlik ortalamalar: ve

canl agirlik degisimine etkisi

Table 4. The effects of anise seed on the initial body weight, final body weight and change body weight of laying

hens
Anason Tohumu Diizeyleri (g kg'!)
Parametreler (Anise Seed Levels)
(Parameters)  Kontrol
(Control) 1 5 10 20 SEM P

DBCA, ¢ 1740.91 1714.00 1757.50 1741.36 1752.00 21.84 0.98
DSCA, g 1721.82 1725.00 1709.00 1723.64 1729.50 20.53 0.99
CAD, g -19.09 11.00 -48.50 -17.52 -22.50 15.16 0.84

DBCA: Deneme Bag1 Canli Agirlik; DSCA: Deneme Sonu Canli Agirlik; CAD: Canli Agirlik Degisimi.

Cizelge 5. Anason tohumunun yumurtaci tavuklarin yem tiiketimi, yemden yararlanma orani ve yumurta

verimine etkisi

Table 5. The effects of anise seed on feed intake, feed conversion ratio, egg yield (number), egg mass (g) of laying

hens
Anason Tohumu Diizeyleri (g kg'!)
Parametreler (Anise Seed Levels)
(Parameters) Kontrol 1 5 10 20 SEM P
(Control)
Yem tiiketimi (g) 98.27 96.43  97.85 101.27 98.57 0.53 0.24
Yemden yararlanma orani 1.56 1.61 1.58 1.53 1.59 0.01 0.14
Yumurta verimi (adet) 5.22a 4.22b 4.862b 5.24a 4.842>  0.10 0.001
Yumurta agirhig (g/giin) 62.53b 59.98¢ 62.11b 66.742 62.09> 0.25 0.001

abe Aym satirda farkli harfleri tasiyan gruplarin ortalamalar1 arasindaki farkhiliklar istatistiksel olarak

onemlidir (P<0.001).

Arastirma sonunda, anason tohumu katkisinin
yumurtact tavuklarin yem tiiketimine etki etmedigi
belirlenmistir (P>0.05). Bayram ve ark. (2007),
anason tohumu ilavesiyle yumurtaci bildircinlarin
giinlik yem tliketiminin 6nemli diizeyde arttigini;
calismaya benzer sekilde Ali ve ark. (2007),
yumurtacit tavuklarin yemlerine % 0.25 diizeyinde
anason tohumu ilavesiyle; Soltan ve ark. (2008), etlik
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piliglerin karma yemlerine 1.5 g kg'! anason ilavesiyle
yem tiiketiminin degigsmedigini belirtmislerdir.

Yumurtac1 tavuk karma yemlerine farkli diizeylerde
anason tohumu ilavesiyle yemden yararlanma orani
bakimindan o6nemli bir farklilhik bulunmamigtir
(P>0.05). 10 g kg! anason tohumu katkili grubun
yemden yararlanma oraninin 1.53 seviyesine distigi
belirlenmis ve bu farklilik sayisal duzeyde kalsa da
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diger gruplara gore diigik bulunmustur. Ertas ve ark. yemlerine anason ilavesiyle yumurta veriminin % 10
(2005), etlik piliclerin karma yemlerine iceriginde dizeyinde azaldigini belirtmiglerdir.
anasonun yagmin da bulundugu esansiyel yag Yemin enerji ve protein igeriklerinin hayvanlarin yem
karigimi ilavesiyle yemden yararlanma oranimn tiketimi ve yumurta verimi tizerine etkisinin oldugu
degismedigini; bununla birlikte, Irani ve ark. (2013) bilinmektedir (Kakengi ve ark. 2007). Bu nedenle
yumurtact tavuklarin yemlerine % 0.4 anason yumurtaci tavuklarin yem tiikketimi, yumurta verimi
tohumu ilavesiyle en iyi yemden yararlanma oraninin ve yemden yararlanma orani bakimindan anason
elde ettiklerini bildirmiglerdir. Bununla birlikte, tohumun ilavesiyle olumsuz etkilenmemesi yeterli
yumurta verimi ve yumurta agirhg, 1 g kg anason miktarda protein ve enerji tiikketimi ile agiklanabilir.
tohumu ilavesiyle o6nemli diizeyde digmustir Sonug olarak, yumurtaci tavuklarin karma yemlerine
(P<0.001). Yumurtac: tavuklarin karma yemlerine 10 anason tohumu ilavesinin yem tiiketimi ve yemden
g kg' anason tohumu ilavesiyle yumurta agwhg yararlanma oramimi baz1 arastirmalarin aksine
diger gruplara nazaran Onemli dizeyde artmuistir  gyellikle yiiksek dozlar: da dahil olmak {izere olumsuz
(P<0.001). Yumurta agirhg bakimindan goriilen bu etkilemedigi, hatta yumurta verimi ve agirlig
farklihik, anason tohumunun igtah acic1 6zelliginden bakimindan &zellikle 10 g kg! anason katkisiyla
(Eiben ve ark., 2004; Kosalec ve ark., 2005) ve o iyilegtigi Dbelirlenmigtir. Bununla birlikte, yem
gruptaki hayvanlarin daha fazla yem tiiketmesinden tilkketimi ve yemden yararlanma orani bakimindan
kaynaklanmis olabilir. Christaki ve ark. (2011a), kontrol grubuna gore artis olmamasi da yemlere ilave
yumurtact bildircinlarin karma yemlerine anason edilen dozlarindan velveya anason tohumunun
tohumu ve 600 mg Alfa-tokoferol asetat (vitamin E) herhangi bir igleme tabi tutulmadan direk karma
ilavesiyle; Bayram ve ark. (2007), yine yumurtac yeme ilavesinden kaynaklanmis olabilir.

bildircinlarin karma yemlerine % O (kontrol), 1, 2, 3, 4
ve 5 oraninda anason tohumu ilavesiyle yumurta
veriminin degismedigini bildirmiglerdir. Bununla
birlikte, El-Deeb ve ark. (2007) bildircin karma

Anason tohumunun yumurta sarisi kolesterol
konsantrasyonlar: etkisine ait sonuclar Cizelge 6’da
sunulmustur.

Cizelge 6. Anason tohumunun yumurta sarisi kolesterol konsantrasyonuna etkisi
Table 6. The effects of anise seed on egg yolk cholesterol concentration

Anason Tohumu Diizeyleri (g kg'!) (Anise Seed Levels)

Parametreler e ]
(Parameters) (C?onzgz?ol ) 5 10 20 SEM P
Yumurta sarisl kolesterol

61.202 46.38p 51.06P 50.11P 52.75b 1.52 0.02

konsantrasyonu, mg kgl

ab Aym satirda farkh harfleri tasiyan gruplarin ortalamalari arasindaki farkliliklar istatistiksel olarak 6nemlidir
(P<0.01).

Anason tohumu ilave edilen biitiin gruplarin yumurta tavuklarin karma yemlerine anason tohumunun da
saris1 kolesterol konsantrasyonunun, kontrol grubuna karigimda bulundugu 0, 4, 8, 12 g kg! diizeylerinde
gore oOnemli duzeyde distk oldugu belirlenmigtir fitojenik yem katkisi ilavesiyle; Kicukkurt ve ark.
(P<0.05). (2009), yumurtaci bildircinlarin karma yemlerine O,
GC ve GC-MS cihaziyla yapilan analizlerde, anason 10, 20 30, 40 ve 50 g kg anason tohumu ilavesiyle
bitkisinin iceriginde % 93.6 trans-anetol ve % 2.4 kanda total kolesterol miktarinin degismedigini,

diizeylerinde estragol oldugu belirlenmistir (Ozcan ve Christak.i ve fﬂ'k- (20112 10 ve 20 g kgt anason
Chalchat, 2006). Yapilan calismada anason katkili tohumu ilavesiyle; Al-Shammari ve ark. (2017), etlik

tiim gruplarin kontrol grubuna goére daha diisiik piliglerin sularina 0.25 ve 0.50 g kg'! anason tohumu
yumurta saris1  kolesterol degerleri géstermesi, ilavesiyle kanda total kolesterol miktarinin azaldigim
anason tohumunun etken maddesi olan trans- bildirmislerdir.

anetolden kaynaklamig olabilir. Baz1 arastiricilara Farkl diizeylerde ilave edilen anason tohumunun
gore, fitostrojenik bitkiler, insanlarda ve hayvanlarda yumurta ic-dis kalite parametrelerine (yumurta
kolesterol konsantrasyonunda degisikliklere sebep agirligi, yumurta kabuk agirhigi, sar1 agirhig,
olabilecegi yoniindedir (Knight ve Eden, 2006). yumurta kabuk kalinligi, sar1 renk derecesi, sekil
Bayram ve ark. (2007), yumurtaci bildircinlarin indeksi, ak indeksi, sar1 indeksi ve Haugh birimi)
karma yemlerine farkli diizeylerde anason tohumu etkisi Cizelge 7 de verilmigtir.

ilavesiyle yumurta sarisinin kolesterol miktarinin 10 g kg! anason tohumu katkilh grubun yumurta
digtiiginii ancak bu disisin sayisal dizeyde agirhig;;, 10 ve 20 g kg! anason tohumu katkili
kaldigin1 saptamiglardir. Anason tohumu ilavesinin gruplarin  yumurta kabuk agirhgr  yiksek
kan total kolesteroliine etkileri {tizerine yapilan bulunmustur (P<0.01). 5 g kg! anason tohumu katkili
calismalarda; Saki ve ark. (2014), yumurtac grubun sar1 agirhgl, 1 ve 10 g kgl anason tohumu
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katkili gruplarla karsilastirildiginda disik oldugu
gézlemlenmistir (P<0.01). Kontrol grubunun Haugh
biriminin, 1 g kg'! anason tohumu katkili grup harig
diger gruplar bakimindan disik oldugu sonucuna
varilmistir  (P<0.05). Anason tohumu ilavesiyle

yumurtalarin sar1 renk derecesi, sekil indeksi, ak
indeksi, sari indeksi ve yumurta kabugu kalinligi
bakimindan o6nemli bir farklihk bulunamamigtir
(P>0.05).

Cizelge 7. Anason tohumunun yumurta i¢ ve dig kalite parametrelerine etkisi
Table 7. Effect of anise seed on internal and external parameters of eggs

Anason Tohumu Diizeyleri (g kg'1)

Parametreler (Anise Seed Levels)

(Parameters) I({g;;t;-;ij) 1 5 10 20 SEM P
Yumurta agirhigi (g) 60.560 60.15b 60.20b 65.752 60.61b 0.58  0.01
Yumurta kabuk agir. (g) 8.26P 8.24b 8.32b 8.98a 8.872 1.10  0.01
Sar1 agirligi (g) 15.35abe 15.53ab 14.84¢ 15.912 15.12bc 0.10 0.01
Yum. kabuk kalin. (um) 0.36 0.35 0.36 0.36 0.37 0.004 0.39
Sar1 renk derecesi 11.94 11.48 11.09 11.25 11.81 0.15 0.36
Sekil indeksi 62.69 60.86 63.05 64.36 63.81 2.11 0.99
Ak indeksi 8.02 8.94 9.99 9.37 9.03 0.21 0.06
Sari indeksi 35.78a 34.91ab 33.93b 35.882 35.672 0.19 0.01
Haugh birimi 87.08p 91.81ab 95.322 93.152 96.092 0.94 0.02

abce Aymi satirda farkli harfleri tasiyan gruplarin ortalamalari arasindaki farkliliklar istatistiksel olarak

énemlidir (P<0.0.01).

ab Aym satirda farkl harfleri tasiyan gruplarin ortalamalar: arasindaki farkliliklar istatistiksel olarak 6nemlidir

(P<0.0.05).

Calismaya benzer sekilde, arastirma sonunda
Bayram ve ark. (2007), yumurtact bildircinlarin
karma yemlerine anason tohumu ilavesiyle Haugh
birimi ve yumurta kabuk kalinligi; Christaki ve ark.
(20115), yine yumurtact bildircinlarin  karma
yemlerine anason ilavesiyle yumurta saris1 agirligi ve
yumurta kabuk kalinligns bakimindan goérilen
farklhihiklarin 6nemli olmadig1 sonucuna varmiglardir.
Ali ve ark. (2007), yumurtact tavuklarin karma
yemlerine % 0.25 anason ilavesiyle arastirma
sonunda, sari1 indeksi, sar1 renk derecesi, kabuk
agirhigr ve kabuk kalinlign bakimindan 6énemli bir
farklihik olmadigimi belirtmiglerdir. Yumurta i¢-dig
kalite parametreleri bakimindan c¢alismalar arasinda
gorilen farkliliklar, arastirmalarda kullanilan
anason cesidinin ve yumurtaci tavuk hatlariin farklh
olmasindan kaynaklanmis olabilir.

SONUC ve ONERILER

Arastirma sonunda, farkh diizeylerde anason tohumu
ilave edilen karma yemleri tiiketen yumurtaci
tavuklarda yem tiiketimi ve yemden yararlanma
orant bakimindan o6nemli bir degisiklik olmadigi
ancak yumurta verimi ve agirhginin arttig
belirlenmigtir.

Yumurta saris1 kolesterol diizeyini inceledigimizde,
anason tohumunun ilave edildigi her grupta
kolesterol diizeyinin kontrol grubuna goére dusik
oldugu belirlenmis olup, en iyi sonucu karma yeme
eklenen 1 g kg'! diizeyinde anason tohumunun verdigi
ortaya ¢ikmistir. Anason tohumun farklh dozlarda ve
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farkli yontemlerle ekstrakte edilen ve/veya farkli yem
katki maddeleriyle bir arada kullanilarak yumurtaci
tavuklardaki etkisinin arastirilmasi onerilebilir. Bu
calisma kapsaminda hem performansa pozitif etkisi
ve hem de yumurta sarisi kolesterol diizeyini
digstirmek icin 1 g kg! anason tohumu
kullanilabilecegi sonucuna varilmigtir.
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