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Wild Plants Used as Herbal Tea in Antakya and Defne Provinces of Hatay
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ABSTRACT: In the present study, wild plants that are members of the local flora and used traditionally as herbal tea
in 32 villages of Antakya and Defne provinces of Hatay were compiled. Although all of them have some medicinal properties and
are also used for healing, the main difference of these plants from other medicinal herbal tea plants is that they are consumed as
tea for pleasure mostly without any medical purpose in daily life. All information has been compiled by face-to-face interviews
with 182 local people as a part of an ethnobotanical study in Antakya province. 33 species belong to 9 families were determined
as herbal teas that consumed for pleasure in daily life. Reminding, cultivation and marketing of these herbal teas should be
encouraged in terms of evaluating our natural resources efficiently.

Keywords: Ethnobotany, herbal tea, Antakya, Defne, Hatay.

Hatay’in Antakya ve Defne Ilcelerinde Bitki Cayt Olarak Kullanilan Yabani Bitkiler

OZ: Bu calismada, Hatay'in Antakya ve Defne ilgelerinden 32 koyde, yerel floranin elemanlart olup geleneksel bitki
cayi olarak kullanilan bitkiler derlenmistir. Tamaminin bazi tibbi dzellikleri olmasina ve sifa icin de kullanilmalarina ragmen, bu
bitki ¢aylarmn diger sifali bitki ¢caylarindan bashica farki, tibbi bir amag¢ olmaksizin, giinliik yasam rutininde keyif amagh olarak
iciliyor olmalaridir. Biitiin bilgiler, Antakya ilcesinde yiiriitiilen etnobotanik ¢alismasi kapsaminda yiizyiize goriisiilen 182 yerli
kisiden derlenmistir. Giinliik yasamda, keyif amag¢h ¢ay olarak igilen 9 familyaya mensup 33 tiir tespit edilmistir. Dogal
kaynaklarimizi verimli bir sekilde degerlendirmek agisindan bu bitki ¢aylarimin hatirlanmas, yetistirilmesi ve pazarlanmasi
tesvik edilmelidir.

Anahtar Sozciikler: Etnobotanik, bitki ¢ayi, Antakya, Defne, Hatay.

INTRODUCTION The rate of endemism is 11.8% (Davis, 1965-1985;
Davis et al., 1988; Guner et al., 2000; Kayikci et
al., 2012). Due to its rich flora, multicultural
structure and deep-rooted historical background,
Hatay is an interesting city in terms of
ethnobotany.

Wild plants that are members of the Hatay flora
and used traditionally as herbal tea in Defne and
Antakya provinces were compiled as a part of an
ethnobotanical study on this multicultural and
historical city (Guzelsemme, 2014). Located in the
most. southerp Fegion of Turkey, Hatay is a MATERIALS AND METHODS

province that is situated on the coast of the Eastern

Mediterranean. Within the province of Hatay, All information has been compiled by face-to-face
where Antakya and Defne is located, there are interviews with 182 local people from 32 villages
approximately 1900 specific and sub specific taxa. ~of Antakya and Defne provinces of Hatay/Turkey
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(Guzel et al., 2015). Wild plants that are members
of the local flora and used traditionally as herbal
tea without any medicinal purpose were asked to
the interviewees. Interviewees were carefully
encouraged to show the plants for which they were
providing information to eliminate confusion that
may have stemmed from multiple common names.
Voucher specimens of plant materials were
deposited in the Herbarium of Faculty of Sciences,
Mustafa Kemal University (MKUH) and identified
by first author.

RESULTS AND DISCUSSION

33 species belong to 9 families were determined as
herbal teas that consumed mainly for pleasure in
daily life (Table 1). All of them have also various
medicinal and edible properties (Guzel et al,
2015). Such ethnobotanical uses of the each herbal
tea are given in the Table 1 with local names, used
parts and preparation of herbal teas.

The most widely used family is Lamiaceae, with
14 species and second family is Rosaceae with 6
species. Sideritis and Helichrysum are the most
used genera with 4 and 3 species respectively. Two
endemic taxa (one species and one subspecies) that
belong to Sideritis are also used as herbal tea
widely.

According to interviewed local people, modern
day’s popular tea, Camellia sinensis, was not very
common in this region about fifty years ago. In

those days, these plants were collected from the
wild and consumed as herbal tea. Although it is not
common as the old days, this routine is still
continues today.

CONCLUSION

All of these herbal teas have medicinal benefits
also and used widely for these beneficial purposes
as well as for pleasure. Especially Asteraceae,
Rosaceae and Malvaceae members of below
mentioned plants have smooth floral aroma that
will suit everyone's taste. Herbal teas of
Lamiaceae, the most videly used family have
pleasant, pungent aroma as well as significant
medicinal values. All of these herbal teas are
collected from the nature. Especially Sideritis,
Salvia, Origanum and Helichrysum are collected
intensively to sell at herbal markets. This is a very
objectionable application especially for endemic
taxa. Cultivation is the only way to ensure
sustainable use of these natural resources. Some of
the plants, such as Thymbra spicata, are widely
cultivated today. Cultivation of the other plants
also should be encouraged and collections from
nature should be prevented. Reminding, cultivation
and marketing of these herbal teas will provide an
important source of revenue to the region where
unemployment is a big problem and will also
provide natural, healthy and alternative drink
sources to the people.



Y. GUZEL, M. GUZELSEMME: WILD PLANTS USED AS HERBAL TEA
IN ANTAKYA AND DEFNE PROVINCES OF HATAY

Table 1. Wild plants used as herbal tea in Antakya and Defne provinces of Hatay with local names, used parts, preparations and
other ethnobotanical uses.

Cizelge 1. Hatay’in Antakya ve Defne ilgelerinde bitki ¢ay1 olarak kullanilan bitkiler, yerel adlari, kullanilan kisimlari,
hazirlanma sekilleri ve diger etnobotanik kullanimlari.

F amily Local names  Used parts Preparation Other ethnobotanical uses
Aile Yerel adlar  Kullanilan kisimlar ~ Hazirlama Diger etnobotanik kullanimlar
Apiaceae
Maydanozgiller
Foeniculum vulgare Mill. Simra Fruits Docoction Medicinal tea for digestive
Rezene Rezene (boiling) problems;

Simura As spice especially for local

pastries such as ‘katikli ekmek’
‘yagli borek’ etc.

Asteraceae
Papatyagiller
Cota palaestina Reut. Ex. Unger & Papatya Flowers Infusion Multipurpose medicinal tea
Kotsch (Syn..Anthemis palestina Babanig (capitulas) (steeping in hot
Reut. Ex. Boiss.) Beybuneg water)
Kuru babugga Kuhen
Helichrysum Gudame ~ Flowers Infusion ~ Multipurpose medicinal tea
plicatum subsp. plicatum DC. Olmez cicek  (capitulas)
Mantuvar
Helichrysum stoechas (L.) Moench  Gudame Flowers Infusion Multipurpose medicinal tea
Kudama Olmez cicek  (capitulas)
Helichrysum sanguineum (L.) Kirmizi Flowers Infusion Multipurpose medicinal tea
Kostel gudame (capitulas)
Kirmizi guddeme Kirmizi 6lmez
cicek
Cistaceae
Ladengiller
Cistus creticus L Laden Flovers Infusion Medicinal tea for urinary and
Laden Leaves gastrointestinal diseases also
used externally for acne and oily
skin treatments.
Eleagnaceae
Igdegiller
Elaeagnus angustifolia L. Barsin Flowers Infusion Medicinal tea for cough and
igde Zeyisfun urinary diseases
Igde
Fabaceae
Baklagiller
Glycyrrhiza glabra L. Meyan Roots Cold infusion ~ Multipurpose medicinal tea
var. glandulifera (Waldst. et Kit.) ~ Peyam Drunk cold as
Boiss. sherbet
Meyan
Ceratonia siliqua L. Harnup Fruits Decoction of ~ Medicinal tea for anemia and
Kegiboynuzu Keci boynuzu fruits invigoration
Also by diluting Its molasse, ‘harnup pekmezi’
its molasse eaten at breakfast

*Turkish plant names in the Table are based on Guner et al. (2012) and Anonim (2017).
*Tiirkge bitki adlar1 Giliner ve ark. (2012) ve Anonim (2017) temel alinarak yazilmistir.
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Table 1. Continued.
Cizelge 1. Devam.

Family Local names  Used parts Preparation Other ethnobotanical uses

Aile” Yerel adlar Kullanilan kisimlar ~ Hazirlama Diger etnobotanik kullanimlar
Lamiaceae

Ballibabagiller ]
Mentha pulegium L. Yarpiz Aerial parts Infusion Medicinal tea for cystitis, colic
Yarpuz Kirneyya spasms and muscle joint pains
Clinopodium serpyllifolium Tas nanesi Aerial parts Infusion Medicinal tea for colic spasms
(M.Bieb.) Kuntze. also used externally for inflamed
Tas nanesi or suppurating wounds
Micromeria graeca (L.) Zevfa Aerial parts Infusion Medicinal tea for skin disorders
subsp. graeca (L.) Bentham ex Dag ¢ay1

Reichb.

BB O K e
Micromeria myrtifolia Boiss. et Zevfa Aerial parts Infusion Medicinal tea for skin disorders
Hohen. Dag ¢ay1

BoBum Gay
Origanum syriacum subsp. Zahter Halil ~ Aerial parts Infusion Medicinal tea for colds-flu,
bevanii (Holmes) Greuter & Burdet Halil brahim cough, colic spasms and
Hababa kekigi menstrual pains, and as spice
Lavandula Ebruh Inflorescences Infusion Multipurpose medicinal tea
stoechas subsp. stoechas L. Esek zahteri
Karabasg
Salvia aramiensis Rech. Fil. Adagay1 Leaves Infusion Medicinal tea for cough, cold
Pohur Buhur agaci and flu and diabetes

Yara otu _

Salvia tomentosa Mill. Adacay1 Leaves Infusion Medicinal tea for cough, cold

Salba and flu and stomach pain

Sideritis libanotica subsp. Ana baba Aerial parts Infusion As appetizer, carminative and

libanotica Labill. bohuru sedative medicinal tea
eV

Sideritis syriaca subsp. nusairiensis Amanos Aerial parts Infusion Medicinal tea for cough, cold

(Post) Hub.-Mor. dag cay1 and flu and diabetes

Endemic subspecies
Amanos ¢ay1

Sideritis huber-morathii L. Senkdy cay1  Aerial parts Infusion Medicinal tea for cough, cold

Endemic species and flu and diabetes
Senkdygayr

Sideritis perfoliata L. Dag ¢ay1 Aerial parts Infusion Medicinal tea for digestive

Fincan ¢ay1 problems and colds-flu

Thymbra spicata var. spicata L. Zahter Aerial parts Infusion Multipurpose medicinal tea,

Zahter One of the most important
e ingredients oflocal cuisine

Thymus cilicicus Boiss. & Balansa  Dag kekigi Aerial parts Infusion Medicinal tea for digestive

Kilgik kekigi problems and colds-flu

Malvaceae

Ebegiimecigiller

Alcea setosa (Boiss.) Alef. Hittayme Flowers Decoction Medicinal tea for cough
Hitmiyegigegi Hatmi

Lavatera punctata All. Ince hatmi Flowers Decoction Medicinal tea for cough

Saracak

Tilia tomentosa Moench Thlamur Flowers Decoction Medicinal tea for colds-flu

Glimiisi thlamur

*Turkish plant names in the Table are based on Guner et a/. (2012) and Anonim (2017).
*Tirkge bitki adlar1 Giiner ve ark. (2012) ve Anonim (2017) temel alinarak yazilmistir.



Table 1. Continued.
Cizelge 1. Devam.

Y. GUZEL, M. GUZELSEMME: WILD PLANTS USED AS HERBAL TEA
IN ANTAKYA AND DEFNE PROVINCES OF HATAY

Family Local names  Used parts Preparation Other ethnobotanical uses
Aile” Yerel adlar Kullanilan kisimlar Hazirlama Diger etnobotanik kullanimlar
Rosaceae
Giilgiller
Crataegus azarolus var. aronia (L.) Alig Leaves and Decoction Medicinal tea for jaundice and
Bosc. ex DC. Zaarur flowers hypertension
Miizmiildek
Crataegus Kirmizi alig  Leaves and Decoction Medicinal tea for palpitation and
monogyna subsp. monogyna Jacq.  Masmus flowers hypertension
Yemisen
Eriobotrya japonica (Thunb.) Yeni diinya  Flowers Decoction Medicinal tea for cough
Lindl. Gidinya
Yenidiinya
Rosa canina L. Kusburnu Flowers and Decoction Medicinal tea for colds-flu,
Kusburnu fruits hemorrhoid and intestinal worms
Rosa x damascena Mill. Nisan giilii Flowers Infusion of Rose water also used externally for
Isparta giilii petals or skin diseases

Rose water

obtained by

distillation of

the petals
Rubus sanctus Schreber Bogiirtlen Fruit Decoction or Besides fruits, flowers and leaves
Bogiirtlen Dis molasse are used for preparing multipurpose

medicinal teas

Violaceae
Meneksegiller
Viola odorata L. Menekse Flowers Infusion Medicinal tea for cough
Kokulu menekse Minefsec

*Turkish plant names in the Table are based on Giiner et al. (2012) and Anonim (2017).
*Tiirkce bitki adlar1 Giiner ve ark. (2012) ve Anonim (2017) temel alinarak yazilmistir.
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ABSTRACT: Mentha specimens collected from Kunhar River catchment of Hazara region were analyzed through
numerical and molecular markers. For numerical analysis twenty two traits were used. Dendrogram analysis of morphological
traits assorted the 25 Mentha collections into 4 groups viz, Group-A, B, C and D. Group-A showed 98% similarity (M.
longifolia). Group-B showed 98% similarity (M. spicata). Group-C showed 92% similarity (M. arvensis) and Group-D showed
89% similarity (M. royleana). Molecular analyses were carried out through 11 RAPD primers. Primers amplification revealed
high level of genetic diversity (0-100%) existed among the Mentha genotypes. Dendrogram analyses based upon the genetic
distance estimates conferred the cluster analysis of the morphological traits. Furthermore, the variations among populations of
M. royleana need further elaboration through additional marker assisted discrimination for establishing their taxonomic status.

Key words: Mentha, CTAB, DNA, PCR, RAPD, dendrogram, trait.

INTRODUCTION

The genus Mentha of family Lamiaceae
comprising 25-30 species is widely distributed in
the temperate areas (Kokkini et al., 1995; Dorman
et al., 2003; Celenk et al., 2008). The herbaceous,
perennial mint plants are cultivated for their
essential oils (produced as secondary metabolites)
characterized by strong odor and widely used for
medicinal and aromatic purposes (Betts, 2001;
Bowles, 2003; Broza et al., 2009; Pichersky et al.,
2006). The quality and quantity of the oils may
change according to climate, soil composition,
plant organ, age and stage in the vegetative cycle
(Masotti et al., 2003; Angioni ef al., 2006).

In Pakistan Mentha is represented by six species

that is Mentha pulegium, M. arvensis, M.

longifolia, M. piperita, M. spicata and M. royleana
(Ali and Nasir, 1990; Hedge, 1994). Out of these
six species, four species i.e. M.longifolia, M.
arvensis, M. royleana and M. spicata are
commonly found in Kunhar river catchment. The
river Kunhar catchment is administratively placed
in District Mansehra Khyber Pakhtunkhwa
Province located on 34° 14’ to 35° 11° N latitudes,
and 72° 49’ to 74° 08’E longitudes, spreading over
an area of 4,579 km® (Figure 1). The catchment
area is bound by Azad Jammu and Kashmir on the
Eastern as well as on Southern side, Chilas and
Gilgit on the North and Nandyar Khwarr-Siran
River catchment in the West (Jan ef al., 2008; Haq
et al., 2010). Climatically the catchment lies in
temperate region with distinct seasonal variation
(Sultana and Qureshi, 2007).
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Figure 1. Map of Kunhar River catchment.

Classification of Mentha is very complex due to
high polymorphism in morphology and great
diversity in essential oil composition (Gobert ef al.,
2002). Different methods have been used in the
past to examine the diversity of Mentha using
morphological cytological, chromosomal and
chemical markers (Malinvaud, 1880; Singh and
Sharma, 1986; Harley and Brighton, 1977,
Lawrence, 1978). The polymorphism of the genus
needs careful taxonomic reassessment with modern
technologies. The present research was conducted
to optimize protocol for the DNA isolation from
Mentha plants and to carry out DNA fingerprinting
and phylogenetic elaboration of Mentha of Kunhar
catchment through morphological and DNA
markers.

MATERIALS AND METHODS

Plant specimens were collected from 25 different
localities of river Kunhar catchment Mansehra
Pakistan. The specimens were rightly pressed,
dried, poisoned and mounted on the Herbarium
sheets of size 28.75 cm x 32.50 cm. Field data
including GPS coordinates, locality, and altitude
were documented and submitted into Herbarium
Women University of AJK, Bagh (WUAJKB) for
future  references. The  specimens  were
provisionally identified with the help of Herbarium

specimens and available literature (Stewart, 1972;
Nasir and Ali, 1975; Xi- Ven and Hedge, 1994).

DNA isolation

The plant specimens were dried and then grinded
with pestle and mortar. Genomic DNA was
isolated with the help of modified protocols of
Doyle and Doyle (1990) and Lodhi, et al. (1994).
For DNA isolation 0.041 g of the powder material
of each specimen were taken in 1.5 ml Eppendorf
tube and added 500 pl of Cetyl tri methyl
ammonium bromide (CTAB) buffer. The reagent
was incubated for 35 minutes at 65°C, cooled at
room temperature and added 500 pl of
Chloroform: Isoamyl alcohol (24:1 v/v), mixed
gently for 1-2 minutes and centrifuged at 6000 rpm
for 15 min., supernatant was transferred to another
eppendorf and was added to 250 ul of 5 M NaCl.
The reagent was then added 500 pl of ice cold
PCR grade ethanol and kept at 4-6 °C for 15-20
minutes. It was then centrifuged at 3000 rpm for 3
minutes and at 8000 rpm for 5 minutes. The
supernatant was discarded and the pellet was
washed with 70% ethanol. The DNA pellet then
obtained was dried, dissolved in 20 pl TE buffer
(10 mM Tris HCI, 1 mM EDTA, pH 8.0) and
preserved at 4 °C. The DNA was treated with 1 pl
RNaseA at 37 °C to remove the RNA. Quality and
quantity of the DNA was checked on 1% agarose /
TBE gel. For gel preparation 0.5 g agarose powder
was dissolved in 50 ml TBE. The mixture was
boiled on hotplate at 100 °C till the agarose was
dissolved completely. The suspension was then
cooled at room temperature. 5 ul Ethidium
Bromide was added to it. The gel was casted in a
Gel Tray with inserted comb. The suspension was
allowed to solidify which was then placed in gel
tank containing 1X TBE. For loading DNA, 3.00
ul DNA of each sample was mixed with 2 ul
loading dye and was then loaded in the wells. Gel
was then run at constant voltage of 80 volt and 120
mA for 30 minutes. The DNA was visualized
under UV  light wusing “Uvitech”  Gel
Documentation System.
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RAPD analysis

The isolated DNA was checked with Gel
electrophoresis and was subjected to dilution
according to the quality and quantity of the DNA.
The DNA which is visually concentrated for PCR
reaction was diluted twice or thrice as needed. For
each sample a pre-mix of 12.5 ul was prepared on
ice for PCR. The pre-mix for PCR was prepared in
0.5 ml PCR tubes with 0.25 pl of each dNTP (10
mM), 0.5 pl of genomic DNA, 0.5 pl of primer, 1
pl of 10X buffer, 1 ul MgCl, and 0.5 pl of Taq
Polymerase. The volume in the tube was made
12.5 pl by adding 8 pl of H,O. The PCR reaction
was carried out in Applied Biosystems 2720
thermal cycler. All the specimens were run
independently  with PCR
amplification. Thermocycling condition of PCR

each primer for

was set as 94 °C for 4 minutes as denaturation
temperature, 94 °C for 1 minute, 30 °C for 2
minutes, 72 °C for 1 minute. The cycling was
continued for 35 cycles, which amplified a desired
DNA sequence. The PCR product was mixed with
3 pl loading dye and electrophoresed in a 1.5 %
Agarose gel mixed with Ethidium Bromide for 45
minutes to resolve the bands clearly. Eleven RAPD
primers were used for DNA amplification. Details
of the primers are given in Table 1.

Quantitative trait analysis

For numerical analysis hierarchical clustering was
performed using the Euclidean distance index and
Multivariate Cluster Analysis with the computer
package MINITAB (Anonymous, 1996). Each
taxon was treated as Operational Taxonomic Unit
(OTU). Weightage was given to the key characters
which are thought to be more informative than
others (Abbott et al., 1985). For the analysis, total
of twenty two characters were selected. These
characters were assorted into two groups as
quantitative characters and qualitative characters.

Quantitative characters

Seventeen quantitative characters including
macromorphological and  micromorphological
characters were wused for characterization.

Macromorphological characters comprised of leaf
length, leaf width, petiole length, spike length,
pedicel length, bract length, peduncle length, leaf
length of middle leaf, leaf width of middle leaf,
Number of longitudinal veins per leaf and
internode  length, while micromorphological
characterization comprised of length of sepal,
length of petal, width of petal, length of style,
length of anther and length of filament. For
quantitative characters their average values were
used (Abid and Qaiser, 2006).

Qualitative characters

Total of five qualitative characters were selected.
Qualitative characters were included stem color,
flower color, inflorescence, leaf dentation and leaf
apex. Qualitative characters were recorded in
binary state and in some cases in multiple states.
The binary characters were recorded as 1 and 2.
Multiple state characters were recorded as 1, 2, 3
and 4.

RESULTS AND DISCUSSION

The PCR amplification results produced from
GLA- 11, GLA-15, Gt-2, Gt-4, Gt-5 and Gt-6 gave
a total of 492 bands. Only 6 were monomorphic
and the remaining 486 were polymorphic bands
(98.7%). Gt-4 primer produced 102 (maximum)
bands out of which 3 were monomorphic, Gt-5
produced 93 bands, Gt-6 produced 87 bands out of
which 3 were monomorphic, Gt-2 gave 85 bands,
GLA-11 gave 72 bands with 1 monomorphic while
GLA-15 produced 51 (minimum) numbers of
bands. The total accessions (1-25) of Mentha were
clearly differentiated from one another. Further
analysis of RAPD could clearly differentiate three
varieties of Mentha royleana i.e Mentha royleana
var. afghanica, M. royleana var. royleana and M.
royleana var. tugidus.

Gel samples of the PCR amplification of 25
genotypes of Mentha collections (1-25) are
provided in Figure 2, 3. The similarity coefficient
matrix of 25 Mentha genotypes based on
Multivariate Analysis is shown in Table 2. The
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data of 6 RAPD primers using POPGENE 32
software to construct a dendrogram presented in
Figure 4. On the base of dendrogram 25 genotypes
were assorted into 4 groups (A, B, C, and D).
Group A comprised of twelve genotypes; all of
them belong to same species (M. royleana) but of
different geographical regions. Group B comprised
of nine genotypes of same species (M. arvensis).
Group C comprised of two genotypes of same
species (M. longifolia) and group D also comprised
of two genotypes belong to same species (M.
spicata).

Morphological similarity was estimated among 25
specimens of Mentha based on the numerical
characterization using MINITAB software to
construct dendrogram presented in Figure 5. 25
specimens of Mentha were assorted into 4 groups
(A, B, C and D). Group A comprised of two
specimens which show maximum similarity 98%
belong to same species (M. longifolia). Group B
also comprised of two specimens which also show
maximum similarity 98% belong to same species
(M. spicata). Group C comprised of nine
specimens which show similarity up to 92%
belong to same species (M. arvensis) and group D
comprised of 12 specimens, which show similarity
up to 89% belong to same species (M. royleana).

It is a common observation that isolation of high
quality DNA from medicinal plants generally had

troublesome due to secondary metabolites which
directly or indirectly react with enzymatic
reactions to reduce the yield and quality of
extracted DNA (Weishing et al., 1995).
Polysaccharides often react with DNA and thus
reduce the action of restriction enzymes, DNA
polymerase and ligase during DNA isolation
(Sharma et al., 2002).

For over all genetic diversity studies, eleven
Randomly Amplified Polymorphic DNA (RAPD)
primers were used (GLA-11, GLA-15, GLA-18,
GLB-12, GLB-14, GLC-20, Gt-2, Gt-4, Gt-5 Gt-6
and Gt-7). Among them, five primers (GLA-18,
GLB-12, GLB-14, GLC-20 and Gt-7) did not
optimize PCR. The RAPD primers produced
different levels of genetic polymorphism. Over all
genetic distances ranged from 0 to 66%. The
findings strengthened earlier reports that RAPDs
can be used for studying genetic polymorphism
and tagging of useful genes. It is also evident from
the PCR based assays, that RAPD-markers can be
used effectively to estimate genetic variability in
Mentha and could be considered as an easy
diagnostic analysis for identifying the over lapping
traits. It can also be noted that more molecular
analysis is required to reach on a better conclusion
regarding genetic variability and more detailed
mapping of the Mentha genome.

Table 1. Basic information of RAPD primers used for DNA amplification.

. Sequence Polymorphic Monomorphic  Polymorphism
S.No Primer (;1 >-3%) }l])an(g) bandgp ’ (%r)p
1 GLA-11 CAATCGCCGT 74 1
2 GLA-15 TTCCGAACCC 51 -
3 GLA-18 AGGTGACCGT - -
4 GLB-12 CCTTGACGCA - -
5 GLB-14 TCCGCTCTGG - -
6 GLC-20 ACTTCGCCAC - -
7 Gt-2 TGCGCGATCG 85 -
8 Gt-4 GCGAATTCCG 102 3
9 Gt-5 GTGCAATGAG 93 -
10 Gt-6 GGATCTGAAC 87 2
11 Gt-7 GGACTCCACG - -
Total 492 6 98.7

Source: Alpha DNA Company Canada.
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Figure 2. Gel picture of Mentha samples amplified with Gt-2
primer viewed under gel documentation system.

It is further evident from morphological study that
numerical taxonomy can also be used as a best tool
for identification in those species whose taxonomy
is complicated by continuous polyploidy and
stabilization of novel forms by ease of vegetative
propagation. It is further noticed that there was no
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Figure 4. Dendrogram of Mentha collections
obtained from RAPD-DNA bands analyzed by
using Pop Gene 32.

conclusion at varietal level in the present
dendrogram. Therefore, it is  strongly
recommended that more morphological characters
and molecular markers have to be used to refine
the species up to varietal level.
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Figure 3. Gel picure of Mentha samples amplified with Gt-4
primer viewed under gel documentation system.
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ABSTRACT: Myrtle (Myrtus communis L.), is a characteristic plant of Mediterranean climate. The myrtle plant,
known as ‘Hambeles’, which has a white and large fruit had been cultivated in the region for many years. The black myrtle plant
on the other hand, grows wild in forest characterized by smaller fruit sizes. Up to now, there has not been any registered black
myrtle variety in our country. The results of the observations made in Antalya province showed the presence of some black myrtle
ecotypes with large fruits. The aim of this study was to examine the characteristics of black myrtle types; fruit yield and shoot
growth performance of this plant grown in two different ecologies of Antalya province. The myrtle plant has been cultivated in
two different ecological areas, such as high and low lands. The cultured types were budded on the wild plants under high land
conditions by using the patch budding method, whereas under low land conditions, the plants were grown by using own-rooted
cuttings. The number of shoots emerged from the patches ranged from 3.9 to 7.0. The shoot length increased up to 208 cm in
second growing season, but decreased to 104 cm in the third year. Fruit yield has increased markedly from the third year and
reached up to 10.6 kg / plant.

Keywords: Myrtus communis L., organic, black myrtle, yield, shoot growth.

Organik Siyah Mersin Yetistiriciligi Uzerine Arastirmalar

OZ: Mersin bitkisi (Myrtus communis L.), Akdeniz ikliminin karakteristik bir meyvesidir. Iri ve beyaz renkli meyveye
sahip olan ve ‘Hambeles’ adiyla bilinen mersinlerin uzun yillardir yetistiriciligi bolgede yapilmaktadr. Siyah renkli mersinler
ise dogada yabani olarak yetismekte ve daha kiigiik meyvelidir. Siyah mersinde simdiye kadar iilkemizde tescil edilmis bir cesit
yoktur. Antalya ydresinde yapilan gozlemler sonucu nispeten iri meyveli tipler tespit edilmistir. Bu ¢aliymanin amaci, farkl iki
ekolojide yetistirilen siyah mersin tiplerinin, meyve verimi ve siirgiin gelisimiyle ilgili ozellikleri incelemektir. Mersinler yayla ve
sahil olmak iizere farkl iki ekolojide yetistirilmistir. Bitkiler yayla kosullarinda yabani bitkiler iizerine kiiltiir tiplerinin yama ast
metoduyla asilanmasiyla tesis edilmistir. Sahil kosullarinda ise bitkiler ¢elikten yetistirilmistir. Yama astlardan ¢ikan siirgiin
sayist 3.9-7.0 arasinda degismistir. Bu siirgiinler ikinci yil 208 cm kadar boy yapmuslardwr. Ugiincii yilki siirgiin uzunlugu ise en
fazla 104 cm olmustur. Meyve verimi itigtincii yildan itibaren belirgin bir sekilde artmis ve 10.6 kg/bitki ye kadar yiikselmistir.

Anahtar sozciikler: Myrtus communis L., organik, siyah mersin, verim, siirgiin geligimi.

INTRODUCTION In Turkey, the myrtle plant is cultivated in several
parts of the coastal area, but the highest production
areas are located in the Mediterranean region and
are used for different purposes. The majority of the
black and white colored fruits found in the nature
belong to the wild myrtle plants. However, the

Myrtle (Myrtus communis L.) is an evergreen plant
in the Myrtaceae family and contains about 100
genera and 3000 species. It grows in a wide
geographical area from the Mediterranean basin to
the northwest Himalayas (Surmaghi et al., 2014).
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myrtle plant growing for fruit purposes named as
‘Hambeles’ type is mostly characterized by large
and white colored fruit, this plant type is often
obtained by means of grafting it on the wild myrtle
plants growing at the edge of the fields. However,
in this region, a few regular myrtle orchards could
also be found. The black myrtle fruits are generally
collected from the nature and consist of big fruits
as well. Until now there has not been any work on
the grafting of the big black-fruited myrtles on the
wild myrtle type and shoot growth studies in
Turkey. The myrtle plants have many benefits, in
Turkey essential oils are often extracted from the
leaves. There are very few works regarding the
horticultural practices on myrtles plants in Turkey,
but there are several works regarding the essential
oil components research from fruits and leaves of
myrtle plants. The vegetative propagation of
myrtle plants are often carried out by methods such
as grafting and cutting. There are a few literatures
on the vegetative propagation of myrtles plants in
Turkey (Uzun et al., 2014). Similarly, there are
also very few studies on the establishment of black
and white myrtle plant orchards as well as fruit
yield relationship in Turkey. The majority of the
myrtle plants selection researches are often
obtained from the natural population. Under these
natural conditions, the myrtle plants are exposed to
harsh environmental conditions and for that reason,
the plant growth and yield are often low as
compared to selected domesticated types. A work
carried out by Mulas and Cani (1999) regarding the
myrtle shoot growth and development found the
shoot length in the ranged of 2.8-19.2 cm. The
myrtle plants often selected from the natural
populations are usually used for the establishment
of regular orchards. The planting distances of the
black myrtle plants in the regular orchards were
reported by Mulas et al. (2002b) to be 1x3.25 m.
After three years of planting two varieties of
myrtle plants in the regular orchards, they found
that, the Barbara variety produced 0.8 kg fruit yield
whereas, Daniela variety recorded 1.0 kg they also
found the shoot length of the Barbara variety to be
11.4 cm whereas Daniela variety to be 11.6 cm.
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There are several criteria in the selection of the
myrtle plants from the natural population, but in
selection process, one has to take into
consideration the fruit yield Mulas et al. (2002a).
They did not provide any numerical value for fruit
yield, but they categorized the fruit yield selection
criteria of the myrtle plants into three groups as
Low, Medium and High. As explained above, there
are many gaps in the myrtle plant propagation
methods and fruit yield researches. The purpose of
this study was therefore, to examine the shoot
growth and fruit yield performance after grafting
of the black myrtle plant.

MATERIALS AND METHODS

The myrtle orchards were established in two
different locations in the coastal and high hilly
areas in Antalya province. The first location was
the Yumaklar village under Aksu district in the
hilly part of Antalya province. The graftings were
carried out by using two genotypes namely, Yakup
and Islangic black myrtles, which were grafted
onto the wild types in nature by using patch
grafting method in May 2011. The two orchards
established in the Yumaklar village was carried out
in two locations namely, Hayatozii with altitude of
354 m and Aktarla, 510 m high in Yumaklar
village. The research was carried out by using
three genotypes namely, Yakup and Islangi¢ and
Yumaklar black myrtles, which were propagated
plant by using cuttings. The establishment of the
orchard in the coastal area was carried out in the
research plots in the Agricultural Faculty of
Akdeniz University in the altitude of 50m in the
year of 2010 by using planting distances of 3x3 m.
Based on the results of the soil analysis, 3 ton/da
fermented goat manure were applied to the soil. In
all the three orchards established in both high hilly
and the coastal part, no pest and disease problems
were observed and for that matter, any pesticide
and insecticide were not used. Additionally, in this
study any chemical fertilizer didn’t applied. The
orchards established in the two different locations
were organic in nature.
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Grafting development: In the second year after
grafting, the minimum and maximum shoot lengths
were measured for monitoring shoot development
performance. The shoot length measurements of
the emerged grafted myrtle plants started in the
third year after grafting and was measured from
month to month (i.e. from May to December) until
the experiment was terminated.

In the Yumaklar village myrtle plant orchards,
which are wild in nature and established in nature,
10 plants were randomly chosen and grafted.

In the second location (coastal side), the orchard
was established in a randomized block design with
3 replicates and every replicates has three tree.

Fruit yield: In the costal side, the orchard was
established by using cuttings in 2010, Yumaklar
village orchards on the other hand, were
established on the hilly part of Antalya and by
using patch grafting method. The fruits were
harvested only from the coastal side because of the
earlier plantation (in 2010) of the trees, but

harvest was not carried out in the Yumaklar village
because the trees were grafted in 2011.

It was determined that the data not normally
distributed according to the results of the
Kolmogorov Smirnov test. In order to make the
parametric ~ hypothesis  tests  the  Rank
transformation was performed for the data not
Gaussian distributed. Then the analysis of variance
was applied for comparing group averages and
Duncan Test was performed for multiple
comparisons (Narinc and Aygun, 2017).

RESULTS AND DISCUSSION

The results of the black myrtle types grafted on the
wild myrtle shrubs in two locations of Yumaklar
village, showing the numbers and shoot growth
after two years of grafting were presented in Table
1 and Table 2. Additionally, because the myrtle
types established in the plots (Akdeniz University
research plots) were planted earlier on, the fruit
yield could be monitored until three years. The
yield values of the three years of myrtle types
examined in the coastal area are provided in Table 3.

Table 1. The shoot growth of the grafted Yakup and Islangi¢ black myrtle types in two locations in Yumaklar village in 2012.
Cizelge 1. Yumaklar kdyiinde iki lokasyonda asilanmis Yakup ve Islangi¢ siyah mersin tiplerindeki siirgiin bilylimesi (2012).

Yakup Islangic
Locations Shoot number Maximum shoot  Minimum shoot Shoot number Maximum shoot ~ Minimum shoot
Lokasyon (number / length length (number / length length
grafting) (cm) (cm) grafting) (cm) (cm)
Siirgiin say1st Mak. siirgiin Min. siirgiin Siirgiin say1st Mak. siirgiin Min. siirgiin
(adet/ag1lanan) Uzunlugu (cm) Uzunlugu (cm) (adet/ag1lanan) Uzunlugu (cm) Uzunlugu (cm)
Aktarla 7.0 179.1 98.9 4.6 94.7 39.9
Hayatozi 5.3 208.0 78.4 3.9 153.9 90.7

Table 2. The total shoot length of the grafted Yakup and Islangi¢ black myrtle types in Hayatoz location of Yumaklar village,
third year after grafting in 2013, according to the months.
Cizelge 2. Yumaklar kdyiinde Hayatdzii lokasyonunda asilanmis Yakup ve Islangi¢ siyah mersin tiplerinde asilama sorast 3.
yildaki toplam siirgiin uzunlugunun aylara gore gelisimi (2013).

Shoot length / Siirgiin uzunlugu (cm)

Months Yakup Islangig

Aylar Minimum Maximum Minimum Maximum
May / Mayis 15.6 28.5 15.6 21.4
June / Haziran 25.2 36.1 21.0 354
July / Temmuz 31.3 48.8 30.7 77.0
August / Agustos 335 57.2 335 92.6
September / Eyliil 335 62.2 34.7 94.1
October / Ekim 33.6 66.9 34.9 102.2
November / Kasim 33.5 66.5 35.1 102.6
December / Aralik 335 66.9 35.1 104.6
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Grafting Development

The values of the grafting development of the
black myrtle orchard established in the high hilly
area of Yumaklar village are provided below.

Generally, the most successfully grafting method
on myrtle plant is patch grafting usually carry out
in the month of May, because, during this month,
the plant it is mostly active and it is easier to
separate the bark from both the scion and the
rootstock. The myrtle plant scions even with the
same sizes of rectangular patches have a different
number of dormant buds, and produce new shoots
after grafting (Uzun et al., 2014). In this study, it
was found that, the least number of shoots of the
grafted Islangic genotype was 3.9 numbers per
grafted plants in the Hayatozii location, whilest the
highest shoot number of Yakup genotype was 7.0
numbers per grafted plants in Aktarla location
(Table 1). There can be variations in the
development in terms of plant length of the first
shoots after grafting based on the plant vigor.
Generally, in the first year of the shoot
development, the plant usually develops single
branch, sometimes there could also lateral shoots.
For all the developed shoots, the average lengths of
the shoots were not measured, instead, the
minimum and maximum shoot lengths were
measured, which can be useful for monitoring
shoot development performance. For that reason,
in this study, second year after grafting, the
minimum shoot length of Islangi¢ genotype was
39.9 cm in Aktarla location. The reason for these
low shoot lengths recorded by the ‘Islangig’
genotype in Aktarla location, could be due to low
soil fertility and steep slope nature of the land,
whereas the maximum shoot length obtained by
Yakup genotype was 208.0 cm in Hayatozii
location. The differences between the maximum
and the minimum shoot lengths of the myrtle
plants in the same location of Hayatdzii were about
3 times fold.

The results of the emerged shoots length from the
grafted myrtle plants in the third year after
grafting, was observed to increase progressively
from month to month as shown in Table 2. As
observed in this study, active shoot growth started
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in April, but the shoot length measurement was
carried out in the month of May. The differences in
the plant shoot length between the maximum and
the minimum was low in the first months, but
increased (2-3 times fold) progressively during the
later months of shoot development. The least plant
shoot lengths recorded by both genotypes in the
May was 15.6 cm, whereas the highest shoot
lengths were 21.4 and 28.5 c¢cm in ‘Iglangi¢’ and
Yakup genotypes, respectively. The total shoot
length in the December, which was the same as the
harvest month recorded by the Yakup genotype
was 33.5 and 66.9 cm for minimum and maximum,
respectively. In the Islangic genotype it was 35.1
and 104.6 cm for minimum and maximum shoot
length, respectively. The level of plant shoot
growth in the third year after grafting decreased as
compared to the growth during the second year.
The reason for this decrease in the short length
could be attributed to the rise or growth of the
lateral shoot during the later period of plant
development. There are very limited researches on
the grafting and shoot development studies on the
black myrtle plant in the World. In a related work
carried out by Mulas et al. (2002b) in the spring
season on the shoot length development of black
myrtle plant, they found shoot length to between
11.4-11.6 cm depending on cultivars under
consideration. The results of our study showed
little high wvalues with regards to the shoot
development studies carried out by Mulas et al.
(2002b). The reason could be due to ecological and
genotypic differences carried in these two separate
studies.

Fruit Yield

The fruit yield of all the three myrtle genotype
plants established in the coastal part (Akdeniz
University Agricultural Faculty Research plots),
were obtained two years post-planting (Table 3).
There was no statistical difference in fruit yield of
all the three genotypes evaluated. The fruit yield in
2011 of all the two-year-old- genotypes were
approximately 1 kg, the yield was found to
increase sharply (7,670-10,600 g/plant) in the
three-year-old plants in 2012, where as in 2013 it
was found to be 7,666-9,226 g/plant (fourth year).
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Table 3. Fruit yield of black myrtle plants obtained based on
the years (coastal side) (g/plant).
Cizelge 3. Siyah Mersin bitkilerinin yillara gore verimi (sahil

kesimi) (g/bitki).
Year/ Yil Mean+SE P value
2011 940.56 + 418.59 *°
2012 944444 + 418.59° 0.000
2013 824222 +418.59 °
Genotypes / Genotipler
Islangig 5468.33 £418.59
Yakup 6288.89 + 418.59 0.084
Yumaklar 6870.00 +418.59
Interaction / Interaksiyon
Islangic 905.00 + 725.02 ¢
2011  Yakup 1133.33 £725.02 ¢
Yumaklar 783.33 +725.02 ¢
Islangig 7666.67 £725.02 ¢
2012 Yakup 10066.67 £725.02*®  0.000
Yumaklar  10600.00 + 725.02 ®
Islangic 7833.33 £725.02
2013 Yakup 7666.67 £725.02 ©
Yumaklar 9226.67 +£725.02 *°

*Significant differences among the means were determined by
Duncan’s multiple range test and means with the same letter do not
differ significantly at P<0.05.

*Duncan testi ile tespit edilen ve ayni harfle gosterilen ortalamalar
arasinda onemli fark (P < 0,05) yoktur.

The values obtained from closely-spaced black
myrtle orchards in Italy by Mulas et al. (2002b) in
the third year was 0.8 and 1.0 kg/plant, which was
lower than the results obtained in this study. The
differences observed in the fruit yields in the
genotypes in these two separate studies could be
due to differences in the genotypic structure, or the
environmental conditions under which the

REFERENCES

Narinc, D., and A. Aygun. 2017. A Non Parametric Data
Transformation Technique for Quantitative Genetic
Analyses: The Rank Transformation. International
Conference on Advances in Natural and Applied
Sciences, AIP Conference Proceedings, 1833, DOI:
10.1063/1.4981708.

Mulas M., and M. R. Cani. 1999. Germplasm evaluation of
spontaneous myrtle (Myrtus communis L.) for
cultivar selection and crop development. J. Herbs
Spices and Medical Plants 6 (3): 31-49.

genotypes were grown in Italy favors good plant
growth and development as compared to the
Antalya climatic condition Table 2.

CONCLUSION AND RECOMMENDATION

From the results of this study, we observed that the
black myrtle plant grafted on to wild myrtle shrubs
and the propagation by cutting method produced
the successful results. The plant cuttings used to
establish the orchard in this study, were obtained
by using the cutting propagation method. The
grafting method used in this study was successful,
whereas the results of the shoot development were
satisfactory. Furthermore,  the  vegetative
propagated plants yielded early fruit set and at the
same time provide large number of fruits per plant.
We recommend that, further research on myrtle
propagation should be carried out. In addition, in
order to improve myrtle fruit cultivation, it is
recommended that, the research on the regular
myrtle orchards, should be established with the
incorporation of practices such as irrigation,
fertilization, and cultural practices in order close
the research gabs.
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ABSTRACT: Cyclotrichium niveum (Boiss.) Manden. & Scheng species which is a member of Lamiaceae family,
being an endemic species to our country, is named as kiilotu (dag nanesi) by locals in its natural habitats and it is consumed as a
herbal tea for various health problems. For this reason, a need has arisen to make such a study in order to determine the natural
distribution and status of the plant within Adiyaman province borders. It has been determined that the species has a distribution
near the west (860-963 m), and North-west 1040-1617 m of Nemrut Mountain and Ulubaba Mountain (1650-1750 m). Sociability
and covering status in populations are averagely on 2 and 2 (22), respectively. In samples representing the population the plant
height has varied between 27- 48 cm. Besides, it has been determined that essential oil contents of dry leaf are between 1.6- 3.6
% in the samples taken during the flowering period according to the distribution status and density of the plants. Taxon's IUCN
danger category is "VU".

Keywords: Cyclotrichium niveum, covering, sociability, essential oil.

Adiyaman Ilinde Dogal Yayilhis Gosteren Cyclotrichium niveum (Boiss.) Manden. & Scheng.
Tiiriiniin Yogunluk Durumu ve Farkli Lokalite Popiilasyonlarinin Ucucu Yag Oranlart
Bakimindan Karstlastirilmasi

OZ: Lamiaceae familyasmn bir iiyesi olan Cyclotrichium niveum (Boiss.) Manden.&Scheng tiirii iilkemiz icin endemik
bir tiir olup, dogal yetistigi alanlarda yore halki tarafindan kiilotu (dag nanesi) olarak isimlendirilmekte ve cesitli rahatsizliklar icin
bitkisel ¢ay olarak tiiketilmektedir. Bu nedenle, bitkinin Adiyaman ili simirlarinda dogal yayihs alanlarmi ve bolluk- yogunluk
durumunu belirlemek ve farkl lokalitelerde bulunan popiilasyonlarda u¢ucu yag oranlarimin karsilagtiriimast amaciyla boyle bir
calisma yapma ihtiyact dogmugtur. Tiiriin Nemrut Dagi’'min Batist (860-963 m), Kuzey Batist 1040-1617 m) ve Ulubaba Dag1 Bati
yamaglarimda (1650-1750 m) yayihs gosterdigi belirlenmistir. Lokalitelerdeki popiilasyonlarda ortiis ve sosyabilite durumu
ortalama swaswyla 2 ve 2 (22) pozisyonundadir. Popiilasyonu temsil eden orneklerde bitki boyu 27-48 cm arasinda degisim
gostermigtir. Bunun yaminda bitkilerin yayilhs durumlart ve yogunluguna gore ciceklenme doneminde alinan orneklerde kuru
herbadaki ugucu yag oranlart % 1,6-3,6 arasinda oldugu tespit edilmistir. Taksonun IUCN tehlike sinifi “VU” dur.

Anahtar Kelimeler: Cyclotrichium niveum, ortiis durumu, sosyabilite, ucucu yag.

INTRODUCTION recent years, the tendency towards these plants has
increased due to various reasons, and has also
continued to be increasing gradually. As in several
countries in the world, unfortunately, in our
country, most of the plants used as medicinal and

Turkey is a country with sources rich in terms of
plant diversity and endemic species. Medicinal and
aromatic plants among these sources have
currently been used in several areas. Especially in
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aromatic are picked from the nature. And this
causes destruction of nature, and especially
endemic plants face the danger of extinction.

Cyclotrichium genus is represented with 6 species
in our country (C. niveum, C. origanifolium,
C. leucotrichum, C. stamineum, C. glabrescens,
and C. longiflorum). Two of them are endemic
(C. niveum and C. glabrescens). One species is
Mediterranean element (C. origanifolium), and the
other five species are Iranian-Turan phyto-geographical
region elements (Davis, 1965-1988). Whereas C.
origanifolium has a wide spread area in
Mediterranean and Eastern Mediterranean regions
rather than the other species, the other 5 species are
known with a narrower spread in eastern and
southeastern regions of Turkey. When the vertical
distribution of this six species has been analyzed in
relevant resources, the lowest level is noticed to be
1000 meter. Namely, Cyclotrichium species prefer
high-altitude areas, and IUCN level of the taxa is
“VU” (Vulnerable) (Ekim et al., 2000).

One of these species is Cyclotrichium niveum
(Boiss.) Manden.&Scheng. Cyclotrichium niveum
is a perennial, semi-brushy species endemic for
Turkey as a member of Lamiaceae family growing
up to 20- 50 cm on its natural area (Kaya and
Baser, 1996). The plant is covered with dense
white hair. Blooming period for the plant includes
July and August. As the habitat, the plant prefers
rocky and chalky slopes (step). It grows between
1200 and 1830 meter. The plant that is endemic for
our country is Iranian-Turan phyto-geographical
region element. Eastern Anatolia is the main
spreading area for the plant, it does not grow out of
our country, and the species’ sample has been
known from Turkey (B6 Malatya) (Davis, 1965-
1988). The plant has a spread on C6 and C7
squares according to the Grid square system of
Davis (1965-1988). It has an interrupted spread
between approximately 1200 and 1830 meter
within the provincial borders of Adiyaman,
Malatya, Sivas and Erzincan.

The other localities the plant grows are 1400 m
altitude on 40" km of Malatya-Giiriin, 5 km

southeastern of Darende at 1200 m, 5™ km on
Giriin-Sivas highway at 1700 m altitude, and at
1830 m altitude on Akdag within the provincial
borders of Malatya/Adiyaman and between
Kemaliye and Kolsan. This species has been used
as a herbal tea for flu, nausea and muscle pain
complaints by the local people in the areas this
plant grows (Gulcin et al., 2008; Alim et al., 2009;
Goze et al., 2010; Inan et al., 2014). Because the
smell of the plant resembles to the smell of mint, it
is also called as “mountain mint, dog mint” by the
local people (Baser et al., 1996).

While investigating Ulubaba Mountain vegetation
within the provincial borders of Adiyaman, Simsek
(2015) reported that this species had a 10% and
40% covering status, and had 1 to 3 densities out
of 5 in terms of its sociability. The presence of the
same rates was also reported in the studies carried
out in populations in Nemrut Mountain (Tel, 2009;
Tel et al., 2010). In the studies carried out upon C.
niveum, 1.54-5.60% essential oil was determined
in the plant (Baser et al., 1994; Cetinus et al., 2007;
Gulcin et al., 2008; Alim et al., 2009; Goze et al.,
2010; Inan et al, 2014). Inan and Tel (2014)
determined in their study that essential oil rate in
the plants they picked from different altitudes in
western slopes of Nemrut Mountain (Adiyaman)
varied between 4.1- 5.5%, and essential oil rate
was affected from altitude. Furthermore, it was
mentioned by some researchers that several
positive or negative internal and external
environmental factors were efficient upon the rate
for essential oil (Telci et al,, 2009; Shahat et al.,
2012; Kirpik and Inan, 2016). In the studies carried
out upon determining the effects of C. niveum
essential oil, the essential oil was specified to have
antioxidant (Baser et al, 1994; Cetinus et al.,
2007), antispasmodic (Cetinus et al, 2007),
antimicrobial (Alim et al., 2009; Gursoy et al.,
2009), and antiangiogenic (Goze et al, 2010)
effects.

In this study that was carried out within the
provincial borders of Adiyaman located phyto-
geographically on Iranian-Turan region, spreading
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area, density, sociability and covering of Cyclotrichium
niveum (Boiss.) Manden. & Scheng species; and
essential oil rate in populations in the localities
were determined and compared.

MATERIALS AND METHODS

In the study, the species of Cyclotrichium niveum
(Boiss.) Manden.&Scheng spreading naturally
within the provincial borders of Adiyaman was
discussed as the material. The field survey was
carried out in 2015, and the coordinates and the
altitudes for the plant were determined.

The plant spreads on brown forest soils over the
limestone bedrock. During the investigation of the
plant ecology, the soil was determined to have
nearly neutral basic pH value according to the
physical and chemical analysis results of the soil
sample taken from the sample parcel, and the value
was measured to be 7.45. The texture class of the
soil was determined to be “clayey-loamy.” The
data specified for the chemical structure of the soil
were presented in Table 1 (Simsek, 2015).

Covering status

Braun-Blanquet (1932) measured the covering
degree of each taxon in a parcel using a sample
parcel. It started with “+” and each number
between 1 and 5 in the scale had a % equivalent.
Projection of the each canopy of each individual in
the sample parcel was considered, and area
covering rate was calculated. Presentation of the
values related to each taxon in the sample parcel
included 2 digits, and covering status was
represented by the first of these.

Sociability

Braun-Blanquet (1932) measured the degree for
the unity of the same taxon in the parcel with each
other using a sample parcel. Each number in the
scale between 1 and 5 had a density equivalent.
Presentation of the each individual within the
sample parcel included 2 digits, and sociability was
represented by the second of these.

Essential oil rate

The plants of the species were observed to start
blooming period in July. For that reason, the
samples were started to be picked from the
localities of blooming as of the beginning of July.
After drying the picked samples under room
conditions, leaf and scape were separated, and
essential oil rates in the leaves were determined.
For that purpose, the samples were boiled for 3
hours using Clevenger type tools according to the
water vapor distillation method, and the essential
oil measured volumetrically was transformed into
percentage (Inan et al., 2014).

RESULTS AND DISCUSSION
Spreading of the plants

The coordinates related to the spreading area of the
species within the provincial borders of Adiyaman
were presented in Table 1. The average length of
the plants picked from the south of Nemrut
Mountain (L;) was 48 cm, the length of the plants
picked from the southwestern (L,) was 28 cm, and
the length of the plants picked from the west of
Ulubaba Mountain (L;) was measured as 32 cm.

Table 1. Some results related to the chemical structure of the soil taken from the natural habitat of Cyclotrichium niveum plant.
Cizelge 1. Cyclotrichium niveum bitkisinin dogal yasam alanlarindan alinan topragin kimyasal yapisina iliskin bazi sonuglar.

Name of the defined

plant unity Fe Zn Mn Cu N H EC K,0 Texture
Tanimlanan bitki (ppm)  (ppm)  (ppm)  (ppm) (%) P (uS/em)  (kg/da) Tekstiir
birliginin ad1

Cyclotrichido niveae | 1970 048 1221 098  0.61 7.45 566 20843  Clvey-
Pennisetetum orientalis Loamy
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The coordinates, altitudes related to the plants, and
some properties of the plants were presented in
Table 2. L; location was 5 km away from Kahta
Castle (Degirmenbasi locality) on Malatya road on
west of Nemrut Mountain (860-963m). Direction
of the sample parcel was west. The rest of this road
went up to Malatya-Nemrut Mountain highway
reaching to Nemrut Mountain. L, location
represented the location at 1040-1617 altitude that
was 6-8 km away from the summit and that was on
the Northwest of Nemrut Mountain. Directions of
the sample parcels were west, southwest, and east.
The species was noticed to be spreading on the
right of the road from L, location to L, location
(throughout nearly 10-20 km).

This unity was noticed away from 5 km from the
west of Ulubaba Ziyaret Hill on L; location
(Celikhan). Slope of the area including the parcels
where the samples were taken varied between 25%
and 60%, and elevation from the sea level varied
between 1650 and 1750 m. directions of the
sample parcels were west, northwest, southeast and
east.

Sociability and covering status

Covering status in the sample parcels and
sociability grades varied between +1 and 33, and
the sociability and covering in all localities we

mentioned with their coordinates and we evaluated
were the same and the value was 22 (20% and
40%). While calculating the density, population
rate per square in the investigated localities was
not calculated, and in subsequent studies,
population rate in 1%, 3™, 5™, 10" and further years
would be followed.

Essential oil rate

There were differences between the essential oil
rates of the samples taken from different localities.
It was determined that there were decreases in
essential oil rates as the altitude increased. The
highest essential oil rate was determined as 3.6%
in the plants in L; location, and the subsequent
essential oil rates in the plants from the locations
were 2.0% in L, and 1.6% in L; locations.
Whereas the values determined in L, and L;
localities were lower than the values of some
researchers (Cetinus et al,. 2007; Alim et al., 2009;
Goze et al, 2010; Inan and Tel, 2014), the
essential oil rate we determined in L, location was
between the values reported by the aforementioned
researchers. It was reported by several researchers
that various effects were efficient upon the
essential oil rates in the plants (Telci ef al., 2009;
Shahat ef al., 2012; Inan and Tel, 2014; Kirpik and
Inan, 2016).

Table 2. Spreading and some properties of Cyclotrichium niveum (Boiss.) Manden. & Scheng. species within the provincial

border of Adiyaman.
Cizelge 2. Adiyaman il sinirlan igerisinde Cyclotrichium niveum (Boiss.) Manden. & Scheng. tiiriiniin yayilma durumu ve bazi
ozellikleri.
Localities Coordinate Altitude (m)  Plant Length (cm)  Essential Oil Rate (%)
Lokaliteler Koordinat Yiikselti (m)  Bitki Boyu (cm) Ucgucu Yag Orani (%)
West of Nemrut Mountain (L, Kahta) 37°57°47” North
Nemrut Dagi Batisi (L. Kahta) 38°40°21” East 860 - 963 48 3.6
Northwest of Nemrut Mountain (L,; Kahta) 38°00°16” North
Nemrut Dag1 Kuzeybatisi (L,; Kahta) 38°45°22” East 1040 - 1617 28 2.0
N N . 0 ) 5
West of Ulubaba Mountain (L3; Celikhan)  37°57°06” North 1650 - 1750 1 16

Ulubaba Dagi Batisi (L;; Celikhan) 38°08°31” East
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ABSTRACT: Biodiversity, the variety of life, has been recognized as one of the key components of environmental
sustainability. Human actions, however, often lead to irreversible losses in terms of diversity of life on earth. So importance of
measurement of biological diversity is increasing and need for biodiversity assessment methods to enable biodiversity to be
measured is outlined. The biodiversity indices are statistical method which is planned to evaluate the variety of a data group
consisting of different types of components. Eastern Black Sea Region of Turkey is rich in biodiversity compared to other regions
and endemism is high. Eastern Black Sea forest is dominated by Picea orientalis, Abies spp., Pinus sylvestris, Fagus orientalis,
Quercus ssp., Castanea satvia, Alnus glutinosa, Carpinus betulus and Fraxinus angustifolia. Data were collected 40
temporary sample plots from the mixed stands of Karadeniz Technical University Research Forest in Eastern Black Sea Region.
In this study, aim to compare biodiversity using biodiversity indices such as Shannon-Weaner Index, Simpson Index, MacArthur
Index, Pielou Regularity Index. The calculations are based on species composition as well as basal area distribution.

Keywords: Biodiversity index, mixed forest, species composition, ratio of number of tree, ratio of basal area.

Tiirkiye Dogu Karadeniz Karisik Ormanlarinda Biyocesitliligin Hesaplanmasi

OZ: Yasamn cesitliligi olan biyocesitlilik, cevresel siirdiiriilebilirligin ana bilesenlerinden biri olarak kabul edilmistir.
Bununla birlikte, insan eylemleri, ¢ogu zaman, yeryiiziindeki canl ¢esitliligi a¢isindan geri doniisii olmayan kayplara neden
olmaktadir. Bu nedenle biyolojik ¢esitliligin 6l¢iimiintin 6nemi artmakta ve biyogesitliligin élciilebilmesi i¢in ozel yontemlere
ihtiva¢ duyulmaktadir. Biyogesitlilik indeksleri, farkli bilesen tiirlerinden olusan bir veri grubunun biyolojik cesitliligini
degerlendirmek icin gelistirilmiy istatistiksel bir yontemdir. Dogu Karadeniz Bolgesi, biyogesitlilik bakimindan diger bélgelere
gore zengin olup endemik tiir sayisi fazladir. Dogu Karadeniz Bélgesi ormanlari Picea orientalis, Abies spp., Pinus sylvestris,
Fagus orientalis, Quercus ssp., Castanea satvia, Alnus glutinosa, Carpinus betulus ve Fraxinus angustifolia tiirlerinden
olusmaktadir. Calismada kullamilan veriler, Dogu Karadeniz Bélgesi'ndeki Karadeniz Teknik Universitesi Arastirma
Ormani’ndaki karisik mescerelerden alman 40 adet gegici ornek alandan elde edilmistiv. Bu mescerelerin Shannon-Weaner,
Simpson, MacArthur ve Pielou Diizenlilik Indeksleri hesaplanarak biyocesitlilikleri karsilastirilmistiv. Hesaplamalar hem say:
hem de gogiis yiizeyi bakimindan tiirlerin karigim oranina gére yapilmustir.

Anahtar Kelimeler: Biyogesitlilik indeksi, karisik mescere, tiir karisimi, agag sayist orani, gogiis yiizeyi orani.

INTRODUCTION other, and the extinction of any one of these
species can trigger a domino effect on the other

The carth is made up of ecosystems and ecological species, which are directly or indirectly depend on

features which are supported by biodiversity; yet
many people do not understand the meaning of
biodiversity or what the impact of its loss would
mean. The fact is that all the species of flora and
fauna, including humans, are dependent on each

it.
Biodiversity has been shown to play a key role at

all levels of the ecosystem service hierarchy (Mace
et al., 2012; Gao et al., 2014). The diverse habitats
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and microhabitats contained in forest ecosystems
hold the majority of the world’s terrestrial species
(Ozanne et al., 2003; Gao et al., 2014). However,
these biologically diverse systems are increasingly
being threatened by deforestation and forest
degradation via varied direct or indirect
mechanisms (Singh et al., 2001; Dirzo and Raven,
2003; Gao et al., 2014). Therefore, conserving
forest biodiversity has become a critical task at
local, national and global level.

To discern the influence of forest management
intervention on forest biodiversity conservation
among management regimes, we need to explore
the effects of environmental and human forest use
variables on species richness, diversity and density
(Hooper et al., 2005; Kalonga et al., 2016).
Generally, easily accessible forests are more
affected by human activities (Sassen and Sheil,
2013) depending on tree species (Ndangalasi et al.,
2007); although effective forest management
planning could reverse the situation (Ball, 2011;
Kalonga et al., 2016).

Turkey is among few temperate countries with the
highest diversity in its fauna and flora. Because of
its special position between Asia and Europe, and
Africa, fauna and flora comprises elements from
these continents. Turkey is in the interface of three
different biogeographically regions where consist
from European-Siberian, Mediterranean and Irano-
Turanian  regions. Of the  Euro-Siberian
Biogeographical Zone contain Kolshic zone aka
Eastern Black Sea. This is the climatic region with
the highest rainfall and is largely covered with
forests. Eastern Black Sea forest is dominated by
Picea orientalis, Abies spp., Pinus sylvestris,
Fagus orientalis, Quercus ssp., Castanea satvia,
Alnus glutinosa, Carpinus betulus and Fraxinus
angustifolia.

Various diversity indices are used to determine the
biodiversity. Diversity index is a statistical method
which is planned to evaluate the variety of a data
group consisting of different types of components.
Features of a population such as number of
existing species (Richness), distribution of
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individuals equally (Evenness) and total number of
existing individuals underlie the basis of diversity
indices (Wilhm and Dorris 1968; Allan, 1975).
Thus, any changes in any of these three features
will affect the whole population, so that the
diversity indices depending upon these features are
used effectively to determine the changes in a
population (Diigel 1995; Mandaville, 2002;
Turkmen and Kazanci, 2010). In this study, aim to
compare biodiversity using biodiversity indices
such as Shannon-Weaner Index, Simpson Index,
MacArthur Index, Pielou Regularity Index. The
calculations are based on species composition and
species distribution as well as basal area and
number of tree.

MATERIALS AND METHODS

The data used in this study were collected from
mixed forests in Karadeniz Technical University
Research Forest in Eastern Black Sea Region of
Turkey. Study area located 40° 48' 45" - 40° 43'
25" N and 39° 36' 41" - 39° 28' 39" E and average
attitude 1420 m. In this area, from the various age
and site classes 40 temporary sample plots which
size range 400 m” to 800 m* were taken. Diameter
at breast heights all trees was measured and
identified to species in each sample plots. Ratios of
basal area and number of tree to species in each
sample plots were calculated. Shannon-Weaner
Index, Simpson Index, MacArthur Index, Pielou
Regularity Index were used for statistical analyses
of biodiversity.

Shannon-Weaner Diversity Index

This is an index applied to biological systems by
derived from a mathematical formula used in
communication area by Shannon in 1948
(Mandaville, 2002). It’s the most preferred index
among the other diversity indices. The index
values are between 0.0-5.0.

Results are generally between 1.5-3.5, and it
exceeds 4.5 very rarely (Kocatas, 1992). The
values above 3 indicate that the structure of habitat
is stable and balanced but the values under



lindicate that there are pollution and degradation
of habitat structure (Turkmen and Kazanci, 2010).

H= -ZL, P, xInF (M

H: Shannon-Weaner Diversity Index

P;: Ratios of each species according to basal area
or number of tree

Simpson Diversity Index

It’s a diversity indices derived by Simpson in 1949
(Mandaville, 2002). Simpson index values are
between 0 - 1. But while calculating, final result is
subtracted from 1 to correct the inverse proportion
(Turkmen and Kazanci, 2010).

H=1-X..F 2)

H: Simpson Diversity Index

P;: Ratios of each species according to basal area
or number of tree

MacArthur Diversity Index

It was derived from Shannon-Weaner index by
MacArthur in 1965.

2
2¥=J Fy

H= 3)

H: MacArthur Diversity Index

P;: Ratios of each species according to basal area
or number of tree

Pielou Regularity Index

It was derived from Shannon-Weaner index by
Pielou in 1966. The ratio of the observed value of
Shannon-Weaner index to the maximum value
gives the Pielou Regularity Index result.

N. MISIR, S. SATIROGLU, M. MISIR: ESTIMATION OF BIODIVERSITY
OF EASTERN BLACK SEA MIXED FORESTS IN TURKEY

The values are between 0- 1. When the value is
getting closer to 1, it means that the individuals are
distributed equally (Pielou, 1966; Turkmen and
Kazanci, 2010).

R=2

In § @)

R: Pielou Regularity Index
H: Shannon-Weaner Diversity Index

S: Number of species

RESULTS

Biodiversity in 40 sample plots in mixed forest in
Karadeniz Technical University Research Forest in
Eastern Black Sea Region were calculated to use 1-
4 formulas. In calculation, ratios of basal area and
number of tree of species in sample plot were used.
The calculation of one of the sample area has
shown Table 1 and 2.

The values of Shannon-Weaner diversity index were
between 0.38-1.35. The lowest value was for plot
495 and the highest value was for plot 467 (Table 3
and 4). All results were found under the expected
ranges (1.5-3.5). Although plot 1007 has five
species, it has lower value than plot 467. The reason
of this is a behalf of one species has high ratio.

The values of Simpson diversity index were
between 0.18-0.73. The lowest value was for plot
495 and the highest value was for plot 467 (Table 5
and 6). The result of this index and the result of
Shannon-Weaner index were found highly
resemble to each other. The values of the four plots
(plot 467, 628, 339 and 745) which had the fourth
highest values were the same in both indices.

Table 1. Biodiversity indices according to ratio of basal area in sample plot 214.
Cizelge 1. Gogiis yiizeyi oranina gore 214 nolu drnek alanin biyogesitlilik indeks degerleri.

Ratio of basal

Species Basal arca area Shannon- Pielou

r.). Gogiis U Simpson MacArthur .
Tiirler Lo Gogiis yiizeyi Weaner Regularity

yuzeyt Orani

Oriental spruce 1.61 0.72
Oriental beech 0.62 0.28
Oriental hornbeam 0.01 0.01
Total 2.24 0.63 0.41 1.69 0.57
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Table 2. Biodiversity indices according to using ratio of number of tree in sample plot 214.
Cizelge 2. Agag sayist oranina gore 214 nolu 6rnek alanin biyogesitlilik indeks degerleri.

Numb.er Ratio of number of

Species of species trees Shannon- Pielou

p Tiirlerin R Simpson MacArthur .
Tiirler Bire Tiirlerin birey Weaner Regularity

Y say1s1 orant
sayisl

Oriental spruce 23 0.58
Oriental beech 15 0.38
Oriental hornbeam 2 0.04
Total 40 0.84 0.53 2.11 0.76

Table 3. Sample plots which have highest Shannon-Weaner index value.
Cizelge 3. En yiiksek Shannon-Weaver indeks degerine sahip drnek alanlar.

Sample plot no Oriental Oriental Oriental fir Alder Oriental Hazelnut Shannon-
- spruce beech N 5 hornbeam
Ornek alan no . D.K.Goknart Kizilagag . Findik Weaner
Ladin Kaymn Giirgen
Ratio of basal area (Go6giis yiizeyi orani)
467 0.24 0.30 0.32 0.14 1.35
1007 0.65 0.11 0.01 0.11 0.12 1.05
628 0.21 0.28 0.51 1.03
339 0.33 0.14 0.53 0.98
745 0.40 0.50 0.10 0.95

Table 4. Sample plots which have lowest Shannon-Weaner index value.
Cizelge 4. En diisiik Shannon-Weaver indeks degerine sahip 6rnek alanlar.

Sample plot no Oriental spruce Oriental beech Oriental fir Oriental hornbeam Shannon-Weaner
Ornek alan no Ladin Kaymn D.K.Goknart Giirgen
Ratio of basal area (Gogiis yiizeyi orani)
463 0.19 0.81 0.49
246 0.86 0.12 0.02 0.48
718 0.05 0.87 0.08 0.45
1108 0.16 0.84 0.44
495 0.90 0.10 0.33

Table 5. Sample plots which have highest Simpson index values value.
Cizelge 5. En yiiksek Simpson indeks degerine sahip drnek alanlar.

Sample plotno  Oriental spruce  Oriental beech  Oriental fir Alder Oriental hornbeam Hazelnut Simpson
Ornek alan no Ladin Kayin D.K.Goknart  Kizilagag Glirgen Findik P
Ratio of basal area (Go6giis yiizeyi orani)
67 0.24 0.30 0.31 0.15 0.73
628 0.21 0.28 0.51 0.62
339 0.33 0.14 0.53 0.59
745 0.40 0.50 0.10 0.58
971 0.33 0.11 0.56 0.57
Table 6. Sample plots which have to lowest Simpson index values.
Cizelge 6. En diisiik Simpson indeks degerine sahip drnek alanlar.
Sample plot no Oriental spruce Oriental beech Oriental fir Alder Oriental hornbeam Simpson
Ornek alan no Ladin Kaym D.K.Goknar1  Kizilagag Giirgen
Ratio of basal area (Gogiis yiizeyi orani)
272 0.82 0.08 0.10 0.31
1108 0.16 0.84 0.27
246 0.86 0.12 0.02 0.25
718 0.05 0.88 0.07 0.22
495 0.90 0.10 0.18
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The values of MacArthur Diversity Index were
between 1.22-3.73. The lowest value was for plot
495 and the highest value was for plot 467 (Table 7
and 8). Also result of this index and the result of
Shannon-Weaner and Simpson index were found
highly resemble to each other. The values of the
four plots (no. of 467, 628, 339 and 745) which
had the fourth highest values were the same in
other (Shannon-Weaner and Simpson index)
indices.
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The values of Pielou Regularity Index were
between 0.41-0.99. The lowest value was for plot
718 and the highest value was for plot 1050 (Table
9 and 10). Unlike other indices (Shannon-Weaner,
Simpson and MacArthur indices) plot 467 doesn’t
have to highest value. The reason is that, Pielou is
derived from Shannon-Weaner Diversity Index and
even if the value of Shannon-Weaner index is high,
due to the number of species is increased Pielou is
decreased. In plot 465 and 1108, we found that the
individuals evenly distributed into species.

Table 7. Sample plots which have highest MacArthur index values value.
Cizelge 7. En yiiksek MacArthur indeks degerine sahip 6rnek alanlar.

Sample plotno  Oriental spruce ~ Oriental beech  Oriental fir Alder Oriental hornbeam Hazelnut MacArthur
Ornek alan no Ladin Kayimn D.K.Goknar1  Kizilagag Giirgen Findik
Ratio of basal area (Gogiis ylizeyi orani)
467 0.25 0.30 0.32 0.13 3.73
628 0.21 0.28 0.51 2.63
339 0.33 0.14 0.53 2.46
745 0.40 0.50 0.10 2.40
971 0.32 0.12 0.56 2.30
Table 8. Sample plots which have to lowest MacArthur index values.
Cizelge 8. En diisiik MacArthur indeks degerine sahip drnek alanlar.
Sample plot no Oriental spruce Oriental beech Oriental fir Alder Oriental hornbeam MacArthur
Ornek alan no Ladin Kayin D.K.Goknart  Kizilagag Glirgen
Ratio of basal area (G6giis ylizeyi orani)
272 0.82 0.08 0.10 1.45
1108 0.16 0.84 1.34
246 0.86 0.12 0.02 1.34
718 0.05 0.86 0.09 1.29
495 0.90 0.10 1.22
Table 9. Sample plots which have highest Pielou Regularity index values value.
Cizelge 9. En yiiksek Pielou Regularity indeks degerine sahip 6rnek alanlar.
Sample plot no Oriental spruce  Oriental beech ~ Oriental fir ~ Oriental hornbeam  Hazelnut Pielou
Ornek alan no Ladin Kayin D.K.Goknar1 Giirgen Findik Regularity
Ratio of basal area (Go6giis yiizeyi orani)
1050 0.54 0.46 0.99
273 0.46 0.54 0.99
660 0.56 0.44 0.99
1029 0.60 0.40 0.97
467 0.24 0.30 0.32 0.14 0.97
Table 10. Sample plots which have to lowest Pielou Regularity index values.
Cizelge 10. En diisiik Pielou Regularity indeks degerine sahip drnek alanlar.
Sample plot no 22:&2:1 O;;e:cl;al Oriental fir Alder Maple Ash h((?;rlg;t:rln Pielou
Ornek alan no Ladin Kaym D.K.Goknar1 Kizilagag¢ ~ Akgaaga¢  Disbudak Giirgen Regularity
Ratio of basal area (G6giis yiizeyi orani)
272 0.82 0.08 0.10 0.54
587 0.23 0.73 0.03 0.01 0.53
495 0.90 0.10 0.47
246 0.86 0.12 0.02 0.43
718 0.05 0.87 0.08 0.41
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The increase in the distribution of species in the
area in favor of a species has reduced the
biodiversity indices (Table 11). While ratio of
basal area of Spruce (L) %46 in sample plot 243,
when this ratio increase to %90 in sample plot 495,
biodiversity indices reduce.

Mean values of biodiversity indexes by species in
sample plot shown Table 12. When number of
species increased, biological diversity was also
increased. But biological diversity decreased when
number of species 4 and 5 because of lack of
sample plots (Table 12).

managing, biodiversity is calculated using
biodiversity indices. In this study, Shannon-
Weaner Index, Simpson Index, MacArthur Index,
Pielou Regularity Index were used for calculate to
biodiversity.

As a result, as the number of species increase, as
the distribution ratios of species approach each
other, biodiversity indices have increased also.
Biodiversity indices have increased in proportion
to the number of species in regions where the ratio
is behalf of a species. Biodiversity indices are
higher in areas where the ratios are close to each
other than areas have the ratios are distributed in

CONCLUSIONS behalf of one species. This result shows that, the
Forest management include protect, develop and fhstnbutlons of ratios between species are
sustainability of biodiversity. So when forest Important.
Table 11. Effect of species ratios on biodiversity indices.
Cizelge 11. Tiirlerin oransal dagilimmin biyolojikgesitlilik iizerindeki etkisi.
Sample plotno  Oriental spruce  Oriental beech Shannon- . Pielou
Ornek alan no Ladin Kaym Weaner Simpson MeArthur Regularity
Ratio of basal area
(Gogiis yiizeyi orani)
243 0.46 0.54 0.69 0.50 1.99 0.99
495 0.90 0.10 0.33 0.18 1.22 0.47
Table 12. Average values of biodiversity indices regard to number of species.
Cizelge 12. Biyogesitlilik indekslerinin tiir sayisina gore ortalama degerleri.
Number of Piclou Number of
Species Shannon-Weaner Simpson MacArthur Reoularit sample plots
Tiir Sayisi gulanty Ornek alan sayisi
2 0.64 0.45 1.84 0.92 14
3 0.80 0.49 2.01 0.73 22
4 1.22 0.67 3.10 0.88 3
5 1.05 0.52 2.08 0.65 1
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ABSTRACT: Over seventy olive trees (Nabali) from different regions in Palestine were used in this study. Intra-genetic
variation within different olive Nabali variants were approved by SSR and RAPD markers. Four SSRs bands were monomorphic
revealing a true-to-genotype of Nabali cultivar. Ten RAPD markers produced 60 reproducible bands with an average of 6 bands
/ marker. Only 24 were polymorphic. The percentage of polymorphic bands was 38% which is relatively high. Similarity matrix
for studied populations ranged from moderate (0.610) for Jalkamous and Karawa Bani Zaid (2) to highly genetic similarity or
even identity (1.000) in some cases as Aqraba and Aseerah (N). The interaction between different variants trends to be high. The
effect of geographic location was absent in this study and has no significant contribution. Dendogram based on Jaccards
coffiecnt revealed three main clusters, the biggest group consisted of the majority of variants including Bieta, Karawa Bani Zaid
(1), Salfeet, Salfeet (h), Aqraba, Aseereh (N), Jalkamous, and Alaroub. Second group consisted of two variants Alaar and
Nahaleen. The third group is containing only Karawa Bani Zaid (2). The relative high polymorphic bands of RAPD markers
(40%) and moderate genetic similarity among different Nabali variants suggested attribution of genetic background. Selection
for new traits within Nabali is suggested.

Keywords: Olive, Intra-Genetic Variation, SSR, RAPD.
INTRODUCTION A high genetic diversity level and the presence of
homonyms and synonyms cases observed in olive
germplasm (Gomes et al., 2012), therefore, an
efficient and rapid discriminatory methods are
urgent. Molecular
successfully in olive characterization (Angiolillo et
al., 1999; Khadari et al., 2003; Abdel hamid et al.,

Olive (Olea europaea L.) is as an important oil-
producing crop in the Mediterranean region whose
domestication occurred during the Chololithic period
(57005500 years BC) in the Near-East (Zohary and
Hopf, 1994). In Palestine, olive represents the most
important fruit trees and growing for hundreds of
years. Nabali is the most predominant cultivar and ~2012). Genetic variability among olive cultivars
met around 75% of the total planted olive cultivars in within a country was higher than olive cultivars
Palestine. Nabali is adapted well with the from different countries (Belaj et al., 2003; Owen
environmental conditions with high productivity of €/ @/, 2005). Variability of 27 clones of the
olive oil (22-28%). The chemical parameters of its oil ~ Portuguese olive cultivar was investigated by
are met the International Olive Council (I1.O.C.) Random Amplified Polymorphic DNA (RAPD),
standards for extra virgin olive oil except A-7- Simple Sequence Repeat (SSR), and Inter Simple

markers have been used

stigmastenolw which shows values higher than 0.5%
(Qutub et al., 2010). Nabali is susceptible to olive
leaf spot disease (Spilocaea oleaginea) and showed
alternating bearing.

30

Sequence Repeat (ISSR) markers (Gomes et al.,
2008), and the intra-variation within an olive
cultivar has been approved (Muzzalupo et al., 2010;
Ipek et al., 2012).
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Though RAPD provides an inexpensive and
reliable method for routine screening of large
number of cultivars for olive germplasm collection
(Belaj er al. 2004) and detecting genetic
similarities in olive (Belaj et al. 2003). It’s
reproducibility still under question. Therefore,
providing RAPD profile with other molecular
technique could be a good option to support the
obtained results. Recently, SSRs have become one
of the most useful molecular markers in plant
breeding, cultivar fingerprinting, and genome
mapping genetic (Rallo ez al., 2003).

In Palestine, genetic variation for Nabali has been
studied and approved previously on eight olive
trees from two sites only (Wiesman et al., 1998).
No other studies were done to determine the intra-
genetic variation within Nabali cultivar by using a
large number of trees on large scale of area.
Identification of genetic variation within Nabali
could be a useful tool for breeding program in
future in Palestine.

The objectives of this work are;

To identify by RAPD and SSR markers DNA
fingerprints of Nabali cultivar, figure out the
genetic relationship between them, and define the
clones within the studied cultivar.

MATERIALS AND METHODS

Plant material consisted of fresh leaves of 72 trees
tagged as Nabali cultivar. Trees were selected from
thirty two villages located in eight governorates in
Palestine (Table 1). The villages and trees were

selected according to the extension agent’s
recommendations and knowledge. The samples
were stored in paper bags in the field and at cold
temperature in the lab until DNA extraction.

Genomic DNA was isolated from 100 mg leaf by
ground into fine powder using pistil and mortar in
the presence of liquid nitrogen. The leaf powder of
each individual sample was then subjected to DNA
extraction using DNeasy Plant Mini Kit (Qiagen).
DNA quality was determined by visualization on
0.7% ethidium bromide agarose gel. Concentration
of DNA for all samples was measured by S-30
spectrophotometer (BOECO, Germany) and
uniformed to 20 ng/pl. Resulting DNA solutions
were stored at -20 °C.

Amplification and genotyping four RAPD primers
(opx-09, opj-05, opi-12, and opx-03) were tested
(Table 2). All the 72 samples were amplified and
analyzed with four RAPD primers. PCRs were
performed in a total reaction mixture of 25 pL
volumes containing 10 mM Tris-HCI, pH 8.2,50
mM KCI, 1.5 mM MgCI2, 200 mM primer, 0.2
unit of Taqg DNA Polymerase (sigma) and 20 ng
DNA. Amplifications were performed in PTC 100
thermocycler (MJ Research), initial denaturation
at 94 °C for Imin, then 45 cycles at 92 °C for 1
min, 36 °C for 1 min, and 72 °C for 2 min and
finally one cycle for 8 min at 72 C for elongation.
Amplified products were fractionated by
electrophoresis in 2% ethidium bromide Agarose
gels (1x TAE buffer) and photographed.

Table 1. The Governorates and the villages where the leaves of Nabali olive trees were collected.

No Governorate Villages

1 Jenin Biet Qad, dier Abu Daaf, Jalkamous, Maithloun, Sier, Alyamoun, Bourgeen, Yaabed, Arabeh,
KuferRaa, and Markaa

2 Qalgelia Jayous, BagatAlhatab, and koufer Qadoum

3 Nablus Qabalan, Aqraba, Biet Foureek, and Aseerah(N)

4 Tulkarem Dier Ghosoun, Alaar, and Ras Rouman

5 Salfeet Alwaraam, Salfeet', and Dierstya

6 Ramallah Karawa Bani Zaid®, Dier Gassaneh, and Biet Laqya

7 Bietlahem Biet Jala, Nahaleen, and Tkouaa

8 Hebron Alaroub and Dora,

' In salfeet village two different olive variants were found. Thereafter in the text, salfeet and salfeet (h) used to distinguish between both.
% In Karawa Bani Zaid village two different olive variants were found. Thereafter in the text, Karawa Bani Zaid (1), and Karawa Bani Zaid (2),

used to distinguish between both.
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Later on, in order to minimize the size of
population (72 samples), only samples which
showed at least a different RAPD profile bands or
more were selected for regenotyping again with ten
RAPD and six SSR primers in order to assess the
genetic diversity (Table 2). Out of seventy two,
eleven samples of Nabali were selected for second
cycle of genotyping. SSR primers were described
and used by Cipriani et al. (2002). SSR primers
were amplified by PTC 100 thermocycler (MJ
Research), initial denaturation at 94 °C for 2 min,
then 35 cycles at 92 °C for 45s., 57 °C for 45s.,
and 72 °C for 45s., and finally one cycle for 8 min
at 72 °C for elongation. Amplified SSR bands were
fractionated by electrophoresis in 4% ethidium
bromide garose gels (1 xTAE buffer).

DATA analysis

Each SSR and RAPD fragments was treated as a
unit character and was scored presence or absence
of the band (1 or 0). The 1/0 matrix was prepared
for all fragments scored and the data were used to
generate Jaccard’s similarity coefficients (1908)
for RAPD bands depending on the following
formula:

Table 2. RAPD and Olive SSR primers characterized in the study.

Sij=a/ (atb+c)

Where Sij: standard Jaccard between two

individuals i and j;

a = bands shared by both individuals;
b = bands present in i but not in j; and

¢ = bands present in j but not in |

Jaccard’s  coefficients were subjected to
unweighted pair-group method using arithmetical
averages (UPGMA) to generate a dendrogram
using linkage procedure. The RAPD data were
analyzed using fingerprint analysis missing DATA
(FAMD version1.25) (Schliiter and Harris, 2006).

RESULTS

The aim of this work is determining the genetic
diversity within Nabali cultivar in Palestine.
Seventy two variants of Nabali from different areas
were scored with four RAPD markers. All
produced RAPD profiles were selected and
analysed in next step with SSR and RAPD
markers. Eleven Nabali variants were selected as a
result of first RAPD running.

Type of primers primer Primer sequences Size of sequenced alleles
(5"t0 3" (bp)
OPA-19 CAA ACGTCGG
OPK-16 GAG CGT CGS A
OPX 09 GGT CTG GTT G
OPJ-06 CTC AGT cccA
RAPD OPZ-11 GGG AAT TCG G
OPF-06 CCA GGA GGA C
OPJ 05 CTC CAT GGG G
OPZ-07 TCG TTC CGC A
operi2 AGA GGG caACA
OPX 03 TGG CGC AGT G
UDO99-006 TCA GTT TGT TGC CTT TAG TGG A 172
-006 TTG TAA TAT GCC ATG TAACTCGAT
UDO99-008 AAA AAC ACA ACC CGT GCA AT 159
B AAA TTC CTC CAA GCC GAT CT
GGA TTT ATT AAA AGC AAA ACA TAC AAA
SSR UD099-024 188
CAA TAA CAA ATG AGC ATG ATA AGA CA
TAT CCT CTA TGT GGC GAT 151
uposs-031 TTGGITAAAAGCATTGATACA
UDOY9-043 TCG GCT TTA CAA CCC ATT TC 174
B TGC CAA TTA TGG GGC TAA CT
AAT TAC CAT GGG CAG AGG AG 170
UD099-039

CCC CAA AAG CTC CAT TAT TGT
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Only four SSR markers produced readable bands
(UDO99-006, UDO99-024, UDO099-039, and
UDO099-043). All SSR markers were monomorphic
with the eleven Nabali variants. This outcome
confirmed that all studied and selected olive trees
were Nabali and any presented genetic variation
due to intra-variation within Nabali rather than
mis—selection with other cultivar. Ten RAPD
primers produced 60 reproducible bands with an
average of 6 bands / marker. Out 60 bands only 24
were polymorphic. The percentage of polymorphic
bands was 40% which is relatively high.

Based on Jaccards coefficient, similarity matrix for
studied populations was done. Similarity ranged
from moderate (0.610) for Jalkamous and Karawa
Bani Zaid (2) to highly genetic similarity or even
identity in some cases such as Aqraba and Aseerah
(N) (1.000) (Table 3). Interaction between different
variants showed high trends. For example the
interaction between Nabali variants from
Jalkamous and Alaroub was high (0.925) the same
trend was found between variants Salfeet and
Salfeet (h) (0.953), Aqraba and Aseerah (N)
(0.952). On other side some exceptions were
found, the interaction for Nabali variants from
Karawa Bani Zaid, Bieta and Alaroub was (0.675).

The effect of geographic location was absent in
this study and has no significant contribution. For
instance for two variants from Aqraba and Aseerah
(N) the similarity was 1.000. As well variant from
Nahaleen (in the south of Palestine) with variants

Table3. Similarity matrix of Jaccard’s coefticient of 11 olive trees

from Akarab, Aseerah (N), and Alaar (North of
Palestine) were 0.914, 0.914, and 0.912, respectively.
On other side, Karawa Bani Zaid (1) and Karawa
Bani Zaid (2) are two variants from the same
village showed low genetic similarity (0.667). The
high similarity in this study suggested a genetic
similarity or even identity between different variants
from different locations. This could be due to fact
that these variants come from the same gene pool.

Dendogram based on Jaccards coffiecnt revealed
three main groups (Figure 1), the biggest group
consisted of the majority of variants including eight
Nabali varints; Bieta, Karawa Bani Zaid (1), Salfeet,
Salfeet (h), Aqraba, Aseerah (N), Jalkamous, and
Alaroub. Second group consisted of two variants
Alaar and Nahaleen. While the third group is
contains only Karawa Bani Zaid (2).

DISCUSSION AND CONCLUSIONS

Two types of molecular markers were used in this
study, SSR and RAPD markers. SSR markers were
monomrphic and produced the same profile for all
Nabali variants. In opposite, microsatellites were
effective tool to discriminate on intra-varietal
genotypes level (Muzzalupo et al., 2010; Ipek et
al., 2012). The negative result of SSR may be due
to the low number of used markers and the small
size of the population. The same copies of profile
of microsatellite for all samples confirmed that, all
selected trees belong to the same olive cultivar
Nabali. As well, any existed genetic variation
within the olive population were due to the

(variants) in different sites in Palestine.

1 2 3 4 5 6 7 8 9 10 11
1 1.000
2 0.868 1.000
3 0.610 0.667 1.000
4 0.770 0.829 0.788 1.000
5 0.925 0.892 0.675 0.842 1.000
6 0.814 0.893 0.675 0.842 0.864 1.000
7 0.878 0.917 0.692 0.865 0.864 0.826 1.000
8 0.878 0.865 0.692 0.865 0.910 0.867 0.953 1.000
9 0.829 0914 0.730 0914 0.860 0.864 0.952 0.952 1.000
10 0.829 0914 0.730 0914 0.860 0.864 0.952 0.952 1.000 1.000
11 0.780 0.757 0.722 0.912 0.773 0.778 0.860 0.860 0.857 0.857 1.000

Abberiviation: 1: Jalkamous, 2: Karawa bani zied (1), 3: Karaw abani zied (2), 4: Nahaleen, 5: Alaroub, 6: Bieta, 7:Salfeet, 8: Salfeet (h), 9:

Agraba, 10: Aseerah(N), and 11: Alaar.
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Figure 1. Dendogram based on Jaccards coefficient illustrating genetic similarity among eleven Nabali variants in Palestine based

on 10 RAPD markers.

intra-genetic rather than inter-genetic variation
level. In this study, RAPD were able to distinguish
the genetic variation among different Nabali
variants. Over seventy samples were screened with
RAPD in first time. RAPD marker provides a
cheap and fast tool for screening large population,
which offers a good choice for researchers in
developing countries (Belaj et al., 2003; Belaj et
al., 2004). Combining two types of Markers SSR
and RAPD in this study was good strategy to
overcome the low reproducibility of RAPD.
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Out of fifty eight, twenty two bands were
polymorphic, the relative high polymorphic bands
(40%) and moderate genetic similarity among
different Nabali variants suggested attribution of
genetic background. In Palestine, Nabali known as
difficult rooting olive cultivar and grafting is the
only and common vegetative propagation method.
As well, sexual propagation is not used. Therefore,
the variation due to somatic mutation within Nabli
cultivar is possible since somatic mutations
considered as an important source of intra-plant
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genetic variation (Salomonson, 1996). Genetic
contribution within Nabali variants or other olive
cultivars was indicated before. (Wiesman ef al.,
1998; Muzzalupo et al., 2010; and Ipek et al.,
2012). The low-moderate genetic variation obtained
in this study could be due to two main reasons.
First, the predominant propagation method for olive
in Palestine is grafting. Second, Nabali is self-
pollinated cultivar. Therefore, the maintenance of
cultivar is expected and could lead to minimize the
genetic diversity within Nabali olive trees in
Palestine.

In this study, two Nabali olive trees from Akarab
and Aseerah (N) were completely genetically
identity (1.00). This may due to the fact that
Aseerah is known as a high quality olive oil
producer village in Palestine and containing very
old olive orchards which back to the Roman
period. Therefore, trees from Aseerah (N) are
expected to be used as a good source for scions
which are used in grafting in many olive orchards.
Oppositely, the similarity for two Nabali trees from
Karawa Bani Zaid was moderate (0.667). In other
cases, the genetic similarity was high for two
Nabali variants from too far distance areas,
Nahaleen (south of Palestine) and Aqraba (North
of Palestine) (0.914). Therefore, the geographic
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ABSTRACT: The aim of the present study was identification and evaluation of propagation techniques of Dianthus
orientalis Adams., a Turkish native plant which has good potentials as a landscaping plant with conspicuous pink flowers in
autumn. Three different propagation methods were used in this study. These methods are the propagation of D. orientalis by
seed, cuttings and in vitro. The seeds and cuttings of this species collected from wild were used as the experimental material. The
germination rate of the seeds and the rooting rate of the cuttings were determined. An effective surface sterilization protocol for
in vitro seed germination of D. orientalis was developed. The seeds were germinated on MS medium. Germination success of the
seeds on MS medium was determined.

Key words: Dianthus orientalis, cutting, germination, rooting, seed, in vitro.

Dianthus orientalis Adams.’in Uretim Tekniklerinin
Belirlenmesi ve Degerlendirilmesi

OZ: Bu ¢alismanin amaci, Tiirkive dogasinda bulunan ve sonbaharda son derece dikkat ¢ekici pembe ¢icekleriyle peyzaj bitkisi
olarak degerlendirilme potansiyeline sahip olan Dianthus ovientalis Adams.(Yar karanfili)'in iiretim tekniklerinin belirlenmesi ve
degerlendirilmesidir. Bu ¢alismada ii¢ farkl tiretim yontemi kullamlnustir. Bu yontemler D. orientalis'in tohumla, ¢elikle ve in vitro
ortamda tiretimidir. Deneme materyali olarak, bu tiiriin dogadan toplanan tohumlar: ve ¢elikleri kullanimistir. Tohumlarin ¢imlenme
oram ve ¢eliklerin kéklenme orami belirlenmigtir. D. orientalis'in in vitro tohum ¢imlenmesi icin etkili bir yiizey sterilizasyon protokolii
gelistirilmistir. Tohumlar MS ortaminda ¢imlendirilmistir. Tohumlarin MS ortaminda ¢imlenme basarisi belirlenmistir.

Anahtar kelimeler: Dianthus orientalis, yar karanfili, celik, cimlenme, tohum, in vitro.

INTRODUCTION
The genus Dianthus L. belongs to Caryophyllaceae

in calcareous slopes, rocky areas, cliffs and lime-
free rocks which have structure of the schist or

family and includes approximately 300 species
distributed in Europe, Asia, Africa and North
America (Reeve, 1967). The mainly center of
genus diversity is the Mediterranean area (Bittrich,
1993). They are commonly known as pinks and
carnations. The plants are annual, biennial or
perennial. Dianthus orientalis Adams. is a perennial
herbaceous species which has a wide distribution
through South and East of Turkey. It is mostly seen

gneiss and at altitudes ranging from 20 m to 200
m. It is a very attractive with pink flowers
throughout autumn on 25-70 cm stems. Flowers
are usually solitary, sometimes on the branches. It
has a good potential of being landscape plant. This
species is particularly blooming in the autumn
when there are few flowers. It can also be a good
erosion preventing plant on slopes, since it has
extensive creeping woody base. Any scientific
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research on propagation of D. orientalis was not
found in literatures. Methods of propagation of this
species should be known both in terms of
conservation and utilization of its potential as an
ornamental plant. Many Dianthus species can be
propagated by seeds, cuttings and tissue culture.

Dianthus species such as D. barbatus, D. chinensis,
D. plumarius and D. gratinanopolitanus were easily
produced with both seed and cutting (Galbally and
Galbally, 1997; Hartmann et al., 2002).

Pre-treatments such as submersion in hot water,
mechanical or chemical scarifications and hot air
are used to break dormancy related to seed coat
while the cold and warm stratifications are usually
applied to break the dormancy caused by some
restrictions at the embryo level (Landis et al.,
1996). Some enzymes and growth regulators, such
as auxins, cytokinins and gibberellins have critical
role on breaking dormancy and germination of
seeds. Among these growth regulators, gibberellic
acid has important influence on them (Riley,
1987). Exogenous GA stimulates amylase activity.
Aleurone layer of endosperm is sensitive to GA
(Fincher, 1989). GA also causes release of
enzymes amylase and protease. These enzymes
participate in the breakdown of stored starch to
simple sugars (Gubler et al., 1995). These sugars
are then translocated to growing embryo where
they provide energy for growth (Mayer and
Poljakoff-Mayber, 1989).

Auxin-type growth regulators have been used to
increase the percentage of cuttings that form roots,
root initiation, increase the number and quality of
roots per cutting and increase uniformity of rooting
(Hartmann et al., 1990). Indole butyric acid (IBA)
has been the most common rooting hormone for
general use because it is generally not phytotoxic
over a wide concentration range and is effective in
promoting rooting a large number of plant species
(Hartmann et al, 1990). Exogenous auxin
application improves rooting efficiency and quality
of stem cuttings, while IBA and NAA stimulate
adventitious rooting in cuttings (Copes and
Mandel, 2000).
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There is no previous report on propagation of D.
orientalis.

The objective of this study was to determine
rooting rate of their cuttings, germination success
in greenhouse and in vitro propagation of Dianthus
orientalis seeds, and to identify suitable
propagation method for D. orientalis.

MATERIALS AND METHODS

Plant material: The cuttings and mature seeds of
D. orientalis were collected from Kemer-
Camyuva-Turungova locations (36° 28” 02”’E and
40°51” 91’N - 36° 28’ 12”’E and 40° 51° 44”°N -
36° 24> 36’E and 40° 32° 25”°N; 22-20-85 m,
respectively) in Antalya Province. The seeds were
removed from capsules and cleaned. Seeds with
the same size, shape and color were selected for
use in the experiments. In addition, their maturity
was the same. In this study, the herbaceous
cuttings of 7-10 c¢cm length taken from the shoot
tips of D. orientalis were used. The cuttings were
transferred from the natural habitats in the ice box.
Cuttings were taken on April.

Propagation techniques

Three propagation methods of D. orientalis were
used in this study.

1. Rooting of cuttings: In this study, the herbaceous
cuttings of 7-10 cm length taken from the shoot tips
of D. orientalis were used. The cuttings were
transferred from the natural habitats in the ice box.
The basal ends of the cuttings were dipped into IBA
solutions at 50, 100, 500, 1000, 2000 and 3000 mg/1
for 10 seconds. Only the distilled water treatment was
applied to the control group cuttings. After treatment,
D. orientalis cuttings were planted into three different
rooting media that contained peat, perlite and their
mixture (1:1 / v:v). The study was carried out in a
nursery belonging to a private company in Antalya.
After 26 days from planting, the cuttings were
removed from the rooting medium and rooting rates
were determined. Each treatment had 3 replicates
containing 20 cuttings.



2. Greenhouse seed germination: To determine
the effect of pre-sowing treatment on seed
germination, three different treatments were applied.

The treatments were;

i) Dipping in 10, 50, 100, 250, 500, 1000 and 2000
mg/1 giberellic acid (GA3) solutions for 24 hours,
i) Soaking in hot water at 50, 60 and 70°C for 2
minutes,

iii) Store at 5 and 10°C for 20 and 40 days in the
storage room. Control seeds were sown without
any treatment.

The study was conducted in a commercial nursery
in Antalya. The seeds were sown soon after
fungicide (Thiram) treatment in styrofoam trays
containing peat, perlite and their mixture (1:1 / v:v).
A thin vermiculite layer was spread over cells of the
trays to keep the moisture. The trays were irrigated
and wrapped with plastic folia, before they were
placed in a germination room which had 22 °C
temperature, 60-70% relative humidity and
darkness. In the third day, seeds started to germinate
and then the trays were transferred to the nursery.
Throughout the study, minimum temperatures were
kept at 9 °C, maximum temperatures were at 33 °C
and average relative humidity was 44 % in the
greenhouse. Germination rates were recorded daily.
Each treatment had 10 seeds in 3 replications.

3. In vitro seed germination: Pre-sowing
treatments: In this study, three different pre-sowing
treatments were applied in order to enhance in
vitro seed germination:

1) Soaking in 0, 10, 50,100, 250 mg/1 of gibberellic
acid (GA3) solutions for 24 hour,

il) Soaking in hot water at 50, 60, 70°C for 2
minutes and control,

iii) Storing at 5 and 10°C for 30, 45, 60 days in a
controlled storage room and control.

Sterilization: At first, pre-treated seeds were
washed with tap water for 6 hours. Then, they were
surface sterilized in 0.15% Benomyl (fungicide)
including two drops of Tween 20 for 10 min and
then rinsed three times in sterile distilled water.
Finally, it was followed by surface sterilization

D. HAZAR, I. BAKTIR: IDENTIFICATION AND EVALUATION OF
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with 10% sodium hypochlorite solution for 5 min.
and again rinsed three times in sterile distilled
water.

In vitro culture media and conditions: The seeds
were placed into glass jars, contained with 40 ml
modified MS (Murashige and Skoog, 1962) basal
nutrient medium. The cultures were maintained at
25°C under a 16/8 h (light/dark) photoperiod with
3000 lux light irradiance provided by cool-white
fluorescent tube. Germination rates were recorded
daily. Each treatment had 3 replicates containing
10 seeds.

Statistical analysis: All the experiments were set
up in a completely randomized design.
Germination studies both in greenhouse and in
vitro conditions had 3 replicates containing 10
seeds. Rooting study had 3 replicates containing 20
cuttings. Data were statistically analyzed using
SAS (Anonymous, 1985). Means were compared
by Duncan’s multiple range tests at 5% probability
(Steel and Torrie, 1980).

RESULTS AND DISCUSSION
Rooting of Cuttings

In this study, the effects of media (P<0,001), IBA
concentrations (P<0.001) and media x IBA
concentrations interactions (P<0.01) on rooting
were found to be significant (Table 1).

The best result was obtained from cuttings which
were treated with 2000 mg/l IBA and planted in
peat medium (Figure 1). The rooting rate of these
cuttings was 28%. Control cuttings gave the lowest
rooting rate with 2%. The rooting of cuttings was
found higher in peat medium than the other ones.
In herbaceous cuttings, IBA treatments of 1000-
2000 ppm usually yielded successful results
(Johnson et al., 2006). Pilon (2006) reported that
D. gratianopolitanus 'Firewitch' cuttings were
rooted in 3-4 weeks when they were immersed in
750-1000 ppm IBA solution and planted in the
rooting medium. In rooting studies, perlite was the
most unsuccessful medium in terms of rooting rate
and seedling development.
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Table 1. Effects of different IBA concentrations and growing
medium on rooting of D. orientalis cuttings in the nursery
conditions.

Cizelge 1. Anaglik kosullarinda D. orientalis geliklerinin
koklenmesi tizerine farkli IBA konsantrasyonlari ve yetistirme
ortamlarinin etkileri.

IBA Rooting rate / Celik koklenme orani Mean
(mg/l) (%) Ortalama
Growing medium
Peat P+P Perlite

0 2¢ 5b 0b 2C
50 7c 2b 5ab 5C
100 3¢ 8b 3ab 5C
500 7c 15 ab 2ab 8 BC
1000 25 ab 10b 3ab 13 AB
2000 28 a 13 ab 7 ab 16 A
3000 13 be 25a 8a 15A
Mean 12A 11A 4B

F values: Media: **** IBA: **** Media x IBA: ***,

Means in the same columns and lines followed by the different letters are
significantly different according to Duncan’s Multiple Range Test (p<0.05).

wk kkkREEE significant at 0.05, 0.01, 0,001 respectively. CV (%): 72,39.

F degerleri: Ortam: ***, IBA:**** Ortam x IBA***

Ay satir veya siitunda farkli harfle gosterilen ortalamalar Duncan Testine gore
istatistiksel olarak (p<0,05) farklidir.

ok ke jstatistiksel olarak sirastyla 0,05, 0,01 ve 0,001 diizeyinde 6nemli.
VK (%): 72,39.
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Figure 1. Effects on rooting of D. orientalis cuttings of the
interactions between IBA and medium.

Sekil 1. IBA ve ortamlar arasindaki interaksiyonlarin D.
orientalis ¢eliklerinin koklenmesi tizerine etkileri.

Greenhouse Seed Germination

The difference between GAj; concentrations was
found to be significant (P<0.05). On the other
hand, the effects of media and media x GA;
interaction on germination were not significant
(Table 2).

2000 mg/l GA; applied seeds had the highest
germination rate (30%) compared to other GA;
applications and control. Germination rate was
increased with increasing concentrations of GA;,
except for 250 mg/l GA; concentration, in the peat

40

medium. The seeds which were applied with 2000
mg/1 giberellic acid and sown in peat medium gave
the best result with 40% germination rate (Figure
2). Similarly, pre-sowing treatment with GA;
stimulated seed germination of Cleopatra mandarin
and Rangpur lime rootstocks in comparison to
control and the most successful treatment was
2000 ppm (Sharaf et al., 2016).

Table 2. Effects of different GA; pre-sowing treatments and
growing medium on germination of D. orientalis seeds in the
greenhouse conditions.
Cizelge 2. Sera kosullarinda D. orientalis tohumlarinin
¢imlenmesi {izerine GA; On uygulamalari ve yetistirme
ortamlarinin etkileri.

Germination / Cimlenme

GA; (%) Mean
(mg/1) Growing medium
Peat P+P Perlite

0 0.10b' 0.23a 0.20a 0.18 AB*
10 0.10b 0.20 ab 0.20a 0.17B
50 0.17b 0.10b 030a 0.19 AB
100 0.17b 0.17 ab 0.10a 0.15B
250 0.07b 0.17 ab 0.13a 0.12B
500 0.17b 0.03b 0.17 a 0.12B
1000 0.17b 0.13 ab 0.23 a 0.18 AB
2000 0.40 a 0.37a 0.13a 0.30 A
Mean 0.17 A 0.17 A 0.18 A

F values : GA3:**, Media: NS, Media x GA;: NS.

Means in the same columns and lines followed by the different letters are
significantly different according to Duncan’s Multiple Range Test (p<0.05).
**NS: Significant at 0.05 and non-significant, respectively. CV (%): 70.95

F degerleri: GAj: **, Ortam: OD, Ortam x GA3: OD

Ayni satir veya siitunda farkli harfle gosterilen ortalamalar Duncan Testine gore
istatistiksel olarak (p<0,05) farklidir.

** (OD: Sirastyla istatistiksel olarak 0,05 diizeyinde 6nemli ve 6nemli degil. VK
(%): 70,95

Germination
(%)
50

40

0 10 50 100 250 500
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Figure 2. Effects on germination of D. orientalis seeds of the
interactions between GAj; and medium.

Sekil 2. GA; ve ortamlar arasindaki interaksiyonlarin D.
orientalis tohumlarinin ¢imlenmesi {izerine etkileri.

Ikinci (2014) also reported that in parallel with the
increase in GA; dose, germination rate of argan
seeds increased and 2000 ppm GA; was the best
treatment. Also, positive effect of gibberellic acid



on germination of guava seeds has been reported
by Kumar et al. (1991). The germination of GAj;
applied seeds in the other two media did not
followed a regular course. When compared to the
control, the germination rate in the mixture of peat
and perlite decreased at lower doses of GA;, and
then increased at 2000 mg/l GA;. However, there
was a very irregular germination in the perlite. The
control and GA; applied seeds of D. orientalis had
the same average germination percentage in three
media (17% for peat and peattperlite, 18% for
perlite).

The effects on germination of hot water treatments
and the interactions between media and hot water
treatments weren’t found to have significant (Table
3). However, hot water treatment at 50°C for 2
minutes slightly increased germination rate of the
seeds compared to the control, higher temperatures
decreased the germination rate (Figure 3). In this
study, many seeds treated with hot water rotted and
died, indicating that they were very sensitive to
high temperature.

Table 3. Effects of different hot water pre-sowing treatments
and growing medium on germination of D. orientalis seeds in
the greenhouse conditions.

Cizelge 3. Sera kosullarinda D. orientalis tohumlarinin

¢imlenmesi lizerine sicak su On uygulamalari ve yetistirme
ortamlarinin etkileri.

Hot Germination / Cimlenme (%)

Water Growing medium Mean

EE—IC\;]) Peat P+P Perlite
Control 23a' 37a 20b 27 A*
50 17 a 33a 43 a 31A
60 13a 30a 0b 14 A
70 27 a 33a 6b 22 A
Mean 20 AB 33A 17B

F values: Media **, HW: NS, Media x HW: NS.

Means in the same columns and lines followed by the different letters are
significantly different according to Duncan’s Multiple Range Test (p<0.05).

** NS: Significant at 0.05 and non-significant, respectively. CV (%): 73.36

F degerleri: Ortam: **, Sicak su: OD, Ortam x Sicak su: OD

Ayni satir veya siitunda farkli harfle gosterilen ortalamalar Duncan Testine gore
istatistiksel olarak (p<0,05) farklidir.

** OD: sirastyla istatistiksel olarak 0,05 diizeyinde onemli ve onemli degil.
VK (%): 73,36.

Sujatha and Manjappa (2015) reported that
similarly hot water treatment (80°C for 10 minutes)

was reduced the germination percentage of Melia
azedarach significantly when compared to all other
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treatments. This might be due to lethal effect of
higher temperature of water on embryo. Similar
results reporting lethal effect of hot water was
reported by Khantwal et al. (2008) who reported as
low as 3% germination of Bauhinia variegate L.
seeds in hot water treatment. Also, Vitex doniana
seeds have a lower germination rate at high
temperatures in hot water (Salisu and Jiya, 2016).
Media were significantly (P<0.05) effective on
seed germination rates. The tested seeds had the
highest germination rates with 33% in the mixture
of peat and perlite.

Germination (%)

50

Control 50°C 60°C 70°C
Hot Water (oC)

DPeat WP+P MPerlite

Figure 3. Effects on germination of D. orientalis seeds of the
interactions between hot water and medium.

Sekil 3. Sicak su ve ortamlar arasindaki interaksiyonlarin D.
orientalis tohumlarinin ¢imlenmesi {izerine etkileri.

Low temperature treatments (P<0.01) and its
periods (P<0.05) had significant effect on
germination. In this study, the control seeds (50%)
had the highest germination rate (Table 4).

Low temperature treatments reduced germination
rate of the seeds compared to the control seeds
(Figure 4). This may be related to the growth of the
species in coastal line and 20 m in height. Leo
(2013) reported that similarly the cold stratification
reduced the rate of seed germination in only one
out of 28 species examined when they compared
the control seeds.

Germination rate of the seeds were higher in the
mixture of peat and perlite than that in the others.
But there was no significant difference between the
media. There was no significant difference in
germination rates of the interactions between
media, low temperatures and durations. The best
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result of the experiment was obtained with 67%
germination for the control seeds sown in the
mixture of peat and perlite.

Table 4. Effects of different low temperature pre-sowing
treatments and growing medium on germination of D.
orientalis seeds in the greenhouse conditions.

Cizelge 4. Sera kosullarinda D. orientalis tohumlarinin
cimlenmesi lizerine diisiik sicaklik 6n uygulamalari ve
yetistirme ortamlarinin etkileri.

Low Germination/ Cimlenme (%)
Temp Period Growing medium M
ean
(LT) (Days) .
°C) Peat P+P Perlite
C 0 0.47 a' 0.67a 037a 0.50 A"
20 023ab 023b 030a
> 40 0.20b 027b 0.17a 0.23B
20 036ab 040b 0.20a
10 40 0.23b 0.17b  0.13a 0.25B
Mean 030A 035A 023A

F values: Period: **, LT: *** Media: NS, Media x LT x Period: NS.

Means in the same collums and lines followed by the different letters are
significantly different according to Duncan’s Multiple Range Test (p<0.05).

** FE% NS; Significant at 0.05, 0.01 and non-significant, respectively. CV (%):
56.82.

F degerleri: Siire: **, Diisiik sicaklik: ***, Ortam x Diisiik sicaklik x Siire: OD.
Ayni satir veya siitunda farkl harfle gosterilen ortalamalar Duncan Testine gore
istatistiksel olarak (p<0.05) farklidir.

*k kxx ()D; sirastyla istatistiksel olarak 0.05, 0.01 diizeyinde 6nemli ve OD
VK (%): 56,82.
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Figure 4. Effects on germination of D. orientalis seeds of the
interactions between low temperature and medium.

Sekil 4. Diisiik sicaklik ve ortamlar arasindaki interaksiyonlarin
D. orientalis tohumlarinin ¢imlenmesi tizerine etkileri.

In almost all greenhouse seed germination studies,
the lowest germination rate was obtained from the
perlite medium. Seedling development was also
poor in perlite. Peat and the mixture of perlite and
peat were better than perlite in experiments.

In vitro Seed Germination

In vitro germination of seeds subjected to GA;, hot
water and low temperature pre-treatments were not
statistically significant.
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In vitro gibberellic acid pre-treatments gave a
similar result to the nursery GA; treatments. When
10, 50 and 100 mg/l GAj; concentrations were
compared to the control, GA; prevented seed
germination and caused a lower germination rate
(Figure 5).

However the germination rate at 250 mg/1 (50%),
which was the highest dose of in vitro GA;
treatments, was better than control and other GA;
treatments. Srivastava et al. (2011) reported that
GA; applications completely prevented seed
germination in Aconitum heterophyllum and could
not improve the seed germination even at low
temperature. It is known that treatment of Prunus
mahaleb seeds with gibberellic acid has been
reported to overcome dormancy and ensure
uniform germination (Al-Absi, 2010).

Germination
60 (%0)

50

40

30 +

20

Control 10 50 100
GA3 (mg/l)

Figure 5. Effects of different GA; pre-sowing treatments on

germination of D. orientalis seeds under in vitro conditions.

Sekil 5. In vitro kosullar altinda D. orientalis tohumlarmin
¢imlenmesi lizerine farkli GAj; 6n uygulamalarinin etkileri.

After hot water pre-sowing treatment, in vitro
germination graph of the seeds was similar to in
vivo culture. Germination rate of seeds soaked in
50°C hot water was 40% and found to be higher
than control (Figure 6). Increasing the application
temperature caused reduction in the rate of
germination. Hot water treatment at 70°C
completely  prevented seed germination.
Sakhanokho (2009) reported that germination rates
of 54% (ex vitro) and 95% (in vitro) were achieved
when Hibiscus dasycalyx seeds were treated with
hot water for 5 min, but exposing the seeds for 10,
15, or 20 min produced poor results in
H. acetosella and H. dasycalyx as hot water



scarification appeared to result in severe injury or
death of the embryos.

Germination (%)
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Figure 6. Effects of different hot water pre-sowing treatments on
germination of D. orientalis seeds under in vitro conditions.

Sekil 6. In vitro kosullar altinda D. orientalis tohumlarinin
¢imlenmesi {izerine farkli sicak su 6n uygulamalarinin etkileri.

In vitro low temperature pre-sowing treatments
gave a different result from the nursery low
temperature treatments. The highest germination
rate with 47% was determined from seeds stored at
5°C for 30 days (Figure 7).
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Low Temperature (°C) and Time (day)

Figure 7. Effects of different low temperature pre-sowing
treatments on germination of D. orientalis seeds under in vitro
conditions.

Sekil 7. In vitro kosullar altinda D. orientalis tohumlarmin
cimlenmesi iizerine farkli diisiik sicaklik 6n uygulamalarinin
etkileri.

It was more successful than that seeds stored at
10°C and the control. Similarly, Srivastava et al.
(2011) reported that different low temperature

D. HAZAR, I. BAKTIR: IDENTIFICATION AND EVALUATION OF
PROPAGATION TECHNIQUES OF Dianthus orientalis Adams.

applications of A. heterophyllum seeds had a
higher germination rate than the control and that
the highest germination rates were taken from the
seeds that were kept at 15 ° C for 8 weeks.

In the study, it was determined that the
germination rate increased at 5°C as the storage
period decreased, while at 10°C, the germination
rate of the seeds increased as the storage period
increased.

CONCLUSION

This study was carried out in order to determine
the propagation method of D. orientalis which is
not studied much yet. For this purpose, the
possibility of propagation by seed and cutting was
investigated. Propagation by cutting was more
unsuccessful than by seed. However, 28% rooting
success could be achieved by cutting. This may be
due to the thinness of cutting structure. The
propagation by seed was carried out both in the
nursery and in vitro conditions. Before sowing the
seeds of D. orientalis, some pre-sowing treatments
(GA;, hot water and low temperature) were treated
in both greenhouse and in vitro. Seeds showed
mostly a maximum germination rate of 40% to
50% in all experiments in both of them.

In this study, perlite medium was unsuccessful in
terms of both rooting rate and germination rate.
Similarly, seedling development was also poor in
perlite medium. This is due to the fact that perlite
does not retain water as much as peat. For this
reason, perlite must be watered frequently. Peat is
known to work well with other components to
provide better physical properties which are
necessary for optimum plant growth. Therefore,
peat or perlite and peat mixture as medium in the
experiments was better than perlite.

As a result, D. orientalis can be propagated both
by seed and by cutting. But it seems more
appropriate to propagate it with seed. Along with
planning new studies to increase the germination
rate of seeds of this species, alternative production
methods should be also tried.
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ABSTRACT: The aim of the research is obtaining material and information for breeding of new varieties which can be
used as pasture and forage plant in Central Anatolia and resembling regions. Some of the cocksfoot (Dactylis glomerata L.)
seeds, collected from natural areas in 2010-2011, and were sent with passport information to the Gene Banks in Ankara and
Izmir. The rest of the seeds were grown in greenhouse and then transfered to the field. In 2012, 32 populations were identified by
observing (according to 1-9 and 1-5 scale) and measuring some characteristics. Then, mean and standard error values of the
obtained data were determined. The mean values of the populations in main stem length, main stem thickness, flag leaf length,
flag leaf width, number of nodes, internode length, growth pattern, rust resistance, winter resistance and tillering capacity
changed between 43.9-72.4 cm, 2.0-3.3 mm, 7.8-16.0 cm, 2.9-5.4 mm, 2.3-4.5, 7.5-16.0 cm, 6.4-8.8, 6.6-8.0, 4.7-8.3 and 5.4-8.1,
respectively. The relations between the characteristics were examined by correlation analysis. Furthermore, ploidy levels of
some single plants selected from the natural populations for breeding purposes were determined by flow cytometry analysis and
all of these plants studied were found tetrapolid.

Key words: Cocksfoot, Dactylis glomerata L., collection, breeding, correlation, ploidy.

Eskisehir’de Dogal Alanlardan Toplanan Domuz Ayrigi (Dactylis glomerata L.)
Populasyonlarinda Islah Yoniinden Onem Tasiyan Bazi Ozelliklerin Belirlenmesi

OZET: Arastirmamn amact, Orta Anadolu ve benzeri ekolojilerde yiiriitiilen mera islah ¢calismalarinda kullamilabilecek
veni gesitlerin gelistirilmesi ¢alismalarina materyal ve bilgi iiretmektir. 2010 ve 2011 yilarinda dogal alanlardan toplanan
domuz aynigr (Dactylis glomerata L.) tohumlarinin bir kismi durak bilgileri ile birlikte Ankara ve Izmir’deki Gen Bankalarina
gonderilmistir. Tohumlarim kalan kismi serada fide haline getirildikten sonra araziye aktarilmistir. 2012 yilinda toplam 32
populasyon gozlem (1-9 ve 1-5 skalalar) ve dlgiimlere tabi tutularak bazi ézellikleri belirlenmistir. Daha sonra verilerin
ortalama ve standart hata degerleri saptanmistir. Populasyon ortalama degerleri ana sap uzunlugunda 43,9-72,4 cm, ana sap
kalinhiginda 2,0-3,3 mm, bayrak yaprak boyunda 7,8-16,0 cm, bayrak yaprak eninde 2,9 -5,4 mm, ana saptaki bogum sayisinda
2,3-4,5 adet, ana saptaki bogum arast uzunlugunda 7,5-16,0 cm, biiyiime seklinde 6,4-8,8, pasa dayamikiilikta 6,6-8,0, kisa
dayamkiilikta 4,7-8.3 ve kardeslenme potansiyelinde 5,4-8,1 arasinda degismistir. Ozellikler arasindaki iligkiler korelasyon
analizi ile incelenmigstir. Ayrica islah ¢aligmalart icin secilen tek bitkilerin ploidi diizeylerinin saptanmasi amaciyla flow
sitometri yontemi ile analiz ger¢eklestirilmis ve ¢alisilan tiim bitkilerin tetraploid oldugu belirlenmistir.

Anahtar sozciikler: Domuz ayrigi, Dactylis glomerata L., toplama, 1slah, korelasyon, ploidi.
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INTRODUCTION

Although flora of Turkey is quite rich in terms of
pasture grasses, imported varieties are used in
pasture establishment, generally. There have been
difficulties in adapting these varieties to different
ecological conditions of the country (Oral and
Acikgoz, 2002). Use of imported varieties is an
important problem for the country's economy, as
well. For these reasons domestic varieties are
needed which are adaptable to different ecological
conditions of the country. Collection and
characterization of ecotypes widely found in
natural areas of the country is an important
resource for the development of ecologically
adaptable varieties. It is reported that these natural
ecotypes could be used in variety development
studies using selection method (Tosun, 1973).

Coksfoot (Dactylis glomerata L.) is a perennial
cool season grass used as pastures and forage
plant. The species, which is resistant to drought
and cold, can also tolerate shadow to a certain
extent. The species show a rapid spring
development (Manga et al., 2002). It is an
economically important species with high yield as
pasture and forage crop. When it is grazed or
harvested in vegetative period, its feed quality and
taste is high. Even when cultivation conditions are
not ideal, it is easy to establish and grow rapidly.
Cocksfoot is very resistant to cutting and grazing
and is also used in erosion control (Alizadeh and
Jafari, 2011).

MATERIALS AND METHODS

In this study, there have been presented some
results of observations and measurements
conducted in the ecotypes collected from natural
areas to provide sources for breeding studies of
pasture and forage type cocksfoot varieties for
Eskisehir and similar ecologies.

The collected materials were characterized in terms
of some properties and some single plants were
selected for breeding purposes. Then, polidy levels
of the collected material were determined using
flow cytometer method. It has been reported that
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determination of ploidy levels of ecotypes
collected from natural areas is important when
these plants are used in plant breeding studies
(Hatipoglu et al., 1994). Rapid and reliable results
are obtained with flow cytometry in cases where
the ploidy level of a large number of plants, such
as plant genetic resources, need to be determined.
The method is widely used in determining DNA
content and ploidy level of many grass species
(Wang et al., 2009).

The collection and characterization studies were
carried out in 2010, 2011 and 2012 in Eskisehir
Province and at the Central Field of Transitional
Zone Agricultural Research Institute. Climate data
were given in the table below (Table 1). According
to long term climate data, the area receives 347
mm precipitation and experiences an average
monthly temperature 10.8 °C and 77.7% relative
humidity. In the years our research was conducted,
precipitation and average relative humidity were
higher than long term data.

According to the analysis results of the soil taken
from the germplasm area, experimental area is
slightly alkaline, clayey, with medium limy,
slightly salty, rich in potassium and rich in
phosphorus (Table 2).

In the collection study in 2010, single plant seeds
were collected from the stations determined for
each 10 km considering altitude and direction in
Eskisehir Province (Alan, 1986). In addition, they
were collected in sheltered areas such as village
cemeteries where these plants are concentrated. In
the study, the factors such as soil type, soil slope,
soil appearance, and their relation with vegetation
were considered. Selections also were made
according to the characteristics such as general
appearance of plant (upright, decumbent etc.),
color, and plant height. During the collection,
information such as coordinates, altitude, region or
local name and distance to the nearest settlement
were recorded (Table 3).

The collected seeds divided into 3 parts and one
part was sent to the Gene Banks in Izmir and
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Ankara with the station information data. One part
has been preserved in the Institute. The rest of the
seeds were grown in greenhouse and the seedling
transferred to field separately for each single plant.
There were 20 plants for each single plant
(population) collected from natural areas but some
were lost due to winter and diseases.

These populations were subjected to the

observations and measurements:

Main stem length (cm), main stem thickness (mm),
flag leaf length (cm), flag leaf width (mm), number
of nodes, internode length (cm), growth pattern (1:
oblique — 9: upright), rust resistance (1: susceptible
— 9: resistant), winter resistance (1: susceptible - 9:
resistant), and tillering capacity (1: poor — 9:
abundant) (Tosun, 1973; Tokluoglu, 1979;
Demiroglu et al., 2008; Anonymous, 2016).

COCKSFOOT (Dactylis glomerata L.) POPULATIONS COLLECTED FROM
NATURAL AREAS OF ESKISEHIR FOR BREEDING PURPOSES

The obtained data were subjected to statistical
analysis and population averages and standard
errors were determined. Standard error values were
determined to indicate whether there is a variation
between the single plants in population. In
addition, a correlation analysis was conducted to
determine the relations between the characteristics
(Kackar and Harville, 1984; Pearson, 1920).

The selected plants for breeding purposes
according to the observations and measurements
were subjected to a ploidy analysis using flow
cytometer method in 2015. In the method, ploidy
levels were determined using the core DNA
content of plants. Flow Cytometer device in
Trakya University, Agricultural Faculty, Field
Crops Department was used in the analysis which
determines DNA content rapidly and accurately
(Wang et al., 2009).

Table 1. Monthly precipitation, mean temperature and relative humidity in Eskisehir, Turkey.
Cizelge 1. Eskisehir Ili aylik toplam yagis, ortalama sicaklik ve oransal nem degerleri, Tiirkiye.

Precipitation (mm)

Temperature (°C) Relative humidity (%)

Z[Oll:rh Toplam yagig (mm) Ortalama sicaklik (C°) Ortalama oransal nem (%)
Y 2010 2011 2012 2010 2011 2012 2010 2011 2012
January / Ocak 36.0 26.6 58.0 1.5 0.3 -3.6 95.2 97.0 96.8
February / Subat 42.6 8.9 421 4.9 0.1 -5.5 90.5 93.2 97.3
March / Mart 32.6 20.0 56.4 59 3.7 1.5 85.5 88.0 87.7
April / Nisan 23.9 56.9 22.1 9.2 7.2 12.0 84.3 91.0 72.6
May / Mayis 20.7 145.8 80.9 15.2 0.5 144 70.4 87.7 83.3
June / Haziran 79.0 9.4 0.0 18.1 16.6 20.0 82.8 84.6 71.6
July / Temmuz 7.4 8.5 5.5 22.0 21.6 22.8 75.4 70.8 68.1
August / Agustos 0.9 0.0 35 244 20.0 20.8 66.2 73.5 65.1
September / Eyliil 22.5 2.1 0.0 18.2 17.4 18.7 75.8 68.5 66.1
November / Ekim 77.1 57.9 16.1 10.0 8.5 14.2 92.5 83.6 78.1
October / Kasim 7.5 0.0 14.5 9.3 0.8 7.3 81.0 86.8 92.3
December / Aralik 60.4 46.1 73.2 4.2 0.9 2.2 94.1 92.1 95.1
Total / Toplam 410.6 382.2 3723
Mean / Ortalama 11.9 8.1 11.0 82.8 84.7 81.2
*Meteorological Station of Transitional Zone Agricultural Research Institute.
*Gegit Kugagi Tarimsal Arastirma Enstitiisii Meteoroloji Istasyonu.
Table 2. Germplasm area soil analysis.
Cizelge 2. Gozlem bahgesi toprak analizi.
Soil Total Lime Organic Phosphorus Potassium
Structure H Salt (%) (CaCO03) (%) matter (%) (P,Os - kg /da) (K50 - kg /da)
Toprak p Toplam tuz Kireg (%) Organik Alnabilir fosfor Alnabilir potasyum
yapist (%) Madde (%) (P,Os - kg /da) (K,0 -kg/)
clayey 7.7 0.153 6.6 1.28 13.0 199.5

killi

*Soil and Water Laboratory of Transitional Zone Agricultural Research Institute.
*Gegit Kusagi Tarimsal Arastirma Enstitiisii Toprak ve Su Laboratuvari.
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Table 3. Station Information.
Cizelge 3. Durak bilgileri.

Population

Number District Collection site Latitude Longitude A.‘.mmd?
: N Yiikseklik
Populasyon Ilge Toplama yapilan yore Enlem Boylam (m)
Numarasi
18 Sancakaya Hamamlar-8 kmto Taskopru | 39.96086°N  30.60667°E 895
Between Kuplu and Mayislar-Village 40.00984 °N  30.66778 °E 784
19 Saricakaya
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Grassland
20 Saricakaya Between Kuplu and Mayislar- Village 40.00984 °N  30.66778 °E 841
______________________________ Grassland .
21 Sarcakaya _ Lacin Gobet-Village Grassland - 40.02741°N_ 30.80047°E 1o
22 Saricakaya  Hamamlar-8 km to Taskoprdi 39.96086°N  30.60667°E 895
23 Sancakaya  Lacin Gobet-Village Grassland - 40.02741°N  30.80047°E 784
24 Mihalgazi __ The Thermal Springs-500 m to Hamamlar 39.99404°N  30.57988°E 1022
25 Mihaligeik  Nallihan Road 6. km-In Forest 39.90051°N  31.43271°E 1009
26 Saricakaya 3 km from Hekimdagr 39.90996°N  30.62989°E 1o
27 Mihalgazi _ The Thermal Springs-500 m to Hamamlar 39.99404°N  30.57988°E 859
28 Mihaligertk ~ Nallihan Road 6. km-In Forest 39.90051°N  3143271°E 895
29 Seyitgazi | Han Road 10. km-Village Grassland 39.37383°N  30.71631°E 1036
30 Saricakaya _ Lacin Gobet-Village Grassland - 40.02741°N_ 30.80047°E 1224
3] Mihaligeik The Road between Hamitoglu and Mihaliccik  39.82811 °N 31.47028 °E 1036
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, road 10. km-Grassland
3 Mihaligerk The Road between Hamitoglu and Mihalicctk ~ 39.82811°N  31.47028°E 908
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, road 10. km-Grassland
33 Saricakaya __ Catacik Forest-Bride Fountain 40.02518°N  30.78618°E 784
3%  Ham Afyon Road 4. km-Grassland 39.12894°N  30.83604°E 784
35 Seyitgazi Han Road 10. km-Village Grassland 39.37383°N  30.71631°E 793
3 Inonu Cemetery-Side of Aviation Facilities 39.81391°N  30.12539°E 356
37 Sancakaya 200 m from Eldem 39.96145°N  30.67784 °E 356
______________________________ Houses-Village Cemetery
38 Sarcakaya 200 m from Eldem 39.96145°N  30.67784 °E 552
______________________________ Houses-Village Cemetery .
39 Mihalieik The Rgad between Hamitoglu 39.82811°N  31.47028 °E 793
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, and Mihalccik yolu 10. km-Grassland
40 Mihaligerk The R(?ad between Hamitoglu 39.82811°N 31.47028 °E 552
______________________________ and Mihalccik yolu 10. km-Grassland
41 Merkez 3 km to Yahnikapan Village-Village 3963041 °N 30.80647 °E 341
______________________________ Grassland
101 Merkez Uludere-Village Cemetery | 3991566 °N  30.33850°E 1025
2102 Seyitgazi Yazilikaya-In front of the Monument 39.20018°N  30.71504°E 1292
103 Tepebagt | Beklese Village-Village Grassland 39.99625°N  31.00135°E 1240
(104 Mihaligetk  Gurleyik Village-Village Grassland 39.98858 °N 31.35383°E 37
105 Mihaligertk  Karacaoren-Forestry Directorate Campus 30.00086°N  31.09726°E 1200
_106  Mihaligeik  Otluk Village-Village Cemetery 40.01382°N  31.12761°E 1250
2107 Merkez | Uludere-Village Cemetery 3991566 °N  30.33850°E 1025
109 Sivrihisar Dumluca Village-Village Cemetery 39.38353 °N 31.25529 °E 1136
RESULTS measurements, the mean values of the populations

The mean values and standard errors of the
characteristics of 32 cocksfoot populations are
given below (Tabel 4). As stated before, the
number of the plants in each population which
initially is 20 decreased due to winter and disease
damage. At the end of the observations and
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in main stem length, main stem thickness, flag leaf
length, flag leaf width, number of nodes, internode
length, growth pattern, rust resistance, winter
resistance and tillering capacity changed between
43.9-72.4 cm, 2.0-3.3 mm, 7.8-16.0 cm, 2.9-5.4
mm, 2.3-4.5, 7.5-16.0 cm, 6.4-8.8, 6.6-8.0, 4.7-8.3
and 5.4-8.1, respectively.
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COCKSFOOT (Dactylis glomerata L.) POPULATIONS COLLECTED FROM
NATURAL AREAS OF ESKISEHIR FOR BREEDING PURPOSES

Table 4. The mean values and standard errors of the cocksfoot populations.
Cizelge 4. Domuz ayrig1 populasyonlarina ait ortalama ve standart hata degerleri.

pop. plan.

no num. fll flw msl mst nn il gp T Wr tc

pop. bit. byb bye asu ask asbs asbau bs phd kd kp

num. say.
18 11 13.6+1.1 44402 69.5£2.6 25402 4.5+0.2  9.6+04 8.6+0.2 7.0£0.0 8.0£0.0 7.5+0.3
19 14 14.0+1.4 5.1+0.3 71.443.7 2.9+0.1 3.2+0.2 13.5+0.6 8.4+04 6.7£0.2 8.0£0.0 7.2+0.3
20 13 14.8+1.6 4.2+0.3 68.843.2 2.840.1 3.3+0.2 13.6+0.5 7.4+04 7.0£0.0 8.0£0.0 7.4+£0.2
21 15 10.2+0.7 3.5£0.3 63.4+3.1 2.540.1 3.4+0.1 12.0+0.7 7.7+0.3 6.7+0.1 8.0+0.0 7.5+0.3
22 11 11.0£1.3  3.8£0.3 65.3+2.3 2.5+0.2 3.5+0.2 12.1#0.7 7.540.3 6.840.2 7.840.1 7.3+£0.2
23 13 14.1£1.0 4.4+0.3 69.9+2.5 2.6+£0.1 3.5+0.1 12.5+0.8 7.6+0.2 7.0+£0.0 7.9+0.1 7.4+0.2
24 17 13.2£1.2 4.0£0.3 724424 2.440.1 3.6£0.2 13.740.9 6.4+0.3 6.940.1 8.2+0.1 7.5+0.2
25 16 9.0£0.8 3.1£0.3 50.0+4.3 2.2+0.1 2.9+0.1 12.0£0.6 7.8£0.3 7.0£0.0 7.9+0.1 7.9+0.1
26 13 114414 43403 692432 28+0.2 32+0.2 13.1+0.8 8.8+0.2 7.0£0.0 8.0£0.0 7.9+0.2
27 18 14.0+1.2  3.840.3 71.5#2.3 2.6+0.1 3.540.2 12.0+£0.6 7.4+0.3 6.6+0.1 8.0£0.0 7.4+0.2
28 18 7.840.7 2.9+£0.2 453+£2.0 2.2+0.1 29+02  9.1£0.7 7.840.2 7.040.0 8.3+0.1 7.8+0.2
29 16 10.940.8 4.3£0.3 59.4+2.6 2.8+0.1 2.4+0.1 14.5+0.8 8.2+0.3 6.9+0.1 8.3+0.1 7.0+0.0
30 17 16.0£0.2 53+0.3 72.4+14 33402 3.2+0.1 14.0+0.8 7.540.2 6.9+0.1 8.0+£0.0 7.9+0.2
31 6 9.8+0.9 3.5£0.3 49.24+2.6 2.2+0.4 3.8+0.1 7.5+0.7 8.3+0.3 7.0£0.0 8.0£0.0 7.0+0.4
32 14 10.3+1.2 34403 60.0£29 2.6+0.1 3.5+0.2  9.9+0.6 85+0.2 7.0£0.0 8.0£0.0 7.0+0.0
33 9 8.4+0.9 3.2404 56.7£3.8 2.3+0.2 3.2+0.2 11.0£1.3 8.0+0.3 8.0+0.0 8.0+0.0 8.1+0.1
34 13 13.84¢1.2 3.6+04 66.0£2.4 24+0.1 29+0.2 14.7+1.0 7.5£0.3 6.9£0.1 6.8+0.2 6.6+0.1
35 16 10.1£0.7 3.6+0.3  63.3+2.7 2.44+0.1 2.94+0.1 16.0£0.8 6.9+0.3 7.0+0.0 8.0+0.0 8.0+0.0
36 14 8.3£1.0 3.0£0.3 66.5£2.1 2.6£0.1 3.7+0.2 11.6£1.0 8.0+0.3 7.0+0.0 8.0+0.0 7.9+0.1
37 14 11.4£1.1 44403 64.7+4.1 29402 3.9+0.2 12.9+1.1 6.740.3 7.0£0.0 8.0+0.0 7.2+0.2
38 19 12.3£1.1 3.840.2 64.2+1.8 2.7+0.1 3.4+02 12.140.6 6.840.3 8.0£0.0 8.0+0.0 8.0+0.2
39 19 11.1£0.1 3.5£0.2 60.8+1.8 2.7+0.2 3.1+0.2 13.2+0.6 7.4+0.2 7.1+0.1 8.0£0.0 6.8+0.2
40 15 9.4+0.8 3.0+0.1 56.1+x1.3 2.540.2 3.1+0.2 12.540.7 8.0£0.1 6.9+£0.1 7.7£0.1 7.0+0.0
41 10 94+1.1 3.6£03 439+1.7 23+£0.2 2.3+0.2 10.0£0.7 7.3£0.2 7.040.0 8.0£0.0 6.7+0.2
101 16 10.940.9 54403 642+1.5 3.1+0.2 2.8+0.1 13.6+0.8 7.6+0.1 7.0£0.1 5.6£0.2 6.0+£0.2
102 19 11.0£0.9 4.840.3 61.9+2.1 2.540.1 2.5+40.1 14.1+0.8 7.1+0.1 7.0£0.0 5.7+0.2 5.9+0.2
103 19 9.6+0.7 4.6£0.2 53.7+1.5 23+£0.1 24+0.2 11.9£09 6.8£0.1 7.0£0.0 5.9+0.2 5.9+0.1
104 20 12.3£1.0 4.7+0.2 64.4+1.7 2.7+0.2 3.3+0.2 13.0+¢1.1 7.0+0.1 6.7+0.1 5.8+0.2 6.1+0.1
105 18 92404 4.4+02 559+1.5 2.6+0.1 2.840.2 11.6+0.8 6.940.1 6.9£0.1 5.8+0.1 6.3+0.1
106 20 10.5£0.6 4.4+0.2 64.6+2.3 2.4+0.1 3.0£0.2 13.840.9 7.240.1 6.9£0.1 59+0.1 6.3%0.1
107 20 8.1+0.8 4.0+£0.2 53.9+1.4 2.3+0.1 2.6£0.2 13.1£1.0 6.9+0.1 7.0£0.0 5.7+0.1 5.9+0.1
109 11 8.3£0.9 4.2+0.1 46.9+1.6 2.0+0.0 2.4+0.2 11.540.3 6.6+0.2 7.0+0.0 4.7404 5.4+0.3

*pop no.=populations, plan. num.=the plant number in populations, fll=flag leaf length, flw=flag leaf width, msl=main stem length, mst=main
stem thickness, nn=number of nodes, il=internode length, gp=growth pattern, rr=rust resistance, wr=winter resistance, tc=tillering capacity.
* pop. num.= populasyon numarasi, bit. say.= populasyon igindeki bitki sayisi, byb= bayrak yaprak boyu, bye= bayrak yaprak eni, asu= ana sap

uzunlugu,

ask= ana sap kalnligi, asbs= ana sapta bogum sayisi, asbau= ana sapta bogum arasi uzunlugu, bs= biiylime sekli, phd= pas

hastaliklarina dayaniklilik, kd= kisa dayaniklilik, kp= kardeslenme potansiyeli.

According to the results of the correlation analysis,
there were some remarkable relationships between
tillering capacity, which is important for pasture
establishment and some other characteristics (Table
5). While there are significant (p<0.01) and positive
correlations between tillering capacity and number

of nodes (0.537**), tillering capacity and winter
resistance (0.876**), there is a significant (p<0.05)
and negative correlation between tillering capacity
and flag leaf width (-0.401%). Some correlations
between winter resistance and some other properties
are also notable. There were significant (p<0.01)
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and positive correlations between winter resistance
and number of nodes (0.496**), winter resistance
and growth pattern (0.477%*).

As a result of the observations and measurements,

Table 5. Correlation Coefficients-r (n=32).
Cizelge 5. Korelasyon katsayilari-r (n=32).

some single plants were selected from populations
for use in variety development studies. These plant
were subjected to a ploidy analysis and they all
were found tetraploid (Table 6).

Character msl mst fll flw il nn ep Wr T tc
Karakter asu ask byb bye asbau asbs bs kd phd kp

msl - 0.667FF  0.797%%  0.436* 0.521%%  0.533** 0088 0241 20.179 0323

mst 0.619%*  0.595%%  0.429* 0.155 0.167  0.192 20.115  0.183

fll 0.523%*  0.375* 0.404* 0.040  0.260 20213 0216

flw 0.411%  -0.148 0181 -0.438* 0.240  -0.401%

il -0.332 0345 -0.177 0.164  -0.081

nn 0.414%  0.496** 0012 0.537**

2p 0.477%* 0.048  0.396*

wr 0.124  0.876**

I 0.293

tc .
#=p<0.05, **=p<0.01
Ta}ble 6. Ploidy gnalysig results. CONCLUSION
Cizelge 6. Ploidi analizi sonuglari.

Population- DNA content Ploidy . . L

single plant no (pg) level In this collection and characterization study, when
11: _(illf;!ﬂasyon'tek DNA igerigi (‘;}‘)idi. the mean and standard error values in the
165f3numara$ gp {’2 tet;l;;l};lid populations are examined, it appears that there is
105-7 8.99 tetraploid sufficient variation for the breeding studies. In
102-13 8.64 tetraploid addition, according to the results of the correlation
104-1 8.82 tetraploid . L. . .

104-3 9.00 tetraploid analysis, some significant relationships were
104-15 8.66 tetraploid identified in terms of tillering capacity and winter
102-9 203 tetraploid resistance. Positive correlations between tillerin
102-13 9.13 tetraploid T o g
101-5 8.94 tetraploid capacity and number of nodes (0.537**), tillering
101-8 9.08 tetraploid capacity and winter resistance (0.876**) and
102-11 8.95 tetraploid . . . . .

102-19 884 tetraploid negative correlation between tillering capacity and
104-5 8.75 tetraploid flag leaf width (-0.401*) were statistically
105-2 8.86 tetraploid . % : :
1053 2.90 tetraploid 51gplﬁcant. Positive correlations between w%nter
105-19 8.90 tetraploid resistance and number of nodes (0.496**), winter
106-1 9.09 tetraploid resistance and growth pattern (0.477**) were also
106-4 9.07 tetraploid bl

107-2 9.00 tetraploid notable.

18-20 9.15 tetraploid . . . .

19-3 3.88 tetragloid The material and information obtained from the
20-7 8.90 tetraploid study have been used in variety development
20-4 9.15 tetraploid .

20-18 018 tetraploid studies .of pasture and fgrage type. cocksfoot
21-16 9.00 tetraploid (Dactylis glomerata L.) in Transitional Zone
24-8 8.80 tetraploid Agricultural Research Institute.

24-20 9.10 tetraploid

25-11 8.88 tetraploid

26-4 9.16 tetraploid

27-20 8.90 tetraploid

37-1 9.19 tetraploid

38-20 8.80 tetraploid
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ABSTRACT: Ficus pumila L., which provides a green wall appearance with its very close texture, is not commonly grown
in Turkey despite its significance. Among the studies published so far, there is no record of successful micropropagation of Ficus
pumila species. Thus, the objective of the present study was to propagate Ficus pumila with tissue culture, and to expand the use
of the species in Turkey. Various growth regulators and doses (IAA, BA, BA + Kinetin) were tested in studies where Murashige
and Skoog (MS) compounds are used commonly as nutrient media. Plant leafs and leaf stems were used as explant. It was
possible to obtain plants with different explant and nutrient media combinations. Cultures were kept in climate chamber at 23 °
C temperature and 70% humidity and in 16 hours light and 8 hours dark photoperiodic conditions. In the present study, it was
observed that the combination of BA dose and cytokinin in BA and MS were successful in the findings. The highest shoot
formation was obtained in MS medium supplemented with 1 mg /| BA doses and combinations.

Keywords: Ficus pumila L., in vitro, climbing fig, Creeping fig, tissue culture.

Ficus pumila L. (Tirmanici Kauguk)’nin Doku Kiiltiirii ile
Cogaltilmasi Uzerinde Calismalar

OZ: Cok sik olan dokusuyla tamamen yesil bir duvar goriintiisii veren Ficus pumila L., bu ozelligi ile 6nem kazanasina
ragmen tilkemizde bu tiriin kullamimi pek yaygin degildir. Bugiine kadar yayinlanan bilgiler arasinda Ficus pumila tiirlerinde
mikro ¢ogaltimin ¢ok basarili sonuglar tasidigina iliskin bir kayit bulunmamaktadir. Bu sebeple ¢alismanmin amacit Ficus
pumila’min doku kiiltiirii ile cogaltilmasini saglamak, bununla birlikte iilkemizde kullammini yaygin hale getirmek. Besin ortami
olarak Murashige ve Skoog (MS) bilesiminin yaygin olarak kullanildigi ¢calismalarda degisik biiyiime diizenleyicileri ve dozlar
(IAA4, BA, BA+Kinetin) denenmistir. Eksplant olarak da bitkinin yaprak ve yaprak saplart kullanilmistir. Farkli eksplant ve besin
ortami kombinasyonlarindan bitki elde etmek miimkiin olmustur. Kiiltiirler 16 saat aydinhk 8 saat karanhk fotoperyodik
kosullarda, 23 °C sicaklikta ve % 70 nem ile iklim dolabinda tutulmustur. Bu ¢alismada da ortaya konulan bulgular 1s18inda BA
dozunun ve BA ile sitokinin kombinasyonlarinda MS ortaminda bagarili oldugu gézlemlenmistir. En yiiksek stirgtin olusumu 1
mg/l BA doz ve kombinasyonlarimin eklendigi MS ortaminda elde edilmistir.

Anahtar Kelimeler: Ficus pumila L., in vitro, siiriiniicti, tirmanici kauguk, siirtinticti, doku kiiltiirii.

INTRODUCTION architectural facilities such as pergolas, alcoves

Creeping and climbing plants have fast-growing and arches.

shoots and are easily used in several spaces due to
this feature. They decorate walls or estrades very
effectively. They also climb on enclosure elements
such as wood and iron fences, covering their
unwanted appearance and providing privacy. They
provide shade by partially or completely covering

The creeping and climbing plants are quite
complacent compared to other ornamental plants.
Their rapid growths even in adverse conditions are
the reason for the selection of creeping plants
(Giiglii, 1999, Tanrtverdi, 2001).
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Ficus pumila L. (Climbing fig / Creeping fig) is a
species with Chinese origins. This is a climber or
creeping plant that grows on air roots. It is
evergreen, and has small leaves in the form of a
heart and they are 2.5 cm in length and 1.2 cm
wide. It is a suitable species for sheltered places.
The plant is resistant to drought and can also grow
under extreme shadow. Fruit-bearing branches
have broad leaves, but no air roots. It can also be
grown indoors. In this case, the winter temperature
should vary between 5°-8°C. For propagation, head
cuttings are used. Production; in hot, head steels.
Vegetative cutting is used mainly in propagation;
this imposes limitations for the breeding of high
quality varieties. Sun-dried mature seeds which
were traditionally used for propagation do not
easily germinate. All of which are based on tissue
culture as well as in this study. The Ficus pumila is
very popular in Chinese but plantings are limited
and do not meet the needs of growing markets (Hu
and Liu, 1985; Hu et al., 1986; Chen, 1987,
Pamay, 1993; Var, 2010).

MATERIALS AND METHODS

The study material Ficus pumila was procured
from the Karadeniz Technical University, Faculty
of Forestry breeding greenhouse.

The plant leaves and leave stems were used as
explants. On the other hand, shoots of plantlets
obtained from in vitro shoots were also considered
as test material.

In the first experiment, leaves and leaf stalk
explants (~ 1 cm in size) that were washed three
times with distilled water were sterilized for 20
seconds in 70% ethanol and 30 minutes in 3%
sodium hypochlorite. Thus, they were further
sterilized for 2 minutes in 70% ethanol and 30
minutes in 3% sodium hypochlorite. In the last
stage, they were washed in sterile distilled water
and dried in sterile medium.

The experimental material and media were
sterilized in the autoclave at 121 °C and under 1.05
kg/cm? pressure for 20 minutes, with the lids
closed.

Murashige-Skoog (MS) medium (Murashige and
Skoog, 1962) which is the basic medium for in
vitro shoot studies, was used based on the soil

E. KAYA SAHIN: REPRODUCTION OF Ficus pumila L. (CLIMBING FIG)
WITH TISSUE CULTURE

structure and material requirements in the natural
plant habitat (Table 1).

Table 1. Basic nutrition media used in the study.
Cizelge 1. Caligmada kullanilan temel besi ortami.

Compound MS medium (mg/1)
Bilesim MS besi ortami (mg/1)
Macro nutrient element

Makrobesin elementleri

KNO; 1900
NH;NO; 1650
CaCl, .2 H,O 440
MgSO0,. 7 H,0 370
KH,PO, 170
Micronutrient elements

Mikrobesin elementleri

H;BO; 6.200
MnSO, . 4 H,0 22.300
ZnS0O, .7 H,O 8.600
KI 0.830
Na,Mo0O;. 2 H,O 0.250
CuSOy, . 5 H,O 0.025
CoCl, . 6 H,O 0.025
FeSO, . 7 H,O 27.840
Na,EDTA . 2 H,O 37.240
Vitamins

Vitaminler

Nikotinik Asit 0.5
Thiamin HC1 0.5
Pridoksin HCI 0.5
Inositol 100.0
Glisin 2.0

For callus formation, 2 mg /1 IAA, 1 mg/1BA, 3
mg /1 BA + 1 mg / 1 Kinetin supplemented MS
basic nutrient medium was used. The obtained
calluses were renewed and placed in the same
medium and the development of the shoots was
observed. Callus became multiple shoots after 4
weeks and was rooted in the same medium after
the fifth subculture.

6 g/ 1agar and 30 g / | sucrose were added to all
media and the pH was adjusted to 5.7.

Germination experiments were conducted in a
climatic chamber at a temperature of 25 + 2 ° C for
a 16/8 hour long day period.

Each experiment was set up in 3 replicates and 35
explants were used in total. At the end of the
experiments, the obtained data were evaluated as
percentage.
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RESULTS AND DISCUSSION

Sterilized explants were taken to propagation
experiments in a laminar flow sterile study cabinet.

Experiments were conducted in tubes and 50x93
mm culture jars. A total of 315 explants were
tested in the MS medium. In the 2 mg / 1 IAA
medium where 105 explants were tested, shoot
formation was 67.6 = 3.5%. In 1 mg / 1 BA
medium where 105 explants were tested, shoot
formation was 85.7 + 2%. Furthermore, shoot
formation in the 3 mg / 1 BA + 1 mg / 1 Kinetin
medium with 105 implants was 83.8 £ 2.1% (Table
2).

Table 2. Shooting outcomes in different media.

Cizelge 2. Farkli ortamlarda goriilen siirgiin sonuglart.

Medium Number of Shoot
Ortam explants %
Eksplant Siirgiin
sayist %
2 mg/l TAA 105 67.6+3.5
1 mg/l BA 105 85.7+2.0
3 mg/l BA+ 1 mg/l Kinetin 105 83.8+2.1

The findings indicated that the best medium for
Ficus pumila to develop shoots was MS medium
that contained 1 mg / 1 BA (Figure 1). Kumar, et

Figure 1. Ficus pumila explants forming shoots on MS medium.

al. (1998), achieved 90% success in MS medium
supplemented with 2 mg / 1 BA and 0.2 mg / 1
NAA on Ficus carica. These results support our
work.

Healthy calli were formed and regeneration was
observed in the subculture process in the same
medium. The regenerated rootless plantlets that
were cultivated in the subculture developed shoots
in the same medium. Repeated subculturing may
change the physiological state and gradually
rejuvenate the shoot, which in turn promotes better
rooting (Economou and Read, 1986). However,
when these plantlets were kept in the subculture for
more than 2 weeks, they faded out.

In the present study, callus and root formation was
more common in cytokine-containing medium
when compared to the auxin-containing medium.
The initial explant hormone levels might have
increased to desired levels during the subculture
cultivation period. Thus, if the cytokine content in
the culture medium is excessive, subculture
cultivation  without changing the media
components might result in callus formation,
regeneration and rooting, consecutively (Figure 2).

Resim 1. Ficus pumila eksplantlarinin MS ortaminda olusturdugu siirgiin olusumu.

¥ A il

Figure 2. Shoot growth occurred in medium containing BA.
Resim 2. BA hormonu igeren besi ortaminda gézlemlenen siirgiin gelisimi.
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Orhan KURT Ayten DEMIR

Ondokuz Mayis Universitesi, Ziraat Fakiiltesi,
Tarla Bitkileri Boliimii 55139 Atakum, Samsun / TURKEY

* Corresponding author (Sorumlu yazar): orhank@omu.edu.tr

Received (Gelig tarihi): 28.06.2017  Accepted (Kabul tarihi): 26.01.2018

OZ: Bu arastirma Ondokuz Mayis Universitesi’'nde 2010 ve 2014 yilar: arasinda yiiriitiilmiistiiv. Lahana kék ur
hastaligina (Plasmodiophora brassicae) karsi dayanikly hatlarin B. oleraceae L. ve B. rapa L arasinda tiirlerarast melezleme
yoluyla gelistirilmesi anaciyla yapilan bu ¢alismada; B. oreacea L. var. Diirme ve ECD-1, ECD-2, ECD-3 ve ECD-4 olmak
tizere B. rapa L. hatlari arasinda 831 c¢icek melezlenmistir. Bu melezlemeden olusan 2663 primitif embriyo besi ortamina
aktarilmistir. Besi ortamina aktarilan ebriyolardan toplam 813 adet haploid ve 348 adet double haploid melez bitki elde
edilmistir. Elde edilen double haploid bitkilerden vernalizasyon sonrasi toplam 162 bitki sera kosullarina aktarilmis ve
ciceklenme periyodunda kendileme yapilmistir. DurmexECD-4 melez kombinasyonuna ait 8 melez bitkiden toplam 293 tohum
elde edilmistir. Kok ur hastaligina dayaniklilik durumunu test etmek amaciyla, elde edilen tohumlar ekilerek 95 melez double
haploid bitki yetistirilmistir. Testleme sonrasi lahana kék ur hastaligina dayaniklilik gosteren 33 bitkiden olusan bir gen havuzu
olusturulmugtur.

Anahtar Kelimeler: Lahana kék uru hastaligi, Plasmodiophora brassicae, tiirlerarasi melezleme, embriyo kiiltiiri.

Possibility of the Use of Embryo Culture Technique to Improve Resistant Lines
Against Cabbage Clubroot (Plasmodiophora brassicae Woronin) via Interspesific Hybridization

ABSTRCT: This research was carried out at Ondokuz Mayis University between 2010 and 2014. Breeding of resistant
lines against to clubroot (Plasmodiophora brassicae) via interspesific hybridisation between B. oleraceae L. and B. rapa L. In
these research; 831 flowers were hybridisated between B. oreacea L. var. Diirme and B. rapa L. Lines ECD-1, ECD-2, ECD-3
and ECD-4. 2663 primitif embrios were transfered to medium and produced 813 haploid and 348 double haploid plants. 162
double haploid plants trasfered green condition after vernalisation and self crossing was done in flowering condition. 293 seeds
were harvested from 8 hybrid plants from DurmexECD-4 hybrid combination. In order to test the endurance status of cabbage
clubroot disease, 95 hybrid double-haploid plants were cultivated by seeding the obtained seeds. After the test, a gene pool was
formed, consisting of 33 plants that tolerate cabbage root disease

Keywords: Cabbage clubroot disease, Plasmodiophora brassicae, interspecific hybridization, embrio culture.

GIRIS Brassica cinsi igerisinde yaklagik 159 tiir olmasina
karsin ekonomik 6neme sahip tiir sayisi sadece 13
(Zhou and Zhang, 2001)’tiir. Bu tiirler; B. carinata
(Habes hardali), B. Elongata (uzun salgam),

Brassicaceae familyasi kiiltiir bitkileri, siis bitkileri
ve yabanci otlardan olusan yaklagik 375 cins ve
3200 tirii kapsayan c¢ok genis bir familyadir.
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B. fruticulosa (Akdeniz lahanas1), B. juncea (Hint
hardali), B. napus (kolza, kanola, Isve¢ salgamn),
B. narinosa (kasik hardali), B. nigra (siyah-kara
hardal), B. perviridis (1spanakli hardal), B.
rupestris (kahverengi hardal), B. septiceps (yeditop
salgam), B. fournefortii (Asya hardali), B. oleracea
(lahana, brokoli, karnabahar, Briiksel lahanasi) ve
B. rapa syn B. campestris (Cin lahanasi,
salgam)’dir (Anonymous, 2011).

Diinya lahana iiretimi yaklagik 71 milyon tondur
(Anonymous, 2013). Tirkiye beyaz bas lahana
iretimi ise yaklasik 493 bin tondur. Karadeniz
Bolgesi, 115 bin ton iiretim ile Tiirkiye beyaz bag
lahana {iretiminin yaklasik % 23,3’iine sahiptir
(Anonim, 2014a). Karadeniz bolgesinde Samsun ili
92.68 bin ton iiretim ile Tiirkiye beyaz bas lahana
iretiminin % 18,8’ine sahiptir (Anonymous, 2013;
Anonim, 2014a). Ancak Karadeniz Bolgesi'nde
lahana iiretim potansiyeli daha fazlaladir. Bu
potansiyele ulagilmasini kisitlayan etkenlerden
birisi de lahana kok-uru hastaligidir (Anonim,
1995; 2005; 2014b).

Lahana kdk uru drenaj suyu, hareket halindeki
hayvanlar, bulasik toprak-alet-ekipman, hastalikli
fide, bitki ve bitki atiklar1 ile yayilmaktadir
(Walker, 1952). Yayilim kaynaklarinin cesitliligi
dikkate alindiginda, bu hastaligmm, yakin bir
gelecekte, Karadeniz Bolgesi’nde beyaz bag lahana
yetistiriciligini sinirlandiracak 6nemli bir tehlike
olacagini sdylemek miimkiindiir.

Hastaliklarla etkili miicadele agisindan en saglikh
ve etkili yontem, mukavim cesit gelistirmektir.
Mukavim ¢esit gelistirmede yapilacak ilk is;
mukavemet genlerini tasiyan gen havuzundan,
hassasiyetin bulundugu gen havuzuna, geleneksel
ya da biyoteknolojik yontemler kullanilarak gen ya
da genlerin aktarmasidir (Kurt, 2015).

Beyaz bag lahananin i¢inde yer aldig1 B. oleracea
L. tiirliniin gen havuzunda, lahana kok-uru hastaligma
dayaniklilik saglayan gen/genler yoktur. B. oleracea
L. tiirlinlin akrabasi olan, B. rapa L. (salgam) gen
havuzunda ise lahana kok-uru hastaligina
dayaniklilik arz eden genler bulunmaktadir.

Dolayisiyla bu iki tlir arasinda yapilacak tiirler
aras1 melezlemeler ile lahana kok-uru hastaligina
(Plasmodiophora brassicae Woronin) dayaniklilik
genlerinin salgam hatlarindan, beyaz bas lahana
hatlarina/cesitlerine aktarilmasi miimkiin olabilir.

Farkli kromozom sayist ve farkli genoma sahip bu
iki tiir arasinda yapilacak tiirlerarasi melezlemeler
sonucu olusacak F1 dolleri normal olarak haploid
ve kisirdirlar. Ancak F1 generasyonunda olusacak
primitif embriyolar, belirli bir fizyolojik olgunluk
doneminde (yaklasik 8-15 giinliik), embriyo
kurtarma teknigi ile besi ortaminda kiiltiire
almmalar1 halinde, diisiik frekansta da olsa fertil
doller olusturabilirler. Brassica tiirleri arasinda
yapilan melezlemelerden saglikli double haploid
dollerin elde edilebilmesine iligkin protokol Kurt
ve ark. (2010) tarafindan ortaya konmustur.

Bu ¢alismanin amaciyla; Lahana kok-uru hastaliginin
Karadeniz Bolgesi’'nde tespit edilen “ECD
16/31/31” wkina karst dayanikli oldugu tespit
edilen bazi salgam tiirleri (Brassica rapa var
rapifera line aaBBCC, line AabbCC, line AABBcc
ve line AABBCC) ile kok-uru hastaligina hassas
oldugu bilinen beyaz bag lahana ¢esidi “Diirme”
arasinda melezleme yaptiktan sonra olusacak
primitif embriyolardan double haploid melez
bitkilerin elde edilmesinde embriyo kiiltiiriiniin
(embriyo kurtarma teknigi) kullanim potansiyelini
belirlemektir. Nihai hedef olarak da embriyo kiiltiir
tekniginin basarili olmasi durumunda lahana kok
uruna karsi muhavemet oOzelligi tasiyan genleri
biinyesinde barindiran double haploid tiirler arasi
melez genotiplerden bitkilerden bir gen havuzu
olusturmaktir.

MATERYAL VE METOT
MATERYAL
Arastirmada; bitki materyali olarak Brassica

familyasinda yer alan lahana kdk-uru hastaligina
(Plasmodiophora brassicae Woronin) mukavim 4
salgam hatti (ECD-01-02-03-04) ve lahana kok-uru
hastaligina karst asir1 hassas 1 adet beyazbag
lahana ¢esidi (Diirme) kullanilmistir. Testlemede;
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DXECD-04 melez kombinasyonun 8§ farkli melez
bitkisinden 210 tohum testlemede kullanilmustir.
Arastirmada; c¢imlendirme, yetistirme ve tarla
kosullar1 olmak {izere farkli nitelikte toprak
kullanilmistir.  /n vitro kusullarda  embriyo
kiiltiirtiinde MS5519 (Murashige and Skoog, 1962),
siirglin geligimi ortami (0,1 mg/l IAA ve 0,5 mg/l
BAP ihtiva eden MSD4 besi ortam1), kok gelisim
ortami (0,1 mg/l IAA ihtiva eden MSD4 besi
ortami), testlemede; steril bitkilerin yetistirilmesinde
0,1 mg/l TAA ihtiva eden MSD4 ortamu, testlemede
10 ml igerisinde; 10”7 spor yogunluguna sahip
Ordu-Kabadiiz spor kiiltiirii kullanilmistir.

METOT

Laboratuvar kosullarinda, her bir ebeveyn genotip,
3 hafta ara ile olmak iizere, alti farkli ekim
zamaninda, viollere, her violde 1 bitki ve toplam
her genotip 12 bitki olacak sekilde ekilmistir.
Cikistan 1 hafta sonra, saglikli fideler 4 numarali
saksilara sasirtildiktan sonra sera kosullarina
aktarilmiglardir. Sera kosullarinda 10-12 yaprakli
doneme ulasan bitkiler vernalizasyon ihtiyaglarinin
karsilanmas1 amaciyla iklimlendirme odasina
aktarilip, 3 ay siire ile vernalize edildikten sonra
tekrar sera aktarilmistir.

Sera kosullarinda melezleme olgunluguna gelen
cicek tomurcuklarinda, ana ebeveyn olarak diirme
¢esidi ve baba ebeveyn olarak salgam hatlar1 olmak
iizere melezlemeler yapilmistir. Melezlemeden 10-
15 giin sonra tohum tutan harnuplar izole edilerek
laboratuvar kosullaria aktarilmig ve strilize edilen
harnuplardan tohum taslaklari, steril kabinde,
binokdiler mikroskop atinda ¢ikarilip, besi ortamina
aktarilip, 25 °C sicaklik, 16 saat aydinlik 8 saat
karanlik ihtiva eden iklim odasina aktarilmislardir.
Besi ortaminda embriyolardan farklilagmanin
gozlenmesinden birkag gilin sonra olusan primitif
bitkicikler siirgiin ortamina aktarilarak gelismeleri
tesvik edilmistir. Besi ortaminda belirli bir
biiyiikliige ulagan primitif slirglinler, kok gelisim
ortamina aktarilmislardir. Koklendirme ortaminda
3-4 yaprakli ve sagak kok olusumunu tamamlayan
haploid bitkiler, steril suya alinarak koklerindeki
agar ve diger kimyasal maddeler temizlendikten
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sonra % 0,05’lik Kolcisin ¢ozeltisinde 1 gece,
karanlik ortamda, bekletilerek katlanmislardir.
Katlama sonrasi sera kosullarina aktarilan double
haploid bitkiler, 10-12 yaprak ihtiva eden
biytiklige ulastiklarinda +4°C’de 3 aylik bir siire
ile vernalizasyon odasia alinmislardir. Vernalize
olan bitkiler, gelismelerinin diger bolimiini
tamamlamalar1  ve  ¢igceklenme  doneminde
kendilenmelerini saglamak amaciyla tekrar sera
kosullarina  aktarilmislardir.  Izolasyon poseti
icerisinde acan ciceklerde kendilemeler yapilmig
ve tohum baglayan harnuplar olgunlastiklarinda
hasat ve harman edildikten sonra tohumlar
testlemede kullanilmak ilizere +4°C’de
buzdolabinda saklanmustir.

Hastalik testlemesinde elde edilen DXECD-04
melez kombinasyonuna ait 8 melez bitkinin
tohumlari, 5 farkli zamanda, besi ortamina
ekilmistir. Cimlenen bitkicikler, testlemeye kadar
gelisimlerini  tamamlamalar1 i¢in iklim odasina
aktarilmiglardir. Koklenmesini tamamlamis, doku
kiltliriinden gelen double haploid melez bitkiler
steril kabinde c¢ikarilip, steril suyla kokleri iyice
yikip, kurulandiktan sonra spor agilamasi yapilmis
saksilara sasirtilmistir. Sasirtma sonra bitkiler iki
hafta laboratuvar ortaminda bekletildikten sonra
acitk alana alinmiglardir. Topraga fidelerin
sasirtilmasindan yaklagitk 70 giin sonra lahana
kokleri incelenerek, hastalik okumalar1 Port ve ark.
(2003)’a  gore yapilmistir. Yapilan hastalik
okumalarina gore double haploid bitkiler ve
kontrol gesiti igin O=dayanikli, 1=hassas, 2=hassas,
3=hassas sekilde reaksiyon kategorisi
olusturulmustur.

BULGULAR
Melezlenen tomurcuk sayisi

Aragtirmalarda ebeveyn bitkiler arasinda yapilan
melezlemelerde kullanilan ¢igek tomurcugu
sayilarma iliskin veriler Cizelge 1’de verilmistir.
Cizelge 1’in incelenmesinden de anlagilacag: gibi
biitin  kombinasyonlarda toplam 831 ¢igek
tomurcugu melezlenmistir. Kombinasyon bazinda
degerlendirildiginde; DXECD-01 kombinasyo-
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nundan 242, DXECD-02 kombinasyonundan 234,
DXECD-03 kombinasyonundan 237 ve DXECD-
04 kombinasyonundan 118 ¢igek tomurcugu
melezlenmistir.

Besi ortamina ekilen embriyo sayisi

Besi ortamina ekilen embriyo sayilarina iliskin
veriler Cizelge 1°de, besi ortamina ekilen embriyolarin
kombinasyonlara gore dagilimlari ise Sekil 1a’da
verilmistir. Cizelge 1’m incelenmesinden de
anlasilacaglr gibi toplam 2.663 embriyo besi
ortamina ekilmistir. Besi ortamina ekilen embriyolar
kombinasyonlar  bazinda  degerlendirldiginde;
DxECD-01 kombinasyonundan 523, DxECD-02
kombinasyonundan 723, DxECD-03 kombinasyo-
nundan 840 ve DxECD-04 kombinasyonundan 577
embriyo besi ortamina ekilmistir (Cizelge 1; Sekil
la).

Haploid bitki sayisi

Aragtirma sonucu elde edilen haploid bitki
sayilarina iligkin veriler Cizelge 1’de ve haploid
bitki sayilarinin melez kombinasyonlara gore
dagilimi Sekil 1b’de verilmistir. Cizelge 1 ve Sekil
1b’nin incelenmesinden de anlasilacagi gibi toplam
813 haploid bitki elde edilmistir. Elde edilen
haploid  bitkilerin ~ kombinasyonlar = bazinda
degerlendrildiginde; DXECD-01 kombinasyo-

nundan 196, DXECD-02 kombinasyonundan 106,
DXECD-03 kombinasyonundan 110 ve DXECD-
04 kombinasyonundan 401 haploid bitki elde
edilmistir (Cizelge 1; Sekil 1b).
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Sekil la. Besi ortamina ekilen embriyo sayilarinin melez
kombinasyonlara gére dagilimu.

Figure la. Distribution of embryo numbers of hybrid
combinations transferred to medium.
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Sekil 1b. Haploid bitki sayilarinin melez kombinasyonlara
gore dagilimu.
Figure 1b. Distribution of haploid plant numbers of hybrid
combinations.

Cizelge 1. Melezlenen tomurcak sayist, kiiltiire alinan embriyo sayisi, elde edilen haploid bitki sayis1, hasat edilen double haploid
tohum sayisi, testlemeye alinan F2 bitki sayist ve dayanikl bitki sayisina iligkin veriler.

Table 1. The number of hybridized flowers, the number of embryos cultured, the number of haploid plants obtained, the number
of double haploid seeds harvested and the number of F2 plants tested and the test results.

Melezleme Melezlenen  Kiiltiire alinan ~ Olusan haploid Hasat edilen Test edilen Dayanikli bitki
kombinasyonlar1 tomurcuk embriyo sayis1 bitki say1st double haploid F2 bitki say1s1
sayisi (adet) (adet) tohum sayis1 sayisi (adet)
(adet) (adet) (adet)
Hybridization Number of Number of Number of Number of Number of Number
combinations hybridized embryos haploid plants double haploid F2 Plants of resistant
flowers cultured obtained seeds harvested tested plants
(number) (number) (number) (number) (number) (number)
D X ECD-01 242 523 196 - - -
D X ECD-02 234 723 106 - - -
D X ECD-03 237 840 110 - - -
D X ECD-04 118 577 401 293 33 33
Toplam 831 2663 813 293 33 33
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Double haploid tohum sayis1 ve mukavim bitki
sayisi

Hasat edilen double haploid melez kombinasyonlara
ait tohum sayilarina iliskin veriler Cizelge 1°de
verilmistir. Cizelge 1’in incelenmesinden de
anlasilacagir gibi kendileme sonrasi fizyolojik
olgunlugunu tamamlamis olan DXECD-04 melez
kombinasyonuna ait 8§ melez bitkisinden toplam
293 adet tohum elde edilmistir. Elde edilen bu
tohumlarin in vitro kosullarda ekilmesi sonucu elde
edilen fidelerde, yapilan testleme soncu, 33 adet
fidenin lahana kok-uru hastaligina karsi toleransa
sahip oldugu belirlenmistir (Cizelge 1).

TARTISMA

B. oleracea ve B. rapa tiirleri arasinda melezleme
yapildiginda fertil dollerin elde edilme sansi,
kromozom sayilarinin ve genomlarnin farkli olmasi
sebebiyle genetik olarak sifirdir. Dolayistyla hiicre
boliinmesi esnasinda gametlerin eglerini bularak eg
olusturma sanst olmadigindan olusacak doller
kisirdir. Tiirler arasindaki melezlemelerde fertil dol
elde etme sansinin; dokusal uyumun ve akrabalik
seviyesinin artmasi ile artmakta, azalmasi ile de
azalmaktadir (Kurt, 2015). Arastirmada; 4 salgam
hatt1 ve 1 lahana g¢esidi arasinda 4 kombinasyonu
(DXECD-01, DXxECD-02, DxECD-03 ve DXECD-
04) kapsamayacak bi¢imde melezleme yapmak
amaciyla 831 adet ¢igek tozlanmustir. Bitkilerin
melezlenmesinde basari orani; yetistirme teknigi
paketi uygulamalarma, c¢evresel faktorlere ve
genotipe bagh olarak degisir. Bu nedenle bu
aragtirmada kullanilan hatlarin genetik olarak sahip
olduklar1 zorluklar géz Oniinde bulundurularak,
cevre faktorleri optimal diizeyde tutulmasi igin
bitkiler, sicaklik ve fotoperiyot bakimindan
kontrollii sera kosullarinda yetistirilerek, g¢evre
kosullarinin etkisi minimize edilmeye ¢aligilmigtir.

Aragtirmada embriyo kiiltiiri yapmak iizere
fizyolojik yas1 10-12 giin olan tohum taslaklar
besi ortaminda kiiltiire alinmustir. Besi ortamina
ekilen tohum taslaklarinin salgam ve lahana melez
kombinasyonuna ait olmasi, melezin bu iki tiiriin
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ozelliklerini  bilinyesinde barindiriyor  olmast,
bitkicik olusumundaki basari {izerine hem olumlu
hem de olumsuz etki etmis olabilir. Embriyo
kiiltiiriinde ana hedef maksimum sayida saglikli ve
fertil bitkiler elde etmektir. Salgam ve lahana
hatlar1 arasinda yapilan melezlemelerden olusan
melez harnuplardaki tohum taslaklarimdan toplam
813 adet hapoid melez bitki elde edilmistir. Besi
ortamina ekilen embriyo basina bitki olusum orani
% 30.5 gibi olduk¢a yiiksek bir
gerceklesmistir. Flde edilen bu sonug {izerinde

oranda

birinci derecede genotip faktorii rol oynamustir.
Kiiltiire alinan embriyolarin rejenerasyon yetenegi
iizerine, genotipin etkili oldugunu daha Once
yapilan ¢esitli caligmalarda ortaya konmustur
(Hanzel ve ark., 1985; Can ve ark., 2000),
genotiplerin somatik embriyo iiretim kapasitesi
acisindan  farklilik arz ettikleri ve yiiksek
embriyojenik  kapasiteli  genotiplerde, bitkiye
doniigiim oraninin da yiiksek oldugu saptanmistir
(Brown ve Atanasov, 1985).

B. oleracea ile B. rapa arasinda yapilan
melezlemelerden olusan hapoid bitkilerin in vitro
kosullardan ¢iktiktan sonra kolchisin ile muamele
edilmeleri sayesinde AC seklinde (amphihaploid)
olan genomlarinin AACC (amphidiploid) sekline
ulagmasi sayesinde tohum bagladiklar1 dolayistyla
bu tohumlar biinyelerinde salgam ve lahana
genomlarim1  birlikte tasirlar.  Nitekim melez
bitkilerin morfolojik yapilar1 incelendiginde;
lahana gibi uzun ve dik sapli ve seyrek bogum
arasina, salgam gibi yaprak kenarlarmin disli,
yaprak ylizeyinin tiiylii, yapraklarin sert oldugu
gozlenmistir. Birgok seleksiyon 1slah ¢aligmasinda
bu tip karakterlerin géz oOniinde bulundurulmasi
sayesinde bitki cesitleri gelistirilmistr. Dolayisiyla
geleneksel 1slah yontemleri ile kombine edilen
embriyo kiiltiir teknigi sayesinde, lahana kdk uru
hastaligina kars1 dayanikli melez bitkilerden olugan
bir gen havuzu elde edilmistir.

Olusturulan gen havuzundaki tohumlarin, kék uru

hastaligina karst dayamiklilk geni tasiyip-
tasimadiklarini  belirlemek amaciyla, kontrolli
kosullarda ters yapilmis ve bu tohumlarin
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ekilmesinden elde edilen 33 double haploid
kendilenmis fidenin, kok uru hastaligina karsi
dayaniklilik gen/genleri tasidiklari belirlenmistir.
Melezlemelerde  Mendel  kurallarnn  dikkate
alimdiginda bu sonug, teorik olarak da beklenen bir
sonugtur. Diger taraftan salgam ve lahana
tirlerinin genomlarinin ve kromozom sayilariin
farkl1 olmasina ragmen fertil dollerin elde edilmis
olmasi, gen havuzundaki bitkilerin lahana kok uru
hastaligima kars1 dayaniklilik genlerini tasiyabilecegi
On gorisiinii de birkez daha teyid etmektedir.
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ABSTRACT: This study was conducted to evaluate the effect of NaCl and peg-induced osmotic stress on the
germination and early seedling growth of wild mustard (Sinapis arvensis L.) in 2016. The seeds of mustard used in this study
were obtained from plants growing under wild conditions in the Konya, Turkey. Trials were carried out to study the effects of
osmotic potential of polyethylene glycol (PEG-6000) solutions at seven levels (0, -2, -4, -6, -8, -10 and -12 bars) and salt
concentrations at eight levels (0, 2, 5, 10, 15, 20, 25, 30 and 35 dSm'I) on seedling growth of wild mustard. Under PEG and salt
stress the radicula length (cm), plumula length (cm), seedling fresh weight (mg), seedling dry weight (mg), final germination
percentage (%), germination index (%) and seedling vigor index (%) were measured in the study. Final germination percentage
and seedling growth parameters decreased by concentration of -4 to -10 bar for PEG stress; final germination percentage
decreased by 10 dSm™ (-4.4 bar) and seedling growth parameters decreased by 5 dSm™ (-2.2 bar) for NaCl stress. Both NaCl
and PEG treatments decreased final germination percentage and seedling growth properties in wild mustard, but the effects of
NaCl compared to PEG were less on germination. Seed germination was completely inhibited at -12 bar for PEG stress, 35 dSm™
! (-15.6 bar) for NaCl stress.

Keywords: Sinapis arvensis L., germination, mustard, salt and drought stress.

NaCl ve PEG’e Bagli Osmotik Stresin Yabani Hardal (Sinapis arvensis L.) tn
Cimlenme ve Fide Gelisimi Ozellikleri Uzerine Etkisi

OZ: Bu ¢alisma farkli NaCl ve PEG uygulamalarinin yabani hardalin (Sinapis arvensis L.) ¢cimlenme ve erken vejetatif
gelisme iizerine etkisini belirlemek amaciyla 2016 yilinda yiiriitildii. Calismada kullanilan yabani hardal tohumlar: Konya’'da
yabani kosullarda yetigen bitkilerden alinmistir. Denemede yedi farkli polietilen glikol (PEG-6000) soliisyonu (0, -2, -4, -6, -8, -
10 ve -12 bar) ve dokuz farkli NaCl soliisyonu (0, 2, 5, 10, 15, 20, 25, 30 ve 35 dSm’J) kullanilmigtir. Farkli PEG ve NaCl
uygulamalarinda kok uzunlugu (cm), siirgiin uzunlugu (cm), fide yas agirligi (mg), fide kuru agwrligi (mg), final ¢cimlenme orani
(%), ¢imlenme indeksi (%) ve fide canlilik indeksi olgiimleri yapilmistir. Calisma sonucunda, final ¢imlenme oraninin ve fide
biiyiime parametrelerinin artan PEG konsantrasyonlarina (-4 / -10 bar) bagl olarak azaldigy; final ¢cimlenme oramnin 10 dSm’!
(-4,4 bar) den itibaren azalmaya basladigi ve fide biiyiime parametrelerinin 5 dSm™ (-2,2 bar) den itibaren azalmaya basladig:
belirlenmigstir. Ayrica, NaCl ve PEG uygulamalarimin ¢imlenme ve fide gelisimini diigiirdiigii; fakat PEG’e kiyasla NaCl’iin
etkisinin ¢imlenmede daha az oldugu; ¢imlenmenin -12 bar PEG ve 35 dSm™ (-15,6 bar) NaCl dozlarinda tamamen durdugu
tespit edilmigtir.

Anahtar kelimeler: Sinapis arvensis L., cimlenme, hardal, tuz ve kuraklik stresi.

INTRODUCTION the deterioration of the environment (Odabas et al.,

Abiotic stresses, such as drought, salinity, extreme 2014; Temizel et al., 2014; Toosi et al,, 2014).

temperatures, chemical toxicity and oxidative Brassica occupy third place among the various
stress are serious threat to agriculture and result in  oilseed species due to its considerable economic
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and nutritional value. However, their growth, yield,
and oil production are markedly reduced due to
salinity. In particular, seed germination and early
seedling growth have been reported to be relatively
more sensitive towards salinity (Ashraf and
McNeilly, 2004).

Other than the economically important Brassica
species, various wild relatives belonging to the
genera serve as a repository of vast gene pool
(Prakash et al, 1999). Wild relatives, such as
Sinapis arvensis L., also possess a number of
useful agronomic traits which could be incorporated
into breeding programs, including: cytoplasmic
and nuclear malesterility; resistance to disease and
insect and nematode pests; intermediate C3-C4
photosynthetic activity; and tolerance for cold, salt
and drought conditions (Rollins, 1981; Warwick
and Black 1991; Bing et al., 1996).

Seed germination and seedling establishment are
the most sensitive stages of plant growth in
pastures and crops under environmental stresses
(drought, salinity, heat and cold conditions)
(Taherkhani, 2013). Salinity and drought may
delay the onset, reduce the rate, and increase the
dispersion of germination events, leading to
reductions in plant growth and final crop yield.

Salinity and drought affect the plants in a similar
way. Reduced water potential is a common
consequence of both salinity and drought. Water
stress acts by decreasing the percentage and rate of
germination and seedling growth (Macar, 2008).
The deleterious effects of salinity on plant growth
are attributed to a decrease in osmotic potential of
the growing medium, specific ion toxicity and
nutrition deficiency (Greenway and Munns, 1980).
Germination rates decrease with an increase in NaCl
concentration (Murillo Amador et al., 2002).

Drought plays an important role not only in
determining germination rate, but also influences
seedling development (Macar, 2008). This stress
type is one of the most important environmental
stresses  affecting  agricultural  productivity
worldwide and can result in considerable yield

reductions (Mohammadkhani and Heidari, 2008).
It is one of the main causes for crop yield reduction
in the majority of agricultural and natural regions
of the world.

Mustard is sensitive to soil salinity at early stage of
growth but fairly tolerant at later developmental
stages. Germination and seedling growth of
mustard is critical one and thus becomes a major
limiting factor for full potential production of crop
(Singh, 2011).

Salinity and drought stress are important
environmental factors that affect different
development stages of crops, especially

germination stage. The objective of the present
investigation was to evaluate the effect of NaCl
and PEG-induced osmotic stress on the
germination and early seedling growth of wild
mustard (Sinapis arvensis L.), a commercially
important weed for providing raw material for
biodiesel energy (Blackshaw et al., 2011; Eryilmaz
and Ogut, 2011; Kayacetin et al., 2016).

MATERIALS AND METHODS

This study was carried out at the Central Research
Institute for Field Crops; oil seed crop unit,
Turkey. The seeds of mustard used in this study
were obtained from plants growing under wild
conditions in the Konya, Turkey. They were
multiplied and selected for use in the study.

Each experiment was a two-factor factorial in a
Completely Randomized Design with four
replication. The first factor was solutions (PEG and
NaCl) and the second factor was solution levels (0,
-2, -4, -6, -8, -10 and -12 bars; 0, 2, 5, 10, 15, 20,
25, 30 and 35 dSm™) (electrical conductivities of
the solutions). Drought stresses were induced by
polyethylene glycol (PEG-6000) treatment. Salt
stresses were induced by NaCl wusing a
conductivity meter (Model WTW Cond. 314,
Germany). Distilled water served as a control. For
all investigated parameters, analysis of variance
was performed using the MSTAT-C software
package. Significant differences among the mean
values were compared by LSD test (P < 0.01).
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Four replications of 25 seeds of each treatment
were germinated in two rolled whatman filter
papers with 5 ml of respective test solutions in
glass petri dishes. Then petri-dishes containing two
layer filter paper were moistened by respective
prepared solutions. Seeds were allowed to
germinate at 22 +1 °C (Fallah-Toosi and Baki,
2013) in the dark for 10 days. Daily germination
rate was measured and filter papers were replaced,
when needed. Similarly, respective NaCl and PEG
solutions were added when required. Germination
percentage was measured by ISTA (Anonymous,
1996) standard method. Germinated percentage
was recorded on daily until a constants count was
achieved (every 24 h for 10 days). Seed was
considered to be germinated when radicle length
exceeded 2 mm (Huang and Redmann, 1995).
Tentht day, 10 seedlings were randomly selected
from each replicate at the end of tenth day of
standard germination test and measured parameters
including radicula length (RL), plumula length
(PL), seedling fresh weight (SFW), final germination
percentage (FGP), germination index (GI) and
seedling vigor index (SVI) were evaluated (Kandil
et al., 2012). Seedling dry weights (SDW) were
measured after drying samples at 70 °C for 48 h in
an oven (Bohm, 1979).

Parameters were calculated as follows;

SFW: Radicula and plumula fresh weight of
averages 10 normal seedlings at random/replicate,
were determined, expressed as mg.

SDW: Radicula and plumula fresh weight of
averages 10 normal seedlings at random/replicate,
dry weight recorded, expressed as mg.

FGP: (number of germinated seeds/number of total
seeds) x 100.

GI: (germination percentage in each treatment/
germination percentage in the control) x 100.

SVI: (average radicula length+average plumula
length) x final germination percentage.

64

RESULTS

Effect of PEG on seed germinability and seedling
growth in mustard are presented in Table 1; effect
of NaCl on seed germinability and seedling growth
in mustard are presented in Table 2.

Growth Parameters for Drought Stress
Treatments

Statistically significant differences were found
between the seven PEG treatments in mustard. PEG
treatments caused significant decrease in terms of
radicula length, plumula length, seedling fresh
weight, seedling dry weight and final germination
percentage for all treatments PEG treatment
compared with control (Table 1). Radicula length
was changed between 3.62-12.34 cm. The greatest
decrease in radicula length was observed in -10 bar
PEG treatment by 69.93%. In -8, -6 and -4 bar PEG
treatments showed a decrease by 50.66%, 41.20%
and 19.60% respectively. Plumula length was
changed between 0.66-6.27 cm. The greatest
decrease in plumula length was observed in -10 bar
PEG treatment by 89.47%. In -8, -6, -4 and -2 bar
PEG treatments showed a decrease by 74.80%,
52.79%, 39.08% and 13.24% respectively. Seedling
fresh weight was changed between 13.83-46.10 mg.
The greatest decrease in seedling fresh weight was
observed in -10 bar PEG treatment by 70.00%. In -
8, -6, -4 and -2 bar PEG treatments showed a
decrease by 64.21%, 47.55%, 36.12% and 4.06%
respectively. Seedling dry weight was changed
between 0.42-3.03 mg. The greatest decrease in
seedling dry weight was observed in -10 bar PEG
treatment by 86.14%. In -8, -6, -4 and -2 bar PEG
treatments showed a decrease by 75.58 %, 64.69%,
42.57% and 22.44% respectively. Final germination
percentage was changed between 45.83-83.33%.
The greatest decrease in final germination
percentage was observed in -10 bar PEG treatment
by 45.00%. In -8, -6, -4 and -2 bar PEG treatments
showed a decrease by 34.00%, 28.99%, 13.00% and
7.00% respectively. Germination index was
changed between 55-100. The greatest decrease in
germination index was observed in -10 bar PEG
treatment by 45. In -8, -6, -4 and -2 bar PEG
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treatments showed a decrease by 34, 24, 13 and 7
respectively. Seedling vigor index was changed
between 196.43-1526.14. The greatest decrease in

treatment by 87.13. In -8, -6, -4 and -2 bar PEG
treatments showed a decrease by 72.67, 61.33,
35.80 and 9.78 respectively. -12 bar PEG treatments

seedling vigor index was observed in -10 bar PEG were excluded from this study since seed
germination completely inhibited.
Table 1. Effect of PEG on germination and seedling growth in wild mustard.
Cizelge 1. Yabani hardalda ¢imlenme ve fide gelisimi ilizerine PEG’in etkisi.
Radicula Plumula Seedling Seedling dry F:;rﬂination Germination Seedling
Treatment length length fresh weight weight gercenta . index vigor index
(cm) (cm) (mg) (mg) RN (%) %)
Uveulama 111(2(111;11u“u 1S1;1r1§11111r11“u Fide yas Fide kuru Final ¢imlenme Cimlenme Fide canlilik
ye (cm) £ (cm) g agirhigl (mg) agirhg (mg) orani (%) indeksi (%) indeksi (%)
0 12.04 a 6.27a 46.10 a 3.03a 83.33a 100 a 1526.14 a
2 1234 a 544 a 4423 a 2.35b 77.50 a 93 a 1376.84 a
4 9.68 b 3.82b 29.45b 1.74 ¢ 72.50 ab 87 ab 979.73 b
PEG (bar) 6 7.08 ¢ 2.96b 24.18 be 1.07d 59.17 be 76 be 590.09 ¢
8 594 c¢ 1.58 ¢ 16.50 cd 0.74 de 55.00 ¢ 66 cd 417.05 cd
10 3.62d 0.66 d 13.83d 042e 4583 ¢ 55d 196.43 d
12 0 0 0 0 0 0 0
F value 58.15 97.65 43.13 66.36 16.17 29.10 99.33
LSD value 1.38 0.66 6.27 0.37 10.85 9.53 161.95
CV (%) 10.84 12.73 14.33 15.82 10.98 9.95 12.68

Ayni harfle gosterilen ortalamalar arasinda énemli fark (P < 0,05) yoktur.

Same letters in a column are not significantly difference at the 0,05 probability levels.

Growth Parameters for Salt Stress Treatments

Statistically significant differences were found
among the seven NaCl treatments in mustard. NaCl
treatments caused significant decrease in terms of
radicula and plumula length, seedling fresh weight,

seedling dry weight and final germination
percentage for almost all treatments NaCl
treatment compared with control (Table 2).

Radicula length was changed between 0.79-12.46
cm. The greatest decrease in radicula length was
observed in 30 dSm™ NaCl treatment by 93.66%.
In 25, 20, 15, 10, 5 and 2 dSm™ NaCl treatments
showed a decrease by 89.25%, 69.66%, 45.91%,
38.52%, 35.39% and 8.91% respectively. Plumula
length was changed between 0.34-6.88 cm. The
greatest decrease in plumula length was observed
in 30 dSm™" NaCl treatment by 95.06%. In 25, 20,
15, 10, 5 and 2 dSm™ NaCl treatments showed a
decrease by 82.56%, 66.13%, 34.30%, 30.96%,
31.25% and 5.96% respectively. Seedling fresh
weight was changed between 4.85-67.63 mg. The
greatest decrease in seedling fresh weight was
observed in 30 dSm™ NaCl treatment by 92.83%.
In 25, 20, 15, 10, 5 and 2 dSm™' NaCl treatments

showed a decrease by 72.28%, 58.04%, 24.07%,
8.58%, 8.21% and 2.85% respectively. Seedling
dry weight was changed between 0.12-4.60 mg.
The greatest decrease in seedling dry weight was
observed in 30 dSm™ NaCl treatment by 97.39%.
In 25, 20, 15, 10, 5 and 2 dSm™ NaCl treatments
showed a decrease by 88.26%, 73.48%, 48.26%,
29.78%, 21.96% and 8.48% respectively. Final
germination percentage was changed between 29-
77%. The greatest decrease in final germination
percentage was observed in 30 dSm” NaCl
treatment by 62.34%. In 25, 20, 15, 10, 5 and 2
dSm” NaCl treatments showed a decrease by
27.27%, 19.48%, 11.69%, 10.39%, 5.19% and
5.52% respectively. Germination index was
changed between 37.66-100. The greatest decrease
in germination index was observed in 30 dSm™
NacCl treatment by 62.34. In 25, 20, 15, 10, 5 and 2
dSm™ NaCl treatments showed a decrease by
2727, 1948, 11.69, 1190, 5.19 and 5.52
respectively. Seedling vigor index was changer
between 34.68-1451.70. The greatest decrease in
seedling vigor index was observed in 30 dSm™
NacCl treatment by 97.61. In 25, 20, 15, 5, 10 and 2
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dSm™ NaCl treatments showed a decrease by
88.76%, 80.35%, 43.54%, 32.23%, 35.10% and
12.44% respectively. 35 dSm™” NaCl treatments

were excluded from this study since seed
germination completely inhibited.

Table 2. Effect of NaCl on germination and seedling growth in wild mustard.
Cizelge 2. Yabani hardalda ¢imlenme ve fide gelisimi ilizerine NaCl’nin etkisi.

Radicula Plumula Seedling fresh  Seedling dry Fmal. . Germination  Seedling
- . germination . S
Treatment length length weight weight percentage index vigor index
(cm) (cm) (mg) (mg) (%) (%) (%)
Uveul Kok lug Siirgiin Fide yas Fide kuru Final ¢imlenme Cimlenme Fide canlilik
ygulama ?czrlrllr)] ugu uzunlugu (cm)  agirhigt (mg) agirligl (mg) orani (%) indeksi (%) indeksi (%)
0 1246 a 6.88 a 67.63 a 4.60 a 77.00 a 100.00 a 1451.70 a
2 1135a 6.47 a 65.70 a 421a 72.75a 94.48 ab 1271.12 a
5 8.05b 473 b 62.08 a 3.59 ab 73.00 a 94.81 ab 942.11b
NaCl 10 7.66 b 475b 6183 a 3.23 abe 69.00 ab 88.10 be 983.80 b
(dSm™) 15 6.74 b 452b 51.35b 2.38 be 68.00 ab 88.31 be 819.67b
20 3.78¢ 233¢ 28.38¢ 1.22¢ 62.00 be 80.52 cd 28527 ¢
25 1.34d 1.20d 18.75d 0.54 ¢ 56.00 ¢ 7273 d 163.12 cd
30 0.79d 0.34¢ 485¢ 0.12d 29.00d 37.66 ¢ 34.68d
35 0 0 0 0 0 0 0
F value 97.90 284.58 179.40 180.06 41.65 51.85 72.90
LSD value 1.28 0.42 5.34 0.37 7.01 8.13 180.97
CV (%) 13.33 7.24 8.05 10.19 7.53 6.74 16.54

Ayni harfle gosterilen ortalamalar arasinda énemli fark (P < 0,05) yoktur.

Same letters in a column are not significantly difference at the 0,05 probability levels.

DISCUSSION

PEG and NaCl treatments had a significant effect
on all investigated characters (P<0.01).
Germination parameters were decreased by
increasing osmotic potential of PEG 6000. In
distilled water, percentage of seed germination was
the highest. The higher amount of PEG 6000
concentration in this research (-12 bar) completely
inhibited seed germination. The first physiological
disorder, which takes place during germination, is
the reduction in imbibitions of water by seeds
which leads to a series of metabolic changes,
including general reduction in hydrolysis and
utilization of the seed reserve. Upon imbibition,
the quiescent dry seeds rapidly resume oxygen
uptake and oxidative phosphorylation, processes
required for supporting the high energy cost of
germination (Baranova et al., 2006; Toosi et al.,
2014).

Seed germination decreased with the increase in
NaCl concentration. According to Ayaz et al.
(2000), decrease of seed germination under
conditions of salt stress is due to occur of some
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metabolically disorders. It seems that, decrease of
germination percentage is related to reduction in
water absorption into the seeds at imbibitions and
seed turgoscence stages. It is reported that, radicula
and shoot length are important traits in salt stress
sensitivity evaluation (Jamil et al., 2006). Decrease
of growth in root and stem can be related to NaCl
toxicity and disproportion in nutrient absorption by
seedlings. According to results of Werner and
Finkelstein (1995) salinity decreases water
absorption and growth of root and shoot. It’s
reported that, salinity decreases significantly
nutrient absorption and root growth speed (Khan
and Gulzar, 2003). Srivastava et al. (2004) have
been reported that, proteins especially PR10
protein increases salt resistance in canola varieties
at germination stages. In other research, increase of
salinity from 6 to 11 dSm™ decreased canola seed
germination by 50% (Francois, 1996). Our result
showed that seed germination was completely
inhibited at 35 dSm™ (-15.6 bar) for NaCl stress.
Gulzar and Khan (2001) reported that, NaCl
salinity prevents water absorption by seeds and
decreases  significantly  seed  germination



F. KAYACETIN, B. EFEOGLU, B. ALIZADEH: EFFECT OF NaCl AND PEG-INDUCED OSMOTIC STRESS ON
GERMINATION AND SEEDLING GROWTH PROPERTIES IN WILD MUSTARD (Sinapis arvensis L.)

percentage and germination pace (Bybordi and
Tabatabaei, 2009). The greatest decrease in
germination percentage in this study was observed
in 30 dSm™ treatment by 62.3% which might
implicate that wild mustard seed is tolerant to salt
stress.

Both NaCl and PEG treatments inhibited seed
germination and seedling growth properties in wild
mustard. However, seed germination parameters
were better in NaCl than in PEG with the earlier
observation made for alfaalfa by Tilaki et al.
(2009); soybean by Khajeh-Hosseini et al. (2003);
sunflower by Luan et al. (2014). This may be due
to the uptake of Na" and CI ions by the seed,
maintaining a water potential gradient allowing
water uptake during seed germination (Heshmat et
al., 2011). Our findings showed that NaCl had
greater inhibitory effects on seedling growth than
on germination with respect to PEG. This might be
explained by more rapid water uptake in NaCl
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OZ: Bu arastirmada, Tiirkiye de Aydin ilinde farkly lokasyonlardan toplanan (Gencelli, Feslek ve Kurtulus ilgeleri) yas
incirlerin (Mor Giiz ve Sart Lop) ¢ekirdekleri kullanilmistir. Arastirma sonucuna gére, taze Mor Giiz cinsine ait ¢ekirdek ve
cekirdek yaglarimn fiziko-kimyasal agidan, lokasyon ortalamalar: ¢ekirdek sayisi, nem , kiil, bindane agirligi, yabanci madde,
en, boy ve yag icerikleri sirasiyla 947 adet, % 9,70, %4,12, 3,75 gr, % 0,40, 1,23 mm, 1,40 mm ve % 23,53 bulunmustur.
Cekirdek yaglarinda 6nemli yag asitleri palmitik, oleik, linoleik ve linolenik yag asitleri olarak swrasiwyla % 7,06 , % 15,78 , %
31,87 ve % 40,88 tespit edilmistir. Diger tarafian, taze Sari Lop cinsine ait ¢ekirdek ve ¢ekirdek yaglarimn fiziko-kimyasal
agidan, lokasyon ortalamalar ¢ekirdek sayisi, nem , kiil, bindane agirligi, yabanci madde, en, boy, ve yag icerikleri ise sirasiyla
957 adet, % 11,81, % 3,31, 3,90 gr, % 0,43, 1,40 mm, 1,55 mm ve % 20,54 bulunmustur. Cekirdek yaglarinda énemli yag
asitleri palmitik, oleik, linoleik ve linolenik yag asitleri olarak sirasiyla% 6,96, % 15,98, % 30,33 ve % 42,11 tespit edilmistir. Bu
yoniiyle incir ¢ekirdek yaglarimin serbest yag asitligi diisiiriildiikten sonra insan gidast olarak tiiketiminin uygun oldugu ve incir
cekirdek yaginin, keten tohumu yagi gibi iyi bir linolenik asit kaynagi oldugu belirlenmistir.

Anahtar Kelimeler: Ficus carica L., incir ¢ekirdegi, Sart Lop, Mor Giiz, fiziko-kimyasal, yag asitleri kompozisyonu.

Physico-Chemical Properties of Fresh Fig (Mor Giiz - Sart Lop)
Seed and Seed Oil

ABSTRACT: In this study, we used to fresh fig seeds (Mor Giiz and Sart Lop) collected from Gencelli, Feslek and
Kurtulug town different location in Aydin Province in Turkey. Due to this study, Genus of fresh Mor Giiz fig’s seeds and oils’
have found some physicochemical characteristics of average values; seeds number, moisture content, ash, 1000 seed weight,
foreing matter, width, length and oil content respectively, 947 pieces, 9.70 %, 4.12 %, 3.75 gr, 0.40 %, 1.23 mm, 1.40 mm and
23.53 %. Important fatty acids found palmitic, oleic, linoleic and linolenic respectively 7.06 %, 15.78 %, 31.87 % and 40.88 %.
On the other hand, genus of Sari Lop fig’s dry seeds and oils’ have found some physicochemical characteristics of average
values diffrerent locaton seeds number, moisture content, ash, 1000 seed weight, foreing matter, width, length and oil content
respectively, 957 pieces, 11.81 %, 3.31 %, 3.90 gr, 0.43 %, 1.40 mm, 1.55 mm ve 20.54 %. Important fatty acids found palmitic,
oleic, linoleic and linolenic respectively% 6.96 %, 15.98 %, 30.33 % and 42.11 %. In this respect, fig seed oils’ has been
determined to suitable for consumption as human food after reduce free fatty acid and also its determined to good linolenic acid
source as flaxseed oil.

Keywords: Ficus carica L., fig seed, Sari Loop, Mor Giiz, physicochemical, fatty acids chomposition.

GIRIS egzotik meyve olarak biiylik ilgi gormektedir
(Polat ve Caliskan, 2008). Bu ilginin artmasinda
incirin kutsal meyve olarak goriilmesi, besin
iceriginin diger bircok meyve tiiriine gore yiiksek
olmas1 (Aksoy ve ark., 2007) ozellikle ham ve
indirgen lif, mineral ve polifenol icerigince zengin

Akdeniz diyetinin 6énemli bir par¢asini olusturan
saglikli ve uzun yasamin simgesi incir (Trichopoulou
ve ark., 2006), son yillarda yetistiriciligi
yapilamayan Bati ve Kuzey Avrupa iilkelerinde
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olmasi, yag ve kolesterol icermemesi (Vinson,
1999) farkli degerlendirme sekillerine sahip ticari
bir meyve olmasi gibi faktorler sayilabilmektedir.

Incir (Ficus carica L.), kisin yapragm doken bir
bitkidir. Incir kiiltiirii Anadolu’da insanhk tarihi
kadar eski donemlere dayanir ve kiiltiir meyveleri
icinde en eski gelisme tarihine sahip meyvelerden
biridir. Arap Yarmmadasi’'nda ve Ortadogu’da
kiltiire alindig1 bilinmektedir (Aksoy, 1991).
Incirin anavatan1 Tiirkiye olup, buradan Suriye,
Filistin ve daha sonrada Ortadogu iizerinden Cin
ve Hindistan’a yayilmistir. Amerika, Giiney ve
Giiney-Bat1 Afrika ve Dogu Avustralya incirin pek
yeni kiiltlir merkezlerini teskil etmekte ve
Anadolu’dan sonra Kaliforniya’da incir, kiiltiir
tarihinin ikinci bir gelisme evrimini yasamaktadir
(Ozbek, 1978).

Ulkemiz kurutmalik ve sofralik incir yetistiriciligi
ve ticaretinde diinyanin ilk sirasinda yer almaktadir
(Caligkan ve Polat, 2012). Kurutmalik incir ¢esidi
olarak Sar1 Lop, sofralik incir ¢esidi olarak da Mor
Giliz ve Bursa Siyahi incir ihracatimizin yaklagik
tamamint olusturmaktadir. Sar1 lop incir ¢esidi
yetigtiriciligi ~Aydin  ve Izmir ydrelerinde
yogunlagmis olup, 2002-2011 yillar1 arasinda
toplam incir iretimin % 65’ ini karsilarken,
sofralik incir yetistiriciligi ise basta Bursa yoresi
olmak iizere, son yillarda Aydin, izmir, Mersin
gibi sahil ydrelerinde de yayginlasmaya basladig
bildirilmistir (Anonim, 2012a).

Subtropik ve iliman kusagin sicak kesimlerinde
yetisme alan1 bulmus olan incirin meyveleri
sofralik (taze) ve kurutmalik olarak
degerlendirilmektedir.  Yiksek kalori degeri,
mineral maddeler ve besin maddeleri igerigiyle
gida maddeleri arasinda 6zel bir yeri olan kuru
incirin ¢ok ¢esitli tiiketim alanlar1 mevcuttur. Kuru
incir, uluslararast pazarlarda, cerezlik olarak
tiikketildigi gibi pasta imalatinda, cesitli yemeklerin
yapiminda, dilimlenmis olarak ekmek imalatinda,
sekerli ~mamuller imalatinda ve  meyve
karisimlarinda  kullanilmaktadir. II.  kalitedeki
olanlardan, pekmez; IIl. ve diger diisiik kalitedeki
incirlerden de etil alkol iiretilmektedir. Etil alkoliin
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iiretimi esnasinda ortaya ¢ikan incir ¢ekirdekleri de
boya, kozmetik ve ilag sanayinde
degerlendirilmektedir (Tug, 2002).

Sofralik incir kalite kriterleri olarak; ortalama
meyve agirhg (g), ortalama hacim (cm’),
maksimum en (mm), maksimum boy (mm), boyun
uzunlugu (mm), ostiol acikligi (mm), tabla(mm),
pH, asitlik (%), meyve i¢ boslugu, meyve i¢ rengi
ve suda ¢Oziinlir kuru madde (%) yer almaktadir
(Aksoy ve ark., 2001).

Kuru incir, yiiksek enerji degeri, icerdigi mineral,
vitamin ve diger besin maddeleri ile insan saglig1
ve beslenmesinde O6nemli bir yere sahiptir. Kuru
incir, diger meyveler arasinda en yiiksek mineral
icerigine sahip meyvedir. Kalsiyum, bakir,
magnezyum, potasyum ve kiikiirt i¢erigi agisindan
diger meyvelerle kiyaslandiginda birinci sirada yer
alan kuru incir, enerji, pantotenik asit, riboflavin,
tiamin ve piridoksin bakimindan ikinci sirada
bulunmaktadir. Kolay sindirilebilen fruktoz ve
glikoz igerigine sahip kuru incirin protein miktari
ise diger bir¢ok kuru meyvenin iki katindan daha
fazladir (Anonim, 2012a).

Kuru incirin anti-kanserojenik etkileri {iizerine
yapilan caligmalar bulunmaktadir. Kuru incirler,
pek ¢ok tahil, sebze ve meyve ile karsilastirildiginda
oldukea yiiksek oranda polifenol igerigine sahiptir.
100 gr incirde 1090-1100 mg polifenol bulundugu
belirlenmistir. ~ Antioksidan  6zelligine  sahip
polifenoller, kanser olusumunu ve kardiyovaskiiler
hastalik riskini diisiiriicii 6zellige sahip oldugundan
incir tiiketimi saglik agisindan 6nem tagimaktadir.

Polifenollerin yaninda anti-kanserojenik aktivite
gosteren diger bilesikler de kuru incirin yapisinda
yer almaktadir. Benzaldehit ve kumarinler bu
bilesiklerdendir.

Benzaldehit, 6liimciil kanser vakalarinin tedavisinde
basartyla kullanilabilmektedir. Incirlerin ugucu
ekstraktindan izole edilen kumarinler ise prostat
kanserinin tedavisinde kullanilmaktadir.
Kumarinlerin deri kanserinin tedavisinde de
kullanimi iizerine aragtirmalar siirdiirilmektedir.
Kuru incirlerin kolesterol diisiiriicii  6zellikteki



fitosterol, lanosterol ve stigmasterol igerdigi de
tespit edilmistir (Vinson, 1999).

MATERYAL VE METOT
MATERYAL
Calisma materyalinin temini

Aragtirmada kullanilan incir ¢ekirdekleri, 2014
yilinin agustos aymmda Aydin Ilinin Kurtulus,
Feslek ve Gencelli lokasyonlarinda toplanmis incir
meyvelerinden elde edilmistir. Bu amagla her
bolgeden, 10’ar kg’lik toplanan incir meyveleri
terlemeyi ve kiiflenmeyi engelleyecek, hava gegiren
karton kutulara koyularak muhafaza edilmistir.
Toplanan incirler yas halde muhafaza edilerek
hemen analizlere tabi tutulmustur. Ayrica, Aydin
Incir Arastirma Enstitiisii tarafindan  toplanan
incirlerin gesitleri sar1 renkli olanlar Sar1 Lop, mor
renkli olanlar ise Mor Giiz ¢esidi olarak tespit
edilmistir.

Incir ¢ekirdegi 6rneklerinin hazirlanmasi

Aragtirmada laboratuvar sartlarinda 6nce meyve ile
ilgili analizleri gerceklestirmek i¢in her bolgeye ait
incir meyvelerinden rastgele segilerek agirliklar
tartilmigtir. Daha sonra incir meyveleri spatula
yardimiyla agilarak kabuk ve i¢ kismi birbirinden
ayrilmistir. Elde edilen tohumlarin disindaki
yapigkan kisim ise i¢ilebilir su igerisinde yikanmig
ve siiziilerek tohumdan uzaklastirilmig ve belirtilen
analizler yapilmustir.

METOT
incir cekirdeklerinde yapilan analizler
Nem miktari

Yaklagik 10 g ornek, daha once 105 °C’ de
kurutulmus ve darasi alinmis kaplarda tartilmistir.
Tartim igsleminden sonra 105 °C’ deki etiivde sabit
agirhga gelinceye kadar kurutulmustur. Rutubet
miktar1 agirlik kaybindan % olarak hesaplanmistir
(Anonim, 1987).

Kiil miktari

Her numuneden yaklasik 3 g 6rnek daha Once
105°C’ de kurutulup, sogutulan ve darasi alinan kiil

E. DUMAN, A. S. YAZICI: YAS INCIR (MOR GUZ - SARI LOP) CEKiRDEK
VE GEKIRDEK YAGLARININ FiZIKO-KIMYASAL OZELLIKLERI

krozesine tartilmistir. Daha sonra 700°C” deki kiil
firinina konulup ve numuneler tamamen yanincaya
kadar (kiil tamamen beyaz renge doniinceye kadar)
beklenmistir. Numunelerin tamamen yanmasi igin
gecen siire 5-6 saat arasinda degismistir. Kiil
miktar1 % olarak hesaplanmistir (Anonim, 1990).

Yabanc1 madde

Incirden bagka gozle goriilebilir her tiirlii madde
icin degerlendirme yapilmistir.

Cekirdek bin tane agirhgi

5 adet meyvenin g¢ekirdekleri ¢ikartilip karigtirilarak
ve icinden 1000 adet c¢ekirdek sayilip 0.01 g
hassasiyetindeki  terazide tartilmak suretiyle
belirlenmistir (Aksoy, 1991).

Irilik tayini
Biiyiik, orta ve kiigiik irilikte segilen danelerde
kumpasla en ve boy 6l¢iimii yapilmustir.

Tohum sayis1 analizi

Belirlenen  lokasyonlardan  toplanan  incir
meyvelerinin belirlenen tiirlerinden belirli sayida
almarak icleri spatula yardimiyla ac¢ilmis ve tohum
kisimlar1 aliiminyum folyo iizerine alinarak tek tek
sayilarak meyvelerdeki tohum sayisi miktarlar

hesaplanmustir.
Yag tayini

5-10g kurutulmus, oOgiitiilmiis ¢ekirdek silizgeg
kagidiyla kartus icine ve kartus da ekstraktdre
yerlestirilmigtir. Balon ve ekstraktorii birbirine
baglayarak petrol eterini devir daim yapmasini
saglayacak kadar kartusun iizerinden konulmusg ve
6 saat sonra cikarilmistir. Petrol eteri damitilarak
geri almmugtir. Cam balonu etiivde 103°C’ de
eterin fazlali§i ucuncaya kadar bekletilmis ve
desikatorde sogutulup tartilarak % yag degeri kuru
madde {izerinden hesaplanmistir (Uylager ve
Basoglu, 2000).

incir cekirdek yaglarinda yapilan analizler
Serbest yag asitligi (SYA) tayini

5 veya 10 g ornek tartilip 50 veya 150 ml etil
alkol- dietil eter karisiminda ¢oziilmiis ve elde
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edilen ¢ozelti fenol fitalein indikatori esliginde 0,1
N KOH ¢ozeltisin titre edilmistir. SYA degeri mg
KOH/g yag cinsinden hesaplanmistir (Nas, 2001).

Renk tayini
Aragtirmamizda elde edilen incir yaglar
numunelerinin renk &lgtimleri, (L", a~ ve b

degerleri) Dgs aydinlatmali, 2° gozlemciye sahip
Diffuse/ O modundaki 8 mm’lik aydinlatma
araligina sahip Kromametre (CR-400 model,
Konica Minolta, Osaka, Japonya) kullanilarak
gergeklestirilmistir. L" (parlaklik), a” (+60 kirmizi;
-60 yesil) ve b (+60 sari; -60 mavi) renk
koordinatlart CIE L°, a’, b" renk koordinat
sistemine gore belirlenmistir. Olgiimler, her bir tiir
ve varyetedeki incir yagi Orneklerinde 3 farklh
okuma yapilarak gergeklestirilmistir (Anonymous,
1976).

Peroksit sayis1 analizi

AOCS’nin Cd 8-53 standart metodu kullanilmustir.
S5’er g yag Ornegi lizerine 30 mL asetik asit-
kloroform (3:2 v/v) ve 0,5 mL doymus KI
(Potasyum iyodiir) ilave edildi. Bir dakika
karistirma isleminden sonra lizerine 30 mL H,O
0,5 mL nisasta ¢ozeltisi eklendi ve karisim 0,01 N
sodyum tiyosiilfat ile sar1 renk goriilene kadar titre
edildi. Aym islem sahit deney icinde numune
kullanilmadan da yapildi ve peroksit sayisi
metottaki formiile goére, meq/kg yag olarak
hesaplanmistir (Anonymous, 1989).

Kirilma indisi

Incir yagi numunelerinin kirilma indisleri Abbe
refraktometresi ile tespit edilmistir. Bu amagla
spatula yardimiyla alinan incir yagi numuneleri,
refraktometrenin prizmasi iizerine dokiilmiis ve 20
°C okuma yapilmistir (Anonim, 2004).

Yag asitleri kompozisyonu

Gokalp (2001), tarafindan belirtilen metod
uygulanmis ve yag numunelerinin yag asidi
kompozisyonu teshisinin yapilmasi i¢in 1 pl gaz
kromotografisine injekte edilmistir (Gokalp, 2001).
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Analizde SHIMADZU GC-14B markali gaz
kromotografisi kullanilmigtir. Cihaz lizerinde FID
(flammenionisation detektor / alev iyonizasyon
detektorii) detektorii kullanilmigtir. Kolon ise
RTX-2330 marka olup, 60 m uzunlugunda, 0,25
mm ¢apinda ve 0,20 um film kalinligina sahiptir.

istatiksel analizler

Aragtirmada 2 farkli yas incir ¢esidi (Sar1 Lop ve
Mor Giiz), Aydin ilinde ii¢ farkli lokasyondan
(Kurtulus, Gencelli ve Feslek) 2014 yilinda
toplanarak gergeklestirilmis ve analizler her bir
tekerriirde {i¢ paralel olarak yiiriitilmiistiir.
Boylece her bir parametre, faktoriyel deneme
modeline gore 2 x 3 x 2 seklinde diizenlenmistir.

Arastirma sonucunda elde edilen veriler, deneme
desenlerine uygun olarak varyans analizlerine tabi
tutulmuglardir. Varyans analizleri, SPSS 17.0 for
Windows isimli paket programi kullanilarak
gergeklestirilmistir. Aragtirma sonuglarinin varyans
analizinde one-way Anova ve Onem dereceleri igin
Duncan ¢oklu karsilastirma testi kullanilmistir.

BULGULAR

Sar1 Lop cinsi incir g¢ekirdegi ve yagmin bazi
fizikokimyasal 6zelliklerinin ortalama degerleri su
sekilde tespit edilmistir. Cekirdek sayisi, 1000 tane
agirligi, kuru madde ile meyve ve cekirdek nem
icerigi sirasiyla 957 adet, 3,911 g, % 91,61 ve %
11,81 olarak belirlenmistir. Sar1 Lop cinsi incir
cekirdegi ortalama % 20,54 yag icermektedir
(Cizelge 1 ve 2).

Mor Giiz cinsi incir g¢ekirdegi ve yagmin bazi
fizikokimyasal 6zelliklerinin ortalama degerleri su
sekilde tespit edilmistir. Cekirdek sayisi, 1000 tane
agirhigl, kuru madde ile meyve ve ¢ekirdek nem
icerigi swrasiyla 946 adet, 32,36 g, 3,761 g,
% 92,02 ve % 9,71 olarak belirlenmistir. Mor Giiz
cinsi incir g¢ekirdegi % 23.53 yag igermektedir.
Istatistiki olarak Cizelge 1 ve 2’ de goriildiigii gibi
Mor Giiz ve Sar1 Lop cinsi incirlerde lokasyona
gore Dbelirtilen degerlerin  p<0,05 diizeyinde
degisebildigi belirlenmistir.



Cizelge 1. Taze incir ¢ekirdeklerinin fiziksel dzellikleri.
Table 1. Physical properties of fresh fig seeds.

E. DUMAN, A. S. YAZICI: YAS INCIR (MOR GUZ - SARI LOP) CEKiRDEK

VE CEKIRDEK YAGLARININ FiZIKO-KIMYASAL OZELLIKLER]

1000 tane Yabanci Ortalama biiyiikligi
. Nem Kl agirhigl Madde Yag icerigi Average size
V(z:ifisej:y Ii(z)]::zst?:r? Moisture Ash 1000 seed Foreign Oil content En Boy
(%) (%) weight matter (%) Width Length
(8 (%) (mm) (mm)
Feslek 8,08°+0,14  4,68°+0,05 2,52 +£0,02 0,18 £0,04 26,01°+0,11 1,2°+ 0,05 1,3+0,17
Mor Giiz Gencelli 11,62°+£0,07  4,46°+0,08  3,259+0,01 0399+0,08 16,14'£0,14 1,3°+0,16 1,4°+0,11
Kurtulug 9,42°+£0,05  3,22°+0,14  550° £0,01  0,65° £0,05 2844°+0,27  1,2°+0,05 1,5+ 0,09
Ortalama 9,70 4,12 3,75 0,40 23,53 1,23 1,40
Feslek 10,71°+ 0,10 3,11°£0,09 3,47°+0,02 0,72* + 0,02 26,74°+ 0,10 1,4*+£0,18 1,5°+ 0,06
Sar1 Lop Gencelli ~ 12,62°+0,05 348°+£0,09 428°+0,03 042°+001 17,77+0,16 14°+0,06  1,5°+0,10
Kurtulusg 12,10°+£0,06  3,34°+0,05 3,970,004 0,17°+0,01 17,11°4£0,07  1,4°+0,09 1,6" + 0,09
Ortalama 11,81 3,31 3,90 0,43 20,54 1,40 1,55
Ayni harfle gosterilen ortalamalar arasinda 6nemli fark (P <0,05) yoktur.
Same letters in a column are not significantly difference at the 0.05 probability levels.
Cizelge 2. Taze incir ¢ekirdek ve yagimin fiziko-kimyasal 6zellikleri.
Table 2. Physicochemical properties of fresh fig seeds and oil.
Peroksit Renk Degeri Cekirdek sayist
. Asitlik Sayist Kirilma indisi Color Value ¥
Cesit Lokasyon L . R (Adet)
; ’ Acidity Peroxide Refractive index
Variety Location %) Number (nD) Kirmizi (R) Sari (Y) Seed number
Red Yellow (number)
(meg/kg)
Feslek 1,1°£0,16 1,9°+0,12 1,4438°+ 0,0002 7,1 £0,12 6,5 £0,23 801° +32,53
Mor Giiz Gencelli 1,2+ 0,09 6,0" + 0,06 1,4795" + 0,0002 74" £0,04 3,4 £0,02 936 ™+ 30,56
Kurtulug 1,0°+ 0,20 0.0°+ 0,08 1,4699"° £ 0,0003 44" £0,10 2,2+ 0,04 1103* +16,56
Ortalama 1,1 3,95 1,4644 6,3 4,03 947
Feslek 0,7°+ 0,26 0,70°+ 0,14 1,4792% + 0,0004 5,6 £0,03 2,4 £0,08 948" + 16,53
Sar1 Lop Gencelli 0,6+ 0,09 1,46° + 0,20 1,4791* £ 0,0003 5,8° 0,11 1,8 £0,11 970° £ 20,69
Kurtulug 0,8+ 0,06 1,04+ 0,10 1,4780" + 0,0003 5,4° £0,16 7,0 £0,11 952 £ 17,25
Ortalama 0,7 1,06 1,4788 5,6 3,73 957

Aynt harfle gosterilen ortalamalar arasinda 6nemli fark (P < 0,05) yoktur.

Same letters in a column are not significantly difference at the 0.05 probability levels.

Mor Giiz g¢esidinde en yiiksek ¢ekirdek sayis1 1103
adet cekirdekle Kurtulus lokasyonundan elde
edilmis iken, en diisiik tohum sayist 801 adet
¢ekirdek ile Feslek lokasyonundan elde edilmistir.
Sar1 lop c¢esidinde ise en yliiksek g¢ekirdek sayisi
970 adet ¢ekirdekle Gencelli lokasyonundan elde
edilmis iken, en diisiik tohum sayis1 948 adet
cekirdek ile Kurtulus lokasyonundan elde edilmistir.

Tirk Gida Kodeksi’nde belirtilen teblige gore;
cekirdek igeren hammadde kullanildiginda
cekirdek veya cekirdek pargasi en fazla 1 adet/100
g yabanct madde bulunabilecegi bildirilmistir
(Anonim, 2002). Yapilan arastirma sonucunda
incir ¢ekirdegi yabanci madde miktar1 belirtilen
degeri agmamuistir. Belirtilen cesit ve lokasyonlarda
% 0,17-0,72 arasinda belirlenmistir. Bitkisel yag
teknolojisinde, bazi tohumlarin % yag miktarlar su
sekilde belirtilmistir; aygigegi tohumu igin % 22-

36, aspir i¢in % 25-37 ve kolza tohumu % 22-49
oldugu belirtilmistir (Gokalp, 2001). Buna gore,
incir ¢ekirdekleri % yag degerleri % 17-28 ile
aycicegi ve aspir yag degerleri arasinda tespit
edilmistir. En diisiik yag degerine sahip incir
cekirdekleri %16,14 ile Mor Giiz ¢esidi, Gencelli
lokasyonundan elde edilir iken en yiiksek yag
igerigi % 28,44 ile Mor Giliz ¢esidi, Kurtulug
lokasyonundan elde edilmis ve ortalama yag
igeikleri incelendiginde Mor Giiz ¢esidinin Sar1 lop
¢esidinden daha yagli oldugu belirlenmigtir.

Tirk Gida Kodeksinde bir yagin, yemeklik yag
olarak tiiketilebilmesi i¢in serbest yag asitligi
degerinin mak. % 0,6 degerinde olmalidir ibaresi
bulunmaktadir. Bu dogrultuda, Cizelge 2’de
goriildigi gibi, elde ettigimiz sonuglar incir
cekirdegi yagmin, diger kullanilabilir yaglarin
serbest yag asitligi degerlerinden yiiksek oldugu
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belirlenmistir. Kayahan (1975), peroksit sayist 5
meq/kg’dan sonra yaglarin acilagsmaya bagladigini,
10 meq/kg’ dan sonra ise yagin kullanilamaz hale
geldigini belirtmigtir. Buna gore incir ¢ekirdegi
yagi, peroksit sayisi agisindan kullanilabilir
diizeyde tespit edilmigtir.

Yaglarin kirilma indislerine genellikle, yaglarin
kaynagini belirlemek amaciyla bakilmaktadir
(Anonim, 2012b). Aygcicek, misir, kanola, findik
gibi bitkisel s1v1 yaglarin kirllma indisleri 1,463 ile
1,476 arasinda degismektedir. Tespit ettigimiz
sonuglar da, incir yagmin kirilma indisinin, diger
bitkisel s1v1 yaglarin kirilma indisleri ile paralellik
gosterdigi goriilmektedir.

Bitkisel yag teknolojisinde, saglam ve iyi
temizlenmis ¢esitli tohumlarin kritik nem diizeyleri
tespit edilmis ve buna gore keten tohumu igin
% 11,8-12,8, aye¢icegi i¢cin % 9,9-10,8 ve genel
olarak  %12’nin  altinda olmas1  gerektigi
belirtilmistir (Gokalp, 2001). Buna gore, incir
cekirdekleri nem degerleri agisindan; Sar1 Lop
¢esidinin  ¢ekirdek nem degerleri  Gencelli
(%12,62) ve Kurtulus (%12,10) lokasyonlarinda
kritik nem diizeyini gegerken diger ¢esidin nem
degerleri tim lokasyonlarda kritik nem diizeyinin
altinda bulunmustur.

Literatiir bilgilerine gore, yaygin olarak kullanilan
aycicegi yagi ile Cizelge 3° de goriildiigii gibi incir
cekirdegi yagini, yag asitleri kompozisyonu
bakimindan kiyasladigimizda, aygigegi yaginin
palmitik asit (% 7,9-12,0), oleik asit (% 34,4-45,5),
linoleik asit orant (% 36,9-47,9) iken (Yazicioglu
ve Karaali, 1983), tarafimizdan yapilan aragtirma
da incir ¢ekirdegi yaglarinin palmitik asit (% 6-7),
oleik asit (%15-16), linoleik asit (%29-31) ve
linolenik  asit  (%41-42) saptanmistir. Bu
karsilagtirma incir ¢ekirdegi yag1 ile aygicegi
yagmin yag asidi kompozisyonunun birbirinden
farkli oldugu ve incir ¢ekirdegi yagmin linolenik
asit bakimindan zengin oldugu tespit edilmistir. Bu
yoniiyle keten tohumu linolenik asit (%55)
icerigine yakinlik gostermektedir (Isleroglu ve
ark., 2005). Incir gekirdek yagmin yag asidi
kompozisyonu birden fazla ¢ekirdek yaglariin

74

onceki c¢alismalardan elde edilen degerleri ile
farklilik gostermistir. Jeong ve Lachance (2001),
tarafindan kurutulmus incir meyvesi c¢ekirdek
yaglar ilizerine yapilan ¢alismada en baskin yag
asidi (% 53,1) olan linolenik asiti, linoleik asit (%
21,1), palmitik asit (% 13,8), ve oleik asit (% 9,8)
olarak takip etmektedir. Doymamis yag asitleri,
toplam yag asitlerinin % 89,87’sini
olusturmaktadir. Linolenik asit i¢erigi sonuglarimiz

Cizelge 3. Taze incir gekirdek yaglarinin yag asitleri lokasyon
ortalama kompozisyonu (%).

Table 3. Fresh fig seed oils location average fatty acid
composition (%).

L Taze incir ¢ekirdegi
Yag asidi (Y. A.)

. Fresh fig seeds
Fatty acid Sar1 Lop Mor Giiz
Miristik 0,06 0,01
Palmitik 6,96 7,06
Arasidik 0,39 0,22
Behenik 0,08 0,08
_Lignoserik 003 0,03
Toplam doymus Y. A. 7,52 7,40
Palmitoleik 0,05 0,05
Heptadesenoik 0,03 0,03
Cis-10-heptadesenoik 3,12 3,074
Oleik Asit 15,98 15,78
Elaidik Asit 0,75 0,79
_Eikosenoik Asit 003 003
Toplam tekli doymamis Y. A. 19,96 19,75
Linoleik Asit (C18:02) 30,33 31,87
Linolenik Asit 42,11 40,88
Arasidonik Asit 002 0021
Toplam ¢oklu doymamis Y. A. 72,46 72,77
Toplam doymamis Y. A. 92,42 92,52

daha once rapor edilen (% 53,1) degerden kismen
daha diistik seviyede (% 41,85) saptanmigstir (Jeong
ve Lachance, 2001). Genel olarak, yag asit
kompozisyonu, doymus ve doymamis yag asitleri
orani literatiir ile benzerdir. Insan beslenmesinde
en Onemli ¢oklu doymamig yag asitlerinden
linoleik asit, belirgin kalp damar hastaliklarinin
onlenmesinde 6nemlidir (Boelhouwer, 1983). Bir
baska calismada, Opuntia ficus indica tohumu
yagi; % 9,32 palmitik, % 3,11 stearik,% 16,8 oleik,
% 70,3 linoleik asit igerdigi belirtilmektedir
(Ennouri ve ark., 2005).



SONUC VE ONERILER

Sonu¢ olarak; Tiirkiye’de genis bir alanda bol
miktarda bulunan, Sar: Lop ve Mor Giiz tiirlerine
ait incir c¢ekirdegi yaglarmin, insan saglig
acgisindan besleyici 6neme sahip besin maddeleri
ozellikle de balik yagi, keten tohumu gibi
hayvansal ve bitkisel yaglara paralel olarak
linolenik yag asidi yiiksek oranda icerdigi tespit
edilmistir. Bu yoniiyle linolenik asit bakimindan
iyi bir kaynaktir. Cekirdek yaglarinin da Tiirk Gida
Kodeksi Bitki Adi ile Anilan Yemeklik Yaglar
Tebligi’ ne uygun oldugu ve yemeklik yag olarak
kullanilabilecegi belirlenmistir. Yiiksek serbest yag
asitligi ve renk gibi degerlerinden dolayi, aycicegi,
musir ve kanola yaglarinda oldugu gibi rafinasyon
islemine tabi tutulmasi da Onerilmektedir. Yapilan
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literatiir incelemeleri dogrultusunda incir ile ilgili
belli konularda arastirma yapilmis, incir
cekirdekleri ve yag ile ilgili gerek saglik gerekse
besleyicilik agisindan  kapsamli  bir ¢aligma
yapilmadig1r goriilmiistiir. Bu yoniiyle, yapilan
arastirma literatlire yeni bilgiler sunmakta ve
Ozgiinliik tagimaktadir. Ayrica, bu konu ile ilgili
caligmalarin devam ettirilmesi 6nerilmektedir.
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ABSTRACT: The aim of the research is obtaining material and information for breeding of new varieties which can be
used as turf and pasture plant in Central Anatolia and resembling regions. Some of the perennial ryegrass (Lolium perenne L.)
seeds, collected from natural areas in 2010-2011, send with passport information to the Gene Banks in Ankara and Izmir. The
rest of the seeds were grown in greenhouse and then transferred into field. In 2012, 17 populations were identified by observing
(according to 1-9 and 1-5 scale) and measuring some characteristics. Then, mean and standard error values of the obtained data
were determined. The mean values of the populations in main stem length, main stem thickness, flag leaf length, flag leaf width,
number of nodes, internode length, growth pattern, rust resistance, winter resistance, tillering capacity, and leaf color changed
between 30.2-48.7 cm, 1.9-2.8 mm, 5.7-10.8 cm, 3.3-4.9 mm, 2.6-3.7, 2.7-6.7 cm, 3.8-8.0, 3.8-7.9, 5.2-8.8, 5.1-9.0, and 3.9-5.0,
respectively. The relations between the characteristics were examined by correlation analysis. Furthermore, ploidy levels of
some single plants selected from the natural populations for breeding purposes were determined by flow cytometry analysis and
all of these plants studied were found diploid.

Key words: Perennial ryegrass, Lolium perenne L. collection, breeding, correlation, ploidy.

Eskisehir’de Dogal Alanlardan Toplanan Cok Yillik Cim (Lolium perenne L.)
Populasyonlarinda Islah Yoniinden Onem Tasiyan Bazi Ozelliklerin Belirlenmesi

OZET: Arastirmamin amaci, Orta Anadolu ve benzeri ekolojilerde yiiriitiilen yesil alan tesisi ve mera 1slah ¢calismalarinda
kullanilabilecek yeni cesitlerin gelistirilmesi ¢alismalarina materyal ve bilgi iiretmektir. 2010 ve 2011 yillarinda dogal
alanlardan toplanan ¢ok yillik ¢im (Lolium perenne L.) tohumlarinin bir kismi durak bilgileri ile birlikte Ankara ve Izmir deki
Gen Bankalarina gonderilmistiv. Tohumlarin kalan kismi serada fide haline getirildikten sonra araziye aktarimistir. 2012
yilinda toplam 17 populasyon gozlem (1-9 ve 1-5 skalalari) ve olgiimlere tabi tutularak bazi ozellikleri belirlenmigstir. Daha
sonra verilerin ortalama ve standart hata degerleri saptanmisgtir. Populasyon ortalama degerleri ana sap uzunlugunda 30,2-48,7
cm, ana sap kalmhginda 1.9-2.8 mm, bayrak yaprak boyunda 5,7-10,8 cm, bayrak yaprak eninde 3,3-4,9 mm, ana saptaki bogum
sayisinda 2,6-3,7 adet, ana saptaki bogum arast uzunlugunda 2,7-6,7 cm, biiyiime seklinde 3,8-8,0, pasa dayamkhilikta 3,8-7,9,
kisa dayamiklilikta 5,2-8,8, kardeslenme potansiyelinde 5,1-9,0 ve renkte 3,9-5,0 arasinda degismistir. Ozellikler arasindaki
iligkiler korelasyon analizi ile incelenmistir. Ayrica 1slah ¢alismalart icin segilen tek bitkilerin ploidi diizeylerinin saptanmasi
amaciyla flow sitometri yontemi ile analiz gergeklestivilmis ve ¢alisilan tiim bitkilerin diploid oldugu belirlenmigtir.

Anahtar sozciikler: Cok yillik ¢cim, Lolium perenne L., toplama, 1slah, korelasyon, ploidi.
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INTRODUCTION

Although flora of Turkey is quite rich in terms of
grasses used as turf and pasture plant, imported
varieties are used for these purposes in general.
There have been difficulties in adapting these
varieties to different ecological conditions in the
country (Oral and Acikgoz, 2002). Perennial
ryegrass (Lolium perenne) is a perennial cool season
grass used as turf, pasture and forage plant. As a turf
plant, it is widely used in establishing turf areas on
sport and golf areas, parks, and gardens. The species
germinates easily and covers the planting area
quickly. Especially, the genotypes short and with
thin leaves are extremely resistant to crushing.
Origin of the species is Europe, Temperate Asia and
North Africa. The use of imported varieties in turf
area establishment in Turkey is an important
problem for the country's agriculture and economy.
Because turf areas are established at one time with
intensive effort and expenditure, these are expected
to benefit for a long time (Acikgoz, 2001). Even in
the pasture development studies in Turkey, foreign
varieties are being used.

For these reasons domestic varieties are needed
which are adaptable to different ecological
conditions of the country. Collection and
characterization of ecotypes widely found in
natural areas of the country is an important
resource for the development of ecologically
adaptable varieties. It is reported that these natural
ecotypes could be used in variety development
studies using selection method (Tosun, 1973).

MATERIALS AND METHODS

In this research, there have been presented some
observation and measurement data conducted in the
ecotypes collected from natural areas to provide
sources for breeding studies on turf and pasture type
perennial ryegrass for Eskisehir and similar
ecologies.

The collected materials were characterized in terms
of some properties and then some single plants were
selected for breeding purposes. Because ploidy
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levels should be known in breeding studies with the
material collected from natural areas, these plants
were subjected to ploidy analysis using flow
cytometer method. Although perennial ryegrass is
diploid naturally, tetraploid ones are found because
of autopoliploidy in natural areas. Rapid and reliable
results are obtained with flow cytometer in cases
where the ploidy level of a large number of plants,
such as plant genetic resources, need to be
determined. The method is widely wused in
determining the DNA content and ploidy level of
many turf grass species (Wang et al., 2009).

The collection and characterization studies were
carried out in 2010, 2011 and 2012 in Eskisehir
Province and at the Central Field of Transitional
Zone Agricultural Research Institute. Climate data
were given in the table below (Table 1). According
to long term climate data, the area receives 347
mm precipitation and experiences an average
monthly temperature 10.8 °C and 77.7% relative
humidity. In the years our research was conducted,
precipitation and average relative humidity were
higher than long term data.

According to the analysis results of the soil taken
from the germplasm area, experimental area is
slightly alkaline, clayey, with medium limy,
slightly salty, rich in potassium and rich in
phosphorus (Table 2).

In the collection study in 2010, single plant seeds
were collected from the stations determined for
each 10 km considering altitude and direction in
Eskisehir Province (Alan, 1986). In addition, they
were collected in sheltered areas such as village
cemeteries where these plants are concentrated. In
the study, the factors such as soil type, soil slope,
soil appearance, and their relation with vegetation
were considered. Selections also were made
according to the characteristics such as general
appearance of plant (upright, decumbent etc.),
color, and plant height. During the collection,
information such as coordinates, altitude, region or
local name and distance to the nearest settlement
were recorded (Table 3).
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The collected seeds divided into 3 parts and one
part was sent to the Gene Banks in Izmir and
Ankara with the station information data. One part
has been preserved in the Institute. The rest of the
seeds were grown in greenhouse and the seedlings
transferred to field separately for each single plant.
There were 20 plants for each single plant
(population) collected from natural areas but some
were lost due to winter and diseases.

These populations were subjected to the

observations and measurements:

Main stem length (cm), main stem thickness (mm),
flag leaf length (cm), flag leaf width (mm), number

NATURAL AREAS OF ESKISEHIR FOR BREEDING PURPOSES

of nodes, internode length (cm), growth pattern (1
oblique - 9 upright), rust resistance (1 susceptible -
9 resistant), winter resistance (1 susceptible -9
resistant), tillering capacity (1 poor - 9 abundant),
and leaf color (1 light green - 5 dark green)
(Tosun, 1973; Sagsoz, 1974; Tokluoglu, 1979;
Kornerup and Wanscher, 1978;Anonymous, 2016).

The obtained data were subjected to statistical
analysis and population averages and standard
errors were determined. Standard error values were
determined to indicate whether there is variation
between single plants in population. In addition, a
correlation analysis was conducted to determine
the relations between the characteristics (Kackar
and Harville, 1984; Pearson, 1920).

Table 1. Monthly precipitation, mean temperature and relative humidity in Eskisehir, Turkey.
Cizelge 1. Eskisehir Ili aylik toplam yagis, ortalama sicaklik ve oransal nem degerleri, Tiirkiye.

Precipitation (mm)

Temperature (°C) Relative humidity (%)

%;lztrh Toplam yagis (mm) Ortalama sicaklik (C°) Ortalama oransal nem (%)
2010 2011 2012 2010 2011 2012 2010 2011 2012
January / Ocak 36.0 26.6 58.0 1.5 0.3 -3.6 95.2 97.0 96.8
February / Subat 42.6 8.9 42.1 4.9 0.1 -5.5 90.5 93.2 97.3
March / Mart 32.6 20.0 56.4 5.9 3.7 1.5 85.5 88.0 87.7
April / Nisan 239 56.9 22.1 9.2 7.2 12.0 84.3 91.0 72.6
May / Mayis 20.7 145.8 80.9 15.2 0.5 144 70.4 87.7 83.3
June / Haziran 79.0 9.4 0.0 18.1 16.6 20.0 82.8 84.6 71.6
July / Temmuz 7.4 8.5 5.5 22.0 21.6 22.8 75.4 70.8 68.1
August / Agustos 0.9 0.0 35 244 20.0 20.8 66.2 73.5 65.1
September / Eyliil 22.5 2.1 0.0 18.2 17.4 18.7 75.8 68.5 66.1
November / Ekim 77.1 57.9 16.1 10.0 8.5 14.2 92.5 83.6 78.1
October / Kasim 7.5 0.0 14.5 9.3 0.8 7.3 81.0 86.8 923
December / Aralik 60.4 46.1 73.2 4.2 0.9 2.2 94.1 92.1 95.1
Total / Toplam 410.6 382.2 3723
Mean / Ortalama 11.9 8.1 11.0 82.8 84.7 81.2
*Meteorological Station of Transitional Zone Agricultural Research Institute.
*Gegit Kugagi Tarimsal Arastirma Enstitiisii Meteoroloji Istasyonu.
Table 2. Germplasm area soil analysis.
Cizelge 2. Gozlem bahgesi toprak analizi.
Soil S;ﬂ(t)t(?‘;) Lime Organic Phosphorus Potassium
Structure matter (%) (kg P,Os/da) (kg K,0/da)
pH Toplamtuz ~ (CaCO3) (%) . o -
Toprak %) Kireg (%) Organik Alnabilir fosfor Alnabilir potasyum
yapisi ’ ¢ 7o Madde (%) (kg P,0s/da) (kg K,0/da)
clayey 7.7 0.153 6.6 1.28 13.0 199.5

killi

*Soil and Water Laboratory of Transitional Zone Agricultural Research Institute.
*Gegit Kugagi Tarimsal Arastirma Enstitiisii Toprak ve Su Laboratuvari.
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Table 3. Collection site information.
Cizelge 3. Toplama yapilan ydre bilgileri.

Population

number District Collection site Latitude Longitude A.‘.lmud?
; .. Yiikseklik
Populasyon Ilge Toplanan yore Enlem Boylam (m)
numarasi
2 Saricakaya 3 km from Hekimdagt 39.90996°N __ 30.62989°E 1230
S S Han Center-Cemetery 39.15439°N _ 3086392°E 1224
B Sivrihisar Selimiye Village-Grassland 39.36983°N  3129889°E 843
45 fnonu Between Asagi Kuzfindik 39.67896 °N  30.06833 °E 1066
________________________________________ and Yukan Kuzfindik
46 fnonu Between Asagt Kqulndl'k 39.67738 °N  30.07262 °E 1075
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, and Yukan Kuzfindik-Village Center
47 inonu Oklubal 39.81717°N  30.24116 °E 831
________________________________________ Village-Cemetery ..
. S Sivrihisar Gerenli-Grassland 3938882 °N  31.24430°E 843
LB nonu Cemetery . 39.81391°N _ 30.12539°E 842
Gokcekuyu 39.24546 °N  30.83020 °E 1110
50 Han .

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Village-Cemetery
51 fnonu Between Asagi Kuzfindik 39.67896 °N  30.06833 °E 1066
________________________________________ and Yukan Kuzfindik
oo Merkez Kargm-Cemetery . 39.58781°N_ 30.22781°E 887
AR Gunyuzu Ertugrul-Cemetery 39.29004°N _ 31.59472°E 863 _
112 Seyitgazi Yazilikaya-In front of the Monument 39-20018°N 30.71504 °E 1292
RS Merkez . Avdan Village-Cemetery 39.56622°N _ 3049832°E 1109
A Tepebast Taycilar-Cemetery 39.98288°N _ 3091326°E 1104
s Merkez Uludere-Cemetery . 3991566 N 30.33850°E 1025
116 Seyitgazi Bessaray Village-Cemetery 39.43322°N  30.53410 °E 1028
The selected plants for breeding purposes growth pattern, rust resistance, winter resistance,

according to the observations and measurements
were subjected to a ploidy analysis using flow
cytometer method in 2015. In the method, ploidy
levels are determined using the core DNA content
of plants (Wang et al., 2009). Flow cytometry
device in Trakya University, Agricultural Faculty,
Field Crops Department was used in the analysis
which determines DNA content accurately.

RESULTS

The mean values and standard errors of the
characteristics of 17 perennial ryegrass populations
are given below (Table 4). As stated before, the
number of plants in each population which initially
were 20 decreased due to winter and disease
damage. At the end of the observations and
measurements, the population mean values in main
stem length, main stem thickness, flag leaf length,
flag leaf width, number of nodes, internode length,
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tillering capacity, and leaf color changed between
30.2-48.7 cm, 1.9-2.8 mm, 5.7-10.8 cm, 3.3-4.9
mm, 2.6-3.7, 2.7-6.7 cm, 3.8-8.0, 3.8-7.9, 5.2-8.8,
5.1-9.0, and 3.9-5.0, respectively (Table 4).

According to the results of the correlation analysis,
there were some remarkable relationships between
tillering capacity which is important for turf area and
pasture establishment and some other characteristics
(Table 5). While there are significant (p<0.01) and
positive correlations between tillering capacity and
internode length (0.642™), tillering capacity and
growth pattern (0.789™), tillering capacity and winter
resistance (0.980""), there are significant (p<0.01) and
negative correlations between tillering capacity and
main stem length (-0.665"), tillering capacity and
number of nodes (-0.8417). Some correlations
between winter resistance and some other properties
are also notable. While there are significant (p<<0.01)
and positive correlations between winter resistance
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and internode length (0.636"), winter resistance and
growth pattern (0.7317), there are significant
(p<0.01) and negative correlations between winter
resistance and number of nodes (-0.883"), winter
resistance and main stem length (-0.636")

As a result of the observations and measurements,
some single plants were selected from populations
for use in variety development studies. These
plants were subjected to a ploidy analysis and they

all were found diploid (Table 6).

Table 4. The mean values and standard errors of the perennial ryegrass populations.
Cizelge 4. Cok yillik ¢cim populasyonlarina ait ortalama ve standart hata degerleri.

*pop. plan.

no  num. fll flw msl mst nn il c ep r wr tc
*pop.  bit. byb bye asu ask asbs asbau renk bs phd kd kp
num.  say.

42 8 8.0£0.7 3.9+0.4 37.142.8 1.940.2 2.9+0.2 5.8+0.8 4.4+0.2 6.1+0.3 6.3+0.2 8.840.2  8.9+0.1
43 13 8.9+0.7 3.4+0.2 38.3+1.6 2.5£0.1 2.840.1 5.6+0.3 3.9+0.1 7.8£0.1 4.8+0.6 8.4+0.1 9.0+£0.0
44 4 10.5£0.7 4.8+0.3 36.1£2.5 3.0+0.0 3.0£0.0 5.9+0.7 4.0+0.0 7.840.3 6.5+0.3 8.0+0.4 8.5+0.5
45 5 8.0+£0.5 3.7£0.2 37.1#4.3 2.2+0.2 3.0+0.0 4.7+0.6 4.0+0.0 7.6£0.2 6.0£0.0 8.0+0.0  9.0+0.0
46 8 7.840.7 3.9+0.3 31.8+2.5 2.1+0.1 2.6+£0.3 4.3£1.0 5.0£0.0 5.5+0.3 6.0+0.0 8.5+0.2  9.0+0.0
47 7 10.8£1.0 4.6+0.4 37.6+£1.8 2.4+0.2 2.9+0.1 4.9+0.4 4.0+0.0 7.1£0.1 5.9+0.3 8.3+0.3 8.7+0.3
48 7 8.4+0.9 3.9+0.3 30.242.3 2.1+0.1 2.7+0.2 3.9+0.5 3.9+0.1 6.4+0.4 5.0£0.0 8.3+0.2  9.0+0.0
49 9 7.840.8 3.7+0.3 33.4+1.8 2.0+0.0 2.8+0.2 4.8+0.7 4.0+0.0 7.3+0.2 5.840.3 8.0+0.0  9.0+0.0
50 5 10.3x1.4 4.0+0.6 41.0£3.3 2.2+0.2 2.6+0.2 6.7+0.4 4.2+0.2 6.2+0.6 3.8+0.5 8.2+0.2  8.8+0.2
51 4 79419 3.3+0.3 32.5+2.7 2.840.3 2.8+0.3 5.4+0.6 4.0+0.0 8.0+0.0 6.0+0.0 8.0+0.0 9.0+0.0
110 17 8.0£0.7 4.5+£0.7 41.9+2.0 2.4+0.1 3.4+0.1 4.3+0.4 3.9+0.1 3.9£0.1 7.9+0.2 5.6+0.2 5.5+0.1
111 14 8.8+0.9 3.4+0.3 39.1+1.6 1.9+40.2 3.1+0.1 3.6+0.3 3.9+0.1 3.9+0.3 7.1+0.1 5.2+0.2  5.1£0.2
112 15 8.5£0.6 4.3+0.1 43.4+1.1 2.1+0.1 3.7+0.1 2.9+0.3 3.9+0.1 3.9+0.2 7.0£0.0 5.4+0.3  5.5+0.2
113 18 5.740.4 3.840.2 36.5+1.8 2.1+0.1 3.3+0.1 2.740.2 4.1+0.1 5.6+0.1 7.0+0.0 5.6+0.2  5.4+0.3
114 20 7.840.5 4.9+0.2 48.7+2.1 2.7+0.1 3.6+0.1 4.4+0.5 4.24+0.1 3.840.1 7.1+0.1 6.3+0.2  6.0£0.2
115 20 6.840.4 4.2+0.2 44.1+1.5 2.340.1 3.4+0.2 5.2+0.3 4.2+0.1 5.1+0.1 7.9+0.1 5.8+0.2 6.5+0.1
116 20 8.7+0.2 4.1+0.1 45.1£1.7 2.2+0.1 3.24+0.1 4.5+0.6 4.1+0.1 6.5£0.1 7.0+£0.0 5.8+0.2 5.94+0.2

*pop. no: population numbers, plan. num.: the plant number in population, fll: flag leaf length,
main stem thickness, nn: number of nodes, il: internode length, c: leaf color, gp: growth pattern, rr: rust resistance, wr: winter resistance, tc:

tillering capacity.

flw: flag leaf width, msl: main stem length, mst:

* pop. num.: populasyon numarasi, bit. say.: populasyon ig¢indeki bitki sayisi, byb: bayrak yaprak boyu, bye: bayrak yaprak eni, asu: ana sap
uzunlugu, ask: ana sap kalinligi, asbs: ana sapta bogum sayisi, asbau: ana sapta bogum arasi uzunlugu, renk: yaprak rengi, bs: biiylime sekli, phd:
pas hastaliklarina dayaniklilik, kd: kisa dayaniklilik, kp: kardeslenme potansiyeli.

Table 5. Correlation coefficients-r (n=17).
Cizelge 5. Korelasyon katsayilari-r (n=17).

Character msl mst fll flw il nn ep wr T tc c

Karakter asu ask byb bye asbau asbs bs kd phd kp renk
msl - 0.123 0.001 0.489%  -0.042 0.754%* -0.564* -0.636%* 0.469 -0.665%* -0.142
mst 0.302 0.398 0.383 0.095 0.315 0.130 0.039 0.138 -0.192
fll 0.294 0.507* -0.348 0.306 0.386 -0.465 0.352 -0.201
flw 0.018 0.460 -0.367 -0.210 0.346 -0.293 0.058
il -0.528%* 0.547* 0.636%* -0.495% 0.642%* 0.133
nn -0.668%*  -0.833%* 0.802%*  -0.841%** -0.286
gp 0.731%** -0.580%* 0.789%* -0.103
wr -0.764** 0.980%* 0.294
T -0.761%** -0.045
tc 0.232

C

##(p<0.01), *(p<0.05).
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Table 6. Ploidy analysis results.
Cizelge 6. Ploidi analizi sonuglari.

51([)11; ]iléa[t)llzrrit no DNA content (pg ) Ploidy level

Populasyon- DNA igerigi (pg) Ploidi diizeyi

tek bitki no
113-4 5.46 diploid
114-2 5.51 diploid
114-4 5.43 diploid
114-17 5.42 diploid
114-15 5.48 diploid
113-18 5.44 diploid
113-9 5.51 diploid
113-4 5.46 diploid
42-12 5.48 diploid
42-17 5.43 diploid
43-1 5.44 diploid
43-2 5.47 diploid
43-15 5.39 diploid
45-5 5.43 diploid
45-6 5.46 diploid
46-12 5.49 diploid
46-18 5.49 diploid
47-1 5.58 diploid
47-5 5.57 diploid
47-6 5.49 diploid
48-14 5.48 diploid
49-1 5.39 diploid
49-16 5.39 diploid
50-7 5.55 diploid
51-1 5.53 diploid
51-2 5.56 diploid
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ABSTRACT: Sweet basil (Ocimum basilicum L.) genus belonging to the Lamiaceae family is an important aromatic
plant cultivated in many parts of the world for its essential oil The present study was performed to determine the effects of
different organic chicken fertilizer doses (0,750, 1000, 1250 and 1500 kg/da) on some elements of sweet basil. The experiments
were established in Bolu location (40°41' 28" N, 31°32' 38"E, 760 m elevation), during the years 2015-2016. The ions in
aerosol samples were determined by using Dionex ICS 1100 Series ion chromatography. In leaves, the highest K and CI
contents were observed in the control (0 kg/da) application (41.50 mg/g and 11.90 mg/g), the highest PO and Mg’ contents
were detected in 750 kg/da organic chicken fertilizer (12.3 mg/g and 1.99 mg/g), the highest Ca™* content was detected in 1000
kg/da organic chicken fertilizer (22.6 mg/g), the highest SO, content was detected in 1500 kg/da organic chicken fertilizer (84
mg/g) and the lowest Ca content was observed in 1500 kg/da organic chicken fertilizer (6.22 mg/g) and the lowest PO, and CI
contents were detected in 1250 kg/da organic chicken fertilizer (8.14 mg/g, 8.34 mg/g). As a result of this research, 750 and
1000 kg/da application of organic chicken fertilizer dose had significant effect on some elements of sweet basil.

Keywords: Sweet basil, Ocimum basilicum L., organic chicken fertilizer, element content.

Organik Tavuk Giibresinin Farkli Dozlarinin Feslegen (Ocimum basilicum L.)’in
Element Analizine Etkileri

OZ: Lamiaceae familyasina ait fesleSen (Ocimum basilicum L.), diinyanin bir¢ok yerinde ucucu yag icin yetistirilen
onemli bir aromatik bitkidir. Bu ¢alisma, farkli organik tavuk giibresi dozlarmn (0,750, 1000, 1250 ve 1500 kg/da) feslegen
bitkisinin bazi elementleri iizerine etkilerini belirlemek amaciyla, 2015-2016 yilarinda Bolu lokasyonunda (40°41' 28" K, 31°32'
38"D, 760 m rakim) yiiriitiilmiistiir. Aerosol numunelerindeki iyonlar, Dionex ICS 1100 Seri iyon kromatografisi kullamilarak
belirlenmigtir. Bitki yapraklarinda en yiiksek element iceriklerine, K™ (41.50 mg/g ) ve CI (1.90 mg/g ) kontrol sartlarinda, Ca*’
(22.6 mg/g) 1000 kg/da organik tavuk giibre uygulamasinda, PO;> (12.3 mg/g) ve Mg"? (1.99 mg/g) 750 kg/da organik tavuk
giibre uygulamasinda, SO;° (4.84 mg/g) 1500 kg/da organik tavuk giibre uygulamasinda ulasihirken, en diisiik element
iceriklerine Ca*?(6.22 mg/g) 1500 kg/da organik tavuk giibre uygulamasinda, PO;> (8.14 mg/g) ve CI (8.34 mg/g) 1250 kg/da
organik tavuk giibre uygulamasinda ulasiimistir. Bu arastirmanin sonucunda, 750 ve 1000 kg/da organik tavuk giibre dozlarimin
feslegenin bazi elementleri tizerine olumlu etkileri oldugu saptanmuistir.

Anahtar Kelimeler: Feslegen, Ocimum basilicum L., organik tavuk giibresi, element icerigi.

INTRODUCTION more than 150 species of the genus Ocimum, sweet
basil is the major essential oil crop which is
cultivated commercially in many countries
(Sajjadi, 2006). Sweet basil does not show natural

Sweet basil (Ocimum basilicum L.), a member of
the Lamiaceae family is an annual herb which
grows in several regions around the world. Among
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distribution in Turkey, but they are cultivated as
medicinal, seasoning or oil plants especially in the
western and southern Anatolia. Its leaves contain
0.5-2 % essential oil and methyl chavicol
(estragol), eugenol, linalool, methyl cinnamate and
camphor are the important components of essential
oil of basil leaves. Due to the chemicals contained
in essential oils, essential oils of sweet basil are
used for treatment of dry mouth and dental
complaints, diarthea and chronic dysentery,
respiratory disorders, and effective in the treatment
of fungal diseases and stomach discomfort in
addition, the influential antitussive, diuretic,
anthelminthic, tranquilizer and expectorant roles in
medicinal approach. Moreover, ceasing nasal-
bleeding and preventing constipation, good for
fatigue and insomnia, and wuses for healing
migraine headaches and incomplete paraplegia
were reported (Telci et al., 2006). However,
recently the potential uses of sweet basil essential
oil, particularly as antimicrobial and antioxidant
agents have also been investigated (Suppakul et
al., 2003; Sartoratotto et al., 2004; Lee et al., 2005;
Wannissorn et al., 2005; Politeo et al., 2007).
Minerals are important in human nutrition. It is
well known that enzymatic activities as well as
electrolyte balance of the blood fluid are related to
adequacy of Na, K and Mg. Potassium is very
important in maintaining the body fluid volume
and osmotic equilibrium. Metal deficiency
syndrome like rickets and calcification of bones is
caused by calcium deficiency. Several studies on
nutrition in developing countries have shown that
adequate nutrient intake (daily calories, daily
protein, daily fat, minerals and vitamins) is an
essential ingredient for improved well-being,
economic growth and development, since a healthy
body enhances the capacity to learn which in turn
determines productivity and economic growth
(Flores, 2001; Smith and Haddad, 2001; Diao et
al., 2007). The objective of this work is to estimate
the concentration of some nutrient elements of
different doses of organic chicken fertilizer for
sweet basil.
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MATERIALS AND METHODS

The present study was performed to determine the
effects of organic chicken fertilizer application of
different doses on some elements of sweet basil
during 2015-216 years in Bolu location (40°41’
28" N, 31°32" 38"E, 760 m elevation). In this
context, five different doses (0, 750, 1000, 1250
and 1500 kg/da) were applied. The experiments
were arranged in the Completely Randomized
Blocks Design with three replications in May in
2015 and 2016 in open-field conditions. Each
experimental plot consisted of five rows that were
a row-to-row distance of 0.3 m and plant-to-plant
distance of 0.2 m. Sweet basil was regularly
irrigated to demonstrate good progress in its period
vegetation since irrigation is a very important
factor for cultivation of basil. Soil properties of
experimental fields were as follows: rich in
phosphorus (12.19 ppm), potassium (51.04 ppm)
and organic matter (3.1%), clay-loam and slightly
alkaline (pH=7.6). Climatic data during the
vegetation period of the experimental years (may-
september) was 19.1 °C (average temperature),
259.1 mm (total rainfall) and 71.2% (average
humidity) (Anonim, 2016). The properties of
organic chicken fertilizer is given in Table 1
(Anonymous, 2017).

Table 1. Properties of the organic chicken fertilizer.
Cizelge 1. Organik tavuk giibresinin dzellikleri.

Analysis Parameters Unit Analysis results
(W/W)
EC dS/m 2.6
Organic matter % 72.6
Beneficial ratio % 60-65
Total Humic and Fluvic Acid % 61.5
pH - 6.2
Moisture % 19.8
Total N % 2.2
Total P205 % 1.76
Water soluble K,O % 1.62
Organic N % 1.4
C/N - 17.4
Organic Carbon % 38.4

Estimation of element content

To prepare the samples for the element content
determination, 5 g of samples were extracted with
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50 mL deionized water, in ultrasonic water bath
during 30 minutes. Then, extracts were filtered
with 0.22 pum cellulose acetate filter and prepared
for the analysis. Before sample analysis, the
standard Dionex anion mix and Dionex cation mix
were used for calibration. The ions in aerosol
samples were determined by using Dionex ICS
1100 Series ion chromatography (Table 2). The
results were checked by using the ERM-CA408
simulated rainwater (low contents). Operation
conditions of the instrument are given in Table 3.

The results were checked by using the ERM-
CA408 simulated rainwater (low contents). The
percent error was shown in Table 3. The analysis

ON THE ELEMENT ANALYSIS OF SWEET BASIL (Ocimum basilicum L.)

of the element contents were the average of three
replicates of field experiment.

RESULTS

The present study was conducted for the evaluation
of elements such as Calcium (Ca™ ), Magnesium
(Mg™), Lithium (Li"), Amonyum (NH,"),
Potassium (K'), Sodium (Na'), Fluoride (F),
Chloride (CI), Nitrite (NO;’), Nitrate (NO;3 ),
Sulfat (SO4™), and Phosphorus (PO,™) in the leaves
of sweet basil. The results indicated that the leaves
contain highest concentration of K*, Ca™, PO,
and Cl 41.50, 22.6, 12.30 and 11.90 mg/g and
lowest concentration of Mg (1.39 mg/g) and SO,
(2.73 mg/g), respectively (Table 4).

Table 2. Optimum operation conditions for Dionex ICS 1100 Ion Chromatography.
Cizelge 2. Dionex ICS 1100 Iyon Kromatografisi i¢in optimum ¢alisma kosullari.

Operation conditions Anion Cation
Calisma kosullar Anyon Katyon
Mobile phase (Mobil asama) 9 mM Na,CO, 20 mM Metansulfonic acid

Column (Siitun)
Guard column (Koruma siitunu)

Ionpac AS9-HC (250 x 4 mm)
Ionpac AG9-HC (50 x 4 mm)

Tonpac CS12-A (250 x 4 mm)
Ionpac CG12-A (50 x 4 mm)

Supressor (Stipressor) ASRS-4 mm CSRS-4mm
Supressor current (Siipressor akimi) 45 mA 65 mA

Detector (Dedektor) Conductance detector Conductance detector
Pressure (psi) (Basing) 2000-3000 2000-3000

Oven temperature (Firin sicakligi) 30 OC 30 OC

Background conductance (Arkaplan iletkenligi) <30 uS 0.5-2 uS

Flow rate (Akis hiz1) 1.00 mL/min 1.00 mL/min
Injection volume (Enjeksiyon hacmi) 500 uL 1000 pL

Rate of data transfer (Veri aktarim hiz1) 5.0Hz 5.0Hz

Duration (Siire) 30 min 15 min

Table 3. ERM-CA408 simulated rainwater (low contents) results.
Cizelge 3. ERM-CA408 yagmur suyu (diisiik icerikler) benzeri sonuglar.

Element Certified value (mg/L) Uncertanity Aritmetic mean (mg/L) Standard deviation  Error (%)
Element Belirlenmis deger Belirsizlik Aritmetik ortalama Standart sapma Hata

NH4+ 0.910 0.028 0.789 0.03870 -13.300
ng 0.145 0.022 0.113 0.01220 -21.700
F 0.194 0.008 0.187 0.00481 -3.150
cl 1.960 0.070 1.940 0.01350 -0.730
NOB_ 2.010 0.090 1.970 0.02110 -1.700
5042_ 1.460 0.040 1.490 0.02910 2.390
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Table 4. Concentration of elements in Ocimum basilicum (mg/g) by different doses of organic chicken fertilizer.
Cizelge 4. Organik tavuk giibresinin farkli dozlarina baglh olarak Ocimum basilicum (mg/g) bitkisindeki element

konsantrasyonlari.

Organic chicken fertilizer doses e Mg Ca’ ol p04‘3 504'2
Organik tavuk giibre dozlart

Control (Kontrol) 41.50 1.71 7.66 11.90 10.60 3.06
750 kg/da 35.70 1.99 13.50 10.6 12.30 4.10
1000 kg/da 35.04 1.94 22.60 10.4 9.60 2.73
1250 kg/da 37.0 1.94 14.80 8.34 8.14 3.18
1500 kg/da 37.60 1.39 6.22 8.55 10.09 4.84

All tested extracts did not include NH,', F", Na’,
NO,, NO;, Li" elements. In this study, the
concentration of Mg ranged from 1.39 to 1.99
mg/g. The highest value was determined from 750
kg/da of organic chicken fertilizer application in
sweet basil leaves, and the lowest value was
determined from 1500 kg/da of organic chicken
fertilizer application in sweet basil leaves (Table
4). Mg has got prime role in the maintenance of
normal physiology in all living organisms. Mg
prevents cardiac arrhythmia disorders, high blood
pressure (Witte et al., 2008; Soetan et al., 2010). K
concentrations of sweet basil varied between 35.04
and 41.50 mg/g. Control (0 kg/da) application
demonstrated highest K concentration (41.50
mg/g) compared to other organic chicken fertilizer
leaves extracts applied. The importance of K is
speculated from its participation in large number of
biological processes, such as acid base balance,
movement of muscles, nerve impulse conduction,
and regulation of osmotic pressure (Hajjar et al.,
2001). Ca concentrations of sweet basil varied
between 6.22 and 22.60 mg/g (Table 4). While the
highest values were obtained from 1000 kg/da of
organic chicken fertilizer application in sweet basil
leaves, the lowest values were obtained from 1500
kg/da of organic chicken fertilizer application in
sweet basil leaves. Ca is an extremely important
element in human body. Ca plays a significant role
in building strong bones teeth and heart functions
(Brody, 1994). Ca may result in tetany and
convulsions due to impetuous discharges of nerve
impulses. The recommended daily Ca intake
required for normal biochemical activities of the
body is 1500 mg (Hassan et al. 2015). Cl was
present in the range of 8.34-11.90 mg/g. The
highest concentration was present in control
application followed by 750 kg/da (10.60 mg/g).
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SO4” concentrations of sweet basil ranged from
2.73 to 4.84 mg/g. While its maximum content
(4.84 mg/g) was presented in 1500 kg/da organic
chicken fertilizer application, and its minimum
content (2.73 mg/g) was presented in 1000 kg/da
organic chicken fertilizer extracts. In the present
study, the concentration range of PO,> was 8.14-
12.30 mg/g, as shown in (Table 4). The highest
level of that form of PO, was found in 750 kg/da
of organic chicken fertilizer application followed
by control doses of organic chicken fertilizer
application (10.60 mg/g).

DISCUSSION

According to the results obtained from this study,
the highest mineral values were found in organic
chicken fertilizer application at 750-1000 kg/da
(Table 4). According to the earlier scientific
studies conducted on nutritive composition of wild
plants, high quantities of minerals can be found
especially in K, Na, Ca, P and Mg (Guil Guerrero
et al., 1998; Agrahar-Murugkar and Subbulakshmi,
2005). The metal ions including Fe*', Zn*", Mg”"
K', Ca* and some other micronutrients are
cofactor for nearly 100 enzymes, which are
involved in cell division, nucleic acid metabolism
and protein synthesis. The researches have shown
that application of micronutrients reduces the
effects of environmental stresses (Cakmak and
Hors, 1991). Ozcan (2002) determined the mineral
contents of 32 plants used as condiments in Turkey
and as a result Al, Ba, Ca, Fe, K, Mg, P and S
contents were high in all plants analyzed. B, Mg,
S, Sr, Zn contents of basil were found as 31.75
ppm, 5737.8 ppm, 1923 ppm, 141.97 ppm, 13.71
ppm, respectively. Lavilla et al., (1999) indicated
that O. basilicum contented Mg (7458 mg/g) and
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Ca (21500 mg/g). Yamawaki et al., (1993)
reported that one hundred grams of fresh basil
leaves contained 250 mg of calcium, 37 mg of
phosphorus, 5.5 mg of iron, and 11 mg of
magnesium. Daniel et al., (2011) reported that
O. basillicum exhibited high potassium content
(28.770 mg/kg), calcium (17.460 mg/kg) and
appreciable quantity of sodium (290 mg/kg) and
magnesium (266 mg/kg). Tarchonue et al., (2012)
reported that the concentration of the
accompanying anions had an important role in O.
basilicum in response to salinity. They indicated a
marked selectivity for K™ and Ca** over Na" with
values of selectivity ratio significantly increasing
with both Na,SO, and NaCl salinity treatments.
They also indicated Mg™ and Sulphate content
was decreased significantly by both treatments as
compared to the controls, but CI and
SO, * anions were found at high concentration in
basil affected by NaCl and Na,SO, treatments,
respectively. Tewari et al., (2012) indicated that O.
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ABSTRACT: In recent years, the volume of use of Medicinal and Aromatic Plants (MAPs) increases with the
formation of new usage areas and increasing the demand for natural products day by day. One of these plants is dill (Anethum
graveolans L.), which is usually an annual herb in Umbelliferae (Apiaceae) family. Its origin is Asia and it is seen commonly in
our country due to grow naturally in the mediterranean basin. India and Pakistani are the most producer countries of this plant.
Moreover, USA, UK, Mexico, Germany, Hungary and Netherlands produce high amounts of dill. In addition to growing
naturally, it also is grown in gardens in our country frequently. In Turkey dill had cultivated in 7387 da areas and it was
produced 7208 tons in 2017. 111 tons of dill was produced in 84 da areas under protective cover (low tunnel, plastic greenhouse
and high tunnel) greenhouse conditions in 2017. Dill was most growth in Mediterranean region with 4113 da cultivation areas
and 4061 tones production and followed Marmara, Aegean and Internal Anatolia in 2017 year in Turkey. In the present review,
the chemistry, yield and quality characteristics, and economic value of dill and its components were discussed.

Keywords: Anethum graveolans L., dill, cultivation area, economic value, quality characteristics, yield and componenet.

Diinya’da ve Tiirkiye’de Dereotu (Anethum graveolans L.) Bitkisinin
Verim ve Kalite Ozelliklerinin Degerlendirilmesi

OZ: Son yilarda, tbbi ve aromatik bitkilerin yeni kullamm alanlarimin olusmast ve dogal iiriinlere olan talebin
artmasina bagh olarak, bu bitkilerin kullanim hacmi her gegen giin artmaktadr. Bu bitkilerden birisi de Apiaceae (Umbelliferae)
familyasindan genellikle tek yillik bir bitki olan dereotu (Anethum graveolans L.) dur. Anavatani Asya olup, Akdeniz havzasinda
da dogal olarak yetistiginden, iilkemizde yaygin bir sekilde goriilmektedir. En onemli iireticileri Hindistan ve Pakistan dir. Ayni
zamanda, ABD, fngiltere, Macaristan, Almanya, Meksika ve Hollanda gibi iilkelerde de yiiksek miktarlarda iiretilmektedir.
Ulkemizde dogal olarak yetismesinin yani sira, bahcelerde de siklikla yetistivilen bir bitki tiiriidiir. Tiirkiye'de 2017 yilinda
dereotu 7387 da alanda yetistirilmis ve 7208 ton iiretilmistir. 2017 yilinda 84 da alan ortii alt yetistiriciliginde (algak tiinel,
plastic sera ve yiiksek tiinel) 111 ton iiretilmistir. Tiirkiye de en fazla 4113 da alan ve 4061 ton iiretimi ile Akdeniz bolgesinde,
yetistirilirken, bu bolgeyi Marmara, Ege ve Ic Anadolu béolgeleri takip etmistir. Bu derleme de, dereotu bitkisinin kimyasal yapisi,
verim ve kalite kriterleri, ekonomik degeri ve bilesenleri tartigilmistir.

Anahtar Kelimeler: Anethum graveolans L., dereotu, ekim alanmi, ekonomik deger, kalite kriterleri, verim ve bilesenleri.
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INTRODUCTION

Apiaceae (Umbelliferae) is one of the largest plant
family and it is called "maydanozgiller" in Turkish
and "carrot family" in English. Apiceac family
contains annual and perennial plants which are
generally herbaceous and sometimes growing in
bush form (Pulur, 2012). It is also rich in terms of
essential oil. This family has a widespread in the
nothern hemipshere and also rare spread in the
tropical regions. Turkey is the one of the countries
included these plants. Apiaceaec consists of
approximately 300 genera and more than 3000
species (Stace, 1999). One of these species is dill
(Anethum graveolans) which is called "dill" in
English and called "dereotu" in Turkey, but it is
named "tereotu, turakotu, durakotu, tarhanaotu,
darakotu" different local names of Turkey (Baytop,
1994). Dill is an annual herb from Apiaceae family
and it’s native to south west Asia or south east
Europe and it has been noted that it has cultivated
throught the history (Bailer et al., 2001) and it has
grown in Mediterranean region. Today, dill is
cultivated almost all of Europe, United States (US)
and many other countries, including the
Mediterranean countries. Dill is grown in moist
areas and also has not soil selectivity (Ceylan,
1997). Therefore, cultivation of dill is widespread
in different places of Turkey. Some researchers
reported that its medicinal uses are as a vegetable,
a carminative, an aromatic, an antispasmodic,
diuretic, stimulant and stomachic (Simon ef al.,
1984; Hornok, 1992; Sharma, 2004). Dill contains
a large wvariety of antioxidant photochemical,
bioactive molecules or antimicrobial activity
against Saccharomyces cerevisia and Listeria
monocytogenes (Pascal et al., 2002) and it can
neutralize the free radicals thanks to retarding the
progression of many chronic diseases associated
with oxidative stress and reactive oxygen species
(Sun et al., 2002; Liu, 2003). Dill has been used
against digestive system disorders as natural drugs
for centuries. It has been reported that dill included
flavonoids, phenolics and essential oil (Delaquis et
al., 2002). Dill has also aromatic smell and flavor
depending on carrying high volatile oil.
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The objective of this review is to determine the
chemistry, yield and quality characteristics, and
economic value of dill and its components in
Turkey and the world.

Situation of dill in the World

Dill is one of the most traded medicinal and
aromatic plants in the world. It is reported that dill
was firstly cultivated in Europe in 1500 year, but it
met with America continent in the 19" century
(Small, 2006). India and Pakistan are the most
important producer countries. In terms of its
essential oil, the most producer countries are
Hungary, the highest quality dill plants are
cultivated in Egypt, Fiji, Mexico, Netherlands,
United States, United Kingdom, Hungary and
Germany. Pioneer producing essential oil countries
are Hungary, The United States and Bulgaria (20
tons). In USA, dill is the third essential oil plants
after Mentha spicata L. (spearmint) and Mentha
piperita L. (peppermint). In addition, 10-15% of
the world’s annual essential oil production was
obtained from Canada (Small, 2006; Pulur, 2012).

Situation of dill in the Turkey

While dill had the largest cultivation areas in
Mediterranean Regions (4113 da), it had the
smallest cultivation areas in Southeastern Anatolia
(10 da) in Turkey (Table 1). In terms of production
of dill, the main producers of dill plants were
Mediterranean Region (4061 tones) and Marmara
Region (1639 da) and followed by Aegean (671
tones) and Internal Anatolia (495 tones). The least
production regions were FEast Anatolia and
Southeastern Anatolia with 25 and 3 tones in
Turkey (Table 1) (Anonymous, 2018).

Among the provinces, 32 provinces had cultivation
area and production of dill in Turkey. Hatay had
the most cultivation area (4035 da) and production
(4027 tones) in Mediterranean region and followed
by Balikesir from Marmara in terms of cultivation
area with 841 da, yet Bursa had the second
production after Hatay with 882 tones. The lowest
production was found as 56 tones in Ankara and
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followed by Canakkale, Mugla, Samsun with 63,
66, 75 tones among the first 10 provinces in
Turkey, respectively (Figure 1) (Anonymous,
2018).

In Turkey, the Mediterranean Region has the
largest cultivation area (4113 da) and the
Southeastern Anatolia has the smallest (3 da)
cultivation area of dill (Table 1).

Cultivation of dill in Turkey changed between
3259-7387 da between 2012-2017 years (Table 2).
According to 2012 year, it was significantly getting
increase both cultivation area (7387 da) and
production (7208 tones) in 2017. Between 2012-
2014 years, in Turkey, cultivation area and
production values getting increase every year.
After 2014 year, cultivation area and production
values remained partly stable. In 2017 year,
cultivation area and production values of dill had
the highest level among 2012-2017 years. It is also

seen that there were very few fluctuations in
cultivation areas and productions. Dill was also
grown under protective cover as low tunnel, plastic
greenhouse, and high tunnel. Among the 2014-
2017 years, cultivation area and production of dill
remained as a stable with 3 da and 3 tones in low
tunnel. The cultivation areas of dill increased in
plastic greenhouse (26 da) and high tunnel (55 da);
its production increased in plastic greenhouse (33
tones) and in high tunnel (75 tones) in 2017 data
compared with 2014 (Table 3) (Anonymous,
2018).

As a shown Table 3, the maximum production was
observed in high tunnel conditions and followed by
plastic greenhouse and low tunnel between 2014-
2017 years.

Totally, dill was produced 7319 tones and
cultivated 7471 da with under protective cover in
2017 (Table 1, 3).
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Figure 1. Cultivation area (decar) and production (tones) of dill among the first 10 provinces in Turkey (2017).
Sekil 1. Tiirkiye’de dereotu iiretiminde ilk 10 ilin ekim alan1 (da) ve iiretim miktarlari (ton).

Table 1. Cultivation areas and production of dill in Turkey (2017).

Cizelge 1. Tiirkiye’de dereotunun ekim alanlari ve iiretim miktari (2017).

Regions Cultivation area (decar) Production (tonnes)
Bolgeler Ekim alan1 (da) Uretim miktari (ton)
Mediterranean Region (Akdeniz Bolgesi) 4113 4061
Marmara Region (Marmara Bolgesi) 1439 1639
Aegean Region (Ege Bolgesi) 849 671
Black Sea Region (Karadeniz Bolgesi) 283 314
Internal Anatolia Region (I¢ Anadolu Bélgesi) 674 495
East Anatolia Region (Dogu Anadolu Bolgesi) 19 25
Southeastern Anatolia Region (Giineydogu Anadolu Bolgesi) 10 3
Total (Toplam) 7387 7208
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Table 2. Cultivation area and production of dill among the 2012-2017 years.
Cizelge 2. 2012-2017 yillar1 arasinda dereotunun ekim alani ve {iretimi.

Years Cultivation areas (decar) Production (tones)
Yillar Ekim alani (da) Uretim (ton)
2012 3259 2901

2013 4167 3806

2014 4824 4603

2015 4777 4488

2016 4763 4589

2017 7387 7208

Table 3. Cultivation areas and production of dill in greenhouse conditions in Turkey.
Cizelge 3. Tiirkiye’de sera kosullarinda dereotunun ekim alani ve {iretimi.

Growing conditions Years Cultivation areas (decar) Production (tones)
Yetigtirme kosullari Yillar Ekim alan1 (da) Uretim (ton)
2014 3 3
Low tunnel 2015 3 3
Algak tiinel 2016 3 3
2017 3 3
2014 16 22
Plastic greenhouse 2015 16 22
Plastik sera 2016 15 21
2017 26 33
. 2014 45 49
High tunnel
2016 38 51
2017 55 75
Some studies about yield and quality highest essential oil was obtained from fruits and

characteristics of dill (Anethum graveolans L.)
in Turkey and the World

There are several studies about dill in Turkey and
the world. Elik et al. (2013) reported that in
different sowing times, the yield components of
dill is ranged; plant height (64.1-79.3 cm), branch
number (3.2-6.3 per plant), umbel number (4.4-9.8
per plant), umbel diameter (4.6-7.3 c¢cm) and they
also indicated that fruit number per plant (172.5-
210.5), fruit yield (35.6-73.2 kg/da) and fruit
essential oil content (1.3-1.55%), fruit yield (35.6-
73.2 kg/da), herb yield (1270.5 kg/da). Darzi and
Seyed Hadi (2012) observed that plant height
(72.7-77.8 cm), umbel number per plant (11.1-
15.1), weight of 1000 seeds (1.48-1.58), biomass
yield (2671.7-6169.7 kg/ha), fruit yield (1280.5-
2196.8 kg/ha) of dill yield in Iran conditions.
Khamssi (2014) have found height (90.80-97.67
cm) umbel/plant (62.6-99.3), umbellate/umbel (32-
37), biomass (93.2-173.8 g/m?), grain yield (65.67-
84.71 g/m?), oil essence (235.7-370.3 mg/50g DW)
of dill. Agarwal (2008) reported that ratios of
essential oil changed between 0.1-5.0%. The
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the lowest was observed from herb of dill.

When the carried out studies examined in Turkey,
they showed that yield of dill changed between
1000-2000 kg/da as fresh herb and between 200-
400 kg/da as a dry herb (Ceylan, 1997). It has been
reported that dill contains 2.5% essential oil,
10.0% water, 305 kcal energy, 16.0 g/100 g
protein, 14.5 g/100 g raw oil, 552 g/100 g
carbohydrate and 6.6 g/100 g ash according to
ASTA chemical standard and USDA food
composition (Elik, 2010). In addition to this, the
quality of dill essential oil depends on essential oil
rates such as carvone and a-phellandren.

CONCLUSION

Dill has been used since ancient times in ayurvedic
medicines such as carminative, stomachic and
diuretic. It is also used as a spice and aromatic
smell and flavor because of essential oil.
According to data, production quantities and
cultivation areas of dill have increased in recent
years. The Mediterranean Region has the largest
cultivation area, and the highest production in
Turkey.
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ABSTRACT: The objective of the study was to determine the concentration of heavy elements in edible insect pack and
estimate the potential health risks of elements to humans via consumption of the insect pack. Aquatic edible insect Diving Beetle
pack, Cybister limbatus (Fabricius 1775) (Coleoptera: Dytiscidae) was chosen for the study. Sixteen heavy elements (Ca, Ti, V,
Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Br, Rb, Sr, Pb) were determined in the edible beetle. Energy Dispersive X-ray Fluorescence
(EDXRF) was used to determine the concentration of the elements. Among the sixteen studied elements Ca (0.98 ppm), Ti (0.49
ppm) and V (0.38 ppm) had the highest concentration, whereas Rb (0.05 ppm), Sr (0.04 ppm), As (0.32 ppm), Br (0.06 ppm) and
Pb (0.06 ppm) had the lowest concentration. The results compared with US institute of medicine (IOM) panel on micronutrient
guidelines, the levels of elements in this study were found safe for consumption. But especially residues of Pb and As, which are
thought as the potential hazardous elements, in this edible insect may pose health problem in the future.

Keywords: Edible insects, Cybister limbatus (Fabricius 1775), entomophagy, EDXRF, Dytiscidae, heavy element.

Yenilebilir Bocek Tiirii Cybister limbatus (Fabricius 1775)
ve Agir Element Seviyeleri Uzerine Bir On Calisma

OZ :Bu calismanin amaci yenilebilir bocek paketlerindeki agir element miktarim degerlendirmek ve bu bécek paketinin
tiiketimi yoluyla insanlar igin saghk riskini degerlendirmektir. Calisma igin sucul yenilebilir bocek Cybister limbatus (Fabricius
1775) (Coleoptera: Dytiscidae) se¢ilmistir. Bu tiirde on alti agir element (Ca, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Br, Rb,
Sr, Pb) tespit edilmistir. Calisma i¢in EDXRF (Enerji Dagilimh X-Isimi Floresans) spektrometresi kullamilmigtir. Calisilan 16
element arasinda Ca (0,98 ppm), Ti (0,49 ppm) ve V (0,38 ppm) en yiiksek konsantrasyonda, Rb (0,05 ppm), Sr (0,04 ppm), As
(0,32 ppm), Br (0,06 ppm) ve Pb (0,06 ppm) ise en diisiik konsantrasyondadir. Sonuclar Birlesmis Millletler Ilag Enstitiisii
mikrobesin esaslari hakkindaki panel ile karsilastirddiginda, bu ¢calismadaki degerler tiiketim i¢in uygun gériilmiistiir. Fakat,
ozellikle potansiyel zararli elementlerden oldugu diisiiniilen Pb ve As miktar1 gelecekte saglik problemleri olusturabilir.

Anahtar Sozciikler: Yenilebilir bécek, Cybister limbatus (Fabricius 1775), entomofaji, EDXRF, Dytiscidae, agir element.

INTRODUCTION using their product in technology and engineering
etc., also insects serve as a source of food for

Entomophagy is a term that describes eatin -
phagy & human. Contrary to many societies, entomophagy

insects as a food source. Besides insects play an
important role in survival of human kind like to
help plant reproduction and waste biodegradation,

or consumption of insects is part of human
nutrition in some countries including China,
Thailand, India, Korea, Japan, Mexico, New
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Zealand, Australia (Bodenheimer, 1951). Hundreds
of insect species have been used as human food in
these countries. Some of the popular edible insects
are grasshoppers, caterpillars, winged termites,
bee, wasp and ant brood, winged ants, cicadas, and
a variety of aquatic insects (Raubenheimer and
Rothman, 2013).

As a food source, insects are highly nutritious, and
nowadays entomophagy is a major entomological
research interest with focus on its future prospect
for food and feed security. In many country insects
are clearly a “food of choice” rather than necessity,
but in some poorest of society insects are
consumed to combat hunger and malnutrition and
scientist recommends to people eat more insects to
these societies because edible insects have low-fat,
high-protein, mineral and vitamin for people
(Adeoye et al., 2014; Anankware et al., 2015).

The members of the Dytiscidae (Predacious diving
beetles) under the order Coleoptera represented in
most of the freshwater and feed vigorously on
almost all invertebrates as well as fish eggs. They
are active swimmers and swift divers (Nilson and
Holmen, 1995). Dytiscidae is highly diverse and
estimated to include about 4,000 species in over
160 genera. The genus Cybister is the most well-
known groups (Deepa, 2009). Cybister limbatus
(Fabricius 1775) belongs to Dytiscidae and mostly
eaten in China, in Africa (by Bantu people), Japan,
Senegal, Sierra, Leone, USA, Mexico, Indonesia,
Madagascar, Sri Lanka, Thailand, Korea,
Myanmar, Vietnam, India, Cameroon, Congo and
Laos (Ramos-Elorduy et al., 2009; Mitsuhashi,
2016). Generally, insects have been collected from
nature by hand picking but they can also collect
with the aid of sweep net, dead raphia or oil palm
(Adeoye et al., 2014). Instead of this, insects are
now increasingly sold in local markets or online
shopping.

Heavy element pollution has expanded many parts
of the world, especially developing countries.
These elements are quite reactive and generally
toxic even at low concentration. When enter

Cybister limbatus (Fabricius 1775) AND ITS HEAVY ELEMENT CONTENTS

abiotic environment they bioaccumulate in food
chain and affect biota negatively (Gall et al.,
2015). Heavy metal accumulation level can vary
with species and kind of element. Some species are
intolerant to environmental disturbance and they
change their habitat or getting extinct while others
can tolerate the pollution and continue to living in
a polluted or naturally high-metal environment.
These hyper-accumulator organisms are using in
mostly bioremediation studies (Dixit et al., 2015).

These days, contamination of different kind of
food products by heavy elements is becoming an
unavoidable problem. Studies showed that long
time exposure to lead (Pb) and Arsenic (As) via
food or air may affect brain development in
children and fetus negatively, in adults affect
generally kidney and other organs. The aim of the
study is to quantify the accumulation of heavy
elements in this edible insect pack and to determine
whether these levels pose a human health concern.
The results obtained from this study would provide
information for background levels of elements in
the edible insect Diving Beetle pack.

MATERIALS AND METHODS

In this study heavy element concentration of aquatic
edible insect Diving Beetle, Cybister limbatus
(Coleoptera: Dytiscidae) pack was evaluated. The
insect sample measured by Energy Dispersive X-
Ray Fluorescence (EDXRF) spectrometry at
Atatlirk University Professor Dr. H. C Wolf
Weyrich High Energy Spectrometer Research
Laboratory. Different kind of samples such as
liquid, gas, soil or powder can be analyzed easily
and wide range of elements can be measured
simultaneously with EDXRF. The edible insect
pack was taken from online. Only one insect was
enough to measure heavy element content with
EDXRF and one insect weight was 0.098 g.
Firstly, the sample dried in an oven at 80°C for 36
hours to extract moisture then pulverized in mortar
and cellulose was added as a binder. Five tons of
pressure applied to make 13 mm diameter pellet. 5
Ci **' Am radioactive source and an HPGe detector
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with resolution ~180 eV at 5.9 keV was used to
determine the heavy elements in 13 mm diameter
pellet of Cybister limbatus. The sample was
excited by using 59.5 keV photons which emitted
from **'Am radioactive source. The measurement
was carried out under vacuum. The concentration
of elements in the sample was determined by
WinAXIL software.

RESULTS

The current study describes the dietary exposure to
heavy elements in consuming the edible insect and
heavy element concentration of this edible insect
pack was evaluated. Results of measured sixteen
elements were given in Table 1, and photo of the
studied insect Cybister limbatus (Fabricius 1775)
were given in Figure 1.

Figure 1. Cybister limbatus (Photo by: Zeynep Aydogan).
Sekil 1. Cybister limbatus (Fotograf: Zeynep Aydogan).

Among the sixteen studied elements Ca (0.98
ppm), Ti (0.49 ppm) and V (0.38 ppm) had the
highest concentration, whereas Rb (0.05 ppm), Sr
(0.04 ppm), As (0.32 ppm), Br (0.06 ppm) and Pb
(0.06 ppm) had the lowest concentration.

Bio-accumulation of the elements in Cybister

limbatus showed a trend in the
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Ca>Ti>V>Cr>As>Mn>Co>Ni>Fe>Cu>Zn>Se>Br
=Pb>Rb>Sr.

Table 1. Heavy element concentrations in Cybister limbatus.
Cizelge 1. Cybister limbatus 'un agir element konsantrasyonlari.

Heavy Element Cybister limbatus

Agir element (ppm)
Ca 0.98
Ti 0.49
\% 0.38
Cr 0.34
Mn 0.30
Fe 0.17
Co 0.25
Ni 0.19
Cu 0.15
Zn 0.13
As 0.32
Se 0.08
Br 0.06
Rb 0.05
Sr 0.04
Pb 0.06

DISCUSSION AND CONCLUSIONS

Insects are eaten traditionally in most cultures and
are playing an important role in human nutrition
and provide many nutrients to the consumer
especially the people who suffer from malnutrition.
Eating edible insect at sufficient levels can
promote the level of essential elements and also
vitamins to human body. Even though insects are
not used in Turkish food culture, it is a growing
industry as an alternative source of unprocessed
raw materials in the world. Potential of insect to
bio-accumulate chemical substances it is probable
to accumulate in the consumers’ body which later
may reach toxic concentration. It is therefore
necessary to control the levels of these toxic
elements in food in order to protect human health.
Besides to insects’ nutritional value there is no
standard that only refer to use of insects as food.

Permissible daily intakes of the measured elements
were given in below;

Ca has an essential role in nervous system,
muscles, bone and tooth. Recommended daily
intake for male/female is 1000 mg/d (Anonymous,
2001). In this study Ca level is found within the
normal level (0.98 ppm).
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Cr predominantly found in the body as trivalent
form (Cr’) and helps to metabolism the fats and
carbohydrates. Recommended daily intakes for
male/female are 35 and 25 pg/d respectively
(Anonymous, 2001). In this study Cr level is found
as 0.34 ppm.

Mn is necessary for the brain and nerve function,
required for metabolism and component of some
enzyme. Recommended daily intakes for male/
female are 2.3 and 1.8 mg/d respectively
(Anonymous, 2001). In this study the insect Mn
level is found as 0.30 ppm.

Fe is a component of hemoglobin and many
enzyme systems. Recommended daily intakes for
male/female are 8 and 18 mg/d respectively
(Anonymous, 2001). In this study the insect Fe
level is found as 0.17 ppm.

Co is a part of cobalamin or vitamin B, and help
to produce red blood cell. In the literature
recommended daily intake of Co is variable and
may be as much as 1 mg. In this study the insect
Co level is found as 0.25 ppm.

There has been no clear identified biological
function of Ni in human but it can be component of
some metabolic enzymes and therefore performs
vital functions in metabolism. There is no
reference daily intake for Ni in IOM list
(Anonymous, 2001) but Anke ef al. (1984) gave Ni
value for human requirements less than 500 pg/kg.
In this study the insect Ni level is found as 0.19

Cu is a cofactor of many redox enzymes IOM
recommended daily intake for man and woman is
900 ug/d (Anonymous, 2001), and in this study
measured level is 0.15 ppm.

According to Marger et al. (2014) divalent form of
Zn is the second most abundant element in the
human body and modulates the activity of protein
folding and function. IOM recommended daily
intake for man and woman is 11 and 8 mg/d
respectively (Anonymous, 2001), in this study
measured level is 0.13 ppm.

Cybister limbatus (Fabricius 1775) AND ITS HEAVY ELEMENT CONTENTS

Se studies showed that it has possible protective
effects against cancer and other chronic disease
(Fairweather-Tait et al., 2011). IOM recommended
daily intake for man and woman is 55 pg/d, in this
study measured level is 0.08 ppm (Anonymous,
2001).

There is no clear statement of biological function
of Br and it has no toxicological concern in
nutrition. In the WHO report (Anonymous, 2009)
it is stated that some hemodialysis patients, who
has insomnia, is related to Br deficiency. In the
same report express that 320 mg/l plasma Br level
may sometimes fatal. In this study measured Br
level in the insect is 0.06 ppm.

Ti, V, As, Rb, Sr and Pb has no biological function
in human body. In this study, levels of these
elements in the insect total body are 0.49, 0.38,
0.32, 0.05, 0.04 and 0.06 ppm respectively.
Elemental Ti is not reactive but the researchers
from UCLA indicated that Ti damages to DNA and
chromosome (Trouiller ef al., 2009). According to
IOM maximum level of daily V intake in both man
and woman is 1.8 mg/d and is not likely to pose a
risk of adverse effects (Anonymous, 2001). US
drinking water standards stated that >50 ug/l As
lead to cancer, cardiovascular and neural disease
(Anonymous, 1980). According to ATSDR Sr is
found everywhere in small degree and can be
exposed to low levels via food, breathing and
water (Anonymous, 2004). Stable form of Sr is not
harmful but strontium chromate is hazardous due
to toxic form of chromium not Sr itself. When it
enters to body, acts like calcium and accumulate in
the bone. This may lead to weakened of growing
bone. Radioactive Sr may cause cancer but there is
no any data indicate that stable Sr cause cancer.

Residues of Pb, As etc. in this edible insect may
pose health problem in the future. Toxicity of As
depend on mostly its chemical form i.e. arsenide
and its compounds are toxic for human health, its
dose and duration of exposure are also important.
Exposure or intake inorganic As via food,
medications, work places or environment leads to
multi-organ and system dysfunction such as skin,
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cardiovascular, nervous system, gastrointestinal
system (Mazumder, 2008). Like As, Pb level in
organisms is a sign of contamination because they
are not essential for biota. According to WHO
report in the general population source of lead
uptake predominantly based on food (Tong et al.,
2000). Lead generally stored in bone but this
storage is an age dependent process. While lead
deposits in spongy bones of children, in adults
leads is deposited in spongy cortical bone and
teeth. Iron and Calcium supplementation impair
lead uptake and decrease the absorption of lead. In
literature low level exposure of lead (blood level
below 10 pg/dl) cause neurological damage,
cognitive disorders and renal dysfunction (Tong et
al., 2000; Patrick, 2006). In the present study lead
level was measured 0.06 ppm.

As it seen the Table 1 all the heavy elements are
far below the tolerable limits for consumption.
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OZ: Patates bicegi (Leptinotarsa decemlineata Say.) patates bitkisinde énemli zararlar olusturan bir bicek tiiriidiir.
Patates bitkisi, bu bocekler igin tercih edilen en temel konuk¢udur. Bununla birlikte; Solanacaea familyasina ait farkli bitki
tiirleri iizerinde de beslenebilmekte ve yasamim siirdiirebilmektedir. L. decemlineata popiilasyonunu kontrol etmek amac ile,
insektisitler yaygin olarak kullanilmakta fakat bu ilaglara karst L. decemlineata tarafindan ¢ok hizli direng gelistirilmektedir. L.
decemlineata ‘min bir¢ok dogal diismani olmasina ragmen; bunlar, L. decemlineata populayonunu kontrol etmede yeterli
olamamaktadr. Bu baglamda bu on ¢alisma ile; patates iiretimi ile one ¢ikan Nevsehir ili ve gevresinde patates zararlist L.
decemlineata’nin patates ile yasamsal etkilesimini; biyolojik ve morfolojik gelisim siirecini belirlemek ve bu zararli ile
miicadelede yapilacak ¢alismalara katki saglamak amaglanmustir. Patates boceginin yasam déngiisii kislama dénemi sonrasinda
ergin bir birey olarak baslar ve 30 giin kadar siirer. 10-12 mm uzunlugunda olan L. decemlineata, sarimsi turuncu renklerdeki
sert ve uzun her iki kanadinda bes siyah ¢izgi bulundurmaktadir. L. decemlineata’ min larvalar kiiciik, kirmizimsidir ve
olgunlastiginda yaklastk 10 mm uzunluga ulagsmaktadir. Olgun larva topragin 4-8 cm kadar igine girmekte ve yaklagik 2. giinden
sonra pupa haline gelmeye baslamaktadir. Geligim siiregleri 5-8 giin araliginda olan L. decemlineata pupalari oval ve
turuncumsudur. Yumurtalar; parlak turuncu renkte, futbol topu seklinde, 1.5-2.0 mm uzunlugunda ve 0.7 mm genigsligindedir.
Disi ergin bireyler yumurtalarini, 9-49°'lu kiimeler halinde bitki yapraklarinin alt yiizeyine birakmakta ve yumurtalar: tutturmak
icin sarimst bir yapiskan madde kullanmaktadwr. L. decemlineata larvasi yumurtadan ¢ikmadan onceki son 12 saatte gozle
goriiliir hale gelebilmektedir. Dogal arazi sartlar: altinda disiler 200-500 tane yumurta birakabilmektedir.

Anahtar kelimeler: Patates bocegi, Leptinotarsa decemlineata Say., cevre, biyolojik ¢esitlilik, siirdiiriilebilir tarim, Nevsehir.

Preliminary Study on Life Effects and Diversity of the Colorado Potato Beetle
[Leptinotarsa decemlineata Say. (Coleoptera: Chrysomelidae)] in Nevsehir Province

ABSTRACT: The Colorado Potato Beetle (Leptinotarsa decemlineata Say.) is an insect that causes significant
damage to potato plants, Potato plant is the most preferred host for these insects. However, it can feed and survive on various
plant species of the Solanacaea family. With the aim of controlling the L. decemlineata population, insecticides are widely used
but very rapid resistance is developed by L. decemlineata against these insecticides. Even though many natural enemies have
been identified, they are usually not able to control L. decemlineata populations below the necessary levels. In this context, with
this preliminary study; it is intended to determine the interaction between L. decemlineata with potatoes and the work to be done
with this pest by determining the biological and morphological development process as, L. decemlineata is the main potato pest
in and around Nevsehir Province which is leading in potato production. The life cycle of this potato beetle starts with the adult at
the overwintering stage and can be as short as 30 days. The adults of L. decemlineata measure about 10-12 mm long and are
yellowish-orange with five black stripes per elytron. The small, reddish larvae of the L. decemlineata are 10 mm long when
mature. Mature larvae burrow 4-8 cm into the soil and after about two days begin to pupate. L. decemlineata pupae are oval
and orangish in color. The mean development time is about 5-8 days. The eggs are bright orange and football-shaped, about
1.5-2.0 mm long and 0.7 mm wide. Females use a yellowish adhesive to deposit eggs on the lower surface of the foliage in
clusters of 9 to 49. The larva of L. decemlineata becomes visible in the last 12 hours before hatching. Under field conditions,
females can lay 200-500 eggs.

Keywords: Colorado Potato Beetle, Leptinotarsa decemlineata Say., environment, biodiversity, sustainable agriculture,
Nevsehir.
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GIRIS

Diinya iilkelerinin %79’unda patates yetistirilmekte,
tiretilen miktar olarak bugday, misir ve piringten
sonra 4. sirada yer almaktadir. Temelde g¢esitli
yontemlerle hazirlanip tiiketilen patates, gelismis
iilkelerde sanayi alaninda konserve, dondurulmus
gida, cips, piire, graniil ve toz formlarda islenip
pazarlanmaktadir. Bunun diginda yan {iriin olarak

alkol, nisasta ve hayvan yemi yapiminda
kullanilmaktadir (Onaran ve ark., 2000).

Patates iiretiminde Cin, Hindistan, ABD, Rusya
onemli llkelere arasinda bulunmakta ve Tiirkiye
12. sirada yer almaktadir. Tiirkiye de 2012 yilinda
174 bin hektar alanda, 4 milyon 822 bin ton patates
iretimi  gerg¢eklesmistir  (Anonim, 2014).
Ulkemizde patates iiretimine baktigimizda, hemen
her ilde patates liretimi yapilmaktadir. Nevsehir
iilkemiz i¢in 6nemli olmak iizere iiretimin yogun
olarak yapildig: iller sirast ile; Nigde, Nevsehir,
[zmir, Bolu ve Afyonkarahisar’dir. Ulkemizde
iretimin % 57,9’u  bu illerimiz tarafindan
yapilmaktadir (Anonim, 1998). Nigde 716 bin 849
ton {iiretimle ilk sirada yer alirken, Nevsehir 430
bin 650, Izmir 407 bin 247, Afyon 342 bin 459 ve
Bolu 310 bin 542 ton iretim ile Nigde’'yi
izlemektedir (Anonim, 2017).

Patates bocegi L. decemlineata (Coleoptera:
Chrysomelidae) basta olmak iizere patates
iretimini azaltan diger bocek tiirleri patates

yaprakbiti, Aphis nasturtii Kalt. Aphis gossypii
Glov. (Homoptera: Aphididae), Macrosiphum
euphorbia Thomas., Myzus persicae Sulz. ve
Hyalesthes obsoletus Sign. (Homoptera: Cixiidae),
patates gilivesi Scrobipalpa operculella Zell.
(Lepidoptera: Gelechiidae), Thrips tabaci Lind.
(Thysanoptera:  Thripidae), kirmizi Oriimcek
Tetranychus  cinnabarinus  Boisd.  (Acarina:
Tetranychidae), pis kokulu yesil bocek Nezara
viridula L. (Heteroptera: Pentatomidae) ve yaprak
pireleri ~ (Homoptera:  Cicadellidae)  olarak
bilinmektedir (Kayapinar ve Kornosor, 1990).

L. decemlineata’nin ana vatan1 Giineybat1 Amerika
ve Meksika olup, ilk olarak 1811 yilinda Thomas
Nuttall tarafindan toplanmuis, 1824 yilinda Thomas
Say tarafindan adlandirilmis ve Solanum rostratum

Dunal. iizerinde beslendigi tespit edilmistir
(Alyokhin, 2009; Piper, 2011). Leptinotarsa
decemlineata tirinin 1859 yilina kadar patates
bitkisine zarar verdigi bilinmemektedir (Alyokhin,
2009; Piper, 2011; Telli, 2012).

L. decemlineata Say. (Coleoptera: Chrysomelidae)
(Patates bocegi), Tirkiye’de ilk kez 1963 yilinda
Edime’nin Yunanistan ile smir1 olan Bosna ve
Karaagag¢ koylerinde saptanmugtir. Daha sonra
zararli, Trakya Bolgesinden baslayarak yurdumuzun
i¢ bolgelerine dogru ilerlemistir (Atak, 1973; Telli,
2012).

Patates boceginin en uygun konukgusu patates
(Solanum tuberosum L.) olmakla birlikte zararli bu
bitkiyi bulamadig1 zaman Solanaceae familyasindan
domates (Lycopersicum esculentum Mill.), patlican
(Solanum melongena L.), tiitiin (Nicotiana tabacum
L.) ve biber (Capsicum annuum L.) bitkileriyle de
beslenmektedir. Bu bitkilerden baska yaban
yasemini (Solanum dulcamara L.), kopek liziimii
(Solanum nigrum L.), marul (Lacuca sativa L.),
sogan (Allium cepa L.), Hyoscymus niger L .,
Solanum angustifolium Mill., Solanum carolinense
L., Solanum sarrachoiides Sendtner ve Solanum
elaeagnifolium Cav.’un zararlimin konukgulari
arasinda yer aldig1 belirtilmektir (Metcalf ve Flint,
1962; Giirkan ve Bosgelmez, 1984; Hare, 1990;
Has, 1992; Anonim, 2008).

Leptinotarsa decemlineata ergin ve larvalari,
konukgularinin yapraklarinda beslenmekte, gerek
ergin, gerekse larva doneminde konukgularmin
yapraklarini genellikle distan baslayarak ice dogru
kemirmekte ya da yaprakta bir delik agarak bu
deligi genisletmek suretiyle beslenmektedir. Once
yapraklarin ana damarlarimi birakarak beslenmekte,
sonra onu da yiyerek bitkileri sadece gdvdeden
ibaret bir hale getirmektedir (Cakillar, 1960; Has,
1992; Anonim, 2008). Arastirmalarda zararlinin
patateste %70-%80’lere varan iiriin kaybina neden
oldugu belirlenmistir (Oerke ve ark., 1994).

Patates bocegi yaprakla beslenerek dogrudan yaptigi
zararin yani sira patatesin onemli hastaliklarindan
olan patates kahverengi ¢ilrikliigi, ig yumru
viroidi ve patates halkali ¢iiriikliigii hastaliklariin
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yayillmasma da tasiyici olarak neden olmaktadir
(Yiiceer, 2011).

Bu 0n calismanin ana amaci; patates iiretimi ile
one ¢ikan Nevsehir ili ve c¢evresinde patates
zararlist L. decemlineata Say.’in patates ile
yasamsal etkilesimini; biyolojik ve morfolojik
gelisim siirecini belirlemek olmustur.

MATERYAL VE METOT
Arazi calismalari

Bu c¢alisma Nisan-Eyliil 2016 aylar1 arasinda
Kapadokya bolgesi-Nevsehir 1li, Urgiip Ilgesi,
Maz1 lokalitesinde yer alan patates tarlalar ve
cevresinde yapilmistir.

Toplanan larva ve ergin 6rnekler cam kavanozlara
konulmugstur. Toplanan larva ve ergin drneklerinin
konuldugu kavanoz kaplarin {izeri ince gdzenekli
bir bezle kapatilarak uygulamanm yapilacagi
laboratuvar ~ ortamina  getirilmistir.  Toplanan
yumurta Ornekleri ise yapraklari ile birlikte petri
kaplarina alinarak  laboratuvar  ortamina
getirilmisgtir.

Laboratuvar ¢calismalar:

Nevsehir il merkezindeki Nevsehir Haci Bektas
Veli  Universitesi’nde  Entomoloji ~ Arastirma
Laboratuvar ortamina tarladan toplanan 80 ergin ve
200 larva ornegi getirilmistir.

Laboratuvarda 654 yumurta, 468 larva, 127 ergin
ve 58 pupa birey incelenmistir.

Getirilen ergin ve larvalar donemlerine gore
kavanozlara ayrilmigtir. Toplanan yumurtalar
icinde nemlendirilmis
kagidi bulunan petri kaplarina yerlestirilmis ve
numaralandirilmigtir.

Arastirmada kullanilan rnekler 24 °C oda sicakhiginda
% 43,6 oraninda neme sahip, yaklasik 12 saat, giin
15181 alan ortamda muhafaza edilmistir. Giinliik
bakim kontrolleri giinde en az iki kez yapilmustir.

laboratuvarda kurutma

Yumurtadan ¢ikarak 4. doneme ulasan larvalarinin
ise igerisinde 10 cm patates yetistirilen tarla
topragi bulunan plastik kovalara kapagindan hava
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alacak sekilde delikler agilarak pupa evresine
girmesi saglanmstir.

Getirilen ornekleri gozlem ve dlglim yapmak amaci
ile ergin bireyleri % 70’lik etil alkol ile olusturulan
oldiirme siselerinde, larvalari ise % 9’luk etil alkol
igerisine birakilarak inceleme yapilmustir.

Olgii almak ve gozlem yapmak icin stereo 6zellikte
VWR marka mikroskop kullanilmistir. Olgiim
yapmak i¢in mm’lik ayrimi olan cetvel kullanilmistir.

BULGULAR
Yumurta

Yumurtalari koni bi¢iminde uzun ve oval sekildedir.
Yumurtalar sar1 ya da turuncu renklerde, eni 0,7
mm ve boyu 1,5-2 mm 6lgiilerindedir.

Yumurtalar genellikle 9-49 adet aras1 degismekle
beraber, ortalama 26+9,673’lii gruplar halinde
yapragin alt yiizeyine dikey bi¢imde birakilmaktadir.
Ayrica yumurta kiimelerini bir arada ve dikey
konumda tutmak i¢in ipliksi bir yap1 bulunmaktadir.
Dogal arazi sartlar1 altinda disiler toplamda 200-
500 yumurta birakabilmektedir (Capinera, 2001).

Incelenen 654 yumurtaya gére yumurtadan ¢ikma
siiresi laboratuvar ortaminda 23,3 °C sicaklik ve
%43,6 nemde 4- 6 giin iken, yumurta agilma orani
%47,876 olarak bulunmustur.

Birinci donem larvalari

Yumurtadan ¢ikan 1. donem larvalari yumurta ile
ayni1 renk ve boyutlardadir. L. decemlineata larvasi
yumurtadan ¢ikmadan onceki, son 12 saatte gozle
goriiliir hale gelmistir. Acgik sar1 tonlarinda
yumurtadan ¢ikan larvanin iizerinde kii¢iik siyah
noktalar1 bulundugu saptanmustir.

Yumurtadan ¢ikan larvalar yumurta kabuklan ile
beslenirler ve beslendik¢ce bas tamamen siyah ve
ayaklar1 ise u¢ kisimlari siyah renge, gdvde ise
visne rengine doniismeye baslamistir.

Birinci donem larvasinin boyu ilk yumurtadan
¢ikinca 2 mm kadar olmasina ragmen 1. dénemin
sonlarinda 3,5-4 mm, eni ise 2 mm’yi bulmustur. 1.
donem larvalar yaklagik 3-10 giinde 2. larva halini
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almaktadir. Gomlek degistirerek bir sonraki larva
donemine gegmistir.

ikinci donem larvalari

Gomlek degistiren 1. donem larvalarn gomlegi
¢ikardiktan sonra parlak turuncu bir renk almakta
ve Solanum sp. yapraklar ile beslendikce 2.
donemin ozelliklerini kazanmustir. Ikinci donem
larvalar1 1. donem larvalarma gore daha agik
tonlarda olan havug¢ rengi goriinlimiinde oldugu
belirlenmistir. 1.donemde tamamen siyah olan
bastaki siyahlik azalirken 9 bogumlu olan abdomen
bogumlari netlesmeye baglamigtir.

Ikinci donem patates bocegi larvalarinin boyu
yaklagitk 8 mm, eni ise 4,5 mm’dir. 2. donem
larvalarinin gelisim siiresi 2-5 giin aras1 sicaklik,
nem ve yaprak tazeligine gore degismis oldugu
saptanmugtir.

Uciincii donem larvalar:

Gomlek degistiren 2. donem patates bocegi
larvalarinin bag ve gévde rengi 2. donem larvaya
gore daha agik renkte ve portakal kabugu renginde,
3. donem larvalari kamburumsu bir durus halini
almaya basladig1 tespit edilmistir. Govdenin yan
kismindaki siyah noktalar olduk¢a belirgin halde
olup, ag1z parcalarmin gelismis oldugu goriilmiistiir.

3. donem larvalariin geligim siiresi ortalama 3-4
glin arasinda degisim gostermektedir. Bu donem
larvalarinin boyu yaklasik 8,5 mm iken eni 6 mm
uzunlugunda oldugu saptanmastir.

Dordiincii donem larvalari

L. decemlineata’nin son donem larvalari iri,
kamburumsu bir durusta, yavas hareketlere sahiptir.
Govde acgik san ya da soluk turuncu rengini
almistir. 9 segmentli kari bolgesinin yanlarindaki
siyah noktalar oldukga belirgin ve ¢ift sira halinde
oldugu saptanmistir. Dordiincii donem larvalarinin
boyu 9,5 mm, eni 6,5 mm olarak belirlenmistir.

Pupa devresi

Incelenen 58 pupaya gore holometabola (tam
baskalasim) tipi baskalasim gosteren patates
boceginin 4. donem larvalart 2- 3 giin aktif

beslenmenin ardindan bir siire toprak yiizeyinde
prepupa donemi gecirdikten sonra topragin 4- 8§ cm
altina girerek yaklastk 2. giinden sonra pupa
donemine gegmistir. Gelisim siiregleri 5-8 giin
araliginda olan L. decemlineata pupalar1 oval ve
turuncumsu renktedir.

Patates bdceginin pupasi serbest pupa tipi olup,
koni seklindedir. Pupanin boyu yaklasik 8-9 mm
ve eni 5-6 mm Ol¢iilerindedir. Pupanin rengi parlak
sari ya da acik turuncu tonlarinda oldugu
saptanmigtir. Bacaklarini igine ¢eken pupanin
abdomen, thorax ve bas kismu hemen hemen
birbirine kaynagmis durumda, kanat belirginlesmeye
baslayarak thoraxtan itibaren yan kisimdan alt
karina dogru uzanmakta oldugu goriilmiistiir.

Ergin donemi

Pupa doneminden ¢ikan erginler yapraklar ile
beslenip, geliserek ergin doneme ulagmisglardir.

Ergin bireyin govdesi kubbe seklinde bombelidir
ve kanatlar sar1 ya da portakal kabugu tonlarda,
her iki kanadinda 5’er uzun siyah ¢izgi bulunan bir
yaptya sahiptir ve kanat arka kisimlara dogru
incelmekte oldugu saptanmistir. Disi ve erkek
ergin bireyleri arasinda bazi renk boyut ve sekil
farkliliklart bulunmaktadir. Disi bireyler goriintii
olarak erkek bireyden daha iri yapida ve daha agik
renklerde oldugu goriilmistiir.

Ergin bir bireyin boyunun 10-12 mm, eninin ise 5-
7 mm oldugu saptanmustir.

Patates boceklerinde ayirt edici 6zellik olarak
elytra denilen dis kanat bulunmaktadir. Disi
bireyler iist kanat rengi, erkek bireylerden daha
acik sar1 tonlarindadir. Elytra boyu 9 mm iken eni
4,5-5 mm olgiilerinde oldugu saptanmaistir.

Sert yapidaki iist kanatlarin (elytra) alt kisminda
ucuslart sirasinda gozlenebilen alt kanatlar1 vardir.
Alt kanat mercan rengi tonlarinda fakat sari
damarlarla ayrilmig ve ug¢ kisimlara dogru grilesen
bir renktedir. Disi bireyde alt kanat erkek bireye
gore daha acik tonlarda oldugu goriilmistiir.

Kislama doneminde bulunan patates bocegi (L.
decemlineata) Mayis 2016 aymin ilk haftasindan
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toprak ylizeyine ¢ikarak yaklasik 5 ay kadar toprak
ylizeyinde bulunmaktadir.

Eyliil aymin son haftasi itibari ile yeniden kiglama
donemine girdigi Dbelirlenmektedir. Ciftlesme
sirasinda erkek birey diginin arka kisminda,
abdomenden tutunarak c¢iftlesmektedir. Ciftlesme
esnasinda erkegin spermalar1 kopulasyon organi
araciligiyla disi bireyin genitalyasina iletildigi,
ciftlesmeyi takip eden giin igerisinde yumurta
birakma davranist oldugu saptanmustir.

Arastirmada laboratuvarda incelenen 127 ergin
bireye gore ciftlesmeden sonra ayni giin igerisinde
ya da ertesi giin yumurta biraktig1 gézlemlenmistir.
Yumurtalar genellikle yapragin alt ylizeyine, 9 - 49
arasinda degisen say1 araliginda, ¢ogunlukla 25-
26’11 kiimeler halinde birakildigi belirlenmistir.

Patates bocegi 4 gomlek degistirerek 4 larva
donemi gegirmektedir. GoOmlek ¢ikaran larva
parlak turuncu renkte olmakta ve beslendikce diger
larva donemi Ozelliklerini almigtir. Gomlek
¢ikarirken once kafa kismini sonra arka kisimlari
cikarmaktadir ve c¢ikan gomlek koyu gri-siyah
tonlarinda oldugu saptanmistir. Elytra ve bag kismi
parlak olan ergin birey yaslandik¢a dis kabugunun
rengi parlakligim1 yitirmekte ve yasamini yitiren
ergin birey bacaklarimi igine c¢ekerek dlmekte ve
kisa siire i¢inde kararmakta oldugu saptanmistir.

TARTISMA VE SONUC

Leptinotarsa decemlineata ile ilgili yapilan bu 6n
caligmada; oncelikle patates boceginin dogal arazi
kosullarinda, hava sicakligiin 15 °C oldugu mayis
aymm ilk  haftasinda  kiglamadan  ¢iktig1
gozlemlenmistir. Bu gozlem verilerinin literatiir
bulgular ile de ortiistiigii goriilmektedir (Cizelge
1) (Small, 1947; Przybylski, 1970; Atak, 1973;
Girkan ve Bogsgelmez, 1984; Sahin, 1997).

Yumurtalarin laboratuvar ortaminda ortalama 23,3
°C sicaklikta 3-6 giin araliginda olmak {izere
ortalama 4,263+1,045 giinde agildigi goriilmiistiir.
Elde edilen bulgularin yapilan arastirmalar ile
paralellik  gosterdigi  goriilmekte fakat giin
araliklarmin degistigi goriilmektedir (Cizelge 2).
Bu da calisilan bolge, sicaklik ve nem gibi
faktorlerin farkli olmasindan kaynaklanmaktadir.
Yapilan aragtirmadaki agilma oranmin % 47,876
olmas1  laboratuvar  ortaminda  yumurtanin
bulundugu yapragin tazeliginin birka¢ giin iginde
yitirmeye baslamasindan kaynaklandigi tespit
edilmistir. Tazeligini daha uzun siire koruyan
yapraklarda agilma oraninin daha yiiksek oldugu
gozlemlenmistir (Kozlovsky, 1937; Rivnay, 1962;
Atak, 1973; Giirkan ve Bosgelmez, 1984; Has,
1992; Sahin, 1997).

Cizelge 1. L. decemlianata bireylerinin farkli kaynaklara gore kislamadan ¢ikma zamanlari.
Table 1. Departure dates of wintering of L. decemlianata individuals according to different sources.

Kaynak Hava sicaklig1 (°C) Toprak sicakligi (°C) Kislamadan ¢ikma Bolge
tarihleri
Source Air temperature (°C) Soil temperature (°C) Departure dates of Area
wintering
Bulgularimiz 15,26 °C 24,308 °C Mayis aymnin ilk Nevsehir
Our findings haftasinda
Uluslararas1 Komitenin III. 14°C-15°C >10 °C - -
Konferans kayitlar
III. Conference records of
International Committee
Small (1948) -* - Mayis ay1 sonunda Jersey
Przybylski (1970) - - Nisan sonu Mayis basi Polonya
Atak(1973) 17°C - Nisan sonu ile Mayisin ~ Trakya
ilk haftalart
Giirkan ve Boggelmez (1984) - 13,4°C-14°C Mayis’in ilk haftasinda ~ Ankara
Sahin (1997) Mayis’1n son haftasi Erzurum ve
Pasinler
Sahin (1997) Mayis’in 2. ve 3. haftasi1  Oltu/Erzurum

* - : Belirtilmemis (Not specified).
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Cizelge 2. Farkli kaynaklara gore L. decemlianata yumurtalarinin agilma siiresi ve orant.
Table 2. Duration and rate of L. decemlianata eggs according to different sources.

Kaynak Sicaklik (°C) Yumurta agilma siiresi (giin) Yumurta agilma yiizdesi (%)
Source Temperature (°C) Egg opening periods(days) Egg opening percentage (%)
Bulgular (laboratuar) 23,3°C Ort. 4,263 + 1,045) Ort. % 47,876

Findings (laboratory) Min. 3 —-Mak. 6 Min. % 3,846 - Mak. % 83,3)
Kozlovsky (1937) - 6-10 -

Sorauer(1954) - 3-12 -

Rivnay(1962) - 6-8 -

Atak (1973) 21,5°C-14,7°C 6-10 -

Giirkan ve Bosgelmez (1984) 27,5+0.52 °C 5,90 £ 0,27 % 87,3

Has (1992) -* 4-8 (% 44-100)

Sahin(1997) - 4-13 % 85 - %79

* - @ Belirtilmemis (Not specified).

L. decemlineata’nn yapilan sayimlarda bir
yumurta kiimesinde 9 - 49 adet olmak {izere (26 £
9,673) farkli sayilarda yumurta  biraktig
gozlemlenmistir. Literatiirdeki arasgtirmalarda elde
edilen verilerin bu rakamlardan ¢ok farkli olmadig:
goriilmektedir (Cizelge 3) (Atak, 1973; Rivnay,
1962; Has, 1992).

Cizelge 3.Farkli kaynaklara goére L.decemlianata yumurta
birakma sayilari.
Table 3. Number of layed eggs in L.decemlianata according to
different sources.

Kaynak Yumurta adeti
Source Number of eggs
Bulgularimiz 9-49

Our findings (26 £9,673)
Atak (1973) 20 - 60
Rivnay (1962) 4-80

Has (1992) 2-57

Bu arastirmada larva gelisim siireleri ve pupa
stiresi takip edildiginde 1.dénem larvanin 3-10 giin
(6,294 £+ 1,794 giin), 2. donem larvanin 2-5 giin
(3,833 £ 0,937 giin), 3.donem larvanin 3-4 giin
(3,5 £ 0,547 giin) ve 4. donem larvanin 4-9 giinde
(6,384 + 1,445 giin) gelistigini ayrica pupa
evresinde de 8-13 giin (10,5 = 1,51658 giin) kalarak
ergin hale geldikleri gozlemlenmistir. S6z konusu
calisma ile elde edilen gelisim siirelerine ait veriler;
mevcut literatiirle karsilastirildiginda; genellikle
uyumlu oldugu goriilmektedir. Bununla birlikte;
bazi larval gelisim siirelerinde farkliliklar da tespit
edilebilmektedir (Cizelge 4) (Sahin ve Kozlovsky,

1937; Rivnay, 1962; Atak, 1973; Girkan ve
Bosgelmez, 1984; Has ve Kansu, 1987; lonnidis ve

ark.,, 1991; Has, 1992). Tespit edilen bu
farkliliklarm  da; arastirma baslangicinda tarla
ortamindan toplanan Orneklerin dogal olarak

biyolojik gelisim siirecine etki edebilecek; caligma
alaninin; cografi, ekolojik ve iklimsel
farkliliklarindan kaynaklandigi diisiiniilmektedir.

Laboratuvar ortaminda yaptigimiz gozlemlerde
toprak altina giren 4. donem larvalarinin pupa olma
oran1 % 64,285 olarak saptanmis olup diger bazi
aragtirmalardan elde edilen degerlere yakin oldugu
goriilmektedir. Nitekim bu degeri Has (1992) %73,
Ushatinskaya (1976) ise %53 olarak bildirmistir.
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Cizelge 4. Farkli kaynaklara gore L.decemlianata larva ve pupa gelisim siireleri ile toplam larva siiresi.
Table 4. Developmental periods of Larvae and pupae with total larval duration of L. decemlineata according to different sources.

Kaynak Sicaklik 1. Larva 2.Larva 3. Larva 4. Larva Pupa Toplam ]
(°C) (giin) (glin) (glin) (glin) (giin) Larzfa"si;rem
giin
Source Temperature 1* Larva 2" Larva 3" Larva 4" Larva Pupa TOt:y:é:al
0 (day) (day) (day) (day) (day) p( do)
Laboratuar o
bulgulart 24°C 3-10 2-5 3-4 4-9 8-13 12-28
Laboratory (6,294+1,794)  (3,833+£0.937) (3,5+0,547) (6,384+1,445) (10,5+1,51658)
findings
Balachowsky
(1936) - - - - - 8-10 -
Kovlovsky o
(1937) 14-24°C 3-5 2-4 2-5 9-18 5-19 -
Soruer
(1954) B - - - - 14 10-30
Rivnay o
(1962) 20-24°C - - - - 10 16
Grisson
(1963) B - - - - 10-20 -
Atak o
(1973) 19°C 4-5 3-5 4-5 8-9 5-14 -
Gtirkan ve o
Bosgelmez 27,5°C 3-5 2-4 3-4 8-17 5-12 17-27
(1984)
Has B 3-8 2-4 3-8 3-7 7-32
(1992) B - - - - -
Sahin R
~(1997) 4-8 3-7 3-7 4-11 9-13 16-23

* - : Belirtilmemis (Not specified)
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ABSTRACT: Carob bean (Ceratonia siliqua L.) can be seen in Mediterranean climate regions. Carob fruit has high
amounts of nutrients such as sugars, minerals and phenolic compounds. Main idea of consuming carob is to take energy from a
natural source. Furthermore, carob is also used for producing some commercial products. Flour (powder), syrup, locust bean
gum and d-pinitol are the examples. Carob flour produced from deseeded carob by roasting and grinding. It is a substituent of
cacao in food industry. In Turkey, carob bean consumed as carob syrup the most. It is a traditional product obtained by
extraction and evaporation respectively. Locust bean gum is a food additive and produced from seeds. D-pinitol is a bioactive
compound and there are many researches about the effect of D-pinitol on diabetes and some cancer types. In the world, there is
an increase in some nutrition originated diseases. For preventing this, nutritional habits should include unrefined energy
sources. Carob is an option for taking unrefined sugar, minerals and phenolic compounds at once. The aim of this review is to
gather different information about carob and its products and form a source for further researches.

Keywords: Carob bean, Ceratonia siliqua L., carob powder, carob syrup, locust bean gum, dietary fiber, D-pinitol.

Keciboynuzu (Ceratonia siliqua L.) ve Uriinleri

OZ: Kegiboynuzu (Ceratonia siliqua L.) Akdeniz ikliminin goviildiigii bélgelerde yetisen seker icerigi yiiksek bir
meyvedir. Zengin seker iceriginden kaynaklanan dogal olarak enerji verici olmasi ozelliginin yani sira mineral ve fenolik
maddelerce zengin olma ozelligiyle yetiskin ve ¢ocuk beslenmesinde énemli bir yere sahiptir. Ke¢iboynuzu ayni zamanda ¢egitli
ticari tiriinlerin iiretiminde de hammadde olarak kullamiimaktadir. Kegiboynuzu unu, pekmez, gam ve d-pinitol bu iiriinlere
ornektir. Keciboynuzu unu, c¢ekirdekleri alinmis kegiboynuzunun firinlanmasi ve ogiitiilmesi ile elde edilmekte olup gida
endiistrisinde kakao ikamesi olarak kullamiimaktadir. Ulkemizde keciboynuzunun en yaygin tiiketim sekli pekmezdir. Geleneksel
bir iiriin olan pekmez kegiboynuzunun su ile ekstraksiyonu ardindan yogunlastirilmasi ile elde edilmektedir. Keciboynuzu gami
¢ekirdeklerden iiretilir ve gida katki maddesi olarak kullanmilmaktadir. D-pinitol biyoaktif bir bilesendir. Giintimiizde d-pinitol’iin
diyabet ve c¢esitli kanser tipleri iizerine olan etkilerinin arastirildigi ¢alismalar mevcuttur. Diinyada beslenme kaynakli
hastaliklarin gériilme sikligr artmaktadwr. Beslenme aliskanliklarimin islenmemis gidalar tiiketme yéniinde degismesi bu tip
hastaliklarin énlenmesinde onem tasimaktadwr. Kegiboynuzu iglenmemis gidalar arasinda hem enerji verici olmasi hem de
mineral ve fenolik maddelerce zengin olmasi nedeniyle iyi bir secenektir. Derlememizin amact kegiboynuzu ile ilgili ¢esitli
bilgileri bir araya toplayarak gelecekteki ¢calismalara kaynak olusturmaktir.

Anahtar Sozciikler: Kegiboynuzu, Ceratonia siliqua L., keciboynuzu unu, ke¢iboynuzu pekmezi, kegiboynuzu gami, diyet lifi, D-
pinitol.

INTRODUCTION types of carob bean. Carob tree is grown since
antiquity in most countries of Mediterranean basin
and it has an important value from economic and
environmental point of view (Battle and Tous,
1997).

Carob (Ceratonia siliqua L.) is an evergreen tree
belongs to Leguminoseae (Fabaceae) family and
Caesalpinaceae sub-family. It has wild and
cultivated types. Turkey has a wide area for both
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Carob bean is a rich source of valuable compounds
such as phenolic compounds, minerals, dietary
fiber and d-pinitol. Chemical composition of carob
varies with genetic, environmental, climatic factors
and harvesting time (Nasar-Abbas et al., 2016).
Carob bean consist of 90% eatable part and 10%
seed. The unripe pod is green and acrid, ripe one is
brown and sweet.

Carob fruit has high amounts and varieties of
nutrients (Karkacier and Artik, 1995; Owen et al.,
2003; Anonim, 2017) such as sugar, dietary fiber,
minerals, and phenolics. It has 62-67 % total sugar,
4-6 % protein, 23-27% dietary fiber (Table 1). 100
g deseeded carob fruit gives 293 kcal energy
(Anonim, 2017).

Table 1. Composition of carob bean.
Cizelge 1. Kegiboynuzu meyvesinin kompozisyonu.

Constituent Amount (%)
Bilesen Miktar (%)
Total dry matter )
Toplam kuru madde o1-92
Total sugar ;
Toplam seker 62- 67
Saccharose

Sakkaroz 34-42
Glucose

Glikoz 7-10
Fructose

Fruktoz 10-12
Protein 4-6
Protein

Dietary fiber )
Diyet lifi 23-27
Fat

Yag 0,2-04
Total mineral matter 2924
Toplam mineral madde ’ ’
Pectic matter

Pektik madde 0,03 -0,05
D-Pinitol

D-Pinitol 7-10
Total phenolic matter 3944,7 mg/kg

Toplam fenolik madde

Carob has several kinds of minerals such as
potassium (843-1215 mg/100 g), calcium (251-
361mg/100 g), magnesium (63-326 mg/ 100 g),
phosphorous (85-681 mg/100 g) (Table 2), and
also it has 3944.7 mg/kg total phenolic matter. It
has been detected that carob fruit has 24 different
phenolic compounds and also gallic acid is the
most commonly found (Owen et al., 2003).

Table 2. Mineral content of carob bean (Anonim, 2017).
Cizelge 2. Keg¢iboynuzu meyvesinin mineral madde igerigi
(Anonim, 2017).

Minerals (Mineral) mg /100 g
Potassium (Potasyum) 843 - 1215
Calcium (Kalsiyum) 251 - 361
Phosphorus (Fosfor) 85 - 681
Magnesium (Magnezyum) 63 - 326
Sodium (Sodyum) 4-7
Selenium (Selenyum) 0-5,9
Iron (Demir) 1,25-5,44
Zinc (Cinko) 0,61 - 4,27
CAROB BEAN PRODUCTS

Carob bean is also used for producing some
commercial products. Powder (flour), syrup, locust
bean gum and D-pinitol are the main examples of
these products.

Carob powder (flour)

Carob powder is produced by crashing, roasting
and grinding of deseeded carob respectively
(Yousif and Alghzawi, 2000). It can be named as
‘functional ingredient’ and promotes nutritional
value of foods prepared with (Seczyk et al., 2016).
Carob flour can be used as fortification agent for
products such as tarhana, pasta and some diet
products (Tsatsaragkou et al., 2012; Tsatsaragkou
et al., 2014; Seczyk et al., 2016; Caglar et al.,
2013).

Carob flour is used as cacao substituent. Unlike
cacao, carob flour does not contain caffeine and
theobromine (Ayaz et al., 2009). Rosa et al.
(2015), have researched on replacing cacao powder
with carob flour in different ratios for producing
gluten free cakes. Final product described as rich
in protein, low in calorie, pleasant sensory
characteristics and suitable for people with celiac
disease.

Carob syrup

Carob syrup is called as ‘pekmez’ in Turkey.
Pekmez is a traditional product, obtained by
extraction and evaporation of deseeded carob bean.
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Carob syrup is rich in polyphenols, vitamins and
minerals. Also it provides high energy to people.

Locust bean gum

Carob seed has three parts; Husk- Endosperm-
Germ. Isolated endosperms are subjected to
grinding, sifting, grading and packaging. It is a
creamy white powder obtained after milling of
carob seed endosperm. It is also known as locust
bean gum. Locust bean gum is widely used as an
additive in food industry. The main property of this
gum is performing high, viscosity gel structure at
wide pH range. It is used in several kinds of foods
as stabilizer and thickener (Barak and Mudgil,
2014).

Dietary fiber

Carob fiber is the main by-product of carob syrup
production. Mostly consists of insoluble fibers. Its
glycemic index is very low. Their digestion occurs
slowly. That means, blood sugar increases slowly
when consumed (Anderson et al., 2009). Nutrition
with fiber rich foods such as carob provides colon
health. There are some different researches about
colon health and carob (Ferguson, 2005; Klenow et
al., 2008; Klenow et al., 2009; Klenow and Glei,
2009). Carob fiber has a great potential for

producing supplements and functional foods
(Santos et al., 2015).
D- Pinitol

Carob fruit is a source of a bioactive component
called ‘D-Pinitol’. It can obtain by several methods
such as using ion exchange resins and supercritical
fluids (Chul-Shin et al., 2003; Karhan et al., 2010;
Alper, 2016).

D-pinitol’s name comes from Pinus lambertiana
where it has extracted first (Anderson, 1952). In
addition to carob, soy bean, carnation, pine tree are
other example of d-pinitol sources (Ichimura et al.,
1998; Do, 2007).

Diabetes is a disease related with insulin and blood
sugar regulation. D-Pinitol can mimic the ability of
insulin, for lowering and balancing the blood
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sugar, in diabetes type 2 patients (Camero and
Merino, 2004). Diabetes and d-pinitol relation is an
important topic for global world and there are
different researches about this subject (Ortmeyer et
al. 1992; Ostlund and Sherman, 1996; Nestler et
al. 1999; Davis et al., 2000; Kim et al., 2005).

Benefits of Carob and Its Products

The main idea of consuming this fruit is taking
energy from a natural source. In our world, this
kind of human diets, which includes unrefined
energy sources are more beneficial for human
health (Pazir and Alper, 2016).

In many developed countries, there is an increase
in deaths from cardiovascular diseases. Nutritional
habits should include rich dietary fiber intake for
decreasing cholesterol level which is an important
factor for cardiovascular diseases (Koksel and
Ozboy, 1993). Also dietary fiber rich nutrition
provides positive effects on colon health.
Hassanein et al. (2015) have researched the effect
of carob powder on lipid profile of rats. Results
show that, carob powder improved lipid profile
parameters such as total cholesterol and LDL
cholesterol. Carob has positive effects on
cardiovascular health (Kumazawa et al. 2002;
Ruis-Roso et al. 2010).

In human metabolism, d-pinitol can act like insulin
and helps to decrease and balance glucose level in
blood (Camero and Merino, 2004).

CONCLUSION

In the world, there is an increase in some nutrition
originated diseases. For preventing this, nutritional
habits should include unrefined energy sources.
Carob is a suitable option for taking unrefined
sugar, minerals and phenolic compounds at the
same time.

In addition, carob tree can prevent soil

degradation. For poor soils, carob tree is valuable
from agricultural point of view.
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OZ: Biyogesitlilik hayatin siirdiiriilebilirligi bakimindan ¢ok énemlidir. Bu zenginligin kiymetinin bilinememesi birgok
cevre felaketinin yasanmasinin sebebidir. Insanlar tarimsal faaliyetlerinde tamamen kendi karliliklarim diisiindiikleri icin uzun
yillar tabiatin zarar gérmesini ciddiye almamiglardir. Tarimsal faaliyetlerinde tamamen iiretmis olduklari bitkilerin
yetistiriciligini dikkate alarak cevrede yetisen canlilarin hayatiyetlerinin devamliligini onemsemedikleri igin ¢ok biiyiik sahalarda
biyolojik canlilik ve c¢esitlilik iyice siglasmistir. Tabiatta insan gidasi olarak kullamilmayan ¢ok sayida bitki mevcuttur. Bu
bitkilerin bitkisel itiretimde kullanilmamasinin degisik sebepleri olsa da iceriklerine bakildiginda insan gidasi olarak kullanimi
miimkiin olabilecek ozelliklere sahip oldugu goriilmektedir. Bazi bitkiler ise insan gidasi olarak kullanilacak kalitede olmasa bile
bu bitkilerin yaglar: ya da biyokiitleleri enerji kaynagi olarak kullanilmakta bu da diger bitkilerin iizerinde olusan tiiketim
baskisini diizenlemeye fayda saglamaktadir. Tohumlarinda yaklasik %25-42 oraminda yag ve %35 oraninda protein oldugu tespit
edilen pitrak (Xanthium stramarium L.) bitkisi bu ézelliklere sahip bir bitkidir. Yabanct ot olarak bilinen ve bitkisel tiretimde
miicadelesi yapimadiginda tarimsal verimlilige ¢ok biiyiik zararlar olugturabilen bu bitkinin tohumlarinda yiiksek oranda yag
bulunmasimin  yanmisira kurak alanlarda yetisebilmesi ve olumsuz sartlara dayanabilmesi bakimindan bitkisel iiretime
kazandirildiginda olduk¢a énemli faydalar saglayabilecegi diistiniilmektedir.

Anahtar Kelimeler: Pitrak, Xanthium strumarium L., biyogesitlilik, biyodizel, bitkisel yag.

Evaluation of Cocklebur (Xanthium strumarium L.)
from Different Viewpoint

ABSTRACT: Biodiversity is very important for the sustainability of life. Because of less attach value on a biodiversity,
people are face to environmental disaster. People’s first goal is profitability in agriculture and they didn’t care about destruction of
environment. Thus far, people just focus on cultivated plants and its cause to loose biodiversity and biological viability in massive
lands. Nature have many plant which isn’t use directly for human food. When looked their content, these plant can use for human
food but some reasons block to cultivate it. If plant isn’t suitable for human consumption, it can use for biomass energy or biodiesel
industry because of its oil content. Cocklebur (Xanthium strumarium L.) plant is seen as weed but it contains 25% to 42% crude oil
and %35 protein. It is thought that this plant, which is known as weed and can cause great harm to agricultural productivity when
there is no struggle in vegetable production, can provide considerable benefits when it comes to plant production in terms of being
able to grow in arid areas and adverse conditions in addition to high oil content in seeds of this plant.

Keywords: Cocklebur, Xanthium strumarium L., biodiversity, biodiesel, crude oil.

GIRIS bitkiler yagl tohumlu bitkiler ya da yag bitkileri
Karbonhidratlar ve proteinler gibi temel yapi ve diye isimlendirilir. Yaglar besin maddelerini
besin maddelerinden olan vyaglar insan ve meydana getiren ¢esitli bilesikler igerisinde enerji
hayvanlar igin 6nemli bir besin kaynagidir. Tohum bakimindan en yogun kaynagi teskil etmeleri,
ve meyvelerinde yilksek miktarda yag depolayan esansiyel nitelige sahip cesitli yag asitlerini
ve bu yaglardan ekonomik fayda saglanabilen icermeleri, yemeklerden sonra tokluk hissine
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katkida bulunmalari, gidalarin daha lezzetli
olmalarin1 saglamalart ve ayni zamanda yagda
¢ozilinen vitaminler i¢inde tasiyici fonksiyona sahip
olmalar1 gibi bir¢cok gorevi ifa eder. (Nas ve ark.,
2001) Yag, ii¢ degerli bir alkol olan gliserol ve ii¢
adet yag asidinin ester baglar1 ile birlesmesi
sonucunda olusan bir trigliserit esteridir. Yaglarin
temel yap1 tast olan yag asidi, karboksil grubu (-
COOH) ile sonlanan diiz bir hidrokarbon zinciridir.
Bu zincirde yer alan karbon ve ¢ift bag sayis1 yagin
fiziksel ve kimyasal 6zelliklerini belirler (Baydar
ve Erbas, 2014). Yaglarin kullanim alanlar da
fiziksel ve kimyasal Ozelliklerine gore degisir.
Bitkisel yaglar hem gida kaynagi olarak hem de
endiistriyel amacgh kullanilabilirler (Ardabili ve
ark., 2011).

Tiirkiye’nin tarimsal {iretim alanlarina bakildiginda
ihtiyact olan yag: iretebilecek genislige sahip
oldugu goriilmektedir ancak yeterli su kaynagina
sahip olamadigi i¢in bu iretim yapilamamaktadir.
Bu sahalar sulanamadigi i¢in de ekseri tahil ve
hububata dayali bir iiretim yapilabilmektedir. Bu
hal ekonomik, sosyal ve cevre diizensizligi gibi
bircok yetersizliklere sebep olmaktadir. Bu
yetersizlikleri giderebilmek i¢in bu kurak ve kirag
alanlar1 daha verimli degerlendirebilecek bitkisel
iiretim desenlerine ihtiya¢ vardir. Geleneksel tibbi
tedavi usullerinden, modern farmakolojiye kadar
birgok alanda kullanilabilen pitrak (Xanthium
strumarium L.)  bitkisi boyle bir potansiyele
sahiptir (Hsu ve ark., 2000; Farooq ve ark., 2014).
Ayn1 zamanda zor sartlarda yetisebilen, sicaga,
soguga, kurak ve kira¢ sartlarda verim elde
edilebilen pitrak bitkisinin tohumlarinda bulunan
yag bu bitkinin 6nemli bir biyoyakit kaynagi
olacagini da gostermektedir (Ruan ve ark., 2012).

Ozellikle fosil yakitlarin ¢evreye verdigi zararlar
nedeniyle, yenilenebilir enerji kaynaklari igerisinde
bitkisel tiretimden elde edilen enerji miktar1 her
gecen giin daha da 6nemli hale gelmektedir (Zhu
ve ark., 2006). Fosil yakitlarin bir giin
titkkeneceginin fark edilmesi de yenilenebilir enerji
kaynaklar1 tizerindeki ilginin gelismesine etkili
olmustur (Karmakar ve ark., 2010). Biyodizel
iretmek igin kullanilan musir, aspir, soya, kanola
gibi yaglar ayni zamanda insan gidasi olarak da
kullanilmaktadir. Bu yaglarin biyodizel hammaddesi
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olarak kullanilmasi insan gidasi olarak kullanilacak
yag tiketiminin arz ve talep dengesinde
diizensizlikler olusturmaktadir. Giiniimiizde insan
gidast olarak ihtiya¢ duyulan yag pazarinda
ozellikle bazi iilkelerde ciddi yetersizlikler soz
konusudur (Chang ve ark., 2013). Bu durumun
agilabilmesi i¢in, insan gidasi olarak tiiketilmesi
sakincali olan yaglarin {iretim desenine alinarak
biyodizel ve diger sanayi iiriinleri igin gerekli yag
hammaddesi olarak kullanilmalar1  yenilebilir
yaglarin {retimi tizerindeki baskiy1 azaltacaktir
(Hasheminejad ve ark., 2011).

Ozellikleri ve

Pitrak Bitkisinin  Bitkisel

Kullanim Sahalan

Pitrak  (Xanthium L.) bitkisi, Asteraceae
familyasinda yer alan tek yillik otsu yapida bir
bitki olup (Sekil 1) kimyasal ve biyolojik bir¢ok
caligmaya konu olmaktadir (Romero ve ark.,
2015). Diinya’da yaklasik 30 tiiriiyle biitiin orta
kusak igerisinde yaygin goriilen Xanthium cinsi
Tiirkiye’de tig tiir (X. orientale L., X. spinosum L.
ve X. strumarium L.) ve g alttiir (X. orientale L.
subsp. italicum-domuz pitragi, X. strumarium L.
subsp. brasilicum-yitik pitrak, X. strumarium L.
subsp. strumarium- koca pitrak) ile temsil
edilmektedir (Caius, 1986; Lee ve Owen, 2003;
Gliner ve ark., 2012). Im’ye kadar boylanan bitki
haziran - temmuz aylarinda, ¢iceklenir ve eylill -
ekim aylarinda olgunlasir. 1-3,5 cm uzunlugunda,
yumurta seklinde, iizerinde ignemsi ¢ikintilar
bulunan meyvelerin her birinde 2 tohum bulunur
(Sekil 2). Bitkinin gdvdesi kiigiik tiiylerle kapl
olup, alacali mor renklidir. Beyaz ya da soluk yesil
renkli cigekleri vardir (Eymirli ve Torun, 2015).
Marjinal alanlarda yetisen ve yabanci ot
kapsaminda olan bitkinin, bitkisel {iretim yapilan
sahalardan uzaklastirilmasi i¢in emek ve kaynak
harcanmaktadir. Pitrak bitkisinin tohumlarinda
% 25-45 oraninda ham yag bulunabilmektedir
(Chang ve ark., 2013). Bu yagin da yaklasik %
77’sini linoleik asit olusturmaktadir. Linoleik asit
insan viicudunun sentezleyemedigi bir ka¢ nadir
yag asidinden biridir. Bu yag asidinin kalp damar
sagligi ve kolesterol dengesinin saglanmasinda
biiyiik 6nemi vardir (Arslan, 2007). Bu yoniiyle
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iceriginde yiiksek linoleik asit bulunduran yaglarin
insan gidas1 olarak kullanilma ihtimali olabilir
(Nagaraj, 1993; Bowles ve ark., 2010; Baydar ve
Erbag, 2014). Pitrak tohumlarindaki protein orani
ise %35 olarak tespit edilmistir.

Geleneksel ve modern tipta kullanilan pitragin,
antitimor ve antibakteriyel gibi cesitli biyololojik
aktivitelere sahip olmasindan dolay1 alerjik,
diyabetik, apandis, siniizit, kanser, ishal, kuduz,
sitma ve ylksek tansiyon gibi rahatsizliklarin
tedavisinde kullanilmaktadir (Ciulei ve ark., 1993;
Ansari ve Dubey, 2000; Torres, 2009; Peng ve
ark., 2014; Chen ve ark., 2015). Ayn1 zamanda
bitki 6zlerinden hazirlanan formiilasyonlarin bitki
koruma ilact olarak kullanimmnin da miimkiin
olabilecegi sOylenebilir. Bu 6zelligi ile biyolojik
miicadele i¢in 6nemli bir materyaldir.

S

Sekil 1. Pitrak bitkisinin deneme alanindaki. genel gérﬁnmﬁ.
Figure 1. General appearance of Cocklebur plant in
experimental area.

Sekil 2. Olgunlasmis pitrak meyvesi ve enine kesiti.
Figure 2. Ripened cocklebur fruit and cross section of fruit.

Pitrak Bitkisinin Ham Yag Orani ve Yag Asiti
Kompozisyonu Bakimindan bazi Onemli Yag
Bitkileri ile Karsilastirilmasi

Soya, kolza, ayg¢icegi, keten ve pamuk gibi 6nemli
yagl tohumlu bitkilerin tohumunda bulunan ham
yag oranlar1 ile mukayese edildiginde pitrak

BITKISININ FARKLI ACILARDAN DEGERLENDIRILMESI

bitkisinin tabiattan toplanan tohumlarinda ki
% 24,19 ham yag igeriginin 6nemli ekonomik
fayda temin edilebilecek bir oranda oldugu
sOylenebilir. Cizelge 1. incelendiginde, yag
oraninin kolzada % 36-50, ketende % 35-50,
aycigeginde % 33-50 ve pamukta % 21 oldugu
goriilmektedir. Bu bitkilerin bir kiiltiir bitkisi
olarak  degisik  yetistiricilik  teknikleri ile
desteklendigi i¢cin ham yag oranlarinin bu
miktarlarda oldugunu séylemekte zor olmasa
gerektir. Bu sartlar g6z Oniine alindiginda, genel
sistematikte bir yabanci ot olarak goriilen pitrak
bitkisinin de tarimsal {iretim desenlerine bir yag
bitkisi olarak eklenmesi hem biyogesitliligin
gelismesi bakimindan hem de tarimsal cesitlilik
bakimdan elverisli bir bitki olacag soylenebilir.

Pitrak bitkisinin yag asitleri dagilimi bakimindan
da onemli potansiyele sahip oldugu sdylenebilir
(Cizelge 2). Insan gidasi bakimindan, Kkaliteli
yenilebilir yaglar sinifindan ve oleik Cig.; asit
bakimindan zengin olan zeytin, yerfistigi, koza ve
susam gibi yaglarla karsilastirildiginda; pitrak
yaginda oleik Cig; asidin daha disik oldugu
goriilmektedir. Ancak, bitkisel yaglarda bir baska
kalite unsuru olarak bilinen linolenik (Cig.3) asid
miktarina bakildiginda durum tam tersi bir hal arz
etmektedir. En yiiksek linoleik (Cig.) asid miktari
(% 76,97) pitrak bitkisinde oldugu anlasilmaktadir.
Bu oranlar sirasiyla zeytinde % 18,51, yerfistiginda
% 33,06, kolzada % 19,49, susamda % 41,30,
ayciceginde % 58,83, aspirde % 53, ketende %
12,23 ve ketencikde % 14,31 oldugu goriilmektedir
(Cizelge 2). Oleik asit zengini yaglar, linoleik asit
zengini yaglarla birlikte, yemeklik sivi yag olarak
en fazla tiiketilen yaglardir (Baydar ve Erbas,
2014). Bu duruma gore oleik asit ve linoleik asit
toplam orani pitrak bitkisinde % 88,34’dir. Bu oran
yemeklik olarak en fazla kullanilan zeytinyagi ve
aycicek yaglarinda sirasiyla % 82,66 ve % 88,82
oldugu goriilmektedir. Diger bir¢cok yaglh tohumlu
bitkinin oleik ve linoleik asit toplamlar1 bu
degerlerin altinda kalmaktadir (Cizelge 2).
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Cizelge 1. Pitrak bitkisinin ham yag oraninin bazi énemli yaglh bitkilerle mukayesesi.
Table 1. Cocklebur crude oil ratio compared with some important oil plants.

Bitki Ham Yag (%) Kaynak
Plant Crude oil content (%) References
Soya (Glycine max L.) 20 Wilson. 2004
Soybean ’
Kolza (Brassica napus ssp.) 36- 50 Salunkhe. 1992
Rapeseed ’
Aygicegi (Helianthus annuus L.) 3350 Panchenco. 1966
Sunflower )
Keten (Linum usitatissimum L.) 3550 Anonymous, 2017
Flaxseed
Pamuk (Gossypium spp.) 21 Lukonge et al., 2007
Cotton ”

25 Collected From Nature

Cesur ve Cosge Senkal, 2016

Pitrak (X. strumarium subsp. strumarium)
Cocklebur 42 Chang ve ark., 2013

33 Cesur ve ark., 2017

Zeytin, yerfistigl susam, aspir, aycicegi ve soya
bitkilerinin muhteviyatinda linolenik (Cig3) asit
bulunmazken, bu oran ketende % 64,25, ketencikte
% 52,47, kolzada % 7,97 olarak belirlenmistir.
Pitrakta ise bu oran %0,74 olarak tespit edilmistir
(Cizelge 2). Linolenik asit her ne kadar en 6nemli
iic yag asidinden birisi olmakla beraber hizl

daha diisiiktiir. Bu sebeple biinyesinde linolenik asit
bulunan yaglar hizli kururlar ve bu sebeple
endiistriyel alanlarda kullanima daha uygundur.
Vernik, boya, cila iiretiminde yaygm olarak
kullanilir. Yine son yillarda 6nemi gittikge artan
yenilenebilir enerji kaynaklariimn iginde 6nemli bir
unsur olan biyodizel iiretimi iginde linolenik asit

oksitlendikleri i¢in raf omiirleri ve dayanikliliklar1 nispeti yiiksek olan bitkiler kullanilmaktadir.
Cizelge 2. Bazi 6nemli yag bitkilerinin yag asitleri dagilimi.
Table 2. Fatty acid composition of some important oil plants.
Yag asitleri dagilimi (%) / Fatty acids distribution (%)
Cuo'  Ciso Cie Ciso Cis Cisa Ciss Cano Cao:1 Cang Caniy
Oleik (C,g.) asit¢e zengin bitkiler / Oleic (Cys.1) acid rich plants
Zeytin (Olive) " 021 8,10 - 1,99 64,15 18,51 - 0,08 - - -
Yerfistigt (Peanut) - 13,82 - 929 4840 33,06 - 0,12 0,05 1,28 -
Kolza (Rapeseed) " 0,11 5,42 - 1,40 6349 1949 797 - - - 2,10
Susam (Sesame) : - 9,40 - 4,60 4390 41,30 - - - - -
Linoleik (C,s.,) asitce zengin bitkiler / Linoleic (C,g.,) acid rich plants
Aycigegi (Sunflower) * - 8,86 - 1,86 29,99 58,383 - - - 0,43 -
Aspir (Safflower) " 0,24 6,50 - 1,74 38,50 53,00 - - - - -
Soya (Soybean) " - 14,13 - 434 28,36 49,50 - - - - -
Pitrak (Cocklebur) ” - 6,51 0,08 3,80 11,37 76,97 0,74 0,19 0,31 - -
Linolenik (Cig.3) asitge zengin bitkiler / Linolenic (Cig.3) acid rich plants
Keten (Linseed) * . 0,14 5,68 0,09 3,69 13,76 12,23 64,25 0,04 - - -
Ketencik (Camelina) 0,03 6,50 0,06 527 2092 1431 5247 0,10 0,02 0,27 -

* Ci40 (Miristik asit), Ciq0 (Palmitik asit), C¢.((Palmitoleik asit), C;s, (Stearik asit), C;s./(Oleik asit), Cs., (Linoleik asit), C;s;3 (a-Linolenik

asit), Cyo.o (Arasidik asit), Cap.; (Gadoleik asit), Cy.o (Behenik asit), Cyy. (Eriisik asit).
* Baydar ve Erbas. 2014 ** 2016 yilinda hasat edilen bitkilerden elde edilen yagin yag asitleri kompozisyu.

Ci4: o (Myristic acid), Cy4. ¢ (Palmitic acid), Cys, | (Palmitoleic acid), Cis. ¢ (Stearic acid), Cs. | (Oleic acid), Cis. , (Linoleic acid), Cjs; (alpha-

linolenic acid), C,o. 1 (Gadoleic acid), Cy. o (Behenic acid), Cy,. 1 (Erucic acid).
* Baydar and Erbas 2014 ** Composition of fatty acids obtained from harvested plants in 2016.
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Bitkisel yaglar oOncelikle yenilebilir yag olarak
kullanilmak iizere 6nemli bir bitkisel {irlin olmasmin
yaninda, gida yeterli olmayanlarda
neredeyse ayni degerde olmak iizere sanayide
ihtiya¢ duyulan bir maddedir.

kalitesi

Pitrak bitkisinin yag asidi dagilimi igerisinde
yenilebilir yag bakimindan zararh olan erusik asit
(Cyp1) goriilmemektedir. Erusik asitin kaslarda,
kalpte ve hayvanlarin  biiyiime hizlarinda
istenmeyen etkiler yaptiginin anlasilmasi iizerine
1960’11 yillarda zararli oldugu anlasilmistir. Diinya
Saglik Orgiiti (WHO) 1982 yilma kadar erusik
asitin yemeklik yaglarda bulunma oranmni %10
olarak belirlerken, 1982 yilindan sonra bu oranin
bulunmas1 gerekli olan miktarmi %5 olarak
belirlemistir. Dolayisiyla pitirak yaginda erusik asit
olmamasi bu bitkiden elde edilecek olan yag i¢in
elverisli bir degerdir (Tosun ve Ozkal, 2000).

Cizelge 2 incelendiginde, pitrak bitkisi ile zeytin,
yerfistig1, kolza ve susam gibi ekonomik anlamda
onemli olan bazi yag bitkileri arasinda iz yag
asitleri ~ baglamindan  herhangi  bir  fark
goriilmemekte, buna karsin, bariz fark oleik ve
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linoleik arasindaki degisimde goriilmektedir.
Zeytin, susam, yerfistigi ve kolzanin oleik asit
oranlar1 pitrak yagmma gore daha yiksek
seyrederken, linoleik asit oraninda ise tam tersi bir
durumla pitrak yagmin degeri ¢ok yiiksek

goriinmektedir.
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Midirligii’'nden veya web sitesinden temin edilebilir.
(http://arastirma.tarim.gov.tr/etac/Menu/48/Anadolu-
Dergisi).
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