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Abstract: Specific understanding of root anatomy plasticity under salt stress is lacking and requires creation of efficient screening
techniques for stress condition s. To fill this gap, this study aimed to determine the anatomical plasticity in root chracteristics of
31 different rice cultivars (from ‘Best’ to ‘Low’ yielding) grown under real field conditions (saline and non-saline) from planting
to harvesting and to reveal detailed root anatomical parameters that can be used to select and breed salt-tolerant rice. Anatomical
and histochemical features of all cultivars and thin structures of the apoplastic barriers were investigated. The amount of silica (Si),
35 different anatomical characteristics, anatomical plasticity characteristics, plasticity rates, plasticity trends and changes and
strategies of each group under saline and non-saline conditions were compared. The results showed that protective anatomical
characters improved/remained equal to, and worsened/remained equal to those of the controls, in the ‘Best’ and other groups,
respectively, from non-saline to saline conditions. Anatomical plasticity is essentially directly related to apoplastic barrier features.
High genotypic variation was observed in root anatomy in all cultivars, but foremost traits were as follows: (1) cell size, (2) Si
presence, (3) Si accumulation shape, (4) Si distribution towards root stele, (5) xylem arch features, (6) lignification-suberization
properties in apoplastic barriers and their degrees, (7) presence/absence of idioblast cells filled with gummic and phenolic
substances and (8) moderate anatomical plasticity. Cultivars with the most stabile anatomy under saline and non-saline conditions
should be used to select and breed salt-resistant rice.

Key words: Oryza, rice, salt stress, anatomy, breeding, selection

Gergek ve Tam Zamanh Tuz Stresi Kosullarinda Celtikde (Oryza sativa L.)
Degisken Kok Anatomisi Ozellikleri ve Tuza Dayanikh Celtik Islahina Doniik Yeni Anatomik
Seleksiyon Karakterlerinin Tespiti

Ozet: Kok anatomisinin tuz sartlarmda kullanilabilirligine dair bilgiler eksiktir ve bu anlamda etkin anatomik seleksiyon
karakterlerinin tespit edilmesi, ¢alismanin esas amacini olusturmaktadir. Bunun i¢in 31 degisik ¢eltik ¢esidinin (verim
degerlerine gore “En iyi”den “en diigiik”e kadar) tuz sartlar1 ve kontrol sartlarinda, ¢imlenmeden hasada kadar, kargilikli olarak
kok anatomik Ozellikleri karsilastirilmis ve detayli anatomik ozellikleri gikarilmistir. Ilaveten histokimyasal yéntemlerle
apoplastik yapilar aragtirilmigtir. Si elementi degerleri, anatomik degisken degerleri, plastisite oranlari, plastisite egilimleri ve
her grubun tuz stresi altindaki stratejik anatomik degisim yonelimleri tespit edilmistir. Sonucta; koruyucu anatomik
karakterlerin “En iyi” grupta ya ayn1 kaldig1 (kontroldeki gibi) ya da kismen iyi yonde artis gosterdigi, diger gruplarda ise ayni
kaldig1 (kontroldeki gibi) ya da daha kotii yonde degisim gosterdigi tespit edilmistir. Anatomik plastisite 6zelliginin temelde
apoplastik bariyer karakterleri ile dogrudan iliskili oldugu ortaya ¢ikarilmistir. Her ne kadar tiim gesitlerde tuz stresi altinda az
ya da ¢ok anatomik degiskenlik goriilse de en 6nde gelen anatomik karakterler sunlardir: (1) hiicre boyutlari, (2) Si varlig, (3)
Si birikim sekli, (4) Si’un kok stelar kisma dogru dagilimu, (5) ksilem ark yapisi, (6) apoplastik bariyerlerin lignifikasyon-
suberinizasyon 6zellikleri ve dereceleri, (7) zamk ve fenolik icerikli idioblastik hiicrelerin varligi/yoklugu, (8) orta derecede
anatomik degiskenlik. Ozetle; tuzlu ve normal sartlar altinda koruyucu modifikasyonlarmi en stabil tutan gesitlerin, seleksiyon
ve 1slah agisindan en fazla dikkate deger oldugu tespit edilmistir.

Anahtar kelimeler: Oryza, piring, tuz stresi, anatomi, 1slah, seleksiyon

Introduction

Rice (Oryza sativa L.) is the most salt-sensitive crop
because it is ineffective in controlling the influx of salt
(Na*) into the roots, causing rapid salt accumulation at toxic
concentrations in the plant (Singh & Flowers 2011). The
effects of salinity on rice include reduced seed germination

(Hakim et al. 2010), decreased growth and survival of
seedlings, damage to the structure of chloroplasts (Yamane
et al. 2008), reduced photosynthesis (Moradi & Ismail
2007) and decreased seed set and grain yield (Asch et al.
2000). To cope with salinity, salt-tolerant rice cultivars are


mailto:mehmetaybeke@trakya.edu.tr

88

needed to be developed (Rajendran et al. 2009), which
requires the development of efficient techniques for
identifying the components related to salt tolerance (Ashraf
& Akram 2009). When rice plants are exposed to salt stress,
they generally respond to this stress at morphological,
anatomical, cellular and molecular levels (Ashraf 2004).
On the other hand, some studies have reported that salt
resistance can be achieved by physiological factors without
considering anatomical parameters (Hwang & Chen 1995).
However, in a previous study evaluating factors involved in
overcoming drought stress in rice, effective root anatomical
parameters were revealed and substantial genotypic
variations in the root system were observed, which can be
used to enhance the water capture ability and improve the
drought tolerance of rice (Fukai & Cooper 1995, Meyer et
al. 2009). In addition, structural variations were observed
when roots were treated with different drugs (Fang et al.
2007, Suralta & Yamauchi 2008, Meyer et al. 2009, Lynch
et al. 2014). These findings observed under different stress
conditions suggested that root anatomical variations under
saline conditions could be used as a great opportunity for
salt-resistant rice breeding. The lack of efficient root
anatomical screening techniques has delayed progress
research on salinity resistance in rice (Singh et al. 2013,
Lynch et al. 2014).

On the other hand, because of the complexity of
environmental  interactions such as  soil-water
interactions, real and full-season studies that integrate in
vivo approaches, such as root function and/or anatomy
assays, will be important tools in concert with empirical
studies. This change will require expertise in plant
biology and breeding studies. Most importantly, this
challenge calls for renewed emphasis on understanding
the plant root phenomene in the context of salt stress
(Lynch et al. 2014). In summary, there has been a lack of
studies detailing rice root anatomical parameters across
many cultivars under full-season and real salt-stress
conditions. In addition, more effective and practical root
anatomical parameters involved in the response of rice
plants to salt stress have not been determined. In this
study, we examined rice root anatomy under real salt-
stress environmental conditions and specifically noted
which parameters exhibited changes, if any, and to what
degree could they be used in screening for salinity
resistance. In summary, this study had the following aims:
(1) to examine root anatomical parameters of different
rice cultivars which were categorized into 4 different
groups (Best, Good, Middle and Low) according to their
yields and salt tolerance under saline and non-saline
(control) conditions; (2) to determine the extent of
anatomical modifications (plasticity) of 31 different rice
cultivars grown under saline and non-saline real field
conditions and in all soil-water interactions from
germination to harvest; (3) to measure strategic responses
of root anatomy under natural salt-stress conditions and
(4) to develop an effective screening procedure for rice
resistance to salinity based on the results.

M. Aybeke

Materials and Methods

All experiments were conducted simultaneously in
Edirne, TURKEY, in Thrace Agricultural Research
Institute’s fields (control) along Meri¢ River and in a field
with salty water and soil conditions in Salarli village
along Ergene River, Uzunkoprii (Fig. 1, 2). The average
temperature data of the fields’ area and all water + soil
analysis averages were obtained from official
meteorological state and regional agricultural research
institute routine laboratory, respectively. The day
temperature ranged from 25°C to 34°C, while the night
temperature fluctuated between 22°C and 31°C. The
humidity ranged from 50% to 75% during the growing
period. Chemical characteristics of the soil and water
were as follows; Ergene basin, saline conditions; soil
pH: 7.47 (light alkali); 1.591.00 mmhos/cm; water pH:
7.96; ECx108: 3580 micromhos/cm; sodium absorption
ratio (SAR): 18.71; and irrigation water class: C4S3 (very
high salt concentration, not suitable for irrigation). Meri¢
non-saline conditions; soil pH: 7.05 (neutral); water pH:
7.49; ECx108: 630 micromhos/cm; SAR: 5.64; and
irrigation water class: C2S1 (a good level of irrigation
water, can be used as irrigation water in almost all plants).

Thirty-one different rice cultivars with varying salt
resistance (categorised as Best, Good, Middle and Low)
and yield (Aybeke & Demiral 2012) were used in this study
(Table 1). Roots were washed with the same river water
after removing the soil. The silica (Si) concentration in the
roots was determined following nitric—perchloric acid
digestion using inductively coupled plasma optical
emission spectrometry (ICP atomic emission spectrometer,
Perkin-Elmer Co., Norwalk, CT, USA) (see also Aybeke &
Demiral 2012) and Si content was represented by its
concentration (% weight) in the roots. In all trials, 85-day
and 14-leafed mature flowering plants were used (Stirek
2002). In the field, upper one third parts of adventitious
roots were cut by using lancet and fixed in formalin-acetic
acid-alcohol mixture (Aybeke 2004). These samples were
washed and stored with 96% and 70% alcohol,
respectively. Their paraffin sections were made with a
Leica RM2255 microtome and three different staining
methods were applied (Hematoxylin-Eosin, Alcian Blue-
Safranin and Sartur staining for ergastic substances). The
sections were incubated for 3-5 minutes in hematoxylin and
washed with tap water before stained with eosin for 10-15
seconds. For Safranin-Alcian Blue method, paraffin
sections were treated with 6 parts Safranin-4 parts Alcian
Blue dye mixture for 3 minutes and washed with rising
alcohol serie. For Sartur dye method (Celebioglu & Baytop
1949) sections were directly examined by using 1-3 drops
of the dye under a microscope for ergastic substance
detection. All dyed sections, except Sartur, were mounted
on glass slides with Entellan after passing the xylene series.
Microphotographs were taken with an Olympus BH-2
photomicroscope and anatomical investigations were made
under an Olympus BH-2 photomicroscope. Thirty-five
different qualitative anatomical parameters of the roots
were determined (Table 1). Anatomical plasticity trends of
each cultivar were calculated by collection of differences
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(improved/ worsened/remained unchanged, as symbols A,
V¥, # in Table) in anatomical traits across treatments. This
characterized the strategies of each group under salt stress.
Anatomical change rates of each group were found by
comparing anatomical changes under stress conditions in
different root tissues. No statistical analysis was performed
because all parameters were qualitative (not quantitative).
In addition, root apoplastic barrier properties and Si content
of some cultivars were investigated by EDX facilitated
scanning electron microscopy (SEM). For SEM
preparation, the method of Aybeke (2007) was used with
some modifications. Root sections were directly observed
and photographed with a Zeiss EVO LS10 scanning
electron microscope after paraffin dissolution.

ABBREVIATIONS: A: Arches, C: Cortex, E:
Exodermis, ED: Endodermis, El: Exodermis inner, EM:
Exodermis middle, EO: Exodermis outer, IC: Inner cortex,
M: Medulla, OC: Outer cortex, P: Pericycle, PH: Phloem,
Prt: Protoxylem, Uth: ‘U’ thickening, Xy: Xylem.

Results

Epidermis was generally quitely damaged, mostly
lost, 3-layered exodermis (outer layer, lignified middle
layer, partially or non-lignified inner layer), outer cortex
(OC) present or not, as a continuous or alternating with
Exodermis inner (El), aeranchymatic middle cortex, 1-2-
layered, Inner cortex (IC) sometimes absent, non-lignified
or slightly and partially lignified, and thin-walled, not
usually “U” form of thickening (Uth) in the Endodermis
(ED), if it exist, thin; Pericycle (P) as a continuous line,
Phloem (PH) usually in the form of small island between
arches, parenchyma intact, robust, protoxylem and arces
were generally regular, Arches (A) 3-4, Medulla (M) thin,
slightly thick-walled and lignified (Fig. 3a).

General anatomical features of the groups
In Meri¢ conditions:
Exodermis;
Best group: EO: 1 row; EM: regular, quite thick-
walled; El: 1 row and large (Fig.3b).

Good group: EO: 1 row, more or less damaged; EM:
1-2-layered, in which all walls lignified; EI: 1 row, thin-
walled or relatively thick-walled, lignified to different
degrees.

Middle group: EO: 1 row, regular, sometimes large-
celled; EM: 1-2-layered in rows; El: 1 row, lignified in
various thicknesses.

Low group: EO: 1 row, rarely 2-rowed or damaged
(Fig. 3c); EM: 1-2 rows, with walls varying in thickness;
El: 1-2 rows, absent or alternating with OC, with or
without lignification.

Cortex and endodermis;

Best group: OC: alternating with E or absent,
aerenchyma lysigenous, less lignified or non-lignified;
IC: 1-2 rows, partly lignified or non-lignified; ED: ‘Uth’
is thin or relatively thick.

Trakya Univ J Nat Sci, 17(2): 87-104, 2016

Figure 1. The satellite map of the areas where the field trials
were performed (the maps were obtained from Google Earth
program. a) Control (non-saline) conditions (Meri¢ River), b)
Saline conditions (Ergene River). Red stars indicate the
experimental fields and yellow arrows indicate the rivers.

Good group: OC: absent or partly present, aerenchyma
usually lysigenous and containing some amounts of Si;
IC: absent or partially present, thin-walled; ED: absent or
1 row; ‘Uth’: unclear or obvious, generally thin-walled.

Middle group: OC: absent or present, aerenchyma
lysigenous and sometimes lignified; IC: 1-2 rows, regular,
lignified or non-lignified; ED: ‘Uth” indistinct or clear.

Low group: OC: absent or alternating with IE, regular
and crushed, aerenchyma lysigenous or partially
schizogenous, lignified or non-lignified, rarely with Si;
IC: 1-2 rows, damaged, regular, thin-walled, lignification
variable; ED: ‘Uth’ irregular, very fine (Fig. 3d) and
damaged.

Figure 2. Field view of 31 rice cultivars grown in saline Ergene
conditions.
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Table 1. Rice cultivars of which root anatomical qualitative parameters examined in the study. Abbreviations written in red and italics
are additional characters specific to anatomical plasticity table and others (black) are characters that are common to anatomical
properties and anatomical plasticity (changing) tables. *: yield values of each cultivar and categorizations of all of them were carried
out according to Aybeke & Demiral (2012).

Cultivars and
grouping in terms of
yielding values*

Best: Kral, Kirkpinar

Good: 7721, Siirek, Ece, Kros 424, Gala, Veneria

Middle: Altinyazi, Duragan, Halilbey, Koral, N-41-T, Osmancik

Low /very low: Akgeltik, Beser, Edirne, Gonen, Ipsala, Karadeniz, Kargi, Merig, Negis, Plovdiv,
Ranbelli, Rocca, Sumnu, Trakya, Tunca, Yavuz, Kiziltan

1. EOL.: Outer Exodermis layer number
2. G: Greatness, G: big, GG: layer number increased to 2, and both two layers robust,
G-G: the outer deformed, inner one is most stable, g: normal-small
3. S:structure, +: regular, ++:uniformity more increased, -: damaged, +: partially damaged/regular
4. AW: Anticlinalwall, 11: ant. walls erect, I<: erect-lobed; <: lobed
5. S:silica, s+: present, s++: silica has increased even more so when, s-: absent, S+*: silica on outer
periclinal walls, s+**: silica on the corners of cells
6. EML: Middle Exodermis layer number
7. W: wall, w: thin, w-: wall thin and more thinned under salinity, W: thick, WW: fairly thick,
Exodermis w*: silica on the corners
8. S:structure, +: regular, -: damaged, +: partially damaged / regular, +,si: both regular and bearing
silica
9. EIL: Inner Exodermis layer number, 0: absent/ damaged, 1,2: present, *: cells large, **: become
larger, s: become smaller, «: alternating with inner cortex
10. L: lignified wall, -:absent, [1: on all surface, N: on only outer periclinal and anticlinal walls,
N A lignification relatively more dense on outer periclinal and anticlinal walls, 11: only anticlinal
walls, -: nonlignified laterly
11. W: wall, +: thick-walled, [1: on all wall surface thick, N: outer periclinal walls and anticlinal walls
thick, -: not thick(thin-walled), Ss: with silica, «»: alternating with outer cortex
12. OC: Outer cortex, layer number (1,2), -: absent, «<»: alternating, B: become larger, +: become more
regular, L+: lignified more markedly
13. AE: Aeranchyma, Iz: lizigen, sl: schisolysigenous
14. L: lignification, I+: present, I-: absent, I£: partially found, N: outer periclinal walls and anticlinal
walls lignified, [7: on all wall surface lignified
15. Si: silica, s+:present, s-:absent,
16. IC: Inner cortex layer number (1,2), 0:absent
. 17. L:lignification,  I+:present, I-:absent, l+:partially present, N: only outer periclinall walls,
Cortex/Endodermis [107: on all wall surface
18. W: wall, w: thin-walled, W: thick-walled, WW: more thick-walled, w+s: both thin-walled and with
silica, N: only outer periclinal walls thick, [1: all wall surface thick,
19. R: Regularity, +: regular, -: damaged, =+: regular-damaged in from places to place,
++: while regular control, become more regular salt stress
20. E: endodermis, O: absent, 1: 1-layered,
21. R: Regularity, +: regular, -: damaged, +: regular-damaged in from places to place,
22. U: thickening type (Figure 16-22)
23. PS: pericycle structure, p+: regular, p-: unregular, p++: while regular in control, but more regular
in salt stress
24. P#: pericycle layout, f: pericycle dotted with phloem, p: percycle continuous, not dotted,
f: pericycle dotted the same manner as in non-saline conditions, f-: interruption reduced,
ff: interruption increased, L+: lignified, W: thick-walled, WW: more thick-walled
. 25. PH: phloem, fp1: phloem located both on pericycle and in stele, f=: phloem only on periciyle
Pericycle, Phloem . . - - - T . -
26. PP: gap status in pericyle, p0: pericycle includes gaps, p1: pericyle is as an continuous layer, not
gapped
27. Si: silica, -: absent, 1: present, +: present partly, id: idiyoblast cells present
28. PH: phloem ve parenchyma layout, altogether, PH+: regular, PH-: unregular, PH+: damaged place

to place, PH++: while regular, became more regular in salt stress, L+: additionnaly lignified under
saline stress, W: thick-walled in saline conditions
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Table 1. Continued

29. A: arches number, V¥ : decline, A: increased, = not changed
30. AS: arches structures, a+: regular, a-: unregular, a+: partly damaged / regular, w: thin-walled, *:
lignification occurred a little more than usual, W: thick-walled, L+: Lignified more or less, not quite

31. M: medulla, w: thin-walled, W: thick-walled, WW: fairly thick-walled, WWW: extremely thick-
walled, W4, w=: wall has been damaged in salt stress

Xylem 32. Si: silica, +: present, -: absent, +: present place to place

33. S: Stelar layout, L A : lignification increased, L+: more or less lignified, W A : thickness increased,
-2 unchanged, id: idiyoblast cells present, S A : stele became more regular and robust

34. Pr: protoxylem, -: absent, / little, 1: at normal density, 2: very dense, A : density increaesed

35. Prl: protoxylem lignification, pr+: normal, lignified, pr+: partly lignified, pr-: non-lignified, L+:
lignification increased, W: thick-walled, A: integrated with arches

Pericycle and stele;
Best group: P: interrupted with PH (also in other
groups); PH and Xy: parenchyma regular; M: normal or
quite thick-walled, regular (Fig. 4a).

Good group: P: quite crushed; PH: located in both P
and stele, Si present sometimes, generally PH and
parenchyma damaged or regular; A: very damaged or
regular; M: thin or very thick-walled, lignified, included
Si in some samples (Fig. 4b).

Middle group: PH and parenchyma regular or
irregular, crushed, thin-walled; A: 4-5, arcs with Si
partially available (Fig. 4c), protoxylem lignified.

Low group: P: irregular, damaged or relatively
regular; PH and parenchyma: regular or irregular; A: 3-7,
trachea partially or completely damaged, rarely with Si;
M: thickness and lignification variable, sometimes
include Si. In addition, all anatomical features of all
cultivars under non-saline conditions (Merig) are given in
Table 2 in detail.

Figure 3. a) General anatomical features of rice root. Red, yellow and blue arrows indicate exodermis, aerenchyma and stele,
respectively. b) Kirkpiar (Best) root exodermis in control conditions. All three exodermal layers are regular. The middle layer is small,
clearly lignified and thick-walled, ¢) Ranbelli (Low) in control conditions. The outer exodermis is almost completely lost or fairly
flattened (arrow) and the outer cortex is entirely absent or small-celled (arrow head), d) Ranbelli (Low) in control conditions. Low
endodermal U thickness (arrow) is seen. Bars: 50u in 3a and 20y in 3b-d.

Trakya Univ J Nat Sci, 17(2): 87-104, 2016
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Figure 4. a) Kral (Best) stele in control conditions. All stelar structures, with more arches (5), and endodermis (red arrow) are very
regular, b) Kros (Good) stele in control conditions. A partially crushed inner cortex (arrow) and irregular endodermis (arrowhead) are
seen, ¢) N41T OT (Middle) stele in control conditions. There is a regular and continuous endodermis (arrow) and all standard stellar
structures (a: arches, m: medulla), d) Kirkpmar (Best) exodermis in Ergene conditions. Note the clear and regular exodermal cell
layers, particularly the outer cells densely filled up with suberized material (red arrow), e) Ece (Good) exodermis in salty Ergene
conditions. The outer layer is partially damaged (arrow), and there is hin-walled middle layer (arrowhead), f) Karg: (Low) in salty
Ergene conditions. The endodermis “U” structure (red arrow) and medullar cells (yellow arrow) are very thick and the pericycle
(arrowhead) is lignified. Bars: 20u.
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Figure 5. a) Kral (Best) stele in salty Ergene conditions. VVery clear and regular inner cortex (red arrows) as well as endodermis (black
arrows) arches (blue arrows) and medullar cells (arrowhead) were seen, b) 7721 (Good) stele in salty Ergene conditions. The phloem
and xylem parenchyma were fairly damaged and were lost, ¢) Yavuz (Low) in salty Ergene conditions. Dense stellar lignification was
observed along with idioblast cells filled with gummic and tannic/phenolic substances (arrows). Bars: 20p.

In salty Ergene conditions:
Exodermis;
Best group: EO: 1-2, slightly damaged, regular,
sometimes with Si; EM: small, lignified, 1-2 rows, thin-
walled (Fig. 4d); EI: alternating with OC or continuous.

Good group: OE: 1-2 layered, Si intense; EM: 1 row,
rarely 2 rows, thin-or thick-walled, regular (Fig. 4e); EI:
absent or present, 1 row, alternating with OC, small or
large-celled, lignified.

Middle group: OE: 1-2 rows, large, crushed, with
more or less dense Si; ME: 1-2 rows, lignified and
continuous, sometimes with Si; El: absent or alternating
with cortex, lignified in different ways.

Low group: OE: absent or 1-2 rows, sometimes with
Si, large, sometimes crushed; ME: 1-layered, walls
lignified, small, regular, with Si present sometimes; El: 1
row, absent or replaced with OC, sometimes locally
damaged by Si.

Cortex and endodermis;
Best group: aerenchyma lysigenous (common in
almost all groups); IC: 1-2 rows, regular, lignified; ED:
‘Uth’ very thin or too thick.
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Good group: aerenchyma non-lignified, with dense Si,
non-lignified; 1C: 1-2rows, lignified; ED: ‘Uth’ at
different rates.

Middle group: OC: sometimes absent or regular, large
or alternating with EI, aerenchyma sometimes
schizogenous, partially lignified; IC: 1-2rows, rounded,
lignified, and thick-walled; ED: ‘Uth’ thin or regular.

Low group: OC: absent or alternating with ElI,
aerenchyma partially schizo-lysigenous, non-lignified or
lignified; IC: absent or 1-2 rows, regular, lignified, partly
thick-walled; ED: ‘Uth’ uncertain or partly thick (Fig. 4f).

Pericycle and stele;

Best group: P: interrupted with PH (almost common
in other groups); PH: located in both P and stele
(common); PH and parenchyma: thin-walled; A: 4-6; M:
thick-walled; Xy: regular; protoxylem at normal density,
thick-walled, lignified (Fig. 5a).

Good group: P: 1 row, sometimes lignified, idioblast
cells, Si and lignified cells were found; PH: regular, rarely
damaged (Fig. 5b); A: 4-5; M: thin or thick.

Middle group: P: rarely continuous (uninterrupted),
idioblast and dense lignified cells present; parenchyma:
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thin-walled, regular; A: 5-6; M: different thicknesses,
lignified, sometimes damaged; protoxylem lignified,
integrated with A.

Low group: P: sometimes lignified and thick-walled,
PH, parenchyma and stele regular or partly damaged; A:
3-7, trachea/tracheid sometimes damaged or lignified
intensively, sometimes stele not fully lignified or
excessively lignified, tannic substances, idioblast cells
present (Fig. 5c); M: variable in thickness. Anatomical
properties or anatomical plasticities of all cultivars under
saline conditions (Ergene) were given in Table 3 in detail.
In general, many of the characters in the Best group
remained unchanged. Also changing trends which is
positive and negative direction, almost equal to each
other; as for other groups (Good, Middle, Low), changing
trends of the characters became more active, reduced the
number of unchanging character. Another important
finding is that when switching to the normal conditions to
saline conditions, anatomical characters vary more
positively, especially Good, Middle and Low groups.

Strategic approaches of groups for removing salt
stress

Exodermis;

Best group: Strategic parameters (Table 4) were more
stable in this group. Also, E-C alternation was absent,
which was an important difference from the other
cultivars. If any of these parameters were missing, the salt
stress would be overwhelming. The modifications of both
EO and EI layers were as important as those of the EM.

Good group: EO generally exhibited more uniform
changes, was large and had more rows of cells and Si. EM
row number generally decreased from control to salty
conditions. Walls were transformed partially or entirely to
being thin lignified or unchanged. El showed increasing
or decreasing modifications in cell size or lignification or
both. Within this group, inverse changes among these
strategic parameters (Table 4) were frequent. In general,
in the groups ‘Best” and ‘Good’, protective variations
were reduced in EM, but concentrated in EO and EI.

Middle group: Osmancik, Duragan and Koral
exhibited more protective variation than other cultivars in
this group. EM usually exhibited a thinner and more
lignified wall, the row number remained unchanged or
decreased and Si was present. El, particularly in Koral and
Osmancik, was superior in terms of the cell size,
robustness and lignification.

Low group: Akgeltik, Beser and Edirne showed more
considerable protective mechanisms than others, but
Kargi, Plovdiv and Yavuz were very different from the
others in terms of the cellular layout. As results; in this
group, increasing modifications in outer and inner layers
were partially seen as to be changed from lower level to
normal level.

Cortex and endodermis;
Best group: Kral kept its same feature of Meri¢ and
showed no change under salt stress conditions. In contrast,
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Kirkpinar exhibited fundamental changes in ED as well as
IC. No change was found in OC, and variations were
mainly found in IC and ED.

Good group: EO and El of 7721, Kros-424 and Gala
also exhibited considerable modifications. In contrast,
variation in IC increased inversely with that in OE for Ece.

Middle group: OC was more apparent, regular, large
or alternated with El. Modifications in C-E were not as
substantial as those in EO. In contrast, these modifications
shifted to 1C and/or OC and ED.

Low group: All results are given in Table 5 as well as
an indication as to whether Si was elevated or not.

Figure 6. Endodermis types according to their ‘U’ wall
thickness; Merig¢ types: @) Tip 0, b) Tip I, ¢) Tip Il. Ergene
Types: d) Tip I, e. Tip I, f) Tip I, g) Tip IV.
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Figure 7. a) Partially magnified exodermis of Akgeltik root (outer layer damaged thoroughly, b) Akgeltik endodermis (arrows),
¢) Kirkpinar (salty Ergene conditions), suberised, thick-walled outer exodermal cells, covered externally with dense suberin and filled
with dense suberised material (arrows), d) Endodermis (EDX densities were schematized on the same figures as sidebars indicating Si

contents as blue points densities from outward to inward).

Pericycle and phloem;
Best group: With regard to P continuity, Kral was
better than most cultivars.

Good group: Usually PH was cut intermittently by P
(common), but variations in discontnuity occurred.

Middle group: Gaps in P were either present or absent.
N-41-T, Duragan and Osmancik showed more protective
variations than the other cultivars. PH and parenchyma
layouts did not worse nor did they remain unchanged in
the Best, Good and Middle groups. In the Low group,
these features generally worsened.

Xylem;
Best group: There was no reduction or worsening

change in Kirkpinar.

Good group: In particular, Sitirek and 7721 showed
increased protective modifications in ED, C, P and Xy.

Middle group: In particular, Xy of Osmancik changed
significantly.
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Low group: ldioblast cells were observed in Tunca
and stel]ar lignification increased considerably in Yavuz,
Rocca, Ipsala and Akgeltik (Table 4).

The plasticity rates had a remarkable increase
depending on different root regions (Table 5).

In general, under saline conditions, the Si content of
all cultivars increased, whereas cultivars in the Best group
showed little change or a slight increase in Si content.
According to the Si value in all groups, Si content was not
a distinguishing character (Table 6). Under saline
conditions, in Akgeltik (Low group), Si contents [as total
amount (%weight)] were 414776 (68.55%) and 358071
(68.59%) in E and ED, respectively, according to EDX-
SEM examination (Fig. 7a-7b). As for Kirkpinar, Si
amounted to 344177 (68.30%) in E and 333611 (62.92%)
in ED. Furthermore, the outer exodermal cells are densely
filled with suberin material as well as Si. (Fig. 7c-7d).



Table 2. Anatomical properties of all cultivars in control (non-saline, Meri¢) conditions. *: groups indicated in different colors as orange (Best), yellow (Good), green
(middle) and blue (Low). For icon descriptions please refer to the Table 1 in Material and Methods section. For Endodermis “U” thickenings types, see Fig. 6a-g.
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Table 3: Anatomical properties and plasticity of all cultivars grown in Salty Ergene field conditions. *: groups indicated in different colors as orange (Best), yellow (Good), green (middle) and blue (Low).
Green, yellow and red areas indicate increasing, sameess and decreasing of the character, respectively. For icon descriptions please refer to the Table 1 in Material and Methods section. For Endodermis
“U” thickenings types,see Fig. 6a-g.
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Table 4. Plasticity Strategies detected in different root tissues in the salty area. #: shows the alternative strategies, +: shows additional
character as well as said character, /: shows different forms of the same character.

E: Increasing layering + silica, wall thickness, lignification, (altogether). C- ED: IC: layering + IC wall thickness +
lignification degree; aeranchyma lignified or not; ED, “Uth” feature. P- PH: P interruption (degree), PH: cell layout,
PH gap scarcity / abundance. Xy: A, number increase / unchanged + solid, robust / partially damaged. M, area
increased. Prt, kept its density and normal thick-walled lignified feature.

Best

E: wall thickness, Lignification density, cell size, alternating with cortex or not, layering. C- ED; OC: unchanged #
appearing in saline cond.; Aeranchyma: lizigen to Schizo-lizigen # lignification decrease / increase; IC: layering +
regularity + wall thickness, altogether, increased # layering unchanged but regularity + lignification increased #
layering unchanged + regularity increased but non-lignified. ED: “Uth” More regular and thickened # partially
thickened + thin-walled # slightly thickened, damaged # thinned, uncertain # unchanged, thin-walled. P- PH: P:
Good interruption degrees / P loss; cells more regular # cells lignified # not interrupted continuous + idiyoblast and silica
deposition present + lignified fairly. PH: with gaps # more regular / irregular # partially lignified. Xy: A, number
increased/decreased/unchanged. Tracheal and xylem’s solid structure present. M, layout unchanged / partially
reduced + silica lost # Silica generally present. Prt, unchanged in density # unchanged in density but lignification
lost / increased # increased + kept fairly regular thin-walled, lignified structure # kept its damaged state # kept its
damaged state + idiyoblast cells and lignified intensely # decreased.

E: cell size, strength, alternating with cortex or not, degree of lignification, wall thickness. C- ED; OC: more regular,
large # partially evident # absent by alternating with E. Aeranchyma partly schizohenic, lignified (back to full
lignified) # partially schizogenic, full lignified # both lizigen, non-lignified # both lizigen and partially lignified. IC:
layering unchanged / increased + outer periclinal wall (OPC) thicker + entire wall lignified # layering unchanged +
all wall surface lignified # layering unchanged + OPC lignified # layering unchanged + non-lignified wall. ED: “Uth”
quite evident / thickened # partly evident / thickened (little) # uncertain # always uncertain, unchanged. P- PH: P:
Middle discontinuity unchanged / decreased # discontinuity present + some cells lignified and more regular # gaps absent.
PH: unchanged/more regular. Xy: A, number increased + walls partially damaged + silica lost # increased + Xy more
regular # number unchanged / decrease + wall’s damages absent + Xy more regular + lignification increased. M,
quite thick-walled # wall thickness partly increased # wall thickness reduced + walls damaged. Prt, unchanged in
normal density, lignified and robust feature # integrated with A + low density + thin-walled + less lignified #
integrated with A + walls thicker and lignified # declined in frequency + maintained its regular lignified thickenings
# kept its intensity + kept thick-walled and same lignified state.

E; EO layering increased / unchanged/increased + dense/low silica # layering decreased + lignified thick-wall # cells
larger/completely lost + silica increased. EM layering + lignification + wall thickness decreased # layering unchanged
+ lignified wall thinned / thickened. EI layering decreased + unchanged thick-walled lignification # layering + walls
unchanged # alternated with OC # entirely lost. Layering, silica, lignification, wall thickness, alternation or losing in
several combinations found. C- ED; OC: layering decreased # lost # partly present and widened / lignified # formerly
absent, subsequently alternating with Ex # more impaired. Aeranchyma partially returned from schizolizigen to
lizigen # non-lignified # increased lignification # unchanged, non-lignified # silica increased/never. I1C: layering
increased, but lignification unchanged # layering increased + lignification + wall thickened # layering increased +
lignification spread over the entire wall surface / partially increased / lignification lost # layering unchanged +
lignification increased/decreased/partially emerged / lignification lost # layering decreased + more regular cell +
unchanged lignification/lignification spread over entire wall surface + increased outer periclinal walls thickness. E,
Low returned as follows: little more evident, but not too thick # thicker and more regular # quite evident-thickened #
unchanged, thin # always absent. P- PH: P: discontinuity unchanged/decreased # cells more regular/damaged form
# lignification and wall thickness increased. PH: damages increased / reduced + more regular # unchanged as robust
layout / damaged view # lignified entirely # gaps present. Xy: A, number increased + silica lost + wall damage dense
/ regular-robust # unchanged + trache heavily damaged + silica lost # unchanged + trache damaged + silica increased
+ less lignified # unchanged + traches regular + lignification dense+ Idioblastic cells intensive # decreased + wall
damage partly few/increased # decreased + not lignified + damages dense # decreased + lignification increased #
decreased + lignification increased + idioblastic cells present. M, quite thick-walled # kept thickness # M area
decreased slightly. Prt, partially increased in density + integrated with A # increased + idioblastic cells present #
increased + walls less lignified, thickened and partially damaged # unchanged + walls thick and lignified normally #
unchanged + lignification increased # reduced # reduced (from high to normal level) + significantly lignified # quite
few + thick-walled + lignified # completely lost.
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Table 5. The plasticity rates depending on different root regions. *: based on plasticity strategies indicated in Table 4.

Parametre number*

Grou . Cortex Pericycle
P Exodermis Endodermis Phlogm Xylem Total
Best 4 5 3 5 17
Good 5 15 8 15 43
Middle 5 20 7 15 47
Low / very low 7 30 8 25 70

Table 6. Si contents (mg/kg) in cultivars grown in control and
salty conditions. *: Meri¢ and Ergene respected control and salty
conditions, respectively.

. . . Si*
Cultivars Si* (Meric) (Ergene)
Kiral 540.39 543.7
Kirkpinar 366.78 479.46
Siirek-95 249.54 610.87
7721 495.37 4255
Ece 436.56 678.34
Kros-424 463.03 319.34
Gala 429.07 562.14
Veneria 398.32 472.97
Osmancik 477.66 826.3
N-41-T 299.6 584.66
Duragan 327.48 666.11
Koral 357.5 371.95
Altinyazi 276.7 516.87
Halilbey 398.68 523.09
Negis 683.09 373.45
Trakya 616.32 452.41
Sumnu 1915 548.86
Gonen 240.47 558.02
Kiziltan 388.11 542.21
Beser 708.37 812.8
Kargi 439.11 368.09
Edirne 384.02 318.94
Karadeniz 208.83 640.28
Rocca 286.2 429.43
Yavuz 596.6 479.11
Ranbelli 45.69 -
Merig 331.26 528.65
Plovdiv 762.96 551.92
Akgeltik 361.21 526.04
Tunca 427.4 470.87
ipsala 407.42 -
Discussions

General anatomical structure: The epidermis was
always absent, with 1-2-layered outer exodermis, 1-2-
layered sclerenchymatous middle exodermis, 1-2-layered
inner exodermis, outer cortex present or absent,
sometimes alternating with inner exodermis, lysigenous
or partially schizo-lysigenous aerenchyma and inner
cortex subtending to 1 row of endodermis and pericycle
in stele, 3-6 arcs of xylem consecutive with the phloem.
The phloem was sometimes cut intermittently by the
pericycle, with the xylem parenchyma present. The
medullary structure was thick-walled and lignified.
Apoplastic barriers were scattered in different regions of
the root, depending on the cultivar, such as
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sclerenchymatous middle exodermis and endodermis.
Sometimes the pericycle, outer and / or inner cortex as
well as the aerenchyma became lignified. Similarly, wild
rice Zizania latifolia, a close relative of rice, showed
suberised and even lignified endodermis (stage IIl) in
response to salt. Adjacent, thick-walled cortical layers,
single-layered suberised-lignified sclerenchyma layer,
lysigenous aerenchyma and thick-walled inner cortical
cells were also found in wild rice. In general, apoplastic
barriers are present variously in roots (Fleck et al. 2011,
Chaodong et al. 2014) For example, Z. aquatica, which is
also closely related to rice, shows an uniseriat exodermis
and biseriate hypodermis (Clark & Harris 1981, Kotula et
al. 2009) and the epidermis is often excised. This lack of
root epidermal tissue is not uncommon in Poales
(Rebouillat et al. 2009, Chaodong et al. 2014). Regarding
the aerenchyma, a schizo-lysigenous to lysigenous state in
the stem and leaf cortex of wild rice is normal and similar
to Cynodon dactylon, Eremochloa ophiuroides,
Hemarthria altissima and Miscanthus sacchariflorus
(Yang et al. 2011). These air spaces transport oxygen to
organs under hypoxic conditions (Chaodong et al. 2014),
a crucial role of aerenchyma in aquatic and amphibious
plants (Chaodong et al. 2011).

For all the groups (Best to Low), the response of each
of the anatomical region to salinity stress are separately
discussed below.

Exodermis: In the Best group, essential or strategic
parameters only appeared in the Kirkpinar cultivar and
Kral cultivar showed almost no difference. Here other
possible physiological parameters (ions, hormones,
antioxidants, osmolytes, etc.) were activated. Indeed, the
yield of Kirkpinar was reported to be higher than that of
Kral (Aybeke & Demiral 2012). The essential anatomical
parameters given in Table 5, illustrate the important
protective traits for these plants. In the Good group, cell
size (large and robust) was an additional parameter
essential for salt tolerance. Under normal circumstances
(i.e. non-saline conditions), these cells were tiny and
crushed or damaged but under saline stress they were
large and more uniform. The yield values of these large-
and regular-celled cultivars (e.g. 7721, Gala, Veneria)
were reported to be higher than those of other cultivars in
the Good group (Aybeke & Demiral 2012). In the Best
group, this parameter was not observed as a variable,
because in this group, the cells were always regular. In
addition, Si was also increased and dense suberised
material was observed (Fig. 7c). | believe that Si and
suberin accumulation in the outer exodermis increased
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resistance to salt stress. In addition, in the Good group,
these essential parameters showed inverse trends of
increase or decrease. However, all these parameters
increased or decreased together in the Best group. In the
Middle group, the exodermal layer number was
important, along with the state of alternation with the
cortex. However, this status was not normally seen in the
Best group and in some of the cultivars in the Good group.
Accordingly, the exodermal row number was replaced by
alternation state as a protective anatomical structure. In
the Low group, row number (decrease / increase / absence
/ equal), thick and lignified wall status and presence /
absence of Si emerged as more variable parameters. In
summary, the following results were observed: (1) All
essential parameters were at the highest levels in the Best
group, (2) the best protection was achieved by changes
directed towards higher level of protection or keeping
tissue components at the higher level, (3) any decrease in
these parameters was accompanied by the addition of new
parameters to resolve protective gaps, (4) in the Good,
Middle and Low groups, the ‘essential’ parameters were
lacking, decreasing or varying inversely with each other
and (5) row number was an important parameter and
lignified thick wall and cell-size regularity increased
strength with Si. Accordingly, it was concluded that the
exodermis is an important apoplastic barrier for resistance
to salt stress.

Cortex and endodermis: In the Best group, the
overall cellular changes in the inner cortex and
endodermis of Kirkpinar were seen to increase
substantially but such changes in the Kral cultivar
remained to be limited (Table 3). Kirkpmar cultivar
showed more effective protection with new anatomical
changes in its cortex, endodermis and exodermis. In other
groups (Good, Middle and Low), different parameters
such as the robustness/disorder of the outer cortex,
alternating status, aerenchymatous features, lignification
degree, presence/absence of inner cortex, row number,
lignification, wall features and endodermal thickening
changed inversely with each other. There were more
parameters in these groups than in the Best group because
resistance to salt has shifted inwards to the inner cortex
and even to endodermis. Therefore, if parameters (such as
the exodermis) are not effective, additional traits would
provide salt resistance. Similarly, the inner exodermis and
outer cortex in Ranbelli, Rocca, Sumnu, Trakya and
Tunca cultivars were very severely damaged. In these
cultivars, increasing protective changes occured in the
outer exodermis, inner cortex and to some extent in the
endodermis. In a recent study on drought and roots, large
xylem vessels with lesser aerenchyma formation and
higher starch content in tolerant rice varieties were
required for the maintenance of water potential and
energy storage (Singh et al. 2013). However, in the
present study, starch was not found. Under saline
conditions, the starch content in rice roots declined
(Paridaa et al. 2005). I believe that absence of starch in
fully developed aerenchyma lacking a cellular layout is a
natural consequence of this response to salinity.
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Pericycle and phloem: In all the groups, interruption
ratio of the pericycle and its cell layouts, lignification
status, features of the phloem and distributions of phloem
gaps emerged as the main parameters. In short, under
saline conditions, the pericycle’s layout was improved,
lignification increased and parenchyma and phloem
became more regular. Even idioblastic structures, Si
deposition and lignin formation were seen in the pericycle
and phloem. Based on these parameters, although all
cultivars exhibited tremendous variation, a fundamental
and significant variable that can determine groups in
terms of ‘pericycle and phloem’ could not be identified.
Therefore, anatomical properties of the pericycle and
phloem cannot be used for distinguishing salt-resistant
specimens.

Xylem: The arc number increased or just remained the
same, additionally the arc integrity, medulla widening,
protoxylem density, lignification and degree of wall
thickness were important and constant parameters.
Furthermore, regularity of the xylem parenchyma was
also an important variable. Indeed, recent data indicate
that within the stele, pericycle and xylem, parenchyma
cells are important in the control of the net Na* flux of the
xylem (Koyro 2002, Lauchli et al. 2008). Even though no
relationship between arc number and salt resistance was
found, I believe that an increasing arc number will dilute
the passage of apoplastic salt-water mixture because of
the increase in the total water intake of the plant. Thus, the
plant will reduce toxicity of the salt it takes in. Similarly,
Sobrado (2007) found that generally, higher salinity may
result in narrow vessels and increase vessel density,
maximising water uptake under high-salt conditions.
Therefore, it was logically understood that organization of
the vascular structure is an individual important parameter
in breeding, as indicated by Shigenori & Nemoto (1995).

When changes were analyzed according to the root
region and group (Table 5), the minimum value belonged
to the Best group, particularly in the Kirkpinar cultivar, for
which all essential parameters were used. On the contrary,
in other groups, because of a decline in essential
parameters, other new variables were activated and the
number of parameters increased gradually till the Low
group. The number of parameters was quite high in the
exodermis, cortex—endodermis and xylem but in contrast,
the number of parameters in the pericycle and phloem was
the lowest. Because the phloem, pericycle and parenchyma
are meristematic, with living, dividing and specific tissues,
wall thickening by lignification cannot be implemented as
a valid strategy. Indeed, the essential parameters remained
stable from the initial phase into a continuing period of
stress. The response of roots to stress do not require both
other ‘essential variables’ and ‘additional parameters’;
instead the initial variation is sufficient and only the
essential parameters are required. | believe that this
anatomical stability should increase plant efficiency by
saving energy or else the higher variability will cause lower
plant yield, as demonstrated by the current study. Based on
these findings, the xylem, cortex, endodermis and
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exodermis were considered ‘essential strategic’ areas
(apoplastic barrier) providing the highest anatomical
resistance. In addition, the degree of root anatomical
plasticity and stability (more or less) under stress conditions
is undoubtedly another important concept as described
above.

In the Low group cultivars such as Kargi, Yavuz,
Plovdiv, Rocca, 1psala and Akgceltik, dense and thick-
walled lignifications, phenolic accumulation and idioblast
cells filled with gummic structure were found to be
densely arranged in stele rather than exhibiting an
improvement of essential parameters in roots. Similar
results were recorded as vascular / intercellular blockages
induced in roots or rhizomes of plants by wounding,
containing polysaccharide gums, callose, beta-1,3-glucan
polymers (Soukup et al. 2002). As a result, vascular
blockages induced by phytotoxins or environmental stress
and other lignified blockages eventually developed in the
metaxylem in all the protoxylem and even in the phloem.
Votrubova et al. (1997) and Soukup (1997) reported that
these blockages contain polysaccharide gums derived
from non-cellulose wall components. Thus, both water
and useful / harmful ions transported via the apoplastic
pathway may be impeded by these growths.
Consequently, the underground system suffered from a
shortage of all useful metabolites, affecting growth, food
storage and the plant’s capacity (Sanchez-Aguayo et al.
2004, Armstrong & Armstrong 2005). Therefore, the
present findings support previous work demonstrating
that lipids, suberin and sometimes only lignin-type
phenolics may increase lignin/phenolic contents resulting
from alterations in plant secondary metabolism following
oxidative stress (Schutzendubel & Polle 2002), and such
additional abnormal changes in vascular structure can
decrease yield (Aybeke & Demiral 2012). Bualuang et al.
(2012) also found that under prolonged salt-stress
conditions, as in present study, sufficient development of
the apoplastic barriers of the outer protective tissue lowers
the magnitude of bypass flow, increasing seedling
survival. However, the authors did not indicate how much
apoplastic barrier development is sufficient to induce this
effect nor they characterize the apoplastic barriers. In the
present study, these gaps were filled entirely.

The endodermis is an important part of the root
apoplastic barrier, with lignified—suberised Casparian
strips that block apoplasmic continuity in the pathway
between the cortex and stele. Solutes then crossed the
endodermis via passage cells within this layer and thus
traverse a plasma membrane. Plant membranes, in
general, have low permeability to both Na* and CI~ ions
so that the endodermis, with its Casparian strips, probably
restricts the flow of Na* and CI~ ions to the stele (Atwell
et al. 1999). As in present study, the endodermis showed
significant structural ‘U’ thickening improvement under
saline conditions and even reduced the density of Si ions
(which is useful for enduring salt stress) within the
vascular system. Indeed, the endodermis is an important
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protective apoplastic barrier against ionic stress, as shown
in Table 2-4; Fig. 6a-g, 7b, 7d.

Silicon is a useful element in soil that effectively
counteracts the effects of various abiotic stresses such as
drought, heavy metal toxicity and salinity (Hashemi et al.
2010). Partial substitution of lignin by silicon or
formation of silicon—polyphenol complexes in walls may
facilitate wall loosening and promote the growth of plants
under stress conditions. In addition, silicon accumulation
showed an increasing in cell wall extensibility in sorghum
roots (Hattori et al. 2003) and caused an increasing in N,
P and K uptake. Kaya et al. (2006) observed that silicon
application increased the contents of Ca and K in maize
under water stress, whereas Chen et al. (2011) found that
silicon supplementation decreased the contents of K, Na,
Ca, Mg and Fe in rice as well as reduced chloride transport
in rice plants by reducing transpirational bypass flow.
Silicon generally increased in all cultivars under salt-
stress conditions and showed no significant and specific
difference among the groups (Table 6). Si contents were
similar in the exodermis and endodermis in Low group
cultivars (i.e. Akgeltik), whereas in the Best group
(Kirkpinar), the content decreased gradually towards the
endodermis and vascular system. Moreover, the increase
in Si content and wall thickness in Kirkpinar positively
influenced yield values. In our previous study (Aybeke &
Demiral 2012) Na content was high and based on present
results, increasing Si content did not reduce the Na
content, the, contrary to the findings of Chen et al. (2011).
Thus, these conflicting results raise doubts regarding the
effectiveness of Akgeltik endodermis apoplastic barriers
and passage cells electivity. Although the endodermis of
Akgeltik (Type II, Fig.6e) is thicker than Kirkpmar’s
(Type |, Fig. 6d), understanding this pattern will require
an additional physiological study on endodermis cells.
Thus, based on this interpretation, it is clear that not only
endodermal thickness but also endodermal activity is an
important element in response to salt stress. In addition,
no study has compared Si distribution in the roots of salt-
resistant and susceptible rice cultivars. Therefore, these
findings are new and important to prepare the ground for
new work and reveal the relationship between Si content
and apoplastic barrier.

Recent studies (Henry et al. 2012) did not find
structural modifications associated with adaptation to
saline / drought environments, inferring that physiological
regulation may be more important. However, according to
recent detailed studies (Enstone et al. 2003, Henry et al.
2012), rice cultivars differing in salt-stress resistance may
be used to select or create new varieties of crops to obtain
better productivity under salt-stress conditions and to
thoroughly understand the morpho-anatomical and
physiological basis of salt-stress resistance. Because rice
has a complex resistance mechanism (morphological,
biochemical and physiological) in response to salt stress
and anatomical parameters are also to beat least as
preferable as those of other ones (Enstone et al. 2003,
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Henry et al. 2012). Therefore, this information will
undoubtedly enable genetic improvement of salt
resistance in rice and will provide potential benefits to
breeding studies (Mostajeran & Rahimi-Eichi 2008,
Suralta & Yamauchi 2008). In addition, genotypic
variations under salt-stress conditions and root anatomical
adaptation selection parameters will be important in a
successful selection and breeding of new cultivars
(Hashemi et al. 2010, Krishnamurthy et al. 2011, Henry et
al. 2012). Furthermore, root anatomy is directly related to
tolerating other environmental stresses. Thus, several root
anatomical traits have potential for use in crop breeding.
Similar findings were emphasized in a previous study
(under full-season and real field conditions) related to Na,
K, Ca ionic parameter changes (Aybeke 2016). Resistant
cultivars have exhibited rapid and adequate responses as
part of physiological adaptations from the normal (non-
saline) conditions to stress conditions (Aybeke & Demiral
2012, Suralta et al. 2008).

Lynch et al. (2014) stated that full-season real field
experiments will be important tools in concert with
empirical studies and this sort of challenge will require
expertise in plant biology, requiring renewed emphasis on
understanding the plant phenome. Because of the
complexity of the soil environment and the large number
of potential interactions and possible scenarios,
functional-structural plant studies that focus on topics
such as root anatomy will become important. A more
challenging obstacle is the need to understand the utility
of specific root phenotypes in the context of specific
agroecosystems and specific phenotypic and anatomic
backgrounds, namely the ‘fitness landscape’ (Lynch &
Brown 2012). Accordingly, this type of study, a ‘full-
season and real field” experiment will facilitate the utility
of any given root phenotype for drought, salinity or other
stress tolerance. Chen & Wanga (2009) stated that
creation of anatomy-based screening techniques is
possible only after long-term natural stress conditions
because plant adaptation mechanisms only mature in
long-term field conditions. In addition, Lynch (2014)
stated that suberization and lignification should become
selection targets in plant breeding. However, much more
is needed to be learned about the environmental
conditions and development of apoplastic barriers in
various root tissues. For instance, what are the advantages

References

1. Armstrong, J. & Armstrong, W. 2005. Rice: Sulfide-
induced Barriers to Root Radial Oxygen Loss, Fe2* and
Water Uptake, and Lateral root Emergence. Annales of
Botany, 96: 625-638.

2. Asch, F., Dingkuhn, M., Dorffling, K. & Miezan, K. 2000.
Leaf K/Na ratio predicts salinity induced yield loss in
irrigated rice. Euphytica, 113: 109-118.

3. Ashraf, M. & Akram, N.A. 2009. Improving salinity
tolerance of plants through conventional breeding and
genetic  engineering: an  analytical comparison.
Biotechnology Advances, 27: 744-752.

M. Aybeke

and disadvantages of earlier and/or more intense
suberization of root endodermal, exodermal and
sclerenchyma layers under stressed and unstressed
conditions and whether plasticity of these traits will be
advantageous or not? The present study clearly provided
answers to these questions. In addition, the simplicity,
ease, economic feasibility and speed of obtaining
anatomical results are other important advantages of the
current method. In future studies, more detailed
physiological mechanisms of the roots in the Best group,
the relationship between aquaporin expression and salt
resistance, antioxidant mechanisms and the interaction
between apoplastic barrier development and Si will be
examined in the context of other physiological and
hormonal changes. Thus, the morphological, anatomical,
physiological and genetic basis of salt resistance will be
examined thoroughly and new, reliable and reproducible
techniques will be created for identifying more resistant
rice varieties.

Conclusion

In the present study performed in order to reveal
detailed root anatomical parameters that can be used to
select and breed salt-tolerant rice, root anatomical
plasticity of several rice cultivars (from Best to Low
yielding) were investigated under saline and non-saline
field conditions. According to the overall results obtained,
the salt resistant group (Best) showed that protective
anatomical characters improved or remained equal to
those of the control, but in other groups (Good, Middle,
Low), these parameters were found as worsened or
remained equal to those of the control. Although
anatomical plasticity is essentially directly related to
apoplastic barrier features, nevertheless cell size,
elemental distribution of Si, xylem properties,
lignification-suberization degrees on apoplastic barriers,
presence/absence of idioblast cells are determined as
important root anatomical data for salt-resistant specimen
selection. Additionally, it was understood that cultivar(s)
bearing the most stabile anatomy under saline and non-
saline conditions was favorite one to select and breed salt-
resistant rice. Moreover, the simplicity, ease, economic
feasibility of the current method was also highlighted as
other important advantages.
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Ozet: Siis bitkileri yetistiriciliginde hastalik ve zararlilardan kaynaklanan ¢ok sayida sorun ortaya ¢ikmaktadir. Bu hastaliklar
arasindan viral kaynakli patojenler bitkiden bitkiye mekanik yollardan kolaylikla bulasabilmeleri, tohum, vejetatif {iretim
materyali ve vektor bocekler araciligi ile hizli bir sekilde yayilabilmeleri ve kimyasal miicadele yonteminin bulunmamasi
nedeni ile diger bitki hastaliklarina gore farkli bir 6neme sahiptirler. Bu viriis hastaliklarindan bir tanesi de Hiyar mozaik viriisii
(Cucumber mosaic virus; CMV)'diir. CMV, Tiitiin mozaik viriisii’'nden sonra diinyada en fazla konukgu dizisine sahip olan
ikinci viriistiir. Bu ¢alisma kapsaminda Canakkale ili ve il¢elerindeki soganli siis bitkilerinde (nergis, siimbiil, zambak) CMV
varligi arastirilmistir. Bu amagla 2012-2015 yillar arasinda arazi ¢ikislari yapilarak viriis ve viriis benzeri hastalik semptomu
gosteren 128 soganli siis bitkisi drnegi toplanmistir. Toplanan 6rmekler CMV varligi agisindan serolojik bir yontem olan DAS-
ELISA testi ve molekiiler bir yontem olan RT-PCR ile arastirilmistir. Gergeklestirilen deneyler sonucunda toplanan 128 6rnegin
29’u (%22,65) CMV ile enfekteli olarak bulunmustur. CMV ile enfekteli bitkilerdeki en yaygin semptomlarin damarlardaki
renk acilmalari ve hafif mozaik belirtiler oldugu goriilmiistiir.

Anahtar kelimeler: CMV, siis bitkileri, DAS-ELISA, RT-PCR.

Investigation of Cucumber Mosaic Virus Infection by Serological and Molecular Methods on
Ornamental Bulbous Plants in Canakkale Province and Its Districts

Abstract: There are many problems during cultivation of ornamental plants arising from diseases and pests. Viral borne
pathogens, among these diseases, have a distinctive importance compared to other plant diseases due to their easy mechanical
transmission from plant to plant, their rapid spreading ability by means of seeds, vegetative material and vector insects and the
absence of a chemical control method. Cucumber mosaic virus (CMV) is one of these virus diseases. CMV is the second virus
after tobacco mosaic virus (TMV) over the world in terms of the number of hosts. In this study, presence of CMV was
investigated in ornamental bulbous plants (daffodils, hyacinths, lilies) in Canakkale province and its districts. For this purpose,
128 bulbous ornamental plant samples showing virus and virus like disease symptoms were collected in field studies performed
between the years 2012-2015. The collected samples were tested for the presence of CMV using serological and molecular
methods with DAS-ELISA and RT-PCR, respectively. Twenty-nine out of 128 samples (%22.65) were found to be infected
with CMV. Chlorosis was observed throughout veins and light mosaics were observed to be the most common symptoms in
CMV infected plants.

Key words: CMV, ornamental plants, DAS-ELISA, RT-PCR.

Giris

Giiniimiizde hizl1 bir sekilde devam eden kentlesme ve
sanayilesme sonucu yesil alan varliklarimiz hem tahrip
olmakta hem de yok olmaktadir. Her gecen giin dogadan
bir sekilde uzak kalan insanlarin yesil alan ve bitkilere olan
ihtiyac1 artmaktadir. Insanlar bu ihtiyaglarini, kendi
yasadig1 ortam i¢inde yetistirmeye basladig1 siis bitkileri
ile asmaya caligmaktadir (Korkut ve inan 2002). Tiim
diinyada oldugu gibi iilkemizde de siis bitkileri sektorii son
yillarda hizli bir ilerleme gostermistir. Yeni yetistirme

tekniklikleri ve teknolojilerinin kullanilmasi ile siis
bitkileri tretimi {ilke ekonomilerine O6nemli katkilar
saglamaya baslamistir (Yazgan ve ark. 2005). insanlarmn
yasadigi her yerde goriilebilen siis bitkilerinde viriis
hastaliklar1 yoniinden baz1 sorunlar mevcuttur. Siis
bitkilerinde hastaliga neden olan viriis hastalig
etmenlerinden bir tanesi de Hiyar mozaik viriisi
(Cucumber mosaic virus; CMV)’diir.
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Hiyar mozaik viriisi, ilk olarak hiyar (Cucumis sativus
L.) bitkisi iizerinde 1934 yilinda Amerika’da Price
tarafindan bulundugu rapor edilmistir. Bu virls
Bromoviridae familyasi igerisinde yer alan Cucumovirus
cinsinin en Onemli {yelerinden birisi olarak kabul
edilmektedir. CMV, TMV’den sonra en fazla konukgu
dizisine sahip viriis olarak bilinmektedir. Ayrica diger
virlis hastaliklarindan sahip olduklar1 konukgu dizisi ve
sayist bakimindan daha Onemli olarak goriilmektedir.
Viriis 100 familyaya giren 1200°den fazla bitkiyi enfekte
edebilme yetenegindedir (Zitter ve Murphy 2009). CMV,
izometrik ve zarf icermeyen, yaklagik olarak 29-30nm
capinda yuvarlak sekilli, ii¢ pargacikli (+) ssRNA
genomuna sahip ve tek bir partikiilden olusan bir viriistiir
(Palukaitis ve Garcia-Arenal 2003). Bu 3 pargali genom
RNA1 (~3350nt), RNA2 (~3050nt) ve RNA3
(~2200nt)’den olusmaktadir. Ayrica RNA3’in bazen
dordiincii bir RNA (~1030nt) igerebildigi de belirtilmistir.
RNAT1 tek bir protein kodlamaktadir. RNA1’in kodladig1
bu protein la olarak ifade edilmis ve genomun viral
replikasyon i¢in hayati 6neme sahip oldugu bildirilmistir
(Zitter ve Murphy 2009). RNA2 ise 2a ve 2b olmak tizere
2 protein kodlamaktadir. 2a proteini viral replikasyonla
iligkilendirilirken, 2b proteini ise enfeksiyon sirasinda
konuk¢unun kendini savunmak amaci ile iirettigi gen
sessizlestirme sinyallerini engellemektedir. Son olarak
RNA3 ise 3a ve kilif proteini olmak iizere 2 protein
kodlamaktadir. RNA3’iin kodladigi bu 3a proteininin
virlisiin hiicreden hiicreye hareketinden sorumlu hareket
proteini oldugu belirtilmistir (Zitter ve Murphy 2009).

Ulkemizde CMYV ile ilgili farkli konukgularda yapilmis
¢ok sayida caligma mevcuttur (Giimils ve ark. 2004,
Cuhal-Kili¢ ve Yardimci 2012, Cif¢i ve Ulubas Serce
2014). Beler ve A¢ikgoz (2005), Marmara ve Ege bolgesi

zeytin  alanlarinda  bazi  viris  hastaliklarinin
enfeksiyonlarini arastirmiglardir. Arastirmacilar
caligmalarinin  sonucunda zeytin alanlarinda CMV

enfeksiyonunu %36,36 olarak bildirmislerdir. Degirmenci
ve Uzunogullart (2007), Marmara bolgesi domates
alanlarinda bazi viriis hastaliklarinin  enfeksiyonlarini
aragtirdiklar1 ¢alismalarinda, CMV enfeksiyon oranini
%9-68,7 olarak belirtmislerdir. Erkan ve ark. (2013), izmir
ili ve c¢evresinde yetistiriciligi yapilan bazi kislik
sebzelerdeki viral etmenlerin saptanmasi {izerine
yiiriittiikleri caligmalarinda en yaygin olarak tespit edilen
virlis hastaliklarindan bir tanesinin CMV  oldugunu
belirtmislerdir. Sertkaya (2015), Hatay ili marul ve
1spanak {iretim alanlarinda sorun olusturan bazi viriis
hastaliklarinin ~ tespiti amaci1 ile yapmis oldugu
caligmalarda marullarda %3,7, 1spanaklarda ise %16,6
oraninda CMV enfeksiyonunu tespit etmistir.

Diinyada ve iilkemizde soganli siis bitkilerinde CMV
enfeksiyonu ile ilgili yapilan bazi ¢aligmalar mevcuttur.
Fakat oOzellikle tilkemizde konu hakkinda yapilan
arastirma sayisinin olduke¢a sinirli oldugu goriilmektedir.
Tiirkoglu ve Fidan (1996), Ege Bolgesinde ticari amagla
iiretilen bazi soganl siis bitkilerinde viriis hastaliklarinin
tespitine yonelik 1979-1984 yillarinda gergeklestirdikleri
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biyolojik indeksleme calismalar1 sonucunda krizantem
mozaik virisi, lale kiran virlisi ve zambak mozaik
viriislerini tespit ettiklerini bildirmislerdir. Raj ve ark.
(2002), Hindistan’da glayollerdeki CMV enfeksiyonunun
karakterizasyonu amaci ile birtakim  ¢aligmalar
yiiriitmiiglerdir. Sharma ve ark. (2005), Hindistan’da
zambak yetistirilen bolgelerden alinan dort farkli zambak
tiirtindeki baz: viriis hastaliklarinin tespitine yonelik olarak
gergeklestirdikleri c¢aligmalarinda CMV  enfeksiyonunu
tespit etmislerdir. Uzunogullar1 ve Glmiis (2015),
Marmara Bolgesinde CMV’nin dogal enfeksiyonunu
arastirdiklar1 ¢aligmalarinda glayol bitkilerinde CMV
enfeksiyonunu tespit etmiglerdir. Gergeklestirilen bu
calismalardan da anlasilacagi {izerine diinyada ve
iilkemizde soganl siis bitkilerinde CMV enfeksiyonunun
tespit edildigi goriilmistiir.

Gergeklestirilen bu ¢alisma kapsaminda Canakkale ili
ve ilgelerindeki ev bahgeleri ve acik alanlarda bulunan
soganli siis bitkilerindeki CMV varligi serolojik ve
molekiiler yontemler ile arastirilarak ilimizde mevcut
varlig1 ortaya konulmaya ¢alisilmistir.

Materyal ve Metot

Bu caligma kapsaminda gergeklestirilen g¢aligsmalar
temel olarak 2 asamada gerceklestirilmistir. Ilk asamada
Canakkale ili  ve  ilgelerine  arazi  ¢ikislar
gerceklestirilmistir. Ikinci asamada ise araziden toplanarak
laboratuvara getirilen Orneklerdeki CMV  varliginin
belirlenmesi amaci ile serolojik ve molekiiler deneyler
gerceklestirilmistir.

Arazi Calismalart

Arazi ¢ikiglart Canakkale ili ve ilgelerindeki soganli
siis bitkilerinin yetistiriciliginin yapildigi veya dogal
olarak yetisen ev bahgeleri ve agik alanlara (park, bahce
vb. gibi rekreasyon alanlari) gerceklestirilmistir. Arazi
c¢ikiglarinda mozaik, sararma, kloroz, ciicelik vb. gibi viriis
ve virlis benzeri belirti gosteren bitkilerden 6rneklemeler
yapilmistir (Sekil 1). Ayni alanda birbirine benzer belirti
gosteren ¢ok sayida hastalikli bitki olmasi durumunda ise
en fazla 3 bitkiden 6rnekleme yapilmistir. Orneklemeler
bitkinin biiyiikligiine gére semptom gdsteren yaprak veya

b4/
“

Sekil 1. Arazide viriis ve virlis benzeri hastalik semptomu
gosteren ve 6rnekleme yapilan siis bitkileri (a-b: Yapraklarinda
mozaik belirtiler gosteren zambak bitkileri)
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Tablo 1. RT-PCR agamasinda kullanilan primer ¢iftleri.

Kod Primer Dizisi Sense Spesifik
Geni
SK5-CMV  5’ATG GAC AAA TCT GAA TCA ACC 3’ F‘(’I';‘é"r?)rd -
SK6-CMV  5°GAT GTG GGA ATG CGT TGG TGC 3’ Ré"eerge (638bp)

bitkinin tamami olacak sekilde gergeklestirilmistir.
Toplanan ornekler buz kutusunda muhafaza edilerek
laboratuvara getirilmis ve kullanilincaya kadar silika jel
icinde +4°C’de saklanmustir.

Serolojik ve Molekiiler Testler

Toplanan o6rneklerdeki CMV varligin1  belirlemek
amaci ile ilk olarak serolojiye dayali bir ydontem olan DAS-
ELISA (Double Antibody Sandwich Enzyme-Linked
Immunosorbent assay) testi Clark ve Adams (1977)’a gore
yapilmistir. DAS-ELISA testleri sonucunda negatif
kontroliin iki kat1 absorbans degerine yakin sonug¢ veren
ornekler ise silipheli olarak degerlendirilerek DAS-ELISA
testine gore daha kesin sonuglar veren molekiiler bir
yontem olan RT-PCR (Reverse Transcriptase-Polymerase
Chain Reaction) ile aragtirilmistir (Niimi ve ark. 2003).

DAS-ELISA Testi

Araziden CMV enfeksiyon siiphesi ile toplanan soganli
siis bitkilerinde CMV'nin varligl, giiniimiizde hala viriis
hastaliklarinin  tanilanmasinda kullanilan en yaygin
yontem olan DAS-ELISA ile arastirilmistir. Bu amagla
Bioreba (Isvigre) firmasindan saglanan CMV’ye spesifik
ELISA kiti ve 96 c¢ukur igeren Microtiter plate’ler
kullanilmistir. ELISA testi tiretici firmanin Onerileri
dogrultusunda antibodi, konjugat antibodi ve substrat
belirtilen soliisyonlarda ve oranlarda sulandirilarak Clark
ve Adams (1977)’m belirttigi temel yonteme gore
gerceklestirilmigtir. Test sonuglari Medispec ESR 200
ELISA okuyucusunda (Awareness Tech. Ins., USA)
405nm dalga boyunda okuma islemine tabi tutularak
degerlendirilmistir. Negatif kontroliin 2 kat1 ve iizerinde
olan ornekler enfekteli olarak degerlendirilmistir.

RT-PCR Testi

DAS-ELISA testleri sonucunda siipheli olarak bulunan
tim oOrneklere RT-PCR uygulanmistir. DAS-ELISA
testleri sonucunda CMV ile enfekteli olarak bulunan ikiser
ornek pozitif kontrol olarak ve saglikli oldugu belirlenen
iki 6rnek ise negatif kontrol olarak kullanilmigtir. RT-PCR
calismalar1t CMV CP genine spesifik primer ciftleri
kullanilarak (Tablo 1), PrimeScipt™ RT-PCR (Fermantas,
Litvanya) kitinin alindig1 firmanin 6nerileri dogrultusunda
temel olarak 3 asamada Gokdag ve ark. (2016)’nmn
belirttigi sekilde gerceklestirilmistir.

Ilk olarak soganli bitkilerinden RNeasy Mini Kit
(Qiagen, Kanada) ile total RNA ekstrasyonu yapilmustir.
Ikinci asamada elde edilen total RNA’lar PCR
makinasinda (Bio-Rad, ABD) 65°C 5dk bekletilmis ve
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hemen ardindan buza alinarak denatiirasyon agamasi
tamamlanmistir. Denatiire edilmis RNA’lardan cDNA’lar
sentezlenmesi amaci ile RT karigim hazirlanarak 30°C’de
10dk, 42°C’de 45dk, 70°C’de 15dk ve +4°C’de sonsuz
sekilde bekleyecek sekilde programlanan PCR makinesine
konularak komplimentar DNA (cDNA)’lar
sentezlenmistir. RT-PCR ¢aligmalarinin son agamasinda
elde edilen cDNA'larin amplifikasyonu
gerceklestirilmistir. Bu amagla hazirlanan PCR karigimina
cDNA’lar eklenerek 94°C 3dk, 40 defa tekrarlanan
94°C’de 30sn, 55°C’de 30sn ve 72°C’de 45sn, 72°C’de 5dk
daha sonra da +4°C’de sonsuz sekilde bekleyecek sekilde
programlanan PCR makinesine konularak CMV CP
genlerinin ¢cogaltilmasi yapilmistir. Son olarak elde edilen
PCR iiriinleri 100-1000b¢ DNA biiyiikliik markirlariyla
birlikte %1°lik agaroz jel iginde 100 voltta, 45 dakika
ayristirilip EtBr ile boyandiktan sonra jel goriintiileme
cihazinda (Major Science UVdi, Tayvan) hedef viriisiin
kilif protein genine ait bantlar goriintiilenmistir.

Bulgular

Arazi Calismalart

Gergeklestirilen — arazi  ¢aligmalari  kapsaminda
Canakkale Merkez ve bazi diger ilgelerine arazi ¢ikislar
yapilmistir. Arazi ¢ikiglari sonucunda Canakkale’nin 4
farkli ilgesinden toplam 128 soganli siis bitkisi (nergis,
stimbiil, zambak) 6rnegi toplanmistir. Toplanan 6rneklerin
21’1 Lapseki, 76’s1 Merkez, 17’si Ezine ve 14’0 de
Bayramig ilgelerinden elde edilmistir. En fazla 6rnek 76
adet ile Canakkale’nin Merkez ilgesinden en az 6rnek ise
14 6rnek ile Bayramig’ten alinmigtir (Sekil 2). Toplanan
128 ornegin 61 tanesi zambak, 32 tanesi siimbiil ve 35
tanesi de nergis bitkilerinden olusmaktadir.

DAS-ELISA ve RT-PCR Yéntemleri

Arazi calismalar1 sonucunda toplanan oOrneklere ilk
olarak DAS-ELISA testi uygulanmustir. ikinci asamada ise
DAS-ELISA testlerinde negatif kontroliin tam olarak iki
katina ulagmayan, kismen yiiksek sayilabilecek absorbans
degerleri vererek siipheli olarak degerlendirilen drneklere
RT-PCR uygulanmistir. DAS-ELISA testleri sonucunda
segilen bazi CMV ile enfekteli bulunan ve saglikli olarak
belirlenen orneklerde pozitif ve negatif kontrol olarak
kullanilarak RT-PCR  yontemi  gerceklestirilmistir.
Toplanan 6rneklerin DAS-ELISA ile CMV varlig
acisindan aragtirllmasit  sonucunda Ornek toplanan
Canakkale’nin tiim ilgelerindeki soganh siis bitkilerinde
CMV varligi saptanmistir. DAS-ELISA testlerine gore
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Sekil 2. Ornekleme yapilan Canakkale ili ve ilgeleri (Parantez
igerisindeki rakamlar arazi ¢ikiglar1 sonucunda toplanan 6rnek
sayilarin1 gostermektedir).

toplanan orneklerin 29°u CMV ile enfekteli olarak
bulunmustur. Yedi 6rnek ise negatif kontrole gére kismen
yliksek absorbans degeri gostermis ve silipheli olarak
degerlendirilmigtir. Bu kapsamda siipheli olarak
degerlendirilen 7 6rnek molekiiler bir yontem olan RT-
PCR ile tekrar degerlendirilmeye alinmistir.

RT-PCR sonuclarinda siipheli bulunan oOrneklerde
CMV enfeksiyonu saptanamamistir. DAS-ELISA ve RT-
PCR sonuglarina gore en fazla CMV enfekteli soganli siis
bitkisi 6rnegi Merkez ilgeden, en az enfekteli bitki 6rnegi
ise Bayramig’ten elde edilmistir. flgeler bazinda toplanan
orneklerdeki CMV enfeksiyon oranlari Lapseki’de %9,50,
Merkez’de %19,73 Ezine’de %47,05 ve Bayramig’te
%28,57 olarak tespit edilmigtir (Tablo 2). Bu sonucla
toplanan 6rneklerdeki CMV enfeksiyon orani ise %22,65
olarak bulunmustur. Bitki bazinda degerlendirilmek
istenildiginde ise toplanan 61 zambak 6rneginin 17’si, 32
stimbiil 6rneginin 8’1 ve 35 nergis 6rneginin 4’ CMV ile
enfekteli oldugu belirlenmistir.

Sonugclar ve Tartisma

Arazi ¢aligmalar1 kapsaminda toplanan 6rnek sayisinin
belli bir diizeye ulagmasi ve Canakkale Merkez ilge
disindaki diger ilgelerde rekreasyon alanlarinin kismen
daha az olmasindan dolay1 Canakkale’nin baz1 ilgelerine
arazi ¢ikis1 yapilmamaistir.

Gergeklestirilen — arazi  c¢alismalar1  kapsaminda
ornekleme yapilan Canakkale ili ve ilgelerindeki soganh
siis bitkilerinde viriis ve viriis benzeri hastalik belirtileri
olarak yaprak damarlar1 boyunca uzanan kloroz ve hafif
mozaik belirtiler dikkat ¢ekmistir. Raj ve ark. (2002),
Hindistan’da  glayollerdeki CMV  enfeksiyonunun
belirlenmesine yonelik ¢aligmalarinda araziden CMV
enfeksiyon belirtisi olarak yapraklarda siddetli mozaik ve
renk acilmalarinin oldugunu belirtmistir. Arastirmacilar
gerceklestirmis olduklari caligmalar ile bu belirtilere neden
olan etmenin CMV oldugunu desteklemektedir. Benzer
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Tablo 2. Calisma kapsaminda 6rnekleme yapilan soganli siis
bitkilerine ait bilgiler.

Ornekl CMV ile
;';e leme Enfekteli Olarak Toplanan
prian Bulunan Ornek Orneklerdeki
Canakkale . . .
. . Sayis/Toplanan  Enfeksiyon Yiizdesi
Iigeleri -2
Ornek Sayisi
Lapseki 2/21 9,50
Merkez 15/76 19,73
Ezine 8/17 47,05
Bayramig 4/14 28,57
Toplam 29/128 22,65

belirtiler Uzunogullar1 ve Giimiis (2015) tarafindan glayol
bitkilerinde gozlenmistir. Bu baglamda soganli siis
bitkilerinde CMV enfeksiyon belirtileri olarak galigmalar
arasindaki sonuglar paralellik gostermektedir.

DAS-ELISA yontemi sonucunda siipheli olan 6rnekler
RT-PCR yontemi sonucunda da negatif sonug verirken,
DAS-ELISA testleri sonucunda CMYV ile enfekteli olarak
bulunan ve pozitif kontrol olarak kullanilan iki 6rnekte
638b¢ biiyiikliigiinde bandlar elde edilirken, negatif
kontrol olarak kullanilan saglikli 6rneklerden ise bant elde
edilmemistir (Sekil 3).

Gergeklestirilen RT-PCR sonucunda, DAS-ELISA
testleri sonucunda siipheli olarak bulunan 6rneklerin
pozitif olarak bulunmasini beklemek yiiksek bir ihtimal
olarak goziikmesine ragmen negatif olarak bulunmustur.
Bu durumda DAS-ELISA testleri sonucunda siipheli
olarak nitelendirilen izolatlardan elde edilen yiiksek
sayilabilecek absorbans degerleri, olasilikla kullanilan
antibadinin  poliklonal  olmasindan  kaynaklandig:
diistiniilmektedir. Bazen poliklonal antibadiler bu tip
reaksiyonlar gosterebilmektedirler. Niimi ve ark. (2003),
zambaklarda sorun olusturan CMYV, Lily symptomless
virus (LSV) ve Lily mottle virus (LMoV)’lerin varligini
RT-PCR  ve ELISA  yontemlerini  kullanarak
aragtirmislardir.  Arastirmacilar RT-PCR c¢alismalari
sonucunda 22 bitki 6rneginden 18’inin en az bir viriisle
enfekteli oldugunu bulurlarken, ELISA testleri sonucunda
ise yalmzca 4 (%]18,2) bitkinin enfekteli oldugunu
bulmuslardir. Bu ¢alismanin sonucunda RT-PCR
yonteminin ELISA yontemine gore viriisleri tanilamada
¢ok daha duyarli bir metot oldugu sonucuna ulagsmisglardir.

Calisgma kapsaminda DAS-ELISA ve RT-PCR
yontemleri sonucunda 128 drnegin 29’u CMYV ile enfekteli
olarak bulunmustur. Ulkemizde yapilan bir caligmada
Uzunogullar1 ve Giimiis (2015), Marmara Bolgesi’ndeki
baz1 kiiltiir bitkilerinde CMV’nin dogal enfeksiyonlarini
arastirmislar ve soganl bir siis bitkisi olan glay6llerden
stipheli gordiikleri 35 bitkiden ornekleme yapmusglardir.
Boylece CMV varliginm tespit etmeye yonelik calismalar
sonucunda aldiklar1 24 Ornegin CMV ile enfekteli
oldugunu bildirmiglerdir. Bu sonuglar soganli siis
bitkilerinde CMV enfeksiyonunun yaygm olarak
bulundugu gostermektedir. Cek Cumhuriyeti’nde yapilan
bir bagka ¢alismada ise bagka bir soganli siis bitkisi olan
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Sekil 3. RT-PCR analiz sonuglart (M: Marker; 100-1000bg; 17,
21: DAS-ELISA testlerinde CMV ile enfekteli bulunan izolatlar;
7, 81: CMV ile enfekteli oldugundan siiphelenilen izolatlar; 52,
95: DAS-ELISA testleri sonucunda saglikli olarak bulunan
izolatlar).

laleler tizerinde yapilmistir. Arastirmact topladigi 400
ornekte iclerinde CMV’nin de bulundugu 6 farkl viriisiin
varligini tespit etmistir (Nemethy 1994).

Bu ¢aligma kapsaminda Canakkale ili ve ilgelerinden
toplanan soganl siis bitkilerinin hepsinin viriis ve viriis
benzeri hastalik semptomu gostermesine ragmen toplanan
128 ornegin 29’unun CMV ile enfekteli bulunmasindan
dolay1i, CMV ile enfekteli drneklerde dahil tiim 6rneklerin
tek veya karigik enfeksiyonlar seklinde diger viriis ve viriis
benzeri hastaliklar ile enfekteli olabilecegi ihtimali vardir.
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Ozet: Bu calismada Ammannia auriculata Willd. var. arenaria (Kunth) Koehne (Lythraceae)’nin tanimlanmasini saglamak ve
diger bitkilerle karigtirilmasin1 6nlemek amaci ile bazi anatomik 6zelliklerinin tespit edilmesi amaclanmustir. Bitkinin kok,
gbvde yaprak kisimlari Formalin-Aceto-Alcohol (FAA)’da fikse edilip degisik boyalarla boyandiktan sonra mikroskopta
incelenmis ve fotograflar ¢ekilmistir. Sonug olarak; 1) yaprak anatomisinin kismen mezofit karakterleri gosterdigi, gévde ve
kok anatomisinin aerankimatik genis bir korteks ile sucul karakterleri daha fazla tasidigi, 2) kok ve govdede sekonder ksilemin
kalin lignifiye dokularmin disa dogru yer aldig1 dikkat ¢ekmistir. Bulgular, benzer ¢alisma sonuglar ile karsilagtirtlmigtir.

Anahtar kelimeler: Celtik, tarla yabanc otlari, akuatik bitki, s6giit otu.
Basic anatomical properties of Ammannia auriculata var. arenaria (Lythraceae)

Abstract: This study was performed in order to define some anatomical characteristics of Ammannia auriculata Willd. var.
arenaria (Kunth) Koehne (Lythraceae) to ensure a proper identification of the species and prevent confusion with other plants.
Roots, leaves and stems of the plants were fixed in Formalin-Aceto-Alcohol (FAA), stained with various dyes, examined under
a microscope and their photos were taken. The microscopic investigations of the plant parts revealed that 1) the leaf anatomy
showed partly mezophyte character, the stem and roots beared aquatic characters with a wide aeranchymatic cortex and 2) thick
lignified secondary xylem tissue in the roots and stems were located outwards of the stele. The results were compared with

those of similar studies.

Key words: Rice, field weeds, aquatic plant, eared redstem.

Giris

Ammannia auriculata Willd. var. arenaria (Kunth)
Koehne (Lythraceae)’nin (So6giit otu), bir geltik tarla
yabanci otudur. Bu ot, ¢eltikle birlikte sucul ortamlarda
yogun olarak bulunur ve genellikle ilagla miicadele
yapilmaktadir. Bu durum, tarimsal girdileri ve ilag
ithalatin1 artirmakta, iilke ekonomisini olumsuz bir
sekilde etkilemektedir. Tarimsal sektdrlerde bu yabanci ot
ile ilgili yogun spekiilasyonlar yapilmakta ve hatta farkl
yabanci tarla otlar1 ile karistirilmaktadir. Bundan dolay:
farkli bitkilere uygulanan ilaglar, 4. auriculata’ya tatbik
edilmekte ve sonugta ilagtan verim alinamadigi gibi
tarimsal giderlerin artmasina da neden olmaktadir. Bu
yabancit otun tanimlanmasi ig¢in bitkinin morfolojik
ozellikleri, detayli olarak tarimla ilgili yayinlarda
sunulmustur (Aybeke ve Siirek 2005). Bu ¢aligmada da
ayni yabanct otun (A. auriculata var. arenaria)
tanimlanmasini saglamak iizere anatomik 6zelliklerinin
tespiti edilmesi amaglanmustir.

Materyal ve Metot

A. auriculata var. arenar.ia Ornekleri, Trakya Tarimsal
Arastirma Enstitiisii  (EDIRNE) ¢eltik tarlalarindan

toplanmis ve laboratuvarda teshis edilmistir. Toplanan
orneklerin kok, govde ve yapraklari Formalin asetik asit
(FAA) fiksatifinde fikse edilmis ve sonrasinda %96
alkolde yikanip, %70 alkolde muhafaza edilmistir. Bir
kisim bitki de herbaryum kurallarima gore kurutularak
EDTU herbaryumuna 9474 numara ile kayit edilmistir.
Alkol ornekleri, Vardar (1962)’in kismen degistirilmis
“Delafield’s Hematoksilen-Safranin ikili Boyama”, PAS
Alcian Blue ve Sartur olmak iizere 3 degisik boyama
yontemi ile boyanmustir. “Delafield’s Hematoksilen-
Safranin Ikili Boyama” yontemine gore kesitler dnce
safraninde 15° bekletilmistir; siire sonunda dokulardan
fazla boyanin ¢ikmasi i¢in 3-4 kez %70 alkolde
yikanmistir. Yikanan materyal, 1dak. kadar distile sudan
gecirilmis ve ardindan ‘“Delafield’s Hematoksilen
Boyas1” ile 5dak. muamele edilmistir. Boyadan alman
materyal, 15-20sn kadar, amonyak ile hazirlanmis %70
alkolden gegirilmistir. Bu islemlerde kesitler maviye
boyanmistir ve distile su ile yikandiktan sonra %50
gliserin ile kapatilmistir. Ayrica bazi kesitler de PAS-
Alcian Blue (PASAB) yontemi ile boyanmistir. Buna gore
kesitler ~ Periyodik asitte 5, Coleman  Schiff
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Sekil 1-6. Yaprak anatomisi; 1. Yiizeysel kesitte {ist epidermis ve stomalar, 2. yapragin alt yiiziinde stomalar ve salg tiiyleri (oklu), 3.
Salgi tilyiiniin yandan goriiniisii (oklu), 4. enine kesitde iist epidermis (iie), alt epidermis (ae) ve arasindaki parankimatik mezofil
dokulari, 5-6. anadamar ¢ikintilari, atnali tarzinda kavisli ve 2 pargali ksilem (oklu). Boya: 1, 4, 5: Sartur, 2-3: PASAB, 6: Del.Hm.-

Safranin. Olgek: 1, 2, 5, 6: 100y, 3-4: 50p.

reaktifinde 10’ar dak. bekletildikten sonra (McManus
1948), pH’s1 4 olan Alcian blue boyasi (Johnson ve ark.
1964) ile muamele edilmistir. Her boyama arasinda distile
su ile yikama yapilmis, istisna olarak Scihiff reaktifi
sonrast musluk suyu kullanmilmistir. Boyanan kesitler,
%50’1ik gliserinle kapatilmustir.

Sartur yontemi i¢in materyalden alinan enine kesitler,
dogrudan bir damla boya i¢inde incelenmistir (Celebioglu
ve Baytop 1948). Tiim anatomik incelemeler Olympus
CX 21 1stk mikroskopunda benzer yayinlar dikkate
alinarak yapilmis (Aybeke ve ark. 2010, Aybeke 2012) ve
kesitlerin fotograflar1 Olympus BH2 fotomikroskopunda
¢ekilmistir.

Sonuclar

Yaprak anatomisi

Epidermal hiicreler yiizeysel kesitde yogun girinili
¢ikintili, bazilar1 miisilajims1 idioblast hiicrelerine
donlismilg; stoma amaryllis tipde, amfitostomatik
dagilimli, anomositik tipde, (Sekil 1-2); ama alt yiizde
daha fazla; enine kesitte salgi tiiyleri sapsiz, tabanda 1
hiicreli ve tistiinde daha genis ve yayvan sekilli bas hiicreli
(Sekil 2-3); {ist epiderma tek sirali, kare yer yer
dikdortgenimsi, antklinal c¢eperler genelde dik, nadir
stomali, palizat parankimasi 1-nadiren 2 siralh
dikdortgenimsi, yer yer silindirik, siinger parankimasi,
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Sekil 7-10. Govde anatomisi, 7.

Boyuna kesit, epidermisde druz kristalleri (oklu),

8. Aerankimatik korteks (Sekil 8 ve 9°da kirmizi oklu), 9. Kismen lignifiye periskl (siyah oklu), 10.
Sekonder ksilemin i¢ kisimlarinda lignifiye parankima, trake ve trakeidler. Boyama: 7-8. Sartur, 9-

10. PASAB. Olgek: 7, 10. 50y, 8. 100y, 9. 80.

sekilsiz hiicreli, kloroplastl, 3-4 sirali; alt epidermis,
istteki epidermise gore daha genis ve yayvan hiicreli,
stoma yogun, antklinal ¢eperler egik (Sekil 4); anadamar
bolgesinde abaksiyal bolge oldukga belirgin ¢ikintili,
parankimatik hiicre bu ¢ikinti bolgesinde ve damar
etrafinda yogunlagsmis, hiicreler yuvarlagimsi veya
sekilsiz ve plastidsiz. Anadamar kavisli, egik sekilli,
floem adaksiyal bolgeye dogru, ksilem ise abaksiyale
dogru kavisli olarak yerlesik; ksilemde trake ve trakeidler
mevcut, ksilem 2 pargali olup bu 2 par¢a arasinda kisa bir
parankimatik bdlge mevcut, ayrica floeme dogru ¢ikinti
yapmis birkag genis trake mevcut (Sekil 5-6).

Govde anatomisi

Boyuna kesitte epidermal hiicrelerin bazilarinda druz
kristalleri bulunmakta (Sekil 7); enine kesitte 1 sira

Trakya Univ J Nat Sci, 17(2): 111-115, 2016

epidermal hiicre ve altinda 1-nadiren 2 sira disg
parankimatik, plastidsiz hiicreli, onun da altinda genis
aerankimatik bir korteks, altinda 1 sira endodermis genis
ve yayik hiicrelidir (Sekil 8-9). Ksilem sekonder yapida
oldukga kalin bir sekilde lignifiye halde, trakeler ksilemin
govdenin merkezine dogru daha yogun, kambiyuma
dogru olan kisimlarda ise nispeten daha kalin geperli ve
sik diziligli trakeidal hiicreler mevcut (Sekil 9-10), floem
oldukga ince, birkag hiicreli kiigiik demetler halinde ve
parankima hiicreleri ile biitiinlesik halde (Sekil 9), bazi
periskl hiicreleri kismen liginifiye yani sklerankimatik
hale gecmis (Sekil 9), govde merkezi bdlge yogun
parankimatik ve genis hiicreli olup, ayrica graniiler halde
yogun ergastik madde mevcuttur (Sekil 9). Isinlar
lignifiye parankimatik hiicrelidir.
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Sekil 11-14. Kok anatomisi, 11. Kok genel goriiniis ve genis aerankimatik korteks (ak), 12. Tubular tipde
aerankimatik korteks (oklu), 13. Sekonder ksilem, gévde merkezine dogru yogunlagmus trakeler (kirmizi
isaretli) ve floem iginde lignifiye parankimatik hiicreler (sar1 igaretli), 14. Floemde druz kristalleri (yesil),
lignifiye hiicreler (sar1) ve kaspari seridi (kirmizi). Boya: 11-14: Sartur, 12-13: PASAB. Olgek: 11. 100y,

13. 80y, 12,14. 50p.

Kok anatomisi

Epiderma ve eksoderma ayirimi belirgin degil, bazen
tamamuiyla kayip, aerankimatik korteks oldukga genis ve
tubular hiicrelerden yapili (Sekil 11-12), ksilem sekonder
yapili ve olduke¢a genis, trakeler ve ince geperli lignifiye
parankimatik tipde hiicreler govdenin merkezinde, kalin
¢eperli olanlar ise daha ziyade kambiyuma yakin olarak
bulunmakta, merkezi bolgede trakeler daha yogunlagmus,
floem ince, yogun ve halkasal olarak ksilemin gevresinde
bulunmakta, baz1 parankimatik hiicreler yogun bir sekilde
lignifiye olup, endodermisin altinda bulunmakta (Sekil
13), endodermal hiicreler 1 sirali ve kaspari seridli,
floemin bazi hiicreleri druz kristallidir (Sekil 14).

Tartisma

Yaprakta normal dorsaventral mezofit karasal
anatomik yap1 goriilmiis, tiilylenme sadece salgi tiiyleri ile
siirlt kalmistir. Sucul olan bitkilerdeki anatomik yap1

beraberinde kismen karasal 6zellikleri de gostermistir.
Yani bitki yogun bir su ortaminda yetismekle beraber bazi
durumlarda suyun cekilmesi ile birlikte kismen karasal
ekosistem sartlarin1 da yasamaktadir. Benzer olmakla
beraber Cuphea glutinosa Cham. ve Schitdl.’da ise
kserofitik stoma yapilar1 goriilmistiir (Mundo ve Duarte
2007, Zago ve ark. 2009). Zira bitki sucul degil tam
karasal sartlara adapte olmustur. Miisilaj hiicrelerinin
yapraktaki ~ dagilimi  benzer  c¢aliymalarda  da
vurgulanmistir (Mundo ve Duarte 2007, Zago ve ark.
2009).

Govde anatomisine bakildiginda ise epidermal ve
korteks tabakalarinin primer yapida oldugu, stelar yapida
sekonder gelismenin  oldugu  goriilmiistir. Druz
kristallerinin ve mediilar parankimadaki graniiler ergastik
maddelerin varligi benzer ¢alismalarda da vurgulanmis
(Zago ve ark. 2009); fakat bunun aksine bizim
caligmalarimizda  herhangi  bir trikom yapisina
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rastlanmamistir. Ayrica farkli bir takson olan Lafioensia
pacari A.St-Hil.’de sekonder gelisimle birlikte fellogen
olusumu da goriilmiistiir (Mundo ve Duarte 2007). Bu
caligmada belirtilen Ammannia’da ise bu tarz bir yap1
gelisimi olmamistir. Bunun nedeni olarak, bitkinin tek
yillik olmasinin  buna gerek birakmadigr yiiksek
ihtimaldir.

Kok anatomisi sonuglarina bakildiginda; yogun ve
genis bir aerankima, periskl ve floemde kismen lignifiye
olmus bolgeler ve oldukca lignifiye bir dis ksilemin
altinda 6z bolgesine kadar nispeten daha ince ¢eperli bir
ksilem dikkat cekmektedir. Hem goévde hem de kdk
acisindan bakildiginda 2 organda da aerankimatik yap1 ve
ksilemde lignifikasyon agisindan biiyiikk bir benzerlik
oldugu dikkat ¢ekmektedir. Kokte ve gévdede sekonder
ksilemde kalin ¢eperli ve sik dizilisli olan bolgeler disa
dogru olup, trakeler ve daha ince ¢eperli olan
parankimatik lignifiye ksilem dokular1 da ige dogru
yerlesiktir. Muhtemeldir ki kokte tuz ve degisik zararli
mineral madde, agir metal vb. maddelerin gegisine bir
engel olup ayrica i¢ kisimdaki trakelere desteklik amaci
ile bu tarz bir dig koruma bdlgesi olusturulmustur.
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Ozet: Bu ¢alisma, Noctuidlerin mevsimsel dagilimlarinin tespiti amactyla Edirne ilinde belirlenen 4 farkli habitatta 2009-
2010 yillarinda yapilmustir. Ornekler ayda 3 kez olmak iizere 12 ay boyunca Robinson tipi 1sik tuzagi kullanilarak
toplanmustir. Tespit edilen tlirlerden 20°si Trakya Bolgesi igin ilk kayaittir.

Anahtar kelimeler: Tiirkiye, Trakya, Noctuidae, yeni kayit.

Records of 20 new moth (Noctuidae: Lepidoptera) species for Turkish Thrace

Abstract: This study was carried out in 2009 and 2010 in 4 different habitats in Edirne Province in order to determine the
seasonal distribution of Noctuids in the study area. Specimens were collected 3 times a month during a 12 months period us-
ing a Robinson light trap. Twenty of the species identified in the study are new records for Turkish Thrace.

Key words: Turkey, Thrace, Noctuidae, new records.

Giris
Noctuidae, baykus giiveleri ve kurtlar olarak

bilinirler. Familyanin adi gece turuncu bir 1silt1 ile 15181
yansitan gozlere sahip olmasindan kaynaklanmaktadir.

Noctuidae tanimlanmis yaklagik 35.000 tir ile
lepidopterlerin en biiyiik familyasidir. Avrupa’da bu say1
1715°dir (http://www.faunaeur.org/species_list.php).
Genellikle gece ucan noctuidler larva donemlerinde
ormanlik ve zirai alanlarda biyiik zararlara neden
olurlar.

Trakya Bolgesi’nin Noctuidae faunasinin tespitine
yonelik calismalar 1881 yilinda Mathew’le baglamis
bunu sirastyla Rebel (1903, 1913), Buresch (1915),
Buxton (1916), Buresch ve lltschew (1921), Graves
(1925, 1926), Lattin (1951), Giineyi ve Sengiin (1972),
Keyder (1978), Freina (1981), Hacker (1985, 19864, b,
1987), Hacker ve ark. (1986), Kogak ve Seven (1991),
Baraniak ve ark. (1994), Okyar ve Kornosor (1994,
1997) ve Karatepe (2003) izlemistir.

Bu ¢aligmalarda Trakya Bolgesi noctuidlerine ait 336
tiir tespit edilmistir. Tlgili literatiirlerde materyalin,
genellikle bolgenin faunasin tespit amaciyla ilkbahar ve
yaz aylarinda toplandigi goriilmektedir. Y1l boyunca
periyodik yapilan ¢aligmalara rastlanmamustir.

Bu arastirma, kis aylarinda da erginlerinin aktif
olarak ugtugu noctuidlerin Trakya Bolgesi’nde daha
fazla tiir ile temsil edilebileceginin belirlenmesi amaciyla
yapilmigtir.

Materyal ve Metot

Aragtirma  materyali, 2009 Ekim-2010 Ekim
periyodunda Edirne ilinde farkli habitatlara sahip 4
lokaliteden toplanmis ve degerlendirilmistir. Ayrica,
calismamizda bu lokalitelerden daha oOnceki yillarda
toplanan materyal de degerlendirilmistir.

Materyal toplanan lokaliteler (Sekil 1):

a. Trakya Universitesi Giillapoglu Yerleskesi (41m);
K41°38'19,79"-D26°36'32,09".

Habitat: Dere ve golet kenari, ¢ayirlik, aksogiit (Salix
alba), akkavak (Populus alba), ova karaagaci (Ulmus
minor) ve bogiirtlen (Rubus fruticosus) baskin tiirlerdir.

b. Hidiraga Kovii (78m); K41°44'08,83"-
D26°39'55,53".

Habitat: Caligma alani, elma (Malus domestica),
vigne (Prunus cerasus), seftali (P. persica), dut (Morus
sp.) agaglarmi iceren 40 doniimlik meyveligi
kapsamaktadir. Koyiin diger ucunda ¢am (Pinus sp.)
agaclar1 bulunmaktadir.

C. Edirne Kimyasal Arastirma ve Su aritma tesisi-
Kestanelik mevkii (135m); K41°41'37,33"-
D26°34'29,37".

Habitat: Yabani otsu bitkilerle ortiilii ¢ayirlik alan.

d. Yiddiim Mahallesi-Kazanova Mevkii  (68m);
K41°41'13,10"-D26°34'29,37".
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Habitat: Meri¢ nehri boyunca uzanan lokalitede,
kavak (Populus sp.), cam (Pinus sp.), ceviz (Juglans
sp.), visne (Prunus cerasus), seftali (P. persica), elma
(Malus domestica) genis yer kaplamaktadir.

Orneklerin yakalanmasinda 160W’lik holojen ampul
igeren Robinson tipi 151k tuzagi kullanilmustir. Ornekler,
ay hareketleri dikkate alinarak ayda 2-3 kez olmak iizere
12 ay boyunca toplanmustir. Ornekler, arazi déniisii 6zel
germe tahtalarinda gerilerek 70-80°C’lik etiivde 24-48
saat kurumaya birakilmis ve daha sonra etiketlenerek
miize materyali haline getirilmistir.

Tir tayinlerinde kullanilmak iizere, erkek ve disi
bireylerin genital organ preparatlar1 yapilmuistir.
Preparatlarin  hazirlanmasinda  Pierce  (1967) ve
Fernandez (1986)’den yararlanilmustir.

Tirlerin tayininde dig genital organ ¢izim ve
tanimlari, kanat damarlanmasi, renk ve desenlenme gibi
taksonomik o6zellikleri igeren kaynaklardan (Hacker
1989, 1990, 2004, Poole 1989a, b, Fibiger 1993, 1997,
Goater ve ark. 2003, Zilli ve ark. 2005, Fibiger ve
Hacker 2007, Fibiger ve ark. 2009, Kogak ve Kemal
2009) yararlanilmigtir.

Sonugclar ve Tartisma

Yapilan c¢alismada tespit edilen tiirlerden 20’si
Trakya Bolgesi Noctuidae faunasi icin ilk kayit

erkez, ornek toplanan lokaliteler.

G. Taraus ve Z. Okyar

niteligindedir.  Tirlerin  saptanabilen farkli ugus
periyodlart italik olarak belirtilmistir.
NOCTUIDAE

Allophyes oxycanthae (Linnaeus, 1857)

Phalaena (Noctua) oxycanthae Linnaeus, 1857, Syst.
Nat. (Edn.10) 1: 516.

Materyal: Edirne-Giillapoglu  Yerleskesi (41m):
27.10.2000, 299; 10.11.2000, 13; 10.04.2001, 19;
10.05.2001, 13; 06.11.2008, 299; 1143; 20.11.2008
19; 04.12.2008, 1&; 05.12.2008, 19; Hidiraga
(78m):18.11.2009, 19; 22.10.2010, 143; Yildirim-
Kazanova (68m): 17.03.2010, 1.

Tirkiye’den Bilinen Dagilimi: Amasya, Sakarya
(Kogak ve Kemal 2009).

Cografi Dagilimi: Avrupa, Kafkasya, Ukrayna,
Rusya, Sibirya.

Bilinen Ucus Periyodu: Agustos, Ekim, Kasim.

Saptanan Ucgus Periyodu: Mart, Nisan, Mayis, EKim,
Kasim, Aralik.

Asteroscopus syriaca (Warren, 1910)
Brachionyda syriaca Warren, 1910, Die Gross-
Schmetterlinge der Erde 3: 121.

Materyal: Edirne-Giillapoglu Yerleskesi (41m): 22.11.2000,
1385 03.09.2001, 13; 24.09.2001, 14; 16.10.2008, 19;
06.11.2008, 13 20.11.2008, 333; 01.12.2008, 12; 13}
05.12.2008,229; 3dd; 16.11.2009, 1.
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Tirkive’den Bilinen Dagilimi:  Afyon, Ankara,
Bursa, Hatay, Marag, Sivas (Kocak ve Kemal 2009).

Cografi Dagilimi: Anadolu (Kiiciik Asya).
Bilinen Ucus Periyodu: Kasim.
Saptanan Ucus Periyodu: Eyliil, EKim, Kasim, Aralik.

Agrochola circellaris (Hufnagel, 1766)
Phalaena circellaris Hufnagel, 1766, Berlin, Mag. 3:
404.

Materyal: Edirne-Giillapoglu Yerleskesi (41m):
20.11.2009, 13.

Tiirkive’den Bilinen Dagilimi: Bolu, Erzurum, Kars,
Nevsehir (Hacker ve Weigert 1986, Hacker 1990).

Cografi Dagihmi:  Anadolu  (Kiigiik
Ermenistan, Kazakistan, Tiirkmenistan.

Asya),

Bilinen Ucus Periyodu: Kasim-Aralik.

Saptanan Ucus Periyodu: Kasim.

Agrochola nitida (Denis & Schiffermiiller, 1775)
Agrochola nitida Denis & Schiffermiiller, 1775,
Schmett. Wien.: 86.
Materyal: Edirne-Giillapoglu Yerleskesi (41m):
01.11.2001, 19; 16.10.2001, 19; 16.10.2001, 49 <.
Tiirkiye’den Bilinen Dagilimi: Ankara, Bolu, Igel
(Hacker 1986).
Cografi Dagilimi: Avrupa (ingiltere, Irlanda, iber
yarimadasi haric).

Bilinen Ugus Periyodu: Eyliil, Ekim.

Saptanan Ucus Periyodu: EKim, Kasim.

Agrotis vestigalis (Hufnagel, 1766)

Exua vestigalis Hufnagel, 1766, Berl. Mag. 2: 422.

Materyal: Edirne-Giillapoglu Yerleskesi (41m):
24.09.2001, 12, 13; 11.10.2001, 19; 10.08.2010, 1J3;
Hidiraga (78m): 17.04.2010, 1J; Yildirnm-Kazanova
(68m): 15.09.2009, 19, 143.

Tiirkiye’den Bilinen Dagilimi: Ankara, Eskisehir,
Nigde (Kansu 1963).

Cografi Dagilimi: Asya, Avrupa, Iber yarimadas.

Bilinen Ugus Periyodu: Temmuz, Agustos.

Saptanan Ucgus Periyodu: Nisan, Agustos, Eyliil,
Ekim.

Ammoconia caecimacula ([Dennis & Schiffermiiller],
1775)

Noctua caecimacula Denis & Schiffermiiller, 1775,
Schmett. Wien.: 81.

Materyal: Edirne-Giillapoglu  Yerleskesi
23.10.2002, 13.

Turkiye’den Bilinen Dagilimi: Ankara, Ardahan,
Artvin, Bing6l, Bolu, Erzincan, Kars, Maras, Tunceli,
Yozgat (Hacker ve ark. 1986).
Anadolu

(41m):

Cografi  Dagilimi:

Avrupa'nin gilineyi.
Bilinen Ugus Periyodu: Agustos, Ekim, Kasim.
Saptanan Ugus Periyodu: EKim.

(Kiigiik  Asya),

Trakya Univ J Nat Sci, 17(2): 117-122, 2016

Antitype chi (Linnaeus, 1758)
Phalaena chi Linnaeus, 1758, Syst. Nat. (Edn.10):
514.

Materyal: Edirne-Giillapoglu Yerleskesi (41m):
05.05.2002, 299;  Yidirim-Kazanova  (68m):

15.09.2009, 13.

Tiirkiye’den Bilinen Dagilimi: Ankara, Bingol, Kars,
Konya, Maras, Mus, Yozgat, Karaman (Kogak ve Kemal
2009).

Cografi Dagihimi: Anadolu (Kiigiik Asya), Kuzey ve
orta Asya, Avrupa.

Bilinen Ucus Periyodu: Agustos, Kasim.

Saptanan Ugus Periyodu: Mayzs, Eyliil.

Apamea remissa (Hiibner, [1809])

Noctua remissa Hiibner, 1809, Sammlung
Europaische Schmetterlinge (Noc: 2) 4: pl. 90, fig. 423.

Materyal: Edirne-Giillapoglu  Yerleskesi (41m):
25.05.2010, 19; Yildinm-Kazanova (68m): 15.09.2010,
299.

Tirkiye’den  Bilinen Dagilimi:  Agri, Ankara,
Ardahan, Bayburt, Erzincan, Erzurum, Kars, Sivas,
Tokat, Van (Kogak ve Kemal 2009).

Cografi Dagihmi: Alaska, Avrupa, Japonya, Sibirya,
Tirkiye.

Bilinen Ugus Periyodu: Mayis, Temmuz.

Saptanan Ucus Periyodu: Mayis, Eyliil.

Atethmia centrago (Haworth, 1809)

Atethmia centrago Haworth, 1809, Lepidoptera
Britannica sistens Digestionem novam Insectorum
Lepidopterum: 236.

Materyal: Edirne-Giillapoglu  Yerleskesi
16.10.2001, 13.

Tiirkive’den Bilinen Dagihimi: Amasya, Ankara,
Denizli, icel, Malatya, Maras, Nevsehir, Van (Kocak ve
Kemal 2009).

Cografi Dagilimi:  Anadolu
Ermenistan, Filistin, Suriye.

Bilinen Ugus Periyodu: Agustos, Eyliil.
Saptanan Ugus Periyodu: Ekim.
Dioszeghyana schmidti (Dioszeghy, 1935)
Monima schmidti Dioszeghy, 1935, Verh. Mitt.

Siebenbiirg. Ven. Naturawiss. Hermonstandt, 83-84:
128.

Materyal:
17.04.2010, 19.

Tiirkiye’den Bilinen Dagilimi: Adiyaman, Ankara,
Antalya, Bursa, Icel (Kogak ve Kemal 2009).

Cografi Dagilimi: Arap yarimadasi, Avrupa’nin
giineyi, Balkanlar, Irak, Iran, Kazakist'fl_n, Libya, Misir,
Rusya, Suriye, Tiirkiye, Tiirkmenistan, Urdiin.

Bilinen Ucus Periyodu: Mart, Nisan.
Saptanan Ucus Periyodu: Nisan.

(41m):

(Kiciik  Asya),

Edirne-Kestanelik ~ mevkii  (135m):
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Enterpia laudeti (Boisduval, 1840)
Cleophana laudeti Boisduval, 1840, Genera et. index
Meth. Eur. Lep.: 152

Materyal:  Edirne-Giillapoglu
09.05.2001, 1.

Tiirkiye’den Bilinen Dagilimi; Adana, Agri, Amasya,
Bitlis, Hakkari, Karaman, igel, izmir, Kars, Konya,
Malatya, Nevsehir, Nigde, Sivas, Tokat, Urfa, Van
(Kogak ve Kemal 2009).

Cografi Dagilimi: Avrupa'nin giineyi, Balkanlar, Orta
ve Yakin Dogu, iran, Kazakistan, Ozbekistan, Rusya,
Tiirkiye, Tiirkmenistan.

Bilinen Ucus Periyodu: Mart, Mayis.

Yerleskesi  (41m):

Saptanan Ucus Periyodu: Mayzs.

Hoplodrina blanda ([Dennis & Schiffermiiller], 1775)

Noctua blanda Dennis & Schiffenmiiller, 1775,
Ankundung syst. Werkes Schmetterl. Wienergegand: 77.

Materyal: Edirne-Giillapoglu Yerleskesi (41m):
16.10.2008, 19.

Tirkiye’den Bilinen Dagilimi: Artvin, Bitlis, Bursa,
Erzurum, Kastamonu, Rize, Van (Kogak ve Kemal
2009).

Cografi Dagilimi:  Avrupa, Fas, Iran, Rusya,
giineybati Sibirya, Ural Daglari’nin giineyi.

Bilinen Ucus Periyodu: Nisan, Mayis, Haziran.

Saptanan Ucus Periyodu: Ekim.

Lacanobia suasa ([Dennis & Schiffermiiller], 1775)
Noctua suasa Dennis & Schiffermiiller, 1775,
Ankundung syst. Werkes Schmetterl. Wienergegand: 83.

Materyal: Edirne-Giillapoglu  Yerleskesi (41m):
13.05.2011, Q; 06.10.2001, 299; Hidiraga (78m):
09.06.2010, 13; 09.09.2010, 13; Kestanelik mevkii
(135m): 19.08.2009, 12; 16.05.2010, 222, 1J.

Tiirkiye’den Bilinen Dagihmi: Ankara, Erzincan
(Kogak ve Kemal 2009).

Cografi Dagilumi: Avrupa, Rusya, Ural Daglari.
Bilinen Ugus Periyodu: Nisan-Eyliil.

Saptanan Ugus Periyodu: Mayis, Haziran, Agustos,
Eyliil, Ekim.

Leucania palaestinae (Staudinger, 1897)

Leucania palaestinae Staudinger, 1897, Dt. Ent. Z.
Iris 10: 174,

Materyal:  Edirne-Kestanelik
22.06.2010,29 9.

Tiirkiye’den Bilinen Dagilimi: Adana, Aydin, Hatay,
Igel, Izmir, Mugla (Kogak ve Kemal 2009).

Cografi Dagilimi: Kuzey Afrika, Avrupa, Anadolu
(Kiigiik Asya), Iran, Tiirkmenistan.

mevkii  (135m):

Bilinen Ucus Periyodu: Nisan, Haziran, Eyliil, Kasim.
Saptanan Ucgus Periyodu: Haziran.

Orthosia cerasi (Fabricius, 1775)
Noctua cerasi Fabricius, 1775, Syst. Ent.: 600.

G. Taraus ve Z. Okyar

Materyal: Edirne-Giillapoglu Yerleskesi (41m):
10.03.2009, 13; 13.04.2010, 19; Kestanelik mevkii
(135m): 17.04.2010, 1.

Tirkive’den Bilinen Dagilimi: Adana, Ankara,
Antalya, Burdur, Maras, Van (Kocak ve Kemal 2009).

Cografi  Dagilimi: [srail, Kafkasya, Rusya,
Sibirya’nin dogusu, Tiirkiye.

Bilinen Ugus Periyodu: Mart-Mayss.

Saptanan Ugus Periyodu: Mart, Nisan.
Parastichtis suspecta (Hiibner, [1817])

Noctua suspecta Hiibner, 1817, Sammlung

Europdscher Schmetterlinge, Noctuae 2, Taf. 138, Fig.
633.

Materyal: Edirne-Hidiraga (78m): 10.08.2010, 1 2.

Tiirkiye’den Bilinen Dagilimi: Manisa (Kansu 1963);
Kars (Kogak ve Kemal 2009).

Cografi Dagilimi: Kuzey Amerika, Anadolu (Kiigiik
Asya), Avrupa, Rusya.
Bilinen Ugus Periyodu: Nisan, Mayzis, Eyliil.

Saptanan Ugus Periyodu: Agustos.

Rhyacia helvetina (Boisduval, 1833)

Noctua helvetina Boisduval, 1833, Annls. Soc. ent.
Fr. 2: 376, pl.14, fig. 3.

Materyal: Edirne-Hidiraga (78m): 10.08.2010, 1 2.

Tiirkive’den Bilinen Dagilhimi: Gaziantep (Kansu
1963).

Cografi Dagilimi: Almanya, Avusturya, Italya,
Tiirkiye, Yunanistan.

Bilinen Ugus Periyodu: Temmuz, Agustos.
Saptanan Ugus Periyodu: Agustos.

Xanthia icteritia (Hufnagel, 1766)
Phalaena iceritia Hufnagel, 1766, Berl Mag. 3: 296.
Materyal: Edirne-Giillapoglu Yerleskesi (41m):
20.11.2008, 283.

Tirkive’den Bilinen Dagilimi: Ankara, Ardahan,
Bolu, Erzurum, Kars, Tunceli, Yozgat, (Kogak ve Kemal
2009).

Cografi Dagilimi: Avrupa, Mogolistan, Sibirya,
Tiirkiye.

Bilinen Ucus Periyodu: Agustos, Eyliil, Ekim.

Saptanan Ucgus Periyodu: Kasim.

Xestia cohaesa (Herrich & Schiiffer, 1849)

Caradrina cohaesa Herrich & Schiffer 1849, Syst.
bearb. Schmett. Eur. 2: 209.

Materyal: Edirne-Giillapoglu  Yerleskesi (41m):
05.04.2001, 13; 24.09.2001, 283; 30.09.2001, 63J3;
03.10.2001, 19, 38d; 06.10.2001, 54F; 11.10.2001,
783, 299; 01.11.2001, 1J8; 05.05.2002, 1J&;
16.10.2008, 744 10.08.2010, 483; Hidiraga (78m):
09.09.2010, 6J4J; Kestanelik mevkii  (135m):
09.07.2010, 1&; Yildinm-Kazanova (68m): 15.09.2009,
12,2835 16.10.2009, 1Q; 05.09.2010,29 2, 15.

Tiirkive’den Bilinen Dagilimi: Amasya, Antalya,
Nevsehir, Siirt, Urfa (Kogak ve Kemal 2009).
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Cografi Dagilimi: Irak, {iran, Israil, Kafkasya,
Liibnan, Tiirkiye, Tiirkmenistan, Ukrayna.

Bilinen Ucus Periyodu: Agustos, Eyliil.

Saptanan Ucus Periyodu: Nisan, Mayis, Temmuz,
Agustos, Eyliil, EKim, Kasim.

Minucia lunaris ([Dennis & Schiffermiiller], 1775)
Noctua lunaris Denis & Schiffermiiller, 1775,
Ankundung syst. Werkes Schmetterl. Wienergegand: 94.

Materyal:  Edirne-Kestanelik ~ mevkii ~ (135m):
11.08.2009, 143.

Tiirkiye’den Bilinen Dagilimi: Amasya (Kansu,
1966).

Cografi Dagilimi: Kuzey Afrika, Anadolu (Kiigiik
Asya), Merkez ve Giiney Avrupa, Kazakistan, Kibris.

Bilinen Ugus Periyodu: Temmuz, Agustos.

Saptanan Ucus Periyodu: Agustos.

Edirne ilinde habitat oOzellikleri farkli olan 4
lokalitede (Giillapoglu Yerleskesi, Hidiraga, Kestanelik
Mevkii, Yildinm-Kazanova) 2009-2010 yillarinda
noctuidlerin ~ mevsimsel  degisimlerini  incelemek
amaciyla 151k tuzaklar1 kullanilarak toplanan 6rneklerin
teshisleri sonucu 20 Noctuid tiiriiniin Trakya Bolgesi igin
ilk kayit olma ozelliginde olduklar1 tespit edilmistir.
Noctuidler, gece aktif olan kelebeklerdir ve tiim yil
boyunca da aktif olma 6zellikleri vardir. Tespit edilen
kelebeklerin bilinen ugus zamanlari ile tespit edilen ugus
zamanlart  arasinda  farkliliklar  tespit  edilmistir.
Kuskusuz boceklerin ugma zamanlarr ¢aligilan iilkenin
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Abstract: Specimens of Cicadomorpha and Fulgoromorpha were collected in different localities in Thrace region of Turkey
during the spring and summer periods of 2014. The collected samples were evaluated taxonomically and Eupelix cuspidata
(Fabricius, 1775) (Cicadellidae) from Cicadomorpha and Euides basilinea (Germar, 1821) (Delphacidae), Metcalfa pruinosa
(Say, 1830) (Flatidae), Scorlupella discolor (Germar, 1821) (lIssidae), Ricania hedenborgi Stél, 1865 (Ricaniidae) and
Tettigometra laeta Herrich-Schéffer, 1835 (Tettigometridae) from Fulgoromorpha were recorded for the first time in the study
region. E. cuspidata have been only known from Anatolia so far. S. discolor was recorded in various localities, and T. laeta
and the exotic species M. pruinosa were recorded only in one locality in Anatolia. Records of E. basilinea was given from
Turkey without any data on the locality. Distributions of the all recorded species in Turkey and inside the Palaearctic Region
were given.

Key words: Turkish Thrace, New records, Cicadomorpha, Fulgoromorpha
Trakya Bolgesi Cicadomorpha ve Fulgoromorpha (Hemiptera) Faunasina Katkilar

Ozet: Trakya Bolgesi’nde 2014 yili, Tlkbahar-Yaz déneminde, farkl1 lokalitelerden toplanan Cicadomorpha ve Fulgoromorpha
taksonlarina ait ¢ok sayida 6rnek degerlendirilmistir. Toplanan 6rneklerin teshis edilmesi sonucundan; Cicadomorpha takso-
nuna ait Eupelix cuspidata (Fabricius, 1775) (Cicadellidae), ve Fulgoromorpha’ya ait Euides basilinea (Germar, 1821) (Delp-
hacidae), Metcalfa pruinosa (Say, 1830) (Flatidae), Scorlupella discolor (Germar, 1821) (Issidae), Ricania hedenborgi Stél,
1865 (Ricaniidae) ve Tettigometra laeta Herrich-Schéffer, 1835 (Tettigometridae) taksonlarinin Tiirkiye’nin Trakya Bolgesi
igin yeni kayit olduklari belirlenmigtir. Bu tiirlerden, E. cuspidata daha once Anadolu’da ¢ok sayida lokalitede bilinmesine
ragmen, S. discolor birkag lokalitede, T. laeta ve ekzotik bir tiir olan M. purinosa sadece birer lokalitede kaydedilmistir. E.
basilinea ise Tiirkiye’den herhangi bir lokalite belirtilmeksizin verilmistir. Bu ¢alismada ayrica tiirlerin Tiirkiye ve Palearktik
dagilimlart verilmistir.

Anahtar kelimeler: Tirkiye Trakyasi, Yeni Kayitlar, Cicadomorpha, Fulgoromorpha

Introduction

The geographical location of Turkey between Asia
and Europe makes the country a dispersal corridor for
different faunal elements of various origins including
elements from Europe, the Balkans, Caucasus, Arabia and
North Africa. In addition to the diversifying effect of the
geographical on fauna, the richness of the fauna within the
country is also an outcome of the different climate types
and topographical conditions seen. Several studies have
been carried out in order to provide an overview regarding
the biological diversity of the country (Demirsoy 2002).
Turkish Thrace Region plays a role as a gateway for
transition of European fauna elements to Anatolia
(Dursun & Fent 2015).

Cicadomorpha and Fulgoromorpha are two most
diversed suborders in Hemiptera in terms if species

richness. Cicadomorpha includes today about 35.000
described species worldwide containing the cicadas,
leafhoppers, spittlebugs and treehoppers which are
exclusively plant-feeders. Fulgoromorpha, including
plant-feeder planthoppers, comprises approximately
14.000 described species in 30 families (Bourgoin 2016,
Dietrich 2005, Gjonov & Shishiniova 2014). The
Hemiptera fauna of Turkey is represented with 2875
species belonging to 4 suborders (Onder et al., 2006,
2011). Studies on the Hemiptera in Turkey revealed that
Cicadomorpha in the country is represented by 179
species and 74 genera within 6 families and
Fulgoromorpha by 486 species and 174 genera within 11
Families (Onder et al. 2011).
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Figure 1. The borders of the study area in Turkish Thrace.

Most of the studies on Turkey Hemiptera were carried
out particularly in Anatolian part of the country and the
occurrence data of the species of Cicadomorpha and
Fulgoromorpha have not been determined completely yet
(Demir 2008). The first faunistic records of
Cicadomorpha and Fulgoromorpha in Turkey were given
by Fahringer (1922), Haupt (1930), Kerville (1939) and
Linnavuori (1965). Following these essential studies,
Kalkandelen (1972, 1974, 1980, 1985), Lodos &
Kalkandelen (1980, 1981a, b, 1983, 1984, 1985, 1986,
1987, 1988), Dlabola (1957, 1981, 1983, 1985, 1986),
Kartal (1980, 1981, 1983, 1985, 1986, 1987, 1988), Kartal
& Zeybekoglu (1994, 1997), Kartal et al. (2001),
Zeybekoglu (1993, 1994, 1996, 1998, 2000), Gigli
(1996, 1997), Emeljanov (2003) and Demir (1998, 2004,
2005, 20064, b, 2007, 2008) contributed huge amount of
information to the faunistic records of Cicadomorpha and
Fulgoromorpha in Turkey.

It was aimed to give more information about and
contribute to Cicadomorpha and Fulgoromorpha fauna of
Turkey with this study.

Materials and Methods

The study material was collected in different localities
in Thrace Region of Turkey in 2014. Sweeping nets were
used to sample the specimens of Cicadomorpha and
Fulgoromorpha on plants from various vegetation and
habitat types (Fig. 1). External morphological characters
and male genitalia - aedeagus, pygophores and paramere
- of the specimens were used for identifications. For
preparation of the genitalia, samples were softened in hot
water, their genitalia were extracted. The following
studies were used to identify the collected material;
Linnavuori (1965), Lodos & Kalkandelen (1981a, b),
Dlabola (1983), Kartal (1985) and Demir (2009). The
specimens are deposited in the collections of Biology
Departments of Amasya University, Faculty of Science
and Arts (Amasya) and Trakya University, Faculty of
Science (Edirne), Turkey.

Results

HEMIPTERA
CICADOMORPHA
Cicadellidae Latreille
Eupelix cuspidata (Fabricius, 1775)

Material examined: Edirne, Siiloglu-Gerdelli, 15.06.2014,
13.

Distribution in World: Widely distributed in Europe,
Israel, Iraq, Iran, Mongolia, Syria, Turkey (Asian part),
North Africa and East Palaearctic (Demir 2008, Hoch
2013).

Distribution in Turkey: Adana, Adiyaman, Afyonkarahisar,
Ankara, Antalya, Artvin, Balikesir, Canakkale, Diyarbakir,
Kahramanmaras, Konya, Malatya, Mardin, Mersin,
Nevsehir, Nigde and Sanlrfa (Demir 2008, Onder et al.
2011).

Comment: E. cuspidata has a wide range of distribution in
Southern Europe and Anatolia but the first record about its
presence in Thrace region was given in the present study.

FULGOROMORPHA
Delphacidae Leach
Euides basilinea (Germar, 1821)

Kirklareli,

Material _examined:
21.08.2014, 1 <.
Distribution in World: Balkan Peninsula, Central and
Northern Europe, Turkey (Asian part) and East
Palaearctic (Hoch 2013).

Comment: E. basilinea was recorded in Turkey without a
locality data (Onder et al. 2011) and the present record of
the species in Kirklareli-Demirkoy is the first record of
the species with a definite locality information.

Demirkdy-Fidanlik,

Flatidae Spinola
Metcalfa pruinosa (Say, 1830)

Material examined: Edirne, Merkez-Sarayi¢i, 30.08.2014,
10 29, 8 443, Kurklareli, Demirkdy-Kakava Cayirlig,
20.08.2014,1 9,3 33.

Distribution in World: Austria, Bulgaria, Croatia, Czech
Republic, France, Italy, Korea, Southern parts of Russia,
Slovenia, Switzerland, Turkey (Asian part), Ukraine,
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Nearctic region (Mexico, U.S.A, Cuba) and Neotropical
region (Mead 2004, Hoch 2013, Gjonov & Shishiniova
2014).

Distribution in Turkey: izmir and Ordu (C)nder etal. 2011,
Giincan 2014).

Comment: This exotic polyphagous species causes
damages to kiwi fruit and citrus in the world. It was
mentioned in Turkey for the first time in Izmir by
Karsavuran and Gii¢lii (2004) and by Giincan (2014) in
kiwi production areas of Ordu. The specimens of the
species were obtained while resting on a Populus sp.
(Salicaceae) tree.

Issidae Spinola
Scorlupella discolor (Germar, 1821)

Material _examined:  Edirne, = Merkez-Kavakkdy,
01.06.2014, 1 3.

Distribution in World: Bulgaria, Italy, Romania, Turkey
(Asian part) and Ukraine (Hoch 2013).

Distribution in Turkey: Ankara, Erzincan (Kemaliye) and
Yozgat (Dlabola 1957, Kartal 1985, Demir 2006, Demir
& Demirsoy 2009, Onder et al. 2011).

Comment: S. discolor has been recorded so far in a few
Localities in Eastern and Central Anatolia Regions but its
presence in Turkish Thrace was reported for the first time
in the present study.

Ricaniidae Amyot & Serville
Ricania hedenborgi Stal, 1865

Material examined: Kirklareli, Demirkdy-Hamamgoli,
20.08.2014,499, 5843.

Distribution in World: Armenia, Afro-tropical region,
Crete, Dodecanese Is., Greece, North Aegean lIs., Near
East, North Africa and Turkey (Anatolia) (Bourgoin &
Demir, 2009).

Distribution in Turkey: Diyarbakir (Ergani, Piarkaya),
Elazig, izmir (Selgcuk), Mardin (Mazidagi, Nusaybin),
Manisa (Muradiye) and Mugla (Marmaris) (Lodos &
Kalkandelen 1981a, Tezcan & Zeybekoglu 2001, Demir
2009, Ozgen et al. 2011).

Comment: The family Ricaniidae has been mentioned by
Demir (2009) to be mostly distributed in Africa, Asia and
in Australia, but R. hedenborgi is a native species from
Palaearctic region. The specimens of this genus are
especially seen on agricultural crops but the specimens of
R. hedenborgi were obtained while resting on a Populus
sp. (Salicaceae) tree.

Tettigometridae Germar
Tettigometra laeta Herrich-Schéffer, 1835

Material examined: Kirklareli, Derekdy, 19.08.2014, 1.
Distribution in World: Central and Southern Europe,
Balkan Peninsula and North Africa (Hoch 2013).
Distribution in Turkey: Erzincan (Kemaliye) (Demir &
Demirsoy 2009).

Comment: T. laeta was recorded in Anatolia for the first
time in Eastern Anatolia Region in 2009 (Demir &
Demirsoy 2009). The report of this rare species in the
present study is the second record of the species in Turkey.

Trakya Univ J Nat Sci, 17(2): 123-128, 2016

Discussion
In this study, 5 species belonging to 5 families
(Delphacidae, Flatidae, Issidae, Ricaniidae,

Tettigometridae) within Fulgoromorpha were reported as
first records for Thrace Region. Euides basilinea, Metcalfa
pruinosa, Ricania hedenborgi, Scorlupella discolor and
Tettigometra laeta (Fulgoromorpha) and Eupelix cuspidata
(Cicadomorpha), has been found first time in Turkish
Thrace. Eupelix cuspidata and Ricania hedenborgi also
have a widespread distribution in Anatolia.

The faunistic studies on Cicadomorpha and
Fulgoromorpha fauna in Turkey are mainly focused on
Anatolia and while there exists only a few studies
performed in Thrace Region. The comparison of the
species diversity of the region with Europe as a whole and
with the neighboring countries Greece and Bulgaria
reveals quite the opposite faunal data. The Cicadomorpha
fauna in Greece is represented with 222 species and 105
genera within 7 families and Fulgoromorpha fauna with
209 species and 95 genera within 12 families. The
diversity in Bulgaria is also noticeable since
Cicadomorpha in Bulgaria is represented with 203 species
and 79 genera within 6 families and Fulgoromorpha with
120 species and 67 genera within 9 families. One can
conclude from this faunal data of the two neighboring
countries that the fauna of Thrace Region is less diverse
than that of Greece and Bulgaria based on current
available records in the region. However, we believe that
further detailed studies in Turkish Thrace are prone to
reveal new records not only for the fauna of the region but
also for that of Turkey (Hoch 2013).

According to the available data reported so far about
the hemipteran fauna of Thrace region of Turkey,
Tettigometridae is represented in the region with 3 species
whereas Issidae and Cicadellidae are represented with 2
and 15 species, respectively, while Delphacidae, Flatidae
and Ricaniidae have no representatives. Within the
present study, 1 species for each of the latter three families
were determined in Thrace Region and presence of
Delphacidae, Flatidae and Ricaniidae in the region were
reported for the first time. Metcalfa purinosa ordinarily
does very little damage to plants; however, this species
was mentioned by Giincan (2014) to decrease quality of
kiwi fruit, citrus, persimmon, fig, walnut and apple fruit
in Turkey. In the present study, no damage of M. pruinosa
and Ricania hedenborg was determined inside the study
area in Thrace region since the specimens of these species
were obtained while resting on a Populus sp. (Salicaceae)
tree. As a result of the current study, the present records
of Cicadomorpha and Fulgoromorpha known in the
research area not only increased the number of the species
in the region but also help to expand the distributional
range of previously known species.
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Abstract: Tissue culture techniques offer important approaches about sunflower breeding and germplasm conservation. The
available data on the subject in Turkey was reviewed in order to encourage the researchers to study on tissue culture of
sunflower. In vitro studies on sunflower in Turkey started in the first half of the 90s. A large number of in vitro culture studies
on sunflower using anthers, hypocotyls, cotyledons, petioles of cotyledon, shoot-tips, mature embryos, immature embryos,
leaves, petioles, immature cotyledons and microspores as different explants have been published. Microspore culture, anther
culture, embryo culture, slow growth storage, micropropagation and gene transfer with Agrobacterium were also used in these
culture studies. Although these studies formed an important scientific knowledge about sunflower tissue culture in the country,
it is still not sufficient. Therefore, there is an urgent need to make more in vitro studies on sunflower which is an important
agricultural plant for Turkey. The transfer of the results of these studies to agricultural applications is also essential from a
sectoral standpoint.

Key words: Tissue culture, sunflower, breeding, germplasm conservation.
Tiirkiye’de Helianthus annuus L. Uzerine Yapilan in vitro Kiiltiir Calismalarmin Tarihi

Ozet: Doku kiiltiirii teknikleri, aycigegi 1slagi ve germplasm korumasi konusunda énemli yaklagimlar sunmaktadir. Bu derleme,
iilkemizde bu alandaki bilimsel birikimi g6z Oniine sermek ve arastirmacilari aycigegi doku kiiltiirii {izerine ¢aligmaya tesvik
etmek i¢in yazilmustir. Tiirkiye’deki in vitro aycicegi calismalar1 90’larin ilk yarisinda baglamistir. Giiniimiizde anter, hipokotil,
kotiledon, kotiledon petiyolii, siirgiin ucu, olgun ve olgunlasmamis embriyo, yaprak, petiyol, olgunlagmamis kotiledon, ve
mikrospor gibi farkli eksplantlarin kullanildig1 birgok aycicegi in vitro kiiltir ¢calismast yaymlanmustir. Buna ek olarak, Tii-
kiye’de yapilmig bu galismalarda mikrospor kiiltiirii, anter kiiltiirii, embriyo kiiltiirli, bliyiimenin yavasglatilmasi ile depolama,
mikrogogaltim ve Agrobacterium ile gen transferi gibi teknikler kullanilmigtir. Bu aragtirmalar Tiirkiye’deki ayc¢igegi lizerine
yapilan doku kiiltiirii ¢aligmalari ile ilgili dnemli bir bilgi birikimi olustursa da heniiz istenilen yeterlilikte degildir. Bundan
dolay1 acil olarak Tirkiye i¢in 6nemli bir tarimsal bitki olan aygicegi tizerinde daha fazla in vitro arastirma yapmaya gerek
duyulmaktadir. Ayrica bu ¢alismalardan elde edilen bilgilerin tarimsal uygulamalara aktarilmasi sektorel agidan gereklidir.

Anahtar kelimeler: Doku kiiltiirii, aygicegi, 1slah, germplasm korumasi

Introduction

Sunflower is an important agricultural plant as a
source of vegetable oil and is the second most planted
crop after soybean in world vegetable oil production
(Weber et al. 2003). Sunflower oil is often preferred
for vegetable oil consumption in Turkey. Classical
breeding techniques as population breeding and selection,
hybridization, backcross breeding, inbreeding, mutation
breeding, genus and species hybrids, polyploidy breeding
are being used in sunflower agriculture (Demir & Turgut
1999). However, due to the use of the same gene source,
the varieties obtained using traditional breeding methods
are about to reach their upper limits of capacity of genetic
productivity. Therefore, the establishment of tissue
culture systems has a great importance for genetic
manipulation of sunflower in order to obtain
agronomically important varieties (Nestares et al. 2002).

Tissue culture techniques offer several advantages.
For example, protoplast culture is an advantageous
technique in terms of gene transfer and interspecific
hybridization (Kaya 2004). Double-haploid plants
obtained from haploid tissues (i.e. anther, microspore and
ovary) are useful for obtaining pure lines. The duration of
a breeding process which lasts for 7-8 years using
conventional  techniques can be reduced by
biotechnological methods.

A large number of studies have been published during
the last few decades about sunflower regeneration
protocols using different explants types such as shoot tips,
embryonic axes (Paterson 1984, Malone-Schoneberg et
al. 1994, Elavazhagan et al. 2009), leaves (Greco et al.
1984, Lupi et al. 1987, Paterson 1984, Inoka &
Dahanayake 2015), immature embryos (Finer 1987, Prado
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& Berville 1990, Jeannin et al. 1995, Lucas et al. 2000,
Dagiistii et al. 2010), hypocotyls (Lupi et al. 1987,
Mohmand & Quraishi 1994, Miiller et al. 2001, Sujatha et
al. 2012), protoplasts (Guilley & Hahne 1989, Fischer et
al. 1992, Henn et al. 1998), mature cotyledons (Greco et
al. 1984, Brar & Roberts 2006, Sujatha et al. 2012),
anthers, ovaries (Badea et al. 1989, Mohmand & Quraishi
1994, Thengane et al. 1994) roots and stems (Inoka &
Dahanayake 2015). More detailed information on in vitro
sunflower studies can be found within the review studies
of Moghaddasi (2011) and Davey & Jan (2010).

Despite these developments in tissue culture of
sunflowers, in vitro sunflower studies in Turkey are still
not at the desired level when compared with similar
studies throughout the world. The available data on the
subject in Turkey was reviewed in order to encourage the
researchers to study on tissue culture of sunflower.

History of Tissue Culture Studies on Sunflower in
Turkey

The first sunflower tissue culture studies carried out in
Turkey date back to early 90s. In one of these studies,
Emiroglu et al. (1993) examined the effects of culture
medium components and genotype on the shoot and
embryoid formation from anther. They used 29 different
sunflower genotypes including hybrids and commercial
varieties and about 21000 anthers were isolated and
cultured on different nutrient media. Although
meristemoid structures on callus masses, direct shoot
formation or shoot like macroscopic structures and
embryoids were observed, the researchers reported that
none of these structures developed into plantlets and that
subcultures failed.

In a subsequent study, cotyledon and hypocotyl
explants of 5 sunflower genotypes were cultured on 7
different culture media one of which was MS (Giirel
1994). Giirel (1994) reported that callusing was 100% on
MS medium without hormones and MS medium
including 4mg/l kinetin + 2mg/l NAA (Naphthalene
acetic acid). In this study, 30mg/l maltose was used
instead of sucrose.

In the second half of the 90s, Giirel & Kazan (1998)
studied different regeneration protocols using cotyledon,
petiole of cotyledon, hypocotyl and shoot-tip as explants
and plant growth regulator combinations to develop a
plant regeneration system from H. annuus. The results
showed, considering the shooting capability of these four
different explant types, that shoot-tip explants were the
most responsive. Glirel & Kazan (1998) also reported that
genotypic variation was the most critical factor for
shooting from shoot-tips.

Giirel & Kazan (1999) performed another study on
gene transfer to sunflower genotypes via Agrobacterium
tumefaciens Smith & Townsend, 1907. They examined
several factors and observed that genotypes had
significant variations in their transformation efficiencies
(from 0.0 to 82.7% GUS positive), and hybrids were more
responsive to A. tumefaciens infection than inbred lines.
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They also suggested that particle bombardment of
explants before the inoculations with A. tumefaciens did
not affect the transformation positively.

Gene transfer to the sunflower is a very important
point for breeding new lines and/or varieties and for a
successful transfer procedure, establishment of tissue
culture and regeneration sSystems are necessary.
Considering this necessity, Ozyigit et al. (2002)
performed a study to establish tissue culture and
regeneration systems of five commercially important
sunflower genotypes named as Trakya 259, Trakya 80,
Trakya 129, Trakya 2098 and Viniimk 8931. They
cultured hypocotyl and cotyledon explants on MS
medium including various plant hormones and reported
that the maximum shoot regeneration rate was 40%
(hypocotyl explants of Trakya 259 cultured MS medium
including 1mg/1 BAP + 0.5mg/l NAA). On the other
hand, the shoot regeneration rate of cotyledon explants
was lower in comparison with hypocotyl explants.
Additionally, Trakya 259 and Trakya 80 genotypes were
not responsive on the same medium with cotyledon
explants. Obtaining whole plant is critical point for
regeneration and micropropagation systems. Ozyigit et al.
(2002) achieved rooting of all regenerated shoots on MS
medium including 1mg/1 IBA and they suggested that
their results could be used for improvement of gene
transfer protocols to these sunflower genotypes which are
commercially important.

Arda (2004) studied on regeneration protocols using
cotyledon and hypocotyl explants of 15 sunflower hybrids
and one native sunflower variety as the control group and
found that regeneration and callus formation differed
between the native and hybrid varieties.

In addition to the explants listed above, mature
embryos of different sunflower genotypes (Trakya 80,
Trakya 129, Trakya 259, Trakya 2098, and Viniimk 8931)
were also used (see Ozyigit et al. 2006). Ozyigit et al.
(2006), reported that callus development and efficient
shoot and root organogenesis are obtained from five
different sunflower varieties. The Trakya 259 genotype
showed the best shoot regeneration (44%) and all
regenerated shoots were rooted on MS medium including
Img/l IBA (Indole-3-butyric acid) and on MS medium
without any hormones. The researchers suggested that
mature embryos could be an alternative source for indirect
plant regeneration and gene transfer systems for different
sunflower genotypes. In another study, cotyledon and
immature embryo explant of ten different lines of
sunflower were cultured on MS medium supplemented
with different concentrations of Kinetin, NAA and 20mg/I
sucrose (Binboga Meral 2007a). The results of this study
showed that shoot induction was observed on both explant
types cultured on MS medium including any
concentration of kinetin and NAA. Binboga Meral
(2007b) studied on H. annuus for tumor formation using
A. tumefaciens. Immature cotyledons, leaves and petioles
from one week old in vitro plantlets of sunflower were
treated with oncogenic A281 strain of A. tumefaciens. The
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results suggested that induction of tumors started on all
explant types within 6-7 days of culture period and after 4
weeks of culture and tumor formation was 100% on all
explants types.

Ozyigit et al. (2007) studied on the effects of
genotype, plant growth regulator and culture requirement
for callusing and indirect plant regeneration from
sunflower. They reported that callus tissues were obtained
from hypocotyls and cotyledons of 5 different sunflower
genotypes. Seed germination occurred on hormone free
MS medium and various percentage of callus inductions
were observed on hypocotyl and cotyledon explants
which were cultured on MS medium containing 1mg/I
2,4-D (2,4-Dichlorophenoxyacetic acid). Some genotypes
showed high regeneration response while others showed
lower on the same media with hypocotyl and cotyledon
derived calli. In conclusion, Ozyigit et al. (2007)
suggested that genotype effected callusing and
regeneration in sunflower tissue culture.

Seed maturation of sunflower lasts 120-150 days (it
takes 50-60% of the life cycle) therefore, to shorten the
seed to seed cycle is very important for reducing the
breeding cycle of sunflower. For this reason, Dagiistii et
al. (2010) studied with immature embryo explants of
fifteen genotypes (five restorers, five cytoplasmic male
steriles and five maintainers). In their procedure, they
dissected immature embryos from seeds of field-grown
plants at the 10" day of pollination and cultured them on
MS media allowing shoot and root development for 5 to
10 days. Then the plantlets were acclimatized and allowed
to growth. These in vitro derived plants were self-
pollinated and set to seed. By doing so, the researchers
obtained the first cycle of immature embryo-derived
plants. At the end, the third cycle was also obtained by the
same method in the growth chamber. The results showed
that most of the cultured embryos developed into healthy
shoots with 3-6 leaves and 70% of the developed shoots
had vigorous roots. When the researchers acclimatized the
plants, only 67.3% of them were maturated and set seeds.
Finally, Dagiistii et al. (2010) reported that they obtained
approximately 40-50 mature regenerants per hundred
immature zygotic embryos.

As described above, double-haploid plants obtained
from haploid tissues are very important for obtaining
plants which is homozygous for all characters of nuclear
genome. Therefore, Dayan (2011) studied the effects of
genotype, light, NAA and BA on
the induction of anther androgenesis in two sunflowers
cultivars and found that androgentic responses of
sunflower’s anthers were guided based on the effects of
these different parameters.

Conservation of plant breeding lines is as much
important as breeding them. Arda et al. (2012) studied on
in vitro sunflower plants preserved by slow growth
storage. They stored the mature embryo derived plants at
low temperature and determined the anatomical and
karyological changes. In the anatomical evaluation,
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structures such as epidermis, cortex parenchyma,
parenchyma and vascular bundles of experimental group
plants showed some major differences compared to the
control group plants. All of these differences disappeared
at normal culture conditions and plants showed healthy
development. In conclusion, they recommended that slow
growth storage of sunflower is a practicable method for
germplasm conservation of sunflower.

Dagiistii et al. (2012) studied on immature embryo
culture of sunflower to decrease the generation period in
breeding programs. They obtained the four cycles of
immature embryo-raised plants using the technique of
immature embryo culture. The regenerated plants showed
no morphological changes in their study. They suggested
that all the agronomic characters examined on in vitro
regenerated plants decreased compared to field grown
plants.

Kilig et al. (2016) used the Comet assay method to
understand the genotoxic effects of plant growth
regulators and some other parameters on sunflower callus
tissues. Anthers with uninucleate-microspores obtained
from capitula of Hybrid H. annuus genotypes which were
grown at field were used for culture. Cultured anthers
were pretreated with cold (24, 48 or 72 hours) at 4°C and
heat (0, 2, 4, 8 or 12 days) at 35°C in the dark. Different
plant growth regulators (0.5mg/l 1AA+0.5mg/l BAP,
0.5mg/l NAA+0.5mg/l BAP, 0.5mg/l 2,4-D+0.5mg/l
BAP) were added to media. Obtained calli from all
experiments were used as a material to determine the
DNA damage levels by the Comet assay. Researchers
reported high frequency callus induction (95%) at 35°C
for 2 days on the MS medium including 0.5mg/1 2,4-D and
0.5mg/l BAP. Additionally, they evaluated different
levels of DNA damage in examples of callus nuclei.

Another study on anther culture of four hybrid
sunflower genotypes aimed to determine the effects of
different growth conditions (field and growth chamber),
two pretreatments (cold and heat) and different media
compositions on androgenetic ability of the hybrids
(Akgiil et al. 2016). Anthers with late uninucleate-
microspores obtained from capitulums were used for
culture. Maximum callus induction rates were found to be
34.4% (when anthers cold pretreated for 24 hours) and
41% (when anthers heat pretreated at 35°C for 2 days) on
the medium including 0.5mg/l NAA. These results
suggested that factors such as genotype, growing
conditions of donor plant, pollen phase, pretreatments and
culture media compositions effected anther culture.

Dogan et al. (2016) who studied on microspore culture
of different hybrid sunflower cultivars claimed that
androgenic methods are used to obtain haploids such as
anther and microspore culture. In these methods, genetic
potential of cultivars is very important for a successful
culturing. Dogan et al. (2016) selected different hybrid
sunflower cultivars and evaluated their responses to
isolated microspore culture. The effects of different plant
growth regulators and media composition on androgenic
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microspore culture were studied in their study. As a result,
the authors claimed that further studies with isolation
method, different media compositions and culture
conditions will be necessary in order to develop an
efficient microspore isolation and culture technique in
sunflower.

Conclusion

In conclusion, when the above studies are examined,
it appears that several studies about in vitro sunflower
culture using different explants types in Turkey have been
published in last few decades. Anthers (Emiroglu et al.
1993, Dayan 2011, Kili¢ et al. 2016, Akgiil et al. 2016),
hypocotyls and cotyledons (Giirel 1994, Giirel & Kazan
1998, Ozyigit et al. 2002, Arda 2004, Ozyigit et al. 2007),
petioles of cotyledon and shoot-tips (Giirel & Kazan
1998), mature embryos (Ozyigit et al. 2006, Arda et al.
2012), immature embryos (Binboga Meral 2007a,
Dagiistii et al. 2010, Dagiistii et al. 2012), leaves, petioles
and immature cotyledons (Binboga Meral 2007b) and
microspores (Dogan et al. 2016) were used as an explant
in these studies.
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Bocek davranisi esas itibariyle, hayvan davranis
biliminin igerisinde bir ugrasi alam1 olmakla birlikte,
gizli kalmais, bir o kadar dikkat ¢ekici, merak uyandirici,
zaman zaman da itici olan bir bilim dalidir. Alanin
arastirmacilari elde ettikleri bulgular kitap formatinda
geng arastirmacilarin dikkatine sunmaktadir. Robert W.
Matthews ve Janice R. Matthews’in hazirladiklar
”Insect Behavior” isimli eser, bu tarz bir ¢alismanin
iriintidiir.

Ikinci basimi otuz yil sonra 2010 yilinda yapilan
eserde, yazarlar; “’Bocek davranisi bilimi su an
kanatlanip ug¢maktadir’” ifadesiyle yeni fikir ve
kuramlar ile tarihsel siiregteki seyrin kesistigini ifade
etmektedir.

Major davranis sistem fonksiyonlarimi konu alan bu
eser, bir ansiklopedi olmaktan ¢ok, temel davranis
konsept ve proseslerini karsilastirma ve degerlendirme
yapmak suretiyle okurlarma sunmaktadir. Gereksiz
alintilarla okurunu sikmayan, son derece yalin ve akici
bir dil islubu kullanilarak yazilmig eserde, davranis
calisan arastiricilara uygulanabildiginde etkin yanit
alman ve kazanimi olan bir beceri edindirme ilkesi
giidlilmiistiir.

Eserin ilk boliimiinde, bocek davraniginin kapsam ve
tarihgesi ele alinmig ve bu yoniiyle ilk boliim kitabin
biitiiniinii yansitmaktadir. ikinci boliimde, yarasalarin ve
gilivelerin ~ ekolokasyonlar1 ~ hakkindaki  bilgiler
grafiklerle agiklanmustir. Yarasa ve giivelerin “cat —and
mouse” olarak adlandirilan ikili av-aver iliskileri
davramis biyolojisi ve reseptor titresimleri ile etkin bir
bicimde anlatilmigtir. Yazarin yarasanin avlanma
rotasyonunu sematize ettigi doga fenomeninde renksiz
gorsellere yer vermesi ilgiyi azaltmaktadir. Zira
boylesine sira digi bir avlanma rotasyonunun renkli
gorsellerle izah1, okuyucunun esere olan ilgisini daha da
artiracaktir.

Yine, ikinci boliimde, larval dénemdeki 6grenme,
hafiza ve sartlanma davranisi islenirken, uyaricilardan
zengin bir ortamdaki hafiza ve 6grenme davranisi ve
avlanma esnasinda olusturulan ¢izgisel rotasyon, kitabin
ilgi cekici boliimleri arasinda yer almaktadir. Bacak
kinematigi, kaslarin agag1 ve yukar1 vurus hareketlerinin
milisaniye ~ boyutunda  Olglimii,  sinir  bazh
koordinasyonlar, davraniglarda noropil bdlgelerinin
6nemini vurgulamaktadir.

Balarilarimin  elektrik soku aldiklarinda, besin
kaynaklarindan uzaklagmasi ve on iki giin sonra bile
ciktiklart kovanlari hatirlayabilmeleri ~ bdcek
davraniglart bakimindan dikkat c¢ekicidir. Kumsal
esekarilart daha once kapattiklari yuvalarina hizli ve
kisa siireli bir sezis ile geri donebilmektedirler. Peki ama
bocekler tiim bu davraniglari nasil yapabiliyorlar?

Bu sorularin yaniti uzun yillar merak edilmis
olmakla birlikte yapilan g¢alismalarin sonuglar1 hala
belirsizliklerle doludur. Bdceklerde programlama
davraniglarina iligkin veriler, boceklerin diinyasini
aralamaya yardimci olmaktadir. Ornegin; bazi sinir
kanatli erkekleri Chrysoperla downesi her dem yesil
agaclarin dallar1 arasinda dinlenirken, abdomenlerini
agac dallarmin uglarina siirterek disileri cezbederler.
Siyah kemirici kurtlardan bazilarinin Agrotis ipsilon’in
97-113km/h hizla ugtuklar: kaydedilmistir. Cataglyphis
cinsi karincalarin, Biiylik Sahra ¢o6liinden gecerken,
yiizey sicakligmin 70°C (158°F) olmasi1 dolayisiyla
hizla kagistiklar1 gézlemlenmistir.

Yazar, kimyasal iletisim kisminda, toplanma,
kiimelenme, besin temini, es se¢imi gibi davraniglari alt
bagliklar halinde sunmus ve kimyasal iletisiminin
fonksiyonlarin1 kemosensor duyu sinirlerinin kurdugu
baglant1 yapilarin1 gostererek aciklamistir. Boceklerde,
kokunun alinimi, iletimi ve bu siiregte bocegin takip
ettigi kimyasal iz, dogrusal bir diizlemde Lasius cinsi
karmcalar iizerinde resmedilmistir. Eserin ilgi ¢ekici
yonlerinden birisi de gizemli yasam dongii ve
davranigina  sahip olan bdceklerin  kiimelenme
davraniginin  gerekgelerinin  biyofiziksel yasalarla
aciklanmaya calisilmis olmasidir. Bu yoniiyle genel
gecer bilgilerden ziyade, bocek davraniglarinin sira dist
yonlerine 151k tutulmaya ¢alisilmigtir.


mailto:hakan.bozdogan@ahievran.edu.tr

136

Eserin Hayatta Kalma Katalogu “Defence: A
Survival Catalogue” baslikli kisminda aktif ve pasif
mesajlardan: “‘Bu Iste Birlikteyiz, Diisiindiigiin Gibi
Degilim, Durumu Tersine Ceviriyorum, Aposematik
Savunma: Ben Tehlikeliyim, Mimikri: Ben Bagka
Biriyim, Sistemik Savunma: Zehirliyim, Ben Burada
Degilim’’ gibi alt basliklar son derece sira digi ve
okuyucuda merak uyandiracak gibi goriinmektedir.

Genel anlamda eserin dili sade, anlagilir, agiklayict
ve akicidir. Eserdeki davranig kurallar1 agiklanirken, ¢ok

H. Bozdogan

fazla kuramsal bilgi verilmeden, Orneklemeler
iizerinden gidilmesi, okuyucunun konuyu kavramasini
kolaylagtirmaktadir.  Eserin  kaynak¢a ya da
bibliyografik kiinyesi yeterlidir. 10 biiyiik konu bashg:
ve 514 sayfadan olusan Bocek Davranisi kitabi, basta
tim biyolojik bilimler dahil olmak {izere, lisans ve
lisansiistii 6grencilere temel diizeyde entomoloji ve
hayvan davranis1 Ogretileri sunmaktadir. Eser, bu
anlamda okuruna davranig edinimleri konusunda yeni
bir perspektif kazandiran temel bir bagvuru kaynagi
niteligindedir
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Trakya University Journal of Natural Sciences, her yil Haziran ve Aralik aylarinda olmak Ulzere yilda
iki sayI olarak cikar ve Biyoloji, Biyoteknoloji, Cevre Bilimleri, Biyokimya, Biyofizik, Su Uriinleri,
Ziraat, Veterinerlik, Ormancilik, Hayvancilik, Genetik, Gida, Temel Tip Bilimleri alanlarindaki
teorik ve deneysel makaleleri yayinlar. Dergide makaleler Tiirkce ve Ingilizce olarak yayinlanabilir.
Ancak, makale Ingilizce yazilmis ise Tiirkce 6zet, Tirkce yazilmis ise genis ingilizce dzet olmahdir. Ozet
kisminda kisaca giris, materyal ve metot, sonuglar ve tartisma baslklari yer almalidir. Dergide orijinal
calisma, arastirma notu, derleme, teknik not, editére mektup, kitap tanitimi yayinlanabilir. Makalelerin
basliklari Tirkce ve Ingilizce olarak yazilir. Dederlendiriimek {izere dergiye génderilen makalelerin
yaziminda ulusal ve uluslararasi gecerli etik kurallara uyularak arastirma ve yayin etigine dikkat edilmesi
gerekmektedir. Makalelerine konu olarak secilen deney hayvanlari igin etik kurul onayi alinmis olmali ve
makalenin sunumu esnasinda dergi sistemine ek dosya olarak eklenerek belgelendirilmelidir. Basilacak
eserlerin daha 6nce higbir yerde yayinlanmamis ve yayin haklarinin verilmemis olmasi gerekir. Dergide
yayinlanacak yazilarin her tarli sorumlulugu yazar(lar)ina aittir.

Makalelerin sunulmasi

Makaleler http://dergipark.gov.tr/trkjnat web adresi Uzerinden godnderilmelidir. Dergiye makale
gonderimi mutlaka online olarak yapiimalidir.

Makale gonderiminde daha o6nce Dergi Park sistemine giris yapmis olan kullanicilar, Gye girisinden
kullanici adi ve sifreleri ile giris yapabilirler.

Makale gonderiminde sisteme ilk kez giris yapacak ve makale gonderecek yazarlar "KAYIT” boliminden
giris yapacaklardir.

Yazarlar dergipark sistemine kaydolduktan sonra “YAZAR" boliminden girecek ve makaleyi sisteme,
ybnergelere uygun olarak ytkleyeceklerdir.

Eser hazirlama ilkeleri

Eserler, Yayin Komisyonu’na MS Word kelime islemcisiyle 12 punto blyutkligtindeki Times New
Roman tipi yazi karakteriyle ve 1,5 aralikli yazilmis olarak génderilecektir. iletisim bilgileri makalenin ilk
sayfasinda tek basina yazilacak, daha sonraki sayfada yazar isimleri ve iletisim bilgileri bulunmamalhdir.
Tim makale her sayfasi kendi arasinda satir numaralari icerecek sekilde numaralandirilacaktir. Makaleler,
15 basili sayfayr gecmemelidir. Yazar adlari yazilirken herhangi bir akademik unvan belirtiimemelidir.
Calisma herhangi bir kurumun destedi ile yapilmis ise, tesekkur kisminda kurumun; kisilerin destedini
almis ise kisilerin bu calismayi destekledigi yazilmalidir.

Makale asagidaki siraya gére diizenlenmelidir:

Baghk: Kisa ve acgiklayici olmali, blyuk harfle ve ortalanarak yazilmaldir. Tlrkge makalelerde ingilizce
Ozetin Gzerine Ingilizce baslik, Ingilizce makalelerde Tirkge 6zetin lizerine Tlrkge bashk yaziimalidir.

Yazarlar: Adlar kisaltmasiz, bashdin altina yan yana, soyadlar buylk harfle ortalanarak yazilmahdir.
Adres(ler) tam yazilmali, kisaltma kullanilmamalidir. Birden fazla yazarh galismalarda, yazismalarin hangi
yazarla yapilacagl yazar ismi alti gizilerek belirtilmeli (sorumlu yazar) ve yazisma yapilacak yazarin
adres ve e-posta adresi yazar isimlerinin hemen altina yazilmahdir.

Ozet ve Anahtar kelimeler: Tirkge ve Ingilizce 6zet 250 kelimeyi gegmemelidir. Ozetin altina kiiglik
harflerle anahtar kelimeler ibaresi yazilmali ve yanina anahtar kelimeler virgll konularak siralanmalidir.
Anahtar kelimeler, zorunlu olmadikca bashktakilerin tekrari olmamalidir. ingilizce 6zet koyu harflerle
“Abstract” sdzcligl ile baslamal ve Ingilizce baslik, Ingilizce 6zetin Ustiine biyiik harflerle ortalanarak
yazilmalidir. Makaledeki ana basliklar ve varsa alt basliklara numara verilmemelidir.

Giris: Calismanin amaci ve gegmiste yapilan calismalar bu kisimda belirtilmelidir. Makalelerde SI
(Systeme International) birimleri ve kisaltmalari kullaniimalidir. Diger kisaltmalar kullanildiginda, metinde
ilk gectigi yerde 1 kez agiklanmalidir.

Materyal ve Metod: Eder calisma deneysel ise kullanilan deneysel yéntemler detayll ve aciklayici bir
bicimde verilmelidir. Makalede kullanilan metod/metodlar, baskalari tarafindan tekrarlanabilecek sekilde
aciklayicr olmahdir. Fakat kullanilan deneysel yontem herkes tarafindan bilinen bir ydntem ise ayrintili


http://dergipark.gov.tr/trkjnat

142

aciklamaya gerek olmayip sadece yontemin adi verilmeli veya yontemin ilk kullanildidi calismaya atif
yapilmahdir.

Sonuglar: Bu bolimde elde edilen sonuclar verilmeli, yorum yapilmamalidir. Sonuglar gerekirse tablo,
sekil ve grafiklerle de desteklenerek aciklanabilir.

Tartisma: Sonuglar mutlaka tartisiimalh fakat gereksiz  tekrarlardan kacinilmalidir. Bu
kisimda, literatar bilgileri vermekten cok, calismanin sonuglarina yogunlasmali, sonuglarin daha once
yapillmis arastirmalarla benzerlik ve farkhliklari verilmeli, bunlarin muhtemel nedenleri tartisiimalidir. Bu
bolimde, elde edilen sonuglarin bilime katkisi ve 6nemine de mimkuin oldugu kadar yer verilmelidir.

Tesekkiir: MUmkin oldugunca kisa olmaldir. Tesekkir, genellikle calismaya maddi destek sadlayan
kurumlara, kisilere veya makale yayina gonderilmeden Once inceleyip Onerilerde bulunan uzmanlara
yapilir. Tesekkir bolimU kaynaklardan énce ve ayri bir baslk altinda yapilr.

Kaynaklar: Yayinlanmamis bilgiler kaynak olarak verilmemelidir (Yayinlanmamis kaynaklara érnekler:
Hazirlanmakta olan veya yayina gbnderilen makaleler, yayinlanmamis bilgiler veya gbzlemler, kisilerle
goérislilerek elde edilen bilgiler, raporlar, ders notlari, seminerler gibi). Ancak, tamamlanmis ve jlriden
gecmis tezler ve DOI numarasi olan makaleler kaynak olarak verilebilir. Kaynaklar, makale sonunda
alfabetik sirada (yazarlarin soyadlarina gére) sira numarasi ile belirtilerek verilmelidir.

Makale ve kitaplarin referans olarak verilis sekilleri asagidaki gibidir:

Makale: Yazarin soyadi, adinin bas harfi, basildigi yil. Makalenin bashdi, derginin adi, cilt numarasi, sayl,
sayfa numarasi. Dergi adi italik yazilir.

Ornek:
Tek yazarl Makale igin

Soyadi, A. Yil. Makalenin adi. (Soézclklerin ilk harfi kiguk). Yayinlandigi derginin agik ve tam adi,
Cilt(Sayi): Sayfa araligi.

Kivan, M. 1998. Eurygaster integriceps Put. (Heteroptera: Scuteleridae)’nin yumurta parazitoiti Trissolcus
semistriatus Nees (Hymenoptera: Scelionidae)'un biyolojisi Ulzerinde arastirmalar. Tirkiye Entomoloji
Dergisi, 22(4): 243-257.

Iki ya da daha ok yazarli makale icin

Soyadil, Al. & Soyadi2, A2. Yil. Makalenin adi. (Sozcuklerin ilk harfi kliclk). Yayinlandigi derginin tam
adi, Cilt(Say1): Sayfa araligi.

Lodos, N. & Onder, F. 1979. Controbution to the study on the Turkish Pentatomoidea (Heteroptera) IV.
Family: Acanthasomatidae Stal 1864. Tlirkiye Bitki Koruma Dergisi, 3(3): 139-160.

Soyadil, Al., Soyadi2, A2. & Soyadi3, A3. Yil. Makalenin adi. (Sozclklerin ilk harfi kliglk). Yayinlandigi
derginin tam adi, Cilt (Sayi): Sayfa araligi.

Onder, F., Unal, A. & Unal, E. 1981. Heteroptera fauna collected by light traps in some districts of
Northwestern part of Anatolia. Tirkiye Bitki Koruma Dergisi, 5(3): 151-169.

Kitap: Yazarin soyadi, adinin bas harfi, basildigi yil. Kitabin adi (varsa derleyen veya ceviren ya da
edit6r), cilt numarasi, baski numarasi, basimevi, basildigi sehir,toplam sayfa sayisi.

Ornek:

Soyadi, A., Yil. Kitabin adi. (Sézcuklerin ilk harfi blylk, italik). Basimevi, basildidi sehir, toplam sayfa
sayisl s./pp.

Onder F., Karsavuran, Y., Tezcan, S. & Fent, M. 2006. Tirkiye Heteroptera (Insecta) Katalogu. Meta
Basim Matbaacilik, Izmir, 164 s.

Lodos, N., Onder, F., Pehlivan, E., Atalay, R., Erkin, E., Karsavuran, Y., Tezcan, S. & Aksoy, S. 1999,
Faunistic Studies on Lygaeidae (Heteroptera) of Western Black Sea, Central Anatolia and Mediterranean
Regions of Turkey. Ege University, Izmir, ix + 58 pp.

Kitapta Boliim: Yazarin soyadi, adinin bas harfi basildidi yil. Bolim adi, sayfa numaralari. Parantez
icinde: Kitabin editori/editorleri, kitabin adi, yayinlayan sirket veya kurum, yayinlandigi yer, toplam
sayfa sayisl.

Ornek:

Soyadi, A., Yil. Bélum adi, sayfa aralidi. In: (editor/editorler). Kitabin adi. (So6zclklerin ilk harfi blyk,
italik). Basimevi, basildigi sehir, toplam sayfa sayisi s./pp.
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Jansson, A. 1995. Family Corixidae Leach, 1815—The water boatmen. Pp. 26-56. In: Aukema, B. &
Rieger, Ch. (eds) Catalogue of the Heteroptera of the Palaearctic Region. Vol. 1. Enicocephalomorpha,
Dipsocoromorpha, Nepomorpha, Gerromorpha and Leptopodomorpha. The Netherlands Entomological
Society, Amsterdam, xxvi + 222 pp.

Kongre, Sempozyum: Yazarlar, Yil. “Bildirinin adi (So6zcuklerin ilk harfi kiguk), sayfa arahgi”.
Kongre/Sempozyum Adi (Tarihi (gun araligi ve ay), Toplanti Yeri) Bildirileri, (varsa) Yayinlayan Kurum,
toplam sayfa sayisi s./pp.

Ornek:

Onder, F., Karsavuran, Y., Pehlivan, E. & Turanli, F. 1995. Giineydogu Anadolu Projesi (GAP) uygulama
alaninda saptanan Pentatomoidea (Heteroptera) turleriyle ilgili bir dederlendirme. GAP Bolgesi Bitki
Koruma Sorunlari ve C6zim Onerileri Sempozyumu, 27-29 Nisan, Sanhurfa, 120-130.

Internet: Eger bir bilgi herhangi bir internet sayfasindan alinmis ise (internetten alinan ve dergilerde
yayinlanan makaleler harig), kaynaklar bdlimine internet sitesinin ismi tam olarak yazilmali, siteye
erisim tarihi verilmelidir.

Soyadi, A., Yil. Calismanin adi. (Sozclklerin ilk harfi kiigiik). (web sayfasi) http://www...... ). (Erisim
tarihi: Mayis 2009).

Hatch, S., 2001. Studentsperception of online education. Multimedia CBT
Systems. http://www.scu.edu.au/schools/sawd/moconf/papers2001/hatch.pdf (Erisim: May 2009).

Kaynaklara metin iginde numara verilmemeli ve asadidaki 6rneklerde oldugu gibi belirtiimelidir.

Ornekler:

... X maddesi atmosferde kirlilige neden olmaktadir (Landen 2002). Landen (2002) x maddesinin
atmosferde kirlilige neden oldugunu belirtmistir. iki yazarli bir calisma kaynak olarak verilecekse,
(Landen ve Bruce 2002) veya Landen ve Bruce (2002)'ye gore. ... seklinde olmustur; diye verilmelidir.
Uc veya daha fazla yazar séz konusu ise, (Landen ve ark. 2002) veya Landen ve ark. (2002)ye
gore .... oldugu gosterilmistir; diye yazilmahdir.

Dipnotlar: Calisma daha o6nce bir kongrede sunulmussa, bunlar ilk sayfanin altinda dipnot olarak
verilmeli.

Grafik ve Tablolar: Tablo disinda kalan fotograf, resim, cizim ve grafik gibi gostermeler “Sekil® olarak
verilmelidir. Resim, sekil ve grafikler, net ve ofset baski teknigine uygun olmalidir. Her tablo ve seklin
metin igindeki yerlerine konmalidir. Tum tablo ve sekiller makale boyunca sirayla numaralandiriimah
(Tablo 1., Sekil. 1), baslik ve acgiklamalar igermelidir. Sekillerin sira numaralari ve basliklari, alta,
tablolarin ki ise Ustlerine yazilir.

Sekiller (tablo disinda kalan fotograf, resim, gizim ve grafik gibi) tek tek dosyalar halinde en az 300
dpi ¢ozinurlikte ve tif dosyasi olarak sekil numaralari dosya isminde belirtilmis sekilde ayrica sisteme
ek dosya olarak ytklenmelidir.

Sunulan makaleler, dncelikle Dergi Yayin Kurulu tarafindan 6én incelemeye tabii tutulur. Dergi Yayin
Kurulu, yayinlanabilecek nitelikte bulmadig: veya yazim kurallarina uygun hazirlanmayan
makaleleri hakemlere godndermeden red karari verme hakkina sahiptir. Dederlendirmeye
alinabilecek olan makaleler, incelenmek Ulzere iki ayri hakeme goénderilir. Dergi Yayin Kurulu, hakem
raporlarini dikkate alarak makalelerin yayinlanmak tizere kabul edilip edilmemesine karar verir.

Editor : Dog. Dr. Kadri KIRAN

Trakya Universitesi
Fen Bilimleri Enstitiisii
Balkan Yerleskesi
22030 - EDIRNE

Tel :0284 2358230
Fax : 0284 2358237
e-mail : tujns@trakya.edu.tr
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Author Guidelines
Trakya University Journal of Natural Sciences

(Trakya Univ J Nat Sci)

Trakya University Journal of Natural Sciences, is published twice a year in June and in December
and includes theoretical and experimental articles in the field of Biology, Biotechnology,
Environmental Sciences, Biochemistry, Biophysics, Fisheries Sciences, Agriculture, Veterinary
and Animal Sciences, Forestry, Genetics, Food Sciences and Basic Medicine Sciences. Articles in
the journal can be published either in Turkish or English. On the other hand, if an article is written in
English, it should include an abstract in Turkish, and if written in Turkish, it should include a detailed
abstract written in English. Abstracts should include an introduction, material and methods, results and
discussion sections in summary. Original studies, research notes, reviews, technical note, letters to the
Editor and book reviews can be published in the journal. Heading of the articles should be written both in
English and Turkish. The authors should pay attention to research and publication ethics in preparation of
their manuscripts before submission by considering national and international valid ethics. An approval of
Ethics and Animal Welfare Committee is mandatory for submissions based on experimental animals and
this approval should be provided during submission of the manuscripts. Articles which have not been
published elsewhere previously and whose copyright has not been given to anywhere else should be
submitted. All responsibilities related to published articles in Trakya University Journal of Natural
Sciences belong to the authors.

Submitting articles

Articles should be submitted on the web through http://dergipark.gov.tr/trkjnat and all submissions
should be performed online.

Authors, who are already a member of the DergiPark system, can enter in the login section using their
“user name” and “password" to submit their articles.

Authors entering the DergiPark system for the first time to submit an article will enter in the
“"REGISTER" section to submit their articles.

Article preparation rules

Articles should be submitted to the Journal using MS Word preparing 12 points Times New Roman
font and 1.5 raw spacing. Author names and contact info must be in first page, article must continue in
second page without author names and contact info. Whole article should have numbered with line
number restarting each page. Articles should not exceed 15 pages. The author's name must not be
specified any academic titles. If studies supported by a foundation, this support should have been written
in the acknowledgement section.

Articles should be arranged as below:
Title: Should be short and explanatory and written in capital letters and centered.

Authors: The name(s) of the author(s) should not be abbreviated and must be written under the title
one by one, with surnames in capital letters. Address(es) should be written in full. Corresponding authors
in multiple authored submissions should be indicated, and the address and e-mail of the corresponding
author should be written just under the author(s) list.

”

Abstract and keywords: Turkish and English abstracts should not exceed 250 words. “Keywords
should be written under the abstract in small letters and all keywords should be written using a comma
after all. Keywords should not be replica of the title words, if it is not obligatory. Abstract should begin
“Abstract” word from the left side of the page, and if the article is written in Turkish, the English title
should be written above the English Abstract. The main and sub headers (if present) should not be
numbered.

Introduction: The aim of the submitted and history of the previous studies should be indicated in this
section. SI (Systeme International) system and abbreviation should be used in the article. Other
abbreviations- should be explained once in their first appearance in the text.

Material and Method: If the submitted study is experimental, methods of the experiments should be
given in detail. The method(s) used in the article should be descriptive for others to repeat. If a widely
known experimental method is used, the method does not need to be explained in detail. In this
situation, indicating only the name of the experimental method or citing the study who used the method
for the first time will be enough.
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Results: Obtained results should be given in this section without any comment. Results can be explained
with tables, figures or graphics, if necessary.

Discussion: Results must be discussed, but unnecessary duplications should be avoided. In this section,
rather than giving literature data, authors should focus on their results considering similarities and
differences with and between previously conducted researches, and should discuss possible reasons of
similarities and differences. The contribution to science and importance of the obtained results should
also be mentioned as much as possible in this section.

Acknowledgements: Should be as short as possible. Thanks are usually made to institutions or
individuals who support the study or to experts who reviewed the article before submitting to the journal.
Acknowledgement section should be given before the references section in a separate header.

References: Unpublished information should not be given as a reference (examples of unpublished
references: articles in preparation or submitted somewhere, unpublished data or observations, data
obtained based on interviews with individuals, reports, lecture notes, seminars, etc.). However, thesis
completed and signed by a jury and articles with DOI numbers given can be used as reference.
References should be given at the end of the text, sorted alphabetically by author’s surname and should
be given with numbering.

Articles and books as a reference forms are as follows:

Articles: Surname of author, first letter of author’s first name, publication year, article title, the name of
the journal, volume, issue, page numbers. Journal name is written in italics.

Example:

Articles with single author

Surname, N. Year. Article title (First letter of all words small). Whole name of journal, Volume
(Issue): page range.

Kivan, M. 1998. Eurygaster integriceps Put. (Heteroptera: Scuteleridae)’nin yumurta parazitoiti Trissolcus
semistriatus Nees (Hymenoptera: Scelionidae)’'un biyolojisi lizerinde arastirmalar. Tirkiye Entomoloji
Dergisi, 22(4): 243-257.

Articles with two or more authors

Surnamel, N1. & Surname2, N2. Year. Article title (first letter of all words small). Whole name of
journal, Volume (Issue): page range.

Lodos, N. & Onder, F. 1979. Contribution to the study on the Turkish Pentatomoidea (Heteroptera) IV.
Family: Acanthasomatidae Stal 1864. Tlirkiye Bitki Koruma Dergisi, 3(3): 139-160.

Surnamel, N1., Surname2, N2. & Surname3, N. Year. Article title (First letter of words small). Whole
name of journal, Volume (Issue): page range.

Onder, F., Unal, A. & Unal, E. 1981. Heteroptera fauna collected by light traps in some districts of north
western part of Anatolia. Tirkiye Bitki Koruma Dergisi, 5(3): 151-169.

Book: Surname of author, first letter of author’s first name, Year. Book title (name of translator or book
editor if present), volume, edition number, press, city, page number.
Example:

Surname, N. Year. Book Title (First letter of words small and italic), volume, edition number, press, city,
page number.

Onder, F., Karsavuran, Y., Tezcan S. & Fent, M. 2006. Tirkiye Heteroptera (Insecta) Katalogu. Meta
Basim Matbaacilik, Izmir, 164 s.

Lodos, N., Onder, F., Pehlivan, E., Atalay, R., Erkin, E., Karsavuran, Y., Tezcan, S. & Aksoy, S. 1999,
Faunistic studies on Lygaeidae (Heteroptera) of Western Black Sea, Central Anatolia and Mediterrannean
Regions of Turkey. Ege University, Izmir, ix + 58 pp.

Book Section: Surname of author, first letter of the author’s first name, Year. Section name, page
range. In: (Editor of Book, Book title, press, city, page number).
Example:

Surname, N. Year. Section name, page range. In: (Editor of Book, Book title (First letter of words small
and italic), press, city, page number)
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Jansson, A. 1995. Family Corixidae Leach, 1815—The water boatmen. Pp. 26-56. In: Aukema, B. &
Rieger, Ch. (eds) Catalogue of the Heteroptera of the Palaearctic Region. Vol. 1. Enicocephalomorpha,
Dipsocoromorpha, Nepomorpha, Gerromorphaand Leptopodomorpha. The Netherlands Entomological
Society, Amsterdam, xxvi + 222 pp.

Congress, Symposium: Surname, N. Year. “Presentation title (first letters of all words small), page
range”. Name of Congress/Symposium (Date -day range and month, place), page number.

Example:

Onder, F., Karsavuran, Y., Pehlivan E. & Turanl, F. 1995. Giineydodu Anadolu Projesi (GAP) uygulama
alaninda saptanan Pentatomoidea (Heteroptera) turleriyle ilgili bir dedgerlendirme. GAP Bdlgesi Bitki
Koruma Sorunlari ve C6ziim Onerileri Sempozyumu, 27-29 Nisan, Sanhurfa, 120-130.

Internet: If any information is taken from an internet source (articles published in journals and taken
from internet excluded), internet address should be written in full in references section and access date
should be indicated.

Surname, N. Year. Name of study (First letter of words small). (Web page: http://www...... ). (Date
accessed: May 2009).

Hatch, S. 2001. Student sperception of online education. Multimedia CBT
Systems. http://www.scu.edu.au/schools/sawd/moconf/papers2001/hatch.pdf (Date  accessed: May
2009).

References within the text should not be numbered and indicated as in the following examples.
Examples:

... atmospheric pollution is causing by x matter (Landen 2002). If an article has two authors, it should be
indicated in the text as (Landen and Bruce 2002) or ... according to Landen and Bruce (2002) .... If there
are three or more authors, references should be indicated as (Landen et al. 2002) or according to Landen
et al. 2002 ...

Footnotes: If the study was represented in a congress before, this should be indicated as a footnote
below the first page.

Graphics and tables: All photos, pictures, drawings and graphics except tables should be indicated as
Figures. Pictures, figures and graphics should be clear and ready to print with offset technique. The
places of all tables and figures should be indicated in the text. All tables and figures should be humbered
within the text respectively (Table 1, Fig. 1). Figure numbers and legends are written below the figures,
table numbers and legends are written above the tables.

All figures (all pictures, drawings and graphics except table) should also be uploaded to the system
separately with 300dpi resolution at least as .tif file using the figure numbers in the files name.

Submitted articles are subjected to prior review by the Editorial Board. Editorial Board has the right to
reject the articles which are considered of low quality for publish or those which are insufficiently
prepared according to the author guidelines. The articles accepted for consideration for evaluation will be
sent to two different referees. Editorial Board decides to accept or reject the submissions for publication
by taking into account the reports of referees.

Editor : Dr. Kadri KIRAN

Trakya Universitesi

Fen Bilimleri Enstitlisi
Balkan Yerlegkesi

22030 - EDIRNE-TURKEY

Phone : +90 284 235 82 30
Fax : +90 284 235 82 37

e-mail : tujns@trakya.edu.tr
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