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Fish species diversity and abundance of Gubi Dam, Bauchi State of Nigeria
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1.2 Department of Fisheries & Aquaculture, University of Agriculture, P.M.B. 2373 Makurdi, Nigeria
3 Department of Fisheries Technology Abubakar Tatari Polytechnic Bauchi, Nigeria

Abstract

This study investigated the fish species diversity and abundance of Gubi dam in Bauchi State, Nigeria. The fish
fauna of Gubi Dam was assessed using the fisheries dependent method to evaluate fish species composition. The dam
had a total of 18 species of fish belonging to six families. Diversity indices estimated include Shannon’s diversity index
(H’) with a monthly range of 1.811 to 2.366, Simpson’s index (D); 0.130 to 0.313, Species heterogeneity (1 — D) index
ranging from 0.687 to 0.870, species richness index (d); 2.003 to 2.371, and equitability index (J) ranging from 0.639 to
0.833. The most abundant family was Cichlidae (61.51%) with the species S. galilaeus being the most abundant
(34.88%) while the family Mochokidae was least abundant (1.45%) and is represented by only one species. There is a
low Species richness index in the dam. Species equitability index across the sites as well as months reveals an even
distribution of species. There is great sample diversity from Gubi dam since 1 — D is close to 1 for the months studied.
Anthropogenic activities are prominent on the lake and this can affect species diversity. Management measures are
encouraged.

Key words: fish, diversity, abundance, heterogeneity, Gubi dam
1. Introduction

Alfred-Ockiya and Otobo (1990) reported 22 families of fish in Ofonitorebuo Lake of the Nigerian Delta.
These include the common species that occur in the Niger and Benue rivers. They reported over eighty species
representing 43 genera namely: Cichlidae (24.7%), Characidae (18.7%) and Claridae (11.4%).

C. nigrodigitatus is reported to be found more commonly in rivers than in swamps and juveniles of 80 —
120mm length are fairly common in commercial catches in November and December (Risch 1986). Nelson (2006)
reported that Auchenoglanis occidentalis is fairly common between October and December especially in swamps and
rivers. Daget (1984) documented that Distichodus rostratus is common along the grassy bank of rivers and swamps in
the dry season when the water level is below the grass.

Ezealor (2002) reported that fish species in Lake Chad exhibit a wide distribution within the lake and its
tributaries with species including: Lates niloticus, Synodontis schall, Labeo senegalensis, Distichodus rostratus,
Hydrcoynus forkalii and Schilbe mystus. Changes in the Lakes water levels and quality as a result of drought affect the
fish fauna especially as evidenced in the northern Nigeria 1972-75 drought (Benech et al. 1983 and Dumont 1992).
During those years, decaying vegetations caused de-oxygenation of waters and local fish mortalities, the north basin
isolated from the rest of the lake suffered large mortalities due to fishing pressure and degraded environmental
conditions in the waters that remained in the lake basin (Benech et al. 1983).

According to Benech (1992), local extinctions occurred in the Lake Chad for fish species such as Heterotis
niloticus and Hydrocynus brevis and only “marshy” species were favoured by natural selection to adapt and survive in
the harsh environments with dominant species including: Protopterus annectens, Polypterus senegalus, Oreochromis
niloticus, Oreochromis aureus, Sarotherodon galilaeus, Brienomyrus niger and Clarias spp. The species inhabiting any
habitat differ in relative abundance with a few species being encountered more commonly than others (Colwell, 2009).

Nigeria has over 12.5 million hectares of water reservoirs, lakes, ponds and rivers capable of providing over
980,000 million metric tons of fish annually (Ita 1985). Gubi dam is one of such numerous reservoirs in the country not
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primarily constructed for fisheries purposes, but could serve as a potential water body for fish production. The dam was
constructed without pre-impoundment studies of fisheries resources. Adeyemi, (2010) reported the economic value of
the pollution control measures of the water treatment plant on the dam and concluded that the total benefit of the effects
of pollution control in perpetuity is N399,767,698.20 ($2,514,262.25). Therefore, this study is to determine fish species
of Gubi dam in Ganjuwa Local Government Area of Bauchi State, Nigeria.

2. Materials and methods
2.1 Study area

The Gubi dam (total surface area 179 km?) which was created from the damming of four converging rivers
(Gubi, Makaranta, Ran and Tagwaye) is located at Piro, a village about 12 km North-East of Bauchi metropolis and 8
km off Bauchi - Maiduguri road for the primary purpose of providing potable and palatable water to Bauchi and its
environs (Ezra and Nwankwo, 2001). The dam (Figure 1) lies within the boundary of longtitude 10° 25°N to 10° 26’N
and latituide 9° 51” E to 9° 52°E (Wufem et al. 2009).
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Figure 1. Gubi Dam with its four feeding rivers
2.2 Sampling sites

Six sites were identified and marked: the south- western basin- Tamunari (S:), the Southern basin- Kumi (S,),
the Northern basin- Lara kana (Ss), Bayala and Kwarin Kira (S4) from the north east, Kwari (Ss) also known as Kwata
from the east and Yashi (Se) from the western end.

2.3 Fish sampling

The fish fauna of Gubi Dam was assessed using catches obtained from local fishermen operating at the Dam.
Sampling sites were visited weekly and on each visit, six fishermen were randomly selected and fish from their catch
were examined in their fresh state and immediately identified using identification key by Olaosebikan and Raji (1998).
Gears used during the 4 months period (July 2011 to October 2011) were cast net, gill net, clap nets and some local
fishing traps. On every sampling day, species landed were examined, identified and counted.

The fisheries dependent method was used to evaluate species composition of Gubi dam because it is the most
commonly used method to evaluate the status of fisheries following Cheung et al, (2007), Hillborn (2007); Newton et al
(2007) and Pauly, (2007).

2.4 Estimation of species abundance and diversity

a). Margalef’s Diversity Index (d): This was estimated using the formula as reported by Clifford and
Stephenson (1975) to measure the diversity in the community structure:

(3-1)
~ N

Where:

d = Species richness index

S = Number of species in a population

Gabriel Arome ATAGUBA et al., Fish species diversity and abundance of Gubi Dam, Bauchi State of Nigeria
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N = Total number of individuals in S species

b). Shannon-Wiener diversity index (H”): This measures faunal diversity and gives the degree of uncertainty
involved in predicting the species identified from randomly selected individuals. It was calculated using the following
equation as given by Magurran (2004):

w= =) [() < ()]

Where

ni = number of individuals or amount of each species (the i" species)

N = total number of individuals for the site

¢). Simpson’s Index (D): is a measure of dominance and was calculated using the formula of Simpson (1949):

m:(m; — 1
D= Z i [y 3

NiN-1)
Where:

ni = number of individuals or amount of each species (i.e., the number of individuals of the i species) and
N = total number of individuals for the site.

This was then transformed into a measure of species heterogeneity using the complement of D as

recommended by Lande (1996):1 -D

d). Species Equitability or evenness Index (J): refers to the degree of relative dominance of each species in
the dam. It was calculated according to Pielou (1966) as:
Hr
Y:

3. Results

3.1 Percentage abundance

Summary of the fish species observed between the month of July and October 2011 is presented in Table 1.
Details of fish species abundance shows that Sarotherodon galilaeus was most abundant while Micralestes acutidens
was least abundant. Table 2 on the other hand, shows the distribution of the species and families from the various sites
investigated. In terms of monthly abundance (Table 1), Tilapia zilli was most abundant in July and August while M.
acutidens and Leptocypris niloticus were least abundant. In September, S. galilaeus was most abundant while M.
acutidens was least abundant. In October, S. galilaesus was most abundant while M. acutidens was the least abundant.

Table 1. Monthly catch composition of fish families and species of Gubi Dam by number and percentage

Family Species July  |August Sept  |Oct Total % Family %
Mormyridae  |Mormyrops anguilloides 30 |38 21 46 135 1.75
Campylomormyrus tamandua 10 24 26 18 78 1.01 379
Mormyrus rume 18 11 31 20 80 1.04
Alestidae Alestes dentex 96  |110 88 163 457 5.92
Brycinus nurse 59 32 64 67 222 2.87 12.71
Brycinus brevis 34 38 49 30 151 1.95
Alestes macrophthalmus 25 46 43 23 137 1.77
Micralestes acutidens 5 0 10 0 15 0.19
Claridae Clarias gariepinus 66 |84 98 130 378 4.89
Heterobranchus longifilis 33 103 113 81 330 4.27 016
Mochokidae  |synodontis violaceus 25 |15 30 42 112 145 145
Cyprinidae Labeo senegalensis 52 88 54 115 309 4.00
Barbus byni 30 66 48 86 230 2.98 11.38
Labeo coubie 81 72 85 84 322 4.17
Leptocypris niloticus 6 0 8 4 18 0.23
Cichlidae Tilapia zilli 313|416 406|123 1258 |16.28
Oreochromis niloticus 162  [186 119 332 799 10.34 o151
Sarotherodon galilaeus 254  |362 498 1581 2695 34.88

S. galilaeus was most abundant in all the sites showing the prolific nature of tilapia while M. acutidens and Leptocypris
niloticus were the least abundant across the sites.

Gabriel Arome ATAGUBA et al., Fish species diversity and abundance of Gubi Dam, Bauchi State of Nigeria
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Table 2. Catch composition of fish families and species of Gubi Dam at the various stations

Family Species S1 S2 S3 S4 S5 S6 Total
Mormyridae  |M. anguilloides 23 34 13 18 22 25 135
C. tamandua 13 0 18 20 15 12 78
M. rume 14 9 16 17 11 13 80
Alestidae A. dentex 101 112 78 65 26 75 457
B. nurse 45 32 12 26 55 52 222
B. brevis 31 23 18 34 17 28 151
A. macrophthalmus 26 25 23 12 21 30 137
M. acutidens 4 0 5 2 4 0 15
Claridae C. gariepinus 65 78 29 65 58 83 378
H. longifilis 46 78 45 57 81 23 330
Mochokidae |S. violaceus 34 12 18 17 14 17 112
Cyprinidae L. senegalensis 56 48 54 62 51 38 309
B. byni 23 34 43 36 57 37 230
L. coubie 56 76 83 26 22 59 322
L. niloticus 4 8 0 0 0 6 18
Cichlidae T. zZilli 231 143 352 182 228 122 1258
O. niloticus 146 105 95 69 201 183 799
S. galilaeus 476 523 368 342 484 502 2695
3.2 Diversity

Table 3 shows the monthly fish species diversity indices of Gubi Dam for the months studied. The monthly
trend of the Shannon-Weiner index for the dam can be depicted as July > September > August > October. The
maximum (2.366) value of fish species diversity was recorded in July whereas the minimum (1.811) was observed for
October. Dominance was in the order October > September >August > July. The species richness index ranged from
2.003 (October) to 2.371 (July). The Equitability or evenness index was highest in August (0.833) and least (0.639) in
October. Species heterogeneity was in the order July > August > September > October.

Table 3. Monthly diversity indices of fish species of Gubi Dam

Months Diversity Indices
)
[+
3 g 2
Q = = > 'S
oy ° —_ T = 2~ =
o | = 2 8% | 54 52 §Q -
5|5 258 |55 | £3 23 28"
g | g 82 |g3% | §E S E FEo
July 18 1299 2.371 2.366 0.818 0.130 0.870
August 16 1691 2.018 2.309 0.833 0.137 0.863
September 18 1791 2.270 2.314 0.800 0.149 0.851
October 17 2945 2.003 1.811 0.639 0.313 0.687

The trend of Shannon-Weiner index for stations on the dam (Table 4) can be depicted as S4 > S; > Sg> S; > S3
> Ss. The maximum value (2.269) of fish species diversity was recorded in Ss whereas the minimum (2.113) was
observed for Ss. Dominance was in the order S, = Sg > Ss > S3> S; > S4. The species richness index ranged from 2.083
(S2) to 2.348 (S1). The Equitability or evenness index was highest in S4(0.801) and least (0.746) in Ss. Species
heterogeneity was in the order S4 > S;1 > S3> S5 > S, = Ss.

3.3 Relative Abundance
The species abundance data was plotted as a rank abundance curve following Whittaker (1965). Each species is

represented by a point on the line graph proportional to its abundance. Figure 2 shows the rank abundance plot. The
long tail depicts rarer species being more in the community.

Gabriel Arome ATAGUBA et al., Fish species diversity and abundance of Gubi Dam, Bauchi State of Nigeria
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In order to deal with the skewed nature of the rank abundance plot, the species abundance were transformed
using Preston’s (1948) method to give a log-normal distribution of species abundance (Figure 3).

Table 4. Diversity indices of fish species at various stations of Gubi Dam

Diversity Indices
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Figure 2. Rank-abundance curve for the fish community of Gubi Dam
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Figure 3. Log abundance plot of fish species in Gubi Dam

4, Conclusions and discussion

4.1 Species abundance

The six (6) families consisting of twelve (12) genera and eighteen (18) species observed during this study
within the period of four months shows that the Gubi dam is rich in ichthyo-fauna when compared to the 4 fish families
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consisting of five (5) species identified by Lamai and Kolo (2003) in the Dan-Zaria dam within the same ecological
zone. Three species were recorded for the genus Synodontis alone in Onah Lake, Nigeria by Olele et al., (2008) whereas
only one species, S. violaceus was recorded in this report for Gubi dam.

Tilapia (Cichlidae) which is little in size compared to other families like Clariidae and Mormyridae constituted
61.51% of total fish caught in Gubi dam. The dominance of S. galilaeus in this study and the low population of species
like H. longifilis, C. gariepinus and M. rume may be due to the fact that in fisheries, aggressive and competitively
dominant fish are often the first to be over fished and are often in the habit of preventing subordinate fishes from taking
baits as observed by Mcclanahan et al (2010). The dominance of Tilapia may also be connected to its prolific
reproductive nature which allows it to populate water bodies especially where the population of aggressive and
carnivorous species that could control its population has declined.

4.2 Species diversity

The Shannon-wiener index (H”) for the fish species from Gubi dam within the period of study were within the
range of 1.5 to 3.5 as posited by Magurran (2004). The values obtained here are higher than those reported by Offem et
al. (2011) for fish of the Ikwori Lake in South-Eastern Nigeria in the rainy season and also for three areas along the
Anambra River as reported by Odo et al. (2009). Also, Emmanuel and Modupe (2010) reported values of H’ ranging
from 1.869 to 2.015 in three tributaries of River Ore which are lower than those reported in this study. The difference
can be attributed to disparity in ecological zones. The values for H’ both monthly and by station indicates a good spread
of species diversity in Gubi dam.

The Species heterogeneity index (1 — D), reported for the sites and months for Gubi dam compare favourably
with those reported for Igbesa and Iba tributaries of River Ore by Emmanuel and Modupe (2010). There is great
diversity from Gubi dam since 1 — D is close to 1. There is also a greater diversity in Gubi dam than Lakes Oguta,
Oyan, Dadin Kowa, Tiga, Asa and Opi as reported by Yem et al. (2011). According to Colwell (2009), H and 1 — D
will not rank communities in the same manner but will increase as richness increases, given a pattern of evenness, and
rises as evenness increases, given a particular richness.

The species richness index (d) of Gubi dam is lower than those reported for three tributaries of the Anambra
River by Odo et al. (2009). This is attributable to the difference in number of species encountered hence Anambra river
is richer in species than Gubi dam. This measure is however not sensitive to environmental disturbance hence, it cannot
be absolutely concluded that this value differs for both areas which are in different ecological zones.

Species equitability index across the sites as well as months reveals that the distribution of species or fish
population is even since the values are close to 1. The values are also close to those reported by Emmanuel and
Modupe, (2011) for River Ore but greater than those reported for the Anambra River by Odo et al., (2009).

The rank of abundance shows that S. galilaeus, T. zilli, and O. niloticus were highest while C. tamandua,
Leptocypris niloticus and M. acutidens were the least in ranking. The log-normal plot normalized the spread of the fish
population as propounded by Magurran (2004) hence the normal shape of the curve.

Conclusively, anthropogenic activities such as sand mining, logging and waste disposal into the water was
observed in all the sites studied. These have negative impacts on the quality of the water as well as fish faunal diversity.
Poor management of the fishery resources in Gubi Dam ought to be addressed in order to make the dam produce fish
sustainably and to ensure that fish species continue to exist in the dam..
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Appendix

a. Alestes brevis b. Alestes dentex c. Alestes macrophthalmus d. Barbus bynii e. Brycinus nurse
f. Clarias gariepinus g. Campylomormyrus tamandua h. Heterobranchus longifilis
i. Labeo coubie j. Leptocypris niloticus
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k. Labeo senegalensis I. Micralestes acutidens m. Mormyrops anguilloides n. Mormyrus rume
0. Oreochromis niloticus p. Sarotherodon galilaeus g. Synodontis violaceus
r. Tilapia zilli

(Received for publication 23 September 2013; The date of publication 15 August 2014)
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Abstract

The genus Convolvulus, which is represented with 33 species (36 taxa) in the Flora of Turkey, was evaluated to be
comprised of 39 taxa, three of which are hybrid, in this study. Morphological characters of the 39 Convolvulus taxa, which were
collected and examined in situ at different localities in Turkey during the period of 2006-2010, were investigated. Additionally, the
threat categories of each taxon according to IUCN were evaluated. C. pulvinatus was indicated as a synonym of C. phrygius in the
List of Turkey Plants (Vascular Plants); the reasons for the combination of these species were discussed in the present study. Keys to
species, subspecies and varieties, and synonymy, detailed morphometric descriptions, illustrations and distribution maps are provided
for most of the taxa.

Key words: Convolvulus, revision, taxonomy, threat category, Turkey

Tiirkiye Convolvulus L. (Convolvulaceae) cinsinin taksonomik revizyonu

Ozet

Tiirkiye Florasi’nda 33 tiir (36 takson) ile temsil edilen Convolvulus cinsi, bu galismayla 3 tanesi hibrit olmak {izere toplam
39 takson olarak degerlendirildi. Tirkiye’nin farkli lokasyonlarindan 2006-2010 yillarinda arasinda toplanan Convolvulus cinsine ait
39 taksona ait morfolojik karakterler incelendi. Ayrica, her taksonun tehlike kategorisi IUCN kriterlerine gore belirlendi. Tiirkiye
Bitkileri Listesi (Damarli Bitkiker)’nde C. phrygius tiiriiniin sinonimi olarak belirtilen C. puvinatus tiiriiniin, sinonim yapilma
nedenleri bu ¢aligmada ayrintili bigimde tartigildi. Tiirlere, alttiirlere ve varyetelere ait teshis anahtarlari, bu taksonlarin sinonimleri,
ayrintili morfolojik betimleri, ¢izimleri ve ¢ogu taksona ait yayilis haritalart sunuldu.

Anahtar kelimeler: Convolvulus, revizyon, taksonomi, tehlike kategorisi, Tiirkiye
1. Introduction

Convolvulaceae are a large family, comprising approximately of 58 genera and 2000 species (Staples and Yang, 1998),
exhibiting a large diversity of morphological characters and occupying a broad range of ecological habitats (Stefanovi¢ et al., 2002).
Convolvulaceae members are primarily tropical plants, with many of the genera endemic to tropical zones of individual contents
(Austin, 1998). Convolvulus L., the second largest genus of the family, has about 250 species distributed in the temperate and tropical
regions of the world (Cronquist, 1981). The Convolvulus species were revised by Parris (1978) in the ‘Flora of Turkey and East
Aegean Islands’. As stated in the “Flora of Turkey”, there were 32 species, 3 imperfectly known species in Turkey, and one more
species, which was described later (Davis et al., 1988); and 9 of them were endemic to Turkey. Twenty three species are recognized
in Flora Europaea (Stace, 1972), 11 species and 1 natural hybrid in the Flora of Cyprus (Meikle, 1985), 57 in Flora Iranica
(Rechinger, 1979), 22 in Lebanon and Syria (Mouterde, 1986), 21 in Palestine (Feinbrun-Dothan, 1978), 21 in Israel (Danin, 2004),
17 in California (Munz and Keck, 1975) and 7 in China (Rhui-cheng and Staples, 1995). According to Al-Alawi (1987), the probable
centre of diversity for the genus Convolvulus is in South-Eastern Asia (Turkey, Iraq and Iran) owing to the presence of a large
number of species, several of which are endemic to that region. Indeed, according to Sa’ad (1967) the most primitive ancestor of the
species was distributed in Iran, Afghanistan, Pakistan and the Arabian Peninsula.

In Turkey, the first and the only revision study concerning the Convolvulus species had been carried out by the late botanist
Kamil Karamanoglu in 1964. In his revision study, he indicated that approximately 25-30 species of the genus Convolvulus were
spread around in Turkey and he described the 22 most commonly encountered species among them (Karamanoglu, 1964).

Sa’ad described 118 species of the genus Convolvulus in her work named ‘The Convolvulus Species of the Canary Isles, the
Mediterranean Region and the Near and the Middle East’ and she divided these species into three different categories; sectioned as
‘Acanthocladi Boiss.’, ‘Inermes Boiss.” and ‘Convolvulus’ based on the presence of spines and their outer appearances. She divided
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these categories into 12 subsections and 4 series based on their habits and their significant morphological characters such as
inflorescence. She treated the spiny shrublet species as Acanthocladi. Carine et al. (2004) reported in their studies, in which they
evaluated the phylogenetic associations of the Convolvulus species spread in Macaronesia from a molecular point of view, that the
Acanthocladi would not be a monophyletic group as suggested by Sa’ad but were highly polyphyletic and that the spine characters of
the spiny shrublet species in the Canary Islands, Western and the Eastern Mediterranean were non-homologous, thus procuring them
to evaluate the species under two taxonomic titles. Consequently the perennial nonclimbing species, most of which are shrubs and
sub-shrubs with sessile leaves, were included in clade A; and the annual or perennial herbs and suffrutescent plants typically with a
climbing or trailing characters and petiolate leaves were included in clade B (Carine et al., 2004).

The genus Convolvulus, which is represented with 33 species (36 taxa) in the Flora of Turkey, was evaluated as 39 taxa,
three of which are hybrid, in the present study. The morphological characters of the 39 taxa of the Convolvulus genus were
investigated in the context of this study. The morphological measurements and the observations were carried out on approximately
2000 herbarium specimens, which were collected during field trips and dried as stated in the herbarium techniques. In addition, a
large number of herbarium specimens of the genus Convolvulus that were present in remarkable herbaria in Turkey were also
evaluated in this study..

2. Materials and methods

This study is mainly based on the examination of nearly 2000 herbarium specimens, which were collected from different
localities in Turkey between 2006 and 2010, in addition to the Convolvulus specimens and the Convolvulus collections from several
herbaria in Turkey including mainly AKDU, as well as ANK, GAZI, HUB, ISTE, ISTF, EGE, MUH and VANF (acronyms
according to Thiers (2008). Besides, the photographs of all the Convolvulus samples in Berlin-Dahlem Botanical Museum (B) and
Royal Botanic Garden (E) were obtained and the photoprahps belonging to the numerous herbarium samples including 23 types of
the genus Convolvulus were evaluated.

Many of the species were studied in the field, particularly noting down the habit, flower colour and the indumentum type.
The morphological measurements were made on the herbarium materials comprised of specimens collected from their natural
habitats in this study. These specimens were identified using the Flora of Turkey (Parris, 1978; Davis, 1988), the flora of various
countries (namely Post, 1932; Stace, 1972; Meikle, 1985; Rechinger, 1979; Mouterde, 1986; Feinbrun-Dothan, 1978; Munz and
Keck, 1975; Rhui-cheng and Staples, 1995) and other studies on this genus (including Sa’ad, 1967, Karamanoglu, 1964; Stace,
1971). The threat category assessment of each taxon was made as stated in the IUCN criteria (JUCN, 2001). Also Guidelines for
Using the IUCN Red List Categories and Criteria were used for the assessments (IUCN, 2008). The descriptions of the species which
their threat categories were evaluated as CR, VU and NT are given in the text. Some species like C. arvensis are widespread and
collected from numerous localities in almost every region in Turkey. Therefore, locations of every species are not provided in the
text. The distribution maps and the line drawings are provided for most of the taxa.

3. Results
3.1. Diagnostic key to the genus Convolvulus in Turkey

1 Stem erect, ascending or prostrate, sometimes cushion forming perennials, shrublets or shrubs; leaves usually attenuate at base;

FIAMENLS @IHIC. . ..ot ettt et et b e et b s et eb et et eeeneeeen Group A
1 Stem generally climbing or trailing, annuals or perennials; leaves generally distinctly petiolate; filaments with sessile glands at the
base of dIlated PAIt. ... .. «.ouuinit e e e Group B
Group A
1 Leaves cuneate, truncate or slightly cordate at base, eliptic to broadly ovate...............cocooiiiiiiiiiiiiiiiiiiii 2
1 Leaves attenuate at base, linear-lanceolate to sphatulate. ...............ocvuiiiiiiiiiiiiii e 5
B 2 1o (o) (IR oY | SRR 5. C. aucheri
B S ¢ Tu (<o) (e 0 L 1 L PP 3
3 Stem and leaves pilose; SEPAls Green at APEX ........cerinieninit ittt 20. C. pilosellifolius
3 Stem and leaves with lanate indumentum; sepals CONCOLOT ............iuieieitiii e 4
4 Leaves markedly reticulate veined on lower surface; outer sepals 10—15 x 2-2.5 mm; seeds hairy.......2. C. reticulatus
4 Leaves not markedly veined; outer sepals 8-10 x 3.5-4.5 mm; seeds glabrous.............cccceceeereveneeen.n. 1. C. l@anatus
5 Stem and leaves pilose or with hispid iIndUMENtUM. ..ot e e 6
5 Stem and leaves greyish, only with adpressed-sericeous indUMENtUM ..............cooeveeuiieririeerireeeeeeeiereere e eeve e e 14
6 Stem usually erect, sometimes ascending, 15—100 CIM........oiuiininiinieit et et ee e et e e eeee s 7
6 Stem procumbent and cushion fOrMING. ...........cieitin i e e 10
7 OULET SEPALS IMUCTONALE. ...\ eeete ettt ettt et ettt et e e et et e et et e et ettt e e eeeta e e e et e e ebe e eneneneas 8
7 Outer sepals aCumMiNate OF CAUAALE. ..........iu ittt ettt e et e e e e e e e 9
8 Outer sepals 2-2.2 mm long; corolla white, ovary and capsule hairy...................c.coeeiinnn.n. 3. C. chondrilloides
8 Outer sepals 3—6 mm long; corolla pink; ovary and capsule glabrous.................ceceviinireiennenenn.. 4. C. dorycnium
9 Inflorescence terminal (3—9 flowered cymes) and axillary (single flowered); peduncle 0—6 mm............6. C. calvertii
9 Inflorescence dichasium, 1-4 flowered; peduncle 1-16 cm.............cooviiiiiiiiiiiiiiiieei e 8. C. cantabrica
10 Usually acaulescent or stem very short; flowers at base and rose-pink; outer sepals 2.5-3.5 mm
0 T TP UUURPURRIN 16. C. assyricus
10 Caulescent; inflorescence terminal and axillary cymes; outer sepals longer than 6 mm.................coeiuiininnnn... 11
11 Outer sepals SPreading-Nairy ... ......iiuirii it e e e 12
11 Outer sepals adpressed-hairy OF GlaDIOUS. ............iuniuiit ettt ettt e e e e e e e e 13
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12 Stem and leaves with adpressed-sericcous and spreading-hispid indumentum; stigma longer than
SE YL ettt 6. C. calvertii

12 Stem and leaves with pilose hairs; stigma shorter than Style ...........ccoceverereiieiieninieiereeeeeeee 18. C. cataonicus

13 Outer sepals ovate-lanceolate, 6-8 mm long, green at apex; stigma and style approximately
BUALL Lttt e 17. C. libanoticus

13 Outer sepals obovate-oblong, 11-13 mm long; stigma half about style.............cc.eeeviiniininnnn. 19.C. carduchorum

14 Sepals with adpressed-sericeous indumentum (no other hair type present) .............ooeviviiireriinieriineieiiniennenn 15

14 Sepals villose or adpressed-sericeous and spreading-pilose indumentum together...............ccovvviviininiiininnn. 18

15 Outer sepals pouched at DASE.........o.iuiiiiiiii e e 11. C. holosericeous

15  Outer sepals N0t POUCKEA At DASE. ... ..vutieiiet ettt et e e et e e et e e e et e e aeaeees 16

16 Sepals green at apex; petals glabrous at APEX ......ouveivriiiteeit e 7. C. lineatus

16 Sepals concolor or purplish at the apex; petals hairy at @PeX.........ocovvvirinirii ettt eaea 17

17 Outer sepals 10.5-12 mm long, usually purpllsh At the APEX. . .viriiit it 12. C. x turcicus

17  Outer sepals 18-20 mm long ... e et ettt sse e s nnenenenenns s+« 130 Cu X pEShMENII

18 Outer sepals oblong, acute or mucronulate ettt et eteettetae s e tentereree s 15. C. phrygius

18 Outer sepals lanceolate to broadly- obovate acummate or caudate .......................................................... 19

19 Erect or ascending, sometimes loose-cushion forming perennials, shrubs or shrublets; stem 3-50 cm; flowers pedicellate (0.5-4
110110 ) 20

19 Dwarf shrublet forming dense, moos-like cushion; stem very short, sometimes acaulescent; flowers
R0 1< PPt 14. C. compactus

20 Erect or ascending, sometimes broom-like branched shrublets or
SITUDS. .. e 9. C. oleifolius

20 Loose-cushion forming perennials. ...........c.ouiiiuiniint it e 10. C. x pseudocompactus

Group B

L oL VYL 1 Pt 2

1 Plant Perenmial ... ..o e e 5

2 Corolla blue, distincly 5-lobed, yellow at base, 7—10 MM IONg. .........o.iuiieeii e 3

2 Corolla pink or tri-colored; not distincly 5-lobed, 8-25 mm 1ong............oouiuiiieii e 4

3 Leaves sessile, usually linear-lanceolate; bracteoles membranous, 1.5-3 mm long; outer sepals membranous, 4-4.5 mm
7 0 22. C. pentapetaloides

3 Leaves petiolate, usually ovate; bracteoles herbaceous, 5-15 mm long; outer sepals herbaceous, 6-7 mm
0TI ettt e e 23. C. siculus

4 Leaves entire; corolla tri-colored, 20-25 mm long; ovary hairy..............cooviiiiiiiiiiiiiiiiieeeeee. *24. C. tricolor

4 Leaves lobed; corolla pink, 8-10 mm long; ovary glabrous...............cc.eeuiuiiiiriinerieiiieiienannn 27. C. coelesyriacus

S Stem ereCt OF ASCEIAINEG. ..o u ettt ettt et et et ettt et et et e e et e e et et et e e e 6

S SHEM CHIMDING. . .ottt et e e e e e e e s 7

6 Leaves eliptic to ovate, with densely villose indumentum................coooiiiiiiiiiiiiiiiee e 21. C. persicus

6 Leaves hastate or linear-hastate, glabrous. .............ccvieieiiiiiiiie e 35. C. pseudoscammonia

7 Leaves hastate OF SAZITEALE .. ... ...ttt ettt e et e e et e et et e e aeas 14

7 Leaves not hastate or sagittate, dentate, lobed or undulate at Margins ................ooeieiiiiiiiiiiiiiiiiieeeeeiee e, 8

8 Leaves lobed (lobes sometimes reach to Midrib).........o.iuiiiiiiiit i e e e 9

8 Leaves dentate OF UNAUIALE. .........ouiit et e e et e et et e et et e et e e e et et e e e s e eaeieeaas 10

9 Stem and leaves pilose; corolla 30—40 Mm loNg. ..........oouiuiitiii it 25. C. althaeoides

9 Stem and leaves with only adpressed-sericeous indumentum; corolla 20-30 mm..................... 26. C. elegantissimus

10 Stem and leaves spreading-pilose or With reCUrVEA-hairs ..............ooiiriiiniiiii et et ee e 11

10 Stem and leaves velutinous or with tomentose iINdUMENTUM ...........otititiiiitii it ee e ee e eneeaan 12

11 Outer sepals membranous at margins; corolla pink-purple..............coooviiiiiiiiniiiiien 28. C. stachydifolius

11 Outer sepals not membranous at margins; corolla White.................ooiiiiiiiiiiiiiiiii e 31. C. cassius

12 Outer sepals acute or mucronate, tomentose; corolla pink..............c.cooiiiiiiiiiiiiiiiiii.s 29. C. galaticus

12 Outer sepals acuminate, spreading-pilose; corolla cream or Yellow.............oviviuiiiiiiiiiiiiieiee e 13

R O (0) | R 1 e 1 USSP 32. C. betonicifolius

R I O (0) | F R 1 U 30. C. germaniciae

14 Outer SePals 4—4.5 MM IONE. ... .uieinitii et e e et e e e et 33. C. arvensis

14 OULer SEPAIS 8—16 MM LONE. . ... .u ittt e e e e e et e e et e ae e e et e et e e e e e e e e e ea e es 15

15 Stem and leaves hairy; outer and inner sepals + equal; sepals hairy...............coccoeiiiiininnn. 32. C. betonicifolius

15 Stem and leaves glabrous; inner sepals distinctly longer than outer sepals, sepals completely glabrous

..................................................................................................................... 34. C. scammonia

3.2. Convolvulus lanatus Vahl, Symb. Bot. (Vahl) i. 16. 1790. Figures 1-A, 2.

Type: [Egypt] in Aegypto inferiori et monte Sinai, Forsskal (holotype: C).
Synonym: =C. el-arishensis Boulos, Bull. Fac. Sci., Cairo Univ. No. 34 (New Rec. Fl. Egypt) 77 (1958).

Woody-based, densely lanate-tomentose, greyish shurbs. Stem erect or ascending, 10-40 cm, branched from the base,
especially old branches spinulose in winter period. Leaves elliptic, lanceolate or oblanceolate-eliptic, 7-25 x 5-10 mm, slightly
acute, smooth at margins, cuneate at base, sessile, lanate-tomentose; lower leaves sphatulate or oblanceolate-eliptic, 5-65 x 3-12
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mm, obtuse or slightly acute, attenuate at base. Inflorescence axillary, 2-15 flowered cymes; flowers sessile; peduncle 5-25 mm or
wanting. Bracts broadly ovate to elliptic-lanceolate, 10-12 x 6-8 mm, acute, tomentose. Bracteoles similar to bracts, ovate, 8-10 x
4-6 mm. Sepals acuminate, villose, erect at flowering and fruiting period; outer sepals elliptic-ovate, 8.5-10 x 3.5-4.5 mm. Middle
sepal elliptic-lanceolate, 8-8.5 x 2-2.5 mm. Inner sepals elliptic-lanceolate, 7.5-8 x 2-2.5 mm. Corolla white, 17-25 mm long;
bands densely hairy; petals pubescent at the apex. Filaments entire at margin, 4-10 mm. Anthers sagittate with retuse apex, 2 mm
long. Ovary ovate, 0.75 x 0.5 mm, glabrous. Style 4-4.5 mm, glabrous. Stigma 5-5.5 mm, slightly longer than style. Capsule eliptic-
ovate, shorter than calyx, 4-4.5 x 3-3.5 mm, glabrous, with 2 locule, 2-3 seeded; pericarp coriaceus, fragile. Seeds eliptic-ovate,
2.5-3 x 1.5-2 mm, dark brown or black, undulate. Saharo-Sindian element.

Phenology: Flowering between April and June; fruiting between June and August.

Distribution and ecology: Egypt, Kuwait, Oman, Palestine, Turkey (the Mediterranean Region). Sea shores, 0-10 m.

Conservation status: NT

Remarks: In Flora Orientalis, C. lanatus was classified in section Spinescentes, which was comprised of the species with spines
(Boissier, 1879). According to Sa’ad, this species was included in subsect. Serospinescentes Sa’ad; one of the subsections of sect.
Acanthocladi Boiss. Some of the old shoots of C. lanatus, which is the type species of this subsection, have spines, but young shoots
of this species are spineless (Sa’ad, 1967). Any C. lanatus species from Turkey were not evaluated in the study by Sa’ad and Turkey
was not considered within the distribution map of the species. Carine et al. (2004) indicated in their studies that the sample of sect.
Acanthocladi included in the analysis was highly polyphyletic on the contrary to Sa’ad’s observations (1967) and that the spine
characters of the species from the Canary Islands, the western Mediterranean and the eastern Mediterranean were of a non-
homologous structure.

During the field studies, we observed that the old branches of this species terminate with spinule in winter time; but, these spinules
do not exist during the flowering period. C. lanatus is the only species with spines in Turkey among the taxa of the genus
Convolvulus.
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Figure 1. A: C. lanatus: a- Habit, b- Outer sepal, c- Middle sepal, d- Inner sepal, e- Stamen, f- Pistil, g- Capsule; B: C. reticulatus subsp.
reticulatus: a- Habit, b- Outer sepal, c- Middle sepal, d- Inner sepal, e- Stamen, f- Pistil, g- Capsule; C: C. chondrilloides var. chondrilloides: a- Habit,
b- Outer sepal, c- Middle sepal, d- Inner sepal, e- Stamen, f- Pistil, g- Capsule; D: C. aucheri: a- Habit, b- Outer sepal, c- Middle sepal, d- Inner sepal,
e- Stamen, f- Pistil, g- Capsule
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3.3. Convolvulus reticulatus Choisy subsp. reticulatus, Prodr. [A. P. de Candolle] 9: 399. 1845. Figures 1-B, 2.

Lectotype: Turkey in Mesopotamia detexit, ad Euphratem superiorem, Aucher 1408 (G).

Woody-based, densely tomentose-lanate, greyish perennials. Stem generally prostrate, sometimes ascending, 25-100 cm,
branched. Leaves oblanceolate-ovate to eliptic-rounded, 4-60 x 4-45 mm, slightly acute or obtuse, entire, sessile, slightly cordate or
truncate at the base, densely lanate-tomentose, all veins markedly raised on lower surface; lower leaves sphatulae-oblanceolate, 50—
80 x 10-30 mm, obtuse, attenuate at the base. Inflorescence axillary, 2—6 flowered cymes; flowers sessile; peduncle 5-35 mm. Bracts
oblanceolate-ovate, 8-15 x 2-5 mm, acuminate, lanate. Bracteoles linear or linear-lanceolate, 7-10 x 0.5-3 mm, acuminate, not
exceeding the calyx, lanate. Sepals narrowly lanceolate, acuminate, long and bright sericeous, erect at flowering and fruiting period;
outer sepals 10-15 x 2-2.5 mm; middle sepal 9-14 x 1-2 mm,; inner sepals 8—13 x 1-1.5 mm. Corolla white or pale pink, 10-20 mm
long; bands densely hairy; petals glabrous at the apex. Filament entire at margin, 6—10 mm. Anthers sagittate with retuse apex, 2 mm
long. Ovary ovate, 1.5-1.75 x 1-1.5 mm, glabrous. Style 4-4.5 mm, glabrous. Stigma 6-6.5 mm, approximately 1.5 times longer
than style. Capsule ovate, shorter than calyx, 4-5 x 4-5 mm, glabrous, with 2 locule, 1-2 seeded; pericarp coriaceus, sclerotic. Seeds
obovate, 3—4 x 2-3 mm, dark brown or black, hairy. Iran-Turan element.

Phenology: Flowering between June and July; fruiting between July and August.

Distribution and ecology: Iran, Irag, Turkey (East Mediterranean, South-East and East Anatolia Regions). Steppe, limestone and
sandy slopes, fallow fields, ‘desert’ (110-1200 m).

Conservation status: NT
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Figure 2. Distribut'ion a;eas c;f C. lIAanatus ), C. r:aticulatus gubsp. reticulatus (2), C. chbndri.lloide; var.‘ chondrilloides (3) and C.

aucheri (4) in Turkey

3.4. Convolvulus chondrilloides Boiss. var. chondrilloides Diagn. PI. Orient. ser. 1, 11: 83. 1849. Figures 1-C, 2.
Type: Iran in Persia australi, Aucher 4941 (syntype: E photo!).

Woody-based, perennials. Stem erect, rigid, divaricately branched, 50—120 cm, glabrous except for basal 3-4 cm which are
white tomentose-lanate. Leaves linear to linear-lanceolate, 10-50 x 1-5 mm, acute, entire, sessile, attenuate at base, sparsely pilose
on upper surface; lower leaves oblanceolate-sphatulate, densely lanate-tomentose, all veins markedly raised on lower surface; 50-80
x 10-12 mm, acute or obtuse, attenuate at base, tomentose. Inflorescence axillary and terminal, 2—6 flowered cymes, cymes branched
as monochasium or dichasium; peduncle 2—6.5 mm; pedicel 3-6 mm, much longer and thicker in fruiting period. Bracts linear, 2—6 x
0.2-1 mm, sparsely pilose on upper surface and margin. Bracteoles linear-triangular, 1-1.5 x 0.5-0.6 mm, sparsely pilose,
amplexicaule at base, shorter than pedicel. Sepals broadly ovate, mucronate, moderately hirsute, slightly dehiscent in flowering
period; outer sepals 2-2.2 x 1.5-2 mm; middle sepal 1.8-2.2 x 2-2.2 mm, one half membranous towards margin; the membranous
part glabrous; inner sepals 1.8-2.2 x 2.5 mm, with the both half membranous towards margin; the membranous part glabrous.
Corolla white, 9-10 mm long; bands densely hairy; petals glabrous at the apex. Filaments entire at margin, 4-5 mm. Anthers sagittate
with retuse apex, 2 mm long. Ovary ovate-globous, 1x 1 mm, scattered hairy. Style 1.5—2 mm, sparsely hairy. Stigma 2 mm, equal or
slightly shorter than style. Capsule ovate, longer than calyx, 4-4.5 x 3-3.5 mm, scattered hairy towards the apex, with 1 locule, 1
seeded; pericarp coriaceus, sclerotic. Seeds semi-globose, 2-2.5 x 2.5-3 mm, dark brown, globrous, smooth. Iran-Turan Element.
Phenology: Flowering June; fruiting between July and August.

Distribution and ecology: Irag, Iran, Turkey (North Anatolia Region). Shaly slopes (1850 m).

Conservation status: CR Blab(i, iii)

Remarks: The only record proving the distribution of this variety in Turkey could be reached from the Flora of Turkey and Eastern
Aegean Islands. No sample of this variety has been detected in any of the extensive herbaria including VANF in Turkey. Also, there
is no record of previous collections of this variety by different botanists from Turkey. In order to collect this variety, the field studies
were carried out around Hakkari in the years 2009 and 2010. This variety which could not be collected during the field trips in 2009
was eventually collected in the locality between Hakkari and Otluca in 2010. In the field trips, Convolvulus chondrilloides var.
chondrilloides, whose distribution area in Turkey is quite limited, was found and it was estimated as Critically Endangered (CR) by
IUCN (2001). According to our present knowledge, this variety only known across one locality between Hakkari and Otluca Village.

3.5. Convolvulus dorycnium L., Syst. Nat., ed. 10. 2: 923. 1759.
Type: Hb. Linn. 21850.

Woody-based, perennials. Stem erect, rigid, divaricately branched; 40-100 cm, short-adpressed hirsute, lanate-tomentose at
base. Leaves lanceolate to linear-lanceolate, 7-30 x 1-5 mm, acute, entire, sessile, attenuate at base, short hirsute or scattered pilose;
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lower leaves lanceolate, 10-95 x 2-20 mm, acute, attenuate at base, dense-scattered pilose or tomentose. Inflorescence dichasium,
axillary 1-8 flowered, peduncle 2-5 mm; pedicel usually very short (0.5-3) mm, much longer and thicker in fruiting period. Bracts
and bracteoles linear, adpressed hirsute. Sepals erect at flowering and fruiting period. Corolla pale pink or pink, 10-25 mm long;
bands hairy; petals glabrous at the apex. Filaments entire at margin, 5-10 mm. Anthers sagittate with retuse apex, 2 mm long. Ovary
ovate-globous, 1-1.2 x 1-1.2 mm, glabrous. Style 3-7 mm, glabrous. Stigma 5-6 mm. Capsule broadly eliptic to globose, longer
than calyx, 3.5-5.5 x 3.5-4.5 mm, glabrous, with 2 locule, 1 seeded; pericarp coriaceus, sclerotic. Seeds broadly ovate to eliptic, 2-3
x 2-2.5 mm, dark brown, short-hirsute.

1 Outer sepals obovate, 3—-3.5 x 2-2.5 MM, MUCIONALE ........ccecvreererevrieeene. subsp. dorycnium

1 Outer sepals oblong-ovate, 5-6 x 1.5-2 mm, acute or acuminate subsp. oxysepalus

3.5.1. Convolvulus dorycnium L. subsp. dorycnium Figures 3-A, 4.

Stem 40-80 cm. Stem leaves lanceolate to linear-lanceolate, 10-30 x 1.5-5 mm, scattered pilose. Pedicel 0.5-1 mm. Bracteoles 0.7—
2 x 0.2-1 mm, equal or longer than pedicel. Sepals obovate, mucronate, adpressed pilose; outer sepals 3-3.5 x 2-2.5 mm; middle
sepal 3-3.5 x 2.2-2.5 mm, one half membranous towards margins; the membranous part glabrous; inner sepals 3-3.5 x 2.5-3 mm,
with the both half membranous towards margins; the membranous parts glabrous. Corolla 10-16 mm long. Filaments 5-10 mm.
Ovary ovate-globous, 1-1.2 x 1-1.2 mm, glabrous. Style 3-3.5 mm. Stigma 5-5.5 mm, 1.6 times longer than the style. Capsule
broadly obovate-globose, 3.5-4.5 x 3.5-4.5 mm. Seeds broadly ovate. Mediterranean element.

Phenology: Flowering between May and June; fruiting between June and July.

Distribution and ecology: Aegean Islands,Cyprus, Greece,NorthAfrica, Turkey (Aegean Region).Waste lands (0-150m).
Conservation status: CR B2ab(i, iii)

Remarks: The distribution area of this taxon is only limited to one locality in B2 square (Manisa) in Turkey and the number of
mature individuals is under 50. Therefore, its conservation status is evaluated as CR. The main threat factor of this subspecies is
cultivated activities on vineyards by local people.

3.5.2. Convolvulus dorycnium L. subsp. oxysepalus (Boiss.) Rech.f., Ost. Bot. Zeitschr. 94: 170 (1948). Figures 3-B, 4.

Lectotype: [Palestine] ad Tiberiadem, Boissier (G).
Synonym: =C. dorycnium L. var. oxysepalus Boiss., Fl. Or. 4: 92 (1875).

Stem 60-100 cm. Stem leaves linear-lanceolate, 7-30 x 1-4 mm, adpressed hirsute. Pedicel 1-3 mm. Peduncle 2-5 cm.
Bracteoles 1-2.5 x 0.2-1 mm, usually shorter than pedicel. Outer sepals oblong-ovate, 5-6 x 1.5-2 mm, acute or acuminate,
adpressed hirsute. Middle sepal obovate-onlong, 4-5 x 1.5-2 mm, mucronate, adpressed hirsute, one half membranous towards
margins; the membranous parts glabrous. Inner sepals obovate-onlong, 4-4.5 x 2-3 mm, mucronate, adpressed hirsute, with the both
half membranous towards margin; the membranous part glabrous. Corolla 15-25 mm long. Filaments 8-10 mm. Style 6.5-7 mm.
Stigma 6-6.5 mm, slightly shorter than the style. Capsule obovate-eliptic, 5-5.5 x 4-4.5 mm. Seeds ovate-eliptic, 2-3 x 2-2.5 mm.
East Mediterranean element.

Phenology: Flowering between May and June; fruiting between June and July.

Distribution and ecology: Cyprus, Iran, Khorassan, Syria, Turkey (East Mediterranean, South-East Anatolia, East Anatolia Regions).
Fallow fields, roadsides, stony and shaly slopes (0-1800 m).

Conservation status: NT

Remarks: These two subspecies are quite similar to each other with respect to their habit characteristics; but they display distinct
differences especially in the shape of their sepals. The outer sepals of C. dorycnium subsp. dorycnium are obovate, acute at apex; and
the inner sepals are broadly obovate, mucronulate at apex. The outer sepals of C. dorycnium subsp. oxysepalus are, on the other hand,
oblong-ovate and acute to acuminate; while the inner sepals are obovate-onlong and acute at the apex.
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Figure 3. A: C. dorycnium subsp. dorycnium: a- Habit, b- Outer sepal, c- Middle sepal, d- Inner sepal, e- Stamen, f- Pistil, g- Capsule; B: C.
dorycnium subsp. oxysepalus: a- Outer sepal, b- Middle sepal, c- Inner sepal, d- Stamen, e- Pistil, f- Capsule.
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Figure 4. Distribution areas of C. dorycnium subsp. dorycnium (A ) and C. dorycnium'subsp.)'. oxysepalus (®) in Turkey
3.6. Convolvulus aucheri Choisy, Prodr. [A. P. de Candolle] 9: 402. 1845. Figures 1-D, 2.

Lectotype: [Turkey C6 Gaziantep] Aucher 1405 (type: E photo!)

Woody based, densely villose, tomentose, greyish perenials. Stem erect, rigid, divaricately branched; 30—-80 cm, villose,
tomentose. Leaves eliptic-lanceolate, 8-40 x 4-15 mm, acute, sessile, truncate, long villose-tomentose; lower leaves coriaceous, 20—
30 x 4-6 mm, oblancelate, semi-amplexicaule at the base, sparsely adpreesed hairy and slightly tomentose at margins. Inflorescence
axillary, 2-5 flowered; pedicel 5-20 mm, much longer and thicker at fruiting period. Bracteoles absent. Middle and inner sepals
broadly obovate, 7.5-8.5 x 3.5-4.5 mm, acuminate, villose. One half of the middle sepal and the both half of the inner sepals
membranous towards margin; the membranous part glabrous or glabrescent. Corolla white, 20—25 mm long; bands villose; petals
glabrous at the apex. Filaments entire at margin, 6-8 mm. Anthers sagittate with retuse apex, 4-4.2 mm long. Ovary ovate, 1-1.25 x
1-1.25 mm, villose. Style 3.5-4 mm, villose. Stigma 6-6.5 mm, 1.6 times longer than style. Capsule broadly ovate-globose, shorter
than calyx, 3.5-4 x 3.5-4 mm, villose towards the apex, with 2 locule, 1 seeded; pericarp coriaceus, sclerotic. Seeds ovate-oblong,
3.5-4 x 2.5-3 mm, brown, sparsely white hairy. East Mediterranean element.

Phenology: Flowering between May and June; fruiting between June and July.

Distribution and ecology: Syria, Turkey (East Mediterranean and South-East Anatolia Regions). Stony, limestone ve serpentine
slopes (800-1700 m).

Conservation status: VU Blab(i)

Remarks: This species is clearly different from the other species of the genus Convolvulus distributed in Turkey due to the lack of
bracteoles. During field studies, C. aucheri was collected from a single location, but this species also distributes around Gaziantep
excluding Hatay as stated in the Flora of Turkey. Therefore, its conservation status was evaluated as VU.

3.7. Convolvulus calvertii Boiss., Diagn. PI. Orient. ser. 2, 3: 124. 1856. Figures 5-A, 6.

Lectotype: [Turkey A8 Erzurum] in Armenia prope Tortoum, Calvert (1282) (G, isotype: E photo!).

Synonyms: =C. bracteosus Juz., Bot. Mater. Gerb. Bot. Inst. Komarova Akad. Nauk S.S.S.R. 12: 217 (1950). =C. sericocephalus Juz.
in Bot. Mater. Gerb. Bot. Inst. Komarova Akad. Nauk S.S.S.R. 12: 219. 1950. =C. tauricus (Bornm.) Juz., Bot. Mater. Gerb. Bot.
Inst. Komarova Akad. Nauk S.S.S.R. 12: 214 (1950).

Woody-based, greyish perennials. Stem usually prostrate or subprostrate, rarely erect, branched from base, 3-20 c¢cm,
adpressed sericeous and long-spreading hirsute. Leaves lanceolate, 10-35 x 2-5 mm, acute, sessile, attenuate at base, adpressed
sericeous and long-spreading hirsute; lower leaves triangular, 5-25 x 2.5-5 mm, coriaceous, imbricate, sericeous at apex, sparsely
hairy or glabrous towards the base. Inflorescence terminal (3—9 flowered cymes) and axillary (single flowered); peduncle wanting or
to 6 mm; pedicel 1-4 mm. Bracts linear, 10-15 x 1-2 mm, indumentum similar to leaves. Bracteoles linear, 3-5 x 0.2-0.5 mm,
longer than pedicel, indumentum similar to leaves. Sepals ovate, long-acuminate, long-spreading hirsute, erect in flowering and
fruiting period; outer sepals 7.5-8.5 x 3.5-4.5 mm; middle sepal 6.5-7.5 x 3-4 mm; inner sepals 6.5-7.5 x 2.5-3.5 mm; one half of
the middle sepal and the both half of the inner sepals membranous towards margin; the membranous part glabrous. Corolla white or
pale pink, 10-20 mm long, persistent in fruiting period; bands densely hairy; petals glabrous at the apex. Filaments entire at margin,
6-8 mm. Anthers sagittate with retuse apex, 2 mm long. Ovary ovate, 1.5-2 x 1-1.5 mm, dense-villose. Style 2.5-3 mm, villose.
Stigma 5-5.5 mm, approximately 2 times longer than style. Capsule ovate to broadly ovate, shorter than calyx, 4.5-5.5 x 4-5 mm,
villose towards the apex, with 2 locule, 2-3 seeded; pericarp coriaceus, sclerotic. Seeds ovate-eliptic, 3.5-4.5 x 1.7-2.5 mm,
velutinous-sericeous. Iran-Turan element.

Phenology: Flowering between May and July; fruiting between July and August.

Distribution and ecology: Iran, the Caucasus, the Crimea, Turkey (East-Blacksea and East Anatolia Regions). Steppe, stony and shaly
slopes (915-2600 m).

Conservation status: NT

3.8. Convolvulus lineatus L., Syst. Nat., ed. 10. 2: 923. 1759. Figures 5-B, 6.

Lectotype: [Sicily] Hifpaniae, Siciliae, Mediterranei maritimis. (Hb. Linn. 218/43).

Synonyms: =C. lineatus var. angustifolius Kotschy, Ins. Cyp. 285 (1865). =C. intermedius Loisel, J. Bot. (Desvaux) 2: 264 (Not. 40)
(1809).

Mediterranean and Iran-Turan element.

Phenology: Flowering between April and July; fruiting between June and August.

Distribution and ecology: Caucasus, Lebanon, Iran, North Africa, Southern Europe, Syria, Turkey. Roadsides, fallow fields, shaly,
sandy, calcareous and limestone slopes, steppe (450-2300 m).

Conservation status: LC
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3.9. Convolvulus cantabrica L., Sp. Pl. 1: 158. 1753. Figures 5-C, 6.

Lectotype: [Italy, Sicily, Narbonne & Verona] (Hb. Linn. 218/48, photo!)

Synonyms: =C. cardiosepalus Boiss., Fl. Orient. [Boissier] 4(1): 96. (1875). =C. dorycnioides De Not., Repert. Fl. Ligust.: 283
(1844). =C. euxinus Petrov, Byull. Moskovsk. Obshch. Isp. Prir., Otd. Biol. 1935, n. s. xliv. 142 (1935).

Mediterranean element.

Phenology: Flowering between April and August; fruiting between June and September.

Distribution and ecology: the Balkans, Caucasus, Eastern Aegean Islands, Iran, Mediterranean Countries, Turkey (Marmara, Aegean,

Mediterranean, Inner Anatolia and Blacksea Regions). Roadsides, shaly, sandy, calcareous and limestone slopes, macchies, edge of
Pinus brutia woodlands (7-2300 m).

Conservation status: LC

Remarks: C. cantabrica has a widespread habitat in Turkey. If the individuals of this species that were collected from different areas
were evaluated from a morphological perspective, the differences of the indumentum and the shape of the sepals could be visualized
clearly. The outer sepals of this species are oblanceolate-ovate and acute to acuminate at the apex. The outer sepals of the specimens
especially collected from Adana and Hatay environs usually have a much longer green-acuminate part at the apex.

During the field trips, numerous individuals of this species are collected from different localities and habitats. It is observed
that the density of the indumentum of these individuals shows differences according their habitats. The existence of adpressed-pilose
on upper side of the stem and of spreading-pilose at the base of the stem is typical for this species.

.| i 3 FA
| oS £
f )/ - 3},‘ { ~l
."‘ 11 |17 .. ’ !
A \ 4/ ﬁ\l Vi > ﬂ “‘ J
Ao { 4 ) ] 24 ‘ @\ i |
\ J \ i M .q {
1 b’ [f ¥ > 3, b N
- I: A\
. ; Al
o) .
= »‘-.";.v‘l = A
¥ i d
¢ (’. d [
f
A.I -
q
‘V. 2
f_'(.j a f
a A () s A .9
\
A 9 g B L o
- it
:v,. — ‘.
B\ 57 ~ ,1"-\
N -
'S "
T\ ,C_i." A\ o Lo
™, e - s ¥ ,’2' -
x v, \ < ) - 8
] ',’ ~
e & ey
= Iy % o
. ¥ .
& ey :
¢ 4”\ : =1 T b e\
> ’
s SR~ B A
J \ 2 134 "
‘ 4
1 4
X B oyl
A l 4
’ A | e d
) 4
1 | ;
I "
\ { \l '.J\ 1
Y | 1
| \l NJ
h dl J — \ .
| o,
Ik 3 a
A
— f
¢ b - f i) D e I
ca C = —

Figure 5. A: C. calvertii: a- Habit, b- Outer sepal, c- Middle sepal, d- Inner sepal, e- Stamen, f- Pistil, g- Capsule; B: C. lineatus: a- Habit, b- Outer
sepal, c- Middle sepal, d- Inner sepal, e- Stamen, f- Pistil, g- Capsule; C: C. cantabrica: a- Habit, b- Outer sepal, c- Middle sepal, d- Inner sepal, e-
Stamen, f- Pistil, g- Capsule; D: C. compactus: a- Habit, b- Outer sepal, c- Middle sepal, d- Inner sepal, e- Stamen, f- Pistil, g- Capsule
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It was observed that the stem of the individuals particularly collected from high altitudes is covered with dense and
spreading hairs all over and those collected from low altitudes is covered with less frequent and adpressed hairs. The corolla of C.
cantabrica is usually pink, but some individuals that were encountered in Istanbul, Canakkale, Edirne and Kirklareli environs have
white corollas.
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Figure 6. Distribution areas of C. calvertii (1), C. lineatus (2), C. cantabrica (3) and C. compactus (4) in Turkey

3.10. Convolvulus oleifolius Desr., in Lam. Encyc. iii. 552. 1789.

Type: Described from East Mediterranean Countries (P-Tourn. 74).

Woody-based, perennials, shrublets or shrubs. Stem 10-50 cm, prostrate, erect or ascending, silvery-silky indumentum.
Leaves linear, oblanceolate or oblanceolate-sphatulate, 10-60 x 1.5-7 mm, acute or obtuse, attenuate at the base, adpressed-
sericeous; occasionally sparsely pilose at the base; the basal leaves resemble to the cauline leaves, sometimes dense clustered and
imbricate at the base of stem, sometimes semi-amplexicaule and scarious margin at the base. Inflorescence axillary and terminal,
solitary or 2-8 flowered cymes (especially dichasia); pedicel 0.5-4 mm or wanting; peduncle 5-60 mm. Bracts similar the cauline
leaves, 6-15 x 0.5-1 mm, adpressed-sericeous sometimes with sparsely soft and spreading hairs. Bracteoles linear, 3-20 x 0.2-1
mm, longer than pedicel. Sepals erect at flowering and fruiting period; outer sepals elliptic-lanceolate to obovoid-lanceolate, 8—12 x
2.5-4.5 mm, long acuminate to caudate, scattered villose, usually black dotted. Middle sepal elliptic-lanceolate, 8-11.5 x 3-5 mm,
long acuminate to caudate, with the right and the left half unequal, one half membranous towards margin; the membranous part
glabrous or glabrescent. Inner sepals elliptic-lanceolate to obovoid-lanceolate, 8-11x 3-5 mm, long acuminate to caudate, with the
both half membranous towards margin; the membranous part glabrous or glabrescent. Corolla pale pink or rose pink, 15-25 mm
long, with hairy bands on the outside; petals pubescent at the apex. Stamens unequal, 9.5-14 mm long; filaments entire at margin;
anthers oblong with retuse apex, 2.5-3 mm long. Ovary ovoid-conical, 1.5-2 x 1-1.5 mm, hairy, surrounded by a glabrous disc at the
base; style 5-6 mm, hairy; stigma lobes filiform, 5.5-6 mm. Capsule ovoid to conical, 4-5 x 3-5 mm, glabrescent towards base,
hairy above, bilocular, 2— or 4- seeded; seeds ovoid, 3-3.5 x 2-3 mm, densely hairy; pericarp coriaceus, sclerotic.

1 Rigid, broom-like branched, usually erect, shrublets or shrubs, leaves dense clustered at the base of stem.........

................................................................................................................................ var. deserti
1 Prostrate or ascending, woody based perennials, stem branched from the base, leaves scattered on the stem............

................................................................................................................................... var. oleifolius

3.10.1. C. oleifolius Desr. var. oleifolius

Type: ‘vient du Levant & est cultivée au Jardin du Roi” (P).

Woody-based, perennials. Stem 10-50 cm high, prostrate or ascending, branched from the base, adpressed- sericeous.
Leaves oblanceolate to oblanceolate-sphatulate, numerous and scattered on the stem. Inflorescence axillary and terminal, solitary or
2-3 flowered dichasia. Outer sepals elliptic-lanceolate with green acuminate apex, 9-10.5 x 3-4.5 mm, scattered villose. Corolla pale
pink, 20-25 mm long. Filaments 8-11 mm long; anthers oblong, 3 mm long. Ovary ovoid, 1.5-2 x 1-1.5 mm, hairy; style 5-5.5 mm
long, hairy; stigma lobes 6 mm long. Mediterranean element.
Phenology: Flowering between April and June; fruiting between June and July.
Distribution and ecology: Aegean Islands, Crete, Cyprus, Egypt, Greece, Libya, Malta, Palestine, Sicily, Turkey (Mediterranean
Region). Rocky slopes, macchies (0-50 m).
Conservation status: CR B2ab(i, v); C2a(i)
Remarks: The distribution area of this taxon is only limited to a single location in Turkey and the number of mature individuals are
less than 50 (Aykurt and Siimbiil, 2010); therefore, its conservation status was evaluated as CR. The major threat factors for this
variety distributed on the rocky slopes overlooking the sea and in frigana between Finike and Demre are overgrazing and
construction work of possible road widening. A great number of field studies were carried out between Finike and Demre.
Unfortunately, 10-15 individuals of this variety could be observed in just one location.

3.10.2. C. oleifolius Desr. var. deserti Pamp., Archivio Bot., 12: 41. 1936.

Type: [Cyrenaica] Pampanini (FI).
Synonym: =C. cyprius (non Boiss.) Chapm., Cyprus Trees and Shrubs, 63 (1949).

Candan AYKURT et al., Taxonomic revision of the genus Convolvulus L. (Convolvulaceae) in Turkey



Biological Diversity and Conservation — 7 / 2 (2014) 19

Rigid, broom-like, much branched shrublets or shrubs. Stem 10-50 c¢cm, erect or ascending, adpressed-sericeous. Leaves
linear, oblanceolate or oblanceolate-sphatulate and dense clustered at the base of stem; the branches sometimes leafless towards the
base. Inflorescence axillary and terminal, solitary or 3-8 flowered cymes (often dichasia). Outer sepals elliptic-lanceolate with long,
green acuminate apex, 8-12 x 2.5-3 mm, long and scattered villose. Corolla white, pale pink, or rose pink, 15-20 mm long.
Filaments 7-11 mm long; anthers oblong, 2.5-3 mm long. Ovary ovoid, 2 x 1.5 mm, hairy; style 5.5-6 mm long, hairy; stigma lobes
5.5-6 mm long. Mediterranean element.

Phenology: Flowering between April and June; fruiting between June and July.

Distribution and ecology: Cyprus, Libya, Turkey (Mediterranean and Aegean Regions). Macchie, phrygana stony, sandy, limestone
and dry rocky slopes, under Pinus brutia and sand dunes (0-250 m).

Conservation status: NT

Remarks: Numerous specimens of C. oleifolius were collected during the field trips of the “Taxonomical Studies on genus
Convolvulus L. (Convolvulaceae) in Turkey” project. It was resolved that the specimens of C. oleifolius would be evaluated as two
different varieties, which are C. oleifolius var. oleifolius and C. oleifolius var. deserti as the results of field observations,
morphological and palynological studies indicated (Aykurt and Siimbiil, 2010).

3.11. Convolvulus x pseudocompactus C. Aykurt & Siimbiil, Nordic J. Bot., 39(4): 408-416. 2011. (C. oleifolius Desr. var. deserti
Pamp. x C. compactus Boiss.).

Type: [Turkey C1 Mugla] Datga, between Marmaris and Datga, stony slopes, 80 m, 7.v.2006, C. Aykurt (1006) and N. Kemaloglu
(AKDU).

Phytogeographical Region: Mediterranean Element

Phenology: Flowering between May and June.

Distribution and ecology: Endemic to Turkey (Mediterranean Region). Stony slopes (80 m).

Remarks: Three new hybrid taxa, which are C. x turcicus, C. x pseudocompactus and C. x peshmenii, were introduced within the
context of the “A Taxonomic Investigation on Convolvulus L. (Convolvulaceae) Species in Turkey” project. These hybrid taxa and
their parents were investigated in detail by morphological and palynological studies. Individuals of the hybrid taxa and their parents
were sympatrically distributed. Particularly the habit, leaf and the sepal characteristics display intermediary features between hybrid
individuals and their parents. As a result of the palynological studies, the pollen grains of the hybrid individuals were observed to be
highly dehydrated; although in contrast, the rate of the dehydrated pollen fraction ranged between 4 and 8% in the parental taxa
(Aykurt and Siimbiil, 2011 a, b).

3.12. Convolvulus holosericeus M.Bieb., Fl. Taur.-Caucas. 1: 147. 1808.

Type: [Crimea] habitat in Tauriae maontibus calcereis, Marschall von Bieberstein (LE).

Woody-based, loose-cushion forming, adpressed-sericeous perennials. Stem prostrate or ascending, 10-50 cm, simple or
branched. Leaves linear-lanceolate to lanceolate, 20-55 x 2—7 mm, acute, sessile, attenuate at the base; the basal leaves linear-
lanceolate to sphatulate, 20-60 x 4-15 mm, acute or obtuse, attenuate at the base, semi-amplexicaule or amplexicaule and scarious
margin at the base. Inflorescence axillary and terminal; pedicel 1-15 mm or wanting; peduncle 7-50 mm. Bracts similar the leaves,
6-20 x 1-4 mm. Bracteoles linear, 1.5-7 x 0.2-2 mm. Sepals slightly or completely dehiscent at fruiting period; outer sepals broadly
obovate to semi-globose, pouched at the base or convex. 7—-17 x 6-15 mm, long acuminate, short-adpressed sericeous. Middle sepal
ovate to semi-globose, 6.5-13 x 5.5-10 mm, long acuminate or long mucronate, convex or one half pouched, the other half
membranous towards margin; inner sepals broadly ovate, 6-12 x 5-9 mm, caudate or long mucronate, with the both half
membranous towards margin; the membranous part glabrous or glabrescent. Corolla usually white, cream, pale yellow, rarely pale
pink, 20-30 mm long, bands hairy; petals pubescent at the apex. Filaments entire at margin, 6-13.5 mm. Anthers oblong with retuse
apex, 2.5-4 mm long. Ovary ovoid to semi-conical, 1.5-2 x 1.5-2 mm, adpressed sericeous. Style 6.5-9 mm, adpressed sericeous;
stigma 5.5-6 mm, approximately 2 or 2/3 about style. Capsule broadly ovoid-conical or ovoid, 5-7 x 4-7.5 mm, sparsely hairy
towards base, bilocular, 1 or 4— seeded; seeds ovoid-eliptic, 3.5-5 x 2.5-3.5 mm, bright-, white-sericeous. Iran-Turan element.

1  Outer sepals pouched at base, 7-11 x 6-9 mm; capsule broadly ovate-globose, 5-7 x 6-7.5 mm ............
................................................................................................................................ subsp. holosericeus

1 Outer sepals pouched or convex at base, 10-17 x 9-15 mm; capsule ovate, 6-8 x 45 mm ...
................................................................................................................................. subsp. macrocalycinus

3.12.1. C. holosericeus M.Bieb. subsp. holosericeus Figures 7-A, 8.

Synonym: =C. holosericeus M.Bieb. var. brevifolia Trautv., Acta Horti Petrop. 4:168 (1876).

Phenology: Flowering between May and July; fruiting between June and August.

Distribution and ecology: The Balkans, Caucasus, Crimea, Turkey (Marmara (Anatolian Part), Aegean, Mediterranean, Blacksea,
Inner-, Southeast- and East Anatolian Regions). Shaly, sandy, calcareous, igneous, stony and limestone slopes, steppe, loose
woodlands and macchies, roadsides (130-2700 m).

Conservation status: LC
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Figure 7. A: C. holosericeus subsp. holosericeus: a- Habit, b- Outer sepal, c- Middle sepal, d- Inner sepal, e- Stamen, f- Pistil, g-
Capsule; B: C. holosericeus subsp. macrocalycinus: a- Outer sepal, b- Middle sepal, c- Inner sepal, d- Stamen, e- Pistil, f- Capsule
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Figure 8. Distribution areas of C. holosericeus subsp. holosericeus (®) and C. holosericeus sﬁbsp. macrocalycinus (A) in Turkey

3.12.2. C. holosericeus M.Bieb. subsp. macrocalycinus Hausskn. & Bornm. ex Bornm., Mitt. Thiir. Bot. Ver. N. F. 6: 66. 1894.
Figures 7-B, 8.
Lectotype: [Turkey B7 Elaz1g] Kharput (Harput) von Mardin (Miadun, in montosis, 3.v.1889, Sintenis 427 (LD, isotype: E photo!, K,
LD, WU).

Leaves linear-lanceolate to lanceolate, 2040 x 4-7 mm. Inflorescence 1-9 flowered cymes. Bracteoles longer than
pedicels. Sepals dehiscent at fruiting period; outer sepals 10—17 x 9—15 mm, convex or pouched, purplish. Middle 8-13 x 7-10 mm,
one half convex or pouched, the other half membranous towards margin; inner sepals 7—12 x 6-8 mm. Corolla usually ehite or
cream. Filaments 11-13.5 mm; anthers 3.5-4 mm. Style 8-9 mm; stigma 5-6 mm, 2/3 about the style. Capsule ovoid, 6-8 x 4-5
mm; pericarp coriaceous, fragile. Seeds 4.5-5 x 3-3.5 mm. Endemic.
Phenology: Flowering between May and July; fruiting between June and August.
Distribution and ecology: Turkey (East Mediterranean and East Anatolian Regions). Shaly, sandy, calcareous and limestone slopes,
steppe (800-1600 m).
Conservation status: NT
Remarks: These two subspecies display differences particularly in the shape and the size of their sepals, capsules and seeds. The
leaves covered with short and adpressed sericeous structures are usually linear or narrowly lanceolate in C. holosericeus subsp.
holosericeus and sphatulate-lanceolate or lanceolate in C. holosericeus subsp. macrocalycinus. However, the leaf character is not
useful for the identification of the subspecies due to the presence of high variation. This character shows intermediacy between these
subspecies especially where their distribution areas are close to each other.

3.13. Convolvulus x turcicus C. Aykurt & Siimbiil, Ann. Bot. Fen., 48(5): 428-434. 2011. (C. holosericeus M.Bieb. subsp.
holosericeus x C. compactus Boiss.)

Holotype: [Turkey B3 Eskisehir] Seyitgazi, 2 km from Seyitgazi to Cevizli road, steppe, 1117 m, 7.vi.2008, C. Aykurt (2172), N.
Kemaloglu (AKDU).

Phytogeographical Region: Iran-Turan element.

Phenology: Flowering between May and July.

Distribution and ecology: Endemic to Turkey (Inner and East Anatolian Regions). Stony slopes and steppe (1075-1120 m).
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Remarks: It was indicated within the context of the present study that this taxon was introduced for the first time (Aykurt and
Stimbiil, 2011a) and that C. x turcicus was encountered in the B3 square in the map of Turkey. Then in years, this taxon was also
collected in areas corresponding to B6 and C3/B3 in the map where it was distributed along with its parents sympatrically and the
distribution areas for C. x turcicus and its parents were given in Figure 9.

g 5 ‘ . I e
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Figure 9. Distribution areas of C. x turcicus and its parents: C. x turcicus (®), C. holosericeus subsp. holosericeus (A) and C.
compactus (m) in Turkey.

3.14. Convolvulus x peshmenii C.Aykurt & Siimbiil, Nordic J. Bot. 39(4): 408-416. 2011, (C. holosericeus M.Bieb. subsp.
macrocalycinus Hausskn. & Bornm. ex Bornm. x C. compactus Boiss.).

Holotype: [Turkey C5 Adana] Pozanti, 5-6 km from Pozant1 to Adana, under Pinus brutia, 945 m, 09.vi.2007, C. Aykurt (1495), N.
Kemaloglu (AKDU).

Phytogeographical Region: East Mediterranean Element.

Phenology: Flowering between May and June.

Distribution and ecology: Endemic to Turkey (Mediterranean Region). Under Pinus brutia woodland (945 m).

3.15. Convolvulus compactus Boiss., Diagn. PI. Orient. ser. 1, 4: 40. 1844. Figures 5-D, 6.

Lectotype: [Turkey] in Caria interiori, 1843, Pinard (G, type: E photo!).

Synonyms: =C. cochlearis Griseb., Spic. FI. Rumel. ii. 76, in nota. (1844). =C. parnassicus Boiss. & Orph., Diagn. PI. Orient. ser. 2,
3: 125 (1856). =C. compactus subsp. parnassicus (Boiss. & Orph.) Sa’ad, Convolv. Sp. Canar. Isl., Medit. Reg., etc. 141 (1967). =C.
konyacus Sa’ad, Convolv. Sp. Canar. Isl., Medit. Reg., etc. 142 (1967), holotype: E photo!. =C. boissieri Steud. subsp. compactus
(Boiss.) Stace, Bot. J. Linn. Soc. 64(1): 58 (1971). =C. boissieri Steud. subsp. parnassicus (Boiss. & Orph.) Kuzmanov, FI. Narodna
Republ. Bulg. 8: 451 (1982).

Mediterranean and Iran-Turan Element.

Phenology: Flowering between May and July; fruiting between June and August.

Distribution and ecology: Balkans, Turkey (Marmara, Aegean, Inner Anatolia, Mediterranean and East Anatolian Regions). Shaly,
sandy, calcareous, limestone and serpentine slopes, steppe, edges of macchie and under Pinus brutia (80-2135 m).

Conservation status: LC

Remarks: It could be possible that the individuals of this species could be shown to display morphological variations considering the
wide distribution area of the species and its limitations with respect to the altitude. The characteristics displaying the highest variation
are the shapes of the leaves and the sepals. The shape of the leaves, covered with adpressed and densely sericeous indumentum, is
sphatulate to linear. Outer sepals are oblong-lanceolate to broadly ovate, 6-17 x 3—6 mm in size, and sometimes purplish-brown
color could be observed at the apex. In addition, the length of the style and the stigma and their ratio to each other displayed
differences. It was observed that these characteristics could be quite variable even in individuals, which are dispersed in the same
geographical area.

During the field studies, the most different population of this species was observed in the C5 square around Pozanti. C.
compactus generally prefers steppes, stony and shaly slopes as habitats and normally it is not distributed under dense Pinus brutia
woodlands. But, one of the populations of this species was observed to inhabit an area between Pozant1 and Tekir (the C5 square)
under Pinus brutia and this population was evaluated morphologically in detail. The individuals of this population are different from
the other individuals, which were evaluated within this study, especially in terms of their bracteoles (distinctly exceeding the
calyxes), inflorescence (always terminates with a single flower), capsules (oblong and sericeous thoroughly) and seeds (elliptic and
4-4.5 x 2.5 mm in size). All of these differences could still not make it possible to think of the population as a new taxon considering
the wide range of the areas of distribution and the morphological varieties among the individuals of this species. It just allowed to
extend the description of C. compactus.

3.16. Convolvulus phrygius Bornm., Repert. Spec. Nov. Regni Veg. 5: 168. 1908. Figures 10-A, 11.

Type: [Turkey B3 Eskisehir] Eski-Scheher ad viam versus Tschifteler (Cifteler), 13.v.1901, Warbung & Endlich (type: B photo!).
Synonym: =C. pulvinatus Sa’ad, Convolv. Sp. Canar. Isl., Medit. Reg., etc. 148 (1967) (holotype: B photo!).

Woody-based, usually cushion-forming shrublets. Stem ascending or prostrate, 0.5-12 cm, branched from the base,
adpressed sericeous. Leaves linear-lanceolate to linear-sphatulate, 8-25 x 2-5 mm, acute or mocronate, rarely obtuse, attenuate at
base, adpressed sericeous and sparsely long-pilose together, basal leaves 4-30 x 1-4 mm, obtuse or acute, semi-amplexcaule and
scarious margin at base; dead leaves persistent at base. Inflorescence axillary and terminal, cymes 1-5 flowered; flowers sessile or
pedicel very short (0.5-3 mm); peduncle 3-15 mm. Bracts 10-14 x 1-3 mm,; bracteoles linear-lanceolate, equal or exceeding the
calyx. Sepals erect at flowering and fruiting period, oblong, acute or mucronate, adpressed sericeous or adpressed sericeous and
spreading pilose together; outer sepals 5.5—-11 x 1.5-3.5 mm, green sometimes green-purplish. Middle sepal 5.5-10 x 1.5-3.5 mm,
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one half membranous towards margin; inner sepals 5-10 x 1.5-3.5 mm, with the both half membranous towards margin; the
membranous part glabrous. Corolla white, 15-25 mm long, bands; petals pubescent at the apex. Filaments entire at margin, 8.5-11
mm, Anthers oblong with retuse apex, 2-2.5 mm long. Ovary ovoid, 1-1.5 x 1-1.5 mm, villose. Style 4-4.5 mm, villose; stigma 9.5—
10 mm, 2 times longer than style. Capsule ovoid to narrowly ovoid, 4-4.5 x 2-3 mm, shorter than calyx, long pilose towards apex,
glabrous at base; 2 locular, 2—-3 seeded; pericarp coriaceous, slightly membranous, fragile. Seeds ovoid-eliptic, 3-3.5 x 2-2.5 mm,
dark brown-black, velutinous-sericeous. Endemic. Iran-Turan Element.

Phenology: Flowering between May and June; fruiting between June and July.

Distribution and ecology: Turkey (Inner Anatolia and Mediterranean Regions). Shaly, calcareous and limestone slopes, steppe (850-
1415 m).

Conservation status: NT

Remarks: According to the Flora of Turkey, C. phrygius, closely related to C. pulvinatus Sa’ad. C. pulvinatus, which was indicated
as a synonym of C. phrygius (Aykurt, 2012), was described by Sa’ad (1967). C. pulvinatus was distinguished morphologically from
C. boissieri Steud. and C. konyacus Sa’ad, which were specified as close relatives, by Sa’ad (1967). C. konyacus was described as a
new endemic species by Sa’ad in her study, however, this species was evaluated as a synonym of C. compactus in the Flora of
Turkey (Parris, 1978). C. boissieri is closely related to C. compactus and it distributes in Albania, Bulgaria, Greece and Spain.
Interestingly, C. phrygius was not mentioned in Sa’ad’s study although C. phrygius is the closest species of C. pulvinatus and it was
introduced by Bornmiieller in 1908 to the world of science.

A great number of specimens were collected from the type localities of C. phrygius and C. pulvinatus and other distribution
areas of both species. The collected specimens were examined morphologically and palynologically in detail. As a result of the
morphological measurements and evaluations, it was determined that these specimens belonging to two species are quite similar to
each other and even these species could not be considered as two different species.

These species, indicated as being closely related in the Flora of Turkey, were distinguished from each other especially in

their sepal characteristics (shape, length and indumentum) and their inflorescence by Parris (Parris 1978).
The lengths of the outer sepal in C. phrygius were measured as 5.5-11 mm in the present study. The outer sepals sometimes may be
covered with only sericeous indumentum and sometimes may also have sparse and spreading pilose-hairs in addition to the sericeous
indumentum in some individuals that were collected from the same geographical area. Also, it was observed that the outer sepals
sometimes could be covered with sericeous and spreading-pilose hairs together.

The outer sepals of the individuals collected from the type locality of C. pulvinatus are similar to each other in terms of
their morphology and their lengths range between 5.5-10 mm and the indumentum type of the sepals are dominantly sericeous, but
sparsely or densely pilose hairs could also be found in different individuals of the same population. Furthermore, the inflorescence of
the two species is the same. Flowers are single or 2—-3 flowered cymes are present at the axillary; single or 2-5 flowered cymes are
present at the terminal. During the field studies, the individuals of these species were collected during the fruiting period and
morphological differences were not observed in the capsule and the seed characteristics of C. pulvinatus and C. phrygius. The
distribution area of C. phrygius was given in Figure 11.

3.17. Convolvulus assyricus Griseb., Spic. FI. Rumel. 2(4): 75, in nota. 1844. Figures 10-B, 11.

Type: [Turkey] in Anatolia orientali, Donietti s. n. (holotype: GOET).

Synonym: =C. strigulosus Boiss., Diagn. PI. Orient. ser. 1, 11: 83. (1849).

Woody-based, dwarf cushion-forming shrublets. Stem generally absent, rarely 0-6.5 cm, ascending or prostrate, branched from the
base, long pilose-hirsute. Leaves linear-lanceolate to linear-sphatulate, 2-50 x 1-5 mm, clustered at base, the outers very small and
coriaceous, 2-50 x 1-5 mm, imbricate, acute, attenuate at base, semi-amplexicaule and scarious margin at base; upper surface
glabrous or sparsely hair, lower surface long pilose-hirsute, one veined; dead leaves persistent at base. Flowers at base; 1-flowered;
sessile or pedicel very short (0.5 mm). Bracts resemble to leaves, 10-15 x 0.5-1 mm; bracteoles linear, 7-10 x 0.2-0.5 mm,
exceeding the calyx. Sepals erect at flowering and fruiting period; outer sepals oblong-lanceolate, 2.5-3.5 x 2-2.5 mm, acute,
spreading hirsute towards apex and at margin. Middle and inner sepals ovoid, 2.5-3.5 x 2-2.5 mm, mucronate, one-half of the middle
sepal and both-half of the inner sepals membranous towards margin; the membranous part glabrous or glabrescent. Corolla rose pink,
25-30 mm long, bands hairy; petals glabrous at the apex. Filaments entire at margin, 6-8 mm, Anthers oblong with retuse apex, 3
mm long. Ovary ovoid, 1-1.5 x 1-1.5 mm, hirsute-villose. Style 4-5 mm, sparsely long hirsute; stigma 9—11 mm, 2 times longer than
style. Capsule ovoid, 4.5-5.5 x 4-5 mm, spreading hirsute except the base; 1locular, 1-2 seeded; pericarp coriaceous, fragile. Seeds
eliptic, 3-3.5 x 2-2.5 mm, brown, short-white hairy. Endemic. Iran-Turan Element.

Phenology: Flowering between May and June; fruiting between June and July.

Distribution and ecology: Turkey (Inner Anatolian Region). Shaly, stony and igneous slopes and steppe (750-2060 m).

Conservation status: NT

3.18. Convolvulus libanoticus Boiss., Diagn. PI. Orient. ser. 1, 11: 82. 1849. Figures 12-A, 13.

Lectotype: [Lebanon] in excelsis siccis Libani supra Cedros, Boissier (G, type: E photo!).
Synonyms: =C. cantabrica subsp. radicosus (Heldr. & Sart.) Maire, Cat. Pl. Moroc. [Jahandiez & Maire], 588 (1934). =C. radicosus
Heldr. & Sart., Diagn. PI. Orient. ser. 2, 3: 124 (1856) (neotype: B photo!).

Loose-cushion forming, woody based perennials. Stem usually ascending, sometimes prostrate, 4-20 cm, short-adpressed
pilose, branched from base. Leaves linear-lanceolate to lanceolate, 25-60 x 3-4 mm, acute, attenuate at base, upper surface glabrous,
lower surface and margins adpressed pilose; basal leaves linear-lanceolate to linear-sphatulate, 15-65 x 2.5-4 mm, enlarged at the
base, semi-amplexicaule or amplexicaule and scarious at the base; adpressed pilose except inner surface, sometimes hairy only at
margins. Inflorescence axillary and terminal, cymes 2—-20 flowered; pedicel 1.5-3 mm; peduncle 10-45 mm. Bracts linear, 10-15 x
1-1.5 mm; bracteoles filiform, 4-6 x 0.3-0.5 mm, longer than pedicels. Sepals erect at flowering and fruiting period, ovate-
lanceolate, with green acuminate part; outer sepals 6-8 x 2—3 mm, adpressed pilose, sometimes hairy only at apex. Middle and inner
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sepals 5-7 x 2.5-3 mm, usually hairy only at the apex, one-half of the middle sepal and both-half of the inner sepals membranous
towards margin. Corolla white, 13-18 mm long, bands hairy; petals glabrous or hairy at the apex. Filaments entire at margin, 6-8
mm, Anthers oblong with retuse apex, 2 mm long. Ovary narrowly ovate, 1-1.5 x 0.5-1 mm, glabrous. Style 4-4.5 mm, adpressed
pilose; stigma 4.5-5 mm, equal to style. Capsule ovate, 5-5.5 x 3.5-4.5 mm, sparsely hairy towards apex, with 2 locule, usually 2
seeded; pericarp coriaceous, fragile. Seeds ovate, 3—4 x 2-3 mm, brown, densely short-white hairy. East Mediterranean Element.
Phenology: Flowering between June and August; fruiting between July and September.

Distribution and ecology: Greece, Israel, Lebanon, Turkey (Mediterranean and Aegean Regions). Limestone and serpentine slopes,
alpine steppe (1525-2670 m).

Conservation status: NT

3.19. Convolvulus cataonicus Boiss. & Hausskn. ex Boiss., Pl. Or. Nov. dec. i. 5. 1875. (Figures 12-B, 13)

Type: [Turkey C6 Kahramanmaras] in agris regionis inferioris montis Berytdagh Cataoniae, (3.vii.1865), 1525 m, Haussknecht
(holotype: E photo!).
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Figure 10. A: C. phrygius: a- Habit, b- Outer sepal, c- Middle sepal, d- Inner sepal, e- Stamen, f- Pistil, g- Capsule; B: C. assyricus:
a- Habit, b- Outer sepal, c- Middle sepal, d- Inner sepal, e- Stamen, f- Pistil, g- Capsule
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Figure 11. Distribution areas of C. phrygius (1) and C. éssyriéus (2)in Turkey
Synonyms: =C. huber-morathii P.H.Davis, Notes Roy. Bot. Gard. Edinburgh 24: 24 (1962). =C. abdallahii Sa’ad, Convolv. Sp.
Canar. Isl., Medit. Reg., etc. 114 (1967)

Loose-cushion forming, woody based perennials. Stem ascending or prostrate, 5-30 c¢cm, branched from base; adpressed
and spreading pilose together. Leaves linear-lanceolate 20-30 x 3—4 mm, acute, attenuate at base, upper surface usually with sparsely
hairy, lower surface and margins pilose; basal leaves linear-lanceolate to linear-sphatulate, 45-90 x 2—4 mm, enlarged at the base,
semi-amplexicaule or amplexicaule and scarious at the base; lower surface and margins pilose, inner surface sparsely hairy or
glabrous. Inflorescence axillary and terminal, cymes 1-20 flowered; pedicel 1-3 mm; peduncle 10-50 mm. Bracts linear, 10-20 x 1—
1.5 mm, equal or slightly exceeding the calyx; bracteoles filiform, 8—11 x 0.2-0.5 mm, longer than pedicels. Sepals erect at flowering
and fruiting period, obovate, with green acuminate part, spreading pilose; outer sepals 8—15 x 2—3 mm; middle and inner sepals 7.5—
14 x 2.5-3.5 mm, membranous towards margin; membranous part glabrous. Corolla white, 15-18 mm long, bands hairy; petals
glabrous or hairy at the apex. Filaments entire at margin, 6.5-10 mm; anthers oblong with retuse apex, 2 mm long. Ovary narrowly
ovate, 1-1.5 x 1-1.5 mm, spreading or adpressed pilose. Style 6-9 mm, spreading or adpressed pilose; stigma 3.5-5 mm, half about
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the style. Capsule narrowly ovate, 46 x 2.5-3 mm, sparsely pilose, with 1— or 2 locule, usually 1-2 seeded; pericarp coriaceous,
slightly membranous, fragile. Seeds eliptic, 3.5-4 x 1.75-2 mm, brown, short-white hairy. Endemic. Iran-Turan Element.

Phenology: Flowering between April and July; fruiting between July and September.

Distribution and ecology: Turkey (Mediterranean, Blacksea and East Anatolian Regions). Acantholimon and Astragalus steppe, stony
and shaly slopes, under open Pinus nigra (900-1650 m).

Conservation status: NT

Remarks: C. cataonicus is closely related to C. carduchorum, which are endemic to Turkey. These species, which are similar to each
other with respect to their habit characteristics, are distinguished from each other in terms of the differences of the indumentum types
of particularly the stem, leaves and the sepals. Long and spreading pilose hairs are dominant in C. cataonicus, whereas on the other
hand, the hairs of C. carduchorum are quite sparse and adpressed. One of the distinct differences of the two species is the shape and
the color of the sepals. The sepals of C. cataonicus are obovate, with spreading pilose hairs, acuminate at the apex and green in color.
The sepals of C. carduchorum are more rectangular shaped than the sepals of C. cataonicus with thoroughly glabrous or sparsely
adpressed-pilose hairs at the apex. Additionally, brown-purple coloration is clearly evident in the sepals of C. carduchorum.

3.20. Convolvulus carduchorum P.H.Davis, Notes Roy. Bot. Gard. Edinburgh 24: 24. 1962. Figures 12-C, 13.

Type: [Turkey B9] Bitlis-Tatvan, 1700 m, disturbed steppe, 30.vi.1954, Davis & O. Poulin, D. 22382 (holotype: E photo!).
Synonyms: =C. glabrescens P.H.Davis & Hub.-Mor., Notes Roy. Bot. Gard. Edinburgh 24: 27 (1962). =C. anatolicus Sa’ad,
Convolv. Sp. Canar. Isl., Medit. Reg135 (1967). =C. orophilus Sa’ad, Convolv. Sp. Canar. Isl., Medit. Reg., etc. 147 (1967)., etc.
Loose-cushion forming, woody-based perennials. Stem ascending or prostrate, 3.5-26 cm, branched from base; sparsely
adpressed pilose. Leaves linear-lanceolate, 10-70 x 1.5-4 mm, obtuse to acute, attenuate at base, enlarged at the base, semi-
amplexicaule and scarious margin at the base, pilose; basal leaves linear to sphatulate, 10-80 x 1-5 mm, enlarged at the base, semi-
amplexicaule or amplexicaule and scarious margin at the base, pilose, inner surface sparsely hairy or glabrous. Inflorescence axillary
and terminal, cymes 1-6 flowered; pedicel 1-6 mm; peduncle 6-25 mm. Bracts linear, 7-25 x 1-1.5 mm; bracteoles linear, 6-7 x
0.75-1 mm, longer than pedicels. Sepals erect at flowering and fruiting period, obovate-oblong, 11-13 x 2.5-5 mm, mucronate; outer
sepals sparsely pilose towards apex, distincly brown-purplish coloured, slightly membranous at the margins. Middle and inner sepals
glabrous and membranous towards margin. Corolla white, 18—-20 mm long, bands hairy; petals hairy at the apex. Filaments entire at
margin, 8-10 mm; anthers oblong with retuse apex, 2 mm long. Ovary narrowly ovate, 2.5-3 x 1.5-2 mm, sparsely pilose at the
apex.
Style 8.5-9 mm, sparsely pilose; stigma 4—-4.5 mm, half about the style. Capsule ovate, 6—7 x 3.5-4 mm, sparsely pilose at the apex,
with 2 locule, usually 1-3 seeded; pericarp coriaceous, fragile. Seeds eliptic, 3.5-4 x 1.5-2 mm, brown, short-white hairy. Endemic.
Iran-Turan Element.
Phenology: Flowering between June and July; fruiting between July and August.
Distribution and ecology: Turkey (East Anatolian Region). Acantholimon and Astragalus steppe, alpine pastures, on serpentine,
igneous and stony slopes (1700-2100 m).
Conservation status: NT

3.21. Convolvulus pilosellifolius Desr., in Lam. Encyc. iii. 551. 1789. Figures 12-D, 13.

Type: [East Mediterrnean Countries] P-Tourn. 70

Perennial, usually woody-based herbs. Stem ascending or prostrate, 30—60 cm, simple or branched; adpressed or spreading
pilose, more densely hairy at the base. Leaves eliptic to lanceolate, 15-80 x 5-15 mm, acute, sessile, truncate, entire, scattered pilose;
lower leaves resemble to cauline leaves, usually smaller. Inflorescence axillary and terminal, dichasium, cymes 1-6 flowered; pedicel
2-5 mm; peduncle 20-30 mm. Bracts lanceolate, 6-10 x 2-3 mm; bracteoles linear, 2—4 x 0.5-1 mm, equal or slightly longer than
pedicels. Sepals erect at flowering and fruiting period, ovate, acute, green at the apex, adpressed or spreading hirsute; outer sepals 5-
7 x 2-3 mm; middle sepal 5-6.5 x 2-3.5 mm, with one half membranous toward the margin; inner sepals 5-6.5 x 2-3.5 mm,
membranous, sparsely hairy towards apex; membranous parts glabrous. Corolla pale pink, 10-15 mm long, bands hairy; petals
glabrous at the apex. Filaments entire at margin, 6-8 mm; anthers oblong with retuse apex, 2 mm long. Ovary ovate-globose, 1-1.5 x
1-1.5 mm, glabrous. Style 3-4 mm, glabrous; stigma 5-6 mm, 1.5 times longer than style. Capsule ovate-eliptic, 3.5-4 x 3-3.5 mm,
glabrous, with 2 locule, usually 1-2 seeded; pericarp coriaceous, fragile. Seeds ovate-eliptic, 2-3 x 1.5-2 mm, light brown, white
hairy. Iran-Turan Element.
Phenology: Flowering time June; fruiting between June and July.
Distribution and ecology: Afghanistan, Africa, Iran, northern Irag, northern Syria, Pakistan, The Sinai Peninsula, Turkey (South East
and East Anatolian Regions) United Arab Emirates. Road- and field sides, calcareous and sandy slopes (350-1200 m).
Conservation status: NT

3.22. Convolvulus persicus L., Sp. PI. 1: 158. 1753. Figures 14-A, 15.

Type: [North Iran] In Persia, ad maris Caspici litus (Hb. Linn. 218/53).
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Figure 12. A: C. libanoticus: a- Habit, b- Outer sepal, c- Middle sepal, d- Inner sepal, e- Stamen, f- Pistil, g- Capsule;B: C. cataonicus: a- Habit,
b- Outer sepal, c- Middle sepal, d- Inner sepal, e- Stamen, f- Pistil, g- Capsule; C: C. carduchorum: a- Habit, b- Outer sepal, c- Middle sepal, d- Inner
sepal, e- Stamen, f- Pistil, g- Capsule; D: C. pilosellifolius: a- Habit, b- Outer sepal, c- Middle sepal, d- Inner sepal, e- Stamen, f- Pistil, g- Capsule

Woody-based, densely wooly-sericeous, greyish perennials. Stem erect or ascending, 10-50 cm, branched, densely wooly-tomentose.
Leaves eliptic to broadly ovate, 2040 x 10-30 mm, obtuse, sometimes slightly retuse at the nerved on lower surface; basal leaves
usually rounded or obovate-sphatulate, 6-15 x 2-5 mm, attenuate at the base or short petiolate (2 mm).Inflorescence axillary, 1-6
flowered cymes, pedicel 5-10 mm, peduncle 15-40 mm. Bracts similar to cauline leaves, 15-30 x 10-20 mm. Bracteoles eliptic-
rounded, sometimes quite small, 2-7 x 1-5 mm, shorter than pedicel. Sepals erect or slightly dehiscent at fruiting period, broadly
ovate or ovate, obtuse to acute, densely wooly; outer sepals 9—12 x 8-11 mm. Middle sepal 9-12 x 8-11 mm, one half glabrous
towards margin at the base; inner sepals 9—11 x 8-10 mm, glabrous except apex and margins. Corolla white, 25-40 mm long, bands
densely hairy; petals glabrous at the apex. Filaments with sessile glands towards the base of dilated part, 10-15 mm. Anthers sagittate
with acute apex, 5 mm long. Ovary ovoid-globose, 2-2.5 x 1.5-2 mm, glabrous. Style 10-13 mm, glabrous; stigma 2.5-3 mm,
glabrous, Y4 or 1/5 about style.
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Figurel3. Distribution areas of C. libanoticus (1), C. cataonicus (2), C. carduchorum (3) and C. pilosellifolius (4) in Turkey

Capsule broadly ovate-globose, approximately equal to calyx, 8-10 x 8-10 mm, glabrous, with 2-locular, usually 1- 2 seeded;
pericarp sclerotic. Seeds obovate, 3-3.5 x 2.5-3 mm, dark brown or black, tuberculate. Iran-Turan Element.

Phenology: Flowering between June and July; fruiting between July and August.

Distribution and ecology: Bulgaria, Iran, Romania, Turkey (Marmara Region). Sandy dunes and hills near sea level (0-10 m).
Conservation status: CR Blab(i, iii, iv)

Remarks: C. persicus, which is distributed in the coastal Blacksea area in the Marmara Region in Turkey and also in Bulgaria, Iran,
Romania and Lake Hazer, is a quite isolated species taxonomically. C. persicus is distinctly different from the other species included
in Group A, which consist of generally erect, ascending or prostrate (never climbing or trailing) perennials or shrubs, owing to its
filaments with sessile glands towards the base, are dentate and its ratio of stigma-style (1/4-1/5). This species resembles the species
included in Group B owing to the characteristics mentioned above. Although C. persicus resembles the species in Group A on
account of its outer appearance, it is evaluated in Group B because of its filament and pistil characteristics. The most serious threats
for this species whose distribution areas are limited with sand dunes in Kilyos and Sile in Marmara Region in Turkey are human
pressure and misuse of sand dunes.

3.23. Convolvulus pentapetaloides L., Syst. Nat., ed. 12. 2: 229. 1767. Figures 14-B, 16.

Type: [Majorika] (Hb. Linn. 218/41).

Synonym: =C. tricolor subsp. pentapetaloides (L.) O.Bolos & Vigo, Collect. Bot. (Barcelona) 14: 90 (1983).

Mediterranean Element.

Phenology: Flowering between March and April; fruiting between April and May.

Distribution and ecology: Cyprus, Iran, Irag, Northwest Africa (?), Southern Europe, Syria, Turkey (Marmara, Aegean and
Mediterranean Regions). Calcareous and rocky slopes, under Olea europae and Ceratonia siliqua, macchie (10-130 m).
Conservation status: LC

3.24. Convolvulus siculus L. subsp. siculus, Sp. PI. 1: 156. 1753. Figures 14-C, 16.

Type: [Sicily] (Hb. Linn. 218/40, photo!).

Synonym: =C. flexuosus Pomel, Nouv. Mat. Fl. Atl. 84. (1875).

Mediterranean Element.

Phenology: Flowering between March and April; fruiting between April and May.

Distribution and ecology: Mediterranean Countries, Turkey (Mediterranean and Aegean Regions). Calcareous and rocky slopes,
under Olea europae and Ceratonia siliqua, macchie (0-450 m).

Conservation status: LC

*3.25. Convolvulus tricolor L. subsp. tricolor, Sp. PI. 1: 158. 1753. Figures 14-D.

Type: Described from Sicily.

Synonyms: C. pseudotricolor Bertol., Fl. Ital. ii. 450 (1835). C. maroccanus Batt., Bull. Soc. Bot. France 58: 187 (1911). C. tricolor
subsp. hortensis (Batt.) Maire, Bull. Soc. Hist. Nat. Afrique N. 19: 61 (1928).

Mediterranean Element.

Phenology: Flowering between May and June; fruiting between May and June.

Distribution and ecology: Northwest Africa, Southern Europe, Turkey (Marmara Region). Road sides and fallow fields.

3.26. Convolvulus althaeoides L., Sp. PI. 1: 156. 1753. Figures 16, 17-A.
Type: [Southern Europe] Habitat in Europa meridionali (Hb. Linn. 218/26, photo!).

Synonym: =C. italicus Roem. & Schult., Syst. Veg., ed. 15 bis [Roemer & Schultes] 4: 266 (1819).
Mediterranean Element.
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Phenology: Flowering between March and June; fruiting between June and July.

Distribution and ecology: Cyprus, East Aegaen Islands, Lebanon, Palestine, Southern Europe, Syria, Turkey (Marmara, Aegean and
Mediterranean Regions). Road sides, limestone, sandy and stony slopes (0-150 m).

Conservation status: LC

Remarks: In contrary to what is set forth in some references (Davis, 1978; Stace, 1972; Sa’ad, 1967), it is very difficult to
differentiate between C. althaeoides and C. elegantissimus based on whether their leaves are lobed to midrib or not since this
characteristic shows variations for both species. During the examination of the specimens from both species in our study, it was
observed that the upper leaves divided nearly to the midrip and the lobes of the leaves gradually decreased towards the base of stem.
In some cases, the upper leaves of C. elegantissimus were undulate at the margins instead of being lobed. The indumentum type of
the leaves would be the most important characteristic for identifying both species. The leaves of C. elegantissimus are covered with
adpressed silvery-silky indumentum and the leaves of C. althaeoides are covered with pilose hairs.

B 3 )

{ g o L 2
Figure 14. A: C. persicus: a- Habit, b- Outer sepal, c- Middle sepal, d- Inner sepal, e- Stamen, f- Pistil, g- Capsule; B: C.
pentapetaloides: a- Habit, b- Outer sepal, c- Middle sepal, d- Inner sepal, e- Stamen, f- Pistil, g- Capsule; C: C. siculus subsp.
siculus: a- Habit, b- Outer sepal, c- Middle sepal, d- Inner sepal, e- Stamen, f- Pistil, g- Capsule; D: C. tricolor subsp. tricolor: a-
Habit, b- Outer sepal, c- Middle sepal, d- Inner sepal, e- Stamen, f- Pistil, g- Capsule.
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Figure 15. Distribution areas of C. persicus in Turkey '
3.27. Convolvulus elegantissimus Mill., Gard. Dict., ed. 8. n. 22. 1768. Figures 16, 17-B.

Type: Described from Sicily (Hb. Linn. 218/27).

Synonyms: =C. tenuissimus Sm., Prodr. Fl. Graec. [Sibth. & Sm.] 1: 134 (1806). =C. altheoides L. var. pedatus Choisy, Prodr. [DC.]
9: 409 (1845). =C. altheoides L. subsp. tenuissimus (Sm.) Stace, Bot. J. Linn. Soc. 64(1): 59 (1971). =C. altheoides L. subsp.
elegantissimus (Mill.) Quézel & Santa, Nouv. Fl. Algérie: 758 (1963).

Mediterranean Element.

Phenology: Flowering between April and June; fruiting between June and July.

Distribution and ecology: East Mediterranean Countries, Southeast Europe, Northern Africa, Turkey (Marmara, Aegean and
Mediterranean Regions). Roadsides, sandy, limestone and rocky slopes, macchie (0-300 m).

Conservation status: LC

3.28. Convolvulus coelesyriacus Boiss., Diagn. PI. Orient. ser. 1, 11: 85. 1849. Figures 17-C, 18.

Type: [Lebanon] in cultis Coelesyriae inter Hasbeya et Rascheya et colui e seminibus relatis (holotype: G).
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Figure 16. Distribution areas of C. pentapetaloides (1), C. siculus subsp. siculus (2), C. althaeoides (3) and C. elegantissimus (4) in

Turkey
Synonym: =C. sintenisii Boiss., Fl. Orient. [Boissier] Suppl. 349 (1888).

Trailing or ascending, slender annuals; stem 5-50 cm, simple or branched, recurved—adpressed pilose. Upper leaves ovate-
triangular or hastate, 5-15 x 4-10 mm, acuminate, lobed at margins, lobes linear or linear-lanceolate, petiolate (1.5-3 mm), cordate
at base; especially recurved—adpressed pilose at margins and on midrip at lower surface; upper surface sparsely recurved—adpressed
pilose; middle and lower leaves cordate or reniform, 2035 x 20-40, obtuse, rounded at apex, slightly lobed, petiolate (5-80 mm),
cordate at base. Flowers axillary (single flowered); peduncle 5-15 mm, pilose; pedicel 5-10 mm, recurved-adpressed pilose; much
thicker, longer (reach to 30 mm) and reflexed at fruiting period. Bracts similar to cauline leaves; bracteoles linear, 1.5-3 x 0.5-1 mm,
shorter than pedicels. Sepals dehisccent at fruiting period, retuse and mucronulate at apex; outer sepals broadly obovate-cordate, 4.5—
6 x 3—4 mm, slightly membranous at margins, spreading pilose. Middle sepal broadly obovate-cordate, 4.5-6 x 3—4 mm, one half
membranous at margin, spreading pilose; inner sepals cordate, 4-5.5 x 3—4.5 mm, membranous at margins, scattered pilose only on
midrip; membranous parts glabrous. Corolla pink, pink-purple, sometimes slightly 5-lobed, 8-10 mm long; bands hairy, petals
glabrous except bands at apex. Filaments with sessile glands at the base of dilated part, 5-5.5 mm; anthers oblong with retuse apex,
1.5-2 mm. Ovary ovate, 1-1.5 x 1-1.5 mm, glabrous. Style 4-4.5 mm, glabrous; stigma 2-2.5 mm, approximately half about style.
Capsule globose-cordate, 4-6 x 4-6mm, glabrous, with 2 locule, 4 seeded; pericarp coriaceous, slightly fragile. Seeds ovate, slightly
2-pouched, 3.5-4.5 x 2-3 mm, light brown, tuberculate. Mediterranean Element.

Phenology: Flowering between March and April; fruiting between April and May.

Distribution and ecology: Cyprus, Israel, Lebanon, Palestine, Syria, Turkey (Mediterranean egion). Rocky slopes, under Olea
europae and Pinus brutia, loose macchie (0-150 m).

Conservation status: VU Bla

Remarks: C. coelesyriacus was recorded for the first time by Sorger, Kit-Tan and Mann, who collected this species from Kasg
(Antalya) (Davis et al., 1988). We collected this species from five different localities in the C2, C4 and the C5 squares of Turkey
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during the field studies and the threat category of this species was evaluated as VU considering its area of distribution and the
number of mature individuals.

3.29. Convolvulus stachydifolius Choisy, Prodr. [A. P. de Candolle] 9: 408. 1845. Figures 17-D, 18.

Lectotype: In Syria ex Alep ad Mossul, Olivier (G-DC).

Synonym: =C. quadrifolius Hochst., Wanderungen [Lorent.] 335 (1845). =C. stachydifolius Choisy var. villosus Hallier fil., Bot.
Jahrb. 18: 107 (1894).

Iran-Turan Element.

Phenology: Flowering between April and June; fruiting between June and July.

Distribution and ecology: Iran, Iraq, Khorasan, Lebanon, Palestine, Syria, Turkey (Southeast and East Anatolian Regions). Road- and
field sides, shaly, sandy, calcareous and limestone slopes (350-1000 m).

Conservation status: LC

3.30. Convolvulus galaticus Rost. ex Choisy, Prodr. [A. P. de Candolle] 9: 408. 1845. Figures 18, 19-A.

Lectotype: [Turkey A/B4 Ankara] in Syria ad Ancyre (1794), Rostan (G-DC).

Synonym: =C. agrophilos K.Koch, Linnaea 22: 745 (1849).

Phytogeographical Region: Iran-Turan Element.

Phenology: Flowering between May and August; fruiting between July and September.

Distribution and ecology: Iran, Lebanon, Turkey (Marmara, Mediterranean, Inner and East Anatolian Regions). Road- and field
sides, shaly, sandy, calcareous and limestone slopes, steppe (800-2650 m).

Conservation status: LC

3.31. Convolvulus germaniciae Boiss. & Hausskn. ex Boiss., Fl. Orient. [Boissier] 4(1): 104. 1875.

Type: [Turkey C6 Kahramanmaras] hab. in agris ad Giaur Gol prope Marasch (Germaniciam) Cataoniae, (21.vii.18657?),
Haussknecht (holotype: E photo!).

Phytogeographical Region: East-Mediterranean Element.

Phenology: Flowering between June and July; fruiting between July and August.

Distribution and ecology: Endemic to Turkey (Mediterranean Region). Road- and fieldsides (500 m).

Conservation status: CR D (Aykurt and Siimbiil, 2011c).

3.32. Convolvulus cassius Sam. ex Rech.f., Ark. Bot. ser. 2, 1: 314. 1950. Figures 18, 19-B.

Type: [Turkey C6 Hatay] prov. Antiochia, 30 km S. of Antiochia (Antakya), 8.vi.1938, Dinsmore 10127 (holo. S, iso K).

Trailing or climbing, spreading pilose perennials; stem to 3 m, branched from base, dense-spreading pilose. Leaves broadly ovate,
10-45 x 10-50 mm, acute and mucronulate, dentate, petiolate (5-20 mm), cordate at base, spreading pilose; lower leaves resemble to
cauline leaves, 40-70 x 30-60 mm, usually longer petiolate (30-45 mm). Flowers axillary (1-3 flowered cymes); peduncle 10-100
mm,; pedicel 5-15 mm, much thicker, longer and reflexed at fruiting period. Bracts similar to cauline leaves; bracteoles linear,
lanceolate, 5-15 x 1-4 mm, equal or shorter than pedicels. Sepals erect or slightly dehisccent at fruiting period; outer sepals oblong,
9-11 x 3.5-4.5 mm, mucronate with green apex, spreading pilose; middle sepal oblong-ovate, 9-11 x 4-5.5 mm, mucronate with
green apex, one half broadly membranous at margin, spreading pilose; inner sepals broadly obovate, 8.5-10.5 x 5-6 mm, with green
acuminate part, broadly memranous at margins, spreading pilose; membranous parts glabrous. Corolla white, 30—40 mm long; bands
hairy towards apex, petals glabrous except bands at apex. Filaments with sessile glands at the base of dilated part, 10-13 mm; anthers
oblong with retuse apex, 4 mm. Ovary ovate, 1-1.5 x 1-1.5 mm, dense and long pilose. Style 10-11 mm, lower part sparsely hairy,
upper part glabrous; stigma 4-4.5 mm, approximately half about style. Capsule globose, 6—8 x 6-8 mm, dense-spreading pilose, with
2 locule, 4 seeded; pericarp coriaceous, sclerotic. Seeds ovate, 3—4 x 2-3 mm, brown, slightly tuberculate or smooth. East-
Mediterranean Element.
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Figure 17. A: C. althaeoides: a- Habit, b- Outer sepal, c- Middle sepal, d- Inner sepal, e- Stamen, f- Pistil, g- Capsule; B: C. elegantissimus: a-
Habit, b- Outer sepal, c- Middle sepal, d- Inner sepal, e- Stamen, f- Pistil, g- Capsule; C: C. coelesyriacus: a- Habit, b- Outer sepal, c- Middle sepal, d-
Inner sepal, e- Stamen, f- Pistil, g- Capsule; D: C. stachydifolius: a- Habit, b- Outer sepal, c- Middle sepal, d- Inner sepal, e- Stamen, f- Pistil, g-
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Figure 18. Distribution areas of C. coelesyriacus (1), C. stachydifolius (2), C. galaticus (3) and C. cassius (4) in Turke
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Figure 19. A: C. galaticus: a- Habit, b- Outer sepal, c- Middle sepal, d- Inner sepal, e- Stamen, f- Pistil, g- Capsule; B: C. cassius: a- Habit, b-
Outer sepal, c- Middle sepal, d- Inner sepal, e- Stamen, f- Pistil, g- Capsule; C: C. betonicifolius subsp. betonicifolius: a- Habit, b- Outer sepal, c-
Middle sepal, d- Inner sepal, e- Stamen, f- Pistil, g- Capsule; D: C. betonicifolius subsp. peduncularis: a- Habit, b- Outer sepal, c- Middle sepal, d-
Inner sepal, e- Stamen, f- Pistil, g- Capsule

Phenology: Flowering between May and June; fruiting between June and July.

Distribution and ecology: Syria and Turkey (Mediterranean Region). Roadsides and fallow fields (250-800 m).

Conservation status: VU B1b(i, iv)

Remarks: This species could be collected from three different localities from Hatay (C6 square) during the field studies carried out
over three years. The threat category of this species was evaluated as VU considering its limited distribution area and few mature
individuals in these areas. The future of this species, which prefers to grow along the roads and edges of fields, is threated by the fact
that its area of distribution is near agricultural areas and there are possible construction work of road widening in the area where it is
collected.

C. cassius resembles C. betonicifoilus subsp. betonicifoilus especially in terms of its indumentum type and corolla; but, it is clearly
different from this subspecies because of the shape of its leaves. The leaves of C. cassius are broadly ovate, dentate at margins and
cordate at the base; the leaves of C. betonicifolius subsp. betonicifolius are hastate and entire or slightly undulated at margins. In
addition to these, the capsules of C. cassius are included in the calyx during the fruiting period; and the capsules of C. betonicifolius
subsp. betonicifolius exceed the calyx.

3.33. Convolvulus betonicifolius Mill., Gard. Dict., ed. 8. n. 20. 1768.

Type: Described from Africa.

1 Leaves densely or sparsely pilose, acute or acuminate, hastate; basal lobes usually dentate .........
................................................................................................................................... subsp. betonicifolius
1 Leaves tomentose, obtuse or mucronulate, usually cordate at base..............c.oooviiiiiniiiiieiiiieieeeeeeee subsp. peduncularis

3.33.1. C. betonicifolius Mill. subsp. betonicifolius Figures 19-C, 20.

Synonyms: =C. hirsutus M.Bieb., FI. Taur.-Cauc. 1: 422 (1808). =C. sibthorpii Roem. & Schult., Syst. Veg., ed. 15 bis [Roemer &
Schultes] 4: 285 (1819). =C. amoenus K.Koch, Linnaea 19: 19 (1846). =C. hirsutus M.Bieb. var. virescens Boiss., Fl. Orient. 4: 105
(1875). =C. armenus Boiss. & Kotschy ex Boiss., Fl. Orient. 4 (1): 105 (1875). =C. betonicifolius Mill. var. betonicifolius Sa’ad,
Convolv. Sp. Canar. Isl., Medit. Reg., etc. 220 (1967). =C. betonicifolius Mill. var. armenus Sa’ad, Convolv. Sp. Canar. Isl., Medit.
Reg., etc. 220 (1967). =C. aleppensis Sa’ad, Convolv. Sp. Canar. Isl., Medit. Reg., etc. 209 (1967).
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Mediterranean and Iran-Turan Element.

Phenology: Flowering between April and August; fruiting between July and September.

Distribution and ecology: The Balkans, The Caucasus, The Crimea, Cyprus, Iraq, Iran Israel, Lebanon, Palestine, Syria and Turkey.
Road- and field sides, shaly, sandy, calcareous and limestone slopes, steppe (7-2000 m).

Conservation status: LC

3.33.2. C. betonicifolius Mill. subsp. peduncularis (Boiss.) Parris, FI. Turkey 6: 217. 1978. Figures 19-D, 20.

Type: [Turkey C7 Sanhurfa] in Mesopotamia inter Orfa et Sierek (Siverek), Kotschy 58 (holotype: G, isotype: BM, E photo!, W).
Synonyms: =C. peduncularis Boiss., Diagn. PI. Orient. ser. 1, 11: 84 (1849) (type: E photo!). =C. hirsutus M.Bieb. var. tomentosus
Boiss., Fl. Or. 4: 105 (1875).

Iran-Turan Element.

Phenology: Flowering between May and August; fruiting between June and September.

Distribution and ecology: Irag, Lebanon, Syria and Turkey (East and Southeast Anatolian Regions). Road- and field sides, shaly,
sandy, calcareous and limestone slopes (660-2125 m).

Conservation status: LC

Remarks: The subspecies of C. betonicifolius differ from each other due to the type of their indumentum and the shape of their
leaves. The stem, leaves and the branches of C. betonicifolius subsp. betonicifolius are covered sparsely to densely with pilose hairs;
the leaves are acute to acuminate at the apex and sagittate or hastate at the base; and the lobes at the base are usually dentate. In C.
betonicifolius subsp. peduncularis, the stem, leaves and the branches are covered generally with tomentose hairs; however the leaves
are different from C. betonicifolius subsp. betonicifolius due to their obtuse or mucronate apex, as well as their cordate and lobe-less
basis. However, it is possible that the individuals showing morphologically intermediate characteristics in both species were
distributed sympatrically. It was observed that for the specimens belonging to C. betnicifolius subsp. peduncularis, which were
collected by us in this study, the peduncles were up to 25 cm, the cymes were generally with 4-5 flowered dichasia. The peduncles of
C. betonicifolius subsp. betonicifolius were shorter than the peduncles of C. betnicifolius subsp. peduncularis and its cymes contained
fewer flowers. The outer sepals size of C. betonicifolius subsp. betonicifolius were measured as 10-16 x 3.5-5 mm; whereas the size
of the outer sepals in C. betonicifolius subsp. peduncularis were 8-10 x 4-4.5 mm.

3.34. Convolvulus arvensis L., Sp. PI. 1: 153. 1753.

Type: Described from Europe. (Hb. Linn. 218/1).

Synonyms: =C. auriculatus Desr., Encyc. iii. 540 (1792). =C. cherleri Agardh ex Roem. & Schult., Syst. Veg., ed. 15 bis [Roemer &
Schultes] 4: 261 (1819). =C. corcicus Roem. & Schult., Syst. Veg. 4: 256 (1819). =C. arvensis L. var. linearifolius Choisy, DC.,
Prodr., 9: 407 (1845). =C. fisherianus Petrov, Bull. Soc. Nat. Mosc. 44: 147 (1935). =C. longipedicellatus Sa’ad, Convolv. Sp.
Canar. Isl., Medit. Reg., etc. 233 (1967).

Cosmopolitan in temperate and subtropical regions.

Phenology: Flowering between April and September; fruiting between July and September.

Distribution and ecology: Cosmopolitan in temperate and subtropical regions. Roadsides and fallow fields, slopes, steppe (0-3050
m).

Conservation status: LC

Remarks: C. arvensis is one of the taxonomically problematic species of the genus Convolvulus. This species was placed into various
taxa by several researches. Even some individuals of this species were introduced to science as new species. C. arvensis was
evaluated in the form of three varieties, named C. arvensis var. arvensis, C. arvensis L. var. linarifolius Choisy and C. arvensis L.
var. villosus Choisy by Sa’ad (1967) because of the differences in the shape of its leaves and the indumentum types. In the same
research, C. longipedicellatus was introduced as a new species, which was endemic to Turkey and it was indicated that this species
displayed differences from C. arvensis especially in terms of its more densely haired branches, leaves and outer sepals and in terms
of its much longer pedicels. The term C. longipedicellatus was used as a synonym for C. arvensis in the Flora of Turkey and also in
the present study. According to the Flora of Cyprus (Meikle, 1985), two different varieties of C. arvensis that were named as C.
arvensis var. arvensis and C. arvensis var. linarifolius were identified in Cyprus.

We collected numerous C. arvensis individuals from different localities and altitudes in every region of Turkey during our
field excursions. It was observed that these individuals displayed differences especially in their leaf shapes and indumentum types. If
the large ecological tolerance of this species is taken into consideration, we do not see it fit to evaluate this species under different
subspecies. The sepal shapes, sizes and the indumentum type, which are the important diagnostic characteristics of the genus
Convolvulus, were similar to each other among the examined specimens. The other important diagnostic characteristics such as the
structure, size and the indumentum type of the capsules, the style-stigma ratio and the indumentum type of the ovaries and the styles
did not show distinct differences among the investigated specimens of C. arvensis.

3.35. Convolvulus scammonia L., Sp. PI. 1: 153. 1753. Figures 20, 21-A.

Type: Hb. Linn. 218/4.

Mediterranean element.

Phenology: Flowering between April and July; fruiting between June and September.

Distribution and ecology: East Aegean Islands, Palestine, Iraq, the Crimea, Lebanon, Syria and Turkey (Marmara, Blacksea, Aegean,
Mediterranean, Southeast and East Anatolian Regions). Road- and field sides, shaly, sandy, calcareous, limestone and rocky slopes,
macchie (0-1540 m).

Conservation status: LC
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Figure 20. Distribution areas of C. betonicifolius subsp. betonicifolius (1), C. betonicifolius subsp. peduncularis (2), C. scammonia
(3) and C. pseudoscammonia (4) in Turkey

3.36. Convolvulus pseudoscammonia K.Koch, Linnaea 22: 746. 1849. Figures 20, 21-B.

Type: [Turkey A8 Erzurum] im Gaue Sber auf Porphyr und Kalk, 1067-1219 m, C. Koch (B, destroyed).

Synonyms: =C. cappadocicus Hausskn. & Sint. ex Woronow, Monit. Jard. Bot. Tiflis x. 31 (1908). =C. scammonia L. var.
pseudoscammonia (K.Koch) Sa’ad, Convolv. Sp. Canar. Isl., Medit. Reg., etc. 242 (1967).

Woody-based, glabrous shrublets; stem rigid, erect or ascending, 30-80 cm, branched; previous shoots persistent. Leaves hastate or
linear-lanceolate, 20-60 x 0.7-10 mm, acute or acuminate, shortly petiolate (1.5-3 mm); basal lobes acute (1.5-5 mm broad) or
absent, wider towards lower parts of stem; lower leaves longer petiolate (to 20 mm). Flowers axillary, 1-3 flowered cymes; peduncle
50-90 mm:; pedicel 5-15 mm, much thicker and longer at fruiting period. Bracts similar to cauline leaves; bracteoles filiform, 2.5-3.5
x 0.2-0.5 mm, shorter than pedicels. Sepals 7-9 x 4-5 mm, retuse and mucronulate; middle sepal oblong-obovate, 8.5-10.5 x 4-5
mm, obtuse or rounded at apex; inner sepals oblong-obovate, 9-11 x 4.5-5.5 mm, mucronulate. Corolla usually pale yellow, yellow
or cream, 20-25 mm long; bands glabrous, petals glabrous at apex. Filaments with sessile glands at the base of dilated part, 12-13.5
mm; anthers oblong with retuse apex, 4 mm. Ovary narrowly ovate, 1.5-2 x 1-1.5 mm. Style 14-14.5 mm; stigma 1-1.5 mm,
approximately 1/11-14 about style. Capsule ovate, 9-11 x 4-6 mm, exceeding the calyx, with 2 locule, 1-2 seeded; pericarp
sclerotic. Seeds broadly ovate-triangular, 4.5-5.5 x 3.5-4.5 mm, light brown or brown, tuberculate. Endemic. Iran-Turan Element.
Phenology: Flowering between June and July; fruiting between July and August.
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Figure 21. A: C. scammonia: a- Habit, b- Outer sepal, c- Middle sepal, d- Inner sepal, e- Stamen, f- Pistil, g- Capsule; B: C. pseudoscammonia: a-
Habit, b- Outer sepal, c- Middle sepal, d- Inner sepal, e- Stamen, f- Pistil, g- Capsule

Distribution and ecology: Turkey (East Blacsea and East Anatolian Regions). Serpentine, stony and limestone slopes (450-1450 m).
Conservation status: NT
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4, Conclusions

39 taxa of the genus Convolvulus, 3 of which are hybrid, were identified in Turkey in the present study. 10 of the 39 taxa
that were evaluated, which are C. x pseudocompactus, C. holosericeus subsp. macrocalycinus, C. % turcicus, C. x peshmenii, C.
phrygius, C. assyricus, C. cataonicus, C. carduchorum, C. germaniciae, C. pseudoscammonia, are endemic to Turkey. C. galaticus, a
species that was specified as being endemic in the Flora of Turkey, is also dispersed to Iran and Lebanon (Rechinger, 1979;
Mouterde, 1986). Therefore, this species is not considered as being endemic to Turkey in the present study.

It is possible to divide the Convolvulus taxa, that is distributed in Turkey into two different groups based on their habits and
whether the filaments are dentate or not. As a result of the detailed morphological studies on a great number of specimens, it was
established that the filament is the most important character for the separation of Convolvulus taxa into two groups. The filaments of
the species may be entire or have sessile glands at the base. The filaments of the species included in the first group (Group A) are
entire, whereas, the filaments of the species in second group are dentate due to the presence of sessile glands towards the base. Group
A includes the species with erect, ascending or prostrate stems, the occasionally cushion-forming perennials, shrubs or shrublets with
respect to their habits. Also, the leaves are generally attenuate at the base in Group A, and sometimes the leaves of such species as C.
lineatus may even be long and attenuate towards the base as if it is a petiole.

Group B contains typically climbing annuals or perennials. Only C. persicus and C. pseudoscammonia do not fit this
generalization with their erect or ascending stems, but their generative characteristics in terms of both the filaments and the style-
stigma ratio resemble those of Group B. Then again, the C. pseudoscammonia is erect and woody-based shrublets. On the other hand,
C. scammonia is typically a climbing perennial. After all, these species are very closely related and C. pseudoscammonia was
described as a variety of the C. scammonia under the name of C. scammonia var. pseudoscammonia. C. scammonia and C.
pseudoscammonia resemble each other in terms of their leaves, sepals, ovaries, pistils, capsules and seed characters in addition to
their habits and the filaments in both species are dentate. Therefore, C. pseudoscammonia classifies in the second group despite its
erect shrublet form and is known to be related to C. scammonia, which is a climbing perennial species. This situation distinctively
indicates that the filament character is very convenient in grouping the taxa of the genus Convolvulus.

Table 1. The phytogeographical regions, IUNC Threat Categories and endemism status of the Convolvulus taxa distributed across
Turkey

Taxa Phytogeographical Region IUCN Threat Category E&?S?'sm
1. C. lanatus Saharo-Sindian element NT -
2. C. reticulatus subsp. reticulatus Iran-Turan element NT -
3. C. chondrilloides var. chondrilloides Iran-Turan element CR -
4. C. dorycnium subsp. dorycnium Mediterranean element CR -
5. C. dorycnium subsp. oxysepalus East Mediterranean element NT -
6. C. aucheri Mediterranean element VU -
7. C. calvertii Iran-Turan element NT -
8. C. lineatus Mediterranean and Iran-Turan element LC -
9. C. cantabrica Mediterranean element LC -
10. C. oleifolius var. oleifolius Mediterranean element CR -
11. C. oleifolius var. deserti Mediterranean element NT -
12. C. x pseudocompactus Mediterranean element - +
13. C. holosericeus subsp. holosericeus Iran-Turan element LC -
14. C. holosericeus subsp. macrocalycinus Iran-Turan element NT +
15. C. x turcicus Iran-Turan element - +
16. C. x peshmenii East Mediterranean Element - +
17. C. compactus Mediterranean and Iran-Turan Element LC -
18. C. phrygius Iran-Turan element NT +
19. C. assyricus Iran-Turan element NT +
20. C. libanoticus East Mediterranean Element NT -
21. C. cataonicus Iran-Turan element NT +
22. C. carduchorum Iran-Turan element NT +
23. C. pilosellifolius Iran-Turan Element NT -
24. C. persicus Iran-Turan Element NT -
25. C. pentapetaloides Mediterranean Element LC -
26. C. siculus subsp. siculus Mediterranean Element LC -
27. C. tricolor subsp. tricolor Mediterranean Element - -
28. C. althaeoides Mediterranean Element LC -
29. C. elegantissimus Mediterranean Element LC -
30. C. coelesyriacus Mediterranean Element VU -
31. C. stachydifolius Iran-Turan Element LC -
32. C. galaticus Iran-Turan Element LC -
33. C. germaniciae East Mediterranean Element CR +
34. C. cassius East Mediterranean Element VU -
35. C. betonicifolius subsp. betonicifolius Mediterranean and Iran-Turan Element LC -
36. C. betonicifolius subsp. peduncularis Iran-Turan Element LC -
37. C. arvensis Cosmopolitan in temperate and subtropical regions LC -
38. C. scammonia Mediterranean element LC -
39. C. pseudoscammonia Iran-Turan Element NT +
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Although, C. persicus, which is reported as a “taxonomically isolated species” in the Flora of Turkey, has erect or
ascending stems, its filaments have sessile glands at the base and are dentate. Indeed this species, which resembles climbing species
especially with its style-stigma ratio, was evaluated in the second group in the present study. In light of all these data, the filament
character was used in the classification of the species of the genus Convolvulus into two main groups. In addition to this character,
leaf and habit features were also considered during grouping.

The 39 taxa of the genus Convolvulus that are encountered in Turkey were evaluated phytogeographically in this study and
18 of them were indicated to be Iran-Turan elements, 16 to be Mediterranean elements, 1 to be a Saharo-Sindian element and 4 to be
multi-regional. Table 1 shows the phytogeographical regions, IUNC Threat Category and endemism status of the Convolvulus taxa
that are distributed across Turkey.

Some collected and examined specimens: 1. C. lanatus: C2 Mugla: Ortaca, Sarigerme, sandy shores, 10 m, 17.v.2009, C.
Aykurt 2443. C2/3 Antalya: Demre, Beymelek, sandy shores, 2 m, 12.v.2009, C. Aykurt 2431. C3 Antalya, Lara, sand dunes, 5 m,
14.v.2007, C. Aykurt 1439. Antalya: Finike, Kumluca-Finike road, 5 km to Finike, sand dunes, 1 m, 13.iv.2009, C. Aykurt 2383.
Antalya: Finike, Sahilkent, sand dunes, 2 m, 12.v.2009, C. Aykurt 2433. 2. C. reticulatus subsp. reticulatus: B7 Elazig: Keban, 1 km
after from the turnout of Malatya, slopes, 1100 m, 25.vi.2008, C. Aykurt 2296, N. Kemaloglu. Elaz1g: Keban, Soganli, 5 km to
Keban, road sides and slopes, 839 m, 25.vi.2008, C. Aykurt 2293. Elaz13: Pertek-Elazig road, 1 km after from the turnout of
Meselikdy, slopes, 890 m, 2.vii.2009, C. Aykurt 2907. Malatya: Hekimhan, Yazihan-Hekimhan road, 35 km to Hekimhan, slopes,
steppe, 900 m, 3.vii.2009, C. Aykurt 2910. Tunceli: Pertek, Tunceli-Pertek road, entrance of Pertek, slopes, 1070 m, 2.vii.2009, C.
Aykurt 2906. B8 Batman: Kozluk, 7 km from Kozluk to Baykan, slopes, 700 m, 28.vi.2009, C. Aykurt 2826. Diyarbakir: Silvan,
Silvan-Bitlis road, before the Hasun Cave City, slopes, 924 m, 28.vi.2009, C. Aykurt 2824. C4 Mersin: 10 km from Mut to Silifke,
dunes, 119 m, 07.vi.2007, C. Aykurt 1483. C6 Gaziantep: between Gaziantep and Nizip arasi, 27 km to Gaziantep, field- and
roadsides, slopes, 650 m, 23.vi.2008, C. Aykurt 2242. Gaziantep: Gaziantep-Nizip road, exit of Gaziantep city centre, steppe, 824 m,
23.vi.2008, C. Aykurt 2239. C7 Sanliurfa: between Sanlurfa and Virangehir, field- and roadsides, 600 m, 23.vi.2008, C. Aykurt 2250.
C8 Mardin: Mardin-Mazidagi road, exist of Mardin city centre, roadsides, 930 m, 24.vi.2008, C. Aykurt 2254. Mardin: Mazidagi,
Yesilkoy, field- and roadsides, 825 m, 24.vi.2008, C. Aykurt 2261. 3. C. chondrilloides var. chondrilloides: C9 Hakkari: Hakkari-
Otluca road, shaly slopes, 1820 m, 28.vi.2010, C. Aykurt 3046. 4.1. C. dorycnium subsp. dorycnium: B2 Manisa: Alasehir, 20 km
from Alagehir to Kemaliye, fallow fields, 150 m, 13.vi.2009, C. Aykurt 2693. 4.2. C. dorycnium subsp. oxysepalus: B/C6
Kahramanmarag: Goksun-Kahramanmaras road, 30 km to Kahramanmaras, between Caglayan and Sugat1 villages, roadsides, slopes
710 m, 26.vi.2008, C. Aykurt 2319. C5 Adana: Adana: Pozanti-Adana old road, entrance of Adana, roadsides, slopes, 21.vi.2008, 150
m, C. Aykurt 2227. C6 Gaziantep: Fevzipasa (Islahiye), roadsides, slopes, 565 m, 26.vi.2008, C. Aykurt 2322, Gaziantep: between
Gaziantep and Nizip arasi, 27 km to Gaziantep, road- and fieldsides, slopes, 650 m, 23.vi.2008, C. Aykurt 2241. Gaziantep:
Gaziantep-Nizip road, exist of Gaziantep city centre, steppe, 824 m, 23.vi.2008, C. Aykurt 2240. Gaziantep: Karkamus, road of
Karkamis dam, road- and fieldsides, 349 m, 23.vi.2008, 37 412133 D 40 80541 K, C. Aykurt 2247. Hatay: Hassa, 20 km from
Kirikhan to Hassa, roadsides, 260 m, C. Aykurt 2682. Kirikhan, Iskenderun-Hatay road, 15 km to Kirikhan, roadsides, 95 m, C.
Aykurt 2662. Hatay: Kirikhan-Gaziantep road, 32 km to Hassa, roadsides, slopes, 200 m, 22.vi.2008, C. Aykurt 2238. C7 Sanliurfa:
between Birecik and Surug, 20 km to Sanlurfa, road- and fieldsides, 700 m, 23.vi.2008, C. Aykurt 2248. Sanliurfa: Hilvan, Sanliurfa-
Diyarbakir road, 8 km to Hilvan, road- and fieldsides, 665 m, 28.vi.2009, C. Aykurt 2821. 5. C. aucheri: C6 Hatay: Kisecik to NATO
Radar Station, sepentine slopes, 885 m, 7.vi.2009, C. Aykurt 2665. 6. C. calvertii: A8 Bayburt: Bayburt to Askale, 2 km to Orence
village, steppe and slopes, 1673 m, 2.vii.2009, C. Aykurt 2892, N. Kemaloglu, M. Kemaloglu. B8 Erzurum: Askale, Bayburt to
Erzurum, 10 km to Prrnakapan, steppe and slopes, 2260 m, 2.vii.2009, C. Aykurt 2893. B9 Van: Ozalp, between Ozalp and Emek
villages, steppe, 2004 m, 30.vi.2009, C. Aykurt 2842. 9.1. C. oleifolius var. oleifolius: C3 Antalya: Finike, 5 km from Finike to
Demre, stony slopes, macchies, 47 m, 12.v.2009, C. Aykurt 2429. Antalya: Finike, 5 km from Finike to Demre, stony slopes,
macchies, 47 m, 28.iv.2010, C. Aykurt 2957. 9.2. C. oleifolius var. deserti: B1 izmir: Cesme, Liman district, phrygana, 4 m,
13.v.2008, C. Aykurt 1950. C1 Mugla: Dat¢a, Gebekum, coastal sands, 5 m, 2.vi.2009, C. Aykurt 2637. Mugla: Datga, Gebekum,
road of windmill, under Pinus brutia, sandy slopes, 16 m, 2.vi.2009, C. Aykurt 2638. Mugla: Dat¢a, between Marmaris and Datca,
stony slopes, 80 m, 26.v.2008, C. Aykurt 2041. Mugla: 44 km from Datca to Marmaris, stony slopes, 07.v.2006, C. Aykurt 1007. C2
Mugla: Marmaris, Datga-Marmaris road, 33 km to Marmaris, slopes, 50 m, 2.vi.2009, C. Aykurt 2639. C3 Antalya: Finike, 7 km
from Finike to Demre, rocky slopes, macchies, 40 m, 28.iv.2010, C. Aykurt 2955. Antalya: Finike, 12 km from Finike to Demre,
rocky slopes, macchies, 40 m, 28.iv.2010, C. Aykurt 2956. 10. C. x pseudocompactus: C1 Mugla: Datga, between Marmaris and
Datga, stony slopes, 80 m, 7.v.2006, C. Aykurt 1006. Mugla: Datga, between Marmaris and Datga, stony slopes, 80 m, 26.v.2008, 35
580941 D 40 69447 K, C. Aykurt 2039. 11.2. C. holosericeus subsp. macrocalycinus: B7 Elazig: Harput, 1 km to the turnout of
Buzluk Cave, slopes, 25.vi.2008, 1460 m, C. Aykurt 2286. Elazig: Harput, slopes, 25.vi.2008, 1454 m, C. Aykurt 2285. Elazig:
Pertek-Elaz1g road, 3 km after from Salkaya, slopes, 1060 m, 2.vii.2009, C. Aykurt 2909. C5 Adana: Pozanti, 7 km from Pozant1 to
Adana, open Pinus nigra forests, edge of woodlands, 945m, 6.vi.2009, C. Aykurt 2652. Nigde: Ulukisla, 2 km after from the turnout
of Maden, stony and rocky slopes, 1046m, 08.vi.2007, C. Aykurt 1487. 12. C. x turcicus: B3 Afyon: Seyitgazi, Afyon-Kirka road, 2
km to Kirka, steppe, 1079 m, 15.vi.2009, C. Aykurt 2706. Eskisehir: Seyitgazi, 2 km from Seyitgazi, steppe, 1117 m, 15.vi.2009, C.
Aykurt 2711. Eskigehir: Seyitgazi, environs of Sarayoren village, slopes, 1075 m, 15.vi.2009, C. Aykurt 2713. Kiitahya: Merkez, 1
km from Kiitahya to Eskisehir, limestone slopes, 930 m, 6.vi.2008, C. Aykurt 2140. C3/B3 Konya: Debent, 1030 m, 10.vii.2011, C.
Aykurt 3070. B7 Malatya: Hekimhan, 6 km from Hekimhan to Kangal, roadsides and slopes, 1121 m, 25.vi.2008, C. Aykurt 2300. B6
Kahramanmaras: Elbistan, between Darende and Elbistan, steppe, 1351 m, 25.vi.2008, C. Aykurt 2310. B6 Malatya: Hekimhan, 6 km
from Hekimhan to Kangal, steppe and slopes, 1121 m, 3.vii.2009, C. Aykurt 2913. B6 Malatya: Hekimhan, 6 km from Hekimhan to
Kangal, steppe and slopes, 1121 m, 27.vii.2009, C. Aykurt 2923. 13. C. x peshmenii: Adana: 28 km from Pozanti to Adana, under
Pinus brutia, 945 m, 09.vi.2007, C. Aykurt 1495. 15. C. phrygius: B2 Kiitahya: 18 km from Kiitahya to Eskisehir, slopes, 991 m,
06.vi.2008, C. Aykurt 2153. Kiitahya: Kiitahya-Eskisehir road, exit of Kiitahya, limestone slopes, 930 m, 6.vi.2008, C. Aykurt 2143.
Kiitahya: 15 km from Kiitahya to Eskisehir, limestone slopes, 990 m, 6.vi.2008, C. Aykurt 2152. B3 Eskisehir: Eskisehir-Seyitgazi
road, the slopes after from the Eskigehir Cemetery, 912 m, 7.vi.2008, C. Aykurt 2166. Eskisehir: Eskisehir-Ankara road, the slopes at
the exit of Eskigehir, 920 m, 16.vi.2009, C. Aykurt 2717. Eskisehir: between Kiitahya and Eskisehir, 500 m after from the turnout of
Takmak Village, limestone slopes, 895 m, 6.vi.2008, C. Aykurt 2161. C2 Denizli: Denizli-Burdur road, 1 km to Salda Pass, steppe,
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1280 m, 20.v.2008, C. Aykurt 2018. Denizli: Denizli-Burdur road, 2 km to Salda Pass, steppe, 1280 m, 20.v.2008, C. Aykurt 2016.
Denizli: Honaz Mountain National Park, slopes, 1177m, 19.vii.2007, C. Aykurt 1513. Denizli: Honaz, 3-4 km after from the entrance
of Honaz Mountain National Park, slopes, 1167 m, 11.v.2008, C. Aykurt 1928. Denizli: Honaz, 2.5 km after from the entrance of
Honaz Mountain National Park, rocky slopes, 1160 m, 23.v.2008, C. Aykurt 2025. Denizli: Tavas, 4 km to Cankurtaran, open Pinus
nigra forests, rocky slopes, 1100 m, 23.v.2008, C. Aykurt 2026. Denizli: Yesilove, Yesilove-Karamanli road, 1240 m, step,
22.v.2008, C. Aykurt 2015. Eskisehir: Eskigehir-Gediz road, exit of Eskisehir, 900 m, 7.vi.2008, C. Aykurt 2165. Eskisehir: Seyitgazi,
northeast of Sarayoren Village, slopes, 1116 m, 15.vi.2009, C. Aykurt 2714. Eskisehir: Seyitgazi, after 1 km from Saray6ren Village,
slopes, 1057 m, 15.vi.2009, C. Aykurt 2715. C3 Antalya: Korkuteli, Korkuteli-Fethiye old road, Aga Mountain, slopes, steppe, 1215
m, 22.vi.2009, C. Aykurt 2815. Antalya: Korkuteli, environs of the Korkuteli Dam, open slopes, 1250 m, 3.vi.2008, C. Aykurt 2055.
Antalya: Korkuteli, 4 km from Korkuteli to Kizilcadag, slopes, 1200 m, 3.vi.2008, C. Aykurt 2048. Antalya: Korkuteli, around
Derekdy Village, slopes, 1124 m, 36 243597 D 41 10501 K, C. Aykurt 2216. Antalya: Korkuteli, 3 km from Korkuteli to Derekoy,
stony slopes, 1080 m, 3.vi.2008, C. Aykurt 2077. Antalya: Korkuteli, around Yazir Village, 920 m, 03.vi.2008, C. Aykurt 2045.
Antalya: Korkuteli, between Korkuteli and Kizilcadag, around the tunout of Yukarikaraman, slopes, 1415 m, 4.vi.2008, C. Aykurt
2067. 16. C. assyricus: A5 Amasya: Merzifon, Merzifon-Corum road, 38 km to Corum, slopes, 800 m, 18.vi.2009, C. Aykurt 2771.
Corum: Corum-Y ozgat road, 20 km to Alaca, slopes, steppe, 1100 m, 18.vi.2009, C. Aykurt 2781. Corum: Kugsaray: Village, steppe,
fallow fields, 1117 m, 18.vi.2009, N 40 60745 E 35 10537, C. Aykurt 2774. B5 Nevsehir: Avanos, Kalaba-Avanos road, 8 km to
Avanos, igneous slopes, 1180 m, 18.vi.2009, C. Aykurt 2796. Nevsehir: Avanos, 1.5 km from Kabala to Avanos, fallow fields, 1189
m, 18.vi.2009, C. Aykurt 2793. Yozgat: Bogazliyan, Yozgat-Bogazliyan road, 9 km to Bogazliyan, slopes, 1280 m, 18.vi.2009, C.
Aykurt 2792. Yozgat: between Corum and Yozgat, after from Calath Village, 6.5 km to Yozgat, slopes, 1250 m, 18.vi.2009, C.
Aykurt 2787. Yozgat: 2 km from Yozgat to Bogazliyan, slopes, 1200 m, 18.vi.2009, C. Aykurt 2788. B6 Malatya: Darende, between
Hekimhan and Darende, after 7-8 km from Ayvali, steppe, 1516 m, 25.vi.2008, C. Aykurt 2306. C5 Nigde: around Camard, steppe,
1600 m, 09.v1.2007, 1600 m, C. Aykurt 1505, N. Kemaloglu (AKDU). Nigde: 3 km to Demirkazik, steppe, 1553m, 09.vi.2007, C.
Aykurt 1501. 17. C. libanoticus: C3/4 Konya: Seydisehir, Antalya-Akseki road, after 2 km from the Bozkir turnout, slopes, 1525 m,
06.vi.2007, C. Aykurt 1462. Konya: Seydisehir, Antalya-Akseki road, after 2 km from the Bozkir turnout, slopes, 1525 m,
06.vi.2009, C. Aykurt 2643. C4 Karaman: 10 km to Ermenek, roadsides, 06.vi.2007, C. Aykurt 1471. Konya: Bozkir road, slopes,
1663 m, 06.vi.2007, C. Aykurt 1463, N. Kemaloglu (AKDU). Konya: after from Taskent, Balbeli Pass, stony slopes, steppe, 1825 m,
06.vi.2007, C. Aykurt 1469. 18. C. cataonicus: B6 Kahramanmaras: Goksun, Elbistan-Goksun road, 13 km to Goksun, slopes,
26.vi.2008, 1414 m, C. Aykurt 2314. Kahramanmaras: Goksun, 3 km to Findik Village, forests and open Pinus nigra forests,
26.vi.2008, 1354 m, C. Aykurt 2317. B7 Elazig: Sivrice, road of Gozeli Village, Acantholimon and Astragalus steppe, 1594 m,
24.vi.2008, C. Aykurt 2276. Elaz1g: Sivrice, Gozeli Koyii-Elazig road, 30 km to Elazig, slopes, 24.vi.2008, C. Aykurt 2282. Elaz1g:
Sivrice, 1 km west of Kavak Village, slopes, 1628 m, 24.vi.2008, C. Aykurt 2277. C6 Hatay: between Kisecik and NATO Radar
Station, steppe, 1400 m, 7.vi.2009, C. Aykurt 2666. 19. C. carduchorum: B7 Elazig: Baskil, Baskil-Saritas Koyii road, 2 km to
Saritag, Acantholimon and Astragalus steppe, 1772 m, 24.vi.2008, C. Aykurt 2283. B8 Tunceli:Piiliimiir, Erzincan-Tunceli road, 10
km to Puliimiir, slopes, 1970 m, 2.vii.2009, N 39 52776 E 39 88838, C. Aykurt 2896. Tunceli: Piiliimiir, between Erzincan and
Tunceli, 8 km to Piiliimiir, slopes, 1924 m, 2.vii.2009, C. Aykurt 2899. 20. C. pilosellifolius: C6/7 Gaziantep: Nizip-Karkamis road,
around Cakiroglu Village, roadsides, 370 m, 23.vi.2008, C. Aykurt 2243. C7/8 Sanlwrfa: Ceylanpinar, fallow fields, 356 m,
23.vi.2008, C. Aykurt 2252. C8 Mardin: Mardin-Mazidag road, exit of Mardin City centre, roadsides, 930 m, 24.vi.2008, C. Aykurt
2255. 21. C. persicus: A2(E)istanbul: Sariyer, Giimiisdere beach, sandy dunes, 6 m, 23.v.2009, C. Aykurt 2509. A2(A) Istanbul: Sile,
Sofular village, coastal sandy dunes, 5 m, 04.vii.2009, I. Geng (ISTF). 27. C. coelesyriacus: C2 Antalya: Kas, Demre-Kekova road, 3
km after the turnout of Kekova, open macchie, stony slopes, 118 m, 13.iv.2009, C. Aykurt 2390, N. Kemaloglu. Antalya: Kas, Kas-
Kalkan road, exit of Kas, under Olea europae, 1-2 m, 27.iii.2008, C. Aykurt 1759. C4 icel: Kanlhdivane, 1.5 km after from the
turnout of Kanlidivane, macchie, 75 m, 09.iv.2008, C. Aykurt 1810. Icel: Kizkalesi, 3 km to Adamkayalar, macchie and rocky areas,
23 m, 13.iv.2008, C. Aykurt 1825. icel: Silifke-Aydincik road, 2 km to Akdere, macchie, under Pinus brutia woodland, 72 m,
13.iv.2008, C. Aykurt 1828. 30. C. germaniciae: C6 Kahramanmaras: Tiirkoglu, Gavur Lake environs, roadsides and fallow fields,
500 m, 26.vi.2008, C. Aykurt 2321. Kahramanmaras: Tiirkoglu, Gavur Lake environs, roadsides and fallow fields, 500 m, 8.vi.2009,
37 302377 D 41 21357 K, C. Aykurt 2682b. 31. C. cassius: C6 Hatay: Altinozii, between Altindzii and Yigityolu, 18 km to
Yigityolu, roadsides and fallow fields, 326 m, 8.vi.2009, C. Aykurt 2678. Hatay: Altin6zii, between Altindzii and Yigityolu, 4 km to
Yigityolu, roadsides and fallow fields, 662 m, 8.vi.2009, C. Aykurt 2679. Hatay: Iskenderun, between Haciahmetli and Karagéz
villages, roadsides, slopes, 250 m, 7.vi.2009, C. Aykurt 2659. 35. C. pseudoscammonia: A8 Artvin: Yusufeli, Demirkent Village,
slopes, 1330 m, 1.vii.2009, C. Aykurt 2882. Artvin: Yusufeli, 2 km to Demirkent, slopes, 565 m, 1.vii.2009, C. Aykurt 2880. Artvin:
Yusufeli, 40 km from Yusufeli to Ispir, Sarikonaklar environs, slopes, 660 m, 1.vii.2009, C. Aykurt 2883. Artvin: Yusufeli, 7 km
from Yusufeli to Ispir, slopes, 660 m, 1.vii.2009, C. Aykurt 2883. Erzurum: Ispir, between Artvin and Ispir, 10 km to Ispir, rockt
slopes, 1150 m, 1.vii.2009, C. Aykurt 2887. Erzurum: Tortum, 8 km from Tortum to Uzundere, slopes, steppe, 1420 m, 1.vii.2009, C.
Aykurt 2868.
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Abstract

This research was carried out for the purpose of determining the flora of Akdag (Balikesir/Dursunbey) which
located in square B2 between 2010 and 2011. A floristic survey specific to the field of research not yet done and
Mediterranean, Euro-Siberian and Irano-Turanian phytogeographic region boundaries exist on the transition zone are
the main factors in doing this study. 989 plant specimens were collected from the research area. As a consequence,
according to evaluating of specimens 53 families and 442 taxa were identified. In this paper 72 taxa were found to be
new floristic records for the B2 squares. 46 taxa collected are endemic for Turkey with %10,41 endemism ratio. The
distrubition of the taxa with respect to phytogeographic regions; Mediterranean Elements %19,6, Euro-Siberian
Elements %17,2, Irano-Turanian Elements %7,9 and Cosmopolitans and unknowns elements %55,2. The largest three
families due to the number of taxa are as follows: Asteraceae (50), Fabaceae (50.), and Lamiaceae (30). The largest
three genera; Trifolium (12), Ranunculus (10) and Vicia (9), Veronica (9).

Key words: Akdag, Balikesir, B2 square, endemic, flora

k

Akdag (Balikesir, Dursunbey/Tiirkiye) florasi.

Ozet

Bu caligma 2010-2011 yillar1 arasinda B2 karesinde yer alan Akdag (Balikesir/ Dursunbey) florasini tespit
etmek amaciyla yapilmistir. Arastirma alanmna 6zgii floristik bir arastirmanin yapilmamis olmasi ve alanin Akdeniz,
Avrupa-Sibirya ve Iran Turan fitocografik bolge sinirlarmin gecis zonlarmda bulunmasi bu galismanin yapilmasinda
temel etken olmustur. Arastirma alanindan 989 bitki 6rnegi toplanmistir. Taksonlarin degerlendirilmesi sonucunda; 53
familyaya ait 442 takson tespit edilmistir. Calismanin sonucunda 72 taksonun B2 karesi i¢in yeni kayit oldugu tespit
edilmigtir. Alanda bulunan taksonlarin 46 tanesi endemik olup, endemizm oram1 %10,41° dir. Taksonlarmn fitocografik
bolgelerine dagilisi; Akdeniz Elementi %19,6, Avrupa-Sibirya Elementi %17,2, Iran-Turan Elementi %7,9 ile genis
yayiligh ve bilinmeyenler %55,2 seklindedir. En ¢ok takson igeren ilk li¢ familya; Asteraceae (50), Fabaceae (50.) ve
Lamiaceae (30) olarak belirlenmistir. En ¢ok takson iceren ilk 3 cins ise; Trifolium (12), Ranunculus (10) and Vicia (9),
Veronica (9)’ dir.

Anahtar kelimeler: Akdag, Balikesir, B2 karesi, endemik, flora
1. Giris

Diinyada 490 familya ait 13553 cins ve 258650 tiir kapali tohumlu bitki oldugu kabul edilmektedir (Thorne,
2002). Tirkiye; Diinya’ daki bitki tiirii ¢esitliligi agisindan 6nemli bir yere sahiptir. Bugiine kadar Tiirkiye florasi ile
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ilgili ¢ok sayida arastirmalar yapilmistir. Bu aragtirmalar neticesinde Tiirkiye’ nin degisik bolgelerinde yapilan floristik
calismalarla bitki tiirii sayis1 giin gectikce artmaktadir.

Son yillarda yapilan bu arastirmalarin 1s18inda; Tirkiye’ de 167 familyaya ait 1320 cins ve 9996 tiir
bulunmakta olup toplam takson sayisinin ise 11707’ e ulastig1 belirtilmektedir (Giiner ve ark., 2012). Bunun yanisira
ilkemizin floristik yapisinin tam anlamiyla ortaya konulamadigi ve hala birtakim eksiklerin bulundugu da
vurgulanmaktadir (Ekim, 2004).

Ulkemiz florast ile ilgili belirttigimiz baslica bu konularin 1s181nda, yurdumuzdaki bolgesel flora caligmalar
her gecen giin artmaktadir. Yapilan literatiir caligmalarinda Balikesir ve ¢evresinde yapilmis bir¢ok floristik ¢alismaya
rastlanmistir (Gork(1982), Yayintas (1985), Vural ve ark. (1985), Cirpict (1989), Erden (1992),Tel ve Tathi (1996a,b),
Oflas (1998), Dogan ve Ozen (1999), (Sanén ve Ozen (2001), Tath ve ark. (2002), Tath ve ark (2003), Dirmenci
(2006), Satil (2009), Giiner ve Ak¢igek (2013)) Bununla beraber bolgede hala ¢alisilmamis alanlar da vardir.

Calisma konumuzu olusturan ve Balikesir’ in en yiiksek daglarmdan olan Akdag; Balikesir’ de floristik agidan
¢alisilmamis énemli bir dag ekosistemidir. Akdag’ in orman ekosistemi ile ilgili bir arastirma olan Sénmez ve Boyraz
(2003)’ 1n ortaya koydugu, ancak sadece kuzey ve giiney yamaglardaki agag tiirlerinin belirtildigi, otsu bitkiler iizerinde
arastirmanin yapilmadigi bir ¢aligmanin diginda herhangi bir g¢alismaya rastlanilmamasi bolgeyi floristik agidan daha
cazip hale getirmektedir. Bunun disinda g¢alisma alanimiza olduk¢a yakin olan Golciik (Dursunbey) florasi ile ilgili
Dirmenci (2006) tarafindan yapilmis bir ¢aligma bulunmaktadir. Akdag’a komsu olan ve Kiitahya sinirlarinda yer alan
bazi alanlarda da floristik aragtirmalar yapilmistir; bunlardan Tel ve Tatli (1996a,b) Saphane dagi, Tatli ve arkadaslari
(2003) ise Budagan dag florasini incelemislerdir.

Bu caligma ile Akdag’ m floristik kompozisyonu ortaya konulmustur. Ayrica, arastirma alanmm bitkilerini
dolayistyla bitkisel gesitliligini ulusal ve uluslararasi diizeyde tanitmis olmak da bu ¢aligmanin en 6nemli getirilerinden
olacaktir. Ayrica ¢alisma alanindaki bitki ¢esitliligini daha etkin korunabilmesi i¢in 6neriler getirilmistir.

2. Materyal ve yontem

Bu ¢aligmanin materyalini Nisan 2010-Agustos 2011 yillar1 arasinda yapilan arazi ¢aligmalarinda toplanan 989
bitki Ornegi olusturmaktadir. Arazi calismalari, &zellikle ¢iceklenmenin yogun oldugu ilkbahar-yaz aylarinda
yapilmistir. Bununla beraber diger mevsimlerde de arazi galismalarma devam edilmistir. Arastirma alanmin hemen
hemen her bolgesinde ¢alisma yapilmaya 6zen gosterilmistir.

Toplanan 6rnekler uygun kosullarda muhafaza edilmesi icin yaygin herbaryum yontemleri kullanilarak ve
ornekler numaralandirilarak Balikesir Universitesi Fen-Edebiyat fakiiltesinde muhafaza altina alinmistir. Herbaryumu
yapilan 6rnekler dnce familya ve cins diizeyinde teshis ve tasnif edilmistir. Bu herbaryum 6rneklerinin tiir ve tiir alt:
kategorilerinin teshisi i¢in temel kaynak olarak “Flora of Turkey™ (Davis,P.H., 1965-1985, Davis,P.H. et al., 1988,
Giiner ve ark., 2000) adl1 11 ciltlik eserlerde bulunan tiir anahtarlarindan ve betimlemelerinden yararlanilmistir. Ayrica
tir teshislerinde Flora of Iraq (Tousend, C. C., 1966-1980), Mountain Flora of Greece (Strid, A., Tan, K., 1986) ve
Flora of Europae (Tutin, G. T., Heywood, V. H., 1964-1981) adli eserlerden de faydalanilmigtir. Ayrica Tirkiye
Florast’ na ilave edilen taksonlar ‘Tiirkiye Florasina Ilave Edilen Tiirlerin Listesi I, II, III, IV, V adli yaymlardan
kontrol edilmistir (Ozhatay vd., 1994, 1999, 2009,2011, Ozhatay ve Kiiltiir, 2006). Ayrica teshisi siipheli olan bazi
bitkilerin kontrolii i¢in Ege Universitesi Herbaryumu® ndan (EGE) yararlanilmistir.

Taksonlarin adlar1 yazilirken gecerli olan takson isimleri ve otdr adlar1 Brummit ve Powell” in Authors of Plant
Names (Brummit, Powell, 1999) adli eserinden faydalanilarak yazilmis fakat sinonimleri belirtilmemistir. Takson
isimlerinde yapilan aktarma, isim ve statii degisiklikleri The Plant List (2010) Version 1. kaynakli ve Greuter’ in The
Med-Checklist internet sitesi baz alinarak (Greuter vd., 1984 - 1989) diizenlenmistir. Taksonlarin ad1 yazildiktan sonra
etiket bilgileri de belirli bir sirayla (Toplayici numarasi, istasyon numarasi, Tarih, Endemiklik durumu ve Fitocografik
durumu seklinde) yazilmistir. Arastirma sonucunda ortaya ¢ikan veriler numerik olarak ifade edilmis ve istatiksel
veriler tablolar seklinde gosterilmistir.

3. Bulgular

3.1. Arastirma alanmin 6zellikleri

I¢c Ege’ nin kuzey kesiminin sayili daglar1 arasinda olan Akdag (2089m), Balikesir ilinin en yiiksek dagidir.
Alan kusbakist olarak, Dursunbey ilce merkezine 40 km, Simav il¢ce merkezine 23 km ve Emet ilge merkezine 34 km
mesafededir. Balat ¢ayr havzasmin giineyindeki bu masif, dogusundaki Egrigéz dagi (2181m)’ ndan K-G dogrultulu
kocadere olugu ile kuzeydogusundaki Civana dag1i’ ndan Canakci dere ile batisindaki Ulus dagi (1876 m)’ ndan ise
tepelik bir alanla ayrilir. Cevizlik ve Gedez dereler Akdag kiitlesine yapisal iliskilerle bagli bulunan bu tepelik alanla,
daha batidaki Ulus dag1 arasinda sinir kabul edilebilir. Bu yorede Akdag ile Ulus dag1 arasindaki boyun noktast 100 m’
ye kadar algalir. Tepelik sahanin kuzeyinde yiikselen Alacam daglari (1615m) ile Akdag arasindaki sinir1 da Kiiren ve
Can dereleri meydana getirir.

Mikail ACAR et al., Flora of Akdag (Balikesir, Dursunbey/Turkey)
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Sekil 1.Arastirma alanin haritasi

Aragtirma alanimiz Davis’ in Tiirkiye Florasinda enlem ve boylamlara dayali kareleme sistemine gére B2
karesine girmektedir. Avrupa — Sibirya, Akdeniz ve fran— Turan flora bdlgelerinin de kesisim alaninda yer almaktadir.
Akdag’ in genel toprak yapisi ise Sekil 3’ te goriilmektedir. Esas olarak Kahverengi orman topragi ve Kiregsiz
kahverengi orman topragi hakim oldugu goriilmektedir.

Dursunbey ve Simav’ da yillik yagisin mevsimlere gore dagilisi yani yagis rejimi Akdag’ m bitki Ortiisiiniin
aciklanabilmesi i¢in énemlidir. Kiitahya ili Simav ve Balikesir ili Dursunbey ilge sinirlari icinde bulunan saha, i¢ Ege’
nin kuzey kismi, Marmara ve I¢ Anadolu Bolgesi arasinda kalmaktadir. Sahanin yer aldigi havzada her ii¢ bolgenin
iklim tipleri arasinda bir gecis iklimine sahip ozellikler goriilmektedir.Arastirma alaninda meteoroloji istasyonu
bulunmamaktadir. Bu nedenle, arastirma alaninin Walter yontemine gore iklim diyagraminin ¢izilmesinde, bélgeye en
yakin meteoroloji istasyonu olan Dursunbey Meteoroloji Istasyonunun ortalama verilerinden faydalanilmistir. Bu
amagla, elde edilen yagis ve sicaklik degerleri Schreiber ve Lapse-Rate formiilleri kullanilarak, ortalama yiikseltisi
1694m olan Akdag icin enterpole edilmistir. Akdag i¢in Lapse-Rate formiilii kullanilarak hesaplanan ortalama aylik ve
yillik sicaklik degerleri ise Tablo 1° de gosterilmistir. Akdag’ in yillik yagis dagilimi ise Tablo 2’ de gésterilmistir.

Tablo 1: Akdag ortalama aylik ve yillik sicaklik degerleri

" Rakim | Ortalama Sicaklik (°C)
Mevkii (m) [ T v v i Vil Vi iX XX x| ik
Dursunbey |639m |28 |3.3 |6.2 |10.8 |15.4 |19.7 |21.9 |21.4 |17.9 |134 |81 |44 |12.1
Akdag 2089m | -5.47 |-3.89|-2.03|1.86 |6.6 |11.57 |13.6 |13.53 |14.71 |6.68 |3.21 |1.22 |4.95

Tablo 2. Akdag' in yillik yagis dagilimi

. Rakim | Ortalama Yagig (mm)
Mevkii (m) i I v v i Vi v [IX X [xi x| YUk
Dursunbey |639m | 70.0 |56.4 |52.4 | 605 |44.2 |254 |9.3 |12.1 |18.0 |46.2 |68.6 |8L8 |544.9
Akdag 2089m | 1175 |103.9 |99.8 |107.9 |91.7 |72.9 |56.8 |59.6 |655 |93.7 |116.1 |129.3 |1114.6
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Sekil 1. Walter yontemine gore Akdag iklim diyagrami

Aragtirma alaninin, Walter yontemine gore diizenlenmis olan iklim diyagrami ise Sekil 1’ de gosterildigi
gibidir. Sekil 1* deki iklim diyagrami incelendiginde; yagis ve sicaklik egrileri birbirini kesmemektedir. Bu nedenle,
yorede kurak devre bulunmamaktadir. Bolgeden toplanan bitki drneklerinin etiketlerinde c¢aligilan istasyonlar ‘A’
kodlamastyla belirtilmistir.

Bitki Toplanan Istasyonlar ve Toplama Tarihleri

ALAN (A)

Al: Akdag zirve (Simav tarafi) ve yoriigiin yeri 39° 15" 365K-28° 49" 040D, 1895m

A2: Akdag zirve (Namazlar Tepe) (Simav tarafindan), yamaglari, dere kenar1 ve gozetleme kulesi civar1 39° 15" 775K-28° 41" 260D,
2000-2089m

A3: Akdag zirve (Dursunbey)- zirve yanlari, dag yolu yol kenarlar1 39° 15" 882K-28° 49" 696D 2027m, 39° 16" 043K-28° 49 ' 478D
2020m, 39° 16" 516K-28° 49" 193D 1790m

A4: Akdag zirve alt1 egnelce yolgati (Simav tarafi) 39° 15" 405K-28° 47" 922D, 1828m

A5: Alasogiit mevki 39° 170" 25K-28° 47 227D, 1580m

AG6: Atalan1 mevki Orman alt1 agikliklar1 39° 14" 672K-28° 42" 792D, 1638m

AT: Baltaalani civar1 39° 18" 891K-28° 48" 399D 1332m, 39° 18" 850K-28° 47" 350D 1355m

A8: Belgik alani yol kenarlar1 39° 19" 214K-28° 47" 713D, 1332m

A9: Bel¢ik alani, baltaalan1 39° 18" 441K-28° 49" 561D, 1336m

A10: Cumaalan1 39° 13" 422K-28° 47" 769D, 1422m

All: Catalcam mevki 39° 16’ 836K-28° 50" 767D, 1620m

Al2: Camlik sefligi 1200m

Al3: Camlik sefligi alan1 1050m

Al4: Camlik sefligi- cukurca mevki arasi yol kenarlar1 ve gukurca mevki 1050- 1600m

Al15: Camlik sefligi 500m ilerisi yol kenarlar1 39° 18" 126K-28° 49" 723D, 1269m

Al16: Camlik kdyii kuzey-kuzeybati yamaglar1 ve yol kenarlari 39° 18" 856K-28° 50" 622D, 1131-1225m
Al7: Cukurca mevki yoriigiin yattigi yer 39° 16" 794K-28° 48" 234D, 1610m

Al18: Degirmendere mevki 1200-1300m

A19: Golciik bolgesi- martli alt1 39° 14" 927K-28° 50" 383D, 1581m

A20: Kanliegrek mevki 39° 16" 428K-28° 48" 542D, 1780m

A21: Karanlikdere camlik aras1 yol kenarlar1 dere i¢i ve yamaglari 1200-1300m

A22: Karanlikdere ¢camlik kdyii arasi, yol kenarlari, yamaglar ve dere kenarlari, 39° 20" 522K-28° 52" 276D 1245m, 39° 20" 252K-
28° 51" 558D 1134m, 39° 20" 721K-28° 52" 633D 1278m,

A23: Kostence kanyonu civari yol kenarlari, 1200-1400m

A24: Martl alam ve g6l kenar1 1600-1650m

A25: Osmaniye-Gokgepinar arasi 6. km 39° 25" 289K-28° 42" 667D, 700m

A26: Osmaniye kanyonu 1200-1400m arasi

A27: Turnacik iistii zirve yolu 116 bdlim civari, 1750m

A28: Turnacik mevkindem zirveye dogru 116 nolu bdliimiin 400-500m daha ilerisi 2.koprii etrafi yol kenarlar1 orman altlar1 yaklagik
1800m

A29: Tinar kulesi civari, 1500-1600m

A30: Turnacik mevki 1661m

A31: Turnacik mevki mevki ¢amlik kdyii arasi yol kenarlar1 ve orman altlari, 1200-1450m

A32: Turnacik mevki 1410m

A33: Yongali mevki 39° 17" 986K-28° 48" 471D, 1527m

A34: Yukari turnacik mevki 39° 16" 713K-28° 49" 716D, 1656m

A35: 116 nolu gesme civar1 39° 16" 775K-28° 49" 337D, 1653m

A36: 116 nolu boliim ¢esme civar: 1480m

A37: 52 deresi 39° 17" 535K-28° 49" 374D, 1450m
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42 Biological Diversity and Conservation — 7 / 2 (2014)

4. Sonugclar ve tartisma

2010-2011 yillar arasinda Akdag (Balikesir/Dursunbey)’ de yapilan bu ¢alisma sonucunda, alanda 989 bitki 6rnegi
toplanmustir. Taksonlarin degerlendirilmesi sonucunda; 53 familyaya ait 442 takson tespit edilmistir. Bu taksonlarin 46
tanesi endemik olup, endemizm orani %10, 41’ dir. Elde edilen sonuglara ait degerlendirmeler asagida verilmistir:

4.1. Taksonlarin fitocografik bolgelere dagilimi

Calisma alanindan toplanan ve teshisi yapilan 442 taksonun fitocografik bolgelere dagilimi ve yilizde oranlari
asagidaki tabloda verilmistir. Buna gore en ¢ok takson Genis yayilisli ve bilinmeyenler grubunda olup (244 takson),
bunlar tiim taksonlarin yarisindan fazlasini olusturmaktadir. Akdeniz elementleri 87 ile birinci sirada ¢ikmis olup,
Avrupa-Sibirya elementleri 76, Iran-Turan elementleri 35 takson olarak belirlenmistir. Arastrma alammizin 3
fitocografik bolgenin kesisim noktasinda olmasindan dolayr bu yapilanma fitocografya acisindan uygun ve beklenen bir

sonugtur. Tablo 4’ de fitocografik alanlara gore yiizdelik degerleri belirtilmistir.

Tablo 3. Taksonlarin fitocografik alanlara gére dagilimi

Fitocografik bolge Takson sayis1 Yiizde oram
Akdeniz 87 % 19,6
Avrupa-Sibirya 76 % 17,2
Iran-Turan 35 %79

Genis Yayilislt ve Bilinmeyenler 244 % 55,2
TOPLAM 442 % 100

4.2. En ¢ok takson igeren familyalar

Teshisi yapilan taksonlarin familyalarma gore dagilimi, en ¢ok tiir iceren familyalarmnin takson sayilar1 ve yiizdeleri
Tablo 5° de verilmistir. Takson sayilarinda da goriildigii lizere, Tiirkiye florasinda igerdikleri tiir sayis1 bakimindan ilk
lic sirada yer alan Asteraceae, Fabaceae ve Lamiaceae familyalar1 bu ¢aligmada da iilkemiz florasi dogrultusunda yer

almaktadir.

Tablo 4. En ¢ok takson i¢eren familyalar

Sira no Familya adi Takson sayisi Yiizdelik oran
1 Asteraceae 50 11.3
2 Fabaceae 50 11.3
3 Lamiaceae 30 6.8
4 Rosaceae 28 6.4
5 Scrophulariaceae 24 5.5
6 Brassicaceae 23 5.2
7 Poaceae 22 5.0
8 Caryophyllaceae 22 5.0
9 Liliaceae 22 5.0
10 Boraginaceae 19 4.3
11 Ranunculaceae 13 2.9
Digerleri 139 31.3
TOPLAM 442 100

4.3. En ¢ok cins iceren familyalar

Tiirkiye Floras1’ nda en ¢ok cinse sahip ilk familya Poaceae olmasina ragmen, floradakinden farkli olarak ¢alisma
sonucunda en ¢ok cins igeren familya Asteraceae oldugu saptanmistir. Poaceae familyasi alanda en ¢ok cins iceren 4.

familyadir(Tablo 6).

Tablo 5. En ¢ok cins igeren familyalar

Sira no Familya adi Cins sayisi
1 Asteraceae 28
2 Brassicaceae 16
3 Fabaceae 15
4 Poaceae 14
5 Rosaceae 14
6 Lamiaceae 13
7 Liliaceae 11
8 Apiaceae 9
9 Caryophyllaceae 9
10 Boraginaceae 9
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4.4. En ¢ok takson igeren ilk on cins

Ulkemiz florasinda Astragalus L. cinsi ilk siradadir fakat bu cins genelde step alanlarda yaygin olmasi ve galisma
alaninda ise bu tip alanlarin azligindan dolayi ilk siralarda yer almamistir. Bunun yaninda Akdeniz iklimini ve nemli
bolgeleri seven, cayir- mera vejatasyonuna daha uyumlu Trifolium L. cinsi arastirma alanimizda ilk sirada yer

almaktadir(Tablo 7).

Tablo 6. En ¢ok takson igeren cinsler

Sira no Cins ad1

Takson sayisi

1 Trifolium

12

Ranunculus

10

Vicia

9

Veronica

Centaurea

Geranium

Hypericum

Astragalus

Minuartia

RlO(oN|o|O|Rlw(iN

0 Sedum

OO |O|N|(N(N|©

4.5. Endemik bitkiler listesi

Arastirma alanmdan toplanip teshis edilen 442 taksondan 46 tanesi endemik olup, endemizm orani % 10,41 olarak

bulunmustur. Bu endemik bitkiler agsagida belirtilmistir.

Table 8. Endemik bitkilerin listesi

Papaver somniferum L. var. pullatum MA. Veselouskaya
Scabiosa hololeuca Bornm.

Centaurea polyclada DC.

Hypericum aviculariifolium Jaub-Spach subsp. aviculariifolium
Lathyrus undulatus Boiss.

Papaver pilosum Sibth. et Sm. subsp. strictum (Boiss. et
Balansa) Wendt ex Kadereit

Alchemilla hirsutiflora (Buser) Rothm.

Crataegus tanacetifolia (Lam.) Pers.

Potentilla buccoana Clem.

Verbascum simavicum Hub. —Mor.

Cirsium sipyleum O. Schwarz

Doronicum bithynicum J. R. Edmondson subsp. bithynicum
Taraxacum pseudobrachyglossum Van Soest

Alnus glutinosa (L.) Gaertner subsp. antitaurica Yalt.

Nepeta viscida Boiss.

Verbascum lydium Boiss. var. lydium

Abies nordmanniana (Stev.)Spach subsp. bornmuelleriana
(Mattf.) Coode & Cullen

Acanthus hirsutus Boiss.

Eryngium campestre L. var. campestre

Anthemis aciphylla Boiss. var. acipyhlla

Cirsium libanoticum DC. subsp. lycaonicum (Boiss. & Heldr.)
Davis & Parris

Picris olympica Boiss.

Taraxacum turcicum Van Soest

Tripleurospermum conoclinum (Boiss. & Bel.) Hayek

Alkanna areolata Boiss. var. areolata

Alyssum huetii Boiss.

Aubrieta canascens (Boiss.) Bornm. subsp. canascens
Asyneuma linifolium (Boiss. & Heldr.) Bornm. subsp. linifolium
Campanula lyrata Lam. subsp. lyrata

Arenaria macrosepala Boiss.

Hypericum adenotrichum Spach

Sedum lydium Boiss.

Astragalus acmonotrichus Fenzl

Onobrychis armena Boiss. et Huet

Phlomis russeliana (Sims) Bentham

Stachys tmolea Boiss.

Stachys cretica L. subsp. anatolica Rech. f.

Fritillaria bithynica Baker

Gagea bithynica Pascher

Muscari latifolium Kirk

Papaver apokrinomenon Fedde

Ranunculus reuterianus Boiss.

Ranunculus dissectus Bieb. subsp. sibthorpii Davis
Ranunculus heterorhizus Boiss. et Bal.

Linaria genistifolia (L.) Miller subsp. confertiflora (Boiss.)
Davis

Scrophularia cryptophila Boiss. & Heldr.

Endemik olmayan Nadir bitkiler

Carduus candicans Waldst. & Kit. subsp. globifer (Velen)
Kazmi

Sideritis athoa Papanikolaov & Kokkini

4.6. Durumunda degisiklik yapilan bazi taksonlarin eski ve yeni statiileri

Takson isimlerinde yapilan aktarma, isim ve statii degisiklikleri The Plant List (2010) Verison 1. kaynakli ve
Greuter’ in The Med-Checklist internet sitesine girilerek (Anonim, 2006b; Anonim, 2010 ) diizenlenmistir ve 48
taksonun statiisii degistirilmistir. Degisikilik yapilan taksonlar Tablo 9° da gosterilmistir.

Yapilan c¢alisma sonucu elde edilen veriler, daha onceki yillarda arastirma alanma yakin cevrelerde
gerceklestirilen diger caligmalarin takson sayis1 ve endemizm orani Tablo 10° da kiyaslanmistir. Tablo 10° daki genel
durum g6z 6niine alinirsa biitiin alanlarin endemizm orani iilkemizin endemizm oranin altinda goriilmektedir. Aragtirma
alanimiz ise yakin alanlarin arasinda iist siralarda yer almaktadir.

Mikail ACAR et al., Flora of Akdag (Balikesir, Dursunbey/Turkey)




44 Biological Diversity and Conservation — 7 / 2 (2014)

Tablo 7. Statii veya isim degisikligi olan taksonlar Tablo i¢inde isaretlenen ot6r isimleri italik degil

Acinos rotundifolius Pers.

Clinopodium graveolens Bieb. subsp. rotundifolium (Pers.)
Govaerts

Juniperus communis L. var. nana (Willd.) Loudon

Juniperus communis L. var. saxatilis Pall.

Muscari comosum (L.) Miller

Leopoldia comosa (L.) Parl.

Carduus nutans L. subsp. leiophyllus (Petr.) Stoj. & Stef

Carduus nutans L.

Cirsium libanoticum DC. subsp. lycaonicum (Boiss. & Heldr.)
Davis & Parris

Cirsium libanoticum DC.

Doronicum bithynicum J. R. Edmondson subsp. bithynicum

Doronicum reticulatum Boiss.

Logfia arvensis (L.) Holub

Filago arvensis L.

Pilosella hoppeana (Schultes) C. H. & F. W. Schultz subsp.
testimonialis (Naegli ex Peter) Sell et West

Pilosella hoppeana (Schultes) C. H. & F. W. Schultz subsp.
macrantha

Tragopogon longirostis Bisch. ex Schultz var. longirostis

Tragopogon porrifolius L. subsp. longirostris (Sch. Bip.) Greuter

Myosotis sylvatica Ehrh. ex Hoffm. subsp. rivularis Vestergien

Myosotis rivularis (Vestergien) A. P. Khokhr.

Alyssum desertorum Stapf. var. desertorum

Alyssum desertorum Stapf.

Alyssum minus (L.) Rothm. var. minus

Alyssum simplex Rudolph.

Alyssum murale Waldst. et Kit. var. murale

Alyssum murale Waldst. et Kit. subsp. murale

Acinos rotundifolius Pers.

Clinopodium graveolens Bieb. subsp. rotundifolium (Pers.)
Govaerts

Juniperus communis L. var. nana (Willd.) Loudon

Juniperus communis L. var. saxatilis Pall.

Muscari comosum (L.) Miller

Leopoldia comosa (L.) Parl.

Carduus nutans L. subsp. leiophyllus (Petr.) Stoj. & Stef

Carduus nutans L.

Cirsium libanoticum DC. subsp. lycaonicum (Boiss. & Heldr.)
Davis & Parris

Cirsium libanoticum DC.

Doronicum bithynicum J. R. Edmondson subsp. bithynicum

Doronicum reticulatum Boiss.

Logfia arvensis (L.) Holub

Filago arvensis L.

Pilosella hoppeana (Schultes) C. H. & F. W. Schultz subsp.
testimonialis (Naegli ex Peter) Sell et West

Pilosella hoppeana (Schultes) C. H. & F. W. Schultz subsp.
macrantha

Tragopogon longirostis Bisch. ex Schultz var. longirostis

Tragopogon porrifolius L. subsp. longirostris (Sch. Bip.) Greuter

Myosotis sylvatica Ehrh. ex Hoffm. subsp. rivularis VVestergien

Myosotis rivularis (Vestergien) A. P. Khokhr.

Alyssum desertorum Stapf. var. desertorum

Alyssum desertorum Stapf.

Alyssum minus (L.) Rothm. var. minus

Alyssum simplex Rudolph.

Alyssum murale Waldst. et Kit. var. murale

Alyssum murale Waldst. et Kit. subsp. murale

Acinos rotundifolius Pers.

Clinopodium graveolens Bieb. subsp. rotundifolium (Pers.)
Govaerts

Juniperus communis L. var. nana (Willd.) Loudon

Juniperus communis L. var. saxatilis Pall.

Muscari comosum (L.) Miller

Leopoldia comosa (L.) Parl.

Carduus nutans L. subsp. leiophyllus (Petr.) Stoj. & Stef

Carduus nutans L.

Cirsium libanoticum DC. subsp. lycaonicum (Boiss. & Heldr.)
Davis & Parris

Cirsium libanoticum DC.

Doronicum bithynicum J. R. Edmondson subsp. bithynicum

Doronicum reticulatum Boiss.

Logfia arvensis (L.) Holub

Filago arvensis L.

Pilosella hoppeana (Schultes) C. H. & F. W. Schultz subsp.
testimonialis (Naegli ex Peter) Sell et West

Pilosella hoppeana (Schultes) C. H. & F. W. Schultz subsp.
macrantha

Tragopogon longirostis Bisch. ex Schultz var. longirostis

Tragopogon porrifolius L. subsp. longirostris (Sch. Bip.) Greuter

Myosotis sylvatica Ehrh. ex Hoffm. subsp. rivularis Vestergien

Myosotis rivularis (Vestergien) A. P. Khokhr.

Alyssum desertorum Stapf. var. desertorum

Alyssum desertorum Stapf.

Alyssum minus (L.) Rothm. var. minus

Alyssum simplex Rudolph.

Alyssum murale Waldst. et Kit. var. murale

Alyssum murale Waldst. et Kit. subsp. murale

Acinos rotundifolius Pers.

Clinopodium graveolens Bieb. subsp. rotundifolium (Pers.)
Govaerts

Juniperus communis L. var. nana (Willd.) Loudon

Juniperus communis L. var. saxatilis Pall.

Muscari comosum (L.) Miller

Leopoldia comosa (L.) Parl.

Carduus nutans L. subsp. leiophyllus (Petr.) Stoj. & Stef

Carduus nutans L.

Cirsium libanoticum DC. subsp. lycaonicum (Boiss. & Heldr.)
Davis & Parris

Cirsium libanoticum DC.

Doronicum bithynicum J. R. Edmondson subsp. bithynicum

Doronicum reticulatum Boiss.

Logfia arvensis (L.) Holub

Filago arvensis L.

Pilosella hoppeana (Schultes) C. H. & F. W. Schultz subsp.
testimonialis (Naegli ex Peter) Sell et West

Pilosella hoppeana (Schultes) C. H. & F. W. Schultz subsp.
macrantha

Tragopogon longirostis Bisch. ex Schultz var. longirostis

Tragopogon porrifolius L. subsp. longirostris (Sch. Bip.) Greuter
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Alanimizdaki endemizm oranin diigiik olmasini alaninin ¢ogunlugunun ormanla kapli olmasi ve ana kayanin homojen
bir yap1 gostermesine ve agik alanlarin orman altinda az bulunmasindan dolayr oldugu sdylenebilir. Calisma alanina
yakin olan Dursunbey Alacam ve Golciik bolgesi florasinda arastirma alanimizla benzer oranda takson sayisi ve
endemizm orani belirlenmistir. Ayrica Akdag’ a cografik olarak yakin olan Ulus Dag1 1768 m olup Akdag (2089 m) ile
arasindaki yiikselti farkliliginin takson sayisina etkisi goriilmektedir. Tablo 10’ daki durum gbz 6niine almirsa Akdag
yakin ¢evre floralarina gore floristik anlamda zengin oldugu goriilmektedir.

Tablo 8. Takson sayilar1 ve endemizm oraninin yakin ¢evre floralari ile kargilastirilmasi

Arastirma alam Takson sayisi Endemizm orani
Bozdag (Odemis) Florasi 744 13,44
Murat Dag (Kiitahya-Usak) Florast 890 12,88
Golciik (Dursunbey-Balikesir) floras iizerine bir ¢aligma 521 9,79
Afyon Bagkomutan Tarihi Milli Park Florasi 667 10
Simav Dag florasi 502 9,4
Balya-Gokgeyazi-Ovacik arasinda kalan bolgenin florast 149 9,39
Egrigdz dag florasi 562 8,20
Dumlupinar iiniversitesi merkez kampus florasi (Kiitahya) 214 13
Saphane dag florast 458 -
Budagan dag: florasi 291 10,7
BAU Cagis kampiisiiniin ve Cevresinin Florasi ve Vejetasyonu 265 0,37
Degirmenbogazi (Balikesir) ve gevresinin florasi 391 4,1
Ulus dagr’ nin florasi 382 8,1
Akdag Florasi (Dursunbey/Balikesir) 442 10,41

Tablo 11° deki arastirma alanimiza yakin alanlardaki ¢alismalarda bakilirsa en ¢ok takson igeren familyalarin
baslarinda iilkemiz florasiyla ayni dogrultuda olarak Asteraceae ve Fabaceae familyalar1 gelmektedir. Ancak, Bas
Komutan Tarihi Milli Parki Florast (Vural ve ark. 1985)’ nda Poaceae familyas: ikinci sirada yer almistir. Calisma
alanimizda ise Asteraceae ve Fabaceae familyalari esit oranda bulunup, Lamiaceae familyasi da Tirkiye florasinda
oldugu gibi iiciincii sirada yer alamaktadir. Apiaceae familyasi en ¢ok Murat Dagi’ nda (Cirpici, 1989) olup en az ise
calisma alanimizda bulunmaktadir. Bu durumun en 6nemli nedeninin, toplanan 6rnek sayisinin yetersizligi oldugu
diisiiniilmektedir.

Tablo 9. Familyalarin igerdikleri takson sayilarinin yakin ¢evre floralari ile karsilastirilmasi

Familyalar Golciikk  orman | Bas Kom. | Egrigoz Simav Dag | Murat Akdag
isl. Sefligi Tar. Mil. Par. | Dagi Dag
Asteraceae 52 40 59 60 113 50
Fabaceae 56 17 68 69 65 50
Lamiaceae 22 18 33 34 48 30
Brassicaceae 22 17 31 31 60 23
Poaceae 25 32 29 30 27 22
Caryophyllaceae 21 14 30 25 34 22
Boraginaceae 11 9 22 25 27 19
Apiaceae 11 20 20 13 33 11

Calisma alan1 olarak secilen Akdag ve gevresi {i¢ fitocografik bolgenin kesisme bolgesinde yeralmaktadir. Taksonlarin
fitocografik bolgelere dagilimlari; Akdeniz Elementi % 19,8, Avrupa-Sibirya Elementi % 17,3, iran-Turan Elementi %
8 seklindedir. Dirmenci (2006) tarafindan aragtirma alanimiza yakin bir bolge olan Golciik (Dursunbey) florasi iizerine
yapilan ¢alismada da taksonlarin fitocografya bolgelerine gére dagilim siras1 (Akdeniz %24.6, Avrupa-Sibirya %13.2,
[ran-Turan %3.8, birden fazla bolgeli ve bilinmeyen %58.5) ve Giiner (2013) tarafindan yapilan yine arastirma alanina
yakin bir bolge olan Ulus Dag1 floras: (Akdeniz %16,7, Avrupa-Sibirya %13.5, iran-Turan %3.1)calisma alanimiza
benzerlik gdstermistir. Yine bu ¢alismanin sonucunda Tiirkiye florasi i¢in 6nemli katkilar elde edilmistir. Alanda tespit
edilen 72 taksonun B2 i¢in yeni oldugu ortaya konulmustur. Ayni1 zamanda 48 tanesininde de statii degistirdigi
belirlenmisgtir.

Alandan toplanan taksonlarin 46 tanesi endemik olup toplam takson sayisina oram1 % 10,41’ dir. Endemik
taksonlarm tehlike kategorilerine bakildiginda, bunlardan 1’ i CR (Kritik tehlikede), 1’ i EN (Tehlikede), 8 tanesi VU
(Zarar gorebilir), 6 tanesi NT (Tehdit altina girebilir) ve 30” u LC (En az endise verici) olarak goriilmektedir. Ayrica 2
tane bitki ise endemik olmayip nadir bitkilerdendir. Caligma alanimizda yerel halkin en 6nemli gecim kaynagi orman ve
ormanciliktir. Tarim alanlarinin yeterli olmamasindan dolayr ormana olan ragbet daha da artmaktadir. Bu durum
ormanlar i¢in agik bir tehdit olusturmaktadir. Yerel halkin bilinglendirilmesi ve orman faaliyetlerinin kontollii bir
sekilde yapilmasi alandaki bitki cesitliligin korunmasi agisindan 6nem arz etmektedir. Sonu¢ olarak bu alanlarin
kullanimu ile ilgili acilen bir alan yonetim planina ihtiyag¢ vardir. Ayrica Akdag civarinda basta endemik bitkiler olmak
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iizere bitkisel ¢esitliligi ile ilgili gerekli bilgilendirmeler yapilip yore halkinin bilinglendirilmesine katkida bulunulmasi
ve tehlike altindaki bitkiler i¢in koruma ¢aligmalarmin yapilmasi gerekmektedir. .
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Bitki Listesi
R 1. ASPIDIACEAE
BOLUM: PTERIDOPHYTA Polystichum aculeatum (L.) Roth
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2. ASPLENIACEAE
Asplenium adiantum-nigrum L.
MA 487, Al16, 01.06.2011
Ceterach officinarum DC.

MA 967, A21, 27.08.2011

BOLUM: SPERMATOPHYTA

SINIF: GYMNOSPERMAE

3. PINACEAE

Abies nordmanniana (Stev.) Spach subsp. bornmuelleriana
(Mattf.) Coode & Cullen

MA 581, A2, 11.06.2011

Endemik, Oksin elementi

Pinus nigra Arn. subsp. pallasiana (Lamb.) Holmboe

MA 595b, A22, 28.06.2011

4. CUPRESSACEAE

Juniperus communis L. subsp. saxatilis Pall.

MA 551-524-112-199, Al-A19-11.06.2011, A28,
24.05.2010, A3, 25.09.2010

Juniperus oxycedrus L. subsp. oxycedrus

MA 29, A17, 28.04.2010

SINIF: ANGIOSPERMAE

5. ACANTHACEAE
Acanthus hirsutus Boiss.
MA 597, A22, 28.06.2011
Endemik

6. APIACEAE

Anthriscus nemorosa (Bieb.) Sprengel

MA 426-403-714-716 A34, 01.06.2011, A2, 07.07.2011

Bifora radians Bieb.

MA 317, A18, 14.05.2011

Cnidium silaifolium (Jacg.) Simonkai subsp. orientale
(Boiss.) Tutin

MA 925, A21, 27.08.2011

Eryngium campestre L. var. campestre

MA 896, A21, 27.08.2011

Endemik , Oksin elementi.

Heracleum humile Sm.

MA 558-526, A1-A19-11.06.2011

Akdeniz elementi

Heracleum platytaenium Boiss.

MA 928, A21, 27.08.2011

Pastinaca sativa L.

MA 950, A21, 27.08.2011

Scandix iberica Bieb.

MA 467, Al16, 01.06.2011

Scandix stellata Banks & Sol.

MA 334, A18, 14.05.2011

Smyrnium creticum Miller

MA 919, A21, 27.08.2011

Sium sisarum L. var. lancifolium (Bieb.) Thell.

MA 634-715 A22, 28.06.2011

Akdeniz elementi

7. ARACEAE
Arum elongatum Steven subsp. elongatum
MA 952, A21, 27.08.2011
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8. ARISTOLOCHIACEAE

Aristolochia pallida Nilld.

MA 523-563-415-428, Al19, 11.06.2011, Al, 11.06.2011,
A34, 01.06.2011

Aristolochia pontica Lam.

MA 40b, A26, 28.04.2010

Oksin elementi

9. ASTERACEAE

Achillea grandifolia Friv.

MA 245-713, A3, 25.09.2010, A2, 07.07.2011

Achillea millefolium L. subsp. millefolium

MA 932, A21, 27.08.2011

Avrupa-Sibirya elementi

Anthemis aciphylla Boiss. var. acipyhlla

MA 19-43-790-434, A34, 01.06.2011, Al17, 28.04.2010, Al4,
24.05.2010, A7, 07.07.2011

Endemik, Akdeniz elementi

Anthemis cretica L. subsp. leucanthemoides (Boiss.) Grierson

MA 308, A18, 14.05.2011

Anthemis tinctoria L. var. pallida DC.

MA 785, A7, 07.07.2011

Carduus candicans Waldst. & Kit. subsp. globifer (Velen)
Kazmi

MA 218-229-230, A3, 25.09.2010

Nadir, Avrupa-Sibirya elementi

Carduus nutans L. subsp. leiophyllus (Petr.) Stoj. & Stef

MA 670, A22, 28.06.2011

Centaurea patula DC.

MA 479, A16, 01.06.2011

Iran-Turan elementi

Centaurea polyclada DC.

MA 951, A21, 27.08.2011

Endemik_, Akdeniz elementi

Centaurea pichleri Boiss. subsp. pichleri

MA 303, A29, 14.05.2011

Centaurea solstitialis L. subsp. solstitialis

MA 144-141b, A13, 17.07.2010

Centaurea triumfettii All. Grup B

MA 550, A1, 11.06.2011

Centaurea urvillei DC. subsp. urvillei

MA 924-940-653, A21, 27.08.2011, A22, 28.06.2011

Akdeniz elementi

Centaurea virgata Lam. Grup B

MA 138, A13, 17.07.2010

Iran-Turan elementi

Chondrilla juncea L. var. juncea

MA 905, A21, 27.08.2011

Cichorium intybus L.

MA 139, A13, 17.07.2010

Cirsium hypoleucum DC.

MA 765-929, A21, 27.08.2011, A7, 07.07.2011

Oksin elementi

Cirsium libanoticum DC. subsp. lycaonicum (Boiss. &
Heldr.) Davis & Parris

MA 901-900, A21, 27.08.2011

Endemik, Akdeniz elementi

Cirsium sipyleum O. Schwarz

MA 968-262-231, A21, 27.08.2011, A3, 25.09.2010

Endemik, Akdeniz elementi

Crepis foetida L. subsp. rhoeadifolia (Bieb.) Celak

MA 943, A21, 27.08.2011

Crepis reuterana Boiss. & Heldr. subsp. reuterana

MA 452, A16, 01.06.2011

Akdeniz elementi
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Crepis stojanovii Georg.

MA 321, A18, 14.05.2011

Crupina vulgaris Pers. ex Cass.

MA 608, A22, 28.06.2011

Doronicum bithynicum J. R. Edmondson subsp. bithynicum
(Det. TD)

MA 582, A2, 11.06.2011

Endemik, Oksin elementi

Doronicum orientale Hoffm.

MA  94-398-394-389-288, A27, 24.05.2010, A3-A20-
01.06.2011, A29, 14.05.2011

Echinops sphaerocephalus L. subsp. sphaerocephalus

MA 923, A21, 27.08.2011

Avrupa-Sibirya elementi

Filago vulgaris Lam.

MA 945, A21, 27.08.2011

Helichrysum graveolens (Bieb.) Sweet

MA 194-204-248, A3-A23-25.09.2010

Inula montbretiana DC.

MA 915, A21, 27.08.2011

Iran-Turan elementi

Lapsana communis L. subsp. adenophora (Boiss.) Rech. Fil.

MA 44, Al14, 24.05.2010

Lapsana communis L. subsp. intermedia (Bieb.) Hayek

MA 672-802, A22, 28.06.2011, A7, 07.07.2011

Leontodon asperrimus (Willd.) J. Ball

MA 662, A22, 28.06.2011

Iran-Turan elementi

Logfia arvensis (L.) Holub

MA 658, A22, 28.06.2011

Matricaria chamomilla L. var. chamomilla

MA 402- 345, A35-A12-01.06.2011

Onopordum illyricum L.

MA 798, A7, 07.07.2011

Akdeniz elementi

Picris olympica Boiss.

MA 237, A3, 25.09.2010

Endemik, Akdeniz elementi

Pilosella piloselloides (Vill.) Sojak subsp. piloselloides

MA 179, A32, 17.07.2010

Pilosella hoppeana (Schultes) C. H. & F. W. Schultz subsp.
testimonialis (Naegli ex Peter) Sell et West

MA 235, A3, 25.09.2010

Avrupa-Sibirya elementi

Scariola viminea (L.) F. W. Schmidt

MA 927, A21, 27.08.2011

Solidago virgaurea L. subsp. virgaurea

MA 234, A3, 25.09.2010

Avrupa-Sibirya elementi

Sonchus arvensis L. subsp. uliginosus (Bieb.) Beg.

MA 655, A22, 28.06.2011

Tanacetum kotschyi (Boiss.) Grierson

MA 569-306, A1,11.06.2011, A29, 14.05.2011

Iran-Turan elementi

Taraxacum hellenicum Dahlst.

MA 315, A18, 14.05.2011

Akdeniz elementi

Taraxacum oliganthum Schott et Kotschy ex Hand. — Mazz.

MA 25, Al17, 28.04.2010

Taraxacum pseudobrachyglossum Van Soest

MA 413, A34, 01.06.2011

Endemik

Taraxacum turcicum Van Soest

MA 411, A34, 01.06.2011

Endemik

Tripleurospermum conoclinum (Boiss. & Bel.) Hayek

MA 252-253, A3, 25.09.2010

Endemik

Tragopogon longirostis Bisch. ex Schultz var. longirostis
MA 669- 823, A22, 28.06.2011, A7, 07.07.2011
Tragopogon porrifolius L.

MA 453-681, A16, 01.06.2011, A22, 28.06.2011
Akdeniz elementi

Tragopogon pratensis L.

MA 747, A9, 07.07.2011

Avrupa-Sibirya elementi

10. BETULACEAE

Alnus glutinosa (L.) Gaertner subsp. antitaurica Yalt.
MA 831-958, A8, 07.07.2011, A21, 27.08.2011
Endemik, Akdeniz elementi

11. BORAGINACEAE

Alkanna areolata Boiss. var. areolata

MA 607, A22, 28.06.2011

Endemik, Akdeniz elementi

Alkanna tinctoria (L.) Tausch subsp. tinctoria

MA 429, A34, 01.06.2011

Akdeniz elementi

Anchusa azurea Miller var. azurea

MA  421-539-592-648, A34, 01.06.2011, Al19-A2-
11.06.2011, A22, 28.06.2011

Anchusa officinalis L.Grup b

MA 28-13-431-319, Al17, 28.04.2010, A18, 14.05.2011, A34,
01.06.2011

Avrupa-Sibirya elementi

Anchusa leptophylla Roemer & Schultes subsp. leptophylla

MA 424, A34,01.06.2011

Anchusa undulata L. subsp. hybrida (Ten.) Coutinho

MA 70-284, Al4, 24.05.2010, A29, 14.05.2011

Akdeniz elementi

Buglossoides arvensis (L.) Johnston

MA 505-657, A24, 11.06.2011, A22, 28.06.2011

Cynoglossum creticum Miller

MA 122-818, A28, 24.05.2010, A7, 07.07.2011

Cynoglossum montanum L.

MA 115, A28, 24.05.2010

Avrupa-Sibirya elementi

Echium italicum L.

MA 4-651-133, A25, 28.04.2010, A22, 28.06.2011, A13,
17.07.2010

Akdeniz elementi

Echium plantagineum L.

MA 922, A21, 27.08.2011

Akdeniz elementi

Myosotis alpestris F. W. Schmidt subsp. alpestris

MA 401-116, A35, 01.06.2011, A28, 24.05.2010

Myosotis arvensis (L.) Hill subsp. arvensis

MA 73-367, Al4, 24.05.2010, Al1, 01.06.2011

Avrupa-Sibirya elementi

Myosotis lithospermifolia (Willd.) Hornem.

MA 99-584a-881, A30, 24.05.2010, A2, 11.06.2011, A8,
07.07.2011

Myosotis ramosissima Rochel. ex Schultes subsp.
ramosissima

MA 123-483-326, A28, 24.05.2010, A16, 01.06.2011, A18,
14.05.2011

Akdeniz elementi

Myosotis sylvatica Ehrh. ex Hoffm. subsp. rivularis
Vestergien

MA 491-545, A4, 11.06.2011, A19, 11.06.2011

Hirkan-Oksin elementi
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Nonea atra Griseb.

MA 181, A32, 17.07.2010

Avrupa-Sibirya elementi

Onosma taurica Pallex ex Willd. var. taurica

MA 2b, A25, 28.04.2010

Symphytum orientale L.

MA 432-521-654-647, A34, 01.06.2011, A19, 11.06.2011,
A22, 28.06.2011

Avrupa-Sibirya elementi

12. BRASSICACEAE

Alliaria petiolata (Bieb.) Cavara et Grande

MA 383, Al1, 01.06.2011

Alyssum desertorum Stapf. var. desertorum

MA 500, A24, 11.06.2011

Alyssum huetii Boiss. (Det. SS)

MA 339, Al8, 14.05.2011

Endemik, Iran-Turan elementi

Alyssum minus (L.) Rothm. var. minus

MA 451, Al16, 01.06.2011

Alyssum murale Waldst. et Kit. var. murale

MA 613, A22, 28.06.2011

Aubrieta canascens (Boiss.) Bornm. subsp. canascens

MA 277, Al15, 16.04.2011

Endemik

Barbarea minor K. Koch var. eriopoda Busch

MA 27, Al17, 28.04.2010

Conringia orientalis (L.) Dumort.

MA 364-380, Al1, 01.06.2011

Conringia planisiliqua Fisch. & Mey.

MA 35, A37, 28.04.2010

Iran-Turan elementi

Capsella bursa-pastoris (L.) Medik.

MA 774-359-682, A7, 07.07.2011, A12, 01.06.2011, A22,
28.06.2011

Cardamine tenera Gmel.

MA 31, A17, 28.04.2010

Hirkan-Oksin elementi

Cardaria draba (L.) Desv. subsp. draba

MA 976-547, A21, 27.08.2011, A19, 11.06.2011

Draba muralis L.

MA 751, A9, 07.07.2011

Erophila verna (L.) Chevall subsp. spathulata (Lang.)
Walters

MA 30-332, Al7, 28.04.2010, A18, 14.05.2011

Erysimum crassipes Fisch. & Mey.

MA 656, A22, 28.06.2011

Erysimum repandum L.

MA 456, Al6, 01.06.2011

Erysimum smyrnaeum Boiss. et Bal. (Det. SS)

MA 588, A2, 11.06.2011

Fibigia clypeata (L.) Medik.

MA 700, A22, 28.06.2011

Hesperis bicuspidata (Willd.) Poiret

MA 484-340, Al16, 01.06.2011,A18, 14.05.2011

Lepidium campestre (L.) R. Br.

MA 744, A9, 07.07.2011

Lepidium cartilagineum (J. May.) subsp. crassifolium
(Waldst. & Kit.) Thell.

MA 300, A29, 14.05.2011

Thlaspi perfoliatum L.

MA 95-301, A27, 24.05.2010, A29, 14.05.2011

Turritis glabra L.

MA 840-889-753-885, A8, 07.07.2011, A9, 07.07.2011

13. CAMPANULACEAE
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Asyneuma limonifolium (L.) Janchen subsp. limonifolium

MA 167-170, A32, 17.07.2010

Asyneuma linifolium (Boiss. & Heldr.) Bornm. subsp.
linifolium

MA 961, A21, 27.08.2011

Endemik, Akdeniz elementi

Asyneuma rigidum (Willd.) Grossh. subsp. rigidum

MA 960, A21, 27.08.2011

Iran-Turan elementi

Asyneuma virgatum (Labill.) Bornm. subsp. virgatum

MA 202, A3, 25.09.2010

Campanula lyrata Lam. subsp. lyrata

MA 949-783, A21, 27.08.2011, A7, 07.07.2011

Endemik

Legousia pentagonia (L.) Thellung

MA 874-873-478-477, A8, 07.07.2011, A16, 01.06.2011

Akdeniz elementi

14. CAPRIFOLIACEAE
Sambucus ebulus L.

MA 257- 263, A3, 25.09.2010
Avrupa-Sibirya elementi

15. CARYOPHYLLACEAE

Arenaria macrosepala Boiss. (Det. SS)

MA 436, Al16, 01.06.2011

Endemik

Cerastium gracile Duf.

MA 433-304, A34, 01.06.2011, A29, 14.05.2011

Cerastium perfoliatum L.

MA 162, A32, 17.07.2010

Cerastium pumilum Curtis

MA 354-65-486, Al12, 01.06.2011, Al4, 24.05.2010, Al6,
01.06.2011

Moenchia mantica (L.) Bartl. subsp. mantica

MA 101-880-180, A30, 24.05.2010, A32, 17.07.2010, A8,
07.07.2011

Avrupa-Sibirya elementi

Minuartia globulosa (Lab.) Schinz et Thell

MA 10-420, A5, 28.04.2010, A34, 01.06.2011

Akdeniz elementi

Minuartia hamata (Hausskn.) Mattf.

MA 509, A6, 11.06.2011

Minuartia hirsuta (Bieb.) Hand. —-Mazz. subsp. falcata (Gris.)
Mattf.

MA 502a-225, A24, 11.06.2011, A3, 25.09.2010

Minuartia hybrida (Vill.) Schischk. subsp. hybrida

MA 621, A22, 28.06.2011

Akdeniz elementi

Minuartia juressi (Willd. ex Schlect.) Lacaita subsp. juressi

MA 244, A3, 25.09.2010

Akdeniz elementi

Minuartia juniperina (L.) Maire & Petitm.

MA 388, A20, 01.06.2011

Petrorhagia alpina (Habl.) Ball & Heywood subsp. olympica
(Boiss.) Ball & Heywood

MA 203, A3, 25.09.2010

Petrorhagia velutina (Guss.) Ball & Heywood

MA 466-667, A16, 01.06.2011, A22, 28.06.2011

Sagina apetala Ard.

MA 813, A7, 07.07.2011

Saponaria glutinosa Bieb.

MA 604, A22, 28.06.2011

Saponaria mesoginata Boiss.

MA 416, A34, 01.06.2011

Akdeniz elementi
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Silene behen L.

MA 683, A22, 28.06.2011

Silene compacta Fischer

MA 712, A2, 07.07.2011

Silene dichotoma Ehrh. subsp. dichotoma

MA 838-845-686b-878, A8, 07.07.2011, A22, 28.06.2011

Silene fabaria (L.) Sibth. & Sm.

MA 867, A8, 07.07.2011

Silene vulgaris (Moench) Garcke var. vulgaris

MA 1-238-788, A25, 28.04.2010, A3, 25.09.2010, A7,
07.07.2011

Spergularia rubra (L.) J. & C. Presl

MA 152, A13, 17.07.2010

16. CELASTRACEAE

Euonymus latifolius (L.) Miller subsp. latifolius
MA 254, A3, 25.09.2010

Avrupa-Sibirya elementi

17. CISTACEAE

Cistus laurifolius L.

MA 370-61-860-861, A11, 01.06.2011, A14, 24.05.2010, A8,
07.07.2011

Akdeniz elementi

18. CLUSIACEAE

Hypericum adenotrichum Spach

MA 475-476-522-60, Al16, 01.06.2011, A19, 11.06.2011,
Al4, 24.05.2010

Endemik

Hypericum atomarium Boiss.

MA 956, A21, 27.08.2011

Akdeniz elementi

Hypericum aucheri Jaub.-Spach

MA 926-143, A21, 27.08.2011, A13, 17.07.2010

Hypericum aviculariifolium
aviculariifolium

MA 497-804-803, A10, 11.06.2011, A7, 07.07.2011

Endemik, Akdeniz elementi

Hypericum perfoliatum L.

MA 907, A21, 27.08.2011

Akdeniz elementi

Hypericum perforatum L.

MA 775, A7, 07.07.2011

Hypericum tetrapterum Fries

MA 909-910, A21, 27.08.2011

Jaub-Spach subsp.

19. CONVOLCULACEAE
Convolvulus arvensis L.
MA 145, A13, 17.07.2010
Convolvulus cantabrica L.
MA 663, A22, 28.06.2011

20. CRASSULACEAE

Sedum acre L.

MA 735, A2, 07.07.2011

Sedum album L.

MA 687-454-946, A22, 28.06.2011, A16, 01.06.2011, A21,
27.08.2011

Sedum confertiflorum Boiss.

MA 74, Al4, 24.05.2010

Sedum caespitosum (Cav.) DC.

MA 82, Al4, 24.05.2010

Akdeniz elementi

Sedum hispanicum L. var. hispanicum

MA 646, A22, 28.06.2011
Iran-Turan elementi

Sedum lydium Boiss.

MA 789, A7, 07.07.2011
Endemik, Akdeniz elementi

21. CUSCUTACEAE
Cuscuta approximata Babington var. approximata
MA 223, A3, 25.09.2010

22. CYPERACEAE
Cyperus rotundus L.
MA 756, A7, 07.07.2011

23. DIPSACACEAE

Dipsacus laciniatus L.

MA 989, A21, 27.08.2011

Scabiosa argentea L.

MA 266-256, A30, 28.02.2011, A3, 25.09.2010
Scabiosa calocephala Boiss.

MA 609, A22, 28.06.2011
Iran-Turan elementi

Scabiosa hololeuca Bornm. (Det. SS)
MA 227, A3, 25.09.2010

Endemik, Iran-Turan elementi
Pterocephalus plumosus (L.) Coulter
MA 964, A21, 27.08.2011

24. ERICACEAE
Arbutus unedo L.
MA 913, A21, 27.08.2011

Pyrola chlorantha Swartz.
MA 767-882, A7-A8-07.07.2011

25. EUPHORBIACEAE

Euphorbia hirsuta L.

MA 175, A32, 17.07.2010

Euphorbia kotschyana Fenzl.

MA 319-806, A18, 14.05.2011, A7, 07.07.2011

Akdeniz elementi

Euphorbia nicaeensis All. subsp. glareosa (Pallas ex Bieb.)
A. Radcliffe-Smith

MA 470, A16, 01.06.2011

Avrupa-Sibirya elementi

Euphorbia stricta L.

MA 611, A22, 28.06.2011

Avrupa-Sibirya elementi

26. FABACEAE

Adenocarpus complicatus (L.) Gay

MA 778-777-776, A7, 07.07.2011

Astragalus acmonotrichus Fenzl

MA 26-283, A17, 28.04.2010, A12, 16.04.2011

Endemik, Akdeniz elementi

Astragalus glycyphyllos L. subsp. glycyphylloides (DC.)
Matthews

MA 846, A8, 07.07.2011

Avrupa-Sibirya elementi

Astragalus elongatus Willd. subsp. elongatus

MA 791, A7, 07.07.2011

Iran-Turan elementi

Astragalus hamosus L.

MA 418, A34, 01.06.2011

Astragalus parnassi Boiss. subsp. cylleneus (Boiss. et Heldr.)
Hayek
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MA 864-863, A8, 07.07.2011

Akdeniz elementi

Astragalus stella Govan.

MA 549, A19, 11.06.2011

Akdeniz elementi

Anthyllis vulneraria L. subsp. praepropera (Kerner) Bornm.

MA 808-809, A7, 07.07.2011

Akdeniz elementi

Chamaecytisus eriocarpus (Boiss.) Rothm.

MA 55-371, Al4, 24.05.2010, Al1, 01.06.2011

Akdeniz elementi

Chamaecytisus hirsutus (L.) Link

MA 4, A25, 28.04.2010

Coronilla coronata L.

MA 606, A22, 28.06.2011

Coronilla varia L. subsp. varia

MA 695, A22, 28.06.2011

Dorycnium graecum (L.) Ser.

MA 786-82-5, A7, 07.07.2011, Al4, 24.05.2010, A25,
28.04.2010

Oksin elementi

Genista anatolica Boiss.

MA 264, A3, 25.09.2010

Akdeniz elementi

Genista lydia Boiss. var. lydia

MA 568-774, Al, 11.06.2011, A7, 07.07.2011

Akdeniz elementi

Lathyrus aureus (Stev.) Brandza

MA 377, Al1, 01.06.2011

Oksin elementi

Lathyrus digitatus (Bieb.) Fiori

MA 53-974-450-52b, Al4, 24.05.2010, Al6, 01.06.2011,
A21, 27.08.2011

Akdeniz elementi

Lathyrus laxiflorus (Desf.) O. Kuntze subsp. laxiflorus

MA 973-468-375-52a, A21, 27.08.2011, Al6, 01.06.2011,
All, 01.06.2011, Al4, 24.05.2010

Lathyrus nissolia L.

MA 77-481, Al4, 24.05.2010, A16, 01.06.2011

Lathyrus undulatus Boiss.

MA 362-40-376-643, All, 01.06.2011, A26, 28.04.2010,
A22, 28.06.2011

Endemik, Oksin elementi

Lotus angustissimus L.

MA 135, A13, 17.07.2010

Lotus corniculatus L. var. alpines Ser.

MA 176, A32, 17.07.2010

Lotus palustris Willd.

MA 148-142-815-770, A13, 24.05.2010, A7, 07.07.2011

Onobrychis armena Boiss. et Huet

MA 872-871, A32, 17.07.2010, A8, 07.07.2011

Endemik

Onobrychis viciifolia Scop.

MA 624-612, A22, 28.06.2011

Ononis spinosa L. subsp. antiquorum (L.) Brig.

MA 140-902, A13, 17.07.2010, A21, 27.08.2011

Akdeniz elementi

Robinia pseudoacacia L.

MA 866, A8, 07.07.2011

Trifolium repens L. var. repens

MA 50-516-792, Al4, 24.05.2010, A6, 11.06.2011, A7,
07.07.2011

Trifolium strictum L.

MA 49, A14, 24.05.2010

Avrupa-Sibirya elementi

Trifolium medium L. var. medium
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MA 980-51, A21, 27.08.2011, Al4, 24.05.2010

Trifolium pratense L. var. pratense

MA 623-147, A13, 17.07.2010, A22, 28.06.2011

Trifolium glomeratum L.

MA 605, A22, 28.06.2011

Trifolium pallidum Waldst. & Kit.

MA  153-346-368-540-344, Al13, 17.07.2010, Al2,
01.06.2011, Al11, 01.06.2011, A19, 11.06.2011

Trifolium speciosum Willd.

MA 462, A16, 01.06.2011

Trifolium glanduliferum Boiss. var. glanduliferum

MA 357, A12, 01.06.2011

Akdeniz elementi

Trifolium setiferum Boiss.

MA 699, A22, 28.06.2011

Akdeniz elementi

Trifolium hirtum All.

MA 458, A16, 01.06.2011

Akdeniz elementi

Trifolium campestre Schreb.

MA 666-632, A22, 28.06.2011

Trifolium alpestre L.

MA 496-515, A10, 11.06.2011, A6, 11.06.2011

Avrupa-Sibiya elementi

Trigonella lunata Boiss.

MA 47-45-358, Al4, 24.05.2010, A12, 01.06.2011

Iran-Turan elementi

Trigonella crassipes Boiss.

MA 819, A7, 07.07.2011

Iran-Turan elementi

Vicia articulata Hornem.

MA 137, A13, 17.07.2010

Akdeniz elementi

Vicia cracca L. subsp. stenophylla Vel.

MA 54, A14, 24.05.2010

Vicia cracca L. subsp. atroviolacea (Bornm.) Davis
MA 494, A10, 11.06.2011

Vicia villosa Roth subsp. dacycarpa (Ten.) Cav.
MA 445, A16, 01.06.2011

Vicia hybrida L.

MA 6, A12, 28.04.2010

Vicia pannonica Crantz var. purpurascens (DC.) Ser.
MA 343, A12, 01.06.2011

Vicia palaestina Boiss.

MA 365, Al1, 01.06.2011

Akdeniz elementi

Vicia lunata (Boiss. & Bal.) Boiss. var. lunata

MA 644, A22, 28.06.2011

Vicia crocea (Desf.) B. Fedtsch

MA 837, A8, 07.07.2011

Hirkan-Oksin elementi

27. FAGACEAE

Fagus orientalis Lipsky

MA 852-104 -246, A8, 07.07.2011, A30, 24.05.2010, A3,
25.09.2010,

Avrupa-Sibirya elementi

Fagus sylvatica L.

MA 580, A2, 11.06.2011

Avrupa-Sibirya elementi

Quercus pubescens Willd.

MA 195b, A3, 25.09.2010

Quercus cerris L. var. cerrris

MA 210b, A3, 25.09.2010

Akdeniz elementi
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28. FUMARIACEAE

Corydalis solida (L.) Swartz subsp. solida

MA 283, A12, 16.04.2011

Fumaria parviflora Lam.

MA 448-320-659, Al16, 01.06.2011, A18, 14.05.2011, A22,
28.06.2011

29. GERANIACEAE

Erodium cicutarium (L.) L** Herit subsp. cicutarium
MA 285, A29, 14.05.2011

Erodium acaule (L.) Becherer & Tell.

MA 979, A21, 27.08.2011

Akdeniz elementi

Geranium tuberosum L. subsp. tuberosum

MA 322-382-477-517-528-546, A18, 14.05.2011, A11-Al6-
01.06.2011, A6-A19-11.06.2011

Geranium lucidum L.

MA 329-635, Al8, 14.05.2011, A22, 28.06.2011

Geranium rotundifolium L.

MA 464, Al16, 01.06.2011

Geranium asphodeloides Burm. f. subsp. asphodeloides

MA 978 (1002), A21, 27.08.2011

Avrupa-Sibirya elementi

Geranium macrostylum Boiss.

MA 66, Al4, 24.05.2010

Akdeniz elementi

Geranium pyrenaicum Burm. f.

MA 68-80-105-317-374-381-425-488, A14-A30-24.05.2010,
A18, 14.05.2011, A11-A16-A34-01.06.2011

Geranium purpureum Vill

MA 295, A29, 14.05.2011

30. IRIDACEAE

Crocus chrysanthus (Herbert) Herbert

MA 266-280, A30, 28.02.2011, A12, 16.04.2011
Crocus pulchellus Herbert

MA 281, A12, 16.04.2011

Akdeniz elementi

Iris suaveolens Boiss. & Reuter.

MA 578, A2, 11.06.2011

Akdeniz elementi

31. JUNCACEAE
Juncus inflexus L.
MA 847, A8, 07.07.2011

32. LAMIACEAE

Acinos rotundifolius Pers.

MA 72- 460-508 -771-596, Al14, 24.05.2010, AlS6,
01.06.2011, A6, 11.06.2011, A7, 07.07.2011, A22,
28.06.2011

Ajuga orientalis L.

MA 309-92-76-404-20-37, A17-A37-28.04.2010, A18-A27-
Al14-24.05.2010, A34, 01.06.2011

Clinopodium vulgare L. subsp. arundanum (Boiss.) Nyman

MA 188-200-205, A36, 17.07.2010, A3-A23-25.09.2010

Lamium garganicum L. subsp. reniforme (Montbret et
Aucher ex Bentham) R. Mill

MA  102-12-120-88-586-287-555-393-407-527-510, Al7,
28.04.2010, A27-A28-A30-24.05.2010, A29,
14.05.2011, AZ20, 34-01.06.2011, Al-A2-A6-Al9-
11.06.2011

Lamium amplexicaule L.

MA 276, Al5, 16.04.2011

Avrupa-Sibirya elementi

Marrubium astracanicum Jacq. subsp. astracanicum

MA  164-172-584b-219-214, A32, 17.07.2010, A2,
11.06.2011, A3, 25.09.2010

Marrubium peregrinum L.

MA 260, A3, 25.09.2010

Marrubium parviflorum Fisch. & Mey. subsp. parviflorum

MA 222, A3, 25.09.2010

Iran-Turan elementi

Mentha aquatica L.

MA 897-210, A21, 27.08.2011, A3, 25.09.2010

Mentha longifolia (L.) Hudson subsp. typhoides

MA 931-930-169, A21, 27.08.2011, A32, 17.07.2010

Mentha pulegium L.

MA 698, A22, 28.06.2011

Nepeta viscida Boiss.

MA 129-513-562-499-544, A28, 24.05.2010, Al-A6-Al9-
A24-11.06.2011

Endemik, Akdeniz elementi

Nepeta nuda L. subsp. nuda

MA 773-629-893-892-165-173-178, A32, 17.07.2010, A22,
28.06.2011, A7-A8-07.07.2011

Phlomis russeliana (Sims) Bentham

MA 628, A22, 28.06.2011

Endemik, Oksin elementi

Prunella laciniata (L.) L.

MA 631-816, A22, 28.06.2011, A7, 07.07.2011

Avrupa-Sibirya elementi

Prunella vulgaris L.

MA 895, A21, 27.08.2011

Avrupa-Sibirya elementi

Salvia sclarea L.

MA 707-598-601-600-599-934-908, A22, 28.06.2011, A21,
27.08.2011

Salvia virgata Jacq.

MA 614, A22, 28.06.2011

Iran-Turan elementi

Salvia tomentosa Miller

MA 826-830-828-829-668, A8, 07.07.2011, A22, 28.06.2011

Akdeniz elementi

Salvia frigida Boiss.

MA 512, A6, 11.06.2011

Iran-Turan elementi

Sideritis montana L. subsp. montana

MA 870-795, A8-A7-07.07.2011

Akdeniz elementi

Sideritis athoa Papanikolaov & Kokkini

MA 207, A23, 25.09.2010

Nadir, Akdeniz elementi

Stachys tmolea Boiss.

MA 764-763-183-603-547-857-722-729-832-721, A2-AT7-
A8-07.07.2011, A32, 17.07.2010, A22, 28.06.2011,
Al9, 11.06.2011

Endemik, Akdeniz elementi

Stachys byzantina K. Koch

MA 85-75-3-442-602-810a-691, Al4, 24.05.2010, A25,
28.04.2010, Al6, 01.06.2011, A22, 28.06.2011, A7,
07.07.2011

Avrupa-Sibirya elementi

Stachys cretica L. subsp. anatolica Rech. f.

MA 937, A21, 27.08.2011

Endemik, Iran-Turan elementi

Teucrium lamiifolium D Uru. subsp. lamiifolium

MA 939, A21, 27.08.2011

Teucrium chamaedrys L. subsp. chamaedrys

MA 918, A21, 27.08.2011
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Avrupa-Sibirya elementi

Teucrium chamaedrys L. subsp. lydium O. Schwarz

MA 208, A3, 25.09.2010

Akdeniz elementi

Thymus longicaulis C. Presl subsp. chaubardii (Boiss. et
Heldr. ex Reichb. Fil.) Jalas

MA  793-161-177-734-564, A2-A7-07.07.2011, A32,
17.07.2010, Al, 11.06.2011

Thymus longicaulis C. Presl subsp. longicaulis

MA 198-680, A3, 25.09.2010, A22, 28.06.2011

33. LILIACEAE

Allium paniculatum L. subsp. paniculatum

MA  954-953-917-217-221-195, A21, 25.09.2010, A3,
25.09.2010

Akdeniz elementi

Allium scorodoprasum L. subsp. rotundum (L.) Stearn

MA 935-642, A21, 27.08.2011, A22, 28.06.2011

Oksin elementi

Allium lycaonicum Siehe ex Hayek

MA 677-665, A22, 28.06.2011

Allium ampeloprasum L.

MA 685, A22, 28.06.2011

Akdeniz elementi

Asphodelus aestivus Brot.

MA 723, A2, 07.07.2011

Akdeniz elementi

Asphodeline damascena (Boiss.) Baker subsp. damascena

MA 572-573, A2, 11.06.2011

Iran-Turan elementi

Colchicum lingulatum Boiss. & Spruner subsp. rigescens K.
M. Press.

MA 261-233, A3, 25.09.2010

Akdeniz elementi

Eremurus spectabilis Bieb.

MA 523, A19, 11.06.2011

Iran-Turan elementi

Fritillaria bithynica Baker

MA 417-90, A34, 01.06.2011, A27, 24.05.2010

Endemik, Akdeniz elementi

Gagea bithynica Pascher

MA 18-267, A17, 28.04.2010, A15, 16.04.2011

Endemik, Akdeniz elementi

Gagea taurica Steven

MA 292, A29, 14.05.2011

Iran-Turan elementi

Muscari latifolium Kirk

MA 114-8-640, A28, 24.05.2010, A5, 28.04.2010, A22,
28.06.2011

Endemik, Akdeniz elementi

Muscari neglectum Guss.

MA 9-98-410, A5, 28.04.2010, A27, 24.05.2010, A34,
01.06.2011

Muscari armeniacum Leichtlin ex Baker

MA 24-437, A17, 28.04.2010, A16, 01.06.2011

Muscari comosum (L.) Miller

MA 684, A22, 28.06.2011

Akdeniz elementi

Ornithogalum oligophyllum E. D. Clarke

MA 22-21-23-294, A17, 28.04.2010, A29, 14.05.2011

Ornithogalum umbellatum L.

MA 664-650, A22, 28.06.2011

Ornithogalum orthophyllum Ten.

MA 427, A34, 01.06.2011

Ornithogalum armeniacum Baker

MA 107-419, A30, 24.05.2010, A34, 01.06.2011
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Akdeniz elementi

Ornithogalum wiedemannii Boiss. var. wiedemannii
MA 272, Al5, 16.04.2011

Scilla bifolia L.

MA 41, Al7, 28.04.2010

Akdeniz elementi

Tulipa orphanidea Boiss.& Heldr.

MA 504- 548-579, A24-A19-A2-11.06.2011
Akdeniz elementi

34. LYTHRACEAE
Lythrum salicaria L.

MA 931, A21, 28.04.2010
Avrupa-Sibirya elementi

35. MALVACEAE
Althaea officinalis L.

MA 916, A21, 27.08.2011
Althaea hirsuta L.

MA 903, A21, 27.08.2011

36. ONAGRACEAE

Epilobium hirsutum L.

MA 906, A21, 27.08.2011

Epilobium roseum Schreber subsp. subsessile (Boiss.) P. H.
Raven

MA 728, A2, 07.07.2011

Epilobium angustifolium L.

MA 192-851, A36, 17.07.2010, A8, 07.07.2011

Epilobium minutiflorum Hausskn.

MA 679-799-151, A22, 28.06.2011, A7, 07.07.2011, A13,
17.07.2010

Iran-Turan elementi

37. OROBANCHACEAE

Orobanche elatior Sutton

MA 708-641-639, A22, 28.06.2011

Orobanche nana Noe ex G.Beck

MA 688-796, A22, 28.06.2011, A7, 07.07.2011

Orobanche ramosa L.

MA 638-258-794, A22, 28.06.2011, A3, 25.09.2010, A7,
07.07.2011

38. ORCHIDACEAE

Cephalanthera rubra (L.) L. M. C. Richard

MA 757-182, A7, 07.07.2011, A32, 17.07.2010

Dactylorhiza romana (Seb.) Soo subsp. romana

MA  379-529-438-62, Al4, 24.05.2010, All-Al6-
01.06.2011, A19, 11.06.2011

Akdeniz elementi

Limodorum abortivum (L.) Swartz var. abortivum

MA 760-754, A7, 07.07.2011

Orchis coriophora L.

MA 879-882, A8, 07.07.2011

Orchis mascula (L.) L. subsp. pinotorum (Boiss. et Kotschy)
G. Camus

MA 379-62, Al1, 01.06.2011, Al14, 24.05.2010

Akdeniz elementi

Orchis pallens L.

MA 587, A2, 11.06.2011

Avrupa-Sibirya elementi

Orchis provincialis Balbis ex DC.

MA 387, A20, 01.06.2011

Akdeniz elementi

Platanthera bifolia (L.) L. C. M. Richard

MA 761, A7, 07.07.2011
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Avrupa-Sibirya elementi

39. PAPAVERACEAE

Papaver strictum Boiss. & Bal.

MA 186, A32, 17.07.2010

Papaver apokrinomenon Fedde

MA 719, A2, 07.07.2011

Endemik

Papaver rhoeas L.

MA 817, A7, 07.07.2011

Papaver somniferum L. var. pullatum MA. Veselouskaya

MA 696-441, A22, 28.06.2011, A16, 01.06.2011

Endemik

Papaver pilosum Sibth. et Sm. subsp. strictum (Boiss. et
Balansa) Wendt ex Kadereit

MA 232, A3, 25.09.2010

Endemik, Akdeniz elementi

40. PAOENIACEAE

Paeonia mascula (L.) Miller subsp. arietina (Anders.)
Cullen-Heywood

MA 490-575-89a, A4-A2-11.06.2011, A27, 24.05.2010

Iran-Turan elementi

Paeonia peregrina Miller

MA 575, A2, 11.06.2011

41. PLANTAGINACEAE
Plantago major L. subsp. intermedia (Gilib) Lange,
MA 2a, A25, 28.04.2010

42. PLUMBAGINACEAE

Acantholimon acerosum (Willd.) Boiss. var. acerosum
MA 566, Al, 11.06.2011

Iran-Turan elementi

Armeria cariensis Boiss. var. cariensis

MA 168, A32, 17.07.2010

Akdeniz elementi

43. POACEAE

Aegilops umbellulata Zhukovsky subsp. umbellulata

MA 769, A7, 07.07.2011

Iran-Turan elementi

Alopecurus arundinaceus Poiret

MA 503-341, A24, 11.06.2011, A12, 01.06.2011

Avrupa-Sibirya elementi

Apera spica-venti (L.) P. Beauv

MA 888, A8, 07.07.2011

Avrupa-Sibirya elementi

Arrhenatherum elatius (L.) P. Beauv. ex J. & C.Persl| subsp.
elatius (Det. BY)

MA 408-384-537-542-557-480, A34-Al11-A16-01.06.2011,
Al1-A19-A1-11.06.2011

Avrupa-Sibirya elementi

Briza humilis Bieb.

MA 620, A22, 28.06.2011

Bromus intermedius Guss.

MA 618, A22, 28.06.2011

Bromus squarrosus L.

MA502c, A24, 11.06.2011

Bromus sterilis L.

MA 405, A34, 01.06.2011

Bromus danthoniae Trin. (Det. BY)

MA 5323, A19, 11.06.2011

Dactylis glomerata L. subsp. glomerata (Det. BY)

MA 619a-155-149b-175-801-617, A22, 28.06.2011, Al3-
A32-17.07.2010, A7, 07.07.2011

Avrupa-Sibirya elementi

Eremopoa persica (Trin.) Roshev

MA 673, A22, 28.06.2011

Iran-Turan elementi

Hordeum bulbosum L. (Det. BY)

MA 700, A2, 07.07.2011

Hordelymus europaeus (L.) Jessen

MA 501a, A24, 11.06.2011

Avrupa-Sibirya elementi

Milium vernale Bieb. subsp. vernale (Det. BY)

MA 385-386, Al1, 01.06.2011

Akdeniz elementi

Poa bulbosa L.

MA 422, A34, 01.06.2011

Poa trivialis L.

MA 352, A12, 01.06.2011

Poa diversifolia (Boiss. & Heldr.) Hackel ex Boiss.

MA 363, Al1, 01.06.2011

Akdeniz elementi

Poa timoleontis Heldr.

MA 518, A6, 11.06.2011

Akdeniz elementi

Poa angustifolia L.

MA 619b, A22, 28.06.2011

Taeniatherum caput-medusae (L.) Nevski subsp. crinitum
(Schreber) Melderis (Det. BY)

MA 532b, A19, 11.06.2011

Iran-Turan elementi

Vulpia myuros (L.) C. C. Gmelin

MA 501b, A24, 11.06.2011

Vulpia ciliata subsp. ciliate Dumort.

MA 461b, A16, 01.06.2011

44. POLYGONACEAE

Polygonum bistorta L. subsp. bistorta

MA 724, A2, 07.07.2011

Avrupa-Sibirya elementi

Polygonum bellardii All.

MA 725-727, A2, 07.07.2011

Polygonum alpinum All.

MA 556-565, Al, 11.06.2011

Avrupa-Sibirya elementi

Rumex scutatus L.

MA 701, A22, 28.06.2011

Rumex alpinus L.

MA 184, A32, 17.07.2010

Rumex pulcher L.

MA 493, A4, 11.06.2011

Rumex acetosella L.

MA 366-406-443-730-110-79, A11-A34-A16-01.06.2011,
A2, 07.07.2011, A28-A14-24.05.2010

Kozmopolit

Rumex crispus L.

MA 671, A22, 28.06.2011

Rumex nepalensis Sprengel

MA 286, A29, 14.05.2011

45. PRIMULACEAE

Lysimachia verticillaris Sprengel

MA 904, A21, 25.09.2010

Oksin elementi

Primula vulgaris Huds. subsp. vulgaris

MA 275, Al15, 16.04.2011

Avrupa-Sibirya elementi

Primula vulgaris Huds. subsp. sibthorpii (Hoffmans.) W. W.
Sm. et Forrest
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MA 273-274, A15, 16.04.2011
Oksin elementi

46. RANUNCULACEAE

Nigella arvensis L. var. glauca Boiss.

MA 189, A36, 17.07.2010

Nigella sativa L.

MA 914, A21, 27.08.2011

Delphinium peregrinum L.

MA 463, Al16, 01.06.2011

Ranunculus reuterianus Boiss.

MA 336, A18, 14.05.2011

Endemik

Ranunculus dissectus Bieb. subsp. sibthorpii Davis

MA 58-42, Al4, 24.05.2010, Al17, 28.04.2010

Endemik

Ranunculus ficaria L. subsp. ficariiformis Rouy et Fouc.

MA 16, A17, 28.04.2010

Ranunculus constantinopolitanus (DC.) D* Urv

MA  399-390-111-128, A35-A20-01.06.2011, A28,
24.05.2010

Avrupa-Sibirya elementi

Ranunculus argyreus Boiss.

MA 397-430-312, A35-A34-01.06.2011, A18, 14.05.2011

Ranunculus caucasicus Bieb. subsp. caucasicus

MA 15, A17, 28.04.2010

Ranunculus heterorhizus Boiss. et Bal.

MA 473, Al16, 01.06.2011

Endemik

Ranunculus strigillosus Boiss. & Huet.

MA 395, A20, 01.06.2011

Ranunculus repens L.

MA 63, Al4, 24.05.2010

Ranunculus arvensis L.

MA 530-536, A19, 11.06.2011

47. ROSACEAE

Alchemilla hirsutiflora (Buser) Rothm.

MA 265, A3, 25.09.2010

Endemik, Oksin elementi

Agrimonia repens L.

MA 745 -187, A9, 07.07.2011, A32, 17.07.2010

Agrimonia eupatoria L.

MA 899, A21, 27.08.2011

Aremonia agrimonoides L.

MA 57, Al4, 24.05.2010

Avrupa-Sibirya elementi

Crataegus microphylla K. Koch

MA 81-459, Al4, 24.05.2010, A16, 01.06.2011

Hirkan-Oksin elementi

Crataegus monogyna Jacg. subsp. monogyna

MA 982-485, A21, 27.08.2011, A16, 01.06.2011

Crataegus tanacetifolia (Lam.) Pers.

MA 862-743, A8-07.07.2011, A14, 24.05.2010

Endemik

Filipendula vulgaris Moench.

MA 821-615, A7, 07.07.2011, A22, 28.06.2011

Avrupa-Sibirya elementi

Fragaria vesca L.

MA 38-39-270- 981, A37, 28.04.2010, Al5, 16.04.2011,
A21, 27.08.2011

Geum urbanum L.

MA 885-506, A8, 07.07.2011, A24, 11.06.2011

Avrupa-Sibirya elementi

Geum coccineum Sm.

MA 412-106, A34, 01.06.2011, A30, 24.05.2010
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Avrupa-Sibirya elementi

Potentilla buccoana Clem.

MA 492, A4, 11.06.2011

Endemik, Oksin elementi

Potentilla erecta (L.) Rauschel.

MA 591, A2, 11.06.2011

Potentilla inclinata Vill.

MA 703-780-779, A22, 28.06.2011, A7, 07.07.2011

Potentilla recta L. Grup A

MA 726-868, A2, 07.07.2011, A8, 25.09.2010

Potentilla rupestris L.

MA 91, A27, 24.05.2010

Avrupa-Sibirya elementi

Prunus divaricata Ledeb. subsp. divaricata

MA 444-877-552, A16, 01.06.2011, A8, 07.07.2011, A1,
11.06.2011

Prunus x domestica L.

MA 957, A21, 27.08.2011

Pyrus elaeagnifolia Pallas subsp. kotschyana (Boiss.)
Browicz

MA 83, Al4, 24.05.2010

Pyrus elaeagnifolia Pallas subsp. elaeagnifolia

MA 472, Al16, 01.06.2011

Rosa foetida J. Herrm.

MA 56-858-825-689, Al4, 24.05.2010, A22, 28.06.2011,
A8-A7-07.07.2011

Iran-Turan elementi

Rosa canina L.

MA 239, A3, 25.09.2010

Rosa micrantha Sm.

MA 733-755-676-652, A2-A7-07.07.2011, A22, 28.06.2011

Rubus canescens DC. var. canescens

MA 853-611-553, A8, 07.07.2011, A22, 28.06.2011, A1,
11.06.2011

Avrupa-Sibirya elementi

Rubus hirtus Waldst.

MA 854-191-190, A8, 07.07.2011, A36, 17.07.2010

Avrupa-Sibirya elementi

Rubus discolor Weihe & Nees

MA 141, A13, 17.07.2010

Sanguisorba minor Scop. subsp. muricata (Spach.) Brig.

MA 965-686-697, A21, 27.08.2011, A22, 28.06.2011

Sorbus umbellata (Desf.) Fritsch var. cretica (Lindl.)
Schneider

MA 561, Al, 11.06.2011

48. RUBIACEAE

Asperula rumelica Boiss.

MA 159, A32, 17.07.2010

Asperula involucrata Wahlenb.

MA 449-457-67-495-519-121-119, Al6, 01.06.2011, Al4,
24.05.2010, A10-A6-11.06.2011

Oksin elementi

Cruciata taurica (Pallas ex Willd.) Ehrend.

MA  414-560-97-415-118-310-313-718-514-418, A34,
01.06.2011, Al, 11.06.2011, A27-A28-24.05.2010, A18,
14.05.2011, A2, 07.07.2011, A6, 11.06.2011

Iran-Turan elementi

Crucianella imbricata Boiss.

MA 736, A2, 07.07.2011

Akdeniz elementi

Galium debile Desf.

MA 378-446, A11-A16-01.06.2011

Akdeniz elementi

Galium incanum Sm. subsp. elatius (Boiss.) Ehrend

MA 633, A22, 28.06.2011
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Iran-Turan elementi

Galium verum L. subsp. verum

MA 836-835-886-834-150, A8, 07.07.2011, A13, 17.07.2010
Avrupa-Sibirya elementi

49. SALICACEAE

Populus tremula L.

MA 64-369, Al4, 24.05.2010, Al11, 01.06.2011
Avrupa-Sibirya elementi

Salix triandra L. subsp. bornmiielleri (Hausskn.) A. Skv.
MA 469, Al16, 01.06.2011

Iran-Turan elementi

Salix alba L.

MA 645, A22, 28.06.2011

Avrupa-Sibirya elementi

50. SCROPHULARIACEAE

Bellardia trixago (L.) All.

MA 911, A21, 27.08.2011

Digitalis ferruginea L. subsp. ferruginea

MA  136-748-969-242-241, Al13, 17.07.2010,
07.07.2011, A21, 27.08.2011, A3, 25.09.2010

Avrupa-Sibirya elementi

Digitalis lanata Ehrh.

MA 936-894, A21, 27.08.2011

Avrupa-Sibirya elementi

Euphrasia pectinata Ten.

MA 7-84-76-347-772, Al12, 28.04.2010, Al4, 24.05.2010,
Al2, 01.06.2011, A7, 07.07.2011

Avrupa-Sibirya elementi

Linaria genistifolia (L.) Miller subsp. linifolia (Boiss.) Davis

MA 259, A3, 25.09.2010

Linaria genistifolia (L.) Miller subsp. genistifolia

MA 196, A3, 25.09.2010

Avrupa-Sibirya elementi

Linaria genistifolia (L.) Miller subsp. confertiflora (Boiss.)
Davis

MA 692-610, A22, 28.06.2011

Endemik, Iran-Turan elementi

Linaria pelisseriana (L.) Miller

MA 206, A23, 25.09.2010

Akdeniz elementi

Scrophularia cryptophila Boiss. & Heldr.

MA 131-423-543, A28, 24.05.2010, A34, 01.06.2011, A19,
11.06.2011

Endemik, Akdeniz elementi

Scrophularia myriophylla Boiss. & Heldr.

MA 636, A22, 28.06.2011

Akdeniz elementi

Verbascum lydium Boiss. var. lydium

MA 710, A2, 07.07.2011

Endemik, Akdeniz elementi

Verbascum simavicum Hub. —Mor.

MA 520, A6, 11.06.2011

Endemik, Akdeniz elementi

Verbascum phlomoides L.

MA 865-711-762, A8-A7-A2-07.07.2011

Avrupa-Sibirya elementi

Verbascum mucronatum Lam.

A9,

MA 737, A2, 07.07.2011

Akdeniz elementi

Verbascum densiflorum Bertol

MA 249, A3, 25.09.2010

Avrupa-Sibirya elementi

Veronica grisebachii S. M. Walters

MA 355, A12, 01.06.2011

Akdeniz elementi

Veronica leiocarpa Boiss.

MA 124, A28, 24.05.2010

Akdeniz elementi

Veronica polita Fries

MA 126-125-109b, A28, 24.05.2010, A31, 24.05.2010
Veronica chamaedrys L.

MA 127, A28, 24.05.2010

Avrupa-Sibirya elementi

Veronica oxycarpa Boiss.

MA 440, A16, 01.06.2011

Veronica anagallis-aquatica L. subsp. anagallis-aquatica
MA 531, A19, 11.06.2011

Veronica bozakmanii M. A. Fischer

MA 391, A20, 01.06.2011

Iran-Turan elementi

Veronica pusilla Kotschy var. pusilla

MA 392, A20, 01.06.2011

Iran-Turan elementi

Veronica pectinata L. var. pectinata

MA 86-87-333, Al4, 24.05.2010, A18, 14.05.2011

51. URTICACEAE

Urtica dioica L.

MA 435-172, A16, 01.06.2011, A32, 17.07.2010
Avrupa-Sibirya elementi

52. VALERIANACEAE
Valeriana alliariifolia Adams
MA 630, A22, 28.06.2011
Valerianella lasiocarpa (Stev) Betcke
MA 482, A16, 01.06.2011
Iran-Turan elementi
Valerianella coronata (L.) DC.
MA 323, A18, 14.05.2011 82
Valerianella obtusiloba Boiss.
MA 661, A22, 28.06.2011
Akdeniz elementi

53. VIOLACEAE

Viola gracilis Sibth. & Sm.

MA 570-593, A1-A2-11.06.2011

Viola suavis Bieb.

MA 271, Al5, 16.04.2011

Viola odorata L.

MA 33-36-113-311-571, A37, 28.04.2010, A28, 24.05.2010,
Al18, 14.05.2011, Al, 11.06.2011

Viola parvula Tineo

MA 32, A17, 28.04.2010

Viola kitaibeliana Roem. et Schult.

MA 507-324, A24, 11.06.2011, A18, 14.05.2011
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Abstract

This study presents morphological, anatomical and karyological characteristics of the genus Paris L.
represented by 2 species in Turkey: P. incomplete M. Bieb. and P. quadrifolia L. Taxonomically detailed description of
the species are based on collected and examined specimens; distributions and illustrations are presented along with
anatomical cross sections of leaves, stems, rhizomes and roots and leaf surfaces. The differing anatomical structure of
studied plant parts is suitable for use as an additional tool in their identification. Karyotypes of the species are
determined, P. incompleta, as 2n = 10, diploid, chromosome formula is 2m+4sm+2st+2t and P. quadrifolia as 2n = 20,
tetraploid, chromosome formula is 4m+8sm+2st+2t. Photographies of species in naturel habitat, distribution map of
species in Turkey, detailed drawing of flowers and general view of species, drawings and microphotographies of the
karyotypes are also presented.

Key words: Paris, morphology, anatomy, taxonomy, karyotype

k

Tiirkiye’deki Paris cinsi iizerinde morfolojik, anatomik ve karyolojik arastirmalar

Ozet

Bu ¢alisma Tirkiye’de 2 tiir (P. incomplete M. Bieb. ve P. quadrifolia L.) ile temsil edilen Paris L. cinsinin
morfolojik, anatomik ve karyolojik 6zelliklerini igermektedir. Tirlerin toplanan ve incelenen Orneklere dayanarak
yapilan detayli tanimlamalari, dagilimlart ve ¢izimleri ve yaprak, gévde, rizom ve koklerin enine kesitleri ve
yapraklarin yiizeysel kesitleri de yer almaktadir. Calisilan bitki kisimlarinin farklilik gésteren anatomik yapilari bitkileri
ayirmak i¢in kullanilabilmektedir. Tirlerin karyotip ozellikleri belirlenmistir, P. incomplete kromozom sayist 2n=10
diploid, kromozom formiilii 2m+4sm+2st+2t, P. quadrifolia’nin kromozom sayis1 2n=20 tetraploid, kromozom formiilii
4m+8sm+2st+2t olarak tespit edilmistir. Tiirlerin dogal ortamda ¢ekilmis fotograflari, Tiirkiye’deki yayilisint gdsteren
harita, bitkilerin ¢igekleri ve genel goriiniislerinin detayli ¢izimleri, karyotiplerinin ¢izimleri ve mikrofotograflari da
ayrica yer almaktadir.

Anahtar kelimeler: Paris, morfoloji, anatomi, taksonomi, karyotip
1. Introduction

The genus Paris L. of the family Melanthiaceae (Ji et al., 2006; Reveal & Chase, 2011; Yue et al., 2011;
Seberg et al., 2012) comprises approximately 24 rhizomatous perennial herb species that occur from Europe to eastern
Asia (Li et al., 1998; Zomlefer et al., 2006; Jacquemyn et al., 2008). China is the center of the species diversity with 22
species, of which 12 are endemic (Liang & Soukup, 2000). According to analysis of DNA sequence, the genus Paris is
monophyletic (Ji et al., 2006).
The classification of the genus is still unresolved. Hara (1969) divided it into 3 sections based on fruit and seed
characteristics: Sect. Paris; Sect. Kinugasa Tatewaki et Suto; and Sect. Euthyra Salisb. According to Takhtajan’s
(1983) classification, the sections Paris, Kinugasa and Daiswa are different genera based on fruit types, ovary shapes,
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seed morphology and rhizome shapes. In the most recent taxonomic revision, Li (1998) following Hara’s treatment,
divided Paris s.l. into 2 subgenera; the subgenus Daiswa (Rafinesque) H. Li (13 species of 5 sections) and subgenus
Paris (11 species of 4 sections) based on axile or incompletely axile placentation versus parietal placentation,
respectively. Previous molecular data (Osaloo & Kawano, 1999; Farmer & Schilling, 2002) supported Takhtajan’s
treatment.

Different taxa of Liliaceae recently investigated according to their anatomical, cytological by different
researchers (Dane, 2006; Giirsoy & Sik 2010; Kahraman et al. 2010; Ocak et al. 2004; Uysal 1999; Dogu et al. 2011) in
Turkey. But this study is the first comprehensive survey of the genus Paris in Turkey. The current anatomical and
karyological studies were initiated with a view to clarifying the taxonomic status of the species. Detailed descriptions
and distributions with anatomical and karyological features are presented of 2 Turkish species collected from natural
habitats.

The present study forms part of a doctoral thesis titled ‘Pharmaceutical Botanical Studies on the Genera Paris L.,
I?olygonatum Mill. and Veratrum L. in Turkey’, carried out by Yeter Yesil and supervised by Prof. Dr. Neriman
Ozhatay.

2. Materials and methods

Research specimens of P. incompleta were collected from natural habitats in the Artvin, Rize and Trabzon

areas of Turkey during flowering and fruiting stages; specimens of P. quadrifolia were collected from Ardahan during
July — August 2010 and 2011. Specimens were collected from as many different locations as possible in order to
identify patterns of variation. In addition the collections of the following herbaria were examined: AEF, ANK, GAZI,
Hb. Linn., HUB, ISTE, ISTF, ISTO, KATO, K, BATU, BM, E and P.
Anatomical research material was preserved in 70% ethanol. Cross-sections of leaves, stems, rhizomes and roots, and
the surface sections of leaves were investigated. Sections were stained using Sartur (a compound reagent that consists of
Lactic acid, Sudan Ill, Aniline, lodine, Potassium iodide, alcohol and water) and chloral hydrate reagents. Drawings
were made using a camera lucida drawing tube attached to a Leitz Wetzlar microscope. Photographs were taken with an
Olympus BH- 2 microscope.

For karyological studies, rhizomes were collected from natural habitats and transplanted to the Alfred
Heilbronn Botanic Garden, Istanbul University. Root tips were pretreated with 0.05% 1 —Bromonaphthalene solution at
4°C for 24 h. and then fixed in fresh Carnoy solution overnight. Root tips were hydrolyzed for 10 — 12 min. in INHCI at
60°C and stained in Feulgen solution for 1 — 2 h. Stained meristems were squashed in a drop of 2% aceto orcein and
permanent preparations were made by the liquid CO, method. Photographs were taken via a light microscope.
Ideograms were prepared with measurements made on enlarged microphotographs of well-spread metaphase plates of
different individuals. For all chromosome counts, a minimum of 10 plates (representing 10 different individuals of each
locality) were examined for each taxon. The classification of chromosomes, length of the long and short arms, total
length of arms, arm ratio, centromeric index, and relative chromosomal length were measured with an Image Analysis
Systems KAMERAMO. Chromosomes were classified by the nomenclature of Levan et al. (1964); 1.00-1.7 median,
1.7-3.00 submedian, 3.00-7.00 subterminal, 7.00-c0 terminal.

3. Results

A detailed description of the Turkish species of Paris; illustrations, distribution and an identification key are
given, based on the examined specimens. Anatomy of leaves, stems, rhizomes and roots are presented by drawings and
microphotographs. Karyotypes of the species are also presented and compared with previous records..

3.1. Taxonomical and morphological characteristics:

The identification key of Turkish species:
Leaves 6 — 9 (— 13), perianth uniseriate, mucro of stamen 0.3 —0.4mm.....................ooiiiiiinan, P. incompleta
Leaves 4 — 5, perianth biseriate, mucro of stamen 4 — 7 mm.................cooiiiiiiii s P. quadrifolia

Paris incompleta M. Bieb., FI. Taur.—Cauc. 1: 306 (1808). (Figure 1).
Syn: P. apetala Hoffm., Comm. Phys. Med. Mosc. | (1808) 5; P. octophylla Hoffm., Hort. Mosq. (1808) 27. Ic: M.B.,
Cent PI. Rar. Il — Il (1843) tab. 74; Exs.: Pl. Or. Exs. No. 330; Fiori, FI. Italy Illus. (1933) PI. 718; Fl. Cauc. Exs. No.
30; Komarov, Fl. URSS 4 (1935) 360.

Perennial, rhizomatous herbs. Rhizomes creeping scaly, terete, 5 — 6 mm diam., odoratous. Stems 21 — 40 cm,
4 — 4.5 diam, dark green at the top, green—purple at the base. Leaves verticillate, 6 — 12 (— 13), usually obovate
sometimes oblanceolate rarely eliptic, (6 —) 7.8 — 11 x (2 —) 3 — 5 cm, lower surface pale green, upper surface vivid
green, prominently 3—veined, with faint secondary veins, apex usually acuminate, narrow acuminate, the base acute
narrowed into short (2 — 3 mm) petiole. Pedicels 3 — 6.7 (-8) cm. The flowers terminal and solitary. Perianth segments,
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uniseriate, usually 4, enlarged on bottom half, lanceolate or ovate—lanceolate, prominently 3—veined, green (25 -) 27 —
37 (- 40) x (2 -) 10 — 14 mm, acuminate at the apex, inner whorl absent. Stamens (6 —) 8 — 9. Filaments dark green, 6 —
10 x 1 mm, purple at the base in mature, some with basal oblong nectaries, length 2—3 mm. Anthers basifixed,
longitudinalis, yellow, (5 —) 6-8 mm, apex mucronate with 0.3 — 0.4 mm mucro. Pollen grains yellow. Ovary black,
subglobose with 4 loculus with 6 ovules in each loculus. If with 5 loculus 1 loculus in sterile. Styles black, 4 — 5 parted,
(10 -) 14 — 18 mm, usually much longer than stamens. Berry black, globose, depressed on top, 5 —7 (- 8) x 5 -7 mm,
glaucescent. Seeds brown, ovoid, about 3 x 3 mm diam. F.l. 5 — 6, steep shady slopes, under Picea orientalis and Fagus
orientalis forests and Rhododendron scrubs, 400 — 2200 m.

Figure 1: Paris incompleta in natural habitat

Type: Described from the Caucasus (Tiflis) in Leningrad (LE).
Distribution: Caucasia and North Anatolia. Euxine element.
Distribution in Turkey: Central & East of Northern Turkey (App. I).

Paris quadrifolia L., Sp. pl. 1: 367 (1753). (Figure 2)

Syn: P. dahurica Fisch., Bull. Soc. Nat. Mosc. 11, 201. P. verticillata M. B., Fl. Taur-caus. Ill, 287; Ldb., FI. Ross IV
(1841) 121. P. obovata Ldb., Fl. Ross. 1V, 120. Ic: Hegi, lllust. FI. Mit. Eur. 11 (1908) p. 275; Bonnier, FI. Comp. Fr.
Suis. Belg. X (1911) PI. 593; Komarov, F1. URSS 4 (1935) 359; H. Hess, Landolt, Hirzel, Fl. Der Schweiz Band I
(1967) p. 530; Ross—Craig, Draw. Br. Pl. XXIX (1972) Plate 33.

Perennial, rhizomatous herbs. Rhizomes creeping scaly, terete, 2 — 2.5 mm diam., odoratous. Stems (18 —-) 23 - 40 cm, 2
— 2.5 mm diam., dark green at the top, green-purple at the base. Leaves verticillate, 4 — 5, usually broad obovate or
obovate, (6 ) 8 — 10 (— 13) x 4 — 6 cm, lower surface pale green, upper surface vivid green, prominently 3 —veined,
with faint secondary veins, apex usually acuminate with a mucro, the base cuneate, narrowed into short ((1.5 -) 2 — 3
mm) petiole. Pedicel 3 — 6 cm. The flower terminal and solitary. Perianth segments biseriate, usually 8. Outer perianth
segments 4 — 5, enlarged in the middle, lanceolate, prominently 3-veined, green, 20 — 35 (—40) x 3 — 4 mm, acute at the
apex. Inner perianth segments 4-5, linear, prominently 1-veined, green, 4 — 5, (12 —) 18 — 24 x 1 — 2 mm, acuminate at
the apex. Stamen 8-9. Filaments dark green, 3 — 5 x 1.5 mm, purple at the base in mature. Anthers basifixed,
longitudinalis, yellow, (3 —) 4 — 6 mm, apex mucronate with 4 — 7 mm mucro. Pollen grains yellow. Ovary black,
subglobose with 4 loculus with 6 ovules in each loculus. If with 5 loculus 1 loculus without ovules. Styles black, 4 — 5
parted, (3 —) 4 — 6 mm, much shorter than stamens. Berry black, depressed globose, on top, 6 —8 x 7 —9 x 5—7 mm.
Seeds brown, ovoid, about 3 x 3 mm. F.I. 5 — 6, vet slopes, mixed coppice dominated by Betula litwinowii, 1800 — 2100
m.

Type: Lectotype (designated by Mathew, in Regnum Veg. 127: 73, 1993): Right-hand specimen, Hb. Linn. 515.1.
Distribution: Europe & NE Anatolia Euxine element.

Distribution on Turkey: Ardahan and Artvin (App. I1).

The distribution map of Paris species (As shown in Figure 3) and drawings are following (As shown in Figure 4).
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Figure 2: Paris quadrifolia in natural habitat

Figure 3: Distribution map of P. incompleta (A ) and P. quadrifolia (O) in Turkey.

Figure 4: General view of A P. incompleta and B P. quadrifolia; ¢ & ¢' seed, d & d' fruit, e & €' flowers.
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Figure 5: A Cross section of main vein and B upper surface section, B’ lower surface section of Paris incompleta, C
Cross section of main vein and D upper surface section, D' lower surface section of Paris quadrifolia.

3.2. Anatomical characteristics:

LEAF: Bifacial and hypostomatic

Mesophyll

Palisade parenchymatic tissues are 1 — 2 layered on adaxial surface; spongy parenchymatic tissues are 4 — 5 layered on abaxial
surface. No crystals observed (As shown in Figure 5 A, B).

Vascular bundle

Leaves have 3 main parallel veins, interconnected by smaller veins. Closed collateral vascular bundles are larger in the main veins,
and much smaller in the small veins without sclerenchymatous sheaths (As shown in Figure 5 A, B).

Epidermis

In the cross-section, the epidermis consists of a single layer with square or rectangular cells, upper epidermis cells are larger than
lower ones. Stomata are at the same level with as the epidermis. The cuticle is thick on both epidermises. No hairs were observed (As
shown in Figure 5 A, B).

In the surface section, epidermis cells are distinctly lobed. Stomata are anomocytic and only occur on the abaxial surface,
neighboring cells are 4 — 5 (As shown in Figure 5 C, C', D, D).

STEM

The epidermis is composed of a single layered, with compactly arranged square cells, and is covered with a thick
cuticula. Paris incompleta does not have angles, a layer of 1 — 3 layered sclerenchymatous cells is present beneath the
epidermis (As shown in Figure 6 A-A"). Paris quadrifolia has angles, 2 layered collenchymatous cells occur on an
angle beneath the epidermis, collenchymatous cells are single layered on inter-angle and are almost circular; this is
followed by 4 — 5 layered sclerenchymatous cells in cortex (As shown in Figure 6 B-B'). Ground tissues are distributed
throughout the space beneath the sclerenchyma, which is composed of circular cells. Vascular bundles are scattered
throughout the cortex. However, vascular bundles are much smaller under sclerenchyma than those in the central area
(As shown in Figure 6).
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Figure 6: Cross section of stems.A — A' Paris incompleta, B — B' Paris quadrifolia; co cortex, col collenchyma, cu
cuticula, ep epidermis, p phloem, pi pith, sc sclerenchyma, x xylem, vb vascular bundle.

RHIZOME

Figure 7.Cross section of rhizomes: A — A’ Paris incompleta, B-B' P. quadrifolia, A' — B'Vascular bundle, a starch grain
of P. incompleta, b starch grain of P. quadrifolia, cc central circle, co cortex, en endodermis, ep epidermis, p phloem, pi
pith, x xylem, vb vascular bundle.
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Epidermis is 2 layered, cells are square and rectangular, suberized. Cortex parenchymatic cells are filled with starch
grain; raphides occur in the smaller size cells. The endodermis is either constant or inconstant. Vascular bundles are
closed collateral and amphivasal type, 17 to 24. Small vascular bundles are spread throughout the cortex. Large vascular
bundles are spread throughout the cortex or packed closely together. Some bundles can be seen on pith (As shown in
Figure 7).
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Figure 8.Cross section of roots: A — A' Paris incompleta, B — B' Paris quadrifolia; cc central circle, co cortex, cu
cuticle, en endodermis, ep epidermis, ex exodermis, mx metaxylem, p phloem, pe pericycle, pi pith, px protoxylem, sg
starch grain, X xylem, xr xylem ringe, vb vascular bundle.

Epidermis is single layered, cells are longitudinally elongated and isodiametric, often with persistent root hairs. The
exodermis is single layered, cells are isodiametric and with thickened wall. Exodermal cells are smaller than epidermal
cells. The cortex is 5 — 6 layered parenchymatic cells, bearing raphides and abundant starch grains. The endodermis is
single layered, cell walls are of equal thickness. The pericycle is single layered and thin-walled. There are 4 or 5 xylem
ridges located opposite the phloem. Metaxylem and protoxylem vessels have the same wall thickness and the central
parenchymatous pith is present (As shown in Figure 8).

The starch grains observe in rhizomes and roots of species. Raphide crystals observes in stem, root and especially in
rhizome.

3.4. Karyological characteristics:

The examined specimen measurement were presented in Table 1-2. Polymorphism in chromosome length and
heterochromatin distribution was also observed between individuals within the same species, for almost all chromosome
pairs, especially first pair and first set Intraindividual polymorphism in the relative length of homologous chromosome
was also detected in the karyotypes. In this study, The karyotypes and the total and relative length of somatic
chromosome pairs of Turkish species are reported here for the first time.
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Table 1.Chromosome measurement of Paris incompleta collected from Artvin (Art.) Rize ( Rize) and Trabzon (Trb.);
AR Arm Ratio, As. K % The index of karyotypic asymetry, Chr. p. n. Chromosome pair number, CT chromosome type,
TL Total Length of arms, LA Long Arm, RL Relative Length, SA Short Arm.

Chr |LA(W SA (S) (w) TL (um) AR (L/S) RL(%) CT
p.n. | Art. Rize | Trb. | Art. Rize | Trb. | Art. Rize Trb. Art. Rize Trb. Art. Rize Trb.

1 890 |943 [832 |836 [882 [7.32 |17.26 1835 [1564 |1.06 |1.06 1.13 3066 [30.72 2945 |m
2 741 7.97 6.62 [4.23 [468 |425 [11.64 12.63 10.87 1.75 17 1.68 20.68 |21.14 |20/47 sm
3 555 |5.60 [510 [3.18 [3.33 [3.02 |873 8.93 8.12 1.74 |1.68 1.68 1551 |14.95 |15.29 |[sm
4 9.08 |955 |888 |240 |241 |238 |11.48 1197 [11.25 |3.77 |[3.95 3.71 20.39 [20.04 |21.18 |st
5 6.65 7.31 6.71 |051 053 |051 |7.17 7.85 7.22 13.1 13.81 12.74 1273 [13.14 |13.59 t

Table 2.Chromosome measurement of P. quadrifolia. AR Arm Ratio, Chr. p. n. Chromosome pair number, TL Total
Length of arms, LA Long arm, RL Relative Length, SA Short Arm

chr. p.n. LA (W) SA () TL (u) AR (L/S) RL(%) [CT
1 7.54 6.99 14.54 1.07 16.25 m
2 6.75 6.29 13.04 1.06 14.57 m
3 7.41 3.68 11.1 2 12.40 sm
4 4.65 2.72 7.37 171 8.23 sm
5 4.30 2.55 6.85 1.69 7.65 sm
6 4.41 2.63 7.04 1.68 7.86 sm
7 6.71 1.80 8.51 3.72 9,51 st
8 4.68 153 6.21 3.05 6.94 st
9 6.97 0.61 7.58 11.43 8,47 t
10 6.66 0.55 7.22 12.01 8.07 t

Karyotypes of P. incompleta,

Examined specimens: Artvin-Murgul (ISTE 97694, 97695), Rize-Camlihemsin (ISTE 97651, 97639), and Trabzon-
Magka (ISTE 97490, 97591, 97594, 97639). Detailed locality data are given App. I. Vouchers are hosted at ISTE.
Chromosomes numbers were counted as 2n = 10 (2x), diploid. The karyotype consists of 1 pair of median, 2 pairs of
submedian, 1 pair of subterminal and 1 pair of terminal chromosomes. The chromosome formula can be summarized as
2n = 2x= 10 = 2m+4sm+2st+2t. Chromosomes of the fifth pair of Artvin and Rize populations have a satellite on the
short arms, whereas the Trabzon population has a satellite on the short arm of only 1 chromosome (As shown in Figure
9).

Figure 9. The somatic chromosomes of Paris incompleta in metaphase; karyogram and ideogram. A Artvin, B Rize, C
Trabzon

Yeter YESIL et al., Morphological, anatomical and karyological investigations on the genus Paris in Turkey




Biological Diversity and Conservation — 7/ 2 (2014) 65

Karyotype of P. quadrifolia,

Examined specimens: Ardahan (ISTE 97505). Detailed locality data are given App. I. Vouchers are hosted at ISTE.
Chromosome numbers were counted as 2n = 20 (4x) chromosomes tetraploid. The karyotype consists of 1 set of
median, 2 sets of submedian, 1 set subterminal and 1 set terminal chromosomes. The chromosome formula can be
summarized as 2n = 4x= 20 = 4m+8sm-+4st+4t. A ninth pair has a satellite on the short arm (As shown in Figure 10).
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Figure 10: The somatic chromosomes of Paris quadrifolia in metaphase, karyogram and ideogram
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4. Conclusions and Discussion

4.1, Morphology

The results (e.g., leaf, periant segment, filament, style) obtained from morphological investigations are mainly
congruent with the description in Flora of Turkey and the East Aegean Islands (Miller, 1984), and recently recorded
Paris quadrifolia (Terzioglu, 2008). However morphological features show some differences from those given in Flora
of Turkey. The dimensions of some characteristics such as size and shape of nectar, size of stamen mucro, diameter of
rhizome, seed shape and size were not been reported in previous studies (Table 3).

Table 3. Morphological characteristics of Paris species

Species Morphological

Leaf num. | Length of style | Nectar | Stamen mucro size | Seed size | Rizom diameter

P. incompleta | 6-12 (10-)14-18 mm | present | 0.3-0.4 mm 3x3 5-7mm
(-13)
P. quadrifolia | 4-5 (-3) 4-6 absent | 4-7mm 3x2.5 2-2.5mm
4.2 Anatomy

Anatomical features of the roots of Paris species resemble the general characteristics of monocotyledones (Cutter,
1971). The comparative microscopic observations of the transverse section of leaf, stem, rhizome, and root and surface
section of leaves of 2 species of Paris revealed that many of these anatomical characteristics are homologous. However,
some differences were observed in the upper leaf surface section, the stomata cells size, the stomata index, cross-section
of stem and rhizome, and characteristics of starch grains (Table 4).

Leaf, the upper epidermis cells of Paris incompleta have secondary lobes but the upper epidermis cell of Paris
quadrifolia have primary lobes.

Rhizome, constant or inconstant endodermis, distribution and numbers of vascular bundles are the most useful
characteristic in the general anatomy of the rhizome of Paris species (Xue et al., 2009). Endodermis of Paris
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incompleta is inconstant. Vascular bundles are 20 — 24. Some bundles can be seen on pith. A few of the vascular
bundles are closely packed, whereas the majorty is dispersed.

Endodermis of Paris quadrifolia is constant. Vascular bundles are 17 — 20. Most of the vascular bundles are closely
packed whereas a minority dispersed.

The starch grains of P. incompleta are larger than those of P. quadrifolia and are of different shapes (Table 4).

Table 4. Anatomical characteristics of Paris species

Species upper stomata | stom Stem Rizom Starch g.
epidermis size a endoderm | vascular shape &
cells index is bundles size

P. incompleta | primary lobed | 54.65x62 | 23.07 | not angled, | inconstant | interrupted | ellipsoidal

3lu collenchyma circle 7,50%6,25
absent in cortex

P. quadrifolia | secondary 51.89% 28.57 | angled, constant acircle spheroidal
lobed 2451 collenchyma 5,64x5,44

present in cortex

4.3 Karyology

Paris incompleta, the index of karyotypic asymetry (As. K% ) of Artvin population is 66.8%, Rize population is 67.6%
and Trabzon population is 75.4% and for P. quadrifolia is 66,61%. Detailed measurements of the chromosomes are
given on Table 1 and 2. This study confirms most of the earlier studies as tetraploid level with somatic chromosomes
number of P. incompleta (Tifonovi, 1969; Gagnidze et al., 1985; Schneeweiss & Schneeweiss, 2003) and P. quadrifolia
(2n = 20 Gotoh, 1933; Gotoh, 1937; Darlington, 1941; Love & Love, 1944; Kozlova, 1979; Bjerketvedt & Laane, 1982;
Laane, 1990; Lavrenko & Serditov, 1991; Punina et al., 2000) but don’t confirm some studies (2n = 10 Haga, 1934).
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Appendix | Examined specimens

P. incompleta

A4: Kastamonu: llgaz Mountain, N-NW. 1100 — 1300 m, 06.viii.1996, Alper Yilmaz (ISTO 28249!); Kastamonu—
Pinarbas1, Kurtgirmez Dag1, 1250 m, 24.viii.2002, forest, Ufuk Ozbek (MUO 1353!); A6: Ordu: above Unye, 1220 m,
Furse & Synge 137! (ISTE)!; Ordu: Merkez, Cambagi—Turnalik, 1820 m, 10.vi.1981, H.Demir & Y. Karaagag¢li (KATO
5569!); A7: Giresun: Merkez, Kulakkaya—Akgakbel yoresi, 1600 m, 22.v.1979, Picea forest, R. Ansin (KATO 3382!);
Tirebolu Managment Directorate, Serial of Akilbaba, 1350 m, 05.ix.1989, L. Gornaz (ISTO 32450!); Bektas-Bulancak,
Bicik plateau, 1700 m, 22.viii.1995, Abies nordmanniana and Picea orientalis forest, A.J.Byfield, S. Atay B1983 (ISTE
69335!); Bektas—Bulancak, Bicik plateau, 1640 m, 02.08.2010, Abies nordmanniana and Picea orientalis forest, Y. Yesil
& B.Saglam (ISTE 97754!); A7: Trabzon: Magka, HamsikGy, 1525 m, 1933, Balls 385! (E photo)!; Trabzon: Magka,
Hamsikoy future, Ciftekoprii stream, vicinity of Yikik Degirmen, 1450 m, 03.vi.1969, under forest, A.Baytop (ISTE
15310!); Magka, Hamsikdy-village of Giirgenagag, North West, 60%, 850 m, 25.v.1973, Picea-Fagus forest. R.Ansin
(ISTO 16538!); Tonya, Valley of Fol Stream, 1100 m, 20.vii.1979, broadleaved forest, O.Besel & A.Demirci (KATO
4137!); Magka, Meryemana forest, Zaliski Mount., 1280 m, around Siimela and Altindere village, 19.v.1974, Picea
orientalis forest, R.Ansin (KATO 1369!); Merkez, Yesilova village, 350 m, 14.iv.1990, under forest, A.Tiifekgioglu
(KATO 8710!); Salpazari, Kireghane, 1450 m, 16.vii.2006, under forest, S. P.Uzun (KATO 16534!); Salpazari, back of
Kalpakkaya, Eskioba plataeu, 1790 m, 08.viii.2006, under forest, S.P.Uzun (KATO 16504!); Salpazari, Geyikli near
forest, outdoor, 1487 m, 11.viii.2007, S.P.Uzun (KATO 16501!); Magka, Hamsikdy, stream edge, under forest, 147 m,
11.ix.2007, M. Karakése (KATO 8687!); Magka, stream edge 320 m, 01.vi.2008, broadleaved mixed forest, S.
Terzioglu (KATO 7856!); Magka, Ormaniisti Koyii, 1280 m, 09.vii.2008, under forest, A.Uzun (KATO 18752!);
Macka, Ormaniistii Koyii, 1642 m, 15.vii.2008, under forest, A.Uzun (KATO 18753!); Macka, Hamsikdy, around
destroyed mill, upper side of Ciftekoprii stream, north slope, 1534 m, 03.viii.2010, Y.Yesil, B.Saglam & A.Aliskan
(ISTE 97488!); Magka, between Hamsikéy-Zigana, Bekgiler side, 1640 m, 03.viii.2010, Y.Yesil, B.Saglam & A.Aliskan
(ISTE 97490!); Magka, Hamsikdy, the upper of Dikkaya site, 1031 m, 27.vi.2011, Fagus orientalis and Carpinus
orientalis forest, Y.Yesil, A.Osan¢cliol & A.Aliskan (ISTE 97591!); Magka, lower of Zigana Mountain Rest Facilities
(ZITAS), Bekgiler side, 1600 m, 27.vi.2011, Y.Yesil, A.Osancliol & A.Aliskan (ISTE 97594!); Siirmene, Asot, Arakli-
Bayburt road, Bogali Stream, 1560 m, 03.viii.2010, broadleaved mixed forest, Y. Yesil & B.Saglam (ISTE 97639!); AT:
Giimiishane: Kiirtiin, Oriimcek forest, environment of Elceyiz Plateau, 1970 m, 08.viii.1990, under forest, M.Kiiciik
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(KATO 9152!); A8: Trabzon: Of, Karayer, 35 m, 01.iv.1993, wet and shadowy stream edge, S.Terzioglu (KATO
10459!); Of, Cataldere Koyli, 120 m, 16.v.1996, under forest, wet area, S.Terzioglu (KATO 13061!); A8: Rize:
Uzunkaya, A.Heil. & M.Bas., 06.vii.1947, (ISTF 7040!); Merkez, Cingava 460 m; Camlihemsin, upper of Ayder
thermal water, 1800 m, 10.08.1979, Picea orientalis forest, R.Angin (KATO 3925!); Rize: Cin¢ava, 460 m, Guichard
TUR/12/59! (E photo)!; Camlihemsin, Asag1 Vice district, 400-900 m, 26.iv.1981, A.Giiner 3462 (ISTE 50147!); within
sight of Camhihemsin, Kalekdy, 1780 m, wet broadleaved mixed forest, Y. Yesil & A.Osan¢liol (ISTE 97651!); Ikizdere,
within sight of Cimil Yaylasi, above Bulaniksu village, 1400 m, 28.vi.2010, wet broadleaved mixed forest, Y. Yesil &
B.Saglam (ISTE 97639!); A8: Artvin: Coruh, mt. Above Artvin, Picea forest, 1900 m, Davis & Hedge 29723a! (E
photo)!; Coruh Tiryal Dagi, above Damar ve Murgul, 1500 m, 03.vii.1994, volcanic rocky valleys, A.J.Byfield &
D.Pearman B. 1006 (ISTE 67114!); Cerrahtepe, 1600 m, 28.vii.2004, Pinus — Abies and Piceae forest, H. Altinozlii
4129; Murgul — Damar, 1445 m, 04.vii.2011, broadleaved mixed forest opening area, border of stream, Y.Yesil &
A.Osang¢lhol (ISTE 97694!); between Hopa-Borgka, 700 m, 22.v.1980, R.Ansin (KATO 4902!); Hopa, Baskdy, 250 m,
20.iv.1996, Castanea, Carpinus and Buxus forest, M.Keskin 532 (ISTE 77447!); A9: Artvin: Merkez, Sogundibi, 1450
m, 12.v.1978, forestation area, R.Ansin (KATO 1978!); Savsat, Yavuzbey Koyii, Kislalar, rigth side of Savsat following
hill, 2177 m, 02.vii.2011, broadleaved mixed forest, Y. Yesil & A.Osan¢hol (ISTE 97695!).

Appendix 11, Examined specimens

P. quadrifolia

A9 Posof, Goniilagan Koyii, 1930 — 2012 m, 17.viii.2007, wet area domination of Betula litwinowii, broadleaved mixed
forest, S.Terzioglu (KATO 10538!); Posof, Camyazi, Asmakonak village, Posof, 1960 m, 07.viii.2010, Betula pendula,
B. litwinowii, B. recurvata mixed forest, Y.Yesil & B.Saglam (ISTE 97502!); Posof Goniilagan Village, 2015 m,
07.viii.2010, forest, Y. Yesil & B.Saglam (ISTE 97505!); Posof, Camyaz1 village, 1978 m, 01.vii.2011, Betula pedula, B.
litwinowii, B. recurvata mixed forest, Y.Yesil, A.Osan¢liol, L.& S.Esen (ISTE 97682!); Posof, Asik Ziilali village,
Karakelle side, 2073 m, 01.vii.2011, Y.Yesil, A.Osan¢hol, L. & S.Esen (ISTE 97686!); Posof, above Baykent village,
2041 m, 01.vii.2011, Betula pendula, B. litwinowii ve B. recurvata and mixed forest, Y.Yesil, A.Osancliol, L. & S.Esen
(ISTE 97737!); Posof, Goniilagan village forest, 1860 m, 01.viii.2011, Betula pendula, B. litwinowii ve B. recurvata and
mixed forest, Y.Yesil & S.Dogru (ISTE 97747!); Posof, Baykent Koyii, Fado’nun kopriisii side, 1905 m, 01.vii.2011,
Betula pendula, B. litwinowii ve B. recurvata and mixed forest, Y.Yesil, A.Osan¢liol, L. & S.Esen (ISTE 97757");
Artvin: Ardanug, Kiitiil Mount., 15.vii.1947, forest, A.Heil. & M.Bas, (ISTF 7592!).
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Abstract

This study presents of host range and distribution of Puccinia calcitrapae DC. on Carduus L. species in
Turkey. Puccinia calcitrapae isdetermined on 10 species of genus Carduus. These species are C. lanuginosus Willd., C.
nutans L., C. onopordioides Fisch. ex M.Bieb., C. adpressus C.A.Mey., C. hamulosus Ehrh., C. candicans Waldst. &
Kit., C. acanthoides L., C. rechingerianus Kazmi, C. argentatus L. and C. pycnocephalus L. Among these species, C.
rechingerianus is a new host species for Puccinia calcitrapae and also 5 species (C. onopordioides, C. adpressus, C.
hamulosus, C. candicans and C. argentatus) are firstly recorded as a host in Turkey. In addition, description, figures,
localities and distribution map of Puccinia calcitrapae on Carduus species in Turkey are given.

Key words: Cardueae, Carduus, new host, Pucciniales, Turkey

%

Puccinia calcitrapae DC. Pas Mantarimn Tiirkiye'de Yetisen Carduus L. (Asteraceae) Tiirleri Uzerindeki
Konake1 Dagihim ve Yayihist

Ozet

Bu calismada Tiirkiye'de Carduus L. tiirleri tizerindeki Puccinia calcitrapae DC.'nin konak¢1 dagilimi ve
yayilist verilmistir. Puccinia calcitrapae 10 farkli Carduus tiirii iizerinde belirlenmistir. Bu tiirler; C. lanuginosus
Willd., C. nutans L., C. onopordioides Fisch. ex M.Bieb., C. adpressus C.A.Mey., C. hamulosus Ehrh., C. candicans
Waldst. & Kit., C. acanthoides L., C. rechingerianus Kazmi, C. argentatus L. and C. pycnocephalus L. Bu tiirler
arasindan, C. rechingerianus Puccinia calcitrapaeicin yeni bir konake¢r tirdir ve 5 tiirde (C. onopordioides, C.
adpressus, C. hamulosus, C. candicans and C. argentatus) konakgi olarak Tiirkiye de ilk kez kaydedilmistir. Ayrica,
Tirkiye'de Carduus tiirleri tizerinde bulunan Puccinia calcitrapae'nin betimi, sekilleri, lokaliteleri, ve yayilis haritast
verilmistir.

Anahtar kelimeler: Cardueae, Carduus, yeni konake1, Pucciniales, Tiirkiye
1. Introduction

Carduus L., is the member of the Asteraceae (tribe Cardueae) family, including ca. 90 species distributed in
Eurasia (mainly in the Mediterranean region), Northern Africa, West Asia and introduced in America and Australia
(Tamamschian, 1963; Davis,1975; Kadereit and Jeffrey, 2007). According to the recent studies this genus is represented
with 16 species (27 taxa) in Turkey, of which 4 are endemic (Davis, 1975; Arabaci, 2012). In the last decade, studies
about the fungi have greatly increased in Turkey (Akata, 2012; Akata and Yaprak, 2013). Further research is required,
as this studies are far less than the total number of potential host plants in Turkey.

Puccinia calcitrapae DC. is autoecious and occurs on various species of Asteraceae. It is characterized by
uredinoid aecidia accompanied by spermagonia, uredospores with thin, echinulate walls with 3 equatorial pores and
thin-walled, rounded, more or less verruculose teleutospores without apical thickening (Wilson and Henderson, 1966).
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Puccinia calcitrapae is determined on 10 different genera (including Carduus) and 40 species in Turkey, in previous
studies (Bahgecioglu and Kabaktepe, 2012).

This paper is presented the host range and distribution of Puccinia calcitrapae on Carduus species in Turkey
(Figure 1).

‘1- 0 ] \ ! h14]
- (/_,- A | _/m_—.—-/'_T\ 1 T 5
/ < o
) - al T~ 4 i
A 2 B e X SN r~ v\ N
A _\j/l:l A L.t‘ T\ o ]‘
gy oy -~ 5 >’ '
977,/77"775 = 1 | 4 | | :
L’_ « § | &
~— Ankarn 6 |2
"\
8 \\)\, /] Jj_onf \
P \ l
Nne \ ) (-
Ll (3} | 3 (\—) 2
) Z q‘{-’ ld 1 2 | \l
2 )
'R o~ o 13 | 3
G ,_"ﬂ “\ & \“‘{7} 121 -
o O | _/\f:J \(’/ [o 100 |20 3w | ke

Figure 1. Distribution map of Carduus taxa infected by Puccinia calcitrapae; 1 —C. lanuginosus; 2 —C. nutans subsp.
falcato-incurvus; 3 —C. onopordioides subsp. onopordioides; 4 —C. onopordioides subsp. turcicus; 5 —C. adpressus; 6 —C. hamulosus
subsp. hystrix; 7 —C. candicans subsp. candicans; 8 —C. acanthoides subsp. sintenisii; 9 —C. rechingerianus; 10 —C. argentatus; 11 —
C. pycnocephalus subsp. albidus; 12 —C. pycnocephalus subsp. arabicus; 13 —C. pycnocephalus subsp. breviphyllarius.

2. Materials and methods

The materials of this study were collected between the years 2006 and 2011during the revisionary study of the
Turkish Carduus species. The host specimens were prepared according to established herbarium techniques and
identified with relevant literatures (Boissier, 1875; Tamamschian, 1963; Kazmi, 1964; Davis, 1975; Franco, 1976;
Rechinger, 1979; Arabaci, 2012). Voucher specimens are deposited in the Inénii University Herbarium (INU).
Examined specimens and localities are given at appendices.

Spores were scraped from dried host specimens and mounted in lactophenol and examined by light microscope
(LM). In addition, the spores were mounted on stubs using double-sided adhesive tape, coated with gold using a
BALTEC SCD-050 coater, and examined and photographed with a Leo Evo 40 scanning electron microscope (SEM)
(Kostekei and Arabaci, 2011). Analysis LS Starter software was used for measurements. The current names of fungi are
given according to www.indexfungorum.org.

3. Results

The description of Puccinia calcitrapae according to the Wilson & Henderson (1966) is given below:
Puccinia calcitrapae DC., in Lamarck & de Candolle, Fl. frang., edn 3 (Paris) 2: 221 (1805) (Figures 2-3).

Uredosori amphigenous, scattered, minute, pulverulent, brown. Uredospores globoid, subgloboid or elipsoid,
20-30 x 16-28 um, wall echinulate, 2-2,5 um, with 3 equatorial pores. Teleutosori amphigenous, on petiols, on stems,
scattered, small, sometimes confluent in large, irregular groups, dark brown. Teleutospores oblong to ovoid, rounded
above and below or sometimes attenuate downwards, constricted on septa, chesnut brown, 24-50 x 16-27 pm, wall
verruculose, 2-3 um, pore in upper cell apical or subapical, in lower superior, pedicels thin, hyaline, up to 40 pm,
deciduous.

Puccinia calcitrapae is a widespread rust fungi and determined from 28 Carduus species from previous studies of
which 4 of them (C. acanthoides, C. lanuginosus, C. nutans and C. pycnocephalus) recorded from Turkey (Bahgecioglu
& Kabaktepe 2012; Farr & Rossman 2013).

In this study, the specimens of 15 of the 16 Turkish Carduus species (except for C. amanus Rech.f.) were
examined. Puccinia calcitrapae is determined on 10 diffrerent Carduus species (13 taxa) belonging to 24 specimens
from Turkey (Fig 1). These taxa are C. lanuginosus Willd., C. nutans L. subsp. falcato-incurvus P.H.Davis, C.
onopordioides Fisch. ex M.Bieb. subsp. onopordioides, subsp. turcicus (Kazmi) P.H.Davis, C. adpressus C.A.Mey., C.
hamulosus Ehrh. subsp. hystrix (C.A.Mey.) Kazmi, C. candicans Waldst. & Kit.subsp. candicans, C. acanthoides L.
subsp. sintenisii Kazmi, C. rechingerianus Kazmi, C. argentatus L., C. acicularis Bertol., C. pycnocephalus L. subsp.
albidus (M.Bieb.) Kazmi, subsp. arabicus (Jacg. ex Murray) Nyman and subsp. breviphyllarius P.H.Davis. Among
these species, Carduus rechingerianus is established as a new host speciesfor Puccinia calcitrapae (Figs 2-3). In
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addition, C. adpressus, C. argentatus, C. candicans, C. hamulosus and C. onopordioides s.I. are firstly recorded as a
host from Turkey.

As a result of this study, host range and distribution of rust fungi Puccinia calcitrapae on Carduus species has
reached to 29 species.
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Figure 2. Puccinia calcitrapae on Carduus rechingerianus A- dried herbarium specimen; B— stereo microscope view of
Puccinia calcitrapae on leaf surface

A C

Figure 3. Uredospore A LM view; B —SEM view. Teleutospore C LM view; D —SEM view.
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Appendices

The examined taxa, localities and collectors.

Carduus lanuginosus Willd.:C6 Kahramanmaras: Between Kabaktepe and Sarigiizel, 15. km, 1600 m, 09 viii 2007,
Arabaci 2596-b & Dirmenci.

C. nutans L. subsp. falcato-incurvus Davis: B10 Agri: Between Agri1 and Dogubayazit, 78. km, 1800 m, 12 viii 2007,
Arabaci 2598 & Dirmenci; C7 Adiyaman: Between Sambayat and Golbasi, 2. km, 650 m, 26 v 2007, Arabaci 2199.

C. onopordioides Fisch. ex Bieb. subsp. onopordioides: B10 Agri: Dogubayazt, above ishakpasa Palace, 1900-2000 m,
28 vi 2008, Yildiz & Arabaci1 2677.

C. onopordioides subsp. turcicus (Kazmi) Davis: A7 Gumiishane: Between Glimiishane and Kelkit, 10. km, 1200 m, 26
vi 2008, Arabaci 2665.

C. adpressus C.A.Meyer: A8 Rize: Ikizdere, North of Ovit Pass, Sivrikaya plateau, water side, 1800-1900 m, 19 viii
2006, Yildiz 16363 & Dirmenci; Between Ikizdere and Ispir, 25-30. km, alpinic meadows, 1600-1800 m, 27 vi 2008, Yildiz &
Arabaci 2669; Erzurum: Between Erzurum and Agri, 10. km, 1800 m, 28 vi 2008, Yildiz & Arabaci 2673.

C. hamulosus Ehrh. subsp. hystrix (C.A.Meyer) Kazmi: A8 Artvin: Yusufeli, Sarig6l, Yaylalar Village, South of Kackar
Mountain, 2000-2200 m, 18 ix 2007, Yildiz 16701 & Arabaci; B9 Agri: Between Agri and Dogubeyazit, 10. km, field sides, 1700 m,
28 vi 2008, Yildiz & Arabaci 2675; Van: Between Dogubeyazit and Van, 83. km, 1900 m, 28.06.2008, Yildiz & Arabaci 2679; B10
Igdir: Mount Agri, 4 km to Koran plateau, 2150 m, 13 viii 2007, Arabaci 2604.

C. candicans Waldst. & Kit. subsp. candicans: A1(E) Kirklareli: Between Kirklareli and Derekdy, 12. km, steppe, 350 m,
09 vi 2008, Y1ldiz & Arabaci 2645; Between Kirklareli and Derekdy, 3.-4. km, 250 m, 10 vi 2008, Y1ldiz 16784 & Arabaci.

C. acanthoides L. subsp. sintenisii Kazmi: A8 Erzurum: Between Erzurum and Ispir, 90. km, 1900 m, 27.06.2008,
Yildiz & Arabaci 2672; B7 Erzincan: Between Erzincan and Refahiye, 60. km, 1600 m, 25.06.2008, Arabaci 2663.

C. rechingeranus Kazmi:  C3 Isparta: Egirdir, between Gokdere village and Otluca, Kasnak forest, 900-1000 m, 06 vi
2008, Arabaci 2628; Between Aglasun and Sagalassos, 1400 m, 09 vi 2011, Arabaci 2705 & Kostekei.

C. argentatus L.: C3 Antalya: Between Elmali and Finike, 42. km, greenhouse openings, 280 m, 09 vi 2011, Arabaci 2707
& Kostekei.

C. pycnocephalus L. subsp. albidus (Bieb.) Kazmi: Al (E) Edirne: Between Kesan and Enez, 7. km, 50 m, 08 vi
2008, Yildiz & Arabaci1 2634.

C. pycnocephalus subsp. arabicus (Jacg. ex Murray) Nyman: C6 Hatay: Between Nurdag: and Islahiye, 8. km, 510 m,
steppe, 15 v 2010, Kostekei 1040 & Arabaci; Between Kirikhan and Hamam, 2. km, 100 m, road sides, 15 v 2010, Kostekei 1044 &
Arabaci.

C. pycnocephalus subsp. breviphyllarius Davis: C6 Kilis: 1 km South of Kilis, 640 m, road sides, 15.05.2010, Kostekci
1045 & Arabaci.

(Received for publication 23 July 2013; The date of publication 15 August 2014)
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Abstract

In this study, we aimed to determine rare species in Nebyan Mountain (Samsun/TURKEY). Samsun province
has distinct ecological features because both oceanic and Mediterranean climate are seen. Therefore in the study area
different vegetation types namely temperate forest, scrub, grassland and stream valley vegetation types are found, and
Mediterranean enclaves constitute to the important part of the flora. 90 families, 331 genera and 611 species and taxa
were determined in the study area. 19 rare species are found according to Red Data Book of Turkish Plants (EKkim, et
al., 2000) and these taxa were evaluated according to the IUCN risk categories. The distribution of the threat categories
was as follows: 15 taxa in LR (ic), 1 taxa in LR (nt), 1 taxa in LR (cd), 1 taxa in EN, 1 taxa in VU.

Key words: Central Black Sea, Nebyan mount, rare species, IUCN, enclave, vegetation

%

Nebyan Dagi’nda (Samsun/TURKIYE) nadir tiirler ve risk kategorilerinin belirlenmesi

Ozet

Bu ¢alisma Samsun ili Nebyan Dagi florasinda bulunan nadir tiirlerin saptanmasi amaciyla gerceklestirilmistir.
Samsun ili ekolojik yonden ¢esitli 6zelliklere sahiptir. Bu gesitliligin en 6nemli sebeplerinden biri Orta Karadeniz
Bolgesinde olmasima ragmen iklim 6zellikleri bakimindan Akdeniz iklim tipine ait karakterlere sahip olmasidir. Bu
nedenle aragtirma alaninda orman, maki, ¢ayir ve nemli dere vejetasyon tiplerinin bulunmasmin yaninda, Akdeniz
enklavlar1 da bulunmaktadir. Aragtirmalar sonucunda ¢alisma alaninda 90 familyaya ait 331 cins ve 611 tiir ve tiir alt1
takson belirlenmistir. Bolgede Tiirkiye Bitkileri Kirmiz1 Kitabi'na gore (Ekim, et al., 2000) 19 nadir tiir belirlenmis ve
bu taksonlar ITUCN risk kategorilerine gore degerlendirilmistir. Tiirkiye Bitkileri Kirmizi Kitabi'ndaki TUCN tehlike
kategorilerine gore arastirma alaninda yayilis gosteren 611 taksonun, 15 adeti LR (ic), 1 adeti LR (nt), 1 adeti LR (cd),
1 adeti EN, 1 adeti ise VU kategorisine dahildir.

Anahtar kelimeler: Orta Karadeniz, Nebyan dagi, nadir tiirler, IUCN, enklav, vejetasyon
1. Introduction

Turkey have three different floristic regions namely Euro-Siberian, Mediterranean and Irano-Turanien and
distinct attributes with respect to geographical location, geomorphological structure, and climate types. As a result of all
these features, Turkey is different from neighboring countries from botanical point of view. Turkey has a rich flora in
the temperature zone, with approximately 10,000 vascular plants (Sagiroglu and Duman, 2011).

The study area (“Nebyan Mountain”), has oceanic climate. However, Mediterranean climate is also seen in
western part and especially along Kizilirmak valley. The study area is located in Euxine province of Euro-Siberian
floristic region. Furthermore, the vegetation of Nebyan Mountain appears to significant differences in terms of altitude,
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aspect, topography, temperature and precipitation depending on the ecological and geographical factors. Therefore, the
study area have different vegetation types namely forest, maquis and stream valley vegetation (Kutbay and Kiling,
1995a; Kutbay and Siirmen, 2013).

Nebyan Mountain is selected for this study because of having a particular flora and vegetation. The study area
include typical Euro-Siberian species and including many Mediterranean enclaves, has a great potential for eco-tourism,
road works and abiotic factors. However, the flora of the study area is subject to environmental damage due to tourism
activities, overgrazing, land use patterns and agricultural activities (Karaer, et al., 2011). Nowadays, Nebyan Mountain
has been visited by native and alien tourists for eco-tourism and other tourism activities, mountain tourism, photo-safari,
and etc. Owing to these reasons, endemic and rare plants in the area were determined and risk categories of these plants
were evaluated to contribute sustainable use of the area and develop protection strategies.

2. Materials and methods

The study area is located in A5-A6 squares according to the grid system of Davis and is called Nebyan Mountain
(Samsun/Bafra) (Figure 1). It is surrounded by rich water resources, the most important one is Kizilirmak. The oldest
geological structure unit is the upper cretaceous flysch series, volcanic and alluvial series are also present. The common
soil groups are brown forest soils; grey-brown podsolic soils, alluvial and colluvial series (Kutbay, et al., 1995b).

The vegetation of the study area has been classified and eleven plant associations have been determined
belonging to three vegetation types (Kutbay and Kiling, 1995a; Kutbay and Siirmen, 2011). These associations and
vegetation types are given in fallowing Table 1.

Table 1. Vegetation types and plant associations. (A" codes for associations)

Vegetation types Plant associations

Macquis vegetation Carpino orentalis - Phillyretum latifoliae Quézel et al., 1980 (Al)
Macquis vegetation Phillyreo latifolia - Lauretum nobilis Quézel et al., 1980 (A2)
Forest vegetation Carpino orientalis - Quercetum cerridis Kutbay & Kiling 1995 (A3)
Forest vegetation Carpino orientalis - Fagetum orientalis Akman et al., 1983 (A4)
Forest vegetation Fago orientalis - Abietum nordmannianae Akman, 1976 (A5)
Forest vegetation Fago orientalis - Castanetum sativae Quézel et al., 1980 (A6)
Forest vegetation Rhododendro luteo - Fagetum orientalis Kutbay & Kiling 1995 (A7)
Forest vegetation Daphno ponticae - Pinetum sylvestris Akman, 1974 (A8)

Forest vegetation Genisto tinctoriae - Pinetum nigrae Kutbay & Kiling 1995 (A9)
Forest vegetation Querco infectoriae - Pinetum brutiae Kutbay & Kiling 1995 (A10)
Moisture valley vegetations Salici albae - Platanetum orientalis Kutbay&Kiling 1995 (All)

The mean temperature of the coldest month (February) in the area is 6.9 °C, whereas the hottest month is
(August) has a mean daily temperature of 28.2 °C. The hottest month is November (38.4 °C), while the coldest month is
March (-7.0 °C). Mean annual precipitation is 691.70 mm. The study area is situated in Euxine province of Euro-
Siberian phytogeogaphical region. 1125 plant samples were collected in the study area. Plant taxa were determined
followed Davis et al. (1965-1985), Davis et al. (1988), Giiner et al. (2000) and Kutbay et al. (1995b). The risk groups of
species were also determined according to IUCN categories (Figure 2). Moreover 155 sampling plots were taken, and
cover-abundance of species was estimated according to Braun-Blanquet vegetation classification method (Mueller-
Dumbois and Ellenberg, 1974).
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Figure 2. IUCN risk categories

Burak SURMEN et al., The determination of rare species and risk categories in Nebyan Mountain (Samsun/Turkey)



Biological Diversity and Conservation — 7/ 2 (2014) 75

o

&

Plant associations

B A1Az N
| A | A ® Rare species Wl—'
- ~ A8 @ Settiement \AX/

a| A A9 " Stream S

8 As A1Q == Road

r— M - ANt ’ Lake 2 45 0 9

Figure 1. Map of Nebyan Mount. "A" and "R" codes for plant associations and rare species, respectively
3. Results

In the study area, 611 species were identified belonging to 90 families and 331 genus. According to Red Data
Book of Turkish Plants (Ekim, et al., 2000), 19 rare species were identified and evaluated according to the IUCN
categories of risk. As a result 15 taxa in LR (ic), 1 taxa in LR (nt), 1 taxa in LR (cd), 1 taxa in EN, 1 taxa in VU
category (Table 2). Arum euxinum R. Mill has 1% cover-abundance in three sampling plots (Total sample plot
area=2700 m?) and it is found in Fago orientalis - Castanetum sativae Quézel et al., 1980. Cirsium pseudopersonata
Boiss. & Bal. subsp. pseudopersonata has 1% cover-abundance in 13 sampling plots (Total sample plot area=11000 m?)
and it is found in three plant associations. They are Carpino orientalis - Quercetum cerridis Kutbay & Kiling 1995,
Carpino orientalis - Fagetum orientalis Akman et al., 1983, Fago orientalis - Abietum nordmannianae Akman, 1976,
Fago orientalis - Castanetum sativae Quézel et al., 1980. Cirsium poluninii Davis & Parris is only found in one
sampling plot (Total sample plot area=900 m?) with 1% cover-abundance and it is found one plant association (Fago
orientalis - Castanetum sativae Quézel et al., 1980). Trifolium pannonicum Jacq. subsp. elongatum (Wild.) Zoh. has 3%
cover-abundance (Total sample plot area= 1200 m?) and belonging to Carpino orentalis - Phillyretum latifoliae Quézel
et al., 1980 and Querco infectoriae - Pinetum brutiae Kutbay & Kiling 1995 (Table 3). Other rare species are
represented by a single individual in different localities. The localities of rare species are given in table 4. All rare
species and plant associations are showed in figure 1.
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Table 2. Risk categories of determined species in Nebyan Mount. ("R™ codes for rare species)

. . IUCN red list
Family Species .
categories
Malvaceae Alcea apterocarpa (Fenzl) Boiss. (R1) LR(Ic)
Linaceae Linum flavum L. subsp. scabrinerve (Davis) Davis (R2) LR(Ic)
Geraniaceae Geranium asphodeloides Burm. Fil. Subsp. sintenisii (Freyn) Davis (R3) LR(Ic)
Geraniaceae Gerqnium cinereum Cav. subsp. subcaulescens (L’Herit. Ex DC.) Hayek var. LR(I0)
ponticum (R4)

Fabaceae Genista aucheri Boiss. (R5) LR(Ic)
Fabaceae Lathyrus czeczottianus Bassler (R6) LR(Ic)
Fabaceae Trifolium pannonicum Jacg. subsp. elongatum (Wild.) Zoh. (R7) LR(Ic)
Asteraceae Cirsium poluninii Davis & Parris (R8) VU
Asteraceae Cirsium pseudopersonata Boiss. & Bal. Subsp. pseudopersonata (R9) LR(Ic)
Asteraceae Centaurea consanguinea DC. (R10) LR(Ic)
Asteraceae Hieracium lasiochaetum (Bornm. &Zahn) Sell& West (R11) LR(Ic)
Boraginaceae Symphytum bornmuelleri Bucknall (R12) LR(Ic)
Scrophulariaceae  Veronica multifida L. (R13) LR(Ic)
Lamiaceae Lamium gundelsheimeri C. Koch (R14) LR(Ic)
Rubiaceae Galium margaceum Ehrend & Schonb (R15) LR(Ic)
Araceae Arum euxinum R. Mill (R16) LR(Ic)
Poaceae Festuca cyllenica Boiss. Et Heldr. subsp. uluana Markgr.-Dannenb. (R17) LR(nt)
Poaceae Festuca pontica (E. Alexeevex) Marlgr. Dannenb. (R18) EN
Poaceae Festuca paphlagonica (St.-Yves) Markgr.-Dannenb. subsp. paphlagonica (St.- LR(cd)

Yves) Markgr.-Dannenb. (R18)

Table 3. Population area size of selected rare species.

Approximate population area size
Arum euxinum R. 27 m?
Cirsium pseudopersonata Boiss. & Bal. subsp. pseudopersonata 110 m?
Cirsium poluninii Davis & Parris 9m?
Trifolium pannonicum Jacg. subsp. elongatum (Wild.) Zoh. 36 m?

Table 4. General localite features of rare species.

Species Distribution areas altitude aspect

C. pseudopersonata ssp. pseudopersonata Taflan, Kertme, Beylik and Cetirlipinar 100-150m  NW and E
villages
Kurugokee, Agcaalan villages 450 m NE
Agcaalan, Asmagam villages 750-850m NE and E
Kurugékee and Elmagukuru villages 250-800 m N and NE

A. euxinum Kurugdkee and Elmagukuru villages 250-800m N, NEand E

C. poluninii Kurugdkee and Elmagukuru 700 m NE

T. pannonicum subsp. elongatum Indziikkosaca, KizilirmaK valley 0-300 m N

A. apterocarpa Bafra, Koseli villages 200 m -

L. flavum subsp. scabrinerve Bafra, Agcaalan villages 300 m -

G. asphodeloides subsp. sintenisii Bafra, Aktekke villages 30m -

G. cinereum subsp. subcaulescens var. Bafra, Nebyan Mount 1200 m N

ponticum

G. aucheri Merkez, Akalan villages 700 m -

L. czeczottianus 19 Mayis, Findicak River 25m -

C. consanguinea Merkez Giiney villages 650 m -

H. lasiochaetum 19 Mayis, Ormancik villages 200 m -

S. bornmuelleri Bafra, Nebyan Mount 1200 m N

V. multifida Bafra, Agcaalan villages 350m -

L. gundelsheimeri Merkez Elmagukuru villages 750 m -

G. margaceum Bafra, Agcaalan villages 250 m -

F. cyllenica subsp. uluana Bafra, Agcaalan villages 300 m -

F. pontica Merkez Kurugdkee villages 100 m -

F. paphlagonica subsp. paphlagonica Merkez Elmagukuru villages 800 m -

4, Discussion

Temperate deciduous and Mediterranean-type communities and stream vegetation types occurred in the study
area. 17.2% European-Siberian elements, 9.65% Mediterranean elements, 7.52% Euxine elements, 2.29% Irano-
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Turanian elements and 0.65% Hyrcano- Euxine are found in the study area. The percentages of cosmopolitan taxa are
0.81%. The percentage of rare and endemic plants is 3.025% and these plants included in ITUCN. In general, most of the
rare and endemic plants are Euro-Siberian origin, but some of them belong to Mediterranean phytogeographical region.
Mediterranean taxa are found as enclaves in the study area and most caharacteristics taxa are Phillyrea latifolia L.,
Arbutus andrachne L., Erica arborea L., Laurus nobilis L., Daphne sericea Vahl., Olea europaea L. var. sylvestris L.
and Cistus creticus L.

Centaurea consanguinea and Genista aucheri are endemic species and according to Atamov et al. (2014) the
threat category of Centaurea consanguinea is EN, while Genista. aucheri belonging to LR. It has been determined that
the threat categories of Linum flavum L. subsp. scabrinerve (Davis) Davis and Veronica multifida L. are LC (Ozen, et
al., 2013; Hayta and Bagci, 2013), while the threat categories of these species are determined as LR(ic) in the present
study.

Festuca pontica and Cirsium poluninii are under threat. According to IUCN categories this species belonging
to EN and VU categories, respectively. It has been found that C. poluinii population has a larger population than F.
pontica. It has also been determined that both species are still under threat. T. pannonicum subsp. elongatum, A.
euxinum, C. pseudopersonata subsp. pseudopersonata belonging to LR (Ic) category and these species have
comparatively large population, while the other 13 species in LR (Ic) category have not a large population. Festuca
cyllenica Boiss. Et Heldr. subsp. uluana Markgr.-Dannenb. Belonging to LR (nt) category, while Festuca paphlagonica
(St.-Yves) Markgr.-Dannenb. subsp. paphlagonica (St.-Yves) Markgr.-Dannenb. Markgr.-Dannenb belonging to LR
(cd) category. Festuca pontica (E. Alexeevex) Marlgr. Dannenb. and Cirsium poluninii Davis & Parris are belonging to
EN and VU categories, respectively and they are prior species for protection in the study area.
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Abstract

For more than a century, many countries have taken specific areas under protection by various conservation
statutes to protect their own natural beauties and biological richness. Ispir-Yedigéller region, which is the subject of the
study, has a privileged location in Turkey with the natural lanscape, rich flora and fauna, fascinating topographical
structure. In this study, as a result of conducting the necessary field work and associating with each other of data in
different format and content belongs to Ispir-Yedigéller by using GIS, investigating of natural water resource values,
which is an important resource, in terms of protected area criteria and grading of conservation properties have been
aimed as a goal. According to research result, 2900-3040 m above sea level, Yedigdller Region, consist of seven large
lakes, is determined to be preserved in a “Natural Park” status with Natural Park Law due to having superior geographic
structure of natural, recreational potential, vegetation, wildlife features and landscape beauties. Natural Park, which is
suggested and an area of 13.175,71 ha, is 6:26% of the total area. Furthermore, inventory data base has been formed
then with this study for the further studies in the research area.

Key words: nature conservation, natural park, Ispir, Yedigéller, planning

%

ispir-Yedigoller bolgesi dogal su kaynak degerlerinin korunan alan kriterleri yoniinden arastirilmasi

Ozet

Birgok iilke yiizyillardir, sahip oldugu dogal giizellikleri ve biyolojik zenginlikleri korumak igin 6nemli
alanlar1 cesitli koruma statiilerinde koruma altina almislardir. Calismanin konusu olan Ispir-Yedigéller bolgesi Coruh
vadisi igerisinde zengin flora ve faunasi, biiyiileyici topografik yapisi, dogal peyzaji ile Tiirkiye’de ayricalikli bir yere
sahiptir. Bu calismada, Ispir-Yedigéller ve gevresine ait farkli format ve igerikteki verilerin CBS kullanilarak birbirleri
ile iligkilendirilmesi ve gerekli arazi calismalar1 yiiriitiilmesi sonucunda, énemli kaynak degerlerinden olan dogal su
kaynak degerlerinin korunan alan kriterleri yoniinden arastirilmasi ve koruma 6zelliklerinin derecelendirilmesi amag
olarak hedeflenmistir. Arastirma sonucuna gore, deniz seviyesinden yiiksekligi 2900-3040 m. arasinda degisen ve yedi
biiyiik golden olusan Yedigoller Bolgesi, iistiin dogal cografik yapiya, rekreasyonel potansiyele, bitki ortiisiine, yaban
hayati 6zelliklerine ve manzara giizelliklerine sahip olmasindan dolay1 Milli Parklar Kanunu kapsaminda “Tabiat Parki”
statiisiinde korunmasi gerekliligi belirlenmistir. Onerilen Tabiat Parki, 13.175,71 ha’lik bir alan ile toplam alanm
%6.26’s1n1 olusturmaktadir. Ayrica bu ¢alisma ile aragtirma sahasinda bundan sonra yapilacak ¢aligmalar i¢in envanter
veri tabani olusturulmustur.

Anahtar kelimeler: doga koruma, tabiat parki, Ispir, Yedigéller, planlama
1. Giris
Doganin korunmasi, giiniimiizde insanoglunun iizerinde durmak zorunda oldugu en 6nemli kavramlardandir.

Biyolojik c¢esitliligi, dogal ve kiiltiirel kaynaklarin siirekliligini ve korunmasimi saglamak amaciyla kurulan, yasalarla
yonetilen kara ve deniz pargalari "Korunan Alanlar" olarak tanimlanmaktadir. Doga koruma bilincinin yerlesmesine
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bagl olarak tilkemizde de dogal alanlar; milli park, doga parki, doga anit1 ve dogayr koruma alan1 gibi statiiler altinda
siniflandirilmaya tabii tutulmustur (Basar, 1998; Atik vd., 2006; Hepcan, 2008).

Bugiinkii koruma statiileri igerisinde tiirleri korumanm temelinde milli parklar dnemli bir yer almaktadir.
Amerika Birlesik Devletleri'nde 1872 yilinda “Yellowstone Milli Parki” ilan edilmistir. Korunan alan kategorileri,
degisen yaklasimlara ve kosullara bagl olarak iilkelere gore farklilik gostermektedir. Bu yiizden doga korumada genel
kapsamda bir beraberlik saglamak amaciyla ve uluslararasi diizeyde TUCN (Uluslararasi Dogayr Koruma Birligi)
kurulmus, iilkemiz ise bu kurulusa 1 Ocak 1993’te iiye olmustur (Colak, 2001; Kaplan, 2003). IUCN’nin biyolojik
gesitliligin korunmasidaki ana amaci; insan hayatta kalma ve yasam destek sistemlerini korumak, genetik gesitliligi
korumak, milyonlarca kirsal topluluklarm yani sira tip, gida ve turizm gibi baglica sektorleri destekleyecek tiirlerin ve
ekosistemin siirdiiriilebilir kullanimin1 saglamaktir (Alao, 2009).

Ulkemizdeki ulusal ve uluslararas1 seviyede olagan iistii dzelliklere sahip tabiat ve kiiltiir varliklar1 ile 5nemli
savaslarimizi simgeleyen alanlarimizin koruma ve kullanma dengesi saglanarak, gelecek nesillere oldugu gibi miras
birakilmalar igin degisik statiilerde korunan alanlar tesis edilmektedir. 1983 yilinda yiriirliige giren kanun ile Milli
Parklar, Tabiatt Koruma Alanlari, Tabiat Parklar1 ve Tabiat Anitlar1 olmak tiizere 4 koruma alan tanimi ortaya
konmustur (Giileryiiz vd., 2001; Yiicel, 2005; Demirel, 2005). Ulkemizde 2014 yil1 itibariyle, 42 Milli Park, 189Tabiat
Parki, 31 Tabiati Koruma Alani ve 109 adet Tabiat Anit1 bulunmaktadir (Anonim, 2014).

Yapilan g¢alismada, Ispir ilce smirlari igerisinde bulunan Yedigéller bolgesi ¢ikis noktast olmus, Ispir
bolgesinin biyogesitliliginin ve ekosistem farkliliklarinmn yogunlugu nedeni ile ¢alisma alan1 genisletilip Ispir ilce
sinirlar1 olarak belirlenmistir. Arastirma sahasinin 6nemli kaynak degerlerinden olan dogal su kaynak degerlerinin
(goller, akarsular-nehirler ve kuru dereler) korunan alan kriterleri yoniinden arastirilmasi ve koruma 6zelliklerinin
derecelendirilmesi amag olarak hedeflenmistir.

2. Materyal ve yontem
2.1. Materyal

Arastirma alanmni smirlarmi olusturan Ispir ilgesi, Karadeniz Bolgesinin Dogu Karadeniz Béliimiinde,
41°07'00.37388", 40°49'19.15292" kuzey, 40°37'57.22978, 40°12'18.32847" giiney, 40°44'56.80407", 40°36'17.71480"
bati, 41°19"28.65278”, 40°36'25.72796" dogu enlem ve boylamlarinda konumlanmis olup Erzurum il sinirlari igerisinde
kalmaktadir. Ispir flgesinin yiizolgiimii yaklastk olarak 210.330,25 hektar, ilce merkezinin rakimi 1050 m.’dir. Tlce;
kuzeyinde Rize ve Artvin, batisinda Pazaryolu, giineydogusunda Tortum ve Uzundere, giineyinde Bayburt, dogusunda
ise Tortum ve Yusufeli ile ¢evrilidir. Erzurum iline 146 km mesafede bulunmaktadir (Sekil 1).

Sekil 1. Arastirma alani
Figure 1. Research area

2.2.Yontem

Bu arastirmada, aragtirma sahasmin 6nemli kaynak degerlerinden olan dogal su kaynak degerleri (goller,
akarsular-nehirler ve kuru dereler) ve diger dogal, kiiltiirel kaynak degerleri ile birlikte ele alinarak korunan alan
kriterleri yoniinden arastirilmasi ve koruma 6zelliklerinin derecelendirilmesi amaglanmistir. Konuyla ilgili ¢caligmalara
ornek olusturabilecek yontem, ilk olarak Forester (1973) tarafindan ortaya konulmus, daha sonraki yillarda bir¢ok
arastirmac1 (Zafer, 1991; Giilez, 1996, Tiirkyllmaz, 2003; Ozer ve Yilmaz, 2008) tarafindan arastirma alani
ozelliklerine gore gelistirilerek kullandiklart yontemlerden yararlanilmistir. Caligmada CBS  tekniklerinden
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faydalanilarak islem firmasinin ArcGIS 9.3 yazilimi ve NetCAD 5.0 harita programlar1 kullanilmistir. Ayrica tim
mekansal verilerin UTM projeksiyon sistemine ve European 1950, Geodetic Datum’a uyumlu olmasi saglanmistir.

Arastrmanin ilk agamasini, arastirma alanin se¢imi ve amacinin belirlenmesi olusturmaktadir. Bu alanin
seciminde c¢aligma sahasinin hidrolojik o6zellikler bakimindan ©nem tasimasi, dogal ve dogala yakin peyzaj
karakteristiklerini 6nemli 6l¢lide korunmasi, zengin tarihsel ve kiiltiirel birikimi barindirmasi ve tiim bu 6zellikleriyle
hassas bir ekosisteme sahip olmasinin yani sira yogun kullanim ve baski altinda bulunmasi gibi faktorler etkili olmustur.
Ikinci asamada, yoreye ait 6nceki ¢alismalarin verileri toplanmis, calisma alanina yilin gesitli dénemlerinde gidilerek yil
boyunca mevcut durumlart hakkinda go6zlem, inceleme, veri toplama islemleri yapilip bu goézlemler
fotograflandirilmustir.

Uciincii asamada, toplanan bilgiler degerlendirilerek alanin sosyal, kiiltiirel ve fiziksel analizleri yapilmustir.
Dordiincii agamada, farkli Olgeklerdeki haritalarin sayisallagtirma iglemleri yapilip veri tabanlarinda biriktirilerek
Cografik Bilgi Sistemi (CBS) ortamina aktarilmistir. Besinci olarak, ¢aligma sahasinin arastirma bulgular1 ve analizleri
1s1ginda korumaya deger olup olmadig: tespit edilmeye galisilmis, arazi degerleri doga koruma kriterleri yoniinden
incelenmigtir. Bu kriterler; Biiyiiklik, Yer/Konum, Ulasim, Dogallik, Tehlike Altinda Olma, Yenilenememezlik,
Zenginlik, Cokluk, Cesitlilik, Azlik, Biitiinliikk, Temsil Etme seklinde siralanmaktadir. Altinci asamada, arastirma
alaninin 2873 sayilt Milli Parklar Kanunu kapsaminda incelenmesi yapilmis, koruma alan tanimi ortaya konmus ve
dogal su kaynaklari bakimindan “Korunan Alanlar Haritasi” olusturulmustur. Arastirma sahasinin 6nemli
kaynaklarindan olan hidrolojik ézellikler; arastirma alanin kendine 6zgii yapisina gore goller, akarsular nehirler ve kuru
dereler olarak ele alinmistir. Arastirma sahasmin énemli su kaynaklarmdan sirk golleri 2800-2900 m. den daha yiiksek
kesimlerinde yer almakta, arastirma alanindaki akarsu ve nehirleri y1l boyunca besledigi ve biyolojik c¢esitliliginin
devami icin Onemli bir unsur oldugundan en yiiksek uygunluk degeri olan (4; cok uygun) alan olarak
degerlendirilmistir. Arastirma alanmin biyolojik ¢esitliligi barmndiran akarsu ve nehir kenar1 ise (3; uygun) alanlar
olarak degerlendirilmis, kuru dereler (2; uygun degil), parametresi ile degerlendirilmistir (Tablo 1).

Tablo 1. Koruma alani belirlenmesinde secilen alt faktér ve uygunluk degerleri
Table 1. Determining conservation area, suitability values and selected sub-factors

Siniflandirma Kriterlerini Olusturan Etmen ]SEltlrlrllt:i?e(:'lil;lm:glrhkllg’lltlilﬂell;glgllhmla?llusmran Uygunluk Degeri
a) Gol kenar1 Mutlak Koruma Bolgesi 4

Hidrolojik Ozellikler G0l kenar1 Hassas Kullamm Bolgesi 3
b) Akarsu ve Nehir kenart 3
¢) Kuru Dere 2

Zengin (2007)’nin de calismasinda esas aldigi, Su Kirliligi Kontrol Yo6netmeliginin, sulak alanlar bakimindan
zengin potansiyele sahip alanlarin korunma bolgelerinin tespitinde yer verilen mutlaka koruma alani arastirma
alanindaki akarsu, nehir ve sirk golleri i¢in uygulanmistir. Yoénetmelikte, Mutlak Koruma Bolgesi (MKB); icme ve
kullanma suyu rezervuarinin maksimum su seviyesinden itibaren 300 m genisligindeki serit olarak belirlenmistir.

Ayrica, aragtirma alanindaki sirk golleri i¢in, Hassas Kullanim Bolgesi (HKB) zonunun belirlenmesinde,
kaynak degerler ve gevresini belirleyen dogal sinirlar dikkate alinmistir (Anonim, 2004; Anonim, 2007a; Anonim,
2010). Bu bolgeler belirlenirken ekosistem ozellikleri ve arazinin topografik yapisi (akarsu, kuru dere, tepe, sirt,
karayolu, arazi kullanim deseni vb.) kriterler g6z oniinde bulundurularak dogal sinirlara yaslanarak uygulanmistir..

3. Bulgular

Coruh havzasmi, Dogu Karadeniz boliimiinden ayiran dag sistemi Ispir ilgesi topraklarini ikiye aymrmistir.
Dogu Karadeniz daglarinin bir boliimiinii olusturan ve Rize daglar1 olarak da adlandirilan Soganli-Kacgkar dag silsilesi,
aragtirma sahasinin kuzeyinde yer almaktadir. Genelde 1750-2000 m ve 2250 m.’den daha yiiksek yerlerde vadi
tabanlarina dogru egimli bu yiizeyler kimi yerde boyun ve esiklerle birbirine baglanmis durumdadir (Kopar, 2008).
Aragtirma alan1 Glineybati-kuzeydogu yoniinden uzanan Soganli-Kagkar Daglan ile Mescit Daglari’nin yiiksek
kesimlerinden kaynaklanan ve enine profilleri V sekilli olan kuzeybati-giineydogu ve kuzey-giiney uzanan akarsularin
actig1 derin yarilmis geng vadiler ortaya ¢ikmistir (Ering, 1982). Bitki ortiistiniin kisa mesafelerde farkli, 6zellikler
gosterdigi bolgede genel olarak Avrupa-Sibirya flora bolgesi iceresinde yer almaktadir (Atalay, 1982). Arastirma
bolgesinin kuzeydogu boliimiinde oldukg¢a genis yer kaplayan sarigam (Pinus sylvestris) ormanlari yaklasik 1300-2400
m yiikseklikler arasinda yayilis gostermektedir.Calisma alan1 hayvan varligi bakimindan oldukga zengin bir potansiyele
sahip olmaktadir. Coruh Vadisinin, siiziilen yirtict kus gogii acisindan 6neminin yani sira iireyen Sakalli Akbaba
(Gypaetus barbatus), Kizil Akbaba (Gyps fulvus), Kara Akbaba (Aegypiusmonachus), Dag Horozu (Tetrao
mlokosiewiczi) ve Urkeklik (Tetraogallus caspius) popiilasyonlar: ile Onemli Kus Alani statiisii kazanmaktadir
(Anonim, 2008a). Arastirma sahasi igerisinde 63.130,00 hektarlik alan “Ispir Vergenik Dag1 Yaban Hayati Gelistirme
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Sahas1 ” olarak ilan edilmistir (Anonim, 2008b). Vercenik YHGS’inda Cengel Boynuzlu Dag Kegisi (CDK)
(Rupicapra rupicapra) ve Yaban Kegisi (YK) (Capra egagrus) korunan tiirlerdir.

Arastirma alaninm iklim 6zellikleri ve kosullari, Ispir ilge merkezinde bulunan, 1222 m yiikseklikte kurulmus
Ispir Meteoroloji Istasyonundan temin edilen 1975-2007 yillarin1 kapsayan iklim verileri ile ortaya konulmustur. Genel
olarak aragtirma alaninda yaz aylar sicak ve kurak, kis aylar1 serin ve yagisl gegmektedir. Yagisin yil igerisindeki
durumu incelendiginde Nisan (60,9 mm.), Mayis (63,7 mm), ve Kasim (42,4 mm) aylar1 en yiiksek paya sahiptir.
Gozlenen ortalama sicaklik degerleri incelendiginde, yillik ortalama sicaklik 10,3°C’dir (Anonim, 2007b).

Aragtirma sahasinda, Soganli-Kagkar Daglari’nin zirve kesimlerinden kaynaklanan ve granodiyorit arazi
iizerinde akis gosteren Aksu, Camlikaya ve Sirakonaklar dereleri debi ve uzunluklari en fazla olan akarsular
durumundadir (Sekil 2).

Sirakonaklas
daresi

Aksu dereal

Coruh Nehri

ISPIR

Coruh Nehri

Hidrolojik Yapi
= Nehir

—— Akarsu

mm Gol

m Yerlesim merkezi

Sekil 2. Arastirma alanimnin hidroloji haritast
Figure 2. Hydrology map of the study area

Aragtirma alaninin ana akarsu sebekesini hidrografik bakimdan Karadeniz akaclama havzasina bagl olan
Coruh nehri olugmaktadir. Kaynagini aldigi Mescit Dagi’'ndan Karadeniz’e kadar uzunlugu 376 km.’dir (Anonim,
2008c). Ispir batisindan itibaren kuzeydoguya yénelen Coruh Nehri, Ispir ile Yedigoze Kdyii arasinda vadi igerisine
akmaktadir. Genel olarak tektonik hat iizerine yerlesen Coruh Nehri kuzeyinde ve giineyine uzanan siradaglarmn yiiksek
kisimlarindan kaynaklanan ¢ok sayida akarsularla beslenmekte, egim degerinin yiiksek olmasi, yagmur ve kar sularinin
biiyiik o6l¢iide akisa ge¢mesine neden olmaktadir (Ering, 1982). Soganli-Kackar Daglarinin zirve kesimlerinden
kaynaklanan Aksu, Camlikaya ve Sirakonaklar Dereleri (Sekil 3) debi ve uzunluk bakimindan en 6nemli derelerdir
(Anonim, 1981).

Sekil 3. Coruh nehri ve Aksu deresinden genel goriiniimler
Figiire 3. General views from Coruh river and Aksu River
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Arastirma sahasinm &nemli su kaynaklarindan bir digerini de gdller olusturmaktadir. Ozellikle sirk sahalari
icerisindeki kiiciik cukurluklara yerlesen su birikintilerinden olusan bu goller, Soganli-Kagkar daglar1 ile Mescit Dagi'nin
yaklagik 2900 m’den daha yiiksek kesimlerinde yer almaktadir. Sirk gollerinin (Sirk golii: buzullarin agindirmasiyla olugan
kiiciik gukurluklarda olusan goller) biiyiik bir bolimii siirekli su bulundurmalarina karsilik, kiigiik bir kismi gegici gol
karakterindedir. Arastirma sahasimnin kuzeydogusunda, Soganli-Kackar Dagmin yiiksek kesimlerinde yogun olarak goriilen
derinlikleri 5-10 m’yi agmayan ve yiizolglimleri de oldukg¢a kiigiik olan ¢ok sayidaki sirk golii, ayn1 zamanda bu daghk
sahanin giliney yamaglari iizerindeki akarsularin kaynak bdlgelerini olusturmaktadirlar. Aksu deresinin kaynak bdlgesinde yer
alan ve kendi aralananda birlik olusturan sirk gollerinin en onemlilerini Yedigoller ve Ciftegol olusturmaktadir (Sekil 4).
Bunlardan, deniz seviyesinden yiiksekligi 2900-3040 m arasinda degisen ve yedi biiyiik sirk gonliiden olusan Yedigoller sirk
sahasi igerisinde alanin en bilyiik g6lii yer almaktadir.

3.2. Arastirma alaninin doga koruma kriterleri yoniinden incelenmesi

Ispir Yedigéller ve cevresinin, dogal su kaynak degerlerinin doga koruma kriterleri olan biiyiikliik, dogallik, tehlike
altinda olma, yenilenemezlik, zenginlik (¢esitlilik), azlik, biitlinliik, temsil etme gibi bagliklar altinda incelendiginde asagidaki
sonuglara varilmigtir.

Biiyiikliik ve Konum: Arastirma sahasim 210.330,25 ha.’lik ylizOlgimii ile arastirma alan1 doga koruma
kriterlerinden olan biiyiikliik kriterini yerine getirmektedir.

Ulasim: Coruh havzasi igerisinde kalan arastirma alanindaki ulagim sistemini genel hatlan ile yeryiizii sekilleri
belirlemistir. Ispir flgesinin Erzurum Iline uzaklig1 146 km dir. Alana gelecek ziyaretcilere yetecek hem i¢c hem de dis ulasim
imkani mevcuttur.

Tehlike Altinda Olma: Arastirma alani, zengin kaynak degerleri; turizm ve rekreasyon talepleri, enerji ve
madencilik talepleri, ulasim ve hizmet yollar talepleri, barajlar ve su yonetimi-HES (Hidro-elektirik santral) talepleri, yasak
avlanma, kirlenme (evsel kanalizasyonlar), karasal bitki ve su iiriinlerin kagak toplanmasi gibi nedenlerle bask: ve tehditlerden
dolay1 tehlike altindadir

Yenilenemezlik; Coruh havzasi iizerinde bulunan Ispir- Yedigéller bolgesi en algak ve en yiiksek nokta arasmda
3000 m'leri bulan rakim ve bu kiiglik alan i¢inde goriilen iklim farkliliklarinin sonucunda olusan zengin biyocesitliligi
igerisinde barindirmaktadir. Arastirma alanin 6nemli kaynak degerlerinden biri olan "Yedigdller" bolgesindeki sirk golleri
onemli sorunlar ile kars1 karsiya bulunmaktadir. Son yillarda yaylacilik yapanlara kolaylik olsun diye agilan yollar artik
gollere kadar ulagsmakta ve buna bagl olarak artan yasadigi avlanma g6l ekosisteminin sahip oldugu biyogesitliligin hizli bir
sekilde tiiketilmesine ve koruma altina alinmaz ise ekosistemine bagli olarak yasamlarini devam ettiren bitki ve hayvanlarin
oliimleri ve gogleri olacak yeniden ayni bitki ve hayvanlarin alanda eski seklinde konumlandirilmasi yani, yenilenememezlik
durumu karsimiza ¢ikaracaktir. Ayrica artan enerji ve madencilik talepleri, alanda tespit edilen bir ¢ok endemik flora ve fauna
tiirlerini etkileyecek bu alanlarda, doganimn bu tiirleri barindirmasi olanaksiz hale gelecek dolayisi ile nesli titkenmis bitki ve
hayvan tiirlerine bagli yenilenemezlikler olacaktir.

Dogallik; Bolgenin kendine 6zgii jeolojik, jeomorfolojik ve iklimsel 6zellikleri, sahip oldugu olaganiistii zengin
biyolojik ¢esitliligin temel nedenleri sayillmaktadir.

Cesitlilik; Bolgenin kendine 6zgii 6zellikleri farkli ekosistem tiplerinin gelismesine olanak saglamis, dolayisiyla
biyolojik ¢esitliligi de zenginlestirmistir. Ormanlar, goller, yiiksek daglar, ¢aliliklar ve sulak alanlar arastirma alaninin 6nemli
ekosistemleridir.

Azhk Enderlik; Alan icerisine bulunan Ispir-Vercenik Yaban Hayati Gelistirme Sahasi (YHGS)’nin hedef
tirlerinden olan g¢engel boynuzlu dag kegisi, iilkemizde sadece Rize-Erzurum ve Bitlis-Bing6l sinirlarinda dogal olarak
habitat ortamina sahip olup tlilkemiz cografyasinda baska hicbir yerde bulunmamaktadir. Ayrica arastirma sahasinim 6nemli su
kaynaklarindan 6zellikle sirk sahalari igerisindeki kiiciik ¢ukurluklara yerlesen su birikintilerinden olugan goller; tilkemizde
2200 m'den yiiksek daglarinda, Agri, Erciyes ve Aladaglar iizerinde yer yer bulunmakta olup bu yoniiyle de azlik ve enderlik
Kriterini tagimaktadir.

Temsil Etme: Arastirma alaninda yapilan litaratiir arastirmasi, gézlemler ve gevre analizleri sonucunda belirlenen
bitki ve hayvan tiirleri bolgenin diger yerlerinde rastlanilan tiirlerle benzerlik gostermektedir.

Biitiinliik: Ispir- Yedigoller bolgesi en algak ve en yiiksek nokta arasimda 3000 m.'leri bulan rakim ve bu kiigiik alan
icinde goriilen iklim farkliliklarinin sonucunda olusan zengin biogesitliligi i¢erisinde barindiran, yiiksek dag ekosistemlerini,
g0l ekosistemleri ve orman ekosistemlerinin tiimiinii igeren bir biitiinliikk saglamaktadir.

3.3. Doga koruma alanlart i¢in potansiyel uygunluk haritasimin hazwlanmasi

Aragtirma sahasinin 6nemli su kaynaklarindan sirk gélleri 2900 m.’den daha yiiksek kesimlerinde yer almaktadir. Bu
goller, aragtirma alanindaki akarsu ve nehirleri yil boyunca beslemesi, bitki ve hayvanlara yagam alani sunarak yasamsal
faaliyetlerini siirdlirmelerine katki saglamasi, biyolojik ¢esitliliginin devami i¢in 6nemli bir unsur olmasindan dolayr en
yiiksek uygunluk degeri olan (4; ¢ok uygun) alan olarak degerlendirilmistir. Arastirma alaninin biyolojik ¢esitliligi barindiran
akarsu ve nehir kenart ise (3; uygun) alanlar olarak degerlendirilmis, kuru dereler (2; uygun degil), parametresi ile
degerlendirilmigtir.

HKB i¢in mesafelerin se¢iminde, aksu deresi, soganli deresi ve davali deresi gibi biyolojik ¢esitlilik bakimindan
onemli derelerin kaynak bolgesini olusturan gollerden baslanarak, MKB’den itibaren kendi aralarinda olusturduklari su
akarlar1 ve ufak derelerin bu zon igerisine alinmasina dikkat edilmistir. Arastirma alaninda hidrolojik 6zellikler bakimindan
doga koruma potansiyel uygunluk haritas: (Sekil 5)’de, uygun alanlarmn dagilimi ve alan igerisindeki oranlar1 ise (Tablo 2)’de
verilmigtir.
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Figure 5. Nature conservation map in terms of hydrologic features
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Tablo 2. Hidrolojik 6zellikleri bakimindan doga koruma alanlar1 ve oranlar1
Table 2. Nature conservation areas and rates in terms of hydrological characteristics

Hidrolojik Ozellikler Kaplama Alani (ha.) Kaplama Oram (%)
Goller (Cok Uygun alanlar) 103,73 0,05

Goller Icin Mutlak Koruma Bélgesi (Cok Uygun alanlar) 1776,02 0,85

Goller Icin Hassas Kullanim Bélgesi (Uygun alanlar) 12470,33 5,93

AKarsu ve Nehirler Mutlak Koruma Bélgesi (Uygun alanlar) 42564,51 20,23

Uygun olmayan alanlar 153415,66 72,94

Toplam Alan 210330.25 100.00

Arastirma alaninda hidrolojik 6zellikler bakimindan doga koruma alanlari, géller (¢ok uygun alanlar), akarsu
ve nehirler (uygun alanlar), goller icin MKB ve HKB olarak belirlenmistir.
Arastirma alani i¢in ¢ok uygun koruma alanini olusturan géllerin, alan1 103,73 ha. olup toplam alanin %0.05’ini, mutlak
koruma alani 1.776,02 ha ile alanin %0.85, hassas kullanim bdlgesi 12.470,33 ha. ile alanin %5.93’{inii olusturmaktadir.
Akarsu ve nehirler igin uygun alanlar 42.564,51 ha. ile alanin %20.23 olusturmus, uygun olmayan alanlarin toplam
153.415,66 ha. ile alanin %72.94’{inii kaplamaktadir.

4. Sonuclar ve tartisma

Birgok tilke yiizyillardir, sahip oldugu dogal giizellikleri ve biyolojik zenginlikleri korumak i¢in &nemli
alanlar1 gesitli koruma statiilerinde koruma altma almislardir. Calismanin konusu olan Ispir-Yedigoller bolgesi Coruh
vadisi igerisinde zengin flora ve faunasi, bilyiileyici topografik yapisi, kiiltiirel motiflerindeki zenginlik, yoresel
mimarisi, tarihsel degerleri ve olaganiistii giizellikteki dogal peyzaji ile Tiirkiye’de ayricalikli bir yere sahiptir.

Aragtirmadan elde edilen veriler 1s18inda, deniz seviyesinden yiiksekligi 2900-3040 m. arasinda degisen ve
yedi biiyiik sirk gonliiden olusan Yedigoller Bolgesi sirk sahasi icerisindeki gol ekosisteminin, jeolojik ve
jeomorfolojik yapisi, bitki ortiisii, yaban hayati1 6zelliklerine ve manzara giizellikleri ile dageilik aktiviteleri i¢in baslica
rotalarm basinda gelmesinden dolay1 olusan rekreasyon potansiyeli oldukea yiiksektir. 2873 sayili Milli Parklar Kanunu
ve bu Kanuna istinaden c¢ikarilan 19309 sayili Milli Parklar Yoénetmeliginde belirtilen, Tabiat parki olarak ayrilacak
yerlerde;

1-Milli veya bolge seviyesinde iistiin tabii fizyocografik yapiya, bitki Ortiisii ve yaban hayati dzelliklerine ve
manzara giizellikleri ile rekreasyon potansiyeline sahip olmalidir.

2-Kaynak ve manzara biitiinliigiinii saglayacak yeterli biyiikliikte olmalidir.

3-Bilhassa ag¢ik hava rekreasyonu yoniinden farkli ve zengin bir potansiyele sahip olmalidir.

4-Mahalli orf ve adetlerin, geleneksel arazi kullanma diizeninin ve kiiltiirel manzaralarim ilgi ¢eken 6rneklerini
de ihtiva edebilmelidir.

5-Devletin miilkiyetinde olmalidir, hiikiimlerini sagladigindan dolayr “Tabiat Parki” statiisiinde korunmasi
gerekliligi belirlenmistir. Ancak Oneri Tabiat Parki alani sahasi sinirlari igerisinde olabilecek olasi 6zel miilkiyet ve
mera alanlarinin  kamulastirilma islemleri, kadastral veriler 1siginda degerlendirilmelidir. Yapilan arastirma
calismasinda Tiirkiye'nin Onemli Doga Alanlar1 kitabia girebilecek kadar giizel ve gosterisli olan "Yedigéller" énemli
sorunlar ile kars1 karstya oldugu belirlenmistir.

Son yillarda yaylacilik yapanlara kolaylik olsun diye agilan yollar artik gdllere kadar ulagmakta bununla
birlikte bolgeye, olan tehdit ve baski artmakta ancak yolun agilmasi ile bu sahanin turizm agisindan popiiler bir saha
olmasini beraberinde getirmistir. Alana yapilan baskilar, bu essiz dogal giizelligimizin sahip oldugu biyogesitliligin
hizli bir sekilde tiiketilmesine sebep olmaktadir. Alanin herhangi bir koruma statiisii bulunmamasi ve koruma
ekiplerinin bir ihbarda alana ulagsmasinin saatler alacagindan dolay1 kimsenin miidahale etmeyecegini bilmenin verdigi
rahatlikla artan yasadigi avlanma, gol ekosisteminin sahip oldugu biyogesitliligin hizli bir sekilde tiiketilmesine ve
koruma altina alinmaz ise de ekosistemine bagli olarak yasamlarini devam ettiren bitki ve hayvanlarm &liimleri neden
olacaktir.

Ayrica Yedigoller'in ¢evresi ¢ok bakimsiz bir durumda olup tahribatlar geri doniistimii imkansiz boyutlara
gelmemesi icin korunmasi gerekliligi kaginilmazdir. Oneri Tabiat Parki igin, gél ekosisteminin alansal biitiinliigii,
yaban hayat1 6zelliklerini ile dagcilik aktiviteleri dikkate alinip, arastirma alaninin kuzeyinde bulunan Viransehir golleri
oneri alana dahil edilmemistir. Ciinkii bu saha arastirma alan1 disarisinda kalan ve tortum ilge sinirlari igerisinde
bulunan (Yedigéller) bolgesiyle birlikte degerlendirilmesi gerekmektedir. Oneri Tabiat park: i¢in arastirma alanmin
kuzey kisminda iki mutlak koruma bolgesi ve iki hassas kullanim bolgesi olusturulmus olup 13.175,71 ha’lik bir alan ile
toplam alanin %6.26’smn1 olusturmaktadir. Sonug olarak; Ispir-Yedigoller bolgesi zengin flora ve faunasi, biiyiileyici
topografik yapisi, kiiltlirel motiflerindeki zenginlik, yoresel mimarisi, tarihsel degerleri ve olaganiistii giizellikteki dogal
peyzajimin muhafazasi ancak bu degerler de koruma kullanma dengesini tesis etmekle elde edilebilir. Bu korumanin
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saglanmasi ise, yorenin sahip oldugu turizm potansiyelinin siirekliligi ve gelecek kusaklara aktirilmasi anlamina
gelmektedir.
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Abstract

Chromosome number, meiotic behavior and morphological characters related to habit and pollen grains were
studied in Onobrychis bojnurdensis Ranjbar & Hajmoradi as a new species belonging to Onobrychis sect.
Hymenobrychis from East of Iran. The new species is related to O. sintenisii but differs from it in a few morphological
characters such as plant indumentums, size of stipule, bract and different part of the flower. We evaluated and
determined the species limits within Eastern species of O. sect. Hymenobrychis, employing multivariate statistics.
Results obtained from morphological and micromorphological studies confirm novelty of O. bojnurdensis. Cytogenetic
study indicates that the O. bojnurdensis is a diploid plant and possesses 2n = 2x = 14 chromosome number. The general
meiotic behavior was regular, with bivalent pairing and normal chromosome segregation at meiosis. This report is the
first cytogenetic analysis of the new taxon.

Key words: Fabaceae, Iran, meiosis, new species, Onobrychis sect. Hymenobrychis
1. Introduction

Onobrychis Miller belongs to the family Fabaceae, subfamily Faboideae, tribe Hedysareae, and consists of
about 342 species well-distributed in southern Europe and temperate western Asia. Onobrychis includes annual or
perennial, mostly caulescent herbs (rarely spiny shrubs), which have an indumentum with simple hairs or rarely are
glabrous. A few taxa of the genus are cultivated as fodder or for ornamental value (Lock and Simpson, 1991; Yakovlev
et al., 1996; Mabberley, 1997). Recently some new taxa have been described in the genera Onobrychis from Iran
(Ranjbar et al., 2004, 2007; Ranjbar, 2009; Ranjbar et al., 2009b, 2010e, 2010f, 2011).

Pollen grains of Onobrychis have been ascribed to a unique type (the Onobrychis type) by Faegri (1956),
Faegri and lversen (1989), as well as Moore et al. (1991) characterized by 3 apertures and the suprareticulate
ornamentation of the exine. Several studies (Erdtman, 1960; Melhem, 1971; Ohashi, 1971; Pire, 1974; Pavlova and
Manova, 2000; Karamian et al., 2009) of the Pollen morphology of Onobrychis shows validity of such data in
taxonomic delimitation.

In recent years cytologycal analyses have an important role in solving taxonomic problems. Most of
cytological studies in the genus have concentrated on the chromosome count (Baltisberger, 1991; Karshibaev, 1992),
with little work focused on detailed karyological criteria for taxonomic purposes (e.g. Khatoon and Ali, 1991; Mesicek
and Sojak ,1992). Studies on the impact of karyotypic and meiotic behavior data on the interspecific and phylogenetic
relationships in the genus are still limited (Ranjbar et al., 2009a; Hesamzadeh Hejazi and Ziaei Nasab, 2010; Ranjbar et
al., 2010a, 2010b, 2010c, 2010d, 2011, 2012). Two basic chromosome numbers (x = 7 and x = 8) and three ploidy
levels (2n = 2x =14, 2n = 4x = 28, 2n = 8x = 56 and 2n = 2x = 16, 2n = 4x = 32) are present in the genus Onobrychis.

During taxonomical studies on the genus Onobrychis, a new species belong to O. sect. Hymenobrychis was
identified from Bojnurd, Khorasan province, E Iran. This study is mainly based on the herbarium specimens of the Bu-
Ali Sina University Herbarium (BASU) as well as living materials. Flora Iranica (Rechinger 1984), Flora Orientalis
(Boissier, 1872) and also deposed type specimens in W, G and PR were used as the main literatures and references for
determination of specimens.
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2. Materials and methods

2.1. Morphology

This study is mainly based on the herbarium material and field observations during excursions in N, W and
NW Iran (Figure 1, Table 1). Plants were collected from Bojnurd, Khorasan Province, E Iran and the vouchers
preserved in BASU. A numerical taxonomic analysis of different species of O. sect. Hymenobrychis from E Iran,
carried out based on 48 quantitative/qualitative characters related to vegetative and reproductive organs. Data were
analyzed by using MVSP software version 3.2.

2.2. Pollen morphology

For light microscopy, pollen samples were obtained from herbarium specimens of the Bu-Ali Sina University
herbarium (BASU, Table 1) and prepared using the standard method described by Erdtman (1960). Then, they were
mounted in unstained glycerin jelly and observations were made with an Olympus BX-41 photomicroscope. Polar axis
(P) and equatorial diameter (E), colpus length (L), colpus width (S), mesocolpium (M) and shape index (P/E) were
measured. Data were analyzed by MVSP and SPSS software and the relationships between different populations were
discussed by PCO. The terminology used here are according to Faegri (1956).

2.3. Cytogenetics

For cytogenetic study, 15 flower buds from at least 5 plants were fixed in modified Carnoy’s solution in ethyl
alcohol (96%), chloroform and propionic acid (6:3:2) for 24 h at room temperature and then stored in 70% ethyl alcohol
at 4°C until used. Anthers were squashed and stained with 2% (w/v) acetocarmine. All slides were made permanent by
the Venetian turpentine. Photographs of chromosomes were taken on an Olympus BX-41 photomicroscope at an initial
magnification of x 1000. Chromosome counts were made from well-spread metaphases in intact cells, by direct
observation and from photomicrographs.

2.4. Phenetics

Ten populations of different species of O. sect. Hymenobrychis from east E of Iran were used as operational
taxonomic units (OTUs) (Table 1). A numerical taxonomic analysis of the different individuals from these populations
was carried out based on 48 quantitative/qualitative characters related to vegetative and reproductive organs. Data was
entered into a Microsoft Excel version 7 spreadsheet. This spreadsheet was later converted into a file format suitable for
phenetic analysis by MVSP software version 3.2 (Kovach 1985-2002). Principal coordinate analysis (PCO) was carried
out using MVSP, with a matrix of standardized data. The data were standardized to eliminate the distorting effects in
the output results caused by different measurement scales. Standardization was performed by subtracting the character
mean and dividing by the standard deviation. For PCO, an average-distance-matrix of standardized data was obtained.
The average distance was used because the data set contained both metric and binary (mixed) data. The distance matrix
was double centered and the eigenvectors were calculated and plotted. The PCO gives the distances between OTUs
rather than the correlation between the characters. This method is therefore suitable for mixed character data, as it will
not be distorted by binary characters. For determining the value of characters in separating of the taxa, data were
analyzed with SPSS ver. 10.0 soft ware (SPSS, 1999). This added the advantage of being able to handle missing data
well.

Table 1. Specimens examined and their localities

Taxon Locality Voucher specimen Alt. (m)  Abbreviation  Collector
O. bojnurdensis E)hgg??ﬂ: dProvmce, 40 km 23459 (BASU) 1715 bojn59 Ranjbar & Hajmoradi
. Sabzevar to  Esfarayen, . . .
O. meshhedensis Afchang village 13641 (BASU) 1700 mesh41 Ranjbar & Hajmoradi
. Ghuchan to Sabzevar, 97 . . .
O. meshhedensis km before Sabzevar 13642 (BASU) 1492 mesh42 Ranjbar & Hajmoradi
O. kuchanensis Ghuchan 1o Sabzevar, 97 1492 (BASU) 1492 kuch92 Ranjbar & Hajmoradi
km before Sabzevar
O. chorassanica Ghuchan to Sabzevar 13636 (BASU) 1586 chor36 Ranjbar & Hajmoradi
Mashhad to  Chenaran,
O. chorassanica Ferazy  village, after 13639 (BASU) 1540 chor39 Ranjbar & Hajmoradi
Abgheh
. . Ashkhaneh to Bojnurd, 26 . . . .
O. sintenisii km before Bojnurd 13634 (BASU) 925 sint34 Ranjbar & Hajmoradi
O. sintenisii Bojnurd to Mamaljeh 13633 (BASU) 1200 sint33 Ranjbar & Hajmoradi
O. sintenisii Bojnurd o Esfarayen, 13635 (BASU) 1420 sint35 Ranjbar & Hajmoradi
Mahnan village
O. sintenisii Shahrud to Bojnurd, 85 km 13638 (BASU) 925 sint38 Ranjbar & Hajmoradi

to Ashkhaneh
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3. Results

According to Hedge (1970), O. sect. Hymenobrychis is separated by some characters such as wings equal to or
shorter than calyx, ovary 2- rarely 1-ovulate, fruit stipitate with a curved suture and a broad flattened crest, often
toothed from other sections. According to our results different species of O. sect. Hymenobrychis can be distinguished
from each other mainly in the color and size of flowers and characters of pods. Founded diversity in color of the flower
in addition to being valuable in taxonomic studies for determination of specimens, with the concern of this fact that
nearly all species of this genus are self pollinating, so probably this difference in color of flower play significant role in
attracting pollinator insects to have a successful pollination.

3.1. Key to species of the Onobrychis sect. Hymenobrychis in eastern Iran
la- Standard yellowish green without darker venation or purple maculae, calyx 2.5-3 mm long .......c.cccoeenee.
.................................................................................................................. 1. O. kuchanensis

1b- Standard yellow with darker purple venation or with red maculae, calyx longer than 3 mm .................... 2

2a- Plant sparsely to completely glabrous, standard yellow with red maculae.........................ocooiiiii.. 3

2b- Plant hairy, standard yellow with darker purple venation ................coooviiiiiiiiiir i e e 4

3a- Stipule 4-13 mm, leaflets 3-4 pairs, corolla relatively small, lower than 8 mm............... 2. O. meshhedensis

3b- Stipule 17-24 mm, leaflets 6-7 pairs, corolla longer than 16 mm ...............cc..ceevnennn.. 3. O. bojnurdensis

4a- Plant densely hairy, leaflets ovate to orbiculate, corolla 14-17 mm, calyx 8-12 mm, pod with prickles at the margin
AN GISC .ttt ettt b b s bbb et e 4. O. chorassanica

5a- Plant spreading hairy, leaflets lanceolate, corolla 10-13 mm, calyx 4-5 mm, pod without prickles at the margin and
ESC et e 5. O. sintenisii

3.2. New species

Onobrychis bojnurdensis Ranjbar &F. Hajmoradi, sp. nov. (Figures 2, 3)

Type: Iran. Khorasan, 40 km to Bojnurd, 1715 m, 15.5.2010, Ranjbar & F. Hajmoradi 23459 (BASU! I;
isotype: TARI!; WI; photo: W).

Perennial, plant 30-60 cm tall. Stems woody at base, branching, more or less glabrous. Stipules free, 17-24 mm
long, triangular-lanceolate or lanceolate, more or less densely-hairy. Leaves with 6-7 pairs of leaflets; rachides remote,
slender to thickened, straight or curved and ascending. Petiole 5-14 c¢cm long; leaflets oblong-lanceolate, round to
cuneate at base, acute to acuminate at apex, 28-35 mm long, 9-12 mm wide, glabrous above, more or less sparsely hairy
beneath. Peduncles two to three times as long as leaves. Racemes more or less loose, composed of 34-36 flowers. Bracts
papery, brown, 5-7 mm long, oblong to lanceolate or triangular, acute to acuminate, sparsely pubescent. Bracteoles
narrowly linear, 1-1.4 mm long. Pedicels short, up to 2 mm long. Calyx 7-8 mm long, more or less densely covered with
appressed hairs, 0.1-0.3 mm long; teeth ovate-triangular, as long as tube, densely covered with appressed hairs.
Standard cream-yellowish, with darker spots, 16 x 11 mm, oval, emarginate, as long as keel. Wings 3-4 mm long,
ciliate, shorter than standard and keel; limb 2.5 x 2.5 mm, briefly oblong, rounded at tip; claw filiform, 1-1.2 mm. Keel
13-15 mm long; limb 10 x 6 mm; claw 4-4.2 mm long. Stamens 15-16 mm long, the free portion 4-4.5 mm long.

Table 2. Morphological comparison between Onobrychis bojnurdensis and O. sintenisii

Character O. bojnurdensis O. sintenisii

Habit indumentum glabrous hairy

Stipule length (mm) up to 24 up to 20

Corolla color yellow with red maculae yellow with darker purple
Standard length (mm) 16-17 T 913

Keel length (mm) 13-15 7-11

Calyx length (mm) 7-8 4-5

Wing indumentum ciliate glabrous

3.3. Distribution and ecology
O. bojnurdensis appears to be extremely restricted in its geographic distribution. It is currently known only

from around its type locality (Figure 3). One small population with nearly 30 individuals was observed in the hilly and
rocky region around the city Bojnurd.
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3.4. Etymology

The specific epithet refers to Mt Bojnurd, where the new species is found.
3.5. Conservation status

We observed a low frequency of the new species in its locality, which consisted of no more than 30 plants
scattered near the Bojnurd. It is therefore evaluated as Vulnerable (VU) according to IUCN Red List criteria (IUCN,
2001) to identify taxa with small populations that could be at risk.

3.6. Notes

O. bojnurdensis represents the main morphological characteristics of O. sect. Hymenobrychis and is especially
close to O. sintenisii. However, it differs mainly by its glabrous habit, the size of stipule, standard and calyx (Figure 3).
The new species were compared with the isotype material of O. sintenisii in W and also with its detailed original
description. A diagnostic morphological comparison between the taxa is presented in Table 2.

3.7. Specimens examined
Known only from the type material.
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Figure. 2. Onobrychis bojnurdensis sp. nov. A - habit, B - calyx, C - standard, D - keel, E - wings, F - androecium, G -
ovary (bar: A =2 cm, B-G = 1 cm). Drawn after the type collection
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Figure 3. Different vegetative and reproductive parts of Onobrychis bojnurdensis sp. nov. (A-D) and O. sintenisii Bornm.
725a (E-F), A — leaflet, B —stipule, C — stem, D — flower, E — Flower, F - Pod (bar: A-D = 4 mm, E-F = 2.5 mm)
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3.8. Morphological analysis

Analyzing morphological characters of eastern species of O. sect Hymenobrychis show intrspecific variation.
Results from PCO analysis of the matrix of correlations are presented in Figure 4. It is possible to distinguish 3 main
groups when plotted on the first 2 eigenvectors. Group | with O. chorassanica, group Il with O. meshhedensis, O.
kuchanensis and O. sintenisii and group 111 with O. bojnurdensis distinguished. As it is clear, O. bojnurdensis because
of its distinctive characters separated from others species of O. sect Hymenobrychis and make a distinct group alone.
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Figure 4. Relationships between different populations of species of O. sect. Hymenobrychis illustrated by the first and
second egenvectors of PCO analysis based on morphological characters (abbreviations are as listed in Table 1)

3.9. Pollen morphoogy

Pollen grains of Eastern species of O. sect. Hymenobrychis are small, rarely medium, sized ranging from: P =
28 t0 34.6 um, E = 13.4 to 19.7 um. The smallest pollen grains belong to O. kuchanensis, while the largest ones belong
to O. chorassanica (Table 3). They are 3-colpate, prolate and perprolate the ectocalpi are elongated shallow or deep,
narrowing at the poles. The cops membrane is covered with large granules. In equatorial view the pollen grains are
elongated, elliptic to rectangular-obtuse; and in polar view they are circular, triangular-obtuse or triangular (Figure 5).
PCO analysis of pollen morphological characters which were performed using average distance revealed the phenetic
relationships between the taxa. Analysis using average distance showed phenetic relationships between different studied
species of O. Hymenobrychis (Figure 6). Three main groups resulted from the analysis: two population of O.
chorassanica in group 1; different population of O. meshhedensis, O. kuchanensis and O. sintenisii in group 2 and O.
bojnurdensis in group 3. These results are consisting with morphological grouping and based on both data new species
stand in a separate plot (Figure 6).
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Figure 6. Relationships between different populations of eastern species of O. sect. Hymenobrychis illustrated by the
first and second eigenvectors of PCO analysis based on pollen characters (abbreviations are as listed in Table 1)
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The mean values and ranges of five quantitative characters are given in Table 3. Analysis of pollen
morphological data with SPSS software (Figure 7) indicates that except for a slight overlap, four characters of polar axis
length (P), equatorial diameter (E), mesocolpium (M) and colpus length (L) were occasionally useful in separating O.
bojnurdensis as a new taxon.

Table 3. The mean values and ranges of the pollen characters in different population of eastern species of O. sect.

Hymenobrychis
Taxa P E M w | P/E
0. bojnurdensis(23459) 31(32.6)35  17(18.3)21  7(10.5)11 1(1.5)1 23(25.35)29 1.7
O. meshhedensis (13641) 28(29.3)30  13(14.5)15 3(3.1)5 1115 25(26.3)28 2
O. meshhedensis (13642) 24(28.1)32  13(15.6)18 2(4.7)9 1(1.2)1.5 22(23.6)29 1
0. kuchanensis (1492) 28(28)31 12(13.4)15 3(4.2)4 1(1.2)1.5 22(25.8)27 2
0. sintenisii (13634) 26(28.8)30 12(14)16 3(4.3)7 1(1.1)1.5 22(25.5)28 2
0. sintenisii (13633) 28(29.9)32  13(13.7)15 3(4.3)6 1(1.1)1.5 26(27.3)30 2.1
0. sintenisii (13635) 27(28.6)32  12(13.5)15 3(3.8)6 1(1.1)1.5 26(27.3)29 2.1
0. sintenisii (13638) 28(29.2)30  13(14.1)15 2(3.5)5 1(1.4)1.5 25(26.3)28 2
0. chorassanica (13636) 31(34.6)36  16(18.6)20 6(7.6)9 1(1.1)15 29(31.7)33 1.8
0. chorassanica (13639) 33(34.4)36  17(19.7)22 7(7.9)9 111 30(31.6)33 1.7

Abbreviations: P = Polar axis; E = Equatorial diameter; M = Mesocolpium; W = Colpus width; L = Colpus length; P/E = Shape index.
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Figure 5. Light microscopy micrographs of pollen grains. A & B - O. bojnurdensis (23459), C - O. sintenisii
(13633), D - O. chorassanica (13636), E - O. meshhedensis (13641), F - O. kuchanensis (1492) (bar = 6 um)

9 0 O

3.10. Cytogenetics

Chromosome number and meiotic behavior of the new species were studied here. A wide range of meiotic
stages was observed in anthers within the same flower. A total of 547 diakinesis/metaphase | (D/MI), 290 anaphase
I/telophase | (Al/TI), 202 methaphase Il (MIl) and 407 anaphase Il/telophase 1l (AlI/TII) cells were analyzed. The
D/MI cells were usually regular with predominant bivalent (II) pairing. However, varied degrees of meiotic
irregularities included chromosome stickiness, precocious division of centromeres, cytomixis, B chromosome and
desynapsis in D/MI; chromosome bridges resulting from stickiness in Al/TI1, asynchronous nucleus in MI|, tripolar cells
in AII/TII were observed (Figure 8).

Sticky chromosomes along with laggards were found in 6.18% of diakinesis cells of O. bojnurdensis (Figure
8B). Chromosome stickiness may be caused by genetic and environmental factors, and several agents have been
reported to cause chromosome stickiness (Pagliarini, 2000).
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Figure 7. Box and whisker plots depicting the pollen characters in different populations of eastern species of O. sect.
Hymenobrychis. A - polar axis, B - equatorial diameter, C — mesocolpium, D - colpus width, E - colpus length, F -
shape index (abbreviations are as listed in Table 1)

Precocious division of centromeres is another abnormality that was found in 0.18% of metaphase | cells
(Figure 8F). Desynapsis is considered as the precocious separation of bivalents in metaphase of meiosis | leading to the
formation of varied degrees of univalents. Desynapsis was observed in 0.18% of D/MI cells. The phenomenon of
cytomixis consists in the migration of chromosome between meiocytes through cytoplasmic connection. Since
cytomixis creates variation in the chromosome number of the gametes, it could be considered a mechanism of
evolutionary significance (Ghaffari, 2006). This phenomenon occurred in 0.18% of D/MI cells. B-chromosomes or
accessory chromosomes that occur in addition to the standard or A-chromosomes in some of the plants, are smaller than
other chromosomes and do not form any association with them. B-chromosomes when present in high numbers affect
negatively the growth and vigor of the plants, while in low numbers may benefit the plant possessing them (Jones and
Houben, 2003). The B-chromosomes were observed in 0.36% of D/MI cells (Figure 8C). Chromosome bridges resulting
from stickiness were observed in 3.1% of anaphase | cells (Figure 8E). The thickness of bridges and the number of
chromosomes involved in their formation varied among different meiocytes. Genetic as well as environmental factors
has been considered as the reason for chromosome stickiness in different plant species. The spindle apparatus is
normally bipolar and acts as a single unit, playing a crucial role in chromosome alignment during metaphase. Any
distortion or breakage in the spindle may result in random sub-grouping of the chromosome (Nimala and Rao, 1996).
Tripolar cells which were observed in 2.21% of Tl cells (Figure 8L) may lead to the formation of abnormal tetrads and
infertile pollen grains.

The basic chromosome number in Onobrychis sect. Hymenobrychis is either x = 7 or x = 8. In this study, 2n =
2x = 14 is recorded for O. bojnurdensis. The members of O. sect. Hymenobrychis are diploid with 2n = 2x = 14 and 2n
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= 2x = 16 chromosome numbers (Ranjbar et al., 2012), whereas those of O. sect. Onobrychis are diploid or tetraploid
with 2n = 2x = 14, 2n = 2x = 16, 2n = 4x = 28 and 2n = 4x = 32 chromosome numbers (Ranjbar et al., 2009a, 2010a,
2010c, 2010d, 2012) and of O. sect. Heliobrychis are diploid with 2n = 2x = 16 chromosome number (Ranjbar et al.,
2010b). The results from the present study increase our knowledge about the basic chromosome numbers in the genus
Onobrychis, especially in O. sect. Hymenobrychis that can be helpful in taxonomic delimitation and represents a new
taxon by establishing relationships between cytogenetic and morphological criteria.

Figure 8. Representative meiotic cells in Onobrychis bojnurdensis. A - diakinesis, B - sticky and laggard, C - B
chromosome, D - anaphase I, E - bridge F precocious ascension in metaphase I, G - telophase I, H - metaphase I, I -
Asynchronous nucleus, J - anaphase |1, K - telophase I, L - tripolar cell (bar = 6 pm)
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Abstract

The Silene (Caryophyllaceae) species are distributed throughout the northern hemisphere, Europe, Asia and
northern parts of Africa. The section Auriculatae containing about 35 species, from which 21 are endemic to Iran.Leaf
anatomical structure of 18 accessions of four Silene species as: S. commelinifolia <S. lucida <S. nurensis and S.
eremicana was studied. Cross sections were made by hand and studied after double coloration. 14 qualitatitve and
quantitative features were measured and evaluated. Statistical analysis reveled that features as collenchymas presence,
hair density at dorsal and ventral leaf surface, shape of vascular bundle, abaxial shape of midrib, cuticle thickness at
adaxial surface, leaf diameter at midrib and cortex diameter are significant characters. Present study shows that leaf
anatomical features are of diagnostic importance. There is a close relationship between S. eremicana and S. lucida due
to the similarity in collenchymas present and midrib shape. S. commelinifolia and S. nurensis show similarity due to
absence of collenchymas. S. commelinifolia var. commelinifolia and S. commelinifolia var. ovatifolia inter-population
variation was observed. These two varieties have different midrib and vascular bundle shape.

Key words: leaf anatomy, Silene, population
1. Introduction

The genus Silene L. (Caryophyllaceae) is a very large genus of world-wide distribution, containing about 700
species which are mostly hermaphrodite, although a few species are dioecious or gynodioecious (Bari, 1973; Greuter,
1995). Silene species are mostly distributed throughout the northern hemisphere, Europe, Asia and northern parts of
Africa. annual, biennial, or perennial herbs with the basic chromosome number x = (10) 12. The section Auriculatae
(Boiss.) Schischkin is the largest section of the genus containing about 35 species, from which 21 species are endemic
to Iran (Melzheimer, 1980). The members of this section are caespitose mountainous plants with large flowers placed at
the end of short stems. Metcalfe and Chalk (1950) presented some anatomical features of Caryophyllaceae family
containing some minute details of Silene. Mentioned details were about stomata main type which recorded diacytic (few
records of anisocytic), glandular hairs and oxalate crystal presence. Diacytic type is a diagnostic feature in Pink family
(Sahreen et al., 2010). Jafari et al. (2008) used epidermis features in their taxonomic studies of Silene species in Iran.
Yildiz and Minareci (2008) recorded glandular hairs and stomata in both leaf sides in Silene urvillei. Sahreen et al.
(2010) studied leaf anatomical features of some Silene species in Pakistan. They found a great variation in leaf
epidermis features as shape and size of epidermal cells, hairs (glandular, eglandular, simple or multicellular) and
crystals (Shape and composition) which were of diagnostic value. Sahreen et al. (2010) recognized differences between
adaxial and abaxial leaf surface. Kili¢ (2009) studied leaf and stems anatomical structure of Silene species in Turkey
and found that cuticle thickness, hair types of epidermis, sclerenchyma layers, cortex and vascular bundle diameter
showed differences in studied taxa. In present study leaf anatomical structure of 18 accessions of four Silene species as:
S. commelinifolia <S. lucida <S. nurensis and S. eremicana are considered for the first time in Iran.

2. Materials and methods

18 populations of S. commelinifolia, S. lucida <S. nurensis and S. eremicana have been gathered from different
habitats in Iran and studied accordingly (Table 1). From each population three specimens were taken and three
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replications were used for each specimen. Vouchers are deposited in the Herbarium of Alzahra University (AUH).
Samples were taken from the middle part of the leaf blade. Leaf materials were prepared by hand-made cross sections
and double coloration by methyl green and Congo red. Photos were taken by a light microscope with an Olympus DP12
digital camera. The quantitative characteristics were measured by UTHSCSA Image tool, version 3.0 (2002). The
terminology of Cullen (1978) and Stearn (1983) was followed for the general outline of leaf cross section. Analysis of
variance (ANOVA) was applied to detect the significant differences in the studied characters of various species. To
reveal the species relationships, we used cluster analysis, principal component analysis (PCA) (Ingrouille, 1986) and
principal coordinate analysis (PCO). For multivariate analysis, the mean values of the quantitative characters were used,
while the qualitative characters were coded as binary/multi-state characters. Standardized variables were used for a
multivariate statistical analysis. The average taxonomic distances and squared Euclidean distances were used as dis-
similarity coefficient in the cluster analysis of anatomical data. In order to determine the most variable anatomical
characters among the studied species, a factor analysis based on the principal components analysis was performed. We
have used SPSS ver. 9 (1998) and PAST: PAleontological STatistics, ver. 2.17b (4.1MB) (2012) soft wares for statis-
tical analysis.

Table 1. Voucher details of studied Silene specie
Taxon Locality
S. commelinifolia var. ovatifolia Pyranshahr to Nagadeh, Gerdekashaneh, Likbin village, Kouhe Lande
sheikhan,36 41 7.5 N 45 26 27.1 E, 2400 m.

S. commelinifolia var. ovatifolia Tehran, Darakeh mountain, 3549 37.3 N 51 22 47.3 E, 1925 m.

S. commelinifolia var. ovatifolia West Azarbayejan, Urumiieh, Anhar, Marmisho, Solok, 37 29 0.33 N 44
45 0.22 E, 2327 m.

S. commelinifolia var. ovatifolia West Azarbayejan, Takab.

S. commelinifolia var. commelinifolia Mazandaran, Baladeh, Kamarbon, Gosfandsarai-e chai khaksar, 36 14 16.1

N 51 22 17.1E, 2852m.

S. commelinifolia var. commelinifolia Tehran, Haraz Road, Polur, 35 48 899 N 52 01 643 E, 2405 m.

S. commelinifolia var. commelinifolia Hamadan, Alisadr cave.

S. cf commelinifoli Ardebil, Km 30 Ardebil to Kivi, before Neor lake, 38 00 549 N 48 55 225
E, 2590 m.

S. cf commelinifolia East Azarbayejan, Sarab, Shaleghon village , Bozghoosh mt., 37 45 54 N
47 35 31 E, 2650-3000 m.

S. eremicana Hamadan, Alvand mountain, Ganjnameh, 34 43 475 N 48 25 039 E, 2800
m.

Silene lucida East Azarbayejan, Sarab, Shaleghon village , Bozghoosh mt., 37 45 54 N
47 35 31 E, 2650-3000 m.

S. lucida Guilan, Kelachai, Rahim Abad, Eshkevarat, Chakol, Boza kouh, 2800-3100
m.

S. lucida East Azarbayejan, Bostan Abad to Mianeh, km 75.

S. lucia Urumiyeh, Silvana, Khalilkouh, 37 22 44.5 N 44 48 3.8 E, 2594 m.

S. lucia Urumiyeh, Silvana, Khalilkouh.

S. cf commelinifolia Chaharmahal-o Bakhtiari, Farsan, Kuhrang, Zardkouh, 32 18 704 N 50 08
574 E, 3300-3400 m.

S. nurensis Chaharmahal-o Bakhtiari, Farsan, Kuhrang, Zardkouh, 32 18 704 N 50 08
574 E, 3300-3400 m.

S. nurensis Lurestan, Azna, Drreh tacht, Oshtorankouh, 33 20 473 N 49 20 347 E,
2680 m.

3. Results

In leaf cross section of S. commelinifolia var. commelinifolia accessions shape of abaxial midrib was dome-
shaped and shape of midrib vascular bundle was ellipsoid (Fig. 1 & 2). In Alisadr population there were higher hairs
densities in leaf cross sections. In S. commelinifolia var. ovatifolia populations abaxial leaf surface at midrib showed a
rounded shape with ellipsoid to round vascular bundle (Figs 3- 5). Kivi, Neor and Bozghoosh populations of S. cf
commelinifolia abaxial leaf surface at midrib was crenate with round vascular bundle (Fig 6). In S. commelinifolia there
was no collenchymas under epidermis. In Zardkouh population of S. nurensis abaxial shape of midrib is swollen (Fig.
11) but in Oshtorankouh population of same species the abaxial surface is smooth with long hairs (Fig. 10). Shape of
vascular bundle is round or ellipsoid in this species. In this species collenchyma was absent too. In S. eremicana abaxial
midrib surface and vascular bundle was round and collenchyma was present under epidermis (Fig. 7). In leaf cross
sections of S. lucida populations abaxial midrib shape is round or acute and midrib vascular bundle shape was ellipsoid
or round. Khalilkouh accession showed long hairs. All accessions of S. lucida had collenchyma under abaxial leaf
epidermis (Figs 8 & 9).
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Figure 1. leaf cross section in Alisadr population of S. commelinifolia var. commelinifolia. Lc: lower epidertmis,
U.C: upper epidermis, P.P.: palisade parenchyma, Ph: Phloem, X: Xylem, F: Fiber, b.s.: Bundle sheath, cr:
crystal, t: trichome
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Figure 2. leaf cross section in Mazandaran population of S. commelinifolia var. commelinifolia. Lc: lower
epidertmis, U.C: upper epidermis, P.P.: palisade parenchyma, Ph: Phloem, X: Xylem, F: Fiber, b.s.: Bundle
sheath, cr: crystal, t: trichome.
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Figure 3. leaf cross section in Marmisho population of S. commelinifolia var. ovatifolia. Lc: lower epidertmis,
U.C: upper epidermis, P.P.: palisade parenchyma, Ph: Phloem, X: Xylem, F: Fiber, b.s.: Bundle sheath, cr:
crystal, t: trichome.
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Figure 4. leaf cross section in Darakeh population of S. commelinifolia var. ovatifolia. Lc: lower epidertmis,
U.C: upper epidermis, P.P.: palisade parenchyma, Ph: Phloem, X: Xylem, F: Fiber, b.s.: Bundle sheath, cr:
crystal, t: trichome.

Figure 5. leaf cross section in Pyranshahr- Lande sheikhan population of S. commelinifolia var. ovatifolia. Lc:
lower epidertmis, U.C: upper epidermis, P.P.: palisade parenchyma, Ph: Phloem, X: Xylem, F: Fiber, b.s.:
Bundle sheath, cr: crystal, t: trichome.
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Figure 6. leaf cross section in Sarab- Bozghoosh population of S. cf commelinifolia Lc: lower epidertmis, U.C:
upper epidermis, P.P.: palisade parenchyma, Ph: Phloem, X: Xylem, F: Fiber, b.s.: Bundle sheath, cr: crystal, t:
trichome.

Figure 7. leaf cross section in Alvand population of S. eremicana Lc: lower epidertmis, U.C: upper epidermis,
P.P.: palisade parenchyma, Ph: Phloem, X: Xylem, F: Fiber, b.s.: Bundle sheath, cr: crystal, t: trichome, c:
collenchyma.
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Figure 8. leaf cross section in Sarab- Bozghoosh population of S. Lucida Lc: lower epidertmis, U.C: upper
epidermis, P.P.: palisade parenchyma, Ph: Phloem, X: Xylem, F: Fiber, b.s.: Bundle sheath, cr: crystal, t:

trichome, c: collenchyma.
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Figure 9. leaf cross section in Khalilkouh population of S.lucida Lc: lower epidertmis, U.C: upper epidermis,
P.P.: palisade parenchyma, Ph: Phloem, X: Xylem, F: Fiber, b.s.: Bundle sheath, cr: crystal, t: trichome, c:
collenchyma.
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Figure 10. leaf cross section in Oshtorankouh population of S. cf commelinifolia Lc: lower epidertmis, U.C:
upper epidermis, P.P.: palisade parenchyma, Ph: Phloem, X: Xylem, F: Fiber, b.s.: Bundle sheath, cr: crystal, t:
trichome.
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Figure 11. leaf cross section in Zardkouh population of S. nurensis Lc: lower epidertmis, U.C: upper epidermis,
P.P.: palisade parenchyma, Ph: Phloem, X: Xylem, F: Fiber, b.s.: Bundle sheath, cr: crystal, t: trichome.

In order to clarify the species and accessions relationships, cluster analysis by WARD method (Minimum
Variance Spherical Cluster) and UPGMA (Unweighted Paired Group With Average Method) were used. To define the
most variable character between species and populations Factor analysis was used. Results were plotted by Principle
component analysis (PCA) and Principal coordinates analysis (PCO). In UPGMA dendrogram (Figure 12) there are two
clusters; main cluster is divided in two subsets. Alvand population of S. eremicana and Bozghoosh (luc2), Khalilkouh
(lucd) and Guilan (lucl) populations of S. lucida are grouped in first subset. Second cluster composed of Mazandaran
(Comb), Haraz (Com 6) of S. Commelinifolia var. commelinifolia and Oshtorankouh (nur4) Population of S. cf
commelinifolia, Zardkouhl (nur 1) and Zardkouh2 (nur 2) of S. nurensis, Marmisho population (Com10), Darakeh
(Com11), Takab (Com 13) from S. commelinifolia var ovatifolia, Kivi (Coml), Bozghooh(Com3) from S. cf
commelinifolia and two populations of Landesheikhan (com14) of S. commelinifolia var ovatifolia and Alisadr cave
(Com 8) from S. commelinifolia var. commelinifolia which is somehow far from other populations.Cluster analysis by
WARD method is in concordant with UPGMA results (Fig 12). In order to study and define the most variable
characters in studied populations' factor analysis was conducted. Four first factors revealed 90.56% of total variation.
PCA diagram revealed population relationships based on two coordinates. In first factor with 34.98% of total variation
shape of vascular bundle and collenchymas presence show highest correlation(>0.7). In second factor with 23.4% of
total variation leaf width in midrib and cortex diameter show the highest correlation (>0.7). in third factor with 16.72%
of observed variation, midrib shape has the highest correlation. In fourth factor with 15.46% of variation hair density is
most important feature. Dendrogram of cluster analysis is agreed with PCA and PCO graphs (Fig 13).

4, Conclusions

Leaf anatomical study in S. commelinifolia, S. eremicana, S. lucida, S. nurensis is presented here for the first
time. Results of present study showed that selected features are of taxonomic importance in species and varieties
delimitations. There is a close relationship between S. eremicana and S. lucida due to the similarity in collenchymas
present and midrib shape. Between S. commelinifolia and S. nurensis is a similarity due to absence of collenchymas.
Midrib shape, shape of vascular bundle and some other qualitative features show a little variation. S. commelinifolia
var. commelinifolia and S. commelinifolia var. ovatifolia inter-population variation was observed. These two varieties
have different midrib and vascular bundle shape. These features with collenchymas condition, width of leaf at midrib,
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cortex diameter and hair density are of diagnostic importance in Silene species. These results are in concordant with
Kili¢ (2009) and Jafari et al. (2008) findings for other species of this genus.
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Figure 12. Dendrogram of cluster analysis by UPGMA method, based on leaf cross section. S. nurensis(nurl: Zardkouhl, nur2:
ZardKouh2), S. commelinifolia (Coml: Kivi, Com5: Mazandaran, Com6: Haraz, Com8: Alisadr cave, Com10: Marmisho,
Com11:Darakeh9l, Com13: Takab, Com14: Pyranshahr- Landesheikhan), S. cf commelinifolia (nur4: Oshtorankouh, com3: Sarab-
Bozghoosh S. lucida (lucl: Guilan, luc2: Bozghoosh, luc4: Khalilkouhl), S. eremicana (ere: Alvand population)
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Figure 13. PCO diagram based on leaf cross section. S. nurensis(nurl: Zardkouhl, nur2: ZardKouh2), S. commelinifolia
(Com1: Kivi, Com5: Mazandaran, Com6: Haraz, Com8: Alisadr cave, Com10: Marmisho, Com11:Darakeh91, Com13:
Takab, Com14: Pyranshahr- Landesheikhan), S. cf commelinifolia (nur4: Oshtorankouh, com3: Sarab- Bozghoosh S.
lucida (lucl: Guilan, luc2: Bozghoosh, luc4: Khalilkouhl), S. eremicana (ere: Alvand population).
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Abstract

The experiment was carried out in two vegetation seasons, years of 2009/10 and 2010/11. The main purpose of
the study was to investigate the effects of potassium (K) doses (a control-0, 25, 50 and 75 kg ha*) on grain yield, K-use
efficiency, K-uptake efficiency and K-utilization efficiency of some bread wheat cultivars (Gerek-79, Giin-91,
Harmankaya, Altay-2000, Yildiz and Sultan) under the semi-arid climatic conditions. The experiment was set up
according to a randomized complete block design in a split-plot arrangement with three replicates, where potassium
doses were main plots while the wheat cultivars were in subplots split within main plots. Of the wheat cultivars, the
highest grain yield, the highest K-use efficiency and the highest K-utilization efficiency were obtained from Altay-2000
in both 2009/10 and 2010/11, the highest K-uptake efficiency from the Sultan during 2009/10 and Gerek-79 during
2010/11. Of the potassium doses, while the highest grain yield, the highest K-use efficiency and the highest K-
utilization efficiency were determined from the 50 and 75 kg ha* K doses, the highest K-uptake efficiency was obtained
from the 25 kg ha K dose in both 2009/10 and 2010/11.

The effect of the cultivars x K dose interactions on grain yield, K-use efficiency, K-uptake efficiency and K-
utilization efficiency of wheat were statistically (p<0.05 and p<0.01) significant in the both years. Of the interactions
between the wheat cultivars and the K doses, the highest grain yield (3347 kg ha* in 2009/10 and 3509 kg ha in
2010/11) and the highest K-use efficiency (33.4% in 2009/10 and 35.1% in 2010/11) were determined from the 50 kg
hal K in Altay-2000. The highest K uptake was obtained from the 25 kg ha* K in Sultan cultivar (76.2%) during
2009/10 and the 25 kg ha K in Giin-91 (71.1%) during 2010/11. The highest K-utilization efficiency was determined
from the 75 kg ha K in Sultan cultivar (105.3% and 107.5%, respectively) in both years.

Key words: wheat, grain yield, potassium, K-use efficiency.

*

Bazi ekmeklik bugday cesitlerinin potasyum kullanim etkinliligi

Ozet

Deneme 2009/10 ve 2010/11 yillarinda iki vejetasyon déneminde yiirttiilmiistiir. Calismanin amact yar1 kurak
iklim kosullarinda bazi ekmeklik bugday cesitlerinin tane verimi, K-kullanim etkinligi, K-alim etkinligi ve K’dan
yararlanma etkinligine potasyum (K) dozlarmin (kontrol-0, 25, 50 ve 75 kg/ha) etkisini arasgtirma amaciyla
yiriitiilmistiir. Deneme tesadiif bloklarinda boliinmiis parseller deneme desenine gore 3 tekerriirlii olarak, ana parsellere
potasyum dozlar1 ve ana parselleri icerindeki alt parsellere bugday cesitleri gelecek sekilde kurulmustur. Bugday
gesitleri arasinda hem 2009/10°da hem de 2010/11°de en yiiksek tane verimi, K-kullanim etkinligi ve K’dan yararlanma
etkinligi Altay-2000 ¢esidinden, en yiiksek K-alim etkinligi Sultan g¢esidinden elde edilmistir. Potasyum dozlari
arasinda, hem 2009/10°da hem de 2010/11’de en yiiksek tane verimi, K-kullanim etkinligi ve K’dan yararlanma
etkinligi 50 ve 75 kg/ha K dozlarindan, en yiliksek K-alim etkinligi 25 kg/ha K dozunda tespit edilmistir.

Cesit x K dozu interaksiyonunun bugdayin tane verimi, K-kullanim etkinligi, K-alim etkinligi ve K’ dan
yararlanma etkinligi lizerine etkisi her iki yilda da istatistiksel olarak (p<0.05 ve p<0.01) 6nemli olmustur. Cesit ve K
dozu interaksiyonunda, en yiiksek tane verimi (2009/10° da 3347 kg/ha ve 2010/11° de 3509 kg/ha) ve en yiliksek K-
kullanim etkinligi (2009/10* da %33.4 ve 2010/11” de %35.1) 50 kg/ha K dozu x Altay-2000 interaksiyonunda
belirlenmistir. En yiiksek K-alim etkinligi 2009/10 da 25 kg/ha K dozunda Sultan-91 c¢esidinde (%76.2), 2010/11 de
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ayni K dozunda Giin-91 g¢esidinden (%71.1) elde edilmistir. En yiiksek K’dan yararlanma etkinligi her iki yilda da 75
kg/ha K dozu x Sultan g¢esidi interaksiyonunda (sirasiyla, %105.3 ve %107.5) tespit edilmistir.

Anahtar kelimeler: bugday, tane verimi, potasyum, K- kullanim etkinligi
1. Introduction

Potassium (K) is one of the macro elements required for plants. There are significant functions at plant tissues
of K such as regulate the osmotic pressure of plant cells (Makhdum et al., 2007), promoting enzyme activation in plants,
improving efficiency of photosynthesis and transport of assimilated products (Lin, 2010). K plays important roles at
resistance to disease of plants, reduces fungal and pathogenic populations in the soil (Fageria et al., 2001). K affects the
transport of water, nutrients and sugars, it also increases protein content of plants, maintains turgor, water loss and
wilting. K increases root growth, improves drought and cold resistance, reduces lodging, affects the harvest time,
improves the availability of nitrogen, and increases the yield and the quality in the crop plants (Kacar and Katkat,
1988). According to Saurbeck and Helal (1990) efficient use of nutrition is plant yield per unit of nutrient supply.
Nutrient use efficiency comprises uptake efficiency and utilization efficiency (George et al., 2002). Uptake efficiency is
expressed as the total nutrition content in plants per unit surface area. On the other hand, utilization efficiency is defined
as dry matter production per unit potassium in the dry matter (Dessougi et al., 2002). Uptake efficiency is nutrient
uptake relative and supply, and utilization efficiency represents plant yield to nutrient uptake (George et al., 2002). K
use efficiency is largely depends to genetic potential and physiological mechanisms (Yang et al., 2003). Nutrient
efficient genotypes are important in modern agriculture because they can produce greater yields on soils where the
effectiveness nutrient (Rengel and Marschner, 2005). Breeding new nutrient-efficient genotypes adapted to low nutrient
environments that would reduce land degradation by reducing the use of machinery and minimizing application of
chemicals on agricultural land (Thonghbai et al., 1993).

Taking previous studies conducted years before as reference, it is believed that Turkey’s soils are generally
sufficient in terms of potassium and this belief continues even today (Kacar and Katkat, 1988). Soil is a dynamic
structure and is significantly affected from climate conditions and agricultural practices. Agriculture techniques such as
irrigation, cultivars, tillage systems, seeds quality, weed and pesticides control has changed from the past to the present
day. The available amount of K is often insufficient in soils contrary to what is believed and in order to maintain soil
productivity must be supplied as fertilizers (Saurbeck and Helal, 1990; Kacar and Katkat, 1988; Ibrahim et al., 2012).
The aim of the study was to determine the effects of different K doses on the grain yield, K-use efficiency, K-uptake
efficiency and K-utilization efficiency of some bread wheat cultivars under semi-arid climatic conditions..

2. Materials and methods
2.1. Materials

The experiment was conducted during the growing seasons of 2009/2010 and 2010/2011 at the Experimental Station of
Faculty of Agriculture in Siileyman Demirel University, Isparta, Turkey. In the study, proposed bread wheat cultivars
(Gerek-79, Giin-91, Harmankaya, Altay-2000, Yildiz and Sultan) for the semi-arid climatic conditions by the breeder
institution were used.

2.2. Methods

The experiment land, one-year fallow field, was plowed, cultivated and then prepared for planting with a single

pass of a disk-harrow. Sowing was made on 15" and 18" October (autumn) in 2009/2010 and 2010/2011, respectively.
Distance between rows was 17 cm and intra row spaces were 5 cm. Each subplot area was 10.8 m? (8 m x 1.36 m) and
consisted of 8 rows. Seeds were sown at 3-4 cm depth using a parcel sowing machine.
Soil N, P and K were analyzed before planting. Nitrogen and phosphorus fertilizers were applied at a rate of 80 kg ha™*
and 60 kg ha* in the form of ammonium sulphate and P,Qs, respectively. The total quantity of phosphorus was applied
at the time of sowing. Total nitrogen fertilization was applied in two equal doses at the time of seed sowing and tillering
stage. In the experiment, four potassium (K.O) doses (a control-0, 25, 50 and 75 kg ha*) were applied at the time of
sowing. Potassium doses and wheat cultivars were arranged according to a Randomized Complete Block Design by a
split-plot arrangement with three replicates. Potassium doses were main plots, and the wheat cultivars were in subplots
split within the main blocks.

The experiment was conducted in the semi-arid climatic conditions of Isparta, in Turkey. Regular cultural
practices were kept for all treatments. The experiments were non-irrigated at any growing stage. When the kernel
moisture was about 14-15%, plants from 6 rows in the center of each plot were harvested manually and were threshed
with threshing machine. Grain yield, K-use, K- uptake and K-utilization efficiency were determined in the following
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ways: Grain yield was calculated by multiplying by 10000/plot sizes (m?). K content was analyzed using a Flame
Emission Spectrophotetry.
The following K-efficiency parameters were calculated for each treatment (Manske et al., 2001):

K-use efficiency = Kt x Grain yield (kg hat) / Kt

K-uptake efficiency = Kt / applied K (kg ha)

K-utilization efficiency = Grain yield (kg ha!) / K uptake

Kt =Kg+Ks

Kg = Grain K content (%) x Grain yield (kg ha?)

Ks= Total aboveground plant K (%) x Dry matter weight (kg ha)

All the data were analyzed according to the analysis of variance (ANOVA) using SAS Statistical Package
Program, the significant differences between the group means were separated by a DUNCAN test.

2.3. Climatic data of the experimental area

Meteorological data for the growing seasons are shown in Table 1. The long-term annual mean temperature,
relative humidity, total annual precipitation, wind speed and sunshine duration per day in the area were 10.2 °C, 55%,
477.7 mm, 2.4 m s and 7.6 h, respectively. During the vegetative periods (from October to July) in 2009/10 and in
2010/11 an average temperature of 12.1 and 11.3 °C, total precipitation of 530.3 and 526.1 mm were recorded,
respectively. Meteorological data of wheat growing seasons were higher compared to long-term meteorological data.

Table 1. Climatic data of the experimental region (2009-2011 growing seasons)*

Years Oct. Nov. Dec. Jan. Feb. Mar.  Apr. May  June  July
Mean/Total
Mean 2009/10 151 75 5.7 4.3 5.6 8.6 115 165 219 244 121
Temperatu 2010/11 127 108 6.8 2.9 3.7 6.3 103 144 198 250 113
re Long term 10.2

128 6.9 3.0 1.7 2.6 5.9 105 155 201 234

2009/10 181 516 686 680 1068 332 470 324 645 401 5303
Precipitati  2010/11 79.1 136 842 346 518 504 547 431 622 524 526.1

?r%m) Longterm a0 515 709 642 549 528 588 460 27.8 128 477

*Records of the Meteorology Station, Isparta

(6O)

2.4. Soil structure

Soil at a depth of 60 cm was sampled before the experiment and subjected to a physicochemical analysis. The
soil was low in nitrogen (1.3 kg NH4* ha'), P,Os (20.5 kg ha') and KO (2.4 kg ha). The soil was alkaline (pH: 7.9)
and limy (1.3 CaCO3%).

3. Results

The results belong to effects of potassium doses on grain yield, K-use, uptake and utilization efficiency of
bread wheat cultivars are shown in Table 2. The effects of the potassium doses on the grain yield, K-use, uptake and
utilization efficiency of wheat cultivars were significant found for both years. No significant differences between two
subsequent years in grain yield, K-use and uptake were found. K utilization efficiency of wheat cultivars were
significant (P<0.05) found between two subsequent years. The mean K utilization efficiency of the second year was
higher than those of fist year (Table 2).

Of the wheat cultivars, the highest grain yield (2910 and 2989 kg ha'?, respectively), the highest KUE (29.1 and
29.5%, respectively) were obtained from Altay-2000 in both subsequent years (2009/10 and 2010/11). The highest K-
uptake was attained from Sultan (54.5%) during 2009/10 and Gerek-79 (50.1%) during 2010/11. The highest K-
utilization efficiency was determined in Altay-2000 (69.1%) during 2009/10 and Sultan (78.6%) during 2010/11. Of the
potassium doses, the highest grain yield (3133 and 3145 kg ha’, respectively), the highest KUE (31.3 and 31.5%,
respectively) and the highest K-utilization (93.8 and 95.9%, respectively) were determined from the 75 kg ha* K in the
both years. The highest K-uptake was obtained from 25 kg ha! potassium dose (68.2 and 67.5%, respectively) in both
2009/10 and 2010/11. The grain yield, K-use and utilization decreased in the low potassium practices in both 2009/10
and 2010/11. Of the interactions of cultivar by potassium doses, the highest grain yield (3347 and 3509 kg ha*,
respectively), the highest K-use efficiency (33.4 and 35.1%, respectively) were obtained from the 50 kg ha* K in Altay-
2000 in 2009/10 and 2010/11. The highest K uptake was obtained from the 25 kg ha* K in Sultan cultivar (76.2%) in
2009/10 and Giin-91 (71.1%) in 2010/11. The highest K-utilization efficiency (105.3 and 107.5%, respectively) was
determined from the 75 kg ha! K in Sultan cultivar in both years (Table 2). In generally, higher grain yield, K-use and
utilization efficiency in all wheat cultivars were obtained by increasing of potassium doses.
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Table 2. Effect of potassium doses on grain yield (kg ha*), K use efficiency (%), K uptake efficiency (%) and K Utilization
Efficiency (%) of wheat
K doses Grain yield K use efficiency
(kgha')  Cultivars  2009-10 ~ 2010-11  2009-10  2010-11
Gerek-79 2480fg** 2379 h**  24.8gh** 23.8e*
Giin-91 2441 fg 2348 h 24.4 gh 235e
Harmankaya 2329¢g 2334 h 23.3h 23.3e

0 Altay-2000 2434 fg 2424 gh 24.3 gh 24.2 de
Yildiz 23909 2462 fgh 23.9h 24.6 de
Sultan 2447 fg 2479fgh  24.5¢h 24.8 de K uptake efficiency K utilization efficiency
2009-10 2010-11  2009-10  2010-11
Gerek-79 2587efg 2486fgh  25.9e-h 24.9de 62.0cd* 69.4 a* 41.7F%* 36.1f**
Giin-91 2614 d-g 2488 fgh 26.1d-h 24.8 de 70.1ab 71.1a 37.5f 35.1f
25 Harmankaya 2569efg 2441 gh 25.7e-h 24.4 de 729a 67.8a 35.3f 36.2f
Altay-2000 2540efg  2517e-h  25.3fgh 25.2cde  64.5bc 65.7 a 39.4f 38.7f
Yildiz 239749 2425gh 24.0h 24.3de 63.5 bc 65.8a 37.7f 369f
Sultan 2557efg  2452fgh  25.5e-h 24.5de 76.2a 65.6 a 33.7f 37.4f
Gerek-79 2927b-e  2893cde 29.3b-e 28.9b-e 445¢e 44.8b 66.1 de 64.7¢
Giin-91 2887b-e  2784d-g 28.8b-f 27.9b-e 439¢e 41.4bc 65.9 de 67.9 de
50 Harmankaya 2809 c-f 3081 bcd 28.1cg 33.5ab 41.7 ef 41.5bc 67.4 de 73.9 de
Altay-2000 3347 a 3509 a 33.4a 35.1a 47.7¢ 46.5b 70.1d 76.5d
Yildiz 3204 ab 3142a-d 32.0ab 3l.4ab 48.0¢ 41.3bc 66.5 de 76.7d
Sultan 3260 ab 3326 ab 32.6ab 33.2ab 56.7d 36.7 cd 58.0e 90.9 bc
Gerek-79 3074abc  3170a-d  30.7 abc 31.7 ab 36.1 fg 36.0 cd 85.1¢c 88.1c
Giin-91 2979a-d  3121bcd 29.8ad 31.2abc  35.7fg 34.9cd 83.4c 89.5¢
75 Harmankaya 3038abc  3025bcd  30.4abc 30.3a-d 33.8¢g 31.4d 89.0 bc 96.4 bc
Altay-2000 3318 a 3504 a 33.2a 33.5ab 3399 34.8cd 98.0ab 100.8ab
Yildiz 3170abc  2830def  31.7abc 28.3b-e 31.3¢g 30.3d 102.4 a 93.1bc
Sultan 3217 ab 3213abc  32.1ab 32.1ab 30.7¢g 29.9d 105.3a 1075a
Years 2793 2785 27.9 27.8 49.6 474 65.6b 69.2a
0 2421 b**  2404b**  24.2b** 24.0b**
25 2544 b 2468 b 25.4b 24.6b 68.2a** 67.5a** 37.5¢** 36.7c**
K doses 50 3072a 3123a 30.7a 3l4a 47.1b 42.0b 65.6b 75.1b
75 3133a 3145a 31.3a 3l5a 33.6¢C 329¢c 93.8a 959a

Gerek-79 2767ab**  2732b**  27.7ab**  27.3ab* 47.5b* 50.1a** 64.3b** 62.9c**
Giin-91 2731ab 2688 b 27.3ab 26.9b 499b 49.1ab 62.3¢ 64.1 be
Cultivars Harmankaya 2686 b 2721b 26.9b 27.9ab 495b 46.9abc  63.9bc 68.8 bc
Altay-2000 2910a 2989 a 29.1a 295a 48.7b 49.0ab 69.1a 72.0ab

Yildiz 2790 ab 2715Db 27.9ab 27.1ab 47.6Db 45.8 be 68.8 a 68.9 bc
Sultan 2871 ab 2867ab 28.7 ab 28.7 ab 545a 441c 65.7b 78.6a
CV (%) value 8.45 8.34 8.23 6.88 7.99 9.51 10.59 9.19

*, **: significant at P<0.05 and P<0.01 probability levels, respectively
Means in the same columns followed by the same letters are not significantly different as statistically

4, Conclusions

Potassium nutrient is very much significant in plant production as cell division, photosynthesis formation of
carbohydrates and mineral nutrition. On the other hand, using of excessive synthetic and chemical manure in modern
agriculture in spoil of soil component, pollution of environmental and resides in the plants. Nutrient use efficiency is
increase in plants when proper choosing and application of variety, manure type, application time and amount, climate,
soil structure, irrigation, rotation and plant growing regulate. Therefore, the improvement of nutrient efficiency in crops
is important due to for reducing cost in agricultural production, healthy foods and protecting the environment (George
and Zhou, 2002). This study, conducted with the objective to investigate the effects of different K doses on grain yield,
potassium use, uptake and utilization efficiency of some bread wheat genotypes. Effect of the potassium doses on the grain
yield, K-use, uptake and utilization efficiency of wheat cultivars were significant found for both years. The grain yield, K-use
and utilization efficiency were higher by increasing of potassium doses. However, between 50 and 75 kg ha on grain yield,
K-use and utilization efficiency were not statistically significantly different from at the P<0.01 level on the basis of the
DUNCAN test. K uptake was reduced by increasing of potassium doses. Mengel (1992) stated that nutrient use efficiency
decreases with increment in fertilizer nutrient addition.
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Significant differences in grain yield, K-use, uptake and utilization efficiency of wheat cultivars were observed. The
grain yield, K-use, uptake and utilization efficiency varied between 2686-2910 kg ha?, 26.9-29.1%, 47.5-54.5%, 62.3-69.1%
during 2009/10 and 2688-2989 kg ha™, 26.9-29.5%, 44.1-50.1%, 62.9-78.6% during 2010/11, respectively. The Altay-2000
and Sultan cultivars had higher grain yield, K-use and utilization efficiency as compare to the others cultivar. Differences in
grain yield and nutrient use efficiency among the cultivars might result from the genetic structures of variety, root lengths
(Dessougi et al., 2002), absorption of ion, ecological factors, management practices (Bellidoa et al., 2005). Zhang et al. (1999)
reported that K use efficiency in wheat varied depending on genotypic. Similar studies on genotypic differences in grain yield
and K use, utilization and uptake were studied by many workers in different crops (Swaider et al., 1994). Significant variation
in K utilization efficiency was reported among genotypes for a number of crop species, including wheat (Zhang et al., 1999;
Damon and Rengel, 2007). George et al. (2002) stated that K utilization efficiency was correlated with total plant biomass and
root yield. Nutrient use in plants is largely due to variation in the utilization of accumulated nutrient before anthesis,
especially under low nutrient supply (Moll et al., 1982). Nutrient-efficient genotypes are important in modern agriculture
because they can produce greater yields on soils where the effectiveness of fertilizers may be limited by chemical and
biological reactions, topsoil drying and subsoil constraints (Rengel and Marschner, 2005).

The results obtained from present study indicated that K doses had significant effects on grain yield, K-use, uptake
and utilization efficiency of wheat cultivars. The grain yield, K-use and utilization efficiency were higher by increasing of
potassium doses. K uptake was reduced by increasing of potassium doses. The highest grain yield, K-use and utilization
efficiency were obtained from 50-75 kg ha K dose. The highest K-uptake was obtained from 25 kg ha® K dose. The Altay-
2000 and Sultan cultivars had higher grain yield, K-use and utilization efficiency as compare to the others cultivar.

Based on the results of the research: 1- K nutrient should be applied 50 kg ha to the wheat because the differences
between 50 kg ha! and 75 kg ha! K doses were not statistically significant, 2- we could recommend Altay-2000 and Sultan
cultivars in Isparta’s ecological conditions and similar ecological regions because of the higher grain yield, K-use and
utilization efficiency.
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Abstract

In this study contributions on taxonomy of Ornithogalum taxa in recent years were given. The
micromorphological characters of seed surfaces of Ornithogalum fimbriatum Willd. and Ornithogalum refractum Kit et
Schlecht. were scanned by scanning electron microscope and were given for the first time. The outer periclinal walls
were flat with smooth surface and there were intense fibrous pattern in Ornithogalum fimbriatum and Ornithogalum
refractum. The cells of testa were mostly rectangular shape in Ornithogalum refractum while square or weakly curved
similar to square shape in Ornithogalum fimbriatum.

Key words: morphology, Ornithogalum, seed, SEM, Turkey

*

Tiirkiye’de Ornithogalum refractum ve Ornithogalum fimbriatum (Hyacinthaceae)’un tohum mikromorfolojisi

Ozet

Bu calismada, son yillardaki Ornithogalum taksonlarmnin taksonomisi iizerinde katkilar verilmistir.
Ornithogalum fimbriatum Willd. ve Ornithogalum refractum Kit et Schlecht.’in tohum yiizeylerinin mikromorfolojik
karakterleri scanning elektron mikroskobu ile taranmistir ve ilk defa verilmistir. Ornithogalum fimbriatum ve
Ornithogalum refractum testa hiicrelerin dis yan ¢eperleri diiz ve diiz yiizeyli ve yogun fibrilli yapilara sahiptir. Testa
hiicreleri ¢ogunlukla Ornithogalum refractum’da dikdortgenimsi sekilliyken, Ornithogalum fimbriatum. ‘da ise kare
sekilli veya hafifce kivrimli kareye benzer sekillidir.

Anahtar kelimeler: morfoloji, Ornithogalum, SEM, Tiirkiye, tohum
1. Introduction

Hyacinthaceae family comprises of about 41-70 genera and 770-1000 species (Stevens, 2001). Hyacinthaceae
include bulbous plants which are mainly distributed through Europe, Africa and south-west Asia, with a single small
genus in South America (APG IlI, 2003). The taxonomic arrangement within subfamily Ornithogaloideae
(Hyacinthaceae) has been a matter of controversy in recent decades, several new taxonomic treatments have been
proposed, based exclusively on plastid DNA sequences, and these have resulted in classifications which are to a great
extent contradictory. Some authors have recognized only a single genus Ornithogalum for the whole subfamily,
including 250-300 species of variable morphology, whereas others have recognized many genera (Martinez-Azorin et
al., 2011). Ornithogaloideae are distributed through Europe, south-west Asia and Africa and include about 280 species
(Speta, 1998a). The definition of genera and the assignment of species to genera within this subfamily have troubled
taxonomists since Linnaeus (Stedje, 2001a, b) and there has been a great controversy concerning generic treatments.
Speta (1998a) in a study of Ornithogaloideae recognized 13 genera: Stellarioides Medik., Coilonox Raf., Albuca L.,
Pseudogaltonia Kuntze, Dipcadi Medik., Galtonia Decne., Zahariadia Speta, Melomphis Raf., Cathissa Salisb.,
Eliokarmos Raf., Loncomelos Raf., Honorius Gray and Ornithogalum L. In the study of Martinez-Azorin et al. (2011)
on the basis of the phylogenetic analyses, 19 monophyletic genera were accepted within Ornithogaloideae: Albuca L.,
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Avonsera (Speta) J.C. Manning & Goldblatt, Battandiera Maire, Cathissa (Salisb.) Baker, Coilonox Raf., Dipcadi
Medik., Eliokarmos Raf.,, Elsiea F.M. Leight, Ethesia Raf., Galtonia Decne., Honorius Gray, Loncomelos Raf.,,
Melomphis Raf, Neopatersonia Schonland, Nicipe Raf., Ornithogalum L., Pseudogaltonia Kuntze, Stellarioides Medik.
and Trimelopter Raf. The most informative phylogenetically characters correspond namely to the colour and presence
of a band on tepals, capsule shape, seed morphology and seed disposition in the capsule locules (Martinez-Azorin et al.,
2011). The genus, Ornithogalum was widely grown in Africa, Mediterrenean, Europa and Asia naturally and contains
nearly 150 species all of the world (Petanidou & Vujic, 2007). Fourty four species has been represented in Turkey and
17 species of them are endemic (Cullen, 1984; Ekim, Koyuncu, Vural, Duman, Aytag & Adigiizel, 2000; Diisen &
Deniz, 2005; Uysal, Ertugrul & Dural, 2005). Ornithogalum species is an impressive ornamental plant due to its
attractive white flowers and used as medicinal plants (Asimgil, 2003). They have commercial importance in the cut
flower industry. O. pyrenaicum L. or Loncomelos pyrenaicus (L.) L.D. Hrouda ex J. Holub, O. narbonense L. or
Loncomelos narbonense (L.) Raf. and O. sigmoideum Freyn & Sint. have potentially an economic importance since it is
consumed as vegetable in Turkey (Baytop, 1997).

Anatolia is an important distribution area for Ornithogalum in Asia. These plants are also distributed in the
Balkan Peninsula (Zahariadi, 1980). According to the Flora of Greece and Balkans (Polunin, 1987) there are about 26
often similar-looking species in the Balkans area, 6 of which are endemic plants.

Since the first revision of Ornithogalum for the Flora of Turkey, 31 taxa have been added to the known species
and the number of species increased to 55 in Turkey, together with recent additions (Cullen, 1984; Davis et al., 1988a;
Speta, 2000a, 2000b; Ozhatay, 2000; Diisen & Siimbiil, 2002, 2003; Diisen & Deniz, 2005; Uysal et al., 2005; Ozhatay
& Kiiltiir, 2006; Dalgig et al., 2006; Varol, 2008; Bagci et al., 2009; Yildirimli, 2009; Koca & Yildirimli, 2010; Ozhatay
et al., 2011; Bager et al., 2011; Mutlu & Karakus, 2012). The genus is represented in European Turkey by 14 species
Cullen, 1984; Davis et al., 1988a; Dalgig, 1990; Dalgic et al., 2009).

Many taxonomic surveys showed the importance of micro- and macro morphological studies of seeds in plant
systematics (Duran et al., 2010). Morphology of seeds is rather diverse in Hyacinthaceae. Seed characteristics have
been shown to be useful for subfamilial delimitation (Speta, 1998b) and generic grouping (Jessop, 1975). According to
Speta (1998b) seeds in subfamily Ornithogaloideae are flattened and angled. Seed micromorphology of some species of
the genus Ornithogalum from East Africa was described (Stedje & Nordal, 1984). In addition to this,
micromorphological characters of the seeds of O. oligophyllum E. D. Clarke, O. wiademannii Boiss., O. sigmoideum
Freyn & Sint., O. orthophyllum Ten. and O. armeniacum Baker were determined (Coskungelebi et al., 2000). Recently,
seed morphology of O. boucheanum Asch., O. nutans L., O. pyrenaicum L. or (L. pyrenaicus), and O. umbellatum L.
and O. narbonense L. or (L. narbonense) were observed using stereoscope and scanning electron microscope (Bednorz
& Czarna, 2008). Micromorphology of seeds of Ornithogalum (Hyacinthaceae) in North Africa were examined by SEM
(Moret et al., 2008). However, there is no study on O. fimbriatum Willd. and O. refractum Kit. ex Schlecht about their
seed morphology examined by SEM. This paper aims to investigate the micromorphological characters of the seeds
belonging O. fimbriatum and O. refractum, distributed in European Turkey.

2. Materials and methods

All examinations were carried out on fully developed dry seeds. O. fimbriatum was collected from Kirklareli
while O. refractum was collected from Edirne in European Turkey. Twenty seeds of each species were mounted on
aluminum stubs with “Leit-Tabs” and coated with gold in an Agar sputter coater. Electron micrographs were obtained
with a LEO 435 VP scanning electron microscope at an accelerating voltage of 15 kV. The terminology describing the
seed surface followed mainly Barthlott (Barthlott, 1981; 1984). Seed surfaces were photographed at 150 or 82x
magnification for general view of seeds, 500x magnification to see seed surfaces with morphological details.

3. Results

In this study, the micromorphological characters of the seed outer surface of two Ornithogalum species
collected from European Turkey were examined by SEM. The micromorphological features of the seeds as seen in
figures (Figs. 1, 2) including micrographs provided an additional source of characters for the separation of the examined
species. Seed coats of O. fimbriatum and, O. refractum showed net-like cell arrangement and alveolate primary
sculpture. The cells of testa were nearly isodiametric, tetragonal pentagonal or hexagonal, 200 um in diameter in O.
refractum and 50-100 um in O. fimbriatum (Figs. 1, 2). The anticlinal walls were strongly curved and raised distinctly
in O. fimbriatum and O. refractum (Figs. 1, 2). The outer periclinal walls were flat with smooth surface and there were
intense fibrous pattern in O. fimbriatum and in O. refractum (Figs. 1, 2).

4, Conclusions

According to the investigations of Martinez-Azorin et al. (2010a, 2010b, 2011) that made for phlogenetics of
Ornithogaloideae there were Loncomelos, Melomphis, Ornithogalum and Honorius clades. O. narbonense L. was
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represented as Loncomelos narbonense (L.) Speta and O. pyrenaicum L. was represented as Loncomelos pyrenaicus (L.)
L.D. Hrouda ex Holub in the study (Martinez-Azorin et al., 2011).

As in previously described species of Ornithogalum, distinctions in seed surface features were observed.
Micromorphological characters of the seeds belonging O. sigmoideum and O. armeniacum were nearly similar to each
other. However, distinct diferences were found among the O. pyrenicum (L. pyrenaicus), O. narbonense (L.
narbonense) and the other examined seed surfaces (Stedje & Nordal, 1984; Coskungelebi et al., 2000; Bednorz &
Czarna, 2008). In present study seed surfaces of O. fimbriatum and O. refractum were similar to O. sigmoideum and O.
armeniacum. Mutlu and Karakus (2012) determined that O. malatyanum was closely allied to O. pyrenaicum subsp.
sphaerocarpum and O. narbonense (L. narbonense) especially because of its cylindrical inflorescence and flowers
numbering more than 15 (Cullen, 1984). Seed surfaces of O. pyrenaicum (L. pyrenaicus) and O. narbonense (L.
narbonense) were distinctly different from the seed morphology of O. fimbriatum, O. refractum, O. sigmoideum, O.
armeniacum. The reason of this could be because of belonging different subgenera. These variations could be used as a
taxonomic criterion at specific level for this genus.

In recent years, there were lots of taxonomic studies (Martinez-Azorin et al., 2010a, b; 2011; Manning et al.,
2004, 2009). One of them was about contributions on taxonomy of Ornithogalum taxa in recent years. There were 19
different genus branched from one genus Ornithogalum according to Martinez-Azorin et al. (2011). Also, the
micromorphological characters of seed surfaces were important to determine the species of Ornithogalum L. genus. The
present data represent the analysis of the seed coat morphology of O. fimbriatum and O. refractum grown in European
Turkey.
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Ascodesmidaceae J. Schrit. a new family (Ascomycota) record for the Turkish mycota
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Abstract
An interesting family Ascodesmidaceae is recorded from Turkey for the first time, by determining the
Lasiobolus papillatus (Pers.) Sacc. The new record is described and illustrated.

Key words: : new family record, Ascodesmidaceae, Turkey

*

Ascodesmidaceae J. Schrot. Tiirkiye mikotasi i¢in yeni bir familya kaydi

Ozet
flging bir familya olan Ascodesmidaceae, Lasiobolus papillatus (Pers.) Sacc.’un belirlenmesiyle Tiirkiye’den
ilk defa kaydedilmistir. Yeni kaydin tanim1 ve fotograflari verilmistir.

Anahtar kelimeler: yeni familya kaydi, Ascodesmidaceae, Tiirkiye
1. Introduction

Ascodemidaceae is characterized with their small apothecia which develop from paired ascogonia and
antheridia like Pyronemataceae. The family is phylogenetically closely related to Pyrenomycetaceae and distinguished
by brown tuberculate, spiney, or reticulate ascospores and almost complete loss of the excipulum (Kristiansen, 2011).
Ascodesmidaceae comprises three genera; Ascodesmis Tiegh., Lasiobolus Sacc. and Eleutherascus Arx.

Ascodesmis is known one of the smallest genera in Pezizales, comprising eleven species in the world-wide, and
all are strictly coprophilous. Their size, almost never exceeds 0.5 mm in diameter. It has a rather simple anatomy and
consists of a bunch of asci with a limited number of colourless paraphyses, and almost no excipulum. Young spores are
hyaline and smooth, then becomes pale to dark brown with ornamentation (Kristiansen, 2011).

Eleutherascus contains four species, all of them are very tiny. Eleutherascus is an extremely simple and small
organism with under 0.1 mm apothecial size in Ascodesmidaceae. The genus is very closely related to Ascodesmis, with
their ultrastructural shapes. This similarity was confirmed by phylogenetic studies (Hansen and Pfister 2006).

The genus Lasiobolus is characterized, by small (usually < 1.0 mm diam.) coprophilous discomycetes. First
globose, then turbinate to disc shaped with bristly, usually yellowish, orange or red, setose apothecia, generally aseptate
setae, operculate,in-amyloid, eight-spored to multispored asci, and hyaline to yellowish, smooth, unicelled, thin-walled
ascospores that contain gas bubbles (Bezerra and Kimbrough, 1975; Yao, 1996; Doveri, 2007). Also it contains 21
species (Index Fungorum, www.speciesfungorum.org, accessed 20 January 2014). Any members of these genera
haven’t been found yet in Turkey yet (Solak et al., 2007; Giicin et al., 2010; Akata et al., 2011; Sesli and Denchev,
2013; Solak et al., 2014a; Solak et al., 2014b).

Present study aims to make a contribution to the macromycota of Turkey by adding a new family records.

2. Materials and methods
Macrofungi samples were collected during routine field trips in different localities of Aydin Province in spring
2013. Morphological and ecological characteristics of the samples were noted and they were photographed in their
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natural habitats before taken to the fungarium. The identified specimens were deposited at the fungarium of Mugla Sitki
Kog¢man University.

3. Results

After laboratory studies L. papillatus which is known “Dikenli giibre mantar1” was identified. This taxon is a
new record for Turkish mycota, according to current checklists (Solak at al., 2007; Sesli and Denchev, 2013). Also
genus Lasiobolus and family Ascodesmidaceae are new records for Turkey.

Pezizales
Ascodesmidaceae J. Schrot.
Lasiobolus papillatus (Pers.) Sacc. (Figure 1).

Ascomata, 0.5-1.2 mm in diameter, sessile, with hairs like Scutellinia (Cooke) Lambotte, orange to yellow
coloured. Hairs 300-657 um long, aseptat and hyaline. Asci cylindrical, eight spored. Spores 21.7-24.8 x 11.5-12.5 um,
ellipsoidal, hyaline without guttules, covered by irregular, gelatinous coating. Grows on herbivores dung (Hansen and
Knudsen, 2000)

Turkey, Aydin, Soke, Sofular village, on cow dung, 37°661545'N, 27°683952'E, 25.03.2013, H 218.

Figure 1. Lasiobolus papillatus a and b. ascomata, c. ascus, d. ascospores, e. hairs
4. Conclusions

Species of Ascodesmidaceae are among the most highly reduced apothecial form and interascal tissue poorly
developed. The Ascodesmidaceae is considered saprobe and all known species are coprophilous. In some phylogenetic
studies family clustered with in the Pyrenomycetaceae. But most phylogenetic studies showed that Pyrenomycetaceae is
parafiletic with Ascodesmidaceae and Glaziellaceae and accessed as a diverse family (Hansen and Pfister, 2006;
Cannon and Kirk 2007; Hansen et al., 2013).
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Abstract

The ethnobotanical and anatomical properties of Polygonum cognatum Meissn. were investigated. P. cognatum
ise used as folk medicines and herbs. Druse crystals were found on stem, petiole and leaves of P. coghatum. There were
epidermal cavities and oil cells in stem and leaves. Undulate walls were present on both adaxial and abaxial surface of
epidermis of P. cognatum. This species had isobilateral type of leaves. Stomatas were anisocytic, anomocytic and
diacytic.

Key words: Polygonaceae, Polygonum cognatum, anatomy, ethnobotany

*

Polygonum cognatum Meissn. (Polygonaceae) tiiriiniin etnobotanik ve anatomik ozellikleri

Ozet

Polygonum cognatum Meissn. tiiriiniin anatomik ve etnobotanik Ozellikleri incelenmistir. P. cognatum sebze
ve tibbi bitki olarak kullanilmaktadir. P. cognatum tiiriiniin govde, petiyol ve yapraklarinda druz kristalleri
bulunmustur. Gévde ve yapraklarda epidermal bosluklar ve yag hiicreleri vardir. P. cognatum tiiriinde epidermisin
adaksiyal ve abaksiyal yiizeylerinde dalgali ¢eper yapisi bulunmaktadir. Tiiriin yapraklar1 izobilateral tiptir. Stomalar
anizositik, anomositik ve diasitik tiptir.

Anahtar kelimeler: Polygonaceae, Polygonum cognhatum, anatomi, etnobotanik
1. Introduction

Polygonaceae family consists of ten genera (Atraphaxis L., Pteropyrum L., Calligonum L., Rheum L., Oxyria
Hill., Polygonum L, Rumex L. and Emex Campd. Fagopyrum Mill., Fallopia Adans.) in Turkey. Polygonum is a largest
genus of the Polygonaceae family comprising about 40 species in Turkey (Keskin, 2012). Polygonum genus has been
divided into four sections: Aconogonon Meissn., Persicaria (Miller) DC., Polygonum Meiisn. and Tiniaria Meiisn.
Polygonum cognatum Meiisn. belongs to section Polygonum (Coode and Cullen, 1967).

Several Polygonum species are used as folk medicines and herbs. P. cognatum is known as increasing urine
and lowering blood glucose. The leaves, stems and petiols of this plant are eaten (Baytop, 1994; Baser, 1997; Asimgil,
2003; Ozbucak et al., 2006; Yiicel et al., 2010; Tugay et al., 2012). P. plebejum R. Br. is used medicinal plants in
Pakistan (Hameed et. al., 2010). P. coghatum is named as “Madimak” (Baytop, 1994),

Inamdar (1970) examined epidermal structure and development of stomata in some Polygonaceae. Metcalfe
and Chalk (1979) studied on foliar anatomy of the Polygonaceae family. Lersten and Curtis (1992) investigated foliar
anatomy of genus Polygonum and described numerous anatomical features of leaves for 153 species. Yildirim et al.
(2003) worked antioxidant and antimicrobial activities of. P. cognatum. The systematic values of foliar anatomical
properties of 13 Polygonum species (including P. cognatum) were determined by Yasmin et al. (2009a) . Hameed et al.
(2010) studied on anatomical features of some medicinal plants of family Polygonaceae. Bunawan et al. (2011)
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investigated foliar anatomy and micromorphology of P. minus Huds. The anatomical structure of Turkish P. cognatum
examples has not been studied. Therefore, the purpose of this paper was to investigate the anatomical properties and
ethnobotanical properties of P. cognatum.

2. Materials and methods

Plant materials were collected from different localities of northern Turkey. VVoucher specimens were kept at the
Herbarium of the Faculty of Art and Science of Ordu University. Taxonomical descriptions of the specimens were made
according to Coode and Cullen (1967). Samples for anatomical studies were fixed in 70% alcohol. Cross and surface
sections of root, stem, petiole and leaves were excised by hand and they were covered with glycerin-gelatin (Vardar,
1987). The photographs were taken with Nikon FDX-35 microscope. All measurements and observations were made
using imaging software (Table 1). For etnobotanical studies, local people (a hundred twenty people) were interviewed
and noted data about usage of this plant.

3. Results

3.1. Ethnobotanical properties

Local Names: Madimak, madamak, badimak, ¢oban ekmegi, Kus ekmegi.

Usage for edible plant: Fresh stem, petiole and leaves of plant are used vegetables. These plant parts are roasted with
onion and meat and added yogurt.

Usage for medicinal plant: P. cognatum is used as increasing urine and lowering blood glucose. This plant stops
bleeding with vasoconstrictive properties. Also it used to resolve for abdominal pain.

3.2. Anatomical properties

3.2.1. Stem:A transverse section taken from the middle part of the stem was observed (Figures 1-4). Epidermal cells
consists of a single layer and orbicular or rectangular. Epidermis cells are 15-30 x 15-25u. Collenchyma is 1-2 layered
and cells are 8-25 x 5-18 . Cortex cells are 13-18 p and rounded. Endodermis is 1 layered and distinguishable. There
are perivascular scleranchymatic ring. Xylem and phloem elements are clear. Vascular bundles are collateral. Druse
crystals are clearly seen in the pith region Pith cells are large and cylindrical. There are large cavities and oil cells in
the pith regions (Table 1).

Figure 1- 4. Cross-section of stem. €) epidermis, ¢x) cortex, ¢) cambium, x) xylem, ph) phloem, p) pith.
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3.2.2. Petiole: Petiole shape of this species is flat and obtusely adaxially sulcate. Both epidermises cells are single
layered, small and rectangular or oval shaped. Epidermis cells are 28-35 x 13-30u. There is undulate cuticle on both
abaxial and adaxial epidermises. Collenchyma is single layered in adaxial side and multilayered at the corners of the
petiole. A big vascular bundle is seen in the median part of petiole and 2 smaller vascular bundles are seen at he
corners. All vascular bundle are surrounded with bundle sheath. There are druse crystals and cavities in the petiole
(Table 1- Figures 5-8).

(s )

N :._‘_:_- -
\

Figure 5- 8. Cross-section of petiole. e) epidermis, cx) cortex, x) xylem, ph) phloem, sk)scleranchyma.

3.2.3. Leaf: In transverse section of the leaf, ecvifacial leaf is observed (Figures 9- 13). Both epidermises are covered
with thick cuticle. Upper epidermis cells are larger than lower cells. Oil cells are seen in the epidermis. Mesophyill
consists of 2 layers of palisade parenchyma cells at the adaxial side, 1-2 layers palisade parenchyma at the abaxial side
and 2-3 layers of spongy parenchyma cells. Palisade parenchyma cells are 15-23 x 65-100u. Druse crystals are present
especially in the spongy paranchyma. Vascular bundles is solitary in the midrib and surrounded by a parenchymatic
bundle sheath. Vascular bundles are collateral type. Stomata are diacytic, anisocytic and anomocytic. Stomata occur on
the both surfaces (Table 1).
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Figure 9-11. Cross-section of leaf and Figure 12-13. Upper and Ioer surface of leaf. ue) upper epidermis, pp) palisade
parenchyma, le) lower epidermis, s) stomata.

Table 1. Anatomical measurement of P. coghatum

Breadth (p) Length (n)
Min.  Max. Min.  Max.
Stem Epidermis cells 15 30 15 25
Collenchyma cells 7.5 25 5 17.5
Parenchyma cells 12.5 375 10 30
Scleranchyma cells 7.5 20 - -
Trachea 7.5 20 - -
Phloem 22.5 62.5 - -
Pith cells 17.5 65 - -
Petiole Epidermis cells 275 35 12.5 30
Parenchyma cells 7.5 15 - -
Trachea 5 15 - -
Leaf Upper epidermis cells 325 67.5 275 475
Palisade parenchyma cells 15 225 67.5 100
Spongy parenchyma cells 20 425 20 35
Lower epidermis cells 17.5 325 175 275
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4. Conclusions

P. cognatum are known as medicinal and edible plant (Ozbucak et.al., 2006, 2007; Tugay et.al., 2012). Edible
parts of this species were studied anatomically. Stem has single layered epidermis and 1-2 layered collenchma. Hameed
et al. (2010) determined that two layered epidermis in P. plebejum. Scleranchymatic cells were present in P. cognatum.
According to Hameed et al. (2010) stone cells were present in P. plebejum.

P. cognatum has petiole but P. plebejum has not petiole (Hameed et al., 2010). Undulate walls were present on
both adaxial and abaxial surface of P. cognatum. Petiole shape of this species is flat and obtusely adaxially sulcate.
Druse crystals were present in petiole.

According to Bunawan et al. (2011) in P. minus, epidermal cells of leaves are smooth-walled polygonal on
adaxial surface and irregularly shaped with slightly undulating walls on abaxial surface. Yasmin et al. (2009a)
determined irregular cells with pitted, thick and undulating walls on both leaf epidermises in some Polygonum species.
Our specimens have undulating walls on both leaf epidermises. Stomatal pattern is variable in the family Polygonaceae.
Inamdar (1970) determined that, the mature stomata are anisocytic, anomocytic and paracytic in Polygonum species. In
this study, P. cognatum have diacytic, anisocytic and anomocytic stomata. It was also found that this species has
stomata on both upper and lower surfaces. Metcalfe and Chalk (1979) recorded that there are anomocytic stomata in
Polygonaceae family. Yasmin et al. (2009a,b) recorded four type of stomata in genus Aconogonon and genus
Polygonum. Anisocytic stomata was the most prevalent type of stomata in the Polygonum genus (Yasmin et al., 2009a).

According to Inamdar (1970), epidermal cells of Polygonum species contain druses of calcium oxalate.
Metcalfe and Chalk (1979) reported that crystalloids especially calcium oxalate crystals were present in the
Polygonaceae family. Druses are common in several families including Polygonaceae (Ozorgiicii et al., 1991; Dickison,
2000; Bunawan et.al., 2011). Bunawan et al. (2011) observed druse and perismatic crytals on leaves of P. minus. In our
study, it was found that druse crystals were found on stem, petiole and leaves of P. cognatum. Bunawan et al. (2011)
found epidermal cavities in both adaxial and abaxial sides. Our species has epidermal cavities and oil cells.
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Oenothera parodiana (Onagraceae): a new alien species record for the flora of Turkey
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Abstract
Oenothera parodiana Munz (Onagraceae) collected from Thrace (European part of Turkey), is reported as a
new alien species for the flora of Turkey. Morphological description including detailed photos of the species are given.
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Oenothera parodiana (Onagraceae): Tiirkiye florasi i¢in yeni bir yabana tiir kaydi

Ozet
Trakya’dan toplanan Oenothera parodiana Munz (Onagraceae), Tiirkiye florasi igin yeni bir yabanci tiir olarak
kaydedildi. Tiiriin betimi ve detayli fotograflar1 verildi.

Anahtar kelimeler: Oenothera parodiana, Tiirkiye, Trakya, yabanci tiir, yeni kayit
1. Introduction

The plant family Onagraceae (Evening-primroses) comprises ca. 655 species across 17 genera (Levin et al.,

2003). Onagraceae have a world-wide distribution, with the majority of species concentrated in the New World,
especially western North America (Levin et al., 2004).
Oenothera L. (giinesdamlasi) is the second largest genus of the family Onagraceae and consists of 145 species (188
taxa). The genus is widely distributed in temperate to subtropical areas of North and South America with a few species
in Central America. The centre of diversity for the genus is in south-western North America (Wagner et al., 2007), with
a number of species now naturalized worldwide (Dietrich et al., 1997) and approximately 70 reported from Europe
(Mihulka and Pysek, 2001; Rostanski, 2010). The genus comprises annual, biennial or perennial herbs, many of which
occurring in primarily or secondarily open habitats including old fields and roadsides, stream sides or dunes (Dietrich,
1977).

Oenothera parodiana Munz is a species belonging to the sect. Oenothera, subsect. Munzia, ser. Allochroa
according to Dietrich (1977). Species in this group characterized by: cylindrical capsule rarely enlarged in the upper
third or somewhat petiolate, not fused with the subtending bract. In Turkey Oenothera is represented by 2 naturalized
alien species (O. biennis L., O. glazioviana Micheli) in the sect. Oenothera, subsect. Oenothera (Giizel, 2012;
Chamberlain, 1972). In this paper O. parodiana is recorded for the first time for the Turkish flora. Thus, the total
number of Oenothera species known from Turkey has now increased to three. After the Flora of Turkey and
supplements, also a lot of new records and new taxa belonging to different genera have been published (Korkmaz et al.,
2011; Kostekei and Arabac, 2013; flgim and Ozgelik, 2013; Yaprak and Baskédse, 2012).

Dietrich (1977) subdivided Oenothera parodiana into three subspecies: O. parodiana subsp. parodiana, O.
parodiana subsp. brasiliensis Dietrich, O. parodiana subsp. strigulosa Dietrich. This distinction is based on in
pubescence and flower size. But according to Wagner et al. (2007), last two subspecies have been included in O.
parodiana s.str.
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2. Materials and methods

In 2013, during an excursion to collect Berteroa DC. specimens, the author collected material of Oenothera
from the Catalca district of Istanbul province and was identified according to several literatures: Flora Europea (Raven,
1968), The genus Oenothera L. in Eastern Europe (Rostanski, 2004), Oenothera Occuring in Europe (Rostanski et al.,
2010), The species of Oenothera L. in Britain (Rostanski, 1982), The South American Species of Oenothera Sect.
Oenothera (Dietrich, 1977). Identification was checked by Dr. Warren Wagner who is an expert on the Oenothera
genus from the Smithsonian Institute, USA. The species was described according to my observations of the collected
specimens and the above-mentioned literature. Specimens were deposited at ISTE.

5 S mm |
2 mm
‘ 1 mm

A A B cC D

Figure 1. Oenothera parodiana. A, habit; B, sepal tips on flower bud; C, teeth at the apex of the capsule; D, seeds [S.
Yiizbasioglu 3873 (ISTE 101195)]

3. Results

Oenothera parodiana Munz, Physis 11: 283 (1933). (Figs 1-2)
Syn.: O. parodiana subsp. brasiliensis W. Dietr., O. parodiana subsp. strigulosa W. Dietr.
Typus: Argentina, Prov. Buenos Aires, meadows of El Socorro, Pergamino, 8 Dec. 1926, L. R. Parodi 7395 (GH,

holotype; W, isotype).

Description
Erect or somewhat decumbent annual or biennial herb, forming a rosette; with a simple or branched main stem,

the obliquely ascending or arching side branches arising from the rosette, up to 50 cm tall, densely short and long
appressed hairs. Rosette leaves narrowly elliptic or oblanceolate, acute, sessile or short petiolate, 3-5 cm long, 3-4.7 mm
wide; cauline leaves narrowly oblong to lanceolate or oblanceolate, acute, rounded to truncate at the base, sessile, 1.5-7
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cm long, 3.5-7 mm wide; bracts lanceolate to ovate, acute, truncate to subcordate at the base, sessile, 1-2 cm long, 0.5-1
cm wide, shorter than the capsules they subtend; leaves plane or evidently undulate at the margins, irregularly or
regularly serrate. Inflorescence usually branched. Hypanthial tube 11-13 mm. Sepals green turning reddish with age,
flecked with reddish brown, 8-11 mm (inc. 3-3.5 mm tips). Petals broadly obovate, 6-11 mm long, 11-14 mm wide,
yellow turning reddish with age. Anthers c. 5 mm long. Filaments c. 6 mm long. Stigma with 4 linear lobes, lobes c. 5
mm long. Ovary 10-13 mm long. Capsule cylindrical, (22-) 24-27 mm long, 2.5 mm wide, broader in the upper half,
with emarginate teeth. Seeds light brown, elliptic in outline, 1.3-1.7 mm long.

Figure 2. Oenothera parodiana. A, old (red one) and young (yellow one) flower; B, flower and flower bud; C, fruited
branch; D, stem leaves [S. Yiizbasiogiu 3873 (ISTE 101195)].

Collected specimens: Turkey: A2(E) Istanbul, Catalca, Karacakdy-Karamandere, along river, sandy soil, 30 m,
29.06.2013, S. Yiizbasioglu 3862 (ISTE 101184); ibid., 13.07.2013, S. Yiizbasioglu 3873 (ISTE 101195).

Chromosome number. 2n= 14 (studied from S. Yiizbasioglu 3873)

Habitat. Samples were collected from the edge of the river on sandy soil. Within this area, the species is associated
with plants such as Berteroa obliqua (Sm.) DC., Malva sylvestris L., Echium plantagineum L., E. italicum L.,
Clinopodium nepeta (L.) Kuntze, Sambucus ebulus L. and Verbascum sp.

Phenology. Flowering in June-July, fruiting July-August.

General distribution. South America, South Africa, Rhodesia, Netherlands, Germany, France, Albania and NW
Turkey (Fig. 3).
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Figure 3. Distribution map of Oenothera parodiana (&) in Turkey
A key for Oenothera taxa in Turkey is developed based on Rostanski (2004, 2010) as follows:

1. Stem, rachis and ovaries with red bulbous-based hairs; petals 30-50 mm long; cultivated plant sometimes escaping
FrOM CUIEIVALION. .. ...ttt e e e e et e e e e e e 0. glazioviana

1. Red bulbous-based hairs absent

2. Petals 20-30 mm long; hypanthial tube 25-35 mm long; cultivated plant sometimes escaping from cultivation
.......................................................................................................................... O. biennis

2. Petals 6-15 mm long; hypanthial tube 11-13 mm 1ong..........o.euiriiiiiiiie e O. parodiana

4, Conclusions

The first specimen of O. parodiana was collected by L.R. Parodi in 1926 from Argentina, after this collection,
in 1933, it was described by Munz as a new species. The species, which is native to several countries of South America
like Brazil, Uruguay and Argentina (Dietrich, 1977). Outside its native range, O. parodiana also recorded from many
countries as an alien species in South Africa, Rhodesia, Netherlands, Germany, France (Dietrich, 1977) and Albania
(Rakaj 2006). Because of the distribution of O. parodiana in the Europe as an alien, the distribution in Thrace
(European part of Turkey) is not surprising. Author has estimated that it is a newly naturalized taxon in Turkey. The
flora of Thrace has been studied by many researchers (Webb, 1965; Yarci, 1997; Yarci, 1999; Kavgaci, 2007; Geng and
Ozen, 2008; Akalin-Urusak et al., 2013). However, this species was not found in its first place of collection falling into
the above-mentioned study area.

O. parodiana is closely allied to O. indecora Cambess. Following to system of classification into section,
subsection and series published in “The South American Species of Oenothera Sect. Oenothera” (Dietrich, 1977), these
two species falls into the following position: Section Oenothera, Subsection Munzia, Series Allochora. O. indecora is
native to several countries of South America. In Europe, it is known as an alien species in Netherland, Hungary, France,
Germany, Portugal, Greece, Belgium and Spain. Recently, it has been recorded in Italy (Crisafulli et al., 2013).
Considering the distribution area of the O. indecora in Europe, it will not surprising record as an alien species in Turkey
in the near future. Main differences between the species are given in the Table 1.

Table 1. A comparison between the diagnostic characters of O. parodiana and O. indecora

Characters O. parodiana 0. indecora

Bracts only half as long as the capsule they | subequal or longer than the capsule
subtend or shorter they subtend

Indumentum glandular hair absent glandular hair present
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Research note/Arastirma notu
New Crepidotus (Fr.) Staude record for Turkish mycota
Mehrican YARATANAKUL GUNGOR ™, Halil GUNGOR !, Mehmet Halil SOLAK 2

! Department of Biology, Faculty of Science, Mugla Sitki Kogman University, Kotekli, Mugla, Turkey.
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Abstract

Crepidotus cinnabarinus Peck was recorded for the first time from Turkey. The new taxon is described and
illustrated.
Key words: new record, Crepidotus, Turkey

*

Tiirkiye Mikotasi icin yeni Crepidotus (Fr.) Staude kaydi

Ozet
Crepidotus cinnabarinus Peck Tirkiye’den ilk defa kaydedilmistir. Yeni tiirin tanim fotograflarla
desteklenerek verilmistir.

Anahtar kelimeler: yeni kayit, Crepidotus, Tirkiye
1. Introduction

Genus Crepidotus (Fr.) Staude species have all small, ranging in 2 mm to about 8 cm in diameter, but most
species falling in a range of 10-30 mm. In the majority of species, the pileus is attached laterally to the wood. Fruiting
body fan or kidney-shaped, semi-orbicular, reniform to spathulate, whitish, yellowish brown to pink colored. Stipe is
reduced and only visible in young fruiting bodies. Gills whitish, buff, ochraceous buff to cinnamon colored. Rarely
yellow or pink. Spores, ellipsoid, ovoid, cylindrical, smooth, rugose, verrucose or spiny light brown to hyaline. The
basidiocarps, generally grow on stumps, logs, fallen branches, twigs and rarely on mosses or on herbaceous debris,
saprotrophic and more than 200 species have been described worldwide (Hesler and Smith, 1965; Knudsen and
Vesterholt, 2008).

In this paper we report an interesting new record; Crepidotus cinnabarinus for the first time from Turkey.

2. Materials and methods

Specimen was collected from Izmir province in 2013. Morphological and ecological characteristics of the
sample was recorded and photographed in its natural habitat. Then the sample was taken to the laboratory for further
investigation. Identification was performed with the help of relevant literature (Hesler and Smith, 1965; Bandala and
Montoya, 2000; Knudsen and Vesterholt, 2008). The specimen is deposited at the fungarium of Mugla Sitk1i Kogman
University.

3. Results

After laboratory studies C. cinnabarinus was identified. According to the current literature and recent studies it
is recorded for the first time from Turkey (Solak et al., 2007; Akata et al., 2009; Sesli and Denchev, 2013; Solak et al.,
2014)
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3.1 Agaricales
3.1.1 Inocybaceae Jiilich
3.1.1.1 Crepidotus cinnabarinus Peck.

Fruiting body 5-15 mm in extent, scarlet to cinnabar-red, velvety-tomentose, concave to reflexed, dimidiate or
reniform, becoming more or less plane, surface dry. Lamellae rather broad, sinuate to base of pileus, pale brown to
scarlet, brownish when dried. Stipe reduced, laterally attached to wood, and minutely reddish-tomentose. Spores (6) 7-8
x 5-6 (6.5) um, oval to subellipsoid, verruculose, thin-walled. Cheilocystidia fusoid-ventricose, clavate, cylindric, or
bottle-shaped, 450-70 x 8-10 um, with soluable reddish pigments in KOH. Clamp connections absent. Grows on wood
of deciduous trees (Hesler and Smith, 1965; Knudsen and Vesterholt, 2008).

Izmir, Selguk, Camlik village, on broad leaved tree stump, 23.03.2013. N 37.905918 E 27.394312, H 201.

Figure 1. Crepidotus cinnabarinus, a. Fruiting body, b. Basidiospores, ¢. Cheilocystidia
4. Conclusions and discussion

In this study C. cinnabarinus was recorded for the first time from Turkey. It is named as kirmiz1 yelpaze
mantari in Turkish. Sample is reported from Izmir province.

C. cinnabarinus is easily recognized and distinguished from other Crepidotus spp. with its orange-red color in
field. To date 11 taxa were reported in Turkey. According to the present checklists (Solak et al., 2007; Sesli & Denchev,
2013) and the recent data (Uzun et al., 2010) on Turkish macromycota there are 11 taxa of the genus Crepidotus found
in Turkey. With C. cinnabarinus the members of the genus reached twelve taxa in Turkey.
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Seed germination studies on chasmophyte endemic Campanula tomentosa and Campanula vardariana
Umit SUBASI ™, Aykut GUVENSEN !
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Abstract

Conservation and management of threatened species in many studies to be carried out on the basis, in the
understanding of the characteristics associated with reproductive biology and attention was drawn to the study.
Germination and seedling placement of these properties are the most vulnerable in the life cycle of plants and seed
germination of endemic species particularly better understanding of requirements and capacity is essential for
conservation and management of biodiversity. The aim of this study, chasmophytic endemic of Campanula tomentosa
and C. vardariana species, ex-situ cultivate and strengthening of natural populations. For this purpose in our study, the
determination of germination characteristics of these species as well as different concentrations of photoperiod and the
germination percentage and mean germination time of GAs were investigated. According to the results of Analysis of
Variance, Campanula tomentosa and C. vardariana seeds of different photoperiod and alternate temperature, 20 °C
continuous dark and different concentrations of GA; of the average germination percentage effect statistically
insignificant (p>0,05) when determining this application, the average germination time effect on the statistically
significant were determined (p<0,05). In the present study, both species have a high rate of germination has been found.
Variables microclimatic conditions in chasmophtic habitats are local refuge areas and limit the spread for these species.
However, germination is an important factor that limits the the distribution of the many species. In the present study,
both species have a high rate of germination has been found. But, these species threatened in the future in order to
guarantee the pollination biology as well as genetic characteristics can be evaluated in a comprehensive study of
conservation biology is required.

Key words: Campanula tomentosa, C. vardariana, seed germination, endemic, Chasmophyt

*

Kazmofit endemik Campanula tomentosa ve Campanula vardariana iizerinde tohum ¢imlendirme ¢alismalar:

Ozet

Tehdit altindaki tiirlerin korunmasi ve yonetilmesini temel alan bircok c¢alismada iireme biyolojisi ile iliskili
oOzelliklerin anlagilmasina ve arastirilmasina dikkat ¢ekilmistir. Bu 6zelliklerden ¢imlenme ve fide yerlesimi bitkilerin
yasam dongiisiinde en hassas durumdur ve 6zellikle endemik tiirlerin tohum ¢imlenme gereksinimleri ve kapasitelerinin
iyi anlagilmasi, biyogesitliligin korunmasi ve yonetimi igin temeldir. Bu ¢aligmada kazmofitik endemik Campanula
tomentosa ve C. vardariana tiirlerinin ex-situ yetistirilmesi ve dogal populasyonlarinin gii¢lendirilmesi amaglanmustir.
Bu amagla ¢alismamizda bu tiirlerin ¢imlenme Ozelliklerinin yanisira farkli fotoperiyotlarda ve konsantrasyonlarda
GAgz’iin ¢imlenme yiizdesine ve ortalama ¢imlenme siiresine etkileri aragtirilmigtir. Varyans analiz sonuglarma gore, C.
tomentosa ve C. vardariana’ya ait tohumlarm farkli fotoperyot (p>0,05), degisken sicaklik, 20°C de siirekli karanlik
ve farkli konsanrtasyonlarda GAsz uygulamalarinin ortalama ¢imlenme yiizdesine etkisi istatiksel olarak anlamsiz tespit
edilirken, bu uygulamalarin ortalama ¢imlenme siiresi iizerine etkisi istatiksel olarak anlamli olarak belirlenmistir
(p<0,05). Kasmofitik habitatlardaki degisken mikroklimatik kosullar bu tiirler i¢in lokal siginma alanlaridir ve bu
durum bu tiirlerin yayiliglarint sinirlamaktadir. Bununla birlikte, ¢gimlenme birgok tiiriin yayilist smirlayan énemli bir
faktordiir. Calismamizin sonucunda, her iki tiirtin de yiiksek oranda ¢cimlenme yiizdesine sahip olduklar1 saptanmistir.
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Ancak tehdit alltindaki bu tiirlerin geleceklerinin garanti altina alinabilmesi igin tozlagma biyolojilerinin yanisira
genetik ozelliklerininde degerlendirilebilecegi kapsamli bir koruma biyolojisi ¢alismasi yapilmas gereklidir.

Anahtar kelimeler: Campanula tomentosa, C. vardariana, tohum ¢imlenmesi, endemik, kazmofit
1. Giris

Kazmofit vejetasyon; asir1 kurak, degisken sicakliklar, kaya g¢atlaklarinin genisligine bagli madde birikimin
orani, sinirl toprak hacmi ve besleyiciler, kaya tipi ve sertligi, su tutma kapasitesi gibi ekstrem ekolojik kosullar1 temsil
etmektedir (Nagy ve Proctor, 1997; Bashan et al., 2006). Bu gruptaki bitkiler hem Akdenizde hemde Avrupa-Sibirya
bolgelerinde pek ¢ok endemik bitki taksonu igermeleriyle biiyiik dlgiide bolgesel gesitlilik gostermektedir. Bununla
birlikte bu bitki tiirlerinin ¢ogu, ¢ok az miktarda toprak bulunan kayalar lizerinde yayilis gdstermeleri nedeniyle yok
olma riski altindadir ve tehlikededirler (Soriano et al., 2012). Tohum ¢imlendirme c¢aligmalart ile birlikte tohum
biyolojisi, bitkilerin yasam dongiilerinde kilit nokta olarak diisiiniilmektedir. Ciinkii, yasam dongiileri ile iligski olan
tohumlarin bitkilerdeki nadir yayilisin sebeplerinin anlagilmasinda olduk¢a 6nemlidir (Gurvich et al., 2008; Ranieri et
al., 2012). Tehdit altindaki tiirlerin korunmasi ve yonetilmesini temel alan birgok ¢alismada tireme biyolojisi (tozlagma,
ireme sistemi, tohum ¢imlenmesi, fide gelisimi v.b) ile iligkili 6zelliklerin anlagilmasma ve arastirilmasina dikkat
¢ekilmistir. Bu dzelliklerden ¢imlenme ve fidelesme potansiyelleri bitkilerin yagsam dongiisiinde en hassas 6zelliklerdir
(Solbrig, 1980) ve bu durum ozellikle endemik tiirlerin tohum ¢imlenme gereksinimleri ve kapasitelerinin iyi
anlagilmasi, biyogesitliligin korunmasi ve gelecekte yonetimi igin biiylik 6nem tagimaktadir (Galme's et al., 2006;
Lorite et al., 2007).

Kuzey yarimkiirenin subtropikal ve iliman bolgelerinde yaklasik 420 tiir ile temsil edilen Campanula L.
(Campanulaceae) (Lammers, 2007) Akdeniz Bolgesi’nde yaklasik 150 tiir ile temsil edilmektedir (Cronquist, 1988;
Heywood, 1998). Tiirkiye’de ise 6 alt cins ve bu alt cinsler icersinde 125 tiir ile temsil edilmektedir. Bu alt cinsler
arasindan en ¢ok tiir igeren Campanula alt cinsinin 13 seksiyonundan birisi olan Quinqueloculares seksiyonu 9 tiirle
temsil edilmektedir ve bu tiirlerin 6’s1 Anadolu i¢in endemiktir. Tiirkiye’de yayilis gésteren Campanula taksonlarinin
biiyiik gogunlugu (yaklasik %66’s1) kazmofitik tiirlerdir ve bu taksonlarin 67’si iilkemiz i¢in endemik olup, endemizm
orant % 52’dir (Damboldt, 1978; Davis et al., 1988; Giiner, 2000; Akgicek et al., 2005; Ozhatay ve Kiiltiir, 2006;
Kandemir, 2007; Ozhatay vd., 2009; ilgim vd., 2011; Yildirim ve Senol, 2013). Bu endemik tiirlerden C. tomentosa ve
C. vardariana (sect. Quinqueloculares), Ege Bolgesi’nde sinirli yayilisa sahiptir ve tehlike kategorisi IJUCN (2001)
kriterlerine gére CR (critically endangered) olarak degerlendirilmistir (Alcitepe ve Yildiz, 2010). C. tomentosa ve C.
vardariana tizerinde taksonomik agidan 6neme sahip tohum ve polen morfolojisi dzelliklerinin yanisira bazi toprak
parametreleri ve anatomik ¢alismalar ile literatiirdeki bu eksiklikler giderilmistir (Algitepe vd., 2011). Ancak daha dnce
bu taksonlarin tohum ¢imlenme &zelliklerine ve ex-situ yetistirilmesine yonelik herhangi bir ¢alisma yapilmamistir. Bu
nedenle calismamizda tiirlerin ex-situ kosullarda farkli fotoperiyotlarda ve konsantrasyonlarda GAjz’lin ¢imlenme
yiizdesine ve ortalama ¢imlenme siireleri iizerine etkileri arastirilmistir.

2. Materyal ve yontem
2.1 Calisilan bitkiler

Campanula vardariana Bocquet. (Soke Can Cicegi)

Taban kismi odunsu, dallanmis gévdeli, iki veya ¢ok yillik bitkilerdir. C. tomentosa tiiriine benzer fakat daha
kiiciik yaprak ve ciceklere sahiptir. Taban yapraklari sapl ve lyrat sekilli. Govde yapraklari lyrat veya oval seklinde,
taban yapraklarma goére daha kiigiik, kenarlar1 diizensiz dentat. Cicek durumu rasemus veya sapin ucunda tek, tek.
Cigekler menekse-mavi renkli. Korolla genis bir huni seklinde, dis kismi seyrek tiiylii. Korolla tiipti 12-28 x 8-17 mm.
Stigma 5, ovaryum 5 lokuluslu. Meyve kapsiil seklinde, beyazims: tiiylerle kapli. Tohumlar ¢ogunlukla sarimsi-agik
kahverengi. Cigeklenme: Mayis-Haziran: Yetisme ortamlart ve yiliksekligi: Kalkerli kayaliklar, 1-100 m (Algitepe ve
Yildiz, 2010).

Campanula tomentosa Lam. (Yakali Can)

Taban kismi odunsu, dallanmig govdeli, iki veya ¢ok yillik bitkiler. Taban ve govde yapraklar1 biiyiikliik ve
sekil bakimindan farklilik gosterir; taban yapraklar lyrat sekilli. Gévde yapraklari oval, oval-triangular veya lyrat
sekilli, sapli veya sapsiz, krenat-serrat kenarli. Cigek durumu rasemus veya bir sapin ucunda tek tek. Cigekler menekse-
mavi renkli. Korolla gansi veya genis bir huni seklinde, dis kismu tiiylii. Korolla tiipti 18-42 x 12-37 mm. Stigma 5,
ovaryum 5 lokuluslu, meyve porisit kapsiil. Tohumlar, yumurtamsi, ¢ogunlukla agik kahverengi. Cigeklenme: Mayis,
Haziran. Yetistigi ortamlar ve ylikseklik: duvar ve kaya dipleri, kalkerli kayaliklar, 1-100 m (Algitepe ve Yildiz, 2010).
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2.2 Calisma alan

Cahigma alam, Ege Bolgesinde Izmir ve Aydin il smrlar1 (C1 Karesi) igersinde bulunmaktadir (Sekil 1).
Kuzeyde Meryem Ana, doguda Camlik-Ortaklar, batida ise Samsun daglarinin Giiney-Dogu yamaglar1 boyunca Milli
Park’a kadar uzanmakta olup, 37°55' 34" K- 37°39°28” K ve 027°27°26”D - 027°09°57”D boylamlar1 arasindadir.
Tarafimizdan tiirlere ait herbaryum &rnekleri (EGE: 41688 ve EGE: 41681) “Ege Universitesi Botanik Bahgesi
Uygulama ve Arastirma Merkezi Herbaryumu’nda” bulunmaktadir.

Sekil 1. Tiirkiye’de C. vardariana ve C. tomentosa’nin yayilis alani (C1 Karesi)
2.3. Cimlendirme calismalar

Tiirlere ait yeterli sayidaki olgun tohum ornekleri, rastgele secilen 50’ser bireyden 2012 Temmuz ayinda
toplanmistir. Cimlendirme testleri Oncesinde tohumlara ylizey sterilizasyonu i¢in %1°lik sodyum hipoklorat
uygulanmistir. Tohumlar cam petrilerde tek tabakali nemlendirilmis Whatman No.1 filtre kagidi tizerine yerlestirilerek
25°C 12 saat aydinlik (A) / 15°C 12 saat karanlik (K) degisken sicaklik-1sik ve siirekli karanlik kosullarda ¢cimlenme
testlerine tabi tutulmuslardir. Siirekli karanlik periyot uygulamasi igin petriler aliminyum folyo ile sarilmistir.
Aydinlatma floresan ampuller ile saglanmistir (Phillips, master TL-D36/840). Her denemede 10’ar tohum kullanilmig
olup, denemeler 3’er tekerriirlii yapilmistir. Tohumlarm kontrolii giinliik yapilarak, radikula ¢ikist “¢imlenmis™ olarak
kaydedilmistir (Come, 1970). Cimlenme Orani (CO) ve Ortalama Cimlenme Siiresi (OCS) asagidaki esitliklerden
yararlanilarak hesaplanmistir (Bewley ve Black, 1994). Burada, G: Cimlenen tohum sayisi, T: Kullanilan toplam tohum
sayis, ti: Testin baglangicindan itibaren gecen sure (giin), n;: t(i) Giindeki ¢imlenen tohum sayzisi.

CO= Cimlenme Orani1 (%)= (G/T) x 100
OCS= Ortalama Cimlenme Suresi (giin)= Z(ti.n;)/Zn;

2.4. Veri analizi

Cimlenme verileri, istatiksel analizler Oncesi varyans homojenitesinin saglanabilmesi icin agisala (arcsine)
dontistiriilmistiir. Farkli konsantrasyonlarda GAs’iin ve fotoperyot uygulamalarmim ¢imlenme yiizdesine ve ortalama
¢imlenme siiresine etkileri igin SPSS 16(SPSS, Chicago, IL, USA) programi kullanilarak Cift Yonlii Varyans Analizi
(A Two-Way ANOVA [General Line Model]) ile belirlenmistir..

3. Bulgular

C. tomentosa tohum ¢imlendirme caligsmalar1 sonucunda en yiiksek ¢imlenme (%) 97,50+4,3 ile 20°C de
stirekli karanlik kosullarda 500 ppm GAj uygulanmis tohumlarda goézlenirken, en diisiik ortalama ¢imlenme (%)
93,69+5,80 ile 25°C 12 saat aydinlik (A) / 15°C 12 saat karanlik (K) degisken sicaklik-1s1k kosullarinda kontrol (O ppm)
grubunda tohumlarda tespit edilmistir (Sekil 1). Ortalama ¢imlenme siiresi ise, en uzun 16,07+0,92 ile 20°C’de siirekli
karanlik kosullarda GAz uygulanmamis (0 ppm) tohumlarda gozlenirken, en kisa ortalama ¢imlenme siiresi (Giin) ise
12,96 £0,68 ile 25°C 12 saat aydinlik (A)/ 15°C 12 saat karanlik (K) degisken sicaklik-151k kosullarinda 250 ppm GA3
uygulanmis tohumlarda gozlenmistir (Sekil 2). Varyans analiz sonuglarima gore, C. tomentosa’ya ait tohumlarin farkli
fotoperyot (p>0,05) [(25°C 12 saat aydinlik (A) / 15°C 12 saat karanlik (K)) degisken sicaklik-151k ve 20°C de siirekli
karanlik)] ve farkli konsanrtasyonlarda GAsz uygulamalarmin (p>0,05) ortalam ¢imlenme ylizdesine etkisi istatiksel
olarak anlamsiz tespit edilirken, bu uygulamalarin ortalama ¢imlenme siiresi iizerine etkisi istatiksel olarak anlamli
olarak belirlenmistir (p<0,05)(Tablo 1).
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C. vardariana tohum ¢imlendirme ¢alismalar1 sonucunda en yiiksek ortalama ¢imlenme (%) 98,86+1,20 ile
20°C de siirekli karanlik kosullarda 250 ppm GAs uygulanmis tohumlarda, en diigiik ortalama ¢imlenme (%)
97,17+1,88 ile 25°C 12 saat aydinlik (A) / 15°C 12 saat karanlik (K) degisken sicaklik-1s1k kosullarmda kontrol (0 ppm)
grubunda tespit edilmistir (Sekil 1). Ortalama ¢imlenme siiresi ise, en uzun 11,554+0,47 ile 20°C de siirekli karanlik
kosullarda GAs uygulanmamis (0 ppm) tohumlarda gozlenirken, en kisa ortalama ¢imlenme siiresi (Giin) ise 8,01 +0,34
ile 25°C 12 saat aydinlik (A) / 15°C 12 saat karanlik (K) degisken sicaklik-1s1k kosullarinda 250 ppm GAs uygulanmis
tohumlarda gozlenmistir (Sekil 2). Varyans analizine gore, farkli fotoperyot [25°C 12 saat aydinlik (A) / 15°C 12 saat
karanlik (K) degisken sicaklik-151k kosullarinda ve 20°C de Siirekli Karanlik] ve farkli konsantrasyonlarda (100ppm,
250ppm, 500ppm) GAs uygulamalarinin tohumlarin ¢imlenme yiizdeleri lizerine etkisi istatiksel olarak anlamsiz tespit

edilirken, bu uygulamalarin ortalama ¢imlenme siiresi iizerine etkisi istatiksel olarak anlamli olarak belirlenmistir
(Tablo 1).

Tablo 1. Farkli Fotoperyotlarda ve Konsantrasyonlarda Uygulanan GAz’tin Tohum Cimlenme Yiizdesine ve Ortalama
Cimlenme Siiresine Etkisi

Degiskenlik Serbestlik  Cimlenme (%) Ortalama Cimlenme Siiresi (Giin)
Kaynag Derecesi
Kareler F P KarelerOrt. F P
Ort.
Campanula tomentosa
Fotoperiyot 1 ,008 ,001 ,976 6,582 7,936 0,012
GA3 3 2,720 ,317 ,813 4,724 5,696 0,008
Fotoperiyot X GA; 3 10,017 1,166 ,353 ,963 1,161 0,355
Hata 16 8,587 ,829

Campanula vardariana

Fotoperyot 1 3,077 ,855 ,369 20,290 68,782 ,000
GA3 3 077 ,022 ,996 3,514 11,913 ,000
Fotoperiyot X GA3z 3 1,610 447 122 1,656 5,613 ,008
Hata 16 3,599 ,295

Ctomentoss

I KARANLIK
FOTOPERYOT

Cimlenme (%)
g

Crardarfana

Cimlenme (%)
Z
1

0= 1 |
0 ppm 100 ppm 250 ppm 500 ppm

Sekil 1. Karanlik (20 °C de Siirekli Karanlik) ve Aydinlik (25°C 12 saat aydinlik (A) / 15°C 12 saat karanlik (K)
degisken sicaklik-1s1k ) kosullarinda Tohum Cimlenme (%)
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4. Sonugclar ve tartisma

C. tomentosa’nin tohum tipi Martin (1946)’ya gore, minyatiir eksenli tohum tiplerinden ciice tohum tipi olarak
degerlendirilmistir. Alcitepe ve Yildiz (2010) her iki tiiriin tohum morfolojilerini Stearn (1996) terminolojisine gore ele
almiglardir. Bu galigmaya gore, C. tomentosa’nin tohum boyutlarinin 300 + 30 - 450 + 40 (um) iken C. vardariana’da
280430 - 410+80 (um) degerlerinde oldugu, bununla birlikte her iki tiirde tohum seklinin ovoid, tohum yiizeyinin ise
¢ikintili oldugu bildirilmistir. Anlagilacagi gibi oldukea kiigiik tohumlara sahip olan C. tomentosa ve C. vardariana ile
gerceklestirilen ¢imlendirme calismalarimiz sonucunda, farkli konsantrasyonlarda GAs uygulanmis tohumlarin
¢imlenme yiizdesine etkisi olmadigi (P>0.05) tespit edilmistir. Cerabolini et al., (2004) tarafindan Physoplexis comosa
(Campanulaceae) tohumlariin optimum 100 mgl (> 90% germination) de ¢imlenme gosterdigini daha yiiksek dozdaki
(250-500 mg I'Y) GA; konsantrasyonlarmda daha diisiik ¢imlenme gosterdigini bildirilmistir.

Kirmizi vd. (2011), endemik Tripleurospermum pichleri (Boiss.) Bornm., Cirsium leucopsis D.C. ve Senecio
olympicus Boiss. (Asteraceae) tiirleri ile yaptig1 ¢aligmasinda, GA3z’iin alpin tiirlerde ¢imlenme yiizdesine ve ortalama
¢imlenme siiresine etkiledigini bildirmistir. Caligmamizda ise alpin olmayan C. tomentosa ve C. vardariana farkl
konsantrasyonlarda GA3’tin ¢imlenme yiizdesine etkisi olmadigi ancak ortalama ¢imlenme siiresi tizerine etkisi anlamli
olarak belirlenmistir (P<0.05). Morfolojik dormansiye sahip Campanula americana (Campanulaceae) tohumlarinda
farkli sicakliklarda (15/6, 20/10 ve 25/15°C) yiiksek oranda (yaklasik 90%) ¢imlenme oldugu bildirilmistir (Baskin ve
Baskin; 2005). Campanula americana’da gozlenen yiiksek oranda ¢imlenme yiizdesi sonuglarimiz ile de benzerlik
gostermektedir. Salvia smyrnaea (Lamiaceae) ile gergeklestirilen ¢imlendirme ¢alismalarinda ise en yiiksek ¢imlenme
yiizdesinin, stratifikasyon (45 giin 5°C) uygulanmis ve 25/15°C sicaklikta, siirekli karanlik kosullarda 250 ppm GA3
uygulanmis  tohumlarla elde edilebilecegi bildirilmistir (Subast ve Giivensen, 2010). Baskin ve Baskin (1979)
tarafindan, Campanulaceae {iiyelerinden olan Lobelia gattingeri tohum ¢imlenmesinde 1s18m gerekli oldugu
bildirilmistir. L. inflata, L. siphilitica ve L. cardinalis tiirlerinde karanlikta ¢cimlenmenin olmadig: bildirilmistir. Ancak
L. dortmnanna, L. erinus ve L. tenuior tohumlarinin ise siirekli karanlikta ve degisken 1s1ikta hemen hemen esit derecede
¢imlenme bagarisina sahip oldugu rapor edilmistir (Muescher, 1936). Blionis ve Vokou (2005), Olympos (Greece)
daginin farkli yiiksekliklerinden topladigi bazi Campanula tiirlerine ait tohumlar ile farkli sicakliklarda (5°C, 15°C,
25°C) gerceklestirdigi ¢imlendirme c¢aligmasinda, ¢imlenmedeki eksikligin oncelikle tohum olgunlasmamasindan
kaynaklanabilecegini bildirmistir. Navarro ve Guitian (2003), kirectas1 kaya catlaklarindan olusan mikrohabitatlarini
tercih eden iki nadir endemigin farkli populasyonlarindan topladigi tohumlarda 15181n, stratifikasyonun ve tohum
agirhiginin ¢imlenme kapasitesi {izerine etkisi incelemistir. Bu ¢alismaya gore karanlikta 12/12 fotoperyottan daha
yiiksek ¢cimlenme yiizdesi gozlendigi bildirmistir.

Caligmamizda ise yiiksek oranlarda ¢imlenme yiizdesi gézlenmis C. vardariana ve C. tomentosa tohumlarinda
da hem aydinlikta hem karanlik ¢imlenmede yiizdeleri arasinda bir fark olmamasi bu ¢aligma ile uyumlu bulunmustur.
Her iki tiirde siirekli karanlik (20°C) ve degisken kosullardaki tohumlarda (25/15°C 12/12), yiiksek oranlarda ¢imlenme
yiizdesi elde edilirken, ortalama ¢imlenme yiizdelerini etkilemedigi belirlenmistir (P>0,05). Ancak, ortalama ¢imlenme
stiresine etkisi anlaml1 olarak tespit edilmistir (P<0,05).
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Brusa et al., (2007), kazmofitik endemik Telekia speciosissima’nin ex-situ korunmasina yonelik yaptigi
calismasinda en yliksek (91.8%) ¢imlenmenin aydinlik kosullarda 90 giin stratifikasyon uygulamasindan sonra
gozlendigini bildirmistir. Tehdit altindaki tiirlerin ex-situ yetistirilmesi, koruma amagli ¢aligmalarda dogal
populasyonlarin gii¢lendirimesi i¢in 6nemli araglardan birisi olarak degerlendirilmektedir (Bowes, 1999; Maunder et al.,
2001; Heywood ve Iriondo, 2003). Caligmamizin sonucunda, her iki tiriinde ex-situ kosullarda yiiksek oranda
¢imlenme yiizdesine sahip olduklart saptanmistir. Dar yayilisa sahip olmalarinin sebebinin ise ¢imlenme 6zelliklerinden
ziyade yasam alanlart olan bu kasmofitik habitatta bulunan degisken mikroklimatik kosullarm bu tiirler i¢in lokal
siginma alanlar1 olmasindan kaynaklandigi diistiniilmektedir. Bununla birlikte C. tomentosa ve C. vardariana’nin
tohumdan ex-situ yetistirilmesi olanaklarini degerlendirdigimiz bu ¢alismanm ileride yapilacak olan koruma
stratejilerinin imkanlar dahilinde degerlendirilmesinde 6nemli katkilar saglayacagi diistiniilmektedir.
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Investigation of water quality of Apa dam lake (Cumra-Konya) and according to the evalution of PCA
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Abstract

This study was conducted to identify physico-chemical features of water Apa Dam Lake, between March 2010
to March 2012. Results were compared with according to water pollution Control Regulation (WPCR), water intended
human consumption standards (TS 266), eutrophycation limit value and step organic pollution. Also according to
Pearson Correlation Matrix analysis of physico-chemical parameters relationships with each other were determined.
During the study, the water samples were taken periodically from five chosen stations in every month. The measured
data were given as following (minimum, maximum, average); water temperature values were (4.5-29.3-16.36°C), pH
(7.83-9.66-8.49), dissolved oxygen (4.36-11.3-8.59 mg/l), BODs, (1.3-27-10.38 mg/l), ammonium (0.032-3.157-0.64
mg/l), nitrite (0-0.338-0.05 mg/l), nitrate (0.082-6.715-1.64 mg/l), total phosphates (9-78-27.038 pg/1), sulphates (10.3-
41.7-22.82 mg/l), chloride (2.11-25.8-6.22 mg/l), potassium (0-2.68-0.77), total hardness (15.1-23-18.04 FS°),
suspended solid content (23-88-53.19 mg/l), calcium (43.7-65-53.53 mg/l), magnesium (8.16-15.8-10.78 mg/l),
conductivity (151.1-218-185.05 puS/cm) and turbidity (1.02-74.5-20.52 NTU). Apa Dam Lake applied according to the
PCA physico-chemical parameters as their relationships with each other, all indicate taht was a correlation in the
positive direction. According to the results it was identified that Apa Dam Lake has warm and good quality water
without serious pollution problem and that alkaline properties is a dam lake. All of the relationship of physico-chemical
parameters with each other show that a positive correlation according to the PCA on the Apa dam lake. At the end of
study, the dam lake was determined as alkaline property, there were not a significiant pollution factor and water quality
can be considered as good.

Key words: Apa dam lake, physico-chemical features, water quality, water quality standards, PCA

*

Apa baraj golii (Cumra-Konya)’niin su Kkalitesi ve PCA analizine gore degerlendirilmesi

Ozet

Bu ¢aligma, Mart 2010 ve Mart 2012 tarihleri arasinda, Apa baraj goli’niin su kalitesinin, fiziko-Kimyasal
parametrelerinin belirlenmesi amaciyla yapilmistir. Sonuglar kita i¢i su kaynaklar1 kalite kriterleri, insani tiiketim
amach sularmn standartlari, 6trofikasyon sinir degerleri ve organik kirlenme basamag ile karsilastirilmistir. Ayrica
Pearson Corelasyon Matrix analizine gore fiziko-kimyasal parametrelerin birbirleriyle olan iligkileri belirlenmistir.
Calisma siiresince tespit edilen bes istasyondan her ay su ornekleri alinmis ve elde edilen degerler (minimum,
maksimum, ortalama); su sicakligi (4.5-29.3-16.36°C), pH (7.83-9.66-8.49), ¢6ziinmiis oksijen (4.36-11.3-8.59 mg/l),
BOIs (1.3-27-10.38 mg/l), amonyum (0.032-3.157-0.64 mg/l), nitrit (0-0.338-0.05 mg/I), nitrat (0.082-6.715-1.64),
toplam fosfat (9-78-27.038 pg/l), siilfat (10.3-41.7-22.82 mg/1), kloriir (2.11-25.8-6.22 mg/l), potasyum (0-2.68-0.77),
toplam sertlik (15.1-23-18.04 FS°), askida kat1 madde (23-88-53.19 mg/l), kalsiyum (43.7-65-53.53 mg/l), magnezyum
(8.16-15.8-10.78 mg/l), elektriksel iletkenlik (151.1-218-185.05 pS/cm) ve bulaniklik (1.02-74.5-20.52 NTU) seklinde
bulunmugtur. Apa Baraj Goli’nde uygulanan PCA analizine gore fiziko-kimyasal parametrelerin birbirleriyle olan
iligkilerinin tamami pozitif yonde bir korelasyon oldugunu gostermektedir. Calisma sonunda alkali 6zellikte bir baraj
gOlil oldugu, 6nemli bir kirlilik unsurunun olmadigi ve barajin iyi sayilabilecek bir su kalitesine sahip oldugu
belirlenmisgtir.

Anahtar kelimeler: Apa baraj golii, fiziko-kimyasal dzellik, su kalitesi, su kalitesi standartlari, PCA
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1. Giris

Diinyadaki tatli su rezervlerinin ¢ogunu s1g goller olusturur ve bu goéllerde litoral komuniteler baskindir. S1g
goller derin gollere gore daha iiretken ve daha fazla kullanim alanina sahiptirler. (Moss, 1998). Yeryiiziindeki tath su
rezervinin onemli bir kismimi barindiran gollere ilaveten yapay rezervuarlar olan baraj golleri, yapisal dzellikleri ve
konumlar1 dolayisiyla olduk¢a 6zel ekosistemlerdir. Baraj gélleri; igme suyu eldesi, enerji iiretimi, tagkin dnleme ve
sulama gibi amaglarda kullanmak iizere, akarsularin 6niine insa edilen setlerin ardinda toplanan durgun su kiitleleridir.
Baraj golleri de diger goller gibi kara iginde yer almalarina ek olarak, baraj gollerinin insasi, su seviyesi ve su dinlenme
zamani gibi bazi faktorlerinin insanlar tarafindan kontrol edilmesiyle dogal gollerden ayrilmaktadir. Baraj gdllerinin
ekosisteminin fiziksel, kimyasal ve biyolojik 6zelliklerinin incelenmesi, ayrica olusumu sirasinda bazi bitki ve hayvan
tirleri ortadan kalkabilmekte ya da hem su igerisinde hem de su ¢evresinde populasyonlarda bir takim degisiklikler
olabilmektedir. Bu yiizden siirekli takip edilmelidir. Baraj gollerinin fiziksel ve kimyasal 6zellikleri dogal gollere gore
daha degiskendir (Wehr ve Sheath, 2003). Uzun siire izlenen degisimler ekolojik ac¢idan daha anlamhdir (Baykal ve
Yildiz, 2006). Ayrica baraj géllerini daha da 6zel yapan, kendilerine 6zgii insan kaynakli degisimleri de barindirmasidir.
Ulkemizdeki toplam baraj sayis1 tabii goller disinda Tiirkiye’de 706 adet baraj golii bulunmaktadir. Bunlardan
bazilarinin yiizey alan1 dogal géllerinkinden daha fazladir. Ornegin; Atatiirk Baraji 817 km? ve Keban Baraji 675 km?
yiizey alani ile Tirkiye’'nin en biiyiik tath su golii olan Beysehir goliinden daha biiyiiktiir. Tiirkiye’de isletmede olan
barajlarin toplam sayist 285°dir. Arastirma alanimizi olusturan Apa baraj golii isletme yilina bakilarak en eski 13. baraj
gdliimiizdiir (DSI, 2014a; DSI, 2014b).

Baraj golleri, setin gerisindeki akarsular tarafindan siirekli beslendigi igin dogal gollerdeki degisimlerden farkli
yapilar olusturmaktadir. Sistemi ve biyolojik olaylar1 izlemek icin periyodik olarak inceleme yapmak gerekir.
Calismamizin amaci da bu degisiklikleri iki y1l boyunca incelemek ve sonuglar1 istatistiksel olarak degerlendirmektir.

Aragtirma sahasi olarak sectigimiz Apa Baraj G6lii Ocak 2001 ve Ocak 2002 tarihleri arasinda bazi fiziksel ve
kimyasal 6zellikleri ¢alisilmig (Mert vd., 2008) ayn1 zamanda Akkoz vd., (2008) bakteriyolojik agidan incelemislerdir.
Calismamizda sirekliligin devami igin ve iki yil boyunca fiziksel ve kimyasal o&zellikleri gelisen bilgisayar
teknolojisinden de faydalanilarak istatistiki ¢alismalarla desteklenmesi yoniinden PCA analizi uygulanmustir.

2. Materyal ve yontem
2.1. Calisma alani ve istasyonlarin tanimi

Apa Baraj Golii Konya-Bozkir arasinda olup Konya iline 70 km, Cumra ilgesine 25 km uzakliktadir. Apa Baraj
Golia 37°35'97" Kuzey 32°54'54" Dogu boylamlar1 arasinda Carsamba suyu iizerinde Apasaraycik Koyl ile Apa
Kasabas1 arasinda 29.83 metre yiiksekliginde zonlu toprak dolgu tipinde %90 sulama %10 tagkinlar1 dnlemek igin insa
edilmistir. Baraj Golii 1963 yilinda isletmeye acilmistir. Toprak dolgu tipi olan barajin gévde hacmi 1.327.000 m3,
normal su kotunda g6l hacmi 169 hm?®, normal su kotunda gél alan1 12.60 km?dir. 97.015 hektarlik bir alana sulama
hizmeti vermektedir. Maksimum derinligi 26 m, denizden yiiksekligi 1013 m dir (Sekil 1). Baraj bulundugu yer
itibariyle aliivyonlardan, kireg taslarindan ve killerden olusmaktadir. Aliivyon ve kireg taglarinin fazla olmasi sonucu su
kagagi cok fazladir. Baraj golii cevresi kismen agaclandirilmistir. Bilhassa gévdeye yakin kisimda her iki yakada
agaclandirma yapilmistir. Baraj golii etrafinda baliklarin yumurta birakabilecekleri sazlik veya kamislik alan yoktur.
Fakat omnivor beslenme 6zelligine sahip olan baliklar i¢in bol miktarda su alti bitkisi mevcuttur (Mert vd., 2006).

?

Apasaraycik

APA BARAJ"

K4

1 km»—l
00 m | 560 m|

Sekil. 1. Apa Baraj Golii’niin cografik konumu ve 6rnek alma istasyonlari
Figure 1. Geographic location of Apa Dam Lake and sampling stations
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Apa Baraj Golii’niin fiziksel ve kimyasal 6zelliklerini tespit etmek amaciyla gélden bes drnek alma istasyonu
belirlenmistir. Arazi ¢alismasi iki y1l boyunca (Ocak ve Subat aylarinda iklim sartlarindan dolay: 6rnek alinamamigtir)
ornekleme yapilarak tamamlanmistir.

Istasyonlarm arastirma alanimdaki konumlari su sekildedir.

Istasyon-1: Koordinat1 37°20'42" K enlemi, 32°27'31" D boylamindadir. Carsamba gaymin giris yaptig1 kisimdir.
Istasyon-2: Koordinat: 37°22'11" K enlemi, 32°28'55" D boylamindadir. Apasaraycik kdyiiniin sinir1 oldugu bdlgedir.
Istasyon-3: Koordinati 37°22'28" K enlemi, 32°29'36" D boylamindadir. Apasayacik Kdyiine 10 km uzakliktaki taslik
bolgedir.

Istasyon-4: Koordinat1 37°21'22" K enlemi, 32°32'10" D boylamindadir. Apa Baraji dinlenme tesisinin kars1 tarafinda
olan bogaz seklindeki bolgedir ayni1 zamanda barajin su depolama olan kismidir.

Istasyon-5: Koordinat1 37°21'49" K enlemi, 32°32'21" D boylamindadir. Apa Baraji dinlenme tesisinin oldugu bélgedir,
ayni zamanda barajin su depolama olan kismidir.

2.2. Fiziksel ve kimyasal analizler

Apa Baraj Goli’niin sicaklik (°C), pH, ¢oziinmiis oksijen (CO, mg/ 1) ve iletkenlik (uS/ cm) istasyonlarda her
ay diizenli olarak calisma sirasnda yerinde yapilmustir. Ornek alimi sirasinda, yiizey suyu icin gerceklestirilen bu
olgiimlerde Hach Lange marka HQ40d modelli multiparametre Slgiim cihazi kullanilmistir. Olgiim sirasinda ilgili
cihaza ait elektrotlar su igerisine daldirilarak sabit degerler elde edilinceye kadar beklenilmis ve daha sonra elde edilen
bu degerler kaydedilmistir. Bulaniklik (NTU) olgtimleri laboratuvarda Hach Lange 2100 AN marka turbidimetre
cihaziyla yapilmustir.

AKM tayini igin bes istasyondan 1’er litre su 6rnegi almmustir. Ornek su filtre isleminden énce galkalanarak, 1
saat 105°C’de etiivde bekletilmis ve hassas olarak tartimi almmustir. 0.45 um g6z agikligindaki Whatman GF/C marka
filtre kdgidindan milipore filtre sistemi yardimu ile stiziilmiistiir. Filtre kagid1 izerinde kalmig muhtemel tuz kristallerini
¢ozmek igin 1 ml saf su kullanilmistir. Daha sonra filtre ¢ikarilarak aliiminyum bir plaka iizerine alinmis ve etiivde
105°C’de 1 saat kurutulmustur. Daha sonra desikatérde 15 dakika sogutulup hassas terazide tartilmistir. Asagidaki
formiil kullanilarak AKM miktar1 dl¢iilmiis, sonu¢ mg/l cinsinden hesaplanmistir. Eger su bulanik ve kirli ise 250 veya
500 ml su ornegi filtre edilmistir (APHA, 1985).

AKM (mg/l) = [(A-B) x 1000] / 6rnek hacmi (ml)

A Filtre + kalint1 agirligr (mg)

B: Filtre agirligi (mg)

Kimyasal analiz dlgiimleri i¢in su numuneleri 1 1t” lik plastik siselere kiyiya yakin bélgeden ve suyun yiizey
kismindan alinmistir. Alman su 6rneklerinden amonyum (NHs* -N, mg/l), toplam fosfat (ug/l), klortr (C1,, mg/l),
magnezyum (Mg*™ mg/l), kalsiyum (Ca*™ mg/l), nitrat (NOs-N mg/l), nitrit (NO2.-N mg/l), potasyum (K*, mg/l), siilfat
(SO4 mg/l) ve su sertligi (CaCOz mg/l) dl¢iimleri Hach Lange DR 2800 markali spektorfotometrede uygun kitler
kullanilarak yapilmistir. Biyokimyasal oksijen ihtiyaci (BOIs, mg/l) 20 °C’ye sabitlenmis Velp Scientifica FTC 90
markali sogutmali etiivde 5 glin boyunca manyetik karistiricilarla karistirilan suda Velp Scientifica markali B.O.D.
sensor cihazlariyla kayit edilmistir.

Elde edilen su analiz sonuglar1 kita i¢i su kaynaklart kalite kriterlerine (SKYY, 2008) gore siniflandiriimus,
insani tilketim amach sular standartlar1 (TS 266, 2005), 6trofikasyon sinir degerleri (Tablo 1) ve organik kirlenme
basamagi (Barlas, 1995) ile karsilastirilmistir. Ayrica Fiziko-kimyasal parametreler arasindaki iligkiyi belirlemek igin,
SPSS 15.0 istatistik paket programi kullanilmigtir. Bu program iizerinde Pearson Corelasyon Matrix —PCA analizi
uygulanmustir.

Tablo 1. Goller, goletler, batakliklar ve baraj haznelerinin 6trofikasyon kontrolii sinir degerleri
Tablo 1. Lakes, ponds, marshs and dam reservoir of eutrophycation limit values

Kullanim alam
istenen ozellikler Dogal koruma alam Cesitli kullammlar icin (dogal olarak
ve rekreasyon tuzlu, aci1 ve sodah goller dahil)

pH 6.5-8.5 6-10.5

CO (mg/1) 7.5 5

AKM (mg/l) 5 15

Toplam azot (mg/l) 0.1 1

Toplam fosfor (mg/l) 0.005 0.1

3. Bulgular
Caligma siiresince, tespit edilen bes istasyondan her ay periyodik olarak su érnekleri alinmis ve su sicakligi,

pH, ¢oziinmiis oksijen, elektriksel iletker}lik, nitrit, nitrat, amonyum, kloriir, siilfat, toplam fosfat, kalsiyum,
magnezyum, potasyum, toplam sertlik, BOIs, AKM degerleri tayin edilmistir. Bu parametrelerin her bir istasyon igin
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minimum maksimum ve ortalama degerleri Tablo 2°de verilmistir. Sicaklik, pH ve ¢dzlinmiig oksijen’in aragtirma siiresi
boyunca mevsimsel degisimi Sekil 2°de verilmistir. Amonyum, nitrit ve nitratin arastirma siiresi boyunca mevsimsel
degisimi Sekil 3’de, Kalsiyum, magnezyum ve toplam sertligin mevsimsel degisimi Sekil 4’de verilmistir.

Tablo 2 de ¢ikan sonuglar ayni zamanda Pearson Corelasyon Matrix —PCA analizi uygulanmig ve g¢ikan
sonuglar Tablo 3 de verilmistir. Tablo 3 p<0.05 ve p<0.01 6nem diizeylerine gore fiziko-kimyasal parametrelerin
birbirleriyle pozitif veya negatif iliskileri ve bu iliskilerin 6énem diizeyleri goriilmektedir. Tablo 3’e gore; sonuglarin
tamami pozitif yonde bir korelasyon oldugunu gostermektedir. Istatistiki olarak 0.70 iizerinde olan iliskiler giiclii olarak
degerlendirilir.

3.1. Sicaklik

Su sicakligl, suyun viskozitesini ve yogunlugunu degistirmesi, su ortaminda meydana gelen biyokimyasal
reaksiyonlarin hizin1 ve gazlari ¢oziiniirliigiinii etkilemesi bakimindan sucul yasam i¢in ¢ok dnemli bir parametredir.
Sucul organizmalarm iireme, beslenme ve metabolik faaliyetlerini de etkiler. Ornegin sazan, Sriterm oldugu halde,
ancak belirli sicakliklardan sonra beslenmeye (8 - 10 °C) ve iiremeye (15 °C) baglamaktadir (Nikolsky, 1963).

Tablo 2. Fiziko-kimyasal 6zelliklerin istasyonlardaki yillik ortalama degerleri.
Table 2. Physico-chemical properties of the stations are annual averages.

PAREMETRELER 1.istasyon 2.istasyon 3.istasyon 4.istasyon 5.istasyon
Ort Ort Ort Ort Ort
(Min-Max) (Min-Max) (Min-Max) (Min-Max) (Min-Max)
Su sicakhig 16.28 16.27 16.35 16.52 16.49
5.7-28.2 5.1-28.3 4.7-28 4.5-29.3 4.6-28.4
pH 8.42 8.45 8.54 8.54 8.54
7.83-9.06 7.8-9.66 7.95-9.04 8.05-8.88 8.01-8.98
Cc.0 8.23 8.25 8.63 8.95 8.89
4.44-10.61 4.94-10.65 4.36-10.9 4.43-13.16 4.36-11.3
Tletkenlik 188.65 187.85 183.22 185.18 182.34
15.1-218 151.4-211 163.9-210 166.4-207.8 166.4-205.6
Bulamklik 21.02 23.21 23.15 19.01 16.19
3.78-45.45 1.76-55.9 2.1-745 4.41-52.9 1.02-40.8
BOi 10.14 10.27 10.51 10.67 10.30
2.16-27 1.9-26 2.2-26.78 1.3-25.9 1.8-27.52
AKM 53.68 53.33 53.23 52.80 53.33
26-82.2 24-84 23-88 26-87 25-81
Amonyum 0.604 0.625 0.674 0.639 0.623
0.032-2.129 0.032-3.097 0.032-3.157 0.034-3.112 0.035-2.306
Toplam fosfat 26.70 27.88 26.98 26.90 26.61
9-78 9.876-74.3 10.5-75.5 9-74.87 10-75.14
Kloriir 6.05 6.36 6.43 5.95 6.29
2.38-19.1 3.35-23.7 2.8-25.8 2.11-215 3.1-22.1
Nitrat 1.82 1.44 1.65 1.62 1.702
0.34-5.65 0.082-5.6 0.387-4.69 0.099-6.715 0.395-5.728
Nitrit 0.068 0.065 0.054 0.021 0.056
0-0.329 0-0.334 0-0.338 0-0.326 0-0.332
Potasyum 0.678 0.605 0.594 0.564 0.581
0-2.63 0-2.58 0-2.55 0-2.68 0-2.41
Siilfat 23.16 22.74 22.78 22.90 22.51
12.6-39.9 12.1-38.4 11.7-38.7 11.3-40.4 10.3-41.7
Sertlik 18.11 17.65 18.08 18.64 17.71
15.2-22.1 15.1-20.1 15.1-21.4 15.3-23 15.3-22.1
Kalsiyum 54.37 52.57 53.27 52.97 54.45
45.6-65 43.7-63.7 46.2-58.7 45.24-59.5 47.67-63.8
Magnezyum 11.02 10.60 10.48 11.12 10.68
8.16-14.2 8.34-13.1 8.42-13.1 8.28-15.8 8.3-15

Apa Baraj Golii’nde aragtirma siiresince dl¢iilen en diisiik su sicakligi 2010 Aralik ayinda 4.5 °C, en yiiksek su
sicakligr 2010 Temmuz ayinda 29.3 °C olarak ol¢lilmiistiir. Ortalama su sicakligi ise 16.36 °C olmustur. Yaz ve kis
aylar1 arasinda sicaklik farki oldukca fazla olmaktadir. Bunun sebebi de tipik karasal iklim o6zelliginden
kaynaklanmaktadir. Sicakli§i PCA analiz tablosuna gore degerlendirdigimizde (Tablo 3), su sicaklifmin askida kati
madde, amonyum ve magnezyum ile 6nem diizeyinin altindadir ancak diger parametrelerle olan iligkisi ise p<0.01 6nem
diizeyinde pozitiftir. Tabloda, sicakligin p<0.01 6nem diizeyinde pozitif olarak en fazla birbirleriyle iliskili olan
parametreler sirasiyla; bulaniklik, nitrat ve toplam fosfat oldugu belirlenmistir.
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3.2.pH

G0l suyunun pH degerleri 7.83-9.66 arasinda degismistir. En diisiik deger 2010 Mart ayinda 7.83, en yiiksek
deger ise 2011 Eylil ayinda 9.66 olarak oSlgiilmiistiir. Ortalama pH ise 8.49’dur. Bu deger goliin bazik ozellikte
oldugunu gostermektedir. pH’1 PCA analiz tablosuna gore degerlendirdigimizde (Tablo 3) pH’in askida kati madde,
amonyum ve magnezyum ile dnem diizeyinin altindadir ancak diger parametrelerle olan iliskisi ise p<0.01 dnem
diizeyinde pozitiftir. Tabloda, pH’in p<0.01 6nem diizeyinde pozitif olarak en fazla birbirleriyle iligkili olan
parametreler sirasiyla; potasyum, ¢éziinmiis oksijen ve nitrit oldugu belirlenmistir.

Tablo 3. Fiziko-kimyasal parametrelerin birbirleriyle olan iligkisini gosteren Pearson Korelasyon Matrix tablosu (**
p<0.01, * p<0.05 6nem diizeyine gore)

Tablo 3. Physico-chemical parameters as their relationships with each other indicate that is Pearson Corelasyon Matrix
table (** p<0.01, * p<0.05 according to its importance)

aC oH c.o EC | NIU | BOI | AKM | NHi TP cl NOs | NOr E- | 504 | Ca? M
aC 1
ol |.767*% 1
C.0 |.8557*%)|.974r%%) 1
EC  |.8367%% |.738¢*%) |, 776r*%) 1
NTU |.9407%%) | ,780¢%%) | ,855¢%) | ,943r%%) 1
BOL |.6597%%) |, 554r%%) |.689¢*%) | 6647+ |,796¢+%) 1
AKM|  6.203| 0195 0332 0228 0.377(.860r%%) 1
NH. | 0382 0326 47| 036552804 | 934009 | 08204 1
TP |.9257%%) | .692¢%%) | .828¢**) | ,717¢*%) | 8367*%) | . 74r+%)|  0.409|.567¢*%) 1
cl- .77 | 570re=) 691+ | 0.363 (57500 | 48300  0.22] 03718760+ 1
wos |9350%9 | 715009 823044 [Lsgsee | o5 e | sesre | ea07|  ezen.gs20e0 | 0a50em 1
NOs |.8817%%) | 9774 | . 9907+%) | 7987+ | 8597+ | 611¢*+)|  0.200| 0.362].8180% |.691¢%%) | 8397+ 1
K- |.8677%% |, 981¢%%) | .991¢*%) | 832r+%) | 876+ | .647r*%)| 0,253 0,4 |,801¢%% | 6337+ | ,8007*%) | ,995¢%%) 1
5072|8967+ | 8117+ | .8450%%) | 938+ | 978+ | 708+ | 0.269| a16¢9|.727¢e9) | Lemsen | rosee |L861re | B80res) 1
G | 78700 | 642009 |, 73700 | L8120+ | 0280%%) | 01479 | 6260+ | 735049 | 7a6re9) | L5709 | L6230+ | 0209 |, 73309 | 0020%%) 1
e | 0243) w226| 0362] 0259 areew|.ssiren| 998 |L9s7een | cezee|  02ed| 0238 wze2] ezss| esi7|eesrw| 1

3.3. Céziinmiig oksijen (CO mg/l)

Suda yasayan canlilar ve su kalitesi i¢in olduk¢a 6nemli bir deger olan ¢dziinmiis oksijenin sicaklikla ters
orantihidir (Sekil.2). Apa Baraj Goli yiizey suyunda en yiiksek sicaklik Temmuz 2011 de 5. istasyonda 28.4°C iken en
diisiik ¢oziinmiis oksijen degeri 4.36 mg/l olarak, en diisiik sicaklik Aralik 2010 da 4. istasyonda 4.5°C’de iken
¢coziinmils oksijen miktar1 9.9 mg/l olarak 6l¢lilmiis ve ortalama degeri 8.38 mg/l olarak hesaplanmistir. Coziinmiis
oksijen miktarmin sicaklikla ters orantili oldugu ve sicaklik arttikca ¢Oziinmiis oksijen miktarinin azaldig: tespit
edilmistir. Arastirma alaninda ortalama sicaklik degeri 16.33 °C olgiiliirken, ortalama ¢6ziinmiis oksijen degeri 8.59
mg/l olarak Ol¢lilmiistiir. Coziinmiis oksijeni PCA analiz tablosuna gore degerlendirdigimizde (Tablo 3) ¢oziinmiis
oksijenin, askida kati madde ve magnezyum olan iliskisi ile énem diizeyinin altindadir. Amonyum ile olan iliskisi
p<0.05 6nem diizeyinde pozitiftir ve diger parametrelerle olan iliskisi ise p<0.01 6nem diizeyinde pozitiftir. Tabloda,
¢ozlinmils oksijenin p<0.01 6nem diizeyinde pozitif olarak en fazla birbirleriyle iliskili olan parametreler sirasiyla;
potasyum ve nitrit oldugu belirlenmistir.

3.4. BOIs

Apa Baraj Gélii’nde en yiiksek BOIs degeri 2011 Eyliil ayinda 27 mg/l olarak &l¢iilmiistiir. En diisiik BOIs
degeri degeri ise 2011 Nisan ayinda 1.3 mg/l olarak &l¢iilmiistiir. Ortalama BOIs degeri ise 10.38°dir. PCA analizine
gore (Tablo 3) BOIs diger parametrelerle olan iliskisi p<0.01 énem diizeyinde pozitiftir. Tabloda, BOIs p<0.01 énem
diizeyinde pozitif olarak en fazla birbirleriyle iligkili olan parametreler amonyum ve kalsiyumdur.

3.5. Nitrit, nitrat ve amonyum

Nitrit, azot dongiisiiniin ara iiriiniidiir, ortamda birikmez, hemen nitrata doniisiir. Nitrit de nitrat gibi plankton
gelisiminde 6nemli katkisi olan bir maddedir. Nisbet ve Verneaux (1970) sudaki nitrit miktarmm 1 mg/I’yi gegmesi
halinde kirlenmenin baglamis oldugunu ileri siirmektedir. Apa Baraj Golii’'nde ortalama nitrit azotu degeri 0.05 mg/l ,
nitrat azot degeri 1.64 mg/l ve Amonyum azotu 0.64 mg/l olarak oOl¢iilmiistiir. Apa Baraj Goli’'nde nitrit, nitrat ve
amonyumun ¢aligma siiresi boyunca mevsimsel degisimi Sekil 3’de verilmistir.
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Sekil 2. Su sicakligi, pH ve ¢ozlinmiis oksijenin mevsimsel degisimleri
Figure 2. Water temperature, pH and dissolved oxygen of the seasonal changes

Sekil 3. Amonyum, nitrit ve nitratin mevsimsel degisimleri
Figure 3. Ammonium, nitrite and nitrate of the seasonal changes

PCA analizine gore (Tablo 3) nitratin magnezyum ile olan iliskisi 6nem diizeyinin altindadir ancak diger
parametrelerle olan iliskisi ise p<0.01 onem diizeyinde pozitiftir. Nitrit de tipki nitrat gibi magnezyum ile 6nem
diizeyinin altindadir ancak diger parametrelerle olan iligkisi ise p<0.01 énem diizeyinde pozitiftir. Amonyum ise klor,
nitrat, nitrit ve potasyumla iligkisi nem diizeyinin altindadir. Siilfatla ile olan iliskisi p<0.05 6nem diizeyinde pozitiftir
ve diger parametrelerle olan iligkisi ise p<0.01 dnem diizeyinde pozitiftir.

3.6. Fosfat, siilfat ve kloriir

Aragtirma alanimizda en diisiik fosfat 2011 Aralik ayinda 9 pg/l, en yiiksek fosfat ise 2011 Temmuz ayinda 78
pg/l olarak kaydedilmistir. Ortalama fosfat 27.038 pg/I’dir. PCA analizine gore toplam fosfat magnezyum ile olan
iliskisi p<0.05 6nem diizeyinde pozitiftir ve diger parametrelerle olan iligkisi ise p<0.01 6nem diizeyinde pozitiftir.
Tabloda, toplam fosfatin p<0.01 6nem diizeyinde pozitif olarak en fazla birbirleriyle iliskili oldugu parametre, nitrat
oldugu belirlenmistir.

Aragtirma alanimizda en diisiik siilfat degeri 2010 Haziran ayinda 10.3 mg/l kaydedilirken, en yiiksek deger
2010 Aralik ayinda 41.7 mg/1 olarak ol¢iilmiistiir. Ortalama siilfat degeri 22.82 mg/lI’dir. PCA analizine gore siilfat
magnezyum ile olan iliskisi 6nem diizeyinin altindadir ancak kalsiyum ile olan iliskisi ise p<0.01 6nem diizeyinde
pozitiftir ve ¢ok giiclii bir iligki oldugu goriilmektedir.

Arastirma alanimizda Kloriir en diisiik deger Haziran 2010°da 2.11 mg/l, en yiiksek deger Aralik
2011°de 25.8 mg/l ve ortalama olarak 6.22 mg/1 belirlenmistir. PCA analizine gore kloriiriin magnezyum ile olan iliskisi
onem diizeyinin altindadir. Kalsiyum ve siilfat ile olan iliskisi p<0.05 énem diizeyinde pozitiftir ve diger parametrelerle
olan iliskisi ise p<0.01 énem diizeyinde pozitiftir.

3.7. Kalsiyum, magnezyum, potasyum ve toplam sertlik

En diisiik kalsiyum degeri 43.7 mg/l ile 2011 Haziran ayinda, en yiiksek kalsiyum degeri ise 65 mg/1 ile 2010
Nisan ayinda ol¢iilmiistir. Ortalama kalsiyum degeri 53.53 mg/I’dir. Apa Baraj G6lii’nde ortalama Mg*™* degeri 8.16
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mg/l ile 2011 Aralik ayinda, en yiiksek magnezyum degeri ise 15.8 mg/l ile 2010 Nisan ayinda dl¢iilmiistiir. Ortalama
magnezyum degeri 10.78 mg/l’dir. Apa Baraj Golii'nde potasyum degeri ortalama en diisiik potasyum 2010 Nisan ve
Mayis aylarinda 0 mg/l, en yiiksek potasyum ise 2011 Temmuz ayinda 2.68 mg/l olarak kaydedilmistir. Ortalama
potasyum 0.77 mg/I’dir. Apa Baraj Golii suyunun toplam sertlik degeri en yiiksek 2010 Mart ayinda 23 FS°, en diigiik
2010 Eyliil ayinda 15.1 FS° ortalama olarak 18.04 FS° olarak dl¢iilmiistiir. Apa Baraj Golii’nde kalsiyum, magnezyum
ve toplam sertligin ¢aligma siiresi boyunca mevsimsel degisimi Sekil 4’de verilmistir.

PCA analizine gore kalsiyum diger parametrelerle p<0.01 &nem diizeyinde pozitiftir. Magnezyum ise
bulaniklikla ve toplam fosforla p<0.05 6nem diizeyinde pozitiftir, BOI, AKM ve amonyum ile p<0.01 énem diizeyinde
pozitiftir ancak diger parametrelerle olan iligkisi dnem diizeylerinin altindadir. PCA analizine gore potasyumun sadece
magnezyum ile olan iliskisi énem diizeyinin altindadir ancak diger parametrelerle olan iliskisi ise p<0.01 6nem
diizeyinde pozitiftir.

Sekil 4. Kalsiyum, magnezyum ve toplam sertligin mevsimsel degisimleri
Figure 4. Calcium, magnesium and total hardness of the seasonal changes

3.8. Elektriksel iletkenlik, bulanikiik ve AKM

Aragtirma alanimizda yapilan iletkenlik 6lgiimlerinde en diisitk deger 2011 Ekim aymnda 151.1 puS/cm, en
yiiksek deger ise 2010 Nisan ayinda 218 pS/cm olarak kaydedilmistir. Ortalama elektiriksel iletkenlik ise 185.05
puS/ecm’dir. Su {iriinleri standartlar1 ve yiizeysel su kaynaklarinin kirlenmeye karsi korunmasi hakkindaki protokolde
belirtilen (Uslu ve Tiirkman, 1987) deger 150—500 puS/cm’dir ve elektriksel iletkenlik sonuglar1 bu degerlerin arasinda
yer almaktadir. Apa Baraj Goli” nde yaptigimiz dl¢limlerde en yiiksek bulaniklik degeri 2010 Eyliil ayinda 74,5 NTU
olarak ol¢iilmistiir. En diisiik 6l¢iim ise 2010 Temmuz ayinda 1.02 NTU olarak ol¢iilmiistiir. Ortalama bulanik ise
20.52 NTU’dur. Apa Baraj Golii’nde En diisiik AKM 2012 Mart ayinda 23 mg/l, en yiiksek AKM ise 2010 Eyliil ayinda
88 mgl/l olarak kaydedilmistir. Ortalama AKM 53.19 mg/I’dir.

PCA analizine gore (Tablo 3) Elektriksel iletkenligin (EC), askida kati madde, amonyum, kloriir ve
magnezyum ile olan iligkisi 6nem diizeyinin altindadir ve diger parametrelerle olan iligkisi ise p<0.01 énem diizeyinde
pozitiftir. Cizelgede, Elektriksel iletkenligi (EC) p<0.01 6nem diizeyinde pozitif olarak en fazla birbirleriyle iliskili olan
parametreler sirasiyla; bulaniklik ve siilfat ve oldugu belirlenmistir.

PCA analizine goére bulaniklik sadece AKM ile olan iliskisi 6nem diizeyinin altindadir. Magnezyum ile olan
iliskisi p<0.05 6nem diizeyinde pozitiftir ve diger parametrelerle olan iliskisi ise p<0,01 dnem diizeyinde pozitiftir.
Cizelgede, bulanikligin p<0.01 6nem diizeyinde pozitif olarak en fazla birbirleriyle iligkili olan parametreler sirasiyla;
stilfat ve kalsiyum oldugu belirlenmistir.

PCA analizine géore AKM amonyum, kalsiyum ve magnuzyumla olan iliskisi p<0.01 énem diizeyinde pozitiftir
ancak diger parametrelerle olan iliskisi 6nem diizeyinin altinda oldugu belirlenmistir.

4. Sonuglar ve tartisma

Apa Baraj Goli'nde Mart 2010 — Mart 2012 zaman araliginda yiizeysel su Orneklerinde yapilan fiziko-
kimyasal parametrelerin analiz sonuglar1 Tablo 2’de iki yillik ortalama minumum ve maksimum degerleri olarak
verilmistir. Analiz sonuglari, SSKY (2008)’deki kita ici su kaynaklarinin siniflaria gore kalite kriterleri, insani tiiketim
amacl sular standartlari, trofikasyon smir degerleri ve organik kirlenme basamag ile karsilagtirilmustir. insani tiiketim
amach sular standartlarinda sinif 2 (kaynak sular1 disindaki insani tiiketim amacli sular) tip 2 (igme ve kullanma sular1)
degerleri dikkate almmustir (TS 266, 2005).
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Sicaklik (Atici, 2004); sudaki biyolojik, kimyasal ve fiziksel aktiviteleri etkiler, bir¢ok degiskenin
konsantrasyonunu degistirir. Sicaklikla birlikte ortamdaki organizmalarin metabolik hizi ve solunum hiz1 yiikselir,
boylece oksijen tiiketimi ¢ogalir. Bahar aylariyla birlikte sicakligin ve isinma siiresinin artmasi ile bakteri faaliyeti
sonucu ayrigan besin maddelerinin inorganik maddelere donilismesi nedeniyle, fitoplanktonik organizmalar ¢ogalmaya
baslarlar. Yaz aylarmm sonuna dogru besin tuzlarinin tilkenmesiyle gelisme yavaglar. Hatta bazi tiirler ortadan
kalkabilir (Reynolds, 1993). Sicaklik SKKY (2008)’ye gore, Apa Baraj Golii ortalama su sicakligt degeri 1. smif su
kalitesindedir. Mevsimsel olarak degerlendirildiginde, yaz aylar1 su sicakligi II. sinif su kalite sinifina girmektedir. Yaz
aylarinda tespit edilen bu sicaklikta Cyprinidae familyasina ait baliklar iyi gelisebilmektedir (Y1ilmaz, 2004).

Suyun asitlik 6zelliginin bir gostergesi olan pH (Tas, 2006), canli yasamini etkileyen dénemli faktorlerdendir.
Bir goliin florast suyun pH’indan ¢ok etkilenir. Herhangi bir sekilde kirletilmemis olan gdl sularinda pH degeri 6-9
arasinda degisir (Tanyolag, 2009). pH SKKY (2008)’ye gore, I-III. su kalite simifina girmektedir. Hafif alkali olan
suyun bu 6zelligi ogunlukla bikarbonat iyonlarinin varligindan kaynaklanmaktadir. Otrofikasyon sinir degerleri (Tablo
1) arasinda oldugu goriilmiistiir. Ayrica TS 266 (2005)’ya gore sinir degerlerinin arasinda oldugu belirlenmistir. Bu
sonuglar dogrultusunda Apa Baraj Golii’niin pH yoniinden su kalitesi ve biyolojik aktivitesi uygun oldugu tespit
edilmigtir. Balik iiretimi i¢in de uygun bir ortamdir.

Coziinmis oksijen (CO) konsantrasyonu suyun kirlenme derecesini, sudaki organik madde konsantrasyonunu
ve suyun kendi kendini ne derece temizleyebilecegini ifade eder (Unlii vd., 2008). Sucul canlilar i¢in yasamsal énemi
olan CO degeri, sicakligm yaninda bitkilerin fotosentez hizina ve gdllerin trofik diizeyine bagli olarak farklilik gosterir
(Akbulut ve Yildiz, 2001). Kirlenmemis dogal sularda oksijen konsantrasyonu genellikle 10 mg/l dolayindadir
(Anonim, 1998). Sularda biyolojik solunum ve ¢esitli organizmalarin bozulmasi ¢6ziinmiis oksijen miktarini diigiiriir.
Oksijen konsantrasyonu 5 mg/I’nin altina diistiigli zaman biyolojik topluluklarin yasam fonksiyonlar1 diismektedir
(Atici, 2004). Arastirma siiresi boyunca elde edilen ortalama ¢6ziinmiis oksijen degeri, SKKY (2008)’ye gore I.sinif su
kalitesi grubuna girmektedir ancak 6trofikasyon sinir degerleri (Tablo 1) {izerinde oldugu gériilmiistiir. Ayrica organik
kirlilik derecesi bakimindan (Barlas, 1995) az kirlenmis ve I-II. kalite sinifi grubundadir.

Sudaki biyolojik aktivitelerin bir gostergesi olan BOIs (Boztug vd., 2012)degerleri Apa Baraj Gélii’nde
ortalama 10.35 mg/l oldugu bulunmustur. Apa Baraj Golii ‘niin BOIs degerleri, SKKY (2008)’ye gére, III. su kalite
sinifina girmektedir ve organik kirlilik derecesi (Barlas, 1995) ortalama degere gore de cok kirli ve kalite smifi 11
seklinde degerlendirilmistir.

Dogal sularda en yaygin olarak bulunan azotlu bilesikler nitrit, nitrat, amonyum ve organik azottur (Tas, 2011).
Bu bilesikler dlgiilerek suyun kalitesi hakkinda karar verilebilmektedir. Bu azotlu maddelerin kaynagi yagmur suyu ile
tasman atmosferik azot, toprak yapisinda bulunan nitrat tuzlar1 olabildigi gibi, tarimsal faaliyetler sirasinda topraktan
yikanan, evsel ve endiistriyel atiklardan suya karisan bilesikler de olabilir. Ayrica azot baglayan mavi-yesil alg ve
bitkiler tarafindan atmosferik azotun baglanmast da s6z konusudur (Tas, 2011). Su ortamina karigsan azot bilesikleri
birincil iiretimi tesvik ederek otrofikasyona neden olabilir. Ancak otrofikasyonun asil kaynagi fosforlu bilesiklerdir
(Henry vd., 1984).

SKKY (2008)’ye gore suda nitrit azotu 0,002 mg/l ise Lsmif yiiksek kaliteli su, 0.01 mg/l ise II. siif az
kirletilmis su ve 0.05 mg/l ise III. smif kirli su ve >0.05 mg/l ise IV. ¢ok kirlenmis su sinifinda yer almaktadir. Apa
Baraj Golii’nde ortalama nitrit azotu degeri 0.05 mg/l olarak ol¢iilmiistiir. Bu deger, Apa Baraj Golii’niin nitrit azotu
bakimindan III. smif, yani kirli su sinifinda oldugunu goéstermektedir. Apa Baraj Golii kiy1 bolgelerine yakin yerlerde
tarim yapilmasi organik materyal birikimine sebep olmaktadir ve yaz aylarinda sicakligin artmasi ve ¢oziinmiis
oksijenin azalmasiyla beraber ayrisma olaylarinin artmasi sudaki nitrit miktarmi artirmistir. Organik kirlilik derecesi
(Barlas, 1995) ortalama degere gore II-I11. kirlenme basamagindadir. Ayrica TS 266 (2005)’ya gore maksimum sinir
degerlerinin altinda oldugu belirlenmistir.

Nitrat, oksijence zengin sularda ¢ok yaygin olup, algal bilyiimeyi sinirlayabilen veya arttirabilen énemli bir
mineraldir. Yiizey sularinda nitrat miktar1 genellikle diisiiktiir. Oligotrofik sularda azot miktar1 diisiik, 6trofik sularda ise
oldukea yiiksektir (Tas, 2011). SKKY (2008)’ye gore, suda nitrat 5 mg/1 ise L.smif yiiksek kaliteli su, 10 mg/1 ise II.
siif az kirlenmis su, 20 mg/1 ise III. siif kirli su ve >20 mg/1 ise IV. smif ¢ok kirlenmis su sinifinda yer almaktadir.
Yapilan analizler sonucu Apa Baraj ortalama nitrat azotu degeri 1.69 mg/1 olarak dl¢iilmiistiir. Bu parametreye gore gol
suyu kalitesi I. smiftir. Otrofikasyon smir degerleri icin toplam azotun 1.0 mg/l olmasi gerekirken sadece nitrat
azotunun bu degerin iizerinde oldugu goriilmektedir. Organik kirlilik derecesi (Barlas, 1995) ortalama degere gore II-
I11. kirlenme basamagindadir. Ayrica TS 266 (2005)’ya goére maksimum sinir degerlerinin altinda oldugu belirlenmistir.

Amonyum iyonu suda yasayan organizmalar i¢in énemli 6lgiide toksik degildir. Ancak yiiksek pH ve sicakliga
bagli olarak amonyum amonyaga doniiserek su ortami igindeki balik yasami ve diger canlilar igin toksik hale
gelebilmektedir (Unlii vd., 2008). SKKY (2008)’ye gore bu deger Apa Baraj Golii’niin su kalitesinin 1. smif oldugunu
gostermektedir. Organik kirlilik derecesi (Barlas, 1995) ortalama degere gore kritik kirlenmis ve kalite smifi 11-11
seklinde degerlendirilmistir. Ayrica TS 266 (2005)’ya gére maksimum sinir degerlerinin altinda oldugu belirlenmistir.
Ilkbaharda diger mevsimlere gére artis olmus ve yaz ortasinda en diisiik degerler dlciilmiistiir. Amonyum iyonu sucul
canlilarin atik maddesi olup, tekrar organizmalar tarafindan absorblanirlar. Bol oksijenli sularda amonyum iyonuna ¢ok
az miktarda rastlanir. Ayni durum nitrit azotu i¢in de gegerlidir. Bu madde de ¢abucak nitrata doniigiir (Cirik ve Cirik,
1995). Baraj golinde amonyum azalmasmim iki nedenle olabilmektedir. Birincisi alglerin yogun olarak amonyum
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azotunu tiikketmesinden, ikincisi ise suda gerek fitoplankton tarafindan fotosentez sonucu sentezlenen ve yiizeyden dalga
hareketleriyle oksijence zenginlesen su igerisinde, amonyum oksijenle tepkimeye girerek nitrite, ve nitrit tekrar
oksijenle tepkimeye girerek hizli bir sekilde nitrata doniigmesinden kaynaklanabilmektedir.

Fosfat, dogal sularin verimliligini etkileyen besleyici minerallerin en onemlisidir. Gollerde ve akarsularda
¢Oziinmiis inorganik fosfat, ¢dzlinmiis organik fosfat ve organik partikiiler fosfat seklinde bulunur. C6ziinmiis inorganik
fosfat fotoototrof iireticiler tarafindan alinir, organik olarak baglanir ve besin zincirine katilir (Schworbel 1987).
Fosfatin evsel ve organik atiklarla artmasi sonucu sularda istenmeyen alg artis1 ve trofikasyon olayr goriilebilir. Fosfat
miktar1 0.3 mg/lI'den yiiksek ise kirlenmeden s6z edilebilir. Dogal sularda toplam fosfor yogunlugu; havzanmn
morfometresine, bolgenin jeolojik yapisinin kimyasal igerigine, suya karisan organik madde olup olmadigina ve sudaki
organik metabolizmaya baglidir (Tanyolag, 2009). Fosfat su depolarinda alglerin {iremesini kolaylastirir. Bu nedenle
igme suyunda koku ve tad problemlerine yol acabilir. Bu sebepten i¢me suyunda fazla bulunmasi istenmez (Giritlioglu
1975). Apa Baraj Gélii fosfat yoniinden SKKY (2008)’ye gére II. smif kalitede oldugu belirlenmistir. Otrifikasyon sinir
degerleri igin ise, gollerde rekreasyon ve dogal koruma amact igin fosforun smir degerinin 0.005 mg/l ve cesitli
kullanimlar i¢inse 0.1 mg/l olmasi istenmektedir. Apa Baraj Golii’nde ortalama toplam fosfat degeri 27.038 ug/l olarak
ol¢tilmistiir ve sinir degerlerin altinda oldugu goriilmektedir.

Suyun dogal anyonlarindan olan siilfat, biyolojik verimin artmasi i¢in dogal sularda bulunmalidir. Siilfatin
ortamda yeterince bulunmamasi fitoplankton gelisimini engeller ve bitkilerin biiylimesini yavaslatir. Dogal gollerin
siilfat degerleri 3-30 mg/l arasindadir (Atict ve Obali, 1999). Sucul ortamlarda gesitli endiistri atiklari, tarimsal
faaliyetler ve evsel atiklarin neden oldugu siilfat artis1 kirliligin bir gostergesidir. Siilfat igeriginin 250 mg/I’den fazla
olmasi ciddi derecede kirlenmeye isaret etmektedir (Nisbet ve Verneaux, 1970).Arastirma stiresi boyunca elde edilen
ortalama siilfat degerine gore goliin su kalitesi 1. sinif kaydedilmistir (SKKY, 2008). Ayrica TS 266 (2005)’ya gore
maksimum sinir degerlerinin altinda oldugu belirlenmistir.

Tim dogal sularm 6nemli bir kimyasal bileseni olan kloriir iyonunun konsantrasyonu genellikle disiiktiir.
Kloriir konsantrasyonunun alacagi degerler gerek icme ve endiistriyel su kalitesi gerekse de sulama suyu kalitesi
agisindan dogrudan 6nem tagimaktadir (Unlii vd., 2008). Kloriir iyonlarinin miktarlart saglikli su igin de bir gostergedir.
Pek cok igme suyunda kloriir miktar1 30 mg/l' yi gegmez. Deniz ve kaya tuzu yataklarma yakin sularda kloriir
konsantrasyonu yiikselir (Mutluay ve Demirak, 1996). Kloriir miktarmin yiiksek olmasi ayn1 zamanda amonyum, nitrat,
nitrit ve ortofosfatin da yiiksek olmasini ifade eder ve kirlenmis sularda kloriir miktar1 30-300 mg/l arasinda degisim
gosterir (Kalyoncu vd., 2005). Arastirma siiresince elde edilen ortalama kloriir degeri SKKY (2008)’ye gore, 1. su kalite
sinifina girmektedir. Organik kirlilik derecesi (Barlas, 1995) ortalama degere gore 1. kirlenme basamagindadir. Ayrica
TS 266 (2005)’ya gore maksimum sinir degerlerinin altinda oldugu belirlenmistir.

Besin tuzlarinin tim organizmalarin fizyolojik aktivitelerinde énemli oldugu bilinmektedir. Herhangi birinin
eksikligi organizmanin gelismesine olumsuz etki yapmaktadir. Besin tuzlarini olusturan minerallerinin basinda
kalsiyum (Ca*) iyonu yer almaktadir. Kalsiyum (Ca™) dogal sularda en bol bulunan elementlerden biridir. Algler ve
yiiksek bitkiler i¢in 6nemlidir. Kalsiyum alglerin normal metabolizmasinda biiyiimelerini saglayan énemli bir elementtir
(Egemen ve Sunlu, 1999). Dogal sularin Ca** igerigi 150 mg/I’ye kadar ulasabilirken, 25 mg/l civarinda iken
prodiiktivite maksimuma ulasir, 12 mg/I’nin altinda ise prodiiktivitenin iki kat azalacagi belirtilmektedir (Nisbet ve
Verneaux, 1970; Bremond ve Vuichard, 1973). Apa Baraj Golii’'nde ortalama kalsiyum degeri 53.53 mg/1 bulunmustur
ve normal degerler arasinda yer almaktadir. Genellikle sudaki Ca™ iyonu kaynagmi karbonath ve siilfath kalsiyum
mineralleri teskil eder. Bu nedenle sularda, ¢ok degisik konsantrasyonlarda Ca** bulunabilir. Ca** suya sertlik 6zelligi
veren en onemli iyondur (Giiler ve Cobanoglu, 1997). Apa Baraj Goliinde ortalama kalsiyaum miktarina gére TS 266’ nin
maksimum degerinin altindadir. TS 266’da miisaade edilen maksimum kalsiyum degeri 200 mg/1’dir.

Magnezyum iyonu (Mg*) suyun sertligini meydana getiren iyonlardan biridir. Mg** klorofilin bilesiminde
bulundugundan klorofilli bitkiler i¢in yasamsal Gnem tasir. Alg, mantar ve bakterilerde fosfor metabolizmasini
diizenler. Gollerde Mg*™* oraninin diisiik olmasi goliin fitoplankton verimliligini 6nemli 6lgiide etkiler, bunun sonucunda
g6l oligotrofik dzellik kazanir (Egemen, 2006). Dogal sularda Mg** 10-50 mg/l arasinda degisir. Ortalama magnezyum
degeri 10.78 mg/I’dir ve normal degerler arasindadir. TS 266’da Mg sinir1 ise 50 mg/I’dir. Bu parametreye gore Apa
Baraj Golii balike¢ilik agisindan da uygundur. Kalsiyum/magnezyum orani kirlenmemis sularda 4-5/1°dir ve kirlenme
durumunda bu oranda bozulmalar goriilir (Hiitter, 1984). Apa Baraj Goélii'nde de bu iki iyonun ortalama degerleri
oranina bakildiginda 2010 yilinin mart, nisan, mayis, temmuz, agustos aylarinda ve 2011 temmuz ve ekim aylarinda bu
oran bozulmamis fakat diger aylarda oran bozulmustur. Bu oranin bozulmasi jeolojik kaynakli olabilecegi gibi yiizey
sulariin ve kirlenmeden kaynaklandig: diistintilmektedir.

Potasyum suya tat veren inorganik tuzlardan biridir. Su ortaminda K>SO, seklinde bulunan potasyum minerali,
bitkisel organizmalarin gelismesinde rol oynayan besleyici bir elementtir. Planktonun gelismesini hizlandirir. Baliklarin
beslenmesinde dolayli olarak fayda saglar (Ozdemir, 1994). Dogal sularda potasyum konsantrasyonu genellikle 1-10
mg/l arasinda degisim gosterir. TS 266’da belirtilen K* degeri 12 mg/’dir (TS 266, 2005). Potasyum tuzlari fazla
olunca baliklara toksik etki eder (Ozdemir, 1994). Apa Baraj Gélii’nde potasyumun toksisitesi séz konusu degildir.

Sularin 6nemli 6zelliklerinden biri olan sertlik, bulunduklar1 yerin jeolojik yapilarina gore degisir. Sularin
sertligi, basta kalsiyum ve magnezyum bikarbonat iyonlar1 olmak iizere, kalsiyum ve magnezyum kloriir, kalsiyum ve
magnezyum nitrat ve az miktarda da demir, aliiminyum ve stronsiyum iyonlarindan ileri gelmektedir (Giiler ve
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Cobanoglu, 1997). Yapilan sertlik siniflandirmasmna goére (Yaramaz, 1992) Apa Baraj Golii orta sert su ozelligi
gostermektedir.

Nisbet ve Verneaux (1970) elektriksel iletkenligin tatli sularda iyi bir iiretim igin 100-150 pmhos/cm arasinda
olmasinin uygun bir durum olacagini tespit etmislerdir. Diger taraftan Boyd (1979) elektriksel iletkenlik igin dogal
sulardaki kriteri 20-1500 umhos/cm olarak vermektedir. Welch (1952) 6trofik géllerin oligotrofik gollere gore elektrolit
madde bakimmdan daha zengin oldugunu belirtmistir. Coziinmiis mineral fazlalig: iletkenligin degerini yiikseltir.
Ozellikle CI" ve Na* iyonlarmin varlig1 iletkenligi belirler. Katyon ve anyonlarm varligi ayn1 zamanda alglerin biiyiime
ve gelismesinde sinirlayici faktdr olarak énemlidir. Tuzluluk degerlerinin artmasi, dzellikle kloriir yogunlugunun fazla
olmasi halinde tathi su alglerinin ortadan kalktigi goriilir (Morgan vd., 1995). Apa Baraj Goéliinde ortalama EC
miktarma goére TS 266 (2005)’ya gore maksimum sinir degerlerinin altinda oldugu belirlenmistir.

Tablo 4. Fiziko-kimyasal sonuglarin degerlendirilmesi
Table 4. Evalution of Physico-chemical results

Parametreler SKKY (2008) Otrofikasyon Sinir | Organik Kirlenme TS 266 (2005)
Degerleri Basamag (Barlas
1995)
Sicaklik I stuf -
pH I-1I1. stuf sinir degerinde - sinir degerinde
Cozlinmiis Oksijen | I stuf sinir degerinde az kirlenmis
I-11. kalite sinifi
BOIs 1L stuf cok kirli ITI. kalite
sinif
Nitrit 1. simf sinir degerinin 1-111. kirlenme maksimum sinir
tizerinde basamagi degerinin altinda
Nitrat I stuf 1-111. kirlenme maksimum sinir
basamagi degerinin altinda
Amonyum I stuf kritik kirlenmis II-111. maksimum sinir
kalite sinifi degerinin altinda
Fosfat IL. stuf sinir degerinin -
altinda
Siilfat I simf - maksimum sinir
degerinin altinda
Kloriir I siuf L. kirlenme basamagt maksimum sinir
degerinin altinda
Kalsiyum - - maksimum sinir
degerinin altinda
Magnezyum - - maksimum sinir
degerinin altinda
Elektriksel - - maksimum sinir
lletkenlik EC degerinin altinda
Bulamiklik - - maksimum sinir
degerinin iizerinde
Askida Kati sinir degerinin -
Madde AKM lizerinde
Potasyum - maksimum sinir
degerinin altinda

Suyun seffafligi fitoplankton yogunlugundan etkilense de, ¢amur ve organik enkazin suya karigmasinin ve
riizgarlarla karigtirllmasmi da etkili oldugu belirtilmistir (Temponeras vd., 2000). Sulardaki bulaniklik oncelikle
fitoplankton tiretimini dolayisiyla da besin zincirini engellemektedir. Sularda 25 mg/I'nin altindaki deger normal temiz
su olarak kabul edilir. 25-80 mg/l arasindaki siispansiyon halde madde bulunduran sularin verimi diismeye baslar. 80-
400 mg/l arasinda balik sayisi belli bir sekilde azalir. 400 mg/I'nin {izerinde ise balik verimi son derece diisiiktiir
(Egemen ve Sunlu, 1999). Apa Baraj Goli’ nde yaptigimiz 6lgimlerde en yiiksek bulaniklik degeri 2010 Eyliil ayinda
74.5 NTU olarak ol¢tlmistiir. En diisiik 6l¢iim ise 2010 Temmuz ayinda 1.02 NTU olarak 6l¢lilmiistiir. Ortalama
olarak 20.52 NTU olarak 6lgiilmiistiir. Bu deger normal degerler arasinda gosterilmektedir ancak dénem dénem 25-80
mg/l arasinda da olmustur. Bu degisim mevsim degisimleri ile agiklanabilir. Ayrica TS 266 (2005)’ya goére maksimum
sinir degerlerinin iizerinde oldugu belirlenmistir.

Suda bulunan askida kati madde (AKM) miktarma etki eden faktorler fitoplankton yogunlugu ve gole ulagan
sel sularidir. AKM alici su ortamlarma evsel ve endiistriyel atik sularda tagmir. Bunun sonucunda suyun bulanikligi
artar, 151k gecirgenligi azalir, fotosentez olayir olumsuz yonde etkilenir. Sedimantasyon sonucu tabanda yasayan bentik
canlilarin substratumlart olumsuz etkilenir. AKM miktarinin agirt artmasi baliklarda solungac gibi hassas dokularin
zarar gormesine, yavru ve yumurta Sliimlerine yol agmaktadir (Alabaster ve Lloyd, 1980). AKM degerinin 25-80 mg/I
aras1 normal oldugu, 80 mg/I’'nin iistiindeki degerlerin sudaki canlilar agisindan sakincali olabilecegi belirtilmektedir.
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Elde edilen bu degerlerin SKKY (2008)’de belirtilen &trofikasyon kontrolii siir degerlerinin (5-15 mg/l) ¢ok iistiinde
oldugunu gostermektedir.

Sonug olarak; Yeryiizliniin herhangi bir noktasinda bir yil i¢inde hidrolojik dongii tarafindan saglanan su, o
bolgenin iklimsel 6zelliklerine bagl olarak sinirli bir miktardadir. Artan su ihtiyact nedeniyle hizlanan su kirliligi, bu
sinirlamay1 etkilemektedir. Bunun sonucunda, insan yasami i¢in vazgegilmez bir unsur olan suyun, kullanima uygun
olan kismi giderek azalmaktadir. Bu olumsuz gelismenin dnlenebilmesi i¢in, su kirliliginin ciddi bir bigimde kontrol
edilmesi ve kullanim sonucunda niteligi bozulan sularin aritilarak hidrolojik dongiiye iade edilmesi gerekmektedir
(Shelknanloymilan., vd, 2012). Apa Baraj Goli, ekolojik 6zellikleri ve su kalitesi ile 6nemli bir tatli su potansiyeline
sahiptir. Baraj Goliiniin depolama haznesi suyu berrak, koku yoktur fakat daha sig olan kisimlarda ozellikle yaz
aylarinda bulaniklik ve koku yogun olarak goriilmiistiir. Apa Baraj Goli’niin suyu SKKY (2008), insani tiiketim amagli
sular (TS 266, 2005) standartlar;, Otrofikasyon Sinir Degerleri ve Organik Kirlenme Basamagi (Barlas, 1995) ile
kargilastirilmistir (Tablo 4). SKKY (2008)’ya gore sicaklik, ¢oziinmiis oksijen, nitrat, amonyum, siilfat ve kloriir I. sinif
(temiz sular) su Kalitesindedir. Fosfat II. smif (az kirli sular), pH (I-III. smif), BOIs ve nitrit III. simf (kirli) su
kalitesindedir. Otrofikasyon Smir Degerlerine gore pH ve ¢oziinmiis oksijen sinir degerinde, fosfat smir degerinin
altinda, askida kati madde (AKM) ve toplam azot (nitrit, nitrat, amonyum) sinir degerinin iizerinde oldugu tespit
edilmistir (Tablo 4). Organik Kirlenme Basamagi (Barlas, 1995)’na gore ¢ozliinmiis oksijen az kirlenmis ve I-I1. kalite
sinifi, BOIs ¢ok kirli ve I1I. kalite smifi, amonyum kritik kirlenmis II-111. kalite smifi oldugu belirlenmistir. Ayrica nitrit
ve nitrat II-111. kirlenme basamag1 kloriir ise I. kirlenme basamag1 oldugu belirlenmistir (Tablo 4). Insani tiikketim amagh
sular (TS 266, 2005) standartlar1 bakimindan pH sinir degerinde, bulaniklik maksimum smir degerinin iizerinde ve
nitrit, nitrat, amonyum, siilfat, kloriir, kalsiyum, magnezyum, elektriksel iletkenlik, potasyum ise maksimum sinir
degerinin altinda oldugu bulunmustur (Tablo 4). PCA analizine gore de parametrelerin birbirleriyle pozitif bir
korelasyon ic¢inde oldugunu gdstermistir. Golde mevcut balik tiiri i¢in su uygun bir ortamdir. Gl gevresinde cesitli
kuslarin oldugu goézlemlenmistir. GOl cevresinde ornitolojik arastirmalar yapilabilir. Apa Baraj Goli’nde Selguk
Universitesinin tesisi bulunmaktadir. Bu tesis gelistirilebilir, ekoturizm kapsamimda ve rekreasyonel amagcl
degerlendirilebilir. Yapilan arastirma siiresi boyunca genel anlamda su kalitesi bakimindan oldukga iyi durumda oldugu
ve etrafta kirlilige sebebiyet verebilecek bir endiistriyel kurulusunun olmamasinin avantajmi yagamakta ancak gol
cevresinde tarimsal faaliyetler yogun bir sekilde yapilmaktadir. Bu durum ilerleyen zamanda goliin trofik yapisini ve su
kalitesini negatif yonde degistirebilir.

Tesekkiir
Bu calisma Selguk Universitesi Bilimsel Arastirma Proje koordinatorliigii tarafindan 10101003 nolu proje ile
desteklenmistir. Ayrica bu ¢alisma doktora tezimin bir kismudir..
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Abstract

In this study, the moss flora of the Sivrice province (Elazig) was investigated between May and October 2013.
As a result of the identified of moss specimens collected from the research area, total 45 taxa, belonging to 9 families
and 26 genera were determined. At the same time all the taxa are new records from Elazig province according to the
grid-square system of Henderson (1961) twenty six taxa are new records for B9 grid square. While the largest families
in terms of number of taxa are Brachytheciaceae (14), Pottiaceae (9) and Orthotrichaceae (8), the largest genera are
Orthotrichum (8), Bryum and Didymodon (4). In addition, the most taxa within the floristic list in terms of some
ecological characteristics are xerophyt, photophyt and acidophyt.

Key words: moss, flora, Sivrice, Elazig, Turkey

k

Elazig-Sivrice ilgesi’nin Karayosunu Florasi

Ozet

Bu calismada, 2013 yilinin Mayis ve Ekim aylar1 arasinda Elazig-Sivrice ilgesinin karayosunu florasi
arastirilmistir. Arastirma alanindan toplanan karayosunu 6rneklerinin teshis edilmesi sonucunda 9 familya ve 26 cinse
ait toplam 45 takson belirlenmistir. Tamami Elazig ili i¢in yeni kayit olan taksonlarn ayni zamanda 26 tanesi
Henderson (1961) kareleme sistemine gore B9 karesi i¢in yenidir. Takson sayis1 bakimindan en kalabalik familyalar
Brachytheciaceae (14), Pottiaceae (9) ve Orthotrichaceae (8) iken en kalabalik cinsler Orthotrichum (8), Bryum ve
Didymodon (4)’dur. Ayrica, bazi ekolojik 6zellikler agisindan floristik listedeki taksonlarin ¢ogunun; kserofitik (kurak),
fotofit (1s1k seven) ve asidik karakterde oldugu saptanmustir.

Anahtar kelimeler: karayosunu, flora, Sivrice, Elaz1g, Tiirkiye
1. Giris

Ug fitocografik bélgenin (Avrupa-Sibirya, Akdeniz ve iran-Turan) bulustugu konumda bulunmasmdan dolay1
zengin biyogesitlilige sahip olan Tiirkiye’yi, briyofit flora ¢alismalar1 agisindan Avrupa iilkeleri ile karsilastirdigimizda,
iilkemizin bir¢ok bolgesinin briyofit florasi hala ¢ok az bilinmekte veya bilinmemektedir. Son yillarda, Tirkiye’de
yapilan detayli arazi ¢alismalarinin sonucunda ¢ok sayida 6nemli ve kayda deger briyofit kayitlar: tespit edilmis (Abay
ve Cetin, 2003; Uyar vd., 2007; Kegeli vd., 2011; Oren vd., 2012; Ursavas ve Cetin, 2012; Kirmaci ve Kiirschner, 2012;
Batan ve Ozdemir, 2013; Batan vd., 2013a,b,c; Kara vd., 2014) olmasma ragmen Tirkiye briyofit florasinin
tamamlanabilmesi i¢in daha cok c¢aligmaya ihtiya¢ vardir. Bu nedenle, briyofitler acisindan yok denecek kadar az
galigmaya sahip Dogu Anadolu bolgesi, calisilacak alanlarin baginda gelmektedir. Briyofitler ile ilgili daha once
herhangi bir ¢aligma yapilmamig olan Elazig’in Sivrice ilgesinde yapilan bu calisma ile alanin karayosunu florasi
belirlenerek, Tiirkiye briyofit florasina bir katki saglamak amaglanmistir.
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1.1 Calisma alam

Henderson (1961) kareleme sistemine gore B9 karesi icerisinde bulunan Sivrice, Iran-Turan fitocografik
bolgesinde yer almaktadir (Ansin, 1983). Dogu Anadolu Bolgesinin, Yukart Firat Béliimiinde olan ve tamami Elazig il
sinirlart igerisinde kalan Sivrice; dogusunda Maden, batisinda Baskil, giineybatisinda Malatya, giineydogusunda
Diyarbakir ve kuzeyinde Elazig merkez ilgesi ile gevrilidir (Sekil 1). il merkezine olan uzakhigi 31 km’dir. ilge
merkezinin rakimi 1266 metre olup ilgenin glineydogusunda 2347 metre yiiksekliginde Hazarbaba ve 2171 metre
yiiksekliginde Karaoglan daglar1 bulunmaktadir. Alanda yaklasik 6 km genisliginde ve 20 km uzunlugunda olan Hazar
Goli ve gevresi, Elazig’in tatil ve dinlenme merkezi konumundadir (URL, 1).

Sekil 1. Henderson (1961) kareleme sistemi ve ¢alisma alaninin haritasi

Dogu Anadolu Bolgesinin Yukart Firat boliimiinde yer alan Hazar Golii havzasi, bir taraftan ana ¢izgileriyle
icinde bulundugu bolgenin iklim oOzelliklerini yansitirken diger taraftan kendine has iklim 6zellikleri ile dikkat
cekmektedir. Ulkemizin en daglik bolgesini meydana getiren Dogu Anadolu kiitlesinde, morfolojinin dogurdugu bir
iklim tipi kendini hissettirmektedir. Soyle ki yiikseltileri batidan doguya dogru artan birbirine paralel dag ve platolar
arasina sikismis ve birbirinden orta yiikseklikteki esik alanlara ayrilan diziler halinde ¢esitli boyutta ve kopartman
seklindeki ovalar bolgenin genel morfolojik gériiniimiini olusturur. Yer sekillerinin bu 6zelligi iklimin batidan doguya
dogru daha karasal bir karakter almasina neden olmustur (URL,1).

Calisma alaninda; yillik ortalama sicaklik (a) 12 °C, yillik ortalama yagis (b) 499,5 mm, en soguk ayin
minimum sicaklik ortalamasi (c) -9,5 °C, en diisiik sicaklik (d) -17,8 °C, sicaklik 6lgme yil1 sayisi (e) 23 ve yagis dlgme
yili sayist (f) 11°dir (Sekil 2). Calisma alanma ait S (Kurak devre) degerinin 0,41 olmasi alanin Akdeniz ikliminin
etkisinde, yagis-sicaklik katsayr degerinin 38,5 olmasi ise Yari-Kurak Akdeniz Biyoiklim katinda oldugunu gdsterir
(Akman, 1990; Cakilcioglu vd., 2008).

Sivrice a:12°C c:-9.5°C a: 23
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Sekil 2. Sivrice meteoroloji istasyonuna ait ombro-termik iklim diyagrami
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Calisma alanindaki ormanlik alanlari, yorenin yar1 kurak iklim sartlarina uymus, kapaliligi zayif, seyrek ve
park goriiniimlii kuru ormanlar olusturmaktadir. Bu orman formasyonunu meydana getiren agaclar; hemen her tarafa
yayilmis meseler (Quercus infectoria Olivier., Quercus pubescens Wild., Quercus cerris L., Quercus libani Olivier),
bunlar arasia az oranda karismis ardiglar (Jiniperus oxycedrus L., Juniperus excelsa Bieb.), yabani kiraz (Cerasus
avium (L.) Moench), armut (Pyrus communis L.) ve badem (Amygdalus communis L.) gibi yabani meyve tiirleridir.
Mese topluluklar1 disinda dogal orman &rtiisii bulunmamaktadir. igne yaprakli agaglandirma sahalarmda ise Sedir
(Cedrus sp.), Karacam (Pinus nigra Arn. ssp. pallasiana (Lamb) Holmboe) ve Sarigam (P. sylvestris L.) agaglar
bulunmaktadir (CIDSM, 2013).

2. Materyal ve yontem

Aragtirma materyalini, 2013 yilinin farkli vejetasyon donemlerinde yapilan arazi ¢alismalarinda, 13 6rnekleme
noktasindan toplanan karayosunu 6rnekleri olusturmaktadir (Tablo 1). Toplanan karayosunu &rnekleri gesitli flora ve
revizyon eserleri kullanilarak teshis edilmistir (Nyholm, 1981; Hedends, 1992; Lewinsky, 1993; Zander, 1993; Paton,
1999; Smith, 2004; Kiirschner ve Frey, 2011). Bitki listesinin hazirlanis1 sirasinda, 6ncelikle gegerli isim ve sinonimlik
durumlarmin tespitinde Hill vd., 2006 sistematik diizenlemede ise Goffinet ve Shaw (2009) dikkate almmuistir.
Orneklerin toplandig1 habitata ait nemlilik durumu, 151k ve asidite gibi ekolojik ozellikler ise Dierfen (2001)’e gére
diizenlenmistir. Teshis edilen taksonlarn Tiirkiye’deki durumlar1 Uyar ve Cetin (2004), Kiirschner ve Erdag (2005) ve
Ros vd., 2013 tarafindan yayinlanan son kontrol listelerine gore degerlendirilmistir. Teshis edilen taksonlar Elazig
Bilim ve Sanat Merkezinde muhafaza edilmektedir.

Tablol. Lokalitelere ait veriler

hgka"te Yiikseklik (m) Tarih GPS Kaydi Lokalite

1 1357 27.08.2013 N 38°25'38. 06", E 039° 14'32. 24" Kiirkkoy

2 1371 27.08.2013 N 38°25'44. 41", E 039° 15'48. 31" Diizbahge Yolu Civari

3 1377 27.08.2013 N 38°19'47. 92", E 039° 11'48. 84" Uyiiriik - Kayapinar Arasi

4 1161 27.08.2013 N 38°18'53. 36", E 039° 12'08. 17" Kayapinar Koyii Cesmesi

5 1422 27.08.2013 N 38°1928. 08", E 039° 13'04. 51" Kayapinar - Hacilar Arasi

6 1464 05.10.2013 N 38°26'03. 03", E 039° 19'00. 04" Karagali Koyii

7 1251 05.10.2013 N 38°26'51. 60", E 039° 20'59. 56" Sivrice Merkez - PTT Kampi

8 1258 05.10.2013 N 38°2724. 98", E 039°2228. 79" Plajkoy Yolu

9 1246 19.05.2013 N 38°29'45. 95", E 039° 29'56. 22" Plajkoy

10 1261 19.05.2013 N 38°3047. 42", E 039° 30'54. 31" Gezin Orman Isletme

11 1259 19.05.2013 N 38°31'32. 30", E 039°2623. 49" Karayollart Kamp Alam

12 1265 19.05.2013 N 38°29'49. 00", E 039° 22128. 45" DSI Kamp Alani

13 1277 19.05.2013 N 38°28'11. 72", E 039°17' 44. 06" Orman Isletme Kamp Alam
3. Bulgular

Bu ¢alismada, 9 familya ve 26 cinse ait toplam 45 takson belirlenmistir (Tablo 2). Tespit edilen taksonlarin
tamami Elazig i¢in yeni kayittir. Ayrica Henderson (1961) kareleme sistemine gore bu taksonlardan 26°s1 B9 karesi i¢in
yenidir. Calisma alaninda en yaygin bulunan tiirler; Grimmia pulvinata, Syntrichia ruralis, Pohlia wahlenbergii var.
calcarea, Orthotrichum pumilum, Cratoneuron filicinum, Platyhypnidium riparioides’dir. Homalothecium
philippeanum ve Syntrichia ruralis ise tiim substratlarda yayilis gosteren taksonlardir.

Alanda belirlenen karayosunlarmin % 58’1 akrokarp, % 42’si ise pleurokarptir. Cogunlugu kurakeil karakterli
akrokarp tiirlerin fazlaligi alanin Iran-Turan fitocografik bolgesi igerisinde yer almasi ve tipik yaz kurakligi ile
karakterize edilen Akdeniz iklimi etkisi altinda kalmasindan kaynaklanmaktadir. Suyu ve nemi seven pleurokarpik
tiirlerin fazlalig1 ise alanin yakininda yer alan Hazar Golii’niin sagladigi iklim ve habitat gesitliligine baglanabilir.

Takson sayisi bakimindan en kalabalik familyalar Brachytheciaceae (14), Pottiaceae (9) ve Orthotrichaceae (8)
olup belirlenen taksonlarin % 69’unu olusturmaktadirlar. Yine takson sayisi bakimindan en zengin cinsler ise
Orthotrichum (8), Bryum (4), Didymodon (4), Brachythecium (3) ve Homalothecium (3)’dur. Bu veriler oncelikle
arastirma alanindaki iklim ¢esitliligi ile uyumlu olup, epifitik, epilitik, epigaeik ve sucul habitatlarin zenginligini
gostermektedir.
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Tablo 2. Floristik liste ve taksonlarin ekolojik 6zellikleri (LN: lokalite nuamarast, A: agag, T: toprak, K: kaya, N: nemlilik, m: mezofit,
h: higrofit, k: kserofit, I: 1stklanma, S: sciofit, f: fotofit, A: asidite, a: asidofit, s: subnétrofit, b: bazifit, (*): B9 karesi i¢in yeni)

Famiyalar LN Takson A [N |I iUbSt_;at B

1,2,10,12,13 Grimmia pulvinata (Hedw.) Sm. a k f + |+
Grimmiaceae 1 Schistidium apocarpum (Hedw.)Bruch & Schimp. a |k |f +

3 Schistidium confertum (Funck)Brunch & Schimp. a |k |f +

1,10,8 Barbula unguiculata Hedw. a |k |f + |+

10 Didymodon acutus (Brid.) K.Saito. b |k |f +

1,6 Didymodon fallax (Hedw.) R.H. Zander. S k |f +

1 Didymodon nicholsonii Culm. b h |f +
Pottiaceae 2 Didymodon vinealis (Brid.) R. H. Zander. b k |f +

1 Syntrichia princeps (De Not.) Mitt. b k |f +

1,2,3,10,11,13 | Syntrichia ruralis (Hedw.) F.Weber & D.Mohr. b k f + + |+

2,10 Tortula subulata Hedw. S k |f + |+

8 Trichostomum brachydontium Bruch. a k |f +

10 Bryum caespiticium Hedw. S m |f +
Bryaceae 1,10 Bryum capillare Hedw. S m |f + |+

2 Bryum creberrimum Taylor. a H |f +

1 Bryum moravicum Podp. a |k |S [+
Mniaceae 46,12 Z?El?ndrcev\\/l\j}sh\llzr:.bg;?(izgrea(.F.WEber & Do) a |hof L
Bartramiaceae 1 Philonotis calcarea (Bruch & Schimp.) Schimp. b |h |S +

1,2 Orthotrichum affine Schrad. ex Brid. a m |f +

5,7 Orthotrichum anomalum Hedw. a k f +

1,2 Orthotrichum cupulatum Hoffm. ex Brid. S k S +
Orthotrichacese 7,9,10 Orthotrichum pallens Bruch ex Brid. S h S +

1,5,7,8,10 Orthotrichum pumilum Sw. ex anon. S k f +

2,7,10 Orthotrichum rupestre Schleich. ex Schwagr. a k f +

5 Orthotrichum sprucei Mont. S h |S |+

2 Orthotrichum striatum Hedw. b |k |f +

7 Amblystegium serpens (Hedw.) Schimp. a |h |S +

1,5,6,8 Cratoneuron filicinum (Hedw.) Spruce. b h f + |+
Amblystegiaceae 8 Hygroamblystegium humile (P. Beauv.) Vanderp., hols .

Goffinet & Hedenas.

5 Palustriella commutata (Hedw.) Ochyra. b |h |f +

10 aﬁf:r)]/g:fciastrum velutinum (Hedw.) Ignatov & a Im |s +

2 Brachythecium glareosum (Bruch ex Spruce) Schimp. | s m |S +

8 Brachythecium rivulare Schimp. a |h |S +
Brachytheciaceae | g Brachythecium rutabulum (Hedw.) Schimp. a |m |S +

10 Homalothecium aureum (Spruce) H.Rob. b |k |f +

2,10 Homalothecium lutescens (Hedw.) H.Rob. S |k |f + |+

2,10 Homalothecium philippeanum (Spruce) Schimp. b |k |f + |+ |+
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Tablo 2 (Devam ediyor)

1,8 Kindbergia praelonga (Hedw.) Ochyra. a |h |S + |+
8 Oxyrrhynchium hians (Hedw.) Loeske. a |m |[f +
1 Plasteurhynchium striatulum (Spruce) M.Fleisch. s m |f +
Brachytheciaceae 2,45 Platyhypnidium riparioides (Hedw.) Dixon a |h |S +
2 Rhynchostegiella tenella (Dicks.) Limpr. S m |S +
8 Rhynchostegium confertum (Dicks.) Schimp. s h |S +
1 Scleropodium cespitans (Wilson ex Miill. Hal.) L. F. s m s |+
Koch.
Hypnaceae 7 Pylaisia polyantha (Hedw.) Schimp. a |h |f +

Taksonlarin ekolojik 6zellikleri ile hayat formlar1 ve yasam stratejileri degerlendirilirken literatiir bilgilerinin
yani sira arazi gozlemleri de dikkate alinmigtir. Taksonlarin asiditesine bakildiginda, % 44’iiniin asidofit (pH < 5,7), %
31’inin subndtrofit (pH= 5,7-7) ve % 24’{iniin bazifit (pH > 7) karakterde oldugu goriilmektedir (Sekil 3).

Tespit edilen taksonlarin nem istekleri degerlendirildiginde ise; % 44’iiniin kserofit, % 33’iiniin higrofit ve %
22’sinin mezofit karakterde oldugu goriilmektedir (Sekil 3). Bu sonuglar alanda nemli ve yar1 kurak mikrohabitatlarin
varhigimi gostermektedir.

Isik isteklerine gore taksonlarm; % 67’si fotofit karakterde olup yar1 golgelik ve agik alanlarda yayilis
gosterirken, % 33’1 skafit karakterde olup gélgelik alanlar1 tercih etmektedirler (Sekil 3).

Taksonlarin substrat tercihleri goz 6niine alindiginda bazi taksonlarin birden fazla substratda bulunabildigi
goriilmektedir (Tablo 2). En ¢ok tercih edilen substrat 26 takson ile toprak tizeri olurken 21 takson ile kaya iizeri ikinci
sirada yer almaktadir (Sekil 3).

35
30
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A1

: N

S Topralc Agac ‘ Kaya

Mem Asidite Isik Substrat

Sekil 3. Taksonlarin ekolojik tercihleri.

Sonu¢ olarak, karayosunu florasi bilinmeyen bir alanin listesi ¢ikarilarak B9 karesi i¢in 26 yeni takson belirlenmis
olup, Tirkiye biryofit florasina 6nemli bir katki saglanmastir.
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A new plant for Turkey; Buckwheat (Fagopyrum esculentum)
Asuman KAN ™
Selguk Universitesi, Teknik Bilimler Meslek Yiiksek Okulu, Gida Isleme Béliimii, Konya, Turkey

Abstract

Turkey, its geographical structure, both due to different ecological conditions in the world, is the center of
many important genes/origin. Turkey is also the culture of many plant species can be easily made with different agro
ecological characteristics is one of the rare countries in the world.Turkey's ecological riches procured from abroad and
of foreign origin plants also is home to a significant production. New entrance to thefield of agriculture in our country
in recent years, the plant is one of the buckwheat plant. Patients with celiac disease as a medical food to be consumed
by the products at the beginning of the buck wheat plants entered such as introduced material abroad. Turkey.
Buckwheat on the plant in Turkey by different institutions and organizations in both production and Research &
Development activities are carried out. Buckwheat (Fagopyrum esculentunt Moench) is a kind of a plant from the
Polygonaceae family. In this study, our country and the world getting use everyday, some botanical, chemical and
agricultural properties are aim to be introduced to more beneficiaries.

Key words: Buckwheat, Fagopyrum esculentum, celiac, gluten,rutin

k

Tiirkiye icin yeni bir bitki; Karabugday (Fagopyrum esculentum)

Ozet

Tiirkiye, topografik yapisi ve farkli ekolojik kosullari nedeniyle, diinyanin ¢ok &nemli gen merkezi
konumundadir. Tiirkiye ayni1 zamanda pek cok bitki tiiriintin kiiltiiriiniin kolaylikla yapilabilecegi farkli agro ekolojik
ozelliklere sahip diinyanin nadir ilkelerinden birisidir. Tiirkiye'nin bu ekolojik zenginlikleri nedeni ile yurt disindan
temin edilen ve yabanci orijinli bitkilerin kolaylikla yetistirilmesinde de ev sahipligi yapmaktadir. Ulkemiz tarim
alanlarma son yillarda yeni giren bitkilerden bir tanesi de karabugday bitkisidir. Colyak hastalar1 tarafindan tiiketilmesi
zorunlu olan gida iriinlerin basinda gelen karabugday bitkisi yurt disindan introdiiksiyon materyali olarak Tiirkiye'ye
girmistir. Karabugday bitkisi {izerinde Tiirkiye'de farkli kurum ve kuruluslar tarafindan hem iiretim hem de Ar-Ge
calismalar1 yiiriitilmektedir. Karabugday (Fagopyrum esculentuntum Moench) kuzukulagigiller (Polygonaceae)
familyasindan bir bitki tiiriidiir. Bu ¢alisma ile, diinyada ve iilkemizde her gecen giin kullanimi artan karabugdayin bazi
bitkisel, kimyasal ve tarimsal &zelliklerinin daha ¢ok faydalaniciya tanitilmasi amaglanmistir.

Anahtar kelimeler: Karabugday, ¢olyak, gluten, rutin
1. Giris

Giiniimiiz diinyasinda yasam bitkilere bagli olarak artan oranda siirmektedir. Insanlar hayatlarmi
stirdiirebilmek icin, besinlerini dogrudan dogruya bitkilerden, yada bitkilerle beslenen hayvanlardan saglanan
triinlerden saglamaktadir. Bitkiler ayn1 zamanda dogrudan dogruya yada dolayli olarak insanlarin ilag, siis, kozmetik,
giyim, barmma gibi gereksinimlerini karsilamaktadir. Diinyada bir¢ok bitkisel tiriinler yapay olarak kimyasal yollarla
elde edilebilmistir. Ornegin, dogal pamuk yada keten lifleri yerine sentetik lifler, dogal kaucuk yerine sentetik kaucuk
yapilmistir. Fakat diinya niifusunun % 75’inin temel gidasini olusturan bugday, misir,pancar, patates, geltik, fasulye vb.
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besin maddelerini sentetik yoldan elde etmek miimkiin olmamstir (Ozgen vd., 2000). Hizla artan diinya niifusu ve her
giin daha fazla sayida insanin beslenme sorununu ortaya ¢gikarmakta ve diinyamizda beslenme yetersizligi ve agliktan
olimler devam etmektedir. Diinyada bitkisel kokenli saglik, kozmetik ve fonksiyonel gida iriinleri tiiketiminde de
dikkat ¢ekici artislar bulunmaktadir. Cok yonlii talep edilen bitkisel kokenli iiriinlere ham madde 6zelligi tasiyan bitki
gesitliligi 6nem kazanmaktadir. Son arastirmalara gore Tiirkiye florasinda bulunan 12 000 iizerindeki bitki takson
sayisinin yaklasik 1/3 endemik 6zellik gdstermesi biyo ¢esitliligin énemini daha da artirmaktadir (Davis vd., 1988;
Giiner vd., 2000) Mevcut gesitler ve 1slah hatlarindaki genetik farkliliklarin tarimsal {iretime kazandirilmasi, basta aglik
sorunun ¢oziimii ve diger bitkisel iiriin taleplerini karsilanmasinda onemli katkilar saglamaktadir. Karabugday
Tirkiye’de kiiltiirii yapilmayan, ancak diinyanin birgok iilkesinde iiretilen, ekonomik degeri yiiksek olan, ayn1 zamanda
tiiketimi her gecen giin artan ve ¢ok yonlii kullanim alanma sahip olan bitkilerdendir. Ozellikle ¢6lyak hastalarinmn gida
kaynagi olarak kullanmak zorunda olduklari karabugday tohumu ya da mamiil {irlinleri tamami iilkemize ithal
edilmektedir. Colyak hastalarinin diyetinde gluten énemli bir problem olusturmaktadir. Bu hastalik iilkemiz niifusunun
yaklasik 300 bin kisisini etkilemektedir (Acar vd., 2011). Karabugday bitkinin hem tohumlarindan hem de herbasindan
faydalanilmaktadir. Karabugday bitkisinin tohumlar1 temel aminoasitleri bulundurmasmin yani sira kimyasal olarak
serbest gluteni icermemesi ile bugday, arpa, yulaf ve ¢avdar gibi diger tahil kdkenli besin kaynaklarindan ayrilirlar.

Ulkemizde son yillarda alternatif bitkilerin tarimi arayisi hizla artmaktadir. Ozellikle su ve besin maddesi
tiiketimi az olan iiriin arayislar1 6n plana ¢ikmaktadir. I¢ Anadolu Bélgesinde su kaynaklarinmn azalmasi ve topraklarin
coraklagmaya baslamasiyla birlikte mevcut iiretilen tahil, baklagil ve diger endiistri bitkileri ile miinavebeye girebilecek
karabugday gibi alternatif olabilecek bitkiler boélgenin tarimsal olarak gelismesinde Onemli bir katma deger
olusturacaktir. Son yillardaki dogal ve bitkisel iiriinlere olan taleplerin artmasi nedeniyle, hammaddesi bitki olan ilag,
gida ve fonksiyonel iiriinlerin diinya ticari hacmine paralel olarak iilkemizde de artis gostermektedir (Kan, 2011).
Karabugday bu kapsamda artan taleplerin karsilanmasmnda degerlendirilecek bir gida ve ilag sanayi bitkisidir.
Tiirkiye’de karabugdaymn verimli ve kaliteli iiretilmesi sonucu karabugday bitkisine dayali endiistriyel yatirimlar1 da
beraberinde getirecektir.

2. Karabugdayin tarihgesi

Karabugday, gegmisi ¢ok eskilere dayanan bir bitki olup Orta Asya kokenlidir. Ilk olarak Cin, Kazakistan ve
Japonya’da yetistirilmeye baslanan bu bitki daha sonra Rusya, Ukranya, ABD, ve Avrupa’ya yayilmistir.
Karabugday bitkisi ilerleyen zamanlarda dogu ve batiya, daha soguk iklim bdlgelerine yayilmigtir. 2000' 1i yillarin
basindan itibaren Tiirkiye'de lizerinde ar-ge ve iiretim calismalari baslatilan bir bitkidir. (Dizlek vd., 2009; Arslan, N,
2014).

3. Karabugdayin bitkisel 6zellikleri

Karabugday (grecka) kuzukulagigiller (Polygonaceae) familyasindan Fagopyrum cinsine dahil tek yillik otsu
bir bitki tiridiir. Baz1 sistamatikgilere gore Polygonum cinsi altinda siniflandirildigt da olmustur. Fagopyrum cinsi
cicek boylarina gore iki gruba ayrilmaktadir. Karabugdaydaki kiigiik boylu ¢icek grubunda 8 tiir, biiyiikk boylu ¢icek
grubunda ise 7 tiir bulunmaktadir. Biiyiik boylu ¢i¢ek grubunda bulunan F. esculentuntum Moench en 6nemli tiir olarak
kiiltire alimmigtir. Karabugdaymin (F. esculentuntum Moench) tohumlar1 biiyiik tiggen seklinde ve koselidir.
Karabugday tohumlar1 kabukla (perikarp) kaplidir. Cesitlere gore degismekle birlikte maksimum 4 mm genislik ve 6
mm uzunluk ve 2 mm genislik ve 4 mm uzunluktadir. Tohum kabugun sekli, bilyiikliigii ve rengi bitkinin ¢esit ve
tirlerine gore degisiklik gostermektedir. Tohum kabuklari parlak, mat kahverengi, siyah veya gri olabilmektedir.
Kabugu c¢ikartilmisg karabugday tanelerine “groat” denilmekte ve kimyasal kompozisyonu ve goriiniisi ile tahil
tanelerine benzemektedir. Karabugday isminden dolayt Gramineae familyasina olan tahillarla birlikte almip
degerlendirilecegi diisiiniilse hi¢ bir akrabalik baglari yoktur (Guo vd., 2007; Acar, 2009). Karabugday hizla biiyiiyen,
tek yillik ve vejetasyon siiresi kisa (80-90 giin) bir bitki olup, bitki boyu yetistirme kosullarina gére 60-120 cm arasinda
degismektedir (Kan, 2011). Bitkiler kazik sahip olup {izerinde daha kii¢iik yan kokler bulunmaktadir. Yapraklar diiz
olmayan, genis yaprakli ve liggen seklinde kalp seklinde bir goriiniime sahiptir. Cigekler ise salkim seklinde renkleri ise
beyazdan pembeye kadar degismektedir. Yabanci tozlasan bir bitki olan karabugday cigeklenmesi siireleri vejetasyon
doneminde uzun siire (30-45 giin) devam etmektedir (Park vd., 1997; Siizer, 2007; Guo vd., 2007).

4. Karabugdayn iiretimi

Rusya, Ukrayna, Kazakistan, Fransa, Cek Cumhuriyeti ve Slovakya gibi diinyanin pek ¢ok iilkesinde iiretilen
karabugday (Fagopyrum esculentum Moench), iilkemizde iiretimi yapilmayan ve ithal edilen bir tiriindiir. 2011 FAO
verilerine gore; diinyada 31 farkli iklim 6zelligi olan iilkede 1.882.328 ha ekim alaninda, ortalama 1027 kg/ha verim ile
927.661 ton karabugday iiretim gergeklesmistir (Anonymous, 2011). Tirkiye’nin ekolojik o6zellikleri dikkate
alindiginda, basta Graminaceae familyasina ait dnemli tahillar olmak tizere Polyganeceae familyasina dahil pek ¢ok
bitki tlirtiniin tarimi i¢in uygun iilkelerin basinda yer almaktadir.
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Resim 1 : Karabugday bitki tohumu Resim 2 : Karabugday bitkisi

Dort yildir (2010-2013) Konya ekolojik kosullarinda tarafimizca yapilan ¢alismalarda karabugday bitkinin
yetistiriciliginde énemli problemlerle karsilasiimadig: tespit edilmistir. Karabugday bitkisin pek ¢ok toprak yapisinda
kolaylikla yetismesi sonucu genis bir adaptasyon kabiliyeti bulunmaktadir. Ancak kisa hassas olmasindan dolayr I¢
Anadolu Bolgesi gibi kislar sert gecen bélgelerimizde yazlik olarak yetistirilmesi uygun goziikmektedir. Ulkemizde
tahil ve baklagillerin yogun olarak yetistirilip endiistriyel olarak islendigi I¢ Anadolu Boélgesi ciftcisine ve gida
endiistrisine alternatif tarim faaliyetleri sunulmamasi nedeniyle, karabugdayin iilkemizde taninmasi, yetistirilmesi ve
degerlendirilmesi 6nem arz etmektedir. Karabugdayin tariminda yogun tarimsal girdi kullanilmamasi, tahillara gore
daha kisa vejetasyon siiresine sahip olmasi ile birlikte miinavebeye uygun bir bitki olmasi gibi 6nemli tarimsal
avantajlara sahip bir bitkidir. Karabugday bitkisin tarimi tahil be baklagiller bitkilerine benzerlik gosterdigi igin tarimi
ilkemizde daha kolay yayginlasabilecektir. Ayrica karabugday bitkisin kisa vejetasyon siiresine sahip olmasi nedeni ile
bitkinin su be besin maddesi tiiketimi daha diisiik olmaktadir. Ozellikle bu bitkinin su tiiketiminin diisiik olmas1 ve I¢
Anadolu Bolgesinde su kaynaklarmnin yetersizligi nedeni ile bitkinin bu bdolgelerde yetistirilmesi ayr1 6nem arz
etmektedir. Bu bitkilerin yetistirilmelerinde suya ¢ok ihtiya¢ duyulmamasi énemli bir avantajdir. Ulkemiz icin yiiksek
katma deger potansiyeline sahip karabugday bitkisinin hem ova hem de yayla ekolojik kosullarinda iretilmesi ile
tarimimizi zenginlestirme O6zelliklerine sahiptir. Konya ovasinda ekolojik kosullarinda bitki ile yapilan calismalarda
yeterli miktarlarda tohum verimi (ortalamalO0 kg/da) almabilecegini gostermistir (Acar vd., 2011). Karabugday
iilkemizde iiretilmesi ve islenmesi {ilkesel ihtiyaglarimizin karsilanmast ile birlikte digsatim potansiyeli olabilecek bir
bitkidir. ithalat verilerine gore bitki tohumunun ortalama 2-3 $/kg fiyatlarla iilkemize maliyeti olugmaktadir (Kan,
2011). Karabugdayin iilkemizde iiretimi sonucunda iilkemizin déviz kaybinin engellendigi gibi, ayn1 zamanda
iilkemizde her gegen giin sayis1 artan ¢olyak hastalarina daha ucuz fonksiyonel gida hammaddesi kaynagi saglanmig
olacaktir.

5. Karabugdayin kimyasal yapisi

Karabugday bitkisinin tohumlarinda %13-15 arasinda protein bulunmaktadir. Tohumlarin temel aminoasitleri
bulundurmasinin yani sira kimyasal olarak serbest gluteni igermemesi ile bugday, arpa, yulaf ve ¢avdar gibi diger tahil
kokenli besin kaynaklarindan ayrilirlar. Colyak hastalarinin diyetinde gluten ¢ok &nemli bir sindirim problemi
olusturmaktadir. Bitki tohum ve herbasi iyi bir rutin kaynagidir. Karabugday tohumunda tokoferol, fenolik asit ve
flavanoit gibi antioksidanlarin yiiksek seviyede olmasindan dolayr uzun raf 6mriine sahiptir. Karabugdayda en yaygin
bulunan flavanoidler; rutin, antosiyanin, orientin, iso-orientin, viteksin ve isoviteksindir. Karabugday tohumunda
bulunan rutin igerigi 12.6-35,9 mg/100g’dir. T1bbi bakimdan 6nemli olan rutin, karabugday herbasinda(ot) da yeterli
miktarda bulunmaktadir (Tian ve Patil, 2002). Karabugdaydan elde edilen rutinlerin insan saghg acgisindan giiclii
antioksidanlar oldugu pek ¢ok aragtirmalarda belirlenmistir (Giilpinar vd., 2012; Bojnanska vd., 2009). Karabugday
tohumlarinda % 50-70 oraninda karbonhidrat, % 2-3 oraninda sabit yag ve bazi Onemli mineraller (potasyum,
magnezyum, fosfat, mangan, fosfor, kalsiyum, demir ¢inko) bakimindan ¢ok zengin diyet iiriintidiir (Kan, 2011).
Karabugday A, D, E, K vitaminleri ile birlikte en fazla B grubu vitaminleri igermektedir (Watanabe vd., 1997; Giilpinar
vd., 2012; Dizlek vd., 2009 ). Karabugday tohumlarinda ana besinsel degeri bakimindan tahillara benzerlik gosterirler.
Nisasta ve lif igerigi tahillar ile hemen hemen ayn1 miktarda olan karabugday, yiiksek oranda linoleik asit gibi temel
¢oklu doymamis yag asitlerini igerir. Tahillarla karsilastirildiginda, biitiin temel aminoasitler (6zellikle lisin,
treonin, triptofan) bakimmdan yiiksek konsantrasyona sahip olmasindan dolayr ve biinyesinde bulundurdugu siilfiir
iceren aminoasitler ile birlikte dengeli aminoasit kompozisyonu bakimindan karabugday proteini yiiksek besin
kalitesine sahiptir (Dizlek vd., 2009). Konya ekolojik kosullarinda yetistirilen karabugday bitkisinin tane, sap ve
herbasindan hazirlanan ekstrelerinin toplam fenol, flavonoit ve rutin igeriklerine goére neuroprotective,
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acetylcholinesterase, butyrylcholinesterase ve antioxidan gibi biyolojik aktiviteleri ¢aligilmigtir. Karabugdayin igermis
oldugu bu dnemli bilesiklerin aktiviteden sorumlu ana bilesikler oldugu sonucuna ulasilmistir (Giilpmar vd., 2012).

6. Karabugdayin kullamlmasi ve degerlendirilmesi

Karabugday bitkisinin kullanimi {ilkelere ve toplumlarin kiiltiirlerine gore farkliliklar arz etmektedir.
Karabugday bitkisinin neredeyse her tarafindan faydalanilmak ile birlikte genel olarak tohumlarindan ve herbasindan
(ot) faydalanilmaktadir. Karabugday bitkisinin yesil herba veriminin yiiksek olmasi nedeni ile yesil giibre olarak
kullanim &zelliklerine sahiptir. Son yillarda tarim alanlarina uygulanan sentetik giibrelerin toprak kaynaklarina vermis
oldugu zararlar1 telafi etmek igin alternatif bir dogal giibre kaynagidir. Karabugday bitkisinin olduk¢a uzun bir
gigeklenme peryodu bulunmasindan dolayi, bitki nektar kaynagi bitkilerin baginda yer almaktadir. Karabugdaym
yabanct dollenen bir bitki olmasi nedeni ile arilarin bitkilerin tozlasmasina 6nemli bir katkisi séz konusudur.
Giiniimiizde, dnemli bir kiiltiir bitkisi olan hem insan gidasi hem de hayvan yemi olarak kullanilan karabugday gida
triinlerin zenginlestirilmesinde ve irlin ¢esitliliginin arttirilmasinda kullanilmaktadir. Cok yonlii bir kullanim
ozelliklerine sahip karabugday tohumlari insan beslenmesinde zelliklede ¢6lyak hastalarinin beslenmesinde ekmek,
makarna, tarhana, sehriye, kraker, kurabiye gibi bir¢ok gida maddesinin iiretiminde kullanilmaktadir. Ayrica, sirke, bira,
cay, bal ve ispirto gibi ¢ok sayida gida sanayi iiriiniiniin iretiminde (Bilgicli, 2009; Bilgi¢li, 2008) ve hayvan
beslenmesinde farkli yem rasyonlarinda basari ile kullanilmaktadir (Acar, 2009). Karabugday ununun zayif protein
yapisina bagl olarak ekmek yapiminda kullanimi smirlanmaktadir. Ancak karabugday kabugundan izole edilen suda
coziilebilen polisakkaritlerin izole edilerek karisima ilave edilmesiyle kabugu alinmis karabugday ekmeklik bugday
karigimi ekmek yapimi i¢in uygun oldugu belirlenmistir. Beslenmede biyolojik aktif bilesen kaynagi olarak
karabugdayin farkli oranlarda kullanilmasiyla zenginlestirilmis ekmegin degerlendirilmesi yapilmistir. Karabugdayin %
30 oraninda kullanilmasiyla tatmin edici sonuglar elde edilmistir. Tahil {irlinlerinin beslenme degerini artirmak ve
fonksiyonel o6zelliklerini gelistirmek amaciyla formiilasyona katilan karabugday unu ile yapilan pek ¢ok ¢alismada
(Bilgicli, 2009; Fessas vd., 2008; Bojnanska vd., 2009 ) karabugday un miktarma bagli olarak iirlinlerin besinsel
ogelerinde onemli derecede artislar elde edilmistir. Karabugday bir gida bileseni olarak o6zellikle de fonksiyonel gida
endiistrisi i¢in yiiksek bir kullanim potansiyeli bulunmaktadir.

Sonug olarak;

*Karabugday bitkisi lilkemiz kosullarinda kolaylikla yetisebilecek ve su ve besin maddesi tiiketiminin diigiik
olmasi gibi dzellikleri ile ig Anadolu ve gecit bolgelerinde yayginlasmast bakimindan énemli yeni bir alternatif tarimsal
tiriinii olma potansiyeline sahiptir.

**Karabugday bitkisin ¢i¢eklerinin nektar bakimindan zengin olmasi nedeniyle 6zellikle yayla kosullarinda
aricihi@in gelismesine katki saglayabilecegi diistiniilmektedir.

***Tirkiye’nin ithalati olan ve ekonomik 6neme sahip olan karabugdayn iilkemiz tarimina kazandirilmast ile
ozellikle ¢olyak hastalarina yonelik glutensiz gesitli gida iiretimi ve rutin kaynagi olarak ila¢ sanayinin 6énemli bir ham
maddesi 6zelliklerini tagimaktadir.

**%% Karabugdaym iilkemizde {iretimi artirilirsa, iretici ve sanayici ucuz ve giivenilir yeni bir hammadde ile
tanigsmis olacaktir.
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A new pricking Carnation (Caryophyllaceae) grows on tuff from Turkey: Dianthus aculeatus sp. nov.
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Abstract

During the taxonomic revision of the Turkish Dianthus species, the specimens collected from Koroglu Pass
(Iscehisar, Afyonkarahisar, Turkey) was described as a new species. It was named as Dianthus aculeatus Hamzaoglu
sp. nov., and its description, images, distribution, ecology and threat category were given. Also, it was compared with
closely related species, D. erinaceus Boiss. and D. goekayi Kaynak, Yilmaz & Dagkin, based on its general morphology
and seed micromorphology.

Key words: Dianthus, taxonomy, new species, West Anatolia, Turkey

%

Tiirkiye’den tiif iizerinde yetisen yeni bir Karanfil tiirii (Caryophyllaceae): Dianthus aculeatus sp. nov.

Ozet

Tiirkiye Dianthus tiirlerinin revizyonu esnasinda Koéroglu gegidinden toplanan (iscehisar, Afyonkarahisar,
Tiirkiye) 6rnekler, yeni bir tiir olarak tanimlandi. Dianthus aculeatus Hamzaoglu sp. nov. olarak adlandirilan yeni tiiriin
betimlemesi, resimleri, yayilisi, ekolojisi ve tehlike kategorisi verildi. Ayrica, yakin akraba oldugu D. erinaceus Boiss.
ve D. goekayi Kaynak, Yilmaz & Dagkin ile genel morfoloji ve tohum mikromorfolojisi bakimindan karsilastirildi.

Anahtar kelimeler: Dianthus, taksonomi, yeni tiir, Batt Anadolu, Tirkiye
1. Introduction

Dianthus L., is easily distinguished from the other genera in the Caryophyllaceae family by its epicalyx scales
and tubular calyx. This genus consists of approximately 300 species and is mainly distributed in Mediterranean region
of Europe and Asia. However, its few species grows in Africa and America (Reeve, 1967; Bittrich, 1993). Because
many Dianthus species have glamorous flowers, nowadays they are plants that are indispensable to landscape
architecture. So Dianthus genus has an indispensable reputation and economic importance (Mabberley, 2002).

The genus Dianthus represented by 121 species in theFlora Europaea, 78 species in theFlora of the U.S.S.R.,
49 species in the Flora Iranica, 19 species in theFlora of Syria, Palestine and Sinai, and 3 species the Flora of Irag and
the Flora of Cyprus (Post and Dinsmore, 1932; Tutin, 1964; Rechinger, 1964 and 1988; Hooper, 1977; Shishkin, 1985).
The most comprehensive taxonomic revision of Dianthus in the Flora of Turkey was carried out by Reeve (1967). As a
result of this revision there were 67 species introduced into the second volume of the Flora of Turkey and the East
Aegean Islands (Reeve, 1967). This number was increased to 76 by the latter studies (Shishkin, 1985; Davis et al.,
1988; Gemici and Leblebici, 1995; Giiner, 2000; Menemen and Hamzaoglu, 2000; Ayta¢ and Duman, 2004; Ozhatay
and Kiiltiir, 2006; Vural, 2008; Y1ilmaz et al., 2011; fi¢im et al., 2013).
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2. Materials and methods

Dianthus specimens, collected from Koroglu Pass located between Bayat and Iscehisar (Afyonkarahisar,
Turkey) in the framework of revision of Dianthus in Turkey, were thoroughly evaluated using the related literature and
the specimens present in GAZI, ANK, HUB, E, K and P herbaria (Boissier, 1843 and 1867; Reeve, 1967; Yilmaz et al.,
2011; MNHN Paris, 2014; RBG Kew, 2014; RBG Edinburgh, 2014). The images were taken using the Olympus C-
5060 digital camera and Leica EZ4 HD microscope, and the seed surface micromorphology was visualized using the
LEO 440 scanning electron microscope. Normal visualization of the specimens was carried out using the Olympus
SZ61 microscope. The vegetative characters were measured using a ruler with 0.5-mm accuracy and the floral
characters were determined using an ocular micrometer.

The Koroglu Pass specimens that were introduced as new species had been collected by the various botanists
from the nearby localities (see specimens examined). But these specimens were determined to be Dianthus erinaceus
Boiss. var. alpinus Boiss. according to the identification key of the Flora of Turkey. There were as many specimens
with flowers and fruits as possible collected from the Koroglu Pass belonging to Dianthus aculeatus (Tiif Karanfili).
The specimens included the materials needed for the seed micromorphology studies. These studies revealed that the
specimens collected from Kdroglu Pass belonged to the individuals of a new species.

3. Results

3.1. Dianthus aculeatus Hamzaoglu, sp. nov. — Figures 1 and 2.

Type: Turkey, Afyonkarahisar: Between Bayat and Iscehisar, Koroglu Pass, 1500 m, rocky igneous slopes
with tuff gravels and shrub openings, 16 June 2013, Hamzaoglu 6744, A.Aksoy & M.Kog (holotype: GAZI; isotypes:
GAZI, ANK, HUB).

Diagnosis: Dianthus aculeatus is related to D. erinaceus var. erinaceus, D. erinaceus var. alpinus and D.
goekayi. It mainly differs from the related taxa because it has epicalyx scales indistinctly 3—5-veined (not 1-3-veined);
inner epicalyx scales c. 1/2 as long as calyx (not 3/5—4/5 as long as calyx); calyx distinctly 45-50-veined, purplish (not
36-45-veined, greenish or rarely purplish); petals 22—-26 mm long (not 14-21 mm), limbs broadly cuneate, 6.5-7.5 mm
wide (not narrowly cuneate, 3—5.5 mm wide), claws 15-18 mm long (not 9.5-14 mm long), collar 1/2 as wide as claw
(not as wide as claw).

Description: Perennial, cushion-form, spinose and pruinose herbs. Stems erect, 2—6 cm tall, unbranched or
rarely only branching from upper node, 2—4-noded, pubescent, dead leaves persistent at base. Leaves linear-subulate,
canaliculate, thick, glabrous, margins scabrous, apex spinose; sterile shoots leaves subequal cauline leaves; cauline
8-12 x 0.6-1 mm, separated from stem, equal or shorter than internodes, rigid, 3-veined, sheaths equal or slightly
longer than wide; upper similar but smaller, nodes sometimes purplish. Stems usually one-flowered or rarely with strict
inflorescence, flowers solitary; -if present- branches angled at 5-15°, pubescent, up to 2 cm long; pedicels 3—7 mm,
pubescent, greenish. Epicalyx scales 6-8, cartilaginous, spinose, greenish or purplish, + separated from calyx, veinless
below, indistinctly 3—5-veined above, with narrowly scarious (c. 0.1 mm) margins, apex acute-obtuse except arista;
outer linear to linear-lanceolate, 9—13 x 1-1.5 mm, glabrous or pubescent, up to 1/2 as long as calyx, arista c. 2/3 as
long as scale; inner oblanceolate, 10-14 x 2.4-3.6 mm, glabrous, c. 1/2 as long as calyx, arista c. 1/3 as long as scale.
Calyx cylindric-lanceolate, 18-26 x 3—4 mm, distinctly 45-50-veined above, glabrous, purplish; teeth narrowly
triangular, 4-6 x 1-1.5 mm, 7-9-veined, with ciliate and scarious margins, apex acuminate and long mucronate. Petals
22-26 mm long; limb broadly cuneate, 7—8 x 6.5-7.5 mm, c. 1/3 as long as petal, c. 3/4 exserted from calyx, spotted,
barbulate, pinkish purple on both surfaces, 9—11-toothed from middle to apex, teeth narrowly triangular, up to 1/5 as
long as limb; claw 15-18 x 1.2—-1.5 mm, collar ¢. 1/2 as wide as claw. Capsule not exserted from calyx. Seeds elliptic,
1.8-2.5 x 1.2-1.5 mm, blackish.

3.2. Seed morphology

Seeds of Dianthus aculeatus are elliptic, 1.8-2.5 x 1.2-1.5 mm, black, ungranular; dorsal surface convex, with
regular rectangular cells, tuberculate, with 2—4 teeth on each margin, teeth S-undulate, apparent; ventral surface flat,
with irregular rectangular cells, tuberculate, with 4—7 teeth on each margin, teeth S-undulate, not apparent; apex beaked.
The seeds of D. aculeatus are different than the seeds of D. goekayi as reegard to the size and the shape and the seeds
of D. erinaceus var. erinaceus and D. erinaceus var. alpinus as regard to their ungranular dorsal surface cells and V-
undulate appearance of the dorsal and ventral surface cells (Table 1, Figures 3 and 4).
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Figure 1. Habits: A. Dianthus aculeatus (Hamzaoglu 6744), B. D. erinaceus var. erinaceus (Hamzaoglu 6589), C. D.
erinaceus var. alpinus (Hamzaoglu 6590), D. D. goekayi (Hamzaoglu 6596).

1cm

Figure 2. Flowers: A. Dianthus aculeatus (Hamzaoglu 6744), B. D. erinaceus var. erinaceus (Hamzaoglu 6589), C. D.
erinaceus var. alpinus (Hamzaoglu 6590), D. D. goekayi (Hamzaoglu 6596).

Table 1. Diagnostic seed characters between Dianthus aculeatus and related taxa.

Seed Characters D. aculeatus D. goekayi D. erinaceus var. D. erinaceus var.
erinaceus alpinus

Size 1.8-2.5x1.2-15 | 3-3.6 x 1.8-2.1 2-2.8x1.2-15 2-3x1.1-1.5

mm mm mm mm

Shape elliptic oblong-elliptic elliptic elliptic

Cells of dorsal surface non granular non granular granular granular

Cell edges of dorsal surface | S-undulate S-undulate V-undulate V-undulate

Cell edges of ventral surface | S-undulate S-undulate S-undulate V-undulate
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3.3. Distribution and ecology

Dianthus aculeatus is distributed between Bayat (Afyonkarahisar) and Gediz (Kiitahya) where cold
Mediterranean climate prevails. This area is located between Irano—Turanian and Mediterranean phytogeographic
regions (Davis, 1965). The species is grows in rocky igneous slopes with tuff gravels or coniferous forest and shrub
openings and prefers the altitudes of 12501900 meters (Figure 5). Dianthus aculeatus grows on rocky igneous slopes
with tuff gravels, within open Pinus nigra J. F. Arnold forest together with Quercus cerris L., Cistus laurifolius L.,
Juniperus oxycedrus L., Salvia tomentosa Mill., Alyssum strigosum Banks & Sol., Bromus tectorum L., Chamaecytisus
hirsutus (L.) Link, Silene compacta Fisch., Myosotis discolor Pers. , Anthemis tinctoria L. var. pallida DC., Campanula
lyrata Lam., Veronica chamaedrys L., Arenaria serpyllifolia L., Phleum exaratum Griseb. and Hypericum
origanifolium Willd.

3.4. Phenology
Flowering from June to early July. Capsules ripening from the beginning of August.
3.5. Etymology

The Dianthus species introduced here has aculeate apex of the leaves and epicalyx scales. That was why it was
given the epithet of “aculeatus”.

Figure 3. SEM photographs of the seed coat: A. Dianthus aculeatus, B. D. goekayi; 1-3: dorsal surface, 4-6: ventral
surface; Scale bars. 1 and 4: 1 mm, 2 and 5: 20 pm, 3 and 6: 10 pm.
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Figure 4. SEM photographs of the seed coat: C. Dianthus erinaceus var. erinaceus, D. D. erinaceus var. alpinus; 1-3:
dorsal surface, 4-6: ventral surface; Scale bars. 1 and 4: 1 mm, 2 and 5: 20 um, 3 and 6: 10 um.

3.6. Taxonomic remarks

According to the related literature and the Flora of Turkey Dianthus aculeatus shows close similarities to D.
erinaceus var. erinaceus, D. erinaceus var. alpinus and D. goekayi because of toothed and barbulate petals, containing
less than 10 epicalyx scales, double or solitary flowers, and short and glabrous calyx (Boissier, 1843 and 1867; Reeve,
1967; Yilmaz et al., 2011). Despite these similarities, there are distinctive morphological differences between D.
aculeatus and the taxa mentioned above such as the number of veins on the epicalyx sales, their ratio to calyx, and its
calyx and petal sizes (Table 2 and Figure 2).
3.7 Conservation status

According to the current data (paratypes), D. aculeatus grows between Bayat (Afyonkarahisar) and Gediz
(Kiitahya) districts, which have an area of approximately 3000 km? (Figure 5). This species, which prefers gravelly
slopes, due to dense forests, settlement and farming areas, marble and stone quarries, has a discontinuous distribution.
That is why it is proposed that the species should be classified as Endangered [EN (Blb-iii) according to International
Union for Conservation of Nature (IUCN) categories (2013)].

Key to closely related Dianthus species

1. Inner epicalyx scales c. 1/2 as long as calyx; petals 22-26 mm [0Ng ......ccoovviieieieinieneineneeeeee s D. aculeatus
— Inner epicalyx scales more than 1/2 as long as calyx; petals 14-21 MM [ONQ ....cocvovriiiriiiriiiircieeeee s 2
2. Cauline leaves adpressed to stem; petal [imbs 3-3.2 mm Wide ........ccccoeevirieririeriiierieeieeeee e D. goekayi
— Cauline leaves separated from stem; petal limbs 4-5.5 mm Wide .........cccooiriininriiee e e 3
3. Calyx 16-20 mm long; petals 18-21 mm 1ong ........ccceveieriieriiiiiiiieeiie s e e D. erinaceus var. erinaceus
— Calyx 12-15 mm long; petals 14-16 Mm Iong .......ccccocevrerierieieriieriieeeieeeieeeiee e e D. erinaceus var. alpinus
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Table 2. Diagnostic characters between Dianthus aculeatus and related taxa

Characters

Dianthus aculeatus

Dianthus erinaceus
var. erinaceus

Dianthus erinaceus
var. alpinus

Dianthus goekayi

Stems

2-6 cm tall

4-14 cm tall

3-4 cm tall

7-20 cm tall

Cauline leaves

separated from stem

separated from stem

separated from stem

adpressed to stem

Epicalyx scales

6-8 pieces, indistinctly
3-5-veined

8-10(-12) pieces,
distinctly 1-3-veined

8-10 pieces, distinctly
1-3-veined

6—8(—10) pieces,
indistinctly 1-3-veined

Inner epicalyx scales

c. 1/2 as long as calyx

3/5-4/5 as long as
calyx

3/5-4/5 as long as
calyx

3/5-4/5 as long as
calyx

18-26 mm long,

16—20 mm long,
distinctly 36—45-

12-15 mm long,
distinctly 36—45-

14-20 mm long,
indistinctly 40—45-

Calyx Sﬁgggtlyfﬁ?g_ veined, greenish or veined, greenish or veined, greenish or
 purp rarely purplish rarely purplish rarely purplish
Petals 22-26 mm long 18-21 mm long 14-16 mm long 14-18 mm long
petal limbs broadly cuneate, narrowly cuneate, narrowly cuneate, narrowly cuneate,
7-8 x 6.5-7.5 mm 6.5-8 x 4.5-5.5 mm 5-6 x 4-5 mm 4.5-6 x 3-3.2mm
15-18 mm long, collar | 12—-14 mm long, collar | 10-11 mm long, collar | 9.5-12 mm long, collar
Petal claws - . . :
c. 1/2 as wide as claw as wide as claw as wide as claw as wide as claw
elliptic, 1.8-2.5 mm - - oblong-elliptic,
Seeds long elliptic, 2-2.8 mm long | elliptic, 2-3.2 mm long 2.2-3.7 mm long

3.7. Additional specimens seen

Dianthus aculeatus Hamzaoglu sp. nov. (paratypes): Turkey, Afyonkarahisar: Bayat, between Asartepe and
Inpazarcik, c. 1300 m, rocky slopes with schist, 3 July 1975, M.Vural 874 (KNYA); iscehisar, NW of Karakaya village,
1250-1500 m, slopes with tuff gravels, 27 June 2002, Z.Aytag 8413 (GAZI); Kiitahya: Gediz, Murat Mountain,
between Hamam and Kesiksogiit, 1400 m, metamorphic rocks, 5 July 1962, Davis 36871 & Coode (E, photo); ibid.,
above Kesiksogiit, 1900 m, rocky igneous slopes, 5 July 1962, Davis 36814 & Coode (E, photo); Dianthus erinaceus
Boiss. var. erinaceus: Turkey, Manisa: National Park of Spil Dagi1, Atalani, around forest watchtower, 1475 m, rocks, 5
August 2012, Hamzaoglu 6589, A.Aksoy & M.Kog¢ (GAZI); In mt. Sypilos supra Magnesiam, ?? July 1842, Boissier
s.n. (E, K, photos); Sommel du Mont Sipyle, au-dessus de Magnesie, 11 August 1854, Balansa s.n. (P, photo); Spil
Mountain, S of Atalani, 1200—1300 m, rocks, 8 August 1983, H.Duman 1083 (GAZI); Dianthus erinaceus Boiss. var.
alpinus Boiss.: Turkey, Balikesir: Edremit, Zeytinli village, National Park of Kaz Dagi, Sarikiz road, 1675 m, rocks, 6
August 2012, Hamzaoglu 6590, A.Aksoy & M.Ko¢ (GAZI); Mt. Ida, in marmor, montis Kapu-Dagh [Kapidag], 1 July
1883, Sintenis 556 (E, K, P, photos); ibid., in jugo, 15 July 1883, Sintenis 416 (K, photo); ibid., calcareous rocks in
summit, 1968, P.Quezel et al. s.n. (ANK); ibid., 25 July 1968, A.Pamukguoglu & P.Quezel s.n. (HUB); Dianthus
goekayi Kaynak, Yilmaz & Dagkin: Turkey, Bursa: Between Sogukpinar and Karaislah villages, 860 m, Quercus forest
openings, serpentine stony slopes, 8 August 2012, Hamzaoglu 6596, A.Aksoy & M.Kog¢ (GAZI); Kiitahya: Tavsanli,
between Derbent and Elmaagaci villages, 960 m Quercus forest openings, serpentine stony slopes, 9 August 2012,
Hamzaoglu 6605, A.Aksoy & M.Kog (GAZI).
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Figure 5. Distribution map of Dianthus aculeatus (*), D. erinaceus var. erinaceus (O), D. erinaceus var. alpinus (M)
and D. goekayi (O) in Turkey
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