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Diversity of soil fungi exposed to fresh and stored Olive Mill Wastewater
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Abstract

Olive Mill Wastewater (OMW) management is one of the most challenging environmental problems in
Mediterranean countries. Its recycling in soil is an alternative of valorization mean of interest. The effect of OMW on
growth of soil fungi, a principal element of biodegradability in soil, was investigated in this study. In a field trial, OMW
application to soil at 8 I/m2 and 16 I/m2 caused an increase in abundances of soil fungi during the 6 months following
the spreading. In a microcosm essay, growth of soil fungi was better in fresh OMW than in stored OMW becoming after
storage more antimicrobial and phytotoxic. In fresh OMW sterilized then inoculated by soil microflora, survivors of soil
fungi were constituted mainly by yeasts which showed an increase of abundances front &£B9/ifl to 5.02 19
CFU/ml after 15 days of incubation at 20°C. In stored sterilized then inoculated OMW, yeasts showed a fast reduction
then a survival at low levels. Soil moulds were a sensitize group to OMW even fresh or stored. This group presented a
fast reduction of abundances then disappearance. It could be concluded that OMW spreading in high amounts would
conflict soil fungi's homeostasis and that spreading of OMW which was stored for a prolonged period should be
avoided.

Key words: Olive Mill Wastewater, fungi, soil, Olive Mill Wastewater storage
1. Introduction

The effluent of olive oil production units called olive mill wastewater (OMW) is blackish wastewater
characterized by a low pH (3.5 to 5.5), a high load of organic matter (COD of 45 to 220) @rd phenolic
compounds (0.5 to 24 g/l) (Paraskeva et Diamadopoulos, 2006). OMW valorization is a major problem for
Mediterranean countries producing nearly 95% of the world olive oil production (Tomati et al., 2001). In these
countries, OMW is generally stored in ponds or directly discharged in sewers or rivers what lead to environmental and
socioeconomic problems. In Morocco, OMW discharge is causing a deterioration of surface and groundwater quality
(Boukhoubza et al., 2008). Consequently, the cost of water potabilization increases and the risk of formation of
carcinogenic chlorophenols occurs during chloration of waters contaminated by phenols. On the other hand, OMW
released into sewers will cause dysfunction of wastewater treatment stations located downstream.

Although many physicochemical and biological treatments were suggested for OMW, their practical
application is generally limited by the high cost of the treatment because of the high OMW production estimated to 30
000 nilyear (Casa et al., 2003). OMW recycling in soil is a way of valorization that seems promising because it is low
cost in comparison with the other possibilities (Cabrera et al., 1996) and because it respects the natural OMW destiny in
nature. Indeed, ripe olives constituted to nearly 50% by olive vegetable water fall naturally in the soil and are
biodegraded on it. Because OMW natural destiny is soil, OMW recycling in soils need to have a particular interest on
studies interested to OMW treatment. Moreover, along with its acidity and phenols load, OMW is rich of fertilizing
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elements such as organic matter, N, P, K and Mg (Casa et al., 2003; Rinaldi et al., 2003). OMW doesn’t contain high
loads of heavy metals nor pathogenic microorganisms.

Studies interested to OMW spreading to soils have well focused on the impact of spreading on
physicochemical properties of soil (Di Giovacchino et al., 2001; Gamba et al., 2005; Mekki et al., 2006 ; Sierra et al.,
2007 ; Jarboui et al., 2008). These studies revealed that spreading is beneficial to physicochemical characteristics of soll
when applied doses are moderate and suitable with soil characteristics. When spreading is made at high doses, negative
aspects such as immobilization of soil nitrogen have been noticed (Sierra et al., 2007).

However, less interest was given to understand the microbial aspects of OMW spreading to soil (Mekki et al.,
2006) while microorganisms are a key element in biodegradability processes in soil. Studies interested to the microbial
aspect of OMW spreading were generally limited to determination of soil respiration (production)air@dCat less
extent the abundances of microbial groups. These studies showed that OMW spreading at reasonable doses in controlled
conditions leads to an enhancement in soil microflora abundances (Mekki et al., 2006) and soil respiration (Kotsou et
al., 2004; Gamba et al., 2005). However, spreading high amounts could cause a decrease in soil microorganisms’
abundances and soil respiration (Mechri et al., 2007). OMW antimicrobial activity was mainly linked to OMW high
amount of phenolic compounds which can vary from 0.5 g/l to 24 g/l depending on culture conditions in orchards,
degree of ripeness of olive fruit, climatic conditions, storage conditions and olive oil extraction process (Ramos-
Cormenzana et al., 1997; Casa et al., 2003 ; D’Annibale et al., 2004).

The aim of this work is to study the growth of soil fungi in OMW in presence and in absence of soil inert
fraction. Growth will be tested in fresh and stored OMW since the effect of OMW storage before spreading is a factor
generally neglected on OMW spreading experiments (Mechri et al., 2007). In this work we will check if the increase of
soil microflora abundances observed in field experiments is caused actually by OMW. On the other side, we are looking
for detecting the most sensitive fungi to OMW and to follow their growth in OMW. This study would highlight the
protective function of the inert fraction of soil to microorganisms while OMW application to soil.

2. Material and M ethods
2.1. OMW origin and characterization

In this study, fresh and stored OMW were used. Fresh OMW was just produced from the mill. Stored OMW
was produced the previous year and was stored in closed tanks of 30 liters of capacity during 1 year at 4°C. Fresh and
stored OMW were procured from the same olive mill press located in Fez-Dokkarat-Morocco.

Fresh and stored OMW were characterized for pH, COD (Chemical oxygen demand), Total phenols and
phytotoxicity toward maize seeds germination, before and after their sterilization. COD was determined by a COD
meter HACH according to the standard micromethod (Rodier, 1996). Total phenols were quantified by means of Folin-
Ciocalteu colorimetric method (Box, 1983). For total phenols, the absorbance was deterrirrdd atm.Toxicity of
OMW toward maize {ea maypsseeds germination was determined according to Casa et al. (2003). Maize seeds were
disinfected (rinsing by NaOH 1%), washed, dried, then distributed in sterilized and papered plates as 64 seeds per plate
of 9 cm of diameter. OMW was added to plates as 10 mm. Distilled water was added to control plates. Plates were then
incubated in darkness at 4°C during 48 hours (vernalization) then at 20°C during 6 days. At the end of the 8 days of
incubation, germinated seeds were counted in the different plates. Seeds are considered germinated when the embryo
perforates the seed’s epidermis. Each essay was done in quadruplicate.

2.2. Study site and sampling

The study area consisted in a field of Sais valley-Morocco, a site containing 42% of Moroccan mills. The
weather typical Mediterranean, semiarid to arid, with an average rainfall of 450 mthayghran average annual
temperature of 18-20 °C. The field was divided to three plots of 5 m2. Plots &)d°RB were amended in April 16
with 0, 8, and 16 I/m2 of Fresh untreated OMW, respectively. The soil is a lime constituted by 51.16+ 5.88 % of sand,
32.56+ 3.92 % of silt and 16.25+ 1.96 % of clay. Soil characteristics are presented on table 1.

F. El Hassaniet al., Diversity of soil fungi exposed to fresh and stored Olive Mill Wastewater
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Table 1. Soil characteristics

Parameter Value

pH (25°C) 7.82+0.04
Conductivity (25°C) (ms/cm) 0.21+0.01
Humification degree (%) 10.68 +2.96
Viable microbiota (CFU/gf dry soil) 4.05 (18) +7.77
Yeasts (CFU/g) 0.04 (1d) +0.008
Moulds (CFU/g) 0.09(10% +0.03

Since one month from the OMW spreading, soil samples were collected from four random locations in each
plot in the top 10 cm of soil layer which is the most relevant to microflora activity (Mekki et al., 2006). For each plot,
microbial abundances were followed monthly for a period of 6 months since spreading. All soil samples, taken from
each plot were mixed, air-dried, sieved with a mesh size of 2 mm and stored at 4°C until use.

2.3. Microbial abundances determination

The determination of abundances of soil total viable microbiota (bacteria, archae, and fungi), yeasts and
moulds was done by indirect enumeration of CFU (colony forming units) in solid mediums. 5 g of soil was suspended
in 100 ml of physiologic solution (NaCl 0.85 %) added by 100 ul of Tween 20 (polyoxyethylenesorbitan monolaurate)
then agitated during 30 min. Tween 20 would allow dissociation of microflora from soil particles. 10-fold dilutions in
sterile physiologic solution (NaCl 0.85 %) were prepared and used to inoculate specific media plates, three plates for
each dilution. Viable microbiota abundances were determined in TSA medium (Tryptone-Soja-Agar) (Biokar
Diagnostics, France), yeasts in YPG medium (Yeast extract- peptone- glucose) added by ampicillin (50 pg/ml) and
chloramphenicol (25 pg/ml) and moulds in Malt extract agar (Biokar Diagnostics, France). Inoculated plates were
incubated at 28°C. After 1, 3 and 7 days, abundances of bacteria, yeasts and moulds were determined, respectively.

2.4. Growth of soil microflora in fresh and stored OMW, in microcosms

For all growth essays, OMW was used without any dilution. OMW was first filtered many times through glass
wool in order to avoid preferential orientations within microcosms. Microcosms were sterilized glass pyrex
Erlenmeyers of 250 ml of capacity. OMW was sterilized by autoclaving (110 °C during 20 min) for constitution of
microcosms where OMW is intended to be sterile. OMW (sterile or not sterile) was distributed in erlenmeyers at a rate
of 100 ml each. Microcosms were prepared in duplicate.

To prepare inoculum of soil microflora, 50 ml of sterile nutritive broth (10 g tryptone, 5 g meat extract, 5 g
NaCl in 1000 ml of distilled water) were inoculated by 2 g of soil then incubated 16 hours at 28 °C under moderate
agitation (150 rpm). After incubation, the culture was aseptically centrifuged at 4500 g during 15 min in sterile 15 ml
tubes full to 10 ml of their volume. The supernatant was eliminated and the precipitate was suspended in sterile
physiologic solution (NaCl 0.85 %) then the suspension was centrifuged. This washing was repeated three times and
after the last centrifugation, the base was suspended in 5 ml of sterile physiologic solution, and the inoculum was so
constituted. The average abundances of viable microbiota, yeasts and moulds in the inoculum are respectively 1.5 10
CFU/ml, 9.8 18 CFU/ml and 5.6 T0CFU/mI. 2 ml of the inoculum were added to each microcosm. Microcosms
prepared for different essays were as follow:

® Fresh OMW not sterilized and not inoculated by soil microflora;
® Fresh OMW not sterilized and inoculated by soil microflora;

® Fresh OMW sterilized and inoculated by soil microflora;

® Stored OMW not sterilized and not inoculated by soil microflora;
® Stored OMW not sterilized and inoculated by soil microflora;

® Stored OMW sterilized and inoculated by soil microflora.

Microcosms were incubated in darkness at 20 °C. Microbial abundances of total microbiota, yeasts and moulds
were followed-up for a period of 15 days and were determined by indirect enumeration of CFU as previously cited.
Abundances were determined in the days(just after inoculation), 4 ds, ds, do, di» and ds. For this, 1 ml sampled
from each microcosm and was used to prepare 10-fold dilutions in a 0.85% NaCl solution to inoculate plates of suitable
media. Plates were then incubated at 28 °C.

F. El Hassaniet al., Diversity of soil fungi exposed to fresh and stored Olive Mill Wastewater
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2.5. Statistical analyses

Statistical analyses were conducted using prism pad, version 4 software. Student test was used to compare
means ((P<0.05). ANOVA one way allowed testing significance of the difference between two growth profiles. The
microbial abundances in growth essays underwent a logarithmic transformation (log 10) before their presentation on
graphs. The evolution of abundances of the studied microbial groups was compared to the Monod theory:
M=PmaS/Ks+S (U: growth rate; pmax: maximum growth rate; S: limiting substrate concentration; Ks: concentration of
substrate for which the growth rate is half-maximum.

3. Results
3.1. Effect of OMW spreading on abundances of soil microflora

Microbial counts of total microbiota, yeasts and moulds were followed during 6 months since OMW
spreading. OMW spreading at 8 I/m2 and 16 I/m2 caused an increase in abundances of the studied groups (Figure 1). The
load of increase in abundances depended on the microbial group and on the dose spread. For viable microbiota which
gives information about the totality of soil microflora, when the dose spread was 8 {jritigRbundances increased
progressively since the spreading and reached a maximum value of 8.Z&U0g of soil after three months from
spreading while the control had a value of 4.01 @BU/ g of soil (Figure 1a).The same tendency was obtained for
yeasts and moulds and the maximum of abundances was obtained after three months for yeasts and after four months
for moulds (Figure 1b and Figure 1c). When the dose spread was 16 I/m2, abundances of viable microbiota, yeasts and
moulds started increasing lately in comparison with the lower dose 8 I/m2 (Figure 1a).

The increase in abundances of the studied microbial groups was followed by a decrease what should be due
consumption of OMW organic matter. The profile of growth follows the Monod theory;4S/K+S (1: growth rate;
Kmax: maximum growth rate; S: limiting substrate concentration (OMW organic matter); Ks: concentration of substrate
for which the growth rate is half-maximum. OMW organic matter is mainly constituted by carbohydrates, aliphatics,
phenolic compounds and fats (El Hajjouiji et al., 2008).

= (@) Viable microbiota = (b) Yeasts = (c) Moulds
o o
[%2)
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2 A .g i .g A
-; 70 h=] h=]
i i = 050] v = 10
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Figure 1. Effect of OMW spreading to soil at 8 I/m3)(Bnd 16 I/m2 () on abundances of soil viable microbiota (a),
yeasts (b) and moulds (c)

3.2. Effect of storage on OMW characteristics
OMW storage for 1 year at 4°C caused a significant decrease (p<0.05) of 16.38% of phenolic compounds and
15.31% of COD (Table 2). OMW stored 1 year at 4°C became 100% toxic to maize seeds germination in comparison

with fresh OMW which was toxic for only 38.05% (Table 2). OMW pH was not significantly affected by storage.

Table 2. Effect of storage for 1 year at 4°C on OMW characteristics. Letters (a,b) indicate statistical difference at 0.05
level.

Before storage After storage
pH 4.70+0.11a 3.98 + 0.55a
Total phenols (g/l) 18.92+0.98a 15.82+1.21b
COD (gO2/l) 130.6 £ 2.46a 110.68 +9.44b
Phytotoxicity (% of germination) 61.95+5.43a 0.00 £ 0.00b

F. El Hassaniet al., Diversity of soil fungi exposed to fresh and stored Olive Mill Wastewater
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3.3. Effect of sterilization on OMW characteristics

OMW sterilization had as a main consequence a significant decrease of COD and phenolic compounds for
fresh OMW (Table 3A). For stored OMW, we only obtained a decrease in phenolic compounds without decrease of
COD (Table 3B). Sterilization didn’'t have any significant effect on OMW pH and toxicity toward maize seeds
germination. As shown in Table 3A and Table 3B, sterilized OMW was characterized by a low pH unusual to soil
microflora (soil pH= 7.82) and by a high load of phenolic compounds and organic matter.

Table 3.Effect of sterilization on characteristics of fresh (A) and stored (B) OMW. Letters (a,b) indicate statistical
difference at 0.05 level.

(A)

Before sterilization After sterilization
pH 4.64 + 0.05a 4.74 £ 0.07a
Total phenols (g/l) 17.49 £ 0.13a 12.45 + 0.09b
COD (ga/) 124.42 + 1.95a 105.06 + 0.33b
Phytotoxicity (% of germination) 59.35 + 6.67a 57.00 + 3.51a

(B)

Before sterilization After sterilization
pH 3.98 + 0.55a 4.28 +0.02a
Total phenols (g/l) 15.82 +1.21a 10.49 £ 0.18b
COD (ga/l) 110.68 + 9.44a 108.75 + 5.86a
Phytotoxicity (% of germination) 0.00 £ 0.00a 0.00 £ 0.00a

3.4. Growth of soil microflora in OMW, in microcosms

Raw OMW, fresh or stored, had its own indigenous microflora (Figure 2a, Figure 3a). Since its incubation at
20°C, fresh OMW grew rich out of yeasts (Figure 2a). Indeed, after one day of incubation, abundances of OMW yeasts
significantly increased from 2.04 1GFU/ml to 2.95 10CFU/mI. No increase of abundances was obtained for moulds.
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Figure 2. Growth of soil viable microbiota, yeasts and moulds in fresh OMW, in microcosms; (a): fresh OMW not
sterilized and not inoculated by soil microflora, (b): fresh OMW not sterilized and inoculated by soil microflora, (c):
fresh OMW sterilized and inoculated by soil microflora.

Raw sterilized OMW, fresh or stored, was a biotope where groups of soil microflora could grow (Figure 2c, Figure
3c). In fresh sterilized and inoculated OMW (Figure 2c), soil yeasts survived and showed an important and fast increase
of abundances. The profile of growth of soil yeasts in OMW showed a phase of latency of nearly one day, a phase of
exponential growth which lasted nearly 6 days during which the growth rate reached a maximyg) (@i a
stationary phase during which there is compensation between multiplication and mortality of microorgar§nis (U
stored OMW, growth of soil yeasts showed a profile of fast reduction then survival at low level.

Soil Moulds were a sensitive group to both fresh and stored OMW (Figure 2c and Figure 3c). Indeed, just after
inoculation of fresh sterilized OMW with soil microflora, soil moulds abundances were lower than 10 CFU/ml. Soil
moulds disappearance was faster when inoculated OMW is the stored one and disappearance happened immediately
after contact between inoculum and OMW (Figure 3c).
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6 Biological Diversity and Conservation — 3/ 1 (2010)

@ () ©

— 15 — 10 104

E ] £ 9 £ 2

= -~ g =

T 7 20 o @ - 9 S 9

+ . b, A & + M. e [ . 0 7

2 9 2555"" i i A D 62 e ) S s SN 5 6

o 51 w g "Ta w o

= 4 O O 7l

S 3 = 4 = g_

> | o RN S W g g ow m =

= 2 - a S 499 A

gz . 2 Attt
(O T T T T T T T T T T T T T O‘—!—'—!—'—!—H—

do di d4 dé d9 d12d15 do d1 d4 dé6 d9 di2di5 do d1 d4 d6 d9 d12di15
Time (days) Time (days) Time (days)

-@- Viable microbiota -A- Yeasts -# Mouds
Figure 3. Growth of soil viable microbiota, yeasts and moulds in OMW stored 1 year at 4°C, in microcosms; (a): stored

OMW not sterilized and not inoculated by soil microflora, (b): stored OMW not sterilized and inoculated by soil
microflora, (c): stored OMW sterilized and inoculated by soil microflora.

4, Conclusions

OMW spreading to field at doses 8 I/m2 and 16 I/m? caused an increase in abundances of total microbiota,
yeasts and moulds what agree with previous findings (Kotsou et al., 2004; Gamba et al., 2005; Mekki et alh006).
increase in abundances started after a phase of latency which was longer when the spread dose was higher. The latency
phase could be a phase of adaptation of microorganisms to the new substrate which is OMW applied to soil (Tomati and
Galli, 1992) or could be a consequence of unavailability of OMW organic matter to microflora under adsorption or
reaction with soil (Mekki et al., 2006). Some compounds in OMW especially phenols and organic acids may inhibit the
soil microorganisms especially in the high doses and neutralize the favorable influence of OMW high nutrient content
(Ramos-Cormenzana et al., 1997; Mekki et al., 2006 ; Sierra et al.,, 2007; Capasso et al., 1995). The increase of
abundances was temporary and followed the Monod Law what was also reported by Kotsou et al. (2004) showing that
the microbial abundances in soil receiving OMW increase to reach a top then start decreasing.

OMW storage at 4°C during 12 months caused a reduction of OMW phenols and organic matter what would be
mainly assured by OMW indigenous psychrophilous microorganisms (Vavilin et al., 2000). A reduction of the load of
phenols and COD of OMW after storage was reported. OMW storage under field conditions for 3 months has as result a
reduction of 10% of COD and 20.3% of phenolic compounds (Saadi et al., 2007). According to previous studies, a
reduction of OMW load of organic matter and phenolic compounds is linked to a reduction of OMW toxicity (Casa et
al., 2003; D’'Annibale et al., 2004). This was not in agreement with our findings showing that the toxicity of stored
OMW increased. A prolonged storage of OMW is favorable for the transformation of oxidation stat of phenolic
compounds what could increase their toxicity (Field et Lettinga, 1989). However, OMW storage under field conditions
for less than four months was considered as a pretreatment (Borja et al., 1995 ; Marrara et al., 2002). According to our
results, a prolonged storage of OMW at low temperatures should be defective to its interest as fertilizer.

OMW sterilization caused a significant diminution of COD and phenolic compounds for fresh OMW (Table
3A) and only a reduction of phenolic compounds without COD for stored OMW. This result should be explained by the
fact that for stored OMW, available organic matter that could be easily oxidized during sterilization was consumed
during storage, so that we did not obtain a reduction of COD after sterilization. This result should also show that the
COD measurement is not relevant for phenolic compounds because even that we obtained a decrease on their load the
COD was not reduced.

Raw OMW, fresh or stored, had its indigenous microflora having enzymatic devices allowing these
microorganisms to grow in OMW as an only source of carbon (El Hajjouiji et al., 2008). After incubation of fresh OMW
at 20°C, abundances of indigenous yeasts increased but not those of moulds what showed that OMW would constitute a
more adequate biotope for survival of OMW yeasts than moulds. Soil yeasts showed an exponential growth profile in
sterilized OMW. This result show that soil yeasts are r-selected species involving first in metabolization of OMW
available organic matter (Kotsou et al., 2004). Yeasts are efficient in biodegradation of labile organic matter of OMW
constituted mainly by sugars, urea and aliphatic acids (El Hajjouiji et al., 2008). It was demonstrated that yeasts isolated
from different habitats are able to grow and multiply in OMW (Lanciotti et al., 2004 ; BenSassi et al., 2007). In stored
OMW, growth of soil yeasts showed a profile of fast reduction then survival at low level which is one of the typical
growth profiles in stressful media (Inamori et al., 1992).

F. El Hassaniet al., Diversity of soil fungi exposed to fresh and stored Olive Mill Wastewater
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Soil Moulds were a sensitive group to both fresh and stored OMW. OMW antimicrobial activity toward
moulds was previously announced. Tardioli et al. (1997) showed that the soil common Roofugariopsis
brevicaulisandCladosporium cladosporioidesre unable to grow in OMW for a dilution higher than 50%. Rubia et al.
(2008) demonstrated that the OMW phenolic compound tyrosol is highly inhibiting the development of moulds
mycelium. On the other hand, OMW acidity and its high load of antioxidant phenolic compounds and fats should be
inhibitor to germination of moulds spores. A reduction in moulds abundances after spreading a high dose of OMW was
reported (Mekki et al., 2006a), however, a disappearance of moulds from soil amended by OMW was never reported, as
we know. OMW spreading at high amounts should be avoided in practices of OMW spreading to protect soil moulds’
homeostasis since this group set up a paramount role in lignin degradation in soil (Evelyn et al., 2005). OMW toxicity
toward soil moulds would lead us to note that during an OMW spreading to soil, the increase in moulds’ abundances
(Tardioli et al., 1997 ; Mekki et al., 2006 ; Mechri et al., 2007 ; Figure 1) would correspond to an increase in
abundances of OMW'’s moulds added to soil. Increases of moulds abundances during OMW spreading would also be
due to multiplication of soil moulds if it's admitted that the inert fraction of soil play a protective part to its
microorganisms. Indeed, it is reported that sediment’s granules are a protective microbiotope for microorganisms
against physical and biological aggressions of the medium (Davies et al., 1995) and that survival of a microbial
population is better in presence of a support allowing fixing microorganisms (Maunoir et al.,, 1990). Also, it is
demonstrated that moulds are more performing when they are cultivated in immobilized conditions rather than in free
culture (Kim and Shoda, 1999).

Evolution of abundances of soil microbial groups following inoculation of fresh, not sterilized OMW (Figure
2b) did not show a profile which is plurality of profiles of abundances obtained in not sterilized not inoculated OMW
(Figure 2a) and sterilized inoculated OMW (Figure 2c). This result would be explained by intervention of other
biological phenomena such as competition between OMW microorganisms and soil microorganisms in favor to OMW
microorganisms since competition is considered as a primordial factor controlling growth of microorganisms in a
biotope (Brandi et al., 1996).

From this study, we can conclude that OMW has an indigenous population of fungi where yeasts are more
abundant than moulds. Soil yeasts are able to grow and multiply in fresh not diluted OMW without addition of nutrients
or treatment except sterilization. Soil moulds are a sensitive group to OMW antimicrobial activity. The antimicrobial
activity of OMW and its toxicity toward maize seeds germination is highly important when OMW is stored 1 year at
4°C. From this study, we can recommend that OMW spreading to soil should be an interesting way of its valorization,
since after spreading we obtained an increase in abundances of total microbiota, yeasts and moulds recycling the OMW.
However, spreading high doses or a long time stored OMW is not recommended since it could threaten soil fungi
homeostasis.
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Abstract

In this study, taxonomical, morphologic, morphometric and statistically properties of 9 endemic species
belonging toPhalolepis(Cass.) DC. section of the genGentaurealL. (Centaurea cadmedoiss.,C. aphrodisea
Boiss.,C. amaendBoiss. & Bal.,C. lyciaBoiss.,C. luschanianaHeimerl,C. wagenitziHub.-Mor.,C. tossiensigreyn
& Sint., C. hieropolitana Boiss., C. antalyenseA. Duran & H. Duman) were comparatively investigated.
Comprehension the study, after collecting the samples belonging to these species, their morphological characteristics
were identified, detailed figures were drawn and relation between morphologic characters analyzed by statistically
methods. At the end of investigations, it was determined that these species have morphological characteristics different
from known descriptions of them until now. In respect of results, prepare a new identification key for species belonging
to section. According to discriminant analysis, morphological differences between the species were important
statiscally.

Keywords: Centaurea L., (Compositae), Phalolepis (Cass.) DC., Taxonomy, Morphology

O

Centaurea L. Cinsi Phalolepis (Cass.) DC. Seksiyonuna Ait Tiirlerin Morfolojik Ozelliklerinin Kar silastirmali
Olarak Incelenmesi

Ozet

Bu calgmada, Turkiye'de yaygl gosterenCentaureal. (Compositae) cinsiPhalolepis (Cass.) DC.
seksiyonuna ait endemik 9 tU€éntaurea cadme8oiss.,C. aphrodiseaBoiss.,C. amaenaBoiss. & Bal.,C. lycia
Boiss., C. luschanianaHeimerl, C. wagenitziiHub.-Mor., C. tossiensidreyn & Sint.,C. hieropolitanaBoiss., C.
antalyenseA. Duran & H. Duman) taksonomik, morfolojik, morfometrik ve istatiksel bakimdaglagtrrmali olarak
argstirilmigtir. Bu calsma kapsaminda turlere ait drnekler toplanarak morfolojik yapilari beliermyiiintili sekilleri
cizilmis ve morfolojik karakterler arasindaki ski istatistiksel yontemlerle analiz edilghir. Yapilan incelemeler
sonunda, morfolojik olarak turlerigu ana kadar bilinen deskripsiyonlarindan farkli &zelliklere sahip olduklari
belirlenmitir. Morfolojik ve morfometrik bulgular siginda seksiyona ait tirler i¢in yeni bir skés anahtari
hazirlanmgtir. Ayirim analizine gore, tirler birbirlerinden morfolojik olarak anlaml kékilde ayrilmglardir.
Morfolojik karakterlerin birbirleriyle anlamli ikiler icinde olduklari belirlenngtir.

Anahtar kelimeler: Centaured.., (Compositae)Phalolepis(Cass.) DC., Taksonomi, Morfoloji
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1.Giris

Compositae familyasinin énemli cinslerinden biri ol@entaureal. cinsi dinyada Asya, Kuzey Afrika,
Amerika ve Avrupa kitasinda yakl&a 700 tir ile yayily gostermektedir.(Brummitt, 2004; Tutin et al., 1976).
Compositae familyasi hem vejetatif hemde generatif parcalari bakimigdanneorfolojik yapilara, polinizasyon
ekolojisine, kimyasal bilgnlere ve fitocgrafyaya sahip taksonlar icermektedir (Meo, 2009)

Centaureacinsi Turkiye Florasi’nda isAstragalusve Verbascuntinslerinin ardindan tir sayisi bakimindan 3.
sirayl almaktadir (Davis ve Hedge, 1975; Boissier, 1888; Davis, 1985). Yeni eklenenlerle birlikte Turkiye’ gi& yakla
195 Centaureatri yetsmektedir. (Davis vd., 1988; Guner vd., 2000; Wagenitz, 1975; Wagenitz, 1997; Wagenitz vd.,
1998; Duran ve Duman, 2001; Tugto vd., 2003; Uzunhisarcikl vd., 2005; Ayta¢ ve Duman, 2005; Wagenitz vd.,
2006; Vural vd., 2006; Uzunhisarcikli vd., 2007; Kaya ve Vural, 2007; Uysal vd., 2007; Uysal, 2008; Uysal ve Kose,
2009; Hamzaoglu ve Budak, 2009entaureal. cinsinin endemizm orani yakl& % 60’ dir. Endemizm oraninin bu
kadar yuksek olmasi bu cinsin gen merkezinin Turkiye @idybrizini sglamlastirmaktadir.

Wagenitz ve Hellwig, 2000 yilinda yaptiklari gahada oncederCentaureacinsine ait olanPsephellus,
Psephelloideae, Hyalinella, Aetheopappus, Amblyopagon, Heterolophus, Czerniakovskya, Odontolophoideae,
Odontolophus, Xanthopsis, Uralepie Sosnovskyaeksiyonlarini gerceldgrdikleri morfolojik, anatomik, palinolojik
ve karyolojik argtirmalar sonucuPsephellusCass. cinsine aktargtar; ve bu cinsle birlikte toplam 35 tiir (Ozellikle
Tirkiye veirandan)Centaureacinsinden ayrilmgtir (Wagenitz ve Hellwig, 2000).

Ulkemizde Centaureacinsine ait seksiyonlar ile ilgili byekilde kapsaml cajmalar Celik (Celik, 2003) ve
Uysal (Uysal, 2006) tarafindan yapiktar. Yine Celik ve arkadgar tarafindan yapilmicssitli Centaureatirleri ile
ilgili istatistiksel olarak kaplastiriimali morfolojik, anatomik ve ekolojik ¢ghnalar mevcuttur (Uysal vd., 2005; Celik
vd., 2005, Celik vd., 2008; Celik vd., 2008; Celik vd., 2008)
Centaureecinsinin farkl turlerinin farkh yorelerde, d@esik isimler ve dgisik amaclarla kullaniimaktadir.
Bu calsmada llkemizin 6nemli cinslerinden biri ol@entaureanin Phalolepis(Cass.) DC. seksiyonuna ait endemik 9
triin, morfolojik, morfometrik ve istatistiksel 6zellikleri kdastirilarak, taksonomik o6zelliklerin belirlenmesi
amaclanmy ve birbirleriyle olan yakinlk dereceleri saptanmaya sdahstir. Calsmalarimiz sonucunda tire ait
morfolojik ve morfometrik karakterler Turkiye Florasi (Wagenitz, 1975)'ndaki tlriin betimi ilgildgmilarak
degerlendirilmis, yeni karakterler ¢ikarilarak taksonomik problemleri olan cinse, grubuna, tiriin sigieenaé ayni
zamanda Turkiye Florasi’'na katkigg@anmasi amaclanstir.

2.Materyal ve Yontem
2.1.Bitkisel Materyal

Centaureacinsi Phalolepis seksiyonuna ait tirler @gal yayilis alanlari olan Antalya, Denizli, Afyon,
Zonguldak, Denizli, Kayserijzmir, Burdur, Kastamonu ve Bartin illeri olmak tizere 10 ile ait 26 lokaliteden
toplanmstir. Bitkilerin bir kismi numaralanip herbaryum ognénaline getirilmi ve Anadolu Universitesi Eczacilik
Fakiiltesi Herbaryumu’na (ESSE) ve Anadolu Universitesi Fen Fakiiltesi Herbaryumu ‘na (ANESiriexilgtir.

Orneklerin Toplandi gi Lokaliteler;

Centaurea cadmea: A3 Zonguldak: Devrek-Eserci yolu, Yeil6z koyi kagagl, kayalik, 330 m, 19 vi 2004, K 405’
42.4", D 37 50’ 06.2" A4 Bartin: Ulus, Ulukayaselalesi, kayalik, 275 m., 6 ix 2005, K40’ 07.4”, D 32 45’ 59.8”
C2 Denizli: Honaz, Milli Park yolu, kayaliklar, 804 m, 24 vi 2004, K°3i4’ 58.2", D 29 16’ 07.3” (Tip lokalitesi)
Centaurea aphrodisea; B2 izmir: Odemi, Bozda, Kayak merkezi yolu, kayalik, 1200 m, 25 vii 2004, K 28’
07.8" D 28 05’ 19.6” C2 Aydin/Denizli: Geyre-Tavas yolu, yol kenari stk yamaglar, 1022 m, 25 vi 2004, K 339’
53.0" D 28 51’ 52.7” (Tip lokalitesi)C2 Denizli: Baskarci kdyii,israil selalesi, Piknik alani, kayalik yamaclar, 933 m,
K 37°55' 42.6” D 29 08’ 07.4”

Centaurea amaena: B5 Kayseri: Yilanli dagi ¢ikisi, yol kenari, kayalik, 1194 m, 14 vii 2004, N 380 42’ 55.4” E 350
25'18.2"

Centaurea lycia: C3 Antalya: Antalya-Korkuteli yolu, 20. km, yol kenar, kayalik, 538 m, 2 vi 2003, R@F 35.7”

D 30 27’ 39.6” Antalya: Kozdasl, Tahtali dinlenme yeri yolu, kayalik yamagclar, 1130 m, 5 vii 2003, K53651.5”

D 30 22’ 21.5” Antalya: Saklikent yolu, tesislere 9 km kalaslta yamag, 1142 m, 5 vii 200Burdur: Kizilkaya-
Korkuteli yolu, Dik kayaliklar, 844 m, 2 vii 2005, K 368’ 32.6” D 3¢ 21’ 26.9"

Centaurea luschaniana; C3 Antalya: Elmali-Korkuteli arasi, Karaman beli, kayalik, 1300 m, 5 vii 2003, R 58
52.5" D 3¢ 09’ 43.8” Antalya: Elmali-Korkuteli yolu, yol kenari, kalker kayalar, 1156 m, 4 vii 2003, R 86 09.6”

D 29 54’ 22.6” Antalya: Korkuteli-Elmali arasi 30. km, 1308 m, 4 vii 2003, K36’ 37.7" D 30 07’ 04.4” Antalya:
Korkuteli-Elmali arasi, 14. km, kayalik, 1265 m, 3 vii 2005, € 88’ 17.3” D 30 09’ 05.7"
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Centaurea wagenitzii: C3 Antalya: Adrasan, Sazak yolu, Kizilgam alti, 18 m, 23 v 2004, K188 52.4” D 30 28’
00.0” C3 Antalya: Adrasan, sahilin giineybati kiyisi, yurigygplu, maki, 3 m, 9 vi 2004, K 3617’ 53.8” D 30 28’
25.6” C3 Antalya: Adrasan, giineybati yamaglar, maki, 13 m, 3 vii 2005, K13654.1” D 3¢ 28’ 26.5”

Centaurea tossiensis; A4 Kastamonu: Tosya-Kastamonu arasi, yol kenari, orman agikli048 m, 5 ix 2005, K 41
11’ 25.0” D 34 01’ 40.7” A4 Kastamonu: Daday, Hasangm-Cay6zii arasi, $ak yamac, 1035 m, 5 ix 2005, K 41
35’ 05.7” D 33 30’ 00.7"A4 Kastamonu: Kastamonu-Arag arasi, Ahlatcik kdyii yol ayrimi, orman agiklil54 m, 6
ix 2005

Centaurea hieropolitana: B2 Afyon: Dazkiri-Cardak arasi, Sarikavak koyii, Gélet cevresi, 974 m, 2 vii 2003,°N 37
53’ 29.4" E 29 48’ 32.4” C2 Denizli: Pamukkale, Travertenlerin 6n tarafi, 318 m, 24 vi 2004, \N55720.4" E 29
07’ 00.7”B2 Afyon: Dazkiri ¢iksl, step-Peganum harmala hiifi870 m, 24 vi 2004, N 353’ 56.7” E 2§ 51’ 08.9”
Centaurea antalyense: C3 Antalya: Akseki, Glzelsu yolu, Serebel kuyusu ¢evr&siprutiaalti, 1090 m, 6 vii 2003.
Sadiklar-Giizelsu yolu, Sedir ormani alti, 1077 m, 3 vii 2055, %53646.1” D 31° 48’ 48.3"

2.2. Morfolojik

Toplanan orneklerin taninmasinda Davis'in Flora of Turkey and East Aegean lIslands adli eserinden ve
dogadan toplanan canli 6érneklerden yararlangdmiTurtin ayrintili deskripsiyonu ve gizimleri, herbaryum materyaline
dayanarak yapilrgtir. Morfometrik karakter olcimleri yapilarak kantitatif ve kalitatif veriler elde ediimiElde
edilen morfometrik veriler Flora of Turkey ile kdastirmali olarak Tablo 3'de verilrgiir. Taksonun morfolojik
ozelliklerini belirlemek amaciyla cicekli bitki genel gérigngiziimis, bazal yaprak, gévde yaggakapitulum, verimli
tubulat cicek, steril tubulat cicek, fillari ve akegekilleri ilave edilmitir. Morfolojik cizimlerde Wild M5 A
steromikroskobun resim ¢izme tubinden yararlagtimi

2.3. Populasyonlarin Yapisal Ozellikleri

Populasyonlarin yapisal 6zelliklerini ortaya koymak icin istatiksel analiz yontemleri uyggtanmiirlerin
morfolojik benzerliklerine gore gruplandirmak icin kiimeleme (Cluster) analizi uyguanni{imeleme (Cluster)
analizinde tim da&skenlerin ilk 6nce z dgerleri hesaplanmy daha sonra bu @erler kullanilarak analiz yapiltir.
Tirlerin morfolojik 6zelliklerine gore ayirmak icin ayirim (Diskriminant) analizi kullangtmi Morfolojik karakterlere
gore ayirirm analizinde belirlenen morfolojik karakterlerin her bir lokaliteden yapilan &lciimlerinin ortalamalari
kullanilmistir. Ayrica her bir dgiskenin standart hatalari, standart sapmalari, minumum-maksimgerleté ve
varyanslari belirlenngtir. iki ve tek lokaliteden toplanan 6rneklerde. amaenave C.antalyensganalizler istatiksel
olarak anlamli bir dger tasimadgindan analizlere katilmagtir. Her iki istatistiksel sinamada, orijinal sayimgdderi
yerine, orneklenen toplumlarin normal gdendaki hali ile dgerlendiriimesini mumkin kilan Arc siWP acisal
donisum degerlerinden yararlanilngtir. Formilde “P” oransal gerleri simgelemektedir. Tum bu analizler SPSS 10.0
paket programinda gercekligilmi stir.

3. Bulgular
3.1. Morfolojik bulgular

Centaurea cadmea Boiss.,Diagn. ser. 1(4):16 (1844)

Bitki cok yillik, odunsu kékli, 1-2 verimsiz sirgunli, dik veya yukselici, 20-41 cm, Ustte dajtam@ibvde
tomentose. Kokler 4-13 x 0,5-1 cm. Yapraklar tomentose, taban yapraklari bir veya iki kez loplari ayanin orta damarina
kadar 1-2 pinnatisect, 35-226 mm boyundadir. Terminal segmentler ovat- lanceolat, 2-7 mm enindedir. Median gévde
yapraklari bir veya iki kez loplari ayanin orta damarina kadar 1-2 pinnatisect, 1-4 lateral loplu. 13-50 mm boyunda,
terminal segment linear-lanceolat, 1,5-7 mm eninde. Ust yapraklar basit, iimezlukrum 8-15 x 7-16 mm ve ovoid
‘den globose’ye kadardii¢ phyllari 11,3-15 mm, median phyllari 6,5-13 mms ghyllari 4-7 mm boyundadir.
Appendage buylk, phyllarilerin alt kismini 6rter, oblong’dan orbikular’a keeldHi, asagl dogru decurrent, hyaline
kenarli ve kahve rengi sert merkezi kisimli, lacerate, ucta 0,9-3 mm, spinule. Kapitulum gagi cibekler radyant,
steril, daha bilyiik, mor renkli, korolla ucta 3-§lidir. ictekiler verimli, hermafrodit, kiigiik ve beyazimsi pembe renkii,
korolla tipsl ve ucta 5 gidir. Stamenler 4 adet, anterler biile filamentler singenesis. Anter tiipleri mor renklidir.
Akenler tiylu, koyu kahverengi, 2,3-3,2 x 0,8-1,4 boyutlarindadir. Papuslar scabrous, iki halka halinde sgegika di
2,2-5,5 mm, i¢ halka 0,3-1 mm boyundadiekil 1). Ciceklenme 6. ve 7. kaya yariklarinda gregktedir.

Centaurea aphrodisea Boiss.,Diagn. ser. 1 (4):17 (1844) Syq. albalL. var. (f?) aphrodisea(Boiss.) Gris., Spic.
2:232 (1844)

Bitki cok yillik, erect, tomentose tiyll, 28-71 cm, Ustte dallghmiKdkler 4-23 x 0.4-1.3 cm. Yapraklar
tomentose, taban yapraklarinin loplari bir veya iki kez ayanin yarisinin 2/3’ sine kadar 1-2 pinnatipartit, 34-112 mm
boyunda, terminal segment eliptik- lanceolat, 1.4-5 mm enindedir. Median gévde yapraklarinin loplari ayanin yarisinin
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2/3’ sine kadar pinnatipartit, 1-2 lateral loplu, 7-48 mm boyunda, terminal segment linear, 1.2-3.5 mm enindedir.
Terminal yapraklar basit, linear- lanceoldhvolukrum 8-12.1 x 4-6 mm, silindirik-ovoid, meyvede iken huni
seklindedir.i¢ phyllari 9.5-12 mm, orta phyllari 6-9.7 mmsahyllari 3.2-6.5 mm. Appendage bilyiik, phyllarilerin
taban kismini orter, orbicularsagl dogru dekurrent, hyaline ve kenarlari lacerate, sarimsi veya agik kahverengi, sert
merkezi kisiml, ugta 0,5-2,6 mm, mukroludur. Kapitulum sapjtakl cicekler verimsiz, radyant, mor renkli, ictekiler
verimli ve hermafrodit, kiicik ve beyaz renklidir. Korolla tlipsii ve ucta 3-5 parcalidir. Stamenler 4 adet, anterler
birlesik, filamentler serbesttir. Anter tipleri mor renklidir. Akenler glabrescent, 2.9-3.9 x 1.2-1.9 mm, papuslu, papuslar
scabrous, iki serili, papussdnalka 1.4-3.7 mm, papus i¢ halka 0.2-1.3 mm boyund&dkil(2). Ciceklenme Haziran-
Agustos. Kaya catlaklarinda ve tepe sirtlarindssyegktedir

Sekil 1. C .cadmea Sekil 2. C. aphrodisea

A: Genel goriing a: Taban yapra, b: Govde yapral, c: ic involukrum braktesid: Orta involukrum braktesg: Dis
involukrum braktesif: Verimli tipsu ¢icekg: Verimsiz tipsu ciceky: Kapitulum,i: Aken.

Centaurea amaena Boiss. & Bal. in Boiss.Diagn. ser. 2(6):112 (1859)

Bitki cok yillik, ascending, hemen hemen glabrous, 49-51 cm boyundadir. Kékler 10-36 x 0,5-2,5 cm. Taban
yapraklari seyrek tomentose, 20-40 x 0,9-1,5, loplari ayanin yarisinin 2/3’ sine kadar pinnatipartit, 1-5 lateral loplu,
loplar linear, Ustteki gévde yapraklari basit veya tabanda 2 lopludur. Gévde yapraklari 25-70 x Tr&/ohukrum
ovoid, 8-12,5 x 5-9 mmig phyllari 9,7-12,5 mm, median phyllari 6-10 mms ghyllari 2,9-6,5 mm. Appendage;
orbicular, buyuk, phyllarilerin taban kismini 6rtega@ dogru decurrent, kiicik kahverengi merkezi kisimli, kenarlari
fimbria lacerat, tepeye yakin kisimda 1-2 mm’ lik sacakli, ugta 0,1-0,6 mm mukroludur. Kapitulum sapbekler
verimsiz, radyant, beyazimsi pembe, ictekiler verimli, hermafrodit, kiiciik ve beyazimsi pembedir. Korolla tipsi ve ucta
5 dislidir. Stamenler 4, anterler biglik, filamentler serbesttir. Akenler tayld, 3,5-4 x 1,3-2 mm, papuslu, papuslar
scabrous, iki serili, dihalka 3-4,6 mm, i¢ halka 0,2-1,1 mngekil 3). Ciceklenme Haziran-Temmuz aylarindadir.
Kayallk yamagclarda ve 1200 m civari yiksekliklerdesyeti

Centaurea lycia Boiss, Diagn. ser. 1 (10):109 (1849).

Bitki cok yillik, erect, tomentose, 32—66 cm. Kokler 10-21 x 0,4-1 cm. Yapraklar tomentose, taban yapraklari
lyrat, terminal segment eliptik-ovat, lateral segmentler oblanseolat, 40-185 x 9-26 mm. Govde yapraklar spathulate,
bazen tabanda 1-2 lateral loplu, 8-40 x 1,5-10 dmwolukrum 9-17 x 4,7-17 mm, ovoigkillidir. i¢ phyllari, 9,8-17
mm, median phyllari 5,7-14 mm, dphyllari 2,2-5,5 mm. Apendage biylk, phyllarilerin taban kismini ortag a
dogru decurrent, orbicular, kenarlar hyaline ve dentat, orta kismi ser ve acik kahverengi, ucta 0,1-1 mm mukroludur.
Kapitulum sapli, dittaki cicekler verimsiz, zayif¢ca radyant, mor renkli, ictekiler verimli ve hermafrodit, mor renklidir.
Korolla tupsi, ugta 4-5 pargalidir. Stamenler 4 adet, anterlegibivie filamentler serbesttir. Anter tupt mor renklidir.

Stilus anter tupinden uzundur. Akenler taylu, 2,9-3,7 x 1,1-1,6 mm, papuslu, papuslar scabrous, ikj baitlia @-4
mm, i¢ halka 0,2-1,5 mmSegkil 4). Ciceklenme Haziran-Temmuz. Kayalik yamaclarda ve 500-1800 m araliklarinda
yetisir.
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Sekil 3 C. amaena Sekil 4. C. lycia

A: Genel goriing a: Taban yapra, b: Govde yapral, c: ic involukrum braktesid: Orta involukrum braktesg: Dis
involukrum braktesif: Verimli tipsu ¢icekg: Verimsiz tipsu ciceky: Kapitulum,i: Aken.

Centaurea luschaniana Heimerl in Denkschr. Akad. Wiss. Wien, Math.-Nat. Kl. 50 (2):113 (1885).

Bitki cok yillik, erect, tomentose tlyll, 8-26 cm (ortalama 16,5 cm) boyundadir. Kékler 4,5-30 x 0,5-1,5 cm
(ortalama 13,06 x 0,89 cm) Olcilerindedir. Yapraklar tomentose tiyll, taban yapraklari lyrat, loplari ayanin yarisinin
2/3'sine kadar pinnatipartitgekilli, terminal segment ovat, lateral segmentler linear- lanceolate olup, 25-64 x 3-11 mm
(ortalama 45,6 x 7,02 mm) Olcllerindedir. Gévde yapraklari linear- lanceolate, bazen tabanda 2 loplu, 4-19 x 1-4 mm
(ortalama 10,1 x 1,99 mm) diinvolukrum 5-11 x 3,5-8 mm (ortalama 8,23 x 4,74 mm), silindirik, tohumdayken
funnel-shapedic phyllari 7,5-11 mm (ortalama 9,2 mm), median phyllari 4-7,3 mm (ortalama 5,46 ngrpyydari
1,5-4 mm (ortalama 3,02 mm) dir. Appendage phyllarilerin taban kismini 6rgeg1 Aogru decurrent, orbicular,
kenarlari hyaline ve lacerate, orta ksimi acik kahverengi, u¢ kisminda 0,1-0,25 mm (ortalama 0,11 mm) mukroludur.
Kapitulum sapl, ditaki cicekler verimsiz, radyant, pembemsi mor renkli, ictekiler ki¢uk, verimlisigftBrmafrodit)
ve pembemsi mor renklidir. Korolla tiipsu, ugta 4-5 parcalidir. Stamenler 4 adet, anterdy, fildenentler serbesttir.

Anter tipld mor renkli olup, stilis anter tipuyle hemen hemen ayni boydadir. Akenler tiyld, 2,5-3,5 x 1-1,6 mm
(ortalama 3,03 x 1,3 mm), papuslu, papuslar scabrous, iki seriliatka 1,5-3 mm (ortalama 2,27 mm), i¢ halka 0,5-1
mm (ortalama 0,76 mm)dirS€kil 5). Ciceklenme Haziran, Temmuz aylarindadir. Kayalarda ve kayalik yamaclarda
yetismektedir.

Centaurea wagenitzii Hub.-Mor. in Bauhinia 3:315, t. 17 (1967).

Bitki cok yillik, dallanmg odunsu kokli ve ¢ok sayida basit govdelidir. Cigcekli gévde erect, tomentose tiyl,
10-30 cm (ortalama 20,56 cm) boyundadir. Kokler 16-41 x 0,3-1,2 cm (ortalama 24,5 x 0,67 cm)'dir. Yapraklar
gencken tomentose tiyll, daha sonra hemen hemen glabrescent. Taban yapraklari lyrate loplari ayanin 2/3'nden daha az
pinnatifite kadarsekilli, 30-55 mm (ortalama 41,6 mm) boyunda, terminal segment eni 2,5-6,5 mm (ortalama 4,29
mm)’dir. Gévde yapraklari basit, linear- lanceolat, 5-18 x 1-2 mm (ortalama 13,1 x 1,58 minydlukrum 9-16,5 x
4,5-10 mm (ortalama 13,56 x 6,16 mm), ovoid-obleekillidir. i¢c phyllari 11,5-16 mm (ortalama 14,15 mm), median
phyllari 7,5-14 mm (ortalama 11,75 mm)s gohyllari 3-8 mm (ortalama 5,14 mm)'dir. Appendage buytk, oblong,
phyllarilerin taban kismini érter ve belirsiz Bikilde gagi dogru decurrent. Kenarlari zarimsi, fimbriate, orta kismi
koyu kahverengi olup, u¢c kisminda 2-6,3 mm (ortalama 4,18 mm) mukrolu. Kapitulum sapl, cicekler kikirt sarisi
renkli, dstakiler verimsiz ve radyant @@, ictekiler ise verimli ve hermafrodittir. Korolla tipsu, ucta 3-5 parcaldir.
Stamenler 4 tane olup, anterler hjitke filamentler serbesttir. Anter tipi mor renkli ve stilisten kisadir. Akenler tiylQ,
3-4,1x 1,2-2,1 mm (ortalama 3,37 x 1,67 mm), papuslu, papuslar scabrous, iki sérdikdi1-2,2 mm (ortalama 1,59
mm), i¢ halka 0,2-1,5 mm (ortalama 0,87 mm)’dieKil 6).Ciceklenme Mayis ve Haziran. Maki vejetasyonunda yayili
gdstermektedir.
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Sekil 5. C. luschaniana Sekil 6. C. wagenitzii
A: Genel goriing a: Taban yapra, b: Govde yapral, c: ic involukrum braktesid: Orta involukrum braktesg: Dis
involukrum braktesif: Verimli tipsu ¢icekg: Verimsiz tupsu ciceky: Kapitulum,i: Aken

Centaurea tossiensis Freyn & Sint. In Ost. Bot. Zeitschr. 44:258 (1894). Syktosta tossiensi@reyn & Sint.) Holub
in Preslia 45:143 (1973)

Bitki cok yillik, cok sayida kapitulali ve dallangngdvdelidir. Cicekli govde erect, glabrous ve 18-60 cm
(ortalama 37,65 cm) boyundadir. Kdkler 12-31 cm x 0,3-0,6 cm (ortalama 15,3 x 0,45 cm) 6lcllerindedir. Yapraklar
arachnoid, hemen hemen glabrescent. Taban yapraklari loplari ayanin 2/3’sine kadar derin pinnatipartite, lateral loplari
linear, 40-120 mm x 1-6 mm (ortalama 76,9 x 2,24 mm)'dir. Gévde yapraklari loplari ayanin 2/3'sine kadar derin
pinnatipartite, glabrous, 9-32 mm x 1-2,5 mm (ortalama 17,6 x 1,51 mm) olup, Ust yapraklar basit ve linear.
Involukrum 7,5-10 mm x 3,4-4,7 mm (ortalama 9,05 x 4,16 mm) ve silingikillidir. ic phyllari 7,8-10 mm (ortalama
8,93 mm), median phyllari 3-7 mm (ortalama 4,82 mmy, ghyllari 1,5-3,5 mm (ortalama 2,35 mm). Appendage
triangular ve kuguk, phyllarilerin taban kismini drtmez. Kenarlari zarirgag) dogru decurrent, tam veya st kismi
kiicuk dglidir. Ugta 0,1-0,2 mm mukro bulunur. Kapitulum sapli, ¢icekler mor renkftaklier verimsiz ve hafifce
radyant, ictekiler verimli ve hermafrodit. Korolla tipsu ve uctgidii. Stamenler 4 adet olup anterler biile
filamentler serbesttir. Anter tlipli mor renkli ve stilisten kisadir. Akenler tuyld, 2,5-3,2 x 1,2-1,6 mm (ortalama 2,94 x
1,35 mm) olup, papus yoktuBdkil 7). Ciceklenme temmuz veg@istos. Orman acikliklarinda vesli& yamaclarda
yetisir.

Centaurea hieropolitana Boiss., Daign. Ser.1(4):15 (1844)

Bitki tek yillik, ascending veya erect, tomentose, 15-45 cm (ortalama 28,7 cm) boyundadir. Kékler 3,7-12 x
0,15-0,4 cm (ortalama 6,76 x 0,26 cm) boyutlarindadir. Yapraklar tomentose tuyld, taban yapraklari lyrate, 33-110 x 6-
12 mm (ortalama 52,5 x 8,3 mm) o6lculerindedir. Govde yapraklari oblanceolate- spathulate, 4-37 x 1,2-8 mm (ortalama
21,7 x 4,13 mm) o6lgilerinde ve bazen taban kisminda 2 lopludur. Ustteki govde yapraklari involukrumu orter.
Involukrum ovoid- oblong 6,5-11 x 3-7 mm (ortalama 8,98 x 4,76 mm) 6lgilerindegthyllari 8,2-11 mm (ortalama
10,01 mm), median phyllari 4,5-8,2 mm (ortalama 6,42 mmg)plyllari 2-4 mm (ortalama 3,16 mm)’dir. Appendage,
phyllarilerin taban kismini 6rter, circulgekilli, kenarlari hyaline, gg1 dogru decurrent, orta kismi agik kahverengi ve
tepede emerginat. Mukro bulunmaz. Kapitulum sapktadi cicekler verimsiz, radyant ve daha buytk olup, mor
renklidir. Ictekiler kiicuik, hermafrodit ve pembemsi beyaz renklidir. Korolla tiipsi, ucta 5 parcalidir. Stamenler 4 adet,
anterler birlgik, filamentler serbesttir. Anter tlpu Ustte mor altgrdiobeyaz renklidir. Akenler tiyld, 1,9-2,8 x 0,6-1,4
mm (ortalama 2,3 x 1,04 mm), papuslu, papuslar scabrous, iki serifiafa 1,2-3 mm (ortalama 1,95 mm), i¢ halka
0,2-0,8 mm (ortalama 0,5 mm) diggkil 8). Ciceklenme Mayis-Haziran. Step vejetasyonunda ve nadas tarla iclerinde
yetisir.
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Sekil 7. C. tossiensis Sekil 8. C. hieropolitana
A: Genel goriingi a: Taban yapra, b: Gévde yapra, c: i¢ involukrum braktesid: Orta involukrum braktesg: Dis involukrum braktesif: Verimli
tlpsl cigekg: Verimsiz tipsu giceky: Kapitulum,i: Aken

Centaurea antalyense A. Duran & H. Duman Ann. Bot. Fennici, 39: 43-48 (2001).

Bitki ¢ok yillik, erect, alt kisimda tomentose yukargdoglabrous, 16-41 cm (ortalama 26,15 cm) boyundadir.
Kokler 5,3-17,5 x 0,3-0,7 cm (ortalama 10,2 x 0,53 mm) dlculerindedir. Taban yapraklari tomentose, lanceolate-
spatulatesekilli, 35-125 x 7-25 mm’dir (ortalama 83,3 x 13,88 mm). Gdvde yapraklari glandular-punktat ve bazen
tomentose veya kisa scaborus tlyll, lancegkit#li, bazen tabanda 2 loplu, 18-80 x 4-10,4 mm (ortalama 33,9 x 6,63
mm) olcilerindedirinvolukrum 12-14,5 x 8-11,5 mm (ortalama 13,5 x 9,6 mm), oyeidllidir. i¢ phyllari 10,7-14
mm (ortalama 12,5 mm), median phyllari 5,6-11 mm (ortalama 8,5 mgphgilari 3,5-6 mm (ortalama 4,7 mm)
boyundadir. Appendage buyik, orbicukakillidir ve phyllarilerin alt kismini 6rter. Kenarlari hyaline, dentate, orta
kismi acik kahverengi vesasl dogru decurrent déldir. U¢ kisminda 0,7-2,1 mm (ortalama 1,3 mm) boyunda mukro
tasir. Kapitulum sapl, dtaki cicekler steril, daha biyik, radyant ve mor-leylak renklibiteki cicekler verimli,
hermafrodit ve beyaz renklidir. Korolla 5-6 parcalidir. Akenler glabrous, 2,7-4,1 x 0,6-1 mm (ortalama 3,31 x 0,84 mm)
ve papussuzduékil 9). Ciceklenme Haziran-Temmu2edrus libanive P. brutiaormani altinda yeir.

W

= %a

Sekil 9. C. antalyense.
A: Genel goriingi a: Taban yapra, b: Gévde yapra, c: I¢ involukrum braktesig: Orta involukrum braktesg: Dis involukrum braktesif: Verimli
tupsu cicekg: Verimsiz tlpsui ¢gicely: Kapitulum,i: Aken
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3.2. Kimeleme Analizi

Centaureal. cinsi Phalolepisseksiyonuna ait tirlerin morfolojik karakterlerine gore akrabalgkiiérini
belirlemek icin yapilan kiimele (cluster) analizin@e luschanianave C. hieropolitanabirbirine en cok benzeyen tirler
olarak ortaya ¢ikngtir. Daha sonr&. luschanianave C. tossiensisC. aphrodiseave C. amaenaC. aphrodiseave C.
lycia, C. aphrodiseave C. luschanianaC. cadmeave C. aphrodiseaC. cadmeave C. antalyenseC. cadmeave C.
wagenitziibirbirine en ¢ok benzeyen turler olarak belirlegtm(Tablo 1).

Tablo 1. Turlerin Benzerlik Katsayilarina Gore Kimeleme Analizi

Birlestirilen Kiimeler
Durum Kime 1 Kime 2 Katsayilar
1 C. luschaniana C. hieropolitana 15,846
2 C. luschaniana C. tossiensis 16,455
3 C. aphrodisea C. amaena 17,598
4 C. aphrodisea C. lycia 17,865
5 C. aphrodisea C. luschaniana 18,047
6 C. cadmea C. aphrodisea 18,192
7 C. cadmea C. antalyense 23,558
8 C. cadmea C. wagenitzii 26,605

Sekil 10.’deki kiimeleme dendogramini incefgdiizde, C. luschanianaC. hieropolitanave C. tossiensifn
bir grup, C. aphrodiseaC. amaenave C. lycianin bir grup veC. cadmeaC. antalyenseC. wagenitzinin bagimsiz
birer grup olgturduklari gérilmektedir.
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Sekil 10. Turlerin Morfolojik Ozelliklerine Gore Yapilan Kiimeleme (Cluster) Analizi Dendogrami

3.3. Tirlerin Morfolojik Ozelliklerine Gore Ayinm (Diskriminant) Analizi Yéntemiyle Populasyonlarin Yapisal
Ozelliklerinin Belirlenmesi

Centaureacinsi Phalolepisseksiyonuna ait tirlerin morfolojik incelemesinde siniflandirma agisindan énemli
olan kok uzunlgu, kdk kalinlgl, bitki boyu, taban yaprak boyu, taban yaprak eni, gévde yaprak boyu, gévde yaprak
eni, involukrum boyu, involukrum eni, orta (median) involukrum braktesi (phyllari) boywujngolukrum braktesi
(phyllari) boyu, ic involukrum braktesi (phyllari) boyu, aken boyu, aken eni, involukrum braktesi ek yapi (appendage)
mukro boyu, papus glhalka boyu, papus i¢ halka boyu 6l¢uktiii.

Morfolojik 6zelliklere gére yapilan ayirim (diskriminant) analizinde, tirlerin siniflandirmarisa % 100
olarak bulunmg ve 26 6rnek kendi gruplar icinde kaktmr (Sekil 11). Bu sonuca gore tirler morfolojik olarak
birbirlerinden belirgin birsekilde ayriimaktadir.ilk iki fonksiyon desisimin % 93,3'ni aciklamaktadir. Tarlerin
morfolojik 6zelliklerine gore yapilan ayirimda, standatttaimis ayirim fonksiyon katsayilarina goére 1. fonksiyonda en
onemli karakter orta (median) involukrum braktesi (phyllari) boyudur. Bunu i¢ involukrum braktesi (phyllari) boyu,
papus di halka boyu ve papus i¢ halka boyu izlemektedir. 2. fonksiyonda ise, aken boyu, i¢ involukrum braktesi
(phyllari) boyu, taban yaprak boyu ve kék kalgnsirasiyla tirlerin ayirrminda énemli karakterlerdir (Tablo 2).
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Tablo 2. Morfolojik Ozelliklere Gore Yapilan Ayirim (Diskriminant) Analiz Sonuglari

Kanon
. Oz Varyan | Toplam | . Wilks' | Khi- Onem
Fonksiyon Deger | s (%) (%) Korela | Lambda | Kare S Duzeyi
S
1 2857, | 84,6 84,6 1,000 | ,000 372,577 136 ,000
1

2 2948 | 8,7 93,3 ,998 ,000 277,082 112 ,000
3 1552 | 4,6 97,9 ,997 ,000 208,804 90 ,000
4 30,3 9 98,8 ,984 ,000 148,186 70 ,000
5 15,5 5 99,3 ,969 ,000 106,852 52 ,000
6 14,2 4 99,7 ,967 ,002 73,190 36 ,000
7 9,0 3 99,9 ,949 ,034 40,459 22 ,010
8 1,8 1 100,0 ,809 ,345 12,772 10 ,237
Standartlgtiriimis Ayirim Fonksiyon Katsayilari

Fonksiyon

1 2 3 4 5 6 7 8

KU 8,221 2,134 -,807 -,334 -1,265 | -,165 -,078 ,792
KK 4,381 -2,778 | 1,133 1,167 1,135 -,960 ,529 -,783
BB ,279 ,161 ,454 -,510 -,600 ,413 ,030 -,376
TYB 2,318 |-2,986 ,019 ,650 1,731 ,830 ,373 -,315
TYE -7,261 2,576 -,085 ,548 ,559 ,302 ,074 ,028
GYB -,639 ,959 1,520 -1,086 | -,045 ,173 ,481 ,796
GYE -3,027 | 2,223 -,202 -,411 -,651 -,021 -, 715 -,150
iB ,316 479 1,926 ,223 -, 752 ,242 -,527 -,834
iE 1,513 -,374 -3,535 | -,620 1,247 1,386 ,462 1,324
MF 15,283 |-,139 -1,194 ,872 -,375 ,137 ,006 -,048
DF 4,403 ,715 ,093 -1,322 | ,210 -,582 -,601 -,057
iF -10,837 |-3,306 | 4,012 ,376 ,326 -, 744 ,304 -,321
IAB 1,155 3,954 1,103 ,064 ,065 -,515 ,432 -,076
AE -4,404 |-1,370 | -,265 -,403 ,558 1,698 ,315 -,017
M 2,633 |-,242 ,456 ,864 ,248 ,378 -,109 ,242
PD 10,630 | 2,459 -1,503 ,332 -,591 -,090 -,436 -,243
P -10,468 |,970 -,539 ,151 -,559 -,151 ,328 ,520

KU: Kok uzunlygu, KK: Kok Kalinligi, BB: Bitki Boyu, TYB: Taban yaprak boyu, TYE: Taban yaprak eni, GYB:
Govde yaprak boyu, GYE: Gévde yaprak dBi, involukrum boyuE: involukrum eni, MF: Median fillari boyu, DF:
Dis fillari boyu, IF: ic fillari boyu, AB: Aken boyu, AE: Aken eni, M: Mukro boyu, PD papusltalka boyu, P papus

ic halka boyu

Y.B. Kése et al., Comparative Investigation of the Morphological Characteristics of Species belonging to the Centaurea L. Section Phalolepis (Cass.)
DC.



Biological Diversity and Conservatii— 3 / 1 (2010) 19

30

TUR

[TES
Ow

20 1 O Grup Merkezler

fdo

O C. antalyense

10 4 9 C. hieropolitana

C. tossiensis

Mo
3
@

C. w agenitzii

@ o
fm~

0 C. luschaniana
-10 o

o C.lycia
o9 C.amaena
-20 «

C. aphrodisea

Fonksiyon 2
O~

-30 O C.cadmea
-100 0 100 200

Fonksiyon 1 .
Sekil 11. Tarlerin Morfolojik Ozelliklerine Gére Yapilan Ayirma Analizinin Grafiksel Gosterimi

4. Tartisma ve Sonug

Ulkemizdeki Centaureal. cinsi Phalolepis(Cass.) DC. seksiyonuna ait tiirlerin tamami endemik ve cok dar
yaylilis alanina sahip bitkilerdir. Biyolojik zenginliklerimizden ol&halolepisseksiyona ait turler bu 6zelliklerinden
dolayi, hem sistematik hem de ekonomik yonden uzerlerinde 6nemle durmayi gerektirmektedir. Ancak bu giine kadar
bu grupla ilgili floristik ve birka¢ palinolojik ¢aima dginda herhangi bir ¢gima yapilmanytir. Phalolepisseksiyonu
ilk defa bu ¢cama ile ayrintili ve ¢cok yonli biekilde aratiriimistir.

Bu argtirma ile tirlerin morfolojik 6zellikleri, tlrlere ait populasyonlarin istatistiksetediendirmeleri ve
uluslararasi tehlike kategorileri ayrintili biekilde ortaya konmgiur. Flora of Turkey (Wagentiz, 1975) adh eserde
seksiyona ait tirlerin morfolojik deskripsiyonlari cok dar olarak vegtimiTlrlere ait ayrintili deskripsiyonlar ilk defa
bu calsmada ortaya konngtur.

C. cadmedirii morfolojik olarak varyasyonlar géstermektedir. inettiriin tip lokalitesi olan Denizli-Honaz
dagindan alinan drnek ile Zonguldalgérci ve Bartin-Ulus'tan alinan 6rnekler arasinda kapitulum ve ek yapi
(appendage) ozellikleri gibi 6nemli farkliliklari vardir. Bizim morfolojik bulgularimizla, Flora of Turkey (Wagentiz,
1975) arasinda bariz farkliliklar gérilmemektedir (Tablo 3).

C. aphrodiseanin bitki boyu calsmamizda 28-71 cm iken, florada 25-40 cm; taban yaprak eni bulgularimizda
1,4-5 mm iken, flora deskripsiyonunda 0,5-3 mm; involukrum élgiimlerimizde 8-12,1 x 4-6 mm iken, florada 10-14 x 5-
10 mm; ek yapi (appendage) mukro boyustanmamizda 0,5-2,6 mm iken, florada 0,8-1,2; papyshadika boyu
calismamizda 1,4-3,7 mm iken, florada 3,5-4,5 mm olarak beligfiimiBu sonuc turiin Flora of Turkey (Wagentiz,
1975)'de belirtilen morfolojik 6zelliklerinin dgru olmadgini géstermektedir (Tablo 3).

C. amaen&ayseri civarindan sadece tip lokalitesinden bilinmektedir ve morfolojik élciimlerimizde Flora of
Turkey'e (Wagentiz, 1975) goére bitki boyunun daha biyik gidinvolukrum eninin alt sinirinin daha kuguk atdu
aken boyu ve papussthalka boyunun daha uzun offlubelirlenmitir (Tablo 3).

C. lycidnin bulgularimizda maksimum bitki boyu 66 cm olarak tespit edilk@n, Turkiye Floras’’'nda 35 cm
olarak belirtilmitir. GOvde yaprak eni ve involukrum eni de calimamizda flora deskripsiyonuna goére buyuk
bulunmutur. Diger karakterler bakimindan énemli farkhliklar saptananganiiTablo 3).

C. luschanianalmali ve Korkuteli arasinda birka¢ lokaliteden bilinen dar ygyihir tirdir ve morfolojik
bulgularimiz Flora of Turkey (Wagentiz, 1975) ile grtiektedir (Tablo 3).

C. wagenitzinin yaptgimiz morfolojik dlciimlerinde bitki boyu, involukrum boyu, involukrum eni, ek yapi
(appendage) mukro boyu Flora of Turkey'de (Wagenitz 1975) belirtilgeridee gore daha blyuk, taban yaprak eni ise
daha kucuk cikngtir. Diger karakterler icin belirgin farklar saptanamatmi(Tablo 3).
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C. tossiensisip lokalitesi Kastamonu-Tosya'da bulunan bir tir olup,spaéimizda bitki boyu st siniri 60 cm
iken, flora deskripsiyonunda 30 cm; gévde yaprak eni Ust siniri dlgimlerimizde 2,5 mm iken, florada 0,7 mm olarak
belirtilmistir. Morfolojik bakimdan dier karakterler Flora of Turkey (Wagentiz, 1975) ile uyumludur (Tablo 3).

C. hieropolitana Phalolepis seksiyonundaki tek yillik tek tirdir. Morfolojik 6lctimlerimizde Tirkiye
florasindaki deskripsiyona gore sadece bitki boyu ve involukrum boyu bariz farklilhk géstdiger karakterler uyum
saglamistir (Tablo 3).

C. antalyense2002 yilinda bilim dinyasina kazandirigmbir tir olup Antalya-Akseki’ de yayil
gostermektedir. Tarun tanimlagddeskripsiyonla yapgimiz élcimlerle kanlastirdigimizda taban yaprak boyu, taban
yaprak eni, aken boyu ve ek yapi (appendage) mukro boyu daha buytk, involukrum d&lgtleri ise daha kigtitk ¢cikmi
(Tablo 3).

Morfolojik caligmalar sonucunda, seksiyona ait tdrlerin birbirlerinden belirgin sekilde ayrildiklari
gorulmistir. Seksiyondaki tirlerin korolla rengine bakgahda; C. wagenitzinin sari renkli korollaya, ger tirlerin
ise mor ve pembe renkli korollaya sahip olduklari gorilmektedir. Flora of Turkey (Wagentiz, 1975)'deki te
anahtarinda énemli bir karakter olan ek yapi (appendage) mukroSurigropolitanada bulunmadil, C. wagenitzii
de 6 mm'ye kadar ufigl gézlenmitir. Yine Centaureacinsi icin énemli bir karakter olan papus tlyl€i tossiensis
ve C. antalyensdurlerinde yoktur. Seksiyondaki tim tirler ¢cok yillik ike®, hieropolitanatek yilliktir. Morfolojik
bulgular s1ginda seksiyona ait trler icin yeni bigkés anahtari hazirlangtir.

1. Bitki tek yillik C. hieropolitana
1. Bitki ¢cok yillik
2. Akenler papus tamaz
3. Apendajlar fillarilerin taban kismini 6rtmez  C. tossiensis
3. Apendajlar fillarin taban kismini 6rter C. antalyense
2. Akenler papuslu

4. Korolla sari renkli C. wagenitzii
4. Korolla mor veya pembe
5. Apendaj mukro tamaz C. luschaniana

5. Apendaj mukrolu
6. Taban yapga terminal lop eni 0,9-1,5 mi@. amaena
6. Taban yapga terminal lop eni 1,5 mm’den buyuk
7.Involukrum eni 6 mm'ye kadarC. aphrodisea
7. involukrum eni 7 mm’den biyiik
8. Taban yaprak terminal lop eni 2-7 mm
C. cadmea
8. Taban yaprak terminal lop eni 9-26 mm
C. lycia

Tarlerin morfolojik 6zelliklerine gére yapilan ayirim analizinde siniflandirmgas % 100°dldr. Bu sonuca goére
seksiyona ait tdrler birbirlerinden belirgin bgekilde ayrilmaktadirlar. Turlerin morfolojik olarak birbirlerinden
ayrilmalarinda istatistiksel bakimdan en dnemli karakterler median phyllari) boyu, i¢ phyllari boyu, papakal
boyu ve papus i¢ halka boyudur.
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Tablo 3.PhalolepisSeksiyonuna Ait Tirlerin Morfometrik Ozelliklerinin Flora of Turkey [Wagenitz 1975] iles#atiriimasi

C. cadmea C.aphrodisea C. amaena C.lycia C. luschaniana C. wagenitzi C. tossens's C. hieropolitana C. antalyense
1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 "1 2
(IZ:TJ]) - 4-13 - 4-23 - 10-36 - 10-21 - 4,5-30 - 16-41 - 12-31 3,7-12 - 5,5-17,5
(ié:;) - 0,5-1 - 0,4-1,3 - 0,5-2,5 - 0,4-1 - 0,5-1,p . 0,3-1,2 - 0,30,6 - 0,15-0,4 - 0,3-0,7
(EE]) 10-35 20-41 25-40 28-71] 25-3p 49-51 25-35 32-66  10-30 8-26 b-15 10-30 25-30 18-60 25 15-45 5-40 16-41
TYB (mm) - 35-226 - 34-112 - 20-40 - 40-185 - 25-64 30-55 - 40-120 - 33110 40-70 35-125
TYE (mm) 2-5 2-7 0,5-3 1,4-5 0,5-1 0,9-15 10-30 9-26 3-10 3-11 %12 2565 - -6 - §-12 7-10 I7-25
GYB (mm) - 13-50 - 7-48 - 25-70 - 8-40 - 4-19 - 5-19 - 9-32 1 4-3f7 F 18-80
GYE (mm) - 1,5-7 - 1,2-3,5 - 1-2 2-5 1,5-1p - 1-4 ] 1-2 0,5-p,7 1-2,5 - 1,2-8 - 4-10,4
(;En) 11-16 8-15 10-14 8-12,11 11-1p 8-12,% 11-15 9-17 8410 5-11 D-11  9-16,5 9105  1,5-10 |10-13 6,5-11 15-20 [12-14,5
r:En 9-12 7-16 5-10 4-6 8-9 5-9 10-17 4,7-17 5-6 3,5-8 §-7 45110 3945 3447 4-6 B-7 10-15 3-11,5
MF mm - 6,5-13 - 6-9,7 - 6-10 - 5,7-14 - 4-7,3 . 7,5-14 - 3-f b 4,5-8,2 - 5,6r11
DF mm - 4-7 - 3,2-6,5 - 2,9-6,5 - 2,2-5/5 - 1,5-4 3-8 - 1,535 - 24 - 3,5-6
rrl::n - 11,3-15 - 9,5-12 - 9,7-12,% - 9,8-1f - 7,5-11 11,516 : 7,8-10 - 8,2-11 - 10{7-14
AB mm 3-3,5 2,3-3,2 3-4 2,9-3,9 3 3,5-4 3,5-4 29-3,7 2,83 253,5 - 34,1 2)-28 25-32 |[2-25 1,9-2,8 2-3 2,7-4,1
AE mm - 0,8-1,4 - 1,2-19 - 1,3-2 - 1,1-1)6 - 1-1,6 1,2-2,1 - 1,211,6 - 0,6t1,4 - 0J6-1
n’;/lm 1,5-3 0,9-3 0,8-1,2] 0,5-2,6 0,5 0,1-0p6 0,3-0,7 0,1+1 - 0,1-0,25 (24 216,3 0/1-0,3 (,1-0,2 - - 1-1,5 0,7-2,1
PD mm 3,5-45| 2,255 3545 14-3|7 25 3-4,6 3-4 244 2/5-3 1,5-3 2 12,2 - - 2-3 1,2-3 - -
rrﬁ’rln - 0,3-1 - 0,2-1,3 - 0,2-1,1 - 0,2-1,b - 0,5-1 . 0,2-1,5 - - 0,2-0,8 - 4

1: Flora of Turkey2: Bulgular,1": Duran, A., Duman, H. (2002) [16]
KU: Kok uzunluysu, KK: Kok Kalinhigi, BB: Bitki Boyu, TYB: Taban yaprak boyu, TYE: Taban yaprak eni, GYB: Govde yaprak boyu, GYE: Gévde yapiBkienplukrum boyu JE: involukrum eni, MF: Median
fillari boyu, DF: D fillari boyu, IF: i fillari boyu, AB: Aken boyu, AE: Aken eni, M: Mukro boyu, PD papushtalka boyu, B papus i¢ halka boyu
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Abstract

An experiment was conducted to evaluate the effect of sowing date and plant density on yield and yield
components of Black CumirCuminum carvL.) under dry farming conditions. Four plant densities (50, 100, 150 and
200 plants i) and three sowing dates (3, 13 and 23 of March) were applied. Result showed that seed yield was
influenced by sowing date and plant density interaction. Early sowing date resulted in higher seed yields as evident
from higher aboveground biomass, the number of umbrella per plant, the number of seed per umbrella and plant height.
Harvest index and 1000-seed weight were not affected by sowing date and planting density. Earlier sown plants with
density of 200 i resulted in higher seed yields.

Key words: Sowing date; Plant density; Black Cumin; Yield; Yield components

1. Introduction

Black Cumin Cuminum carviL.) is a member of Apiaceae. This species originated in Egypt and East
Mediterranean, but is widely cultivated in Iran, Japan, China and Turkey. Black Cumin has a long history of use as food
flavors, perfumes and medicinal values. Essential oil has been used for bringing smell to some medicines, for sterilizing
of surgical operation fiber, for producting of some veterinary and agricultural medicines and plastic (Simon et al, 1984).
Black Cumin seeds have an aromatic odor and bitter taste. They are used as an essential ingredient in soup, sausages
cheese, cakes and candies (Behera, et al., 2004). Presently, Iran is an important Black Cumin exporter, constituting 20-
40% of world market (Barros et al,2004). In semiarid area such as Iran, water is the most limiting factor for farming.
Black Cumin can be some as fallow crop in wheat or barley fallow in dry land farming of Iran. In suitable plant density,
plants completely use environmental conditions (water, air, light and soil) and inter- or intra-specific competition is
minimum. Yield loss due to unfavorable sowing date has been reported in many crops such as sunflower (Barros et
al,2004) and fennel (Bianco et al, 1994 and Kafi,1990). Yield components of Black Cumin include the number of plant
in area unit, the number of umbrella per plant, the number of seed per umbrella and seed weight. The number of plant
per unit area is the most important among yield components (Kafi,2003). Ahmed and Haque (1986) studied the effect of
row spacing (15, 20, 25 and 30 cm) and time of sowing (November 1, November 20, December 10 and December 30)
on the yield of black cumin in Bangladesh, they found that closer row spacing (15 cm) and early sowing (November 1)
were the best for higher seed yield of black cumin (Ahmed and Haque,1986). The number of umbrella per plant has the
second rank of importance in yield components. Aminpour and Karimi (1995) reported that 96% of seed yield variation
was related to this yield component (Aminpour and Karimi,1995). The number of seed per umbrella is affected by
environmental, field management and its number was reported from 11.3 to 16.8 under varying plant densities
(Kafi,2003). The weight of Black Cumin seed varied in different experiments. Kafi (2003) reported that it was from
2.79 to 2.99 g under varying plant densities. Shortening of the growing cycle decreased the amount of radiation
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intercepted during the growing season and thus total dry weight of plant (Andrade,1995). With delayed sowing,
development is accelerated because the crops encounter higher temperatures during the vegetative growth (Damato et
al,1994). Ehteramian (2003) reported that delayed sowing date was better because of occurrence lack of suddenly
winter chilling. Delayed sowing date decreases seed weight and the number of umbrella per plant (Ehteramian,2003).
Optimum plant density and sowing date of Black Cumin in Khorasan province of Iran has not yet been investigated.
This study aimed at the determination of the optimum sowing date and plant density of Black Cumin for achievement of
maximum seed yields under the conditions of the west of Iran.

2. Materials and methods

The experiment was conducted in 2005 at Research Farm, Faculty of Agriculture, Tehran University, Karaj,
Iran ( latitude 35° 50" N, longitude 50° 58" E, and altitude 132 m). Long term average precipitation was 456 mm and
this area is semiarid according to De Martonne classification. The soil texture at the experimental area was clayey with
pH 7.64 and EC 1.3 dShn

Design characteristics and cultural practices. The experiment was conducted as a factorial arrangement of a
randomized complete block design with four replications. Three sowing dates (3, 13 and 23 of March) were applied.
Four plant densities (50, 100, 150 and 200 plarfswrere applied. Row spacing was 0.3 m and plot length was 2.1 m,

plot wideness 2.1 m and plot area 4.41 ffhe distances between plots and between blocks was 1m and 2 m
respectively. According to meteorological statistics of the area, there was no danger of chilling at this time. Experiment
was conducted as dry farming. Khorasan cultivar was used. Seeding depth was 0.5 cm. Before sowing, the soil was
leveled then 100 kg Haof diamonium phosphate (DAP) fertilizer was applied. Seeding was done by hand. At 3-4 leaf
stage, the seedlings were thinned with expected densities. Weeds were removed with hands. Seven insecticide was
applied for the control of ants.

Plant deter minations and statistical analysis. In order to determine the yield and other characters under varying plant
densities and sowing dates, a humber of plant samples were taken by 1 m2 quadrate (Latond, 1994). Up to 50 cm,
primer and edge lines were discarded and four planting rows were harvested. All plots were evaluated on 1 m2 area. In
order to measure the seed yield and total dry matter, plants were cut and after drying, dry matter and seed yield were
measured. Plants were harvested at physiological maturity stage when plants yellowed. Six plants randomly were
selected in each plot to measure the number of umbrella per plant and plant height. Three umbrellas in each plant (from
six selected plants as mentioned above) were selected and the number of seed was calculated. Harvest index was
computed as the ratio of the seed yield to aboveground dry matter at harvest. Analysis of variance (ANOVA) was used
to determine significant differences. The Multiple Range Test of Duncan performed the separation of means when the
F-test revealed the error probability to justify the difference minor. Correlation coefficients were calculated for the
relationship between seed yield and several crop parameters. All statistics were performed with the program MSTATC
(version 2.10) and SPSS (version 10.0).

3. Resaults and discussion

Seed yield. The effect of sowing date, plant density and their interaction on seed yield were significant (Table I). At the
first sowing date, plants with density of 200 planté had the highest seed yield. However, their yield did not have
significant difference compared with 150 plants.nunder the second sowing date (D2), studied plant densities except
plant densities of 150 and 200 plants m-2 did not have significant difference. Under the third sowing date (D3), plant
density of 150 plants Fresulted in higher seed yield; however it did not have significant difference from plant density

of 200 plants m-2. Plant densities of 50 and 100 plants m-2 had a yield reduction of 58% and 42% respectively
compared with 150 plantsf{Table II). Plant density of 200 plants’mnder D1 and D2 resulted in higher seed yields
however this plant density did not have significant difference from 150 plahtsder D1 and 50 and 100 plant§ m

under D2 . Under D3, plant densities of 150 to 200 plants m-2 had the highest seed yields. EI-Gengai and Abdallah
(1978) and Bianco et al. (1994) reported significant effect of sowing date and plant density on seed vyield of fennel
(Foeniculum vulgareMill.). Results obtained from the study were comparable with Ehteramian (2003) findings, but
contrary to those of Damato et al. (1994). There was a positive correlation between seed yield and aboveground
biomass (r=0.91**). Early sowing dates resulted in higher seed vyields that can be explained by higher aboveground
biomass, the number of umbrella per plant, the number of seed per umbrella and plant height (Table II). In view of the
sensitivity of Black Cumin to climatic factors especially to photoperiod and temperature, it is essential that sowing
should be done on time so that there is enough time for vegetative growth. Delayed sowing results in reduced vegetative
growth leading to reduced number of umbrella per plant and plant height (Okut,2001, Rahimian Mashhadi, 1991 and
Sharratt & Gesch,2004). Under optimum plant density, plants show efficient use of available water, light and nutrient
while under high plant density, there is competition among plants.
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Table 1. Analysis of variance results (Mean of Square) for different traits of Black Cumin under varying sowing dates
and plant densities.

Trait sowing date plant density plant densitysowing date
Seed yield 429.165** 216.894** 153.101**

Aboveground biomass 4172.934** 1839.311* 611.679**

Number of umbrella per plant 109.841* 47.079 36.385

Number of seed per umbrella 3.468** 2.643** 2.576**

1000-seed weight 00.201 0.082 0.046

Harvest index 0.156 0.051 0.065

Plant height 20.976** 0.504 4.726*

* Significant at the 0.05 level; ** Significant at the 0.01 level.

Aboveground biomass. The effect of sowing date, plant density and their interaction were significant for aboveground
biomass (Table I). The aboveground biomass showed an increasing trend, with increases in plant density under the first
sowing date (D1), plant density of 200 plant$ had the highest aboveground biomass (Table Il). There was strongly
correlation (r=0.91**) between seed yield and aboveground biomass, but a negative one (r= -0.68*) between
aboveground biomass and harvest index. The effect of sowing date and plant density interaction on aboveground
biomass was like seed yield.

Yield components. The effect of plant density on the number of umbrella per plant was not significant (Table I), which
might be due to compensatory capacity of the other yield components such as the number of seed per umbrella. With
changing plant density, each plant changes the number of seed per umbrella that results in fixed number of umbrella per
plant. There was no significant correlation between the number of umbrella per plant and seed yield (r=0.16ns).
Ehtramian (2003) reported that correlation between seed yield and the number of umbrella per plant was r=0.22. Bianco
et al. (1994) found significant effect of plant density on the number of umbrella per plant. In this research, average
number of umbrella per plant was 16.56. Kafi (2003) reported that the number of umbrella per plant under varying plant
densities was from 18.9 to 31.3. The results in the present study were lower than those of Tuncturk and Tuncturk
(2006), Arslan and Bayrak (1987) and Okut (2001). These differences were due to probably variations in environmental
conditions, genotype and soil properties. Sowing date had the significant effect on the number of umbrella per plant
(Table 1) that related to high sensitivity of this yield component to photoperiod and temperature, which conforms to the
finding of Rahimi (1993). The highest number of umbrella per plant was achieved under the first sowing date (give
actual sowing dates). Three sowing dates (3, 13 and 23 of March). Plants under second (13, March) and third (23,
March) sowing dates had 25 and 18% lower umbrella number compared with the first sowing date (3, March) (Figure
1).
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Figure 1.Mean comparisons for the number of umbrella per plant under different sowing dates Means followed by the
same letter are not significantly differentRt0.05 (*) or P=0.01(**) according to Duncan Multiple Range Tée'sbying
dates of 1, 2, and 3 are 3, 13 and 23 of March respegtively

The effect of sowing date and plant density and their interaction on the number of seed per umbrella was
statistically (Table ). The number of seed per umbrella showed a decreasing trend, with decreases in plant densities and
the plant density of 50 plantshad the highest number of seed per umbrella and the plant densities of 100 and 150
plants nf had no significant difference for the number of seed per umbrella (Table Il). Because seed set depend on
providing the sufficient nutrients and environmental conditions while shift from vegetative to reproductive stage,
increased plant densities result in limited availability of nutrients, light and water so the number of reproductive units
decrease; at last seed number reproduction decreases. Kafi (2003) found that the number of seed per umbrella under
different plant densities (40, 80 and 200 plants m-2) decreased. Our results were comparable to the finding of Kafi
(2003), who noted no correlation between the number of seed per umbrella and seed yield (r=-0.006). Ehteramian
(2003) reported that correlation between seed yield and the number of seed per umbrella was (r=0.75). The first sowing
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date (D1) except under plant densities of 50 and 200 plahtsachthe highest number of seed per umbrella in relation

to D2 and D3. It is due to sensitivity of the number of seed per umbrella to photoperiod and temperature (Table II).
Environmental conditions during pollination at the first stage of seed set, determine the number of seed per umbrella (16
guote properly). The effect of sowing date and plant density on 1000-seed weight was not significant (Table 1), which
seemed to be more dependent on genetic than environmental factors (18 quote properly). These data were in contrast
results of Barros et al. (2004) and Tuncturk and Tuncturk (2006). Data indicated no correlation between seed yield and
1000-seed weight (r=0.429), but a negative one between 1000- seed weight and plant height (r=-0.677%). In this study,
1000-seed weight was 2-3 g, which was lower than that reported by Arslan and Bayrak (1987), Okut (2001) and
Tuncturk and Tuncturk (2006), but similar to that of Kafi (2003).

Table 2. Mean comparisons for different traits of Black Cumin under varying sowing dates and plant densities.

Seed yield (g ) ** Plant height (cm)* Aboveground biomass (g number of seed per umbrella**
Plant Sowing daté Sowing date Sowing ddte Sowing date
density

1 2 3 1 2 3 1 2 3 1 2 3

50 24.96 cd 27.63abc 11.47e 12.62bc 12.99abs 12.27bc  61.95bc  67.00bc 21.9e 6.930ab 7.475a 6.740abc
100 21.46 cde  25.61 bed 16.07de 13.46 abc  12.27 bc 12.36bc  63.75bc  47.81cd 25.71de  6.922ab 5.675cde 5.355e
150 27.73 abc  19.52cde 27.58abc  14.19ab 13.4abc 11.59cd  62.55bc  56.17bc 60.78bc  7.280a 5.185e 5.995hcde
200 36.64 a 35.36ab 18.53cde  15.0la 12.95abc  9.97d 93.7a 78.55ab 49.04cd  6.48m80Cde 7.415a

Means followed by the same letter are not significantly differe®=&t05 (*) or P=0.01(**) according to Duncan Multiple Range T€Sowing
dates of 1, 2, 3 are 3, 13 and 23 of March respectively.

Harvest index and plant height. The effect of sowing date and plant density on harvest index was not significant
(Table 1), which is due to that with changed plant density or sowing date. Changes in reproductive and vegetative parts
had the same rate, as with changing the plant density or sowing date. The decrease or increase in aboveground biomass
of single plant was consistent with changes in seed yield per plant (Table Il). Ball et al. (2000), Behera et al. (2004) and
Kafi (2003) also reported the same result. There was no correlation between harvest index and seed yield, but that of
harvest index with aboveground biomass was negative (r=-0.608). The average harvest index of this study was 0.45 that
was different from that reported by Ehteramian (2003). The effect of sowing date, plant density and their interaction on
plant height were significant (Table I). Delayed sowing decreased plant height (Table Il). The first sowing date (D1
give actual date) except under plant density of 50 and 100 pléntsesulted in higher plant height than third sowing

date (D3 give actual date). It may be explained by a higher dry matter accumulation and vegetative growth due to early
sowing, while delayed sowing reduced plant height due to high sensitivity to photoperiod and temperature. Under early
sowing date, plant densities of 50, 100 and 150 plants m-2 had a plant height reduction of 16, 10 and 5% compared with
plant density of 200 plants m-2. Such an increase in plant height with increased plant density may be explained by
increasing activity of stem growth hormone due to light deficiency (10 quote properly). EI-Gengai and Abdallah (1978)
and Bianco et al. (1994) found that sowing date and plant density had significant effect on plant height of fennel. There
was no correlation between seed yield and plant height (r=0.455), while Correlation of plant height and 1000-seed
weight was negative (r=-0.677%).

4, Conclusion

Black Cumin is sensitive to plant density and sowing date. Early sowing in dry land Black Cumin was critical
to increased seed yield possibly due to higher aboveground biomass, the number of umbrella per plant and plant height.
Lower densities do not produce sufficient of seed per unit of area. However, the relatively small absolute differences in
seed yield between some plant densities demonstrate the remarkable compensation capacity of Black Cumin between
the different yield components.
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Abstract

This research was carried out from 2007 to 2009 in order to determine the flora of the Cakmak Dam
(Casamba-Samsun) and its surroundings. In the area, 311 taxa belonging to 214 genera and 70 families were
determined ( 214 species, 61 subspecies and 36 varieties). The families with the most taxa in the research area are
Asteraceae with 31 taxa (9.96 %), Leguminosae with 29 taxa (9.32 %) and Gramineae with 28 taxa (9.00 %). Genera
represented by the highest number of speciesTdfelium L. (7 taxa),Salvia L. (6 taxa),Vicia L. (5 taxa) and
GeraniumL. (5 taxa). The distribution rates of taxa into phytogeographical regions are as follows: 25.72 % Euro-
Siberian, 9.00 % Mediterranean, 1.28 % Irano-Turanien and 63.98 % pluriregional or of unknown phytogeographic
origin. The number of endemic taxa within the study area is 3 (0.96 %).
Key Words: Flora, Cakmak Dam, Samsun, Turkey

0

Cakmak baraji ve cevresinin florasi tizerine bir argtirma (Carsamba, Samsun/Turkiye)

Ozet

Bu argtirma 2007-2009 yillari arasinda, Cakmak Baraji §gaba-Samsun) ve cevresinin florasini tespit
etmek Uzere yapilmtir. Arastirma alaninda, 70 familyaya ait 214 cins ve toplam 311 takson tespit gdi(n®14 tor,
61 alttlr ve 36 varyete). Asarma alaninda en fazla taksona sahip familyalar, 31 takson ile Asteraceae (9.96 %), 29
takson ile Leguminosae (9.32 %) ve 28 takson ile Gramineae (9.00 %)’ dir. En c¢ok tir ile temsil edilen cinsler
Trifolium L. (7 takson),Salvia L. (6 takson),Vicia L. (5 takson) veGeraniumL. (5 takson)'dur. Taksonlarin
fitocografik bolgelere dguihm oranlarisu sekildedir: Euro-Siberian 25.72 % , Akdeniz 9.00 % , Irano-Turanien 1.28 %
ve cagrafik bolgesi bilinmeyenler veya birden fazla bdlgede ygygiisterenler 63.98 % ' dir. Caina alanindaki
endemik takson sayisi 3 (0.96 %)’ dir.

Anahtar Kelimeler: Flora, Cakmak Baraji, Samsun, Turkiye
1.Introduction

Dams have been constructed in order to prevent floods, to supply drinking and domestic water to generate
energy and for irrigation purposes since the old times. They have a great deal of positive and negative effects on the
environment besides their benefits like controlling stream regimes, consequently preventing floods obtaining domestic
and irrigation water from the stored water and generating energy. Dams which contribute to the national economy from
many aspects like irrigation, drinking water supply, flood control, electricity generation, fishing, tourism are also
effective in increasing the living and culture level of the region that they were constructed. Meanwhile, the new
environment created by the dam also supports the arrival of different species to the area (Tgnetisdip2007).

This research was carried out to deterntireflora of Cakmak Dam and its surroundig&amsun province.
Our research area, the region Cakmak Dam, which have been constructed in 1985-1988, is the source of Samsun’s
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drinking water (Anonymous, 1991). After the construction of dam, the vegetation of the area has been extensively
destroyed by antropogenic effects and the research area will be flooded, therefore the biological diversity has been
affected by this project. For this reason, the population of plants at the research area should be examined scientifically.
Some floristic studies were also carried out in localities close to the research area by Kiling and Ozen (1988), Engin and
Korkmaz (1991), Kutbay et al. (1995), Kiling et al. (1998) and Ozen and Kiling (2002), but no regular floristic study has
been performed in our research area, the region Cakmak Dam and its existing endemic plants in the region and to
evaluate the effectiveness of dam construction on flora and finally to contribute to our knowledge of the flora of
Samsun.

The research area is located on the Abdal river, in 30 km. south-eastern of the city of Samsun. According to the
grid-square system adopted for the Flora of Turkey (Davis, 1965-1985), the study area is in the A6 square. The study
area is bordered in the north by Yukgpaguney village, in the south by Gokcegcakmak village, in the west by Cakmak
Dam and the east by Kirbiyiklar village (Figure 1). Therefore, the research area is approximately 4 km long. The
altitude of the study area varies between 100 and 250 m.
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Figure 1. Map of the study area.

The geological structure of the research area mostly contains volcanic rocks belonging to the Neogen period.
The most common soil type in the research area is the brown forest soil. Grayish-brown soils, alluvial and colluvial soil
groups are also present locally in the riverside (Anonymous, 1991).

We used meteorological data obtained from the nearest meteorological stations SamsurseanidaCar
determine the climate in the region (Anonymous, 2008). In Samsun asa@ar, the average annual temperature is
15.1°C and 14.6 °C, respectively. The average annual precipitation is 702.4 mm in Samsun and 713.7 samba.Car
The most rainy months of the year are November and the lowest precipitation is found in July and June in Samsun and
Cargamba, respectively. The ombrothermic diagram was prepared using Walter's method (Figure 2 and 3). The rainfall
regime of the study area is “autumn-winter-spring-summer” of West Mediterranean precipitation origin (Akman, 1999;
Kiling et al., 2006).

The main vegetation types observed to occur in the research area are forest vegetation, shrub vegetation,
hydrophytic and rocky vegetation. Forest vegetation mostly inclidess sylvestrisl., Pinus nigra Arn. subsp.
pallasiana (Lamb.) Holmboe Acer campestrd.. subsp.campestre, Fagus orientalisipsky, Quercus cerrisL. var.
cerris , Populus albaL., Coryllus avellanaL. var. avellang Carpinus betulud.., Carpinus orientalisMiller subsp.
orientalis, Salix albalL., Salix babylonica.., Juglans regial., Platanus orientalid.., Castanae sativMiller, Robinia
pseudoacacid.., Ulmus glabraHudson andMorus albal. Furthermore, there exist also some plants in the shrub
vegetation such aRubus canescen®C var canescens, Juniperus oxycediussubsp.oxycedrus Rhododendron
luteumSweet Spartium junceunh., llex aquifoliumL. andLigustrum vulgare.. Hydrophytic vegetation is widespread
along the riverside and Cakmak Dam. This vegetation inclEdessetum ramosissimuiesf., Pteridium aquilinum
(L.) Kulm., Asplenium adiantum-nigrunh.., Cardamine bulbifera(L.) Crantz, Epilobium hirsutumL., Sonchus
oleraceus L., Veronica anagallis-aquatica_. subsp.anagallis-aquatica Mentha longifolia (L.) Hudson subsp.
longifolia, Typha latifoliaL., TyphaangustifoliaL., Juncus inflexud.., Cyperus longud. and Carex divisaHudson.
Minuartia micranthaSchischk.] otus corniculatud.. var. corniculatus Sedum pallidunBieb. var.bithynicum(Boiss.)
Chamberlain,Crepis foetidaL. subsp.rhoeadifolia (Bieb.) Celak andOriganum vulgarelL. subsp.vulgare are
commonly occurred on the rocks in the research area.
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2. Materials and methods

The materials of this study includes 684 plant specimens collected from the Cakmak Dam and its surrounding,
in order to determine the floristic structure of the study area in 2007-2009. The research area is situated between 36° 39'
06.99" / 36° 34' 28.24" E longitude and between 41° 07'22.75" / 41° 05' 51.57" N latitude in Samsun province.

The specimens were dried using standard herbariuthoa® The majority of the specimens were identified
with the help of thé=lora of Turkey and The East Aegean IslafiDavis 1965-1985; Davis et al., 1988) and fthera
Europaea(Tutin et al., 1964-1980). All of the plant specimens are kept in the herbarium of Ondokuz Mayis University,
Biology Department, Samsun (OMUB).

The plant taxa of the Cakmak Dam and its surroundings are listed in the appendix. All the taxa in the floristic
list are given according to the orderkiora of Turkey and The East Aegean Islafidavis 1965-1985; Davis et al.,
1988). In the list, the following details are given: family and taxon name, authors of the species, locality, habitat,
altitude, collection date, collector names, herbarium number. In addition, the phytogeographical region, IUCN (2001)
threat categories and endemism rate also given.

The data of this study were compared with those of other studies (Kiling and Ozen; 1988, Engin and Korkmaz,
1991; Kutbay et al., 1995; Kilin¢ et al.,, 1998 and Ozen and Kiling, 2002).The authors of species hames are given
accordin g to Brummitt and Powell (2001).

Abbreviations

The abbrevations used in the text and the appendix are Euxine (Eux.), Euro-Siberian element (Euro-Sib.),
Hyrcano-Euxine element (Hyr-Eux.), Mediterranean element (Medit.), Irano-Turanien element (Ir-Tur.), Cosmopolitan
(Cosm.), East (E.), Endemic (End.), North (N.), North-east (N.E.), South (S.), South-east (S.E.), Adnan Akcin (A.A)),
Tllay Aytas Akcin (T.A.), Least concern (L.C.).

3. Results

THE FLORISTIC LIST

PTERIDOPHYTA
EQUISETACEAE

Equisetum ramosissimubesf.

1 km E. of Cakmak Dam, roadsides and slopes, 100 m, 01.05.2007, T.A 056 & A.A., widespread.

E. telmateigEhrh.

1 km S. of Cakmak Dam, roadsides, 120 m, 05.06.2007, T.A. 141 & A.A.
HYPOLEPIDACEAE

Pteridium aquilinum(L.) Kuhn

2 km N. of Cakmak Dam, slopes, 115 m, 01.05.2007, T.A. 050 & A.A., widespread.
ASPLENIACEAE

Asplenium adiantum-nigrun
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1 km N.E. of Cakmak Dam, wet meadows, 115 m, 21.08.2008, T.A. 237 & A.A.
POLYPODIACEAE

Polypodium vulgard.. subspvulgare

2 km N.E. of Cakmak Dam, open places, 120 m, 11.08.2008, T.A. 303 & A.A.
SPERMATOPHYTA
GYMNOSPERMAE
PINACEAE

Pinus sylvestris.

2 km N. of Cakmak Dam, open forest, 175 m, 11.09.2008, T.A. 304 & A.A.

P. nigraArn. subsppallasiana(Lamb.) Holmboe

1 km N.E. of Cakmak Dam, forest, 250 m, 05.06.2007, T.A 065 & A.A.

P. brutiaTen.

2 km N.E. of Cakmak Dam, forest, 185 m, 07.10.2008, T.A. 305 & A.A.
CUPRESSACEAE

Juniperus oxycedrus. subspoxycedrus

3 km N. of Cakmak Dam, open forest, 145 m, 05.06.2007, T.A. 157 & A.A.

ANGIOSPERMAE
DICOTYLEDONAE
RANUNCULACEAE
Helleborus orientalid.am.
Yagbasan village, roadsides and fallow fields, 120 m, 13.04.2007, T.A. 016 & A.A.
Clematis vitalbal..
1 km S.E. of Cakmak Dam, meadows, 140 m, 05.06.2007, T.A. 140 & A A.
Ranunculus neapolitanuen.
Guzelyurt village, 130 m, open hillsides, 13.04.2007, T.A. 029 & AA.
R. muricatud..
1 km E. of Cakmak Dam, Esencay side, open places, 120 m, 13.04.2007, T.A 010 & AA.
R. arvensid.
E. of Cakmak Dam, open places and fallow fields, 125 m, 10.07.2008, T.A. 157 & A.A., widespread.
PAPAVERACEAE
Papaver rhoeas.
2 km S. of Cakmak Dam, 125 m, wet meadows, 21.05.2007, T.A. 113 & A A.
Fumaria officinalisL.
3 km S.E. of Cakmak Dam, roadsides, 130 m, 21.05.2007, T.A. 093 & A.A.
BRASSICACEAE (CRUCIFERAE)
Raphanus raphanistrui
Yagbasan village, 120 m, fields and open places, 13.04.2007, T.A. 028 & A.A.
Cardaria draba(L.) Desv. subspdraba
1 km S.E. of Cakmak Dam, fallow fields, 135 m, 21.05.2007, T.A. 127 & A.A., widespread.
Capsella bursa-pastorid..) Medik.
2 km E. of Cakmak Dam, Esencay near, 110 m, 13.04.2007, T.A. 007 & A.A., Cosm.
Alyssum alyssoidgs.) L.
N.E. of Cakmak Dam, rocky limostene slopes, 21.05.2007, T.A. 146 & A.A.
Nasturtium officinaleR.Br.
1 km E. of Cakmak Dam, riverside, 130 m, 21.05.2007, T.A. 058 & A.A., widespread.
Cardamine bulbifergL.) Crantz
3 km N.E. of Cakmak Dam, riverside, 120 m, 01.05.2007, T.A. 062 & A.A., Euro-Sib.
C. teneraGmel. apud Meyer
Guzelyurt village, 120 m, fallow fields and open places, 13.04.2007, T.A. 031 & A.A.

Sisymbrium altissimuri.

2 km of E. of Cakmak Dam, roadsides, 120 m, 01.05.2007, T.A. 047 & A.A.
CISTACEAE

Cistus creticud..

1 km N. of Cakmak Dam, open places and open hillsides, 210 m, 22.06.2007, T.A. 059 & A.A., Medit.

Helianthemum nummulariufi.) Miller subsp.nummularium

2 km N.E. of Cakmak Dam, rocky limostene slopes, 135 m, 11.08.2008, T.A. 306 & A.A.
VIOLACEAE

Viola odoratal.

1 km E. of Cakmak Dam, Esencgay near, open places, 120 m, 13.04.2007, T.A. 011 & A.A.

V. sieheandecker

N.E. of Cakmak Dam, Esencay near, 100 m, open places, 13.04.2007, T.A. 015 & A A.

V. kitaibelianaRoem & Schult

1 km N.E. of Cakmak Dam, rocky place, 125 m, 05.06.2007, T.A. 064 & A.A.
CARYOPHYLLACEAE

Minuartia micranthaSchischk
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2 km S. of Cakmak Dam, rocky limostone slopes, 130 m, 21.05.2007, T.A. 099 & A.A.
Stellaria medigL.) Vill. subsp.media

1 km E. of Cakmak Dam, Esencgay near, open places, 140 m, 13.04.2007, T.A. 014 & A.A.
S. holosted..

Guzelyurt village, roadside and open hillsides, 130 m, 13.04.2007, T.A. 033 & A.A., Euro-Sib.
Cerastium fontanurBaumg. subsgriviale (Link.) Jalas

Esencay side, open places, 100 m, 13.04.2007, T.A. 005 & A.A.

Dianthus orientalisAdams

S.E. of Cakmak Dam, rocky slopes, 175 m, T.A. 186 & A.A.

Petrorhagia prolifera(L.) Ball & Heywood

2 km N.E. of Cakmak Dam, open hillsides, 135 m, 10.07.2008, T.A. 158 & A.A.

Silene otitegL.) Wibel

S. of Cakmak Dam, open places, 120 m, 05.06.2007, T.A. 143 & AA.

S. wulgaristMoench.) Garcke vavulgaris

1 km S.E. of Cakmak Dam, meadows and fallow fields, 230 m, 11.09.2008, T.A. 289 & A.A.
S. dichotomd&hrh. subspeuxina(Rupr.) Coode & Culten

3 km S.E. of Cakmak Dam, roadsides, 155 m, 11.08.2008, T.A. 307 & A A., Eux.

S. gallicaL.

2 km E. of Cakmak Dam, fallow fields, 120 m, 11.08.2008, T.A. 308 & A.A., Cosm.
POLYGONACEAE

Polygonum persicarid.

2 km S. of Cakmak Dam, open hillsides, 130 m, 21.08.2008, T.A. 232 & A A.

P. convolvulug..

1 km N. of Cakmak Dam, meadows, 130 m, 11.08.2008, T.A. 309 & A.A.

Rumex crispuk.

E. of Cakmak Dam, moist places, 180 m, 01.05.2007, T.A. 052 & A.A.

R. conglomeratuMurray

1 km E. of Cakmak Dam, meadows, 130 m, 10.07.2008, T.A. 171 & A.A.
CHENOPODIACEAE

Chenopodium murale.

Yagbasan village, fallow fields, 130 m, 13.04.2007, T.A. 022 & A.A., Cosm.

C. albumL. subspalbumvar.album

1 km E. of Cakmak Dam, moist places and fallow fields, 120 m, T.A. 250 & A.A.
PHYTOLACCACEAE

Phytolacca americana.

2 km E. of Cakmak Dam, open hillsides, 130 m, 10.07.2008, T.A. 176 & A A.
HYPERICACEAE(GUTTIFERAE)

Hypericum androsaemuin

3 km E. of Cakmak Dam, moist places, 165 m, 10.07.2008, T.A. 167 & A A.

H. perfoliatumL.

3 km N.E. of Cakmak Dam, slopes, 185 m, 10.07.2008, T.A. 156 & A.A., Med.

H. perforatumL.

2 km S. of Cakmak Dam, rocky slopes, 140 m, 05.06.2007, T.A. 138 & A.A.
MALVACEAE

Malva sylvestrid..

N.E. of Cakmak Dam, open places, 130 m, 22.06.2007, T.A. 123 & A.A.

M. neglectawallr.

3 km S.E. of Cakmak Dam, roadsides, 165 m, 11.09.2008, T.A. 284 & A.A.

Lavatera punctatall.

E. of Cakmak Dam, fallow fields, 140 m, 10 07.2008, T.A. 169 & A.A.

Alcea setosgBoiss.) Alef.

3 km N.E. of Cakmak Dam, meadows, 200 m, 11.09.2008, T.A. 310 & A A., Med.
LINACEAE

Linum tenuifoliundL.

1 km E. of Cakmak Dam, slopes, 130 m, 05.06.2007, T.A. 150 & A.A.
GERANIACEAE

Geranium purpureur¥ill.

S.E. of Cakmak Dam, roadsides and open hillsides, 125 m, 01.05.2007, T.A. 055 & A.A.

G. rotundifoliumL.

2 km N.E. of Cakmak Dam, rocky places, 150 m, 05.06.2007, T.A. 060 & A.A.

G. molleL. subspmolle

1 km E. of Cakmak Dam, open places, 125 m, 05.06.2007, T.A. 059 & A.A.

G. columbinumi.

E. of Cakmak Dam, roadsides and open hillsides, 145 m, 01.05.2007, T.A. 057 & A.A.

G. asphodeloideBurm. fil. subspasphodeloides

3 km E. of Cakmak Dam, meadows and slopes, 185 m, 01.05.2007, T.A. 067 & A.A., Euro-Sib.
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Erodium cicutarium(L.) L’ Herit subsp cicutarium

S.E. of Cakmak Dam, meadows, 130 m, 10.07.2008, T.A. 196 & A.A.

E. acaule(L.) Becherer & Thell.

3 km E. of Cakmak Dam, roadsides, 230 m, 21.08.2008, T.A. 311 & A.A., Med.
ACERACEAE

Acer campestré. subspcampestre

S. of Cakmak Dam, forest, 250 m, 21.05.2007, T.A. 116 & A.A.
VITACEAE

Vitis sylvestrisGmelin

1 km of N.E. of Cakmak Dam, forest, 120 m, 10.07.2008, T.A. 249 & A.A.
RHAMNACEAE

Frangula alnusMiller subsp.alnus

2 km N. of Cakmak Dam, meadows and forest, 185 m, 21.08.2008, T.A. 248 & A.A., Euro-Sib.
AQUIFOLIACEAE (ILICACEAE)

llex aquifoliumL.

Yagbasan village, meadows, 175 m, 13.04.2007, T.A. 024 & A.A.
ANACARDIACEAE

Pistacia terebinthuk. subsppalaestinaBoiss.) Engler

Northern slopes of Cakmak Dam, rocky places and slopes, 150 m, 11.09.2008, T.A. 312 & A.A., Med.
FABACEAE (LEGUMINOSAE)

Genista tinctorial.

3 km S.E. of Cakmak Dam, rocky limostene slopes, 175 m, 10.07.2008, T.A. 191 & A.A., Euro-Sib.

Spartium junceun.

E. of Cakmak Dam, slopes and open hillsides, 230 m, 21.08.2008, T.A. 292 & A.A., Med.

Robinia pseudoacacia.

E. of cakmak Dam, roadsides, 120 m, 01.05.2007, T.A. 048 & A.A., Cosm.

Galega officinalisL.

1 km E. of Cakmak Dam, moist and open places, 140 m, T.A. 160 & A.A., Euro-Sib.

Psoralea bituminosé.

1 km S. of Cakmak Dam, roadsides, 110 m, 21.05.2007, T.A. 087 & A.A.

Vicia craccal. subspcracca

2 km S.E. of Cakmak Dam, open places, 130 m, 05.06.2007, T.A. 134 & A A., Euro-Sib.

V. craccal. subspstenophyllavel.

Esencay side, open places, 110 m, 22.06.2007, T.A. 266 & A.A.

V. hybridalL.

N.E. of Cakmak Dam, slopes, 135 m, 10.07.2008, T.A. 343 & A.A.

V. sativalL. subspnigra (L.) Ehrh. var nigra

1 km S.E. of Cakmak Dam, fields, 135 m, 22.06.2007, T.A. 063 & A.A.

V. narborensid.. var. narborensis

S.E. of Cakmak Dam, open hillsides, 120 m, 05.06.2007, T.A. 266 & A.A.

Lathyrus aureugStev.) Brandza

2 km N.E. of Cakmak Dam, meadows, 130 m, 05.06.2007, T.A. 074 & A.A., Eux.

L. laxiflorus(Desf.) O. Kunte subsfaxiflorus

S. of Cakmak Dam, meadows, 125 m, 21.05.2007, T.A. 106 & A.A.

L. inconspicuus.

2 km E. of Cakmak Dam, open hillsides, 185 m, 01.05.2007, T.A. 076 & A.A.

Trifolium repend.. var.repens

1 km S. of Cakmak Dam, moist places, 130 m, 21.05.2007, T.A. 096 & A.A.

T. fragiferumL. var.fragiferum

S. of Cakmak Dam, open places, 130 m, 21.05.2007, T.A. 097 & A.A.

T. resupinatunt. var.microcephalum

2 km N.E. of Cakmak Dam, roadsides, 150 m, 22.06.2007, T.A. 265 & A.A.

T. pratensd.. var. pratense

1 km E. of Cakmak Dam, open places, 130 m, 21.08.2008, T.A. 313 & A A.

T. canescenyvilld.

1 km S. of Cakmak Dam, stream sides and wet places, 120 m, 10.07.2008, T.A. 344 & A.A., Eux.

T. stellatunL. var. stellatum

N.E. of Cakmak Dam, roadsides, 240 m, 10.07.2008, T.A. 345 & A.A.

T. arvensd.. var.arvense

2 km N.E. of Cakmak Dam, roadsides, 125 m, 21.08.2008, T.A. 314 & AA.

Melilotus albaDesr.

S.E. of Cakmak Dam, roadsides, 135 m, 11.09.2008, T.A. 295 & A.A.

Medicago minimdL.) Bart. var.minima

1 km S.E. of Cakmak Dam, open places and slopes, 05.06.2007, T.A. 136 & A.A.

M. polymorphal. var. polymorpha

1 km E. of Cakmak Dam, open hillsides, 130 m, 01.05.2007, T.A. 082 & AA.

Dorycnium pentaphyllurBcop. subspherbaceuntVill.) Rouy
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1 km S. of Cakmak Dam, roadsides, 135 m, 21.05.2007, T.A. 108 & A.A.

Lotus corniculatud.. var. corniculatus

2 km E. of Cakmak Dam, open hillsides and rocky places, 150 m, 01.05.2007, T.A. 081 & A.A., widespread.

Hymenocarpus circinnatud..) Savi

1 km E. of Cakmak Dam, open forest, 130 m, 05.06.2007, T.A. 103 & A.A., Med.

Coronilla scorpioideqL.) Koch

E. of Cakmak Dam, slopes and open hillsides, 130 m, T.A. 054 & A.A.

C. orientalisMiller var. orientalis

2 km S.E. of Cakmak Dam, roadsides, 130 m, 10.07.2008, T.A. 195 & A.A.

C. variaL. subspvaria

3 km E. of Cakmak Dam, meadows, 200 m, 21.08.2008, T.A. 315 & A.A.
ROSACEAE

Laurocerasus officinaliRoemer

1 km S. of Cakmak Dam, open forest, 135 m, 21.05.2007, T.A. 131 & A.A.

Prunus spinosa. subspdasyphylla(Schur) Domin

E. of Cakmak Dam, open places, 130 m, 01.05.2007, T.A. 064 & A.A., Euro-Sib.

Cerasus aviungL.) Moench

2 km S. of Cakmak Dam, open forest, 150 m, 21.05.2007, T.A. 128 & A.A.

Filipendula vulgarisMoench

2 km N.E. of Cakmak Dam, open places, 10.07.2008, T.A. 111 & A.A., Euro-Sib.

Rubus canescemx.C. var.canescens

1 km S.E. of Cakmak Dam, meadows, 130 m, 21.08.2008, T.A. 316 & A A.

Potentilla rectalL. (Group B)

1 km N. of Cakmak Dam, roadside, 130 m, 10.07.2008, T.A. 115 & A.A.

P. reptand..

2 km S. of Cakmak Dam, roadsides, 185 m, 21.05.2007, T.A. 101 & A.A., widespread.

Fragaria vescal..

1 km E. of Cakmak Dam, moist places and slopes, 125 m, 01.05.2007, T.A. 061 & A A.

Agrimonia eupatorid..

2 km of S.E. of Cakmak Dam, river banks, 170 m, 10.07.2008, T.A. 180 & A.A.

Sanguisorba minoBcop. subspmuricata(Spach) Briqg.

S. of Cakmak Dam, open places, 150 m, 05.06.2007, T.A. 135 & A.A.

Rosa canind..

Esencay side, open places and stream sides, 105 m, 01.05.2007, T.A. 037 & A.A.

Mespilus germanicé.

1 km S.E. of Cakmak Dam, open places, 120 m, 10.07.2008, T.A. 170 & A.A., Hyr-Eux.

Crataegus monogynaacq. subspnonogyna

Yagbasan village, roadsides, 120 m, 13.04.2007, T.A. 025 & A A.

Malus sylvestridviller subsp.orientalis (A. Uglitzkich) Browicz var.orientalis

2 km S. of Cakmak Dam, forest, 150 m, 21.05.2007, T.A. 130 & A.A.
LYTHRACEAE

Lythrum salicarial.

2 km E. of Cakmak Dam, meadows, 175 m, 10.07.2008, T.A. 163 & A.A., Euro-Sib.
ONOGRACEAE

Epilobium hirsuturi_.

E. of Cakmak Dam, wet places, 125 m, 10.07.2008, T.A. 199 & A A.

E. montanunt.

1 km N.E. of Cakmak Dam, stream sides, 115 m, 11.09.2008, T.A. 317 & A.A., Euro-Sib.
CRASSULACEAE

Sedum pallidunBieb. var.bithynicum(Boiss.) Chamberlain

1 km S.E. of Cakmak Dam, rocky places, 125 m, 10.07.2008, T.A. 183 & A.A., Eux.
SAXIFRAGACEAE

Saxifraga cymbalarid. var. cymbalaria

2 km S.E. of Cakmak Dam, moist places, 135 m, 10.07.2008, T.A. 210 & A.A.
APIACEAE (UMBELLIFERAE)

Eryngium creticunLam.

2 km N.E. of Cakmak Dam, fallow fields, 230 m, 21.08.2008, T.A. 308 & A.A., Med.

Chaerophyllum byzantinuBoiss.

1 km E. of Cakmak Dam, wet places, 135 m, 07.10.2008, T.A. 319 & A.A., Eux.

Bifora radiansBieb.

1 km S. of Cakmak Dam, roadsides and open places, 200 m, 21.05.2007, T.A. 100 & A A.

Pimpinella corymbos8oiss.

E. of Cakmak Dam, slopes and rocky places, 130 m, 21.08.2008, T.A. 229 & A.A., Ir-Tur.

Oenanthe silaifolidBieb.

2 km E. of Cakmak Dam, wet places, 135 m, 10.07.2008, T.A. 154 & A A.

Foeniculum vulgaréiller

Sarach village, wet places, 230 m, 10.07.2008, T.A. 216 & A A.
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Pastinaca sativad.. subspurens(Reg. ex Godron) Celak

1 km N.E. of Cakmak Dam, meadows, 140 m, 11.09.2008, T.A. 320 & A.A.

Torilis leptophylla(L.) Reichb.

2 km S.E. of Cakmak Dam, wet places, 125 m, 10.07.2008, T.A. 165 & A.A.
ARALIACEAE

Hedera helixL.

Near Ygbasan village, 125 m, 13.04.2007, T.A. 026 & A.A.

CORNACEAE

Cornus mag..

Esencay side, meadows, 110 m, 01.05.2007, T.A. 038 & A.A.
CAPRIFOLIACEAE

Sambucus ebulus

2 km N.E. of Cakmak Dam, roadsides, 250 m, 10.07.2008, T.A. 214 & A.A., Euro-Sib.
DIPSACACEAE

Dipsacus laciniatug..

2 km S.E. of Cakmak Dam, roadsides, 135 m, 11.09.2008, T.A. 321 & A A.

Knautia degeniBorbas ex Formanek

1 km E. of Cakmak Dam, roadsides, 125 m, 10.07.2008, T.A. 208 & A.A., End., L.C.

Scabiosa columbaria. subspcolumbariavar. columbaria

2 km E. of Cakmak Dam, rocky limostene slopes, 145 m, 11.09.2008, T.A. 297 & A.A.

ASTERACEAE (COMPOSITAE)
Xanthium spinosurh.
2 km N.E. of Cakmak Dam, open hillsides, 150 m, 07.10.2008, T.A. 322 & A.A.
Inula vulgaris(Lam.) Trevisan
1 km E. of Cakmak Dam, rocky place, 120 m, 21.08.2008, T.A. 219 & A.A., Euro-Sib.
I. graveolengL.) Desf.
N. of Cakmak Dam, stony slopes, 130 m, 21.08.2008, T.A. 220 & A.A., Med.
Filago eriocephalaGuss.
3 km E. of Cakmak Dam, open places, 175 m, 21.08.2008, T.A. 251 & A.A., Med.
Solidago virgaured.. subspvirgaurea
2 km N.E. of Cakmak Dam, open places, 185 m, 21.08.2008, T.A. 208 & A.A., Euro-Sib.
Conyza canadens{t.) Cronquist
N.E. of Cakmak Dam, river banks, 130 m, 07.10.2008, T.A. 323 & A.A., Culture.
Bellis perennid..
Esencay side, wet places, 100 m, 13.04.2007, T.A. 008 & A.A., Euro-Sib.
Senecio aquaticudill. subsp.erraticus(Bertol) Matthews
N.E. of Cakmak Dam, meadows, 130 m, 21.08.2008, T.A. 228 & A.A., Euro-Sib.
S. vulgarisL.
Near Esencay, open places, 105 m, 13.04.2007, T.A. 012 & A.A.
Tussilago farfara..
Esencay side, roadsides, 110 m, 13.04.2007, T.A. 020 & A.A., Euro-Sib.
Eupatorium cannabinurb.
1 km N. of Cakmak Dam, stream sides and wet places, 115 m, 21.08.2008, T.A. 224 & A.A., Euro-Sib.
Anthemis tinctorid.. var.tinctoria
2 km S. of Cakmak Dam, open places and fields, 120 m, 21.05.2007, T.A. 110 & AA.
Tanacetum poteriifoliunfLedeb.) Grierson
E. of Cakmak Dam, meadows, 130 m, 10.07.2008, T.A. 162 & A.A., Eux.
T. parthenium(L.) Schultz Bip.
1 km N. E. of Cakmak Dam, moist places, 140 m, 11.09.2008, T.A. 324 & A A.
Onopordum acanthiur.
E. of Cakmak Dam, roadsides and rocky slopes, 135 m, 11.09.2008, T.A. 299 & A.A.
Cirsium poluniiDavis & Parris
2 km N.E. of Cakmak Dam, roadsides, 130 m, 07.10.2008, T.A. 325 & A.A.
C. vulgare(Savi) Ten
S.E. of Cakmak Dam, roadsides, 135 m, 07.10.2008, T.A. 326 & A.A.
Carduus acicularidBertol.
Esencay side, stony slopes, 110 m, 01.05.2007, T.A. 040 & A.A., Med.
Centaurea ibericalrev ex Sprengel
Near Esencay, open places, 100 m, 01.05.2007, T.A. 041 & A.A., widespread.
Carlina vulgarisL.
N.E. of Cakmak Dam, rocky slopes, 135 m, 21.08.2008, T.A. 235 & A A.
Scolymus hispanicus
1 km N.E. of Cakmak Dam, roadsides, 115 m, 21.08.2008, T.A. 234 & A.A., Med.
Cichorium intybug..
E. of Cakmak Dam, fallow fields, 175 m, 10.07.2008, T.A. 155 & A.A.
Picris hieracioided..
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N.E. of Cakmak Dam, roadsides, 125 m, 21.08.2008, T.A. 221 & A.A., Euro-Sib.

P. strigosaBieb. subspmacrotrichaH.W. Lack

E. of Cakmak Dam, rocky limostene slopes, 235 m, 01.05.2007, T.A. 079 & A.A., Ir-Tur.

Sonchus aspédt..) Hill. subsp.glaucescengJordan) Ball.

S. of Cakmak Dam, open places, 135 m, 21.05.2007, T.A. 126 & A.A.

S. oleraceus.

E. of Cakmak Dam, wet places, 145 m, 01.05.2007, T.A. 072 & A A.

Lapsana communis. subspintermedia(Bieb.) Hayek

1 km E. of Cakmak Dam, wet places, 120 m, 01.05.2007, T.A. 046 & A.A.

Taraxacum scaturiginosu@. Hagl.

1 km N.E. of Cakmak Dam, slopes, 110 m, 01.05.2007, T.A. 050 & A.A.

T. macrolepiungchischkin

Guzelyurt village, roadsides, 200 m, 13.04.2007, T.A. 032 & A A.

Chondrilla junceal. var.juncea

N. of Cakmak Dam, rocky places, 140 m, 07.10.2008, T.A. 301 & A A.

Crepis foetida.. subsprhoeadifolia(Bieb.) Celak

1 km E. of Cakmak Dam, rocky places and slopes, 125 m, 10.07.2008, T.A. 185 & A A.
CAMPANULACEAE

Campanula latifolial..

E. of Cakmak Dam, wet places and open forest, 235 m, 21.08.2008, T.A. 281 & A.A., Euro-Sib.

C. rapunculoides. subsprapunculoides

2 km E. of Cakmak Dam, moist places, 140 m, 10.07.2008, T.A. 212 & A A., Euro-Sib.

C. latilobaA. DC. subsplatiloba

E. of Cakmak Dam, open hillsides, 125 m, 10.07.2008, T.A. 175 & A.A., Eux., End., L.C.
ERICACEAE

Rhododendron luteur@weet

Near Yabasan village, open forest, 115 m, 13.04.2007, T.A. 023 & A.A., Eux.

Arbutus andrachné.

1 km N.E. of Cakmak Dam, rocky places and slopes, 140 m, 11.09.2008, T.A. 327 & AA.
PRIMULACEAE

Primula vulgarisHuds. subspsibthorpii (Hoffmanns) W.W. Sm & Forrest

Yagbasan village, open places, 120 m, 13.04.2007, T.A. 019 & A.A., Eux.

Cyclamen courMiller var. coum

Near Yabasan village, slopes, 110 m, 13.04.2007, T.A. 011 & A.A.

Lysimachia vulgarig..

2 km E. of Cakmak Dam, wet places, 130 m, 10.07.2008, T.A. 174 & A.A.

Anagallis arvensi&. var. arvensis

E. of Cakmak Dam, open places and roadsides, 01.05.2007, T.A. 045 & A A.
OLEACEAE

Fraxinus angustifolid/ahl. subspoxycarpa Bieb. ex Willd) Franco & Rocha Afonso

S. of Cakmak Dam, open places and meadows, 13.04.2007, T.A. 129 & A.A., Euro-Sib.

Ligustrum vulgard..

1 km N.E. of Cakmak Dam, meadows, 130 m, 21.08.2008, T.A. 241 & A.A., Euro-Sib.

Phillyrea latifolia L.

N. of Cakmak Dam, slopes and meadows, 230 m, 21.05.2007, T.A. 073 & A.A., Med.
APOCYNACEAE

Vinca majorL. subsphirsuta(Boiss.) Stearn

Near Esencay, meadows, 120 m, 13.04.2007, T.A. 006 & A.A., Eux.
GENTIANACEAE

Blackstonia perfoliatdL.) Hudson subsmperfoliata

1 km E. of Cakmak Dam, roadsides, 130 m, 10.07.2008, T.A. 194 & A.A.

Centaurium pulchelluniSwartz) Druce

E. of Cakmak Dam, slopes, 130 m, 10.07.2008, T.A. 187 & A.A.
CONVOLVULACEAE

Convolvulus arvensik.

S. of Cakmak Dam, roadsides, 135 m, 05.06.2007, T.A. 137 & A.A.

Calystegia silvaticgKit.) Griseb.

S. of Cakmak Dam, meadows, 125 m, 21.05.2007, T.A. 091 & A.A.
BORAGINACEAE

Myosotis ramosissimBRochel ex Schultes subspamosissima

E. of Cakmak Dam, roadsides, 135 m, 01.05.2007, T.A. 103 & A.A.

M. arvensigL.) Hill. subsp.arvensis

S.E. of Cakmak Dam, open places, 125 m, 10.07.2008, T.A. 136 & A.A., Euro-Sib.

Cynoglossum officinalk.

Near Esencay, open places, 115 m, 01.05.2007, T.A. 036 & A.A., Euro-Sib.

C. creticumMiller

E. of Cakmak Dam, roadsides, 150 m, 01.05.2007, T.A. 086 & A.A.
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Echium italicumL.
N.E. of Cakmak Dam, fallow fields, 135 m, 10.07.2008, T.A. 161 & A.A., Med.
E. vulgarel.
N.E. of Cakmak Dam, roadsides, 230 m, 21.08.2008, T.A. 328 & A.A.
Trachystemon orientali@..) G.Don
Esencay side, open forest, 130 m, 13.04.2007, T.A. 018 & A.A,, Eux.
Anchusa azureMiller var. azurea
E. of Cakmak Dam, fallow fields, 125 m, 22.06.2007, T.A. 140 & A.A.
SOLANACEAE
Solanum nigrunt..
1 km E. of Cakmak Dam, roadsides and open places, 125 m, 21.08.2008, T.A. 230 & A.A., Cosm.
S. dulcamard..
E. of Cakmak Dam, slopes and open hillsides, 125 m, 10.07.2008, T.A. 201 & A.A., Euro-Sib.
Physalis alkekendi.
E. of Cakmak Dam, meadows and roadsides, 135 m, 21.08.2008, T.A. 227 & A.A.
Datura stramoniumni..
Guzelyurt village, roadsides, 125 m, 11.09.2008, T.A. 258 & A.A., Cosm.
Hyoscyamus nigelk.
E. of Cakmak Dam, open places and rocky slopes, 145 m, 11.09.2008, T.A. 274 & A.A., widespread.
SCROPHULARIACEAE
Verbascum spectabiRieb. var.spectabile
E. of Cakmak Dam, wet places, 130 m, 05.06.2007, T.A. 188 & A.A.
V. speciosunschrader
1 km N.E. of Cakmak Dam, slopes, 140 m, 21.08.2008, T.A. 346 & A.A.
Scrophularia scopolijHoppe ex ] Pers vascopolii
Yagbasan village, roadsides, 110 m, 13.04.2007, T.A. 030 & A.A., widespread.
Antirrhinum majud.. subspmajus
N.E. of Cakmak Dam, roadsides, 130 m, 05.06.2008, T.A. 142 & A.A.
Veronica politaFries
Near Esencay, open places, 115 m, 13.04.2007, T.A. 009 & A.A.
V. persicaPoiret
1 km S. of Cakmak Dam, roadsides, 125 m, 13.04.2007, T.A. 116 & A.A.
V. anagallis-aquatic&. subspanagallis-aquatica
N. of Cakmak Dam, moist places, 170 m, 21.05.2007, T.A. 119 & A.A., Cosm.
V. chamaedrys.
Near Esencay, open places, 110 m, 01.05.2007, T.A. 118 & A.A., Euro-Sib.
Parentucellia latifolia(L.) Caruel subsgatifolia
S.E. of Cakmak Dam, wet places, 140 m, 01.05.2007, T.A. 053 & A.A., Med.
OROBANCHACEAE
Orobanche ramosa.
S. of Cakmak Dam, roadsides, 125 m, 21.05.2007, T.A. 094 & A.A.
O. minorSm.
2 km E. of Cakmak Dam, roadsides, 130 m, 01.05.2007, T.A. 083 & A.A.
VERBENACEAE
Verbena officinalid..
N.E. of Cakmak Dam, meadows, 150 m, 11.09.2008, T.A. 329 & A.A., widespread.
LAMIACEAE (LABIATAE)
Teucrium chamaedrys subspchamaedrys
E. of Cakmak Dam, slopes and open hillsides, 130 m, 10.07.2008, T.A. 207 & A.A., Euro-Sib.
T. poliumL.
N.E. of Cakmak Dam, open hillsides, 135 m, 11.09.2008, T.A. 330 & A.A.
Lamium purpureunk. var.purpureum
Yagbasan village, roadsides, 185 m, 13.04.2007, T.A. 027 & A.A., Euro-Sib.
L. albumL.
Near Guzelyurt village, open places, 125 m, 21.05.2007, T.A. 119 & A A., Euro-Sib.
Stachys balansaBoiss & Kotschy subspalansae
S. of Cakmak Dam, wet places, 160 m, 21.05.2007, T.A. 107 & A.A.
S. byzantin&. Koch
N.E. of Cakmak Dam, rocky places, 145 m, 11.09.2008, T.A. 277 & A.A., Euro-Sib.
S. sylvaticd..
S. of Cakmak Dam, wet places, 135 m, 21.05.2007, T.A. 095 & A.A., Euro-Sib.
S. annugL.) L. subspannuavar.annua
E. of Cakmak Dam, open places and moist places, 115 m, 01.05.2007, T.A. 051 & A.A., widespread.
Glechoma hederacda
Esencay side, open places, 100 m, 13.04.2007, T.A. 004 & A.A., Euro-Sib.
Prunella vulgarisL.
S. of Cakmak Dam, open places, 110 m, 21.05.2007, T.A. 092 & A.A., Euro-Sib.

T. A. Akgin et al., A study on flora of Cakmak Dam and its surroundingsa(@ba, Samsun/Turkey)



38 Biological Diversity and Conservation — 3/ 1 (2010)

P. laciniota(L.) L.

N.E. of Cakmak Dam, open places, 125 m, 10.07.2008, T.A. 132 & A.A., Euro-Sib.

Origanum vulgare.. subspyvulgare

S.E. of Cakmak Dam, rocky slopes, 200 m, 10.07.2008, T.A. 208 & A.A., Euro-Sib.

Satureja hortensik.

1 km S.E. of Cakmak Dam, roadsides, 125 m, 07.10.2008, T.A. 331 & AA.

Calamintha nepetéL.) Savi subspglandulosa(Req.) P.W. Ball

N. of Cakmak Dam, fallow fields, 230 m, 07.10.2008, T.A. 302 & A.A.

Clinopodium vulgard.. subspvulgare

N.E. of Cakmak Dam, rocky places, 125 m, 21.08.2008, T.A. 238 & A.A.

Thymus sipyleuBoiss. subsmrosulans

2 km N. of Cakmak Dam, rocky slopes, 250 m, 21.08.2008, T.A. 215 & A.A.

Mentha pulegiunt..

N.E. of Cakmak Dam, wet places, 120 m, 21.08.2008, T.A. 225 & A.A.

M. longifolia (L.) Hudson subspongifolia

S.E. of Cakmak Dam, stream sides, 130 m, 10.07.2008, T.A. 202 & A.A.

Salvia tomentosMiller

1 km E. of Cakmak Dam, rocky limostene slopes, 135 m, 11.09.2008, T.A. 332 & A.A., Med.

S. viridisL.

Guzelyurt village, roadsides, 140 m, 10.07.2008, T.A. 282 & A.A., Med.

S. forskahleL.

E. of Cakmak Dam, meadows, 125 m, 01.05.2007, T.A. 085 & A.A., Eux.

S. glutinosd..

1 km E. of Cakmak Dam, slopes, 145 m, 10.07.2008, T.A. 173 & A.A., Hyr-Eux.

S. verbenact.

E. of Cakmak Dam, roadsides, 185 m, 10.07.2008, T.A. 287 & A.A., Med.

S. verticillataL. subspyverticillata

2 km E. of Cakmak Dam, roadsides and open hillsides, 120 m, 10.07.2008, Euro-Sib.
PLANTAGINACEAE

Plantago majorL. subspmajor

N. of Cakmak Dam, wet places, 120 m, 21.08.2008, T.A. 246 & A.A.

P. lanceolatd..

S. of Cakmak Dam, roadsides, 120 m, 21.05.2007, T.A. 088 & A.A.
THYMELAEACEAE

Daphne ponticd..

N. of Cakmak Dam, forest, 150 m, 10.07.2008, T.A. 174 & A.A., Eux.
EUPHORBIACEAE

Mercurialis annual.

1 km N.E. of Cakmak Dam, open forest, 140 m, 13.04.2007, T.A. 073 & A.A.

Euphorbia orientalid..

E. of Cakmak Dam, fallow fields and roadsides, 125 m, 10.07.2008, T.A. 168 & A.A., Ir-Tur.

E. strictalL.

Near Esencay, open places, 110 m, 13.04.2007, T.A. 002 & A.A., Euro-Sib.

E. helioscopid..

Esencay side, open places, 120 m, 13.04.2007, T.A. 001 & A.A.

E. rigidaBieb.

Guzelyurt village, roadsides, 125 m, 13.04.2007, T.A. 034 & A.A., Med.
URTICACEAE

Urtica dioical.

E. of Cakmak Dam, moist places, 115 m, 01.05.2007, T.A. 069 & A.A., Euro-Sib.
MORACEAE

Morus albalL.

1 km E. of Cakmak Dam, roadsides, 125 m, 05.06.2007, T.A. 145 & A.A., Culture.

Ficus carical. subspcarica

S. of Cakmak Dam, fields, 200 m, 21.05.2007, T.A. 127 & A.A., Widespread.
ULMACEAE

Ulmus glabraHudson

N.E. of Cakmak Dam, forest, 145 m, 21.05.2007, T.A. 112 & A.A., Euro-Sib.
JUGLANDACEAE

Juglans regid..

1 km S.E. of Cakmak Dam, open forest, 250 m, 10.07.2008, T.A. 196 & A.A.
PLATANACEAE

Platanus orientalid..

S. of Cakmak Dam, forest, 185 m, 21.05.2007, T.A. 211 & A A.
FAGACEAE

Fagus orientalid.ipsky.

S. of Cakmak Dam, forest, 150 m, 21.05.2007, T.A. 120 & A.A.
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Castanea sativMiiller
S.E. of Cakmak Dam, forest, 230 m, 22.06.2007, T.A. 117 & A.A.
Quercus infectoridlivier subspinfectoria
N.E. of Cakmak Dam, forest, 185 m, 11.09.2008, T.A. 333 & A.A., Euro-Sib.
Q. cerrisL. var.cerris
S. of Cakmak Dam, forest, 145 m, 21.05.2007, T.A. 124 & A.A., Med.
CORYLACEAE
Carpinus betulus.
S. of Cakmak Dam, forest, 150 m, 21.05.2007, T.A. 114 & A.A., Euro-Sib.
C. orientalisMiller subsp.orientalis
N.E. of Cakmak Dam, forest, 140 m, 11.09.2008, T.A. 298 & A A.
Corylus avelland.. var.avellana
N.E. of Cakmak Dam, roadsides, 135 m, 10.07.2008, T.A. 206 & A.A., Euro-Sib.
C. maximaMiller
S. of Cakmak Dam, fields, 150 m, 01.05.2007, T.A. 125 & A.A., Euro-Sib., Culture.
SALICACEAE
Salix albaL.
E. of Cakmak Dam, forest, 125 m, 22.06.2007, T.A. 148 & A.A., Euro-Sib.
S. babylonicd..
S. of Cakmak Dam, forest, 155 m, 01.05.2007, T.A. 121 & A.A., Culture.
Populus alba..
S.E. of Cakmak Dam, forest, 140 m, 01.05.2007, T.A. 133 & A.A,, Euro-Sib.
P. nigraL. subspnigra
N.E. of Cakmak Dam, stream sides, 185 m, 21.05.2007, T.A. 105 & A.A.
RUBIACEAE
Asperula involucrataVahlenb.
S.E. of Cakmak Dam, open places, 135 m, 10.07.2008, T.A. 159 & A A., Eux.
A. orientalisBoiss & Hohen.
S. of Cakmak Dam, roadsides and slopes, 120 m, 21.05.2007, T.A. 090 & A.A., Ir-Tur.
A. arvensid..
E. of Cakmak Dam, open places, 115 m, 01.05.2007, T.A. 077 & A.A., Med.
Galium rotundifoliumL.
Guzelyurt village, open forest, 135 m, 22.06.2007, T.A. 148 & A A., Euro-Sib.
G. verumL. subspverum
S.E. of Cakmak Dam, rocky places, 130 m, 10.07.2008, T.A. 203 & A.A., Euro-Sib.
G. paschald-orsskal.
S.E. of Cakmak Dam, meadows, 145 m, 21.08.2008, T.A. 334 & A.A., Med.
GYMNOSPERMAE
MONOCOTYLEDONAE
ALISMATACEAE
Alisma plantago-aquatica.
1 km E. of Cakmak Dam, river banks, 135 m, 11.09.2008, T.A. 335 & A.A., Euro-Sib.
ARACEAE
Arum euxinunR. Mill.
N.E. of Cakmak Dam, open forest, 140 m, 22.06.2007, T.A. 213 & A.A,, Eux., End., L.C.
LILIACEAE
Smilax excels&.
N. of Cakmak Dam, meadows, 130 m, 21.05.2007, T.A. 085 & A.A., Eux.
Ruscus aculeatus. var.aculeatus
E. of Cakmak Dam, meadows, 130 m, 11.09.2008, T.A. 264 & A.A..
Allium scorodoprasuni. subspjajlae
N.E. of Cakmak Dam, fallow fields, 150 m, 05.06.2007, T.A. 196 & A.A., Eux.
Ornithogalum sigmoideurareyn & Sint.
Yagbasan village, roadsides, 125 m, 13.04.2007, T.A. 021 & A.A., Euro-Sib.
O. umbellatuni.
Near Ygbasan village, fallow fields, 120 m, 13.04.2007, T.A. 013 & A.A.
Muscari neglectuntuss.
Near Esencay, open places, 100 m, 13.04.2007, T.A. 003 & A.A.
Fritillaria pontica Wahlenb.
Yagbasan village, meadows, 110 m, 13.04.2007, T.A. 017 & A.A., Euro-Sib.
ORCHIDACEAE
Neottia nidus-avigL.) LCM Richard
Near Ascaglney village, open forest, 150 m, 10.07.2008, T.A. 217 & A.A., Euro-Sib.
Platanthera chloronthgCuster) Reichb.
Near Ygbasan village, open forest, 145 m, 10.07.2008, T.A. 215 & A A.
Ophrys holosericgBurm. fil.) Greuter subsgholoserica
S. of Cakmak Dam, open forest and wet places, 145 m, 21.05.2007, T.A. 109 & A.A., Med.
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0. oestriferaBieb. subspoestrifera

S.E. of Cakmak Dam, open forest, 140 m, 10.07.2008, T.A. 206 & A.A.
Serapias vomeracg®urm. fil.) Brig. subsplaxiflora (Soo) Goélz & Reinhard
Agcagliney village, roadsides, 120 m, 01.05.2007, T.A. 043 & A.A., Med.
Anacamptis pyramidalif_.) L.C.M. Richard

E. of Cakmak Dam, wet places, 10.07.2008, T.A. 153 & A A.

Orchis spitzeliiSauter ex W. Koch

Agcagliney village, moist places, 130 m, 01.05.2007, T.A. 042 & A.A., Med.

DIOSCOREACEAE

Tamus communils. subspcommunis
Near Esencay, meadows, 100 m, 01.05.2007, T.A. 039 & A.A.

TYPHACEAE

Typha latifoliaL.

E. of Cakmak Dam, stream sides, 120 m, 10.07.2008, T.A. 198 & A A.
T. angustifolial.

E. of Cakmak Dam, river banks, 120 m, 10.07.2008, T.A. 197 & A.A.

JUNCACEAE

Juncus inflexus.

1 km E. of Cakmak Dam, stream sides, 125 m, 10.07.2008, T.A. 166 & A.A.
Luzula forsteri(Sm.) DC.

N.E. of Cakmak Dam, slopes, 135 m, 21.08.2008, T.A. 271 & A.A., Euro-Sib.

CYPERACEAE

Cyperus longus.

E. of Cakmak Dam, stream sides, 130 m, 05.06.2007, T.A. 144 & A A.
Schoenoplectus lacustifk.) Palla subsptabernaemontan(C.C. Gmelin) A. & D. Léve
E. of Cakmak Dam, stream sides, 120 m, 10.07.2008, T.A. 172 & AA.

Carex divulsaStokes subsplivulsa

E. of Cakmak Dam, roadsides and open places, 200 m, 01.05.2007, T.A. 074 & A.A., Euro-Sib.
C. divisaHudson

Yagbasan village, stream sides, 125 m, 10.07.2008, T.A. 152 & A A., Euro-Sib.

C. flaccaSchreber subsgerrulata

E. of Cakmak Dam, roadsides and slopes, 135 m, 01.05.2007, T.A. 070 & A.A., Med.

POACEAE(GRAMINEAE)

Brachypodium sylvaticurfHudson) P. Beauv.

1 km S. of Cakmak Dam, rocky slopes, 185 m, 11.09.2008, T.A. 336 & A.A., Euro-Sib.
Aegilops geniculat&oth.

N.E. of Cakmak Dam, rocky limostene slopes, 230 m, 10.07.2008, T.A. 178 & A.A., Med.
Hordeum murinunk.. subspglaucum(Steudel) Tzvelev

S. of Cakmak Dam, roadsides, 110 m, 21.05.2007, T.A. 098 & A.A.

Bromus hordeaceus. subsphordeaceus

E. of Cakmak Dam, roadsides, 120 m, 05.06.2007, T.A. 149 & A.A.

B. intermediusGuss.

N.E. of Cakmak Dam, open places, 250 m, 01.05.2007, T.A. 084 & A.A.

B. squarrosus.

1 km E. of Cakmak Dam, open places and slopes, 140 m, 10.07.2008, T.A. 293 & A.A.
B. madritensid..

E. of Cakmak Dam, slopes, 135 m, 01.05.2007, T.A. 071 & A.A.

Avena fatud.. var.fatua

N.E. of Cakmak Dam, fallow fields, 135 m, 11.09.2008, T.A. 337 & A A.

Rostraria cristata(L.) Tzvelev varcristata

1 km E. of Cakmak Dam, rocky slopes, 140 m, 21.08.2008, T.A. 338 & A.A.

Holcus lanatud..

E. of Cakmak Dam, wet places, 125 m, 10.07.2008, T.A. 164 & A.A., Euro-Sib.
Alopecurus myosuroidddudson varmyosuroides

Guzelyurt village, roadsides, 125 m, 13.04.2007, T.A. 035 & A.A., Euro-Sib.,widespread.
Festuca arundinace&chreber subsprundinacea

E. of Cakmak Dam, stream sides, 130 m, 11.09.2008, T.A. 300 & A A.

F. heterophyllaLam.

N.E of Cakmak Dam, open places and slopes, 120 m, 10.07.2008, T.A. 182 & A.A., Euro-Sib.
Lolium perennd..

S.E. of Cakmak Dam, roadsides, 125 m, 10.07.2008, T.A. 190 & A.A., Euro-Sib.
Vulpia myurogqL.) C.C. Gmelin

N.E. of Cakmak Dam, fallow fields, 130 m, 10.07.2008, T.A. 296 & A.A.

Poa annua..

1 km E. of Cakmak Dam, roadsides, 140 m, 01.05.2007, T.A. 049 & A.A.

P. trivialis L.

N.E. of Cakmak Dam, meadows, 125 m, 10.07.2008, T.A. 294 & A.A.
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P. pratensid..

1 km N.E. of Cakmak Dam, open places, 135 m, 21.08.2008, T.A. 339 & A A.
P. nemoralid.

E. of Cakmak Dam, roadsides, 130 m, 10.07.2008, T.A. 184 & A A.

Dactylis glomeratd_. subsphispanica(Roth.) Nyman

Near Guzelyurt village, roadsides, 130 m, 21.05.2007, T.A. 104 & A.A.
Cynosurus cristatuk.

2 km E. of Cakmak Dam, slopes and rocky place, 175 m, 10.07.2008, T.A. 164 & A.A., Euro-Sib.
C. echinatud..

N.E. of Cakmak Dam, roadsides, 125 m, 21.08.2008, T.A. 269 & A.A., Med.
Briza medial.

Guzelyurt village, rocky slopes, 135 m, 21.08.2008, T.A. 340 & A A.

Stipa bromoidegL.) Dérfler

1 km N.E. of Cakmak Dam, open places, 140 m, 11.09.2008, T.A. 341 & A.A., Med.
Cynodon dactylofL.) Pers vardactylon

Yagbasan village, slopes, 130 m, 21.08.2008, T.A. 231 & A.A.

Setaria glaucgL.) P. Beauv.

E. of Cakmak Dam, fallow fields, 130 m, 11.09.2008, T.A. 342 & A.A.
Sorghum halepengg.) Pers varhalepense

S.E. of Cakmak Dam, roadsides, 140 m, 10.07.2008, T.A. 209 & A.A.
Bothriochloa ischaemutrflL.) Keng.

Saracl village, roadsides, 120 m, 21.08.2008, T.A. 347 & A.A.

4. Discussion

The present study examines the flora of Cakmak Dam and its surroundings. In the studies performed in the
region over 2 years, 311 taxa were identified. Five of them belong to Pteridophyta and 306 belong to Spermatophyta
divisions. Gymnosperms and Angiosperms comprised 4 and 302 taxa, respectively. Of these, 249 taxa belong to the
Dicotyledones, while the other 53 taxa belong to Monocotyledonae. The dispersion of the plant taxa that were defined
in the study area according to large taxonomical groups is shown in Table 1.

Table 1. The dispersion of taxa into large taxonomical groups.

Number ofFamilies Number of Genera Number of Taxa

Pteridophyta 4 4 5

Spermatophyta 66 210 306
Gymnospermae 2 2 4

Angiospermae 64 208 302
Dicotyledonae 55 171 249
Monocotyledonae 9 41 53
Total 70 214 311

The region is a very important relictual refuge for plant species that are ancient Mediterranea flora such as
Phillyrea latifolia L. (Oleaceae)Arbutus andrachné.. (Ericaceae) an@istus creticud_.(Cistaceae) (Emirgaoglu et
al., 2006). The presence of these relict plant species in the region is largely due to the fact that the Caucasus was
separated from the severe effects glacial retreats during the last Ice Age (Atalay 200§a&gtoire al., 2008).

According to our observations, construction of Cakmak Dam led to clear differentiation of the vegetation at
studied localities. The sites above the dam were occupied mainly by meadow vegetation which were infrequent below
the dam. It could be explained by a lower moisture content above the dam. More favorable hydrological conditions
above the dam led to distributed more abundant some plants skcjuiastum ramosissimuyrRteridium aquilinum
Asplenium adiantum-nigrumVeronica anagallis-aquatica subsp. anagallis-aquatica Mentha longifolia subsp.
longifolia, Typha latifolig Typhaangustifolig Juncus inflexusCyperus longusnd Carex divisa The distribution of
these species also depends on suitable environmental conditions for their establishment.

The species of the study area, categorised according to phytogeographical region can be listed as follows:
Euro-Siberian elements 80 ( 13 Eux., 4 H. Eux.) (25.72 %), Mediterranean elements 28 (9.00 %) and Irano-Turanien
elements 4 (1.28 %). The remaning 199 taxa (63.98 %) are pluri-regional or of unknown phytogeographic origin
(Figure 4). The Euro-Siberian elements in the area are more common than the other phytogeographic region elements,
because the area is located in the Euro-Siberian phytogeographic region. The presence of Mediterranean elements in the
research area occupy the second place shows that the study area partly influenced by Mediterranean climate. The
prevalence of Irano-Turanien elements in the study area was low (1.28 %), because of the Eastern Black Sea
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Mountains, which act as a barrier along the sea shore and seperate the region into coastral and interior areas (Uzun and
Terzioglu, 2008). Additionally, the high altitude mountains in this region include a large number of elements belonging
to the Irano-Turanien phytogeographical region (5.99 %) (Paldban and Agin, 2006).

@ Euro-Siberian
25,72%
0,
0,96% 25,72% B Mediterranean
9%
O Irano-Turanien

1,28%
0 9% O Pluriregional or
63,98% 1.28% unknown
W Endemism
0,96%

Figure 4. The spectrum of floristic elements in the research area.

The results of the studies conducted in close and similar areas, along with phytogeographical distribution are presented
in Table 2. Euro-Siberian elements seems to be dominant in all areas studied. According to Table 2, the endemism rate
is 0.96 % in the present study. Compared with studies conducted in close and similar regions, the rate of endemism is
very low. However, the endemism rate of Black Sea Region is about 16 ¢ giral., 2002). The main reason for the

low endemism ratio observed this study can be explained by the area is located at low altitude. Endemism rate is rather
low near to the sea level regions due to low climatic and edaphic diversity. Additionally, low endemism rate can also be
explained on the basis of the presence of more stable environmental factors when compared with the Central, Eastern
and South Anatolian regions of Turkey. The similarity of the study area to the Black Sea region and the lack of extreme
ecological factors may be one of the most important reasons for the low endemism ratio of the studyiareD82n

Kutbay and Kiling, 1995). In addition, ecological diversity was decreased due to increasing antropogenic factors (i.e
overgrazing, destruction etc.). As a result, the number of endemic species are comparatively low in our research area.
Similar results were obtained from other floristic studies in the Eastern Black Sea Region of Tugkey ¢&a, 2002;

Kikvidze and Ohsawa ,2001; Ozen and Kiling, 2002). Threat categories for three endemic taxa, wKithutae
degeniiBorbas ex Formanekiampanula latilobaA. DC. subsplatiloba andArum euxinunR. Mill, are Least Corcern

(LC) (IUCN 2001) (Ekim et al., 2000).

Table 2. A comparison of the phytogeographical elements and endemism.

Research Area 1 2 3 4 5
Euro-Siberian 25.72| 21.76 25.19 44.21 28.43
Mediterranean 9.00 | 13.06/ 9.65| 6.53] 11.44
Irano-Turanien 1.28 | 405 | 2.29| 3.26] 4.90
Pluriregional or unknown 63.98 — — 54.22 55p3
Endemism 0.96 | 5.30 | 3.43| 2.61| 4.29

1. Flora of Cakmak Dam and its surroundings 2. Bafra-Altinkaya Baraj G6lu alaninin Baraj Giardekaya
Bogazi Arasinda Kalan Kesimi ve Yakin Civarinin Florasi 3. Flora of Nebyah (Bamsun- Bafra) 4. Samsun
Kocadg ve Cevresinin Florasi. 5.The flora and vegetation of Kunduz Forest (Vezirkdpri/ Samsun).

The largest 10 families according to taxa number are shown in Figure 5. Asteraceae is first with 31 taxa

followed by Leguminosae (29), Gramineae (28), Labiatae (26), Rosaceae (14), Caryophyllaceae (10), Umbelliferae (8),
Boraginaceae (8), Scrophulariaceae (8) and Cruciferae (8). The total ratio of the 10 major families is 54.63 %, with the
remaining families comprising 45.37 %. A comparison between our results and those reported by others from close and
similar regions revealed that the sequence of the 3 largest families in the our study is the same for the flora of the area
of Bafra-Altinkaya Dam lake (Engin and Korkmaz, 1991) and flora of Nebyan (S3mamsun-Bafra) (Kutbay et al.,
1995) (Table 3). Differences in the rank of several families might be due to the results of dissimilarities in climates and
habitats. Furthermore, the order of highly represented families in our study is generally compatible with the Flora of
Turkey (Davis, 1965-1985). Asteraceae is not only the largest family in the Flora of Turkey (Glner et al., 2000), but
also the largest and most widespread family of flowering plants in the world (Good, 1974; Uzun angiul @Q2a8).

T. A. Akgin et al., A study on flora of Cakmak Dam and its surroundingsa(@ba, Samsun/Turkey)



Biological Diversity and Conservation — 3 /1 (2010) 43

Additionally, the members of this family include many diaspores that are easily dispersedg(dienzibArgin, 2001).
Leguminosae is the second largest family in theaFtdITurkey. These families have a wide ecological tolerance.

@ Asteraceas 9 95%
B Leguminosae 9,32%
O Gramineae go
OLabiatae 5 36%
W Rosaceae 45%
B Cangophyllaceas 3 21%
e B Umbellifaras 2 57%
B,36% - 9% OBoraginaceas 2,57%
B Scrophulariaceas 2 57%
E Cruciferae 2 57%

Figure 5. Distribution of the largest families in the research area.

Lamiaceae is the third largest family in the Flora of Turkey but in our study this family occurred in fourth rank. In our
study, the third largest family is Gramineae. The possible reasons of the occurrence of this family at the study site, the
species of this family are known as abundant in numbers around wetland environments.

The genera containing the highest number of species in this study are listed in Table 4. THeifgdinosL. ranks

first with 7 taxa (2.25 %)SalviaL. ranks second with 6 taxa (1.92 %) afidia L. andGeraniumL. ranks third with 5

taxa (1.60 %).

Table 3. Comparison of the largest families in the Cakmak Dam and its environs and neighbouring areas (Numbering
are below Table 2).

Compared studies (taxa number and percentage)

Families 1 5 3 7 5
Asteraceae 31 (9.96) 60 (13.51) 71 (11.62) 34 (11.11) 21 (6.53)
Leguminosae 29 (9.32) 39 (8.78) 62 (10.14) 33 (10.78) 34 (10.78)
Gramineae 28 (9.00) 28 (6.30) 43 (6.87) 13 (4.24) 15 (4.90)
Labiatae 26 (8.36) 22 (4.95) 41 (6.87) 26 (8.49) 18 (5.88)
Rosaceae 14 (4.50) 13 (2.47) 24 (4.09) 12 (3.92) 21 (6.86)
Caryophyllaceae 10 (3.21) 15 (3.37) 16 (2.61) 17 (5.55) 8 (2.61)
Umbelliferae 8 (2.57) — 20 (3.27) — —
Boraginaceae 8 (2.57) 11 (2.47) 19 (3.10) 7 (2.28) 9 (2.94)
Scrophulariaceae 8 (2.57) 16 (3.60) 28 (4.41) 17 (5.55) 11 (3.59)
Cruciferae 8 (2.57) 24 (5.40) 22 (3.60) 15 (4.87) 12 (3.92)

Table 4. The genera containing the highest number of taxa.

Genera Number of Taxa Rate (%)
Trifolium 7 2.25
Salvia 6 1.92
Vicia 5 1.60
Geranium 5 1.60
Silene 4 1.28
Veronica 4 1.28
Stachys 4 1.28
Euphorbia 4 1.28
Bromus 4 1.28
Poa 4 1.28
Total 47 15.05

T. A. Akgin et al., A study on flora of Cakmak Dam and its surroundingsa(@ba, Samsun/Turkey)



44 Biological Diversity and Conservation — 3/ 1 (2010)

5. References

Akman, Y. 1990iklim ve Biyoiklim,Palme Yayinlari Miihendislik Serisi, 103, Ankara, 304 pp.

Anonymous, 1991. Samsidgme Suyu Projesi. T.C. Bayindirlik ¥skan Bakanfii, DSI Genel Mudiirlgi, DS VII.
Bolge Mid., Samsun.

Anonymous, 2008. Samsun Meteoroloji MudigtliiMeteoroloji Kayitlari, Samsun.

Ansin, R. 1979. Trabzon-Meryemana Atama Ormani Florasi ve Saf Ladin Berelerinde Floristik Argirmalar
(Flore de la foret de Rescerches de Meryemana-Trabzon et Les Recherches Floristiques Dans les Peuplements Purs
D’ Epicea). Trabzon: Karadeniz Gazetecilik ve Matbaacilik Press.

Angin, R. 1982. Endemizm ve [@u Karadeniz Boélgesinde Ye#in Endemik Bitki Taksonlari. Karadeniz Teknik
Universitesi Orman Fakiiltesi Dergisi, 5, 311-326.

Ansin, R., Ozkan, Z.C., Emigacslu, O. 2002. Dgu Karadeniz Bélgesi Endemik Taksonlari (Endemic taxa of East
Black Sea Region) . Artvin, Il. Ulusal Karadeniz Ormancilik Kongresi Kifaf;1565-573.

Atalay, I. 2006. The Effects of Mountainous Areas on Biodiversity: A Case Study from the Northern Anatolian
Mountains and the Taurus Mountains. Grazer Schriften der Geographie und Raumforschung, 41, 17-26.

Brummitt, R.K., Powell , C.E. (eds) (2001). Authors of Plant Names. Kew Royal Botanic Gardens.

Davis, P.H., (ed.) (1965-1985). Flora of Turkey and the East Aegean Islands, Vol. 1-9, Edinburgh University Press,
Edinburgh.

Davis, P.H., Mill, R.R., Tan, K. (ed.) 1988. Flora of Turkey and the East Aegean lIslands (supplement), Vol. 10,
Edinburgh University Press, Edinburgh.

Ekim, T., Koyuncu, M., Vural, M., Duman, H., Aytag, Z., Adiguzel, N. 2000. Turkiye Bitkileri Kirmizi Kitagnelk
ve Tohumlu Bitkiler (Red Data Book of Turkish PlanBteridophyta and Spermatophyta ), TTKD ve Van
Yiiziinciiyil Universitesi Press, Ankara.

Emingzacslu, O., Kutbay, H.G., Bilgin, A., Yalgin, E. 2006. Contribution to the phytosociology and conservation of
tertiary relict species in Northeastern Anatolia (Turkey). Belgian Journal of Botany, 139, 124-130.

Emingzacglu, O., Kutbay, H.G., Ozkan, Z.C., Ergil, A. 2008. Flora of the Camili Biosphere Reserve Area (Borgka,
Artvin, Turkey). Turkish Journal of Botany, 32, 43-90.

Engin, A., Korkmaz, H. 1991. Bafra-Altinkaya Baraj Goli Alaninin Baraj Govgkdsinkaya B@azi Arasinda Kalan
Kesiminin ve Yakin Cevresinin Florasi. Ondokuz Mayis Universitesi Fen Dergisi, 3(1), 278-309.

Good, R. 1974. The Geography of the Flowering Plants. Longman Group Limited, Fourth Edition, London.

Guner, A., Ozhatay, N., Ekim, T., Ba, K.H.C. (ed.) 2000. Flora of Turkey and the East Aegean Islauds11,
Edinburgh University Press, Edinburgh.

IUCN 2001. IUCN Red List Categories. Version 3.1. IUCN Species Survival Commission, IUCN Gland, Switzerland
and Cambridge, UK.

Kiling, M., Ozen, F. 1988. Ondokuz Mayis Universitesi Kurupelit Kampiis Alani ve Cevresinin Florasi. Ondokuz Mayis
Universitesi Fen Dergisi, 1(2), 97-121.

Kiling, M., Kutbay, H.G., Akcin, A. 1998. Samsun Kocgda Cevresinin Florasi. XIV. Ulusal Biyoloji Kongresi,
Samsun.

Kiling, M., Kutbay, H.G., Yalcin, E., Bilgin, A. 2006. Bitki Ekolojisi ve Bitki Sosyolojisi Uygulamalari. Palme
Yayinlari, Ankara.

Kikvidze, Z., Ohsawa, M. 2001. Richness of Colchic vegetation: comparison between refugia of South-western and
East Asia. BMC Ecol, 116, 1-10.

Kutbay, H.G., Kiling, M., Karaer, F. 1995. NebyangDéSamsun/ Bafra) Florasi. Turkish Journal of Botany, 19, 345-
371.

Ozen, F., Kiling, M. 2002. The Flora and vegetation of Kunduz Forests (Vezirképrii/ Samsun). Turkish Journal of
Botany, 26, 371-393.

Palaba Uzun, S., Agin, R. 2006. Subalpine and alpine flora of Altindere Valley (Macka/ Trabzon). Turkish Journal of
Botany, 30, 381-398.

Tahmisciglu, M.S., Anul, N., Ekmekgi, F., Durngu N. 2007. Positive and negative impacts of dams on the
environment. International Congress River Basin Management, 22-24 March, Antalya.

Terzigglu, S., Asin, R. 2001. A Chorological study on the taxa naturalized in the Eastern black Sea Region. Turk J
Agric For, 25, 305-309.

Tutin, T.G., Heywood, V.H., Burges, N.A., Moore, D.M., Valentine, D.H., Walters, S., Webb, B.A.(ed.) (1964-1980).
Flora Europaea. Vols. 1-5. Cambridge University Press, Cambridge.

Uzun, A., Terziglu, S. 2008. Vascular Flora of Forest Vegetation in Altindere Valley (Macka-Trabzon). Turkish
Journal of Botany, 32, 135-153.

(Received for publication 09 October 2009; The date of publication 01 April 2010)

T. A. Akgin et al., A study on flora of Cakmak Dam and its surroundingsa(@ba, Samsun/Turkey)



www.biodicon.com Biological Diversity and Conservation

* ISSN 1308-5301 Print; ISSN 1308-8084 Online 3/1 (2010) 45-50

Contribution toward the description of a new Caloglyphus Berlese mite (Acarina: Acaridae) from collectionsin
Pakistan

Muhammad SARWAR!, Muhammad ASHFA®

! pakistan Atomic Energy Commission, Nuclear Institute of Agriculture, Tando Jam-70060, Pakistan
22University of Agriculture, Faisalabad-38040, Pakistan

Abstract

This paper relates to the recognitiand description of one novel tax@aloglyphusverto (Hypopus) within
the genusCaloglyphusBerlese recorded from Pakistan. This species is characterized by possession of a typical
gnathosoma in which distal fork is not separated from basal joint. The text comprises interpretations on description of
diagnostic characters, morphometric measurements, collection site with ecological data, host material and
differentiating remarks of new species from closely related species. Brief details lying on overview of literature of
already identifiedCaloglyphugaxa and key covering all the known species in the country are given.

Key words: Acarina, AcaridaeCaloglyphusNew mite hypopus, Taxonomy, Pakistan
1. Introduction

Astigmatic mites family Acaridae are considered to be major pests of stored products. Mites feeding on
different stored products cause direct injury; they also cause indirect damages by transmitting fungi and other
microorganisms into the stored commaodities. Previously the spedigaaxflyphuswvere collected from potato tubers,
onion bulbs, barley, rice, wheat, flour and chicken feeds (OstandrKamali 1995). Storage mites frequently cause
injury and contamination of crop agro-products, and by allergens and toxin€aldwyphusoften occurred in 4 kinds
of "sensitive food ingredients" that include poppy, mustards, lettuce and wheat_grain ($tegdk&002). This may
have serious practical consequences since currently the food safety is one of the most important priorities. Taxonomy
provides a framework that enables us to undertake studies on the relationships between living things, so that we are
better able to understand and assess biodiversity and more efficiently manage it. Therefore, the goal of our study was to
review and identify the occurrence of this biotic-hazard in various agricultural products for its integrated pest
management development and its implementation.

GenusCaloglyphusat this moment has documentation from a lot of countries of the world, but Berlese first
proposed and described the gef@adoglyphusn 1923 and he select&hloglyphus berlesé¥ichael, 1903 as its type
species for a single speci@s/popus). Some species of gerieoglyphushave been reported from several regions of
world; Zakhvatkin (1941) prepared a comprehensive review of this genus and depicted 4 new species and re-described 6
species with improved descriptions. Nesbitt (1944 and 1949) and Samsinak (1966) raised 1, 3 and 1 new species to this
genus, accordingly. Mahunka (1973, 1974, 1978 and 1979) described 2, 1, 2 and 1 new species, respectively from his
area of study. Hughes (1976) prepared an excellent accumulation of knowledge to this genus. Tseng and Hsieh (1976)
re-described 1 species with improved drawings. Samsinak (1980) revised th€atiodyphinj re-established the
genusCaloglyphusand illustrated 1 new species. Channabasavahah, (1981), Racet al, (1982) and Ashfag and
Chaudhri (1983) included 1, 1 and 4 new species, correspondingly in this genus. Samsinak (1988) pointed out 1 new
species of the trib€aloglyphini Zou and Wang (1989), Sevastyanov and Radi (1991), &halr, (1991), Klimov
(1996) and Eraky (1999) supplemented 1, 3, 2, 1 and 1 new species, respectively to this genus. Klimov (2000) reviewed
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acarid mites of the trib€aloglyphiniwith description of a new species. Oconnor (2003) listed two species of genus
Sancassani&=Caloglyphu$ phoretic on other species of arthropods. Klimov and Oconnor (2003) published phylogeny,
historical ecology and systematic of some mites including full descriptions of each taxon, keys and biological
information. Sarwar and Ashfaq (2004 and 2006), and Sastvalr, (2005 and 2009) in their studies, recognized and
expressed 7 new species reported from this global territory. Current investigations on the occu@ahoglyafhus

fauna in the urban environment, has encountered one species that showed sufficient dissimilarity with already existing
taxa to be classified it as a separate species.

2. Materials and methods

For contributions to the knowledge of exploring and describing species of the@gogs/phussamples for
mites’ collection were taken from places which were scarcely or not sampled properly earlier in the areas of Punjab
province. Samples consisting of trees bark, leaf litter, stored fruits and grains were collected to allow a wide range of
representations of the stored products and mites species found in these commodi@zdodlgphuswere extracted
from substrates using a modified Berlese funnel apparatus and then individually removed with a brush under a
stereomicroscope, in the laboratory. All specimens were slide-mounted for identification using Hoyer's medium.
Drawings of different body parts were made with the help of an ocular grid. All measurements were given in
micrometers (m).

A chronological analysis of the genus, description and illustration of main body characters and resemblance
remarks for the new species are given by studying earlier literature. The terms of body parts and idiosomal chaetotaxy
follow Griffiths et al.,(1990); and terms of leg chaetotaxy and solenidiotaxy follow Griffiths (1970)

Diagnosis of genus Caloglyphus Berlese

Dorsal shield smooth or scantly dotted. Gnathosoma considerably longer than wide at its base, two segmented
segments clearly separated. Sternumstl) @nd apodeme 2ap2) not reaching posterior end and not united with each
other. Coxal suckers 2 pairs, well developed/ completely reduced or replaced by fairly long seta. Coxal field llI
generally shut. Genital shield separated from/ not separated from ventral shield. Suctorial shield well developed, lateral
suckers anterior to posterior suckers but at same level of anal suckers, shield separated from posterior body end by
small distance, considerably smaller than shield length. Tarsi Ill and IV short, stout r@gtenore than one-half of
leg I, and | enlarged distally. Apex of genu | with 1 seta only. 8ataf tarsi | and Il tapering anteriorly. Claws
normal, much smaller than tarsi.

3. Description of Hypopus

Caloglyphus verto sp. nov.

DORSUM: Body 278 mu long, 208 mu wide, divided into propodosomal and hysterosomal shields.
Propodosomal shield with rostral projection antero-medially, 90 mu long, 190 mu wide, dotted all around, wetae
sci, sceandscs,each 1 pair, simple, measuring 38 mu, 6 my, 5 mu, 9 mu and 19 my in length, respectivedgj, setae
scsandsceforming circular line;sci-sci38 mp,sce-sceB8 mu andsci-sce29 mpu apart. Hysterosomal shield 213 mp
long, 208 mu wide, dotted, anterior and lateral margins with dots and broken striations, lateral margins turn toward the
ventral side, 11 pairs setae, 2 pairs visible pores. 8étaed2 = d3 = d4 = 6 mphi 10 mp,he6 my;la 7 my,lpl =
Ip2 = 8 my;sai 14 mu,sae8 my longdl - d170 mp,d2 - d245 mpu,d3 - d350 my,d4 - d457 my;d1 - d240 mp,d2
- d362 mu,d3 - d438 mu anda - la 160 mu apart. Hysterosomal shield anterior margin overlapping propodosomal
shield posterior margin upto 25 my, overlapping area with dots and transverse, broken striations (Figure 1).

Figure 1. Dorsal side
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Figure 3 Gnathosoma Figure 4. Coxal fields

Figure 5. Suctorial shield

LEGS: Strong and stout, I-IV measuring 108 mu, 95 mu, 80 mu and 70 my in length, respectively (trochanter base to
tarsus tip). Setae and solenidia on legs I-IV segments: coxae 0-0-0-0, trochanters 1-1-1-0, femora 1-1-0-0, genua 3-3-1-
1, tibiae 3-3-2-2, tarsi 12-9-8-7. Tarsi | and 1l 40 mp and 34 my long, respectivelywFSatafemora | and 11 34 mp

and 36 my long, respectively, absent on femora Ill and IV. &etetarsi -1V measuring 40 my, 28 my, 25 mu and 20

mu in length, respectively. SataG on genua | and 1l spine-lik&T on tibiae | and Il lancet-like, 14 my, 12 my, 23 mu

and 19 mp long, respectively. Seta 6 on genua | and Il, a simple seta and a spine, 15 mpy and 6 mp long, respectively.
Tarsi lll and IV short and stout. Seta 6 on tibiae | and 11 85 mu and 32 mu long, respectivelha @etarsus | 23 mpu

long. Tarsi I-IV provided with 1 spoon-shaped + 2 leaf-like; 1 spoon-shaped + 2 leaf-like; 3 leaf-like + 1 lancet-like; 3
leaf-like + 1 lancet-like setae, respectively. Skt leg IV tarsus 33 my long (Figure 2).

TYPE: Holotype, hypopus, collected from Multan (latitude 30-12 N, longitude 71-28 E, altitude 221 m, and mean
annual temperature and rainfall 26.8D and 168 mm, respectively) from leaf litter on 25.12.1994 (Sarwar) and
deposited in Acarology Research Laboratory, Department of Agricultural Entomology, University of Agriculture,
Faisalabad.
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Figure 2. Ventral side

REMARKS:  This new species closely resembles to thaCaibglyphus trigonellunSher, Ashfaqg and Parvez but
differs from it due to the following characters:

. Gnathosomal distal fork separated from basal joift itrigonellumbut not separated in this new species.

. Sternum 14t1) bifid posteriorly inC. trigonellumbut not bifid in this new species.

. Genital discddi3) kidney-shaped i. trigonellumbut rounded in this new species.

. Suctorial shield without radial striations@ trigonellumbut with striations posteriorly in this new species.
. Tarsi | and Il each with 5 leaf-like setaegdntrigonellumbut each with 2 leaf-like setae in this new species.
. Apodemes 4ap4) meeting medially irC. trigonellumbut not meeting in this new species.

OO WNER

4, Conclusions

Most systematic work previously published on the mites of g€aleglyphusassociated with different stored
commodities in Pakistan is represented by 13 species, at this instance; the present authors have collected and describec
1 new species. With continuing studies and descriptions of additional new species, the fauna of the country will
ultimately become completely known. As is common with other acaroids species that are generalist foragers,
Caloglyphusis a genus of agricultural importance worldwide and they show a wide range of peculiar morphological
characteristics. They might occur in much more pervasive localities to utilize many diverse hosts. However, host
records of genu€aloglyphusare not yet sufficiently extensive to exhibit any clear phylogenetic signal.

The earlier describe@. agrios and C. hadrosspecies have been collected from adjoining sub-mountainous
areas of similar ecological niche; their similarity could thus be attributed to their similar ecological habitats. The species
C. faisalabadiensisand C. trigonellumare the commoners of the same habitat, having the identical hosts, thus it is
revealed that resemblance of these species could be attributed to the same ecological zones they occupy. Whereas, the
speciesC. multaniensisC. kenoshew specie€. vertoandC. opacatusare the dwellers of arid plains, their affinity
could thus be attributed to the similar ecological niche they inhibit. SpEcigiagentis,C. clemensC. merismaC.
morosus,C. bradysandC. austerusare the dwellers of varied ecological regions from hilly areas to coastal lands, as
such, the affinities depicted by these species with one another could not be an attribute of ecology. Perhaps rather it is
due to sharing of stable characters at generic level. It is noteworthy from the data that species of this genus have a wide
range of distribution in four provinces of Pakistan and Azad Kashmir because they have been collected from discrete,
diverse ecological habitats like hills, sub-mountainous areas, arid plains and coastal areas which indicates that species
have an ability to adopt diverse ecological habitats; and hence can be presumed to have a wider genetic plasticity. The
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ability of these species to adapt to diverse ecological habitats and yet sharing numerous characters reflects the
occurrence of stable generic characters at this level and their adaptive amplitude to varying ecological zones. The
characters used for the separation of species of this genus appear to be of consistent occurrence. It is hypothesized that
in view of the discernable heterogeneity of the taxa, as the number of species described in this genus increase, it may be
possible to split the genus into more sub-genera.

This information acquired on species identification and taxonomic sequence Gédlogtyphusmites is

desirable to properly assist in their management. Knowledge of the natural host associations is also supportive to
provide baseline data prior to any operation put into practice to control a pest species; such baseline data will allow the
recognition of precise host. Finally, knowledge of the natural geographic range of each species is also necessary in
order to avoid introduction of potential pest mites into new areas. In order to complete the survey of different taxa, it is

proposed to visit several of the collection sites to examine the fauna that were not previously surveyed. Finally, the

accumulated taxonomic information could be used at a later date to conduct phylogenetic and evolution analyses of the
taxa.

K ey to Pakistan species of genus Caloglyphus Berlese (Hypopus)

S (Y 0 W0 22 {24 I o (== 1 1 2

] (=] 10T T 12 = 1 1= o | P 12

2. Apodeme 2dp2) meeting apodem.e 3f3) .....ooveviii i C. austerusSarwaret al.(2009)

- Apodeme 24p2) not meeting apodeme @3D) ... .ovvvriit et e e e e e 3

3. Apodeme 3dp3) meeting apodeme A4) .........ou i e e 8

- Apodeme 34p3) not meeting apodeme A4 ... . ... e it e e 4

4. Gnathosomal lateral margins parallel... ... ... e e e e e e 5

- Gnathosomal lateral marging Not parallel... ... ... e e e e e 6

5. Sternum 14t1) bifid posteriorly; paragenital setprf bifid................coi C. multaniensis,

Ashfaq and Chaudhri (1983)

- Sternum 14t1) not bifid posteriorly; paragenital sefar) not bifid.....................! C. agrios,Sarwaret al.(2005)

6. Setaesci andsceforming straight line; coxal discsli(l, di2) not conoids.............cccocvevveinevennnn. C. opacatus,

Ashfaq and Chaudhri (1983)

- Setaesci andscenot forming straight line; coxal discdif, di2) CONOIdS..........covviii it 7

7. Apodeme 44dp4) not meeting medially; paragenital sepa) (@ntero-medial to genital disgdi3); gnathosomal distal
fork not separated from basal joint...........cccoooiiii i e e G VETEQ NS

- Apodeme 4 g§p4) meeting medially; paragenital setar)( messed to genital disgdi3); gnathosomal distal fork
separated from basal jOINt........ ..o trigonellumSheret al. (1991)

8. Gnathosoma NOtChed POSIEIIONTY ... ... e e e et et e e e et eaaaenas 9

- Gnathosoma Not NOLChed POSLEIIONIY ... ... it e e e e e e e e e e e e 10

9. Setaesciandsceof equal size; apodemesapéd) meeting medially................oooiiiii i C. merisma,

Ashfaq and Chaudhri (1983)

- Setaesciandscenot of equal size; apodemesap4) not meeting medially..............cooovviiiinn ! C. hadros

Sarwaret al.(2005)

10. Gnathosomal distal fork separated from basal joint; genitalgtis®) kidney-shaped..............cooccviiveiveeen e, 11

- Gnathosomal distal fork not separated from basal joint; genitalgtis®) ot kidney-shape.....C. kenosSarwar and
Ashfaq (2006)

11. Hysterosomal shield smooth; sternum 4&t1)( not bifid posteriorly; coxal discs dil, di2) conoids
........................................................................................................ C. bradys Sarwaret al.(2009)

- Hysterosomal shield dotted; sternum ®tlY bifid posteriorly; coxal discs d{l, di2) not conoids
.............................................................................................. C. faisalabadiensisSheret al. (1991)

12. Gnathosoma extended beyond the body; apodenssnieeting medially................ C. morosusAshfaq and
Chaudhri (1983)

- Gnathosoma not extended beyond the body; apodenageldnpt meeting medially................coooviviiiiiiennn. 13

13. Coxal field Il open; genital disgdi3) and suctorial shield with radial striations.....................\ C..clemens
Sarwar and Ashfaq (2004)

- Coxal field Il closed; genital disag€li3) and suctorial shield without radial striation................ C..cingentis

Sarwar and Ashfaq (2004).
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Abstract

There are various methods published about DNA extraction from marine algae. These methods are the
modifications of several DNA extraction methods from other organisms. Extraction of DNA from seaweeds are difficult
processes because of the polysaccharide and polyphenole compounds of their thallus. In this study, DNA is extracted
from a brown alggScytosiphon lomentariand Cystoseira sp.Ectocarpus sp) collected from the Bay of 1zmir by
using modified CTAB (cetiltrimethylamonium bromide) protocol and used in PCR analysis. This modified method was
also found efficient and applicaple for other molecular purposes.

Key words: DNA extraction, CTAB, Brown Algae

Ozet

Denizel alglerden DNA izolasyonu icin gfi yontemler bulunmaktadir. Ancak bu yontemlegeli canlilar
icin kullanilan DNA izolasyon yontemlerinin modifikasyonlaridir. Alglerden DNA izolasyonu talluslarinda bulunan
polisakkaritler ve fenolik bilgklerden dolay! zor birsiemdir. Bu ¢alimada, Izmir Kdrfezi'nde toplanan kahverengi
alglerden $Hcytosiphon lomentariave Cystoseira sp. Ectocarpus sp) CTAB (cetiltrimethylamonium bromide)
yontemiyle DNA izolasyonu gerceklirilmis ve elde edilen DNA PCR ydntemi ile gatilmistir. Bu modifiye yontem
ile molekiler amacl caimalar icin uygun DNA eldesi ganmstir.

Anahtar Kelimeler: DNA izolasyonu, CTAB, kahverengi algler
1. Introduction

The application of molecular tools in studies of marine algae has often been hindered by difficulties in
acquiring suitable DNA from them. In particular, polysaccharides and secondary metabolites represent an obstacle to
DNA isolation, since DNA often copurifies with them, thus inhibiting downstream enzymatic reactions such as PCR
(Shioda et al., 1987; Vidal et. Al., 2002).

Phaeophyceae is an important algae class which contains economicly important organisms. Also they have
antimicrobial activity, usage in cosmetics, medicine, textile industry and paper production. Generally the identification
methods based on observing morphological charasteristics. But this method has problems because of the morphological
changes according to habitats, climate and growth level in the same species. Also some different species may share
same morphological characteristics. Because of these reasons, certain and sensitive methods were needed for
identification of the algae species. In recent years molecular techniques used in so many studies such as identification of
the species, phylogenetics, understanding relationships within the species, monitoring costal waters, genotoxicity etc.
The first step for molecular analysis is extraction of the DNA of the organism. The quality and quantity of extracted
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DNA effects the the result of the molecular analysis. All organisms even species have different kinds of DNA
extraction methods. Monitoring costal waters for searching harmful algae involves microscobic examination of the
plankton. But this method is time consuming and requires taxonomic experience because identification based on
morphological characters (Godhe et al., 2001). Methods on Polymerase Chain Reaction (PCR) are popular for detection
toxic dinoflagellates. Detection @ymnodinium mikimotaliyake & Komimami ex Oda andlexandrium minitum

Halim by PCR based methods in field samples were described (Godhe et al., 2001).

The main problems in DNA extraction from macroalgae are the large amount of polysaccharides (Sosa and
Oliveira, 1992) such as sulfated polysaccharides and carboxylic polysaccharides (Bold & Wynne, 1978) in their thallus
and high nuclease activity (Wee et al., 1992). DNA extraction from brown algae has problems because of their large
amount of phenolic components and polysaccharides. Also the procedure requires large amount of material.

The multinucleate cells of green algae in the orders Caulerpales, Charales, Dasycladales and Siphonocladales
are valuable experimental organisms for investigating fundamental cellular and developmental phenomena (Coleman et
al., 1989). The giant cells possessed by these algae have several advantages for cellular, molecular and biochemical
work. Their coenocytic nature permits extraction of thousands of nuclei after disturbing a single cell (Staves &
LaClaire, 1985). Also they typically lack significant quantities of the polyphenolic compounds that interfere with
nucleic acid purification from Brown algae and many higher plants (John, 1992).

There are so many DNA prufication methods to enhance the DNA quality. These are CsCl ultracentrifuge
method (Sosa and Oliveira, 1992), agarose gel-electrophoresis purification (Saunders, 1993) and hydroxyapatite column
purification (Dutcher et al., 1930). Although these methods improved the DNA quality, they are complex, time
consuming and expensive methods. None of them are compatible with large number of sample associated with
population based studies (Wattier et al., 2000).

In this study, we use four different methods to extract DNA from one of the brown Sg@esiphon
lomentaria(Lyngbye) Link Cystoseira spandEctocarpus sp

2. Materials and Methods

Plant Material:
S. lomentaria Cystoseira spndEctocarpus spsamples colleced frofday of 1zmir. The samples identified based on
their morphological characteristics. Then they rinsed with distle water. The epifites cleaned under steroscobe and air-
dried on fitler paper.

Chemicals:

CTAB buffer: 1 M Tris, pH 8, 100 ml

5 M NaCl, 280 ml

0.5 M EDTA, 40 ml

CTAB, 20 g

dH,0O, 680 ml
TE buffer: 10 mM Tris, pH 8

1 mM EDTA

CTAB buffer andp-ME incubated in 65°C water bath. The dried material ground in liquid nitrogen into 1.5 ml
eppendorf tube containing 600 pl CTAB buffer gaME. The samples were mixed and incubated for 45 minutes at
65°C. This step lyses the cells. After incubation 500 pl chloroform: isoamylalchol (C:IA) was added. The samples
mixed for 10 minutes and centrifuged for 5 minutes for precipitate the proteins. The supernatant was transferred to a
new tube and the CIA extraction was repeated. The supernatant transferred to a new tube again and approximately 125
ul ice-cold isopropanol used to precipitate the DNA. After this step the supernatant was discard and 300 pl. TE buffer
was added and the tube incubated at 37°C for 1 hour. DNA was washed mith MONaAc and ethanol, centrifuged

for 10 minutes at 1.844 x g. and the supernatant was discard again. The pellet was washed with ethanol again and
centrifuged for 2 minutes at 1.844 x g. Supernatant was discard after centrigufetion. After that the pellet dried on the air
and solved in 100 pl TE buffer. DNA could kept for 18 months at +4°C (Steen, 1999).

In the other DNA extraction method used &rLomentaria, Cystoseira spndEctocarpus sp PVP was used
addition to these chemicals. According to this protocol 100 mg. dried thallus ground in CTAB buffer with 4 g PVP
without pre-heating. Then the tubes left incubation overnight. After incubation C:IA added and centrifuged for 8
minutes at 14462 x g. The first layer of the sample pipetted in to new eppendorf tube. Then 8 pl ice-cold 7.5 M
ammonium acetate and 80 pl ice-cold isopropanol added into the tube. After shaking by hand the tubes were left
overnight incubation at - 20°C. After incubation the samples centrifuged at max. speed for 3 minutes. The supernatant
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discard and ice-cold absolute ethanol was added into the tubes. The pellet dried after centrifuge for 1 minute. Finally,
the pellet dissolved in 100 pl TE (Steen, 1999).

In the third protocol that we experimented frLomentaria, Cystoseira spnd Ectocarpus sp.the CTAB
buffer pre-heated before starting to extraction. 4{ME used per 1 ml CTAB buffer. Following extraction steps
applied as in the previous methods. The samples centrifuged at low speed in centrifuge steps (approximately 1.844 x g.
for each steps) (Colosi & Schall 1993).

In the fourth method liquid nitrogen was not used before CTAB tretament. This is the only different point
among others. Fresh plant tissue directly extracted in CTAB buffer BAthE (1 ml CTAB/2 pulB-ME). The other
steps including CIA, isopropanol and ethanol treatment applied as usual. Finally the pellet resuspanded in 20-30 pl TE.

In the fifth method we tried three different modifications of the protocol that Coyer et al. published in 1995.
In our first experiment we extracted the cleaned samples with extraction buffer as described as the second group of
second experiment in Coyer et al., 1995. This extraction buffer includes %2 CTAB, %0.1 PVP, 100mM Tris-HClI,
20mM EDTA, %0.1 SDS. In our second experiment we add NacCl to the extraction buffer. In the last experiment we
used another extraction buffer that consist of 20 g CTAB, NaCl (5 M), Tris-HCI (1 M), EDTA (0.5 M3-lskedd All
the tubes incubated at room temperature for a week. After incubation the protocol continued by addition of 500 pl C:IA.
Samples mixed vigorously and centrifuged for 10 minutes at 14462 x g. Three layers are formed after centrifugation.
DNA is excised in the upper layer. The upper layer transfered to a new eppendorf. 24 ul ice-cold 7.5 M ammonium
acetate and 175 pl 2-propanol added to the tubes then incubatetCabv2tnight. The tubes centrifuged for 3 minutes
after incubation. The aquaous part discarded and the pellet was washed 2 times with absolute ethanol and centrifuged
for 2 minutes. The supernatant discarded and the pellet left for an hour fora air drying. The pellet resuspanded in 100 pl
TE buffer. DNA can stored at -20 for years or 18 months at %t

3. Results

After extraction protocols the DNA samples run in %0.8 agarose gel at 80V for two hours (Figure 1). Also we
examined the DNA samples in spectrofotometer at 260 and 280 nm. The DNA samples used in PCR with RAPD
(Random Amplified Polymorphic DNA) primers for checking the quality of the DNAs’ for molecular analysis (Figure
2).

Figure 1.Agarose gel electrophoresis results of @ystoseira spDNAs by different extraction methods.

1. Tuney et al., DNA extraction protocol from Brown Algae
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Figure 2. Agarosgel electrophoresis results after RAPD-PCR analysis. LineCly$toseirabarbata, C. compressa,
C. mediterranea, C. crinitéEctocarpus spandScytosiphon lomentarigespectively, Line 7: DNA ladder 100 bp.

4, Conclusions

The efficient DNA extraction protocol from brown algée molecular analysis described in this study. The main
differences of the DNA extraction protocols from algae and other organisms is the chemicals that used for elemination
of the polysaccharides. These chemicals fdE, PVP (Polivinilpirrolidon) and SDS (Sodiumdodecil sulfate).
Increased consantrations of this chemicals used for brown algae because of the high contents of polysaccharides and
phenolic compounds of the thallus. We used ¢aME and PVP among these chemicals. According to the results the
efficient DNA extraction methods are first and the second protocols. The only method that has PVP step is the second
one. One of the reason that second protocol yielded efficient DNA for the PCR analysis could be this feature. If we
compare the third method with the first one which include same chemicals we could see the concantration differences
aboutp-ME between them. The first method has brighter bands than third one in the agarose gel electrophoresis. This
could be the consequence of the high concantratiaME that first protocol has. The fourth method which does not
include liquid nitrogen grinding step gave the lowest DNA yield.

After the spectrophotometry and agarose gel electrophoresis analysis we could say that the most efficient
methods are the first and second protocols.

These two DNA isolation protocols tested again by changing their incubation extentions in different steps. The
target was to find the efficient incubation time with low contamination and high DNA quantity. Incubation with CTAB
buffer for a short period and isopropanol, for a long period gave good DNA yield for molecular analysis. Coyer et al.
(1995) searched the efficiency of grinding with liquid nitrogen step in DNA extraction protocols. In their study 12 algae
samples tested in two different experiment. In the first experiment the first group of samples incubated in extraction
buffer with SDS for 45 minutes after grinding in liquid nitrogen. The second group incubated by same way without
liquid nitrogen step. In first group of second experiment the samples incubated in extraction buffer for a week after
grinding in liquid nitrogen. In the second group this proccess done without liquid nitrogen step. In the first experiment
they found differences between the two groups. The first group yielded 64% much DNA than second group. In the
second experiment they couldn’t find noticeable differences between the two groups. According to that study, the time
and labour consuming liquid nitrogen step of DNA extraction protocol gave the same result with 1 week incubation
step. By that study a field-competible DNA extraction method was constituted.

In our study the extraction method with liquid nitrogen step was preferred instead of one week incubation period.

Although one week incubation seems long period for incubation, it is competible for laboratory away field studies.
Because of the chemicals and the equipments are eassly available in all labororatory, makes this extraction method
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suitable for the molecular studies with marine algae. Also this protocol requires less amount of algae sample for DNA
extraction.

PCR analysis with RAPD primers has shown that the first DNA extraction method is appropriate for molecular
analysis. In this RAPD-PCR analysis fdliystoseiraspeciesEctocarpus spandScytosiphon lomentariased by four
RADP primers.

The aim of this study is to describe the efficient DNA extraction protocol from macro marine algae for the
purpose of molecular analysis. Different DNA extraction protocols have been tested by modifying them. After getting
results the best protocols have been tested again by chancing their incubation times. After all these analysis, the liquid
nitrogen application found necessary for DNA isolation. The most effective protocol tested in this study is the first one
which includes liquid nitrogen grinding step. The effectiveness of this protocol probably depend$-oMEheontent
of the extraction buffer. This metodology should prove to be applicable to an even wider variety of algae especially the
sample material is limited.
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Abstract

This study provides the current status of small indigenous fish species especially the threatened species.
Regular data were collected from some important urban and peri-urban fish markets and from natural waters of the
Northwest part of Bangladesh. The availability of SIS of fish declined to a great extent over the years and many of them
are rare or endangered. Due to high population growth there is an ever-increasing gap between supply and demand of
SIS of fish. Some rivers of the Northwest part of Bangladesh are well connected with Indian rivers and that causes the
SIS of fish diversity in the natural waters comparatively rich. The most significant message of this study is that, some
vulnerable and endangered SIS of fish are locally abundant in the natural waters of the Northwest part of Bangladesh.
So they should be conserved for their common availability and sustenance throughout the country that would be a most
important step in favor of global ichthyo-biodiversity conservation.

Key words: Ichthyo-biodiversity, small indigenous species, endangered fish, Bangladesh.
1. Introduction

Bangladesh is blessed with numerous inland water bodies which are very rich in diversity of aquatic species. In
the past, various SIS of fish were abundant in the rivers, beels, canals, streams and ponds. These are usually caught by
the subsistence fishermen that provided a large portion of the animal protein intake of them. Since 1970s the abundance
of small indigenous fish species has been declining due to despite their ability to reproduce quickly and withstand poor
environmental conditions. Both natural and manmade catastrophes degradation of aquatic environment and the
reduction of many wetlands and water areas of Bangladesh have resulted in the disappearance of many suitable habitats
of floodplain riverine and brackish water small indigenous fish species (Walalh 2003). Many of these valuable
indigenous fish species have been threatened or endangered. Indeed some are already on the verge of extinction. Small
indigenous species (SIS) of fish are important source of nutrition and livelihood for the rural people of Bangladesh. SIS
of fish in our country is considered to those which grow to a maximum length of about 25 cm or 9 inch at maturity
(Khanamet al 2003; Feltset al. 1996; Hossairet al., 1997 and 1999). From the 260 freshwater fish species of
Bangladesh, over 150 species have been classified as small indigenous species (SIS). These small indigenous fish
species are the main, indeed the only source of the protein and most of the fat soluble vitamins for the rural people who
represent more than 80% of the total population (Hostaah 2002).
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Besides, Due to high population growth there is an ever-increasing gap between supply and demand of fish (including

SIS) in Bangladesh. Narrowing the gap not only requires increasing production but also improvements at all aspects of
marketing and distribution systems (ICLARM 1991, SAARC, 1994).

However, as SIS of fish have been considered as an important source of essential macro and micro nutrients,
they can play a vital role in the elimination of malnutrition. SIS of fish can play a significant role to prevent night
blindness as a rich source of vitamin-A. Analysis SIS of fish showed that they contain large amount of calcium and
most likely also iron and zinc. Some species of fish like mola, dhela, darkina and kaski etc. also contain high amount of
vitamin-A (Thilstedet al., 1997). Anyway, although some researchers have been conducted research on SIS of fish in
Northern part of Bangladesh (Hossainal.,1997; Afrozeet al.,1997), sufficient data on biodiversity of SIS of fish in
the Northwest part of Bangladesh especially in Dinajpur district has not yet been available . So, the present study has
been classified on the following objectives

* To know the biodiversity of SIS of fish in Dinajpur district

* To identify status of threatened SIS of fish in Dinajpur district

2. Materials and methods

Bangladesh lies between the longitude of 88E and 92.30 E and the latitudes of 20 N and 26.30 N. The country
is an extensive plain land except its eastern and southeastern margin where low ranges of Lusai and the Garo Hills are
found. This flat plain is built by the enormous load of alluvium laid down by the great rivers and their tributaries
(Rahman, A. K. A., 2005). This country is called country of hundred rivers and it has 290 rivers from which 94 are
international along with numerous ponds, beels, haors, lakes, flood plains, brackish water and marine waterbodies.
However, Northwest part of Bangladesh is mainly important for the availability of various freshwater ecosystems.

The research work has been performed from January — December/2008. Two types of fish markets were used
for this study- urban and peri-urban fish markets. On the other hand, required data about SIS of fish were collected from
important rivers and beels of the Northwest part of Bangladesh.

ggf 88°30' 88°45' 89°00' E
»f PANCHAGARH

THAKURGAON ol \/

Bay of Bengal 3’:""&

25°
40'N

; @ ‘ % RANGPUR 25°
! - Fulban ; - L& 30"
& ‘ ‘ '\ v
pN
West Bengal }: <‘\ \ ot ”;

(INDIA) ey B %

DINAJPUR DISTRICT

5 0 5 10km
| N S— —

> A
JOYPURHAT {GAIBANDHA
88°30' 88°40" 88°50" 89°00" 89°10'

Figure-1. Map of Dinajpur district showing data collection areas

The urban and peri-urban fish markets from where data were collected are-
i) Urban fish markets: Bhahadur bazar, Railway bazar, Fulbari bazaar and Parbotipur bazar.

i) Peri-urban fish markets: Basherhat fish market, Jamtoli bazaar, Doshmail bazar, Bushirbandar bazar and
Chirirbandar bazar.
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2.1 Experimental fish markets

a) Urban fish markets: Among the studied urban fish markets, Bahadurbazar if a larger fish market of the Northwest
part of Bangladesh and is situated in the main town of Dinajpur district. Fish from various natural waters and ponds of
different sites of Dinajpur district have been supplied here for selling. Fishes have also been distributed to various local
small fish markets of this district from here. The main consumer group of this fish market is businessman and service
holders. Besides, Railway bazar, Fulbari bazar and Parbotipur bazar are also the largest fish markets of the Northwest
part of Bangladesh which are located in various upazilas of Dinajpur district.

b) Peri-urban fish markets: The data collecting peri-urban fish markets of this study were- Basherhat fish market,
Jamtoli bazaar, Doshmail bazar, Bushirbandar bazar and Chirirbandar bazaar which are located near to important
natural waters of the Northwest part of Bangladesh. The main consumer groups of these peri-urban fish marketsS are
the villagers, businessmen and service holders of the respective localities.

2.2 Experimental natural waterbodies

Required data about small indigenous species of fish (SIS) were collected from important natural waterbodies
of the Northwest part of Bangladesh. The list of survey conducted natural waterbodies is given below:

Table 1. The list of survey conducted natural water bodies

Type of thewater body | Name L ocation

River Kankra river Chirirbandar
Atrai river Chirirbandar
Choto jamuna Parbatipur
Gorveshori river Parbatipur
Kanchan river Dinajpur sadar
Dhepa river Dinajpur sadar

Beel Koroi beel Birol
Asholia beel Nowabganj
Small local beels Dinajpur Sadar

2.3 Data collection

Field works were undertaken in each of the 6 Upazillas over which important rivers and beels spread in
Northwest part of Bangladesh: Dinajpur sadar, Parbatipur, Fulpur, Chirir bondar, Birol and Nawabgonj. Data were
collected from: interviews and focus group discussions with fishermen, retailers, middlemen and consumers of fish;
secondary literature, semi structured and structured questionnaires were developed, pretested and adapted prior to the
survey proper. Weekly sampling was performed through the whole year from the major natural water bodies and fish
markets of the Northwest part of Bangladesh both in morning (7 am to 9 am) and evening (4 pm to 6 pm).

2.4. Data analysis

The analysis of the data mainly involved tabular and descriptive technique. The data were summarized and a
number of tables and graphs were prepared in accordance to the objectives of the study. The technique of analysis
included the classification of tables and graphs into meaningful result by arithmetic mean and Percentage.

2.5 Species identification

The collected fish were identified on the basis of the descriptions of Rahman (2005), Jhingran and Talwar
(1991) and Froese and Pauly (2007).

3. Results
3.1. Supply of SIS of fish in the studied fish markets of the Northwest part of Bangladesh:

The supply of SIS of fish in the urban fish markets during the study period found to average range normally
0.8-160 kg per month. Besides, a few number of SIS of fish were also irregularly supplied in this fish market. The
minimum average 10 lowest and highest SIS of fish were shown in the figure-2 (a, b). It is found that most abundant

SIS of fish are Taki, Punti, Tengra, Chela, Khoki, Jouary etc. and least supplied SIS are Rani, Tara bain, Ek-thuta, Bhol
etc. On the other hand, in Basherhat fish market (periurban fish market) the height supplied SIS of fish were Tila
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koksha (khorki), Joya (Jouary), Tengra, Chela, Gutum, Punti, Bhangan bata, kolisha etc and least supplied SIS of fish
were Koi, Magur, Balichata gutum, Rani, Tara baim, Golsha etc. The monthly average 10 height dominant and least
supplied SIS of fish are presented in the figure — 3 (a, b). All the highest available fish species were found every day in
both fish markets in the study period. But the least available SIS of fish were not regularly found. Such BstiRani (
dario) was found only for three days; Putul raBiofia lohachata was found in five days; Tara baim was found for

seven days; Bhol was seen only for ten days; Buzuri tengra was found for twelve days and Bheda was found for thirteen
days only.
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Figure-3 (a, b). The monthly average (kg) 10 least supplied (a) and highest supplied (b) SIS of fish in peri-urban fish
markets

Apart from this, during the study period it was observed that some species were found as mixture with the
above cited SIS of fish and these were rarely available such as-, Bagir, Potka, Kanpona, Cheka, Sissor, Chebli, Shilong,
Kajoli, Napitkoi, Nephtani etc. The total found SIS of fish in the studied fish markets of the Northwest part of
Bangladesh is shown in the table-2. It was found that a total of 45 SIS of fish were supplied in the studied urban and
peri-urban fish markets of the Northwest part of Bangladesh. There sources were both the natural waters and culture
ponds.

R. Amin et al.Biodiversity study of SIS (Small I ndigenous Species) of fish in Northwest part of Bangladesh and detection of threatened species



Table 2. List of the supplied SIS of fish in the studied fish markets of the Northwest part of Bangladesh

Biological Diversity and Conservation —3 /1 (2010) 61

Sl. no. L ocal name Scientific name
1. Juary/Joya Aspidoparia jaya
2 Khorki/Tila Koksa Barilius tileo
3 Bhangon bata Labeo bata
4. Bhagna/Tatkini Cirrhinus reba
5. Jat puti Puntius sophore
6 Tit punti P. ticto
7 Pahari gutum Somileptes gongota
8. Gutum/Puiya Lapidocephalus guntea
9. Rani Botia dario
10. Putul rani B. lohachata
11. Magur Clarias batrachus
12. Shingi Heteropneustes fossilis
13. Batasi Pseudeutropius atherinodes
14. Golsha Mystus cavasius
15. Bujuri tengra Mystus vitatus
16. Foli Notopterus notopterus
17. Tara baim Macrognothus aculeatus
18. Guchi baim Mastacembelus pancalus
19. Kolisha/chopra Colisa fasciatus
20. Boicha C. lalia
21. Koi Anabus testudineus
22. Nama chanda Chanda nama
23. Gul chanda Pseudanbasis ranga
24, Kakila Xenentodon cancila
25. Taki/lata Channa punctatus
26. Cheng C. orientalis
27. Ghora chela Securicula gora
28. Narkali chela Salmostoma bacaila
29. Mola Amblypharyngodor mola
30. Kaski Corica soborna
31. Mola punti Puntuius guganio
32. Modho pabda Ompok pabda
33. Balichata gutum Acanthocobitis botia
34. Shilong Silonia silonia
35. Kajuli/Baspata Ailia coila
36. Chapila Gudusia chapra
37. Napit Badis badis
38. Dhela Ostiobrama cotio
39. Chep chela Chela cachinus
40. Chebli Danio devario
41. Bani koksha Barillius barna
42. Chuna kolisha Colisa sota
43, Kani pubda O. bimaculatus
44, Phutani punti P. phutunio
45, Hora gutum Nemacheilus sikmaaiensis

3.2. Demand of SIS of fish in the studied fish markets

SIS of fish were not well demanded in past due to their abundance in rivers, hours, beels and other natural
waterbodies. But presently SIS of fish are not commonly abundant in natural waterbodies. Another important thing is
that as the SIS of fish are highly nutritional and tasty they are highly demanded to health aware people. The low supply
and high demand make some SIS of fish like Mola, Dhela , Pabda, Chela, Shing, magur etc. very expensive. In a word,
it can be said that the supply of SIS of fish is declining where the demand is increasing gradually. &lzn2003)
was also found similar result in a study conducted in peri-urban fish markets.
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3.3. Market chain of SIS in the Northwest part of Bangladesh

The marketing channel of SIS of fish varied from one place to another. Anybody can purchases SIS of fish
from anybody and anyone can sell SIS to anybody. The general marketing pattern of SIS of fish including a number of
middlemen. Incase of urban fish markets, the market chain from fisherman to consumers passes through a number of
intermediaries: after buying fish from fisherman/farmer, middleman (locally known as foria) bring them to the
wholesale market and sale to the wholesaler (Arotdar). The retailers buy SIS of fish from wholesaler through auction
with a highest bid. The retailers then bring the SIS of fish to particular market where they usually sale the fish to the
consumers. There is no licensing system of fish retailer and middlemen. Fisherman or fish farmer also sale SIS of fish
directly to the wholesaler or even to the consumers (figure-4) mainly in peri-urban fish markets. It is a very common
scenario almost in all the sites of Bangladesh that fishermen and fish farmers do not get expected price from their
harvested fishes although consumers have to pay high price to buy from the retailers where ultimately middlemen
become benefited. This statement is also supported by Hegsalin(2002). Hannan (1994) described that fishermen
lived from hand to mouth and highly highly neglated class in both Muslim and Hindu society. Baily (1994) also noted
fishermen and their families is South and Southeast Asia often are considered to be among the poorest of the poor.
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Figure 4. Marketing chain of SIS of fish in the Northwest part of Bangladesh

3.4. Present status of SIS of fish biodiversity in the Northwest part of Bangladesh

Due to warm temperature, good rainfall and nutrient rich fertile soils and waters make the aquatic environment of
Bangladesh rich in varieties of aquatic flora and fauna. The vast wetlands, wide river-bed systems, rainfall and warm
temperature play a significant role in the rich ichthyo-diversity of this country. There are a total of 260 species of
indigenous freshwater fish belonging to 55 families are available in Bangladesh. Out of them 143 freshwater fishes are
categorized as small indigenous species (SIS) of fish. Most of the SIS of fish were available in the natural waterbodies
of the Northwest part of Bangladess. Since 1970s, the production of SIS of fish has been declining despite their ability
to reproduce of short intervals and withstand poor environmental conditions. However, the list of identified SIS of fish
of the Northwest part of Bangladesh is mentioned in the table-3.

A total of 61 small indigenous species of fish was identified collected from various natural waters. Because of
various environmental modification and man made interventions, some SIS of fish are in endangered or critically
endangered in Bangladesh (IUCN, 2001). Similarly, in the natural water bodies of the Northwest part of Bangladesh,
some SIS of fish are reducing alarmly and found very rare. More or less same statement is described kst Eiyssain
2003. According to them, the habitat degradation recently has become a great concern in most aquatic ecosystems in
Bangladesh. Marked changes have been observed in natural fish populations of many fish species because of unplanned
environmental modifications and man made interventions affecting the spawning and feeding grounds of fishes. In this
situation, it is crucial that appropriate measures to be taken to reduce habitat loss to conserve aquatic ecosystem and to
protect the biodiversity of the SIS of fish. It is clear that availability of SIS of fish is gradually declining through out the
country.
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Table3. Presently identified SIS of fish biodiversity in the Northwest part of Bangladesh

Sl. No. L ocal Name Common Name Scientific Name

1. Kakila Indian needdle fish Xenentodon Cancila

2. Ek-thota Congaturi halfbeak Hyporhamphus limbatus

3. Taki Spotted snakehead Channa punctatus

4. Cheng Walking shakehead Channa orientalis

5. Rani Bengal Loach Botia dario

6. Putul rani Reticulata loach Botia lohachata

7. Chep chela Minnow Chela cachius

8. Narkeli chela Large razorbelly minnow Salmostoma bacaila

9. Mola Mola carplet Amblypharyngodon mola

10. Dhela Cotio Osteobrama cotio cotio

11. Kaski Ganges river spral Corica soborna

12. Chapila Sardine Gudusia chapra

13. Modo pabda Pabdah catfish Ompok pabda

14. Bheda bhol Trout barb Raiamas bola

15. Bhangan bata Boga labeo Labeo bata

16. Bacha Garu bacha Clupisoma garua

17. Korki Tila koksha Barilius tileo

18. Juary/ Joya Jaya Aspidoparia jaya

19. Bele Tank goby Glossogobius giuris

20. Bagair Dwarf goonch Bagarius bagarius

21. Gang magur Grey eel-catfish Plotosus canius

22. Potka Ocellated puffer fish Tetraodon cutcutia

23. Khanpona Blue panchax Aplocheilus panchax

24, Darkina Flying barb Esomus danricus

25. Panga Panga Pangio pangia

26. Cheka Squarehead catfish Chaca chaca

27. Sisor Sissor catfish Sisor rhabdophorus

28. Bhagna Reba carp Cinhinus reba

29. Chebli Sind danio Danio devario

30. Shilong Sliond catfish Silonia silonia

31. Kajoli Gangetic ailia Ailia coila

32. Mola punti Glass barb Puntius guganio

33. Phutuni Punti Spotted barb Puntius phutunio

34. Jat punti Pool barb Puntius Sophore

35. Tit punti Ticto barb Puntius ticto

36. Sarputi/Punta Olive barb Barbodes sarana

37. Puiya/ Gutum Guntea loach Lepidocephalus guntea

38. Hora gutum Anandale loach Lepidocephalus annandalei

39. Pahari gutum Gongota loach Somileptes gongota

40. Belichata gutum Mottled loach Acanthocobitis botia

41, Shing Stinging catfish Heteropneustes fossilis

42. Magur Walking catfish Clarias batrachus

43. Tengra Day’'s mystus Mystus bleekeri

44, Buzuri tengra Ghuitta tengra Mystus tengra

45, Batashi Indian potasi Pseudeutropius atherinoides

46. Gulsha Gangetic mystus Mystus cavasius

47. Foli Bronge feather back Notopterus notopterus

48. Tara baim Lesser spiny eel Macrognathus aculeatus

49, Guchi Barred spiny eel Mastacembelus pancalus

50. Kolisha Banded gourami Colisa fasciatus

51. Choto Kolisha Dwarf gourami Colisa chuna

52. Boisa / Chuna kolisa Dwarf gourami Colisa lalia

53. Napit koi / Napit Spiketail paradise fish Badis badis

54. Bheda Mottled nandus Nandus nandus

55. Koi Climbing perch Anabus testudineus

56. Nama chanda Glassy perchlet Chanda nama

57. Gul chanda / RangaHigh fin glassy perchlet Pseudambassis lala
chanda

58. Lal chanda Indian glassy fish Pseudomonas ranga

59. Nephtani Frail gourami Ctenops nobilis

60. Kani pabda Butter catfish Ompok bimaculatus

61. Bhangan bata Boga labeo Labeo bata
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Out of one hundred forty three (143) SIS of freshwater fish species of Bangladesh, fifty four (54) are considered as
threatened species by IUCN (2001). A authentic study (FAP6, 1994) has also found that the number of the number of
fresh water fish species have been gradually declining and some species have been locally extinct. Full flood control
and control flooding had an adverse impact on fish biodiversity and resulted in a reduction of 33% of the total number
of fish species recorded annually in Bangladesh. Although it is the common scenario for natural waters of Bangladesh
some exceptional information is true for the natural waters of the Northwest part of Bangladesh. After completion of
this experiment, it has been observed that a few critically endangered and endangered SIS of fish are abundantly found
in the natural waterbodies of the Northwest part of Bangladesh especially in Dinajpur district. The list of commonly
abundant threatened SIS of fish is presented in the table-4. It was observed that more or less 16 important SIS of
threatened fish are commonly available in the North-west part of Bangladesh. Although fifty four (54) are considered as
threatened species by IUCN (2001) through out the Bangladesh, 16 endangered SIS of fish are locally common
available in the Northwest part of Bangladesh due to the well connection of some Indian rivers with the natural waters
of Dinajpur.

Table 4. Commonly available threatened SIS of fish in the natural waters of the Northwest part of Bangladesh

Sl. Number L ocal name Scientific name National status
1. Juary/Joya Barilus bengalensis Endangered

2. Khorki/Tila koksha Barilius tileo Endangered

3. Bhagna Cirrhinus reba Vulnerable

4, Bhangan bata Labeo bata Endangered

5. Foli Notopterus notopterus Vulnerable

6. Chela Chela laubuca Endangered

7. Tit punti Puntius ticto Vulnerable

8. Sarpunti/Puta Barbodes sarana Endangered

9. Tara baim Macrognathus aculiatus Endangered
10. Balichata gutum Acanthocobitis botia Endangered
11. Phari gutum Somileptes gongota Endangered
12. Rani Botia dario Endangered
13. Putul rani Botia lohachata Endangered
14, Golsha tengra Mustus cavasius Vulnerable

15. Ghaura Clupisoma garua Critically endangered
16. Bhol Raiamas bola Endangered

Therefore, it is a very important message for our nation because if we immediately take protective measures to
conserve these commonly available rare SIS of fish in natural waters of the Northwest part of Bangladesh, then our
country would be able to save them from their extinction. Educationalists, journalists, social workers, nutritional
researchers, NGOs are interested in managing the sustainable aquatic habitats for all these smaller fishes. But the
improvement of farming system particularly for the HYV, setting up of industries, encroachments of wet lands for agro
cropping, populations explosion, over-fishing and dewatering with mechanized pumps etc. damage the environments in
some cases at beyond recovery level. All these activities declining the aquatic biodiversity including ichthyo-
biodiversity and the biota that are now threatened due to environmental destruction (Hossain 1992 & 1997 a,b).

4. Conclusions

Recently we can see more slogans such as Globalization, Green house effects, Poverty alleviation, Sustainable
management resources, Livelihood approach and Organic farming etc. Incorporation on small indigenous fish species
(SIS) in the carp polyculture system away from all these slogans. It is the duty of the scientists, social workers, donor
agencies and Government organizations to aware the people and communities about the potential role in ensuring
nutritional security and poverty alleviation of the rural poor in Bangladesh through protecting and conserving of small
fishes. The availability of SIS of fish is in decline, partly due to fishing pressure from the ever increasing population
and partly due to loss of natural habitats.

Apart from this, the presently practiced carp and large fish always encourage fish farmer to eliminate
indiscriminately all the SIS from their waterbodies before large fish stocking. It causes the supply of SIS of fish is
highly fluctuating and far less than the market demand. So, the price is increasing alarmingly. Therefore, once mostly
abundant and easily available SIS of fish is quickly getting out of the reach of poor people and ultimately become
gradually rare available. So, it is significant and urgent to take all the necessary steps to protect and conserve all the
most and least available SIS of fish through out the world including Bangladesh.
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A new record for Turkish Mycota: Serpula lacrymans (Wulfen) J.Schrot
Hatice TASKIN ™
! Department of National Palaces, Dolmabahce Palace, Besiktas - Istanbul, Turkey
Abstract
This fungi specimen is founded in Dolmabahc¢e Palace at the time of restoration — conservation processes; it
has been identified &erpula lacrymangWulfen) Schrét and registered for the first time in Turkey. This fungus is
defined and photographed. The photo of the spores seen under the light microscope is given in this study.

Key Words: BasidiomycetesSerpulaceaeserpula lacrymangdry rot, Turkey

O

Tirkiye mikoflorasi icin yeni bir kayit: Serpula lacrymans (Wulfen) J.Schrot

Ozet

Bu mantar tird 2001 yilinda Dolmabahce Sarayinda yiritilen restorasyon-konservasywlagabirasinda
bulunmu, Serpula lacrymangWulfen) J. Schrot olarak g¢his edilmitir. Turkiye'de ilk defa kaydedilmgtir. Bu tir
tanimlanmg ve resmedilmitir. Sporlarin gik mikroskobu altindaki gértntuleri verilgtir.

Anahtar Kelimeler: BasidiomycetesSerpulaceaeserpula lacrymanskuru ¢uruklik, Tarkiye
1. Introduction

The Dolmabahce Palace is located in Istanbul at the district git&eand on the European Coastline of
Bosphorus. Because of the building is located at the coastline with a heavily air polluted metropolitan area, high relative
humidity, salts from the sea leaves; it is vulnerable to natural detrimental factors. The building is based on timber posts
embedded into the infill, overlaid with a timber grid in filled with a layer of rough cement Horasan Harci, 1.00 m-1.20
m deep. There are three rows of timbers throughout the grid over which the buildings were constructed. The outer walls
are made of stone, the interior walls of brick, and the floors of wood. They support a roof of timber surfaced with lead.
The structural timbers are mainly pine and oak, together with some African and Indian woods originally (Anonymous,
2005).

Although there is a lack of information on the presenc&.ofacrymansn Turkey, it is clear that certain
building materials such as lath and plaster used in many historic constructions are particularly susceptible to the fungus.
Microbial biodeterioration of building materials and their contents in both modern and historic buildings are attributed
to changes in the building environment. The main environmental parameters favouring the decay of materials and
contents are water, humidity, temperature and lack of ventilation (Palfreyman and Low, 2002). These environmental
factors cause biodeterioration of building materials for these reas@erpala lacrymanspecimen is observed on
door and its cornice made from the coniferous timber wood located at the basement of the Dolmabahce Palace where
the air-conditioning is inadequate and the humidity is high (75-90 %)
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Reports ofS.lacrymansn the wild were, until recently, limited to sightings of basidiocarps, with no isolates
available for analysis. Two reports are generally considered to be reliable, one from Bagchee (1954) which describes
S.lacrymanat two sites in Himachal Pradesh in the Himalayan foothills of India (specifically at Narkanda and Pulga),
the second from Cooke (1957) identifi&d lacrymansn the slopes of Mount Shasta in Northern California in the
USA. A third unconfirmed report suggests tBatlacrymanss found in the Sumava Mountains in the Czech Republic
(Bagchee, 1954; Kotlaba, 1992; Cooke, 1957). However there is no published report until today regarding to the
presence of this fungus specie in Turkish flora.

S. lacrymangpreferentially attacks softwoods but also hardwoods as well as other cellulosic materials such as
paper, cardboard and textiles (Palfreyman, Low, 2002).

2. Materials and Methods

The specimens &. lacrymansvere obtained from pine wood used at the Dolmabahce Palace in Istanbul; June,
2001. The fungal specimens were photographed in original place where it was first founded; the macroscopic features
were noted and transported to the Plant Diseases and Microbiology Laboratory of Science and Letters Faculty, Marmara
University for microscopic evaluation.

In the microscopic examination of the fungus the below findings were noted. The fungi were treated with 20 %
KOH solution for softening and preparation for microscopic examination. Olympus Cx41 Light microscope was used
for microscopic examination. Then the microscopic photos were taken with Image-Pro Express (Micropublisher 5.0
RVT) imaging device which is compatible with this microscope. The fungi were identified according to Jordan (1995)
and Breitenbach, Kranzlin (1986).

3. Results

In the light of the literature, this fungus is reported as a new macrofungus record for the mycoflora of Turkey
(Solak et al., 2007; Sesli, Denchev, 2009). The specimen is preserved in the Herbarium of the Faculty of Science and
Letters, Marmara University, Istanbul (MUFE). Its description, locality, date of collection and herbarium number are
given below (Istanbul, Dolmabahce Palace, on pine wood, 19.06.2001, H.T., 1). The systematics of the species was
made according to Index fungorum.

Serpulaceae

Serpula lacrymanéWulfen) P.Karst.

Syn. Boletus lacrymang/ulfen, Boletus obliquusBolton, Gyrophana lacrymangWulfen) Pat.,Merulius destruens
Pers.,Merulius domesticu#.G. Falk, Merulius giganteusSaut., Merulius guillemotii Boud., Merulius lacrymans
(Wulfen) Schumach.Merulius lacrymans var. guillemoti{Boud.) Boud.,Merulius lacrymansvar.terrestris Peck.,
Merulius terrestris(Peck) Burt.,Merulius vastatorTode, Serpula destruengPers.) Gray.Serpula domesticéFalck)
BondartsevSerpula terrestrigBurt) S.AhmadSesia gigante§Saut.) Kuntze Sistotrema cellar®ers.

The fruit body ofSerpula lacrymanéWulfen) P.Karst. is embedded in a surface of 36 cm in length and 13 cm by
height. The horizontal surface is round shaped like a disk and the vertical surface is in the shape of small brackets. The
vertical surface has favourable diameters of 4-18 cm in diameter and 0,4- 0,8 cm in thickness. The fungus is spongiform
and pulpy in texture so that can be easily separated from the substrate. The fruiting body is at first yellowish, scarlet in
colour and as the fungus decays and gets elder changes into a morello brownish colour. The himenium surface is
wrinkle and corrugated, also moist and the edges has marginal zones of white and well bordered. (Figure 1). The young
fruiting body of the fungus has a pleasant fungous odour, as it gets older becomes foul and unpleasant. The spores are
massive and rusty red in colour. The spores are ellipse in shape, smooth and yellowish brown in colour. The spores are
11-13um x 5.5-8um in dimension (Figure 2). Some of them have droplets. Basidia slendery clavate has 4 sterigmata
and shows basal clamped pattern. The hyphae are colourless and the septa with clamps. Rhizomorphs are brownish and
has thick- walled and with crystals.

H. Taskin, A new record for Turkish Mycota: Serpula lacrymans (Wulfen) J.Schrot
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Figure 1 Fruiting body ofSerpula lacrymans

8
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Fiéure 2 Sporeé ofSerpula lacrymani LM

4. Discussion

The struggle for the eradication $érpula lacryman historic and cultural constructions is a great ordeal. The
dry rot fungi different than the others humidify the region where they are located and they transfer the water to dry
timber meters away from where they are located via their mycelia. This is the only and most important fungus which
can do rots in low temperatures in the buildings.

In the restoration and conservation processes done in the Dolmabahge Palace, solutions and aerosols and in the
places where needed, injection techniques are used for fungi eradication process. The infected timber material which is
replaced with the new one is impregnate to with the pressure-vacuum technique thus, successful results has been
acquired in the struggle against fungi.
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The first record of genusLipocrea Thorell, 1878in Turkey (Araneae, Araneidae)
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Abstract

Lipocrea epeiroidegO. P. Cambridge, 1872) is recorded for the first time for araneofauna of Turkey. This
represents a new record of both the species and dgeposrea Thorell, 1878 from Turkey. Its description,
morphological characteristics, and photographs are presented.

Key words: Lipocrea epeiroidesAraneidae, Turkey, new record

*

Tarkiye icin Lipocrea Thorell, 1878cinsinin ilk kaydi (Araneae, Araneidae)

Ozet
Lipocrea epeiroides(O. P. Cambridge, 1872) Tirkiye araneofaunasi icin ilk kez kaydedildi. Turin
deskripsiyonu, morfolojik dzellikleri ve fogwaflari verildi.

Anahtar kelimeler: Lipocrea epeiroidesAraneidae, Tirkiye, yeni kayit

1. Introduction

Araneidae is one of the largest spider families which contains 2992 species in 168 genera with worldwide
distribution (Platnick, 2010). The generic conceptd.afinia Simon, 1874 and its related groups were revised by
Grasshoff (1970a, b, ¢, 1971) and the author split tzeirlia group” into eight generd:arinia, Drexelia McCook,

1892, Lipocrea Thorell, 1878, Siwa Grasshoff, 1970,Paralarinia Grasshoff, 1970,Faradja Grasshoff, 1970,
MahembeaGrasshoff, 1970 antariniaria Grasshoff, 1970. Some authors (Levi, 1975; Marusik, 1986) rejected the
conclusions of Grasshoff, but some authors such as Levy (1986) have supported some of Grasshoff's results. The genus
Lipocrea was originally described by Thorell (1878) and includes 4 spetiediluta Thorell, 1887 known from

Myanmar to Australial. fusiformis(Thorell, 1877) known from Philippines, Sulawesi, India to Japaitgngissima
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(Simon, 1881) known from Afrotropical region ahd epeiroides(O. P. Cambridge, 1872) so far known only from
Israel and Yemen (Platnick, 2010).

The aim of this paper is to present the first record of the shidepeiroidesfor the araneofauna of Turkey.
The detailed morphological illustrations lofepeiroidesare also provided.

2. Material and methods

Only one male specimen was collected by sweeping from Hatay province, Turkey. The identification was
made using the descriptions of Levy (1986). Digital images were taken by SMZ10A Nikon stereomicroscope. For SEM
photographies, the male palp were dried at 30 °C temperature and coated with a thin layer of gold by Polaron SC 502
sputter coater. The material was examined at an accelerating voltage of 15 kV under Jeol JSM 6060 LV Scanning
Electron Microscope. The specimen is preserved in 70 % ethanol and deposited in the personal collection of Jérg
Wunderlich (Heidelberg, Germany) with collection number: R20/AR/CJW. All measurements in the text are in
millimeters (mm). Measurements are taken from the dorsal side of legs.

The taxonomy follows Platnick (2010) and the terminology follows Levy (1986).
3. Results
Family Araneidae Simon, 1895
Lipocrea epeiroides (O. P. Cambridge, 1872)

Material examined: Hatay province, Hassa district, Aktepe town, collected on annual plants (36°40'21.10"N;
36°30'48.16"E), 1 male, 05. V. 2008, leg. E.AgWfaur & E. Tezcan.

Description of male: Carapace smooth surfaced, yellowish with a dark brown deep fovea (Figure 1). Anterior and
posterior lateral eyes touching each other. Anterior median eyes separated one from another about 1 diameter. (Figure
2). Sternum yellowish, spear-shaped (Figure 3). Tips of chelicerae brownish. Chelicerae with two big, one medium, and
one small teeth promarginally and one big and two small teeth retromarginally (Figure 4). Abdomen long and narrow,
pointed at each end, ending with a small tip, two pale brown bands with black spots extend along dorsum (Figure 5a, b).
Abdomen dorsally with some long, thin transparent hairs. (Figure 5b). Venter with white, longitudinal patch surrounded
by a brownish large border, and two whitish spots close to spinnerets (Figure 6). No coxal tuber on walking legs (Figure
3). Femora I-1l with a ventral-retrolateral row of dark color bristles (Figure 7a), and femora IV, on basal-ventral part,
with 2 short spines emerged from small tubercles (Figure 7b).

Figure 1. General appearancea.okpeiroideqO.P. Cambridge, 1872) (Dorsél view).
Palp: Two patellar bristles are very distinct (Figure 2). Median apophysis large and spoon-shaped, median apophysis
bears finger-shaped pointed process on mesal side; dark coloured large conductor forms a cap mesally; large terminal

apophysis ending with pointed tip bending downwards; subterminal apophysis large and bears pointed tip; embolus
thick (Figures 8-10).
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R 0.75 mm ‘
e

Figure 2. Eyes and patellar bristles of palp, Figure'3. Sternum and no coxal tuber on walking legs (arrows)
left palp was removed by authors
(Dorsal view).

Measurements:Body length 6.7; carapace 2.85; abdomen length 3.85; length of legs: | 14.53, Il 14.35, 1ll 11.60, IV
13.5; leg I: coxa 0.08; trochanter 0.29; femur 3.30; patella 1.45; tibia 4.10; metatarsus 5.20; tarsus 0.11.

Remarks

L. epeiroideswas originally described with the specimens collected from vicinity of Jericho, Israel by O.P.
Cambridge (1872), and then, there have been only few additional data on this species. The species is not common in the
collections, so we have limited information on the zoogeographical pattern and habitat of this species. Our sample was
collected by sweeping from heaths in rocky area. The recording of this species from Turkey widens its range of
distribution.

The morphometric measurements and other characteristic features of our sample conforms to holotype
charactersitics of this species given by Levy (1986) and no significant differences have been determined in palpal
structures.
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Figure 5. Dorsal (A), and lateral view of abdomen (B).
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Figure 6. Abdomen, ventral view, with two whitish spots (arrows).
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Figure 9. Ventral view of left palp, enlarged. Ta: Terminal
Apophysis, C: Conductor, Tg: Tegulum, M: Median Apophysis.
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Figure 10. Ventral view of left palp. Ta: Terminal Apophysis, Th: Subterminal Apophysis, E: Embolus
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Abstract

Genetic diversity among 15 mungbean genotypes of Pakistan was assessed through Random Amplified
Polymorphic DNA (RAPD) analysis, with 30 random decamer primers using polymerase chain reaction (PCR). A total
of 370 bands were observed, with 12.3 bands per primer, of which 91.6% were polymorphic. OPG-08 produced
maximum number of fragments while minimum numbers of fragments were produced with primer OPH-05. Cluster
analysis by the Unweighted Paired Group Method of Arithmetic means (UPGMA) showed that these 15 genotypes
could be classified in five groups with a similarity ranging from 0.48-0.86. Maximum similarity was observed between
NM-51, NM-54 and NM-98 (0.86). Interestingly, these mungbean genotypes have been developed at one breeding
center, while ML-5 was found the least similar line due to its exotic nature. The analysis revealed that the inter-varietal
genetic relationship of several genotypes is related to their center of origin. Most of the mungbean genotypes have a
narrow genetic base. These results correspond well with previous reported results on mungbean from other countries.
The RAPD analysis indicated that it may be a more efficient marker than morphological marker, isozyme and RFLP
technology. Based on present results, these genotypes could be successfully utilized in selecting divergent parents for
breeding and mapping purposes in future.

Key words. Cluster Analysis, Mungbean genotypes, Diversity, RAPD, Genetic similarities
1 Introduction

Mungbean Yigna radiatal. Wilczek) 2n=2x=22 is one of the most important pulse crop of Pakistan with an
average yield of 546 kg Haand is grown over an area of 0.21 million hectares annually (MINFAL, 2007). On the basis
of area and production it is the second largest pulse crop after chickpea. It is bi-annually cultivated crop because of its
high degree of heat tolerance up to 40°C. India, the central Asian region, is known as the centre of diversity and
domestication (Vavilov, 1951; Smartt, 1985).

To identify the useful and effective germplasm for the development of line of an exhaustive characteristic with
maximum diversity should be selected. The crosses between parents with maximum genetic divergence are generally
the most responsive for bringing up the genetic improvement (Arunachalam, 1981) but this practice resulted in a narrow
genetic base for the new mungbean varieties.

Previously morphological markers, with their complex and undeciphered genetic control, were used for
individual identification. Morphological features are indicative of genotypes but are represented by only a few loci
because there are not a large enough number of characters available. Moreover, they can also be affected by
environmental factors and growth pattern. The RAPD technique generates molecular markers for comparative analysis
that are quick, effective, easy to use, free from environmental influences, unlimited in number, random but have wide
coverage of genome and have a relatively higher level of polymorphism (Newbury and Ford-Lloyd, 1993).
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The RAPD technique provides an unlimited number of markers which can be used for various purposes like
cultivar analysis and species identification in most crop plants (Willetnag, 1990). (Multani and Lyopreegn, 1995)
reported that RAPD markers could be used to distinguish closely related varieties of same species. A few studies have
been carried out using RAPD alone or in combinations with Inter-simple sequence repeat (ISSR) for finding out the
diversity in mungbean (Roop al, 2008; Afzalet al, 2004; Sainket al, 2004; Lakhanpawdt al, 2000; Bishtet al,

1998; Santalleet al, 1998;). Muthusamet al, (2008) studied RAPD and ISSR markers in rice bean and got 719
amplification products from RAPD and 479 from ISSR. Comparing the results of diversity obtained from RAPD with
ISSR in the common bean, Galvenal., (2003) identified that the ISSR is more effective to separate the genotypes on
the basis of gene pool. Keeping in view these findings of the earlier researchers, the present research work was,
therefore, planned to elucidate the genetic divergence of popular cultivated vari¥figiseofradiatain Pakistan.

2. Materialsand M ethods
2.1. Plant material

A total of 15 commercial varieties of mungbean, one from India and 14 from Pakistan, (Table 1) were
investigated in the present study. Plants were raised in growth chamber under control conditions using vermiculate as

growth media for good plant stand and soft leaf tissues.

Table 1. Name, pedigree and centre of origin of 15 munghégnd radiatg genotypes

Genotypes Pedigree Center of origin

Ramzan VC 1482Cx NM 92 NIFA, Peshawar, Pakistan
NM-92 VC 2768Bx NM 36 NIAB, Faisalabad, Pakistan
NM-98 NM 20-21x VC 1482E NIAB, Faisalabad, Pakistan
NM-51 VC1973A x 6601 NIAB, Faisalabad, Pakistan
NM-28 Local Selection NIAB, Faisalabad, Pakistan
ML-5 No.54x Hyb.45 PAU, Ludhiana, India
AEM-96 Irradiating 6601 NIA, Hayderabad, Pakistan
NM54 VC1973Ax 6601 NIAB, Faisalabad, Pakistan
Pak 22 Local Selection NIAB, Faisalabad, Pakistan
NM89 NM 20-21x VC1482E NIAB, Faisalabad, Pakistan
6601 Local Selection NIAB, Faisalabad, Pakistan
NM 20-21 Irradiated Pak-22 NIAB, Faisalabad, Pakistan
NM 19-19 Irradiated Pak-22 NIAB, Faisalabad, Pakistan
Chakwal Mung-97 (CM-97) Local Selection BARI, Chakwal, Pakistan
AZRI Mung-06 Cl/94-4-19 AZRI, Bhakkar, Pakistan

2.2. DNA isolation

Total genomic DNA was isolated with the modified CTAB method (Saghai-Matoalf, 1984) and the DNA
guantification was carried out using NanoDrop 1000 Spectrophotometer V3.7.1 Thermo Fisher® Scientific, Inc (Figure
1; Table 2). Approximately 250 mg leaf material was grinded to a fine powder using liquid nitrogen and quickly
transferred into 25 ml of pre-warmed {60 isolation buffer in a capped polypropylene tube, incubated for 1 hour at
65°C in a water bath and mixed by swirling gently with an interval of every 10 minutes. Equal volume of Chloroform:
Isoamyl alcohol (Cl) was added to these tubes and the contents were hand shaken for 10 minutes.

Figure 1. Thermo Scientific NanoDrBb1000 Spectrophotometer used for quantification of genomic DNA
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Table 2.Quantification of genomic DNA using NanoDrop 1000 Spectrophotometer software 3.7.1

SampleID ng/ul A260 A280  260/280 260/230 Cursor abs. 340 raw
Ramzan 4521.25 90.425  45.585 1.98 1.93 46.878 4.097
NM-92 3510.52 70.21 35.512 1.98 1.56 44.93 10.33
NM-98 2284.29 45.686  22.297 2.05 1.80 25.349 4.49
NM-51 4272.21 85.444  45.742 1.87 1.35 63.33 13.264
NM-28 2010.67 40.213  20.973 1.92 1.47 27.425 6.066
ML-5 3466.86 69.337  36.458 1.90 1.33 52.02 12.789
AEM-96 3054.09 61.082  31.029 1.97 1.75 34.941 3.678
NM54 2864.69 57.294  29.338 1.95 1.63 35.193 4.884
Pak 22 2024.15 40.483  21.752 1.86 1.46 27.657 6.912
NM89 2449.08 48.982  25.027 1.96 1.63 29.987 7.259
6601 3299.11 65.982  32.777 2.01 1.94 33.966 3.213
NM 20-21 3036.71 60.734  30.326 2.00 1.87 3251 4.843
NM 19-19 1980.42 39.608  19.884 1.99 1.83 21.594 1.923
CM-97 2174.65 43.493  21.427 2.03 1.92 22.613 2.058
AZRI Mung-06 3042.46 60.849  30.376 2.00 1.88 32.362 3.429

The tubes were centrifuged for 10 minutes at 8000 rpm; the upper aqueous layer was extracted twice with fresh CI and
the final aqueous layer was transferred to a centrifuge tube. To these tubes, 0.6 volume of ice-cold isopropanol was
added and shaken for several times. By using a glass hook, DNA was spooled out in the form of whitish fibers and

transferred to washing solution after drying. DNA was dissolved in an appropriate volume of 1X TE buffer.

For purification, RNase-A was added to the tubey(@®I™") and the mixture was incubated for 1 hour &C37
DNA was extracted with Cl by centrifuging the tubes at 10,000 rpm for 5 minutes at room temperature. DNA was
precipitated with 2 volume of ice cold absolute ethanol and was recovered by centrifuging the tubes at 5000 rpm for 10
minutes. The pellet was washed with 70% ethanol and dissolved in appropriate volume of IX TE.

2.3. RAPD analysis

Thirty random primers (Table 3) of 10-base oligonucleotide of Operon Technologies for the PCR provided by
the automated genome facility Southern lllinois University Carbondale (SIUC), USA were used for divergence study in
mungbean. PCRs were carried out in 0.05 ceaction volumes each containing 50 ng of genomic template DNA
diluted from master genomic solution (Table 2), O\ of the particular primer, 100M of each dNTP, 2u of Taq
DNA polymerase 10X buffer, 1 unit Taq polymerase (Perkin Elmer) and 2.5 mM,MBCR amplification was
performed on a Gene AMP PCR System 9700 from PE Applied Biosystems® under the following conditions: Initial
denaturation at 98 for 5 minutes, followed by 45 cycles of denaturing &C9%r 3 minutes, annealing at&2for 1
minute, extension at @ for 1 minute and final extension at®@2for 5 minutes. The amplification products obtained
from PCR along with 1kb DNA ladder of NEB® were checked on 0.8% agarose gel tray from Maxicell® EC 360M
electrophoretic gel system E-C apparatus corporation with electric supplier EC 154 and visualized under UV light using
Quantity One® software, following staining with ethidium bromide.

2.4. Data analysis
The frequency of RAPD polymorphism was calculated based on presence (taken as 1) or absence (taken as 0)
of common bands (Ghosat al, (1997). The binary data were used to compute pair-wise Jaccard Similarities

Coefficient on NTSYS-PC. A dendrogram based on similarity coefficient was generated by using the unweighted pair
group of arithmetic means (UPGMA).
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Table 3. Primers, their sequences and basic temperature used for mukgbeatiata L. Wilczek) genotypes

amplification.
Primer Sequence Basic Temperature’C
OPG-02 GGCACTGAGG 34
OPG-03 GAGCCCTCCA 34
OPG-04 AGCGTGTCTG 32
OPG-06 GTGCCTAACC 32
OPG-07 GAACCTGCGG 34
OPG-08 TCACGTCCAC 32
OPG-09 CTGACGTCAC 32
OPG-10 AGGGCCGTCT 34
OPG-11 TGCCCGTCGT 34
OPG-14 GGATGAGACC 32
OPG-15 ACTGGGACTC 32
OPH-01 GGTCGGAGAA 32
OPH-02 TCGGACGTGA 32
OPH-03 AGACGTCCAC 32
OPH-04 GGAAGTCGCC 34
OPH-05 AGTCGTCCCC 34
OPH-06 ACGCATCGCA 32
OPH-07 CTGCATCGTG 32
OPH-09 TGTAGCTGGG 32
OPH-10 CCTACGTCAG 32
OPH-11 CTTCCGCAGT 32
OPH-12 ACGCGCATGT 32
OPH-13 GACGCCACAC 34
OPH-14 ACCAGGTTGG 32
OPH-15 AATGGCGCAG 32
OPH-16 TCTCAGCTGG 32
OPH-20 GGGAGACATC 32
OPz-01 TCTGTGCCAC 32
OPZ-05 TCCCATGCTG 32
OPZ-09 CACCCCAGTC 34

3. Results and Discussion

Genomic DNA of 15 mungbean genotypes were amplified with 30 different random primers of Operon
Technologies, USA. All 15 genotypes with 30 primers revealed a unique banding pattern. This might be indicative of a
wide genetic base of mungbean genotypes studied. Different primers produced a different level of polymorphism
among the different varieties (Figure. 2A, 2B, 2C, 2D).

A total of 370 DNA fragments were amplified, with an average of 12.3 RAPD amplification products per
primer. Out of 370 amplified fragments, 31 (8.4%) were found to be monomorphic. The remaining 339 (91.6%) were
polymorphic in single or multiple bands of the 15 mungbean genotypes. The amplitude of polymorphisms was high
even when there was not a single primer (out of 30 studied) which could differentiate clearly between all the mungbean
genotypes. The size of the amplified fragments also varied with different primers. The approximate size of the largest
fragment produced was 3.0 kb and the smallest fragment produced was approximately 0.25 kb. Out of the 15 genotypes
studied, NM-28 (released by NIAB, Faisalabad, Pakistan) produced the maximum number of DNA amplified fragment
(248), while ML-5 (released by Punjab Agricultural University, Ludhiana, India) produced 153 bands, which is the
minimum number. Other mungbean genotypes produced between 189 and 236 bands in common. The variety NM-54
and NM 19-19 (both released by NIAB, Faisalabad, Pakistan) produced 223 bands, which were maximum common
bands for tested genotype. A maximum of 14 fragments were amplified with primer OPG-08 and a minimum of 8 bands
with primer OPH-05.

To estimate the genetic similarities of the mungbean genotypes, a similarity matrix obtained using Jaccard
coefficients shown in Table 4. These similarity coefficients were used to generate a dendrogram (Figure. 3) by UPGMA
analysis in order to determine the grouping of different varieties. Maximum similarity was observed between NM-51,
NM-54 and NM-98 (0.86). Interestingly, these varieties have been developed at one breeding center. On the basis of the
RAPD data their genetic bases looked very narrow. From the similarity matrix, the least similar genotype was ML-5 as
it has been an exotic line of India. Its similarity ranges from 0.48 to 0.69. The coefficient of similarity of most of the
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other varieties ranges between 0.48 to 0.83. Using 21 decamer RAPD markers Lakéiaaha@000) got a total of

267 amplification products with an average of 12.71 per primer with an overall polymorphism of 64% using 32 Indian
mungbean genotypes. The extent of polymorphism was moderate to low and the Jaccard similarity coefficient values
ranged 0.65 to 0.92. Muthusarey al., (2008) assessed genetic diversity among 10 land races of rice bean genotypes
and compared the RAPD and ISSR data. In their studies, the RAPD generated more polymorphic loci (70.30%) than the
ISSR which were only (61.79%). The pairwise similarity index ranged from 0.530 to 0.782, while &aalai2003)
concluded that ISSR is a better tool than RAPDs to identify beans by gene pool of origin though they did not reveal as
many differences between individuals as RAPDs.

Cluster analysis using RAPD resulted in five main cluster groups. The dendrogram (Figure. 3) assigned the
mungbean genotypes into groups which correspond well with their centers or sub centers of release and or pedigree
relationship. In cluster ‘B’ three genotypes NM-51, NM-54 and NM-98 are more closely related as compared to any
other variety. They have high estimates of genetic identity (0.86). In cluster ‘A’ out of three mungbean varieties
Ramzan and NM-92 clustered together indicating that they are more closely related as compared to ML-5 since Ramzan
and NM-92 are indigenous while the ML-5 is an exotic line. The cluster ‘C’ and ‘D’ comprises three varieties each
namely NM 20-21, NM-89, NM 19-19 and NM-28, Pak-22, 6601, with similarities ranges between 0.70- 0.77 and 0.70-
0.82, respectively. The variety ML-5 showed a similarity 0.74 with the rest of the varieties of cluster B, C and D. The
cluster ‘E’ comprised of two varieties Chakwal Mung-97 (CM-97) and AZRI Mung-06. The clustering of the varieties
might be due to selection of the elite lines from a single population. High level of polymorphism has been observed
with RAPD marker, revealing a wide and diverse genetic basis of the germplasm accessions analysest @Rpoopa
2008) and its correlation with agronomic and morphological parameters. Earlier, low to moderate polymorphism was
observed while analysing 32 Indian mungbean cultivars using 21 RAPD primers (Lakheinalal2000). Moreover,
breeders mostly crossing the elite lines of other breeding countries in mungbean improvement programs, making the
breeding material identical which ultimately result in close kinship of the varieties. The genetic similarity obtained from
the analysis will be useful in selecting divergent parents for breeding and mapping purposes.
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Figure 2A. Amplification products obtained using RAPD Primer OPG-08
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Figure 2B. Amplification products obtained using RAPD Primer OPG-09
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Figure 2C. Amplification products obtained using RAPD Primer OPH-03
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Figure 2D. Amplification products obtained using RAPD Primer OPH-05

Table 4. Similarity matrix for Jaccard coefficients of 15 mungbean genotypes obtained from RAPD marker analysis

Ramzan NM-51  NM-54 NM-98 NM-92 AEM-96 ML-5 NM20-21 NM19-19 NM-28 Pak-22 6601 NM-89 CM-97 AZRIM6

Ramzan

1.00
NM-51 0.67 1.00
NM-54 0.65 0.86 1.00
NM-98 0.65 0.82 0.83 1.00
NM-92 0.69 0.60 0.55 0.60 1.00
AEM-96 0.58 0.72 0.74 0.74 0.56 1.00
ML-S 0.63 0.57 0.53 0.55 0.69 0.50 1.00
NM20-21 4 60 0.75 0.75 0.76 0.59 0.74 0.57 1.00
NM19-19 60 0.76 0.75 0.77 0.53 0.74 0.54 0.77 1.00
NM-28 0.61 0.75 0.78 0.81 0.58 0.72 0.51 0.76 0.76 1.00
Pak-22
0.62 0.76 0.75 0.75 0.55 0.74 0.48 0.74 0.77 0.82 1.00
ooot 0.58 0.72 0.71 0.74 0.61 0.72 0.54 0.73 0.75 0.82 081  1.00
-89 0.60 0.72 0.72 0.76 0.59 0.71 0.50 0.78 0.76 0.78 076 076  1.00
CM-97 0.60 0.70 0.70 0.72 0.58 0.70 0.52 0.70 0.72 0.70 072 068 0.76 1.00
AZRI M6 0.63 0.76 0.73 0.74 0.57 0.70 0.55 0.75 0.74 0.74 073 074 077 075  1.00
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Figure 3. Dendrogram of 15 mungbean genotypes developed from RAPD data using Unweighted Pair Group Method of
Arithmetic means (UPGMA).
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Abstract
Hymenoscyphus lutescerand Trichophaea hemisphaerioidesere collected in fir forestTrichophaea
hemisphaerioidess new record at genus level and the latter species is new record at speci@hiewvedp showing

collection sites and pictures of macro and micro morphology for fungi have been given.

Key words: Hymenoscyphy§richophaeaNew records, Turkey

O
Tirkiye'nin Akdeniz Ydéresinden iki yeni Askomiset kaydi

Ozet

Hymenoscyphus lutesceng Trichophaea hemisphaerioidegdknar ormanindan toplandilrichophaea
hemisphaerioidescins seviyesinde ikincisi tir seviyesinde yeni kayittir. Toplama yerlerini godsteren harita ve
mantarlarin makroskobisi ve mikroskobisine ait fipedlari verilmitir.

Anahtar Kelimeler: Hymenoscyphy§richophaeaYeni kayitlar, Turkiye
1. Introduction

The needle litter and wood debrisAlbiestrees are very suitable for the growth of small macrofungi species,
especially cup shaped Ascomycets, by its soft strucAbies cilicicaforests are widespread in Mediterranean part of
Turkey. There are two subsp. Albies cilicicain Turkey;Abies cilicicasubspisaurica Coode & Cullen and\. cilicica
(Ant. & Kotschy) Carr. subspilicica. A. cilicica subspisauricais an endemic species and grows in the area of West
Taurus Mountain and the latter grows in the area of East Taurus Mountain. The fir forests in the Taurus mountain are
both pure stands or mixed witbedrus libaniA.Rich., Juniperus excels. Bieb., J. foetidissimawilld. and Pinus
nigra J.F. Arnoldsubspnigra var. caramanica(Loudon) R. Businsky

Till now, there are three data fetymenoscyphugenus in Turkey. One id. calyculus(Sowerby: Fr.) W.
Phillips by Solak et al. (1997), other k. fructigenus(Bull.: Fr.) Fr. by Akta et al. (2006) and last species is
Hymenoscyphus scutul@ers.) W. Phillips by Uzun et al. (2010). According to the analysis of the appropriate
literatures, there is no data for the specie3rithophaea hemisphaerioidg¢Solak et al., 2007; Sesli and Denchev,
2009).

This study will contribute two new ascomycetous fungi to Turkish mycobiota.

2. Materials and methods
The fungal materials were collected from Antalya, Karaman and Adana provinces between 2006 and 2008

(Figure 1). Microscopic study of the fungi was done at x 40 and x 100 magnifications, with applying the conventional
reagents; IKI, 5 % KOH and cotton blue. The following literatures were used for the species identification; Breitenbach

* Corresponding authof Haberlgmeden sorumlu yazar: hhuseyindogan66@gmail.com
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and Kranzlin (1986) and Medardi (2006). The genera are taxonomically arranged according to the Cannon and Kirk
(2007).

The materials are deposited in Fungarium of Mushroom Application and Research Centre at Selguk University
in Konya.

3. Results

Ascomycota

Leotiomycetes

Helotiales

Helotiaceae

Hymenoscyphus lutesceftéedw.) W. Phillips, (1887)

SynonymsCalycina lutescenfHedw.) Kuntze, (1898)
Helotium lutescendiedw.) Fr., (1849)
Basionym Octospora lutescendedw., (1789)

Fruitbody substipitate, with a short thick stalk, apothecia 0.5-1.5 mm diam, cup-to disc-shaped; disc and stipe
pale yellow; outside paler with brownish base, turning reddish brown when dry (Figure 2).

Spores10-15 x 3-5 um, ellipsoid to cylindric, with 0-1 septaisci 70-90 x 7-8 um, tips of paraphyses with
yellowish oil inclusions (Figure 3).

Specimens collectedAntalya-Gazipsa, Akcal plateau, kuyu yani district, in mix&druslibani, A. cilicica
subspisauricaandPinus nigraforest, on cone scales Binus nigra 1700m, 08.12.2006JD2477, Karaman-Ermenek,
Kocgas forest, in mixedC. libani andA. cilicica subsp.isaurica forest, on cone scales Af cilicica subsp.isaurica,
36470361D-404159K, 1750m, 14.11.20884397.

Figure 1. The collection areas for the speamd (lutescenss T. hemisphaerioidés
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Figure 2. Ascocarps ¢i. lutescens. Figure 3. Ascospores and ascus.dfitescens.

Pezizomycetes

Pezizales

Pyronemataceae

Trichophaea hemisphaerioidéslouton) Graddon, (1960)

Synonym:Humaria hemisphaerioidgdouton) Eckblad, (1968)
Basionym:Lachnea hemisphaerioid&douton, (1897)

Apothecia 5-10 (15) mm diam, hemisphaerical-bladderlike at first, then remaining cup-shaped for a long time
and later becoming flat, the ciliated margin always remaining turned upward, resting stalkless on the substrate (Figure
4). Hymenium white to gray-whitish, sometimes with bluish tint. Margin and underside with brown Hégéiss 200-

400 x 5-15 um, dark brown, thick walled, tapering to a point, multiple septate. Growing singly to gregariously.

Sporesnarrowly elliptical, hyaline, some finely punctuate and rough, with 2 drops, 13-18 x 5-7 um. Asci eight
spored, 175-200 x 7-8 um (Figure Baraphysesslender, forked at the base, septate, tips slightly thickened.

Specimens collectedAdana-Kozan, Gérbiyes, Kuyunun gedik district Aincilicica subsp.cilicica forest on
needle litter ofA. cilicica subspcilicica, 36728229D-4185068K, 1341m, 27.10.2068)4021, Adana-Feke, Tapan, in
mixed C. libani and A. cilicica subsp.cilicica forest on needle litter of\. cilicica subsp.cilicica, 37243075D-
41864495K, 1596m, 27.10.2008{D4156.
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Figure 4. Ascocarps af. hemisphaerioides Figure 5. Ascospores and asclst@misphaerioides.
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4. Conclusion and discussion

Although H. lutescenss similar toH. calyculus H. fructigenusand H. scutulaby its macroscopic features.
There are several respectable discrepancies betweenhhdutescendias small ascospores than other three species
and it has also short stalk while other species have long stalks.

T. hemisphaerioides similar toHumaria hemisphaericdF.H. Wigg.) Fuckel for its macroscopic features.
But it is easy to separate them by their microscopic characters. The spore3 of¢heisphaerioideare smaller than
H. hemisphaericand there are no warts on the spores. The haifs leémisphaerioideare thinner and smaller than
H. hemisphaerica.
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Seed Surface Analysis of Some Threatened Endemic Plants from Tahtali Mountains (Adana-Kayseri/Turkey)
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Abstract

In this study, seeds morphology of the local endemic 8 spegighdmis antitauricaGrierson Cirsium
aytachiiH.Duman & R.R.Mill,Jacobaea inopgBoiss. & Balansa) B.NordGrammosciadium conferturtub.-Mor. &
Lamond Muscari macbeathianunKit Tan, Silene balansaeBoiss., Teucrium antitauricumEkim, Verbascum
hadschinensé&reny & Sint.) known only from Tahtali range and the neighbouring mountains in South Anatolia were
studied. These studied species has been presented with SEM pictures including both the general structures of the seeds
and also the ornamentation details of them.

Key words: Endemic, ex-situ conservation, seed morphology, SEM, Turkey

Ozet

Bu calsmada, Glney Anadolu'da yer alan Tahtalglda ve yakin cevresinden bilinen 8 lokal endemik
bitkinin (Anthemis antitauricaGrierson Cirsium aytachiiH.Duman & R.R.Mill, Jacobaea inopgBoiss. & Balansa)
B.Nord., Grammosciadium confertukub.-Mor. & Lamond Muscari macbeathianuiiit Tan, Silene balansaBoiss.,
Teucrium antitauricumgkim, Verbascum hadschinendereny & Sint.) tohum morfolojisi c¢allmistir. Ayrica
calismada, tohumlarin genel gorighéri ve ornamentasyon detaylarini gdsteren SEMgfattari da verilmgtir.

Anahtar kelimeler: Endemik bitki, ex-situ koruma, tohum morfolojisi, SEM, Tirkiye

1. Introduction

Tahtali mountains, containing a large number of regional and local endemic plants, are referred as an important
endemism centre of Turkey. The 8 local endemic species, only known from Tahtall range and neighbouring mountains,
were studied in this article. These speciesfarthemis antitauricaGrierson,Cirsium aytachiiH.Duman & R.R.Mill
and Jacobaea inopgBoiss. & Balansa) B.Nord. (Compositaggrammosciadium confertutdub.-Mor. & Lamond
(Umbelliferae) Muscari macbeathianurKit Tan (Liliaceae) Silene balansadoiss. (Caryophyllaceae)Teucrium
antitauricum Ekim (Labiatae) andverbascum hadschinenggeny & Sint. (Scrophulariaceae). All these important
endemic species have very small populations in their distribution areas. Also, they are under threat because of various
reasons such as the lack of conservation measurements, serious habitat degradation and over grazing pressures. Thit
study aims to collect the seeds, to determine their morphological characters and also to contribute the scientists who
would like to study with these seed for any scientific purposes.

2. Material and Method
The seeds were collected by considering to sample the whole genetic diversity of the species during the

dispersal season in 2008. All the specimens were identified by using some relevant literatures (Coode afh@88ullen,
Davis and Parris, 1975; Davis et al., 1988; Ekim, 1982; Grierson and Yavin, 1975; Greuter and von Raab-Straube,

* Corresponding authot Haberlgmeden sorumlu yazar: barisbani@yahoo.com
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2007; Guner et al., 2000; Hedge and Lamond, 1972; Huber-Morath, 1978; Tan, 1988; Matthews, 1975; Sruart and
Davis, 1984). Also the following researches dealing with the seed morphology (Atera et al., 2007; Kaya and Dirmenci,
2008; Pinar et al. 2007; Prasad, 1976; Yildiz and Cirpici, 1998) were investigated. All the seed samples were sent to
Central Research Institution Seed Bank in Ankara for conserving them under cold and dry conditions.

All the specimens were collected according to our previous phenological observations. The flowering time of
M. macbeathianumin the mid March, whereaS. aytachiiis flowered in late August. Moreover, the fruiting period
varies from the mid May to the late September for each species. The dispersal seasons were determined as towards to
the end of their fruiting periods (Figure 1).
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Figure 1. Relationship among flowering and fruiting seasons of the species

In order to determine the average seed sizes, 10 seeds from each species were measured (Table 1). For scanning
electron microscopy (SEM) investigations (Figure 2-9), the seeds were examined with the model of Jeol JSM--6060
scanning electron microscope.

4. Results and discussion

Seeds of 8 threatened plant species from 6 families were studied. Among Aheamtitaurica, M.
macbeathianumvere gathered second times after type collection. These 2 species aGd edgdertum, J. inopand
V. hadschinensenly distributed in Tahtali mountains. While 3 of the spedizsgtachii, S. balansae, T. antitauricum
have also very small extent of occurrence in addition to Tahtall moun@irmstachii, S. balansae, T. antitauricum
were collected by several scientists from neighbouring areas which are very close to this range.

IUCN categories of the species are as follo@saytachii, M. macheathianuare CR (Critically Endangered).
A. antitaurica, J. inops, S. balansaaedV. hadschinense afeN (Endangered);. confertumand T. antitauricum are
VU (Vulnerable) (Ekim et al., 2000).

4.1. Seed morphology of the species
Anthemis antitaurica
Achenes straw coloured to pale brown, oblong, 3.05-3.25 x 1-1.19 mm, 7 ribbed on both surfaces, corona 0.5-0.7 mm.

Hilum elliptic; c. 0.5 mm. Sculpture ornamentation reticulate-alveolate. The ornamentation is characterised by the
surface cells with mostly tetragonal walls and many transversal striae between lateral walls (Figure 2).
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Figure 2. Achene cAnthemis antitauricageneral view (a), surface (

Cirsium aytachii
Achenes dark brown to blackish, elliptic, shiny, 5.5-6.16 x 2.2-2.5 mm. Hilum elliptic, oblique, 0.2-0.25 mm. Sculpture
ornamentation finely striate (Figure 3).

@' . Xt,888 1Bum

Figure 3. Achene oEirsium aytachii general view(a), surface (b)

Grammosciadium confertum

Mericarps straw coloured, narrowly oblong, narrowed towards the base, 9-13 x 1.5-2 mm. Hilum broadly elliptic to
orbicular, 0.7-1.9 mm. Stylopodium 0.5-1 mm. Sculpture pattern irregularly arranged, finely striate and sparsely
scrobiculate.

Mericarps dissimilar, outher mericarps with 5 primary ridges; second and fourth ridges ending in a horn. Inner with

with 3 conspicuous and 2 incospicuous primary ridges; first, third and fifth ridges ending in a horn. Horns triangular and
acute, 0.4-0.7 mm. Each mericarps with 4 filiform secondary ridges (Figure 4).

Figure 4. Seed dbrammosciadium conferturgeneral view (a), surface b)
Muscari macbeathianum

Seeds black, elliptic, 1.4-2.4 x 0.6-0.9-1 mm. Hilum linear, oblique, 0.1-0.19 x 0.06-0.008 mm. Sculpture
ornamentation rugose represented by irregular convex reticulated lines (Figure 5).
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Figure 5. Seeds dfluscari macbeathianungeneral view (a), surface (b)

Jacobaea inops
Achenes brown, oblong, hairy, 2-3 x 1.2-1.5 mm. Hilum elliptic. Sculpture ornamentation finely and irregularly striate
(Figure 6).

Figure 6. Achene ofacobaea inopgyeneral view (a), surface (b)

Silene balansae
Seeds pale to dark brown, reniform, 1.6-2.1 x 1-1.5 mm. Hilum semi-orbicular, 0.1-0.2 mm. Sculpture ornamentation
pustulate which is characterised by the irregular surface cells with toothed margins (Figure 7).

Figure 7. Seeds @ilene balansgegeneral view (a), surface (b)

Teucrium antitauricum

Nutlets brown, ovate to oblong, glandular, 1.2-1.9 x 0.5-1 mm. Hilum broadly ovate, 0.4-0.6 mm. Sculpture
ornamentation reticulate-alveolate. The ornamentation is marked by pitted surface cells with mostly polygonal or
orbicular walls (Figure 8).
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Figure 8. Nutlets oTeucrium antitauricumgeneral view (a), surface (b) -

Verbascum hadschinense

Seeds dark brown, oblong, 0.6-0.8 x 0.4-0.5 mm. Hilum very small and orbicular. Seed coat sculpture is formed by
tetragonal cells with regular radial walls showing a reticulate appearance. The walls surrounding each cell are
characterized by blisters. The blisters are only found to the angles where two perpendicular walls reach each other
(Figure 9).

H1o8 166 kmm

Figure 9. Seed oferbascum hadschinenggeneral view (a), surface b)

Table 1. Fruit types and seed characters

Species Fruit Colour Shape Size (mm) Surface Average
type weight (mg)
A. antitaurica achene straw coloured tq oblong 3.05-3.25 x reticulate-alveolate 0.935
pale brown 1-1.19
. dark brown to| . .. 5.5-6.16 x| .. .
C. aytachii achene blackish elliptic 2905 finely striate 7.88
G. confertum . straw coloured narrowly 9-13 X 1.5-| finely  striate and ;¢
mericarp oblong 2 sparsely scrobiculate
M. - 14-24 X
macbeathianum capsule black elliptic 0.6-0.9-1 rugose 0.545

2-3 x 1.2-| finely and irregularly

J. inops achene brown oblong 15 striate 0.875
S. balansae capsule pale ~to darki o o 1.6-2.1x1- pustulate 1.43
brown 15
. . ovate to| 1.2-19 X .
T. antitauricum | nutlet brown oblong 0.5-1 reticulate-alveolate 0.36
. 0.6-0.8 x .
V. hadschinense| capsule dark brown oblong 0.4-05 reticulate 0.11

Consequently, 4 fruit types (achene, capsule, nutlet and mericarp) and 7 ornamentation types (reticulate, reticulate-
alveolate, finely striate, finely and irregularly striate, finely striate and sparsely scrobiculate, rugose, pustulate) were
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determined. 4 of the seeds are oblong, 2 of them are elliptic, 1 of them are reniform and 1 of them is ovate to oblong in
shape. Their average weights vary from 0.11 to 10.26 mg (Table 1). Also the relationship between seed length and seed
width of the species is shown in Figure B.confertumhas the longest seeds, while the broadest seeds bel@ng to
aytachii V. hadschinensbkas the shortest and the narrowest seeds (Figure 10).
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Figure10. Relationship between seed length and seed width
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Abstract

Anatomical studies of 16 species of the geBilsnehave been carried out from Pakistan by light microscopy.
There is considerable variation in leaf epidermal anatomy in the spe@dsra In anatomical studies type of stomata,
shape and size of epidermal cells, trichomes and crystals are important to identify the taxa at specific level. In almost all
the species abaxial surface was different from the adaxial surfaces. . Diacytic type of stomata is the diagnostic character
of family Caryophyllaceae. I&ilenebasic type of stomata is diacytic but some other stomatal types are also present
such as anisocytic and anomocyficarenosaan be easily distinguished by cristarque type of crystal. Epidermal cells
of S. moorcroftianare larger in size i.e.125 um in length whileSnindicalength of epidermal cell is 30um.
villosa 4 - 5 - celled glandular hairs are abundantly present that is its species- specific character. The study suggests that
the genusSilenehas both primitive as well as advanced characters. A dichotomous key is constructed for the species
identification using the characters that have been studied.

Keywords: Silene,Caryophyllaceae, Stomata, Epidermis, Trichomes
1. Introduction

Silene is one of the largest genera of flowering plants in the world consisting of about 700 species (Greuter, 1995;
Jurgens et al., 2002; Jurgens, 2004).In Pakistan the genus is represented by 28 species (Ghazanfar and Nasir, 1986)
Arora and Panday (1996) and Bakshi (1984) reported the medicanal properties @itgais

Anatomical features are of particular value to identify small scraps of plant material (Stace, 1980).Anatomical or
endomorphic characters are not appreciably influenced by environmental changes and are basically uniform from one
group to another (Bokhari, 1987). Different workers (Ahmad and Safa, 1995; Ahmad, 1997; Aranbari and Colares,
1993; Ataslar, 2004) have utilized epidermal and stomatal characteristics in the systematic studies of some families with
some success. Rashid et #1987) have worked out the epidermal anatomy of some members of Family
Convolvulaceae and Solanaceae. Similarly, Das (2002) worked on the ontogeny of stomata of some Indian mangroves.
Gilani et al.(2002) investigated the leaf epidermal anatomy of seldBigitlaria species. Metcalfe and chalk (1950)
studied the anatomy of caryophyllaceae and reported that generally the stomata are diacytic i.e. caryophyllacous type
but exceptions where stomata are anisocytic.Uniseriate glandular hairs were rep®ifetkicCalcium oxalate crystals
are found commonly iDiathusand Silene.

Davis (1967) investigated the anatomy of Caryophyllaceae and reported that the glandular and eglandular hairs are
of diagnostic value in Caryophyllaceae. The previous anatomy studied on Caryophyllaceae had been done by Metcalfe
and Chalk (1983). Akhter and Syed (2006) studied epidermal structures as taxonomic features in some members of
Acanthaceae. Jafari et al. (2008) have utilized epidermal characters in the systematic s&itiassgecies in Iran.

Yildiz and Minareci (2008) reported glandular hairs and stomata on both surfaces of le®iesefurvillei.
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Although anatomical evidence has played an important role in discerning natural groups and understanding
phylogenetic relationships, however there is a great need for knowledge of anatomical investigation in many plant
families including Caryophyllaceae especially from Pakistan. The present study was undertaken to investigate the
epidermal structure and to find out whether they can be used for taxonomic identification of some species in genus
Silene.In this paper leaf epidermal anatomy of the gedilenefrom Pakistan has been presented for the first time.

2. Material and methods

The anatomical investigations are based on the herbarium specimen obtained from Quaid-i-Azam University,
Islamabad (ISL). For epidermal studies Shultze's method of maceration with improved technique was followed
(Subrahmanyam, 1996). In a test tube, leaves were boiled with 4 ml of concentrated nitric acid to which 2g of potassium
chloride and 1ml of distilled water was added as the epidermis was separated in the form of a thin pellicle, the content
of the test tube were emptied in water. Epidermal strips were washed with water and placed on glass slide then poured
one to two drops of lactic acid and covered with cover slip. The prepared slides were studied under the light
microscope. Permanent slides for anatomical reference collection have been deposited in the Plant Taxonomy Lab,
Department of Plant Sciences, Quaid-i-Azam University, Islamabad. Terminology used is after Easu (1965). The
following species were studied:

S. apetala S. arenosa S. brahuica S. citrina

S. conoidea S. falconariana S. indica S. kunawerensis

S. longisepala S. moorcoftiana S. ovalifolia S. pseudo-verticellata
S. tennuis S. villosa S. viscosa S. vulgaris

3. Results

Table 1 summarizes the features of leaf epidermal cells from the taxa examined. Light microg&ilsme of
species are presented in Figs.1-17.

Size and Shape of Epidermal cells. The shape of epidermal cells is irregular, rectangular and polygonal with smooth,
slightly wavy, wavy and highly undulating walls.

10 species vizS. apetalaS. citrina,S. conoidea, S. falconariana, S. indica, S. kunawerensis. S. moorcroftiana, S.
pseudoverticillateand S. tennuisand S. viscosahave irregular shape of cells. Similarly, 4 species Sizarenosa,.

S. ovalifolia, S. villosand S. vulgarishave polygonal cells. Epidermal cells & brahuicaand S. longisepalare
rectangular.

The size of epidermal cells of the speciesSdeneranges from 30x18um to 125x65um. There is great
variation in the size of the epidermal cells. Area of epidermal cell appear to be the largest (125x63um) in
moorcroftiana,and the smallest (30x18um) 8. indica.

Stomata: Stomata are of different types. Eight species Siz.arenosa, S. brahuica. S. conoidea, S. kunawerensis. S.
longisepala, S. tennuis, S. viscosand S. vulgarishave diacytic type of stomata while rest of the species have
variety of stomata i.e. diacytic, anomocytic and anisocyfic. arenosa, S. viscosnd S. vulgaris have less number

of stomata on adaxial surface as compare to abaxial surface

Trichomes: Trichomes are absent iB. apetalaand S. vulgaris. Trichomes range from glandular to non- glandular
and unicellular to multicellular hair§. longisepalaand S. moorcroftiana have same 2-3 celled glandular hairs.
Similarly, S. arenosa, S. falconariana, S. kunawerensis, S. ovaldolis. viscosa have non glandular hairs.

Crystals. S. arenosa, S. conoidea, S. moorcroftiana, S. tennuis, S. viaods&. vulgaris have different type of
crystals on epidermal surface. arenosahave cristarque cell.

Based on the present observation and variation shown in epidermal structures following key is proposed for
identification of investigated species.

S. Sahren et al., Leaf epidermal anatomy of the genus Silene (Caryophyllaceae) from Pakistan
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Key to Silene species

1+ Cristarque CelliS PreSeNt. .. ... i i e e ea e Sl.arenosa
- Cristarque cell is abSent..........cooiiii i e 2
2 + Trichomes absent, numerous stomata on both surfaces............ccccccecvveneenn o S...apRetala
- Trichomes present, less stomata on adaxial surface...........cccccceeveeiviiiiiciiiieeneeeeenn, 3
3 + 3-4 celled nonglandular hairs on both surfaces...........cccoooeeiiiiveeieeeeeiinnnns 3....S. viscosa
- 5-6 celled glandular hairs on abaxial surface...............cccccoeiiiiiiveeiee e, 4
4 + Abaxial and adaxial surfaces have 5-6 celled and1-3 celled glandular hairs respectively ....................
........................................................................................................................... S...btahuica
- Nonglandular hairs are PreSent...... ..ot in i e e 5

5 + Highly undulating walls of epidermal cells with blunt ended trichomes...............coiiis
.......................................................................................................................... S...kumawerensis

- Smooth walls of epidermal cells with non-blunt ended trichomes............cccc......... 6
6 + Non-glandular trichomes abundant on abaxial and less on adaxial surface .....S..vul@aris
- Non-glandular trichomes abundant on both surfaces...............cccccccciiiiniiinnnee, 7
7 + 5-6 celled nonglandular hairs with polygonal epidermal cells shape .............. S...ovalifolia
- 2-3 celled glandular hairs with rectangular epidermal cells shape .............cc....... 8
8 + 2-3 celled glandular hairs with smooth walled epidermal cells ........................ S.. |@8ngisepala
- 2-3 celled glandular hairs with wavy walled epidermal cells ..........cccccvveeeeiiinnns 9
9 + Trichomes abundantly present on both surfaces...............ccocceeiiniiinee, S.. 8itrina
- Trichomes occasionally present on both surfaces.............c.ooo i, 10
10 + 1-celled trichome with highly undulating epidermal cell wall......................... 9. tennuis
- 4-5 celled trichome with smooth epidermal cell wall................ccccccooe. 11
11 + 4-5 celled glandular hairs......... ..o e 18. villosa
- TrichOomes abSeNt. .. ... oo 12
12 + Epidermal wall of abaxial surface Wavy.............cooveiiieiiiiiiii e S.2vulgaris
- Epidermal wall of abaxial surface smooth to slightly wavy............cccccoovveveenn.n. 13
13 + Diacytic type of stomata with glandular and non-glandular hairs..................... S.18onoidea
- Diacytic, anomocytic and anisocytic stomata with glandular hairs...................... 14
14 + Rudimentary trichOme PreSENt..........ovviiiie e Slgseudoverticillata
- Rudimentary trichome absent ..........cccoi i 15
15 + Highly undulating wall of epidermal cells on adaxial surface............cccccccccceo. Sl5indica
- Wavy wall of epidermal cells on adaxial surface...........ccccccoiiiiiiiiiiiiniiennnnnns. S.1é&oorcroftiana

4, Discussion

The present study was restricted mainly to stomatal complex, trichomes and its types, epidermal cell shape and
cystoliths i.e. crystals. The results indicate certain facts of taxonomic and phylogenetic importance. The presence of
trichomes in different species of gerfiteneis obvious. Different types of trichomes are found in these species ranging
from unicellular, peltate non-glandular to multicellular shaggy and glandular long multiseriate hairs.

The leaf epidermal anatomy of different species of Caryophyllaceae has proved to be of much importance in the
identification at species level. Davis and Heywood (1963) emphasized the use of anatomical characters, as these are
reliable and fairly constant within a taxon. In some species there is difference in the adaxial and abaxial surface. This
character has been observed in a few species.

In Silenebasic type of stomata is diacytic but some other stomatal types are also present such as anisocytic and
anomocytic. The present study matches with the result of Grewal (2000) who reported diacytic type of stomata in
Caryophyllaceae. Warming (1920) reported that caryophyllaceous type of stomata is found in certain species of
Caryophyllaceae with elongated epidermal cells. Stomata sometimes tend to be of the Cruciferous type in these species.
In Caryophyllaceae genera can be segregated on the basis of smooth and highly undulating wall of epidermal cells.
Jafari et al. (2008) repoted crenate subsidiary cellS. itbnoideand also entire walls in some species of Silene. The
present studies are also in agreement with their findings @sdonoideasmooth to slightly undulating wall is found
on both surfaces. In some speciesSiiEnethere are smooth walls lik8. arenosa, S. apetala, S. brahuica, S.
longisepala, S. ovalifoliandS. villosaon both abaxial and adaxial surfaces. Abaxial and adaxial surfaSesesiuis
andS. kunawerensibave highly undulating walls. 18. indicaand S. citrinaabaxial surfaces have highly undulating
wall with irregular shape of cells while adaxial surfaces have smooth wall with angular c8llsalconarianaabaxial
and adaxial both surfaces have smooth walls with polygonal shape of cells and numerous stomag. Wghidea
have wavy walls on abaxial surface and smooth wall on adaxial surface and less stomata.
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Table 1: Leaf Epidermal Anatomical Features of Silene species
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Taxon Type of stomata Stomata | Stomata Trichome on| Trichome on| Shape of| Wall of | Wall of | Shape of
on abaxial | on adaxial | abaxial adaxial crystal epidermal | epidermal | epidermal
cell on | cell on | cell
abaxial adaxial
Silene apetala Diacytic , Numerous | Numerous | absent Absent Absent Smooth Smooth Irregular,
Anisocytic,anomocytic rectangular
Silene arenosa Diacytic Numerous | Less Short non- Short non-| Cristarque | Smooth Smooth Polygonal
glandular with | glandular with | cell
blunt end blunt end
Silene brahuica Diacytic Numerous | Numerous| 5-6 celled] 1-3 Absent Smooth Smooth rectangula
glandular celled
glandular
Silene citrine Diacytic , Numerous | Numerous | 5- 6 celled 1 celled Absent Smooth Highly Irregular
anisocytic abundant,non- abundant, sinuous ,polygonal
glandular +| glandular non
glandular glandular
Silene conoidea Diacytic Numerous | Numerous| 3-4 3-4 Present Smooth to| Smooth to | Irregular
celled celled slightly slightly
abundant, non-| less,non wavy wavy
glandular +| glandular +
glandular glandular
Silene Diacytic , Numerous | Numerous | abundant, non- less,non Absent Smooth to| Smooth Irregular
falconariana Anisocytic, glandular glandular slightly
anomocytic wavy
Silene indica Diacytic , Numerous | Numerous | 1- 1-celled Absent Smooth Highly Irregular,
Anisocytic celled,occasionally| occasionallypresen undulating | angular
,anomocytic present wall
Silene Diacytic Numerous | Numerous| 3 -4 celled nop 3 -4 celled non| Absent Highly Highly Irregular
kunawerensis glandular , apex| glandular , apex undulating | undulating
blunt blunt wall wall
Silene Diacytic Numerous | Numerous | 2- 3 celled| 2- 3 celled, | Absent Smooth Smooth Rectangulg
longisepala glandular glandular angular
Silene Diacytic , Numerous | Numerous| 2- 3 celled| 2- 3 celled, | Present + wavy Wavy Irregular
moorcroftiana anisocytic glandular glandular wall wall angular
Silene ovalifolia Diacytic , Numerous | Numerous| 5- 6 celled 5- 6 celled | Absent + smooth + smooth polygonal
Anisocytic abundant,non- abundant, non -
,anomocytic glandular glandular
Silene Diacytic , Numerous | Numerous | Rudimentary Rudimentary hairs Absent + wavy Wavy Irregular
pseudoverticillata| Anisocytic, hairs wall wall angular
anomocytic
Silene tennuis Diacytic Numerous | Numerous | 1-celled 1-celled Present Highly Highly Irregular
occasionally occasionally undulating | undulating
present present wall wall
Silene villosa Diacytic , Numerous | Numerous | 4- 5 celled 4- 5 celled | Absent Smooth Smooth polygonal
Anisocytic glandular glandular
,anomocytic
Silene viscose Diacytic Numerous | Less 3-4 3-4 Present Smooth wavy Irregular
celled celled wall
abundant, non-| less non-glandular
glandular
Silene vulgaris Diacytic Numerous | Less Absent Absent Present + wavy Smooth polygonal
wall

+= more or less
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Fig 1:Abaxial surface of Silene apetalashowing
stomata and epidermal cells

N

Fig~3:AbaxiaI surface ofSilene brahuicashowing 5-6

celled glandular hair

Fig 2:Adaxial surface of Silene arenosashowing
glandular trichome , stomata and epidermal cells
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Fig 5: Silene conoideahowing trichomes, stomata and Fig. 7: Adaxial surface of Silene indica showing

epidermal cells stomata and highly undulating wall

Fig 6: Abaxial surface ofSilene falconarianahowing Fig. 8: Silene kunawerensisshowing 3-4celled non

trichomes, stomata and epidermal cells glandular hairs, stomata and epidermal cells
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Fig. 9: Silene longisepala showing stomata and Fig. 11: Silene ovalifolia showing 5-6 celled non

epidermal cells glandular hairs

Fig. 10: Abaxial surface of Silene moorcroftiana Fig. 12:Silene pseudoverticillatshowing trichomes

showing crystals and epidermal cells
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Fig. 13: Silene tennuishowing stomata and epidermal Fig. 15:Silene viscosashowing non glandular hairs
cells

Fig. 14: Silene villosashowing 4-5 celled glandulatr
hairs , stomata and epidermal cells

Fig. 17: Silene vulgaris showing stomata and

epidermal cells
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Stomatal variation in some cases is helpful at higher level of taxonomic hierarchy (Stace S1%6%aris
andS.arenosdave less number of stomata on adaxial surface as compare to abaxial.

Epidermal cells ofS. tennuisare larger in size i.e.132 um in length whileSinvulgarislength of epidermal
cell is 30um.This shows considerable variation between the two species.

Stomatal features are taxonomically important for identification and delimitation of various taxa at different
taxonomic levels. 31 distinct patterns are found only in Pteriophytes (Dilcher, 1974). Diacytic type on both surfaces of
stomata on both surfaces are foundSnarenosa, , S. brahuica, S. longisepala, S. conoidea, S. vudgdriS. viscosa.

Rest of the studied species have diacytic type of stomata along with anisocytic and anomocytic.

Trichome morphology and distribution can yield important clues regarding specific, generic, tribal and
subfamilial relationship. In a number of instances, hairs are species- specific. The use of pubescence characters to
support generic relationships or differences established on the basis of other characters have been established in a
number of diverse families, including Asteraceae, Icacinaceae, Goodeniaceae, Ericaceae and Graminae (Dickison,
2000). InS. indica, S. tennuis, S. apetaladS. vulgaristrichomes are occasionally found. $n villosa4 — 5 - celled
glandular hairs are abundantly presentSirconoidea& — 4 - celled non-glandular hairs are abundant on abaxial while
less on adaxial surface. B brahuica5 — 6 - celled non-glandular hairs are found on abaxial while 1 — 3 - celled
trichomes are present on adaxial surfaceSlrritrina5 — 6 - celled glandular and non-glandular hairs are found
commonly while on adaxial surface 1-celled hairs are common.

Metcalfe and Chalk (1950) reported that uniseriate hairs with a glandular cell at apex rec@iedesnd
hair structure believed to be of specific diagnostic value in different species of Caryophyllacgaevadiifolia5 — 6
celled hook-like hairs with acute tip are abundantly presens. llongisepalaand S. moorcrofitiana2 — 3 - celled
glandular hairs are found on both surfaces. These results are in conformity with that of Yildiz & Minareci (2808). In
arenosashort hairswvith mucronate or blunt ends are foundSInpseudoverticellataudimentary trichomes are present.

Stace (1980) found that trichome anatomy is of immense importance in the family Combretaceae and it proved
helpful in classification at all levels from the family down to the separation of species and even varieties.

Crystalline substances of varied form and chemical composition are found in the cells, cell walls and
intercellular spaces of plant tissues. An unusual crystal cell of special taxonomic significance is the cristarque cell.
Cristarque cell are highly diagnostic because they occur only in few families (Dickison, 2000). Metcalfe and Chalk
(1950) reported that calcium oxalates are commonly present in the form of large conspicuous cluster crystals in many
genera and species includingilene. The abundance of the crystals some times varies within single species in
specimens from different localities.

In S. arenosacristarque cells are present on adaxial surface that is the species-specific character. Different
types of crystals are found B. vulgaris, S. conoidea, S. tennuis, S. viseosbS. moorcroftianaThese anatomical
features observed on the leaves are consistent with those of Metcalfe and Chalk (1950).

From this preliminary study of gen@leneit appears that it is an advanced genus having mostly anomocytic,
anisocytic and diacytic stomata, and unicellular to shaggy multiseriate trichomes. The present results are in agreement
with Takhtajan (1980), who reported that stomata with two subsidiary cells are more primitive features and those
without subsidiary cells are advanced features.

It is concluded that anatomical epidermal features can help in identification and classification of taxa up to the
species level in the genus Silene.
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Abstract

In this article, the floristical characteristics of Sakarat Mountain (Amasya) are given and the vascular plant
species growing there are documented. The research was carried out between 2004 and 2005. 2000 plant specimens
were collected from the area. At the end of the study, 494 taxa (at specific and infraspecific ranks) belonging to 78
families and 286 genera were identified. The largest family was found Astbeaceag70 species) and the second
largest one wa&abaceae(46 species). The largest genera wastragalusL. (8 species)Veronical., BromusL.,
GaliumL. (7 species each). The phytogeographic elements are represented in the study area as follows: Euro-Siberian
127 (25.71 %), Irano-Turanian 43 (8.70 %), Mediterranean 24 (4.86 %), multi-regional or of unknown phytogeographic
origin 300 (60.73 %). 40 (8.1 %) species collected in the area are endemics.

Key words: Vascular plants, Flora, Sakarat Mountain, Amasya

0

Sakarat Dag| Florasina Katkilar (Amasya-Turkiye)

Ozet

Bu aratirmada, Sakarat @a (Amasya-TUrkiyelve cevresinin floristik 6zellikleri ve burada ygifi saptanan
damarli bitki taksonlarinin listesi verilgtir. Arastirma 2004-2005 yillari arasinda yapgtm. Yoreden toplanan 2000
bitki érneginin deserlendiriimesi ile 78 familyadan 286 cins ve 494 tur ve tiralti seviyede takson sagitarfm
buyik familyaAstreaceag70 tir), ikinci Fabaceae (46 tur)'dir. En blylk cinsler ise 8 turkstragalusL. ve 7'ser
turle Veronica L., BromusL. ve Galium L.’dur. Arastirma alaninda fitoggrafik elementlerin dalmi ise sdyledir;
Avrupa-Sibirya 127 (% 25.71jran-Turan 43 (% 8.70), Akdeniz 24 (% 4.86), geyayilish veya bilinmeyen 300 (%
60.73). Argtirma alanindan toplanan turlerin 40" (% 8.1) endemiktir.

Anahtar kelimeler: Vaskiler bitkiler, Flora, Sakarat Ba Amasya
1. Giris

Ulkemiz carafi konumu, jeomorfolojik yapisi, cok g#i toprak tiplerine sahip oku ve deisik iklim
tiplerinin tesiri altinda bulunmasi nedeniyle farkli vejetasyon tiplerine ve zengin bir floristik yapiya sahiptir. Bu
argtirmada Amasya ilinin giineydasunda yer alan Sakarat g¥ain floristik 6zellikleri belirlenmeye cajilmistir.
Amasya ili Karadeniz Bolgesinin Orta Karadeniz béliminde yer almakga De Bati Karadeniz Bdlgelerinin tam
ortasinda kalmaktadir. Topografya olarak Amasya ortalama 425 m., rakimh, engebeli bir yayla gorininmiiindedir.
arazisi, volkanik ve tektonik olaylar sonucu ghus, olduk¢a kivrimli ve kirikli bir yapiya sahiptir. Bu siragtiain en

* Corresponding authof Haberlgmeden sorumlu yazar: arzu.cansaran@amasya.edu.tr
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onemlisi Akdg olup, yukseklgi 2062 m.’ye varmaktadir. Akg@adisinda, ildeki dger belli bglh daglar ise Karaémer
Dagl (1979 m.), Sakarat @a (1956 m.), Tayan Da (1901 m.),inegél D& (1873 m.), Berli Dag1 (1776 m.),
Karad& (1524 m.), Buzlu Da (1392 m.), Cakir Da (1375 m.) ve Sarifa Dagl (1159 m.)dir (http://
www.amasya.gov.tr/).

Bolgenin topografik durumunu gosterebilmek i¢in Tuhum tarafindan Harita Genel Mgidicia hazirlanan
1/25.000 ve 1/100.000 dlcekli Turkiye Haritasinin Yozgat ve Tokat paftalarindan (Anonim, 1973a; Anonim, 1973b) ve
T.C. Cevre ve Orman Bakapl) Orman Genel Mudirfit, Harita ve Fotogrametri Mudugi'nden yararlanilngtir.

Ayrica GARMIN MapSource (6.15.4 Surimi © 1999-2009 Garmin Ltd. or its subsidiaries) programindan ve
internetteki Google Maps adli harita arama motorundan da faydalgmlimiarita adi gecen kaynaklardan
sadelgtirilerek hazirlanmgtir. Buna gore, Sakarat Ba Amasya-Tokat illeri arasinda yer alfekil 1). Sakarat D&;

doguda Findicak, Ezelgg Cibril ve Akkoc¢ koyleri, batida Catalcam, Befdave Yuvakdy koyleri, kuzeyde Esencay,
Kumluca ve Tatlipinar kdyleri, kuzeybatida Altinli kdyl, gineyde Karafaenli, Kargin ve Kuytul koyleri ve
guneybatida Sarayozi koyu ile gevrelegtmi En yiksek yeri Cami Tepe olup 1956 m yuksekliktedir. shrma
alanindaki dier belli bgl tepeler isgunlardir: Otulcakuz T. (1564 m.), Poyrazlik T. (1560 m.).
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Sekil 1. Arastirma alaninin konumu

Orta Karadeniz bolgesinin giineyinde yer alan Amasya @erdKaradeniz illerine nazaran sert bir iklime
sahiptir. Bununla beraber; Amasya bolgenipediilleriyle kiyaslanirsa kurak sayiliil. icinde yasis kuzeyden giineye
inildikce azalmaktadir (Tarim Orman ve Kdyleri Bakanlpl, 1991). Kisacasi Amasya’da gecit bolgesi iklimi
egemendiriklim belirli bir bélgede, uzun siire icindeki atmosfer olaylarinin birskési veya sentezi olup, 1si, nem
veya yals, basing ve rizgar faktorlerinin kdrkli etkilerinin toplamidir. Aratirma bdlgesinin iklimini
tanimlayabilmek icin, bdlgeye en yakin 3 meteoroloji istasyonunun verileri kullahrlmArastirma bdlgesini
cevreleyen bu istasyonlar; batisinda Amasya, kuzeyingev@agineydgusunda Turhal (Tokat) istasyonlaridir.

Sakarat Dg (Amasya)'nin argtirma alani olarak secilmesinin en 6nemli nedeimdiye dek argtirma
alaninin flora ve vejetasyonu lzerinde herhangi bigrpalinin gerceklgiriimemis olmasidir. Ayrica agairma alaninin
biylk bir kismi, P.H.Davis tarafindan yurdumuzun floristik yénden iyi bilinmeyen bdlgeleri arasinda gasterilmi
(Davis ve Hedge, 1975). Ayrma alani olarak secilen SakaratgDgAmasya)’nin yurdumuzuic ve Kuzey Anadolu
bolgeleri ayni zamandaan-Turan ve Avrupa-Sibirya fitogeafik bolgeleri arasinda gegit bolgesi giuda bu alanin
calsiimasina bir bgka sebep olturmustur. Bu tip gegi alanlari bir yandan Karadeniz'in nemli,gdir yandanig
Anadolu’nun kurak ikliminin etkisi altinda bulunmasi sebebiyle her iki bélgeye ait bitki tirlerini de icermektedir. Bu
sebeple de gegibdlgeleri gerek vejetasyon, gerekse flora ve bitidratyasi bakimindan oldukca ilging 6zellikler
gostermektedir. Ardirma alaninin seg¢iminde ayni zamanda, alanin Anadolu Diyagonaline gaKbdtisinda yer
almasi) da dnemli bir faktor olarak rol oynagtmi

Arastirma bolgesine ait iklim verileri Devlet Meteoroloisleri Genel Mudurligii Elektronik Bilgi islem
Merkezi (EHM)'nden temin edilmjtir. Arastirma alaninin dgal bitki ortiisii ve vejetasyonunun yapisi boélgenin
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Akdeniz ikliminin etkisi altinda oldgunu gotstermektedirBiyoiklim katlari; Emberger’in Akdeniz Bdlgesi icin
gelistirdigi Q=2000.P/(M+m+546,4).(M-m) formull ile kurak mevsimi tanimlamak icin sgedigi S=PE/ME
formiline gore, Akman ve Daget'in gahalarindan yararlanilarak belirlengtii (Akman ve Daget, 1971). Amasya
iline ait iklim diyagrami §ekil 2)’'nda da gorilegg gibi Haziran-Ekim aylari arasinda bir kurak devre s6zkonusudur.
Buna gore; Amasya, Fava ve Turhal (Tokat) istasyonlarina ait klimatik veriler Tablo 1'de dzetlgimmi

S n b © d e o
Amasy: 448,5 13,5 0,9 31
as 7O
30 [=4]
25 50 -5
% » w¥
15 30
10 -
5 - 10
o o
1 2 3 <1 5 [~ rd a8 -] 10 11 12
| esenaasscoona
Aylar
—a— Sicakhklar —e— Yoduslar
Mutlak donlu aylar [ Muhtemel donlu aylar
Aylar 1 2 3 4 5 6 7 B 9 10 11 12
u("C) 2,8 |43 | 81 |13,5]|17,6|121,4|24,0| 23,7 |20,0|14,1| 8,2 | 4.4
ci (mm)| 47,2 [32,8(41,3|61,2|51,5|36,0/16.5]11,2 | 17,8 [38,8] 47,1 47,1
a: Istasyon adi
b: Yilhik yags miktan
c: Oralama sicaklik
d: En soguk ayin minimum sicaklik ortalamas:
e: En sicak ayin maksimum sicakhk ortalamas:
f: Kurak devre
£ Ayhk ortalama sicaklik egrisi
h_: Ayhk ortalama yagis egri
ti: Ayhk ortalama sicakhik erleri
ci: Aylik ortalama yagis degerleri
Sekil 2. Amasya istasyonuna ait iklim diyagrami
Tablo 1. Biyoiklimsel sentez
ISTASYON | ENLEM BOYLAM YUK. [P (mm)| M m | PE| Q S Yél S. B.iY.OiKLiM KATI /
(N) (E) (m) REJIMI TIPI
, , - : Yari-Kurak Ust Sguk
Amasya 4039 3550 412 448.5 31 0.9 63.7|48.8/ 2.05|1. K. S. Y. Akdeniziklimi
Tasova 4046 | 3620 200 | 5111 | 315 01 60 56.3.9 |1 K. S.Y. | an-Kurak Ust Sguk
AkdenizIklimi
Turhal , , - . Yari-Kurak Ust Sguk
(Tokat) 40°24 36’ 05 500 442.5 30.1 1.7 61.7/48.4/2.04|1. K. S. Y. Akdeniz iklimi
P : Ortalama yillik y&s (mm)
M : En sicak ayin maksimum sicaklik ortalamés) (
m : En sguk ayin minimum sicaklik ortalama&cCj
PE : Yaz y&isi toplami (mm)
Q : Yas-Sicaklik emsali (Q=2000.P/(M+m+546,4).(M-m)
S Kuraklik indisi (Kurak devreyi ifade eder: S=PE/M)

Arastirma boélgesiiran-Turan floristik bolgesiniriran-Anadolu Provensi'nific Anadolu Sektori'niin kuzey-
dogusunda yer almaktadir. Bu nedenle Oksin bélge ile birsgaaini olgturmaktadir.ic Anadolu stebini kuzeyden
cevreleyen bu gegikusagl Oksin @&agc ve calilari da barindirmasi ve her iki bolgeninsterigk 6zelliklerini géstermesi
nedeni ile Zohary tarafindan Ksero-Oksiry&ki olarak adlandirilmgtir (Zohary, 1973).

Arastirma alaninin vejetasyonu genel olarak, orman vejetasy@me (faprakli ve yaprak doéken kak
ormanlar ile yaprak doéken ormanlar), subalpin vejetasyonu ve step vejetasyonu olmak Uzere 3 farkli grup altinda
incelenebilir. Orman vejetasyondrinus sylvestrish dominant ve ko-dominant olgu karsik ormanlar; Fagus
orientalisin hdkim oldusu karsik ormanlar;Carpinus orientali8n ko-dominant oldgu karsik ormanlar; Quercus
infectoria subsp boissieriile Quercus pubescen® Quercus macrantheraubsp.syspirensisle Quercus cerrisvar.
cerrisin olusturdugu farkl tiplerdeki kagik ormanlardan ibarettir. Caima alaninda subalpin vejetasyonuluniperus
communissubsp.saxatilis topluluklari olgturmaktadir. Step vejetasyonu ise alanda, dncelldgagalusve ikinci
sirada daAcantholimontirleri ile temsil edilmektedir. Alandaki bir gér yaygin step bitkisi deConvolvulus
assyricudur. Ayrica argtirma alaninda yer yer kaya vejetasyonu ile sulak cayir (higrofil) vejetasyonu da
gorulebilmektedir (Bingdl vd., 2007).
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Arastirma alani Paleozoik ve kismen Mesozoik temel tzerinde yayilan daha gen¢ formasyonlardan meydana
gelmistir. Zemin yapisi kalker, wd kayaclar ve yamac¢ molozlari ile alivyondangohwstur. Yapinin dger bir 6zellpi
ise kalker arazisinin gepibir yer tutmasidir. Siluriyen oncesi ghayesilsist fasiyesindeki metamorfitler en eski
olusumlar olarak goérilmektedir. Bolgede Hersiniyen ve Alpirg ddusum hareketleri etkin olmyur. Bdlge orta
siluriyende denizle kaplangiplup Permiyen sonlarinda tekrar kara durumuna ggicn®dn alpin hareketleri ile Lias
baslarinda bolgeye yerden deniz Ust Kretase sonuna kadar sigtinii Eosen’de @ bir denizle kaplanan alan
Pliyosen’de tekrar kara durumuna gegiimiiHaznedar, 1989).

Amasya’da bugline dek pek cok flora galasi yuritalmgtar (Alpinar, 1979; Peker, 1988; Kurt vd., 1998;
Korkmaz vd., 2005; Cansaran ve Aydiol, 1998; Cansaran, 2002; Celah, 2006; Yicel, 2005; Cansaran vd., 2007a;
Yildirim, 2009). Bu ¢aémanin da bugiine dek yapilargeli argtirmalar gibi Amasya Florasi’na katki@ayaca&ina ve
ileride yuritilecek olan floristik ¢ainalara gik tutacgina inaniimaktadir.

2. Materyal ve metod

Bu calsmada 2004-2005 yillari arasinda 2000 bitki @irteplanarak dgerlendirilmistir. Bitkilerin teshisinde
“Flora of Turkey and The East Aegean Islands (Volume: 1-9)” (Davis, 1965-1985), “Flora of Turkey and The East
Aegean Islands (Supplement) (Volume: 10)” (Davis vd., 1988) ve “Flora of Turkey and The East Aegean Islands
(Supplement 2) (Volume: 11)" (Glner vd., 2000) adli eserlerden yararlgtmlmiirkiye Florasi’nin yetersiz kalghi
durumlarda dier flora kitaplarina miracaat ediktit (Evan ve Townsend, 1968; Heywood ve Tutin, 1964-1981;
Heywood, 1978). Tghislerde ayrica Ankara Universitesi Fen Fakiiltesi Biyoloji Bolimiu Herbaryumu'ndan (ANK) da
faydalaniimgtir.

Bitki taksonlari “Turkiye Florasi”ndaki sisteme uygun olarak siralghmiTaksonlarin isimlerinden sonra
siraslyla, fitoc@rafik bolgeleri (varsa), hayat formlari, toplayici numaralari, lokalite numaralari ve endemizm durumlari
(varsa) verilmgtir. Tim taksonlar Davis'in Grid sistemine gore “A6: Amasya-Tokat” karesi icindedir, tekrardan
kacinmak amaciyla bu bilgi tim taksonlar icin ayri ayr yazilrgmmiAyrica tim taksonlar “Bingdl&Cansaran”
tarafindan toplanmiolup, bitki listesi verilirken toplayici ismi belirtimegisadece toplayici numaralari yazgim
Floristik listede kullanilan “kisaltmalar” ve “lokaliteler” (Tablo 2Jagida verilmitir:

Kisaltmalar:
ES: Avrupa-Sibirya R: Lokalite no
M: Akdeniz m: Metre
IT: iran-Turan km: Kilometre
End.: Endemik K: Kuzey
Ph: Fanerofit G: Gliney
Ch: Kamefit B: Batl
G: Geofit D: Dogu
Th: Terofit KB: Kuzeybati
Vp: Vaskiler Parazit GB: Guneybati
H: Hemikriptofit KD: Kuzeydgu

GD: Guneydgu

Tablo 2. Lokaliteler
Lokali  Lokalite

te No

R1 Saraydzu kdyu Ustl, Kayin ormani, 1074 m., KB kesimler, 04.06.2004.

R2 Karata Yaylasi Ustl. Tgova yaylalarina giden yol GizeRjnus sylvestri®rmani, 1600 m., KB kesimler, 04.06.2004.

R3 Karata Koyl yaylasinin tst kisimlari, Java yaylalarina giden yol Gizeduniperustoplulugu aciklgi, 1780 m., 04.06.2004.
R5 Saraydzi Koyl'nun 2-2.5 km. usti, Kayin ormani, 1340 m., KB kesimler, 04.06.2004.

R6 Saraydzi Koyl'nun 1 km Ustii, Kayin ormani, 1215 m., KB kesimler, 04.06.2004.

R7 Cakirsu Koyu'nuin yakjek 2.5-3 km. ustl, Cami Tepe'nin etekleri, klworman, 1060 m., K kesimler, 05.06.2004.

R8 Cakirsu Koyl'nin yakdek 2.5-3 km. ustu, Cami Tepe'nin etekleri, klrorman, 1050 m., K kesimler, 05.06.2004.

R9 Cakirsu Koyl'nin yakjek 3.5-4 km. ustt, Cami Tepe'nin etekleri, kékrorman, 1140 m., 05.06.2004.

R10 Cakirsu Kdyu'niin yakdek 7.5-8 km. Ustli, Cami Tepe'nin etekleri, kdkrorman, 1330 m., 05.06.2004.

R11 Cakirsu Koyl'nun yaldik 7.5-8 km. Ustii, Cami Tepe'nin etekleri, klworman, 1350 m., K kesimler, 05.06.2004.

R12 Cakirsu Koyl'nin ust kisimlari, Camii Tepe Zirve etekleri, yuksgkaari, KB kesimler, 1890 m., 05.06.2004.

R13 Camii Tepe ile Esencay goleti yol tizeri, Kayin ormani, 1506 m., KB kesimler, 05.06.2004.

R14 Camii Tepe ile Esencay goleti yol Gizeri, Kayin ormani, 1386 m., KB kesimler, 05.06.2004.

R15 Camii Tepe ile Esencay goleti yol Uizeri, Kayin ormani, 858 m., KB kesimler, 05.06.2004.

R16 Boke kdyl'niin yakfek 1-1.5 km. Ustl, Otulcakuz Tepeinus sylvestriormani, kalker ana kaya, 1295 m., GD kesimler, 26.09.2004.
R17 Boke koyl'nun yakfek 1-1.5 km. Usti, Otulcakuz Tefdeinus sylvestriormani, kalker ana kaya, 1310 m., KB kesimler, 26.09.2004.
R18 Saraydzi Koyl ustu, Kayin ormani, Kagdayu Ustleri, K-KB kesimler, 1575 m., 26.09.2004.

R19 Karata kdyl yaylasi Ustl. kava yaylalarina giden yol tizeRjnus sylvestriormani, 1510 m., G-GB kesimler, 26.09.2004.

R20 Amasya-Turhal yolu tzeri, Aydinca-Bayat istikameti ile Kuytul kdyl Ustu, Poyrazlik Tepe, 925 m., KD kesimler, 26.09.2004.
R21 Saray0dzi kdyu Ustl, Kayin ormani, 1145 m., K kesimler, 14.07.2005.

R22 Saray0zi koyu Ustl, Kayin ormani, 1199 m., K kesimler, 14.07.2005.

R23 Saray0dzi kdyu Ustl, Kayin ormani, 1180 m., K kesimler, 14.07.2005.

R24 Karatga kdyl yaylasi Ustll, kava yaylalarina giden yol tzeri, yiksekidaebi, 1595 m., G-GD kesimler, 14.07.2005.
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Tablo 2. (Devam ediyor)

R25 Karata kdyl yaylasinin st kisimlari, §@va yaylalarina giden yol Gizeduniperustoplulugu agiklgl, 1785 m., 14.07.2004.

R26 Karatg kdyl yaylasi Ustl. Kava yaylalarina giden yol UzeRjnus sylvestriormani, 1606 m., KB kesimler, 14.07.2005.

R27 Cakirsu Koyu'niin yaldek 2-2.5 km. Ustii, 1032 m., K kesimler, 15.07.2005.

R28 Cakirsu Koyu'nin yalgek 3.5 km. Ustii, 1020 m., GB kesimler, 15.07.2005.

R29 Cakirsu Koyl'nun yaldik 6-6.5 km. Usti, 1145 m., GB kesimler, 15.07.2005.

R30 Cakirsu Koyu'niin yalgek 9 km. Ustl, 1156 m., KD kesimler, 15.07.2005.

R31 Cakirsu Koyu'niin yakdek 10 km. Usti, 1419 m., K kesimler, 15.07.2005.

R32 Amasya-Aydinca-Boke istikameti ile, Karak&yl'nin yaklaik 2 km izeri 1416 m., GB kesimler, 06.08.2005.

R33 Amasya-Boke Koyi'nlin yakll 1-1.5 km usti, Otulcakuz Tepe, kalker ana kaya, step alani, 1365 m., GB kesimler, 06.08.2005.
R34 Boke kdyl'niin yakfek 1-1.5 km ustl, Otulcakuz TepRinus sylvestriormani, kalker ana kaya, 1380 m., KB kesimler, 06.08.2005.
R35 Kuytul kdyl cikgi, dere kenari, 907 m., 06.08.2005.

R36 Amasya-Turhal yolu tizeri, Aydinca-Bayat istikameti ile Kuytul kdyi Usti, Poyrazlik Tepe, 1008 m., KB kesimler, 06.08.2005.
R37 Saray0zi koyu Ustl, Kayin ormani, 1142 m., KB kesimler, 07.08.2005.

R38 Saray0dzi kdyu Ustl, Kayin ormani, Ust kesimler, 1205 m., KB kesimler, 07.08.2005.

R39 Cakirsu Koyu'niin yakjek 5-5.5 km isti, Cami Tepe'nin etekleri, kdriorman, 1270 m., 07.08.2005.

R40 Cakirsu Kéyu'niin yakjek 5.5-6 km Usti, Cami Tepe'nin etekleri, kdriorman, 1320 m., 07.08.2005.

R41 Karatg kdyl yaylasi usti, sulak ve nemli alan, 1601 m., B alanlar, 07.08.2005.

R42 Camii Tepe ile Esencay goleti yol tizeri, Kayin ormani, 1265 m., KB kesimler, 07.08.2005.

R43 Camii Tepe ile Esen cay gdleti yol Gizeri, 1065 m., KD kesimler, 07.08.2005.

R44 Camii Tepe ile Esen cay goleti yol Uzeri, 940 m., KB kesimler, 08.08.2005.

R49 Amasya-Cakirsu ile-Esencayglzyan d&-yayla yolu Gzeri, 1670 m., KD kesimler, 08.08.2005.

R53 Boke Koyu Usti, 1277 m. KB kesimler, 08.08.2005.

R54 Taova-Esencay yolu, yol kenarlari, 305 m., 08.08.2005.

R56 Camii Tepe ile Esen cay gdleti yol Gizeri, , Esencay'a 3,5 km kala, 1285 m., KD kesimler, 07.08.2005.

R58 Saray0zi koyu Ustl, Kayin ormani, st kesimler, 1350 m., KB kesimler, 09.08.2005.

R59 Karata Yaylasi ustu, Tgova yaylalarina giden yol UzeRjnus sylvestri@rmani, 1675 m., GB kesimler, 09.08.2005.

R61 Karata Yaylasi stl, Tgova yaylalarina giden yol GizeRjnus sylvestri@rmani, 1613 m., GB kesimler, 09.08.2005.

R63 Karata kdyl yaylasi Ustli, kava yaylalarina giden yol tizeRjnus sylvestriormani, 1529 m., GB kesimler, 09.08.2005.

R64 Karatg kdyl yaylasi Ustll, kava yaylalarina giden yol UzeRjnus sylvestriermani, 1599 m., GB kesimler, 09.08.2005.

R65 Karata kdyl yaylasi Ustli, kava yaylalarina giden yol tizeRjnus sylvestriormani, 1700 m., B kesimler, 09.08.2005.

R66 Karata kdyl yaylasinin st kisimlari, §@va yaylalarina giden yol Gizeduniperustoplulugu agiklgr, 1796 m., 10.08.2005.

R67 Karatg kdyl yaylasinin tst kisimlari, §@ava yaylalarina giden yol tizeduniperustoplulugu agiklgi, 1809 m., 10.08.2005.

R68 Karata kdyl yaylasinin st kisimlari, §@va yaylalarina giden yol Gizeduniperustoplulugu agiklgr, 1804 m., 10.08.2005.

R69 Karata kdyl yaylasinin st kisimlari, §@va yaylalarina giden yol Gizeduniperustoplulugu agiklgr, 1793 m., 10.08.2005.

R70 Karatg kdyl yaylasinin tst kisimlari, §@ava yaylalarina giden yol tizeduniperustoplulugu agiklgi, 1781 m., 10.08.2005.

R71 Karata kdyl yaylasinin st kisimlari, §@va yaylalarina giden yol Gizeduniperustoplulugu agiklgr, 1789 m., 10.08.2005.

R72 Karata kdyl yaylasinin st kisimlari, §@va yaylalarina giden yol Gizeduniperustoplulugu agiklgr, 1819 m., 10.08.2005.

R73 Karatg kdyl yaylasinin tst kisimlari, §@ava yaylalarina giden yol tizeduniperustoplulugu agiklgi, 1869 m., 10.08.2005.

R74 Camii Tepe ile Esen cay goleti yol Gizeri, 1373 m., K kesimler, 10.08.2005.

R76 Boke kdyl'niin yakdek 1-1.5 km. Ustii, Otulcakuz Tefeinus sylvestriormani, kalker ana kaya, 1297 m., KB kesimler, 10.08.2005.
R77 Boke koyl'nun yakfek 1-1.5 km. Ustil, Otulcakuz Tefeinus sylvestriormani, kalker ana kaya, 1300 m., KB kesimler, 10.08.2005.
R78 Boke kdyl'niin yakdek 1-1.5 km. Ustii, Otulcakuz Tefeinus sylvestriermani, kalker ana kaya, 1363 m., KB kesimler, 10.08.2005.
R80 Boke kdyl'niin yakdek 1-1.5 km. Ustii, Otulcakuz Tefeinus sylvestriormani, kalker ana kaya, 1470 m., KB kesimler, 10.08.2005.
R82 Boke koyl'nun yakfek 1-1.5 km. Ustii, Otulcakuz Tefeinus sylvestriormani, kalker ana kaya, 1570 m., KB kesimler, 10.08.2005.
R83 Amasya-Boke Koyi'nlin yakll 1-1.5 km. Ustl, Otulcakuz Tepe, kalker ana kaya, step alani, 1344 m., GB kesimler, 10.08.2005.
R86 Amasya-Boke Koyi'nlin yakll 1-1.5 km. Ustl, Otulcakuz Tepe, kalker ana kaya, step alani, 1347 m., GB kesimler, 10.08.2005.
R88 Amasya-Boke Koyl'nun yakla 1-1.5 km. Ustil, Otulcakuz Tepe, kalker ana kaya, step alani, 1354 m., GB kesimler, 10.08.2005.
R90 Amasya-Boke Koyi'niin yakll 1-1.5 km. Ustl, Otulcakuz Tepe, kalker ana kaya, step alani, 1362 m., GB kesimler, 10.08.2005.
R92 Amasya-Turhal yolu Gzeri, Aydinca-Bayat istikameti ile Kuytul kdyi Ust, Poyrazlik Tepe, 1067 m., K kesimler, 11.08.2005.
R94 Amasya-Turhal yolu tzeri, Aydinca-Bayat istikameti ile Kuytul kdyu Usti, Poyrazlik Tepe, 1129 m., K kesimler, 11.08.2005.
R95 Amasya-Turhal yolu Gzeri, Aydinca-Bayat istikameti ile Kuytul kdyi Usti, Poyrazlik Tepe, 1264 m., K kesimler, 11.08.2005.
R96 Amasya-Turhal yolu Uzeri, Aydinca-Bayat istikameti ile Kuytul kdyu Usti, Poyrazlik Tepe, 1197 m., KD kesimler, 11.08.2005.
R98 Amasya-Turhal yolu tzeri, Aydinca-Bayat istikameti ile Kuytul kdyu Usti, Poyrazlik Tepe, 1353 m., K kesimler, 11.08.2005.
R101 Karatge kdyu yaylas Ustl, kava yaylalarina giden yol tzeri, yukseksddebi, 1513 m., G kesimler, 11.08.2005.

R103 Karatg kdyl yaylasi Ustl, kava yaylalarina giden yol uzeri, yiksekgddebi, 1459 m., GD kesimler, 11.08.2005.

R105 Karatge kdyu yaylas Ustu, kava yaylalarina giden yol tzeri, yukseksdaebi, 1347 m., GD kesimler, 11.08.2005.

R107 Karatge kdyu yaylas Usti, kava yaylalarina giden yol tzeri, yukseksddaebi, 1272 m., GD kesimler, 11.08.2005.

R108 Karatg kdyl yaylasi Ustl, kava yaylalarina giden yol uizeri, yiksekgddebi, 1187 m., GD kesimler, 11.08.2005.

Bu aratirmada toplanan tiim bitki ornekleri Ankara Universitesi Fen Fakiltesi Biyoloji Bolimii
Herbaryumu’nda (ANK) muhafaza edilmektedir. Gada sahasinin floristik acidanggelendiriimesinde Cansaran vd.,
2007b ile Yidinm vd., 2007 ¢amalarindan da faydalanilgtir.

3. Bulgular

HYPOLEPIDACEAE

Pteridium aquilinum(L.) Kuhn H, 4421, R2.
PINACEAE

Pinus sylvestri¢. var.hamataEsS, Ph, 4318, R6.

P. nigraJ.F. Arnold subsmigra var.caramanicaPh, 4640, R23.
CUPPRESSACEAE

Juniperus communis. var. saxatilis Pall. Ph, 4437, R3.
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J. oxycedrud.. subspoxycedrusPh, 4321, R19.
RANUNCULACEAE

Actaea spicatd. H, 4704, R21.

Consolida regalisS.F. Gray subspegalis Th, 4392, R22.

Clematisvitalba L. Ph, 4535, R29.

Adonis aestivali$.. subspaestivalisTh, 4446, R25.

Ranunculus brutiugen. ES, H, 4605, R10.

R. constantinopolitanu@C.) Urv. H, 4600, R40.

R. argyreusBoiss. H, 4702, R105.

R. arvensid.. Th, 4423, R26.
PAEONIACEAE

Paeonia masculéL.) Miller subsp.masculaH, 4559, R29.
PAPAVERACEAE

Chelidonium majus. ES, H, 4596, R31.

Papaver rhoeas. Th, 4494, R39.

Corydalis solida(L.) Swartz subspsolidaG, 4698, R105.
CRUCIFERAE (BRASSICACEAE)

Thlaspi perfoliatunl. Th, 4743, R66.

Capsella bursa-pastorid..) Medik. Th, 4584, R30.

Fibigia eriocarpa(DC.) Boiss. H, 4648, R36.

Alyssum desertorui@tapf. vardesertorumrh, 4328, R20.

A. minugL.) Rothm. varmicranthum(Meyer) Dudley Th, 4380, R3.

A. repenBaumg. varstenophyllunHal. H, 4329, R10.

A. tortuosunWilld. ES, Ch, 4734, R24.

Draba rigidaWilld. var.rigida H, 4438, R3End.

Erophila verna(L.) Chevall. subsprernaTh, 4610, R12.

Arabis sagittataBertol.) DC. H, 4621, R15.

Cardamine hirsutd_. Th, 4528, R11.

Hesperis bicuspidatéwilld.) Poiret H, 4341, R9.

Erysimum cuspidaturgBieb.) DC. H, 4397, R26.

E. pulchellumWilld) Gay H, 4339, R5.

E. diffusunEhrh. ES, H, 4708, R21.

E. crassipefisch. & Mey. H, 4725, R22.

E. smyrnaeurBoiss. & Bal. H, 4776, R36.
RESEDACEAE

Reseda luteol&. H, 4805, R43.
CISTACEAE

Cistus creticud.. Ph, 4453, R25.

Helianthemum nummulariufi.) Miller subsp.nummulariumCh, 4340, R38.

H. nummulariun(L.) Mill. subsp.tomentosun{Scop.) Schinz & Thellung Ch, 4786, R34.

H. nummulariun{L.) Mill. subsp.ovatum(Viv.) Schinz & Thellung Ch, 4726, R69.

H. canum(L.) Baumg. Group a. H, 4401, R16.
VIOLACEAE

Viola odoratal. H, 4578, R8.

V. suaviBieb. H, 4505, R21.

V. siehean®8ecker H, 4483, R17.

V. arvensidMurray Th, 4482, R3.
POLYGALACEAE

Polygala supingschreb. H, 4475, R25.

P. anatolicaBoiss. & Heldr. H, 4561, R9.
CARYOPHYLLACEAE

Arenaria gypsophiloidek Mant. var.glabraFenzl IT, H, 4382, R3.

A. ledebouriandenzl| varledebourianaH, 4383, R3End.

Minuartia juniperina(L.) Marie & Petitm. H, 4471, R25.

Stellaria holosted.. ES, H, 4322, R26.

Cerastium anomalurwaldst. & Kit. Th, 4586, R8.

C. purpurascengédams H, 4452, R25.

C. brachypetalunfPers. subspoeseri(Boiss. & Heldr.) Nyman Th, 4451, R3.

Dianthus multicauliBBoiss. & Huet IT, H, 4444, R3.

D. armerial. subsparmeriaES, Th, 4543, R7.

D. calocephalusoiss. H, 4667, R23.

Silene italica(L.) Pers. H, 4430, R17.

S. spergulifolia(Desf.) Bieb. IT, H, 4355, R1.

S. vulgaris(Moench) Garcke subspulgarisH, 4480, R3.

S. compacté&ischer H, 4638, R31.

S. alba(Miller) Krause subspdivaricata(Reichb.) Walters H, 4429, R17.
ILLECEBRACEAE
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Herniaria glabral. H, 4593, R29.
H. incanaLam. H, 4683, R25.
Scleranthus annuus subspannuusH, 4478, R70.
S. uncinatus$chur H, 4479, R73.
POLYGONACEAE
Polygonum arenastruBor. Th, 4420, R15.
P. aviculareL. Th, 4562, R22.
P. bellardii All. Th, 4781, R34.
P. convolvulud.. Th, 4563, R7.
Rumex acetocella. H, 4425, R3.
. scutatug.. H, 4809, R53.
. crispud.. H, 4566, R31.
. conglomeratuMurray H, 4804, R41.
. obtusifoliud.. subspsubalpinugSchur) Celak. H, 4477, R25.
. pulcherL. H, 4755, R29.
CHENOPODIACEAE
Chenopodium botryk. Th, 4722, R22.
C. foliosum(Moench) Aschers. Th, 4706, R21.
AMARANTHACEAE
Amaranthus albuk. Th, 4675, R20.
TAMARICACEAE
Tamarix smyrnensiBunge Ph, 4798, R35.
GUTTIFERAE (HYPERICACEAE)
Hypericum androsaemuin Ch, 4553, R30.
H. linarioidesBosse H, 4439, R3.
H. montbretiiSpach H, 4747, R28.
H. orientaleL. H, 4403, R9.
H. perforatumL. H, 4404, R11.
MALVACEAE
Malvella sherardiangL.) Jaub. & Spach H, 4808, R49.
Alcea pallidawaldst. & Kit. H, 4620, R36.
TILIACEAE
Tilia rubra DC. subspcaucasicaRupr.) V. Engler ES, Ph, 4799, R35.
LINACEAE
Linum austriacuni. subspaustriacumH, 4603, R10.
GERANIACEAE
Geranium robertianunt.. Th, 4592, R13.
G. tuberosunt.. subsptuberosunG, 4552, R14.
G. asphodeloideBurm. fil. subspasphodeloide&S, H, 4465, R3.
G. cinereunCav. subspsubcaulescend 'Hérit. ex DC.) Hayek varsubacutun{Boiss.) Davis & Roberts IT, H, 4551, RS,
End.
Erodium cicutarium(L.) L'Hérit. subspcicutariumTh, 4546, R29.
ZYGOPHYLLACEAE
Peganum harmal&. H, 4748, R28.
RUTACEAE
Ruta montandlL.) L. H, 4426, R2.
ACERACEAE
Acer platanoides.. ES, Ph, 4516, R7.
A. campestré. subspcampestréPh, 4319, R6.
A. hyrcanuntisch. & Mey. subsphyrcanumES, Ph, 4508, R11.
RHAMNACEAE
Paliurus spina-christMiller Ph, 4687, R20.
Rhamnus catharticuss. ES, Ph, 4754, R29.
AQUIFOLIACEAE
llex colchicaPoj. ES, Ph, 4509, R10.
CELASTRACEAE
Euonymus verrucosicop. Ph, 4597, R9.
LEGUMINOSAE (FABACEAE)
Chamaecytisus pygmae(Wwilld.) Rothm. ES, Ch, 4531, R27.
Genista tinctorialL. ES, Ch, 4591, R28.
Argyrolobium biebersteiniBall H, 4523, R8.
Colutea cilicicaBoiss. & Bal. Ph, 4624, R21.
Astragalus densifoliusam. subspamasiensigFreyn) Ayta¢ & Ekim IT, H, 4783, R3£nd.
A. glycyphyllod.. subspglycyphylloidegDC.) VA Mathews ES, H, 4333, R1.
A. microcephaludVilld. IT, Ch, 4644, R18.
A. plumosudVilld. var. plumosu<Ch, 4378, R2.
A. ponticusPall. H, 4705, R21.

0000
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A. squalidusBoiss. & Noe H, 4448, R25.

A. campylosemBoiss. subspcampylosemdT, H, 4332, R3End.

A. angustifoliud.am. subspangustifoliusvar. angustifoliusCh, 4377, R24.

Psoralea bituminosé. M, H, 4635, R29.

Vicia craccal. subsptenuifolia (Roth.) Gaudin H, 4504, R23.

V. craccal. subspstenophyllavel. H, 4434, R19.

V. sericocarpaenzl| varsericocarparh, 4436, R2.

V. pannonicaCrantz varpurpurascengDC.) Ser. Th, 4577, R9.

V. sativalL. var.segetaligThuill.) Ser. ex DC. Th, 4435, R3.

Lathyrus aureugStev.) Brandza ES, H, 4323, R1.

L. tukhtensigCzecz. H, 4408, R1&nd.

L. laxiflorus (Desf.) O. Kuntze substaxiflorus H, 4344, R1.

L. inconspicuud.. Th, 4407, R11.

Ononis pusillaL M, H, 4780, R33.

O. spinosd.. subspleiospermaBoiss.) Sirj. H, 4625, R15.

Trifolium repend.. var.repensH, 4431, R15.

T. campestré&chreb. Th, 4361, R8.

T. physode$Stev. ex Bieb. vaphysoded, H, 4695, R36.

T. pratensd.. var. pratenseBoiss. & Bal. H, 4363, R12.

T. pannonicundacq. subsglongatum(Willd.) Zoh. H, 4362, R22End.

T. arvensd.. var.arvenseTh, 4360, R5.

Melilotus officinalis(L.) Desr. H, 4411, R6.

M. albaDesr. H, 4713, R21.

Trigonella brachycarpdFisch.) Moris IT, H, R18.

Medicago lupulina.. H, 4320, R5.

M. satival. subspsativaH, 4594, R10.

Dorycnium graecun(L.) Ser. ES, Ch, 4367, R9.

D. pentaphyllunScop. subsgerbaceuniVill.) Rouy Ch, 4544, R7.

Lotus corniculatud.. var.tenuifoliusH, 4558, R36.

L. corniculatusL. var.alpinusSer. H, 4410, R25.

L. aegaeugGris.) Boiss. IT, H, 4345, R27.

Anthyllis vulnerarial.. subspboissieri(Sag.) Bornm. H, 4381, R19.

Coronilla orientalisMiller var. orientalisH, 4393, R86.

C. variaL. subspvaria H, 4394, R13.

Hedysarum variunwilld. IT, H, 4709, R21.

Onobrychis bornmuellefrreyn H, 4729, R2End.

Ebenus laguroideBoiss. varlaguroidesIT, H, 4642, R32End.
ROSACEAE

Prunus divaricatd_edeb. subspivaricataPh, 4476, R27.

Cerasus aviunfL.) Moench Ph, 4623, R95.

C. mahalel{L.) Miller var. mahalebPh, 4614, R14.

Rubus caesiuk. Ph, 4758, R30.

R. sanctuschreber Ph, 4628, R20.

R. discolorWeihe & Nees Ph, 4759, R30.

R. canescenBC. var.canescen®h, 4627, R14.

R. hirtusWaldst. & Kit ES, Ph, 4352, R10.

Potentilla rectal. Group B H, 4652, R16.

P. cappadocic8oiss. ES, H, 4486, R2&nd.

Fragaria vesca.. H, 4548, R7.

Geum urbanunt. ES, H, 4368, R19.

Agrimonia eupatorid.. H, 4674, R21.

Sanguisorba minoBcop. subspmuricata(Spach) Briq. H, 4427, R26.

Alchemilla oligotrichaJuz. H, 4487, R5.

A. holocyclaRothm. IT, H, 4766, R3End.

Rosa pulverulent8ieb. Ch, 4812, R25.

R. caninaL. Ph, 4351, R11.

Cotoneaster nummularigisch. & Mey. Ph, 4539, R29.

Pyracantha coccine®Roemer Ph, 4689, R36.

Crataegus tanacetifoligdLam.) Pers. Ph, 4723, R22nd.

C. monogyndacg. subspnonogynaPh, 4491, R12.

Sorbus aucuparid. ES, Ph, 4569, R28.

S. umbellatgDesf.) Fritsch varumbellataPh, 4606, R44.

S. torminalis(L.) Crantz vartorminalisES, Ph, 4630, R36.

Cydonia oblongailler Ph, 4724, R90.

Malus sylvestrisMiller subsp.orientalis (A. Uglitzkich) Browicz varorientalisPh, 4728, R22.

Pyrus syriacaBoiss. varsyriacaPh, 4626, R56.

P. elaeagnifoligPallas subsgkotschyandBoiss.) Browicz Ph, 4690, R74.
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LYTHRACEAE
Lythrum salicarial. ES, H, 4684, R95.
ONAGRACEAE
Circaea lutetiand.. H, 4532, R30.
Epilobium hirsutur_. H, 4588, R37.
E. parviflorumSchreber H, 4545, R21.
E. montanuni. ES, H, 4707, R101.
E. lanceolatunBeb. & Mauri H, 4589, R56.
CUCURBITACEAE
Bryonia albaL. ES, H, 4791, R35.
DATISCACEAE
Datisca cannabind.. H, 4807, R44.
CRASSULACEAE
Sedum stoloniferu@melin ES, H, 4762, R31.
S. acrel. H, 4595, R31.
S. albumL. H, 4567, R29.
S. pallidumBieb. var.bithynicum(Boiss.) Chamberlain ES, H, 4428, R11.
UMBELLIFERAE (APIACEAE)
Sanicula europaeh. ES, H, 4371, R19.
Eryngium creticunLam. M, H, 4647, R54.
E. campestré.. var.virensLink H, 4810, R16.
Chaerophyllum byzantinuBoiss. ES, H, 4390, R59.
Bunium microcarpuniBoiss.) Freyn subspourgaei(Boiss.) Hedge & Lamond IT, G, 4450, R3.
Pimpinella anthriscoideBoiss. varanthriscoidedT, H, 4417, R19.
Falcaria vulgarisBernh. H, 4472, R83.
Angelica sylvestrig. var.sylvestrisES, H, 4802, R41.
Malabaila secacuBanks & Sol. Group A H, 4779, R34.
Tordylium maximunh. H, 4719, R21.
Laser trilobum(L.) Borkh. H, 4711, R21.
Torilis japonica(Houtt.) DC. Th, 4782, R36.
T. leptophyllalL.) Reichb. Th, 4503, R22.
Turgenia latifolia(L.) Hoffm. Th, 4720, R21.
ARALIACEAE
Hedera helixL. Ph, 4598, R40.
CORNACEAE
Cornus sanguine&. subspaustralis(C.A.Meyer) Jav ES, Ph, 4538, R15.
C. masL. ES, Ph, 4673, R20.
CAPRIFOLIACEAE
Sambucus ebulds ES, Ph, 4353, R44.
Viburnum lantand.. ES, Ph, 4602, R29.
V. opulusL. ES, Ph, 4613, R14.
Lonicera caucasic#allas subsporientalis(Lam.) Chamb. & Long Ph, 4579, R1Bnd.
L. etruscaSanti varhispidulaBoiss. M, Ph, 4753, R29.
RUBIACEAE
Crucianella angustifolidl. M, Th, 4540, R7.
Asperula involucratdVahlenb. ES, H, 4384, R26.
Galium rotundifoliumL. ES, G, 4399, R26.
G. odoratum(L.) Scop. ES, G, 4463, R25.
G. verumL. subspverumES, H, 4400, R13.
G. paschald-orsskal M, H, 4550, R28.
G. spuriumL. subspspuriumES, Th, 4649, R17.
G. aparineL. Th, 4462, R43.
G. floribundumSm. subspfloribundumTh, 4549, R28.
Cruciata taurica(Pallas ex Willd.) Ehrend. IT, H, 4456, R68.
VALERIANACEAE
Valeriana alliariifolia Adams H, 4763, R98.
Centranthus longifloru$tev. subsdongiflorus|T, H, 4784, R82.
Valerianella coronatdL.) DC. Th, 4432, R19.
V. vesicaria(L.) Moench Th, 4696, R96.
MORINACEAE
Morina persicaL. IT, H, 4736, R24.
DIPSACACEAE
Scabiosa columbaria. subspochroleuca(L.) Celak varochroleuca(L.) Coulter H, 4715, R107.
S. argented.. H, 4656, R33.
S. micranthaDesf. Th, 4756, R29.
S. rotataBieb. IT, Th, 4657, R17.
COMPOSITAE (ASTERACEAE)
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Telekia specioséSchreber) Baumg. ES, H, 4750, R28.

Inula salicinaL. ES, H, 4554, R95.

I. oculus-christiL. ES, H, 4668, R20.

I. vulgaris (Lam.) Trevisan ES, H, 4501, R27.

|. aschersoniandanka H, 4778, R88.

Pulicaria dysentericdL.) Bernh. H, 4636, R15.

Helichrysum plicatunDC. subspplicatumH, 4402, R19.

H. arenarium(L.) Moench subspaucheri(Boiss.) Davis & Kupicha IT, H, 4732, R3Bnd.
Filago pyramidatal. H, 4398, R24.

Logfia arvensigL.) Holub H, 4409, R64.

Solidago virgaured.. subspvirgaureaH, 4481, R25.

Erigeron acerL. subsppycnotrichugVierh.) Grierson ES, H, 4800, R36.
Bellis perennid.. ES, H, 4524, R30.

Doronicum orientaleHoffm. H, 4338, R37.

Senecio vernalisValdst. & Kit. Th, 4739, R31.

Tussilago farfara.. ES, H, 4573, R44.

Petasites hybriduf_..) Gaertner ES, H, 4757, R30.

Anthemis creticd.. subspalbida (Boiss.) Grierson H, 4522, R9.

A. cretical. subspanatolica(Boiss.) Grierson H, 4330, R15.

A. cotulaL. Th, 4521, R30.

A. tinctoriaL. var.tinctoria H, 4331, R3.

Achillea biserrataBieb. ES, H, 4580, R39.

A. millefoliumL. subspmillefoliumES, H, 4325, R1.

A. nobilisL. subspneilreichii (Kerner) Formanek ES, H, 4665, R22.
Tanacetum poteriifoliunfLedeb.) Grierson ES, H, 4357, R26.

T. parthenium(L.) Schultz Bip. H, 4717, R21.

T. vulgareL. H, 4718, R21.

Matricaria chamomillaL. var.recutita(L.) Grierson Th, 4633, R15.
Artemisia absinthiunk.. Ch, 4497, R18.

Arctium minugHill) Bernh. subsppubengBabington) Arenes ES, H, 4496, R21.
Onopordum tauricunwilld. ES, H, 4737, R24.

Cirsium vulgare(Savi) Ten. H, 4768, R32.

C. hypoleucundC. ES, H, 4533, R27.

C. pseudopersonatdoiss. & Bal. subsmpseudopersonatgS, H, 4534, R3&End.
C. arvensdL.) Scop. subsmrvenseH, 4490, R22.

C. arvensdL.) Scop. subspeestitum(Wimmer & Grab.) Petrak H, 4775, R33.
Picnomon acarngL.) Cass. M, H, 4660, R17.

Carduus nutans. var.leiophyllus(Petr.) Stoj.&Stef. H, 4622, R43.

C. pycnocephaluk. subspalbidus(Bieb.) Kazmi Th, 4676, R92.

Jurinea ponticaHausskn. & Freyn ex Hausskn. IT, H, 4787, RBdd.
Centaurea virgataLam. Group A H, 4500, R20.

C. solstitialisL. subspsolsitialisTh, 4645, R34.

C. hypoleucdC. ES, H, 4585, R8.

C. pichleriBoiss. subsppichleri H, 4773, R76.

Crupina crupinastrun{Moris) Vis. Th, 4745, R27.

Cnicus benedictuk. var.benedictusTh, 4454, R25.

Carthamus lanatuk. Th, 4677, R20.

Carlina oligocephalaBoiss. & Kotschy subsmligocephalaH, 4529, R83.
Xeranthemum annuuim Th, 4619, R22.

Chardinia orientalis(L.) O. Kuntze IT, Th, 4774, R88.

Echinops sphaerocephaliis subspsphaerocephalugsS, H, 4632, R15.
Cichorium intybud.. H, 4489, R23.

Scorzonera eriophor®C. H, 4788, R34End.

Tragopogon coloratu€.A. Meyer IT, H, 4359, R29.

Leontodon hispiduk. var. hispidusH, 4484, R39.

L. asperrimugWilld.) J. Ball IT, H, 4556, R7.

L. crispusVill. subsp.asper(Waldst. & Kit.) Rohl. varasperH, 4609, R29.
Sonchus aspdt..) Hill. subsp.glauscengJordan) Ball H, 4568, R36.
Hieracium pannosurBoiss. M, H, 4777, R33.

H. umbellaturlL. H, 4467, R3.

Pilosella hoppeangSchultes) C.H. & F.W. Schultz. subgilisquama(NP.) Sell & West H, 4473, R10.
P. piloselloideqVill.) Sojak subsppiloselloidesH, 4416, R26.

P. piloselloideqVill.) Sojak subspmegalomastiXNP.) Sell&West H, 4415, R19.
Lactuca salignd.. H, 4664, R32.

Lapsana communis. subspalpina (Boiss.&Bal.) Sell ES, H, 4406, R33.
L. communid.. subspintermedia(Bieb.) Hayek H, 4470, R9.

Taraxacum crepidiform®C. subspcrepidiformelT, H, 4358, R12.
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T. buttleriVan Soest H, 4769, R33.
Chondrilla junceal. var. junceaH, 4679, R20.
Crepis foetidaL. subsprhoeadifoliaTh, 4455, R33.
CAMPANULACEAE
Campanula lyratd_am. subsplyrata H, 4583, R30End.
C. latifolia L. ES, H, 4499, R6.
C. rapunculoided.. subsprapunculoide€sS, H, 4386, R23.
C. glomeratal. subsphispida(Witasek) Hayek ES, H, 4615, R13.
C. alliariifolia Willd. ES, H, 4536, R31.
C. latilobaA.DC. subsplatiloba ES, H, 4527, R31End.
Asyneuma limonifoliur(L.) Janchen subspestalozza¢Boiss.) Damboldt H, 4374, REnd.
ERICACEAE
Rhododendron luteu@weet ES, Ph, 4506, R11.
Vaccinium myrtillud_. ES, Ch, 4731, R23.
V. arctostaphylo&. ES, Ph, 4612, R14.
Pyrola chloranthaSwartz H, 4372, R26.
Orthilia secunda(L.) House H, 4414, R2.
PRIMULACEAE
Primula vulgarisHuds. subspvulgarisES, H, 4350, R36.
Androsace maximh. Th, 4661, R17.
Cyclamen courMiller var. coumG, 4663, R21.
Lysimachia vulgarid.. H, 4712, R30.
Anagallis foeminaMliller M, Th, 4519, R29.
OLEACEAE
Jasminum fruticank. M, Ph, 4555, R29.
Fraxinus angustifoliavahl subsp.oxycarpa(Bieb. ex Willd.) Franco & Rocha Afonso ES, Ph, 4794, R3gustrum
vulgareL. ES, Ph, 4746, R28.
ASCLEPIADACEAE
Cionura erectgL.) Griseb. M, Ph, 4792, R35.
GENTIANACEAE
Centaurium erythrae®afn subsperythraeakES, H, 4530, R7.
CONVOLVULACEAE
Convolvulus cantabrica. Ch, 4537, R29.
C. assyricusGriseb. IT, Ch, 4646, R1End.
C. arvensid.. Ch, 4536, R14.
Calystegia sylvaticéKit.) Griseb. Ch, 4510, R23.
CUSCUTACEAE
Cuscuta campestriguncker Vp, 4785, R76.
BORAGINACEAE
Heliotropium europaeurh. M, Th, 4682, R20.
Lappula barbataBieb.) Girke IT, H, 4343, R22.
Rochelia dispermdL. fil.) C. Koch var.dispermaH, 4424, R61.
Myosotis ramosissimRochel ex Schultes subspmosissimarh, 4346, R37.
M. alpestrisF.W. Schmidt subsplpestrisH, 4485, R25.
M. lithospermifolia (Willd.) Hornem. H, 4413, R64.
Cynoglossum creticudiller H, 4541, R15.
Lithospermum officinalé. ES, H, 4599, R11.
Echium vulgard.. ES, H, 4459, R40.
Onosma armenu@C. H, 4347, R29%:nd.
Cerinthe minoiL. subspauriculata(Ten.) Domac H, 4488, R22.
Symphytum bornmuelleBucknall ES, H, 4742, R2&nd.
Trachystemon orientalif..) G. Don ES, G, R25.
Cynoglottis chetikian&/ural & Kit Tan subsppaphlagonicaHausskn. ex Bornm.) Vural.& Kit Tan. H, 4680, REnd.
Anchusa leptophyll®&oemer & Schultes subspcana(Ledeb.) Chamb. IT H, 4520, REnd.
A. azureaMiller var. azureaH, 4495, R33.
SOLANACEAE
Solanum nigrunk.. subspnigrumTh, 4693, R96.
Atropa belladonnd.. ES, H, 4581, R21.
Hyoscyamus nigdr. H, 4342, R38.
SCROPHULARIACEAE
Verbascum ponticurgBoiss.) O. Kuntze ES, H, 4607, R&End.
V. spectabileBieb. var.spectabileES, H, 4364, R1.
V. pyramidatunBieb. ES, H, 4433, R14.
V. armenunBoiss. & Kotschy vartempskyanunfFreyn & Sint.) Murb. H, 4770, R105.
V. abieticolumBornm. ES, H, 4574, RE&nd.
V. glomeratunBoiss. IT, H, 4697, R98.
Scrophularia scopoliHoppe ex] Pers. var. adenocalyx Somm. & Lev. ES, H, 4354, R38.
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S. caninal. subsp. bicolor (Sm.) Greuter M, H, 4771, R32.
Chaenorhinum litoralg¢Bernh.) Fritsch subspterosporun{Fisch & Mey.) Davis M, Th, 4678, R2&nd.
Linaria genistifolia(L.) Miller subsp.genistifoliaES, H, 4370, R26.
L. corifolia Desf. IT, H, 4375, RZnd.
Digitalis ferruginealL. subspferrugineakS, H, 4337, R18.
D. lamarckiilvan. IT, H, 4681, R22nd.
Veronica gentianoidegahl ES, H, 4611, R12.
. bozakmaniM.A. Fischer IT, Th, 4608, R10.
. filiformis J.E. Smith ES, H, 4764, R31.
. chamaedryst. ES, H, 4760, R30.
. magnaM.A. Fischer ES, H, 4575, R40.
. multifidaL. IT, H, 4365, R7End.
. officinalisL. ES, H, 4576, RS8.
Melampyrum arvensk. var.arvenseH, 4634, R15
OROBANCHACEAE
Orobanche purpuredacq. Vp, 4761, R31.
O. minorSm. Vp, 4604, R24.
GLOBULARIACEAE
Globularia trichosanthaFisch. & Mey. H, 4511, R16.
VERBENACEAE
Verbena officinalid.. H, 4751, R14.
Vitex agnus-castus. M, Ph, 4629, R14.
LABIATAE (LAMIACEAE)
Ajuga orientalisL. H, 4327, R37.
A. chamaepity$L.) Schreber subsghia (Schreber) Arcangeli vaciliata Brig. H, 4326, R21.
Teucrium orientald.. var.orientalelT, H, 4694, R96.
T. chamaedrys. subspsyspirens€¢C. Koch) Rech. fil. IT, H, 4658, R19.
T. poliumL. Ch, 4659, R16.
Scutellaria salviifoliaBentham H, 4692, R3&nd.
Phlomis russeliangSims) Bentham ES, H, 4803, REnd.
P. armeniacawilld. IT, H, 4651, R80ENd.
Lamium purpureunk. var.purpureumgsS, Th, 4469, R67.
L. albumL. ES, H, 4468, R25.
Marrubium vulgarel.. H, 4685, R94.
Sideritis montand.. subspmontanaM, Th, 4512, R24.
S. dichotomdduter H, 4797, R3%nd.
S. amasiac8ornm. H, 4669, R44nd.
S. germanicopolitan&ornm. subspgermanicopolitanad, 4733, R24End.
Stachys byzantin@. Koch ES, H, 4376, R26.
S. sylvaticd.. ES, H, 4570, R7S. annugL.) L. subspannuavar.lycaonicaBhattacharjee H, 4356, R95.
Melissa officinalisL. subspofficinalis H, 4618, R42.
Nepeta nuda.. subspalbiflora (Boiss.) Gams H, 4373, R3.
Prunella vulgarisL. ES, H, 4565, R27.
Origanum vulgard.. subspyviride (Boiss.) Hayek H, 4672, R36.
Clinopodium vulgard.. subsparundanum(Boiss.) Nyman H, 4391, R95.
Acinos rotundifoliuers. Th, 4517, R33.
Thymus sipyleuBoiss. subsprosulans(Borbas) Jalas Ch, 4445, R16.
T. longicaulisC. Presl. subspongicaulisvar. subisophylluCh, 4443, R34.
Mentha longifolia(L.) Hudson subspongifolia H, 4686, R32.
Ziziphora capitata.. IT, Th, 4366, R37.
Z. persicaBunge IT, Th, 4789, R34.
Salvia tomentosMiller M, H, 4654, R36.
S. sclared.. H, 4653, R78.
S. forskahleL. ES, H, 4691, R95.
S. virgataJacq. IT, H, 4655, R77.
S. verticillataL. subspamasiacaFreyn & Bornm.) Bornm. IT, H, 4641, R23.
PLUMBAGINACEAE
Plumbago europaeh. ES, H, 4688, R20.
Acantholimon acerosuifWilld.) Boiss. varacerosumT, Ch, 4643, R76.
PLANTAGINACEAE
Plantagomajor L. subspmajor H, 4560, R27.
P. lanceolata.. H, 4418, R28.
THYMELAEACEAEA
Daphne ponticd.. ES, Ch, 4369, R26.
D. glomerataLam. ES, Ch, 4457, R68.
SANTALACEAE
Thesium arvensHorvatovszky ES, H, 4572, R31.
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EUPHORBIACEAE
Euphorbia strictal.. ES, Th, 4703, R21.
E. herniarifoliaWilld. var. glaberrimaHal. H, 4752, R29.
E. rigidaBieb. M, H, 4793, R35.
E. amygdaloidek. var.amygdaloide€S, H, 4460, R40.
URTICACEAE
Urtica dioicalL. ES, H, 4601, R20.
JUGLANDACEAE
Juglans regid.. Ph, 4795, R35.
PLATANACEAE
Platanus orientalid.. Ph, 4796, R35.
FAGACEAE
Fagus orientalid.ipsky ES, Ph, 4317, R1.
Castanea sativMiller Ph, 4515, R9.
Quercus macranthergisch. & Mey. ex Hohen. subsgyspirensigC. Koch) Menitsky Ph, 4514, RBnd.
Q. petraea(Mattuschka) Liebl. subsjberica (Steven ex Bieb.) Krassiln. Ph, 4730, R28.
Q. infectoriaOlivier subspboissieri(Reuter) Ph, 4513, R15.
O. Schwarz Ph, 4513, R15.
Q. pubescenwvilld. Ph, 4639, R16.
Q. cerrisL. var.cerris Ph, 4422, R7.
CORYLACEAE
Carpinus orientalidMiller subsp orientalisPh, 4507, R11.
Corylus colurnal. ES, Ph, 4442, R10.
C. avellanalL. var.avellanaES, Ph, 4721, R22.
BETULACEAE
Alnus glutinosdL.) Gaertner subsmglutinosaksS, Ph, 4790, R35.
SALICACEAE
Salix albaL. ES, Ph, 4806, R42.
S. capred.. ES, Ph, 4714, R44.
Populus tremuld.. ES, Ph, 4349, R22.
LILIACEAE
Polygonatum oriental®esf. ES, G, 4564, R11.
Allium olympicumBoiss. ES, G, 4518, R3End.
A. scorodoprasursubsprotundum(L.) Stearn M, G, 4379, R26.
Ornithogalum oligophylluntE.D. Clarke G, 4472, R40.
O. sigmoideunfrreyn et Sint. G, 4701, R105.
Muscari armeniacunieichtlin ex Baker G, 4412, R26.
M. neglectunGuss. G, 4699, R105.
Colchicum speciosuiteven ES, G, 4666, R18.
IRIDACEAE
Crocus speciosuBieb. subspilgazensisMathew ES, G, 4492, R10End.
ORCHIDACEAE
Cephalanthera epipactoidéssch. & Mey. M, G, 4389, R2.
C. rubra(L.) L.C.M. Richard G, 4336, R30.
Epipactis helleboringL.) Crantz G, 4590, R27.
Orchis punctulateSteven ex Lindley M, G, 4700, R105.
O. anatolicaBoiss. M, G, 4348, R38.
O. masculgL.) L. subsppinetorum(Boiss. et Kotschy) G. Camus M, G, 4493, R58.
O. pallensL. ES, G, 4502, R6.
Dactylorhiza romana(Seb.) Soé subsmeorgica (Klan) So6 ex Renz & Taub. ES, G, 4801, R38.
DIOSCOREACEAE
Tamus communils. subspcommunisG, 4571, R31.
JUNCACEAE
Juncus alpigenu€. Koch ES, H, 4710, R21.
CYPERACEAE
Cyperus esculentus H, 4395, R2.
Carex divulsaStokes subsplivulsaES, H, 4387, R19.
C. ovalisGood. ES, H, 4388, R63.
C. echinataMurray ES, H, 4767, R32.
GRAMINEAE (POACEAE)
Brachypodium sylvaticurfHudson) P. Beauv. ES, H, 4662, R17.
Agropyron cristatun{L.) Gaertner subspectinatum(Bieb.) var.pectinatunH, 4765, R108.
Aegilops speltoideFausch varligustica(Savignone) Bornm. Th, 4616, R15.
Hordeum murinunk.. subspglaucum(Steudel) Tzvelev Th, 4617, R13.
H. bulbosuni. H, 4650, R23.
Taeniatherum caput-medusfée) Nevski subspcrinitum (Schreber) Melderis IT, Th, 4716, R22.
Bromus hordeaceus. subsphordeaceudh, 4334, R37.
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B. japonicusThunb. subsgaponicusTh, 4324, R12.

B. danthonia€lrin. Th, 4525, R33.

B. tectorumL. Th, 4335, R58.

B. tomentelluBoiss. IT, H, 4449, R25.

B. ramosudHuds. H, 4582, R8.

B. erectuHudson H, 4735, R24.

Avena fatud.. var. fatuaTh, 4498, R21.

Helictotrichon pubescen#iudson) Besser ex Schultes & Schultes fil. supapescen&sS, H, 4466, R70.
Gaudinia fragilis(L.) P. Beauv. ES, Th, 4464, R68.
Koeleria cristata(L.) Pers. H, 4505, R26.

Deschampsia flexuoqa.) Trin. ES, H, 4587, R8.

D. caespitosdL.) P. Beauv. H, 4458, R28.

Agrostis capillarisL. var.capillaris H, 4447, R72.

Phleum montanur@. Koch subspmontanunH, 4738, R103.
Festuca drymejMertens & Koch ES, H, 4547, R8.

F. heterophyllaLam. ES, H, 4440, R71.

F. valesiacaSchleicher ex Gaudin H, 4461, R69.

Lolium perennd.. H, 4727, R108.

L. temulentunt. var.temulentunih, 4557, R11.

Poa pratensid.. H, 4749, R29.

P. nemoralid. H, 4474, R25.

P. bulbosa.. H, 4419, R19.

Eremopoa songaricéSchrenk) Roshev. IT, Th, 4671, R65.
Puccinellia distangJacq.) Parl. subsp. distans H, 4441, R15.
Dactylis glomeratd.. subspglomerataES, H, 4396, R3.
Cynosurus echinatus Th, 4542, R30.

Briza medial. H, 4385, R36.

Echinaria capitata(L.) Desf. Th, 4631, R42.

Setaria italica(L.) P. Beauv. Th, 4637, R44.

Bothriochloa ischaemurflL..) Keng H, 4740, R67

4. Sonuclar ve tartsma

Arastirma alani olarak secilen “Sakarat g@aP. H. Davis'in Grid sistemine goére A6 karesi icgerisine
girmektedir vel¢ Anadolu bélgesinin kuzeygasunda yer almaktadir. 500-1956 m'ler arasinggsete yiksekliklere
ve farkll habitatlara sahiptir.

Arastirma bdlgesinden toplanan yalla 2000 bitki 6rnginin teshis edilmesi sonucunda 78 familyaya ait 287
cins ve 494 tir (bu sayiya tir alti taksonlar da dahil eglibhitespit edilmgtir. Arastirma alanindan toplanan
taksonlarin blytk bitki gruplarina goregdanlari Tablo 3'de gosterilngtir.

Tablo 3. Argtirma Alanindan Toplanan Turlerin Blyk Bitki Gruplarina GorgiDalar

Familya Sayisi Cins Sayisi Toplam taxon sayisi
Pteridophyta 1 1 1
Spermatophyta 77 285 493
Gymospermae 2 2 4
Angiospermae 75 283 489
Dicotyledones 68 245 429
Monocotyledones 7 38 60
TOPLAM 78 286 494

Arastirma alanindaki en zengin familyala8pompositag(Asteraceae), Leguminosae (Fabaceae), Gramineae
(Poaceae), Labiatae (Lamiaceae), Rosacedgcrophulariaceae, Cruciferae (BrassicaceaeBoraginaceae,
Caryophyllaceaere Umbelliferae (Apiaceaeggeklinde siralanmaktadir. Cgtina alaninda en ¢ok tir iceren familya olan
Compositae(Asteraceae)Tlrkiye Florasi’'nin da en genifamilyasidir. Bu familya Gyelerinin ekolojik toleranslari
oldukca fazladir ve tohumlari da kolaylikla yayilabilmektedir. Ayakilde, tir sayisi bakimindan gaha alaninda 2.
sirada gele.eguminosae (Fabaceaé&milyasi Tirkiye Floras’'nin da 2. blyuk familyasidir ve c¢ok tir ihtiva eden
biyilk cinsleri kapsamaktadir. Alandaki, toplam tiir sayis#r60.52'sini en zengin 10 familya gturmaktadir. Geri
kalan 68 familyaya dalmis turlerin orani ise % 39.47'dir (Tablo 4).

Calsma alanindan toplanan cinslerin, tir zenginliklerine gore siralanmasi ise Tablo 5’destieriBuitablo
incelendginde, alanda tur sayisi bakimindan en zengin cidstragalusoldugu goéralir. Bunun sebebi; alandaki hem
step hem de orman vejetasyonlarinda, bu cinsin oldukga zengin tur ile temsil edilmesidir. Ayni zastegddusL.
Tar sayisi acisindan Turkiye Florasi’nin da en zengin cinsidir.
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Tablo 4. Argtirma Bdlgesinden Toplanan Turlerin Familyalara Gorgilalari

Familya Tur Sayisi %
Compositae (Asteraceae) 70 14.17
Leguminosae (Fabaceae) |46 9.31
Gramineae (Poaceae) 37 7.49
Labiatae (Lamiaceae) 34 6.88
Rosaceae 29 5.87
Scrophulariaceae 21 4.25
Cruciferae (Brassicaceae) |17 3.44
Boraginaceae 16 3.24
Caryophyllaceae 15 3.04
Umbelliferae (Apiaceae) 14 2.83
Diger 195 39.47
TOPLAM 494 100

Tablo 5. Argtirma Alaninda En Cok Tiigeren Cinsler
Cins Tlr Sayisi

Astragalus
Veronica
Bromus
Galium
Campanula
Verbascum
Rumex
Trifolium
Salvia
Rubus

gaoo(o|o|N|N|(N|

Arastirma sahasina ait bitki turlerinin Raunkier'in Hayat Formlari'na gogglida yuzdeleri ise Tablo 6'da
verilmigtir. Tablodan da gorulege gibi aratirma alaninda “hemikriptofitler” hakim durumda olup biyolojik
spektrumda 2. sirayi terofitler almaktadir.

Tablo 6. Turlerin Hayat Formlarina Gore glanlari

Hayat Formu Tar Sayisi %
Hemikriptofit (H) 296 59.92
Terofit (Th) 78 15.79
Fanerofit (Ph) 67 13.56
Kamefit (Ch) 25 5.06
Geofit (G) 25 5.06
Vaskiler Parazit (Vp) 3 0.61
TOPLAM 494 100

Tablo 7. Turlerin Fitocgrafik Bolgelere Gore Dalimlari

Fitocografik Bolge Tir Sayisi %
Avrupa-Sibirya (ES) 127 25.71
fran-Turan (IT) 43 8.70
Akdeniz (M) 24 4.86
Geni yayilglilar ve bilinmeyenler 300 60.73
TOPLAM 494 100

Taksonlarin fitocgrafik dagilimlarina gore, alanda 127 takson ile Avrupa-Sibirya kokenli bitkiler
cogunluktadir (% 25.71)iran-Turan kokenli tirlerin de belli bir oranla (43 tiir - % 8.70) alanda yer almasmaali
sahasinin Avrupa-Sibirya ilkan-Turan fitocgrafik bolgeleri arasinda bir ggczonunda yer algini gostermektedir
(Tablo 7). Ayrica Sakarat [3dnda tespit edilen tiirlerin % 8.1'i (40 ttir) endemiktir.

Sakarat Dgi'ndaki toplam 6rnek, familya, cins ve takson sayilarinin Amasya’da gestigléa diger floristik
arastirmalarla kagilastirilmasi Tablo 8'de verilngtir.
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Tablo 8. Sakarat D& ve Amasya’daki Dier Floristik Aragtirmalarda Toplam Ornek, Familya, Cins ve Takson sayilari

Arastirma Alani Toplam Ornek | Toplam Toplam Cins | Toplam Takson
sayisl Familya Sayisi | Sayisi sayisl

Sakarat Dgg1 (Cansaran vd., 2009) 2000 78 286 494
Akdag (Alpinar, 1979) - 96 424 887
Kugpinartepe (Peker, 1988) 770 86 313 488
Amasya-Yozgat-Corum Arasi (Kurt vd., 1998) 1200 61 296 536
Vermis-Yuvacik Kéyleri ve Amasya Kalesi Arasi670 75 287 420
(Cansaran ve Aydmu, 1998)

Egerli Dag1 (Cansaran, 2002) 2000 70 298 650
Tawan d&! (Korkmaz vd., 2005) 1507 77 307 594
Asagl Tersakan Vadisi (Celeg., 2006) 1000 74 301 457
Cakir D& (Yicel, 2005) 450 36 131 195
Direkli-Yassi¢al-Abaci Arasi (Cansaran vd., 200fa) 645 56 221 379
Inegol D& (Yildinm, 2009) 1700 71 291 661

Gorildgh gibi; toplam 6rnek sayisi belli olmamasingman alanda, en ¢cok familya (96), en cok cins (424) ve en ¢ok
takson (887) iceren ¢caina Akda'da yapilan cabmadir (Alpinar, 1979). Bu durum Akgan Amasya’'nin en yuksek
noktasi olmasi, oldukca ganbir alana yerlgmis olmasi ve iklim, toprak ve vejetasyon yapisi acisindaitligk
gostermesi ile aciklanabilir. Buna kdik toplam 6rnek, familya, cins ve takson sayisi agisindan en fakir alan olarak
“Cakir Dag1” (Yucel, 2005) gorilmektedir. Cakir Ba Corumsehir merkezinden ayip Amasya Kalesi'ne kadar
uzanan bir dgdir (http:// www.amasya.gov.tr/). Boyle buyuk bir gda daha farkh rakamlara glamis olmasi
beklenebilir. Bu durum, o alanda gaha yapilan dénemlerdeki klimatik fdlardan kaynaklanabilir. Agairma
alanimiza en yakin bélgeler olageEli Dag1, inegol D& ve Tagan Dar'nin toplam 6érnek, familya, cins ve takson
sayisi agisindan bulgulari bizim bulgularimiza benzerlik géstermektedir.

Sakarat Dg ve Amasya'daki dier floristik calgmalarda belirlenen taksonlarin fitgirafik boélgelere
dagilimlari ve endemizm oranlari ise Tablo 9'de goérilmektedir. Burada belirtilen fitaftl bolgelere girmeyen tirler
ya kozmopolit ya da fitografik bolgeleri bilinmeyen taksonlardir.

Tablo 9. Sakarat O ve Amasya’daki Dier Floristik ArgtirmalardaTaksonlarin Fitogeafik Bolgelere Dgilimlari ve

Endemizm Oranlari

Arasi (Cansaran ve Ayg@du, 1998)

Arastirma Alani Iran-Turan Avrupa-Sibirya | Akdeniz Endemizm
Sakarat Da (Cansaran vd., 2009) 43 (% 8.70) 127 (% 25.71)) 24 (% 4.86) 40 (% 8.1)
Akdag (Alpinar, 1979) - - - 62 (% 7)
Kuspinartepe (Peker, 1988) 43 (% 8.98) 51(% 10.64) 45(% 9.39) 33 (% 6.89)
Amasya-Yozgat-Corum Arasi (Kurt vd., 1998) 100 (% 18.65 71 (% 13.25 41 (% 7.65 38 (% 7.0
Vermis-Yuvacik Kdyleri ve Amasya Kalesi 70 (% 15.71) 31 (% 7.38) 40 (% 9.52) 46 (% 11)

Egerli Dagl (Cansaran, 2002)

102 (% 15.69)

97 (% 14.92)

46 (% 7.07)

80 (% 12.30)

Tawan d&! (Korkmaz vd., 2005)

71 (% 11.95)

141 (% 23.73)

30 (% 5.04)

65 (% 10.94)

Asagl Tersakan Vadisi (Celeg., 2006) 77 (% 16.8) 39 (% 8.5) 35 (% 7.6) 50 (% 10.94)
Cakir D& (Yicel, 2005) 23 (% 11.79) 12 (% 6.15) 10 (% 5.12) 18 (% 9.23)
Direkli-Yassi¢al-Abaci Arasi (Cansaran vd., 51 (% 13.4) 45 (% 11.8) 35 (% 9.2) 44 (% 11.6)
2007a)

inegél D& (Yildirim, 2009) 99 (% 15.0) 103 (% 15.6) 43 (% 6.5) 77 (% 11.65

Tablo 9 incelendjinde; Kuspinartepe (Peker, 1988), kaw Dal (Korkmaz vd., 2005)inegol Dai (Yildirim,
2009) ve ¢cakma alani olan Sakarat Banda Avrupa-Sibirya fitocgrafik bolgesi elementlerinin; géer tim alanlarda
iseiran-Turan fitocgrafik bolgesi elementlerinin 1. sirada yer gldsorilmektedir. Amasya iliran-Turan ve Avrupa-
Sibirya fitocggrafik bolgeleri arasinda bir ggcalaninda bulundiu icin bu sonuclar normaldiiran-Turan bolgesi
elementlerinin genelde ilk sirayl alsrimasi, Amasya’nin tahribati yiksek bir alan @dou goéstermektedir. Clnku

Iran-Turan bolgesi elementleri daha ¢ok agik ve stebik alanlarda yayilirken; Avrupa-Sibirya bolgesi elemetleri daha ¢ok

nemli alanlar, cayirliklar, caliiklar ve ormanhk alanlari tercih etmektedir. SakargtnDaiyi gelismis orman
formasyonlarina sahip olmasi Avrupa-Sibirya fitgiadik bolgesi elementlerinin burada ilk siraya ygmesinde
onemli rol oynamgtir. Amasya’da gercekigériimis olan tum cakmalarda, Akdeniz elementlerinin de kendini
gostermesi (bazi camalarda 3. sirada da olsa) Amasya’nin ortasinda uzanaiiriek nehrinin etkisinin bir
sonucudur. Akdeniz fitogiafik bolgesi elementleri, ¥dirmak vadisi boyunca, daha ¢ok alcak kesimlerdeki allivyal
alanlarda yerlgmislerdir. Endemik bitkiler acisindan bakijgnda ise Amasya'daki ¢camalarda %6.89 ile %12.30
arasinda désen endemizm oranlari Tirkiye ortalamasindan (%31) (Guner vd., 2000) oldukidaidiiSakarat Da

da % 8.1'lik endemizm orani ile olduk¢a az sayida endemik tir ihtiva etmektedir.
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Sakarat Dgi ve Amasya’daki dier floristik argtirmalarda tespit edilen en buyuk ilk 3 familya ve ilk 3 cins ise
Tablo10'da gdsterilmektedir.

Tablo 10. En biyiiklk 3 Familya veilk 3 Cinse GoreAmasya’'daki Floristik Cgthalarin Kagilastiriimasi

Arastirma Alani

En Buyuk 3 Familya (Tu
sayisl / Tur ylzdesi)

En Buyuk 3 Cins (Tur Sayist)

Sakarat Dgn (Cansaran vd.
2009)

Asteraceae70 (% 14.17)
Fabaceae46 (% 9.31)
Poaceae37 (% 7.49)

* Astragalus(8)
* Veronica- Bromus — Galiung7)
* CampanulaVerbascumRumex,Trifolium (6)

Kuspinartepe
(Peker, 1988)

Asteracear58 (% 12.1)
Fabaceae54 (% 11.3)
Lamiaceae33 (% 6.9)

* Astragalus(10)
*Vicia-Trifolium-Ranunculug7)
*Geranium-Alyssun6)

Amasya-Yozgat-Corum Aras
(Kurt vd., 1998)

Fabaceae85 (% 15.85)
Asteraceae82 (% 15.29)
Poaceae39 (% 7.27)

* Astragalus(29)
* Trifolium (12)
*Silene-Lathyrug7)

Vermis-Yuvacik Koyleri ve
Amasya Kalesi Aras
(Cansaran ve Aydmu, 1998)

Asteraceae46 (% 11.1)
Lamiaceae38 (% 9.2)
Fabaceae 33 (% 8.0)

*Astragalus(10)
*Salvia(9)
*Convolvulus-Euphorbia Silene—Verbascung5)

Egerli Dag|
(Cansaran, 2002)

Asteraceae78 (% 12.6)
Fabaceae 77 (% 12.4)
Poaceae 42 (% 6.7)

*Astragalus(23)
*Silene—Lathyru¢10)
*Trifolium—Galium-Onosma Salvia(8)

Tawan da| Asteracear78 (% 12.9) *Veronica(13)
(Korkmaz vd., 2005) Fabaceae 56 (% 9.2) *Salvia—Alyssun{l1)
Lamiaceae 53 (% 8.8) *Centaurea(10)

Asagl Tersakan Vadisi
(Celepvd., 2006)

Asteracear56 (% 12.2)
Fabaceae42 (% 9.2)
Lamiaceae35 (% 7.6)

* Astragalus-Alyssur(v)
* Vicia-Salvia(6)
* Centaureda5)

Cakir D&
(Yiicel, 2005)

Asteraceae33 (% 16.92)
Fabaceae27 (% 13.84)
Lamiaceael7 (% 8.71)

* Astragalus-Centaure¢b)
*QOrnithogalum-Onobrychi§4)
* Dianthus(3)

Direkli-Yassical-Abaci
(Cansaran vd., 2007a)

Aras

Asteracear47 (% 12.6)
Fabaceae 38 (% 10.2)
Lamiaceae36 (% 9.7)

*Astragalus-SilenégB)
*Centaured(7)

* Lathyrus(6)
*Salvia-Viola-Euphorbig5)

Inegol Dai (Yildirim, 2009)

Asteraceae87 (% 13.2)
Fabaceae69 (% 10.4)
Lamiaceaeb0 (% 9.1)

*Astragalug(17)
* Verbascum-Centaured 2)
* Silene-Salvig10)

Tablo 10 incelengiinde; Kuspinartepe (Peker, 1988), Tsaw Da1 (Korkmaz vd., 2005), a3 Tersakan Vadisi (Celep

vd., 2006), Cakir Da (Yicel, 2005), Direkli-Yassical-Abaci Arasi (Cansaran vd., 2007dpegol dg (Yildirim,
2009)'nda yapilan c¢almalarda ortaya c¢ikan en blyik 3 familyanin aynen Tirkiye Florasi’'nda (Giner vd., 2000)
oldugu gibi siralandii gorulmektedir: Asteraceae, Fabaceae, LamiackaPiger floristik argtirmalarda ise, bu
familyalardan en az ikisi ilk Uce girmektedir. Amasya'daki gablarda ilk Gce giren bir ger familya ise Tirkiye
Florasi'nda (Giner vd., 2000) 5. sirada yer alan Poaceae familyasidir ki Sakatadd@da bu familyaAsteraceaee
Fabacea&len sonra alanda kendisine 3. sirgdabulmutur.

Arastirma alaninda en fazla tur igeren ilk U¢ cins sirasAs&agalus(8), Veronica-Bromussalium (7) ve
CampanulaVerbascurrRumexTrifolium (6)'dur. Ayrica, Sakarat B ve yakin ¢cevresinde yapilan gahalarda, tur
ybninden en zengin cinsler siralamasinda, Tirkiye Florasi'na (Glner et al, 2000) gore ilk Uic siradaAgtragkzins
(1.), Verbascunm(2.) veCentaurea(3.) cinslerinden en az bir tanesi ilk ti¢ siraya yenlgtir.

Tesekkdr
Bu aragtirma 2004—2006 yillar1 arasinda TOB\K (Trkiye Bilimsel ve Teknik Argtirma Kurumu, Proje No:
TOVAG-HD 1050018)'in destg ile gerceklatirilmi stir. Desteklerinden dolayr TUB AK’a tesekkiir ederiz.
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Abstract

Maydis leaf blight (MLB), caused bBipolaris maydisis one of the most important diseases in maize. The
objectives of this study were to quantify the progress for maydis leaf blight resistance improvement by estimating
selection differential, expected and observed responses to selection after two cyclesaeSurrent selection, and to
estimate heritability for various morphological and yield traits in "Azam" composite maize population. This study was
conducted at the research farm of Agricultural University, Peshawar, Pakistan during summer 2006 and 2007. In cycle-
3 about one hundred, 8nes while in cycle-4 196,Sines of maize population Azam were evaluated under epiphytotic
conditions along with their progenies in lattice square design with two replications. Highly significant variations were
observed among the, 8nes for grain yield, MLB, plant height, ear height, ear length, kernel row$ estd maturity
traits in two cycles. In cycle-3 the expected and observed responses for grain yield (432, 2144 M B4-0.53, -
0.65), plant height (1.65, 28cm), ear height (-0.43, 10 cm), ear length (0.78, 5 cm), kernel fo@9.@sh 2), pollen
shedding (-0.21, -5 days) and silking (-0.09, -4 days) were observed, while in cycle-4 expected and observed responses
were (715, 2762 kg Ha, (-0.01, -0.13), (1.15, 41 cm), (0.44, 23 cm), (1.17, 3 cm), (0.07, 1), (-1.23, -2 days) and (-1.39,
-1 days) for the above traits, respectively. In both cycles the heritability values were estimated for grain yield (0.50,
0.64), MLB (0.84, 0.52), plant height (0.62, 0.79), ear height (0.63, 0.47), ear length (0.58, 0.55), kernel fows cob
(0.63, 0.62), pollen shedding (0.83, 0.83) and silking (0.72, 0.82). The increased performance of the progenies of
selected Slines manifests the efficiency of breeding program and suggests, tiivee 8current selection would be the
most efficient method for improving MLB resistance and grain yield simultaneously in maize population Azam.

Key words: Bipolaris maydis, recurrent selection, observed response, heritability, Corn
1.Introduction

Maize Zea mayd..) is extensively grown in temperate, subtropical and tropical regions of the world. Its range
of adaptation stretches from SN to 40 S latitude and can be grown at an altitude from sea level to 3300 meters above
sea level (Shakt al, 2006). In Pakistan, during 2006-07, it was cultivated on 1016.9 thousand hectares with a total
production of 3188.4 thousand tons and productivity of 3037 Ky InaNWFP maize was grown on 516.1 thousand
hectares with total production of 918.6 thousand tons and productivity of 1780 kiyiiFAL, 2007).

Despite its high yield potential, one of the major limiting factors to maize grain yield is its sensitivity to several
diseases. Southern corn leaf blight (SCLB) or maydis leaf blight (MLB) causdipejaris maydis(Drechslera
maydis telomorph:Cochliobolus heterostrophusccurs widely on maize (Bekele and Sumner, 198i®plaris maydis
is a member of the ascomycetes, the sac fungi which produces a toxin that attacks the mitochondria and destroys the
plants ability to capture energy from metabolism. Three racks ofaydishave been described (Carson, 1998; @ei
al., 1988). Race ‘O’ is considered the most common and indigenous throughout most areas where SCLB occurs. This
infects the leaves only, forms small (0.6 x 2.5 cm), tan and parallel-side lesions with buff or brown borders. On the
other hand, race T, the cause of the 1970 SCLB epidemic in North America, is specifically virulent on Texas male
sterile cytoplasm (cmsT) maize due to its ability to produce a polypeptide toxin (T toxin) to which cmsT maize is
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sensitive (Carson, 1998; Levings and Siedow, 1992). It attacks all above ground parts of maize plant. The lesions in this
case are spindle shaped and surrounded by green or chlorotic halos (Agrios, 1997; ®adini2005). Race C dfl.

maydis specifically virulent on C male sterile cytoplasm (cmsC) maize, has been reported from China, but is not known
to occur elsewhere (Ga al.,2005; Weiet al.,1988). MLB is also prevalent in the maize growing regions of NWFP

and accounts for about 20% or sometime even more yield losses to the crop in Pakistan (Hafiz, 1986).

Keeping in view the importance of maydis leaf blight disease, an experiment was conducted in field under
epiphytotic conditions for screening and evaluation pfires against maydis leaf blight. The objectives of the study
were to quantify the progress for maydis leaf blight resistance improvement by estimating expected and observed
responses to selection after two cycles of liBe recurrent selection, and to estimate heritability for various
morphological and yield traits in Azam maize composite population.

2. Materials and methods
2.1 Experimental material's development

The field experiment was conducted at Agricultural Research Farm of NWFP Agricultural University
Peshawar during summer 2006 and 2007 (July-October). HoreS production, Azam maize population was grown
over an area of 600Tin spring (February-June) 2006 and 2007. Plant spacing between rows was 0.75 m, while 0.25 m
was within the row. Two seeds Hillvere planted, which were later thinned to maintain one plaft hiten the plants
were 10-15 cm tall. Standard cultural practices were applied to get healthy and vigorous plants for selfing. At maturity
the selfed ears were individually harvested, shelled and numbered separately. Half of the seed ofirmactas
planted in replicated trial for evaluation in summer season (2006), while the other half was kept as a remnant for
recombination phase. Square lattice design was used in the fieldliioesSevaluation. The recombined seed were used
as a base population for next cycle. Thdirg&s production and planting methodology in the next cycle was the same as
discussed earlier.

2.2.Inoculation procedure

The S lines were planted in replicated trial along with local checks. All the lines were inoculated with spores
of H. maydisalong with their respective checks, at four to six leaves stage. The inoculum was prepared by grinding
leaves infected with maydis leaf blight collected from previous crop (8hah 2006; Gacet al. 2005; Lambert and
White, 1997; Sumner and Littrell, 1973).

2.3. Data Recording

2.3.1 Disease ratings

Whole plots were visually rated four times in both the cycles for percent MLB severity beginning at two weeks
post anthesis with one week interval (Skealal, 2006; Carsoet al,, 2004; Carson, 1998). For recording disease data a
scale of 0-5 was used following the CIMMYT procedure, i.e. 0 for no lesion and 5 for heavily blighted leaves. Rating of
0.0-1.4 were considered resistant, 1.5-2.4 moderately resistant and 2.5-5.0 susceptible (CIMMYT, 1985), As the disease
reaction was rather uncertain to fall exactly in each of the mentioned classes, an arbitrary gradation of 10 classes scale
i.,e.0.5,1.0,15, 2.0, 25, 3.0, 3.5, 4.0, 4.5 and 5.0 was used to measure the disease severity more accuedtaly (Shah
2006).

2.3.2  Grainyield (kg h8
After physiological maturity (black layer formation at hilum), ears from each entry were harvested to obtain
yield data. Grain yield (kg h was obtained using the following formula relationship (Caraegal., 1971).
Grain yield (kg hd) = F.wt.x (100-MC)x 0.80x 10,000
(100-15% 3.37 nt

2.3.3  Plant height (cm)

Height of each plant was measured with the help of a measuring rod as the distance from ground level to the
auricle of the flag leaf (Guzman and Lamkey, 2000) on 10 randomly selected plants was then converted to per plot by
taking their averages.

2.3.4 Ear height (cm)
It was measured as the distance from soil to the node bearing primary ear (uppermost) as mentioned by Guzman and
Lamkey (2000) on randomly selected plants.

2.3.5 Earlength (cm)
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Length of the above randomly chosen ears from each plot was measured with measuring tap and recorded as
average ear length (John, 1991).

2.3.6  Number of kernel rows éhar
Grain rows of randomly selected ears mentioned above were counted and recorded as number of kernel
rows ear for each plot.

2.3.7 Days to 50% pollen shedding

In each plot the number of days from planting to 50% pollen shedding was recorded when pollen shedding
started after dehiscence of anthers on central branch of the tassel on 50 % plants in a plot (Khan, 1986eaiadl, Ihsan
2005).

2.3.7 Days to 50% silk emergence

Silking date was recorded when the first day silks became uigiltiee topmost ear of at least 50% of plants
in a plot (Tollenaaet al, 2004 and Leet al, 2005). The number of days from planting to 50% silk emergence was
then recorded as days to 50 % silk emergence (Hinze and Lamkey, 2003 arat #h&004).

2.4 Statistical analysis

Analysis of variance was conducting according to Steel and Torrie (1984). Microsoft Excel program was used for
calculation of expected and observed responses, and graphs. Estimates of genotypic and phenotypic variance
components were calculated from ANOVA to estimate heritability on an entry mean basis @aka2004; Penny
and Eberhart, 1971).

3.Results and discussion
3.1.  Grainyield (kg hd)

Grain yield exhibited highly significant differences (P<0.01) amonign8s in both the cycles (Table 2). It was
found that mean grain vyield in cycle-3 (3629 kg'havas comparatively less than that of cycle-4 (4105 k{).ha
Likewise the average grain yield of the selectetir®s of cycle-3 was 4491 kg havhile in cycle-4 it was 5223 kg ha
! Whereas the grain yield obtained from the progenies of the selgdiadsSin both the cycles was 5773 and 6867 kg
ha’ respectively (Table 1). With the expected responses in cycle-3 (432 kg cycle-4 (715 kg F, prediction
were made which were confirmed from the resultant observed responses 2144 and 276¢Tkplaa20) in both the
cycles respectively. Our results are in agreement with those of De dteah (1993) who also reported highly
significant increase in grain yield i.e. 507 kg cyclSimilarly Valeset al. (2001) also reported significant increase in
grain yield due to selection. Heritability for the said trait in cycle-3 and cycle-4 were 0.50 and 0.64, respectively (Table
2). The heritability values for grain yield were normally low because of the large number of genes involved and the high
level of environmental interaction (Welsh, 1981). The increased performance of the progenies of the sdlaeted S
manifests both the efficiency of breeding program and the heterosis after recombination of the sdiaeted S

Table 1. Mean values for population (i), Selectedirgs (uS), Progenies (uP) and Check for different traits in two
cycles of $line recurrent selection.

Traits Cycle-3 Cycle-4

Y puS pP check p puS pP check
Yield (kg ha") 3629 4491 5773 5117 4105 5223 6867 6603
Maydis leaf blight 1.15 05 05 0.625 0.63 0.60 0.5 15
Plant height (cm) 131 134 159 151 129 130 170 183
Ear height (cm) 57 56 67 78 60 61 83 98
Ear length (cm) 11 13 17 14 13 15 17 18
Kernel rows eat 14 14 16 13 13 14 14 14
Days to pollen shedding 52 52 47 48 54 53 52 52
Days to silking 52 52 48 48 55 53 54 54

2.3.Maydis leaf blight

Maydis leaf blight (MLB) caused bBipolaris maydisoccurs widely on maize (Bekele and Sumner 1983).
Recurrent mass and, $amily selection for quantitative disease resistance in coea (maysL.) have been highly
effective. Statistical analysis exhibited highly significant variations (P<0.01) for maydis leaf blight (MLB) among S
lines in both the cycles (Table 2). The mean value for MLB in cycle-3 was 1.15 while in cycle-4 it was 0.63 (Disease
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scale 0.0-5.0). The lower disease score in cycle-4 as compared with cycle-3 reflects the genetic improvement of the
population against maydis leaf blight disease as well as efficacy of the recurrent selection method. These results are
supported by those reported by Cebadibal, (1991) and De leoat al. (1993), who also observed reduction in maydis

leaf blight severity in advanced cycles of recurrent selection in maize populations. The average rate of MLB in the
selected lines of cycle-3 was 0.5 while in cycle-4 it was 0.60. On the other hand MLB observed in the progenies of both
the cycles was 0.5 (Table 1). In cycle-3 the expected response for MLB was -0.53, while the observed response was -
0.65. Likewise in cycle-4 the expected response for MLB was -0.01 while the observed response was -0.13. In both
cycles the responses were in desired direction. These results are also supported by those of Jinhyon and Russell (1969)
who reported reduction in mean disease score for stalk rot from 3.7 to 1.7 with three cyclelinefr&current
selection. Heritability for the said trait in cycle-3 and cycle-4 were 0.84 and 0.52 respectively (Table 2). The high
heritability and negative value of expected responses in both cycles also predicted reduction in disease severity. The
observed responses for MLB in progenies of selectdth& of both the cycles were also reduced, thereby exhibiting

the efficiency of selection. Disease progress for population, seleclie@<$ progenies of selectedIfies and check in

both the cycles, cycle-3 and cycle-4, are graphically presented in Figure.1 and 2 respectively, showing increasing

infestation of MLB severity.
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Figure 1. Response of population mean (U), selegteth&n (Sp), progenies mean (LP) and check to MLB severity in
cycle-3.
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Figure 2. Response of population mean (u), selegtech&n (Sp), progenies mean (LP) and check to MLB severity in
cycle-4.

2.4.Morphological characteristics

Data showed highly significant variations (P<0.01) for plant and ear height among lihesSn both the
cycles (Table 2). Abedon and Tracy (1998) reported significant differences for plant and ear height while using full sib
recurrent selection in maize. The average plant height of the population in cycle-3 was 131 cm while in cycle-4 it was
129 (Table 1). Mean plant height attained by the selegtédes in cycle-3 was 134 cm while in cycle-4 it was 130 cm.
In both the cycles the progenies attained plant height of 159 cm and 170 cm, respectively in cycle-3 and cycle-4 (Table
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1). In cycle-3, the expected response for plant height was 1.65 while the observed response was 28. In cycle-4 the
expected response for plant height was 1.15 while the observed response was 41 (Table 2). It was found that the
observed responses in both the cycles were far greater than the expected responses for plant height which are in close
conformity with those reported earlier by Devey and Russell (1983) who also observed significant increase in plant
height after conducting seven cycles qfr8current selection in maize. Heritability for the said trait in cycle-3 and
cycle-4 were 0.62 and 0.79 respectively, (Table 2). Mihaljevial (2005) obtained high heritability values (0.90) for

plant height. The greater the heritability of a particular trait, the lesser will be the environmental effect.

As for as the ear height of population is concerned, in cycle-3 it was 57 cm while in cycle-4 it was 60 cm.
Mean ear height observed in the selectelin®s in cycle-3 was 56 cm while in cycle-4 it was 61 cm. In both the cycles
the progenies attained the ear height of 67 cm and 83 cm respectively (Table 1). The expected response for ear height
was -0.43 while the observed response was 10 in cycle-3 whereas in cycle-4 the expected response for ear height was
0.44 while the observed response was 23. Heritability for ear height in cycle-3 and cycle-4 estimated were 0.63 and
0.47, respectively (Table 2). The observed responses in both the cycles for plant (28 cm, 41 cm) and ear height (10 cm,
23 cm) in the progenies of the selectedliBes were increased significantly after two cycles ofliSe recurrent
selection. However, Weyhricbt al (1998) reported significant decrease (6.52 cm) in ear height usinec@rent
selection. The increased in plant and ear height in the progenies could be attributed to the expression of heterosis after
recombining the selected es.

2.5.Ear characteristics

Data concerning ear length and kernel rows saiowed highly significant differences (P<0.01) for ear length
and kernel rows edramong the Slines in both the cycles (Table 2). The mean ear length recorded for population in
cycle-3 was 11 cm while in cycle-4 it was 13 cm. Ear length observed in the selediteek $n cycle-3 was 13 cm
while in cycle-4 it was 15 cm. For the progenies in both the cycles ear length recorded was 17 cm (Table 1). In cycle-3
the expected response for ear length was 0.78 while the observed response was 5 whereas in cycle-4, the expected anc
observed responses for ear length were 1.17 and 3, respectively. Heritability for the said trait in cycle-3 and cycle-4
were 0.58 and 0.55, respectively (Table 2).

Average kernel rows €arin cycle-3 was 14 while in cycle-4 it was 13. In the selectetin8s of both the
cycles the kernel rows eamwere 14. Similarly in the progenies of both the cycles, kernel rowsveare 16 and 14,
respectively (Table 1). The expected response for kernel roWsvaar-0.29 while the observed response of 2 in cycle-
3 while in cycle-4 the expected and observed responses for kernel ro\wsezar0.07 and1, respectively. Heritability
for the said trait in cycle-3 and cycle-4 were 0.63 and 0.62, respectively (Tableed)etically, a greater number of
rows ear* should result in higher yield. However, short rows in a short ear may not contribute to the total yield as much
as long rows in a long ear, (Rahngtral, 2005). As an increase of (0.78 and 1.17 cm) and (-0.29 and 0.07 kernel rows
ear') was predicted from the expected responses in both the cycles for ear length and kernel'rawspeatively,
hence the observed responses in both the cycles for ear length (5 and 3 cm), and kernet (@wandat) confirmed
improvement in both the traits after two cycles ofie recurrent selection.

Table 2. Mean squares (MS), selection differential (S), expect@dafi@d observed (JR response and Heritability for
different traits in two cycles of recurrent selection in maize composite population Azam, evaluated in 2006 and 2007.

Traits Cycle-3 Cycle-4
MS S R R, h’%ss MS [ R R, h%ss

Grain yield (kg hd) 1911093.8** 862 432 2144 0.50 1501733.1* 1119 715 2762 0.64
Maydis leaf blight 0.572** -0.64 -0.53 -0.65 0.84 0.083* -0.03 -0.01 -0.13 0.52
lant height (cm) 534.62* 266 165 28 0.62 534.62* 146 115 41 0.79
Ear height (cm) 314.64* -0.68 -0.43 10 0.63 89.969* 092 044 23 0.47
Ear length (cm) 5.328** 135 078 5 0.58 4.028* 213 117 3 0.55
Kernel rows eat 3.931* -0.46 -029 2 0.63 4.266* 012 007 1 0.62
Days to pollen shedding 7.908** -0.25 -021 -5 0.83  7.329% -1.48 -1.23 -2 0.83
Days to Silking 10.719% -0.12 -009 -4 0.72 8.325% -1.68 -1.39 -1 0.82

** = Significant at 1% level of probability
2.6.Maturity characteristics
Data concerning days to pollen shedding and silking revealed highly significant variations (P<0.01) among S
lines in both the cycles (Table 2). Abedon and Tracy (1998) also observed significant differences for maturity traits

using S line recurrent selection. The selectedliBes of both the cycles took 52 and 53 days, respectively to start
pollen shedding. Similarly in the progenies of both cycles days to pollen shedding were 47 and 52, respectively (Table
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1). In cycle-3 the expected response for days to pollen shedding was -0.21 while the observed response was 5. In cycle-
4 the expected response for days to pollen shedding was -1.23 while the observed response was -2. Similar estimates of
heritability (0.83) for days to pollen shedding were observed in both the cycles indicating that this trait was less
influenced by the environment.

The mean values recorded for days to silking in cycle-3 and cucle-4 were 52 and 55, respectively. $elected S
lines in both the cycles, cycle-3 and cycle-4, took 52 and 53 days, respectively for days to silking. In case of progenies
cycle-3 and cycle-4 completed silking in 48 and 54 days, respectively (Table 1). In cycle-3 the expected response for
days to silking was -0.09 while the observed response was -4. In cycle-4 the expected response for days to silking was -
1.39 while the observed response was -1. Heritability estimates observed for days to silking in cycle-3 and cycle-4 were
0.72 and 0.82, respectively (Table 2). High heritability (0.85) for the same trait in testcross of BSK(HI)C8 was recorded
by Mulambaet al (1983). Based upon negative magnitudes of expected responses, decrease in days was expected for
maturity traits in progenies of selectedlies in the both cycles. As per expectation, decrease in days was observed for
days to pollen shedding and silking in the progenies of the selectéte$ of cycle-3 and cycle-4. Using recurrent
selection for resistance Exserohilum turcicunin eight subtropical maize populations, Cebaéibal (1991) reported
a significant decrease in maturity traits.

3.Conclusions

These results suggest thatlBe recurrent selection would be the most efficient method for improving MLB
resistance and grain yield simultaneously in maize population Azam.
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