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Separation and enrichment of Cr(VI) ion in waters using
solid phase extraction and evaluation of adsorption,
kinetic and thermodynamic parameters

Adalet Tunceli®”, Hatice Sahin®, Ozcan Yal¢inkaya*'©,
Orhan Acar

Abstract: Cr(III) and Cr(VI) ions in waters were separated by using column method
containing Amberlite IRA 900 copolymer resin. Cr(VI) ion was separated, pre-
concentrated and determined by using flame atomic absorption spectrometry. After
oxidizing all Cr(III) into Cr(VI) with H202, total chromium (Cr(III) + Cr(VI) ions)
was determined. Concentration of Cr(IIl) was obtained by subtracting Cr(VI) level
from whole chromium. Recovery of Cr(VI) ion at optimum conditions such as pH
(5.5 — 6), type and concentration of eluent solution (5 mL of 1 mol/L HCI + 2%
(m/v) ascorbic acid) and flow rate (3 mL/min) obtained was 99 + 1% for five
replicate measurements. Analytical detection and quantification limits were found
as 0.11 and 0.38 pg/L, respectively. The enrichment factor of Cr(VI) ion found was
about 100 after using optimization conditions. Accuracy of proposed method was
checked by analyzing Cr(VI) in CWW-TM-D Wastewater (SRM) containing Cr(III)
and Cr(VI) ions and applied to real waters. Langmuir adsorption model was suitable
for Cr(VI) ion and maximum adsorption capacity found was 303 mg/g at 298 K.
Thermodynamic parameters (AG°, AH® and AS®) and activation energy (Ea) were
determined. Adsorption of Cr(VI) ion on resin was chemical ion-exchange,
spontaneous and exothermic process.

Keywords: Chromium, Separation, Solid phase extraction, Amberlite IRA 900
resin, Activation energy.
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1. INTRODUCTION

Chromium is widely distributed in the earth crust
and exists mainly in the forms of Cr(lll) and
Cr(VI) ions. Cr(lIll) is a biologically active ion
found in food and it is important in mammalian
metabolism. It is responsible for lowering blood
sugar levels with insulin which is a critical
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hormone for carbohydrates, fat and protein
metabolism in the body [1]. However, Cr(VI) is
toxic form of chromium originating from
industrial pollution. It has toxic effects on
biological systems as a result of possible free
diffusion in cell membranes and also by a strong
oxidative potential. Compounds containing Cr(V1)
ion are highly soluble and more bioavailable than
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poorly soluble Cr(lll) ion. Cr(VI) ion causes
extreme diarrhea, eye and skin irritation, kidney
dysfunction, ulcers, and probably lung carcinoma
in human body (Mohan, and Pittman (2006). The
World Health Organization (WHQ) states that
maximum permissible level of Cr(VI) in drinking
water guideline is 50 ug/L (WHO, 1984). Main
sources of chromium pollution are mining, leather
tanning industry, pigments and paints, ceramics,
glass industry, production of steel and the other
metal alloys such as photographic and corrosion
control materials. Because of these reasons,
separation of Cr(I11) and Cr(V1) ions in biological
and environmental samples has become important
in recent years. It is known that distribution and
the biological effects of chromium ions depend not
only on its concentration but also on chemical
forms of its compounds. It is important to
determine levels of Cr(l111) and Cr(V1) ions in the
environment.

Several analytical methods such as flame atomic
absorption spectrometry (FAAS) (Tungeli and
Turker, 2022; Hassanien et al., 2008; Narin et al.,
2008; El-Shahawi et al., 2008; Tiizen and Soylak,
2007; Chamjangali et al., 2011; Kendiizler et al.,
2007; Hashemi et al., 2004; Cavoca et al., 2009;
Yal¢in and Apak, 2004; Kiran et al., 2008; Uluozlu
et al., 2009; Aydin and Soylak, 2009), graphite
furnace atomic absorption spectrometry (GFAAS)
(Ball and McCleskey, 2003; Gu and Zhu, 2011;
Chwastowska et al.,, 2005; Sadeghi and
Moghaddam, 2016, Bahadir et al., 2016; Beni et
al., 2007), inductively coupled plasma-atomic
emission spectrometry (ICP-AES) (Liang et al.,
2003; Sumida et al., 2005, Motomizu et al., 2003),
spectrophotometry (Hosseini and Belador, 2009;
Yang et al., 2007; Kalidhasan and Rajesh, 2009)
and voltammetry (Bobrowski et al., 2004) are
sufficiently used in the determination of
chromium. However, chromium analysis is
difficult to determine in samples because of
various factors, especially at low Cr
concentrations and high matrix effects. To solve
these problems, the separation and enrichment
methods such as solid-phase extraction (SPE)
(Tungeli and Tiirker, 2022; Hassanien et al., 2008;
Narin et al., 2008; El-Shahawi et al., 2008; Tiizen
and Soylak, 2007; Chamjangali et al., 2011,
Kendiizler et al., 2007; Gu and Zhu, 2011;
Chwastowska et al, 2005; Liang et al., 2003;
Hosseini and Belador, 2009; Yang et al., 2007;
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Tungeli et al., 2022; Li et al., 2023) ion-exchange
(Hashemi et al., 2004; Cavoca et al., 2009; Yalgin
and Apak, 2004; Ball and McCleskey, 2003; Béni
et al., 2007; Yang et al., 2007), cloud point
extraction (Kiran et al.,, 2008; Sadeghi and
Moghaddam, 2016; Bahadir et al., 2016; Wang et
al., 2010), co-precipitation (uluozlu et al., 2009;
Aydin and soylak, 2009; Li et al., 20223) and
liquid-liquid extraction (Béni et al., 2007;
Kalidhasan and Rajesh, 2009) can be used prior to
analyze. The SPE has been widely applied for
trace elements due to its advantages such as
selectivity, simplicity, fast and low chemical
consumption. In many studies, some synthetic
polymers from styrene-divinylbenzene such as
Amberlite XAD-16 (Tungeli and Tirker, 2002;
Hassanien et al., 2008), Amberlite XAD-1180
(Narin et al., 2008; El-Shahawi et al., 2008),
polyurethane foams (El-Shahawi et al., 2008),
multi  walled-carbon nanotubes (Tiizen and
Soylak, 2007), nanometer titanium dioxide (Liang
et al., 2003), modified silica (Yang et al., 2007)
and organic and inorganic sorbents (Tiirker, 2007)
were used as solid phase extraction for speciation
and pre-concentration of chromium from waters
and wastewaters.

In this study, Amberlite IRA 900 copolymer resin
was used as SPE for separation and enrichment of
Cr(VI)ion. Itis a strong base anion-exchange resin
including quaternary ammonium groups such as
styrene-divinylbenzene copolymer. The ideal
conditions for SPE of chromium were found by
examining critical parameters such as the pH of the
solution, the type and volume of the eluent, the
sample volume, the sample flow rate, and the
resin's adsorption capacity. It was used for
separation and enrichment of Cr(VI) from Cr(ll)
ion. Cr(VI) was determined in water samples by
using the resin. Effects of foreign ions and
adsorption capacity of resin for Cr(VI) were
studied. Chromium in standard reference material
(SRM, CWW-TM-D Certified Waste Water) was
determined for accuracy of method. Analytical
parameters (limits of detection (LOD) and
quantification (LOQ)), precision and linear
working range were studied. The suggested
technique was successfully used to analyze
samples of tap and dam water. Adsorption
isotherm models and adsorption Kkinetics of
Cr(VI), reaction order, adsorption capacities of
resin at different temperatures (298, 308, 318 and
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328 K), thermodynamic parameters (AG°, AH® and
AS°) and the Ea were investigated.

2. EXPERIMENTAL

2.1. Instruments and reagents

Varian AA240-FS model flame atomic absorption
spectrometry (Palo Alto, CA, USA) equipped with
deuterium lamp for background correction and
Varian Cr lamp were used for absorbance
measurements. The operating conditions of Cr
lamp (120 mA lamp current, 357.9 nm
wavelength and 0.5 nm slit width) suggested by
the manufacturer were used. Acetylene/air flow
rate  (1.4/13.2 L/min) was wused. All pH
measurements were performed by WTW 720
model pH meter (Wilhelm, Germany). A shaking
thermostatic bath (Nive ST 402, Turkey)
maintained at the desired temperatures (298 K, 308
K, 318 K and 328 K) with a fixed speed of 150 rpm
was used.

All chemicals were of analytical reagent grade. All
solutions were prepared in ultrapure water (18.3
MQ cm). Stock solutions of Cr(IIT) and Cr(VI)
ions (1000 mg/L for each) were prepared by
dissolving 0.7692 g Cr(NO3)3.9H20 and 0.8269 g
K2Cr.07 (Merck, Darmstadt, Germany) in 0.1
mol/L HNO3z solution and diluting to 100 mL,
separately. 50 mg/L of Cr(lll) and 40 mg/L of
Cr(VI) standard and model solutions were
prepared from these stock solutions by diluting
daily. Nitric acid (65%, m/m), hydrochloric acid
(37%, m/m), Hydrogen peroxide (30%, m/m),
ascorbic acid, sodium fluoride and sodium
hydroxide purchased from Merck (Darmstadt,
Germany) were used. Amberlite IRA 900 chloride
resin purchased from Rohm and Hass
(Philadelphia, USA) was used. Basic
characteristics of resin are polystyrene cross-
linked with divinylbenzene copolymer (macro-
reticular) (strongly basic anion exchange),
(CH3)sRN*-CI" (quaternary ammonium) chemical
structure, spherical beads physical form, 20-50
mesh (650-820 um) particle size, 80°C maximum
temperature range, 0 — 14 operating pH, 55% —
65% moisture, 1 meg/L or 4.2 meg/g exchange
capacity (Berbar et al., 2008; Esfandian et al.,
2020, Jachuta and Hubicki, 2013; Tan et al., 2018).
Due to its macro-reticular structure, it is suitable
for water treatment applications such as potable
water and for industrial uses (Esfandian et al.,
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2020). Amberlite IRA 900 resin was washed with
methanol, 1 mol/L HCI solution, and rinsed with
ultrapure water, dried at 70 °C for 4 h, respectively
and used. The glassware materials were kept an
overnight in a 5% nitric acid solution, rinsed with
water and dried before using.
2.2.  Column  preparation and
concentration procedure

pre-

Glass columns with 1.0 cm inner diameter, 30 cm
height and approximately 100 mL volume of
solution reservoir at the upper end were used in the
studies for separation and enrichment of Cr(lll)
and Cr(VI) by fixing on Amberlite IRA 900 resin.
After the columns were cleaned and dried, a piece
of glass cotton was placed at the bottom, and 0.3 g
of the resin was placed on glass cotton. Another
piece of glass wool was placed on the resin to
prevent it from falling apart and to prevent channel
formation. 0.1 mol/L HCI solution and ultrapure
water were passed through columns for cleaning
and regenerating of the resin after each usage.

The 50 mL of model solution including 0.2 pg/mL
of Cr(III) and 0.2 pg/mL of Cr(VI) was placed in
a beaker and pH of solution was adjusted to 6 by
adding 0.1 mol/L HCI and 0.1 mol/L of NaOH
solutions, separately. After preconditioning
column with the solution adjusted to pH 6, model
solution was passed through the column at a flow
rate about 3 mL/min. A 10 mL volumetric flask
was used to elute the adsorbed Cr(V1) on the resin
using 5 mL of an eluent solution that contained 0.1
mol/L ascorbic acid and 1 mol/L HCI.
Concentration of Cr(VI) in eluent solution was
analyzed by using FAAS. The percentage of
recovered Cr(VI) was determined by dividing the
Cr(V1) concentration determined by FAAS by the
starting Cr(VI) concentration, which was
theoretically predicted using the previously
described approach.

2.3. Oxidation of Cr(I11) ion into Cr(VI) ion

Oxidation of Cr(Ill) into Cr(\VI) was carried out
using the procedure given in the literature(Tiizen
and Soylak, 2007). The pH of Cr(l1l) solution was
adjusted to 10 by adding 0.1 mol/L NaOH
solution. After adjusting pH of solution, 10 mL of
3% (v/v) H2O2 was added and heated at 80 °C for
40 min. Solution was then boiled for 10 min to
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evaporate the excess amount of H.O,. After
applying the general procedure for the solution,
Cr(VI) was determined by using FAAS.

2.4. Collecting and getting preparing samples

Tap water from laboratory and dam waters from
Cubuk Dam Ankara in 2.5 L plastic bottles were
collected. The samples were acidified by adding 1
mL concentrated nitric acid into each bottle to
prevent adhering of ions onto surface of the
vessels. Samples were filtrated from membrane
filters (Millipore, 0.45 pm pore size) and the
procedure given above was applied.

2.5. Batch adsorption procedure

Batch adsorption method was used to determine
adsorption kinetics of Cr(VI) on Amberlite IRA
900 resin. Batch equilibrium tests were carried out
adding 50 mL of Cr(VI) solutions in 100 mL flasks
containing 0.05 g of adsorbent. Range of
concentrations of Cr(VI) solutions prepared was
varied from 25 to 800 mg/L to investigate the
effect of mass transfer. pH values of solutions
were set to 6 by using 0.1 mol/L HCl and 0.1 mol/L
of NaOH solutions. Flasks were placed onto a
mechanical shaker and stirred for 2 h at suitable
temperatures (298 K, 308 K, 318 K and 328 K) at
150 rpm fixed speed, separately. The suspensions
were filtered and Cr(VI) in filtrates were
determined by using FAAS after a suitable
dilution.

The amount of Cr(VI) ion adsorbed at equilibrium
ge (Mg/g) was obtained from Equation (1).

120
100

R %

60 - ——Cr(VI)
—— Cr(IIT)

(Co —Ce Y%
e = B @)

m
where, Co, and Ce are initial and equilibrium
concentrations (mg/L) of the solutions. V is
volume of a solution (L) and m is mass of
Amberlite IRA 900 (g).

3. RESULTS AND DISCUSSION
3.1. pH effect of solution

pH of solution containing Cr(111) or Cr(\V1) ions for
adsorption onto Amberlite IRA 900 resin was
investigated. The pH of 50 mL model solution
containing 0.2 mg/L Cr(lll1) or 50 mL model
solution containing 0.2 mg/L Cr(V1) was adjusted
to 2.0 - 10.0 pH range with 0.1 mol/L HCl and 0.1
mol/L NaOH solutions, separately. At a flow rate
of roughly 1 mL/min, they were passed through
the column. The adsorbed Cr(l1l) and Cr(V1) ions
on the resin were eluted by adding 5 mL of eluent
solution containing 1 mol/L HCI + 0.1 mol/L
ascorbic acid. The concentrations of Cr(Ill) or
Cr(VI) in eluent solutions were analyzed by using
FAAS. The percent recoveries of Cr(lll) and
Cr(VI) ions obtained versus pH of the solutions
were presented in Figure 1. As shown in Figure 1,
the quantitative percent recovery of Cr(VI)
(>95%) was obtained at pH 5.5 - 6.0, while the
percent recovery of Cr(l1l) found was lower than
5%. According to these results, it was possible to
separate Cr(VI) ion from Cr(Ill) ion at this pH
range.

" | W

1 J

2 P

0

8 10

pH

Figure 1. pH effect on adsorption of Cr(VI) and Cr(IIT) (Sample volume; 50 mL containing 10 ug Cr(VI)
and 10 pg Cr(II))
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3.2. Impact of eluent solution type and
concentration and volume

To find a proper concentration and volume of
eluent solution type for retaining Cr (VI) onto
Amberlite IRA 900 resin, different concentrations
(1 or 2 mol/L) and different volumes (5 or 10 mL)
of HCI solutions were examined and adequate
percent recovery for Cr (VI) was not obtained.
When ascorbic acid solution was only used as
eluent solution, the percent recovery for Cr(VI)
was found as 51 + 3% because Cr(VI) ion can be
reduced to Cr(I1l) ion and ascorbic acid in solution
can easily oxidize into dehydroascorbic acid and
2H* ions by air oxygen. To prevent this oxidation,

ascorbic acid and HCI mixture solutions were
prepared and used as eluent solution. The average
values of Cr(V1) recoveries obtained with ascorbic
acid solution only or mixtures of HCI + ascorbic
acid solutions prepared were given in Table 1. As
seen in Table 1, when 5 mL eluent solution
containing 1 mol/L HCI + 2% (m/v) ascorbic acid
solution was used, the percent recovery of Cr(VI)
obtained at pH 6 was about 100%. Therefore, the
pH effect of solution containing Cr(I11) and Cr(VI)
ions for adsorption on the resin was repeated five
times by using 5 mL of eluent solution containing
1 mol/L HCI and 2% (m/v) ascorbic acid.

Table 1. Effect of eluent solution type and concentration on the recovery of Cr(VI)

Eluent solution type

R% +s?

10 mL of 2 % (m/v) ascorbic acid

51«3

10 mL of 2 mol/L HCI + 2 % (m/v) ascorbic acid

61+£2

10 mL of 2 mol/L HCI + 1 % (m/v) ascorbic acid

64+1

10 mL of 1 mol/L HCI + 2 % (m/v) ascorbic acid

87+3

10 mL of 1 mol/L HCI + 1 % (m/v) ascorbic acid

49+£3

5 mL of 2 mol/L HCI + 2 % (m/v) ascorbic acid

98 +£3

5 mL of 2 mol/L HCI + 1 % (m/v) ascorbic acid

81+ 4

5 mL of 1 mol/L HCI + 2 % (m/v) ascorbic acid

100£2

5 mL of 1 mol/L HCI + 1 % (m/v) ascorbic acid

90 +4

Note: 2 Mean of the three determinations
3.3. Flow rate effect of sample solution

Flow rate effect of sample solution containing
Cr(111) and Cr(VI) ions passing through column
was studied. Because a large volume of sample
solution was needed to get a high enrichment
factor, passing this solution through column was
time-consuming. The highest flow rate for passing
the sample solution was preferred. On the other
hand, adequate contact time may not be obtained
to retain the Cr(VI) ions on the resin at high flow
rates. Because of this, it was agreed upon that the
sample solutions might be run through the column
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at an appropriate flow rate in order to maximize
recovery. In order to determine the appropriate
flow rate, the model solutions were passed through
column under optimum conditions (pH of solution
and type of eluent solution) with flow rate adjusted
in the range of 1 - 6 mL/min. Figure 2 showed the
means of the recovery values obtained vs the
sample solution's flow rate. The best flow rate was
discovered to be roughly 3 mL/min, as seen in
Figure 2, as the percent recovery declined above
this point. The flow rate of eluent solution was
applied as 1 mL min? because the volume of
elution solution was small.
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Figure 2. Effect of flow rate of sample solution

3.4. Sample volume effect

Sample volume effect was investigated to
determine a suitable and applicable sample
volume. For this purpose, 50, 100, 250, 500, 750
and 1000 mL of the model solutions containing 10
ng of Cr(VI) were prepared by applying general
procedure given above. The percent recovery of
Cr(VI) quantitatively increased up to 100% when
the sample volume was about 500 mL. The percent
recovery of Cr(VI1) ion decreased to 85% when 750
mL or higher sample volume was used. The
enrichment factor (EF) of Cr(VI) ion was found as
100 (500 mL of sample/5 mL of eluent). This
result showed that Cr(VI) could be pre-
concentrated from sample solutions at low
concentration (0.020 mg/L) and determined by
using FAAS.

3.5. Analytical features

Analytical features such as limits of detection
(LOD) and quantification (LOQ), precision and
linear working range were calculated for Cr(V1) at
optimum conditions obtained. For the precision of
method, a general procedure was carried out using
50 mL solution containing 10 pg Cr(VI) and 10 pg
Cr(I1l) and concentration of Cr(VI) ion was
determined by using FAAS after pre-
concentration. The average values of recoveries
obtained from eight determinations for Cr(VI) was
about 99 + 1% at 95% confidence level, and the
percent standard deviation of recovery was about
2.0%. The 50 mL solution containing only 10 pg
Cr(ll) was first oxidized to Cr(VI) using
procedure and pre-concentration /elution cycle
was applied. The eluent solution was analyzed as
Cr(VI) and 100 £+ 1% recovery for Cr(VI) was
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obtained from eight determinations of Cr(I11) with
standard deviation of recovery about 1.4%. The
Linear working range for Cr determination was
0.04 - 5 mg/L using direct calibration graphic
method. Calibration equation obtained was A =
0.07177xC+0.00069, where C is Cr concentration
(in mg/L) and A is absorbance. The 50 mL blank
solution was passed through the column at pH 6.0
to determine the instrumental detection limit and
the retained Cr(VI) was eluted using 50 mL of
eluent solution containing 1 mol/L HCI + 0.1
mol/L ascorbic acid solution. The ratio of three
times the standard deviation of the blank
absorbance readings (N = 17) to the slope of the
calibration curve (LODi = 3s/m) vyielded the
instrumental  detection limit, which  was
determined to be 11.3 ug L for Cr(V1). Analytical
detection limit was obtained as 0.113 pg/L by
dividing the instrumental detection limit to
enrichment factor (100) (Sahayam, 2002). The
instrumental limit of quantification (LOQ =
10s/m) was calculated as 37.5 pg/L and the
analytical limit of quantification was calculated as
0.38 pg/L.

3.6. Matrix effect

Matrix effect of foreign metal ions in real samples
such as waters for the retention of Cr(VI) on
Amberlite IRA 900 resin was also studied. For this
purpose, solutions containing Fe(lll), Cu(ll),
Zn(11), Cd(I1), Mn(11), Ni(ll), Na(l), K(I), Ca(ll)
and Mg(ll) ions at different concentrations were
prepared from nitrate salts. Appropriate
concentrations of foreign ions were separately
added to 50 mL - volumetric flask containing 10
ug of Cr(VI) and total volume was diluted to 50
mL. Means of recovery values of Cr(VI) in



21. Yiizyilda Fen ve Teknik Dergisi 2024, 11(22), 55-71

different concentrations of foreign ions were given
in Table 2. As seen in Table 2, after applying
proposed method, Cr(VI) was determined
quantitatively (about 100 %) in presence of 250
mg/L of K, 50 mg/L of Na, 25 mg/L of Ca and Mg
and 5 mg/L of Cd. In presence of other ions,
percent recovery of Cr(VI) decreased seriously.
The reason of this decrease could be the formation
of metal-chromate aqueous complexes such as

NaCrOg, FeCrO4*, CaCrOs, NiCrOs, ZnCrOs4 and
MnCrO4 (Tungeli et al., 2013). The interferences
of these ions were prevented by masking them
with the addition of sodium fluoride (NaF) and
ethylenediamine tetra acetic acid (EDTA) mixture
solutions (Table 2). The results showed that Cr(V1)
could be determined from water samples by using
this proposed method.

Table 2. The concentration effects of some foreign ions on the recovery of Cr(VI)

Foreign ions Concentration (mg/L) Recovery? (%) Recovery®® (%)
K* 250 104 +3 -
500 83+3 -
Na* 5 100 +2 -
50 95+4 -
100 85+3 -
Mg?* 25 101+5 -
100 87 +2 -
Ca? 25 101 +5 -
50 92 +4 -
Cd?* 5 96+4 -
50 82+3
Zn?* 5 91+4 101 +£2
25 80+ 1 103+ 1
50 - 102 £2
Mn?* 25 87+3 96 +2
100 53+£2 82+3
Cu®* 1 86+3 99+2
5 - 102 +3
50 - 97+4
Fe3* 1 821 101 +3
2 - 100 +5
5 - 65+1
Ni2 1 83+3 104£5

@Mean =+ standard deviation for five determination

b By masking agent (2.0 mL of 0.01 mol/L EDTA and 0.1 mol/L NaF)

3.7. Column reusability, accuracy and
application of the method proposed

The reusability of the column containing
Amberlite IRA 900 resin was investigated. After
regeneration with 10 mL of 1 mol/L HCI solution
and water, respectively, a column can be used
again. For approximately 25 cycles of adsorption,
elution, and regeneration, the resin remained stable
with no discernible decrease in Cr(VI) ion
recovery.
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The chromium-containing standard reference
material (CWW-TM-D Waste Water) was
examined to assess the precision of the suggested
technique and is provided in Table 3. Table 3
illustrates that the results showed a good
agreement with the certified value, with a percent
relative error of less than 4%. The suggested
technique was used to measure the chromium
content of the dam and tap waters.
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Table 3. Determination of chromium in real samples (Volume of water sample: 50 mL)

Added (mg/L) Found (mg/L)? Certified | Relative error
Sample Cr(VI) | Cr(ll) | Cr(VI) Cr(111) Total (mg/L) for total
Chromium chromium
(%)
CWW-TM-D | - - 98.5+1.2 - 98.5+1.2 100+ 1 -1.5
Waste Water
Tap Water - - <LOQ <LOQ <LOQ -
(Ankara) 0.200 - 0.193+0.020 | - 0.193+0.020 -3.5
0.400 - 0.394+0.035 | - 0.394+0.035 -15
- 0.200 - 0.201+0.022 | 0.201+0.022 +0.5
- 0.400 - 0.398+0.038 | 0.398+0.038 -0.5
0.100 0.200 0.101+£0.020 | 0.203+0.025 | 0.311+0.032 +3.7
0.200 0.200 0.198+0.028 | 0.199+0.030 | 0.399+0.041 -0.25
Dam Water - - <LOQ <LOQ <LOQ -
(Cubuk 0.200 - 0.196+0.016 | - 0.196+0.016 -2.0
Ankara) 0.400 - 0.386+0.028 | - 0.386+0.028 -3.5
- 0.200 - 0.199+£0.015 | 0.199+0.015 -0.5
- 0.400 - 0.402+0.030 | 0.402+0.030 +0.5
0.100 0.200 0.098+0.009 | 0.202+0.014 | 0.309+0.017 +3.0
0.200 0.200 0.198+0.014 | 0.200+£0.016 | 0.401+0.021 +0.25
#Mean of three replicate measurements at 95% confidence level, X = txs/m.
3.8. Effect of initial Cr(VI) concentration on starting concentration of Cr(VI) increases.

amberlite IRA 900 resin

A batch approach was employed at pH 6 with four
distinct initial  Cr(VI) concentrations at
temperatures (298 K, 308 K, 318 K, and 328 K) in
order to ascertain the impact of the initial Cr(\V1)
concentration on the adsorption capacity of
Amberlite IRA 900. Figure 3 showed the outcomes
derived from the mean of three duplicate
measurements. Up to the necessary equilibrium,
the adsorption capacity of the resin increases as the

320
280
240
200
160
120
80
40 r
0 L

q. (mg/g)

Because the initial concentration of a metal acts as
a catalyst to reduce the resistance to mass transfer
between the solid phase and aqueous solution. As
demonstrated in Figure 3, the adsorption
equilibrium capacity grew until it reached 300
mg/L at which point it stabilized as the
temperature rose. For the purpose of determining
the adsorption kinetics, the equilibrium
concentration of Cr(VI) was therefore determined
to be 300 mg/L.

0 200

400
C, (mg/L)

600 800

Figure 3. The effect of initial concentration of Cr(\V1) on adsorption at different temperatures (Sample
volume: 50 mL, pH: 6)
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3.9. Adsorption isotherm models

Adsorption isotherm models were used to explain
the relationship of metal ions between in aqueous
solution and in solid-phase at equilibrium. The
Langmuir, Freundlich, and Dubinin-Radushkevich
isotherm models were each used independently for
this purpose.

For the adsorption of metal ions from aqueous
solutions, the Langmuir adsorption isotherm
model was frequently employed. A Dbasic
assumption of the Langmuir theory is that the
adsorption of a metal can be increased until the
saturated monolayer adsorption is reached Tungeli
and Tirker, 2002).

Ce/qe (g/L)

y=0.0033x + 0.0532
R*=0.9838

The linearized Langmuir isotherm model for the
saturated monolayer side was given in Eqgn. (2).

Ceq
dm

Ceq 1
K1.qm

)

deq

where, Ceq is equilibrium concentration of metal
ion (mg/L), Qeq is amount of metal ion adsorbed
(mg/g) at equilibrium experimentally, gqm is
monolayer adsorption capacity of adsorbent
(mg/g) and Ky is the Langmuir adsorption constant
(L/mg) related to free energy of adsorption. A plot
Of Ceg/Qeq Versus Ceq Was depicted in Figure 4. As
seen in Figure 4, the slope and the intercept of the
calibration graphic were 1/gm and 1/(KL gm),
respectively.

200

300

Ce (mg/L)

Figure 4. The linearized Langmuir isotherm model at 298 K (pH: 6)

For active sites with varying energies and
heterogeneous adsorption, the Freundlich isotherm
model may be applied (Zarghami et al., 2016). The
Linearized Freundlich model was given in Eqn.

(3).

log qeq = log Kp + %log Ceq (3)

where, Kr is a constant related to the adsorption
capacity and 1/n is an empirical parameter related
to the adsorption intensity which varies with the
heterogeneity of adsorbent. A plot of loggeq Versus
Ceq Was indicated as a straight line with slope 1/n
and intercept Kr of the calibration graphic,
respectively. The parameters obtained from the
Langmuir and Freundlich isotherm models were
given in Table 4. As seen in Table 4, experimental
adsorption capacities (Qeq,exp) at each temperature
were nearly the same with the theoretical
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adsorption capacities (Qgm.ca) Obtained from the
Langmuir adsorption model. The correlation
coefficients (R?) obtained from the Langmuir
adsorption model were more acceptable than the
Freundlich adsorption model at different
temperatures. Because of these, the Langmuir
adsorption model was preferred. In addition, the
isotherm model's form was utilized to forecast the
favorable or unfavorable adsorption system.
Equation (4) defined the equilibrium parameter
RL, which was used to describe the Langmuir
isotherm model.

1

RL =
1+K1,Co

(4)

where KL is the previously mentioned Langmuir
constant and C, is the initial Cr(VI) ion
concentration (mg/L). Four probabilities are
utilized to determine the RL value: (i)
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advantageous adsorption, defined as 0<RL<1, (ii)
unfavorable adsorption, defined as RL>1, (iii)
linear adsorption, defined as RL=1, and (iv)
irreversible adsorption, defined as RL = 0. For
every starting concentration (10-800 mg/L) at
every temperature, the computed RL values
ranged from 0 to 1. It was demonstrated that
Cr(VI) ion adsorption on Amberlite IRA 900 was
advantageous at all temperatures.

The Dubinin-Radushkevich (D - R) isotherm
model was fitted to the experimental equilibrium
data (qeq) in order to identify whether the
adsorption process was physical or chemical [24].
Equation (5) provided an explanation of the
linearized D-R isotherm model.

In Qeq = Ingy, — BSZ (5)

where, geq iS amount of metal ion adsorbed per
weight of adsorbent (mol/g), gm is maximum
adsorption capacity (mol/g), g is activity
coefficient (mol?/J?) related to the adsorption mean

free energy and ¢ is the Polanyi potential [e =
RTIn(1 +Ci)]. Difference in free energy
eq

between the adsorbed phase and the saturated
liquid phase was referred to as adsorption potential
which was first put forward by the Polanyi and
developed by the Dubinin [40]. Free energy E
(J/mol) was given by Equation (6).

1

b= = ©)

A plot of Ingeq versus e2 was depicted in Figure 5.
As seen in Figure 5, the slope of D-R plot was
given as f constant and gqm values were calculated
from the intercept. The E value explains that
adsorption mechanism is the physical or chemical
ion-exchange. If E is between 8 and 16 kJ/mol, the
adsorption process is chemical ion exchange.
When E is less than 8 kJ/mol, adsorption process
is explained as physical ion exchange [28]. Mean
adsorption energy (E) at each temperature was
calculated and given in Table 4. As seen in Table
4, adsorption process was chemical ion exchange.

—3 T T T T T T T T 1
200 400 600 800 1000 1200 1400 1600 1800
4 F
@ y =-0.0016x-5.0406
s -5
R2=0.9781
=
6 F
., R
8L

€2 (kJ*/moP)

Figure 5. Linearized D-R isotherm at 298 K

Table 4. Parameters obtained from Langmuir, Freundlich and D-R isotherms

Temperature Qeexp | Langmuir Freundlich D-R

(K) (mg/g) Qm,cal KL R? Kr n R? E qm R?
(mg/g) | (L/mg) (kd/mol) | (mg/g)

298 305 303 |0.062 0.9838 | 87.5 | 4.86 | 0.9804 17.68 336 0.9781

308 295 294 10.059 0.9835 | 73.2 | 4.27 | 0.9566 16.22 371 0.9767

318 267 263 | 0.062 0.9874 | 65.8 | 4.27 | 0.9358 16.22 345 0.9722

328 239 238 ]0.075 0.9946 |60.3 | 4.230.9392 16.66 324 0.9748

64
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3.10. Chi-square (X?) analysis

The Chi-square (X?) analysis was used to explain
a suitable isotherm model for the adsorption of Cr
(VI) ions on Amberlite IRA 900 resin from
aqueous solutions (Tungeli et al, 2022; Mustapha
et al., 2019; Karthik and Meenakshi, 2015).
Mathematical explanation of the X? analysis was
given by equation (7):
XZ — (Ge— qm)?
dm

n
i=1

(7)
where, ge and gm are the experimental equilibrium
(Qe, exp) and theoretical equilibrium adsorption
capacities (qm, cal) calculated from models (mg/g),
respectively. Asseen in Table 4, the ge exp and gmcal
values were close to each other for Langmuir
isotherm model at 298, 308, 318 and 328 K and X2
values were near to zero. When the correlation
coefficients (R?) obtained from isotherm models
for Cr (V1) were compared, R? values found from
the Langmuir model were about 1.0 and higher
than the R? values from other isotherm models.
Therefore, the Langmuir isotherm model was
suitable for adsorption process proposed.

3.11. Contact time and temperature

Contact time and temperature for adsorption of
Cr(VI) ions are suitable for adsorbents in
applications. Adsorption rate may be related to
form and structure of adsorbent [29, 43 - 47].
Effects of contact time and temperature on
adsorption of Cr(VI) on resin were studied to
obtain the optimum contact time and temperature
for adsorption process. The means of three
replicate measurements with standard deviation
(less than 3%) were obtained. The contact times
for the absorption of Cr(VI) on resin at 298, 308,
318 and 328 K were shown in Figure 6. As seen in
Figure 6, absorption of Cr(V1) increased faster by
increasing the contact time up to 15 min and
slowly increased up to 90 min and after then, it was
almost constant. Optimum contact time of Cr(VI)
was about 90 min. When temperature of
adsorption process was increased from 298 K to
328 K, the adsorption of Cr(V1) decreased slowly.
These results were explained that the adsorption of
Cr(VI) on the resin was exothermic. Therefore,
298 K was found to be the ideal temperature
(Tungeli et al., 2022; Karthik and Meenakshi,
2015; Wang et al., 2016; Xiong et al., 2015).

210 °
180 | —3
< 150 |
én 120 | ——298 K
= 90 ——308 K
= — 318K
60 ——328K
30 1
0 1 1 1 1 1 1 1 J
0 15 30 45 60 75 90 105 120
Time (min)

Figure 6. Effect of contact time and temperature for adsorption of Cr(VI) on Amberlite IRA 900 resin at

3.12. Adsorption kinetics

50 mL of 300 mg/L Cr(VI1) ion solutions, including
0.05 g of resin, were agitated at predetermined
intervals (15, 30, 45, 60, 90, and 120 min) at a
fixed speed of 150 rpm in order to ascertain the
adsorption kinetics of Cr(VI) on Amberlite IRA
900. The experimental data was subjected to
linearized variants of the pseudo-first order,
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pH 6.0.

pseudo-second order, and second order kinetic
models developed by Lagergren (Tungeli et al.,
2013; Aksu, 2002). The following equations (8, 9,
10) provided models:

Pseudo first order:
109(0eq — t) = 109 Qeq -

(8)

kq
2.303
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Pseudo second order:
t 1

1
i k2q5q+ a)t )
Second order:
1 - 1
(Qeq_ Qt) - deq + ket (10)

where, geq and g: (mg/g) are metal ions adsorbed
by adsorbent at equilibrium and at time t (min),
respectively. The ki is rate constant of pseudo-first
order kinetic model (1/min). The k2 is rate constant
of pseudo second order kinetic model (g/(mg min))
and k is rate constant of second order kinetic model

(9/(mg min)).
Table 5. Lagergren parameters for kinetics

The adsorption rate constants were determined
experimentally by plotting of log (geq-q), t/gt and
1/(qeq—0t) Versus t, respectively and Kinetic
parameters obtained were given in Table 5. The
plot of t/qt versus t was depicted in Figure 7 as an
example. It was clear from the results given in
Table 5 that the adsorption of Cr(VI) on Amberlite
IRA 900 resin was suitable for the pseudo-second
order kinetic, because its R? values (0.9961-
0.9981) found at different temperatures were
higher than R? values of pseudo-first order kinetic
(0.8512 - 0.9095) and R? values of the second
order kinetic (0.6016 - 0.9118) found.

Temperature | Puseudo first order Puseudo second order Second order
(K) Qe ki R? Qe [ R? Qe k R?
(mg/g) |(1/min) (mg/g) | g/(min mg) (mg/g) | g/(min mg)
298 172.8 | 0.053 |0.9095| 208.3 | 1.14x10° | 0.9987 | 5.16 0.0123 |0.8366
308 170.4 | 0.059 |0.9091 | 200.0 | 1.40x10° | 0.9973 | 2.24 0.0213 ]0.6016
318 93.2 | 0.035]0.8673| 192.3 | 1.70x10° | 0.9981 | 107.5 0.0200 ]0.9118
328 87.3 | 0.035]0.8512| 185.2 | 1.83x10° | 0.9979 | 6.21 0.0024 10.8359
0.6
Ei
= 04 y = 0.0048x +0.0125
Fi R2=0.9987
02
0‘0 1 1 1 1 1 J
0 20 40 60 80 100 120
t (min)
Figure 7. Lagergren Puseudo second order rate kinetic for Cr(\V1) absorption.
3.13. Adsorption thermodynamics where, Cadeq and Ceq are equilibrium

Metal ions in solution — Metal ions on adsorbent
is one way to explain the adsorption-desorption
process of metal ions on adsorbent at equilibrium.

Equation (11) explains the apparent equilibrium
constant (K/ of the adsorption reaction dependent
on concentration.

C

’ ad.eq

KC — C_
eq

11)
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concentrations of metal ions on adsorbent and in
solution, respectively. Apparent equilibrium
constant values (K,) were calculated according to
Equation (11) at different initial concentrations of
Cr(VI) to obtain thermodynamic equilibrium
constant (K?). K, versus concentration of Cr(V1)
in the solution (Ceq) at each temperature was
plotted. Obtained-line was extrapolated to zero for
infinite dilution and thermodynamic equilibrium
constants (K2) were obtained at 298, 308, 318 and
328 K [48].
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The thermodynamic parameters (AG°, AH® and
AS®) were calculated with the Equations (12) and
(13).

AG® = —RTInK? = AH® - TAS® (12)
o _ AS° _AH®
InK? = T (13)

where, R is gas constant (8.314 J/mol) and T is
temperature (K). AG® indicates the spontaneity of
chemical reaction. The AG® values for adsorption
of Cr(VI) on Amberlite IRA900 resin were
calculated according to Equation 12 and the results
were given in Table 6. As seen in Table 6, all AG®
values found were negative. Negative values of
AG® indicated that the adsorption of Cr(VI) on
resin was feasible and spontaneous at four
different temperatures.

The plot of In K2 values versus 1/T according to
Equation 13 was depicted in Figure 8. Enthalpy
and entropy changes were determined from slope
and intercept, respectively. The AH® and AS°

values obtained were given in Table 6. As seen in
Table 6, negative value of enthalpy change (AH®)
showed that adsorption of Cr(\VI) on resin was
exothermic. The negative value of entropy change
(AS®) indicated that regularity at solid/liquid
interface was increased during adsorption of
Cr(VI) on Amberlite IRA 900 resin.

After determining kinetics of ion exchange
reaction related to the adsorption of Cr(VI) ion on
the resin as pseudo-second-order, the activation
energy (Ea in J/mol) was calculated using
Equation (14).

Egi 1
Ink--(K);HnA (14)
Plotting the rate constant values versus 1/T for
Cr(V1) at four distinct temperatures (298 K, 308 K,
318 K, and 328 K) was done using pseudo second
order kinetics. The results are shown in Figure 9.
Activation energy of Cr(VI1) ion was obtained from

the slope of straight line according to Equation
(14) and was given as 13.12 kJ/mol in Table 6.

1.50
*
y=0.5502x-0.3833
1.42 | R?*=0.9896
X
=
1.34
1.26 1 1 1 1 1 1 L J

3.00 3.05 3.10 3.15

3.20 3.25 3.30 3.35 3.40

/T x 103 (1/K)

Figure 8. Determination of enthalpy any entropy

Table 6. Thermodynamic parameters for adsorption of Cr(\VI) on Amberlite IRA 900 resin

36 K° AG° AH° AS° Ea

c (kJ/mol) (kJ/mol) J/(mol/K) (kJ/mol)
298 4.3570 -3.65 -4.57 -3.19 13.12
308 4.0295 -3.57
318 3.8373 -3.56
328 3.6632 -3.54
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= R2=0.9811
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4. CONCLUSION

Amberlite IRA 900 resin as a solid-phase extractor
provides a simple, selective, accurate, economic,
rapid and precise for separation of Cr(lIl) and
Cr(V1) ions and for the determination of Cr(VI).
The Langmuir model is better in application than
the Freundlich adsorption isotherm model. Mono
layer adsorption capacity of Amberlite IRA 900
for Cr(VI) was found as 305 mg/g at 298 K. From
D - R model, Cr(VI) adsorption on the resin was
found to be a chemical ion exchange process. The
Kinetic data revealed that adsorption of Cr(V1) ion
on resin followed by pseudo second order Kinetic.
Negative values of AG° support spontaneous and
favorable adsorption of Cr(VI) ion and negative
value of AH° shows exothermic nature of
adsorption. Negative value of AS® indicated that
randomness had decreased at solid liquid interface.
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Determination of Yield and Yield Components of
Different Safflower (Carthamus tinctorius L.)
Varieties and Genotypes Under Semi Arid Conditions
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Abstract: In order to determine the yield and yield parameters of some
safflower varieties and genotypes in semi-arid conditions, 7 safflower
varieties (Dinger, Safir, Olein, Askon 42, Goktiirk, Olas, Balci) and 8
safflower genotypes (Ciano Oleika, L.C.P-90, CART-83, Pl 304593, PI
306924, P1 525458, Pl 251984, PI 283772) were used in 2022. The research
is carried out in the experimental field of Kirsehir Ahi Evran University
Faculty of Agriculture according to the randomized block trial design with
three replications. In the research, emergence time (day), duration in the
rosette (day), flowering time (day), maturation time (day), plant height (cm),
number of side branches (number/plant), number of tables (number/plant),
main table diameter (mm), thousand seed weight (g), kernel-shell ratio (%),
seed yield (kg/da), crude oil ratio (%) and crude oil yield (kg/da) were
examined. While the highest seed yield was found to be 159.90 kg/da in the
Safir cultivar, the highest crude oil yield was obtained from the Balc1 variety
with 60.17 kg/da. It was determined that the varieties were higher than the
genotypes in terms of seed yield and crude oil yield under experimental
conditions.

Keywords: Safflower, seed yield, oil rate, oil yield

Farkh ispir (Carthamus tinctorius L.) Cesit ve Genotiplerinin
Yar1 Kurak Kosullarda Verim ve Verim Ogelerinin
Belirlenmesi

Ozet: Bazi aspir cesitleri ile genotiplerin yar1 kurak kosullarda verim ve
verim parametrelerinin belirlenmesi amaciyla 2022 yilinda 7 adet aspir ¢esidi
(Dinger, Safir, Olein, Askon 42, Goktiirk, Olas, Balci) ile 8 adet aspir genotipi
(Ciano Oleika, L.C.P-90, CART-83, Pl 304593, Pl 306924, Pl 525458, PI
251984, P1 283772) kullanilmistir. Arastirma Kirsehir Ahi Evran Universitesi
Ziraat Fakiiltesi deneme tarlasinda tesadiif bloklar1 deneme desenine gore ii¢
tekerrirlii olarak yiiritiilmiistiir. Arastirmada ¢ikis siiresi (giin), rozette kalma
siiresi (giin), ¢iceklenme siiresi (giin), olgunlasma siiresi (giin), bitki boyu
(cm), yan dal sayis1 (adet/bitki), tabla sayis1 (adet/bitki), ana tabla cap1 (mm),
bin dane agirlig1 (g), i¢-kabuk orani1 (%), tohum verimi (kg/da), ham yag orani
(%) ve ham yag verimi (kg/da) incelenmistir. Tohum verimi en yiiksek Safir
cesidinde 159.90 kg/da olarak tespit edilirken, en yiiksek ham yag verimi ise
60.17 kg/da ile Balci ¢esidinden elde edilmistir. Deneme kosullarinda
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cesitlerin tohum verimi ve ham yag verimi bakimindan genotiplerden daha

yiiksek oldugu belirlemistir.

Anahtar Kelimeler: Aspir, tohum verimi, yag orani, yag verimi
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1. GIRIS

Aspir yagt hem yemeklik yag olarak
kullanilmakta hem de biyodizel iiretiminde tercih
edilmektedir. Ayrica, margarin, boya, vernik, ilag
ve yem sanayisi gibi ¢esitli sektdrlerde ¢cok yonlii
bir sekilde kullanilan bir bitkidir. Aspir
ciceklerinden elde edilen boya, siklikla safranla
karistirllarak ~ kullanilmaktadir.  Aspir  bitkisi,
kuraklik kosullarina dayanikli olmasi, hastaliklara
ve zararlilara karsi direnci, makineli tarima
uygunlugu gibi avantajlariyla yetistiricilikte
bliyiik bir oneme sahiptir. Ayrica, kuru tarim
alanlarinin degerlendirilmesinde biiylik bir rol
oynamaktadir. Yag1 ¢ikarildiktan sonra geriye
kalan kiispe, %22-24 oraninda ham protein
icermesi nedeniyle hayvan yemi olarak
kullanilmaktadir (Babaoglu, 2007; Demir ve
Karaca, 2018).

Aspir, zorlu arazi kosullarinda kolaylikla
yetigebilen ve tohumlarinda %30-45 arasinda yag
iceren degerli bir yag bitkisidir (Eryilmaz ve ark.,
2014; Serim ve ark., 2015). Insan sagligi igin
onemli olan toplam doymamis yag asitleri orani
olduk¢a yiiksektir, bu oran genellikle %90-93
arasindadir. Aspir yagmin iki farkli c¢esidi
bulunmaktadir. Birincisi, yliksek oranda linoleik
asit (Omega-6) icerir ve yag asidi oran1 %78'dir.
Bu tiir genellikle kimya ve yem sanayisinde
kullanilmaktadir. Digeri ise yiiksek oranda oleik
asit (Omega-9) igerir ve Kkaliteli bir yemeklik
yagdir. Oleik asit orani yaklasik %85 olan ¢esitler
gelistirilmistir (Babaoglu, 2006).

Aspir bitkisi, iilkemizde 2006 yilina kadar
yeterince tarimi yapilmayan bir bitkiydi. Ancak,
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2006 yilindan itibaren devlet tarafindan
desteklenen ekimlerle 6nemi artmistir. TUIK
2023 verilerine gore 2009 yilindan itibaren ise
tiretim miktarinda gozlemlenen artisla birlikte
popiiler bir tarim bitkisi haline gelmistir (321.298
dekar). Aspir bitkisi, ililkemizdeki yag acgigim
kapatma konusunda parlak bir gelecege sahip
olarak karsimiza ¢ikmaktadir. Ulkemizde TUIK
2023 wverilerine gore 39000 ton ile iretimi
yapilmis Ve denemenin yapildig1 Kirsehir ilindeki
dretimin ise 3639 ton oldugu bilinmektedir
(TUIK, 2023).

Diinyada aspir tiretimi FAO 2022 verilerine gore
995507 ton iiretim yapildig: ve 599103 ton ile en
fazla Asya kitasinda retimi  yapildig
bilinmektedir. Kazakistan ise 447456 ton ile en
cok iiretim yapan iilke olarak ilk sirada yer
almaktadir (FAO, 2022).

Bu ¢alismanin amaci iilkemizdeki kurak ve yari
kurak bolgelerde bitkisel yag aciginin kapatilmasi
icin Onerilen aspir cesit ve hatlariin Kirsehir
yari-kurak kosullarinda verim ve verim 6gelerinin
belirlenmesidir. Calismada 6ne ¢ikan hatlar ve
cesitler 1slah ¢alismalar1 i¢in 6nemli bir materyal
olusturacagi gibi timit var hat ve ¢esitlerin liretime
kazandirilmasi saglanacaktir.

2. MATERYAL VE METOT

Arastirmada yedi tescilli aspir ¢esidiyle (Dinger,
Safir, Olein, Askon 42, Goktiirk, Olas, Balci)
sekiz adet aspir genotipi (Ciano Oleika, L.C.P-90,
CART-83, Pl 304593, Pl 306924, Pl 525458, PI
251984, Pl 283772) materyal olarak
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kullanilmistir. Deneme, 2022 yilinin iiretim
sezonunda Kirsehir Ahi Evran Universitesi
Bagbast  Yerleskesi  deneme  alanlarinda
yuriitiilmistir.

2.1. Arastirma Yerinin iklim Ozellikleri

Calismanin yapildig1 2022 yilina ve uzun yillara
ait iklim wverileri Tablo 1’de gOsterilmistir.
Meteoroloji Genel Miidiirligii’nden alinan iklim
verilerine gore 2022 yilina ait deneme aylarindaki
en ytiksek ortalama sicaklik 27.71°C ile Agustos
ayinda gozlenmistir. Toplam yagis miktar1 150.3
mm olmus ve uzun yillarda diisen toplam yagisa
gore 25.7 mm diisiik oldugu gozlemlenmistir.
2022 deneme yilinda 6.8 mm yagis gerceklesen
Nisan ayindaki yagis azlig1 bitki ¢ikis siiresi i¢in
olumsuz etki gostermektedir. Bitki yetisme
doneminde uzun yillarda ortalama nispi nem
%357.38 iken 2022 yilinda ise bu deger % 51.41
olup uzun yillar ortalamasma %35.97 daha az
nemli olmustur (Tablo 1).

Tablo 1. Arastirma yerinin 2022 yili ve uzun
yillara ait iklim verileri

Ortalama Toplam Nispi Nem

Sicaklik (°C) | Yagis (mm) (%)
Aylar 75022 11980- | 2022 [1980- | 2022 | 1980-

Yih 2020 Yih | 2020 | Yih 2020
Mart 1.23 5.3 52.3 | 40.4 | 68.8 67.2
Nisan 13.87 | 10.8 6.8 40.8 | 43.1 63.3
Mayis 14.91 | 155 55 44.2 | 59.04 | 61.3
Haziran | 20.77 | 19.7 359 | 349 | 56.46 | 555
Temmuz| 23.69 | 23.1 0.1 8.1 | 43.78 | 48.9
Agustos | 27.71 | 23.1 0.2 7.6 37.3 | 48.1
Ort/ 17.03 | 16.25 51.41 | 57.38
Top 150.3 | 176

2.2 Arastirma Yerinin Toprak Ozellikleri

Tablo 2. Deneme alani topraginin fiziksel ve
kimyasal 6zellikleri

Ozellikler Toprak Derinligi (0-30 cm)
pH 7.63

Toplam Tuz % 0.11

EC (mmhos/cm) 0.55

Organik Madde % 1.86

Fosfor ((P20s) kg/da) 2.22

Potasyum (K;0 (kg/da)) 67.33

Kire¢ % (CaCOs3) 25.9

Doygunluk (%) 57
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Deneme alaninin toprak ozellikleri
degerlendirildiginde (Tablo 2), toprak Orneginin
hafif alkali (7.5-8.5), doygunlugunun killi-tinli
(%51-70), organik maddesinin orta diizeyde
(1.71-3.0), aliabilir fosfor bakimindan az (<3),
almabilir potasyum bakimindan yiiksek, tuz
iceriginin tuzsuz (<0.98) ve kire¢ igeriginin ise
cok kirecli (15-50) oldugu tespit edilmistir
(Kacar, 1995).

2.3 Metot

Arastirma, 2022 yilinin iiretim sezonunda tesadiif
bloklar1 deneme desenine gore, Kirsehir Ahi
Evran Universitesi Bagbas1 Yerleskesi deneme
alanlarinda ti¢ tekerriirlii olarak kurulmustur.

Yiiriitiilen calismada, deneme arazisi 20-25 cm
derinlikte pullukla stiriilerek kis yagmurlarina
birakilmistir. 2022 yili mart ayimnin basinda,
denemenin yapilacagr araziye Once diskaro
kullanilarak yabanci otlardan temizlenmis ve
ardindan rotovator ile deneme alani1 ekime hazir
hale getirilmistir. Denemenin yapilacagi alan,
kaziklar kullanilarak parseller olusturulmustur.
Her parsel, 3 m uzunlugunda 4 siradan
olusmaktadir. Her blok arasinda 3 metre bosluk
birakilmistir. Giibre olarak 8 kg/da azot ve 6 kg/da
fosfor (P205) dozu Ure (%46 N) ve DAP
(Diamonyum Fosfat) giibreleri kullanilarak ekim
oncesi uygulanmistir. Markor yardimiyla alt
parsellere 25 cm swralar acgilmis ve aspir
tohumluklar1 4 kg/da seklinde bu siralara elle
ekilmistir. Bitkinin rozet donemi ve sapa kalkma
doneminde yabanci otlar ¢apalama ile temizligi
yapilmistir. Vegetasyon siiresince herhangi bir
hastalik veya zararli organizma tespit edilmedigi
icin ilaglama yapilmamustir.

30 Mart 2022 tarihinde kurulan denemenin tag
yapraklarin kurumasiyla beraber kenar tesirlerin
atilmasiyla parsellerdeki 2’nci ve 3’lincli sira
toprak yiizeyinden 10 cm birakilarak makas
yardimiyla elle hasat edilmistir. Hasat edilen
parseller ozelliklerin incelenmesi i¢in ayri ayri
cuvallara yerlestirilip Kirsehir Ahi Evran
Universitesi Ziraat Fakiiltesi Tarla Bitkileri
Laboratuvarina taginmustir.

Arastirma sonunda elde edilen verilerin varyans
analizi tesadiif bloklar1 deneme desenine gore
MSTAT-C programi kullanilarak yapilacaktir.
Uygulamalar arasindaki farkliliklarin = 6nem
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diizeylerini belirleyebilmek amaciyla Duncan
Testi yapilmistir.

3. BULGULAR

Aspir c¢esit ve genotiplerine ait fenolojik
analizlerde c¢ikis, rozette kalma, c¢iceklenme ve
olgunlasma siireleri verileri incelenmis ve
degerlendirilmistir.

Tablo 3. Fenolojik gbzlemlere ait varyans analiz
sonucu ve ¢esit ve genotiplere ait ortalamalar.

VK Cikis |Rozet |Ci¢eklenme |Olgunlasma
Siiresi (giin)

Tekerriir | 7.68 2.10 5.15 6d 1.67 6d
Cesit 0.84 0.95 3.28 ** 1.37 od
cVv %3.65 | %4.60 | %1.62 %1.21
Cesit

Askon 42 | 29.00 | 21.67 | 114.7¢c 150.7
Balc1 30.00 | 22.00 | 114.0c¢c 148.7
Cart 83 28.00 | 21.00 | 118.7ab 151.0
Ciano 29.67 | 22.00 |1147¢c 149.3
Dincer 29.67 | 22.33 | 117.0 abc 148.3
Goktirk | 29.00 | 21.00 | 1140c¢c 150.3
LCP 90 29.33 | 21.67 | 113.7¢c 148.0
Olas 29.00 | 22.00 | 114.3¢c 150.0
Olein 29.33 | 22.33 | 113.3¢c 150.0
Pl 251984 | 28.67 | 20.33 | 115.3 bc 148.7
Pl 283772 | 28.67 | 23.00 | 114.0c 148.0
Pl 304593 | 28.33 | 22.33 | 116.7 abc 151.0
P1 306924 | 28.67 | 24.00 | 119.0a 150.0
Pl 525458 | 28.67 | 22.00 | 118.3ab 152.0
Safir 29.67 | 20.33 | 114.0c¢c 150.7
Ortalama| 29.04 | 21.86 | 1154 149.7

6d: Onemli degil, **: P<0.01 diizeyinde onemli. VK: Varyasyon
kaynaklari, CV: Coefficient of variance

Cikis, rozette kalma ve olgunlagsma stireleri ¢esit
ve genotipler arasindaki farkliliklar istatistiksel
anlamda Onemli ¢ikmazken cigeklenme siiresi
cesit ve genotipler arasindaki farklilik P<0,01
onem seviyesinde anlamli ¢ikmistir. Cikis stiresi
28 (Cart 83) ile 30 giin (Balc1) araliginda degisim
gostermistir. Rozette kalma siireleri bakimindan
en diistik 20.33 giin (P1251984) iken en yiiksek ise
24 giin (PI 306924) olarak ger¢eklesmistir.
Ciceklenme siiresi ¢esit ve genotipler bakimindan
arastirma bolgesinde ortalama 115,4 giin iken, en
ge¢ c¢iceklenme 119 giin ile PI 306924
genotipinde gozlenmistir. Erken gigeklenme (113
ile 114 giin) gdsteren gesit ve genotipler ise Askon
42, Balci, Olein, Safir, Olas, Goktirk, Ciano
Oleika, PI 283772 ve LCP 90 olarak
belirlenmistir. Arastirma kosullarinda ¢esit ve
genotiplerin olgunlagma siiresi 148 giin (LCP 90)
ile 152 giin (PI525458) araliginda degisim
gostermistir (Tablo 3).

75

Tablo 4. Verim parametrelerine ait varyans analiz
sonucu ve ¢esit ve genotiplere ait ortalamalar

VK Bitki Boyu [Yan Dal | Tabla
(cm) Sayisi (adet/bitki)

Tekerriir 3.44 0d 9.20 od 7.086d
Cesit 1.69 * 1.97* 1.33*
cV %9.98 %10.49 %16.80
Cesit
IAskon 42 59.13 abc 3.13 ab 4.23 abc
Balc1 61.09 abc 3.46a 4.86 abc
Cart 83 60.33 abc 2.83 bc 3.90 abc
Ciano Oleika | 54.72 bc 3.30 ab 5.06 ab
Dincer 56.75 abc 2.70 bc 3.70 bc
Goktiirk 59.69 abc 2.86 abc 4.13 abc
LCP 90 68.57 a 3.16 ab 4.46 abc
Olas 59.23 abc 2.76 bc 3.70 bc
Olein 58.64 abc 2.50c 3.60c
Pl 251984 64.81 ab 3.00 abc 4.20 abc
Pl 283772 51.74c 3.13 ab 4.30 abc
Pl 304593 57.83 abc 2.96 abc 3.96 abc
Pl 306924 61.49 abc 3.23ab 5.16 a
Pl 525458 61.56 abc 3.03 abc 4.23 abc
Safir 68.35a 3.26 ab 4.33 abc
Ortalama 60.26 3.02 4.25

6d: Onemli degil, *:P<0.05 diizeyinde &nemli, **: P<0.01 diizeyinde
6nemli. VK: Varyasyon kaynaklari, CV: Coefficient of variance

Bitki boyu, yan dal sayis1 ve tabla sayis1 degerleri
cesit ve genotipler arasindaki farkliliklar P<0.05
onem seviyesinde anlamli ¢ikmistir. Bitki boyu
51.74 cm (Pl 283772) ile 68.57 cm (LCP 90)
araliginda degisim gdstermistir. Yan dal sayis12.5
adet/bitki (Olein) ile 3.46 adet/bitki (Balci)
araliginda degisim gostermistir. Tabla sayis1 en az
3.6 adet (Olein) iken en fazla 5.16 adet (PI
306924) olarak ger¢eklesmistir (Tablo 4).

Ana tabla c¢ap1 degerleri c¢esit ve genotipler
arasindaki farkliliklar P<0.05 6nem seviyesinde
anlamli ¢ikarken i¢ kabuk orami ve bin dane
agirhigr degerleri ¢esit ve genotipler arasindaki
farklilik P<0.01 o6nem seviyesinde anlamh
cikmistir (Tablo 5). Ana tabla ¢ap1 en diisiik 19.07
mm ile PI 306924 genotipinde gergeklesirken en
yiksek 23.33 mm ile Cart 83 genotipinde
gergeklesmistir. Tohum verimi, ham yag orani ve
ham yag verimi degerleri ¢esit ve genotipler
arasindaki farkliliklar P<0.01 6nem seviyesinde
anlamli ¢ikmustir (Tablo 5).
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Tablo 5. Verim parametrelerine ait varyans analiz
sonucu ve ¢esit ve genotiplere ait ortalamalar

VK Ana Tabla | ic-Kabuk | Bin Dane
Cap1 (mm) | Orani (%) | Agirhgi (g)

Tekerriir 8.53 0.335 0.556 6d
Cesit 1.89* 11.78 ** 27.32 **
cVv %6.68 %4.21 %4.15
Cesit
Askon 42 20.70 a-d 42.53 cde 41.35cd
Balci 22.13 ab 41.20 de 44.39b
Cart 83 23.33a 49.40 a 38.28 def
Ciano Oleika | 21.90 abc 44.33 cd 41.61c
Dincer 21.77 a-d 50.47 a 38.17 ef
Goktiirk 20.70 a-d 42.00 cde 40.02 cde
LCP 90 21.07 a-d 42.60 cde 40.51 cde
Olas 21.50 a-d 43.90 cd 40.39 cde
Olein 21.60 a-d 39.90 e 38.31 def
Pl 251984 19.27 cd 48.13 ab 28.10h
Pl 283772 21.17 a-d 43.83 cd 48.96 a
Pl 304593 19.83 bcd 39.90 e 38.62 c-f
Pl 306924 19.07d 49.40 a 31.47¢
Pl 525458 21.17 a-d 45.30 bc 35.82 f
Safir 21.90 abc 39.37¢ 40.32 cde
Ortalama 21.14 44.15 39.08

6d: Onemli degil, *:P<0.05 diizeyinde énemli, **: P<0.01 diizeyinde
6nemli. VK: Varyasyon kaynaklari, CV: Coefficient of variance

Tohum verimi en diisiik 124 kg/da (Olein) iken en
yiiksek 159.9 kg/da (Safir) olarak gergeklesmistir.
Ham yag oram1 en diisik %30.8 ile Cart 83
genotipinde gozlenirken en yliksek ham yag orani
%39.77 ile Pl 304593  genotipinde
gerceklesmistir. Ham yag verimi en diisiik 41.37
kg/da (PI 525458) iken en yiiksek 60.17 kg/da
(Balc) olarak gerceklesmistir (Tablo 6).

Tablo 6. Verim parametrelerine ait varyans analiz
sonucu ve ¢esit ve genotiplere ait ortalamalar

Tohllm Ham Yaé
VK ngr/l:;:) Orani (%) | Verimi (kg/da

Tekerriir 1.58 6d 0.27506d | 2.01 6d
Cesit 4.40 ** 14.57%* 9.79 **
CcVv %6.72 %3.32 %7.00
Cesit
Askon 42 136.2 b-e 36.22 bcd | 49.33 c-f
Balc1 157.7a 38.19ab | 60.17 a
Cart 83 134.4cde | 30.80h 41409
Ciano Oleika | 134.4cde | 33.71 efg | 45.27 efg
IDinger 152.3 ab 34.53 def | 52.57 bc
Goktiirk 136.6 b-e | 36.87 bc | 50.33 cde
LCP 90 149.7 abc | 34.31 def | 51.43 b-e
Olas 145.9 a-d 39.06 a 57.00 ab
Olein 124.0e 34.43 def | 42.63 g
Pl 251984 129.7 de 33.75¢efg | 43.87 fg
Pl 283772 132.9 cde | 34.29 def | 45.47 d-g
Pl 304593 130.1 de 39.77 a 51.77 bed
Pl 306924 132.1cde | 32.03gh | 42.27¢g
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Pl 525458 1274 ¢ 32.50fgh | 41.37 g
Safir 159.9a 35.58 cde | 56.87 ab
Ortalama 138.8 35.06 48.78

6d: Onemli degil, **: P<0.01 diizeyinde &nemli. VK: Varyasyon
kaynaklari, CV: Coefficient of variance

4. TARTISMA VE SONUCLAR

Aspir gesit ve genotiplerin ¢ikis siiresi 28-30 giin
aralifinda degisim gostermis ve bu siire genel
olarak c¢ikis icin olduk¢a ge¢ oldugu
goriilmektedir. Benzer kosullarda  yapilan
caligmalarda 18-22 gilin araliginda degistigi
(Yurteri ,2016; Demir ve Karaca, 2018; Aslan,
2021) belirtilmigtir. Arastirmada ¢ikis siliresinin
gecikmesi c¢ikis etkileyen c¢evresel kosullara
baglanmaktadir.  Ozellikle Nisan  ayinda
gerceklesen yagisin ortalamalarin oldukca altinda
gerceklesmesinden kaynaklanmaktadir. Rozette
kalma stiresi benzer kosullar icin yapilan
caligmalarda 22-27 giin araliginda degistigi ve
kiiltiirel uygulamalar ile c¢esitlerin genetik
ozelliklerine bagli olarak farklilik gosterebilecegi
bildirilmistir (Demir ve Karaca, 2018). Arastirma
bulgularinda ¢esit ve genotiplerin rozette kalma
sliresinin ~ arastirma  sonuglartyla  paralellik
gosterdigi gorlilmiistiir. Cigeklenme siiresinin
cesit ve genotipler arasinda farkliligin istatistiksel
anlamda o6nemli oldugu ve erkencilik ile ge¢
ciceklenme arasinda yaklasik 6 giinliik farkin
oldugu goriilmektedir. Cesitler arasinda erken
ciceklenen ¢esitler Olein, Safir, Goktiirk, Balci ve
Olas olurken geg ciceklenen ¢esidimiz ise Dinger
olarak gergeklesmistir. Arastirmada tercih edilen
genotiplerden ise P1306924 ise en geg ¢igeklenme
gostermistir. Olgunlagma siiresi 148 ile 152 giin
araliginda degisim gosterirken benzer calisma
sonuclarina goére uyumlu ¢ikmistir.

Arastirmada bitki boyunun ortalama 60.26 cm
iken, en uzun bitki boyu LCP 90 genotipi ve Safir
cesidinde sirasiyla 68.57 ve 68.35 cm ve en diislik
bitki boyu ise 51.74 cm ile PI283772 genotipinde
gozlenmistir. Yurteri (2016) Yozgat ekolojik
kosullarinda yaptig1 ¢alismada bitki boyu
ortalama degerinin 63.74 cm  oldugunu
bildirmistir.  Aktas (2022) Van ekolojik
kosullarinda yaptigi ¢aligmada bitki boyu
ortalama degerinin 66.9 cm oldugunu bildirmistir.
Caliskan (2022) Usak kosullarinda yaptigr bir
calisgmada Linas  ¢esidinin  farkli  ekim
sikliklarinda bitki boyunun 72.36-77.67 cm
arasinda degisim  gosterdigini  bildirmistir.
Arastirmamizda elde edilen bitki boyu verileri
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cevre kosullart ve genetik Ozellikler nedeniyle
daha diigtiktiir.

Yan dal sayis1 ortalama 3.02 adet/bitki olarak
tespit edilmistir. En fazla yan dal sayisi 3.46
adet/bitki ile Balci ¢esidinde, en az yan dal sayisi
ise 2.5 adet/bitki ile Olein ¢esidinde
gbzlemlenmistir. Yurteri (2016) Yozgat ekolojik
kosullarinda yaptigi ¢alismada dal sayisinin 4,15-
8,83 adet/bitki arasinda degisim gosterdigini
bildirmistir. Yilman (2017) yaptig1 ¢alismada
bitkide yan dal sayisinin 6.93-10.63 adet/bitki
arasinda degistigini bildirmistir. Aktas (2022)
tarafindan Van ekolojik kosullarinda yapilan
calismaya gore bitki bagina dal sayisi en fazla 6.5
bitki/adet ile Kog¢ c¢esidinden gergeklestigini
bildirmistir. Literatiirle kiyaslandiginda,
arastirmamizdaki diisiik yan dal sayilari, cevre
kosullarinin ve ekim sikligimin yan dal sayisi
tizerinde etkili oldugunu gostermektedir.

Tabla sayis1 ortalama 4.25 adet/bitki olup, en
fazla tabla sayis1 5.16 adet/bitki ile PI 306924
genotipinde, en az ise 3.6 adet/bitki ile Olein
cesidinde gozlenmistir. Uysal ve arkadaslar
(2006), aspir popiilasyonlarinda tabla sayisinin
8.7-10.7  adet/bitki  arasinda  degistigini
bildirmistir. Ozer (2020) tarafindan Agr1 ekolojik
kosullarinda azot dozlarmin aspir c¢esitleri
tizerindeki etkiyi inceledii c¢alismada, azot
giibresi miktarmin 0 kg/da'dan 20 kg/da'a
cikarilmasi bitki basina tabla sayis1 degerlerinde
onemli bir artig gosterdigini  bildirmistir.
Arastirmadaki tabla sayilari, giibre uygulamalari
ve iklim kosullarmma bagli olarak literatiirde
bildirilen sonuglardan daha diisiik bulunmustur.

Ana tabla cap1 ortalama 21.14 mm olarak
belirlenmistir. En genis tabla ¢ap1 23.33 mm ile
Cart 83 genotipinde, en kiiciik tabla ¢api1 ise 19.07
mm ile PI 306924 genotipinde goézlenmistir.
Yilman (2017) yaptigi calismada tabla c¢ap1
ortalama degerinin 1834 mm  oldugunu
bildirmistir. Ozer (2020) yaptig1 calismada tabla
capt ortalama degerinin 20.70 mm oldugunu
bildirmistir.  Bulgular, literatiirle tutarli olup,
cevresel faktorlerin kiiclik farkliliklar yarattig
diistiniilmektedir.

I¢-kabuk orani ortalama %44.15 olup, en yiiksek
oran %50.47 ile Dinger ¢esidinde, en diisiik ise
%39.37 ile Safir cesidinde gozlenmistir. Kizil
(1997) vyaptig1 calismada kabuk oranlarinin
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%46.7-53.2 arasinda degistigini  bildirmistir.
Erbas (2007) yaptig1 calismada kabuk oranlarimin
%47.8-55.0 arasinda degistigini  bildirmistir.
Karaca (2017) yaptig1 ¢alismada i¢ kabuk
oraninin azot dozuna gore %57.54-58.04
arasinda, fosfor dozlarina gore ise %57.06-59.37
arasinda degistigini bildirmistir.
Arastirmamizdaki bulgularin i¢-kabuk oranin
bakimindan Kizil (1997) ve Erbas (2007) ile
benzerlik gosterirken Karaca (2017)’ya gore daha
diisiiktiir. Ic-kabuk oram1 degisimi genetik
ozellikler yaninda c¢evre kosullarina goére dnemli
farkliliklar gostermektedir.

Bin dane agirligi ortalama 39.08 g olarak
belirlenmistir. En yiiksek bin dane agirlig1 48.96
g ile PI 283772 genotipinde, en diisiik ise 28.10 g
ile PI 251984 genotipinde gozlenmistir. Eslam ve
ark. (2010) tarafindan yapilan ¢alismada bin tane
agirhigimmin - 28.5-45.1 g arasinda degistigini
bildirmiglerdir. Beyyavas ve ark. (2011)
tarafindan Sanlurfa kosullarinda yapilan bir
caligmada bin tane agirlig1 30.4-41.2 g araliginda
degistigini  bildirmislerdir. =~ Aktas  (2022)
tarafindan Van ekolojik kosullarinda yapilan
caligmaya gore bin dane agirliginin 29.63-44.07 g
arasinda degistigini bildirmistir. Elde edilen
bulgular, literatiirle uyumlu olup, genotipler
arasindaki  farklarin  genetik  cesitlilikten
kaynaklandigini géstermektedir.

Tohum verimi ortalama 138.8 kg/da olup, en
yiiksek verim 159.9 kg/da ile Safir ¢esidinde, en
diisik ise 124.0 kg/da ile Olein c¢esidinde
gozlenmistir. Sirel (2011) dekara tohum
verimlerinin ~ 67.96-132.64 kg/da  arasinda
oldugunu rapor etmis, Aydin (2012) ise verimin
87.75-146.3  kg/da  arasinda  degistigini
belirtmistir. EKin (2019) tohum veriminin 70.4-
101.7 kg/da arasinda gergeklestigini, Demir ve
Kara (2018) Kirsehir ve Kirikkale kosullarinda
Balci, Dinger, Yenice, Remzibey, Ayaz, Asol,
Linas ve Olas aspir gesitleri ile gergeklestirdikleri
arastirmada tohum verimini Kirikkale i¢in en
yliksek 207 kg/da (Remzibey) ve en diisiik ise 119
kg/da (Olas) belirlenirken Kirsehir kosullart i¢in
en yiiksek 193 kg/da (Dinger) ve en diisiik 114
kg/da (Ayaz) oldugunu bildirmislerdir. Ayrica
Demir (2019) ise farkli Azot dozlarina
(0,4,8,12,15 ve 20 kg N/da) gore Balci aspir
cesidinde tohum veriminin 104.8-162.6 kg/da
arasinda degistigini bildirmistir. Calismamizda
elde edilen tohum verimleri, literatiirde bildirilen
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Sirel (2011), Aydin (2012) ve Ekin (2019)’in
degerlerine gore daha yiiksek iken Demir ve Kara
(2018) ve Demir (2019)’in degerlerine gore diisitk
bulunmustur. Bu durum, kullanilan c¢esitlerin
verim potansiyelinin yan1 sira ¢aligmanin
yuriitiildiigli ekolojik kosullarin verim iizerindeki
olumlu etkilerini yansitabilir.

Ham yag orani ortalama %35.06 olup, en yliksek
oran %39.77 ile PI 304593 genotipinde, en diisiik
ise %30.80 ile Cart 83 genotipinde gozlenmistir.
Eslam ve ark. (2010) tarafindan yapilan ¢alismada
yag oraninin %24.5-31.8 arasinda degistigini
bildirmislerdir. Demir ve Karaca (2018) ham yag
ortalama degerlerinin %35,35-38,59 arasinda
degistigini bildirmislerdir. Unliier (2018) yaptig1
calismada ham yag oraninin % 24.6-37.4 arasinda
degistigini bildirmistir. Bozdemir (2020), ham

yag  oranlarmin  %24.64-37.10  arasinda
degistigini bildirmistir. Sonuglarimiz,
literatiirdeki bulgularla genel olarak uyum

gostermektedir. Cesitler arasindaki farkliliklar,
genetik faktorler ve cevresel kosullarin etkileriyle
aciklanabilir.

Ham yag verimi ortalama 48.78 kg/da olup, en
yuksek verim 60.17 kg/da ile Balc1 ¢esidinde, en
diistik ise 41.37 kg/da ile PI 525458 genotipinde
gbzlenmistir. Sast1 (2007) farkli azot uygulama
miktarlarinin  ve zamanlarmin yag verimine
onemli dlgiide etki ettigi ve yag veriminin 62.48-
103.1 kg/da arasinda degistigini bildirmistir.
Durukan (2014) denemede kullanilan ¢esitlere
ortalamalarina bagli olarak, en yiiksek yag verimi
Balc1 ¢esidinden (56.65 kg/da) elde edilirken, en
diisiik yag verimi ise Dinger ¢esidinden (32 kg/da)
elde edildigi bildirilmistir. Ozer (2020) yaptig
calismada ham yag verimi degerlerinin 24.72-
46.61 kg/da arasinda degistigini bildirmistir.
Arastirmamizdaki bulgularin ham yag verimi
bakimindan Sasti (2007)’ya gore daha diisiik
olmasimin  glibre uygulamalar1 ve iklim
kosullarina bagl oldugu diistiniiliirken Durukan
(2014) ve Ozer (2020)’in bulgular1 ile genel
olarak uyum gostermesi ¢evresel kosullarin
etkileriyle agiklanabilir.

Bu arastirma, Kirsehir ekolojik kosullarinda farkl
aspir ¢esit ve genotiplerinin verim ve verim
Ogeleri bakimindan 6nemli bilgiler sunmustur.
Elde edilen verim ve verim parametreleri
sonuglarma gore tohum verimi 124. 0 — 159.9
kg/da araliginda gergeklesirken ham yag orani ise
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%30.8 ile 39.77 araliginda degigmistir. Balci
¢esidi, ham yag verimi (60.17 kg/da), yan dal
sayist  (3.467 adet/bitki) acisindan istiin
performans sergilerken, Safir ¢esidi ise tohum
verimi (159.9 kg/da) ve bitki boyu (68.57 cm)
acisindan diger ¢esitlerden daha tistiin performans
gostermistir.
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Indicator Plant Species Analysis and Ecological Assessment of Tar
Juniper (Juniperus oxycedrus L.)

Aysegiil TEKESY

Abstract: This study aims to determine the ecological characteristics and
indicator plant species associated with Juniperus oxycedrus L. (prickly
juniper). The research was conducted in the Bozdaglar region, where field
inventory studies were carried out across a total of 170 sample plots, each
measuring 20x20 m. Indicator species analysis was performed using the PC-
ORD software to determine indicator species. As a result of the analysis, 12
indicator plant species were identified. Aubrieta deltoidea, Muscari
armeniacum, and Centaurea thirkei stood out statistically. The findings
reveal that prickly juniper is a species well-adapted to environmental
conditions and that the plant species associated with it provide significant
insights into habitat characteristics. The results support the adaptation
capacity of J. oxycedrus to arid and semi-arid ecosystems and highlight its
ecological role within these environments. The findings are expected to
provide practical information for the sustainable management of forest
ecosystems. Furthermore, similar studies conducted in different
geographical regions in the future are anticipated to offer a broader
perspective on the ecological functionality of this species and its sensitivity
to environmental changes. The absence of prior research in the study area
enhances the originality and scientific value of the present study.

Keywords: Bozdaglar, target species, indicator species analysis, Juniperus
oxycedrus.

Katran Ardicimin (Juniperus oxycedrus L.) Gosterge Bitki Tiir Analizi
ve Ekolojik Degerlendirmesi

Ozet: Bu ¢alisma, Juniperus oxycedrus L. (katran ardic1) tiiriiniin ekolojik
ozelliklerini ve gosterge bitki tiirlerini belirlemeyi amaglamaktadir.
Arastirma kapsaminda, Bozdaglar Yoresinde 20x20 m boyutlarinda toplam
170 6rnek alanda arazi envanter ¢alismalar1 gergeklestirilmistir. GOsterge
tirlerin belirlenmesi igin PC-ORD yaziliminda indikator tiir analizi
uygulanmistir. Analiz sonucunda, 12 gosterge bitki tiirli tespit edilmistir.
Bunlar arasinda Aubrieta deltoidea, Muscari armeniacum ve Centaurea
thirkei istatistiksel olarak One ¢ikan tiirlerdir. Elde edilen bulgular, katran
ardicinin ¢evresel kosullara uyum gosteren bir tiir oldugunu ve bu tiirle
birlikte bulunan bitki tiirlerinin habitat 6zelliklerinin anlagilmasinda 6nemli
ipuglar1 sagladigini ortaya koymaktadir. Sonuglar, katran ardicinin kurak ve
yart kurak ekosistemlerdeki adaptasyon yetenegini ve bu ekosistemlerde
oynadigr rolii desteklemektedir. Elde edilen bulgularin, orman
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ckosistemlerinin siirdiirtilebilir yonetimi i¢in pratik bilgiler saglamasi
hedeflenmektedir. Ayrica gelecekte farkli cografi bolgelerde yapilacak
benzer ¢alismalarin, bu tiiriin ekolojik islevselligi ve ¢evresel degisimlere

karst duyarlilig

hakkinda daha genis bir

perspektif saglayacagi

diistintilmektedir. Calisma sahasinda bu yonde yapilmis bir arastirmanin
bulunmamasi, ¢aligmanin 6zgiin degerini artirmaktadir.

Anahtar Kelimeler: Bozdaglar, hedef tiir, indikator tiir analizi, Juniperus

oxycedrus.
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1. GIRIS

Ormanlar yeryiiziiniin yaklasik %40’ 11 kaplayan
karasal ekosistemleri olusturmaktadir. Orman
ekosistemleri, biyolojik c¢esitliligin korunmasi,
karbon dongiisiiniin diizenlenmesi, su rejiminin
tyilestirilmesi ve iklim kosullarinin dengelenmesi
gibi cok ¢esitli ekosistem hizmetleri sunan,
dinamik ve karmasik yapilar olarak One
cikmaktadir (Albrich vd., 2018; Wani ve Sahoo,
2021; Uyar vd., 2024). Orman ekosistemlerin
sagligimi ve islevselligini degerlendirmede, belirli
ekolojik kosullara duyarlilik gosteren bitki tiirleri
kritik bir role sahiptir. Ancak, biitiin tiirlerin
yonetimi ve korunmasini saglamak hem finansal
hem de lojistik agidan Onemli zorluklar
barindirmaktadir. Bu nedenle, cevresel
degisimlerin izlenmesi ve biyolojik ¢esitlilikteki
degisikliklerin degerlendirilmesi amaciyla
gosterge tir analizi gelistirilmistir (Lindenmayer
ve Likens, 2011).

Gosterge tiir analizi, ekosistemlerin biyolojik
gostergeleri niteligindeki tiirlerin belirlenmesi ve
cevresel kosullarin ekolojik siirecler tizerindeki
etkilerinin anlagilmasi agisindan Onemli bir
yontemdir (De Céceres vd., 2010; Ozdemir vd.,
2017; Ozdemir ve Cinar, 2023). Genellikle bir
dizi ornek alanda gozlemlenen tiirlerin varlik-
yokluk durumlar veya bolluk seviyeleri ile bu
alanlarin ekolojik smiflandirilmasi1 arasindaki
iliskileri analiz ederek belirlenmektedir (Dufréne
ve Legendre, 1997). Bu analiz yontemi, habitat
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gereksinimlerinin ve c¢evresel faktorlerin ekolojik
topluluklar tizerindeki etkilerini degerlendirmede
onemli bir rol oynamaktadir (Siddig vd., 2016).
Son yillarda 6zellikle biyolojik ¢esitliligin kayba,
cevresel degisimlerin izlenmesi ve ekosistem
hizmetlerinin  siirdiirtilebilirliginin ~ saglanmasi
amaciyla  yaygin  olarak  kullanilmaktadir
(Carignan ve Villard, 2002; Munoz ve Alcantara,
2013). Bu baglamda gosterge tiir analizi, dzellikle
Akdeniz ekosistemlerinde yaygin olarak bulunan
ve ekolojik siiregler {izerinde belirleyici etkileri
olan bitki tiirleri agisindan biiyiik bir dneme
sahiptir (Mandelik vd., 2010; Tavsanoglu ve
Pausas, 2018).

Akdeniz’in kurak ve yar1 kurak ekosistemlerinin
karakteristik bilesenlerinden biri olan ardiglar
(Juniperus) bu baglamda o©ne ¢ikan bitki
tiirlerindendir (Ozdemir vd., 2020; Yiicedag vd.,
2021). Cupressaceae (servigiller) familyasina ait
olan ardiglar, yaklagik 140 tiir ile diinya genelinde
genis bir yayilis alanina sahiptir. Genetik
cesitliligi, ¢esitli morfolojik 6zellikleri ve genis
ekolojik tolerans1 ile dikkat ceken bu cins
(Farjon, 2000; Klimko vd., 2007; Boratynski vd.,
2014), ilkemizde Juniperus, Sabina ve
Caryocedrus boliimlerine ait 8 takson ile temsil
edilmektedir (J. drupacea Lab., J. communis L.,
J. oxycedrus L., J. phoenicia L., J. foetidissima
Willd., J. sabina L. ve J. excelsa M.Bieb., J.
deltoides R.P.Adams (Coode ve Cullen, 1965;
Townsend ve Guest, 1966; Baytop, 1994;
Yiicedag vd., 2021). Bu taksonlar arasinda yer
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alan J. oxycedrus (katran ardici), Akdeniz
Havzasi'na 6zgii bir tiir olup, genis bir ekolojik
adaptasyon yetenegi ve c¢evresel degiskenlere
duyarlilig:r ile 6ne c¢ikmaktadir (Karaman vd.,
2003; Cano Ortiz vd., 2019). Genellikle 10-15
metre boyunda cali veya kiiciik aga¢ formunda
gelisen katran ardici, igne yaprakli geng
stirgiinleriyle taninmaktadir. Deniz seviyesinden
1900 metreye kadar degisen yiikseltilerde, kurak
ve yar1 kurak habitatlarda yayilis gostermektedir.
Bu tiir, diinya genelinde Fas, Portekiz, Fransa,
Italya, Balkanlar, Tiirkiye, Iran, Suriye, Kibris ve
Kafkasya’yr kapsayan genis bir cografyada
dagilim gostermektedir (Yilmaz, 2020; Cano
Ortiz vd., 2021). Tirkiye’de ise farkli iklim,
toprak kosullar1 ve yiikselti araliklarina adapte
olmustur (Fakir, 2018). Ozellikle Akdeniz, I¢
Anadolu  ve Karadeniz  Bdlgesi’nin  i¢
kesimlerinde yaygm bir dagilima sahiptir
(Yi1lmaz, 2020). Tiirkiye orman varligi i¢inde
ozellikle bozulmus orman alanlart ve taslhik
arazilerde yer alan katran ardici, erozyon kontrolii
ve arazi rehabilitasyonu ¢aligmalarinda 6nemli bir
role sahiptir (Yiicedag vd., 2021; Giilsoy vd.,
2022). J. oxycedrus grubundaki tiim taksonlar,
genellikle kirectasi veya silisli dokiintiiler gibi
ulagilmas1 zor alanlarda ve kurak ortamlarda
yetismektedir (Cano Ortiz vd., 2019).

Katran ardicinin  yapraklari  ve meyveleri,
geleneksel tipta idrar soktiiriicii, bobrek tasi
distiriilmesi, hemoroid ve c¢esitli  bulasict
hastaliklarin tedavisinde kullanilmaktadir (Sezik
vd., 1992; Yesilada vd., 1993; Karaman vd.,
2003). Ayrica porsuklar, tilkiler, yaban domuzlari
ve tavsanlar gibi yaban hayvanlari i¢in 6nemli bir
besin kaynagidir (Reinoso ve Carlos, 2003).
Ancak katran ardicinin, diisiik ¢imlenme oran1 ve
yavas bliyiime gibi biyolojik siirlamalari, asiri
otlatma, ormansizlasma, yangmlar ve iklim
degisikligi gibi c¢evresel tehditlerle birleserek
tiriin  dogal yenilenmesini zorlagtirmaktadir
(Gauquelin vd., 1999; Rupprecht vd., 2011;
Boratynski vd., 2014; Cano vd., 2019). Bu
durum, tiirtin habitat kaybi ve popiilasyon
yogunlugunda azalmalar gibi olumsuz sonuglar
dogurmaktadir. Son yillarda, katran ardicinin
ekolojik 6zelliklerini, habitat tercihlerini ve
cevresel degisimlere karsi tepkilerini inceleyen
calismalar artis gdstermistir. Ozellikle potansiyel
tir dagilim modellemesi g¢aligsmalari, bu tiiriin
glinimiizde ve gelecekte iklim degisikligi
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karsisinda potansiyel dagiliminda olas1 kayma
veya habitat kayiplar1 yasayacagii ortaya
koymaktadir (Rupprecht vd., 2011; Giilsoy vd.,
2022). Ancak, katran ardicin1 temel alarak
gosterge tiir analizinin yapildig1 herhangi bir
caligmaya  rastlanmamistir. Bu  baglamda
caligmada, katran ardicinin Bozdaglar
yoresindeki gosterge bitki tiirlerinin belirlenmesi
amaclanmaktadir. Elde edilen bulgularin, orman
ekosistemlerinin korunmast ve tiiriin
stirdiiriilebilir  yonetimine yonelik stratejilere
katki saglamas1 hedeflenmektedir.

2. MATERYAL VE METOT
2.1. Calisma alam

Calisma alani, Manisa ve Izmir illeri smnirlart
icerisinde yer alan Bozdaglar Yoresinde yer
almakta olup, yaklastk 259.000 ha alam
kapsamaktadir (Sekil 1). Yorede Akdeniz iklimi
hakimdir; yazlar sicak ve kurak, kiglar ise 1lik ve
yagisli gegmektedir. Bitki cografyasi bakimindan,
Akdeniz Fitocografik Bolgesi igerisinde yer alan
bu bolgenin bitki ortiisii, orman, maki, Akdeniz
dag stepi ve subalpinik vejetasyon tiirlerini
icermektedir (Atalay ve Efe, 2015). Orman
vejetasyonu igerisinde kizilgam (Pinus brutia
Ten.), karacam (Pinus nigra J.F.Arnold) ve
kestane (Castanea sativa Mill.) en yaygin asli
orman agag¢ tiirlerini olusturmaktadir (Gtinal,
1987; Bekat ve Oflas, 1990). Jeolojik olarak
Menderes masifinin  bir parcasini olusturan
Bozdaglar, Paleozoik yash sistler ve Prekambrien
yash gnayslardan meydana gelmektedir. Sahanin
ortalama yiikseltisi 1200-1300 m arasinda olup,
en yiiksek noktast 2159 m’ye ulasmaktadir.
Toprak tipleri bakimindan ise bolgede kahverengi
orman topraklari, kirmizi Akdeniz topraklari,
rendzinalar, aliivyal ve koliivyal topraklar yaygin
olarak gdoriilmektedir (Kogman, 1989; Atalay vd.,
2022; Tekes, 2024).
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Sekil 1. Calisma alaninin konumu ve Ornek
alanlarin temsili dagilimini gosteren harita

2.2. Yontem

Calisma kapsaminda, arazi envanter ¢aligmalart,
vejetasyon  arastirmalarinda  yaygin  olarak
kullanilan 20x20 m (400 m?) boyutlarmdaki
ornek alanlarda gerceklestirilmistir (Fontaine vd.,
2007; Ozkan ve Negiz, 2011; Negiz ve Erfidan,
2023). Toplam 170 6rnek alanda arazi ¢alismalari
yapilmustir (Sekil 1). Arazi ¢alismalari sirasinda,
ornek alanlarin koordinatlari Kiiresel
Konumlandirma Sistemi (Global Positioning
System-GPS) cihazi kullanilarak kaydedilmis ve
bitki tiirleri var-yok verisi seklinde kayit altina
alinmistir.

Arazi calismalarinin ardindan, kaydedilen bitki
tirlerinin teshisleri “Tirkiye ve Dogu Ege
Adalar1  Florasi” adli eser temel alinarak
gerceklestirilmigtir (Davis 1965-1985; Davis vd.
1988; Giiner vd. 2000). Teshis islemlerinin
tamamlanmasinin ardindan, envantere kaydedilen
bitki tlirlerinden olusan veri seti diizenlenmistir.
Bitkilerin Latince isimleri, istatistiksel analizler
oncesinde kisaltilarak kodlanmistir (Ek Cizelge
1).

Bitki tiirlerine ait var-yok veri seti {iizerinde,
katran  ardicinin  bulundugu  habitatlardaki
gosterge bitki tiirlerini  belirlemek amaciyla
indikator tiir analizi uygulanmistir. (McCune ve
Mefford, 2011). Bu analiz yontemi, ekolojik
calismalarda siklikla tercih edilmekte olup, hedef
tiirlin ~ gostergelerinin  belirlenmesine olanak
tanmimaktadir (Giilsoy ve Ozkan, 2013). Ancak bu
yontemde pozitif ve negatif gosterge tiir ayrimi
yapilmamaktadir (Negiz ve Erfidan, 2023). Bu
analiz yontemi, PC-ORD yazilim: kullanilarak
gerceklestirilmistir (McCune ve Mefford, 2011).
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3. BULGULAR
Calisma alaninda, 170 Ornek alanin 45’inde
katran ardici kaydedilmistir. Bu alanlarda

toplamda 286 farkl1 bitki tiirli tespit edilmis olup,
bunlar arasinda kizilgam (P. brutia), karacam (P.
nigra), boylu ardi¢ (Juniperus excelsa M.Bieb),
sacli mese (Quercus cerris L.) ve mazi mesesi
(Quercus infectoria Oliv.) gibi baslica orman
agac1 tiirleri yer almaktadir (Ek Cizelge 1).
Gergeklestirilen indikator tiir analizi sonucunda
istatistiksel Oonem seviyesi sinir1 olarak p<0.05
degeri temel alinmistir. Analiz sonucunda katran
ardicinin 12 goOsterge tiri tespit edilmistir

(Cizelge 1).

Cizelge 1. Bozdaglar Yoresinde J. oxycedrus
tiiriinlin gosterge bitki tiirleri ve 6nem seviyeleri

Pozitif Gozlemlenen

Standart

Giifterge invdik.atiir Ortalama Sapma p degeri
Tiirler Degeri (IV)
Aubdel 15.6 3.8 156 0.0002
Musarm 27.4 13.4 267 0.0014
Centhi 11.9 42 1.66 0.0042
Potrep 10.4 35 14 0.0042
Triuni 10.4 35 1.39 0.0042
Sedamp 15.6 7.1 205 0.0068
Tarbut 18 9.2 236 0.0112
Myoarv 32 215 3.05 0.0116
Colmel 8.2 31 133 0.0178
Inuhet 6.7 22 1.06 0.0186
Chapyg 10.3 5.3 1.84 0.0382
Fescal 75 35 1.42 0.0436
4. TARTISMA VE SONUCLAR
Bu caligma, katran ardicinin  Bozdaglar
yoresindeki ekolojik ozelliklerini ve bu tiirle
iliskili  gosterge bitki tiirlerini  belirlemek

amaciyla gergeklestirilmistir. Calisma sonucunda,
katran ardicinin bulundugu 45 6rnek alanda 12
goOsterge tiir tespit edilmistir. En onemli gosterge
tirleri istatistiksel Onem seviyesi (p<0.05)
dogrultusunda Aubdel (Aubrieta deltoidea (L.)
DC.), Musarm (Muscari armeniacum Leichtlin ex
Baker) ve Centhi (Centaurea thirkei Sch.Bip.)
olarak  belirlenmistir. Bu bulgular, katran
ardicinin  ekolojik baglamda cevresel kosullara
uyumlu bir tiir oldugunu ve bu tiirle birlikte
bulunan bitki tiirlerinin habitat 6zelliklerini
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anlamada kritik ipuglari sundugunu
gostermektedir (Giilsoy ve Ozkan, 2013).

Elde edilen sonuglar, literatiirde yer alan onceki
calismalarla karsilastirildiginda, katran ardicinin
gosterge tiirlerle olan iligkisine dair Onemli
katkilar sunmaktadir. Ornegin, Rupprecht vd.
(2011) ve Giilsoy vd. (2022), katran ardicinin
habitat tercihlerini ve potansiyel dagilimini
inceledikleri calismalarinda, bu tiiriin kurak ve
yart kurak bolgelerde genis bir adaptasyon
yetenegi  gosterdigini  belirtmislerdir. Benzer
sekilde, Yiicedag vd. (2021) tarafindan, ardiglarin
bozulmus orman ekosistemlerindeki kullanimina
yonelik yapilan bir calismada, ardi¢ tiirlerinin
kurakliga dayanikli oldugu belirtilmistir. Yapilan
bu calismada tespit edilen gosterge tiirlerin,
katran ardicinin bulundugu habitat kosullarini
yansittigi  gorilmektedir. ~ Adams  (2014)
tarafindan yapilan bir ¢alismada, katran ardicinin
genetik  cesitliligi  ve  ekolojik  esnekligi
vurgulanmis; bu 6zelliklerin hedef tiirlin genis bir
cografyada farkli habitatlara uyum saglamasini
miimkiin kildig1 ifade edilmistir. Klimko vd.
(2007) ise katran ardicinin morfolojik g¢esitliligini
incelemis ve cografi olarak farkl
popiilasyonlarda dagilim gosterdigini  ortaya
koymustur.

Gosterge tiirlerin belirlenmesi, yalnizca katran
ardicinin  habitat  6zelliklerinin  anlasilmasina
degil, ayn1 zamanda arazi yonetimi ve koruma
stratejilerinin gelistirilmesine de katki
sunmaktadir. Carignan ve Villard (2002),
gosterge  tiirlerin  ekosistem  izleme ve
yonetiminde  etkin  bir arag  oldugunu
belirtmislerdir. Calismamiz, bu baglamda katran
ardiciyla  iligkili  gOsterge  tiirlerin  tespit
edilmesinin, habitat kalitesinin degerlendirilmesi
ve olasi ¢evresel tehditlerin izlenmesi i¢in 6nemli
oldugunu ortaya koymaktadir. Ayni zamanda
yogun otlatma, yanginlar ve ormansizlasma
(Gauquelin vd., 1999; Rupprecht vd., 2011; Cano
vd., 2019) ile kereste ve odun {iretimi gibi
tehditlerin  yan1 sira  iklim  degisikliginin
sonucunda ortaya c¢ikan kurakliginda orman
ekosistemlerini olumsuz etkiledigi bilinmektedir
(MacLaren, 2016). Bu kapsamda daha sonra
yapilacak olan c¢aligmalarda, bu tiir tehditlerin,
gosterge tiirler iizerindeki etkisinin incelenmesi
faydal1 olacaktir.
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Sonug olarak, bu ¢alisma, katran ardicinin habitat
tercihleri ve ekolojik talepleri ile iligkili tiirlerin
belirlenmesinde O6nemli bir adim atmistir. Elde
edilen bulgular, katran ardicinin siirdiriilebilir
yonetimine yonelik stratejilerin gelistirilmesine
katki saglayabilecek niteliktedir. Gelecekte, farkl
cografi bolgelerde yapilacak benzer ¢alismalarin,
katran ardicinin ekolojik islevselligi ve g¢evresel
degisimlere duyarliligina dair daha kapsamli bir
anlayis saglayacagi diistiniilmektedir.
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Ek Cizelge 1. Ornek alanlarda tespit edilen tiirler
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ve istatistiksel degerlendirme Oncesi kodlar

Kod Tiir Ad1 Kod Tiir Adn
Acirot Acinos rotundifolius Lonetr Lonicera etrusca
Pers. Santi var. etrusca
Lonicera
. . T, nummulariifolia Jaub.
Aegbiu  Aegilops biuncialis Vis.  Lonnum & Spach subsp.
nummulariifolia
Aegtri Aegilops triuncialis L. Luzfor Iblgula forsteri (Sm.)
Alkare Alkanna areolata Boiss. Marrot Marrubium
var. areolata rotundifolium Boiss.
. Alkanna tinctoria (L.) Matricaria
Alktin Tausch subsp. tinctoria Matcha chamomilla L.
Allium flavum subsp. Medicado minima
Allfla tauricum var. tauricum  Medmin L) Bag var. minima
(Besser ex Rchb.) Stearn ' o
Alliaria petiolata . . .
Allpet (M.Bieb.) Cavara & Medorb ?/Lle)dg:gglorblculans
Grande ' '
Alyssum foliosum var Medicago
Alyfol : Medpol polymorpha L. var.
megalocarpum Halacsy polymorpha
Alyssum fulvescens var. . .
Alyfuf fulvescens Sibth. & Sm. Medsat Medicago sativa L.
Alyssum fulvescens var. . .
Alyfus  stellatocarpum Hub.- Melnea Melilotus neapolitana
Ten.
Mor.
- Alyssum hirsutum . Milium vernale subsp.
Alyhir M.Bieb. Milver vernale M.Bieb.
Minuartia juressi
. Alyssum minus (L.) . (Willd. ex Schlect.)
Alymin Rothm. var. minus Minjur Lacaita subsp.
asiatica McNeill.
Moenchia mantica
Alysmy élfs&rg smyrnaeum Moemam  (L.) Bartl. subsp.
AMEY. mantica
Muscari armeniacum
Alyspl  Alyssum sp. 1 Musarm Leichtlin ex Baker
Alysp3  Alyssum sp. 3 Muscom ?l/l_u)sijlirlllg?mosum
Anagallis arvensis var Myoso_tis arvensis
Anaarv caerulea (L.) Gouan ’ Myoarv  (L.) Hill subsp.
' arvensis
Anchusa undulata L. .
Ancund  subsp. hybrida (Ten.) Myoinc I(\B/Ia/gssotls incrassata
Coutinho ’
Anddis ﬁndropogon distachyos Nepvis Nepeta viscida Boiss.
Anthemis aciphylla Onobrychis caput-
Antaca Boiss. var. aciphylla Onocap galli (L.) Lam.
Anthemis aciphylla L
Antacd  Boiss. var. discoidea Onocri Or}?b?Chll_s crista-
Boiss. galli (L.) Lam.
Antchi Anthemis chia L. Onosp. Onopordum sp.
Anthoxanthum odoratum . Opopanax hispidus
Antodo L. subsp. odoratum Opohis (Friv.) Griseb.
Anthemis pseudocotula Orchis anatolica
Antpse Boiss. Orcana Boiss.
Anthyllis vulneraria L. Ornithonus
Antvul  subsp. praepropera Orcomp com respsus L
(Kerner) Bornm. P '
. A(‘them's . - Origanum majorana
Antwie  wiedemanniana Orimaj L
Fisch.&C.A.Mey. '
Arabis caucasica subs| Origanum vulgare L.
Aracau caucasica P~ Orivul subsp. hirtum (Link)
letswaart
Araver  Arabisverna (L.)R.Br.  Orldau Orlaya daucoides (L)
Greuter
Arband  Arbutus andrachne L. Ornarm Ornlthogalum
armeriacum Baker
Avresp. Arenaria sp. Ornmon g;ﬂgﬁfﬂilgﬂm o
Aripal Aristolochia pallida Ornnut Ornithogalum nutans

Arisp.
Armcar
Aspacu

Asplut

Astang

Astcre

Asttmo

Asyfil
Atrcan

Aubdel

Avebar

Belper

Bomdis

Broste

Brotec

Bugarv
Calirr

Camlyr
Capbur
Cardiv
Cargra
Carhir

Carnut
Carpyc

Cassat

Cedlib

Cencya

Cenpol

Centhi

Centri

Ceplon

Cerbra

Cergra

Cerill

Willd.

Aristolochia sp.
Armeria cariensis Boiss.
var. cariensis
Asparagus acutifolius L.

Asphodeline lutea (L.)
Rchb.

Astragalus angustifolius
Lam.

Astragalus creticus Lam.

Astragalus tmoleus
Boiss. var. tmoleus

Asyneuma filipes (Nab.)
Damboldt

Atractylis cancellata L.
Aubrieta deltoidea (L.)

DC.

Avena barbata subsp.
barbata Pott ex Link

Bellis perennis L.
Bombycilaena discolor
(Pers.) M.Lainz

Bromus sterilis L.

Bromus tectorum L.

Buglossoides arvensis
(L.) I. M. Johnst.
Calepina irregularis
(Asso) Thell.
Campanula lyrata Lam.
subsp. lyrata

Capsella bursa-pastoris
(L.) Medik.

Carex divisa Huds.
Cardamine graeca L.

Cardamine hirsuta L.

Carduus nutans L.

Carduus pycnocephalus
L.

Castanea sativa Miller

Cedrus libani A.Rich.
Centaurea cyanus Hill.

Centaurea polyclada
DC.

Centaurea thirkei
Sch.Bip.

Centaurea triumfettii
All.

Cephalanthera
longifolia (L.) Fritsch

Cerastium
brachypetalum subsp.
roeseri (Boiss. & Heldr.)
Nyman

Cerastium gracile
Dufour

Cerastium illyricum
subsp. comatum

Ornpla
Ororet
Osyalb
Palisp

Paparg

Paprho

Parlat

Parlus
Philat
Pilhop

Pilpil
Pinbru
Pinnig

Pister

Plachl

Plalog
Plaori
Plasp.

Poabul
Poapra
Poatim

Poatri

Potrep
Prudiv

Pruspi

Pteaqu

Pyramy

Pyrela

Quecer

Quecoc

Queinf

Ranarg

Ranfic

Ranpal

L.

Ornithogalum
platyphyllum Boiss.
Orobanche reticulata
Wallr.

Osyris alba L.

Paliurus spina-christi
P. Mill.

Papaver argemone L.

Papaver rhoeas L.

Parentucellia latifolia
(L.) Caurel subsp.
latifolia

Parietaria lusitanica
L.

Phillyrea latifolia L.

Pilosella hoppeana
subsp. lydia

Pilosella piloselloides
(Vill.) Sojak subsp.
megalomastix

Pinus brutia Ten.

Pinus nigra J.F.
Arnold

Pistacia terebinthus
L.

Platanthera
chlorantha (Custer)
Rchb. subsp.
chlorantha

Plantago logopus L.
Platanus orientalis L.
Plantago sp.

Poa bulbosa L.

Poa pratensis L.

Poa timoleontis
Heldr. ex Boiss.

Poa trivialis L.

Potentilla reptans L.

Prunus divericata
subsp. divericata
Ledeb.

Prunus spinosa L.

Pteridium aquilinum
(L.) Kuhn

Pyrus amygdaliformis
Vill. var.
amygdaliformis
Pyrus elaeagnifolia
Pall. subsp.
elaeagnifolia
Quercus cerris L. var.
cerris

Quercus coccifera L.

Quercus infectoria
subsp. boissieri
(Reut.) O.Schwarz

Ranunculus argyreus
Boiss.

Ranunculus ficaria L.
subsp. ficariiformis
Rouy & Foucaud
Ranunculus
paludosus Poir.
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Chapyg

Ciraca
Ciscre
Cislau

Cissal
Colmel

Cottin

Cramon
Crefoe

Crepul
Cresan
Cresmy
Crucru
Crutau
Cupsem
Cycsp.
Cynech
Cysfra
Cytvil

Dacglo

Dacrom

Digfer
Dorori
Dramur

Echsp.
Elaasc

Ercico
Ercicu
Erosp.
Erover

Erycam

Erypal
Eupana

Euprig
Fescal

Fileri

Chamaecytisus
pygmaeus (Willd.)
Rothm.

Cirsium acarna (L.)
Moench

Cistus creticus L.
Cistus laurifolius L.

Cistus salviifolius L.

Colutea melanocalyx
subsp. davisiana
(Browicz) D.F.Chamb.

Cota tinctoria (L.) J.Gay

ex Guss. var. tinctoria
Crataegus monogyna
Jacg. var. monogyna
Crepis foetida L. subsp.
commutata (Spreng.)
Babcock

Crepis pulchra L. subsp.

pulchra
Crepis sancta L.
Babcock

Crepis smyrnaea DC. Ex

Froehlich

Crupina crupinastrum
(Moris) Vis.

Cruciata taurica (Pall.
Ex. Willd.) Ehrend.

Cupressus sempervirens

L.
Cyclamen sp.

Cynosurus echinatus L.

Cystopteris fragilis (L.)
Bernh.

Cytisus villosus Pourr.

Dactylis glomerata L.
subsp. hispanica (Roth)
Nyman

Dactylorhiza romana
(Seb.) Soo subsp.
romana

Digitalis ferruginea L.
subsp. ferruginea
Doronicum orientale
Hoffm.

Draba muralis L.

Echinops sp.

Elaeoselinum asclepium

(L.) Bertol.

Erodium ciconium (L.) L

Her.
Erodium cicutarium

subsp. cicutarium (L.) L

Her.
Erodium sp.

Erophila verna
Eryngium campestre L.
var. virens Link
Erysimum pallidum

Euphorbia
anacampseros Boiss.

var. tmolea M.L.S. Khan

Euphorbia rigida
M.Bieb.

Festuca callieri subsp.
callieri (Hack.) Markgr.

Filago eriocephala

Ranreu

Raprap
Raprug
Rhaste

Romtem
Roscan

Rubcae

Rubcan
Rubsan

Rumace
Rumtub
Saltom
Salver
Sanmin
Scacos
Scapec
Scopse
Scosub

Sedalb

Sedamp

Senver

Serber

Shearv
Silcon
Silita

Sinarv
Sisalt

Spajun
Stabyz

Stawor

Stempa

Stempo
Stetub

Stibro

Symana

Taecap

Ranunculus
reuterianus Boiss.

Raphanus
raphanistrum L.
Rapistrum rugosum
(L.) Al
Rhagadiolus stellatus
var. stellatus
Romulea tempskyana
Freyn.

Rosa canina L.

Rubus caesius L.

Rubus canescens DC.
var. canescens

Rubus sanctus
Schreb.

Rumex acetosella L.

Rumex tuberosus L.
subsp. tuberosus
Salvia tomentosa
Miller

Salvia verbenaca L.

Sanguisorba minor L.

Scabiosa cosmoides
Boiss.

Scandix pecten-
veneris L.
Scorzonera
pseudolanata Grossh.
Scorzonera sublanata
Lipsch.

Sedum album L.

Sedum amplexicaule
DC.

Senecio vernalis
Waldst. & Kit.

Serapias bergonii
E.G.Camus

Sherardia arvensis L.

Silene conica L.
Silene italica (L.)
Pers.

Sinapis arvensis L.

Sisymbrium
altissimum L.

Spartium junceum L.

Stachys byzantina C.
Koch

Stachys woronowii
(Schischk. ex
Grossh.) R.R.Mill

Stellaria media subsp.

pallida

Stellaria media subsp.

postii Holmboe
Steptorhamphus
tuberosus (Jacq.)
Grossh.

Stipa bromoides (L.)
Dorfl.

Symphytum
anatolicum Boiss.

Taeniatherum caput-
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Filger

Fumkra
Galalb

Galapa

Galbri

Galmur

Genaca
Genana

Gerluc
Germac
Germol

Gerpur
Gerpus
Gerrot

Geuurb

Gyptub
Helsal
Holumb

Horgen

Huecyn

Hymcir
Hypade
Hypspl
Hypsp3
Inuhet

Jasfru

Junexc

Junoxy
Jurcon
Jurmol
Lagcum

Lamamp

Lamgar

Guss.

Filago germanica (L.) L.

Fumaria kralikii Jord.

Galium album Miller

subsp. pycnotrichum (H.

Braun) Krendl

Galium aparine L.
Galium brevifolium
subsp. insulare Ehrend.
& Schonb.-Tem.
Galium murale (L.) All.

Genista acanthoclada
DC.

Genista anatolica Boiss.

Geranium lucidum L.

Geranium macrostylum
Boiss.

Geranium molle L.

Geranium purpureum
Vill.

Geranium pusillum
Burm.f.

Geranium rotundifolium

L.
Geum urbanum L.

Gypsophila tubulosa
(Jaub. & Spach) Boiss.
Helianthemum
salicifolium (L.) Mill.
Holosteum umbellatum
var. tenerrimum
Hordeum geniculatum
All.

Huetia cynapioides
(Guss.) P. W. Ball in
Feddes Rep. subsp.
macrocarpa (Boiss. &
Spruner) P. W. Ball op.
Hymenocarpos
circinnatus (L.) Savi
Hypericum
adenotrichum Spach

Hypericum sp. 1
Hypericum sp. 3

Inula heterolepis Boiss.

Jasminum fruticans L.

Juniperus excelsa
M.Bieb.

Juniperus oxycedrus L.
var. oxycedrus
Jurinea consanguinea
DC.

Jurinea mollis (L.)
Reichb.

Lagoecia cuminoides L.

Lamium amplexicaule L.

Lamium garganicum L.

Tansp.
Tarbut

Teucha

Thiper

Thylon

Thyzyg

Torlep
Traloa

Triaff
Triarv
Tricam

Triche
Trigla
Triglo
Trihya

Trihyh
Tripra
Trispe

Triste

Trisub

Triuni

Vadios
Valcar
Valcor

Valtur

Velrig

Verchc

Vercym
Verglo
Vergri
Verhed

Verpar

Versp.

medusae (L.) Nevski

Tanacetum sp.

Taraxacum buttleri
van. Soest

Teucrium chamaedrys
subsp. chamaedrys

Thlaspi perfoliatum
L

Thymus longicaulis
C. Presl subsp.
chaubardii (Rchb.f.)
Jalas var. chaubardii
Thymus zygioides
Grish. var. lycaonicus
Torilis leptophylla
(L.) Rchb.f.
Tragopogon
longirostris Bisch.
var. abbreviatus
Trifolium affine C.
Presl.

Trifolium arvense L.
var. arvense
Trifolium campestre
Schreb.

Trifolium cherleri L.

Trifolium
glanduliferum Boiss.
var. glanduliferum
Trifolium globosum
L.

Trifolium hybridum
L. var. anatolicum
(Boiss.) Boiss.
Trifolium hybridum
L. var. hybridum
Trifolium pratense L.
var. pratense
Trifolium speciosum
Willd.

Trifolium stellatum L.
var. stellatum

Trifolium
subterraneum L.

Trifolium uniflorum
L.

Valeriana dioscoridis
Sm.

Valerianella carinata
Loisel.

Valerianella coronata
(L) DC.

Valerianella turgida
(Steven) Betcke

Velezia rigida L.

Verbascum
cheiranthifolium var.
cheiranthifolium
Boiss.

Veronica cymbalaria
Bodard

Verbascum
glomeratum L.
Veronica grisebachii
Walters

Veronica hederifolia
L.

Verbascum
parviflorum Lam.

Verbascum sp.
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Lamlyc

Lapcoa

Lapcop

Lataph

Latcic
Latdig
Latlax
Legfal
Legspe

Leotub

Lamium lycium Boiss.

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

Lapsana communis L.
subsp. pisidica (Boiss. &
Heldr.) Rech.

Lathyrus aphaca L. var.
affinis (Guss.) Arc.

Lathyrus cicera L.

Lathyrus digitatus
(Bieb.) Fiori

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

Legousia falcata (Ten.)
Fritsch ex Janch.
Legousia speculum-
veneris (L.) Durande ex
Vill.

Leontodon tuberosus L.

Vertri

Vicart

Viccus

Vicgrd

Vicgrg

Viclat

Vicvid

Vicviv

Vintmo

Zizten

Veronica trichadena
Jordan & Fourr.

Vicia articulata
Hornem.

Vicia cuspidata
Boiss.

Vicia grandiflora
Scop. var. dissecta
Boiss.

Vicia grandiflora
Scop. var. grandiflora
Ic. Reichb.

Vicia lathyroides L.

Vicia villosa Roth.
subsp. dasycarpa
(Ten.) Cav.

Vicia villosa Roth.
subsp. villosa

Vincetoxicum
tmoleum Boiss.

Ziziphora tenuior L.
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