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ABSTRACT: This preliminary study was carried out to investigate the effect of arbuscular mycorrhizal fungi (AMF)
on yield, seed characters and chlorophyll content of confectionery sunflower (Helianthus annuus L.). The experiment was
conducted at Tavas/Denizli in the 2018 growing season. The experimental design was “Randomized Complete Block Design
(RCBD)” with four replications. Seed coating and soil spraying of AMF applications were compared with control (non-treatment
AMEF). The differences among treatments were significant for plant height (cm), head diameter (cm), seed width (mm), single
plant yield (g), thousand kernel weight (g), yield (kg ha™), chlorophyll content index (CCI) and soil plant analysis development
(SPAD) values. The seed coating had significant and higher values for plant height (cm), head diameter (cm), seed width (mm),
single plant yield (g), thousand kernel weight (g), yield (kg ha™*), chlorophyll content index (CCI) and SPAD values, whereas hull
ratio was found to be similar between AMF applications and control. It was concluded that seed coating with AMF can be
profitable for confectionery sunflower producers due to increased yield and low cost. The results of this preliminary study should
be supported by findings from multiple locations and years.
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Cerezlik Ayciceginin (Helianthus annuus L.) Arbtfskiiler Mikorhizal Fungus (AMF)’lara
Tepkisi Uzerine Bir On Calisma

OZ: Bu én ¢alisma, cerezlik ayciceginde (Helianthus annuus L.) arbiiskiiler mikorizal fungus (AMF) 'un verim, dane
ozellikleri ve klorofil icerigi iizerine etkisini belirlemek amaciyla yapilmistir. Deneme 2018 yilinda Tavas/Denizli bolgesinde
yuiriitiilmiis ve 4 tekerriirlii Tesadiif Bloklart Deneme Desenine gore planlanmistir. AMF 'nin tohum kaplama ve tist uygulamalar
kontrol ile karsilastirimistir. Bitki boyu (cm), tabla ¢capi (cm), dane eni (mm), tek bitki verimi (g), verim (kg ha™®), klorofil icerigi
ve SPAD degerleri yoniinden uygulamalar arasi farkliliklarin énemli oldugu saptanmustir. Tohum kaplama uygulamasinin bitki
boyu (cm), tabla capr (cm), dane eni (mm), tek bitki verimi (g), verim (kg ha'), klorofil icerigi ve SPAD degerleri yéoniinden
onemli diizeyde daha yiiksek degerlere sahip oldugu buna karsin kabuk orammin uygulamalar arasinda benzer oldugu
belirlenmistir. Sonucta, tohum kaplamasi seklinde AMF uygulamasinin verim artist ve diisiik maliyeti nedeniyle iireticiler igin
karly olabilecegi kanisina varimigtir. Bir on ¢alisma niteliginde olan bu arastirma sonuglarimin birden fazla ¢evrede ve yilda
yiiriitiilen ¢alisma bulgulari ile desteklenmesinde yarar vardur.

Anahtar Kelimeler: Cerezlik ay¢icegi, Helianthus annuus L. arbiiskiiler mikoriza, verim, kabuk orami, klorofil icerigi.
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INTRODUCTION

The interest in confectionery sunflower is
increasing  worldwide. The proportion of
confectionery sunflower in the world and Turkey
are 2.6% and 8.37% of total sunflower production,
respectively (Anonymous, 2018). In our country,
the planting area of confectionery sunflower
reached 105 thousand hectares. Central Anatolia
(Ankara, Kayseri and Kirikkale) and Aegean
Regions (Denizli) are the main production areas of
confectionary sunflower.

Confectionery sunflower was defined as black
white, black with stripes, high hull percentage and
larger than the oil type seeds (Hladni et al., 2012).
It was emphasized that there is no certified seed
and not many registered hybrids in confectionery
sunflower production (Pekcan et al., 2015).
Similarly, many landraces with different grain
colors and characteristics are grown for
confectionery sunflower production (Tan et al.,
2017; Tan and Kaya, 2019). Also, confectionery
sunflower cultivation as monoculture negatively
affected crop productivity and quality depending
on plant nutrient problems.

Arbuscular mycorrhizal fungi (AMF) are cited as a
promising option for sustainable agriculture (Rillig
et al., 2016; Thirkell er al., 2017). With the
symbiotic relationship between AMF and the crop,
the plant supplies a source of carbon to fungi,
while the fungi is responsible for the acquisition of
immobile nutrients including macro and
micronutrients beyond the range of plant’s roots
via their hyphae. (Bago et al., 2000; Govindarajulu
et al., 2005; Jiang et al., 2017; Smith and Read,
2008). It was revealed that AMF is the most
common type of useful microbial community in
the soil (Heidari and Karami, 2014; Ibrahim,
2018). Mycorrhizal fungi induce plant growth
through increasing the availability of mineral
nutrients such as P, Zn and Cu (Phiri ef al., 2003).
Inoculation of roots with AMF can also reduce the
harmful effects of chemical fertilizer used in
conventional farming (Silva et al., 2015), increase
plant defense mechanisms to alleviate different
stresses (Mayer et al.,, 2017) and aid in weed

control (Veiga et al., 2011). In addition,
colonization of arbuscular mycorrhiza (AM) in the
rhizosphere enhances growth (Jalaluddin and
Hamid, 2011; Silva et al., 2015) and
morphological parameters (Kavitha and Nelson,
2014) in sunflower. AMF applications increased
head diameter, seed number in head, seed and oil
yield and oil percentage when compared with non-
treatment (control) (Soleimanzadeh, 2010).

In addition to increases in yield, yield components
and seed quality, the percentage of N in leaves and
seeds is enhanced by mycorrhizal fungi in
sunflower (Gholamhoseini et al., 2013). It was
emphasized that the SPAD (soil plant analysis
development) value of plant leaves reflected tissue
nitrogen levels, and that the higher SPAD indices
in plants with AMF were positively correlated with
a higher photosynthetic potential due to better
nutrient status (Chang and Robison, 2003;
Campanelli ef al., 2012). Seed coating is shown to
be the most effective method for the application of
exogenous AMF for many crops such as wheat,
maize and cowpea (Oliveira et al., 2016; Ma et al.,
2019) although the lack of cost-effective methods
restricts the application of AMF (Vosatka et al.,
2012; O’Callaghan, 2016) in field conditions.

Many previous studies were pot studies under
greenhouse conditions. Our study is the first
conducted under actual field conditions and aimed
at producer practices in confectionery sunflower.
Therefore, we focused on evaluating the
effectiveness of AMF on yield, yield components
and chlorophyll content of confectionery sunflower
under field conditions.

MATERIALS and METHODS

This study was carried out in a farmer’s field
(Tavas/Denizli; 37° 49’ N 28° 95” E) that was used
to grow monocrop confectionary sunflower in
recent years. Previous seasons were most damaged
by mildew disease. The experiment was arranged
in a Randomized Complete Block Design with four
replications in 2018. The soil of the experimental
area was defined as clayey, slightly alkaline, poor
organic matter, non-saline, high lime and
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insufficient nitrogen and phosphorus (Table 1).
The province of Tavas/Denizli shows a transition
climate between the Mediterranean and Aegean
regions with hot, dry summers and cold/mild, rainy
winters. When the climate data of the 2018
sunflower growing season were evaluated, the
mean temperatures of July and August and
precipitation of May had the highest values (Table
2).

Mycorrhiza applications

The local cultivar of confectionery sunflower
(Helianthus annuus L.) Inegdl Alasi was used as
material. To inoculate seeds with mycorrhiza, 2.0
kg of seeds was treated with 25 g mycorrhiza
mixture and 0.5 1t distilled water, then the seeds
were aerated to reduce moisture to 10%. The
dosage and method of application were as
recommended in the company's license
(Anonymous, 2020). The list of fungi contents in
the product are given in Table 3.

As a second application method, mycorrhiza was
applied by soil spraying before first irrigation at
the 6-8 leaf stage. To water one plant, 260 cm® of
the suspension was used, which corresponds to a
dose of 8.75 mg of the preparation per plant
(Mikiciuk et al., 2019).

Table 1. Soil analysis of experimental area®.
Cizelge 1. Deneme alamimin toprak analiz sonuglari®.

Cultural management

Two hours after inoculation, seeds were sown by
pneumatic drill machine. Sowing norm was 0.7 m
x 0.25 m in plots of ten rows measuring 7 m x 7 m.
Plots were fertilized with 40 kg ha™ N, 70 kg ha
P,0; and 35 kg ha" K,O before planting, and 120
kg ha” N was applied before first irrigation. Drip
irrigation was applied three times. The
experimental area was hoed twice for thinning at
the early seedling stage and weeding at the 3-4 leaf
stage. No plants showing symptoms of disease
were encountered during the experimental period
although downy mildew is one of the most
devastating diseases for confectionery sunflower in
this region. Also, there was no need to control
broomrape as the critical level was not exceeded.

Measurements
Chlorophyll content and SPAD

The relative chlorophyll content (CCI; chlorophyll
content index) was measured twice by two leaf-
clip chlorophyll meters, the CCM-200 Plus
(Apogee) and SPAD-502 meter (Konica Minolta)
at the stages of flowering (DAS 74 days) and seed
development (DAS 90 days) according to the
method suggested by Gornik (2011).

Soil structure Lime (%) Organic matter (%) Total salt (%) N P,0; K,0
Toprak yapisi Kireg (%) Organik madde (%) Toplam tuz (%) (%) (kg ha™) (kg ha™)
Clayey/Killi 8.0 28.4 1.28 0.01 0.09 42.6 988.0

* Soil Analysis Laboratory of Aydin Adnan Menderes University, Faculty of Agriculture.

§ Aydin Adnan Menderes Universitesi, Ziraat Fakiiltesi Toprak Analiz Laboratuvari.

Table 2. Monthly mean temperature, moisture and total monthly precipitation for 2018 (Anonim, 2018).

Cizelge 2. 2018 yilina ait ortalama sicakliklar, nem ve aylik yagis miktar1 (Anonim, 2018).
Months Mean temp. Moisture Precipivtation
Aylar Ort. sic. Nem Yagis

O (%) (mm)

April/Nisan 12.5 55.1 17.8
May/May1s 14.9 65.6 90.5
June/Haziran 18.3 61.9 39.1
July/Temmuz 223 49.7 29.5
August/Agustos 22.6 51.8 20.1
September/Eyliil 19.3 47.7 4.1
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Table 3. Contents of biological (microbial) material used in the study.
Cizelge 3. Caligmada kullanilan biyolojik (mikrobiyal) materyalin igerigi.

Live organisms name

Number of live organisms

Canli organizma ads Canli orgamzma_?aylsl pH
(propagule g™)
Glomus mosseae Glomus etunicatum Glomus 1x10° 7-9

intraradices

Yield and yield components

In the harvest stage, the five middle rows were
used for yield estimation (kg ha') at 10%
humidity. Plant height (cm), head diameter (cm)
and single plant yield (g) were measured in 10
randomly selected plants at the R9 stage (bracts
yellow and brown, plant at physiological maturity)
as defined by Schneiter and Miller (1981).

Kernel characteristics

Seed length (mm) and seed width (mm) was
measured using a vernier caliper (Hladni et al.,
2016). Hull ratio (%) was calculated according to
the formula suggested by Baldini and Vannozzi
(1996) mass of hulls removed during
dehulling/mass of seed sample before dehulling at
10% moisture in laboratory. Four replicated 100-
seed lots from the dried and cleaned seed samples
from each parcel after harvest were weighed and
averaged to determine thousand kernel weight (g)
at 10% moisture.

Statistical analysis

Experimental data from seed coating, soil spraying
and control were subjected to variance analysis
with TARIST Statistical Package Program
(Acikgoz et al., 1994) in accordance with the
randomized block experimental design. The
differences between means were compared using
LSD (Steel and Torrie, 1980).

RESULTS and DISCUSSION
Grain yield

The grain yield of confectionery sunflower was
significantly affected by AMF inoculation (Table
4). In addition, the differences among treatments
were significant for single plant yield (g) and yield
(kg ha™). Single plant yield values were 98.0 g for

4

seed coating and 89.50 g for soil spraying
compared with control (82.50 g). Similarly, yield
per hectare was significantly higher in the seed
coating of AMF (3430.0 kg) followed by soil
spraying (3132.5 kg). Compared to the control, the
yield increases with seed coating and soil spraying
of AMF were 18.78% and 8.48% (542 kg ha and
245 kg ha™), respectively. Similar findings were
earlier reported by Chandrashekara et al. (1995),
Soleimanzadeh (2010), Heidari and Karami
(2014), Chaghamarani et al. (2019) and
Kalaiyarasan et a/. (2019) in sunflower.

Yield components

Plant height and head diameter are two important
yield components positively correlated with yield
(Kholghi et al., 2011; Sincik and Goksoy, 2014).
Table 4 shows that the differences among
treatments (two mycorrhiza applications and
control) were significant for plant height and head
diameter. Seed coating with AMF produced
significantly taller plants (245.75 cm) and
increased head diameter (29.48 cm) than those of
the soil spraying (202.50; 26.98 cm) and non-
inoculated treatments (189.75 cm; 23.70 cm).
Similarly, other studies revealed positive effects of
AMF on plant height and head diameter
(Soleimanzadeh, 2010; Kavitha and Nelson, 2014;
Ibrahim, 2018; Kalaiyerasan et al., 2019).

Kernel characteristics

The characteristics of confectionery sunflower for
market value are: thousand kernel weight,
hull/kernel ratio and seed size (Hladni ez al., 2016).
The treatments with AMF produced a significant
increase in thousand kernel weight and seed width
in comparison with control (Table 5). Seed weight
values of seed coating and soil spraying were 8.60
and 8.53 mm, respectively, compared with control
(6.40 mm). Similarly, the effects of AMF on seed
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length and hull ratio were positive. It can be said
that increases in seed length, width and hull ratio
were reflected in thousand kernel weight.
Compared to control, the increase in thousand
kernel weight due to AMF varied between 16.94%
and 38.54%. Soleimanzadeh (2010) and

CCI at the flowering and seed development stages
(DAS: 74 and 90). Three LSD groups were formed
for all four parameters (Table 6). The effect of seed
coating was better than soil spraying and control
for SPAD and CCI values. Also, SPAD and CCI
values were in parallel with each other. When the

Kalaiyerasan et al. (2019) found that the effect of
AMF on thousand kernel weight was positive.
Also, it was clearly seen that both AMF
applications increased hull ratio.

results were compared with the findings of Chang
and Robison (2003) for hardwood, Campanelli et
al. (2012) for globe artichoke, Glolamhoseini et al.
(2013) for sunflower, Makarian et al. (2016) for
maize and Fileccia et al. (2017) for durum wheat,
they confirmed an increase in chlorophyll content
by AMEF application due to the increase in plant
nitrogen status.

Chlorophyll content

Significant differences were determined among
mycorrhizal treatments and control for SPAD and

Table 4. Mean values of plant height (PH), head diameter (HD), single plant yield (SPY) and yield (kg ha™).
Cizelge 4. Bitki boyu (BB), tabla gap1 (TC), tek bitki verimi (TBV) ve verim (kg ha')’e iliskin ortalama degerler.

Applications PH HD SPY” Yie!d*
Uygulamalar BB(cm) TC TBV Verlml
(cm) (2 (kg ha™)
Seed coating / Tohum kaplama 24575 a 29.48 a 98.00 a 3430.0 a
Soil spraying/ Topraga pliskiirtme 202.50 b 26.98 b 89.50b 3132.5b
Control/ Kontrol 189.75 ¢ 2370 ¢ 82.50 ¢ 2887.5¢
LSD (a: 0.05) 11.49 247 3.21 112.3
CV (%) 3.13 5.4 14.24 2.16

“Same letters in a column are not significantly different at the 0.05 probability level.
“Ayni harfle gésterilen ortalamalar arasinda nemli fark (P > 0,05) yoktur.

Table 5. Mean values of seed length (SL), seed width (SW), thousand kernel weight (TKW) and hull ratio (HR).
Cizelge 5. Tane boyu (DB), tane eni (DE), bin tane agirli§1 (BDA) ve kabuk oran1 (KO) dzelliklerine iliskin ortalama degerler.

Applications SL SW TRW HR
Uygulamalar B TE BTA KO
(mm) (mm) (2 (%)
Seed coating / Tohum kaplama 19.27 8.60 a 146.81 a 47.59
Soil spraying/ Topraga piiskiirtme 17.60 853a 12392 b 46.85
Control / Kontrol 17.36 6.40 b 10597 ¢ 42.38
LSD (a: 0.05) 1.33 9.99
CV (%) 5.52 10.97 14.60 10.20

“Same letters in a column are not significantly different at the 0.05 probability level.
“Ayni harfle gosterilen ortalamalar arasinda 6nemli fark (P > 0,05) yoktur.

Table 6. Mean values of SPAD (soil plant analysis development) and CCI (chlorophyll content index) at two different growing
stages (1; flowering stage and 2; seed development).

Cizelge 6. Iki farkli bilyiime déneminde (1; gigeklenme dénemi ve 2; tane gelisimi) SPAD ve klorofil igerigine (CCI) iliskin
ortalama degerler.

Applications SPAD 1" SPAD 2 ccr i’ ccr2’
Uygulamalar

Seed coating / Tohum kaplama 7237 a 70.92 a 3323 a 31.81a
Soil spraying / Topraga piiskiirtme 53.12b 53.87b 26.00 b 25.94b
Control / Kontrol 40.99 ¢ 42.18 ¢ 2043 ¢ 20.80 ¢
LSD (a: 0.05) 0.83 1.35 0.62 0.81
CV (%) 0.95 1.47 1.38 1.87

“Same letters in a column are not significantly different at the 0.05 probability level.
“Ayni harfle gosterilen ortalamalar arasinda 6nemli fark (P > 0,05) yoktur.
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CONCLUSIONS

Summarizing the main results, seed coating
treatment may have important potential to promote
confectionery sunflower production with increases
in seed yield under field condition. Also, seed
coating should be considered an efficient and easy
method of AMF inoculation for crops. In addition,
AMF application increased yield by 550 kg ha
with a cost of 500 TL compared to the control. The
sales price of confectionery sunflower for 2018
was 5000 TL ton™, therefore, the net return can be
estimated as 2250 TL ha™. This finding indicated
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ABSTRACT: This study was conducted to determine water-yield relations of drip-irrigated maize that was grown in
Central Anatolia Region of Turkey with a dominant arid and semi-arid climate. Four different irrigation treatments were applied
to experimental plots in 7-day intervals. Irrigation treatments were laid out based on 7-day cumulative evaporation from class-A
pan (L120 — 120%, 100 — 100%, Iso — 80% and Iso — 60% of pan evaporation). Applied irrigation water quantities varied between
431-676 mm in 2009 and between 453-726 mm in 2010. The greatest seasonal water consumption (821 mm) was observed in 120
treatment of 2010 and the lowest (590.1 mm) in Iso treatment of 2009. The greatest kernel yield per hectare (15773 kg ha™') was
obtained from 1120 treatment of 2010 and the lowest (8986 kg ha™') from Iso treatment of 2009. Water use efficiency (WUE) values
varied between 1.45-1.99 kg m and irrigation water use efficiency (IWUE) values varied between 1.84-2.39 kg m™. Yield-
response factor (ky) of maize was calculated as 1.47 in 2009 and 1.36, in 2010. While I100 was recommended as the ideal
irrigation program, Iso treatments could also be used to improve water use efficiencies in places where full irrigation is not
possible.

Keywords: Corn, Zea mays L., seed yield, class-A pan, drip irrigation, water use efficiencies.

Kurak ve Yart Kurak Bolgelerde Damla Sulama ile Sulanan
Maswr Bitkisinin Su-Verim Iliskileri

OZ: Bu arastirma, Tiirkiye nin kurak ve yart kurak iklim ézelligi gosteren I¢ Anadolu Bélgesi'nde yer alan Konya ilinde
damla sulama yontemi ile sulanan misw bitkisinin su-verim iligkilerini belirlemek amaciyla yiiritilmiistir. Arastirmada,
parsellere 7 giin sulama araliginda dért farkli sulama miktar: uygulanmigtir. Sulama suyu miktarlar, A siifi buharlagma
kabindan olugan yigisimli buharlasma degerinin; % 120°si (I120), % 100t (I100), % 80°i (Is)) ve % 601 (Iso) alinarak
olusturulmugstur. Aragtirmada konulara 2009 yilinda 431-676 mm, 2010 yilinda ise 453-726 mm arasinda degisen miktarlarda
su uygulanmigtir. Arastirma sonuglarina gore, misir bitkisinin mevsimlik su tiiketimi en yiiksek 821 mm ile 2010 yilinda 1120
konusunda, en diigiik 590.1 mm ile 2009 yilinda Iso konusunda gergeklesmistir. Birim alan tane verimi, en yiiksek 15773 kg ha™'
ile 2010 yilinda I120 konusunda; en diisiik ise 8986 kg ha™ ile 2009 yilinda Iso konusundan elde edilmistir. Su kullanim randimant
(WUE) ve sulama suyu kullamim randimani (IWUE) konulara bagl olarak, sirasiyla 1.45-1.99 kg m? ve 1.84-2.39 kg m?
arasinda degismistir. Miswr verim tepki etmeni (ky) 2009-2010 yillarinda swrasi ile 1.47 ve 1.36 olarak hesaplanmigtir. Arastirma
sonucunda Iioo konusu ideal sulama programi olarak onerilirken, tam sulamanmin miimkiin olmadigi kosullarda mevcut su
potansiyeline bagl olarak Iso konusu da benzer ekolojik bolgelerde su kullanim verimliligini artirmak i¢in énerilebilir.

Anahtar Kelimeler: Misir, Zea mays L., verim, A sinifi buharlagma kabi, damla sulama, su kullanim etkinligi.
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INTRODUCTION

Among cereal crops, maize is perfectly rich in
nutrients, thus playing a significant role in human
nutrition and animal feed. With a rich starch and
oil content, maize is also used as a raw material in
the starch-based sugar and oil industries. Cereals
compensate for the nutritional needs of the ever-
increasing world and Turkish population. The USA
(36%) is the leading maize producer of the world
and China (21%) is the second greatest maize
producer. Kernel maize production is performed
over 189 million ha worldwide and annual grain-
kernel production is around 1.088 million tons
(Anonymous, 2017). In 2018, in Turkey, kernel
maize production was practiced over 591.900 ha
and annual production was 5.7 million tons. In
Konya province, maize is cultivated on over
107.462 ha and annual production was 110.453
tons (Anonymous, 2018). In this region, maize
was cultivated on only 13.138 ha in 2009; thus, by
2018, this value increased by 718%. The primary
reason for such a great increase in cultivated area
is the greater income-generating potential of maize
for farmers compared to other cereals. Widespread
use of drip irrigation in the region also accelerated
the rate of increase in land used for maize
cultivation.

Konya province has a dominant terrestrial climate
with hot-dry summers and quite limited water
resources. Annual precipitation levels are below
350 mm. Both limited water resources and quite
low precipitation levels obligate efficient water use
for irrigation. Irrigation is a vital component of
agricultural practices especially in Konya province.
As compared to other cereal crops, maize has a
relatively greater irrigation water requirement (Van
Donk et al.,, 2013). Despite the limited water
resources of the region, the rapidly increasing area
of land under maize cultivation entailed the
development of new irrigation techniques and
programs. In the near future, the primary challenge
will be more productions with less water.
Therefore, in such regions, pressurized irrigation
methods should be widespread to improve water
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use efficiencies. Optimum plant growth could be
achieved by applying sufficient quantities of water
at proper times in a suitable agroecological zone.
Previous studies revealed that kernel yield per
hectare could be significantly increased with
accurate irrigation schedules (Cakir, 2004;
Kiziloglu et al., 2008; Kara and Biber, 2008). Field
irrigation losses constitute the greatest losses in
agricultural irrigation. Such losses are reduced by
selection of appropriate programs and management
practices pursuant to soil-plant-water relations.
Drip irrigation with a high water application
efficiency should be preferred in regions with
deficit water resources. The drip irrigation method
has various advantages over the other pressurized
irrigation methods in terms of plant and nutrient
management, saline water management, yield and
quality, disease and pests control, weed control and
deep percolation (Dogan and Kirnak, 2010). Maize
culture has been practiced under drip irrigation in
Konya region and the method is also supported by
the Turkish Government.

Deficit irrigation is a strategy for efficient water
use in irrigation. It improves water and irrigation
water use efficiencies of irrigation. In deficit
irrigation, plants are exposed to specified water
stress levels at certain growth stages of varying
times up to harvest. In this way, water saving is
provided without significant yield losses (Kirda,
2002). Water-yield relations should be well
comprehended while generating deficit irrigation
programs and deficits should then be shaped
accordingly. Some previous researchers reported
linear decreases in yields with decreasing crop
water consumption and indicated such a relation as
a yield response factor (ky) (Stewart et al., 1976;
Doorenbos and Kassam, 1979; Yazar et al., 2002).

Crop evapotranspiration is mostly estimated from
correlations between evaporation measured from
class-A pans and reference crop
evapotranspiration. Since the climate factors
effective on pan evaporations are also effective on
crop water consumption, quite accurate results are
achieved with this method. This method of



estimation is commonly used worldwide (Irmak et
al., 2002; Kiziloglu et al., 2008).

The present research was carried out to assess
water consumption, yield response factor (ky) and
water use efficiency of drip-irrigated maize
cultivated in Konya province located in the Central
Anatolia Region of Turkey with dominant
terrestrial climate.

MATERIALS and METHODS
“Market” hybrid grain corn cultivar was used as an
experimental material. Market is a medium

maturity hybrid maize in FAO 600 group, resistant
to common smut (Ustilago maydis) and Fusarium
graminearum. The experiment was conducted on
experimental fields of Konya Sugar Company in
2009 and 2010 growing seasons. The experimental
fields are located between 36° 42' - 39° 16’ N

Table 1. Climate parameters throughout the growing seasons.
Cizelge 1. Biiylime mevsimleri boyunca iklim parametreleri.
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latitudes and 31° 14’ - 34° 26’ E longitudes. The
altitude of the experimental site is 1020 m. A
portable climate station was installed to measure
climate parameters (Table 1) in the years of the
experimental period.

Experimental soils had clay-loamy texture with an
available water capacity of 132.3 mm in 90 cm soil
profile (Table 2). Soil pH values varied between
7.7 - 7.8 and salinity values varied between 0.67 -
0.74 dS m!. Irrigation water quality class was C»S;
and suitable for use in maize culture without any
problems.

Plants were irrigated with drip irrigation
established with 16 mm lateral lines spaced 70 cm
in rows with 4 L ha! drippers spaced 33 cm apart
in the rows. Double-ring infiltrometer was used to
measure soil infiltration rate. The infiltration rate
value for the experimental site was measured as 25
mm ha',

Year Climate parameters May June July August September October
Yil iklim parametreleri Mayis Haziran Temmuz  Agustos Eyliil Ekim
Mean temperature (°C)
14.6 20.4 22.6 21.2 16.8 14.8
Ortalama sicaklik (°C)
. NN
Mean relative humidity (%) 595 469 49.1 416 55.9 61.1
2009 Ortalama bag%l nem (%)
Monthly precipitation (mm) 472 118 17.4 0.0 256 242
Aylik yagis (mm)
Wind speed (m s™!)
Riizgar hizt (m s) 0.9 1.2 0.9 0.6 0.7
Mean temperature (°C)
16.7 20.1 25.0 26.1 20.6 12.8
Ortalama sicaklik (°C)
. NI
Mean relative humidity (%) 51.2 58.7 458 38.4 458 68.9
2010 Ortalama baglvl nem (%)
Monthly precipitation (mm) 356 952 74 0.5 0.8 77.8
Aylik yagis (mm)
Wind speed (m s™)
Riizgar hizt (m s') 1.0 1.1 0.9 1.0 0.8
Table 2. Some physical characteristics of soil in experimental field.
Cizelge 2. Deneme alani topraklarinin bazi fiziksel 6zellikleri.
Permanent Available
Depth Bulk density Field capacity e . water capacity
.. Texture . e . wilting point
Derinlik . Hacim agirlig: Tarla kapasitesi Faydali su
Tekstiir 3 P Solma noktasi .
(cm) (g ecm®) (cm’ cm™) 3o kapasitesi
(em? em) (mm/30 cm)
0-30 CL 1.26 30.6 154 45.6
30-60 CL 1.31 342 20.0 42.6
60 - 90 CL 1.32 36.0 21.3 44.1
90-120 CL 1.35 39.4 252 42.6
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Four different irrigation treatments were calculated
with the use of 7-day evaporation from Class-A pan
multiplied with different pan coefficients (Iso =60%
of pan evaporation, Izo = 80% of pan evaporation,
Lioo = 100% of pan evaporation and Iz = 120% of
pan evaporation). Experimental design was
Randomized Block Design (RCBD) with three
replicates. Sowing was performed at 70 x 18 cm
apart on plant density. Each plot (4.2 x 6 m) had 6
rows. Randomized blocks were laid out 2 m apart
and plots 3.5 m apart to prevent interactions.

Sowing and harvest dates were 15 May - 30
October in 2009 and 14 May - 02 November in
2010. Initial emergence was observed in the last
week of May and homogeneous emergence was
observed in the second week of June.

Fertilizations were performed based on soil
analysis results. The plots were fertilized before
planting with a compound fertilizer NPK (15% N,
15% P,0s, 15% K-0) at the rate of 0.50 ton ha! in
the first year, and at the rate of 0.45 ton h™! in the
second year. After planting, when the plant
reached 30 - 40 cm in height, ammonium sulfate
(21% N) was applied at the rate of 0.40 ton ha'! in
the first year, and 0.38 ton ha™! in the second year.
Pests and disease controls were practiced when
needed. The ears were harvested manually. The
central four rows were harvested and outer rows
were omitted. One meter was also omitted from the
beginning and end of each row. Therefore, harvest
was performed from 11.2 m? (4 x 2.8 m) in order
to exclude boundary effects.

An initial irrigation was performed for germination
and homogeneous emergence. Irrigation treatments
were initiated when 30% of available water
capacity was depleted (Kirda er al, 2005).
Equation 1 was used to determine the amount of
water to be applied as specified by Kanber (1984):

I=A x Epan x Kpc (Eq.1)
where;
I: Applied water (liters),

Epan:7-days evaporation from class-A pan (mm),
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Kpc: Crop-Pan coefficient.

AT Profile-Probe device was used to monitor soil
moisture.

Gravimetric moisture contents were used in
calibration of AT Profile-Probe. Equation 2 was
used to determine crop water consumptions (ET)
as recommended by James (1988):

ET=1+R-D,+C,~R, +AS (Eq2)

where;

ET: Crop water consumption (mm),

I: Applied water (mm),

R: Efficient precipitation (mm),

Dp: Deep percolation (mm),

Cp: Capillary rise (mm),

Rf: Surface runoff (mm),

AS: change in soil moisture (mm) (calculated as

the difference in moisture contents before sowing
and at harvest).

Dp values were measured gravimetrically from soil
samples taken from 90 and 120 cm depths with a
soil auger before and after irrigation following the
controls made with AT Profile-Probe. Since the
experimental site was composed of deep and
unsaline soils without any drainage problems, there
was no capillary rise, thus Cp was not taken into
consideration in calculations. Since the drip
irrigation system was designed and operated
properly, Rf was also not taken into consideration.

Equations 3 and 4 were used to determine water
use efficiency (WUE) and irrigation water use
efficiency (IWUE) (Tanner and Sinclair, 1983).

E y
WUE = —
ET (Eq.3)
where;
WUE: Water use efficiency (kg m™),
Ey: Grain yield per hectare (kg ha!),

ET: Seasonal crop water consumption (mm).



E,
IWUE = —~
1 (Eq.4)

where;
IWUE: Irrigation water sue efficiency (kg m™),

I: Seasonal irrigation water quantity (mm).

Several models have been developed for water-
yield relations. Equation 5 was used to model
water-yield relations (Stewart ef al., 1976).

(1-Ya/Ym) = ky(1-ETa/ETm) (Eq.5)

where;

Ya: Actual grain yield per hectare under water
deficit (kg ha'),

Ym: Maximum grain yield per hectare under full
irrigation (kg ha),

ETa: Actual crop water consumption under water
deficit (mm),

ETm: Maximum crop water consumption under
full irrigation (mm),

ky: yield-response factor.

Yield and yield components

The cobs harvested from 11.2 m? (4 x 2.8 m) were
shucked and  weighed.  Grain  moisture
was measured with a grain moisture meter. Grain
yield was expressed on a 15% moisture basis. To
determine yield components, ten cobs from each
plot were randomly selected. A hundred kernels
extracted from selected cobs was randomly
selected, weighed and multiplied by ten. This
procedure was repeated four times and mean
thousand seed weight was calculated and expressed
on a 15% moisture basis. Cob diameter and length
of the ten cobs were measured using a vernier
caliper with an accuracy of £0.01. To determine
the numbers and weight of the kernels, the kernels
from the selected cobs were counted and weighed,
average values were recorded.
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Statistical analysis

The data were analyzed with SPSS software
version 16.0 (Anonymous, 2019). The results were
analyzed using analysis of variance. Differences
among treatments were determined using Duncan’s
multiple range tests (Yurtsever, 1984; Steel and
Torrie, 1980).

RESULTS and DISCUSSION

Irrigation water quantity and crop water
consumption

For uniform germination and emergence, 105 and
95 mm irrigation water was administered in 2009
and 2010 respectively, through irrigation sprinkler.
Irrigation treatments were commenced on 1% of
July and terminated on 9" of September in 2009
and initiated on 2™ of July and terminated on 14™
of September in 2010. Applied irrigation water
quantities and water consumption are given in
Table 3.

In Tz, total deep percolation was calculated as 21
mm in 2009 and 30 mm in 2010. Deep percolation
was not observed in Igo, Iso and Ijpo treatments. Net
applied irrigation water quantity varied between 431
- 676 mm in 2009 and 453 - 726 mm in 2010.
Seasonal water consumption varied between 590.1 -
781.0 mm in 2009 and between 617.4 - 821.0 mm in
2010. The greatest water consumptions were
observed in Iy treatments and the lowest in Igo
treatments of both years. The present study’s
seasonal water consumptions at full irrigation (781 —
821 mm) were lower than the values of previous
studies; 937 mm (Howell et al., 1995) and 1078 mm
(Kuscu et al., 2013). Such greater values were
mostly obtained from the cultivation of dent corn
varieties (Emeklier er al., 2018) with longer
vegetative periods used in those studies. Kiziloglu et
al. (2008) reported less water consumption (688.4
mm) than the present study for maize plants with
shorter vegetative period in Erzurum compared to
Konya province.
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Table 3. Applied irrigation water quantities and seasonal crop water consumptions.
Cizelge 3. Uygulanan sulama suyu miktarlar1 ve mevsimsel bitki su tiiketim degerleri.

Net

Soil moisture at ~ Seasonal

Irrigation o Effective Soil moisture at
treatments irrigation rainfall sowing harvest plant Wate?r
Year Sulama water Etkili Ekimde toprak Hasa}tta toprak consumption
Yil Konular Net sulama yags nemi nemi Mevsimlik bitki
suyu miktar1 (mm) (mm/90cm) (mm/90cm) su tliketimi
(mm) (mm)
Ti20 676 111.2 238.1 2443 781.0
2009 Too 608 111.2 238.1 229.6 727.7
Iso 519 111.2 238.1 205.8 662.5
Iso 431 111.2 238.1 190.2 590.1
Ti20 726 139.5 250.5 295.0 821.0
2010 Tioo 635 139.5 250.5 265.0 760.0
Iso 544 139.5 250.5 236.9 697.1
Iso 453 139.5 250.5 225.6 617.4

Yield and yield components

Kernel yields per hectare for 2009 and 2010 are
provided in Table 4. Greater kernel yields obtained
in 2010 than 2009 could be explained by
differences in climate conditions and longer
vegetative durations. There were significant
differences in kernel yields per hectare of the
experimental treatments (p<0.01).

The greatest mean kernel yield per hectare was
observed in lig irrigation in 2009 and Il
irrigation in 2010 and the least in I irrigations of
both years. According to Duncan’s test results for
kernel yields, the differences between li20 and Iigo
irrigations were not significant. The water quantity
used in Iy irrigation was 11% greater than the
quantity in I oo irrigation in 2009 and 14% greater
in 2010. Such findings revealed about 11 - 14%

water savings with deficit irrigations. Previous
studies also reported increased kernel yields per
hectare with increased quantities of water (Kara
and Biber, 2008; Payero et al., 2008; Farré¢ and
Faci, 2009). Present mean kernel yield per hectare
of full irrigation treatments (14480 kg ha') was
greater than the values of earlier reports (11340 kg
ha!, Dagdelen et al., 2006; 10370 kg ha™', Bozkurt
etal.,2011).

The relationships among yield, irrigation water and
plant water consumptions are presented in Figure
1. The linear relationships among kernel yield per
hectare, net irrigation water and plant water
consumptions of the present study are in
accordance with the results of previous research
(Kiarnak et al., 2003; Payero et al., 2006; Djaman et
al.,2013).

Table 4. Kernel yields per hectare of experimental treatments (kg ha'!).

Cizelge 4. Konulara ait birim alan tane verimleri (kg ha™).

Treatments (I) Year (Y)/ Y1l (Y) Mean
Konular (I) 2009 2010 Ortalama
Li20 13187 a 15773 a 14480 a
Lioo 13188 a 15160 a 14174 a
Iso 9575b 11920 b 10748 b
Ieo 8986 b 10527 ¢ 9757b
I *% ok ek
IXY ns
CV(%) 6.67 2.93 4.86

"p<0,01, p<0,05, ns: not significant (5nemli degil). Same letters in a column are not significantly different at the 0.01 probability levels [Ayn1

harfle gosterilen ortalamalar arasinda énemli fark (P < 0,01) yoktur].
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Figure 1. Relationships among yield, irrigation water and plant
water consumptions.

Sekil 1. Verim, sulama suyu ve bitki su tiikketimi arasindaki
iligkiler.

The maize yield components of the present
experimental treatments (different irrigation
regimes) are provided in Table 5. Differences in
thousand-kernel weight, cob length and diameter,
number of kernels per cob and kernel weight per
cob of the experimental treatments were found to
be significant. Only the differences in number of
kernels per cob were not significant in 2009.

Yield components were positively affected by
irrigation treatments and increasing values were
observed with increasing amount of water.
According to Duncan’s test results for yield
components, I120 and Lioo treatments were generally
found in the same group in both years. It can be
concluded that the irrigation amount difference
between the Il and Iipo treatment did not
significantly affect yield components. Ozgiirel and
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Pamuk (2003) reported the least thousand-kernel
weights (265 - 271 g) in deficit irrigations and the
greatest values (332 - 353 g) in full irrigations
indicating significant decreases in thousand-kernel
weights with water deficits. Vural and Dagdelen
(2008) reported significant effects of irrigations on
thousand-kernel weight of maize. Gengel (2002)
reported thousand-kernel weights under different
irrigation regimes as between 328.7 - 353.2 g with
the greatest value from full irrigation.

Vural and Dagdelen (2008) reported significant
effects of irrigation treatments on cob diameters.
Istanbulluoglu and Kocaman (1996) indicated that
water deficits at the tasseling formation stage
prevented pollination and thus reduced number of
kernels. In present study, number of kernels per
cob also decreased with water deficits. Cakir
(2004) indicated that water deficits at full mature
stage reduced kernel weights; Istanbulluoglu and
Kocaman (1996) reported average cob lengths as
between 16.7 - 20.4 cm and Ozgiirel and Pamuk
(2003) as between 13.7 - 20.0 cm. Present cob
lengths are in accordance with those earlier studies.

Water use efficiencies

The ratio of biomass or kernel yield to water used
to produce this biomass is defined as water use
efficiency while the ratio of yield to irrigation
water supplied is defined as irrigation water use
efficiency.  WUE indicates the amount of
production per unit of water. Apart from applied
water, plants also benefit from soil moisture and
precipitation. Plants also may not be able to fully
benefit from irrigation water since there may be
runoff and deep percolation. Water and irrigation
water use efficiencies both generally affected by
yield potential, method of irrigation, environmental
and climatic parameters (Kuscu et al., 2013). In the
present study, soil, climate and agronomic
practices had different effects on WUE and IWUE
values, therefore differences were observed in both
values (Table 6).
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Water use efficiency (WUE) of Ii20, ioo, Izo and Io
irrigation were determined to be 1.69, 1.81, 1.45
and 1.52 kg m™ in 2009 and as 1.92, 1.99, 1.71 and
1.71 kg m? in 2010, respectively. Irrigation water
use efﬁciency (IWUE) of 1120, 1100, Igo and IGO
irrigations were determined to be 1.95, 2.17, 1.84
and 2.08 kg m? in 2009 and as 2.17, 2.39, 2.19 and
2.32 kg m? in 2010, respectively. The greatest
WUE and IWUE were obtained from Iigo
treatments and the least from Igy treatments in both
years. When the water and irrigation water use
efficiencies of lizo and ligo irrigations with the
greatest yields were compared, it was observed that
in both years, Iipo treatments had greater WUE
(1.81-1.99) and IWUE (2.17- 2.39) values than the
Li20 treatments WUE (1.69-1.92) and IWUE (1.95-
2.17). These findings suggest that that greatest
yields per unit of water were achieved in Iigo
treatments, thus full irrigation was recommended
for maize irrigation in Konya province.

WUE values were lower than IWUE values in both
years since plants benefited from already available
stored water within the soil profile before the
growing season and plant water consumptions
varied based on available water capacity of the
soils. Present WUE (1.81-1.92) and IWUE (2.17-
2.17) values of the treatments with the largest
yields were greater than the values of Kuscu et al.
(2013) (WUE: 1.52-1.58; IWUE: 1.24-1.02); Abd
El- Wahed and Ali (2013) (WUE: 1.21-1.22). In
those studies, it was observed that less water was
consumed per kg maize production in Konya Plain
with shorter vegetative durations. Yazar et al.
(2002) conducted a study in Harran Plain on
second crop maize with shorter vegetative duration

S. KARA, M. SAHIN: WATER-YIELD RELATIONS OF DRIP
IRRIGATED MAIZE IN ARID AND SEMI-ARID REGIONS

and reported WUE values of the treatment with the
greatest yields as 2.01 and 2.11 and IWUE values
as 1.95 and 2.05.

Yield-response factor (ky)

The ky designates the relative effects of deficit
irrigations on yields. A ky value greater than 1
indicates plant sensitivity to deficit irrigations and
a ky value less than 1 indicates plant tolerance to
water deficit (Steduto et al., 2012).

The relative decreases in yield corresponding to
the relative decreases in water consumption for
2009 are provided in Table 7. As can be inferred
from the Table, in 2009, the highest yield was not
observed in treatments with the greatest seasonal
water consumption. The method specified by
Koksal et al. (2001) was used while calculating
yield-response in 2009. While calculating ky
values, the relationships between actual water
consumptions and yields were investigated through
regression analysis and a linear relationship was
determined between water consumptions and
yields. With the use of the equation of this linear
relationship, a new yield value was calculated for
the treatment with the largest water consumption.
The ky graphs and relevant regression equations
are presented in Figure 2. A linear relationship was
observed between water consumption and yields,
and yields increased with increasing water
consumption.

Relative decreases in yield corresponding to
relative decrease in water consumption for 2010
are provided in Table 8. The resultant regression
equations and ky graphs are shown in Figure 2.

Table 7. Relative decrease in yield corresponding to relative decrease in water consumption in 2009.
Cizelge 7. 2009 yilina ait oransal su tiiketimi a¢igina karsilik oransal verim azalmasi degerleri.

Treatments

Konular ETm (mm) ETa (mm) 1-ETa/ETm Ym (kg ha'!) Ya (kg ha!) 1-Ya/Ym
Li20 781 - 0.00 13542" 13187 0.00
Li0o - 728 0.07 13188 - 0.03
Iso - 663 0.15 - 9576 0.29
Iso - 590 0.24 - 8986 0.34

“Ym is adjusted maximum yield with the equation of 2.5501ET-637.43 (Koksal et al., 2001).

“Ym: 2,5501ET-637,43 denklemiyle hesaplanan diizeltilmis en yiiksek verim degeri. (Koksal ve ark., 2001).

ETm: Maximum crop water consumption under full irrigation (mm) / ETm: Tam sulama sartlarinda en yiiksek bitki su tiiketimi (mm).
ETa: Actual crop water consumption under water deficit (mm) / ETa: Kisith sulama sartlar1 altinda gerceklesen bitki su tilketimi (mm).
Ym: Maximum grain yield per hectare under full irrigation (kg ha™') / Ym: Tam sulama sartlarinda en yiiksek verim (kg ha™).

Ya: Actual grain yield per hectare under water deficit (kg ha™') / Ya: Kisitli sulama sartlarinda gergeklesen verim (kg ha™").
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Figure 2. Relationships between relative decrease in water consumptions and relative decrease in yields in 2009 and 2010.

Sekil 2. 2009-2010 yillart musir bitkisi oransal su tiiketim ag1g1 ile oransal verim azalisi iliskisi.

ETm: Maximum crop water consumption under full irrigation (mm) / ETm: Tam sulama sartlarinda en yiiksek bitki su tiiketimi (mm).
ETa: Actual crop water consumption under water deficit (mm) / ETa: Kisith sulama sartlar1 altinda gergeklesen bitki su tiiketimi.
Ym: Maximum grain yield per hectare under full irrigation (kg ha') / Ym: Tam sulama sartlarinda en yiiksek verim (kg ha™).

Ya: Actual grain yield per hectare under water deficit (kg ha™') / Ya: Kisitli sulama sartlarinda gergeklesen verim (kg ha™").

Table 8. Relative decrease in yield corresponding to relative decrease in water consumption in 2010.
Cizelge 8. 2010 yilina ait oransal su tiiketimi a¢igina karsilik oransal verim azalmasi degerleri.

Treatments

Konular ETm (mm) ETa (mm) 1-ETa/ETm  Ym (kgha') Ya(kgha') 1-Ya/Ym
T20 821 - 0.00 15773 - 0.00
Too - 760 0.07 - 15160 0.04
Iso - 697 0.15 - 11920 0.24
Iso - 617 0.25 - 10527 0.33

ETm: Maximum crop water consumption under full irrigation (mm) / ETm: Tam sulama sartlarinda en yiiksek bitki su tiiketimi (mm).
ETa: Actual crop water consumption under water deficit (mm) / ETa: Kisith sulama sartlar1 altinda gergeklesen bitki su tiikketimi.
Ym: Maximum grain yield per hectare under full irrigation (kg ha') / Ym: Tam sulama sartlarinda en yiiksek verim (kg ha™).

Ya: Actual grain yield per hectare under water deficit (kg ha™') / Ya: Kisith sulama sartlarinda gergeklesen verim (kg ha™).

Again, a linear relationship was obtained between
water consumption and yield. The ky of maize was
calculated as 1.47 in 2009 and 1.36 in 2010.
Doorenbos and Kassam (1979) indicated that
seasonal ky of maize could be taken as 1.25. The
present study’s yield response factors were similar
with the values reported by Kiziloglu et al. (2008)
(1.51) and Payero et al. (2009) (1.50), but greater
than the values of several other researchers (Karam
et al., 2003; Oktem, 2008; Kuscu et al., 2013).

CONCLUSION

Water-yield relations of maize were investigated in
this study. Kernel yields per hectare decreased with
water stress. There were linear relationships among
yield, net irrigation water and plant water
consumption. In both years, WUE values varied
between 1.45-1.99 kg m™ and IWUE values varied
between 1.84-2.39 kg m>. In both years, the
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greatest water and irrigation water use efficiencies
were observed in lioo and the least in gy treatments.
The ky of maize was calculated as 1.47 in 2009
and 1.36 in 2010. These values could be used in
maize culture of arid and semi-arid regions. Full
irrigation (Ii00) was identified as the ideal irrigation
program. Despite the greatest yield of ILioo
irrigation, Igp also had a yield quite close to
average yields of Turkey and Konya province.
Therefore, it was concluded that Isp treatments
could be used in Konya Plain and similar
ecosystems.
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OZ: Gazal boynuzu (Lotus corniculatus L.); bir dizi abiyotik strese dayanikliligi nedeniyle bazi sorunlu alanlarda yem
tiretmek disinda otlak ekosistemlerinin ve dogal yasamin onemli bir bilesenidir. Gazal boynuzu yetistiriciliginin
yvayginlastirilmasi igin ¢oziimlerden biri, verimligi artiracak uygun yetistirme yontemlerini belirlemektir. Bu arastirma, farkh
swra araligi (20,40,60 ve 80 cm) ve tohum miktarlarimin (0,5, 1,0, 1,5 ve 2,0 kg da'l) gazal boynuzu (¢egsit adayr) ot verimi ve
kalite komponentleri iizerine etkisini belirlemek amacryla yapilmigtir.  Deneme, Sivas-Sarkisla lokasyonunda, 2017-2019
villarinda ti¢ tekrarlamall olarak, tesadiif bloklart boliinmiis parseller deneme deseni kullanilarak gerceklestirilmistir. Deneme
sonuglari, sira araliklary ve tohum ekim oranlart uygulamalarinin ot verimi, kalitesi, dogal bitki boyu, ana dal ¢api, bitki basina
ana dal sayist ve metre basina diisen bitki sayist iizerinde dnemli etkisi oldugunu gdstermistir. Bununla birlikte, ham protein
(HP) ve asit deterjan lifi (ADF) notr deterjan lifi (NDF) gibi yem kalite parametrelerini énemli él¢iide etkilememigtir. Ayrica,
metre basina diisen bitki sayist disinda, ot verimi ve kalite bilesenleri i¢cin sira araligi ile tohumlama hizi arasinda onemli bir
etkilesim bulunmamistir. Genel olarak tiim siwra araliklarinda tohum oranmimin artmasiyla dogal bitki boyu artmistir. Tohum orani
ve swra araligr arttikca ana dal ¢apr azalmistir. Bitki basina ana dal sayisi, tohum orammin artmasiyla azalmistir. Sonuglar, ot
veriminin dar sira araligi ve artan tohum orani ile arttigim gostermektedir. Her iki y1l icin, en yiiksek ot verimi (4.226,1-4.144,2
kg da™*) 20-40 em swra arahginda 1,5 kg da™ tohum ekimi uygulamasinda elde edilmistir.

Anahtar kelimeler: Gazal boynuzu, Lotus corniculatus L., ekim siklig1, ot verimi, dogal bitki boyu, ana dal kalinligi, kalite.

Effects of Row Spacing and Seeding Rates on Herbage Yield and Some Quality
Components of Birdsfoot Trefoil (Lotus corniculatus L.)
ABSTRACT: Birdsfoot trefoil (Lotus corniculatus L.); a series of abiotic stress adaptation is an important component of
grassland ecosystems and natural life, apart from producing enough feed in restricted areas in the direction of environment. One

of the solutions to increase acreage of the birdsfoot trefoil is is to determine the most suitable growing methods that will increase
productivity. This research was conducted to determine the effects of various row spacing (20,40,60 and 80 cm) and seeding rate
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(5, 10, 15, and 20 kg ha™), on birdsfoot trefoil (cultivar candidate) forage yield and quality components. The experiment was
conducted in Sivas-Sarkisla location using a randomized complete block split-plot design with three replications in 2017-2019
growing season. The experiment results indicated that row spacings and seeding rates applications had significant effect on
herbage yield, natural plant height, stem diameter, number of main stem per plant with and number of plants per meter.However,
it did not significantly influence of the forage quality parameters such as crude protein (CP) and acid detergent fiber (ADF)
neutral detergent fiber (NDF). Furthermore, there were no significant interactions between row spacing and seeding rate for
herbage yield and quality components except for the number of plants per meter. In general, the natural plant height increased
with increase in seed rate in all the row spacing. The stem diameter decreased with increase in the seed rate and row spacing.
The number of main stem per plant decreased with increase in the seed rate. The results indicate that herbage yield increases
with narrow row spacing and increased seeding rate. Highest herbage yields (42.261-41.442 kg ha™') for both years were
obtained from application of 15 kg ha™ seeding rate at 20-40 cm row spacing.

Keywords: Birdsfoot trefoil, Lotus corniculatus L. sowing frequency, forage yield, natural plant height, stem diameter, quality.

GIRIS 2008). MacAdam ve ark. (2015), calismasinda,
cayir otu ve gazal boynuzu otu meralar iizerinde
otlayan organik siit sigirlarinin siit verimi ve
kalitesi lizerine etkisini Mayis sonu ile Agustos ay1
arasinda ticari bir siit ¢iftliginde karsilagtirmig ve
gazal boynuzu otu meralarin1 otlayan ineklerin
stirekli, cayir otlaklarinda otlayan siit sigirlarindan
daha fazla siit irettiklerini gdsterilmigtir. Siit,
peynir yapmak i¢in kullanildiginda, gazal boynuzu
ile beslenen sigirlardan elde edilen peynirlerin,
omega-3 yag asitleri, otla beslenen sigirlarin
peynirinden 6nemli Sl¢iide daha fazla olmustur.
Ayrica gazal boynuzu erozyon kontrolii, 1slah ve
Gazal boynuzu (Lotus corniculatus L.) orta-uzun  dogal yasam alam olarak da yararlidir (Bush,
omiirlii, ¢ok yillik, diinyanin degisik bolgelerinde  2002; Anonymous, 2014).

yaygin olarak bulunan o6zel bir baklagiller
bitkisidir. Gazal boynuzu yiiksek protein icerigine
(%15-28) sahiptir. Cogunlukla ot, silaj ve oOrtii
bitkisi i¢in veya yonetilen bir mera da saf veya
karigim halinde yetistirilir. Otlatilarak da kullanilir
ve gevis getiren hayvanlarda hayvan performansini
artiran degerli bir yem bitkisi olarak kabul edilir
(Hannaway ve Myers, 2004; Waghorn, 2008;
Anonymous, 2014). Gazal  boynuzundaki
yogunlastirilmis tanenler igerigi, siit sigirlarinda
CH,4 emisyonlart ve iiriner N'deki azalmalara
neden olur (Williams ve ark., 2011). Bu tanenler
diger baklagillerden farkli olarak, gevis getiren
hayvanlarda antelmintik aktivite ile birlikte (metan
ve amonyak emisyonlarin1 azaltarak) siskinligi
onler (Hannaway ve Myers, 2004; Waghorn,

Surdiirtilebilir hayvancilik iiretimi i¢in 6énemli bir
girdi olan yiiksek kaliteli kaba yem ihtiyacina
cevap verebilecek ¢oziimlerden biri, verimliligi ve
kaliteyi artiracak uygun yetistirme yontemlerini
tanimlamaktir. Ulkemiz genelinde oldugu gibi
bolgemizde de ireticilerimizin gazal boynuzu
otunun kalitesi ile yetistirme tekniklerinin 6nemi
konularinda yeterince bilingli olduklar1 sdylenemez.
Genelde yem bitkilerinin {iretimi geleneksel
yontemlerle yapilmakta bu nedenle 6nemli verim
ve kalite kayiplarina neden olunmaktadir.

Cigekleri bol ve konsantre nektar iiretir ve degerli
bir bal bitkisi olarak kabul edilir (Woodcock,
2012). Gazal boynuzu bir N-sabitleyici baklagildir,
stirdiiriilebilir tarim ve organik tiretimde 6nemli bir
yer tutar (Tomic ve ark., 2007). Islak asidik
topraga (pH = 4,5), toprak tuzluluguna ve bazi
kuraklik kosullarina tolerans ozelligine sahiptir.
Yonca ve diger yemlik baklagillerin toprak asitligi
ve nemi nedeniyle yetisemeyecegi yerlerde biiyiir
(Hannaway ve Myers, 2004; Anonymous, 2014).
Uygun kosullar altinda dik ve yar1 dik formlarinin
yliksekligi 60-90 cm’ye ulasabilir (Anonymous,
2006). Petrovic ve ark. (2011), vejetasyon doneminde
tic kez, uygun kosullar altinda dort kez bile ot
tiretimi i¢in bigilebilecegini, yesil ot ortalama
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veriminin 28,5-50,1 t ha! arasinda ve kuru madde

veriminin 8,4-12 t ha' arasinda degistigini
bildirmistir.
Gazal boynuzu {retiminin iyilestirilmesi ve

yayginlagtirilmasi i¢in en 6nemli 6n kosul, yiiksek
verimli ¢esitler gelistirmek ve gelismis yetistirme
teknikleriyle miimkiindiir. Bir {iriinde ekim siklig:
oraninin degistirilmesi, yabanci ot, hastalik ve
hagere baskisi, tohum maliyeti ve bitki rekabeti
gibi {iretimdeki birgok farkli faktori etkileyebilir.
Her ne kadar kimyasal yontemlerle yabani otlar
kontrol etmenin birincil yolu haline gelse de sira
araligi, bitki yogunlugu veya sira deseni gibi
agronomik faktorlerin de yabani ot kontrolii
iizerinde bazi yararli etkileri olabilir (Brecke,
1995). Bu nedenle, verim ya da kalite agisindan bir
yarar1 olmayan asir1 tohumluk miktarlarinda gazal
boynuzu ekimi yapilmasi tavsiye edilmez. Bunun
yan1 sira sadece genetik bakimindan yiiksek
verimli ve kaliteli cesitlerin elde edilmesi birim
alandan yiiksek verim elde etmede yetersiz
kalmaktadir. Gazal boynuzu yetistiriciliginde en
uygun olan sira araliginda dekara atilacak olan
optimum tohumluk miktart 6nemli agronomik
uygulamalar olarak verim ve kalite {iizerinde
onemli etkilerde bulunmakta olup uygun sikliklarda
ekim yapilmasi ile yetistiricilikte kullanilan
girdilerin daha etkin ve verimli kullanilmasina da
katki saglanmaktadir (Gegit ve ark., 2009).
Uygulanan yetistirme yontemi, kiiltiir bitkisinin
istekleri ile yorenin iklim kosullar1 ve toprak
Ozelliklerine bagli olarak biiylik degisiklikler
gosterdiginden, Oncelikle her kiiltiir bitkisi igin
yorenin ekolojik kosullarina uygun yetistirme
yontemleri belirlenmesi gerekir (A¢ikgoz ve ark.,
2002).

Ulkemizde ekim sikligmin gazal boynuzu ot verimi
ve kalite bilesenler iizerindeki etkileri hakkinda
¢ok smirli bilgi bulunmaktadir. Bu c¢alismada,
gazal boynuzu bitkisinde yesil ot verimi ile bazi
kalite bilesenleri ilizerine; sira araligi ve tohum
miktar1 etkilerini tespit etmek, kaliteli maksimum
ot verimi elde etmek i¢in gerekli olan en uygun sira

araligt  ve  tohum  miktarin1  belirlemek
amaclanmistir. Elde edilen sonuglar, gazal
boynuzunda kaliteli ot iiretiminin artirilmasina ve
dolayisiyla kaliteli kaba acigmin giderilmesine
onemli bilimsel ve pratik katki saglayacaktir.

MATERYAL ve METOT

Aragtirma; Orta Karadeniz Gegit Kugagi Tarimsal
Aragtirma Enstitiisii’niin, Orta Anadolu Bolgesi’nde
bulunan Sivas-Sarkisla lokasyonu agro-ekolojik
kosullarinda  2017-2019 yetistirme
donemlerinde gergeklestirilmistir. Arastirma yeri,
36°-37° dogu boylamlar1 (36° 25°E) ile 39°-40°
(39° 21’N) kuzey enlemleri arasinda yer almakta
olup denizden yiiksekligi 1.180 m’dir.

yillart

Deneme alan1 topragi Sarkisla Ziraat Odasi toprak
laboratuvarinda yapilan analiz sonucglarina gore;
killi tmh bilinyeli (Anonymous, 1993), tuzsuz
(%0.02) hafif alkali pH (7,9) bitkiler tarafindan
almabilir fosfor (P,Os 5,29 kg da) ve potasyum
(K,0: 172,58 kg da™') yoniinden zengin, organik
madde (N: 0,84 kg / da) bakimindan fakir, kireg
bakimidan (CaCOs: 9,0 kg da™') orta diizeyde bir
toprak o6zelligine sahiptir (Ulgen ve Yurtseven,
1995).

Sivas-Sarkigla iklimi, I¢ Anadolu
karasal gecis tipi yagis rejimine sahiptir. iklim
siniflandirilmasina goére: Temmuz, Agustos ve
Eyliil aylarinin kurak, Haziran ve Ekim aylarinin
yar1t kurak, Nisan, Mayis, Kasim aylarinin yari
nemli ve Aralik — Mart arasindaki dort ay da ¢ok
nemli olarak belirtilmektedir. Yagislar; uzun yillar
Olciim periyodu (1978-2005) verilerinden farkh
olarak denemenin yiriitildigi yillarda oldukca
diisiik gergeklesmistir. 2013-2018 6l¢iim periyodu
verilerinde diigiis egilimi devam etmekle birlikte
onceki Olglim periyodundan nispeten daha az
olmustur. Yagislardaki azalma egiliminin yetigme
donemini kapsayan yaz aylarinda ki yagislarindaki
azalma egiliminden daha 6nemli oldugu goriilmiistiir.
Uzun yillar ortalama sicaklik (9,8 °C) degerlerinde
2017 yilinda (8,76 °C) az da olsa bir azalma
olurken, deneme yillarinda gittikge artan bir

lokasyonu
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sicaklik egilimi olmustur. Uzun yillar ortalama
minimum sicakliklardaki (1,9 °C) azalis denemenin
ylritildigii yillarda (-6,51 °C) ¢ok Onemli
bulunmustur. Maksimum sicakliklardaki artis egilimleri
deneme yillarinda uzun yillar ortalamasindan daha
yliksek gerceklesmistir (Anonim, 2020). Deneme
alanmin ¢ok yillik (1978-2018) ve denemenin
yapildig1 yillart kapsayan bazi iklim verileri
Cizelge 1’de verilmistir.

Bu ¢aligmada bitki materyali olarak enstitiimiizde
1slah edilen tescil siirecindeki gazal boynuzu cesit
adayr kullanilmistir. Genotip; dik veya yar1 dik
bliyiime tipindedir. Cesitli kosullar altinda 32,0
/51,0 ton ha™’lik bir yem verimine sahip iken, 287
ile 347 kg ha™ arasinda degisen bir tohum verimine
sahiptir. Ham protein (HP) igerigi yaklasik%18,5
ila%19,7 iken, asit deterjan lifi (ADF) icerigi
%31,1 ve notr deterjan lifi (NDF) %39,9'dur (Cinar
ve ark., 2016; Karadag ve ark., 2016).

Tarla denemeleri, Tesadiif Bloklarinda Bolinmiis
Parseller Deneme Deseni’ne uygun olarak ii¢
tekrarlamali olarak ekilmistir. Denemede, dort
farkli sira araligi (20, 40, 60 ve 80 cm) mesafesi
ana parsellerde ve dort farkli tohumluk miktarlar
(0,5, 1,0, 1,5 ve 2,0 kg da™) ise alt parsellerde yer
almigtir. Denemede her bir alt parsel, (uzunlugu 5
m x genigligi 3,20 m) 16 m? alandan olusmustur.
Her bir alt parseldeki sira sayisi, sira araligina
bagl olarak degismis; 20 cm sira araliginda 16, 40
cm sira araliginda 8, 60 cm sira araliginda 5 ve 80
cm sira araliginda 4 siradan olugmustur. Tarla
denemelerinde giibre uygulamasi, deneme alam
toprak analizi sonucuna gore saf 3 kg da”' N ve 10
kg da” P,Os olacak sekilde (Hatipoglu ve Avcioglu,
2009) eksik kalan kismin tamamlanmasi seklinde
dekara 15 kg DAP (%18-46 diamonyum fosfat)
giibresi ekim Oncesi topraga karistirlarak yapilmistir.
Yabanc1 ot kontrolii, iki kez el ¢apasi ve mekanik
olarak yapilmistir. Bitkiler yagisa bagl kosullarda
yetistirilmigtir. Tarla denemeleri; tek sira parsel
ekim makinesi kullanilarak, 21-22 Nisan 2017
tarihlerinde 1,5-2,0 cm derinlikte ekilmis, ekimden
sonra toprak merdane ile bastirilmistir. Denemede
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ilk ekim yil1 kurulus yili olarak kabul edilip veriler
degerlendirmeye alinmamistir. Bigim islemi; yilda
iki defa parsel bicim makinesi kullanilarak 5-7 cm
ylikseklikten bitkilerin tam ¢igeklenme doneminde
yapilmigtir. Arastirmada bitkiye ait morfolojik
gbzlem ve oOlgiimler birinci bigimden 6nce her bir
alt parselden rastgele secilen 10 bitkinin ortalamasi
almarak yapilmistir (Wouw ve ark., 1999; Anonim,
2016). Arastirmada;

Dogal bitki boyu (cm) degerleri, bitkilerin toprak
ylizeyi ile en u¢ noktasi arast mm bdlmeli cetvel ile

Olciilerek  ortalamas1  bitki  boyu  olarak
kaydedilmistir.
Ana dal sayis1 (adet/bitki); bitki kokli olarak
sokiilip ana dallart  sayilarak, ortalamasi
kaydedilmistir.

Ana dal kalinhig1 (mm); ana dal sayis1 degerlerini
tespit etmek icin kullanilan bitkilerde ana dal
kalinligt  0.lmm bdlmeli kumpasla o6lg¢iiliip
ortalamas alinarak tespit edilmistir.

Birim alandaki bitki sayis1 (adet/m); her bir alt
parselde rastgele secilen sirada bir metre
uzunlugundaki mesafede ¢ikan bitkiler sayilarak
saptanmistir.

Yesil ot verimi (kg/da); her bir alt parselin yarisi
bitkilerin tam ¢igeklenme doneminde 5-7 cm
yiikseklikte parsel bigim makinasi kullanilarak
bigilmis, elde edilen yesil ot tartilarak elde edilen
degerler dekara verime doniistiiriilerek tespit
edilmistir.

Kuru ot verimi (kg/da); her parselden elde edilen
yesil ot icerisinden rastgele alinan 6rnekler, 16-24
saat boyunca 55 - 60 °C’de havali kurutma dolabinda
kurutularak, 6l¢gmeden 6nce 16-24 saat siireyle oda
sicakliginda sabit agirhiga gelinceye kadar
bekletildikten sonra hassas terazide tartilarak elde
edilen degerler kullanilarak kuru ot oran1 degerleri
belirlenmistir. Elde edilen kuru ot orani degerleri
her bir parsel i¢in tespit edilen yesil ot (kg/da)
verimine oranlanarak hesaplanmustir (Goering ve Van
Soest, 1970; Undersander ve ark., 1993).
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Ham protein icerigi oram (%); her parselden
aliman kuru ot orneklerinden Kjeldahl cihaziyla
nitrojen (N) igerigi, Kjeldahl metoduna gore
belirlenerek, % N x 6,25 formiiliinii kullanarak
hesaplanmistir (Anonymous, 1990; Undersander
ve ark., 1993).

Asit deterjan lifi (ADF) ve Notr deterjan lifi
(NDF) oram (%); Ankom Teknolojisinin yem
kalite analizi i¢in standart laboratuvar prosediirlerine
gore (Anonymous,2017), (Ankom Teknoloji 220,
Fairport, NY, ABD) teknolojisi kullanilarak tespit
edilmistir.

Denemede elde edilen veriler JIMP istatistik paket
programi kullanilarak, olciilen tiim o6zellikler i¢in
varyans (ANOVA) analizine tabi tutulmus, ana
etkilerin 6nemi F-testi p<0,05 anlamlilik diizeyinde
belirlenmigtir. Uygulamalardaki ortalamalar arasinda
onemli bulunan farklilik ise LSD ¢oklu karsilagtirma
testi kullanilarak gruplandirma yapilmistir (Yurtsever,
2011).

BULGULAR ve TARTISMA

Gazal boynuzu bitkisinin Sivas-Sarkisla lokasyonu
agro- ekolojik kosullarinda farkli sira arasi mesafeleri
ve tohum miktarlari
belirlenmesi amaciyla {i¢ yil siireyle yiiriitiilen bu
calisma sonucunda, analiz edilen parametreler
arasinda deneme konulart ve yillar itibariyle
istatistiki anlamda onemli farkliliklar bulunmustur.
Ancak HP, ADF, NDF oranlar iizerinde, deneme
konulart 6nemli farkliliklar olusturmamuistir. Bununla
birlikte, ot verimi ve verim bilesenleri iizerine, sira
aralig1 ve tohum miktarlar1 arasinda metrede bitki
sayist hari¢ Onemli bir etkilesim bulunmamustir.
Aragtirmada sira araligi uygulamalari, dogal bitki
boyu, ana dal sayis1 ve ana dal kalinlig1 degerlerini
istatistiki anlamda onemli sekilde etkilemezken
yesil ot verimi ve bitki ¢ikisi {izerinde istatistiki
anlamda Onemli etki gOstermistir. Azalan sira
araliklarinda yesil, kuru ot verimi, ortalama dogal
bitki boyu ve ana dal kalinhig ile HP oram
degerleri artmis ADF, NDF oranlar1 nispeten
azalmistir. Sira arasi mesafesinin artirilmasi ise

uygulamasima tepkisinin

sinirlida olsa ana dal sayis1 degerlerini artirmigtir
(Cizelge 2, 3, 4).

Tohum miktar1 uygulamalar1 ise, yesil, kuru ot
verimi ve verim bilesenleri lizerinde istatistiki
anlamda Onemli etkiler gostermis artan tohum
oranlariyla ana dal kalinligi, hari¢ incelenen
parametreler artirmistir. Deneme konularinda,
birinci iiretim yilinda yesil, kuru ot verimi ve dogal
bitki boyu degerleri daha yiiksek gerceklesirken,
ikinci tiretim déneminde ise bitki boyunda goriilen
kisalmaya bagli olarak, ana dal sayis1 ve dal kalinligt
degerleri nispeten daha yiliksek gerceklesmistir
(Cizelge 2, 3, 4).

Birim alandaki bitki sayis1

Aragtirmada tesis yilinda incelenen bir metre de
bitki ¢ikist sayilari; sira arasit mesafesi ve tohum
miktar1 uygulamasi ile sira aras1 x tohum miktarn
interaksiyonu yoniinden istatistiksel anlamda
onemli (P<0,01) bulunmustur. Farkli sira arasi
mesafelerinde tespit edilen bitki ¢ikisi ortalamalari
101-277 adet/m arasinda degisim gostermis, en
fazla (277 adet/m) bitki ¢ikisi ortalamasi 80 cm
sira aras1 mesafesinde en diisiik ise (101 adet/m) 20
cm sira arast mesafesinde saptanmistir. Farkli
tohum miktarlar1 uygulamalarinda ise bitki ¢ikist
89-237 adet/m arasinda degisim gostermis, en fazla
(277 adet/m) bitki ¢ikist 2,0 kg/da tohum
miktarinda tespit edilirken, en az bitki ¢ikist 0,5
kg/da tohum miktarinda 89 adet/m olarak tespit
edilmistir. Sira arasi-tohum miktar1 interaksiyonu
yoniinden en fazla bitki ¢ikist 80 cm sira arasi ve
2,0 kg/da tohum uygulamasinda (366 adet/m)
tespit edilirken en az bitki ¢ikigi ortalamast 20 cm
sira arast ve 0,5 kg/da tohum uygulamasinda (51
adet/m) saptanmistir (Cizelge 3).

Tesis kurulumu sirasinda gozlemlenen bitki ¢ikig
farkliliklarina, dar sira araliklarinda deneme alt
parsellerinde artan sira sayilari dolayisiyla daha
diisik bitki yogunlugu olmasi, artan sira arasi
mesafelerinde ise azalan siralarda bitkiler arasindaki
sira i¢i rekabetin neden oldugunu diisiindiirmektedir.
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Dogal bitki boyu

Sivas lokasyonunda, yetistirilen gazal boynuzu
bitkisinde Olciilen bitki boyu degerleri arasinda
saptanan farkliliklar; farkli sira aras1 mesafeleri ve
sira aras1 x tohum miktari ikili etkilesimi yoniinden
istatistiki anlamda Onemli bulunmazken, farkli
tohum miktarlar1 uygulamalar1 istatistiki olarak
onemli (P<0,01) 6nemli bulunmustur. Aragtirmada,
en uzun bitki boyu ortalamasi birinci {iretim
yilinda (64,5 cm) en kisa bitki boyu ise ikinci
iiretim yilinda (40 cm) tespit edilmistir. Farkli sira
arasi mesafelerinde elde edilen dogal bitki boyu
ortalama degerleri arasinda tespit edilen farkliliklar
istatistiki anlamda 6nemli olmamakla birlikte en
uzun ortalama bitki boyu (53,4-53,6 cm) 40-60 cm
sira arast mesafesinde 2,0 kg/da tohum miktar
uygulamasinda (55,1 cm) Ol¢lilmistiir (Cizelge 3).
Bitki boyu degerleri genel olarak; artan sira arasi
mesafelerinde azalis gosterirken, artan tohum
miktar1 uygulamalarinda artig gdstermistir. Belirli
bir tohum oranindan daha yiiksek tohum miktar
veya daha genis sira aralig1, sira bagina daha fazla
sayida bitki yogunlugu olusturmasi nedeniyle,
yatmaya karsi daha savunmasiz olan daha ince
bitkiler iiretmistir.

Ana dal sayisi

Deneme konularinda ana dal sayis1 degerleri
arasinda tespit edilen farkliliklar; farkli sira arasi
mesafeleri uygulamasinda ve sira arast x tohum
miktar1 interaksiyonu yoniinden istatistiki anlamda
o6nemli bulunmazken tohum miktarlan uygulamalar
istatistiki anlamda 6nemli (P<0,05) bulunmustur.
Aragtirmada, ana dal sayis1 degerleri
itibariyle 6nemli farkliliklar olusturmus en fazla
bitki bagma ana dal sayist ikinci iiretim yilinda
(11,0 adet/bitki) en az ise birinci iiretim yilinda
(9,2 adet/bitki) olarak tespit edilmistir. Yiiriitiilen
calismada daralan sira araliklarinda ve artan tohum
miktarlarinda bitki basina ana dal sayisinda
azalmalar goriilmiistiir. En fazla ana dal sayis1 60
cm sira arasi mesafesinde (10,97 adet/bitki) 0,5
kg/da tohumluk miktar1 uygulamasinda 10,8

yillar

adet/bitki konusunda elde edilmistir. En az dal
sayis1 ise 20 cm sira arast mesafesinde (9,7 adet/
bitki) 2 kg/da tohumluk miktari uygulamasinda 9,4
adet/bitki olarak saptanmustir (Cizelge 3). Aragtirmada
artan sira araliklarinda  ve tohum
miktarlarinda ana dal sayis1 degerlerinde tespit
edilen artisin; birim alandaki bitkilerin azalmasi ile
yasam alanlarindaki  artigtan  kaynaklandigi
diistiniilmektedir.

azalan

Ana dal kalinhg

Ana dal kalinlig1 degerleri arasinda tespit edilen
farkliliklar; farkli sira aras1 mesafeleri uygulamasida
ve sira arasi X tohum miktar1 interaksiyonu
yoniinden istatistiki anlamda 6nemli bulunmazken
tohum miktarlar1 uygulamalan istatistiki anlamda
onemli (P<0,01) bulunmustur (Cizelge 3). Ana dal
kalinhigr  degerleri itibariyle ~ onemli
farkliliklar olugturmus en kalin saplar ikinci tiretim
yilinda (2,24 mm), en ince saplar ise birinci iiretim
yilinda (1,92 mm) 6l¢lilmiistiir. Denemede istatistiki
olarak onemli olmasa da en yiiksek bitkide ana dal
kalinligr degeri 40 cm sira arast (2,15 mm)
mesafesinde Olgiilmiistiir. Farkli tohum miktarlar
uygulamasinda ise en yiiksek ana dal kalinlig:
degeri 0,5 kg/da tohumluk miktarinda 2,29 mm
olarak olgiilmiistiir (Cizelge 3). Arastirmada artan
sira araliklart ve tohum miktarlarinda ana dal
kalinlig1 degerlerinde tespit edilen azalmanin,
azalan sira sayilarinda (60 cm 5 sira,80 cm 4 sira)
ayni sirada Dbitki yogunlugunun artmasindan
kaynaklandig1 degerlendirilmektedir.

yillar

Calismamizla benzer sekilde yiriitilen baz
aragtirmalarda, Saglamtimur ve ark. (1986), bitki
boyunun 37,5-70,4 cm Douglas ve ark. (1996),
43,5 cm Ayres ve ark. (2008), 13,0-23,1 cm
araliginda, gévde kalinligini 1,06-1,35 mm Drobna
(2010), bitki boyununl16,0-37,9 cm dal sayisinin
48,4-146,0 adet/bitki govde kalinligini 2,0-5,8 mm
araliginda degisim gdsterdigini saptamigslardir.
Scheffer-Basso ve ark. (2011), ana dal sayisinin ilk
bigimde 5,2-12,3 adet/bitki, bitki boyunun 7,6-17,0
cm arasinda degisim gosterdigini bildirmistir.
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Churkova (2012), gazal boynuzunda kuru madde
verimini belirleyen ana unsurlarin, bitki boyu ve
ana saplarinin sayisi oldugunu bildirmistir. Tim
cesit ve populasyonlarin ortalama uzunlugunun
minimum 35,2 cm maksimum 41,5 cm arasinda,
ortalama ana govde sayis1 degerlerinin ise 23,7 ile
44,0 adet/ bitki arasinda degismekte oldugu
bildirilmistir. Gatari¢ ve ark. (2013), bitki boynunun
29,57-39,92 cm govde kalinliginin 1,26-2,10 mm,
Radi¢ ve ark., (2014) bitki boyunun 28,7 ila 40,8
cm arasinda, ana dal sayisinin 31-76 adet/bitki, ana
dal kalinligmin ise 1,44-1,94 mm arasinda
degistigini, Karadag ve ark., (2017) 2013-2015
yillart arasinda Tokat ve Sivas ekolojik kosullarinda
yuriittiikleri ¢alismada, en yiiksek bitki boyu
degerlerinin sirasiyla 56,2, 54,7 cm araliginda
degistigini  bildirmislerdir. yillarindaki
farkliliklar, ekoloji farkliliklar1 ve farkli yetistirme
teknikleri ile genotip/gesit farkliliklar1 elde edilen
degerlerdeki degisimde 6nemli etken olmustur.

Tesis

Yesil-kuru ot verimi

Aragtirma sonucunda; farkli sira aras1 mesafelerinde
uygulanan tohum miktarlarinda yetistirilen gazal
boynuzu bitkisinde yesil degerleri
arasinda tespit edilen farkliliklar farkli sira arasi
mesafeleri uygulamalarinda 6nemli  (p<0,05)
bulunurken, tohum miktarlar1 uygulamalarinda
onemli (p<0,01) bulunmustur. Sonuglar, yesil ot
veriminin, 2018 yilinda 4571,3 kg/da oldugunu,
2019 yilinda ise 3184,4 kg/da ile daha yiiksek
gerceklestigini gostermistir. Arastirmada; en yiiksek
yesil ot verimi istatistiki anlamda ayni1 grupta yer
alan 20-40 cm sira aralig1 mesafelerinde (4226,1-
4144,2 kg/da) 1,0-1,5 ve 2,0 kg/da tohum miktari
uygulamasinda, (sirasiyla 4109,0-4124.,4 ve 3969,9
kg/da) elde edilmistir. En diisiik yesil ot verimi ise
istatistiki anlamda ayni grupta yer alan 60-80 cm
sira aralig1 mesafesinde ve 0,5 kg/da tohum miktar1
uygulamasinda tespit edilmistir. Kuru ot verimi
degerleri arasinda tespit edilen farkliliklar, farkli
sira arast mesafeleri ve tohum miktarlar
uygulamalarinda o6nemli (p<0,01) bulunmustur.
Denemede, en yiiksek kuru ot verimi, 2018 yilinda

ot verimi
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(1.185,2 kg/da) elde edilirken en diisiik verim 2019
yilinda (739,4 kg/da) elde edilmistir,
sonucunda farkli sira arast mesafelerinde elde
edilen toplam kuru ot verimi ortalama degerleri
830,3-1.073,3 kg/da arasinda degisim gosterirken,
farkli tohum miktarlar1 uygulamalarinda ise 872,5-
1.017,3 kg/da araliginda degisim gdstermis, en
yiiksek kuru ot verimi istatistiki olarak ayni grupta
yer alan 40-20 cm sira arast mesafesinde 1,0-1,5 ve
2,0 kg/da, tohum miktarlar1 uygulamalarindan elde
edilmistir. Deneme konularindan en diisiik kuru ot
verimi ise 80 cm sira arast mesafesi 0,5 kg/da
tohum miktar1 uygulamasindan elde edilmistir
(Cizelge 4). Gazal boynuzu yesil ve kuru ot
iretimlerinde sira arast mesafesinin artirilmasi
verimi artirmazken artan tohum miktarlarinin ot
verimini olumlu yonde etkiledigi ancak istatistiki
anlamda ayni grupta yer almakla birlikte 1,5 kg/da
uygulamasmin iizerindeki miktarlarda nispeten
verim azalmasi oldugu goriilmiistiir (Cizelge 2).
Calismamizla benzer sekilde yapilan caligmalarda
da optimum tohum miktarmin ve sira arasi
mesafesinin  belirlenmesi; tohum tiiketiminin
azaltilmas1 ve gerekse birim alandan en yiiksek
verimin acisindan  6nemli  oldugu
vurgulanmustir.  Arastirmacilar  gazal boynuzu
bitkisinden degisik kosullarda farkli performanslar
elde etmigler: Kauren (1969), ABD Ohio
eyaletinde Viking, Leo, Mansfield, Empire VI,
Caseade varyeteleriyle yiiriittigli bir denemede,
yilda ii¢ bi¢im yapabildigini, bu bigimlerde en
yiiksek verimin dekara 1.193 kg kuru otla Viking,
en diisiik verimin de dekara 995 kg’la Empire
varyetesinden alindigini bildirmektedir. Rumbaugh
(1969)’da ABD’nin South-Dakota eyaletinde 1965
yilinda 18 gazal boynuzu varyetesiyle kurdugu
denemede 1968 yilinda gergeklestirilen iki bigimde
en yiiksek verim dekara 405 kg kuru otla Empire
(S. C. S. Mich. 240) varyetesinden, en diisiik verim
de dekara 120 kg’la Granger varyetesinden
alimdigini bildirmistir. Tosun (1979), 1968-1971
yillart arasinda Erzurum’da dokuz farkli gazal
boynuzu ¢esidinin verimlerini inceledigi bir
arastirmada; en yiiksek verimin 893,8 kg/da ile
Empire ¢esidinden, en diigiik verimin ise 5,2 kayit

Deneme

alinmasi
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no’lu ¢esit (508,5 kg/da) ile Roskilde (608 kg/da)
varyetesinden alindigini bildirmistir. Posler ve ark.
(1985), 1979-1984 yillarn1 arasinda Dogu Kansas’
ta on gazal boynuzu ¢esidinin (Fargo, Fergus, Leo,
Missouri 20, Dawn, Empire, NC-83 pool, Norcen,
T-68, Viking) kuru ot verimi, HP orani ile
dayaniklilik performanslarini inceledikleri arastirma
sonucunda 1981-1983 yillar1 arasinda en yiiksek
toplam verim alindigini, 1979-1984 yillar1 arasinda
Norcen, NC-83 pool, Missouri 20, Fergus, Dawn
ve Leo; iistiin verimli c¢esitler, Viking, Empire,
Fargo, ve T-68, diisiikk verimli cesitler oldugunu,
1983-1984 yillarindan itibaren verimin nispeten
distiginii, T-68 (0,67 ton/da) ve Viking (0,96
ton/da) cesitlerinde verimde goreceli diigiisiin en
fazla oldugunu, arastirmanin alt1 yillik sonucunda
Norcen ve NC-83 pool, gesitlerinin yiiksek verim
verdigini, gazal boynuzu gesitlerinin Dogu Kansas
kosullarinda mitkemmel verim potansiyeline sahip
oldugunu, sisme yapmama Ozelliginden dolay1
serin mevsim mera islahinda gazal boynuzunun
cok avantajli olabilecegini bildirmislerdir. Ekim
yonteminin ve tohum miktarlarinin gazal boynuzu
mahsuliiniin verimi iizerindeki etkisini inceleyen
onceki c¢aligmalarda, aragtirmacilar genis aralikli
tohum ekimine kiyasla dar sirali tohum ekiminin
avantajima dikkat ¢ekmistir. Miladinovi¢ (1964), en
yiksek ot verimini ilk bigimde (5,42 t ha-1) 30
cm'lik en dar sira araliginda elde etmistir. Petrovi¢
ve ark. (2011), en dar ekim aralig1 (12,5 cm-6.56
ton ha-1) ve en yiiksek tohum oraninda 8 kg ha-1
(5.73 ton ha-1) en yiiksek ot verimi elde etmistir.
Karadag ve ark. (2016), Tokat-Kazova kosullarinda
yiirittikleri ¢alismada yesil ot veriminin 5216,3-
6161,6 kg/da Cinar ve ark. (2016), Sivas-Sarkisgla
kosullarinda yiiriittiikleri calismada, 2112,5-2474,8
kg/da araliginda agro-ekolojik kosullardaki farkliliklara
bagli olarak degisim gosterdigini bildirmistir.
Denemenin yiiriitiildigi her iki yilda, uzun yillar
ortalamasinin altinda yagis (6zellikle Mart ve
Maysis aylarinda) alinirken, minimum sicakliklarinin
uzun yillar ortalamasindan daha diisiik gerceklesmesi
yaninda Mayis ayma sarkmasi, maksimum
sicakliklarinin ise uzun yillar ortalamasindan daha
yuksek gerceklesmesi (Cizelge 1) gibi yasanan

iklim olumsuzluklarinin, bitki gelisimini ge¢mis
yillardan farkli olarak daha olumsuz ydnde
etkiledigi degerlendirilmektedir. Diger arastirmalardan
farklt olarak gergeklesen verim farkliliklarinin;
agro-ekolojik kosullar, yetigtirme yontemleri ve
cesit farkliliklarindan kaynaklandigi sdylenebilir.

Ham protein (HP), asit deterjan lifi (ADF) ve
notr deterjan lifi (NDF) oram

Aragtirmanin iki yillik ortalama sonuglari; 6nemli
besin degeri parametreleri olan HP, ADF ve NDF
orani Uizerine, deneme konularinin etkisinin istatistiki
anlamda Onemli olmadigin1 gdstermistir. Genel
olarak artan sira arasi mesafeleri ve tohum miktarlar
elde edilen iiriinin besin degerlerini olumsuz
yonde etkilemis, istatistiki anlamda Onemli
olmamakla birlikte en yiiksek HP orani 40 c¢m sira
araligr mesafesinde (% 16,2) ve 0,5 kg/da tohum
ekim uygulamasinda (%15,9) elde edilmistir. En
diisiik ortalama ADF ve NDF orani ise 40 c¢m sira
aralig1 mesafesinde (sirasiyla %35,1- 45,2) 0,5 kg/da
tohum ekim uygulamasinda (sirastyla %35,09-
45,5) tespit edilmistir (Cizelge 4). Yapilan ¢alismalar,
yliksek kalitenin ¢cogu zaman verimin tersi farklilik
gosteren bir 6zellik oldugunu en yiiksek kalitenin
neredeyse hicbir zaman en yiiksek verimle iliskili
olmadigim1 gostermektedir (Orloff ve Putnam,
2004).

Posler ve ark. (1985), gazal boynuzu cesitlerinin
performans testleri sonucu HP igeriklerinin
ortalama (%13,2-19,8) arasinda degistigini; birinci
bigimde ikinci bigimden daha yiiksek gergeklestigini
bildirmistir. Ote yandan Niezen ve ark. (2002),
farkli olgunluk doneminde ve farkli mevsimde
hasat edilen gazal boynuzu otunun HP iceriginin
farkli oldugunu, yaz mevsimi ve sonbaharda elde
edilen HP iceriginin sirastyla % 21,9 ila % 22,6
arasinda oldugunu bulmuglardir. Ramirez-Restrepo
ve ark. (2006), Lotus corniculatus'un HP igeriginin
% 10,56 ile % 21,93 arasinda degistigini ve artan
olgunlukla  azaldigim1  bulmuslardir.  Lotus
corniculatus'un HP igerigi; Posler ve ark. (1985),
Ramirez-Restrepo ve ark. (2006), Chapman ve ark.
(2008), bulgular1 ile uyumlu iken Karadag ve ark.
(2016), Cmar ve ark. (2016), bulgularina yakin,

31



ANADOLU 31 (1) 2021

Niezen ve ark. (2002) bulgularindan ise daha
diisiik gerceklesmistir. Ote yandan Karabulut ve
ark. (2006), olgunluk evresinin, Lotus corniculatus
samaninin kimyasal bilesimi, iizerinde Onemli
etkiye sahip oldugunu NDF (% 31.59-37,62) ve
ADF (% 25,73-31,06) igeriginin artan olgunluk ile
artarken HP igeriginin azaldigini, erken ¢i¢ceklenme
doneminde hasat edilen Lotus corniculatus
samanmin HP igeriginin, ¢igeklenme ve olgun
evrelere gore onemli dlglide (% 14,96-17,63) daha
yiiksek oldugunu bildirmistir. Chapman ve ark.
(2008), gazal boynuzu samaninda HP igeriginin
11.7-14,6 (g kg'' DM), NDF igeriginin 437-493 (g
kg'1 DM) araliginda bi¢im zamanina bagli olarak
degistigini bildirmistir. Canbolat ve Karaman
(2009), baz1 baklagil kaba yemlerinin in vitro gaz
tiretimi, organik madde sindirimi, nispi yem degeri
ve metabolik enerji igeriklerini inceledigi
aragtirmada, kullanilan baklagil kuru otlarinin
kimyasal bilesimlerini saptamistir. Gazal boynuzu
HP oraninin % 17,44, ham kiil oraninin % 7,33,
ADF oraninin % 30,0-32,3 NDF oraninin ise %
39,2-41,8 araliginda degisim gdsterdigini tespit
etmisler. Kaplan ve ark. (2009), farkli biiylime
bolgesinin Lotus corniculatus samaninin potansiyel
besin degeri lizerinde 6nemli (P<0,001) bir etkiye
sahip oldugunu, ham protein oraninin % 17,16-
20,94 araliginda, NDF oranmin % 38,00-45,63
araliginda, ADF oraninin ise % 30,62-38,78 araliginda
degistigini  saptamistir. Farkli  lokasyonlarda
yaptiklar1 ¢aligmada, Karadag ve ark. (2016), HP
oraninin % 18,84-19,76, ADF oraninin % 30,0-
32,3, NDF oranmin ise % 39,2-41,8 araliginda,
Cimnar ve ark. (2016), HP oraninin % 18,0-18,4,
ADF oranmmm % 31,1-32,6 NDF oraninin ise %
39,9-42,0 araliginda degisim gosterdigini bildirmistir.

Arastirmacilar gazal boynuzu otunun potansiyel
besin degerinin, farkli agro-ekolojik kosullar,
bicim olgunluk evresi ve mevsimi ile yakindan
iligkili oldugunu vurgulamiglardir (Niezen ve ark.,
2002; Karabulut ve ark., 2006; Ramirez-Restrepo
ve ark., 2006; Chapman ve ark., 2008; Kaplan ve
ark., 2009).
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SONUC ve ONERILER

Bu c¢alismanin sonuglari; genetik olusumun yani
sira, sira aralifi ve tohum oranmin da gazal
boynuzu bitkisinin biiylime davranigim1 kontrol
ettigini gostermistir. Sivas-Sarkigla lokasyonda
yiiksek ot iiretimi istatistiki olarak ayn1 grupta yer
alan 20-40 cm sira aras1 mesafelerinde 1,0-1,5 ve
2,0 kg/da tohum miktarlart uygulamasinda elde
edilmig ancak 1,0 ve 2,0 kg/da tohum miktarlarinda
elde edilen verimler 1,5 kg/da uygulamasindan
nispeten daha diisiik gerceklesmistir. Genel olarak
artan sira arast mesafeleri ve tohum miktarlar1 elde
edilen {riiniin besin degerlerini olumsuz ydnde
etkilemistir. Nispeten en yiiksek kaliteli iiriin 40
cm sira araligi mesafesinde, en diisiik verimin elde
edildigi 0,5 kg/da tohum ekim miktar1 uygulamasinda
tespit edilmistir. Orta Anadolu Bolgesi agro-
ekolojik kosullarinda ve benzer kosullarda en
yliksek gazal boynuzu ot iriinii elde etmek i¢in
uygun sekilde hazirlanmig tohum yataginda 20
veya 40 cm sira aralign ve 1,5 kg/da sertifikal
tohum miktar1 uygulamasinin yeterli olabilecegini
gostermistir. Ureticiler fiyat ve hayvansal iiretim
acisindan verimlilik ve kalite arasinda bir uyum
saglamalidirlar. Maksimum getiriyi elde etmek
uygun yontem olarak goriilmekle birlikte zamanla
bitki {iretimini ve karliliginm siirdiirmek i¢in ek bir
stratejinin (6rnegin, verim i¢in veya sadece kalite
icim bicim) en uygun oldugu yaninda hem yiiksek
hem orta kaliteli ot temin etmesini saglayan karigik
stratejiler de makul olabilir. Ayrica bu deneme
sonuglari, dar sira araligiin (20 ve 40 cm) yabanci
ot kontrolii lizerinde bazi yararl etkileri oldugunu
yabanci otlar ile gazal boynuzu bitkisinin daha iyi
rekabet ettigini géstermistir.
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ABSTRACT: Vanadium (V) has become a serious pollutant due to its widespread use in industry. In this study, DNA
methylation changes in Triticum aestivum L. 'Cetinel 2000' seeds were determined by CRED-RA (Coupled Restriction Enzyme
Digestion-Random Amplification) analysis. DNA damage and genomic instability were determined by Simple Repeat Inter-
Sequence Polymorphism (ISSR) analysis. Vanadium solutions (4.4 mM, 6.6 mM, 8.8 mM) and boric acid (BA) solutions (4 mM
and 8 mM) were used. According to CRED-RA analysis, it was observed that V caused more changes in the DNA methylation
level in wheat genome compared to BA application. All doses of V caused DNA damage and decreased genomic template
stability (GTS). It was determined that the genomic stability was maintained in BA doses applied with V. Genomic stability was
maintained at BA doses administered with V. As a result, BA may be an alternative to reduce genotoxic damage to V stress in
plants.

Keywords: Boric acid, wheat, CRED-RA, DNA methylation, Triticum aestivum L., vanadium.

Vanadyuma Maruz Kalan Bugday Genomunda DNA Metilasyon Diizeyinin CRED-RA
Teknigi Kullanilarak Arastirilmast

OZ: Vanadyum (V), endiistride yaygin kullamimi nedeniyle ciddi bir kirletici haline gelmistir. Bu ¢alismada, Triticum
aestivum L. ‘Cetinel 2000° tohumlarimdaki DNA metilasyon degisiklikleri CRED-RA (Cift Restriksiyon Enzimi Kesimi ve
Rastgele Cogaltim) analizleri ile belirlenmistir. DNA hasarlari ve genomik kararsizlik Basit Tekrarli Diziler Arast Polimorfizm
(ISSR) analizi ile belirlenmigstir. Vanadyum ¢ozeltileri (4,4 mM, 6,6 mM, 8,8 mM) ve borik asit (BA) ¢ozeltileri (4 mM ve 8 mM)
kullanmimigtir. CRED-RA analizine gore, V uygulamasimin bugday genomunda DNA metilasyon seviyesinde BA uygulamasina
gore daha fazla degisiklige neden oldugu goriilmiistiir. Tiim V dozlart DNA hasarina sebep olarak genomik kararliigin (GTS)
azalmasina neden olmustur. V ile birlikte uygulanan BA dozlarinda genomik karariilik korunmustur. Sonug olarak, BA'min V
stres kosullar: altinda bitkilerde genetik hasart azaltmak icin alternatif bir kimyasal olabilecegi diisiiniilmektedir.

Anahtar Kelimeler: Borik asit, bugday, CRED-RA, DNA metilasyonu, Triticum aestivum L., vanadyum.
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INTRODUCTION

Abiotic stresses cause major losses each year due to
reduced agricultural productivity and increased crop
failure. Heavy metal stress, which is abiotic stress,
damages plants and other living things.
Contamination of soils with heavy metals due to
increased industrialization adversely affects the
living organisms in the environment. Vanadium (V)
has an amount approximately twice that of copper
(Cu) and equal to zinc (Zn), 10 times higher than
lead (Pb), and is a ubiquitous element in the
environment (Imtiaz et al., 2015). V contaminates
soil, water and atmosphere by spreading widely in
different ways such as leakage, combustion, fertilizer
usage and waste from industry (Kar et al, 2004).
Recently, V pollution has become a major
environmental problem worldwide and its high dose
disrupts the growth and productivity of plants
(Imtiaz et al., 2015). Vanadium levels higher than 2
ppm cause reduced absorption and use of essential
elements in plants, chlorophyll degradation, root
deformation, inhibition and degradation of enzyme
activities (Aihemaiti et al, 2020). Metal toxicity
affects plants in different ways. Metals may exert
their effects by targeting the structural, catalytic and
transport regions of the cell. By causing oxidative
damage, they cause the antioxidant defense system
to deteriorate and the production of reactive oxygen
species (ROS) to increase (Gill and Tuteja, 2010).
Oxidative damage to DNA causes modifications
such as single and double chain fractures,
methylation and alkylation. Eventually, the
accumulation of such phenomena can be found in
different genotypes (Sharma et al, 2009). These
damages in DNA cause genomic instability. Binding
of metals to DNA generally leads to breakage of
hydrogen bonds that provide base pairing and
deterioration of the double chain structure, but such
changes in the conformation of nucleic acids may
also vary depending on the type of metal ions bound.
This toxicity, which occurs as a result of the
interaction of DNA molecules and toxic agents and
is carried to future generations, is known as
genotoxicity (Bal et al, 2011). Some genotoxic
effects occur in the plant and these changes can be
detected by ISSR (Inter Simple Sequence Repeats)
and RAPD (Random Amplified Polymorphic DNA)
molecular markers. While RAPD primers are

capable of capturing CG groups that are methylated
in genomic DNA, ISSR replicates in the genome and
the binding points of the primers have different
characteristics (Reddy et al., 2002).

Heavy metals that cause genotoxicity can also be
linked directly to DNA, producing free radicals or
reducing the antioxidant activity that removes free
radicals. Heavy metals also cause epigenetic
changes such as DNA methylation (Cansaran et al.,
2011). One of the important techniques used to
detect DNA methylation is CRED-RA (Coupled
Restriction Enzyme Digestion-Random
Amplification). This technique can be useful in
studies of variation between sequences and species.
Boron (B), a mineral, is important in plant growth
and development. Most studies on B show that it is
one of the basic micro molecules for plants and the
negative effects of deficiency or excess are species-
specific (Kekec et al, 2010). In B deficiency,
morphological disorders occur in the root, stem and
leaf tips of plant growth regions, and this is related
to the synthesis and structural functions of B in the
cell wall (Brown et al, 2002). In B deficiency,
problems are also observed in the formation of male
organs in wheat and it was recorded that there was a
parallel decrease in grain yield (Rerkasem and
Jamjod, 1997). Studies have been carried out on the
morphological, physiological and biochemical
effects of V exposure on plants. However, no
studies have been found on the detection of
epigenetic changes at the molecular level.

The aim of this study was to determine;

o the level at which vanadium induces changes in
DNA methylation and DNA damage in the
wheat genome

e whether boric acid applications contribute
positively to epigenetic change.

MATERIALS and METHODS

Plant material and abiotic stress treatment

The wheat variety “Cetinel 2000” seeds used for
germination in the laboratory environment were
provided from Atatiirk University Faculty of
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Agriculture, Department of Field Crops. The
ammonium metavanate (204846 Sigma-Aldrich)
form of vanadium and the boric acid (B6768
Sigma-Aldrich) form of boron were used.
Vanadium has six oxidation states and since this
form is most commonly used, this form is
preferred as a heavy metal application (Crans et
al., 1998). Boron mineral is among the
micronutrient elements required for agricultural
products (Turkez et al., 2012). So it was used as a
ameliorating agent. The seeds were kept in 5%
sodium hypochlorite (NaOCI) for 10 minutes and
surface sterilization was performed. Then, after
washing and drying at least 5 times with distilled
water, seeds were planted on sterile petri dishes
(12 cm diameter), containing two layers of sterile
Whatman filter paper (average 25 seeds and 4
replicates). Only pure water was used for control.
Wheat seedlings were treated with one of three
solutions of V (44 mM, 6.6 mM and 8.8 mM)
(Nawaz et al., 2018) and two BA solutions (4 mM,
8 mM) (Catav et al., 2018). Petri dishes were kept
at 25 ° C in the dark for 14 days to germinate.
Plant samples were taken from the treated petri
dishes and the control group and stored at -80 C
until DNA isolation.

DNA isolation

First leaf samples were collected and crushed with
liquid nitrogen. Total DNA isolation method used
by Li and Quiros (2001) was expanded and
modified. The concentrations and purity of the
DNA samples were measured with the NanoDrop-
1000 spectrophotometer (OD 260/280) and then
controlled by 1.2% agarose gel electrophoresis.

ISSR PCR

ISSR reaction was made according to the method
of Li et al. (2007). Twelve random ISSR primers
were tested (Cui et al., 2017). Eight of the ISSR
primers giving polymorphic amplicons were used
(Bakir and Agar, 2020). The ISSR-PCR reactions
were carried out in a 20 pL volume, each reaction
tube contained 50 ng gDNA, 1X PCR buffer
(10X), 1.5 mM MgCl, 300 uM dNTP, 1 U Taq
DNA polymerase and 25 pmol primer. ISSR-PCR
conditions were as follows: 94 ° C for 4 minutes,
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35 cycles, respectively, at 94 ° C for 40 seconds, at
the annealing temperature of each primer for 40
seconds, at 72 © C for 2 minutes. Finally, the
process was completed by holding at 72 ° C for 6
minutes. Samples extracted from the PCR
instrument were stored at 4 ° C. PCR products
were separated on 1.5 % agarose gel at 70 V for
150 min, and visualized under UV light.

ISSR analysis

ISSR results were evaluated by comparing with
control using TotalLab TL120 program (Arslan,
2020). Polymorphism (%) was calculated for each
primer using the formula (100 * a / n). "a"
indicates the determined ISSR polymorphic bands
for each application example. "n" indicates the
total number of DNA bands obtained in the
negative control group with the relevant primer.
The polymorphism observed in the ISSR profiles
of the sample groups was calculated according to
the emergence of a new band or the disappearance
of an existing band compared to the negative
control group (Wu et al., 2016).

CRED-RA

CRED-RA analysis to determine DNA methylation
was performed according to Leljak-Levanic et al.
(2004). Genome methylation was analyzed using
the Mspl (Promega) and Hpall (Promega)
restriction enzymes. Both enzymes recognize the
CCGG sequence, however, Hpa Il is only active
when cytosines are not methylated. Whereas, Msp
1 cannot bind to DNA when the outer cytosine is
methylated. First, the DNA was replicated by PCR
with the ISSR method. Then, the DNA was cut
with restriction enzymes and evaluations were
made by replicating the PCR. For this process,
16,3 ul sterile water, 1ul DNA (Ipg/ul), 0,2 wl
BSA (10pg/ul), 2ul RE 10X Buffer, 0.5ul
restriction enzyme were added to a 0.5ml tube with
a final volume of 20 ul. For enzyme digestion, the
tubes were incubated for 4 hours in a 37°C oven.
Enzyme was deactivated in an oven at 65°C for 15
minutes. In order to visualize the products
obtained, 4 pl sample was mixed with Ipl 6X
loading buffer, and electrophoresed in 1% agarose
gel at 70V. Gels were examined with a gel imaging
system.
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CRED-RA analysis

Evaluation of PCR products was expressed as
presence and absence of bands for each primer in
each individual. According to the bands formed, it
was determined whether or not the primers
hybridized to the sample template DNA. TotalLab
TL120 was used to evaluate these bands (Arslan,
2020). By determining the bands formed and
disappearing in all CRED-RA gel images, the
polymorphism value (%) was calculated from the
formula 100x a / n.

RESULTS

In the genotoxicity part of the study, the genotoxic
effects on the extracted genomic DNAs were
investigated. ISSR technique, which is a molecular
marker technique, was used while detecting the
changes in DNA. Genotoxic changes in
polymorphic bands obtained from 8 of 12 ISSR
primer trials were evaluated. A decrease in the
GTS (Genomic Template Stability) rate and an
increase in the polymorphism rate were detected in
V application depending on the dose. The
molecular weight of the bands changing in the
ISSR profiles is given in Table 1. GTS rates were
determined as 79% at the 4.4 mM V dose, 74.2%
at the 6.6 mM V dose and 72.9% at the 8.8 mM V
dose. While the GTS rates in BA alone were
85.1% at a dose of 4 mM, it was determined as

i

Figure 1. Amplification products of ISSR-895 primer®.
Sekil 1. ISSR-895 primerinin amplifikasyon iiriinleri®.

86.3% at a dose of 8 mM (Table 1). When the
effect of BA applied with vanadium on the GTS
rate was examined, it was determined that BA
caused a positive increase in the GTS rates
depending on dose.

CRED-RA analysis results were given in Table 2.
Eight oligonucleotide primers which gave specific
and stable results in ISSR analysis were used for
CRED-RA analysis. Compared with the PCR
products obtained from the control DNA, BA
and/or V treatments resulted in apparent changes in
CRED-RA patterns (Figure 1 and 2). In addition,
the total number of polymorphic bands are given in
Table 3. DNA methylation occurred at all doses of
the combined treatments. Methylation values were
19.9% and 11% for the 4 and 8 mM BA
applications, respectively. The percentage of
polymorphism occurring at V doses were
determined as 40.1%, 42.7% and 44.2%,
respectively. These rates show that increasing V
stress increases the methylation rate. When the
effect of V and BA were considered together, the
percentage of polymorphism decreased. Regarding
the combined applications with the highest dose of
BA and highest dose of V (8.8 mM V+8 mM BA),
the methylation value was the lowest (15.3%).
However, the methylation value was the highest
(22.4 %) with the lowest dose of BA and lowest
dose of V (4.4 mM V+4 mM BA).

$1: Control 2: 44 mM V, 3: 6,6 mM V, 4: 8 8 mM V, 5: 4 mM BA, 6: 8 mM BA, 7: 4,4 mM V +4 mM BA, 8: 4,4 mM V +8 mM BA, 9: 6,6 mM
V +4 mM BA, 10: 6,6 mM V +8 mM BA, 11: 8,8 mM V +4 mM BA, 12: 8,8 mM V +8 mM BA.
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Table 1. Molecular weights (bp) of bands changing in ISSR band profiles compared to control group in vanadium and boric acid
(+: existing /-: lost) applications.

Cizelge 1. Vanadyum ve borik asit uygulamalarinda kontrol grubuna gére ISSR bant profillerinde bantlarin degisen molekiiler
agirliklari (bp) (+: varolan/-: kaybolan).

Number of Molecular weights of bands / Bantlarin molekiiler agirliklar
control Existing/ 44 44 6.6 6.6 8.8 8.8
Primers bands/ lost mM mM mM mM mM mM
Primerler Kontrol Varolan/ ?\fV ?\;IGV ?\;ISV 4];n /iVI SBI‘IXVI V+ V+ V+ V+ V+ V+
bantlarinin kaybolan m m m 4mM 8mM 4mM 8mM 4mM 8mM
say1s1 BA BA BA BA BA BA
1124, 1176, 1325,
+ ggg’ 750, 1123 1123 1154 121 928, 1165, 1072 1067
171
ISSR-900 18 232, 535,
180, 150, 91,
- 24 118, L
74 280
. 1482 1482 1482 1501416’ 554 1482 1482 1482
169
ISSR- 1
SSR-895 ? 94, 934, 538, 931, 231, 570, 761, 828, 395,
231, 931, 828, 397,
- 172 794, 172, 794 794, 544 172, 538, 231, 172
74 174 74 172 172 74 172 172 74
1855, 2151,
+ 925, 648, 1877,
515, 394 953,
263
ISSR-876 2 1622, 1717, 1717, 1483, 1360, 1483,

1573, 1622, 1360, 1483, 1717, 1483, 338, 1139, 807, 1240, 1247,
807 1247 1139, 1360, 1483 807, 302 860, 435 807, 1139,

1040 1247 302 649 302 302
. 1675 1675 | cos 1492 1265 | 00 1403
SRS ’ gog 1926, 1603206’ 1478 1000, 1000, 1000
. 500 ’ 650 674
350
1406, 1340,
ISSR-808 + 10241046 10121610 jo1p  g3sp 1015 13620 1406 00T gog)
10
653, 788,
- 600 503 544 424 g 1200 0 505
409, 512, 512,
+ 1215 1215 436 317, 340, 42, 215, M2 g
175
ISSR-811 10 1083, 1905863’ 137, 1387, 1215, ses o3, 1215 1387,
- 822, O gys’ 1083, 775 1083, oov oo 1083, 1083,
704 ’ 822 821 956 956
708
+ 644 si9 Ol 870
ISSR-873 9
595, 426,
- 426 1022 o 182 595 543 554 265
990,
+ 990, 990, 619, 982,
443 344
ISSR-880 8 1341,
678, 1341, 1341,
- 505, 625 1341 1341 1341 S0 1341 g
344
GTS% 100 79 742 729 851 863 804 8.9 762 797 743 799
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Figure 2. Amplification products of ISSR-895 primer after digestion with CRED-RA enzymes®.

Sekil 2. ISSR-895 primerinin CRED-RA enzimleri ile kesildikten sonra olugan amplifikasyon iriinleri®.
§ M: Marker, KH: Control sample cut with the Hpall enzyme, KM: the control sample cut with the Mspl enzyme, 1: 4,4 mM V (H), 2: 4,4 mM V
M), 3: 6,6 mM V (H) , 4: 6,6 mM V (M), 5: 8,8 mM V (H), 6: 8,8 mM V (M) , 7: 4 mM BA (H), 8: 4 mM BA (M), 9: 8 mM BA (H), 10: 8 mM
BA (M), 11: 4,4 mM V +4 mM BA (H), 12: 4,4 mM V +4 mM BA (M), 13: 4,4 mM V +8 mM BA (H), 14: 4,4 mM V +8 mM BA (M), 15: 6,6
mM V +4 mM BA (H), 16: 6,6 mM V +4 mM BA (M), 17: 6,6 mM V +8 mM BA (H), 18: 6,6 mM V +8 mM BA (M), 19: 8,8 mM V +4 mM
BA (H), 20: 8,8 mM V +4 mM BA (M), 21: 8,8 mM V +8 mM BA (H) 22: 8,8 mM V +8 mM BA (M)

Table 2. % Polymorphism according to CRED-RA results.
Cizelge 2. CRED-RA sonuglarma gore % polimorfizm.

17/ 1819 20 |21 22

Boric 0mMV 44mMV 6.6 mM V 8.8 mM V
Primers/ Primerler acid/Borik
asit (mM) HY Mt H M H M H M
0 - - 21 27.7 15.7 333 0 44.4
ISSR-900 4mM 21 11.1 5.2 11.1 15.7 16.6 26.3 11.1
8 mM 15.7 11.1 15.7 16.6 26.3 16.6 473 16.6
0 - - 333 42.1 20 31.5 20 36.8
ISSR-895 4mM 46.6 15.7 13.3 21 6.6 26.3 133 21
8 mM 333 10.5 13.3 15.7 13.3 15.7 20 21.0
0 - - 29.4 23.8 5.88 28.5 35.2 42.8
ISSR-876 4mM 64.7 28.5 11.7 38 41.1 333 17.6 19
8 mM 47 14.2 0 19.0 235 19 11.7 19
ISSR.868 0 - - 18.1 333 27.2 44.4 9.0 55.5
4 mM 54.5 222 18.1 222 18.1 11.1 545 222
8 mM 63.6 11.1 18.1 0 36.3 11.1 545 0
0 - - 80 50 40 60 20 40
ISSR-808 4mM 60 10 80 20 140 20 120 20
8 mM 80 10 140 20 120 20 140 20
0 - - 66.6 50 0 50 50 40
ISSR-811 4mM 83.3 50 16.6 20 0 40 333 10
8 mM 66.6 20 0 30 333 50 66.6 10
0 - - 18.1 44.4 9 44.4 9.0 444
ISSR-873 4mM 36.3 222 9 222 18.1 9 0 222
8 mM 545 11.1 9 11.1 18.1 0 0 11.1
0 - - 0 50 20 50 40 50
ISSR-880 4mM 0 0 20 25 80 0 20 12.5
8 mM 0 0 20 25 80 0 60 25
0 - - 333 40.1 17.2 42.7 22.9 442
%Polymorphism/ 4 mM 45.8 19.9 21.7 22.4 39.9 19.5 35.6 17.2
%oPolimorfizm 8 mM 46.7 11 27 17.1 43.8 16.5 50 153

YH: Hpall, M: Mspl
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DISCUSSION

The effect of different doses of vanadium heavy
metal on DNA damage in the seeds of the wheat
"Cetinel 2000" variety was investigated by the
ISSR method and their effect on DNA methylation
was analyzed with the CRED-RA technique. In
ISSR analyses, polymorphism was observed in
parallel with the increase in vanadium dose
compared to the control group. Polymorphism was
detected in the appearance of new bands,
disappearance of bands or decreases/increases in
band density. Studies based on ISSR-PCR are
important to examine genomic DNA variation.
DNA damage and mutagenic effects can be
evaluated with the ISSR technique (Sorrentino et
al., 2017). It has been determined that the
polymorphism caused by heavy metals in ISSR
profiles caused a decrease in the GTS rates
depending on the dose increase. The GTS
percentages showed that V caused DNA damage.
Vanadate inhibits the activity of protein-tyrosine
phosphatases, causing genotoxicity. Since these
enzymes gather meiotic spindle threads together at
the control point during meiosis, inhibition of
protein-tyrosine phosphatases leads to genotoxicity
(Stankiewicz et al., 1995). In addition, vanadium
inhibits DNA and RNA synthesis through
vanadium accumulation in nucleic acid regions by
disrupting cellular metabolism (Evangelou, 2002).
Turkez et al. (2012) found that boric acid
effectively reduced the genotoxicity of cadmium,
lead, arsenic and mercury, which act as clastogens
and aneugenes. Clastogenicity and oxidative stress
of DNA cause strand breaks. This last function can
explain the protective effects of boric acid on
metal-induced genotoxicity. Our research parallels
these studies. According to ISSR results, as V
concentration increased, changes in ISSR bands
and increases in genomic instability indicated that
V was genotoxic. Additionally, in our study, it was
determined that as the ratio of three different doses
of vanadium and boric acid increased, the
preservation of genomic stability increased and
polymorphism decreased. This has shown that
boric acid has a healing effect against stress. The
CRED-RA technique is a powerful technique used
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to examine the methylation status in the genome.
In various studies with different plant species, the
CRED-RA technique has been used to explain
methylation situations (Cai et al, 1996). There is
no study on the effect of vanadium on DNA
methylation in plants. However, there are studies
on the effects of other heavy metals and abiotic
stress factors on DNA methylation. The effects of
lead on DNA methylation in paddy and wheat
plants were studied and hypermethylation was
observed (Ge et al., 2002). Parallel to this, nickel
also caused hypermethylation depending on the
dose increase (Ellen et al, 2009). Yang et al.
(2016) stated that DNA methylation increased in
boron deficiency in Coccinia grandis roots.
Taspinar et al. (2018) found that aluminum caused
DNA hypermethylation in Zea mays seedlings by
CRED-RA technique. In this report, we present our
results showing that V exposure can trigger
methylation in 7. aestivum. According to the
results of CRED-RA we obtained in our study, it
was observed that vanadium application alone
caused a change in DNA methylation in proportion
to increasing doses, and boric acid application
eliminated this effect of vanadium.

CONCLUSION

DNA methylation polymorphisms in response to V
were assessed using a straightforward technique,
CRED-RA, in an agronomically invaluable plant
species. In conclusion, it was observed that V had
genotoxic effects in this study, and it was once
again proven that the ISSR technique can be used
as a test in genetic toxicology. The protective
effect of boric acid on metal-induced genotoxicity
is thought to be related to the antioxidant defense
mechanism by reducing genotoxicity (Bakir and
Agar, 2020). Boric acid applied to the plant under
stress conditions may have a healing effect by
inhibiting DNA methylation. Although the
protective role of boric acid is thought to be
effective, other  mechanisms should be
investigated. There is a need to investigate whether
BA plays a role in DNA methylation. In addition,
other epigenetic mechanisms beside DNA
methylation should be studied.
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OZ: Arpada yaprak yamkhgt etmeni olan Rhynchosporium commune (Zaffarano, Mc Donalds&Linde), bitkide
gelismeyi olumsuz etkilemekte ve verimi dnemli dlgiide diisiirmektedir. Etmen, Tiirkiye'de arpanin en dnemli hastalik
etmenlerinden birisidir ve gelismesine uygun kosullarda iiriin kayb1 %10-40 olabilmektedir. Bu ¢alisma kapsaminda, Tiirkiye de
yetistirilen bazi arpa ¢esitleri (63 adet) ve Eskisehir Gegit Kusagi Tarimsal Arastirma Enstitiisii ‘ne ait ileri kademe arpa hatlar
(46 adet) 3 tekerriirlii olarak tesadiif bloklar:t deneme deseninde Eskigehir’'de 2017-2018 ve 2018-2019 sezonlarinda test
edilmistir. Testlerde R. commune’nin 5 viriilent izolati karigim halinde tarla kosullarinda bitkilere kardeslenme donemi sonu-
sapa kalkma baslangicinda (Zadoks 30-39) bir hafta igerisinde ii¢ kere uygulanmistir. Bu ¢alisma sonucunda bazi arpa ¢esit ve
ileri kademe arpa hatlarimin R. commune ’ye karst gosterdigi dayanikiilik reaksiyonlart 1-9 skalasina gére belirlenmistir. Aliman
sonuglara gore cesitlerden %2’si ¢ok dayanikli, %8’i dayanikl, %33’ii hassas ve %137l ¢ok hassas bulunmustur. Verim
kademesindeki hatlardan ise %12 ’si dayanikli, %55°i orta dayanikli, %33’ hassas olarak belirlenmis ¢ok dayanikli ve ¢ok
hassas diizeyde materyal tespit edilmemistir. Reaksiyon ¢alismalart sonucunda hastaliga karsi dayanikli bulunan arpa ¢esit ve
hatlari gelecekte 1slah ¢aligmalarinda dayamiklihk kaynagr olarak kullanmilabilir ve dayamikli gesitler hastaligin sorun oldugu
yorelerde ekilebilir. Dayanikli ve/veya yiiksek derecede toleransli bulunan materyaller kontrollii kosullarda test edilerek ve
molekiiler ¢calismalarla da desteklenerek 1slahta giivenilir bir sekilde kullanmlabilirler.

Anahtar Kelimeler: Rhynchosporium commune (Zaffarano, Mc Donalds&Linde), arpa yaprak yamiklhigi, arpa, Hordeum
vulgare L., cesit, hat, patotip, reaksiyon, inokulasyon, duyarl, dayanikii.
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Determination of the Reactions of some Barley Genotypes to Scald
[Rhynchosporium commune (Zaffarano, McDonald & Linde)]
under Field Conditions with Artificial Inoculation

ABSTRACT: Rhynchosporium commune, leaf blight agent of barley, negatively affects plant growth and significantly
reduces yield. The causal agent is one of the most important disease agent of barley in Turkey and yield loss under favourable
conditions can be 10-40%. In this study, 63 barley varieties grown in Turkey and 46 advanced barley lines of Transitional Zone
Agricultural Research Instititute’s materials were tested according to randomized complete block design with 3 replicates in
growing seasons of 2017-2018 and 2018-2019 in Eskigehir Province. In the tests, 5 virulent isolates of R. commune were mixed
and sprayed on plants from tillering to booting stage (Zadoks 30-39) at three times under the field conditions. As a result of these
studies, resistance of some barley varieties and advanced lines against the disease was determined according to 1-9 scale.
According to the results, 2, 8, 33 and 13% of the varieties were found to be very resistant, resistant, susceptible and very
susceptible, respectively. Among the advanced lines, 12, 55 and 33 % were resistant, moderately resistant, and susceptible
respectively, but neither very resistant nor very susceptible reaction was detected among the materials tested. As a result of the
reaction studies, varieties and lines of barley that are resistant to the disease can be used as a source of resistance in future
breeding studies and those varieties can be planted in areas where the disease is a problem. Resistant and/or highly tolerant
materials can be reliably used in breeding by being tested under controlled conditions and supported by molecular studies.

Keywords: Rhynchosporium commune (Zaffarano, Mc Donalds&Linde), scald, barley, Hordeum vulgare L., variety, advanced
line, pathotype, reaction, inoculation, susceptible, resistant.

GIRIS alanlarimin sinirlt olmasi ve hizli niifus artis1 ve
) . gesitli  afetler nedeniyle gida maddelerinin
Diinyada yaygin olarak tarimi yapilan tahil tiirleri  gneminin artmasy, tarimsal verimliligin siirekliliginin

arasinda dérdiincii sirada yer alan arpa (Hordeum  ga51anmasim zorunlu kilmaktadir (Birisik, 2020).
vulgare L.), iilkemizde ekmeklik bugday (7riticum

aestivum L.)’dan sonra en ¢ok yetistiriciligi
yapilan tahil tiiriidiir. Tiirkiye’de tarim alanlarinin -
%66’sini tarla bitkileri olusturmaktadir. Ulkemizde ~tane veriminde kayiplara neden olmaktadir (Gaunt
arpa 2019 yilinda 28.690.715 dekarlik ekilis alan1 v Wright, 1992; Blum, 2018). R.commune’nin
ve 7.600.000 ton iiretimi ile bugdaydan sonra ikinci neden oldugu Arpa yaprak yamkhgi hastalig,
sirada yer alan 6nemli bir tahil tiriidiir (Anonim, ~Dunya’mn gesitli serin, nemli ve yart nemli
2020a). Bugdaya gore daha erkenci olmasi bé’)lgel?rmde oldugu gibi, Tﬁrklye’q§ de arpanin en
nedeniyle, diisiik ve diizensiz yags alan yerler igin 6neml} yaprak' hastaliklarindan birisidir. Hastalik
uygun bir bitkidir. Ayni zamanda bugdaya gére etment, gejnelhkle kardes. say1si ve tane agirhigimin
tuzluluga ve alkalilige ve soguk sartlara oldukca azalm._e151' ile urlinde eksilislere nec_len olmaktadir
dayanikhdir. Tiirkiye’de arpa iiretiminin yiizde (Zencirci ve Hayes, 1990). Verimde olusacak
90’1 hayvan yemi olarak, kalani ise bira sanayinde kayiplar, hastaligin basladigi déneme bagli olarak
ve gida endistrisinde kullanilmaktadir. Gida ilkemizde %30-40’a kadar yiikselebilmektedir
endiistrisinde kullanilan oran ¢ok diisiik olup, bira (Kavak, 1998; 'Aktas, 2001). Genel olarak hastalik
sanayinde kullamlan oran her gecen yil etmeni nedeniyle diinyada %10—70ilere varan
artmaktadir. (Basgiil ve Engin, 1995; Anonim, oranlarda Uriin kaybi1 bildirilmektedir (Mathre,

2006) Turklye 2018 y111nda 655.988 ton 2019 1982) Enfeksiyon zaman ve Ozellikle st yapraklarm
bulastigi kosullar iiriin kayiplarii artirmaktadir

Hastalik, zararli veya kuraklik gibi canli ya da
cansiz stres etkenleri ile fotosentez alaninin azalmasi,

yilinda ise 562.777 ton arpa ithalati yapmistir. L
Ayrica, 2018 yilinda 15.610 ton ve 2019 yilinda ise ~ (DOken, 1979). Ingiltere’de sahada, % 1-10'luk
41.188 ton ihracat gergeklestirmistir (Anonymous, kayiplarin daha yaygin oldugu behrtllrnekle'blr'hk.te
2020). Gériilecegi iizere arpa firetimimiz yeterli /0 40@ varan verim kayiplari rapor  edilmistir.
degildir. Arpa iiretiminde ve kalitesinde saglanacak ~ Y@lnizea Birlesik Krallik'ta, kimyasal fungisitler
artis ile yem ve malt sanayinin ihtiyact karstlanms kullanimina ragmen tahmini olarak 10,8 milyon £

olacaktir. Diinyada oldugu gibi iilkemizde de tarrm (225 #£/ton fiyat varsayildiginda) ulusal verim
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kayiplarina  neden belirtilmektedir

(Anonymous, 2021).

oldugu

Kiiltlirii yapilan arpa ve diger Hordeum spp. ve
Bromus diandrus’u enfekte edebilen
Rhynchosporium izolatlar1 R. commune, ¢avdar ve
tritikale’yi enfekte edebilen izolatlar
Rhynchosporium secalis ve ayrik (Agropyron spp.)
tirlerini  enfekte  edebilen  izolatlar  ise
Rhynchosporium agropyri olarak adlandirilmigtir
(Avrova ve Knogge, 2012).

Bugdaygillerde hastaliklara neden olan bes
Rhynchosporium tiri (R. commune, R. secalis, R.
agropyri,  Rhynchosporium  orthosporum  ve
Rhynchosporium lolii) saptanmistir. R. commune;
Hordeum murinum ssp. glaucum, Hordeum
vulgare ssp. spontaneum, Lolium multiflorum ve
Avena sativa’da saptanmistir (Zaffarano ve ark.,
2011; Seifollahi ve ark., 2020). Arpa yaprak
yaniklig1 hastaligi Tirkiye’de ilk kez Bremer ve
arkadaslarinca tespit edilmis ve yaygin oldugu
belirtilmistir (Gobelez, 1964).

Damgact (1981), 1980 yilinda Orta Anadolu
bolgesinde yaptigi siirveylerde yaprak yanikligi (R.
commune) hastaligiyla bulasiklik oran1  ve
siddetinin sapa kalkma doneminde % 64,5 ve %
5,6; siit olum doneminde % 49,7 ve % 1,89
oldugunu, ancak hastalik siddetinin bazi tarlalarda
ayn1 devrelerde sirasiyla % 17,7 ve % 12,5’e kadar
cikabildigini bildirmistir. Aktag (1984), tarafindan
yiriitiilen bir ¢alisma sonucu hastaligin tilkemizde
yaygin olarak goriildiigii, Orta Anadolu Bolgesinde
ise baz1 yillarda biiyiikk kayiplara sebep oldugu,
hastalik siddetinin % 1-31 oraninda degistigi
bildirilmistir. Mamluk ve ark. (1997) tarafindan
Orta Anadolu’da gergeklestirilen siirveyler sonucunda
1993 yilinda incelenen iiretim alanlarinin yaridan
fazlasinda hastaligin goriildiigii ve bu alanlarin %
20’sinde irinin  hastalikla bulagik  oldugu
belirlenmistir. Kavak ve Katircioglu (1998)
tarafindan yapilan bir c¢alismada ise hastalik
nedeniyle %30,5 verim kaybinin olabilecegi, Aktas
(2001) tarafindan hastalik nedeniyle kayiplarin
%20’ye kadar ¢ikabilecegi, bildirilmistir.

Ulkemizde son yillarda yapilan calismalarda
Rhynchosporium secalis’in yaygmhigi Eskisehir
ilinde % 22.07 (Celik ve Karakaya, 2015), Ege
sahil kusaginda %35 (Hekimhan ve ark., 2016a),
Aksaray ilinde %16,16 (Egilmez ve Boyraz, 2019)
olarak tespit edilmistir. Ayrica Kuzey Kibris Tiirk
Cumbhuriyeti’'nde de hastaligin yaygin oldugu
bildirilmistir (Hekimhan ve ark., 2016b). Sivrikaya
ve ark. (2020) ise Bingdl ilinde inceledikleri 5
tarladan 3’{inlin hastalikla bulagik oldugunu ve
hastalik siddetinin % 3-9 arasinda degistigini
bildirmislerdir.

Diinyada ve iilkemizde son zamanlarda yagis
rejimindeki diizensizlikler dikkat ¢ekmektedir.
Yagis rejimindeki bu sapmalar, tarimsal iiretimi
olumsuz yonde etkilemektedir. Yagislarin baharin
son aylarina dogru kayma gostermesi, arpadaki
yaprak leke hastaliklarinin etkisini ve yogunlugunu
artirmig, hatta bazi tarlalarda oldukca yogun
oranda hastalik etmeni belirlenmistir. Ozellikle son
yillarda, arpa ekiminin yogun oldugu yorelerde
hastalik daha fazla ve daha siddetli olarak
goriilmektedir (Mamluk ve ark., 1997; Yildirim ve
ark., 2000; Karakaya ve ark., 2014; Celik ve
Karakaya, 2015; Hekimhan ve ark.,, 2016a;
Hekimhan ve ark., 2016b; Araz ve Hekimhan,
2017; Oztiirk ve ark., 2017). Tiirkiye’de yapilan
calismalarda hastaligin i¢ Anadolu Bolgesinde
Ankara, Eskisehir, Konya ve Corum illerinde 9
patotipi (Araz ve Hekimhan, 2017); Orta Anadolu
Bolgesinde 18, Giiney Dogu Anadolu Bolgesinde
14, Ege Bolgesinde 6 ve Karadeniz Bolgesinde 1
patotipi ve Tiirkiye genelinde 30 patotipi
belirlenmistir (Azamparsa, 2015; Azamparsa ve
Karakaya, 2020).

Diinyada 1983 yilindan bu yana R. commune’ye
karst hemen hemen tiim ilkelerde fungisit
kullanimi artmustir (Sutton ve Steele, 1983; Polley
ve King, 1993). Hastaliklarla miicadelede kullanilan
kimyasallar ~ iiretim maliyetlerini  arttirmakla
birlikte ¢evreye ve sagliga olan olumsuz etkileri de
bulunmaktadir. Kimyasal uygulamalar sonucunda
ortaya ¢ikan kalintilar biyolojik ortami etkilemekte
ve ekosisteme zarar vermektedir. Hastaliklarla
miicadelenin en ekonomik ve en uygun yolu
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dayanikli ¢esitler gelistirilerek, bunlarin tretilmesi
ve ¢ift¢inin kullanimina sunulmasidir (Birigik ve
ark., 2015). I¢ Anadolu Bélgesi’nde yapilan bir
calismada R. commune’nin miicadelesinde Rh4/10+?
dayaniklilik geni iceren cesitlerin ekilmesi ve ayni
zamanda hastaliga dayaniklilik amaciyla yapilacak
caligmalarda kullanilmasi Onerilmistir (Araz ve
Hekimhan, 2017). Hastalik etmenlerine karst
dayaniklilik 1slahi ¢aligmalar1 devamli olarak
stirdiiriilmeli ve hastalik etmenlerinin fizyolojik
degisimi  yakindan izlenmelidir (Aktas ve
Katircioglu, 2008).

Hastaligin viriilent patotiplerine karsi yeni tescil
ettirilmis ve ileri kademe arpa 1slah materyallerinin
reaksiyonlarinin belirlenmesi bu calismanin ana
amacini olusturmaktadir. Bu ¢alisma ile fungusun
viriilent patotip karigimlan ile Tiirkiye’de kamu,
0zel sektor ve gesitli liniversiteler tarafindan tescil
ettirilmis bazi arpa gesitleri ve ileri kademe arpa
hatlarina tarla kosullarinda suni inokulasyonlar
yapilarak bunlarin hastaliga karsit dayaniklilik
durumlarinin belirlenmesi amacglanmaktadir. Bu
calisma ile saptanacak dayaniklilik kaynaklar1 1slah
caligmalarinda dayanikli cesitlerin gelistirilmesi
acisindan biiylik 6nem tagimaktadir.

MATERYAL ve METOT
Materyal

Caligmanin ana materyalini, iilkemizde tescilli 63
adet arpa cesidi ve 2017-2018 sezonunda 23 adet
ileri kademe arpa hatt1 ve 2018-2019 sezonunda da
ilk yildan farkli 23 adet ileri kademe arpa hatti
kullanilarak yiiriitiilmiistiir (Cizelge 1,2,3). Her iki
yilda farkli hatlarm kullanilmasinin nedeni verim
denemelerinde yer alan hatlarin her yil degismesi
ve bu hatlarin hastaliga karsi durumlar1 hakkinda
on bilgi elde edinilmek istenmesidir. Inokulasyonlarda
kullanilan izolatlart yakin zamanda sonuglanan
“Orta Anadolu Bolgesinde arpa ekilis alanlarinda
arpa yaprak leke hastaligi “Rhynchosporium
secalis [Oudem (J.J. Davis)]”in patotiplerinin
belirlenmesi ve miicadele olanaklarmin arastirilmasi”
(Proje No: TAGEM-BS-12/12-05/02-15) projesi
kapsaminda Ankara, Eskisehir ve Konya illerinden
elde edilen 5 adet viriilent patotipten olugmustur.
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Denemede Kalayci-97, Biilbiil-89 ve Efes-3
cesitlerine hassas kontrol (Diisiinceli ve ark., 2008;
Azamparsa ve ark., 2015; Azamparsa, 2015) ve
Avci1-2002 gesidine (Azamparsa ve ark., 2015) ise
dayanikli kontrol olarak yer verilmistir.

Metot
Denemelerin planlanmasi

Calisma; 2017-2018 ve 2018-2019 sezonlarinda 63
adet arpa ¢esidi, 2017-2018 sezonunda 23 adet ileri
kademe arpa hatt1 ve 2018-2019 sezonunda da ilk
yildan farkli 23 adet ileri kademe arpa hatti
kullanilarak yiiriitiilmiistiir. Her genotip her blokta
1 m uzunlugundaki siralara sira aras1 45 cm aralik
birakilarak tarlaya ekilmistir. Denemeler 3 tekerriirlii
olarak Tesadiif Bloklar1 Deneme Deseninde her iki
yilda Ekim ayinin ilk haftasinda Eskisehir’de Gegit
Kusagi Tarimsal Arastirma Enstitiisii deneme
arazisinde kurulmustur. Deneme alani olarak her
iki yilda da aym arazi, yaris1 diger yil ekilmek
tizere bog birakilarak kullanilmigtir.

Inokulumunun hazirhig ve inokulasyon

Inokulasyon caligmalari igin -80 °C’de depolanan
fungusun onceki caligmalarda belirlenen 5 adet
viriilent patotipinin tek spor izolatlar1 ayri ayrn
PDA  (Patates Dekstroz Agar) ortaminda
geligtirilmigtir. Petrilere ¢izim yapilarak ekimi
yapilan kiiltiirler, 14-20 giin siire ile 17-20 °C’ de
karanlik ortamda inkiibe edilerek koloni olusumu
saglanmistir (Salamati ve Tronsmo, 1997; Arabi ve
ark., 2019). Gelisen R. commune kolonileri steril
su ve firga yardimiyla kazinmis, tiilbentten
siiziilerek konidi inokulumu hazirlanmigtir. Bes
adet virilent patotip i¢in ayr1 ayr1 inokulum
hazirlanmig, daha sonra hepsi karigtirilmstir.
Inokulum spor konsantrasyonu; ml’de 2x10°
spor/ml bulunacak sekilde ayarlanmigtir (Salamati
ve Magnus, 1997, Tronsmo, 1997). Bitkilere
kardeslenme  doénemi sonu sapa  kalkma
baslangicinda aksamiistii saatlerinde bir hafta
icerisinde {i¢ kere inokulasyon yapilmistir. Bir
dekara 50 litre inokulum kullanilarak, parsellerdeki
tiim bitkilere homojen bir sekilde pliskiirtiilmiistiir.
Uzeri ertesi giine kadar plastik ortiiyle kapatilan
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bloklarda yeterli hastalik olusumu ve yayilmasini ~ Eskisehir Merkez Ilgesi i¢in ayrica Meteoroloji
saglamak icin T{zeri agildiktan sonra aksam Bolge Midirligi’nden iklim verileri temin
saatlerinde 2 saat siireyle yagmurlama sulama edilmistir (Cizelge 2). Cesitlerin reaksiyon

(Salamati ve Magnus, 1997) yapilmustir. degerlendirmeleri iki sezonun ortalamasi iizerinden
degil almis oldugu en yiiksek skala degeri
Hastalik degerlendirmeleri iizerinden yapilmustur.

Hastalik etmeninin degerlendirilmesi tarlada siit
olumu déneminde, Zadoks skalasina gore 71-77. Istatistiksel analizler
donemler arasinda (Zadoks ve ark., 1974) Saari ve
Prescott (1975)’un Cizelge 1°de verilen skalasina
gore yapilmistir (Diisiinceli ve ark., 2008). Hastalik
degerlendirmelerinde skalaya gore siniflandirma
dikkate alinarak, gesitlerin hastalik etmenine karsi
gosterdigi reaksiyonlar skalada belirtilen dayaniklilik
diizeyine gore belirlenmigtir. Parsel siralar
incelenirken bir sira iizerinde hastalik belirtilerinin
gorilildiigli bitkiler sayilip toplam bitki sayisina
oranlanarak hastalik yogunlugu tespit edilmistir.

Caligmadan elde edilen veriler SAS yazilimi JMP
Pro 13.0.0 (64 bit) paket programi (Anonymous,
2016) kullanilarak analiz edilmistir. Tesadiif
Bloklart Deneme Desenine gore l¢ tekerriirlii
olarak tasarlanan ve varyans analizine tabi tutulan
verilerin ortalamalar1 arasindaki farkliliklar ve
gruplandirmalar P<0,05’de en kii¢iik 6nemli fark
(LSD) testine gore yapilmistir (Kalayci, 2005;
Acar ve Gizlenci, 2006). Grafikleri ¢izmek igin
Excel programi kullanilmustir.

Cizelge 1. Arpa gesit ve hatlarinin R. commune’ye karst gosterdigi reaksiyonlarin tespitinde kullanilan skala (Saari ve Prescott, 1975).
Table 1. Scale used to determine the reactions of barley cultivars and lines against R. commune (Saari and Prescott, 1975).

Skala Reaksiyon Enfeksiyon durumu

Scale Reaction Infection status

| Cok dayanikli, Iimmun (I)
Very resistant, Immune (I)
Dayanikli (R)

Hig hastalik belirtisi yok

2,3 Resistant (R) Az miktarda (bitki vejetatif aksaminin %1-20 kadarinda) hastalik belirtisi var
45 Orta dayanikli (MR) Vejetatif aksamin %20-50 kadari enfeksiyonla kapli, dayanikliligi kabul
i Moderate resistant (MR) edilebilir seviyede
6,7 Hassas (S) Vejetatif aksamin %50-75 kadar1 enfeksiyonlu durumda
’ Susceptible (S)
Cok hassas (VS) e 0175100 .
8,9 Very susceptible (VS) Vejetatif aksamin %75-100’{ enfeksiyonlu durumda

Cizelge 2. Eskisehir ili 2017-2018 ve 2018-2019 sezonu deneme bdlgesi aylik ortalama iklim verileri (Anonim, 2020b).
Table 2. Monthly climate average data of trial zone in Eskisehir province for 2017-2018 and 2018-2019 seasons (Anonim, 2020b).

Aylar Ne.m' (%) Sicaklik (°C) Yagls .(mm)
Months Humidity (%) Temperature (°C) Precipitation (mm)
2017-2018 2018-2019 2017-2018 2018-2019 2017-2018 2018-2019

Ekim (October) 68,30 69,80 11,90 14,00 34,10 25,30
Kasim (November) 80,30 75,00 6,70 8,40 12,90 10,20
Aralik (December) 82,40 82,60 4,50 2,70 36,20 41,10
Ocak (January) 83,00 80,70 2,20 1,70 32,00 40,30
Subat (February) 77,50 72,10 6,60 4,10 23,20 51,70
Mart (March) 67,10 58,60 10,10 7,30 46,20 11,60
Nisan (April) 53,10 62,30 15,40 10,20 7,90 38,60
May1s (May) 68,50 55,70 17,60 17,50 51,80 37,90
Haziran (June) 64,70 62,40 20,60 21,20 78,50 57,80
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BULGULAR ve TARTISMA

Tarla kosullarinda suni inokulasyon yd&ntemi
kullanilarak yiiriitiilen gesit reaksiyon ¢alismasinda
63 materyal iki yil siire ile test edilmistir. Elde
edilen sonuglar Cizelge 3’te verilmistir. Cesitlerin
hastaliga karsi goOstermis olduklar1 reaksiyonlar;
yillar arasinda ve yil*gesit faktorleri arasinda
istatistiki olarak %1 seviyesinde farkliliklar
gostermistir.  2017-2018 sezonunda ¢esitlerin
ortalama skala degerleri (4,78) 2018-2019 sezonu
skala degerinden (3,71) daha yiiksek olarak
gergeklesmistir. 2018-2019 sezonunda deneme
alaninda gelisen diger hastaliklarin [arpa yaprak
past (Puccina hordei) ve kiilleme (Blumeria
graminis)] yogun olarak gelismesi R.commune’nun
olusturdugu hastaligin biraz daha diisiik seviyede
gelismesine neden oldugu  diigiiniilmektedir.
Testlenen g¢esitlerin R.commune’ye gdosterdigi
reaksiyonlar Cizelge 3’te verilmis olup; Hilal (1)
¢ok dayanikli olarak belirlenmistir. Avci-2002 (2)
ve Sabribey (3) genotipleri ise dayanikli olarak
reaksiyon gostermislerdir. Orta derecede dayanikli
reaksiyon gosteren cesitler; Akar (5), Angora (5),
Artemis (5), Aydanhanim (4), Biirkiit (5), Cervoise
(5), Cetin-2000 (5), Erginel-90 (4), Kral-97 (4),
Olgun (5), Ramata (4), Seymen (5) ve Troya
(5)’dir. Akhisar-98 (9), Bilgi-91 (9), Epona (8),
Mart1 (8), Ozen (9), Samyeli (9), Sladoran (8) ve
Zeynelaga (8) cesitleri ise c¢ok hassas olarak
belirlenmis olup digerleri hassas (6-7) olarak
tespit edilmistir.

Bazi ileri kademe arpa hatlarina 2017-2018 yilinda
tarla kosullarinda yapilan suni inokulasyonlar
sonucu hatlarn  R.commune ye gosterdikleri
reaksiyonlarin skala degerleri arasinda istatistiki
olarak %1 seviyesinde farkliliklar tespit edilmistir.
Testlenen 23 genotipten TORRENT/CLERINE
(2), SONATA/4/ERG//364TH/TOK/3/ERG (3) ve
YUBILEY 100/ORZA-96 (3) melezleri dayanikli
reaksiyon gdostermistir. Geri kalanlardan 7 adedi
hassas ve 13 adedi de orta dayamkli reaksiyon
vermistir (Cizelge 4).

2018-2019 yilinda testlemeye alian ileri kademe
arpa hatlarinin suni inokulasyonlar1 sonucunda da
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bu genotiplerin yaprak lekesi hastaligina (R.
commune) kars1 gosterdikleri reaksiyonlarin skala
degerleri arasinda istatistiki olarak %1 seviyesinde
farklar tespit edilmistir. Cizelge 4 incelendiginde
testlenen 23 adet genotipin almis oldugu skala
degerleri sonuglarina gore; BURGAZ/K-304 (3),
ERGINEL90/5/4056/GZK//784/3/5548/4/WBELT-
14 (3), ST4512/ST5816 (2) ve WKN 5185/82//
CARLA (3) melezleri dayanikli reaksiyon
gostermistir. Geri kalan 19 genotipten 3 adedi
hassas, 10 adedi orta dayanikli, 5 adedi de ¢ok
hassas reaksiyon vermis REBELLE/ST5807 (1)
melezi ise ¢ok dayanikli reaksiyon gostermistir.
Yirtitillen ¢esit reaksiyon g¢alismasinda yer alan
sette 1 adet cok dayanikli, 2 adet dayanikli, 13 adet
orta dayanikli, 38 adet hassas ve 9 adet ¢ok hassas
genotip belirlenmistir. Testlenen ileri kademe arpa
hatlarindan 2017-2018 yilinda denenen sette ise 3
adet dayanikli, 13 adet orta dayanikli ve 7 adette
hassas genotip belirlenmistir. 2018-2019 yilinda
testlenen sette ise 1 adet ¢ok dayanikli, 4 adet
dayanikli, 10 adet orta dayanikli, 3 adet hassas ve 5
adette ¢ok hassas genotip belirlenmistir. Incelenen
mevcut ¢esitlerin cogunlugunun hassas reaksiyon
gosterdigi, denemeye alman verim kademesindeki
1slah  materyallerinin ise g¢ogunlugunun orta
dayaniklt seviyede dayanikli oldugu
gorlilmiistiir (Sekil 1). Bu da verim kademesine
gelen materyallerin F kademelerinde yapilan
seleksiyonunda R.commune agisindan basarili bir
secim yapildiginmi gostermektedir.

ve st

Biitiin testlenen ¢esit ve hatlar degerlendirildiginde
ise toplam olarak 2 adet ¢ok dayanikli, 9 adet
dayanikli, 36 adet orta dayanikli, 48 adet hassas ve
14 adet ¢ok hassas genotip belirlenmistir (Sekil 2).
Bunlarin yiizde dagilimlar: ise sirastyla %1,8 ¢ok
dayanikli, %8,3 dayanikli, %33 orta dayanikl,
%44 hassas ve %12,8 ¢ok hassastir (Sekil 3).

Denemenin kuruldugu 2018-2019 sezonunda nem,
sicaklik ve yagis daha diisiik olarak gerceklesmistir
(Cizelge 2). Sicakligin 6zellikle bahar aylarinda
disik  gitmesi R.commune’nin  gelisiminin
yavaglamasina sebep olurken kiilleme (B. graminis)



H. HEKIMHAN, O. BUYUK, F. UNAL, A. ARAZ, A. YOGANCILAR, M. E. OZKESKIN, A. TORUN, S. YUKSEL, E. CELIK, S. KAYMAK:
TARLA KOSULLARINDA SUNI INOKULASYON ILE BAZI ARPA GENOTIPLERININ Rhynchosporium commune
(ZAFFARANO, MC DONALDS&LINDE) ARPA YAPRAK YANIKLIGI HASTALIGINA KARSI REAKSIYONLARININ BELIRLENMES]

ve arpa yaprak pas1 (Puccinia hordei) hastaliklarinin
da artmasina neden olmustur.

Yiiriitillen c¢alismada 2017-2019 yillar1 arasinda
toplam 109 adet arpa genotipi R.commune ile tarla
kosullarinda test edilerek reaksiyonlar1 belirlenmistir.
63 materyal iki yil Ust iiste testlenmis diger iki set
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m Cegsit (Variety)

CHat 1 (Line 1) (2017-18)

ise her yil degisen verim kademesindeki hatlardan
olugmus ve birer yil testlenmistir (Sekil 1). Biitiin
testlenen materyaller degerlendirildiginde toplam
olarak 2 adet ¢ok dayanikli, 9 adet dayanikli, 36
adet orta dayanikli, 48 adet hassas ve 14 adet ¢cok
hassas genotip belirlenmistir (Sekil 2).

38

13 13

(=]
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Sekil 1. Testlenen gesit ve hat setlerinde genotip reaksiyonlarinin dagilimlar (adet) [(I) Cok dayanikli, (R) Dayanikli, (MR) Orta

Dayanikly, (S) Hassas, (VS) Cok Hassas)].

Figure 1. Distributions of genotype reactions determined in tested variety and line sets (number) [(I) Very resistant, (R)
Resistant, (MR) Moderate Resistant (S) Susceptible (VS) Very Susceptible].

Realkziyon (Reaction)

=V

BS

OMER.

mE

H]

20 40 60

(Adet/Number)

Sekil 2. Tiim genotiplerin verdikleri reaksiyonlara gére dagilimlar: ((I) Cok dayanikli, (R) Dayanikli, (MR) Orta Dayanikli, (S)

Hassas, (VS) Cok Hassas).

Figure 2. The distribution of the all genotypes according to the reactions ((I) Very resistant, (R) Resistant, (MR) Moderate

Resistant (S) Susceptible (VS) Very Susceptible).
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Realsivon (Reaction)

Sekil 3. Tim genotiplerin reaksiyonlarina gore oransal
dagilimlart (%) ((I) Cok dayanikli, (R) Dayanikli, (MR) Orta
dayanikli, (S) Hassas, (VS) Cok hassas).

Figure 3. The proportional distribution of the all genotypes
according to the reactions (%) (I) Very resistant, (R) Resistant,
(MR) Moderate resistant,  (S) Susceptible, (VS) Very
susceptible).

Bunlarin ylizde dagilimlart ise sirasiyla %2 cok
dayanikli, %8 dayanikli, %33 orta dayanikl, %44
hassas ve %13 ¢ok hassas’ tir (Sekil 3). Cok
dayanikli, dayanikli ve orta dayanikli materyallerin
yiizdesi %43 ve hassas ve ¢ok hassas materyallerin
toplami ise %57°dir. Albustan ve ark. (1999) 1216
hattan 33 tanesinin hem arpa c¢izgili yaprak lekesi
hem de arpa yaprak lekesi hastaliklarina kars1 ikili
dayaniklilik  6zelligi  tasidiklarini  belirlemisler,
Diisiinceli ve arkadaslar1 (2008) 683 arpa hattindan
tarla ve sera testlemelerine gore materyalin
%44’ini sera kosullarinda ve %39’unu da tarla
kosullarinda yaprak yaniklik hastaligina karsi
dayanikli bulmuslardir. Mert ve ark.(2009) ise 88
genotipten 9’unun (%10) kabul edilebilir seviyede
dayaniklilik gosterdigini ve yine Mert ve ark.
(2014) 200 materyalden 5 adedini dayanikli
oldugunu bulmuslardir. Bu veriler c¢alismamizin
sonuglari ile benzerlik gostermektedir.

Calisgmamizda Hilal ¢esidi (1) ve REBELLE/
ST5807 melezi (1) ¢ok dayanikli olarak
belirlenmistir. Sabribey (3) ve Avci-2002 (2)
gesitleri ile TORRENT/CLERINE (2), SONATA/4/
ERG//364TH/TOK/3/ERG (3), YUBILEY 100/
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ORZA-96 (3), BURGAZ/K-304 (3), ERGINEL90/)
5/4056/GZK//784/3/5548/4/WBELT-14 (3), ST4512/
ST5816 (2), WKN 5185/82//CARLA (3) melezleri
ise dayanikli olarak reaksiyon gostermislerdir. Bu
materyaller 1slahta dayaniklilik kaynagi olarak
kullanilabilirler ayrica hastaliin yogun olarak
goriildiigli ve problem olan alanlarda Hilal ¢esidi
yazlik kesimlere ve Sabribey ve Avci-2002
cesitleri ise kiglik kesimlere tavsiye edilebilir.

Ulkemizde yiiriitiilen diger calismalarda Mert ve
Karakaya (2004) ile Disiinceli ve ark, (2008) da
Erginel-90, Kiral-97, Cetin-2000, Avci 2002
cesitlerini yiiriittiiglimiiz calismada oldugu gibi
dayanikli bulmuslardir. Ancak denemelerde ortak
yer alan Akhisar-98, Kaya-7794 cesitlerini
arastirmacilar yliksek derecede dayanikli bulurken
caligmamizda ise bu c¢esitler hassas olarak
belirlenmistir. Azamparsa ve ark. (2015) ve
Azamparsa (2015) da calismamizda oldugu gibi
Avc1-2002 ¢esidini dayanikli olarak, Kalayci-97 ve
Biilbiil-89 c¢esitlerini de hassas olarak tespit
etmislerdir. Kavak (1998) Efes-3 ¢esidini yaptigi
calismada dayanikli bulurken c¢alismamizda ve
Diisiinceli ve ark (2008) ile Azamparsa ve ark.
(2015)’nmin yiiriittiigii calismada ise hassas olarak
belirlenmistir. Nitekim Cromey ve ark. (1999)
degerlendirme zamanlarinin gesitlerin reaksiyonlarinin
belirlenmesinde farkliliklar gosterdigini
bildirmektedirler.  Nitekim  seksiiel  donemi
olmamasina ragmen, R. commune poplilasyonlari
yilksek derecede genetik varyasyona sahip
oldugundan hastalik etmenine karsi diizenli olarak
giincel patotiplerinin ve bu patotiplerle arpa
cesitlerinin reaksiyonlarinin belirlenmesi gerektigi
de vurgulanmaktadir (Xue ve ark. 1991; Jorgensen
ve Smedegaard-Peterson, 1995; Araz ve Maden,
2006; Araz ve Hekimhan, 2017). Brown (1990) ise
farkli veya aymi bolgelerden toplanmis olan ve
farkli lezyonlardan elde edilmis izolatlar arasindaki
patojenik varyasyon ile ayni lezyonlardan elde
edilmis tek spor izolatlar1 arasinda da patojenik
varyasyon olarak c¢ok fazla fark oldugunu
belirtmistir.

Yiirlitmiis  oldugumuz ¢alismada denemenin
kuruldugu 2018-2019 sezonunda hastalik skorlart
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daha disiik olarak gergeklesmis, ¢esitlerin
reaksiyonlarinda degisimler goriilmistiir. Bunun
sebeplerinin; iklim, patojenler arasi rekabet ve
dayanikliligin tesviki oldugu diisiiniilmektedir.
Sicakligin 6zellikle bahar aylarinda diisiik gitmesi
R. commune’nin gelisiminin yavaslamasina sebep
olurken kiilleme (B. graminis) ve arpa yaprak pasi
(Puccinia hordei) hastaliginin da artmasina neden
olmustur. Bu da o sezonda nem, sicaklik ve yagisin
daha diisiik olarak gerceklesmesinden
kaynaklanmgstir. iklim faktdrlerinden herhangi
birinde olusan degisiklikler, bitki patojenlerinin
dagilimini ve biyolojisini olumlu, olumsuz veya
notr etkileyebilmektedir (Mansouri ve ark., 2014).
Nitekim Araz ve ark. (2017) 2014 yilinda 2013
yilina gore hastaligin kurak gecen sezondan dolay1
daha diisiik seyrettigini bildirmektedir. Brown
(1991), Mansouri ve ark. (2014), Karimi ve
Khaledian (2016)’da yillar itibar1 ile genotiplerin
farkli  reaksiyon  gosterdigini ve  bunun
meteorolojik dalgalanmalardan kaynaklandigini
bildirmektedirler.  Enfeksiyon bdlgeleri icin
hastaliklar (Pyrenophora teres ve R. commune)
arasindaki  rekabet ve bitki  yapragindaki
kolonizasyonlar1 sirasinda, bitkide hastaliklarin
farkli gelisimine katkida bulunabildigi ve bu
iligkinin, iki patojen arasindaki rekabete baglandigi
belirtilmigtir (Cherif ve ark., 2007; Xi ve ark.,
2008). Ayrica daha once bitkinin konukgusu
olmadigr baska hastalik etmenleri tarafindan
ornegin bugdaydan Septaria nodorum ve misirdan
Bipolaris maydis tarafindan etkilenen arpalarda
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ABSTRACT: Plum is an important fruit worldwide and has high nutritional value. Prunus cerasifera Ehrh., a type of
European plum species, is very popular in Turkey and is usually eaten at the green, unripe stage. In this work for the first time,
the genetic diversity and population structure of the 66 accessions housed in the Turkish National P. cerasifera collection were
investigated using molecular markers. A total of 47 Sequence-Related Amplified Polymorphism (SRAP) primer pairs were used
and found to be highly polymorphic with 98% of the 495 amplified alleles providing polymorphism. Average diversity of the
accessions was 0.39 as determined using the dice coefficient and was similar to P. cerasifera germplasm from France, Iran and
Belarus but higher than that from China. This difference was expected as Turkey, Iran and Belarus are within the geographical
origin of this species which was distributed to Europe during ancient times. The genetic relationships among accessions of the
germplasm collection were assessed using unweighted neighbor joining dendrogram and population structure analyses. The
dendrogram and population structure results were strongly correlated as both methods clustered the material into two main
groups with a much smaller third admixed group. The analysis also indicated that Can and Papaz types, despite their
morphological differences are not genetically distinct and provides information about genetic relationships that can be used in
future plum breeding.

Keywords: Plum, Prunus cerasifera Ehrh., SRAP, national collection, fruit genetics, green plum diversity.

Tiirk Ulusal Yesil Erik (Prunus cerasifera Ehrh.) Koleksiyonunun
Molekiiler Genetik Karakterizasyonu

OZ: Erik, diinya capinda onemli bir meyvedir ve yiiksek besin degerine sahiptir. Bir tiir Avrupa erigi tiirii olan Prunus
cerasifera Ehrh., Tiirkiye'de ¢ok popiilerdir ve genellikle yesil, olgunlasmamis donemde yenilmektedir. Ilk kez bu calismada,
Tiirk Ulusal P. cerasifera koleksiyonunda yer alan 66 genotipin genetik ¢esitliligi ve popiilasyon yapisi molekiiler markorler
kullanlarak arastirilmistiv. Toplam 47 Sekansla Iliskili Amplifiye Polimorfizm (SRAP) primer ¢ifti kullamlmistir ve polimorfizm
saglayan 495 adet ¢cogaltilmis allelin % 98'inin olduk¢a polimorfik oldugu bulunmustur. Genotiplerin ortalama cesitliligi, dice
katsayis1 kullamlarak, 0,39 olarak belirlenmistir ve elde edilen bu deger Fransa, Iran ve Beyaz Rusya'dan P. cerasifera
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germplazmlariyla yapilan ¢alismalarla benzer, ancak Cin'de yapilan ¢alismadan daha yiiksek bulunmustur. Antik ¢caglardan beri
Avrupa'va dagilan tiirlerin cografi orijinleri igersinde Tiirkiye, Iran ve Beyaz Rusya oldugu icin bu fark beklenen bir durumdur.
Germplazm koleksiyonunu olusturan genotipler arasindaki genetik iliskiler, agirliksiz komsu birlestirme dendrogrami ve
popiilasyon yapist analizleri kullanilarak degerlendirilmistir. Dendrogram ve popiilasyon yapisi sonuglari, her iki yontem de
materyali iki ana gruba ve ¢ok daha kiigiik bir iigiincii, karistirilmis grupla aywdig icin giiclii bir sekilde iliskilendirilmistir.
Ayrica, analizler, Can ve Papaz erik tiplerinin morfolojik farkliliklarina ragmen genetik olarak farkli olmadiklarini ve
gelecekteki erik 1slahinda kullanilabilecek genetik iliskiler hakkinda bilgi verdigini gostermigtir.

Anahtar kelimeler: Erik, Prunus cerasifera Ehrh., SRAP, ulusal koleksiyon, meyve genetigi, yesil erik gesitliligi.

INTRODUCTION

Prunus is a genus of the Rosaceae family and
consists of over 286 approved species including
the stone fruit species plums, almonds, cherries
and peaches (The Plant List, 2013). In the early
classifications of Prunus dating back to the 1600s,
only plum was included in the genus by John Ray,
Joseph Pitton de Tournefort, Johann Jacob
Dillenius and Herman Boerhavee (Faust and
Suranyi, 1999). In 1940, species in Prunus were
classified into five subgenera as proposed by
Alfred Rehder: Amygdalus (L.) Focke (peaches
and almonds), Prunus Focke (plums and apricots),
Cerasus Pers (sweet and tart cherries), Padus
(Moench) Koehne (deciduous bird-cherries) and
Laurocerasus Koehne (evergreen laurel-cherries)
(Milosevi'c and MiloSevi'c, 2018). Subsequently,
Lithocerasus (flowering, sand cherries) was added
to the list as the sixth Prunus subgenus (Ingram,
1948).

Plum species in the subgenus Prunus are cultivated
worldwide and can be divided into three groups:
Japanese, American and European plums. Among
the Japanese species (Japon erigi) are Prunus
salicina and P. mume, two species that can grow to
10 meters and produce fruits with yellow-pink
flesh. The American plums (Amerikan erigi),
Prunus americana, can reach 15 meters and their
fruits have red skin and yellow flesh (Heiges,
1897; Cobianchi and Watkins, 1984). European
plums (Avrupa erigi) include four subspecies:
Prunus domestica, P. spinosa, P. mahaleb and P.
cerasifera that grow up to 10 meters in height,
generally producing fruits with yellow flesh
covered by deep-purple-blue skin (Walkowiak-
Tomczak el al., 2008).

Interestingly, there is a conflict in the common
names used for plum species in Turkey as
compared to the literature. In Turkey, plum
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cultivars are classified into three groups: Can,
European, and Japanese (Anonymous, 2012).
American plums are not included, perhaps because
P. americana is not commonly grown in Turkey.
According to the Turkish classification, P.
cerasifera (Myrobalan plum, green plum, cherry
plum, or “Kiraz erigi”) falls within the “Can”
plums and is represented by several varieties that
are named Can. In the literature, P. cerasifera is
considered to be a European plum species. P.
cerasifera is one of the most consumed plum
species in Turkey. This species is adapted to the
varied climatic and soil conditions of Turkey as
well as other parts of the world (Ayanoglu et al.,
2007). P. cerasifera is mostly grown in the coastal
areas of the Mediterranean region and the green
plum market has a high economic impact and
drives production (Ayanoglu et al., 2007).

Beyond their economic impact as a fruit crop,
plums are valued for their delicious taste and
nutritional content (Walkowiak-Tomczak et al.,
2008). Due to their high carbohydrate content,
plums constitute a source of “ready to be used”
energy (Anonymous, 2019b. In addition, plum
fruits are rich in metabolites such as anthocyanins,
phenolic acids, carotenoids, and fiber (pectin)
(Birwal et al., 2007). One serving (100 g) of fresh
plum contains minerals such as potassium (157
mg), phosphorus (16 mg), magnesium (7 mg) and
calcium (6 mg) as well as vitamin A (17 pg),
vitamin C (9.5 mg), vitamin K (6.4 pg) and
vitamin B complex: thiamine (0.028 mg),
pantothenic acid (0.135 mg), riboflavin (0.026
mg), niacin (0.417) (Anonymous, 2019b). The
purported health benefits of plum fruit include
prevention of cancer and heart diseases, regulation
of the digestive system, resistance to infectious

agents or free radicals, balancing of blood
pressure, and reduction in the severity of
Alzheimer’s disease (Birwal et al., 2017).
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Moreover, because of their low glycemic index,
plums do not cause a rapid increase in blood sugar
levels (Asif, 2011; Slavin and Lloyd, 2012).

Turkey’s plum production increased 19% in the
last decade and, with 291.934 tons of production in
2017, Turkey currently ranks 6" worldwide
(Anonymous, 2019a; Anonymous, 2019c). P.
cerasifera is one of the most consumed plum
species in Turkey as it is adapted to varied climatic
and soil conditions (Ayanoglu et al., 2007) and is
an early spring favorite fruit. In Turkey, there are a
number of economically important P. cerasifera
cultivars including Can, Papaz, Havran, Kebap and
Aynali. Among these cultivars, Can, Papaz and
Aynali are harvested and consumed as green sour
plums. In addition to their fresh use, there is
increasing interest in dried plum production for
industrial (prune powder) and commercial uses
(table prunes) in Turkey and elsewhere (Bolat et
al.,2017).

P. cerasifera has also been studied for its tolerance
to biotic and abiotic stress factors and its potential
for use as a rootstock. Stress factors affect the
growth and yield of current European, Japanese
and American plum cultivars which could be
improved by the use of suitable rootstocks (Nasri
et al., 2019). P. cerasifera can be used as a
rootstock for cultivation of other plum species as it
is resistant to temperature extremes (Ercisli, 2004;
Ercisli et al., 2006). In other work, Lecouls et al.
(1999, 2004) investigated root-knot nematode
(RKN) resistance genes in Myrobalan parental
lines with molecular markers. They hypothesized
that the RKN resistance genes Mal, Ma2 and Ma3
might be closely linked and can be used in the
generation of new interspecific hybrids and to
supply a nematode resistant rootstock source.
These researchers also identified molecular
markers for these genes and suggested that they
may control different RKN resistance mechanisms.
In addition to its pest resistance, P. cerasifera is a
flood sensitive species (Domingo et al., 2002;
Amador et al., 2012; Almada et al., 2013; Rubio-
Cabetas et al., 2018). The photoperiod responses of
somaclonal variants of P. cerasifera plantlets
under flooding conditions were tested by lacona et
al. (2019). This work suggested that some of the
variants had flooding stress tolerance independent
from photoperiod while other variants had

sensitivity depending on photoperiod. Tolerant
variants are, of course, interesting for rootstock
development.

The breeding and selection of new, genetically
diverse and adaptable P. cerasifera species and
rootstocks can be aided by the use of molecular
tools. These tools can also provide pivotal
information for the conservation and management
of plum germplasm. As a perennial tree species,
plum accessions are expensive and laborious to
maintain. Therefore, it is important to characterize
this germplasm with all available methods
(phenological, horticultural, molecular genetic) to
ensure that these valuable resources are maintained
and used for optimal benefit. To date, only a
limited number of molecular genetic diversity
analyses have been done within P. cerasifera
(Ayanoglu et al., 2007; Horvath et al, 2008;
Wohrmann et al., 2011; Zhao et al., 2015). As a
result, there is a need for assessment of the genetic
diversity and structure of more plum specimens
using different molecular markers. One such
marker system is Sequence-Related Amplified
Polymorphisms (SRAP). SRAP markers have high
levels of polymorphism and reproducibility (Li and
Quiros, 2001) indicating that they should be a
useful system for investigating plum genetic
diversity and population structure. In addition,
these markers are not species-specific and are,
therefore, cost effective. In our study, 47 SRAP
marker combinations were used to assess genetic
diversity among 66 plum (P. cerasifera) accessions
conserved by the Aegean Agriculture Research
Institute (AARI) (Menemen, Turkey). This
material represents Turkey’s national green plum
germplasm collection; therefore, it is important to
characterize this gene pool for future plum
breeding efforts. To our knowledge, this is the first
study using SRAP markers for characterization of
P. cerasifera germplasm. Such work provides a
foundation for the development of new high-
quality cultivars, as well as conservation and
management of the national collection and natural
plum populations. In the future, this molecular
genetic information can be combined with
phenological and horticultural data to identify
quantitative trait loci (QTL) and molecular markers
that can be used to improve the yield and quality of
the plum crop.
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MATERIALS and METHODS
Plant materials

Leaf tissue from 66 P. cerasifera accessions which
were collected in six cities (Balikesir, Izmir,
Aydin, Manisa, Mugla, and Denizli) in two regions
of Turkey (Marmara and Aegean) were obtained
from the Aegean Agricultural Research Institute
(AARI) (Table 1). The germplasm included
economically important local cultivars such as
cultivars Can and Papaz.

DNA extraction

Genomic DNAs were isolated from fresh leaf
tissue with a modified CTAB method (Doyle,
1987). DNA concentrations (ng/ul) of all Prunus
samples were measured at Abs 260/280 (nm) using
a Nanodrop ND-1000 spectrophotometer (Thermo
Scientific, Vantaa, Finland). All genomic DNAs
were stored at -20°C.

Table 1. Plum materials used in this study, their PI numbers, local names and collection locations. Note: Sub Pop indicates sub-
population membership based on Structure analysis and No indicates genotype number used in data analyses.

Cizelge 1. Bu galigmada kullanilan erik materyallerinin PI numaralari, yerel adlandirmalari ve koleksiyon toplanma yerleri. Not:
Sub Pop Structure analizinden elde edilen istatistiksel verilere dayandirilarak ayni alt popiilasyona dahil olma durumunu
gostermektedir ve No genotiplerin veri analizlerindeki sirasini temsil etmektedir.

No PI-Number § Local Sampling Structure Sub Sub Darwin
(TURO010__ ) Name Location (Sub Pop) Pop A Pop B (Cluster)
39 130 Havran Izmir A 0.999 0.001 A
55 131 Can [zmir A 0.999 0.001 A
48 134 Akpapaz Manisa A 0.994 0.006 A
47 137 Papaz Aydin A 0.999 0.001 A
43 140 Kebap [zmir A 0.999 0.001 A
45 143 Can Izmir A 0.994 0.006 A
36 145 Papaz Balikesir A 0.999 0.001 A
62 146 Can Balikesir A 0.998 0.002 A
56 147 Havran Unknown A 0.999 0.001 A
57 148 Sam Balikesir A 0.999 0.001 A
63 151 Can [zmir A 0.999 0.001 A
35 153 Can [zmir A 0.997 0.003 A
52 157 Havran [zmir A 0.999 0.001 A
58 158 Can Izmir A 0.998 0.002 A
64 162 Kebap Manisa A 0.999 0.001 A
38 163 Can Manisa A 0.997 0.003 A
61 164 Can Manisa A 0.871 0.129 A
50 165 Can Manisa A 0.999 0.001 A
60 167 Can Balikesir A 0.842 0.158 A
44 168 Yesil Sam Balikesir A 0.999 0.001 A
37 169 Sar1 Sam Balikesir A 0.999 0.001 A
51 173 Papaz Mugla A 0.999 0.001 A
41 175 Papaz Aydin A 0.999 0.001 A
59 176 Papaz Aydin A 0.999 0.001 A
42 178 Papaz [zmir A 0.999 0.001 A
46 183 Can [zmir A 0.999 0.001 A
49 186 Papaz [zmir A 0.999 0.001 A
66 189 Can [zmir A 0.999 0.001 A
53 190 Can Aydin A 0.999 0.001 A
54 605 Unknown [zmir A 0.999 0.001 A
65 606 Unknown Unknown A 0.999 0.001 A
40 608 Can Unknown A 0.999 0.001 A
34 132 Can [zmir B 0.086 0914 B
7 135 Papaz Denizli B 0.002 0.998 B
13 139 Can Aydin B 0.001 0.999 B
3 142 Papaz [zmir B 0.001 0.999 B
14 144 Bekiroglu [zmir B 0.001 0.999 B
5 149 Papaz [zmir B 0.024 0.976 B
19 150 Can [zmir B 0.001 0.999 B
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Table 1. Continued
Cizelge 1. Devam

No PI-Number § Local Sampling Structure Sub Sub Darwin
(TUR0010 ) Name Location (Sub Pop) Pop A Pop B (Cluster)
10 154 Papaz [zmir B 0.001 0.999 B
18 155 Can [zmir B 0.002 0.998 B
33 156 Papaz Aydm B 0.108 0.892 B
25 159 Havran [zmir B 0.001 0.999 B
21 160 Papaz [zmir B 0.067 0.933 B
17 161 Unknown Manisa B 0.002 0.998 B
15 170 Odemis Balikesir B 0.003 0.997 B
20 171 Can Mugla B 0.001 0.999 B
30 172 Can Mugla B 0.005 0.995 B
11 174 Papaz Mugla B 0.002 0.998 B
2 177 Papaz [zmir B 0.002 0.998 B
26 180 Papaz Manisa B 0.002 0.998 B
24 181 Can Manisa B 0.056 0.944 B
22 182 Can [zmir B 0.008 0.992 B
28 184 Can Tzmir B 0.001 0.999 B
1 185 Papaz [zmir B 0.016 0.984 B
27 187 Havran [zmir B 0.002 0.998 B
23 188 Can [zmir B 0.001 0.999 B
16 191 Halil Efendi Tokat B 0.021 0.979 B
32 252 Unknown Unknown B 0.12 0.88 B
8 270 Can Unknown B 0.001 0.999 B
31 604 Unknown Unknown B 0.3 0.7 B
4 607 Unknown Unknown B 0.011 0.989 B
29 133 Papaz Manisa ADX 0.518 0.482 C
12 141 Papaz [zmir ADX 0.514 0.486 C
9 152 Papaz [zmir ADX 0.534 0.466 C
6 179 Papaz Manisa ADX 0.532 0.468 C

§The accessions have the same standard initial letters (TUR0O010 ); therefore, these initials were eliminated from the

abbreviated accession names.

§Bireyler ayni standart baslangic harflerine sahiptir (TUR0010 _ ); bu nedenle, genotip ismi kisaltmalarinda bu baslangic

isaretleri goz ard1 edilmistir.
Molecular marker analysis
SRAP analysis

Polymerase Chain Reactions (PCRs) were
performed with 47 combinations of SRAP primers
(Table 2) (Li and Quiros, 2001, Lin et al., 2005).
The components of each 25 ul PCR reaction were:
2 pl 10x buffer, 1 pl (20 ng) DNA sample, 2 pl (25
mM) MgCl,, 1.5 pl (20 mM) dNTP, 0.5 pl (10
pmol) forward primer, 0.5 pl (10 pmol) reverse
primer and 1 pl (0.25 U) Tag DNA polymerase.
The PCR reaction had two main stages. Stage I (5x
cycles) was: 5 min of initial denaturation at 94 °C,
followed by denaturation at 94 °C for 1 min, then 1
min annealing at 35 °C, then followed by 1 min
extension at 72 °C for 5 cycles. Stage II (35x
cycles) was: denaturation 94 °C for 1 min, 1 min
annealing at 50 °C and 1 min extension at 72 °C
followed by a final extension at 72 °C for 10 min.
A hold at 4 °C ended the reactions. PCR products
were electrophoresed at 110 volts through 3%

agarose gels (Lonza, Sea Kem® LE Agarose) and
imaged under UV light after ethidium bromide
staining.

Table 2. SRAP primer sequences.
Cizelge 2. SRAP primer dizileri.

Forward Primer Sequences (5’ —3°)
mel TGAGTCCAAACCGGATA
me2 TGAGTCCAAACCGGAGC
me3 TGAGTCCAAACCGGAAT
me4 TGAGTCCAAACCGGACC
meS TGAGTCCAAACCGGAAG
me6 TGAGTCCAAACCGGTAA
Reverse Primer Sequences (5’ — 3°)
eml GACTGCGTACGAATTAAT
em2 GACTGCGTACGAATTTGC
em3 GACTGCGTACGAATTGAC
em4 GACTGCGTACGAATTTGA
em5 GACTGCGTACGAATTAAC
emo6 GACTGCGTACGAATTGCA
em7 GACTGCGTACGAATTCAA
em8 GACTGCGTACGAATTCTC
em9 GACTGCGTACGAATTCGA

65



ANADOLU 31 (1) 2021

Data analyses

Alleles obtained as a result of SRAP analysis were
scored dominantly as present (1), absent (0) or
missing data (9). The mean, maximum and
minimum genetic diversity values per marker were
determined by Gene Diversity software (GDdom)
(Abuzayed et al., 2017). Population structure based
on the markers was analyzed with the computer
program Structure (Structure 2.3.4) in order to
classify genotypes (Pritchard et al., 2000). During
this analysis, different models (K = 1 to 10) were
tested and evaluated after 10,000 Markov Chain
Monte Carlo (MCMC) burn-in cycles and ad hoc
statistics to determine the optimal population
number. In addition, each model was tested 20
times with 300,000 repetitions. The results were
analyzed with Structure Harvester software to
determine the best population model (K) (Earl,
2012). The model with the highest AK value was
accepted as the best model for the population. To
assign individuals to subpopulations within the
selected model (K), a genetic identity threshold of
> 0.70 for the genotypes was used. Genotypes with
identity values below this threshold were not
included in a subpopulation and were considered
genetically admixed genotypes.

The marker data were analyzed by hierarchical
classification. For this purpose, a dendrogram was

- e e

generated in the program DARwin (Perrier and
Jacquemoud-Collet, 2006) using the Dice coefficient
and unweighted neighbor joining algorithm. In
addition, a Mantel test was performed to determine
the correlation between the distance matrix and the
dendrogram. DARwin was also used for PCoA
analysis (Principal Coordinate Analysis).

The populations of Can and Papaz which had more
than one individual, were analyzed for their within
and between population genetic diversity in
GenAlEx plugin (Peakall and Smouse, 2006) with
construction of a random haploid binary data
matrix and AMOVA analysis. Genetic separation
analysis was performed with 9999 paired
permutations and P values less than 0.05 were
accepted as significant.

RESULTS
Allelic profile of plum species

In this work, 47 SRAP primer combinations were
assayed on 66 P. cerasifera accessions. Example
gel images are provided in Figure 1.

A total of 495 alleles displaying 98% polymorphism
(485 alleles) in the 66 accessions was generated by
dominant scoring. The mean number of alleles per
primer combination was 10.4, with the most alleles

e T L L

Figure 1. Sample allelic patterns obtained from two SRAP markers. A. PCR products showing a highly similar allelic pattern for the
mel-eml SRAP combination. B. PCR products showing a more polymorphic allelic pattern for the me2-em1 SRAP combination.
The numbers from 1 to 66 represent the specimen number for genotypes (first column) as given in Supplementary Table 1.

Sekil 1. Tki SRAP markériinden elde edilen alelik goriiniim ornekleri. A. mel-em1 primer kombinasyonu i¢in monomorfige
yakin allelik goriiniim veren PCR iiriinleri. B. me2-em1 SRAP kombinasyonu i¢in polimorfik alelik goriiniim 6rnegi veren PCR
iirinleri.1’den 66’ya kadar olan numaralar Ek Cizelge 1’deki genotip numaralarini gostermektedir.
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obtained from primer combination mel-em1 (13
alleles) (Table 3). The fewest alleles (8) were
obtained from combination me3-em9. For each
primer pair, approximately 90% polymorphism
was observed except for the meS-eml (63%)
primer combination. The random haploid binary
data matrix for Can and Papaz populations was
constructed with an assumption of an average
equal number of individuals for each population
(N) and a high level of gene flow (Nm) was

observed between these two main populations with
a value of 13.27 (Table 4).

Genetic diversity

Gene diversity (GD) values were calculated for
each SRAP primer combination (Table 3) and the
maximum average GD was 0.46 for the me4-em3
primer combination. The minimum average GD
was 0.19, which was shared by two different
primer pairs: me5-em1 and me3-em4.

Table 3. Numbers of alleles, mean gene diversity (GD) values and standard deviations (SD) for each primer combination.
Markers are sorted from highest to lowest GD. Y Na: Total number of alleles per primer combination.

Cizelge 3. Her bir primer kombinasyonu i¢in ortalama genetik ¢esitlilik degerleri ve standard sapmalar1. Markdrler en yiiksek genetik
cesitlilik degerinden en diisiik genetik ¢esitlilik degerine gore siralanmustir. ) Na: Primer kombinasyonu basina elde edilen toplam

allel sayisi.

Primer pair >Na Mean GD + SD Primer pair >Na Mean GD + SD
me4-em3 13 0.46 +£0.01 meS-em4 19 0.32+0.03
me3-em7 10 0.44 £0.02 me4-em4 9 0.32+£0.04
meS-emS5 12 0.43 +£0.03 me4-em8 14 0.31 +£0.05
mel-em3 8 0.40 £0.04 me4-em1 14 0.31+£0.05
me8-em7 12 0.39+0.04 me3-em8 9 0.31 +£0.04
me2-em3 10 0.39+0.04 me3-em6 13 0.31 +£0.04
meS-em2 10 0.38+0.04 me2-em6 9 0.30+0.05
mel-em5 10 0.38+0.05 me6-em1 12 0.29 +£0.05
me2-em5 12 0.38+0.04 me3-eml 9 0.29+0.04
me4-em6 11 0.37+0.03 me3-em3 10 0.29 £ 0.05
me6-em7 10 0.37+£0.04 me5S-em6 11 0.29 £0.04
me2-em4 12 0.37 £0.05 me2-em| 12 0.28 £ 0.05
mel-em7 10 0.36 £0.05 mel-em4 10 0.27+£0.04
me3-em?2 0.36 £0.10 me4-em?2 10 0.27 £0.05
me2-em§8 8 0.35+0.05 me3-em9 8 0.27 £ 0.06
me3-emS5 11 0.35+0.06 me6-em6 12 0.26 = 0.05
mel-em8 9 0.34 +£0.05 me2-em9 6 0.25+0.06
meS-em8 9 0.34+0.05 mel-em2 18 0.24 +0.04
meS-em3 10 0.34 +£0.05 me4-em5 10 0.24 +0.06
meS-em7 8 0.33+0.06 me6-em5 9 0.20 £ 0.05
me4-em9 7 0.33+0.07 mel-em9 8 0.20 = 0.04
me2-em?2 9 0.33+£0.05 me5S-em1 8 0.19£0.07
me2-em7 18 0.33+0.04 me3-em4 6 0.19+0.05
mel-em1 13 0.32+0.05

Table 4. Number of randomly selected accessions for Can and Papaz populations (N), Number of different alleles (Na), number
of effective alleles (Ve), Shannon’s Information Index value (/), diversity (4) and unbiased diversity (uh), PhiPT (F sy analogue)
and Nm (number of migrants reflecting to gene flow) values, and Nei’s genetic distance and identities.
Cizelge 4. Can ve Papaz popiilasyonlarinin herbiri igin rastgele secilen bireylerin sayist (), farkl allellerin sayis1 (Na), etkili
allellerin say1st (Ne), Shannon’un Bilgi Katalogu degeri (J), ¢esitlilik (%) ve sapmasiz ¢esitlilik (uh), PhiPT (FST analogu) ve Nm
(gen akisina katkida bulunan go¢ edenlerin sayisi) degerleri ve Nei’ye ait genetik uzaklik ve kimlikler.

N Na Ne 1 h uh PhiPT Nm Nei D Nei I
Mean 23.00 2.00 1.93 0.67 0.48 0.50 0.02 13.27 0.04 0.96
SE 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Population structure individuals were Papaz accessions. None of the
subpopulations reflected the geographical origins

Population structure analysis was performed in of the plums.

Structure software and the results were used to
determine the best model for the population based Unweighted neighbor joining dendrogram
oCn AK Valtllles v1z:h Structu{[e.: Hlarvester E rogramf The mean dissimilarity value for the unweighted
onsequently, - the ~—optima fumber -0 neighbor joining dendrogram was 0.39 with a
subpopulations in the national collection was maximum. of 0.68 and a minimum of 0.05. The
determme@ to be K =2 (Figure 2)'. For asmgnmgnt dendrogram consisted of three main clusters: A, B
of accessions to each subpopulation, the identity and C (Figure 3). The dendrogram clusters reflected
tl‘?’(?slcllf)lfldwais set atbz 0'7{) t(TabIZ D. (;H];e numb3ezr the observed subpopulations in population structure
0 5n3 (I)VI uals 1;1 ST p(;p u Zé(.)tr.ls fan were analysis. The first cluster, cluster A, consisted of
ano >, Tespectively. i addition, 1OUT accessions 35 i dividuals in total while cluster B consisted of
(64’ of the tofal) were classified as admixed. 30 accessions. Cluster C, contained only one
Slightly more than half (56%) of the Can plums unknown and four Papaz a’ccessions which were
fell into subpopulation A accounting for 44% of determined to be admixed in the population
the cultivars in this group. Papaz plums accounted structure analysis. Clustering did not coincide with
for 22% of subpopulation A. Can and Papaz plums cographic origin
represented 37% and 33% of subpopulation B geograp gin.
accessions, respectively. The four admixed
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Figure 2. Q-plot of P. cerasifera accessions based on SRAP markers. The x-axis represents individuals sorted according to
subpopulation. The y-axis reflects the genetic contribution from each subpopulation to single individuals. The bar plot for K=2 is
shown. Each accession is represented by a vertical bar. Red and green colored sections within each vertical bar indicate
membership coefficient (Q on the y-axis) of the accession to each subpopulation. Subpopulation A is colored red and
subpopulation B is colored green. Accession codes are abbreviated into three digits. For example, TUR0010145 is shortened to
145. Admixed accessions that do not belong to either subpopulation are indicated with *.

Sekil 2. P. cerasifera bireylerinin SRAP markdrlerine dayali Bar grafigi K=2 icin gosterilmistir. Her birey diisey bir ¢cubukla
gosterilmigtir. x-ekseni, alt popiilasyonlara gore siralanmis bireyleri temsil etmektedir. y-ekseni, her alt popiilasyonun her bir
bireye ne kadar genetik katkida bulundugunun bir gostergesidir. Her diisey ¢ubuktaki kirmizi ve yesil renkli kisimlar bireylerin
her bir alt populasyona iiyelik katsayisini (y-ekseninde Q) belirtmektedir. Alt populasyon A kirmizi ve alt populasyon B yesil
renktedir. Birey kodlar {i¢ basamak olarak kisaltilmigtir. Ornegin, TUR0010145, 145 olarak kisaltilmigtir. Herhangi bir alt
populasyona dahil olmayip karisik genetik cesitlilige sahip olan bireyler * ile belirtilmistir.
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Figure 3. Dendrogram showing genetic diversity among P. cerasifera genotypes as revealed by SRAP marker analysis.
Accessions are color coded according to Structure subpopulations (K=2): subpopulation A in red, subpopulation B in green, and
admixed individuals in black. Accession codes are abbreviated into three digits as in Figure 2.
Sekil 3. P. cerasifera genotipleri arasinda SRAP markdr analizi ile elde edilen genetik cesitliligi gdsteren dendrogram. Bireyler
Structure’daki alt popiilasyonalara (K=2) gore renklerle kodlanmustir: alt populasyon A kirmizi, alt populasyon B yesil ve karigik
bireyler siyah ile renklendirilmistir. Birey kodlar1 Sekil 2°deki gibi ii¢ basamaga kisaltilmustir.

Principle coordinate analysis

Principle coordinate analysis (PCoA) revealed
three main clusters: A, B and C (Figure 4). The
first, second and third eigen vectors explained
40.25%, 17.53% and 5.39% of the wvariation,
respectively. This analysis agreed with the
population structure and dendrogram results in that
the Papaz plums were dispersed in all three clusters
with the Can plums found in clusters A and B.
Some of the Can and Papaz accessions were
closely related to other plum types including
Kebab, Havran, and Sam plums. As with the other
analyses, no clustering based on collection location
was observed.

Analysis of molecular variance (AMOVA)

AMOVA was carried out for the Can and Papaz
types because they had sufficient numbers of
accessions (25 and 21, respectively) for such
analysis. Among population/type (Can vs. Papaz)
diversity represented only 2% of total genetic
diversity for these plums while 98% of diversity
occurred within types (data not shown). These
results indicated that Can and Papaz plums are
each genetically diverse types with very little
genetic separation between them.
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Figure 4. PCoA graph for P. cerasifera accessions. Accessions
are color coded according to Structure subpopulations (K=2),
with subpopulation A in red, subpopulation B in green and
admixed individuals in black. The numbers from 1 to 66
represents the specimen number for genotypes (first column)
in Table 1.

Sekil 4. P. cerasifera bireyleri igin PCoA grafigi. Bireyler
Structure altpopiilasyonlarina goére (K=2); alt populasyon A
kirmizi, alt popiilasyon B yesil ve karigik bireyler siyah
renkler ile kodlandirilmistir. 1°den 66’ya kadar olan numaralar
Cizelge 1°deki genotip numaralarini gostermektedir.

DISCUSSION
Characterization of Turkey’s P. cerasifera
germplasm resources is essential for more

informed germplasm conservation, collection and
management. Because P. cerasifera is very
adaptable and a wuseful rootstock, its proper
conservation is crucial to meet future biotic, abiotic
and climatic challenges to this species. Genetic
characterization is also an important step toward
the improvement of this species via plant breeding
as it allows selection of genetically distinct parents
and opens the door to marker-assisted selection.

In this work, the molecular genetic diversity of the
national P. cerasifera plum germplasm collection
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was determined. The 66 accessions in the
collection were originally sampled from the
Aegean (51 accessions), Marmara (7) and Black
Sea (1) and unknown (7) regions of Turkey and
were assessed with 47 SRAP marker combinations.
The effectiveness of SRAP markers in other
Prunus species was shown in the work of Zubair et
al. (2016) who investigated wild and local Prunus
germplasm including P. arabica (wild species), P.
argentea (wild species) and P. dulcis (local
species) with 16 primer combinations and found
that SRAPs were an effective marker system. In
our work, a total of 495 alleles were generated
from the SRAP markers and the percentage of
polymorphic alleles was very high (98%).

In other work, Ayanoglu et al. (2007) obtained 580
alleles but only 20.7% polymorphism with six
AFLP markers on 20 P. cerasifera accessions
collected from the Antalya, Mersin and Hatay
provinces in the Mediterranean region of Turkey.
Comparison between the present work and that of
Ayanoglu et al. (2007) indicates that, within this
species, the polymorphism information content of
SRAP markers (495 alleles, 98% percentage of
polymorphism) is higher than for AFLPs. The
disparity in results could partially be due to the
smaller number of accessions used by Ayanoglu et
al. (2007). However, SRAP markers have the
additional advantages of being easier and cheaper
to assay than AFLPs.

When SSR markers were used to determine genetic
diversity in P. cerasifera, they were found to have
similarly high levels of polymorphism as SRAP
markers with 96% of fragments showing
polymorphism in 40 Chinese accessions (Zhao et
al., 2015). As compared to SSR markers, SRAPs
are somewhat more economical as the same
markers can be used for many different species
while SSR markers are usually developed on a
species-specific level.

The mean genetic variation across the accessions
was 0.39 as determined using a measure of genetic
diversity for dominant markers that ranges from 0
to a maximum of 0.50. All other studies evaluated
genetic diversity on a scale of 0 to 1.0. According
to this range, our mean genetic diversity value was
0.78. Ayanoglu et al. (2007) and Zhao et al. (2015)
found the lowest levels of genetic dissimilarity in



G. CAKIR, T. TASCIOGLU, A. GAVDAR, S. DOGANLAR, A. FRARY, A. FRARY: MOLECULAR GENETIC
CHARACTERIZATION OF THE TURKISH NATIONAL GREEN PLUM (Prunus cerasifera Ehrh.) COLLECTION

their studies which examined Turkish (0.09) (this
extremely low value may be the result of the small
number of accessions studied) and Chinese (0.33)
germplasm. Other research using P. cerasifera
accessions from France, Iran and Belarus had mean
diversity values of 0.65, 0.68 and 0.72,
respectively (Horvath et al., 2008; Wohrmann et
al., 2011; Urbanovich et al., 2017), which agree
with the level of diversity seen in our Turkish
material. Thus, our data suggest that Turkish P.
cerasifera germplasm has a high genetic diversity
that is similar to that seen in nearby countries. In
general, other studies have indicated that P.
cerasifera germplasm population structure is
simple with two to three subpopulations (Ayanoglu
et al., 2007; Zhao et al., 2015; Urbanovich et al.,
2017). In our work, the dendrogram analysis
revealed two main clusters with a small third group
of five accessions. This agreed with the population
structure analysis which also placed the accessions
in two main subpopulations and a small, admixed
group. On the other hand, Wohrmann et al. (2011)
were not able to distinguish different clusters in
Iranian material: all individuals in the population
displayed an admixed genetic structure.

The high level of diversity observed in Turkish P.
cerasifera germplasm (and also seen in accessions
from Belarus and Iran) reflects the species
geographic origin and gene center in Western and
Central Asia (MiloSevi'c and MiloSevi'c, 2018).
Early historical evidence suggests that P.
cerasifera was cultivated even before the Neolithic
period in the Caucasus region. The species spread
via trade and later became an important contributor
to the development of European societies with
stones from a few plum species discovered at
ancient sites (4000-6000 BCE) in Germany and the
Ukraine (Faust and Suranyi, 1999). In addition to
being grown for its fruits, P. cerasifera was also
used as rootstocks in ancient times (Zhebentyayeva
et al., 2019). While P. cerasifera is still grown in
many different geographic regions due to its high
adaptability to biotic and abiotic stress factors such
as climate, soil moisture, drought and nematodes
(Anonymous, 2012), it has not been subject to the
same interspecific breeding and artificial selection
pressures as P. domestica, a much more popular
species which has low genetic diversity
(Zhebentyayeva et al., 2019).

According to Erbil and Ozturk (2000), green P.
cerasifera plums are mostly grown in the Aegean,
Marmara and Mediterranean regions of Turkey.
The current study examined the national collection
housed at the AARI which primarily contains
individuals sampled from the Aegean region. In
contrast, Ayanoglu et al. (2007) examined 20
accessions sampled from Mediterranean locations.
Comparison of these results suggests that Aegean
materials are more diverse than Mediterranean
ones; however, a true comparison cannot be made
because of the different marker systems and
number of accessions used in the two studies.

Can and Papaz plums are very popular varieties of
P. cerasifera in Turkey. Can plums mature earlier,
have smaller, sourer fruit and higher yields than
Papaz plums. Can plums are yellow when fully
ripe whereas Papaz are red (Andag Cavdar,
personal ~ communication). Despite  these
phenological and horticultural differences, our
results indicate that Can and Papaz are not
genetically distinct types. In addition, AMOVA
analysis indicated that within type (Can vs. Papaz)
diversity (98%) was much higher than among type
diversity (2%), reinforcing the conclusion that they
are not genotypically distinct varieties. The shared
genetic diversity among these varieties is most
likely due to their origins from natural crosses
within and between different parental materials. P.
cerasifera is described as self-fertile, half self-
fertile or even out-crossing (Anonymous, 2012).
These types of mating behavior could result in
genetic diversity which is perpetuated by clonal
propagation.

CONCLUSION

The Turkish National P. cerasifera germplasm
collection consisting of different plum accessions
including the most economically valuable types,
Can and Papaz, was investigated with molecular
markers for the first time. There was no distinct
genetic clustering in the germplasm according to
geographical origin or type, however, a high level
of diversity was observed in the collection. These
results were expected based on the origin of this
species in Western and Central Asia. The findings
are promising for the conservation of P. cerasifera
and the development of new cultivars to meet the
challenges of future consumer demands and
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cultivation conditions. The genotypic data
generated in this work can be combined with
phenotyping of this valuable collection to allow
genetic mapping of phenological and horticultural
traits.
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OZ: Bégiirtlen, yiiksek antioksidan miktart ve kolay ¢ogaltilmasi nedeniyle onemli bir iiziimsii meyvedir. Meyvecilikte
etkili bir tozlanma icin ilk sart canli, morfolojik homojenlik diizeyi yiiksek, ¢cimlenme yeteneginde ¢icek tozlarmin bulunmasidr.
Bu ¢aliymada Navaho, Jumbo, Bursa I ve Bursa Il bogiirtlen gesitlerine ait c¢icek tozlart kullanmilmistir. Cesitlerin polen
performanslarint belirleyebilmek amaciyla ¢icek tozu tiretim miktarlary, ¢igek tozu canlilik testleri, farkly sicakliklarda ¢igek tozu
cimlendirme ve ¢icek tozu ¢im borusu uzunluklart belirlenmistir. Bursa Il ¢esidi ¢igcek tozu tiretim miktart ve morfolojik
homojenlik diizeyi bakimindan en yiiksek degerleri veren ¢esit olmugstur. Cicek tozu ¢imlenmesi ve tiip biiyiimesi i¢in en uygun
sicakligin 18 °C oldugu, sicaklik yiikseldikce hem ¢imlenme oranvun diistiigti hem de daha kisa ¢im borularmin olustugu
gozlenmistir.

Anahtar kelimeler: Cigek tozu ¢imlenmesi, TTC, kiiresel isinma, ¢im borusu uzunlugu.

Determination of Pollen Performance of Some Blackberry Varieties During
Different Incubation Temperatures and Incubation Periods

ABSTRACT: Blackberry is an important berry fruit due to its high antioxidant content and easy propagation. The first
condition for effective pollination in fruit growing is the presence of vital pollen with high morphological homogeneity and
germination ability. In fruit growing, which is one of the areas most affected by global climate changes, high temperatures can
adversely affect pollen germination and pollen tube growth. Pollen belonging to Navaho, Jumbo, Bursa I and Bursa II
blackberry varieties were used in the study. In order to determine the pollen performance of the cultivars, pollen production
amounts, pollen viability tests, pollen germination at different temperatures and pollen tube growth measurement trials were
conducted. Bursa II variety was the type that gave the highest values in terms of pollen production amount and morphological
homogenity level.

Keywords: Pollen germination, TTC, global warming, pollen tube growth.

74


https://orcid.org/0000-0003-0561-7037
https://orcid.org/0000-0003-4834-5510
https://orcid.org/0000-0001-5803-6944
https://orcid.org/0000-0001-5803-6944

S. F. GUCLU, E. KACAL, F. KOYUNCU: BAZI BOGURTLEN CESITLERININ CICEK TOZU
PERFORMANSLARININ FARKLI INKUBASYON SICAKLIKLARI VE SURELERi BOYUNCA BELIRLENMESI

GIRIS

Meyve iiretimi, c¢icek uyarimi ile baslayan,
tozlanma, dollenme ve meyve gelisimi ile devam
eden bir siirectir (Kagal ve Koyuncu, 2010).
Basarili bir tozlanma ve dollenme i¢in ise ilk sart
yeterli sayida ve canli ¢igek tozlarmin disicik
tepesi lizerine gelmesi, disicik tepesine gelen ¢igek
tozlarinin ¢imlenerek polen tiipiinic meydana
getirme yetenegine sahip olmasit ve bu siirecte
yumurtaligin canlt olmasidir (Tosun ve Koyuncu,
2007; Gigli ve ark., 2015). Cicek tozlarmin
optimal ¢imlenme diizeyleri; bitki tiir ve ¢esidine,
ortamin besin maddesi igerigine, basing, pH
durumu ile ekolojilere gore degisebilmektedir (Eti,
1991; Voyiatzis ve Paraskevopoulou-Paroussi,
2002; Koyuncu, 2006). Bitkilerde erkek esey hiicresi
olan ¢icek tozlarinin saglikli gelismesi, canlilik ve
cimlenme yeteneklerinin yiliksek olmasi, dollenme
olaymin bagarili bir sekilde sonuglanmasinda
biiyiik énem tagimaktadir (Engin ve Unal, 2002;
Ozcan, 2020). Cigek tozu kalitesi kriteri olarak da
nitelenen bu 6zellikler yaninda, ¢igeklerde iiretilen
cicek tozlarmin Kkantitatif yonden de yliksek
degerler tasimasi istenir (Eti,1990; Siityemez ve
Eti, 1998). Tozlanma ve ddllenme meyve tutma
oranini etkileyen temel faktorlerdendir. Bu nedenle
tir ve gesitlerin cicek tozu oOzellikleri ile diger
Ozelliklerinin bilinmesi yetistiriciler ve 1slahgilar
icin biiylik 6nem tasimaktadir. Bir meyve tiiriinde
dollenme diizeyinin, dolayisiyla meyve tutumunun
yiiksek olmasinda, ¢icek tozu oOzelliklerinin
(tretilen ¢igektozu miktari, ¢imlenme orani vb.)
onemli diizeyde etkisi bulunmaktadir

Bogiirtlen, Rosales takimi, Rosineae alt takimi,
Rosaceae familyasi, Rosoideae alt familyasimndan
Rubus cinsi igerisinde yer alan ¢ali formundaki
bitkilerden olusan, botanik olarak birlesik bir
meyvedir. Bogiirtlen gicekleri cesitlere bagl olarak
degisik uzunlukta iki yasli dallarin ve baz
cesitlerde de bir yaslh dallarin yan siirgiinleri
iizerindeki karigik tomurcuklarin siirmesiyle ortaya
cikar. Bogiirtlenlerde ¢iceklenme genellikle mayis
sonunda baglar, agustos sonuna kadar devam eder
(Agaoglu, 1986). Bogiirtlen c¢esitlerinin  ¢ogu
kendine verimlidir. Tozlanma genellikle arilarla

olur, ancak riizgar da tozlanmada etkilidir. Ticari
yetistiricilikte 4 da alana 1-2 ar1 kovani olacak
sekilde bir diizenleme yapilmalidir. Genetik yapilari
bakimindan poliploid karakterde olan bogiirtlenlerde
diger tiim tiirlerde oldugu gibi cansiz, morfolojik
homojenlik diizeyi diisikk, ¢imlenme yetenegi
bakimindan zayif c¢igek tozlar1 tozlanma ve
dollenmeyi, dolayisiyla meyve tutumunu olumsuz
etkilemektedir (Tiiremis ve Derin, 2000). Bu
nedenle cicek tozu ile ilgili yapilan in vitro
calismalar bogiirtlende de cesit bazinda O6nem
kazanmaktadir. Son yillarda {iniversitelerin de
bogiirtlenle ilgili aragtirmalara 6nem vermesinin de
etkisiyle, 1slah galigmalari, yetistirme teknikleri ile
ilgili caligmalar ve adaptasyon caligmalari hizla
artmistir (Demirsoy ve ark., 2006; Kafkas ve ark.,
2006; Giindogdu ve ark., 2016). Yabani formlarinda
cok sayida calisma yapilmasma karsin kiiltiir
cesitlerinde bu saymin az oldugu dikkat gcekmektedir.
Bu nedenle ¢esitlerin  ozellikle  ddllenme
biyolojisine yonelik ¢aligmalar 6nem tagimaktadir
(Eskimez ve ark., 2019).

Meyve yetistiriciligi, cok yillik bir tarimsal faaliyet
oldugu icin kiiresel iklim degisikliklerinden yiiksek
oranda etkilenmektedir. Kiiresel 1sinma, kis
doneminde hava sicakligini arttirma potansiyeline
sahiptir ve Ongoriilen bu sicaklik degisimlerinin,
¢ogu meyve tiirli, asma ve sert kabuklu meyve
yetistiriciliginin yaygin oldugu bdlgelerde olumsuz
etkilerinin olabilecegi ifade edilmektedir (Sahin ve
ark., 2015). Yiksek sicakliklarin tozlanma ve
dollenmede 6nemli bir rolii olan an faaliyetinin
engellemesiyle meydana gelen olumsuz etkisi
yaninda, ¢icek tozu canlilik, morfolojik homojenlik,
cicek tozu c¢imlenmesi ve ¢icek tozu ¢im borusu
uzunluguna olumsuz etkisi nedeniyle de meyve
yetistiriciliginde olumsuz etkileri s6z konusudur.
Polen ve polen tiip biiyiimesi, bitki tiirlerinin, ayni
tir igindeki farkli gesitlerin hatta genotiplerin stres
kosullarinda verdikleri tepkilerin anlasilmasi i¢in
iyi bir belirte¢ olarak kullanilabilir (Cetinbas-Geng
ve ark., 2019). Bu c¢aligmada, yiiksek antioksidan
degeri ile son yillarda 6ne gikan bogiirtlen meyve
tiriine ait dort c¢esidin dollenme biyolojilerini
arastirmak amaciyla ¢igek tozu c¢imlendirme
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testleri yapilmis ve farkli sicakliklarin ¢igek tozu
¢imlenmesi ve ¢im borusu uzunluguna etkisi
arastirilmigtir,

MATERYAL ve METOT

Calismanin bitkisel materyalini, SDU Ciftci Egitim
Merkezi (37.837124 enlem ve 30.538231 boylam)
AR-GE parselinde bulunan, Navaho, Jumbo, Bursa
I ve Bursa II bogiirtlen cesitleri olusturmustur.
Laboratuvar  c¢aligmalari, Isparta Uygulamal
Bilimler Universitesi Ziraat Fak. laboratuvarinda
yuritilmistiir.

Cigek tozlarimi elde etmek amaciyla sabah erken
saatlerde, balon doneminde alinan ¢igekler
laboratuvara getirilmis, anterler gikarilarak 24 saat
stiresince, 25 °C’de bekletilmistir. Cicek tozu elde
edildikten hemen sonra denemeler yapilmis, kalan
cigek tozlar1 desikator iginde +4 °C’de muhafaza
altina alinmustir.

Cesitlere ait cicek tozu iiretim miktarlar1 ve
morfolojik homojenlik oranm1 “Hemasitometrik
Lam” yontemi ile belirlenmistir (Eti, 1990). Bu
amagla, her agactan heniliz agmamig fakat agmak
lizere olan 20 adet ¢icek alinmistir. Bu gigekler
10’arli iki gruba ayrilmig; her bir ¢igegin erkek
organ basciklar1 (anter) sayilarak, kiigiik siseler
icerisine erkek organ ipgikleri (filament) ayrilmig
olarak konulmustur. Her bir sise i¢erisindeki 10’ar
cicege ait anterlerin kurumasi ve patlamasin
saglamak amaciyla siseler agizlar1 agik olarak
giines alan bir odanin kapali bir penceresi Oniine
konulmustur. Daha sonra her bir sise igerisine 10
ml damitik su konulmustur. Bu suyun iizerine
homojen ¢igek tozu dagilimini saglamak amactyla
ylizey gerilimini azaltacak bir madde eser miktarda
damlatilmistir. Bu amagla tarimsal savas ilaglar
veya hormon piiskiirtmelerinde yayici-yapistirict
olarak kullanilan ve piyasada degisik adlarla
satilan 6zel maddelerden yararlanilabilecegi gibi,
ayni gorevi yapmasi sebebiyle c¢alismada sivi
deterjan kullanilmistir. Daha sonra hemasitometrik
lam iizerinde sayim islemi gerceklestirilmis ve
morfolojik homojenlik orami asagidaki formiile
gore hesaplanmustir.
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( Normal sekilli polen zayia) -{ Abortifpolen sayiz)

MH = - x 100
Alandaki polen zayiz toplam

Norton (1966)’a goére hazirlanan tetrazolium
cozeltisi (TTC) %10’luk stok olarak hazirlanmustir.
Stok ¢ozeltiden 1 kisim alinarak 9 kisim %60°lik
sakkaroz ¢ozeltisi ile karistirilip TTC miktar1 %1
olarak ayarlanmistir. Lamun {izerine 1 damla TTC
¢Ozeltisi damlatilmus ¢igek tozlar1 ekilmis, tizerleri
lamelle kapatilmistir. Mikroskop altinda 2 saat
sonra yapilan sayimlarda, koyu kirmizi-turuncu
boyanan ¢igek tozlart canli, sarims1 pembe ya da
renksiz olanlar cansiz olarak kabul edilmistir.
Iyotlu potasyum iyodiir (IKI) testinde, cigek tozlart
lamel {izerinde 1.0 g potasyum iyodiir ve 0.5 g
iyotun 100 ml destile su igerisinde ¢Oziinmesiyle
hazirlanan iyotlu potasyum iyodiir (IKI) c¢ozeltisi
damlasi iizerine ekilmistir. Ekimden birkag dakika
sonra ¢icek tozlari renk degistirmeye baglamistir.
Koyu kahverengi boyanan c¢igek tozlari canli, agik
kahverengi, sarimsi bej ya da boyanmayanlar
cansiz olarak kabul edilmistir (Yidiz ve
Kaplankiran,2014; Binici ve Dalkilig, 2020).

Cigek tozu cimlendirme denemeleri icin “petride
agar” yontemi kullanilmistir (Koyuncu ve ark.,
2000; Gigli ve Koyuncu, 2017). Yapilan on
denemeler sonucunda %1 agar + %15 sakkaroz + 5
ppm borik asit iceren besi ortami ¢imlendirme
ortami olarak belirlenmistir. Cimlendirme ortamina
ekilen ¢igek tozlar1 6, 12, 24 ve 48 saat boyunca
18, 25, 30 ve 35 °C inkubasyon sicakliginda
tutulmuslardir. Daha 6nce yapilan 6n denemeler
sonucunda 18 °C kontrol sicakligi olarak
belirlenmistir. Ci¢ek tozu ¢im borusu uzunluklari,
cicek tozu ekiminden 24 saat sonra, Zeiss marka
151k mikroskobu altinda okiiller mikrometre
kullanarak 40 biiyiitme ile 6l¢tilmiistiir.

istatistiksel analizler

In vitro ¢imlendirme denemelerinde, her ¢esit icin
4 petri kullanilmis ve her bir petri 4 bolgeye
ayrilarak her bolgede toplam 400 adet ¢igek tozu
sayilmisgtir.  Cicek  tozlarmin  canlilik  ve
¢imlendirme testleri ile {iretim miktarini belirlemek
tizere tesadiif parselleri deneme desenine gore dort
tekerriirlii olarak yiiriitilen denemede verilerin
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degerlendirilmesinde SPSS 22.0 (SPSS Inc., USA)
paket programi kullanilarak istatistiksel analiz
yapilmistir. Ortalamalar arasindaki fark LSD ¢oklu
karsilastirma testine gore P<0,05 diizeyinde test
edilmistir (Bilgin ve Misirli, 2017).

BULGULAR

Bursa I, Bursa II, Jumbo ve Navaho c¢esitlerine ait
cicek tozu sayimlart ve morfolojik homojenlik
oranlart Cizelge 1’de sunulmustur. Bir ¢igekte
bulunan anter sayis1 72,36 adet (Bursa II) ile 67,94
adet (Navaho) arasinda degismistir. Bir anterdeki
ortalama ¢igek tozu sayisi bakimindan Bursa II
(209.66 adet) ve Bursa I (208.20 adet) ¢esitleri 6n
plana cikmistir. Bir anterde en az g¢igek tozu
bulunduran gesit Navaho (186.84 adet) olmustur.
Cesitlerin  ortalama ¢i¢cek tozu  miktarlari
karsilastirildiginda ise Bursa 11 19301.2 adet ile en
iist sirada yer alirken Navaho 11263.37 adet ile en
az cicek tozuna sahip c¢esit olmustur. Bursa II
cesidi morfolojik homojenlik diizeyi bakimindan
%96,6 ile morfolojik homojenlik diizeyi en yiiksek
cesit olmustur. Bunu sirasiyla Bursa 1 (%95.9),
Jumbo (%94,5) ve Navaho (%94,2) cesitleri
izlemistir.

Cigek tozu canliligin1 belirlemek igin yapilan
boyama testlerine ait sonuglar Cizelge 2’de
verilmistir. Yapilan boyama testlerine gore gesitlerin
canliliklarinin ortalama degerleri kargilastirildiginda

%94,40 degeri ile Bursa II ¢esidi en yiiksek degere
sahip olmustur. Bunu Jumbo (%89,85), Bursa I
(%81,00), ve son olarak Navaho (%75,60) cesitleri
izlemistir. Tiim cesitler i¢in boyama testleri
ortalamalar1  karsilastirildiginda  IKI  (iyotlu
potasyum iyodiir) testi %87,42 ile TTC (tetrazolium
klorid) testine gore daha yiiksek sonu¢ vermistir.

Farkli sicakliklarin ¢igek tozu ¢imlenmesi iizerine
etkilerinin incelenmesi igin 4 farkli sicaklik
kosulunda ¢igek tozlar1 c¢imlendirilmistir. Daha
once yapilan 6n denemelerle optimum cigek tozu
cimlenme sicakligi 18 °C olarak belirlenmis ve bu
sicaklik kontrol sicakligi olarak ele alinmustir.
Farkli sicakliklarin ¢igek tozu ¢imlenme oranina
etkisi Cizelge 3’de verilmigtir. Dort farkh
sicakligin tim g¢esitler icin ortalama degerleri
karsilastirildiginda cesitlerin ortalama ¢imlenme
oranlarina gore 18 °C’de %58, 44 ve 25 °C’de ve
% 57,47 ¢imlenme orani bulunmustur. Sicaklik 30
°C’ye c¢iktiginda c¢icek tozu c¢imlenme orani tiim
cesitlerde diismeye baslamis, ortalama g¢imlenme
orani %37,52’ye diigmustiir. Yiiksek sicakligin
olumsuz etkisiyle 35 °C’de ortalama cimlenme
orani %5,71 olmustur. Farklh sicakliklarda cesitler
kargilastirildiginda ise ortalama %44,69 (Bursa II)
ile %32,25 (Navaho) arasinda degistigi gorilmiistiir.

Cizelge 1. Bogiirtlen gesitlerinde ortalama anter sayisi, bir anterdeki ortalama ¢igek tozu sayisi, bir ¢igekteki ortalama ¢igek tozu

say1s1 ve morfolojik homojenlik oranlari.

Table 1. Average number of anthers in blackberry varieties, average pollen number in an anther, average pollen number in a

flower and morphological homogeneity ratios.

Bir ¢igekteki ortalama

Bir anterdeki ortalama

Bir ¢igekteki ortalama Morfolojik homojenlik

Cesitler anter sayisi (adet)* cicek tozu sayisi (adet)* cicek tozu sayisi (adet)* (%)
Varieties Average number of Average pollen number in ~ Average pollen number in Morphological
anthers (number) an anther (number) a flower (number) homogeneity ratios
Bursa | 71,97a 208,20a 17214,00b 95,9
Bursa II 72,36a 209,66a 19301,21a 96,6
Jumbo 69,71b 204.91a 14987,11¢ 94,5
Navaho 67,94b 186,84b 11263,37d 94,2
LSD Cesit 1,19 6,21 1,97
CV (%) 32

*Ayni siitundaki farkli harfle gosterilen degerler arasindaki fark istatistik olarak énemlidir (p<0,05). *The difference between
values represented by different letters in the same column is statistically significant.
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Cizelge 2. Canlilik testlerinin gesitlere gore ¢esitlerin canlilik oranlari (%).

Table 2. Viability rates of varieties according to viability tests (%).

Cesitler Ortalama
Varieties TTC IKI (Mean)
Bursa I 78,50 83,50 81,00b*
Bursa II 93,60 95,20 94,40a
Jumbo 86,20 93,50 89,85a
Navaho 73,70 77,50 75,60c
Ortalama (Mean) 83,00bY 87,42a

LSD Cesit/Varieties: 3327
LSD Boya: 2565
CV (%):3,66

*Ayni siitunda farklt harflerle gosterilen degerler arasindaki fark istatistiki olarak onemlidir (p<0.05).Y Ayn1 satirda farkli harflerle
gosterilen degerler arasindaki fark istatistiki olarak 6nemlidir (p<0,05). *The difference between the values shown with different
letters in the same column is statistically significant (p <0.05). YThe difference between the values shown with different letters in

the same row is statistically significant (p <0.05).

Cizelge 3. Farkli sicakliklarin ¢igek tozu ¢imlenmesi iizerine etkisi.

Table 3. Effect of different temperatures on pollen germination.

\?:rsl‘ettlfers 18°C 250C 30°C 350C O(rlt\f[‘l;’r?)a
Bursa | 64,00 63,24 41,53 6,20 4374
Bursa II 64.43 61,83 44,16 8,36 44,69 a
Jumbo 58,14 58,61 33,26 3,84 3846
Navaho 4721 46,20 31,16 4,46 3225
OrtalamaY 58,44 a 57,47 a 37,52b 571 ¢

LSD Cesit/Varieties: 5,59
LSD Sicaklik/Temperature: 11,20
CV (%): 5,46

*Ayni siitunda farkli harflerle gosterilen degerler arasindaki fark istatistiki olarak onemlidir (p<0,05). YAym satirda farkli
harflerle gosterilen degerler arasindaki fark istatistiki olarak 6nemlidir (p<0,05). *The difference between the values shown with
different letters in the same column is statistically significant (p<0.05).YThe difference between the values shown with different

letters in the same row is statistically significant (p<0.05).

Cigek tozu ekiminden 6 saat sonra 18 °C ve 25 °C
de hicbir g¢esitte ¢igek tozu ¢imlenmesi
baglamamustir. Cigek tozu ekiminden 12 saat sonra
Bursa I ve Bursa II ¢esitlerinde ¢imlenme oldugu
gorlilmiistiir (%9,16-%8,16). Sicaklik artiginin tiim
cesitlerde c¢imlenme siiresini olumsuz etkiledigi
goriilmektedir. Sicaklik 35 °C’ ye ¢iktiginda ise
inkubasyon siliresine bagli olmaksizin  tiim
cesitlerde cicek tozu ¢imlenme miktarmin diistiigii
goriilmektedir. Tim sicakliklarda biitiin gesitler
kendi maximum degerine 48 saat sonra
ulagmiglardir (Sekil 1).
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Farkli sicakliklarin 24 saat sonra gigek tozu ¢im
borusu uzunluguna etkisi Cizelge 4’de sunulmustur.
Ortalama ¢icek tozu ¢im borusu uzunluklari
karsilastirildiginda en uzun gigek tozu ¢im borulari
25 °C’de olgiilmiistiir 116,68 pm, 113, 34 um ile
bunu 30 °C izlemistir. Sicakligin 35 °C’ye
¢ikmastyla ¢im borusu uzunlugu azalmis ve 100,08
um’ye dismiistiir (p<0,05). Farkli sicakliklarda
ortalama ¢im borusu uzunlugu bakimindan gesitler
karsilastirildiginda  aralarindaki  fark  istatistik
olarak 6nemli degildir. En uzun ¢im borular1 Bursa
IT g¢esidinde (112,98 pm) Olgiilmiistiir. Bursa I
¢esidinde 110,17 um, Navaho ¢esidinde 109,01 pm
ve Jumbo ¢esidinde 108,70 pm *dir.
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Cizelge 4. 24 saat sonra ¢esitlerin farkli sicakliklardaki ¢im borusu uzunluklari (um).
Table 4. Pollen tube lengths at different temperatures after 24 hours later (um).

Cesitler/ Varieties 18°C 250C 30 °C 35°0C Ortalama/ Mean
Bursa I 113,17 117,15 112,16 98,23 110,17
Bursa II 109,89 119,23 116,51 106,30 112,98
Jumbo 109,81 114,24 113,31 97,45 108,70
Navaho 110,21 116,10 111,38 98,35 109,01
Ortalama/ Mean Y 110,77a 116,68a 113,34a 100,08¢

LSD Sicaklik/ Temperature: 5,64

CV (%): 4,98
YAym satirda farkli harflerle gosterilen degerler arasindaki fark istatistiki olarak 6nemlidir (p<0.05). YThe difference between the
values shown with different letters in the same row is statistically significant (p <0.05).
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Sekil 1. Farkli sicakliklarda 4 farkli ¢esidin 6, 12, 24 ve 48 saat inkubasyondan sonra ¢igek tozu ¢imlenme yiizdeleri.
Figure 1. Germination percentage of after 6, 12, 24, 48 hours incubation period of four different varieties.
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TARTISMA

Verimliligin esas oldugu giiniimiiz modern meyve
yetistiriciligi sistemlerinde, kullanilan cesitlerin
cicek tozu iiretim kapasiteleri, homojenlik durumlart,
canliliklar1 ve c¢imlenme oranlarinin bilinmesi,
siirdiiriilebilir bir {iretim igin olduk¢a Onemlidir.
Cigek tozlarinin morfolojik olarak homojen olmast,
canlilik ve ¢imlenme yeteneklerinin artisin1 olumlu
yonde etkilemektedir (Kazaz ve ark., 2020). Ayrica
morfolojik olarak homojen olmayan ¢igek tozlarinda
yeterli bir tozlanma ve dollenme beklenmez.
Morfolojik homojenlik tozlanma ve doéllenme igin
mutlak gereklidir (Voyiatsiz ve Paraskevopoulou-
Paroussi, 2002). Bircok meyve tiirii [kiraz (Tosun
ve Koyuncu, 2007), kayist (Abaci ve Asma, 2014;
Bilgin ve Misirli, 2017), yenidiinya (Karabiyik ve
Eti, 2015)] ¢icek tozu tiretim miktarlart bakimimdan
incelenmistir. Caligma sonuglarimiza paralel olarak
bogiirtlende yapilan baska bir ¢alismada 1 ¢igekteki
anter sayisi Chester Thornless g¢esidinde 79,0,
Jumbo ¢esidinde 70,5, Nessy cesidinde 68,7,
Oregon Thornles ¢esidinde 55,5 bulunmustur. Ayni
caligmada ¢esitlerin morfolojik homojenlik oranlari
%56,4 (Oregon Thornless) ile %77,1 (Chester
Thornless) arasinda degismistir (Tiliremis ve Derin,
2000). Cicek tozu canliligini belirlemede kullanilan
boyama teknikleri; ¢icek tozu enzim aktivitelerini,
hiicre biitlinliiglinli ve ¢ekirdegin boyanabilirligini
tespit etmeyi amaglamaktadir. Bu amagla,
asetokarmin, propione carmin, anilin mavisi (anilin
blue), Alexander boyasi (Alexander’s stain), IKI
(iyotlu potasyum 1iyodiir), FDA (flourescein
diacetate), NBT(p-nitro blue tetrazolium), MTT
(2,5-diphenyl tetrazolium bromide) ve TTC (2-2-5-
trifenil  tetrazolium  klorid)  kullanilmaktadir
(Vizintin ve Bohanec, 2004). Yapilan boyama
testlerinde istatistiksel olarak bir fark olmasa da
iyotlu potasyum iyodiir testi tetrazolium klorid
testine gore daha yiiksek bir sonu¢ vermistir.
Benzer sekilde Asma (2008), kayist polenlerinde
yaptig1 canlilik testinde iyotlu potasyum iyodiirle
yapilan boyama testinden tetrazolium klorid testine
gore daha yiiksek sonuclar almigtir. Ayni sekilde
Dorukoglu ve Aslantag (2013), farkli meyve
tiirlerinin ¢igek tozlarinda canlilik testlerinde iyotlu
potasyum iyodiiriin daha yiiksek sonuclar verdigini
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bildirmislerdir. Isparta’da dogal olarak yetisen
bogiirtlen  tiplerinde polen performanslarinin
belirlenmesi i¢in  yapilan c¢aligmada polen
canliliklar1 TTC testi ile belirlenmis, polen canlilik
oranlarinin %79,88 ile %83,22 arasinda degistigi
bildirilmistir (Giiglii ve ark., 2018). Cilek gesitleri
ile yapilan baska bir ¢alismada ¢icek tozu canliligt
icin TTC boyama testi kullanmig ve ¢icek tozu
canlilik oraninin %82 (Allstar ve Elvira) ile %86,5
(Chandler) arasinda degistigi bildirilmistir. Ayrica
cesitlerin morfolojik homojenlik oraninin da
oldukga yiiksek oldugu tespit edilmistir (Koyuncu,
2006). Calismamiza benzer sekilde c¢icek tozu
canlilik oranlari, ¢igek tozu ¢imlenme oranlarindan
yiikksek c¢ikmustir. Eti ve Stosser (1988) bu
parametreler arasinda dogrudan ve tutarli bir iligki
olmadigimi bildirmislerdir. Son yillarda arastiricilar
arasinda cicek tozu cimlenme testlerinin boyama
testlerinden daha giivenilir oldugu, ancak pratik
olmasi bakimindan canlilik testlerinin se¢ildigi
goriisii hakimdir (Impe ve ark., 2020).

Hiikiimetler aras1 Iklim Degisikligi Paneli’nin 4.
degerlendirme raporuna (Anonymous, 2014) temel
teskil eden yiiksek emisyon senaryolu (A2) model
simiilasyonlari, yiizyilin sonuna dogru Tiirkiye’de
yillik sicakliklarin glintimiize gore 3,1 °C — 5,2 °C
arasinda artacagini 6ngdrmektedir (Uzunoglu ve
ark, 2015). Tarimin, glinlimiizde ge¢gmise nazaran
cok kolay yapilmasi ve drenajdaki diizelmelere
ragmen sicakliklarin artmasi ve yillik yagislarin
azalmasi, bitkilerde iirlin kaybin1 ve su tiiketimini
artirmaktadir (Dockerty ve ark., 2006). Son
yillarda yapilan ¢aligmalarda yiiksek sicakliklarin
ve sicaklik dalgalanmalarinin generatif organlar
vegetatif organlardan daha ¢ok etkileyecegi
bildirilmigtir. Dolayisiyla meyve tutumu da
olumsuz olarak etkilenecektir (Hebbar ve ark.,
2018). Calismamizda 18 °C ve 25 °C, ¢igek tozu
¢imlenmesi ve ¢im borusu uzamasi i¢in en uygun
sicakliklar olarak belirlenmis, yiiksek sicakliklarin
¢igek tozu ¢imlenme orani ve ¢im borusu uzunlugu
lizerine olumsuz etki yaptigi gorilmistir. Cicek
tozu c¢imlenme oranm 35 °C’de ¢ok belirgin bir
diigis gosterirken, c¢icek tozu ¢im borusu
uzunlugunda meydana gelen azalma c¢ok fazla
degildir. Yani yiiksek sicakliklarda ¢imlenen ¢igek
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tozu sayist az olsa da g¢icek tozu ¢im borusu
uzayabilmistir. Buradan ¢icek tozu ¢imlenmesinin
¢im borusu uzunluguna gore yiiksek sicakliklardan
daha fazla etkilendigini soyleyebiliriz. Caligmanza
benzer sekilde Isparta’da dogal olarak yetisen
bogiirtlen tiplerinde 20 °C ¢icek tozu ¢imlenmesi
ve ¢im borusu uzamasi i¢in en uygun sicaklik
olarak bulunmustur (Giiglii ve ark., 2018). Red
Lake ve Rosenthal gesitlerinin polen performanslarimin
belirlendigi ¢caligmada 15 °C, ‘Red Lake’ ¢esidi i¢in
en uygun c¢imlenme sicakligi olurken, 20 °C,
‘Rosenthal’ ¢esidi i¢in optimum ¢imlenme
sicakligi olarak bulunmustur. inkiibasyon siiresinin
artmastyla her iki cesit i¢inde ¢icek tozu ¢imlenme
oranlart artmistir (Guglii ve ark., 2019). Kirazda
farkli sicakliklarin gigek tozu ¢im borusu uzamasi
iizerine yapilan baska bir ¢aligmada 20 ve 25 °C en
uygun ¢imlenme ve tip biiylimesi sicaklif
olurken, bizim c¢alismamizda oldugu gibi tim
cesitlerde inkiibasyon siiresi arttikca c¢imlenme
orani artmustir (Koyuncu ve Giiglii, 2009). Badem
cicek tozlarinda yapilan bir ¢alismada diisik ve
yliksek sicakliklarin gigek tozu ¢imlenmesi ve tiip
bliylimesi tizerine farkli oranlarda olumsuz etkisi
oldugu bildirilmistir. (Sorkheh ve ark., 2018).
Calismamizdan elde edilen sonuglara gore sicaklik
normalin {stiinde degerlere c¢iktikca ¢icek tozu
¢imlenmesi azalmig, ¢im borusu uzunlugu bir siire
artmig daha sonra ise onda da azalma meydana
gelmistir. Sonuglarimiza paralel olarak ¢igek tozu
¢imlenme oranlari ve ¢im borusu biiyiimesi iizerine
yliksek sicakliklarin diigiik sicakliklardan daha
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OZ: Bu calisma organik ve konvansiyonel tarim kosullarinda yetistivilen bazi tibbi ve aromatik bitkilerin kalite
ozelliklerini belirlemek amacwyla yiiviitiilmiistiir. Materyal olarak Anadolu adacayr (Salvia fruticosa Mill.), Lzmir kekigi
(Origanum onites L.), lavandin (Lavandula x intermedia Emeric ex Loisel.), lavander (Lavandula angustifolia Mill.), bahge
nanesi (Mentha spicata L.) ve tibbi nane (Mentha x piperita L.) kullaniimigtir. Bitkiler tam ¢iceklenme doneminde hasat
edilmis, inkiibatorde kurutulmus ve ugucu yaglart su distilasyonu yontemiyle ¢ikarilmistir. Ugucu yaglarin kimyasal bilesimi
GC/MS ile belirlenmigtir. Bitkilerdeki ugucu yag oranlari organik ve konvansiyonel tarim kosullarinda tiirlere gore sirasi ile
Anadolu adacayinda %?2,8-,3,2, Lzmir kekiginde %3,5-3,8, lavandinde %5,4-6,3, lavanderde %3,1-3,4, bahgce nanesinde
%1,7-2,2 ve tibbi nanede %2,1-2,4 arasinda degisim géstermistir. Ucucu yaglarin ana bilesenleri ve oranlari ise organik ve
konvansiyonel tarim kosullarinda tiirlere gére Anadolu adagayinda 1,8-sineol %40,92-44,52, Lzmir kekiginde karvakrol
%43,84-48,47, lavandinde linalol %32,84-34,69, lavanderde linalil asetat %33,03-36,28, bahge nanesinde karvon %53,64-
59,01 ve tibbi nanede menthon %40,86-45,32 arasinda degisim géstermistir. Sonug¢ olarak, organik tarim kosullarinda
incelenen tiim tiirlerin ugucu yag oranlarimin diistiigii tespit edilmistir. Bununla birlikte, organik ve konvansiyonel tarim
kosullarinda u¢ucu yaglarda bulunan ana bilesenlerin oranlarinda énemli bir degisim meydana gelmemistir.

Anahtar kelimeler: Salvia fruticosa Mill., Origanum onites L., Lavandula x intermedia Emeric ex Loisel., Lavandula
angustifolia Mill., Mentha spicata L., Mentha x piperita L., organic.

The Preliminary Study on Quality Characteristics of Some Essential Oil Plants
Grown Under Conventional and Organic Farming Conditions

ABSTRACT: This study was carried out to determine the quality characteristics of some medicinal and aromatic
plants grown under conventional and organic farming conditions. In the study, Anatolian sage (Salvia fruticosa Mill.),
Turkish oregano (Origanum onites L.), lavandin (Lavandula x intermedia Emeric ex Loisel.), lavander (Lavandula
angustifolia Mill.), spearmint (Mentha spicata L.) and pepermint (Mentha x piperita L.) species are used as a plant
material. Plants were harvested in full bloom, dried in an oven, and their essential oils were extracted by water distillation.
The chemical composition of the essential oils obtained was analyzed by GC/MS. Essential oil yield in organic and
conventional farming conditions varied between, 2.8-3.2% in Anatolian sage, 3.5-3.8% in Turkish oregano, 5.4-6.3% in

84



U. KARIK, M. TUNCTURK, O. CINAR, E. OGUR: ORGANIK VE KONVANSIYONEL TARIM KOSULLARINDA
YETISTIRILEN BAZI UCUCU YAG BITKILERININ KALITE OZELLIKLERI UZERINE BiR ON CALISMA

lavandin, 3.1-3.4%, in lavander, 1.7-2.2% in spearmint and 2.1-2.4% in pepermint respectively. The main components and
ratios of essential oils in samples obtained from organic and conventional farming; 1,8-cineole 40.92-44.52% in Anatolian
sage, 43.84-48.47% carvacrol in Turkish oregano, linalool 32.84-34.69% in lavandin, linalyl-acetate 33.03-36.28% in
lavander, carvone 53.64-59.01% in spearmint and menthone 40.86-45.32% in peppermint respectively. As a result, it was
determined that the essential oil yields of all the species studied were decreased in organic farming conditions. However, no
significant change occurred in the proportions of the main components in essential oils in organic and conventional farming

conditions.

Keywords: Salvia fruticosa Mill., Origanum onites L., Lavandula x intermedia Emeric ex Loisel., Lavandula angustifolia

Mill., Mentha spicata L., Mentha x piperita L., organic.

GIRIiS

Tibbi ve aromatik bitkiler; gida, ila¢, kozmetik ve
baharat gibi birgok kullanim amagclari olan ve
insanlik tarihinin baglangicindan itibaren benzeri
amaclarla kullanildiklar1 bilinen bitkilerdir. S6z
konusu bitkilerin bir kismi1 dogadan toplanirken bir
kismui da kiiltlire alinmis olup iiretimi yapilmaktadir.
Ancak tedavi amacli kullanilan bitkilerin 6nemli
bir kismi dogadan toplanmaktadir. Tibbi ve
aromatik bitkilerin en ¢ok gdze carpan ve arastirmaya
konu olan 6zellikleri tedavi amagli kullanimlaridir.
Bitkilerle tedavi; geleneksel tedavi, tamamlayici
tedavi, dogal tedavi gibi farkli isimlerle, gelismemis
iilkeler basta olmak {izere diinyanin birgok
iilkesinde kullanilmaktadir (Demirezer, 2010).

Organik kimya biliminin gelismesi ile tibbi bitkiler
konusunda ¢ok sayida bilimsel ¢alisma yapilmis ve
etkili kimyasal maddeler birkag¢ kisma ayrilmistir.
Bu maddeler glikozitler, alkaloitler, organik asitler,
tanenler, vitaminler, karbonhidratlar, sabit ve
ucucu yaglardir. Her bitkinin karakteristik kokusunu
veren eterik yaglarin organik bilesenlerinin
tamaminin ugucu oldugu bulunmustur. Bir ugucu
yagin degeri, bilesimini meydana getiren kokulu
bilesiklerin g¢esidine, bunlarin bulunus oranlarina,
Ozelliklerine ve ¢esitli sanayi dallarinda kullanilma
yerlerine baghidir. Farkli kullanim yerlerinde farkli
Ozellikler aranmaktadir. Gida sanayinde tuzlu suda
cozlintirlik ozelligi, parfiim sanayinde alkolde
cozlintirlik ozelligi gibi fiziksel 6zelliklerin yani
sira gida i¢in toksik, parfiim i¢in ise koku degeri,
alerjik 6zelligi, istenen karigimlara uygunlugu gibi
baz1 kimyasal 6zellikleri eterik yagin kalitesi igin
onemli Ozelliklerdendir. Farkli tiirlerdeki yaglarin
farkli kokulu olmasinin sebebi bilesimlerindeki
koku maddelerinin gesit ve oranlaridir. Bitkilerin

gelismesinde etkili olan ¢evre kosullar1 (iklim, 151k,
toprak reaksiyonu, su, mineral maddeler), bitkinin
yasi, fizyolojik gelisme donemi, hasat ve kurutma
islemleri gibi faktorler bitkideki etken maddelerin
sentezlenmesine, elde edilen ugucu yagin miktarina
ve kalitesine olumlu ya da olumsuz etkide
bulunabilir. Hatta ayni yerde yetisen bitkilerde
dahi bu farkliik bazen dikkati ¢ekecek kadar
fazladir (Yasar, 2005).

Ucucu yaglardan elde edilen birgcok madde, ilag
hammaddesi veya koku verici maddenin yari
sentez yoluyla elde edilisinde kullanilir. Ornegin
kafur, pinenden; vanilin, 6jenolden yar1 sentetik
olarak hazirlanmaktadir. Ayrica ugucu yaglarin en
onemli kullanim yeri dogal aromalardir. Birgok
dogal aromanin saglanmasinda veya aromalarin
zenginlestirilmesinde kullanilmaktadir. Ornegin,
karanfil yaprak yagindan elde edilen 6jenol ile
dogal muz aromasi saglanir. Ayrica ugucu yaglar
discilik, agiz bakim {iriinleri, parfiimeri, boyacilik,
madencilik ve gidanin tiim alanlarinda genis
6lciide kullanilmaktadir (Calikoglu ve ark., 2006).

Giiniimiizde ithalat ve ihracati yapilan bitki tiirleri
arasinda ilk siray1 Lamiaceae familyas1 almaktadir.
Igerik bakimindan zengin aromatik tada, ugucu
yaga ve hos kokuya sahip oldugundan dolay1
giiniimiizde Onemini korumaktadir. Lamiaceae
familyas1 diinya genelinde her bdlgede yayilis
gosterirken genel olarak Akdeniz bolgesinde ve
Kuzey-Bat1i Asya bolgelerinde daha yaygin bir
sekilde bulunmaktadir (Erdogan, 2014). Genel
olarak Akdeniz havzasinda yayilis gosteren bir¢ok
tire sahip olan Lamiaceae familyasi ¢ok eski
donemlerden bu yana tibbi bitki olarak
kullanilmaktadir (Yaniv ve ark., 1982). Lamiaceae
familyas1 diinya genelinde 250 cins ve 7000 tiir

85



ANADOLU 31 (1) 2021

icermektedir (Ulcay ve Senel, 2018; Kahraman ve
Dogan, 2010). Tiirkiye’de Lamiaceae familyasina
ait 326 tanesi endemik olmak {izere 844 adet tiir
bulunmaktadir (Anonim, 2020a). Oldukga genis bir
familya olan Lamiaceae Tirkiye’de de en biiyiik
familyalar arasinda yer almaktadir. Familya
adacay1 (Salvia spp.), kekik (Origanum spp.) nane
(Mentha spp.), reyhan (Ocimum spp.) ve lavanta
(Lavandula spp.) gibi tibbi ve aromatik bitkileri
kapsamaktadir (Aktas, 2001; Bagci ve Kocak,
2008; Erdogan, 2014; Karik, 2015).

Organik tarim genel itibariyle su sekilde
tanimlanabilir;  “Ekolojik  sistemdeki  hatali
uygulamalara bagli olarak bozulan dogal dengenin
yeniden tesis edilmesine yonelik olarak insanlara
ve dogaya zarart olmayan iiretim sistemlerini
iceren, genel olarak sentetik kimyasallar ve
giibrelerin kullanilmasinin yasaklanmasina ilaveten
insanlara ve dogaya zarar1 olmayan ya da ¢ok az
zarari olan yesil giibreleme, miinavebe, topragin
korunmasi, bitki direncinin artirilmasi, parazit ve
predatorlerle miicadeleyi Oneren, tiim bu
imkanlarin kapali bir ortamda yapilmasini isteyen,
iiretimde miktar artisindan ziyade {iriin kalitesinin
artirllmasin1 amaglayan iiretim seklidir’(Ilter ve
Altindisli, 1996; lter ve ark., 2012). Tiirkiye’de
2017 yilinda kekik, adagay1 ve nanede toplam 1010
ton, 2018 yilinda topam 293 ton iirliin organik
iiretim sertifikas1 almistir (Anonim, 2020b).

Ulkemizde tibbi ve aromatik bitkiler sektériinde
iiretim alanlar1 ve iiriin gesitliligi her gecen giin
artmaktadir. Bunun ana nedeni olarak diinyada bu
bitkilerden elde edilen {iriinlere olan talebin
artmas gosterilebilir. Uretimde kullamilan girdiler,
kayit sistemi, ¢evreye olan etkiler ve izlenebilirlik
gibi birgok farkli noktayi birlikte degerlendiren
iiretim sistemleri son zamanlarda 6nem kazanmistir.
Organik tarim uygulamalart bu parametreleri
igeren, yetkili sertifika kuruluslari tarafindan kanun
ve yonetmeliklerle izlenip sertifikalandirilan
iiretim modelleridir. Tibbi ve aromatik bitkilerin
iiretim alan1 olarak 6ne ¢ikan Denizli ili Bekilli
ilgesinde 2020 yilinda yiiriitilen bu calismada,
organik ve konvansiyonel olarak iiretimi yapilan
kekik, adacayi, iki farkli lavanta tiirii, bah¢e nanesi
ve tibbi nane tiirlerinden alinan  bitki
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orneklerindeki ugucu yag oranm1 ve bilesimi
incelenmistir. Boylece bu iki farkli {iretim
sisteminin bitkilerin kalite 6zelliklerine olan etkisi
belirlenmistir.

MATERYAL ve METOT
Materyal

Calisgmada materyal olarak Anadolu adagayi
(Salvia fruticosa Mill.), 1zmir kekigi (Origanum
onites L.), lavandin (Lavandula x intermedia
Emeric ex Loisel.), lavander (Lavandula angustifolia
Mill.), bahge nanesi (Mentha spicata L.) ve tibbi
nane (Menthaxpiperita L.) kullanilmigtir. Denzili
ili, Bekilli ilgesi, Biikriice koyilinde belirtilen
tirlere ait 3 yildir organik ve konvansiyonel
iiretim yapilan alanlardan, 2020 yili Temmuz ayinda
aliman bitki 6rnekleri ile ¢aligma yiiritilmiistiir.
Calismada kullanilan organik bitkisel materyal,
Likya Uluslararast Organik Uriinler Kontrol ve
Sertifikasyon Hizmetleri Ltd. Sti. tarafindan
Savas UYAR adma 16.1137.012.BU sertifika
numarasi ile sertifikalandirilmigtir. Konvansiyonel
bitki ornekleri, ayni bdlgede ve aymi ekolojik
kosullarda yetistirilen bitkilerin yer aldig: iretim
alanlarindan 2020 yili Temmuz ayinda temin
edilmistir. Alinan bitkisel materyallerin tamami
¢esit vasfinda olmayip, populasyon niteligindedir.

Cizelge 1’de Denizli ili Bekilli ilgesine ait uzun
yillar ortalamasi ve 2020 yilina ait sicaklik ve
yagls degerleri yer almaktadir. Cizelge 1
incelendiginde bolgemin iklim dzelliklerinin
karasal iklim niteligi tasidig1 goriilmektedir. Uzun
yillar ortalamasi toplam yagis miktart 302 mm
olarak belirlenmis, 2020 yilinda toplam yagis
286.2 mm olarak gerceklesmigtir. Sicaklik
degerlerine baktigimizda uzun yillar sicaklik
ortalamasi 14.1 °C olurken, 2020 yili sicaklik
ortalamas1 14.6 °C olarak 6lgiilmiistiir. Genel
olarak incelendiginde, c¢aligma yila ait iklimsel
verilerin, uzun yillar ortalamasi ile biilyiik oranda
ortiistiigii anlasilmaktadir.

Calismada kullanilan bitkisel materyallerin alindig
topraklarin fiziksel ve kimyasal 6zelliklerine iligkin
yapilan analiz neticesinde elde edilen sinir degerler
Cizelge 2’de verilmistir. Topraklarin  biinye
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bakimindan orta (50-55) seviyede oldugu, tuzluluk
problemi igermedigi (0,1-0,3), kireg miktarnin az
(0,3-0,6) ve organik madde miktarinin orta (2,2-2,7)
diizeyde oldugu belirlenmistir. Bu bilgiler 1s18i1nda,
bitki Orneklerinin alindig1 tarlalarin fiziksel ve
kimyasal 6zellikleri bakimindan bu bitkilerin tarimi
icin uygun oldugu soylenebilir.

Metot

Bitkilerin tam c¢i¢ceklenme doneminde, organik ve
komvansiyonel {retim alanlarindaki {iretici
tarlasindan, her tiir i¢in bir tarladan ve tarlanin
farkl1 bes yerinden bitki ornekleri alinmistir. Her
tire ait alinan bes adet bitki drnegi esit miktarda
karigtirilarak tek Ornek haline getirilmistir. Elde
edilen tek ornekler 40 C° de 72 saat siire ile etiivde
kurutulmustur. Kurutulan bitkilerden alinan érneklerde

ucucu yag orani ve ucucu yagin kimyasal bilesimi

belirlenmistir. Yapilan analizler ve bu analizlere
iligkin kullanilan yontemler agagida ayrintili olarak
verilmistir.

Ucucu yag oram (%): Kuru bitki 6rneklerinde
ucucu yag oranlar1 Clevenger apareyi ile voliimetrik
olarak belirlenmistir. 30 g drog 1000 ml'lik silifli
balona konmus ve 300 ml saf su ilave edilmistir.
Uzerine  sogutucu  tastyan  toplama  biireti
yerlestirilmistir. Toplama biiretine su konulmustur.
Sistem elektrikli 1siticida 4 saat 1sitilarak distilasyona
devam edilmistir. Siirenin sonuna dogru sogutma
suyu kapatilarak su buharmin iyice yogunlagmasi
beklenmis ve derhal soguk su akigt yeniden
baglatilmustir. 10 dk sonra distilasyona son verilmistir.
Sistem kapatilip, numune ic¢indeki ugucu yag
miktart hacim/agirlik cinsinden hesaplanmistir
(Anonymous, 2010).

Cizelge 1. Bekilli ekolojik kosullarinda deneme yili ve uzun yillar ortalama sicaklik (°C) ve toplam yagis (mm) degerleri

(Anonim, 2021).

Table 1. Trial year and long term mean temperature (°C) and total precipitation (mm) values of Bekilli ecological conditions

(Anonim, 2021).

Sicaklik °C Yagis (mm)
Aylar Temperature °C Precipitation (mm)
Months 2020 Uzun yillar 2020 Uzun yillar
Long terms Long terms
Ocak (January) 2,1 2.4 20,2 32,4
Subat (February) 52 4,3 60,3 77,6
Mart (March) 9,4 52 42,4 32,5
Nisan (April) 10,7 10,3 12,8 12,3
Mayis (May) 13,6 15,3 21,5 22,7
Haziran (Jun) 15,8 20,6 10,7 12,6
Temmuz (July) 27,3 23,7 0,0 0,7
Agustos (August) 27,1 25,4 7,2 6,9
Eyliil (September) 26,5 23,2 6,3 7,2
Ekim (October) 19,7 19,8 7,6 8,8
Kasim (November) 12,4 13,3 6,4 7,5
Aralik (December) 6,1 52 90,8 80,8
Ortalama (Average) 14,6 14,1 286,2 302,0
Cizelge 2. Toprak drneklerinin bazi fiziksel ve kimyasal 6zellikleri.
Table 2. Some physical and chemical properties of soil samples.
- . EC25 . A Organik madde ~ Alnabilir P2Os  Degisebilir K2O
D];rmtllllk %ektstur (1:2.5) pH (1P.1245) Kl]l;e'(; (%) Organic matter Available P2Os Variable K2O
® ST salinity P e (%) (ppm) (ppm)
0-30 50-55 0,1-0,3 7,2-7,6 0,3-0,6 2,2-2,7 32-44 248-264
Killi tin Az Hafif alkali Eseri Orta Yeterli Yeterli
Clay loam Few Slightly alkaline Trace Middle Sufficient Sufficient
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Ucucu yagm bilesimi (%): Ugucu yaglarda bulunan
kimyasal bilesenlerin adlar1 ve oranlart GC ve
GC/MS ile belirlenmistir. Oncelikle ugucu yag
ornekleri analiz edilmek {tizere 1:50 oraninda
hekzan ile seyreltme islemine tabi tutulmustur.

Gaz Kromatografisi (GC) analiz kosullari

Sistem: Agilent 690N GC GC analiz kosullari; es
zamanli olarak GC/MS sistemindeki madde ¢ikis
zamanlar1 ile ayni olacak sekilde ayarlanmistir
(FID 300°C). Bu amagla kapiler kolon (HP
Innowax Capillary; 60.0 m x 0.25 mm x 0.25 pum)
kullanilmugtir,

Gaz Kromatografisi/Kiitle Spektrometrisi (GC/
MS) analiz kosullar1

Sistem: Agilent 5975 GC-MSD sistemi

Kolon: HP-Innowax Silika kapiler (60 m x 0.25
mm @, 0.25 m film kalinlig1)

Sicakhik Programi: 60°C de 10 dak // 4°C/dak
artigla 220°C ye // 220°C de 10 dak // 1°C/dak
artisla 240°C

Enjektor: 250°C

Tasiyic1 Gaz: Helyum (0,8 ml/dak)
Split orani: Splitless

Elektron enerjisi: 70 eV

Kiitle Arahgi: m/z 35-450 olacak sekilde cihaz
sartlandirilmustir.

Cizelge 3. Caligmada kullanilan tiirlerin ugucu yag orant (%).
Table 3. Essential oil ratio of species used in the study (%).

Orneklerin ugucu yagm bilesenlerinin teshisinde
Bager Ucucu Yag Bilesenleri Kiitliphanesi, Wiley
ve Adams-LIBR (TP) Kitiiphane Tarama
Yazilimlar1 kullanilmistir. Elde edilen bilesenlerin
ylizdeleri FID dedektor kullanilarak, tanimlamast
ise MS dedektor kullanilarak yapilmistir. Ucgucu
yag bilesenlerinin alikonma indisleri (RI), her bir
bilesenin alikonma zamani ve C8-C22 karbon serili
n-alkan serisinin ayni analiz kosullar1 i¢in belirlenen
alikonma zamanlan dikkate alinarak hesaplanmistir.

BULGULAR ve TARTISMA
Ucucu Yag Oram (%)

Caligmada kullanilan tiirlerin ugucu yag oranlar
Cizelge 3’te verilmistir. Tiirlere gére baktigimizda,
organik {iretimde ucucu yag oran1 Anadolu
adagaymda %2.,8, Izmir kekiginde %3,5, lavandinde
%05,4, lavanderde %3,1, bahge nanesinde %1,7 ve
tibbi  nanede %2,1 olarak belirlenmistir.
Konvansiyonel iiretimde ise ugucu yag orani
Anadolu adacayinda %3,2, Izmir kekiginde %3,8,
lavandinde %6,3, lavanderde %3,4, bahge
nanesinde %2,2 ve tibbi nanede %?2,4 olarak
bulunmustur. Cizelge 3 incelendiginde, genel
olarak organik iiretimden elde edilen ugucu yag
orani degerlerinin, konvansiyonel iiretimden elde
edilenlere gore daha diisiik oldugu goriilmektedir.

Tiirkge ad1 Latince ad1 Organik ugucu yag orani (%) Konvansiyonel ugucu yag orant (%)
Turkish name Latin name Organic essential oil ratio (%) Conventional essential oil ratio (%)
Anadol.u adacay: Salvia fruticosa Mill. 2,8 3,2

Anatolian sage

[zmir kekigi . .

Turkish oregano Origanum onites L. 3,5 3,8

Lavandin Lavandula x intermedia 54 63

Lavandin Emeric ex Loisel. ’ ’

Lavander -

Lavander Lavandula angustifolia L. 3,1 34

Bahge 1anest Mentha spicata L. 1,7 2,2

Spearmint

T1ibbi nane N

Peppermint Mentha x piperita L. 2,1 2,4
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Anadolu adacay1 (Salvia fruticosa Mill.)

Anadolu adagayinda (Salvia fruticosa Mill.)
degisik arastiricilar tarafindan farkli yerlerde
yapilan calismalarda; Kalafatcilar (1996) Bati
Anadolu Bolgesinin degisik yorelerinden topladig
Salvia fruticosa Mill.’da ugucu yag oranim %1,5-
5,15, Bayram ve ark. (1999) Antalya ve Mugla
florasindan toplanan populasyonlarda 1. y1l %3,55-
5,28, 2. yil %3,47-5,40 arasinda, Bayram (2001)
Bornova  ekolojik  kosullarinda  olusturdugu
klonlarinda ortalama %3,68, Mossi ve ark. (2011)
Brezilya’da  yiriittiikleri  calismada  %0,98,
Putievsky ve ark. (1986) Israil florasinda yaptiklari
calismada %1,4-3,8 arasinda, Karoussou ve
Kokkini (1997) Girit Adasi’ndaki populasyonlarda
%1 %35,5 arasinda, Baydar ve ark. (1999) Isparta
Bolgesinde %1,95, Askun ve ark. (2010) Marmara
Adasinda %?2.,3, Kocabas ve ark. (2010) Antalya’da
yuriittigii calismada %2,9 Cicek ve ark. (2011)
Izmir Menemen kosullarinda %1,14 ile %4,58
arasinda, Karayel ve Akgura (2016) ii¢ farkh
lokasyonda  (Kiitahya, Balikesir, Canakkale)
yetistirilen Salvia fruticosa Mill. bitkisinin ugucu
yag oranm sirasiyla %1,93, %2,72 ve %4,10,
Leontaritou ve ark. (2020) Yunanistan’da 10 farkli
bolgeden topladiklar1  Salvia fruticosa Mill
populasyonlarinin ugucu yag oraninin %2,17 ile
%4,20 arasinda degisim gosterdigini belirlemistir.
Seidler-Lozykowska ve ark. (2014) yaptiklan
caligmada, organik olarak yetisririlen Salvia officinalis
L.’de ugucu yag oranmi %]1,2 olarak belirlemislerdir.
Bu c¢alismalarim tamami degerlendirildiginde,
Salvia fruticosa Mill. ugucu yag oranmnin %1,14-
5,40 arasinda degistigi gorlilmektedir. Yaptigimiz
caligmada elde ettigimiz organik uygulamada %2,8
ve konvansiyonel uygulamada %3,2 ucucu yag
degerleri, daha Onceki c¢alismalardan elde edilen
degerlerin biiyilk bir bolimii  ile benzerlik
gostermektedir.

Izmir kekigi (Origanum onites L.)

[zmir kekiginde (Origanum onites L.) ugucu yag
oranlar1 bakimindan diger arastiricilarin elde ettigi
degerler incelendiginde; Kirman (1993), gelistirilmis
Origanum onites L. hatlarinda drog yaprak ucucu
yag oranlarinin %1,66-3,00 arasinda degistigini,

Ceylan ve ark. (1994) ortalama %2,92 oldugunu,
Otan ve ark. (1994) %0,12-5,54 arasinda degisim
gosterdigini  bildirmislerdir. Bayram  (1995)
Bornova ekolojik kosullarinda ortalama %2,0-2,81
arasinda oldugunu belirtmistir. Arabact (1995)
yapmis oldugu arastirmada, ugucu yag oranlarinin
%2,02-2,33 arasinda, Ozsoy (1995) Mugla yéresinden
toplanan Origanum onites L. populasyonlarindan
yetistirilen tek bitkilerde %2,48 olarak tespit
etmislerdir. Kitiki ve ark. (1997), Bati Anadolu
Izmir kekigi populasyonlarinda en yiiksek ugucu
yag oranmi %5,50 olarak bildirmislerdir. Ceylan
ve ark. (1999) yaptiklar1 arastirmada ugucu yag
oranlarinin iki yillik ortalamasmin %2,61-5,12
arasinda degistigini saptamiglardir. Bayram ve ark.
(1999) izmir kekiginde farkli bicim sekli ve bigim
yiiksekliginde ugucu yag oramm ilk yil %2,36-
3,11, ikinci y1l ise %1,74-2,45 arasinda degistigini
tespit etmislerdir. Baydar (2002), Isparta kosullarinda
kiiltiire alman Origanum onites L. drog yapraklarinda
ugucu yag oranini ortalama %3,55 olarak bulmustur.
Avel ve Bayram (2013), izmir’de farkli ekolojik
kosullarda yetistirdikleri Origanum onites L.
klonlarinin ugucu yag miktarin1 %2,77 ile %4,20
araliginda, Stefanaki ve ark. (2016) yaptiklan
calismada Yunanistan’dan 42 farkli lokasyondan
topladiklar1 Origanum onites L. 6rneklerinin ugucu
yag oraninin %3,0 ile %7,0 arasinda, Economou ve
ark. (2011) Yunanistan’da 7 farkli lokasyondan
topladiklar1 Origanum onites L. 6rneklerinin ugucu
yag oranini %3,0-4,3 araliginda bulmuslardir.
Kosakowska ve Bqczek (2019) yaptiklari ¢alismada,
organik olarak yetistirilen Origanum vulgare
subsp. Airtum’da ugucu yag oranm %5,8 olarak
belirlemislerdir. izmir kekiginde (Origanum onites
L.) organik ve konvansiyonel caligmalardan elde
edilen %3,5 ve %3,8 ugucu yag degerleri, onceki
calismalardaki smir degerler olan %0,12-7,0
degerleri arasinda yer almakta ve ¢alismalarin elde
edilen degerlerin biiyiik boliimii ile ortiismektedir.

Lavanta (Lavandula x intermedia Emeric ex
Loisel, Lavandula angustifolia Mill.)

Lavanta tiirleri hakkinda yiiriitiillen calismalarda;
Ceylan ve ark. (1988) Lavandula officinalis L. in
ucucu yag oraninin %1,26-3,14, arasinda degistigini,

89



ANADOLU 31 (1) 2021

Renaud ve ark. (2001) lavandin kuru ¢igek
tomurcuklarinda %7,1-9,9 ve lavander ¢esitlerinin
kuru ¢icek tomurcuklarinda ise %2,8-5,0 arasinda
ucucu yag icerdigini bildirmislerdir. Baydar (2007)
Isparta’da yetistirilen Super lavandin c¢esidinin
ucucu yag oranini sapl taze ¢igeklerinde %1,0-1,5
arasinda, sapsiz kuru ¢igeklerinde %5-6 arasinda
degistigini, Kara ve Baydar (2011) lavantanin
(Lavandula x intermedia Emeric ex Loisel. var.
Super) ugucu yag oranimi kuru sapsiz ¢igekte
%7,50-8,60 arasinda, Atalay (2008) Lavandula
angustifolia Mill.’nin drog ¢iceginde ugucu yag
oranint %2,1-2,6, ayni lavanta tiiriinde Arabaci ve
Bayram (2005) ugucu yag oraninin %1,54-2,34,
Kara (2011) %2,1-9,62 arasinda degistigini
bildirmislerdir. Seidler-Lozykowska ve ark. (2014)
yaptiklari c¢aligmada organik olarak yetistirilen
Lavandula angustifolia Mill. bitkisinde ugucu yag
oranini %1,78-2,04 arasinda belirlemislerdir. Detar
ve ark. (2020) yaptiklar1 ¢calismada Macaristan’da
yetistirilen iki Lavandula x intermedia Emeric ex
Loisel. ¢esidinin ugucu yag oranlarim1 %4,4-9,5
arasinda, Sonmez ve Okkaoglu (2019) yaptiklart
caligmada Adana’da  yetistirilen Lavandula
angustifolia Mill. bitkisinin ugucu yag oranini
%2,65 ile %4,45 arasinda, Moussii ve ark. (2020)
yaptiklar1 ¢alismada Lavandula angustifolia Mill.
bitkisinin ugucu yag oranin1 %2,32, Blazekovic ve
ark. (2018) Hirvatistan’da yetistirilen Lavandula x
intermedia Emeric ex Loisel. ¢esidinin ugucu yag
oranini %3,3 olarak belirlemislerdir. Yaptigimiz
calismada lavandin (Lavandula x intermedia Emeric
ex Loisel.)’de ugucu yag orami organik ve
konvansiyonel tiretimde %5,4-6,3 arasinda bulunmus
olup, onceki c¢alismalardan elde edilen %3,3-9,9
degerleri ile uyumludur. Lavander (Lavandula
angustifolia Mill.)’den organik ve konvansiyonel
ucucu yag orani degerleri 9%3,1-3,4 arasinda
belirlenmis olup, onceki ¢alismalardan elde edilen
%1,26-5 degerleri arasinda yer almaktadir.

Nane (Mentha spicata L., Mentha X piperita L.)

Daha once farkli bolgelerde Mentha spicata L.
tiirleri ile yapilan ¢aligmalarda; Telci (2001), Tokat
kosullarinda Mentha spicata L. tiriinde %0,80-
3,76 arasinda, Siilii (2010), Tokat-Kazova ekolojik
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kosullarinda ilk bigimde %0,82-2,37, ikinci bigimde
%1,37-3,19 arasinda, Ozgiiven ve Kiric1 (1999),
Adana ve Pozanti lokasyonlarinda %1,57-6,29
arasinda, Biiylikbayraktar (2014), Konya’da
yapmis oldugu calismada Mentha spicata L. da
%1,4-2,0 arasinda, Kedia ve ark. (2014) yaptiklar
arastirmada Hindistan’dan topladiklar1 Mentha
spicata L. tiiriiniin ugucu yag oranim %0,6, Telci
ve ark. (2010) 4 farkli lokasyonda (Aydin, Bursa,
Izmir ve Tokat) yetistirdikleri. Mentha spicata L.
bitkilerinin ugucu yag oranlarim %2.,41 ile %2,74
arasinda belirlemislerdir. Ozgiiven ve Kiric1 (1999)
5 farkli Mentha x piperita L. gesidinin Adana ve
Mersin kosullarimda ugucu yag oranlarinin %2,06
ile %6,57 arasinda degisim gosterdigini, Rajkumar
ve ark. (2019) yaptiklar1 calismada Mentha x
piperita L bitkisinin ugucu yag oranint %1,79
olarak belirlemislerdir. Esetlili ve ark. (2015)
organik olarak yetistirilen Mentha x piperita L.
ucucu yagmin oranini %3,7 olarak bulmuslardir.
Zhao ve ark. (2013) Cin’de 8 farkli lokasyondan
topladiklar1t Mentha spicata tiirinde ugucu yag
oranlarinin %0,5-0,8 arasinda degisim gosterdigini
bulmuslardir. Ayran ve ark. (2018) yaptiklan
calismada Mentha x piperita L ugucu yag oranini
%3,2 olarak belirlemislerdir. Calismamizda Mentha
spicata L. tiriinde organik dretimde %1,7,
konvansiyonel iiretimde %2,2 ugucu yag orani elde
edilmis olup, dnceki ¢alismalardan elde edilen sinir
degerler olan %0,8-6,29 arasinda yer almaktadir.
Mentha x piperita L. tiirlinden organik uygulamada
%?2,1, konvansiyonel uygulamada %2,4 ugucu yag
orani elde edilmistir. Bu deger diger ¢aligsmalardan
alman %0,5-6,57 degerlerinin arasindadir. Bahge
nanesinde (Mentha spicata L.) ugucu yag orani
bitkinin genetik yapisina (Ceylan 1987; Ozgiiven
ve Kirict 1999; Tugay ve ark. 2000), ilkim
kosullarina (Ozgiiven ve Kiric1 1999) gore degisim
gostermektedir.

Bitkilerde sekonder maddelerin olusumu, genetik
yapisi ile birlikte ¢evre faktorlerine bagli olarak
ortaya c¢ikmaktadir. Bitkinin yetistigi c¢evredeki
iklim faktorleri ile birlikte edafik faktorler de
bliylik rol oynamaktadir (Franz, 1983; Palevitch,
1987).
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Ucucu Yag Bilesenleri (%)
Anadolu adacay1 (Salvia fruticosa Mill.)

Cizelge 4’te Anadolu adagay1 (Salvia fruticosa
Mill.) ugucu yag bilesenlerine baktigimizda, toplam
21 bilesenin tanimlandig1 goriilmektedir.
Konvansiyonel ve organik {iretimden gelen yaglarin,
icerik olarak aralarinda biiyiik farklarin olmadigi
anlagilmaktadir. Ugucu yagin ana bileseni olan 1,8-
cineole konvansiyonel ve organik uygulamalarda
sirasi ile %44,52 ve %40,92 oraninda ol¢iilmiistiir.
Diger bir bilesen olan camphor ise %12,65-17,53
arasinda belirlenmistir.

Salvia fruticosa Mill. ile ilgili daha 6nce yapilan
caligmalarda; Karayel ve Akgura (2016) ii¢ farkli
lokasyonda (Kiitahya, Balikesir, Canakkale)
yetistirilen Salvia fruticosa Mill. bitkisinin ugucu
yaginda 1,8-cineole en yliksek %56,05 oranm ile
Kiitahya lokasyonunda elde edilmis, Leontaritou
ve ark. (2020) yaptiklar ¢alismada Yunanistan’da

10 farkli bolgeden topladiklart Salvia fruticosa
Mill. populasyonlarinda ugucu yagin ana bileseni
olan 1,8- cineole %27,78-46,65 arasinda degisim
gostermis, Skoula ve ark. (2000) Yunanistan’da 3
farkli yerde yetistirdikleri Salvia fruticosa Mill.
orneklerinde ana bilesen olarak 1,8-cineole
%48,06-59,27 araliginda tespit edilmis, Delamare
ve ark. (2007) yaptiklarn1 c¢alismada Giiney
Brezilya’da yetistirilen Salvia fruticosa Mill.
bitkisinde ugucu yagin ana bileseni olarak 1,8-
cineole (%15,7) tespit etmislerdir. Seidler-
Lozykowska ve ark. (2014) yaptiklar1 ¢aligmada,
organik olarak yetisririlen Salvia officinalis L.’de
ucucu yag oranini Seidler-Lozykowska ve ark.
(2014) yaptiklar1 calismada, organik olarak
yetigririlen Salvia officinalis L.’de ucucu yagda
1,8-cineole oranini %15,8 olarak belirlemislerdir.
Yapilan ¢aligmalardan elde edilen sonuglar, elde
ettigimiz sonuglar ile uyumludur.

Cizelge 4. Anadolu adagayi (Salvia fruticosa Mill.) ugucu yag bilesenleri (%)
Table 4. Essential oil composition of Anatolian sage (Salvia fruticosa Mill.)

RI** R.T.* Bilesen Konvansiyonel (%) Organi.k (%)
T Compounds Conventional (%)  Organic (%)
1021 10,528 alpha-pinene 6,42 5,93
1024 10,641 alpha-thujene 0,46 1,43
1063 12,075 camphene 6,98 5,67
1107 13,686 beta-pinene 5,65 5,05
1160 16,017 myrcene 2,31 2,22
1198 17,648 limonene 2,14 2,42
1210 18,165 1,8-cineole 44,52 40,92
1243 19,597 gamma-terpinene 0,36 0,29
1268 20,669 cymene 1,45 1,29
1427 26,884 alpha-thujone 3,22 3,33
1447 27,559 beta-thujone 2,84 2,55
1524 30,196 camphor 12,65 17,53
1541 30,724 linalool 0,23 0,31
1553 31,143 linalyl acetate 0,33 0,32
1583 32,053 bornyl acetate 0,86 0,91
1603 32,687 beta-caryophyllene 3,45 3,41
1651 34,125 sabinyl acetate 0,26 0,20
1678 34915 alpha-humulene 1,01 0,83
1699 35,531 alpha-terpineol 2,82 2,78
1701 35,599 borneol 1,36 1,34
2008 43,651 caryophyllene oxide 0,23 0,22
Toplam/Total 99,55 98,95

RT#*: Retantion Time (Alitkonma Zamani); RI** Retantion Indice (Alikonma Indisi).
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Izmir kekigi (Origanum onites L.)

Izmir kekigi (Origanum onites L.) ugucu yagimn
bilesenleri Cizelge 5’te goriilmektedir. Kekik olarak
adlandirilan bitkilerin ugucu yagimda esas olarak
carvacrol ve/veya thymol adli bilesenler yer
almaktadir. Yaptigimiz ¢alismada ugucu yaglarin ana
bileseni olarak carvacrol tanimlanmustir. Carvacrol
oran1  konvansiyonel iiretimde %4847 olarak
belirlenirken, organik iretimde %43,84 olarak
Olgiilmiistiir. Kekikte diger dnemli bilgen olan thymol
ise %11,79-10,08 arasinda belirlenmistir.

Ozkan ve Erdogan (2011) yaptiklari calismada
Antalya’dan toplanan Origanum onites bitkisinin
ucucu yaginda %24,52 carvacrol oldugunu, Avci
ve Bayram (2013) izmir'de farkli ekolojik
kosullarda yetistirdikleri Origanum onites L.
klonlarinda ugucu yagin ana bileseni olarak
carvacroliin  %83,86-93,69 aralifinda degisim
gosterdigini, Baydar (2002) Isparta kosullarinda
yetistirdigi Origanum onites L. bitkisinin ugucu
yag ana bileseni olan carvacroliin %54,81-72,43
arasinda oldugunu, Stefanaki ve ark. (2016)
yaptiklar1 c¢alismada Yunanistan’dan 42 farkli

lokasyondan topladiklart Origanum onites L.
orneklerinde ucucu yagin ana bileseni olan
carvacrolii %69,0-92,6 araliginda tespit ettiklerini,
Economou ve ark. (2011) Yunanistan’da 7 farkli
lokasyondan topladiklart Origanum onites L.
orneklerinin ugucu yag ana bileseni olan carvacroliin
%72,25 ile  %89,22 arasinda  degistigini,
Bostancioglu ve ark. (2012) yaptiklar arastirmada
Bati Anadolu bolgesinden topladiklart Origanum
onites L. yagmin ana bileseni olarak carvacrol
(%64,3) olarak tespit ettiklerini bildirmislerdir.
Kosakowska ve Bqczek (2019) yaptiklari calismada,
organik olarak yetistirilen Origanum vulgare
subsp. hirtum’da carvacrol oranim %73,85 olarak
belirlemislerdir.  Yaptigimiz ¢alismadan elde
ettigimiz carvacrol degerleri (%43,84-48,47) yukarida
verilen ¢aligmalardan elde edilen degerlerin biraz
altindadir. Bitkilerde sekonder maddelerin olusumu,
genetik yapisi ile birlikte ¢cevre faktorlerine bagh
olarak ortaya c¢ikmaktadir. Bitkinin yetistigi
cevredeki iklim faktorleri ile birlikte edafik
faktorler de biiylik rol oynamaktadir (Franz, 1983;
Palevitch, 1987).

Cizelge 5. Kekik (Origanum onites L.) ugucu yag bilesenleri (%).
Table 5. Essential oil composition of oregano (Origanum onites L.) (%).

Bilesen Konvansiyonel (%) Organik (%)

RI** R.T.* Compounds Conventional (%)  Organic (%)
1021 10,531 alpha-pinene 1,30 1,25
1024 10,654 alpha-thujene 1,36 1,38
1063 12,077 camphene 1,00 1,12
1107 13,689 beta-pinene 0,22 0,22
1160 16,022 myrcene 1,49 1,53
1164 16,165 phellandrene 0,39 0,48
1178 16,773 alpha-terpinene 2,57 2,51
1198 17,647 limonene 0,48 0,92
1208 18,086 sabinene 0,35 0,53
1231 19,095 beta-ocimene 0,31 1,14
1243 19,607 gamma-terpinene 13,06 15,45
1268 20,668 cymene 8,01 7,26
1279 21,139 alpha-terpinolene 0,31 0,82
1443 27,423 1-octen-3-ol 0,24 1,36
1464 28,159  trans-sabinene hydrate 0,53 0,84
1541 30,719 linalool 1,68 1,21
1549 31,001 cis-sabinene hydrate 0,36 0,39
1603 32,682 beta-caryophyllene 1,14 1,36
1604 32,739 terpinen-4-ol 1,01 1,45
1701 35,594 borneol 1,74 3,08
1727 36,321 beta-bisabolene 0,67 0,85
2008 43,632 caryophyllene oxide 0,18 0,25
2175 47,593 thymol 11,79 10,08
2207 48,308 carvacrol 48,47 43,84
Toplam/Total 99,66 99,32

RT*: Retantion Time (Alikonma Zamani); RI** Retantion Indice (Alikonma Indisi).
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Lavanta (Lavandula x intermedia Emeric ex
Loisel., Lavandula angistifolia Mill.)

Yaptigimiz calismada Lavandula x intermedia
Emeric ex Loisel. ve Lavandula angistifolia Mill.
tirlerinden elde edilen ugucu yaglarin kimyasal
bilesimi Cizelge 6 ve Cizelge 7°de goriilmektedir.
Lavandula x intermedia Emeric ex Loisel. ugucu
yaginda ana bilegen olarak linalool bulunus olup,
konvansiyonel ve organik iiretimde siras1 ile
oranlart %34,69 ve %32,84 olarak Ol¢iilmiistiir.
Lavandin ucgucu yaginda linalyl acetate orani
%26,13-28,54 arasinda degisim gostermistir. Lavandula
angistifolia Mill. ugucu yaginda ana bilesen olarak
linalyl acetate belirlenmis, konvansiyonel ve
organik iiretimde oranlar1 %36,28 ve %33,03 olarak
Olciilmiis, linalool orani %23,52-25,36 arasinda
bulunmustur.

Kara ve Baydar (2011) Isparta yoresinde yetistirilen
Lavandula x intermedia Emeric ex Loisel.
bitkilerinin ugucu yaginda linalool oranim %46,8-
54,6 arasinda, Garzoli ve ark. (2020) linalool
oranini (%35,8), Detar ve ark. (2020) Macaristan’da
yetistirilen iki Lavandula x intermedia Emeric ex
Loisel. ¢esidinin linalol oranint  %41,7-58,9
arasinda, Blazekovic ve ark. (2018) Hirvatistan’da

yetistirilen Lavandula x intermedia Emeric ex
Loisel. tiiriinde linalool oranmm1 %57,10 olarak
tespit etmistir. Bu tiirde calismamizdan elde ettigimiz
%32,84-34,69 linalool oranlar1 bu calismalardan
elde edilen degerlerin biraz altindadir.

Rai ve ark. (2020) Lavandula angustifolia Mill.
bitkisinin ugucu yaginda linalyl acetate, %20,0,
Fakhari ve ark. (2005) iran’dan topladiklari
Lavandula angistifolia  Mill. Dbitkisinin ugucu
yaginda linalyl acetate %13,4, Moussii ve ark.
(2020) Lavandula angustifolia Mill. ugucu yaginda
linalyl acetate, %9,78, Hassiotis ve ark. (2014)
Yunanistan’da farkli zamanlarda hasat ettikleri
Lavandula angustifolia Mill. bitkisinin ugucu yag
bilesiminde linalyl acetate, %21,30-25,01 arasinda
bulmuslardir. Seidler-Lozykowska ve ark. (2014)
yaptiklar1 calismada organik olarak yetistirilen
Lavandula angustifolia Mill. ugucu yaginda ana
bilesen olarak linalool’ii %42,64-60,02 arasinda
belirlemislerdir. Yaptigimiz c¢aligmada linalool
orant %23,52-25,36 arasinda degisim gostermistir.
Bizim calismamizda aynmi tiirden elde etti§imiz
linalyl acetate oranlari 9%33,03-36,28 arasinda
Olciilmiis olup, yukarida verilen c¢alismalarin
iizerinde gergeklesmistir.

Cizelge 6. Lavandin (Lavandula x intermedia Emeric ex Loisel.) ucucu yag bilesenleri (%).
Table 6. Essential oil composition of lavandin (Lavandula x intermedia Emeric ex Loisel.) (%).

RI** RT* Bilesen Konvansiyonel (%) Organi.k (%)
T Compounds Conventional (%)  Organic (%)
1210 18,112 1,8-cineole 7,31 6,84
1231 19,099 beta-ocimene 0,65 0,82
1256 20,151 3-octanone 0,58 0,45
1374 24934 octen-1-ol acetate 1,00 1,32
1413 26,388 hexyl butanoate 0,63 1,02
1442 27,402 cis-linalool oxide 2,65 3,06
1471 28,405 trans-linalool oxide 2,82 2,08
1524 30,181 camphor 4,93 3,25
1541 30,752 linalool 34,69 32,84
1553 31,146 linalyl acetate 26,13 28,54
1603 32,697 lavandulyl acetate 9,07 10,62
1663 34,459 beta-sesquiphellandrene 1,12 1,18
1671 34,705 lavandulol 1,86 2,03
1701 35,598 borneol 4,33 3,47
1956 42,363 hotrienol 0,44 1,05
2008 43,654 caryophyllene oxide 0,81 0,88
Toplam/Total 99,02 99,45

RT*: Retantion Time (Alikonma Zamani); RI** Retantion Indice (Alikonma Indisi).
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Cizelge 7. Lavander (Lavandula angustifolia Mill.) ugucu yag bilesenleri (%).
Table 7. Essential oil composition of lavander (Lavandula angustifolia Mill.) (%).

RI** R.T.* Bilesen Konvansiyonel (%) Organi.k (%)
o Compounds Conventional (%)  Organic (%)
1063 12,081 camphene 0,68 0,52
1210 18,113 1,8-cineole 2,96 3,02
1256 20,155 3-octanone 0,65 0,78
1268 20,686 cymene 0,70 0,63
1270 20,763 hexyl acetate 0,70 0,92
1374 24938 octen-1-ol acetate 1,66 1,32
1442 27,407 cis-linalool oxide 4,82 4,12
1471 28,413 trans-linalool oxide 3,55 3,36
1524 30,189 camphor 0,68 0,58
1541 30,743 linalool 23,52 25,36
1553 31,155 linalyl acetate 36,28 33,03
1573 31,755 alpha-santalene 0,77 1,05
1583 32,069 bornyl acetate 0,61 0,96
1603 32,703 lavandulyl acetate 10,34 11,72
1663 34,461  beta-sesquiphellandrene 1,40 1,46
1671 34,708 lavandulol 0,82 0,45
1691 35,292 cryptone 0,65 1,02
1701 35,654 borneol 2,31 2,36
1956 42,366 hotrienol 1,17 1,08
2008 43,652 caryophyllene oxide 2,46 3,14
Toplam/Total 96,73 96,88

RT*: Retantion Time (Alikonma Zamani); RI** Retantion Indice (Alikonma Indisi)

Nane (Mentha spicata L., Mentha x piperita L.)

Cizelge 8 ve Cizelge 9°da Mentha spicata L. ve
Mentha x piperita L. tirlerine ait ugucu yaglarin
bilesenleri goriilmektedir. Mentha spicata L.
tirinde ugucu yagm ana bileseni carvone olarak
bulunmus, konvansiyonel ve organik {iiretimde
oranlart %59,01 ve %53,54 olarak belirlenmistir.
Bu tiirde diger onemli bilesen olarak limonene
%14,41-15,35 arasinda bulunmustur. Mentha x
piperita L. tiriinde ise ugucu yagin ana bileseni
olarak menthone belirlenirken, konvansiyonel ve
organik uygulamada %45,32 ile %40,86 arasinda
Olciilmiis, diger ana bilesen menthol ise %24,82-
26,34 arasinda elde edilmistir.

Braga ve ark. (2020) yaptiklar1 ¢alismada Mentha
spicata L. bitkisinin ugucu yag ana bileseni olarak
carvone 75,41, Zhao ve ark. (2013) Cin’de Mentha
spicata L. ucgucu yaginda carvone %46,7-65,4,
Kedia ve ark. (2014) yaptiklar1 arastirmada
Hindistan’dan topladiklar1 Mentha spicata L.
tiiriiniin ugucu yaginda karvon %59,60, Telci ve
ark. (2010) 4 farkli lokasyonda (Aydin, Bursa,
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Izmir ve Tokat) yetistirdikleri Mentha spicata L.
bitkilerinin ugucu yaginda pulegon %26,71-29,56
arasinda belirlemiglerdir. Calismamizdan elde
ettigimiz carvone degerleri %59,01-53,54 arasinda
olup, diger caligmalarla biiylik oranda ortiigmektedir.

Ozgiiven ve Kirict (1999) 5 farkli Mentha x
piperita L. c¢esidinde menthone oranint %38,50-
62,34 arasinda, Rajkumar ve ark. (2019) yaptiklar
calismada Mentha x piperita L. ugucu yaginda
menton %31,66, Almeida ve ark. (2019) Mentha x
piperita L. ugucu yaginda menton %24,87, Reddy
ve ark. (2019) Mentha x piperita L. ugucu yaginda
menthone %24,56, Smaoui ve ark. (2016)
Tunus’tan topladiklart Mentha x piperita L.
bitkilerinde ugucu yagda menthone %33,59 olarak
bulmuglardir. Ayran ve ark. (2018) yaptiklan
calismada Mentha x piperita L ugucu yaginda ana
bilesen olarak %>50,80 oraninda menthone
bulmuglardir. Esetlili ve ark. (2015) organik olarak
yetistirilen Mentha x piperita L. ugucu yagmnda
menthone oraninin %29,16-32,74 arasinda oldugu
bildirmislerdir.  Yaptigimiz  ¢alismadan elde
ettigimiz menton degerleri (%45,32-%40,86) diger
caligmalar ile benzerlik gostermektedir.
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Cizelge 8. Nane (Mentha spicata L.) ugucu yag bilesenleri (%).
Table 8. Essential oil composition of spearmint (Mentha spicata L.) (%).

Bilesen Konvansiyonel (%) Organik (%)
RI** R.T.* Compounds Conventional (%)  Organic (%)
1021 10,531 alpha-pinene 1,08 1,14
1107 13,688 beta-pinene 1,29 1,85
1208 14,257 sabinene 0,63 0,67
1160 16,022 myrcene 2,19 2,65
1198 17,647 limonene 14,41 15,35
1210 18,113 1,8-cineole 5,36 5,45
1334 23,361 3-octanol acetate 0,65 1,05
1464 28,159  trans-sabinene hydrate 1,06 1,32
1523 30,157 beta-bourbonene 1,48 1,87
1603 32,672 beta-caryophyllene 2,08 2,53
1620 33,212 cis-dihydro carvone 3,72 2,74
1638 33,737 dihydro carvone 0,44 1,05
1663 34,469 trans-beta-farnesene 0,46 0,72
1674 34,786 dihydrocarvyl acetate 2,24 3,08
1719 36,097 germacrene 0,40 0,46
1725 36,252 neodihydrocarveol 2,07 2,34
1751 36,982 carvone 59,01 53,54
1773 37,583 trans-carvyl acetate 0,56 0,85
1985 43,098 limonene dioxide 0,38 0,79
Toplam/Total 99,51 99,45

RT*: Retantion Time (Alikkonma Zamani); RI** Retantion Indice (Alikonma Indisi).

Cizelge 9. Nane (Mentha x piperita L.) ugucu yag bilesenleri (%).

Table 9 Essential oil composition of peppermint (Mentha x piperita L.) (%).

RI** R.T* Bilesen Konvansi_yonel (%) Organi.k (%)
T Compounds Conventional (%)  Organic (%)

1021 10,531 alpha-pinene 0,69 0,78
1107 13,697 beta-pinene 1,05 1,23
1208 14,257 sabinene 0,50 0,54
1198 17,645 limonene 1,70 1,84
1210 18,107 1,8-cineole 4,55 5,03
1464 28,165 trans-sabinene hydrate 1,72 1,84
1473 28,489 menthone 45,32 40,86
1485 28,903 menthofuran 3,85 425
1565 31,482 menthyl acetate 2,99 3,41
1595 32,448 neomenthol 1,74 1,62
1603 32,688 beta-caryophyllene 3,52 4,25
1642 33,846 menthol 24,82 26,34
1659 34,362 pulegone 0,88 0,94
1663 34,459 trans-beta-farnesene 0,47 0,54
1699 35,524 alpha-terpineol 0,78 0,63
1719 36,093 germacrene 2,81 3,02
1743 36,751 bicyclogermacrene 0,31 0,43
1746 36,828 piperitone 0,76 0,85
2099 45,834 viridiflorol 0,55 0,87
Toplam/Total 99,01 99,27

RT*: Retantion Time (Alitkonma Zamani); RI** Retantion Indice (Alikonma Indisi).
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SONUC ve ONERILER

Bu calismada, bazi énemli ugucu yag bitkilerinde
organik ve konvansiyonel iiretim yapilan tarim
alanlarindan alman bitki 6rneklerinin  kalite
ozelliklerini belirlemek amaclanmistir. Calismada
kullanilan materyaller, iilkemizde konvansiyonel
olarak genis alanlarda tarimi yapilan tirlinler olup,
son yillarda iyi tarim ve organik tarim sertifikali
iirlinlere olan talebin artmasi ve bu iriinlere devlet
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OZ: Arastirma alam olan Fenik Yaylasi cografik olarak Dogu Akdeniz’in Amanoslar dag kusaginda, Samandag ve
Yayladagu ilgelerinin sumirlary icerisinde yer alwr. Fenik Yaylasi, batist Akdeniz, giineyi Yeditepe, kuzeyi Karakdse ve Yesiltepe ile
cevrili yaklagik 61 km® ‘lik bir alandir. Fenik Yaylasi mn bitki sosyolojisi ve vejetasyon ekolojisini kapsayan bu ¢alisma, alanin
biyolojik cesitliligi, ekosistem cesitliligi ve genetik kaynaklarin belirlenmesi, korunmasi ve siirdiiriilebilir yonetimini saglamak
amaciyla gergeklestivilmistir. Yapilan ¢alismalar sonucunda, arazi klasik Braun-Blanquet (1932) metoduna gére analiz edilerek
calisma alanminda maki vejetasyonu tipine ait 7 bitki birligi belirlendi. Ust sintaksonomik kategori degerlendirmesinde 6 tane
birlik Quercion calliprini Zohary (1962) alyansi (Cisto-Quercetum cocciferae, Gynandrio-Quercetum cocciferae, Myrto-
Quercetum cocciferae, Andropogo-Quercetum cocciferae, Genisto-Spartietum juncei, Myrto-Ericetum manupuliflorae), bir
tane birlik Ptosimopappo-Quercion Quézel, Barbero at Akman (1978) alyansinda (Lauro-Arbutetum andrachne)
degerlendirilirken tiim birlikler Quercetalia ilicis Braun-Blanquet (1947) ordosu ve Quercetea ilicis Braun-Blanquet (1947)
swifinda degerlendirilmistiv. Birlikler sintaksonomik kategorilerin belirlenmesinin yani sira bitki-iklim-toprak arasindaki
iliskiler de ekolojik olarak degerlendirilmistir. Giiniimiizde hizla artan insan niifusu, ¢alisma alanmimizda da etkisini gostermekte
ve dogal bitki ortiisii tizerindeki tahribati arttirmaktadir. Fenik yaylast ve cevresinde, en biiyiik tehdit olarak alanlarin tarim
arazilerine doniistiiriilmesi bunun yani stra hayvan otlatilmasi, asirt bitki kesimi ve yapilasma gibi insan kaynakli olumsuz etkiler
belirlenmistir.

Anahtar kelimeler: Hatay, Fenik Yaylasi, vejetasyon, bitki sosyolojisi, ekoloji.

Plant Sociology and Ecology of Fenik Plateau (Yayladagi / Hatay) and its Environment

ABSTRACT: Fenik Plateau, the study area, is located on Amanos Mountain Range within the borders of Samandag and
Yayladag districts. Fenik Plateau is about 61 km’ wide surrounded by Mediterranean in the west, Yeditepe in the south,
Karakose and Yesiltepe in the north. This study includes plant sociology and vegetation ecology of Fenik Plateau in order to
specify the plant biological diversity, ecosystem diversity and genetic resources of the area and than to recommend the
sustainable management practises to be applied in the area. As a result of field studies, according to classical Braun-Blanquet
(1932) method, totally 7 maquis plant associations were determined. The following upper category 6 of the associations were
evaluated as Quercion calliprini Zohary (1962) alliance (Cisto-Quercetum cocciferae, Gynandrio-Quercetum cocciferae,
Mpyrto-Quercetum  cocciferae, Andropogo-Quercetum  cocciferae,  Genisto-Spartietum  juncei, Myrto-Ericetum
manupuliflorae) and one of the unions was evaluated as Ptosimopappo-Quercion Quézel, Barbero at Akman (1978) alliance
(Lauro-Arbutetum andrachne) while all the associations were evaluated as a part of the Quercetalia ilicis Braun-Blanquet
(1947) ordo and Quercetea ilicis Braun-Blanquet (1947) in class category. In addition to determining the syntaxonomic
categories of the associations, the relationship between the plant, climate and soil was evaluated as well. Nowadays, rapidly
growing population shows its effects on our study field and increases the damage on natural vegetation. On Fenik Plateau and its
surrounding, converting the land into a farmland is the biggest threat, besides this, excessive grazing animals, cutting plants and
over constructing are determined as the negative effects caused by people.

Keywords: Hatay, Fenik Plateau, vegetation, plant sosyology, ecology.
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GIRIS

Insanligin gelecegini giivence altina almasi, dogal
kaynaklarin arastirilmasi, korunmasi ve artan
gereksinimlerine  alternatif enerji  kaynaklan
gelistirmesine baghidir. Bu kaynaklar igerisinde
0zel yeri olan vejetasyon ekolojisinin Snemi
tartisilmazdir. Bu nedenle bitkilerle ¢evresi
arasindaki iligkilerin aragtiritlmasi, bilinmesi ve
uygulamaya koyulmasi bir¢ok c¢evre sorununun
¢cOziimiinde temel olacaktir. Vejetasyon, bir bolge
veya genis bir alanin ekolojik sartlarina gore
yayilmis dogal bitki Ortiisiidiir. Genel anlamda
ekolojik istekleri, ekolojik toleranslar ve rekabet
giicleri benzer olan bitkilerin, c¢esitli faktdrlerin
etkilesmesi  sonucu  olusturdugu  sosyolojik
cemiyetlerdir (Kiling, 2004; Ocak-verdi, 1990).

Anadolu’nun cografik konumu, iklimi, jeolojisi,
toprak ve su kaynaklar1 gibi ekolojik degerleri
cesitlilik gostermektedir. Avrupa, Afrika ve Asya
kitalar1 arasinda bir koprii durumunda ve gog yolu
tizerinde olmasi, ¢ok kisa mesafelerde farklilik
gosteren jeolojik ve jeomorfolojik cesitlilik, buna
baglh olarak ortaya ¢ikan mikroklimalar, {i¢
fitocografik bolgenin (Avrupa-Sibirya, Akdeniz,
Iran-Turan) kesistigi yerde bulunmasi, buzul
doneminde bir¢ok canliya siginak olmasi ve pek
cok bitkinin makro-mikro gen merkezi olmasi gibi
essiz Ozellikler iilkemizi ¢ok zengin bir flora ve
farkli vejetasyon tiplerine sahip olmasina olanak
tanmmustir (Demirsoy, 1996; Karagdz ve ark.,
2010).

Tiirkiye, bitki zenginligi agisindan diinyada kita
ozelligi gosteren nadir iilkelerden biridir. Avrupa
Kitasinda 12.000 civarinda ¢igekli bitki tiirli
yetistigi bilinirken {ilkemizde bu sayr 10.000’in
iizerinde olup bunlarin 3000°den fazlasi da
endemiktir (Ekim, 2002). Tiirk bilim insanlarinin
Tiirkiye florasim1 resimli ve Tiirk¢e yazmasina
baslamasiyla beraber Tiirkiye Bitkileri Listesi
(Gliner ve ark., 2012) kitab1 ile o yila kadar tiim
literatiirde var olan iilkemiz florasina ait damarh
bitkiler derlenmis, gecerli taksonlar ve sinonimler
saptanmistir. Bu verilere gore Tiirkiye florasi;

e 167 familya
e 1321 cins
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e 10.036 tiir

e 11.707 damarli bitki taksonu (alttiir, varyete,
hibrit) icermektedir ve bu taksonlarin 3649’u
(%31,82) endemiktir (Giiner ve ark., 2012).

Hatay 1li, Tiirkiye'nin giineyinde, ~Akdeniz
Bolgesi'nin dogu ucunda yer alir. Sulak alanlari, kiy1
kumullari, ovalari, makilik ve ormanlik alanlariyla
yiiksek  biyogesitlilik — gosteren bir  bolgedir.
Toroslar’in en dogu ucunu olusturan Iskenderun
Korfezi’'nin hemen dogusunda yiikselen Amanos
Daglari, ihtiva ettigi 251’1 endemik 1580 bitki tiirii
ile ¢ok zengin bir habitat olusturmaktadir.
Tiirkiye’de tiir ¢esitliligi acisindan en zengin doga
alanidir. Bu taksonlar kiyidan itibaren {i¢ kusak
halinde tanimlanabilir; kiyilarda Akdeniz Dbitki
ortiisii olan “maki”, yukarilara g¢ikildik¢a Akdeniz
ve Karadeniz bitki Ortilisii 6zelliklerine sahip
“ormanlar” ve orman {ist sinir1 {izerindeki “yiiksek
dag bozkir1” bitki Ortiisiidiir. Dagin bitki ortiistinii
olusturan tiirlerin % 65’1 Akdeniz, % 19’u Avrupa
Sibirya ve % 2,51 Iran-Turan elementlerine ait
tirlerden meydana gelmektedir (Zohary, 1973;
Akman, 1973a; Akman, 1973b; Yilmaz, 1996;
Byfield ve ark., 2005; Glizelmansur ve ark., 2013;
Ege, 2014).

Ulkemizin zengin biyogesitlilik ve genetik
kaynaklari, basta yabanci arastiricilar olmak iizere
¢ok sayida bilim insanmin dikkatini ¢ekmis ve
yaptiklar1  ¢alismalarla  iilkemizin flora ve
vejetasyonunu tanimlamaya g¢aligmislardir. Flora
ve vejetasyonu zengin olan Anadolu’da son
yillarda Ege, Karadeniz, Orta Anadolu ve Giiney
Bat1 Anadolu’da ayrintili ¢alismalar yapilmis ve bu
bolgelerdeki fitososyolojik  birimlerin  ortaya
koyulmasinda hayli yol alinmistir. Ancak Giiney
Anadolu’nun Dogu Akdeniz Bolgesi’'nde 6zellikle
vejetasyon konusunda sinirli sayida g¢aligma
yapilmistir. Hatay ili sinirlarinda bulunan Fenik
Yaylast’nin aragtirma alani olarak secilmesinin ilk
nedeni, bolge vejetasyonundaki ¢alisma eksikligini
kismen de olsa giderebilmektir. Ayrica flora ve
vejetasyon yoniinden ¢ok zengin olan Dogu
Akdeniz Bolgesi’nin bu kesimlerinde daha 6nce
bitki sosyolojisi ve ekolojisi yoniinden arastirma
yapilmamasi, birden fazla mikroklima alani olan
vadi icermesi, buraya has bitki birliklerini igeren
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farkli ekosistemler olusturmasi ve insan kaynakli
tahribatin hizla stirmesi Fenik Yaylasi’nin g¢aligma
alan1 olarak seg¢ilmesinin diger nedenleridir.

MATERYAL ve METOT

Calismanin materyalini, Hatay ili Yayladag ilcesi
siirlarindaki Fenik Yaylasi ve ¢evresinde bulunan
bitki oOrtiisii olusturmaktadir. Arazi c¢alismalari
2004-2007 yillar1 arasinda yapilmistir.

Arastirma alaninin tanim ve cografik durumu

Hatay ili Yayladag: ilgesi sinirlarindaki Fenik
Yaylast ve g¢evresinin sinir;; batida Akdeniz,
kuzey-batida Meydan Koyii, kuzeyde Karakdse,
giineyde Yeditepe ve doguda Yesiltepe yerlesim
alanlari ile ¢evrelenmistir. Cografik olarak 36° 00
395" -35° 59' 365" kuzey enlemleri ile 36 00 324" -
35° 58 801" dogu boylamlari araliginda ve Dogu
Akdeniz Bolgesi’nin giiney ucunda bulunmaktadir
(Sekil 1).

Fenik Yaylas1 Dogu Akdeniz’de Amanoslar Dag
Kusaginda, Samandag ve Yayladagi smirlan
arasinda 61 km”lik engebeli ve daghk bir arazi
yapisina sahiptir. P.H. Davis’in Grid sistemine
gore Fenik Yaylasi’nin ¢ok kiigiik boliimii C5, geri
kalan boliimii C6 karesindedir.

Arastirma alaminin kisa jeolojisi

Aragtirma alan1 Mezozoik (alt ve iist kretase),
Tersiyer (list paleosen ve orta eosen) olusuklari ile
temsil edilmis, ayrica az miktarda Kuarterner
sedimanlar1 da vardir. Pliitonizma ile ilgili olarak
ofiolitler bolgede genis alanlar iggal etmektedir
(Atalay, 1987; Tamer, 1974; Yilmaz ve ark., 1984).

Arastirma alaninin iklimi

Iklim, yeryiiziindeki tiim canli ve cansiz varliklarm
yayiligina ve yasamina etki eden en onemli faktor-
diir. Bu nedenle iklimin sabit nis kullanan bitkiler
icin ayrt bir Onemi vardir. Bitkilerin yayiliglart
ekolojik isteklerine, adaptasyonlart da ekolojik
toleranslarina bagh oldugundan her bitki tiirii iklim
elemanlarinin ekstrem degerleri arasinda yayilabilir.
Iklim, bitki birliklerine uygun bir ekolojik ortam
hazirlamakla kalmaz hangi tiir organizmalarla
yasayacaklarini ve bolgedeki ekolojik tiretimlerini de
belirler. Bu yilizden arastirma alanlarinda iklim
verilerinin  belirlenmesi  arastirmanin en Onemli
ekolojik yoniinii olusturmaktadir. iklim kavram
icerisinde dikkate alinmasi gereken en Onemli
faktorler sicaklik, yagis, nem ve riizgardir. Arastirma
alani, tipik Akdeniz iklim kusag1 igerisinde yer alir.
Iklim bilgileri, Meteoroloji Genel Miidiirliigii niin
Samandag Meteoroloji Istasyonu’nda yapilan 1975-
2004 yillart arasindaki verilerine gore hazirlanmistir
(Sekil 2).
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Sekil 1. Aragtirma alaninin haritasi.
Figure 1. Map of the research area.
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Yagislar

Bolgenin yillik yagis miktar1 895,2 mm’dir. Aylik
en yiliksek yagis ortalamasi 142 mm ile Aralik
ayinda, en diisik ise 7,4 mm ile Temmuz ve
Agustos aylarindadir. En yagisli mevsim sirasiyla
Kis (Aralik 142 mm, Ocak 140,6 mm, Subat 119,9
mm), Sonbahar (Eyliil 36,2 mm, Ekim 97,1 mm,
Kasim 110,3 mm), Ilkbahar (Mart 109,7 mm,
Nisan 65,9 mm, Mayis 45 mm.) ve Yaz (Haziran
13,7 mm, Temmuz 7,4 mm, Agustos 7,4 mm) dir.
Bu verilere gore bolgenin yagis rejimi karakteristik
dogu Akdeniz tipi olup Kis, Sonbahar, ilkbahar,
Yaz (K.S.1.Y) seklindedir.

Sicakhk

Bolgede ortalama yillik sicaklik 19 °C’dir. Burada
aylik ortalama sicaklik olarak en yiiksek 27,8 °C ile
Agustos ayinda, en diisik de 9,9 °C ile Ocak
ayindadir. En sicak ay Agustos olup maksimum
sicaklik ortalamasi 30,5 °C, en soguk ay ise Ocak
olup minimum sicaklik ortalamasi 6,5 °C dir.
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Sekil 2. Arastirma alaninin iklim diyagrami (1975-2004).
Figure 2. Climate diagram of the research area (1975-2004).

Nispi nem

Yillik bagil nem miktari ortalamasi %75’tir. Nisan,
Mayis, Haziran, Temmuz, Agustos ve Eyliil yillik
ortalamanin Tlizerinde olan aylardir. En yiiksek
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aylik ortalama bagil nem miktar1 %81 ile Haziran
ve Temmuz aylarinda iken, en diisiik aylik orta-
lama bagil nem miktar1 %66 ile Kasim ayina aittir
(Anonymous, 2004).

Riizgar

Akdeniz bolgesinde riizgar genellikle kisin karadan
denize, yazin ise denizden karaya dogru eser (Uslu
1974). Ana ve ara yonlere ait riizgar diyagramina
bakildiginda, rlizgarin en fazla Giineybat1 yoniinde
estigi goriiliir. Aylara gore en hizl riizgar 31,4 m/s
hizla Ekim, en yavas ise 18,4 m/s ile Haziran
aylarina aittir (Anonymous, 2004).

Survey-envanter ¢alismalari

Aragtirma alaninin vejetasyonuna ait bilgiler,
vejetasyonun  optimum  gelistigi  donemlerde
yapilan periyodik survey-envanter c¢alismalari
belirlenmistir. Arazi g¢aligmalari esnasinda bitki
ornekleri, teshise imkan taniyan yaprakli ve ¢igekli
kisimlartyla toplanmis, habitat oOzellikleri, bitki
yogunlugu, yiikselti, tarih ve lokaliteler arazi
defterine not edilmistir. Toplanan bitki 6rnekleri
yayilis alanlarinda gozlemlenmis, bitkilerin yayilis
alanlari, ekolojik oOzellikleri ve tiirler {izerindeki
olumsuz etkiler belirlenmistir.

Bitkilerle ¢evre arasindaki iligkileri belirlemek i¢in
vejetasyonu habitat ve floristik kompozisyon
bakimindan temsil edecek, bitki oOrtiisii bakimindan
homojen oldugu gozlenen alanlardan Ornek
parseller almmistir. Vejetasyon arastirmalar
sirasinda Ornek parsel yapilirken arastirmalarin
temeli durumundaki ekolojik verilere dayali
Braun-Blanquet (1932) metodu esas alinmistir.

Calisma alanindaki bitki birliklerini temsil edecek
ornek alan biiyiikliigii sosyolojik iliskilere dayanan
en kiiglik orneklik alan (minimal area) metodu
kullanilarak yapilmistir (Braun-Blanquet 1932).
Birliklerin tiimii maki vejetasyonu karakterli
oldugundan érnek alan biiyiikliigii hepsinde 400 m”
olarak belirlenmistir. Arazinin morfolojik yapisinin
durumu, bitki ortiisiiniin homojenligi ve yayilma
genisligine gore birliklerin 6rnek parsel sayilari
farklilik gostermistir.

Arastirma alanindan alman Ornek parsellerin
degerlendirilmesi sonucu ekolojik ve floristik
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yonden belirgin benzerlik tasiyan kesimler bitki
birligi olarak tanimlanmistir. Tanimlanan bitki
birliklerine ait vejetasyon tablolari da Braun-
Blanquet (1932) metodu esas alinarak yapilmustir.
Tablolarda belirlenmis bitki birliklerini temsil eden
floristik ~ kompozisyonu  olusturan tiirlerin
sintaksonomik kategorilere dagilisin1 belirlemek
icin Akman ve ark. (1978; 1979a; 1979b),
Ocakverdi (1990), Akman (1995), Cakan (1997),
Duman ve Aytag (1994), Diizenli (1976), Quézel ve
ark. (1978), Quézel ve ark. (1980), Quézel ve ark.
(1992), Uslu (1977), Vural ve ark. (1994; 1999),
Yolcu (2005) ve Yurdakulol (1973)’nun
caligmalarindan yararlanilmistir.

Botanik simiflandirma

Arazi c¢alismalar1 esnasinda bitki Ornekleri tiim
tanimlayict pargalariyla toplanmis, herbaryum
tekniklerine uygun olarak kurutulmus ve
herbaryum 6rnegi haline getirilmistir (Se¢gmen ve
ark., 2008; Tan ve ark., 2001). Herbaryum
ornekleri 6nce familya ve cins diizeyinde teshis ve
tasnif edildikten sonra tiir ve tiir alt1 kategorilerinin
teshisi yapilmistir (Davis, 1965-1985; Davis ve
ark., 1988; Giiner ve ark., 2000).

Alanin biiyiik toprak gruplari ve toprak
analizleri

Aragtirma alanini igine alan Amanos Daglari’nda,
toprak gruplart Akman (1973a)’a gdre marn
anakaya {lizerinde erozyon topraklar, kahverengi
kalkerli topraklar, kahverengi yikanmis topraklar,
kahverengi orman topraklar1 ve kirmizi akdeniz
topraklart olmak tizere 5 toprak tipi tanimlamistir.

Toprak, igerdigi besin maddeleri ve bu maddelerin
yeniden {iretilmesini saglayan madde dongiisii
sayesinde lizerinde ve icerisindeki canli ve cansiz
varliklarla birlikte bagli basma bir ekosistemdir
iizerinde ve icinde yasayan canlilar1 besleyen ve
barindiran bir ortamdir. Bu ekosistemler, ¢evrenin
diger faktorleriyle birlikte uyum ve denge
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sonucunda olustugu bilinmektedir. Toprak, jeolojik
yapmin pargalanmasiyla ag¢iga ¢ikan ¢esitli
Olciilerdeki kum, kil ve silt ile canli organik
artiklariin  ayrigtirilmasiyla  olusan  organik
maddelerin, hava ve su gibi atmosferik iiyelerin
karisimindan olusur. Her toprak cesidinin &zel
yapist ve bilesimi ile fiziksel ve biyolojik
ozellikleri vardir. Olusumu binlerce yil gerektiren
topragin Ozelliklerini yansitan faktorlerin basinda
iklim, mineral madde ve iizerinde yasayan canlilar
gelir (Billings, 1968).

Arastirma alaninda belirlenen bitki birliklerinin
yayildiklart topraklar hakkinda bilgiler her birlikten
alman Orneklerin analizi sonucu elde edilmistir
(Cizelge 1). Ornekler 6nce Mustafa Kemal
Universitesi Ziraat Fakiiltesi Toprak Anabilim Dali
laboratuvarlarinda acik havada kurutulup 2 mm’lik
eleklerden gecirildikten sonra kimyasal ve fiziksel
analizleri yapilmigtir. Analizlerde kullanilan yon-
temler asagida 6zetlenmistir.

Tekstiir;  Bouyoucos-Hidrometre =~ metoduyla
toprak Orneklerine ait (% silt, % kil ve % kum)
biinye 6zellikleri belirlenmistir (Bouyoucus, 1962).

Su ile doygunluk; 100 gr. Hava kurusu topragin
sature hale gelinceye kadar ilave edilen saf su
miktarinin yiizde ifadesidir (Richards, 1954).

pH; Cam ve kalomel elektrotlu Beckman pH
metresi kullanildi. pH Olgimleri saf su ile
hazirlanmig ve 24 saat bekletilmis saturasyon
¢amurlarinda 6l¢iilmiistiir (Richards, 1954).

Kirec¢ (CaCO3;); Scheibler kalsimetresindeki CO,
basinctna  gore  sonuglar  CaCO; olarak
hesaplanmistir (Allison, 1965).

Organik madde (%); Walkley-Black yas yakma
sistemine gore demir siilfat titrasyonu ile
yapilmistir (Allison, 1965).

Total Azot (%); Kjeldal metoduna gore belirlendi
(Bremner, 1965).
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Cizelge 1. Arastirma alanindaki bitki birliklerinden alinan toprak drneklerinin analiz sonuglari.
Table 1. Analysis results of the soil sample taken from the plant associations in the study field.

Ornek no

Toplam organik  Toplam Tarla . : . e
(Sample madde azot kapasitesi Kllreg Iletken.hl.( Tekstiir Bitki birlikleri
- pH . (Lime)  (Conductivity) (Plant
no) (Total organic (Total (Field CaCO S/ (Texture) association)
matter) nitrogen) capacity) (%) (CaCO3) (mS/em)
Killi-Tin
la 5,23 0,26 6,97 38 24,5 1,34 Clay-Loam  Cisto-
GILT Quer.cetum
1b 538 0,27 6,86 42 23,6 1,48 Clla}ll:Llor;m cocciferae
Kumlu-Kil
2a 2.8 0,14 7,14 28 29,1 1,77 Sandy.Clay ~ Gynandrio-
CumluKil Quer.cetum
2b 35 0,17 7,09 30 26,2 1,45 S;ﬁy‘faéy cocciferae
Killi-Tin
3a 53 0,27 6,99 35 12,2 1,17 Clay-Loam  Mryto-
GILT Quer.cetum
3b 6,4 0,32 6,84 44 9.4 1,19 Clla}ll:Lg;m cocciferae
4 2,3 0,12 7,30 32 47,1 1,92 Kil
a ) > ) > > Clay Andropogo-
- Quercetum
4b 2,7 0,14 7,31 34 45,9 1,71 c11 cocciferae
ay
Killi-Tin
5a 8.4 042 679 52 44 134 ClyLoam Lauro-
T Arbutetum
5b 11,8 0,55 6,77 61 3,1 1,26 LZ;m andrachne
Killi-Tin
6a 7,6 038 6389 48 7,6 1,38 Clayey-Loam  Genisto -
— ..Spartz.etum
6b 6,8 0,34 6,92 40 9,2 1,42 1= tin Juncei
Clay-Loam
T
7a 13,2 0.65 672 65 2.1 1,29 Lm Myrto-
oam Ericetum
7b 10,4 052 687 58 32 1,35 é‘g{g;m manupuliflorae
BULGULAR ve TARTISMA farkli tlirlerin hakimiyetini belirlemede en dnemli

Bolgede yapilan survey ve envanter caligmalariyla
Fenik Yaylasi’nda farkli iklim, toprak, anakaya,
baki ve insan faaliyetleri sonucu g¢esitli bitki
birliklerinin yayildig1 belirlenmistir. Fenik Yaylasi'nin
vejetasyonu, batidaki deniz seviyesinden doguya
dogru yiikselen ve en yiiksek noktast olan
Aydinbah¢e’ye (650 m.)  kadar  maki
vejetasyonundan olusan yatay bir tabakalagsma
gosterir. Makinin hakim tliri Quercus coccifera
olup sahildeki 35 m’den itibaren Ortlis dereceleri
degisen caliliklar seklinde yayilmistir. Arazinin
engebeli olmas1 ve gesitli vadilerin varlig1, burada

etken olmustur. Bu calismada arastirma alan
icerisinde 7 bitki birligi tanimlanmstir.

Alyans: Quercion calliprini Zohary (1962)
Ordo : Quercetalia ilicis Braun-Blanquet (1947)
Smif

1. Cisto-Quercetum cocciferae birligi

: Quercetea ilicis Braun-Blanquet (1947)

2. Gynandrio-Quercetum cocciferae birligi
3. Myrto- Quercetum cocciferae birligi
4. Andropogo- Quercetum cocciferae birligi

5. Genisto-Spartietum juncei birligi
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6. Myrto- Ericetum manupuliflorae birligi

Alyans: Ptosimopappo-Quercion Quézel, Barbéro
& Akman (1978)

Ordo : Quercetalia ilicis Braun-Blanquet (1947)
Sinif : Quercetea ilicis Braun-Blanquet (1947)

7. Lauro-Arbutetum andrachne birligi

Arastirma alanminin vejetasyon ekolojisi

1. Cisto- Quercetum cocciferae birligi

Aragtirma alaninda en yaygin bitki olan ve ancak
130 cm. kadar boylanabilen Quercus coccifera L.
bitkisi birligin de dominant tiiriidiir. Habitatin
ekolojik kosullarina uygun olarak Cistus salviifolius
L., Rhamnus alaternus L, Allium subhirsutum L.
ve Scorzonera kotschyi Boiss. birlik igerisinde
yogun tekerriir ettigi icin karakter tiir olarak
secilmigtir (Cizelge 2.).

Cizelge 2. Cisto-Quercetum cocciferae Birligi.
Table 2. Cisto-Quercetum cocciferae plant association.

GPS koordinatlar1 N. 35° 59° 589" ve E. 35° 59
920" olan birlik arastirma alaninim batiya bakan %
30-50 egimli ve 130-300 m. yiiksekliklerinde
yayilir. Habitat % 10 kadar Rupikol 6zellik gosterse
de cakil oranmi az oldugundan fazla hareketli
degildir. Genis gruplar halinde yayilan birligin
topragt killi tin biinyeli, ortalama organik
maddesinin % 5,4 olmast hem pH’nin noétre
yakinligina hem de kire¢ miktarmin % 24,5
seklinde yiikselmesine imkan vermistir. Habitat
hakim bat1 riizgarindan fazla etkilendigi igin
bitkilerde transprasyon artmistir. Bu durum
floristik kompozisyonun zayiflamasina ve bitkilerin
de bodurlasmasina neden olmustur. Toplam 8
ormek parsel ile tanmimlanan birlik sintaksonomik
olarak Quercion calliprini Zohary (1962) alyansi,
Quercetalia ilicis Braun-Blanquet (1947) ordosu
ve Quercetea ilicis Braun-Blanquet (1947) sinifi
icerisinde degerlendirilmistir.

Ornek parsel no (Sample parcel number) 1 2 3 5 4 6 7 8

Alan genisligi (Field width) (m?) 400 400 400 400 400 400 400 400 g
Yiikseklik (Height) (m) 130 160 190 200 225 240 265 290 é
Yon (Direction)” BW B/W B/W B/W B/W B/W B/W B/W ;
Egim (Slope) (°) 45 45 50 50 50 55 55 55 E’v
Anakaya (Bedrock) Kirectas1 (Limestone) ?
Genel ortiis (General overlap) (%) 95 80 90 85 85 80 85 85 §
Cali ortiis (Shrub overlap) (%) 90 75 80 80 80 80 80 85 §
Cal1 boyu (Shrub lenght) (cm) 150 110 100 130 120 125 135 130 \%
Ot ortiis (Grass overlap) (%) 30 25 30 35 30 30 30 30
Birligin karakter tiirleri

(Character types of the union)

Quercus coccifera 34 34 33 34 33 33 34 34 \Y
Cistus salviifolius 22 22 22 22 12 22 12 22 \Y
Rhamnus alaternus 12 22 22 22 +2 22 +2 22 \Y
Allium subhirsitum +1 +1 +1 +1 +1 +1 +1 +1 \%
Scorzonera kotschyi +1 +1 +1 +1 +1 v
Quercion calliprini alyansinin karakter tiirleri

(Character types of Quercion calliprini alliance)

Rubia tenuifolia subsp. brachypoda +2 +1 +1 +1 +1 +1 +1 +1 v
Qercetalia ilicis ordosunun karakter tiirleri

(Character types of the Qercetalia ilicis ordo)

Phillyrea latifolia . +1 +1 . +1 +1 +1 +1 v
Geranium purpureum +1 +1 +1 +1 +1 v
Quercetea ilicis stifinin karakter tiirleri

(Character types of the Qercetalia ilicis class)
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Cizelge 2. Devam
Table 2. Continued

Cyclamen persicum
Pistacia terebinthus
Asparagus acutifolius
Melica eligulata
Myrtus communis

Ptosimopappo-Quercion alyansinin karakter tiirleri
(Character types of Ptosimopappo-Quercion alliance)

Astragalus schizopterus

Fagetali silvaticae ordosunun karakter tiirleri
(Character types of the Fagetali silvaticae ordo)

Festuca heterophylla

Quercetea pubescentis smifinin karakter tiirleri
(Character types of the Quercetea pubescentis class)

Coronilla emerus subsp. emeroides
Cisto-Micromerietea sinifinin karakter tiirleri
(Character types of the Cisto-Micromerietea class)

Cistus creticus
Micromeria myrtifolia
Psoralea bituminosa
Teucrium polium
Themeda triandra

Astragalo-Brometea smifinin karakter tiirleri
(Character types of the Astragalo-Brometea class)

Bromus tectorum
Helianthemum nummularium
Digerleri (Others)

Genista acanthoclada

Piptatherum miliaceum

Dactylis glomerata

Lotus peregrinus var. peregrinus
Galium floribundum subsp. floribundum
Galium verum

Asperula arvensis

Ornithogalum narbonense

Allium rubellum

Minuartia mesogitana

Capsella bursa-pastoris

Callipeltis cucullaria

Carduus pycnocephalus subsp. albidus
Silene aegyptiaca subsp. aegyptiaca
Euophorbia taurinensis

Senecio vernalis

Geranium rotindifolium

Ruta chalepensis

Anagallis arvensis

21
+2
+1

11

+1

11
+2
+1
+1

11

22
21
11
11
+2
+2
+1
+1
+1
+1
11
+1
+1
+1
+1
+1
+1

E. OGUR, H. OCAKVERDI: FENIK YAYLASI (YAYLADAGI/HATAY)
VE CEVRESININ BiTKi SOSYOLOJiSi VE EKOLOJISI

11
12

+1

11

+1
+1
+1
+1

11
+1

12
21
11
11
11
+2
+1
+1
+1
+1
11
+1
+1
+1
+1
+1
+2
+1

21
12

+1

+1

11

11
+1
+1
+1

11
+1

12
11
11
+2
+2
+2
+1
+1
+1
+1
+1
+1
+1
+1
+1
+1
+2
+1

21
12

+1

+1
11
+1

12
+2

12

12
11
12
+2
11
+2
+1
+1
+1
+1
+1
+1
+1
+1
+1

+1
+1

11
12
+1
+1

+1
11
+1

12
+1

+1
11

22
11
11
+2
+2
+1
+1
+1
+1
+1
+1
+1
+1
+1
+1
+1
+1

+1

21
12
+1

+2

+1

12
+1
+1

11

22
11
11
+2
+2
+1
+1
+1
+1
+1
+1
+1
+1
+1

+1
+1

11
11

+2

11

22

+1

11

12
11
+2
+1
11
+1
+1
+1
+1
+1
+1

+1
+1
+1
+1

11
11

+2

+2

12
+1
+1

12

22
11
11
+1
11
+1
+1
+1
+1
+1
+1

+1
+1
+1
+1

I

I

< << <K< <K< << <K<
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Cizelge 2. Devam
Table 2. Continued

Stipa bromoides

Lolium perenne

Linaria chalepensis +1
Salvia verticillata +1
Orobanche nana +1
Aegilops umbellulata

Cytinus hypocistis +1
Micromeria graeca +1
Medicago polymorpha +1
Thlaspi annuum +1
Dianthus strictus +1
Lamium amplexicaule +1
Scandix pecten-veneris +1
Ajuga chamaepitys +1
Hymenocarpus circinnatus +1

Catapodium rigidum
Convolvulus cantabrica +1
Ornithogalum sphaerocarpum

Sedum caespitosum

+1 +1 +1 +1 +1 +1 v

. +1 +1 +1 +1 +1 +1 v
+1 +1 +1 +1 . . . v
+1 +1 +1 +1 . . . v
. +1 . +1 +1 +1 v

. +1 +1 . +1 +1 +1 v
+1 +1 . . . +1 . 1
+1 . . . +1 . +1 I
+1 . +1 +1 . . . 1
+1 +1 +1 . . . . I
+1 . . +1 +1 . . 1
+1 +1 . +1 . . . I
+1 . . . . +1 . 1I
+1 . +1 . . . . II
+1 +1 . . . II

. +1 +1 +1 . . II

. +1 . . . . . II
+2 +2 . . . . . 11
+1 +1 . . . II

" B: Bati (W: West).

2. Gynandrio-Quercetum cocciferae birligi

Quercus coccifera L. burada da hakim durumdadir
ve Samandag sahilinin dogu ucundaki Sabra
burnundan Fenik Yaylasi’'na dogru 40 m.
yukseklige kadar yayilmistir. Gladiolus antakiensis
A.P. Hamilton lokal endemik oldugundan,
Gynandris sisyrinchium (L) Parl.,, Leontodon
crispus Vill., Cicerbita mulgedioides (Schult Bip.
ex Vis. et Panc ) Beauverd birlik icerisinde yiiksek
tekerriirlii  olduklarindan karakter tiir olarak
secilmistir (Cizelge 3).

Birlik ilkbahar baslangicindan kis aylarma kadar
karakecinin otlak alani olarak kullanilmaktadir.
Ayrica yerlesim alanina ve deniz kenarina yakin
oldugundan hem piknik alani olarak kullanilmakta
hem de yakacak olarak asir1 kesim yapilmaktadir.
O yiizden birlik igerisinde belirgin siniizya
tesekkiilii olmamis ve floristik kompozisyon zayif
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kalmistir. Bu durum % 30 egime ragmen orta
derecede erozyona yol agtig1 i¢in organik maddesi
azalan topragin kum ve kire¢ miktarini arttirmis, su
tutma kapasitesini diiglirmiistiir.

Bu olumsuz etkenler, bitkilerin belli bir su stresi
yasamalaria ve azami 140 cm. boylanabilen bodur
maki katinin gelismesine neden olmustur. Ancak
sicaklik ve nemin optimum o6zelligi makilerde
biiyiimenin siirekliligini sagladig: igin ekosistemin
tampon giiclinii koruyacak prodiktiviteye imkan
vermistir. GPS koordinatlar1 N. 36° 00 245" ve E.
35°58 482" olan birlik, Nisan 2005 tarihinde yapilan
9 ornek parsel ile tanimlanmigtir. Sintaksonomik
olarak da Quercion calliprini Zohary (1962)
alyansi, Quercetalia ilicis Braun-Blanquet (1947)
ordosu ve bunlarin bagli bulundugu Quercetea
ilicis Braun-Blanquet (1947) smnifi igerisinde
degerlendirilmistir.



E. OGUR, H. OCAKVERDI: FENIK YAYLASI (YAYLADAGI/HATAY)
VE CEVRESININ BiTKi SOSYOLOJiSi VE EKOLOJISI

Cizelge 3. Gynandrio - Quercetum cocciferae birligi.
Table 3. Gynandrio - Quercetum cocciferae plant association.

Ornek parsel no (Sample parcel number) 9 10 15 12 14 16 11 13 17 | @
Alan genisligi (Field width) (m?) 400 400 400 400 400 400 400 400 400 é—
Yiikseklik (Height) (m) 35 35 55 45 50 60 40 50 60 é
Yon (Direction)* B/W B/W B/W B/W B/W B/W B/W B/W B/W z
Egim (Slope) (°) 25 25 30 25 25 30 20 30 35 | &
Anakaya (Bedrock) Kiregtast (Limestone) ?
Genel ortiis (General overlap) (%) 9% 8 95 70 100 100 95 90 90 §
Cal1 6rtiis (Shrub overlap) (%) 8 70 85 65 100 95 90 75 85 | &
Cal1 boyu (Shrub lenght) (cm) 60 70 8 70 110 150 80 75 75 g—
Ot ortiis (Grass overlap)(%) 25 40 30 40 20 20 40 30 15 |=

Birligin karakter tiirleri
(Character types of the union)

Quercus coccifera 45 34 44 34 55 45 44 44 33 |V
Gynandriris sisyrinchium 121 2 11 11 12 22 12 11 |V
Gladiolus antakiensis +1 41 41+l +1 +1  +1 +1 +1 |V
Cicerbita mulgedioides +1 +1 4+l +1 +1 +1  +1 +1 v
Leontodon crispus subsp. asper +1 . +1 . +1 +1  +1 +1 v

Quercion calliprini alyansimin karakter tiirleri
(Character types of Quercion calliprini alliance)
Rubia tenuifolia subsp. brachypoda +1 +1 42 +1 +1 . +1 . . v
Quercetalia ilicis ordosunun karakter tiirleri
(Character types of the Qercetalia ilicis ordo)
Ruscus aculeatus +1 +2 11 +1 +1 . +1 +2 . v
Quercetea ilicis smifinin karakter tiirleri
(Character types of the Qercetalia ilicis class)

Rhamnus alaternus 12 22 42 +2 +2 +2 2 22 33 |V
Cyclamen persicum 111 +2 +2 +2 +2 2 +2 +2 |V
Asparagus acutifolius +1 . +1 . +1 +1  +l1 . . v
Myrtus communis +2  +2 42 . . . . . . II
Pistacia terebinthus . . . +2 +2 . . . . II

Ptosimopappo-Quercion alyansinin karakter tiirleri
(Character types of Ptosimopappo-Quercion alliance)
Hypericum thymifolium +1 +1 11 . +1 21 +1 +1 +1 |V
Astragalus schizopterus . +1 . . . . . . +1 | 1I
Ouerco-Cedratalia ordosu karakter tiirleri
(Character types of the Ouerco-Cedratalia ordo)
Crepis reuterena subsp. reuterena +1 . +1 . +1 +1 . . . 111
Briza humilis +1 . +1 . . . +1 . . II
Fagetalia silvaticae ordosunun karakter tiirleri
(Character types of the Fagetali silvaticae ordo)
Festuca heterophylla +2  +2 . +2 II
Cisto- Micromerietea sinifinin karakter tiirleri
(Character types of the Cisto-Micromerietea class)

Sarcopoterium spinosum 12 12 . +2 +2 12 . +2 . v
Phlomis longifolia +1 +1 +1 . +1 +1 . +1 . v
Themeda triandra +1 +1 . +1 +1 +1 . +1 . v
Daphne sericea . . . 11 +2 . +2 +2 . 1
Cistus creticus . . . . +2 . . . . I

Astragalo-Brometea siifinin karakter tiirleri

(Character types of the Astragalo-Brometea class)
Bromus tectorum 11 12 11 12 11 11 12 11 +2 |V
Helianthemum nummularium +1 4+ +1 . +1 . . +1 +1 |1V
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Cizelge 3. Devam
Table 3. Continued
Digerleri (Others)

Piptatherum miliaceum

Dactylis glomerata
Lolium perenne
Catapodium rigidum
Crepis sancta

Tordylium syriacum
Genista acanthoclada
Erodium laciniatum
Euophorbia taurensis
Minuartia mesogitana
Stipa bromoides

Salvia viridis

Crepis zacintha

Legousia falcata

Anchusa azurea

Trifolium repens
Pancratium maritimum
Trifolium angustifolium
Galium cassium

Linum corymbulosum
Geranium rotundifolium
Torilis arvensis subsp. purperea
Ornithogalum sphaerocarpum
Anagallis arvensis
Valantia hispida

Ononis natrix

Vaccaria pyramidata
Tragopogon longirostris
Dianthus strictrus

Arum dioscoridis

Lotus corniculatus
Medicago coronota
Steptorhamphus tuberosus
Cicerbita racemosa
Anthyllis tetraphylla
Lotus peregrinus subsp. peregrinus
Galium floribundum subsp. floribundum
Plantago scabra
Anarrhinum orientale
Avena sterilis
Hippocrepis unisiliquosa
Ononis viscosa

11
+2
+1
+1
+1
+1
+1
+1
+1
+1
+1
+1
+1
+1
+1
+1

+1
+1
+1
+1
+1
+1
+1
+1
+2
+1
+1
+1

+1
11
+1
+1
+1

21 21 21 11 11 21 11 11 |V
12 11 11 11 11 12 12 11 |V
+2  +1 +1 +1 +1 +1 +1 +1 |V
+1  +1  +1 +1 +1 +1 +1 |V
+1  +1  +1 +1 +1 . +1 +1 |V
+1  +1  +1 +1 +1  +1 +1 . v
. +2 11 +2 +2 11 22 +2 | IV

+1  +1  +1 . +1  +1 +1 . v
+1 . +1 +1 . +1 +1 | IV
11 +1 . 11 +1 11 | IV
+2 +1  +1 . +1 +1 +1 | IV
+1  +1 +1 +1 . +1 | IV
. +1  +1 +1 +1 . +1 | IV

+1 +1 . +1 +1 41 v
+1  +1 +1 +1  +1 . . v

. +1 +1 . +1 +1 | I

+1 +1 . . +1 +1 | I
. +1 +1 +1 . . +1 | I

+1  +1 . 11 11 +1 11

+1  +1 +1 +1  +1 . 1

. +1 . +1 . +1 | III

+1 +1 . +1 I
+2 . +1 +1 . 1
. +1 41 . +1 | I

+1 +1 . +1 | I
. +1 +1 . +1 | I

+1 . . . +1 +1 . I
. +1 +1 +1 . +1 | I

+1 +1 II
+2 . +2 . II
. +1 . +1 | 1I

. +1 +1 1I

+1 . . +1 II
. +1 +1 +1 II

+1 . +1 II
+1 +1 . II
. 11 1I

+1 . . II
+1 +1 II

I

. I

+1 I

" B: Bati (W: West).

3. Myrto- Quercetum cocciferae birligi

Quercus coccifera bu kez de alandaki ilk vadinin
250-400 metrelerindeki kuzey yamaglarinda Myrtus
communis L. ile birlik olusturmustur. Burasi tuzlu
bati riizgarlarindan etkilenmedigi gibi rakim
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nedeniyle de farkli ekolojik kosullar bitkilerin
vitalitesini arttirmis ve floristik kompozisyonda
degismeye yol agmuistir. Boylece Cerotonia siliqua
L., Lavatera punctata L. ve Serratula cerinthifolia
(Sm.) Boiss. tiirleri de birlik igerisinde yiiksek



tekerrirlii olduklarindan karakter tir segilmistir
(Cizelge 4).

Birligin habitat topraklarinda % 100 Ortiise varan
siklikla orantili olarak, bariz bir A horizonu gelis-
mis ve organik madde artmistir. Bu durum toprakta
su tutma kapasitesi ve pH’ nin yiikselmesine, kireg
miktariin ise diigmesine neden olmustur. Boyle
habitatlarda yer yer 3,5 m kadar boylanan makiler
rupikol karakterli arazinin % 50 egimine ragmen
erozyonu nispeten azaltmistir. Ancak insanlarin
bitkileri yakacak ic¢in kestikleri ve apikal

Cizelge 4. Myrto - Quercetum cocciferae birligi.
Table 4. Myrto - Quercetum cocciferae plant association.

E. OGUR, H. OCAKVERDI: FENIK YAYLASI (YAYLADAGI/HATAY)
VE CEVRESININ BiTKi SOSYOLOJiSi VE EKOLOJISI

meristemleri karakegi siiriisiiniin tehdidi altinda
olan alanlarda 100 cm’den fazla boylanamamustir.
GPS koordinatlart N. 35° 59° 535" ve E. 35° 59
937" olan birlik habitatlarinda 22 Nisan-10 May1s
2005 tarihlerinde 11 ornek parsel yapilarak
floristik ~ sisteme  gore  ekolojik  olarak
degerlendirilmigtir. Diger birlikler gibi Akdeniz
fitocografik bolgesinin karakteri olan
sintaksonlarda yer alan birlik, Quercion calliprini
Zohary (1962) alyansi, Quercetalia ilicis Braun-
Blanquet (1947) ordosu ve Quercetea ilicis Braun-
Blanquet (1947) sinifinda degerlendirilmistir.

Ornek parsel no (Sample parcel number) 23 24 22 18 25 19 21 20 26 27 28 -
Alan genisligi (Field width) (m?) 400 400 400 400 400 400 400 400 400 400 400 | E
Yiikseklik (Height) (m) 120 150 50 75 170 90 125 70 210 210 160 §

Yon (Direction) " K/N KBNW KN K/N KBNW KN KN KN BW BW BW | @

Egim (Slope) (°) 50 40 25 65 65 50 65 40 65 65 65 Eﬂ
Anakaya (Bedrock) Kiregtast (Limestone) ?
Genel ortiis (General overlap) (%) 100 95 90 100 100 100 85 100 90 90 85 §

Cal1 ortiig (Shrub overlap) (%) 100 95 9 100 100 100 80 100 85 90 75 §

Cal1 boyu (Shrub lenght) (cm) 200 120 250 350 120 400 250 300 130 130 100 | &
Ot ortiis (Grass overlap)(%) 20 30 10 5 20 5 35 5 30 30 35 =
Birligin karakter tiirleri

(Character types of the union)

Quercus coccifera 34 33 33 22 33 12 22 34 4 4 33 |V
Myrtus communis 22 33 12 11 33 33 33 11 22 11 33 |V
Ceratonia siliqua 12 22 22 42 12 22 12 . 22 12 +2 |V
Lavatera punctata +1 +1 . +1 .o+l 41+ +1 v
Serratula cerinthifolia +1 +1 L +1 N I
Quercion calliprini alyansinin karakter tiirleri

(Character types of Quercion calliprini alliance)

Arbutus andrachne +2 +2 22 12 12 . 12 . 11 +2 +2 |V
Rubia tenuifolia subsp. brachypoda +1 +1 +1 . . 11 . . . . I
Quercetalia ilicis ordosunun karakter tiirleri

(Character types of the Qercetalia ilicis ordo)

Phillyrea latifolia 11 +2 22 42 . . . . . . . 1I
Geranium purpureum +1 +1 . . +1 . . . . . 1I
Cercis siliquastrum +2 . +2 . . . . . 1

Quercetea ilicis smifinin karakter tiirleri

(Character types of the Qercetalia ilicis class)

Cyclamen persicum +1 +1 11 +1 +1 +1 +2 2 4+l +2 11 v
Pistacia terebinthus 33 +1 22 33 . 33 11 . . +2 +2 | IV
Smilax aspera . +1 12 2 +1 +2 11 2 +1 . . v
Rhamnus alaternus +2 12 . +2 12 . . . . 1T
Asparagus acutifolius . . +1 . . +1 . +1 . +1 . I
Melica eligulata . +1 +1 . . . +1 1I
Jasminium fruticans +1 I
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Cizelge 4. Devam

Table 4. Continued

Ptosimopappo-Quercion alyansinin karakter tiirleri
(Character types of Ptosimopappo-Quercion
alliance)

Hypericum thymifolium

Astragalus schizopterus

Fagetalia silvaticae ordosunun karakter tiirleri
(Character types of the Fagetali silvaticae ordo)

Festuca heterophylla
Quercetea pubescentis sinifinin karakter tiirleri

(Character types of the Quercetea pubescentis
class)

Hedera helix

Cotinus coggyrea

Styrax officinalis

Coronilla emerus subsp. emeroides

Cisto- micromerietea stmfimn karakter tiirleri
(Character types of the Cisto-Micromerietea class)

Micromeria myrtifolia

Daphne sericea

Cistus creticus

Spartium junceum

Themeda triandra

Phlomis longifolia subsp. longifolia

Origanum syriacum

Salvia tomentosa

Astrogalo-Brometea smifinin karakter tiirleri
(Character types of the Astragalo-Brometea class)

Bromus tectorum
Helianthemum nummularium
Digerleri (Others)

Lolium perene

Dactylis glomerata

Stipa bromoides
Aegilops umbellulata
Lotus peregrinus var. peregrinus
Genista acanthoclada
Andropogon ischaemum
Carthamus lanatus
Centaurium pulchellum
Bupleurum rotundifolium
Dorycnium hirsutum
Cystopteris fragilis
Anarrhinum oriantale
Medicago coronota
Minuartia mesogitana
Galium verum
Micromeria graeca

Ruta chalepensis
Tordylium syriacum
Ononis natrix
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Cizelge 4. Devam
Table 4. Continued
Bromus sterilis
Crucianenella latifolia
Valerianella coronata

Torilis arvensis subsp. purperea

Linaria chalepensis
Carduus pycnocephalus
Allium rubellum
Anagallis arvensis
Catapodium rigidum
Crepis zacintha
Trifolium angustifolium
Mercurialis annua
Campanula saxonorum
Campanula strigosa
Umbilicus horizontalis
Dryopteris pallida
Galium canum
Pterocephalus plumosus
Bromus japonicus
Centaurium erythraea
Pallenis spinosa
Trifolium campestre
Raphanus raphanistrum
Arum dioscoridis

Galium flovibundum subsp. floribundum

Euphorbia taurensis
Geranium rotindifolium
Convolvulus centabrica
Salvia viridis

Lotus corniculatus
Anthyllis tetraphylla
Trifolium repens
Linum corymbulosum
Sedum pallidum

Ptilostemon chamaepeuce

Rhagadiolus stellata
Origanum vulgare
Picris hieracioides
Linum nodiflorum
Linum pubescens
Aetheorhiza bulbosa
Lotus corniculatus
Alkanna confusa
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K Kuzey, KB: Kuzeybati, B: Bat1 (N: North, NW: No

rthwest, W: West).

4. Andropogo- Quercetum cocciferae birligi

Birlik arastirma alaninin % 40-50 egimli ve 90-
250 metrelerdeki bati yamaglarinda seyrek bir
yayilis gostermistir. Ciinkli yamaglar sarp ve
engebeli olup insan tahribine miisait degilse de

burada iki 6nemli olumsuz faktor vardir. Birisi
bolgenin denizden esen hakim bati riizgarinin
habitatt olumsuz etkilemesi, yaz kurakliginda
neden oldugu transprasyona cevap veremeyen
cogu otsu bitkilerin selekte olmasina ve yapraklar
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kalin mum tabakasi ile kapli olmayan odunsu
bitkilerin de bodur kalmasina yol agmistir. Digeri
de seyrek oOrtiislii habitatta cakil ve taslar belli
sahalarda gruplasmis olup birden fazla kanallardan
akarak birlestikleri i¢in bu c¢akil yiginlart bitki
ortiistinden yoksundur. Boylece rupikol karakterli
habitat toprak erozyonuna elverisli oldugundan A
horizonunun tesekkiiliinii de saglayamamigtir. Bu
ylizden topragin organik maddece zayif kalmasi,
buna bagli olarak su tutma kapasitesinin diismesine
ve kire¢ miktariin artmasina yol agmustir.

Yukaridaki izah edilen ekolojik kosullarin
farklilig1 nedeniyle Quercus coccifera alanin farkli
mikroklimalarinda farkh tiirlerle birlik

Cizelge 5. Andropogo - Quercetum cocciferae birligi.
Table 5. Andropogo - Quercetum cocciferae plant association.

olusturmaktadir. Biitlin  bunlar bu bitkinin
bolgedeki maki tiirleri arasinda ekolojik toleransi
en yiiksek oldugunu gosterir. Habitatin ekolojik
ozelligine ve floristik sisteme uygun olarak birlikte
wsrarla bulunan Akdeniz elementlerinden, Andropogon
distacyos L., Olea europae var. sylvestris (Miller)
Lehr. ve Helichrysum stoechas (L.) Moench tiirleri
birlige karakter tiir olarak secilmistir (Cizelge 5).
GPS koordinatlart N. 36° 00 122" ve E. 35° 58
558" olan birlik sintaksonomik yonden digerleri
gibi Akdeniz kokenli Quercion calliprini Zohary
(1962) alyansi, Quercetalia ilicis Braun-Blanquet
(1947) ordosu ve Quercetea ilicis Braun-Blanquet
(1947) simifinda degerlendirilmistir.

Ornek parsel no (Sample parcel number) 36 35 37 38 39

Alan genisligi (Field width) (m?) 400 400 400 400 400 -
Yiikseklik (Height)(m) 130 90 150 200 250 §'
Yon (Direction)* B-W B-W B-W B-W  B-W E

Egim (Slope) (°) 45 45 40 50 50 | g

Anakaya (Bedrock) Kirectas1 (Limestone) =2
Genel ortiis (General overlap) (%) 80 80 90 70 90 ?
Cal1 ortiis (Shrub overlap) (%) 65 70 85 70 85 §

Cal1 boyu (Shrub lenght) (cm) 200 200 200 150 200 §

Ot ortiis (Grass overlap)(%) 45 30 30 25 25 g}
Birligin karakter tirleri e
(Character types of the union)

Quercus coccifera 23 33 33 33 23 A%
Andropogon distachyos 12 11 11 11 11 A%
Olea europaea subsp. sylvestris 12 12 22 11 22 A%
Helichrysum stoechas +2 +1 +1 +1 v
Quercion calliprini alyansinin karakter tiirleri

(Character types of Quercion calliprini alliance)

Rubia tenuifolia subsp. brachypoda +1 +1 +1 . . 1
Arbutus andrachne +2 +2 II
Quercetalia ilicis ordosunun karakter tiirleri

(Character types of the Qercetalia ilicis ordo)

Ceratonia siliqua +2 +2 +2 11
Quercetea ilicis smifinin karakter tlirleri

(Character types of the Qercetalia ilicis class)

Rhamnus alaternus 22 12 12 12 12 \%
Pistacia terebinthus +2 +2 12 11 +2 A%
Myrtus communis 11 12 12 +2 22 A%
Cyclamen persicum +2 +1 +1 +1 +2 \'%
Asparagus acutifolius +1 . +1 +1 11
Jasminum fruticans +1 +1 +2 . 111
Smilax aspera +1 +1 II

Ptosimopappo-Quercion alyansinin karakter tiirleri

(Character types of Ptosimopappo-Quercion alliance)
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Cizelge 5. Devam
Table 5. Continued

Astragalus schizopterus +1 +1 . . . II
Fagetalia silvaticae ordosunun karakter tiirleri

(Character types of the Fagetali silvaticae ordo)

Festuca heterophylla 11 11 11 +2 +2 v
Quercetea pubescentis Sinifinin Karakter Tiirleri

(Character types of the Quercetea pubescentis class)

Cotinus coggyrea +2 +2 12 12 +2 A%
Coronilla emerus subsp. emeroides +1 +1 . +1 . 11
Cisto Micromerietea simifinin karakter tiirleri

(Character types of the Cisto-Micromerietea class)

Cistus creticus 22 +2 22 12 . v
Micromeria myrtifolia +1 +1 +1 +1 . v
Spartium junceum +2 +2 +2 . . 1
Astragalo-Brometea siifinin karakter tiirleri

(Character types of the Astragalo-Brometea class)

Bromus tectorum 11 11 +2 . . 1
Helianthemum nummularium +1 . +1 . +1 1
Digerleri (Others)

Genista acanthoclada +2 +2 11 11 +2 \Y%
Dactylis glomerata 12 11 11 +2 11 A%
Ruta chalepensis +1 +1 +1 +1 +1 \%
Stipa bromoides +1 +1 +1 +1 +1 v
Lolium perenne +1 +1 +1 +1 +1 A%
Carthamus lanatus +1 +1 +1 +1 +1 v
Trifolium angustifolium +1 +1 . +1 +1 v
Tordylium syriacum +1 . +1 +2 +2 | IV
Galium cassium +1 +1 . +1 +1 v
Linum corymbulosum +1 +1 +1 +1 . v
Dorycnium hirsutum +1 . +1 +2 +1 v
Galium verum +1 . . +1 +1 11
Lamium amplexicaule +1 +1 +1 . . 1
Lotus corniculatus +1 +1 . +1 . I
Medicago coronota +1 . +1 +1 . 1
Crucianella latifolia +1 . +1 . +1 I
Torilis arvensis . +1 +1 +1 . 1
Trifolium campstre +1 +1 . . +1 I
Piptatherum miliaceum 11 . . 11 11 1
Medicago polymorpha +1 +1 . . . 11
Linaria chalepensis +1 +1 . . . II
Dianthus strictrus . +1 +1 . . II
Aegilops umbellulata . +1 . . +1 II
Anthylis tetraphylla +1 +2 . . . II
Trifolium repens +1 . . +1 . II
Ononis natrix +1 +2 . . . II
Linum nodiflorum +1 +1 . . . 11
Linum pubescens +1 . . . . I

" B: Bat1 (W: West).
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5. Genisto-Spartietum juncei birligi

Spartium  junceum L bitkisi nispeten serin
habitatlar1 tercih ettiginden, ilk iki vadi arasinda
doguya yiikselen bayirin kuzeye bakan yamaglarinda
birlik olusturmustur. Yamacin giines alan fazla
egimli kserofit kisimlarinda Genista acanthoclada
DC. ko-dominant duruma gec¢mistir. Boylece her
iki bitki habitat1 % 90-100 orterek 1sik rekabetinden
dolayr floristik kompozisyonun zayif kalmasina
neden olmustur. Bu 6zel mikroklimada sik tekerriir
eden Ainsworthia trachycarpa Boiss., Ferulago
cassia Boiss. ve Michauxia campanuloides 1.’Herit
Exaiton Dogu Akdeniz elementleri olup birligin
diger karakter tiirleridir (Cigelge 6).

Cizelge 6. Genisto - Spartietum juncei birligi.
Table 6. Genisto - Spartietum juncei plant association.

Genelde dominant ve ko-dominant seklinde iki
farkli tiirden olusan birliklerde tiirlerin Ortiis
bolluklart bireysel olmasina ragmen burada
Spartium ve Genista daha ¢ok gruplar halinde
habitat1 paylasmislardir. Bu ilging 6zellik, habitatin
glineslenme durumu ile toprak yapist ve
derinliginden kaynaklanir. GPS koordinatlar1 N.
35°59 941" ve E. 35° 58 858" olan birlik 6 drnek
parsel yapilarak tanimlanmistir. Sintaksonomik
olarak da Akdeniz fitocografik orijinli Quercion
calliprini Zohary (1962) alyansi, Quercetalia ilicis
Braun-Blanquet (1947) ordosu ve Quercetea ilicis
Braun-Blanquet (1947) smifinda degerlendirilmistir.

Ornek parsel no (Sample parcel number) 42 40 41 43 45 44

Alan genisligi (Field width) (m?) 400 400 400 400 400 400 2
Yiikseklik (Height)(m) 250 220 230 275 310 290 §
Yon (Direction)” KB/NW B/W KB/NW KB/NW KB/NW KB/NW E
Egim (Slope) (°) 70 50 50 50 60 50 L
Anakaya (Bedrock) Kiregtagi (Limestone) A=
Genel ortiis (General overlap) (%) 100 100 100 100 100 100 ?
Cal1 ortiis (Shrub overlap) (%) 100 90 100 95 100 95 §
Cal1 boyu (Shrub lenght) (cm) 350 200 300 350 350 350 ]
Ot ortiis (Grass overlap)(%) 10 25 20 10 15 20

Birligin karakter tiirleri

(Character types of the union)

Spartium junceum 33 22 34 34 34 33 \Y
Genista acanthoclada 22 22 22 23 +1 22 \%
Ainsworthia trachycarpa +1 +1 +1 +1 +1 +1 \Y
Ferulago cassia +1 +1 +1 +1 +1 +1 A%
Michauxia campanuloides +1 +1 +1 +1 +1 +1 \Y
Quercion calliprini alyansinin karakter tiirleri

(Character types of Quercion calliprini alliance)

Quercus coccifera +2 +2 +2 +2 12 +2 A%
Rubia tenuifolia subsp. brachypoda +1 . +1 +2 +1 +1 v
Arbutus andrachne 12 +2 22 +2 +2 \Y
Quercetalia ilicis ordosunun karakter tiirleri

(Character types of the Qercetalia ilicis ordo)

Ceratonia siliqua +2 +2 II
Quercetea ilicis smifinin karakter tiirleri

(Character types of the Qercetalia ilicis class)

Cyclamen persicum +2 11 +2 +2 +2 +2 v
Pistacia terebinthus +2 11 22 22 22 22 A"
Smilax aspera 11 +2 +2 11 +2 +2 \Y
Rhamnus alaternus +2 +2 +2 +2 +2 . \Y
Asparagus acutifolius +1 +1 +1 +1 +1 A"
Myrtus communis 11 22 . . II
Melica eligulata . +1 +1 II
Jasminum fruticans 11 I
Ptosimopappo-Quercion alyansinin karakter tiirleri

(Character types of Ptosimopappo-Quercion alliance)

116




Cizelge 6. Devam
Table 6. Continued

Hypericum thymifolium

11

Fagetalia silvaticae ordosunun karakter tiirleri
(Character types of the Fagetali silvaticae ordo)

Festuca heterophylla +2
Quercetea pubescentis siifinin karakter tiirleri

(Character types of the Quercetea pubescentis class)

Cotinus coggyria +2
Cisto- Micromerietea smifinin karakter tiirleri

(Character types of the Cisto-Micromerietea class)

Cistus creticus 11
Psoralea bituminosa +1
Themeda triandra +1
Micromeria myrtifolia +1
Astragalo-Brometea sinifinin karakter tiirleri

(Character types of the Astragalo-Brometea class)

Bromus tectorum +1
Helianthemum nummularium

Digerleri (Others)

Piptatherum miliaceum 11
Dactylis glomerata +2
Galium verum +1
Anagallis arvensis +1
Lolium perenne +1
Aegilops umbellulata +1
Stipa bromoides +1
Trifolium angustifolium +1
Tordylium syriacum +1
Carthamus lanatus +1
Pterocephalus plumosus +1
Sanquisorba minor +1
Trifolium repens +1
Linaria chalepensis

Dianthus strictus

Medicago coronata

Crucianella latifolia .
Nepeta flavida +1

Thesium arvense

Cynogllossum creticum

E. OGUR, H. OCAKVERDI: FENIK YAYLASI (YAYLADAGI/HATAY)
VE CEVRESININ BiTKi SOSYOLOJiSi VE EKOLOJISI

11 11 11 11 11 \%
11 11 11 11 11 \%
11 11 +2 11 22 v
11 11 21 11 11 v
+1 +1 +1 +1 v

+1 +1 +1 +1 \%

+1 +1 I

+2 +2 +1 +2 +2 v
+1 . . . . I
11 11 +2 +2 +2 \%
11 11 +2 +2 11 v
+1 +1 +1 +1 v

. . +1 +1 +1 v

+1 +1 +1 . v
. +1 +1 +1 v

+1 +1 . I
+1 +1 11

+1 +1 1
+1 +1 . 1
+1 +1 III

+1 +1 . . III

. +1 . . . II

+1 I
+1 I
+1 I
+1 I
I

+1 I
+1 I

" KB: Kuzeybati, B: Bat: (NW: Northwest, W: West).

6. Myrto- Ericetum manupuliflorae birligi

Erica manipulifiora Salise. bolgedeki iki vadi
arasinda doguya yiikselen bayirin sonlandigi dogu
ve kuzey yamagclarin 545-620 metrelerinde birlik
olugturmustur. GPS koordinatlart N. 35° 59 368
ve E. 36° 00 321" olan birligin ko-dominant tiirii
Myrtus communis L. dir. Dogu Akdeniz elementi

olan ve diger birliklerde tekerriir etmeyen Rhamnus
oleodies L. ssp. graecus (Boiss. et Reul) Holmboe
ile Piptatherum coerulescens (Desf.) P. Beauv.
karakter tiir olarak se¢ilmistir (Cizelge 7).

Birlik igerisinde ¢ok zayif aga¢ kati olugturan
Pinus brutia Ten., gecmiste bdlgenin hakim
ormani iken asir1 kesim sonucu regresiv gelisime

117



ANADOLU 31 (1) 2021

gecmistir.  Akdeniz’in diger sahilleri ve Ege
sahillerinde oldugu gibi bu tahribat sonucu Erica
hakim duruma ge¢mistir. Birlik habitatinin dogu ve
kuzey yonlerinin vadilere komsu olmasi, makilerde
vitaliteyi olumlu etkilediginden zemin Ortiislinii de
% 100’e yiikseltmistir. Bu durum topragin organik
maddesini % 13,2’ye yiikseltirken, pH’ s1 da 6,72

Cizelge 7. Myrto - Ericetum manupuliflorae birligi.
Table 7. Myrto - Ericetum manupuliflorae plant association.

seklinde hafif asitlie yoneltmistir. Insan tahribi
nedeniyle regresiv gelisimin devam etmesi
nedeniyle birlik sintaksonomik olarak herhangi bir
ordo ile temsil edilemedi. Ancak Quercion calliprini
Zohary (1962) alyansi ile Quercetea ilicis Braun-
Blanquet (1947) sinifinda degerlendirilmistir.

Ornek parsel no (Sample parcel number) 48 51 47 46 49 50

Alan genisligi (Field width) (m?) 400 400 400 400 400 400 E
Yiikseklik (Height)(m) 570 620 560 545 585 600 §
Yén (Direction)’ G/S G/S G/S G/S G/S G/S ;
Egim (Slope) (°) 25 40 20 15 25 30 | &
Anakaya (Bedrock) Kirectas: (Limestone) ?
Genel ortiis (General Overlap) (%) 100 100 95 95 95 90 E"
Cal1 ortiis (Shrub overlap) (%) 100 100 90 90 95 90 §
Cal1 boyu (Shrub lenght) (cm) 125 80 75 70 75 80 2
Ot ortiis (Grass overlap)(%) 10 20 20 20 20 15
Birligin karakter tiirleri

(Character types of the union)

Erica manipuliflora 33 34 34 34 34 33 A"
Myrtus communis 22 22 22 22 22 22 \Y
Rhamnus oleoides subsp. graecus +1 +1 +2 +1 +1 +1 \Y
Piptatherum coerulescens +1 +1 +1 +1 +1 +1 A"
Quercion calliprini alyansimin karakter tiirleri

(Character types of Quercion calliprini alliance)

Quercus coccifera +2 +2 +2 +1 +1 +1 \Y
Arbutus andrachne 22 12 +2 +2 11 A"
Rubia tenuifolia subsp. brachypoda +1 +1 +1 I
Quercetea ilicis stifinin karakter tiirleri

(Character types of the Qercetalia ilicis class)

Pinus brutia +2 11 +1 +1 +1 +1 v
Jasminum fruticans +1 +2 +2 +1 +1 +1 \Y%
Melica eligulata +1 +1 +1 +1 +1 +1 \Y
Smilax aspera +1 +1 +1 +1 +1 . A%
Pistacia terebinthus +2 . 11 +2 . +2 |1V
Asparagus acutifolius +1 +1 +1 +1 . . v
Rhamnus alaternus +1 +1 +1 . I
Ptosimopappo-Quercion alyansinin karakter tiirleri

(Character types of Ptosimopappo-Quercion alliance)

Hypericum thymifolium +2 11 11 +2 +1 +2 |V
Quercetea pubescentis sinifinin karakter tiirleri

(Character types of the Quercetea pubescentis class)

Cotinus coggyria +2 +1 11 +1 +1 +1 A%
Cisto- Micromerietea sinifinin karakter tiirleri

(Character types of the Cisto-Micromerietea class)

Cistus creticus 11 11 11 11 11 12 \%
Phlomis longifolia subsp. longifolia +1 +1 +1 +1 +1 +1 \Y%
Daphne sericea +2 12 . . . 11 | III
Micromeria myrtifolia . +1 . . +1 +1 |10
Spartium junceum 12 +2 . . II
Astragalo-Brometea siifinin karakter tiirleri

(Character types of the Astragalo-Brometea class)
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Cizelge 7. Devam
Table 7. Continued

Helianthemum nummularium +1
Bromus tectorum +1
Digerleri (Others)

Genista acanthoclada +2
Piptatherum miliaceum 11
Dactylis glomerata +2
Stipa bromoides +1
Lolium perenne +1
Centaurium erythraea +1
Dorycnium hirsutum +1
Carthamus lanatus +1

Salvia viridis

Cephalanthera longifolia

Cytisopsis dorycnifolia subsp. dorycnifolia 11
Orchis anatolica +1
Aegilops umbellulata

Ainsworthia tranchycarpa

E. OGUR, H. OCAKVERDI: FENIK YAYLASI (YAYLADAGI/HATAY)
VE CEVRESININ BiTKi SOSYOLOJiSi VE EKOLOJISI

+1 +1 . +1 . v
+1 . . . . 1T
12 12 12 +2 +2 A"
11 11 11 11 11 A%
+2 +2 +2 +2 2 \%
+1 +1 +1 +1 +1 \%
+1 +1 +1 +1 +1 \%
+1 +1 +1 +1 +1 \Y
+1 . +1 +1 +1 \%
+1 . . +1 +1 |1V
+1 . . +1 +1 | III
+1 +1 . . +1 | I
11 +2 . 1

+1 . +1 111

+1 +1 . 1I

+1 . +1 I

* G: Giiney (S: South).

7. Lauro-Arbutetum andrachne birligi

Aragtirma alaninda vejetasyon yogunlugunun ve
bitkilerdeki vitalitenin en yiiksek seviyedeki bitki
birligi olup hakim tiirli Arbutus andrachne L. dir.
Birlik vadilerin kuzeye bakan giliney yamaglarin
210-350 metre 50-65 derece egimli sarp arazide
yaylmistir. Bu durum vadinin acik tarafindan
gelen hizli riizgarlarn bitkilerde asir1 transprasyonu
engelledigi gibi fotosentezin hizin1 da yiikselterek
bitkilerin boyca uzamasin kolaylastirmistir. Ayrica
toprak suyunun buharlagmasini ve bitkilerin su
stresi yagamasini Onleyerek biiyiime ve gelismelerini
artirmistir. BOylece Ortiis-bolluk orani ylikselen
bitkiler zemine uzun giin bitkilerin girisine izin
vermedigi icin floristik kompozisyon zayiftir. Bu
habitatta 1srarla bulunan ve ortii bollugu yiiksek
Akdeniz elementi olan Laurus nobilis L. de ko-
dominant olup birligin belirleyici karakter tiirtidiir.

Yine bu Ozel habitatta israrla bulunan Veronica
leiocarpa Boiss. ve Asplenium adianthum-nigra L.
higrofil bitkiler de birligin diger karakter tiirleridir

(Cizelge 8).

Lauro-Arbutetum andrachne birliginin bu 6zel
ekolojik dongiisiinde, habitat topraginda bariz A
horizonu ve zengin organik madde olusmustur. Bu
durum killi-tin biinyeli toprakta kire¢ miktariin
diismesini, pH’1n asit yoniinde yiikselmesini ve su
tutma kapasitesinin de artmasini saglamistir. GPS
koordinatlart N. 36° 00 912" ve E. 35° 58° 734’
olan ve 6 ornek parsel yapilan birlik yukaridaki
ekolojik ozellikleri nedeniyle, floristik agidan da
komsu birliklerden farklidir. Vadinin bu mikroklimatik
yapisi, birligin Ptosimopappo-Quercion Quézel,
Barbero at Akman (1978) alyansi, Quercetalia
ilicis Braun-Blanquet (1947) ordosu ve Quercetea
ilicis Braun-Blanquet (1947) sinifina dahil etmistir.
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Cizelge 8. Lauro-Arbutetum andrachne birligi.
Table 8. Lauro-Arbutetum andrachne plant association.

Ornek parsel no (Sample parcel number) 30 31 29 32 33 34

Alan genisligi (Field width) (m?) 400 400 400 400 400 400 é'_j
Yiikseklik (Height)(m) 230 245 210 265 290 310 §
Yon (Direction) Ggs GS GS GS GS GS|g
Egim (Slope) (°) 65 60 65 65 50 60 En
Anakaya (Bedrock) Kirectagi (Limestone) ?
Genel ortiis (General overlap) (%) 100 100 95 100 100 100 §
Cali ortiis (Shrub overlap) (%) 100 100 95 100 100 100 i
Cal1 boyu (Shrub lenght) (cm) 350 400 300 450 500 500 | 2
Ot ortiis (Grass overlap)(%) 15 15 20 10 5 10 -

Birligin karakter tiirleri
(Character types of the union)

Arbutus andrachne 44 45 34 34 44 44 |V
Laurus nobilis 32 22 22 22 23 23 |V
Veronica leiocarpa +1 +1 11 +1 +1 +1 |V
Asplenium adianthum-nigrum 11 11 11 11 11 11 |V
Ptosimopappo-Quercion alyansinin karakter tiirleri

(Character types of Ptosimopappo-Quercion alliance)

Hypericum thymifolium +2 11 +1 11 +1 11 |V
Astragalus schizopterus . +1 . +1 +1 +1 [ IV
Quercetalia ilicis ordosunun karakter tiirleri

(Character types of the Qercetalia ilicis ordo)

Phillyrea latifolia 22 11 11 . . . 11
Ceratonia siliqua +2 A2 +2 . . . I
Quercetea ilicis Siifinin Karakter Tiirleri

(Character types of the Qercetalia ilicis class)

Cyclamen persicum +2 +1 +2 +2 +1 +2 |V
Smilax aspera +2 11 +2 11 11 12 |V
Asparagus acutifolius . +1 +1 +2 +2 +2 |V
Jasminum fruticans +1 +2 . +1 +2 +2 |V
Pistacia terebinthus . 11 . 12 11 11 | IV
Myrtus communis 22 +2 11 . 22 v

Quercion calliprini alyansinin karakter tiirleri
(Character types of Quercion calliprini alliance)
Quercus coccifera +2 12 12 11 22 11 |V
Fagetalia silvaticae ordosunun karakter tiirleri
(Character types of the Fagetali silvaticae ordo)
Festuca heterophylla +2 +2 11 +2 +2 11 |V
Quercetea pubescentis sinifinin karakter tiirleri
(Character types of the Quercetea pubescentis class)
Styrax afficinalis +2 +2 11 11 11 11 |V
Cotinus coggyria +2 +2 . 12 . . I
Cisto- Micromerietea sinifinin karakter tiirleri
(Character types of the Cisto-Micromerietea class)

Daphne sericea 11 . 22 +2 . . 11
Cistus creticus +2 +2 +2 . . . 1
Micromeria myrtifolia +2 +1 +2 . . . I
Spartium junceum . . . +2 11 +2 | 1II

Astragalo-Brometea siifinin karakter tiirleri

(Character types of the Astragalo-Brometea class)
Bromus tectorum +2 +2 +2 +1 +1 +1 |V
Digerleri (Others)
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Cizelge 8. Devam
Table 8. Continued

Piptatherum miliaceum 11
Dactylis glomerata +2
Lolium perenne +1
Dryopteris pallida +2
Stipa bromoides +1
Ruta chalepensis

Aeligops umbellulata

Lotus corniculatus +1
Galium floribundum subsp. floribundum +2
Trifolium angustifolium +1
Trifolium campestre +1
Dorycnium hirsutum +1
Genista acanthoclada +2
Polypogon viridis +1
Salvia viridis

Crepis sancta +1
Crepis zacintha +1
Linum corymbulosum +1
Linum nodiflorum +1
Galium verum

Scandix pecten-veneris

Catapodium rigidum +1
Trifolium repens

Centaurium erythraea +1

E. OGUR, H. OCAKVERDI: FENIK YAYLASI (YAYLADAGI/HATAY)
VE CEVRESININ BiTKi SOSYOLOJiSi VE EKOLOJISI

+2 11 +2 +2 +2 |V
+2 +2 +2 +1 +1 |V
+1 +1 +1 +1 +1 |V
+2 +2 +1 +1 +2 |V
+1 +1 +1 +1 |V
+1 +1 +1 +1 | IV
+1 +1 +1 +1 v
+1 +1 +1 v
+1 +1 111
+1 +1 111
+1 +1 111
+1 +1 111
+2 . . . II

+1 . . . 1I

+1 +1 . . II
+1 . . . . II
+1 . . . II

+2 . . . II

+1 . . . 1I

+1 I
+1 I
I

+1 I

I

* G: Giiney (S: South).

SONUC VE ONERILER

Arastirma alam1 Fenik Yaylas1 Yayladag: il¢esine
bagl olmasina ragmen Samandag ilgesi ve Akdeniz
sahili ile sinir teskil etmektedir. 2004-2007 yillar1
arasinda vejetasyonun optimum gelistigi donemlerde
yapilan periyodik survey ve envanter ¢aligsmalariyla
Fenik Yaylast1 ve c¢evresinin fitososyolojik ve
ekolojik kosullar1 degerlendirilerek bu bolgede 7
bitki birligi tanimlanmistir. Bitki birliklerinin
floristik kompozisyonu ile iklim ve toprak verileri
arasinda miimkiin oldugunca iliski kurularak
ekolojik degerlendirmeler yapilmstir.

Belirlenen bitki birliklerinde topragi tin ve killi tin
biinyeli, ortalama organik maddesi yiiksek olan
alanlarda toprakta bariz bir A horizonu gelismistir.

Bu durum toprakta su tutma kapasitesinin artmasina
kire¢ miktarinin ise diigmesine neden olmustur.
Boyle habitatlarda 3,5 metreye kadar boylanan sik
bitki ortiisii gelismis ve rupikol karakterli arazinin
% 50 egimine ragmen toprak erozyonu azaltmustir.
Ancak kil ve kumlu-kil biinyeli topraklarda yayilis
gosteren birliklerde toprakta organik madde bariz
olarak azalarak A horizonunun tesekkiiliinii
saglayamamistir. Topragin organik maddece zayif
kalmasi, buna bagli olarak topragin su tutma
kapasitesinin diismesine, kire¢ miktarmin artmasina
ve bitki Ortiisiiniin seyrek Ortlislii olmasina yol
acmustir. Habitatta, cakil ve taslarin belli sahalarda
gruplastigi alanlar bitki ortlisiinden yoksundur. Bu
durum rupikol karakterli habitatlarda toprak
erozyonunu hizlandirmaktadir.
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Iklim, yeryiiziindeki tiim canli ve cansiz varliklarin
yayiligina ve yasamina etki eden en Onemli
faktordiir. Bu nedenle iklimin sabit nig kullanan
bitkiler i¢in ayri bir 6nemi vardir. Bu yiizden
arastirma alanlarinda iklim verilerinin belirlenmesi
aragtirmanin = en  Onemli  ekolojik  yOniini
olusturmaktadir. Iklim kavramu igerisinde dikkate
almmasi gereken en Onemli faktorler sicaklik,
yagis, nem ve riizgardir.

Akdeniz bolgesinde riizgar genellikle kigin karadan
denize, yazin ise denizden karaya dogru eser (Uslu
1974). Arastirma alaninda riizgdrin en fazla
Gilineybat1 yoniinde ve aylara gore en hizli riizgar
31,4 m/s hizla Ekim aymda estigi goriilmektedir
(Anonymous, 2004). Bolgenin hakim riizgar hizi
ve yonii denize yakin uzanan vadilerde yayilan
bitki birlikleri i¢in ¢ok dnemlidir. Ciinkii bu yonde
siddetli esen riizgdr, vadilerin gilineye bakan
yamaglarinda hem evapotransprasyon yoluyla
toprak suyunun hizla buharlasmasina hem de
bitkilerin transprasyon hizini1 artirarak su stresi
yasamalarina yol agmigtir. Bu nedenle gerek bitki
birlikleri gerekse buradaki bitki tiirleri ve bunlarin
fizyonomisi  degismektedir. O yiizden bu
habitatlardaki bitkiler kisa boylu bodur kaldiklar
gibi habitattaki genel Ortiis oranlar1 da biiyiik
Olciide zayiflamis ve egimi fazla olan yerlerde
toprak erozyonu hizlanmustir.

Bolgenin yillik yagis miktar1 895,2 mm’dir. Ancak,
arastirma alanmi bitki Ortiisliniin optimum gelisim
gosterdigi donem olan Mayis, Haziran, Temmuz
aylarinda en diisik yagis miktarim1 almaktadir
(Anonymous, 2004). Vejetasyonun canli oldugu
Nisan-Eyliill aylar1 arasinda hava neminin % 75’1
(Anonymous, 2004) ge¢mesi onemli bir etkidir.
Ciinkii yiiksek nem, ¢ok az yagis alan yaz
kurakliginda bitkilerin giinesten etkilenme derecesini
azaltmaktadir. Bu donem araligindaki sicaklik ve
nemin optimum Ozelligi makilerde biiylimenin
siirekliligini  sagladigindan dolay1 ekosistemin
tampon giiclinii koruyacak prodiiktiviteye imkan
vermesidir.

Aragtirma alanina 6zel ekolojik anlam kazandiran
vadiler, Samandag Meydan koyiinden itibaren Kel
Dagi’nin  kuzeyindeki Gozliice ve Aydinbahge
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yerlesim birimlerine kadar uzanir. Vadilerin bitig
noktasinda arazinin bakisi ve yiiksekligine gore de
ozellikle maki bitki tiirlerinin hakimiyeti degisir.
Vadilerin giineye bakan yamaglar1 ve disinda kalan
alanlar %70-80 ortilisli Quercus coccifera, Myrtus
communis, Pistacia terebinthus, Cotinus coggygria,
Genista acanthoclada, Cistus salviifolius ve C.
creticus tiirlerinden ibarettir. Ancak vadiler
arasindaki yamaglarin  zirvelerinden asagiya
inildikge egimin arttifi yamaglarda bitki Ortiisii
daha sik ve iyi gelismistir. Ozellikle kuzeye bakan
% 50-75 egimli sarp yamaglarda yakici gilinesin
etkisi ve insan tahribi az oldugu i¢in makiler ¢ok
iyl gelistigi gibi Ortiis-bolluk durumlar1 da
artmigtir. Ayrica bu durum vadinin agik tarafindan
gelen hizli riizgérlarin bitkilerde asiri transprasyonu
engelledigi gibi fotosentezin hizim1 da yiikselterek
bitkilerin boyca uzamasini kolaylastirmistir. Arbutus
andrachne ve Spartium junceum hakim durumda
oldugu bu yamaglarda ortiis %100 kadardir.

Giiniimiizde hizla artan insan niifusu liks yasami
icin dogal ortamlar1 hizla kirletmektedir. Dogal
ortamlarin biitiinleyicisi ve iklime denge kazandiran
bitki oOrtlisii, en fazla tahrip edilen varliktir.
Insanlar, biyosferde isgal ettigi gercek cevre olan
akuatik ve karasal ekosistemlerin hemen tiimiini
kontrol etmeye baslamasindan itibaren israfa
donlisen sOmiiriici baskiyla yok edici bir rolii
istlenmigtir. Fenik Yaylast ve c¢evresinin dogal
bitki birlikleri iizerindeki insan kaynakli olumsuz
etkileri asagida verilmigtir:

Yapilasma: Bolgenin Samandag kesimindeki
Meydan Kumsalimin Sabra Burnu yoniinden
baslayarak Aydinbah¢e ve Gozliice yerlesim
alanlar1 arasinda kalan boliimde hizla yapilagma
baslamigtir. Bu yapilasma, bitki Ortiisiiniin denizle
bulustugu ve mikemmel dogal giizelliklerin
oldugu alanda yazlik konut ve c¢ay bahgeleri
seklinde yapilasma faaliyetleridir.

Bitki tiirlerinin sokiilmesi ve asir1 Kkesimi:
Bolgenin dogu ve bat1 tarafinin yerlesim alanlarina
yakin olmasi, bagta mese ve sandal agaci gibi biiyiik
makilerin asirt kesimi ve naklini kolaylastirmistir.
Ozellikle koyliiler sonbaharda kisin  1sinma



gereksinimini kargilamak, yazin da tandirda ekmek
pisirmek i¢in tiim odunsu bitkilerin biiyilik ve kalin
dallarin kesmektedir. Bu tahribat yer yer bitkilerin
optimum gelisme gosterdigi ilkbahar doneminde
de yapilarak yaz sicaklarinda kuruduktan sonra
sonbaharda katirlarla evlere indirilmektedir. Ayrica,
yoredeki bazi bitki tiirlerinin, 6zellikle defne ve
bazi odunsu tibbi bitkiler gibi tiirlerin, koklenerek
sokiilmesi de ayni tahribata neden olmakta ve bitki
topluluklarinin  kompozizyonlarinda degisme ve
frekanslarinda  azalmaya neden olmaktadir.
Sonugcta her iki tahribat faktoriiyle agilan alanlarda
erozyon baslamakta ve kirmizi topraklar denize
stiriiklenmektedir.

Otlatma: Fenik Yaylasi’na son donemde c¢iftlik ev
ve ahir gibi carpik yapilagsma yaparak yerlesen
halkin ge¢im kaynagi tarim ve hayvanciliktir.
Bolgede mera gibi alanlarin olmamasi nedeniyle
otlatma yeri olarak maki bitki ortiisii kullanilmaktadur.
Basta karake¢i olmak iizere ilkbahardan itibaren
bolgeye serbest birakilan hayvanlar odunsu bitkilerin
yeni faaliyete gecen meristemlerini kopardiklar
i¢in bu bitkiler boyca uzama yerine sarmasik gibi
yerde siirlinmeye baglamislardir. Ayrica otlatmanin
ve Ortlisiin biraz daha az yogun oldugu alanlarda da
boyu kisa bodur kalmistir.

Zirai alanlarm acilmasi: Kontrolsiiz artan niifusa
yeterli besin saglayabilmek igin ¢alisma alanimizin
egimi az, kayalik kesimleri arasindaki hafif tash
derin toprakli organik maddece zengin habitatlar
tarim arazisine dondstiirilmektedir. Buradaki
yogun bitki Ortiisii 6nce yakilarak terk edilmekte
sonra da ertesi yilin baharinda teraslama yontemiyle
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ABSTRACT: Medicinal and aromatic plants (MAPs) are widely used in traditional foods, as food supplements or herbal
medicines throughout history. Recently, MAPs are generally defined as plants that are used as drugs to prevent or cure diseases
in order to maintain health and for other purposes. In general, MAPs used as food, herbal tea, supplementary food and medicine
are obtained from nature or through cultivation. There is a worldwide trend of increased use MAPs, and although treating
diseases with medicinal plants is more common in Far East countries, the trade of herbal medicinal products is a rising market
in western societies. When we consider the trend of MAPs, Turkey is an important genetic center of many plant species thanks to
its geographical location and genetic diversity. In addition, Turkey is a main partner of many countries that demand MAPs
products for the world MAPs market. In this paper, the current situation of MAPs production in the world and Turkey are
reviewed based on available data. In addition, this review touches upon Turkey’s historical, cultural and economic situation as
well as the subsidies for and research and development (R&D) activities focused on MAPs. Finally, the opportunities, potential,
problems and outlook in this area are described in order to inform future decisions about MAPs.

Keywords: Medicinal and aromatic plants, Turkey, agricultural economics.

Tiirkiye'deki Tibbi ve Aromatik Bitkilere Genel Bakig

OZ: Tibbi ve aromatik bitkilerin (TAB ler), gecmisten giiniimiize gida takviyesi veya bitkisel ila¢ olarak geleneksel gida
formlarinda yaygin olarak kullamildigi bilinmektedir. Son zamanlarda ise TAB'ler genel olarak hastaliklart onlemek ve
hastalarin iyilesmeleri igin ila¢ ve baska amaclar i¢inde kullamilan bitkiler olarak tamimlanmaktadir. Genel olarak gida, bitki
cayi, tamamlayict gida ve ilag olarak kullamilan TAB'ler dogadan toplama veya yetistiricilik yoluyla elde edilir. Diinyada
TAB’lerin kullamminda artan bir trend séz konusudur. Ozellikle Uzakdogu iilkelerinde tibbi bitkiler hastaliklarin tedavisinde
daha yaygin kullanilirken bitkisel t1bbi iiriin ticareti bati toplumlarinda yiikselen bir pazar haline gelmistir. Tiirkiye ise gerek
cografi konumu gerekse genetik cesitliligi ile one ¢ikan bir iilke olarak bir¢ok bitki tiriiniin onemli genetik merkezlerinden
biridir. Ayrica Tiirkiye, diinya TAB pazarinda énemli bir role sahiptir. Bu ¢alisma ile var olan verilere ¢ercevesinde TAB'leri
diinya ve Tiirkiye deki mevcut durumu ele alimmistir. Ayrica, Tiirkiye nin tarihsel, kiiltiirel ve ekonomik durumu ile TAB'lere
verilen desteklemeler ve bu alanda yapilan arastirma ve gelistirme (Ar-Ge) faaliyetlerine deginilmistir. Bu ¢ercevede, tibbi ve
aromatik bitiklerin genel degerlendirmesi yapilarak gelecege yonelik atilacak adimlar i¢in TAB’ler alanlarindaki firsatlar,
potansiyeller, sorunlar ve ongoriiler incelenmigtir.

Anahtar kelimeler: Tibbi ve aromatik bitkiler, Tiirkiye, tarim ekonomisi.
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INTRODUCTION

Thousands of years ago, people recognized the
therapeutic power of plants and took advantage of
them to live healthily. Today, medicinal and
aromatic plants (MAPs) are generally defined as
plants that are used as drugs to prevent or cure
diseases in order to maintain health and for other
purposes. According to the World Health
Organization (WHO) (Anonymous, 2015), an
important portion of medical and pharmacological
findings are completed through a greater
understanding of natural plants, and the natural
products collected from ecosystems are mostly
accepted as reliable by many communities for
medicinal and cultural purposes. Moreover, as
WHO reports, a recent development is that
approximately 4 billion people in the world first
turn to herbal drugs to solve their health problems.

In history, approximately 250 plants were used as
drugs during the Mesopotamian civilization period,
while around 600 plants were used for medicinal
purposes in the Ancient Greek period (Saber,
1982). Since the 1990s, the demand for natural
products has increased, and the herbal-based
medicine and cosmetics industry has developed
rapidly (Anonim, 2017; Dar et al, 2017). As a
result, the number of drugs known to be used in
treatment and obtained from medicinal plants is
greater than ever before. As Karik and Tunctiirk
(2019) point out, the rate of drugs listed as
originally made from plants is more than 40%,
although it was less than 5% in the mid-1970s.

In general, while medicinal plants are used in
fields such as sanitation, nutrition, cosmetics, body
care and incense, aromatic plants are mostly used
to give fragrance and taste. However, it is
important to know that some plants are used for
both medicinal and aromatic purposes. There are
two types of MAPs: those collected from nature
and those cultivated in the field. MAPs collected
from nature spontaneously grow in places such as
forests, pastures, and unused agricultural lands.
Likewise, a significant proportion of MAPs traded
worldwide is collected from nature.
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MAPs have a wide area of use in both whole fresh
and dry states. There are many different usage
forms such as leaves, roots, flowers, seeds, shells,
tubers or the entire aboveground part, fragmented
or ground forms, and extracts prepared in different
ways. Furthermore, the most common uses of
MAPs in the food industry are as spices, herbal
teas, food supplements and food additives. Some
examples of common MAPs are black tea and
coffee as well as sage, lime, mint, fennel,
chamomile, rosehip, mountain tea, lemon balm,
rosemary, thyme and anise which are all widely
used in the category of herbal teas.

According to WHO data, approximately 20.000
plants are commonly used for medicinal purposes.
The highest number of MAPs is found in China
with 4.941, followed by India with 3.000, the USA
with 2.564, Vietnam with 1.800, Malaysia with
1.200 and Indonesia with 1.000, while the number
of MAPs in Turkey is 500 (Schippmann et al.,
2002). On the other hand, the main trade centers
for herbal drugs in the world are China, Germany,
the USA, France, Italy, Japan, Spain, England and
Hong Kong (Faydaoglu and Siiriictioglu, 2011). It
is difficult to determine the world production and
trade figures, as there is no system that specifically
classifies MAPs.

The current situation seems to be that data of each
MAP is not accurately provided by any national or
international database system in many countries.
As a result, this paper first covers the current
situation based on available data of MAPs in the
world. In the second part, the historical, cultural
and economic situation of Turkey’s MAPs and the
government’s role in subsidies and research and
development (R&D) activities will be touched
upon. Then, the opportunities, potential, problems
and outlook of MAPs will be given to guide future
decisions. The final conclusion will be based on
the general overview of MAPs in Turkey.

MAPSs in the World

The distribution of plants on Earth is uneven, but
the tropics are the richest areas of diversity,
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especially the northern parts of South America and
the Indonesian archipelago (Anonim, 2016). The
number of plant species in the world is estimated
as 320.000 with 3.000 of them used just for food
production, 25.000 for treatment, 5.000 for
industrial purposes, 15.000 as ornamental plants,
and the rest are applied for other purposes (Karik
and Tunctiirk, 2019). Moreover, the number of
medicinal plants popular worldwide is 4-6.000, and
the number of species traded is 3.000 (Acibuca and
Budak, 2018).

Especially after the 1990s, the use of medicinal
and aromatic plants is increasing daily with the
discovery of new areas of use as well as increased
demand for natural products (Temel et al., 2018).
When we look at the production of MAPs in the
world, China and India are the biggest producers of
medicinal plants which are mostly collected from
nature. Schippmann et al. (2002), claim that while
800 plants in China are collected from nature,
1.000 commonly wused medicinal plants are
collected from nature in India. On the other hand,
in Europe, the total number of species traded is
around 2.000 and approximately 60% of them are
collected from nature. Bulgaria has the highest rate
of gathering MAPs from nature with 750 plants,
followed by Romania with 350 species. The
number of species cultivated throughout Europe
and commonly used is about 140 and remains at a
very low level (Schippmann et al., 2002).

When we look at the MAP production areas in the
world in 2018 (Table 1), coffee production has the
largest area with 10.5 million hectares (ha). Brazil,
Indonesia, Colombia and Ethiopia account for
approximately 43% of the total coffee production
area. Tea has the second highest production area,
and China, India and Kenya have 76.3% of the
world's total tea areas. In addition, Turkey has 84
thousand ha of tea production and ranks 8th in the
world. Anise, fennel and coriander are also
cultivated in large areas with 1.2 million ha
worldwide. India (71.6%), Syria and Turkey
(4.4%) have the most total anise, fennel and
coriander production areas.
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In 2018, India produced 67.8% of the world’s total
spice with 1.9 million tons in the world. It is well
known that India uses many kinds of spices as they
have such colorful cultural and consumption
habits. Turkey produced 246 thousand tons (8.7%)
of spices in the same period. Piper-type peppers
(black pepper, efc.) represent a large proportion of
total spice production and are produced on 586
thousand ha worldwide. Indonesia, India and
Vietnam represent 73% of the total production
areas. Other medicinal and aromatic plants
produced in the world are shown in Table 1.
Ginger is produced on 373 thousand ha, India
ranks first in ginger with an area of 168 thousand
ha, followed by Nigeria with 72 thousand ha and
China with 47 thousand ha. As a result,
approximately 64% of ginger production is carried
out by India (32.0%), Nigeria (18.3%) and China
(13.2%). Other important MAPs in the world
include cumin, thyme, sage, sumac, juniper,
rosemary, bay, thistle, basil, linden, nettle, saffron,
milk thistle, licorice, and caraway (Keykubat,
2016; Dar et al., 2017).

In world trade, MAPs are divided into six main
product groups in the harmonized system. These
product groups are 07 (edible vegetables, some
roots and tubers), 09 (coffee, tea, mate and spice),
13 (seeds and plant parts), 3301 (lac, gum, resin,
etc.), and 12 (essential oils, efc.). According to
available data, the world trade of MAPs has
increased since 2001. The export value, which was
18.3 billion USD in 2001, reached 70.7 billion
USD in 2019. The most important main product
group subject to world exports is coffee, tea,
Paraguay tea and spices with a 66.9% share in total
exports. Among the products in this group, coffee
and coffee pods constitute the highest share with
62.4% of the world total MAP trade. A total of
29.8 billion USD of coffee and coffee pods were
exported in 2019; Brazil (4.6 billion), Switzerland
(2.5 billion) and Vietnam (2.5 billion) are the main
exporters (Anonymous, 2021b).

On the other hand, in the sub-group of ginger,
saffron, thyme, laurel, etc., China, India and the
Netherlands are among the main exporting
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countries. Ginger is one of the most important
exported spices in this group, with a value
approaching 890 million USD. The other important
suppliers of this product, for which China has the
largest export value, are the Netherlands and
Thailand. Other important spices and their main
exporters are cumin from India and Syria, vanilla
from Madagascar and France, cinnamon from Sri
Lanka and China, saffron from Iran and Spain, and
turmeric from India (Anonymous, 2021a).

In the world MAP export market, the export share
of countries such as European countries and the
USA have high values as they mostly use MAPs
for raw materials in the food, beverage and
perfumery industries and in other processed
products. On the contrary, spices, coffee and tea
products are mostly used by China, India, South
American countries, Vietnam, Kenya, Indonesia
and Turkey (Anonim, 2018).

MAPs in Turkey

Turkey has a great advantage in terms of its
geographical position, climate, plant diversity,
agricultural potential and a large surface area to
produce MAPs. In addition, it is one of the leading
countries in the trade of MAPs to the EU. Turkey
is located at the intersection of three
phytogeographical regions, and is a bridge between
Southern Europe and Southwest Asian MAP flora.
These MAPs are used as inputs for the herbal
medicine, plant chemical, food and additives,
cosmetics and perfumery industries.

Plant diversity in Turkey paves a way to
understand the importance of MAPs in terms of
history and culture. Turkey is surrounded on three
sides by the sea and has different microclimate
features such as steppe, forest, maquis, rocky and
salty regions. The plant richness of Turkey stems
from these different geological and topographical
features and from its location at the intersection of
three regions. In its historical development,
Anatolia was located on migration routes and has
hosted many civilizations, which play an important
role in increasing plant diversity and enrichment of
gene resources. Anatolia is also the gene center of
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many cultivated plants in the world. Nowadays,
although the number of MAPs is not exactly
known in Turkey, it is estimated to be around 500,
200 of which have great export potential (Baytop,
1999; Faydaoglu and Siiriictioglu, 2011).

MAPs are basically gathered from nature and
cultivated in fields based on the organic and good
agricultural farming system in Turkey. According
to the General Directorate of Forestry (OGM),
laurel ranks first within the scope of non-wood
products from forest areas with 32.5 thousand tons.
Moreover, chestnut is in second place with 5.9
thousand tons, and thyme is in third place with 1.8
thousand tons. There are many MAPs such as
carob, myrtle, moss, rosin, rosemary, sage, summer
snowflake, cistus, rosehip, and linden blossom that
are directly collected from nature (Anonim,
2020b). For example, it is important to highlight
that while 99.6% of organic thyme is produced in
Antalya, 62.7% of the thyme collected from nature
is gathered from the Aegean region, especially in
[zmir.

Considering the usage of MAPs, it is evident that
products obtained with organic farming and good
agricultural practices are frequently preferred by
consumers. A total of 44 thousand tons of MAPs
were produced in a total area of about 18 thousand
ha within the scope of organic agriculture in 2019
(Anonim, 2020a). The amount of MAPs produced
with good agricultural practices was 32 thousand
tons in 2019, with cumin, thyme and black cumin
as the most produced MAPs.

As an example, thyme is a plant that has many
uses, especially in the spice, pharmaceutical,
cosmetic and chemical sectors. The demand for
thyme has increased thanks to alternative medicine
applications, and it has become a product with
increasing economic value. While some of the
thyme is collected from nature, recently some
types of thyme have been cultivated on agricultural
land in order to meet the demand for export.

MAP production is mostly carried out by small
family businesses, and having small fields is a
problem that makes mechanization unmanageable.



Therefore, it seems that MAPs are produced by
manual labour. When we look at the MAPs’
production cost, sesame, anise, hops, cumin and
thyme have the highest costs, with labour costs
generally having the highest share in total costs.

Main MAPs production

The MAP production areas increased by 91.7% in
2019 compared to 20 years ago. Turkey had 167.2
thousand ha in 2019. Table 2 shows the production
areas and amount of MAPs in Turkey with respect
to the last five-year period based on Turkish
Statistical Institute data.

When we look at the MAP production area, poppy
production has the largest area in Turkey. Poppy
production, import and export are regulated by the
Protocol of the United Nations with Single
Convention on Narcotic Drugs. Legally, France,
Spain, Hungary, Australia, India, Turkey and
China are allowed to produce poppy. Turkey
produced 27.3 thousand tons of poppy cultivated in
677 thousand ha in 2019. With regard to poppy
production areas by province, Afyonkarahisar has
the largest area with 23.7% of the total, followed
by Denizli with 18.9% and Konya with 5.3%.
While Afyonkarahisar ranks first in total poppy
production with 7.6 thousand tons, Konya, which
is in the third place in production area, is in the
second place for production with 5.6 thousand tons
due to high yield. There are many breeding studies
in Turkey focused on poppy production to increase
its industrial potential and its place in the world
market.

Cumin production, which has the highest share
after poppy production in terms of total area,
increased approximately 2.5 times in 2019
compared to 20 years ago and was produced on 32
thousand ha. The total cumin production in 2019
was 20.2 thousand tons, with 80.4% of cumin
production in Ankara (41.5%) and Konya (38.3%).
On the other hand, anise production had an increase
of 92.2% in 2019 compared to the previous year.
In anise production, Konya takes first place with
5.3 thousand tons of production, while Burdur is
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second with 3.5 thousand tons and Denizli is third
with 2.2 thousand tons of production.

Although a significant proportion of thyme was
collected from nature in the past years, more
recently it has been cultivated in large agricultural
areas. As a result, the majority of exported thyme
has been produced as a cultivated plant. Thyme
production areas increased 3.3 times in 2019
compared to 2005 and reached 15.7 thousand ha.
Denizli, which is the most important province in
thyme production, had 92.5% of the total thyme
cultivation area in 2019 and met 15.7 thousand
tons (87.6%) of total production.

As MAPs, rose, thyme, lavender, anise, fennel and
sage are important species used in essential oil
production, and particularly thyme, lavender and
sage use has increased over the years in Turkey
(Karik and Oztiirk, 2010). Recently, some new
herbs such as rosemary, echinacea, caper, licorice,
stevia, chamomile, gypsophila, tarragon and basil
are among those that are cultivated (Anonim,
2018). For instance, having a high potential for
exporting roses, Turkey needs to increase the
added value of the products instead of exporting
raw materials. With regard to this, Turkey will
increase its rose oil export revenues.

The government supports of MAP production in
the current situation have an important role in
increasing the quality and quantity of MAPs and to
meet demand at the national and international
levels. The supports for MAP production are given
under the title: Diesel-Fertilizer, Organic
Agriculture, Good  Agricultural  Practices,
Domestic Certified Sapling/Seedling and Standard
Sapling Use, Small Family Business, Young
Farmer, Rural Development, Renting of Public
Land, and finally Agricultural Loan Interest
subsidies.

131



ANADOLU 31 (1) 2021

71 67 6T [43 1 o1 ¥ 2 0s €1 STUST / JOPURLIOD
€6 v8 901 201 we 1T L1 1T 1z 113 (esiown) mio (S0 / WIBq UOWST
0081 €8L1 g8L'1 ore’1 6981 1€€ 0€€ 0£€ 423 os¢ nowRqRs / doy uounmo)
€€TT 8TH LSS 1887 08 09§ S6€ ¥ 89¢ ¥s 1iedepy / a5es
St9 StL 1Z8'1 ¥1i6 16% ¥09 61L 0St'1 £78 £8% (10 vowsd) Ang / Yea18nusg
166'1 ¥Z€e'T €817 €821 8L0'T L¥L 0Z0'1 PEO'T €8¢'1 Y051 njeafindng / 1BYIBAH
901 00’1 $+8 L¥L 00¥ 06T'1 398 199 0LS 44> BIUBART [ IOPURART
110°91 T1S%1 EITHI 0SS'ST SH6¥1 S9T'T €10°1 7501 760°1 8501 SUEN] / UL
SS9'¥ L90°€ 7707 ¥O1°T 19%'1 98¢'¢ 0rE'T €591 0sL'1 166°1 SUAZNY / [PUTR T
£09°¢€ TIEE ¥60°€ LTS'T ST 60L°€ 98¢€'€ 9sT'¢ 91€'T 89% o310 / urun) Jorlg
095°91 SLLPT TLE'ET L9T'TT €86 org€ 17¥'€ 87€'€ SL6'T ¥Z8T (rges) mo / (ro 107) ss0y
959°0¥T 08€°LTT 9T 6LT 1€£6°877 1€TH0T 611 L86'TT 1LT°0T Tl 68711 Taqrg iz / =addad payg
S96°LT $68°ST LLY'FT YLV 766'T1 LOL'ST 906'€1 LYT'TT €IT°TT 984°01 Mo / SWATL
685°LT ¥99°8 8I+'8 16¥°6 0506 L16°ET obr'TI €81°71 SSOET TI8°ET TOSBUY / 35TV
SHT 0T S61°+T SLT6T 98¢°81 L6891 681°C¢ 9L1'9¢ 9£L°97 $88°97 STO'LT woAWry / URUND
887°LT 166797 9£8°€T 08591 0£L°0¢ LEL'LY ET1SH TELET 7T6°6T 76519 (rnsdex) $egseH / (einsdeo) Addog
6107 8107 L10Z o107 €107 6107 8107 L10Z o107 €107
(wo1) wWiRIN (ey) wely mmﬂwﬂ MMWZ
(suoy) woponpord (ey) searv

'(20207 WIUOUY) THH2IN ULI[INIG YUBWOIR 34 IqqH P QADENL "7 25921
‘(20707 ‘wimony) uononpoid sjueld J1EWoIE pue [BUIDIPaw s, L33INT "7 J[qeL

132



In recent years, Research and Development (R&D)
activities for MAPs have been enlarged throughout
Turkey with the collaboration of universities,
public and private sectors. Significant studies have
been conducted in breeding and the number of
registered varieties has increased together with the
intense interest and demand for MAPs.
Consequently, MAP R&D projects have been on-
going in the fields of cultivation, breeding and
variety development. For instance, registration
studies have been initiated for plants such as flax,
anise, coriander, thyme, sage, basil, lemon balm,
echinacea, black cumin, saffron, mountain tea,
blessed thistle (cnicus), nettle and hemp in recent
years. To date, 80 species have been registered in
Turkey, and 33 varieties in 16 species have been
registered by General Directorate of Agricultural
Research and Policies (TAGEM) institutes, 29
varieties in seven species by the private sector,
eight varieties in four species by universities, and
other public institutions have just registered 10
poppy cultivars (Anonim, 2020d). Moreover, there
is R&D on herbal teas and oils acquired from
MAPs, particularly for health effects.

Main MAPs trade

With respect to the trade data for the main MAPs
in Turkey obtained from TUIK, Turkey increased
its MAP export value 3.5 fold with approximately
371 million USD in 2019, as compared to 106
million USD in 2001. Considering Turkey's total
MAPs export value, coffee, tea, Paraguayan tea
and spices are recorded in the main product groups
with the highest share, 63%. The main export
product group also includes ginger, saffron, thyme
and laurel. The export values of thyme and laurel
(also called bay leaf) are about 54 million USD
and 38 million USD, respectively. In world thyme
and laurel export, Turkey is one of the largest
exporters (Anonim, 2020c). Turkey's thyme export
volume and value surged by 31% and 92%,
respectively from 2010 to 2019 with the main
importers being the Aegean Free Zone, the US and
Germany. On the other hand, Turkey exported
around 14 thousand tons of laurel in 2019, and
more than half of it was exported to Vietnam,
China and the US.
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The export value of essential oils was 49 million
USD consisting of approximately 13 million USD
from rose oil, 12 million USD from citrus and
other non-mint oils, 1.1 million USD from
stearoptene, and 3.9 million USD thyme oil in
2019. France, England, Switzerland and the US are
the main importer of Turkey’s essential oils. In
addition, the product group of anise, fennel,
coriander, cumin and similar spices is an important
group with an export value of 22.4 million USD.
The products with the highest export value in this
group are cumin and anise. Last but not least, tea,
which is in the main product group of coffee, tea,
Paraguayan tea and spices, is an important product
with an export value of 15.1 million USD and is
mostly exported to Belgium and Germany.

MAP imports have increased in recent years and
reached 656.5 million USD in 2019. Sesame seed
is the product with the highest import value in the
MAP sub-product groups with 267.4 million USD
corresponding to 170.6 thousand tons, with 46.8%
of sesame seeds imported from Nigeria in the same
year. The other imported MAPs are coffee and its
products with 70.4% of imports from Brazil; tea
with almost 80% of imports from Sri Lanka; thyme
with 68.9% of imports from Albania and Mexico;
and essential oil which is mostly imported from
Indonesia and France.

Considering the foreign trade balance of MAPs,
the sesame seed trade deficit was 233.8 million
USD, and coffee and coffee products had a deficit
of 181.4 million USD in Turkey in 2019. The most
important groups with foreign trade surplus are
ginger, saffron, thyme, laurel and similar products
with 92.3 million USD, and poppy seed with 90.3
million USD (Anonim, 2018).

Although Turkey is very rich in natural resources,
it continues to be an exporter of unprocessed raw
plants and imports many MAPs. Unfortunately,
while it is possible to increase the economic
returns of many MAPs produced and traded in
Turkey such as cumin, saffron, thyme, black
cumin, sage, lime, garlic, and coriander to higher
levels, recent global developments in raising
standards have worked against Turkey. In this
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manner, in order to have a consistent place in
world trade, Turkey needs to follow the world
trend in MAPs production while planning the trade
and production of MAPs.

RESULTS and DISCUSSION

A significant portion of MAPs is collected from
nature, and this causes difficulties in continuously
meeting the raw material needs of the sector. There
is also a risk due to the unconscious collection of
MAPs. As a result, the MAPs collected from
nature must be protected to ensure the long-term
existence and genetic diversity of these species.

The production of medicinal and aromatic plants is
a labor-intensive  branch  of  production.
Considering the labour costs, machinery and
equipment used on a small farm scale can be
developed in order to reduce the cost. On the other
hand, it is a fact that the MAP products providing
added value have not yet been defined in the
marketing system of MAPs. Hence, there is
insufficient awareness of the uses and forms of
MAPs, especially the products with health risks.

Capacity and technology in the MAP sector must
be evaluated at the local level in Turkey. Given an
example from the essential oil sector, there are
problems in the use of capacity. While there is
periodic idle capacity in the sector during the year
in some regions, the capacity is not sufficient in
other regions. For this reason, it is necessary to
ensure clustering of product or product groups on a
geographical basis.

In addition to the development of high capacity
MAP production, there is a need to increase the
quality of products demanded by the national and
international markets. The most important factor
affecting quality is the selection of varieties based
on suitable ecology and market demands.
Moreover, improvements are required in breeding,
harvesting, storage, processing and marketing.
Besides breeding, post-harvest practices significantly
affect the quality. MAPs, which are largely dried
and stored after harvest, should be examined for
contamination during the drying process.
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CONCLUSION

Turkey has a wide variety of plant species due to

its  geographical  location and  climate
characteristics. Considering Turkey's soil and
water resources and the current state of

biodiversity, it is important to increase the
country’s global competitive power in order to
ensure the production of MAPs with the quality
and characteristics demanded by the markets for
these products. In addition, it is essential to turn
Turkey’s biodiversity into an advantage in
international markets. In other words, such
biodiversity can be evaluated in an economic and
environmental  framework. Considering the
importance of MAPs in Turkey's economy, the
sector needs to remedy its shortcomings in order to
increase the share of Turkey’s role in the world
MAPs trade market.

In terms of a marketing strategy, a goal can be to
enhance the market facilities of MAP production at
the domestic and worldwide level and to create
additional added value. In line with this goal,
information sharing might be achieved by bringing
together actors such as farmers, collectors,
intermediaries, processors, wholesalers, retailers,
exporters, importers and consumers on transparent
platforms in order to supply the right product to the
market in a competitive manner. Moreover,
consumers are the most dynamic and crucial factor
in marketing strategy so it is essential to analyse
market needs based on the production and
processing of MAPs.

From the perspective of producers and processors,
contractual agriculture needs to be expanded for a
sustainable farmer-dealer relationship. In order to
ensure continuity in production and product
standards, conditions must be established to create
a purchase guarantee of a certain amount of
product in contracted production.

Turkey is aware of its MAPs production potential,
it is, therefore, important to analyse the competitor
countries in the sector and to find new markets. In
addition, measures should be taken to protect
national market products such as poppy, thyme and



laurel that have an important place in the world
market. When we look at the world trend,
developed countries like the USA and EU countries
increase their quality criteria day by day. As
Turkey also has an increasing trend in MAP
production, the sector should develop production
processes and add more value by creating product
varieties of MAPs in accordance with world
criteria.
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