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Abstract

Datga palm (Phoenix theophrasti Greuter) is the only palm taxa in the
European continent. Its subspecies, Golkoy palm (Phoenix theophrasti
Greuter subsp. golkoyana Boydak) was recorded only in Turkey. This
subspecies, which spreads in sensitive ecosystems, needs to be care-
fully protected. Although there are three natural populations of Datca
palm in Turkey, there is only one population of Golkdy palm. This
population is under threat due to factors such as tourism, pollution,
urbanization, use of groundwater and forest fires. In this respect, the
continuity of the species should be ensured by taking in-situ and ex-
situ protection measures immediately. One of the ex-situ conservation
measures involves the propagation of the species from seed. Cold-wet
stratification is applied to remove dormancy in G6lkdy palm seeds. In
this study, GA,, ultrasound and vacuum applications at different times
were applied to remove dormancy in seeds and shorten germination
time. At the end of the study that lasted for 10 weeks, it was determined
that GA,, vacuum and ultrasonic applications increased the germina-
tion rate of the seeds and shortened the germination period. While the
highest germination rate was reached in the seeds treated with GA,,
(91.4%), the germination rate was 88.3% and 88.6%, respectively, in
60 and 120 min ultrasound applications. The germination rate of the
seeds in which vacuum was applied for 60 and 120 minutes was found
to be 29.9% and 48%, respectively. The lowest germination was 6.3%
in the control group seeds.

Keywords: Golkoy palm, GA,, ultrasound and vacuum treatments,
seed germination

Oz

Datca hurmasi (Phoenix theophrasti Greuter) Avrupa kitasinin tek
palmiye tiiriidiir. Bu tiiriin alt tiirii olan Golkéy hurmasinin (Phoe-
nix theophrasti Greuter subsp. golkoyana Boydak) sadece Tiirkiye’de
kayd: bulunmaktadir. Hassas ekosistemlerde yayilis gosteren bu alt
tirtin 6zenle korunmasi gerekir. Tiirkiye’de Datga hurmasinin iig
dogal populasyonu olmasina ragmen Golkdy hurmasinin tek popula-
syonu bulunmaktadir. Bu popiilasyon turizm, kirlenme, sehirlesme,
yeralt1 sularinin kullanimi ve orman yanginlar1 gibi faktorlerden
dolay1 varlig1 tehdit altindadir. Bu bakimdan in-situ ve ex-situ ko-
ruma Onlemlerinin acilen alinarak tiiriin devamlilig1 saglanmalidir.
Ex-situ koruma onlemlerinden biri tiiriin tohumdan g¢ogaltilmasini
kapsamaktadir. Go6lkdy hurmast tohumlarinda dormansiyi gider-
mek i¢cin soguk 1slak katlama uygulanmaktadir. Bu ¢alismada to-
humlardaki dormansiyi gidermek ve ¢imlenme siiresini kisaltmak
icin GA,, ve farkli siirelerde ultrason ve vakum uygulamalari
yapilmistir. 10 hafta siiren galisma sonunda GA,, vakum ve ultrason-
ik uygulamalarin tohumlarin ¢cimlenme oranini artirdig1 ve ¢gimlenme
stiresini kisalttigi belirlenmistir. GA, ile muamele edilen tohumlarda
%091,4 orani ile en yiiksek ¢imlenme oranina ulasilirken, 60 ve 120 dk
ultrason uygulamalarinda ¢imlenme ise sirasiyla %88,3 and %88,6
oraninda gergeklesmistir. 60 ve 120 dk vakum uygulanan tohumlarda
cimlenme orani ise sirasiyla %29,9 ve %48 olarak bulunmustur. En
diisiik ¢imlenme ise control grubu tohumlarda %6,3 olmustur.

Anahtar Kelimeler: Go6lkdy palmiyesi, GA,, vakum ve ultrason
uygulama, tohum ¢imlenmesi
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1. Introduction

Industrialization and urbanization threaten the fu-
ture of sensitive forest ecosystems. This effect is
much greater on rare and endemic species that have
low ecological tolerance. The changes that occur
increase the vulnerability of the ecosystems of
such species, while they come to the point of ex-
tinction. These species can be protected through
ex-situ or in-situ methods. The purpose of ex-situ
protection is to generated saplings from the species
and grow them in areas that are suitable for their
ecology. For such products, the biological charac-
teristics of the species especially their reproduction
methods should be known well and the production
barriers, if any, should be eliminated.

Turkey is one of the most prominent countries in
the world as regards its species diversity and en-
demism. Guner et al. (2012) stated that Turkey has
11466 natural and 3649 endemic species. Datca
palm (Phoenix theophrasti Greuter), distributed
only along the Mediterranean coast and the only
natural palm species in Mugla, Turkey, and its su-
bspecies, Golkoy palm (Phoenix theophrasti Greu-
ter subsp. golkoyana Boydak), are among the rare
and endangered species. Although P. theophrasti
Greuter subsp. golkoyana Boydak is distributed in
Turkey, Crete and Greece, ssp golkoyana has a li-
mited distribution only in Turkey (Boydak, 2019).

P. theophrasti is one of the few tree species tertiary
relict endemic to the eastern Mediterranean, and it
is one of the two palm taxa native to continental
Europe. Crete is its another distribution area, which
constitutes the only natural distribution of palm in
Europe, except Turkey. P. theophrasti Greuter was
first found by (Boydak, 1983; Boydak and Yaka,
1983; Boydak, 1985; Surhone et al., 2011; Vardareli
etal., 2019) in Datca Eksere valley and Hurmalibiik
Karasiileyman and Karaali river. Another distribu-
tion area is 50-250 m. in Finike bay on the Kum-
luca-Karadz coast between Karadz port and Papaz
port in Antalya. between altitudes Boydak (1986,
1987; Kavgaci, 2014).

A subspecies of Datca palm which is P. theophrasti
subsp. golkoyana Boydak (Boydak and Barrow,
1995; Barrow, 1998; Esener, 1999; Boydak, 1986)
was recorded in Bodrum Golkoy-Golturkbuku-
Bodrum, Mugla. It is distributed in an area of 3.9
hectares mixed with Pinus brutia Ten. in marsh-
land near Golkoy (Bodrum, Mugla). It is impor-
tant to protect this species, whose number has
decreased considerably, to ensure the continuity of
ecosystems. (Yazici, 2007; Senol et al., 2016). For
this reason, the region has been declared a natural
protected area (Boydak, 1994; Boydak, 2019).
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The distribution of Golkoy palm differs from that
of Datca palm while it was found to be a subspecies
of Datca palm (Boydak and Barrow, 1995; Boydak,
2019). There are certain differences between the
two species of palm. Datca palm has several trunks
from the bottom and can grow as high as 17 me-
ters (Boydak, 1994). Golkoy palm, however, does
not grow high, while it can only grow as high as
8 meters. Moreover, there are differences between
the two as regards peduncle length (Boydak, 2019).
The Dat¢a palm, whose fruits ripen in September
and October, is edible but has no commercial value.
The seeds of the Datga palm are larger and swee-
ter than the Golkdy palm (Boydak, 1986; Boydak,
1994, Senol et al., 2016; Boydak, 2019). This subs-
pecies is different from P. theophrasti at molecular
level (Vardareli et al., 2019).

Datca and Golkoy palms are distributed only in a
local area; therefore, they are exposed to various
threats as regards their survival. Such threats inc-
lude road construction, pressure from people and
tourism activities, change of flow in groundwater
due to climate change, red palm weevils leading to
drying of palm trees and forest fires (Boydak, 1995;
Dembilio et al., 2011; Hazir and Buyukozturk, 2013;
Kontodimas et al., 2006). Orucu (2019) highligh-
ted in his study that habitat loss of P. theophrasti
Gr. due to climate change will be probably severe
in Turkey, leading to narrowing of its distribution
areas. Studies show that gene flow is under criti-
cal levels in Datca and Golkoy populations, which
requires their protection through in-situ or ex-situ
methods (Barclay, 1974; Vardareli et al., 2012). Ha-
zir and Buyukozturk (2013) advised that, P. the-
ophrasti and P. theophrasti ssp. golkoyana is of
considerable scientific importance to Turkey’s flora
because they are the only representations of native
palms. These endemic species should be conserved
in terms of biodiversity against possible threats
such as physical development on private property,
tourism, cultivation and also against pests.

Golkoy palm (P. theophrasti subsp. golkoyana
Boydak) is distributed in a small area and only in
Turkey for now (Boydak and Barrow, 1995; Boy-
dak, 2019). Since this species is distributed in sen-
sitive ecosystems, it is exposed to constant envi-
ronmental pressures. For this reason, Vardareli et
al, (2019) recommend urgently to be placed on the
TUCN red list for its conservation.

Water uptake and oxygen availability are the es-
sentials of seed germination (Ashraf and Foolad.
2005). Seed coat impermeability is usually caused
by the presence of one or more layers of palisade
cells in the testa. These palisade layers are com-
posed of sclereid cells with thick lignified second-



ary cell walls. There is a two-fold effect of the intact
coat: primarily, it causes the retention of inhibitor,
and secondarily, it can act as a barrier to oxygen,
preventing the entry of sufficient oxygen from the
surrounding air to support the oxidation of the in-
hibitor (Bewley et al., 2013).

Sound waves transported through a medium via the
mechanism of particle interaction are characterized
as mechanical waves (Pierce. 1989). It can be trans-
mitted through gases, liquids or solids. As waves
propagate, they transport energy (Chowdhury et al.,
2014). When sound waves are applied to seeds, they
cause some morphological and physiological chang-
es. Different metabolic activities including enzyme
activation and hormonal changes occur during seed
germination, and sound is known to directly affect
biological systems including those involved in seed
germination (Braam and Davis. 1990; Chowdhury
et al., 2014). In many studies, it is reported that ul-
trasonic applications increase the germination of
seeds (Nazari and Eteghadipour. 2017).

Ultrasounds are mechanical waves of a frequency
higher than 20000 Hz. Therefore, ultrasonic waves
should alter the seeds’ characteristics. Proper
sound waves can reduce cell membrane penetrabil-
ity (Chowdhury et al., 2014) and more water and
oxygen are available. In water, ultrasonic waves
lead to cavitation (Piyasena et al., 2003; Yalda-
gard et al., 2008), Sound stimulation increased the
cell wall and membrane fluidity, which facilitated
cell division and growth (Keli et al., 1999; Zhao et
al., 2003). Ultrasonic waves have vastly been ap-
plied as an efficient technique for breaking seed
dormancy and improving the germination charac-
teristics (Nazari and Eteghadipour, 2017). Cavita-
tion is a phenomenon by which micro-bubbles are
created in the water. The cavitation created by the
ultrasound causes a mechanical pressure on the
seeds (Yaldagard et al., 2008; Hu et al., 2007). This
mechanical pressure then leads to the cell wall
fluidity (Yaldagard et al., 2008), and the creation
of micro-pores and micro-cracks on the cell wall
(Jaime et al., 2014). The creation of micro-pores
and micro-cracks caused by sonication means that
the seeds are more permeable to water and oxygen
entry (Miano et al., 2016a; Luo, 2016). Research-
ers have indicated that exposure of the seeds to the
ultrasound enhances hydration (Toma et al., 2001;
Jambrak et al., 2007; Yaldagard et al., 2008; Miano
et al., 2016b). It seems that increase in hydration of
the seeds treated with ultrasonic waves increases
in enzymatic activities especially alpha-amylase
(Yaldagard et al., 2008; Sharififar et al., 2015; Mia-
no et al., 2016a). Consequently, the starch hydroly-
sis is enhanced. Ultrasound can be used to acceler-
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ate the germination process, (Miano et al., 2016a).

The breaking of physiological dormancy and the
induction of germination are regulated via hor-
mone signalling pathways and mainly through the
GA-(gibberellin) and ABA-(abscisic acid) biosynt-
hetic and catabolic pathways. While ABA and GA
are the primary inhibitory and promotive hormo-
nes in regulating seed dormancy and germination.
There are more than 130 different structures of
GA molecules in plants (Bewley and Black, 1994;
Bewley et al., 2013). Gibberellins are a class of tet-
racyclic diterpene carboxylic acids, functioning as
plant hormones (phytohormones) and influencing
a range of developmental processes including dor-
mancy, germination, root and shoot elongation, and
flowering (Vehn and Sauer, 2017).

GA_ plays a key role in dormancy release and pro-
motion of germination (Baskin and Baskin, 2004;
Kucerna et al., 2005; McDonald and Kwong, 2005;
Cetinbas and Koyuncu, 2006; Bewley et al., 2013;
Vehn and Sauer, 2017). Gibberellic acid (GA,) is
widely used to break the dormancy of seeds of va-
rious plant species. Dormant seeds, which require
stratification, dry storage after-ripening and light
as a germination stimulator, are often treated with
GA, to overcome their dormancy (Gupta, 2003). A
lot of studies demonstrate that seeds treated with
GA, have increased germination (Acikgoz and
Kara, 2019). GA, dosage trials revealed that 100
mg/l GA, had a better result for seed germination
(Madakadze et al., 2000; Nasri et al., 2013; Baskin
and Baskin, 2014; Ge et al., 2018; Ayranci and
Oner, 2019).

Pressure is usually applied to ensure the penetration
of water or hormones into seeds. However, there are
studies in which vacuum technique has been appli-
ed (Loveys and Jusaitis, 1994; Custddio et al., 2016).

There are two basic approaches to protect endan-
gered species as in-situ and ex-situ. Ex-situ conser-
vation is the preservation of a species outside its
natural habitat. This protection method also inclu-
des the generative production of the species. It is
important to protect the Golkdy palm, one of the
endangered, rare and endemic species, by produ-
cing it from seed. Long-term stratification of seeds
in traditional production also increases the risks of
germination. Treatments applied to seeds with mo-
dern methods can eliminate dormancy and acce-
lerate germination. For this purpose, the effects of
ultrasound, vacuum, GA, and soaking applications
on germination were investigated to break dorman-
cy in seeds. The effects of these pretreatments on
the germination percentage and speed of the seed
were revealed.



2. Material and Methods
2.1. Material

The study material included seeds collected from
Golkoy palm populations in 2018. The fleshy fruit
seeds were collected and mesocarps were removed
and then cleaned. They were kept in polyethylene
bags at +4 °C until the study was conducted.

The materials used at the lab included Petri dis-
hes with a diameter of 9 cm for germination, GA,
hormone (Merck), ultrasonic device (Bandelin DL
510 H, Germany), vacuum device (Binder VD 23),
precision balance (Radwag AS 220.R2), incubators
(Liebherr-Lovibond TC 140 G), pure water device
(Elga DV 35), flow cabinet (biosafety cabinet class
II), alcohol, filter paper, stretch wrap and fungicide
(Maxim XL 035 FS).

2.2. Methods
2.2.1. Sterilization

For seed sterilization, ethanol and sodium hypoch-
lorite were used and all seeds were soaked in etha-
nol for one minute for surface sterilization. Then,
they were treated with 10% sodium hypochlorite
for 10 minutes and rinsed three times with pure wa-
ter. Glass Petri dishes, plates where the seeds were
placed, and filter papers were sterilized at 120 °C
for 1 hour.

2.2.2. GA3 ultrasonic treatment and vacuum
application

The seeds were soaked only in 100 ppm GA, for
12 hrs. For “ultrasonic application”, the seeds are
placed in the plastic net and the ultrasound device
(Bandelin Sonorex Digiplus, Typ DL 510 H, Ber-
lin Germany). Seeds were subjected to “ultrasonic
application” at 35 kHz for 60 and 120 mins. During
ultrasonic application, the water temperature was
kept at + 30 °C by adding ice from time to time. For
“yvacuum application the seeds” were placed in the
vacuum device (Binder, VD 23, Tuttlingen, Ger-
many) in beakers filled with 200 cc of pure water.
They were retained in the vacuum device at 35 °C
and 100 millibar for 60 and 120 min to ensure that
water penetrated the whole seed.

2.2.3. Seed germination test

Each treatment was done in triplicate and 50 seeds
were used in each replication. Seeds were sown on
20 December 2019. After the seeds were subjected
to treatments; they were sown in Petri dishes with
a diameter of 9 cm that had one filter paper and 5
ml of water each and they were sprayed with 1 %
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fungicide.

All Petri dishes were wrapped in two folds with
stretch film. The seeds were kept in the climate
cabinets at a constant temperature of 20 °C and in
dark conditions. Those seeds that developed 2 mm
radicles were considered as germinated. After ger-
mination started, the seeds were counted weekly
and the germinated seeds were transferred to anot-
her Petri dish. To prevent the infection of the seeds
in Petri dishes, they were sprayed with a fungicide
after every count and wrapped again.

2.2.4. Statistical analysis

The data of the study were analyzed with SPSS (22)
statistical analysis software. The germination per-
centages in % found in counting were subjected to
arc-sin conversion. One-way ANOVA analysis of
variance was applied to the data and the differences
were determined with Duncan multiple compari-
son test.

3. Results and Discussion

The study was carried out for 75 days, as the ger-
mination of the seeds of the control group started
after the 8th week. Germination checks were we-
ekly to determine the germination percentages and
statistical analyses were conducted to determine
the differences between the treatments. The statis-
tical analysis revealed statistically significant dif-
ferences between the treatments applied to Golkoy
palm seeds as regards their effects on germination
(Table 1).

Duncan multiple comparison test was applied to
determine the differences between the treatments.
The test results showed that the control seeds had
the lowest germination percentage (6.3 %). Tho-
se seeds treated with GA, and ultrasound had the
highest germination percentage (91.4 %). The se-
eds had better germination properties when trea-
ted with ultrasound compared to the control seeds
whereas no difference was found between the va-
cuum applications for one and two hours (Table 2).

The values on the same line followed by the same
letters are not significantly different at P<0.05.

Radicles were found to be formed in the opposite
side of the groove direction of the seeds, which was
the micropyle side (Figure 1).

The seeds were retained in germination cabinets
for 75 days and checked weekly. The first germi-
nation was observed 4 weeks after sowing. The
seeds that were germinated first were the ones tre-
ated with ultrasound and GA; hormone. Maximum



Table 1. One way analysis of variance on Golkoy palm
Tablo 1. G6lkdy hurmasi tohumlarinin tek yonlii varyans analizi

Sum of Squares df Mean Square F Sig.
Between Groups 11028.351 6 1838.059 34.088 0.000
Within Groups 754.888 14 53.921
Total 11783.240 20

Table 2. Duncan multiple comparison test on the treatments
Tablo 2. Uygulanan islemlerin Duncan ¢oklu karsilastirma testi
— 5
Treatments Petri dish (N) Germination percentage (%) and

standart devision

T1-Soaking in ethanol for 1 mins+soaking in pure water for 12

hrs at +5 °C (Control-760 mm/Hg)

T2-reatment with 100 ppm GA, for 12 hrs and soaking in pure

water at +5 °C
T3-Soaking in pure water for 12 hrs at +5 °C

T4-Soaking in pure water for 12 hrs at +5 °C + ultrasonic treat-

ment for 1 hr

T5-Soaking in pure water for 12 hrs at +5 °C + ultrasonic treat-

ment for 2 hrs

T6-Soaking in pure water for 12 hrs at +5 °C + vacuum applica-

tion for 1 hr (100 mm/Hg)

T7-Soaking in pure water for 12 hrs at +5 °C + vacuum applica-

tion for 2 hrs (100 mm/Hg)

3 6.9000+11.95115 a
3 73.8533+6.86079 b
3 59.7167+12.46840 ¢

3 70.1233+2.60450 cd
3 70.6000+4.45689 cd
3 32.7733+1.97356 b

3 43.8533+1.24114 b

Figure 1. Germination of Golkoy palm seeds
Sekil 1. Cimlenen G6lkdy hurmasi tohumlari

germination was observed by the end of week 7.
Overall, germination speed and percentage were
observed to decrease after week 7. The control se-
eds had a very slow germination speed and they
could start germinating after week 8, which indi-
cated that there was a time difference of 4 weeks in
germination compared to the other treatments. The
germination percentage was very low in the control
group (Figure 2).

This study revealed that the highest germination
percentage was found in the group of seeds treated
with GA, (91.4 %), while the lowest was found in
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the control group (6.3 %). Germination started 4
weeks before the one in the control group and the
germination percentage was 85.1% higher than that
of the control group. The results of the study are
consistent with the other studies showing that GA,
increases seed germination. There are not many
studies on the effects of GA, application on the ger-
mination of palm trees. For this reason, studies in
other species were examined.

In these studies, it was determined that GA3 inc-
reased seed germination and was effective in crac-
king the seed coat (Follett et al., 2005; Dilip et al.
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Figure 2. Percentage and speed of germination in different seed treatments
Sekil 2. Farkli islemlere gore tohumlarin ¢imlenme oranlar1 ve hizlar

(2017). It was reported that GA  application incre-
ased seed germination in Taurus cedar (Cedrus li-
bani A. Rich.), improved germination and seedling
properties in Eriobotrya japonica, and increased
seed germination in Citrus aurantifolia and diffe-
rent kiwi fruit varieties (Al-Hawezy, 2013; Okatan,
2017; Dilip). et al., 2017; Bishwas et al., 2018; Ay-
ranct and Oner 2019).

In this study, seeds treated with ultrasonic waves
for 60 and 120 minutes had a germination percen-
tage of 88.3 and 88.6, respectively. Compared to
the germination percentage of the control group
(6.3 %), it was found that ultrasound treatment
both accelerated seed germination and increased
germination percentage. The seeds treated with
ultrasound started germinating 4 weeks before the
control seeds.

The results of our study as regards the ultrasound
treatment are consistent with the literature. Alt-
hough there are no studies on the effects of ultra-
sound treatment on palm seeds, many studies on
seeds of other species have shown that ultrasound
treatment accelerates germination (Yaldagard et
al., 2008; Wang et al., 2012; Luo, 2016; Nazari and
Eteghadipour, 2018; Ameta et al., 2018; Wong et
al., 2019). Ultrasound treatment accelerates and
increases germination by enlarging the holes on
the seed coat and facilitating water absorption.
All these increase alpha-amylase activity causing
faster germination (Yaldagard et al., 2008; Luo,
2016). In chickpea and mung bean, 60-minute ul-
trasound treatment increased water absorption by
2600% and 6350%, respectively, compared to the
control group (Wong et al., 2019). Shekar1 et al.,
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(2015) reported that ultrasonic treatment of sesame
seeds (Sesamun indicum L.) increased germinati-
on. Lopez and Vicient (2017) also demonstrated
that ultrasonic treatment did not have any effect on
new seeds of Arabidopsis thaliana, while it incre-
ased germination further in older seeds. A study
conducted by Kikuchi et al., (2006) demonstrated
that water absorption in seeds was mostly through
a hilum. Risca and Fartais (2009) also obtained the
best germination rate from the application over 40
seconds in their ultrasound study on Picea abies.
In the study conducted by Posta et al., (2020), it
was determined that the seeds of Liquidambar sty-
raciflua L. responded positively to ultrasound and
the germination rate increased in the seeds. Ma-
chikowa et al., (2013) in their study on sunflower
seeds, germination percentages were 44-48%
lower than the others. Control when treated with
ultrasonic at 80-100%. long-term higher intensity
ultrasonic treatments possibly injury to the emb-
ryo. Treatments T6 and T7 (vacuum applications)
increased both germination speed and percentages
compared to the control group. As for the effect of
duration of vacuum treatments on germination, se-
eds treated with vacuum for 60 minutes (29.9 %)
had a lower germination percentage compared to
those treated with vacuum for 120 minutes (48 %).
Extended vacuum time increased germination by
20%. Custddio et al., (2016) reported that vacuum
treated pine seeds increased the absorption of tetra-
zolium but it did not have an effect on the seeds of
Dactylorhiza fuchsii.

In treatment T3, germination percentage was 73.9
%. The seeds treated width sodium hypochlorite
had a higher germination percentage and speed



compared to the control seeds.

4. Conclusion

In our study, there was no statistical difference in
germination of seeds treated with GA, and seeds
treated with ultrasound. GA, and ultrasound treat-
ments accelerated germination by 4 weeks compa-
red to the control group and increased the germi-
nation percentages. Since the germination process
is accelerated by ultrasound application, losses due
to environmental risks will be prevented. Given
the cost and environmental impacts of GA,, “ul-
trasound” can be used as a cheaper and more envi-
ronmentally friendly option for cheaper and faster
seed germination. Early-onset of seed germinati-
on will ensure that seeds will be less affected by
negative biotic and abiotic factors and guarantee
germination.

Acknowledgement

In this study, Bursa Technical University, Faculty
of Forestry, Department of Forest Engineering, Sil-
viculture laboratory facilities were used.

References

Acikgoz, M.A., Kara, $.M., 2019. Effect of various pret-
reatments on germination of Turkish endemic Achillea
gypsicola Hub.-Mor. species under in vivo and in vitro
conditions. Journal of the Institute of Science and Tech-
nology 9(4): 2321-2329, DOI: 10.21597/jist.511469.

Al-Hawezy, S.M.N., 2013. The role of the different con-
centrations of GA, on seed Germination and seedling
growth of loquat (Eriobotrya japonica L.). IOSR Jour-
nal of Agriculture and Veterinary Science (IOSR-JAVS)
4 (5): 03-06.

Ameta, S.C., Ameta, R., Ameta, G., 2018. Sonochemis-
try an emerging green technology. Mistwell Crescent,
Oakville, Canada: Apple Academic Press Inc.

Ashraf, M., Foolad, M.R., 2005. Pre-sowing seed tre-
atment - A shotgun approach to improve germination,
plant growth, and crop yield under saline and nonsaline
conditions. Advences in Agronomy 88: 223-271. DOL
10.1016/s0065-2113(05)88006-x.

Ayranci, A., Oner, M.N., 2019. Farkl1 orijinli Toros Sedi-
ri (Cedrus libani A. Rich.) tohumlarinda bazi 6n islemle-
rin ¢imlenmeye olan etkisi. Anadolu Orman Arastirma-
lar1 Dergisi, 5(1): 61-70.

Barclay, C., 1974. A new locality of wild Phoenix in Cre-
te. Annales Musei Goulandris 2: 23-29.

Barrow, S., 1998. A revision of Phoenix. Kew Bulletin
53(3):513-575.

Baskin, C.C., Baskin, J.M., 2014. Seeds Ecology, Bioge-
ography, and Evolution of Dormancy and Germination.

20

Second Edition, San Diego, USA: Academic Press is an
imprint of Elsevier.

Baskin, J.M., Baskin, C.C., 2004. A classification sys-
tem for seed dormancy. Seed Science Research 14:1-16.

Bewley, J.D. Bradford, J., Hilhorst, HW.M., Nonogaki,
H., 2013. Seeds, Physiology of Development, Germina-
tion and Dormancy. 3rd Edition, New York Heidelberg
Dordrecht London, UK: Springer.

Bewley, J.D., Black, M., 1994. Seeds: Physiology of de-
velopment and germination. 2nd ed., New York, USA:
Plenum Press.

Bishwas, K.C., Amit, K., Santosh, S., Raj Kumar, K.C.,
Dipendra, R., 2018. Effect of GA, on germination para-
meters of different varieties of kiwi. Current Investiga-
tions in Agriculture and Current Research 4(3). CIACR.
MS.ID.000186. DOI: 10.32474/CIACR.2018.04.000186.

Boydak, M., 1983. Ulkemizin nadide bir dogal tiirii
Dat¢ca Hurmasi (Phoenix theoplirasii Greuier). Cevre
Koruma (18): 20-21.

Boydak, M., 1985. The distribution of Phoenix theo-
phrasti in the Datga Peninsula, Turkey. Biological Con-
servation 32 (2), 129-135.

Boydak, M., 1986. A new natural distribution Phoenix
theophrastii in Kumluca-Karaoz Turkey. Istanbul Uni-
versity Journal of Forest Faculty Seri A 36 (1):1-13.

Boydak, M., 1987. A new occurrence of P. theophrasti in
Kumluca — Karaoz. Principes 31(2):89-95

Boydak, M., 1994. Bodrum-Go6lkdy’de saptanan yeni bir
Phoenix yayilisi. Istanbul Universitesi Orman Fakiiltesi
Dergisi Seri A, 44(2), 35-45.

Boydak, M., 2019. A new subspecies of Phoenix theoph-
rasti Greuter (Phoenix theophrasti Greuter subsp. gol-
koyana Boydak) from Turkey. Forestist 69(2): 133-144.

Boydak, M., Barrow, S., 1995. A new locality for Phoe-
nix in Turkey: Golkdy-Bodrum. Principes 39(3): 117-
122.

Boydak, M., Yaka, M., 1983. Dat¢a Hurmasi (Phoenix
theophrasiit ve Dat¢a Yarimadasinda saptanan dogal
yayilist. Istanbul Universitesi Orman Fakiiltesi Dergisi
4;33:73-92.

Braam, J., Davis, RW., 1990. Rain, wind and touched-
induced expression of calmodulin and calmodulin-rela-
ted genes in Arabidopsis. Cell 60: 357-364.

Cetinbas, M., Koyuncu, F., 2006. Improving germinati-
on of Prunus avium L. seeds by gibberellic acid, potas-
sium nitrate and thiourea. Horticultural Science (Pra-
gue) 33, (3): 119-123.

Chowdhury, E.K. Sub Lim, H., Bae, H., 2014. Upda-
te on the effects of sound wave on plants. Research in
Plant Disease 20(1): 1-7, http:/dx.doi.org/10.5423/
RPD.2014.20.1.001.


https://journals.indexcopernicus.com/search/details?id=51622
https://journals.indexcopernicus.com/search/details?id=51622
http://dx.doi.org/10.5423/RPD.2014.20.1.001
http://dx.doi.org/10.5423/RPD.2014.20.1.001

Custodio, C.C., Marks, T.R., Pritchard, HW., Hoso-
mi, S.T., Machado-Neto, N.B., 2016. Seed Science
and Technology 44, 1, 1-12. http://doi.org/10.15258/
$st.2016.44.1.17.

Dembilio, O., Karamaouna, F., Kontodimas, D.C., No-
mikou, M., Jacas, J.A., 2011. Short communication.
susceptibility of Phoenix theophrasti (Palmae: Coryp-
hoideae) to Rhynchophorus ferrugineus (Coleoptera:
Curculionidae) and its control using Steinernema car-
pocapsae in a chitosan formulation. Spanish Journal of
Agricultural Research 9(2): 623-626.

Dilip, W.S., Singh, D., Moharana, D., Rout, S., Patra,
S.S., 2017. Influence of gibberellic acid (GA,) on seed
germination and seedling growth of Kagzi Lime. Jour-
nal of Scientific Agriculture 1:62-69, doi: 10.25081/
jsa.2017.v1.888.

Esener, R., 1999. Palmiyeler. Tiirkiye Palmiye Merkezi
Yayini, Ankara.

Follett, J.M., Douglas, J.A., Littler, R.A., 2005. The ef-
fect of gibberellic acid, potassium nitrate, and cold stra-
tification on the germination of goldenseal (Hydrastis
canadensis) seed. Comb. Proc. International Plant Pro-
pagator’s Society 55:165-170.

Ge, J., Hu, Y., Ren, C., Guo, L., Wang, C., Sun, Shahra-
jabian, M.H. 2018. Effects Of GA, and ABA on the ger-
mination of dormant oat seeds. Cercetari Agronomice in
Moldova Vol. LI, No. 3 (175) / 2018: 25-41.

Gupta, V., 2003. Seed germination and dormancy break-
ing techniques for indigenous medicinal and aromatic
plants. Journal of Medicinal Chemistry 25: 402-407.

Guner, A., Aslan, S., Ekim, T., Vural, M., Babac, M.T.,
2012. Tirkiye Bitkileri Listesi Damarli Bitkiler, Neza-
hat Gokyigit Botanik Bahgesi Botanik Bahgesi ve Flora
Arastirmali Dernegi Yayini, Flora Dizisi 1, Istanbul.

Hazir, A., Blytikoztirk, H.D., 2013. Phoenix spp. and
other ornamental palms in Turkey: The threat from red
palm weevil and red palm scale insects. Emirates Jour-
nal of Food and Agriculture 2013. 25 (11): 843-853, doi:
10.9755/ejfa.v25i11.16500.

Hu, A., Zhao, S., Liang, H., Qiu, T., Chen, G., 2007. Ul-
trasound assisted supercritical fluid extraction of oil and
coixenolide from adlay seed. Ultrasonics Sonochemis-
try 14: 219-224.

Jaime, A., da Silva, T., Dobra'nszki, J., 2014. Sonication
and ultrasound: impact on plant growth and develop-
ment. Plant Cell Tissue and Organ Culture 117: 131-143.

Jambrak, A.R., Mason, T.J., Paniwnyk, L., Lelas, V.,
2007. Accelerated drying of button mushrooms, Brus-
sels sprouts and cauliflower by applying power ultra-
sound and its rehydration properties. Journal of Food
Engineering 81: 88-97.

Kavgaci, A., 2014. Phoenix L. Tirkiye’nin Dogal-
Egzotik Agac ve Calilar1 (U. Akkemik, ed.), 182. Orman
Genel Miidiirliigii Yayinlari, Ankara.

21

Keli, S., Baoshu, X., Guoyou, C., Ziwei, S., 1999. The
effects of alternative stress on the thermodymical pro-
perties of cultured tobacco cells. Acta Biochimica et Bi-
ophysica Sinica 15: 579-584.

Kikuchi, K., Koizumi, M., Ishida, N., Kano, H., 2006.
Water uptake by dry beans by micromagnetic resonan-
ce imaging. Annals of Botany 98, 545-553. (d0i:10.1093/
aob/mcl145).

Kontodimas, D., Milonas, P., Vassiliou, V., Thymakis,
N., Economou, D., 2006. The occurrence of Rhynchop-
horus ferrugineus in Greece and Cyprus and the risk
against the native Greek palm tree Phoenix theophrasti.
Entomologia Hellenica 16: 11-15.

Kucerna, B., Cohn, M.A., Leubner-Metzger, G., 2005.
Plant hormone interactions during seed dormancy relea-
se and germination. Seed Science Research 15: 281-307.

Loépez, 1., Vicient, C.M., 2017. Use of ultrasonication to
increase germination rates of Arabidopsis seeds. Plant
Methods 13:31, DOI 10.1186/s13007-017-0182-6.

Loveys, B.R., Jusaitis, M., 1994. Stimulation of germi-
nation of quandong (Santalum acuminatum) and other
Australian native plant seeds. Australian Journal of Bo-
tany 42, 565-574.

Luo, M.R., 2016. Handbook of Ultrasonics and Sonoc-
hemistry. Springer Science+Business Media Singapore.

Machikowa, T., Kulrattanarak, T., Wonprasaid, S., 2013.
Effects of ultrasonic treatment on germination of synthe-
tic sunflower seeds. International Journal of Biological,
Biomolecular, Agricultural Food and Biotechnological
Engineering 7(1): 1-3.

Madakadze, 1.C., Prithiviraj, B., Madakadze, R.M.,
Stewart, K., Peterson, P., Coulman, B.E. et al., 2000. Ef-
fect of preplant seed conditioning treatment on the ger-
mination of Switchgrass (Panicum virgatum L.). Seed
Science and Technology 28, 403-411.

Mavrommatis, G., 1973. Ikologia tis periohis finikoda-
sous “Vai” Sitias Kritis. Dasos: 21-24. Barclay, C. 1974.
A new locality of wild Phoenix in Crete. Annales Musei
Goulandris 2: 23-29

McDonald, M.B., Kwong, F.Y., 2005. Flower Seeds, Bi-
ology and Technology. CABI Publishing 875 Massachu-
setts Avenue 7th Floor Cambridge, MA 02139 USA, p
372.

Miano, A.C., Ibarz, A., Augusto, P.E.D., 2016a. Mecha-
nisms for improving mass transfer in food with ultra-
sound technology: describing the phenomena in two
model cases. Ultrasonics Sonochemistry 29, 413—419.
(doi:10.1016/j. ultsonch.2015.10.020.

Miano, A.C., Pereira, J.C., Castanha, N., Matta, M.D.]J.,
Augusto, P.E.D., 2016b. Enhancing mung bean hyd-
ration using the ultrasound technology: description of
mechanisms and impact on its germination and main
components. Scientific Reports 6:38996 | DOI: 10.1038/
srep38996.



Nasri, F., Ghaderi, N., Mohammadi, J., Mortazavi, S.N.,
Saba, M.K., 2013. The Effect of gibberellic acid and stra-
tification on germination of Alstroemeria (Alstroemeria
ligtu hybrid) Seed Under In Vitro and In Vivo Conditi-
ons. Journal of Ornamental Plants 3(4): 221-228.

Nazari, M., Eteghadipour, M., 2017. Impacts of ultra-
sonic waves on seeds: a mini-review. Agricultural Re-
search & Technology 6(3): 1-4, DOI:_10.19080/ARTO-
AJ.2017.06.555688.

Okatan, V., 2017. GA, Uygulamalarinin Malta Erigi
(Eriobotrya japonica) tohumlarinin ¢imlenmesi ve ¢o-
giir gelisimi tizerine etkileri. Giifbed/Gustij 7 (2): 309-
313, DOL: http://dx.doi.org/10.17714/gufbed.2017.07.020.

Orucu, O.K., 2019. Phoenix theophrasti Gr.’nin iklim
degisimine bagli giiniimiiz ve gelecekteki yayilis alan-
larinin Maxent Modeli ile tahmini ve bitkisel tasarimda
kullanim1. Turkish Journal of Forestry 20 (3): 274-283.
DOI: 10.18182/tjf.613205.

Pierce, A.D., 1989. The Wave Theory of Sound. Acousti-
cs: An Introduction to its Physical Principles and Appli-
cations: Acoustical Society of America. New York, USA

Piyasena, P., Mohareb, E., McKellar, R.C., 2003. Inacti-
vation of microbes using ultrasound: a review. Internati-
onal Journal of Food Microbiology 87(3): 207-216.

Posta, D., Rujescu, C., Vintila, T., Sala, F., 2020. Inf-
luence of ultrasound on germination, some biometric
and physiological indices in Liquidambar styraciflua
L.. Romanian Biotechnological Letters. 25. 1369-1377.
10.25083/rb1/25.2/1369.1377.

Risca, I.M., Fartais, L., 2009. The influence of the
ultrasound treatment on the Norway spruce (Picea abies
(L. Karsten) seed germination. Cercetdari Agronomice
in Moldova. 4 (140): 43-47.

Sharififar, A., Nazari, M., Asghari, H.R., 2015. Effect
of ultrasonic waves on seed germination of Atriplexlen-
tiformis, Cuminumcyminum, and Zygophyllum euryp-
terum. Journal of Applied Research on Medicinal and
Aromatic Plants 2(3): 102-104.

Shekari, F., Mustafavi, S.H., Abbasi, A., 2015. Sonica-
tion of seeds increase germination performance of se-
same under low-temperature stress. Acta agriculturae
Slovenica 105-2, September 203-212,DOI: 10.14720/
aas.2015.105.2.03.

Surhone, L., Tennoe, M., Henssonow, S., 2011. Cretan
Date Palm. Betascript Publishing.

22

Senol, S.G., Pelit, N.B., Bzyel, D. 2016. Distribution if
Phoenix theophrasti and problematic Golkdy Mugla po-
pulation in Turkey. Symposium on Euroasian Biodive-
sity, 23-27 May, Antalya.

Toma, M., Vinatoru, Paniwnyk, L., Mason, T.J., 2001.
Investigation of the effects of ultrasound on vegetal tis-

sues during solvent extraction. Ultrasonic Sonochemis-
try 8: 137-142.

Vardareli, N., Dogaroglu, T., Dogac, E., Taskin, V., Tas-
kin, B.G., 2019. Genetic characterization of tertiary re-
lict endemic Phoenix theophrasti populations in Turkey
and phylogenetic relations of the species with other palm
species revealed by SSR markers. Plant Systematics and
Evolution 305:415-429 https://doi.org/10.1007/s00606-
019-01580-8.

Vardareli, N., Dogaroglu, T., Taskin, B.G., 2012. Datca
hurmasi populasyonlarinda genetik ¢esitliligin SSR be-
lirtegleriyle saptanmasi. 21. Ulusal Biyoloji Kongresi,
03-07 Eyliil 2012. Ege Unv. Tiirkiye.

Vehn, J.K., Sauer, M., 2017. Plant Hormones. Methods
in Molecular Biology, Springer Science+Business Me-
dia New York.

Wang, Q., Chen, G., Yersaiyiti, H., Liu, Y., Cui, J,, et
al., 2012. Modeling analysis on germination and seed-
ling growth using ultrasound seed pretreatment in Swit-
chgrass. Plos one 7(10): e47204. doi:10.1371/journal.
pone.0047204.

Wong, K.S., Lee, L., Yeo, L.Y., Tan, M.K., 2019. Enhan-
cing rate of water absorption in seeds via a miniature
surface acoustic wave device. Royal Society Open Sci-
ence 6: 181560. http://dx.doi.org/10.1098/rs0s.181560.

Yaldagard, M., Mortazavi, S.A., Tabatabaie, F., 2008.
Application of ultrasonic waves as a priming technique
for accelerating and enhancing the germination of barley
seed: optimization of method by the Taguchi approach.
Journal of Institute of Brewing 114(1): 14-21.

Yazici, E., 2007. Ozel ¢evre koruma bolgelerinde turizm
baskis1 ve Dat¢a — Bozburun Ozel Cevre Koruma
Bolgesi i¢in Turizm Yonetim Plani Onerisi. Istanbul
Teknik Universitesi. Basilmamis Yiiksek Lisans Tezi.

Zhao, H., Wu, J., Zheng, L., Zhu, T., Xi, B., Wang, B.,
Cai, S., Younian, W., 2003. Effect of sound stimulation

on Dendranthema morifolium callus growth. Colloid
Surface B 29: 143-147.


http://dx.doi.org/10.17714/gufbed.2017.07.020
https://doi.org/10.1007/s00606-019-01580-8
https://doi.org/10.1007/s00606-019-01580-8
http://dx.doi.org/10.1098/rsos.181560

	_GoBack
	_GoBack
	_GoBack
	_GoBack

