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Abstract

Due to its wide range of utilization possibilities, boxwood has undergone severe damage, like all over the world, caused by

the excessive forest use in Tiirkiye from the past to the present. Therefore, it is important to propagate it to ensure the continuity
of the species. In this study, the effects of different rooting table temperatures and phytohormones on rooting were investigated
in the propagation of Buxus sempervirens L. subsp. sempervirens by softwood cutting. First callus and root formation dates,
rooting percentage, callus percentage, root length and the number of roots were determined on the cuttings. As a result, the
highest rooting percentages were obtained as 100% in IBA 3,000, IBA 5,000, IAA 3,000, NAA 3,000 and NAA 5,000 ppm
treatments in Greenhouse-1 medium and IBA 3,000 and TAA 3,000 ppm treatments in Greenhouse-2 medium. In terms of
root length and the number of roots, the highest values were determined as 2.01 cm and 7.83, respectively, in IBA 3,000 ppm
treatment in Greenhouse-2 medium. With the high success obtained, it has been concluded that the propagation of the species
can be made by using softwood cutting and the genetic infrastructure of the species can be preserved and transferred to future

generations.
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Introduction

Buxus sempervirens L. (boxwood) is a perennial
woody plant in the form of an evergreen shrub or tree of
the Buxaceae family, that grows well on humic and calcar-
eous soils (Ansin and Ozkan 1993, Lorenzi and de Souza
2001, Acartiirk 2006). Boxwood is common in Bulgaria,
Germany, France, Georgia, Portugal, Spain, China, on the
island of Sardinia (Lorenzi and de Souza 2001, Lehtijér-
vi et al. 2014), and in Tiirkiye, where it grows in Adana,
Antalya, Bolu, Denizli, Hatay, Karabiik, Kastamonu, Kah-
ramanmarag, Kocaeli, Mugla and Osmaniye provinces,
being especially numerous in the Black Sea and Marma-
ra regions (Ates et al. 2010, Altunisik et al. 2017). Total
area of boxwood stands in Tiirkiye is over 20,424 hectares
(Anonymous 2021). The multipurpose use of forests, apart
from timber in the standard sense, is increasing day by day,
and the importance of non-timber forest products is now
beginning to be better understood (Vurdu 1978, 1983).
Boxwood, which grows naturally in Turkish forests, of-
fers services with its valuable wood used in many different

areas such as toys, mortars, spoons, combs, plates, back-
gammon stamps, mouthpieces, machine beds and shuttle
besides its landscape uses (Tiirkyllmaz and Vurdu 2003,
Tiirky1lmaz et al. 2006). Since there is a high amount of
lignification in boxwood stems, they contain much more
lignin and guaiacyl formation than normal wood (Yoshi-
zawa et al. 1993, Bailleres et al. 1997). In this way, with
its more durable wood, it becomes an important raw ma-
terial for sectors that need lignin in industrial production
(Naneli et al. 2020). The species is a slow-growing (7 to
15 cm per year), perennial, compact and symmetric plant,
and also suitable for pruning. Thanks to its ornamental val-
ue, it is used for topiary and the other various landscaping
implementations (Niemiera 2012). Although it is generally
used in landscape areas as an ornamental plant in Tiirkiye,
it is also used for medical purposes in pharmacy, especially
its extractions obtained from leaf and shell parts (Lepo-
ratti et al. 1985, Neves et al. 2009). In addition, some ac-
tive substances of this species are used in the treatment of
some important diseases of liver, stomach, intestines and
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cardiovascular system, hypercholesterolaemia, rheu-
matism, and diabetes (Durant et al. 1998, Uzun et
al. 2008, Mohamed et al. 2011, Giil 2014, Ajebli and
Eddouks 2018).

Both due to human intervention, disease and insect
damages, boxwood areas in Tiirkiye have been exposed
to great destruction and it has become a tree species that
grows in small groups (Symmes 1984). Such biotic fac-
tors as parasitism in the form of fungal disease (boxwood
blight) caused by Cylindrocladium buxicola (Henricot and
Culham 2002) and Cylindrocladium pseudonaviculatum
(Crous et al. 2002) and phytophagy by caterpillars of Cy-
dalima perspectalis (Walker 1859, Lehtijarvi et al. 2014)
have the most negative effects on boxwood trees. C. per-
spectalis (Lepidoptera: Crambidae) is an invasive species,
by means of it, pathogenic fungi were transported to areas
that they could not reach before. Therefore, it is considered
as one of the most important pests of all boxwood areas in
the world (Leuthardt et al. 2010, Hizal et al. 2012, Goktiirk
and Aksu 2014, Goktiirk 2017, Burjanadze et al. 2019).
Fungal pathogen Cylindrocladium pseudonaviculatum that
was detected in the boxwood areas near Trabzon and Art-
vin for the first time in 2011 in Tirkiye has spread to 90%
of boxwood areas in a short time (Lehtijarvi et al. 2014).
It is reported that this pathogen, which only needs high
humidity and wetness of the plant to cause infection and
can complete its development in the plant in a short time
like a week, is the most important disease-producing factor
that causes brownish circular spots, severe defoliation and
dieback of trees in the boxwood areas in Artvin (Henricot
et al. 2000, Henricot et al. 2008, Ivors and LeBude 2011,
Akallr et al. 2019).

Considering these conditions that the boxwood is ex-
posed to, it is important to study propagation methods to
ensure the continuity of the species. The boxwood subject
to the study is considered to be rooted easily because it does
not contain anatomical obstacles that prevent the formation
of adventitious roots (Gonzalez and Diaz 1986). Therefore,
boxwood, which also has a wide variety of forms, can be
propagated by cuttings (Urgeng 1998). The cutting propa-
gation method, one of the vegetative propagation ones, in-
cludes a number of techniques for developing a new plant
of aroot, stem or leaf part taken from a parental plant to be
propagated. In this method, cuttings are classified as soft-
wood, semi-hardwood and hardwood cuttings according to
their lignification status and the period they are obtained
(Urgeng 1998, Ermeydan et al. 2011). Boxwood can be
propagated with softwood cuttings harvested in summer or
as semi-hardwood cuttings harvested at the end of summer
(Urgeng 1998). There are many factors affecting rooting,
including chemical (hormones, carbohydrates, etc.), con-
nected with plant origin (time of cutting harvesting, cutting
type, species, etc.), environmental (humidity control, addi-
tional lighting, floor heating, photoperiod, etc.) and other
factors (medium, wounding, etc.), in the propagation of
plants with cuttings (Geng 1995, Demirbas 2010). In addi-
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tion, phytohormones (plant growth regulators) are also very
important in the process of cutting propagation. The proper
hormone balance in the cuttings affects callus formation,
initial root growth, root elongation, root hardening and
subsequent development of rooting cuttings (Jaenicke and
Beniest 2003). Indole-3-butyric acid (IBA), indole-3-ace-
tic acid (IAA) and a-naphthalene acetic acid (NAA), which
are widely used in cutting propagation, are phytohormones
of the auxin group (Cooper 1935, Fogaca and Fett-Neto
2005), and these hormones play a central role in the root
formation process and promote root growth (Davis et al.
1988, De Klerk et al. 1999, Grunewald et al. 2009). There
is no universal rooting medium mix for cuttings, the suit-
able rooting medium varies depending on factors such as
the species, type of cutting, and season (Hartmann et al.
2002). However, perlite is highly preferred in cutting prop-
agation with its properties such as moisture retention, good
ventilation, sterility and light weight (Simsek 1993, Hart-
mann et al. 2002).

For boxwood, the losses suffered due to disease have
reached very serious levels today and the species, which
has become unusable as an ornamental plant in many
countries, have started to disappear rapidly from its natu-
ral habitats (Altunisik et al. 2017). When habitat demands,
root structure and regeneration ecology are evaluated to-
gether, boxwood, a K-strategist species, characterized by
slow growth, low spreading ability, specific habitats, fixed
population size, etc., has its place in the Red Data Book of
Turkish Plants, due to insufficient knowledge and improp-
er silvicultural operations (Colak 2003). Boxwood, which
is generally a forest tree in the form of a shrub, has been
severely damaged by widespread use in the Turkish forests
from the past to the present (Tiirkyillmaz et al. 2006), and
has become a tree species that can be found in small mi-
cro-ecosystems that are highly unplanned and very difficult
to reach even in forest management plans (Symmes 1984,
Tiirkyllmaz and Vurdu 2004). From this point of view,
boxwood, which is of great importance due to its many
different areas of use both in Turkish forestry and the world
one, should be reproduced and the sustainability of the
plant should be ensured by planting in natural habitats and
its distribution area should be expanded. Within the scope
of the study, it was aimed to determine the best rooting
conditions by investigating the effect of different rooting
table temperatures and phytohormones on rooting in the
propagation by softwood cutting of Buxus sempervirens L.
subsp. sempervirens.

Materials and methods

The present study was carried out in The Research
and Application Greenhouse within the Faculty of Forestry
of Karadeniz Technical University (KTU) in May 2015. In
the study conducted employing softwood cutting propa-
gation, which is one of the vegetative propagation meth-
ods, cutting materials belonging to Buxus sempervirens L.
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Figure 1. Planted and rooted cuttings

subsp. sempervirens were obtained from 30-year-old stock
plant located in the natural habitat of the species in Trab-
zon, Tirkiye (Figure 1).

The cutting materials were collected from the stock
plant early in the morning and transported with a cooler
to prevent moisture loss. While preparing 8-10 cm long
cuttings, the basal ends of the cuttings were cut just below
a node. To investigate the reactions of cuttings to rooting,
two different media were adjusted with the automation
system, belonging to the technological infrastructure of
the Research and Application Greenhouse, that can regu-
late fogging, misting, irrigation and temperature settings.
These two media are named and arranged as Greenhouse-1
medium (GM-1: air temperature at 20 + 2°C, rooting table
temperature at 25 + 2°C and air humidity level at 70 £ 2%)
and Greenhouse-2 medium (GM-2: air temperature at
20 + 2°C, rooting table temperature at 20 = 2°C and air hu-
midity level at 70 £ 2%). On the one hand, perlite rooting
medium in both greenhouse media was preferred due to
high water retention and aeration capacity. On the other
hand, to encourage rooting, 3,000 and 5,000 ppm concen-
trations of IBA, IAA and NAA phytohormones were pre-
pared and used. In the study, which was established in three
repetitions according to the ‘randomized complete block
design’, a total of 420 cuttings were planted for treatments
(360 cuttings: 1 species x 1 rooting media % 2 greenhouse
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Figure 2. Trial design related to planted cuttings

media X 2 concentrations X 3 phytohormones x 10 cut-
tings x 3 repetitions) and control cuttings in both green-
house media (60 cuttings: 1 species x 1 rooting media X
2 greenhouse media x 10 cuttings x 3 repetitions). The cut-
tings were treated with 3,000 and 5,000 ppm of IBA, IAA,
and NAA and the control cuttings were planted in GM-1
and GM-2 media which constitute the research treatments.
The schematic representation of the planted cuttings ac-
cording to the trial design is given in Figure 2.

After the rooting process was completed in green-
house media, the first callus and root formation dates, root-
ing percentage (RP), callus percentage (CP), root length
(RL) and the number of roots (RN) were determined in the
cuttings removed from the rooting medium. The obtained
data were statistically analyzed by using SPSS Statistics
for Windows, version 23.0 (IBM 2015). In the study, an
analysis of variance was performed to reveal the statistical
significance of the effects of different greenhouse media
(GM) and phytohormones (PH) on RP, CP, RL and RN. In
addition, by evaluating the data in GM-1 and GM-2 togeth-
er, the groups formed depending on PH were determined
by Duncan’s test.

Results

Planted cuttings were removed from the rooting me-
dium at the end of the 57-day rooting process. Within the
scope of the study, the first callus formation was obtained
15 days after planting in NAA 5,000 ppm treatment in GM-
2, and the first root formation occurred 29 days after the
planting in IBA 3,000 and NAA 5,000 ppm treatments in
GM-2. The results of RP, CP, RL and RN obtained depend-
ing on different greenhouse media and phytohormones are
given in Table 1.

When the results obtained as a result of the study
were examined, the highest rooting percentages with 100%
were determined in IBA 3,000, IBA 5,000, TAA 3,000,
NAA 3,000 and NAA 5,000 ppm treatments in GM-1,
and also in IBA 3,000 and IAA 3,000 ppm treatments in
GM-2. While callus formation did not occur in any treat-
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Table 1. The data obtained regarding the measured characteristics
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GM PH RP (%) CP (%) RL (cm) RN (root)
GM-1 IBA 3,000 ppm 100.00 + 0.00 0.00 = 0.00 1.26 + 0.63 7.57 +3.13
IBA 5,000 ppm 100.00 + 0.00 0.00 +£0.00 1.47 +0.85 7.23 +3.06
IAA 3,000 ppm 100.00 + 0.00 0.00 +0.00 1.31+£0.53 7.00 + 3,35
IAA 5,000 ppm 96.67 +5.77 0.00+0.00 1.15+0.61 576 +2.13
NAA 3,000 ppm 100.00 + 0.00 0.00 + 0.00 1.38+1.17 6.67 +4.14
NAA 5,000 ppm 100.00 + 0.00 0.00 + 0.00 1.35+0.93 7.60 +5.47
Control 93.33 £ 11.55 0.00 £ 0.00 1.06 + 0.61 4.82+2.82
Average 98.57 +4.78 0.00 +0.00 1.28£0.79 6.69 + 3.67
GM-2 IBA 3,000 ppm 100.00 £ 0.00 0.00 = 0.00 2.01+£1.96 7.83 £6.51
IBA 5,000 ppm 96.67 £ 5.77 3.33+5.77 1.83 £ 0.91 7.45+2.80
IAA 3,000 ppm 100.00 £ 0.00 0.00 = 0.00 1.57 £1.76 6.70 +4.65
IAA 5,000 ppm 93.33 + 11.55 0.00 +0.00 1.25+0.70 543 +2.46
NAA 3,000 ppm 93.33 + 11.55 3.33+5.77 1.44 £ 0.71 6.54 +2.85
NAA 5,000 ppm 96.67 +5.77 3.33+5.77 1.49+0.63 5.83+2.25
Control 90.00 + 0.00 3.33+5.77 1.29£0.58 4.04 £2.30
Average 95.71 £6.76 1.90 + 4.02 1.56 +1.19 6.29 + 3.88
Table 2. The results of variance analysis
RP CP RL RN
F p F P F P F p
GM 2.400 0.133 4.000 0.055 7.526 0.006* 1.239 0.266
PH 1.511 0.211 0.500 0.803 2.005 0.064 5.199 0.000 *
GM x PH 0.222 0.966 0.500 0.803 0.817 0.557 0.535 0.782

Note: * p < 0.01: there is a statistically significant difference at the 99% confidence level.

ment in GM-1, it occurred with very low percentages in
the GM-2. The highest values in terms of root length and
the number of roots were found as 2.01 cm and 7.83 roots
in IBA 3,000 ppm treatment in GM-2, respectively. Ap-
proximately twice as high results were obtained com-
pared to control cuttings (1.29 cm and 4.04 roots) in the
same medium. The results of the variance analysis per-
formed to determine whether there are statistically sig-
nificant differences in terms of greenhouse media, phy-
tohormones and greenhouse media X phytohormones
interaction regarding RP, CP, RL and RN data are given
in Table 2.

According to the results of variance analysis, there was
no statistically significant difference in RP and CP in terms
of greenhouse media, phytohormones and greenhouse me-
dia x phytohormones interaction, while it was found that
there were statistically significant differences between the
greenhouse media in terms of RL and between the phy-
tohormones in terms of RN at 99% confidence level. The
graphical representation of the changes in the greenhouse
media in terms of RL and RN is given in Figure 3.

When the graphs regarding the RL and RN data were
examined, higher results were obtained in the GM-2 in
terms of root length, while there is a general balance be-

2.20 8.0
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2.00 . IBA 5,000 ppm
—~ 70 IAA 3,000 ppm
= 1.80- § | IAA 5,000 ppm
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& 1.40- £ -
=]
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T T
Greenhouse-1 Medium Greenhouse-2 Medium

Figure 3. The state of root morphology in greenhouse media related to RL and RN
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Figure 4. Duncan’s test results for RL and RN

tween greenhouse media in terms of the number of roots.
However, only NAA 5,000 ppm treatment and control cut-
tings were found to have lower results in GM-2 concern-
ing the number of roots. Additionally, Duncan’s test results
regarding the measured characteristics are schematized in
Figure 4.

Since there were no significant differences between
the phytohormones applied in terms of rooting percentage
and callus percentage, groupings did not occur. Three dif-
ferent groups emerged in terms of root length and four dif-
ferent groups in terms of the number of roots. Accordingly,
in terms of both root morphological characteristics, it was
determined that IBA 3,000 and IBA 5,000 ppm treatments
formed the first groups together, while control cuttings
formed the last groups.

Discussion and conclusion

This study examined the effects of different root-
ing table temperatures and phytohormones on rooting in
the propagation by softwood cutting of Buxus semper-
virens L. subsp. sempervirens, 29 days after planting, the
first root formations were determined in IBA 3,000 and
NAA 5,000 ppm treatments in GM-2. In addition, after the
rooting period of 57 days, 100% rooting percentage was
determined and the cuttings were removed from the root-
ing media. Vieira et al. (2018) reported that a period of
about 116 days is needed for the rooting of semi-hardwood
cuttings of B. sempervirens. In our study using softwood
cuttings for B. sempervirens subsp. sempervirens, full root-
ing was achieved in almost half the time (57 days) reported
by Vieira et al. (2018).

In the study conducted by Banko and Stefani (1986)
on the cutting propagation of Buxus sempervirens, nodal
(cuttings were cut just below a node) and internodal (cut-
tings were cut above a node) cuttings were used. They
stated that the highest rooting percentage was determined
as 78.5% in nodal cuttings that wounding and IBA com-
bined application were applied. In another study, control,
IBA 1,500 mgL-', IBA 3,000 mgL~' and IBA 6,000 mgL""
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for B. sempervirens semi-hardwood cuttings had the high-
est rooting percentage of 97.5% (Vieira et al. 2018). In our
study, the highest rooting percentage (100%) was deter-
mined in IBA 3,000, IBA 5,000, IAA 3,000, NAA 3,000
and NAA 5,000 ppm treatments in GM-1 and IBA 3,000
and TAA 3,000 ppm treatments in GM-2. In general, cal-
lus formation did not occur in many treatments, while the
highest values in terms of root length (2.01 cm) and the
number of roots (7.83 roots) occurred in IBA 3,000 ppm
treatment in GM-2. However, the higher average number
of roots (6.69 roots) was obtained in GM-1 having 5°C
higher rooting table temperature compared to GM-2. As a
result of the study, higher results were obtained in phyto-
hormone-treated cuttings compared to control cuttings in
terms of RP, RL and RN. Banko and Stefani (1986) re-
ported that the longest root lengths obtained in B. semper-
virens were 2.40 cm (nodal cuttings) and 2.60 cm (inter-
nodal cuttings) in the combination of wounding and IBA
treatment. For B. sempervirens semi-hardwood cuttings,
Vieira et al. (2018) obtained the highest number of roots
and the longest root length with 3.73 roots and 2.55 cm, re-
spectively, in the control cuttings, while IBA 6,000 mgL!
took the second place with 3.66 roots and 2.45 cm. There-
fore, while similar results were obtained with the longest
root length (2.01 cm) detected in B. sempervirens subsp.
sempervirens softwood cuttings used in our study, higher
results were obtained in terms of the highest number of
roots (7.83 roots). Based on this, it can be stated that IBA
phytohormone (IBA 3,000 ppm) applied in lower concen-
trations results in better root morphology with the higher
number of roots.

There are many studies investigating the effects of
auxins such as IBA, IAA and NAA in cutting propaga-
tion. Some researchers reported that auxins had positive
effects on rooting in their studies conducted on Vaccinium
corymbosum L. (Turna et al. 2013), Ficus benjamina L.
(Topagoglu et al. 2016), Taxus baccata L. (Bayraktar et
al. 2018a), Elaeagnus umbellata Thunb. (Bayraktar et al.
2018b) and Salix anatolica Ziel. et D. Tomasz. (Yildirim
et al. 2020). In parallel with these studies, in our study it
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was determined that the cuttings treated with auxins (IBA,
IAA and NAA) provide better rooting than the control cut-
tings, especially in terms of root morphology. Also, the
fact that the rooting table temperature was 5°C higher than
the ambient air temperature (GM-1) had positive effects
on rooting. On the other hand, it has been determined that
when propagating with softwood cuttings of B. sempervi-
rens subsp. sempervirens, half the time required for rooting
is saved compared to the study conducted by Vieira et al.
(2018), using B. sempervirens semi-hardwood cuttings. In
addition, it has been determined that high rooting success
can be achieved with different auxins (IAA and NAA) and
low concentrations, except for IBA used in conducted stud-
ies (Banko and Stefani 1986, Vieira et al. 2018), and thus
different alternatives have emerged for phytohormone use.
As a matter of fact, in a study, it was reported that the re-es-
tablishment of natural boxwood forests can be contributed
by planting the seedlings that will be obtained by propagat-
ing with the cuttings taken from the surviving and resistant
boxwood individuals in areas where there are no factors
that cause boxwood blight (Ozkaya 2020). Based on the re-
sults obtained in the present study, although boxwood nat-
ural distribution areas suffered damage in Tiirkiye as in the
world, it will be possible to make these areas productive by
using the quality seedlings to be produced with softwood
cuttings of boxwood and making appropriate silvicultur-
al interventions. In addition, as a result of the production
to be made with the method used in this study, the large
number of seedlings required for boxwood, which is used
extensively in landscaping works, will be easily produced
in a short time.

Acknowledgements

This study was supported by the Research Fund of the
Karadeniz Technical University through Project No. 9721.

References

Acartiirk, R. 2006. Park ve bahg¢e peyzajinda siis bitkileri ve yer
ortiictiler [Ornamental plants and groundcovers in park and
garden landscaping]. Ankara: OGEM-VAK, Lazer Ofset,
382 pp. (in Turkish).

Ajebli, M. and Eddouks, M. 2018. Buxus sempervirens L. im-
proves lipid profile in diabetic rats. Cardiovascular and
Haematological Disorders — Drug Targets 18(3): 239-246.

Akill, S., Simsek., S., Katircioglu., Y.Z., Cakar, D., Rig-
ling, D. and Maden, S. 2019. Impact of fungal diseases
on common box (Buxus sempervirens L.) vegetation in
Turkey. European Journal of Plant Pathology 153(4):
1203-1220.

Altunisik, A., Oskay, F., Aday Kaya, A.G., Lehtijirvi, A.
and Dogmus Lehtijirvi, H.T. 2017. Simsirlerimiz {ize-
rinde yeni bir tehdit: Simsir Yaniklig1 [A new threat to our
boxwoods: boxwood blight]. Orman ve Av 2(95): 43-46 (in
Turkish).

Anonymous 2021. Simsir (Buxus sempervirens) [Boxwood (Bux-
us sempervirens)]. T.C. Orman Genel Miidiirliigii Afyonkar-
ahisar T1bbi ve Itri Bitkiler Merkezi (in Turkish). Retrieved:
https://atib.ogm.gov.tr/Sayfalar/T%C4%B 1bbi%20ve%20

THE EFFECTS OF DIFFERENT ROOTING TEMPERATURES AND /.../

GUNEY, D. ET AL.

[tri%20Bitkilerimizi%20Tan%C4%B 1yal%C4%B 1m/Sim-
sir.aspx.

Ansin, R. and Ozkan, Z.C. 1993. Tohumlu bitkiler [Seed plants].
KTU Orman Fakiiltesi, Genel Yaym No: 167, Fakiilte Yayin
No: 19, Trabzon, 512 s. (in Turkish).

Ates, K., ipek, A. and Yildiz, $. 2010. Trabzon Orman Bolge
Midiirliigii’ndeki simsir potansiyeli ve kullanim1 [Boxwo-
od potential and use in Trabzon Regional Directorate of
Forestry]. Ulusal Karadeniz Ormancilik Kongresi, 20—
22 Mayis 2010, 11, S. 1134-1143 (in Turkish with English
abstract).

Bailléres, H., Castan, M., Monties, B., Pollet, B. and Lapi-
erre, C. 1997. Lignin structure in Buxus sempervirens L.
reaction wood. Phytochemistry 44(1): 35-39.

Banko, T.J. and Stefani, M.A. 1986. Effects of wounding, IBA
and basal trimming on rooting of boxwood cuttings. Jour-
nal of Environmental Horticulture 4(3): 72—73.

Bayraktar, A., Atar, F., Yildirim, N. and Turna, i. 2018a. Ef-
fects of different media and hormones on propagation by
cuttings of European yew (Taxus baccata L.). Sumarski
List 142(9-10): 509-516. https://doi.org/10.31298/s1.142.9-
10.6.

Bayraktar, A., Yildirim, N., Atar, F. and Turna, i. 2018b.
Effects of some auxins on propagation by hardwood cut-
ting of autumn olive (Elaeagnus umbellata Thunb.). Turk-
ish Journal of Forestry Research 5: 112—116. https://doi.
org/10.17568/0ogmoad.401438.

Burjanadze, M., Supatashvili, A. and Goktiirk, T. 2019. Con-
trol strategies against invasive pest Box Tree Moth — Cydal-
ima perspectalis in Georgia. SETSCI Conference Indexing
System 4(1): 1-4.

Cooper, W.C. 1935. Hormones in relation to root formation on
stem cuttings. Plant Physiology 10(4): 789-794.

Crous, P.W., Groenewald, J.Z. and Hill, C.F. 2002. Cylindro-
cladium pseudonaviculatum sp. nov. from New Zealand,
and new Cylindrocladium records from Vietnam. Sydo-
wia 54(1): 23-33.

Colak, A.H. 2003. Untersuchungen iiber den immergriinen
Buchsbaum (Buxus sempervirens L.) in Nordwestanatolien
(Tiirkei): ein Beitrag zur Erhaltung der biologischen Arten-
vielfalt und zum Naturschutz. Schweizerische Zeitschrift fiir
Forstwesen 154(3): 81-89.

Davis, T.D., Haissig, B.E. and Sankhla, N. (Eds.) 1988. Ad-
ventitious Root Formation in Cuttings. Advances in Plant
Sciences Series. Portland, OR (USA): Dioscorides Press,
Vol. 2., 315 pp.

De Klerk, G.J., Van Der Krieken, W. and De Jong, J. 1999.
Review. The formation of adventitious roots: new concepts,
new possibilities. In Vitro Cellular and Developmental Bi-
ology — Plant 35: 189—-199.

Demirbas, A.R. 2010. Siis bitkileri yetistiriciligi. Cift¢i Egitimi
ve Yayim Subesi Yayini [Cultivation of Ornamental Plants.
Publication of the Farmer Education and Dissemination
of Knowledge Branch]. Samsun: T.C. Samsun Valiligi, il
Tarim Midiirliigt, 64 pp. (in Turkish). Available online at:
https://samsun.tarimorman.gov.tr/Belgeler/Yayinlar/Kita-
plarimiz/sus_bitkileri_yetistiriciligi.pdf.

Durant, J., Chantre, P., Gonzalez, G.,, Vandermander, J.,
Halford, P., Rousse, B., Guédon, D., Rehelnirina, V.,
Chamaret, S., Montagnier, L. and Dellamonica, P.
1998. Efficacy and safety of Buxus sempervirens L. prepa-
rations in HIV infected asymptomatic patients: a multi-
center randomized double-blind placebo controlled trial.
Phytomedicine 5(3): 1-10. https://doi.org/0.1016/S0944-
7113(98)80052-4.

Ermeydan, M., Ermeydan, N. and Bekaroglu, G. 2011. Bitki
Bilgisi [Information about Plants]. Istanbul: Bahcivanlik El


https://atib.ogm.gov.tr/Sayfalar/T%C4%B1bbi%20ve%20Itri%20Bitkilerimizi%20Tan%C4%B1yal%C4%B1m/Simsir.aspx
https://atib.ogm.gov.tr/Sayfalar/T%C4%B1bbi%20ve%20Itri%20Bitkilerimizi%20Tan%C4%B1yal%C4%B1m/Simsir.aspx
https://atib.ogm.gov.tr/Sayfalar/T%C4%B1bbi%20ve%20Itri%20Bitkilerimizi%20Tan%C4%B1yal%C4%B1m/Simsir.aspx
https://doi.org/10.31298/sl.142.9-10.6
https://doi.org/10.31298/sl.142.9-10.6
https://doi.org/10.17568/ogmoad.401438
https://doi.org/10.17568/ogmoad.401438
https://samsun.tarimorman.gov.tr/Belgeler/Yayinlar/Kitaplarimiz/sus_bitkileri_yetistiriciligi.pdf
https://samsun.tarimorman.gov.tr/Belgeler/Yayinlar/Kitaplarimiz/sus_bitkileri_yetistiriciligi.pdf
https://doi.org/0.1016/S0944-7113(98)80052-4
https://doi.org/0.1016/S0944-7113(98)80052-4

BALTIC FORESTRY 29(1)

Kitabi, Istanbul Biiyiiksehir Belediyesi Yaymlari, 165 pp.
(in Turkish). Available online at: https://yesil.istanbul/Con-
tent/publications/09.pdf.

Fogaca, C.M. and Fett-Neto, A.G. 2005. Role of auxin and its
modulators in the adventitious rooting of Eucalyptus species
differing in recalcitrance. Plant Growth Regulation 45(1):
1-10. https://doi.org/10.1007/s10725-004-6547-7.

Geng, M. 1995. Bitki yetistirme ve plantasyon teknigi ders notu
[Plant growing and plantation technique lecture notes]. Ders
Teksirleri No: 47. Trabzon: Karadeniz Teknik Universitesi,
286 pp. (in Turkish).

Gonzalez, E. and Diaz, T. 1986. Estaquillas lenosas de facil en-
raizamiento: estidio del esclerénquima [Easy rooting wo-
ody cuttings: study of sclerenchyma]. Caldasia 15(71-75):
393-398 (in Spanish with English abstract). Available
online at: https://revistas.unal.edu.co/index.php/cal/issue/
view/3312.

Goktiirk, T. 2017. The Effect of Dipel and Spruzit against Cydal-
ima perspectalis (Walker, 1859) (Lepidoptera: Crambidae).
In: Abstract Book of International Forestry and Environ-
ment Symposium “Climate Change and Tree Migration”,
7-10 November 2017, Trabzon, Turkey, p. 125.

Goktiirk, T. and Aksu, Y. 2014. Hatila Milli Parkinda Tespit
Edilen Lepidoptera Tiirleri [Lepidoptera species detected
in Hatila National Park]. In: Bartin Universitesi Orman Fa-
kiiltesi, Tiirkiye II. Orman Entomolojisi ve Patolojisi Sem-
pozyumu Bildiriler Kitabt Nisan 2014, Antalya, Tiirkiye,
p- 607-610 (in Turkish).

Grunewald, W., Noorden, G.V., Isterdael, G.V., Beeck-
man, T., Gheysen, G. and Mathesius, U. 2009. Manipu-
lation of auxin transport in plant roots during Rhizobium
symbiosis and Nematode parasitism. Plant Cell 21(9):
2553-2562. https://doi.org/10.1105/tpc.109.069617.

Giil, V. 2014. Rize Yoresine Ait Tibbi ve Aromatik Bitkilere Ge-
nel Bir Bakis [A General View to Medicinal and Aromatical
Plants Belonging to Rize Province]. Igdir Universitesi Fen
Bilimleri Enstitiisti Dergisi | Igdir University Journal of the
Institute of Science and Technology 4(4): 97-107 (in Tur-
kish with English abstract).

Hartmann, H.T., Kester, D.E., Davies Jr, FT. and Gene-
ve, R.L. 2002. Plant Propagation: Principles and Practices.
7% ed. Upper Saddle River, New Jersey (USA): Prentice
Hall, 880 pp.

Henricot, B. and Culham, A. 2002. Cylindrocladium buxicola,
anew species affecting Buxus spp., and its phylogenetic sta-
tus. Mycologia 94(6): 980-997.

Henricot, B., Gorton, C., Denton, G. and Denton, J. 2008.
Studies on the control of Cylindrocladium buxicola us-
ing fungicides and host resistance. Plant Disease 92(9):
1273-1279.

Henricot, B., Pérez Sierra, A. and Prior, C. 2000. A new blight
disease on Buxus in the UK caused by the fungus Cylindro-
cladium. Plant Pathology 49(6): 805.

Hizal, E., Kose, M., Yesil, C. and Kaynar, D. 2012. The new
pest Cydalima perspectalis (Walker, 1859) (Lepidoptera:
Crambidae) in Turkey. Journal of Animal and Veterinary
Advances 11(3): 400—403.

IBM. 2015. IBM SPSS Statistics for Windows, Version 23.0
[Computer software]. IBM Corp., 1 New Orchard Road, Ar-
monk, New York 10504-1722, USA. URL: www.ibm.com.

Ivors, K.L., Lacey, L.W., Milks, D.C., Douglas, S.M., In-
man, M.K., Marra, R.E. and LaMondia, J.A. 2012. First
report of boxwood blight caused by Cylindrocladium pseudo-
naviculatum in the United States. Plant Disease 96(7): 1070.

Jaenicke, H. and Beniest, J. 2003. Vegetative tree propagation
in agroforestry: training guidelines and references. Interna-
tional Forestry Review 5(2): 184—-184.

THE EFFECTS OF DIFFERENT ROOTING TEMPERATURES AND /.../

GUNEY, D. ET AL.

Lehtijirvi, A., Dogmus Lehtijiarvi, H.T. and Oskay, F. 2014.
Cylindrocladium buxicolais threatening the native Buxus
sempervirens populations in Turkey. Plant Protection Sci-
ence 50(4): 227-229.

Leporatti, M.L., Pavesi, A. and Posocco, E. 1985. Phytothera-
py in the Valnerina Marche (Central Italy). Journal of Eth-
nopharmacology 14: 53-63.

Leuthardt, F.L.G., Billen, W. and Baur, B. 2010. Spread of
the box-tree pyralid Diaphania perspectalis (Lepidoptera:
Pyralidae) in the region of Basel — a pest species new for
Switzerland. Entomo Helvetica 3: 51-57.

Lorenzi, H. and Souza, H.M. de. 2001. Plantas ornamentais
no Brasil: arbustivas, herbaceas e trepadeiras. 3 ed. Nova
Odessa: Instituto Plantarum, 1088 pp.

Mohamed, O.A., Battisti, V., Joliot, V., Fritsch, L., Pontis, J.,
Medjkane, S., Redeuilh, C., Lamouri, A., Fahy, C., Rho-
lam, M., Atmani, D. and Ali, S. 2011. Acetonic extract of
Buxus sempervirens induces cell cycle arrest, apoptosis and
autophagy in breast cancer cells. PlosOne 6(9): 1-11.

Naneli, I., Turan, F., Demir, T. and Beyhan, Q. 2020. Tarakl
lokasyonunda yiiksek populasyonda bulunan simsir (Bux-
us sempervirens) bitkisinin incelenmesi [Investigation of
boxwood (Buxus sempervirens) plant in a high population at
the Tarakli location]. In: Proceedings of International Asian
Congress on Contemporary Sciences-1V, 26-28 June 2020,
Baku, Azerbaijan. Khazar University, p. 437-446 (in Turk-
ish with English abstract).

Neves, J.M., Matos, C., Moutinho, C., Queiroz, G. and
Gomes, L.R. 2009. Ethnopharmacological notes about
ancient uses of medicinal plants in Tras-os-Montes (north-
ern of Portugal). Journal of Ethnopharmacology 124(2):
270-283. https://doi.org/10.1016/j.jep.2009.04.041.

Niemiera, A.X. 2012. Selecting Landscape Plants: Boxwoods.
Virginia Cooperative Extension. Virginia Tech, Virginia
State University Publication 426-603, 10 pp. Available on-
line at: https://pubs.ext.vt.edu/content/dam/pubs_ext vt
edu/426/426-603/HORT-290.pdf.

Ozkaya, MLS. 2020. Simsir ormanlarinda bazi toprak ve iklim
ozelliklerinin Cylindrocladium pseudonaviculatum’in epi-
demi olusturmasi tizerine etkilerin arastirilmasi: Taglica ve
Titiinciiler 6rnekleri [Investigation of the effects of some
soil and climate properties on the epidemic of Cylindrocla-
dium pseudonaviculatum in Boxwood forests: the cases of
Taslica and Tiitiinciiler]. Artvin Coruh Universitesi Orman
Fakiiltesi Dergisi 21(2): 310-317 (in Turkish with English
abstract). https://doi.org/10.17474/artvinofd.788047.

Symmes, H. 1984. Native Stands of Boxwood in Modern Tur-
key. The Boxwood Bulletin 23(4): 76-79. Available online
at: https://www.boxwoodsociety.org/uploads/23 4 1984
April.pdf.

Simsek, Y. 1993. Orman Agagclar1 Islahina Giris [Introduction
to Reclamation of Forest Trees]. Muhtelif Yayinlar Serisi
No: 65. Ankara: Ormancilik Arastirma Enstitiisii Yayinlart,
312 pp. (in Turkish).

Topacoglu, O., Sevik, H., Guney, K., Unal, C., Akkuzu, E.
and Sivacioglu, A. 2016. Effect of rooting hormones on the
rooting capability of Ficus benjamina L. cuttings. Sumarski
list 140(1-2): 39-44.

Turna, i., Kulag, S., Giiney, D. and Seyis, E. 2013. Boylu mavi-
yemis (Vaccinium corymbosum L.) in gelikle liretilmesinde
hormon ve ortamin etkisi [The effect of hormone and envi-
ronment on the production of tall blueberry (Vaccinium cor-
ymbosum L.) with cuttings]. Diizce Universitesi Ormancilik
Dergisi 9(2): 93—104 (in Turkish).

Tiirkyllmaz, A.G.E. and Vurdu, P.D.H. 2003. Simgirin (Buxus
spp.) genel ozellikleri. Kastamonu Orman Fakiiltesi Dergi-
si 3:65-172.


https://yesil.istanbul/Content/publications/09.pdf
https://yesil.istanbul/Content/publications/09.pdf
https://doi.org/10.1007/s10725-004-6547-7
https://revistas.unal.edu.co/index.php/cal/issue/view/3312
https://revistas.unal.edu.co/index.php/cal/issue/view/3312
https://doi.org/10.1105/tpc.109.069617
http://www.ibm.com
https://doi.org/10.1016/j.jep.2009.04.041
https://pubs.ext.vt.edu/content/dam/pubs_ext_vt_edu/426/426-603/HORT-290.pdf
https://pubs.ext.vt.edu/content/dam/pubs_ext_vt_edu/426/426-603/HORT-290.pdf
https://doi.org/10.17474/artvinofd.788047
https://www.boxwoodsociety.org/uploads/23_4_1984_April.pdf
https://www.boxwoodsociety.org/uploads/23_4_1984_April.pdf

BALTIC FORESTRY 29(1)

Tiirkyllmaz, A.G.E. and Vurdu, P.D.H. 2004. Kiire daglar1 mil-
li parkindaki Anadolu simsirinin yayilig1 ve ekolojik 6zel-
likleri [Distribution and ecological characteristics of Ana-
tolian boxwood in Kiire Mountains National Park]. Bolu,
Tiirkiye: V. Ulusal Ekoloji ve Cevre Kongresi Bildiri Ozeti
Kitab1, 48 pp. (in Turkish).

Tiirkyilmaz, A.G.E., Vurdu, PD.H. and Serdar, Y.D.D.B.
2006. Anadolu Simsirinin (Buxus sempervirens L.) Bazi
Anatomik Ozellikleri. Gazi Universitesi Kastamonu Or-
man Fakiiltesi Dergisi/ Kastamonu University Journal
of Forestry Faculty 6(2): 274-284 (in Turkish). Available
online at:  https://dergipark.org.tr/tr/pub/kastorman/is-
sue/17245/180154.

Uzun, A., Kevseroglu, K., and Giiliimser, A. 2008. Orta ve
Dogu Karadeniz kiy1 kesiminde ticareti yapilan tibbi ve
aromatik bitkiler [Medicinal and aromatic plants traded in
the Central and Eastern Black Sea coast]. Tiirkiye VII. Tarla
Bitkileri Kongresi, (25-27 Haziran/June 2007), Erzurum,
S. 777-781 (in Turkish).

Urgenc, S.I. 1998. Agag ve Siis Bitkileri Fidanlik ve Yetistirme
Teknigi [Nurseries and Cultivation Techniques for Propaga-
tion of Arboreal and Ornamental Plants]. Istanbul Univer-

THE EFFECTS OF DIFFERENT ROOTING TEMPERATURES AND /.../

GUNEY, D. ET AL.

sitesi Orman Fakiiltesi Yayinlar1 No: 3395/442, 715 s. (in
Turkish).

Vieira, L.M., Kruchelski, S., Gomes, E.N. and Zuffellato-Ri-
bas, K.C. 2018. Indolebutyric acid on boxwood propa-
gation by stem cuttings. Ornamental Horticulture 24(4):
347-352. https://doi.org/10.14295/0h.v24i4.1185.

Vurdu, P.D.H. 1978. Ormanlar Gelecegin Enerji Kaynag:
[Forests are the Energy Source of the Future]. Orman
Miihendisligi Dergisi 16: 25-30 (in Turkish).

Vurdu, P.D.H. 1983. Kesim artig1 ibre, yaprak ve dallarin hay-
van yemi potansiyeli [Potential of cutting residues like ne-
edles, leaves and branches as fodder]. Orman Miihendisligi
Dergisi 20: 23-28 (in Turkish).

Yildirim, N., Bayraktar, A., Atar, F., Giiney, D., Oztiirk, M.
and Turna, I. 2020. Effects of different genders and hor-
mones on stem cuttings of Salix anatolica. Journal of Sus-
tainable Forestry 39(3): 300-308. https://doi.org/10.1080/1
0549811.2019.1638274.

Yoshizawa, N., Satoh, M., Yokota, S. and Idei, T. 1993. For-
mation and structure of reaction wood in Buxus microphyl-
la var. insularis Nakai. Wood Science and Technology 27:
1-10.


https://dergipark.org.tr/tr/pub/kastorman/issue/17245/180154
https://dergipark.org.tr/tr/pub/kastorman/issue/17245/180154
https://doi.org/10.14295/oh.v24i4.1185
https://doi.org/10.1080/10549811.2019.1638274
https://doi.org/10.1080/10549811.2019.1638274

	_GoBack
	_GoBack
	_GoBack

