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Abstract: From past to the present, cultural, medicinal, landscape and culinary use of junipers has contrib-
uted to it being one of the most widely distributed woody plants in the world. Therefore, it is so important 
that finding appropriate production methods to obtain quality seedlings in line with the usage area. In the 
present study, it was tried to determine the best conditions and applications on propagation by cuttings 
of three juniper taxa including Juniperus communis L. ‘Hibernica’, Juniperus chinensis L. ‘Stricta’, and Juniperus 
chinensis L. ‘Stricta Variegata’. For this purpose, two different greenhouse treatments (Greenhouse-1 with 
the air temperature at 20±2°C, rooting table temperature at 25±2°C and humidity level at 70±2%; Green-
house-2 with the air temperature at 20±2°C, rooting table temperature at 20±2°C and humidity level at 
70±2%) and different auxin applications (Indole-3-Butyric Acid, Indole-3-Acetic Acid and α-Naphthalene 
Acetic Acid at concentrations of 3000 and 5000 ppm) were designed. The highest rooting percentages were 
generally achieved in Greenhouse-1. IAA 5000 ppm treatment for J. communis ‘Hibernica’ (93.33%) and J. 
chinensis ‘Stricta’ (66.67%, also in Greenhouse-2) and IBA 3000 ppm treatment for J. chinensis ‘Stricta Var-
iegata’ (60.00%) showed the best rooting results. This study, in which the best production conditions are 
investigated in some juniper taxa, is a guiding feature for the producers to ensure the sustainable utilization 
of junipers.
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Introduction

Juniperus communis L. and Juniperus chinensis L., 
belonging to the family Cupressaceae, are among the 
most widely distributed gymnosperms throughout 
the warm temperate and temperate climate zones 
in the Northern Hemisphere (Polunin & Walters, 

1985; Jalas & Suominen, 1988; IUCN, 1998; Far-
jon, 2008; Lim, 2012). Since Junipers can even grow 
under unproductive soil conditions, they are among 
the valuable tree species (Gültekin et al., 2003). 
They can also use as an ornamental plants used in 
urban landscapes or used as a median trees (Tek-
tas et al., 2017). Juniper species are rich in essential 
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oils, tannins, flavonoids, resins, lignans, and triter-
pene (Hegnauer, 1986), produce many metabolites 
which constitute an important source of many phar-
maceutical drugs (Al-Snafi, 2015, 2017). Species of 
this genus are also well-known in traditional med-
icine in many countries in Europe and the world, 
needles and particularly cones are widely used as 
folk remedies for digestive and gynecological disor-
ders, cold, and headache, and are known as potent 
diuretic agents. It also is known that they are es-
pecially helpful against respiratory diseases, cough, 
bronchitis, and asthma (Leporatti & Ivancheva, 
2003; Tümen & Hafızoğlu, 2003). There are many 
studies about antioxidant, anti-inflammatory, and 
antimicrobial activities of different Juniperus species 
(Glišić et al., 2007; Asili et al., 2008; Orhan et al., 
2011; Taviano et al., 2011; Carpenter et al., 2012; 
Lesjak et al., 2013). Additionally, it was determined 
that nephroprotective and hepatoprotective effects 
of juniper leaves extract (Al-Attar et al., 2016, 2017) 
and cytotoxic effects of some Juniperus species in dif-
ferent cancer cell lines, including lung cancer A549 
cells (Barrero et al., 2004; Yaglioglu & Eser, 2017). 
J. communis contains monoterpenes, sesquiterpenes, 
essential and volatile oils, a wide range of phenolic 
compounds, and many other chemical compounds. 
It exerted many pharmacological effects such as 
antimicrobial, antifertility, antioxidant, cytotoxic, 
hepatoprotective, antidiabetic, antihyperlipidemic, 
anti-inflammatory, analgesic, diuretic, anti-Parkin-
sonian, memory enhancing, tyrosinase suppressive 
activity, and so on (Al-Snafi, 2018). On the other 
hand, because the extract of J. chinensis contains α-pi-
ene, limonene, cedorol, widdrol, and cedrene, the 
species is considered as an important plant resource 
with a high potential value in developing new anti-
cancer drugs or drugs against various diseases (Jo, 
2012; Adams, 2014). Because of all these effects, the 
propagation of junipers and ensuring the continuity 
of quality individuals are of high importance.

Plants have considerable plasticity and adapt-
ability that makes it possible for them to form new 
organs such as lateral roots, shoots, and flowers in-
cluding meristems (Benková et al., 2003). Although 
vegetative propagation methods have naturally oc-
curring substances that can stimulate and produce 
necessary phytohormones for root and shoot forma-
tion, most cuttings require additional stimulation 
(Carlson, 1950; Altman & Waisel, 1997). In some 
studies on J. communis, various auxin concentrations 
were tried in cutting propagation and it was stated 
that auxin applications were effective on properties 
such as survival percentage and the number of roots 
(Al-Kinany, 1981; Houle & Babeux, 1994). Accord-
ing to Randhawa and Mukhapadhaya (2000), cutting 
or layering is the best method of propagation for J. 
chinensis. The rooting capacity of stem cuttings is 

affected by plant species, maturity, time of year, and 
other factors (Esau, 1977). Arteca (1996) stated that 
the finding that auxins could stimulate adventitious 
rooting in cuttings was a breakthrough for commer-
cial plant propagation. In commercial plant propaga-
tion, auxins are commonly used for many purposes 
such as increasing overall rooting percentages, has-
tening root initiation, increasing the number and 
quality of roots and encouraging uniformity of root-
ing (Macdonald, 1987; Hartmann et al., 2002). Over 
the past 70 years, three the most common meth-
ods related to applying auxin to stem cuttings have 
been the basal quick-dip (concentrated-solution dip 
or, simply, quick-dip) method, the powder (talc or 
dust) application method, and the dilute soak (di-
lute-solution soaking) method. The basal quick-dip 
and powder application methods tend to be most 
common, with the quick-dip generally considered to 
be the superior method of the two (Dirr & Heuser, 
1987). There are various advantages of powders: 1) 
ease of application, 2) preparation is not required 
with commercial formulations, 3) easy storage, and 
4) visible evidence of application for workers (Mac-
donald, 1987; Blazich, 1988; Hartmann et al., 2002). 
In cutting propagation, perlite is a key component 
of most commercial substrates. Growers mostly use 
perlite as rooting substrates because of its aerating 
characteristics (Moore, 1987). Although junipers can 
be propagated by seeds because the germination ob-
stacle is exceeded, high empty and rotten seed ra-
tios and a slow development process entail the use 
of vegetative production techniques (Tektas et al., 
2017). J. communis and J. chinensis species are used 
as ornamental plants as well as having many uses 
and benefits. This reveals the necessity of producing 
these species and their cultivars. This study aimed to 
determine the effects of different concentrations of 
IBA, IAA, NAA, and different rooting table tempera-
tures on Juniperus communis ‘Hibernica’, Juniperus chin-
ensis ‘Stricta’, and Juniperus chinensis ‘Stricta Variegata’ 
cuttings to discover the optimum auxin treatment 
and greenhouse condition for propagation.

Methods

The present study was conducted in The Research 
and Application Greenhouse at Faculty of Forestry, 
belonging to Karadeniz Technical University (KTU) 
in Trabzon/Turkey. Hardwood cuttings obtained in 
March 2015 for Juniperus communis ‘Hibernica’, Juni-
perus chinensis ‘Stricta’ and Juniperus chinensis ‘Stricta 
Variegata’ from the last annual shoots of 20-aged 
individuals located in KTU Kanuni Campus were 
investigated as study material (Fig. 1). To be used 
in the study, Greenhouse-1 treatment (air tempera-
ture at 20±2°C, rooting table temperature at 25±2°C 
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and air humidity level at 70±2%) and Greenhouse-2 
treatment (air temperature at 20±2°C, rooting ta-
ble temperature at 20±2°C, and air humidity level 
at 70±2%) with technological systems were adjust-
ed by the automation system regulating fogging, 
misting, irrigation and temperature settings. Due to 
high water retention and aeration capacity, perlite 
was used as a rooting medium in both greenhouses. 

The powder form of IBA (Indole-3-Butyric Acid), 
IAA (Indole-3-Acetic Acid), and NAA (α-Naphtha-
lene Acetic Acid) of 3000 and 5000 ppm concentra-
tions were selected to induce rooting from the auxin 
group plant growth regulators. The study was set up 
to be three repetitions, according to the ‘randomized 
complete block design’. A total of 1260 cuttings were 
planted to rooting including 3 taxa × 3 auxins × 2 

Fig. 1. General habitus of stock plants and status of planted cuttings (J. communis ‘Hibernica’, J. chinensis ‘Stricta’, J. chinen-
sis ‘Stricta Variegata’; from left to right, respectively)

Fig. 2. Trial design related to planted cuttings in greenhouse
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concentrations × 2 greenhouses × 1 rooting medi-
um  ×  10 cuttings  ×  3 repetitions (1080 cuttings) 
and control (untreated) cuttings for each taxon in 
both greenhouses (180 cuttings: 3 taxa × 2 green-
houses × 1 rooting medium × 10 cuttings × 3 rep-
etitions). Cuttings taken from the determined stock 
plant early in the morning were generally prepared to 
be 10-12 cm long and planted in the rooting medium. 
The schematic representation of the trial design used 
for planted cuttings in each greenhouse medium is 
given in Fig. 2.

The prepared cuttings of J. communis ‘Hibernica’, 
J. chinensis ‘Stricta’ and J. chinensis ‘Stricta Variegata’ 
were planted on 15 March 2014. Cuttings were traced 
from the time they were transferred in the rooting me-
dium. The cuttings were inspected every three days. 
The determined cuttings for each treatment were re-
moved from the rooting medium and their callus and 
root formation conditions were determined. This pro-
cess was carried out very meticulously in order not to 
damage the cuttings removed from the rooting medi-
um. In the measurements made in removed cuttings 
after the root formation was completed, the first cal-
lus and first root formation dates, rooting percentage 
(RP), callus percentage (CP), root length (RL), and 
the number of roots (RN) values were determined. 
The data were analyzed using SPSS 23 statistical pro-
gram. Analysis of variance (univariate) was conduct-
ed to determine the effects of different greenhouse 
(G) and auxin (A) treatments on rooting percentage, 
callus percentage, root length, and the number of 
roots. In addition, Duncan’s test was performed to 
determine the groups that were found in terms of 
auxins and greenhouses for RP, CP, RL and RN.

Results

Juniperus communis ‘Hibernica’ cuttings at the end 
of 135 days, Juniperus chinensis ‘Stricta’ cuttings at the 
end of 226 days, and Juniperus chinensis ‘Stricta Varie-
gata’ cuttings at the end of 163 days were removed 
from rooting medium. The first root formation (after 
38 days from planting) of J. communis ‘Hibernica’ oc-
curred in NAA 3000 ppm treatment in Greenhouse-2. 
For J. chinensis ‘Stricta’, the first callus (after 58 days 
from planting) and root (after 128 days from plant-
ing) formations were determined in IBA 3000 ppm 
treatment in Greenhouse-2. The first callus forma-
tion of J. chinensis ‘Stricta Variegata’ took place in IBA 
3000 ppm treatment in Greenhouse-1 at the end of 
42 days. Moreover, the first root formation appeared 
in NAA 5000 ppm treatment in Greenhouse-2 at the 
end of 81 days. Depending on the effects of the differ-
ent greenhouses and auxins on the rooted cuttings of 
all studied taxa, rooting percentage, callus percent-
age, root length, and the number of roots are given 

in Table 1. As a result of analysis of variance (univar-
iate), RP and CP are expressed as mean, while RL 
and RN are expressed as mean ± standard deviation.

The values of higher rooting percentage were 
generally obtained in Greenhouse-1 for all stud-
ied taxa (Table 1). In terms of rooting percentage, 
while IAA 5000 ppm was the most effective treat-
ment with the highest percentage for J. communis ‘Hi-
bernica’ (93.33%) and J. chinensis ‘Stricta’ (66.67%, 
also in Greenhouse-2), IBA 3000 ppm treatment was 
the best treatment for J. chinensis ‘Stricta Variegata’ 
(60.00%). For J. communis ‘Hibernica’, callus forma-
tion did not occur. However, the highest callus per-
centage was determined as 73.33% in IAA 3000 ppm 
treatment in Greenhouse-1 for J. chinensis ‘Stricta’, 
and it was determined as 16.67% in control cuttings 
in also Greenhouse-1 for J. chinensis ‘Stricta Variega-
ta’. When the data on the root length were exam-
ined, on the one hand, Greenhouse-1 had the longest 
root length for J. communis ‘Hibernica’ (as 9.86 cm in 
IBA 5000 ppm treatment) and J. chinensis ‘Stricta’ (as 
23.28 cm in IAA 3000 ppm treatment). On the oth-
er hand, Greenhouse-2 had the longest root length 
for J. chinensis ‘Stricta Variegata’ (as 26.08 cm in IAA 
3000 ppm treatment). The highest number of roots 
belonging to J. communis ‘Hibernica’ occurred as 8.17 
roots in IBA 3000 ppm treatment in Greenhouse-2. 
Although the highest number of roots for J. chinen-
sis ‘Stricta’ was determined in control cuttings (3.71 
roots) in Greenhouse-2, the next highest value was 
in IBA 3000 ppm treatment (3.39 roots) in Green-
house-1. The highest number of roots for J. chinensis 
‘Stricta Variegata’ was determined as 2.67 roots in 
IBA 5000 ppm treatment in Greenhouse-2 (Table 2).

For all studied taxa, differences among green-
house treatment, auxin treatment, and their interac-
tion were statistically significant (p<0.05) in terms of 
rooting percentage. According to the ANOVA results, 
the only statistically significant difference (p<0.05) 
related to callus percentage occurred in greenhouse 
treatment for J. chinensis ‘Stricta’. For J. communis ‘Hi-
bernica’, statistically significant differences (p<0.05) 
emerged in auxin treatment and greenhouse × auxin 
interaction in terms of root length, and in greenhouse 
treatment in terms of the number of roots. There 
was no statistically significant difference for J. chinen-
sis ‘Stricta Variegata’ in terms of root length and the 
number of roots, whereas in J. chinensis ‘Stricta’ there 
was a statistically significant difference (p<0.05) in 
greenhouse treatment for root length. In terms of 
greenhouse × auxin interaction, the statistically sig-
nificant differences were in rooting percentages of all 
studied taxa and root length of J. communis ‘Hiberni-
ca’. Thus, the graphical representation of the values 
having statistically significant differences are given in 
Fig. 3, and Duncan’s test results are given in Table 3 
in terms of auxins.
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For J. communis ‘Hibernica’, high results in terms 
of rooting percentage and root length were yield-
ed in Greenhouse-1. But, IAA 3000 ppm and NAA 
5000 ppm treatments and control cuttings in terms 
of root length were more effective in Greenhouse-2. 

Although an increase occurred in Greenhouse-2 in 
terms of the rooting percentages of the IAA 3000 
ppm, NAA 3000 ppm treatments, and control cut-
tings for J. chinensis ‘Stricta’, the highest results were 
again in Greenhouse-1. The same was true once for 

Table 1. The results of measured characteristics depend on auxin and greenhouse treatments

Taxon G A RP (%) CP (%) RL (cm) RN (roots)
Juniperus communis 
‘Hibernica’

Greenhouse-1 IBA 3000 ppm 73.33 0.00 8.38±3.62 4.86±3.31
IBA 5000 ppm 90.00 0.00 9.86±3.69 4.37±2.34
IAA 3000 ppm 76.67 0.00 6.58±3.01 4.30±2.77
IAA 5000 ppm 93.33 0.00 7.66±3.01 3.68±1.81
NAA 3000 ppm 60.00 0.00 6.12±3.15 4.28±2.30
NAA 5000 ppm 86.67 0.00 6.08±2.57 5.19±2.79

Control 60.00 0.00 5.57±3.39 3.78±2.44
Average 77.14 0.00 7.31±3.47 4.36±2.56

Greenhouse-2 IBA 3000 ppm 60.00 0.00 8.10±2.92 8.17±4.22
IBA 5000 ppm 80.00 0.00 7.77±2.46 5.54±3.58
IAA 3000 ppm 63.33 0.00 8.21±2.06 7.79±3.58
IAA 5000 ppm 76.67 0.00 7.07±3.37 6.22±3.49
NAA 3000 ppm 33.33 0.00 5.78±2.68 5.50±2.46
NAA 5000 ppm 50.00 0.00 6.50±3.28 7.20±4.44

Control 53.33 0.00 7.56±2.79 7.69±4.91
Average 59.52 0.00 7.42±2.85 6.86±3.93

Juniperus chinensis 
‘Stricta’

Greenhouse-1 IBA 3000 ppm 60.00 36.67 16.54±4.98 3.39±2.28
IBA 5000 ppm 60.00 33.33 18.24±8.04 2.39±1.42
IAA 3000 ppm 26.67 73.33 23.28±9.64 2.38±1.30
IAA 5000 ppm 66.67 33.33 22.89±9.16 2.55±1.32
NAA 3000 ppm 26.67 53.33 19.39±5.27 1.75±0.71
NAA 5000 ppm 56.67 40.00 20.87±9.89 2.59±1.33

Control 36.67 63.33 17.04±6.77 1.91±1.30
Average 47.62 47.62 19.68±8.17 2.53±1.55

Greenhouse-2 IBA 3000 ppm 40.00 13.33 15.75±5.42 1.67±0.89
IBA 5000 ppm 50.00 16.67 14.05±7.35 2.93±3.22
IAA 3000 ppm 53.33 10.00 12.96±5.54 2.25±1.29
IAA 5000 ppm 66.67 13.33 14.87±7.76 2.40±1.31
NAA 3000 ppm 56.67 20.00 11.17±5.74 2.12±1.11
NAA 5000 ppm 36.67 10.00 13.75±4.24 2.82±2.14

Control 46.67 20.00 9.93±5.59 3.71±2.84
Average 50.00 14.76 13.18±6.33 2.54±2.00

Juniperus chinensis 
‘Stricta Variegata’

Greenhouse-1 IBA 3000 ppm 60.00 3.33 14.69±9.41 1.72±1.07
IBA 5000 ppm 26.67 10.00 11.44±11.08 1.63±1.19
IAA 3000 ppm 3.33 0.00 8.50±0.00 1.00±0.00
IAA 5000 ppm 23.33 0.00 13.08±8.60 2.00±1.15
NAA 3000 ppm 26.67 0.00 17.33±5.65 1.75±0.71
NAA 5000 ppm 43.33 6.67 15.83±9.54 1.77±0.93

Control 23.33 16.67 19.44±8.46 1.57±0.98
Average 29.52 5.24 15.10±8.98 1.73±0.98

Greenhouse-2 IBA 3000 ppm 30.00 6.67 11.70±9.99 1.44±0.53
IBA 5000 ppm 10.00 3.33 6.82±4.34 2.67±2.08
IAA 3000 ppm 6.67 0.00 26.08±8.24 1.00±0.00
IAA 5000 ppm 3.33 0.00 7.10±0.00 1.00±0.00
NAA 3000 ppm 20.00 0.00 15.96±13.31 2.17±1.17
NAA 5000 ppm 23.33 0.00 14.33±11.15 1.14±0.38

Control 16.67 0.00 11.97±9.75 1.80±0.84
Average 15.71 1.43 13.36±10.44 1.64±0.96

G – Greenhouse treatment; A – Auxin treatment; RP – mean rooting percentage; CP – mean callus percentage; RL – mean root length 
(±SD); RN – mean number of roots (±SD).
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J. chinensis ‘Stricta Variegata’ and Greenhouse-1 had 
the highest results.

Different letters represent groupings related to 
auxin treatments for RP and RL in all studied taxa 
according to Duncan’s test.

When Duncan’s test results for auxins were eval-
uated, six different groups occurred in terms of RP 
for J. communis ‘Hibernica’ (Table 3). While IBA and 
IAA 5000 ppm treatments with 85.00% formed the 
first group, NAA 3000 ppm treatment with 46.67% 
created the last group. In addition, four different 
groups were determined for RL values belonging to 
J. communis ‘Hibernica’. According to this, the first 

Fig. 3. The influence of auxin and greenhouse treatments on root length and rooting percentage

Table 2. Analysis of variance (univariate) on measured characteristics

	
RP CP RL RN

F p F p F p F p

1 G 814.969 0.000* – – 0.080 0.778 41.301 0.000*
A 291.696 0.000* – – 4.545 0.000* 1.804 0.098

G × A 41.276 0.000* – – 2.223 0.041* 1.113 0.355
2 G 14.869 0.001* 56.679 0.000* 39.215 0.000* 0.276 0.600

A 135.717 0.000* 2.131 0.081 1.824 0.096 0.645 0.694
G × A 160.694 0.000* 1.956 0.106 1.298 0.260 2.388 0.030

3 G 500.526 0.000* 3.200 0.084 0.106 0.745 0.012 0.914
A 259.518 0.000* 1.517 0.209 0.822 0.556 0.935 0.474

G × A 46.447 0.000* 1.450 0.231 0.671 0.673 1.066 0.390

1 – Juniperus communis ‘Hibernica’; 2 – Juniperus chinensis ‘Stricta’; 3 – Juniperus chinensis ‘Stricta Variegata’.
G – Greenhouse treatment; A – Auxin treatment; RP – rooting percentage; CP – callus percentage; RL – root length; RN – the number 

of roots.
* p<0.05 (there is a statistically significant difference).

Table 3. Groups distinguished as a result of Duncan’s test 
related to auxin treatments

J. communis
 ‘Hibernica’

J. chinensis
 ‘Stricta’

J. chinensis
 ‘Stricta Variegata’

RP (%) RL (cm) RP (%) RP (%)
IBA 3000 ppm 66.67 c 8.25 ab 50.00 c 45.00 a
IBA 5000 ppm 85.00 a 8.88 a 55.00 b 18.34 d
IAA 3000 ppm 70.00 b 7.32 bc 40.00 e 5.00 f
IAA 5000 ppm 85.00 a 7.40 bc 66.67 a 13.33 e
NAA 3000 ppm 46.67 e 6.00 c 41.67 e 23.34 c
NAA 5000 ppm 68.34 bc 6.23 c 46.67 d 33.33 b
Control 56.67 d 6.51 c 41.67 e 20.00 d

RP – rooting percentage; RL – root length.
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group was formed by IBA 5000 ppm treatment (8.88 
cm), and the last group was created by NAA 3000 
ppm (6.00 cm), NAA 5000 ppm (6.23 cm) treat-
ments, and control cuttings (6.51 cm). It was deter-
mined that there were five different groups in terms 
of RP for J. chinensis ‘Stricta’. Whereas the highest 
result with 66.67% was revealed by IAA 5000 ppm 
treatment, the lowest results were taken place by 
IAA 3000 ppm (40.00%), NAA 3000 ppm (41.67%) 
treatments and control cuttings (41.67%). In terms 
of RP for J. chinensis ‘Stricta Variegata’, six different 
groups arose. IBA 3000 ppm treatment produced 
the highest results with 45.00% and IAA 3000 ppm 
treatment produced the lowest results with 5.00%.

Discussion

While the highest rooting percentages for all 
studied taxa occurred in Greenhouse-1 (air tem-
perature at 20±2°C, rooting table temperature at 
25±2°C, and air humidity level at 70±2%), Green-
house-2 produced less effective results (air tempera-
ture at 20±2°C, rooting table temperature at 20±2°C 
and air humidity level at 70±2%). Cuttings treated 
by IAA 5000 ppm for Juniperus communis ‘Hibernica’ 
had the highest rooting percentage with 93.33%; 
while the longest root length was obtained as 9.86 
cm in IBA 5000 ppm treatment in Greenhouse-1, and 
the highest number of roots was determined as 8.17 
roots in IBA 3000 ppm treatment in Greenhouse-2. 
Al-Kinany (1981) reported that Juniperus communis 
cuttings treated by IBA 4000 ppm showed encourag-
ing results in survival percentage. Moreover, higher 
concentrations than this should be tried to enhance 
the survival percentage of rooted cuttings still fur-
ther. In another study related to variations in rooting 
ability of cuttings of Juniperus communis var. depressa, 
Houle & Babeux (1994) reported that a higher pro-
portion of cuttings from female shrubs rooted than 
from male shrubs. Juniperus communis var. depressa cut-
tings treated with 8 gL−1 of IBA produced more roots 
than those treated with 12 gL−l. Additionally, while 
rooting auxin concentration (IBA) had a significant 
effect on the number of roots initiated by cuttings, 
it was not effective on root length that was not sig-
nificantly affected by gender or by IBA level. In the 
scope of this study, for Juniperus chinensis ‘Stricta’, the 
highest rooting percentage was achieved as 66.67% 
in IAA 5000 ppm in both Greenhouse-1 and Green-
house-2. IAA 3000 ppm treatment in Greenhouse-1 
having the highest callus percentage (73.33%), and 
had the longest root length (23.28 cm). The high-
est number of roots was determined as 3.71 roots 
in control cuttings in Greenhouse-2, but IBA 3000 
ppm treatment in Greenhouse-1 followed this with 
3.39 roots. In terms of rooting percentage of Juniperus 

chinensis ‘Stricta Variegata’, IBA 3000 ppm treatment 
had the highest result with 60.00% in Greenhouse-1 
that had also the highest callus percentage with 
16.67% in control cuttings. Both the longest root 
length (as 26.08 cm in IAA 3000 ppm treatment) and 
the highest number of roots (as 2.67 roots in IBA 
5000 ppm treatment) were in Greenhouse-2 for Juni-
perus chinensis ‘Stricta Variegata’. In a study made on 
the effect of different growth regulators on the prop-
agation of Juniperus chinensis var. pyramidalis, the best 
result was obtained as 98.33% in NAA 2000 ppm 
treatment in cuttings taken on 1st day of July (Chow-
dhuri, 2017). Song et al. (2010) reported that the op-
timum cutting time for Juniperus chinensis var. sargentii 
was from April to May in hardwood cutting, and the 
application of IBA 1000 mg L−1 (rooting rate: 36.4%) 
was most effective in callus formation and rooting 
of cutting. In a study conducted by Cope & Rupp 
(2013) on cutting propagation of Juniperus osteosper-
ma (Torr.) Little, the highest rooting percentage was 
determined as 69% in IBA 8000 ppm treatment in 
2:1 perlite:peat (v:v) rooting substrate with 21℃ bot-
tom heat. In another study investigating the effects 
of rooting table temperatures on cutting propagation 
of Taxus baccata L., it has been reported that the root-
ing table temperature being 5℃ higher than the air 
temperature gives positive results on rooting success 
(Bayraktar et al., 2018a). There are also many studies 
investigating auxin effects on the vegetative propa-
gation of junipers. Keskin (1992) on Juniperus foeti-
dissima Willd. and Juniperus excelsa Bieb., Edson et al. 
(1996) on Juniperus scopulorum Sarg., Negash (2002) 
on Juniperus procera Hochst. ex Endl., Cope & Rupp 
(2013) on Juniperus osteosperma (Torr.) Little, and 
Tektas et al. (2017) on Juniperus excelsa stated that 
auxins including IAA, IBA, and NAA promoted and 
increased rooting. Some other studies investigating 
the effects of auxin on the vegetative propagation of 
different coniferous (Rizi et al. (2006) on Picea glau-
ca (Moench) Voss ‘Albertiana Conica’, Vakouftsis et 
al. (2009) on Cupressus macrocarpa Hartw. ‘Goldcrest’, 
and Bayraktar et al. (2018a) on Taxus baccata L.) and 
deciduous (Ion (2011) on Spiraea vanhouttei, Paradik-
ovic et al. (2013) on Rosmarinus officinalis Spenn. 
‘Pyramidalis’, Bayraktar et al. (2018b) on Elaeagnus 
umbellata Thunb., and Mukhtar (2019) on Balanites 
aegyptiaca (L.) Delile, and Yıldırım et al. (2020) on 
Salix anatolica Ziel. & D. Tomasz.) plants have also 
shown that auxins increase rooting.

Conclusions

When the results obtained in the present study 
are taken into consideration, it is determined that 
Greenhouse-1 (air temperature at 20±2°C, rooting 
table temperature at 25±2°C, and air humidity level 
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at 70±2%) gives generally effective results for all 
studied taxa. From this point of view, it can be rec-
ommended for higher results that the temperature 
of the rooting table is about 5°C higher than the air 
temperature when adjusting the internal conditions 
of the greenhouse to obtain a high rooting percent-
age and morphologically qualified individuals. On 
the other hand, considering that 3000 ppm and 5000 
ppm doses of IAA and IBA auxins give high results 
in terms of overall measured morphological charac-
teristics, the use of these auxins and dose combina-
tions may be preferred in the vegetative propagation 
of these taxa. In addition, the consequences of using 
higher doses of these auxins are an area of research 
for further studies. Because junipers have cultural, 
medicinal, landscape and culinary uses, the produc-
tion, and propagation of quality seedlings have a high 
importance. This study, in which the best production 
conditions are investigated in some juniper taxa, is a 
guiding feature for the producers to ensure the sus-
tainable utilization of junipers.
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