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Abstract: Propagation of hinoki cypress (Japanese cypress, Chamaecyparis obtusa, Cupres-
saceae) through adventitious bud multiplication was performed using leaf-segment ex-
plants from cutting plants of selected adult trees. Explants were successfully surface-
sterilized (>90% asepsis) by agitating them in 2.5% (w/v available chlorine) sodium
hypochlorite solution for 15 min and then rinsed with sterile distilled water. Explants
approximately 2 cm long were cultured on plates containing medium supplemented with
6-benzylaminopurine (BAP) and 2,4-dichlorophenoxyacetic acid (2,4-D), 20 g/L sucrose,
and 7 g/L agar. The cultures were kept at 25 ± 1 ◦C under a 16-h photoperiod with a
photon flux density of approximately 65 µmol m−2 s−1. The optimal adventitious bud
multiplication (31.5 buds per explant) was obtained on a medium supplemented with
10 µM BAP in combination with 1 µM 2,4-D. Proliferated adventitious buds were elongated
better on medium supplemented with 1 µM trans-zeatin. The best rooting result (86%) was
achieved on a rooting medium supplemented with 1 µM 3-indolebutyric acid in combina-
tion with 0.1 µM 1-naphthaleneacetic acid. However, rooting response varied according to
genotypes. Clones related to the cultivar ‘Nangouhi’ (Na18, Na14 x Isa, Na14-14, Isa x Na14,
and NaS) were easier to root than those derived from the cultivar ‘ShizuokaKenZairai’
(SKZ5 and SKZ8). Regenerated plantlets did not show morphological abnormalities and
showed a high survival rate after acclimatization (>90%).

Keywords: Cupressaceae; clonal propagation; bud organogenesis; multiple shoots;
sustainable forestry

1. Introduction
Hinoki cypress (Japanese cypress, Chamaecyparis obtusa (Sieb et Zucc.) Endl., Cupres-

saceae) is one of six species belonging to the genus distributed throughout the world [1]. In
Japan, due to its high wood quality, hinoki cypress is one of the most important commercial
timber trees and the second most reforested species, accounting for about 25% of the coun-
try’s plantation area with approximately 2.6 million ha [2]. It is used for housing materials,
structural timbers, interior joinery, furniture, flooring boards, traditional bathtubs, and
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many other articles [3]. Hinoki cypress has a natural distribution from Fukushima Prefec-
ture to Kyushu Island and is cultivated in almost the same area [4]. However, plantation
areas are subject to pest and disease attacks [5–7]. In addition, the large amount of pollen
released every spring from hinoki cypress forests is reported to be the cause of one of
the most serious allergies in Japan [8]. Currently, over one thousand elite trees have been
selected throughout the country from national and private forests for genetic improvement
purposes [3]. Although hinoki cypress is generally propagated by seed, difficulty of ob-
taining strobili each year and low seed fertility from some crosses among selected clones
or between reported hybrids [9–12] make it difficult to produce seedlings for practical
reforestation [7]. Furthermore, because hinoki cypress is rarely propagated by cuttings and
seed production in seed orchards is scarce [13], plant regeneration through tissue culture is
an optimal alternative for the efficient and sustainable propagation of seedlings.

Propagation protocols for hinoki cypress through somatic embryogenesis have been
established from seed explants [14,15]. However, to date, attempts to induce somatic
embryogenesis and plant regeneration from the vegetative material of adult trees have not
been successful. Efficient clonal propagation from vegetative explants of selected adult
trees is a powerful tool to accelerate genetic improvement programs and a key factor
for sustainable forestry. An efficient propagation system is also important for genetic
engineering to develop improved trees for faster growth, better wood quality, disease
resistance, pollen-free plants, and climate change adaptation. Information on in vitro
organogenesis of hinoki cypress from vegetative materials is mainly reported using germi-
nants or juvenile seedlings [3,16–20], in vitro microcuttings [21], and encapsulated shoot
explants [22]. Although some studies on plant regeneration using vegetative explants
from adult trees have been reported [3,23,24], the information is still scarce and requires
improvement for practical application. This report describes an improved protocol for
sustainable micropropagation of selected hinoki cypress trees.

2. Materials and Methods
2.1. Plant Materials and Surface Sterilization of Explants

Samples were taken from selected trees of eleven clones propagated by cuttings for
the purpose of rejuvenating the explants to promote micropropagation of adult trees.
All of these clones (one tree per clone) represent different genotypes selected for their
useful characteristics (shape, growth, wood quality) and used as breeding stock. Short
branches used for cutting propagation were obtained from 30 to 40 years old individuals
grown in Kumamoto Prefectural Forestry Research and Instruction Center (Kurokami,
Kumamoto, Japan), Shizuoka Prefectural Research Institute of Agriculture and Forestry
(Hamamatsu, Shizuoka, Japan), and Ibaraki Prefectural Government Forestry Technology
Center (Naka, Ibaraki, Japan). About 10 cm of the shoots were cut off and prepared for
cuttings, which were inserted into a cutting bed filled with Kanuma soil (Akagi Engei Co.,
Ltd., Isezaki, Japan) in the greenhouse to promote rooting. The temperature and humidity
in the greenhouse were uncontrolled and varied throughout the year between 10 ◦C and
35 ◦C and 30% and 75% relative humidity, respectively. The cuttings were watered twice
daily with an automatic irrigation system to keep the soil sufficiently moist and were grown
in approximately 50% shaded conditions by covering the top of the cutting bed with a
shading net. The onset of rooting of the cuttings was observed approximately six weeks
after their placement into the cutting bed. Leaf segments collected from rooted cuttings
grown for approximately three years were cut into 3–4 cm lengths and surface-sterilized
by agitating them in 2.5% (w/v available chlorine) sodium hypochlorite (FUJIFILM Wako
Chemicals, Co., Ltd., Osaka, Japan) solution for 15 min and then rinsed with sterile distilled
water five times for 3 min each. Subsequently, the leaf segments were adjusted into about
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2 cm long explants by cutting their basal end before being transferred to the adventitious
bud induction medium. Data were collected two weeks after inoculation.

2.2. Adventitious Bud Induction

For the initial culture, surface-sterilized explants were placed horizontally on plates
(90 mm × 20 mm) (Asahi Glass Co., Ltd., Tokyo, Japan) with basal WP medium [25] con-
taining 20 g/L sucrose (FUJIFILM Wako Chemicals Co., Ltd.) and 7 g/L agar (FUJIFILM
Wako Chemicals Co., Ltd.). To determine the effect of plant growth regulators (PGRs) on
adventitious bud induction, the addition of 6-benzylaminopurine (BAP) (FUJIFILM Wako
Chemicals Co., Ltd.) or trans-zeatin (ZEA) (FUJIFILM Wako Chemicals Co., Ltd.) alone at
different concentrations and in combination with 2,4-dichlorophenoxyacetic Acid (2,4-D)
(FUJIFILM Wako Chemicals Co., Ltd.) or 1-naphthaleneacetic Acid (NAA) (FUJIFILM
Wako Chemicals Co., Ltd.) were tested with clone No7-5. Each treatment has 10 replicates
(10 explants per plate). The cultures were kept at 25 ± 1 ◦C under a 16-h photoperiod with
photon flux density of approximately 65 µmol m−2 s−1. Data were collected after 10 weeks
of culture. To examine the response of different clones on adventitious bud induction,
explants were cultured at the same conditions described for initial culture on a medium
supplemented with 10 µM BAP and 1 µM 2,4-D. Data were collected after 10 weeks of cul-
ture from 10 replicates per clone. For subsequent adventitious bud proliferation, 5–10 mm
diameter cluster buds (10 pieces per plate) were transferred onto the same fresh medium
and subcultured at 3-month intervals in the same culture conditions described above.

2.3. Shoot Elongation from Induced Adventitious Buds

To promote shoot elongation from induced adventitious buds, bud clusters of clone
Na14 x 14, about 10 mm diameter, were transferred to plates containing MS medium [26]
with basal salts reduced to half-concentration (1/2 MS), 20 g/L sucrose, 7 g/L agar, and
supplemented with ZEA or NAA alone or in combination, at concentrations of 1 µM
and 0.05 µM, respectively. Ten explants were used for each treatment. The cultures were
kept at 25 ± 1 ◦C under a 16-h photoperiod with a photon flux density of approximately
65 µmol m−2 s−1. Data were collected after 16 weeks of culture. To promote shoot elonga-
tion from adventitious buds induced in the other clones, bud clusters were cultured on a
medium supplemented with 1 µM ZEA at the same culture conditions described above.
All shoot elongation studies were performed using bud clusters previously obtained on
medium supplemented with 10 µM BAP and 1 µM 2,4-D.

2.4. Rooting of Elongated Shoots

To determine the effect of PGRs on rooting, elongated shoots of clone Na14 x Isa, longer
than 20 mm, were isolated from the adventitious bud clusters and cultured in bio-flasks
(450 mL) (Nihon Yamamura Glass Co., Ltd., Hyogo, Japan) containing 1/2 MS medium
supplemented with 10 g/L sucrose, 7 g/L agar, and 1–5 µM 3-indolebutyric acid (IBA)
(FUJIFILM Wako Chemicals Co., Ltd.) alone, or in combination with 0.1–0.5 µM NAA. Ten
flasks containing ten shoots per flask were used for each medium condition. The cultures
were kept at 25 ± 1 ◦C under a 16-h photoperiod with a photon flux density of approxi-
mately 65 µmol m−2 s−1. Data were collected after 12 weeks of culture. In our experiments,
we consider an explant rooted if it shows both emergence and subsequent growing roots of
at least 10 mm. To examine the response of different clones on root induction, elongated
shoots were cultured under the same conditions on a medium supplemented with 1 µM IBA
and 0.1 µM NAA. Data were collected after 12 weeks of culture from ten flasks containing
ten shoots per clone. All rooting studies were performed using shoots previously elongated
on a medium supplemented with 1 µM ZEA.
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2.5. In Vitro Growth and Ex Vitro Acclimatization of Regenerated Plants

To promote the growth of rooted shoots, they were transferred to bio-flasks containing
1/2 MS medium supplemented with 30 g/L sucrose, 5 g/L activated charcoal (AC) (FUJI-
FILM Wako Chemicals Co., Ltd.), and 11.5 g/L agar. The cultures were kept at 25 ± 1 ◦C
under a 16-h photoperiod with a photon flux density of about 65 µmol m−2 s−1 for approx-
imately 3 months before ex vitro acclimatization. Developed plantlets were transplanted
into plastic pots filled with vermiculite (Akagi Engei Co., Ltd.) and acclimatized in plastic
boxes (Shinkigosei Co., Ltd., Tokyo, Japan) inside a growth cabinet according to the method
described elsewhere for embling acclimatization of related Chamaecyparis pisifera (Sieb et
Zucc.) Endl., sawara cypress [27]. Ex vitro survival data were collected eight weeks after
acclimatization.

2.6. Statistical Analyses

Differences in the PGRs composition of the culture medium for adventitious bud
induction, shoot elongation (total and >1 cm shoot), and rooting were examined in gen-
eralized linear models (GLMs) or generalized linear mixed models (GLMMs). The error
distribution for the objective variable was assumed to follow a Poisson distribution for the
number of adventitious buds induced and shoots elongated and a binomial distribution
for rooting, with the composition of PGRs used as an explanatory variable. In addition,
flasks were used for random effects in the rooting response model. Clonal differences
in surface-sterilization of adult leaf explants, adventitious bud induction, and rooting
responses were also evaluated by constructing GLMs or GLMMs. The objective variables
surface-sterilization status (aseptic or non-aseptic) and rooting were assumed to have
binomial error distributions, while the number of adventitious buds had a Poisson error
distribution. The clone was used as an explanatory variable, and the flask was used as
a random effect in the rooting response model. Tukey’s multiple comparisons with BH
adjustment were used to determine the difference between treatments. The ‘lme4’ [28] and
‘multcomp’ [29] packages in R ver. 4.4.0 [30] were used for the analysis.

3. Results
3.1. Surface Sterilization of Explants for In Vitro Culture Initiation

The results of the surface sterilization response of leaf-segment explants from cutting
plants of different selected clones are shown in Table 1. The average percentage of aseptic
explants two weeks after inoculation onto induction media was 91.10%, varying from a
minimal rate of 70.59% for the explants from the No7-5 clone to a maximum rate of 100.00%
asepsis for the explants from the clones Na14-14 and NaS. The GLM model (N = 1074) fit
was better when a clone was used as a variable, but there were no significant differences
among clones (p > 0.05).

3.2. Effect of PGRs on Adventitious Bud Induction and Response from Different Clones

Adventitious bud induction from the leaf segments was evident approximately
3–4 weeks after the explant inoculation. After 10 weeks of culture, an average of ap-
proximately 17 adventitious buds per explant was recorded in the highest response among
the PGRs tested (10 µM BAP in combination with 1 µM 2,4-D), which differed significantly
from other treatments at the 5% level (Figure 1). Except for the lowest response recorded
on the medium supplemented with 1 µM ZEA (approximately four buds per explant), no
significant statistical differences were observed among the remaining PGR treatments, with
average responses ranging from around 9 to 12 shoots per explant.
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Table 1. Surface-sterilization response of leaf-segment explants from different clones of hinoki cypress
(Chamaecyparis obtusa) for in vitro culture initiation.

CLONE CODE Clone Name
Number
of Tested
Explants

Number
of Aseptic
Explants

Percentage
of Aseptic
Explants

Number of
Non-Aseptic

Explants

Percentage of
Non-Aseptic

Explants

Na14-14 ‘Nangouhi 14-14’ 68 68 100.00 0 0.00
Na18 ‘Nangouhi 18’ 124 116 93.55 8 6.45
NaS ‘Nangouhi S’ 112 112 100.00 0 0.00
Isa ‘Kenisahaya 1’ 80 58 72.50 22 27.50

Na14 x Isa ‘Nangouhi 14’ x ‘Kenisahaya 1’ 112 104 92.86 8 7.14
Isa x Na14 ‘Kenisahaya 1’ x ‘Nangouhi 14’ 116 112 96.55 4 3.45

SKZ3 “ShizuokaKenZairai 3’ 124 113 91.13 11 8.87
SKZ5 ‘ShizuokaKenZairai 5’ 100 89 89.00 11 11.00
SKZ6 ‘ShizuokaKenZairai 6’ 80 79 98.75 1 1.25
SKZ8 ‘ShizuokaKenZairai 8’ 73 67 91.78 6 8.22
No7-5 ‘Nojiri 7-5’ 85 60 70.59 25 29.41
Total 1074 978 91.10 96 8.90

Sustainability 2025, 17, x FOR PEER REVIEW 5 of 14 
 

Isa ‘Kenisahaya 1’ 80 58  72.50  22  27.50  
Na14 x Isa ‘Nangouhi 14’ x ‘Kenisahaya 1’ 112 104  92.86  8  7.14  
Isa x Na14 ‘Kenisahaya 1’ x ‘Nangouhi 14’ 116 112  96.55  4  3.45  

SKZ3 ‘‘ShizuokaKenZairai 3’ 124 113  91.13  11  8.87  
SKZ5 ‘ShizuokaKenZairai 5’ 100 89  89.00  11  11.00  
SKZ6 ‘ShizuokaKenZairai 6’ 80 79  98.75  1  1.25  
SKZ8 ‘ShizuokaKenZairai 8’ 73 67  91.78  6  8.22  
No7-5 ‘Nojiri 7-5’ 85 60  70.59  25  29.41  
Total  1074 978  91.10 96  8.90 

3.2. Effect of PGRs on Adventitious Bud Induction and Response from Different Clones 

Adventitious bud induction from the leaf segments was evident approximately 3–4 
weeks after the explant inoculation. After 10 weeks of culture, an average of approxi-
mately 17 adventitious buds per explant was recorded in the highest response among the 
PGRs tested (10 µM BAP in combination with 1 µM 2,4-D), which differed significantly 
from other treatments at the 5% level (Figure 1). Except for the lowest response recorded 
on the medium supplemented with 1 µM ZEA (approximately four buds per explant), no 
significant statistical differences were observed among the remaining PGR treatments, 
with average responses ranging from around 9 to 12 shoots per explant. 

 

Figure 1. Effect of PGRs on adventitious bud induction from leaf-segment explants of Chamaecyparis 
obtusa. The bold line in the box represents the median, and the triangle represents the average. Dif-
ferent letters indicate significant differences (p < 0.05) based on generalized linear model analysis. 

Figure 1. Effect of PGRs on adventitious bud induction from leaf-segment explants of Chamaecyparis
obtusa. The bold line in the box represents the median, and the triangle represents the average.
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Additionally, as shown in Figure 2, significant differences (p < 0.05) in the number
of adventitious buds per explant were observed among the tested clones, with a wide
variation from an average of 4.8 to 31.5 induced buds. High adventitious bud induction
responses (around 20–30 buds per explant) were achieved in the clones Na14 x Isa, Isa
x Na14, and Na14-14, whereas low induction responses (less than 10 buds per explant)
were registered in the clones Isa, SKZ3, and SKZ6. The other clones showed an induction
response that varied around 10–15 adventitious buds per explant.
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3.3. Effect of PGRs on Shoot Elongation from Adventitious Buds

The results of the experiment to determine the effect of PGRs on shoot elongation from
adventitious buds are shown in Figure 3. The best elongation response after 16 weeks of
culture was recorded in an elongation medium supplemented with 1 µM ZEA. Here, the
total number of shoots was the highest and was also significantly greater when limited
to shoots longer than 1 cm (p < 0.05 by GLM). Around five elongated shoots more than
1 cm long were obtained per bud cluster, compared to around two and one elongated
shoots from bud clusters cultured in elongation medium supplemented with 0.05 µM NAA
and 1 µM ZEA + 0.05 µM NAA, respectively. Shoot elongation from adventitious buds
induced in the other clones was promoted by transferring the bud clusters to a medium
supplemented with 1 µM ZEA. No morphological differences in shoot elongation among
clones were observed.
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longer than one cm. The bold line in the box represents the median, and the triangle represents the
average. Different letters indicate a 5% level significance based on GLMs.

3.4. Effect of PGRs on Rooting and Response from Different Clones

After 12 weeks of culture, the best rooting response (p < 0.05) was achieved in the
medium supplemented with 1 µM IBA and 0.1 µM NAA (Figure 4). The effect of IBA alone
(1 or 5 µM) or in combination with a high concentration of NAA (0.5 µM) on root induction
was considerably reduced compared to the best rooting response of 70% and decreased at
frequencies ranging from 59 to 28%. The results of the clonal differences in rooting rates
are shown in Figure 5. Clonal differences at the 5% significance level on the root induction
rates were observed among the clones, with rooting variation rates ranging from around
22% to 86%. High rooting responses (more than 70%) were achieved in the clones Na18,
Na14 x Isa, and No7-5; moderate rooting responses (around 50–60%) were observed in the
clones Na14-14, Isa x Na14, and NaS, whereas low rooting responses (less than 30%) were
registered in the clones SKZ5 and SKZ8.
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treatments at the 5% level based on GLMM.
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3.5. In Vitro Growth and Ex Vitro Acclimatization of Regenerated Plants

About three months after culturing in a growth medium, rooted shoots that developed
into plantlets were ready for their ex vitro acclimatization. The regenerated plantlets did
not show morphological abnormalities (Figure 6I) and showed a survival rate of >90%
eight weeks after acclimatization.
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segment explants for culture initiation; (B,C) Adventitious bud induction; (D,E) Adventitious bud
proliferation; (F) Elongation of shoots; (G) Rooting of shoots; (H) In vitro growth of regenerated
plantlets; (I) Ex vitro acclimatized plants. Bars (A–H) 1 cm; (I) 5 cm.

4. Discussion
Vegetative propagation methods are important to retain the desirable characteristics

of selected trees and to propagate plants true-to-type. Among clonal propagation methods,
cutting- or grafting-based techniques are the most popular. However, for sustainable
large-scale production, one of the most desirable methods targets organogenesis by in vitro
culturing of vegetative materials [31]. In our study, tissue culture was initiated from leaf-
segment explants of cutting plants derived from selected adult trees (Figure 6A). Although
microbial contamination is reported as one of the most critical and frequent problems in
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plant tissue culture initiation, especially when materials are taken from older trees [32,33],
the high asepsis rates achieved in all clones evaluated (mean 91.10%) throughout the
experiments suggest that the method applied to the explants was appropriate for the
initiation of in vitro culture of hinoki cypress from leaf-segment explants. This result is
consistent with previous reports on surface sterilization of hinoki cypress explants from
adult material [3,24] and from cuttings grown in a nursery [21].

Adventitious bud initiation and proliferation from the leaf-segment explants were
stimulated by the cytokinin supplementation but more efficiently in combination with a
low concentration of auxins (Figure 6B,C). BAP alone or in combination with NAA, IBA,
or 3-indoleacetic acid (IAA) has been reported as effective for the multiplication of C.
obtusa [3,16,19], Chamaecyparis nootkatensis (D. Don) Spach [34], Chamaecyparis pisifera var.
filifera Beissn. et Hochst. [35], Cupressus sempervirens L. and Chamaecyparis lawsoniana (A.
Murr.) Par. [36], Cupressus sempervirens var. horizontalis (Mill.) [37], and C. pisifera [24,38].
The cytokinin N6-(2-isopentenyl) adenine (2iP) was reported to be more suitable than BAP
as a morphogenetic agent for in vitro multiplication and elongation of Thuja plicata D. Don
ex Lambert [39]. Additionally, the use of ZEA has been reported in the protocols for clonal
propagation of Thuja occidentalis L. [40] and C. obtusa [20]. Overall, although adventitious
bud induction rates vary according to species, explant age, and culture conditions, in the
present study, the large variation recorded in the efficiency of adventitious bud induction
among clones can be attributed to the genetic origin of the explant (Figure 2).

Subsequent proliferation routines were performed by subculturing the bud clusters
every three months without observing a decrease in the multiplication rate five years after
the induction. After continuous subculture routines on multiplication medium, proliferated
adventitious buds, with intermediate levels of vitrification, were observed (Figure 6D,E).
However, vitrified buds reverted to normal after being transferred to an elongation medium
containing low levels of PGRs (Figure 6F). Although vitrification is a common problem in
micropropagation, in many cases, it can be minimized by lowering the PGR concentration
and/or increasing the concentration of the solidifying agent in the medium [32,41,42]. In our
experiments, most of the elongated shoots became normal after three months of culturing
in a medium supplemented with low cytokinin concentration, maintaining their normal
appearance in the subsequent phases of rooting (Figure 6G) and growth (Figure 6H). Similar
results were reported for the elongation of non-vitrified shoots of hinoki cypress, but only
after transferring adventitious bud clusters to a medium containing a high concentration of
agar [18]. Although supplements of low concentrations of PGRs in the medium are used
for shoot elongation of several cypress trees [3,16,19,37,40], PGR-free medium was reported
as beneficial for Mediterranean cypress and Lawson cypress [36]. Additionally, adding AC to
the medium was reported to effectively elongate bud shoots of eastern white cedar [40]
and adventitious buds of sawara cypress [38].

In contrast to the lower rooting frequencies of less than 30% and 15% reported for shoot
explants derived from adult trees of hinoki cypress [3] and Mediterranean cypress [37,43,44],
respectively, the highest percentage of rooting (86%) in this study was achieved by adding
low concentrations of IBA (1 µM) and NAA (0.1 µM) to the medium (Figure 5). This result
was consistent with the high rooting rate reported for shoots from 18 months old seedlings
of C. sempervirens and C. lawsoniana [36], germinated juvenile seedlings of C. obtusa [3],
and for shoots derived from somatic embryos of C. pisifera [38]. Similarly, Capuana and
Giannini (1997) [43] reported 65%, 11%, and 5% rooting for 7-day seedlings, 15 years
old trees, and 150 years old trees of C. sempervirevirens, respectively. On the other hand,
Misson et al. (1991) [39] reported rooting in shoots from a 183 years old T. plicata but
only after their rejuvenation by successive micrograftings and successive 2iP cytokinin
pulse treatments. These results confirm that explants taken from young plants root easily,
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whereas explants taken from older trees have a very low rooting rate and that root induction
is the most problematic step in micropropagation of mature trees, becoming even more
difficult as the plant ages. Although several interacting factors such as the kind of explants,
ontogenetic age, age of the organ, and culture methods and conditions may significantly
affect the rooting response of shoots [45], the results achieved in this study suggest that
differences in rooting ability among clones were strictly genotype-dependent. The large
clonal differences registered among the tested genotypes (Figure 5), ranging from the
highest rooting response in the clone Na18 (86%) to the lowest in the clone SKZ8 (22%),
were consistent with the rooting rates achieved in a nursery with cuttings from the same
clones. Hinoki cypress is traditionally propagated by seeds and rarely by cuttings [3]. One
of the few exceptions is the use of the ‘Nangouhi’ cultivar, which is famous for being easy
to propagate by cuttings. In our study, clone Na18, which originated from the ‘Nangouhi’
cultivar, showed the highest rooting frequency. Conversely, the clone SKZ8, derived from
the ‘ShizuokaKenZairai’ cultivar, is known to be recalcitrant to propagation by cuttings,
which was consistent with the lowest in vitro rooting rate obtained. In general, clones
related to the cultivar ‘Nangouhi’ (Na18, Na14 x Isa, Na14-14, Isa x Na14, and NaS) were
easier to root than those derived from the cultivar ‘ ShizuokaKenZairai ‘ (SKZ5 and SKZ8)
(Figure 5).

Regenerated plantlets showed a high survival rate after acclimatization, similar to
the results reported elsewhere for the emblings of sawara [27] and hinoki cypress [15].
The methodology applied in our study was also shown to be successful for the plant
acclimatization of Japanese pines [46] and Japanese cedar [47]. In contrast, lower survival
rates, no greater than 40%, were reported for somatic plants of Mediterranean cypress
derived from clones resistant to the bark canker disease [48].

5. Conclusions
In this study, we developed an updated protocol for the efficient and sustainable

propagation of hinoki cypress through the in vitro culture of leaf segments from cutting
plants of selected adult trees. We believe that the described methodology, which covered
all the micropropagation phases with a large number of genotypes, will not only contribute
to the clonal propagation of this species but will also provide valuable information for
the development of efficient protocols for other species of the Cupressaceae family. The
developed system could also be used as a powerful tool for genetic engineering and
inter-specific hybridization breeding to develop improved trees for sustainable forestry.
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