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Micropropagation of Sumatra Benzoin is potential to provide good-quality seed for future preservation of the forest and improve
the incense sap production. The production of Styrax plants is currently limited by the availability of seed. This research
demonstrated the micropropagation of Sumatra Benzoin (Styrax benzoin Dryander), producing good-quality saplings that could
be used for obtaining nontimber forest products. Elite mother plant was selected and used as a source of explants. Identification of
healthy trees was carried out based on the phenotype criteria, and the selection of a mother plant was performed through
information on the quality and quantity production of incense sap. Micropropagation started from callus induction in young
leaves followed by subculture to obtain regeneration of shoots and roots. The combination of NAA and BAP in the culture media
greatly affected the growth and development of callus, shoots, and roots. The use of 3 mg/L NAA and 3 mg/L NAA rendered the
heaviest calli. Shoots were regenerated with 0.5 mg/L NAA and 3.0 mg/L BAP, and the highest growth of roots was obtained by
using of 3.0mg/ NAA without BAP. This research reports the first in vitro propagation technique for Styrax benzoin. Further
research is underway to obtain very good-quality plant saplings to be used for forest conservation and to increase the production

of incense sap as a nontimber forest commodity.

1. Introduction

Indonesia is a tropical region with big forest areas that
are sources of global oxygen. To improve the quality of
Indonesian forest is necessary to produce high-value
nontimber forest products. Highly productive trees will
become an alternative commodity to the farmers around
the forest area, as instead of being logged they will
protect the forest areas and increase the welfare of the
community [1-6]. One of the candidate plants to be
preserved is Sumatra Benzoin (Styrax benzoin Dry-
ander). Sumatra benzoin is grouped to division Sper-
matophyte, subdivision Angiospermae, class
Dicotyledonae, order Ebenales, family Styracaceae, ge-
nus Styrax, and species Styrax benzoin Dryander. The

benzoin trees grow well in the forest area in North
Sumatera and produce a high-quality incense sap, known
as frankincense.

The styrax sap contains bioactive compounds that can be
used in various purposes such as medical and cosmetics
ingredients in modern and traditional medicine [7, 8].
Tapping of incense is the main livelihood for some residents
at villages close to the forest area at Kabupaten Pakpak
Bharat, North Sumatera Indonesia (Hotdi Berutu 2019:
personal communication). The propagation of Sumatra
Benzoin plants in Indonesia is generally carried out through
seeds that grow naturally in the forest. This strategy makes it
difficult to obtain uniform seedlings that produce good-
quality incense sap, as some of the trees produce high
quantity of gum resin while some other produce low
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amount. Besides, it takes around 10 years for naturally
growing plants to produce sap. The production of incent sap
possibly would lower down in the future if there is no action
being carried out to replant the forest with good-quality
saplings. These two problems can be overcome through the
production of good saplings via micropropagation from
high-quality mother plants. Micropropagation is an ap-
propriate choice for the multiplication of plants, since it
allows the production of uniform saplings true-to-type to the
mother plant in large quantities and at a relatively short time
[9-11], but to the best of our knowledge it has not been
applied to Sumatra Benzoin. Micropropagation can be done
from various types of explants obtained from a mother plant,
namely, seeds, young leaves, petioles, stem segments, axillary
shoots, apical or axillary meristems, etc. [12-15]. The
composition of the culture medium influences the growth
development of the plant [16-19]. Therefore, factors like
explant source, growth regulators, mineral nutrients, and
incubation conditions should be optimized when propa-
gating valuable plants [20-23], and these factors need to be
considered in the propagation of Benzoin plants. The pur-
pose of this study is to apply the micropropagation tech-
nique to selected Sumatra Benzoin (Styrax benzoin
Dryander) plants, in an effort to produce good-quality
saplings that produce frankincense in large quantities and
with the same quality as the mother plant. The saplings are
expected to be planted in tropical forests as a strategy to
preserve the forest and to improve nontimber forest product.
Good-quality saplings are intended to be distributed for
plantation of industrial forest and replantation of defore-
stated field in local area at Kabupaten Pakpak Bharat, North
Sumatera, Indonesia.

2. Materials and Methods

Micropropagation was carried out at Department of Biology,
Faculty of Mathematics and Natural Science, Universitas
Sumatera Utara, and at the forest area at Kecamatan Sitellu
Tali Urang Julu, Kabupaten Pakpak Bharat, North Sumatera,
Indonesia. The area is distributed into eight districts
(Kecamatan) and fifty-three villages (Desa). Two villages at
Kecamatan Sitellu Tali Urang Julu were chosen, namely,
Desa Lae Lange Namuseng and Desa Rumerah, since they
bear a virgin forest with the most extensive forest land with a
relatively large number of naturally grown Sumatra Benzoin
populations.

2.1. Identification and Selection of Mother Plant Trees.
Exploration for the Sumatra Benzoin trees was carried out at
different and random forest locations with the guide of
experience farmers. Healthy Benzoin trees were selected
based on the verbal information given by the farmers on the
quality and quantity production of incense sap accompanied
by scientific judgements. The information for the produc-
tivity of incent sap was evaluated based on the estimated
amount of gum harvested through traditional techniques at
a harvest period in a year. The selection of the target plants
was done based on the quantity and quality productions of
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incense sap in the past three years. Healthy plants that
produced a large quantity of sap and good-quality incense
sap were marked as potential source of explants for the
micropropagation technique. The survey result for Sumatra
Benzoin is summarized in Table 1.

Sixty-two mature and productive plants have been
identified in the forest area as possible mother plants;
twenty-three trees from among these trees produced large
quantities of incense sap with very good quality, but only one
of the best trees was selected as the source of explants in
micropropagation in further research. The selected Sumatra
Benzoin plants are about 10 years old, healthy, having dense
leaves, fertile, and producing high quantity of incense gum.
The average height of healthy plants is about 5-10 meters,
with an average stem diameter of 20-40 cm.

2.2. Preparation of Culture Medium. The culture medium
used in this study was Murashige and Skoog (MS) medium
[24] containing of 30 g/L sucrose and complete nutrients of
macro, micro, and trace elements, supplemented with the
growth regulators «-naphthaleneacetic acid (NAA) and
benzyl amino purine (BAP). After adjusting the pH of the
solution to 5.8, the medium was sterilized at 121°C for 20
minutes. The concentration of growth regulators varied by
using 0, 1, 2, and 3 mg/L of BAP and NAA, in a two-factorial
experiment as shown in Table 2 [25]. The container used was
a 50 mL bottle containing 15mL of media. One explant was
planted in each bottle and five replications were made in all
experiments.

2.3. Explant Preparation and Micropropagation Procedures.
Young leaves, shoot tips, and seeds were collected from
selected plants. Young leaves and shoots were cleaned and
sterilized, and the hard shells of the seeds were peeled to
obtain the embryos for further sterilization. For sterilization,
the explants were rinsed with a fungicide solution (2g/L
Dithane), followed by cleaning with running water. The
explants were then cut into pieces (0.5-1.0cm), washed
successively with distilled water and detergent, rinsed in flow
water, followed by dipping in ethanol (70%) for 5 minutes,
and rinsed with distilled water. They were then dipped in
hypochlorite solution (0.8% w/v NaOCI) for 20 minutes and
rinsed with sterile water. The explants were inoculated in MS
media supplemented with growth regulators of NAA and
BAP as described in Table 1. To eliminate fungal and bac-
terial contamination, the laminar air flow and the room were
sterilized using a UV-C lamp (A 280 nm) for 16 hours. The
cultures were incubated at 25+ 2°C. The culture environ-
ment in the growth room and the flow cabinet was regularly
sprayed with 70% alcohol to maintain sterile conditions.
Subculturing was carried out to initiate plants from callus.
Seven-week-old calli were transferred to culture media
containing the same growth regulators levels and the same
environmental conditions as in the callus induction pro-
cedure. Data collection to measure the size and weight of
callus was carried out after seven weeks of incubation. Plant
growth and development such as the number of shoots and
roots were counted after an incubation time of 12 weeks. The
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TaBLE 1: The description of Sumatra Benzoin (Styrax benzoin Dryander) selected as mother plants trees in the forest area at District Sitellu

Tali Urang Julu.

General Location of selected mother plant*
No. Plant parameter o
conditions  Desa Lae Lange Namuseng Desa Rumerah
1 Frequency of selected Styr?écreb:tnzom plants per hectare of Total 62 27/12 35/11
) Plant appearance based on visual identification and Va 22 plants fertile and healthy 29 plants fertile and healthy
scientific judgement Yy and 5 less fertile plants and 6 less fertile plants
Gum production (based on verbal information on the 12 plants with high- 11 plants with high-
2 quality and quantity production of incense sap given by Vary quantity and good-quality =~ quantity and good-quality
the farmers every harvest time) incense sap incense sap
3 Plant categories based on maturity level (age 8-15 years Mature Stem diameter 20-40cm  Stem diameter 20-40 cm
old) and tree height 5-10 m and tree height 5-15m
4 Soil location and conditions where the plants grows Vary Some plant and mostly hilly All are hilly forest areas

forest areas

*Plant samples that have fulfilled the requirements for mother plants to be used as source of explant in the micropropagation of Sumatra Benzoin.

TaBLE 2: The experimental design for micropropagation of Sumatra
Benzoin (Styrax benzoin Dryander) in MS medium with
a-naphthaleneacetic acid and benzyl amino purine.

BAP (mg/L)
0 1 2 3
0 AoBo AoB, AoB, AoBs
NAA (mg/L) 1 A,B, A,B, A,B, A,B;
2 A,B, ALB, A,B, A,B,
3 AsB, AsB, AsB, AsBs

NAA =naphthalene acetic acid. BAP = benzylaminopurine.

superiority of plants based on the quantity of production and
the quality of the sap determines the selection of the best
mother plant. In vitro propagation data were callus weight,
shoot development, and root growth due to variations in
experimental treatments. Data were analyzed statistically
using ANOVA followed by Duncan’s multiple range analysis
(P = 0.05) [25].

3. Results

3.1. Micropropagation of Sumatra Benzoin. The propagation
of Sumatra Benzoin was carried out through callus initiation
that was subcultured to induce shoots and roots, with the
final goal of obtaining plantlets. Young leaf explants, shoots,
and seed embryos were taken from the best-quality mother
plants. The explants of young leaves that just grew on the
branches of the plant produced the highest callus weight with
high growth intensity with minimal fungal contamination.
The explants from shoots and seed embryos also produced
callus. Leaf explants from flowering branches were also used
but they did not produce callus and were always contami-
nated, probably due to having been exposed for a long time to
fungi in the forest. Selecting explants from young leaves is a
strategy to reduce fungal contamination, especially when
using plant material harvested directly from the forest.
Micropropagation of Sumatra Benzoin at the subculture
stage is shown in Figure 1. Seven-week-old callus
(Figure 1(a)) was subcultured in the medium at various
concentrations of growth regulators (Figure 1(b)). Callus
regeneration occurred after six weeks, followed by shoot

formation after 12 weeks (Figure 1(c)) and root shoots
(plantlets) (Figure 1(d)). The variation in the combination of
the concentration of growth regulators affects the intensity
of growth and development of the Sumatra Benzoin plant.

3.2. Optimization of Callus Induction. The initial stage of
Sumatra Benzoin micropropagation was callus induction. The
responses of young leaves, shoot tips, and embryos are
summarized in Table 3. Leaf explants that had been exposed to
the forest environment for a long time only enlarged in the
first week then became filled with fungi due to contamination.
Young leaves were selected in this study due to their ability to
produce aseptic cultures and a relatively high callus growth.
The concentration of growth regulators affected callus
growth, which increased when the explants were supple-
mented with very high concentrations of BAP or NAA and
the combination of both (Table 3). When young leaves were
used, most of the explants (76.25%) produced callus, al-
though their sizes were variable (Table 4). There were ex-
plants (23.75%) which enlarged without callus formation, or
did not grow and experienced browning (although the in-
cubation time was extended for a long time), possibly due to
the oxidation of polyphenols in the explant cells [26]. The
effects of concentration of BAP or NAA on the weight of
callus are summarized in Table 4. Callus weight increased with
the concentration of growth regulators, and the highest values
were obtained in the A;B; treatment (388 +30 mg) supple-
mented with 3 mg/L NAA and 3 mg/L BAP. Callus weight was
significantly increased in the treatment group with increasing
concentrations of benzylaminopurine in the media.

3.3. Plantlet Production. The production of Styrax benzoin
Dryander plants was carried out through successive sub-
culturing by using the same concentration of growth reg-
ulators as in callus initiation. The growth and development
of shoots and roots of Styrax benzoin Dryander after 12
weeks is presented in Table 5. The subculture technique was
very effective to induce shoots of Sumatra Benzoin, and the
number of shoots was strongly influenced by the growth
regulators in the media. In comparison, the calli that were
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(c)

(d)

FIGURE 1: Micropropagation of Sumatra Benzoin by callus subculture from young leaf explants. (a) Seven-week-old callus. (b) Callus
subculture in the media. (c) Regeneration into shoots. (d) Planlets (arrow showing root growth) after incubation for 12 weeks.

TaBLE 3: Development of callus of Styrax benzoin Dryander after
seven weeks of culture (treatments are specified in Table 2).

TaBLE 4: Growth and development of callus of Styrax benzoin
Dryander from young leaves after seven weeks of culture.

Callus development and growth on various types Callus
Treatments of explants Treatments Weight of callus/explant
Young leaves  Shoot tips  Embryo  Leaves Explants growth (%) ’ (mg)*

AoBo * * * ¥ % AoBo 79.81 18+9"
AoB, + + + * AoB, 75.19 34411
AgB, ++ + ++ * AoB, 75.09 36411
AoB; - ++ + * AB; 69.85 38 +9°f
AiBy + + + * A;By 79.82 44+11
AB, ++ + + * % AB, 75.33 46 +11°
AB, +++ ++ +++ * % AB, 79.76 6249
AB; ++ + + * % AB; 80.21 68+ 9
A;Bo + + + * A,B, 75.11 46 +18%
AsB, ++ + + * A,B, 74.88 84+11%
A;B, + + + * % A,B, 79.74 90 +14%
AyBs ++ + + * A,B; 80.02 114+11
A3By o+ ++ +++ * % A;B, 75.15 180 +24°
A3B, + + + * AsB, 70.08 196 +23°
A;3B, ++ + ++ * % AsB, 74.68 240 + 14°
AsBs 4+ ++ o+t * % A3Bs 75.31 388 +30°
* The explant enlarge without callus, *low callus growth, **medium callus Average 76.25 106 + 14

growth, ""high callus growth, and * % contamination.

not subcultured were incubated in the media for up to 12
weeks. This procedure produced very large callus that almost
covered the entire surface of the explants but did not
produce plantlets. The effect of BAP and NAA and their
combination onto the growth of plant shoots is summarized

The experiments were conducted with five replicates. Treatments are de-
scribed in Table 2. *Data shown are mean of five explants. Treatments
followed by a different letter are significant according to Duncan’s multiple
range analysis (P = 0.05).

in Table 5. Approx. 42% of calli produced shoots, and the
highest number of shoots was obtained in the group of A;B;
(3.63 = 0.54 shoots). Calli that were not treated with BAP or
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TaBLE 5: Regeneration of shoots and roots in Styrax benzoin Dryander calli obtained from young leaves after 12 weeks of culture.

Shoots

Roots

Treatments

Explants with shoots (%) Average number *of shoots/ Explants with roots (%) Average number*of roots/

explants explants

AgB, — 0.00° 60.12 0.54 0.01°
AoB, 59.81 1.18+0.16% 69.24 0.54 +0.01°
AgB, 70.06 1.92 +0.62" — 0°f
AoB; 60.22 1.95+1.31° — o°f
A,B, — 0.00° 75.15 2.59+0.05%¢
A,B, 60.12 1.77 +1.18% 70.25 2.96 +0.06>4
AB, 69.76 2.96 +0.79°°¢ 70.06 1.35+0.034
AB; 75.05 3.63 £0.54° 70.05 4.58 +0.09%¢
A,B, — 0.00° 70.16 2.37+0.05%
A,B, — 0.00° 70.34 2.96 +0.06°¢
A,B, 69.85 1.59 +0.16" 70.23 1.35+0.03%
A,B, 70.18 2.75+0.67%° 69.65 1.88 +0.044¢
A3B, — 0.00° 70.38 5.92+0.12°
A;B, — 0.00° 60.05 5.03+0.10%
AsB, 59.72 1.08 +0.72° 69.65 2.96 +0.06>¢
AsB, 70.15 2.32+0.20°% 69.63 1.62 +0.034%
Average 41.56 1.32+0.40 60.31 2.62+0.05

The experiments were conducted with five replicates. Experimental treatments are described in Table 2. * Data shown are mean of five replicates followed by
different letters are significant according to Duncan’s multiple range analysis (P = 0.05).

NAA did not produce shoots. The combination of BAP and
NAA in the media was determinant for shoot induction. Low
concentrations of BAP and NAA stimulated the growth of
shoots to some extent, whereas the combination of high
NAA and BAP concentrations did not induce shoots in some
cases. High concentrations of BAP (3 mg/L) stimulated the
induction of shoots of Styrax benzoin Dryander. However,
increasing the concentration of NAA at low BAP concen-
trations did not increase the number of shoots in the culture.

The concentration of growth regulators greatly affected
the number of roots (Table 5). The results showed that the
majority of calli produce roots (60.31%). The concentration
of BAP and NAA in medium culture influenced the root
growth, with the highest levels found in the A;B, group
(average 5.92 +0.12 roots).

4. Discussion

A survey has successfully been carried out to identify good-
quality Styrax benzoin Dryander trees and to select the best
mother plant as the source of explants for in vitro plant
propagation. Information provided by farmers were very
relevant in determining the quality of the trees. A total of 23
Styrax benzoin Dryander trees were identified as qualified
mother plants, and one of the best plants was used as the
source of explants in micropropagation technique. The best
plant is about 10 years old, stem diameter 30 cm, height
10m, very dense, the bark is healthy and relatively not
moldy, and it has a lot of incense sap production with very
good quality.

Micropropagation of Sumatra Benzoin has been carried
out by using explants from the best mother plant. In vitro
propagation of Sumatra Benzoin was carried out in an effort
to get the same high-quality plant as the mother plant.

Selection of explants from young leaves in micropropagation
has been successful in reducing fungal contamination of
culture media [27, 28]. Explants originating from leaves that
had long been spilled in the forest environment were very
difficult to be freed from fungal contamination although
very strict sterilization has been conducted. The strategy of
selecting explants from young leaves and shoots that have
just grown on mature tree branches and the inside of the
seeds of the plant proved to be minimum from fungal
contamination; however, explants of young leaves became
the choice in this study due to higher response to callus
initiation. To the best of our knowledge, there are not reports
on the micropropagation of Sumatra Benzoin; therefore, the
optimization of growth regulators to obtain optimum
conditions for the development of this plant represents an
advance in this subject. NAA and BAP concentrations
influenced callus production and the regeneration of shoots
and roots. The optimal callus production was obtained by
using very high concentrations of 3 mg/L NAA and 3 mg/L
BAP in the A;B; group. The growth trend of callus induction
found in the propagation of Sumatra Benzoin plants is
similar as that previously reported in studies on other woody
plants [29, 30].

The strategy plant seedling has been carried out through
subculture of the callus. Shoots and roots have been suc-
cessfully induced at this stage, but no leaves could be in-
duced so far. The highest shoot regeneration was obtained by
using a combination of low concentration of 0.5 mg/L NAA
with high concentration of 3.0 mg/L BAP in the A;B; group.
Meanwhile, the best condition for producing roots was to
use high concentration 3.0 mg/L NAA without BAP in the
A;B group. These results indicate that the ratio of NAA and
BAP concentrations is crucial in inducing Sumatra Benzoin
plantlets. BAP functions as an NAA antagonist in root
formation, as previously reported [31-34]. This study



provides the first insight into the micropropagation of
Benzoin Sumatra, and more research is needed to optimize
the combination of growth regulators for leaf induction and
the production of whole Sumatran Benzoin plants. Micro-
propagation of Styrax benzoin Dryander is indeed very
difficult, but the results obtained at this stage are very
promising because they have produced shoots and roots and
hope that they will develop into plants. Further research is
underway to obtain good-quality and uniform Styrax ben-
zoin Dryander saplings for forest conservation purposes and
to increase the production of sap as a source of bioactive
compounds of high economic value [35, 36].

5. Conclusion

This study provides the first insight into the in vitro culture
of the Sumatran Benzoin tree. Young leaves of mature trees
were treated with several combinations of NAA and BAP.
The optimal condition for inducing callus was using high
concentrations of NAA and BAP (3mg/L). The highest
number of shoots was obtained with a low concentration
NAA (0.5mg/L) and a high concentration of BAP (3.0 mg/
L), whereas the addition of 3mg/L NAA without BAP
stimulated rooting. These results demonstrate the feasibility
of obtaining shoot and root regeneration of Styrax benzoin
to a certain extent, although more research is being con-
ducted to achieve leat development and plant production.
The present study demonstrated the potential for success in
plant propagation of this species in an effort to obtain good-
quality plant saplings that will be used to conserve forests
and to increase the production of incense sap as a nontimber
forest commodity.
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