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Abstract. Samanhudi, Sakya AT, Setyawati A, Muawanah M. 2022. Agarwood (Aquilaria malaccensis) diversity conservation by in vitro
culture with IAA and yeast extract. Biodiversitas 23: 2457-2463. Agarwood (Aquilaria malaccensis) is a scare plant with high economic
value and many benefits. Tissue culture is an effective way of producing plants in large quantities, in a short time with uniform results.
This study aims to get the proper concentration of IAA and yeast extract for agarwood growth in vitro. The research was conducted in
December 2019-June 2020 at the Laboratory of Plant Physiology and Biotechnology, Faculty of Agriculture, Universitas Sebelas Maret,
Surakarta. The design used is Randomized Complete Block Design (RCBD) in 2 factors: first factor was IAA concentration with 4 level:
0; 0,5; 1; 1.5 mgL* and second factor was yeast extract concentration with 4 levels: 0; 200; 400; 800 mgL-*. Obtained 16 combinations
of treatments repeated 3 times so that there are 48 units of experiments. Observed variables: the time of appearance of shoots, the
number of shoots, the height of shoots, the number of leaves, and the number of roots. Root count data is described and data other than
root count is analyzed ANOVA, if real influence is further tested DMRT 5%. The IAA affects the height of shoots and the number of

agarwood leaves in vitro rooted plantlets has 5 plantlets.
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INTRODUCTION

Agarwood usually called gaharu in Indonesia
(Aquilaria malaccensis) is an annual plant that produces a
distinctive aroma with multifunctional benefits, such as
health, beauty industry, and even religious rituals. As a
superior plant that has high value (Lee et al. 2016), gaharu
is much sought after and included in Appendix Il (scare)
list due to the high market demand from nature in CITES
(Convention on International Trade in Endangered Species
of Wild Fauna and Flora) (Dwianto et al. 2019). Several
sources state that agarwood is difficult to find in its natural
habitat (Suharti et al. 2011; Tan et al. 2019), it will produce
seeds after 7-9 years (Ali and Kashem 2019). Therefore,
conservation is needed in order to preserve the diversity of
agarwood.

Propagation of agarwood plants with tissue culture
techniques is an effective way to produce large quantities
of plants in a short time with uniform results (Baday 2018).
Tissue culture has been significant role in producing
disease-free planting materials (Tegen and Mohammed
2016) and can produce many seeds quality (Salam et al.
2019). Multiplication of agarwood through in vitro
techniques can support the mass propagation of seedlings
(Fauzan et al. 2015). Sterilization methods can affect
plantlet growth (Widiastuti et al. 2018). Tissue culture with
substances with proper growth regulators and accompanied
by optimal light can produce callus regeneration and shoots
(Chen et al. 2019).

Growth regulatory substances in tissue culture serve to
help accelerate growth and development. Auxin includes
growth regulators that can help the process of lateral root
formation (Alarcén et al. 2019). Indole acetic acid is a type
of auxin that is often used in tissue culture. Yuniastuti et al.
(2018) research show WPM media added 4 ppm BAP and
1 ppm IAA produces the best growth in buds and leaves of
Sterculia foetida.

Yeast is the result of fermentation that can be used as a
mixture/substitute for one of the media materials of tissue
culture. Yeast extract contains free alpha-amino nitrogen,
minerals and vitamins (Jacob et al. 2019). Hassan et al.
(2018) research state that root in vitro with yeast extract of
100 mgL* for 1 day can obtain a high sesquiterpene
compound. This study aims to get the right concentration of
IAA and yeast extract for agarwood growth in vitro.

MATERIALS AND METHODS

Study period and area

This research was conducted from December 2019 to
June 2020 in the Laboratory of Plant Physiology and
Biotechnology, Faculty of Agriculture, Universitas Sebelas
Maret, Surakarta, Indonesia.

Field experimental procedure
The implementation of research includes sterilization of
tools, media making, planting plantlets, maintenance and
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observation of planlets. This study used a Complete
Randomized Group Design (CRGD) factorial which is used
2 factors, first factor is concentration of IAA (Indole Acetic
Acid) with the level concentration by 0 mgL™? (AQ); 0.5
mgL?® (Al); 1 mgL? (A2); 1.5 mgL? (A3) and second
factor is yeast extract with the level concentration by 0
mgL? (RO); 200 mgL? (R1); 400 mgL? (R2); 800 mgL?
(R3). The agarwood planlet needed in the study amounted
to 22 subcultured planlets into 160 planlets (16
combinations of treatment repeated 10 times), then taken
48 best planlets (each combination there are 3 repeats)
treatment after completion of the study (20 Weeks After
Planting). Variable time of appearance of shoots is
observed every day. Variable observations of the number
of shoots, the height of the shoots, the number of leaves,
and the number of roots are carried out each week. The
overall condition of the planlet (160 planlets) is a healthy
planlet, a planlet contaminated with bacteria or fungi, and a
dead planlet.

Tools sterilization

The sterilization of a product is intended to obtain a
sterile product. dissection tools such as tweezers, culture
knife (scalpel), and petri dish are washed to clean. Then put
in an autoclave for sterilization with a temperature of
121°C, a pressure of 1 atm for 30 minutes then stored in the
oven to maintain the sterility of the appliance.

Media

Making the media begins by mixing several ingredients
such as sugar by 30 g, MS macronutrients 50 mL, MS
micronutrients by 10 mL, Fe-EDTA by 50 mL, vitamins by
50 mL, IAA (0 mgL? (AO); 0.5 mgL? (AL1); 1 mgL™ (A2);
1.5 mgL™ (A3)) and yeast extract (0 mgL* (RO); 200 mgL*
(R1); 400 mgL* (R2); 800 mgL? (R3)), then add the
distilled water to a volume of 1000 mL and controlling the
pH (about 6.0-6.2). As the controller, NaOH is used for
decreasing and HCI is used for increasing pH. Furthermore,
add 8 g of agar powder then heat by magnetic stirrer to boil
and put it into culture bottle then autoclaved.

Yeast extract

The organic material used is yeast extract which is
containing yeast extract, peptone, and agar. Yeast was
weighed according to each treatment (0 mgL™; 200 mgL™*;
400 mgL; 800 mgL™).

Plant cultivation

The samples were obtained from laboratory of
Southeast Asian Regional Centre for Tropical Biology
(BIOTROP), Bogor, West Java as a plantlet with 0 MS
medium (without hormone) (Figure 1). This research was
conducted by transferring agarwood plantlet from the
initial medium to the treatment medium that the shoot as
sub-cultured. Firstly, it was separating the agarwood
plantlets from the initial media, then cutting the agarwood
plantlets into several shoots about 1 cm in length.
Furthermore, the plantlets are cleaned from the roots and
leave 2 leaves. The clean plantlets were planted on the
treatment medium using tweezers.
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Data analysis

All data from the observation were analyzed using
ANOVA analysis except for the number of roots, if there
was a significant effect, a 5% DMRT (Duncan Multiple
Range Test) continued test was carried out. The data from
the observation of the number of roots were described.

RESULTS AND DISCUSSION

Shoot appearance time

The criteria of shoots that it is calculated when the
shoot has reached a length of 0.5 cm (Figure 2). New shoot
planlet reaches 0.5 cm at different times, because the
ability of each planlet in absorbing nutrients varies, so it is
necessary to observe the time of appearance of shoots. The
results of ANOVA analysis showed that each treatment of
IAA and yeast extract has no significant effect, as well as
the interaction of IAA and yeast extract which has no
significant effect on the time of appearance of agarwood
plantlet shoots. It is suspected that the concentration of
IAA and yeast extract is less effective against the time of
appearance of agarwood shoots. The use of plant growth
regulators can affect plant growth (Ulfa et al. 2013).

Figure 1. Agarwood plantlet as a parental for subculture

Shoot

Figure 2. The appearance of shoots on agarwood plantlet
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Figure 3 shows that the combination of IAA treatment
by 1 mgL™ and yeast extract by 800 mgL* have the fastest
average bud appearance time among other treatment
combinations of 15 DAP (Days After Plant). Chhalgri et al.
(2020) research suggests that media MS containing 3 mgL-
13 mgL?! IAA, and 30 gL sugar produced the fastest
shoot initiation on rose. Arhvitasari et al. (2019) reveal that
a combination of cytokinin 0,8 ppm and auxins 0,1 ppm
could accelerate the formation of shoots. IAA by 1.5 mgL™
and yeast extract by 200 mgL™? are treatments with the
longest average shoot appearance time of 61 DAP. Avila-
Trevifio et al. (2017) research that 1 mgL BAP + 0.2 mgL™*!
IAA is the best regeneration with Moringa oleifera stem
explant.

The concentration of IAA 1.5 mgL™ and yeast extract
200 mgL?' are resulting in the longest average shoot
appearance time by 61 DAP (Figure 3). Incompatibility of
the IAA and yeast extracts concentrations could slow down
the process of the appearance of shoots on agarwood.
Sitinjak et al. (2015) declare that the compatibility of the
growth regulatory plant substances concentration can be
affected plant growth. Chamandoosti (2017) states that the
interaction between growth regulatory plant substances
greatly affects tissue culture. Moreover, 1AA in high
concentrations can prolong the appearance of shoots by
suppressing the growth of the number of shoots (Lathyfah
and Endah 2016).

Number of shoots

According to the analysis result that the concentrations
of IAA and yeast extracts were not significantly affected
the shoot's number of agarwood. Wardatutthoyyibah et al.
(2015) declared that the treatment without auxins can
increase the number of shoots that it was not significantly
different from the treatment using auxins. Figure 4 shows
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that the combination of IAA 1 mgL™ and yeast extract 200
mgL? (A2R1) have the highest average number of shoots
among other treatments by 2.33. Media MS containing 3
mgL?, 3 mgL? IAA, and 30 gL? sugar is producing the
highest number (3,55) of shoot rose (Chhalgri et al. 2020).
In the case of KIN and IAA combinations, the maximum
shoot bud induction rate (69.25%) with 6.43
shoots/explant, was noticed on MS medium supplemented
with 4.0 mg/l KIN and 0.5 mg/L IAA (Venkatachalam et
al. 2015). The number of seaweed shoots was highest
(10,6) in Grund media with IAA+BAP (1:1) treatment, and
6,82 with 1AA treatment in PES media (Fadel et al. 2013).
For direct organogenesis (from axillary bud shoot clumps),
0.1 mg/L IAA and 1.5 mg/L TDZ were found to be optimal
for shoot regeneration of stem tips, with mean numbers of
axillary bud shoot clumps 7.12+1.23 were produced (Zou
et al. 2019).

The use of yeast extract in the media may support
germination of orchid seeds, supports the formation of
seedlings, produces a strong planlet, as well as effective to
increase the number of protocorm-like bodies (PLB),
induces the formation of buds, stimulates growth and
development of planlets under the greenhouse (Utami and
Hariyanto 2020). Hucker et al. (2016) declared that yeast
contains thiamin which is the use of thiamine foliar at
concentrations of 250, 500, 750 ppm could support the
growth and development of coriander and fenugreek by
increasing  phenolic  chlorophyll, carotenoids and
antioxidant compounds (Aminifard et al. 2018). Yeast
contains thiamin (Hucker et al. 2016). The use of thiamine
foliar at concentrations of 250, 500, 750 ppm can support
the growth and development of coriander and fenugreek by
increasing  phenolic  chlorophyll, carotenoids and
antioxidant compounds (Aminifard et al. 2018).

AORO AOR1 AOR2 AOR3 A1RO A1R1 A1R2 A1R3 A2R0O A2R1 A2R2 A2R3 A3RO A3R1 A3R2 A3R3

Treatments

Figure 3. Average shoot appearance time for IAA and yeast extract

AORO : IAA 0 mgL! and yeast extract 0 mgL™* A2RO0 : IAA 1.0 mgL! and yeast extract 0 mgL*
AOR1 : IAA 0 mgL! and yeast extract 200 mgL™* A2R1 : IAA 1.0 mgL* and yeast extract 200 mgL*
AOR2 : IAA 0 mgL* and yeast extract 400 mgL™* A2R2 : IAA 1.0 mgL* and yeast extract 400 mgL*
AOR3 : IAA 0 mgL* and yeast extract 800 mgL™* A2R3 : IAA 1.0 mgL! and yeast extract 800 mgL*
A1RO : IAA 0.5 mgL! and yeast extract 0 mgL* A3RO0 : IAA 1.5 mgL! and yeast extract 0 mgL*
A1R1: 1AA 0.5 mgL? and yeast extract 200 mgL* A3R1 : IAA 1.5 mgL* and yeast extract 200 mgL*
A1R2 : IAA 0.5 mgL! and yeast extract 400 mgL* A3R2 : IAA 1.5 mgL! and yeast extract 400 mgL*
A1R3 : IAA 0.5 mgL! and yeast extract 800 mgLt A3R3: IAA 1.5 mgL™* and yeast extract 800 mgL*
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Figure 4. The average of the shoot number for IAA and yeast extract

A2R0 : IAA 1.0 mgL* and yeast extract 0 mgL*
A2R1:1AA 1.0 mgL* and yeast extract 200 mgL!
A2R2 : 1AA 1.0 mgL* and yeast extract 400 mgL!
A2R3 : 1AA 1.0 mgL* and yeast extract 800 mgL!
A3RO : IAA 1.5 mgL* and yeast extract 0 mgL*
A3R1:1AA 1.5 mgL* and yeast extract 200 mgL!
A3R2 : IAA 1.5 mgL* and yeast extract 400 mgL!
A3R3: IAA 1.5 mgL* and yeast extract 800 mgL*

AORO :
AOR1:
AOR2 :
AOR3 :
Al1RO :

IAA 0 mgL* and yeast extract 0 mgL™*
IAA 0 mgL* and yeast extract 200 mgL™*
IAA 0 mgL* and yeast extract 400 mgL™*
IAA 0 mgL* and yeast extract 800 mgL™*
IAA 0.5 mgL* and yeast extract 0 mgL*
A1R1: 1AA 0.5 mgL? and yeast extract 200 mgL*
A1R2 : IAA 0.5 mgL! and yeast extract 400 mgL™*
A1R3 : IAA 0.5 mgL! and yeast extract 800 mgL™*

Height of shoots

The results of ANOVA analysis showed that there was
no interaction between IAA and yeast extract. The
application of yeast extract does not affect the height of
agarwood plantlets, which was contrary to Marlina et al.
(2019) that yeast extracts gave significantly affected the
length of shoots on mangosteen explants. It was assumed
that yeast extracts contain nitrogen, vitamins, and carbon
compounds that play a role in plant physiological
processes. Abraham et al. (2011) showed that a yeast
extract does not affect the proliferation of plant buds in
vitro C. mango.

Table 1 showed that the application single treatment of
IAA is able to affect the height of agarwood plantlets
which is IAA by 0.5 and 1.0 mgL™? were significantly
different and had shoot high by 2.21 and 2.33, respectively.
According to Bennett et al. (2016) the proper concentration
of IAA could support bud growth. Moreover, the
combination of yeast extract which contains amino acids
(glycine, lysine, and arginine) and vitamins could encourage
explant growth. However, the application of high yeast
extract could inhibit plant growth (Giap et al. 2018).

In addition, this research showed that the average height
on single treatment of IAA by 0, 0.5, and 1.0 mgL* have
no significantly different results on the high growth of
agarwood shoots. Furthermore, the application of IAA with
the concentrations 0 mgL™ were not significantly different
from IAA by 0.5, 1.0, and 1.5 mgL? in high growth
agarwood shoots. Akbar et al. (2017) argued that the length
conditions of shoots of each explant are different that can
be occurred because the absorption of nutrients per explant
for regeneration is different, such as the growth and
development of shoots.

Treatments

Number of leaves

The ANOVA analysis showed that the yeast extract, as
well as the interaction of IAA and yeast extracts, had no
significant effect on the growth of number of leaves in
agarwood plantlet. However, the treatment of single 1AA
has a significant effect on the growth of the number of
leaves in agarwood plantlets.

Table 1. Average height of agarwood plantlet shoots at single
treatment IAA concentration

IAA concentration (mgL™) Height of shoot (cm)

0 1.88 ab
0.5 221a
1.0 2.33a
1.5 157D

The numbers in the column followed by the same lowercase
letters did not differ noticeably according to DMRT advanced
tests at a rate of 5%

Table 2. Average number of agarwood planlet leaves at a single
treatment of IAA concentration

IAA concentration (mgL™?) Number of leaves

0 18.25a
0.5 20.58 a
1.0 17.75a
1.5 10.33 b

The numbers in the column followed by the same lowercase
letters did not differ noticeably according to DMRT advanced
tests at a rate of 5%
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Table 2 shows that the average number of agarwood
plantlet leaves at a single IAA treatment with the
concentration by 0 mgL™ was not significantly different
against IAA by 0.5 and 1.0 mgL™? but it was significantly
different against the application of IAA by 1.5 mgL™.
Concentration of 1.5 mgL* IAA the number of leaves is
significantly reduced (Figure 5). The higher the IAA
concentration in the treatment medium will spur the growth
of taro leaves satoimo but if the concentration of 1AA has
exceeded the optimum point, it will inhibit the growth of
the leaves and produce fewer leaves (Louw et al.2018).
Akhiriana et al. (2019) revealed that application of 1AA by
0.25 ppm can produce the highest number of leaves in
Tribulus terrestris L. Suparjo et al. (2016) declare that
application of IAA more than 0.5 ppm can decrease the
number of leaves, the number of segments, and the number
of branches on binahong plants in vitro. Moreover,
treatment with MS + 2 mgL? BA + 0.1 mgL? IAA media
produces the highest average number of shoots on tomato
explant and it is also the best combination for the
regeneration of tomato cotyledon and hypocotyl explants
(Gerszberg et al. 2016). The results showed that the
difference in response Jabon of treatment tested was the
highest number of buds and leaves were in the media added
0.1 mgL? IAA + 1.5 mgL? BAP (Taiyeb and Baharuddi
2017).
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Number of roots

The number of roots from 64 plantlets sub-cultured is
only 5 plantlets could be roots formatting (Figure 6). It is
suspected because the ability of plantlets to form roots
varied. Moreover, the solidity is assumed to be another
factor of root formation when the media is too solid due to
the excessive agar content of the MS media and yeast
extract. Arab et al. (2018) revealed that potassium by
regulating osmotic potential and ammonium by reducing
pH in the medium could increase rooting in Prunus
domestica. Different genotypes of agarwood plants will
provide different morphological and anatomical growths,
including roots (Satria et al. 2017). These results are
contrary to Saikia and Karuna's research (2015) which
showed that the increase in auxin concentration was
positive for the number of roots, but negatively affected the
length of the roots in agarwood. Lower IAA concentration
(0.5 mgL?) led to a significant reduction or number of
strawberry roots (4.83 roots/explanation) (Danial et al.
2016). Putri et al. (2015) argue that when yeast interacts in
the media, the content of Nitrogen compounds in yeast can
interfere with the growth of roots in planlets. Mastur et al.
(2015) state that too high nitrogen content can cause
poisoning in plants.

Figure 6. The appearance roots on the plantlet. A. IAA 0,5 mgL-1+yeast extract 200 mgL%. B. IAA 0,5 mgL+ yeast extract 800 mgL*.
C. IAA 1 mgL'+ yeast extract 200 mgL™. D. IAA 1 mgL '+ yeast extract 400 mgL™ at planlet 1. E. IAA 1 mgL'+ yeast extract 400
mgL! at planlet 2
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Table 3. Combination of IAA and yeast extract treatment against
roots formation

Treatment combination

Number of
Number 4 Yeast extract
1AA (mgL™) (mgL™Y) roots
1 0,5 200 1
2 0,5 800 1
3 1 200 1
4 1 400 2
5 1 400 1

Table 3 shown that 1 root were formatting on the
combination treatment of IAA by 0.5 mgL1+yeast extract
by 200 mgL™; IAA by 0.5 mgL+yeast extract by 800
mgL?; and IAA 1.0 mgLl+yeast extract 200 mgL*,
respectively. Moreover, 2 roots with the highest results
were formatting on the combination treatment of 1AA 1
mgL1+yeast extract 400 mgL?' (Table 4). The results
Miri’s (2020) were obtained from 2 mg/l of IAA (6.6 roots
per bud). Research Dasri et al. (2016) shows the highest
number of orchids roots (3.20 roots/plants) was obtained
when cultured on MS medium supplemented with 0.25
mgL™? IAA produced by CF-B. Bogale (2018) states that
low IAA concentrations can form strong roots. Miri's
research (2020) showed that IAA 2 mgL™ has a large
number of roots with an average of 6.6 roots per bud in
Zingiber officinale. 1AA with concentrations of more than
0.5 mgL? can inhibit the growth of the roots of Brassica
napus L. (Xie et al. 2020). Prabowo et al. (2018) state that
media treatment significantly affected the number of the
root that the MS medium was capable of formatting roots
with the best result of 3.67 roots per piece plantlet. Rachmi
et al. (2020) declare that application of MS media enriches
with papaya extract was resulting number of roots by 7.3
roots per piece of plantlet. The addition of 50-100 mlL*
concentration of coconut water to MS media induces the
formation of number of roots and root lengths
(Mardhikasari et al. 2019).

In conclusions, the application of combination of IAA
and yeast extract have not shown an increase in the growth
of agarwood planlets as in vitro. The IAA concentrations
by 0,5 mgL* is able to increase the height of agarwood
shoots. Furthermore, IAA concentration by 0 mgL™ has the
highest average number of agarwood leaves.
Concentrations of yeast extract (0 mgL*; 200 mgL™; 400
mgL?; 800 mgL*) were not shown the agarwood plantlet
growth. Not all treatments formatting the roots, only I1AA
treatment 0,5 mgL'+yeast extract 200 mgL*; IAA 0.5
mgL1+yeast extract 800 mgL™*; IAA 1 mgL '+yeast extract
200 mgL?; IAA 1 mgL-t+yeast extract 400 mgL2.

REFERENCES

Abraham F, Bhatt A, Keng CL, Indrayanto G, Sulaiman SF. 2011. Effect
of yeast extract and chitosan on shoot proliferation, morphology and
antioxidant activity of Curcuma mangga in vitro plantlets. Afr J
Biotechnol 10 (40): 7787-7795. DOI: 10.5897/ajb10.1261.

BIODIVERSITAS 23 (5): 2457-2463, May 2022

Adelegn, Bogale. 2018. Micro-propagation of Colocasia esculenta (Cv.
Bolosso 1) from corm and sprout tip explants. J Agric Biotechnol
Sustain Develop 10 (7): 147-56. DOI: 10.5897/jabsd2018.0305.

Akbar A, Faridah E, Indrioko S, Herawan T. 2017. Induksi tunas,
multiplikasi dan perakaran Gyrinops versteegii (Gilg.) Domke secara
in vitro. Jurnal Pemuliaan Tanaman Hutan 11 (1): 1-13. [Indonesian]

Akhiriana E, Samanhudi, Yunus A. 2019. Coconut water and 1AA effect
on the in vitro growth of Tribulus terrestris L. Acta Universitatis
Agriculturae et Silviculturae Mendelianae Brunensis 67 (1): 9-18.
DOI: 10.11118/actaun201967010009.

Alarcén MV, Salguero J, Lloret PG. 2019. Auxin modulated initiation of
lateral roots is linked to pericycle cell length in maize. Front Plant Sci
10: 11. DOI: 10.3389/fpls.2019.00011.

Ali S, Kashem MA. 2019. An overview on growth and development of
agar plant (Aquilaria malaccensis Roxb) through management
practices in Bangladesh. Intl J Res Agric For 6 (7): 6-11.

Aminifard MH, Jorkesh A, Fallahi HR, Alipoor K. 2018. Foliar
application of thiamin stimulates the growth, yield and biochemical
compounds production of coriander and fenugreek. J Hortic Res 26
(1): 77-85. DOI: 10.2478/johr-2018-0009.

Arab MM, Yadollahi A, Eftekhari M, Ahmadi H, Akbari M, Khorami SS.
2018. Modeling and optimizing a new culture medium for in vitro
rooting of GxN15 Prunus rootstock using artificial neural network-
genetic algorithm. Sci Rep 8: 9977. DOI: 10.1038/s41598-018-
27858-4.

Arhvitasari M, Waeniyanti, Wardah. 2019. Organogenesis tanaman
gaharu (Aquilaria malaccensis Lamk) pada berbagai konsentrasi zat
pengatur tumbuh Benzyl Amino Purin (BAP) - Indole Butiric Acid
(IBA) secara in-vitro. Jurnal Warta Rimba 7 (3): 88-93. [Indonesian]

Avila-Trevifio JA, Mufoz-Aleman JM, Pérez-Molphe-Balch E,
Rodriguez-Sahagiin A, Morales-Dominguez JF. 2017. In vitro
propagation from bud and apex explants of Moringa oleifera and
evaluation of the genetic stability with RAMP marker. S Afr J Bot
108: 149-156. DOI: 10.1016/j.sajb.2016.10.003.

Baday SJS. 2018. Plant tissue culture. Intl J Agric Environm Res 4 (4):
997-990.

Bennett T, Hines G, van Rongen M, Waldie T, Sawchuk MG, Scarpella E,
Ljung K, Leyser O. 2016. Connective auxin transport in the shoot
facilitates communication between shoot apices. PLoS Biol 14 (4):
€1002446. DOI: 10.1371/journal.pbio.1002446.

Chamandoosti F. 2017. Effect of Interaction between different plant
growth regulators on in vitro shoot multiplication of Citrus latifolia
Tan. (Persian lime). Intl J Environ Agric Res 3 (8): 51-54. DOI:
10.25125/agriculture-journal-ijoear-jul-2017-11.

Chen YM, Huang JZ, Hou TW, Pan IC. 2019. Effects of light intensity
and plant growth regulators on callus proliferation and shoot
regeneration in the ornamental succulent Haworthia. Bot Stud 60: 10.
DOI: 10.1186/s40529-019-0257-y.

Chhalgri MA, Khan MT, Nizamani GS, Yasmeen S, Khan IA, Aslam
MM, Rajpa AA, Tayyaba, Faiza N, Nizamani MR, Igbal R, Panhwar
MA, Siddiqui MJ. 2020. Effect of phytohormones on shoot and root
regeneration in rose under in vitro conditions. Adv Life Sci Intl
Quarterly J Biol Sci 8 (1): 93-97.

Danial GH, Ibrahim DA, Omer MS. 2016. Response of running shoot tips
of strawberry (Fragaria x Ananasa) for in vitro propagation in
Kurdistan Region of Iraqg. Intl J Environ Agric Biotechnol 1 (2): 164-
169. DOI: 10.22161/ijeab/1.2.11.

Dasri K, Munglue P, Rattana K, Sangchanjiradet S. 2016. The effects of
IAA produced by Bacillus pumilus A1_YM_1 on growth of orchids
under micropropagation. Khon Kaen Agric J 44 (1): 832-837.

Dwianto,W, Kusumah SS, Darmawan T, Amin Y, Bahanawan A,
Pramasari DA, Lestari E, Himmi SK, Hermiati E, Fatriasari W,
Laksana RPB, Damayanti R. 2019. Anatomical observation and
characterization on basic properties of agarwood (gaharu) as an
Appendix Il CITES. IOP Conf Ser Earth Environ Sci 374 (1):
012062. DOI: 10.1088/1755-1315/374/1/012062.

Fadel AH, Gerung GS, Suryati E, Rumengan IFM. 2013. The effects of
stimulant growth hormones on tissue culture of seaweed
Kappaphycus alvarezii in vitro. Aquat Sci Manag 1: 77-78. DOI:
10.35800/jasm.0.0.2013.2282.

Fauzan YSA, Sandra E, Mulyono D. 2015. Kajian elongasi pada tanaman
in vitro gaharu (Aquilaria beccariana van Tiegh). Jurnal
Bioteknologi dan Biosains Indonesia 2 (2): 65. DOI:
10.29122/jbbi.v2i2.511. [Indonesian]

Gerszberg A, Hnatuszko-Konka K, Kowalczyk T, Kononowicz AK. 2016.
Efficient in vitro callus induction and plant regeneration protocol for



SAMANHUDI et al. — Aquilaria malaccensis diversity conservation by in vitro culture

Horti
DOI:

Botanicae
452-458.

different polish tomato cultivars. Notulae
Agrobotanici Cluj-Napoca 44 (2):
10.15835/nbha44210530.

Giap DD, Thai TD, Thang DD, Trang NTH, Tuan TT, Xuyen NT, Hieu
DD. 2018. Effects of several organic extracts on the growth, yield and
quality of Anoectochilus formosanus biomass. Intl J Agric Technol 14
(2): 171-182.

Hassan MA, Baharom AH, Md Sah MS, Rahman MZA, Razak MA. 2018.
Effects of plant growth regulators on root culture and yeast extract
elicitation on metabolite profiles of Polygonum minus. Sains
Malaysiana 47 (12): 3085-3094. DOI: 10.17576/jsm-2018-4712-19.

Hucker B, Wakeling L, Vriesekoop F. 2016. Vitamins in brewing:
Presence and influence of thiamine and riboflavin on wort
fermentation. J |Institute Brewing 122 (1): 126-137. DOI:
10.1002/jib.293.

Jacob FF, Methner FJ, Michel M, Zarnkow M, Hutzler M. 2019. The
complexity of yeast extracts and its consequences on the utility in
brewing: A review. BrewingScience 72: 50-62. DOL:
10.23763/BrSc19-04jacob.

Lathyfah U, Dewi ERS. 2016. Pengaruh variasi konsentrasi indole acetid
acid (IAA) terhadap pertumbuhan tunas pisang barangan (Musa
acuminata L. triploid AAA.) dalam kultur in vitro. Bioma Jurnal
llmiah Biologi 5 (1): 32-42. DOI: 10.26877/bioma.v5i1.1492.
[Indonesian]

Lee SY, Ng WL, Mahat MN, Nazre M, Mohamed R. 2016. DNA
barcoding of the endangered Aquilaria (Thymelaeaceae) and its
application in species authentication of agarwood products traded in
the market. PLoS ONE 11 (4): e0154631. DOI:
10.1371/journal.pone.0154631.

Louw AE, Kesaulya H, Lawalata I1J. 2018. Perbanyakan mikro Colocasia
esculenta (L.) Schott var. antiquorum melalui penggunaan IAA.
Jurnal Budidaya Pertanian 14 (2): 28-34. DOI:
10.30598/jbdp.2018.14.1.28. [Indonesian]

Mardhikasari S, Yunus A, Samanhudi. 2019. Modification of media for
banana in vitro propagation with foliar fertilizer and coconut water in
Cv. Rajabulu. Caraka Tani J Sustain Agric 35 (1): 23-32. DOI:
10.20961/carakatani.v35i1.27756.

Marlina A, Nopsagiarti T, Jamalludin. 2019. Penggunaan berbagai
konsentrasi ragi terhadap pertumbuhan subkultur jaringan manggis
(Garcinia mangostana L.) secara in-vitro. Jurnal Agronomi Tanaman
Tropika 1 (2): 12-18. DOI: 10.36378/juatika.v1i1.46. [Indonesian]

Mastur S, Syakir M. 2015. Peran dan pengelolaan hara nitrogen pada
tanaman tebu untuk peningkatan produktivitas tebu. Perspektif 14 (2):
73-86. DOI: 10.21082/p.v14n2.2015.73-86. [Indonesian]

Miri SM. 2020. Micropropagation, callus induction and regeneration of
ginger (Zingiber officinale Rosc.). Agriculture 5 (1): 75-84. DOI:
10.1515/0pag-2020-0008.

Prabowo H, Samanhudi, Yuniastuti E, Yunus A. 2018. Effects of media
combination with concentration of ab-mix nutrient on growth of
banana shoots on in vitro. Bulgarian J Agric Sci 24 (3): 404-410.

Putri AH, Haryanto ET, Purnomo D. 2015. Optimalisasi kultur jaringan
bawang putih dengan variasi konsentrasi ekstrak ragi. Caraka Tani J
Sustain Agric 30 (1): 30-32. DOI: 10.20961/carakatani.v30i1.11844.
[Indonesian]

Rachmi D, Samanhudi, Purnomo D. 2020. The effectiveness of fruit
extract and temperature for in vitro culture of kepok banana (Musa
balbisiana). IOP Conf Ser Earth Environ Sci 466 (1): 012008. DOI:
10.1088/1755-1315/466/1/012008.

Saikia M, Shrivastava K. 2015. Direct shoot organogenesis from leaf
explants of Aquilaria malaccensis Lam. Indian J Res Pharm
Biotechnol 3 (2): 164-170.

2463

Salam N, Awal A, Abdullah S. 2019. Embryogenic callus induction of
Aquilaira malaccensis Lam. and Aquilaria subintegra Ding Hou. Intl
J Engineer Adv Technol 9 (1): 5746-5751. DOIL:
10.35940/ijeat.A3057.109119.

Satria B, Herawati N, Aprisal. 2017. The effect dosage fungi mycorrhiza
arbuscular (FMA) for growing some genotype agarwood plants
(Aquilaria spp.). Proceedings of PERIPI-2017 International Seminar
October 2nd, 2017.

Sitinjak MA, Isda MN, Fatonah S. 2015. Induksi kalus dari eksplan daun
in vitro keladi tikus (Typhonium sp.) dengan perlakuan 2,4-D dan
kinetin.  Al-Kauniyah Jurnal Biologi 8 (1): 32-39. DOI:
10.15408/kauniyah.v8i1.2703. [Indonesian]

Suharti S, Pratiwi, Santoso E, Turjaman M. 2011. Feasibility study of
business in agarwood inoculation at different stem diameters and
inoculation periods. Indonesian J For Res 8 (2): 114-129. DOI:
10.20886/ijfr.2011.8.2.114-129.

Suparjo, Royani JI, Rosmalawati S, Tajuddin T, Riyadi A. 2016. Pengaruh
auksin dan sitokinin terhadap perbanyakan mikro tanaman binahong
(Anredera cordifolia (Tenore) Steenis). Jurnal Bioteknologi dan
Biosains Indonesia 3 (2): 57-65. DOI: 10.29122/jbbi.v3i2.72.
[Indonesian]

Taiyeb A, Baharuddin. 2017. In vitro multiplication of jabon
(Anthocephalus cadamba (Roxb)) on various concentrations of BAP
and IAA. Agroland Agri Sci J 4 (2): 60-65. DOI:
10.22487/j24077593.2017.v4.i2.9540.

Tan CS, Md Isa N, Ismail I, Zainal Z. 2019. Agarwood induction: Current
developments and future perspectives. Front Plant Sci 10: 122. DOI:
10.3389/fpls.2019.00122.

Tegen H, Mohammed W. 2016. The role of plant tissue culture to supply
disease-free planting materials of major horticultural crops in
Ethiopia. J Biol Agric Healthcare 6 (1): 122-129.

Ulfa F, Sengin EL, Baharuddin, Syaiful SA, Sennang NR, Rafiuddin,
Nurfaida, Ifayanti. 2013. Potential of plant extracts as growth
exogenous regulators of potato seeds. Intl J Agric Syst 1 (2): 98-103.

Utami ESW, Hariyanto S. 2020. Organic compounds: Contents and their
role in improving seed germination and protocorm development in
orchids. Intl J Agronom 2020:1 2795108. DOl
10.1155/2020/2795108.

Venkatachalam P, Kalaiarasi K, Sreeramanan S. 2015. Influence of plant
growth regulators (PGRs) and various additives on in vitro plant
propagation of Bambusa arundinacea (Retz.) Wild: A recalcitrant
bamboo species. J Genet Engineer Biotechnol 13 (2): 193-200. DOI:
10.1016/j.jgeb.2015.09.006.

Wardatutthoyyibah, Wulandari RS, Darwati H. 2015. Penambahan auksin
dan sitokinin terhadap pertumbuhan tunas dan akar gaharu (Aquilaria
malaccensis Lamk) secara in vitro. Jurnal Hutan Lestari 3 (1): 43-50.
[Indonesian]

Widiastuti Y, Bariyyah K, Istianingrum P, Restanto DP, Hartatik S. 2018.
In vitro sterilization method of the Banyuwangi’s local red durian leaf
explants to several combination types of sterilization materials. Intl J
Agric Environ Biores 3 (5): 262-273.

Xie L, Chen F, Du H, Zhang X, Wang X, Yao G, Xu B. 2020. Graphene
oxide and indole-3-acetic acid cotreatment regulate the root growth of
Brassica napus L. via multiple phytohormone pathways. BMC Plant
Biol 20: 101. DOI: 10.1186/s12870-020-2308-7.

Yuniastuti E, Widodo CE, Samanhudi, Delfianti MNI. 2018. Effect of
benzyl amino purine and indole-3-acetic acid on propagation of
Sterculia foetida in vitro. IOP Conf Ser Earth Environ Sci 142 (1):
012011. DOI: 10.1088/1755-1315/142/1/012011.

Zou LJ, Hu JY, Luo MH, Wu QG. 2019. In vitro propagation of the
Chinese traditional and medicinal plant Heracleum scabridum Franch.
Bangladesh J Bot 48 (3): 575-581. DOI: 10.3329/BJB.V4813.47933.



