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ABSTRACT

Purwaceng (Pimpinella alpina) is an herbal plant that has aphrodisiac, diuretic, and tonic
properties. Theimbalance between the growth and the exploitation of this plant makesit included
in Appendix | (endangered), so its conservation will be crucial. One method of the conservation
of thisplant istissue culture. Thismethod is considered oneway to induct the callus. The research
objective isto find the effect of various treatments of plant growth regulator concentrations of
NAA. 2,4 D and its combination with BAP on the growth of purwoceng callus. Concentration of
plant growth regulator NAA (0.5mg L%, 1mgL?t 2mglL?),2,4-D(0.4mgL? 0.8mgL? 1.2mg
L), a combination of NAA with BAP (0.5 mg L' NAA: 1 mg L'* BAP, 1 mg L' NAA: 2 mg L*!
BAP, mg L'* NAA: 3 mg L* BAP) and a combination of 2, 4- D withBAP (1mgLL 2,4-D: 0.5mg
LBAP, 1mgL'24-D: 1mgL*BAP 2mgL?*24-D: 1mgL?BAP)into Murashige Skoog
medium. Then purwaceng leaf explants were planted on the medium until the growth was seen.
This research shows that the plant growth regulator concentration has a different influence on
the growth of callus that is recognized by the day of callusinduction, colour and callustexture.
MS media with growth regulator 1.2 mg L 2,4-D can grow callus faster (17 days) with friable
texture.
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INTRODUCTION

Purwaceng plant (Pimpinella alpina) is a
commercial herb plant whose roots are
reported to have medicina properties as an
aphrodisiac (increases sexual arousa and
erection), diuretic (smooths urine channel),
and tonic (canincrease stamina) (Darwati and
Roostika, 2016; Meiny 2017; Wahyuning-
rum, 2016; Rusmin 2017). Currently, the
population of Purwaceng is rare due to
massive genetic erosion. Even the population
in Mount Pangrango, West Java and
mountainous areas in East Java have
decreased (Darwati and Roostika, 2016). One
of the cultivation efforts carried out in his
research on in vitro propagation through
tissue culture has been carried out to
overcome this problem, but the results have
not been satisfactory (Widodo et d., 2018).

Theprincipleof tissuecultureisthat al plant
parts, whether in theform of cells, tissues, or
plant organs, can become new plants under
aseptic conditions. The advantage of plant
tissuecultureisasabasisto produce secondary
metabolites in vitro and to produce in vitro
cultured plants that have good quality
compared totheorigina plant (Bhatia, 2015)
(Faramayudaet d ., 2021a; Faramayudaet dl .,
2021b; Faramayudaet d., 2021¢). invitroand
Efforts to induce callus in purwaceng plant
tissue culture have been carried out, including
basic media (/2 MS) combined with the
addition of 2, 4-D with several combinations
of treatments can induce callus with the best
concentration of 0.75 mg L? (Intias, 2011,
Mariani, 2017). Based on the results of
previous studies, it is necessary to study the
concentration of 2,4-D combined with
concentrations of other types of cytokinins
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to grow callus (Sukweenadhi et d., 2019). It
is al'so necessary to study other types of
explants from the purwaceng plant to induce
callus of the purwaceng plant because the
previous researcher used the purwaceng | eaf
stalk. Therefore, research will be conducted
to determine the effect of variations in the
concentration of growth regulatorson callus
growth of purwaceng plants (Pimpinella
alpina).

RESEARCH METHODS
Research Material

The plant material used in this study wasthe
leaf part of the Pimpinella alpina plant. The
ageof theplantsused asexplantsis6 months.

Thebasic mediaused were Murashige Skoog
(MS; ; Phytotechl ab) with theaddition of plant
growth regulators (PGR) Naphthal eneacetic
Acid (NAA; Sigma-Aldrich), 2,4-D
(DichlorophenoxyaeticAcid; Sigma-Aldrich)
and 6-Benzyl Amino Purine (BAP; Sigma-
Aldrich).

Chemicals for sterilization include 70%
alcohol (Merck), 10% Bayclin® (Sodium
hypochlorite), fungicides, and serileaguadest.

Pimpinella al pina Host sampleswas obtained
from Jopa Green Sleman, Yogyakarta. The
material was determined to determine the
correctness of its species at the Plant
Taxonomy Laboratory, Department of
Biology, FMIPA, Padjadjaran University.

Research design

Plant tissue culture technique on Pimpinella
alpina Host aimed to callus induction with
MS (Murashige and Skoog) with theaddition
of a single plant growth regulator (PGR)
naphthaleneacetic acid (NAA), 2,4-D
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(dichlorophenoxyeetic acid) and acombination
with 6-benzyl amino purines (BAP). The
research design included sampling, planting
explantsontissueculturemediaand observing
callus growth. research design follows a
completely randomized design experiment.
The experiment was repeated on each
medium three times.

Preparation of basic media was carried out
with 12 variations of PGR with MS base
media, to each medium added by PGR single
NAA, 2,4-D and a combination with BAP
(Table 1). The making of each media was
made three times repetition. The pH of the
solution was measured using a pH meter up
to a pH range of 5.6-5.8. Agar was added,
heated on a hot plate, and stirred using a
magnetic stirrer. These media were poured
into culture bottlesand then sterilized. Media
sterilization was carried out using an
autoclave at 121 °C for 15 minutes.

Equipment and M edia Serilization

The tools used are sterilized by washing
them thoroughly and drying them. Placed
in an autoclave at 121°C for 15 minutes..
Tools such as tweezers and scalpels can be
re-sterilized by heating over a spark flame
after being immersedin 70% al cohol before

using the tool. The growing media was
sterilized with the tool in an autoclave at
121°C for 15 minutes(Arifin, 2020).

Serilization and implantation of explants
on tissue culture media

The explants used were Pimpinella alpina
Host young leaves. The explants were
sterilized, at this stage, the explants were
carried out by washing the leavesin running
water and washed in a2% fungicide solution;
sterilizationwas continued in LAF by soaking
the explants successively, in 70% alcohol,
Bayclin® 10% (Sodium hypochlorite).

Rinse using sterile distilled water for three
repetitions. Then the leaves were cut to get
explants(1x 2cm). Theexplantswere planted
on the prepared tissue culture media. The
explantswererinsed with water threetimes.
The explants were planted on the prepared
tissue culture media.

Callus Growth Observation

Observations were made by noting the
development of the cultured explants starting
to form a callus, callus colour, and callus
texture. The observed callusformwasfriable
or solid. Callus color ranges from brown,
black, white or white-brown.

Table 1 The treatments of plant growth regulator concentrations of NAA. 2,4 D and
its combination with BAP in M S-base media

Treatment MS media Treatment MS media
NAA BAP 2,4-D BAP

Al 05mglL? A2 0.4mgL?

B1 ImglL+? B2 0.8mgL?

C1 2mgL? c2 1.2mgL?

D1 0.5mgL? ImglLt D2 iImglL+? 05mgL?
El 1mglL+? 2mgL? E2 ImglL? iImglL?
F1 2mglL? 3mgL? F2 2mglL? ImglL?
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Data Analysis

The experiment wasrepeated on each medium
three times.

RESULTSAND DISCUSSION

In tissue culture techniques, it isknown that
the ability of plant tissue to form callusis
strongly influenced by, among others, the
components of the media, the concentration
of growth regulators and light intensity
(Nurwahyuni and Tjondronegoro, 1994).
The explant source used was the | eaf part of
the purwaceng plant in this study. The first
stage in this study was determining the
purwaceng plant (Pimpinella alpina). The
purpose of the determination isto find out
thetruth of theidentity of the plantsthat will
be used in the research. The determination
of this plant was carried out at the Plant
Taxonomy Laboratory, Department of
Biology, Faculty of Mathematicsand Natural
Sciences, Padjadjaran University. The
determination resultsidentified that the plant
to be used in the study was a purwaceng
plant with the type of Pimpinella alpina
Host (Fig. 1).

: N _'1__-.'.'_‘-,_,' | _ T
Figure 1 Purwaceng plant (private collection)

invitroln thisstudy, therewere 12 variations
of growth regulators in Murashige-Skoog
(MS) media with various concentrations,
either single auxins (NAA and 2,4-D) or in
combination with cytokinins (BAP). After
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explants were induced on solid media and
observed and developed for approximately
35 daysafter planting (DAT), various callus
results were obtained from each variation
in the concentration of growth regulators
(Table 1) with parameters ranging from
callus growth duration, callus texture and
calluscolour (Table 1; Figure2; Figure 3).

Inthisstudy, Murashigeand Skoog (MS) media
wereused, which added plant growth regulators
(PGR), namely auxins(NAA and 2,4-D) and
cytokinins(BAP) with varying concentrations.
Auxin a low concentrations can stimulate
shoot devel opment, while high concentrations
can stimulate calus growth (Maggon and
Singh, 1995). Thus, the regul ation of growth
regulators in the media will determine the
success of the growth and development of
tissue culture. In-plant tissue culture, it is
necessary to select the right combination of
auxins, cytokininsand supplements, because
these combinations determine the success of
calus or shoot formation (Sukweenadhi et
a., 2019) .

Auxin induces callus formation, suspension
culture, androots, promoting cdll e ongation and
divisoninthecambiumtissue (Pierik, 1997).

% To simulate the formation of embryogenic
2o cdlusand somatic embryo structure, auxinis
* oftenrequiredinreatively high concentrations.

While cytokininsare organic compoundsthat
cause cell division (cytokinesis), cytokinins

, dffect severd physiologica processesin plants,

especially encouraging cell division. 6-
Benzyl Amino Purine (BAP) is an adenine
derivative substituted at position 6, which has
themost activechemical activity in stimulating
shoot formation. (Zaerr and Mapes, 1982).
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Figure 2 The growth of explants on M'S media with various concentration of plant growth
regulators NAA and its combination with BAP. A1=MS+ 0.5mgL*NAA,B1=MS+1
mgL*NAA,C1=MS+2mgL?* NAA,D1=MS+0.5mgL* NAA+1mgL* BAP
E1=MS+1mgL! NAA+2mgL?!* BARF1=MS+2mgL? NAA+3mgL'BAP
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Figure 3 Growth of explants on MS mediawith various variations of growth regulators 2,4-D

and BAP.A2=MS+04mgL* 24-D,B2=MS+0.8mgL* 24-D,C2=MS+12mgL™*

24-D,D2=MS+1mgL?* 24-D+05mgL? BARE2=MS+1mgL?! 24-D+1mglL™*
BAP F2=MS+2mgL* 24-D+1mgL? BAP.
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Table 2 The colour and texture of purwoceng callus at various concentrations of plant
growth regulator NAA, 2,4D and its combination with BAP

Treatment Day of callusfor mation Callus colour Callustexture
Al 21 Brownish-yellow Friable
B1 21 White Friable
C1 19 White Compact
D1 29 Brownish-yellow Friable
E1l 29 Brownish-yellow Frigble
F1 35 Brownish-yellow Friable
A2 21 Yellow Friable
B2 19 Yellow Friable
Cc2 17 Yellow Friable
D2 32 Brownish-yellow Frigble
E2 32 Brownish-yellow Friable
F2 35 Brownish-yellow Friable

Theresultsshowed that the C2 treatment was
the fastest callus induction time in leaf
explantsonday 17 and thelateinductiontime
in F2 treatment occurred on day 35, with an
average callusgrowing on day 26 (Figure 3).
The appearance of callus on explantsis one
indicator of growth in plant tissue culture.
According to Gunawan (1995) Cdlus is a
collection of amorphous substances from
tissue cells that divide continuously.

The appearance of calusis characterized by
swelling of the explants and the appearance
of white patches. According to Suryowinoto
(1996), the cdllsin contact with the mediaare
encouraged to become meristematic and then
actively divide, such as wound covering
tissue.

The ability of aplant organ to produce callus
islargely determined by the media used and
the composition of growth regulatorsin the
media. The concentration of BAPinfluenced
thedifferencein calusgrowth ratein explants
added to the media. According to research
Sari (2013) in stem explants, the higher the
concentration of BAP, the faster the callus
growth. Auxins induce cell division, cell
elongation, apical dominance, adventitious

root formation, and somatic embryogenesis.
Cytokinins can modify apical dominance by
promoting axillary bud formation (Bhatia,
2015). However, onthe contrary, leaf explants
showed adifferent responseif thehigher BAP
was added. The callus would grow slower.
Thisisincorporated previousresearch (Intias,
2011), using tem explantswith acombination
of growthregulators2,4-D 0.75mgL* andBAP
1.5mg L couldinduce cdlusat 19th days.

Based on previous research (Sari, 2013), the
callus emergence time in leaf explants was
dower because inducing calus emergence
did not require high BAP. The callus
emergence time was fast to induce callus on
Anredera cordifolialeaf explantswith 2,4-D
without BAP. This corresponds to Sumiati
and Lestiana (2014) reported that in binahong
leaf explantswith the addition of 2,4-D 2 mg
L, the callus emergence time occurred on
day 17. In addition to growth regulators, the
speed of callusformationwasaso influenced
by the size, age, physiology, source and
genotype of explants (Katuuk, 1989).

The NAA treatment without BAP showed an
average white callus based on the study
results. Naphthaleneacetic acid (NAA) isan
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auxin hormone that induces cell elongation
(Lestari, 2019). However, the callus
experienced proliferation again after that,
causing the callus to change colour to
brownish-yellow. At thesametime, thesingle
2,4-D treatment showed yellow results and
did not changein contrast to NAA and 2,4-D
combined with BAP calus. The difference
in calus colour showed the level of callus
development. According to Fatmawati
(2008), Calus colour indicates the presence
of chlorophyll in the tissue. The greener the
calus colour, the more chlorophyll content.
A light or white colour can indicate that the
calus condition is still quite good.

The callus colour difference indicates the
level of callusdevel opment, and good quality
calus is white where growth or division is
faster. Callus that is increasingly brown in
color, indicatesthat thecalluscellsare getting
old. A light or white colour can indicate that
the callus is still good (Fatmawati, 2008).
Thus, the colour of the callus can aso be
known as to whether a callus still has cells
that areactively dividing or till aliveor dead.

A caluswill show ayellow colour and turn
brown as the callus grows. Brown colour
generally indicates a callus state whose cells
have died (Dwiyono, 2009). This change in
callus colour was caused because the callus
was getting older, and the nutrients were
getting less and less so that there was
competitionfor nutrients. Usually, fast growth
and callus colour that tends to be bright
indicated that the health condition of the
culture is quite good. Meanwhile, brown to
black colours generally indicate a callus
condition whose cells have died(Ariningsih
and Endang, 2003). Thelonger thecaluswas
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induced onthemedia, the darker brown colour
even tended to be blackish. According to
Kresnawati (2006), the formation of callus
colour isinfluenced by growth regulators. The
various callus colours are caused by light
pigmentation and the origin of the explants.
Pigmentation can be evenly distributed
throughout the callussurface or only partialy.
Therearedifferencesin colour in onecallus,
namely white, green, brown, brownish-white,
and greenish-white. The greenish-white
colour alows for the brightest colours with
theleast chlorophyll content. The green colour
of calusisdueto the effect of cytokininsin
the formation of chlorophyll (Widyawati,
2010). Intissue cultureactivity, auxinisvery
well known as a hormone that inhibits the
action of cytokinins to form chlorophyll in
calus, while cytokinin hormones function to
encourage the formation of chlorophyll in
calus. (Santoso and Nursandi, 2004).

Besides affecting callus proliferation, callus
colour a so affectsthe production of secondary
metabolites. Thedarker the callus colour, the
higher the secondary metabolites produced.
Browning of the tissues is associated with
excessive accumulation of phenol. According
to Wickremisihe and Arteea 1993), the
change in callus colour to brown is most
likely because the growth and devel opment
of the callus have entered a stationary phase.
Ingeneral, secondary metabolitesbeginto be
formed at the beginning of the stationary
phase, so the darker the callus colour, the
higher the secondary metabolite level
produced. According to previous research
Turhan (2004) Callustexture can be divided
into three types, namely compact (non-
friable), intermediate and friable. A callus
with a friable structure (friable) is formed
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from a collection of easily detached cells,
whileacompact callus consists of agroup of
healthy cells. The experiments carried out
showed that, ingenerd, it gaveafriablecalus
texture, except in the C1 treatment, it had a
compact callus texture. According to
Purwianingsih (2007), compact callus
structure and the occurrence of yellowish or
greenish discoloration indicate cell
differentiation. This compact callus occurs
through agrowth processthat leads to dense
and dense cells.

Thetypeof explant used in plant tissue culture
Is strongly influenced by callus texture. The
explants used in this study were leaves. The
formation of callus awith afriable structure
isinfluenced by endogenous auxin hormone,
produced internally by explants that have
arisen to form the callus. Widyawati (2010).
Auxininthemediawill stimulatecell divison
and enlargement in explants, thereby inducing
callus formation and growth (Wetter and
Constable, 1991). The formation of friables
calusisaso influenced by cytokinin (BAP)
in media containing auxin. According to
Syahid (2010), the presence of cytokinin can
increase cell division in the cytokinesis
process, especialy when RNA and protein
synthesis will induce auxin activity in cdll
division to form calus. Thus, the formation
of friable calus results from increased cell
division activity (Pierik, 1997).

The colour of thewhite and yellow pigments
in the callusindicated that the callus growth
wasgood (Table2). Thegreen colour iscalus
containing chlorophyll, theinteraction of 2,4-
D and BAP (cytokinins), which play arolein
the formation of chlorophyll in callus.
According to Wardani (2004), the callus
colour changes to greenish-white, and the

calus cells have started to form chlorophyll
asalighting reaction so that the chloroplasts
carry out photosynthesis.

The callus is the starting material for the
manufacture of cell suspension cultures.
Produce secondary metabolites. The cell
suspension culture method has been the
method of choice until now. For callusto be
used as a suspension starting material, callus
cellshavethe characteristics of callusfriable
texture and are easy to decompose, callus
colour is white to yellow, it is not easy to
oxidize phenolic substances, and thecellsare
easy to multiply. To get anembryogeniccdlus,
we can do subcultures repeatedly to get a
calusthat hasamorefriable structure.

The addition of auxin (NAA and 2,4-D) in
the media effectively increased the growth
rate of purwaceng callus. Theresults showed
that adding a single 2,4-D auxin gave
optimum conditions with C2 treatment
producing the fastest induction time on day
17. Cdlus was a yellow and friable texture.
For the addition of the concentration of
growth regulators, the best combination was
in treatment D1 with callus growing time of
29 days, brownish yellow colour and friable
calustexture. However the callusformation
timewas still faster on C1 and C2 media

The explants used in this study were
purwaceng leaf shoots. Furthermore, the
purwaceng leaf explants were sterilized. Of
the severa optimation sterilization methods
tried, the best results were obtained with 2%
fungicide, 70% acohol and Bayclin® 10%
for leaf explants, with a soaking time of 1
minute each. Sterilization isthe initia stage
of invitro culture development. If the surface
of theexplant isnot sterilized properly, it will
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cause contamination.

According to Setiani et al (2018). The
duration of immersion affected the decrease
in contamination and the appearance of the
colour of the explants. The shorter the
immersiontimewith sodium hypochlorite, the
more susceptible the explants were to
pathogens. However, if thelonger immersion
with sodium hypochlorite, the development
of theexplant tissuewill behampered, which
is marked by browning (brown colour)
(Rismayanti, 2010).

CONCLUSION

Explant of purwaceng leaf inoculatedon M S
mediawith growth regulator 1.2 mg L 2,4-
D can grow callus faster (17 days) with a
friable texture. The mediaand callusformed
can beused asthebasisfor to further develop
the cell suspension culture stage for
producing active substancesin purwaceng by
invitro culture.

REFERENCE

Arifin S.Z. 2020. Optimization of Basic
Media Types on Callus Growth of
Javanese Chili (Piper retrofractum
Vahl.). Essay. UNJANI. Cimahi.

Ariningsih, I.S., and EndangA. 2003. Callus
Growth and Production of Noni
Anthraquinone (Morindacitrifolia, L.)
on Murashige-Skoog (MS) Mediawith
the Addition of Ca2+ and Cu2+ lons.
Biopharmaceuticals. 1(2): 39— 43.

Bhatia, S. 2015. Chapter 2 - Plant Tissue
Culture, 31-107 in S. Bhatia, K.
Sharma, R. Dahiya, dan T. Bera, eds.,
Modern Applications of Plant
Biotechnology in Pharmaceutical
Sciences, Academic Press, Boston.

180

Darwati |., and Roostika |. 2016. Research
Satus of Purwoceng (Pimpinella
alpinaMolk.) inIndonesa. Germplasm
Bulletin. 12(2): 9.

Dwiyono E. 2009. Callus Induction of
Mahkota Dewa (Phal eria macrocar pa
(Scheff.) Boerl.) Plants with Dark
Conditions and 2, 4-D Treatment
(Undergraduate Thesis).

Faramayuda F., Mariani T.S., Elfahmi and
Sukrasno. 2021a. ldentification of
secondary metabolites from callus
Orthosiphon aristatus (Blume) miq by
thin layer chromatography. Sarhad
Journal of Agriculture. 37(3): 1081-
1088.

Faramayuda F., Mariani T.S., Elfahmi and
Sukrasno. 2021b. Micropropagation
and secondary metabolites content of
white-purple varieties of Orthosiphon
aristatus Blume miq. Pakistan Journal
of Biologica Sciences. 24(8): 858-867.

Faramayuda F., Mariani T.S., Elfahmi and
Sukrasno. 2021c. Chemical compound
identification of two varieties cat
whiskers(Orthosiphonaristatus Blume
Miq) from in vitro culture. Sarhad
Journal of Agriculture. 37(4): 1355-
1363.

Famawati A. 2008. Sudy of BAP concentration
and 2, 4-D on callus induction of
Artemisia annua L. In vitro (Thesis).
Faculty of Agriculture. Eleven March
State University. Surakarta.

Gunawan L.W. 1995. In vitro Plant Culture
Techniques, Intermediate Center, Bogor.

Intias S. 2011. Effect of giving various
concentrationsof 2, 4-d and bap on the
formation of callus purwoceng
(Pimpinella pruatjan) in vitro. Thesis.



The Growth of Pimpinella Alpina Host Callus at Various Treatments of Plant Growth Regulator Concentrations of
NAA. 2,4 D and its Combination With BAP | Fahrauk Faramayuda, et al.

Katuuk J.R.P. 1989. Tissue culturetechniques
in plant micropropagation. Ministry of
Education and Culture Director
General of Higher Education, Jakarta.

Kresnawati E. 2006. Effect of growthregulators
NAA and kinetin on callus induction
from Patchouli (Pogostemon cablin
Benth) leaves. Muhammadiyah
University of Surakarta.

Lestari, K., Deswiniyanti, N. I., Astarini, I.,
danArpiwi, L. U. H. 2019. Callusand
shoot induction of leaf culture Lilium
longiflorum with NAA and BAP,
Nusantara Bioscience, 11, 162-165.

Maggon R., and Singh B.D. 1995. Promotion
of adventitious bud regeneration by
ABA in combination with BAP in
epicotyl and hypocotyl explants of
sweet orange (Citrus sinensis L.
Osbeck). ScientiaHorticulturae. 63(1-
2): 123-128.

Mariani T.S. 2017. Meristem Culture and its
Sigmasterol Content of Purwoceng
(Pimpinella pruatjan Molk.) for
Agricultural Sciences. International
Journal of Innovationsin Engineering
and Technology(I1JIET). 250-253.

Meiny. 2017. Effect of Purwoceng Extracts
(Pimpinella alpina Molk) on Erectile
Function Biomarker Enhancement.
PIMHS. 1182-1187.

Pierik R.L.M. 1997. Invitro cultureof higher
plants. Springer science and business
media

PurwianingshW., Kusdianti R., and Yuniarti
L. 2007. Anatomy of callus from |eaf
explants of Catharanthus roseous (L).
G Don (Tapak Dara). Journa of the
Nationa Seminar on Biotechnology.

Rismayanti H.F. 2010. Effect of chlorox
(NaOCl) on surfacesterilizationfor the
development of Aglaonema (Donna
carmen) seedlingsin vitro. Proceedings
of Scientific Seminar and Annual
Meeting of PEI and PFI XX South
Sulawes Regional Commissariat.

Rusmin D. 2017. Devel opment of Purwoceng
(Pimpindlapruatjan Molk.) Cultivation
as a Medicinal Plant. Perspective. 16
(2): 80-93.

Santoso U., and Nursandi F. 2004. Plant Tissue
Culture. University of Muhammadiyah
Malang, Press. Poor.

Sari N. 2013. Effect of Addition of Various
Combinations of Concentrations of 2,
4-Dichlorophenoxyacetate (2, 4-D) and
6-Bensil Aminopurine (BAP) on MS
Media on Texture and Color of Callus
Explants of Teak Sem(Tectonagrandis
Linn.F.)”JUL”. LanternBio: Biologica
Scientific Periodic. 2(1): 69-73.

Setiani A.N., Nurwinda F,, and Astriany D.
2018. Effect of Disinfectants and
Soaking Time on Sterilization of
Breadfruit Leaf Explants (Artocarpus
altilis (Parkinson ex. FA Zorn)
Fosberg). Biotropics - Journal of
Tropical Biology. 6(3): 78-82. https.//
doi.org/10.217761/
ub.biotropica 2018.006.03.01

Sukweenadhi J, Choi JY, KimYJ, Kalirg L,
Abid S, Ahn JC and Yang DC. Callus
induction and in vitro mass culture of
adventitious roots from leaf segment
explants of Dendropanax morbifera
Lev. InIOP Conference Series. Earth
and Environmental Science 2019 Jun
1 (Vol. 293, No. 1, p. 012024). IOP
Publishing.

181



AGRIC Vol. 34, No. 2, Desember 2022:171-182

Sumiati Y.E, and Lestiana A. 2014.
Germination of Orchid seeds, Anthurium
seads, and CallusInduction of Binahong
Leaf Explants. Plant Tissue Culture
Practicum Report.

Suryowinoto M. 1996. Invitro Plant Breeding.
Kanius, Yogyakarta.

Syahid S.F,, Kristina N.N., and Seswita D.
2010. Effect of media composition on
callus growth and tannin content of
Dutch teak |eaves (Guazuma ulmifolia
Lamk) in vitro.

Turhan H. 2004. Callusinduction and growth
intransgenic potato genotypes. African
Journal of Biotechnology. 3(8): 375
378.

Wahyuningrum ea. 2016. Screening of
Potential Free Radicals Scavanger and
Antibacterial Activities of Purwoceng
(PimpinellaalpinaMolk). Tropicd Life
Sciences. 161-166.

Wardani D.P, Salichatun S., and Setyawan
A.D.W.Il. 2004. Growth and saponin
production of Talinum paniculatum
Gaertn. callus culture on various
additions with 2, 4-dichlorophenoxy
acetic acid (2, 4-D) and kinetin. Asian
Journd of Natura Product Biochemidtry.
2(1): 35-43.

182

*k*

Wetter L.R da, and Constable F. 1991.
Methods of plant tissue culture, Second
Edition. ITB Publisher, Bandung. 1-13.

Wickremisihe E.R.M., and Arteea, R.N.
1993. Taxuscalluscultures: initiation,
growth optimization, characterization
andtaxol production. Plant Cell, Tissue
and Organ Culture. 35(2): 181-193.

Widodo P, Proklamasiningsh E., SudianaE.,
Yani E., Budisantoso |., and Herawati
W. 2018. Distribution of Purwoceng
(Pimpinella Pruatjan Molkenb.) Past
and Present. Seminar Proceedings
National dan Call for Papers. (Novem-
ber): 376-383.

Widyawati G. 2010. Effect of variations in
NAA and BAP concentrationson callus
induction of Jatropha (Jatropha
Curcas L.). UNS (Sebelas Maret
University).

Zaerr J.B, and Mapes M.O. Action of growth
regulators; 231-255 in Tissue culture
in forestry, Springer.



