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Abstract

Morphologica) phenologicalcharacterization and conservation managemertiesfychium
borneensdr.M.Sm aterrestrialepiphyticherb and endemic t¢alimantan Borneoare described
Results revealed thaH. bornenseehas a purpldrownish bractea, a terminal and raceme
inflorescencepale yellow flowers with a broad and pajellow labellum and orange stamen, a
triocular fruit with an orange to red inner color, and brownish seeds with a dark red @hHres
are sixphenology phasesitiation phase, flower development phase;améhesis phase, anthesis
phase, posanthesis phase, and fruit developmétbwer development lasts f@4 days, with a
two-day anthesis phase in betwe&he ripe fruit occurs on day 9% grows best irporous moist
environment sphagnum moss and sand mix compost (1:f)asbest media fahis plant Since
the plant is endemigx-situ conservatiomanagemerthrough generative propagatimobserved
to beessential.

Introduction

The Indonesian people are wedrsed in the benefits of the Zingiberaceae family, which
includes medicinal, food spices, ornamental plants, and even naturaHdggshiumkKoenigis a
genus ofZingberaceae that has been shown to have therapeutic pregéetlychium borneense
is a Hedychiumspeciedhavinga limited natural distributianit is anative species ddorneo that
can be found in both high mountain and lowldorests (Lambet al 2013).

R.M. Smith was the first to introduddedychiumborneensein 1990 (Smith1990). This
species has been found in Sabah (Smith 1€8ibilik and Yosoff 2005), Center Kalimantan
(Trimanto et al 2019), and East Kalimantan (Figa al 2019), but the authenticity of the
specimens has to be verified. Until now, researchl.doorneenseés limited. Several studies have
been conducted, including those on morphology and anatomy (BenedictG®iet al. 2017),
propagation (Trimantet al 2019), and DNA(Woodet al. 200Q Lin-Chunet al 2011), and even
then, not specific tdd. borneenseThe IUCN (2019)redlist notes thaH. borneenss status is
Data Deficient, implying insufficient knowledge and data to estimate the risk of extiféetsaa
on population status and distribution. Meanwhile, the conversion of forest land in Kalimantan is
causing more and more natural habitats to be affected. That is why a detailed investigdtion of
borneensés requiredInformationof complete phenologyn H. borneensare not avadble in the
previous studiesThis informationis very essentiato determine the fertilization time df.
borneense.
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Based on the studies of (Badeztkal. 2004), phenology itself refers to the study of the timing
of recurrent biological events due to the biotic and abiotic forces, the interrelationship among
phases of the same or different species. It also includes the events of leaf unfoldimgy,shawll
bloom, harvest and leaf falVan Vliet et al 2003 Clelandet al 2012).Rather than intrisc
controls, climatic variations linked with the changing of seasons drive the annual commencement
of phenological phenomena (Badeekal. 2004). Agronomic models, ecological forestry, and
biogeoscience have all benefited from phenological models (Chuine and Regniere 2017).
Phenological observation data can be used as a basis for determining the predominance of flowers
observed from time to time antthe length of blooming flowers. Phenological studies were
conductedto determine the morphological changes of plant parts at each statfeeiiof
development

Due to the scarcity dfi. bornenseenformation phenology research is urgently needed as
part of a conservation efforfThus study presents the complete morphological charactét. of
Borneenseogether with its phenology'he purpose of this research is to learn and desktibe
bornenseas aterrestrialepiphytic and endemic plant of Kalimantbased on its morphological
phenological characteemd conservation management

Material sand Methods

Hedychium borneenseollecied from Purwodadi Botanical Gardens with the access number
or P2017040056vas studiedn the laboratory andyreenhouse of Purwodadi Botanical Gareen
BRIN (National Research and Innovation Agenity 2021.Seed were characterizedn the labh
while plants were grown in the greenhowgeatemperatue of 2429.9°C, humidityof 55-92%
and light intensity of 180-17,500 Lux. The range of environmental factor valuess obtained
from measurements of the glass bulk area during morning, afternoon, and ekeriiomeense
was grown using the media ofrggnum moss and nurtured the greenhouse of Purwodadi
Botanical Garden witln altitude of 30@n aslandrainfall of 2366 mrnfyear.

Morphological characterization was carried bath on vegetative and generative organsl
conducted on several fant parts starting from the stems, leaves, flowerand fruits.
Morphological observationsere doneusinga digital caliper.Seedsmorphological observations
and documentatioweredoneusing a digital microscop@®ino-Lite AM3113T).

The enologicalphase obsered wereflowering and fertilizationfrom the formation of
flower buds until the wilt of its flowers. Variables of flower growth and development intlude
colaur, flower length,andflower diameter. The flower development phat®» countedhe days
number usetby the plantdo developthe bud bloomuntil fall. Observation of the flowering phase
is divided intofive stageswhich are:the initiation of flower budphase(stage 1), the growth
phase of the flowé@ng phase(stage 2), the flower maturity phase (stage 3), the anthesis phase, in
the full bloom flowers (stage 4), the flower begirte wither and fall outphaséstage 5)(Arteca
2013 Trimantoet al 2020).Flower and fruit developmeriredocumentedby digital camera.

The propagation research was carried out in the greenhouse of the Purwodadi Botanical
GardensSeedlings aréwo weeks old.Secondary data from the results of previous reseésch
Trimantoet al. (2019)were usecgndcompare 4 type ofgrowing medianamelypure spragnum
moss, compost mix sand (1:1), soil and soil mixed with compog).(1:

Morphological characterizationand phenology ofHedychium borneees were analyzed
descriptively and qualitativelyMicrosoft Excel 2016 and SPSS programs wesed for the
ANOVA test and present of the figure.
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Results and Discussion

H. borneensés an endemic species from Borpegth the main charactdreingthe brownish
colaur bracteathat distinguishes itfrom the other speciesA detailed accounttomprising
taxonomic treatments, descriptions, habaat notes of. borneensés provided hereunder

Detailed charactes of morphologicaH. borneensare describgin Fig. 1. H. borneensés a
perennial herbleafy shootseaching up to 0:6.8 m tall, erectpseudostergreen, 1,5 2 cm in
diameter, glabrousthe base of leafy shooteddishgreen; young shoots reddisRhizome
subterete, length 67 cm, diameter 2 4.5 cm, hard, fibrousshiny, cylindrical, branched, - 5

Fig. 1. Plant morphological characteristicstdf borneensa) Clump, b) and d)eavesd) Inflorescences,
e & f) Root g)Slice ofaroot, h)Fruit and seed, iRhizome, j)Slice of arhizome.
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Table 1. Observation results oH. borneensdlowering and fruiting phenology.

Days Phenological observation result

Day-1 The flower bud is 2 cm long, 0.6 cm in diameter & there are 3 layers of bractea with a
brownish color.

Day-3 The flower bud is 6 cm long, 0.8 cm in diameter & thare 4 layers of bractea with a
brownish color.

Day-7 The flower bud is 7 cm long, 0.9 cm in diameter & there are 5 layers of bractea with darker
brown colour.

Day-10 The flower bud is 7.5 cm long, 0.95 cm in diameter & there are 5 layers of bractedarkith
brown colour.

Day-16 The flower bud is 8.5 cm long, 1.2 cm in diameter & there are 5 layers of bractea with brown
colour.

Day24 The flower bud is 10 cm long, 1.5 cm in diameter; there are 5 layers of bractea with brown
colour & the tip of the braes is ruptured.

Day-28 Flower buds are 10.5 cm long, 1.5 cm in diameter, 1 cm long flower buds have started to
appear & the number of flower buds is 4.

Day-30 Flower buds are 11.5 cm long, 1.5 cm wide & the flower bud length increases to 1.9 cm
Day-31 Flower buds are-3.5 cm long, bracteole and corolla tube could be distinguished.
Day-32 Flower bud length increases te87m.

Day-33 The flowers are fully bloomed.here are onflower blooms in the morning, 2 flowers during
the day & 3 flowers in thafternoon. The part of the flower consists of the labellum, corolla
lobe, lateral staminodes, stamen, anther, style, the stigma can already be distinguished.

Day-34  All flowers are in full bloom and show the fragments.
Day-35 Flowers begin to wilt, and his period, the pollination process has occurred

Day45 The flowers are very dry, and the bractea looks swollen, which indicates the beginning of fruit
development, but it's not yet visible.

Day51 The fruit begins to show, and it's pressinghitectea. The fruit's colour is brownish.
Day-57 The fruit begins to develop with a larger diameter.
Day62 The fruit is developing and reaching the stage of maturity.

Day-82 The fruit begins to open, the flesh opens, and the seeds are visible wigd tagls that are
clearly visible.

Day-86 The fruit is fully open, the seeds are ripe, and can be harvested for planting.

Day94 The fruit starts to dry out, and the arils are no longer fresh. The seeds have been harvested and
planted.

segments, outeskin colour reddish brown, pale greenigklow when old, slice rhizome is white,
hardtextured, strong arom&ootfleshy, very pubescent, brownish, 5 mm in diametigule 2.5

cm long, apex rounded, greenigtetiole ca. 3.5cm, green, glabroudeaf lanceolateoblong,

number of leaves-B, length 35 x wide 7.5 cm, adaxially green, abaxially pale green, leaf sheath
green, glabrous on both surfaces, apex acuminate, base attenuate, margin entire, slightly
undulating.Inflorescenceterminal, raceme, whiteo orange, 12 cm; bract purplebrownish,

shiny, tip acute;peduncle2 cm long, greefrownish, shiny;flowers 11.012.2 cm long, 8B

flowers; white yellow; shiny; calyx tubular, ca. 1 cm long, whibkgacteolea 2.2 cm, yellowish,
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glabrous, tubularmargin membranous, nailiate. Stamerorange, shiny, erecfilamentca. 9,4

cm long, longer than labellunantherincurved; dark orange, ca 1.75 cm long, anther crest absent;
tip truncates; arolla lobes oblanceolate, 4.05 x 0.45 cm, membranous, yellowish, glabrous,
drooping from the flower, margins rolled insideateral staminodeswo at the base of the
labellum, 3.80 x 0.70 cm, elliptic, white to yellowish, spreading on flower, margin slight undulate;
Styleslightly longer than stamen, greenistigmagreen, ca. 1 mm long, pubescdrdabellumca

4-5.2 x 33.4 cm, white, pale yellow, spreading on flower, clawed at basét 2.5 cm in
diameter, loculicidal capsule, threegled, glabrous, trilocular,laprous; fruit wall brown to
reddish externally and orange internallgedsca. 5.68 x 1.85 mm, brownish when dry; aril
orange to red, brownish when dry.

Results showed thaH.borneenseseeds weighed 0.018 0.001 g (mean and standard
deviation). The seks have a red or orange aril and are brown to black inucobeedshave a
diameter 0f1.85+ 0.15 mm andalength of5.68+ 0.36 mm.The seeds ofl. borneensédave a
hard skin with a thickness of 0.14 + 0.04 mhme embryo and endosperm are visiblethie
longitudinal section of the seelhe embryo is 0.7% 0.01 mmin length The eadosperm, which
is white as flour and has a length of 4.8.19 mm and a width of 0.450.06 mm, surrounds the
embryo as food reservebhe embryo will grow into thenicropyle which is foundat the top of
the embrydFig. 2).

Observing the phenology ¢1. borneensds useful for determining the reproductive term
during a single period. Thitowering phase is critical for ppagation(LunaNieveset al. 2017,
Yulistyarini and Hadiah 2021). This dateaybe utilized as &enchmarlduring the hybridization
process. The phenological stage of H. borneense is divided into six stages. The first phase began
with the emergence of flower buds, followed by the mation of sex cells, flower blooming until
the flowers wilted and fell off, anfinally, fruit developmentFigure 3 depicts the flowering and
fruiting stages oH. borneenseA bloom matures and transforms into a ripe fruit in 86 days. On
the other handthe blooms took approximately 34 days to bloom. After flowering, the
development stage leading up to fruit maturation lasts roughly 52 days.

Fig. 2. Morphology of Hedychium borneensseed. a) seed, b) seed covered by @yibril, d) longitudinal
section ofH. borneenseseed. Note ar (aril), em (embryo), ha (haustorium), sc (seed coat), end
(endosperm), e) in (integument), mi (micropyle cap).
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The flowering process is influenced by exterftaimperature, light, humidity, ir&all, and
nutrientd and internal factorégenetic hormonggYang et al 2016 NavasLopezet al 2019).
Plants start flowering in optimal conditions. The flowering process will proceed to conception.
The maturity of sexual reproduction can determinedwhen it isappropriateto hybridize.The
flowers are in a reproductive perigechen they bloomindicaing the maturity of male sex cells
(stamens) and female sex cells (pistils). The phenolodg¥. Gorneensés generally divided into
six stagegFig. 4), the initiation phase, the flower development phase, tharghesis phase, the
anthesis phase, the pastthesis phase, and the fruit development phase.

Fig. 3. Phenological offedychium borneensa) dayl, b) day 11, c) day 25, d) day 29,day31, f) day 33,
g) day 34, h) day 35, i) day 36, j) day 37, k) day 42, |) day 45, m) day 63, n) day 82, o) day 86.
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Bud initiation is the initial stage of flower formation. At this stage, cells in the flower's
meristematic tissue begin to divide. Small brown inflorescence buds began to grow during this
period. A layer of bracteafl¢wer protectiop forms the buds.This phase of flowerbud
development lasts up to 24 daysie exterior structure of the flower reveals five layers of brown
bractea. The organs of the flower begin to form in this phase with a basic structure. The floral
organs' structure is still intact. It demonstrates that floral parts are still in the process of
development at this stage. The flower bud is approximately 10 cm in length and 1.5 cm in
diameter. Until the 24th day, there are five layers of brown bractea, with the bractea breaking at
the ends.

In development of generative orgatage smallflower buds emerge inside the bractea of the
inflorescence. Stames)( anthe(s), and filamer(s) areformed The development of flower organs
begins to appeaihe floral bracteole is the mogsible component of the flower. The corolla tube
has begun to expand. Each inflorescence contains four flower buds. Flower buds measure
approximately 1 cm in length and are brownish in color. This period lasts approximately 24 to 28
days.

In pre-anthesisphasethe fower buds are gtihg longer. Flower buds are divided into 2
layers. The lower part of the flower is yellpghowingthe corolla lobe and the upper part is
brownisiy showingthe anther pariwvhich is still covered by the labellum and lateral staminodes.
This stage is known as the blooming stage. This stage lasts between days329 The flower
parts can be separated clearly. The flower part experiences maximum length geowtiong
tubesize and corolla lobe that looks yellowisthite. At this stage, allower partshave grown
optimally with a very fast period, which is about 4 days after the flower buds leave the bractea.
The colar of the older buds on the upper layer indicates ttiiaimale and female sex cells have
begun to mature.

In anthesis procesthe Hedychium borneensbowers are in full bloom at this stage. This
stage occurred between the 33rd and 34th days. This stage is identified by the complete opening of
the floral components. The anther is extremely mature at this stage, as evidenced by the abundance
of brownishpollen. Pollen is a brownish powder. Male and female sex cells may have matured at
this state. The blooming phase is brief, lasting about three days. There are a total of four flowers
that bloom. On the 33rd day, the first three flowers bloom, and onerflilooms on the 34th day.
Pollination is possible during this phase of anthesis. Numerous ants were noticed walking about
the flower at the time. As is well known, H. borneense pollinated with the assistance of insects.

In postantesis stageis markedby changs in numerousparts of the flower (starting to
wither). The change is markéy a flower that was originally erect to be rolled up. The condition
of the flowers is still freshThis takes place on the 35th daytao days after the flowerbave
fully bloomed (antesis). The style of &bellum, corolla lobe, lateral staminodes, stamene
originally upright become bent. This condition indicates that the flowering period has ended. On
the 36th dayall parts of the flower started to look wilted and turned paler. The more days the
flower part dries, and on the 45th or 10th day after thieeais, all the parts of thitower have
dried but did not fall off. The flower part is still attached to theviobractea.

In the development of fruitstagethe fruit development startoff the first time after the
flowers are fully bloomedAt this time there is a pollination process. Fruit development lasts
abouttwo months or 60 day®Bracteais protecting fruit On the 51st or 26th day after the fruit
anhesis was visible. The bractea is promineritich indicates fruit development. By the 62nd
day, the fruit is already looking big and pressing on the bractea. The dried part of the flaller is
attached to the end of the fruithe fruit is dark brownin colour. There were3 successful
fertilizers out of thed flowers produced (). Ripe fruit is shown by opening the pulp. Fruit
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opening occurs on the 82nd day and fully opens on the &§thBy this timethe seeds are ripe
andready toharvest. The seeds are wrapped in bright red arils. On the 92nthedyuit will
begin to dry outfollowed by the arilswhich begin to wilt. This stage is the end of fertilization
and the seeds can barvested.

Study on heconservatiorefforts of H. Borneensavas madelt is a species endemic to Sabah
on Borneo (Lamlet al. 2013).Since itwasnoticed in thdUCN (2019)Red Listas a species with
the Data Deficient category (Oleander 201i®¥emains unknown whether this speciésuld be
protected or unprotecteth Kalimantan as its natural habitat. Moreover, Kalimantaas
experienced significant forest degradation. The threat to the sustainability of species in the fores
of Kalimantan iscommonly happéang because it igt constant risk of being logged and converted
(WWF 2019). Land conversion, unsustainable use, invasive species, pollution and climate change
are the causes of the threat to Indonesian plant species (Buéihakt2011) H. borneenseften
grows as an epiphyte by attaching to trees or living on fallen trees. This Idduaitatteristic
makesthis plant species threatened in natasthese plantsequiretrees tosurvivein nature. If
the host treés cut off, these species withost certainly perish along with Purwodadi Botanical
Gardengcollectedthis speciesn 2017 from the East Kalimantaentral Kalimantan region with
the characteristics of wet lowland foresthich arehigh humidity (above 9%), low light
intensity and many trees with large diametelrks. borneensespecies areincommonin Besiq
Bermai Forest, East Kalimantafhis speciess obtained from local residents wisollect plants
around the forestBecause he forest is locatedearthe mining areait is at risk of extinction
because dforest landconversion.

Fig. 5. a) The old roots oHedychium borneensare thick, fleshy and have fine hairs on the surface of the
root bark in spaghnum moss media. b) young root with fine.hairs

The success dfl. borneense esgitu conservation in Purwodadi Botanical Gardpnavides a
hope on itsurvival According to (Mouncet al. 2017), ex situ conservation is a rational choice
or even the only optiofor ensumg the future of plant species. EXu collections serve as reserve
material when natural populations experience degradation and extinction in nature (Brummitt
et al.2015).H. borneensdias been adapting and growing welthe Purwodadi Botanicaldeden
greenhoussince itwas collected in 2017.ddvever, itrequires a special conditi@ince the plant
cannotbe planted in soilHedychium borneends anepiphytic whoseroots need a porous and
moistgrowing medialt may be affected bgrowing mediaMedia that is too dense can cause root
rot. The roots are fleshy, juicy, and covered with fine hairs (5jg
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In Purwodadi Botanic Gardeijedychium borneensean produce flowers regularas well
as itsfruits. According to the previous reseaythe propagationprocesdor this species is quite
easy.H. borneensecan be propagateeither vegetatively using rhizomes or generatively using
seeds. Seedlings willerminateafter 1420 DAP (Days After PlantingPure sand or a mixture of
soil: compost ad burnt husk (1:14re used for mediunrgpagation The germination character of
H. borneensseeds is growing simultaneously and hypog&aé plant germinatedpproximately
1 cmat 20 DAR andby 44 DAP, the planthad grown to @eightof around7-14 cmwith 2-3

leaves (Fig6).

Fig. 6 (a) Seed germinatiost 20 Days after Plantingjb) Seedlingat 44 Daysafter Planting
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Fig.7. The effect of the growing media on plant heigaf, number of leavegb), number of shoot¢c) and
percentage of plant liféd) of H. borneenseat the age of 3 months after plantifirimantoet a.l 2019).
Different lowercase letterfed colour)represent significant differences between different growing media
applications.
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The growth ofH. borneensewas significantly different when sphagnum moss was used
against soil mediaSphagnum moss generally provided the best growth in terms of plant height
(a), leaf number (b), shoot number (c), and percentage of plant lifgi¢dj). Sphagnum moss
frequently used as a substrate for epiphytic orchids. This implies thad.therneenseype
prefers epiphytic environment over terrestrial hablatborneenserefers a porous, moist, well
aerated growth medium. Compost containing sphagnum mosaaddvill promote the growth of
H. borneenséTrimanto et al. 2019 5phagnum moss, which has a great whieding capacity of
up to 80%, is an ideal medium feit borneenseMoreover, it alsdvas good aeration and drainage.
Sphagnum moss, with an up t®% waterbinding capacity, is a suitable substrate Fr
borneense Additionally, it is wellaerated and wellrained.Sphagnum moss contains between
3% and 5% nitrogen (Nitrogenhd is excellent for root growttBy contrast, soils have a limited
porosity, a high density, and a deficiency of nutrients. The soil will retain a great deal oamater
make it harder for nutrients to be absorbed. That is why the roséts lmdrneensénave a tough
time adapting to theimew environment. It will not grow and decay (Trimaetal.2019).1t is not
recommendetb usesoil as a growth medium féi. borneensdransplants.

Hedychium borneensis an endemic antkrrestrialepiphytic plant from Kalimantan. The
prominentmorphological charactistic of theplant isthat it isa perennial herlthat growsup to 1
meter tall withbroadleavesandbracteathat arepurplebrownishin colour. This plantproducesa
terminal racemavith a purple brownish bractea caln. Pale yelbw flowers with a large and pale
yellow labellum and orange stamef$e fruit is triocular and its inner colp is orange to red.
The seedsare brownishin colaur with a dark red arillus. The phenology &f. borneensas
commonlydivided into six stages, the initiation phase, the flower development phase, the pre
anthesis phase, the anthesis phase, theaptsesis phase and the fruit development phdse.
borneenseis known to prefer a porouand moist growing mediumEx-situ corservation by
generative propagation is importdat the survival of species.
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