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ABSTRAK

Paphiopedilum hookerae var volonteanum dan Paphiopedilum dayanum adalah
spesies orkid selipar yang endemik di Sabah yang terkenal dengan keunikan
morfologi bunga. Ini telah mengakibatkan orkid ini sering diambil dan
diperdagangkan secara haram. Kini, orkid ini telah dilaporkan sebagai spesies yang
terancam oleh International Union for Conservation of Nature (IUCN) dan
tersenarai dalam Appendix 1: Convention on International Trade in Endangered
Species (CITES). Ini mendorong kepada kegiatan pemuliharaan bagi mengekalkan
populasi orkid selipar. Namun, kadar pertumbuhan orkid selipar adalah sangat
rendah dan mengambil masa yang lama. Teknik kultur tisu dapat meningkatkan
jumlah individu spesies dalam masa yang singkat. Oleh itu, kajian ini bertujuan
untuk membangunkan protokol kultur tisu untuk meningkatkan bilangan individu
orkid selipar P. hookerae var volonteanum dan P. dayanum dengan menggunakan
biji benih sebagai eksplan. Percambahan biji benih kedua-dua spesies dilakukan ke
atas media yang ditambahkan dengan sukrosa (0, 1, 2 dan 3%, w/v), pepton (0,
0.5, 1.0, 1.5 dan 2.0 g/L), dan air kelapa (0, 5, 10, 15 dan 20%, v/v). Seterusnya,
jenis dan kepekatan pengawalatur tumbuhan tunggal iaitu 6-benzylaminopurina
(BAP; 0, 0.2, 0.4, 0.6, 0.8, 1.0 mg/L), asid alpha-naftalenasetik (NAA; 0, 0.1, 0.2,
0.3, 0.4, 0.5 mg/L) dan thidiazuron (TDZ 0, 0.2, 0.4, 0.6, 0.8, 1.0 mg/L) telah diuji
sebagai kajian awal. Kemudian, pengawalatur atur tunggal yang terbaik daripada
kajian awal iaitu 1.0 mg/L TDZ digabungkan dengan asid 2,4-diklorofenoksiasetik
(2,4-D; 0, 0.2, 0.4, 0.6, 0.8, 1.0 mg/L). Kajian percambahan diteruskan bagi P.
hookerae var volonteanum untuk meningkatkan percambahan pada media
Murashige & Skoog (MS), ½MS, Robert Ernst (RE), dan New Dogashima Medium
(NDM). Seterusnya, jus tomato (0, 0.05, 0.2, 0.3 dan 0.5%, v/v) dan homogenat
pisang (0, 0.05, 0.2, 0.3 dan 0.5%, w/v) serta faktor kematangan biji benih
berumur 240 HSP dan 360 HSP telah diuji terhadap biji benih orkid P. hookerae var
volonteanum. Selepas 80 hari pengkulturan, percambahan tertinggi bagi P.
hookerae var volonteanum ialah pada media ½MS dengan 2% (w/v) sukrosa
(57.11±1.1%), 2.0 g/L pepton (69.76±7.7%) dan 10% (v/v) air kelapa
(55.76±1.9%). Bagi P. dayanum pula, percambahan tertinggi adalah pada 2%
(w/v) sukrosa (82.47±8.7%), 2.0 g/L pepton (91.93±7.4%) dan 10% (v/v) air
kelapa (90.26±7.7%). Pengawalatur tumbuhan BAP, NAA dan TDZ mencatatkan
peratusan percambahan yang rendah berbanding kawalan. Ini menunjukkan kesan
perencatan terhadap percambahan biji benih bagi kedua-dua spesies. Kombinasi
pengawalatur tumbuhan 1 mg/L TDZ + 1 mg/L 2,4-D memberikan percambahan
yang tinggi bagi kedua-dua P. hookerae var volonteanum (59.00±7.2%) dan P.
dayanum (71.25±8.2%). Kesan jus tomato 0.5% (v/v) dan homogenat pisang
0.3% (w/v) memberikan percambahan yang rendah terhadap biji benih P.
hookerae var volonteanum masing-masing dengan 19.90±3.6% dan 18.08±7.8%.
Biji benih P. hookerae var volonteanum yang berumur 240 HSP adalah yang terbaik
untuk percambahan biji benih secara in vitro. Untuk kajian proliferasi protokorm
terhadap P. dayanum, pengawalatur tumbuhan kinetin (0, 1.0, 2.0, 3.0, 4.0, 5.0
mg/L), BAP (0, 1.0, 2.0, 3.0, 4.0, 5.0 mg/L), TDZ (0, 1.0, 2.0, 3.0, 4.0, 5.0 mg/L),
NAA (0, 0.5, 1.0, 1.5, 2.0 mg/L), dan 2,4-D (0, 0.5, 1.0, 1.5, 2.0 mg/L) secara
tunggal dan kombinasi auksin-sitokinin telah diuji. Selepas 250 hari pengkulturan,
tiada proliferasi protokom dapat dilihat pada media kawalan, kinetin dan BAP.
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Proliferasi protokom dapat dilihat pada 2.0 mg/L TDZ (10.6±1.5) protokorm baru,
1.5 mg/L 2,4-D (8.3±1.1) protokorm baru dan 1.0 mg/L NAA (6.6±2.5) protokorm
baru. Proliferasi protokorm yang tertinggi dicatatkan pada media kombinasi 1.0
mg/L NAA+3.0 mg/L TDZ (3.7±2.6) protokorm baru dan 1.5 mg/L 2,4-D+1.0 mg/L
TDZ (4.9±0.9) protokorm baru. Untuk perkembangan protokorm P. dayanum, baja
berasaskan ekstrak rumpai laut dan baja Orchid Focus pada kepekatan 0.25% (v/v)
telah diuji untuk kajian awal. Kemudian, baja ekstrak rumpai laut diuji pada
kepekatan yang berbeza (0, 0.01, 0.25, 0.5, dan 1%, v/v). Kompleks aditif keladi,
ubi keledek putih dan ubi keledek ungu mentah dan dimasak pada kepekatan
0.25% (w/v) juga diuji untuk perkembangan protokorm. Selepas 180 hari
pengkulturan, perkembangan protokorm yang baik adalah pada media rawatan
baja berasaskan ekstrak rumpai laut (0.25%, v/v) dengan panjang daun diukur
(0.78±0.3 cm) dan akar (0.84±0.6 cm). Baja berasaskan rumpai laut pada
kepekatan 0.01% (v/v) menghasilkan peratus pokok hidup sebanyak 96% serta
panjang pucuk 1.1±0.3 cm dan akar 2.3±0.8 cm. Ubi keledek ungu dimasak
memberikan daun yang tinggi (2.1±0.7 cm) dan ubi keladi dimasak memberikan
akar yang panjang (2.9±0.2 cm). Protokol kultur tisu ini berjaya bagi orkid selipar P.
dayanum. Namun, percambahan biji benih P. hookerae var volonteanum adalah
perlahan dan tiada protokorm berproliferasi. Protokol yang telah dibangunkan ini
boleh diaplikasikan dalam program konservasi seperti mewujudkan hasil-hasil tisu
kultur yang telah diaklimatisasi pada pasaran awam agar pengambilan secara
haram dapat dikurangkan atau dikembalikan semula ke habitat asal agar spesies
orkid ini tidak lagi terancam kepupusan. Walau bagaimanapun bagi spesies P.
hookerae var volonteanum, kajian lanjut masih diperlukan untuk memendekkan
jangka masa percambahan biji benih seterusnya membangunkan protokol yang
bersesuaian.
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ABSTRACT

EFFECTS OF DIVERSITY OF CULTURE MEDIA, PLANT REGULATORS AND
ORGANIC ADDITIVES ON THE MICROPROPAGATION OF SABAH'S
THREATENED SLIPPER ORCHID (Paphiopedilum hookerae var

volonteanum AND Paphiopedilum dayanum)

Paphiopedilum hookerae var volonteanum and Paphiopedilum dayanum are
endemic slipper orchid species in Sabah that are famous for their unique flower
morphology. This has resulted in these orchids being taken and traded illegally.
Now, this orchid has been reported as an endangered species by the International
Union for Conservation of Nature (IUCN) and listed in Appendix 1: Convention on
International Trade in Endangered Species (CITES). This prompts conservation
activities to maintain the slipper orchid population. However, the growth rate of
slipper orchids is very low and takes a long time. Tissue culture techniques can
increase the number of individuals of the species in a short time. Therefore, this
study aims to develop a tissue culture protocol to increase the number of individual
slipper orchids P. hookerae var volonteanum and P. dayanum by using seeds as
explants. Germination of seeds of both species was carried out on media
supplemented with sucrose (0, 1, 2 and 3%, w/v), peptone (0, 0.5, 1.0, 1.5 and
2.0 g/L), and coconut water (0, 5, 10, 15 and 20%, v/v). Next, the type and
concentration of single plant regulators, namely 6-benzylaminopurine (BAP; 0, 0.2,
0.4, 0.6, 0.8, 1.0 mg/L), alpha-naphthaleneacetic acid (NAA; 0, 0.1, 0.2, 0.3, 0.4,
0.5 mg/L) and thidiazuron (TDZ 0, 0.2, 0.4, 0.6, 0.8, 1.0 mg/L) were tested as a
preliminary study. Then, the best single regulator from the initial study was 1.0
mg/L TDZ combined with 2,4-dichlorophenoxyacetic acid (2,4-D; 0, 0.2, 0.4, 0.6,
0.8, 1.0 mg/L). Germination studies continued for P. hookerae var volonteanum to
improve germination on Murashige & Skoog (MS), ½MS, Robert Ernst (RE), and
New Dogashima Medium (NDM) media. Next, tomato juice (0, 0.05, 0.2, 0.3, 0.5%
v/v) and banana homogenate (0, 0.05, 0.2, 0.3, 0.5% w/v) as well as the maturity
factor of seeds aged 240 DAP and 360 DAP were tested against orchid seeds P.
hookerae var volonteanum. After 80 days of culture, the highest germination of P.
hookerae var volonteanum was on ½MS media with 2% (w/v) sucrose
(57.11±1.1%), 2.0 g/L peptone (69.76±7.7%) and 10% (v/v) coconut water
(55.76±1.9%). For P. dayanum, the highest germination was at 2% (w/v) sucrose
(82.47±8.7%), 2.0 g/L peptone (91.93±7.4%) and 10% v/v coconut water
(90.26±7.7%). The plant regulators BAP, NAA and TDZ recorded a low percentage
of germination compared to the control. This shows an inhibitory effect on seed
germination for both species. The combination of plant regulator 1 mg/L TDZ + 1
mg/L 2,4-D gave high germination for both P. hookerae var volonteanum
(59.00±7.2%) and P. dayanum (71.25±8.2%). The effect of tomato juice 0.5%
(v/v) and banana homogenate 0.3% (w/v) gave low germination of P. hookerae var
volonteanum seeds with 19.90±3.6% and 18.08±7.8% respectively. The seeds of P.
hookerae var volonteanum aged 240 HSP were the best for in vitro seed
germination. For protocorm proliferation of P. dayanum, plant regulators kinetin (0,
1.0, 2.0, 3.0, 4.0, 5.0 mg/L), BAP (0, 1.0, 2.0, 3.0, 4.0, 5.0 mg/L), TDZ (0, 1.0, 2.0,
3.0, 4.0, 5.0 mg/L), NAA (0, 0.5, 1.0, 1.5, 2.0 mg/L), and 2,4-D (0, 0.5, 1.0, 1.5,
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2.0 mg/L) alone and auxin-cytokinin combinations were tested. After 250 days of
culturing, no protocorm proliferation could be seen on control, kinetin and BAP
media. Protocorm proliferation can be seen at 2.0 mg/L TDZ (10.6±1.5 new
protocorms), 1.5 mg/L 2,4-D (8.3±1.1 new protocorms) and 1.0 mg/L NAA
(6.6±2.5 new protocorms). The highest protocorm proliferation was recorded on
the combination media of 1.0 mg/L NAA+3.0 mg/L TDZ (3.7±2.6 new protocorms)
and 1.5 mg/L 2,4-D+1.0 mg/L TDZ (4.9±0.9 new protocorms) . For P. dayanum
protocorm development, fertilizer based on seaweed extract and Orchid Focus
fertilizer at a concentration of 0.25% (v/v) were tested for preliminary studies.
Then, the seaweed extract fertilizer was tested at different concentrations (0, 0.01,
0.25, 0.5, and 1%, v/v). Additive complex of raw and cooked yam, white sweet
potato and purple sweet potato at a concentration of 0.25% (w/v) was also tested
for protocorm development. After 180 days of culture, good protocorm
development was on the seaweed extract-based fertilizer treatment media (0.25%,
v/v) with measured leaf length (0.78±0.3 cm) and root (0.84±0.6 cm). Seaweed-
based fertilizer at a concentration of 0.01% (v/v) produced a percentage of live
plants of 96% and a shoot length of 1.1±0.3 cm and a root length of 2.3±0.8 cm.
Cooked purple sweet potatoes give tall leaves (2.1±0.7 cm) and cooked yams give
long roots (2.9±0.2 cm). This tissue culture protocol was successful for the slipper
orchid P. dayanum. However, seed germination of P. hookerae var volonteanum
was slow and no protocorm proliferated. This protocol that has been developed can
be applied in conservation programs such as introduce tissue culture products that
have been acclimatized to the public market so that the illegal activity can be
reduced or returned to the original habitat so that this orchid species will be no
longer threatened with extinction. However, for P. hookerae var volonteanum,
further studies are still needed to shorten the period of seed germination and
develop appropriate protocols.
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