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ABSTRAK 
 

MIKROPROPAGASI ORKID PAPHIOPEDILUM ROTHSCHILDIANUM 
MELALUI KULTUR KALUS DAN CECAIR 

 
Paphiopedilum rothschildianum merupakan spesis orkid selipar yang sangat jarang 
ditemui di habitat liar dan disenaraikan dalam appendiks I Convention on 
International Trade in Endangered Species (CITES). Salah satu faktor yang 
menyumbang kepada penurunan jumlah populasi spesis ini ialah kadar 
pertumbuhannya yang perlahan. Dalam kajian ini, kaedah propagasi secara in vitro 
(mikropropagasi) digunakan untuk mempropagasi orkid tersebut kerana ia 
berpotensi menghasilkan tumbuhan baru dalam jumlah yang banyak dalam masa 
yang singkat. Objektif kajian ini adalah untuk membangunkan satu protokol untuk 
mikropropagasi P. rothschildianum menggunakan kalus sebagai eksplan dalam 
sistem kultur separa pepejal dan kultur cecair. Kajian ini terdiri daripada dua 
peringkat; peringkat pertama ialah untuk mengoptimumkan pengaruhan dan 
penyelenggaraan kalus serta regenerasi JSP/pucuk daripada kalus pada media 
separa pepejal, peringkat kedua ialah pengaplikasian keadaan yang telah 
dioptimumkan (peringkat 1) dalam sistem kultur cecair [rendaman berterusan 
(kelalang) dan separa (RITA®)] untuk proliferasi kalus dan regenerasi JSP/pucuk. 
Dalam kajian pengaruhan kalus, media asas (½ MS, ¼ MS dan RE); eksplan [(biji 
benih (BB), protokom teraruh dari biji benih (PTB), protokom sekunder (PS) dan 
segmen daun (SD)]; umur PTB (1, 2 dan 3 bulan); kepekatan TDZ (0-1 mg/l) dan 
2,4-D (0-5 mg/l); kepekatan zeatin (0-5 mg/l); aditif (pepton, ekstrak yis, dan air 
kelapa); dan kepekatan sukrosa (20-50 g/l) yang berlainan dikaji. Penyelenggaraan 
kalus dilakukan dengan menguji kepekatan aditif (arang teraktif, pepton, ekstrak 
yis, dan air kelapa) dan sukrosa (20-50 g/l) yang berlainan. Pengaruhan JSP/pucuk 
daripada kalus dilakukan dengan menilai kepekatan (0-5 mg/l) dan jenis (2,4-D, 
NAA, BAP, TDZ, Kinetin) pengawalatur tumbuhan yang berlainan. Kajian regenerasi 
JSP/pucuk diteruskan dengan menilai kesan sumber kalus (kalus yang diaruhkan 
daripada media dengan 0, 3 atau 5 mg/l 2,4-D), jenis (sukrosa, fruktosa dan 
glukosa) dan kepekatan (0, 2.7, 5 and 20 g/l) sumber karbon yang berlainan. Kalus 
(0.1 g) yang diaruhkan pada media separa pepejal dipindahkan pada media cecair 
(5 ml) dalam kelalang kon (50 ml) digoncangkan pada 100 rpm untuk memulakan 
kultur sel ampaian yang bertujuan untuk memproliferasi kalus. Penilaian sistem 
RITA® (5 min setiap 125 min masa rendaman) dilakukan dengan mengkulturkan 
kalus (0.5 g) dalam media cecair (150 ml). Kajian regenerasi JSP/pucuk dalam 
sistem RITA® diteruskan dengan menilai kesan jenis (sukrosa dan glukosa) dan 
kepekatan (2.7, 5 and 20 g/l) sumber karbon yang berlainan. Hasil kajian 
menunjukkan pengaruhan kalus adalah lebih baik pada media asas ½ MS 
(80.0%±20.9) berbanding ¼ MS (65.0%±10.0) and RE (35.0%±28.5). 
Pengaruhan kalus juga lebih baik pada media ½ MS berbanding media RE 
walaupun dengan kepekatan TDZ dan 2,4-D yang berlainan. Eksplan BB, PTB dan 
PS menghasilkan kalus seawal 30 hari pada kesemua rawatan di mana pengaruhan 
dan proliferasi kalus paling baik pada media dengan 1 mg/l TDZ dan 5 mg/l 2,4-D 
dengan peratusan eksplan menghasilkan kalus masing-masing adalah 77.0%±4.5, 
95.0%±10.5, dan 75.0%±20.4 selepas 90 hari pengkulturan. PTB merupakan 
eksplan terbaik manakala PTB pada umur 3 bulan adalah paling sesuai untuk 
pengaruhan kalus. Penambahan ekstrak yis dan zeatin meningkatkan kadar 
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pengaruhan kalus (85.0%±19.1, 90.0%±11.5) dan mengurangkan kadar kematian 
eksplan (30.0%±11.5, 25.0%±10.0), manakala air kelapa dan kepekatan sukrosa 
melebihi 20 g/l mempunyai kesan yang sebaliknya dalam pengaruhan dan 
proliferasi kalus. Penambahan 1-2 g/l arang teraktif telah meningkatkan kadar 
proliferasi kalus (96.7%±10.5) dan mengurangkan kadar keperangan kalus 
(45.2%±25.3) berbanding aditif lain. Kalus diselenggarakan pada media dengan 1 
g/l arang teraktif selama lebih setahun. Regenerasi JSP daripada kalus diperolehi 
pada media dengan 0.5 TDZ dan 3 mg/l BAP, tetapi dengan kadar yang sangat 
rendah (15.0%±13.7 kalus menghasilkan purata 3 JSP). Kadar regenerasi 
JSP/pucuk meningkat (37.5%±13.7 kalus menghasilkan purata 5.9 JSP/pucuk) 
apabila kepekatan sukrosa dikurangkan (5 g/l) dan dengan penggunaan kalus yang 
teraruh daripada media dengan 1 mg/l TDZ. Pengubahsuaian jenis dan kepekatan 
sumber karbon kepada 2.7 g/l glukosa meningkatkan lagi kadar regenerasi 
(67.5%±12.1 kalus menghasilkan purata 4.1 JSP/pucuk). Peningkatan berat bersih 
kalus sebanyak 0.06g±0.03 direkodkan pada kultur kelalang, tetapi kadar 
keperangan dan hyperhydricity adalah tinggi. Proliferasi kalus menggunakan sistem 
RITA® menunjukkan 3 kali ganda peningkatan berat bersih kalus selepas 30 hari 
pengkulturan. Kalus yang teraruh daripada media dengan 1 mg/l TDZ menghasilkan 
135 JSP/pucuk per gram kalus dalam sistem RITA® selepas 30 hari pengkulturan. 
Regenerasi JSP/pucuk meningkat (190 JSP/pucuk per gram kalus) dengan 
peningkatkan kepekatan sukrosa dalam media daripada 5 g/l kepada 20 g/l.  
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ABSTRACT 
 
Paphiopedilum rothschildianum is the rarest slipper orchid in the wild and it has 
been listed in Appendix I of the Convention on International Trade in Endangered 
Species (CITES). One of the factors contributing to the reduction of the species 
population is its slow multiplication rate. In this present work, in vitro propagation 
approach (micropropagation) was explored to multiply the orchid because of its 
potential to multiply the species in large amount and in a shorter period. The 
objective of this research was to develop a reliable micropropagation protocol for P. 
rothschildianum using callus as explant in semisolid and liquid culture systems. This 
work comprised of two stages; the first stage was optimising the induction and 
maintenance of callus as well as PLB/shoot regeneration from callus on semisolid 
media, the second stage was application of the optimised conditions (stage 1) in  
liquid culture systems [continuous (flask) and temporary immersion system 
(RITA®)] for callus proliferation and PLBs/shoot regeneration. To induce callus, 
different types of basal media (½ MS, ¼ MS and RE); explant [seed (SE), seed 
derived protocorm (SDP), secondary protocorm (SP) and leaf segment (LS)]; age of 
SDP (1, 2 and 3 month); concentrations of TDZ (0-1 mg/l) and 2,4-D (0-5 mg/l); 
concentrations of zeatin (0-5 mg/l); natural additives (peptone, yeast extract, and 
coconut water); and concentrations of sucrose (20-50 g/l) were evaluated. To 
maintain callus, different concentrations of natural additives (activated charcoal, 
peptone, yeast extract, and coconut water) and sucrose (20-50 g/l) were tested. To 
induce regeneration of PLB/shoots from callus, different concentrations (0-5 mg/l) 
and types (2,4-D, NAA, BAP, TDZ, Kinetin) of PGRs were evaluated. PLB/shoot 
regeneration was further optimised by evaluating the effect of different callus 
sources (callus induced from media with 0, 3 or 5 mg/l 2,4-D), types (sucrose, 
fructose and glucose) and concentrations (0, 2.7, 5 and 20 g/l) of carbon sources. 
Callus (0.1 g) formed on semisolid media were transferred into liquid media (5 ml) 
in a conical flask (50 ml capacity) and shaked at 100 rpm to initiate cell suspension 
culture for proliferation of callus. To evaluate RITA® system (immersion time 5 min 
in every 125 min), callus (0.5g) were inoculated in liquid medium (150 ml). 
PLB/Shoot multiplication in RITA® system was further optimized by evaluating the 
effect of different types (sucrose and glucose) and concentrations (2.7, 5 and 20 
g/l) of carbon sources. Results showed that callus induction was better on ½ MS 
basal media (80.0%±20.9) compared to ¼ MS (65.0%±10.0) and RE 
(35.0%±28.5). Callus induction on ½ MS medium was also better than RE medium  
regardless of TDZ and 2,4-D concentrations. SE, SDP and SP explant produced calli 
as early as 30 days on every treatment in which medium with 1 mg/l TDZ and 5 
mg/l 2,4-D was the best medium with percentages of explant forming callus were 
77.0%±4.5, 95.0%±10.5, and 75.0%±20.4 respectively after 90 days of culture. 
SDP was the best explant and 3 month old SDP was the most suitable for callus 
induction. Addition of yeast extract and zeatin slightly increased the rate of callus 
induction (85.0%±19.1, 90.0%±11.5) and reduced the percentage of dead explant 
(30.0%±11.5, 25.0%±10.0), while coconut water and sucrose at concentrations 
higher than 20 g/l gave the opposite effect in both callus induction and 
maintenance stage. Addition of 1-2 g/l charcoal was able to increase proliferation 
(96.7%±10.5) and reduce browning (45.2%±25.3) rate compared to other 
additives. Calli were maintained on medium with 1 mg/l TDZ and 5 mg/l 2,4-D 
containing 1 g/l activated charcoal for more than 1 year. Result showed that calli 
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regenerated on medium supplimented with 0.5 mg/l TDZ and 3 BAP, but with very 
low percentage (15.0%±13.7 callus produced average of 3 PLBs). Regeneration 
capacity increased (37.5%±13.7 callus produced average of 5.9 PLBs/shoots) when 
lower sucrose concentration (5 g/l) and callus induced from medium with only 1 
mg/l TDZ were used as explant. Regeneration capacity of calli was further 
increased when the type and concentration of carbohydrate was changed to 2.7 g/l 
glucose (67.5%±12.1 callus produced average of 4.1 PLBs/shoots). After 30 days 
of culture, fresh weight of calli increased from 0.1 to 0.16 g in shake flask culture 
but high browning and hyperhydricity was observed on calli. Callus proliferation 
using RITA® system showed 3-fold increased in fresh weight and 135 PLBs/shoots 
per gram calli were regenerated from calli induced on ½ MS medium with 1 mg/l 
TDZ. Regeneration capacity increased to 190 PLBs/shoots per gram calli when 
sucrose concentration in the medium was elevated from 5 g/l to 20 g/l. 
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