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In Vitro Propagation of Heracleum siamicum Craib.
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Abstract: Heracleum siamicum Craib. is herbal spice plant that contains many important chemical
components. However, there are a few research information on its propagation by tissue culture. This
research was aimed to study the optimal media for H. siamicum Craib. shoot induction. The 1 cm shoot tips
were cultured on the MS and WPM media which supplemented with different of BAP and TDZ at
concentrations of 0, 1, 2, 4 and 8 mg/L with 20 replicates for 45 days. The results showed that the BAP
addition of any 2 mg/L gave significantly greater shoot number (5.55+0.87 shoots/explant) than the other
(P<0.05). While, the MS and WPM media without growth regulators exhibited the greatest shoot length of
6.80+£0.42 and 7.21£0.35 cm, respectively. The H. siamicum Craib. root induction was afterwards conducted
on the MS and WPM media supplemented with different growth regulators of IBA, IAAand NAA at 0, 1,2, 4
and 8 mg/L with 20 replicates. It was shown that the MS medium plus 1 mg/L IBA gave the highest
percentage of root induction of 90%, higher root number of 15.65+2.06 roots per shoot and root length of
1.81+£0.29 cm. H. siamicum Craib. shoot was induced callus formation of 100% and callus diameter of
2.43+0.13 cm on the WPM medium plus 8 mg/L NAA. The plantlets with both roots and shoots were
transferred to various planting materials which were vermiculite, perlite, peat, and the mixture of vermiculite,
perlite, and peat at the ratio of 1:1:1 for 30 days in the green house. It was found that H. siamicum Craib.
planted in the mixtures of vermiculite, perlite, and peat had 50% survival percentage and average plant
height 3.5 cm.

Keywords: Tissue culture, H. siamicum Craib., growth regulator
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UNAAED: NZWUAL (H. siamicum Craib) Lﬂuﬁmmgu"l,wa*l,ﬂ?:@qmﬂﬁﬁmﬁﬂa:ﬂ@umqmﬁﬁmmymﬂmﬂ
Lerimu?;f-Tﬂc%’mmimmﬂW"uﬁmemauImﬁn’m‘wmﬁmLﬁ@lﬁlﬂﬁﬁ@u%u’l@ﬂ s unisAnegnsaning
fimunzanlunisdminlfiAngeatesilefonzunan Inanisinlanagenuzunataun 1 L IURLAT 17
LWW”Lgﬂduuﬂflﬁ’]mm‘ MS LazaIn1TgmT woody plant medium (WPM) ﬁLaﬁJ BAP (6-Benzylaminopurine)
uaz TDZ (1-Phenyl-3-(1, 2, 3-thiadiazol-5-yl)-urea) szauAnudndu 0, 1, 2, 4 Uaz 8 RAANTUFADART AU
20 91 1w unu 45 U wum NN9LAN BAP wmmmmu 2 finAnsusiadns a1unr0LANTFueeald
5.55 + 0.87 aARaT AT F9unnndnALdLEL I finagay aeeliud1Ayn19ada (P < 0.05) dau
4M391113 MS Uaz WPM ‘vﬁ,uLmumimummmammLmu‘lﬁmuu mmimnuﬂm WHALN A NI LAAFIAA
6.80+0.42 Uaz 7.21 + 0.35 [EUANAT ANANAL iintheanuzuayliinng meuummmm MS uaz WPM
Vleumimumuﬂ’]imimLmuIm IBA (4-Indole-3-yI butyric acid), IAA (Indole-3- acetlc acid) uay NAA (o-
naphthaleneacetic acid) i 0, 1, 2, 4 uay 8 Tiadnsuseans S119m 20 51 eFnt lHAAA W97
81M9GAT MS NFx IBA idudu 1 aaniusedns mmimﬂuﬂmﬂmmim@qLfamﬁ@m: 90 HAUIUIINGS
15.65 + 2.06 $INARYAA WATHAINENITIN 1.81 + 0.29 LIURALNAT szfaLﬁlau:umuﬁ'qungmuummi@.m
WPM f1iAn NAA [udy 8 fiadnsuseans anunsndninlfiiaunadaldedafenas 100 uazdaunn
WduinAuengns 2.43 £ 0.13 irufiums e ﬁuuumauﬁﬁﬁmnLmzﬂfamiﬂé’wﬂqﬂiuiﬂqﬂ@.ﬂﬁﬁiwﬁu
4 91l Aa vermiculite, perlite, peat WAz 3aANANTzWINN vermiculite : perlite : peat fismsndan 1:1:1 1funan
30 41 TuannilseFau wudndanuan vermiculite : perlite : peat 4ua lFUNzUNALNNN990ATIRTREAE 50
HANEA 3.5 LIURLIGS

AANATY: NIINITIRENLUBLER NzuMaL A19ALANNIsEsIYALTE

AN Alansu widFununananuzuaulAaudtias
\agarnnisyngning Asdinnspenewuglaeldiuan

=) da‘ o = 1 v a £ o 3 o o
vzuvay tHudsfuilecnasiduig wi lAnanandi Aeunisreavuguzunaulae
wisrgRaesiuinunInnesnAwmiiazesing iy naziaeLiaLtia R dulin19e aRugena D
FINTRUU NI Wng 1Feasne a11ne wideaden PLINNNNANARNLFTW wazdann1sAnNITY
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uaziden v 1Ay nalnaunanianizsia Nrad Aaudredeslulszinalng dawlunidusesiuann
uazidaandey asldiduaTaanalunislgusiass sl svme Wakhlu and Sharma (1999) 131819114
a1 esnAile Danldlutininaiunse dAn1smnziaeLieltesensudng (axillary shoot)
LATONAIL LD JIUANNAUIALATAUNABAIITDY 2849 H. candicans Wall. U1a19113gA3 MS LRx BAP
1admT (Samphunphuang et al., 2014) BnyiaN WNdw 0.5 NaanfuAeans uwaz NAA ldudw 0.1
anawzuaL (Heracleum) ummﬂmﬂuwmuﬂwa Aaaniureans mﬂumuquﬂfammeummmmu
Lummnuqmmqmmrmmmﬂ WU qmmimu 7.5+2.94 HAARETUAIUEDA NIANILAENLILENYNT
B ABATL QNBAIUNIENLAL qmmamu%umﬂ MS AiLAy IBA 1dudu 1 SadAnfusiedns nezuld
fne ) waviduieremaduziiesng o (Bahadori giernidusnuiunneasfasas 100 H9119usN

et al., 2016; Iscan et al., 2004; Kuljanabhagavad 494n 5.9 2.1 9nFanan uaziladatlgnuusu
et al, 2011) JAqUAINARINITNTUNALIANTN  Saunudsungdanruenieduigu 3ud9 uaz
11N denalisAiingaaune 1,000-1,200 sl gad e usuLdRugYNlszng Zou et al., (2019)
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9w annziaeaiinierenlanssenuas
Aruluaes H. scabridum UUAINNT MS AN 1AA
Wudu 0.5 NAANTNARARNT WAZLAN Zinc (Zn) Wudu
3 Raansuseans danunsndninlddanaaeniin
RMUULBALAGIGA 27.25+4.19 semsTudLae
gan wazdnirldiiiuluiineenls 18.23 +2.12
ganraly UaneanTiinniAeaUuaMs MS LAY
IAA LNdU 0.1 AAANTNFARART LAz TDZ 1.5 Naansu
Aeans da1u1sadninlfiiaanuausenlisasas 94.4
f1uangan 7.12 + 1.23 ten WiamiziaedieLie
LuewNIgAs MS TiAn IBA dadu 0.5 fiadnusie
ang aunsndnih iAnIwININ WazANEN29IN
Iigegaviniy 20.73  4.86 snslasan way 6.1+
1.26 HARWNAT ATHAIAL Lﬁ@ﬁwé’uéfauﬂqﬂmiu
Yanuax peat : vermiculite Tudmsngdau 3:1 Annsg
2RATINSBEAL 95 AANT Jan et al. (2019) 71847131
AMansAsaeiEiefulaes H. candicans Wal
L1a"YN3 MS i BAP 14aidu 3 Hadnsusiedns 4n
ihAnaenldleasianas 100 HAKIUILLRALAY
mwmqmmmnﬁqm 15.2 +0.6 ﬂamﬁi@%umu
7.6 0.2 LIURALNAT WAZBINITEAT MS A1N13ndN1in
Wiansnldguadaienas 90 wasilaruausn
1At 6.9 3NARLAA LAZEAINNENISN 1.81 + 0.29
WIURLNAT AN199181911284 Xia et al. (1993) W30
m?‘nmﬂﬁuﬁ:ﬁmmqamumau H. moellendorffi
Tagnamziaeiieidiaandaddu (stem node)
L1813 MS PLAN 2,4-D [udas 1 Hadniusiedns
gunsndniinliAnueadald douressiananas
INNZIAELURIMNT MS Ua N6 linaznnlsg Sae
az 0.3 danaliluslananas L Taaa1uquunn
e llmnsdeeeuuemsiimtinnanglag 0.2
Tuang v ldiianiswauniunads uaziie
WNZLAENLLENINTEAT MS TAN 2,4-D adu 0.5
Aaaniumeans wrasain1smuduentileuas
FugeiAnty
mﬂmWﬂﬁuﬁmumuimﬂnwawangﬁq
iadelulssmalnedAoudnetias witinnsinmly
frayulnsau F991891U89 Wattanawikkit et al.
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NTUVTULUBINTGAT MS fdn BAP dudu 2
faaniuseans amnsauindsunneenuzuaduly
NINTigA LaTgRIaIvng MS fldiinansaauAy
nstasey WiANEIEangIan fatu eniaseiiag
Anyatninmsdeaifedefnunzanlunis-
ez ldsuaunn lusraznandu on
auindugnesugnuiuiiiianseangninie
Fonwiiidszlend fassnanmandsinengs uay
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NALAATRIUALTANSLUAL
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WAUNHIUNINBNH T oA T w1zaauue g
&pg1zfgns MS (Murashige and Skoog, 1962)
TliRna1sAILANNI TR ALTH WU 45 S ANl
FATUAILLANEEAANZIVALIINNA 1 [wURLNAT TN
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WU U completely randomized de3|gn (CRD) Aiay
ANLTNTULRY BAP LAY DZ mmu’lumma‘m 2
49 TneAnmnssniaas 20 51 T4 2 Tud i
ANUIULAA UWAZAINNENILRA
qiAgnearruudsdsiunieatc uay
W3 UAMNLANAN AT LAY #2893 Duncan
multiple range test (DMRT) fisrsuAuidasiutes
a2 95 (Duncan, 1955)
miﬁnmgmmm'sﬁmmzaﬂumiﬁ’ﬂﬁﬁﬂn
andanegannsunay
Undaudaigeanadnsuauauna 1
R LRIz Aeslugnndanaldeiaee Uy
BINNTGAT MS UATEINIIEMT WPM A IBA, IAA
uaz NAA AULTNTUR 0, 1, 2, 4 uaz 8 HaANTuAR
ams wazliuasfinanuiduuas 3,000 §nd 1y
auu 16 Faluadedy ﬁfqmuqﬁ 25 +2 B4AN
wadea Wunanw 45 314 99mdu 26 93Nt tne
AnEN2sIARaL 20 91 9142 2 Tugaw ThinsIuIL
A17AAIN wazdaAINENIINILTaLe LY Tae
INUNUNNINARILLL CRD
Az Nulsdsaun19ana uay
WiafianpauuAnA19A1 1Al F283E DMRT
fiszsupnnuidesiufeeiaz 95 (Duncan, 1955)
msmﬂﬂanLm.,/aumamuaau’lu‘llfa‘m,iamwmﬁ'l
Ya9AIN A AL LU ALITInaNI A
uaa AanenaerEndntes uadatn lddiuanin
’ﬂqmwﬂmﬁLL@Sﬂ’J’]N%‘LAﬂ’]Hu@ﬂﬁ@QLW’]ngf‘NL‘ldjmal@
1 4Um19 WA AUEUNTUNALAINGATRINNS
ﬁﬁ@"mqmmzﬁ;aqm muqmmmzﬁqf:"mﬁu 2 LIURLNAT
aanaNyIn anduliazen wiansesiuwarindn
de1 inlunaseslgnuudandan 4 1iia Ae
Vermiculite, Perlite, Peat as Vermiculite N&d Perlite
uaz Peat A6ATda 1:1:1 sAtNAuguudaAqusat
DINANARN WASABE ] Lﬂmq\ﬂwmmﬁmﬁ@’lﬁﬁ‘n
dsusaegluaninsssuanmla unaiuiu 30 du
nAaRd 10 91 TUNNANEIFAU ATUIUIIN ATNENY
9N WATIREATNTIOATIR
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\alfanzumMay

Lﬁ@ﬁuﬁmﬁ'@ﬂmﬂmmu LUNALIUIA 1
TuRRITlaeaide ”Lﬂwm mmuummmm MS
WATBINNTEMAT WPM 7iLAu BAP uaz TDZ ‘wmw
Wndu 0, 1, 2, 4unz SNZ\\ﬂﬂiﬂJm@'Z\JMS Radniin
Mmmm wmmummmmu upaLNANUENg-
AAEeATILANFAN IR ﬁuu@ﬂﬂmum@mmmmi
LL@mammeummmimu@umﬂ%fymmu gl
maqungﬂquummaqm MS ifin BAP idudu 2
AadnTusieans mm?mﬁmﬂ?mmﬂ@m%ﬁ”@ﬂ 5.55 +
0.87 tamAaT ugIuRT (Table 1, Figure 1C) @ a@an-
ARANNILINNUAA DY Jan et al. (2019) e
mm‘wqugmLﬁmﬁ'@ﬁmm@mumu H. candicans
Wall 11819113 MS 7R BAP adu 3 Dadnsusie
ams annnsndnih liiAnanunsenligega oeeled
AN N1TNAA W ug e lluanAaTulun19anif
(P> 0.05) FUHATINN TN IR LI N ua
LUBINMNIGRAT MS fdu TDZ i 1 uay 8 adnsu
mmm‘ (Table 1, Figure 2B, 2E) 31891491 TDZ
AendeaiuntsfinsyFUaed auxin LAY cytokinin
mﬂslulfﬁmwﬂmgwu AvdaadninliiAnaenle
ﬂ‘i’ﬁmumniuﬂmwm,gm stem tip U84 H. scabridum
LgAzaIIT MS filfx TDZ (Zou et al., 2019) n1s-
LW'M@?NLumﬂfau%mmuuummmmi MS LAy
WPM ‘v]”Lmmumamuammmmmuim WAauen
ﬂfammnndﬂﬁuiuﬂﬁuﬁ%uj A8 6.80 + 0.42 LAY
7.21+0.35 LIUALNAT ATNANAL (Table 1, Figure 1A,
2A, 3A, 4A) FagnARDITLINNLASE99 Wakhlu and
Sharma (1999) ﬁiﬁﬂmudwmimﬁmgﬂqL"f':mﬁlfaﬁ@m
a><|I|ary shoot 489 H. candicans Wall. uummmm
MS LAY BAP HA1NEN88A0AR iaLfinA21w-
dndunes BAP
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Table 1. Shoot number and shoot length of H. siamicum Craib. induced from culturing shoot tip on MS and

WPM supplemented with BAP and TDZ at different concentrations for 45 days

Medium Number of shoots + SE (shoots/explant) Shoot length (cm) + SEd
MS 1.00£0.00 e 6.80+£0.42 a
MS + 1 mg/L BAP 2.60+0.41 bcde 4.53+0.43 cdef
MS + 2 mg/L BAP 5.55+0.87 a 5.15+0.31 bcd
MS + 4 mg/L BAP 2.85+0.44 bcd 3.86+0.29 ef
MS + 8 mg/L BAP 3.50+0.48 bc 4.08+£0.39 def
MS + 1 mg/L TDZ 4.25+0.86 ab 4.65+0.31 cdef
MS + 2 mg/L TDZ 3.95+0.73 bc 5.18+0.39 bcd
MS + 4 mg/L TDZ 3.90+0.78 bc 4.85+0.57 cde
MS + 8 mg/L TDZ 4.20+0.66 ab 3.80+0.34 ef
WPM 1.00+£0.00 e 7.21+£0.35a
WPM + 1 mg/L BAP 1.60+£0.15 de 6.30+0.35ab
WPM + 2 mg/L BAP 1.85+0.22 de 6.18+£0.36 ab
WPM + 4 mg/L BAP 2.60+0.30 bcde 5.62+0.28 bc

WPM + 8 mg/L BAP
WPM + 1 mg/L TDZ
WPM + 2 mg/L TDZ
WPM + 4 mg/L TDZ
WPM + 8 mg/L TDZ

3.25+0.43 bcd
2.90+0.60 bcd
1.75£0.18 de
2.35+£0.36 cde
1.75£0.19 de

4.34+0.28 def
4.64+0.61 cdef
3.63+0.42fg
2.68+0.27 gh
2.11+£0.22h

Means within the same column followed by different letters are significantly different at P < 0.05 by DMRT

Figure 1. Multiple shoot formation from culturing shoot tip of H. siamicum Craib. on MS medium added with

0, 1, 2, 4 and 8 mg/L BAP for 45 days (A — E, respectively)
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Figure 2. Multiple shoot formation from culturing shoot tip of H. siamicum Craib. on MS medium added with
0, 1, 2, 4 and 8 mg/L TDZ for 45 days (A — E, respectively)

Figure 3. Multiple shoot formation from culturing shoot tip of H. siamicum Craib. on WPM medium added
with 0, 1, 2, 4 and 8 mg/L BAP for 45 days (A — E, respectively)

Figure 4. Multiple shoot formation from culturing shoot tip of H. siamicum Craib. on WPM medium added
with 0, 1, 2, 4 and 8 mg/L TDZ for 45 days (A — E, respectively)

gasamsfivnanzanlunsininlwifnsnaas  awwnsadmildiinsnldiadeesas 90 (Table 2,
HRANZUUAL Figure 5B) 81n3gA3 MS i IBA iiudu 1 uag 2

dledndousentesnzunanauin 1 fadnsusedns Aualvueanzuvauilidiuausn
wuRimaslugn e dennide e nIgas MS 494, 15.65+2.06 :AnsauaA (Figure 58, 5C) 4+
LAY WPM TiinananaLl ANNTLATEYLALTR IBA LAy ARAARBINLINENULBS Wakhlu and Sharma (1999)
NAA fimasiddufiuansneiu Ae 0,1,2,4uaz 8 ﬁwudﬁmﬂwqmgﬁulﬂ:@Lﬁlﬂﬂﬂmm H. candicans
faAnfuredns nUIMINZAL e ANTIALLY  Wall LUBIMNIGAT MS fifn 1BA dind 1 fadniu
2 w2gRs MS fin 1BA udu 1 Dednsuredns  dedms nezduliifinsniadnienay 100 wasd
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ANUIUTINGIGA WATEINITGAT MS Tl 1N
AILANNISLA3EY YinldianNzuLMaURAINE129N
N’m‘ﬁlqm 2.57+0.45 URLNAT (Table 2, Figure 5A)
FeaenARRTUIIUASE 94 Jan ef 4l (2018) 7
MBI TNNZIREHe a1y H. candicans
Wall uuaunsgns MS ?i”LaJLﬁmwmuQmmm?ﬂ;
dninliinsnldafian qngasenusiidnmn
arnnsodninliifianAadaTessans WAL BNLTY
219N9gRAT WPM ﬁiﬁiﬁumimuaumm’}m&lLﬁuim

ldanusadninlfiiauaagda (Table 3, Figure 8A,
9A, 10A) gRTBIUS WPM L7a NAA LEudu 8
faansusreans dnunldiAnuradaniauln
Lﬁuﬂﬁquﬂ‘ﬂmﬂumﬁ'm 243013 VI URLNAT
(Table 3, Figure 9E) #ad0nARBNRUNANNSANENT0S
Zaman et al. (2016) iseuinanziae s oiEe
W lwraAuzunal (UMBELLIFERAE) LUa1M194A9
WPM #ifinnsiAnanseanduazainsunadaldmngn
4981113 MS

Table 2. Root number and length of H. siamicum Craib. induced from culturing shoot tip on MS and WPM

supplemented with IBA, NAA and IAA at different concentrations for 45 days

Media Root induction (%)  Root number + SE (roots/shoot) Root length £ SE (cm)

MS 90 3.90 £ 0.09 fghi 257 +045a

MS + 1 mg/L IBA 90 15.65+2.06 a 1.81+0.29b

MS + 2 mg/L IBA 95 13.60 + 1.68 ab 1.11+£0.10 cd
MS + 4 mg/L IBA 95 11.05 + 1.59 bcd 1.06 £ 0.07 cd
MS + 8 mg/L IBA 20 11.35+ 1.92 bcd 0.93+0.10 cd
MS + 1 mg/L NAA 90 9.95 + 1.33 bcde 1.84+044Db

MS + 2 mg/L NAA 20 11.70 = 1.69 abc 0.90 + 0.10 cd
MS + 4 mg/L NAA 65 6.25 + 1.43 efgh 0.55+0.12 cd
MS + 8 mg/L NAA 60 10.75 + 2.32 bcde 046+0.10d

MS + 1 mg/L IAA 60 3.90 + 0.96f ghi 0.95+0.23 cd
MS + 2 mg/L IAA 60 3.30 £ 0.85 ghi 049+0.15d

MS + 4 mg/L I1AA 80 5.35 + 1.18 fghi 0.94 +0.15cd
MS + 8 mg/L IAA 70 6.80 + 1.94 defgh 0.65+0.12 cd
WPM 85 3.05 £ 0.59 ghi 1.92+0.24 b

WPM + 1 mg/L IBA 70 4.05 £ 0.80 fghi 1.12+0.23 cd
WPM + 2 mg/L IBA 55 2.50 = 0.94 hi 0.67 +0.14 cd
WPM + 4 mg/L IBA 50 3.75 £ 0.92 fghi 0.50+0.13d

WPM + 8 mg/L IBA 50 1.05+0.28i 0.69 +0.18 cd
WPM + 1 mg/L NAA 100 7.70 = 1.05 cdefg 0.64 + 0.07 cd
WPM + 2 mg/L NAA 80 8.39 + 2.22 cdef 1.21+£018¢

WPM + 4 mg/L NAA 60 3.95 £ 0.92 fghi 1.01 £0.28 cd
WPM + 8 mg/L NAA 20 4.20 + 0.70 fghi 0.71 £ 0.08 cd
WPM + 1 mg/L I1AA 50 3.30 £ 0.94 ghi 0.84 +0.23 cd
WPM + 2 mg/L IAA 80 4.25 + 0.93 fghi 0.67 £0.18 cd
WPM + 4 mg/L IAA 100 7.10 = 1.32 defgh 1.11+0.10 cd
WPM + 8 mg/L IAA 90 10.80 + 2.19 bcde 0.78+0.10 cd

Means within the same column followed by different letters are significantly different at P < 0.05 by DMRT
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Table 3. Percentage of callus induction and callus diameter of H. siamicum Craib. induced from culturing

shoot tip on MS and WPM supplemented with IBA, NAA and IAA at different concentrations for

45 days

Media

Callus induction + SE (callus/shoot)

Callus diameter_+ SE (cm)

MS

MS + 1 mg/L IBA
MS + 2 mg/L IBA
MS + 4 mg/L IBA
MS + 8 mg/L IBA
MS + 1 mg/L NAA
MS + 2 mg/L NAA
MS + 4 mg/L NAA
MS + 8 mg/L NAA
MS + 1 mg/L IAA
MS + 2 mg/L IAA
MS + 4 mg/L IAA
MS + 8 mg/L IAA
WPM

WPM + 1 mg/L IBA
WPM + 2 mg/L IBA
WPM + 4 mg/L IBA
WPM + 8 mg/L IBA
WPM + 1 mg/L NAA
WPM + 2 mg/L NAA
WPM + 4 mg/L NAA
WPM + 8 mg/L NAA
WPM + 1 mg/L IAA
WPM + 2 mg/L IAA
WPM + 4 mg/L IAA
WPM + 8 mg/L IAA

20
100
100
100
100
100
100
100
90
30
30
80
100

80
9
90
80
100
100
90
100
40
40
100
100

0.10 £ 0.05kl
1.14 £ 0.07 de
1.05 £ 0.07 def
0.98 + 0.08 def
0.91 + 0.06 efgh
0.95 + 0.05 efg
1.05 + 0.04 def
0.98 + 0.07 def
0.86 + 0.09 efgh
0.42 £ 0.16 ijk
0.25 +0.09 jkI
1.11 £ 0.19 def
1.08 £ 0.15 def
0.00+0.001
0.98 + 0.15 def
0.77 £ 0.11 efghi
0.72 £ 0.10 fghi
0.58 + 0.08 ghij
205+£017Db
1.96+0.19b
1.07 £ 0.16 def
243013 a
0.54 £ 0.16 hij
0.30 £ 0.09 jkI
1.52+0.15¢
1.37+0.17 cd

Means within the same column followed by different letters are significantly different at P < 0.05 by DMRT
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Figure 5. Root and callus development of H. siamicum Craib. on MS medium added with 0, 1, 2, 4 and 8

mg/L IBA for 45 days (A — E, respectively)

Figure 6. Root and callus development of H. siamicum Craib. on MS medium added with 0, 1, 2, 4 and 8
mg/L NAA for 45 days (A — E, respectively)

Figure 7. Root and callus development of H. siamicum Craib. on MS medium added with 0, 1, 2, 4 and 8

mg/L IAA for 45 days (A — E, respectively)

Figure 8. Root and callus development of H. siamicum Craib. on WPM medium added with 0,1, 2, 4 and 8

mg/L IBA for 45 days (A — E, respectively)
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Figure 9. Root and callus development of H. siamicum Craib. on WPM medium added with 0,1,2,4 and 8
mg/L NAA for 45 days (A — E, respectively)

Figure 10. Root and callus development of H. siamicum Craib. on WPM medium added with 0,1,2,4 and
8 mg/L IAA for 45 days (A — E, respectively)

Figure 11. Survival of H. siamicum Craib. plant after 30 days of transplanting to pot containing mixture of

vermiculite : perlite : peat at ratio of 1:1:1 under green house condition

Table 4. Average of survival percentage, plantlet height, root number, and root length of H. siamicum Craib.
after transplantation under areen-house condition for 30 davs

Planting material Survival Plantlet height Number of roots  Root length
percentage (cm) (roots/plantlet) (cm)
Vermiculite 0 N/A N/A N/A
Perlite 0 N/A N/A N/A
Peat 0 N/A N/A N/A
Vermiculite : Perlite : Peat 50 3.5 5 4.2

N/A = No plant growth was observed
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