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Abstract

The main objectives of this study are to purpose and establish the
micropropagation and somatic embryogenesis system in the tissue culture of Pongamia
pinnata.

Results of nodal stem segments of epicormics culture of P. pinnata were as
followed:nodal stem segments were first treated with running water for two hr. , shaking

in 1/300 (v/v) anticeptol solution (Benzel thyonium chloride U.S.P 10% (w/v) , Alkyl
aryl polyether alcohol 10% (w/v)) for 30 sec, then shaking in 70% ethanol solution for
30 seconds, then soaked in 5% NaOCI (supplemented with 0.1% (v/v) Tween 20) and
treated with ultrasonic shaking for 30 min and the nodal stem segments obtained 65%

non contamination.

In the aspect of organ formation : the medium of 1 mg/L BA in MS or WPM
gained the best results of aseptic seedlings. Micropropagation of P. pinnata from
cotyledonary nodes, nodal stem, epicotyls and hypocotyls explants derived from in vitro
seedlings. Multiple shoots induction from cotyledonary node explants gained the best
result of that from other explants. The greatest shoots were induced from the 1 mg/L BA
pretreatmenting of cotyledonary nodes explants was achieved when MS was added with
2 mg/L BA and 0.1 mg/L NAA, average of 5.42 shoots per explants were formed in one
month. Spring buds at the stage of ready to burst from dormancy and shoot explants in
spring were collected from the coppice shoots of P. pinnata wild trees. MS medium
containing 1-2 mg/L BA and 0.1 mg/L NAA was the best for inducing more shoots.
Shoot elongation of these multiple shoots was good at 1 mg/L GA3z and 0.2 mg/L BA in

MS medium. Individual shoot were rooted on 1/2MS or MS supplemented with IBA.



The 1 mg/L IBA in 1/2MS medium gave the highest percentage of rooting (74.55%)
with root number of 2.96 roots/shoot and root length of 1.33 cm. Cotyledons were
induced with the highest percentage of 20.83% and with average of 3 somatic
embryo/per explant of somatic embryogenesis in media composed of MS medium
supplemented with 2,4-D 3 mg/L and Kn 0.5 mg/L after two months.

Shoots with roots were suitable for acclimatization. The plantlets survival rates

were 85.88% with average shoot length of 0.78 cm after six weeks of acclimatization.

[ Key words ] Pongamia pinnata, micropropagation, somatic embryogenesis,

acclimatization
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% ~ %3 (Introduction)

k% & (Pongamia pinnata) = & # (Fabaceae) 7} i=i; # (Faboideae) - A
ARG AEFEA B3 FEMEA R AR R BFEBT G
Yeb 18 cnfidd (seedcake) ¥ iv 5 £ 2 4 F kil ¥ BASEFESTA L DA S

(biogas) 7= ¥ # >t X #7484l (Sugla et al., 2007) £ # i c HfEF v (£ 5 2 F
R BERBRESAT RS - &2 Tk ae i o(cellulosic ethanol) 2 Rt o ¥
B

NG E T B R R AR RS HET FEw (KT E 20105 i E

BEG R R R RBAZEZFHIHERNE FHAY
EAREHBREXLOITNRG A5 - BRRIF UL 32 FRERTLEY A 0
P o Bl Al ive 4 L BARY Tqcins § OB T AR Y AT Z § 1 enfd
o A EB AL F Y D F LR A %S TR AR LAY [ (carbon
neutral) &% ¢ it /& (Kumar and Sharma, 2011) - 4opt 2 &7 5 F i Sl 2 i@

u

# ’i N L{‘-W-;L‘;F rg@'m;}’i’:"‘{o

iz,r

Lo TRe it AR B 2 BB SF P HNE 2B RS
B2 RILHEPRFE KRG o drig WHRE AR L ERF LI # P FEALARTE 0 A
it 2 A A TR AT ERERZBET I LA TR R 2 R E IR
AARIE RO e ENRBEET T LT ERR VR E F M P 0 (4
% g1 4o 2007) o ¥ ’*%ﬁﬂ ot R TRAEY L LS R - WER
ZE B R A EAa T o

Aok Lzt o FHALEAGHRAT X EHA P KX T 5T
FRE: ) AFEER; 2 AT REFTE ];] RAMD BT FET FEMED ¥
Z 5 (3) f&w % X1 s ) (Rhizoctonia hiemalis) 2 g % - ¢ 7 A= #F ¥ -~ 7
Ffed £ 2 E Rk (4) FIEALEE M g T (Suglaetal, 2007) ok AW
I HF SRR FRBERAE > R P N ER 2 R AR T
7 % iE (Azametal, 2005) - ze@ iz AP A frifE 2 HE T L o

‘ﬂ

KFEA RPN EAF ER@R L sl AF LU RIS R ARE

TR IES ER TRME A S TR U B ES ERfeE ¢ 5 H
1



1o FEAAKF A TR Tk H AT R &k (micropropagation system)
FI*3BETHREZASH LB SRR B3 F > FERF A E S
(somatic embryogenesis) > #5232 % 1 & F 2T RE (1) R FHFL 0T RS
BRI AFELTL2IR % Q WRHB TR RAREE D Q) AFY
BB FilEERAT RO AN Z R 4) RS A IES S IR
i, B) Qe FAFHEAE G etz P (fhagE 020015 2 5 9 o
2006 ) o -k EAHERE A S S A SFERICER R > DL FRF A
HERR - HDEIREAREITTEFTERY F 2T -



F~®AFg  (Literature Review)

- s kR A2 A3

KR A T=FYA R o Bk RRE TS F M 0 K457 20-11
PO(RIL-A) CESFERAFE (RIL-B) RS xR IR N T A - R
B oAk fa+ % 7w F > & 10-20 cm (Kesari and Rangan, 2010) - -k & A if & 2
£ &% £500% 2,500 mmz R 2 4+ B (Kumar and Sharma, 2011) -

(-) 2 Fwik

KF AR HATEER ISR T HBRRAPET ALY 5990ky B A
£ % & 5 100k/ha-k & & > B 900-9,000 kg/ha:f&+ & & B+ (Karmee and
Chadha, 2005) - k% A Z W EEF» %2 S0 F 5 #0208
BAEFRATS BT IN2ZIGS P& FP ¥ (Maharashtra state) &+ 7 0 £ % i&
49.8% (Manjare et al., 2003) -7 F A4 477 o - H g5 7 Ay (fatty acid methyl ester,
FAME) ehidi; # & % ® (ASTM D6751) - 46, B (DIN 51606) = % (EN 14214)
AN ARERS £ T 480 (Azam et al, 2005 ; Karmee and Chadha,
2005) - ipefbac @ 45 @ (iodine value) % 74.78-100.98 0 # 71 b - HP 73 2 eh
fE 2+ = i@ (cetane number) 5 50.85-59.114% 7+ H & ¥l vridiy 4 (Mukta et
al., 2009)

RE ARG R ERL D (1) 2 BRI FI 2 A G B
L (BT E2010) 5 (2 kFATLELIEGEE A 0 AT A A b
44 (marginalland) ; (3) A+ FAE - BHETEETRL: 4) B

-~

4 0 i 7 HF % (nitrogen fixation) » ¥ "F Mg i § o FlytE E LK
T A2 255 fI¥ Bl 2% (Karmee and Chadha, 2005) -
(=) #2487
Shirbhate 2 Malode (2012) » kg A F A v £ EN R L& /742 232 2
o s REEBTE BEHEFENR
e a @ add-k? 2 £ 24 74 2380 ~ 57 & ket » (Tomar and
Gupta, 1985 ; Kumar and Sharma, 2011) > # 2 5 #c i 4 F«niggt (i ¥ % > 2010) >

3



SEHEARTES LB R A A T RATIEE LR Y
AR5 & BRI LA (phytochelatin, PC) » 17 & Bd £ 47 1 f ok £
EpiE > nEA R TE "f@“ &2 B (34840 2005) -

(2) 2+

IHE RS FAEAREI AT IRT A2 EYES (21 > Bl s
pongabiflavone % karanjabiflavone » 7 7% #+ A gec7#7 7 (Ghoshetal., 2011) - ¥ {2
* AR E B0 PR R 19588 Bk (puerariae radix flavones, PRF) > ¥ it 22
SR RN PR TR L F REH RS a4 T IR (dextran
sulfate sodium, DSS) # #5255 - BiT* g¥F (F 5% >2008) -2 fec fig
% P34 (acetic ether extract from P. pinnata roots, PRA) ¥ #r4| 5§ kW% FAZF B
i (superoxide dismutase, SOD ) &+ i< ~ 5 = fig (malondialdehyde, MDA) # =
H4beZ -3 PF RS TR RFRET B ESRUER(FIT 25 2007 57
Z g 0 2010) ; TenE B ¥R RS B4 40 (cisplatin) fo2iE 2% (gentamicin)
AralA TR G R op 4y VB H# %G R T (Shirwaikar et al., 2003) ¥ o
# Fp (Punitha and Manoharan, 2006) 5 % 2 f83 ¢ ¥+ > ¥ 1% 2 iR 5048
KE AL KF R 27 % o4 (Tamrakar et al., 2008 ; Kesari et al., 2010 ; Tamrakar
etal., 2011) - % %P~ ¥ i 5 & ¥ % Fip 4 (Elanchezhiyan et al., 1993; Bhatia et
al., 2008 ; Vadivel and Biesalski, 2011) : ¥+ ¢ fE X P~4= 5 Fin 5 % i ¢ (Essa
and Subramanian, 2006; Essa et al., 2010) -+ i® 5 & = Ffi & (Sunilson et al., 2009)

4
= o



21 kFAZE?HY

Tablel. Medicinal function of P. pinnata

(4 %> B4 fF)

Plant parts Medicinal value

Reference

Roots

Flower

Seed

anti-inflammation
inhibit gastric ulcer

inhibit ulcerativecolitis
cure psoriasis
protective renal

inhibit alloxan induced diabetic

antihyperglycemic and antilipidperoxidative

anti-dyslipidemic activity
antihyperglycemic activity

antimicrobial activity
against
HSV-2

herpes simplex virus HSV-1 and

~ against cholera and enteroinvasive bacterial

anti-hyperammonemic and antioxidant
inhibited White Spot Syndrome Virus

antimicrobial agent
resistance to synthetic anti-lice agents
hypolipidaemic and antihyperlipidaemic

anticonvulsant activity

Z 5% (2008)

Ghosh et al. (2011)
Shirwaikar etal. (2003)
Punitha and Manoharan (2006)

‘Elanchezhiyanetal. (1993)

Bhatia et al. (2008)
Tamrakar et al. (2008) ; Tamrakar

etal. (2011)
Kesari et al. (2010)

Vadivel and Biesalski (2011)

~Brijeshetal. (2006)

Essa and Subramanian (2006)
Rameshthangam and Ramasamy
(2007)

Bajpailet al. (2009)

Sunilson et al. (2009)

Essa et al. (2010)

Manigauha and Patel (2010)
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B4~ d Murashige (1974) #-HcHFies 5 & Fu dud = ~ F 5 5w 74y

B BFRE PR = BRFE S 1 4 Debergh 2 Maene (1981) % Kf %4 A& 3¢

I

FEERTENNF  RELRT BRI SERFESBAMERIFER 2 R
ER A A GHAIRRTRA AR I N EF{ RE BT LA -
&%wr;ﬁm@ﬂaév'&wﬂ%ﬁ%%éﬁﬁ@ﬁ“’%ﬁ%@ﬁﬂWﬁ
A (et A F Ay VR) HEas s s 2 4 2 85 Robert 2 Dennis
(2000) dp i~ HE 2 F g bkche BFRR -~ 850 (1) BAMDEZER; (2)
iAol ) BAMO ] (4) BAME PR o ¥R FER G

IR D BB AT LA %?%}*ii'fiﬁ?ﬁﬁ*i‘_ifi o m B

ARG - GEREBFHFL O OTIRAMIRAEFTT S - SFRET
w4 Ad i%f_ﬁ_ﬁ?ﬁé_i%] e % (callus) > B A HE BT LA F > il

Cecchini & (1992) 41 * (Pisum sativum) 7 %8 1% 5 32 78§83 a%‘r/&‘ R

\V“b ‘%'G
- |

FixA 2 7 4PE DNA 2 253 —‘F% * DNA 7 & & "% < » :%F:rlﬁj Ll 2
RSN EZTHDNAZEVRAA %L HERFTZ2 A ER AT AR T

T E-AEERA N R RERL VMOV E SRR AER TR
BEV S PBEIIEIBERY 2 L7EE > 3F 5 ARE A EER N ”T de tmre 4

£ % (auxin) #2454 2 £ 3 & &|(plant growth regulators, PGRS) » fif & cfg 4
éﬁﬁﬂﬁﬁﬁ%&ij%ﬁ%@L%ﬁo¥%WKé%ﬁ%ﬂ:Méﬁﬁ%

A LAAFFESDD REBEF ALRE Y E KR RY I (mixtrophy) & & ¥
12 (heterotrophy) # £ > & 3| {7k p ¢ 1+ (photoautophy) # & 2_ i 4 ;{gz! B
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(acclimatization) % i it (hardening) &4 2 » i fEtkic s |-k A5 - o
AETEREARE-ERFR  RERBIT T 0 Hp REE AR F 03

PRt E oo

T ~oRE A YR

(B

(-) %%

- S P W % eh¥_ Murashige and Skoog (MS)#2 % £ > @ A x a4 2
woody plant medium (WPM) 3 % 2 (Lloyd and McCown, 1980) = % A& % 2 o
MS3 %z B> Ay MARZ BoolriiiG  LBF OB ERRT &=
Sk AEd 2 TR % (Tonon et al., 2001) > 23 5 & A{Ede ¢ 103 BB g
K 1 1/2MS & WPM AL A 32 % L8 7 385% -

RORAMOFEF B AT EERERA TR LRI FOESLEDE
B oOoF eSS EBER A L wie 4 £ F (auxins, a) ~wfe A 4 % (cytokinins,
) fripcs~ % (gibberelling) = ~ 4 ; afEr e R{cEF R ALY > w2 d £ F
frime S B EE P PRSI EFVAF IR LR NAEH c AT ER w4
E 3wz AR F ot (alc) M MPES FORAE T A i b KRB PES BT LE
2 £ B dena) 4 (Sita, 1979)

c“"’

(=) ®x%

I EF M2 bR A BT FIRAHPELI AR s FEFPR T - F -
TARE o BAEME FIRRINE A AL R IEES P EFERE S (George and
Sherrington, 1984) = -k § A T HMF F R A A P hR AP p LS E &
(cotyledonary nodes) > Bailey (1956) 4p &1+ ¥ & =3+ F2 ¥4 8> &y {

(vascular strands) Ap#&i » ¥ 5 2y 2 R4s3tA o

(2) FFwz

4L Es L 4 230 4 88 (regenerant) 0 L A5 R B 24 ehig

@

N
- F A LR UREREE  TREET S HHERAS w AR 5
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ﬁ%@“ﬂﬁ%iﬁ%’ﬁ%?%i%iﬁ@?ﬁﬁ%i£ﬂ%%’ﬁﬂ@“ﬁ
£ AN T R4 (primordial shoot) » B2 ZE 72 B3 PR Ay L > T ag
o BRE NS TR B TAAINER S B (George and

Sherrington, 1984)

Ly %

Sugla ¥ (2007) 45 k% A F E & & & A i 4t PGRs #1MS & WPM ArEi A
P wRETEMARG Bk kR N®-benzylaminopurine (BA) *t WPM %
MS3: % & > P MS & A7 § G TS EIE > k3§ A et gad > 1
MS 32 % s #§ AL *  (Purohit and Singhvi, 1998)

3 Ao efE g 3 Ky &AL Murthy ¥ (1998) 55 233 & AP e B Ik A
fre B E R RAE T R A £ s > e Mk & aithidiazuron (TDZ) ﬁhsb RECR-A el
E o2 FREhE A i e H W w8 R Ap koo Sugla® (2007) I %ok E A S

F ey e 2% g mBA Kinetin (Kn) { 2 82580 mre o 4 g g kB
HoMd £ LR TDZa kR A ik Far 3 L 8% > BHAERP

fdess A A w1 A A 5 B A S 1 3Reny (caulogenic buds) e o
I drdlipdt mie 2 4 4 sk i T g (Sujatha and Hazra, 2007 ; Shrivastava
and Kant, 2010) > ¢~ #7% &% k& € P Bdrdl A 2 vz Poig chig 7 (Sujatha and
Hazra, 2007) -~ fa % kE A NI ES& I E2 3 S ER S RAM L 2%
TREus A L S TDZABAX 1 Mk R wie 2 £ 2 (£2)
Belide % (2010) 471 &% 7 1 mg/L BA tiMS 3 % @ bie 7463 i 2 4
T VRLERIVW R < 2 T { R HE R4 (leaf primordial) - ¥ ¥ %%
%% 1 mg/LTDZ % 200 mg/L adenine sulfate
(ADS) énMS 2% A% » A E 05 % ¥l P ADS £ Rieimre & s
B st % e 7 @Se 72 £ X435 F L - Sugla % (2007) #+35-k £ A ¢
fAF A E TR AL MBI B E 354 1.0 uM gibberellic acid (GA3) 7 MS 3
A AN EAE- TR 7 7t PGRs :i MS 2 % 2 & 4 T 487 5 289% »
a2 La8R3 kg A2 AA2 @+ Py o



22 kR AERFFL S
Table 2 . The inducted results of shoot of P. pinnata
(4 32 B4 K)

_ Induction
Explants MS medium + PGRs Results Reference
time(days)
Cotyledonary 7.5 uM BA 12 6.8 shoots / explant Sugla et al. (2007)
nodes
shoot length : 0.67 cm
87% shoot induction
Nodal explant 4.54 uM TDZ 28 10.7shoots /explant Sujatha and Hazra

(2007)
shoot length : 0.83 cm

66% shoot induction
Cotyledon  200mg/LADS 20  93%shoot induction  Sujathaetal.

(2008)
11.35 uM TDZ 205 buds /explants
66.9% bud induction

Cotyledonary 1mg/LBA 28  32.2shoots /explant ~ Belideetal.
nodes pretreatmenting (2010)

1 mg/L TDZ
Cotyledonary 8.8 uM BA+0.53 uM 28  2.2shoots /explant ~ Shrivastavaand
nodes NAA Kant (2010)

shoot length : 5.4 cm

80% shoot induction




2.5 /W &
PRAMFERGTR OB A FRE 20 FRAAZA TS fEHF 7
F& > PGRSPFR|Z s % PGRs » T ard et AR A AN RS me 2 H 2k
B ETR e kF A THEE2ZfS 0 LR RS e s B R kA S g
kR GAs ey % AP 5 iy £ e (4 3) - Sugla % (2007) 4; > £ ¢ GAg
P FRE A TN £ 2 R BANREAY BEEHET 3 LT &

vk o Sujatha & (2008) »4ok5 A+ EA$ T W TDZ A #9 #8228 TDZ

FHETME AR RERPEAL T HEERAFEDT I AT E ARG &
ft TDZ 5 MS Ao % 3T %35 % > £33 %0 U2MS 7 ¢ 025067 Hat it 5
WL

F #% Shrivastava 2 Kant (2010)2 + # & 1% 2 22 7§ P A p 8 3t 2 %
a-naphathaleneacetic acid (NAA) g & & > 7 A2 STHEBIT - R >k & 2R
2 BT R £ o %gis Belide & (2010) # 2 #F £ & L4 % 1 7 3 PGRs 2
R0 o

Sujatha 2 Hazra (2007) p B¢ X ik ABEF S E LTI RAH > F 1
z TDZ m&*%i’xgivvﬁ E XA ‘g%\m At bR kR TDZEEEEZ RS
SNy B kA K TDZ kR N a7 s » (s BT & PGRs

I 12MS & AP > @5 R AC 5 T o

10
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Table3. The results of shoot elongation of P. pinnata

(¢ k2B RK)
Explants Time 1% subculture 2%subculture Results References
(days)
Cotyledonary 10 MS+2.5 uM GA3+7.5- shoot Sugla et al.
nodes uM BA length:4.31cm (2007)
Nodal explant 15- 28 MS+0.45 uM TDZ PGRs-free shoot  length Sujatha
1/2MS+0.25%AC 3-4cm and Hazra
(2007)
Cotyledonary - PGRs-free - - “shoot length Sujathaet
1/2MS+0.25%AC 3-4cm al. (2008)
Cotyledonary ~~ 84 MS+8.8uMBA - - “shoots  Shrivastava
nodes /explant:0.6 and Kant
(2010)
shoot
length:1.6 cm
shoot
induction: 10%
Cotyledonary ~ 14-21 PGRs-free MS - -7 “shoot length Belide et
nodes 3-5cm al. (2010)

11



R KR S

P d £ FNR A AHT WA EFIILL & - Sugla ¥ (2007) i 4e A
F Jk & ¢ indole-3-butyric acid (IBA) -~ indole-3-acetic acid (IAA) 2 NAA » > § &
12MS 32 % ¢ #F £ & F LT WHEFRE > MS 720 1 uM IBA g & i it
B IBAHFEEF G BF - kS A RRREFT Y 0 5k IBAGEE R
(24) 2 d wEHPPEFE AR L A mrr 2 £ F I FEIINGNE B T F %
S HEHTHEH DI FhE P2 R EH D MS & U2MS 1 & A X g
& d143$% (Sujatha and Hazra, 2007 ; Sujatha et al., 2008) -

104 kF ARt RS
Table 4. The inducted results of root of P. pinnata

(4 %< B EE)

Medium Induction time  Results References
(days)
MS+1 uM IBA 7-9 92% rooting Sugla et al. (2007)
3.4 roots/shoot
MS 28 70%rooting Sujatha and Hazra (2007)
1/2MS +0. éé%Aé 28 87.5%-rooting Sujathaetal. (2008)
MS+98puMIBA 28  93% rooting Shrivastava and Kant (2010)

2.5 roots/shoot
root length : 4.3 cm

1/2MS+1 mg/L IBA 28 64.5% rooting Belide et al. (2010)

5.3 roots / shoot

(=) %gwg 4
HWorg 4 L Mmre (somaticcell) i g FET o e B awme FT o
4 £ & it {s = 489 (somatic embryo) » 3 £ R iR 2 B B AN g T

AR AR B A B IR P A FTHEFED A FT L R EER
12



Morg 2 hERESE I P T AOERPF RN LAGE e REGEK K
M52 o

Gaj (2004) 4p 41 80% 1 Firat g RH Y wmie 2 R R A EHRF L AR Ew
B E o T Flmied EE 2w AR R B R SR e k2 AP mie A
Al A LR 4 hRd 4273 0 2 ¢ Raemakers® (1995) # ) L e 4 E &Y
i * & % ch¥ 2, 4-dichlorophenoxyacetic acid (2,4-D) (49%) - £ % ¥ NAA (27%) -~
IAA (6%) -~ IBA (6%) -~ picloram (5%)#2dicamba (5%) ; % 4 % % P]ZBA&
¥t (57%) - £ *k EF.Kn (37%) ~ zeatin (3%) £ TDZ (3%) -

EfESFZ M AE BAN AL L2 Rl AR AR ES A
5 » Aitken-Christie % (1985) 4 12 #t+> (Pinus radiata) + #£2 £ & » 2 &%
TR s T dREaIE o p i lwe s Hdiforp 2 E 0 2 AR
Ao FER S Bl e 2 KRR mE A R F m/ﬁ&¢ﬁmwan%
TFER> > Nwed LEa T PRI EEZ el EZRELIEFLENE
efEy FR wmed £ 24D A2 BRI ML A s BTV AR

’5\1-1*

¥ 2 etk enF)EE (Weaver and Trigiano, 1991 ; Lakshmanan and Taji, 2000) -
d kR AZMRFE eV AP F A o mAT AN E P A RS 2R FE

FTRRTL 4y (T4 5) .

45 & PAHENRE R B3

Table 5. The inducted results of somatic embryogenesis of legumes trees

(4 38+ B K)
Induction Induction
Species Explant  Medium athwa time Results References
PEEY (days)
: : 72.5%
Acacia immature  MS+Kn 0.5mg/L+ . .. . Das
. indirect 28  Somatic
arebica embyo A4DSmOL Embryogenesis Y
0,
Acacia immature MS+ Kn 1.5mg/L+ indirect 28 gg.ri;(t)ic Das
catechu embryo  2,4-D 2 mg/L (2011)

Embryogenesis

13
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Table5 (continued). The inducted results of somatic embryogenesis of legumes trees

Induction

Induction time Results References

Species Explant  Medium
pathway (days)

Acacia immature 1 MS+2,4-D indirect 77 7% Somatic Garg et al. (1996)

nilotica endosperm 2.5uM+BA 5uM Embryogenesis
2" MS+2,4-D
Albizia 5 - 1.4 Somatic Tomar and Gupta
richardiana VPO MS*BALOTM - indirect 40 Embryosiexplan (1988)
Cajanus - 33.8 Somatic Sreenivasu et al.
cajan cotyledon MS+TDZ 10 uM indirect 42 Embryos/explant (1998)
45.3% Somatic
Embryogenesis
leaf MS+TDZ 10 uM indirect 42 47.8 Somatic
Embryos/explan
73.6% Somatic
Embryogenesis
38.4 Somatic Illﬂrﬁ)gr?r?a?]:grthy
cotyledon E1§:46+TDZ 4.54 direct 28 Embryos/explan (2002)
H 97% Somatic
Embryogenesi
. .
cotyledon MS+TDZ 2 mg/L direct 42 23'34A’ Somatic Aboshama (2011)
e Embryogenesi "~ T T
Calliandra . . 22.33 Somatic  Kumar et al.
tweedii internode - MS+2iP 10 uM Embryos/explan (2002)
85% Somatic
. Embryogenesis
etiole  MS+2iP 5 uM drect %0 2647 Somatie
P H Embryos/explan
69% Somatic
, MS+2,4-D ,
CaSS|a_ _cotyledon 10pM+ BA indirect 60 14.36 Somatic ~ Agrawal and
angustifolia 2.51M Embryos/explan Sardar (2007)
70% Somatic
e _Embryogenesis
Ceratonia somatic  MS+IBA 0.5uM direct 84 33.8% Somatic  Canhoto et al.
siliqua embryos +BA4.4 uM Embryogenesi  (2006)

14
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Table5 (continued). The inducted results of somatic embryogenesis of legumes trees

Induction Induction
Species Explant Medium athwa time Results References
PEEY (days)

. . Buckley and
Cercis . ovule SH+2,4- D 9uM direct 42 4.6 Somatic Trigiano
canadensis Embryos/explants (1994)

33% Somatic
e ~_____ Embryogenesis
. : . Weaver and
0,
Cladrastis  immature SH+2,4-D 9 uM direct 42 46% Somatlc_ Trigiano
lutea embryo Embryogenesi (1991)
P MS+2,4-D 2 . Raoand
Da_lbe_rgla Immature mg/L+ Kn 0.1 direct 28 32 Somatic Lakshmisita
latifolia embryo mg/L Embryos/explants (1996)
94.5% Somatic
e ~____ Embryogenesis
. . Singh and
Qalbergla cotyledon MS+ 2,4-D 9.04 indirect  40-50 26.5 Somatic Chand
SiSs00 UM + Kn0.46 uM Embryos/explants (2003)
55% Somatic
Embryogenesis
immature  MS+ Kn 1.5mg/L+ . . 76.2% Somatic
_embyo  24D2mgL " 2 Embryogenesis P (0D
. immature i
Delonix ) - 45% Somatic .
regia zygotic MS+2,4-D 2 mg/L indirect 2835 Embryogenesis Abdi and
embryos +BAO.25ma/L. Hedayat
immature oMy 46% Somatic (2011)
~____ embryo ~___ Embryogenesis o
Hardwickia immature MS+ Kn 4.64uM+ indirect 21 56.8 Somatic Das et al.
binata cotyledon NAAS5.37 uM Embryos/explants  (1995)
18.3 Somatic C_hand and
. . Embryos/explants Singh
semi-mature MS+2,4-D 2.26uM  direct 49 (2001)
embryos 72.3% Somatic
Embryogenesis
immature  MS+ Kn 0.5mg/L+ . . 78.4% Somatic
o _embyo  24D3mgl "M 2 Empryogenesis D% (201
Robinia immature  FM+ 2,4-D direct 60 26.8Somatic Arrillaga et
pseudoacacia seed 45uM+ BA2.2uM Embryos/explan al. (1994)

15



% ~ Halgr =+ 2 (Materials and Methods)
-

(=) f&+
A 2011 2 2012 845 % (994-~57) 25 % (97-87) » Aol
B AINERWHEES R kT A (BI1C) 2wt 5 %42 %% (B 1-D-E) -
(=) FFtix
hES (2011 & X567 SEH AR B Bk E A EP LR BB A (%)
1-F) "HEXFHimx B2 24m2F 8L F-FEERLT - B

7

~

e
s

=

& 1F 5 37y o
(2) k¥ A 2 it % s
1okF A T3 FR%
(1) 2R 5wty
dT R Rh%d &R (F2-A) T2 22 BET3EF FR AR (WPM -
WPM+1 mg/L BA2 WPM+0.35mg/LGA;) % T » BHF G5~ T8 3 E &
2T ondh i ARV A

e

a~ TR A EEHR

£FT R 135empF > BE H05-1em7? # &2 B R E S - BEZF E T
&

£FT&20511 cmpF > B~505-1 cmE 2 Tiadh o 2 E A LB FE2Z FE
o EERE o
(2) # o
AP 2012245F (5-67) > o HA FRAIEREFEE 8P kF A2
FECBEYERTRERA
a~g X

VLRRR] 7 ME P A 4] 915x15cem’ s AR & o
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2R B
VLR BT B s B T P s P 90.2-0.3em2 4 K BLiFR & o
Q) kF A2 TRV L FE%
o3 EREMITTMY L% A SEEE FESFENT R (B
35 BTG - BrAk)E 4 LB
(4) kx A TRFEF 2L E%
NI ESFHE 2 TR B E G 2-30em LA -
() k% 4 w352 51
EPF IR iz 2 BE T L 2-4cem BRI ELE L o
() ks Atz FE

A5k 22011% 20122 6-77 >3 S 4 B R

A0EAEIE 8K A R B 7
P RARR 2B -

LA g2 &%

FRFEATHLELYIB Y 5 (967) HE %%

DR EERES (2002) 3k
TR

24 (Cinnamomum kanehirae) f+ 232 % - &3 E b5 p

IRAY A e
Wb o RS BB A &3@_}*;&,& CTAARBALFE 1&;@_; i §K§§7f§f75%u_} s

HepZns (R2-B) - A3 B3 Fibf+ 14 250-75% (B12-C) - A =32

C: 3 FihfaF MAHE50%1 T (M2-D) » B #3487 b8 THREF LBR % -

2.8 15 A 2 3

FRFAFTHREREH2 B (977) 28 % BRI EERBETE L] 5

50-70% (BI2-E) » &+ ] glxixlem’z 3 £ 2 > g7

% o

Rirs
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P w48 (Sujathaetal., 2008) - % B (4 h B % 4t BB 4HS A 15 C ok
WA T AT AL B MR 22 ¥ 2 Y Kumar £ (2007) M AT#-KE A
FEF > 60°C Ak AIZ 15 min > 7 @& (R EF & 5 i 10095 0 f’r;;@u;rt 3 7
AFRET g~ KR FA - R A+ 203 2 W2 RFR=ZF R
EAR A RT RAFT 10mins Xt L2 70%FH R Smin- A % 3¢ 1= ok
mE 3 0 omts 1 2%t & phdr (NaOCl) # & (7 0.19% (viv) tween20) - &1 #
» %ﬁ;}gg (ASEER PR gﬁfk-;&;;t 3% o
(=) 3%

1ok AW Fd SRz 203

ALk B2 Wi % i) A i 300 B oAz L R B R 30 sec 0 A
t6 £ 37096 B T30 sec o 7 B U o =k F AR P IRAS 0 @ fE S F R
(NaOCl) i # - v =t & fa4ra% (%2019 (viv) tween 20) 1-5%;k & >+10% 20
mingy & 2% (£6) » R EFFI0X 274 5 P ST R F BEHEE T 4
S A FEEN > LB BT HAES > 2103 T F el B

A EAFT e

26 kEAFFER 2403 B%et
Table6. Surface sterilization of nodal stems of P. pinnata by using different

combined test for disinfectants

NaOCl Time
Test code .

(%) (min)
Al 1 10
A2 1 20
A3 2 10
A4 2 20
A5 3 10
A6 3 20
A7 4 10
A8 4 20
A9 5 10
Al10 5 20

=
[ee]



2@ T ERLE

FIMS ~ U2MSE WPM 3 f#iss % f + % 11 MS# WPMj 4 1 mg/L BA 035
Mg/l GAzcrie & it (7325 » 4oF 4 (£7) » 2125 mL= & 5gA % » & 5550 mL » 2
B R Y S FRFERET0E R TR > FAR 1AW £

5% -

27 KFARFAT THEEANS 1/2MS 2 WPH 2 e &
Table7. Aseptic seedlings induction of P. pinnata in MS -~ 1/2MS and WPM

compositions

Medium™\ PGRs Test code

1/2MS

MS

WPM

MS+0.35 mg/L GA3
WPM+0.35 mg/L GA;
MS+1 mg/L BA
WPM+1 mg/L BA

~N oo o AW N

KNS WS < i ik
(1) k¥ A 7% %
a~ RFw =B
Purohit 2 Singhvi ** 1998 45 #1-k § & ek %78 0 MS 2 % A ¥ 4L * >
#ert MS & A #3 % A4 ? kR TDZ:01-1-2-3mg/L # BA:0+05-
1-2mg/L & ¥ "’F;‘fjtéc NAA:0~05~1-2mg/L> & iz %% £ 2 MS 4 » IBA:
0-05~1-2mg/L e &4 E TR > & 42555% ~ 4 Bt > £45 3= o
b~ 5 b 435kt
PR ESRE O HET SRS -BRYERRY C EFREEARL

T2 W UKL R SR ES S g lom AR L TR E R Rk
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EST 2hwwiﬁzmd4@’uMS;é@f%éﬁﬁ01mWLlQ&mmNAA

2 15mg/LBAhe s FFAgEAL BEa o & 2105 £4 35 R
T4 LB Bt 1 BRAW TS X - FETHESY 1R 8354
THEE > TRRRE2Z -

(2) k¥ A2 TP E RS
PR3 IATSEEBIESMAENTH (BIE5BTHE- Bra
H)C 2 LB IFT N Li#% o2 MSH4 7 kERSBAZ GAsz 2t (% 8) -
% 125mL = 457> F AL EO0OMLE R A F 4%~ 4 Bt €45 350
1B ekl EER o

28 KkFATHNEE L MS/T% BA &2 GAz; 2. #%k e &
Table 8. Shoot elongation of P. pinnata in MS with different combination of BA and
GA;

GA3 (mg/L)
Medium code - - - o o e e e e e e e
0 0.1 0.5 1 15
0 BG1 BG2 BG3 BG4 BG5
0.1 BG6 BG7 BGS8 BG9 BG10
BA(mg/L)

0.2 BG11 BG12 BG13 BG14 BG15
0.5 BG16 BG17 BG18 BG19 BG20

(3) "k A 7 REH EF 2L %

NI ESFEN TN B LK 2-3 cm HF R~ 12MS &
MS i 4r IBA & (% 9) &4 {3388 » 1 100 mL3#E A~ % - & § 3 25 mL 32
AR X BBAIL s Byl B 45 11 o 1 B Y (Sedri ik 19
ER o
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% 9 k3 A F1E%K L MS & 1/2MS i,’F v IBA 2 ¥4
Table 9. Root induction induction of P. pinnata in MS or 1/2MS with compositions
of IBA

Medium (strength) + auxin (mg/L) Test code

MS (%) 1
MS 2
MS (%) + IBA (0.5) 3
MS (%) + IBA (1) 4
MS (%) + IBA (L.5) 5
MS + IBA (0.5) 6
MS + IBA (1) 7
MS + IBA (L1.5) 8

(4) k¥ A ey s

FHF Y ¢ R 2B FE P REE 24 cmERR T ELII > R p kKR
Bt EBEIEBEFEFRBFANMITIL R/ IH=1 1 1auR g A FP o
A EEZ2REA ALK RAFRENH IR S RFENSP LY RY
o % 203 LR E-Fhe o NE 6 UBFEY R s HES
3k R £ 500 85 2 itk -

A KF A Rz 3

TRAF 2 ASHME 3 TR Fok (60C) AR o EREEFHALL Y
FERSI SRR ERREY  REBFETRROEIEFLG AL e

z2 R

pag

FN7 A 2 FEA 0 UAF R A I F 202 AR BEFE IR
o34 Knz BA¥ 24Dz 2t 4 (4 10) 2 TDZ:05-1+2% 3mg/L *
T A 012 125 mL = & 5gA % > £ HL 50 mL o & 22 fEAJT 0 & 475 % ~ 8
Bip7Et > £AF 3= 27 e o
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210 k3 ARG EL MS i 4 Kn~BA ¢ 24-D 2 2 &

Table10. Somatic embryogenesis induction of P. pinnata in MS with Kn » BA and

2,4-D
2,4-D (mg/L)
Medium code . _________
1 2 3
Kn (mg/L) 0.1 KD1 KD2 KD3
0.5 KD4 KD5 KD6
15 KD7 KD8 KD9
BA (mg/L) 0.5 BD1 BD2 BD3
15 BD4 BD5 BD6
2.5 BD7 BD8 BD9

(=) %2

ATIE T 20 R B FE BB Y MMS -~ 1/2MS (Murashige and Skoog © modified) -
WPM3752 % # & S #32 % 4 o fie » 121°C ~ 1.05 kg/em?# £ # /&% 20 min
W XFRRABEREBBE - FRF T2 EP L ER SR FRHRTY 284
0 %5 1 TDZ2 GAsFI§ 8w 7] § Ak A F Uil ™ 584 ~ 7o Jv enit g g ion
R E R e~ 0 F 7 se3% & BE % 0.8%% ¥4 (difco bacto agar) » £ 0.1 N21 N
NaOH# 0.1 N2 1 N HCI4 %] & pH & 3 pH 5.7 (MS) - pH 5.7 (1/2MS) #pH 5.2
(WPM) -

ARBRATRY DL EABRE WP T CEF2EAEHEFTRERER
% & Sigma Chemical (Mo., US.A.) -

(z) A %R
245 EAR5EL CHEE > kiR 5 % A5045 pmole/ m’s2 & %4 (Philips) » %

PRl6h; BRI R4 B4 32 KHE2 22 RRET -



(1) VERE%E
1A s B e L b & 2 B T 4p PR35 d% o
2. LM R A o
(1) 7u »
SRR A TRE A 257 B 2 TRt EE N o i - A
oA PR GRS fedt A o PV AT (FikE > 1979)
a~ T ¥~ xjiE 0 12.5% Karnovsky F %0 F 2 s * 15-50% F i " £ 510
min o
b~s-k e EgR &% (TBA-series) %t k& ( ZAg-k+o f+= &7 ik
i mie oK B g s BP Y A 50%R I Bl RS o {3
Jk R iR 3 2. TBA » 2 11100% -
C~2M I ZAEFME2h ¥ «k.f\}%’», > T o
d~ 2l DRl g2 Rl iE]  03)] 0 B Ak R 2 P i AR E 0 A
=~ FEHA -
e~y P gfﬁffﬁé‘\iﬁa?ﬂ"%ﬁ P E o ABLE o I S R R
foomi ks Bd LRk FENPRIGERE S o M Y - P FAHRS 0 Y Bk
B eEpE RS 1 448 (Eosin) iR i g é o
(@) HE >
SEZLKIATHYE - FREIMRFLZFT > JIr R RRRALY
BE -S4 it FE S 4 o L uSafranin-O% ¢ Iminfs » * ke s i@ *
Stevenel's Blue# ¢ 1 min » £ * 7K ifit o

(7“ ) ozt A7

llmf:xé'.ﬁﬁ “‘L’xif’r ﬂﬁﬁt/&\*‘?o
DA L B PBEKE (0 =005) B Pl AR KA S BB Rt

(duncan’s new multiple range test, DMRT) ‘t #& o
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W1l-kxa
Figl. The P. pinnata

WL-A B2 kF A e
Figl-A. The flowering stage of P. pinnata.

B1-B. k¥ A2 H B RAFE -
Figl-B. The odd-pinnately compound leaf of P. pinnata.

B1-C. S ERANMTW- &3 akF A 0 8 94m o
Figl-C. The site of four meters high P. pinnata is located beside the second building of
the Graduate Institute of Electrical Engineering, National Taiwan University

BI1-C. kx A e d ol (67 )L %

Figl-C. The pods ripen about one month after flowering stage (in June) of P. pinnata.

B1-D. kF A giEh e dha2@ (7)) %% -

Figl-D. The pods ripen about two months after flowering stage (in July) of P. pinnata.

BI1-F -k AL prpE2 ik o
Figl-F. The burst from coppice shoots of P. pinnata .
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W2 k3AfIETLEREK

Fig2. Different development stage of the seeds of P. pinnata

B2-AkF A7 93B2 (87) +#2fE+ o (Bar=2cm)
Fig2-A. The mature seeds of P. pinnata were collected about three months after

flowering (in August). (Bar = 2 cm)

Bl2-B ks A A2+ FEEFHF P INEFH 75%2 - (Bar=1cm)
Fig2-B. The immature seeds of P. pinnata with a cotyledon more than 75 percent of the

seed volume. (Bar = 1cm)

B2Cok$ A ASR2fEF > F FiEfEF M2 50-75% - (Bar=5mm)
Fig2-C. The immature seeds of P. pinnata with a cotyledon between 50 - 75 percent of

the seed volume. (Bar=5 mm)

Bl 2-Dkx A A=#2 M+ > + F A+ A 50%7 T - (Bar =5mm)
Fig2-D. The immature seeds of P. pinnata with a cotyledon less than 50 percent of the

seed volume. (Bar =5 mm)

BI2-E-kFAFHEH2BY (77) A2 4F - (Bar=1cm)
Fig2-E. The immature seeds of P. pinnata were collected about two months after

flowering (in July). (Bar=1cm)
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# -~ % (Results)
- N KFATUFFERZ a4

FEEREREA9 57 A LF T FE > REERE (2005) -t E R
(Eucalyptus robusta) # & i}’ & 237t 515 10 = p € FY 4 2 2 >m F 2

£

%’m4WQEAF~kaﬁﬁJ;aT$Wmé~:mﬁ4ﬁ*L@@u$10%?Eo

AR A* 72 ek R NaOCl (1-59% ) fe & 7 i 4 pF (10220 min) e
FARAFTER AAEFTREFEALF - FEEEBERNLEE > VRERERA
WrFEE Rz A2 A3% Pl RAE2 R A ¥ #R270 4 83
PR ARG Lo BRI (4-5%) PR IRV F oA KDY (7-8%)
2 K105 0 > 5 ImMEF 2B LAk -

RHEEE AT AR w2 Mo A e JEEFAF0E (R 11) 0 @k AT
B2 IRl T g ER LG 2 ) d Sk R RJTRER 2 3 F NaOCl jk
i z%ﬁ+’§f;]~* T30 iﬂi‘Fﬁagfn’;fs{iﬁ% 20 min ;5 % & %34 10 min (R
) »iw kit a L B oNaOCl k& 5%+ 20 min /3 4 3 #&i4 (64.76%) -
FAOER S F A A ARy o A PEFE NaOCl kB4R S » F & E KA 49 (b
_ﬁﬂgpa%b EH 4> MI/IT LY BopFEL g ARt P o kit S G 1% NaOCI
FE10mMin 5 AFERB > TR BB LGS D0 EAE LR AR ARR T
4”4{’(0

e H 3 %ﬁ%%ﬂ’w % 1%NaOCl ' %10 min} #& % 24 F5 (22%) > 23
2 4 S ST > m NaOCLE & 59 ) # 20 minis % F 82 i< » r € *5 K34
%ﬁ’ﬁ?@%%i%ﬁiﬁ¢%w?*’éé44§“i5@ RO IEE

FEE- AL AT

)1

il F
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Table 11. The results of the nodal stems surface sterilization and shoot induction of

P. pinnata
Test NaOCl Time Sterilized Sterilized :]r:i:gtel:n = Shoot
code (%) (min) numbers rate (%) Induction(%)
explants

Al 1 10 23 22 + 7.67% 5 21.74
A2 1 20 35 33.29 + 9.62" 0 0
A3 2 10 16 15.14 + 4.9 2 12.5
A4 2 20 51 48.43 + 6.14% 3 5.88
A5 3 10 24 22.86 + 2.48 " 0 0
A6 3 20 35 33.57 + 7.52° 2 5.71
A7 4 10 27 25.71 + 6.03" 0 0
A8 4 20 38 36.29 + 4.63" 2 5.26
A9 5 10 44 41.86 + 4.88% 0 0
A10 5 20 68 64.71 + 2.8° 4 5.88

% Mean + SE

80

70 -

60

50 -

40

30 -

percentage(%o)

20 +

10 +

Al

A2 A3 Ad

B Non contamination rate

Shoot Induction
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Fig 3. The results of the the nodal stems with sterilized rate of P. pinnata

Different letters in the same row show that the values are significantly
different by DMRT (a =0.05)
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Table 12. The results of shoot growth of P. pinnata from aseptic seeds as induced

and cultured in vitro for two months

Medium Number of Germination Mean length of Mean length of
explants rate (%) root (cm) shoot (cm)
1/2MS 120 33.55+2.47° 8.52+1.18° 2.44+0.7"
MS 120 36.38+1.85° 7.41+1.5°% 1.4+0.62°
WPM 120 42.75+6.52° 8.26+0.8° 2.8+1.17™
MS+0.35 mg/L GA3 120 46.41+5.44° 7.36+0.29° 3.9+0.41%
WPM+0.35 mg/L GA: 120 54.17+6.85" 9.38+0.33° 5.56+0.83
MS+1 mg/L BA 120 79.74+6.76°  3.29+0.14° 3.09+0.07"
WPM+1 mg/L BA 120 79.9745.59%"  32+0.15° 3.97+0.13%

% Mean + SE

sk Different letters in the same row show that the values are significantly

different by DMRT (a =0.05)
& The number of repeat:5
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Fig4. Aseptic seedling of P. pinnata cultured for two months

Bl 4-A k¥ AT 5 WPMB AR 22754 - (Bar=1cm)
Fig4-A. The morphology of stem from aseptic seeds of P. pinnata cultured on WPM

medium. (Bar = 1cm)

B 4-B. k¥ A+ v & WPM /‘]‘ 40 0.35mg/LGAz ¥ &2 353 » (Bar=2cm)
Fig4-B. The morphology of stem from aseptic seeds of P. pinnata cultured on WPM
with 0.35 mg/L GA; treatment. (Bar = 2 cm)

B 4-C. k¥ A+ v &= WPM zi 1mg/LBA ¥ &2 353 - (Bar=1cm)
Fig4-C. The morphology of stem from aseptic seeds of P. pinnata cultured on WPM
with 1 mg/L BA treatment. (Bar =1 cm)

4D kx A+ v 2WPME A AP 1234 - (Bar=1cm)
Fig4-D. The morphology of root from aseptic seeds of P. pinnata cultured on WPM

medium. (Bar = 1cm)

B 4-E k% A+ v & WPM e 0.35mg/L GA3 ¥ 122758 - (Bar=1cm)
Fig4-E. The morphology of root from aseptic seeds of P. pinnata cultured on WPM with
0.35 mg/L GA; treatment. (Bar = 1 cm)

Bl 4-F k¥ A+ v &= WPM 7 A 1mg/LBA ¥ 32 358 - (Bar=1cm)
Fig4-F. The morphology of root from aseptic seeds of P. pinnata cultured on WPM with

1 mg/L BA treatment. (Bar =1 cm)
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W5 k% A & MSH4 2mg/L BA 2 0.1 mg/L NAA 2 5 Hi # .5 %
Fig5. The results of shoots inducted of P. pinnata from the best formulation of MS
with 2 mg/L BA and 0.1 mg/L NAA

BI5-A kEAF&EHAWPM2 %% - (Bar=1cm)
Fig5-A. The results of stem with node of P. pinnata was cultured on WPM. (Bar = 1

cm)

B 5-B. k¥ AF & A 03mg/LGAz f22 &% o (Bar=1cm)
Fig5-B. The results of stem with node of P. pinnata was cultured on 0.35 mg/L GAs.
(Bar =1cm)

B 5-C. k% A #F & EF 4 Img/LBA &322 %% - (Bar=1cm)
Fig5-C. The results of stem with node of P. pinnata was cultured on 1 mg/L BA . (Bar =

1cm)

Bl5-D. k% 43 E& A WPM Aae2 %% o (Bar=1cm)
Fig5-D. The results of cotyledonary nodes of P. pinnata were cultured on WPM. (Bar =
1.cm)

B 5-E. k¥ A3 F& 4 0.35mg/L GAz 32z %% o (Bar=1cm)
Fig5-E. The results of cotyledonary nodes of P. pinnata were cultured on 0.35 mg/L
GAs. (Bar =1 cm)

B 5-F 'k A3 £ & Img/LBA ed22 %% - (Bar=1cm)

Fig5-F. The results of cotyledonary nodes of P. pinnata were cultured on 1 mg/L BA.
(Bar =1 cm)
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Fig6. A comparision of cotyledonary nodes and nodal stems shoot of P. pinnata with
three pretreatments were inducted with 2 mg/L BA and 0.1 mg/L NAA treatment
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Fig7. The result of different of BA concentrations with 0.1 mg/L NAA on the

number of shoots of BA pretreated cotyledonary nodes of P. pinnata for one month
induction
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Tablel3. The effect of different compositions of BA and NAA on the shoot
induction from WPM pretreated cotyledonary node and nodal stem explantest of P.

pinnata
PGRs(mg/L) Cotyledonary node Nodal stem
BA  NAA Induitr:gﬁt(%) o oot Induscrj[?(;)r:(%) o oot
explants explants
Control 0° o 0° 0°
0.1 58.33+16.67% 2+0.19°%  91.67+8.33% 1.314£0.19"
0.1  41.67+8.33°"  1.17+0.17%"  83.33+8.33"  1.78+0.22*°
05  58.33+16.67™% 2.22+0.11°%  91.67+8.33% 1.36£0.07™
1 25+14.43"  0.67+0.33° 83.33+8.33% 1.19+0.1%
2 66.67+8.33°  1.61+0.06"""  58.33+8.33" 1.1740.17°
0.5 83.33+8.33™°  1.81+0.1°%*"  91.67+8.33*  1.61+0.14*"
0.1 7580 1.44+0.11°f 100? 1.67+0.17
05  66.67+8.33¢  1.33+0.19% 100 1.17+0.08°
1 33.33+16.67°"  0.67+0.33 100° 2.42+0.08
2 58.33+8.33°" 172 +0.15*"  91.67+8.33* 1.83+0.08%*
1 100° 2.92+0.22° 100° 2%¢
0.1 100° 3.08+0.22° 100° 2+0.14Pc0¢ten
05  58.33%8.33™¢ 189+0.11°%"  0167+8.33"  1.81+0.23*°
1 500 1.67+0.17°°% 75+14.43®  1.56+0.06™
2 91.67+8.33"  2.64+0.07°"  83.33+8.33% 1.72+0.15%°
2 91.6748.33"  3.42+0.3%" 91.67+8.33% 2.08+0.08%°
0.1 100° 5.25+0.58 100° 2.33+0.22°
0.5 91.67+48.33®  1.97+0.26" 100° 2+0.14%°
1 83.33£8.33™°  3.36x0.22% 100 1.92+0.17*°
2 100° 2.5+0.25"% 100 1.67+0.08%

%€ Mean + SE

% Mean values superscripted with the same letters did not differ significantly
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Tablel4. The effect of different compositions of BA and NAA on the shoot
induction from GAg3 pretreated cotyledonary node and nodal stem explants of P.

pinnata
PGRs(mg/L) Cotyledonary node Nodal stem
BA  NAA Indl?cr:?(;)r:(%) o oot Induscrj[?(;)r:(%) o oot
explants explants
Control 0° of 0° 0°
0.1 58.33+8.33%" 1.44+0.06°°"  5833+22.05*  1.17+0.17°
0.1 500 1.67+0.17°®"  66.67+22.05®  1.28+0.15™
05  41.67+22.05% 0.89+0.48% 75+14.43®  1.36+0.07™
1 33.33+8.33% 1.83+0.17°®"  83.33+8.33* 1.31£0.19™
2 33.33+16.67°¢ 0.67+0.33" 83.33+16.67*  1.33+0.08"
0.5 50+14.43 2.11+0.11°%  91.67+8.33% 1.47+0.12%°
0.1 7580 1.44+0.11°"  91.6748.33®  1.69+0.33*°
0.5 25+14.43% 0.83+0.44% 75+14.43®  1.75+0.14%°
1 41.67+16.67"" 1.56£0.29°"  83.33+16.67*  1.67+0.17*°
2 58.33%8.33% 2.11+0.44"% 50425 1.14+0.57°
1 750 2.44+0.29%%  91.67+8.33% 1.56+0.06*°
0.1 100 2.58+0.33%¢ 100 1.67+0.08%
0.5  58.33+8.33" 3.94+0.53* 91.67+8.33% 1.94+0.24%°
1 83.33+8.33%" 2.36%0.22%0¢0 75% 1.56+0.11%
2 50 1.5+0.29° 83.33£8.33% 1.58+0.13%°
2 91.67+8.33% 3.25+0.25™°  91.67+8.33* 2.17+0.22%
0.1 100° 4.17+0.3 100° 2.33+0.36°
0.5 100° 3.17+0.17%* 100° 1.86+0.34%
1 100° 2.92+0.08™°  91.67+8.33* 1.72+0.15%°
2 91.67+8.33%® 2.61+0.2% 66.67+22.05°°  1.25+0.14°

% Mean + SE

% Mean values superscripted with the same letters did not differ significantly
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Tablel5. The effect of different compositions of BA and NAA on the shoot

induction from BA pretreated cotyledonary node and nodal stems explants of P.

pinnata
PGRs(mg/L) Cotyledonary node Nodal stem
BA  NAA Indl?cr:?(;)r:(%) o oot Induscrj[?(;)r:(%) o oot
explants explants
Control 0° 0° 33.33+22.05  0.19+0.09°
0.1 25¢ 2+0.58" 58.33+8.33° 20
0.1 41.67+8.33° 1.67+0.44 75°0cd 2+0.19°
0.5 66.67+8.33% 2+0.19" 83.33+8.33"  1.53+0.24°
1 507 2+0.29" 83.33£8.33™°  1.44+0.29"
2 83.33+8.33%° 1.42+0.13% 100a 1.83+0.08 *
0.5 41.67+8.33° 2+0.29" 83.33+8.33™°  1.94+0.24 "
0.1 66.67+8.33%° 1.56+0.22 91.67+8.33"  1.89+0.18"*
0.5 7580 1.89+0.29" 91.6748.33"  2.72+0.15%°
1 7580 2% 83.33+8.33™°  2.14+0.19%
2 33.33+8.33“ 2+0.58" 7580 1.44+0.11°
1 100° 2.33+0.33" 91.67+8.33*  2.53+0.12**
0.1 100° 3.83+0.33%* 100° 2.42+0.08°
0.5 91.67+8.33% 1.81+0.37% 83.33£8.33™°  2.11+0.11%
1 50+14.43" 2.61+0.45" 91.67+8.33*  1.72+0.03°
2 91.67+8.33% 1.78+0.28" 91.67+8.33*  1.69+0.19%
2 100° 3.33+0.71" 91.6748.33"  2.81+0.37*
0.1 100° 5.42+1.16 100° 3.17+0.46°
0.5 100° 2.5 +0.29" 100° 2.5
1 83.33+8.33*° 2.92+0.21" 91.67+8.33"  2.42+0.22%
2 100° 3.17+0.08™ 100° 1.75°

%€ Mean + SE

% Mean values superscripted with the same letters did not differ significantly
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Tablel6. Effect of different compositions of BA and IBA on the shoot induction
from BA pretreated cotyledonary node and nodal stem explants of P. pinnata

PGRs(mg/L) Cotyledonary node Nodal stem
""""""""""""""""""" S hootMeanNoShootMeanNo
BA IBA _ of shoots/ ] of shoots/
Induction(%) Induction(%)
explants explant
0.1 0.1 16.67+8.33°"  1.67+0.88"" 33.33+22.05 0.67+0.33¢
0.5 16.67+8.33" 1+0.58°% 91.67+8.33 1.47+0.24
1 0° 0° 83.33+16.67 1.33+0.08%
2 25¢ 0.33+0.33" 91.67+8.33 1.17+0.08
0.5 0.1 8.33+8.33%¢  1.72+0.15°%  83.33+16.67 1.83+0.17%
0.5 58.33+8.33¢  1.89+0.11"% 91.67+8.33 1.94+0.31"
1 50?Pe 2.33+0.17% 91.67+8.33 1.67+0.17%
2 66.67£8.33°  1.72+0.15"%  83.33+16.67 1.58+0.22
1 0.1 91.67+8.33° 3.08+0.36°™ 7525 1.75%0.14
0.5 100° 3.75+0.38% 100 2.33+0.08%°
1 83.33£8.33"  2.19+0.1"™ 91.67+8.33 2.17+0.17%
2 83.33+16.67° 2+0.14b e 91.67+8.33 2.14+0.32°
2 0.1 100 3.58+0.22% 91.67+8.33 2.28+0.15%°
0.5 100° 4.33+0.65° 83.33+16.67 3.42+0.08°
1 100° 2.5+0.38% 91.67+8.33 3.14+0.79%
2 100 2.75+0.29%° 100 1.92+0.22

% Mean + SE

sk Different letters in the same row showed that the values were significantly
different by DMRT
% The number of repeat:3
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Tablel7. Effect of different concentrations of TDZ on the shoot induction from

cotyledonary node and nodal stem explants of P. pinnata

Treat Cotyledonary node Nodal stem
""""""""""""""""""""""""""" hootMeanNoShootMeanNo
Pretreatment TDZ(mg/L) _ of shoots/ _ of shoots/
Induction(%) Induction(%)
explant explants
WPM 0.1 100° 3+0.63"°  91.67+8.33"°  1.75+0.14*°
1 75°0 1.89+0.11™°  91.67+8.33  1.61+0.14%
2 50+14.43%° 1.540.29b™ 83.33+8.33"  1.39+0.06™
3 16.67+8.33° 1+0.58° 66.67+8.33"  1.72+0.15%°
WPM+GA; 0.1 100° 3£0.38*  91.67+8.33% 2.19+0.23%
1 100° 2.5+0.25"°  91.67+8.33"  1.61+0.13*°
2 41.67+8.33"  1.83+0.17"°  58.33+16.67™°  1.56+0.56°™
3 41.67+8.33"  1.17+0.17° 50+14.43° 1°
WPM+BA 0.1  91.67+8.33*  3.86+0.34 100° 25+05°
1 75+14.43%° 3% 83.33+16.67*°  2.42+0.3°
2 75+14.43™  2.42+0.36*° 75%° 2.33+0.38%°
3 25+14.43° 1.33+0.67°  66.67+8.33"™ 1.83+0.25%°

% Mean + SE

%< Different letters in the same row showed that the values were significantly
different by DMRT (a =0.05)

% The number of repeat:3
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Fig 8. The results of the epicotyls and hypocotyls explants of P. pinnata were

cultured on different medium treatment to induce multiple shoots and callus

Bl 8-A. k5 A ZE 3 GAg T L & MS 7 4e 0.5 mg/L BA 2 1 mg/L NAA 3 ¥ 5
oz 2% - (Bar=5mm)

Fig8-A. The results of the epicotyls of P. pinnata cultured on basic MS with 0.5 mg/L
BA and 1 mg/L NAA to induce shoots with GA3 pretreatment. (Bar =5 mm)

B 8-Bok % A L5 WPM % AJZ & MS i 4 2mg/L BA 2 2mg/L NAA 3 4 ¥ 4
2_%% o (Bar=1mm)

Fig8-B. The results of the epicotyls of P. pinnata cultured on basic MS with 2mg/L BA
and 2mg/L NAA to induce shoots with WPM pretreatment. (Bar = 1 mm)

B18-C. -kF A T 52t WPM # I & MS 7 4 2mg/L BA 2 0.1 mg/L NAA 3 #
Tz %% o (Bar=2mm)

Fig8-C. The results of the hypocotyls of P. pinnata cultured on basic MS with 2 mg/L
BA and 0.1 mg/L NAA to induce shoots with WPM pretreatment. (Bar = 2 mm)

® 8-D. -k A 53 WPM # ZJZ & MS i 0.1mg/L TDZ 3 ¥ 742 5 % -

(Bar =5 mm)

Fig8-D. The results of the epicotyls of P. pinnata cultured on basic MS with 0.1mg/L
TDZ to induce shoots with WPM pretreatment. (Bar =5 mm)

Bl 8-E-kf 4 EF GA3 ¥ AJZ & MS 74 0.0 mg/L TDZ 35§ 72 %% - (Bar
=5mm)

Fig8-E The results of the epicotyls of P. pinnata cultured on basic MS with 0.1mg/L
TDZ to induce shoots with GA3 pretreatment. (Bar =5 mm)

B 8-F -kF & Z 52 GAg i AJZ & MS 74 0.0 mg/L TDZ 3 # 742 % % - (Bar
=5mm)

Fig8-F. The results of the epicotyls of P. pinnata cultured on basic MS with 0.1mg/L

TDZ to induce shoots with GA;3 pretreatment. (Bar =5 mm)
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®8-G. -k A T st BAT AJL & MSi 4 1mg/L TDZ 34 # 7 42 % - (Bar

=5 mm)

Fig8-G. The results of the hypocotyls of P. pinnata cultured on basic MS withl mg/L

TDZ to induce shoots with BA pretreatment. (Bar =5 mm)

B 8-H. -k¥ A4 7 "adh*t WPM # 2 & 1 mg/L TDZ 5% 5 482 % % - (Bar = 2

mm)

Fig8-H.The results of the hypocotyls of P. pinnata cultured on basic MS with 1 mg/L

TDZ to induce shoots with WPM pretreatment. (Bar = 2 mm)

B 8-1. -k A B BA % &2 i MS 74 0.1 mg/L BA 2 2mg/L NAA ™ 7 & e
.?7%“«1113,12 o (Bar=5mm)

Fig8-1. Morphology of the epicotyls of P. pinnata cultured on basic MS with 0.1 mg/L

BA and 2 mg/L NAA to induce callus with BA pretreatment. (Bar =5 mm)

W 8-J. k% & EH 3 BA AL & MS i 4 2mg/L BA 2 2 mg/L NAA J & k2
A58k o (Bar =5 mm)

Fig8-J. Morphology of the epicotyls of P. pinnata cultured on basic MS with 2 mg/L

BA and 2 mg/L  NAAto induce callus with BA pretreatment. (Bar =5 mm)

B 8-K. "kF A & B3 BA® &2 & MS 7 e 0.1mg/LTDZ ™ Jh & =52 4 fs - (Bar

=2 mm)

Fig8-K. Morphology of the epicotyls of P. pinnata cultured on basic MS with 0.1mg/L

TDZ to induce callus with BA pretreatment. (Bar = 2 mm)

Bl8-L. k% & Fp T BATAIL A MS i Lmg/LTDZ T & 2 4 i - (Bar

=5 mm)

Fig8-L. Morphology of the epicotyls P. pinnata cultured on basic MS with 1mg/L TDZ

to induce callus with BA pretreatment. (Bar = 5 mm)
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Tablel8. The results of the meristem tips cultured on different compositions of BA

and NAA to induce shoots growth.

PGRs(mg/L) Number Contamination Total Shoot Mean No.
_________________________ 00
of rate number of _ of shoots/
BA NAA Induction(%)
explants (%) shoots explant
Control 70 22.86 44  73.18412.35°% 1.34+0.14°
1 0.1 70 38.57 86  88.0616.85% 2.34+0.29°
0.5 70 57.14 46 77+9.4%¢ 1.98+0.12%¢
2 0.1 70 37.14 86  82.17+3.11*  232+0.21°
0.5 70 42.86 74 80+6.37%  227+0.21%®
3 0.1 70 37.14 70 78.17+7.43*  1.92 +0.16%*
0.5 70 42.86 65  81.83+7.3% 1.97 +0.14%¢
4 0.1 70 21.43 56  60.67+4.88°% 173 +0.27%¢
0.5 70 42.86 43 67.5+5° 1.60 +0.26"
5 0.1 70 28.57 35 5243.74¢ 1.35 +0.07¢
0.5 70 54.29 23 56.67+6.67 1.3 +0.12°

% Mean = SE

sk Different letters in the same row showed that the values were significantly
different by DMRT (a =0.05)

% The number of repeat:5
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Fig 9. The results of shoot induction of P. pinnata

Bl 9-A. 'kF A F E & & MS /,”J‘ 40 0.1mg/LTDZ # #7 #42. %% - (Bar=5mm)
Fig9-A. The results of the cotyledonary nodes of P. pinnata cultured on basic MS with
0.1 mg/L TDZ to induce shoots. (Bar =5 mm)

B1O-B. k3 AW & EH EMSH 42t 3mg/LTDZ A %2 £ ¥ T H2 2% - (Bar
=5mm)

Fig9-B. The results of the stem with node of P. pinnata cultured on basic MS with 3
mg/L TDZ to induce abnormal shoots. (Bar =5 mm)

M 9-C. ks A+ & & MSij+ 2 mg/L BA 2 0.5 mg/L IBAH ¥ 742 5% -
(Bar =5 mm)

Fig9-C. The results of the cotyledonary nodes of P. pinnata cultured on basic MS with 2
mg/L BA and 0.5 mg/L IBA to induce shoots. (Bar =5 mm)

M 9-D. K AW & EH - MSif4 2mg/LBA 2 0.5mg/L IBAH ¥ 72 &% -
(Bar =5 mm)

Fig9-D. The results of the stem with node of P. pinnata cultured on basic MS with 2
mg/L BA and 0.5 mg/L IBA to induce shoots. (Bar =5 mm)

B O9-E. k¥ A4 E8AEMS gl mg/L BA %2 0.1 mg/L NAA 788 52 %% o
(Bar =1 mm)

Fig9-E. The results of the meristem tips of P. pinnata cultured on basic MS with 1 mg/L

BA and 0.1 mg/L NAA to induce shoots. (Bar = 1 mm)

BIO-F k42 E2t2mg/LBAZ 0.1 mg/LNAAR % 11" FE T2 %5 o
(Bar =1 mm)
Fig9-F. The results of the meristem tips of P. pinnata cultured on basic MS with 2 mg/L

BA and 0.1 mg/L NAA to induce shoots after one month of induction. (Bar = 1 mm)
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FPHRETHRERS ONIESEF S IR IEANMSE £ %ﬂ]‘ 4e 2 mg/L
BA fr 0.1 mg/L NAA H# ¥ 58 > 12 3-5 T iicr s mie 70 £ 3% 0 4 £ %
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Tablel19.The results of shoot elongation test of cotyledonary node and nodal stem

explants of P. pinnata

PGRs(mg/L) Cotyledonary node Nodal stem
R I Number of --—-—mrm oo
Elongation Mean shoot ~ Elongation Mean shoot

GA; BA explants
Induction (%) length (cm)  Induction (%) length (cm)

Control 12 3.7+1.85° 0.2+0.14°  2.78+2.78"  0.03+0.03%
0.1 12 55.56+14.7% 0.95 +0.42* 2.78+2.78"  0.03+0.03%
0.1 0.1 12 44 44+5 56% 0.51+0.13°*% 19.44+2.78%®  0.25+0.05%
0.1 0.2 12 25+9,62%0¢ 0.35+0.08° 8.12+0.21%  0.1+0.06"
0.1 0.5 12 33.33+17.35™°%  0.36+0.26°" 13.89+7.35™  0.07+0.03"™
0.5 12 40.6+1.07% 0.9+0.03™  25+8.33*  0.38+0.06"
0.5 0.1 12 22.22+10.02°%  0.46 £0.21" 22.22+7.35®  0.27+0.05%
0.5 0.2 12 66.67+16.67° 0.68+0.11%°% 2.78+2.78"  0.17+0.17 %
0.5 0.5 12 38.89+14.7% 0.69+0.21%"¢ 0° 0
1 12 47.62+22.62*  0.53+0.15*11.11+5.56*  0.2+0.16**
1 0.1 12 48.41+15.08*° 1.0740.15%® 19.44+2.78%"°  0.22+0.02*
1 0.2 12 44.44%10.02%° 1.13+ 0.22° 16.03+8.03*  0.12+0.07"
1 0.5 12 30.56+2.78"°%  1.08+0.27* 8.33+4.81™°  0.07+0.03"“
1.5 12 33.33+12.73%%  (0.54+0.14%°*° 19.44+10.02*  0.09+0.05°*
1.5 0.1 12 44 4447 .35%° 0.69+0.08% 8.33+4.81%°  0.17+0.09 %
1.5 0.2 12 50+14.43%° 0.78+0.37% 0° 0
1.5 0.5 12 44.44+10.02*°  0.68+0.21** 0° 0°

0.1 12 38.89+19.44°¢  0.33+0.06°° 22.22+556°  0.27+0.04%
0.2 12 13.89+2.78°®  0.22 +0.07° 16.67+12.73*° 0.18+0.13*
0.5 12 8.33+4.81%" 0.13 + 0.07° 0° 0

s Mean + SE
k< Different letters in the same row showed that the values were significantly
different by DMRT (a =0.05)

% The number of repeat:3
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Table20. The results of rooting test of P. pinnata

_,gi

[

dd 529648 2 TR E B£1.33cm; H =t 5
1/2MSi% #¢0.5 mg/L IBAfL i - § IBAE R 4% % (0-1.5mg/L) ¢ #

REPRVERP LR RSk 2 R 6 R

il RS 12

o

Medium Auxin(mg/L) Number of Percentage =~ Mean number ~ Mean length of
(strength) IBA explants  of rooting (%) roots per shoot root (cm)
MS 0 55 17.27+5.06° 1.3240.47° 0.35+0.11°
0.5 55 27.2745.57" 1.6140.33 ™ 0.88+0.17%*
1 55 38.1845.69°®  2.06+036 ** 0.98+0.27%
15 55 45.45+10.12%  2.58+0.51% 0.69+0.17"
1/2MS 0 55 50.91+6.8% 1.58+0.22 0.69+0.12"
0.5 55 69.0945.63" 2.47+0.24% 0.94+0.19%
1 55 74.55+6.08 2.96+0.25" 1.330.17
15 55 61.8249.89%  2.11+0.36%" 0.96+0.17%

% Mean = SE

k< Different letters in the same row showed that the values were significantly

different by DMRT (a =0.05)

% The number of repeat:11
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W AFAFNFFER LI I LT HBELES
Fig10.The results of the shoots induction after surface sterilization of nodal stems

11-A S

W1l k$ A A02mg/LBAZ 1mg/LGA;¥ 1B? FRF 2 8%
B11-A 3 E& - B 11-B # & 56 - B 11-C 4 £ &
Figll. Shoot elongation cultured on 0.2 mg/L IBA and 1 mg/L GAg; after one

month of induction

Fig 11-A. cotyledonary node. Fig 11-B. nodal stems .Fig 11-C. meristem tips.

N 1cm

—f oA | =

W12 kFAFESFTWAEL2MS G4 Img/LIBAY 187 #1925 %

Figl2. The results of cotyledonary node of P. pinnata cultured on 1/2MS with 1
mg/L IBA to induce root after one month of induction
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Figl3. The results of tissue sections of P. pinnata by microtome technique

BIFAKFAFTESHFETHLIB? 2 2> 2 6EE% - (Bar=100 ym)
Figl3-A. The observation of the shoot from cotyledonary nodes of P. pinnata embedded

in paraffin one month after induction by microtome technique. (Bar = 100 ¢ m)

Bl13-BokF A+ ESFETHL B 2 2 H>» ¥ EEER - (Bar=50 um)
Figl3-B. The observation of the shoot from cotyledonary nodes of P. pinnata embedded

in paraffin one month after induction by microtome technique. (Bar =50 ¢ m)

A

B 13-C. kA3 E&THA LT E AL > 2 HmE - (Bar=200 ym)

Figl3-C. The observation of the shoot elongation from cotyledonary nodes of P. pinnata

by free-hand sections method. (Bar =200 « m)

B 13-DkFAFESFTHFRPMAL > P EER% - (Bar=200 ym)
Figl3-D. The observation of the shoot elongation from cotyledonary nodes of P. pinnata

by free-hand sections method. (Bar =200 ¢ m)
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Figl4. The results of tissue cultures seedling of P. pinnata acclimatization
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Table21. The results of induced somatic embryogenesis of immature embryos of P.

pinnata
PGRs(mg/L) embryo<50 embryo50-75 embryo>75
response somatic response somatic response somatic
2,4-D Kn BATDZ (F‘)%) embryos/explant (F‘J%) embryos/explant (E)%)) embryos/explant
1 0 c - c,ng - C,r -
1 01 c - C,r - 0.67+£0.67 -
1 05 c - g - c, g -
1 15 o - o - C,r -
1 0.5 o - c,r - - -
1 15 Cc - c - c, g -
1 2.5 Cc - c, g - c -
2 0 c - c,r - c,rg -
2 01 Cc - 8.33+8.33 2+2 C, g -
2 05 Cc - 4.17+4.17 1.33£1.33 c, g -
2 15 c - C,r - c,rg -
2 0.5 c - C,r - c -
2 15 c - o - c -
2 2.5 Cc - c - c -
3 0 c - c,r - c,rng -
3 01 c - c,ng - c,rng -
3 05 Cc - 16.67£16.67 2.08£1.23 12.5+125 1.56+1.56
3 15 Cc - c,r - c -
3 0.5 Cc - c,r - c -
3 1.5 c - c, g - c -
3 2.5 c - c - c -
0.5 Cc - c - c -
1 Cc - c - c -
2 c - c - c -
3 - - c - c -

3% Mean + SE
% The number of repeat:3

s c:callus, r:rooting, g:germination
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Table22. The results of inducted somatic embryogenesis of immature embryo and

cotyledon of P. pinnata

PGRs(mg/L) cotyledon embryo
response somatic response somatic
2,4-D Kn BA Dz (F;/o) embryos/explant (F‘)%) embryos/explant
1 0 - - - -
1 0.1 C, r - - -
1 0.5 C, I - - -
1 15 - - - -
1 0.5 c - C, g -
1 15 c - 4.17+1.17 0.33+£0.33
1 2.5 C - c, g -
2 0 C,r - 4.17+1.17 0.67+0.67
2 0.1 4.17+1.17° 0.33+0.33° 4.17+1.17 1+1
2 0.5 C.r - 8.33+£8.33 1.67+1.67
2 15 4.17+1.17° 0.33+0.33° C. g -
2 0.5 c - C, g -
2 15 C, I - C, g -
2 2.5 C - c, g -
3 0 8.33+4.17° 2.22+1.47% C. g -
3 0.1 8.33+8.33" 1.33+1.33%¢ c g -
3 0.5 20.83+11.02° 3+1.53° C, g -
3 1.5 4.17+1.17° 1+1" C. g -
3 0.5 c - c, g -
3 1.5 c - C, g -
3 2.5 c - C, g -
0.5 c - -
1 c - -
2 c - C, g -
3 C - C, g -

3% Mean + SE
sk Different letters in the same row showed that the values were significantly

different by DMRT (« =0.05)
% The number of repeat:3

% c:callus, r:rooting, g:germination
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W15 k3 A2 gE 2B 25%
Figl5. Results of somatic embryogenesis test of P. pinnata after two months of

induction.

B 15-Ack 5§ A %+ #92 B £ 3mg/L24-D 2 1.5mg/L Kn J & f 334 ¥, = - (Bar
=3mm)

Figl5-A. The immature embryos of P. pinnata at stage B cultured on basic MS with 3

mg/L 2,4-D and 1.5mg/L Kn to induce callus. (Bar =3 mm)

B 15-B.-k% A A+ 3% B & MS ﬂr 4v 2mg/L2,4-D % 0.1mg/L Kn %8 9234 3w o
(Bar = 3 mm)

Figl5-B. The immature embryos of P. pinnata at stage B cultured on basic MS with 2

mg/L 2,4-D and 0.1mg/L Kn to induce somatic embryogenesis. (Bar = 3 mm)

B115-C. "k A A% $54B & MS 4 3mg/L2,4-D 2 0.5mg/L Kn % 3% 4t i
(Bar=1cm)

Figl5-C. The immature embryos of P. pinnata at stage B cultured on basic MS with 2

mg/L 2,4-D and 0.5 mg/L Kn to induce somatic embryogenesis. (Bar = 1 cm)

B 15-D. -k & A * § LA & MS 4 2mg/L 2,4-D 2 0.1mg/L Kn 4 '2.3 ¥4 i
(Bar =1 cm)

Figl5- D. The immature embryos of P. pinnata at stage A cultured on basic MS with 2

mg/L 2,4-D and 0.1 mg/L Kn to induce somatic embryogenesis. (Bar = 1 cm)

B 15-E-k§ 4 + ¥ & MS 7 4 3mg/L2,4-D % 0.5mg/L Kn 4 %4.3% %51 - (Bar = 3
mm)

Figl5-E. The cotyledons of P. pinnata cultured on basic MS with 2 mg/L 2,4-D and 0.1

mg/L Kn to induce somatic embryogenesis. (Bar = 3 mm)

B 15-F-kF &£ + £ & MS /’J‘ 4r 3mg/L2,4-D 2 0.5 mg/LKn 3% #4852 i £ 3
2 o (Bar=150 pm)

Figl5-F. The observation of somatic embryogenesis from cotyledons of P. pinnata

cultured on MS with 3 mg/L 2,4-D and 0.5 mg/L Kn. (Bar =150 ¢ m)
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i ~ 33 (Discussion)
- N KFATAFFERZ L5 4

AREFFEEFHPE > S XTI RREFL P SFFFEEPIER T T
WA 2 E A o - A d BB § AR RIE R B L G E
23 F R AR R R RERE W FRIER S RILRE R RS R
mem R A R W R e ddR R v F 9T 4 W Ramakrishna %
(1991) ¥4 2« & (Hordeumvulgare) 8+ &7 f 34 29 v £ 3

w & * NaOCI% HgCl,» f&ij" & 2 & » NaOCI+ *% <4k 7 pF(Fusariumspp.) ~ *i
7% 7% (Epicoccum spp.) % & /4 (Bacillus spp.) 7z & - v &2 M4k H
(Alternaria alternata) - 4a1:.32 Fr HOClL} F »c% i o Agdopid * i) 3 28 5
NaOCl » & * 5%k & & #Fe20 minch 2 i # »cd ik > ER SR g2 s
& P A edB g e 220 minE v 10 min & ) & % % & 22George 2 Sherrington
(1984) #rix g * BkR T F RAFEFFE; & ER A RIPFT L
2 EHhA R VR BRRP I AL E R B RAEE > A MR Y o

Sk ARERITLRENLE

Hipks ARFAR AW AFE s UAHRR R A MS & e BAZ GAsted 2
£ A& 5 2 (Sugla et al., 2007 ; Belide et al., 2010) - ‘.—u:ﬂ\ #E% MS ~ 1/2MS
2 WPM 3 A #3542 11U 7t BAZ GAg® fiod 2 & 3 & A st @ o
(-) ®7%
2 WPM g MS,?J‘ ‘vl mg/L BAV i3 980%3 7 5 > @ 12MSy & A% 7 &
Hi H

L

B4 533% < B AR BB FHES B & ¥ Y DS EGA 0 F 2

KfEpEen g & F {jfE+ 2 5 (Shahzad et al., 2007 ; Parveen et al., 2010) - i iz &
WA RR D) F A e A M A BASR 4 TR E A E T fod
i 254 2 A o 4oAvenido 2 Hattori (2000) #+ 2 (Vigna angularis) 2 &+ &
# 7 %% 2 Sussex® (1975) v % & (Phaseolusvulgaris) 2 % 5 :25% i 4 L 4p
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1 BA ¢ UERNA S & 2 ABA ' f2 - 1245 Kirmizi 2 Gileryliz (2006) % § &
(Vicia faba) # 2 #% 45 ! 7 feGAz2 BAZ + £ 7 7 # B Fi ik (free
amino acid) 3 243t 3~ & f2f% % (proteolytic enzymes) &> ¥ RiEfAF F T
e BAYL ic & 8 v M<pk e f¥ % (leucine aminopeptidase, LAP) % (¥ A |+ 3-v
(soluble protein) z € * B Z EFLAPT L A+ HF T2 B4 % 0 WA 7 F el
B2 g2 ® g E ik F-v # % (protein mobilization) g2 % -
(=) THERELR

BEBRRI N A mie s B & BAmJFﬁ&%/T ‘o B (B5-B) v Al P
i (B4-F) > 2- st o 47, BERT R mg/L BAf1I L Rfri] L 7 ¥ 4
2 o Baskin® (1995) ip Mim¥e ARFHPREE IR w2 £ TR DER
A& EFlwee s W F g RGN 0 P SISt £ o

(2) THELR

3R - #\;‘,"‘]tﬁtﬁ_#?" AEDREH S ELIHE R BE (MS -~ 1/2MS 2
WPM) 42 ¥ ac FIP kR A A+ EAFRE L F3R & 7 fefgdr 4 K a R 2
BAETFREDFTRE  mER¥ L o ’&_MS;‘,’F 4vl mg/lL BA% = & Ezki’ﬂ/’]‘
A EAEHERAEFALAR  FEBAY R PRl ESA LR R R LRSS
%k RBAE +rdl = 2 (Fiserova’et al., 2006) ~ & X (Astragalus nitidiflorus)
(Cano-Castillo et al., 2009)% & (V. unguiculata) (Aasim et al., 2012) & % 4p 02 »
Fis'erova’ % (2006) { #& d1#r4|E &42enL Rt £ 5 L140RE 7% o 7 40 0.35 mg/L
GAzj st s feni £ > 2 ZEWPM2 £ 258 (BI5-A) ApRT » S8R5 ok 2 T
#eg b (B5-D)

K AT T T REA S I mg/L BARE ¢ = e A £ An ¥
TV pokipEeg TR L g EROETER > A 7 #0035 mg/L GAz7 1
W P E a4 £ (FB)
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s

LI T gz ATt 2 2 @drd LR o gL A4
PABBEFESDF By FTAR > R AMOER ﬁf‘«i“%m*ﬁ*’l’hﬂ"
27 Fo - F S TR TRE TR L BAIEES
MFESFESERECAIIFISETE S TRETRMB I EFETH F
;72%)5]@_&1% pans HB eI ESFIRANSHFETHOEL >
S

2001) ~ % & (Mucuna pruriens) (Faisal et al., 2006) - #c & #F (Prosopis laevigata)
(Buendia-Gonzalez et al., 2007) -~ #& (Clitoria ternatea) (Barik et al., 2007 ; Singh
and Tiwari, 2010) ~ 4% 7 & (Cassia siamea ) (Parveen et al., 2010) % -

Tor bk E TR BAENAAR £ 2 TDZ e 3 5 8 i A 8] 5 8.33%
fr6.67% > % % £ Hasancebi & (2011) ™ 2 ## 4 4 & H# % £ & (Astragalus
chrysochlorus) 15 #£2_#&+ % > B~05cm™ adh 5 2 A H 5 8 > % % 5 BAk
A0S mg/Lfrl mo/L st e & kR 2 NAARJE™ » S E TS ¥ it (2% 513%
#136%) » @ Buendia-Gonzalez% (2007) ™ fc 2 3+ a P LM E TS
Fo T eRAd > NS ESIRANAFFNTH -

2.9 SRR end B

Belide & (2010) **#F# ;' & + AR ™ > A+ v S BA T 28 R &
EF2ZBAMAEN T ML R DT THERS I FT LR REREE
4B R E A ER £ AT (MS+2 mg/L BA+0.1 mg/L NAA) » ¥ 4% # s & =

8 7

L
-

‘1\‘.\'
\N

FREAEFLL LU BAT TSR T HERHEA T RS 0 29 FRE A BA

TWEILT 0 EEEFAENTH o BRI BATARILY i § HiET 22 L o B

B Ren i TRET s A A 3T AILA S % 0 GA 2 WPM 385 & £

THAL  WBAT 2N HEEAFE TR TN VAR ANL R TR
BtfEF A i aRFEERS
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(DBA % NAA 7 ik R e & H 7% %
A v AT AR IR AMAEL S S ESEF FER Y
MS;',’]? 4e2mg/L BAZ 0.1 mg/L NAA:= 24 H 7 & % i - >t 1 mg/L BA# @ T 11 5
E& LA FETHIE100% > To5 B L5420 5 F & 58 5 E KRR
ST R A FEF L RERRI EEF > THOTREKL3LTE
BAZNAAS 2 &g BRI BH S~ - EF AL +EF
AT R T & RS G dwte o S gk & (1989) = L F 12 (Pseudotsuga
wilsoniana) 2. "a st A4 BTSN % > X0 T MMEE B Y TRE
CEE RNV AL A S SRS SRR E R R
(BAZ IBAZ kR 2 EFETHL B %
a5 B aE05mg/l BAZ 0.5 mg/L IBAPF T 3224 H4.331 7 48 > 3t 5

4y

I
FAFTHER A2 T oL ERT AR NAAR SRR RS LR FIBAR 12
BNAATK > ok B NAAF -

B)TDZ 7 FERFETHES

NI ES LA TDZHELEF0Img/LMER S S > THY ik
53860 > it F TDZ)E R 42801 mo/lLpF=* — 2oy iz 1155 & fi",%"‘iﬁ
BER G G TR ENLERE A% TDZAR RAR §Fr4l2 £ 2 W K
pokd B ek AEHE Ao 7 & (Parveen et al, 2010) o At s £
¢ 5 TDZ§ "% MiEd 2 fr A AR A 0 AR R KNP JRinte A B E o &TDZw
BAL £ 5 452 9T ER MK K% TDZHF I+ £ A4 ﬂ*f’i%"""”ﬁ
»z (Moketal., 1987 ; Lu,1993) » e R L HBTDZ ¢ i = T4 2 £ A58 HR ¥ >
T prd) TR £ (Tegeder et al., 1995 ; Kim et al., 1997 ; Mohamed et al., 2006) >
e AR E e Fr TR £V i ETDZ5g wmie A FE A F T 3 Lehy i
A& Y E (Moketal.,1982)

NER AR AMWPMS B2 T 401 mg/L TDZX 354 4 45 5 48 » GAs™ ke
BT3B T A 5 T aphR| UBAT EIET A1mg/LTDZE R T 2B T o %
EEE T rdhiih UV R S TDZHBA R - # 22 Mongomake % (2009) i+ 4
& (Vigna subterranea) z f&+ wB~H 3 £ 18 0 N EE T abh i B A

69



M4 2% 2w 5 R 2 BARTDZ G # 36 5 7l % 7 b o 2t Mk R
TDZ¥tE 2 T ipghih 2 S dizipiv o

o %ﬁé—;k aa?é"u—a-”“pﬁ%; TR R @ 'JBA/T% ‘m”?*—v{'%

.
S

4

NAA: IBA > H ¥R #icy € "TBAK R 3 7 # 4v > % % F>Parveen® (2010) - @
BA~ B2 NAAZ IBAR faime 2 £ Z2cne EFER 5% P ke MER w4
EEFRAERIOTHE PR FERE e E S 402 % (Kaur et al,
1998) ~ % & (Faisal et al., 2006) ~ 2% 4| # 4 73 #f(Balanites aegyptiaca) (Anis et al.,
2010) = 4% 7 4 (Parveen et al., 2010) - ‘w*e A % % 11 BA% #% % B TDZi » &%
BHE efESFAR o 4oi FE % (Neves et al., 2001) ~ 4% 7  (Parveen et al.
2010) -
(=) ekt

Piehigh Yo Flaitad Mo FERE ST RS R TAS S
Formgatad o RAFIARFTTLRG 2 RERERS L MSH AL
mg/L BAZ 0.1 mg/L NAA » T30 f#c 52234 » THAE BB > 70 £24 &
ZRE O AB4 REPERT F T AL %% % BTk o 135 Wareing (1969):% 5 R Y
(dormant buds) i % 7 2 & R F] i A 2 e 4 EFed A2 G F FEEE§
R ehnds o pc AT BEE 2 2 i s B MR 0 R KRR T AR -

fir 2R @Ry v ppipd o A a A Atk A R A 2
FEEAERBA o wd BRESET D BREG 5%T 4 5 Jp B4 £ B

-

Y ALFR A ERAEADREAYAELT > S AFITRE 0 LF R AR

Foo Y AEA F O (THLMB T HEK) o Vi gk
PEHas A S o BEET BIERSOBAE I TR E > MOk R e 2 B
Zlmie A L GG CHPITAFIIRAMPALAEY FF 08 Bwie 2 R
FoRFPREE RIS ESFFREF > NRESF L EDESHER ST F 0§

E

5
EF2EAEHERAFIRNEFHAL D) FEmF o RGP A S
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éiszJ’?ﬁ?iéi@ﬁﬂﬁw:%%iﬁé%ﬁ@%’M$@ﬁaa

B A RBi2afldsr G a2l L o vt ARG ET

(=) GAs 22 BA & fife s 4 £ 38 &8 2 B

I

H

%ﬁ%%%awﬁﬁﬁlmWLGkﬁozmyLBA%%T?@iﬁﬂ%ﬁj
1.13cm > ¥ H A 5 ¥ £ 7 ifdem; 12 % 205 mg/l GAgfr0.2 mg/L BAZ § .
Wk (67%) - &7 iRE kAR GAsds fie i 1k B BAR % #i iz » 22 Gopalakrishnan
(2009) gz 4322 & @ B (Plumbagorosea) # % Lty #ip i v AW
E RS R 4R o
1.GAs M £ % 5%

Cosgrove = Sovonick-Dunford (1989) & & 64 j7 ff 2 T ¥ £ 2% % % 4y

T

L GAF R SRS ks mie 4 KA 0 B F Al EIme BN T Bt mw
dEF 2L B P e B £ 0 F 4o 5 @ 5 (relaxation rate) 0
BT e BRI A GAR R B e ve BEenilee i - S A
mie BES R g 6 o Cleland % (1968) #& fi4p inenis % > GA € H 4 A # A

(Averrhoa bilimbi) ™ fz2ghend £ > & 3 B wmre R M > F 20 w4 £ F 7T

* g

‘Lﬁ*
I

BAivmre fEd £ B 0 a4 H 0 HPIGAT T 2w BEZ e 4 K 2 RS R
(osmotic pressure) - 1345 Sauter 2 Kende (1992) 12 GAzd®i% -k 3] 4% ¥ (Oryza
sativa) s % g ! P GARIZ (S € Hi 4o & 2 lwbe LSIFEZ G2FF fLimPe 2 | AL o
"G e A R S AE S B b AT AR R P E S WK F ks
2.BAR E 3%
WFE2LTHMB I I MERmE A AR BAERY 0 F TV L
(Gupta et al., 1983 ; Khalekuzzaman et al., 2003) - Sita (1979) R 35 » # % 7 48 %
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ArEI ki s i 8mied 2 22 RE4 it o

kR A THAEERLBR

() 2#AREA
MR #HRE R AMSE 12MS*IBA L kR 2 & F 1S % MSH & F (L12MS)
7 fUt-k§ &£ 2843 > Fotopoulos# Sotiropoulos (2005) t+* (Prunus persica) i
FRFZRGEHD  FEPTHRREEEFERFL  SRZ2ZFHFTRAL
(1/2MS) > 5 B+ >+ 43> 2243 it (Ficus anastasia) (Khaled et al., 2009) 3% #2132 3

BEEE -

(=) IBA @12 B 58

3 3 1U2MS % 7 e IBAER ImMOILPFF gH#F RS~ THFRERESE
Pt o A G ERER L ED G 2 A A & A(MS 2 1/2MS) - H 3 49 5 s
% (Shahzad et al. 2007 ; Singh and Tiwari, 2010) » MS % 1/2MS 5 % A %% IBA &
Renf e (0-1mg/l) - § MGEHIIF ~ TIOF{TL R 2 F IBA% 1§
FAVh > T R MG S B A S o 4 4 5 (Komalavalli and Rao,
2000) - IBA % 1 mg/L #x ik & » % % 22 & (Zyziphus jujuba) (Hossain et al.,
2003) ~ p A% F (k13420 2005) ~ + F L5eg (Desmodium gangeticum) (Puhan
and Rath, 2012) # %k R 4pk > e % IBAERF > EH G kAR (ImglL) & ¢
%A E R 0 B % 2 F & #(Gymnema sylvestre) (Komalavalli and Rao, 2000) ~ #*
(Fotopoulos and Sotiropoulos, 2005) ~ # & % /5% (Cassia angustifolia) (Siddique and
Anis, 2006) ~ #& (Singh and Tiwari, 2010) ~ 4% 7 + (Parveen etal., 2010) ~ ~ ¥ .L,
%39 (Puhan and Rath, 2012)- 3% - Ozel ¥ (2006) 45 41§ % )k & H IBA 8% 3048
PR et EFIPRRAMES T TH 2 I T IR N iRk T

1177;\2 °
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A~ RF ARG I

RAFEBEMN 3 RER LB E X ol @AW R R R 0 T EBHE R A
RE (P CEERE) Y FHEFAR AL FEEURF T AGE R AR
BB N2tk b 3o kA& 4T P B R RN BAHIBRRZ
FEEAFLnARR P EBREF T LR A RHREFP A

BB B 3 e BAPKNRR A I RE P e R F A g XKW R APk 2

P Eiekis ) wiF85.88%2 3iEF RypkE A fki_g % engiivigid
MR R 925-30C TR REFONAFPHAR > FES
(Sujatha and Hazra, 2007 ; Sugla et al., 2007 ; Shrivastava and Kant, 2010) -

w ¥ ET70% 2 ¢

ST LE 1 STy

(-) H A
13 a5tz A = 39
A AT EH AFE R L6 kRAILT 5 B (L2 ki

HRFTRARRALATIRHERT DA BB FTARAIR > TERGILTT
&

i

-

e REAaET > P RANRER
2 psug e B A2 o Pierik (1987) 4 Mg sk R g3 frapit E 28 0 2 g
e\

EEME P R S A SRS

A2 & kIR T o 7R MR Y IR %

e 4 KRR B g
HERIBER T THE o

2.8 9E5 2 A X L

T 53R 0 2 24-D kR 2-3 my/L AL T o F G R E Y I o 4 T
ELFRF B T RARIL ) ARHEEF RGO MR EE S IHT
BAMEELE L IRES 2T E W%E%ﬂﬁﬁ(mﬂﬁo’ﬁﬂﬁﬁﬁi

n\j«

W 3 E LA 3R 2 4ot e (Sreenivasu et al., 1998 ; Mohan and
Krishnamurthy, 2002 ; Aboshama, 2011) ~ & ¥ & 1& (Singh and Chand , 2003) ~ I £
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% g A (Dasetal., 1995) ~ 7% £ % /&% (Agrawal and Sarda, 2007) - Finer % (1989) 1
A 2%e 4~ (Pinus strobus) + 32 % 119 R (e £l o
(=) ¢4 B EERGE

Mg Eess BEEFIVHEDR Y wed LA ERKE LR S 4
% TV FE N2 Zimmerman (1993) ini w4 £ E L BT 2 RA
2 Mg Fliwmed R g AL AFEART & 2T 25 F (MRNAs 2
#-0 F ) e Aboshama (2011)4p 1 ikt 2 + E S M E B E2 2 KR
SHITEBERDWEL EF NI F alcw o

TDZ # $%r %% > W3 %4 m}g} ‘_a‘]%ké_j_ s T B E PR E o e
Aboshama (2011)# 1 TDZ F)i® * 22 ‘m*e » % % 47 iz (cytokinin-like) » ¥ B fm¥e

GBS TR e 4 R F 0 LA B 2 (embryogenic competence)
2_ Rk 4E > Victor & (1999) 2 TDZ # # 14 (Arachis hypogaea) #8585 ¥ » %
2 TDZ 3 Bb 3t imde 8 7 pE7 1 # wked (purine) chEff o &b freier (pyrimidine)
g i dkA o LHRFTEReEES M GO FEY > HIEHRE 4B
PR E 3t ii 2 4 ¢ (Fujimuraand Komamine, 1979) & 35 7 {1 *

TDZ A2 ¢ 2R T MR EFFL A CLFF I Fig- o

o

o+

M KEAMRAE e » A RBHRPBRFTCERL R L RFHMK-
T FIAFIRSL RN RERE R AL EL c Ak E AWM EER A
BB S KT A LM RAEF R i 2 LA R AR (S
SRR ALAY S & EOER RE-SR 2 SUNIEY SR SE & RRCEID IEh G kR

% TDZ A #2 ¢ e B RF A > B4y BRI » 24D & Kng ¥
A2 PG > B A LMRERN T 2T F 4 o Fhelhp B

F
K3 rens it o viREFR- BT o
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>~ %% (Conclusion)

KFEAFEERL L5 3 QU RAIZ 20 6 g 300 2 2 F R A
F 30sec> £ 12 7092 FpiF A F 30sec> i & 59 NaOCI -kiz iz (7 % 0.19% (Viv)
Tween20 B ¥ &) 2 &7 A7 RF 30min> &35 4 5+ & 65% -

B u sk ’T e 1mg/LBA z % 5 g o 21 ’T 4v 0.35 mg/L GA3 # it
BAEE WL o .i%;‘f]:*vtﬁ_i%i%é% R RAY > EIV L T E R R Ko

FHAE D U ES I REREM > 2 5 Img/L BA W AL > @ {538 MS 4
2mg/LBA 2 0.1 mg/L NAA s34 5 4l g it » 19542 By » B - s tlip sz
BB T ME 15 B o NFF KT A HPEZHRERTI L RBRRGOEFT 88
W & MSZH 4 1mg/LBA 2 0.1 mg/LNAA Y 5 FREF SR %5 it > T35234
T A E T 88% -

FAREWE S S S5 & MS e 1mg/L GAs 2 02 mg/lL BA @
TR E B2 TieE R 1.18cm o

FREE 1 12MS Aol mg/L IBA #ig & K& A 22 %49 > 13 F 74.55% »
T ok 4 296 £ 492 1.33cm £ o

g E AR FEIRAM & 4 3mg/L 2,4-D % 0.5 mg/L Kn
¢ T 3B FEF 5 20.83%

FIiL DB 6 (s iE S 85.88% 0 TaE R EE A% 078cm KL A&

<% 15cm
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WD R

AC activated carbon
ADS adenine sulphate
2,4-D 2, 4-dichlorophenoxyacetic acid
2iP 2 isopentenly-adenine
BA N®-benzylaminopurine
FM Fibroblast medium
GA; gibberellic acid
IBA indole-3-butyric acid
Kn Kinetin
MS Murashige and Skoog (1962 )
1/2MS Murashige and Skoog > Half conc.
NAA a-naphthaleneacetic acid
PGRs plant growth regulators
SH Schenk and Hildebrandt medium
TDZ thidiazuron-N-phenyl-N" -1,2,3-thiadiazol-5-ylurea
WPM woody plant medium ( Loyd and McCown - 1980 )
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e A & A A - L

component MS(mg/L) 1/2MS(mg/L) WPM(mg/L)
Macro elements
KNO3 1,900 950 -
NH;NO; 1,650 825 400
CaCl,-2H,0 440 220 96
MgSO;-7H,0 370 185 370
KH,PO, 170 85 170
K>SO, - - 990
Ca(NOs),-4H,0 - - 556
Micro elements
CoCl,-6H,0 0.02 0.02 -
CuS04-5H,0 0.02 0.02 0.25
H3BO3 6.2 6.2 6.2
MnSO4-H,0 22.3 22.3 16.9
Kl 0.83 0.83 -
NaMoQO,-2H,0 0.25 0.25 0.25
ZnSQO,4-7H,0 8.6 8.6 8.6
Iron compounds
Na,.EDTA 37.3 37.3 37.3
FeSO,-7H,0 27.8 27.8 27.8
Vitamins
Thiamin-HCL 0.1 0.1 1
Glycine 2 2 2
Nicotinic acid 0.5 0.5 0.5
Pyridoxine-HCL 0.5 0.5 0.5
Organic substance
My-inositol 100 100 100
Sucrose(g/L) 30 30 20
pH 5.7 5.7 5.2

Difco Bacto-agar(g/L) 8 8 8
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