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8- Kinetin
9- Indole-3-acetic acid
10- Gamborg Medium
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1- Murashige and Skoog medium
2- Thidiazuron

3- 1-Naphthaleneacetic acid

4- 2,4-Dichlorophenoxyacetic Acid
5- benzyl adenine

6- Monosodium phosphate

7- Indole-3-butyric acid



PYA pguiginms olS 5oL o315 10 i bumo (SBSwWS 5 (ALS Uy 00iiS pubisd S 5 £ (5 5lwaintn (o) Kod 9 (s

090> EiS bl 3 3 g Sl sl el Sl (S () sie)
28 zole s bl )3 A8l o (sag aalS dlus ool A
U auolis o BA 5,5 wdliiwl 350 (&LS Ab) 0aiS pulas
b odlasly > peiomen 13,8 (¢ by aalS sl W)e el KIN
Loyl acble a3l iolojl )5 ooliwl )90 (S giaw 95 93 5o
azalS ol o yide (bl 00 1550 azalS slawy e 30
A5 odalie BA i 33 5,8 Lo ¥ (g9l cuiS lazes 3 00 1550
Eel ( alLS 0 ) ouiS pudais W8l cuiS lagsee b duglds jo oS
CoiS by e 13 .0050,8 oud 5L aoalS sl (gl & )3l
oilidl el ol 1) 3 p )5 e ¥ cbale 5,8 55 KIN (ggl>
286 S e b duglie po o 155 azalS slass (g0l Y/
92 2 bdaly )3V Jgiz) 4055 (a0l3) (LS 43 0aiiS wilats
Oil38l b as” 1 )3 samliie ‘Jp“uji 5 odlawl 3y50 (368 g £
ymas b ol b Jg el ialS oadgr ada ) sluws o] clale
o=l p puas e 55U KIN b duslie jo coiS e 3 BA
sla cble g5 sla cuiS laze (o dS gy5b 4 bl jiol)b
U 2 oS rio ¥ 5 %) LS 1ty 18 s ol Y
ol S oo oS Jb 50 00,5 W gl 468un
Gl S base ply ¥ gadgr adyy oliss KIN cldale -y 5YL
Mm)acd.\_,.lyw)almww Jl> L}:‘Lg.by BA
odad s a8 ud sdmlie dae O/VD 1SSl b i g A3
(Y Jgia) 28L (o0 0lS (aljady; 8
30 Cado opl &S 0 L sudg Al ol (6 S0l ol
oS e > (2LS by ouilS udai clale 5 g 3l oo
adyy Job onpiidn 0eS g (e Gl L 3085 )13
clale il b g b saalie e il VPO S0k b (oades

bl yal)b opl g o pnad aie 55U KIN b awslio jo culs
Sy G gam BA 11 5,5 o ¥ 3,5 L S &
15 el KIN i e el 5, o Jlo s 0,5
2 oS s ypi> (¥ Joia) 035 preile ¥ Job b (plaady)
s phalS an yonie o clale (LI poen 5 culS b
odnline ¥ Jodo 50 aS assSilon 0005 (sa )y gl aiy,
S by oo ) BA Gl slacldale 5l plas gm0 235 o
PGk YUY glackls 3 a8 Jb 53 0,5 Wy a5l ady)
¥oodale 5,8 L 9 40,8 g a9l glaady, KIN 2
S gl ety 15 pae sy poie KIN 2 5 5 Lo
by e 3 oue YV/A ke b (ag 4956 dudy Sl oy b

0l dzmalS slus g iy ady) Job «gadgi ady) Sl
W) C,uu 9 d)jo)‘.bl

ot & Jos el Lo 15 Ll S5 b 5 ol
olan + Co¥sS o)y (olotay oS o9 teler )t
T EngS S LY S cayg t CasSsS Culp ol +
vy Lae,lusls 4SSl 5l o 59 J9gST) 5 CangS'sS
Gl 1y (S Mol g ol aslgn b w8 sy (31 ojluil 4 g o
Bl g Laddy) soditand | g 0 (2l S s
O Ladasnls Lol maw Ulsl g bads, pdaw 51 5T plos
Shasass Jate calive glacuis juw (g5 Soo8 ol
4 G 8 4 Jlasl agl sl )3 Laasnls o bl
Y Lglm):(_m_g [ S uul_..o u‘>)l—9 9 u.:l_:).fb L;Lmuf)?ﬂ
JUEs ) e 03 (M) Sgae s MalS S 51 s calisco
Ll (6,85 an oS g cugb,y Ll IS @ lnasals
E9) 2 S)ly Spge 4 (Spas )l ) Sd Bl Ly sbaplsd
A VF-YY glod o ady BB pd g o 00D 1,8 Lo jlulS
S0 Ll b ) 9 B )3 31,5 (il a3 VA g 5o 53 315 gl
CbSS L iiB)S YN8 5 (S0 celw A g ol celw VP
39y 32 e Cgby 4 LS (om0 )k (sl Gy N
5 ol 3 ol el 3 o oo ¥ BY (5 a8y Sy
Olod 0ael8 G lo &y Waglygumw guydi s 50,8 Ly doldl dtan ¥ e
Y Gde o sl Ll cociS ) dzam g0 5 s a3
ol am gLy 2 g s bl gl () ) jgy o el
59y 31 MolS g poew atim )3 0,8V 928 Iy Gljal e
5 bl B (Shg il @Sl ly 505 il oAl
3 Jglee QoS 445 el i pldl gl 5 5 plals i
aobiy y Laosls (g5l osbsl s ool )L, (slazants MS
ploul IMP-8 l58le 5 51 edlisiwl b aesly Juloo ¢ 4355 ¢ EXcel
20y B Jlossl o 13 LSD 9051 b byl uSko duanliio s
L4535 oy EXCEl 4ol 51 ookl b 55 Walages g 85 plooil

=W
&LA)'T sl oy uilyly 4350 gl 4y daagi b 2 sl u;;,“uj
dug,Ja.l.C" e PR3 dh’ao.\:.:f W*J""" alises &]95| 45.\.;.))5 yaSie
oy y SS9 W ge swyp 3y9e Slio p b ol Gilise
Maes g (alihdsy doyd gl Ay dass iy Jobo ety Sl
5 LS 1) 008 olal Llite §1 80 cow endljly axals



VFee Gl F o)lous YO ol (659l 2oluo g pole) (Sl pole & 200 FO

O yd e S e ¥ oY laclale )3 05 sanlie o) AY/VO
o Y Jpd) 423,55 ssmliie (ljaciy) oSMe 950
2l as ol L Gislejl ol 5o edlitwl 550 (slayuiS g
LS 13, 008 i b duglis ;5 KIN LS 5, 008 gulass
32235 porigiips o i3l slo azalS lis)) Jli8l csl: BA
Csl S g (LS A5, 0aiiS qulas clale lE1 s (59w
4S5 rgb 4 )5 porgSinw 0ad 5l (sladomalS eli)] Jals
048 op il W S lazme )3 0 15l azlS il i
ol oo e85 yio sl OIVD 5] b (S gt (LS 03,
¥ g (el YVY) yid 53 o35 (o ¥ (9l (slocats” Lases
O g (BUS A8 048 lalS (i b YIYO) i )3 ) (e
(Y JSC) M3l (gl ine BES] K0S, L oS 15 sanlie
by 008 oAl (ool culS lame ) ol culS laasmalS
St 3 KIN (a8 05, 048 palas | duglio )5 BA _alS
GM3] (g yLal Lo 1 a8 wigs o3l olazs] 365 &y |, (6 2
KIN alS ) 008 pelas (gsls cutS b b gl sine

(Y JS) aczals

s9ma 3bx) 1y 6yl sine gles Lo oyl 51 solizal 390 (slacais
halasl 53 oolitl 3,00 S gt 35 53 0 L ey )3 (Y Jg2)
Sis gy paalS ccel byl clale (ilibl &8 35,5 jasuine
o 33U BA 5,8 adaly 0] 0 a8 00,8 cudg sladdy,
glaazals > aSgsb ay i ebly ol o g inss

BA ;o e, S Lo ¥ oY gols e e o sibcdis
S Ay SIS (g Cn e 00, Mg lady) 955
L odaliio p)S /Y 1Sho b g i g 286 cuiS” lasre )
G re Sglas i 3 p)S e YUY slacdale o 30 KINL
P AT Jsi) 40,5 ssmliie (gugh aidyy SS9 bl )
Sygmas ol KIN Gl edlatol 5)50 (slacdale olod b dlayl,
Lo BA clble oli 8l L as Jls o obdl il sy V.-
L oadal) o .cél jials cud 4 ol I55L glaazals oljas,
by jl s BA a8 1) oaiiS oulal (gl> cutS b
2 ol jdiny Aoy i o LS Ay 008 el W81 cusS
oobe b ol il 3 a5 e ) clale 3 BA (gyls cuiS e

OFS g (AL 0l 208 a5 Gl 5 9 pIU o @i gRigw OLS 80l (6 xS 8 51 Ol (Ol o (50Sle) iyl 4525 - Jg
Table 1- Analysis of variance (mean squares) for measured traits of Syngonium under the influence of cytokinin type and
concentration
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S.0Vv df Regenerated Rooting root Root Root Root  Regenerated Plantlet
shoot number number lenght number dry shoot dry height
weight weight
by 04S pulas
Ls 1 12.10* 21390.6** 250.00* 168.10* 27.22% 0.02* 0.016 * 3.90*
e
PGR
. 4 12.85** 4984.3* 1943.75** 167.35* 27.90* 0.01% 0.001™ 13.99**
C trat
oncentration
Ay oaiS r‘,.]a.u
clalex als 4 0.85% 4984.3% 68.75% 21.85%* 30.47% 0.001% 0.001" 0.31™
Cx PGR
s
Error 30 0.16 15.63 11.66 0.83 0.50 0.0001 0.0009 0.15

o3 0 5o N Jleis] maw 3 ()b gme iy 4 % g w8 (g e pae NS
ns: Non-significant, ** and * significant at 5% and 1% of probability levels, respectively.
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Table 2- The interaction effect of cytokinin type x its concentration on regenerated shoot number, rooting, secondary root
number, root lenght, root number and root dry weight of Syngonium
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Cytokinin Concentration o35 Rooting 496 Root lenght Al Root dry
(mg.I% Regenerated (%) Secondary (cm) Root weight
shoot number root number number (9)
0 1.00¢g 100.0a 37.50 a 1450a 5.75a 0.11a
1 3.00 de 93.75b 0.00c 8.30¢c 4.00bc 0.03c
BA 2 4.00 bc 75.00 ¢ 0.00c 4.00e 2.50d 0.01d
3 4.50 ab 0.00d 0.00c 0.00 f 0.00e 0.00d
4 5.00 a 0.00d 0.00c 0.00 f 0.00e 0.00d
0 1.00¢g 100.0a 37.50 a 1450a 5.75a 0.11a
1 2.00 f 100.0a 1250 b 10.00 b 5.00 ab 0.08b
KIN 2 2.50 ef 100.0 a 10.00 b 8.30¢c 3.75¢c 0.07b
3 3.00 de 100.0a 250c 7.50 cd 3.00 cd 0.06 b
4 3.50 cd 100.0a 0.00c 7.00d 3.00 cd 0.04 c

Al oo 1oyd O Jleas] aws 13 LSD (yg0jl (ol s gixe coglis pae Sl (gt o 53 il gy
Same letter in each column are not significantly different at 5% of probability level based on LSD test.
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Figure 1- The propagated plantlets of Syngonium in medium containing BA (right) and Kin (left)
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Figure 2- The effect of different types of cytokinin on a) plantlet height and b) regenerated shoot dry weight, and different
concentrations of cytokinin on c) plantlet height. (LSD, p<0.05)
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Table 3- Analysis of variance (mean squares) for measured traits of Syngonium under the influence of type and
concentration of culture medium

O pandS g NELEYSY) azalS alaxy Ay, Job Ay y dax azals el
S.0.vV df Shoot number Root lenght Root number Plantlet height
S bne 1 1.25% 3125 24.20% 1.01%
Medium
bl 1 1.25% 22.05* 0.80" 2.81%
Concentration
hlbxeuis b 1 1.25% 0.05™ 0.00" 011
CxM
Error s 16 0.18 0.60 0.42 0.09

Do B g oy N Jlein] maw )3 (650 bxe i 4 g s (o)l xe pas NS
ns: Non-significant, ** and * significant at 5% and 1% of probability levels, respectively.
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Table 4- The effect of different media on plantlet height, root number and root lenght of Syngonium

s buso ady ) Job ady y dlan azals gl
Medium Root lenght Root number Plantlet height
MS 7.80 a 4.00 a 3.85a
Bs 5.30 b 1.80 b 3.40b

A3l o Ao yd O Jless] pdaw )3 LSD g0l (ollys Jlo xe @iglss pac ,;Sly i y» )3 lie g y>
Same letter in each column are not significantly different at 5% of probability level based on LSD test.
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Table 5- The effect of different concentration of medium on plantlet height and root lenght of Syngonium
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Concentration of medium Root height Plantlet height
0.5 7.60 a 4.00 a
1 5.50 b 3.25b
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Same letter in each column are not significantly different at 5% of probability levels based on LSD test.
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Figure 3- The interaction effect of medium type xconcentration on number of regenerated shoot of Syngonium. (LSD, p<0.05)
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Table 6- Analysis of variance (mean squares) for measured traits of Syngonium under the influence of different media
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S.0V df at the end to the beginning leaf number Root dry  Leaf dry

of the experiment number weight weight
WS)““’ 8 5.51™ 21.14™ 70.25™ 36.47" 0.01™ 0.11™ 4025.12™"
Medium
Eurar;r 18 0.001 0.002 0.006 0.007 0.0001 0.0006 123.63
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ns: Non-significant, ** and * significant at 5% and 1% of probability levels, respectively.
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Table 7- The effect of different media on growth traits of Syngonium seedlings produced under in vitro conditions
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Figure 4- The effect of different media on acclimation of Singonium plantlets
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Figure 5- Adapted plantlet of Syngonium in peat moss + perlite medium (right) and rock wool medium (left)

Ao JUil 5 o Jerews ccnl g 09381 (YY) 45 00 Wl (glains
Al e cuiS baee 53 WaptsS g 208 blie 1503 1 (2lis
Gy Eleg o g 4l (38l alS jlo g Cogw ol (o 0 &S
gLis)) el (V) aobioe I3l 5 oadljil sladomalS 0395
Gl i Sy mje S 4 ol dlas ialisl o yo o lusls
(S Ly oma 3 BA 5l oolitl (V) 1o o slusli 1y 05
0 ) e LS S S0 5 bl culle il als
(S oo )0 S gt g9 ol ealatwl cpl s 0gMe )l

3 ool daste i 2,0LS 48 ool ol b imgy

Sy o5 JyuS Aoy 4 b 5 (LS sladole 2 8T 5k
Aot ) NS e olS Ay o ]9 b S g ClS S
09 S laly b pd S o oo o L oS g w1 oolaiuwl
(FF) 2bie 52938 (Jobo s ]380 9 Wl polaie &) (sl
Al oS S dinge yle 3 (LS Cugi] ojludld (5L
b oo )3 (pinS g alio ClALE D925 (V) ol IS 530 alS



VPoo ylbmn oF oyloit 1O sl (659l 2sbuo g pole) SLEL pole 4yl FOF

byly b jdead 0 e lalS U (daind sy culS bylys o
o Cgloy Glali8l a0l gl il glaas I b
olals e 4 e (glddnd (90 cudS bylyd jo (Z qe=yee)
bly s o amsl ad) (lals L awlie )0 S50 JoSiss 4Y L
Cogb)y palS y S a0l Jl b aoes )3 09 g0 anb
g b Gl olS bawgs Ol (i jl (2 )5 lase (s
e ot 3 (F0) 2,5 o0 g0 oS 53 (S0 o Jbid &
9 oy oo (555w a s o (L alS o (ool olyy o Lz
bulyd )y )5l adopo )3 Ble dl>yo o ol
bylyd 4 (b S35 b g 48 g ()l Gjgo 4 ame
o0 ilidl i den 5l alisee Jalge (V) Wb o oL AL
2y 5l als e ol ) e (339l § oled Sllugs wugby ialS
e g 4)‘..\.».0..»39.5 c.:l.‘?wl LIV (Y‘ 9 ;) Mbw ).s}o Dlnf
S bl ol )3 0l (60568 g Sleodi ol S iy
Ollial g ol Sl coles dalsy cutS jiu (A) Cunl Jgo
o (Y';’) .))l.) ]) ol_nf iy, b_wy u.s‘A.f— J‘}o 9 L_J uA> dgube
ialisl ¢ ol n 39 gy ¢ el yials L olS cowlie cuiS
O 1y oS gl ady gyl cawlio ddenl 9 (6 3o
Ly o pslsa s oo byl @ ey Jsdseis canb (A) 45
A e CudS yiuw 53 o (pl oS 650l pl g 0gMe famd o
4o SV S o)y (idmed 33)5 (o (IS5 I3l g 905 dgmte
5 40985 dgate «ol (YL cihba S cd b (S 9 S
IS VL i b (sl ol VL b o i)
Sl ol CtS yi o8 6l pogase (g (28 polis
2ol assS Jelge elos Yiams! (V) ail o lalS ST
o=l ol S (sl i 10 parieSiumw obS Juopd Voo (5,55l

..\5]0.)9.3 )J}O Jl}a

8 5 4o

O g bl g g 4 ol (LS Glagdy (nl (sl gl

possNa oS > (2lajyl 3)50 (sl il yST (o)l ine 3L
azalS sl S e j0 piS giw clale ili8l b sl
5L azeals el (ials )03 (spm I Lol cdly ial3dl o 135
L dwslis ;o BA gols cuiS b 25 .0 sdalie 35 ol
5 Cdly 00 5Ly azeals sl 2ali8l 5> 6555k 53U KIN
BA 1 3 pySidhe ¥ cdale 13 0 1551 axalS sl o it
aS ob L (e, b kdye slayiel)l objyloais saaline
loyiehly jo ite 1 culS bame > (S g clale 38l
auolis o culS lase ) BA )8 aie il &S cuihy oljads,
3 S idia ¥ 5T Slacle )3 o5 s & g yisgretn KIN L

ol 3 BA coge aly 51 (YF) dad o ials 35 1) ddyy a5,
Slwdis oS 1 (YO) Cunl oids aul culS laee > a8l Slass
s BA ) p S e ) 5l ealanwl (Nepeta nuda L.) <8 o
g 4 yomie «cudS lasme (0 IBA 1) (5 65 Lo </VD ol yen
P oz S (x5l Al pe > LS A g 5 iy oo e
2 AL Ay oS wr Al cp Siie 4505 Glo gk
J0 olyom 4y BA 1) 0 5,5 o )l olS cpl oLl
sl o MS gl S Lo 13 NAA 4 IBA 12 5 5,5 Lo
S g 50js @)ldls il il (bl olS 55 (YY)
oo a0 BAP i) p oS dee ¥ (g5l it lame )3 0)lusls
3 ol 09de (W) ael s 4 IBA 2 )5 Jeo +/3))
LS BAP _aliS 1, 008 pelas 1 oolitl (g g0 dlo yo
Jors il a3 8 VLS oS )3 uizpan (1Y) el YL
5 9IS A et b 3 ol S g gl e 2
S Lae > ol i 5l ool () oy galel 1) oljasls
35 |, Dentate Lavandula o3 o ljasls o 5jdsles
23,5 At uline Lawg o1 plosl ingsy )3 (3) dnds
2 oldool cigy Slell digl ol ) ik doyd (it S
PBAP 2 1 5 S e <[4 (g5l MS il cuiS L
(YY) 0ms e g omalin IAA o) 4 55 ke <IYAD L oo 5
P g S barse 13 BA SRS 1505 (cdinghy 53 (izren
ol s gl 0y0 4565 93 (6l 5D (AL Mby oS qulas
OBl )3 1y 58U Cpyidin BA il S e Vo) g
51 oolal a8 by L iolejl oyl gl (V) cudly olS j5 (sl
5 2 oz gpeS 5l BA L duglio )3 cuiS Lo > KIN
65U el (glaiind gy cutS byl ) asalS slas i3l
olSimgly e g 55 0L li5le 9 spgln 0 KIN oS
coiS by 3 KIN 5,8 Blas )0 (VY o)) cunl o (5155
Ol BA L duslio 3 (g)b sxe job 4 |y azalS elis)) cuilys
ol 5 l58l3) 50 (alS 0, oallS ooty Bl )0 55
)| Lialial  ciS Lams 3 KIN 5l solizel &8 45,5 jaseiee
ol (slainds oygyd S 3 (YY) cl 035 g0 lals
2iP 4 KIN L auslio > BAP jl oslasl Vanasushava pedata
9 due S b oo 338 505 g S (V) 355 o 590
(VF) cosl S35 530 Jlewn (oS (b5l Cudbge )5 caslio
L awlis 0 MS cois by el odlatul cpsls imghs 5o
caslio elinl 5 caslio e cuils g)i00 S Bs cutS bapes
Lo ol )3 iy ne g g i s Ol <ol odimd St
S53  Fyo Jolse 31 Vet BE S Lage b dulie 5 ot
o1 Mgi LS (YO YA AA)uib o (cladnd gy cuiS s o



POV

e 850w oL (6oL 3330 5 0 kS Lo S SKad g (BLS W) 0ulsS puild CuS 5 g9 (6l ()0 g A S

4oy MS cilale Caal oS bay oo 3,8 olS oyl LSS odaliie (ljads, sladlis 4sSoun wuiS by » BA )
CoYoS oyg ¢ lodd 4 oY oS 0yg 3l odlitul (puizmen 20,5 o 2 Bs S s b duwslis 0 MS cuiS e 5 )5 .00,50
e S i g ole G T Y SS 0yg «asS oS + Mg aoalS dlas g adyy Slus ey Jobo ol gl il
My sazals 685k Bua b culs i olgie 4 olocan e MS clale Cani cuiS laze 25,8 ¢ piren Doy g0 0l
D35 o dpo 55 (Sladidinygd blyd alsyo cpl 3 ol il 35 ady) Jsb g azalS el Ll

&l

1. Afzalifar M. 2012. Evaluation of different propagation and androgenesis in Satureja khuzistanica and S.

10.

11.
12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

rechingeri. M.Sc. thesis. Medicinal Plants and Drug Research Institute. Shahid Beheshti University, Iran. 46-73.
Asghari F., Hasani A., Hosseini B., and Farokhi J. 2013. Effect of different hormonal combination on in vitro
direct shoot regeneration of basil (Ocimum basilicum). Journal of Horticultural Science 26(4): 434-439. (In
Persian)

Bhojwani SS., and Razdan MK. 1992. Plant Tissue Culture: Theory and Practice. Elsevier, Amsterdam, London,
New York, Tokyo.

Chamandoosti F., and Afshari Azad H. 2012. Somaclonal variation in resistance of canola (Brassica napus L.) to
Sclerotinai stem root. International Journal of Agronomy and Plant Production 3(12): 613-617.

Chen TY., Chen JT., and Chang WC. 2002. Multiple shoots formation and plant regeneration from stem nodal
explants of Paphiopedilum orchids. In Vitro Cell. Dev. Biol.-Plant 38: 595-597.

Daroodi H., Akbarinia M., Safarnezhad A., Hosseini M., and Hajian Shahri M. 2017. Acclimatization of tissue
cultured plantlets Ribes khorasanicum as an endemic endanger species in different substrates. Journal of Plant
Research 30(2): 286-298. (In Persian)

Deeir YH., Hahn EJ., and Paek KY. 2006. In vitro Flowering of Spathiphyllum cannifolium: influence of gibberllic
acid, culture type and sucrose concentration. ISHS Acta Horticulturae 725: V International Symposium on In Vitro
Culture and Horticultural Breeding.

Diaz LP., Namur JJ., Bollati SA., and Arce OEA. 2010. Acclimatization of Phalaenopsis and Cattleya obtained by
micropropagation. Colomb. Biotecnol XII (2): 27-40.

Echeverrigaray S., Basso R., and Andrade LB. 2005. Micropropagation of Lavandula dentata from axillary buds of
field-grown adult plants. Biol. Plantarum 49(3): 439-42.

Farsi M., and Zolali J. 2005. Principles of plant biotechnology. Ferdowsi university of Mashhad press. 508 pp. (In
Persian)

Ghasemi Ghohsare M., and Kafi M. 2010. Floriculture. Publisher Author. Vol 2. 396 pp. (In Persian)

Henny RJ. 1998. Breeding ornamental aroids. p. 121-132. In: D.J. Callaway and M.B. Callaway (eds.), Breeding
Ornamental Plants. Timber Press, Portland, OR.

Huy N., and Xuan-Mai T. 2014. Investigation of effective in vitro propagation media for Stevia rebaudiana
Bertoni. Asia-Pacific Journal Science Technology 19: 172-180.

Kafi M., Zand A., Kamkar B., Sharifi H., and Goldani M. 2006. Plant Physiology (Taiz and Zeiger). University
Jihad Publications. Sixth edition. Vol 2. 379 Pp. (In Persian)

Kalimuthu K., and Prabakaran R. 2014. In vitro Micropropagation of Syngonium podophyllum. Int. J. Pure App.
Biosci, 2: 88-92

Karuppusamy S., Kiranmai C., Aruna V., and Pullaiah T. 2006. Micropropagation of Vanasushava pedata-An
endangered medicinal plant of South India. BAPTC&B 16(2): 85-94.

Khazarloo F., Jabarzadeh Z., and Norozi P. 2017. Effect of Growth Regulators on Proliferation of Leaf Explants of
Petunia hybrida Double Cascade Series. Iranian Journal of Horticultural Science and Technology 18(3): 259-270.
(In Persian)

Koohi L., Zare N., Asghari Zakaria R., and Sheykhzade Mosadegh P. 2014. The Effect of Plant Growth Regulators
and Different Explants on the Response of Tissue Culture and Cell Suspension Cultures of German Chamomile
(Matricaria Chamomilla L.). Journal of Crop Ecophysiology (Agriculture Science), 2(30), 203-214. (In Persian)
Kurtar ES., Balkaya A., and Okumus NO. 2010. Effects of polymers and growth mediums on in vitro plantlets of
Winter Squash (Cucurbita maxima Duch. ex Lam.) and Pumpkin (Cucurbita moschata Duch. ex Poir.) in
acclimatization. Annals of Biological Research 1(2): 148-154.

Lemaire F. 1998. Use of organic materials as substrate in soilless cultures. Horticultural Review 336: 10-17.
Mahmoodzadeh H., Abbasi F., and Rohani Sh. 2010. The effect of different concentrations of cytokinins on
micropropagation of Zinnia elegans Thumbelina. J. Biol. Sci., Islamic Azad Uni. Zanjan 2: 61-65.

Mok MC., Martin RC., and Mok DWC. 2000. Cytokinins: biosynthesis, metabolism and perception. In Vitro Cell
Dev. Biology 36: 102-107.


https://www.sid.ir/en/journal/JournalList.aspx?ID=13482

VFeoo Gl o oy)lod FO ol ((5),9L0S C‘l“’ 9 pele) G’L“‘b pole &y £OA

23.

24,

25.

26.

217.

28.
29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Moradipour A., Hossieni B., and Pirzad A. 2017. Effects of Plant Growth Regulators on Direct Shoot Regeneration
from Shoot Apical Explants in Four Genotypes of Matricaria chamomilla L. Journal of Plant Research (lranian
Journal of Biology) 30(2): 452-464. (In Persian)

Narimani R., moghadam M., and Mojarab S. 2017. Evaluation of the micropropagation of hairless catmint (Nepeta
nuda L.), an endangered medicinal plant. Journal of Cell & Tissue (JCT) 7(4): 387-397.

Nordstrom A., and Eliasson L. 1986. Uptake and translocation of C14-labled benzylaminopurine in apple shoots
grown in vitro in relation to shoot development. Physiol. Plant 68(3): 431-435.

Nourafcan H., Sefidkon F., Mousavi A., Sharifi M., and Khalighi A. 2014. Effects of different medium on some
morpho-physiological index of lemon verbena under in vitro conditions. Journal of Herbal Drugs 5(3): 143-150.
Pavendan P., and Rajasekaran CS. 2011. Effect of Different Concentrations of Plant Growth Regulators for
Micropropagation of Eugeniasingam pattiana Beddome Endangered Tree Species. Research Journal of Botany 6:
122-127.

Pierik RLM. 1997. In Vitro Culture of Higher Plants, Springer Netherlands, 348 pages.

Shabanpour K., Bagheri A., S and harifi A. 2011. Study of the capabilities and barriers to the production and
supply of flowers, ornamental plants, trees and shrubs in Khorasan Razavi province. Final report of Khorasan
Razavi University Jihad research project. 18-19. (In Persian)

Sharifi A., Bagheri A., Kiaakhar F., and Kharazi M. 2016. Optimization of conditions for commercial
micropropagation of Gerbera jamesonii by in vitro culture method. Final report of the research plan of the research
deputy of the University Jihad. (code number: 2032). (In Persian)

Siddique 1., and Anis M. 2008. An improved plant regeneration system and ex vitro acclimatization of Ocimum
basilicum L. Acta Physiologiae Plantarum, 30, 493-499.

Sipos M., and Trif A. 2009. Anatomy of the Vegetative Organs at Syngonium Podophyllum Schott. Analele
Universitii din Oradea, Fascicula Biologie. Tom. XV 2: 129-134.

Sosa SM., Balick J., and Arvigo R. 2002. Screening of the topical anti-inflammatory activity of some Central
American plants, Journalof Ethnopharmacology 81(2): 211-215.

Taghizade M., and Solgi M. 2015. Introduction of commercial protocol for in vitro proliferation of Brassica
oleracea var. acephala. Iranian Journal of Horticaltural Sciences 45(4): 475-484. (In Persian)

Taji AM., Dodd WA., and Williams RR. 1997. Plant Tissue Culture Practice, University of New England press,
Armidale, Australia.

Tortosa J. 1990. Peat, physical and chemical characterization, evaluation cultivator’s container. Vergel Agricultural
Review 106: 777-783.

Wyosokinsk H., and Piatczak E. 2003. In vitro regeneration of Centaurium eryhraea from shoot tips and other
seedling explants. Acta Soietatis Botanicrum Poloniae 72(4): 283-288.

Zhang Q., Chen J., and Henney RJ. 2006. Regeneration of Syngonium podophyllum ‘Variegatum’ through direct
somatic embryogenesis. Plant Cell, Tissue and Organ Culture 84: 181-188.



Journal of Horticultural Science D (832948 glo 3 pole) (Sl pole i

Vol. 35, No.4, Winter 2022, P. 647-660 v FEV-58+ .00 IFee i) F ooy F0 Al
ISSN: 2008 - 4730 A A S Yeoh - VY. LLs

Optimization Plant Growth Regulation Type and Culture Medium Salts in the
Micropropagation of Syngonium (Syngonium podophyllum L.)

A. Sharifil- M. Moradian?- N. Safari3- A. Khadem?*- M. Kharrazi®
Received: 17-03-2021
Accepted: 31-05-2021

Introduction: Ornamental foliage plants are commonly used for beautifying indoor spaces. Consequently,
determining the best method of mass propagation in a short time, is necessary for these plants. For this purpose,
an experiment was designed and performed to micropropagate the Singonium ornamental plant.

Materials and Methods: For the first stage, the effect of different plant growth plant growth regulators on
the regeneration of nodule explants was evaluated. In this experiment, 1 cm nodal explants were placed in semi-
solid MS culture medium containing different concentrations of BA and Kin (0, 1, 2, 3 and 4 mg/l) in
combination with 0.2 mg/l IAA. This experiment was performed as a factorial based on a completely
randomized design with four replications. The first factor included different types of cytokinin (BA and Kin) and
the second factor included different concentrations (0, 1, 2, 3 and 4 mg/l). In the second stage, the effect of
different types of culture medium and its different concentrations on plantlet proliferation was investigated. This
study was performed as a factorial experiment based on a completely randomized design with five replications.
The first factor included the type of culture medium (MS and Bs) and the second factor was the different
concentrations of culture medium (0.5 and 1). In the third stage of the experiment, the acclimation of in vitro
plantlet was investigated. This experiment was performed as a completely randomized design with three
replications. The experimental treatments included different culture media: vermiculite, peat moss, vermiculite +
peat moss, perlite + peat moss, perlite, coco peat + vermiculite, coco peat + perlite, coco peat and rock wool.

Results and Discussion: According to the results of the first experiment, it was found that the use of
cytokinin in MS culture medium is effective on plant regeneration. The highest number of regenerated plantlet
was observed in culture medium containing 4 mg/l BA with 0.2 mg/l IAA. It is noteworthy that with increasing
BA concentration in the culture medium, the plant height decreased, but in contrast, the number of produced
plantlets increased. Benzyl aminopurine (BAP) has been introduced as the most important and effective
cytokinin in inducing and increasing branching in plants. Research has shown that the use of external benzyl
adenine affects plant growth by affecting plant cells or by controlling the accumulation of a number of cytokinin
compounds. As a result, the use of cytokinins in culture medium under in vitro culture conditions is necessary to
induce and increase cell division. According to the second experimental results, produced plantlets in MS culture
medium had higher height, number of roots and root length compared to B5 culture medium. Results also
demonstrated that the use of 2 MS in the propagation stage of this plant is appropriate due to the improvement
of growth traits such as plantlet height and root length. The use of optimal and suitable culture medium is very
effective in the success of plant micropropagation. In the present study, the use of MS culture medium showed
better performance compared to B5 culture medium. The appropriate amount of components, better ion strength
and more minerals in this culture medium compared to B5 culture medium are probably the factors influencing
its superiority in in vitro culture. In the acclimation stage, the use of vermiculite + peat moss culture medium led
to 100% adaptation of plants and improvement of growth traits in the plant.

Conclusion: The results showed that the type and concentration of cytokinin had a significant effect on the
most of the evaluated parameters. With increasing the concentration of cytokinin in the culture medium, the
number of regenerated plantlet was increased, but on the other hand, the height of regenerated plantlet also
decreased. The use of culture medium containing BA compared to KIN had a more pronounced effect on
increasing the number of regenerated plantlets. Application of MS medium compared to Bs medium was more
effective in increasing plantlet height, root length, number of roots and number of produced plantlets. Also, half-
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strength MS medium, increased plantlet height and root length. Therefore, at this stage of propagation, the
application of %2 MS culture medium is recommended. In the acclimation stage, it can be stated that the use of
vermiculite substrate in combination with peat moss is a suitable option considering 100% compatibility of
syngonium plantlets and improvement of growth traits in comparison with other substrates.
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