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ABSTRACT

A standard in vitro mass propagation protocol for development and propagation of valuable flowers such as
Anthurium is one of the major procedures and goals in flower industry. Towards developing a commercialized
propagation recipe for A. andraeanum cv. Pink, effects of BA and NAA were investigated on regeneration,
proliferation and in vitro mass propagation efficiency of cultivar Pink, as well as quantitative and qualitative
characteristics. The lateral buds were established in 1/2MS contains different concentrations of BA (0, 0.1, 0.3 mg/l)
and NAA (0, 0.04, 0.07, 0.23 mg/l). The longest shoots (average of 23.46 mm), was obtained in 1/2MS containing
0.23 mg/l NAA .The highest number of buds were produced in medium containing 0.23 NAA plus 0.3mg/l BA. The
highest root number was emerged in 0.23 mg/l NAA. The highest percentage of regeneration rate obtained in the
media containing 0.23mg/l NAA+ 0.3mg/l BA compared to the control. Obtained protocol can be simply used for in
vitro mass propagation of healthy Anthurium plants.
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* Corresponding author E-mail: mitraaelaei@gmail.com
1. 6-Benzylaminopurine
2. a-Naphthaleneacetic acid



3o 13y pelul pan el (65l (2593l 5 55910 el 0o 5 (e vYY

Ajdarbin et ) oog (LwgllS) aiy ol 3l puiins s
al., 2015; Beyramizade et al., 2008; Khorrami
<t 4l » oliaess 4 (Raad et al, 2012
(Islam et al., 2010; Martin et al., 2003) y.ius
4 (2003) Martin et al. el oals (5,155 S
Sladigein; 5l o )luslh peiine 2550 50 (LAog3
Glao, @l 50 porygil alisa o8, 90 50 S p
Sl oS bae cpye W3S IS 99>
VE L olyen MSIY &L lame 8 Lusls oo
P BA Yses,Ses V) JAA Vs S
@l o Obl Ceimes g S Vses See
&9l bmme (e 00,8 5,158 055 gl o 2
JEY a4 BA 41 0 a5 oy o ojlusls
ciaS be Guizmes 8L el YVgeg S
AY 5 NAA Yooy Seo +/0F L ol jan MS/Y
@hiade) beme plsisa |, Kinetin Yooy S
235 (Byre gl

56 59, oimgy ,o (2006) Nhut et al.
5 S p slboaigein; sl any W (cey) O8O3
o pssil 08, Ve et 5 bk Geizes
5o Lol sl Joe oljas p ool wosls las
Lo (n e 0l Glaiz BB et s 2155k
S e alesl ol o o)l 55k csS
sl g pS IV ] pssel Sl as MS/Y
S bauzme g 09 BA 5 S (lee V L oljen
opv b JE5 d » eS ) LVE MS
S bae (e Olpreds 05 leoanSpalais
(@lo) Slogeds a4y (olitws 508" (B (2liais,
P99l oLl lp cdb csS 50 She g @ ym
S Gl e ) oL s eizes
Sl S g boged (l (3390 005 5 3500 Coen
ciS e a5 8l cos b plals
(Atak et al., 2012) ¢l

Slocdile 36 obj)l (omyp o2l 5 Sae
ol3 59l 5 obojly, » BA 3 NAA (ol
Anthurium andraeanum cv. ) 5,pe o8, pgo,9]
Gyl polatedy )T (gl (3,9 05l Sig38l 5 (Pink

g1 po2ys] Giigsdl (sl debogeds S

-

400
Sl bl 5 argidle iz S ps gl
cle 4 a5 cwl (Araceae) ble,gods solsil>
Hamidah et al., ) plgol 5 ails slo 31 J5 coslin
SYsb xS ee 4 (1995; Zeng et al., 2004
olS S leicas (Elibox & Umaharan, 2010)
Sy (Sl eliite yo GIAS 5 oy 4l 5
2 0l 5 pgyel Ghgb oliae 25 e eolitul g
Dufour et al., ) s)ls 1,3 boaS | 51 oy pgo 43,
o3 poysl (2008; Rikken, 2010; Hua, 2014
by col osi 5 655 0 el (g pmne S (30l
Bl iz SR A Veer 5l
Moradi et al., 2004; ) &l oo )leis 4 Araceae
P99, 9 ewizgo oS ol (Gantait et al., 2011
sole (eSaolosl) (2315 &L ol aSLuTsl o oog
sbml Glilom oo Sy 3 35 &Ly oy
5 alS 1) b5 slasles Sog3 ol e oo
NIQUECIORE N AT RE RSN
olS cpl Liigydl (Callotte, 2004) oS oo S ,o0
sl illr (S5 aler ) adien aied)l )
hoeslnl wlee Sl 4 o BassSady
0092 033k 05 9 S L3 (o e g3l Sl
dholgs 55 oS nl e 9P s
el Vi (sSis ) sl 5 sladles S5
Moradi et al., ) ssd o0 Jol> olS 23155,
LS Cal cas g, 5l eslinul 5,005l (2004
6oby sled 4 ol lp oly cn e psyes]
G0l s oSl LSy (s sl b olS
5 pley Sl s aebn (Bl g slaas 2
Ugydl .(Moradi et al, 2004) o,ls |, odg Lo
Pierik et al. lawgs cunds cdb S by d pgs g0
ool b (6,58 Slidss o515 o alol (1974)
e gl bls Gl glacdl
Can et al., ) bul slbale> «(Kunisaki, 1980)
5 500 o 5, (Geier, 1983) .Syolw! (1993
(Kuehnle et al., 1992 ) Sologs by S 250
@k 69, 485 Ojge Olidi L85 Ojpe
@b AL p i <8l s Lyld )0 g ye]



Yo VWAVl ) 5,Les PR 8,0 ool SLEL psle

o g @b
S9ln 5 21k caS e (giluangy @bl 5o
lodnlio ¢ ygo o3, poayenl ogl GLigsl sl
Blsls Jsb cnyite b olis Slis el
NAA yod o )Sishee *IVY o @ bgiye a5
s iS5 yioisheo YYIFS (Siko LBA G0y
BA s eSSk IV s jea> 0 o )lusls
VJ58) 09 Yoo MFR (50 L NAA (50
s NAA Jlite 1 ols plas (uilly & s
sop V) Jlsl mlaw s slsls b, BA
S NAA ST 5l sslizl () Jsoz) ol I sine
5o el 1) oylusls Job il woctS Lasme
945 jebolen iy BA 4 Cans (g i b
o algn sbaltl Job wed oo sdalin gmls
285 8 S1 g pS gins (y30y98 50 58 Sl
i 50 eSSt (IS el S O jgoa
Sl 8)lge cale yo g ol s Syp slast
Sy eS| 2B G jiege &5 Wyl s
50,8 Lol 5 e san o eul bbasl Jsb as,
33 g wgbor o)Ll 0h) @ pd co (ST
Loy ad) wad Pzl coge Yo glacdale
o sanlie (il a5l Sedee b, elS adgs
8l el o lsls Job BA clale il L as
Jsb (pals cosdplnil glaow,n @b 4 axg L
ol Jlizl BA go> slaloze o o,luzli
Sloalsz jlad Gl o3ey90 nl S Jdow
balsz o CaB, nlBl 5 dgein, 9, ral
BA oo beaiS lase o oS Jbojs il
o bl (oSl Ll g (S Ojged o)Ll
et S Sy 5 a0y 4 kT il
Hedayat & ) ogd o0 ounlin bolusls
Bairamizadeh & s .l .(Khoshkhoy, 2005
olyer & BA o0 S e (2007) Azadi
P ks 18 5 IF 1Y Glgime glaeiS Lame
5 amals | bolusls Job o socly BA 2
co G e Sk IASY) Ggeyee I
@b A 0 prizes b eli)) als
I bazalS oy g MS/Y CeiS Lases ool lis

by 99 3Mg0

Anthurium ) 5,50 o8, pg 90l ol slaaily>
oolatwl digeiy, olsicas (andraeanum cv. Pink
oIS 25 B s ST oty ol
SO plwl LSS aw g jled eojlgs b Solas
MS/Y cis laxe ;o Jsaedd I G bdigesys,
aw ol 08 sloosisS e 5l (oS5 ol e &
ez s Gl S den + /) /T BA e
s ek ¢ el F IV YY) NAA I aha
ST s o TA (ool CetS Lams i oS ()
ciS laore (PH) donsl 09 59,5 g doyo Vg
OT L LT o baaigaiyy, A wakiis O/F-O/A (3,
3 e N ool gliid 4i 8o Ve Dok 4 Llate
Vo caea yid o e Sk ) coke 5760
S jo adl Voo e 0 Jeaeds agds
ol b el g wad s ws e Ve Sl
@k 2 b sl DSl () (g ke
40 clS sllase wul GM&J aads ¥ Gow
VLS egeede 20 AT les L S
Sllse Bul Jeaeds 4ads VO Soeds jadl
S )90 b ad, Ul jo ladigeinn; (ool cuiS
WSl el A g lids, cele VP (o5,558)
VO-As oo Cusb) 5 gl 420 YO sleo
Jsb Slao Gg) VO 5l G ol ()l 2o
alay Jsb g sled S Job iy jlad o)Ll
slp b pSelal 2k sy pizes
Bl adly wb, sleazals 5Ll 0 (55l
SIS NSRS NI P
090 0lss 9 Al S Cud 4 el 5
a3 Bl bools 18 asan G ok 4y aly 3L
b 5l @)l 4 aia SOl G g wiS ST
I ooem e 4 b owas Jlsl el
Claxals Bl wuS cole oKislesl
o9 Lulyd 4 lased gy Laulpd s eadadys
ezl Jobo 4y aan ¥ ogus gladas

3 SAS I53le 5 51 eolainl b Wosls Judogay 3o
5 220 Jlaiol g 4o S5 glasels 4z (5051
8,5 bl Excel 4ol b o gad o



3o 13y pelul pan el (65l (2593l 5 55910 el 0o 5 (e

030590 polie 4y olse slaelail Gl psy )92t olS
08> b ow,n @l o (1997) Yakimova
Lo )0 uiSgiew (gey90 05 wis S Lo
g dgd o ool ladlex od Jld cel cus
ksl codle 38, 5l 4 e o] Gl
oS oo eobsiln, 6y, v
ool lid 1) BA ofgds (S giews Coedl S0

D9 o0

Y¥s

aily azalS Gog 8 5 Job oled L
.(Bakhshi Khaniki & Ghasemi, 2011)
Ot b ol ol Sk dlie
(LS ;0 sae YY) sniady Llg> i Sl
b olas NAA 22 5 o5 Lo /1Y Jlows & by s
balyr o oS 5 BA i oS ke Y
s NAA yow) vals [l j0 (oLS 0 soe FITY)
5 BA g NAA Llize 51 (Y S5) oi ouslie BA

]

3 000 ledy g o g a0 Jleis] mlaw

— — [83 [
=} wn =1 i
" "

Shootlength (mm)

n
M

S > N N k
S g gt Leb RS O o
o OF T ¥ @ vt o8 @
R RS
R T T T

Treatments (mg/1)
5 el Jsb 55, creiol i g vl Sl ol caliee glacdale 136 S

Figure 1. Effects of different NAA and BA concentrations on shoot length
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Table 1. The variance decomposition of evaluated characteristics of Anthurium andraeanum

sov o Mean of squares

Shoot length Bud number Root number Root length Regeneration rate
NAA 3 15.5354" 10.556" 99.583™ 1875.989™ 1055.56"
BA 2 43.2543™ 5.861" 80.528™ 2616.664" 586.11"
NAA*BA 6 5.5047" 1.750" 2.528 720.704™ 175.00"
Error 24 1.2328 0.229 2.389 696168 50.00
CcV 6.94 6.89 16.59 12/52

** *: Significantly differences at 1 and 5% probability levels, respectively. el 00,8 0 5 0 )0V ezl mhaw [0 o Jire o a4y i g s
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Figure 6. Interaction of NAA and BA on regeneration rate of A. andraeanum cv. Pink



3o 13y pelul pan el (65l (2593l 5 55910 el 0o 5 (e Yo

" ¥ i
4 ) 4

NAA+ 2 S skes *ITY (5l Lamma (B) 5 (9aL5) (150599 s losd )3 Fyg0 03 ponpsl sl (A) Y Ui
WL oy 5 S Lo o LaazalS )5l (D) eniis sl slodisaiin (aliate, (C) BA 1) 5 05 Ls 310

Figure 7. Proliferation of A. andraeanum cv. Pink in control media (A) and in presence of 0.23mg/l NAA+ 0.3mg/I
BA (B). (C) Rooting of proliferated explants (D) Acclimation of plants in peat and perlite.

S0 3979 oy laazalS )3 o5 Il Cnlply
Oal38l jo Ll 1o ohgar g il S jo g4 ol
e bole 5y qon alen 2 oy Bas b lalS
SIYY cdale L NAA 51 ool .JJ@ Sled &
a5y 4 e BA Geeyem o g S p eSS e
b leazal i 5 i aolsls ity Job
Gl 4y b L] g 05 (g WFsl olsS (slao Silka
LIS jsbas d bazalS Jsb 0, ials el BA
Soan ol o olS cnl sl e eSS e
JU e ‘a)ful.:.a YY o VIYMS S e
4 axg boog BA ) e e oY + NAA
AE iegh opl S caio o ool Casal
5 Solem 09 9 plle ol ool adg o (SaoS
QO odelawad doliogads ol oS pl CulS Aswgs
g LAl Al e 0 0al b5l (F9)90 oS ol e
5 65 g8l slp oS S lgreds Wlgs o 5550

o}w oolazwl olzf u.:‘ 05,:..3‘

Hb ol Glas Lteen ol 5l sdwlcasay b
oS eobosly, o o, calixe  slvoniSpudas
ol s g wly wS ol S lgreay P,{),:.;T
350 CyainS gl sedale O oss Qlj.'{u;o d‘}gl.‘q
Loy 092y shs dal, S alex ol g oolainl
bale lod aigy o> U paSeule cdale i3l
e oy o 8y 5 STy ol s G
Ll gl oo ain 3l was gleo Lzl Sk a
Sy s woln onbsl ol 5l Bae aSLxl)l
Seaky g alple g (pdlly Glas loazals
oﬁ)LY DB 0 QL»» c.:l.u R ] Gc.,ue J.cl.c
51 soliiul 5 cuils bazalS 5551, 1o 556 NAA
3o S enle 5 YL glacdale b ool oo ofpgar
baaiy (ol 51098 o0 a Alh S0 28 s Delyo
Sl s a0 @ik 6ol sl lsls
ol ang dls ple cél leolsls ol Lo



Yo

VWAVl ) 5,Les PR 8,0 ool SLEL psle

REFERENCES

1.

2.

3.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Ajdarbin, M., Kafi, M., Mirmasoumi, M. & Azadi, P. (2015). Indirect Shoot Regeneration in
Anthurium andreanum 'Clisto’ from Leaf Explant. Journal of Ornamental Plants, 5(3), 159-166.
Atak, C. & Celik, O. (2012). Micropropagation of Anthurium spp. pp. 241-254. In: Dhal, N.K. and
S.C. Sahu (eds.). Plant science. In Tech Press, Rijeka, Croatia. Doi: 10.5772/51426.

Atta-Alla, H. M. C., Alister, B. G. & Van Staden, J. (1998). In vitro culture and establishment of
Anthurium parvispathum South African journal of Botany, 64, 296-298.

Bakhshi Khaniki, Gh. & Ghasemi, M. (2011). Micropropagation of Anthurium study through tissue
culture. Cell-Molecular Biotechnology News, (4). (in Farsi)

Bairamizadeh, E. & Azadi, P. (2007). The effect of growth regulators on shoot formation in
Anthurium Andreanum. Research and Construction, (76), 63-70. (in Farsi)

Bairamizadeh, E., Azadi, P. & Mii, M. (2008) Optimization of factors affecting organogenesis and
somatic embryogenesis of Anthurium andreanum Lind. “TERA’. Propagation of Ornamental Plants,
8(4), 198-203.

Callotte, V. (2004). Anthurium aristocracy. New Zealand Garden Journal, 7(1), 3-5.

Cen, Y. Q., Jiang, R. M., Deng, Z. L. & Ni, D. X. (1993).In vitro propagation of Anthurium
andreanum. Morphogenesis and effects of physical and chemical factors. Acta Horticulturae Sinica,
20, 187-192. (in Chinese with English abstract).

Dufour, L. & Guerin, V. (2008). Growth developmental feature and flower production of Anthurium
andreanum Lind. in tropical condition. Scientia Horticulturae, 98, 25-35.

Gantait, S. & Sinniah, U. R. (2011). Morphology, flow cytometry and molecular assessment of ex-
vitro grown micropropagated anthurium in comparison with seed germinated plants. African Journal
of Biotechnology, 10(64), 13991-13998.

Elibox, W. & Umaharan, P. (2010). Cultivar differences in the deterioration of vase-life in cut-
flowers of Anthurium andraeanum is determined by mechanisms that regulate water uptake. Scientia
Horticulturae, 124(1), 102-108.

Gantait, S. & Sinniah, U. R. (2011). Grown micropropagated anthurium in comparison with seed
germinated plants. Journal of Biotechnology, 10(64), 13991-13998.

Geier, T. (1982). Morphogenesis and plant regeneration from spadix frag-ments of Anthurium
scherzerianum cultivated in vitro. 5th Int. Cong. Plant Tiss. Cell Culture, Tokyo. pp. 137-138.

Geier, T. (1982). Morphogenesis and plant regeneration from spadix fragments of Anthurium
scherzerianum cultivated in vitro. In Plant tissue culture 1982: proceedings, 5th International
Congress of Plant Tissue and Cell Culture held at Tokyo and Lake Yamanake, Japan, July 11-16,
1982/edited by Akio Fujiwara. Tokyo: Japanese Association for Plant Tissue Culture, [19827].
Gomes, F., Simoes, M., Lopes, M. L. & Canhoto, J. M. (2010). Effect of plant growth regulators and
genotype on the micropropagation of adult trees of Arbutus unedo L. (strawberry tree). New
Biotechnology, 27(6), 882-892.

Hartmann, H. T., Kester, D. E., Davies, F. T. & Geneve, R. L. (1997). Plant propagation: principles
and practices (No. Ed. 6). Prentice-Hall Inc.

Hamidah, M., Debergh, P. C. & Abdul Karim, A. G. (1995). Somatic embryogenesis of Anthurium
scherzerianum Schott. Mededelingen-Faculteit Landbouwkundige en Toegepaste Biologische
Wetenschappen Universiteit Gent (Belgium), 60(4a), 1671-1673.

Hedayat, M. & Khoshkhoy, M. (2005). Effect of culture media and growth regulators on
micropropagation of Pyrethrum. Journal of Horticultural Science and Technology, (6), 171-182. (in Farsi)
Ho, W. & Vasil, I. K. (1983). Somatic embryogenesis in sugarcane (Sancharrum officinarum L.). I.
The morphology and ontogeny of somatic embryos. Protoplasma, 118, 169-180.

Hua, X. (2014). Flower market research report in Chinese New Year in 2013. China Flowers Hortic,
13, 24-28.

Jahan, M. T., Islam, M. R., Khan, R., Mamun, A. N. K., Ahmed, G. & Hakim, H. (2009). In vitro
clonal propagation of Anthurium (Anthurium andraeanum) using callus culture. Plant Tissue Culture
and Biotechnology, 9(1), 61-69.

Jain, S. M. & Ochatt, S. J. (2010). Protocols for In Vitro Propagation of Ornamental Plants.
Springer Protocols, Humana Press. New York.

Kapchina, V. & Yakimova, E. (1997). Effect of puring and phenylurea cytokinins on peroxidase
activity in relation to apical dominance of in vitro cultivated Rosa hybrid L. Bulgarian Journal of
Plant Physiology, 23, 40-48.

Khalighy, A. (2007). Check micropropagation and somatic emberyogenesis in the Alstromeria
flower cultivar Fuego. M. Sc.thesis.Univ.Tehran. 49-58.



25.

26.

217.

28.
29.

30.

31.

32.

33.

34.

35.

36.

37.

3o 13y pelul pan el (65l (2593l 5 55910 el 0o 5 (e Yoy

Khorrami Raad, M. & Shoor, M. (2011). The effect of growth regulators on the micropropagation
two commercial cultivars Anthurium andraeanum in vitro. Journal of Horticultural Science, 25(2),
137-146. (in Farsi)

Khorrami Raad, M., Bohluli Zanjani, S., Ramezani Sayyad, A., Maghsudi, M. & Kaviani, B. (2012).
Effect of Cultivar, Type and Age of Explants, Light Conditions and Plant Growth Regulators on
Callus Formation of Anthurium. American-Eurasian Journal of Agricultural & Environmental
Science, 12(6), 706-712.

Kuehnle, A. R. & Sugii, N. (1991). Callus induction and plantlet regeneration in tissue cultures of
Hawaiian Anthuriums. HortScience, 26(7), 919-921.

Kunisaki, J. T. (1980). In vitro propagation of Anthurium andreanum. HortScience, 15, 508-5009.
Lee, C. W. & Thomas, J. C. (1985). Tissue culture propagation of buffalo gourd. HortScience, 20,
218-219.

Martin, K. P., Joseph, D., Madassery, J. & Philip, V. J. (2003). Direct shoot regeneration from
lamina explants of two commercial cut flower cultivars of Anthurium andraeanum Hort. In Vitro
Cellular and Developmental Biology-Plant, 39(5), 500-504.

Moradi, B. P. & Vaez livari, V. (2004). Proliferation and production of Anthurium andreanum
through tissue culture system. The First National Seminar of Cut Flowers. (in Farsi)

Nhut, D. T., Duy, N., Vy, N. N. H., Khue, C. D., Khiem, D. V. & Vinh, D. N. (2006). Impact of
Anthurium spp. genotype on callus induction derived from leaf explants, and shoot and root
regeneration capacity from callus. Journal of Applied Horticulture, 8(2), 135-137.

Norton, M. E. & Boe, A. A. (1982). In vitro propagation of ornamental rosa ceous plants.
HortScience, 17, 190-191.

Rikken, M. (2010). The European Market for Fair and Sustainable Flowers and Plants. Trade for
Development Centre, Belgian Development Agency, Belgium, pp. 63.

Sedaghati, B. & Babaian Jelodar, N. (2015). Effect of leaf Explants types and various levels of 2,4-D
on callus induction and plant regeneration in Anthurium andraeanum. Journal of Crop Breeding,
(16). (in Farsi)

Xilin, H. (1992). Effect of different cultivars and hormonal conditions on strawberry anther culture
in vitro. Journal of Nanjing Agriculture University, 15, 21-28.

Zeng, S. J., Yu, Z. M. & Ke, X. Y. (2004). Foliage Plant of Araceae. (pp.48-52.) China Forestry
PublishingHouse.



