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Table 1. Variance analysis of different concentratins of BA along with 0.54uM NAA on in vitro
propagation of the pomegranate cultivars, ‘Malas “zdi’ and ‘Rabab’

Ol o (Ske - .. )
Mean squares ‘ls;" 1:;.5 “gﬂ’i é"';
- " P . T T reedom ource 0
& g dlaw o5 oluss (s flw) olusls Job o lusli dluws degree distribution
Number of leaves Number of node Length of shoot (cm)Number of shoots
. . o . s
71.52 13.96 8.98 8.45 9 o
Treat
0.72® 0.50" 0.05" 2.00 1 _ 2
Cultivar
160.72 31.15 20.20 18.37 4 s
BA
sT b x 8
0.20° 0.15° 0.03 ns 0.15° 4 ol e ehs
Cultivar x BA
2ole 3T ol
0.26 0.17 0.04 0.19 40 e
Error

s gme 5 Ao )3 110N (e )30 5 a8 e 53 I3 an o 5 NS T K
* ** and ns: Significant P<0.05), high significantR<0.01) and no significant, respectively
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Table 2. Effect of different concentrations of BA song with 0.54uM NAA on in vitro
propagation of the pomegranate cultivars, ‘Malas Yzdi’ and ‘Rabab’

o Sl o slaw (yo o) 0 3lusLo Job oyl Lss Sluss Ol 1
Number of leaves Number of node Length of shoot (cm) Number of shoots Effects
6.72 1.73 2.08 2.28" wirol 5
Malas Yazdi D2
b S
6.72 1.58 2.09 1.88 = O
Rabab
0.0¢ 0.0¢ 0.0¢° 0.00' ©0)BA1 3;
7.00 2.50° 1.96 1.5¢° (2.2 BA2 ‘7% S
o=
8.60 410 2.69 2.60° 4.4 BA3 3 <
o
10.6C 4.30" 3.97° 2.90 8.8 BA4 ;f,
7.5¢ 3.60° 1.9¢° 3.4¢ (17.6BA5 -
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Values represent the mean. Mean values followethésimilar letters within a column are not sigeafitly different
from each other at 0.05 (Duncan’s multiple range test).
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Fig. 1. A: shoot development from nodal segments pbmegranate cultivar ‘Malas Yazdi’ after 25
days of culture on WPM medium containing 8.4M BA + 0.54 uM NAA, B: root development in
shoot cultured on half strength WPM medium containng 5.4pM NAA, C: a well-rooted plantlet

ready for acclimatization, D: Gradual acclimation d plantlet in cocopeat-perlite mixture,
E: a healthy and well-hardened plant.
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Table 3. Variance analysis of different concentratins of AQNO3 on in vitro propagation of the pomegraate
cultivars, ‘Malas Yazdi’ and ‘Rabab’

Ol o (Ske
Mean squares ST 450 Oy ke
e " - " _ m m " Freedom Source of
& g oo o5 olus (s flw) olusls Job  oslusli dluws degree distribution
Number of leaves Number of node Length of shoot (cm)Number of shoots
7.70 5.27 1.56 4.33 15 .
Trea
0.05' 0.31" 0.07' 0.01" 1 _ g
Cultivar
*k e * * 0 & Ol il
16.31 11.11 3.32 9.07 7 S
AgNO;
0.19" 0.14° 0.02° 0.20' 7 oA
Cultivar x AgQNO;
0.42 0.35 0.04 0.24 64 il ol
Error

.)IJ@M}}M)A'/'\jlﬁf&)é)\)@#%;ynSJ**

** and ns: high significant (P<0.01) and no sigediint, respectively.
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Table 4. Effects of different concentrations of Agi3 on in vitro propagation of the pomegranate
cultivars, ‘Malas Yazdi’ and ‘Rabab’

o g olig o 5 Sl (osblo) osluly Job  oslusLy 8luw OIS
Number of leaves Number of node Length of shoot (cm) Number of shoots Effects
10.77 4.72 3.72 3.47 S5 o =
Malas Yazd o2
b
by >
10.82 4.60 3.70 3.45 . @)
Rabal
10.60 4.30" 3.97° 2.9¢ 0 Agl
11.10¢ 4.80¢ 3.9% 3.5(F 5)Ag2 o
11.30° 5.00° 3.9 3.7¢ (10)Ag3 ;3\ g
11.50° 5.20° 4.00 3.90° (15 Ag4 2w
b \2\ O
11.80° 5.50 4.03 4.30 (200 Ag5 25
12.36 6.1G 424 4.9G (25)Ag6 7 <
9.1C¢ 3.5¢ 3.1C0 2.458 (30)Ag7
8.7C 2.9d0 2.55 2.05 (35 Ag8
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Values represent the mean. Mean values followethésimilar letters within a column are not sigeafitly different
from each other at 0.05 (Duncan’s multiple range test)
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Table 5. Variance analysis of different concentratios of IBA and NAA on rooting of shoots of the
pomegranate cultivars, ‘Malas Yazdi' and ‘Rabab’

Ol o (Sle
Mean squares IRt SN Oy e
(o Slw) 4lsy Job 4y y Slox Freedom degree Source of distribution
Length of root (cm) Number of roots
Kk * L0.0"
28.21 21.84 15 o
Treat
0.05" 0.05® 1 _ e
Cultivar
. . oy
60.40 46.77 7 _ o
Auxin
0.04° 0.02° 7 oeS1% o35
Cultivar x Auxin
0.04 0.23 64 st bzl

Error

.)l:‘_;'..\uf:ij\né))‘/'\jlﬂfc}dﬂ)))b&#\féﬁyns‘,**

** and ns: high significantf<0.01) and no significant, respectively.
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Table 6. Effect of different concentrations of IBAand NAA on rooting of shoots of
the pomegranate cultivars, ‘Malas Yazdi’ and ‘Rab®’

(o Hlw) 42y Job 4y Sl o
Length of root (cm) Number of roots Effects

3.49 2.67 wrol .
Malas Yazdi 2 E

3.44 2.72 = 3

Rabab

0.00° 0.0¢" O)NAA

353 2.00° 2.7 NAA

6.69" 5.7G° G.4HNAA

4.36 3.40 (10.8 NAA i %

0.00° 0.0¢" ©)IBA P <

3.23 1.90 2.51BA

6.08 5.40° 4.9 1BA

3.8¢ 3.20° 9.91BA
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Values represent the mean. Mean values followethéimilar letters within a column are not sigrafitly different

from each other at 0.05 (Duncan’s multiple range test).

0955 0T pazd 5 W3l Loy il A 5 Ul glatecs
L bl S Sl e 28Ty b
55 5 03 s ooy sl ;S5 Ay slaouS s
5 o 35 g ) g Ll oAl et WS ) sba,
b O kST b S e cla ST e
S st 5 Lo ST (2 pl 2,87 L Lo
Lee )3 ST Jo aows oS danis Lol s iz ot
S 1y Sl ST s sl ad g Wl 5 e S
ol st.(Mensuari-Sodiet al., 1992 s
R NS WP PR TN W PRSP 1F
Adkinset al., 1993 culons )85 aLE
o=!.(Puaand Chi, 1993«Chi et al., 1991
a5l U5 OLalS lates 0555 2S5 53 g se
A S o O 5 1S s i BT
oslastli 153k o o sSan b )l a5 Al onls Ol 5 s

1- ACC

o515l Jmsr e sl e ool s
A GlaedlS 0 b5 oy 5 gene 05555k45 5 s
6l S 3l oS CBlE Lol e b ol 4 45 Aizen
(Naik and Chand, 2031l s eslizal 5,57
CiS Laen 3 00 g Lol e STl osli
5L e sl 51 o5t 3 o)t (65T oy T
oLa1 3l (o551 4 I3 el (555,m6 (Sal P
L ST s (635 6587 g 26 Jin S
Valizadeh Kajiet al., <Naik and Chand, 2011
g 351048 Abge 0SS &, (20138
1= OT 42 (35 it JLnd LaaS gai 35 03 eS|
ss (Ibanezet al., 2005 s s 50 35 55T »
e )3 ST S ST Ol 5 535 e 0Bl
PR3 5 G o) gl sl b e ST el el
Cow 2153L L 4,8 &K U148 das o Ol e
095 2l JSie Y w_:r_y;\ujv_.c,_“\



1) A0 Ol F o )L ¥4 il (55551287 ode alows) ol Sl g

35 Lads gad 1y 53 Caamw Sl slow ) amr Sl
ol 3 selis s (De Klerk et al., 1997
oS 53 o SV bl Sl aslinal s ge 3 anlllas
Coas GlaciS bses 5l i HUN sl edalin
ol oslital ljads ;) !, (\@xgu,‘wﬂ cble
(Naik and Chand, 2003....|

Cble Cia S b (bl aallles s
23 e gliade, Wl (B eIl a el g sl
Mwsmﬁ_{wv_fm clac bLls
ALS 48 ki 3 1) e lusls pljade, (obile
= (Rai et al., 2009 c_ulesls 1530
Loon s odh lsaciy s (slae st s JUsl o)l
ol (6500 Ladin ) O o gb (gl o STl 30

5 a5 o) ,s.(Naik and Chand, 2011
sk 4 53L8 (ST A0 Lo 4y JUimh Oty Laaiy
OLALE (g5l pslie 5l das 55, Fr 35 in g O
Slge 05Ul 53 i sdaliv ;L@,&;;\J&maf@m
B S oY 5 S S8 A Caleiee
A3 8 eslital ol lsatyy slaasals o s
(Valizadeh Kajiet al., 2013a, b
S 5 4o

S 555 50 G ) Sl el s 4 ol
5835 ke U1 B ST (sl G e (sladed 0353
5593 0l 2SS ) Nl or S e e 1) L)
Al 5 OT S5 05,8 abu ) 5

Sl vl

YIS O pan ash b Jols ol Al
ST o ils iass slysd 5o A/BAVY oyl 4
S35 s Coisle Sl dlwy pds a5 ASL
3 S S de o b e el b« STl oKl

1- MS

(Pua and Lee, 199555 Aol w5
LUl laied 555 by Ol s 55 il 581 co Doy
el ols Sl 5 st glmedsyls b 3l eslinul
(Naik and Chand, 200Banwaret al., 2010
odsyl53L 95 i (Y++¥) Naik and Chand
(IS Jis g oS 51 gaT 50,8 Sl (s
A3 S sy B gai s (21550 Jemilty 21530 55
Yo) o i Ol i 05,8 @l 4 S usls Olis s
V) 8 sy S 51 iaT L (Y So
st 35 =B b (1550 e 4 (Y a5 Ses
Iy a0 30d 525 93 edal Sty o lustls Slgl 0 5 21550
oS 53T S 5 05 S a3l cogMeas das oo il 3
2l S Lo 4y ) S5 i 15 ASY L)
SIS 51 oS a8 A8 e b i 1) a0 b
53l aS e o Olid 5 Sl Jshe e ‘._”L;:)s
Ay Sall 4 odd 4 U o sdls S5l e kel
(Kanwaret al., 2010 <l Ls s sl Jos b
OLaLE 5 s slaind 0955 iy Ol jn 53 ol 530
o Ol 5 5 3zl b T35 5 094 ¢ god Jio Ko
Kotsias and Roussos, 20Q1L.f eas <ot ;5
(Srideviet al., 2010Petriet al., 2005
N s Sen Y0 (5l Losms 53 Gl ol 5o
Gladed 0955 G081 5 G35 st s BB Sl e,s Ol
Sledaal 3525 4 Glao sl ol5ads ;. Cuils Ul
G bl b s i 66 (gladed 05,5 glaciaS
5 el Sl sl ST s LaoT ) ezl
ol Sn T 5 e i) S 5 ot
ols 21550 sloslust e 53 olad; Wl (gl os
Sl s e gy (o jadia y o Len LI gladnd Oy
Heloir et al., ) s -5 o 15 S g5 30 o
e el Sl s (VL e Ll (1997



e laiad 0y 25 e w Ol b3 ale 5 2 013 Js Y

References

1.

10.

11.

Adkins, S.W., Kunanuvatchaidach, R., Gray, S.Jd Adkins, A.L. 1993. Effect
ofethylene and culture environment on rice callusliferation. Journal of
Experimental Botany, 269: 1829-1835.

Chi, G.L., Pua, E.C., and Goh, C.J. 1991. Role thifylene on de novo shoot
regeneration from cotyledonary explants Brfassica campestris ssp. Pekinesis
(Lour) Olsson in vitro. Plant Physiology, 96: 17831

De Klerk, G.J., Brugge, J.T., and Marinova, S. 19ffectiveness of indoleacetic
acid, indolebutyric acid and naphthalene acetiad aduring adventitious root
formation in vitro inMalus ‘Jork 9'. Plant Cell, Tissue and Organ Culture; 389-
44.

Heloir, M.C., Fournioux, J.C., Oziol, L., and BessiR. 1997. An improved
procedure for the propagation in vitro of grapevifiés vinifera (cv. Pinot noir)
using axillary bud cuttings. Plant Cell, Tissue &rgan Culture, 49: 95-108.

Ibanez, A., Valero, M., and Morte, A. 2005. Estghinent and in vitro clonal
propagation of the Spanish autochthonous tableegmae cultivar Napoleon-an
improved system where proliferating cultures alenwith rooting ones. Anales de
Biologia, 27: 211-220.

Jaidka, K. and Mehra, P.N. 1986. Morphogenesis Ronica granatum
(Pomegranate). Canadian Journal of Botany, 64:-1658.

Kanwar, K., Joseph, J., and Deepika, R. 2010. Casgaof in vitro regeneration
pathways inPunica granatum L. Plant Cell, Tissue and Organ Culture, 100: 199-
207.

Kotsias, D. and Roussos, P.A. 2001. An investigatio the effect of different plant
growth regulating compounds in in vitro shoot tipdanode culture of lemon
seedlings. Scientia Horticulturae, 89: 115-128.

Lloyd, G.B. and McCown, B.H. 1980. Commercially $éde micropropagation of
mountain laurelKalmia latifolia by use of shoot tip culture. International Plant
Propagators Society, 30: 421-427.

Mensuari-Sodi, A., Panizza, M., and Tognoni, E. 29Quantitation of ethylene
losses in different container-seal systems and eoisgn of biotic and abiotic
contributions to ethylene accumulation in cultutessues. Physiologia Plantarum,
84: 472-476.

Moslemi, M., Zahravi, M., and Bakhshi Khanikic, G.BD10. Genetic diversity and



14

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

A0 Ol F o )L ¥4 il (55551287 ode alows) ol Sl g

population genetic structure of pomegranden{ca granatum L.) in Iran using
AFLP markers. Scientia Horticulturae, 126: 441-447.

Murkute, A.A., Patil, S., and Singh, SK. 2004. lira regeneration in pomegranate
cv. Ganesh from mature trees. Indian Journal ofieldture, 61: 206-208.

Naik, S.K. and Chand, P.K. 2003. Silver nitrate ardinoethoxyvinylglycine
promote in vitro adventitious shoot regeneratiorpofmegranat€Punica granatum
L.). Journal of Plant Physiology, 160: 423-430.

Naik, S.K. and Chand, P.K. 2011. Tissue cultureiated biotechnological
intervention in pomegranate: a review. Plant Celp&ts, 30: 707-721.

Nataraja, K. and Neelambika, G.K. 1996. Somatic rgodenesis and plantlet from
petal cultures of pomegranatynica granatum L. Indian Journal of Experimental
Biology, 34: 719-721.

Petri, C., Alburquerque, N., Perez-Tornero, O., Budgos, L. 2005. Auxin pulses
and a synergistic interaction between polyamina$ ethylene inhibitors improve
adventitious regeneration from apricot leaves androBacterium-mediated
transformation of leaf tissues. Plant Cell, Tisand Organ Culture, 8205-111.

Pua, E.C. and Chi, G.L. 1993. De novo shoot morphegis and plant growth of
mustard Brassica juncea) in vitro in relation to ethylene. Physiologia fRiarum, 88:
467-474.

Pua, E.C. and Lee J.E.E. 1995. Enhanced de nowi siarphogenesis in vitro by
expression of antisense 1-aminocyclopropane-1-ggtai® oxidase gene in
transgenic mustard plants. Planta, 196: 69-76.

Rai, M.K., Jaiswal, V.S., and Jaiswal, U. 2009. &hmultiplication and plant
regeneration of guavRsidium guajava L. from nodal explants of in vitro raised
plantlets. Journal of Fruit and Ornamental PlargeRech, 17: 29-38.

Sridevi, V., Giridhar, P., Simmi, P.S., and Ravisker, G.A. 2010. Direct shoot
organogenesis on hypocotyls explants with collgrare from in vitro seedlings of
Coffea canephora Pierre ex. Frohner cv. CxR and Agrobacterium tamienhs-

mediated transformation. Plant Cell Tissue, anda®@Qulture, 101: 339-347.

Terakami, S., Matsuta, N., Yamamoto, T., SugayaG8mma, H., and Soejima, J.
2007. Agrobacterium-mediated transformation of tlhvearf pomegranateP(nica
granatum L. var. nana). Plant Cell Reports, 26: 1243-1251.

Valizadeh Kaji, B., Ershadi, A., and Tohidfar, MOIB b. In vitro propagation of
pomegranate Runica granatum [.) Cv. ‘Males Yazdi'. Albanian Journal of
Agricultural Sciences, 12(1): 1-5.



e laiad 0y 25 e w Ol b3 ale 5 2 013 Js ¥

23. Valizadeh Kaji, B., Ershadi, A., and Tohidfar, M)13a. In vitro propagation of two
Iranian commercial pomegranateBuica granatum L.) cvs. Malas Saveh and
Yusef Khani. Physiology and Molecular Biology oBRts, 19(4): 597-603.



