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Fig. 1. Mother plants.
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Table 1. Effect of different cefotaxime concentrations on controlling of bacterial contaminations and survival rate
parameters.

G 2 5 o) oS s cdile bt (Soll el 2o
Concentration of Cefotaxime (mg L) Bacterial Contamination (%) Survival rate percentage
Cefotaxime 0 97.75+0.51%+ 1.31+0.63¢
Cefotaxime 50 22.84+0.70° 24.52+0.62°
Cefotaximel00 0.00+0.00¢ 100+0.00%

+ Means in each column with the same letters are not significantly different at p<0.05, according to LSD test.
Each value represents SE (%)
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Fig. 2. The effect of different cefotaxime concentrations of bacterial contamination parameter.
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Fig. 3. The effect of different cefotaxime concentrations on Survival rate percentage parameter.
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Fig. 4. Bacterial Contamination.
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Fig. 5. Fungal infection.
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Table 2. The effect of different concentrations of BA and type of medium on survival rate percentage, leaf number
and shoot length (cm).

S o ool oy cdale Sy ol (Foo 5lw) o )luslss Jobo PERWEIR

Medium culture G oS o) Leaf number Shoot length (cm) Survival rate

BA (mg L) percentage

MS 0 3.97+0.37%F 1.57+0.06°¢ 49.13+1.41¢

MS 0.5 7.40+0.322 3.41+0.09° 100+0.00?
MS 1 5.57+0.34° 2.2040.11° 84.22+2.49°
MS 1.5 2.79+0.33¢ 1.29+0.13¢ 64.66+2.58¢
WPM 0 3.17+0.42° 1.46+0.20° 42.45+1.49P
WPM 0.5 5.38+0.36° 2.08+0.20? 76.49+4.91°
WPM 1 3.09+0.32° 1.53+0.10° 52.66+8.77°
WPM 1.5 2.08+0.33° 0.79+0.08° 26.53+0.40°

+ Means in each column with the same letters are not significantly different at p<0.05, according to LSD test.
Each value represents SE (%)
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Fig. 6. The effect of different BA concentration and type of culture medium on leaf number parameter.
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Fig. 8. The effect of different BA concentration and type of culture medium on survival rate percentage parameter.
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Table 3. The Effect of different concentrations of BAP and IBA of leaf number parameter at the proliferation
stage.

Oyl Jy

BAP (mg L?)
sl S g1 Syt 0 1 2 3
IBA (mg L?)
0 5.36+0.23°t 3.90+0.33¢ 6.78+0.322 4.97+0.22b
0.1 2.86+0.16° 4.87+0.25° 7.77+0.172 5.53+0.26°

+ Means with the same letters are not significantly different at p<0.05, according to LSD test. Each value
represents SE ()

oy jls gae B ol F ks alie Gy, sl slanSile o plosl 70 Jleil gdaw ;0 LSD 9031 lal o uSileo gl

t_f).gokbu“
‘/\ bc‘)@BAPr‘Jf(:;‘éJ.mY)Lo..uﬁcssLerqd.:BAPrJJ:ra;&.ucY)Lo...:gbuuds\b‘ouuu\\ LILKMJGJL.J

F9 il gyl gme JI S poolawi Chs B IBA jaax L iz er (Sl 0529 (5 lo se Dol IBA 2 5 65 L
8 GliEl 3y olaws BAP ol 8l b clls Sy slawd Che p s)lo gixe SIBAP joa>

1 mIBAO OIBAO.1 a

Sy olass
Leaf number
1o

O P N W b~ 01 OO N 0 ©
1

1 2
G 2 p S ) Gomee! iy cdale
BAP concentration (mg L)

0

Sy olass 5 IBA g BAP Galises glaclale 51-VY S
Fig. 11. The effect of different BAP and IBA concentrations on leaf number parameter.
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Table 4. The effect of different concentrations of BAP and IBA on shoot number parameter at the proliferation
stage.

Cassieel sk
BAP (mg L?)
Sl SG g Jguk 0 1 2 3
IBA (mg L?)
0 1.00+0.06°+ 1.3240.14° 2.41+0.162 1.32+0.16°
0.1 1.08+0.08°¢ 1.55+0.25P 2.90+0.082 1.544+0.08P

+ Means with the same letters are not significantly different at p<0.05, according to the LSD test. Each value

represents SE (&)

b 5o o gime M il (S olo alie By b lacnSilos o plul 70 Jlis! o 10 LSD 5051 ol 1 laensSilos dnglio t
axib e 7 0 Jloxs|

0 )l Ll olows

sa> Lola b g 9 BAP ) 06,8 LoV jlews 90 )0 o,lelis slasd cp 5 i a5 olo lis s VY S (o
u.o..aw‘)o|BA)~J)J.n;‘éJ.m‘/\ )WMOMM@?L&JLD)WMUMSMO&LMIBArAjfﬁ;&M‘/\
D53 )0 cxe IBA g BAP 150,60 90 (po bliie jil a5 ol cdalive gull 4y axgi b Jg oo )b e mli s amgi b

3.5 7

. mIBA0O OIBAO.1 a

N
N ($2]
1 1
o
—

Shoot number
=
(62
1
o
o
o

o bl slaws

o
(2] =
1 1

o
!

0 1 2 3
G 2 p 8 hee) Gygoisl s cilale
BAP concentration (mg L)

oLl slaws 5 IBA 4 BAP Galises slacdale 51\ Ss
Fig. 12. The effect of different BAP and IBA concentrations on shoot number parameter.
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Table 5. The effect of different concentrations of BAP and IBA on shoot length (cm) parameter at the proliferation
stage.

Onmesl Jy

BAP (mg L?)
Sl S g Jeol 0 1 2 3
IBA (mg L?)
0 1.48+0.05% 1.51+0.052 0.96+0.01° 1.144+0.06°
0.1 1.31+0.05P 1.96+0.042 1.04+0.05¢ 1.17£0.02°

T Means with the same letters are not significantly different at p<0.05, according to LSD test. Each value

represents SE ().

o 5o I gime M il Sl alie By b slauSiloe ot plol 7 8 Jloio) o ;5 LSD (9051 olaol b psSilis asliia t
il o 70 Jlezs!

(o gii) o s Lt J5b
£S5 e VLo 5o (o il VFA + e 6L VBN oo 5 ay) o )lus Ll Jobo (g 5 yim a5 0l ylid s VY S o
Job xS aid canlice (g o s Dol Jlowd g0 (1l o aS Al cowline vali jled 9 IBA jea> 500 BAP o (o
L5 b 08 oaslin IBA 22 s o5 koo </ 3 Lolyon b5 lesas BAP 12 s oS oo ¥ Lo 3 oLl
Ao lo gxe IBA 9 BAP (1o Lliis Sl g ST ja> a5 ols

2.5 A
m|IBAO 0OIBAO.1

a
a a
1.5 ~ b b
C
c d

1 .
0.5 ]_—|

O — T

0

Giastibo) e bt ls Jsb
Shoot length (cm)

1 2 ‘
G 2 e S Gumsiel e il
BAP concentration (mg L)

(o glo) o )luslis Jsb 5 IBA 3 BAP alises glaclale -V Y S5
Fig. 13. The effect of different BAP and IBA concentrations on shoot length (cm) parameters.

YaA


http://journal-irshs.ir/article-1-582-fa.html

[ Downloaded from journal-irshs.ir on 2025-07-09 ]

(VT P ¥ b TAY (slodmio ¥ oylas FF als 5l UL (538 5 aple alxo

Az CulS e 4 0l 0gr sleasligl sasme SS9 olaslig SV S
Fig. 14. Shoot regeneration and subculturing of them in a new medium.

sls 5 IBA L ol jan BAP 1210 S
Fig. 15. Effects of BAP and IBA on shoot regeneration.

2 l0jusS als> o

Slgce 2Lk (2B sla Sogll 1wl lals )lw ady 5 iS5 gladnd 9,0 <atS | Baa a5 Sl
2SS e laaiis a5 31 g9 5l oage Lo Sogll 5l egi cnl JyuS a8 3)ls ol ]y 6 pdb Ol Jleas laackd)
E5e5 31 S5l 53 ipn Joe 5l (Ko (rlam (Sgieas Al o 1) el JStia Lo Wig 5o 8l SiS Lanoma (53,
s b sla F5lT e ol 53 blige Sl iS ol (b Masisains; (55 2 Sl 5 25 sla T
) 258 sla Sogll Ve Selst JSU 5 s ol g Jolome Glojad 00,57 (Jg o onaline ladiges 5o, 50 gy
S 5 b oaalie laaigaiiy ) 53 (b Sl (Fogll LS iS5l 5, ez Togam utdS b sis p o 5l JolS j5boay
S5l s nl el ooy codguil (Sogll g8 5l alS ol 5o« b 2L (Fogll ool sl ool 4 nl iy ity
@b b Gl ol @b g ad Bk o5 jsbay 2 0 8 oo Voo i 4 S Uighes Sise (T 51 oolizul L
.(Kiani Feriz et al., 2005) cusls cllae g ladad g0 il g5, p ool Cawsa
| yisw! > o

Sleosi; Vb doys 4 gliws (T ol Bas 5 ablse gladed (9,0 CtS o al>ye o g il dl> e
Db g cudls 6 WPM ciS laoes 4y Coend MS S s | jal al> o 10 gl cpl 50 .0l oo digais
20 ($530,98 S 5 (n g Gizred ab odsline CuiS lasee (pl (0 S olas (5t 5 sl o 0 el Jsb

Yaa


http://journal-irshs.ir/article-1-582-fa.html

[ Downloaded from journal-irshs.ir on 2025-07-09 ]

3l s (65958 Sl 0 S0 Gl laiisS s j9a> 09 BA S p e S e 10 Lo ieiS Laee 93
Wang & ) oS oo s alsS sloo,Luslis g oog o, 00S Sgaze by S st oYU slocibals a5 wil o J>
o354 s Vb polie Sezg Jdoay WPM CeiS Lasme 4y Cores MS 2eiS Lagsme ,o 2 o5, e (Hu, 2005
o (Zarei et al., 2013) Ceol WPM oS Lases plys Sl Lo yis o] ladie 45 ool MS oS Lases o 3290 &l i
WPM oS Lasms 5l jigo MS coisS Lo ,o Prunus virginiana s ,sl s o 1l a5 col ool (5,155 bl pod
Liwgs odal Cawsd 4 gl (Zhang et al., 2000) cosls caillas yol adlas gl b o Kiwgh ol gl a5 «osl 059
o 69y (VA4P) )L, Ken ¢ Sl (Morus alba L. Variety-S-1) aiaw o5 S-1 ai jls (59, 0 (Saha et al. 2016)
a5’ (Morus. alba var shidareguwa) :ysiee &g5 (55, 0 (V2 10) Sil> 5 S 9, zlis (Morus australis) LIl
Ot Bl Sl Wilod 57 5155 MS S e | cetS anzme (e (il al> o) (5033155 Al e ol 5o
;| Conadria, Black Mission .ol o3, g0 ;0 (uizpd ol ool (5,155 MS csS lase 40 )9l g kil Layli
e ol asllhae cpl gl b oliie ol ol 45 wis,S solita] BAP ;i )3 o5 oo +/0 L ol o MS cuiS Lame
1 ol (Tahaetal., 2013) cusls cillas il Al po )5 S i ogasds o, loasS oy [gam 4 LS
P ke ) olyon 4 BA 3 j0 08 Lo | cdile obow sluygr 08, el il al> 5o 3 e 5 GUNVET oS 59y >
Lol 095 00y o gl yo sy o0 45 (6,10 paiged Loy JIL akaly jo BT GiolesT ax ST caioges solaiw! NAA ) o
SlooaisS wola j5a 5l e Lo GlaljT b cnl w0s 700 51 365 lagi o (Gloons a3, JSay (loj 4w 50 0
Sl a5 pl a4 ax g5 b ol by (Glnver and Ertan. 1997) cusls cillas )l aiul al> o )0 S g pgasdy 0,
s Slotigess ) 905 5 0 18 itge Sslite K3 b Sl 5 9 el 31 (S Clile 5 95 i 3l e S
CaiS Lo g3 e 45 Cenlaglis 5l ggi ol S L1 g o0g Dgliie ;K000 b caisS sladacma £o5 ()l 59, 2 o0
23,5 @lolid 1) 15 5550 Baa sl wollae
291 5y 4 yo

IBA 5 BAP wi) ouisS (o g5 55 5| (Jg0ys8 S 5 5 Sl L (e lis sl psln b pe 0
5 2l sloailsx sladigedss 5l eolinul (obojl, 1o Cudbse 4y olitws (gl aS wloo S (5155 (izen ol eolizu
CHYSL JLS & s iz 5 sl g £55 (8IS iz s ooty plul anug s il slaaily
{(Shahcheraghi and Shekafande. 2014 «Ning et al., 2007) ol oo sl (LS Laas gl p mrwy jlows wlie S 0

oo 3w ST lasgs a5 Slel (S 5l ailel e a5 Wad o olias i ol el pYL slacdale o oS g
ol el b giew YU s glacdale a5 Cuils dazgh ppe Hlows 4SS opl @ Wb cpl ply 0S5 .55l ol
VS 08y yezmil (6y515 50 a5 Wia)S (A1 Ken g Kumar .aisits leazalS ad gladed 5 (K55 slagslonial
clale il bas ol olas byl lislel bt sael cawsas BAP o a8 L ¥V cdale [0 5560 oylime (05 i
OLSer 5 Brum oz a cuils Cillas ol aslllas zli b o Siagh ol mls a5 b jzals 5,605 om0 BAP
Cwwddy BAP ) 055 Lo ¥ jo |, o)lus s slass o 5t o0bojli, alo e fegd ogad 0 a4 Wis,S 5155 5
eyas ;0 a8 Ailes S 515 o IKes § (s gisls (Brum et al., 2002) cusls Cdllas aslllas ol i b 45 ais 4]
O Ximgh ol bt a8 wal Cass W BAP i j0 0,5 Lo ¥ cllale (o) a1 i cdime a0l (goboly ) al> o (pego
al gyl 50 a5 Cunloals 3,55 abal) cpl )0 Cpi>ee (Hossini etal., 2010) cusls cillas ,ol> danlllas ol mls b
il Gl MS S lase )0 digediy ,o 5l ool ades slae lusls sloss BAP clale 20158l L YA C Yl o
ol s g sl Cawsas MS ciS e ;o BAP 2 10 0,5 Lo ¥ jles 50 o les L sl (nSike (0 YL a5 (5 9boas
A wis S )8 e 4 Demiralay (Shabani et al., 2019) cuils cillas pol> asdllas opl mls b o, Kangs,
aadls Hlebl g winy S 1) BAP o 0 6,5 Lo VU +/0 cdalé ol sluygs o8, jzul (gobosls ) poo > o oz
Sl b e ol s el Cawsay BAP ) o e ke Vgl S e (o o lusll LSSy 5 s &S
b o byl jga> g wigh oo camw | oletl codlé lagyST (Demiralay et al., 1997) cuils & plie pol> aslllas


http://journal-irshs.ir/article-1-582-fa.html

[ Downloaded from journal-irshs.ir on 2025-07-09 ]

VFR) P X 6 FAY (sloaxio ¥ ojloss FF als lul GLEL 958 5 pole alxo

S fsin 5o Woablugs Jolo BAP Calé ial il b igi o oo sl Jsb alidl 5 g i yo 0 isly uiS
ST (et SOl sy 0 S350y (rinlo Loyl oo 5 aBlusgi Slad (e osSins by &y a2 5 b (g0l (i 45 2L alS
et Sl g Sbnles anTd ez g Blugi adgl a5 Wl sleda ppe Sijedyse Jale S (S g
o)) bl ol wilg e BAP (s S aslsl (Murashige, 1980) o5 o pebits CotS bagms 15 (ypieS gims 5 (S|
g oad a2l Lol (Al g alsr )0 (et o SLRABL el 4 e oyl A5 WS Colbe (il s Cae

(Gomez-Leyvaetal., 2008) was yil3dl 1, oil> ailex jo  Joku pudi Cao oo

S5 4

bt 9,0 lags 5L Bi> (6l il slaialejl o 08, ol (sladied (9,0 Gl (55l j5late 4
3 S B g g 5T a8 ols ylis o tolej] ) gl ol plosl (5,51 5 al> o (5ludiny 5 ladiges sy adgl | anul
4 S MS 2l laee (izres ol 039 Jge sl (S950 2L SL elge B 0 i p eS8 e Ve cale
Vo) o dgaiyy il Loyl i o 2as ols 2ol381 ) Lol olS (690 9 ) Lal (5,00 cae 9l 44 WPM cetsS Laee
L wols L |y 550 Sl VU BAP 2 5 o8 (Lo ¥ Jloss (izen 5 IBA il .5 oo /) o jen 4, BAP
Sless ABA 5d 5 oS (hes oIV olyen 4 BAP i) o S (o V slajles )0 badigainn) aBle Jsbo 0 yiin 92g (0

Al odslie BAP 2 e S o) jles g calls

References &bo

-

Aroonpong, P., & Chang, J. C. (2015). Micropropagation of a difficult-to-root weeping mulberry (Morus alba
var. shidareguwa): a popular variety for ornamental purposes. Scientia Horticulturae, 194, 320-326.

Brum, G. R, Silva, A. B., & Posqual, M. (2002). Effect of different concentrations of BAP and NAA in the fig
(Ficus carica L.) in vitro propagation. Cienc. Agrotec .Ed. Espec, Lavras, Brazil, 1403-1409.

Demiralay, A., Yalcin-Mendi, Y., Aka-Kacar, Y. I. L. D. I. Z., & Cetiner, S. (1997). In vitro propagation of Ficus
carica L. var. Bursa Siyahi through meristem culture. In | International Symposium on Fig, 480, 165-
168.

Gomez-Leyva, J. F., Acosta, L. M., Muraira, I. L., Espino, H. S., Ramirez-Cervantes, F., & Andrade-Gonzalez,
I. (2008). Multiple shoot regeneration of roselle (Hibiscus sabdariffa L.) from a shoot apex culture
system. International Journal of Botany, 4(3), 326-330.

Gunver, G., & Ertan, E. (1997). A study on the propagation of figs by the tissue culture techniques. In|
International Symposium on Fig, 480, 169-172.

Hassan, A. S., Afroz, F., Jahan, M. A. A., & Khatun, R. (2009). In vitro regeneration through apical and axillary
shoot proliferation of Ficus religiosa l.-a multi-purpose woody medicinal plant. Plant Tissue Culture and
Biotechnology, 19(1), 71-78.

Hepaksoy, S. E. R. R. A., & Aksoy, U. (2006). Propagation of Ficus carica L. clones by in vitro culture. Biologia
Plantarum, 50, 433-436.

Hossini, A. D., Moghadam, E. G., & Anahid, S. (2010). Effects of media cultures and plant growth regulators in
micro propagation of Gisela 6 rootstock. Annals of Biological Research, 1(2), 135-141. (In Persian).

Kiani, F.M., Zamani, Z., & Ebadi, A. (2005). In vitro establishment of three olive cultivars (Olea europaea L.).
Journal of Agricultural Sciences and Natural Resources, 12(4), 29-37. (In Persian).

Mars, M. (2001). Fig (Ficus carica L.) genetic resources and breeding. In Il International Symposium on Fig
605, 19-27.

Murashige, T. (1980). Plant growth substances in commercial uses of tissue culture. In Plant Growth Substances
1979: Proceedings of the 10th International Conference on Plant Growth Substances, Madison,
Wisconsin, July 22-26, 1979 (pp. 426-434). Berlin, Heidelberg: Springer Berlin Heidelberg.

Ning, G.G., Fan, X.L., Huang, W.J., Bao, M.Z., & Zhang, J.B. (2007). Micropropagation of six Prunus mume
cultivars through axillary shoot proliferation, and ISSR analysis of cloned plants. Acta Biologica
Cracoviensia Series Botanica, 49(1), 25-31.

Pasqual, M., & Ferreira, E.A. (2007). Micropropagation of fig tree (Ficus carica sp). In Protocols for
micropropagation of woody trees and fruits (pp. 409-416). Dordrecht: Springer Netherlands.

Pattnaik, S.K., Sahoo, Y., & Chand, P.K. (1996). Micropropagation of a fruit tree, Morus australis Poir. syn. M.
acidosa Griff. Plant Cell Reports, 15, 841-845.


http://journal-irshs.ir/article-1-582-fa.html

[ Downloaded from journal-irshs.ir on 2025-07-09 ]

Saha, S., Adhikari, S., Dey, T., & Ghosh, P. (2016). RAPD and ISSR based evaluation of genetic stability of
micropropagated plantlets of Morus alba L. variety S-1. Meta Gene, 7, 7-15.

Sahraroo, A., Zarei, A., & Babalar, M. (2019). In vitro regeneration of the isolated shoot apical meristem of
two commercial fig cultivars ‘Sabz’and ‘Jaami-e-Kan’. Biocatalysis and Agricultural Biotechnology,
17, 743-749.

Seyed - Tabatabai, B.E., Omidi, M., & Torkan, S.H. (2015). Plant cell and tissue culture, 4™ eddition, Tehran
University Press. 368. (In Persian).

Shabani, Z., Abedi, B., Ganji Moghadam, E., & Tehranifar, A. (2019). In vitro mass propagation of ‘Myrobalan
29¢” (prunus cerasifera L.): a vegetative Rootstock for stone fruits. Journal of Plant Production
Research, 26(3), 167-177. (In Persian).

Shahcheraghi, S. T., & Shekafande, A. (2014). Micropropagation of endangered fig genotypes in order to
preserve genetic resources. Thesis in Horticultural Science (pomology), as a part of Master of Science,
Shiraz University, 83. (In Persian).

Shatnawi, M. A., Shibli, R. A., Shahrour, W. G., Al-Qudah, T. S., & Abu-Zahra, T. (2019). Micropropagation
and conservation of Fig (Ficus carica L.). Journal of Advances Agriculture, 10, 1669-1679.

Taha, R. A., Mustafa, N. S., & Hassan, S. A. (2013). Protocol for micropropagation of two Ficus carica cultivars.
World Journal of Agricultural Sciences, 9(5), 383-388.

Wang, P. J., & Hu, C. Y. (2005). Regeneration of virus-free plants through in vitro culture. In Advances in
Biomedical Engineering, Volume 18 (pp. 61-99). Berlin, Heidelberg: Springer Berlin Heidelberg.
Yadollahi, A., Ghasemi, M., & Ghasemi, S.H. (2016). Rainfed figs, planting and harvesting. Hormozgan

University. Press, 144. (In Persian).

Zarei, M., Garoosi, G., Nezami, E., Hosseini, R., & Ahmadi, J. (2013). The effect of medium, carbon source,
light spectrum and style treatment of auxin on shoot and root regeneration of gisela 6 root stock. Journal
of Cell and Tissue. 4(2), 169-185. (In Persian).

Zhang, Z., Dai, W., Cheng, Z. M., & Walla, J. A. (2000). A shoot-tip culture micropropagation system for
chokecherry. Journal of Environmental Horticulture, 18(4), 234-237.

Yoy


http://journal-irshs.ir/article-1-582-fa.html

[ Downloaded from journal-irshs.ir on 2025-07-09 ]

Iranian Journal of Horticultural Science and Technology 24 (2): 287-302 (2023)
Research article

Optimizing in vitro Propagation of Fig Tree Cultivar Sabz Using Shoot
Tip and Single Node Explants
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This study was carried out to optimize in vitro micropropagation of fig tree cultivar Sabz.
Initially, a completely randomized design (CRD) experiment consisting of different
concentrations of cefotaxime was performed to identify the best antibiotic treatment to control
internal bacterial infections. In the establishment stage, a CRD-factorial experiment included
two culture media (MS and WPM), and different concentrations of BA (0, 0.5, 1, and 1.5 mg
L) were performed to select the best establishment treatment. After four weeks, survival rate
percentage, leaf number, and stem length indices were evaluated. In the shoot proliferation
stage, MS salt medium enriched with different concentrations of BAP (0, 1, 2, and 3 mg L?) in
combination with IBA (0, and 0.1 mg L*) were used. The results revealed that internal bacterial
infections were successfully eliminated using 100 mg L cefotaxime. In addition, the highest
established explant rate (100%) was observed in the MS medium containing 0.5 mg L* BAP,
which was significantly higher than the WPM medium (76.49%). Also, the results showed that
the most significant number of proliferated shoots and leaf numbers were observed in
treatments of 2 mg L' BAP + 0.1 mg L IBA and 2 mg L't BAP (2.90 and 2.41 shoots, and 7.77
and 6.78 leaves, respectively). In addition, the highest shoot length was seen in treatments of 1
mg L't BAP + 0.1 mg L' IBA, control and 1 mg L't BAP (1.96, 1.48, and 1.51, respectively).

Keyword: Fig, Establishment stage. Cefotaxime, Proliferation stage, Survival rate percentage
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