(4ollad 93) Ol e S G H 4 4

x Voo o sl 3 sles (91 0obeds o
< s Ya- tdsmio o slods

http://dx.doi.org/10.22077/jsr.2019.2583.1103

(Crocus sativus L.) oyl yae ) yo puiimnn e 21530 9 jope woll5 g1 g jLwaias

" ot sleama Foolpale 0,05 1 glilil e L adble
Ay olBSls (65,9liS 0uSidls (DULS FMal g el 09,5 (DUBLS Mol A, al )l bl IS aBgal iils -
VYN i oy Bydio iz o olSils «(65,0laS ouSiiils «bls #Mal g celyj 09,5 Lobwl -
iz o ol8ls ¢(55,0laS 0uSiidls (ULs ZMal g sl 09,5 Sliwl Y
Email: a.izanloo@birjand.ac.ir : Jss soiws

QMY 1oy g6 QAT il yo g,

TN

ool b o (o)) Sluoguas dgute 14 9 g0 plnil (o gy 2 yb 31 Ll ] iS5 4 0091 s 9 Aialey § (LS 3l
=) Glpogas dgug 4 S sl cuwlio 6,5l CBl CulS (559U .l o jod Ly dgucms b S Lol sla b
ag olabd g9 p puiiamo i (21530 9 1o el Wl 6l b JSTg @ (2liiws Gz () ) Bud ably o0
@) Jsl pilol o plwil (oo 3 eIl ol g Wl sy Jlgte (alojT 90 Gz ol 50 090 o215 olAe;
9V ) g duw 50 plaS 12 BAP 92,4-D widy ousiS pudiid 99 g (g )l 59) diged 1y £ 99 1ol oSl amw b o 9a51
Jool> ilakad a5 099 oyl 51 (Sl w5 Wl ol 3T gl .auo,8 |y fsaff )l )5 gy 4o Solad Sols T <JB o (Ymg/l
aigodja ) 5500 glgil b amuliio 53 1) (Ao, AF/TY) (walls' wo yd oyl 550l sLodi (59 32 oo JoSid glaaiu )
(o0 YF/FA) el oy g JuSis (gl dauxo (39 yigs BAP (Y mg/l) g2,4-D (Y mg/l) s9l> MS el bayxo aisld Jusid'
)9 24-D(+/d mg/l) o> MS cuiaS bauzxo yo ool Cawds S wellS Jjomir L wallS wdgi (gly .09 dd lxhd o
29 ST il b (90Lad SalS 25k B 50 i 9iS6 halajl Ky i g0 sglike 4y iud culiSTy 5 Jiie BAP(YMo/l
ABA( Mg/l) ggiomo L g 3,5 w wuo o (el (se5mo b 9 (390398 (99 (MS JolS' g MS il ) gedaww 99 53 oS’ glabansxo
4y L) ABA (Y mg/l) (gimo JolS MS bapmo (x93 (6] 32 banimo (0 i 319 (LS gt . adad )57 1,8 (s 2 9590 9 Jiho
G50 MS ol CulS bauzmo a4y 5 e rled 9 0l y jelido 4y 4Bl gai glairmir (51510 (SIS (s 392 (B 51 F/AY (5905
518 ABA(Y mg/l) gg5xa MS JolS cliS baumo 0 &S g ol 5 camfllan ol oo G (ol o ool Jiio 5,05l aoyo il
WIS LS 2155k a1y STy (o e cadsls

S by« Soiloguw cpuder (il y 00sS puass iy :6"\"'15.. 6Lboj|3


mailto:aizanir@yahoo.com

VEer Okl 5 ole ed gl osled cags o <Ol jae 5 sla tagy 4,23 ¥

L MS™ clile o cnS lase ,o an sladigedss,
ol gleoaS e Gilie slacdale ) ooli
W0ges =@l duo s g8 LS L 0l g BAPfs 2,4-D
oolitul 3 g0 ails> 4y saze pled (gl o wsllS lan
e (8 e odal Cewds gladBle s 5 18
NAA® T )5 0,8 Lo 10 sol> MS clale s cuas
oy o yd 90 9 KIN'L BAP 2J j5 6,5 Lo /)
lahietal.,) o podis, abn o> 5low LS5,6
(Isa & Ogasawara, 1988) I,l5Lul5 5! ¢ Ll (1987
Lo jo 4 gbedigess, 5l eolanl Ly o5 welS

S BAP s NAA Liliso clacdile g5l MS coss
oilw a0 Ve 5 glos 5 (S0 Ll ) L] 58 g0
ety (ol w0590 Gl sl cenlia 1) SIS
(George et al.,, 1992) Koo § 7,55 25,5
P g 00,8 Sl plyhe ab (cotem po sla A
) 24-D gol> MS et Lams Ll s, olgs
S30388 S 3 (5 p5e ], (10 mg/DKin 5 (vmg/l
Olew ;o aaSly 5 w3,8 A1S Glyde; el Sl o
a8y 3 5 2Dl 5l @Vb 4z e ciS L
) IAA sol> MS csS Lagme wols lis | b uglls
ks (V- -mgl/ly ABAY (v mg/ly Kin «Ymg/I
95 ooz (2lipled oges il ) 59,5 wglS
£)5 e S sLIs MS cllalé o mle oS Lagme o
o b Lo e LS5 5 08 sl ABA 2
) Kin 5 (v mg/l) NAA s> MS cis’ Lo
5 lsbles .(George et al., 1992) ol cows (FMY/I
o wollS ausly (Milyaeva et al., 1995) | Soa
LS el BAP § 2,4-D ol cesS Lms o 1,
PGk 10 ol caS Lo 1) Lo gl e
&3, 2 oails> b 0is,S Jizie BAP 52,4-D i o
35 Gialzl a8 wols les LT el LSS b wsllS
Sade il g o el ol 4 e 2,4-D Jlads
ol balg> jsals 4y BAP uSgin
b sk o 0 a8 el un] B (Siloges 2500
EZORRUR JE PIVRPCRCE O P TN N PP,
bl a5 05l oo (T8N0 e S 255k & e

5- Naphthylacetic acid
6- Kinetin
7- Abscisic acid

doddlo
dlo w255 (Crocus sativus L) el oyl e
5 S 0aldl L ladaime 51 oramg atals 50 a8 o
Olyies olE 05 o etz b Lilw! 51 St das
Gk 3l Byo o 555 5 0oy el (S5
by eSis pas 0,5 o0 planl boasy alwsy (sdas,
Sl gogame pliaes (o ddshis 5 Cle 4 o
Sl W p (Fie S5 Mol sla g, 08
Oly odle aibige Jpame CubsS g CueS S
oobol =y olies o (Bl (S5 Es5 v
(Grilli cesl ooy 5,155 50zl Olidss S gl
Caiola et al., 2004; Sik et al., 2008; Rubio-

Moraga et al., 2009; Fluch et al., 2010;
Siracusa et al., 2013; Nemati et al., 2014; Mir

S g 05 enl,d a5 J> o et al., 2015)
mr egre oI5 aeliy g5 e £g,h alal (S
Sz Gz S5 s B Cenl (559,0 d 0gd
=i s PR oot Slae AnS s
S 5 3 ogllae (S5 £95 45 (68)lge 50 098 Sl
G s 37 90 Sl a5l L g )5 3929 ol
Broertjes ) 54 oy 555 ool el wilgs o !

(& Van Harten, 1988
09> 2hioez LS 2k s b ciS sla s,
S92 (Sl goaaie (JsUge slajlnl g (Al 5 eadnd
Slul 6lp 1) albcas 3 5 009 wllos slvdy sguil a5
Slgo g 5z olge 5l aded (59,0 ool &b 5l ggi
T UL 4 g ugllS sl oS o ol 3 oaiS sl b
g5 Wl sl oo )lR! Oy @ el (2550
Sy50 40 (goaxin Sldllas 0sd o Slpiien o
3 et e el Gyl Sl plides olST 255k
mazalS alisl g olies o gl seelecidss Sl
Ding et al., ) oy an sldgein, 5 B sl
Lo o ldigeiy, a5 (1979; Ding et al., 1981
S0 oS s dlahi et al, 1987) o \SKea

1- Indole-3-acetic acid

2- 2,4-Di-tert-butylphenol
3- Murashige and Skoog
4- 6-Benzylaminopurine



V\...O‘,@j)bwﬂ.&dljj\{j‘jﬁw)\fdw\éjb%IOb&wjbu&)a

O slaytle Ghls 65,5 alese o baeglls
do J) o s 69,5 S slogiz b i
CeaS Ao b lam 1595 o 4 CaS alie
5 (0ekssS 9 pim o S1IS) (b SO Sl 4
o shle) a9 o 4 ahe Vel aw
23 A 9 e S ehsS S L el s o
Sy CiS 4 90 vga S o oy g0 (0 e
WS (oo Job (b 90 (Slogw slagmix Esh
oKea 5 ol,eel (Blazquez et al., 2009)
O] Cews 4 cg> (Ahouran et al., 2009)
Wgeiry Ol 4 an okl ol Lo slagglls
O MS Wl cuis b ;o baigely ) .ais,S solatul
a8, glroansSeelas 5 55l yd ;5 05 Ye ol
yd 0,8 Lo ¥ o /0 ) slaclale LNAA 4 BAP
5 S,b dal s jo caiS olo g0 5l ey il ools 148
Sl i o5 il ax 0 YYEY gles o
S S99 sled )0 (20,5 D) i slaeslls
oaalio NAA o BAP (slagygeyso 5l yid o 0,5 e
4Y ;| (Bagheri et al., 2017) l,S e 5 (5,80 0
a4 ol ¢ e Joo G sgus s 4 SL Jsle
a0 an ol 5 loacls i 5l e gl S Cuslied
ldigais, coiS b Ll 50,5 oolitwl digess, olgre
2,4- gNAA BAP Lalise glacdale LMS Lo (o
az,0 VoY gl jo (S50 0 ol 4w o 0 D
L (oo V) limsllS oliee ¥l ool il
53 4 loasl iz S3L ke 4Y sladisesn,
o35 shon o5 s NAA S5 45 0.5 Lo 55 55l Lo
OHler g ol5as o, 58 BAP oJ
a oS 4 oldd eS| (Safarnejad et al., 2016)
Sl U MS iS5 b 3 digeis, oy
L oS Ul sln e (e o Spes9n Rl
Pk Su s BAP 2 p0 05 e 55 g5l Lame
iy BT eizmen wis)S ()l55 2,4-D d o
MS L Ll aioges sanlice Jame ol o s |,
boe oe [, NAA 2 50 05 (e 110 (55l

W3ged )5 iz (Gialsz 9 2o sl
Wl (39, ol 4 (Sloge 2l (SIS sk
pee sladiz Sl (S Wl bS5k sl

sl aile 1y JelS ol a4 ol bows g Jiaile>
sya> 5 ) bdgen, 5l ome el
9 l}}ﬁ] .‘a..uy NAA 9 BAP M) (_SLQGJ.HSQ.».E.U
oolyeupl pl .o plil (Ahuja et al., 1994) -l Sea
4 %5 (Ebrahimzadeh et al., 2000) .,Sen 4
ookl b oohies o e glauslls ol
buzmo 4 Eob sl amy (s 09,5 (bl iz £k S
Wdged (Sialer 4 £9,0 lacrizr g Wad i 500
clalé s cuiS how 4 Sz sledles ol el
sleazals LSi5 & 20 BAP g NAA g5l> MS
Karamian, ) ;le,S .o ads, ¢ a8l slyls Jals
21 SSlog @l Gk 5l obS 255k (2004
C. cancellatus .C. sativus) Crocus 455 lo=>
A8l v ;o S L (C. caspius 4 C. michelsonii
S o p Sk Sz gl LS ctS e o
boe (pizren BAP 5 NAA (lagyge g0 5l plas 0
Mz b oS5 ;0 24D 2 o0 S e Sl
|y Seilogms 2licmiz slp LS i 50 0,5 e
9 (Slogw (i ged AlBue o lpe 0,5 818
695 sz b dvs sla w5 a5 ol svalic
Ole 50 s Wb slo oy s Jaue ABA
Si8ls> GAs ;i jo a5 Lo YO L ot ié laysme
JUE! 5eyb 5 JulS slaamalS ool 53 wisges
S5 G MS clale s lase 45 00 wils> sl
BAP 1 )3 o5 ke o g NAA 1) o 05 Lo
30 oyl celh e g 6 Celw V8 (6593 0,50 Cod
OLhen 5 s dL wael cwwss Y4°C les
MS cuas L. ; (Blazquez et al., 2004)
pAke 1N 9 BAP 2 jo 005 L 1O Loty 8
solitl Ssloger 2l3emiz Wl sl 2,4-D 2d )
3l MS S Lo o 5w sla wglls .06s,S
sl 5 p ke 10 5 BAP 2 s S e S
Slabad ciS 5l 69,5 iz slawdlS U oanS
.(Blazquez et al., 2009) o Jol> au 5l dgaiy,

1- Kin



VP Ol 5 5l gl oyleds cw&colﬁjéuﬂ)}éqﬁf\'

S sl az )3 WV e gles o M5l 5o Jilws plo s

INERWINY TRV [PV TR (IR VRPNV O G W ot Y
Dgaiz) gl 51 ool adgi Ol anglie sl o
(Cormy) g0l an 3l e Jue ¥V Sladad (V ol
(Y (Cormy) e po (2l slyls an wlekad (Y
o5 (5,0l slaan 59, 0 LSCiS slaan ) lalad
P les o Sob Lld e S o bl Lyls
sleany, wlks (F 4 (Cormlety) o 5 ol ax 0
Cormlety) acs ;9,0 pebims 250 51 Jol>
O ypar ielesl .o soliiul (IZanloo et al., 2019)
BBl 5 SHIGs aigeii) £5 ez b ey
5 Y ) gl 4w 4o oIS, BAP 4 24-D Galise
Ll LS5 iy 5o 2olas SlS &,k LB s «r mg/l
Ll 55 ol 53 S (sl 00l plnil glaceiS oys 5
0,90 by .l (5, VEYF C sl 5 (SO0
3 PO 8oy gl 51 gl athn ot
5 on 050 Wl Dlids 5 gl cuS 5 GusllS
Sy oad JSi ugllS slasd s S 15 L)
Olyre 4 IS5 0 )0 digeln ) ol S 4 beaigeln
GrSoilal gl ol ad )3 Jlas o a0 ywgllS ws o
T U S plie » rar 2okl g5 coidsS
5 St ladllS saias plis S a5 ul el
Ve slam og otz 9 (rhg) SlagmgllS gty g 059,55
Oleg cpl 0 conw 055 A, JiSTas 4 o wellS aian
slp iy caSly Gl bl 51 oo
g Wb gl laasnd 5l SaS 5 5 (9 s pSeslul
Sy S ey 5l eolid b il gl
(Schneider et al., 2012) os (.55l Imaged
b slewdlls o ool i <l jshaie o
i base a4 392 Ghalejl o edel Canny ZlS
' mg/l) 52,4-D (- /16 mg/l) L oas e MS LS
slod 5 SO0 byl o 1) bews 5 Jaue BAP
O 5l dm g dial (6,lagSS ae e o 4 VEYFTC
Form ) g om0 i W sl
S o g abols b Jlste [l 55 sl aguslls
sehiie 4y puorw 00l CuiSTly ouls SO oo o olo
S b i lagesls ials g ples olxl
kS rd 4 gl 4 LS a5l Lol gl
ook MS chales e lase ) ol Jiie

@lplwl Gizren b lhe; jo Sl s o p)lS
e Skl Sl ke ol) WlEoe pudtan il
Ay g skl all S pl jo end inF lagyslS
kol Jolpe plite s slaan JSas g aBlo il uglls
Jore (nl S5t 5 J S s eulias o 2l
Lol g ased (49,8 (2l aelin o g5 5l 1S
2 Subgo g Sl (Gl ditane e 2lpll 3 5b
cebin gy (S 4l (35,0 @i aeliy
wbS 255k webl slagts; g wollS cenS 5 Sl
-Canezr w5 Jbyt 5 o sleles iloainge
Slo 5 3590 collae slagss slp 4l i slo

(Xu et al., 2012)
sl (g3luaingy Jsl pod 5o Gaiow (nl B (nl i
Silooglhas 5 (Sslogw liomiz g ogllS ceiSy
sloolial b lyie )0 paditna e (21550 10 Ll
Dy ciS lagme )5 Gl (Sgeyse LS g cdale

gy 9 Slgo

olelym plewl @l bl olyae; gl 5l leas
JRUSREERTRVI 5 6)51&‘*’.' AT oloye jo ggi>
5 Silelaz 05 V-A G5g 4 S8 g el slaasy
Sde 4 dls (g9, 5l o pudd 5 S5 50,5 Bis 5l e
b g ol S il 4z o e gles jo ole can
sbalsz (ml s )3 SIS L wuld ()l
aupy Mg g OGN pige & g9y0 (e g el
ol b Ll onl 5o oul adgs slaas sy wioged
Ugai) gie o plaie 4 ool B (3
Qs eolaw! laewss 6‘)—3

o (Soiend gy 5l dadigen; Sedend ln
(zanloo et al., 2019) .|, Ke2 g sblpl glad>,0
DB 3 ;0 L 0D Sgaeds slaan ol olaiul
S lamo (0 g e A5 050 Silalad 4y |y il
Voo mg/l g 8T A O/ 5L Y g/l s> MS
BAP 9 2,4-D Wi LgL:ao..&;.LSME;S 9 Sl u_iu)gg.w—‘
eSS plaS,e 5l Y MO/l o ¥ O bz slacdale (o
RYVIRWINCEL P ESUIPH F SR L IPESRTA RN R AL
5@5;&“5140:@@@&//\ ojb.b..,zapH
oy e Ol gyl o 5l eolinl 050 Slg



Y0l 53 it b (21550 5 o o8 Wl Solwag (0L 5 Olis s

)8 QP}T 390 30k sej0 7 lils slajles Jolie

liome (eslls a5 W Sliolesl 51 ol =
Wlodd g p25 13w (nl 53 253k 5 (Selege
oyl

PSSy a (Fely (ad b L egllS St g5
Say AL 93 90 4F 39 ladigeiy ) (59, S5, S U
g o5 il 4z 0 YO slos )0 (6,518 5 S
GS 0 W8 A sallh o Jy b csslie SHLU
Ol 0 JSaS (omgllS s 0gr (g 0aiiS dats
3loads lax sledigeis, jo wollS LSis slaailis
o o Bblie Gl gladigein, 5 bas o)lgo
Wl oud wollS LSz ol jo a5 gl (gl iog
as 54 Y MY/l ploS,2 BAP §2,4-D ge,90 ,les
olo SO o oadlive Sl s (ol S 1 e 59, Ve
U5t oBle ol Sl ey s 59) S 5l
Ny S Y 5 285 Ly o gllS w ) (ugllS
guiﬁ 69y 9y S gy s 0030 Al o (ol 5o
Jolre 53 02etS sy GogllS ol 25 5l g 0ad 005 LS
ey ¥rslam oS S g0 a4 dlegy cnl o
a- - JSs) el STl b yugllS cadgl S & )6
(C

el ceiS Lams =¥ (1/2MS-ABA) ABA 50,50
ciS lume Y (MS-ABAYABA 50 MS
L ey o gee MS O clilies
MS LS cus lase -f «(1/2MS+6% Suc)
L -0 (MS+6% SUC) 5,51 duo o s (sgixe
ABA Y mg/l sg=e MS clilens cus
Gyime MS Lol cosS e -8 (1/2MS+ABA)
05092 3 oy €5l sl (MS+ABA) ABA \ mg/I
Slpsin Gub id 0 a5 e YO e 4 GA3
Ebrahimzadeh et al.,) Koo 5 ooljeunl,l
Slawd e ol GialesT slasl )o ol eolal (2000
(g 5l e e il G jo 0 S lai
503 42,0 (A5 45 eluly Bz GegllS i
5 ohled (ALl 4ty 5 o)Ll slawi i

AL (G,
laosls oy (y905] uibily sz el 5 S
P9 SiS (s e slp (o) oS g o) 2
2 plnil i pled Oliee g iz olaai (S
38l sl olaiul b jloged pey g bosls il lg 4y 52
sloosls wib)ly a3ow 5o b sl GenStat 12"
ol delaie annlie s ¢ ol Gialej! 5l Lol
e ;3 MS JulS S bama L sl ot aumplie )
aglie (V MS clilens et lase b slo Lo
330 sl ey Jlie )3 ABA (5090 1l sl lous
30 5Bl o0 ¥ s sle,les anslie (Y g ABA

rd

324D 530,98 S 5 s9l> MS ol ClS Lagmo 10 Waigaiy 63y ooallS JuSid 9 el Jolyo ) JSi

w30 S5y i (Sl p ol Sl (b S5y b (Sl p (o Jlasy b wollS JuSid £4540 (a <BAP
(A S 3 s 395 Fr (Ymg/l) BAPg (Y mg/l) 2,4-D igeysn sloni 35 ogllS JuSci oo (€ cigoif,



VP Ol 5 5l gl oyleds cr@&colﬁjéhﬂ)};qﬁ‘"?

STy sless! jo wallS (F g pgo cliSTy lacal jo wellS (€ (Jgl clSTg Lot jo 3o b wllS 31 o brdiges

p9°

Fig. 1. Stages of callus induction and formation on explants in a complete MS medium containing
2,4-D and BAP hormones; (a) the formation of calluses with the appearance of a white bulge; (b) the
drying of the white bulge on the explant; (c) the steps of callus formation in 2,4-D (2 mg/l) and BAP
(2 mg/l) 40 days after culture, d) Examples of embryonic callus at the end of the first subculture, e)
callus at the beginning of second subculture, and f) callus at the end of the second subculture
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Table 1. Analysis of variance of different traits of formed callus in different explants with different
combinations of 2,4-D and BAP
Ol yo (uSleo
a9 Mean of squares
SOV. @l el Sl woys el Cuds wdd hE wd SUUS (y3s eI S 09
df Percent of callus Callus Callus Callus dry Callus fresh
formation quality diameter weight weight
Syeis 3 10489.5™ 17.84™ 612317.0 0.765" 0.382"
Explant
2,4-D 2 2063.8™ 0.26™ 60276.0" 0.127™ 0.068"
BAP 2 87.5M 1.18" 128959.0" 0.004 s 0.043"m
2,4-DxBAP 4 755.6" 0.61"™ 73902.0" 0.016™ 0.038"™
24D X wsos) 6 321.3™ 0.30" 8314.0" 0.002" 0.0056 "
Explant x 2,4-D
BAP X &g,
6 458.7" 1.23" 990.0" 0.004 " 0.0078 "
Explant x BAP
%X 2,4-D X 84055,
BAP 12 353.9" 0597 193810.0° 0.052" 0.111"
Explant x 2,4-D
x BAP
> 73 292.1 0.78 51959 0.019 0.04
Error
St o2 2755 32.82 222 10.84 8.7
CV (%)
Ao oo plad |y a0 S g mhy Jlio ] mhaw jo e pe BB 8525 5 (5 )lo x5 4 s kNS
ns, *, ** Representing non-significant and the significant differences at 5% and 1% levels, respectively.
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Fig. 2. Mean comparisons of callus formation (a) and callus quality (b) in different explants from

mother corm and cormlet of saffron (Error bar: £SE)
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Fig. 3. Mean comparisons for interaction of 2,4-D x BAP on percentage of callus formation of saffron
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Sy,» NaAy BAP 4lgs jeam 4o wis,S 3,155 BAP
SIS Sl VU Sl 5 05 Shos 55 ke
5 o>y (Azadi et al., 2017) sls 59, (0o,0 4+)
@l e 0,30 (Vahedi et al., 2014) . Sen
L) b oolls a5 jl3 ols 0l sl al)ly 9 GugllS
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e ] 09 a8 Il 0 sl p3Y [y gllS L8]
Karamian, ) ssi oo oz pué slo wollS 505 @
@ Jos CSeSs el wellS pled o IS sk (2004
JSii ) o (g 5l (F 0 e g 09h oo i
"0 0l (i (A plgie 4 (Pl ol aaes e
S gam glacaSly (b o (oS ek g Wil
Blazquez ) auly cawsy S5 oz b wigd o
(et al., 2009

Feolies uglls ady g @l al>yo po SalosT cnl 5o
3l dsain, 9 2,4-D 9 BAP ui, coiSedas g0
bl gl ws eslinal Gl gleay
Erie EP Deied (F9ey90 Sl 5 G (60 Se
Ot e Sl 3929 (gllS 0B 9 JSCiS s digein
Soang, olS LS 5 ol (gl Wigeiin, ae
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MS eSS Lo 5l oolawl g (COrmlety) wisg s
Pl 5l o p S e ¥ OLeSe S 5 Loas 8
@l op e BAP 5 2,4-D ui, slecasSplas
Slalllas 3 (¥ JS5) ols Las |, a5 wgllS <Ll
llahi et al., 1987; Plessner et al., 1990; Chen)
cwie 515 (et al., 2003; Zeybek et al., 2012
Shiss wellS W, 2,4-D § BAP (alises LS 5
(Ahujaetal., 1994) |,San g L>gal 05,5 o155
sl 28 LS caS e jo anp, Olalad cnS L oS
oo NAA Y\ Y mg/l g BAP Yx\ Y mg/l L
b oeimen 5 (hops AF) LuglS LS5 wo)
louglS (n S
<S5 ,» s (Ebrahimzadeh et al., 2000)
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Fig. 4. Embryogenic calluses on the formed callus on the segments of corm in MS medium containing
05 mg /L 24-D and 3 mg / L BAP in successive subculture; a) First, b) Second and c¢) Third

subculture, respectively.
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Table 2. Analysis of variance for number, quality and degree of differentiation of somatic embryos
and number of shoots in the embryogenesis experiment

Olapo (uSlso
Mean of squares
axy®

ko of5T > ol e el L Slaas
S.0.V. R cad .. G god e
df  Number of Sl Embryo ety

embryo Quality of development ~ Number of

embryonic callus shoots

sess 5 0.0728™ 3.711™ 0.2839" 0.1526"
Treatment
clle i MS L anslio o JEMS 0 0.2715" 13.444 0.1022" 0.0259"
1) MS vs 1/2MS
ABA 3523 s aslin 2 ABA 392y (7 0.0500" 4.167" 1.1153" 0.4677"
2) ABA vs non ABA
St AN T Y T - 0.056"™ 0.0062" 0.18™
3) 6% Suc vs 3% Suc
e 30 0.0299 0.311 0.1194 0.0708
Error
Sl 155 271 181 52.9
CV (%)

bl ge doys Sy g g el e (o o e g jlo pme é aias Lis oS 4 sk g % NS
ns, *,** representing non-significance and the significance at the 0.05 and 0.01 levels, respectively.

Soleio Wlwg o g Wlao (il dlin .V Joua
Table 3. Mean comparisons for studie traits and orthogonal comparisons

Sl 0 Lol Slowi oS Oy Sl e Pl oS O 903 0 b Ll Slasi
Treatment Treatment Number of Quality of Embryo Number of
number code embryos embryonic callus development shoot
1 1/2MS-ABA 18.32%" 1.17°¢ 2.450 0.24°
2 MS-ABA 10.62" 2.17° 338 0.99 ®
3 1/2MS+Suc 17.062 1.17°¢ 373 0.8
4 MS+Suc 11.53abc 2833 341 0.29°
5 1/2MS+ABA 12.85abc 2.00° 4.282 2.28%
6 MS+ABA 9.91° 3.002 4832 3.682
MS 10.69 2.67 3.48 1.11
1/2MS 16.08 1.44 3.87 1.65
ABA 11.38 25 4.55 2.98
ABA os 14.47 1.67 291 0.62
No ABA

ABA 50,58 Gyoss MS clalé g cuiS Lases =) 5ol a Lo o plol oy iy Jlosiorl o 5o S31s yg031 51 ool b Slaws (pSilos dunliost
-4 MS+6% SUC)Y/N) 5,10 suoys (28 (sgiome MS il ps caiS Lasmo -3 (MS-ABA) ABA g0y MS ol ¢t Lames -2 ((1/2MS-ABA)
-6 (1/2MS+ABA) ABA =J 15 o5 o V (5550 MS clalé g coiS Lawes -5 (MSH+6% SUC) 5, 11e s yd (o (sgime MS ol caiS Lasoea

(MS+ABA) ABA :J 15 65 Lo ) 5ima MS LulS catS Lagoes
*The mean comparison was performed using Duncan's test at 5% probability level. Treatments including; 1) % MS medium — ABA,

2) full MS medium — ABA, 3) 2 MS medium containing 6% sucrose (Y2 MS + 6% Suc.), 4) full MS medium containing 6% sucrose
(MS + 6% Suc.), 5) ¥2MS medium containing 1 mg/l of ABA (Y2 MS + ABA), and 6) full MS medium containing 1 mg/I of ABA (MS +
ABA).
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Fig. 5. Differences in growth and differentiation of embryonic callus in the half strength and
complete MS medium; a) callus grown in 1/2 MS containing one mg /L ABA, b) callus grown in 1/2
MS medium containing 6% sucrose, ¢) callus grown in a 1/2 MS without growth regulators, d) callus

grown in full MS medium containing one mg /L ABA, e) callus grown in MS medium containing 6%
sucrose, and f) callus grown in complete MS without hormone.
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NS (e 00l SE5 slawellS (59, 2 Lo
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Oles 5 a3 disges sleiting [y LwallS sl

ot Skl SlagugllS Sl I ey Gtalel nl
P sk 10 gl MS S e 4y STy (pair
opl o aS Wl Jate BAP 65 L 4w 5 2,4-D
wiothe S STL (695 (G sla b sl Lo
Blazquez et al., ) ., Ke2 ¢ 355D ol o
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Fig. 6. Formation of contractile roots in callus grown in ABA-free medium and shoots and rooting
in callus grown with ABA medium; a) callus in medium containing half-strength MS containing 6%
sucrose with developed embryos, b) A callus grown in a complete MS medium, c) a callus in half-
strength MS medium containing one mg/l ABA, and d) a callus which has been grown in MS medium
containing one mg /L ABA.
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Fig. 7. Shoots produced from saffron callus in MS medium containing 0.5 ml 2,4-D and 3 ml BAP at
25 °C with the photoperiod of 16/8 hours
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Abstract

Saffronis a sterile triploid plant which is propagated by daughter corms from the mother corm, thus
improving its agronomic characteristics has been limited using conventional plant breeding. Tissue
culture technology is a useful technique to improve crop characteristics. The purpose of this research
was to find the appropriate protocol for the induction of callus in parts of saffron corms. A factorial
layout based on a completely randomized design was carried out with plant growth regulators 2,4-
D and BAP, at three levels (including 1, 2 and 3 mg/l) with five replications. The control samples had
no growth regulators. These results indicated that MS culture medium supplemented with 2 mg/I
2,4-D and 2 mg/l BAP was the best culture medium for callus growth and formation. The purpose of
this study was to achieve a suitable protocol for inducing embryogenic callus and indirect
regeneration in saffron. To achieve this, an experiment was conducted based on a completely
randomized design with four replications using two growth regulators such as 2,4-D, 0.5 mg/l and
BAP at three levels of 3, 4 and 5 mg/Il. The results revealed that there were no significant differences
between treatments. Then, these calluses were sub-cultured into two different levels of MS medium
(half-strength MS and complete MS) without ABA with 3 and 6% sucrose, and with one mg/l ABA.
The factorial layout was conducted based on a completely randomized design with six replications
to study embryo development. The results indicated that the best medium for embryo development
was complete MS medium containing one mg/l ABA. Finally, in order to growth and differentiation,
these calluses were transferred to MS medium with 6% sucrose. The observations indicated that
calluses in full MS medium containing one mg/l ABA, had the best reaction to regeneration of
saffron.
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