10.22092/ijrfpbgr.2022.356127.1302 DO Il ki S o 5 g WL ol 5 S5 s e
20.1001.1.17350891.1400.29.2.7.6 {DOR) Jleuys 4nlis (VF+2) YOV-YFY amis ¥ )led ¥ il

OlRl P18l (o % 90 9 (092 hor 495 95 S3L51 55 Silwdug
(Ferulago subvelutina Rech.f. and Ferulago angulata (Schlecht) Boiss)

'“'*‘f,,\;o EVCRPRNPEIU W JAD DU I P
Ol e gt 5 p o883l o (sLib tign 5 SLEL poke 05 S s S ami gl il -
Ol e s b o Bils (LS poke suSlang (s oS 05 S sl —¥
Ol gt g o b ol G b pmige 5 SLEL pske 05 S oLl gt a5 Y

m.moghadam@um.ac.ir : s Sl

\YH/\\/\?:UZJ?;?—.CUU \AERVAZA :akﬁ).;‘cl)\s

oSy

ST 5 Asse Stla Joay peim ol gL S ol o)l e s Ol o 4 lae (Ferulago ssp.) Jsa (eosls oS
Frmeoh o8 K olptea oS ) (35 B o b e (1Bl (5 0 Sasay JLSes Jod Sl e Gl
Jele Jiom oo 255 53 3ba3lns ileang Bon b oo nl 5d i e S350 Sl 0l Gl 5 a5 el
5,8 G (aeys Vo) Foangulata &8 s oA Ao op it s p il Ferulago subvelutina 5 Ferulago angulata
mg/L + Ymg/L NAA -mg/L BAP + \/0mg/L NAA .-mg/L BAP + Ymg/L NAA b )les Cod) amad; 4540 5,
52 5 (\mg/L BAP + Ymg/L NAA .-/0mg/L BAP + -/0 mg/L NAA s lus cos) i S, K035, 5w 5 (-BAP
+ Ymg/L NAA .-/0mg/L BAP + -/0 mg/lL NAA (ls,les cos) s S, a5, 5, L F. subvelutina 4,8
2 o) S s B o5 28 S as Jols 203 VI/EF 5 VY/TY ol & 4 (Ymg/L BAP
¥£/88 5 OF/YY Jlais 4 o s4 F.angulata 4,5 5o o55L oo iiw aSgysba s Bl S5 b s sl
F. 45 ;5 5 o35 +/0mg/L BAP + -/fmg/L NAA , -/0mg/L BAP + -/Ymg/L NAA cbalus cov sy
mg/L + -/¥mg/L NAA , \mg/L BAP + /Y mg/L NAA b les 5o o ja doya #0 5 OV/YY ol 5 L subvelutina
A ooz oLl -/omgiL IBA Lle \/YMS eS8 e &5 50 » gl olaze, sls op g i Jol=\BAP
Sleasad 5 GBS 5l aos A ez 53 a8 ws el VN G55 Cond b anle 5 oy S oSl (bl s L850
Dz 5l b ga b o dame 3 il xS

A a.\MS(,..L...y A gas ) (ladad 50 cuiS ‘&.‘jj\é A ‘u’a\jﬁ\ B :‘_;.\.:.15 el

a3 1 50l it 5 alSians (aalS iyl 2 FPRE
5oL ol )3l da e ame s (go,0leS Olles Man ol il bl 5o oasls (LS b5 Ll

u‘j.qu 9 i Carex U’““JB\ S Vot Jrhs UJ\DQ jdufuw\)j‘@..bduwfﬂc\ajjdéj‘.}ja*


mailto:m.moghadam@um.ac.ir

o 93 L5, olane

I3 Pl 2 e 5 o Lsba |y oS il ols as
Jalili & Jamzad, 1999 ; Rezazadeh et al., ) <ol oals
B ol pmlin s W5 e LS il czS (2003
» LS b b sbowss s baS b,
Gz (@dor)s 25,14 @k‘w) Carb o) gl Il
L ogls,s 5 o8 S (Arikat et al., 2004) s,
b eline gt b il e ol 5o ooliasln, S
5 @le ol Ol s 5 citS Gl o S e
o) 6 sl ol 8 s eslinad 5yse b Kin
OSul 5 Se e e sl s, b xR
Caboni etal., ) ceal s Bb GBS 5,50 3 ol 5,8
iS85 K5 8 2 NS (Y-¥+) o,\Kes 5 Alavi (2010
Y, (MS) Murashige and Skoog c.zS Lo 55 b,
Fooodisr oS oh S s B B e
(s S5 SBsSl om 5 5 58 angulata
L azalS a5 S3alem doss op e 695 (S
s (Alavi et al., 2020) sls 5l YiMS  Lme s,
Sileser abiontz 5l dom S5l K paasn
cuiS b 5o Sologe oo Slus oS oz eali]
sz, b 51 24-D & 55 8 e /0 LMS
Naghdi Badi et al., ) sl casas J55Sped 5| 2t
(2017

wazs elS ol spame (S5 Sl Jdaa
0 sz od b S8 OMas 5 Giad b Ol
ol 2l DE g o 0 aab ol el
s @bl eSS abegd 4 g, Sun b sy
Slateigsys czS bl o s 15 oSl Ble g pliazy,
- i 5 o) Sy ealial 550 ol i oS )
ol 2,8 E S ogas s gl Gl
My S it slge 5 48 S sy Bas L Gdew
L s whas, 5 abhasls 5 4 JSs v.m\j
A b laces )0

Yov

3,1 53 L)) s a2 ae s pelanal — (golal
23 S5 st Rl e Sadlin 5o pad e ol &S
ol des sl (Okonkwo, 2015) ¢l sas xS -l
Jiozr o dile a8 (2lEl e
.(Eyog-Matig et al., 2007) .zl .. (Ferulago ssp.)
Glaze &5 035 dlesir sLa S GLls Jisr ool oS
L R VR S OO o] oW ICIu I VR SRS\ B Y
sl s L;-f-e.‘j (ool plo o oS ol lsr o
Sl Jdsa aals mlo 5o cwd 250l L
olosd 5 (SansiSs 5 SaSiush (SAS Jsieas
JB eslamal 5550 losg, slae S s sl sblay
olse4 F.angulata L.l .(Abrazeh, 2003) s 5
Taran ) s 5 e oxlinel o o S 5 13E 3 00,0 K
o olWl. (et al., 2010; Ghasempour et al., 2007
ol i GUls Foangulata a5 el esls olas
4 owmed 5 2 L JSS 5 o el AL S
S Jas G Can B 0 o‘-»\:-wS\g"JT S olye
Asgari & Rafieian-Kopaei, 2015; Jallilian & )
oolal Gl sl slaedls )l (Ziarati, 2016
Hosseini et al., 2012; Pirbalouti et al., 2013; )
Hosseini et al., ) s,Lac 5 (Golfakhrabadi et al., 2015
ol saz smalie a8l Lile s 58 (2012
Slem cbdas s 1y WS ) sl oWl
&olew (Hritcu et al.,, 2015) c5ae el 5 Loaslitel
Dhivya et al., 2014; Hajimehdipoor et al., ) o3l
oS b ool 5 2014, Golfakhrabadi et al., 2015)
oLz (Mahmoudi et al., 2018; Sharifi et al., 2015)
sras piee » Foangulata ol 5 gls 51l ol
- o-pinene wbe ol by igse 4 by e
.| B-phellandren , a-phellandrene [pinene
.(Mirzapour et al., 2015)
o W s e o)l Lo W aak) S s e
ool a5 GOl e &S 20l iSO S s
o Sl dda b ey, a5 sl



Yoy

o) s,d F.osubvelutina 5 F. angulata  J.ls
aSidpp 5 b iman -ML s el 5l e obls
ol b Ky, 5l R oSl @Lf r}\f—
alsl sy ol ool a5 (V Joam) (orslpam

s i bl

Yoools 3 ale o)l e 5 e JlE ol 5 K5 Dlakos ale

g, 9 2lge
& sei 20 A 5 o oo pex )

saSin sy« AS Ll Kbyl 5o aayy ol
SVl s agie s b oKl LS 4l
Jisz 455 55 ool adlas )y az oLl VYAA

F. subvelutina 5 F. angulata ), » xS o.\.idjﬂcq sl sl p Olasin =\ Jsix

Sbs ol 5 52, ol ol s
Table 1. Herbarium characteristics of collected seeds of F. angulata and F. subvelutina species in Razavi
Khorasan and North Khorasan provinces
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Table 2. Growth regulators used in the experiment to evaluate the traits of callus induction

Ol oyl g’)‘)}-”)\-’wt}‘ (J“Jj(’;g;t"‘)ul

Number of  Type of hormone

Concentrations (mg/l)

Sl o )les Sy ols f 5 (i oS ko) Lol

Number of ~ Type of hormone Concentrations (mg/I)

treatment treatment treatment treatment
1 NAA + BAP 0+0 14 NAA + BAP 15+1
2 NAA + BAP 05+0 15 NAA + BAP 2+1
3 NAA + BAP 1+0 16 NAA + BAP 0+15
4 NAA + BAP 15+0 17 NAA + BAP 05+15
5 NAA + BAP 2+0 18 NAA + BAP 1+15
6 NAA + BAP 0+05 19 NAA + BAP 15+15
7 NAA + BAP 05+0.5 20 NAA + BAP 2+15
8 NAA + BAP 1+0/5 21 NAA + BAP 2+0
9 NAA + BAP 15+05 22 NAA + BAP 0+2
10 NAA + BAP 2+05 23 NAA + BAP 1+2
11 NAA + BAP 0+1 24 NAA + BAP 15+2
12 NAA + BAP 05+1 25 NAA + BAP 2+2
13 NAA + BAP 1+1

weten o 2155\ oLl sl Gmalas] 5o el 5550 slasleg Slasuia =Y Jpus

Table 3. Specifications of treatments used in the experiment to perform indirect regeneration

Sl osle S oled 75 (A o B ) cdale
Number of treatment Type of hormone treatment Concentrations (mg/l)
1 BA 0.5
2 BA 1
3 BA 15
4 BA 2
5 NAA+ BA 0.2+0.5
6 NAA+ BA 0.4+0.5
7 NAA+ BA 0.2+1
8 NAA+ BA 0.4+1

A s basy, Jsb o ez, ao

6JL§}L‘
S Jaa 5o s Hlaady L;Lb&gub\,g ‘L;)Lf}\.w <l

-0

“ay a2 5L aes Gl o &S eedly s 5 05

b))Y‘;iY&uéb\ﬁjéj.\w)&\;‘))w?u»

u\)ﬁuv\.ﬁﬂ L) d\.‘.w));,&\.w \ ¢ 6)}: 0)3333‘;&\.“'

(o 255k sbazald) oliad, -f
=k sbazals Wasain, b, o sly
D IS5 o 53 oS S5 ¥ L ool LS - b LI 5o e
9 Yo ke 4l csS L 55 5o sascusS & 9ad 30
\ 5 /0 +/Y0) IBA s, sl MS LS ol
O3 (aals) pgeysm 8B ot Lame 555 (3] 5o 0 S e
o 5 oY e bl canlS Sl e ads e as el



YOO

sl Aresin ol has 5l 58 oo, sbesls &l
s eslazal Wesls (g3l 5

Yoools 3 ale o)l e 5 e JlE ol 5 K5 Dlakos ale

XA L;)L,\@{J (PPFD = 40p mol m-25-1 (¢ s g5 (y 93
blol | caS sbalos 3l sns jloacy dLbA%wL,f o

ey f\)T S5 s S| gy 9 022z iy SaS 4

b e Soson baalS BT Gl 5 Ol ol L

Wpein) g Llae 51 ols glas Weesls sy 4 5w
Jed 5l alam 4 bae Ol Ssoe b
Cl’“ 03 Ay i (0 5 Al S 008 A Ao
¥ Joaz) a s pme 7Y Jlaz|
t}v )\')6“’“ u)\m Ji\..g Wools U"i\"" M\.AA c:\.u
D e Ao G sbols 5 Lsn,
5 i S, 45y, Foangulata 45 5 4Ssba

.M\J\)(M)J\")&\)MM)JJMM)

Wosls g bl Judos -5
ol CJL el oot sl Jol> Glaasls
Jedos g4 525 IMPL3 15300 5 51 ealaad b o oslin
clﬁ-w ,> LSD Luﬁﬂ Sheslaal b \-"’c,v..g*i\-:‘ Ao lie 5 ot
oo bUSE ) s S el aoys 0 Jlas
S plesl Excel 2013 1530e 5 51 solinal | Olulow

e S, sboley Ll 2 Cov b, 2liate Goles) 3 pwsn 2050 Slio (uills a2 —F Joas
Table 4. Analysis of variance for studied traits in callus induction of explants under different hormone

treatments
FURRN Sl e xSke Mean square
SOV e F. angulata F. subvelutina
o0 e 5 0d A i 5 Ao e 500 ahy SaB 03
df s (A k) (A k) s (¢ S k) (¢ S ko)
Callus Callus fresh Callus dry Callus Callus fresh Callus dry
induction % weight (mg) weight (mg) induction % weight (mg) weight (mg)
I 2 7.58"™ 1320™ 9090™" 635.231™ 350" 310™
Explant
ynssn sl
IR I 24 5131.88" 3570™ 1890 2719.36™ 2580 1080*
Hormone
. s
ORISR g 1722.71* 1240 801™ 1341.07" 1160 570™
ExplantxHormone
158
150 16.64 12.00 9.00 4.16 2.00 1.00
Error

22,55V 50 Jlasl o 55 13 fne 5 I3 fme o 54 i g3 NS

ns, * and ** = nonsignificant and significant at the 5 and 1% probability levels, respectively

L 6 bsine slis 4 ols olas YMQ/L BAP + YNAA
mg/L 5 -/0 mg/L BAP +\mg/L NAA 5, [las
F .subvelutina «,8 ;s .c.zla \/0mg/L BAP +\NAA
S OSls S S g s 41 S i S 45055
Ssosba b ol ghaw 5 Gsus cbolay 4 G

2 Aoy Ve ghan bl oan, L5y,

mg/L NAA ..mg/L BAP + Yymg/L NAA b L
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L (o Veo) ahate it > Sy seiin s
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Table 5. Mean comparison of percentage of callus induction from true leaf, cotyledon leaf and root explants of F.
angulata and F. subvelutina species under different hormone treatments

ooled Sesi g5 okl ST o ao)s oA Ao
Sl St (A 2 p S k) hei S 4m ) Slad S smi s Ay sl
Number of Type of hormone Concentrations Callus induction from Callus induction from Callus induction from root
treatment treatment (mg/1) true leaf explant (%) cotyledonleaf explant (%) explant (%)
F.ang# F.sub F.ang F.sub F.ang F.sub
1 NAA + BAP 0+0 0.0 0.0x 0.0 0.0x 0.0x 0.0x
2 NAA + BAP 0+05 13.7yz 0.0x 0.0 0.0x 77.8d 54.3e
3 NAA + BAP 1+0 17wz 0.0x 34.19 20.7sw 1002 70%
4 NAA + BAP 15+0 49.3m 37.7Im 18.6¥Y 0.0% 1002 67.7%
5 NAA + BAP 2+0 46.6!mn 35.2mno 42.5™ 27.54 1002 62.7¢
6 NAA + BAP 0+0.5 26.8% 0.0% 24 4w 0.0% 21. 74w 0.0%
7 NAA + BAP 05+05 1002 72.32 90.6" 66.3° 75% 459hi
8 NAA + BAP 1+05 93.7% 66.8" 60. 79N 40.1 50.3KIm 234"
9 NAA + BAP 15+05 56.41k 47.7% 70°f 38.3kim 41.1np 20w
10 NAA + BAP 2+05 69°f 55.1¢ 69.9¢f 33.3° 45.8mn° 20.4sw
11 NAA + BAP 0+1 14.5%7 0.0% 16.2w2 0.0% 11.8% 0.0%
12 NAA + BAP 05+1 66.91 55.7¢ 66.3 37.6KIm 22.7%W 0.0%
13 NAA + BAP 1+1 65.6 55.1¢ 58.69n 33 65.81 36.8!mn
14 NAA + BAP 15+1 61.39N 49,1 35.1°0 21"y 20.94 0%
15 NAA + BAP 2+1 1002 71.7% 89be 50° 45.7mne 29.8M
16 NAA + BAP 0+15 0.0 0.0% 0.0 0.0% 0.0 0.0%
17 NAA + BAP 05+15 23.8W 14.8¥ 32.6" 15.2v 66.4 42 .4
18 NAA + BAP 1+15 94.8% 67.7% 39.99M 22,91 64.47h 45,79"
19 NAA + BAP 15+15 18.5v 10.3% 70.6°f 427" 91.1b¢ 61.7¢
20 NAA + BAP 2+15 56.1ik 40mn 65.5 40.3 26.3% 1ov
21 NAA + BAP 0+2 0.0 0.0% 0.0 0.0% 0.0 0.0%
22 NAA + BAP 05+2 2411w 0.0* 42.2m 27.59 18.3¥2 0.0%
23 NAA + BAP 1+2 44 3mne 23.1" 56.8ik 32r 29.4 17.8w
24 NAA + BAP 15+2 46.5!mn 33.8™ 56.3ik 31.5P 21.2www 0%
25 NAA + BAP 2+2 53K 37.3Km 86.8° 62.34 35.6P" 21.1™

F. subvelutina , F. angulate s y« F.sub , F.ang #
F.ang # and F.sub, F. angulate and F. subvelutina, respectively
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Table 6. Mean comparison of callus fresh weight from true leaf, cotyledon leaf and root explants of F. angulata
and F. subvelutina species under different hormone treatments

ooles Sl &4

Sles S0P

Number of  Type of hormone

NSH

(e S
Concentrations

Koei o & F 008

(r S o) sld S

Callus fresh weight

Nl A 5 059
(A ) k> S
Callus fresh weight

Nsain A 5 059
(¢ 5 k) 4
Callus fresh weight

treatment treatment (mafl) cotyledon leaf explant (mg)  true leaf explant (mg) root explant (mg)
F.ang# F.sub F.ang F.sub F.ang F.sub
1 NAA + BAP 0+0 0.0° 0.0? 0s 0.0% 0.0 00
2 NAA + BAP 05+0 0.0 0.0? 10 0.0? 73¢ 63¢
3 NAA + BAP 1+0 230 9y 20pd 00 1002 822
4 NAA + BAP 15+0 20p4 0.0% 33im 24w 83 74°
5 NAA + BAP 2+0 20M 9y 30m 19% 804 684
6 NAA + BAP 0+05 509h 0.0? 20pd 0.0? 20pd 0.0?
7 NAA + BAP 05+05 73¢ 61¢ 70¢ 61¢ 70k 30nop
8 NAA + BAP 1+05 60" 49" 70¢ 57f 33m 281w
9 NAA + BAP 15+05 80d 68¢ 539 44 33m 284w
10 NAA + BAP 2+0.5 63f 53¢ 509" 41 27 17*
11 NAA + BAP 0+1 107 07 107 0% 7/6" 0.0%
12 NAA + BAP 05+1 20p9 129 20p9 159 10" 0.0%
13 NAA + BAP 1+1 20M 15% 179 12y 20P4 8.0Y
14 NAA + BAP 15+1 3gmn 19% 230 18~ 10 0.0?
15 NAA + BAP 2+1 374 255V 30m 24w 10 6Y
16 NAA + BAP 0+15 0.0 0.0? 0.0° 0.0? 0.0 0.0?
17 NAA + BAP 05+15 40k 274t 40k 26" 33m 23w
18 NAA + BAP 1+15 40k 258V 509" 401 374 279rs
19 NAA + BAP 15+15 40k 290p4 30m 22V 33m 31mne
20 NAA + BAP 2+15 40k 32m 47N 34K 30m 15%
21 NAA + BAP 0+2 0.08 0.0? 0.0% 0.0% 0.08 0-0?
22 NAA + BAP 05+2 40k 24tV 40k 0.0? 47N 0.0?
23 NAA + BAP 1+2 40k 23w 43N 34K 93b 73°
24 NAA + BAP 15+2 43 33Km 509" 421 87¢ 0.0?
25 NAA + BAP 2+2 47N 35K 539 44 g7a 77°

F.ang # and F.sub, F. angulate and F. subvelutina, respectively

F.subvelutina 4 F. angulate w5 54 F.sub o F.ang #
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Table 7. Mean comparison of callus dry weight from true leaf, cotyledon leaf and root explants of F. angulata
and F. subvelutina species under different hormone treatments

ooled Sesi g5 [EYCRES
Slag S (A 2 p 8 dk)
Number of Type of hormone Concentrations

N o A S 05
(p S ) > S
Callus dry weight from

G gei ) g S 0
(A ) slad S
Callus dry weight from

Ada ) Aga ) A S 0D
(p 5 o)

Callus dry weight from

treatment treatment (mg/l) true leaf explant (mg) cotyledon leaf explant (mg) root explant (mg)
F.ang# F.sub F.ang F.sub F.ang F.sub
1 BAP + NAA 0+0 0.09 0.0% 0.04 0.0% 0.04 0.0%
2 BAP + NAA 05+0 3.3m 0.0% 0.04 0.0% 40f 329
3 BAP + NAA 1+0 10" 0.0% 6.7° 3.6% 60°¢ 47¢
4 BAP + NAA 15+0 20K 6.7 6.7 0.0% 50de 41¢
5 BAP + NAA 2+0 134 4,392 6.7 3y 50de 37f
6 BAP + NAA 0+0.5 10" 0.0% 30 0.0% 6.7°P 0.0%
7 BAP + NAA 0.5+ 0.5 534 444 534 41¢ 204 10par
8 BAP + NAA 1+05 60°¢ 48° 40f 319 204 9.3p
9 BAP + NAA 1.5+05 40 319 60° 48°¢ 204 13"
10 BAP + NAA 2+0.5 40f 2gh 47 35f 10m 2¥
11 BAP + NAA 0+1 6.7°P 0.0? 3.3r4 0.0* 3.3m 0.0?
12 BAP + NAA 05+1 10" 5.3wWxy 10m° 3 10m 0.0%
13 BAP + NAA 1+1 6.7°P 2¥z 10m 5.7 10m 3y
14 BAP + NAA 15+1 13m 8rv 17 7.35W 10m 0.0?
15 BAP + NAA 2+1 204 12m0 204 10par 10m 1y
16 BAP + NAA 0+15 0.09 0.0? 0.0¢ 0.0% 0.09 0.0?
17 BAP + NAA 0.5+15 20K 12m0 20K 8.7 204 140
18 BAP + NAA 1+15 361 25 204 7w 201 17im
19 BAP + NAA 15+15 20K 7.35W 20K 110pa 204 184
20 BAP + NAA 2+15 30hi 201k 20K 13m° 13mn gut
21 BAP + NAA 0+2 0.09 0.0% 0.04 0.0% 0.04 0.0%
22 BAP + NAA 05+2 20K 0.0? 20K 6.3VWx 33¢h 0.0?
23 BAP + NAA 1+2 30hi 18K 20K 6VWx 73° 54P
24 BAP + NAA 15+2 339 25 23k 13m° 73° 0.0%
25 BAP + NAA 2+2 40f 27hi 271 15m 802 592

F.ang # and F.sub, F. angulate and F. subvelutina, respectively

F. subvelutina 4 F. angulate .5 54 F.sub o F.ang #
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Table 8. Analysis of variance of indirect regeneration percentage (ectopic shoots) of F. angulata and F.
subvelutina species under different hormone treatments
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Figure 1. Mean comparison of indirect regeneration percentage of cotyledon leaf callus of F. angulata and F.
subvelutina species under different hormone treatments
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Table 9. Analysis of variance for studied traits in rooting experiment of F. angulata and F. subvelutina under
different hormone treatments

5 e Mean square &l e oS0l
9 >~

SOV df F. angulata F. subvelutina
u-:‘)"*&e.) adoy Jsb @.\)‘\—@.) azy, d ;L
Rooting Root Length Rooting Root Length
& 35E o 6 912.651%* 9.339** 1104.67** 7.340%*
Hormone treatment
(158
14 4,048 0.0257 7.00 0.0257
Error

aos ) Jlasl Clau 9 by gima i
** = significant at 1% probability level
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Figure 2. Mean comparison of rooting percentage of F. angulata and F. subvelutina species under different
hormone treatments
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Figure 3. Mean comparison of root length of F. angulata and F. subvelutina species under different hormone
treatments
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Figure 4 — Stages of Ferulago micropropagation (a: germination b: true leaf callus c: root callus d: cotyledon
callus e: regeneration f: rooting g: adaptation)

Syge K55 93 A 3 .ad sdalie 2 s f’f?dk““ </0 S ol gl Basly ke g lis A cb
5 ade, Jsb o Al Ao o i ax) s L s cbassn, oo 4y, Jsb s At Ao
Seosba e ol -/0mg/L IBA + 2MS [l - sy b LBl e 4 b chls sl

43; S oSk Ll s any, J‘,L)@\}A.:.U SR ol ealazul 5,5 IBA cble DR omeed



o 93 L5, olane

5 2o Ve Jgbl el 5 5d 2l Sogl s
Gl 48y Ve 5 0 Saes s VY i & Mo
bl ol @l b S Gk oamlih 2l
Baker et al., 2005; Ernst, 1989; ) s,ls calbs 6350
.(Leatherwood, 2005
~be 5o pLS s, sdiS ks olge clile &4
e b o) il v sl play Gl s oS
g M sl eslind 3550 pses5n sl b b baw e
oS chle 5 sl sl clle La S Lam s ol
Aidy o e 1) A Mg wiShow S e
A6 cos by, gy (OMidi & Farzin, 2009)
s g golie aony e aa, leeanS by
Sry A ey Wsin, Kool cpl Bl s
J“L olie 2L s, GlroniSels ol eaay o sl
Khawar et ) s,1s ol iy 5 4ty a5 o) (6 S
08b oS L s Liass ol o @l 2005
b3S cpl sl saimaglas 45wz bl lian NAA
55 0k olF e s Aol e aty JSas ) 3 s s, sanS
Sl glaies o0 ciaS o u_,,,\j S5 p Lgain, &S
san b L e e S5 W
“t A S b Sl osesn b L ok S
B3 3 Gseosh £ 53 A eSS 4 S0 pam 5 S
23 At e Dpeos 90 oSS u‘b..\-AJT RABERY
.(Sarabadani-tafreshi et al., 2008) .l a5
iy ba sai 5, 5l A w55 ) U}UT ol oS s
0903 e 3 sdal Cannsiy W\j S dels s ad s
als plas s 5 as ol bl Ok canS s Glases
g gai ) 5l i ady ) Agad s o alg LWl Sl 5 S
by S boles Sl oimes Lol 4 5 A
G5 wm S5 s, BAP LINAA (550 S5
Zare ) el el (Tl gl LSS oS as il
oG CL“' PR E rL?d\ s 4 axg | (etal, 2010
NAA S5l eslaa (J 5 oS s s sl Ji"a
s i S Vsl S s ol 4 opdie Ao

Yey

Gl s e le O/YY 5 as,s OV/YY F. angulata
35 s le F/AV 5 £Y/YY F. subvelutina «,8

(P 57y Jse)

PP

Lol o7 oy a8 el Ll sl o005 650
Ao o cpl e sde Al eSS bme o
5ol wog Jl 5 o8 sbazy; Ghls & bazalS
Dhasy, sbazals sas ol Jusl o8l s . g
5 0K oyl Lama Jils 3 wiin Sl ey e
5 S S Sl bl s gl S sl 4 as
S S YAN & = TIBERE R Jae ViV:) ghs Ced | anle
b oo e 5o il caS 5l eas ay oS
3 sz ol olS S b s 8 550 b e
(F JS2) 5 ealit g il oS 3 b

2 odle Cand 5l oa cals 5l ‘@..ﬁ)\ﬁ ou\-j BL)
S iy i 5 o G ST e Ol S
Jhisay ) G3alsm (A 5 (o5 LialS cnl sl a)ls 5o
Nom o d8 le b od Conen pcuals sals
Soiss sl Koa ol b Sl g e,
g egw Sla amg bigse Sl ob 5 b
Sers A ole) 5 chle (Gialem eaS Jaieas
(Khatibzadeh et al., 2013) 53 § asis Ll obw
PRPE R QUHE T 03 o0 &Y Bds L uo Ve bl
53 gl 2 NS Ggieas Jloma U 5 38 I3
oslizal 2, .(Bajaj et al., 1988) s,k lsral anl
oS 8) Glm o 5o ead ol Gl mass b osas
B O S A T T
L Soasdd 4835 V0 5 43> ¥ Sdedy do s Ve J 5L
Ol Lok Gl mde St aos ¥ ko
2250 ¥ e o NS sed 55,8 (Pimpinella anisum)

Sl obie 5l sl s 5o 4lds VO Saea



YFYy

Wi gl was Ol ok ombsl sl
iz Ollas 5 BAP (se50 o504 bbontS st
sl 5 s Bl G150 5o 55 8L ) e
sl 5o wlacil ol L sl @l Kezs
4,5 > (Neibaur et al., 2008) sl Ls e oozl
-4 oS g S35 98 oS 5 Taxus wallichiana a8
L 255k (sl G285 oS st (2 31) S o] o

Datta ) ol islosl ol ames U sdate a5 aas o 2l 53]
Lo oS oy 2 &8 Kus imsy Lo (& Jha, 2004
S5 Jesr G 2 otalos] el asles s Pl S S
SGosba (utls g am eeS) 5w S s S0,
Ssosh sl 95 4 by e any 5 S50 o o i
A s e Ske /Y ean BA &b s 2 8 e
J:?JJJ\’J?L&‘\'-'-" ’/O\eBAﬁjﬁrﬁéﬁ\ﬁNAA
aaxly o oy AV/PE 5 AY/Y Slds | Cws 54 NAA
.(Narimani et al., 2016)
w3 8 pasta Gl 5l sl ey s 4 a5 |
s &)J@—? s,k gsasas ol Ly e S
VO + Sl wids V + Ol o) b paaes s
“ O BT L sans 4w ¥ Sl 4ids
Sl oad Sl baisaisn, cm 0o 5 035 @Sl st ol
s Ay ) 9 (Sl S 5 sbasein; (s oS e
359 o b Ll s oYL Llhhan bl glad ufj. 4
oS tiy CwaS ool Gl 4 s b Al Sas
Jele 25k o, o 5l Jlas s VL ol 5l Ay
(oS Olio B ) baty g st O e
il Ll 53,28 5 3 5 (pdgs e 5 e O, b claay
wlsl gy dlad S5 Jols laany bl ol os
S ol as bl LIl de e s ]
wialesl 3y SLkisaizs om0 S 585 oly e
mg/L + -/0mg/L NAA [l b clad Sy wsei,
CtS 5 oS Blad ) clie a6l - /OBAP
ok Db e ik e adllas 5,50 455 5o Ayl
mg/L + -/Ymg/L NAA L . F. angulata x5 !,

Yoools 3 ale o)l e 5 e JlE ol 5 K5 Dlakos ale

IS ol a5 Gl 5 as sunlis el ol slaclile
S kS Mz ) 358 S s 2 4 SOL Ay
Al S Ly 8 oSt sl ook s (Cutl
Simlis Lain; ady, Gl Gains cpl s Wbl
5 i S ) Ss igei sy 90 b aglis 3 (S K )
e b oaloe & cab an Ul Gl (Glad S
oS s aty Wl a5 oliie Lo sas r\-?ﬁ'\ Oligios
Six 5 5 o) (Mortazavi et al., 2015) el Jo o>
3,50 Waty 0 5l ol ploear oI a0l 5 s 4k
4y as, (Koohi et al., 2014) 5 .8 . 15 5 So3lul
)°ﬁéﬁ¢ﬁ}b}ﬁ&?§}\b1@bﬁf Slas
Syt S s N po ey 2S4S S
el &b .(Magyar-Téabori et al., 2010) ¢l & slize
oS slaary as, (YY) o, 5 Haghighat Hour
o= oS Ls ;> Papaver pseudo-orientale
CtS Lama 5 3y Olie ik, Gl slmosiSdis
r,fu,k,a S ol enay Kinetin 2 pfak,,a /0 &lyls
ke 5 00 Sl caaS e 0n 5 55 NAA )
g b s cal oo as GOl S 8 Jee AYY/Y s
S ol 5,50 Sessr S5 s Az 4
bsbary Sl 4 ars by o e aty cib 5 o 2
Sl owlie Gloaty s 4 blane 5 can 05 Cdb
Magyar-Tabori et al.,, 2010; ) sxes o150 a5l
-2 Jus> 2lhaw aul 3 s (Ahmadloo et al., 2017
L Ssarsp slad o ossd ale) a5, 5 Jols s
Slaad Y 03s b Sl albany sl o gy ]
4 gl el oS eaSs laany i &S Gl Sas b
1S sabige o sty ol s 4l andss L6 oy
sban bl 5o s ol Yaane 250 Gl
ity L 852 a lan o 5l gl gl il oS e 528
VI SO COR I 5| ARV B B PP Y M;@ b
L .(Ahmadloo et al., 2017; Junairiah et al., 2017)
Jols slaany (iass ol 5o ot wil e 4 4y

B39 e d hle 05 (i gbany S a) w5y )



o 93 L5, olane yof

10(1): 9-13.

_ Datta, M.M. and Jha, S., 2004. Embryo culture of Mg/l NAA sl F. subvelutina <5 1, 5 -/0BAP

Taxus wallichiana (Zucc.). Journal of Plant sl sy, Jsb 5 dos op mi 29 YMO/L BAP + < /¥
Biotechnology, 6(4): 213-219. ‘ i .

— Dhivya, P., Sobiya, M., Selvamani, P. and Latha, S., A Jol> - /0mg/L IBA + 2 MS [l s S 55
2014. An approach to Alzheimer’s disease treatment 0\33'6" ‘\-ﬁw\:@f 2oy Ao 39 6J\§5L~ 4 dmg
with cholinesterase inhibitory activity from various _ ' )
plant species. International Journal of Pharm Tech 45 93 badln, Gus L ey ol S 58 ol
Research, 6(5): 1450-1467. NN i)‘u\S M . Is

— Ernst, D., 1989. Pimpinella anisum L. (Anise): Cell e BT S T T
culture, somatic embryogenesis, and the production sl
of anise oil. In: Bajaj Y.P.S. (eds) Medicinal and
Aromatic Plants Il. Biotechnology in Agriculture
ggi I;gr;stry, vol 7. Springer, Berlin, Heidelberg. Pp. oolisiw! 3 g (’3&“

— Eyog-Matig, O., Aoudji, A.K.N. and Linsoussi, C., — Abrazeh, M., 2003. Investigation —of some
2007. Garcinia kola Heckel seeds dormancy- characteristics of Ferulago angulata in Dena
breaking. Applied Ecology and Environmental protected area. M.Sc. Thesis of Range Management,
Research, 5(1): 63-71. Department of Natural Resources, Tarbiat Modarres

— Ghasempour, H.R., Shirinpour, E. and Heidari, H., University, 72. (In Persian). _

2007. The constituents of essential oils of Ferulago — Ahmadloo, F., Goodarzi, G. and Salehi, A., 2017.
angulata (Schlecht.) Boiss at two different habitats, Effect of growth regulators on callus induction and
Nevakoh and Shahoo, Zagross Mountain, western regeneration of Crataegus pseudohetrophylla from
Iran. Iranian Journal of Science and Technology leaf segment. Journal —of Medicinal Plants
(Sciences), 31(3): 309-312. Biotechnology, 3(1): 14-22. (In Persian).

— Golfakhrabadi, F., Khanavi, M., Ostad, S.N., — Alavi, M., Zare, N., Masumiasl, A., Sheikhzadeh
Saeidnia, S., Vatandoost, H., Abai, M.R., Hafizi, M., Mosadegh, P. and Asghari Zakaria, R., 2020.
Yousefbeyk, F., Rad, Y.R., Baghenegadian, A. and Embryo culture to overcome seed dormancy and
Ardekani, M.R.S., 2015. Biological activities and produce seedling in Ferulago angulata (Schlecht.)
composition of Ferulago carduchorum essential oil. Boiss. Iranian Journal of Rangelands and Forests
Journal of Arthropod-Borne Diseases, 9(1): 104. Plant Breeding and Genetic Research, 28(1): 149-

— Haghighat Hour, M., Asghari Zakaria, R. and Zare, 160. (In Persian). .
N., 2012. Callus production and regeneration of — Arikat, N.A., Jawad, F.M., Karam, N.S. and Shibli,
medicinal plant Papaver pseudo-orientale under in R.A., 2004. Micropropagation and accumulation of
vitro conditions. Iranian Journal of Plant Biology, essential oils in wild sage (Salvia fruticosa Mill.).
3(10): 11-22. (In Persian). Scientia Horticulturae, 100(1): 193-202.

— Hajimehdipoor, H., Shekarchi, M., Aghighi, A. and — Asgari, S. and Rafieian-Kopaei, M., 2015. Single or
Hamzeloo-Moghadam, M., 2014. Evaluating the whole antioxidants in metal toxicities. Journal of
acetylcholinesterase inhibitory activity of Ferulago Herbmed Pharmacology, 4(3): 69-70.
angulata and Ferulago subvelutina. Research - Bajaj, Y.P.S., Furmanowa, M. and Olszowska, O.,
Journal of Pharmacognosy, 1(2): 39-43. 1988. Biotechnology of the micropropagation of

— Hosseini, N., Akbari, M., Ghafarzadegan, R., medicinal and aromatic plants. In: Bajaj Y.P.S. (eds)
Changizi Ashtiyani, S. and Shahmohammadi, R., Medicinal and Aromatic Plants I. Biotechnology in
2012. Total phenol, antioxidant and antibacterial Agriculture and Forestry, vol 4. Springer, Berlin,
activity of the essential oil and extracts of Ferulago Heidelberg. Pp. 60-103. _
angulata ssp. angulata. Medical Plant Journal, (43): — Baker, K.S., Steadman, K.J., Plummer, J.A., Merritt,
80-89. D.J. and Dixon, K.W., 2005. The changing window

— Hritcu, L., Bagci, E., Aydin, E. and Mihasan, M., of conditions that promotes germination of two fire
2015. Antiamnesic and antioxidants effects of ephemerals, Actinotus leucocephalus (Apiaceae) and
Ferulago angulata essential oil against scopolamine- Tersonia cyathiflora (Gyrostemonaceae). Annals of
induced memory impairment in laboratory rats. Botany, 96(7): 1225-1236. _
Neurochemical Research, 40(9): 1799-1809. — Caboni, E., Meneghini, M. and Tonelli, M., 2010.

— Jalili, A. and Jamzad, Z., 1999. A preliminary survey Improved micropropagation of azarole (Crataegus

azarolus L.). Propagation of Ornamental Plants,



Y70

2016. Study of callus induction of medicinal Chavil
plant (Ferulago angulata B.) using types of explants
and growth regulators. Agricultural Biotechnology,
14 (2): 73-80. (In Persian).

— Murashige, T. and Skoog, F., 1962. A revised

medium for rapid growth and bio assays with
tobacco tissue cultures. Physiologia Plantarum,
15(3): 473-497.

— Naghdi Badi, H., Salek Hashemi, S., Nasrollahnezhad

Qomi, A., Navabpour, S. and Qaderi, A., 2017.
Phytochemical evaluation and plant regeneration
through somatic embryogenesis of Ferulago
angulata subsp. Carduchorum (Boiss. and Hausskn),
an endangered medicinal plant. Journal of Medicinal
Plants, 16(63):92-107.

— Narimani, R., Moghaddam, M. and Mojarab, S., 2016.

Evaluation of the micropropagation of hairless
catmint (Nepeta nuda L.), an endangered medicinal
plant. Journal of Cell & Tissue, 7(4): 387-397. (In
Persian).

— Neibaur, 1., Gallo, M. and Altpeter, F., 2008. The

effect of auxin type and cytokinin concentration on
callus induction and plant regeneration frequency
from immature inflorescence segments of seashore
paspalum (Paspalum vaginatum Swartz). In Vitro
Cellular & Developmental Biology-Plant, 44(6):
480-486.

— Okonkwo, T., 2015. Sustainable development and

protection of endangered species fauna and flora in
the wild in developing countries. International
Journal of Development and Sustainability, 4(11):
1086-1115.

— Omidi, M. and Farzin, N., 2009. Biotechnology

approaches for improvement of medicinal plants.
Food and Biotechnology Congress, Kermanshah
Azad University, 1-14.

— Pirbalouti, A.G., Sedaghat, L., Hamedi, B. and Tirgir,

F., 2013. Chemical composition and antioxidant
activity of essential oils of three endemic medicinal
plants of Iran. Bangladesh Journal of Botany, 42(2):
327-332.

— Rezazadeh, S., Yazdani, D. and Shahnazi, S., 2003.

Chemical composition of essential oil of Ferulago
angulata Boiss. Inflorescence From west of Iran.
Journal of Medicinal Plants, 2(7): 49-52.

— Sarabadani-tafreshi, R., Omidi, M., Bihamta, M.R.

and Davazdahemami, S., 2008. Study of in vitro
embryo culture and effect of explants, different
hormonal levels on callus induction and shooting of
Ferula gummosa. Journal of Medicinal Plants, 27:
71-81.

— Sharifi, F., Rafieirad, M. and Sazegar, H., 2015.

Effects of Ferulago angulata extract against

Yoools 3 ale o)l e 5 e JlE ol 5 K5 Dlakos ale

of endemic, rare and endangered plant Species in
Iran. Research Institute of Forests and Rangelands
Pressm Tehran, Iran, 759.

— Jallilian, Z. and Ziarati, P., 2016. High potential of

Ferulago angulate (Schlecht) Boiss. In adsorption of
heavy metals. Biomedical and Pharmacology
Journal, 9(1): 201-208.

— Junairiah, M., Zuraidassanaaz, N.l., lzdihar, F.N. and

Manuhara, Y.S.W., 2017. September. Callus
induction of leaf explant Piper betle L. var. Nigra
with combination of plant growth regulators indole-
3-acetic acid (IAA), benzyl amino purin (BAP) and
kinetin. In AIP Conference Proceedings (Vol. 1888,
No. 1, p. 020028). AIP Publishing.

— Khatibzadeh, R., Azizi, M., Arouiee, H. and Farsi, M.,

2013. Effect of explants types and levels of plant
growth substances on callogenesis in Levisticum
officinale Koch. on a modified MS medium. Iranian
Journal of Medicinal and Aromatic Plants Research,
29(2): 387-398. (In Persian).

— Khawar, K.M., Sarhin, E.O., Sevimay, C.S., Cocu,

S.A.T.l., Parmaksiz, I., Uranbey, S., Ipek, A., Kaya,
M.E.H.M.E.T., Sancak, C. and Ozcan, S., 2005.
Adventitious shoot regeneration and
micropropagation of Plantago lanceolata L.
Periodicum Biologorum, 107(1): 113-116.

— Koohi, L., Zare, N., Asghari-Zakaria, R. and

SheikhZadeh-Mosaddegh, 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,
30(2): 203-214.

— Leatherwood, W.R., 2005. Influence of Salt Stress on

Germination, Root Elongation and Carbohydrate
Content of Five Salt Tolerant Taxa, 114-241

— Magyar-Tabori, K., Dobranszki, J., da Silva, J. AT,

Bulley, S.M. and Hudéak, 1., 2010. The role of
cytokinins in shoot organogenesis in apple. Plant
Cell, Tissue and Organ Culture (PCTOC), 101(3):
251-267.

— Mahmoudi, R., Rafieirad, M. and Goudarzi, S., 2018

.Effect of hydro alcoholic extract of Ferulago
angulata (Schlecht) Boiss on motor and memory
disorders in animal model of parkinson disease.
Qom University Medical Science Journal, 12(8): 36-
47. (In Persian).

— Mirzapour, S., Rafieirad, M. and Rouhi, L., 2015.

Hydroalcoholic extract of Ferulago angulata
improves memory and pain in brain hypoperfusion
ischemia in rats. Jundishapur Journal of Natural
Pharmaceutical Products, 10(1): 1-5.

— Mortazavi, R., Dehdari, M. and Masoumiasl, A.,



o 93 L5, olane

Ferulago angulata subsp. carduchorum. Jundishapur
Journal of Microbiology, 3(1): 10-14.

— Zare, A.R., Solouki, M., Omidi, M., Irvani, N.,
Nezad, N.M. and Rezazadeh, S., 2010. Callus
induction and plant regeneration in Ferula
assafoetida L.(Asafetida), an endangered medicinal
plant. Trakia Journal of Sciences, 8(1): 11-18.

\ds

oxidative stress induced by 6-hydroxydopamine in
rats. Journal of Medicinal Plants, 1(53): 34-44.

— Sharma, R.K., Wakhlu, A.K. and Boleria, M., 2004.
Micropropagation of Anethum graveolens L through
axillary shoot proliferation. Journal of Plant
Biochemistry and Biotechnology, 13(2): 157-159.

— Taran, M., Ghasempour, H.R. and Shirinpour, E.,
2010. Antimicrobial activity of essential oils of



267 Iranian Journal of Rangelands and Forests Plant Breeding and Genetic Research, Vol. 29, No.2, 2021

Micropropagation optimization of two endangered and endemic species of Ferulago
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Abstract

Ferulago (Ferulago ssp.) genus as medicinal plant belongs to Apiaceae family. It is endemic
in Iran. Excess harvesting and environmental stresses such as drought, lead to as endangered
plant. By considering this plant as a valuable medicinal-rangeland plant, its production and
reclamation is an essential task. This investigation was conducted to optimize micropropagation
of two endemic species of Ferulago, included F. angulate and F. subvelutina. Higher
percentage of callus induction in F. angulata specie was obtained as 100%, using rootlet explant
(under treatments of 0 BAP +1 NAA, 0 BAP +1.5 NAA and 0 BAP +2 NAA mg/l) and also true
leaf explants (under treatments of 0.5 BAP + 0.5 NAA and 1 BAP +2 NAA mg/l). For F.
subvelutina, higher callus induction was obtained using true leaf explants (under treatments of
0.5 BAP + 0.5 NAA and 1 BAP + 2 NAA mg/l), as 72.33 and 71.66%, respectively. The
combined application of the cytokinin and auxin phytohormones was effective in regenerating
of both species; so that, the higher regeneration was obtained as 53.33 and 46.66% in F.
angulate under treatments of 0.5 BAP + 0.2 NAA mg/l and 0.5 BAP + 0.4 NAA mg/I,
respectively. Similarly, the higher regeneration as 53.33 and 60% was obtained in F.
subvelutina under treatments of 1 BAP+0.2 NAA mg/l and 1 BAP+0.4 NAA mg/l, respectively.
The best rooting treatment in both species was determined as the % MS cultural medium
included 0.5 mg/l IBA. Their adaptation stage were done using mixture of soil, peat soil and
sand with a weight ratio of 1: 1: 1, in which the total of 80% of regenerated plants from tissue
culture, were successfully adapted to the outside environment.
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