[ Downloaded from jispp.iut.ac.ir on 2024-04-11]

[ DOR: 20.1001.1.23222727.1400.10.44.4.0]

VAV=A ¥ tamin VEer oloobl 5 e FF oylad Nt W aLE 5 SIS 5 Al

3500 5 abondgn (S5 nd 88 a0 SIS 2 e S L Sy W
(Lavandula stricta) awsl 3 . 53 55 sl yuilul

T ek o ez 5 03135 g g0 g (TSI Gl Bl Mg s (5568
BB S OB S Lanb mlis 5 (55,5LES p oo ol&iils (ALS A 5 oSl ( GLEL p oo 0y 5
O (it At o1 (09,05 Al 319 5 OLLE 0uSngs ((65,3US (pwiga 05 8
VRN YN 2l Gy gresb ATAQ/00N Y 22dly s o)

oS>

il Bl o 53 g3 bl oS 53 Ll Dl 5 (K5 H 05 (S5 Psope Dlivw p sdushy gl S S s Gl Mok 0l 0
VA SIRYA SRCVARRTVRY- S W P PN - - N1 U PR | O VS Y BN K P30 RSO L | Iy Y IR P
soliiul IS Loyl s 55 SIS LS 55l s, a0 5 ol et 93 Sl FA S XE AP A Gladly S 3 Ao
3100 S Fa) esgdoe K 3 e S L el les g dnghs Slakged 4IST )3 p 5 o5l A4S sl DL (g e salu BB s S
SEM pslas 5 4 f,fjsﬁ VY asle FA s Aoy 0/F Clle b edd e OlalE s p55 eIl Iy wails )l (pf,s: OV
Jlasl Blej St g o IS CalE &S 513 OLES gl oo ol OLES WaOT 53 1) 4535, 0310 5 (slods S S o515 Sl 53l (o
G13,5158 055 Sl Sl S Jlasl Bloy ke lE 2l Js Cdll syls me U s g 8 5 JS Jbs S 5 sles
BB 4 4 s bl 03 8 bl 5 Shes g doys 5 UL GlanST I8 GlenS Ty slag 5T cdl Gl b and g 055 Od
Sl L SLLE W5 5 s gk b Wl el FA 0Ly Sde 5 deoys +/F SRS b e S s Ol 01 55 g0 kel iy

..)J‘.) |J d})‘b U;'J.J'

olel (s e suli gld (pw IS (i gl s caxSIBI g5 93 shaul 1 g adST slaclg

alizl 5155 5 ameds Joolie 35 Oloss (sl mss 2 sk aodie
plo pnlimdls 4l glay iS4 et Dopon 5 el sleel L (Lavandula stricta Del.) azil 3l o3 5 slausl
@ e By alls cleas (Soltanipour, 2005) 55 Eivazi ) .|, (Sanginabadi et al., 2016) _als 53l 2
ek e Sl sl AL slas ol D5l e s S 3l (Mozaffarian, 1996) k.U 5 (et al., 2015
Sl @Bl (3l Sl Slass 5 oolaBl L 510l Sl S &y s, Ol g 53 oS Sl Ol e

.(Yaghoobi et al., 2016) Lo s Sopen 55 o8 T s 55 Gbls
(e elS Wil (gisneds Julse daulga aassl L Bl s |5 S 5l 08 50 8 Oll 53 (Mozaffarian, 2004)

skhorasaninejad@yahoo.com; khorasaninejad@gau.ac.ir : S s 2SI G SLis J fos ookinw 55°


https://dorl.net/dor/20.1001.1.23222727.1400.10.44.4.0
https://jispp.iut.ac.ir/article-1-1438-fa.html

[ Downloaded from jispp.iut.ac.ir on 2024-04-11]

[ DOR: 20.1001.1.23222727.1400.10.44.4.0]

\f"Jb«ffﬂ)ws\'kswtgb;)s}.uii} Vo ¥

Sl aBly il g STy Sl Sl 5 U b
OalS s s IS 5 4355S Ol (Akbari et al., 2019)
Sols sme by A5 5kl s (Ocimum basilicum L.) Ol
5> ks > (Ardabili et al., 2014) 55 assls 505U
ol (Trigonellafoenum graecum) «llos g5, iass
et A skes 5 LS 5h1T olS 5s by JS Olse 4SS sl
s S Olime oS 553 00 bliul i WU 50 (gyls s
andlan 5550 olS g5 @ o (s Sl mslan
»> (Birami Kohi et al., 2016) il —slae Llg5 o
5 Loy +/00 cble (Salvia leriifolia Bent.) S5,
o 53 re s S L 2l e o Sla el YA 0L
e S S QLS b e Oiee Sl
3 P Ol o JB0AS Ol S22 5 5 055 SR
S5 02 S0 Sl ekn S OLLS pli sl el
WT 3 cioeen L(Estaji et al., 2017) 3505 sbowl bl
Eods Aoy K e IS (Rhododendron simsii)
bl o ol Sladd god (SIS o 53 o8 e
eddlad gladgad 5o (3L Dl b g, Sl
s shul e > (Salahi Sadr et al., 2018) .5 S
S skl s p alie Slides
ol slasds g, sbay sl el Lavandula angustifolia
0L ) 3 p S e VY0 e L e 21 e 55 68
Fop S Gases glaal glls sl 5 5l oS sl
P S i g eag by S S5 gladls
5 sl eae dufjg-lf S ol Ol Lhu, Sl
Urwinetal, ) Lss 555 badsls 4l baddshl s
.(2007
Lol 5 o ols QLS Sl Bl e ss s slau
Wi s zlol o o laddlas &S o35 Olpl b 4o e
andllan jshieay (tags cnl ol i plnil O S5k
5wl 3l g s gl olS 55 sl b sl e OSGl
5ol Ol W5 kB s i LSS g

A el placdise 5 5585 Dlo st

(Salma et al., 2017) >33 o Wl 15500 5 ol sl 5
& J§ at:.f a}‘.,\.: 9 ).,.b. )l aMC‘JMM‘ WL;JJS
S aily a5 )T caale (Colchicum antummale)
J\:.QJ\S eé)lev.? I SRR D sl osle Q’i‘ e.JuiJ'J.'vw Jalee
.(Shahriari Ahmadi et al., 2008) ;% .~ oAl (Colemid)
oo (Wl Al e Jald o5 505 5 055 0 ss IS Sl e
Sl Ol il 6l el Joas S sdme A3,
g5 Jed Sl il Bl 4 Sa oW A e
Oley e 5 Ol Cile glacbale (65 et osle ¢ sl
.(Salma et al., 2017) 5,5 o1 5 ,me ;5 5 5 | 3
(SN P s S Bl 4 assh L OlelS L
Salma et ) tzes 555 A3 ghos il 5l slize b 5855
2 AL sk e S Wl s s @l 2017
Sy Gla e p o placdi 5 K3 sd sladnl
Wl saish mlaw Sl 5,08 o il a5l glacd ke
Ssosbas sl oyl QLS 3 o S5 s il Cel
FSoz sadsle sbls UL sk molan L OLLS
Jsb o o3y iy Ol Olpe US43 G S
Ml;f‘ J,“a-‘t:' “ Jh.ﬂfj oL ;&U‘)}o L@j 0 Al 6y
0% Heaees (Thao et al., 2003; Kondorosi et al., 2000)
Rl s Sa a4 caslie UL sl sl LoOLLS
Ramsey and ) <ol o 250158 Ul a4 Caglin s s

Schemske, 1998; Soltis et al., 2004; Comai, 2005; Lu et
al., 2006; Ranney, 2006; Dhooghe et al., 2011; Tan et

JWES] (i i 53 Olje OALS azs cpl 55 (al., 2015
Oy 5 Ll W ad) cdlad (s slaos Sl
.(Hosseini and Javanbakht, 2017) wL e .5 bl !
ls,lsa 035 (Oryza sativa) T Ak bl e
»> .(Zhou et al., 2007) ol a8l Jolssl Gls 5 0 9 Jsb
S As 5,058 (Sorghum bicolor) wi,y S35 ks
5 Sy GUBE eS| ST Glaw 3T s Ol
L olsime il Asshls OlS L slaest s L
oLy oS s 5 (Ardabili et al., 2014) ol osls OLES
b gassh C]“” =153 L (Carum copticum)  sl.sy


https://dorl.net/dor/20.1001.1.23222727.1400.10.44.4.0
https://jispp.iut.ac.ir/article-1-1438-fa.html

[ Downloaded from jispp.iut.ac.ir on 2024-04-11]

[ DOR: 20.1001.1.23222727.1400.10.44.4.0]

VO L S mi B Dl g e S L S gl b sl

&‘)K&.ﬂ_’b}ﬁ ‘;ub 6)_,5

SesSs «S il poke) G S5s) (K3 shs e
SAeS1 ) St ST slae BT (US55, 5 by s
Sl 53 el 5 Shas 5 doys (GUBS 5 5laest bk
Oy S S ioled 5 LA (6 Se3ll ¢ JalS anlS
3o dlalie 055 G Gl Sosba A el L
bacds 5 byl olad Opsea Gl ool ady
S8 8 /) B L 315 kg s Bk b
A o ol i

Sl b S L ksl sl S
B sy 185 5 Ry S9SN K S
SS 5l S ol b bl Sl sl olS
L oobpSe (Ul bl Sl atas 58,5 Wb
ol PS230 Jie SEM) s, s Sl o sSs Koo
LSl abie pl & .08 S &)y 0 (Pemtron oS 5
23 08 e O 3 P Cdea LS| g
Sl b Oas b ids Sl e el 5 sab e LT gles
5SS sp S L S wslel (gl Ko g Wb
Fas S Vot ol Sy w5l ol WlS S 45,
.(Khorasaninejad et al., 2018) s .4 &, 50

Sl s 5 S NS slerKS, (s Seslul
sBarnes iy, 5l st s GLLIUS ) (gl gme CLl s
Jlesl 51 da ole Sler 350 o eslizad (144Y) Ol Kas
oS o Ol LSS e Sl (a8 0y 5o 5 bl
(DMSO) w5 g fitos 51 oo iy 03 o3l S
ooly L3 Cele Sler Gdew ol S le am s PO sles s
ke s s il Wsed 3l 3t S YOO e A3
oeib g el s 6Ll Of 4 Tsdse DMSO
SASe3lhl as eslitul 50 Lalls DMSO 5 A el
2 S A8 s S s As b s ds @ Ly ls
Sael A plal el OV 5 YA Y SO slag pad sb
Js S @ Js IS g sa aS ¥ B Laly, s edel sy
iz 8 15 el w5555, 5 IS b S D
(V) abal,

LI TPIIRS
sl aols oS s b b Wl shiea
Sigma®-) . 2JS 3l 31 (Lavandula stricta) awil il
I N a0 ee) chle e (Lot#STBC2027V
fA 5V OF A) s Jlsl 0Ly o Sl 5 (Ao +/F
B s fosSB SRl S LSS A b deele
ol s el GOl Lils s sl WS £ b
laslisbl 5 Gl s \FAF-aY cladle 53 Gass
b 5 saoslaS pake oKEls $3IpSIHL 5 i
e Lo Rl S g sKlesl 5 08 S and

S 1l Ol

el 3 ags el el eSS 5 ALS sl ge g
sdscbli= aibie 3l b lael&iny, 5o sk slaal
Jsb o0- 0slos WADs Jks o ,e YVIADYY _YaD ;S
Ol et 53 A8l (L c}ad S XY el (B
(ol 3l 38 LS)}TC“’? OB 0 Slial (ulie s
Yoowles Jh8) Son oS s S e 5o Lok
(F1)) Sl 5 o gpaS oy St blien b (el
NN RCRASN IS WP (I PR S

Lol Goaler 3l de ais aw tbajles Jles!
B i S P AR -
YA XY 0F A Sde okd S5 slaihile b e S
Sy Sl amee 5 5 ol S Sl ax 5 YO sles 3 csla
Chle Sl S5 Ol dlesl gl dd els 13 n e
o3l (S35 03) Koo 53 58T U5 5 o S L3 550
sl oy Gl e +/0 550) o k3 ) oty e 5 AS
Sl OaaSas Sl 6, Sl gl s esls 1B (s o
Cosb,y B s eslizad O (6 el Glits 0ley odts 3 Jlas!
Sde o el bim Aoy Ve A s SIS S s
(OFAF alasls o) b3 al e 4y Oy Ol B ololer
e I bl e be bl B3 51 IS -
3 Y alie, by &) e Sl 6&3 55 IS gles s
Slis 55 Les ;ljfdﬁl”u = Yoooasls o gles


https://dorl.net/dor/20.1001.1.23222727.1400.10.44.4.0
https://jispp.iut.ac.ir/article-1-1438-fa.html

[ Downloaded from jispp.iut.ac.ir on 2024-04-11]

[ DOR: 20.1001.1.23222727.1400.10.44.4.0]

\\‘"JL..:‘\‘\‘UMA'JJ?‘@[;:;)K}J;J} \Ki4

22 e D e B S 13 4Ry d ey a3
Amako et al., ) (7 akly) dd okl = 25U YV o+ sad 5
.(1994
(%) e
PPO (uM/g) = (A 430 /6.2) x 0.5 x 10000
ol el g Seslul sl Uk ﬁ;i Olgee et
Il 2l o SO L gl sl osbas 51 s Sn 00 53]
oty Dland 3l e s O Juls &5 SUBLS (S5l
3 e A ases] 035508 LS|y JUss s 10 5 (PH=V)
Loesl YE zed b s o Cle aids K oS
(Abei, 1981) (V alail,) Ad oil g jza 5235 Sl oKis
(V) b,
Catalase (uM/g) = (GULKS L= .5 /40) x 60
OO T O S O 0 L e
b oag edd Kist gl haos 53 U3 &8 15 olS i)
oS Y Olie 50355l 53 3 sy Sl olKaws Lo
S alsl 53 A5 05y el gl Sl sad s
5ol b i gy 5l ALS slad sal oS bl ol s
Slr 28 558 il 4 plB1 s IS ols Sl ealicd
O35 e g Se3lll b il s Sas 5 do)s s
dosar S il gl eslinal 550 ALS L el S
S Jeol bl e dals e il oy
ol byse 4 5 A sladal, Sl eslind Lo ]S
3 S ol s bl s Shee 5 o3 dnnles
) e

w0 (0 = sracs e et X 100
Q) akl,

EO (yield) = EO (%) x Mass of dry matter

OLLS ps5 o3l Ghasn cpl 3 i e sula gl

0 Gl oK b oedd led andl 3l ugs 5 sl

S ol (S Sl el KL

=) S S ke YO Lo il s (6,Seslail e

skl olS S 5 S Jeo YO 5 0l sles OlaLS 51 (S

oS 5 e ol 03855 5l g 23S I3 s 00

Chlo a (mg/g.F.W) = 12.7 (A663) — 2.69 (A645) x
/1000 x W

(Y) abal,

Chlo b (mg/g.F.W) = 22.9 (A645) — 4.68 (A663) x
V/1000 x W

(¥) adail,

Chlo total (mg/g.F.W) = 20.2 (A645) + 8.02 (A663) x
/1000 x W

() abal,

Car (mg/g.F.W) = 7.6 (A480) — 1.49 (A510) x V/1000
x W

S ole Sl 35 1S 1T sl 5T o
SaS Losl S p e S ws (AU 0l 5 5 Lajles Jlesl
sdda) 3L a4y O 5l 5 A3 O3l 3 mle 055 25
Usaast EDTA (g5l 500 Joo 00 Slid 3L 1) o SO
slos 53 5 e3s8l doys 53 (PVP) cpdds e b Jes b s
s Loadds Y oweay ol S sl s
Sl 2y Jsbe e A S mle VYees rpm
S G o> LS s (slae 5T b (6 80510
.(Nakano and Asada, 1981) . eslezwl UGS &

SN 5ln ST T SIS Olps s
L gl eslas 51 2y Sea VY e wﬂ ol bl
Mg 7 Jols oS SlanSlyy ol 51 ke S
0r 5 (H02) Oisokee douSly Usee 0 (JS0IS
Sdets 5 odd aal (PHEV) ol Slicd 3L U e ke
il gL Ve maad b s il Ve Gladol L il S
AL e Vel gl (0 dal)) A ekl ol
Or Susbsipe ol Slind 2l YA el Sl
Usashen 00 S3liss by Dlind 2 e 7Y L U 50 s
(Holy, 1972) w& awsesl
(0) akl,

Peroxidase (uM/g) = (A 530 /26.6) x 0.5 x 10000

w3l o S DS S r%}ﬁ Ol o romiw
s sl eddzl gl el oslae Sl SISt kL
S e V0 it plomil g A3 eslizal 5l
Y W8 s, e /Y LVE PH L U /Y land
YA Gobocy 53 5 bl il ojlas 2 e /) 5 LU


https://dorl.net/dor/20.1001.1.23222727.1400.10.44.4.0
https://jispp.iut.ac.ir/article-1-1438-fa.html

[ Downloaded from jispp.iut.ac.ir on 2024-04-11]

[ DOR: 20.1001.1.23222727.1400.10.44.4.0]

VoV LSS B Dl g e IS L S gy Lo WIS

Q‘)K&.&_’C)Jﬁ ‘;L:J: 6)_,3

(Vard JS2) ol ol 03531 (glods slas S oS5

SU s Usame 8 Sk 5l (S 1k, oS15
Bl (15 3 i 55d g bl OS5 sk L
Sl Cow Seosba daen W3, 0SS ke 5 45,
Cele YA Ol e 53 doys o/ Chle Lol IS
Sl BT sl 5 jals e, oS15 dals 4 oo
(Yad JS8) sl

K355 0SS Gladshe b donpa w5, 4las o3l
«S SWhks ;5 .(Dhooghe et al., 2011) 43 o esis
L el (Trachyspermum ammi L.) ols=1 oS 5,
@Bl SRl sl m QLS s L, o s Job
(Noori etal., 2017) s 5 4l jals <55, (.Slf'; S J s
(Papaver bracteatum Lindl.) Jl.l jilbix olS ;s
$ias oS5 el 5 osll Ll e LIS Sles o
.(Madani et al., 2019) ol sl 5,158

S S Jold Ciliee w55 O 53 4 glode gaS S
S i LT Olgea o Ll Gl Olu eSS 5 (5 o
Arab ) Lol 7 ke Olelis ol gl 3 shas slas S
Cla.ﬂ e S .(zadeh Ghahyazi and Zarinkamar, 2015
Thymus ) Glal sl ol L3 sdshls & sl
o) Slods S S sluas &S 5 5 asie (persicus
(Tavan et al., 2015) ol asl 2l 330 (Usle e 5 K5
5 OLSe Gl eS8 e OLE b tasn 0l
e a5 o Al gl S IS
S b=l 5l (Salahi Sadr et al., 2018) 5, 55 olS
leds JS23 Jobe sl sla 5 LS glagis s
b)) Wl S slacil a4 plaws Jlasl ol b
O (S 5 Adskes Sl ol sl DLl
ssba eale b &Sl Jaas ls sy e LIS L les
)38 . 3 o b s ladse gy, s (605
Sladgs ples 53 0Ly bas loger sl ool
5 Sl ol el amty Bl o BLE| & ged

33 b 3l (Borgheei et al., 2010) 55 8 o (s 5k Koo

Raphanus Sativus (2c = 1.11 pg DNA) 4= 5 5l
Woody Plant ) WPB 5L 51 = Le & 5 ev. Sexa
oo 3l eslizad b Jool> glaatin O ganslw e ((Buffer
St SanSen T 5 00 e DB A 1L Ve
O o A 0313 g LSl (SLley 5 S5 lakad Bl
5 RNA 505 5l Sk 1) RNase 2 st
Sl Sy Gy PD i sy ads Sl O e
O semdlons 3o (LoUreiro et al., 2005) 55 S o Lol laazun
BD FACSCantoTM- Jue (6 2o sulogld olKiws 3 ates
BD: Biosciences, Bedford, MA, USA lais L KE
Sl Slael Sstn sl amio s b Ll
A e dalie a5 skl olS 5 axl 31 ess s sl

L Laosls bl 4 aesls goll Julows 5 43
L baoSbe amslie 5 A asiens SAS i3l 5 51 eslia
A el do 3y bl mhaw 3 LSD 05a5 51 esliad
A ek 5 e s oSl 158l 5 L e gl s el

Cou g mls
b 33 g gt el oS 3 okish b W5t b
ol &S Dson e a0l 3 e LIS 5 0
b S oS w5 s GuN oS S 8
oLS ol 6y il edaslis oS ol (g, Seslul Sliw s
Jod oo Dme ot ol el Jlesl slajles )
el 0l 03551

S5 98 e PIAN Qe S oS
5 Glas S S oo 53w olS ) s S S S S
‘esbéu;f;@ﬁjﬁmgjbcgbpnudﬁ
s b glls S S 5 ey S sl 5l bl
Slods S8 5oL S wly e S5 Jold il o 23
s dmes Glal pen e 85 035 Je SOl O
Sosba Al ol 3 Shes SR8l s st Cgenl
A Ol Cde 53 Aoy o/F Chle Ll IS Jlg o

2l el S S (Sl aald 4 G sl


http://plant.ijbio.ir/?_action=article&au=4930&_au=fatemeh++zarinkamar
https://dorl.net/dor/20.1001.1.23222727.1400.10.44.4.0
https://jispp.iut.ac.ir/article-1-1438-fa.html

[ Downloaded from jispp.iut.ac.ir on 2024-04-11 ]

[ DOR: 20.1001.1.23222727.1400.10.44.4.0 ]

VP Jle FF ojlad Vvl alE s SIS 5 aul VeA

23 s /Y Sl L olS S5 eocele YA Ol wde 53 Ao et/ chals L elS S b tdald olS Wiy, 5 S S a-) K
(O35 Ve 28,5 L) dojs +/) chale 5o colu FA 0L 5o ol S S d cesln YF 0L

35 Aoy 0 /¥ C_’J&.\.’GQAL_S/ 4y9y . tesle A Oby Ode 3 dp s ¢ /¥ ;.!é.l.&l,el:f L9, b cdals aL_S/ GjJthSJS a-y JS.:

(095 Yo ol )5 L) ol FA Ole) Stk 53 depys +/) Sl L olS 4y, d sslu YF 0L


https://dorl.net/dor/20.1001.1.23222727.1400.10.44.4.0
https://jispp.iut.ac.ir/article-1-1438-fa.html

[ Downloaded from jispp.iut.ac.ir on 2024-04-11]

[ DOR: 20.1001.1.23222727.1400.10.44.4.0]

LK SR PG PUPYE S Pt PPV ICH JUOFS SR LR RPN W L o P i

Q‘)K&.&_’GJ,} ‘;L:J: 6)_,3

4\.‘;3‘}‘ w}:}i}kw‘)b [ L;;:fe}‘.ﬁ‘ Qu.@,agi :Ju\s Qlﬁj‘gwﬂsw&m;| gﬁ;\.‘ub 4.3‘}?;5—\ J_,.-\>

Sl e S0k
s
A 55,18 e b s s a s ls Wf i Sl o sl Neansas
Js ok sl
o/eayns o[y e AT IAL o/eeagns AT s ¥ cble
/v AT /ey YOO YO 5 e\ Y obe
o/eeQm AL eV oeeY” VAT /0" 'Y Oboy xble
v/eeY 2[00 o/ LARERY AREAY VAR ¥ Lo
VY vy ) VY YA § ROV NV
Sols g e 9 )3 Iy ) Ch“ 5 3 gan b Fay NS g sk
-\ d}b aalsl
a5l
)
ol 2 bl ds s o 506t S, sl S g
S0 BISteY
YIRS i oJeeons AQVEV™ VAR Y QAT A\ ol
o/raFE o/ YASAAA™ oV TVA™ Y Ol
VJu kR oe¥E YAV Q™ /0" \TAN VY Oley xkale
/e o/ YYf o/ 4 \g ot
YO VY 1 0 RO NV

S5 g pAe 9 A2y K s o) Ch"" 23 ,ls fme S S NS g ek

Slm sl Gl b oandy Sl O35 b dlssla O35
0> Sols e Sl G 3 il 3 Shes 5 SlnS] T
() Jsdr) sl Ol a3 G Jlaz| pelas
Jsdr de b apdgslie 059 5 Lk alajlm O3
s ol s chle ele S sls 0LE Luilols 4
S 0o s ok ade s O35 p Ol e chle Lla
Gl Jlapme dony S dlel mlan s A Ly
Chle s L alsls oY IS8 e s L0 dsi)
395 4l sldde o mio Cell YA Oley e j> Ao s /Y
0 acds 03 Yh S 4 g L ocl el ol
Y Chle A 5V A lagle s Ay o/f cble

sy Lolie i Cele A Ol Sl 53 Ly

oAl olS s e IS Chle s n s A
N0 glackle o5 s asie (Phalaenopsis amabilis)
5 ekd Ak deons il W Sl Aoy Y
Shishoh e b S Slio ha Soes
3 9505 Sleosar oo p (6 e yulagld Sl day a8 ol O
Zaker ) &S oSS s s b eSO (S5 e
.(Tavallaie and Kolahi, 2017
Jlaze G sl ol bl aes Jsde ml
2ol Gl Ol g e S il glaclale
Solsgme Bl 5 0355 A8 30 W55 5 IS s IS
ol Ao 5 b Lis IS @ L IS &S Jl s ol 4zl
5 Lals Ol Ao s oy dlenl o 3 (g)la e Sl


https://dorl.net/dor/20.1001.1.23222727.1400.10.44.4.0
https://jispp.iut.ac.ir/article-1-1438-fa.html

[ Downloaded from jispp.iut.ac.ir on 2024-04-11]

[ DOR: 20.1001.1.23222727.1400.10.44.4.0]

\v"dtﬂcffﬂ)wg\'ﬂ?s‘ﬁtjé;JLs}%]) AN

0/7
a

0/6
.
3 ol
4
=S .
" - C
3 o3 deddeded
fiy
=

0/2 fEf
0/1 I I
0

824824824824824
0 0.05 0.1 0.2 0.4

Lol 0oy ke 5 (1) Clale plaze A
(el e oI5

1/4 b b b a b aa a
2 1/2
E:w 1 ¢e c-e C_ec - G- - dcffdc
o de” e
x 0/8
;1} 0/6 .
3 0/4
5 o2
0
o B [ B o B [ B [l b
0 0.05 0.1 0.2 0.4
Ll Olos ke 5 () ke Llize A
(el e oI5

(B) 54 b 4l g 5150 855 5 @) &lajl32 O3 g s odS Hlend Jlasl DLy 5 ClalE 1Y S

Q;Uﬁ d‘)‘.} M)b @ JLQ:O-‘ cbuv BL LSD b_’ﬁ}i u.dl.ulﬁ C}J:-u }h BL 4.3\';-0 '—%JJ"" 6‘)‘.} 6\#&;}‘-:4 Lﬁ)b‘,nd' AR .3)_}4 PL

Y¥ & cole A Ol ol 51 doys /Y 5 doys 2/00
oalS sl FA Ol sl s 2l Ll L, K sl
JY ke s cele YA Ol ys als ol oSl e
doys o/ chle s ol s e g 2eS 4 Lo s
Sy ol YA & celu A Ol 5l S Jhals W, S
A by IS Ol el A Sley 5 Ao ps o /) ke )5 sl
Celu V2 Oley o3 e 5 Sl ol SlAEe o 2is 4
cele YY Ol sl T;.b,u 5 Sl atals (gl Al
Cool aBl a8 o5l cele YA (ol p o5 andls 2ul53l
(fa )
sl QLS baeols bl a2 Jpdr B b b\
Lol sl (gols pae Gl Gloy 5 chale el sl jl oS
JL&lChdjsbL}cé;)SOl)yﬁQujj&L&Jf&u;l
b Ko a5 L0 dj.xe-)c,..Ao.Lj)bL;'M.l«o)J@
A Sy 3l il Wy S deys /Y 50 /00 Chle gy s
chle sl e el olgs &8 syl cell VY U cel
BISVYRNECRWESEY R PPN (R Wy S| P TR WS PA
Sl o dboe Sl Coll V7 Oles 5 5 5ol L3 s
2l o lgs el FA gl s sl nll el YE Ol
oy Cde 53 bylas Aoy o/f chle s L e

K (5,15 fre

lesls ol
Bl egatshanl oS 53 hash mli 4 g L
o3 sl oS 53 SAo b sl 5 &ilsslie 0l
o) b alie ol aals (55l dals OlalS 4 o
BUSGL bl Sohl ol s 8 Liied 5o hasy
X5l 50 olS 4 iy xe (Andrographis paniculata L.)
Qi-Qing et al., ) ol sl bl €ls,lim O35 Ol sl s
(Dianthus caryophyllus L.) e olS 55 cpizean (2018
Sl LT s e I 5
.(Roychowdhury et al, 2011) coul oas S 5,158

BENSSYISE

BRVIS NN ELR VPR RN P i e LR S PP LR P SR
Moa Vol &8 s 5080 5 58,55 askys OlalS
Gl Al W amms sk el il
sa S g5y adS > wamen (Munzbergova, 2017)
sldas 5 o3Il (g sh Cla.ﬂ sl 58l b s asis Lolium
Mirzaie-Nodoushan and ) sl Al Wdsle
.(Nadarkhani, 2000
S 3l 0La el uills aped s @ by S
oy Jliml sl 3@ Jis)ls L chl ol i
Clle 5o sl 4 ar g L () dsdr) ol Db pme Ao


https://dorl.net/dor/20.1001.1.23222727.1400.10.44.4.0
https://jispp.iut.ac.ir/article-1-1438-fa.html

[ Downloaded from jispp.iut.ac.ir on 2024-04-11]

[ DOR: 20.1001.1.23222727.1400.10.44.4.0]

(ANER L P PSS P SUPRCH Pt I CE TRPR TN s AP (]

C}b&oﬁjb}ﬁ ‘;Lﬁob So$

a 0/3 a
/ | ab ab
0/25 o ¥ b
\iL L b-e b-e bee
™ 0/2 Thcef ey | o o ve cee
gﬁ = IS
aO;"15 1 f
2o |
p—
0/05
0
s b4 5| 24 [s| 24 |3 24 5| b4
0 0.05 0.1 0.2 0.4

L sbegd Olej e 5 (1) clale Llize [

o

(mg/g) b iyl

0/5 A a
0/45 ab b-d

§ a-
OJ'{4 b—f b—f b_
f c-g b-f

035 4 &€

o3 a1t el fo
025 -

02 -

015 -

01 -

0/05 -

0

s| 24 Js| b4 sl 24 [s| 24 Js| oo

0.05 0.1 0.2 0.4

[a=]

S b ledt Bley e 5 (1) Sdake lize

(cels)

)b Jbs S 5 (@) a Jbg IS 5 o (IS Slas Jlasl 0Ly 5 lile bline §1-F 3

03 &S s WSl i S dals s (Y i)
e (i Ay /Y Clle s cele YA 0L e
doys o /F g Aoy 000 Chle gy s (0a KE) Ls o
Cele FA & cele A Ol e 31 W, sy Ly SO
o Celo A Ol sl sl dsys /) clale s Ll syl 34
S s 55 e edalie SalS 4 5, Ly, K cela VP
5 el Ol 53 Gl cela YF 4 el V8 Ol
Chle 53 s e sdalie a5 Wy, Cele FA G s
adls doys /) Chle 4 Cd e S gy Aoy /Y
sasly bl cell V8 a4 el A Ol sl Tl pas !
Oloj Sode (Sl e 5 a8l 2l oylss ol Y ol
(08 JS2) ol azils 342y S Sl SO el YA

besls uiloly s b lamst 8 b s'“d'j
sooble bl jy cble Ol s ime 5l stmsolss
Aoss S ez o 53 SlenST J8 Jy w5T s Ol
FA 5T Ol 3 sl doys /Y clle s .() Jads) ol
ol o & SlAnST 3k T e o riy el
(Ob 55

AU eaasolis baesls ulsls 4 b UGS
Al s Ol s chle Bl 35 chle Ol il s
ol ST B L Aoy S Jleal mlan s UL

2 S Al Ly S i St b LE il
Bols sy cele YA 4 cell V8 Ol

Gl W55 5 U8 dbs IS Ol sl onl o
sa LSS Ol Js Cud w3l 0L 1 (gl e
ol A ) Chle b led Cow LS s b L IS
s 53 (Y4) OLKes 5 Akbari .ol esls 0L
05 oS 3 sk phu B L S WS IS
osba b Jssds s a ey IS Ol (Carum carvi L.)
Ocimum ) Ol (59,5 landllas 5 .cal ilsel (gols e
LS55 5,8 Ol e LS L el e OlalS (basilicum
Ol 5 dails (Adshys) dals OLLS & cond (5 2o
S SUL olsme ssba aSsLIs OIS s ey JS
&S siasn s adl (Ardabili et al., 2014) 55 Laasshys
4S ols Ol el el (Citrus ourantifolia) % 5 sed 3,
Gl me Sl Al 5 S shl 5 olS s s IS Ol
S 34 o blodl o |0 (Afshar et al., 2012) il
Ll o anllas 5,50 oS § 5 iy AL slie - sl
Birami Kohi et al., ) 13l «als 35U Jebs IS Ol s
(2016

sls Ol Waesls bty 4y s 3lAeST ri}ﬂ
EE PRI PSR N I G N JPOg|
A (ol e deos SO el s 5o Ol 5 s


https://dorl.net/dor/20.1001.1.23222727.1400.10.44.4.0
https://jispp.iut.ac.ir/article-1-1438-fa.html

[ Downloaded from jispp.iut.ac.ir on 2024-04-11 ]

[ DOR: 20.1001.1.23222727.1400.10.44.4.0 ]

\\‘"Jb‘\‘fang\'dl:yg‘ﬁl;fa)sjlf‘,.uﬂﬁ WY

o
(=
|
—
b

1111

(UM/g) 5lusl

[
=
1

10
° 8 14 4\48 ‘1624P8 8‘1624% 8‘1424%8 8‘1624%8‘
0.05 0.1 0.2
,_._;.J:L o Ole3 ke 5 (1) ke iz
(cels)

450 aa
400 - b
350 -
300 qd
250 -
200 -
150 £
100
50

O H#ﬁ \iﬁ H#ﬁ Hjh H;#s

..«':""LF'_'JS L ‘:Lo-_:-‘ LJLnj Zidka g L) Slale J.LE.‘;A Jﬂ
(el

(UM/g) 3t J L

_ghgh gehop h g gh gh ghgh

) 5148t 3 w51 5 () 510mS1 5 5T 5 s S las Jlasl Dl 5 ale 10 JSS

@) VUl

(

L L P s Py et o {’)._,.la.LsJ,Ln...n

Liuand ) b o il i s s ccilies 6uw~;i
cl.;f DL WJ:*LS J.?\ 4@ 45 Js.:bu“ DL (DaVIS, 2011
Ol I3l el (g sk c}a.w OB AL el 4 le
(Chenetal., 2020) 55 s s 34| o 3T Colad
Olaj als Ol Laesls il ls 2 ol 2 puilal oS
3 U"""L""| Jjﬁ.‘;.c 90 OLA}) cble JJLS.;'.AJS‘j cble
B Jlee Ck..d 0 oelal Aoy e
L)”-’L“‘" Loy » QLG) o5l JJ\ B cble esle JJ\ J} |
Loy /Y Chle Sg)sba (V Jsds) cal esss Jls sme

Sl dos bl oles Lo bl 5 Shas 5550 55 Js

U 231 e IS Slas Jlosl Dl 5 il 317 S

VARG w;i o Olgee & IS w5 a5 L (Y )
IR VESTIN WERTIYA SEGN=1 -SRI WL P | VS ITCIR VISR WY
3V A ol 5o doys /Y Chals s 5 cell A 0L
Ll o dany 395 e oy i 4 el FA
(Sorghum  bicolor) fﬁ)y 534S Ak
Carum ) kst oli oS 5 (Ardabili et al., 2014)
L35 1S As elsl (Akbari et al., 2019) (copticum
gl GBI LGS BT sla sl s Ol oS
OLLS 55 mpl ol el adl il sk
OBl s Wl e Ak Lbalie s A5k
Lapss5e5,S sl 03,5 ol 93 ooy Al A5k = sl

Sl bl s o S5 e Rl Lowlg e


https://dorl.net/dor/20.1001.1.23222727.1400.10.44.4.0
https://jispp.iut.ac.ir/article-1-1438-fa.html

[ Downloaded from jispp.iut.ac.ir on 2024-04-11]

[ DOR: 20.1001.1.23222727.1400.10.44.4.0]

NY LSS m e Sl g e S b shS gl Lo WIS

(%) Lilod Loy
o
(=3}

s

(ml) IV ‘_,....}L.ul Jjﬁn."

0
8 162448 8 162448 8 162448 8 162448 8§ 16244
0 0.05 0.1 0.2 0.4

S b ledt Bley e 5 (1) Sdake lize

(cels)

C}b&oﬁjb}ﬁ ‘;Lﬁob So$

0/035 - a
a

0034 b
0/025 -
0/02 4
0/015 b

bbbbbbbbbbbgbbbbb
0/01 -

0
g 24 |8 24 |8 24 |8 24 |8 24
0 0.05 0.1 0.2 0.4

S b ledt Bley e 5 (1) Sdake lize

(cels)

(b) J".L“J bﬂ«ﬁj(a) u»JL.a‘ MJAJA.W‘;-USJL&; le bb};c.l&l.é}l—\/u\&&

Fie: COF TEOEITE Fartels: B000 Aen Time: 68 8 S PG

W TE= b ey Lt r——ar

B0 o 48 o el
= i = 3 - = v
B B B
8 8 8

[ =4 | v

29 12 - =

a v T T v v a - Q v T v v T
Q sa 100 182 200 260 ] s 100 182 200 284 ] =0 109 150 200 2&Q
reg-A SR04 Fergir =0y f-f-4
260 {Bok=. M 2o B =eo {Bcke M
=200 200 - 00 4
' 5
3 1= £ an ) g 1an
= oae . %au- By G %IW-
S . g
a G e a o e e a P T S St T ity T
a sa 100 180 apa aea =a 100 180 apa 2ea a = 104 1848 08 284
FBC-a BBC-A PanCP.CY 6-6.-a

Tvaar [=— WrrieE = == I =~ =] =k Weans L=l =Ll W v =i
i whanne 53 a5 - 19.06 5119 . 53 5 33 48 17884 13305 2550

w5l 3| w93 s> sl (RAphanus sativus cv. Sexa asw 5 5 lhkul oS 5 dald) OLS (5 e gl s rl,f_,:.,,.a 3 Gl A IS

lannicelli et al., ) <l oos S 5,158 6 350 slse (s hoys
.(2020
oSasls SlsEle 55l Jol slasl rg e glu b s
VOO pln 1) Akos dald slaksel o5 o301 SOl
L e S Lol 4505 p 535 03100 (5 Gls 5 0 8 S
0 S 5Se PIVY Cel YA Oles ke 3 o +/F Bl

)Jo.LJJWQuL;@j(Qj/\JLZ)Q;W

RGO PR 6}3‘1&J 6““ C):g‘;l‘:‘ °x‘.‘sd‘a"":‘° ol b

ol mls VUKD sl Ol Aoy S esgde s SLS
G sdddlasl slajlag Cowd uilul 3 Slas 5 Az ys s
oA oLl Vetiveria zizanioides (L.) Nash s 5 oS s,
LA)L@.:J e ojj}a }‘}A Sl yd v Jﬁ‘f‘ ).<;L:., @LI; E)
elie s s Ly es s o)l Cilhe cConl s
£+ =58l Lippia integrifolia (Griseb.) Hieron oLS (s,


https://dorl.net/dor/20.1001.1.23222727.1400.10.44.4.0
https://jispp.iut.ac.ir/article-1-1438-fa.html

[ Downloaded from jispp.iut.ac.ir on 2024-04-11]

[ DOR: 20.1001.1.23222727.1400.10.44.4.0]

\f"Jb«ffﬂ)ws\'kswtgb;)s}.uii} WY

Flis: TCOE_FEDE 22 Famileles: 0000 Mg Thm+ B8 & s (A
R=C] L] 1000
G 1= EEel Cane R
&00 e 1 &00 |
=300 =5 =500 -
= = =
3 =1 =1
g 2 =2
455 24 425 o
Pl iz 200
o T T T T T Q T T O T T T T T
o =] 00 4=0 El] =50 o0 2on o =0 1e0 150 =00 B
FES-A FerSE- Ty EEA
250 iz =1 20 220 Jimene =1
=00 =00 200
=
% 3
1=2 g B A B
d g g
bl =20y Ll== Ll==hy
B B
(= o
so S0 50
o T T T T T Le) T T T T T o T T T T T
L] = At sl ras =] =] =5 188 188 el 255 = 1) imm 188 -1 e
FEC-A EEC-A FerCF-Cy 668
Siam =1 T = i T e f= ] Maars Y SRy Fiesa iy =R
=1 Lt ] R Ee . RE T 5119 3 T 33 4% 1IE a4 1EE 06 & &0
A 3l 2T - Al B ] =reT N - - -
iy ol =1 k] - ) T s TS= 5 &5

a3l olE 5 (Sl FA DLy s doys +/F CalE) 4311 g g gl ookl BLALS (5 s sala gl 1 £ gin -4 IS

il 0 el Ky adiar Kils oS jaseie jew ks (Raphanus sativus cv. Sexa)

ufUa.A oL; UJM‘ BEl LQVJ”JJT éUL' C,\:.“a.% W A ng;'..lvg J\.)Lja QL&.: \) OV r}.’j a)\Ju\ u.:i»L:A C)jlﬂ.‘u 6&;;.14&5«

ey o B Ll o535 0l skiasOLLS [EYE o c‘;w A
5l Bl 7S oS

ol el 3 1 Lo oS 63l S B S5 BT 51 Al

el o K Sl L3 505 (S G

o fmlie 235wt U5 e Ghles] ol s 4 s L
Y cble AML\J_e\ uﬂjb‘);'-jla..ﬂ‘ oL3§ 6\]: e 2JS )L.,,:_','

Mg 4 e S e ol cele YA Ol ey Lo s

I R SRR OV U B R PR CC [ N

@\;.e

Abei, H. (1984) Catalase in vitro. Methods in Enzymology 105: 121-126.

Afshar, M. M., Pourakbari, K. R., Omidi, Z., Ghanati, F. and Tarang, A. (2012) Morphologic and physiologic effects on
polyploidy induction in Citrus ourantifolia. Iranian Journal of Plant Biology 4: 13-23.

Akbari, R., Fahmideh, L. and Fazeli-Nasab, B. (2019) Investigating the possibility of polyploidy production and its
effect on phenolic content and antioxidant enzymes of Carum copticum of Pakistani population. Journal Plant
Process and Function 8: 311-324.

Arab zadeh Ghahyazi, N. and Zarinkamar, F. (2015) Investigating the structure of leaf Trichomes of Mentha pulegium
L. First Iranian Scientific Research Conference on Biology and Horticultural Sciences.

Ardabili, S., Asghari Zakaria, G. R. and Zare, N. (2014) Polyploidy induction and its effects on some
morphophysiologic characteristics in sorghum (Sorghum bicolor cv. KFS2). Iranian Journal of Crop Sciences
16: 151-164.

Amako, A., Chen, K. and Asada, K. (1994) Separate assays specific for ascorbate peroxidase and guaiacol peroxidase
and for the chloroplastic and cytosolic isozyme of ascorbate peroxidase in plants. Plant Cell Physiology
32: 497-504.


https://www.sid.ir/en/journal/JournalList.aspx?ID=13040
http://plant.ijbio.ir/?_action=article&au=14176&_au=nastaran++arabzadeh+ghahyazi
http://plant.ijbio.ir/?_action=article&au=4930&_au=fatemeh++zarinkamar
http://plant.ijbio.ir/article_1390_682e4d6b207cb5056e3531bf8a325aec.pdf
http://plant.ijbio.ir/article_1390_682e4d6b207cb5056e3531bf8a325aec.pdf
https://dorl.net/dor/20.1001.1.23222727.1400.10.44.4.0
https://jispp.iut.ac.ir/article-1-1438-fa.html

[ Downloaded from jispp.iut.ac.ir on 2024-04-11]

[ DOR: 20.1001.1.23222727.1400.10.44.4.0]

N0 L S5 P 05590 Okl g e LS L gS gl b WIS OLRer 5 00 Jils 5o

Barnes, J. D., Balaguer, L., Manrique, E., Elvira, S. and Davison, A. W. (1992) A reappraisal of the use of DMSO for
the extraction and determination of chlorophyll a and b in lichens and higher plants. Environmental and
Experimental Botany 32: 85-100.

Birami Kohi, A., Fahmideh, L. and Mehrnaz Riasat, M. (2016) Evaluation of morphologic and physiologic traits of
Sistan's Native Fenugreek (Trigonellafoenum graecum) under colchicine treatments. Journal of Crop Breeding
8: 153-159.

Borgheei, S. F., Sarikhani, H., Chaichi, M. and Kashi, A. (2010) In vitro induction of polyploidy in lemon balm
(Melissa officinalis L.). Iranian Journal of Medicinal and Aromatic Plants 26: 283-295

Comai, L. (2005) The advantages and disadvantages of being polyploidy. Nature Reviews Genetics 6: 836-846.

Chen, H., Lu, Z., Wang, J., Chen, T., Gao, J., Zheng, J. and Yi, K. (2020) Induction of new tetraploid genotypes and
heat tolerance assessment in Asparagus officinalis L. Scientia Horticulturae 264: 109-168.

Eivazi, Sh., Khorasaninejad, S. and Alizadeh, M. (2015) Optimization of plant growth regulators for callus motivation
and positioning in Lavandula stricta Del. First National Conference on Organic Cultivation and Propagation of
Medicinal Plants.

Estaji, A., Hosseini, B., Ravandi, E. G., Dehghan, E. and Sefidkon, F. (2017) The effects of colchicine-induced
autotetraploidy on selected characteristics of Nuruozak (Salvia leriifolia). Cytology and Genetics 51: 74-81.

Dhooghe, E., Van-Laere, K., Eeckhaut, T., Leus, L. and Van-Huylenbroeck, J. (2011) Mitotic chromosome doubling of
plant tissues in vitro. Plant Cell Tissue Organ Culture 104: 359-373.

Hosseini, B. and Javanbakht, S. (2017) Effects of in vitro polyploidy induction on some morphological, physiological
and biochemical traits of Salvia leriifolia Benth. Iranian Journal of Rangelands and Forests Plant Breeding and
Genetic Research 25.

Holy, M. C. (1972) Indole acetic acid oxidase: A dual catalytic enzyme. Plant Physiology 50: 15-18.

Khorasaninejad, S., Alizadeh Ahmadabadi, A. and Hemmati, K. (2018) The effect of humic acid on leaf
morphophysiological and phytochemical properties of Echinacea purpurea L. under water deficit stress. Scientia
Horticulturae 239: 314-323.

Kondorosi, E., Roudier, F. and Gendreau, E. (2000) Plant cell-size control: Growing by ploidy. Current Opinion in
Plant Biology 3: 488-492.

lannicelli, J., Guarinielloa, J., Tossibc, V. E., Regaladob, J. J., Di Ciaccio, L., van Barene, C. M., Pitta Alvarezb, S. 1.
and Escandona, A. S. (2020) The “polyploid effect” in the breeding of aromatic and medicinal species. Scientia
Horticulturae 260: 108854.

Liu, B. and Davis, T. M. (2011) Conservation and loss of ribosomal RNA gene sites in diploid and polyploid fragaria
(Rosaceae). BMC Plant Biology 11: 157.

Loureiro, J., Pinto, G., Lopes, T., Dolezel, J. and Santos, C. (2005) Assessment of ploidy stability of the somatic
embryogenesis process in Quercus suber L. using flow cytometry. Planta 221: 815-822.

Lu, B, Ding, R., Zhang, L., Yu, X., Huang, B. and Chen, W. (2006) Molecular cloning and characterization of a novel
calcium-dependent protein kinase gene liCPK2 responsive to polyploidy from tetraploid Isatis indigotica. Journal of
Biochemistry and Molecular Biology 39: 607.

Madani, H., Hosseini, B., Karimzadeh, G. and Rahimi, A. (2019) Enhanced thebaine and noscapine production and
modulated gene expression of tyrosine/dopa decarboxylase and salutaridinol 7-O-acetyltransferase genes in induced
autotetraploid seedlings of Papaver bracteatum Lindl. Acta Physiologiae Plantarum 41: 194.

Mirzaie-Nodoushan, H. and Nadarkhani, H. (2000) Karytypic investigation of tetraploid populations of Lolium sp.
ranian. Journal of Rangelands and Forests Plant Breeding and Genetic Research 4: 87-116.

Mozaffarian, V. (1996) A Dictionary of Iranian Plant Names. Farhang Moaser, Tehran.

Mozaffarian, V. (2004) A Dictionary of Iranian Plant Names. Farhang Moaser, Tehran.

Munzbergova, Z. (2017) Colchicine application significantly affects plant performance in the second generation of
synthetic polyploids and its effects vary between populations. Annals of Botany 120: 329-339.

Nakano, Y. and Asada, K. (1981) Hydrogen peroxide is scavenged by ascorbate peroxidase in spinach chloroplasts.
Plant Cell Physiology 22: 867-880.

Noori, S. A. S., Norouzi, M., Karimzadeh, G., Shirkool, K. and Niazian, M. (2017) Effect of colchicine-induced
polyploidy on morphological characteristics and essential oil composition of Ajowan (Trachyspermum ammi L.).
Plant Cell, Tissue and Organ Culture (PCTOC) 130: 543-551.

Qi-Qing, L. I, ZHANG, J., Ji-Hua, L. I. U. and Bo-Yang, Y. U. (2018) Morphological and chemical studies of artificial
Andrographis paniculata polyploids. Chinese Journal of Natural Medicines 16: 81-89.

Ramsey, J. and Schemske, D. W. (1998) Pathways, mechanisms and rates of polyploidy formation in flowering plants.
Annual Review of Ecology, Evolution, and Systematics 29: 467-501.

Ranney, T. G. (2006) Polyploidy: From evolution to new plant development. International Plant Propagators' Society
56: 137-142.


https://www.nature.com/articles/nrg1711#auth-1
https://dorl.net/dor/20.1001.1.23222727.1400.10.44.4.0
https://jispp.iut.ac.ir/article-1-1438-fa.html

[ Downloaded from jispp.iut.ac.ir on 2024-04-11]

[ DOR: 20.1001.1.23222727.1400.10.44.4.0]

Ve e FF oylad A Al Al 5 SLIS 5 i 1\

Roychowdhury, R., Sultana, P. and Tah, J. (2011) Morphological architecture of foliar stomata in M2 Carnation
(Dianthus caryophyllus L.) genotypes using scanning electron microscopy (SEM). Electronic Journal of Plant
Breeding 2: 583-588.

Salahi Sadr, S., Zakizadeh, H., Naghavi, M. R. and Olfati, J. A. (2018) In vitro effect of colchicine on growth and
cytological characteristics of Fritillaria raddeana. Agricultural Biotechnology Journal 10:; 85-103.

Sanginabadi, H., Khorasaninejad, S., Hemmati, Kh. and Ghasemnejad, A. (2016) A study on propagation methods of
Lavandula stricta Del. Iranian Journal of Medicinal and Aromatic Plants 32: 417-427.

Salma, U., Kundu, S. and Mandal, N. (2017) Artificial polyploidy in medicinal plants: Advancement in the last two
decades and impending prospects. Journal of Crop Science and Biotechnology 20: 9-19.

Shahriari-Ahmadi, F., Dehghan, E., Farsi, M. and Azizi, M. (2008) Tetraploid induction of Hyoscyamus muticus L.
using colchicine treatment. Pakistan Journal of Biological Sciences 11: 2653.

Soltanipour, M. A. (2005) Medicinal plants of the Geno protected area. Pajouhesh and Sazandegi 68: 27-37.

Soltis, D. E., Soltis, P. S., Pires, J. C., Kovarik, A., Tate, J. A. and Mavrodiev, E. (2004) Recent and recurrent
polyploidy in Tragopogon (Asteraceae): Cytogenetic, genomic and genetic comparisons. Biological Journal of the
Linnean Society 82: 485-501.

Tavan, M., Mirjalili, M. H. and Karimzadeh, G. (2015) In vitro polyploidy induction: Changes in morphological,
anatomical and phytochemical characteristics of Thymus persicus (Lamiaceae). Plant Cell, Tissue and Organ
Culture (PCTOC) 122: 573-583.

Thao, N. T. P., Ureshino, K., Miyajima, 1., Ozaki, Y. and Okubo, H. (2003) Induction of tetraploids in ornamental
Alocasia through colchicine and oryzalin treatments. Plant Cell, Tissue and Organ Culture 72: 19-25.

Tan, F. Q., Tu, H., Liang, W. J., Long, J. M., Wu, X. M., Zhang, H. Y. and Guo, W. W. (2015) Comparative metabolic
and transcriptional analysis of a doubled diploid and its diploid citrus rootstock (C. junos cv. Ziyang xiangcheng)
suggests its potential value for stress resistance improvement. BMC Plant Biology 15: 89.

Urwin, N., Horsnell, J. and Moon, Th. (2007) Generation and characterization of colchicine-induced autotetraploid
Lavandula angustifolia. Euphytica 156: 257-266.

Yaghoobi, K., Kaka, G. R., Davoodi, Sh. and Ashayeri, H. (2016) Therapeutic effects of Lavandula angustifolia.
Journal of Gorgan University of Medical Sciences 17: 1-9.

Zaker Tavallaie, F. and Kolahi, H. (2017) Induction of in vitro polyploidy in ornamental flowers of orchid species
(Phalaenopsis amabilis). Iranian Journal of Rangelands and Forests Plant Breeding and Genetic Research
25: 259-270.

Zhou, L. J., Wang, L., Wei, Q., Ao, G. H., Wu, X. J. and Li, S. G. (2007) Utilizing early generation stability
characteristic to breed restorer line of hybrid rice. Chinese Journal of Rice Science 21: 265-269.


https://jab.uk.ac.ir/issue_345_346.html?lang=en
https://www.researchgate.net/profile/Nigel_Urwin?_sg%5B0%5D=vykchIA7jDhAkbthD_1b8ikIcgxFaFuqu_J-SXjBZNgIJYQ1ZewEiOLgVezgbyV6g8Ur_VI.6n-5WyIWfVJJNGXdUyNmK7Oqqnx8gf3cBNj6DRVVbDcV5kdFHUfBaJpiIE51ftpkujSniORN-K28Z0_zaurViA&_sg%5B1%5D=Z9MAUvbU3-7lLD9tmzOHgwviMtKT_jZ7-H77CaiT_q2HFs4lyPa6n4ugHkA8JFgo037Nu14.656tBW5iaIjVI9SGj5hb1uftqn94zX-ZZ7KWTxeK4MyLbBqVrmQyCHJJuk44n3lT-Ct9zmX2A0cVJEmEtejdZw
https://www.researchgate.net/scientific-contributions/77141668_Jennie_Horsnell?_sg%5B0%5D=vykchIA7jDhAkbthD_1b8ikIcgxFaFuqu_J-SXjBZNgIJYQ1ZewEiOLgVezgbyV6g8Ur_VI.6n-5WyIWfVJJNGXdUyNmK7Oqqnx8gf3cBNj6DRVVbDcV5kdFHUfBaJpiIE51ftpkujSniORN-K28Z0_zaurViA&_sg%5B1%5D=Z9MAUvbU3-7lLD9tmzOHgwviMtKT_jZ7-H77CaiT_q2HFs4lyPa6n4ugHkA8JFgo037Nu14.656tBW5iaIjVI9SGj5hb1uftqn94zX-ZZ7KWTxeK4MyLbBqVrmQyCHJJuk44n3lT-Ct9zmX2A0cVJEmEtejdZw
https://www.researchgate.net/scientific-contributions/77121340_Therese_Moon?_sg%5B0%5D=vykchIA7jDhAkbthD_1b8ikIcgxFaFuqu_J-SXjBZNgIJYQ1ZewEiOLgVezgbyV6g8Ur_VI.6n-5WyIWfVJJNGXdUyNmK7Oqqnx8gf3cBNj6DRVVbDcV5kdFHUfBaJpiIE51ftpkujSniORN-K28Z0_zaurViA&_sg%5B1%5D=Z9MAUvbU3-7lLD9tmzOHgwviMtKT_jZ7-H77CaiT_q2HFs4lyPa6n4ugHkA8JFgo037Nu14.656tBW5iaIjVI9SGj5hb1uftqn94zX-ZZ7KWTxeK4MyLbBqVrmQyCHJJuk44n3lT-Ct9zmX2A0cVJEmEtejdZw
http://www.ricesci.cn/EN/volumn/current.shtml
https://dorl.net/dor/20.1001.1.23222727.1400.10.44.4.0
https://jispp.iut.ac.ir/article-1-1438-fa.html

[ Downloaded from jispp.iut.ac.ir on 2024-04-11]

[ DOR: 20.1001.1.23222727.1400.10.44.4.0]

NY L SR80, 00 Ol ki 5 e SIS L (gS gl b WIS OLRer 5 00 Jils 5o

The effect of polyploid induction on morphophysiological changes and essential
oil yield of Lavandula stricta

Habibeh Nouri dashlibroon?!, Sarah Khorasaninejad?, Seyed javad Mousavizadeh?,
Mohammad hossein Mirjalili?

!Horticultural Sciences Department, Plant Production Faculty, University of Agricultural Sciences and Natural
Resources, Gorgan, Iran
2Department of Agricultural Engineering, Research Institute of Plants and Medicinal Raw Materials,Shahid
Beheshti University, Tehran, Iran

(Received: 01/08/2020, Accepted: 09/03/2021)

Abstract

In this study, colchicine was used to investigate the effect of ploidy level changing on morphological and physiological
traits and the amount of essential oil of Lavandula stricta as a Iranian native medicinal plant. In this experiment, we
used gel containing colchicine at five concentrations (0, 0.05, 0.1, 0.2, and 0.4 %) and four times (8, 16, 24 and 48 h) in
the final meristem in the four-leaf growth stage of the potted plant under greenhouse conditions. The results of flow
cytometry showed that the genome size in all diploid and treated plants with colchicine were in the same range (0.55
and 0.57 pg, respectively), but, it was obtained 0.73 pg for treated plant with 0.4% colchicine in 48 hours and SEM
images showed an increase in the density of glandular trichomes and stomata size. Also, the results showed that the
concentration of colchicine and the time of treatment had no significant effect on chlorophyll and carotenoid, but
increasing the concentration of colchicine and the application time increased the weight of 1000-seed, weight of seed
with cover, peroxidase, polyphenol oxidase, catalase and percentage as well as yield of essential oil. According to the
obtained results, it can be stated that the application of colchicine at 0.4% for 48 hours has the ability to increase ploidy
level of Lavandula stricta plant and increase medicinal value of this plant.
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