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Apiaceae
Bunium cylindricum Drude IT Ge YVO =Yoo
Bupleurum exaltatum M.Bieb. IT Hem YVee-YyO.
Chaerophyllum macropodum Boiss. IT Hem YVee-Yq.
Ferula gummosa Boiss. IT Hem YVee-Yae.
Prangos acaulis (DC.) Bornm. IT Hem YVeo—fous
Prangos uloptera DC. IT Hem LR
Scaligeria meifolia Boiss. IT Th YAQ =YY
Semenovia tragioides (Boiss.) Manden. IT Hem YVer¥enn
Smyrniopsis aucheri Boiss. IT Hem YVeeo¥qe
Asteraceae
Achillea millefolium L. IT Hem YV oY
Anthemis lorestanica Iranshahr * 2 IT Th YV Y
Centaurea leuzeoides Walp. IT Hem YV YYD
Cirsium congestum Fisch. & C.A.Mey. ex DC. IT Hem AAEE
Echinops orientalis Trautv IT-M Hem AAARE K
Gundelia tournefortii L. IT Hem VoY e
Helichrysum oligocephalum DC. * 1 IT Hem YVeo—fous
Jurinea viciosoi Pau *, ** 2 IT Hem YVee—Waens
Pentanema pulicariiforme (DC.) Rech.f.* 1 IT-M Hem YVeo-¥ede
Senecio vulgaris L. IT-M-ES Th LR VY
Tanacetum polycephalum Sch.Bip. IT Hem YV YD
Tragopogon collinus DC. IT Hem YVO Y b
Boraginaceae
Arnebia decumbens Coss. & Kralik IT-SS Th YV —Yq s
Heliotropium ellipticum Ledeb. IT Th YVe oY
Onosma microcarpa DC. IT Hem YVO YYD
Paracaryum rugulosum Boiss. IT-SS Hem YVer-Y4.s
Solenanthus stamineus J.F.Macbr. IT Hem YA —YYD
Brassicaceae
Aethionema elongatum Boiss. IT Hem Yqe oYY
Aethionema stenopterum Boiss. * 1 IT Hem ACKEER o O
Alyssum marginatum Steud. T Th Voo —PY e
Clypeola aspera Turrill. IT-SS Th YV e—Yqo
Draba aucheri Boiss. IT Hem AAAREARRE

Fibigia macrocarpa Boiss. IT Hem YVer—YA« s
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Fibigia suffruticosa (Vent.) Sweet IT Hem ARTRER n
Graellsia saxifragifolia Boiss. IT Hem YVee-¥y0.
Isatis cappadocica Desv. IT Hem YAD YYD
Pseudocamelina glaucophylla (DC.) N.Busch * 1 IT Hem YVer—foes
Sterigmostemum sulphureum (Banks & Sol.) Bornm. IT Hem AAARE KR
Caryophyllaceae
Acanthophyllum microcephalum Boiss. IT Ch YA —FY s
Dianthus orientalis Adams IT Hem YVer-¥Y. .
Silene rasvandica Melzh. * 2 IT Hem LATTT oL JON
Stellaria media (L.) Vill. Cos Th YV Y
Colchicaceae
Colchicum varians Freyn & Bornm. * 1 IT Ge YVe ¥y
Cyperaceae
Carex diluta M.Bieb. IT Ge Ve oY
Dipsacaceae
Pterocephalus canus Coult. ex DC. IT Hem VO -YYO
Scabiosa olivieri Coult. IT Th YAL  —FY e
Euphorbiaceae
Euphorbia condylocarpa M.Bieb. IT-ES Hem YVer¥enn
Euphorbia cheiradenia Boiss. & Hohen. IT Hem YVeo-¥Ye
Fabaceae
Astragalus aegobromus Boiss. & Hohen. IT Hem Yoo YD
Astragalus microphysa Boiss. * 1 T ch YA Yo
Astragalus murinus Boiss. subsp. bornmuelleri Tietz & Zarre * 1 IT Ch Yae ¥y e
Astragalus ovinus Boiss. IT Hem YA —¥\D
Astragalus remotiflorus Boiss. IT Hem YA YYD
Cicer spiroceras Jaub. & Spach * 1 IT Hem YVee-¥yes
Fumariaceae
Corydalis verticillaris DC. IT Ge Y4 YD
Geraniaceae
Biebersteinia multifida DC. IT Hem YV ¥y
Hypericaceae
Hypericum lysimachioides Boiss. & Noé IT Ch YVerYoun
Hypericum perforatum L. IT-ES Hem L A2 I
Hypericum scabrum L. IT Hem YV oo
Lamiaceae
Lamium album L. IT Hem YV O
Marrubium astracanicum Jacq. IT Hem AAZE
Nepeta persica Boiss. T Hem Y4 YD

Phlomis cancellata Bunge IT Hem YA o =¥y
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Phlomis olivieri Benth. IT Hem YVer—¥eos
Salvia aristata Aucher ex Benth. * 1 IT Hem YVer-Yque.
Scutellaria nepetifolia Benth. * 2 IT-M Ch Voo
Scutellaria pinnatifida A.Ham. IT Hem YAD =YY O
Stachys acerosa Boiss. * 1 IT Ch ACERE o
Stachys lavandulifolia Vahl IT Hem YVO Y b
Stachys setifera C.A.Mey. IT-ES Hem YA« =¥y oo
Thymus eriocalyx (Ronniger) Jalas IT Ch YA« =¥y e
Thymus fallax Fisch. & C.A.Mey. T ch YA+ —FYD.
Thymus kotschyanus Boiss & Hohen. IT Ch YA+ —Yq.
Thymus pubescens Boiss. & Kotschy ex Celak IT Ch YVO =
Liliaceae
Allium akaka S.G.Gmel. ex Schult. & Schult.f. IT Ge L ATZ T O
Allium haemanthoides Boiss. ex Regel IT Ge LA A
Allium iranicum (Wendelbo) Wendelbo IT Ge YV ¥y
Allium scabriscapum Boiss. IT Ge YV ¥y
Eremurus persicus Boiss. IT Ge YVeo—Paun
Fritillaria persica L. IT Ge Voo —Paen
Fritillaria zagrica Stapf * 1 IT Ge YA« =¥y e
Muscari tenuiflorum Tausch IT-ES Ge Y4, —PFe
Tulipa humilis Herb. IT Ge Ve oW
Tulipa montana Lindl. var. chrysantha (Boiss.) Wendelbo ex Rech.f. IT Ge YVeeYoon
Tulipa cuspidata Stapf IT Ge A2
Tulipa systola Stapf IT Ge A2
Poaceae
Agropyron kosaninii Nabélek IT Ge L ATZT O
Boissiera squarrosa (Sol.) Nevski T Th YV ¥
Bromus tectorum L. Cos Th YVe Y4
Heteranthelium piliferum Hochst. ex Jaub. & Spach IT Th YVO—¥\O
Hordeum bulbosum L. IT-M Ge YV Y4
Hordeum turkestanicum Nevski IT-ES Hem YVer oYY
Poa bulbosa L. IT-M-ES Ge YV YYD
Poa sinaica Steud. IT Ge YVe P
Rhamnaceae
Rhamnus cornifolia Boiss. & Hohen. * 2 IT Ph YVer=¥Yeu
Rhamnus pallasii Fisch. & C.A.Mey. subsp. iranica (Hausskn.) Browicz & Ziel. * 1 IT Ph YVee-Yau.
Rosaceae
Cerasus brachypetala Boiss. IT Ph YV oY
Cerasus microcarpa Boiss. IT Ph YV oY
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Rosa orientalis A.Dupont ex DC. IT Ph YVer—foes
Rubiaceae
Callipeltis cucullaria (L.) DC. IT-SS Th YVe Y4
Cruciata taurica (Pall.) Ehrend. IT Hem YVO YYD
Galium humifusum M.Bieb. IT-M-ES Hem YVee=YAes
Rubia tinctorum L. IT Hem YVe e oYYO.
Scrophulariaceae
Linaria chalepensis (L.) Mill. IT-M Th YVer—YAss
Odontites aucheri Boiss. IT Th LATT T O
Scrophularia nervosa Benth. IT Hem YVeeoYqe
Scrophularia pruinosa Boiss. IT Hem YVe ¥
Scrophularia striata Boiss. IT Hem YA =¥y
Verbascum speciosum Schrad. IT Hem YV e-Y4.
Veronica anagallis-aquatica L. Cos Ge AAEE
Veronica orientalis Mill. IT-M-ES Hem YVer¥oun
Thymelaeaceae
Daphne mucronata Royle IT Ph Voo —Paen
Urticaceae
Parietaria judaica L. IT Hem YVe oYY

Valerianaceae

Valeriana sisymbriifolia VVahl IT Hem YVe ot




W0 g e 5 oy o5lah o Jlo Ol 5 A i

7Y




Ae=FY s ATRO Sl o2ih 5 Sy o5lod coitin Jlo el (ALE bty 5
WA/ /Y e S8 55 gl
VWRO/ NN i3m0
VWRO/ Y/ F s ) U

WAO/ YN ole by 'cul:

(Lavandula angustifolia) w345 gkl o slac 31 b i 4 Joxi (S
SHplo OMWuxi & b 3l Dunaliella salina  Jedw &3 pw &> 50
RILAENE

Y.L \ . \ . . \ . Z..
JB&)‘S‘)"JV;:‘} os“;.:b‘/.d.tg-cek- L}&:FLAJ_.LG‘ Wb&fﬁ‘w
Ql,:\ cQ‘u\A\j c[)l:.«.‘?)l;. E) QLE.‘:.« a\iidb cr)l.o BM‘J ‘&”L“:'C"“"U u);‘

Q‘ﬁ\ ‘Q‘.LA\) Lul;mg-}L E) ;_)\:...‘.._._.w o\i:..;‘b ‘r}ls o.lg.f..;‘: ‘LS“'::“ o);Y

o 0 La IS T 4 p g o glomed LS 5 03875157 o b 51O sl jrolS e SLL5 L ke JET
(Lavandula . ss o glaul olS 8 o ST (slosoyluae SSTUMT Jle bl ta g5 3355 g0 oual L S0T
ot axlllae Dunaliella salina _J g <SG o oS 5 5,5k A 5 b 5 4, 5,531, angustifolia L.)
Al 1l b oyl ) SIS | 5T S pt5 pioman 5 b LS5 Ol e 457 513 OLS Loyl gy 2 o
Aol L aglin 53 (Jsbow o5 A5, 487 515 Ol o lae o p3 B 5 WY ) okl b Sl cbeis s
5ol e el D (S e iS55 55l 5 s IS B ¢l s s b g e b se
P 055 Dl i Aoy .3 5 oo 0daliin oyl deo )3 ¥ Clale ol o slaiS” 5o LT nlas o 5V
G Vb lie ojbae b les Sl g Col FA 5 Jo Oloj b (055 5 B 5 Jslomn (glaiS O e clad b
Lo 5 ol sl i wil 5 o D salina glad sl 4™ dons 0 0L gl cpl il o 21530 0 las Ll
0 Sl Jraow (sl 5l 48 sy a5 a0 (s AT oo S e MR 3 b 311 Lo sluae
5 g 53 S 0L Calon G b Sl 5 el ol e S e 5 6505 5 58 s b la SIS AT
b SUAT 25 Ll ,d a0 oS Jaos Ul o 335157 5 ghome (lads (55,8

Dunaliella salina «2u gl ¢ 55,5 ¢ w33 55 shoul b JISaS T 1 suls”™ (S0 519

dl)‘bc%wgudwjﬂTgrﬂfkﬁw 4.0&\&0
5 sl plas 1y ST o s LS 5 03,5 51T alauly 4 DLl e

COFFVYFEYYA © ules o led aeinali@science.ush.ac.ir 1S s 2SI Comy SLES 1 3 joms 0 )

Copyright©2016, University of Isfahan. This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/BY-NC-ND/4.0), which permits others to download this work and share it with others as long
as they credit it, but they cannot change it in any way or use it commercially.



W0 g s 5 Sy o3lah o Jlo Ol 5 AE i

7

Sl ok 318 55 palS ol 4ty i Sl e
(Itani et al., 2013)
Sl &S5 s ¢S ¢S Dunaliella ¢Sl
5 3wl Lo 5l cal 5L 50,053 O5uy
PR S B O PP P S N PRTL W A P
delal Loyl any Cmed VU Hls (6 0 Colaal
allan g Jis i &S Ol Lo
(AVron 5,8 s 51,5 eslizal 3550 25 (5500 50
o) (Cowan et al., 1992 @and Ben-Amotz, 1992
Sl 5l GleslaliG s 5 5l aSs e Sl
(Avron and Ben-Amotz, 1992) c_.| b
248 sl e 5T b S I ST &S 55,57
3L il = 2T 5 (sl (gl s
¢«Chidambara Murthy et al., 2005) »,Is oIl
4 s 53 Sl o) Dufosse et al., 2005)
YL sl polis I 55 4 3B Jasee delusl Loyl 2
¢Ben-Amotz and Avron, 1983) ¢! 55,8k
L .(Salguero et al., 2003 ¢«Cowan et al., 1992
S 3 e 5 sl i Ol S o ol ) 4 a8
23 S 3 Ay 058 sgdon Gy b 51 il 5 e Sl
ey b SIS T 51 ol 25 4 55,87 Ol e
Ol Sl T Sladlas odas das
S slacade w5 il o) b IS NT
OS5 onl Sl 365 5m 55 5 4l S
13 55 O slaalllan in LaeSlr ol 5 i
SIE el ol ol G 53 05 o Sl
o33 sl ol 85 ol T (slajlas
S 5 o S 55 558 W5 5 s iy

b3 DS 5 Ol jme (umman 3 55 esie D, salina

«Singh et al., 2003) s OLS Lo K54 4 50
OLalS aea s L i LJIKS ,UT Narwal, 2010)
o3 5 IS caday el b o5 e LT glacl,
o=!.(Weston and Duke, 2003) 45,ls 55>
5 tien ST 3 Jsloal b Jglons &) g0 4 DS 5
Ly A 5 OLALE Lol ST i (sl s
OLalE ¢Sl T sla 2Sas  (Swain, 1977)
G b 35 asl JLL 5 L e SUT (hyls 15 o
Sl oo &5 g 58 L g3l (S o
Cilon b SIS AT 5 i 55 4 0LS yoi 5 i 5
(Sumanetal., 338 oo oLl cliss o &G o0 b
(Weston and Duke, 2003 <2002
(Lavandula angustifolia L.) 33 sl
b 53 olE ol gl 5 Jlas ile olS S
5 =S DN I (5l DLy ()
slaoyluae 3,8 oyl S eslinal sy pn wae
LS ol olsn sla s s W S o) sla wilal
3 oiuplsT ts s o Ss il s 81l
(Leung coul 2 B us 5 o5 S s il puomon
«Ghelardini et al., 1999 «and Foster, 1996
(Kim and Cho, 1999 <Hohmann et al., 1999
9 5550 3l B 5 aS s e Ol olad s1d Olalllas
St ST aglasS 5 iy 5526 ca s 5 g 55 5w
=l G JF 5 alea e b edins 1S5 Lo
Renaud et <Leung and Foster, 1996) w:..a ol
Sl 25T suasolas oL WT Sollas al., 2001)
sl ol ol b 8 LT claoylas i
(Petrova et al.,, cul j ,a glacale 51 ()l s

o~ al_;f U_i‘ LS-,T ‘Sua)l_«.ﬁ& ﬁst ‘W .2015)



#0 .. Dunaliella salina b ¢S5 5o ¢Sl 5 (Lavandula angustifolia) . 55 == shawl s )las 51 56 25 4 Joss gl

oo 3 ealiwl Loylas 1S A5 5506 Ol e
(Chang etal., db oni psioe T IS eSS
VO (=T oslas 1l s +/0 Hluze 2002)
poen AT RS pd e /Y (o3 47 51 2 s
P E SN PR RU PRI I WEYARPRWSTAL
A0 4y phie OTL byl olg o S
OT g 3l s Joolo b shins ol s o il
T dsb 53 BB Oyl a3 53 alds ¥ Do s
L S ladd 55206 Ol e b o0l 20 5L FND
= 9 Al w5 S s lliwl  ete lesliul
A O oS S 05508 2 p 8 e ol

Cod b o ylas St T Cadled pnnd
LSS T elae)le a8 5T
=S b 63 sl gy Sl eslizal L g 5 sl
Sl =T il 5 (DPPH) L 510 s
55 uxi (FRAP) (T Sl

E o T slbeslas s ST Eollob 0l
JLSSsly (5l st s b 5l o g5 skl oL
(Y4 A) O LSen s Kukic s, 5l eslicwl LDPPH
alie dd 6,8 oldl o Sl i Lol s
Yoo Lo ) Gl glacble Uy glas,las
VARUPSEVIES L RGN UYL gy
Il L 0T ol o2 5 bslies DPPH Y 5o e
Yol ol b b ol 1) e Y s
Jab 53 ol Ol .3 8 1,5 SK,U s aids
ST Ol e 4y Jgilas 3l oslinal b e L OW & 40
V1 IS ize o )las g b g liee 6 s s
Olse 4 Jgbe 2l e ¥ )50kl 335 Jlome ) o
DPPH JLSG sl (g5l o Ol joe ks o3liul dalis

L oT byl s Laoslas ol (Gl (5T ool

Wl 0 gy p Sk ey

b m95 9 3lge

5 s 5 sl ul olS 10 skas dugi 9 (AL Slge
(§ 3T oo Ol sl 5 Ol o3l ol S £
0355033 A s e o rme 53 5 e 0T sla &5,
3 ol ol Gl S ) s
,'\(-.th Sie s 3 B Ol L ods oS
On 45 i bl O e Ve L ol 5o
I3 Ol a5 53 (B O 69y Cola YF
5 Olo Jako amsl 4¥ 53 5l se Llaoslae .08 8
[3den ) o5lect ety Sl d21S7 1 oslizul b s
Vo oble U ol edd Ol Jskoms s U3l
D5 eslinl 35 e s JISaS AT e Ol 5t 4 o5
s g

9 o DS 5 O3l i (8 3”0 3
25 b OLS 5 Ol toglas 58 I (sdadeigid
oLE lacS 1 lodeT s 4o =T loo,laae
S 3l 55 e Sl aslinal b g g5 shad
3 = e 0 /0 luas (Singleton et al., 1999) .x
dops Vr oy o I e YO L (LS o las
Y (GBUI Syl a3 53 4 O 51 e 5 bgdde
s 035390 O 4 des 33 O NagCO3 Jsloes 2 s
BUl Oyl o amy3 j3 adds Ve Do 4y Jool> b gloes
VIO = pe b 53 0T i 5 (6,15 SLL
Sleslawl U 8 OLS 5 Ol s okl 5= 20 90
= 5 4wl (Catechol) J 387 s jluilul e
A Ok olS &S 055 p 8 1 p 8 ke oL



W0 g s 5 Sy o3lah o Jlo Ol 5 AE i

44

Dunaliella S el culs™ § ol @bio
S bl iass— ;s UTEX 200 4 5. salina
i ags Olgiwl o8 iils ¢Sl CiS 4 sames
L O gmilor o fotd (e o 3 LacSlr
ol i 5L sla gy wlal 5 (NaCl j¥ e V/0 Clls
dJohnson et al., 1968) wu_s x5 A3 zle 2
33 Sl slac_zs” Shariati and Lilley, 1994)
a0 O 3l Kl a5 YO gl 43 5 oS LI
VP s a4l e e O ms S Ve
ssb o S s 655 sluA 5 5 sl
Slas b 8515 4ads 93\ e s pglke
L ebidny ddy olei 5L 4 S gl cis’ &
Ll IS T Calibes slacbale

lis s bkl b Sl s ods Hles
RO O P PP ING-L g W (WX gV
e 53 el e YO (sla e )l 0555 4
b Cble by e o 28L Jasl 2l e Ve 2l
LS 8 T slaoylae doys F oY oY O aw
Do S la CoiS s HlS esd 55 s
a5 Ll 5 L S G s b JISCS AT L o
obae 556 Sl gl iS5 S 15 VL 5 0
P KPR I VN - G TN LA PP
Sl s b ged 5 s 8 8 5 55 e o (s
3 e Sl FA 5 a0 50 s Lad:iu,'T(l?L;\
La IS8 AT i liine sla il L ba oS0l 5L
258 s

SLpedgT 15 039 § Ity Sl (o) 2
S i slet Gy b 5l sy eSS ) Sk
oY Sl oslinal b Calises ol s ¢S ola J sk

woylae Calies cla CLle ) som 5 (Cxilos Az ys)
A denloes ) abaly 1 eslizal L
S (%) = (Ac-As) / Ac x 100 Y sl

Jsdoes) dals G 0l e Ac cakasly ol 53
il Ol As 5 (o)las O 5 0 33, DPPH
NS FPURRTCIN VT IIGIN DSV | RS PVIPTVE
= oslae Calizes bl Lle Ll 5y Cailes
48 ICs0 sl 5o oy ;i o 50 85 S
3 e e O j3 &8 ol ojlae 1 alle KL
Cra ) Kb e s DPPH eSSl
ol 3l e(Y adaly 5l el T Cws 4 Cmilen A s
Cdlad Ol e Ol g a9 AT S d Hl3 5
s an 8 biyse,lwe Sl ST =T
el S0 ST o (6 i (gla0IAST| (ST
A eslizal Cote dals Ol gie

2T (S S Lo S8 5T ol Ol e
(\44%) Strain 3 Benzie iy, sl — Lao)lae
@SSy STy bgliee s el 1k Lol en
/Y SFRAP 05 s 5l ;) e ¥ olg oon
ol FRAP (s ma ol ol 33 5 0 5leae 51 2 e
Y gahea Ve Jlome ¥/l 4y bl b il 3
Vs da ¥r 55 (TPTZ) 05T 65 -S- bk 65
L FeCly )Y 5o ol Yo e 5 sl &5 IS5 50
Vo ode 4y STy bgdsue g ) 4) 4 s
Q,va;,,\ﬁq_?ﬁppfqru,,mﬁs;
g dsb 52 0T o e (23 815 51 Kl
Jgdoen 3l oslinl Ly .dis (5 S ol 20 55 040
P U gy o bl 1 sl FESO4 5tk
s Ol oSCas 055 p 8 e



4% .. Dunaliella salina b ¢S5 5o ¢Sl 5 (Lavandula angustifolia) . 55 == shawl s )las 51 56 25 4 Joss gl

Vesbasbp 8 OT plam )3 483 )+ ey 5
OO N I IRCIE I S S S IR
IS K e g oy A J 1L o s
i Ldss J U1 ,ed G b Sl ol slaoslas il
b 5855 o (s 3L 2l ainie o 45
o ylas A oslizal Jlad JI 5 5l ol Lodis o lae
S d e glads Cble pow ol o ol Clid
(McCready et al., 1950) A& oslizul 05 5T s,

Sloslital U o Sl Sl gy 1o 55 5 | Szl
Slid L Y gn e Vo S 5Ll el 3L S
Ve EDTA Ve eV (VL oy adesl) ol
A3\ (MgSO4 ,Y 5e o ) KCI Y so o
N O3S s ol s o e ) (Js S
=Yl Y o0 9 X-100 O 5 Aoy
(Einali and Valizadeh, i 8 &) 50 J b1l
3kl moeie eslawl L 55 O e 2015)
(Bradford, 1976) 4& px s 5T

5 Sl Sy o =5 e 1S5l o
3! J~el> (Standard deviation +SD) ;Las (sl 2l
SV 3 g o Ol ladd (6 Jts 1SS 4
L odd Hlaw 5 ald slads sad cp Jls sxe ()leT
(ANOVA) L yls 56T 5 eslizal b e JIKLS™ 0T
i s (P<0.05) +/+0 pmlaw ;5 LSD O3l 9
Y« SigmasStat i 5le 5 L o T e LT acn

s g plox

Sz g b
9 = SS9 ( S Ol § Ol a0
5 b OLS 5 Ol tosbas  Slousl 5T Culled

A oLl (6555 Sy Sn ) sy gt
S d e Y 5 05 o 61 (Schoen, 1988)
e Ay 9 8, s S 5100 gl s
) b Sy Sl Yoo g g9, Ly aids )
Bodmee GV J e 31 (S0 s oo b (S
ay s Jame jaseia 055 L s S 0SS 4 s (K
Sl e S a0y Sl Ve G 6,0 L aids O Dk
L ol (S 035 ¢ (Sl syl 210585
ot 3 i S S e /Y (gl S Laea
(Haghjou et al., 2014) @ O35

sk 4 180 1) (5 5 oIl g 2l k!
3 e S0 (Sl 5 e J 3 IS ol sl
a5 e s S o (S GLa0 sl g
S ey A Sy il Ve Q6 8 L ards 0 D
A 65 0kl B gy w6255 sloms
s bl S5 55 51 ey 9 9LS) dasys A (sl
SNPETSRI SIS ISRV R) JUNV P e
Ol r 6 S 030 s 5 ) il Lo 55 S
a0 e Jis IS Ol e s el Lae; K5
(Amon, 1949) 1 ¢ -8 o3Il (5 e 55 55 Sl
L mlr oder o b Slealinal U 55,8 O 5
A aaloen o gl FAY = o J b 53 B 1o = YYVY
(Ben-Amotz and Avron, 1983)

97 Johome S (5 0 5Iuil g ! il
Dby 31 ST I glome Gk ol unl 11 (i
oL Ser s0mokolo s, 3 eslizul Ly S
3 ol Sy a5k s A5 il (1449)
VU 55 4 ) 5b Olas) (Sl 8 il gl e ¥

BLSILoys A Il 2 L 0 ki (L3 Cao 5



W0 g s 5 Sy o3lah o Jlo Ol 5 AE i

ZA

05,5 Ao b &S Lol pan &S5l p)T ail i b
SLS 5 M (=T b bt fouS 5 s
o2l 93 S 55 laes 8 b e 5 Sl 4 5
(Rice-Evans et al., 1995) s ls Ko SLS 5
Lrolas ool GMaST ST ol Bl 28 b L
ot 0> (A DS 5 Ol 03 ol 4 TS o0

D g 0305 Cvd o ylae

oS e WIPF 5 VBV 5 S (slads g2
O dsdea) s 8 s oS &St 03505
Gl s S b glyls g s sl gla o lae
Cmte dals U aglie 53 ol bes DPPH U1,
o B o s e o, ST
= Laoyluas 53 ol SuS Lol & yds 5,50 5

eSS ghyls (b LS 5 () Jads) 558 s otalie

£, a5 Ko p3lie . wss g gl olE 65 ST (slbaojlaae 1Sl 5T Cllad 5 s 5596 ¢ b LS 5 Ol ) s

sl 0k 03l oo als O gie 4 el &S0y s T 1l Slre 3l il

FRAP ,slis DPPH (IC50) JISG sl (5 3o 5t Ol e 45552 Ol e eI

(S 055 05 e 2P 505 S0) ke 205755 (S 055p 8 pp Sk (St 05508 2 Sk
VAN /Y YA/ YN F W/PEE /N Y VPV /o F o5 shand o jlas
VAB/AYE/ f Y/ONE /Y Al &S, ST

33 e Sl FA Sl ey Jskw 8 e 5 il oaT
o o OLaj L awlie 53 Laojlas (YL oz Lils
Olg oo (Y Jgdr) 558 sad odalie (5 )ls sae Oy 5o
Gl bl Jraos 4 550 &S slad sl 8 o8
Sl g3 g sl al:fefﬁ T sl las Calides
=038 Ol e 53 (g yls —mn J)A:_v'-\@_a

o= (k) o )lae 86 caisS S glad sl
LY Jod>) Clll s g s Col FA 5 20 0L
Cble 158G ol en Lad s 15 055 ¢ 0pl 55
3,5 1y A ol sme s sb 4 AL (slasslas
S 50555 Sl e (Y Jgd 5 B-Y JS2)
33 el gl sl 53 Al ST L of an 4zl
el ) 0pslie U ods Hles D. viridis laeSils
(Haghjou et al., 2014) &l s s sunlin ;5 (K3
Dunaliella slacS d> 53 poer Sl s
=35 SIS HL Ledd jlad 5l bodd Hlas iy
ol 5,158 s (1Sl i eSS Cale

039 9 Ay Sy b G0 gUT 1

=T osbas (il glacble el (Sl Jghe
dsb 03 o dsy 5 R 1 o 5 gl oS 57,
Wl o onls Li VS s amelw 48 6553 &S5
Clal bl (355 s odalin JSCo j5 oS 55k Olea
ROENPREJC W E TSNS RUR S =
FA 5 o OLaj o Lad gl 5105 55 ol ks da o
SalS suias olis Laeyluae U jlass I oo ol
s 53 &Sl slad b sl 55 (g yls —me
Lt lie 53 Lad LSS SIT L ot e glacis’
sl 2alS (A=Y JSCa) Conl (Aald) i ke
Aoy ¥ oble U ot jles glacisS js adshe
Lol ool 2y Sl ooy CBLE b s s 55 <o jlae
o)las Lo yn ¥ oY clac ble 4 cd (J= I L
S Camiles LAY JSC8) das o Ol (g)ls srn o
il boslas oo I (AL K5 oo b sk 0
Jos 4 Cmilen (J oo o 15 o7 T 51 edl o



4 .. Dunaliella salina b ¢S5 5o ¢Sl 5 (Lavandula angustifolia) . 55 == shawl s )las 51 56 25 4 Joss gl

clac bl U cos oS gladsbe 5 055 545
5 €l a8 I8 ol 51k baojlae Calibes
> 45 Dunaliella Calises glaas £ 55 o)
039 il 3l 55 5 558 o0 W p3lulSTT i Ll 5
¢Tian and Yu, 2009) il fss Ll g o sk 5
Yilancioglu et al., «Garcia-Gomez et al., 2012

2014)

sladsw 5 059 sl (Haghjou, 2011) cl
o) RO 15 g g s B 5 5 g5 L Sl
22 1) @YU Conglie oSl (glad ghos 487 sl o
0L > 2 5l e jlas 53 5 g 5o (Sla oS 5 525 ol
S o3t slatd pie (Vb Sl mad Lins s
(oSl Jdn A5l Sl adlls s e

Db SRl 3l s Wl g e a5 g 5 9 J ghoes sl

-0 -0-1% -4 2% -A-3% 4%

Cell number (x108% ml-)

40

Time (h)
A5 0,55 &S Jsb 53 usn g shaul oLS 68 L T (gloojlaae Calises (slaclle L ots Hles D. salina ¢Sl i) o, 8- IS

[l
A
o

200 A
150 A
100 4
50 A

ab

100

Cell number (% change) X

-50

300 1
250 4
200 4
150 ~
100 A
50 A

Fresh weight (% change)

b
N ——

N

%n

0 1%

2%

3% 4%

Phytotoxin Treatment

.w}>};,hMIaL:fefﬁwT6ua,wqlwéu;wgau,ugD. salina slad sk (B) 5 053 5 (A) ;l.w,;@lm;a—\"}ii

e plie .ol odd Ol ¥ Jgdr (slaosls alal s baojluae b 5less 3 o Colu FA 5 Jio Oloj (ol Aoy O g 45 Laosls



W0 g s 5 Sy o3lah o Jlo Ol 5 AE i

slac ble Lo ;L5 D. salinaL;Lad;l.«p;,:::,J_éu&.&jd}laadu,\;;obf‘w}:fq)ol}:“joj,‘J}Lﬂ;l.\,:—\' Jgd>
)L:M;.j‘j_’a;‘i)‘jSJ4.»:;mi;l_:ﬁcj_v_)l_;ﬁ.)w‘j‘w:C,&wa/\}fﬁ..é‘_;LAQLA)')Jda})fjbw‘cl?.?d?ﬁdhr‘_;ho)wa&ﬁ

(Ao )3 ) oslae CLle
r (Cels) Ol
4 3 2 1 0
0.30+0.01 0.28+0.01 0.30+0.03 0.29+0.02 0.29+0.03 0 R
1.04+0.07" 0.84+0.08" 0.52+0.06" 0.38+0.05" 0.29+0.06 48 (mg 10° cells)
1.53+0.25 1.52+0.10 1.55+0.15 1.57+0.16 1.63+0.19 0 a Jby)S
2.7940.16" 3.26+0.09" 2.8440.23" 2.58+0.04" 1.86+0.06 48 (ug 10° cells)
0.31+0.07 0.32+0.11 0.33+0.06 0.31+0.03 0.33+0.13 0 b Jbs S
0.62+0.15" 0.84+0.23" 0.69+0.21" 0.64+0.07" 0.47+0.09 48 (ug 10° cells)
1.92+0.24 1.96+0.19 1.89+0.24 1.93+0.21 2.10+0.49 0 5 Jss s
3.58+0.41" 4.28+0.33" 3.56+0.46" 3.25+0.11" 2.37+0.18 48 (ug 10° cells)
4.95+0.1 4.76+0.2 4.7440.1 .00£0.4 .02+0.24
9500* 608y 08* 50000* 500* 0 b s JS o

4.50+0.19 3.88+0.08 4.1240.22 4.03+0.36 3.92+0.40 48

0.45+0.08 0.41+0.05 0.44+0.04 0.42+0.04 0.42+0.14 0 S8k
0.61+0.05 0.79+0.06" 0.66+0.07" 0.53+0.01" 0.45+0.03 48 (ug 10° cells)
0.24+0.02 0.21+0.03 0.23+0.01 0.22+0.02 0.20+0.01 0

. . . Jos S w4 58 Cs

0.170.03 0.19+0.04 0.19+0.01 0.16+0.01 0.19+0.02 48

4.38+0.26 4.21+0.18 3.75+0.39 4.09+0.47 3.85+0.62 0 JS Jslons 3
28.69+2.76" 21.74+0.84" 14.42+1.64" 10.48+1.95 8.49+0.95 48 (1g 10° cells)
2.98+0.21 2.81+0.19 2.58+0.27 2.7440.14 2.62+0.28 0 s
7.41+0.63" 6.19+0.58" 4.85+0.84" 3.38+0.49 2.94+0.24 48 (1g 10° cells)

Lamlie 53 b f35 47 Oljn > i Rl 31.B
sLes D. salina Sl glac iS js@ oy IS
(6 5 DS (5T &S0) Y s Lo
slaciS g (Einali and Valizadeh, 2015)
Calisee glacble s asl A, D. salina Sl
el ol 318 55 (Mishra et al., 2008) ¢S
S b5 oD Jb s 15 05 53 VL 2l
Cgr b Jdy S a5 a s i i
oS (65T paz L SUeaS s S S
OLalS 5 5w sla Sl Loy s IS s 55
¢Eggink et al., 2001, 2004) c—ul 5,9 o Sl
e s il 53l ol 50530 Biswal et al., 2012)
0525 SLa s 5l S8 Ol il 5 b L5 IS
o S s g ST T ) i S gli

il ol ams 55 5 5T by uSUaS 05151 253

1S g (S0 Ty Olgme g Boylac S

FA Gl @ b IS Cbale s gyls ae il
slacble U Sl slacis jlas 5l cela
s B e (Y i) Ll sdalive o )lae Calides
5 Ao OLa) 5@ Jobs AST Dok o 5o Ol 5 o
L edalive 35 La oyluae bl I cele FA
28 Jd g IS Ol o SV (AT S 2)
ol ojlas s ¥ Ll bodd jles sla el
slacbale )yl 53 75b Jody 5 ble s
ALY i) ol il e )lae Calise
Ailen cul o3 VPP Lo a5 oS 2l 0 ol Ol e
sdaline ojlae do s ¥ bl sl j3a Jby IS
ba Jobs S Ol i Ao s auslis (B-Y JSK2) s
lin job sy IS cble & sls Olash s IS
A-Y ) Sl azils (g ziw faldla by ST L



VA .. Dunaliella salina b ¢S5 5o ¢Sl 5 (Lavandula angustifolia) . 55 == shawl s )las 51 56 25 4 Joss gl

FA 338 5l o basa oy S s, S
glacbls L S slac i8S jles 5l cela
Sl e Dy e 4o dals dSlen Lo jliae Caliee
ol ol (Y s 5 DY JSCa) 5,87 i, ials
8 Jobs Sl 00b Jobs IS VL nalie S
o) e e b 35 IS VL sle
Jmie s 8 Rl Gk Sla J8s S 5 s IS
(Porra et coul Joe $o5 5 La Jbs JS o5 sl
sdalin D-¥ ST )5 4S5 b ol al, 1994)
L od Hlasd slaeSlla 3 Sl ol 0355 o
L awlio 53 La S T doja ¥ 5 ) slacbale
ol s s g0 cpl sl 6ol pme i dald
s S glacis jab sa Ly IS clacble
L bt o 5831 s o)luae gla Cble ol Lo

(B 5 A-Y sl o) Col dals

5122‘ ) \\ N
S A ]

|
30 > \‘

0 T

Total Chl (% change) ©

1% 2% 3% 4%

Phytotoxin Treatment

Chl b (% change

(Tanaka et al., 33,5 o4, JLisl Ol e s
55 IS b8 05 (Biswal et al., 2012 <2001
v_i,\?éuus¢u,ab,aduy,,&.um
D) sme an oplas Cadize gla CLIE Lol Hles
Olje o2 YL (Y Jsds) bl ol 30l e
odaline oylas do s ¥ glaclals 55 S iy IS
SYRP L SRR E-PR S J PSP (O J (W) V-
CBLE 1 e S AT Lokt Sl slazis
aS asl Cads cplodias Ol Wil g oo s b IS
Calies Gla e Jan 4 536 &S gl d sl
delasl Lol i ol 5 Caglie ol 5 baoylas
J 5 1S Ol e sl 531 (i 53t s
G2 Ol S sk (2S5 Ol e 4 Ll 5 s
o Ll s (S sle s (6 g slac s

ﬂuo)wdﬁusuwbja.libb%\

__
%

N

0
\

N

g

Chl a/b (% change) O

Phytotoxin Treatment

Lol 5les D, salina glad shw j3a/b fby ) s (D 5 JS" s S (C b Loy IS (B @ by IS Olme 55 Sl i (A-Y S

L olass 51 omy Celw FA 5 i Olaj s Slaki ooy Sy g 0 Wosls . wgs g5t glansl ol 8 ) T (slooyluae Calises glacbile

Ol Kby 0Ll e g o ol e O3l ol 1 SG s 5 Kbe € 3lie sl 0k Ol Y J g slrosls ulil  Laoyliae



W0 g s 5 Sy o3lah o Jlo Ol 5 AE i

vy

¢Einali and Shariati, 2012, 2015 <Amotz, 1996
«J—J> ;—a 4 Einali and Valizadeh, 2015)
A& s Juoe G Ol sie 4 Dunaliella ¢S
15 el 3550 55, v sy Slalllae (ol
5
Sl Chle 5l ke Sldalie ulul
Al L 2 bl s css Dunaliella ¢SO s
Lo 45T (S 5b a3 ol o [ IS B
e Sl iy Ol Ly b IS 0 55,8
ol 3 d a B g Ay oS ol b s cadls LS
<Ben-Amotz et al., 1982) bl o il Cs
o=l S Ben-Amotz and Avron, 1983)
S ols OLi Sl anlllas Sl ol il (Dldalin
=205 Ol 53 GRIIL Pl hle 553
Cnd (i 55 (F 5V ola JSC2) 555 oo ol o
224 SL b oo RIS & B IS 4 s
LS e ey LS s e b 4 dali b anslas
Ol il cplple (Y dptsr 5 B-F JSC2)
S Ly ST 53 L a i s b5 IS
Comd 2 AL Il 550 oo oLl 6 YL
CLle ok jles oS js fos IS 4 5,5
bl ple balie 3 o)las Ao s Y
Oz al sl (B-F JSCE) 558 s oalin dals
S s P9 S O je i bale ol 534S A s
s e bl 5l b aslie 5o Jods IS 4 S
248 Gl chle LlEheg 5 ok o sd o
ol Ll La JSS T L Sl (sl S Lo 3
Sl omen 5 5 IS Ld o Ll 5 0 02
s osluae L oddobenl 25 Lyl 5 o OT o

Sles Sl Celu FA i85l e 50,8 Ol e

s inn S o o Lo jlae b (Sl slacss
FaS s Ol ks dem s (Y Jd) b oo il 53
b S oy el FA 5 o Ol s
ol simn il AL L tglie 3 35 aJISaS T
Cble O i Ao s o SYL AT S) sls ol
L ods slas (Sl glacss 55 55)LS
—F JS8) ws sdalin Laoslas Ao ps ¥ e bile
ot 51 b O 5T K Ol st 4 58 (A
N S P e R TS s o
NS R T G PR Ry PRy * PR RPN PR ]
Jos a0 Cmilon 0581 15T SLadLSSsl, A 55 )
Glppin gl Jbs IS Lo i o 55,57
=4 (Ben-Amotz et al., 1989) 555 (¢ o s
@l O gl bS5y 51 Sl o0 Tl o5 5
O5nS135T LadLSosl) Lo 55 (g e 55 (glali
Li «Demmig-Adams et al., 1996) Ll S sl
eyl s S 59Tl iomen AL, 2012)
LS 348 (o Joos (25 e &S Ul g
LS 03 |y i T s s A5 SO
o La)les (Borowitzka and Borowitzka, 1988)
Sl Calitee glaas 8 45 ol 03l OLiS Calibes
Odd Cabgie b US w5 il 5,5 Dunaliella
22 Gl YLl oo 058 sk oS
sl Aol Lyl 5l ply S (gn 0 3 5 5
o Sl YU oS ke ¢ oldE sl e 35S 1L
= Rl e ol Sl s L YL
(Ben-Amotz et al., 54i oo &S opl 53 55,5k
Ben- (Ben-Amotz and Avron, 1983 ¢1982



vy .. Dunaliella salina b ¢S5 5o ¢Sl 5 (Lavandula angustifolia) . 55 == shawl s )las 51 56 25 4 Joss gl

(Einali s,ls cills 5 Slyseen SVE Juy, U
Einali and Valizadeh, «and Shariati, 2012, 2015

il 55 53 et Oldalin b IV aal Cpl s 5
03 Jdo AT o b NI ol e (5,8l ke
Sl 5 st i Ll 3 o Dunaliella <S>

2015)

A

120
T
=]
8
S 80
2
[
& 40 b
b
.. I
P TG S\ .

-20 4

=30 A

B-carotene / Chl (% change) 00

40
0 1%

3% 4%

Phytotoxin treatment
Soslas Calises o lale Lo 5ls D. salina glad she Jbs IS 4 55,8k G (B 5 55,8k ks (A 53 Dluis -F S

Y oo gloosls (bl baojlaae byl 51 e Ctlo FA 5 s Oloj Sl Ao 33 oy go 40 sl o 93 55 hal olS S ) T
o 53 Ciltie Laslad e 51 e Bkt Sy OLSS i o m ol Sline Ol il 1SS (5 ¢y 3lie o ks O

(Mishraetal., 48 Wl oddS jluw 25 23
ey 53 58 5w (e sa (o5 ¢S ey 2008)
3 el s a1 Cadides gl i a
(Prado et al., coulodd 3,038 LadlSiusS T
Duran-Serantes et al., <Gill et al., 2001 <2000
Lacd sl sl (Mishra et al., 2008 <2002
Jgane sloa STy 53 s O Al 5 s
Rl adhe SlediS Chiles Ol e 4 (glard
(Duran-Serantes et al., AS" fae (g jamml 25
2> Jsdome ladd YL Hloy 55Las mazs 2002)
glacble 4 mul 53 D. salina el glad she

3 Jobomo SlanS Cale 5 b JUSws gl 1

sladsbw j5 Jsdoe glads bl (L 3l g gy
Sl o slas Cale a5 L canlize oS
Slad GLal S 53 Ol () 48" (SH sk 4 il
3 Celu FA Sl e oylas s F o ble Loud
L Rl Y L o3I 4 o Ol b e
O J sl (gladd Ol Luis Ao 55 (Y Jgu) das o
2 s Leojlas bl 5l ey Celw FA 5 20 0L
dals U dwlie )3 oylas deoys Vi glacbale
(A0 JS8) 5, iy 530 s ae Sy sm @
Jsb 53 bd sk (6 a0l Laio 55 J hons (sla S



W0 g s 5 Sy o3lah o Jlo Ol 5 AE i

V¥

VY ) Ol LT oyluae (6 janl family 055
claals G54l SausSCailes 1 (ISl K
FalST U Cnl o5 4 Lo jliae S I 56 U5 5
(Kupidtowska et al., 2006) Lsws (s joml Jonsily
(o Ol 3 i 4 5k Olea il 2w
255 sled 4 QLS 55 4 fuly (o 5 b sl
(Hanson, o 25 Ll b 6,650 Sl
! o=t eop! pls (Singh and Singh, 1993 <1980
Coaw Ll 5 o Dunaliella ¢S 457 Col Jatous
S ez |y o jlas 3 AL
oy 4 J gl SladS Aslen s 5 ol
S slad gl 55 Laojluae Cobale U nlins
Cble s Ol i oy (Y Jgda) AL e 2l 5
Lobad Sl ey Sl FA 5 00 Ol e 59 2
Loy ) YL glac bale 45 5ls 0L o ylas
Cbile (2158l (55l e S g 4 0 )luze
(B0 S i) Ls dali Ly aslia ys 55,
Sl slad s a5 Cul osls Ot Slallas
&S YU Sl gl ble « by 53 D. salina
Uiy s es g 1 cbale (GY 50 0/0 550>)
Lilesls Aol sel dald U awlan j3 Ao ys Vot Ol
4 gl gy 5o el ol «S” ¢(Mishra et al., 2008)
(et sl Bl ags Sled T S
1ol UL S8 Sler Sl Jool (sla IS T
Sebastiania Accacia sedillense Sicyos deppei
L5, 5l 5« Lantana camara s adenophora
Phaseolus Zea mays : —el,; Olals a i,
Lycopersicon 4 Cucurbita  pepo wvulgaris

il Ll o Ll caiS™ o Casles £SCUlENTUM

(Mishra et al., <ol ods i 158 ¢S as Cakibes
AalST L oS cble js Il 45 1T 31.2008)
(Golldack et ul ol jon (6 jamul Jomily Hs LS
SRl 93 S i (L 4al., 1995)
ey o 0 anb b oW s oS bl
i SLS 5 ghyls LS glaojlas & plcle
G b SIS e DS 5 ol s 0SS
S ol Ay b 53 (S jemal fuily S2alST
s .(Kupidtowska et al., 2006) 48" sl (5 jom!
b S 53 e (5ot (VL jls e ol 2
Lo (5 ol ol LS ) 2 5 5
o) il 58 o Wl o jlas baw 5 a5 oS Ay
slad o 5 Jkuéuxé@qaﬁw\wd\,\{
YU Sl 6 05 bl & > Dunaliella ¢S
4w lis y> (Mishra et al., 2008) (Y 5 0/8 3 94>)
TR P WNCH W R P
33 Sl 5l sl (A0 JSC2) La JISaS™ 0T
Lol s LAl (g el Jommily 2alS (i
5 ol &S (VL Sl b aglio 3 Lo jlas
YL Sl p3Lae et Lol Wl 5 e 5
(o ol 3t LaesSer )3 J s sl
Lol jlas oSl slad sl 53 J e slaas
L sl Laeyluae S 1 50 JU1 5 oo Lo las
L5 b I3l (e 53 (6 el Joily EalS”
bs STl el O i 4 il 55 oo J oo (slaais ale
A 5> LadlSaS T Caditen glac bls il 5 55
AU G adllas b p ol L Bl5 53 050 S
Slmmlas o 0ls KlsT oS 8 1 T slaoyliae

Only 35 s L aS 5l OLs ds 5 slaails 54l



Vo .. Dunaliella salina b ¢S5 5o ¢Sl 5 (Lavandula angustifolia) . 55 == shawl s )las 51 56 25 4 Joss gl

LadlSaS T 1 ol s 5 (St gy 55
Bray, «Vierling, 1991) aS luy Ol il 53!
YL Sl 2olie s s s 4 el 2L 1993)
o Laoslas Lo les slaeSil 53 b 55
el 03 o 5l (Fp Ol oS 250 oo Dl

S e Iy 53 IS T

800 1
600
400 A

200 a a

Aled s OLalS sl glaa iy 55 sy o
Aelusl Lyl & (Romero-Romero et al., 2002)
oy sn (2 laon s Ol LAl o (aes
Ladsbw jl Clabloes 534S 558 0 25 sl g
Lo s g ol it Js lame Slo 25 01 50
ez Sl (aos 0 FU S o i b il 5 e

200 -

bc
150
b
100
50 5
a
01~ DA : .

0 1%

Protein content (% change) @ Total Sugar (% change) »

2% 3% 4%

Phytotoxin Treatment
=T slaeslas Calies slacble Lo Hlas D. salina sbad b 55, CLale (B 5 Jgloee sladid Ol jue (A 3 Sl uis -0 IS

oLy J}.\?éhubuﬂbljhe)wQ)h;jlmg;ab\cA}JLpQLAj&ﬁ;;\xk}M):Q)ygua;‘;.szfjbla\:fgﬂ
e 53 Cades (Lo les sl ine Ol Kl 0Ll e g o ool e O3l il 1 SG e 5 Kke ¢ ppolie ool 0

328555 &5 Ol 4y has o 53, b SIS UT
Lyl e slwl, ;> Dunaliella el ol
Do o 215358 a4 8 i 55 s
Jrems g LacSlr Gl Ol e 4 ol 5 s
Sys a8 L ys Laosluae Calibe glac ble
Ol edasilss 55 la iy Clle 51580 ¢ pimmon
48 el L JLSeS T s ocims el (sla 55
b Al o S Jaosd Gla Ko il 5 o0

sl LSD 0 33T bl » P<0.05

2 &5 4o
A oo OLE ol anllas Sl odal s 4 s
ol uss g sl oLE 8 1 T laslae &
e 3 ol D, salina oS>, &S T 36
(ol 25rs Lt sh e OT (J oo Slos (a5
548 oo i |y b g IS5 YL Sislhe oSl
LS Jram 1y Laoylae VU slacbile Wl 5



W0 g s 5 Sy o3lah o Jlo Ol 5 AE i

\%d

5 Sl S lie 5 S 55l 5058 (6 dy ol aleor
S5 5 s 5 ri L ity oty 55 5 LS
woles slou ! 1y &S
Sl 3wl

Ot o@ﬁ‘éw‘@}}:cwdj\:ﬁj‘é}g-ﬁj@
el UL 3 Jb Colem bl 4 Ol o

S 5 8 Ao Oy e ol gl S s
Sl s uJ\_QJ,UTQMLSuV_‘..;&
of or S sl 5 S5500 58 M L D. salina
Slad S50 5 Jgdoue slads e olac saul
53,8 Syge FaSl e colamsl olunsST 5T
2 o La S 5 s 4 S Jaod (il I
S was e olzs Dunaliella azes o sla 555 !

3133 4 jamie 5 15 GAEALB (olyls ¢S

&b
Arnon, D. (1949) Copper enzymes in isolated chloroplasts: polyphenoloxidase in Beta vulgaris. Plant
Physiology 24: 1-15.

Avron, M. and Ben-Amotz, A. (1992) Dunaliella: physiology, biochemistry and biotechnology. CRC
Press, Boca Raton.

Ben-Amotz, A. (1996) Effect of low temperature on the stereocisomer composition of 3-carotene in the
halotolerant alga, Dunaliella bardawil (Chlorophyta). Journal of Phycology 32: 272-275.

Ben-Amotz, A. and Avron, M. (1983) On the factors which determine massive b-carotene
accumulation in the halo-tolerant alga Dunaliella bardawil. Plant Physiology 72: 593-597.

Ben-Amotz, A. Shaish, V. and Avron, M. (1989) Mode of action of the massively accumulated -
carotene of Dunaliella bardawil in protecting the alga against damage by excess irradiation. Plant
Physiology 91: 1040-1043.

Ben-Amotz, A., Katz, A. and Avron, M. (1982) Accumulation of B-carotene in halotolerant algae:
purification and characterization of [-carotene-rich globules from Dunaliella bardawil
(Chlorophyceae). Journal of Phycology 18: 529-537.

Benzie, I. F. F. and Strain, J. J. (1996) The ferric reducing ability of plasma (FRAP) as a measure of
antioxidant power: the FRAP assay. Analytical Biochemistry 239: 70-76.

Biswal, A. K., Pattanayak, G. K., Pandey, S. S., Leelavathi, S., Reddy, V. S., Govindjee, Tripaty, B. C.
(2012) Light intensity-dependent modulation of chlorophyll b biosynthesis and photosynthesis by
overexpression of chlorophyllide a oxygenase in tobacco. Plant Physiology 159: 433-449.

Borowitzka, M. A. and Borowitzka, L. J. (1988) Limits to growth and carotenogenesis in laboratory
and large-scale outdoor cultures of D. salina. In: Algal biotechnology (Eds. Stadler, T., Mollion, J.,
Berdus, M. C., Karamanos, Y., Morvan, H. and Christiane, D.) 139-150. Elsevier Applied Science,
Barking.

Bradford, M. M. (1976) A rapid and sensitive method for the quantitation of microgram quantities of
protein utilizing the principle of protein-dye binding. Analytical Biochemistry 72: 248-254.

Bray, E. A. (1993) Molecular responses to water deficit. Plant Physiology 103: 1035-1040


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Retrieve&dopt=Citation&list_uids=12231998

w .. Dunaliella salina b ¢S5 5o ¢Sl 5 (Lavandula angustifolia) . 55 == shawl s )las 51 56 25 4 Joss gl

Chang, C. C., Yang, M. H., Wen, H. M. and Chern, J. C. (2002) Estimation of total flavonoid content
in propolis by two complementary colorimetric methods. Journal of Food and Drug Analysis 10:
178-182.

Chidambara Murthy, K. N., Vanitha, A., Rajesha, J., Mahadeva, S., Swamy, M., Sowmya, P. R. and
Ravishankar, G. A. (2005) In vivo antioxidant activity of carotenoids from Dunaliella salina, a
green microalga. Life Science 76: 1381-1390.

Cowan, A. K., Rose, P. D. and Horne, L. G. (1992) Dunaliella salina a model system for studying the
response of plant cells to stress. Journal of Experimental Botany 43: 1535-1547.

Demmig-Adams, B., Gilmore, A. M. and Adams, W. W. (1996) Carotenoids 3: in vivo functions of
carotenoids in higher plants. FASEB Journal 10: 403-412.

Dufosse, L., Galaup, P., Yaron, A., Arad, S. M., Blanc, P., Chidambara Murthy, K. N. and
Ravishankar, G. A. (2005) Microorganisms and microalgae as sources of pigments for food use: a
scientific oddity or an industrial reality?. Trends in Food Science and Technology 16: 389-406.

Durén-Serantes, B., Gonzélez, L. and Reigosa, M. J. (2002) Comparative physiological effects of three
allelochemicals and two herbicides on Dactylis glomerata. Acta Physiologiae Plantarum 24: 385-
392.

Eggink, L. L., LoBrutto, R., Brune, D. C., Brusslan, J., Yamasato, A., Tanaka, A. and Hoober, J. K.
(2004) Synthesis of chlorophyll b: localization of chlorophyllide a oxygenase and discovery of a
stable radical in the catalytic subunit. BMC Plant Biology 4: 5-21.

Eggink, L. L., Park, H. and Hoober, J. K. (2001) The role of chlorophyll b in photosynthesis:
hypothesis. BMC Plant Biology 1: 2-9.

Einali, A. and Shariati, M. (2012) Effects of n-propyl gallate on photosynthesis and physiological
parameters in Dunaliella salina are affected by stressful conditions. Brazilian Journal of Plant
Physiology 24: 193-202.

Einali, A. and Shariati, M. (2015) Effects of propyl gallate on photosystem Il efficiency in Dunaliella
bardawil under high illumination as investigated by chlorophyll fluorescence measurements.
Theoretical and Experimental Plant Physiology 27: 61-73.

Einali, A. and Valizadeh, J. (2015) Propyl gallate promotes salt stress tolerance in green microalga
Dunaliella salina by reducing free radical oxidants and enhancing b-carotene production. Acta
Physiologiae Plantarum 37: 83.

Garcia-Gomez, C., Parages, M. L., Jimenez, C., Palma, A., Mata, M. T. and Segovia, M. (2012) Cell
survival after UV radiation stress in the unicellular chlorophyte Dunaliella tertiolecta is mediated
by DNA repair and MAPK phosphorylation. Journal of Experimental Botany 63: 5259-5274.

Ghelardini, C., Galeotti, N., Salvatore, G. and Mazzanti, G. (1999) Local anaesthetic activity of the
essential oil of Lavandula angustifolia. Planta Medica 65: 700-703.

Gill, P. K., Sharma, A. D., Singh, P. and Bhullar, S. S. (2001) Effect of various abiotic stresses on the
growth, soluble sugars and water relations of sorghum seedlings grown in light and darkness.
Bulgarian Journal of Plant Physiology 27: 72-84.

Golldack, D., Deitz, K. and Gimmler, H. (1995) The effect of sudden salt stress on protein synthesis in
the green alga Dunaliella salina. Journal of Plant Physiology 146: 508-514.

Haghjou, M. M. (2011) Induction of paraquat tolerance in Dunaliella by using some pre-treatments.
Iranian Journal of Plant Biology 3: 86-71 (in Persian).

Haghjou, M. M., Colville, L. and Smirnoff, N. (2014) The induction of menadione stress tolerance in



W40 lg: (p2in 5 Sy )l (p2in Jlo 0Lyl (ALE sl 5 VA

the marine microalga, Dunaliella viridis, through cold pretreatment and modulation of the
ascorbate and glutathione pools. Plant Physiology and Biochemistry 84: 96-104.

Hanson, A. D. (1980) Interpreting the metabolic responses of plants to water stress. Horticultural
Science 15: 623-629.

Hohmann, J., Zupko, 1., Redei, D., Csanyi, M., Falkay, G. and Mathe, I. (1999) Protective effects of
the aerial parts of Salvia officinalis, Melissa officinalis and Lavandula angustifolia and their
constituents against enzyme-dependent and enzyme-independent lipid peroxidation. Planta Medica
65: 576-578.

Itani, T., Nakahata, Y. and Kato-Noguchi, H. (2013) Allelopathic activity of some herb plant species.
International Journal of Agriculture and Biology 15: 1359-1362.

Johnson, M. K., Johnson, E. J., Macelroy, R. D., Speer, H. L. and Bruff, B. S. (1968) Effects of salts
on halophilic alga Dunaliella viridis. Journal of Bacteriology 95: 1461-1468.

Kim, H. M. and Cho, S. H. (1999) Lavender oil inhibits immediate-type allergic reaction in mice and
rats. The Journal of Pharmacy and Pharmacology 51: 221-226.

Kukic, J., Popovic, V., Petrovic, S., Mucaji, P., Ciric, A., Stojkovic, D. and Sokovic, M. (2008)
Antioxidant and antimicrobial activity of Cynara cardunculus extracts. Food Chemistry 107: 861-
868.

Kupidtowska, E., Gniazdowska, A., Stepien, J., Corbineau, F., Vinel, D., Skoczowski, A., Janeczko,
A. and Bogatek, R. (2006) Impact of sunflower (Helianthus annuus L.) extracts upon reserve
mobilization and energy metabolism in germinating mustard (Sinapis alba L.) seeds. Journal of
Chemical Ecology 32: 2569-2583

Leung, A. Y. and Foster, S. (1996) Encyclopedia of Common Natural Ingredients Used in Food, Drugs
and Cosmetics. John Wiley & Sons, Inc., New York.

Li, Z., Keasling, J. D. and Niyogi, K. K. (2012) Overlapping photoprotective function of vitamin E
and carotenoids in Chlamydomonas. Plant Physiology 158: 313-323.

McCready, R. M., Guogolz, J., Silvtera, V. and Owens, H. S. (1950) Determination of starch and
amylose in vegetables. Analytical Chemistry 22: 1156-1160.

Mishra, A., Mandoli, A. and Jha, B. (2008) Physiological characterization and stress-induced
metabolic responses of Dunaliella salina isolated from salt pan. Journal of Industerial
Microbiology and Biotechnology 35: 1093-1101.

Narwal, S. S. (2010) Allelopathy in ecological sustainable organic agriculture. Allelopathy Journal 25:
51-72.

Omokolo, N. D., Tsala, N. G. and Djocgoue, P. F. (1996) Changes in carbohydrate, amino acid and
phenol content in cocoa pods from three clones after infection with Phytophthora megakarya Bra.
And Grif. Annals of Botany 77: 153-158.

Petrova, S. T., Valcheva, E. G. and Velcheva, I. G. (2015) A case study of allelopathic effect on weeds
in wheat. Ecologia Balkanica 7(1): 121-129.

Porra, R. J., Schafer, W., Cmiel, E., Katheder, I. and Scheer, H. (1994) The derivation of the formyl-
group oxygen of chlorophyll b in higher plants from molecular oxygen. Achievement of high
enrichment of the 7-formyl-group oxygen from *°0, in greening maize leaves. European Journal of
Biochemistry 219: 671-679.

Prado, F. E., Boero, C., Gallardo, M. and Gonzalez, J. A. (2000) Effect of NaCl on germination,
growth and soluble sugar content in Chenopodium quinoa wild seeds. Botanical Bulletin Academia



V4 .. Dunaliella salina b ¢S5 5o ¢Sl 5 (Lavandula angustifolia) . 55 == shawl s )las 51 56 25 4 Joss gl

Sinica 41: 27-34.

Renaud, E. N. C., Charles, D. J. and Simon, J. E. (2001) Essential oil quantity and composition from
10 cultivars of organically grown lavender and lavandin. Journal of Essential Oil Research 13: 269-
273.

Rice-Evans, C. A., Miller, N. J., Bolwell, P. G., Bramley, P. M. and Pridham, J. B. (1995) The relative
antioxidant activities of plant-derived polyphenolic flavonoids. Free Radical Research 23: 375-383.

Romero-Romero, T., Luisa Anaya, A. and Cruz-Ortega, R. (2002) Screening for effects of
phytochemical variability on cytoplasmic protein synthesis Pattern of crop plants. Journal of
Chemical Ecology 28: 617-629.

Salguero, A., de la Morena, B., Vigara, J., Vega, J. M., Vilchez, C. and Leon, R. (2003) Carotenoids
as protective response against oxidative damage in Dunaliella bardawil. Biomolecular Engineering
20: 249-253.

Schoen, M. (1988) Cell counting. In: Experimental phycology (Eds. Lobban, C., Champan, D. and
Kermer, B. P.). Cambridge University Press, Cambridge.

Shariati, M. and Lilley M. C. C. (1994) Loss of intracellular glycerol from Dunaliella by
electroporation at constant osmotic pressure: subsequent restoration of glycerol content and
associated volume changes. Plant, Cell and Environment 17: 1295-1304.

Singh, H. P., Batish, D. R. and Kohli, R. K. (2003) Allelopathic interactions and allelochemicals: new
possibilities for sustainable weed management. Critical Review in Plant Sciences 22: 239-311.

Singh, K. P. and Singh, K. (1993) Influence of stimulated water stress on free praline accumulation in
Triticum aestivum L. (wheat). Indian Journal of Plant Physiology 26: 319-321.

Singleton, V. L., Orthofer, R. and Lamuela-Raventos, R. M. (1999) Analysis of total phenols and other
oxidation substrates and antioxidants by means of folin-ciocalteau reagent. Methods in
Enzymology 299: 152-178

Suman, A., Shahi, H. N., Singh, P. and Guar, A. (2002) Allelopathic influence of Vigna mungo (black
gram) seeds on germination and radical growth of some crop plants. Journal of Plant Growth
Regulation 38: 69-74.

Swain, T. (1977) Secondary compounds as protective agents. Annual Review of Plant Physiology 28:
479-501.

Tanaka, R., Koshino, Y., Sawa, S., Ishiguro, S., Okada, K. and Tanaka, A. (2001) Overexpression of
chlorophyllide a oxygenase (CAO) enlarges the antenna size of photosystem Il in Arabidopsis
thaliana. The Plant Journal 26: 365-373.

Tian, J. Y. and Yu, J. (2009) Changes in ultrastructure and responses of antioxidant systems of algae
(Dunaliella salina) during acclimation to enhanced ultraviolet-B radiation. Journal of
Photochemistry and Photobiology B: Biology 97: 152-160.

Vierling, V. (1991) The roles of heat shock proteins in plants. Annual Review of Plant Physiology and
Plant MoZlecular Biology 42: 579-620.

Weston, L. A. and Duke, S. O. (2003) Weed and crop allelopathy. Critical Review in Plant Sciences
22: 367-389.

Yilancioglu, K., Cokol, M., Pastirmaci, I., Erman, B. and Cetiner, S. (2014) Oxidative stress is a
mediator for increased lipid accumulation in a newly isolated Dunaliella salina strain. PLOS One
9:e91957.



W0 g s 5 Sy o3lah o Jlo Ol 5 AE i




AF-AY omio (WYA0 lgs (0288 5 Sy 0 5ladh piin Sl el ! AE i
WA/ V/Y+ tdlie 3Ly oy
WAR/NVAY Do o 2

WAFAY/A ol 5y gl

(Hyssopus officinalis) g < 3¢l g 3d (S Lo 31 S 9 axfliae
S19h 5 8T o (a9 Al 0 5

Ol a5 SH sl ilaay (53l B et o i 4l 5 50l o le!
Ol 08 e gn il oK1 ¢ s 5 psbe oSl LS sk 05 S
Olpleg S (AR sl (51 OLLE 0aS a3y ¢ o915 DS Slidos S
0121 €08 (Do 3 ke oy ¢ oDl 31T o315 ¢ bt o3 8
Ol 015 63 g5 5 S5 skign o o2n 5 (655558 (65500 oy 00SCin 553 ( ALS (Glaon 5T p 505 S

oS>

,u,,@tdp@t:fdwij;td\ﬁﬁ.\.ﬂgywm}@tﬂ;ﬁ;‘5%;;:@;”,51‘5”;
oLE Ol e 4 (Hyssopus officinalis L.) L s ol 51 48" ol Jlo lades . das oo 15 3T o 1) olE 0350
035 on LS5 53 ey b 4 g Sl 250G 20l oS b gj ki a3 o eslinal (SCaj 53 o a)l>
s ol o 3 Ay 55 0055 o8 LT 51 s o iws 53 GO (6555 25 4ol oyl b sl Ll
LS = b s ST cal e shite ps s g o o gl 53 (6555 25 30 el olE (S 5 ol
Jlasl (558 dd (ool b (o p imgms Vo g A PGP Y cdald) (SO aSUl Cults o 22 )3 (S5las
Ll (Ll s 355087 €5 plole ()5 Sl 21 31 b Ol 5 52) e 55 T Lok
58 sl s 1S (ST Lo IS e 5 b (gyls gme ol 3l 65T ST 5 da T 230 Jle et ;5L K
U 55 5,187 ¢ g S i3l oSy oo o 4y .3l 2alST (gl mn ysb 4 ot Sl 5 IS A3 b

A B35 0 ()58 4 Cuaslie 53 Jge Julge 5llads

529515 olE (Hyssopus officinalis) b« 58 5 ¢ sldanS | 25 16l (S0 319

Ol g8 4 (55 55 (Sairam et al., 2005) 5,5 oLl 400
)\M}J.}\fcucu_h?ugudzﬁ_}')‘é Qﬁjﬂj@)ﬁsbgjwkguﬁ

S fy 0 g g 413 ol odij o35 W5 b Siul e cJslge ol adem 316,108 5T LS 55 U sames
£35St AT 4 OIS el s el 5 ST o oo 5 6yh e 8 cle o S5 4 Ol oo

SYAMBAYTNF & ules ol najafi_f@KhU.ACIT 1K 5 SN Sy L 1 g e 0,5 5

Copyright©2016, University of Isfahan. This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/BY-NC-ND/4.0), which permits others to download this work and share it with others as long
as they credit it, but they cannot change it in any way or use it commercially.



WO g cptin 5 oy oslod o2t Sl Ol 5l (AL il 5

AY

ISl 5 65,5 el L K5 (00 5 5 i o0
sl 5 iy ol (6 s S T3 5L 2500 S
> (Chaparzadeh et al., 2015) & 52 - Lad sl
a s 53 e (slads o7 SLalS s (i
st i S el ol (Al o ez TS B
aal, 5 (Soleymani and Pirzad, 2015) 5,5
JMJ@OW;A&AéLAé;)’lon)jTCq-
e Sl adaze Jslse 40 OLALS 53 (658 Jens
(ol o s 16555lS Ol o ¢ aos Ll 2
aely oS by ad o =0 S (ol
.(Jithesh et al., 2006) <!

3 g el o (ol el (g )5 DS
63,50y o sladla 53 5 d5 03 amals Cudla
a5 b Lata b ol 5l eslizal (6 4l aen
el enaT d Ol iien sl 55 LS 055
o 53 (213 OLALS sl 5 lulis s, o) )
Sl Sl ol g 0 (3L ESaS Sl 5 r s
olad o b 5 Ol o (obis 8 Slag b Ole o
i (AT (o 5345 (3L Slad iy o8 e
YO 35d syls OLalE el w8 § Oy s
A e JS i3 1y s 52w slasyls 5l Aoy
(Hyssopus Lss; .S (Jayasinghe et al., 2003)
«((Lamiaceae) ol ls o3l 5L jlofficinalis L.)
Ly g sab A Cl L s gl (AU
i LS ol 5 Lyl el T Jkine Gbls 3 5 AST 0
«Kazazi et al., 2007 «Ozer et al., 2005) 555 s
o edled g ol ol Soleimani et al., 2011)
SIUT S ol sl ailate 32l )
el oLS 5 (Kizil et al., 2008) cula S 5

3,13 (S RS Sde 5 Sl (S gas dl a0l S
«$,y—= s (Manchanda and Garg, 2008)
S 3 (sl ST 0315 Cmans 51 (6 o Q\,fl.?
(3= 3l sy AE e gl 15 (05 rad)
Gosb S S o foemed 059 25 Sl 5 i g0
i i 5 ke oS ol o e (gla T3
A5 AU Gy o 5 S35 e e 5 55
&L, Kal, (Parida and Das, 2005) Aas s
(B (Lol g 83 b (ol (2B Jold gl g
L0y paznd oSy 4y Jasl 5 4ty Jaw 7 O der
e 33 i OB slad e 2 clad gl
Slaes 55T Ll (Lt Sl Sl i
Sl ALE sla say a5 OISl 5T
c0sls FalS ) sk o 5 oS e 30 055 55
(Shakirova S s ¢, 8 sl b i) 3l s s
etal., 2003)
5 051 s sla £ a5 Lol (o) 5d 25
SIS T posdle s or G S Rl
LA 8 €0 5eS T Jbb lads S Lo 5 ol 5,1
Rl s a0y (@la 8 oS 58 slaiss e
(Sudhakar et b oo tl 3 551350 sl s 0
slazl HE L sl sod == al., 2001)
Wl (595 25 51 AU S al A 4 OLaLS
3 oss b 53 b 5T Sl ) Clislons U1y
(Parvaiz and <ol Jydows 31y ol sla S50
33 G168 g3 2 bl S Satyawati, 2008)
Ol ¢ K 1l 0dge 4 ALS (slad sl
(03,5 (a1 ol il 5 sl ol S
Ladpbw sl s sl s Sl bdm Eoel,



AY Y- L i3y Al e 53 (Hyssopus officinalis) G <55 5 58 (sl asla 1 5 s anllles

Frov oldy, Odd sV Cogb, des
o5 i Jlasl @l Lidls 5106 oS
S Ao skS B 53) Ol 5 s azrl o st OT
23018 O S e kS AL 5 o8 Ol g8 Jlad
e o i A oslinal (o3 01 ol 855 il
VAV oy 2 53 0 S NY i Juli OT &Sl
oS FING rsie ) 03 p SN S i) psp
2 p S YR Ol g 1 530 8 Y dS 2 )
YR JCTE PSS SYNAJETEE Y
S5 5 dlasl 5l ey ol 95 35 2 5o (’J—?
Sie o b i 80 s ek Coals , olals
LS 5 (b (g R 53 (sl S
e b aalllae LallT e30 Jle 5 O55,4n
5559 oBilesT 53 85 58 sla s La
el o)l gt ol (s e 0 Sl aLE
Slis L Sl eslinal L S 055 1 ) e
e i plasil (PIA=a dal) N s o/ iy
V3l SL I e VN S (5,5 0 lae
Yo Sode ey g plonil o plas 0,55 (030 4 p0i p 8
SRl aa 53 F 53 VY g 6,5 Ly 4o
Sleslaal b Holidgy g slAle Al 5 gy il
s (5,805l (Vav#) Bradford z s,
S g slae ;s K 6 S el
25U &8 2 05 +/Y s bl (VAAV) Lichtenthaler
Sl 3l o s ool Lo oA Ol 2 deO L
o5 7Sl o8 baw 5 55 slome oo O
53 (=15 Shimadzu 5™ & UV-120-02 Jus)

Oljn A e a G FVE 5 POV SFY slaz 5o J b

(Il A 51 Oy ¢ sad ¢ =P OT il
—0,eila )3 09l s 05808 sy g5l (05T 5y
Kazazi et al, 2007) wxa Jys3l J—2e 5D
Zheljazkov et al., 2012)
(Najafpour- juut as 31 ghyls by olS uilul
b S Las clls 55 ynavayi and Mirza, 2003)
¢<Soleimani et al, 2011) c—ul >, L84 s
Sl 5w b 55 16y Zheljazkov et al., 2012)
N 58 (S 53 355 o8 2 peslasy 5 3 Ol
o3lital ol s 5 OLgdl s ke Ol 5o 4 OT
03 g ediaseab Olpie o Qb mlis 53058 o
(Soleimani et > 55 o osliiwl ba o ¢l 5l oS 5
s Ls5 s 2ol Jhi)l mdls s Loal, 2011)
a0 ol E ol Gl o5L53 (sl e 3 oy S
9y ol e s 53 SLeMbl (g 5s 2
(S i 5 (Lo 7855 (5 HIie 1 (5555 3
&S5 6l p T 630 Plo 5 059 )dun ST, (o

Sy g gy e 3 by e IS 5l g

b w95 9 3lge
Crb B s G s Sl ey
S sl # s 5 )-S5 Sl 5o ol SulS
i ol (e p wiesjgwd Vo g A P P (Y caals)
G OIS Ja cids o o8 &Sl L aglulS
A bl )50 sled CTL &S 55 b5 65V
sl 2l 0L 0uSlia g5 AlbdS 055 OIS
OLlS w5 5 CiS g 05,5 (AR
Sl V7 50 s L odd I, Ll 0 55 g 950
Sl 4 5310 5 5gy 31, Kl 453 YO (sles)



WO g cptin 5 oy oslod o2t Sl Ol 5l (AL il 5

A¥

(Somogy, 1952) i acwloes i 339 o ys
Jodoee s, L 8 Lo by (slads 1 ozl
el . ob 8 plowil 5 OT leslizal b s ST
Jaze Iyl S 6,80 slas I fol ods oSist
a2ds Vo Sdeas Jhaie OT 2 L e 055580 5 Al
A ) glaadls (05,8 Ol I g A
ST d e Fr Ls ey § 5 ol aslss ilo
Jsdoee s Olo g olili g ads V0 e 4 jhads
o3lizul (g y Lo b Glads ot gl o Lo

(Seyyednejad et al., 2001) .

PRV SV - YU S S JU
3l ol &S 5 g 53 g5 S a1 S
VO o ylae ) e o (Duboais et al., 1956) .
Ao 30 15 e 2l eV 5 hhe OT 2 e
e 0 b i 03l LSS g5 4 6L
Glos 33 4a3s Y 51 ey 5 Lol Ll sl &S5 5 5
Sp BT 7 se dob 3 4 gl Do Lo
3 S e S 05 o3 oy 30 4

sVelikova s, L 05g s duST o w
0 5303 ol p 8 o plowil (Vo0 0) 01SCen
pla 55 deo 3 0 /) el Stl 5 IS (6 5l e
L g 1Yo 06,5 L akda 10 Do g yodylo i
A o A S Sl Hladlonse sk Sl
Vol Slid BL e 0 b kb, J gl
Vel o ol e Vo (Vaamdul) Y g e
Ak s ases Dl (Sl 53 03 8 b s ;Y s
4S5 (53 Ikl e 5 L ol e gL YA e
IMRe €3 5 0l sy 0555 AeeST] 5l eolizal L

A dlous AL 5L 0581 T

sla Jos 1S Coi b sa sla J35 85 J35 457 JS
b slratolae 5o b Sl i s 555,85 5b 5a
ol Loy 85, 51680 o Cble 1 4l
.mwtmgfﬂ;obb\}ﬁrfsp

S elas Jisy 3l Jsloes o Al gl
odd )3 5 EKis Ggai 05 0 /) 4t oslisal IS
NEPRYSE STV CRVP N i WRC VIt U IpERy
6o Laiss ) Dot (w4t 00 5l
5 e s aslaysllig ) Al S ek Slu Ve
o Les3l (slaallis 31 1SS L ler b an 38 Jos
s 31 o o o3lid oIS sy il
Aaie OT o e o L s 053 dlayslids
AP e s s Jime Sk e 45 s o Saas
ke Ve s dla s oY el ST s e 2 (e Ve
VO Sl a5 b alol o y3 0 (65 S g J gloes
i g Bl 4iB5 )3 40T+ s, L 4ids
Ahie T (oS Ledbledly 5 ol I j5ldgy
§maze oAb 55y Sl 03l95 5 Jo (d s A 5 50>)
S oLt Jdoes (sladd fmis (g1 a5kt s
(Nelson, i sslizul lady 5L 5K 5 oS Lo
1994)

lasT ad g a4 ediST Ll (gladd iowin (ol
Joomn 2 w8 cojlae ) e oS
Soln s ¢SS 3 3l oy 9 A LN Sy 55 557
Oy 5l g 288 15 B T plas 55 4ids ¥
e 2 e ¢S ad g o 0 (BUT gles o
2 o 4 ke OT Ly s SLS Sl go iy T
Ot e dob 5o Laas sad Odm iy 1) e VY70

Dy g a0 iS Lol (o lie ol ) 5 a5l



AD Y- L i3y Al e 53 (Hyssopus officinalis) G <55 5 58 (sl asla 1 5 s anllles

taloes (6l s S 20 GBOYY Ol Ol joe Sl 5 s
dalne i ol o 0 LadT oo Jle ol
A& oslizwl 100 MM Tem™?
ISSF 53 5 salas Sl b s el il
)lj_;lrj_; L Laesls S5ls ol rl}u‘ s el
S8l 5 L Lol gas ey 5 VA 453 SPSS (5,LT
3l eslizal s Laesls o 80Les auslie s plonil EXCE

o pla P /48 (6l sime pelas 53 oSSl 03037

el
AU a5 58 i ealia) Sy
Slsms A0 )30 JLA:>\C_14_.~).>L;)L>¢_;M
Sosd i sls Ly ol S o8y g aty; o
OLaLS &8 1 5 a5 s dme Sl G e
0 (ol ot dals OLalE U awslie 53 o> Hles
59 O S0 55 Rl 33 DLl an 457 ) 5k

3L S, g aty

Gk 3 (ALE il o Ol ST O e
Lo ST 53 e dlT630 Jls (gl s s
(Heath and Packer, J_s odoew duwl ¢ ) g )b o5
ol a8 S aadlTignolle ol a5l 1968)
Y Al Sl 5 S (65 e 2l a0 3
Laissd s a5 Lses slas 53 g oyl oo
3 S Sady Bl Ve G s
Al S5 4 wadlTigo0 e c bl tani ol
Lo )3 Vo el Sl 5 IS 6 5 1l Ao Byl
G sd b glona s 8L ) 52 )b o3 o ys 2 /0 (S5l
(51 Sl 4 5390) 0 5 T ploom 3 4Bs ¥+ ke sy
33 Jeolo bglinn 00t 5 51 ey A a3l oyl
S bl glas 53 adds Ve D s i plo
Jsb 53 (s e ol a5 50 Sl Vg
e Jsb cpl 5 55 g0 03l k0l 5 7 SLOYY - o
(sl 5 5 53l g At T (63 0 o) 5o 5 oSS

Faglor s olasl e cla o1 K Ol o

12
4 10 -
S
3 g
A bc
R
:_; 4 de
e'
: -
O -
Control 2

Do, W,
a
ab ab 3
a
be ab
cd
4 o s 10

[ T JUEE) DE-BP e

pe Sl 0L Cog o Sl SE 1SS ¥ ke olie (5 03 p 8 53 0,8 o) By o0 S 605 5 31-) IS

Aals OLalS 4 Lo (ST J35 IS sb wa fiy IS

ol /0D Cld—w B )‘Jk_s.l;u oM

e alS Com e (6 98 AT ol anlllas s
S D 58 6la 3518 (s 58 sLre S,



WO g cptin 5 oy oslod o2t Sl Ol 5l (AL il 5

A7

e OLalE 68 s g aty s 53 Jgloe 5 5o S L SN
35 ol mn a0l dals OLalE U deslie )3 oy
aS I 5o (Y Jgde) Coils ds s 0 Jlez| cb.»
OLals 8 5wy 53 s Sl by glaus s
V dlazt pmbas 3 (6513 cae 28l (6558 Hled o
)l.\_inj_fdjbu._:»_,:jsl_? Sosh W5 3l L ds s
L s lie 53 0l Sl OLalE &8 1 5 ety ST a3

Y i) sl sals olE

S i 55 Lo 3555 e (555 i ol 55l
o o Sl edlasilis a8 Lol fals
sdalin V pdor 4 o 5 ol (5 538 oo 050
Lo 55 5,087 e (58 20 b o 87 58 o
L amglin 53 7 Jods IS s e 555,18 S
O Jlozl el 53 (5)ls imn il 31 Al olals

Bl olis we s

(oS L (Glad 8 e 4 S 5l 0Lt LS

o5 o Ll SEE SO Y K0l sl (5 055 0,5 53 ¢S k) B st 5 slo 0550, Slsmn 555 A5 H-) s

WLl /00 o 53 5l e SVt ke Sl DL

(o g ies swd) o5 sled

L;J':M}:é‘_;ua};;)

Ve A 2 ¥ \ Aals
RAEQD b keeq P N E DA NE A WY 8E e a Jobs A5
A & A VA AE VN A £/ VAEIN VA £V b Jes,iS
AEN P AF YD Vv P VAREVAT- VAZETVAL SRV A A 0 Jbs is
RETOR VBEIAE CAY E NP JAVEN YU ETN VIEUA & s 55,8
VSEZDANERVLE VAL SR VI & VAL R VAVE TVAY ALETYRL SRV F VAL alb Js, I8
AETR & Vo0 ® JAE £y VA ETVANA FE Y E VAET A IS Jebs JS /s 55,18

Mt pe Sl DS o el SE L SOY (il sl (805 05 o) B35 slak (6058 25 F1-Y Ul

Wl v /00 cboﬂjé )‘Ju’.'.su

(o p s jowd) S 55 les

5 RT
\ A 4 ¥ Y dals f S
YIAD £+ /052 A\ ETAT \EDAA A EDA A A YAN S -
oS Lol
WSS A% YAV E /D AETVAL V/00 £+ /VF AsETALN &, i
VAL \ ey ® LA A )Y Y AL A - _
VAETAS N A VWA e S CE ey AT EDDN & tabesi
t t * t * * B
\AAETAS AR DAL Y/4 e /\V0E A\ EIAGS AALEVALES AETAL -
J sloes 33
FIAL /Y2 \AAETAN ATETAE A ETAT AEAV \ETA &,
V/AF £ /° A\ AN Y/A0 £4/18° F/A £ /NF? O/YY £e/¥? Py
VTN AR NE V/00 £ /8¢ \ETO L EDOR Y/ £/ PR & SIS 43
* + * * * * 2
2 O/FA £ /Y ZANEA A A F/AF £./Y5° F/AY £1/FA? Py
Nt
O/F £/Y0° A ET A FIVY £ /Y2 \ETAN F/0 /142 AEAE &£, F




AV L;,)LJLSJ;L"M&L_,) A+ ;5 (Hyssopus officinalis) by ¢S5 5 58 gla el 5 = anfllas

A Cob a5l 65 ST OT 5 T 650 e ldas Slas S 58T OT 5 adlT (50 s Iz

$5STOT 5 LadlT (630 Il lie oy VLS () 5b Sol3 —ra ol 8l Aoy ) JLA}\CE_M):L;)}_&
u\f.bjfo»\.&w&)ﬂj:ﬁj M)wb\' )Lo.;;).ﬁ 46)}.&&'&\}‘@‘)‘}&&(‘“)* LSLQJQZ)M‘)

0., mes,

6

a
a
| b
b
_ . a
IR EE LC b
2 4 6 8 10

Control

i

Al 2 {_J‘ul.n
w

(705805 g3 dpe s S0

(=l

LA ) (e (S et

oL Doy, .g_“tSEi)\JSJvwi;t_:aﬁu,e.(;Q,’,r,fﬁdw)&,aw,;,\:ﬁ.m;;);uﬂmﬁs,}.:J';;:,_:‘t:—vJi.:

O T A N PR

a
b
b c
_ d be b a
e

§ £ cd

[di |ii

Ei
2 4 G b 10

Control

D5apn AnS
(F0j3pf pdpsSe)

(=T S IV
L

(A e 3] SR e

DLl Do Sl SE L1, S5 ¥ o iloe olie (5 055 05 55 Jges,Sen) B3 0550k AT Slkie 2 (555 25 1Y S

WLl /40 o 53 513 gma 3V ke S

osb i aS mlL L el it sk )50 )
S olKin g arils s b slachile 55 oolg i, U bl s it SBT sbul Eol g 5d

ol T e o3 5515 )58 5 e 53 0lS 23 Gos 53 8 QS 2 5h e oS g
Oy e e N =S T FEE 03555 31 Slo 3 JSb (s oo oS 20 DS
O ks o 30 45 Lt oy g Ly e 33 3 45,8 e 5l 5 e3lial 3 ge lada 45 ditn

(Parvaiz and  yi s ooy st 48 ) 55 s i gy 53 A5 oo LT jls 1B (6 jel oS



WO g cptin 5 oy oslod o2t Sl Ol 5l (AL il 5

M

Sos=d B Lo JS7 Jdg IS (gl e 45
sl Lo 055,55 s SS 1 5l o 28l
(Parida and 4l s G oS 4 Sosh ey
sdos 158 s F b elS s s, Das, 2005)
Sl ol b5 157 (gl gmn (21580 o (6555 &7
§ls—me 53 ialS Lol (Wang and Nil, 2000)
(Meloni etal., azy ;s )05 25 4 5> Jbs IS
L. (Sevengor et al.,, 2011) |- su5 2003)
Carthamus tinctorius ((Beinsan et al., 2003)
(Kaya et al., 2001) glhiul 5 (Siddiqi et al., 2009)
S5 do ol S 288 ol sl ok 3 B
el aS sl My T s oSad 55 5 ls 5T
T G 5 s 4 533 8 o S35 I 4 25
(Tunaetal., 2008) Llw, s
o5 4 OLalE 55 Jytows Slydn g S aad
e ((Sis 5 Syh an Gl Dl w3 28
COzuajl_;g.l_?ng_W)s‘«_?}:Jﬁlsdm_f
55> (Murakeozy et al., 2003) ceul odd i )18
Jeeily JS7 5 o3 00 5 Ay S o) 55
(Parvaiz and aS’ o el 1) Lacd S (6 sal
LS e slgis Cadiiee Slalls Satyawati, 2008)
3855 e Aile (ool 18 Gladd (650 1T )3 S
e Sl 5 e oS b e (ST OIS
)8l el S glite (ke (slaas 3 oS5
54l 4 s il 11 G5 o loes slads ke
(Bartels =l <Siad s dn sl 5T Cdleb 4 4l
ol JsSge s and Ramanjulu, 2005)
S5 g 50 Slagal 555 S Sl Glodiascudle

S 9 ) 3l o g0 (65 55 Satyawati, 2008)
RTINS AR PG SUP PR IR pu e
s(Jiang et al., 2005) OLS” dle SalS 55 J glows
Wl o 35S (Wimmer et al., 2003) cJ.'f
g polie o851 5o Jgdee Lo YL I
Sl ok ocaline o1 5 03,51 013 BT g (5555
(Y++0) Das 4 Parida .(Ashraf and Harris, 2004)
(s Gosd A Cou Sgels 43 &S Wsls i1
b EASTYL (g9 5 5 il il Jgloee 55
aaJlas 45 (Y0 1Y) Ataei Barazandeh y Karamian
S5 il 531 (ON0bIychis) o owl 458 4w (53,
Lsls s S, S
Mdgﬂgéuﬁf\jd;ﬁyé,\iu
Al (g5 g sl T3 3,8 o )5 6ot 5T
LS el itn b T ol s 5kt
(Flowers, s55 0 OIS oo L5 5 00 8 s
3 =SS s K (gl e (6 S0 311 1999)
Col o2l)5 OLalS 5 (558 4 S slie sla ot la
Mostofi s Khavarinejad .(Sairam et al., 2002)
23 e A ST R S s S 558 (1990)
(JS S JS e alS e (K per S
Cha-um L 5 «lis mb S sa fby )5
oded )8 )3 anls 55 5 (Y +4) Kirdmanee 4
&l gmmn 2alS (Yoo Y) ol LS 5 Sairam .ol
5 b pU)1 3 )58 s Rl J85 NS
LT comoman s god )15 ('v\-f Sy 4 pylae
S |y o 085 53 L S (gl g 2y 2alS

QT‘SH;LAUZJKM.MJ‘JQLJJC}ULA{J)A{



A Y- L i3y Al e 53 (Hyssopus officinalis) G <55 5 58 (sl asla 1 5 s anllles

el ol 5,18 5s (Yazici et al., 2007)
22 858 OT A 5 Ol (20 Ll
5 o 3T ST 3 (b olS Jshe Calibne (sla iom
oo (Asada, 1999) Wb e sl 8l s 5T L
e T s 0 S Uit o S L g5
22 6581 DT bl Esl Wil 5 g0 kS 5 20 535
Ol e A8LST oor g0 4581 T ol 315 5 oS
i ol a3 5 bt O gl ST 5 U,
Erdal et al., ¢Mandhania et al., 2006) s 5% .
Co @58 T OT e bl 2ag3s 55.2011)
b g azmd ol alie .Sl 15580 6555 sl
S Lo olE 5 (Yo 0) 0, 5 Velikova
S5 53 (Y++¥) 01, 8s 5 Chaparzadeh .l o
sldae il 530 (Calendula officinalis) g adwes
S U S Gl S s i Cou 6581 OT
53 (Y00 ¥) 0L s Mittova Solallas Ly sunan
55 (1440) ol,LSCes s Hernandez 5 K s S

Ol lons
S5 i Ul ol s s el
skl Ol s sl Esl (g i s 4 S
23 e BgolS 53 gl bsn 5 6505 58
a T 0 0l 5 & 5nST OT Ol e (6 58 i
Aile glald saul 5luaST 20 b 5 il oo 2153

AU olos glagaly 5 oo o G e
3 48 04 oSz (Crowe et all., 1990) 5,138
Rl ol o (ol 5 Ll 8 s OLalE L
.(Dhanapackiam and Ilyas, 2010) c—ul Cweal
BrolS )3 ules S a S (YY) Amirjani
oS Ll (Glads 5 ST U8 Hldie (g5 AT S
23 o5 Ll b 53 A8 (Gl goe 113G )3
(Amini and Ehsanpour, 5 e 8 asle SlalS
(Bagheri and Sadeghipour, 2009) ;= 52005)
S il 5 amalis jlie alS .l odd il 8
33 La b L sluie 5 oSl e 5 oS Lol (glakis
sParida . s Bruguiera parviflora slacs -
sl 0 S (YY) O,
S o el sl ST g SJISS S,
(de oucs Lis (gladed O pomlinS y Eely (5 58
LT 630 Jle Ol ;e Azevedo-Neto et al., 2006)
Gunes et «Borsani et al., 2001) was o !5,
Sladel 4 205 fosl= a5 A lIT 650 4L al., 2007)
Sl sy AL Ol e s il LS
PN JCRTES. A PR JOPVIN RN o JP SR R
Sl (v ) oK 5 Ashraf (Mittler, 2002)
LS e (.uf 33 LalT (50 dle e oS Wisls
sKoca Sladlles U 58050 45 C8L 20l 580 (6558
33 e 5 o 4S Sl (Y0 )L 5 (Y00 V) 0, Kes
Il ol s 4 (K jper S5 dnS
22 o5 7 L smeen i O ST
«(Neumann, 1995) 5 4> & sl Slals
5 = 4 (El-Bassiouny and Bekheta, 2005) 54;?



WO g cptin 5 oy oslod o2t Sl Ol 5l (AL il 5 4.

&b

Amini, F. and Ehsanpour, A. A. (2005) Soluble proteins, proline, carbohydrates, and Na'/K* changes in

two tomato (Lycopersicon esculentum Mill.) cultivars under invitro salt stress. American Journal of
Biochemistry and Biotechnology 1(4): 212-216.

Amirjani, M. R. (2010) Effect of NaCl on some physiological parameters of rice. European Journal of
Biological Sciences 3(1): 6-16.

Asada, K. (1999) The water-water cycle in chloroplasts: scavenging of active oxygens and dissipation of
excess photons. Annual Review of Plant Physiology 50(1): 601-639.

Ashraf, M. P. J. C. and Harris, P. J. C. (2004) Potential biochemical indicators of salinity tolerance in
plants. Plant Science 166(1): 3-16.

Ashraf, M. A., Ashraf, M. and Ali, Q. (2010) Response of two genetically diverse wheat cultivars to salt
stress at different growth stages: leaf lipid peroxidation and phenolic contents. Pakistan Journal of
Botany 42(1): 559-565.

Bagheri, A. and Sadeghipour, O. (2009) Effects of salt stress on vyield, yield components and
carbohydrates content in four hulless barley (Hordeum Vulgar L.) cultivars. Journal of Biologival
Sciences 9(8): 909-912.

Bartels, D. and Ramanjulu, S. (2005) Drought and salt tolerance in plants. Critical Reviews in Plant
Sciences 24(1): 23-58.

Beinsan, C., Camen, D., Sumalan, R. and Babau, M. (2003) Study concerning salt stress effect on leaf
area dynamics and chlorophyll content in four bean local landraces from Banat area. 44" Croatian
and 4™ International Symposium on Agriculture, Opatija, Bosnia and Herzegovina.

Borsani, O., Valpuestan, V. and Botella, M. A. (2001) Evidence for a role of salicylic acid in the
oxidative damage generated by NaCl and osmotic stress in Arabidopsis seedlings. Plant Physiology
126: 1024-1030.

Bradford, M. M. (1976) A rapid and sensitive method for the quantification of microgram quantities of
protein utilizing the principle of protein-dye binding. Analytical Biochemistry 72: 248-254.

Chaparzadeh, N., D’Amico, M. L., Khavari-Nejad, R. A. and Navari-lzzo, F. (2004) Antioxidative
responses of Calandula officinalis under salinity conditions. Plant Physiology and Biochemistry 42:
695-701.

Chaparzadeh, N., Najjar-Khodabakhsh, A., Pazhang, M. and Zarandi-Miandoab, L. (2015) Effect of
salinity and ascorbic acid on growth, water and osmotic relations of Lepidium sativum. Journal of
Plant Biology 24: 39-52 (in Persian).

Cha-um, S. and Kirdmanee, C. (2009) Effect of salt stress on proline accumulation, photosynthetic
ability and growth characters in two maize cultivars. Pakistan Journal of Botany 41(1): 87-98.

Crowe, J. H., Carpenter, J. F., Crowe, L. M. and Anchordoguy, T. J. (1990) Are freezing and
dehydration similar stress vectors? A comparison of models interaction of stabilizing solutes with
biomolecules. Cryobiology 27: 219-231.

de Azevedo-Neto, A. D., Prisco, J. T., Enéas-Filho, J., de Abreu, C. E. B. and Gomes-Filho, E. (2006)
Effect of salt stress on antioxidative enzymes and lipid peroxidation in leaves and roots of salt-
tolerant and salt-sensitive maize genotypes. Environmental and Experimental Botany 56(1): 87-94.

Dhanapackiam, S. and llyas, M. M. (2010) Leaf area and ion contents of Seshbania grandiflora under
NaCl and Na,SO;, salinity. Indian Journal of Science and Technology 3(5): 561-563.



49 L;,)LJLSJ;L"M&L_,) A+ ;5 (Hyssopus officinalis) by ¢S5 5 58 gla el 5 = anfllas

Dubois, M., Gilles, K. A., Hamilton, J. K., Rebers, P. A. and Smith, F. (1956) Colorimetric method for
determination of sugar and related substrates. Analytical Chemistry 28: 350-356.

El-Bassiouny, H. M. S. and Bekheta, M. A. (2005) Effect of salt stress on relative water content, lipid
peroxidation, polyamines, amino acids, and ethylene of two wheat cultivars. International Journal of
Agriculture and Biology 7(3): 363-368.

Erdal, S., Aydin, M., Genisel, M., Taspmar, M. S., Dumlupinar, R., Kaya, O. and Gorcek, Z. (2011) Effects
of salicylic acid on wheat salt sensitivity. African Journal of Biotechnology 10(30): 5713-5718.

Flowers, T. J. (1999) Salinisation and horticultural production. Scientia Horticulture 78: 1-4.

Gunes, A., Inal, A., Alpaslan, M., Eraslan, F., Bagci, E. G. and Cicek, N. (2007) Salicylic acid induced
changes on some physiological parameters symptomatic for oxidative stress and mineral nutrition in
maize (Zea mays L.) grown under salinity. Journal of Plant Physiology 164: 728-736.

Heath, R. L. and Packer, L. (1968) Photoperoxidation in isolated chloroplast I. kinetics and
stoichiometry fatty acid peroxidation. Archives of Biochemistry and Biophysics 125:; 189-198.

Hernandez, J. A., Olmos, E., Corpas, F. J., Sevilla, F. and Del Rio, L. A. (1995) Salt-induced oxidative
stress in chloroplasts of pea plants. Journal of Plant Sciences 105: 151-167.

Jayasinghe, C., Gotoh, N., Aoki, T. and Wada, S. (2003) Phenolics composition and antioxidant activity
of sweet basil (Ocimum basilicum L.). Journal of Agricultural and Food Chemistry 51(15): 4442-
4449,

Jiang, L., Duan, L., Tian, X., Wang, B., Zhang, H. and Li, Z. (2005) NaCl salinity stress decreased
Bacillus thuringiensis (Bt) protein content of transgenic Bt cotton (Gossypium Hirsutum L.)
seedlings. Environmental and Experimental Botany 55(3): 315-320.

Jithesh, M. N., Prashanth, S. R., Sivaprakash, K. R. and Parida, A. K. (2006) Antioxidative response
mechanism in halophytes: their role in stress defense. Journal of Genetics 85(3): 237-254.

Karamian, R. and Ataei Barazandeh, S. (2013) Effect of salinity on some growth parameters in three
Onobrychis species (Fabaceae) in Iran. Journal of Plant Biology 15: 69-82 (in Persian).

Kaya, C., Higges, D. and Kirnak, H. (2001) The effects of high salinity (NaCl) and supplementary
phosphorus and potassium on physiology and nutrition development of spinach. Bulgarian Journal of
Plant Physiology 27: 47-59.

Kazazi, H., Rezaei, K., Ghotb-Sharif, S. J., Emam-Djomeh, Z. and Yamini, Y. (2007) Supercriticial fluid
extraction of flavors and fragrances from Hyssopus officinalis L. cultivated in Iran. Food Chemistry
105(2): 805-811.

Khavarinejad, R. A. and Mostofi, Y. (1998) Effects of NaCl on photosynthetic pigments, saccharides,
and chloroplast ultra structure in leaves of tomato cultivars. Photosynthesis 35(1): 151-154.

Kizil, S., Toncer, O., Ipek, A., Arslan, N., Saglam, S. and Khawar, K. M. (2008) Blooming stages of
Turkish hyssop (Hyssopus officinalis L.) affect essential oil composition. Acta Agriculturae
Scandinavica, Section B - Soil and Plant Science 58; 273-279.

Koca, H., Bor, M., Ozdemir, F. and Tirkan, 1. (2007) The effect of salt stress on lipid peroxidation,
antioxidative enzymes and proline content of sesame cultivars. Environmental and Experimental
Botany 60(3): 344-351.

Li, Y. (2009) Physiological responses of tomato seedlings (Lycopersicon esculentum) to salt stress.
Modern Applied Science 3(3): 171-176.

Lichtenthaler, H. K. (1987) Chlorophylls and carotenoids: pigments of photosynthetic membranes.


http://www.researchgate.net/journal/0906-4710_Acta_Agriculturae_Scandinavica_Section_B-Soil_Plant_Science
http://www.researchgate.net/journal/0906-4710_Acta_Agriculturae_Scandinavica_Section_B-Soil_Plant_Science

WO g cptin 5 oy oslod o2t Sl Ol 5l (AL il 5 ay

Methods in Enzymology 148: 350-382.

Manchanda, G. and Garg, N. (2008) Salinity and its effects on the functional biology of legumes. Acta
Physiology Plant 30: 595-618.

Mandhania, S., Madan, S. and Sawhney, V. (2006) Antioxidant defense mechanism under salt stress in
wheat seedlings. Biologia Plantarum 50(2): 227-231.

Meloni, D. A., Oliva, M. A., Martinez, C. A. and Cambraia, J. (2003) Photosynthesis and activity of
superoxide dismutase, peroxidase and glutathione reductase in cotton under salt stress. Environmental
and Experimental Botany 49(1): 69-76

Mittler, R. (2002) Oxidative stress, antioxidants and stress tolerance. Trends in Plant Science 7(9): 405-
410.

Mittova, V., Guy, M., Tal, M. and Volokita, M. (2002) Response of the cultivated tomato and its wild
salt-tolerant relative Lycopersicon pennellii to salt-dependent oxidative stress: increased activities of
antioxidant enzymes in root plastids. Free Radical Research 36(2): 195-202.

Murakeozy, E. P., Nagy, Z., Duhaze, C., Bouchereau, A. and Tuba, Z. (2003) Seasonal changes in the
levels of compatible osmolytes in three halophytic species of inland saline vegetation in Hungary.
Journal of Plant Physiology 160: 395-401.

Najafpour-navayi, M. and Mirza, M. (2003) Comparison of chemical components of Hyssopus
officinalis L. esentialo oil in vitro and in natural habitat. Iranian Journal of Medical and Aromatic
Plants 18: 41-53.

Nelson, N. (1994) A photometric adaptation of the Somyogyi’s method for the determination of glucose.
Journal of Biological Chemistry 153: 374-380.

Neumann, P. M. (1995) The role of cell wall adjustments in plant resistance to water deficits. Crop
Science 35(5): 1258-1266.

Ozer, H., Sahin F., Kilic, H. and Giilliice, M. (2005) Essential oil composition of Hyssopus officinalis L.
subsp. angustifolius (Bieb.) Arcangeli from Turkey. Flavour and Fragrance Journal 20: 42-44.

Parida, A. K., Das, A. B. and Das, P. (2002) NaCl stress causes changes in photosynthetic pigments,
proteins and other metabolic components in the leaves of a true mangrove, Bruguiera parviflora, in
hydroponic cultures. Journal of Plant Biology 45: 28-36.

Parida, A. K. and Das, A. B. (2005) Salt tolerance and salinity effects on plants. Ecotoxicology and
Environmental Safety 60: 324-349.

Parvaiz, A. and Satyawati, S. (2008) Salt stress and phyto-biochemical responses of plants, a review.
Plant, Soil and Environment 54(3): 89-99.

Sairam, R. K., Rao, K. V. and Srivastava, G. C. (2002) Changes in antioxidant activity in sub-cellular
response of wheat genotypes to long term salinity stress in relation to oxidative stress, antioxidant
activity and osmolyte concentration. Plant Science 163: 1037-1046.

Sairam, R. K., Srivasta, G. C., Agarwal, S. and Meena, R. C. (2005) Difference in antioxidant activity in
response to salinity stress in tolerant and susceptible wheat genotypes. Biologia Plantarum 49(1): 85-
91.

Sevengor, S., Yasar, F., Kusvuran, S. and Ellialtioglu, S. (2011) The effect of salt stress on growth.
chlorophyll content, lipid peroxidation and antioxidative enzymes of pumpkin seedlings. African
Journal of Agricultural Research 6(21): 4920-4924.

Seyyednejad, M., Ebrahimzadeh, H. and Talaie, A. (2001) Carbohydrate content in olive zard cv. and



qy Sos UMJ.;L o s gy dl> e 55 (Hyssopus officinalis) b ; &i;)ﬁ}g Sla e la & andls

alternate bearing pattern. International Sugar Journal 103: 84-87.

Shakirova, F. M., Sakhabutdinova, A. R., Bezrukova, M. V., Fatkhutdinova, R. A. and Fatkhutdinova, D.
R. (2003) Changes in the hormonal status of wheat seedlings induced by salicylic acid and salinity.
Plant Science 164: 317-322.

Siddiqi, E. H., Ashraf, M., Hussain, M. and Jamil, A. (2009) Assessment of inter-cultivar variation for
salt tolerance in safflower (Carthamus tinctorius L.) using gas exchange characteristics as selection
criteria. Pakistan Journal of Botany 41(5): 2251-2259.

Soleimani, H., Barzegar, M., Sahari, M. A. and Naghdi Badi, H. (2011) An investigation on the
antioxidant activities of Hyssopus officinalis L. and Echinacea purpurea L. plant extracts in oil model
system. Journal of Medicinal Plants 10(37): 61-72.

Soleymani, F. and Pirzad, A. (2015) The effect of mycorrhizal fungi on malondialdehyde concentration
and some metabolic processes in hyssop (Hyssopus officinalis) under water deficit stress. Iranian
Journal of Plant Biology 24: 15-26 (in Persian).

Somogy, M. (1952) Notes on sugar determination. Journal of Biological Chemistry 195: 19-29.

Sudhakar, C., Lakshmi, A. and Giridarakumar, S. (2001) Changes in the antioxidant enzyme efficacy in
two high yielding genotypes of mulberry (Morus alba L.) under NaCl salinity. Plant Science 141.:
613-619.

Tuna, A. L., Kaya, C., Dikilitas, M. and Higgs, D. (2008) The combined effects of gibberellic acid and
salinity on some antioxidant enzyme activities, plant growth parameters and nutritional status in
maize plants. Environmental and Experimental Botany 62(1): 1-9.

Velikova, V., Yordanov, I. and Edreva, A. (2000) Oxidative stress and some antioxidant systems in acid
rain-treated bean plants: protective role of exogenous polyamines. Journal of Plant Sciences 151: 59-
66.

Wang, Y. and Nil, N. (2000) Changes in chlorophyll, ribulose biphosphate carboxylase-oxygenase,
glycine betaine content, photosynthesis and transpiration in Amaranthus tricolor leaves during salt
stress. Journal of Horticultural Science and Biotechnology 75: 623-627.

Wimmer, M. A., Miihling, K. H., Lauchli, A., Brown, P. H. and Goldbach, H. E. (2003) The interaction
between salinity and boron toxicity affects the subcellular distribution of ions and proteins in wheat
leaves. Plant, Cell and Environment 26: 1267-1274.

Yazici, ., Turkan, I., Sekmen, A. H. and Demiral, T. (2007) Salinity tolerance of Purslane (Portulaca
oleracea L.) is achieved by enhanced antioxidative system, lower level of lipid peroxidation and
proline accumulation. Environmental and Experimental Botany 61(1): 1-9.

Zheljazkov, V. D., Astatkie, T. and Hristov, A. N. (2012) Lavender and hyssop productivity, oil content,
and bioactivity as a function of harvest time and drying. Industrial Crops and Products 36: 222-228.



WO g cptin 5 oy oslod o2t Sl Ol 5l (AL il 5

af




VIV domin (AWAD )l coin 5 S olad oiin Lo O K T
WWAF/ V/Y e cdlae ol s &b
WA\ /N odzme g 2 G B
WA/ VY taden oy p fus )b

AALUYAR VAL S PHI R Y '@)l:

(Nicotiana tabacum) Ogigi (Svazmals wlby Jlge (& 9 Ol ki (w5
ol IS g3 31 olial b i T Tyl yd 5

dly A e 5 3 iy 55 S

Q\J.‘:“ Wy ‘Q)A:f o@d\: L@_lﬂ (:}19 AM\J 5@\.}:@.\‘\1) o);

©

CJ)}_&@}@)JJQ)}j@‘bﬂ&d)ﬁ@&&l{fﬁf&h)fd\’;Qﬁ%}Udh)}f}‘b}L&.ﬂ‘
LS o e o ol gl 25 5 (S (St 25 55T ST olS sy b J b plas s ed J S
CLaid 4 a5 b5 L)l 05 5 S Sl 53 poge B I3pamlry S ST 350 0 05 5 £l50 53 3 Shes
5 e BT olE 53 e ol GV Ol (St 25 Lol 53 03l adge  OLE 53 oty juaie 7 cage
FA s Jlasl do s Yo Lo LSS sl b b g Sist 55 bl o 55 .das o a8 1 55 )
(odam SMie S i 8 8 plol 5558 (b ol a3 by S GLL e o5 Jlasl 31 ey Sl
Gk 3 gl 5 6 S 03Il 5 oty s (gl e 5 5 cka T (0 o e e 53 100350, ¢ JS 55
NS 56 Lo 5 23 5led 0593 ol 3 45 5l Ol eukeT s @@u.uybtﬁ)@wspssqu,\};\rJ;
Gl e Ls 1 (o5 s (Sist 35 51 (B 0 e 50T 5 g o s 0T VL sla Bl Sl oslinul 5 onley
a8 5 5 adlTiea0 e s jp3lin ks OS50 5l oslinad s 055 5 olS S50 55 0l (5,8 o0
Lo b5 1S 5 Wil 55,05 ¢ s s s ol 31 sl e pmomann 0l 2l |y ditn | SCist (235 5 g 5 Slaailis

s Al el ST ey s 1y (st 2551 (A O e ST Wl e el SIS w3 L
IS5 dm T 630 Ple ¢ J5 (5 572mn 58 (Sloe 555 ¢SS 31 el (ST s 0 HSlS” (B0 31

,;UQ)L_,.}'J_»I);@,JV_P;\&_Q)G_;\); YRR
bl o3 g 0 Olgr bl Cdel 53 055 5 J games Olge a a8 Sl S5 by 25 e 1 S
(Ranjbar et coul odid aslis ¢St ans 5 ¢St OLalS a5 5 s ol ST dome Joale o S0 ge

VYYYYTERY :ules o)l norasteh@guilan.ac.ir 1S s sl G S 15 fone 00,5 5

Copyright©2016, University of Isfahan. This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/BY-NC-ND/4.0), which permits others to download this work and share it with others as long
as they credit it, but they cannot change it in any way or use it commercially.



W0 g s 5 Sy o3lah o Jlo Ol 5 AE i

AV

(Delauney and Verma, 1993) .l oi s sdaliv
o Caglie IS0 )8 g5k oS5 e lale il 53 ol
Ao oS e S min 55 5 35,8 sled 4 AT
LT Sl g 2 Jood Jlont slns Ol 5 4y
23 i el 58w wly g abn ol 4l S
S e slagaly 31 (S8 55 b 051 Ol 68
5 oiS Bl Jlas conl ases gla 25 530l
L g on Ol (25 DL 3 S ol 50 b (S
La o 95 ¢ pmman (Feller, 2004) woa & glane
oS 4 (Sis A Bl Sus LS e e Ol
sl palS oS Sl S| =T sla o 5T Clad
Pl b o Rl Db 53 addT (630 Jle o
O g 2l 81 5 sl 53 HRO2 0 55 o
Sl O sl 350 o0 e L o]
S 9 (8 35 Syl Ll By B o e L
S35 Jole oK 0o g dgn cal 3 350
St s b 53 0blE s Sl alS g 3
(Li-Ping et al., 2006) LT . sl 4
S 1 LS s S s
(Efeoglu ol dide Sist 55 ahe ¢ ) b
9 s ole s alss (B b 5l etal., 2009)
65a3LaS 5 sl g e s 4 ST T 5l
SLals s, Shee ol S Lol falye 51 0ST =
2% et ol S (Sl 3 5 o s
33,15 555U (i ity o ol oS o ke
Lagsobon 5 BT 4l 55 15 olE Sl 0T 3 508
S’ SLalS (Zheng et al., 2008) das oo 2ol
LS 3l 055 o odaliin LT )3 ol 5508
S TS Ll 53 5 diten 1o 55 5 (5 S
Jeeily, a8 e @ DS o) 55 g o 0303,

0 diS 3 gk ol g b 5 S22 ., 2000)
Shdas o S 1) s s 51450, 5 s14550)
3 LS L Olg o sla) g, b odiS 3 gdome ful o
s b5 IS oo 51 (6 50 39 slae 5855 i b5
(Oliviera-Neto et al., 5,5 o,Lal lads 55,8 5
Eool Wlg o (St 5 ool o 0591 .2009)
23 Slefis S Kl g o & 358 s3I ST 2T sl
5 dohr BLAE B s g e B
A sl o IS slaalaSS, ldas [hals o 2udl s IS
A8 Lyl s Ul S OT Clae b g
L 45,56 OLlals clewly ol 53 (Uma et al., 2010)
5 OLS 5 SIS (ST OLS 5 a8
lp s a5 Jdw ol L a5 555,18
Cbiblone 25 Il s 0td W b SIS,
S LT 3l oean (Bettaieb et al., 2012) 1S
23 5l 658 SlhenST (=T Gl s oL 5
534S Glaj 53 b O3S T sla & S e gl
I - JCHIN P RS [ - PR v U P
ol el Ly ((Neffati et al., 2010) S
DL 51 yes (S S 0y b b LS 5
31 S o~ (Masoudian et al., 2014) &
o o9 g Sl 25 Ly adilis odas fal e
S Ol am 5T GLadlSysly eSOl
(Jaleel et al., 2008) .=S" s Joos 75 S soul
@ T S sl el S s 53 s
33 B8 5 b sl ge 3 5aS (ol slos 1
el i 5 YL a5 8 DA 5 e
JERY) CRIPSvON Bt Ll 0-S5 TN P - PR
e 805 Sl g ga 31 man g als s OLalS
5 LSl 5 L3 O g g s jadms dlas ST



v =y NS U 3l enlizal b S 25 Lol 4 55 (Nicotiana tabacum) o 5 5 hamals Lz, Jolse & Sk o)y

ssbis 4 ¢ wlal !, Murugesa Boopathi, 2009)
Sleslial s saute la g el i (2l 3l
sods SUls il sl 53 TiO, 5Si0; oolys 5L
o i Syt ((Luetal, 2002) b g 53548 5 T
(Salehi and f.\_'f 33 Sl Aoy Il s
T dS1 oy 5L (Tamaskoni,  2008)
13 TiO; &y U ((Mazaherinia et al., 2010)
(Moaveni and Kheiri, 2011) &3 5 Shes 2 531
> s 21581 55 penlty 5 ST GOS0
(Ghahremani  Olsw  ys ciy 9y Jolse & 5 9 4l
4SS Cowlodd plasl sladl ysetal., 2014)
3, ke 5356 glas S 3l eslimal Cote 56, Kes
ciS Lol S ars 3 (SG 0l 0 ,Lal OlalE
Iob 53 oSl AT 5L 0o Yl ) 3 05 5
OFF 23 (Si 4y g Josd puand (ool L) 093
ol L opl gl 6Cmal 1oy 55 51 (Slo s 5 Cmail
0 olS ol Cuglin Sl g cambio sla, Sl
Gblin 5315 0T 0155 e (6 s Oliabl L ( (St
o it 48 LT g Cosl eSastaas 5 $Sist
S Jodma 5l U1l 53 055 5 kS bl
Conslie il 530 (gl mlio Jo oy U (it
56l A oMo el (6)5 0 S 4 05 5
a0 olE s el (s 53 055 5 Sl ealinel xio
Lis 4 05003 OLaLS Cxio 53 (gudor oy Ol
Ol ol8aws 5 (55 LI il ol (5 e
a0 0T Jams Sl g oSl 53 Clibes (5005
Sl 5 55 S oslizal b 05 5l L ablis 5 (S
LS o5 4 0siSl J2e sl (2 Oy

CﬁM‘JR)Lf.L_M|L:3:)JQJJJSL§))\JC~:M\

S Cagli (ks 530S 1 5L (5 e
e ()35 4 S (6 ey Sl (03 99 Cans
55 g odalin 258 lag e dlam 5 Lo o
23 ey i B4 e gL (Cakmak, 2005)
S 8 s aie ol BT e s oS
)'I.C_m\;j_»ui;_?a\@&)lfjurfb;}):&"(vf
Slns S 48 (s e D SU s 0 Kes 5 5m
S e ol e CdST 5 s Lo 53 (g lad
(Naderi > g soi ao 55 T 31 eslizul &8 ol ke
ol Ol pie 4 s S 56 > and Abedi, 2012)
oS A ssS ol jole g e glas S
e 53 6l g d oo ST STy el J 1S s
e 5 S Lo e T s sy ey 55
53 s sl (6,8 e Gl s T T (S5, 0T
5k oo U sl 5l g S e L (i
o5 an ot slalops b s ST L Ca L
Pl 0y e ole o e oIHLS tl 5ol
S9) amy Cm) lamee 1 LBl (glaay 50 DUl
{(Naderi and Abedi, 2012) coul ouls 03 428 Ol
(S e S s U e 4 sl Jids
55 6T 650 Glac I 5 g obesd
LAl i (s Vil 6 she das s
ol 03 58 (Joke SLa 5o i G pdid el 5 olend
(Mazaherinia et al.,, 553 - Hlio4 Oly3 60
Fobe das S 5U 51 6 S0, Lo 5 onl 4 2010)
Jmab Jsb ples 3 clie Co b s )T 0 olde
Ld 2l e 4 eopl b 606 58 o0 35T olE i
Slie o ity Ol 538 OLS ule o i T

(Chinnamuthu  and = 5 4 Al = olds 5l 5



W0 g s 5 Sy o3lah o Jlo Ol 5 AE i

A

O\}_Log\:uo:bu)%bilfi);&fd
3y R ) ol O i ds e g o oL
dals Ol pe s Laas sod ol 5 =8 1,5 esli
] RGO PPN - W WPt B VN - WP O L
el MY LaLa" (lad sas Sl p b Ole jes o gl
Ln Glodus s (Glad ses ¥ dald (glad gos .U
Ls Cusls p  Sass (A5 Cade 1 e alolBBly 457
Jrlse alan o dlast (2 SBT eni it s
A 530l S Slad s b anslie 53 5 () 53550
Jloen 05,5 75l b elo b FA 1 oy ik 8 S
Jsoms 03 5 6Lo1 5 JSUS 1y sl S n
Dl (St 225 Uy st 56 1
05,5 Sl 4 (R Sledld o slaoldls s
48T Gals Ol 5o a4 W sal 3l 09,5 G LS o
OIS S Hlas ccals 5 Ol by i Codo 1 ey
.\Au",auu)f,_z;ﬁw,ﬁu\w\)wq
Sloslize Cbale aw ;K5 05,8 aw ks ol "y
(ppm),g,apfsx,ma,w A0 T sla Jylome
Joome ol e 5 S 5 bo a1 oy OIS0
j\&ﬁj_aj\ﬁ_&\aj..ubjf@lws.x_dfﬁ
0Ll 53 YU 5 ets 5 ,me a5 ler Loy, S
FIEYEFRIUE K GUIPIV I PPN E N S RIS TS
d&\a@:&uéudﬁéﬂgwuﬁdljv.uu
Gl L ST i Sl 5o ) el OS50 les
LS o 3Ly |y oy SIS 6 les o7 Sl
s ke S a e Sl ods w8 L s
A3 b 0303 30k p a5 p33 Slae S Ok aluols
(b D515 DA dazia I ey W8 gad i 0315
ST O3 U 5 i ol Sslow a5 Ve 555 4

Ceal a5 L 5 055 0L syl 5 3Ll
ol Gl Ooa ad B8 ans b 4L (654555
Dsie ety 358U Sl eslizad GTHLST ()
S o 5 (Sas 15 Ll b 3 olS gl s s
LS L ol 3,85 J g ol 5 Shes 31

) o 3 S5 T

b #3959 dlge

0355 oS byl Sl ol e plnil sl
Sledd g YFV S S o5, (Nicotiana tabacum)
ol s oslizal (01 ) OIS Sl s Slidss S
PEJCIOR U USSP PE P PR S EOP S
S35 TN S S o 5 1S el (i )
Ll 5 L mlin (gl 085 S5 5 0ld ol YOA
el 528 Jleds glaislenl glga 5 T

S35 90l OIS o5l Gla tusg 53 055 Hols
Js) 55 F 53 5 4 slIEY oylecd ety IS Y 45
L oolel a5 )i )Ll ke OT Lo s
ClS I e 4zin 9358 5 Oy o LS ga Jlons
A oOIIE & 15 T s a5 53 055 5o
azis a gosls Jlasl e SLwA CL&J)UJ.:;GSLAV
Cble Dby )68 s ) pite 4 e U gl
epen 5 (S 3L 5 S b 5 YU lie
SlaamalS a5, Fr b s o 4l (i
5 asla ' 3L 85 Ll o wdl 4s)
) 3 55500 e 4 el JUEl e Sl B gl
L ¢ e o T 1 1 e a5 0IAE
T le 5SS st oy by S
A Jlesl Cole FA Sde 4 Lo s

ol 3 Oaeb cali Ol i 4 bad gos 1oy S ¢S



a4 =y NS U 3l enlizal b S 25 Lol 4 55 (Nicotiana tabacum) o 5 5 hamals Lz, Jolse & Sk o)y

T il Olej 5 iy SN SU L Bl Lo 5 ald (Slad sad (5 e Jgutr =) st

b3l Slas gl

¥ oles Yl Y les Yol Y sl ) dals
Slasein

el FA el FA Celo FA Celo FA el FA - §=>'V,_:;JL.,;‘

NS G+ wl g WS s WS+ S s
¢ ¢ . e A8 el Sl Lo 5

PR ol e F e TO) s SN ey S s e - - ”

Az (A » (A
B BITA NI Nomissds? X N isss? X N issds? X _

A5 0L S e B W gad Cuils 5 Ol

S5 0LY A5 0L A5 0L R

Sl 5 ds LT o Ol s el Oisrsils
e (YaAV) Lichtenthaler g, (s w53
PV laz s d b 53 ool s 4 Jgloms o 0l
JUe) e b g Sl oo Sl aslial L e gL #9V 5 95
S el Jolie 5 (e «CamSpec &S -5 MB01
o 3 Jd 5 IS e o (gl i Cmslg 5o
ol 53 e ol Y 5) (slaalaly 51 S ds 55,8
A 5055 W s ) e a0 0l o Vol
S S 5 s il o B

Ll &y 505508 08 o

U PYURP S S RN PRI o S Y
5 ma Sl eslinul L (VAVY) 01, L 5 Bates i,
e Sl ksl J o 510G planil o om0
Al oslaial g gad 55 55 g0 ol g e
S-S o3I gl ot S i g g (S 01N
A eslawl (VAVP) Bradford 5y, 51 S 59
o 3l o3l L b & gl 55 3 g g (55 5 Bl
s delons (638 e T 6SKST L sl
U Sl b7 g gl iowi
2335 IS a3 58 e KD 455558 5 Jbs JS

Chl.a = (1225 A663 -2.79 A545) x VIW Chlb = (2150 A646 -51 A653) x VIW :\ A_E‘)
ChL.T = Chl.a + Chl.b Car.= (1000 A4z - 1.82 Chl.a - 85.02 Chl.b)/198 x V/W :¥ al.l,

L S b 5liae o i 5 8 (8 5 o)1l
M;gduct_?gl(r~\V)ol,\_<M)Gao I3
SIE 5 lbkul 5 I8 g o 55 (5 ma 5 o3lizal
b)‘..«\.a\:_w‘w)\ oau.‘.'_w‘\a.d_'.éwjo.\_;‘}i-
A denles el SIS
O Ol e 157 50 0939 ol s
jM’JJ\HULLMHSLad}laAgJ?MQ\Q)EA»aA{
S V3 plty GLad s Sl G e

& S 03101 : AT S0 Il (S gmi™0 A

Packer sHeath s, (MDA) J_alT¢30 JL»
MDAFTBA ShaS” Coder ¢ oL plowil (14FA)
Sy e i s S O s
G Ol 315 s i sl s ol o
Coble acwloes gl s & S e gLSOFY s
VaemMTem™® syl o i 1 e dlT 50 s
aS AT g0 Il e (Zmslg 55 5 A oslinul
el el O STy 2S5 J e

b abne 5 05508 53 Igasi



W0 g s 5 Sy o3lah o Jlo Ol 5 AE i

A oalizal YooV s EXCel i3l 5

Fal's

PY Y slac ble js oy o solie iowg e
r}_.w}r}JLgLAC.JLbJ{LgLAg;mbru)Jj‘ubﬁ
Cp e 315 QLGS Sl e SEALSTY dald o S
ry)r)bw‘ﬁj)bvw)bdﬁﬁ)‘u\:uﬂg
o i (6 05 05 05 e /7Y KL0)
(Sl 035 0,5 1 p 8 e VH/AY L) Y als
\s:_bl&ubff&\jwj_iafju\_&a.&\_&s
) sl s 53 ¥ sl 5 ooley OIS 5L
p)@a%:(&»u‘)jr;jr;w\a/\”\
QO

VAol 4 S (59 5 23We o e 1R 9 )
oS e 0870 LA LY 5 Y ) slac ke s
59 g3l o a8 5 p g Sl 53 5 05508
r)b@lbﬁjd)\@:b_ﬁéhwrwy‘bﬁf
0S5 e YOIV 80la b o g Sbls 3 ¥ s

O S as 18 5058

oRos Jo 5 5less 4 by o ol 650 1
Perkin Elmer 5" ,_5 51-ca Juw) ewdlai
it ety O g Ol s (6,8 03161 (K, T
.L&J_mféé\_{‘._)))éo‘}iO‘}:ﬁj“&})w“)écu
J.J”wa uoL;L»}SWLquxubu\ﬂeU
oS alllae 5550 il o 5 by O o O e
ol 53 68 055 0 5 S 53 dn s e

(Namjoo, 2003) i s ¥ alasl |

1 v 100
Yo oaal
@) * 500 * w X DM D

e s 0 385 4 03 3 ey CBlE R
e alS 3 ey CBIE D 2 s 8 L
miin o 3] ol ol o ¥ 2 53 0 o
R e oS 45 05 W A e e
Slsesls (el () 5 (sl 1Sl il
SLacS sh = b 6 55 518 450 SPSS 53l 5
DT 5 Laosls 5 aslie (sl 5 sl SlS”
Ay i L o3l K le 51 ol il s olizal -SSls

S lasls sl = Sl oals Ol 5 Hllind (glas

Yo a

0istS e 359 s i

JatmEhs

Hyoxt: Hryoe:z: Hyoes: By cle Bycoze Oy ool

res S Bis .

[ e

R Y Al oy B 25) ) Aol (SLads gos a by o oy 5 053 el SLacbls s (s (55 4 gely 3 oy palie St o Kike =) S
c;%;u,:;ﬁpf@,mgwwbwﬁ@,;&,)\g;larc‘(u.(:sJadml;tﬂwﬁ@,:u)v»u‘(wLﬂm&
Yol (St 2 Jlasl 3l ey ol S0 A p 8 e YO e (gl S ga Lammn 53 b)) Y il (St 25 Jlesl | g ol
el (SE) ylime (sl L1, S5 a5 Kl L.m;l:.(s(_:éj.;_?dwljlmNQQ)K}JU,:’J,‘D?&TDQ.EE‘_QB S gn booes 5 Ad,)

JL.ob\c\z.wj.h‘)‘.)v_guu)\;}‘)PJCAG;QJ;MJ)P)&;\JQ)AJTLLA&;L_Awuﬁwb|jj|36#;})ﬂ:>‘a.£&:um@}wujj>

.~ P<0.05



Yoy b NS U 3l enlizal b S 25 Lol 4 55 (Nicotiana tabacum) o 5 5 SlaamalS Ui, Jelse (& Olpeds o) 2

(F dals) o b Hles 5 (F ) 05 Hlos (lad gas s ol i Rwgd e 3K polie
5 ks Ol Ll cams 5o ((F SKE) ST slow s3lie 2l e 55 5 sl Sils 53 ol S
"L:é)ﬁjlu@cmdl}:ﬁ»tib)ﬁf}mc%ﬁ‘}‘ Ao s Y uals b alie g o ble 4 jra fi, 18
CCpmmman (O JSE) das Rl 31 dali 4 i 1y S A Jds JS polie 55 2alST ol cp g Sl 55 il
Lo bale plas o by o 555018 Jlie o i 230 JS8) wn ST 5 als e a5 s
3350 dal Sbls 53 ¥ e 5 0 g g3 (slacdls S e YO Bl b ey ST 035531 ¢ ulin
S GUY 5 glacble 4 by e 0T Hldie p S iy Oled 55 Couil 5 aoalS diy Lasee 4 2
(7 JS8) Sl Jgl Sils 55 ¥ el 5 oy sob by IS sl e s (gl ime sl U

Wy oxt: Byos: BHyoa: By -kl By oz Oy colnle
A a

- 4 1 4 & v < >

(ke 205 ko) oo

Jet o=l s oS IoEhs B

R Y LAl oy 5 25) ) dald (sl gui 4 b o s 5 33 e sl SaTblsr 53 (STt 25 4 el 53 (g polie S s (0L =Y S
NS U 2 oS e V0 Sl (5l IS g Lo 3 ) ) ke (ST 5 Sl ) g LIS g Lo 53 ) ¥ s (el FA (S
¥ okl 5 (S 5 Jlael | g ks OS5 20y 0 e YO ke (g5l i g ae 53 45)) ¥ il o (ST 55 Jlae! 1 g el
Wl (SE) slme slast 51,5 a0 Silon Lol (St (25 Jlae 51 g oty OO 56 2 108 o ¥ il (5l IS g aome 53 )
Izt o 53l imn O3t g pide Sl &7 2n U g 5 (8305 09037 b Lo Sibn sl bl 3 gime 3D oins 05 o glise o5

el P<0.05

Wy etz Eyost: Hyost: By skl By bl Oy o ble

-
|

(Goises aef wd iy lS
N

Jah s [ dabiad? o =l s
R Y Al oy i 55) Y Al Ladisad a0 Logy o g 5 295 o3l Slabl 55 (S 35 4 gl 538 35 IS pislie O ks o iba -t S
NS SU =) 0,8 (e 10 Sl (5l S n Lo 3 b)) ) il o (ST 55 sl 1 ey L g Lae 55 A5 ) ¥ sl (e le FA  SCis
Yol 5 (Siis 2 Jlasl 3l ey ks SO0 A p 8 e YO e (g5l S ga Lammn 53 b)) Y il (St 25 Jlesl | g ol
Wl (SE) slane sl 51,5 a0 ilon Laosls (St (225 Jlesl 31 g sl OIS 56 2 2 28 o Y0 Cale (g5l i g0 Lame 55 )
J\.&\clg_.ﬁ,;,us;“g}wuﬁ,(.\gijggfpg};wxboyj\iuafv't,awuﬁuﬂuﬁ,u&ugwu“;oqug},f
.=l P<0.05




W40 lg: (p2in 5 Sy )l (p2in Jlo 0Lyl (ALE sl 5 VoY

By et Eyos: BHyoel: By - By ol Oy cine
YA

a a a

N E .
N F .
AR
N oa s
A=
F .
¥ .
Y-

(0 15 105 b )6

Jph Bl P R PP
(St )Y Aals (o b 25) | ol (glagai Loy o g 5 093 sl Glaibls 5 55 (St 35 4 el 53D J8s S st i o SKile ¥ S8
3l e ey SN S 2d 0,8 e 10 e (gl IS gm aoa 53 45 )) ) il o( (K 25 el 31 g I 0 s 5 3 ) el (el FA
Lon > 48 )) ¥ Cbile 5 (St 55 Jlas | oy oty OIS U A 1 p 8 e YO S (ol L n Lan 5 43 ) ¥ il (ST 55 Jlas
Soslite Uy ol (SE) slme (sl 1S5 a0 0n Lol (St 205 Jlael 31 oy oy OIS 55 20 0 8 e ¥ il (g5l 85

WLl PLO.05 Jloz! o 53 13 sne (D3 g gl Sy &5 2 g 5 S5 05037 b U S0lon alin il 513 mn (39 scinsolis

By el By oasl: BHyoslz: BEY -kl By ooble O olale

(039 05 205 o) S Jas)8

JdpboEls s [P TR PP
GRS Y Al (o B 2) Y el (Laas gui s b g o g 5 053 o5l Slaails y p3 (S 25 4 gl p S 85 IS slie O e o Kibe - S
ol OS5 ) 08 (o V0 il (g5l S g Jama 53 ) | e o (St 35 Jlesl S oy IS g Lame 53 5) ¥ als (sl FA (S
);M))VWJ(MJUJWUlﬁMQQ}&Y_,}U;Qj(fL;:aYbwadjb.ulf}akfu):.\i))\’Q%A(L&ﬁdudjlm
Soslite oy, .¢,._.~\(SE))L:,u6Ll=>'-:|:)lj_<§u¢:§;\:auul>.(6<:.>'Jddwljlmwkga}kfjlskljrf&\“b;.Elbdjla-.ulf_,a.l:?u

WLl PLO.05 Jloz| o 53 13 snn (D3 g pde Sy &5 e g 5 S5 05037 b U S0lon alin il 13 mn (9 scims(olis

By oxt: Bryoes: BHyoesl: By -2 By ol Oy clale
N a a a

(kS e o) wigiyS

Jdebh Bl P [ R e

GRS Y AL (o B0 ) el (sLaas g 4 Lo g o 3 53 c3l LAl 5y (oot (55 4y ey 53 A3 55008 pslie O i Kb S
oy SIS SU ) 1 p 8 e 10 Sl (g5l L gm Lame 53 b)) il o (St 25 el Sl ey I g Lo 3 A5 )Y dals (el FA ST
,;u,)rm,(v&_suzqdu;\jtﬁﬁqb%}su,gmﬁg,mgﬁwwu.\;L?}AJ@_,“,;.\.:,Mu:.w‘_g.:s_;aguulm
Sosliize (g o Lol (SE) slne sl 1S5 a 83k bty (St 25 Jlae! 51 g iy OS5 2 1 87 e Y0 i (65l L 0 s

WLl P<O.05 Jlozt o 53 13 gne (D 3 5 pde Sy &5 2 g 5 (S5 05037 b o S0lon alin il 13 ime (39 sins(olis



yov b NS U 3l enlizal b S 25 Lol 4 55 (Nicotiana tabacum) o 5 5 SlaamalS Ui, Jelse (& Olpeds o) 2

Fryuu )-ii’ slajls aer 4 Cmus dallT 650 Jbe AT (30 o Hlde ot 1 Shmd O gawlhuad
LadlIT 630 o (gl gmen )5 (6 b ui;utfc(ay Csls ol C)}l_é:nVJg_.i&Lha . EYFR ST
VS8 di ol ils o 4 o e ( St i Jlasl Ly Kos gla il
Sl aS das e Ol A S sl 1 5 B8 Ul dals o s ¥l s wadlTga0 Jls
crﬁq@%yug_m;dgg_;l,@;,ugw; )séjlss;mQ}Lﬂcdj\c._ibj):.d.é\iéjg.&.z-
YooY e ble 53 ppm Cbls s JS J5 Sl gwu)kgjldgi@):.@.ﬂ'f&:ojbé‘}bu
slacble Jlw b awlie yo 5 ¥ dald 4 Cs il s Lal i odtalin ¥ dald 4 Cond 5,505
sl a2l (65l smn il as sl (glac,y s 3 e ralS e r.._ul.gc,_&ki:&;‘ﬂ_: ¢33
s By e BEY stz BHyYy el BHycokle Hyce Bryonle
__4::3\ ¥ a a a
EE
3- hnd
3, Al
3y
sy
\\.:1:’. \
é): "
Jatohs P R o=l s

GRS Y AL (o B ) ) Ml (sLas s 4 gy o o 5 233 sl (Slaails 53 (St 55 4 el 53 allT (30l slie O o il S
ol OS5 ) 08 (o V0 ke (g5l S g Jama 53 ) | e o (St 55 sl oy IS g Lame 53 5) ¥ als (sl FA (S
)z.x.i'))\“ﬁﬂb}(&ﬂdb@\}lﬁw%&)ﬁf}u)@jcf&gw;Elbdjb-dfﬁhfu):ﬁ))\’LEL&L(&JJJQUIJ%
Sosliize (a3 o Lol (SE) slne sl 1S5 a 83k bnosls (St 25 a1 o iy OS5 2 51 8 e Y0 i (g5l L 0 s

WLl PLO.05 Jloz o 53 13 snn (D3 g gl Sy &5 2 g 5 S5 05037 b o S0lin aglin il 13 e 39kl scims(olis

By e Byos: BHyosl: BEYcoklyer By okl Oycols
AY -
a2 2
ab
ab

0ispS A I 5 ) o

Jab o2l e Bl e e B

St )Y dals (ol B ) ) el (sLadi g & Lo o s 3 053 c3l Sl bls  y> (St 25 4y ey 3 ST I8 3lie O e o Kibe A S
;‘ﬁm_.ﬂtggmf,'u,gﬁpfdtf\awdﬁbwﬁ@ﬁm,)\ Sl o (St 25 Jlasl 3l s L8 gn Jaen 55 3 y) ¥ ks (el FA
Looe 53 ) Wil 5 (St 25 Jlasl 5l g roly OIS SU 2 05 e YO Cle (5l S m aome 53 ) Y il o (S 25 Jles
Oosliize (g o Lol (SE) slne sl 1S5 a0 sl (St (225 JLasl 31 oy ol O35 20 525 e ¥ il (551 S g0

WLl PLO05 Jlazort el 53l gimn Dl 3 5 pude SSla 5 2 Uy 5 05315 03037 L il sl il s oo 3Dkl simsols



W0 g s 5 Sy o3lah o Jlo Ol 5 AE i

iy e b a3 slad LS ga e o 5
Sl LBl 6yl gme sl Y dals 4 S
93 ety OIS G o 5 a0 90
5 iy Sl e i 53 p s 5 093 LA
JK8) s sdalie (g )l5 sme il 531 Y dals 4 Cs

.4

s}_&wo.umﬁ‘)ﬁ.iﬁ:s‘.?)ggg)awb}:

ey I i3 ias alS Eel S 5 S
33 el o 25 Jlasl 3l L 4ged 4 S 5,
WS SLSY 5 Y ) glac ble jsdsl il
45 g A Comed ety e 3 e 1531 ey
aSY dals j3aS Il js edd odalie odis A

4 v >

(&35 105

P FCE

IY: Bl aal: ElY otz By osl: B - lsle [ I SR EY T Oy - lele

[N

s

_,:u)v.uu‘(a.u_,udu_:)\Muéuu,.,m_J,ﬁfp.”pud)téuuuj,;&L;.:@?g,;efjﬁgﬁuﬁux;Cxﬁgr«Ji:
el OS5 ) 08 (o V0 ke (g5l S g Lo 53 ) ) ke (St 25 sl 51 g S g8 Lama 53 ) ¥ als (sl FA (S
)>u))r¢~£1;;(§_:su;uJW\;tﬁMtgo)«fju,:g”fé:uaw;wt,..ufﬁja:m,;.u)vw‘(&ﬁdwulm
Sosliize (a3 o Lol (SE) slme sl 1S5 a 80k bnosls (Kt 25 Jlae! 1 o iy OS5 2 1 8 oa Y0 Sl (g5l L0 L

WLl P<O.05 Jlozt el 53 13 gne (D 35 pde Sy 5 2 g 5 S5 05037 b U S0lon alin sl 13 me (300 sins(olis

QSoujcrﬂjrjséuw\gﬁ);.@\Ja
5 Sl amal Ll s 25 Sl )l ol
Sl BSOS T el slaasalS obs gt
33557 Cows 41y aee delel Lyl 5 b (5,875
Lobas ol 2alSTY dald & S |y ol g 5 e
D3l 5 aly SIS ST Y ) lac Ll
il 3 ¥ slas 1 b 0 0SSl o s
G 3 dsn Ao B o se Joe e S 0
S T g o & el Jomiley 5l SialS
T odr sl 55V Ul oS a5 S 0
(Sharma and 55T s Cows as akyy ol bl ST

ol ela i dles i ¢ peomens Kuhad, 2006)

L)
,;dstsouﬁ;uumjiwu@u
O S g e o S 55 S sla d gas
R PE G TR 5 PLINW. W ENTY L RPF PPV
53l o (| S 25 L ablie Hokte 4 2ol 3
Tl 4 65035 55 S0 My (o gein 2257 55
Oloman 55,5 Gl ¢SS 55 Y 5 gle clle
Lol . ile L Sl ae 2alS O ol polas
‘) L}.ﬁjjﬂ)‘“"i‘ ML@_Q%}UV%}‘O)L&LA‘

B B e i a5 Wls S Y dals e o



AR =y NS U 3l enlizal b S 25 Lol 4 55 (Nicotiana tabacum) o 5 5 hamals Lz, Jolse & Sk o)y

Fio AL (ol 5o 5 bl el e 55
¥ e b (Tambussi et al., 2000) Col 055
2 T ey Sl g L (St s b
535, e s e 2alS 055 5 slaS
Jsl Sl Slaj ol aS LowT 1o 5d o0 odaline
0555 SlaapalS (#> @ lie 1S5 )
SN ESS gh 55 s Ol 0sbss Il g8 S
239 (P3uled 095 GRIHBIL AL sdalin s les
an s Ll uwgfc(.yjp; slacils
pdjtf;uuﬂcwtio%};uéug_l&
gl iz 3 5 1) SRS Jlas! I ol Loyl 2
a8 Al &S5 0T adsl o 0 1) (055
JUESH o e 53 ey 2 Yo OT 1580 e
Csl (59 s e )3 5 o g8 3| fol> 5] 5o
!5 (Azizi and Rashed Mohasel, 1998)
AU G o il 3 (s sLae 1 K
quyfjugfsjug 0593 0dd SV b
OLLen sWang .ceul 5 -8 ams ol o b
S 0555 oLS 53 55y polie SEalS (Y41F)
Froos JpSOdE st b Sl eslizal b 1y (S i
CeiS 53 55 (YN F) 0Ll 5 Liu . dssls ol
G 3l St 15 dlast L0555 ol SIS
palae galS (S Cogby o Y ials
sl i s
plas 53 (Sols e talS ((Sois i b
A s 5 S sl ges 4 by e gl 03S)
€0 5 F o la JSK8) s odalie 25 1ty Lol 8
O 4 o Ll 4 Ol 55 (o |y (S A5 o

J\JWW%‘;J)JL@TP)L@JELAO;&)

SLadlSosly Gl 25 Ll 5 i oS 53 s
(Maetal., 2006) cu! (s jomul jLi3 s s15T
@30l 0055 (RIFIL s e 2l el L
e ol Yoot ol S 56 ke 21330
M 5T e Rl BIL O b oSG Sl ks 7 ol
(Maetal, a8 S ol 55T ISl LI s
Sl g oSS G b 51 S0 s 51 52004)
3 on e (8 ol 5L oolat 4 olS 55 OT i
Sl Ol s opl e 55 o5 (Kanai et al., 2007)
ol o ST OT e o3 55 g LJlb aalsl
0555 551y s Ol (Yoo F) 01, Kea s Yamcehi
@u).u;)fdnfgwl@%jﬂj,)asb
Olej il ol b sl oS U auslia 5 457 515 Ol
Miller .ol asl 21550 olS 53 s Ol jes ¢ 25
(| 5 O 5 Sl esliwl L (Y00 0) 0L
A Sl e Ol Gl L 1 ol pl s sl e
S b s A RS e 5 5 5 O
oL ol Conglin Ol e b inls 2l 330 ¢ ka5 35 40 0
s GRIP Ll s ) (S il a4
Cwd o ol ST ) sy 55 0pl Sl ealizal b
sy Scas il sl glaes pu als el
0Lt oLE ol oy o & Lo Syl 05 5
L 4 wsls 0lis 35 (YVF) 01, Kas 5 Nalousi .sls
9333 ol plie SCas 25 Ole Sode il 33
2l )l wals (6513 e Rl e 655
Ll bl G 3 ol S b peen
SRS 5 e OWLE 3 25 Ll 8 s
5 Fow s AT B s ol 0T e a5 b

oS W 5 slrosla i mw 2alS OT Cblae



W0 g s 5 Sy o3lah o Jlo Ol 5 AE i

A b IS Sl i falS aST Wsls oL (VAAY)
Js 4 Wl (St 25 S b J35 IS 4
gl 2L 35 IS it 5 Sl
glasble s 55,8 5 |5 b5 5 alis
DA e LB 53 bty S GU il
Calibee glacble 55 1y Laoj S5, ool yls ine
213 0L i Loyl s G el OIS 5L
i Js o Yl (g5 (sloe 505 ol 2l
5l Jds IS lakiluSS ) osle b s o NI
S5 kAT S 55 5 IS i sl s 1
SATP IS 5 adsl glad (65 5 |y (b
(Kumar  sise oo 55 b S5 S ;5 NADPH
LealsS™ (Y+1Y) Daneshmand .and Kumar, 2008)
2 Sk s by b IS g5 gs )8
2 S s ol 18 (K per £
b 48l 0l 55 (YY) O, Kes 5 Gholizadeh
RS 05555 oS 53 by A Ol e (St 5
=258 Ol ¢ 2 1 o oy Dle L il
sShikanai laassl L mls ol ol e 5153
sWang 5 (Y+VF) 0L, 5 Liu «(144A) O, K
S S S 0555 ol ) (YVF) 0K
sl s
A5 Ol SR 5 A5 e 0 5 Y5k L
(ST 5T g3 &yl 2alS” 5 0lE )3 LROS
C s s e OpenlienST|y dile o e Gl T 3
JS ollas das o 5 bl SAS 5 5 b 159
Sl 3 dadlTg0 Il bl Ol ks s f
N el Dglate e 993 -4 R P Y

..\:.a..UTLs.solee cble O s QT).s S Jy s,

Las 55, 28" (Singh and Raja Reddy, 2011)
el 5 a8 el T 5l L
ol laesls 555 oo ol pan (b O ol bS]
Al 1 famdn ol S O gy D
ot dea T30 Jle ol 3l g, 457 o5k 4 s S
odalive 25 5l i Ll 8w Cos S 355
LS Jds 0 8 87 polie o S i3 (b s
SalS el j 5, Ol a5 (6 i 52 Lo b
2 palty OIS SU s 5 3 5lad BT L AL e
Lyl s U awlie p3a b IS ldie ol sils
o a8 LT 5l sls 0L (g yls me ialS i
DI i 58 it 8 L s 5 5 b 0 (S
L aglie 53 11 o 3 5 s o )5 30 o
b el 35 I sl i e o550 L
S S 8 IS (S 2 b
a2 s ¢((Lawlor and Cornic, 2002) J_xb axsls
Sl 53 (Al paa b @ S ST 5 e e
Al S O iy alS e 4 Wl o)
oS a by IS S Ko e il e o3
oSS (655 i S AL Wl e (S i
oKes 0aS Cbabloes) b 8 slaasliSSy 55
ey IS Sl g8 dndes (6 5w 58
=T Sl 2l L La s 5 LaastaS,
»» (Tambussi et al., 2000) il déy, IS
28 Jb5 8 jlade o sl SETL 5 dsl sls
40 303 Ay Cmd ity OIS 0 sla Lale plas
OT e a8 515 Ol (g )ls re malS ods s
S8 o ety 5B 1 (B0l 350 Wl e
OLHLSes s Boyer .aiba sy IS zals WU,



VoV =y NS U 3l enlizal b S 25 Lol 4 55 (Nicotiana tabacum) o 5 5 hamals Lz, Jolse & Sk o)y

355 0T JUist 5 K e 5 madlys JS7 )
i olE ol ys (Sis an e il 5l Esl,
e O genldanS 5y 51 256 AaldT (630 Jle (gl g
wils § Katar el Jhe slis cun
5 ST 5T gl 5T b ol L T o
40 0555 oS JaoeS Oljom ¢ 25 4 gy 51805 Ol
S i Jlasl 1 ey 5 sl Il 1, Sas
e 3 a T (60 Lo (gl soen 47 LS odaliie
Wl 2Bl 1] Sl 5 S 4 G ks
b 5 olis o plonil Slalllas S (g5l 3
odaT s 4 gl by b oo a1 (S i
(S i Jlesl b oV JS8) Lol i s
S A Sl ey S JB ol )00
sl Cdls p Olan 3l (a3,lad g3 5 b A sdaliue
fa\_A:,;JSJ;éJ,_;La“;)\;@M Jmf(ry;”)
ool ¥ ol i o ey OIS 6 Lo ol
;;.atj(r_@j,,)(sj_wc_;\sjﬁﬁdubmm
S I e | (S als a5 B pslis e 5 LB
b ol 15T Gl dSSsl, s OlE s Ses
ST GG sl ¢ SaSeSL Canls ozils b
OLalE 5 5 534S Sl s pen 4 53 o0 o
0355 on odalie f5 poslie Il A5l 5 b
Joolse U Cou DS s Jb SLS 5 lde <
Ao o (S ¢ gl olS 5 talar I s
Lyl 5 0T 035 (b a3 5 I 5 colS s
sals” (Ksouri et al., 2007) cul i Hlad
Chle 13 oassles Ol GRIB b S s
23 ety B s a0 Yl ol OS5
A5 0T Js 0 a8 nle o 3T b o5

N3 e ks OIS L Calibe sl b (b
23 S Uy, P 5 093 SLa Tils 5 55 (s
O e 3 5 a0l T 630 e o bals
dald 4 S 35k 51 LT (650 Jle ks
23 ey OIS S LBl jlgr s b e S

OLej 035 05 oS e 4 Yzl 457 5 5 Il sl
P SRC S LU PR N,
adlT a0l Cbale o S .ol il |y i
il gy 3 ey SIS SU S bile lgr 4 bs e
oy 3033 Sl Sobls 3 (IS5 b 4 Lol g
o s La T (50 Il Clale )5 (g )ls sms 2alS
e 50 odiasOlis &7 355 o0 odalive 55 Y Lals
Ol 3l ol CsdE L oS ol el SIS 5L 5l
LT 5l a g e iy (2l iy (22 led ST
ol ST BT Gl 5T b i b &S
O sl S 531530 5 HoOp oz L ey e
35 ol 53 AadlT (630 Il (sl s ¢ oLk sl
Ole sl 3l L ¢(Li-Ping et al., 2006) > 55 o
Slo—me ol OISl L5 Ay
Og A 4 4 5 b a5 b o 2alS e ldTig0 e
(Azizi and Rashed taa 5T b 1530 55 ol
el 4 Ol a1y Stals” s Mohasel, 1998)
bl ols s ST BT slag 5T ol
b 45 i edaline (YVF) O, Kes 5 Liu glaasl
0555 53 A lT(30 Jlo (gl simmn (St 1
(Y VF) 0lLSn s WaNG oman UL (e ol 3
St sy L eds el (S 25 (b o7 il
iy o g3 Ao 3 Y bl j3 8 U, S

DNnaj 55 1 O L aS Cou )l G 4 Cand 055 5



W0 g s 5 Sy o3lah o Jlo Ol 5 AE i

s 235l Al ga Jglous Lo STY als j3 oS
Vodald S el Hle 53 ()13 (pre Dol
Glacils 55 (a35kes 0595 Lil53l L Lt oalie
ey OS5 Y glac ble j3 5 gps
VML;L;L»L;}A;);QTCLN@@WQ,\.\L
o by w ¥ aals j3aS Js 50, S8
L Sl e ol e p s 9 g3 Sl 315
Cde s diuy o b4 il SL Y sl glad go
ol i gl SIS G 031 05 S S
23352 g0 pliy Sl 0 i oS L5 aie
Syt ity p3lin 4y 5 5 e IS s J s
(o b el IS5 S osliztl s 35,8 s
e BT LIS e ol s e ol 2 5 e
Chang .5 s o 3l (g Feb S Oloj 31y Sas a5
55 (S s 4S8 s S 5,18 (14ve) Chou
3o a1 53 ol Ole 28l 4 05 5
O, an 5 Sadeghi laassl U 3,155 ol aS
a\_:f,;\)qut}_f\_@j.;,qu(hh)
30 (S RS O 5 RS s 5 055
ot ey O S Gl s Gillae os S

LS I s st

S 5 domi
@uﬁu‘:.u;"_é\u;&@l 0313 Olizs Sllas
s el se o ST 58 5 pbeton ( J5SU s
(S oS g 5 Ay o o 5 S e (5 55
i ol SIS0 Lo 5 a0 lad 093 Rl A1l
@\M\&Ttl.éscﬁj(afglg\“é cble j3eks
L;ule.isjl«fl)&)ﬁj(UJéw&u

o LS a5 ods (8 sl 55T sl SIS,
S a5 s e i oS s Sy
533 LT slia Gl 3l e 25 Janl s s LS 5
= ey opl 5o i gl s L sl
s ANdersen .c—ulesls QL& 055 5 5o 1) polin
b 0555 5 b palae il (1V459) O, LS
CslS gasyim oSBT gy 95 o (S Jles
Lyl s s s Jlesl (b il 0l 1) gl 6lslS
Oss 5 oS s | xb pslie glasldS
s il E a5 Sl 4 s glalIS

delals Loyl 5 53 g S35 58 A el
G sn OT 025515 5 48T (oo ol J s 55 o
il 1 (Cakmak, 2005) 355 o ol Joses 58l
St 25 30 o OLalS s el 0 5L
S L 53 ol 4 ol Ll ol g el
e\ (S S Ll fe (6 5 53 €O,
A5 e €Oy Cs 2alS e L,
ety GRS L 4 ok 035 b sl JS
o=l (Vyas et al., 2001) s 55 o b dis BT LS5
ool ol se JLal g s g8 cls (59 0 i 53 ¢ uaie
OT 35S Sy 5o 53 534l bl i@ 0T )
(LS sl Sl ttSle o la o 5T b
3 b g Jima LaSLST 5 bl il 5 clasb3 s 5o
(Kanai et al., 2007)

23 pi e odalin A o 534S 5 5b Olen
e S iy e ( (S A5 S (sla 450
Wl 4l (g yls gme SEalST STt sla gl
,;WQQ%,JLJLM,:@UL_@;L;TL{LA

Sl 53 kb edaliie oy Hluie 51 gl S



\.4 =y NS U 3l enlizal b S 25 Lol 4 55 (Nicotiana tabacum) o 5 5 hamals Lz, Jolse & Sk o)y

)UTJ—:,JJ"CJ?G‘:?‘V&%)>°}.} MGLA{)}EQ
b g 05550l 8 3 St s 5 a6 o b

WLl S ey OIS

Sl Rl
ol IS ol SLs 557 e 51 080G,
Colem s o 0 ol 515 055 sy ool

Al e 15,08 Jbs

‘W .u\k:@ JMK)L“M cﬁw‘&ﬁj‘j BE) oLﬁf
el 48 L a0 gl STy (5,8 03100 s
bﬁb))cw‘jdtﬁjﬁ)&u@ﬁ))w
adlT 630 gle ol 55l O pea Sl 3151 G50 O lus
OIS GU lac e bw g as)las a9 S5l
Gd}‘a))J)Jd@‘ét}-)}w‘.ﬁadﬁmw%

Lol .5 35 o gmes Olokie 0k (6,5 05101 sla o La

&b

Andersen, R. A., Lowe, R. and Vaughn, T. A. (1969) Plant phenols and polyphenoloxidase in

Nicotiana tabacum during greenhouse growth, field growth and air-curing. Phytochemistry 1(8):
2139-2147.

Azizi, M. and Rashed Mohasel, M. H. (1998) Effect of various irrigation regimes and potassium
fertilizer on yield and yield components of soybean. Journal of Agricultural Science and
Technology 12(2): 76-82.

Bates, L. S., Waldren, R. P. and Teare, I. D. (1973) Rapid determination of free proline for water
stress studies. Plant and Soil 39: 205-207.

Bettaieb, 1., Knioua, S. Hamrouni, I. Limam, F. and Marzouk, B. (2012) Effect of drought on the
biochemical composition and antioxidant activities of cumin (Cuminum cyminum L.) seeds.
Industrial Crops and Products 36: 238-245.

Boyer, J. S., Ort, D. R. and Ortiz-Lepez, A. (1987) Photophosphorylation at low water potential.
Current Topics in Plant Biochemistry and Physiology 6: 69-73.

Bradford, M. M. (1976) A rapid and sensitive method for the quantitation of microgram quantities of
protein utilizing the principle of protein-dye binding. Analitical Biochemistry 72: 248-254.

Cakmak, I. (2005) The role of potassium in alleviating detrimental effects of abiotic stresses in plants.
Journal of Plant Nutrition and Soil Science 168: 521-530.

Chang, C. S. and Chou, D. S. (1975) Studies on the mechanism of drought resistance in tobacco plant.
Bulletin of Taiwan Tobacco Research Institute 9(2): 255-269.

Chinnamuthu, C. R. and Murugesa Boopathi, P. (2009) Nanotechnology and agroecosystem. The
Madras Agricultural Journal 96: 17-31.

Daneshmand, F. (2013) The effect of ascorbate pre-treatment on tomato plant under drought stress:
oxidative stress, osmolytes, phenolics and protein. Iranian Journal of Plant Biology 18: 53-66 (in
Persian).

Delauney, A. J. and Verma, D. P. S. (1993) Proline biosynthesis and osmoregulation in plants. Plant
Journal 4(2): 215-223.

Efeoglu, B., Ekmekgi, Y. and Cicek, N. (2009) Physiological responses of three maize cultivars to
drought stress and recovery. South African Journal of Botany 75: 34-42.



W40 lg: (p2in 5 Sy )l (p2in Jlo 0Lyl (ALE sl 5 AE

Feller, U. (2004) Proteolysis in plant cell death processes. Academic Press, San Diego.

Gao, T., Jelle, B. P., Sandborg, L. and Gustavsen, A. (2013) Monaodisperse hollow silica hanospheres
for nano insulation materials, Synthesis, characterization and life cycle assessment. ACS Applied
Materials and Interfaces 5(3): 761-767.

Ghahremani, A., Akbari, K., Yousefpour, M. and Ardalani, H. (2014) Effects of nano-potassium and
nano-calcium chelated fertilizers on qualitative and quantitative characteristics of Ocimum
basilicum. International Journal for Pharmaceutical Research Scholars 3(1-2): 2277-7873.

Gholizadeh, A., Dordipour, A. and Mahdavi, A. (2013) Determine the critical level of potassium in the
soil of tobacco farms in the provinces of Mazandaran and Golestan. Journal of Soil Management
and Sustainable Production 3(1): 215-229 (in Persian).

Heath, R. and Packer, L. (1968) Photoperoxidation in isolated chloroplast kinetics and stoichiometry
of fatty acid peroxidation. Archives of Biochemistry and Biophysics 125: 189-198.

Jaleel, C. A., Gopi, R. and Panneerselvam, R. (2008) Growth and photosynthetic pigments responses
of two varieties of Catharanthus roseus to triadimefon treatment. Comptes Rendus Biologies 331:
272-2717.

Kanai, S., Ohkura, J., Adu-Gyamfi, P., Mohapatra, H., Saneoka, A. and Fujita, K. (2007) Depression
of sink activity precedes the inhibition of biomass production in tomato plants subjected to
potassium deficiency stress. Journal of Experimental Botany 58: 2917-2928.

Kumar, A. R. and Kumar, M. (2008) Studies on the efficacy of sulphate of potash on physiological,
yield and quality parameters of Banana cv. Robusta. Eur. Asian Journal of Biological Sciences 2:
102-109.

Lawlor, D. W. and Cornic, G. (2002) Photosynthetic carbon assimilation and associated metabolism in
relation to water deficits in higher plants. Plant, Cell and Environment 25: 275-294.

Lichtenthaler, H. K. (1987) Chlorophylls and carotenoids, pigments of photosynthetic biomembranes.
Methods in Enzymology 148: 350-382.

Li-Ping, B, Fang-Gong, F., Ti-Da, G., Zhao-Hui, S., Yin-Yan, L. and Guang-Sheng, Z. (2006) Effect
of soil drought stress on leaf water status, membrane permeability and enzymatic antioxidant
system of maiz. Pedosphere 16(3): 326-332.

Liu, J., Li, J., Su, X. and Xia, Z. (2014) Grafting improves drought tolerance by regulating antioxidant
enzyme activities and stress-responsive gene expression in tobacco. Environmental and Experimental
Botany 107: 173-179.

Lu, C. M., Zhang, C. Y., Wu, J. Q. and Tao, M. X. (2002) Research of the effect of nanometer on
germination and growth enhancement of Glycine max and its mechanism. Soybean Science 21: 168-
172.

Ma, Q. Niknam, R. and Turner, D. W. (2006) Response of osmotic adjustment and seed yield of
Brassica napus and Brassica jounce to soil water deficit at different growth stages. Australian
Journal of Agricultural Research 57: 221-226.

Ma, Q. Turner, D. W., Levy, D. and Cowling, W. (2004) Solute accumulation and osmotic adjustment
in leaves of Brassica oilseeds in response to soil water deficit. Australian Journal of Agricultural
Research 55: 939-945.

Masoudian, Z., Norastehnia, A. and Falakroo, K. (2014) Study of drought tolerance in selective clones
of tea (Camellia sinensis L.). Iranian Journal of Plant Biology 20: 155-170 (in Persian).

Mazaherinia, S., Astaraei, A. R., Fotovat, A., Monshi, A. (2010) Nano iron oxide particles efficiency



AN =y NS U 3l enlizal b S 25 Lol 4 55 (Nicotiana tabacum) o 5 5 hamals Lz, Jolse & Sk o)y

on Fe, Mn, Zn and Cu concentrations in wheat plant. World Applied Sciences Journal 7(1): 36-40.

Miller, H., Stein, A., Honig, Y., Kapulnik, S. and Zilber-stein, A. (2005) Responsive modes of
Medicago sativa proline dehydrogenase genes during salt stress and recovery dictate free proline
accumulation. Planta 222(1): 70-79.

Moaveni, P. and Kheiri T. (2011) TiO, nano particles affected on maize (Zea mays L.). 2™
International Conference on Agricultural and Animal Science, Singapore.

Naderi, M. R. and Abedi, A. (2012) Application of nanotechnology in agriculture and refinement of
environmental pollutants. Journal of Nanotechnology 11(1): 18-26 (in Persian).

Nalousi, M. A., Hatamzadeh, A., Ghasemnezhad, M. and Hassan Alibiglouei, M. (2014) The study of
physiological and biochemical responses of Agrostis stolonifera and Festuca arundinacea Schreb
under drought stress. Iranian Journal of Plant Biology 22: 105-116 (in Persian).

Namjoo, S. (2003) Comparison of biochemical and physiological responses of sensitive and tolerant
cultivars of wheat (Tiriticum aestivum) to saltity. MSc thesis, Shiraz University, Shiraz, Iran (in
Persian).

Neffati, M., Sriti, J., Hamdaoui, G., Kchouk, M. E. and Marzouk, B. (2010) Salinity impact on fruit
yield, essential oil composition and antioxidant activities of Coriandrum sativum fruit extracts.
Food Chemistry 124: 221-225.

Oliviera-Neto, C. F., Silva-Lobato, A., Goncalves-Vidigal, M., Costa, L., Santos Filho, B., Alves, G.,
Silva-Maia, W., Cruz, F., Neres, H. and Santos Lopes, M. (2009) Carbon compounds and
chlorophyll contents in sorghum submitted to water deficit during three growth stages. Science and
Technology 7(2): 588-593.

Ranjbar, R., Taghavi, R. and Gholizadeh, A. (2009) Determination of potassium critical level in the
soils of tobacco growing fields in Azarbayjan-e-Gharbi province for tobacco (Nicotiana tabacum
var. Basma) in pot experiment, Annual Research Report. Urmieh Tobacco Research Center, Iran
(in Persian).

Ksouri, R., Megdiche, W., Debez, A., Falleh, H., Grignon, C. and Abdelly, C. (2007) Salinity effects
on polyphenol content and antioxidant activities in leaves of the halophyte Cakile maritime. Plant
Physiology and Biochemistry 45(3-4): 244-249.

Sadeghi, M., Samizadeh lahiji, H., Darvish, F. and Bihamta, M. (2010) Assessment of combining
tobacco varieties for some quality traits in stress and non-stress, Annual Research Report. Urmieh
Tobacco Research Center, Iran (in Persian).

Salehi, M. and Tamaskoni, F. (2008) Effect nanocid at seed treatment on germination and seedling
growth of wheat under salinity. 1st National Congress on Seed Science and Technology, Gorgan,
Iran (in Persian).

Singh, S. K. and Raja Reddy, K. (2011) Regulation of photosynthesis, fluorescence, stomatal
conductance and water-use efficiency of cowpea (Vigna unguiculata [L.] Walp.) under drought.
Journal of Photochemistry and Photobiology 105: 40-50.

Sharma, K. D. and Kuhad, M. (2006) Influence of potassium level and soil moisture regime on
biochemical metabolites of Brassica species. Brassica Journal 8: 71-74.

Shikanai, T., Takeda, T., Yamauchi, H. and Sano, S. (1998) Inhibition of ascorbate peroxidase under
oxidative stress in tobacco having bacterial catalase in chloroplasts. FEBS Letters 428: 47-51.

Tambussi, E., Bartoli, J., Bettran, J., Guiamet, J. and Araus, C. (2000) Oxidative damage to thylakoids
proteins in water stressed leaves of wheat (Triticum aestivum L.). Plant Physiology 108: 398-404.



W40 lg: (p2in 5 Sy )l (p2in Jlo 0Lyl (ALE sl 5 Ny

Uma, D. B., Ho, C. W. and Aida, W. M. W. (2010) Optimization of extraction parameters of total
phenolic compounds from henna (Lawwsonia inermis) leaves. Sains Malaysiana 39(1): 119-128.

Vyas, S., Garg, S., Kathju, A. and Lahiri, N. (2001) Influence of potassium on water relations,
photosynthesis nitrogen metabolism and yield of cluster bean under soil moisture deficit stress.
Indian Journal of Plant Physiology 6: 30-37.

Wang, G., Cai, G., Kong, F., Deng, Y., Ma, N. and Meng, Q. (2014) Overexpression of tomato
chloroplast-targeted Dnal protein enhances tolerance to drought stress and resistance to
pseudomonas solanacearum in transgenic tobacco. Plant Physiology and Biochemistry 82: 95-104.

Yamchi, A., Rastegar Jazi, F., Ghobadi, S., Mousavi, A. and Karkhaneie, A. (2004) Pyrroline 5-
carboxylate synthetase gene abundantly expressed A-A (p5cs), to increase resistance to osmotic
stress in transgenic tobacco plants (Nicotiana tabacum cv. Xanthi). Science and Technology of
Agriculture and Natural Resources 8(4): 115-119 (in Persian).

Zheng, Y., Aijun, N., Tangyuan, J., Xud, L., Zengjia, A. and Gaoming, J. (2008) Potassium nitrate
application alleviates sodium chloride stress in winter wheat cultivars differing in salt tolerance.
Journal of Plant Physiology 165: 1455-1465.






Iranian Journal of Plant Biology, 8" Year, No. 27, Spring 2016 7

Changes of some growth factors in tobacco (Nicotiana tabacum)
under drought stress using potassium nano-chelate

Akbar Norastehnia * and Samargand Valeh
Department of Biology, Faculty of Sciences, University of Guilan, Rasht, Iran

Abstract

The use of nano-chelates, in lieu of conventional fertilizers, result in the controlled and gradual
release of the nutrients throughout the growth seasons. Drought stress is one of the stresses that
lead to reduced tobacco farming yields. Potassium-containing fertilisers play an important role
in improving the quality of tobacco and under draught conditions, higher levels of potassium
reduce the damaging effects of the draught stress. In this study, we initially subjected tobacco
plants to a drought stress induced by 20% polyethylene glycol, 48 hours after which the plants
were treated with three concentrations of potassium nano-chelate over 9 days. .The amounts of
proline, total proteins, photosynthetic pigments, malondialdehyde, phenol and potassium in the
leaf were determined and the results were statistically analyzed by SPSS software. The results
showed that increase in the duration of treatments and higher concentrations of potassium nano-
chelates decrease the drought-induced deleterious effects in tobacco leaves, as revealed by
lower amounts of proline, malondialdehyde and phenol, whose concentrations are generally
elevated in drought-stressed plants. Further biochemical analyses revealed that increase in the
synthesis of proteins, chlorophylls and carotenoids. In conclusion, the results of this study
suggest that, in a shorter time nano-chelates of potassium reduce the destructive effects of the
draught stress.

Key words: Malondialdehyde, Phenol, Photosynthetic Pigments, Polyethylene glycol, Potassium
nano-chelate, Proline, Total protein

* Corresponding Author: norasteh@guilan.ac.ir






Iranian Journal of Plant Biology, 8" Year, No. 27, Spring 2016 5

Tolerance induction to stress caused by lavender (Lavandula angustifolia)
extracts in the microalga Dunaliella salina through
metabolic modifications and p-carotene production

Sahar Mazang-Ghasemi ', Alireza Einali '*, Jafar Valizadeh ! and Meisam Noroozifar
! Department of Biology, Faculty of Science, University of Sistan and Baluchestan, Zahedan, Iran
2 Department of Chemistry, Faculty of Science, University of Sistan and Baluchestan, Zahedan, Iran

Abstract

The inhibitory or stimulatory effect of one plant on other plant species through the released
chemical compounds into the environment, known as allelochemicals, is called allelopathy. In
the present study, effect of aqueous extracts of lavender (Lavandula angustifolia) leaves on
growth pattern and ability of B-carotene production in unicellular green alga, Dunaliella
salina was investigated. Based on these results, phenolics content and antioxidant capacity of
the extracts was relatively low. Treated cultures with extract concentrations of 1, 2, 3 and 4 %
showed that the process of cell division was ceased because of extracts phytotoxicity.
However, the chlorophyll and [-carotene concentration pronouncedly increased in
phytotoxin-treated cells, so that the highest of these values were detected in 3 % extracts-
exposed cells. Percentage change of all three fresh weight, total sugar and protein between 0
and 48 h of phytotoxins treatment was significantly increased concurrently with increasing
dose of extracts. These results suggest that D. salina tolerate allelochemicals-induced stress
by metabolic modifications. Therefore, phytotoxins-tolerance mechanisms in D. salina are
associated with physiological and metabolic adjustments by allocating the carbon flux to the
synthesis of the sugars, chlorophyll and p-carotene, which induce phytotoxins stress tolerance
in this alga.

Key words: Allelochemicals, Lavender, -carotene, Metabolites, Dunalilla salina
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Floristic study of Shahbaz Mountain, Markazi province

Mohammad Mehdi Dehshiri **, Hamid Reza Mirdavoodi ? and Parviz Rahmati *
! Department of Biology, Faculty of Sciences, Islamic Azad University, Boroujerd Branch, Boroujerd, Iran
2 Agriculture and Natural Resources Research Center of Markazi province, Arak, Iran

Abstract

The aim of this research was to identify the plant species, introducing the flora, determination of
life forms, and geographical distribution of Shahbaz Mountain. Shahbaz Mountain, with 3420
m altitude (above sea level), is covers an area of 2255 hectares situated in Shazand city where
the amount of annual precipitation is 380 mm and means annual temperature is 10.5 °C. Plant
samples were collected from different parts of the area between 2700-3400 m during two
growing seasons 2008-2009. The biological spectrum of the area was plotted by means of life
forms results. The position of the area within Iran’s phytogeography classification was studied
based on geographical distribution data and references. From 113 identified species, 90
dicotyledons and 23 monocotyledons were identified. These species belong to 23 families and
82 genera. The important families are Lamiaceae, Liliaceae, Asteraceae and Brassicaceae with
13.27%, 10.61%, 10.61% and 9.73%, respectively. Hemicryptophytes with 61 species (53.99%)
were the most frequent life form. 92 species (81.42%) were endemics of Irano-Turanian region;
17 species of them were endemics of Iran.

Key words: Plant geography, Life form, Flora, Chorotype, Shahbaz Mountain
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Effect of ZnO nanoparticles on vegetative factors, elements content
and photosynthetic pigments of wheat (Triticum aestivum)

Mohammad Reza Amirjani *, Mehri Askary Mehrabadi and Fahimeh Azizmohamadi
Department of Biology, Faculty of Sciences, Arak University, Arak 38156-8-8349, Iran

Abstract

Zinc is an essential nutrient for plants and has an important role in plant growth and
development although small amounts of it are needed. On the other hand, nano fertilizers such
as ZnO nanoparticles cause an increase in agricultural products dramatically. The object of
this study was to evaluate the effect of different concentrations of ZnO nanoparticles on some
properties of the wheat plant. The experiment was performed in a completely randomized
design (CRD) with three replications with different concentrations of ZnO nanoparticles (0,
5.1, 3,6, 9 and 12 uM in the pot cultivation stage). At the end of a 14-day period, vegetative
features, elements content, total carbohydrate and photosynthetic pigments were measured.
According to the results, growth parameters such as fresh and dry weights, leaf area, root
depth, germination percentage, total carbohydrate, iron and phosphorus contents, as well as
photosynthetic pigments in the high concentrations of ZnO nanoparticles (6, 9 and 12 uM)
showed a decreasing trend. Zinc and potassium contents increased with the enhancement of
external concentrations of ZnO nanoparticles. This study showed that the highest growth
efficiency and productivity of wheat was observed in 1.5 uM of Zno nanoparticles.

Key words: Photosynthetic pigment, Growth parameters, Wheat, Zinc nanoxide
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Effect of salicylic acid on Concentration of nutrients, protein
and antioxidant enzymes of basil under lead stress

Ali Padash, Ahmad Ghanbari and Mohammad Reza Asgharipour *
Department of Agronomy, Faculty of Agriculture, University of Zabol, Zabol, Iran

Abstract

Today, phenolic compounds and plant growth regulator has been proposed, to reduce the
negative effects of stress. Salicylic acid is a substance that causes plant resistance to biotic and
abiotic stresses. This experiment was conducted in Zabol University during 2013 as factorial
randomized complete block design with 3 replications. Factors included 4 levels of lead nitrate;
0 (control), 100, 200 and 300 mg per kg of soil and foliar application of salicylic acid at 3 levels
of 0, 50 and 100 ppm. Addition of lead significantly reduced concentrations of potassium,
magnesium, calcium, phosphorous and nitrogen and increased concentrations of sodium,
polyphenol oxidase, ascorbate peroxidase, superoxide dismutase and peroxidase. In addition,
salicylic acid spraying had a significant influence on all traits, and salicylic acid spraying at 100
mL/L increased concentrations of potassium, magnesium, calcium, phosphorus, nitrogen and
decreased concentrations of polyphenol oxidase, ascorbate peroxidase, superoxide dismutase
and peroxidase. In this study the interaction between salicylic acid and lead on potassium,
magnesium, calcium, phosphorus, nitrogen, sodium and catalase, guaiacol peroxidase and
polyphenol oxidase were significant, and salicylic acid play moderating role and reducing the
negative effects of lead toxicity. The results suggested salicylic acid application in basil can
increase uptake of macro and micro nutrients required for plant growth and reduce the negative
effects of stress lead-induced oxidative damage.

Key words: Salicylic acid, Polyphenol oxidase, Nutrients, Heavy metals, Basil plant
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Evaluation of Cd effects on growth and some oxidative stress parameters
of wheat cultivars during seedling stage

Ezatollah Esfandiari * and Nader Rostami
Department of Agronomy and Plant Breeding, Faculty of Agriculture, University of Maragheh, Maragheh, Iran

Abstract

Regarding negative effects of Cd on wheat growth, it seems that evaluation of wheat cultivars
behaviors in response to Cd existence is necessary. In this regard, six different cultivars of
wheat were selected and cultivated by aeroponic system. Then they were treated by 200 mM
cadmium chloride for 14 days since they have reached 3 or 4 leaves stage. Finally, plants were
sampled and morphological characteristics, parameters subjected to defense mechanisms as well
as amount of accumulated Cd in tissues were evaluated. The results showed that cadmium
accumulation in tissues significantly decreased root length and dry matter of root, shoot and
whole plant. Cd accumulation also increased hydrogen peroxide amount in leaf cells of
Kohdasht and Pishtase cultivars. However, lipid peroxidation was noticed in Izengeran cultivar
as well as two previously mentioned cultivars. The reduced activities of glutathione
S-transferase, catalase and ascorbate peroxidase enzymes are probably the main reasons of the
lipid peroxidation increase in Kohdasht cultivar. However, there was no damage on membranes
of Izengran and Pishtase cultivars, which indicates the balance between production and
scavenging of damaging factors of these cultivars. Generally, it can be stated that available Cd
in medium was adsorbed and accumulated in wheat leaves resulting in reduction in dry matter
of different parts and whole seedling of wheat which is due to susebtability of different cultivars
to Cd. However, there were no oxidative stresses in leaves of Gaskogen, Agosta and MV17
cultivars due to their better defense mechanisms.

Key words: Antioxidant enzymes, Hydrogen peroxide, Defense mechanisms, Dry matter
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