10.22092/ijmapr.2019.122804.2366 {DOI) Jlios anlis ol are 5 ossls LS Slidss ins 5 ale aslinles
98.1000/1735-0905.1398.35.158.93.1.1576.1610  «(DOR) Jliumss 4l (WWAA) VOA-VFA amis ) o ket YO Al

2918 ol slbaadiogn 9 Ay S > g ek yais 9 Glumus verciforme 3 595w g 3B gdli S o
S i Wyl 38 (Dracocephalum moldavica L.) guis yob

v:bﬂl‘sl.a 20 MQL,&,} RVC.YY ‘~W~'L‘“ o3
ol olle 5 plie ) o&ails (S o ke 55 8 s 555 (s smetils -
Feizian.m@Lu.ac.ir : 55 S Gy o) ) ‘:\Jrj‘, ol o&zils 53,58 suslasls (S pole 05,5 Obslenl o Jstue saiey 5 — Y

Sl G s s&als (g, slaS suslasls (S r}lr- 05,5 eleal =Y

WAV 31t d b YAV 3T plg ool fusle VWAV 3l e 1l s gusb
oS>

Y- Cjb ¢ C«ﬂl JoL o oo 258 e GBS platsn Sbasle i 5 A, (B 4 e S i

B Sl b b 6 s Sl ol oy ST o) WSS 5 e a1 Sl il
ol Jol 5586 .as | 2| (Dracocephalum moldavica L.) i 55\ oS g5, » 68 Ll e 5o LSS Sl 5o golas
5 5l adss Slus -/Y0 (25 ) (Maximum Allowable Depletion) jlre adss sl ulal, Sas CL.H dw
4 r,fyﬁvf Yoo s x5, e r;};»:‘ Voo i) C-Lw a3 e bt o b gla) 986 5 (Gl adis Slas-/0
S ol gl C'L“ D (6)\5 <hls ‘@\5 o) C.L.u 93 3 (Glumus verciforme) |3, Sue C)\s L C..a.L 9 (e » gl
i Slao nl ol cr it 5 5SS osba 1as S e 5 olS Sas 55 s gl alS (o pe (S i
0s g il (25 ook lla e as Jols (S i e s s s sl s Slas /Y0 Lo 5B L il s
(S 5 b ol 5o o dals Sl riy obae ssba il 5 256 L mal Sl Jols S ) oS Sas
oy ale 5| iy sl ssba e b ol an £ b il LS s SlaST 5 SYBL 5T el LSl
o5l s e s 206 G dale Sl 5 (VF/AY) 5l ol ee S 5 (Y0/ ) SYBLS 5T b olsme o a8
g il 5 b S5 S Yo s s OY/FY) SYB 5T cdled ol e yitn 5 ol Gy Sl i Slas /YO
5 e L e s sl el Sl /0 5 Tt s (FV/08) Sl el ol i 5 25 os el s
VO LY spam 3 s ol G2l G e et 3 Lol an 251 Ll iman g i S5 S Yool eslinad
52 45 ols ol @l el eas (Sas 2 Jle 5o aals 4 ol VO B VY spas s aiilles ol s )y

zls asflaes ) 5o sl sn Ol gas 5 a2, 5 e Ju\é S mn Lyl e o rv-w\w f2s 5 5,55

Szx 5 dlles ol S e s ol 5T Sl 5T g adS sl



V04

ot a8 oL L alie 5 i il e alas
sl 458 L sas il kS 5o uilad ol 45 (6 sbay
PO S SNVAV. 25 W W W A TVA AT DA VRSV RSP0
.(Kapoor et al., 2010)

S92 obe 5l GlS ol die (s aie il
3 relieen by aie p dae Solie sl oS Gl
Dol cles gl S5 a5 2 JooS5 5 ol e sl
s Ll a3 oem p2l3 5 sy A, S 00 I
S o i watbes e Al 2B 3 g e
L st olalS s pal8 51 2l (6, 5 sl oS o
E SIS O [ PRSP E WS I e Y
sl 5o 1 elS caslie o pblS 51 5 5o
el bl (Lyons er al., 2009) aas o ) 3l Py
Sz (i ay Span S sl cuglie )3 esl,
ol sl VML‘ Ll .(Hasanuzzaman et al., 2014) sz
S5 9 Sl el
s 5 (Lyons et al., 2009) sls el )Ls 51, ol e
RN KV I P PO S - DIV SV
sl 3l ;r<” r..“k_.d (Zhu et al., 2009) cwloo osls
ol S el 5108 055658 5T 2l sl 05,2
ant) s 5 Seas 5l el ssladl s ol s e
ol 3l el wlg ol gl S, oS 5 L2 655k
35 Lad g (6350 5 Sleso 2alS 5 olalS Jasw
(Timothy, 2001)

aS ool oS Sy Gl b i j‘\‘ S PE IS

s ) dmad at o,

5 Sl Ol S35 1 5 ete 5B 350 B o
Jeaie 5 el Lo oy Slawlie i)ls 05l obls
il gl oS el b a5 L clons rL?v'\ S
ormzad g eiS 50 St dag 5 St bl Sl 3y
5 stk ) ol e s Sl Olidos 3525 s 4
a5l sl LS s S Gl i bl a s
Sl 3 ey aie) ol o g i Olidss 5 Ol
L] KON NPT SN P
sy sl esls o) it L adss 5 2,550

Y osles KO alr ol e 5 2ol LS Slidsy aslaless

doddo

(Dracocephalum moldavica) s 5k 3l LS
5 Al u_aLf (Lamiaceae) ;Lslm ol s 4 (slae
S by ey @.T I GPRIARICAIN P st
Slaaials 5 (6 e ot o Lt (550 b e
5 S0l ol ool 550 Cand ol s 318 Ul
# a5 dane iy lages 5 ol 5T s slaplad IS
Omidbaigi, ) 552 Pzl lys slaolal ol |
5 Ot sl WS o) (i) S 5 sl 2005
5 b Sbacs caole b ol Ll ol llsl
‘Yousefzadeh & Sefidkon, 2016) c—ul > ,6u_o
) o=l g ds 5s 5ol (Hussein er al., 2006
25 (b e la S 59) ohasisle w5 o)
{Borna et al., 2007) 5 52 o <8\ 5,d1 (e Sazs

Sl e e s il o S Sas s
s am 5 Ol ol 03 L OlS s, oS aal o) 8
A ote 5 S e dpde Sidaed 5 S 3l 5o
(Wang et al., 2014) 55,8 s Lol s Slas js zalS
L Jsmame o0 g 9 dam s (G2 ‘p*wb lgme Sis
M g Ol e (St s e SRalS
P Y R R GNP JEIEPURLLp
Fayez & Bazaid, ) sas o zalS 1, L8 bz, b bas s
L Sas i b eles, s slas Je blS 2014
Syl S i, pmalS el ke ai y as, 2alS
R e WICT L PEC RSN K S S
st Ll o, Shes 5 Seis sl s alS 4 e
508 K595 ad> 0 4 4> 5 L (Shao et al., 2008)
DS e ol i b1 WS i cas

SRS e 28 el s Sl lides
PRPE=T e P S WP K S WP S aA
oS g B S Lol sad ol Sl
aSols ol eS8 o)l sl s F5e eale S 5 e
Glomus (s 55 5S g3 4558 53 Lol ) il
J—=6 ) sl cww G macrocarpum s fasiculatum



e oS g el (28 0s

a5 Sls ey b, Ss g b S (SU cal
2 S & ol Ol s a0 o b S 0y
o e ) Sy T Sl 5,0 A
lasleg el (S 2 e ) Jpsr) o

Slmo sai s S sl S35 Opoa aad S5
el sdal N g 3 ealiad 5590 S s 5 (S5
Slo Ko 63,_,\_L§ s a5 /00 4564@:.»

035« S e 5 S sy gl el S50 58550

b S ol e Jols S5 o 5 Sas

Al 65 0 Ie 5 B Ol Sty 5 SYBLS 5
Sl 4 sei ol (Kt 135 Sl g a6 S 051l
o 33 VA sles 3 o5l 5o elw YF ue sy LS
Mousavi ef al., ) $o—i cp)5 da 5 s0d Si ol § sl
TS b s (S o oS w3l ) (2012
83 LSS (ADC Bioscientific Ltd) (Leaf area meter)
cpoded o O me S ool b g e (6 Sesluil s
c\_u 5 ezl (VAVY) Bates (solg—iny () (ol
s S S 65 055 S 0S8 S
(\AV#) Bradford s, el cpg o oS (58 o5l
Kara 25, L Jlamd), 5 536 gl 5T ol oz ol
— rj_fbif,a - shlag 5 g ~Seslul (YaVE) Mishra
ol clile s ailon aLS o3l Bl s 5 0 S e

A (6 —Se3laal e sl OYY o Jsb 53 aglliss
iz syl 4 by e slaesls (Valentovic, 2006)
9.1 455 SAS (Ll L1 o 5 solial | zas sy ol o
haels s el Ly 5 asls Sle aslie 5 4529
ol 70 Jlaol o 53 Sl

adlllas 5,5 (Sos 2 bl o 5o seinok oberd sy
JJ"‘?)\JB

g, g Slgo

szl S aaly ol ol o8y 55 im0
L ol uls CJI’ B Ly Jy s &.L‘}T CLyoh
L il 5 2ol8 0oa) e ¥ 0o s se 0B S Y
Sl /V0) (Sas s d& Y (G. versiforme) ¢ ;&
JHB cmsb ) sl ks Sl s 5 +/0 Gloe adiy
ot 900) el ¥ el U s 586 5 (oalin
(a0 2 Gl am e Sl w o 85 Sa¥er 50
N syl oS i s ol BICCA gBF @"-\g SLp2 A
L bl sla&m 28 5l i Sl 5 8 28
Ezalsl 5 650555 il e 5 (S0883 SIGMA)
bl ol sl s S a5 o8l S (595
a7+ sgam adyl cogb s Lsas o sl Sl
gls)l o (Sl slaghads 55 e S, 150 i
Jm8 LSS s 5 a8l YO wlas b 5 e 5l ¥
o c-‘-h anle o b sl slaws 4 4z 55 b S )
So3Sen B 08 Ve e Sl SLS 2 5]
S A d ) el T e 2 (G. versiforme)
(Inoculation) ;5 Sasle ol — 2,5 Hlas lagluls
IS a5 e (Aliasgharzad et al., 2006) sz 45L5)
sas S sbaplal8 as amalS yen ol ol S sae e
Ay YYEY Gl L aslS s ens J 8 bl o cow
23yt esls S, BUE-Ve seogb, s ol S sl
St 25l diad Olel LK a5 50 Sl Jolsp
s s dite ol sl s S Sl oS S, F—F alo o s

5L pals oS S (ol wslinad 3550 S IGT -V Jsas

EC K P N o ) )
(dsm™) pH (r;}-\:—{ A r;féa-ﬂ) VA VA) S it B oleo st
</AY v/¢ YYV /8 -/- ¥4 SE o pd Jlade




Gy - WL ISV PRt SPS S P PRES
PRIV B WA RS N K
Sty 2B b s Ll s jﬁéﬂw@.ﬁ-«f
St ol e 5 by S sl il ol

.)ﬁéﬁéﬁ)ébé}ﬂ)du);\{

IS o n 5 odan Ol
P O S S S PP P
Joaz) o 8 515 Ses iy g e 5 2ol ol
53 e U a3 S sl ol iy ool gl (Y
Rl A e S B LA il Ll
(VA/YY) Geds g 0l o i 03 5 0l sy 8l
D) C)U c—’-L Lol an Sas 25 o5 Lyl e s
el sl e sl a8 S Ve ke
aS ol plas L sols Lul)ly a2 Joas ) Jols
5 g b il ((Sas i AU o s ol
ﬁ@)uﬁé‘i}ﬂ‘ﬁg“ SL il rizan 5 i
Ol e aslss sla 3l Ll 3 8515 ks
oS cely Seas i s sl e By -
55 a8 sskilen a5z 5ol olS 5o Jskme slaintis
s Ol it s e salia ¥ Jsus
GRS O 5 2o L Ldn il Ll s 55 (A/YA)
iy e gl e S Yo pide s )8 Sas
Lasbes ol 5l i 5ls ine ssbay &Sl ey

D9

S 5 YLK
(Y Jsaz) Laoals (bl 420 51 Jols s
S Xl x5 A Bl 1S sl gl
Lo Dl tme SB35l el gl (Sas
rﬂ..jJ\ Cdled ol 2 Ll e 50 Y Jsas 4 an g

Y osles KO alr ol e 5 2ol LS Slidsy aslaless

C)L‘B J.Q;LJ o Lﬁf 6\.&5.}\.} )'\ J..é\:- L;)LeT c:u
Lol o 5o adlas 550 Slio 55, 2 i 5 0550
NV Py Cro% PRRTIE LS o i S

&5 gl )]

s e ) SCis  aS sls plas ls
gl ) aS Goeba (Y Joas) ol awsls a gl
L 2alS7YY s Lol s s gea,0l oS s wiy
gLl ol cnmeS ol Gl i pus Ll e a e
Cmwds Sl A Slus < /VO i Ll e s wy
5 O et il i 5l w8 (ol e sb ey &S W]
salaa] S1UY Joax) og sle adsw Sl < /0 o
35m Jls tme g Pl il Gl slac ke )
Yoo ol o ass plisl e n YL (T Joan)
VA/ Y Glme a4 o sl A it p S5 S
ala 5l 53 b W gl ol S s e Sl
el ey e sl VE/YY o |

oS SKes 055
olzd Laesls sl 45 Joua 31 Jols CL“
,ub s Gold e soba oS Sas 55 4S5l
bl aiman 23 8 18 200 5 el Sas
sV sldsan) as b pme 256y Sas s i
St 035 ol 31 (St G5 s oS g e (Y
5o oS 0B bl Hles Ll s anllS oS

A5 8 olS Sas 5 ol L2l

£
Joaz) e eols bl 4520 Jsan 5l Jols s
e e L}—fu-:\ﬂj—?\j—»d.j ". 3c)b\{c~nic S a



e oS g el (28 0s

g S 5 Sl b (S35 (Saen ol
Sis 05 i polie 505s) Cedy gl s azzls ol
B G L R T- RUCPCRC Y
L 4 (6o oba o pd arals a5 YL s, Jab el e
S 2 LS 55 silaS] o Wl e Sz
=l 2! 5 (Andalibi & Nouri, 2014) 5,2 .« LS,
el T Sl oS s Shee a8 LY 51 il e
Bl ool olS 5o Sas o Sl Shae 2alS
Sai—=s oy 90S o (Pirzad et al., 2012)
o u;:)\)f (Eskandari Zanjani et al., 2011)

oS g8 b el G nl o S Sy )
hiao 3 Sas 5o (Sas i e ST a4 e
elr S S8 b g8 gl C)b A g 5ol
5 S bl ol o LS sy, GIBI s
s ol ol 5 O Gla atmen 5 Cusb,
S e Ul oS 5 nl s eals (il Bl s
by 253 Ol Dl b 53 552 50 mlie 5l eslinnd 5o
S RS il .(Sharma & Dubey, 2005) .5
s Sty s 3 Shas akiaSle L 3oty o
(Cymbopogon martini) sed Cils o s5ls oS Ll
Gupta et ) o sals Hlas b aglie jo Sas 2o 5
5 G. fasiculatum szG)\J s 5,8 dal., 2002
o3 |, (Biomass) s3 5565 » iy ol e G. mosseae
il b 5 ol S Gl asbe Gl (LS
Porcel & Ruiz- Basu & Srivastava, 1998) s
S RosSes cidize 45w 93 & s .(Lozano, 2004
S—i s 53 G mosseae 4 G. intraradiceae
ol a5 S o Ses Cdl g s
Fadaee et al., ) o> Ll 581 0=V« 1, 5,00
(2018

\FY

el el el (a5l ool iae s sbay VLS
o5l s 2ol 5 il 5 (a5l co 5lasl,
5 et X (Sas 5 £, X (St x 2,1 685
b 8,15 (Seas X e x5 a5
ol Sas s Bl s 50 (Y 5 Y Gladsas)

il il sl w5l el

il b
Ly ol 5 s (St 2 a8 sl ol gl
cils aB Al ol ol = ola e Sl £
AU e il ol ol cmimes () Jsan)
e X (Sas (15 o X Sas 2 685 sl 5
X L el x (Szs nis e b 51 5
o il 3L S (gosba (F Joan) <8 8,18 il
o33l 5 a6 0 b ol et 2 sha 5 (Sas
(FY/¥N) asillion oslle ol e op i ctoman 23U
St R o Bl s 50 036 055 0 8 dse SU
sl oS =56 L il 5 p 85 S Ve et Lol e
5ol adis Slas /Y0 s Sl b g)ls e
S 5 il Z5 L il 5 e r;ulf“\‘"
25U 035 28 2 Jsesl (W/OV) sidlisn ol ol s
09— 5 Sl adsu Slas /YO i Ll Ll s s

el s s Gy 5 B L il

S s Shas 5 an; a8 ol ol oy ool @b

ol pralS (Seos (s 5L s g ol oS
a8 ol ol (Sid i (B &S s 0ba
ouwﬁjbﬁ&*ﬁhbgiéﬁiﬁﬁﬁ
(S i 5 saanl 3 LS sl el 5 sy,
ﬁ°\=5~\~:)4-?#)>‘-\35@g}w‘)°\<5é;’59w~55
Seax ool adg e e gl Sis ol )y



;:,'ﬁ&‘ﬂJ;wJﬁ:JyQu@wliJ‘ﬁdiﬁ_“JJJ"

Ol e u:iﬂl-:-“ ax e
5l o b o9 Slaeas el e S » oo oS Sas o &5 gl )
- /00* \+/+Yns WAL o/ ANEE VAR Sl \Y/Y¥Yns f/AA¥fn.s YO/Y¥4 ns v BEY
Vidn V/YO** o/ NYEE o/ YOFE </ OF* PYV/YYYHE FYAN/FEYH* YOOY/AAF sk Y s
</NOY* VY/00%* «/+\0ns «/++Ans </\Y¥ns VE/YOO** A2 A \RVARY L Y gLal s>
< /PYEHE VY /FyoEE AR R /N F </YOYH* VNQ/VEYH* YAN/ - QV** ARAVARNE & \ G)G
< /NFO** #/7fn.s o/ FYHRE </eYYE </ ¥a* 0/YYfn.s \RVARA A f/-AV n.s 4 g8 X S
C/EYNE YY/g8 ** o/ YO¥* o/ POFE WARY S \\/F . p* WYAYZ L YY/a8y sk Y ‘.._..J..d
AR \V/\Y n.s </ \O* o/ e NVFF «/+Y¥ns ARt 4/¥Y0 n.s < /VAY 35 7 v?J“‘XuS‘&’
- /OFY** - /OFFE </ YYFE o/ fEEE -/ fa* </4%¥n.s v/¥04n.s </NYY s \Y Swisx b xgob
\RVARI (AR /8y \O/AY \Vid4 V/\44 YA/AO ARVALAN ARY) ngék-‘;LL"
VAR \R¥id4q \7AN AN \VY/4AA \Y/ags A/ YAA V7YY - Ol ks o 2

7N 570 Sl CL“ 235l fre ls fxe s a5 % @S



S G Tl s s et 3l et 5 K350 Slio Ly (Gl versiforme) g s 5 ot b adis 1 6S0ke anglie ¥ 5o

Jﬂcﬁu bg;moj} dﬁ'}.gtwjl _
nM g 1) pgeg™ pgrg- pM mint ' mg-1) pM mint! mg1) il Jule
(cm?) () (cm)
(FW (FW (FW (FW (FW

Y\V/Y-a 4/A-a IAVARY:! f4/+Ab Y\/-¥\ Db Y4Y/+Ab Y4/A+Db \AYAA ) sels

E
Y¥/Y0 b Y/Y\b OY/YYb 0Y/YYa YO/f% a YFY/#Y a Y¥/Y\a Yo/50 a G)G slils
YY/A-c O/A-a Y/ Ac O+/+Ab YY/4Yc f.v/-4c Y./Y:b V#/4Ya aals
ff/\\a Y/Y\b £¥/\\a INFARE Y¢/-¥a fY\/¥Yb YY/AYa v./f0c IO S S
YY/Y4b Y/¥fab #Y/¥Ab OY/fAa YO/#0b OYY/fda YY/0Aab VY/#0b VR
\O/YAC #/\Aa £0/\Ac O+/+Ab Y¥/-¥c O+#/+Ab YY/+Ab VY/Yve [..,Ju NEEY
Y-/0\a 0/A\ab V-/0\a 00/Ada YV/Voa DOA/YYa Yo/¥\a V$/-0b PR P ol
V4/0Yb Y/#\b £4/0\b OY/0\a Y#/AYab OYo/0N\a Y0/0\a YV/-Y¥a l’ijJgﬁ“ Yoo

Xl ) Lol gme ol 70 Jlaas] ck.~).> dad S i O K ghyls JBlos AS&.LB:@;\S\.?A



S i daylpd 58 e 38 Olio oialesl lasles Jlie sl 3 5S0le alio =¥ Jsun

Bl o e odan Yo eI / )

nM g ngeg™) pgreg™) PM mint ' mg ") pM mint" mg™) e S s et silesT Jale
(FW (FW (FW (FW (FW fem?) e fom)

Y-/A-fg Y/A-ef £Y/-¥ d YO/A\c Va/-Ye f4./+Abc Ye/A-f vYy/-Y d ‘.ﬁ:«L‘Q,.\e ‘@ls O
YY/A-e Y/4de #¥/N- ¢ Y4/-Ab Yv/-¥d f4y/-Vbe YY/A-e V¥/V e ‘»Jf}j\,a\w ﬁ:«\.«+€)t§ O
Y\/\#d \PA%4" #V/\Ab OV/#Yb YY/80 ¢ O\Y/#Yab fV/Y0b YA/\Aab ‘:f};\:» Yoo b 706 oo o}f
YA/Y +bc A/Y-cd 77/0¥c OY/+Aa Y¥/4Ybe 0-Y/A-b YA/Y-c v&/0¥b pebes 09 B b s W
FY/OAa 4/Y#ab £4/YYb oOY/fAa YO/#Y¥b ovy/f4a fy/04ab va/Yfa r,f,j\,a Voo e+ 2B L mdls S
fr/Y\a 4/YAa V\/¥Ya oY/$va YV/0f b OYY/$Ya ¥0/Y\a M/¥\a bS5 Sen Voo it 26 L il
VA/A-g O/A-e #N/-¥ d Ya/\-e YA/A\e Yay/-A-d YY/A-e vy/-¥d ‘.ﬁ:«L‘Q,.\e G'JLE;,;.\;,
YA/0\be £/Y\c £0/7Y ¢ YY/fYd YY/YYc fYy/s#yd YA/ Y\c VO/#% be [a;,;»_«e\u o + 706 O SSlas
¥4/0Yb V/Y-bc #%/4Ybc Yo/-4c YY/<\c YOv/-Ac Y4/Y-be V#/4Yb rf};\g Yoo ﬁ.’.l.u+ GJLE O3 adss
Ye/0fc 7/¥yd 7Y/78d 0\V/¥ab Y./ovd O\VY/¥¥ab Y&/00d vY/#0d pebes 09 7B b s Sl
f./0%b V/YAb $¥/YVe O\/-Vb Y¥/-0c O\Y/ - Aab ¥./-Ab V¥/¥Ve 0S5 S Ve e i+ 26 L il /06
¥1\/0%ab A/OVa V-/-0a OY/fAa ¥\/04a OYY/fAa ¥1/0Ab V$/-0b NCEICVR PR WPy L
\V/OVE \/70f 0-/YVvig YO/ fg VF/MNE YA-/-Af YY/+Ag 7. /YVf e 30 706 O
Y. /Y\fg Y/¥\e ov/-of YA/YYE \AM/Y\e YAQ/¥YT Y£/¥\h Y/ Oef oS S Voo i+ 206 G 5
Y0/0\c ¥/0\c of/-vf Y#/0Ye V4/Y-e Y7./0\e Yo/0Nd 7¥/-Ye ‘:qui:» Yoo [.,:.LJ+ EJG O s>
Ya/Afd Y/A-d 0f/50ef Y4/ vf \#/0Ad Yay/-Ad Ya/A-f 75/Vde pebes 09 7B b s . /v
Y#/Y\c O/Y\b OV/YYe Y#/8\e Y./-ad YeY/s¥e YY/Y\e #V/¥Vde rf,;»_«e\u ‘.,_:Jw+ G'JLEQC_J.L“ MAD
YA/Y F/Y-a  OA/YVe 0+/+0b Y1/04d ¥ov/-vd AR £4/¥Ad KIS PR WPy L




e oS g el (28 0s

JéJJLrA ru)\ U—’\ BE) g;—““"" f — ;,_A,Lu
.(Gomes et al., 2010 Johari-Pireivatlou, 2010)

oSy o531 bl Szs i Ll s
RSN | PH Iy e S S S A Y
Sharma & Dubey, ) 5,15 50,08 A4Sl 5 s5LSL
oSy 5] ol et b Las il cos (2005
(Y-\A) 5, 5 Narimani C’\“ L asS caly Ll
o o 3l oozl ozl calbe g0l oS 6y,
iS558 g 3laeSl 5 VB sla 5T el )
PR ST U RN VOO { JURCIUN | Pt uﬁ,jj ol
Ansari & Sharif-Zadeh, ) a5 o oSS58 5>
(2013

00 Jadome sy 5 il 8l el Sas o
o, 5 Ghorbanli el Las as sl LS

23 Ol Ol e (p At 358 o sadlin ¥ o0
Al /N0 Sas 155 2B Lok il bl s
2l an o S e Yoo s 258 5 5l adss
2l Sl i ol e e ban A el cwny iy
s 3 Shae o akolo 51 s 3 Shae 3 basles
Dlade Gzl 8l s o Jmols iy o as s
S Jdran Kl (Sas 25 e bt
S samaplis 5 athe Lo 5 sud sanlane ws,
53 oS e e Sy 20 HUS 55 055 e eed e
mm el Gl el e Jles cou LS
s )15 i JRICROR P8 s 5, ol
.(Nowak et al., 2004) ..
i e s s ol s Sl oslle ol
20 s aad8 G i)l B s S eal Ll Sas
TP R PV P XN PR VNP PR FE ST
(Davoodifar et al., 2012) sl )53l Ses oo
asWTes oIl o 2l 534S, e iy 45,5
oA Jdoan el 5L ey o) 2 Sl 5o

V7

Lyl s 5068 &JT ) V-JM B lsls rv—JM
Bl 2 s i Lo 515 sl o (Sas i
by Ol Gl e b 5l b 5l (S s
23ls s smiis Ay 5 ] e 202 g ) e
4 Caglie e 5 58 s ey il 38 Sas
Kuznetsov et al., ) s> o Lol 3l |, Ses oo
) i SLSal, SO ol as stk 512003
E P PPV KV ] I VP VGO | O e
ol bSOl oS bl s s, Ses
Diepenbrock, ) s e eslinl ol 5 oo o215 wasm 55
St 055 ol e il 3l (s o) 52 (2000
J-UWJ)#)#L;&»@WJ@\ﬁJJQULf
DLalS Joass mal 531 o il b samasplas
L e 5,8y (Sis (1 31 Gaios S )
S 3 Si s 5 FlaSl sl el o)
st S oL WS sl pli gl 5 sl L5 Ll
| blae s rv—JM 8L (SKes ps bl ya s
SYBLS el il 531 o s g s e 51 o2l
A e plas o gas sunnSl a8 5 slaSt
LS Loy e ole 3,08 S 5l i gl o
(Habibi, 2013) sas o Lial3l s byl e s,
s edl i o e cte Gl Sl el e sdle
S S dlg oo onl 5 b o Johe lae ¢ a3,
e s il oS s il L ke
A i ) Same ols ey Ol Wly e
.(Filek et al., 2008)
s il el (Sas s e o) 5o
2t gt ol 5o Sl sl s a8 5 s s
el O 258 Lol 51 b S slacil
NN PURRE U Y I PP U DR R
rv—lzu 00 5 XS o Las @.\3591 Ao bz,
Da g St 4y Caplde cely o5l LB (6 el
Ol e o 53 )ls (e ) el (Sas i
el Ll 3l cnl 5 05 e S Gl P61 5o s



\ PV

Journal of Stress Physiology and Biochemistry, 8(4):
253-261.

- Bates, L.S., 1973. Rapid determination of free proline
for water stress studies. Plant Soil, 39: 205-207.

- Basu, M. and Srivastava, N.K., 1998. Root endophytes
in medicinal plants: their population and effect. 7th
International  Congress of Plant Pathology,
Edinburgh, Scotland, 9-16 August: 19.

- 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(1-2): 248-254.

- Borna, F., Omidbaigi, R. and Sefidkon, F., 2007. The
effect of sowing dates on growth, yield and essential
oil content of Dracocephalum moldavica L. Iranian
Journal of Medicinal and Aromatic Plants, 23(3):
307-314.

- Cunhua, S., Joui-jie, S., Dan, W., Wei, B.L. and Dong,
S., 2011. Effects on physiological and biochemical
characteristic of medicinal plant pigweed by drought
stress. Journal of Medicinal Plants Research, 5(17):
4041-4048.

- Davoodifar, M., Habibi, D., Davoodifar, F.A., 2012.
Effects of salinity stress on membrane stability,
chlorophyll Content and yield components of wheat
inoculated with plant growth promoting bacteria and
humic acid. Journal of Agronomy and Plant
Breeding, 5(2): 61-72.

- Diepenbrock, W., 2000. Yield analysis of winter
oilseed rape (Brassica napus L.): A review. Field
Crops Research, 67: 35-49.

- Eskandari Zanjani, K., Shirani Rad, A.H., Naeimi, M.,
Moradi, A. and Taherkhani, T., 2011. Effect of
zeolite application and selenium spraying at drought
stress conditions on undr in different moisture
regimes. Crop Production in Enviromental Stress,
3(1): 71-85.

- Fadaee, E., Parvizi, Y., Gerdakane, M. and Khan-
ahmadi, M., 2018. The effects of mycorhiza
(Glomus mosseae and Glomus intraradiceae) and
phosphorus on growth and phytochemical traits of
Dracocephalum moldavica L. under drought stress.
Journal of Medicinal Plants, 17(66): 100-112.

- Fayez, K.A. and Bazaid, S.A., 2014. Improving
drought and salinity tolerance in barley by
application of salicylic acid and potassium nitrate.
Journal of the Saudi Society of Agricultural
Sciences, 13(1): 45-55.

- Filek, M., Keskinen, R., Hartikainen, H., Szarejko, 1.,
Janiak, A., Miszalski, Z. and Golda, A., 2008. The
protective role of selenium in rape seedlings
subjected to cadmium stress. Journal of Plant
Physiology, 165(8): 833-844.

- Ghorbanli, M., Adib hashemi, N. and Peyvandi, M.,
2010. Study of salinity and ascorbic acid on some
physiological responses of Nigella sativa L. Iranian

Y osles KO alr ol e 5 2ol LS Slidsy aslaless

sl il s s Sl ool Blis 5 ol
WIS S P S PUCH PP EYVCHN BT
33,8 e Seas Ll o s Jake 4 g peS) il
O A GRSl Wl g e el W5l e G a5
A8 b S a5 o S S 1) O 35S
s et D) 5 0 5l S e s asill oo ol
S Sosba sy (2B O s 25l 5o Wske
slaas S a8l e S olsiea a5WT 6 oL
a5l o ol b Ll 8l 5 0, e sleda o senS)
Cunhua ) Azl o s cmed 4 Uias w3l cou
em! 5 il @l ay a5 s (et al, 2011
r.,...k_.d PRy e C’b 308 a0 B4 sy
L5 o e o Jle 5 ol sl b s a8 bl s
LS s Shas 5 4 50 sl kil o s S2s
5 gl Ashe

aS ol plas el al s saslowy GL.J
oS e il aalS e (Sas w85 5bay
5 ol o0 oslle riman 5 gl Sas o5 ol
o= sl 5o sy il (nl ) e 5 B 0
i Lelan it by les Sleslinal Js cas olS
oaba |y (Sas a5 o gl Sl S )
ool gl sl jaalS gl 5ol malS (o)ls ne
eolil Lasbas ool (28 5l ol oo (Se2s (25
oS

solaiw! 8590 &9l

- Aliasgharzad, N., Neyshabouri, M.R. and Salimi, G.,
2006. Effects of arbuscular mycorrhizal fungi and
Bradyrhizobium japonicum on drought stress of
soybean. Biologia, 61(19): 324-328.

- Andalibi, B. and Nouri, F., 2014. Effect of cycocel on
photosynthetic activity and essential oil of fennel
(Foeniculum vulgare Mill.) under drought stress.
Iranian Journal of Plant Biology, 22: 91-104.

- Ansari, O. and Sharif-Zadeh, F., 2013. Osmo and
hydro priming improvement germination
characteristics and enzyme activity of Mountain Rye
(Secale montanum) seeds under drought stress.



e oS g el (28 0s

A. and Nemati, S.H., 2018. Effect of humic acid
and ascorbate on growth and biochemical traits of
Moldavian balm (Dracocephalum moldavica L.)

under salinity stress. Plant Process and Function,
7(23):297-313.

- Nowak, J., Kaklewski, K. and Ligocki, M., 2004.

Influence of selenium on oxidoreductive enzymes
activity in soil and in plants. Soil Biology and
Biochemistry, 36(10): 1553-1558.

- Omidbaigi, R., 2005. Production and Processing of

Medicinal Plants (Vol.
Publications, 348p.

1). Astan Quds Razavi

- Pirzad, A., Fayyaz, M.A., Razban, M. and Raei, Y.,

2012. The evaluation of dried flower and essential
oil yield and harvest index of Matricaria
chamomilla L. under varying irrigation regimes and
amounts of super absorbent polymer (A200). Journal
of Agricultural Science, 22(3): 85-99.

- Porcel, R. and Ruiz-Lozano, J.M., 2004. Arbuscular

mycorrhizal influence on leaf water potential, solute
accumulation, and oxidative stress in soybean plants
subjected to drought stress. Journal of Experimental
Botany, 55(403): 1743-1750.

- Shao, H.B., Chu, L.Y., Jaleel, C.A. and Zhao, C.X,,

2008. Water-deficit stress-induced anatomical
changes in higher plants. Comptes Rendus
Biologies, 331(3): 215-225.

- Sharma, P. and Dubey, R.S., 2005. Drought induces

oxidative stress and enhances the activities of
antioxidant enzymes in growing rice seedlings. Plant
Growth Regulation, 46(3): 209-221.

- Timothy, P., 2001. Glutation-related enzymes and

selenium status: implications for oxidative stress.
Biochemical Pharmacology, 62: 273-281.

- Valentovic, P., Luxova, M., Kolarovic, L. and

Gasparikova, O., 2006. Effect of osmotic stress on
compatible solutes content, membrane stability and
water relations in two maize cultivars. Plant Soil and
Environment, 52(4): 186-191.

- Wang, X., Vignjevic, M., Jiang, D., Jacobsen, S. and

Wollenweber, B., 2014. Improved tolerance to
drought stress after anthesis due to priming before
anthesis in wheat (Triticum aestivum L. var. vinjett).
Journal of experimental botany, 65(22): 6441-6456.

- Yousefzadeh, S. and Sefidkon, F., 2016. Investigation

of quantitative and qualitative traits of dragonhead
(Dracocephalum moldavica L.) in several habitats of
East and West Azerbaijan provinces. Iranian Journal
of Medicinal and Aromatic Plants, 32(4): 728-741.

- Zhu, Z., Liang, Z., Han, R. and Wang, X., 2009.

Impact of fertilization on drought response in the
medicinal herb Bupleurum chinense DC. growth and
saikosaponin production. Industrial Crops and
Products, 29(2-3): 629-633.

\EA

Journal of Medicinal and Aromatic Plants, 26(3):
370-388.

Gomes, F.P., Oliva, M.A., Mielke, M.S., Almeida,
A.AF. and Aquino, L.A., 2010. Osmotic
adjustment, proline accumulation and cell membrane
stability in leaves of Cocos nucifera submitted to
drought stress. Scientia Horticulturae, 126(3):
379-384.

Gupta, M.L., Prasad, A., Ram, M. and Kumar, S.,
2002. Effect of the vesicular-arbuscular mycorrhizal
(VAM) fungus Glomus fasciculatum on the essential
oil yield related characters and nutrient acquisition
in the crops of different cultivars of menthol mint
(Mentha  arvensis) under field conditions.
Bioresource Technology, 81(1): 77-79.

Habibi, G., 2013. Effect of drought stress and
selenium spraying on photosynthesis and antioxidant
activity of spring barley. Acta Agriculturae
Slovenica, 101(1): 31-39.

Hasanuzzaman, M., Nahar, K. and Fujita, M., 2014.
Silicon and selenium: two vital trace elements that
confer abiotic stress tolerance to plants. In Emerging
Technologies and Management of Crop Stress
Tolerance, 1: 377-422.

Hussein, M.S., El-Sherbeny, S.E., Khalil, M.Y.,
Naguib, N.Y. and Aly, S.M., 2006. Growth
characters and chemical constituents  of
Dracocephalum moldavica L. plants in relation to
compost fertilizer and planting distance. Scientia
Horticulturae, 108(3): 322-331.

- Johari-Pireivatlou, M., 2010. Effect of soil water stress

on yield and proline content of four wheat lines.
African Journal of Biotechnology, 9(1): 036-040.

Kapoor, N., Arya, A., Siddiqui, M.A., Amir, A. and
Kumar, H., 2010. Seed deterioration in chickpea
(Cicer arietinum L.) under accelerated ageing. Asian
Journal of Plant Sciences, 9(3): 158-162.

- Kara, M. and Mishra, D., 1976. Catalase, peroxidase

and polyphenol oxidase activities rice leaf
senescence. Plant Physiology, 57(2): 315-319.
Kuznetsov, V.V., Kholodova, V.P., Kuznetsov, V.V.
and Yagodin, B.A., 2003, May. Selenium regulates
the water status of plants exposed to drought.
Doklady Biological Sciences, 390(1): 266-268.

- Lyons, G.H., Genc, Y., Soole, K., Stangoulis, J.C.R.,

Liu, F. and Graham, R.D., 2009. Selenium increases
seed production in Brassica. Plant and Soil, 318(1-
2): 73-80.

Mousavi, S., Seghatoleslami, M., Ansarinia, E. and
Javadi, H., 2012. The effect of water deficit stress
and nitrogen fertilizer on yield and water use
effeciency of Calendula officinalis L. Iranian
Journal of Medicinal and Aromatic Plants, 28(3):
493-508.

Narimani, R., Moghaddam, M., Ghasemi Pirbalouti,



169 Iranian Journal of Medicinal and Aromatic Plants, Vol. 35, No.1, 2019

Interaction between arbuscular mycorrhizae fungi inoculation
(Glumus verciforme) and selenium nutrition on growth and biochemical indices of
Moldavian balm (Dracocephalum moldavica L.)
under drought stress condition

Gh. Salami', M. Feizian*" and N. Aliasgharzad®

1- Ph.D. student, Department of Soil Siece, Faculty of Agriculture, Lorestan University, Khorramabad, Iran

2*- Corresponding author, Department of Soil Sience, Faculty of agriculture, Lorestan university, Khorramabad, Iran
E-mail: Feizian.m@Lu.ac.ir

3- Department of Soil Sience, Faculty of Agriculture, Tabriz University, Tabriz, Iran

Received: July 2018 Revised: December 2018 Accepted: December 2018

Abstract

Drought stress causes reduction in growth and changes in biochemical indices of plants. In
order to investigate the effect of arbuscular mycorrhizal fungi and selenium on reduction the
detrimental effects of drought stress in Moldavian balm (Dracocephalum moldavica L.), a split
plot-factorial experiment based on complete randomized block design with four replications was
carried out under greenhouse condition. The main factor was three levels of drought [control,
0.75 Maximum Allowable Depletion (MAD) and 0.5 MAD] and sub factors included selenium
at three levels (0, 100 pg per plant and 200 pg per plant) and inoculation with mycorrhizal fungi
in two levels (non-inoculated as control and Glomus.verciforme). The results indicated that
drought stress reduced height, dry weight and leaf area of plants. The lowest and highest value
for all of these characteristics was obtained at 0.75 MAD and without drought stress,
respectively. In non-stress condition, height, dry weight and leaf area of plants obtained from
inoculation with mycorrhizal fungus and selenium were significantly higher than those of
control. In all levels of drought stress, the content of catalase and peroxidase enzymes in plants
inoculated with mycorrhizal fungus and selenium was significantly higher than that of control.
The lowest content of catalase enzyme (25.06) was obtained in control and lowest content of
peroxidase (14.81) was in the treatment with mycorrhizal fungus and selenium under 0.75 MAD
drought stress. The highest content of catalase enzyme (53.62) was in inoculation with
mycorrhizal fungus and 200ug selenium without stress, and the highest content of peroxidase
(31.59) was obtained in 0.5 MAD stress and inoculation with mycorrhizal fungus and 200 ug
selenium. Also, in condition of inoculation with fungus and selenium, the content of proline and
MDA increased about 1 to 1.5 folds and about 1.3 to 1.5 folds, respectively, more than the
control. Results showed that the presence of mycorrhiza and selenium in drought stress
condition had a positive effect on growth and biochemical indices studied.
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