LS QL:»Lf PR —oeee——

2 b 5 (Glomus intraradiceae 3 Glomus mosseae) |5 , 5w 7Y slaa g W ,.,b

S il b e (Dracocephalum moldavica L) gub ol glbead sid OLS 5 5 A4S,

f‘sw‘bu’ MW crdls.bjf Joowo c*"sﬁjﬁ: w?u" ‘\ L;‘Jé f‘-é-”

O pl colizsle S colizile S AN slezr Jlo o550l dn o g ,l5 OLLS Al ulii )8 )

wliile S b mlin 5 ©350WS (2550l 5 Slides S e (lagul 5 S Chlis Slides iy Y
Ozl colile S s 3,0 s 5 5 Sossel clidios Olojla

Olasle colzsle S e mlie 5 (6355LaS (2550l 5 Slidos S 50 (2L 5 215 pole Slido ioy Y
Olpl olile S (3,0 s 5 5 (hssel ko

Ol elzile S coliile S al&iils slgzr ( gand 05,5 —F

b e 5 53 il 5 Slides S e 3sliS kOl sl Olde oLl S 1S ool
SVABATANEY 1 2 0S (g ls sl 5 St cblis Slidss isu olisle S

(CA¥) PAYAYSS+ 2 L 5 oils

yparvizi1360@gmail.com 5 2SIl oy

VPN o 3ol ) WONV/F il s fusb

oS>

L SiSen 3 15,080 75l g0 (20013 BLLS (St plie CokS 5 CoeS ek 5 Ad) JB Sl S 0 e dle
syt S G e 4 e

(Dracocephalum  g—i jol ulowl G 5 CunS 5 Ad) Gla pas s 5 jaud 5 15,5 0K0 (K 55 50w i B
moldavica L.)

by 51 Jeld 58 E aw b IS0 s dalar oS glaS gl b U s i) SE o) e S Sl IR P
4 g o 5 15255500 O3 trhaee a) D325 550 (8155 Cab b Cagbs Ao y3 40 5 PO XD adss Ol s JulS soll g 4w)
(b, 5856 0S| o 9 kS 5o (.Jf,.\.;\n 3 Ao g 93) fud (Glomus intraradiceae 3 Glomus mosseae sla

035 it A ls gma 1N a3 addlls 590 i dar 150K g A (S 5 glaysSU o i S S
5 21 Ol o YL 35 132,508 g i O e (21,5 b B 455 A0) 25 Dgs sless 4 bp e S 5055 Wi 5
J=ol i 51,8 5 G mosseae mdl b (o)) b B Ao y3 £0) @ (s sby A5 5led 5o bl Ao ys Al 5 00
6- b‘H gﬂj_.i.:: .aj_gji_...éj |ﬁ)_,§.fj| ealaiwl &‘9-& R d:".?bJ &J_)L«:S 4.35_,.3)» GAJJSS QWJU.EA w}ks %
3 e S ks g A3 Jol 25 g Bl 5 58 5 G intraradices < ,as ,les 5 Z-Citral y methyl-2-phenylindole
15 35> s Caryophyllene oxide ; geranyl acetate (geranyl formate ol j—w il -8l c— s G. intraradices < ,—.as
IR

L5 F0 15 b ol pslol oy 9 S5 g5 3, Shes ol 5 Aok (K23 5 53 1055500 4 g 93 3 e 1 S 4w
A edaline 155 5850 laas s G pan b 55 A5 Ok Jaul 2 5 i lal Rl e e s Ve

17255500 B« plal OS5 coslizal BB ST (ilul 3y 10515 8

1FAY Sl (eid 9 Cual fudao 0 kol (290 0398 i JLo



S 2l kS 5 W5 05,30 4 536 S il e ]
badis ol b ST e ol 0L alS
g B DY OY] des La bl 5 baa5,SUS
e Rl pole il I e TS
oo Jols2) o5 gla 5 2l 53 3k Sell 5 o
53 [4N0] Wsd o (s usd (SE) okl 5 (15
ol ) 355 &S sy Ol Ol oS sy p i
L il a5 o onls OLas [VF] A2 (g5 gm 5 Shas o33l
Gy il el 2L il oS (55, S
Ol 53 [IV] s dald i s ol il 5 5, Ses
5 sl s 4 el s 18] wuzsss 3 5 VA
IR 2 s glap B cte S il Dl
sl Aol ool OLlS Sl 3 Shee 5 bl (gl g
Sl B 308 e 5555 1) A8 X YV ] e
Slivs oS J= I sladul w5 L G. fasciculatum
2la Sl 1 olS pad Sl oSl sl i J ol sl
[¥Y]
15205500 0B s 33 b o ) slite 0 b3l ol
5 (Glomus intraradices L.) 5 (Glomus mossea L.)

Q:ﬁjb-u)anjfagrach.dw)bé‘;}&aj

Nﬂ&dwrdﬁ}d;@W}(FC)d\w)f
C,._J'.:S 9 C,.:.as 9 o;.;w o3le c..L..'Z) LSLAU.G;-LZ RSN

Sl s S b sei sl oS il

L ) 93l
B s JosSb s 4 s SIS e 4 Gl
S s SIS 00 s solas LS glas 5L Cf]’
sl oS gy Lied 5 15, zob (i RS
|~ 4 \Y4f JL. ,» (Dracocephalum moldavica L)
adss 0l s ol Jold o a3 (S22 25 el s
Oljes 390 48550 b b s y3 80 590 X0 Ol 4 usb,

Odwy g 5 JolS Spgo o Ao 2 0 | &j

e B g I J:.»L?

PRV

e Sl siS e 5l o ls LS g Sl 0l
SLES e 51 S Sa D] s sled 4 Ol
OS5l Golw W5 GlodiSsgde Jl &S Conl Jases
G yme 2815 [Y] 515 (it an 5 it Gblia 3 03
@bl 5 Slae Gliwl 51 Jgame 5 See 8 Sl b O
LG e o Lad 35S .l (Gus,0 55 Somb o
e I SRS GRS
DTl 3,05 Olals sl

m bl s are 85 S s Ble b s S sb LS
JUS5 eoloal o5 S eas pluls <S5 98 s
Ln ol at bt GlacaS 5 op S el s s J sl
OF bl el 5Tzl 5 iow el alS s sl [¥]
o5 LF] sl oSl ds s elis Sseds Cools
el 5 ety 53 o Ol RIPl corse s SO
L;J-Mlmla.':p:.}l.{» Slesliiad b gl pob olS 505 o olsn
Gl U1y i lals e 5 s Ol LRl Lo
3 Shee pdnl olS 5s et 515 (0] wlei e Jeou
Sl e S i lls s I8 sl CL&SJ\ ls
S S s 1S rmes [P] AL a6
5 bl Shee &y gl (AL elese A e
bl Ao i i L bl alsels als s Sas
S s ol oS A clel ol VT sl sl
SOl A1 asS ST 53 5 AT Ol 53 ill 5 Shes
5 et Oy &8 93 5 Sis 15 Jlesl ool ol
Lo mlal o, LS 5 5 uilel 8y Ao (oSl
3 S0as o ri el SIS adss s [Ve] sl a8l
e boolpen odle SUS A5 led 5l sdol i)
ool 5 Sles o mi 5 edel s 4 s 355 o5 ¥
INT 4 Jols oM 25 51 a5 0,5 4LS #AV

3y dleal (2,03 OLS 55 aews slas S b s
A T sls CokS sas 1 SE S e
Cdple 5 Ol 5y Jeld gy GlaasS VY] as



oL 5 Sl

A ol plil Cosby a- s OIS S s
Wgas b Ol Cugby 5oy o 5 Ad ella g G5l L Lolls
a5 100 gles 3 Ogl 3 D3ped Si S 6,8
A S Cugby oS Sl Boads 6 Seslul ol S sl
B LS TREE D S SR R
Y A e 5 sl OIS & S e aall Cugby s
il e bwy S Sl b ass el of (S50
Loade) anesd odgdoes Cosby e LA S (g 40
SRS (E Sopeh aht Cugby Jslee 5 cpsd sdd S 0gd
LB OT (atls g cpl o Sailhil 5l e Al i S L
A s PWP  FC Jsls 5l AW L S eslizd
5 PWP=I1 bajasls olie 55 &l Ll
aslizal LB Ol ade liis 110 .05 als FC = 27.14
Aoy AW =16.14 Jsles lesl 5,50 ol S s
Cusby s (St eslizal LB Ol CoeS pund 5l e 25
103 40 5 PO X0 o sk, il = lan sl 1 p5Y
A3 Jlasl s alone

sl .8 S 13l Jisled 350 ‘GJLB G.LL sl
aS 5 e VYo B Ve @lbqu¢ﬁﬁjsjw\bﬂ
soled Gl dewy oo 5w el sslinal gl slaas o
BT e O R RS P =il wb (,5 Vo]
oebiladl slye i il glaesll b sladl &
Pl sl 55 05 ,Ke YO Lke o301 L L2 655
3 Skl 5b e Yo e s Gl LY 6l Ao
033 30 e e S 0l sdme S5 mle O3S I 51 g
53 3508l Jsloms 55 5l ) &5 53 ediledly sl
25 5 e llel S sy by pnel A S 05K Y ST
Gl gt O led K2 [TF] BAE el oy
DL s il Ll o ealial 35e 4y s6 L
RGPS VAP I

(Sh 5 gl dlesl Ol 5l 5 Y Sl e
Slis (g So3lul Sl Oloy L3 A planil olS il

KJJ)MJM.;LA&&;-)JJQ)jsJS/J\MJﬁLAMJJ

92 095 b Jlo ( 29518 OBLS 4olilad
IFAY Sl (id 9 Cual fuduo 0l

B Dled A3 dlesl 5 aale e 8 s S b,
Sl L 1555800 706 s 55 Jold mhas s 55 155 s
sl p 8 Y0 Ule ) G intraradices 5 G. mosseae
L;LaGJLB Yy G)LE Sheslazad Ost 5 (OIS & s C.AS
ormes b g Ol 5 Sb Sliies a1 15,580
s 0SS Ve Ol kg s a5 s a5
5 Gaed Loy YO) oy Sliad g O yp 4 JISs s
Aed Oz glajled sl Jlesl ud O ae O
ol bl s s bz OIS a sl hed oS
O35 Gl ) SIS G s Sl sie 055 L OIS O35
23 5 el (xS el 0 S VT b gte (0 s
SLOIUS 3 o 3l Sleboes 31 e A5 Jlesl OIAS
25 Jus A 385 05 T U hed Slaled
O S 5 51 i ynly Ly b bl S L 5 6l e
Al g Olgrol S

0 S a5 S Jold oslinal 5550 S 2y
Sl (S g3laeslel 5l oy g aile p g S 5 o))
3 sk Sl o 005 ol sk 4 ezl 55
S Do 4 laspe Db b s 4 S b Ol
il K Ly a8 sl amys Ve les s cela
Om 3l s Bl G cell YY1 o [YWV] WS IS )
pslie o sl US| Jol= 15,58 L;LaGJLE NEge
s Ve e s el S Do 4 sb e S Tsdne
Golwoslel 5l 5 Kax Ol Skt culg s A IS sl
S ek S5 glacans @ GaOlUS s CuiS L
Sl sl 55 50 sde T 1Y 0wy dajlog Jles
Sl s S OT g S e sle ) ssds 5 S
Ctl e O s 4 OIS aes ol Jlesl 5 0 oS
A5 Lok 043 s 5l e Okl Sl e
S S ¥ Al e s A S Gy 0-F OIS
A dlasl ol ot s > (Si5

(FC) Glas o cd b osh (S i Jlasl ) 5
$le s g, Seslkl (PWP) V..‘\z o aht Cugby
S Wi b 4 OIS 4w b ety ol s Sesll



e B g I j:;lS

ozl ;,fl}g,}sﬁaejuq_,u;:,: sk i oled slas sl polas =) o led S5

oo 4 Ol gles sl 2 HP-SMS 55 51 205 Seo
g ol S Sl amys 00 O gl los &S A i
538 sl s Y Ll los s O Sde 4 Loy
B Lo Lol s o o 38 sl am s ¥ islm 0bsl S
PN VRGP AR < INPUG 8
Ll s YA g GBI slas 3y Las ol 53 B g5 4
YA Ok e b el S8 Sl s S8 S5 5 018
5 eslinal 4335 55 el
s L Agilent6890 Ui eslizal 3550 0 SKib
Sl a3 TV Oseliis Ghos s 0,V Ol
O gl 5 153k arls S bacib lals g 51 S
Sheslial b5 W 5w o S 53 s g0 Glapat i
Sl eslitd 5 sk LSS s e slacib
Cend 4 Slaid (8 5 ) g0 (65 gelS SRS 55 3 g e
Sk GlaeS 5 o lackb b anlie Gk Sl sl
133k sla el asbous 3l a3l b s 5 B3 Lokt
a8 03 gl s Jly slags Sooka GuF L s RD
)JOigmﬁjcﬁwﬂ%jl{QLr;ﬁj‘&ﬁMﬁ
S b GC gl Jel Sk s b

[Y$ YV] del s 45 Area Normalization

ao0sl ey T el it 035 and S A bl
23,5 (K 31 S Sl a3 VO slos s sl A Do
oS laaiy, Coils p Oloy o3 [VF] Wk 395 s
A plosil (S Aol (e san gD S g 5 oS
Bad 5l S0 el OpmlislS Ao et Gl
Loy o it Jsame O b bty ol & &ppmcns
R 6Mu;§:gub§yé£jl oslazul
25 iele SOt w dop o KOH 0 1) iy Solakas
Sl i ol 53 45 A4S esls 53 5L Sl am s 4r gles
0> Ay e Sde T L st G 5 LS e ke
Ok baady, S, Lud awilild as,s K HCI
i (S5 e b el Dl Olen w5 T (5 pins
S bl Oael 555 Ao Gl Sl 28 5 )50 S
Yooled UK Y] dd eslind oKs byl N0 i,
el 0 03l L2 ilesT ol s iy O gl 5lS o slas
AT G s bl oIS s b (68 il
Ko 510l 3 spmpe olS 5 olbs 5 oLl
(GC/MS) 38 318 5ls 5 5 (GC) &35 31 S sl S
SISl ol s eslinl o il 4 s
e Y0 b 4 05 L Agilent 6890 g o ek ealinl
YO s Y sl g e e YO s s (e



oL 5 Sl

(G. intraradices 4 gw «C 5 3,550 O3k D G. MOSSEAE 4 g ) J2obo3T 3,50 oS sla alu; ;5 SIS Boled psbai =Y ojlad Jse

Kz 5 55k 5o (S 25 sl 58U o €8s
5 XS B Blize J1 b s Six A
a5 IS sl g, Ao ) Clamﬁj'w X Sas
53 15050k gl S 68 ss blime 31 Ll ls e
ﬁpw@@u,u)bwmﬁoc@ﬂﬁw
BE Jf Sldad o iy oS sl QLS Y oyl Jads (slaesls
S b doys PO b 15l s IS P L Wiy
S jid 35S G as 5 G MOSSEAE (515, 5Ss s 3
Ok 5 a8 Cab b Aoy YO LAl i ks s s S

(hpy3) bl Ol 5ae
sls OLa Y oyl Jader sla esls uilsly a4 s @Lﬁ
e A s Sn 5 e (S 5 s Lol S
BERRE - COp O IV RN WS T T-PRRSTAN S CL"" 35 uls
G Vor B0y 5l e e (i 55 3ylse iy
b lasgSl bl S s akd sl Sl Ole 3
Do sSen la, sSb Wlun Llise Jl 5 5 53 4 55 s
o3 ) e s bl Ao s (S5 Red 5 SES SIS
o3 aesls - Sle 4 lis CL@ O ol Jsd) 39 s oxe
Ao 3 VO L uilal dpys o i s OLASY o)l J g
25 b 35 5 Gomosseae (sl s5e e sles o
5o S e S b A PO b (IS Ll S
5 UM 0ok Dled 3 Aoy /YO L lid Aoy o kS

e R X ICNITSY-SVRU JCVIVPRY

920395 cudad Jlo ( 29518 LS wolilad
IFAY Sl (id 9 Cual fuduo 0l

s 4 lis IS gl aedls (slmer S g

b sl oS b B s iy gSB Shlesl el Laesls

s 4 el Sie alis A5 ool MSTATC i sslicd
b8 s gy e a3 Ul Slawls diom (9031

b
Slagatls o) p md 5 S 15 555 g6
.CM.«‘AJ..LA.?‘)‘\ A)L%i'dﬁ.)\?f‘)l &L:.;.:.;}:.:e Qu.@_}.,\.:)

ey S0
S Cdl O 51 S () ojled Jpdr) Waosls il ls 4
33 Solime 5 155 s S ( Ki 55  as l
O W bl Jldmils o) 5 055 G 2 hes ) plaw
b X (Si S X550 Se cailBan lis 5 b, 5B
sdaliln al) 5 055 Say o ) mhae 53 S ls e sl
olEs (Y o)wdjk)ﬁlguijjqu@ﬁpw&a@u.,u
Sad b SV Lig 0o aly) 5 855 e oS 002
s sled 5 b b ae LG MOSSEAE (gl ) 5Sun b e
chwkilﬁi)s.zﬁ‘u)ycﬁéjbwﬁfoJa...«j:.a
sy S b s 3 YO L S led y jhud ) S

A S (YY) gyl 505y g yweS

45ﬁ,>ﬁé|.bu“
Sl OF 51 S () ojla Jsu) Laesls Lubls a5
Cobsme U 15, S 5 i (S S5 sk oS &S
J{L&'ﬂ;(.mbdjﬁ)JﬁJ‘Md})ﬁM)J\ ch.w).}



A e LSl alis 5 ubols 4 mli 5 23S
S sl OLaS bl e @Lﬂ e S Y ol Jde
Wl o e 315 5255 (S0 (505 s o ol

A s e o3 ) Sl a3 il 8l

e B g I ,_uls

3053k ilel OLS 5 15, 58K0 5 (S5 5
LS5 s 5 S 5 0 e sk 4
ol b oS 2B w50 il pled
w5 Six s G ointraradices 5 G. mosseae

D3 s 3o as5e b b Ao 3 40 5 FO XD claM

33l il do s 5 gy Slho (Fp Slho p ged g (SO S 550850 S bols 428 - Y eyled J g

Sl o il
S 500 _ . sy 5058 e ot
. SpF 0 _ B " e
ﬁf;) _ _ B sl geibel ks s ):r;) 305!
. (IS 53 ¢5) )
(@]R1ty (@R
A2k N\ ida \Y/40%* CNQEE CYYEE Y (S) Kix i
eE /0% V4 /5 0%* Atk VS Y M) 15,550
FY Y FAD/FE* YO Y/O%* o VPEE ) (P) i
V) 0% £y \Y/OVE* ik o /YYEE ¥ S5 X S
Y/parE \ £ VYEE Ya/q)** o /QEE YpRE Y GRS X hud
¥/ % V/5qEk Vst CNOFE oNEE Y [5sSsle X jind
V/VYEE O/YO** \ ok SO FORE \ S xM x P
Y YY /44 o/ /0 o imlesl glas
VA/OY A% V55 AIOS VI/VY - cv

J»é_))‘jach—d)))‘}fﬁj)l)&sﬁﬂ.&\:‘:;):q**j*}n.s

b3k (OIS 55 0 5) Wsy 5059 5 Mg 5038 p e 5 St 55 S S il amslie =Y o)l J g

S 5 05 (OIS s pf)

(OIS )3 p 5) a2y) 5 855

G.intraradices G.mosseae zu55% O34  G.intraradices G.mosseae !zos5Nes 0ok
Y/YAC Y/0\¢ Y/#4cd +/V\b «/8YC «/¥¥d v S
Y/VAC Y/Adc \/a¥de +/$Abc +/$Vbe A VRS v
Y/ ¥c Y/\Ye \/¥Ye +/YYe ARK V/YYfg Y S
o/4va f/VYb Y/AAC /g +/0bc +/$Vbe v RS
¥/¥¥b ¥/04b Y/4cd V/¥Ye V/Ya yoef VRS ) Laud
Y/Y$C Y/¥Ye \/0%e V/$YC +/¥Yde «/YYe A

I (gl pme gl 10 Ch..;y;S;-l:[)}ajmulﬂsWﬁjsdﬁdeébbéuﬁ\f



oL 5 Sl

ﬁﬁ\g&hl“,;gﬁ:ldﬁb&aﬁp‘gﬂéﬂ‘lﬁJ,&;|&£pww—T0)wd}k

ol Loy g0 J5 sl
G. intraradices G. mosseae 12,55 0s%  G.intraradices G. mosseae 170505 054
+/0¥gh 55fg /Y0 Y/ave V/A¥d V/\Ae C RS
+/Acd +/Acd +/0h Y/vd Y/Y%c \/Ye VLS el
‘e +/Acd +/00gh Y/Ab YAYd *h Y oS
/8Yg «/vsef idgi «/avef \/\Ye ‘e Y S
\/Y0b \/ba +/A0de Y/VYb fa +/ovfg VS ) el
‘e \c +/AYde «/avef /¥rg ‘h A
503k olS bl SleS 5 15, 08 5 (S5 55 31 sty 4o =Y ojled Jgder
Z-citral Bezz&elne, 1-methoxy- 6-methy|- 2- Lipaloql moe);'hrgiy A"’i S s gl
-(1-propenyl)- phenylindole oxide cis phenyl- sol3
$/5 0 k* \0O/VO** YOYY/$¥** YY) QRE YAYY/$ %% Y (S) Ko i
YV EE ATARN \AR G YRR OFO/O** Y M) 15, 50
/ey VR AN 14/0 0 ** AQ s/ YHRH ¥ SxM
/Y ey /O o/ \/Y¥ \id Uast
AN AT f/8A \VAD AL Cv%
1Y Jlazl mla 53l e ¥*
=¥ o leds Jogd anlsl
Caryophyllene oxide  Geranyl acetate Geranyl formate Trans-geraniol @313l 4z s Ol peedS e
AYE/QYH* AvY /O \ /YR OV /OYHE Y S) Ko s
YEOVHE Ye/avEE 2\ YE/AYEH A (M) 13,5 55
\O/fe** VO/YO** O/ \¥H* \aVia% ¥ SxM
N0 /ey Y YO A\ e
V/aY /YO VAN, v/ 0 Cv%

05 sleg 4 (Mo s #/¥Y) OS5l Ol eSS O
Log o555 b e O3y 5 48,50 Cud b Ao )3 PO S

920395 cuddd Jlo ( 29518 LS wolilad

IFRY sla odd § s Jukuos 03l

1Y Jlozt o 55 ls sxe HE
S 5l 0LE 0 ol st glaesls ke alis b
5 (Ao 01/F4) Oxime, methoxy-phenyl o5 oy i

S Ok bl s 5s 5 G MOSSEAE (sl SKee b e e



353k oS Slal OS5 doys p 150,080 5 (Si 15 31 50le anslie =0 o,led J g

e B g I ,_uls

. Benzene, 1- 6-methyl- 2- Linalool Oxime, (-
Z-citral methoxy-4-(1- phenylindole oxide cis methoxy- 50,55 o
propenyl)- phenyl-

0/\4a of YA/YYa Y/\ve V¥/eAe 1325550 O s
y/ASf of Y¥/\4b f/4Yb 0V/¥4a G. Mosseae CoS
Y/YOe y/vyd YV\/f\c Y/¥ad \V/Avd G. intraradices gy
v/eod f/¥¥c of v/Asd /¥Yfg 155550 Os VS
£/Y0be $/Vb Y +/$h VYO G. Mosseae Vs
f/0b v/\Ya </¥of ‘i v/vaf G. intraradices Vs
¥/vd Ve VA/YYe \\ag Y&/Y0C 155550 Osk Y i
v/avd of vy ped v/5vd Y/AfC G. mosseae Y
\IAYE of TY/AVD o/\0a YV/ATh G. intraradices TS

A ol pme D Ao 3 O Cla.u 03 Sl O3l el o a s S e G gl sla Sile

-0 Jgd> aalsl
e Garml S g ke ek

+/a4d YA of AR 1358558 O C S

of of of o/dod G. mosseae LS
o/a¥c Y/VEd vd f/avd G. intraradices C S
\Y/5Yh Ve/Yoc AR Y/\Ye oy 55 O Vs
\Y/04b \¥/0Yb 0/#4b Y/e0e G. mosseae \u.,J
\o0/YYa \o/ffa #/fa Y/AANe G. intraradices \u.,J
+/07de */VYe /0% \Y/4Ab 1325550 O 9 Ay
+/fYe /Ne '/YPe Y+/Yda G. Mosseae Y s

f f of \Y/VYb G. intraradices Y

I (g ls e B M)Aécla..«p ﬁ‘)&y}TwL«J'ﬁaW,&)iSﬁ;ﬁdfdblisuﬁl?n

0

Sl s S

Ol 35 mge Sl me Lsb 4 G, intraradices

wop b Ao

4 S .lel Benzene, 1- methoxy-4-(1-propenyl)-
b aslie 55 (Aoys VYD il 55 osle ol Olsen &S (5 g
2l il byl sl
4S5l Ol 0 ojleds sl laesls (Sl avlis =B
Sl o3 (Aoys ONR) il s Z-citral Ol o 2o
Al (5,550 3,8 a5 (S 25 Od) dald

Ol s 2 b 0 15,80 5 (S Ao

I Lol S 4 (Ao 3 0/10) Ll s Linalool oxide cis
s Sk asn PO S A5 ks s S5
Al plubis Glintraradices 15, S b as
6-methyl- 2- Ol 15,580 5 Ko 0 Lyl s o
e s s glbs LG slll s phenylindole
G5 0s) Al les 3 (Aous YY) S 5 ol Ol e
5 S5l s A8 Jeols ()55 5,08 Oy 5 SO
b pae Oy 5 as e ab b Ao PO (S S L
o5 Dleg as wsls Ol @Lﬂ Al gt 1,8



oL 5 Sl

L OIS a5 el s jed S sl o 1, Sis i
e Lilph s IS Sl i Graes g hie
A ol @ De A5 53 50 35S 5 e 35S Olosan
8 sl o8 sl s Sle adan olS (655 pelie s 02
Sl DT Al e rals s Sis i Ll s
L] sl o 218 55 sedol 555m 53 3 Glazmd i
- G. fasciculatum ¢l , S g8 2 els 1S
B Jos ol el ol s &S es IS sl 5053
5 s O o VY] L e ald Ol s 1,8
30y Wl 5l o550 iy 03 (2l Glas gl B S
28 sl Sl Bl RIS o 5 e Al (e
(s S o g oS e3ls al 1) LS gt Olje
Ad b GME ole 5 OT Gl (RIS it
Sd s S 55 5 e S S 5 Rl A, e
ks 8 LSS s s oS e 8 dls Olatle s
Al sl W5 s prmen 5 3l 3k el
L] sl i)l
PICCE S L P ST ROWIU U PP
ol G5 bl ClS 5 e 53 s 55 S ean
03l 53 oS 25 el b ol il Olge 3
Ol ot 355 G Ll s 5o (U5 (pea s 3
u:.;_uj By eals Al s Ve sl Ol a ) il
Sl olS 5o 558K 206 €5 53 58 45 ol Ol s
Lals OblS 4 s Aoy VA 1 GL3l uslel Ol
Oy olS 53 Judlal &S sl esls OLiS [YO] sls il 53l
;G 55k 4 G. fasciculatum 5 G. mosseae L s il
Oy olS 53 s DAT 55 s basless 51 5V e 5
g8 2l e S Kl 55 [TF] 58 olS 55 5 [VF]
SlaSs bpslal by oS lal Ols 15550
il (LS5 a5 Wl elsle gladsls 5 o3y Adgn 5
5 el s I Lae g5 5 (IPP) licds o Juzy s )
S g 3550 ol 4 x5 b 5 255 NADPH 5 ATP o 0 s
SlaS 5 S lp e 5 030,50 S s pole sl
3 @lrosSe G ool O ke Gos e

92 095 b Jlo ( 29518 OBLS olikad
1FAY Hle (eid 9 Cual fudo 0l

S osb o4 il sl ulll s Trans-geraniol
J:.u Sled s (.L.a).: Y+/Y4Q) g_,.:SJ.v Q“-‘ Q'}:.a U'l‘)‘:*:"i‘
53 ki ol G mosseae iy, S 5 s SES

Q-i‘ CaS D g D ‘ﬁ);—{:ﬂ BLaEpw Q-i‘ Y [Ean
25 Gl intraradices « ;v 51 58 olul 53 S 5

Ol il Gass s Shee SO 5 Ll s s
el s & e 25 les 3 0T 5 Shee o 5VL 5 2l
ey 5 Ay ey sk JalS bl (S
3 Ses SalS ol ls pan sk 4 i s Olpe A
s Shas s pme 2alS [YF] Conil ol 55 5 5 (o5ladl
gl V] wlials {YA] Slgraioes 3 &TVS S5 Rl b
2 T 6sl 5 o5l Glpadn (S s Dby [YA]
15205508 &g 53 2 O e (03 (S gm Sl Sl 0l 55158
il ey 3 Shes 3 (S A5 e el 4 e
o sm 3 Ses (bl ol a3 8« gilin @b BERRW
b sl 28 30 A5 [VP] 2l sl 5 0l oS
Al gl Jglomal laclind oS - JT gladeul i 5
Aol cpl a3 oS Wsls Ll 1 olS e ol (Sl
3 sy Sl JS1CnS e 5wl Sl aud Ol
LYY als Oled a5l olS il

G A e bl l s g ades sy 3Kk
355 Span Ll d s A pl Jy 8l el S
53 stlie &iuj“ 05 2y edd J;J.;u 135 58 )
ok 218 8 aday S 5 055 Ll pae ialS Olow
e a8 51 A0 Wl e el ol J,); IMY] el
P S L as L AL b s 5SS s
5 M S amD s 5 edd A8 oles Ced UG S s
JA\ Q—i‘ ol ,bl.:ua ui.sﬁlS iy 4 (G gid 3l g0 Jas!
LY ] s o0 el Aoy 1alS 4 e

Ok kil s Sis 5 el bl s e S
g edd IS sl Was talS 4 e e 35S e
e Ak IS8 w4 S 2l slaa e S ae I



S S 4ons

R S Ok il pd 4 b S 5 055 et -
JS 3l Olen VG 3 525550 5 e B jome L ol e
by 8 ke pe peiled Ao s aly 505y s o
308 5 oS mdl (2l b A PO) Sl
D5 e 3 edd S Slho e oy eSS O i
.mTw:glﬁ)}{:ﬂjl oslatal gl (s b
6-methyl- 2- Oxime methoxy-phenyl ol o 2is -
9155580 O ae 09 la s Z-citral 5 phenylindole
Sl a2 3 Ll ool sy 55 0k a2
Sp Lol oS Goan sby A5l b o
pOle (St i slas A e peld 5o S S pl S
e sk a4 Glintraradices ly ;s G ze b ol e
Geranyl Geranyl formate Olse 35 oo ()l
op s s uilul Caryophyllene oxide  acetate
sl > Trans-geraniol , Linalool oxide cis Ol
Srae s (4o S b Ao YO) s (Si
el cws « G intraradices (sl S

doys PO) e (i 5 ke Sl 4 s L
SlrosSer 5 Ab Dras elaa 4 (e S8k
Slio s e Sol> sxe sk 4 GLointraradices
ol S5 e Ol 5 Ll dsys s el
s Z-citral Geranyl acetate Geranyl formate
¢l e sl cpl lleas LWLl s Caryophyllene oxide

e B g I J:.»L?

iyy B 03555 G350 B 5 pied LIS G G b
D‘O] A LE"J)\J al.:s/ U’i\ wul.wl U':'J»\Jﬁ‘ —=r 90

Ans i | eill GS 5 g WS ol S
P s A bl s e a8 das e LA (ol dal sl
Spien oy 5 Dl il 5o a8l glacd gl Ol alS
b als OLLS 1 Ll dwys Ko sl [PV]
St sbad sl 25 35lee 55 g cdas e Al
33 OgeldenST Jas 51 (6,8 sl Eols slse ol 5 0l U g
IFA] %5 e sk

OlalS s s slassS Sl eslad L oS Slidss s
oole Slim 45 ol sdalie el fos 4 it sl
s J«pl} ey 38 G e .Ei‘rz 3 u‘i})b a\.:f o 50
—r al.:g L: AM G)L; ‘-glm.iﬁ.h [Y’O ARY a\c'] )),.i:
o ol S 5 e 34l sla @ﬁwco.?djz s
OS5 osre sl sy 5 gl el 5 4ty o
olaie [Y0] LA.,L;}:)W Cs?J [¥V-¥¥] :}.idn QLJ).:A
S SLS 5 L V] ey g Sl 5 01K IS
o5 b G e QLS 3 [F4] Loy 1y 2 5 5 [¥Y(¥A]
L obuy elel S5 a8 ol 18 cl el 5 )18
Jee s JAU GRIEL s Al s sse AME <l
S5 DAL A bl cds ORI e ISl
ol 03 ol ol s« Oxime, methoxy-phenyl _la.s
L gy 1S 3,08 5 S i ) e el
W [O'] >4 ol LSiL"L‘": dij'f ak:g g.fj.: U.M.:Lx‘ B
6-methy1— 2- ;;tﬁ“ﬁ“;' ;,.:SJJ BEl LfeJL:““ .,b'ﬁ)
[OV] sl el b,y OWLS ol Ll s phenylindole

&lo

1. Omidbaigi R. Producing and processing of
medicinal plants. Second edition Astan Ghods
Razavi pub. Iran. 2005, pp: 438.

2. Reddy AR, Chaitanya KV and Vivekanandan
M. Drought induced responses of photosynthesis

-

and antioxidant metabolism in higher plants. J.
Plant Phys. 2004; 161: 1189-1202.

PR, Dapkevicius A and
Baranuauskiene M. Flavour composition of some

3. Venskutionis

lemon-like aroma herbs from Lithuania. Dev. Food
Sci. 1995; 37 (1): 833-847.




oL 5 Sl

4. Naghibi F.M, Mosaddegh S.M, Motamed M
and Ghorbani A. Labiatea family in Folk medicine
in Iran: from ethnobotany to pharmacology.
Iranian J. Pharmaceutical Res. 2005; 2: 63-79.

5. Rezaei HM, Ghorbanli M and Peyvandi M.
Effect of ascorbate and gibberellic acid on some
biochemical traits in dragonhead (Dracocephalum
moldavica L.) under drought stress conditions.
Crop Prod. Res. 2010; 2 (3): 385-401.

6. Safikhani FH, Heydari sharifabad A, Syadat A,
Sharifi ashorabadi M, Syednedjad and Abbaszadeh
B. The effect of drought stress on percentage and
yield of essential oil and physiological
characteristics of Deracocephalum moldavica L.
Iranian J. Med. Arom. Plants 2007; 23 (1): 88-99.
7. Rezapor AR, Heidari M, Galavi M and
Ramrodi M. Effect of water stress and different
amounts of sulfur fertilizer on grian yield, grain
yield components and osmotic adjustment in
Nigella sativa L. Iranian J. Med. Arom. Plants
2011; 27 (3): 384-396.

8. Saleh Rastin N. Biofertilizers and their role for
achievement to constant agriculture. Emission of
Agric. Instruc. 1999, pp: 1 - 45.

9. Sainz MJ, Taboada-Castro MT and Vilarino A.
Growth, mineral nutrition and mycorrhizal
colonization of red clover and cucumber plants
grown in a soil amended with composted urban
wastes. Plant and Soil. 1998; 205: 85-92.

10. Khaosaad T, Vierheilig H, Nell M, Zitterl-
Eglseer K and Novak J. Arbuscular mycorrhiza
alter the concentration of essential oils in oregano
(Origanum sp., Lamiaceae). Mycorrhiza 2006; 16:
443-446.

11. Rahimi AR, Mashayekhi K, Amini S and
Soltani E. Effect of mineral vs. biofertilizer on the
growth, yield and essential oil content of Coriander
(Coriandrum sativum L.). Medicinal and Aromatic
Plant Sci. Biotech. 2009; 3 (2): 82-4.

12. Sharma A.K. Biofertilizers for Sustainable
Agriculture. Agrobios, Indi 2002, pp: 300.

* 92 095 b Jlo ( 29518 OBLS olikad
1FAY Hle (eid 9 Cual fudo 0l

13. Mikovacki N, Marinkovic J, Cacic N and
Bgelic D. Microbial abundance in rhizosphere
ofSugarbeet in dependence of fertilization and
inoculation with Azotobacter chroococcum. Res. J.
Agri. Sci. 2010; 42 (3): 260- 4.

14. Sekar S and Kandavel D. Intraction of plant
growth promoting rizobacteria (PGPR) and
endophytes with medicinal plants- new avenues for
phytochemicals. J. Phytol. 2010; 2 (7): 91-100.

15. Sundaresan P, Raja NU and Gunasekaran P.
Induction and accumulation of phytoalexins in
cowpea roots infected with the mycorrhizal fungus
Glomus fasciculatum and their resistance to
Fusarium wilt disease. J. Biosci. 1993; 18: 291 —
301.

16. Ghilavizadeh A, Darzi MT and Haj Seyed Hadi
M. Effects of biofertilizer and plant density on
essntial oil content and yield traits of Ajowan
(Carum copticum). Middle-East J. Scient. Res.
2013; 14 (11): 1508 - 12.

17. Azimi R, Jangjoo M and Asghari H.R. Effects
of mychorhyza on growth and morphological
properties of Thymus vulgaris
conditions. Iranian J. Field Crops Res. 2013; 11
(4): 666-676.

18. Zolfaghari M, Nazeri V, Sefidkon F and Rejali
F. Effects Effect of arbuscular mycorrhizal fungi

in natural

on plant growth and essential oil content and
composition of Ocimum basilicum L. Iran. J. Plant
Phys. 2013; 3 (2): 643-650.

19. Yamawaki K, Matsumura A, Hattori R, Tarui
A, Amzad Hossain M, OhashiY and Daimon H.
Effect of inoculation with arbuscular mycorrhizal
fungi on growth, nutrient uptake and curcumin
production of turmeric (Curcuma longa L.). Agri.
Sci. 2013; 4 (2): 66-71.

20.Baniasad dashtabi M. Karimi A and Mohseni
M. The effects of Mychorhyza and P on some
qualitative

and quantitative properties of

Chamomile (Matricaria chamomilla) under salin



stress. 2th national conference of stableagriculture
and natural resource. 2014.

21. Shokrani F, Pirzad A, Zardoshti MR and
Darvishzadeh R. Effect of irrigation disruption and
biological nitrogen on growth and flower yield in
Calendula officinalis L. Afric. J. Biotech. 2012a;
11 (21): 4795 - 802.

22. Motahari M.R, Hani A, Moradi P, and
Motahari H.R. Effects of P fertilizer and
Mychorhyza fungi application on yield, yield
components and chemical composition of
Calendula medicinal plant. 1th national conference
in new issues in agriculture. 2011.

23. Tommerup IC. Methods for study of
population biology of vesicular — arbuscular
mycorrhizal fungi. In: Methods in Microbiology.
Vol. 24. Techniques for the study of mycorrhiza.
Ed. by: Norris JR, Read DJ and Varma AK.
Academic Press, London 1992, pp: 23 — 51.

24. Mousavi SGR, Seghatoleslami MJ, Ansarinia
E and Javadi H. The effect of water deficit stress
and nitrogen fertilizer on yield and water use
effeciency of Calendula officinalis L. lranian J.
Med. Arom. Plants 2012; 28 (3): 493-508.

25. Hasani A. Effect of Water Deficit Stress on
Growth, Yield and Essential Oil Content of
Dracocephalum moldavica. Iranian J. Med. Arom.
Plants 2006; 22 (3): 256-261.

26. Naghdi Badi H, Labbafi MR, Qavami N,
Qaderi A, Abdossi V, Agharebparast MR and
Mehrafarin A. Responses of Quality and Quantity
Yield of Garden Thyme (Thymus vulgaris L.) to
Foliar Application of Bio-stimulator Based on
Amino Acids and Methanol. J. Med Plants 2015; 2
(54): 146-158.

27. Sajedi Moghadam S, Mehrafarin A, Naghdi
Badi H, Pazoki AR and Qavami N. Evaluation of
Phytochemical Yield of Thyme (Thymus vulgaris
L.) under Foliar Application of Hydroalcohols. J.
Med. Plants 2012; 4 (44): 130-139.

28. Rahmani N, Valadabadi SA, Daneshian J and
Bigdeli M. The effects of water deficit stress and

e B g I J:.»L?

nitrogen on oil yield of Calendula officinalis L.
Iran. J. Med. and Aromatic Plants 2008; 24 (1):
101-108.

29. Lebaschy MH and Sharifi Ashoorabadi E.
Growth indices of some medicinal plants under
different water stresses. Iranian J. Med. Arom.
Plants 2004; 20 (3): 249-261.

30. Hasani A. The effects of water stress due to
PEG on Basil germination. Iranian J. Med. Arom.
Plants 2005; 21 (4): 60-74.

31. Lambers H, Raven JA, Shaver GR and Smith SE.
Plant nutrient-acquisition strategies change with soil
age. Trends Ecol. Evol. 2008; 23: 95 - 103.

32. Shubhra K, Dayal J, Goswami C L and Munjal
R. Effects of water-deficit on oil of Calendula aerial
parts. Biol. Plantarum 2004; 48 (3): 445-448.

33. Wojnowska T, Panak H and Seikiewiez S.
Reaction of winter oilseed rape to increasing levels
of nitrogen fertilizer application under condition of
Ketizyn Chernozem. Rosling Oleiste 1995; 16:
173-180.

34. Kapoor R, Giri B, Krishna G and Mukerji 1.
Improved growth and essential oil yield and
quality in Foeniculum vulgare Mill on mycorrhizal
inoculation  supplemented with  P-fertilizer.
Bioresource Technol. 2004; 93: 307-311.

35. Kapoor R, Giri B and Mukerji KG. Glomus
macrocarpum: a potential bioinoculant to improve
essential oil quality and concentration in Dill
(Anethum graveolens  L.) and  carum
(Trachyspermum ammi Sprague). World J. Microb.
Biotech. 2002a; 18 (5): 459-463.

36. Salehi arjmand H. Effects of environmental
stresses on secondary metabolites in plants.
Procedings in national conference of sustainable
development in medicinal plants, Forest and
rangeland research institute Pub. 2005, pp: 305-307.
37. Li KR, Wang HH, Han G, Wang QJ, Fan J.
Effects of brassinolide on the survival, growth and

drought resistance of Robinia pseudoacacia

%



oL 5 Sl

seedlings under water-stress. New Forests 2008;
35: 255-266.

38. Anwar M, Patra DD, Chand S, Alpesh K,
Naqvi AA and Khanuja SPS. Effect of organic
manures and inorganic fertilizer on growth, herb
and oil yield, nutrient accumulation, and oil quality
of French basil. Commun. Soil Sci. Plant Anal.
2005; 36: 1737-1746.

39. Gupta ML, Prasad A, Ram M and Kumar S.
Effect of the wvesicular 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
Bioresource Technol. 2002; 81 (1): 77-79.
40. Devi MC and Reddy MN. Phenolic acid
metabolism of groundnut (Arachis hypogaea L.)
plants inoculated with VAM fungus and Rhizobium.
Plant Growth Regul. 2002; 37: 151 - 156.

41. Copetta A, Lingua G and Berta G. Effects of
three AM fungi on growth, distribution of

conditions.

glandular hairs, and essential oil production in
Ocimum basilicum L. var. Genovese. Mycorrhiza
2006; 16: 485-494.

42. Rojas-Andrade R, Cerda-Garcia-Rojas CM,
Frias-Hernandez JT. Dendooven Olalde-Portugal
V and Ramos- Valdivia AC. Changes in the
concentration of trigonelline in a semi-arid
leguminous plant (Prosopis laevigata) induced by
an arbuscular mycorrhizal fungus during the
presymbiotic phase. Mycorrhiza 2003; 13: 49 - 52.
43. Toussaint JP, Smith FA and Smith SE.
Arbuscular mycorrhizal fungi can induce the
production of phytochemicals in sweet basil
irrespective of phosphorus nutrition. Mycorrhiza
2007; 17 (4): 291-297.

& 92 095 b Jlo ( 29518 OBLS olikad
1FAY Hle (eid 9 Cual fudo 0l

44. Larose G, Chenevert R, Moutoglis P, Gagne S,
Piché Y and Vierheilig H. Flavonoid levels in roots
of Medicago sativa are modulated by the
developmental stage of the symbiosis and the root
colonizing arbuscular mycorrhizal fungus. J. Plant
Physiol. 2002; 159: 1329 - 1339.

45. Vierheilig H, Maier W, Wyss U, Samson J,
Strack D and Piché Y. Cyclohexenon e derivative
and phosphate-levels in split- root systems and
their role in the systemic suppression of
mycorrhization in precolonized barley plants. J.
Plant Physiol. 2000a; 157: 593 - 599.

46. Fester T, Hause B, Schmidt D, Halfmann K,
Schmidt J, Wray V, Hause G and Strack D.
Occurrence and localization of apocarotenoids in
arbuscular mycorrhizal plant roots. Plant Cell
Physiol. 2002; 43: 256 - 265.

47. Akiyama K and Hayashi H. Arbuscular
mycorrhizal fungus promoted accumulation of two
new triterpenoids in cucumber roots. Biosci.
Biotech. Biochem. 2002; 66: 762 - 769.
48.https://pubchem.ncbi.nlm.nih.gov/compound/96
02988#section=Top.

49. Vierheilig H, Gagnon H, Strack D and Maier
W. Accumulation of cyclohexenone derivatives in
barley, wheat and maize roots in response to
inoculation with different arbuscular mycorrhizal
fungi. Mycorrhiza 2000b; 9: 291 - 293.

50. Al-Tameme H, Hadi M, and Hameed I.
Phytochemical analysis of Urtica dioica leaves by
fourier-transform infrared spectroscopy and gas
chromatography-mass spectrometry. J.
Pharmacognosy Phytother. 2015; 7 (10): 237-252.
DOI: 10.5897/JPP2015.0361
51.https://pubchem.ncbi.nlm.nih.gov/compound/6-
Methyl-2-phenyl-1H-indole#section=InChl



| e Sy B 5T

The Effects of Mycorhiza (Glomus mosseae and Glomus intraradiceae)
and Phosphorus on Growth and Phytochemical Traits of
Dracocephalum moldavica L. under Drought Stress

Fadaee E (M.Sc.)!, Parvizi Y (Ph.D.)?", Gerdakane M (Ph.D.)3, Khan-ahmadi M (Ph.D.)*

1- Medicinal Plants departement, JDKU, Kermanshah, Iran

2- Soil Conservation and Watershed Management Research Department, Kermanshah Agricultural
and Natural Resources Research and Education Center, AREEO, Kermanshah, Iran

3- Horticulture Crops Research Department, Kermanshah Agricultural and Natural Resources
Research and Education Center, AREEO, Kermanshah, Iran

4- ACECR, Chemistry Group. Kermanshah, Iran

*Corresponding author: Soil Conservation and Watershed Management Research
Department, Agriculture and Natural Resource Education Research Center of Kermanshah
Tel & Fax: +98-83-38383460

E-mail: yparvizil360@gmail.com

Abstract

Background: Drought stress reduces growthand changes metabolites of medicinal plants.
Mycorrhizal fungus in interaction with phosphorus can modify drought stress.

Objective: Study the effects of drought stress, mycorhiza and phosphorus fertilizer on growth
indexes, quantity and quality of essential oil of medicinal plant Dracocephalum moldavica L.
Methods: This study was done on the base of factorial experiment in randomized complete block
design with five replications. The factors were consist of three level of drought stress 95% Fc,
65% Fc and 35% Fc, three level of mycorrhizal inoculation (non-inoculated, Glomus mosseae and
Glomus intraradiceae) and two level of phosphorus fertilizer (0, 100 kg/ha).

Results: Interaction effects were significant between drought stress, mycorhiza and phosphorus
factors in all measured attributes at the 1% level. The highest fresh weight of plant and leaf were
related to no drought stress condition (95% of field capacity), application of mycorhiza and
phosphorus fertilizer treatments. The highest number of flowers, fresh weight of root, and essential oil
percent were recorded in mild drought stress (65% of field capacity), mycorrhiza inoculation and
application of phosphorus fertilizer. The lowest amount of all of above mentioned traits obtained in
severe water stress, without Mycorhiza and phosphorus fertilizer treatments. The highest content of 6-
methyl- 2-phenylindole and Z-citral in essential oil were obtained with no drought stress treatment.
The mild water stress with application of G. intraradices increased the geranyl formate, geranyl
acetate and caryophyllene oxide in essential oil.

Conclusion: Application of two mychorhiza strains in severe water stress can increase
physiological yield and essential oil percent of Deracocephalum moldavica in about 45- 100%. The
essential oil was increased even in no water stress with application of mychorhiza strains.

Keywords: Deracocephalum moldavica, Available water, Essential oil, Essential oil composition,

Mycorhiza




