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The effect of inoculation with mycorrhizal fungus Glomus caledonium
and zinc chelate spraying on the quantity and quality of Satureja

bachtiarica Bunge essential oil at full flowering stage
Saideh Khamushi®, Fatemeh Nejadhabibvash?”
'Higher Education Center of Miandoab, Urmia University, Urmia, Iran,2*Department of Biology, Faculty of Science,
Urmia University, Urmia, Iran
*Corresponding author's email: f.nejadhabibvash@urmia.ac.ir

Abstract. The aim of this study was to evaluate the changes in the essential oil chemical composition of Satureja bachtiarica
Bunge were inoculated by spores of the arbuscular mycorrhizal inoculation Glomus caledonium and foliar application of zinc
chelate levels (0, 2, 4 and 8 g/L) in 2019, at Zarrin Giah greenhouse of Urmia city in West Azerbaijan Province, in a randomized
complete block design with three replications. Plants were harvested at full flowering stage. Essential oils were obtained by
Clevenger apparatus and were analyzed by GC and GC/MS. Comparison of means by Duncan's multiple range test showed that
inoculation with Glomus caldonium had no significant effect on the essential oil yield of Satureja bachtiarica flowering shoots,
but the foliar application of zinc chelate had statistically significant effect. However, there was no difference among different
concentrations of zinc chelate in terms of effect on essential oil yield. The treatments also changed the essential oil composition
compared to the essential oil of the control group. These changes included the reduction of beta-caryophyllene, sabinen hydrate,
borneol and carvacryl acetate compounds and the increase of citral and octyl phthalate in the plant inoculated with mycorrhiza, as
well as the increase of carvacrol in the essential oil of plants treated with zinc chelate. In addition, inoculation with mycorrhizal
fungi and zinc chelate foliar application increased the amount of sesquiterpene & diterpene and monoterpene compounds,
respectively.

Key words: citral, borneol, carvacrol, caryophyllene, Gas chromatography-Mass spectrometric

Revised 08.02.2024/ Accepted 07.06.2024/ Published18.06.2024 VEX/ VIV L VE ¥ A 3y E YN AN Y/ 07 el o

48/ A


http://dx.doi.org/10.61186/nbr.11.1.48
https://system.khu.ac.ir/nbr/article-1-3644-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-10 ]

[ DOI: 10.61186/nbr.11.1.48 ]

Khamushi et al. The effect of inoculation with mycorrhizal fungus Glomus caledonium and zinc chelate

Glomus mosseae , Glomus ) !5 ,5-Swe 7,18 455 o>
Glomus s aggregatum , Glomus
ool CaS g eSS 5,0 Lialiél e (intraradices

fasciculatum

e bl 53 (Jye woyd 5 il 3 Shes 5 o) gliss
Ol a i a5 (578 A Co9h e wall b annlie o 590
Glomus« Glomus mossea b zil jles Jloel b cui 5 4
Glomus 4 intraradices Glomus fasciculatum
&llae (Bharti et al., 2013) w5 5 saalis aggregatum
Glomus mosseae L o\lsu, gl ol Loy ¢liims
ol 1521 Glin al331 5 bl S5 Shae Sl el
.(Banchio et al., 2009) <ol oo Jgtim 55 g Jg359! Jolis
Olye 4 a8 conl plalS Sl )90 paie S (2 s,
Lobls)l o oeeas 5 sl (oo, Slee )55 8sS S
QLS > eign il 5 iags daw Lo pedslis
dnog e lS LS5 i ol b s g
i polie iy iz ey S I3 il IS
5 o9 Sy Gl g b g, S i ades ¢S 0 s
; Marschner, 1993) cwl ool 3,55 olals o Shee
slee ! el sl (ZN) g, (Srivastava et al., 1997
Babaeian et ) ol 5,550 b, sloasS oot 5 (wlul
Sy «dss .@l, 2012; Samia and Mohmoud, 2009
ol 4 Qb Glajls (9,5 B)b s Fhe slael, 5l (S
»,y yobe Sy Gpae (Swiader, 2000) cosl Gpae oS
ol o byl 0geS &8, ped b Slaw 4 sdse
MOSaVI ) 3550 229, 5 =15 QLS (55 5 (o5 o Shoe
5L Jsle 56 et al,, 2007; Babhulkar et al., 2000
Las €505 0550 50 g3, 9 oo alex 5l (sdae 5, olie
ool lid bl g ol 48,5 1,8 oy 0 50 diloolw 5 Jlald
oolitul azis o jsSde (LS uilul o Shes 5 (5ixe oS
Mousa et al., 2003; ) ol o Sgupe ;550 yolie 5y
lei=e (Zehtab-Salmasi et al., 2008; Maurya,1990
=5 5 b (Mentha piperita L.) lals gl 50 Jol=o o
Y0) s9,0Wgm (LS 53 0,558 Ve) Soymannl yolic
OESe )3 p56lS 10 (pitwsSe 9 (GBS j0 oS okS
83,5 SIS 1y ool 3,8kes lis 5SS 035 Gl
Ob3eE IS oL (59, sladdllas ,o .(Heidari et al., 2008)
e «S9, «x2] (sdre 3, yolie < (Borago officinalis) b
SSP 5 w959, (lul 595 2 st BB ST K
6L bLs,l e sS6 (Yadegari, 2012) wsls oLS
S5 g CoeS 2 Sy, ypaie g peellS usedlS 1 )sSe

49/f4

9, 9 15,5500 @8 b el 536 .0 5 (sdgels
FRRV-P)

slaasss 5l (Satureja bachtiarica Bunge) ¢ ,Lssw o0
Yo L YeassS onl bls el cud ol 55 050 s lasl
SLadilo olssS (5L, 5 los scapzr oasli Ly fio il
5 il gl s 5 Sllezil o g obsS slaS S L es S
Oygmo dn S st 5 iz gl leadss o b S
s il el oy, WIS 13 a5l Job 5 et
Sl g Jloe ez bl adox 515 Glnl 058 bl 5o
.(Mozaffarian, 2008) ..l

@ ) oy 5l 093 (dome lagls po il plie
S oolatnl 0008 g 0uiiS Sgacas «jollals alS e
Slee 4 i b o LBy o5, (Pirbalouti, 2009)
Sl s olS ol cpuioran 09, 00 IS 4 0ailS Sgacas
(Moeina et al., 2012) col Sls! sl 5 sllas
5 005 b SlaS 5 ool polie Jolis (gl o) 50 il
Elyl ol oimen 5 o) oV eS|l cud
Sefidkon & Jamzad, ) <ol gy 5 o555 5 oy Ssige
J3515,5 es iz 0350 uilol odes 3 ol LS 5 (2000
adb o (LAONE) Jgess g (LVYAIY) s 5 -l ¢ (LFFIA)
(Babadi et al., 2012)

LaS aie ) slosss glsil 5l ol o8 slog B
G Gl Sl g 9l (G e (ol lalS el 4y
S ols (B s Gisr ied il i polis Gl
GalS (S slepgsyse ol ol iz Gl pae
dedlse il 53 Caaglio al33l 5 auoms sl s ke 53l
m 50 Oljee QLS 3 Shes 5 08, 9 e i o
(Shalan, 2005; Karthikeyan ssi oo jlaub (s5,0liS sla
bl 8 Shas g ytiwgid dgupn el o pimen €t al., 2009)
; Richter Copta ; et al., 2006 ; et al., 2005) wss —
=S w3l (Avato & Morone-Fortunato, 2008
o @lgSes = slaat, blis ;5 2l )sSee laads,
= (P yolie oy 4 polie JUil g Jled Qi alauly
etal., 2003) s5is o olou) o g (59, ¢ paumd diile S e
s 1y 2950 plalS i) s 4 ol 950 ails .(Phir
S92 = |y bt td Blpo SdST g adgi aSh wiS (e
Ghorbanpour et al., 2014; Hatami & ) o_isu
= ey SRS 5 b akal) o (Ghorbanpour, 2016
oaly s aladss ¢ gyl lals Luilul coaS ¢ CoweS
L (Mentha arvensis L.) sl )l LS zils a5 ol


http://dx.doi.org/10.61186/nbr.11.1.48
https://system.khu.ac.ir/nbr/article-1-3644-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-10 ]

[ DOI: 10.61186/nbr.11.1.48 ]

Nova Biologica Reperta 11(1): 48-61 (2024)

oLea 5 AL-lahham bs) & S 50 05250 ool 5 55,
2 ol et 5 (Sapd gla Sy w85 bl 2007)
aty, il ol bojless ceul ond osysl ) oyled Jeax
S gw) wall 5 psigallS geolS 155980 2,08 L Lales
S S s 78 Jled Jlesl sl 0g (15,5500 7B
S Y e 5 ad 005 LS blE b5, SBcals
(Kapoor et al., oz aslsl ks o S« 7,6 4 asel
LS Sige bl bbolals 4 blas Jlsl ;) ae 2004)
053 gl @S 4z b 55,0 L oSy AL sl
P S AT Y LG, 9 ¢ Djge 4 SL
(Moghaddam et ) <85 & 50 ,b G aiin g0 Sloj Jolsd
i alosl Laglals ailjs, s8¢ sialesl obL G al., 2015
Ve asals an capgh) v, B GlalS 5o 5l 5550 O Hlade
Otalojl o )T Lol g alone oly5 cdylb a0 Ae b
PNV C O U VOWRS| IRV I O K A P P IR VT
SIS laasls o wins akad alsh e 5 obLE (JolS
5elS olRiws leolazwl b o S Sis 5l s g oads kil
Sl o Slilgw b pScashb) 5 Wad 605 (Wl
SlaS 5 o0 b dewbee uilul Jlade e 20905 sl
5 GC laolKiws alwy @ daslllas 5,50 slodiges ;o il
235 ool GC-MS

e 9 @8 G 485 Do (S yen SLST 6l
Glomus 15,550 7,8 b (5,L50 o) 50 00l zeili sloais,
S5 Dlakad 4y e § Do Al 295 4 lazl caledonium
ol g Gled gy L e iad 00l (B (6 e
C9Swg, S 5 3 & el S, (Philips & Hayman,1970)
502 g3l el 5l g ooy (il lg a3 ol (oo
Ll Y¥ (55,9 SPSS 158l 15 5l oolisal Ly Lol Iy (095
Ol (slaials aiz y503] Alws 4 Lo Siloo dunlio g 285
LB O yg0 oy B sl mhaw o

OF ) FI-FA ) o)lad ) b o iy psle 45 Csi sloazily

Gtz ol 1A ] oaid ﬁlzd‘ Sladlas 5 Lz 0] 50 (il
Sl 5 g el ggime p Jale g0 ol SISN pwy @
JolS (28 al> o 55 (55L5 05 50 IS (glaas L s il

Loy 9 dlge

Glomus 65 7,8 )""l‘ ECSS ST Y

olal sl g 003l 1 (59, ik Jsle 4 CAledonium
uiabeyl G «(Satureja bachtiarica Bunge) s Lisw o 4
LS5 aw b ol JolS slacSsl mob B s Slals
gyl s 5o @ly oS (5 S5 8 AL VYA Lo e
Y wljy, lawgin sles slylo oolaiwl 5,90 allS 0l alol
el jd g o5 cile a0 VO Al 5 ol 5 Sl ax o
o oi a5 sl Ly 5 ad 4 oledol i oIS 5,
DA by el Ceeny S50 5l el B Nl
oz 5l oolitul Syp0 S Slewd 5 Suipd sla S
G 4 s Sol o8l b n SB cdl o Selu
;0 «SpH (Bauder & Gee, 1986) o sl (s yog,040
Joe) e PH olKiiws S @ ol 4 S oS5 4 iy o)las
& @ ojlac o S0 colas 4 (Thomas, 1996) (AYY
YO sles jo mwcoloa olfiws SaS 4 ol 4 SB S
5950 (Rhoades, 1996) ui (s ,.50 kil wl 5 il ax 0
poaigel Sliwl sy 4 pald mely 5 S (39, @ oS
SpSoslas SaS 4 and (Klut, 1986) ai (5,50l
5 Olsen (g, 4 o 5 ot PH g Voo o s Sl S
GrSolal i il bg, 4 g (gilelax (1954) S
sl SssemlinnST by & S oS (s pSoill a
(e i s 3aslasl (Nelson &  Somers,1996) o

Sl Jlael 51 L (lailxdS casS o ooliswl 050 S oliowissSo jud Slaseie ) Jgior
Table 1. Physicochemical characteristics of soil used in greenhouse cultivation before treatment

Sail (%) | (%) | (%) | pH EC N@) | OM]| @pm) | Kppm)| Fe Zn
Texture Sand | Silt | Clay (@ds.m) ) epm) | pEpm)
Clay- 15 35 40 | 7.2 0.75 0.13 1.3 14 390 1.6 0.42

Loamy

0O.M: Organic Matter; Ec: Electrical Conductivity
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Table 2. Number and type of Satureja bachtiarica essential oil compounds in control plants and the plants treated with

mycorrhiza & zinc chelate

Treatments Number and Diterpene Sesquiterpene | Monoterpene Total
percentage of
compounds
control Number 4 7 12 23
Percent 15.04 8.39 71.22 94.65
mycorrhiza Number 3 5 8 16
Percent 30.27 8.57 59.65 98.49
Zn 2 (g/L) Number 1 3 7 11
Percent 0.48 5.55 83.33 90.36
Zn 4 (g/L) Number 1 5 7 13
Percent 0.5 5.33 86.37 92.2
Zn 8 (g/L) Number 6 5 6 17
Percent 89.53 5.92 89.53 95.96
Slpossee 8 L plbls ady; guwjee ol oy bl ©laS 55 g (gg5oxo

2 Gl Sy Gl am as) Sldd cagSallS yegeslS
50 a8 ab ags byl 5l g polai g wia sualive gy, Sue
el 00 00)51 \ Jim

51/6)

aals HlalS o oad cdsliv uilul OloS 5 g4 g Slows

al> o 55 (55, 5 1950 B L ool jlas (g i 0550
oobyly 3ms Cawl oad 03,9l ¥ oojled Jgax ,o  palS
9 1550 Jled g (55l o) 0 bl aslllas 550 Slao

w‘ 03 ob)ﬁi Y o)Lo..iB Jj..\? 5o (_.;‘5)&.))15


http://dx.doi.org/10.61186/nbr.11.1.48
https://system.khu.ac.ir/nbr/article-1-3644-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-10 ]

[ DOI: 10.61186/nbr.11.1.48 ]

Nova Biologica Reperta 11(1): 48-61 (2024)

OFTYFV-FA ) o)lods ) ale o iy pole o Csi glaazily

'

XV +) 5 )kisu o0 4t 0 Glomus caledonium z ) aguw ;o gl pgas =Y S

Figure 1. Spore image in Glomus caledonium strain of Satureja bachtiarica root (x10)
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Table 3. Variance analysis of the evaluated traits in Satureja bachtiarica under mycorrhiza inoculation and zinc chelate treatment

S9N g 15580 ot S (kB 0550 00l bl Slho il lg 4528 s Y Jgus

Mean Squares

Source of daf | _
Variation 25 | ~ o < o © ~ © > S = S 2 S 3 g = 2 3
8
Replication | 2 | 1.86 | 0.009 | 8.126 | 0.005 | 147.34 | 0.008 | 0.013 | 0.005 | 0123 | 0000 | 0000 | 7.026 | 1314 | 0028 | 0006 | 0062 | 0363 | 0098 | 30.808 | 0.756
mycorthiza | 1 | 163" | 0017" | 2.176" | 0.007" | 5440" | 0.015° | 0.026* | 0.003" | 0224° | 0.000° | 0.000° | 7521" | 1635 | 0.047 | 0013" | 0.004" | 0513 | 0087 | 18575" | 0.775"
Zn 3 | 2397 | 0008 | 29.245° | 0.036 | 158.72° | 0958 | 0.034" | 0.003" | 0.017" | 0.040° | 12.834" | 0006" | 4.926° | 0.28 | 0007 | 0069" | 0316° | 0.147 | 9.612" | 0958
Error 8 | 587 | 0005 | 8570 | 0002 | 23748 | 0218 | 0007 | 0007 | 0.003 | 0000 | 0000 | 1114 | 0.264 | 0003 | 0043 | 0022 | 0045 | 0028 | 6199 | 0.464
CV(%) - 0.32 2.24 1.89 1.70 0.67 15 2.1 0.53 0.67 0.54 0.48 0.64 1.2 0.97 0.8 1.7 0.54 0.76 1.3 22

n, *: Non — significantly difference and significantly difference at the 5% probability levels, respectively.

0,0 0 Jleol e )0 lo pae Sgls g lo gire Dglds S i 5 4y g N

S9N g ys8ee sland o (65lB 0 p0 0il o)) Dlao uily)ls 4 s Y Jgaz aaldl
Continued table 3. Variance analysis of the evaluated traits in Satureja bachtiarica under mycorrhiza inoculation and zinc chelate treatment

Mean Squares

Source of df

.. o — N (22} <

Variation N 3\ 3\ N N
Replication 2 0.002 21 74.582 0.009 0.031
mycorrhiza 1 0.003" 22.677* 6.765" 0.001" 0.001"
Zn 3 0.000*" 4.815" | 219.241* | 0.002" 0.071"
Error 8 0.001 21 176.447 0.005 0.001

CV(%) - 0.68 0.84 0.80 0.94 1.1

0,0 0 Jleiol s jo lo poe gl g lo gire Sglds 098 5 4y g N
n, *: Non — significantly difference and significantly difference at the 5% probability levels, respectively.

L2 sl eyl ¥ i e it g AN Syl (5 painbos, Tyl ooolidsn S ecipini 5 Jpiin s ~WT e Jio 60 F Pl X010 g il (a0l T ccymys (o i 9 (U P i s ol 5 4 FF 5 ¥ Y ) LS5 0 las
et aeSTo Lo 15 s sl o ~Ly wlial s S5 )18 J,STs,1S e Jgond +Jsis0 sl el iyl oy - Lol oL LaST o o

Compounds number 1, 2, 3, ..., and 24, respectively, include:Selina-6-en-4-ol, Beta-Gurjunene, Biformene, a-Cadinene, Androst-5-en-3-one, 4,4-dimethyl, Alpha-terpineol, Tretinoin, B-Caryophyllene, Isoaromadendren

epoxide, 1,3,8-p-Menthatriene, Citral, 3-Carene, z-3-Ocimene, Beta-cymol=Benzene, 1-methyl-4-(1-methylethyl, Octyl phthalate, Gamma-Terpinen, Sabinene hydrate, Linalool, Borneol, Thymol, Carvacrol, Carvacryl acetate,
Beta- Bisabolene and Caryophyllene oxide.
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Table 4. Comparison of the mean of the evaluated traits of Satureja bachtiarica essential oil under the influence of mycorrhiza and different levels of zinc chelate.

Khamushi et al. The effect of inoculation with mycorrhizal fungus Glomus caledonium and zinc chelate

S9N 5 15,6500 7B L il 56

S5, Cilisie mahaw ¢ 15,9500 il cow Satureja bachtiarica Lo o), Guwlel b, 0,50 Slio sl Sils dunslio . F Jou

|52 5 g0l

Fertilizer

' et s @ JU =] — = > @ _ _ > —_
treatments | © 5 g 2 5 BhTZE .8 S 5 S w S 5 £ =
23 &2 g S SSggl 88 5 o2 | 5§ E £ >eg g 2
D > = T el B e < , K= = =
control
0.05+0.008a | 0.05+0.009a | 0.09+0.016a | 0.0040.00a | 0.0620.001a | 0.10£0.09b | 0.30+0.06b | 6.61+0.01a 5.2+0.76a 1.13+0.029b | 8.17+0.52a 1.13+057b | 2.12+0.96a
mycorrhiza
0.00+ 0.00a é) ggga 0.17+£0.019a | 0.00£0.00a | 0.00£0.00a | 0.00£0.00a | 0.16+0.07a | 4.45:0.00a | 0.12+0.30b 157+0.00b | 537+0.87b | 105:0.22b | 2.83+0.65a
Zn 2 (g/L) 0.00£0.00a 0.00£0.00a | 0.00+0.00a | 0.00£0.00a | 0.00+0.00a | 0.00£0.00a | 0.00+0.00a 0.000.00a 0.00£0.00a
0.51+0.00b 7.35£0.64a 8.23+0.40a 453+ 0.10b
Zn 4 (g/L) 0.00£0.00a | 0.00+0.00a 0.00+0.00a | 0.00£0.00a | 0.00+0.00a 0.000.00a 0.000.00a
0.17+0.01b 0.18+0.01b 0.28+0.00b | 3.44+0.36ab 8.25+0.01a 4,60+0.23a
Zn 8 (g/L) 0.00£0.00a | 0.00£0.00a 0.00£0.00a | 0.00£0.00a | 0.00+0.00a 0.000.00a
0.23% 0.00b 0.21+0.01c 0.3120.01b | 3.72+0.01ab 8.27+0.0la | 0.00£0.016a | 4.86+0.12b
Fertilizer —
E® g &8 ® = _ kS s 2 S 5 5 o S
treatments %g = °'°-§ @ 5 5 a-g &2 58 E = 3 g g g & g ®
o ™ = = S < < o .2
2B =T ‘—TE'E (@) 0’)8 '80) qua 8%_09 8.& IE 83 8;% c'ﬁm%
control
0.12:0.00b | 0.00:0.008a | 0.21+0.03¢ 0'1911)0'013 0.67:0.13b | 0.00:0.004a 15'043'0'065‘ 044:0.00b | 400:0.07a | 50.7120.00bc | 04+0.097d | 0.43+0.05ab
mycorrhiza 0.00+0.00a
0.00£0.00a | 257+0.42a | 0.00£0.00a | 0.00£0.00a | 0.03£0.00la | 24.94+0.00a | 0.130.00b 4.4+0.00a 45.4620.05c | 0.00+0.00a 0.19+0.06a
Zn 2 (g/L)
0.000.00a 0.00£0.00a | 04+000c | 0.00£0.00a | 0.1+0.01a 0.00£0.00a | 0.48+0.00b | 0.00+0.00a 43+00la | 62.73x0.00ab | 0.22+0.03b 0.51+0.00b
Zn 4 (g/L)
0.21+0.07bc 0.16£0.01a | 2.26:0.00b | 0.00£0.00a | 0.00£0.00a | 0.00+0.00a | 050£0.00b | 0.000.00a 435+0.02a | 67.39£0.00a | 0.27+0.03bc | 0.52+0.01bc
Zn 8 (g/L)
0.24+0.00¢ 0.00£0.00a | 2.35:0.00b | 0.00£0.00a | 0.00£0.00a | 0.00+0.00a | 051+0.00b | 0.000.00a 4.40£0.02a | 70.32¢0.00a | 0.31+0.03c 0.47+0.01b

In each coloumn means followed by at least a common letter, are not significantly different at 5% probability level.
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