Research Article gy dllio
Nova Biologica Reperta 11(1): 48-61 (2024) ) poke 50 (gl glaaidly

. . OVF1)2Y) JIFA Slao ) olods V) >
Print ISSN: 2423-6330/0Online ISSN: 2476-7115 _
_ o oo5,lem oKty o La!
https://nbr.khu.ac.ir; Kharazmi University Press; DOI:

0330 ouilusl ST 9 CraS 2 (59 )M (Sl ok 9 13259500 7B b geili 3T
Jol5 pulS al> o o (Satureja bachtiarica Bunge) s Lz
T by > 315 aebls ¢! bgals oo
Tgailo (6 S baneed Jle (3901 35 10 ¢ 29,19 HLS 03,5 (219,00 (LS Giul,S ( JLEL pole aid ) byl (oalivh )15 ais gol il
Ol 2! cAog sl cdrng )l LIS cpgle oUSLAdNS ( ouilidh o 09,5 bl (3l ] cdrng f cdunogyl oSl
f.nejadhabibvash@urmia.ac.ir: &lsle Jghumo

S5y 2 Gl 3 5 A g BT e Glacile s (65,0 il sk 5 GlomUs caledonium 1,5 &8 b medls b () jslaie 4 oSz
20 ol 5 o818 @dly Slides alxdS o VWAA Jlo yo JlalS bl (Satureja bachtiarica Bunge) Lz oy Guilul @laS 5 g laie
oSns SaS 4y (65 puilel 28,5 bl JolS 2l al> e 3 lalS coslsy ab el LS5 an b Bolas JolS slacSsly )b B 5o deg )| 8
o951 31 ool b o pSilee avolio .cd 5 plol GC-MS § GC (sloolKins alwg 4 anllas 3,90 ladiges ;o uilol SLuS 5 4325 ¢ ol plosl zsglS
s ol L8105 (555 0 50 SIS (sl uilial 033 (55, o ine 3l porigallS GugeslS 1550 )8 b gl a5 sl i (Sl (slasals aiz
033k Sl S 51 (69,8 calizee aCale (ol 4L 38LE 0,5 b dmlie ;3 el 033 (55, (5l S0 cime 3l (69, L Sy Jsle
alS ol Olyoss cpl aus )5 aals HllS Julul digel 4 Cound Guilu] GLLS 5 s o 00l Jlasl (glojlend ¢ cpioron ais cdolive Sglis il
Oyen G131 525 5 15259500 b o el oL 5 SYES JiST 5 s olsee Gl 5 il JjSTolS 5 Jsiyse e il (kg 5oL oS 5
€3N b B slme 5 02563 5 IS e SLeS 5 IS ke sggenlsSas smized kb (55, SIS b ot ek Gl il 53 Jo Syl

Bl Gl 6 kB 00 ilul 3 (24 Ssie LS 5 Sl

o7 T b~ S S sles ;S (Ol IS Jo 15,5 (o ¢ Ly - solS slao3lg

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
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'Higher Education Center of Miandoab, Urmia University, Urmia, Iran,2"Department of Biology, Faculty of Science,
Urmia University, Urmia, Iran
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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 il 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.
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Table 1. Physicochemical characteristics of soil used in greenhouse cultivation before treatment

Soil %) | (%) | (%) | pH EC N (%) OM | ppm) | K@pm)| Fe Zn
Texture Sand | Silt | Clay @ds.mt P opM) | EpmM)
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
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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

Mean Squares

Source of af | _
Variation 35 | ~ ~ o < 0 o ~ w > = o S o 3 i 2 = = 2
4 ©
Replication | 2 | 1.86 | 0.009 | 8.126 | 0.005 | 147.34 | 0.008 | 0013 | 0.005 | 0123 | 0000 | 0.000 | 7.026 | 1314 | 0.028 | 0006 | 0062 | 0363 | 0098 | 30.808 | 0.756
mycorthiza | 1 | 163" | 0017 | 2.176° | 0.007" | 5440" | 0015" | 0026 | 0003 | 0224 | 0.000° | 0000° | 7521" | 1635" | 0047 | 0013 | 0.004° | 0513 | 0.087 | 18575" | 0.775"
Zn 3 | 239° | 0008" | 29245 | 0036 | 156.72 | 0958 | 0.034" | 0.003' | 0.017" | 0.040° | 12834" | 0006" | 4926 | 028 | 0.007" | 0.069" | 0.316' | 0.147 | 9.612° | 0.958°
Emor | 8 | 587 | 0005 | 8570 | 0002 | 23748 | 0218 | 0007 | 0.007 | 0.003 | 0000 | 0000 | 1114 | 0264 | 0003 | 0.043 | 0022 | 0045 | 0028 | 6.199 | 0.464
CV(%) | - | 032 | 224 | 189 | 170 | 067 | 15 | 21 | 053 | 067 | 054 | 048 | o064 | 12 | 097 | 08 17 | o054 | 076 13 22

By B Jlasl mhas jo jls gixe Dglds g o e Dglis 995 i 5 4y g N

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

Continued table 3. Variance analysis of the evaluated traits in Satureja bachtiarica under mycorrhiza inoculation and zinc chelate treatment

S9N g 15,5500 jlod Cod (55l 00 00l (D)l Slao il ly 5 @S Y Jga Akl

Mean Squares

Source of df -

Variation & o~ 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

W2, O Jleol mdaw jo o de Sgls g lo gime Dglas 09 5 4y ik g N
n, *: Non — significantly difference and significantly difference at the 5% probability levels, respectively.

L ol eyl ¥ i e it oy AN Syl paisbos, ol o obidsn LS eordpii 5 Jsitn s ~WT oo 60 F F. o X010 g ol (2005l ciymys (o i3 e JLF P s s ol i 4 TF 5 ¥ Y ) LS 5 0 las
it e STL0 )5 5 gl (o -l Bl S5, J9 S 198 e ()9 el liann inli g LS o VB8 ST ¢ J g

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, 3-Caryophyllene, Isoaromadendren

epoxide, 1,3,8-p-Menthatriene, Citral, 3-Carene, z-B-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.

9y Gilisie mohaw g 15,5500 b cou Satureja bachtiarica L o)y Guwilal b, 550 Slio sla Sl awslio . F Jso>

Fertilizer - c o 3 — > >
1 P ! = — < @ — _ —_—
treatments | 3 S 2 2 & R ! S s 52 S S s £ =
S5 & = S = 585 s S5 = >9 £ £ T S Sod s 2
T = =55 = .2 cLHcE|l 282 [ , 85 €< £ S Q&% 3=5
N o no o 0N o 3 O < ©OT| 2 [ O = wn £ — m O=o0o uw's o
control
0.05+0.008a | 0.05+0.009a | 0.09+0.016a | 0.00+0.00a | 0.06+0.00la | 0.10+0.09b | 0.30+0.06b | 6.61+0.01a 52+40.76a | 1.13+0.029b | 817+052a | 1.13+057b | 2.12+0.96a
mycorrhiza
0.00+ 0.00a ggg;a 0.17+0.019a | 0.00+0.00a | 0.00+0.00a | 0.00+0.00a | 0.16+007a | 4.45+0.00a | 0.12+0.30b | 157+#0.00b | 537+087b | 1.05+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 0.00+0.00a 0.00+0.00a
05140.00b | 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 0.00+0.00a 0.00+0.00a
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 0.00+0.00a
0.23+ 0.00b 0.21+0.01¢ 0.31+0.01b | 3.72+0.0lab 8.27+0.01a | 000+0.016a | 4.86+0.12b
Fertilizer -
EL 3 LS ® S _ = S @ = S S o S
treatments ST % S E o = = , £ &2 = E 3 3 s S = &3
O% 8_ (Y)CU% = IE e R $> SR < 5 £ S _ 8—8 522
28 co — =c (@) o O YO o m o Oc.co O = O©o° O NMm o
control
0.12:0.00b | 0.00+0.008a | 0.21+0.03¢ 0'1910'013 0.67+0.13b | 0.00:0.004a 15'04;50'063 044+0.00b | 400£0.07a | 50.71+0.00bc | 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 | 0.13+0.00b 44+000a | 4546+005c | 0.00+0.00a | 0.19+0.06a
Zn 2 (g/L)
0.00+0.00a 0.00+0.00a | 0.4#0.00c | 0.00+0.00a | 0.1%0.0la | 0.00+0.00a | 0.48+0.00b | 0.00+0.00a 43+00la | 62.73:t0.00ab | 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 | 0.00+0.00a | 4.35+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 | 0.00+0.00a | 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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