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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.
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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
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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

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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