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Abstract

Background and Objective: Mycorrhizal fungi increase the availability of nutrients in the rhizosphere by producing a
wide network of hyphae, phosphatase enzymes, and organic acids. The presence of free amino acids available to the plant,
using wood vinegar, can reduce the need to produce these compounds in the plant to zero. The purpose of this study is to
investigate the effect of wood vinegar spraying and the use of three mycorrhizal species on the essential oil properties of
garden thyme.

Methods: A factorial experiment based on a randomized complete block design with three replications was conducted
over two growing seasons (2021-2023). The experimental factors included three species of mycorrhizal fungi (control,
seed and soil inoculation with Glomus mosseae, G. etunicatum and G. intraradices) and foliar application of wood vinegar
at four levels of control, 0.5, 1 and 1.5 %.The measured traits included essential oil percentage, dry matter yield, and
important essential oil compounds.

Results: The results showed that the percentage of essential oil was affected by inoculation with mycorrhiza. Foliar
spraying of wood vinegar 1% showed an increase of about 110% compared to the control. Except for a-terpinene and
borneol, the interaction of mycorrhiza and wood vinegar on other essential oil compounds was significant at the 1%
probability level and on cineole 1 and 8 at the 5% probability level. The inoculation of mycorrhiza G. mosseae and
spraying of wood vinegar 1% produced the highest amount of thymol and carvacrol, the most important compounds in
thyme essential oil are thymol and carvacrol. This treatment also produced the highest p-cymene and y-terpinene.
Conclusion: The results showed that the use of mycorrhiza, especially G. mosseae, and foliar spraying of 1% wood
vinegar can increase the quantity and quality of garden thyme.
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Table 5. The effect of wood vinegar and mycorrhiza treatments on some characteristics of thyme (7hymus vulgaris L.)

Jss, e WJJ—LJ oolol oy S osle s Shas s
(Borneol) (a-Terpinene) Essential oil Dry matter yield o
(4 @ ) (kg ha™) Treatments
2.274 0.754 1.36°¢ 2388.6 ¢ Control
LY
293¢ 1.10°¢ 2.03°b 2485.6° 0.5% Rl
Wood vinegar
3958 1412 2.842 2632.4* 1%
3.36° 1.23° 2.06° 2367.0 1.5%
2.81° 1.0° 2422 2400.5 © Control
451 132 2.22°b 2670.9 ¢ G. mosseae 5 55
2.35¢ 0.9¢ 1.77 2289.74 G.etunicatum Mycorrhiza
2.86° 1.1° 1.87¢ 2512.4% G. intraradices

Al 3w sl Ao 53 O Jlex| ehas 53 LSD O3l bl osline Gg o b la pSls o3 8 o 53 5 Ot a3

In each column and in each group, the means with different letters are significantly different based on LSD test at the 5% probability level.

B 5l a8 Lo gy e 5L 5 peenlsly 235 13 e
LS 513 s S 5 e 4 Gl (s 45 3 sl
s G. mosseae |5, S il Dl 5 S5 ss ol o
Aoys V/Fe sOFY islin bty ) g o s 23U sl
Wsls OLES T e o i
U T pad (I ) g 5 e e DS 5 2
G osSen b mdls A 5) dytw 5 Gl 5008 (e
Rl sl e Ao Y Csr &S LSLdske 5 mosseae
Vst 5 s 45 Dok il 0 s Sobes S S
o I o S e Ao 3 VLo ol pen 4 A
4> g L .AiS sdalin G intraradices s G.etunicatum Jals
O (b 52,8 5 el (Il o &S Al sdalin 7 J s 4
—dskee ol en A 5V st 5 Gl 508 5s 5 AL sl
oo &0 352 5 e 53 5 sz 4 s o ys 0/0 L
—d sl ol pen 4 J U 5 5 s 4 e do ) AL shs
G. s Getunicatum o S3\& (s &S o Aoy VO 3L

i edwliw intraradices

& S 4 el s 203 ) s S e 58
ez 3l QLA Al L s OA 5 VAA 5 e Al
32055 b el Jled 51 JpSs g 5 5T Sl o i
sl Ol sl s ys Ve 5 VYo (S Sa G mosseae
A ddstog 5 WD w2l S5 e 5l e
2 R DS aen s S oS S
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L Jod=) ws
5 Jpes sl Gulel 0 smpe DS S cn Fpee
CL“’ s (Mohammadi et al., 2020) dxwa Jj5 315,18
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Table 6. Interaction effect of wood vinegar and mycorrhiza treatments on some characteristics of thyme (Thymus vulgaris L.)

Py adcs Ses LS el JdsS1ls J e
Terpinolene Myrcene v-Terpinene p-Cymene Carvacrol Thymol
%) %) %) %) %) %)
0.12°¢ 1.05 " 3.16° 235¢ 1.914¢ 14.66 ¢ Control
0242 1232 4712 3.05b 5362 26.83 2 G. mosseae
Control
0.14¢ 1.05° 2.80°¢ 3.08 2.71°¢ 18.33 G.etunicatum
0.19° 1.11Y 3.0 3.51¢@ 3.550 16.0 b G. intraradices
0.20°¢ L.10°¢ 4.53b 2.70°¢ 2.16 ¢ 16.66 ¢ Control
0.32° 1.69 2 6.18° 478 ¢ 6.20° 32.00° G. mosseae Wood vinegar
0.23 b 1.40° 3.00¢ 2.88¢ 3.20°¢ 20.50 ¢ G.etunicatum 0.5%)
0.25° 1.66 2 4350 3950 5.40°b 23.66° G. intraradices
0.22°¢ 1.46 ¢ 5.48° 2.98 4 2.63 4 20.50 ¢ Control
0.51@ 2,150 7402 5.63° 8.532 42502 G. mosseae Wood vinegar
0.37° 1.63¢ 4.15¢ 3.63¢ 478¢ 26.66 ¢ G.etunicatum 1%)
0.41° 1.87°b 5.55b 4.95° 6.68° 32.830 G. intraradices
0.22°¢ 1.34¢ 5.11° 2.86°¢ 3.03 ¢ 18.16°¢ Control
0.43 @ 1952 6.61 2 5332 6.80 2 3833¢ G. mosseae Wood vinegar
0.32° 1.65°¢ 3.36¢ 321°¢ 425¢ 28.83 P G.etunicatum (1.5%)
0.36° 1.82° 4.58° 4430 5.73 b 27.16° G. intraradices

sl xe sl Ao 53 O Jlel mlawe ;3 LSD O3l polal p sline Gg - b Gl pSlis O gt 3

In each column, the means with different letters are significantly different based on LSD test at the 5% probability level.

i d‘g.b aalsl
Table 6. (continued)

Ao dgem b 3,8 ol g W e Jdsed
1,8-Cineole  Caryophyllene oxide [p-Pinene o-Pinene Limonene Linalool
(%) (%) %) (%) (%) (%)
0.82° 0.68 °© 0.78%  0.59°¢ 0.82 ¢ 0.88 © Control
1.252 1.682 1402 1452 0.382 1.682 G. mosseae
. Control
0.76 ¢ 1.03° 0.72° 0.70 ¢ 1.14¢ 1.35° G.etunicatum
1.03° 0.89° 0.81° 0.94 b 1.22° 1.29° G. intraradices
1.48b 121¢ 1.10¢  0.874 0.94 1.04 4 Control
2.10° 2.46° 203 227® 178 2.512 G. mosseae Wood vinegar
1.47% 1.56 121¢  132¢ 1.26¢ 1.51¢ G.etunicatum (0.5%)
1.65° 1.63° 1.52°b 1.54b 1.41°b 2.16° G. intraradices
1.96 ¢ 1.41°¢ 1309  1.05¢ 1.38°¢ 1.53°¢ Control
2.90 3.05° 235% 3032 2302 3.36° G. mosseae Wood vinegar
1.91°¢ 2.266° 144¢  161¢ 1.86° 2.23b G.etunicatum (1%)
2430 2.53°0 1.88° 2220 1.920 2.852 G. intraradices
1.75¢ 1.43 ¢ 1.40¢  0.97¢ 1.07 ¢ 1.31¢ Control
2.50 2 2.85% 2182  2.542 1.952 3.01°2 G. mosseae Wood vinegar
1.93 be 2.08° 138¢  1.57¢ 1.42°¢ 2210 G.etunicatum (1.5%)
2.25 2.47°% 1.70® 2.11°% 1.57°% 2.48° G. intraradices

AY
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In each column, the means with different letters are significantly different based on LSD test at the 5% probability level.
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