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Abstract

Background and objectives: Garden thyme (Thymus vulgaris L.) is recognized as one of
the most important essential oil-producing and medicinal plants worldwide, and the use of
biological fertilizers in its cultivation is considered vital for achieving sustainable agriculture
and producing safe medicinal products. Among the key chemical constituents in thyme are
phenolic acids, terpenoids, and flavonoids, which are widely used in the treatment of diseases
such as diabetes, Alzheimer’s disease, and cardiovascular disorders. This experiment aimed to
examine the effect of the synchronic application of mycorrhizae, important ecological
symbionts that receive carbon and lipids from the host plant and, in return, enhance water
uptake and the absorption of rare mineral nutrients, and foliar spraying of wood vinegar on
selected quantitative and qualitative traits and nutrient elements of garden thyme shoots.

Methodology: To investigate the effect of the combined application of mycorrhiza and
wood vinegar foliar spraying on the quantitative and qualitative properties and nutrient content
of thyme shoots, a factorial experiment was conducted in a randomized complete block design
with three replications at the research farms of Takestan University from 2021 to 2023. The
experimental factors included mycorrhiza treatments (control, seed and soil inoculation with
G. mosseae, G. etunicatum, and G. intraradices) and wood vinegar treatments (control and
foliar spraying at 5, 10, and 15 mg/L). Dry matter yield (determined using a scale with 0.01 g
precision), essential oil percentage, chlorophyll index, carotenoid content, flavonoid percentage,
phenolic compounds, anthocyanin content, and nitrogen, phosphorus, and potassium
concentrations in the shoots were measured. All data were analyzed using SAS software
(version 9.1.3), and mean comparisons were performed using the least significant difference
(LSD) test at the 5% probability level.

Results: The findings indicated that the synchronic use of mycorrhizal fungi and wood
vinegar significantly enhanced dry matter yield, essential oil percentage, carotenoid content,
nitrogen, phosphorus, and potassium concentrations, anthocyanin levels, phenolic compounds,
flavonoid percentage, and chlorophyll index of garden thyme relative to the control. Moreover,
the application of mycorrhiza, particularly the species G. mosseae, resulted in notable
improvements in most evaluated traits. In addition, the combined application of 10% wood
vinegar and G. mosseae produced the highest quantitative and qualitative attributes of garden
thyme. The inoculation treatment with G. mosseae, combined with 10% wood vinegar,
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produced the greatest concentrations of phosphorus and potassium in the shoots, representing
increases of 133% and 231%, respectively, compared to the control. Furthermore, this combined
treatment yielded the highest anthocyanin, phenolic compound content, and flavonoid
percentage, with increases of 140%, 97%, and 107%, respectively, over the control.
Conclusion: Overall, it can be concluded that, in alignment with the principles of sustainable
agriculture, the synchronic use of mycorrhizal fungi, especially G. mosseae, together with foliar
application of 10 mg/L wood vinegar, constitutes an effective approach for achieving maximum
quantitative and qualitative yield in garden thyme. This strategy not only enhances essential
agronomic and biochemical traits but also reduces reliance on chemical fertilizers, thereby
contributing to the production of healthier and more environmentally sustainable plant products.
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Table 1. Average temperature and rainfall for the crop years 2021-2022 and 2022-2023
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Table 2. Some chemical characteristics of field soil (depth 0-30 cm)

Sand  Silt Clay
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Table 3- Characteristics of wood vinegar used in the experiment
Organic Organic Humic Fulvic Acetic Amino N
Brand name matter carbon acid acid acid acid pH C/N (%)
(%) (%) (%) (%) (%) (%) >
Farah bakhsh wood 14.48 6.58 3.85 3.50 1.33 0.28 275 17 0.39
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Table 4. ANOVA of wood vinegar and mycorrhiza effect on some quantitative and qualitative characteristics of Thymus vulgaris

S.0.v D.f Dry matter yield Essential oil Chiorophyll Carotenoids Flavonoids Phenolic Anthocyani N P K
T B Y y index compounds ns (Shoot) (Shoot) (Shoot)
Year (Y) 1 638471.26™ 0.33™ 0.0003™ 1.47 0.018™ 0.009™ 0.0001"™ 1.53™ 14.26"™ 27.22™
Replication (R) 2 282465.82" 1.32" 0.004™ 5.18" 0.016™ 0.014™ 0.001™ 68.08™ 432.44™ 4063.14™
RxY 2 4228.63™ 0.041"™ 0.0005™ 0.18™ 0.010™ 0.005™ 0.001™ 49.56™ 114.72"™ 1141.48"
Wood vinegar (S) 2 350862.76" 9.022™ 0.008™ 10.69" 0.164™ 0.108™ 0.004™ 211.10™ 3451.44™ 101301.19"
Mycorrhiza (M) 3 635752.45™ 1.961" 0.009™ 5.53" 0.190™ 0.060"™ 0.005™ 176.56™ 5131.03™ 99095.07™
SxM 6 13960.14™ 0.132"™ 0.001" 0.50"™ 0.006™ 0.007™ 0.0003" 7.85™ 160.44™ 2250.94™
SxY 2 37688.73" 0.105™ 0.0004" 1.21” 0.008™ 0.002"™ 0.0009™ 3.89" 51.32" 516.26™
MxY 3 1421.92"™ 0.120™ 0.0001™ 0.12" 0.005" 0.007™ 0.0001"™ 5.52" 11.09™ 825.74™
SxMxY 6 8758.80™ 0.049™ 0.0006™ 0.27™ 0.004™ 0.002" 0.0001"™ 5.29™ 26.90™ 351.85™
Experimental error 44 12436.11 0.087 0.0004 0.29 0.001 0.001 0.0001 4.50 44.63 403.47
C.V. (%) 451 14.23 7.58 10.24 6.76 7.61 14.91 18.19 11.74 8.73

n.s., *, and **: non-significant, significant at 5, and 1% probability levels, respectively.
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Table 5. Means comparison of some Thymus vulgaris characteristics affected by year, wood vinegar, and

mycorrhiza
Dry matter yield Essential oil Carotenoids N (Shoot
Level of treatment y _1y 1 ( 1 )
(kg.ha™) (%) (mg.g~ F.W.) (kg.h™)
1 2549.98° 2.02° 5.14° 11.79%
Year b
2 2386.88 2.14% 5.39% 11.54%
Control 2388.63° 1.36° 4.45" 9.24°
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G. intraradices 2512.46" 1.87° 5.28" 11.86"
In each column, means for each treatment with common letters are in the same statistical group at 5% probability level (LSD test).
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Table 6. Means comparison of some Thymus vulgaris characteristics affected by wood vinegar x mycorrhiza

Phenolic P K

Chlorophyll Flavonoids Anthocyanins

. compounds - Shoot) (Shoot
Index %) (mggrwy  (M9STFW) G Gt

Control 0.22° 0.39° 0.30° 0.05° 31.84°  98.61°

Control G. mosseae 0.26% 0.572 0.38% 0.07% 58.42%  224.73%
G.etunicatum 0.26 0.48° 0.32" 0.05" 37.45°  137.02°

G. intraradices 0.27° 0.57° 0.36% 0.06° 47.11°  160.78"

Control 0.26 0.51¢ 0.40° 0.06° 44.25%  181.07¢

VVx‘fJeZi r G. mosseae 0.30° 0.77° 0.51° 0.10° 83.88%  345.87°
(% 0.5) G.etunicatum 0.27* 0.59° 0.43° 0.07™ 50.90°  232.26°
G. intraradices 0.30% 0.67° 0.37° 0.08° 67.33"  283.75°

Control 0.28" 0.59° 0.50° 0.08° 49.19°  201.55¢

V\’i\:]f;%i . G. mosseae 0.33? 0.81° 0.59 0.12 96.00°  411.34°
% 1) G.etunicatum 0.28" 0.63° 0.51° 0.07° 65.35°  282.11°
G. intraradices 0.28" 0.76° 0.41° 0.08° 73.89°  315.70°

Control 0.24° 0.47° 0.41° 0.05" 43.83"  156.57°

VVx‘fJeZi r G. mosseae 0.28° 0.64° 0.47° 0.09° 65.70°  268.01%
(% 1.5) G.etunicatum 0.25" 0.58° 0.37° 0.06" 4431°  178.73"
G. intraradices 0.26% 0.57° 0.32¢ 0.08 50.58"  199.78"

In each column, means with common letters are in the same statistical group at 5% probability level (LSD test).
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Figure 1. Means comparison of Thymus vulgaris anthocyanins content affected by wood vinegar x mycorrhiza
Means with common letters are in the same statistical group at 5% probability level (LSD test).
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