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Abstract

Introduction: Thyme (Thymus vulgaris L.) plant is one of the most important medicinal plants with
unique medicinal properties in Iran. In arid and semi-arid regions of the world, such as Iran, the level
of soil organic matter is usually very low. Therefore, maintaining and improving soil fertility is
essential to maintain soil health and agricultural sustainability. Plant nutrition is considered one of the
practical ways to improve the production and quality of medicinal and aromatic plants, which has
largely led to the improvement of production and quality in different plants. In order to support the
production of agricultural products and achieve global food security and with the aim of reducing the
negative effects on the environment, a lot of emphasis has been placed on the identification and
exploitation of alternative nutrient sources, such as organic and biological fertilizers. Vermicompost is
one of the most important organic fertilizers that increases the growth and production of various
plants, including medicinal plants. Also, biochar is a carbon-rich solid material that affects nutrient
availability, water storage, and cation exchange capacity. On the other hand, arbuscular mycorrhizal
fungi play an important role in the growth and productivity of the host plant by improving the
acquisition of nutrients and also affect the quality of plants.

Materials and Methods: Morphological traits (biomass peoduction, plant height, root weight and
volume), chlorophyll and carotenoid content and nitrogen and phosphorus uptake of thyme were
investigated in an experiment during two growing seasons (2019-2020 and 2020-2021). In this field
experiment, the effect of different nutritional treatments including control (without fertilizer),
vermicompost (12 tons per hectare), chemical fertilizer (100 kg nitrogen and 120 kg phosphorus per
hectare), combined treatment of 50% vermicompost and 50% Chemical fertilizer (6 tons per hectare of
vermicompost + 50 kg of nitrogen and 60 kg of phosphorus per hectare), combined treatment of 50%
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vermicompost and biochar (6 tons of vermicompost + 5 tons of biochar per hectare) and combined
treatment of 50% of chemical fertilizer and biochar (50 kg of nitrogen and 60 kg of phosphorus + 5
tons of biochar per hectare) that were applied to ploanting bed during two years were investigated. In
each fertilizer treatment, the planting bed was subjected to inoculation and non-inoculation with
arbuscular mycorrhizal fungus (Funneliformis mosseae).

Results and Discussion: the integrated treatment of vermicompost and biochar increased biomass
(57%), plant height (30%), root volume (58%), root dry weight (109%) and nitrogen uptake (65%)
compared to control. The highest amount of phosphorus uptake was obtained from the integrated
treatment of vermicompost and biochar in the second year of growth, which showed an increase of
113% compared to the control treatment of the same year. The integrated treatment of chemical
fertilizer and biochar caused an increase of 92% in the content of chlorophyll a and 64% in the content
of total chlorophyll (a + b), in both of them there was no significant difference with the treatment of
chemical fertilizer. All fertilizer treatments increased carotenoid content (10-18%) compared to the
control, but no significant difference was observed between fertilizer treatments. In general, the first
year showed higher chlorophyll a, a+b and carotenoid content than the second year. Except for
chlorophyll b and carotenoid, other studied traits were significantly affected by inoculation with
arbuscular mycorrhizal fungi.

Conclusion: All investigated traits except chlorophyll b and carotenoid were significantly affected by
inoculation with arbuscular mycorrhizal fungi. In general, fertilizer treatments were effective on
morphological characteristics, chlorophyll and carotenoid content, and nutrient uptake in thyme plants.
Among the fertilizer treatments, the integrated treatment of vermicompost and biochar had the greatest
effect on the studied traits.
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Table 3- Effects of different fertilizer treatments on Biomass, Plant height, Root volume and Root dry weight

N 009 S e, Ay S (339 Al y x>
699 b
Biomass Plant high Root dry weight Root volume
Fertilizer treatment @r/ m) (em) (@r) (em®)
sl d 16.18 108.34 + 2.62 ¢ 19.98 + d0.46 2.48 + d0.81572+
Control
)] 20.54 cd 117.94 + bc 3.47 22.78 + bc 0.58 3.45 c096.36+
Vermicompost
g+ CawgeeS (o059 a25.5169.98 + a4.3928.72+ al01519+ a9.05+1.12
biochar+Vermicompost
losd 355 b 21.01148.33 £ ab 3.08 25.91 + b 074384 bc1.037.29 +
Chemical fertilizer
s+ looed 555 c17.41131.15+ b 3.0124.84 + bc 0.68 3.67 + b 0.907.68 +
Biochar+Chemical fertilizer
oot 355+ CemgreS (a3 c18.47 126.17 + b 4.40 23.64 + c0.623.16+ c1.016.99 %
Chemical +Vermicompost
fertilizer
p-value <.0001 0.0019 <.0001 <.0001

1 0) o gme gkl glas JBlas ge3T bl lo e (6Ll B 0Bl (S i By (slyls (o lailinl glas £) sla Sl ¢ wyp S50 Lo ,o glp
2l e (LSD; P<

For each investigated trait, the averages (x standard error) with common letters have no statistically significant difference based on the
minimum statistically significant difference test (LSD; P<0.05).
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Table 4- The effect of mycorrhizal fungi on biomass production, plant height, root volume and root dry weight

13259650 229 St w) Ay ) SES (39 ala ) pxe>
XIPS
. Biomass Plant high Root dry weight Root volume
Mycorrhiza @rim?) (cm) (r) (cm?®)
cil pae 9752366125 205430%23 5860193 125164%6
Non-inoculated
ol 210.3065 *.141 239432*25 209.107 *4 4921667
Inoculated
p-value 0.0007 0.0111 <.0001 <.0001

Sglis JBlaz yge3] Lululys o cire (5 k] BT 0Bl (S jiie By y gl (0, lailinl slas £ . Sile) GloSilee (5t B 30 sy 050 Cuo Hb (glp
il se (LSD; P< +/40) o sxe

For each investigated trait, the averages (x standard error) with common letters have no statistically significant difference based on the
minimum statistically significant difference test (LSD; P<0.05).
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Table 5- Effect of different fertilizer treatments on chlorophyll and carotenoid content

&9 sl a Judg 5 ath Judy )5 Seigii g 5
Fertilizer treatment Chlorophyll a Chlorophyll a+b Carotenoid
©47.066 *1 ©63076*2 ©0.1402*1
Control
S (09 b71041%2 293064 *3 (91112
Vermicompost
> Cow
S Sz g0 b58044+2 279066 3 4021117
biochar+VVermicompost e
tlensd o5 ®76079*2 ® 02106 *4 2027118
Chemical fertilizer
>0+ oliond 055
TR T e + +
275019*3 205.153*4 a +
biochar+Chemical fertilizer 0.281.20
Leacds 095 + S
oot 355 1 SS9 b82051*2 b05169*3 4024113
chemical fertilizer+Vermicompost -
p-value <.0001 0.0004 0.0339

o glis JBlas yge3] (wlal s cme (g Lol GBS w8l (S5 jie gy (shls (0 luilinl slas E . S5he) (slanSils sy Oy50 Ciho ,o (Sl

sl s (LSD; P< +/-0)

For each investigated trait, the averages (+ standard error) with common letters have no statistically significant difference based on the

minimum statistically significant difference test (LSD; P<0.05).
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Table 6- The effect of mycorrhizal fungi on chlorophyll content

1325950 a by ks Judg 5 a+b
Mycorrhiza Chlorophyll a Chlorophyll a+b
C-°-14 5 pas
0.74b 2.36 + 0.9b 350+
Non-inoculated
s
a0.86 2.64 + all13394+
Inoculated
p-value 0.0095

o glis JBlas yge3] (ol jls cme (g Lol GBS 0Bl (S jie gy sl (0 luilinl slas F . S5he) (slanSils sy Oy50 Chho ,o (Sl

axib ge (LSD; P< +/-0)

For each investigated trait, the averages (+ standard error) with common letters have no statistically significant difference based on the

minimum statistically significant difference test (LSD; P<0.05).
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Table 7- Effect of year on chlorophyll and carotenoid content

Jue a Judg ks a+bh 35,15 Sdgidg S
Year Chlorophyll a Chlorophyll a+b Carotenoid
WWAA - vas 0.7322.90 % 0.95 a4.24+ 0.18a1.29+
2019-2020
AR B A b 0.68 2.10 + b 0.86 3.21 + b 0.150.98 +
2020-2021
p-value 0.0090 0.0210 0.0010

o glis JBlas ygej] wlol s jlo cme (g Lol M w8l oS fie gy shls (0 lailinl slas . Ske) (slanSils sy Dy50 b yo (gl

aib ge (LSD; P< -/-0)

For each investigated trait, the averages (+ standard error) with common letters have no statistically significant difference based on the

minimum statistically significant difference test (LSD; P<0.05).
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Figure 2- The effect of fertilizer treatments on nitrogen absorption. Means (mean + standard error) with common letters have no

statistically significant difference based on the minimum significant difference test (LSD; P<0.05). C: Witness; CF: chemical
fertilizer; CF+B: mixture of chemical fertilizer and biochar V: vermicompost; V+B: mixture of vermicompost and biochar
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Figure 3- The effect of mycorrhiza on nitrogen absorption. Means (mean + standard error) with common letters have no statistically

significant difference based on the minimum significant difference test (LSD; P<0.05). C: Witness; CF: chemical fertilizer; CF+B:
mixture of chemical fertilizer and biochar V: vermicompost; VV+B: mixture of vermicompost and biochar.
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Figure 4- The interaction effect of fertilizer and year treatments on phosphorus absorption. Means (mean + standard error) with
common letters have no statistically significant difference based on the minimum significant difference test (LSD; P<0.05). C:
Witness; CF: chemical fertilizer; CF+B: mixture of chemical fertilizer and biochar V: vermicompost; V+B: mixture of
vermicompost and biochar; -AM: no inoculation and +AM: inoculation with mycorrhizal fungi
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Figure 5- Interaction effect of mycorrhiza and sal on phosphorus absorption. Means (mean + standard error) with common letters

have no statistically significant difference based on the minimum significant difference test (LSD; P<0.05). -AM: no inoculation and
+AM: inoculation with mycorrhizal fungi
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