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Abstract

The response of Thymus vulgaris and Zataria multiflora to mycorrhiza fungus
inoculation (inoculation and non-inoculation with Funneliformis mosseae) at
different irrigation levels (irrigation 100% of field capacity (100% FC, control or
no stress); 75% FC (moderate stress); and 50% FC (severe stress); was
investigated in greenhouse conditions. The results showed that inoculation with
mycorrhiza led to improvement of root volume by 100%, root dry weight by
159%, shoot fresh and dry weight by 77% and 96%, and water use efficiency by
98% under 100% FC and in some cases under 75% FC. The results of evaluating
the mycorrhizal inoculation effect in different irrigation conditions, also showed
that the effectiveness of mycorrhizal inoculation decreased dramatically with
increase in stress intensity. Phosphorus (P) content of the shoot of T. vulgaris and
Z. multiflora decreased with drought stress application. In addition, mycorrhizae
inoculation increased root P content by 14% in T. vulgaris. In Z. multiflora,
inoculation with mycorrhizal improved P content by 63% compared with non-
inoculation under severe stress. While in T. vulgaris, root P uptake was improved
(170%) by mycorrhizal inoculation under normal and mild stress conditions,
mycorrhizal inoculation did not show the efficiency to improve P uptake under
severe stress condition. Meanwhile, in Z. multiflora, P uptake was improved by
75% and 215%, respectively in mycorrhizal inoculation under 75% and 50% FC.
This can be one of the most important reasons for reducing the shoot to root ratio
by mycorrhizal inoculation under severe stress conditions.
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1. Introduction
Thymus vulgaris (noun as thyme) and Zataria multiflora (noun as Avishan-e-Shirazi), members of the

Lamiaceae family, are valuable medicinal plants with unique medicinal properties (Tohidi et al., 2019;
Sajed et al., 2013).

Drought stress is a major abiotic stress that causes a significant decline in the plants' growth and yield
(Bardi and Malusa, 2012). Root microbial symbionts including arbuscular mycorrhizal fungi (AMF),
protect host plants from inhibitory and destructive effects of environmental stresses including drought,
by improving plant resistance by different mechanisms (Arpanahi and Feizian, 2019; Amani Machiani
etal., 2021; Ahanger et al., 2014).

The main objective of this work was to evaluate the effect of mycorrhizal inoculation under different
levels of drought stress on the growth, phosphorous nutrition, and biomass production of Thymus
vulgaris and Zataria multiflora.

2. Materials and Methods

In order to investigate the effect of mycorrhizae on the response of Thymus vulgaris and Zataria
multiflora to drought stress, a factorial experiment was conducted based on a completely randomized
design in greenhouse conditions during the 2022 year. Response of thyme plants to mycorrhiza fungus
inoculation (inoculation and non-inoculation with Funneliformis mosseae) at different irrigation levels
(irrigation 100% of field capacity (100% FC, control or no stress); 75% FC (moderate stress); and 50%
FC (severe stress); was investigated.

The plants of each pot were completely harvested and different root and shoot parameters including
root volume, root dry weight, plant height, shoot fresh and dry weight, shoot to root ratio, and root and
shoot phosphorus (P) content, P uptake, and P use efficiency and biomass production, and water use
efficiency were examined at the end of the experiment.

3. Results

The results showed that in most parameters measured in two types of thyme, inoculation with
mycorrhiza only under 100% FC and in some cases under 75% FC led to improvement of root volume,
root dry weight, shoot fresh and dry weight, and water use efficiency while, in severe drought stress
(50% FC), mycorrhiza inoculation showed no significant effect on the mentioned traits compared to
non-inoculation. The results of evaluating the mycorrhizal inoculation effect in different irrigation
conditions, also showed that the effectiveness of mycorrhizal inoculation decreased dramatically with
increase in stress intensity. The shoot to root ratio under normal conditions was not affected by
mycorrhiza inoculation, which shows that the plant showed a balanced distribution of photosynthetic
products between root and shoot under this condition. But under severe stress condition, mycorrhiza
inoculation reduced the shoot to root ratio compared with no inoculation. This shows that symbiosis
with mycorrhiza has a greater effect on increasing the root to shoot ratio under severe drought stress
conditions. Phosphorus (P) content of the shoot of T. vulgaris and Z. multiflora decreased with drought
stress application. In addition, mycorrhizae inoculation increased root P content in T. vulgaris. In Z.
multiflora, drought stress reduced the root P content in non-inoculated plants while P content was
improved significantly under severe stress and mycorrhizal inoculation. Shoot P uptake showed a
similar pattern to biomass production. Root P uptake showed a different pattern in T. vulgaris and Z.
multiflora. While in T. vulgaris, P uptake was improved by mycorrhizal inoculation under normal and
mild stress conditions, mycorrhizal inoculation did not showed the efficiency to improve P uptake under
severe stress condition. Meanwhile, in Z. multiflora, P uptake was improved by mycorrhizal inoculation
under 75 and 50% FC. This can be one of the most important reasons for reducing the shoot to root ratio
by mycorrhizal inoculation under severe stress conditions.
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4. Discussion and Conclusion

The results showed that the studied plants, to some extent, showed different responses to the
investigated treatments in different measured characteristics, which was due to their different
morphological characteristics.

In addition, inoculation with mycorrhiza in mild stress conditions showed a significant increase in
measured traits in many cases, and in some traits, it did not show a significant difference compared with
normal irrigation and no inoculation. On the other hand, these results show that studied species are
largely resistant to low irrigation conditions and can produce a significant yield in such conditions,
showing the significant potential of mycorrhiza fungus in improving yield in limited irrigation
conditions that can be used to improve the productivity of the studied plants.
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