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Accepted: Licorice (Glycyrrhiza glabra L.) is an important medicinal plant as it
X\Zrif:blzé ggﬁie: accumulates active ingredients, glycyrrhizin and liquiritin, in its roots. In
June 25, 2023 the present study, mycorrhizal fungus inoculation (no inoculation and

inoculation with Funneliformis mosseae) and gibberellic acid (GA)
priming (no priming and priming with 1000 mg L) effects on growth,
photosynthesis, and different characteristics of licorice root under
different water regimes (100% of field capacity (FC), 65% FC, and 30%
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Hormone, irrigation levels, only the application of 30% FC led to a significant decrease in the
regime, licorice, root shoot morphological characteristics, leaf chlorophyll content (SPAD),
yield, symbiotic fungus, | shoot dry weight, transpiration rate, net photosynthesis rate, and root
water productivity. length. While the application of 65% FC not only showed no significant

decrease in most of the mentioned characteristics compared with 100%
FC but also improved the photosynthesis parameters. Priming with GA at
the 30% FC led to an improvement in photosynthetic water use efficiency
compared to no pre-treatment. Also, GA increased plant height and root
length, especially in combination with mycorrhizal inoculation.
Inoculation with mycorrhiza improved chlorophyll content, shoot dry
weight, and photosynthesis rate. Also, inoculation with mycorrhiza under
100% FC and 30% FC improved photosynthesis and photosynthetic water
use efficiency. Inoculation with mycorrhiza also under 100% irrigation,
and the integrated application of mycorrhiza inoculation and GA priming
in 60% FC caused a significant increase in leaf area, root volume, root
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yield, and agricultural water use efficiency. Such results can be used in
. developing and promoting licorice cultivation based on water availability.

1.  Introduction

Licorice (Glycyrrhiza glabra L.), Fabaceae family, is an important medicinal plant as it accumulates active
ingredients, glycyrrhizin and liquiritin, in its roots. This drought-tolerant native crop grows well under harsh
environments and shows excellent adaptation potential in desert areas.

Abiotic stress such as drought is one of the major environmental factors affecting the survival rate and
inhibits plant growth and development rendering a drastic decline in crop yield (Liu et al., 2022). To some
extent, pretreatment with gibberellic acid (GA) has been reported to enhance licorice early growth (Ghanbari
etal., 2021) and the plants' tolerance capability (Ulfat et al., 2017). Arbuscular mycorrhizal (AM) symbiosis
could also potentially alleviates harmful consequences of drought stress in plants through different
mechanisms (Hao et al., 2019; Xie et al., 2018).

2. Materials and Methods

In the present study, mycorrhizal inoculation (no inoculation and inoculation with Funneliformis mosseae)
and gibberellic acid (GA) pretreatment (no pretreatment and pretreatment with 1000 mg L-1) effects on
growth, photosynthesis, and different characteristics of licorice root under different water regimes (normal;
100% of field capacity (FC), moderately limited irrigation; 65% FC and severely limited irrigation; 30% FC)
were investigated.

Before harvesting, different photosynthesis parameters were measured in 2 leaves of each plant using a
portable photosynthesis system (LCi-T, ADC BioScientific LTD., UK) and the photosynthetic water use
efficiency (WUEP) was calculated. Then the plants of each pot were completely harvested and plant height,
leaf area, shoot dry weight, root volume, and root yield were evaluated.

3. Results

The results showed that among different irrigation levels, only the application of 30% FC led to a significant
decrease in the shoot morphological characteristics, leaf chlorophyll content (SPAD), shoot dry weight,
transpiration rate, net photosynthesis rate, and root length. While the application of moderately limited
irrigation not only showed no significant decrease in most of the mentioned characteristics compared with
100% FC but also improved the photosynthesis parameters. Pre-treatment with GA at the severely limited
irrigation led to an improvement in photosynthetic water use efficiency compared to no pre-treatment. Also,
GA increased plant height and root length, especially in combination with AM inoculation. Inoculation with
AM improved chlorophyll content, shoot dry weight, and photosynthesis rate. Also, inoculation with AM
under normal irrigation and severely limited irrigation improved photosynthesis and photosynthetic water
use efficiency. Inoculation with AM also under normal irrigation conditions and the integrated application
of AM inoculation and GA pretreatment in moderately limited irrigation conditions caused a significant
increase in leaf area, root volume, root yield, and agricultural water use efficiency.

4.  Discussion and Conclusion

It seems that the effective roles of GA and AM in improving the plant's growth under water deficit conditions
are related to the role of each treatment in improving photosynthesis and leaf area. For example, it has been
reported that the application of GA has improved the early growth of seedlings, the number of leaves, the
number of compound leaves, and the leaf area of licorice plants compared to the untreated plants (Ghanbari
et al., 2021). AM-inoculation has been reported to improve photosynthesis and growth of licorice under
drought stress (Akhzari, 2015; Hao et al., 2019; Xie et al., 2018). The positive effect of integrated treatment
of AM and GA in limited irrigation, in addition to the above-mentioned reasons, can be due to increasing
root length and root volume which in turn leads to more root yield.

From the obtained results it can be concluded that seeds pretreatment with GA and AM-inoculation might
be used as possible practices to improve the growth and production of licorice in water-limited conditions.
Field studies should test the effectiveness of different sustainable strategies in combination with proper water
management in promoting licorice cultivation in arid and semi-arid regions.
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Investigation of Photosynthesis, Growth, and Water Use Efficiency of
Licorice (Glycyrrhiza glabra L.) Plant Affected by Gibberellic Acid
Priming and Mycorrhiza Inoculation under Water-Limited Conditions

Ali Asghar Zarrin-Torang?, Gholamreza Khajoei-Nejad? and Jalal Ghanbari®

Abstract

Licorice (Glycyrrhiza glabra L.) is an important medicinal plant as it accumulates active ingredients,
glycyrrhizin and liquiritin, in its roots. In the present study, mycorrhizal fungus inoculation (no
inoculation and inoculation with Funneliformis mosseae) and gibberellic acid (GA) priming (no priming
and priming with 1000 mg L-1) effects on growth, photosynthesis, and different characteristics of
licorice root under different water regimes (100% of field capacity (FC), 65% FC, and 30% FC) were
investigated. The results showed that among different irrigation levels, only the application of 30% FC
led to a significant decrease in the shoot morphological characteristics, leaf chlorophyll content (SPAD),
shoot dry weight, transpiration rate, net photosynthesis rate, and root length. While the application of
65% FC not only showed no significant decrease in most of the mentioned characteristics compared
with 100% FC but also improved the photosynthesis parameters. Priming with GA at the 30% FC led to
an improvement in photosynthetic water use efficiency compared to no pre-treatment. Also, GA
increased plant height and root length, especially in combination with mycorrhizal inoculation.
Inoculation with mycorrhiza improved chlorophyll content, shoot dry weight, and photosynthesis rate.
Also, inoculation with mycorrhiza under 100% FC and 30% FC improved photosynthesis and
photosynthetic water use efficiency. Inoculation with mycorrhiza also under 100% irrigation, and the
integrated application of mycorrhiza inoculation and GA priming in 60% FC caused a significant
increase in leaf area, root volume, root yield, and agricultural water use efficiency. Such results can be
used in developing and promoting licorice cultivation based on water availability.

Keywords: Hormone, irrigation regime, licorice, root yield, symbiotic fungus, water productivity.
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