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Table 1. Analysis of variance different levels of salinity on seed germination characteristics of licuorice.
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: Significant at probability levels of 1% and 5%, respectively, ns: non-significant, SOV: source of variance, df: * and **
degree of freedom, CV: coefficient of variation, GP: germination percentage, GR: germination rate, PL: plumule length, RL:
radicle length, PFW: plumule fresh weight, RFW: radicle fresh weight, PDW: plumule dry weight, RDW: radicle dry weight.
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Figure 1. Effect of salinity on percentage (A) and rate (B) of seed germination and plumule (C) and radicle

(D) lengths of liquorice seedlings. Different letters indicate significant differences at 5% probability level
according to Duncan'’s test.
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Table 2. Analysis of variance different levels of salinity on growth and biochemical characteristics of
licuorice at vegetative stage
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10.58 7.93 19.41 15.47 9.72 8.81 14.22
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* **and ***: Significant at probability levels of 1% , 5% and 0.1%, respectively SOV: source of variance, df: degree of
freedom, CV: coefficient of variation, SDW: shoot dry weight, RDW: root dry weight, RDW/SDW: root/shoot dry weight
ratio, MDA: malondialdehyde
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Figure 2. Effect of salinity on shoot dry weight (A), root dry weieght (B), root/shoot dry weight (C),
contents of malondialdehyde (D), protein (E) and phenolics(D) in liquorice. Different letters indicate
significant differences at 1% probability level according to Duncan’s test
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Table 3. Analysis of variance different levels of salinity on mineral concentration ratios and glycyrrhizic
acid (GA) concentration of licuorice at vegetative stage.
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Figure 3. Effect of salt stress on glycyrrhizic acid concentration in liquorice root. Different letters indicate
significant differences at 1% probability level according to Duncan's test.
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Figure 4. Effect of salinity on shoot K/Na (A), root K/Na (B), shoot Ca/Na (C), root Ca/Na (D), shoot

Mg/Na (E) and root Mg/Na (F) of liquorice. Different letters indicate significant differences at 1%
probability level according to Duncan’s test.
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The effect of salt stress on germination, growth and concentration of
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Abstract

The root of liquorice contains a large amount of glycyrrhizic acid which are known to have various
food, industrial, cosmetic and pharmaceutical applications. Regarding to spreading of salinity in arid
and semi-arid regions, to assay the tolerance levels of salinity in germination and vegetative stages and
the effect of salt stress on the concentration of glycyrrhizic acid in liquorice plant, an experiment
performed based on a randomized complete design with at least three replications. Salt stress applied
at four levels including 0, 100, 200 and 300 mM NacCl. Our results at the germination stage showed
that NaCl at 100 mM level caused a significant decrease in germination rate and percentage and the
length of primary root and hypocotyl were diminished. While 200 and 300 mM levels of NaCl
inhibited the germination. The results at vegetative stage showed that high salinity levels decrease the
root/shoot dry weight ratio, plant yield, protein content and the K/Na, Ca/Na, Mg/Na ratios of shoot
and root while the concentration of 300 mM NaCl caused a significant increase in root dry weight and
shoot malondialdehyde and total phenol content in comparison with control. Also, the high
concentrations of salinity increased the concentration of glycyrrhizic acid in roots. According to
measured results at germination and vegetative stages of liquorice plant, it can be concluded that salt
tolerance is a developmental stage specific phenomenon. Also, that cultivation of liquorice in saline
soils potentially could increase glycyrrhizic acid accumulation in liquorice roots.

Key words: Antioxidant compounds; Glycyrrhizic acid; lonic homeostasis; Liquorice;
Membrane stability; Salt stress
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