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Abstract

Objective

The growth and yield of plants in the arid and semiarid areas are limited by salinity stress. In these
areas, salinity intensifies by high temperatures. Peppermint (Mentha piperita L.) is of great
economic importance in the most of world areas due to their valuable essential oils. This study
investigated the simultaneous effects of salinity and heat on rosmarinic acid production and
expression of three effective genes (C4H, HPPR, and RAS) in rosmarinic biosynthesis in
peppermint.

Materials and methods

The effect of two levels of salinity 60 and 120 mM of sodium chloride (irrigation water with

salinity of 10 Mm as control) and heat stress at 35°C (25°C as control) at three interval times (24,
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48 and 72 hours) after treatments were measured in a completely randomized design with three
replications.

Results

The results showed that salinity stress decreased the relative level of rosmarinic acid. The process
intensified over time so that it reached its lowest level at salinity of 60 mM at 72 hours. RAS
genes expression was significantly reduced under salinity of 120 mM and 60 mM under 25°C and
35 °C. Changes in the expression level of C4H in peppermint seedlings at the salinity levels of 60
mM and 120 mM at 25°C showed a significant increase (4.1 and 3.6 times respectively) at the
first 24 hours compared to control. The expression of HPPR gene in peppermint seedlings at 35 °
C increased 2.68, 1.79 and 2.55 times at 24, 48 and 72 hours, respectively, compared to the
control.

Conclusions

Simultaneous salinity and heat stress are a limitation factor for growing Mentha piperita L. These
factors had a negative effect on the biosynthesis of rosmarinic acid in this plant. Salinity and heat
stress decreased the expression of some genes and increased the expression of others in
peppermint.
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Figure 2. Interaction effects of salinity and heat stresses on the amounts of Rosmarinic acid

in peppermint seedling. Data averaged 3 replicates +SE. The same letters indicate no

significant difference at the level of P <0.05.

r2loyS 9 5y SIS Cod (Jald £ Uai ol 3 bayj ol el Slymd (uilylg 45 Y Jgaa

Table 3. Analysis of variance of the relative expression level of genes in peppermint under

salinity and heat stresses.

Means of square &l o wSilw df (515 as > Source of variation < yusi &sbe

RAS C4H HPPR
2.063™ 1.688™ 0.704™ 1 Temperature (A) () L
1.104™  1.604™ 0474 2 Salinity (B) (<) )9
1174 0590”  0.190” 2 Time (C)  (g) obs
0.2777 0.108™ 0.065" 4 Interaction AXBXC z x & X il

0.030 0.020 0.011 36 Error s
0.0016 0.0008 0.0005 CVI lyss s

I SR0 w9 Mo yd = g Mo )d S e 4 I3 Sre o i A9 NS g

** * ns, Significant at P<0.01, significant at P<0.05, non-significant respectively.
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Figure 3. Interaction effects of salinity and heat stresses on the C4H gene expression in
peppermint seedling. Data averaged 3 replicates +SE. The same letters indicate no

significant.
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Figure 4. Interaction effects of salinity and heat stresses on the HPPR gene expression in

peppermint seedling. Data averaged 3 replicates £SE. The same letters indicate no

significant.
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Figure 5. Interaction effects of salinity and heat stresses on the RAS gene expression in

peppermint seedling. Data averaged 3 replicates £+SE. The same letters indicate no

significant.
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