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ABSTRACT

The present study was conducted to investigate the effect of salicylic acid and zinc applications on
physiological, growth and menthol properties of peppermint (Mentha piperital.) under water stress
conditions in 2019 at Varamin as a split plot factorial arrangement in a randomized complete block design
with three replications. The experiment consisted of three factors, including water stress based on
evaporation from Class A evaporation pan (50, 70 and 90 mm evaporation from Class A pan) as main
plots and salicylic acid foliar application at two levels of 0 and 1 mM and zinc spraying at 0, 2 and 4 g/L
in the sub plots. The highest amount of catalase (1.24 Units/mg proteins) was obtained under the
application of 4 g Zn per L with salicylic acid and 50 mm evaporation from evaporation pan at. At all
levels of drought stress, salicylic acid and zinc sulfate applications increased the catalase content. The
main and interaction effects of all treatments except the interaction effects of salicylic acid on ascorbate

eroxidase were significant. The results showed that the highest amount of ascorbate peroxidase (1.63

nits/mg protein) was obtained in the treatment of 4 g Zn/L with salicylic acid and in the 90 ml
evaporation treatment the evaporation pan. The lowest value (0.53 Units/mg protein) was obtained in the
zero zinc and salicylic acid treatments at 50 mm evaporation from the evaporation pan. Zinc sulfate and
salicylic acid consumption can be effective in the enzymes activity enhancement, especially catalase,
where the highest catalase activity (1.24 unit/ mg protein? was obtained in 4 g zinc per liter with salicylic
acid and 50 ml evaporation in the evaporation pan, as well as increasing the amount of menthol, which is
highly used in the pharmaceutical industry.
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Figure 1. Long term temperature and rainfall diagram in VVaramin.
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Table 1. Variance analysis (mean squares) of water deficit stress, zinc sulfate and salicylic acid effects on various traits of peppermint.

Relative Water Content Dry
Sov DF Superomde_dlsmutase- Catalase Ascorbate Total Menthol Blol_oglcal Steming Flowering Maturity Steming Flowerin Maturity
peroxidase peroxidase ascorbate yield g
19988.8n

Replication 2 21.16ns 0.004ns 0.046ns 0.062ns 212ns  203600.7ns 40920 20.74ns  12.96ns  512.3ns s 54610.3ns
Main error 4 14.28 0.002 0.036 0.053 050 3142.4 4.139 541 33.33 405.1 9724.2 23340.0
Zinc ? 17.88ns 0,453 0.860%* 0130ns  59.28%% 1950137+ 89.823**  1040.7**  2407.7**  9587.0**  31280.1*  354802.0**
Zinc x Stress 4 24.67ns 0.069** 0.259** 0.109ns  0.73ns 92003+  12836ns - 87AITT 5759 2887.4%*  52163ns  31310.1%
itcriejs x Salicylic ) 8.601S 0.004ns 0.018ns 0062ns 1568+  osoges  2328ns  65.98%%  39.04ns  2028ns 212800 5250.6ns
Zinc x Salicylic
g 2 15.37ns 0.080%* 0.054* 0.008ns  253ns  12088.2ns  0007MS  1943ns - 143ns 604.1%  243Ins  44269.0"*
Stress x Zinc x -
Salicylic Acid 4 16.56ns 0,013 0.057* 0007ns  054ns  27595ns  0:3%6ns 16.35ns o L1ins 632.7 5418.Ins  3691.3ns
Error 30 6.44 0.003 0.014 0.030 1.94 3075.0ns 9.056 9.86 13.00 160.9 4219.6 61203

cV - 45 8.7 7.9 10.4 65 12.4 73 65 10.3 125 8.7 6.3

Lld s Dl pae g o) SO g iy g [0 o e s 4y HSB***

*, ** and ns: significant at 5% and 1% of probability levels and non significant, respectively.
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Table 2. Mean comparison of the effects of water deficit stress and foliar application of zinc sulfate and
salicylic acid treatment on various traits of peppermint.

Superoxide Total Relative Water Dry matter
Treatment Dosage dismutase-peroxidase ascorbate C;Q:ﬁmgat at flowering
M tei (mM/mg 1
(mM mg protein) orotein) % (kg ha®)
water stress (mm evaporation from 50 24.83b 180 50.28 424.7a
evaporation pan) 70 26.07ab 1.92 46.1b 426.7a
90 28.29a 1.90 40.3c 394.1b
0 25.41 1.80c 43.5¢c 376.9
Zinc sulfate (g LY) 2 27.00 1.87b 45.6b 448.7
4 26.78 1.95a 47.4a 419.9
L 0 25.63b 1.79 44.7b 395.1
Salicyl d (mM
alicylic acid (mM) 1 27.17a 1.95 46.4a 435.3

SIS el bl gylel Bl 1S i B S JBlas glls slareSile «iales] bS5l Sy e sl s e o

O R O IR (PSP L e
Means with the same letters in the same column are not significantly different based on Duncan test at 5% of probability level.
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Figure 2. Interaction effects of water stress, salicylic acid and zinc sulfate on peppermint catalase
(columns with the same letters are not significantly different based on Duncan test at the 5% of
probability level).
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Figure 3. Interaction effects of water stress, salicylic acid and zinc sulfate on Peppermint ascorbate
peroxidase (columns with the same letters are not significantly different based on Duncan test at the 5%
of probability level).
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Figure 5. Interaction effects of drought stress and zinc sulfate on peppermint biological yield (columns
with the same letters are not significantly different based on Duncan test at the 5% of probability level).
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Figure 6. Interaction effects of drought stress and zinc sulfate on peppermint water content at flowering

stage (columns with the same letters are not significantly different based on Duncan test at the 5% of
probability level).
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Figure 7. Interaction effects of drought stress and salicylic acid on peppermint water content at flowering
stage (columns with the same letters are not significantly different based on Duncan test at the 5% of
probability level).
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Figure 8. Interaction effects of drought stress and zinc sulfate on peppermint water content at flowering

stage (columns with the same letters are not significantly different based on Duncan test at the 5% of
probability level).
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Figure 9. Interaction effects of drought stress, salicylic acid and zinc sulfate on peppermint ascorbate
peroxidase (columns with the same letters are not significantly different based on Duncan test at the 5%
of probability level).
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Figure 10. Interaction effects of drought stress and and zinc sulfate on peppermint water content at
flowering dry matter (columns with the same letters are not significantly different based on Duncan test at
the 5% of probability level).
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Figure 11. Interaction effects of drought stress and and zinc sulfate on relative water content of

peppermint at flowering stage (columns with the same letters are not significantly different based on
Duncan test at the 5% of probability level).
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