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Introduction

Peppermint (Mentha piperita L.) is an important medicinal plant from the Lamiaceae family, cultivated
worldwide for pharmaceutical, food, and cosmetic industries. Its essential oil, rich in menthol and menthone,
is among the most widely used essential oils. However, its cultivation in Iran is severely limited by water
scarcity and the plant's high sensitivity to drought stress due to its shallow root system. Drought stress
disrupts key physiological processes such as transpiration, photosynthesis, cell elongation, and enzymatic
activities, resulting in reduced vegetative growth and lower biomass production. Previous studies have
reported that water deficit decreases leaf area, fresh and dry weight, chlorophyll content, and essential oil
yield in aromatic plants. To mitigate these adverse effects, the use of plant growth regulators like salicylic
acid has gained attention as an effective and low-cost strategy. Salicylic acid is a phenolic compound and a
hormone like regulator that plays a key role in activating defense mechanisms against abiotic stresses,
including drought. It has been shown to improve nutrient uptake, enhance photosynthesis, and stimulate
secondary metabolite biosynthesis, especially essential oils, under water limited conditions. However,
comprehensive information on the optimal salicylic acid concentration and its interaction with different levels
of water deficit on morphophysiological and phytochemical traits of peppermint in Iran is still lacking.
Therefore, this study aimed to evaluate the effects of foliar salicylic acid application on growth parameters,
leaf relative water content, peroxidase activity, chlorophyll content, and essential oil percentage of peppermint
under various water deficit levels.

Materials and Methods

The experiment was conducted as a one-year greenhouse study during the 2014-2015 growing season at the
University of Zanjan. The factorial experiment followed a completely randomized design with three replications.
Treatments included three irrigation levels (100% as control, 75%, and 50% of field capacity) and three salicylic
acid concentrations (0 as control, 200, and 400 mg/L). Peppermint rhizomes were planted in plastic pots filled
with a 1:1:1 mixture of sand, animal manure, and garden soil. Greenhouse conditions were maintained at 25+3
°C (day) and 18+2 °C (night), with 60+5% relative humidity. Irrigation and foliar spraying treatments started on
20 April 2015 and continued for six weeks. Salicylic acid solutions were prepared using 96% ethanol and
distilled water, with 0.1% Tween 20 as a surfactant. Foliar sprays were performed three times at 14 day intervals
in the early morning. Plant height was measured from soil surface to the main stem tip at full flowering. Fresh
and dry weights were recorded immediately after harvest and after oven drying at 40 °C for 48 hours. Yield per
unit area was calculated based on pot cross sectional area. Chlorophyll content was determined by the Arnon
method using absorbance at 645 and 663 nm. Peroxidase activity was assayed by guaiacol oxidation at 436 nm,
expressed as U/mg protein. Relative water content was measured by the Yamasaki and Dillenburg method.
Essential oil was extracted by hydrodistillation using a Clevenger apparatus for three hours, and oil percentage
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was calculated per gram of dry sample. Data were analyzed by ANOVA using SAS 9.0, and means were
compared using Duncan's test at 5% probability.

Results and Discussion

Water deficit stress significantly reduced plant height, fresh and dry weight, yield per unit area, leaf relative
water content, chlorophyll, and essential oil percentage compared to the control. The greatest reductions were
observed under 50% field capacity. However, peroxidase activity increased significantly under drought,
indicating enhanced antioxidant defense. Foliar application of salicylic acid, particularly at 200 and 400 mg/L,
effectively alleviated the negative effects of stress on most traits. Plants treated with 200 mg/L salicylic acid
showed the highest growth parameters, while the 400 mg/L concentration was more effective in improving
physiological traits like peroxidase activity, relative water content, chlorophyll, and essential oil. Interactions
between irrigation and salicylic acid were significant only for peroxidase and relative water content, where 400
mg/L salicylic acid combined with 75% field capacity resulted in the highest enzyme activity and better leaf
water status. The beneficial effects of salicylic acid can be attributed to improved nutrient uptake, enhanced
chlorophyll synthesis, delayed senescence, and increased antioxidant enzyme activity. These findings align with
earlier reports on basil, marjoram, and thyme. The combination of moderate drought (75% FC) with 400 mg/L
salicylic acid was the most effective for enhancing essential oil content and quality, likely due to increased
secondary metabolite biosynthesis under mild stress.

Conclusions

Peppermint is highly sensitive to water deficit, leading to significant declines in growth, biomass, and
essential oil production. However, foliar application of salicylic acid at 200 mg/L can improve growth traits,
while 400 mg/L is more suitable for enhancing physiological responses and essential oil content under water
stress. The interaction of moderate drought (75% field capacity) with salicylic acid not only maintained
acceptable yields but also improved antioxidant activity and oil quality. This approach offers a practical and
cost effective strategy for sustainable peppermint cultivation in water limited regions. These results provide
valuable insights for managing medicinal plant production under deficit irrigation conditions.
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Table 1. Analysis of variance for morphophysiological and phytochemical traits of peppermint (Mentha
piperita L.) under the influence of drought stress and salicylic acid foliar application.

Leaf
Sources of Plant Fresh Dry . . . Total relative Essential
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content
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Error 18 50.8 164.76 592.5 676867.02  40660.90 0.00034 0.951 2.28 0.006
CV (%) - 14.6 17.1 11.7 13.8 115 8.8 14.4 9.1 12.45

ns: Non-significant *: Significant at the 5% probability level **: Significant at the 1% probability level
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Table 2. Mean comparison of morphophysiological and phytochemical traits of peppermint (Mentha piperita L.)
at different levels of drought stress (percentage of field capacity).

Irrigation Relative Total Peroxidase
9 Plant height  Fresh weight Dry Freshyield Dry yield water ~, Essential
level (%~ ) ©) weight (g) (kgha’) (kgha') content CMoroPhYll  (Ume™ = gprq )
o :
FC) (%) (mg g* FW)  protein)
100 53.99° 92.25°2 23.82 8287.0%  2105.45° 50.72 8572 0.23° 0.56°
75 41.18%® 72.56° 19.1° 6546.4°  1693.11° 48.1° 8.012 0.362 0.722
50 42.86° 59.60° 17.3° 5360.0°¢  1434.89° 46.1° 6.94° 0.352 0.61°

(5 32 255 ko) dml Sl (0L Jglono alisio gl 50 (AL glas anlllan 990 Slio (xSileo o Y Jgur

Table 3. Mean comparison of studied traits of peppermint (Mentha piperita L.) at different levels of salicylic acid foliar application (mg/L).

Salicylic ~ Plant

Relative Total Peroxidase

. . Shoot fresh  Shoot d Freshyield D ield Essential
a(‘r’r'l‘; IE\.'F)I h(ec'r?]r)‘t weight (0)  weight (9) (ke ha (ke ha) Con"tve"’:f'(r% | (CI::;O;E’IPE{’)\',') é‘rjo‘t'éfn') oil (%)
0 44.06° 70.13° 18.73° 6223.3°  1618.80° 49.00° 7.22° 0.272¢ 0.443°
200 55.09° 77.96° 21/752 7237.9%  1880.75° 47.06° 7.66% 0.296° 0.633°
400 46.86° 70.10° 19.82%  6732.1%  1733.90%  49.71% 8.65° 0.385° 0.816°

Means followed by the same letter within each column are not significantly different at the 5% probability level based on Duncan’s multiple
range test.
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