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Abstract

Introduction

Peppermint (Mentha piperita), an important medicinal plant belonging to the Lamiacea family, is
widely used for its essential oil in the food, pharmaceutical, cosmetics, baking, chewing gum,
soft drinks, and additive industries. However, peppermint is exposed to varouse abiotic stresses
drought during its growth period, particularly drought stress. Ecotypes of medicinal plants have
evolved diverse adaptive mechanisms to tolerate harsh environmental conditions, making
peppermint a valuable genetic resource for the development of drought-tolerant products in
water-limited regions. Given that arid and semi-arid climates dominate much of Iran, this study
was conducted to evaluate the effects of drought stress on the growth and biochemical
characteristics of peppermint and to identify the most drought-tolerant ecotypes

Materials and Methods

To evaluate drought tolerance in different peppermint (Mentha piperita L.) ecotypes, a pot
experiment was conducted as a factorial arrangement based on a completely randomized design
with three replications during the 2022 growing season. The experiment was carried out in the
research greenhouse of the Faculty of Agriculture, Ferdowsi University of Mashhad. The first
factor was drought stress at two levels: 70% field capacity (mild stress) and 50% field capacity
(severe stress). The second factor consisted of six peppermint ecotypes collected from different
regions of Iran: Mazandaran, Mahan (Kerman), Tabas, Sarakhs, Khash, and Qazvin. Plant
identification was performed at the Research Institute of Plant Sciences, Ferdowsi University of
Mashhad. Drought stress treatments were applied for two months, and morphological and
biochemical traits were measured at the flowering stage.
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Results and Discussion

The results indicated that the interaction effect of drought stress and ecotype was significant for
all measured traits. Increasing drought stress led to reductions in plant height, number of
branches, leaf length and width, number and length of inflorescences, stem diameter, leaf and
stem dry weight, photosynthetic pigment content (chlorophyll a, chlorophyll b, and total
chlorophyll), and relative water content of leaves across all ecotypes. The highest values for these
traits were observed under mild stress, whereas the lowest values occurred under severe stress.
The substantial reduction in soil moisture at 50% field capacity likely limited water and mineral
availability for the peppermint ecotypes, ultimately resulting in reduced growth. Under severe
drought stress, Mazandaran and Sarakhs ecotypes showed marked increases in antioxidant
activity (32% and 39.67%, respectively), carotenoid concentration (138% and 131%), total
phenol content (30.53% and 29.65%), and total flavonoid content (38.34% and 33.36%)
compared with mild stress conditions. Cluster analysis and biplot results grouped the drought-
tolerant ecotypes (Sarakhs and Mazandaran) into the same cluster, while the remaining ecotypes
(Mahan [Kerman], Tabas, Khash, and Qazvin) were classified as drought-sensitive. These
findings suggest that Sarakhs and Mazandaran ecotypes activated non-enzymatic antioxidant
defense mechanisms, leading to the accumulation of phenolic and flavonoid compounds and
enhanced antioxidant capacity, thereby mitigating oxidative damage under drought stress.
Furthermore, the grouping of ecotypes did not fully correspond to their geographical origins,
indicating that factors beyond climate such as genetic exchange, introduction of plant material,
and genetic erosion, also contribute to the observed diversity.

Conclusion

The effects of mild and severe drought stress on peppermint ecotypes indicated that Sarakhs and
Mazandaran ecotypes exhibit the highest adaptability under drought conditions. Their tolerance is
associated with increased phenolic compound accumulation, improved leaf water retention, and
reduced damage from ion leakage compared with other ecotypes. Therefore, Sarakhs and
Mazandaran ecotypes can be recommended as drought-tolerant genotypes and are suitable
candidates for further physiological and breeding studies.

Key words: Drought stress, Growth, Phenolic compounds, Photosynthetic pigments, Relative
water content
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Table 1. Physico-chemical properties of soil
Soil texture Clay (%) Silt (%) Sand (%) pH EC (dSm™Y)
Clay loam 41 30 29 7.9 1.2

KaS gid wd (Mentha piperita) il cbs Sbowies ! 50 (O 59led 590 Dlao il sl 4 25 - Jgue
Table 2. Analysis of variance for studied morphological traits in peppermint (Mentha piperita) ecotypes under drought stress

Mean squares

SNOAY Df Plant height ~ Number Number Leaf Leaf Infloresce Number Diameter Leaf dry Stem dry
of main of lateral length width  nce length of of the weight weight
branches branches flowers main stem

Drought 1 3098.77 20.25" 182.25™ 26.69" 8.14" 48.727 257.837 11.06 108.02" 47.217

Ecotype 5 389.57" 22717 49.91™ 497" 3.24" 64.64" 122.62™ 6.82" 57.76" 30.65"

DroughtxEcotype 5 82.84™ 6.26™ 431" 1.02™ 0.27" 2.93" 20.44™ 0.48™ 17.07™ 3.58™

Error 24 1.61 0.40 0.72 0.08 0.04 0.13 0.48 0.007 0.08 0.03

CV (%) 30.65 29 25.41 27.12 20.19 26.31 30.12 15.14 18.74 19.21

“Significant at 1% level of probability a5 &S Sl o 53 035 13 s

Sis pad oow (Mentha piperita) (Jad £l oo 5o (obewbign Olho il 5l 4 205 -1 Jue
Table 3. Analysis of variance for studied biochemical traits in peppermint (Mentha piperita) ecotypes under drought stress

Mean squares

S.0V Df .

Chlorophylla  Chlorophyll b Total Carotenoid Total Total_ Antioxidant Relative Electrolyte

chlorophyll phenol flavonoid L water
content content content activity Leakage
content content content content

Drought 1 55.74" 46.17" 203.39™ 16.54" 46.12" 82.18™ 8148.407  3574.64 3154.13"
Ecotype 5 476" 5.56" 18.11™ 0.36" 3.60" 6.80" 65.80" 103.54™ 92.01™
DroughtxEcotype 5 1.19 1.85 3.84 0.55 0.17 1.35 82.26 2.67 21.15
Error 24 0.09 0.34 0.31 0.12 0.05 0.31 2.22 5.88 6.26
CV (%) 1 28 26.64 23 27.23 17.07 19.83 20.63 24,55 23.06

Lo ys iy 5 SG Jlei! o 53 03 g sls an o5 4
™" Significant at 1 and 5% level of probability, respectively
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Table 4. Mean comparison for studied morphological traits in peppermint (Mentha piperita) ecotypes under drought stress

Drought Plant Number Number of Leaf Leaf Infloresce  Number  Diameter of Leaf dry Stem dry
stress Ecotype height of main branches length  width nce length of the main weight () weight (g)
(% FC) (cm) branches (cm) (cm) (cm) flowers stem (mm) ghtig gntig

Mazandaran 62.66° 9? 15° 4.25°  2.20° 122 19.332 3.23° 15.50% 9.64°
Mahan Kerman 642 5.33¢ o« 5P 2.58° 9.25° 14° 3.09¢ 3.31° 3.094
70 Tabas 38.66° 4.33¢ 12.33° 241%  1.02° 2.25 2.03¢" 1.78" 3.61° 1.81f
Sarkhs 51.33° 5.333 152 5.8b3a 3.16% 3.25: 10° 3.87': 5.41° 5.75?
Khash 39° 2.66 13 5 2.08° 5.16 6.33° 2.36 3.66° 1.91
Qazvin 44.33¢ 2.66° 5.66 550  3.33° 3.08° 5.16° 5.53% 3.79° 2.98¢
Mazandaran 33.66 & 9.33° 325" 158" 808 8.33 2.46" 5.35° 4.78°
Mahan Kerman 40.33¢ 2.16¢ 6.33°f 3169  1.41° 5.16¢ 5.33°f 2.01° 2.10% 1.47°
50 Tabas 26.66" 2.33¢ 6.66°" 1.91"  0.60 1.16° 1.06" 1.06! 1.20° 0.82i
Sarkhs 319 2.33¢ 9.33° 3.25¢  1.58¢ 1.66f° 4.66 2.86° 2.23¢ 2.30°
Khash 299 4.66° 7.66% 3.16°  0.91° 3.08° 2.33¢ 152! 1.70° 0.90"
Qazvin 29° 1.83¢ 3.66° 358" 258 1.87 1.919 3.31° 1.91% 1.169"

Wl Sl sima SV Ky de 3 0 Szl el 53 LSD 0 ga3T bl 1 0 gt a3 OS2 e oy

Non-similar letters in each column represent significant differences based on LSD test at 1% level.
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Table 5. Mean comparison for studied biochemical traits traits in peppermint (Mentha piperita) ecotypes under drought stress

Drought Ecotype Chlorophylla  Chlorophyll b Total Carotenoid  Total Total Antioxidant ~ Relative  Electrolyt
stress content content chlorophyll content phenol flavonoid activity water Leakage
(% FC) 1 1 content 1 1 content content
(mg-g FW) (mg-g F\N) (mg_g'1 F\N) (mg-g F\N) (mg-g FW) (mg,g'l FW) (%) (%) (%)
Mazandaran 7.61° 493 12.54° 1.19° 6.557" 9.52% 70.80¢ 61.33° 34.93°
Mahan 6.18° 5.01° 11.20° 1.40% 6.90° 7.15° 64.60° 52 34.05°
Kerman
70 Tabas 5.66" 447 10.13¢ 1.22¢ 757 6.88° 51.86' 49.66° 38.200°
Sarkhs 7.29° 7.63° 14.95° 1.21¢ 8.16° 9.20¢ 67.63° 60.17° 31.94
Khash 5.87° 4.86™ 10.74% 0.26° 6.23" 7.75° 58.30" 54.76° 37.92%
Qazvin 5.03° 3.93% 8.96° 1.20¢ 6.20" 8.81¢ 61.33° 53.13"% 40.38¢
Mazandaran 3.93°¢ 3.65% 8.14% 2.83 8.55% 13.17° 047 36.57° 54.23°
Mahan 3.25 2.89% 6.15° 2.00™ 8.86% 10.27™ 92.46% 36.42° 56.66%
Kerman
50 Tabas 2.549 2.85% 5.39¢ 2.48® 9.64° 10.16"™ 93.10% 31.831 55.21°
Sarkhs 4.04% 3.42° 7.46° 2.80° 10.58° 12.27° 94.46° 41.66° 45.22°
Khash 3.67% 2.18% 5.85¢ 2.51%® 9.10° 10.54° 89.83° 35.66°" 57.60°
Qazvin 3.65% 1.70" 5.359 2.00% 8.46% 11.03 91.23b° 29.33° 60.83°

Wl 3 e (e Koy o 53 &G Jlat el 55 LSD 0 505T bl 05w 2 55 & 2 b o5
Non-similar letters in each column represent significant differences based on LSD test at 1% level.
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Figure 1. Investigation of drought tolerance of different peppermint ecotypes using biplot analysis under
drought stress conditions (70 and 50% of field capacity).
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Figure 2. Dendrogram of cluster analysis in peppermint ecotypes based on traits measured under stress
conditions of 70 (A) and 50 (B) percent of field capacity.
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