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Abstract
Background and objectives: Mentha longifolia L. belongs to the Mentha genus and the mint
family (Lamiaceae). This plant naturally grows in moist environments, such as riverbanks, and
its cultivation in fields and greenhouses requires high-quality water. Water and soil salinity are
among the most critical agricultural challenges in hot and arid regions. In such areas, soil salinity
and water scarcity are the primary factors that reduce the growth and yield of crops. Identifying
and utilizing ecotypes and cultivars resistant to salinity stress can help prevent production losses.
This study aims to investigate the effects of different water salinity levels on the morphological
and physiological traits of three wild brookmint ecotypes to identify the most salt-tolerant
ecotype.
Materials and Methods: This study was conducted using a completely randomized design in
factorial form with two factors at Ferdowsi University of Mashhad. The first factor was ecotype,
with three levels (E1: South Khorasan, E2: Lorestan, E3: Fars), and the second factor was salinity
stress, with four levels (0, 75, 100, and 150 mM sodium chloride). Salt stress treatments were
applied beginning at the four-leaf stage, and at the eight-leaf stage, morphological traits were
measured, including plant height, number of leaves, number of flowers, flower length, fresh and
dry leaf weights, and fresh and dry root weights. Physiological traits assessed included
chlorophyll a, chlorophyll b, total carotenoids, electrolyte leakage, total phenol content, total
flavonoid content, proline content, and total carbohydrate content. Data was analyzed using
Minitab 19 software.
Results: The results showed that the main effects of ecotype and salinity stress and their
interaction significantly influenced morphological traits such as plant height, root weight, and
root dry weight. The main effects of ecotype and salinity stress on leaf weight and leaf dry weight
were also significant. However, the main and interaction effects on traits such as number of
leaves, number of flowers, and flower length were not significant. Salinity stress significantly
reduced morphological traits in all ecotypes compared to the control, including plant height, leaf
weight, dry weight, root weight, and dry weight. Regarding physiological traits, the main effects
of ecotype and salinity stress, along with their interaction, significantly affected chlorophyll a,
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chlorophyll b, total chlorophyll, carotenoids, electrolyte leakage, total flavonoid content, and
proline content. The main effects of ecotype and salinity stress on total phenol content were
significant, while their effects and interactions on carbohydrate content were not significant.
Salinity stress led to a reduction in chlorophyll a, b, total chlorophyll, and carotenoids.
Conversely, this stress increased proline content, electrolyte leakage, and the levels of total phenol
and flavonoid compounds in the leaves compared to the control.

Conclusion: Based on the evaluation of the measured traits in the three wild brookmint ecotypes,
it was evident that these ecotypes responded differently to salinity stress. The results indicated
that the E1 ecotype (South Khorasan) was superior to the others in terms of the traits studied and
exhibited greater tolerance to salinity stress conditions.
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Table 1. ANOVA of salinity stress effects on some Mentha longifolia morphological traits

M.S.
S.O.V. d.f. Plant height Number of Number of Length of Shootfresh weight Shoot weight Root fresh weight Root dry weight
leaves flowers flowers
Ecotype (E) 2 176.083™ 1015.444m 85.027™ 0.084" 3040.19" 1217.17 1953.455™ 1994.685™
Salinity (S) 3 1668.102"™ 4793.065™ 87.583™ 0.416™ 37419.07™ 3242.774™ 9488.753™ 7714.417™
EXS 6 42.602™" 1359.926M 15.472™ 0.192m 223.72™ 57.652" 391.982" 183.283"
Experimental
error 24 5.444 1999.19 36.333 0.621 659.9 29.37 152.2 53.54
C.V. (%) 23.33 15.07 21.28 20.47 255 19.78 26.6 20.71
ns " and ™: non-significant, significant at 5, and 1% probability levels, respectively.

(Mentha longifolia) o5 45 K555 Slho S osd i3 b uilisls asms =Y Jsax
Table 2. ANOVA of salinity stress effects on some Mentha longifolia physiological traits

M.S.
Electrolyte Total phenolics Total .
Total . . Proline
S.O.V. df  Chlorophylla Chlorophyll b Carotenoids leakage content flavonoids . Carbohydrate
chlorophyll concentration
content
Ecotype (E) 2 32.839™ 35.838"™ 85.006™ 197552.7" 741.173" 0.054" 660.579™ 15.750" 0.006"™
Salinity (S) 3 67.805" 37.001™ 204.601™ 1552474.1™ 7392.783™ 0.345™ 3395.123™ 87.007" 0.019™
ExS 6 3.898" 9.737™ 9.892" 161644.6" 233.941" 0.011" 284.146" 9.726" 0.018™
Experimental 24 1.331 2.277 3.498 9383 92.55 0.014 104.23 3.812 0.021
error
C.V. (%) 11.47 9.64 13.98 8.94 18.94 9.98 12.21 10.86 16.80
s * and ™: non-significant, significant at 5, and 1% probability levels, respectively.
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Table 3. Means comparison of salinity stress x ecotype effects on some Mentha longifolia morphological traits

Ecotype Sa"r(]gﬁ)t ress Plar&rfrlgight Root fresh weight (g) Root dry weight (g)

Control 53.33° 135.232 103.572

El 75 45¢d 122,72 84.032
100 35¢f0 87.13% 55.13°

150 309" 74.48% 45.82

Control 63.67° 136.712 90.372

E2 75 410 76.76% 48.09b°
100 32fdh 71.86% 36.19bcd

150 25N 58.12¢ 27.46%

Control 51ke 133.15° 98.152

E3 75 38.33¢%f 74.83% 45,17b
100 289 69.14% 36.80d

150 18.67 45.464 16.46¢

In each column, means with common letters are in the same statistical group at 5% probability level (LSD test).
Ecotypes included Southern Khorasan (E1), Lorestan (E2), and Fars (E3).
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Table 3. Means comparison of salinity stress x ecotype effects on some Mentha longifolia physiological traits
Total

- . Proline
Salinity  Chloroph  Chlorophy Total . Electrolyt  Flavonoi .
Ec%typ Stress yll a 11 b (ug.ml" Chlorophyll(pg.m g?mtiﬂ_ol') e Leakage d content C:?Cf;:lr ""?{0
(MM)  (ngml?) B 1) He: (%) (mgg? W)
DW)
Control 9.26% 8.48% 17.752 750.70% 65.341 33.91« 2.67%
75 7.06" 8.05%¢ 15.11% 689.892b¢ 94.90%f 47.55% 4,230
El 100 6.01bcd 7.42%d 13.43% 491.55b¢d 117.58%¢ 63.06%¢ 8.14%
150 2.89 6.91%¢ 9.80 386.77¢" 145.252 58.72%¢ 13.842
Control 10.872 4.28v 15.15% 739.65% 68.41°% 38.25% 3.58%
75 5.95bkcd 3.90°¢ 9.85bkcd 478.59%¢ 78.66%9 48.79 5.16%
E2 100 3.18¢% 3.29cde 6.47¢de 278.84¢f 94,09 81.982 6.470¢
150 1.54¢ 2.24¢% 3.78¢% 176.43¢f 119.14¢be 77.64% 8.21%
Control 5.86bd 10.982 16.842 875.792 54.108 14.064 1.36°¢
75 3.73cde 6.64%¢ 10.36 416.51°f 98.32¢de 50.348abc 4,73
E3 100 1.07¢ 1.98¢ 3.05¢ 231.89¢%f 107.65° 78.26% 6.39b°
150 0.37¢ 1.97¢ 2.34¢ 134.23f 128.53% 47.24b¢ 7.31bc

In each column, means with common letters are in the same statistical group at 5% probability level (LSD test).
Ecotypes included Southern Khorasan (E1), Lorestan (E2), and Fars (E3).
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