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Abstract

Introduction: Peppermint (Mentha piperita L.) from the Lamiaceae family is one of the most widely
used medicinal plants. In addition to therapeutic effects, it is used as a flavoring in the production of
various foods and medicinal products. Drought stress is one of the most important factors in yield loss
and production of field crops, horticulture, and herbs in the world. Several

agronomic and physiological strategies have been implemented to mitigate the negative effects of
drought stress and increase plant tolerance to it. Utilizing organic fertilizers is one of the realistic and
promising strategies for increasing crop yields under stressful conditions. Few studies have examined
the use of these substances as stress modulators in medicinal plants. Humic acid as an organic acid
and ascorbate as a powerful antioxidant can be effective to improve the yield in water stress conditions.
Therefore, this research was conducted with the aim of investigating the effect of foliar spraying of
ascorbic acid and humic acid on some morpho-physiological traits of peppermint under drought stress
conditions.

Materials and Methods: In order to evaluate adjusting drought stress by using humic acid and
ascorbic acid in peppermint, factorial experiment in a completely randomized design with three
replications was conducted. Experimental treatments included drought stress (control and drought
stress), humic acid and ascorbic acid (0, 2 and 4 g/l humic acid, 2 and 4 g/l ascorbic acid and 2 g/l
humic acid and ascorbic acid). After two month, plant height, leaf number, dry weight of shoot,
relative water content (RWC), proline, electrolyte leakage (EL), antocianine, leaf area, chlorophyll a,
chlorophyll b, carotenoid, malondialdehyde (MDA), K and P were measured. The obtained data were
analyzed using Minitab statistical software. Mean comparisons were conducted using Duncan's
multiple range test at a significance level of 5%.

Results and Discussion: The results of the analysis of variance showed that the interaction effect of
drought stress and stress modifier was significant for the characteristics of plant height, the number of
leaves, chlorophyll a, malondialdehyde and proline. The results showed that drought stress caused a
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significant decrease in the growth characteristics, plant height, the number of leaves, chlorophyll a
and increased malondialdehyde and proline and the application humic acid and ascorbic acid could
compensation this damage. The results of the analysis of variance indicated the effect of drought stress
and stress modifier was significant for Chlorophyll b, carotenoid, shoot dry weight, P and K,
anthocyanin. Chlorophyll b, carotenoid, shoot dry weight, P and K in drought stress were less than
control and application of humic acid and the application of ascorbic acid increased these traits. Also,
drought stress increased anthocyanin. Also, the results showed that only drought stress effect was
significant for leaf area, electrolyte leakage and relative water content. Drought stress conditions
increased electrolyte leakage and leaf area and relative water content also decreased under drought
stress.

Conclusion: The results of this study showed that the increase in drought stress causes changes in the
physiological and morphological traits of peppermint plant. Based on the results obtained in this
experiment, it can be stated that although drought stress has negative effects on the physiological and
morphological traits of peppermint plant but by using drought stress modifiers (humic acid and
ascorbic acid) we can reduce the effects of drought stress on this plant.
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AxB 5 0<00000000™* 9.47™ 2.25" 673.45 "
J5 sl
24 0<00000000 0.483 0.617 8452.32
Total error
(1) St a2
- 6.8 6.58 7.39 19.51

Coefficient variable (%)
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Figure 5- Interaction of drought stress and stress modifier on chlorophyll a
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H1: 2 g/l humic acid, H2: 4 g/l humic acid, Al: 2 g/l ascorbic acid, A2: 4 g/l ascorbic acid, A1H1: 2 g/l humic acid and 2 g/l ascorbic acid
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Figure 7- Effect of stress modifier on chlorophyll b and carotenoid
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H1: 2 g/l humic acid, H2: 4 g/l humic acid, A1: 2 g/l ascorbic acid, A2: 4 g/l ascorbic acid, A1H1: 2 g/l humic acid and 2 g/l ascorbic acid
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Table 2- VVariance analysis of drought stress and stress modifier on photosynthetic pigments

i 2l ol ax 50 a Judg 5 b Jdgsls duigidg,ls
Source of variables Degree freedom chlorophyll a chlorophyll b carotenoid
A) Sz s - - -

1 0.558 0.276 0.039

drought stress (A)
(B) a5 odims Cihss

o 5 0.029™ 0.011™ 51.19"
stress modifier (B)

AxB 5 0.008™ 0.0005"* 2.25

J5 sl
24 0.002 0.001 0.617

Total error

(1) Sl ps g po

- 291 3.19 7.39

Coefficient variable (%)
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Figure 10- Interaction of drought stress and stress modifier on malondialdehyde
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H1: 2 g/l humic acid, H2: 4 g/l humic acid, Al: 2 g/l ascorbic acid, A2: 4 g/l ascorbic acid, A1H1: 2 g/l humic acid and 2 g/l ascorbic acid
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Figure 11- Interaction of drought stress and stress modifier on proline
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H1: 2 g/l humic acid, H2: 4 g/l humic acid, Al: 2 g/l ascorbic acid, A2: 4 g/l ascorbic acid, A1H1: 2 g/l humic acid and 2 g/l ascorbic acid
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Table 3- VVariance analysis of drought stress and stress modifier on physiological traits

@il Ay o O (glgsme

Prec _ olbwgil e oy il el aall (g2 gl
. Degree relative water . . .
Source of variables anthocyanin  proline electrolyte leakage malondialdehyde
freedom content
A) Sies s
5731.7" 0.007™ 0.621™ 273.79™ 0.001"¢
drought stress (A)
(B) (i oaims Caiss
. 21.63" 0.009™ 0.025™ 20.18" 0.032™
stress modifier (B)
AxB 5 16.12"° 0.0001"* 0.0094™ 5.32"* 0.024™
J5 sl
24 0.002 0.002 0.003 10.59 0.003
Total error
(1) Sl ps g po
- 20.32 20.32 22.8 30.86 18.15

Coefficient variable (%)
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H1: 2 g/l humic acid, H2: 4 g/l humic acid, Al: 2 g/l ascorbic acid, A2: 4 g/l ascorbic acid, A1H1: 2 g/l humic acid and 2 g/l ascorbic acid
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Figure 14- Effect of stress modifier on K and P
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H1: 2 g/l humic acid, H2: 4 g/l humic acid, Al: 2 g/l ascorbic acid, A2: 4 g/l ascorbic acid, ALH1: 2 g/l humic acid and 2 g/l ascorbic acid
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Table 4- VVariance analysis of drought stress and stress modifier on P and K

i b oll azy0 Uiy s
Source of variables Degree freedom K P
(A) e a e
e 1 0.731" 0.003"
drought stress (A)
(B) Lt osims s
. 5 0.045™ 0.001™
stress modifier (B)
AxB 5 0.001"s 0.000006"*
I gl
24 0.003 0.00001
Total error
(1) Olyuis oy
- . - 2.94 211
Coefficient variable (%)
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