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Abstract

Introduction

Secondary metabolites have a complex structure which is produced by chemical bio-synthesis. Therefor,
they are mostly extracted from wild or cultivated plants. The essences are natural, complex and volatile
secondary metabolites which are mostly produced in medicinal and aromatic plants. Peppermint (Mentha
piperita L.), a hybrid from M. aquatica and M. spicata, is an herbaceous and perennial plant belonging to
Lamiaceae family. It is widely cultivated in temperate regions of Europe, Asia, America, India and
Mediterranean countries due to its commercial value and unique odor.

Materials and Methods

In order to investigate the influence of putrescine treatment at three levels including 0, 0.1 and 1 mM, and
salicylic acid treatment at three levels including 0, 0.1 and 1 mM, on the yield performance and essence
components of peppermint, a field factorial experiment was performed based on complete blocks design
with three replications at Research Station of Tabriz University during 2019. Peppermint seedling were
prepared from Agricultural Jihad Organization of Bostan Abad and cultivated at a distance of 30x30 cm.
Foliar application of salicylic acid and putrescine was carried out twice during vegetative stage of plants
(with one week interval). Harvesting and bio-chemical assessments were done at stage of 25 % flowering.
The essential oil of peppermint was assessed to identify its main components.

Results and Discussion

The results of the current study showed that the average yield of essential oil in plants treated with 1 mM
salicylic acid was significantly increased compared to the control. A total of 24 compounds were identified
in the essential oil of peppermint aerial parts. The main components of the essential oil were included
menthone, menthol, L-menthol and 1,8-cineole. Menthone and menthol constituted 26.14 and 23.21 % of
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essential oil, respectively. Different concentrations of salicylic acid and putrescine increased the production
rate of menthone, menthol, I-menthol and methyl acetate compounds in the essential oil compared to the
control. The concentration of 1 mM salicylic acid had the greatest effect on the production of essential oil
compounds. The correlation results between essential oil compounds showed that menthone has a positive
and significant correlation with methyl acetate. Similarly, foliar application of salicylic acid (10 mM) and
indole-3-acetic acid (1.5 mg L™) increased the content of main component of peppermint and lemon balm.
In the other study, foliar application of lemon balm plants with salicylic acid and putrescine caused a
considerable increase in monoterpenes and sesquiterpenes content which was in line with obtained results
of the present study.

Conclusion

The plant growth regulators used in this research increased the yield and composition of the essential oil of
aerial parts of peppermint, which shows that both salicylic acid and putrescine have a high potential in
increasing the potency and chemical composition of the essential oil in the peppermint plant and probably
in other aromatic crops. Therefore, foliar application of salicylic acid and putrescine during vegetative
growth of peppermint could be introduced as influential technique to improve qualitative and quantitative
characteristics of this aromatic and medicinal plant.
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Table 1. Physical and chemical characteristics of field soil

Silt Clay Sand N P K Organic Saturated EC Saturation
(%) (%) (%) (mg/kg)  (mag/kg)  (mg/kg) Carbon paste extract ~ (dS/m) (%)
(%) pH
6 18 76 05 36 480 1.2 7.8 2.33 37

@ Dry weight @Fresh weight

800
700
600
500
400
300
200
100

Dry yeild (g/m?)

Control P1 p2 S1 S2
Treatment

Figure 1. The effect of different concentrations of putrescine (P1=0.1 mM, P2=1mM) and salicylic
acid (S1=0.1 mM, S2=1 mM) on fresh and dry yield of pepermint
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Figure 2. The effect of different concentrations of putrescine (P1=0.1 mM, P2=1mM) and salicylic
acid (51=0.1 mM, S2=1 mM) on essential oil yield of pepermint
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Table 2. Analysis of variance for the effect of salicylic acid and putrescine foliar application on essential oil components (%) in M. piperita

Source of df Mean of Squares
variation (S.0.V) o-Pinene Sabinene 1,8- Trans- Cisbheta  Terpinolene - Menthone
Cineole Sabinene Terpineo a
hydrate |
Treatment 4 0.342 0.543 2.53 0.495 0.731 0.271 6.83"
Block 2 0.147 0.251 1.413 0.126 0.236 0.085 4.808
Error 8 0.053 0.045 0.205 0.072 0.061 0.021 0.324
C.V. (%) 8.39 4.83 10.64 6.12 4.29 6.34 5.93
Source of df Mean of Squares
variation (S.0.V) Menthofuran L-Menthol Cis-2,6- Pulegone Piperiton Menthyl B-
Dimethyl- e acetate Bourbonene
2,6-
octadiene
Treatment 4 2.61 4.39 0.391 3.85" 1.77 2.897 0.484
Block 2 1.319 2.739 0.109 2.571 0.146 1.718 0.107
Error 8 0.134 0.331 0.012 0.183 0.010 0.291 0.019
C.V. (%) 15.43 10.32 9.51 5.51 8.31 3.62 4.52
Source of df Mean of Squares
variation (S.0.V) Neo iso Trans Trans- Germacrene D Bicyclog Caryophyllene  Veridiflorol
Menthol Caryophyllene beta- ermacren oxide
Farnesene e
Treatment 4 0.173 0.152 0.261 0.872 0.319 0.734 0.281
Block 2 0.083 0.083 0.183 0.632 0.239 0.631 0.183
Error 8 0.071 0.063 0.031 0.042 0.032 0.054 0.015
C.V. (%) 9.44 5.83 3.85 7.93 14.38 8.93 4.02

** Significantly different at the 1 % probability level
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Table 3. Mean comparison for effects of salicylic acid and putrescine on essential oil components (%) in M.

piperita
N  Retention  Retenti Compounds (%) Treatment
0. index on time
Control  P-0.1 P-1 SA-01 SA-1

1 939 7.28 o-Pinene 1.06 0.75° 1.02% 1.04 0.91%®
2 975 8.53 Sabinene 0.83° 0.67° 0.92° 0.82° 0.57°
3 979 8.74 2 B-Pinene 1.49° 1.19% 1.24° 1.50° 1.39%
4 1033 10.97 1,8-Cineole 7.49° 7.26° 7.29° 7.49° 6.51°
5 1070 12.59 Trans-Sabinene hydrate 1.74 1.63% 1.27% 1.10% 1.06%
6 1142 13.29 Cis beta Terpineol 1.30° 1.48 1.07° 1.75% 1.98
7 1198 14.53 a-Terpinolene 0.47° 0.51° 0.57° 0.63° 0.58°
8 1152 16.75 Menthone 23.51° 24.94° 28.89%  24.25° 29.09°
9 1164 17.03 Menthofuran 1.27° 1.232 1.44° 1.45° 1.49°
10 1167 17.17 L-Menthol 457° 4.74°  4.95™ 5.23° 6.73°
11 1171 18.32 Menthol 20.22% 20.25" 22.78°  2527° 27.58°
12 1183 19.43  Cis-2,6-Dimethyl-2,6-octadiene 1.56° - 1.41° 1.84° 1.718
13 1209 20.02 Pulegone 5.45° 479 5.10° 5.28° 2.04°
14 1264 20.94 Piperitone 2.37° 2.00° 2.55° 2.45° 2.00°
15 1295 22.53 Menthyl acetate 3.56° 4.16° 4.79° 452° 4.60°
16 1318 26.27 B-Bourbonene 0.97° 0.58° 0.95° 0.94° 1.01%
17 1327 26.49 Neo iso Menthol 0.16° 0.23% 0.20% _ 0.26%
18 1342 27.65 Trans Caryophyllene 6.51° 6.13% 4.54° 4.07° 2.62°
19 1354 28.06 Neo Menthol 0.84° 0.75% 0.53° 0.59° 0.61°
20 1361 28.52 Trans-.beta.-Farnesene 1.128 0.89°% 1.11° 0.98% 1.13%
21 1388 29.07 Germacrene D 4.68° 458 4.63° 4.48° 3.80°
22 1405 29.33 Bicyclogermacrene 0.90% 0.71% 0.80% 0.81% 0.85%
23 1418 30.70 Caryophyllene oxide 0.24° 0.19° 0.29° 0.18° 0.26°
24 1458 30.86 Veridiflorol 1.42° 1.26 1.39% 1.34° 1.28°

Total 93.73 9092  99.73 98.01 99.86

Means followed by similar letter (s) in each row are not significantly different by Duncan’s multiple range test at P

<0.0L

P: Putrescine (mM). SA: Salicylic acid (mM).
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Figure 2. Pearson’s correlation coefficients between some essential oil components in peppermint under
salicylic acid and putrescine foliar application (The combination number is presented in Table 3)
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