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S u m m a r y

The objective of a three-year-lasting field experiment led on silty-loam soil was to study the 
effects of drip irrigation and Asahi SL (Atonik) application on Mentha x piperita yield and qual-
ity. In the experiment there were used drip irrigation with T-Tape (in 10 days intervals) as well 
as Asahi SL (0.1%) spraying performed twice a year (before the first and the second cutting).
The obtained results indicate that peppermint requires irrigation management in order to 
achieve high yield. Water deficit results in decrease of plant growth, essential oil accumula-
tion and alters plant morphology. Natural growth regulator – Asahi SL application affects 
the essential oil content and increases the herb yield.
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introduction

Mentha x piperita L. is one of major herbs cultivated in Poland, with annual 
production amounted to 1000 t [1]. Its raw material is known for stomachic, anti-
spasmodic, carminative, tonic, refrigerant, antimicrobial and antioxidant activity 
and used (also as an peppermint oil) in pharmacy, foodstuff, aroma and tobacco 
industries [2-4].

Peppermint is best adopted to moist environments (plants have a wide shallow 
root system), whereas water stress results in loss of leaves and essential oil yield 
[5-7]. There is hardly any information about natural growth stimulators affecting 
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herb production. However, Asahi SL (Atonik), the preparation containing so-
dium-5-nitro-guaiacolate, sodium o-nitrophenolate and sodium p-nitrophenolate 
is widely used in vegetable cultivation. The positive influence on crop growth, 
enhanced fertilizer uptake, increased photosynthetic efficiency and decreased the 
development of pathogenic fungi on Salix, Mentha, Rhododendron and Ajuga leaves 
[8-11]. The use of it was found safe, too [12]. 

The aim of the research was to determine the effects of natural stimulant – Asa-
hi SL application as well as drip irrigation (with T-Tape) on yield and essential oil 
production of peppermint. 

Material and Methods

A three-year-lasting field experiment was conducted on experimental fields in the 
University of Life Sciences in Lublin,  on silt-loam (pH 5.2) with medium phosphorus 
(61.9 mg kg-1 of soil) and potassium (174.3 mg kg-1 of soil), and low magnesium 
content (56 mg kg-1 of soil). Peppermint (Mentha x piperita L. cv. Mitcham) rooted soil 
runners (rhizomes) with at least 3 buds (10–15 cm in length) were planted in Octo-
ber 2004 at 40 x 15–20 cm spacing. In the following autumns rejuvenating plough-
ing was performed. During vegetation the plots were weeded and mineral fertiliza-
tion was applied (60 kg P, 120 kg K· ha-1 – before plantation establishment and 90 
kg N· ha-1 – every year, split into two equal doses, applied in spring after beginning 
of plants vegetation and after the first harvest). During vegetation periods in 2005 
and 2006 an average air temperature was almost at the same level as in long-term 
observations. However, the precipitation was diverse (lack of precipitation and in-
tensive precipitation, alternately), which led to unfavourable conditions for plant 
growth and development (especially in 2006). In 2007 growing period average air 
temperature and precipitation were higher than those of long-term observation, 
causing favourable conditions for Puccinia menthae infestation.

Irrigation water was supplied by means of T-Type drip irrigation pipes (with drip-
pers spacing of 10 cm). The irrigation system was designed to spray 45 l of water 
per hour per 1 m2 at 1.5 atm. Plants were irrigated every ten days since the middle of 
May (approximately 15 mm per single application). Every year on 15th June and 10th 
August the plantation was sprayed with 0.1% Asahi SL (commercial name of Atonik, 
Asahi Chemical MFG. Co, Ltd., Osaka, Japan). Peppermint herb was harvested twice: 
I – in the first week of July at the beginning of flowering and II – in the first week of 
September (vegetative growth phase). Prior to the first and the second cut, above- 
and underground parts (separated from the lump of the soil with 20 x 20 x 20cm 
dimensions) of 10 randomly chosen plants (from each plot) were measured and dried 
in temp. 35 ºC. Afterwards, the yield of raw material from each plot was determined. 
Finally, essential oils chemical analyses in air-dried peppermint leaves (by hydrodistil-
lation acc. to the VI Polish Pharmacopeia [13]) was performed. Qualitative and quan-
titative analysis of the essential oils was carried out by the means of Varian 4000 GC/
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MS/MS system, equipped with a split injector (220˚C) and a flame ionisation detector 
(200˚C). Helium was used as a carrier gas (0.5 ml min-1) and the columns used were 
a VF-5MS (30 x 0,25 mm; film thickness 0.25 μm). Temperature programme was 30 s 
at 60˚C, then 50˚C to 246˚C at 30˚C min-1; split ratio 1:20. The identification of indi-
vidual compounds was made by comparison of their retention times and mass spec-
tra with those obtained from authentic samples and/or the NIST 2002 Mass Spectra 
Library, USA as well as from Adam’s Identification of essential oil components by gas 
chromatography/quadrupole mass spectroscopy (Illinois, USA, 2004).

The experimental design was a randomized complete block with four replications 
(10 m2 plots). Data were analyzed with the SAS general linear model procedure (version 
8.2 SAS Institute, Cary, NC). Testing for significance of mean effects and interactions 
on all variables was calculated using ANOVA analysis of variance. Separation of means 
was accomplished using the least significant difference with Tukey adjustment.

results and discussion

The studied factors significantly affected morphological features, quality parame-
ters, yield and accumulation and content of essential oil in peppermint raw material. 

The highest plants with the largest number of thickest stems were obtained in 
the objects with Asahi SL subjected to supplemental irrigation application. The 
plants were the lowest on the control plots, which lacked water application (tab. 1). 
In general, peppermint irrigation performed every ten days resulted in the increase 
of stems number as well as both their terminal height and diameter. On the other 
hand, Asahi SL application was connected with significantly higher plants (approxi-
mately by 4 cm in the first harvest and by 1.5 cm in the second one) with higher 
number of thicker stems (tab. 1). It is worth emphasizing, that during the first cut 
peppermint plants produced lower number of stems with greater diameter mea-
sured at the base. They are characterized, however, by higher volatile oil content 
and yield (tab. 1, 3), which is in agreement with Węglarz and Załęcki [14] studies.

Air dry weight of above- and underground parts of a single plant was to a large extent 
affected by Asahi SL and supplemental irrigation. Peppermint plants sprayed with 0.1% 
Asahi SL twice a year and additionally irrigated during their vegetation period were 
characterized by the highest weight of both aboveground (leaves and stems) and under-
ground (rhizomes and roots) parts (tab. 2). The results of our experiments extend those 
of Zahradniček et al.[8]. Water stress altered plant growth and architecture, caused dec-
rease of plant height, stem number and diameter. Furthermore, it negatively influenced 
air dry weight of leaves, stems as well as roots and rhizomes, which corresponds to 
Alkire and Simon [5] findings. An average yield of peppermint herb (per single plant) 
obtained from irrigated plots were significantly higher (by 3.4%) in comparison to non-
watered objects. The ratio of underground to aboveground parts was the highest in 
the case of non-irrigated plants, which allows to make a statement that plants suffering 
from the shortage of the water create better developed stolons and roots.
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ta b l e  1 . 

The effect of drip irrigation and Asahi SL application on peppermint plants characteristics (mean 
from 2005–2007)

irrigation treatment Asahi application

terminal height of 
plant [cm]

average stem 
diameter [mm]

number of stems (unit 
per plant) 

1st cut 2nd cut 1st cut 2nd cut 1st cut 2nd cut

without irrigation
+ 43.3 41.7 4.28 2.76 12.7 28.7

– 37.4 38.3 4.00 2.63 10.7 21.3

mean without irrigation 40.4 39.9 4.14 2.70 11.7 25.0

irrigation 
+ 47.3 40.9 4.70 2.74 12.8 27.4

– 45.2 41.4 4.10 2.87 13.7 33.0

mean for irrigation 46.2 41.2 4.40 2.80 13.2 30.2

mean for Asahi application 45.3 41.3 4.51 2.75 12.7 28.1

mean without Asahi 41.3 39.8 4.05 2.75 12.2 27.2

source of variation

irrigation ** * ** NS ** **

Asahi application ** ** ** NS NS *

interaction * * * * ** **

NS, **, * – nonsignificant or significant at p≤0.05 or 0.01, respectively by Tukey test 

ta b l e  2 . 

The effect of drip irrigation and Asahi SL application on air dry weight and its ratio of above- and 
underground parts of peppermint plants (mean from 2005–2007)

irrigation treatment Asahi application

aboveground parts 
weight (g· plant-1)

underground parts 
weight (g· plant-1)

underground: above-
ground parts ratio 

1st cut 2nd cut 1st cut 2nd cut 1st cut 2nd cut

without irrigation
+ 43.00 35.73 19.17 28.10 0.53 0.79

– 41.29 32.99 13.81 24.62 0.42 0.75

mean without irrigation 42.14 34.36 16.49 26.36 0.48 0.77

irrigation 
+ 44.57 36.1 18.01 22.81 0.40 0.63

– 42.24 34.61 14.44 23.97 0.34 0.74

mean for irrigation 43.41 35.36 16.23 23.39 0.37 0.68

mean for Asahi application 43.78 35.92 18.59 25.46 0.47 0.71

mean without Asahi 41.77 33.8 14.12 24.30 0.38 0.74

source of variation

irrigation ** ** NS **

Asahi application ** ** ** **

interaction NS NS NS **

NS, **, * – nonsignificant or significant at p≤0.05 by Tukey test 
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Differentiation between the features described above and the factors under 
study significantly affected the yield of peppermint raw material (tab. 3, fig. 1). 
During two following cuts the highest yield of air dry herb from the area unit was 
harvested from the objects additionally irrigated and sprayed with Asahi SL. The 
lowest ones were found on the plots without water and natural stimulant applica-
tion. Asahi SL application resulted in the slight increase (approximately by 3%) of 
total herb yield and leaves share, and as a result essential oil yield, which was in 
agreement with Gruszczyk and Berbeć [15], Zahradniček et al.[8] as well as Černý 
et al. [11] studies. Higher yield of peppermint herb with lower share of leaves was 
obtained in the first harvest (on an average by 1.02 t ha-1 in comparison to Sep-
tember cut). Maletic and Jevdovic [16] observed the same relationship. In general, 
supplemental peppermint drip irrigation caused 9% increase of total air dry raw 
material yield and to a small extent essential oil content, which resulted in 5.2 kg 
ha-1 increase of oil yield in comparison to unwatered objects. 

ta b l e  3 . 

The effect of drip irrigation and Asahi SL application on yield of air dry weight of peppermint herb, 
essential oil content and yield (mean from 2005–2007)

irrigation 
treatment

Asahi application
herb yield [t ha-1] EO content (%) EO yield 

(kg ha-1)1st cut 2nd cut Total 1st cut 2nd cut

without irrigation
+ 3.16 2.23 5.39 2.35 2.17 68.9

– 3.05 2.18 5.23 2.30 2.05 63.3

mean without irrigation 3.11 2.21 5.31 2.37 2.11 66.1

irrigation 
+ 3.51 2.36 5.87 2.18 2.38 71.3

– 3.43 2.29 5.72 2.35 2.33 71.2

mean for irrigation 3.47 2.33 5.79 2.27 2.36 71.2

mean for Asahi application 3.34 2.29 5.63 2.27 2.28 70.1

mean without Asahi 3.24 2.23 5.48 2.33 2.19 67.2

source of variation

irrigation * ** ** NS * **

Asahi application ** ** ** NS NS **

interaction NS NS NS * NS **

NS, **, * – nonsignificant or significant at at p≤0.05 or 0.01, respectively by Tukey test 

It is worth emphasising that the share of plant leaves from irrigated plots was 
lower than that on the control ones (fig. 1). Means of essential oil percentages 
were higher in the case of irrigated peppermint, which agrees with Alkire and Si-
mon [5] as well as Mitchell and Yang [6, 7] findings. It was probably due to sensitiv-
ity of monoterpenoid synthesis to available photosynthate, which can be limited 
under water stress periods and as a result the indirect effect of water lack (re-
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duced photosynthate) occurs. Similar level of essential oil content in peppermint 
raw material was noted by Węglarz and Karaczun [1], Gruszczyk [17], Zheljazkov 
and Topalov [18], Maletic and Jevdovic [16], Sustrikova and Salamon [2] and it was 
even higher than the one required by VI Polish Pharmacopeia [13].

Figure 1. The effect of drip irrigation and Asahi SL application on share of leaves in peppermint 
herb (mean from 2005–2007)

In the studied peppermint oil 36 components were identified (tab. 4). The main 
compounds were oxygenated monoterpenes: menthol (32–41%), menthone (1–18%) 
and isomenthone (18–25%). Other active constituents were menthylacetate (3%), 
1,8-cineole (2.9–3.6%), caryophyllene (2.5–4.3%), δ-amorphene (3–4.6%) and less 
than 1% content of 3-octanol, limonene, β-linalool, pulegone, piperitone and viridi-
florol. The results are in agreement with previous published data by Sustrikova and 
Salamon [2], Mimica-Dukić et al. [3], Court [19] or Hendriks [4]. In general, an ad-
ditional irrigation in the vegetation period was connected with a slight decrease of 
1.8-cineole, menthol, isomenthone and caryophyllene, while increased menthone 
content. On the other hand, Asahi application resulted in 1.8-cineole, isomenthone, 
menthol, neomenthylacatate and menthylacetate content increase. Our results ex-
tend those obtained by Bőttcher et al. [20] as well as Węglarz and Załęcki [14], who 
stated lower amount of menthone and menhol in the second peppermint cut. At the 
same time the amount of methylacetate and isomenthone in the oil was greater in 
the later harvest and was in accordance with Court et al. [19] findings. 
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ta b l e  4 . 

Chemical composition of essential oils of peppermint as affected by drip irrigation and Asahi SL 
application (mean from 2005–2007)

compound content 
in essential oil (%)

RI
TR 

(min)

without 
irrigation and 

Asahi application

without irrigation 
with Asahi 
application

irrigation 
without Asahi 

application

irrigation 
and Asahi 

application

source of variation

irriga-
tion

Asahi 
appli-
cation

inter-
action1st cut 2nd cut 1st cut 2nd cut 1st cut 2nd cut 1st cut 2nd cut

α-pinene 933   6.69   0.38   0.36   0.35   0.32   0.37   0.38   0.32   0.30

sabinene 973   7.89   0.27   0.33   0.25   0.28   0.29   0.32   0.28   0.24

β-pinene 976   7.97   0.55   0.61   0.56   0.47   0.57   0.59   0.53   0.52

β-myrcene 991   8.42   0.42   0.94   0.53   0.57   0.61   0.65   0.62   0.73

3-octanol 1000   8.67   0.00   0.18   0.10   0.12   0.11   0.15   0.10   0.12

limonene 1029   9.64   0.55   0.68   0.60   0.74   0.63   0.62   0.65   0.72

1,8-cineole 1031   9.72   3.45   2.94   3.66   3.19   3.45   3.11   3.59   3.29 NS ** NS

(Z)-β-ocimene 1039   9.97   0.20   0.19   0.30   0.30   0.13   0.19   0.19   0.30

β-linalool 1103 12.13   0.20   0.12   0.20   0.10   0.22   0.12   0.21   0.09

octylacetate 1126 12.93   0.10   0.10   0.10   0.08   0.00   0.10   0.10   0.10

isopulegol 1149 13.71   0.13   0.16   0.14   0.15   0.15   0.12   0.20   0.16

L-menthone 1156 13.97 16.46 13.31 16.61 15.20 17.09 15.76 16.74 15.57 ** * **
isomenthone + 
neomenthol tr.

1166 14.32 18.89 21.10 18.47 24.12 18.58 22.52 19.42 23.09 NS ** **

menthol 1175 14.62 39.50 36.98 36.17 35.95 36.86 35.25 36.66 34.38 ** ** **

cis-isopulegone 1179 14.78   0.20   0.70   0.80   0.25   0.21   0.40   0.71   0.56

isomenthol 1186 15.01   0.59   0.55   0.70   0.47   0.70   0.47   0.39   0.50

α-terpineol 1195 15.31   0.10   0.19   0.10   0.09   0.11   0.15   0.12   0.42

pulegone 1245 17.01   0.17   0.24   0.30   0.60   0.29   0.55   0.34   0.45

piperitone 1260 17.51   0.72   1.30   1.24   1.54   1.04   1.15   1.15   1.06 ** ** **

neomenthylacetate 1278 18.12   1.04   0.12   1.49   0.28   1.10   0.07   1.84   0.09

menthylacetate 1296 18.73   3.34   4.76   3.75   5.79   3.66   5.25   4.28   7.56 ** ** **

isomenthylacetate 1310 19.22   0.40   0.62   0.47   0.29   0.28   0.25   0.98   0.57

β-bourbonene 1387 21.72   0.43   0.42   0.50   0.29   0.54   0.34   0.50   0.29

β-elemenene 1394 21.94   1.37   1.37   1.37   1.04   1.42   1.09   1.15   1.17 NS * NS

E-caryophyllene 1423 22.83   4.35   3.44   4.35   2.58   4.38   2.82   3.38   2.93 ** ** *

β-copaene 1433 23.14   0.10   0.12   0.11   0.11   0.12   0.09   0.13   0.09

α-humulene 1457 23.91   0.21   0.20   0.24   0.12   0.23   0.18   0.20   0.11
cis-muurola-
4(15),5-diene

1466 24.19   0.15   0.11   0.16   0.11   0.14   0.12   0.12   0.09

δ-amorphene 1527 26.03   4.57   3.49   4.02   3.00   4.61   3.61   3.55   3.62 NS ** NS

germacrene D 1485 24.85   0.23   0.15   0.19   0.15   0.23   0.17   0.17   0.15

bicyclogermacrene 1500 25.24   0.13   0.15   0.14   0.13   0.19   0.13   0.13   0.11

caryophyllenoxide 1589 27.85   0.16   0.18   0.21   0.24   0.30   0.17   0.14   0.15

viridiflorol 1598 28.10   0.26   0.25   0.52   0.27   0.42   0.23   0.32   0.20
τ-cadinol + τ-
muurolol

1649 29.53   0.11   0.10   0.21   0.15   0.20   0.07   0.19   0.09

α-cadinol 1662 29.89   0.00   0.20   0.60   0.20   0.30   0.10   0.24   0.10
Amount of identified 
compounds

99.73 96.66 99.51 99.30 99.54 97.28 99.65 99.94
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conclusion

Peppermint cultivated on mineral soils requires supplemental irrigation to 
achieve high and consistent yield. Water stress results in inhibition of plant gro-
wth and essential oil accumulation. Asahi SL application (twice a year) in a dose of 
0.1% positively affects both, plant quality parameters and yield. Therefore it could 
be recommended in peppermint culture. 
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streszczenie

Celem trzyletniego doświadczenia polowego prowadzonego na glebie lessowej było 
zbadanie wpływu nawadniania kroplowego i stosowania Asahi SL (Atoniku) na plony 
i jakość surowca Mentha x piperita. W eksperymencie stosowano nawadnianie kroplowe 
za pomocą taśm T-Tape (w dziesięciodniowych odstępach) oraz wykonywano dwukrotnie 
w ciągu roku opryski 0,1% Asahi SL (przed pierwszym i drugim zbiorem). 
Zebrane wyniki wskazują, że w celu otrzymania wysokich i jednolitych plonów, należy 
dodatkowo nawadniać plantacje mięty pieprzowej. Brak wody powoduje zahamowanie 
wzrostu roślin, akumulacji olejku i zmienia wygląd roślin. Naturalny regulator wzrostu Asa-
hi SL sprzyja natomiast zwiększeniu zarówno zawartości olejku eterycznego jak i plonu 
surowca. 

Słowa kluczowe: mięta pieprzowa, Mentha x piperita, nawadnianie, Atonik, plony, zawartość 
olejku eterycznego


