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Abstract. Spearmint (Mentha spicata L.) is a major essential oil crop in the United States.
Developing means for increased biomass and oil yields and increased concentrations
of carvone would be beneficial for the essential oil industry. A field experiment was
conducted to study the effect of foliar application treatments [water (control), water +
Tween20, sagebrush essential oil + Tween20, sagebrush water extract, juniper essential oil +
Tween20, juniper water extract, and methyl jasmonate] on ‘Native’ spearmint essential oil
content, shoot fresh weight, oil yield, and oil composition. The essential oil content was low in
the water + Tween20 and in juniper essential oil (EO) + Tween20 treatments and high in the
juniper water extract and in methyl jasmonate (MJ) treatments; however, neither of these
were different from the water control or from the sagebrush EO + Tween20. Biomass fresh
weight was lower in the sagebrush water extract (SWE) and in the juniper water extract
(JWE) relative to the water control. The application of juniper EO + Tween20 reduced the
concentration of carvone in the oil relative to the water control or to the water + Tween20
treatment. The sagebrush water extract, juniper EO + Tween20, juniper water extract, and
MJ increased the concentrations of beta-caryophyllene relative to the water treatment. The
concentration of trans-beta-farnesene was lower in the control water treatment and higher in
all other treatments. Also, with the exception of sagebrush EO + Tween20, all treatments
increased the concentration of germacrene D relative to the water control but not relative to
water + Tween20. This study demonstrated that foliar application of sagebrush EO,
sagebrush water extract, juniper EO, or juniper water extract to ‘Native’ spearmint may
affect the essential oil profile of spearmint essential oil. Some of the treatments increased the
concentrations of beta-caryophyllene, trans-beta-farnesene, and germacrene D in the
essential oil; however, neither of the treatments increased the concentration of carvone,
the main essential oil constituent of ‘Native’ spearmint oil.

‘Native’ spearmint, Mentha spicata L.,
is one of the two widely grown spearmints
in the United States and throughout the
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world (Bienvenu et al., 1999; Lawrence,
2006; Topalov, 1989). The other spearmint
is ‘Scotch’ spearmint, which actually is a
different species (Mentha 3gracilis Sole.;
syn. M. cardiaca L.). ‘Native’ spearmint is a
major essential oil crop grown in the Midwest and in the northwestern United States
(National Agricultural Statistic Service,
2009). However, ‘Native’ spearmint has a
wide environmental adaptation, and recent
studies demonstrated feasibility of growing
it under the humid conditions of Mississippi
(Zheljazkov et al., 2010a, 2010b, 2012a).
Indeed, the natural distribution of Mentha
spicata L. spans from Alaska and British
Columbia to Texas and Florida in North
America [U.S. Department of Agriculture
(USDA), 2012].

Recent studies in Wyoming indicated
that ‘Native’ spearmint can withstand the
first fall frost and apparently could be developed as a crop for northern Wyoming at
1170 m a.s.l. elevation (Zheljazkov et al.,
2012a). Developing means for increased
biomass and oil yields and increased concentrations of carvone, the main essential
oil constituent of ‘Native’ spearmint, would
be beneficial for the existing and future
spearmint essential oil industry. There have
been various studies aiming to improve essential oil yield and composition of spearmints.
For example, previous studies demonstrated
that some plant hormones such as MJ may
increase carvone concentration of ‘Scotch’
spearmint (Zheljazkov and Astatkie, 2011a).
In another study, the application of MJ had
no significant effect on essential oil content
of ‘Native’ spearmint (Zheljazkov et al.,
2010b). In the same study, the application
of distillation water from wild bergamot
(bee balm) (Monarda fistulosa L.) increased
the essential oil content, whereas the distillation water of absinthe wormwood (Artemisia absinthium L.), lavender (Lavandula
vera DC), and wild bergamot increased oil
yields of ‘Native’ spearmint (Zheljazkov
et al., 2010b). In other studies, it was shown
that plant hormones or plant extracts may
have a significant effect on spearmint and
peppermint essential oil yields and composition (Zheljazkov and Astatkie, 2011b,
2012). These reports suggest that MJ and
some plant extracts may have potential
for improving spearmint oil content and
composition.
Rocky mountain juniper (Juniperus scopulorum Sarg.) and big sagebrush (Artemisia
tridentata Nutt.) are two of the most widely
spread native plants in the semiarid regions of
western United States, Mexico, and Canada
(USDA, 2011). These species provide cover
for a number of wildlife species and food
for many birds, whitetail deer, elk, bighorn
sheep, pronghorn antelope, but also for
cattle and sheep (Scher, 2002). Both species
contain a significant amount of plant secondary metabolites. Rocky Mountain juniper contains podophyllotoxin and essential
oil (Cantrell et al., 2013; Zheljazkov et al.,
2013). Big sagebrush contains essential oil,
MJ (Jassbi et al., 2010), and other plant
chemicals. Junipers and sagebrush have been
shown to exert allelopathic effects on surrounding species (Jassbi et al., 2010; Preston
et al., 2002; Yager and Smeins, 1999). On the
other hand, Tween20 has also been investigated as a means for improving essential oil
content of some aromatic plants (Dobreva
et al., 2011).
There are no studies in the literature
whether foliar application of Rocky Mountain
juniper or sagebrush extracts could modify
essential oil content and composition of spearmints. The hypothesis of this study was that
Rocky Mountain juniper and sagebrush essential oil and plant extracts may have significant
effect on essential oil yields, content, and
composition of ‘Native’ spearmint grown under Wyoming conditions.
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Materials and Methods
Field experiments. ‘Native’ spearmint
was used in this field experiment. The spearmint plantation was established on 28 June
2011 at the Sheridan Research and Extension Center Experimental Fields next to
Sheridan College at lat. 4445.686# N and
long. –10655.479# W at an elevation of 1171
m above sea level. The soil at the experimental site was Wyarno clay loam, pH 6.8, 1.5%
organic matter content, and 1.15 g·cc–1 bulk
density; the slope was 1%. Certified virusfree ‘Native’ spearmint was purchased from
the Summit Plant Laboratories, Inc. (Fort
Collins, CO). Plantlets were grown in a greenhouse for 4 weeks until they reached 10 to
12 cm height and then were transplanted into
low-level raised beds.
Before bed preparation, the land was
disked several times, and preparation of beds
(12 cm high, 80 cm across) was by a presspan-type of bed-shaper machine. The bed
shaper also placed a drip-tape irrigation tube
in the middle of each bed, 5 to 6 cm deep. The
weed control during the first and the second
years was conducted with Sinbar (Terbacil
80% WP) (DuPont, Wilmington, DE) at
2 kg ·ha–1. Spearmint plants were handtransplanted in two rows on each bed, at
30 cm between plants in each row, with interrow spacing of 30 cm. Spearmint plants
were watered through the drip-tape irrigation system for the period of 1 June to 15
Oct. 2012, once a week, calculated to provide 2.5 cm water/week through the drip
tape (0.2 mm, emitters spaced at 30 cm,
1703 cm3/min/30.5 m). Ammonium nitrate
was applied after transplanting at 180 kg
nitrogen/ha.
The treatments were: 1) water (control);
2) water + Tween20; 3) sagebrush essential
oil + Tween20; 4) SWE; 5) juniper EO oil +
Tween20; 6) JWE; and (7) MJ. All of the
treatments were applied three times as foliar
application: 1) on 22 June 2012; 2) 3 July
2012; and 3) 9 July 2012 by hand spraying
with mister bottles. Fifty milliliters of solution
were applied to 3 m2 of each plot.
The water extract stock solutions for
spraying were prepared as follows: Rocky
Mountain juniper and big sagebrush dry samples were chopped in 5-cm pieces. Extracts
were prepared by adding 2 L of boiling water
to 250 g of juniper or sagebrush air-dried
plant material and left to soak overnight.
The next morning the extracts were filtered
through triple cheesecloth to remove plant
residue.
The Rocky Mountain juniper and big
sagebrush EOs used to prepare the respective
essential oil stock solutions were derived by
steam distillation as described previously
(Zheljazkov et al., 2012a, 2012b). The EO
solutions were prepared using 5 mL of either
sagebrush or juniper oil plus 5 g of Tween20
dissolved in 1 L water. The MJ (SigmaAldrich, St. Louis MO) solution included
0.105 mL in 1 L water. Once prepared, all
solutions were stored in a refrigerator at 4 to
5 C until needed.
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The sagebrush EO included the following
major constituents: alpha-pinene, camphene,
eucalyptol, chrysanthenone, transpinocarvone,
camphor, fragranol, transalpha-necrodol-acetate,
grandisol, and the following minor (below
1% of the oil) constituents: hexanal, tricyclene, sabinene, beta-pinene, alpha-terpinene,
paracimene, limonene, cis-thujone, pinocarvone, borneol, beta-caryophyllene, gammacurcumene, and few others (Zheljazkov,
personal communication). The Rocky Mountain
juniper oil contained the following constituents:
sabinene (major constituent), alpha-thujene,
alpha-pinene, camphene, beta-pinene, myrcene,
alpha-terpinene, paracymene, limonene, gammaterpinene, cis-sabinene hydrate, terpinolene,
4-terpinenol, pregeijerene-B, gamma-muurolene,
delta-cadinene, elemol, alpha-eudesmol/
beta eudesmol, and 8-alpha-acetoxyelemol
(Zheljazkov et al., 2012b).
Spearmint plants from all plots were
harvested at the same time, on 12 July 2012,
with a hedge trimmer. From each plot, 1.83 m2
was harvested, and the fresh weight and oil
yield values were converted to kg·ha–1 before
data analysis. All plants were cut at 4 to 5 cm
above the soil surface. Fresh herbage yields
were taken immediately. Spearmint EO was
extracted from 500 g fresh samples using
steam distillation in 2-L steam distillation
units for 60 min as described previously
(Gawde et al., 2009; Zheljazkov et al.,
2010a, 2010b). After separation from water,
all EOs were measured on an analytical
scale and kept in a freezer at –14 C until
the commencement of analyses. The EO oil
content was calculated as grams of oil per
100 g of fresh herbage.
Gas chromatography of spearmint essential
oils. The spearmint EO samples (all in three
replicates from each treatment) were analyzed
on a Hewlett Packard gas chromatograph (GC)
model 6890. The GC was fitted with an
autosampler. The carrier gas was helium,
40 cm·sec–1, 11.7 psi (60 C), 2.5 mL·min–1
constant flow rate; the injection was split
60:1 with 0.5 mL, the injector temperature
was 220 C; the oven temperature program
was 60 C for 1 min, 10 C/min to 250 C.
The GC was fitted with a HP-INNOWAX
column (crosslinked polyethylene glycol;
30 m 3 0.32 mm 3 0.5 mm), and the flame
ionization detector temperature was 275 C.
Statistical analysis. The effect of the
foliar application treatments on EO content,
fresh weight, oil yield, and the concentrations
of beta-pinene, myrcene, limonene, eucalyptol,
cis-sabinene hydrate, 4-terpineol, neo-dihydro
carveol/cis-dihyd, cis-carveol, carvone, betacaryophyllene, trans-beta-farnesene, and germacrene D was determined through analysis
of variance (ANOVA) of a completely randomized design with three replications (Montgomery,
2013). The ANOVA of all these response
measurements was completed using the GLM
Procedure of SAS (SAS Institute Inc., 2010),
and further multiple means comparison was
completed when treatment effect was significant (P < 0.05) or marginally significant
(0.05 < P < 0.1). The multiple means comparison method (Montgomery, 2013) used was the

Duncan’s multiple range test at the 5% level
of significance. For each response, the validity
of model assumptions on the error terms,
namely normal distribution and constant variance, was verified by examining the residuals
as described in Montgomery (2013). The
randomization done during the experiment
assures the third (independence) assumption
on the error terms.
Results
Treatments significantly affected the EO
content, fresh weight, and the concentrations
of carvone, beta-caryophyllene, trans-betafarnesene, and germacrene D in the EOs
(Table 1). Among all treatments the EO
content was lowest in the water + Tween20
and in juniper EO + Tween20 treatments and
highest in the juniper water extract and in MJ
treatments; the rest were not significantly
different from one another (Table 2). Biomass fresh weight was reduced in the SWE
and in the JWE relative to the water control
(Table 2). However, the treatments did not
have an effect on oil yields (averaged 82.1
kg·ha–1) and on the concentrations of betapinene (0.82% average), myrcene (3.3%
average), limonene (12.7% average), eucalyptol (1.3% average), cis-sabinene hydrate
(1.6% average), 4-terpineol (1.1% average),
neo-dihydro carveol (2.2% average), and on
cis-carveol (5.7% average) (Table 1).
The application of juniper EO + Tween20
reduced the concentration of carvone in the
oil relative to the water control or to the water +
Tween20 treatments. The SWE, juniper EO +
Tween20, juniper water extract, and MJ increased the concentrations of beta-caryophyllene
relative to the water treatment. The concentration of trans-beta-farnesene was lower in

Table 1. Analysis of variance P values that show
the significance of the effect of treatment on
essential oil content, fresh weight, oil yield, and
the concentrations of beta-pinene, myrcene,
limonene, eucalyptol, cis-sabinene hydrate,
4-terpineol, neo-dihydro carveol/cis-dihyd, ciscarveol, carvone, beta-caryophyllene, transbeta-farnesene, and germacrene D.z
Response
P value
Mean
Essential oil content
0.082y
Fresh weight
0.044
Oil yield
0.166
82.1 kg·ha–1
Beta-pinene
0.521
0.82%
Myrcene
0.523
3.3%
Limonene
0.798
12.7%
Eucalyptol
0.822
1.3%
Cis-sabinene hydrate
0.504
1.6%
4-terpineol
0.805
1.1%
Neo-dihydro carveol/
0.331
2.2%
cis-dihyd
Cis-carveol
0.566
5.7%
Carvone
0.035
Beta-caryophyllene
0.042
Trans-beta-farnesene
0.013
Germacrene D
0.044
z
The last column shows the mean value of the
responses that were not significantly affected by
the treatments.
y
The means of the responses significantly affected
by the treatments are shown in Table 2.
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Table 2. Means together with letter groupings of essential oil (EO) content (%), fresh weight (kg·ha–1), and the concentrations (% of the total oil) of carvone, betacaryophyllene, trans-beta-farnesene, and germacrene D obtained from the seven foliar application treatments.z
Treatment
EO content (%) Fresh wt (kg·ha–1) Carvone (%) Beta-caryophyllene (%) Trans-beta-farnesene (%) Germacrene D (%)
Water
0.194 ab
53,693 a
55.6 a
1.50 b
0.94 b
2.04 b
Water + Tween20
0.152 b
52,127 a
55.9 a
1.72 ab
1.09 a
2.36 a
Sagebrush EO + Tween20
0.201 ab
44,441 ab
53.8 ab
1.74 ab
1.08 a
2.30 ab
Sagebrush water extract
0.205 ab
33,804 b
54.1 ab
1.82 a
1.12 a
2.33 a
Juniper EO + Tween20
0.151 b
50,232 a
51.4 b
1.92 a
1.21 a
2.54 a
Juniper water extract
0.215 a
34,205 b
53.7 ab
1.86 a
1.16 a
2.41 a
Methyl jasmonate
0.213 a
41,235 ab
53.1 ab
1.79 a
1.13 a
2.33 a
z
Within each column, means followed by the same letter are not significantly different using Duncan’s multiple range test at the 5% level of significance.

the control water treatment and higher in
all other treatments. The concentration of
germacrene D was low in the control water
treatment and high in all other treatments
except in the sagebrush EO + Tween20 treatment, which was not significantly different
(Table 2).
Discussion
In this study, the application of juniper
EO + Tween20 and the application of MJ
reduced the concentration of carvone in the
oil relative to the water control. The suppressive effect of MJ on carvone is contrary to
another report, in which MJ application increased the concentration of carvone in
‘Scotch’ spearmint, Mentha 3gracilis Sole.
(Zheljazkov and Astatkie, 2011a). However,
in a report by Zheljazkov and Astatkie (2011b),
in which MJ was applied to another spearmint
species, grown under controlled environment
conditions, suggested that the effects of MJ
application on EO content may be different in
different spearmint species. Furthermore, in the
report of Zheljazkov and Astatkie (2011b), the
application of MJ at 100 mg·L–1 decreased
the concentrations of beta-caryophyllene and
of germacrene D, an action that is opposite
to the observed effects in this study. In this
study, MJ did not affect biomass fresh
weight or EO content, whereas in a previous
study, salicylic acid increased the biomass
yields of ‘Native’ spearmint and ‘Black
Mitcham’ peppermint (Zheljazkov et al.,
2010b).
In this study, the concentration of carvone
in the EO fluctuated from 51.4% to 55.9%,
which is within the range of carvone concentration in the same ‘Native’ spearmint in a
previous study in Wyoming (Zheljazkov
et al., 2012a). The EO profile of ‘Native’
spearmint in this study was similar to the ones
previously reported for other regions of the
United States (Lawrence, 2006; Murray et al.,
1972; Zheljazkov et al., 2010a) or regions
outside the United States (Bienvenu et al.,
1999; Chowdhury et al., 2007; Kizil and
Toncer, 2006; Sokovic et al., 2009; Topalov,
1989). For example, in an earlier study in
Indiana and Michigan in the 1970s by Murray
et al. (1972), the concentration of carvone in
‘Native’ spearmint oils fluctuated from 58%
to 68%. In a review paper on carvone, de
Carvalho and Da Fonseca (2006) stated that
overall, the concentration of carvone in
spearmint oils should be above 50%; in most
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cases, it would be even higher, between 60%
and 70%. In a recent study in Mississippi with
the same cultivar of spearmint, Zheljazkov
et al. (2010a) found the variation of carvone concentration in the oils to be 59% to
62% at one of the locations in Verona, MS,
and 68% to 74% at Stoneville, MS. These
differences are probably the result of differences in environmental conditions between Mississippi and Wyoming, because
in both studies, the same cultivar, Native,
of spearmint was used.
This study demonstrated that foliar application of sagebrush EO, SWE, juniper EO,
or JWE to ‘Native’ spearmint may affect the
EO composition of spearmint. Some of the
treatments increased the concentrations of
beta-caryophyllene, trans-beta-farnesene, and
germacrene D in the EO; however, neither of
the treatments increased the concentration of
carvone, the main EO constituent of ‘Native’
spearmint oil.
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