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Preface to the Series

There is increasing interest in industry, academia, and the health sciences in medicinal and
aromatic plants. In passing from plant production to the eventual product used by the public,
many sciences are involved. This series brings together information that is currently scattered
through an ever-increasing number of journals. Each volume gives an in-depth look at one
plant genus, about which an area specialist has assembled information ranging from the
production of the plant to market trends and quality control.

Many industries are involved, such as forestry, agriculture, chemicals, food, flavor, bever-
age, pharamaceutical, cosmetics, and fragrance. The plant raw materials are roots, rhizomes,
bulbs, leaves, stems, barks, wood, flowers, fruits, and seeds. These yield gums, resins, essential
(volatile) oils, fixed oils, waxes, juices, extracts, and spices for medicinal and aromatic
purposes. All these commodities are traded worldwide. A dealer’s market report for an
item may say ‘“drought in the country of origin has forced up prices”.

Natural products do not mean safe products, and account of this has to be taken by the
above industries, which are subject to regulation. For example, a number of plants that are
approved for use in medicine must not be used in cosmetic products.

The assessment of “‘safe to use” starts with the harvested plant material, which has to
comply with an official monograph. This may require absence of, or prescribed limits of,
radioactive material, heavy metals, aflatoxin, pesticide residue, as well as the required level of
active principle. This analytical control is costly and tends to exclude small batches of plant
material. Large-scale, contracted, mechanized cultivation with designated seed or plantlets is
now preferable.

Today, plant selection is not only for the yield of active principle, but for the plant’s ability to
overcome disease, climatic stress, and the hazards caused by mankind. Such methods as in vitro
fertilization, meristem cultures, and somatic embryogenesis are used. The transfer of sections
of DNA is giving rise to controversy in the case of some end uses of the plant material.

Some suppliers of plant raw material are now able to certify that they are supplying
organically farmed medicinal plants, herbs, and spices. The Economic Union directive
CVO/EU No. 2092/91 details the specifications for the obligatory quality controls to be
carried out at all stages of production and processing of organic products.

Fascinating plant folklore and ethnopharmacology lead to medicinal potential. Examples
are the muscle relaxants based on the arrow poison, curare, from species of Chondrodendron,
and the antimalarials derived from species of Cinchona and Artemisia. The methods of
detection of pharmacological activity have become increasingly reliable and specific, fre-
quently involving enzymes in bioassays and avoiding the use of laboratory animals. By
using bioassay-linked fractionation of crude plant juices or extracts, compounds can be
specifically targeted which, for example, inhibit blood platelet aggregation, or have antitu-
mor, or antiviral, or any other required activity. With the assistance of robotic devices, all the
members of a genus may be readily screened. However, the plant material must be fully
authenticated by a specialist.

The medicinal traditions of ancient civilizations such as those of China and India have a
large armamentarium of plants in their pharmacopoeias that are used throughout Southeast
Asia. A similar situation exists in Africa and South America. Thus, a very high percentage of
the world’s population relies on medicinal and aromatic plants for their medicine. Western
medicine is also responding. Already in Germany all medical practitioners have to pass an



examination in phytotherapy before being allowed to practice. It is noticeable that medical,
pharmacy, and health-related schools throughout Europe and the United States are increas-
ingly offering training in phytotherapy.

Multinational pharmaceutical companies have become less enamored of the single com-
pound, magic-bullet cure. The high costs of such ventures and the endless competition from
“me-too” compounds from rival companies often discourage the attempt. Independent
phytomedicine companies have been very strong in Germay. However, by the end of 1995,
11 (almost all) had been acquired by the multinational pharmaceutical firms, acknowledging
the lay public’s growing demand for phytomedicines in the Western world.

The business of dietary supplements in the Western world has expanded from the health
store to the pharmacy. Alternative medicine includes plant-based products. Appropriate
measures to ensure their quality, safety and efficacy either already exist or are being answered
by greated legislative control by such bodies as the U.S. Food and Drug Administration and
the recently created European Agency for the Evaluation of Medicinal Products based in
London.

In the United States, the Dietary Supplement and Health Education Act of 1994 recognized
the class of phytotherapeutic agents derived from medicinal and aromatic plants. Further-
more, under public pressure, the U.S. Congress set up an Office of Alternative Medicine,
which in 1994 assisted the filing of several Investigational New Drug (IND) applications,
required for clinical trials of some Chinese herbal preparations. The significance of these
applications was that each Chinese preparation involved several plants and yet was handled
as a Single IND. A demonstration of the contribution to officialy of each ingredient of each
plant was not required. This was a major step toward more sensible regulations in regard
to phytomedicines.

My thanks are due to the staff of CRC Press who have made this series possible and especially
to the volume editors and their chapter contributors for the authoriative information.

Dr. Roland Hardman



Preface

All species and natural hybrids of Mentha are essential oil bearing. Today, taxa of Mentha,
either native or naturalized, are ubiquitous and found on all continents except Antarctica.
Because of the aromatic properties of these taxa, some have been used traditionally for more
than 2000 years.

Mentha is the most important genus in the Labiatae (Lamiaceae) family because it contains a
number of taxa the essential oils of which have achieved high economic value. These oils are
cornmint (the source of natural menthol), peppermint, Scotch spearmint, and Native spearmint.
The amount of the oils produced annually is in excess of 23,000 metric tonnes with a value
exceeding $400 million. This makes them the most economically important essential oils pro-
duced. Mint oils are produced in different parts of the world. For example, the lion’s share of
peppermint oil, Native spearmint, and Scotch spearmint oil is produced in North America,
whereas almost all the cornmint oil and natural menthol are produced in China and India.

The correct taxonomic source of cornmint oil is Mentha canadensis L. not the synonyms M.
arvensis L., M. arvensis f. piperascens Malinv.ex Holmes, M. haplocalyx Briq., etc. Similarly,
the correct taxonomic source of Scotch spearmint oil is M. xgracilis Sole and not M. cardiaca
Gerarde ex Baker. Finally, the correct taxonomic source of Mentha citrata oil is M. aquatica
L. var. citrata (Ehrh.) Fresen. not M. citrata Ehrh. Therefore, the correct taxonomic nomen-
clature has been used throughout this treatise.

For an essential oil to be natural and genuine, it must be isolated from a whole plant or
plant part of known taxonomic origin by physical means only. The physical processes used to
isolate essential oils are as follows:

1. Hydrodistillation (water distillation) in which the plant material (herbage in the case of
Mentha species) is immersed in water, the heterogeneous mixture is boiled, and the oil is
condensed and separated from the steam and oil vapor mixture.

2. Water and steam distillation in which water is boiled in a container with the herbage
held above the boiling water on a grid so that the wet steam can release the oil in vapor
form, which is condensed and separated as with water distillation.

3. Normal steam distillation in which the steam is produced in a satellite steam generator
(boiler) and passed through the bottom of a container of herbage to yield a steam and oil
vapor mixture, which is condensed and separated.

4. Hydrodiffusion is a modification of the steam distillation process in which the steam is
passed through the top of a container of herbage, thus allowing the steam to percolate
down through the plant material by gravity, after which the oil vapor and steam are
condensed and separated.

5. Expression (also known as cold processing) in which the oil-bearing part of the plant
is compressed to remove the oil. This process is mainly used to isolate oils from
the peels of Citrus taxa. An essential oil cannot be obtained by supercritical CO, extraction,
although it is sometimes erroncously referred to that way in the literature, because
extraction processes produce extracts irrespective of the solvent type or volatility.

A short summary of the chapters that appear in the text follows:

The Mentha genus is complex as more than 3000 epithets of Mentha have been published,
although a redefinition of the genus has revealed that it contains 18 species and 11 hybrids
(Tucker and Naczi).



Anatomically Mentha taxa contain both capitate and peltate glandular trichomes like other
members of the Labiatae family. Studies on biosynthesis and biotechnology have led to a
better understanding of the physiology, molecular biology, and tissue culture potential for the
production of oil of the important Mentha taxa (Maffei et al.).

The four economically important Mentha taxa are cultivated extensively (a) in the United
States (peppermint, Scotch, and Native spearmint); (b) in India (cornmint, peppermint,
Scotch spearmint, and Native spearmint); and (c) in China (cornmint and Native and Scotch
spearmint). Their cultivation practices are dissimilar as are the control measures used to combat
disease and insect infestation (Morris, USA; Kumar et al., India; and Liu and Lawrence, China).

The isolation of mint oils from mint herbage is more complex than described earlier. As a
result, the theoretical aspects of distillation must be applied if efficient cost-effective oil
isolation is to be realized (Denny and Lawrence).

The number and type of components that have been isolated from the commercially
important oils (also including pennyroyal and Mentha citrata) and their quantitative differ-
ences found in the same taxa grown in different environments are of importance to the mint
oil user. The enantiomeric distribution of the main constituents can also assist in the choice of
oil supplier (Lawrence).

The oils produced from the 18 Mentha species and 11 hybrids, either cultivated or collected
from their naturalized habitats, reveal a wide compositional diversity within the genus. In
addition, similarities and differences between oil compositions found either within or between
a species or hybrid shed light on the widespread occurrence of infraspecific chemical differ-
ences and the fact that composition cannot be used solely to characterize a species or hybrid
(Lawrence).

The annual production statistics for peppermint, Native, and Scotch spearmint oils pro-
duced in the United States reveal the changes in production regions over the years. Also, the
quality control aspects including gas chromatographic profiles will assist the users in charac-
terizing their oils of choice (Sheldon).

Menthol is an extremely important flavor chemical that can be produced by freeze crystalliza-
tion from cornmint oil. This same enantiomerically pure compound can also be produced
synthetically either from pulegone, piperitone, 8-3-carene, thymol, and N, N-diethylgeranylamine
(Hopp and Lawrence).

The important mint oils in commerce are sometimes found stretched, diluted, or adulter-
ated with single compounds, similar oils, or fractions thereof. The resultant mixture is no
longer a pure genuine oil. The use of blends of oils of different geographical origin with a label
of the most expensive origin or the standardization of an oil to ameliorate year-to-year oil
composition variation is fairly widespread (Lawrence).

As mint oils and their major isolates have a wide range of use, an assessment of their safety,
biological, and toxicological properties reveals that much work has been completed on
menthol and pulegone. The methods of determining these properties provide an insight into
the conclusions drawn from such studies (Hayes et al.).

The antibacterial and antifungal properties of mint oils and some of their isolates have been
the subject of study over the years because of their use as preservatives. As expected, the
majority of the work has been directed toward controlling the microbes that cause food
spoilage (Deans).

Mint oils and menthol are widely used in the flavor industry where they are integral
components of the flavor systems used in confection, alcoholic beverage, and tobacco
industries. They are also widely used in the fragrance industry in personal care and oral
care products and, to a lesser extent, in fine fragrances. An almost equivalent use of these
materials can be found in the pharmaceutical industry, particularly in nonprescription prod-
ucts. A more recent use of the commercially important mint oils and the lesser-known mint
oils is in aromatherapy (Tucker).
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1.1 INTRODUCTION

The taxonomy of the genus Mentha has been in a state of flux, with more than 3000 names
published since 1753. On the basis of a phylogenetic analysis of morphology, chromosome
numbers, and major essential oil constituents, the genus Mentha is redefined to include
18 species and 11 named hybrids, placed in four sections. Mentha cunninghamii is excluded
and may be more closely paired with the genus Micromeria (s.l.). An enumeration of the taxa,
with more important synonymy, follows a key to the species.

Mentha is a member of the Lamiaceae (Labiatae), in the Order Lamiales, which includes
many other families, such as Verbenaceae, Scrophulariaceae, and Acanthaceae. The delimi-
tation of the family has recently been redefined, with many genera formerly in Verbenaceae
being reassigned to the Lamiaceae (Cantino et al., 1992). As a result, the circumscription of
the Lamiaceae has been changed to include eight subfamilies: Ajugoideae, Chloranthoideae,
Lamioideae, Nepetoideae, Pogostemonoideae, Scutellarioideae, Teucrioideae, and Viticoi-
deae. Nevertheless, over 47% of the Lamiaceae fall within the subfamily Nepetoideae, as do
most of the more familiar genera, many of them economically important. The subfamily
Nepetoideae is characterized as more or less bilabiate, five-lobed corolla (sometimes four-
lobed by fusion); two or four stamens inserted on the corolla tube; an ovary of four one-
seeded mericarps separated by a gynobasic style; a bifid style with one lobe reduced; fruit of
four one-seeded nutlets (sometimes reduced by abortion); nutlets without endosperm; a
quadrangular stem with opposite or rarely verticillate leaves, covered with subsessile glands;
hexacolpate, trinucleate pollen; essential oils and rosmarinic acid present.

Menthais presently classified within the tribe Mentheae, which also includes the economically
important genera Agastache, Calamintha, Cedronella, Hedeoma, Hyssopus, Monarda,
Nepeta, Origanum, Rosmarinus, Salvia, Satureja, and Thymus. The genus Mentha is based on
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a combination of characters rather than any one, unique character: (1) four + equal stamens;
(2) naked filaments; (3) anthers with parallel distinct thecae; (4) + actinomorphic
calyx with four to five lobes; (5) slightly two-lipped corolla; and (6) subellip-
soidal nutlets with rounded apex. On the basis of rbcL sequences, M. longifolia and
“M. rotundifolia” (frequently misapplied, probably M. suaveolens) are most closely
paired with Monarda fistulosa, Monarda didyma, and Monarda menthaefolia (Kaufmann
and Wink, 1994), but this close relationship is not supported by the Internal Transcribed
Spacer (ITS) sequence of nuclear ribosomal DNA of “Mentha rotundifolia Huds.”
(again, probably M. suaveolens) to 16 species of Monarda (Prather et al., 2002). On a mor-
phological basis, many Australasian species of Mentha have been previously classified as
species of Micromeria (see later).

1.2 TAXONOMIC HISTORY OF MENTHA

Disregarding the “microspecies” of Gandoger (e.g., 1889), whose names were declared
invalidly published (Greuter, 2000), more than 3000 names, from species to formae, have
been published for the genus Mentha since 1753 (the starting date of modern nomenclature).
Possibly ca. 95% of these names are synonyms or illegitimate, with most of the remaining
ones being infraspecific taxa. The systematics of the genus Mentha section Mentha are
especially difficult because of the ease of hybridization, favored by gynodioecy, which is
further complicated by polymorphism, cultivation, polyploidy, and vegetative propagation.
This genus also exhibits cytomixis, resulting in somatic chromosome numbers in
multiples of x =12, and, coupled with unexpected “hybrid compounds” (see the discussion
under M. Xpiperita L.), transgressive segregation, a process normally restricted to the F, or
backcross progeny, can be observed in the F; progeny (Tucker et al., 1980; Tucker and
Fairbrothers, 1981; Tyagi, 2003). Within section Mentha, the five basic Eurasian and African
species (M. arvensis L., M. aquatica L., M. spicata L., M. longifolia (L.) L., and M. suaveolens
Ehrh.) have produced eleven naturally occuring, named hybrids. Because of the heterozyg-
osity of these nominally accepted species, coupled with cytomixis, abundant forms can be
generated by simple selfing, and any hybrid progeny will also be correspondingly variable.
These simple genetic segregants, not necessarily correlated with any geographical or eco-
logical distribution, have prompted some taxonomists to publish paroxysms of species and
subspecific taxa. Thus, for example, Topitz (1911, 1913, 1914a, 1914b, 1915, 1916) published
434 new taxa for Middle Europe, while Trautman (1925) later published an additional
113 taxa for Hungary alone, and Prodan (1925) published an additional 67 new taxa for
Romania and Yugoslavia.

This genus also holds many examples of questionable taxonomic practices. Braun (1886)
published 108 new names with no clear indication of their rank (most British taxonomists
have treated these as species, but German and French taxonomists have treated them as
subspecific taxa). Sennen (1927) published 63 nomina nuda for Spain. Fraser (1927, 1929)
published 39 new taxa for the British Isles, redefining species without a consultation of the
types or a full literature survey.

With respect to infrageneric classification, Bentham (1848) was the first to consider
the amount of genetic variability in the genus within a worldwide context and publish taxa
at the level of section, followed by Pérard (1876) and Briquet (1889). The latest comprehensive
classification of the genus Mentha was published over a century ago by Briquet (1896), who
defined 17 species and 33 subspecies within two genera (Mentha and Preslia), two subgenera,
five sections, and seven subsections. Following late 20th century concepts of nomenclature,
Harley and Brighton (1977) defined five sections. No revision or monograph has been



Mentha: An Overview of Its Classification and Relationships 5

published for the genus, but the unpublished Ph.D. thesis of Metcalf (1936) should be cited as
one interpretation.

1.3 MATERIALS AND METHODS

The 27 morphological, karyological, and chemical characters selected were those traditionally
used to define species in the genus Mentha, i.e., they have maximum interspecific varia-
bility but minimum infraspecific variability. Phylogenetic analysis of these 27 characters
was carried out using maximum parsimony (heuristic search) provided by PAUP with de-
fault options on all except for the branch-swapping option algorithm of nearest-neighbor
interchange (NNI) and steepest descent and subsequent bootstrap analysis. All characters
were treated as unordered and of equal weight. The neighbor-joining algorithm of the same 27
characters was also used (Swofford, 2001). The use of these analyses and morphological
characters is discussed by McDade (1997) and Wiens (2000).

Preliminary heuristic searches with morphological characters, chromosome numbers,
and essential oils were performed to determine the best outgroup with species of Lycopus,
Micromeria (s.l. and s.s.), Monarda, Perilla, Salvia, Satureja, Thymus, Thymbra, and/or
Ziziphora. Ultimately, Micromeria brownei (Swartz) Benth. was selected as the appro-
priate outgroup. Further supporting the choice of this genus is that M. juliana (L.) Benth.
falls within the large sister clade to “Mentha rotundifolia (L.) Hudson” and Thymbra spicata
L. on the basis of cpDNA (Wagstaff et al., 1995). Mentha suaveolens also has a close affinity
with Clinopodium vulgare L. based on three plastid DNA regions (Paton et al., 2005). In
addition, Micromeria brownei has been classified as Clinopodium brownei (Swartz) Kuntze;
this is supported by analysis of the cpDNA of North American Satureja (Cantino and
Wagstaff, 1998; Harley and Paucar, 2000). The plants chosen for the analysis fell within
var. pilosiuscula Gray from Florida, although this species ranges from Argentina to Florida.

The morphology, chromosome numbers, and predominant essential oil chemistry
(when known) of the genus Mentha and the outgroup, Micromeria brownei (Swartz) Benth.
var. pilosiuscula Gray, are summarized later. The numbers in parentheses after each of
the 27 characters refer to the position in the data matrix, which is summarized in Appendix 1.

1.3.1 Hasit

While most species are either uniformly prostrate or upright, some species, such as
M. pulegium, assume an upright stance only at the time of flowering.

1. Habit: uniformly prostrate (0), upright when flowering (1), upright during actively
growing period of lifespan (2)

1.3.2 StoLON

Most species of the genus Mentha produce long, thin rhizomes, commonly called stolons. Jackson
(1928) defines a stolon as ““a sucker, runner, or any basal branch, which is disposed to root,” while
a rhizome is “the rootstock or dorsiventral stem, or root-like appearance, prostrate or under
ground, sending off rootlets, the apex progressively sending up stems or leaves.” M. arvensis
typically produces only thick subterranean stolons, whereas M. aquatica typically produces only
thin epigeic (“aerial”” or above ground) stolons, but other species and the hybrids may vary, both
in thickness and emergence. All have reduced or scale leaves. Thus, the flexible definitions of
Jackson are probably the most applicable, and both terms may be used interchangeably.

2. Stolon: absent (0), subterranean (1), epigeic (2)
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1.3.3 Lear

Leaf characteristics are variable, even on the same plant during ontogenetic development, so
only leaves at midstem should be considered. In order to better define the leaf shape, the leaf
length, and width, the average ratio (N=3) was calculated on each specimen examined.
A notable feature of some of the Australasian species is the presence of a thickened leaf
margin, actually a nerve that outlines the entire leaf. On drying, the smaller of such leaves
appear coriaceous in texture. The hairs of Mentha are normally uniseriate (unbranched,
multicellular), but M. suaveolens has dendroid (sometimes incorrectly termed stellate) and
uniseriate hairs, a trait that also infrequently appears in M. spicata.

3. Leaf shape: ovate to suborbicular (1/w=1.0 to 2.0) (0), oblong-lanceolate to lanceolate
(1/w=2.1 to 4.3) (1), linear-oblanceolate (1/w = 6.0 to 10.0) (2)

Leaf base: cordate to obtuse (0), obtuse to cuneate (1), cuneate to attenuate (2)

Leaf margin: entire (0), serrate (1), crenate (2)

Leaf texture: thickened leaf edge, + revolute (0); thin leaf edge, flat (1)

Leaf surface: smooth (0), rugose (1)

Petiole: sessile (0), petiolate (1)

Hairs: uniseriate (0), dendroid (1)

e A

1.3.4 INFLORESCENCE

As first noted by Malinvaud (1903), the inflorescence shape of Mentha is a useful diagnostic
character. The inflorescence of the genus Mentha is a modified axillary cyme resulting
from reduction (verticillate inflorescence) in which the leaves could be termed bracts, often
grouped into a spike-like (M. longifolia, M. suaveolens, M. spicata) or head-like (M. aquatica,
M. dahurica) thyrse with the leaves reduced to bracteoles. Bracteoles are normally simple
but are digitately lobed in M. cervina. The flower number or axil has been used as a diag-
nostic character for identification in the Australasian species, and the inflorescence of
M. cunninghamii is normally reduced to only two flowers per node.

10. Inflorescence: verticillate (0), spicate (1), capitate (2)

11. Bract or bracteole shape: simple (0), digitately lobed (1)

12. Bract size: uniformly equal to leaves (0); ranging from equal to leaves to smaller than
leaves, decreasing in size toward apex (1); uniformly smaller than leaves (2)

13. Flower number or axil: 2 (0), 4 to 8 (1), 9 to many (2)

1.3.5 CaALyx

As first noted by Malinvaud (1903), the calyx of Mentha, as in many members of the family
Lamiaceae, is a useful character for identification; the overall shape, the lobe (“tooth’) shape,
and the internal pubescence are especially diagnostic. While most species of Mentha have five
calyx lobes, M. cervina has four, and M. dahurica varies between four and five. Most species
of Mentha have calyx lobes within an acute apex, but M. cervina and M. gattefossei have a
whitish apical spine on each lobe.

14. Calyx symmetry: zygomorphic (0), + actinomorphic (1)

15. Calyx throat, annulus of hairs: absent (0), present (1)

16. Calyx shape: infundibular (0), tubular (1), tubular-campanulate (2), campanulate (3)
17. Calyx lobe size: unequal (0), +/— equal (1)
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18. Calyx lobe number: five (0), four (1)

19. Calyx lobe shape: deltoid-ovate to broadly triangular (0), narrowly triangular to
lanceolate (1), subulate-lanceolate to subulate (2), narrowly triangular to subulate
(3), tapering to an apical spine (4)

20. Calyx nerve number: 13 to 15 (0), 10 to 12 (1)

1.3.6 CorolLLA

The corolla in Mentha is not as diagnostic as the calyx, but the overall shape and throat
pubescence are additional characters.

21. Corolla symmetry: zygomorphic (0), + actinomorphic (1)
22. Corolla throat, annulus of hairs: absent (0), present (1)
23. Style branches: equal (0), subequal (1)

24. Stamen habit: divergent (0), parallel (1)

1.3.7 CHROMOSOME NUMBER

The species of section Mentha typically have the chromosome number x =12, but the other
species vary widely.

25. Monoploid (basic) number: x=9 (0), x=10 (1), x=12 (2), x=18 (3), x=25 (4)
26. Ploidy level: 2x (0), 4x (1), 6x (2), 8x (3), 10x (4)

1.3.8 EssentiAL OiL CHEMISTRY

The genetics of the essential oil pathways and the enzymes involved are well known in
mentha. Typically, the predominant essential oil pattern consists of acyclic monoterpenes
(e.g., linalool), 2-oxygenated monoterpenes (e.g., carvone), and 3-oxygentated monoterpenes
(e.g., menthol). Although populations within a species may have only one or all three
pathways, these are normally mutually exclusive within any one plant.

27. Predominant components: only 3-oxygenated monoterpenoid (0), acyclic to
3-oxygenated monoterpenoid (1)

1.4 RESULTS AND CONCLUSIONS

1.4.1 MAXxIMUM PARSIMONY AND NEIGHBOR-JOINING ANALYSES

Four most parsimonious trees were found in the analysis with length =89, CI=0.517, and
RI=0.060. The strict consensus tree is shown in Figure 1.1. Only bootstrap values greater
than 50% after 1000 replicates are reported here.

Cladistics (sensu Hennig) assumes a monophyletic origin of taxa. Thus, the 11 named,
recent hybrids enumerated here were eliminated from this analysis. However, M. canadenis
(2n=96) and M. spicata (2n=48), long assumed to be monophyletic, are almost certainly
ancient amphidiploids, a hypothesis strongly supported by resynthesis (Harley and Brighton,
1977; Kokkini and Pappageorgiou, 1982; Tucker and Chambers, 2002). Maximum parsimony
was repeated without M. canadensis and M. spicata, but the resolution decreased (i.e., more
polychotomies appeared in the strict consensus) and bootstrap support still had only three
branches with >50% support.
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FIGURE 1.1 The strict consensus tree of four trees found in analysis of length = 89, CI = 0.517, RI =0.060.
Bootstrap values greater than 50% are indicated. Taxon key. MIBR = Micromeria brownei var. pilosiuscula,
MEAQ = Mentha aquatica, MEAR = M. arvensis, MEAU = M. australis, MECE = M. cervina, MEGA
= M. gattefossei, MEDI = M. diemenica, MEGR = M. grandiflora, MERQ = M. requienii, MEPU =
M. pulegium, MERP = M. repens, MELA = M. laxiflora, MESA = M. sautureioides, MEDA =
M. dahurica, MEJA = M. japonica, MECA = M. canadensis, MELO = M. longifolia, MESP = M. spicata,
MESU = M. suaveolens, MECU = M. cunninghamii.

We cannot assume that all chromosome numbers in Mentha given earlier, 2n =20 to 24,
are entirely due to endoduplication; interspecific hybridization may be even more involved
in the origin of these species, and some parental species may be extinct (Ikeda, 1961). For
example, ITkeda and Ono (1969), on the basis of genome analysis, have postulated
that M. arvensis (2n=72) may also be an ancient hybrid with M. japonica (2n =48), but this
hypothesis has never been tested. Thus, cladistic analysis may not be the best choice, even with
a posteriori adjustments to the known hybrids (Funk, 1981; Wagner, 1983; Wanntorp, 1983;
Ashlock, 1984; Cronquist, 1987; McDade, 1990, 1992, 1997, 2000; Arnold, 1997). The
dendrogram shown in Figure 1.2 was obtained by the neighbor-joining algorithm and more
closely reflects the hybrid origin of the known ancient amphidiploids.

In all analyses that were attempted on PAUP, M. cunninghamii was consistently outside of
the ingroup. Recognition of M. cunninhgamii as a species of Micromeria, rather than Mentha,
is not new; Bentham (1835) described this species as M. cunninghamii. New Zealand has nearly
433 genera, of which 10% are endemic. Interchange between Australia and New Zealand has
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FIGURE 1.2 Neighbor-joining (NJ) phylogram obtained by analysis of 27 characters listed in the text.
NJ distances are shown above the branches. Taxon key. MIBR = Micromeria brownei var. pilosiuscula,
MEAQ = Mentha aquatica, MEAR = M. arvensis, MEAU = M. australis, MECE = M. cervina,
MEGA = M. gattefossei, MEDI = M. diemenica, MEGR = M. grandiflora, MERQ = M. requienii,
MEPU = M. pulegium, MERP = M. repens, MELA = M. laxiflora, MESA = M. sautureioides,
MEDA = M. dahurica, MEJA = M. japonica, MECA = M. canadensis, MELO = M. longifolia,
MESP = M. spicata, MESU = M. suaveolens, MECU = M. cunninghamii.

occurred, though; close to 200 species are common to both regions, but very few are
angiosperms. About 320 species of vascular plants also overlap between New Zealand and
South America, the result of a migration via Antarctica in the Cretaceous to Lower Tertiary.
Affinities of the flora of New Zealand also exist with that of Malaysia and Polynesia (Laing
and Blackwell, 1964; Tobler et al., 1970; Mildenhall, 1980; Allan, 1982; Rogers and Walker,
2002). New Zealand has only four species in the Lamiaceae, all endemic: Mentha cunning-
hamii, Scutellaria novae-zelandiae J.D. Hook., Teucridium parviflorum J.D. Hook., and Vitex
lucens Kirk (Allan, 1982). Tetracondra, endemic to New Zealand and sometimes placed in the
Lamiaceae, is derived from a South American ancestor in the Paleocene (Wagstaff et al.,
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2000). Affinities of the Scutellaria and Vitex species could be in either Asia or South
America, although the latter is more likely in view of the paleobotanical history of
New Zealand.

The similarity of Mentha cunninghamii to Micromeria brownei should not be surprising,
since Micromeria brownei is currently found in areas from Argentina to Florida. Of parti-
cular note, Micromeria bahamensis Shinners and Micromeria domingensis Shinners,
both insular relatives of Micromeria brownei and probably dating from the mid-Eocene
to Pleistocene, superficially resemble Mentha cunninghamii (Shinners, 1962; Keng, 1977,
Li and Hedge, 1994; Mulgura, 1999; Xifreda, 1999; Graham, 2003). Selection of the large,
white, solitary, subactinomorphic flowers of Mentha cunninghamii from an ancestor in
common with Micromeria brownei would undoubtedly reflect the pollinators and other
ecological factors in New Zealand (Lloyd and Barrett, 1996; Wilson and Thomson, 1996;
Galen, 1999). Approximately 61% of the flowering plants in New Zealand bear white
flowers, and the most common pollinators are diurnal calyptrate Diptera (flies from the
families Muscidae and Tachinidae), diurnal Coleoptera (beetles from the families Helodidae,
Melyridae, Mordellidae, and Curculionidae), and a few diurnal short-tongued Colletidae
(bees). Other pollinators include small-tongued bees, flower-haunting weevils, and both
diurnal and nocturnal moths. New Zealand lacks indigenous long-tongued bees and has
only 16 species of butterflies (Godley, 1979). However, the proper classification of Mentha
cunninghamii must await a future analysis of the entire, worldwide distribution of this
complex of over 90 species, which also includes some species variously classified as not
only Micromeria and Clinopodium but also Satureja and Calamintha (Valverde, 1993;
Harley and Paucar, 2000). For example, Doroszenko (1987) has proposed the unpublished
genus Hesperothymus to encompass the species related to Micromeria brownei. The
current distribution of this proposed genus is South America and South Africa, which agrees
with the paleobotany of these regions and their affinity with New Zealand.

The most robust clade is the grouping of M. longifolia, M. spicata, and M. suaveolens. Mentha
spicata has been shown to be an ancient amphidiploid of M. longifolia x M. suaveolens (Harley
and Brighton, 1977; Kokkini and Pappageorgiou, 1982; Gobert et al., 2002), and many variants
with 2n = 48 have been identified as either M. spicata or M. longifolia, depending on the amount
of weight given on chromosome number versus morphology.

Another robust clade is the pairing of M. cervina from the western Mediterranean
with M. gattefossei from Morocco. Except for the number of calyx lobes, these two species
share many features (Harley, 1972; Bunsawat et al., 2004). Hence, this analysis does not
support the recognition of a separate genus, Preslia cervina, solely on the basis of the number
of calyx lobes.

Both maximum parsimony and the neighbor-joining algorithm grouped endemics from
the Mediterranean (M. cervina, M. gattefossei, and M. requienii) with the endemics
from Australia (M. australis, M. diemenica, M. grandiflora, M. laxiflora, M. repens, and
M. satureioides). Superficially, the close affinity of the Mediterranean and Australian ende-
mics is not easy to explain except on the basis of similar climates today. Considering all
18 species of Mentha, Thorne (1972) classified this type of distribution as African—Eurasian—
Australasian. Thorne noted 96 genera, such as Pelargonium, with this distribution. If current
diversity is correlated with origin, then southwest or central Asia is a Laurasian core area
for the Lamiaceae with three directions of radiation: (1) along the Mediterranean; (2) to
southern Africa via the East African mountains; and (3) to the northeast of Asia, then
to western North America, and toward Southeast Asia and Australasia (Hedge, 1992).
The time when Mentha was involved in this radiation of the Lamiaceae is unknown, but
a Mentha-like fossil is known from the Eocene in North America; Menthites eocenicus
Cockerell is possibly one of the oldest known fossils in the Lamiaceae (Cockerell, 1926).
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How this distribution was effected is also open to question, since the extant species of
Mentha have seed dispersal via wind (anemochory) or water (hydrochory), but the
rhizomes of the aquatic species and their hybrids are readily spread by water (Bouman and
Meeuse, 1992).

Angiosperms did not originate in Australia, and the earliest angiosperms in Australia
migrated from a source in northern Gondwana or southern Laurasia during the Barremian—
Aptian (Lower Cretaceous). A later invasion of angiosperms occurred during the
middle Albian—-Cenomanian (mid-Cretaceous) from nonmagnoliid lineages that had evolved
in northern Gondwana during the Aptian. The distribution of taxa between Eurasia
(which included flora from not only Laurasia but also Gondwana as a result of the collision
of the Indian subcontinent during the Eocene) and Australia has been explained as
long-distance dispersal down the mountains of Malesia (glacial emergent ““microcontinents”).
The timing and direction of this species migration are open to speculation, as the
Sunda Shelf, now mostly underwater, was subject to massive geological changes and periodic
extinctions from the late Cretaceous to the Pleistocene, but periodic contact bet-
ween Australia and the Sunda Shelf has been documented during this time. Fossils of the
Lamiaceae are uncommon in Australasia. However, looking at the well-represented fossils of
species of the Fagales, it can be seen that they are documented to have spread from a
secondary core in southeast Asia to Australia during the late Cretaceous to early Tertiary
(Raven and Axelrod, 1974; Beck, 1976; Windley, 1977; Friis et al., 1987; Truswell et al., 1987,
White, 1990; Hill, 1994; Crisp et al., 1999; Hill et al., 1999; Qian, 2002). Endemic species of the
Mediterranean, such as M. requienii from Corsica, probably originated in the mid-Tertiary
(Verlaque et al., 1991, 1995, 1997; Médail and Verlaque, 1997). Thus, considering the current
worldwide distribution of Mentha, the endemic species of Mentha from Australia and the
Mediterranean probably arose during the Tertiary from widely distributed species
in southwest or central Asia (N.B. the current native range of M. pulegium is from Ireland
to Kazakhstan, but it has been introduced worldwide and even become invasive in
some habitats).

This analysis of morphological characters, chromosome numbers, and essential oil chemistry
supports the recognition of four sections from the neighbor-joining phylogram (Figure 1.2).
This classification also indicates predictions to be tested. For example, the geographical
distribution of the insular endemics (M. japonica, M. repens, and M. requienii) correlates with
their nearest geographical neighbors (M. dahurica, M. diemenica, and M. pulegium, respect-
ively), and this provides predictions for the ease of hybridization. Thus, M. japonica has been
documented to be capable of hybridization with M. canadensis (Ikeda et al., 1970; Murray,
private communication, 1971) and M. aquatica (Ikeda and Ono, 1969), and, as predicted
from the neighbor-joining phylogram, M. japonica may also be capable of hybridization with
M. dahurica.

1.4.2 INFRAGENERIC CLASSIFICATION OF MENTHA

This classification expands that of Briquet (1896), who published two subgenera, Pulegium
(Mill.) Lam. & DC. and Menthastrum Coss. & Germ., in the genus Mentha. However, this
classification redefines Section Pulegium to include three species, and also contrary to
Briquet, does not recognize the genus Preslia. This does not support Miller (1768), who
included both M. pulegium and M. cervina in the genus Pulegium. Based upon a strict
consensus of ten equally parsimonious trees based on combined analysis of cpDNA rpl/i6
intron and trnL-trmF region sequences, Bunsawat et al. (2004) showed that M. australis,
M. satureioides, M. diemenica, and M. cunninghamii form one clade. Previously published
infrageneric classifications are indicated in Table 1.1.
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TABLE 1.1
Infrageneric Classification of the 18 Species of Mentha in Previous Publications.
Pérard (1876) Concentrated upon the Species of Central Europe, So Only the Subgenera
Are Included Here. Authorities Are Omitted for Brevity, but the Pertinent Ones

Are Given in the Text

Species Classification References
1. M. aquatica Section Terminales Bentham (1848)

Subgenus Trichomentha Pérard (1876)

Subgenus Menthastrum

Section Capitatae Briquet (1986)

Section Mentha Harley and Brighton (1977)
2. M. arvensis Section Arvenses Bentham (1848)

Subgenus Trichomentha Pérard (1876)

Subgenus Menthastrum

Section Verticillatae

Subsection Arvenses Briquet (1986)

Section Mentha Harley and Brighton (1977)
3. M. australis Section Arvenses Bentham (1848)

. M. canadensis

Subgenus Menthopsis
Subgenus Menthastrum
Section Verticillatae
Subsection Tubulosae
Section Arvenses
Subgenus Trichomenta
Subgenus Menthastrum
Section Verticillatae
Subsection Arvenses

Pérard (1876)

Briquet (1986)
Bentham (1848)
Pérard (1876)

Briquet (1986)

5. M. cervina Preslia cervina Bentham (1848)

Section Preslia Harley and Brighton (1977)
6. M. dahurica Section Arvenses Bentham (1848)
7. M. diemenica Section Arvenses Bentham (1848)

8.
9.

M. gattefossei
M. grandiflora

Subgenus Menthopsis
Subgenus Menthastrum
Section Verticillatae
Subsection Tubulosae
Section Gattefossei
Subgenus Menthastrum
Section Verticillatae
Subsection Grandiflorae

Pérard (1876)

Briquet (1986)
Harley and Brighton (1977)

Briquet (1986)

10. M. japonica Not included in Bentham (1848),
Pérard (1876), Briquet (1896), or
Harley and Brighton (1977)
11. M. laxiflora Section Arvenses Bentham (1848)
Subgenus Menthastrum
Section Verticillatae

Subsection Laxiflorae Briquet (1986)
12. M. longifolia Section Terminales Bentham (1848)

Subgenus Mentha Pérard (1876)

Subgenus Menthastrum

Section Spicatae Briquet (1986)

Section Mentha Harley and Brighton (1977)
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TABLE 1.1 (continued)

Infrageneric Classification of the 18 Species of Mentha in Previous Publications.
Pérard (1876) Concentrated upon the Species of Central Europe, So Only the Subgenera
Are Included Here. Authorities Are Omitted for Brevity, but the Pertinent Ones

Are Given in the Text

Species

13. M. pulegium

14. M. repens

15. M. requienii

16. M. satureioides

17. M. spicata

18. M. suaveolens

Classification

Section Pulegia
Subgenus Pulegium
Section Euplegia
Section Pulegium
Section Eriodontes
Subgenus Menthopsis
Subgenus Menthastrum
Section Verticillatae
Subsection Eriodontes
Section Pulegia
Subgenus Pulegium
Section Audibertiae
Section Audibertia
Section Eriodontes
Subgenus Menthopsis
Subgenus Menthastrum
Section Verticillatae
Subsection Eriodontes
Section Eriodontes
Section Terminales
Subgenus Mentha
Section Silvestres
Subgenus Menthastrum
Section Spicatae
Section Mentha
Section Terminales
Subgenus Mentha
Section Rotundifolae
Subgenus Menthastrum
Section Rotundifoliae
Section Mentha

References

Bentham (1848)

Briquet (1986)

Harley and Brighton (1977)
Bentham (1848)

Pérard (1876)

Briquet (1986)
Bentham (1848)

Briquet (1896)

Harley and Brighton (1977)
Bentham (1848)

Pérard (1876)

Briquet (1986)
Harley and Brighton (1977)
Bentham (1848)

Pérard (1876)

Briquet (1986)

Harley and Brighton (1977)
Bentham (1848)

Pérard (1876)

Briquet (1986)
Harley and Brighton (1977)

1.4.3 MenTHA L., SP. PL. 576. 1753; GEN. PL. eD. 5. 250. 1754, LECTOTYPE SPECIES:
M. spicaTA (BRITTON AND BrROWN, 1913)

e Pulegium Mill., Gard. Dict. ed. 8. 1768. Type species: Pulegium vulgare Mill.
* Preslia Opiz, Naturalientausch 8: 86. 1824; Flora 7: 322. Type species: Preslia. glabriflora

Opiz.

e Audibertia Benth., Bot. Reg. Sub. t. 1282. 1829. Type species: A. pusilla Benth.

(Benth.) Pérard (Mentha requienii Benth.).

Menthella Pérard, Bull. Soc. Bot. France 17: 205. 1870. Type species: Menthella requienii
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1.4.3.1 Section Pulegium (Mill.) Lam. & DC., Fl. Frang. 537 1805, emend. Tucker.
Type Species: M. pulegium L.

Habit uniformly prostate to upright when flowering; stolons absent; leaves ovate to suborbi-
cular, obtuse to cuneate leaf, entire to serrate, thin or revolute, smooth, petiolate; hairs acicular;
inflorescence verticillate; bracts similar to leaves, not reduced upward; flowers four to many per
axil; calyx subactinomorphic to zygomorphic, throat with a ring of hairs, tubular; five calyx
lobes unequal to subequal, subulate-lanceolate to subulate; calyx 10 to 15 nerved; corolla
subactinomorphic, throat glabrous to pubescent; style branches subequal to equal; stamens
divergent; x =9, 10; essential oils predominantly 3-oxygenated monoterpenoids.

* M. grandiflora Benth.
* M. pulegium L.
* M. requienii Benth.

1.4.3.2 Section Tubulosae (Briq.) Tucker. Type Species: M. diemenica Spreng
Subsection Tubulosae Briq., Nat. Pflanzenfam. 4(3a): 319. 1896.

Habit upright when flowering; stolons absent; leaves ovate to lanceolate, obtuse to cuneate,
entire, revolute, smooth, petiolate; hairs acicular; inflorescence verticillate; bracts uniformly
equal to leaves and simple; flowers two to eight per axil; calyx subactinomorphic, throat
glabrous, tubular to campanulate; five calyx lobes subequal, narrowly triangular to deltoid;
calyx 10 to 15 nerved; corolla subactinomorphic, throat glabrous; style branches equal;
stamens divergent; x = 60; essential oils predominantly 3-oxygenated monoterpenoids.

* M. diemenica Spreng.
e M. repens (Hook. f.) Briq.

1.4.3.3 Section Eriodontes Benth. in DC., Prodr. 12: 174. 1848, emend. Tucker. Type
Species: M. satureioides R.Br.

Habit upright when flowering; subterranean or aerial stolons; leaves oblong-lanceolate to linear-
oblanceolate, cordate to attenuate, entire to serrate, flat to revolute, smooth, sessile to petiolate;
hairs acicular; inflorescence verticillate; bracts equal to leaves to smaller than leaves, simple to
digitately lobed; flowers four to many per axil; calyx zygomorphic to subactinomorphic, throat
glabrous to pubescent, tubular to tubular-campanulate; four to five calyx lobes unequal to
subequal; calyx lobes narrowly triangular to tapering with an apical spine; calyx 10 to 15 nerved,;
corolla subactinomorphic, throat glabrous to pubescent; style branches equal; stamens divergent;
x =12, 13; essential oils predominantly 3-oxygenated monoterpenoids.

e M. australis R.Br.

* M. cervina L.

* M. gattefossei Maire.
* M. laxiflora Benth.

e M. satureioides R .Br.

1.4.3.4 Section Mentha. Type Species: M. spicata L.

Habit uniformly upright; stolons subterranean or aerial; leaves ovate to lanceolate, cordate to
cuneate, entire to serrate or crenate, flat to revolute, smooth to rugose, sessile or petiolate;
hairs acicular or stellate; inflorescence various; bracts simple, equal to leaves to smaller than
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leaves, decreasing toward apex, or uniformaly smaller than leaves; flowers four to many per
axil; calyx subactinomorphic, throat glabrous or pubescent, tubular to campanulate; calyx
lobes subequal—four to five, deltoid-ovate to subulate, never ciliate, throat glabrous or
pubescent; calyx 10 to 12 nerved; corolla subactinomorphic, throat glabrous or pubescent;
style branches equal; stamens divergent to parallel; x = 12; essential oil chemistry varied.

* M. aquatica L.

M. arvensis L.

M. canadensis L.

M. dahurica Fisch. ex Benth.
M. japonica (Miq.) Makino
M. longifolia (L.) L.

M. spicata L.

M. suaveolens Ehrh.

1.5 KEY TO THE SPECIES OF MENTHA

10.

11.

12.

I.

2.

e

Calyx with 4 lobes 2

la. Calyx with 5 lobes 3

Bracts of inflorescence digitately lobed, calyx lobes narrowed to a narrow spine, leaves

sessile 5. M. cervina

2a. Bracts of inflorescence simple, calyx lobes deltoid-ovate to broadly triangular,
leaves petiolate 6. M. dahurica

Calyx interior with hairy annulus 4

3a. Calyx interior glabrous or with only a few scattered hairs 14

Stems filiform, leaves 2 to 7 mm, four to eight flowers or leaf axil on prostrate stems,

not differentiated into an inflorescence 15. M. requienii

4a. Stems not filiform, leaves normally larger than 7 mm, many flowers/axil usually
in a defined inflorescence 5

Calyx zygomorphic 6

Leaves ovate to suborbicular, entire, obtuse to cuneate, petiolate, corolla interior with

hairy annulus 13. M. pulegium

6a. Leaves linear-oblanceolate, serrate, cuneate to attenuate, sessile, corolla interior
glabrous 8. M. gattefossei

6b. Calyx + actinomorphic 7

Two to eight flowers/axil 8

7a. Nine to many flowers/axil 11

Leaves serrate with thin edge 9. M. grandiflora

8a. Leaves entire with thickened edge, + revolute 9

Leaves ovate to suborbicular 14. M. repens

9a. Leaves oblong-lanceolate to lanceolate 10

Leaves obtuse to cuneate, calyx with 13 to 15 nerves, corolla interior essentially

glabrous 7. M. diemenica

10a. Leaves cuneate to attenuate, calyx with ten nerves, corolla interior with hairy

annulus 16. M. satureioides

Inflorescence verticillate 12

11a. Inflorescence capitatel3

Leaves entire with thickened edge, + revolute, cuneate to attenuate; calyx lobes

narrowly triangular to lanceolate 3. M. australis

12a. Leaves serrate with thin edge, cordate to obtuse; calyx lobes narrowly triangular

to subulate 11. M. laxiflora
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13.

14.

15.

16.

17.

18.

19.

20.

21.
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Leaves oblong-lanceolate to lanceolate, entire to serrate, corolla interior with hairy

annulus 6. M. dahurica

13a. Leaves ovate to suborbicular, crenate, corolla interior essentially glabrous 1.
M. aquatica

Inflorescence verticillate 15

14a. Inflorescence capitate or spicate 17

Leaves entire with thickened edge, + revolute, corolla interior with hairy annulus, calyx

lobes narrowly triangular to lanceolate, calyx with 13 to 15 nerves 3. M. australis

15a. Leaves serrate with thin edge, corolla interior essentially glabrous, calyx lobes
deltoid-ovate to broadly triangular, calyx with 10 nerves 16

Leaves linear-oblanceolate and gradually decreasing in size toward the apex of the

blooming stem, usually pennyroyal- or peppermint-odored 4. M. canadensis

16a. Leaves ovate to suborbicular and not decreasing in size toward the apex of the
blooming stem, usually fruit-lavender-odored, rarely pennyroyal-odored 2.
M. arvensis

Inflorescence capitate 18

17a. Inflorescence spicate 19

Leaves linear-oblanceolate, entire with thickened edge, + revolute, calyx lobes

deltoid-ovate to broadly triangular, pennyroyal-odored 10. M. japonica

18a. Leaves ovate to suborbicular, crenate with thin edge, calyx lobes narrowly
triangular to subulate, musty or lavender-odored 1. M. aquatica

Leaves rugose, ovate to suborbicular 20

19a. Leaves not rugose, oblong-lanceolate 21

Leaves pubescent with scattered dendroid hairs on abaxial surface, fruit-odored 18.

M. suaveolens

20a. Leaves glabrous; spearmint-, peppermint-, or infrequently fruit-odored 17.
M. spicata

Hairs all uniseriate, leaves widest near the middle; fertile anthers 0.28 to 0.38 mm

12. M. longifolia

21la. Scattered dendroid hairs on abaxial surface of leaves, leaves widest near base;
fertile anthers 0.38 to 0.52 mm 17. M. spicata

1.6 ENUMERATION OF SPECIES

The prominent synonyms cited in floristic treatments published within the last 50 years are
listed here. With over 3000 names published within this genus, not all synonyms can be listed
in this abbreviated account. Decades of research remain to be completed on typification of all
the published names (a thankless task), and, presently, only the names of ca. 1800 have been
adequately researched.

1.6.1

1.6.1.1

M. AQuATica L., Sp. pi. 576. 1753. Type: CLIFFORD HERBARIUM
(Lectotyre, BM!), 2n = 96.

var. aquatica, Water Mint

e Mentha hirsuta Huds., FI. Angl. 223. 1762.

* Mentha palustris Mill., Gard. Dict. ed. 8. n. 12. 1768.

e Mentha capitata Gilib., Fl. Lit. Inch. 1: 721. 1782.

e Mentha dubia Chaix ex Vill., Hist. pl. Dauphiné 2: 358. 1787.

e Mentha aquatica L. var. pedunculata Pers., Syn. pl. 2: 119. 1806.
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* Mentha ortmanniana Opiz, Naturalientausch 11: 437. 1826.

e Mentha purpurea Host, FI. Austriac. 2: 141. 1831.

e Mentha aquatica L. var. stricta K. Koch, Linnaea 21: 651. 1849.

* Mentha pyrifolia Heinr. Braun, Verh. K.K. Zool. -Bot. Ges. Wien. 40: 420. 1890.

* Mentha aquatica L. var. ortmanniana Henir. Braun ex Briq., Lab. Alp. Mar. 82. 1891.

* Mentha dumetorum Schultes var. natalensis Briq., Bull. Herb. Boissier 2: 702. 1894.

e Mentha aquatica L. var. calaminthifolia Vis. ex Sagorski & Oswald, Mitt. Thiiring. Bot.
Vereins 26: t. 4. 1910.

* Mentha pyrifolia (Heinr. Braun) Jdv., Magyar FI. 940. 1925.

e Mentha perhirsuta (Borbas) Trautman in Jdv., Magyar FI. 946. 1925.

* Mentha aquatica L. var. cordata Prodan, Bull. Inform. Grdd. Bot. Univ. Cluj 5: 114. 1925.

e Mentha aquatica L. f. ortmaniana (Opiz) Heinr. Braun ex Janci¢, Glasn. Prir. Mus.
u Beogradu, Ser. B, Biol. Nauke 39: 30. 1984.

Distribution: throughout Europe except extreme north
Habitat: wet edges of ponds, lakes, and canals

1.6.1.2 var. citrata (Ehrh.) Fresen., Syll. Pl. Nov. 2: 234. 1828. Type: H.H. [Hortus
Herrenhusanus, The Royal Gardens of Herrenhausen, Hannover, Germany],
Ehrhart s.n. (Lectotype, GOET! Syntypes, GOET!), Orange Mint, Bergamot Mint

e Mentha citrata Ehrh., Beitr. Naturk. 7: 150. 1792.

e Mentha adspersa Moench, Methodus 379. 1794.

* Mentha aquatica L. f. citriodora G. Mey., Chloris Han. 290. 1836.

e Mentha xpiperita L. subsp. citrata (Ehrh.) Briq., Bull. Soc. Bot. Genéve 5: 62. 1889.
e Mentha xpiperita L. var. citrata (Ehrh.) Rouy, Fl. France 11: 378. 1909.

* Mentha piperita L. nm. citrata (Ehrh.) Boivin, Naturaliste Canad. 93: 1061. 1966.

Distribution: Examining the genetics and chromosome numbers of multiple collections from
North America and Central Europe, Murray and Lincoln (1970) found most to be a high
linalool/linalyl acetate, male sterile forms of M. aquatica and not hybrids (although the male
sterility promotes hybridization with other species, as in M. xpiperita “Lavanduliodora”
from Italy and some forms of M. xpiperita from England), and this is further supported by
flavonoid data (Voirin et al., 1999).

Habitat: as for var. aquatica, often cultivated

1.6.2 M. arvensis L., Sp. pr. 577. 1753. Type: LINNAEAN HErBARIUM (LECTOTYPE, S!),
CORNMINT, 2n =72

1.6.2.1 subsp. arvensis

Distribution: southern and western Europe
Habitat: moist fields and roadsides

1.6.2.2 subsp. parietariefolia (Becker) Briq., Bull. Soc. Bot. Genéve 5: 43. 1889. Type:
Frankfurt, Germany (Holotype, FR!)

e Mentha gentilis L., Sp. pl. 1753.

* Mentha austriaca Jacq., FI. Austriac. S: 14. t. 430. 1778.
* Mentha praecox Sole, Menth. Brit. 31. t. 13. 1798.

e Mentha variegata Sole, Menth. Brit. 43. t. 19. 1798.
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Mentha procumbens Thuill., Fl. Env. Paris ed. 2. 288. 1799.

Mentha lapponica Wahlenb., FI. Lapp. 161. t. 10. 1812.

Mentha arvensis L. var. parietariaefolia Becker, Fl. Frankfurt 225. 1827.

Mentha arvensis L. var. parietariaefolia (Becker ex Strail) Reichb., Icon. Bot. pl. Crit. 10:
25.t. 970. 1832.

Mentha parietariaefolia Becker ex Steud., Nomencl. Bot. ed. 2. 2: 127. 1841.

Mentha arvensis L. var. parietariaefolia (Becker) Wirtg., Herb. Menth. Rhen. 15. 1855.
Mentha parietariaefolia (Becker) Boreau, Fl. centre France ed. 3. 2: 515. 1857.

Mentha parietariaefolia (Becker) Heinr. Braun, Verh. KK. Zool. -Bot. Ges. Wien 36:
226. 1886.

M. arvensis L. subsp. austriaca (Jacq.) Briq., Lab. Alp. Mar. 88. 1891.

Mentha arvensis L. var. parietariaefolia (Becker) Fiori & Paol., FI. Italia 3: 81. 1903.
Mentha arvensis L. subsp. parietariifolia (Becker) Vollmann, Mitt. Bayer. Bot. Ges. 2:
207. 1909.

Mentha arvensis L. var. parietariaefolia (Becker) Fraser, Bot. Soc. Exch. Club Brit. Isles 8:
245.1927.

Distribution: northern and eastern Europe
Habitat: moist fields and roadsides

1.6.3 M. austraLis R.Br., Propbr. 505. 1810. Type: CATARACT RIVER, PORT

DALRYMPLE [TASMANIA, AUSTRALIA], R. BRown #2349 (HoLotyre, BM!;
Isotypes, BM! K!), 2n=72

Micromeria australis (R.Br.) Benth. Labiat. Gen. Spec. 380. 1834,

Distribution: Australia (except West Australia), Tasmania
Habitat: near watercourses and waterholes, damp gullies

1.6.4 M. cANADENSIS L., Sp. pL. 577. 1753. Type: KALM SPECIMEN IN LINNAEAN

HereArRIUM 730.18 (LectoTYPE, LINN!), AMERICAN CORNMINT, JAPANESE
PEPPERMINT, HAKKA, 2n = 96

Mentha borealis Michx., FI. Bor.-Am. 2: 2. 1803.

Mentha canadensis L. var. villosa Benth., Labiat. Gen. Spec. 181. 1833.

Mentha canadensis L. var. glabrata Benth., Labiat. Gen. Spec. 181. 1833.

Mentha cinerea Raf., Herb. Raf. 68. 1833; New FI. 4: 94. 1838; Autik. Bot. 112. 1840.
Mentha canadensis L. var. glabrior Hook., FIl. Bor.-Am. 2: 111. 1838.

Mentha trachiloma Raf., New Fl. 4: 984. 1838.

Mentha ciliata Raf., New Fl. 4: 94. 1838; Autik. Bot. 113. 1840.

Mentha agrestis Raf., Autik. Bot. 113. 1840.

Mentha terebinthinacea Willd. ex Steud., Nomencl. Bot. ed. 2. 3: 128. 1841.

Mentha arvensis L. f. piperascens Malinv. ex Holmes, Pharm. J. Lond. 13: 382. 1882.
Mentha haplocalyx Briq., Bull. Bot. Soc. Geneve 5: 39. 1889.

Mentha haplocalyx Briq. subsp. pavoniana Briq., Bull. Soc. Bot. Genéve 5: 40. 1889.
Mentha haplocalyx Briq. subsp. austera Briq., Bull. Soc. Bot. Geneve 5: 41. 1889.
Mentha hakka Siebold, Verh. Batav. Genootsch. 22: 32. 1890.

Mentha arvensis L. var. canadensis (L.) Kuntze, Revis. Gen. pl. 2: 524. 1891.

Mentha arvensis L. var. borealis (Michx.) Kuntze, Revis. Gen. pl. 2: 524. 1891.
Mentha disperma Sessé & Moc., FI. Mexic. ed. 2. 135. 1894,
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e Mentha arvensis L. var. canadensis (L.) Briq., Bull. Herb. Boissier 2: 707. 1894.

* Mentha arvensis L. var. haplocalyx (Briq.) Briq., Bull. Herb. Boissier 2: 707. 1894.

e Mentha arvensis L. var. zollingeri Briq., Bull. Herb. Boissier 2: 707. 1894.

e Mentha arvensis L. var. pavoniana Briq., Bull. Herb. Boissier 2: 708. 1894.

* Mentha arvensis L. var. schmitzii Briq., Bull. Herb. Boissier 2: 708. 1894.

* Mentha arvensis L. var. sachalinensis Briq., Bull. Herb. Boissier 2: 708. 1894.

e Mentha arvensis L. var. penardi Briq., Bull. Herb. Boissier 3: 215. 1895.

e Mentha arvensis L. subsp. haplocalyx Briq., Nat. Pflanzenfam. 4(3a): 319. 1896.

e Mentha rubella Rydb., Mem. NY Bot. Gard. 1: 337. 1900.

e Mentha arvensis L. var. lanata Piper, Bull. Torrey Bot. Club 29: 222. 1902.

* Mentha canadensis L. var. lanata (Piper) Piper, Contrib. U.S. Nat. Herb. 11:
492. 1906.

e Mentha canadensis L. var. borealis (Michx.) Piper, Contrib. U.S. Nat. Herb. 11:
492. 1906.

e Mentha penardi (Briq.) Rydb., Bull. Torrey Bot. Club. 33: 150. 1906.

e Mentha arvensis L. var. glabrata (Benth.) Fernald, Rhodora 10: 86. 1908.

* Mentha lanata (Piper) Rydb., Bull. Torrey Bot. Club 36: 687. 1909.

* Mentha glabrior (Hook.) Rydb., Bull. Torrey Bot. Club 36: 686. 1909.

e Mentha occidentalis Rydb., Bull. Torrey Bot. Club 36: 687. 1909.

e Mentha canadensis L. var. lanata (Piper) J.K. Henry, Fl. s. Brit. Columbia 260. 1915.

* Mentha haplocalyx Briq. var. barbata Nakai, Bot. Mag. Tokyo 35: 178. 1921.

* Mentha sachalinensis (Briq.) Kudo, J. Coll. Sci. Imp. Univ. Tokyo 43: 47. 1921.

e Mentha nipponensis Kudo, Mem. Fac. Agric. Taihoku Imp. Univ. 2(2): 88. 1929.

e Mentha haplocalyx Briq. var. nipponensis Matsum. & Kudo ex Kudo, Mem. Fac. Agric.
Taihoku Imp. Univ. 2(2): 88. 1929.

e Mentha arvensis L. var. villosa (Benth.) S.R. Stewart, Rhodora 46: 333. 1944,

e Mentha haplocalyx Briq. var. piperascens (Malinv.) Wu and Li, Acta Phytotax. Sin. 12:
225.1974.

e Mentha arvensis L. subsp. borealis Taylor & MacBryde, Canad. J. Bot. 56: 186. 1978.

Distribution: North America and eastern Asia; ancient amphidiploid of M. arvensis x
M. longifolia (Tucker and Chambers, 2002)

Habitat: streambanks, lake shores, moist fields and roadsides, high menthol forms
cultivated

1.6.5 M. cerviNa L., Sp. PL. 578. 1753. TyPe: BURSER SPECIMEN IN BURSER
HerBARIUM (LEcTOTYPE, UPS! SYnTYPES, BM! LINN!), HART'S
PENNYROYAL, 2n = 26

e Pulegium cervinum (L.) Mill., Gard. Dict. ed. 8. n. 3. 1768.

e Mentha punctata Moench, Suppl. Methods 146. 1802.

e Mentha multifida Stokes, Bot. Mat. Med. 3: 318. 1812.

e Preslia glabriflora Opiz, Naturalientausch 8: 88. 1824; Flora 7: 323. 1824.
e Preslia villiflora Opiz, Naturalientausch 8: 88. 1824; Flora 7: 323. 1824.

* Preslia cervina (L.) Fresen., Syll. Pl. Nov. 2: 238. 1828.

Distribution: western Mediterranean, Spain, Portugal, and Mediterranean France
Habitat: from damp land to water (60 cm deep), normally overwintering under water in its
native habitat, spring growth erect with stems rich in aerenchyma
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1.6.6 M. DAHURICA FiscH. ExX BENTH., LABIAT. GEN. Spec. 181. 1833. Type: DAURIA, SIBERIA
(Horotype, UNkNOWN, Nor LE), 2n=72

Mentha aquatica L. subsp. sibirica Briq., Nat. Pflanzenfam. 4(3a): 319. 1896.

Distribution: eastern Siberia to north China and Hokkaido, Japan
Habitat: water meadows, more rarely dry valley meadows, shores of rivers and lakes, thickets,
wood margins

1.6.7 M. DIEMENICA SPRENG., SysT. VEG. 2: 724. 1825. Type: “TerrA DIEMEN"” [TASMANIA,
AusTrALIA] (HoLoTypg, B-WiLLb.?), 2n =120

e Mentha gracilis R.Br., Prodr. 505. 1810.
e Micromeria gracilis (R.Br.) Benth., Labiat. Gen. Spec. 380. 1834.

Distribution: widespread from South Australia to Tasmania and New South Wales, Australia
Habitat: unknown

1.6.8 M. Garterossel MAIRE, Butt. Soc. Hist. NAT. AFRIQUE N. 13: 42. 1922, Tvype:
Morocco (Horotyeg, AL; Isotyee, G!), 2n= (432, 40) 48

Distribution: Grand and Moyen Atlas Mountains, Morocco, between 1500 and 2200 m
Habitat: chiefly at the edge of dayas (pools drying in summer), less commonly in damp
pastures and meadows

1.6.9 M. GRANDIFLORA BENTH. IN J. MITCH., J. Expep. TrRop. AusTrALIA 362. 1848. Type:
“Camp 29" [Derot CamP, OVERLOOKING THE MARANOA NEAR MITCHELL,
QUEENSLAND, AUSTRALIA], T.L. MitcHewL #584 (Horotvee, K!), 2n=12

Distribution: subtropical eastern Australia from inland Queensland on Dividing Range

(£ 300 to 600 m) to northern New South Wales
Habitat: sandy soil

1.6.10 M. jaronica (MiQ.) MakiNo, Bor. Mac. (Tokyo) 20: 1. 1906. Type:
IN DecuivitaTe RiMosis MONTES Fuzi SAmA Ins. NippoN [MT. Fuji, Japan],
PieroT #657 (HoLoTYPE, L.!), HIME-HAKKA, 2n = 48, (50)

Micromeria japonica Miq., Ann. Mus. Bot. Lugduno-Batavi 2: 106. 1865.
Satureja japonica Matsum. & Kudo, Bot. Mag. (Tokyo) 26: 299. 1912.

Distribution: Hokkaido and Honshu, Japan
Habitat: wet places in lowlands to mountains

1.6.11 M. 1AxiFLorA BENTH. IN DC., ProDr. 12: 174. 1848.
Type: New HoLLAND [PORT PHiLIP, VICTORIA, AUSTRALIA], GUNN S.N.
(Hovotyeg, K!), 2n=1?

Distribution: Victoria and southern parts of New South Wales, especially Montane
Habitat: forests, usually in gullies, in regions above 508 mm annual rainfall
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1.6.12 M. ionarForia (L.) L., Fr. monsp. 19. 1756. Type: BUrRseR HERBARIUM
(Lectotyee, UPS!) 2n = 24, (48)

As discussed in Tucker et al. (1980), Linnaeus may not have intended to publish this as a
species in his Flora Monspeliensis of 1756, but “intent” is not covered in the International
Code of Botanical Nomenclature (Greuter, 2000). We can also argue that Linnaeus’ intent
apparently was to raise this taxon as a species, as he did so in 1763 with the publication of
M. sylvestris.

This species has the most extensive geographical range and, correspondingly, the most
variation. Hence, some late-20th-century taxonomists, such as Borissova (1954) and Jamzad
(1987), have published even more new species in this complex without examination of the
ponderous amount of prior publications and types; M. asiatica Borissova, for example, is
conspecific with M. longifolia by AFLP markers (Gobert et al., 2002). Mentha longifolia has
been included in the floras of Great Britain and North America, but almost all specimens from
these areas are actually pubescent M. spicata with 2n =48 or M. xvillosonervata with 2n = 36.
This treatment essentially follows Briquet (1896) with updates; the 22 subspecies are listed here
geographically, from western Europe to India to South Africa (albeit, a temporary solution
until the full variation can be examined in detail with plants grown in a common environment).

1.6.12.1 subsp. longifolia, Horse Mint

* Mentha spicata L. var. longifolia L., Sp. pl. 576. 1753.

* Mentha longifolia (L.) Huds., FI. Angl. 221. 1762.

e Mentha sylvestris L., Sp. pl. ed. 2. 804. 1763.

e Mentha chalepensa Mill., Gard. Dict. ed. 8. n. 11. 1768.

e Mentha mollissima Borkh. ex P. Gaertn., B. Mey. & Scherb., Ockon. Fl. Wetterau 2: 348.
1800.

e Mentha incana Willd., Enum. pl. 609. 1809.

Distribution: Europe
Habitat: wet alpine meadows and stream banks above 305 m

1.6.12.2 subsp. dumortieri (Déséglise & Th. Durand) Briq., Nat. Pflanzenfam. 4(3a): 322.
1896. Type: Mazures, Province de Liege, Belgium, Durand (Holotype, G)

e Mentha dumortieri Déséglise & Th. Durand, Bull. Soc. R. Bot. Belgique 17: 334. 1879.

* Mentha silvestris L. subsp. dumortieri (Déséglise & Th. Durand) Briq., Bull. Soc. Bot.
Geneve 5: 91. 1889.

e Mentha longifolia Huds. var. dumortieri Top., Beih. Bot. Centralbl. 30(2): 163. 1913.

Distribution: Belgium

Habitat: unknown

1.6.12.3 subsp. lavandulacea (Willd.) Briq., Nat. Pflanzenfam. 4(3a): 321. 1896. Type:
‘‘Hort. Bot. Berol., Habitat in Hispania” (Holotype, B!)

Mentha lavandulacea Willd., Enum. pl. 609. 1809.

Distribution: Spain
Habitat: unknown
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1.6.12.4 subsp. erminea Briq., Nat. Pflanzenfam. 4(3a): 322. 1896. Type: Platania, Crete,
Reverchon (Holotype, G)

Mentha longifolia Huds. var. erminea Briq., Bull. Herb. Boissier 2: 700. 1894.

Distribution: Crete, central and southern Greece, Turkey
Habitat: marshes

1.6.12.5 subsp. cyprica (Heinr. Braun) Harley in Meikle, FI. Cyprus 2: 1260. 1985. In der
Schluchten um das Kloster Trooditissa [in Ravines around Trooditissa Monastery,
5 km. Northwest of Platres, Cyprus], Kotschy 23 (Lectotype, W!)

* Mentha cyprica Heinr. Braun, Verh. KK. Zool. -Bot. Ges. Wien 39: 217. 1889.

e Mentha longifolia Huds. var. cyprica (Heinr. Braun) Briq., Bull. Herb. Boissier 2: 696.
1894.

e Mentha cyprica Heinr. Braun var. galatae Heinr. Braun ex Briq., Bull. Herb. Boissier.
696. 1894.

e Mentha longifolia Huds. var. galatae (Heinr. Braun) Briq., Bull. Herb. Boissier 2: 696.
1894.

Distribution: Cyprus mountains, 61 to 1646 m, generally above 610 m
Habitat: moist ground by streams and springs

1.6.12.6 subsp. grisella Briq., Nat. Pflanzenfam. 4(3a): 322. 1896. Type: Unknown
(Holotype, G!)
e Mentha grisella Briq. subsp. grisella Briq., Bull. Soc. Bot. Genéeve 5: 94. 1889.
* Mentha longifolia (L.) Huds. var. grisella (Briq.) Fiori & Paol., Fl. Italia 3: 76. 1903.

Distribution: Hungary, Rumania, Macedonia, Greece, Asia minor
Habitat: unknown

1.6.12.7 subsp. diabolina Briq., Nat. Pflanzenfam. 4(3a): 322. 1896. Type Langenthal,
Rumania, Barth (Holotype, G!)

Mentha longifolia Huds. var. diabolina Briq., Bull. Herb. Boissier 2: 698. 1894,

Distribution: eastern Europe, Asia
Habitat: moist areas

1.6.12.8 subsp. mollis (Rochel) Briq., Nat. Pflanzenfam. 4(3a): 322. 1896. Type:
in Banatu, Rochel (Holotype, GJO?)

e Mentha sylvestris L. var. mollis Rochel, Linnaea 12: 585. 1839.

e Mentha longifolia Huds. var. mollis (Rochel) Briq., Bull. Herb. Boissier 4: 692. 1896.

e Mentha longifolia (L.) Huds. var. mollis (Rochel) Hayek, Repert. Spec. Nov. Regni Veg.
30: 395. 1927.

Distribution: Romania, Yugoslavia
Habitat: unknown
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1.6.12.9 subsp. minutiflora (Borbas) Briq., Nat. Pflanzenfam. 4(3a): 322. 1896. Type:
prope Iraz in com. Bihar [Hungary], Borbas (Holotype, G)

* Mentha minutiflora Borbas, Bot. Centralbl. 25: 239. 1886. Borbas in A. Kern., Sched. Fl.
Exs. Austro-Hung. 5: 55. 1888.

e Mentha grisella Briq. subsp. minutiflora (Borbas) Briq., Bull. Soc. Bot. Genéve 5: 95. 1889.

e Mentha longifolia Huds. var. minutiflora (Borbas) Briq., Bull. Herb. Boissier 4:
688. 1896.

Distribution: Hungary, Macedonia, Crete
Habiatat: unknown

1.6.12.10 subsp. typhoides (Brig.) Harley, Notes Royal Botanical Garden Edinburgh 38:
38. 1980. Type: In Syria ad rivulos montis Masmenen-Dagh prope Cesaream,
Balansa (Holotype, G-DEL)

e Mentha kotschyana Boiss. apud Kotschy, Iter. Cilicicum n. 307. 1853.

* Mentha sylvestris L. var. glabrata Boiss., Fl. Orient. 4: 544. 1879.

* Mentha silvestris L. subsp. kotschyana (Boiss.) Briq., Bull. Soc. Bot. Genéve 5: 87. 1889.
e Mentha silvestris L. subsp. typhoides Briq., Bull. Soc. Bot. Genéve 5: 90. 1889.

e Mentha longifolia Huds. var. typhoides (Briq.) Briq., Bull. Herb. Boissier 4. 685. 1896.

* Mentha longifolia Huds. var. kotschyana (Boiss.) Briq., Bull. Herb. Boissier 4: 688. 1896.
e Mentha longifolia Huds. subsp. kotschyana (Boiss.) Briq., Nat. Pflanzenfam. 4(3a): 321. 1896.

Distribution: Aegean, N.W. Iran, N. Iraq, Turkey, Syria, Lebanon, Israel, Egypt
Habitat: marshy fields, by streams and rivers

1.6.12.11 subsp. caucasica Briq., Nat. Pflanzenfam. 4(3a): 322. 1896. Type: Caucasi Regio
Inferior, Brotherus (Holotype, G)

Mentha grisella Briq. subsp. caucasica Briq., Bull. Soc. Bot. Genéve 5: 93. 1889.

Distribution: Caucasus
Habitat: unknown

1.6.12.12 subsp. calliantha (Stapf) Briq., Nat. Pflanzenfam. 4(3a): 321. 1986. Type:
“in agro Ecbatanensi’”” Near Hamadan, Iran, Pichler s.n. (Holotype, WU!;
Isotypes, K, G, WU!)
e Mentha calliantha Stapf, Akad. Wiss. Wien, Math.-Naturwiss. Kl. Denkschr. 1: 36. 1885.

e Mentha silvestris L. subsp. calliantha Briq., Bull. Soc. Bot. Genéve 5: 86. 1889.
e Mentha longifolia Huds. var. calliantha (Stapf) Briq., Bull. Herb. Boissier 4: 687. 1896.

Distribution: N.W. Iran, E. Anatolia
Habitat: marshy ground, streamsides

1.6.12.13 subsp. noéana (Boiss.) Briq., Nat. Pflanzenfam. 4(3a): 322. 1896. Type:
Iraq Near Baghdad, Noé #1013 (Holotype, G)
e Mentha noéana Boiss., Fl. Orient. 4: 543. 1879.

e Mentha sylvestris L. var. petiolata Boiss., Fl. Orient. 4: 543. 1879.
* Mentha royleana Bent. subsp. noéana (Boiss.) Briq., Bull. Soc. Bot. Genéve 5: 80. 1889.
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Distribution: W. Iran, Iraq, S.E. Anatolia
Habitat: marshy grounds, streamsides

1.6.12.14 subsp. modesta Briq., Nat. Pflanzenfam. 4(3a): 322. 1896. Type:
Unknown (Holotype, G)

* Mentha royleana Benth. subsp. modesta Briq., Bull. Soc. Bot. Geneve 5: 79. 1889.
* Mentha longifolia Huds. subsp. modesta Trautmann & Urum., Bot. Kézlem. 31: 253. 1935.

Distribution: Asia minor, Iran, Tibet
Habitat: unknown

1.6.12.15 subsp. royleana (Benth.) Briq., Nat. Pflanzenfam. 4(3a): 322. 1896. Type:
Unknown (Holotype, K-W?)
Mentha royleana (Wallich), Numer List n. 1537. 1829; Benth. in Wallich, Pl Asiat. Rar. 1: 30.

1829-1830.
Mentha sylvestris L. var. royleana (Wallich) J.D. Hook., FIl. Brit. India 4. 647. 1885.

Distribution: Asia minor, Iran, Afghanistan, Turkestan, Sibiria, Tibet
Habitat: river plains

1.6.12.16 subsp. hymalaiensis Briq., Nat. Pflanzenfam. 4(3a): 322. 1896. Type: Unknown,
Aitchison #620 (Holotype, G)

Mentha royleana Benth. subsp. hymalaiensis Briq., Bull. Soc. Bot. Genéve 5: 79. 1889.

Distribution: Himalayas, Afghanistan
Habitat: unknown

1.6.12.17 subsp. syriaca (Déseglise) Briq., Nat. Pflanzenfam. 4(3a): 322. 1896. Type:
Liban: Saida, au Bord du Risseau entre le Moulin de Mjédel et Aia-el-Hennaye;
Bord de I’Aqueduc du Moulin de Cheick-Ali, Gaillardot (Holotype, G)

* Mentha syriaca Déseglise, Bull. Soc. Etudes Sci. Angers 8-9: 242. 1880.
e Mentha grisella Briq. subsp. syriaca (Déseglise) Briq., Bull. Soc. Bot. Genéve 5: 96. 1889.
e Mentha longifolia Huds. var. syriaca (Déseglise) Briq., Bull. Herb. Boissier 4: 689. 1896

Distribution: Syria
Habitat: wadis

1.6.12.18 subsp. pellita (Déséglise) Briq., Nat. Pflanzenfam. 4(3a): 322. 1896. Type:
Bois de Pins de Magdouché S.S.E. Saida [Syrial, Gaillardot (Holotype, G)
« Mentha pellita Déséglise, Bull. Soc. Etudes Sci. Angers 8-9: 245. 1880.

e Mentha silvestris L. subsp. pellita (Déséglise) Briq., Bull. Soc. Bot. Geneve 5: 92. 1889.
e Mentha longifolia Huds. var. pellita (Déséglise) Briq., Bull. Herb. Boissier 4. 690. 1896.

Distribution: Syria, Ethiopia
Habitat: wadis
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1.6.12.19 subsp. schimperi Briq., Nat. Pflanzenfam. 4(3a): 321. 1896. Type: “Vallis Sel”
Yemen, Schimper #815 (Holotype, G-DEL)

* Mentha silvestris L. subsp. schimperi Briq., Bull. Soc. Bot. Genéve 5: 85. 1889.
* Mentha longifolia Huds. var. schimperi Briq., Bull. Herb. Boissier 4: 686. 1896.

Distribution: Ethiopia, Sinai Peninsula, Yemen
Habitat: wadis

1.6.12.20 subsp. capensis (Thunb.) Briq., Nat. Pflanzenfam. 4(3a): 321. 1896. Type:
Cape, Lions Head, South Africa (Holotype, UPS!), balderjan, ballerja,
balterja, Wild Mint, kruisement, koena

* Mentha capensis Thunb., Prodr. FI. Cap. 95. 1800.

* Mentha salicina Burch. ex Benth., Labiat. Gen. Spec. 170. 1833.

* Mentha lavandulacea Willd. var. latifolia Benth. in DC., Prodr. 12: 165. 1848.

* Mentha capensis Thunb. subsp. bouvieri Briq., Bull. Soc. Bot. Genéve 5: 76. 1889.

* Mentha longifolia Huds. var. obscuriceps Briq., Bull. Herb. Boissier 2: 695. 1894.

* Mentha longifolia Huds. var. doratophylla Briq., Bull. Herb. Booissier 2: 695. 1894,

* Mentha longifolia Huds. subsp. bouvieri Briq., Nat. Pflanzenfam. 4(3a): 321. 1896.

* Mentha longifolia Huds. var. bouvieri (Briq.) Briq., Bull. Herb. Boissier 4: 687. 1896.

* Mentha longifolia Huds. var. capensis (Thunb.) Briq., Bull. Herb. Boissier 4: 687. 1896.
* Mentha longifolia Huds. var. salicina (Burch.) Briq., Nat. Pflanzenfam. 4(3a): 321. 1896.
* Mentha longifolia Huds. var. cooperi Cook, FI. Cap. 5(1): 304. 1910.

Distribution: South Africa, Namibia, Zimbabwe, Lesotho
Habitat: in watercourses and moist places

1.6.12.21 subsp. polyadena Briq., Nat. Pflanzenfam. 4(3a): 321. 1896. Type: Transvaal,
South Africa, Otto Lincke (Holotype, G), koena
Mentha silvestris L. subsp. polyadena Briq., Bull. Soc. Bot. Genéve 5: 84. 1889.

Distribution: South Africa, Lesotho
Habitat: along watercourses, on river banks, and in moist places

1.6.12.22 subsp. wissii (Launert) Codd, Bothalia 2: 170. 1983. Type: Im Sumpfgebiet des
Oberen Numastals 2100 m, Otjiseva, SW Africa [Otjiseva River, Omaruru
District, Brandberg, Namibia], Wiss #1418 (Holotype, FR!; Isotypes, M, PRE)

Mentha wissii Launert, Mitt. Bot., Staatssaml. Miinchen 2: 311. 1957.

Distribution: Namibia, South Africa
Habitat: in watercourses and moist places

1.6.13 M. puteGgium L. Sp. p.. 577.1753. Tyre: MAGNOL SPECIMEN IN LINNAEAN HERBARIUM
730.19 (Lectotyee, LINN!), EurOPEAN PENNYROYAL, 2n = 20, (30, 40)
1.6.13.1 var. pulegium

* Pulegium vulgare Mill., Gard. Dict. ed. 8. n. 1. 1768.
* Pulegium erectum Mill., Gard. Dict. ed. 8. n. 2. 1768.
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* Mentha aromatica Salisb., Prod. Stirp. Chap. Allerton 80. 1796.

e Pulegium aromaticum S.F. Gray, Nat. Arr. Brit. pl. 2: 367. 1821.

e Pulegium pubescens Opiz ex Boenn., Prod. FI. Monast. Westphal. 174. 1824.

o Pulegium heterophyllum Opiz ex Boenn., Prod. Fl. Monast. Westphal. 174. 1824.

* Pulegium tomentellum Presl., FI. Sicul. 36. 1826.

Mentha daghestanica Borissova, Bot. Mater. Gerb. Bot. Inst. Komarova Akad. Nauk SSR
16: 285. 1954.

Pulegium daghestanicum (Borissova) Holub, Folia Geobot. Phytotax. 12(4): 429. 1977.

Distribution: southern, western, and central Europe, northwards to Ireland and central
Poland and extending to western and southern Ukraine Habitat: wet places, roadsides,
pond banks

1.6.13.2 var. micrantha (Fisch.) Benth. in DC., Prod. 12: 175. 1848. Type: River Don,
Russia (Holotype, K!)

e Mentha micrantha Fisch. ex Benth. in DC., Prodr. 12: 175. 1848.
e Pulegium micranthum Claus, Beitr., Pflanzenk. Russ. Reiches. 8: 244. 1850.

Distribution: southeast Russia, W. Kazakhstan
Habitat: sinkholes in steppes

1.6.14 M. rerens (J.D. Hook.) Briq. IN ENGL. & PRANTL, NAT. PrLANZENFAM. 4(3a): 319.
1896. Tyre: WOOLNORTH, TASMANIA, AusTRALIA (HoLotyeg, K!), 2n =12

e Micromeria repens J.D. Hook., London J. Bot. 6: 274. 1847.
e Mentha serpyllifolia Benth. in DC., Prodr. 12: 174. 1848.

Distribution: Tasmania, Australia
Habitat: moist soil

1. 6.15 M. reQuieN BENTH., LABIAT. GEN. Spec. 182. 1833. Type: LAC DE CRENA
[Corsical, Requien s.N. (HoLotyee, K!), CorsicAN MINT, 2n=18
o Thymus parviflorus Req., Ann. Sci. Nat. (Paris) 5: 386. 1825.
* Thymus corsicus Pers. in Moris, Stirp. Sard. Elench. Fasc. 1: 37. 1827.
* Audibertia pusilla Benth., Bot. Reg. sub. t. 1282. 1829.
* Menthella requienii (Benth.) Pérard, Bull. Soc. Bot. France 17: 205. 1870.
o Thymus micranthus Salzm. & Pouzolz. ex Pérard, Bull. Soc. Bot. France 17: 206. 1870.
e Audibertia parviflora Nym., Consp. FI. Eur. 597. 1881.

Distribution: Tyrrhenian Isles (Corsica, Sardinia, Montecristo, Caprera), +500 to 1500 m
Habitat: margins of still and running water, turf, and other damp places, often in shade

1.6.16 M. satureioipes R.Br., Propr. 505. 1810. Type: PORT JACKSON [SYDNEY,
PARRAMATTA, NEw SouTH WALES, AusTraLIA], R. BRown #2350 (HoLotype, BM!
Isotypes, BM! K!), 2n=ca. 144

Micromeria satureioides (R.Br.) Benth., Labiat. Gen. Spec. 380. 1834,

Distribution: throughout Australia except in extreme north
Habitat: usually loamy soils
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1.6.17 M. seicata L., Sp. pr. 576. 1753. Type: CLirrorD HerBARIUM (LECTOTYPE, BM!),
SPEARMINT, 2n = 48

1.6.17.1 subsp. spicata

* Mentha spicata L. var. viridis L., Sp. pl. 576. 1753.

* Mentha viridis (L.) L., Sp. pl. ed. 2. 804. 1763.

e Mentha romana Garsault, Fig. pl. Méd. t. 378. 1764.

* Mentha glabra Mill., Gard. Dict. ed. 8. n. 2. 1768.

e Mentha candicans Mill., Gard. Dict. ed. 8. n. 3. 1768.

e Mentha rubra Mill., Gard. Dict. ed. 8. n. 9. 1768 (nomen confusum).

* Mentha sylvestris L. var. glabra W. Koch, Syn. FI. Germ. Helv. 550. 1837.

Distribution: this species has been shown to be an ancient amphidiploid of M. longifolia x M.
suaveolens by resynthesis (Harley and Brighton, 1977; Kokkini and Papageorgiou, 1982) and
AFLP markers (Gobert et al., 2002). The rugose-leaved plant, commonly sold as “Kentucky
Colonel” in the U.S. or M. cordifolia Auct., has been designated as a rugose varietas by
Harley (1963), but this name has not been published (and until all infraspecific epithets are
examined in this species, publication is probably best avoided).

Habitat: streambanks, lake shores, moist fields and roadsides, often cultivated

1.6.17.2 var. crispata (Schrad.) Schinz & Thellung, Fl. Schweiz ed. 3. 2: 292. 1914,
Crisped Spearmint. Type: “Hortic. Goett.” [Botanischer Garten, Gottingen,
Germany] and ““Hortic. Bot. Berol.” (Holotype, B!)

e Mentha crispata Schrad. ex Willd., Enum. pl. 608. 1809.

e Mentha crispa L., Sp. pl. 576. 1753.

e Mentha cordifolia Opiz ex Fresen., Syll. Pl Nov. 2: 232. 1828.

e Mentha viridis L. var. crispa Benth., Labiat. Gen. Spec. 174. 1833.

e Mentha viridis L. f. crispata (Schrad.) Wirtg., Herb. Menth. Rhen. 12. 1855.

* Mentha viridis L. var. cordifolia (Opiz) Pérard, Bull. Soc. Bot. France 17: 337. 1870.

* Mentha viridis L. var. crispata (Schard.) Pérard, Bull. Soc. Bot. France 17: 337. 1870.

e Mentha spicata L. var. cordifolia (Opiz), Schinz & Thellung, FI. Schweiz ed. 3. 2: 292.
1914.

* Mentha xcordifolia (Opiz) Fraser, Bot. Soc. Exch. Club Br. Isles 8: 214. 1927.

Distribution and habitat: associated with cultivation

1.6.17.3 subsp. condensata (Briq.) Greuter & Burdet, Willdenowia 14: 301. 1985.
Type: Laconia, Greece (Holotype, G)

e Mentha tomentosa Dum. d’Urv. subsp. condensata Briq., Bull. Soc. Bot Geneve 5:
97. 1889.

e Mentha microphylla K. Koch, Linnaea 21: 650. 1849.

e Mentha sieberi K. Koch, Linnaea 21: 649. 1849.

* Mentha sylvestris L. var. stenostachya Boiss., Fl. Orient. 4: 543. 1879.

e Mentha tomentosa Dum. d’Urv., Mém. Soc. Linn. Paris 1: 323. 1822; Enum. pl. Ponti-
Eux. 67. 1822.

* Mentha illyrica Borbas & Heinr. Braun, Verh. KK. Zool. -Bot. Ges. Wien 40: 390.
1890.
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e Mentha illyrica (Borbas & Heinr. Braun) Trautmann in Jav., Magyar FI. 931. 1925.

* Mentha microphylla K. Koch var. illyrica (Borbas & Heinr. Braun) Hayek, Repert. Spec.
Nov. Regni Veg. 30: 398. 1927.

e Mentha sofiana Trautmann, Bot. Kozlem. 29: 111, 118. 1932.

* Mentha spicata L. subsp. tomentosa (Briq.) Harley, Notes Royal Botanical Gardens,
Edinburgh 38: 38. 1980.

Distribution: S. Italy, Sicily, Balkan Peninsula, and Aegean region
Habitat: as for subsp. spicata

1.6.17.4 var. undulata (Willd.) Lebeau, Soc. Ech. Pl. Vasc. Eur. Occid. Bassin Médit. 111
Bull. 17: 68. 1979. Type: Horti Regii Botanici Berolinensis, Willdenow #10813
(Holotype, B-Willd.!)

o Mentha undulata Willd., Enum. PI. 608. 1809.

e Mentha sylvestris L. var. undulata W. Koch in Sturm, Deutschl. FI. 14(62): t. 4. 1833;
W. Koch, Syn. FI. Germ. Helv. 550. 1837.

* Mentha longifolia Huds. var. undulta W. Koch ex Briq., Lab. Alp. Mar. 48. 1891.

* Mentha longifolia (L.) Huds. var. undulata (Willd.) Fiori & Paol., Fl. Italia 3: 74.
1903.

Distribution and habitat: associated with cultivation

1.6.18 M. suaveoLens EHRH., BEITR. NATURK. 7: 149. 1792. Tyee: H.G. [Hortus
GOTTINGENSIS, BOTANISCHER GARTEN, GOTTINGEN, GERMANY], EHRHART S.N.
(Lectotyee, GOET!), 2n=24

e Mentha rotundifolia Auct., non L.
e Mentha macrostachya Ten., Fl. Napol. 1: xxxiii. 1815.
e Mentha rotundifolia (L.) Huds. var. lachnaiochroa Malinv. ex Briq., Lab. Alp. Mar. 28. 1891.

1.6.18.1 subsp. suaveolens, Pineapple Mint

Distribution and habitat: the type is the cultivated variegated form (Harley, 1972); the
wild green form (name uncertain) is found in western Europe from Denmark to eastern Europe
and North Africa and the Canaries, along streambanks, lakeshores, moist fields, and roadsides.

1.6.18.2 subsp. insularis (Req.) Greuter, Soc. Ech. Pl. Vasc. Eur. Occid. Bassin Médit.
111 Bull. 14: 58. 1972. Type: Unknown (Type, K)

e Mentha insularis Req. ex Coss. & Godr., Fl. France 2: 649. 1852.

e Mentha rotundifolia Huds. var. insularis (Briq.) Briq., Bull. Herb. Boissier 2: 692. 1894,

* Mentha rotundifolia (L.) Huds. subsp. insularis (Req.) Arcang., Comp. Fl. Ital. ed. 2. 420.
1894.

e Mentha insularis Req. var. reverchoni (Briq.) Rouy, FI. France 11: 362. 1909.

« Mentha suaveolens Ehrh. var. reverchonii (Rouy) Greuter, Soc. Ech. Pl Vasc. Occid.
Bassin Médit. 111 Bull. 14: 58. 1972.

Distribution: islands of the western Mediterranean above 305 m
Habitat: unknown
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1.6.18.3 subsp. timija (Coss. ex Briq.) Harley ex Harley & Brighton, Bot. J. Linn.
Soc. 74: 81. 1977. Type: Morocco (Lectotype, G!)

e Mentha timija Coss., Bull. Soc. Bot. France 22: 65. 1876; Coss. ex Briq., Bull. Herb.
Boissier 4: 679. 1896.
e Mentha suaveolens Ehrh. subsp. timija (Briq.) Greuter & Burdet, Willdenowia 14: 301. 1985.

Distribution: Morocco
Habitat: unknown

1.6.19 HyYBRIDS OF MENTHA

Hybridization of species of section Mentha is common, but identification may be difficult.
Schultz (1854) was probably the first to recognize the complex hybrid origins of many mint
hybrids. Amateur taxonomists of the genus have treated sterility as the sine qua non criterion
of hybrid origin, forgetting that sterility is under genetic control (as well as chromosomal
imbalance), and that all the hybrids exhibit varying degrees of fertility that is environmentally
influenced. Malinvaud (1901) was the first to enumerate the indications of hybridity, and his
characters still bear repeating:

1 On observe, dans les Eumenthae, trois modes trés distincts de l'inflorescence sur
lesquels aété fondée la subdivision Linnéene en Spicatae, Capitatae, Verticillatae. Or,
I’observation apprend et I’expérimentaiton confirme que dans les Menthes légitimes le
caractére de l'inflorescence est invariable. Donc toute inflorescence mixte, ¢’est-a-dire
offrant sur le méme individu une combinaison ou un mélange des modes ci-dessus, sera
un signe d’hybridité, lequel est assez fréquent avec trois inflorescences pour cinque
especes.

2 Les feuilles caulinaires sont subsessiles dans les Spicatae, nettement pétiolées
dans aquatica et arvensis, I'interversion de ces caractéres sera une autre marque
d’hybridité.

3 La face interne du tube de corolle est constamment glabre dans les formes 1égitimes des
trois Spicatae et plus ou moins velue dans aquatica et arvensis; toute exception a cette
régle sera un criterium d’hybriditeé.

4 La base du calice est toujours plus ou moins velu ou pubescente dans les Verticillatae
légitimes; une parfaite nudité en ce point, coincidant presque toujours avec la
glabréité de la face interne de la corolle, provient d’'un croisement entre les Mentha
arvensis et viridis.

5 Quand on voit sur une Verticillatae, en dehors de toute état pathologique our tératologique,
une abréviation des feuilles caulinaires moyennes, relativement aux supérieures aussi bien
qu’aux inférieures, d’ou résulte dans I’ensemble un aspect claviforme, on peut conclure a
I'intervention d’une Spicata, principalement du rotundifolia.

Many of these hybrids have also been discussed by Harley (1975).

1.6.20 MENTHA XCARINTHIACA HOsT, FL. AusTriAc. 2: 149. 1831. Type:
IN CARINTHIA IN HUMIDIS INTER VILLACH ET BLEYBERG,
(Hovotyre, W5186!)

e Mentha wohlwerthiana F.W. Schultz, Jahresber. Pollichia 12: 29. 1854.
e Mentha xmalinvaldi E.G. Camus, Bull. Herb. Boissier 1(1): 191. 1893.
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Distribution: This is accepted as a hybrid of M. arvensis x M. suaveolens, supported by resynth-
esis (Harley, 1975). Morphologically, this resembles M. arvensis. Two types exist at W; the one
chosen here most closely matches the description, while W5189 is most likely M. x gracilis.

1.6.21 M. XDAIMATICA TAUSCH, SyiL. PL. Nov. 2: 249. 1828.
Type: ““DALMATIA,” TAuscH (Type ProsaBLY PRC IN OLb,
UNSORTED MATERIAL), 2n = 48

* Mentha haynaldiana Borbas, Oesterr. Bot. Z. 30: 19. 1880; Oesterr. Bot. Z. 43: 60. 1893.
e Mentha iraziana Borbas ex Heinr. Braun, Verh. KK. Zool. -Bot. Ges. Wien 40: 485. 1890.

Distribution: this is accepted as a hybrid of M. arvensis x M. longifolia. Morphologically, this is
similar to M. arvensis and also has been confused with pubescent collections of M. xgracilis
(Tucker and Fairbrothers, 1990; Tucker et al., 1991). Until Tausch’s type is located, the name of
this nothospecies must remain uncertain.

1.6.22 M. X DUMETORUM SCHULTES, OBserv. Bot. 108. 1809. Type: ““GALIicIA,””
ScHurtes (HoLotyre, M2 BM?), 2n =60, 72, 84, 96

e Mentha pubescens Auct., ? an Willd., Enum. pl. 608. 1809.

e Mentha hirta Willd., Enum. pl. 608. 1809.

e Mentha nepetoides Lej., Rev. Fl. Spa. 116. 1824.

e Mentha ayassei Malinv., Bull. Soc. Bot. France 24: 234. 1877.

Distribution: this is a hybrid of M. aquatica x M. longifolia, supported by resynthesis
(Murray and Lincoln, 1972) and RAPD analysis (Khanuja et al., 2000). This has been
confused with pubescent collections of M. xpiperita.

1.6.23 M. XGrAciLis SOLE, MENTH. BriT. 37. 1. 16. 1798. TypE:
SIDE OF A BROOK NEAR BRADFORD, WILTS, ENGLAND, SOLE S.N.
(Typotvre, BM! SyntYpEs, BRIST! LINN!), ScoTCH SPEARMINT,
2n=54, 60, 61, 72, 84, 96, 108, 120
e Mentha gentilis Auct., non L.
e Mentha pratensis Sole, Menth. Brit. 39. t. 17. 1798.
e Mentha rivalis Sole, Menth. Brit. 45. t. 20. 1798.

o M. miilleriana F.W. Schultz, Flora 37: 543. 1854.
e Mentha cardiaca Gerarde ex Baker, J. Bot. 3: 245. t. 34. 1875.

Distribution: this is a hybrid of M. arvensis x M. spicata, supported by resynthesis (Tucker
and Fairbrothers, 1990; Tucker et al., 1991; Khanuja et al., 2000), often cultivated. The
inflorescence varies from subverticillate to subspicate, the former confused with collections of
M. arvensis subsp. parietariaefolia (e.g., M. gentilis L.).

1.6.24 M. XMAXIMILIANEA F.W. ScHuLTZ, FLORA 37: 472. 1854; JAHRESBER. POLLICHIA 12:
34. 1854. Type: IN LOCIS INCULTIS, AD RIVULOS, FOSSAS, INQUE DUMETIS REGIONIS
DOLLINAE DILUVII VALLIS RHENI AD PEDES MONTIUM, IN VICINITATE VIAE SERRATAE
MAXIMILIANEAE DICTAE PROPE WEISSENBURG CorlosIsSIME, F.W. ScHuLtz #115
(Hovotveg, B! Isotvees, B! K!), 2n=72, 84, 108

e Mentha suavis Guss., Pl. Rar. 387. t. 66. 1826, non Mentha suavis Hoffm. ex Sm. in Rees,
Cycl. 23: sub. n. 6. 1812.
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e Mentha schultzii Boutigny ex F.W. Schultz, Arch. Fl. France Allem. 2: 283. 1854.
* Mentha rodriguezii Malinv. in Mares, Cat. pl. Vasc. Baléares 335. 1880.

Distribution: This is accepted as a hybrid of M. aquatica x M. suaveolens. Morphologically,
this is intermediate between both parental species and bears a subspicate inflorescence.

1.6.25 M. XpriPeriTA L. Sp. PL. 576. 1753. TyPE: SHERARD HERBARIUM, SHERARD
(Typotvre, OXF!), PepPERMINT, 2n =72, 84, 108

1.6.25.1 var. piperita, Black and Hairy Peppermints

e Mentha nigricans Mill., Gard. Dict. ed. 8. n. 12. 1768.

e Mentha rubra Mill., Gard. Dict. ed. 8. n. 9. 1768 (nomen confusum).
* Mentha odora Salisb., Prod. Stirp. Chap. Allerton 80. 1796.

e Mentha odorata Sole, Menth. Brit. 21.t. 9. 1798.

e Mentha hircina Hull, Brit. FI. 1: 127. 1799.

e Mentha pyramidalis Ten., FI. Napol. 1: 34. 1815.

e Mentha eriantha K. Koch, Linnaea 21: 650. 1849.

e Mentha x reverchonii Briq., Bull. Soc. Bot. Genéve 5: 676. 1889.

Distribution: this species is a hybrid of M. aquatica x M. spicata, supported by resynthesis
(Murray et al., 1972), AFLP markers (Gobert et al., 2002), and flavonoid data (Voirin et al.,
1999), widely cultivated. The leading economic cultivar of var. piperita, ‘“Mitcham,” can be
recreated by crossing a high menthone clone of M. spicata with a high menthofuran clone of
M. aquatica that also has the genes for ketone reductase, resulting in high menthol in the F)
progeny, a compound not present beyond trace levels in either parent (Murray et al., 1972).
This variety typically bears a capitate inflorescence. Pubescent forms may reflect the genetics
of either parent but regularly appear spontaneously in vegetatively propagated commercial
“Mitcham” peppermint fields as a mutation of one to two genes, so the designation of f.
hirsuta (Fraser) Graham (Watsonia 2: 32. 1951) is probably the best designation, rather than
nothosubsp. pyramidalis (Ten.) Harley (Kew Bull. 37: 604. 1983). The hybrids of M. aquatica
var. citrata x M. spicata would fall within this variety on the basis of morphology (e.g.,
Mentha odorata Sole), but might deserve recognition at the level of forma or cultivar.

1.6.25.2 var. crispa (Benth.) W. Koch, Syn. FI. Germ. Helv. 551. 1837. Type: Linnaean
Herbarium 730.7 (Lectotype, LINN!), Curly Mint

e Mentha aquatica L. var. crispa (L.) Benth., Labiat. Gen. Spec. 177. 1833.

* Mentha aquatica L. var. crispa G. Mey., Chloris Han. 291. 1836.

* Mentha piperita L. f. crispa (L.) Wirtg., Herb. Menth. Rhen. 12. 1855.

e Mentha aquatica L. var. crispa (L.) Heinr. Braun ex Top., Beih. Bot. Centralb. 30(2): 171.
1913.

Distribution: associated with cultivation

1.6.25.3 var. officinalis Sole, Menth. Brit. 15. t. 17. 1798. Type: Swampy Place on
Lansdown Called the Wells, it Being the First Spring-Head of Locks-Brook,
England, Sole s.n. (Lectotype, BRIST! Syntypes, LINN! BM!),
White Peppermint

Mentha kahirina Forssk., FI. Aegypt-Arab. 213. 1775.
Mentha piperita L. var. officinalis W. Koch, Syn. Fl. Germ. Helv. 551. 1837.
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Distribution: as for var. piperita. This bears a subspicate inflorescence. Hybrids that are high
in linalool/linalyl acetate (e.g., ““‘Lavanduliodora”) belong here.

1.6.26 M. XrorunpiroLia (L.) Hups., Fi. ANGL. 221. 1762. Type: BURSER HERBARIUM
(Lectotype, UPS!)

* Mentha spicata L. var. rotundifolia L., Sp. pl. 576. 1753, 2n="24.

e Mentha niliaca Juss. ex Jacq., Hort. Bot. Vindob. 3: 46. t. 87. 1777.

e Mentha amaurophylla Timb.-Lagr., Bull. Soc. Bot. France 7: 257. 1860.
e Mentha nouletiana Timb.-Lagr., Bull. Soc. Bot. France 7: 259. 1860.

e Mentha xtimbali Rouy, FI. France 11: 372. 1909.

e Mentha villosa Auct., non Huds.

Distribution: This is accepted as a hybrid of M. longifolia x M. suaveolens (Harley,
1972, 1975).

1.6.27 M. XsmiTHIANA R. GRAHAM, WATsoNIA 1: 89. 1949. Type: UNDER A WET HEDGE
IN THE RoAD FROM WATTON TO SAHAM CHURCH, NORFOLK, ENGLAND, SMITH
(Horotyee, LINN! Isotvees K!), Rep MINT, SOMETIMES CULTIVATED, 2n = 54,
98, 108, 120

Mentha rubra Sm., Trans. Linn. Soc. Lond. 5: 205. 1800, non Mentha rubra Mill., Gard. Dict.
ed. 8.n.9. 1768.

Distribution: this is accepted as a hybrid of M. aquatica x M. arvensis x M. spicata.

1.6.28 M. XVerticiLLATA L., SysT. NAT. eD. 10. 1099. 1759. Type: LINNAEAN SPECIMEN
IN LINNAEAN HerBaRiUM 730.13 (Lectotyee, LINN!), 2n= 42, 54, 78, 84, 90,
96, 120, 132

e Mentha sativa L., Sp. pl. ed. 2. 805. 1763.

e Mentha dentata Moench, Methodus 380. 1794.

e Mentha agrestis Sole, Menth. Brit. 33. t. 14. 1798.

e Mentha paludosa Sole, Menth. Brit. 49. t. 22. 1798.

e Mentha acutifolia Sm., Trans. Linn. Soc. Lond. 5: 203. 1800.

* Mentha abruptifolia Borbas ex Heinr. Braun, Verh. KK. Zool. -Bot. Ges. Wien 40:
440. 1890.

* Mentha pluriglobula Borbas, Term. Fiiz. 16: 52. 1893.

e Mentha verticillata L. var. pluriglobula (Borbas) Hayek, Repert. Spec. Nov. Regni Veg.
30: 387. 1927.

e Mentha verticillata L. f. pluriglobula (Borbas) Jankovi¢ in Josifovic Fl. SR Srbjie 6:
519. 1974.

* Mentha bulgarica Borbas, Magyar Bot. Lapok 4: 53. 1905.

Distribution: This is accepted as a hybrid of M. aquatica x M. arvensis. The inflorescence
varies from subverticillate to subcapitate.



Mentha: An Overview of Its Classification and Relationships 33

1.6.29 M. XviiLosa Hups., Fi. ANGL. eD. 2. 250. 1778. Type: HubsoN HERBARIUM
(Lectortvee K!), 2n= 36

1.6.29.1 var. villosa

* Mentha niliaca Auct., non Willd., Sp. pl. 3: 76. 1801.

* Mentha gratissima G.H. Weber in Wigg., Prim. FI. Holsat. 43. 1780.

e Mentha nemorosa Willd., Sp. pl. 3: 75. 1801.

o MenthalamyiMalinv., Bull. Soc. Bot. France27:335.1880; Bull. Soc. Bot. France28:76.1881.
e Mentha mosoniensis Heinr. Braun, Verh. KK. Zool. -Bot. Ges. Wien 40: 373. 1890.

e Mentha scotica R. Graham, Watsonia 4: 119. 1958.

* Mentha digenea Briq. ex Petrak in Rech. fil., FI. Aegaea 543. 1943.

Distribution: This species is accepted as a hybrid of M. spicata x M. suaveolens, supported by
resynthesis (Harley, 1972, 1975).

1.6.29.2 var. alopecuroides (Hull) Briq., Bull. Herb. Boissier 4: 679. 1896.
Type: Reperitur in aquosis in Cantio et Essexia, England, Sole s.n.
(Neotype, Here Designated, LINN! Syntypes BRIST! BM!),

Apple Mint Bowles Mint, Egyptian Mint

e Mentha alopecuroides Hull, Brit. FI. 1: 126. 1799.

e Mentha rotundifolia Sole, Menth Brit. 9. t. 4. 1798.

* Mentha velutina Lej., Rev. FI. Spa. 115. 1824.

* Mentha sylvestris L. var. alopecuroides Baker, J. Bot. 3: 238. 1865.

e Mentha xniliaca Jacq. var. alopecuroides (Hull) Fraser, Bot. Soc. Exch. Club Brit. Isles 8:
220. 1927.

e Mentha xvillosa Huds. nm. alopecuroides (Hull) Harley, J. Linn. Soc., Bot. 65:
253. 1972.

e Mentha rotundifolia (L.) Huds. subsp. alopecuroides (Hull) Malagarriga Heras, Acta
Phytotax. Barcinon. 18: 9. 1977.

Distribution: as for var. villosa, possibly a backcross (Harley, 1975), often cultivated

1.6.29.3 var. nicholsoniana (Strail) Harley, Watsonia 18: 212. 1990. Type: unknown
(Type unknown)
e Mentha nicholsoniana Strail, Bot. Soc. Exch. Club Brit. Isles 1: 186. 1908.

e Mentha xniliaca Jacq. var. nicholsoniana (Strail) Fraser, Bot. Soc. Exch. Club Brit. Isles
8:217. 1927.

Distribution: as for var. villosa (Harley, 1975)

1.6.30 M. XviLLoso-NERVATA Opiz, NoMENcL. Bort. 1: 60. 1831.
Type: UNkNOWN (HoLotype, PR? PRC2 PRM?),
““ AMERICAN’” SPEARMINT, 2n = 36
Distribution: This is accepted as a hybrid of M. longifolia x M. spicata, often cultivated.

Simple selfing of many selections of M. spicata with 2n =48 will also produce plants with
2n = 36; these two origins cannot be satisfactorially distinguished, so this nothospecific name
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is the best alternative. This hybrid usually appears almost morphologically indistinguishable
from M. spicata, but some forms are recognizable (Harley, 1975).

EXCLUDED SPECIES

1.6.31 M. cUNNINGHAMII (BENTH.) BENTH. IN DC., Prop. 12: 174. 1848. Type:
RicHARD CUNNINGHAM, 1833, ““ON WET GROUND AT THE VILLAGE OF
MANGAMUKA ON THE HOkIANGA River” (HoLotyeg, K!) 2n =72

Micromeria cunninghamii Benth., Labiat. Gen. Spec. 730. 1835.

Distribution: New Zealand (North Island, South Island, Stewart Island, Chatham Island)
Habitat: lowland to higher montane grassland and rather open places
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APPENDIX 1.1

Data Matrix Used in Maximum Parsimony and Neighbor-Joining Analyses

MIBR 00002 10100 00011 01001 0000? 20
MEAQ 22002 10102 0221A 21031 10002 31
MEAR 21011 10100 00210 31001 10002 20
MEAU 1B120 10100 0121A 11010 11002 20
MECA 21111 10100 01210 31001 10002 30
MECE 11220 10000 11211 11140 10003 00
MECU 01000 00A00 00011 31001 10002 2?
MEDA 2B11A 10102 01211 21A01 11012 2?
MEDI 11110 00100 0IAT11 11010 10002 40
MEGA 12221 10000 01201 10041 10002 10
MEGR 00011 10100 00111 11020 1000? 20
MEJA 21110 00102 01110 21001 10004 00
MELA 1?7101 10100 01211 21020 1100? ”
MELO 2B101 10A01 02210 31011 10002 00
MEPU 10010 00100 01201 10030 11101 A0
MERP 11010 00100 0IA11 C1011 1000? ”
MERQ 00010 00100 00101 11031 10000 00
MESA 12120 00100 00111 21021 1100? 20
MESP 2B101 1A001 02210 31011 10002 10
MESU 2B001 11AA1 02210 31011 10002 00

A =0&1, B=1&2, C=2&3, missing data="?

Taxon key. MIBR = Micromeria brownei var. pilosiuscula, MEAQ= Mentha aquatica, MEAR = M. arvensis,
MEAU =M. australis, MECE=M. cervina, MEGA =M. gattefossei, MEDI= M. diemenica, MEGR = M.
grandiflora, MERQ = M. requienii, MEPU = M. pulegium, MERP = M. repens, MELA = M. laxiflora, MESA = M.
sautureioides, MEDA =M. dahurica, MEJA =M. japonica, MECA =M. canadensis, MELO = M. longifolia,
MESP = M. spicata, MESU = M. suaveolens, MECU = M. cunninghamii.
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2.1 ANATOMY

Essential oils are lipophilic substances produced by specialized secreting tissues called glan-
dular trichomes. According to Fahn (1979, 1988a, 1988b), glandular trichomes secreting
essential oils are the base for the economic importance of several plant families, including
the Lamiaceae. In peppermint, the site of terpene biosynthesis has been localized to the
secretory cells of the glandular trichomes (Gershenzon et al., 1989; McCaskill et al., 1992),
mainly located on the leaf and stem surfaces (Amelunxen, 1965; Fahn, 1979). Two types of
glandular trichomes occur on peppermint: small, capitate glandular trichomes, with a single
secretory head cell; and peltate glandular trichomes, with an eight-celled apical cluster of
secretory cells, subtended by a stalk and a basal cell, the latter embedded between the
ordinary epidermal cells (Fahn, 1979; Maffei et al., 1989, Werker, 1993). Peltate trichomes
are enveloped by a large cuticular sheath, which accumulates the essential oil in the under-
lying storage space (Figure 2.1). Capitate glandular trichomes have only limited storage
capacity, and their secretion, which is extruded to the outside through a porous cuticle,
appears to consist mainly of a complex mixture of carbohydrates, lipids, and proteins
(Werker et al., 1985; Ascensdo and Pais, 1998). Whatever the exact nature of the capitate
gland secretory products, it is clear that the bulk of the monoterpenes of peppermint essential
oil is produced by and stored in the peltate glandular trichomes (Turner et al., 2000a).
Maffei et al. (1986, 1989), using scanning electron microscopy to estimate gland numbers
and densities on developing leaves of peppermint and its cv. lavanduliodora, found that
young leaves contained fewer glandular trichomes than older leaves, indicating an evident
gland production during leaf growth. In the case of peppermint, considerable variation in
monoterpene content between individual trichomes was observed, although the trend toward
production of menthol and related isomers did correlate with leaf size and age (Maffei et al.,
1989). The variation in oil content was taken as evidence that glands of different ages occur in
close proximity. More recently, Turner et al. (2000a) have shown that new glands are
continually produced during leaf growth and that newly initiated glands do occur together
with mature glands in growing regions, such that neighboring glands within the same leaf
zone are often of different ages. Turner and colleagues (2000a) have also examined the pattern

Elevated cuticle

Subcuticular oil storage cavity

Epidermis

v(,__._'—:-\q Mesophyll

FIGURE 2.1 Schematic diagram of a peppermint leaf peltate glandular trichome illustrating the place-
ment of these epidermal structures and the relationship of the disk of secretory cells to the stalk and
basal cells and to the subcuticular storage space. (From Turner et al., Plant Physiol., 120, 879-886, 1999.
With permission.)
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of peltate glandular trichome initiation and ontogeny on developing peppermint leaves by
studying the populations of peltate glands in each of seven developmental stages within
sampling areas of leaf apical, mid-, and basal zones for both lower and upper epidermises
(Figure 2.2). The results confirm previous results (Maffei et al., 1989; Shanker et al., 1999)
that new peltate glands continue to form until leaf expansion ceases and that regions of active
gland initiation are unevenly distributed. The distribution of gland initiation reflects
the basipetal pattern of leaf maturation, with relatively immature regions at the leaf base
continuing to produce oil glands long after gland production has stopped at the leaf apex.
The proportion of glands in the secretory stage as a function of leaf development and the
direct observations of living glands over a period of 33 h indicate that a period of only 20 to
30 h of secretory activity is required for filling of the gland storage compartment with
essential oil (Turner et al., 2000a).

From an ultrastructural point of view, peltate glands arise as epidermal protuberances
(initials) that divide asymmetrically to produce a vacuolate basal cell, a stalk cell, and a
cytoplasmically dense apical cell. Further divisions of the apical cell produce a peltate
trichome with one basal cell, one stalk cell, and eight glandular (secretory) disk cells
(Figure 2.3 through Figure 2.6) (Turner et al., 2000b). The secretory phase coincides with
the separation and filling of the subcuticular oil storage space (Figure 2.5), the maturation of
glandular cell leucoplasts in which monoterpene biosynthesis is known to be initiated, and the
formation of extensive smooth endoplasmic reticulum at which hydroxylation steps of the
monoterpene biosynthetic pathway occur (Figure 2.5 and Figure 2.6). In the three-celled
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FIGURE 2.2 Distribution of peltate trichome developmental stages among leaves of various ages. Bars
indicate the percentage of the total gland number represented by each development stage (left axis). The
line graph indicates the total number of peltate glands (right axis) for each leaf size class. Peltate gland
stages: 2 two-celled apical discs; 4 four-celled 8s, eight-celled, small; 8L, eight-celled, large; S2, early
state; S, middle secretary stage; S1, postsecretory stage. Error bars represent Ses. (From Turner et al.,
Plant Physiol., 124, 655-663, 2000a. With permission.)
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FIGURE 2.3 Early presecretrory state in peppermint glandular trichomes. A, Cryofixed glandular
trichome initial consisting of a single cell with a vacuolate basal region and an apical region containing
the nucleus, numerous mitochondria, and plastics, but few vacuoles, bar 5.2 pwm. B, Chemically fixed
glandular trichome initial after periclinal cell divisions, with a vacuolate basal cell (BC), narrow stalk cell
(SC), and the apical disk initial cell (AI), bar 5.5 pm. (From Turner et al., Plant Physiol., 124, 665-679,
2000b. With permission.)

glandular hairs where the subcuticular space is very narrow, an extraplasmatic space develops
between the cytoplasm and the cell wall (Amelunxen, 1964).

Circumstantial evidence based on ultrastructural correlation, specific labeling, and sub-
cellular fractionation studies indicates that at least the early steps of monoterpene biosyn-
thesis occur in plastids. (4 S)-Limonene synthase, which is responsible for the first dedicated
step of monoterpene biosynthesis in mint species, appears to be translated as a preprotein
bearing a long plastidial transit peptide. Turner and colleagues (1999), by means of immu-
nogold labeling using polyclonal antibodies raised to the native enzyme, have demonstrated
the specific localization of limonene synthase to the leucoplasts of peppermint secretory cells
of peltate glandular trichomes during the period of essential oil production (Figure 2.7).
Labeling was shown to be absent from all other plastid types examined, including the basal

FIGURE 2.4 Transverse section through a chemically fixed presecretory peltate gland with an eight-
celled apical disc. BC, Basel cell; SC, stalk cell; DC, disk cell. Arrow indicates a thickening stalk cell
lateral wall, bar 5.5 pm. (From Turner et al., Plant Physiol., 124, 665-679, 2000b. With permission.)
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FIGURE 2.5 Secretory stage. A, Cryofixed early-secretory stage peltate gland. DC, Apical disk cell; SC,
stalk cell; BC, basal cell. Arrow indicates the lateral rim of raised cuticle, bar 5.10 wm. B, Chemically
fixed secretory stage peltate gland. Arrow indicates the lowermost extension of the subcuticular oil
storage (SCS) at the juncture of the stalk and disk cells, bar 5.5 wm. (From Turner et al., Plant Physiol.,
124, 665-679, 2000b. With permission.)

FIGURE 2.6 Postsecretory stage. A, Chemically fixed postsecretory stage peltate gland showing a large
SCS containing lipid above the fibrillar material coating the glandular disk cells, bar 5.10 pm. (From
Turner et al., Plant Physiol., 124, 665-679, 2000b. With permission.)
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FIGURE 2.7 A, Immunogold labeling against limonene synthase. Colloidal gold particles strongly label
leucoplasts (P) of a secretory stage glandular cap cell, whereas cytoplasm and other organelles are
essentially unlabeled, bar 5.2 mm. B, High magnification of a leucoplast from a secretory stage
glandular cap cell showing immunolabeling against limonene synthase, bar 1.5 pm. (From Turner
et al., Plant Physiol., 120, 879-886, 1999. With permission.)

and stalk cell plastids, confirming that the leucoplastidome of the oil gland secretory cells is
the exclusive location of limonene synthase. However, succeeding steps of monoterpene
metabolism in mint appear to occur outside the leucoplasts of oil gland cells.

Morphometry, microfluorimetry, and electron microscopy were also used by Maffei and
coworkers (Berta et al., 1993) to investigate the size, ploidy level, and morphology of the
nucleus of the individual cells forming the peltate and capitate glandular trichomes of
peppermint. Nuclear hypertrophy was observed in the secretory cells of both kinds of
trichomes. This was explained by polyploidization and by variations in chromatin structure,
which is related to increased translational activity. Endopolyploidy often occurs in metabol-
ically active cells, probably concomitant with DNA amplification, whereas chromatin organ-
ization represents a general control of gene expression (Baluska, 1990).

It is clear from this short review that the role of glandular trichomes in secreting essential
oils is the base for the economic exploitation of plants, such as those belonging to the genus
Mentha, producing essential oils. According to McCaskill and Croteau (1999b), the goal of
bioengineering for the development and metabolism of glandular structures can be focused on
increasing product yield (qualitatively and quantitatively). Alternatively, particular commer-
cial crops can be used to introduce the production of novel compounds to improve the
resistance to herbivory or to provide a renewable source of specific chemicals (McCaskill
and Croteau, 1999b). Furthermore, glandular structures may be engineered to produce
biopharmaceuticals relevant to clinical medicine, in what is now called medical molecular
farming (Daniell et al., 2001).

2.2 PHYSIOLOGY

The economic importance of mint oils has prompted a series of investigations into the
physiology of the plants. These are focused on many aspects of the mint physiology: from
nutrition to photosynthetic responses, from water stress to the effect of light irradiation, and
from genotypic variation to phenotypic plasticity. Whereas some mint species have a narrow
array of economically important compounds (i.e., spearmint, pennyroyal), others, such as
peppermint, produce tens of compounds that can affect the quality of the produced oil. The
latter case makes studies on mint physiology of paramount importance.
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2.2.1 Errects ON EssenTiAL O1L PRODUCTION

For growers, who find striking differences in harvest yields and oil composition with changes
in weather conditions, the interaction with the environment is one of the first problems that
needs to be solved. Many authors have described the physiological and morphological
responses of some Mentha species to changes in environmental conditions (Burbott and
Loomis, 1967; Clark and Menary, 1980; White et al., 1987; Maffei, 1988, 1990; Maffei and
Codignola, 1990; Sacco et al., 1992; Maffei et al., 1999; Maffei and Scannerini, 1999, 2000;
Farooqi et al., 1999).

Leaf and flower oil terpene composition and several plant morphological characteristics of
17 Mentha xverticillata hybrids were analyzed by Maffei (1990) during two growing seasons.
The data obtained were used to study the phenotypic plasticity, the genotypic variation, and
the genetic variation for phenotypic plasticity (discussed later). All plants showed high levels
of phenotypic plasticity for both oil chemical and morphometrical parameters. High degrees of
genotypic variation were found among the plants for oil components while a higher pheno-
typic plasticity was observed for morphological parameters. Temperatures and rainfall
data were collected during the growing seasons and correlated to the data obtained from
plant oil and morphology. Low levels of phenotypic plasticity and high degrees of genotypic
variation were found to form outliers in the population of Mentha xverticillata hybrids. The
results obtained confirmed a significant effect of environmental conditions on the physiology
and morphology of the genus Mentha.

To look for the possible influence of photosynthesis and photorespiration on terpene
metabolism in peppermint, Maffei and Codignola (1990) examined the volatile oil compos-
ition in the peltate glandular trichomes in relation to: 1,5-ribulose bisphosphate carboxylase
(rubisco) and glycolate oxidase (GO) activities; total protein and chlorophyll content and
chlorophyll (Chl) a/b ratio; the chloroplast ultrastructure, some chloroplast morphometrical
parameters, and the photorespiratory organelle complex (mitochondrion—-microbody-—
chloroplast) ultrastructure; and the effect of 3-(3,4(dichlorophenyl)-1,-1-dimethylurea
(DCMU)and 1,1'- dimethyl-4,4’ bipyridinium dichloride (paraquat) on the oil composition tested
on peppermint leaf disks. The percentage of monoterpene alcohols and esters increased, along
with rubisco and GO activities, with leaf age, whereas the percentage of monoterpene ketones
and the Chl a/b ratio decreased. The decline in the Chl a/b ratio and the increased number of
thylakoids per granum in the chloroplasts suggested a relative increase in photosystem II
(PSII) activity (compared with PSI) and thus an increase in NADPH, levels with leaf
development. Photosynthetic electron transport inhibition made by DCMU and paraquat
on peppermint leaf disks caused a decline in the content of monoterpene alcohols, suggesting
that the photosynthetic NADPH, production may be at least partially responsible for the
progressive transformation of monoterpene ketones to alcohols (Figure 2.8). Increased rates
of carbon availability were also correlated with oil synthesis before the full leaf expansion.

Paraquat was also found to affect the carvone biosynthesis and induced leaking of mono-
terpenes from the oil-secreting structures in a strain of Mentha xverticillata (Maffei et al.,
1993a). The addition of NADPH, to the paraquat treatment increased both limonene and
total monoterpene content by probably supplying the loss of endogenous NADPH, oxidized
by paraquat dications and potentially used for monoterpene biosynthesis. Exogenous super-
oxide dismutase (SOD) increased the total monoterpene content by partly scavenging the
toxic effect of paraquat-induced superoxide activity on carvone biosynthesis (Table 2.1).

The apparent loss of essential oil during the maturation of several oil crops has been
observed for a long time. During the 1980s, the accumulated evidence was overwhelming
that oil components stored in glandular structures could undergo metabolic turnover
(Croteau, 1986). Since terpenoids are produced as chemical defenses and the metabolic cost
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FIGURE 2.8 Effect of paraquat, DCMU, and paraquat + DCMU on oil composition in peppermint
(Mentha piperita) leaf discs from 760-mm-long leaves. A = control; B = paraquat 1x107'M; C =
paraquat 1x107°M; D = paraquat 1x107°M; E + DCMU 1x107’M; F = DCMU 1x107°M; G =
DCMU 1x107°M; H = paraquat 1x107>M + DCMU 1x10~°M. Standard deviations are indicated
for each mean value. (From Maffei and Codignola, Biochem. Syst. Ecol. 18, 493-502, 1990. With
permission.)

of defense is envisioned as the amounts of carbon, energy, and other resources used in the
biosynthesis and storage of defense compounds (Chew and Rodman, 1979), it is reasonable to
deduce that cost increases as a function of the rate of metabolic turnover (Fagerstrom, 1989).

TABLE 2.1
Total Oil Production (ng/g f wt) from Leaf Disk Distillations, Incubation Medium, and Flask
Head Space Extracts. (+ = SE)

Specifications (—)-Carvone (—)-trans—Carveol (=)-Limonene Total

Paraquat 1- 1073Mm 954 + 67 54 + 4.1 24 + 2 1032 + 72
Paraquat 1- 107°M 1083 + 61 9+ 0.5 360 + 18 1452 + 87
Control 1263 + 56 60 + 2.1 351 + 11 1674 + 64
Paraquat 1-107*M + NADPH, + DTT 804 + 59 32 + 0.1 506 + 36 1312 + 94
Paraquat 1- 107°M + NADPH, + DTT 930 + 56 14 + 0.2 432 + 18 1366 + 79
Control + NADPH, + DTT 936 + 32 4 + 0.1 135 + 7 1075 + 35
Paraquat 1-107>M + SOD 1052 + 76 44 0.1 287 + 23 1353 4+ 98
Paraquat 1- 107°M + SOD 649 + 26 12 + 0.5 188 + 12 849 + 39
Control + SOD 765 + 28 10 + 0.4 222 + 8 997 + 35

Source: Maffei et al., 1993a.
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Mihaliak and coworkers (1991) demonstrated that the rapid monoterpene turnover previ-
ously observed using detached stems does not occur in intact plants. Moreover, when "*CO,
pulse labeling experiments were carried out with intact plants of four taxonomically distant
oil-producing species no significant mono-, sesqui-, or diterpene turnover was observed
(Gershenzon et al., 1993). According to Gershenzon and coworkers (1993), at present there
is no reliable evidence for the turnover of any class of secondary metabolites.

2.2.1.1 Nutrition and Essential Oil

Recent concern with nitrate contamination to groundwater has encouraged the study of crop
yield response to N fertilization. The optimum N rate for peppermint oil yield ranges from
150 to 85 kg/A, depending on weather and soil conditions (Mitchell and Farris, 1996).
Nitrogen fertilization results in highly significant effects on dry matter and oil yields. The
optimal fertilizer rate can be calculated accordingly, by fitting models to the data provided by
Colwell (1994). The broken lines model describes yield, Y, as a function of N applied
according to

Y = by + bi(N = by — [N = by)) @.1)

where by is the maximum yield, b, is the slope of the line, and b, is the optimum fertilizer rate
(Mitchell and Farris, 1996). Usually, differences in environmental conditions between fol-
lowing years has a minor effect on the optimum fertilizer rates. Mitchell and Farris (1996)
reported that similarities in yield responses occurred during two contrasting weather scen-
arios that were wetter and hotter than the 30-year mean. The same authors concluded that the
rate of 125 kg/A was adequate for yearly spring N fertilization of peppermint.

2.2.1.2 Phenotypic Plasticity and Multivariate Analyses of Oil Components

Plasticity is shown by a genotype when the expression of its individual characteristics is changed
by environmental influences. Since all changes in the character of an organism that are not
genetic are environmental, plasticity is applicable to all intragenotypic variability (Bradshaw,
1965). The changing terpene composition from season to season is clearly a plastic phenomenon,
which has been thoroughly studied in many genera including the genus Mentha (Maffei, 1988,
1990; Sacco et al., 1992). As noted earlier, phenotypic plasticity, genotypic variability, and
genotypic variation for phenotypic plasticity have been studied in the genus Mentha in relation
to essential oil composition. The simplest way to calculate plastic responses is by means of
statistics (Marengoetal., 1991; Maffeietal., 1993b). Figure 2.9 shows the mean squares obtained
from the two-way ANOVA calculated on the main oil components from some M. piperita
“lavanduliodora” (as Mentha lavanduliodora) during two growing seasons (Sacco et al., 1992).

High levels of genotypic variation were found for linalool, whereas high degrees of
phenotypic plasticity were shown by linalyl acetate, 1,8-cineole/limonene ratio (R,), and
geraniol. The greatest variation among genotypes in response to the environment (P x V
interaction) was shown by R,, linalool and linalyl acetate. Very low values were always
observed for linalool/linalyl acetate ratio (R;) and limonene, 1,8-cineole, B-caryophyllene,
and a-terpineol. The analysis of oil composition data by means of multivariate methods
requires more complex calculations, which can be made easily by using several statistic
software packages available for most of the personal computers (Maffei et al., 1993b).
Principal component analysis (PCA) provides significant insights into the structure of any
numerical data matrix. By generating new orthogonal variables (the PCs), it concentrates the
maximum possible amount of variance in as few PCs as possible. These new variables can
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FIGURE 2.9 Plot of the mean squares (MS) values versus oil component of the Mentha viridis lavandu-
liodora F| hybrids. MS from the 2 years represent the plasticity, MS from the F; hybrids represent the
genotypic variation. (From Sacco et al., J. Essent. Oil Res., 4, 491-496, 1992. With permission.)

then be used instead of the original ones. The component loadings are the coefficients of the
original variables, which define each PC, while the projections of the experimental points on
the new variables are called “scores’ (Marengo et al., 1991). These methods of analysis have
also been applied to partition plants of the same species (i.e., Mentha piperita), but from
different geographic areas (Figure 2.10), or plants of different species growing in the same
place (Figure 2.11). In all cases, there is always a clear indication about the location of a given
plant in the discriminant space of the analysis, which offers further help for the recognition
and evaluation of the oil composition data (Maffei et al., 1993b).

2.2.1.3 Effect of Light

Light has been demonstrated to be able to alter oil quality and yield. In a study performed
in Lucknow (India), three major cultivated Mentha species (M. canadensis [as M. arvensis],
M. aquatica var. citrata [as M. citrata], and M. gracilis [as M. cardiaca]) were grown under
short days, normal days, or long days for 60 cycles (Farooqi et al., 1999). The species grew
better under long-day conditions. The long-day treatment resulted in flowering in M. aquatica
var. citrata, which normally does not flower under Indian light conditions. The oil concen-
tration and biogenesis were maximal in short-day plants. The photoperiodic treatment also
affected the oil composition as demonstrated in a series of papers (Ruminska and New-
eglowska, 1965; Burbott and Loomis, 1967; Clark and Menary, 1980; White et al., 1987,
Maffei et al., 1989; Farooqi et al., 1999). Besides photoperiod, light quality has been demon-
strated to affect mint oil composition. The response of peppermint essential oil to blue
light 4+ white light (W) was a 40% reduction in the total content, caused by a general decrease
in p-menthanes, with particular reference to menthol. The combined effect of blue light + W
clearly affects the expression of the genes that control the enzymes—geranyl pyrophosphate
(—)-limonene cyclase; pulegone reductase, and menthone reductase—but no effects were
found on menthofuran synthase. A direct comparison of night blue light and blue light + W
treatments indicates that menthol and menthofuran formation are particularly affected by
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FIGURE 2.10 Scatter plot of some Mentha piperita on the three principal components. Data were
obtained from oil data of Mentha piperita plants coming from different origins. A clear partition was
evident among plants indicating a clear differentiation according to the geographic provenance. (From
Maffei et al., Acta Horticulturae, 330, 159-169, 1993b. With permission.)

blue light (Maffei and Scannerini, 1999). In UV-A + W irradiated peppermint plants, the in-
creased synthesis of menthofuran was responsible for the total terpenoid increase and appeared to
depend on activation of specific genes such as those related to the cytochrome P-450 pulegone
hydroxylase, which appears to be involved in menthofuran synthesis (see section on biochem-
istry later). Menthol increase as a consequence of the combined use of UV-A + W was found
to depend on an enhanced reduction of its precursor, menthone (Maffei et al., 1999). Total oil
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FIGURE 2.11 Scatter plot of different Mentha species cultivated in the same geographic area (From
Maffei et al., Acta Horticulturae, 330, 159-169, 1993b. With permission.)
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content was significantly increased in peppermint when irradiated with UV-B and no quali-
tative differences were observed in the direct comparison of irradiated plants and controls.
However, significant quantitative differences were found for many oil components. In par-
ticular, 1,8-cineole, y-terpinene, and isomenthol were the only compounds for which no
significant differences were found. All other monoterpenes were significantly increased by
UV-B radiation with the sole exception of menthol, which showed a drastic reduction. The
content of the oxygenated monoterpenes, menthone, menthofuran, and menthyl acetate, was
particularly enhanced by UV-B irradiation. With regard to sesquiterpenes, both germacrene
D and B-caryophyllene were enhanced by UV-B treatment (Maffei and Scannerini, 2000).

These results show that in peppermint the essential oil composition is affected in a
differential way by different wavelengths. The finding that UV-A (360 nm) stimulates the bio-
synthesis of some monoterpenes (i.e., menthol), which are suppressed by UV-B (280 to 320 nm)
and blue light (450 nm), indicates that some of the reported light effect on terpene
biosynthesis may be wavelength-dependent (Maffei and Scannerini, 2000). Table 2.2 resumes
the effects of blue light, UV-A, and UV-B irradiations on peppermint.

2.2.1.4 Allelopathy

Higher plants synthesize a great variety of terpenoids, which can be involved in allelophatic
interactions. Monoterpenoids are the major components of some essential oils and have been
recognized as the main allelochemicals in higher plants: they have toxic effects on seed

TABLE 2.2

Oil Chemical Composition of Essential Oils Distilled from Mentha Piperita Plants Irradiated
with White Light (W), Blue Light (B), UV-A, and UV-B. Data are Expressed as mg/Kg Fresh
Weight + s.e.m ()

Compound Control (W) B? UV-AP UV-B€
a-Pinene 10.27 (1.25) 18.61 (1.66) 3.80 (0.77) 17.61 (2.04)
B-Pinene 11.33 (1.04) 20.91 (1.22) 5.60 (0.49) 16.20 (1.42)
Sabinene 7.44 (0.25) 13.90 (0.84) 4.05 (0.82) 12.20 (1.14)
Myrcene 11.79 (0.35) 30.53 (1.03) 6.21 (1.02) 20.75 (0.89)
Limonene 22.28 (3.49) 5428 (2.63) 11.55 (1.09) 28.74 (1.34)
1,8-Cineole 76.67 (4.63) 120.11 (4.58) 29.89 (1.08) 68.89 (5.24)
y-Terpinene 8.31 (2.73) 9.47 (2.20) 3.32 (0.28) 9.47 (1.07)
(E)-B-Ocimene 1.66 (0.14) 3.30 (0.81) 0.92 (0.14) 3.51 (1.17)
Menthone 365.46 (46.87) 424.74 (34.73) 127.42 (6.63) 445.97 (41.19)
Menthofuran 150.65 (67.98) 341.54 (19.56) 212.14 (12.10) 369.25 (22.21)
Isomenthone 39.40 (9.10) 51.61 (4.18) 18.12 (1.57) 43.38 (1.12)
Menthyl acetate 24.75 (1.67) 49.36 (2.51) 14.11 (079) 392.67 (33.27)
a-Terpineol 11.91 (3.97) 20.17 (1.24) 6.94 (0.58) 15.84 (2.51)
B-Caryophyllene 60.75 (16.98) 51.80 (6.52) 38.27 (2.06) 90.94 (4.45)
Menthol 780.88 (89.77) 350.94 (15.51) 518.98 (43.52) 173.30 (12.58)
Germacrene D 32.78 (5.73) 74.08 (12.28) 14.90 (1.24) 62.28 (5.65)
Piperitone 22.48 (5.52) 29.67 (2.72) 22.29 (3.52) 49.75 (8.91)
TOTAL 1668.81 (78.88) 1665.02 (92.51) 1038.51 (52.49) 1820.75 (91.87)

Source: *From Maffei and Scannerini, J. Essent. Oil Res., 11, 730-738, 1999. With permission; "From Maffei
et al., Photobiol. B: Biology, 52, 105-110, 1999. With permission; “From Maffei and Scannerini, J. Essent. Oil
Res., 12, 523-529, 2000. With permission.
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germination (Robinson, 1983; Rice, 1984), growth of some bacterial strains (Knobloch
et al., 1989; Economou and Nahrstedt, 1991), development and growth of some insects
(Lee et al., 1999), and on the growth of pathogenic fungi (Adam et al., 1998).

The mechanism by which peppermint essential oil and some of its oil components affect
cucumber germination, respiration, and membrane potential has been studied in a series of
works by Maffei and coworkers (Maffei, 1999; Maffei and Camusso, 2000; Maffei et al., 2001;
Mucciarelli et al., 2001). The complete essential oil inhibited 50% of root and mitochondrial
respiration (ICsg) when used at 324 and 593 ppm, respectively. (4)-Pulegone was the most
toxic compound, with a 0.08 mM and 0.12 mM ICs, for root and mitochondrial respiration,
respectively. (—)-Menthone followed (+)-pulegone in its inhibitory action (ICsq values of
1.11 mM and 2.30 mM for root and mitochondrial respiration, respectively), whereas
(—)-menthol was the less inhibitory compound (ICs, values of 1.85 mM and 3.80 mM,
respectively). A positive correlation was found for (+)-pulegone, (—)-menthone, and
(—)-menthol between water solubility and respiratory inhibition (Figure 2.12). The uncoup-
ling agent, carbonyl-cyanide- m-chlorophenyl-hydrazone (CCCP), lowered (—)-menthol and
(—)-menthone inhibition and annulled (+)-pulegone inhibition of mitochondrial respiration,
whereas salicyl-hydroxamic acid (SHAM) (2-hydroxybenzohydroxamic acid), the alternative
oxidase (AO) inhibitor, increased (—)-menthone inhibition and annulled both (+)-pulegone
and (—)-menthol inhibitory activity (Mucciarelli et al., 2001). Preliminary data on (—)-menthol-
induced increase of cucumber root cytosolic free calcium ions, (Ca”"); (Maffei and Camusso,
2000), suggest that (—)-menthol could play an important role in early events in the signal
transduction pathway. Ca?" channels are activated by membrane depolarization; by impli-
cation, signals that elicit membrane depolarization, such as the action on some monoterpenes,
could trigger entry of Ca*" from the external medium (Sanders and Bethke, 2000). Increasing
the concentration of peppermint essential oil from 5 ppm to 50 ppm was also found to cause
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FIGURE 2.12 Plot of the concentration of (—)-menthol, (—)-menthone, and (+)-pulegone able to cause
50% of inhibition of respiration (ICso) against their water solubility. A positive correlation was found
between respiratory inhibition and water solubility of compounds. Bars indicate standard deviation.
(From Mucciarelli et al., Phytochemistry, 57, 91-98, 2001. With permission.)
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a decrease in cucumber root membrane potential (V},) hyperpolarization of 10 to 3 mV,
whereas concentrations from 100 to 900 ppm caused an increasing depolarization of V;, (from
5 to 110 mV) (Figure 2.13). When tested at 300 ppm, (+)-menthyl acetate, (—)-limonene,
and 1,8-cineole did not exert any significant effect on V,,,, whereas (4)-menthofuran (73 mV),
(+)-pulegone (85 mV), (+)-neomenthol (96 mV), (—)-menthol (105 mV), and (—)-menthone
(111 mV) showed an increased ability to depolarize V;,. A plot of the log of octanol-water
partition coefficient (K,,) against their depolarizing effect showed a significant negative
correlation, suggesting that among all monoterpenoids increased membrane depolarization
depends on lower K,,,. However, among monoterpene ketones, alcohols, and furans, in-
creased membrane depolarization is associated with a decline in water solubility (Maffei et al.,
2001).

A direct comparison of the data indicates that (+)-pulegone, which acts as a possible
uncoupling agent of cucumber root and mitochondria respiration, has little effect on mem-
brane potential, whereas (—)-menthol shows an almost 100-fold V;,, depolarizing action with
respect to (+)-pulegone, although (—)-menthol has less inhibitory action on root respiration.
The fact that (—)-menthol is disruptive to membrane potential, whereas (+)-pulegone inhibits
root respiration more readily could be an explanation as to why plants make mixtures of
monoterpenes; perhaps they can have different modes of action. For allelopathic purposes,
it may be useful for a plant to have more than one kind of weapon at its disposal (Maffei
et al., 2001).

We started the chapter with the examination of glandular trichomes and the way of
secretion. By going through the physiology and allelopathic effects of mint terpenoids, we
arrived at the conclusion that since monoterpenes can cause extensive membrane and respira-
tory damages, they are clearly toxic to plant cells. Perhaps this is why they are often found to
be sequestered in secretory structures (Gershenzon et al., 2000).

We now examine the biochemical machinery responsible for essential oil production in
mints, whereas at the end of the chapter we discuss the biotechnological production of mint
essential oil in plant cell and tissue cultures.
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FIGURE 2.13 Effect of increasing peppermint oil concentrations on transmembrane potential (V).
Essential oil concentrations up to 50 ppm induce a slight hyperpolarization, whereas concentrations
greater than 100 ppm cause a drastic membrane depolarization. Arrow indicates the starting time of
essential oil perfusion. (From Maffei et al., Phytochemistry, 58, 703-707, 2001. With permission.)
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2.3 BIOSYNTHESIS AND MOLECULAR BIOLOGY

The biosynthesis of monoterpenes in mints can be divided into four stages (Figure 2.14):
(1) the synthesis of the fundamental precursor isopentenyl diphosphate (IPP) from acetyl-CoA;
(2) the formation of the allylic prenyl diphosphates from IPP, which serve as the immediate
precursors of the different families of isoprenoids; (3) the elaboration of these allylic prenyl
diphosphates into the main isoprenoid skeletons by specific isoprenoid synthases; and
(4) secondary transformations of the products of these synthases (McCaskill and Croteau, 1997).

2.3.1 FORMATION OF ISOPENTENYL DIPHOSPHATE

The first stage leads to the synthesis of the central Cs precursor of isoprenoid metabolism, IPP.
In plants, IPP is produced following two distinct pathways in two different subcellular loca-
tions: the cytosolic compartment, containing the enzymes of the acetate/mevalonate pathway
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(Bach, 1995) and the plastids, the site of the recently discovered pyruvate/glyceraldehyde-3-
phosphate (GAP) pathway (Schwarz, 1994; Lichtenthaler, 1998). Several studies on the biosyn-
thesis of monoterpenes in Lamiaceae plants have conclusively shown that they are derived from
IPP via deoxyxylulose, and not from the classic mevalonate pathway (Eisenreich et al., 1997;
Sagner et al., 1998).

Experiments were done on Mentha X piperita and Mentha pulegium plantlets, which were
fed with [1-'*C] glucose or [U-'*C] glucose, and several characteristic monoterpenes were
isolated by steam distillation and preparative TLC. '*C-enrichment and coupling patterns
measured by '*C-NMR showed that the labeling profile of menthone and pulegone from
M. piperita and M. pulegium, respectively, were consistent with an origin from pyruvate/ GAP
rather than from the acetate/mevalonate pathway (Eisenreich et al., 1997). Recently, it has
been demonstrated that in peppermint oil glands, the IPP used for both monoterpene and
sesquiterpene biosynthesis is produced in the plastids (McCaskill and Croteau, 1995, 1999a;
Lange et al., 1998; Lange and Croteau, 1999a).

The initial step of the mevalonate-independent pathway involves a transketolase-catalyzed
condensation of pyruvate and GAP to yield 1-deoxy-D-xylulose-5-phosphate. Genes encod-
ing deoxyxylulose phosphate (DXP) synthase have been recently cloned from peppermint and
confirmed by functional expression in Escherichia coli (Lange et al., 1998). The subsequent
step of this pathway is the rearrangement and reduction of DXP to yield 2-C-methyl-D-
erythritol-4-phosphate, catalyzed by a DXP reductoisomerase. The evidence for the existence
of peppermint orthologs of this enzyme already cloned in E. coli (Takahashi et al., 1998) has
been reported by Lange and Croteau (1999a).

The subsequent steps toward IPP are not yet completely elucidated. Although the inter-
mediates following 2-C-methyl-D-erythritol-4-phosphate in the DXP pathway of IPP
formation have not yet been identified, their structures can be presumed to be two reduction
and dehydration steps, with one phosphorylation step being involved in these final steps of
IPP (Lichtenthaler, 1999).

Lange and Croteau (1999c) reported the cloning and expression from peppermint and
E. coli, of a kinase that catalyzes the phosphorylation of isopentenyl monophosphate as the
last step of this biosynthetic pathway leading to isopentenyl diphosphate (Figure 2.15).

These proteins represent a conserved class of the GHMP family of kinases, which include
galactokinase, homoserine kinase, mevalonate kinase, and phosphomevalonate kinase, with
homologs in plants and several eubacteria. Intact secretory cells isolated from peppermint
and incubated with isopentenyl monophosphate are able to produce large amounts of
monoterpenes and sesquiterpenes, confirming that isopentenyl monophosphate is the imme-
diate precursor of the deoxyxylulose 5-phosphate (Lange and Croteau, 1999c).

2.3.2 FORMATION OF GERANYL DIPHOSPHATE

The second stage begins with the isomerization of IPP to dimethylallyl diphosphate (DPP)
catalyzed by isopentenyl diphosphate isomerase. This enzyme has been characterized in a
number of plants (Gershenzon and Croteau, 1993) and extensively studied in a number of
microorganisms (Street et al., 1994). DPP is a highly reactive compound that undergoes
elongation by the sequential addition of one, two, or three IPP molecules to form either
geranyl diphosphate (GPP), farnesyl diphosphate (FPP), or geranylgeranyl diphosphate
(GGPP) (Lange and Croteau, 1999b). GPP is the ten-carbon precursor of monoterpenes.
Its formation depends on a head-to-tail condensation of DPP and IPP operating by the GPP
synthase, a specific prenyltransferase (Croteau, 1987; Lange and Croteau, 1999b). This
enzyme appears to be abundant only in plant species that produce large amounts of mono-
terpenes (e.g., essential oil plants), although it is no doubt of much broader distribution, at



Anatomy, Physiology, Biosynthesis, Molecular Biology, Tissue Culture and Biotechnology 57

o CO, H \6)
COOH k( CH0 (P) 4, cH0 (P)
W + (DXPS) had
o OH f o OH

Pyruvate D-Glyceraldehyde- H+ 1-Deoxy-D-xylulose-
3-phosphate 5-phosphate
OH
N
_ CH,0 @ — CH,0 @
(DXR)
OH OH
2-C-Methyl-D-erythritol- Isopentenyl
4-phosphate monophosphate
—_—
(IPK) CH0 @@
Isopentenyl
diphosphate

FIGURE 2.15 DXP pathway for the biosynthesis of IPP, and the proposed role of isopentenyl mono-
phosphate kinase (IPK). The circled P denotes the phosphate moiety. The large open arrow indicates
several as-yet-unidentified steps. (From Lange and Croteau, Proc. Natl. Acad. Sci. USA, 96, 13714—
13719, 1999c. With permission.)

least in trace quantities. The reaction catalyzed by GPP synthase involves the initial ioniza-
tion of the allylic diphosphate to generate a delocalized allylic carbocation. This enzyme-
bound carbocation then attacks the double bond of IPP, followed by deprotonation to
produce the next allylic diphosphate homolog. In the case of this prenyltransferase, the first
condensation product is released from the enzyme (McCaskill and Croteau, 1997). In most
instances, GPP synthase is localized to plastids, consistent with this subcellular site of
monoterpene biosynthesis (Wise and Croteau, 1999). GPP synthase was purified by Burke
and colleagues (1999) from isolated glandular trichomes of spearmint (Mentha spicata)
(McConkey et al., 2000), and the amino acid sequence information was used to identify
two distinct cDNA clones obtained by random sequencing of a peppermint-oil gland library
(Lange et al., 2000). Functional expression, combined with the use of antibodies directed to
each gene product, demonstrated that GPP synthase is a heterodimer, unlike other homo-
dimeric short-chain prenyltransferases (Burke et al., 1999).

2.3.3 CycLizATION OF GERANYL DIPHOSPHATE TO (—)-LIMONENE

In stage 3, GPP undergoes a range of cyclizations to produce the parent skeletons of different
classes of monoterpenes (Figure 2.16) (Wise and Croteau, 1999).

This kind of reactions is carried out by cyclases (the term synthases also includes those
enzymes that produce acyclic monoterpenes) (Croteau, 1987). These enzymes catalyze the
sequential ionization and isomerization of GPP to linalyl pyrophosphate (LPP) followed by
cyclization. These cyclization reactions differ in detail and produce a wide variety of isomers
and derivatives of the different structural types, but all the monoterpene synthases identified
thus far (about 50) are believed to share the same biochemical properties and basic electrophilic
reaction mechanisms (Wise and Croteau, 1999). Isomerization to LPP before cyclization
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appears to be an essential point of the activity of these enzymes, as the presence of trans-2,
3-double bond of GPP prevents direct cyclization of this compound. The absence of such an
impediment in the cis-isomer of GPP, neryl pyrophosphate (NPP), might at first sight make
this compound a more likely precursor of monoterpenes, but studies of multiple cyclases have
demonstrated GPP to be their substrate. Cyclization of LPP at the terminal double bond
yields the a-terpinyl cation, the universal precursor of cyclic monoterpenes. This cation is
highly reactive and its conversion to cyclic structures occurs while it is bound to the cyclase.
Thus, the cyclases have in common the ability to generate the a-terpinyl cation from GPP, but
each differs in cyclized products that are formed. Most of the monoterpene cyclases produce
multiple products, but in each case, it is always present as a single predominant compound.
For example, peppermint limonene synthase produces a small amount of a-pinene, 3-pinene,
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and myrcene in addition to limonene (Alonso et al., 1992). In fact, the analysis of the oil
present in glandular trichomes of very young leaves of peppermint showed that 21 compon-
ents were present, the majority of which are derived from the activity of limonene synthase
(Maffei et al., 1989). These include not just p-menthane monoterpenes characteristic of this
species, but also a-pinene, B-pinene, and myrcene. Cyclases are soluble proteins, either
monomeric in the 50 to 70-kDa range or homodimeric with native sizes of about 100 kDa.
They all use GPP as the natural substrate as described earlier, and they require a Mg*" or
Mn?" as the only cofactor. In the past, a number of monoterpene synthases have been
isolated and characterized from members of the mint family, including (—)-4S-limonene
synthase, which was purified and characterized (Alonso et al., 1992; Rajaonarivony et al.,
1992). It was shown to be a fairly hydrophobic monomer of about 56 kDa, with a pH
optimum of 6.7, isoelectric point of 4.35, and ke, of 0.3 sec”'. This enzyme requires only
Mn?" as a cofactor and the K, value measured for GPP-metal complex is 1.8 wM. The basic
properties of limonene synthases from both peppermint and spearmint are identical, and their
mechanism of action is similar to other terpenoid cyclases of higher plants (Croteau, 1987).
Rabbit polyclonal antibodies were generated against SDS-denatured limonene synthase of
spearmint, and immunoblotting analysis revealed that these antibodies were specific for the
limonene synthase from all Mentha species tested, suggesting that this cyclase is similar
among these species (Alonso et al., 1993). However, the immunological cross-reactivity was
not observed with limonene synthase from other plant species such as Citrus sinensis
and Chenopodium ambrosioides (Croteau and Gershenzon, 1994). Furthermore, no cross-
reactivity was observed with other cyclases extracted from Lamiaceae, Asteraceae, and
other families. In order to obtain the limonene synthase cDNA, internal amino acid
sequences of the purified protein from spearmint oil glands were determined and used to
design three oligonucleotide probes, subsequently employed to screen a spearmint cDNA
library (Colby et al., 1993). Four clones were isolated; three cDNAs resulted full-length
and functionally expressed in E. coli. The encoded protein contains a putative N-terminal
plastidial transit peptide, consistent with immunocytochemical localization of the mature
enzyme in leucoplasts of oil gland secretory cells (Turner et al., 1999). Despite the presence of
the transit peptide, the recombinant limonene synthase preprotein is catalytically active,
producing the same spectrum of products as the processed native enzyme (Colby et al., 1993).

Common to most cyclases, including the limonene synthase from mint, and prenyltrans-
ferases examined so far, is the presence of at least one aspartic acid-rich region with a
consensus sequence of (I,L,V)XDDXX(D,E). This sequence is believed to be involved in
the binding of the Mg®" or Mn”" salt of the diphosphate substrate (Ashby and Edwards,
1990) and may assist in the initial ionization step of the reaction.

Evidence for this mechanism is related to the observation that cyclases, which bind a single
diphosphate ester substrate, contain only a single aspartic acid-rich region, whereas prenyl-
transferases able to bind two cosubstrates contain two aspartate-rich regions (McCaskill and
Croteau, 1997). Based on the sensitivity to amino acid modification reagents, the presence of
one or more histidine and cysteine residues at cyclase active sites has also been proposed. Three
conserved histidine residues and a conserved cysteine residue in the deduced amino acid
sequences for limonene synthase (Colby et al., 1993; Yuba et al., 1996) are epi-aristolochene
synthase (Facchini and Chappell, 1992), casbene synthase (Mau and West, 1994), and abeta-
diene synthase (Vogel et al., 1996). Based on the sensitivity of monoterpene synthases to the
arginine-directed reagent phenylglyoxal (Savage et al., 1995), the involvement of an active site
arginine residue has also been suggested. This hypothesis is also supported by the presence of
two strictly conserved and five highly conserved arginine residues in the deduced amino acid
sequences of limonene synthase (Colby et al., 1993; Yuba et al., 1996), epi-aristolochene
synthase (Facchini and Chappell, 1992), and casbene synthase (Mau and West, 1994).
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2.3.4 ALTERNATE TRANSFORMATIONS OF GERANYL DIPHOSPHATE

Several Mentha species produce acyclic monoterpenes, which constitute relatively small
family forms. These molecules include the alcohols geraniol, nerol, and linalool, and the
trienes myrcene and the ocimenes. These compounds are biosynthesized starting form GPP.

A few strains and chemotypes of Mentha accumulate geraniol, geranyl acetate, and related
acyclic derivatives up to 30% in the essential oils, but without the exclusion of the typical
cyclic monoterpenes (Lawrence, 1978; Malingré, 1971). The presence of these compounds is
probably related to the limited capacity for cyclization, with the consequence that unutilized
GPP is hydrolyzed and the geraniol metabolized by conjugation or redox transformations
(Croteau and Gershenzon, 1994).

Nerol might derive via citral as a consequence of a redox transformation, and isomerases
isolated from different plants are able to catalyze the isomerization of geraniol and geranyl
phosphate to nerol and neryl phosphate (Wise and Croteau, 1999).

Linalool and linalyl acetate are the main constituents in the oils of several Mentha hybrids,
including M. aquatica var. citrata (as M. citrata) (Lawrence, 1978; Todd and Murray, 1968).

S-linalool synthase has been purified to homogeneity from flowers of Clarkia breweri
(Pichersky et al., 1995) and the corresponding gene has been cloned (Blanc and Pichersky,
1995). This enzyme uses GPP instead of (S)-linalyl diphosphate as a precursor and it does not
catalyze the conversion of the (R)-antipode, suggesting a direct formation of linalool from the
geranyl substrate (Pichersky et al., 1995).

2.3.5 SECONDARY TRANSFORMATIONS

The cyclic parent compounds are then transformed in the fourth stage by hydroxylations and
subsequent redox reactions, double bond migrations, and conjugations including glycosyla-
tions and acylations to yield the isoprenoid endproducts responsible for the great variety of
monoterpenoids found in nature as those typical of essential oils (Wise and Croteau, 1999).

The genus Mentha provides illustrative examples of the general types of secondary trans-
formations encountered in the monoterpene series. The biosynthesis of the p-menthane in
mint species is well characterized. The essential oils of mints are distinguished by the position
of oxygenation on the p-menthane ring (Lawrence, 1981), and extensive classical breeding
experiments and both in vivo and in vitro studies have established the pathways for the
formation of (—)-carvone, (—)-menthone, and (—)-menthol (Croteau and Gershenzon,
1994). In peppermint and related species (Mentha aquatica, Mentha arvensis, Mentha pule-
gium), (—)-4S-limonene is hydroxylated at the C; position to yield (—)-trans-isopiperitenol
and the peppermint-type species produce almost exclusively monoterpenes bearing an oxygen
function at Cj such as (—)-menthol (responsible for the cooling sensation of peppermint). In
spearmint and related species (Mentha spicata, Mentha xgracilis, Mentha crispa), the same
substrate is hydroxylated at Cg4, to yield (—)-trans-carveol and in this case spearmint-
type species produce almost exclusively monoterpenes bearing an oxygen function at Cg such
as (—)-carvone (responsible for the typical spearmint flavor) (Lupien et al., 1995) (Figure 2.17).

These reactions are carried out by distinct, regio-, and stereospecific cytochrome P450
oxygenases. The two cytochrome P450s that catalyze these mutually exclusive positional
hydroxylations can also be distinguished by differential sensitivity to azole-type inhibitors
(Karp et al., 1990). Other examples include hydroxylation of (—)-limonene to perillyl alcohol
in perilla (Perilla frutescens) (Karp et al., 1990) and hydroxylation of sabinene to produce the
oxygenated thujane monoterpenes (Karp et al., 1987).

The (—)-limonene-6-hydroxylase from spearmint has been purified to homogeneity and the
pure protein was used to obtain the amino acid sequence employed for the construction of
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polyclonal antibodies. Immunoblot analysis demonstrated that (—)-limonene-6-hydroxylase
antiserum recognized different hydroxylases from other Mentha species, including pepper-
mint 3-hydroxylases (Croteau and Gershenzon, 1994). Cross-reactions were also observed
with monoterpene hydroxylases from other species of the Lamiaceae family, indicating some
structural similarities among this enzymatic class. However, (—)-limonene-6-hydroxylase
results are less efficient than (—)-limonene-3-hydroxylase, since a larger amount of residual
limonene is always present in the taxa with Cg-oxygenated monoterpenes than in those
with Cs-oxygenated monoterpenes (Lawrence, 1981; Kjonaas and Croteau, 1983; Croteau
et al., 1991).

This behavior seems not related to different kinetic characteristics of the two enzymes, but
it is probably due to relative limonene synthesis—hydroxylation balances, or to differential
compartmentation effects (Croteau and Gershenzon, 1994).

The amino acid sequence of spearmint (—)-limonene-6-hydroxylase was also used to
generate an oligonucleotide probe that was employed to screen both a spearmint and a
peppermint oil gland ¢cDNA libraries (Lupien et al., 1999). A full-length cDNA clone
was isolated from the spearmint oil gland cDNA library and subsequently confirmed as
(—)-limonene-6-hydroxylase by functional expression using baculovirus-Spodoptera system. In
peppermint, two closely related full-length cDNA sequences (PM2 and PM17) were isolated
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from the library and were confirmed as (—)-limonene-3-hydroxylase by functional expression
as before. Amino acid deduced sequences indicate that both enzymes possess a typical
N-terminal membrane anchor, consistent with the membrane location of the native forms,
a very similar primary sequence (70% identity), and calculated molecular weights of 56,149
(spearmint) and about 56,560 (peppermint) (Lupien et al., 1999). Subsequent heterologous
expression in E. coli and Saccharomyces cerevisiae (Haudenschild et al., 2000) has provided
higher yields of the functional enzymes to allow a more detailed characterization of the
mechanism and stereochemistry of the hydroxylation reactions. Recently, a combination of
domain swapping and reciprocal site-directed mutagenesis between these two enzymes dem-
onstrated that the exchange of a single amino acid residue in the spearmint (—)-limonene-6-
hydroxylase leads to complete conversion to the regiospecificity and catalytic efficiency of the
peppermint (—)-limonene-3-hydroxylase (Schalk and Croteau, 2000).

Other insights into the close relationship between C; and Cg oxygenated p-menthane
monoterpenes were obtained by examining the essential oil produced by a mutant of Scotch
spearmint (the mutant 643) (Croteau et al., 1991). This mutant produces primarily Cs;
oxygenated p-menthane monoterpenes, including significant amounts of menthone, instead
of carvone. Cell-free enzyme assays of both the wild-type Scotch spearmint and the mutant
demonstrated that both plants contain the same pool of enzymes necessary to produce
menthone from (—)-trans-isopiperitenol. The wild-type spearmint possessed only the Cg
hydroxylase whereas in mutant 643 this activity was entirely replaced by a C; hydroxylase.
This new hydroxylase resembled that found in peppermint in differential sensitivity to azole-
type inhibitors. Although spearmint clearly contains most of the same terpene-metabolic
machinery as peppermint, these enzymes are normally catalytically inefficient because car-
vone is a poor substrate for these subsequent reaction steps. Studies on cloning and functional
expression of 643 3-hydroxylase are still in progress.

These allylic monoterpenols subsequently undergo oxidation, reduction, and isomerization
reactions to yield the complex mixture of essential oil components typical of the different mint
species. The presence of either (—)-limonene-6-hydroxylase or (—)-limonene-3-hydroxylase is
the critical factor in determining whether a Mentha species produces a spearmint or pepper-
mint-like essential oil, since the oxygenation pattern of a p-menthane monoterpene deter-
mines its subsequent metabolism. For instance, in spearmint (—)-trans-carveol is oxidized to
(—)-carvone, the major monoterpene accumulated in this species, which then originates small
amounts of isomeric dihydrocarvones and dihydrocarveols (Gershenzon et al., 1989; Croteau
et al., 1991). A similar, but antipodal pathway has been proposed for the formation of
(+)-carvone in caraway seed (Carum carvi) (Bouwmeester et al., 1998). The metabolic
transformations of (—)-trans-isopiperitenol in peppermint are much more extensive. A series
of redox reactions involving both double bonds and the oxygenated carbon, and a double
bond migration, results at the end in the formation of both (—)-menthone and (+)-iso-
menthone, and all four stereoisomers of menthol (Croteau and Gershenzon, 1994). These
pathways appear to be quite different on the chemical level, but the basic reactions are very
similar. In fact, the enzymes that catalyze the reactions following limonene hydroxylation
share similar properties. This metabolic similarity can be demonstrated by feeding pepper-
mint or spearmint leaf disks with (—)-trans-carveol or (—)-trans-isopiperitenol, respectively
(Croteau and Gershenzon, 1994).

These two allylic alcohols are then enzymatically oxidized to the corresponding
a-B-unsaturated ketones, (—)-isopiperitenone, and (—)-carvone. The dehydrogenase respon-
sible for these conversions is present in the soluble supernatants of oil gland extracts from
peppermint, spearmint, and Scotch mint (Gershenzon et al., 1989; Croteau et al., 1991).
This enzyme has a molecular weight of 66 kDa and uses NAD as an oxidant (Kjonaas
et al., 1985).
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In peppermint, (—)-isopiperitenone is converted to (+)-cis-isopulegone by a specific double
bond reductase. This enzyme has been found in oil gland extracts from peppermint, native
spearmint, and Scotch spearmint, but in the last two species is present in lower levels (Croteau
et al., 1991). The molecular weight of the reductase is about 60 kDa and NADPH is used as a
reductant (Croteau and Venkatachalam, 1986).

The isomerization of (+)-cis-isopulegone to (+)-pulegone and of (—)-isopiperitenone to
piperitenone is catalyzed by the p-menthone isomerase. This enzyme, detected in soluble
extracts of peppermint, spearmint, and Scotch spearmint, has a molecular weight of 55 kDa
and it does not use any cofactors (Kjonaas et al., 1985; Croteau et al., 1991). It is probably
present at high levels in all Mentha species, as both (+)-cis-isopulegone and
(—)-isopiperitenone have been observed only in trace amounts (Croteau and Gershenzon, 1994).

(4)-Pulegone and piperitenone may have different metabolic fates in Mentha species. The
reduction of the double bond of these two substrates leads to (—)-menthone or (4)-isomenthone,
and (+)- and (—)-piperitone, respectively. This reaction is NADPH-dependent and it is carried
out by two distinct enzymes of opposite stereospecifity (Croteau et al., 1991). The relative
proportions of the two reductases producing menthone and isomenthone from (+)-pulegone
vary in commercial mints from 3:1 to 10:1 (Battaile et al., 1968; Croteau et al., 1991).

(+)-Pulegone is also the precursor of (+)-menthofuran, the commercially undesirable oil
component. Recently, the biosynthesis of menthofuran has been elucidated. The biochemical
pathway from pulegone involves a cytochrome P450 catalyzed hydroxylation of the syn-
methyl group of the (+)-pulegone followed by cyclization to form a hemiketal, and dehydra-
tion to give the furan ring. In vivo feeding experiments on peppermint shoot tips and young
leaves demonstrated that labeled (+)-menthofuran was derived from (4)-pulegone, showing
that this compound is produced by an enzymatic oxidation (Fuchs et al., 1999). Bertea
and colleagues (2001) isolated a cDNA clone from a peppermint oil gland cDNA library,
which was functionally expressed in S. cerevisiae and E. coli and showed to encode the
(+)-menthofuran synthase. This protein, which possesses all the primary structural elements
of a cytochrome P450, presents a 35% identity with (—)-limonene-3-hydroxylase from the
same source (Bertea et al., 2001).

In peppermint, (—)-menthone and (+4)-isomenthone are converted to their corresponding
alcohols by two stereospecific, NADPH-dependent keto-reductases (Kjonaas et al., 1982).

Both enzymes possess similar properties such as the molecular weight (about 35 kDa), the
cofactor (NADPH), the optimum of pH (about 7.5), kinetic constants, and sensitivity to
thiol-directed reagents (Croteau and Gershenzon, 1994).

Most of the enzymes involved in this latter steps have been isolated and characterized and
appear to be highly substrate specific (Croteau et al., 1991; Croteau and Gershenzon, 1994).

These secondary enzymatic reactions, subsequent to the limonene cyclization step, occur,
not in the plastids, but at the endoplasmic reticulum or in the cytosol. Thus, movement of the
parent olefin limonene, from the plastid to the cytosol/ER is required. Nothing is yet known
regarding the intracellular trafficking of monoterpenoids. Carrier or transport protein may be
involved in this process, as well as in the export of the monoterpenes to the subcuticular
storage cavity of the glandular trichomes (Haudenschild and Croteau, 1998).

The p-menthane alcohols of Mentha species can form conjugates with glucose moieties or
with acetate. In fact, they are not stable endproducts of metabolism. Even if most parts of the
study have been focused on peppermint (Croteau and Hooper, 1978; Martinkus and Croteau,
1981), the occurrence of this conjugate also in other species indicates that the enzyme
responsible for the conjugation reaction has a wide distribution (Croteau and Martinkus,
1979; Sakata and Mitsui, 1975; Sakata and Koshimizu, 1978; Shimizu et al., 1990a,1990b).

(—)-Menthyl acetate is always present in a relatively high concentration (15%) in the
essential oil of mature leaves of flowering peppermint (Croteau and Hooper, 1978). The
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enzyme responsible for the conversion of (—)-menthol to (—)-menthyl acetate is a soluble
acetyltransferase of about 37 kDa, which uses acetyl-CoA as acyl donor. This enzyme is able
to acetylate different substrates such as monoterpenoid and nonmonoterpenoid alcohols
(Croteau and Hooper, 1978).

In Mentha, monoterpene alcohols can occur also as conjugates with glucose. Important are
glucosides of (—)-menthol, (+)-neomenthol, (—)-trans-carveol, (—)-cis-carveol, (—)-dihydro-
carveol, and (+)-neodihydrocarveol found in many commercial species (Sakata and Mitsui,
1975; Sakata and Koshimizu, 1978; Croteau and Martinkus, 1979; Shimizu et al., 1990a,
1990b).

In peppermint, a UDP-glucose:monoterpenol glucosyltransferase has been characterized.
This soluble enzyme of 46 kDa converts (+)-neomenthol to (+)-neomenthyl-B-D-glucoside
and shows a low substrate specificity because it is able to glucosylate at equal rates in vitro
both (4)-neomenthol and (—)-menthol (Martinkus and Croteau, 1981).

The (4)-neomenthyl-B-D-glucoside is then transported to the rhizomes where it undergoes
oxidative degradation, probably necessary to provide acetyl-CoA and to reduce equivalents
for rhizome metabolism (McCaskill and Croteau, 1997).

2.3.6  APPROACHES TO THE BIOENGINEERING OF MONOTERPENE BIOSYNTHESIS

Given the commercial value of mint essential oils, the processes involved in their biosynthesis
and secretion are attractive targets for genetic engineering. However, because of the com-
plexity of the monoterpene biosynthetic pathway and the difficulties in purifying the respon-
sible enzymes (Alonso and Croteau, 1993), obtaining gene probes from the corresponding
target proteins by classical biochemical approaches has been quite difficult. As part of an
ongoing effort to isolate genes of isoprenoid metabolism, the construction of a cDNA library
from peppermint oil gland secretory cells allowed Croteau and coworkers to clone and
express most part of the genes involved in these pathways (Lange et al., 2000). The partial
sequencing (400 to 900 bases) of about 1500 randomly selected cDNAs (expressed sequence
tags [EST]) from this library has become a rapid and cost-effective means of gaining infor-
mation about gene expression in a specialized tissue such as gland cells. Several genes involved
in monoterpene biosynthesis have been characterized (Lange et al., 2000) using functional
genomics approaches, which combine computational and heterologous expression-based
analyses, as previously described.

Studies about monoterpene metabolism have advanced to the point that several ap-
proaches may now be considered for the manipulation of essential oil profile. These include
the mutagenesis of specific monoterpene synthases to alter their products, the manipulation
of a biosynthetic pathway (by altering the activity of an enzyme or by introducing novel
enzymes), and the manipulation of the formation of glandular trichomes, the site of essential
oil production and accumulation (McCaskill and Croteau, 1997; Lange and Croteau, 1999b).

The mutagenesis of a specific monoterpene synthase can be achieved by using two ap-
proaches: site-directed mutagenesis and domain swapping. Changes in the amino acid groups
at the active site of an enzyme can influence substrate and cosubstrate binding conformation
and compromise the catalysis cycle. For example, in the monoterpene synthases, the modi-
fication of specific residues can affect the stability of carbocation intermediates diverting the
reaction course along alternate routes. As previously described, experiments of site-directed
mutagenesis combined with domain swapping conducted on spearmint (—)-limonene-6-
hydroxylase changed the regiospecificity of this enzyme completely, leading to a product
hydroxylated at C; instead of at Cg (Schalk and Croteau, 2000).

Another approach to engineering monoterpene formation is the creation of chimeric
enzymes that combines functional domains from different synthases. This can be possible
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because of the high sequence homology observed for plant isoprenoid synthases. This would
allow creating chimeric enzymes with different functional domains able to give novel products
(McCaskill and Croteau, 1997). Recent advances in the molecular biology of terpene
synthases (Bohlmann et al., 1998) offer a tool for modifying the aroma profile of essential
oils by the expression of foreign terpene synthases in transgenic plants to yield oils with novel
characteristics.

Recently, Agrobacterium tumefaciens-based transformation procedures have been devel-
oped for peppermint-transformed calli (Spencer et al., 1993) and teratomas (Berry et al.,
1996). The first transgenic peppermint plants were constructed in 1998 by two groups (Niu
et al., 1998; Diemer et al., 1998), working independently. However, before molecular engineer-
ing technology can be efficiently applied to the essential oils in mint, it is necessary to ensure
that transgene expression does not generate complications such as cytotoxicity (Brown et al.,
1987). Furthermore, it is critical to find a promoter that selectively regulates gene expression
in trichomes, even if studies in this sense are underway (Lange and Croteau, 1999b).

Knowledge of the enzymology and regulation of a metabolic pathway can permit the
manipulation of the flux of intermediates through the pathway, with the goal of increasing
the accumulation of desirable products or decreasing the accumulation of undesirable ones.
The engineering of a metabolic pathway for monoterpenes can involve either the modification
of a pathway, to change the composition and yield of the oil, or the introduction of new or
altered enzymes, to produce compounds not normally present in the plant. A complete
understanding of the various developmental factors related to essential oil formation, such
as metabolic branch points in control of flux, possible feedback regulatory properties of
intermediates, and transport mechanisms required for the secretion of essential oils, is still
lacking. Before manipulating, several enzyme activities will be required to redistribute meta-
bolic flux toward monoterpene biosynthesis, and redirecting significant flux toward mono-
terpene production may lead to deprivation of essential oil components formed from
intermediates, as observed in transgenic tomato plants (Fray et al., 1995).

An example of the effect that partitioning of metabolites by branch points has on the
quality of an essential oil is given by the p-menthane monoterpenes produced in peppermint,
in which (+)-pulegone is the branch point between the formation of (—)-menthone and
(—)-menthol, and the commercially undesirable (4)-menthofuran. Therefore, the branch
point enzymes producing these two compounds represent promising targets for bioengineer-
ing efforts. The approach would involve the overexpression of the reductase, which converts
(+)-pulegone to (—)-menthone, thereby reducing the flux of the key intermediate into
(+)-menthofuran. An alternate approach would involve the repression of the cytochrome
P450 responsible for the conversion of pulegone to (+)-menthofuran by using antisense tech-
nology, or the removal of regulatory elements related to the activation of this gene under
particular environmental conditions (Burbott and Loomis, 1967).

Using similar approaches, the overexpression of the gene that encodes the dehydrogenase,
which converts (—)-menthone to (—)-menthol, should lead to the accumulation of large
amounts of the commercially desirable (—)-menthol. In contrast, the silencing of the dehy-
drogenase responsible for the epimeric reduction of (—)-menthone to (+)-neomenthol could
lead to the decrease in catabolic losses of (—)-menthone to the corresponding glucoside
(Croteau and Martinkus, 1979; Croteau et al., 1984).

From an ecological point of view, since many monoterpenes such as limonene exhibit
insecticidal properties (Pickett, 1991; Gershenzon and Croteau, 1993), the availability of
cDNA clones for limonene synthase (Colby et al., 1993; Yuba et al., 1996) raises the possibility
of engineering limonene production in crop plants to improve the resistance to insect pests.

Another goal of engineering technology is to increase the tissue density of mint glandular
trichomes in which the essential oil is produced and stored, without affecting organoleptic



66 Mint: The Genus Mentha

quality. Work on the regulation of trichome development in Arabidopsis thaliana (Hillskamp
et al., 1994) may lead to the development of approaches for increasing the density of the oil
glands, which could result in a corresponding increase in total oil production. Although this
kind of studies involves nonglandular trichomes, the development of glandular trichomes will
undoubtedly share many of the same regulatory factors and control elements.

2.3.7 CoNcLUSIONS AND FUTURE PERSPECTIVES

The aim of this chapter was to provide an overview of our understanding of the biosynthetic
capacity of mint plants, specifically in relation to monoterpenes. Many of the biochemical
pathways for monoterpene production have been elucidated, with many enzymes and their
corresponding genes now cloned and expressed using different heterologous expression
systems. The following are the future objectives in this field:

* Cloning of all the remaining genes of p-menthane biosynthesis; defining promoter
regions of genes specifically expressed in oil glands; isolating genes involved in trichome
formation

» Improving essential oil quality and quantity by optimizing vectors to adjust expression
levels of transgenes; using transgenic mint to investigate the regulatory processes involved
in the control of pathway fluxes, metabolite profiles, and monoterpene secretion

2.4 TISSUE CULTURE AND BIOTECHNOLOGY

Plant propagation using shoot cultures—micropropagation—supplies growers with a highly
uniform plant population useful for commercial exploitation and for the maintenance of
secure genetic stocks of plant material. Tissue culture propagation for germplasm conserva-
tion is essential. First, it allows the proper long-term storage and conservation of plant
material, which is essential for crops that produce short-lived seeds and for those that are
vegetatively propagated like many mints. Second, it provides an easy and inexpensive way for
international exchange of disease-free material (Rech and Pires, 1986).

Importance of such techniques in medicinal and aromatic plants (MAPs) is particularly
also for the production or conversion of secondary metabolites of commercial interest by in
vitro cultured cells. The apparent ease with which the biosynthesis of secondary metabolites is
induced and modulated in intact plant tissues and the possibility of obtaining rapidly
proliferating cells from these tissues in sterile conditions have consequently stimulated re-
search to obtain terpenoid production in vitro. Oil yield can also be improved by laboratory
or field applications of chemical and physical external elicitors, as well as phytohormones or
microorganism cell culture extracts, through the enhancement of the appropriate biosynthetic
enzymes (EI Ketawi and Croteau, 1987; Lange and Croteau, 1999b). The industrial scaling up
of PAM cell cultures producing oils is therefore of great attraction, both for commercial
exploitation and for the development of controlled cell systems in which the biogenesis of
monoterpenes can be studied.

The present development of in vitro plant propagation and breeding provides a powerful
means for the genetic improvement of MAPs. Sexual hybridization imposes narrow limits to
the scope of breeding, confining the breeder to the very low variability present in the normal
gene pool. Gene transfer to plants via in vitro cultures, with the aim of adding specific new
agronomic traits, makes possible the overcoming of existing problems encountered with
sexual hybridization. Genetic transformation of plants involves the stable introduction of
foreign DNA sequences into the nuclear or organelle genome of cells capable of giving rise to
a completely transformed plant. Circumventing the sexual process and avoiding the need for
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lengthy backcrossing procedures, genetic transformation may accelerate the genetic improve-
ment (Draper and Scott, 1991) of useful plants. To reach this aim, sterile plant material
capable of rapid regeneration into mature plants is essential.

2.4.1 Tissue CULTURE AND MICROPROPAGATION OF MINTS

Micropropagated shoot cultures are useful as explant sources of cell culture and protoplast
preparations. Due to its intrinsic characters and by the means of selectable phenotypic and
biochemical markers, the in vitro culture system allows practical applicability of large-scale in
vitro screening of germplasms, clones, and breeding material for the selection of elite geno-
types (Shasany et al., 2000).

Since the first studies of Lin and Staba (1963), who showed that an auxin was essential for
tissue dedifferentiation and for the in vitro establishment of mint callus, there has been consid-
erable research focused on micropropagation of several Mentha species (Cellerova, 1992).

Axillary buds have been used as, and still remain, the best source for rapid in vitro
multiplication of Mentha piperita, M. arvensis, M. pulegium, M. spicata, and M. viridis (Rech
and Pires, 1986). Nodal segments from 1-year-old plants can be grown on Murashige and
Skoog (1962) (MS) medium, where, in the absence of exogenous growth regulators, sparse
roots and shoots are normally produced. The influence of plant density and different culture
conditions on Mentha spicata shoots grown in vitro has been recently analyzed (Tisserat and
Silman, 2000). Shoots can be successfully rooted and potted into the soil for further growth
(Rech and Pires, 1986). Rootlets are normally formed at the same time as shoot proliferation,
thus rendering unnecessary the subsequent phase of rooting and reducing sensibly the period
of transfer of the plantlets to soil.

In Mentha piperita, plant regeneration and propagation from pathogen-free material have
proved to be useful in the isolation of rust-free regenerants. The latter showed increased
productivity with respect to rust-affected plants of field conditions (Nadaska et al., 1990).

Due to juvenile conditions, sterility, and uniform pattern of growth, in vitro micropropa-
gated axillary buds or shoots represent an ideal source of plant material for germplasm
conservation. Alginate-coated meristems from in vitro-grown axillary buds of Mentha spicata
and other mint species were successfully cryopreserved by a plunge into liquid nitrogen,
following vitrification (Hirai and Sakai, 1999). Encapsulated peppermint meristems may be
conveniently thawed and transferred to culture media, where they develop shoots and intact
plants, also after prolonged times of cryostorage.

2.4.2 DIRect PLANT REGENERATION FROM EXPLANTS

The appearance of genetic instability in the cultured material—somaclonal variation—due to
the occurrence of chromosome or genetic changes in the regenerating plants is a phenomenon
frequently encountered in long-term cultured cells (Evans and Sharp, 1986). Kukreja and
colleagues (1991), starting from regenerated shoots of M. canadensis (as M. arvensis. var.
piperascens), have isolated 27 somaclones, all differing sensibly for various agronomic traits,
i.e.,, plant height, leaf/stem weight ratio, herb yield, and oil content and composition.
However, these genetic changes are often undesirable, especially when clonal reproduction
of transformed plants is the goal of regeneration. In this case, as the occurrence of somaclonal
variations increases with the duration and extent of the disorganized or undifferentiated
culture phase (Karp, 1994), plants regenerated directly from tissues or organs, eventually
transformed with physical DNA delivery methods, are preferred. These techniques allow
manipulation of entire vegetative plant organs (i.e., leaves), organ meristems, or reproductive
structures (i.e., gametes and zygotes) to avoid disturbance of normal plant development and
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reduce the in vitro culture phase (Draper and Scott, 1991). Direct plant regeneration from
cultured explants is a method particularly suited for herbaceous plants, using leaves, corms,
bulbs, stems, rhizomes, and tubers (Tisserat, 1985). Starting from cultured apical meristems,
usually a cytokinin is added to the medium to overcome apical dominance on shooting and to
enhance the branching of lateral buds. This method has been successfully applied to the
commercial and large-scale propagation of some important ornamental plants. Regenerated
buds from tissue cultures on MS media supplemented with BAP have been obtained from
peppermint leaves (Medou et al., 1997) and from internode explants of Mentha arvensis
(Shasany et al., 1998). The use of BAP (1 to 2 mg/L) or NAA (1 mg/L) has proved useful
inducing multiple shoots formation (15 to 20 per explant) in many other species (Rech
and Pires, 1986). Best results were obtained using young leaves from in vitro micropropagated
plants, cultivated in the dark (Medou et al., 1997). The authors demonstrated that
bud development starting from specific meristematic areas led to the development of secretory
structures. Regeneration frequencies and reproducibility are strongly affected by genotypic
effects as demonstrated in the case of adventitious shoots obtained from zygotic embryos
(Van Eck and Kitto, 1990) and from leaves (Van Eck and Kitto, 1992). When shoot
regeneration arises from very small areas of the cultured leaf tissue (Caissard et al., 1996),
the limited area and number of cells involved in the regenerating process reduce probabilities
of obtaining transgene integration in regenerating cells. To overcome these limitations, an
efficient regeneration system from leaf disks of spearmint and peppermint has been obtained
(Faure et al., 1998). The leaf disk regeneration method, combined with the subsequent
induction of multiple shooting (10 to 15 shoots per explant) is a useful tool for mint genetic
transformation with A. tumefaciens (Faure et al., 1998). Through the manipulation of the
explant source, the environment of the donor plant, and medium components, Berry and
colleagues (1996) improved the frequency of regeneration from petioles and leaf disks of
orange mint (M. aquatica var. citrata), peppermint (M. piperita L. cv. Black Mitcham),
Native spearmint (M. spicata), and Scotch spearmint (M. gracilis Sole cv. Baker). The
regenerative process appeared to be cytokinin-specific and highly stimulated when Ng-(2-iso-
pentyl) adenine (2iP) was used (Berry et al., 1996).

Cultured plant material was also used to obtain new mutants. Induced mutation through
v-irradiation of stolons led to the improvement in peppermint resistance to Verticillium wilt in
the cultivars, “Todd’s Mitcham,” and “Murray Mitcham” (Murray, 1969).

2.4.3 MINT PLANT REGENERATION FROM CALLUS CULTURES

When leaf tissues are incubated under appropriate hormonal conditions, this leads to in vitro
proliferating cell aggregates, termed callus cultures, from which it is possible:

¢ To develop useful cell lines
* To produce essential oil in cultured cells
* To regenerate new plant clones

Bhaumik and Datta (1989) showed that Japanese mint M. canadensis (as M. arvensis) requires
phenylalanine (500 mg/L) and high phosphate in addition to the ingredients of the MS
medium, and these requirements differed for callus initiation, callus growth, and cell growth
in suspension. A high auxin—cytokinin ratio (2:1) increased callus growth and the addition of
coconut milk acted synergistically with 2,4-D stimulating cell division in young leaf tissues
(Bhaumik and Datta, 1989). Later, Kawake (1991) and Kawabe and coworkers (1993)
described a complete and more complex in vitro procedure, starting from bud material of
M. canadensis (as M. arvensis). Callus and adventitious roots were induced by culture of the
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explant on B5 (Gamborg et al., 1968) solid medium containing NAA (4 mg/L). These cultures
produced a large amount of adventitious roots when transferred to a liquid medium contain-
ing NAA (2 mg/L) and BAP (0.5 mg/L). When recultured for a further 30 days on liquid
medium with NAA (0.2 mg/L) and BAP (4 mg/L), green clumped calluses were obtained.
Green adventitious buds were obtained after transfer to B5 medium containing NAA (0.1
mg/L) and BAP (4 mg/L), and these buds could then be allowed to regenerate roots and
ultimately plants on hormone-free medium (Kawabe, 1991, Kawabe et al., 1993). The use of
leaf, shoot, and root explants for callus induction and plant regeneration has also been
described in Mentha spicata L. (Abou-Mandour and Binder, 1998).

2.4.4 MINT Ce GENOME TRANSFORMATION

Technological advances in genetic engineering have made possible the use of biotechnology
for mint crop improvement. The primary constraint to mint oil production is crop yield loss
due to pests and pathogens, a situation that is exacerbated by the long-term intensive
monoculture. The overexpression of genes that carry resistance to insects or phytopathogens
has proved useful to transfer resistance to pests and pathogens in many crops (Martin et al.,
1993). As a result, the interest toward the application of biotechnological strategies to
peppermint or other commercially valuable mint species to improve mint oil quality and
quantity is growing.

2.4.4.1 Protoplast Culture and Cell Manipulation

Peppermint regeneration from protoplasts provides a promising system both for genetic
transformation and for the selection of somaclonal variants. Mints have mostly been im-
proved by conventional breeding techniques such as crossing and selection of mutants,
resulting in some excellent varieties with disease tolerance (Murray, 1961) or high menthol
content (Nakayama et al., 1970). Since M. piperita is a triploid sterile hybrid, its breeding
by common sexual crossings is impossible unless its ploidy is doubled for fertility with the
creation of the hexaploid by chromosome doubling with colchicine treatment. Despite these
efforts, no excellent cultivars superior in flavor to Mitcham peppermint have been produced
till now.

Genetic manipulation using protoplast culture could therefore enhance mint improvement,
enabling the use of techniques such as cell fusion, gene transfer, and somaclonal variation.
A prerequisite for applying plant biotechnology is the development of a suitable and reproducible
plant regeneration system; according to this, protocols for plant regeneration from protoplasts
have been established. Though with a low efficiency of differentiation, Sato and colleagues
(1993) succeeded in developing an operative protocol to regenerate peppermint plants from
leaf-derived protoplasts. Enzymatically isolated leaf-protoplasts were cultured in a modified
B5 medium, supplemented with 1 mg/L NAA and 0.4 mg/L BA. The application of this
method allowed the production of 6.8 to 8.9 x 10° protoplasts per g of fresh leaf tissues with a
75% to 80% average viability (Sato et al., 1993). When transferred to the differentiation
medium containing 0.1 mg/L NAA and 5 mg/L, BA protoplast-derived green calli developed
shoot buds after 3 to 4 weeks of culture. Following rooting on media without hormones, whole
plants of normal appearance were recovered after transplanting to the soil (Sato et al., 1993).

More recently, the regeneration efficiency of this procedure (>50%) has been optimized by
Jullien and colleagues (1998), with the addition to the media of low concentrations of 2,4-D,
the employment of solid media, and stimulating shoot formation and plant regeneration by
the use of thidiazuron as exogenous cytokinin. As observed for many other plant species and
families, cell and protoplast plating efficiency and regeneration of mints are also strongly
dependent on the genotype employed as donor material (Jullien et al., 1998).
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Protoplast technology, with the in vitro establishment of cell fusion products between
distant related species or cultivars, allows the exploitation of somatic hybridization in mint,
thus overcoming sexual incompatibilities encountered during conventional breeding.

Interspecific somatic hybridization by leaf-derived protoplast fusion was first obtained
between peppermint and gingermint M. gracilis (as Mentha gentilis cv. variegata) by the
electrofusion method (Sato et al., 1996). One of the regenerants showed three major volatile
constituents, menthone, menthol, and linalool, as a result of its interspecific hybrid origin.

Following protoplast fusion between peppermint (cv. Black Mitcham), producing high-
quality oil and spearmint, possessing resistance to Verticillium wilt, Krasnyanski and col-
leagues (1999) have identified 28 somatic hybrid plants. Hybrid shoots, regenerated in vitro,
were identified using RAPD profiles and Southern hybridization. All hybrid plants showed a
GC profile typical of spearmint oil and one of them possessed a level of susceptibility to
Verticillium intermediate between that of the fusion parents (Krasnyanski et al., 1999).

2.4.4.2 Agrobacterium Technology

The use of the Agrobacterium-mediated gene transfer system for improvement of commercial
mints is now available. To maintain the strict essential oil profile standards of a specific mint
cultivar, commercially grown M. xpiperita cv. Black Mitcham, M. xgracilis cv. Baker, and
M. spicata are commonly vegetatively propagated. The tool of tissue culture in combination
with Agrobacterium gene transfer technique makes it possible to improve these commercial
mints through the introduction of single trait variation or mutations. Effective adventitious
shoots and roots regeneration protocols are a fundamental prerequisite for the establishment
of such a technique. Starting from the first demonstration of susceptibility of M. aquatica var.
citrata (as M. citrata) to Agrobacterium transformation by Spencer and coworkers (1990),
Berry and colleagues (1996) have evaluated the response of different commercial mints,
namely peppermint, Native spearmint, Scotch spearmint petioles, and orange mint leaf
disks to cocultivation with a number of 4. tumefaciens strains. They individuated A281,
a hypovirulent agropine vector containing Ti plasmid pTiBo542 as the most responsive and
effective Agrobacterium strain. It is able to initiate tumor-like callus tissues in peppermint,
Native spearmint, and orange mint (Berry et al., 1996). Genomic Southern analysis of
tumoral callus DNA and subsequent PCR amplification with specific primers demonstrated
T-DNA integration into the mint genomes, their feasibility to transformation, and the
potential of this technique for economically important gene-technique applications (Berry
et al., 1996). Direct regeneration in vitro via shooting and transient GUS expression through
either Agrobacterium inoculation or biolistic treatment of peppermint has been obtained also
by Caissard and collaborators (1996). After these preliminary results, the production of
morphologically normal transgenic plants of M. Xxpiperita cv. Black Mitcham through the
cocultivation of leaf explants with Agrobacterium strain EHA 105 and kanamycin selection
has been achieved (Niu et al., 1998). Basal leaf explants with petioles excised from leaves
closest to the apex of in vitro cultured shoots proved to be the best source for Agrobacterium
infection efficiency and subsequent plant organogenesis; the latter occurred at sites of excision
either directly from cells of the explant or via a primary callus (Niu et al., 1998). Eight plants
were successfully regenerated in the presence of the cytokinin, thidiazuron, and were verified as
transgenic, based on the detection of the transgene by PCR and Southern blot analyses. By
measuring transient GUS activity expressed by transformed plant material and transgenic
calluses during shoot regeneration, greater transformation efficiency was found in Agrobacter-
ium-treated plant material when compared with microparticle bombardment (Niu et al., 1998).

From results based on 200 explants, peppermint transformation via Agrobacterium tech-
nology has been reported to infer a 10% transformation efficiency (Diemer et al., 1998).
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Recently, a substantially improved protocol for Agrobacterium-mediated transformation of
peppermint has been published by Niu and colleagues (2000). A. tumefaciens infection
of peppermint leaf explants can now be easily accomplished with an average frequency of
transformation of about 20% (percentage of leaf explants that produced transformed plants),
thus rendering this biotechnological technique a useful alternative to plant breeding and clonal
selection of this crop. A key step in raising the frequency of Agrobacterium infection has been
the cocultivation of peppermint leaves and the bacterium on tobacco cell feeder layers (Niu
et al., 1998, 2000). Feeder cells are hypothesized to secrete phenolics that act as virulence
inducers and to promote cell division and growth of explants. Enhanced transformation
efficiencies were reached by increasing selection pressure with higher concentration of kana-
mycin, which is the antibiotic employed for transformant in vitro recovery (Niu et al., 2000).

The stable integration of GUS and NPTII genes by A4. tumefaciens-mediated transfer has
been achieved also in M. canadensis (as M. arvensis) and M. spicata (Diemer et al., 1999).
From these experiments, one spearmint- and two cornmint-transformed plants have been
obtained. Transformed plants have been checked for transformation with specific PCR
primers, further evaluated by RT-PCR for the presence or absence of specific transcripts of
both genes, whereas the integration of the GUS gene has been confirmed by Southern blot
hybridization (Diemer et al., 1999).

Agrobacterium-mediated and direct gene transfers into protoplasts using PEG of Mentha
piperita cv. Black Mitcham were both successfully used to produce stable, transformed
peppermint plants with the limonene synthase gene (Krasnyanski et al., 1999). Southern
blot analysis revealed that Agrobacterium-mediated transformation was superior to the direct
DNA uptake into protoplasts with regard to the stability of the insert during transformation
(Krasnyanski et al., 1999).

Presently, attempts to achieve other transformation experiments with constructs of genes
coding for enzymes involved in monoterpene metabolism are underway. Moreover, in fertile
mint species, as well M. spicata and M. canadensis (as M. arvensis), it should also be possible
to assess transgene inheritance in the progeny as well as isolate highly homozygous plants
(Diemer et al., 1999), whose genetic stability is much appreciated at the moment of the
commercial release of new varietal lines.

As recently stressed by Lange and Croteau (1999b), before molecular engineering technol-
ogy can be efficiently applied to essential oil production in mint, an additional prerequisite is
tissue-specific expression of transgenes. This would ensure that transgenes are expressed
directly in glandular trichomes, to avoid potential complication due to cytotoxicity. Although
several plant epidermis-specific promoters have been characterized, a promoter that select-
ively regulates gene expression in glandular trichomes remains to be discovered (Lange and
Croteau, 1999b).

2.4.5 EsseNTIAL OI1LS OF REGENERATED AND TRANSFORMED MINTS

Plant regeneration and exogenous growth regulator applications to in vitro plant material
induce many changes in the chemical profile of volatiles produced by mint tissue cultures.

Abou-Mandour and Binder (1998) reported that in vitro cultivation of spearmint regener-
ants led to plants with one or two shoots containing an essential oil dominated by carvone
(75%), whereas all other mono- and sesquiterpenoid compounds accumulated in less than 5%
of total oil. Increasing BAP levels increased concentrations of monoterpene hydrocarbons
(i.e., limonene from 0.5% up to 13%), reduction of carvone (75% to 53%), and reduction of
the content of all sesquiterpenes. In the presence of NAA, increasing content of monoterpene
hydrocarbons was observed whereas cis- and trans-dihydrocarvone were reduced (Abou-
Mandour and Binder, 1998).
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Attempts have been made to modify the essential oil content of mint plants using soma-
clonal variation through plant regeneration from protoplast cultures. Chaput and colleagues
(1996) observed a decrease in menthone and menthol and an increase in carvone for all their
protoplast-derived peppermint plants. They have reported the successful culture and plant
regeneration of two protoplast-derived hybrid species of mint, M. Xxpiperita L. and
M. aquatica var. citrata (as M. citrata) (Chaput et al., 1996). Out of the 80 somaclones
analyzed by Chaput, only 8 showed an amount of menthol slightly higher (88% to 94%)
than that of the control (86%), whereas all the others were lower (Chaput et al., 1996). No
genetic analysis of the in vitro regenerated plant material has been reported to sustain the use
of this technique for successfully developing commercially new mint varieties or chemotypes.

Sato and colleagues (1996) have described the production of an interspecific somatic hybrid
plant between peppermint (Mentha X piperita cv. Blackmint) and gingermint M. gracilis (as
Mentha gentilis cv. Variegata) by the electrofusion method. Shoots raised from these experiments
of cell fusion were grown to whole plants, and some of them showed intermediate morphological
characters between the parental plants. One of these hybrid variants showed three major volatile
constituents when analyzed by GC-MS: menthone, menthol (as main components of peppermint
oil), and linalool (the major component of gingermint oil) (Sato et al., 1996). Additional evidence
of the hybridity was provided by chromosome counts that showed the halloexaploid condition of
the fusion product and by results of the RAPD analysis, which indicated the presence in the
somatic hybrid of DNA fragments common to both parents (Sato et al., 1996).

The competence for in vitro shoot regeneration and terpene synthesis by Agrobacterium-
transformed peppermint has been demonstrated, thus inferring that shooting teratomas are a
useful system for studying metabolite production by transformed tissues grown in vitro.
According to the scope of the research, by genetically manipulating the onc-genes of
A. tumefaciens, it should be possible to assess and modify the effect of transformation
on morphology, growth, and terpene production by transformed shoots of mint.

Spencer and colleagues (1990) in their early work on M. aquatica var. citrata (as M. citrata)
T-gene transformation experiments, published results concerning qualitative and quantitative
composition of terpenes isolated from shooty teratomas (galls) grown on solid media after
transformation with A. tumefaciens T37 strain and compared these results with that obtained
from leaves of parent plants. The main components of the Mentha citrata oil, linalool, and
linalyl acetate were the major components present in both the parent plants (93%) and the
shoot cultures (94%). The total yield of oil from shoot cultures was lower than that obtained
from leaves of the parent plant, probably owing to the juvenile condition of secretory tissues
and the presence of stem material in in vitro raised shoots (Spencer et al., 1990).

Similar results have been obtained earlier by Spencer and colleagues (1993) for A. tumefa-
ciens-transformed M. piperita shoot cultures. They found menthone, menthofuran, menthyl
acetate, and (—)-menthol, and menthol and menthofuran were the major components of the
essential oil. The application to M. piperita of different transformation strategies, namely
using either a nopaline strains of A. tumefaciens, or disarmed strains carrying a binary vector
with the ipt sequence (CaMV 35S promoter) coding for isopentenyl-transferase, gave the same
phytochemical properties (relatively high menthofuran and low menthone) in all the regen-
erants (Spencer et al., 1993). (—)-Menthone is metabolically very important as it can be
reduced either to (—)-menthol, which accumulates, or converted to (+)-neomenthol, which
is glycolized, translocated, and degraded (see Croteau in the previous section). As shown
earlier, menthofuran is an oxidation product of (+)-pulegone, a key component in the
pathway from (—)-limonene to (—)-menthone. Menthofuran is reported to accumulate in
plants grown under oxidative conditions such as long photoperiods of poor light quality with
warm night temperatures, whereas under short light photoperiods and cold nights the
production of menthone is favored (Spencer et al., 1993 and references therein).
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In vitro peppermint shoot cultures are extremely sensible to artificial light and temperature
conditions. We have documented the chemical evolution and changes in the terpenic profile of
micropropagated peppermint plants (Mentha piperita cv. Maine et Loire) as a consequence of
extended growing periods in axenic artificial cultures (Mucciarelli et al., 1995). The fact that
the M. piperita cultures of Spencer and colleagues (1993) were grown at relatively low light
intensities and high day and night temperatures probably may have favored menthofuran
production. Investigations on the effects of growth conditions and medium composition on
the growth and production of monoterpenes by transformed shoot cultures of mint (Spencer
et al., 1990, 1993) have been revised later (Hilton et al., 1995). These authors subjected
M. aquatica var. citrata (as M. citrata) and M. piperita shoot cultures to different environmental
conditions of varying periods of light and temperature and found that increased illumination
reduced the yields of pulegone and menthofuran, without stimulating the production of either
menthol or menthone. Besides, they cultured transformed shoots in a 14-1 bioreactor for up to
60 days, gaining a 25xand 35xincrease in M. citrata and M. piperita green biomass, respect-
ively. The total yields of essential oil from the fermentation process were 1.16 g (M. piperita)
and 0.18 g (M. citrata) (Hilton et al., 1995).

When single transgenic peppermint plants were grown to 10% flowering in a greenhouse
by Krasnyanski and colleagues (1999), plants regenerated from both Agrobacterium and
protoplast-derived method of transformation showed essential oil profiles characterized by a
high menthone, low menthol, high menthofuran, and pulegone content in comparison with
a typical Midwest peppermint (Krasnyanski et al., 1999).

2.4.6 TerPeNE ProDUCTION IN MINT CELL CULTURES

Some lines of Mentha piperita callus or cell suspensions can synthetize essential oils and many
efforts have been made to optimize culture conditions such as carbon source, exposure time to
light, light quality, initial inoculum density, pH of the culture media, agitation, hormone
concentration and operating protocols, and type of bioreactor (Kim et al., 1996; and refer-
ences therein).

The accumulation of monoterpenoids in the culture of different Mentha species and hybrids
has been reported, i.e., in M. aquatica, M. aquatica var. citrata (as M. citrata), M. longifolia,
M. pulegium, M. spicata, M. suaveolens, etc. (Charlwood and Charlwood, 1983).

Some studies have emphasized the need for high levels of differentiation to achieve the
production of monoterpenoid by cell cultures, as those obtained by Hirata and colleagues
(1990) with the production of carvone and limonene in sprouting callus of M. spicata.

It has been hypothesized that the pH of the medium can influence the observed pattern of
secondary metabolism in ways other than those influencing growth and stability of cultures
(Banthorpe and Brown, 1990). Many of the secondary metabolites, such as terpenoids, coumar-
ins, glycosides, and esters are unstable to prolonged incubation outside the range of pH 5to 7 and
consequently secondary reactions may occur when metabolites are excreted into the culture
medium. Indeed the pH of the culture medium shows great variation during autoclaving or over
the culture period as a result of NH4 * or NO;~ uptake by cultured cells (Banthorpe and Brown,
1990). This could influence both the metabolite leakage from cultured cells and the stability of
these molecules in the media. Moreover, monoterpenes secreted into the culture medium may be
much more susceptible to enzymatic degradation than those sequestered into the secretory hairs
because, in culture, plant cells excrete a large amount of hydrolytic and oxidative enzymes into
the medium (Spencer et al., 1993, and references therein). Recent studies have demonstrated that
plant cell cultures actively catabolize monoterpenes added to the culture medium.

Gathering all these considerations, a substantial increase in dry weight of M. spicata cell
cultures when cultured in MES-buffered media (pH 5.8) with respect to unbuffered cultures
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has been reported (Banthorpe and Brown, 1990). Consequently, studies have been under-
taken to test the applicability of cell-recycled air-lift bioreactors for high-density culture of
Mentha piperita cells. Owing to their low shear stress, simple mechanical structure, and low
energy consumption, air-lift bioreactors have found various applications in the area of plant
cell culture. In the case of peppermint, Chung and colleagues have finally reported a volu-
metric productivity of essential oils substantially higher than that obtained from batch culture
(Chung et al., 1994). However, plant cell suspensions and cell cultures in bioreactors have not
yet fulfilled the needs of the market, yielding secondary metabolites at very low levels.

The low yield of mint cell cultures has been enhanced by the introduction in the culture
media of a second phase. Removal of excreted monoterpenes from the culture medium is
beneficial because they are toxic to plant tissue (Wink, 1990); moreover, production of
chemicals via biotechnology generally requires time-consuming procedures of isolation and
purification from dilute, aqueous solutions (Garcia, 1991). The second phase of Li Chropep
RP-8, a silica gel with outer SIOH group covalently bounded to C8 hydrocarbons, has been
successfully employed to select monoterpene producing cell lines in Mentha cell cultures in
shaken flasks and air-lift bioreactors (Kim et al., 1996). Mentha cells have been conveniently
cultured in LS medium supplemented with 0.2 mg/L 2,4-D and 20 g/L of sucrose, with
the addition of RP-8, XAD-4, and XAD-7 free or packed in little bags as second phases. An
addition of RP-8 gave best results and did not impair cell growth. This treatment increased
the ratio of extracellular oil to intracellular oil formation and resulted in stimulated formation
of mint essential oils. The latter consisted in a-terpinene, p-cymene, and the citrals together
with menthone, neomenthol, and neomenthyl acetate with a yield of 6.9 pg/L per day (10% of
the total level in parent tissue) (Kim et al., 1996).

Monoterpenes are lipophilic, and solvents such as the water-insoluble triglyceride Myglol,
or hexadecane, when used as a second phase in cell culture medium, have been reported to
absorb and stabilize monoterpenes secreted by cultures into the culture medium (Spencer
et al., 1993; and references therein).

Maximum accumulation of terpenoids has been found in the late exponential phase of the
cell culture cycle and is higher in cell suspensions than in callus cultures (Banthorpe, 1996).
Industrialization of mint cell culture for the production of secondary metabolites is still
limited by low productivity, low growth rate of cells, and high sensitivity to shear. In order
to solve these problems, various techniques have been tried.

Enzymatic methods have been developed to permeabilize the tonoplast to stimulate the
release of any products to the media without reducing cell viability (Banthorpe, 1996). The
most promising techniques are cell immobilization and elicitation. The first trial provides
many advantages including reuse of cells and maintenance of high cell-to-cell contact, which
is useful for the stable growth of active cells that are to be used in a continuous culture system.
Peppermint cells have been immobilized in a polyurethane (PU) foam of 5 x 5 x 5 mm and
cultured both in shaken flasks and in a bioreactor, equipped with a round spiral type impeller.
The maximum oil productivity was 148 mg/L after 40 days of culture in flasks, using chitosan
as an elicitor (Ha et al., 1996). Despite the high viability of mint cells cultured in the
bioreactor, the oil productivity was relatively lower than that of the flask system.

In this context, the development of culture systems more properly adapted to plant cell
cultures should improve terpene yields of plant origin. From the viewpoint of industrial food
and flavor production, the development of biofermentation systems containing natural or
transformed microbial cells able to produce and eventually transform monoterpenes has been
suggested (Nishimura and Noma, 1996).

Other than monoterpenes, mint cell culture systems have been recently exploited for the
production of natural antioxidants as well as rosmarinic acid and related phenolics useful for
food processing and nutraceutical applications. With the aim of selecting high rosmarinic acid
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clonal lines of M. spicata, tissue-culture-based selection techniques have been developed (Al-
Amier et al., 1999).

2.4.7 BIOTRANSFORMATIONS IN CeLL CULTURES

For a great variety of Mentha species, the ability of different cell lines to carry out oxidations
and reduction of carbonyl groups, alcohols, and double bonds has been demonstrated. This
has made it possible to select a single clone or cell line with a desired transforming ability
(Banthorpe, 1994).

In their early works on this topic, Aviv and colleagues found that all tested cell lines of
Mentha spp. were able to transform (—)-menthone to (+)-neomenthol, reducing the carbonyl
to hydroxyl group (Aviv et al., 1981). On the contrary, ability to hydrogenate the unsaturated
a—P keto bond of (+)-pulegone leading to (+)-isomenthone was restricted to only some of the
cell lines (Aviv et al., 1983). These results indicated stereospecificity with respect to precursors
and products of biotransforming mint cell cultures and pointed out that plant cells are
restricted to some extent in their biotransformation capabilities to components of the bio-
synthetic pathway of the plant from which they were derived (Aviv et al., 1983).

Biotransformations have also been reported when the usual type of substrates were added
to callus cultures of M. piperita lines, but the efficiency of conversion was low compared with
that of free cell suspensions (Rodov et al., 1983; Banthorpe, 1996).

Immobilization of dispersed cells in either calcium alginate beads or polyacrylamide
hydrazide cross-linked with glyoxal as linking agent (PAAH-G) has been reported to stimu-
late the ability of cells to transform (+4)-pulegone to (4)-isomenthone and (+)-menthone to
(+)-neomenthol (Galun et al., 1983). Moreover, the distribution of both precursors and
product in the medium versus the cell showed that less monoterpenes were retained in cells
entrapped in PAAH-G with respect to cell-free suspensions, thus considerably improving
their yield.

Cell division and consequent proliferation can be controlled in these immobilized systems
through the use of known amounts of auxins or by the use of +y-irradiation (Galun et al.,
1985). Exposure of Mentha cells to 500 Gy gamma-irradiation causes cell division arrest and
the irradiated cells efficiently reduce (—)-menthone to (4+)-neomenthol with similar or higher
efficiency than nonirradiated cells (Galun et al., 1985). Moreover, the reducing ability is
retained for at least 1 week by cells after embedding and immobilization, thus rendering a
continuous biotransformation process possible by repeated exposure to the transformation
precursor. The advantage of suppressing the mitotic activity is useful to save the metabolic
energy required for biotransformation activity and it also improves the mechanical stability of
the gel beads (Galun et al., 1985).

In the course of studies examining the biochemical differences of peppermint suspension
cells, novel compounds have also been found. Park and colleagues (1994), feeding peppermint
cell suspension cultures with various intermediates of the menthol pathway, found that when
(—)-isopiperitenone was the original precursor, a previously unreported compound in pep-
permint, (—)-7-hydroxyisopiperitenone was isolated in addition to all other typical mint
metabolites, namely piperitone, (+)-pulegone, (—)-menthone, and (—)-menthol (Park et al.,
1994, 1997). In experiments that followed, they found that the biotransformation of (—)-(4R)-
isopiperitenone by suspension cultures yielded three new hydroxylated derivatives and two
new epoxidized derivatives (Park and Kim, 1998). Peppermint cells biotransformation leading
to (—)-7-hydroxyisopiperitenone is inhibited by several cytochrome P450-specific inhibitors
as well as carbon monoxide, and this inhibition can be substantially overcome by irradiation
with blue light (Park et al., 1999). The authors have interpreted this finding as the result of
activation in the cell culture conditions of a dormant P450 gene in the plant. When 21-day-old
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suspension cells were treated with isopiperitenone, mRNA of a cytochrome P450 was induced
with a timecourse pattern similar to that of the biotransformation cycle in cultured cells (Park
et al., 1997). The induction of P450 mRNA and the biotransformation ability were both
increased by the addition of methyl jasmonate to the culture system, thus inferring that the
induction of the P450 cytochrome is modulated in vivo by the jasmonic acid as a signaling
molecule (Son et al., 1998).

Most of the studies dealing with monoterpenes transformation in mint cell suspensions
involve the incubation of the substrate with the cell suspension for almost 8 to 72 h, when
conversions of 10% to 40% are achieved. During this period of culture, enzymatic glycosila-
tion of the terpenoids may occur, especially when using a sugar in the culture medium as
cosubstrate. Glycosides have been synthesized by incubating monoterpenoid alcohols or
ketones with Mentha cells in media supplemented with 2,4-D and myo-inositol, thus reaching
the conversion of (+)-menthol into its (4)-B-glucoside (/-menthyl B-glucoside) (Berger and
Drawert, 1988). These observations have been interpreted as a result of the peculiar metab-
olism of in vitro-cultured Mentha cells. These cells are forced to grow continuously by the
plant growth regulators, thus transforming even foreign substrates to carbon and energy,
before being transferred to primary pathways. The use of glycosides, which are normally
better degraded by cells, may facilitate the transport of these substrates to catabolic enzymatic
sites (Berger and Drawert, 1988).

Werrmann and Knorr (1993) demonstrated that /-(—)- and d-(+)-monoterpenyl acetates
added to M. piperita and M. canadensis suspension cultures were degraded within 6 to 12 h in
their corresponding alcohols. After further incubation, all synthesized alcohols and acetates
were completely degraded. Within 24 h, most of the /-(—)-menthol was converted into
I-(—)-menthyl glucoside, whereas only small amounts of d-(+)-menthol and d-(+)-neomenthol
were glycolized (Werrmann and Knorr, 1993). Despite both Mentha species exhibiting the
same conversion of /-(—)-menthyl acetate to /-(—)-menthol, in M. canadensis the glycosilation
was more enantioselective and stereospecific to /-(—)-menthol than in M. piperita cell cultures
(Werrmann and Knorr, 1993).

Mint cell cultures therefore might have a potential to produce natural /-menthol by
deacetylation of /-menthyl acetate as a natural compound in the essential oil. This and
other activities are of considerable interest for their utilization in food and drink industry
as well as for pharmaceutical applications.

The low level at which many secondary compounds are normally produced by cells in
culture has prompted to assess the feasibility of enzyme immobilization techniques for the
production of monoterpenes and sesquiterpenes. Thanks to the recent advances in
the discovery and characterization of the key enzymes responsible for the biosynthesis of
terpenoids (see previous section, Croteau, 1987, and references therein), terpenoid cyclases
have become the most promising targets for this technological exploitation. These enzymes
are involved in the transformation of the ubiquitous isoprenoid intermediates, geranyl- and
farnesyl-pyrophosphate to the cyclic parent compounds, from which the various terpenes are
derived. Therefore, a great array of different techniques of immobilization have been devel-
oped through the reversible absorption to beaded resins or anion-exchange resins or through
covalent attachment of the enzymes to activated resins (i.e., activated Sepharose) (Miyazaki
and Croteau, 1990).

Recent progress in the molecular biology of terpene synthases and especially the identifi-
cation of new candidate genes involved in essential oil biosynthesis, through their expression
and functional evaluation in vectors (E. coli), will offer a tool for modifying the aroma
profiles of essential oil plants by the expression of these foreign terpene genes both in
transgenic plants and in cell-free systems to yield oils with novel properties (Lange and
Croteau, 1999b; McCaskill and Croteau, 1999b; Lange et al., 2000)).
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2.4.8 CoNCLUSIONS AND PROSPECTS

Cell tissue culture and micropropagation methods for the regeneration of plantlets of Mentha
species are now available, although great attention must be devoted to the choice of donor or
parental plants. When possible, donor plant material must be chosen on the basis of useful
and heritable agronomic traits, rather than on their easy response to in vitro culture.

Callus, cell suspension, and protoplast cultures have been easily established from most
sources of mint organ and tissue explants, and biotransforming cells, immobilized cultures, as
well as organs in bioreactors producing considerable quantities of terpenoids can be readily
derived therefrom.

Monoterpenoids can be accumulated in many of these in vitro culture systems, providing
the correct culture conditions and relying on the appropriate exogenous stimuli. The latter
may be represented by either exogenously applied natural or artificial substrates or by biotic
elicitors, among which are bacterial and fungal cells. However, most of these in vitro processes
are not yet of commercial relevance.

The readily available in vitro cultures of cell and tissue and especially the competence of this
material for genetic transformation and plant regeneration are invaluable for studies on the
characterization of all the biochemical steps, which still remain unknown in the terpenoid
biosynthetic pathway.

The bulk of all these studies should lead to further advances in the field of gene transfer to
produce novel desirable secondary metabolites in more healthy and easy-to-grow plants and
cell lines.
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3.1 INTRODUCTION

The mint family (Labiatae or Lamiaceae) is composed of many species grown commercially
for their oils or leaves, including basil, lavender, peppermint, sage, spearmint, and rosemary.
Not only are such species desired for their flavors and fragrances, but many have been used
for centuries as folk remedies and at present they are regaining mainstream acceptance for
their medicinal properties (Brown, 1995; Beckstrom-Sternberg and Duke, 1996; Newall et al.,
1996). One example is peppermint, considered to provide relief for a wide range of ailments,
from tension headaches to irritable bowel syndrome (Blumenthal, 2003).

In the last century, the U.S. Mint Industry was very innovative and research oriented.
Findings on topics ranging from basic agronomy to pest and weed control have been reported
in a diversity of peer-reviewed journals, mint industry publications, and extension bulletins.
The objective of this review, which focuses on agricultural practices employed in the produc-
tion of U.S.-grown peppermint (Mentha X piperita), Native spearmint (Mentha spicata), and
Scotch spearmint (Mentha xgracilis) for essential oil, is to update the current literature on
U.S. mint agronomy and suggest areas where additional research is needed.

3.2 HISTORY OF U.S. PEPPERMINT AND SPEARMINT PRODUCTION

3.2.1 ORIGINS AND VARIETAL IDENTIFICATION

The impact of different agricultural practices often depends on the particular mint
species or variety grown. For this reason, an important aspect of mint agriculture is correct
identification of the species and variety to be cultivated.

Identifying species in the genus Mentha is complicated by the extensive hybridization
thought to have occurred within this group (Tucker and DeBaggio, 2000). Because the ability
to determine species based on sexual crosses is limited, pinpointing the hypothesized origins
of specific blocks of peppermint and spearmint is currently based on a combination of data,
including plant morphology, essential oil composition, chromosome numbers, and the arti-
ficial resynthesis of species (Murray et al., 1972; Tucker and Chambers, 2002). There are
many variables to consider with each of these techniques. For example, both morphology and
essential oil composition of Mentha species may vary depending on environmental factors.
Varietal identification is even more challenging because differences in morphology or oil
quality are often barely discernible. For these reasons, genetic analysis may soon play a key
role in distinguishing among mint species and varieties. Interestingly, such methods may also
help clarify the botanical origins of mint species themselves.

Three different genetic approaches have been used to determine the genetic relationships
and possible origins of peppermint and spearmint. The first method focused on randomly
amplified polymorphic DNA (RAPD). Benefits of RAPD include simplicity and low cost
because prior knowledge of a plant’s genetic sequence is not required. Fenwick and Ward
(2001) studied RAPD’s ability to accurately identify peppermint and spearmint varieties.
Despite testing hundreds of primers, they were unable to distinguish among six of the eight
commercial peppermint and native spearmint types. Shasany et al. (2002) evaluated RAPD to
assess the genetic relationship among 15 native spearmint accessions from India. The authors
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concluded that the results of RAPD analysis were better for this purpose than the traditional
approach of comparing plant morphologies and chemistries. Even so, few researchers cur-
rently use RAPD analysis because results are not as consistent as with other genetically based
methods.

Amplified fragment length polymorphism (AFLP) is one of the more reliable methods used
to characterize genetic relationships among plants, and has been used successfully to group
different mint plants into major taxonomic clusters (Gobert et al., 2002). Like RAPD, AFLP
requires no knowledge of genetic sequences. However, it is difficult to use and may not be
sensitive enough to distinguish among closely related individuals.

Analysis of single sequence repeats (SSRs), also called microsatellite DNA markers, is
another approach to distinguish different mint plants. Microsatellites are very reliable
and easy to use, but their application requires genetic sequencing information that can be
difficult and expensive to obtain. Liu and Blouin (in preparation) have developed 22 SSR
markers capable of differentiating among several species and varieties in the genus Mentha.
Additional SSR markers are needed, however, to distinguish among other closely related
mint plants.

3.2.1.1 Peppermint

Peppermint (Mentha X piperita) is considered to be a hybrid of M. aquatica and M. spicata
(Murray et al., 1972; Tucker and DeBaggio, 2002). This species was first cultivated in the
Mediterranean basin and by the late 1700s was commercially grown in England. The pep-
permint variety White Mitcham was introduced into Massachusetts from England sometime
around the late 1700s or early 1800s, and production soon migrated westward to the states of
New York, Michigan, Ohio, and Indiana (Nelson, 1950; Landing, 1969; Vessels, 1984). The
peppermint variety Black Mitcham was later imported into Michigan from England around
1883. Because of superior vigor compared with White Mitcham, Black Mitcham or varieties
derived from it have become the standards of U.S. peppermint production.

In addition to Black Mitcham, there are six peppermint varieties available in the U.S.
recognized by the Mint Industry Research Council (MIRC). The varieties Murray Mitcham,
Roberts Mitcham, Todd Mitcham, M-83-7, and B-90-9 were all derived from Black Mitcham
through mutation breeding aimed at developing peppermint more resistant to Verticillium
wilt disease. (A discussion of Verticillium resistance is presented in the section on disease
management.)

3.2.1.1.1 Production Trends

After the arrival of Black Mitcham, peppermint acreage shifted to new areas of the Northeast
and then westward as the productivity of established growing regions declined and demand
for peppermint oil increased. The decline of U.S. peppermint-growing regions is most often
blamed on Verticillium wilt, although other factors, such as the mint flea beetle (MFB)
(Longitarsus ferrugineus), could also have contributed. The flea beetle was responsible for
decimating peppermint plantations in England as well as the midwestern and western U.S.
(Vessels, 1984).

Peppermint production moved westward into Idaho in 1903, western Oregon around 1909,
western Washington State in 1917, and south-central Washington by 1927. Commercial
peppermint cultivation was attempted in California but was not widely successful, possibly
because of unacceptable oil quality (Landing, 1969). Today most U.S. peppermint oil is
produced in states located north of the 40th parallel, areas considered to produce the best
quality oil (Green, 1963).
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From the mid-1960s until 1987, U.S. peppermint acreage fluctuated between 60,000 acres
(ca. 25,000 ha) and 107,000 acres (ca. 40,500 ha) then peaked at 149,000 acres (ca. 60,300 ha)
in 1995 (Figure 3.1). Acreage erosion began in 1996 with an economic downturn in foreign
markets, primarily in the Pacific Rim countries, and continues today because of intense global
cost pressures and trends toward high-intensity mint flavors (Figure 3.1).

With U.S. peppermint growers facing increased competition from foreign producers,
domestic acreage has shifted from the high-cost growing regions of central and western
Oregon to south-central Washington and western Idaho, where yields are higher
(Figure 3.2). Thanks to this regional shift and to the U.S. Mint Industry’s substantial
commitment to agricultural research, although U.S. mint acreage has declined, yields have
increased: from an average of about 60 1b of oil per acre (67.25 kg/ha) in the 1960s to more
than 100 1b of oil per acre (ca. 112 kg/ha) (Figure 3.3). The largest yield increases have been in
south-central Washington and Idaho (Figure 3.4).

3.2.1.2 Spearmint

Perhaps because spearmint has never been as popular a flavor as peppermint, there is less
information on it. Two species of spearmint are grown commercially in the U.S. today: Scotch
spearmint and Native spearmint.

Scotch spearmint (Mentha x gracilis) is believed to have originated in Europe and imported
into the U.S. from Scotland. Commercial interest in this variety increased around 1908
because it yielded more than Native spearmint (Landing, 1969). Four cultivars of Scotch
spearmint are recognized today by the U.S. Mint Industry: standard Scotch, cvs. 213, 227,
and 770.
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FIGURE 3.4 Peppermint oil yield trends for the major U.S. mint-producing regions from 1966
through 2003.

Native spearmint is usually referred to as Mentha spicata, although M xvilloso-nervata has
been proposed (Tucker and DeBaggio, 2000). Believed to be of European origin, Native
spearmint was brought to the U.S. by colonists in the late 1700s or early 1800s and subse-
quently spread throughout the country (Landing, 1969). In the 19th and early 20th century,
Scotch spearmint generally yielded 50% more oil than Native spearmint; however, this is not
always the case today. When grown in the rich fertile soils of south-central Washington, Native
spearmint is capable of yielding upward of 200 1b of oil per acre. Perhaps the variety of Native
spearmint also is different today from what it was in the early 1800s. The U.S. Mint Industry
recognizes two varieties of Native spearmint: standard Native and N-83-5.

3.2.1.2.1 Production Trends

Although spearmint acreage has always trailed that of peppermint, acreage trends are similar
(Figure 3.1). Spearmint acreage ranged from 10,000 acres (ca. 4050 ha) in 1966 to 46,000 acres
(ca. 18,620 ha) in 1978 (Figure 3.1). Like peppermint, spearmint acreage has shrunk since the
mid-1990s; as of 2003, spearmint acreage had decreased to 18,000 acres (ca. 7285 ha).
However, like peppermint, spearmint oil yields have increased since the 1960s (Figure 3.3),
with the largest increase occurring in the growing regions of the western U.S. (Figure 3.5).

3.3 MINT AGRONOMY IN THE UNITED STATES

Mint cultivation is truly a combination of both art and science, and there is no simple,
straightforward recipe for growing peppermint and spearmint. However, because the global
market for peppermint oil has become increasingly competitive, agricultural practices that
maintain oil quality while managing production costs are more crucial today than ever before.



Commercial Mint Species Grown in the United States 93

160

140

MNAYT
120 —— Midwest 7\ \J

—=- Northwest

100

80

Spearmint oil yield (Ib)

60 4
40 * /\ - * /‘\._/—‘

Niaheaaaia e

O D O N oA O DD DA D N
O L . L
RE NG SR IR AR ARIRC AR SRR AR SR IR SR ARG SR

I3RS
F P F S

>
)
NN NN

FIGURE 3.5 Spearmint oil yield trends for mint-producing regions of the Midwest and western U.S.

To cultivate mint successfully, the grower must consider many factors, from what mint
cultivar to grow to when the crop should be harvested for its oil. Mint growers and
researchers from different regions vary widely in their views regarding agricultural practices.
One reason for this diversity of opinion is the considerable variation in research data among
and within growing regions. Another confounding factor is the variable success of applying
research and growing practices from one mint cultivar to another. Whatever agricultural
practices a grower chooses to adopt, the bottom-line consideration of cost must be weighed if
U.S. mint growers wish to remain competitive in today’s more complex global mint market.

3.3.1  SELECTION OF THE AGRICULTURAL ECOSYSTEM

One of the first considerations in establishing a mint farm is whether the location is suitable.
Peppermint and spearmint can survive under a wide range of climatic and soil conditions, but
the ultimate question is whether they can be grown profitably. While profitable mint produc-
tion continues to depend on oil quality as well as cost, the focus has increasingly shifted to
reducing oil cost, and many components of the agricultural ecosystem can influence a mint
farm’s profitability.

3.3.1.1 Climate

Day length, temperature, and precipitation affect mint oil yield and quality, and these climatic
factors are important considerations when deciding where to plant a mint farm.

3.3.1.1.1 Day Length
Peppermint grown under long-day conditions often yields more oil than plants grown under
short-day conditions (Langston and Leopold, 1954; Burbott and Loomis, 1967; Clark and
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Menary, 1980a). In fact, day length in excess of 15 h is recommended for satisfactory oil yields
(Green, 1963). Langston and Leopold (1954) concluded that a long photoperiod is necessary
for, among other things, floral differentiation and oil synthesis. Most peppermint production
occurs at latitudes above the 40th parallel where the day length is considered optimal.
However, peppermint is increasingly grown near the 28th parallel in places like India,
where lower production costs may justify lower oil yields and differences in oil quality.

Other environmental factors, like temperature and elevation, can interact with photoperiod
to counteract the effect of short day length and allow commercial peppermint production at
lower latitudes. One model proposed by Dwayne Johnson, director of the Yellowjacket
Southwestern Research Center in Colorado, states that the increase in temperature for
every 100 miles traveled southward is negated by a 1000-foot increase in elevation. Therefore,
Yellowjacket, Colorado, should have a similar climate as Kalispell, Montana. Higher eleva-
tions also result in higher levels of ultraviolet light and a thinner atmosphere, but less is
known about how these factors affect mint production.

Differences in plant morphology also exist between plants grown under long-day and
short-day conditions. Long-day plants often have larger leaves, a more erect habit, and
fewer stolons than to short-day plants. These morphological changes may contribute to
differences in oil yield, and there is some debate as to whether the photoperiod also affects
oil composition. Burbott and Loomis (1967) observed that oil composition remained constant
at different photoperiods. In contrast, in studies by Clark and Menary (1979, 1980a), mint
grown in long-day conditions produced oil with more menthone and menthol and less
menthofuran than short-day conditions.

3.3.1.1.2 Temperature

Variations in seasonal and diurnal temperature patterns influence not only mint growth, plant
development, and oil quality (Biggs and Leopold, 1955; Burbott and Loomis, 1967), but also
mint survival. For example, extreme cold during the winter months may damage a mint stand
despite adequate temperatures during the growing season. Even if winter survival is poor
during one out of 4 years, profitable mint production may not be realized.

Different mint species vary in their tolerance to cold. Scotch spearmint and peppermint are
more cold tolerant than Native spearmint. In Bio-freezer studies, Welty et al. (1997) showed
that peppermint stolons survived better than Scotch spearmint stolons at 10°F (—12.2°C),
and Scotch spearmint stolons survived better than native spearmint stolons. Stolons from all
three species died at 0°F (—17.8°C), while greater than 95% survival was observed for all three
species at 20°F (—6.7°C). In contrast, Landing (1969) reported that Scotch spearmint was less
frost tolerant than Native spearmint, suggesting again the possible existence of more than one
original Native spearmint cultivar. Other conditions can help a mint field withstand occa-
sional cold-temperature extremes—for example, if the earth is insulated with a layer of snow,
the stand is vigorous and soil moisture is adequate.

Assuming that mint plants can survive regional subfreezing temperatures, the duration of
the growing season is another factor affecting commercial mint production. Peppermint
prefers a growing season of at least 117 frost-free days. This observation is based on the
number of frost-free days in central Oregon, which has the highest incidence of frost among
all U.S. mint-producing regions (Table 3.1). Freezing temperatures in mid- to late spring can
cause economic injury to newly emerged mint, especially just-planted rooted tip-cuttings.
A growing season of adequate duration is especially important in regions where mint is
harvested twice per season.

Heat units measured in growing degree-days (calculated as the average temperature over a
24-h period minus the lower developmental threshold, i.e., the temperature at which plant
growth ceases) is a method of quantifying how warm a region is during the growing season.
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TABLE 3.1
Climatic Data and Elevation for Five Diverse U.S. Mint-Producing Regions
Madras, Prosser, Caldwell, Kalispell, LaGrande,
Oregon Washington Idaho Montana Oregon
Latitude 44°30 4620’ 43°30 48°15 45°10
Elevation (ft) (m) 3000 (914.4) 900 (274.3) 2300 (701) 3200 (975.4) 2700 (823)
Mean precipitation (in) (mm)  8.80 (22.35) 8.20 (20.83)  8.00(20.32)  15.02(38.15)  18.79 (47.63)
Mean number of frost-free 117 185 175 150 140
days (28°F) (=2.2°C)
First frost-free day (28°F) May 20 May 01 April 21 May 04 May 09
Last frost-free day (28°F) September 14 October 10 October 13 October 01 October 02
Total growing degree-days 4048 4940 4872 3124 3880

(40°F Base)

See Table 3.1 for accumulated heat units for selected mint-growing regions of western U.S.
(A base threshold of 40°F [4.4°C] is often used in heat unit calculations, but it must be
experimentally verified.) Data show that Prosser, Washington was the warmest region with
4940 heat units, while Kalispell, Montana, was the coolest with 3124 heat units. In all regions
measured, the majority of heat units were accumulated from May through August.

Diurnal temperature patterns during the growing season also affect peppermint growth,
development, and oil quality. In a greenhouse study, Clark and Menary (1980a) showed that
oil yield was higher when night temperature was 68°F (20°C) than when it was 50°F (10°C).
The higher night temperature also resulted in changes in oil composition by causing the plant
to grow more rapidly and produce menthofuran and pulegone in abundance. In contrast,
plants grown at cooler night temperature did not accumulate menthofuran and pulegone, but
instead produced higher cineole and menthone levels. These results confirm an earlier growth-
chamber study conducted by Burbott and Loomis (1967) in which they compared night
temperatures of 77°F (25°C) and 46°F (7.8°C). Again, lower night temperatures resulted in
lower menthofuran and pulegone levels.

The relationship between daytime and nighttime temperatures also affects oil yield. Mint
grown at day temperatures of 60°F (15.6°C) and 70°F (21.1°C) produced higher oil yield as
night temperatures rose. At a day temperature of 80°F (26.7°C), however, oil yield decreased
with increasing night temperature (Biggs and Leopold, 1955). The presence of an upper
developmental threshold for peppermint and spearmint needs to be experimentally deter-
mined, not only for mint growth but also for its effects on both oil yield and oil quality.

Temperature also affects plant morphology, which influences both oil composition and
yield. In one study, leaf size and side branching were maximized at a constant temperature of
70°F (21.1°C), while the longest internode length occurred at a constant temperature of 80°F
(26.7°C) (Biggs and Leopold, 1955). Peppermint plants grown at a constant temperature of
90°F (32.2°C) had weak stems and small leaves, but this could have resulted from moisture
stress and temperature effect. Moisture stress and cool night temperatures produce smaller
leaves, which lead to an increase in oil yield and improved oil composition (Loomis, 1978).
Smaller leaves contain as much oil as larger leaves, and because they minimize shading of the
lower leaves, the plant retains the more mature lower leaves and more leaves overall. This is
important because high quality oil results from a combination of young and old leaves
(Loomis, 1978), and obviously more leaves produce higher oil yields.

All these findings combined explain why the U.S. Mint Industry has long believed that
warm days and cool nights result in excellent peppermint oil quality. The optimal diurnal
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temperature fluctuation for peppermint yield and oil quality is in the range of 85°F to 90°F
(29.4°C to 32.2°C) during the day and 55°F to 60°F (12.8°C to 15.6°C) during the night
(DeFrancisco, 2002).

Temperature also plays a role in regulating flowering, the timing of which is particularly
important since oil composition and yield are at optimum levels at flowering. Peppermint
grown at a constant temperature of 70°F (21.1°C) and 80°F (26.7°C) initiated flowering in a
shorter amount of time and had fewer nodes, whereas plants grown at a constant temperature
of 60°F (15.6°C) or 90°F (32.2°C) took almost three times longer to flower and had more
nodes (Biggs and Leopold, 1955). Peppermint grown at a constant 70°F or under an 80°F day
or 60°F night regime flowered at approximately the same time (Biggs and Leopold, 1955),
indicating that peppermint may be amenable to a thermal accumulation model.

In unregulated field conditions, however, Hollingsworth (1981) did not find any correlation
between flower initiation and either time or temperature. In field studies by Talkington
(1983), only peppermint stem length and the number of nodes increased with higher temper-
atures; primary leaf number, number of lateral branches, and flower bud formation were not
highly correlated with time or temperature. When developmental characteristics were com-
pared between the years 1979 and 1980, the results were even less clear. Average temperatures
in 1979 were warmer than in 1980, yet average stem length was shorter and the number of
primary nodes was fewer. The author suggests that other environmental or agronomic factors
may influence the development of these features in peppermint. For instance, water and
fertility stress can induce peppermint to flower early (Loomis and Burbott, 1977).

3.3.1.1.3 Precipitation

Precipitation can greatly impact the productivity of a mint-producing area (Lacy et al., 1981).
Average annual rainfall for selected mint-growing regions of western U.S. is shown in
Table 3.1.

Rainfall early in the growing season can reduce the need for supplemental irrigation in the
spring. In western U.S., precipitation falling as snow in the higher elevations is crucial to
ensure adequate water for irrigation during the growing season and after the harvest. In the
Midwest, mint growers often do not use supplemental irrigation on muck soils, and timely
rainfall during the growing season is often necessary to achieve economic yields.

Precipitation can have negative effects on the crop as well. Too much rainfall in winter or
spring may result in flooding, which can kill mint and spread diseases such as Verticillium
wilt. Precipitation at or near harvest is especially problematic, reducing yields by shattering
leaves (Bullis et al., 1948), damaging oil glands, or increasing the membrane permeability of
oil glands resulting in oil loss through evaporation (Croteau, 1977). Rainfall that occurs
during harvest can also reduce distillation efficiency (Watson and St. John, 1955).

3.3.1.2 Site Selection

Once an acceptable geographic region has been selected, field location must be determined.
Factors to consider before planting a mint stand include soil type, availability of irrigation,
slope, field history, and adjacent crops.

3.3.1.2.1  Soil Type

The best soil types for growing mint are deep, well-drained soils with loose texture, good
organic matter, and a pH range of 6.0 to 7.5 (Green, 1963; Martin et al., 1976; Jackson et al.,
1983). Muck soils prevalent throughout the Midwest growing region are excellent for mint
production, as are loamy soils commonly found throughout western U.S. (Green, 1963; Lacy
et al.,, 1981). Although mint prefers well-drained soils, it also requires soils capable of
retaining adequate moisture under the normal range of mint irrigation regimes. Soils that
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contain too much sand often require more supplemental irrigation to keep mint roots
hydrated. Soils with too much clay reduce root penetration and tend to retain too much
moisture, resulting in root rot.

Soil type also influences soil temperature, which is important in a shallow-rooted crop like
mint. In fact, soil temperature is often thought to have a greater impact on plant growth than
ambient temperature because roots are more sensitive to temperature extremes (Nielsen,
1974). The first peppermint planting in Michigan is an example of this. Planted into sandy
soils, the stand was unable to survive the harsh winter (Ellis et al., 1941), wherecas Midwest
peppermint stands planted in soils with a higher level of organic matter have a much greater
chance of winter survival.

Soil texture also has harvest implications. Single-cut mint (mint harvested once a year) can
be grown effectively on some sandy soils, but double-cut mint (harvested twice a year) may
not fare as well. The thick canopy of a single-cut crop serves to shade the soil during the
hottest part of the season, preventing the soil from getting too hot or too dry. On the other
hand, after the first cut of a double-cut harvest regime, the soil surface is exposed to direct sun
and may become too hot and dry for healthy regrowth.

3.3.1.2.2  Water Availability

A suitable mint-growing region has affordable, adequate irrigation that is available when
needed. Mint plants can be severely injured if water is unavailable during summer periods of
peak temperatures. Winter survival can be jeopardized if water is not available to irrigate the
crop after harvest until the onset of fall precipitation.

3.3.1.2.3 Slope

A steeply sloped field can increase production cost by increasing the time needed to harvest.
Heavy harvest equipment may have difficulty in negotiating a steep slope, and harvesting
perpendicular to the slope is not without its own hazards. Consequently, harvesting can only
be accomplished while going downhill, which also can be hazardous. Steep slopes also
increase soil erosion due to water runoff.

3.3.1.2.4 Regional Crop and Vegetation History

Knowledge of previous cropping history can minimize harm to new mint stands. For ex-
ample, certain previously applied herbicides can carry over and devastate new mint fields. In
one instance, chlorsulfuron was used to control weeds on nonirrigated wheat fields. When
irrigation became available and the field was planted with mint, severe injury occurred. This
was especially problematic in fields with high-pH soils because chlorsulfuron degrades much
slower under alkaline conditions. Fields with a history of noxious weeds, arthropod pests, and
diseases can also cause problems for new mint plantings.

There are also benefits associated with using different crops in rotation with mint and
surrounding vegetation. An effective crop rotation can break insect, disease, and weed cycles,
and planting the correct crop (for example, alfalfa) in between mint harvests can increase soil
tilth and organic matter. Neighboring fields should also be considered; native vegetation and
crops such as alfalfa hay may serve as habitat for natural enemies of mint pests.

3.3.2 RoOTSTOCK SELECTION, PROPAGATION, AND PLANTING

Planting healthy, vigorous rootstock is an important part of successful mint production.
Because peppermint and spearmint are functionally sterile, new mint fields are established by
planting rooted tip cuttings or by digging stolons from existing fields and planting them into
new fields (Green, 1963; Lacy et al., 1981). Stolons are defined as underground stems, also
referred to as rhizomes, runners, or rootstock.
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To avoid spreading harmful pests, diseases, and weeds, which can reduce the vigor of a new
plantation, growers must be diligent when selecting rootstock. Although more research is
needed to verify the effectiveness of the method, one way to measure rootstock vigor is to
quantify carbohydrate levels in mint rhizomes (Mitchell et al., 1998).

A good way to ensure the health of a new mint stand is to plant rootstock that has been
professionally inspected. In a typical certification program, rootstock age does not exceed five
generations because older plants may be less vigorous, even in situations where pests are
adequately managed.

3.3.2.1 Nuclear Rootstock

Rootstock production begins by taking rooted tip cuttings from plants grown in the green-
house or by tissue culture. The best time to plant nuclear rootstock is during April or May to
avoid frost injury (Green, 1963; Martin et al., 1976; Lacy et al., 1981); later plantings can
result in heat stress.

Although use of tissue culture may be a good way to eliminate diseases such as Verticillium
wilt and rapidly expand plantlets in a small space, certain tissue culture techniques may affect
mint growth and development.

Peppermint plants produced by meristematic tissue culture exhibited thicker stems, longer
internodes, larger yet fewer leaves, and less oil (Crowe and Lommel, 1994; Welty and
Prestbye, 1994; Crowe et al., 1995). However, the meristem effect on peppermint tended to
subside with age, whereas meristem-derived spearmint sometimes yielded more than spear-
mint that was not meristemed (Welty and Prestbye, 1994).

Several explanations have been offered for the change in growth habit observed in mer-
istemed peppermint. One idea was that meristeming caused a genetic change in the plant.
Another view cited a previously unidentified virus, which was removed by meristeming.
Crowe et al. (1995) demonstrated that when this virus is not present, peppermint grew too
vigorously, producing longer internodes, thicker stems, and larger but fewer leaves; when they
reintroduced the virus into the same plant, noticeable stunting occurred, with smaller and
more abundant leaves. They named this new virus Peppermint Stunt Virus (PSV) (Lommel
and Trembay, 1997). Lommel (personal communication) also suggested that based on the
complexity of the genetic analysis, there was probably more than one such virus infecting
peppermint. Because peppermint oil yield increased in its presence, PSV could be a beneficial
virus in a commercial crop species.

To eliminate soil diseases such as Verticillium wilt without losing PSV, Wang and Reed (2003)
took 3-mm to 4-mm shoot tips from Verticillium-infected peppermint and grew them in tissue
culture. Because most of the plants obtained by this method were free of Verticillium and also
retained the PSV, such techniques could be a valuable part of a certified mint rootstock program.

3.3.2.2 Foundation Rootstock

Foundation rootstock is the first generation of certified mint grown under field conditions,
and is generated by planting nuclear rooted tip cuttings obtained from a registered propaga-
tor. Regions such as southwestern Idaho and south-central Washington are ideal for growing
mint rootstock because of their long growing seasons, warm temperatures, and sandy or silty
loam soils, which allow good root penetration. (In some crops like potato and strawberry,
rootstock performance is improved when grown in more northerly latitudes; however, this
has not been evaluated for peppermint or spearmint.)

Prior to planting, growers should consider soil fumigation to manage pests such as soil
arthropods, diseases, nematodes, and weeds. Although soil fumigation is expensive, it may be
cost effective on fields destined for rootstock production.
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To prepare the seed bed, fields are often plowed after fumigation, disked at least twice, then
harrowed. To control erosion, planting directly into uncultivated ground is becoming more
commonplace.

Foundation fields are planted in early spring or late fall, either mechanically or by hand,
with about 10,000 tip cuttings per acre. Spacing is typically 30 in. between rows and 1 foot
within rows, but varies depending on equipment and grower preference. Hilling the beds with
soil as the plants grow during the season results in greater stolon production.

3.3.2.3 Registered and Certified Rootstock

The second field generation of a certified mint program is called the registered planting and is
obtained by expanding the stolons from the foundation plantation. The final two certification
categories, certified one and two, are obtained by expanding the stolons of the registered and
certified plantation, respectively.

Mint stolons are usually harvested from the foundation field in late fall or early spring
using a modified potato digger. To avoid root desiccation, roots should be harvested close to
planting time, and fall-planted mint usually results in better growth the following season.
However, if fields are planted too early in the fall before the onset of dormancy, root reserves
may be depleted as the plant expends energy in vegetative growth, making the plant more
susceptible to winter-related injuries.

Root stolons are planted with either a modified manure spreader or a custom mint planter
(Lacy et al., 1981). Spacing between rows varies from 20 to 36 in., depending on grower
preference and equipment. A good rootstock expansion ratio is to plant at least 10 new acres
of mint for each acre of rootstock.

Growers of mint rootstock should be aware of possible stolon decline syndromes caused by
root-rotting soil pathogens whose activity is exacerbated by soil insects and nematodes.
According to Dr. Jack Horner, Emeritus Plant Pathologist, Oregon State University, mint
stolons of established plantations in western Oregon usually die back to the crown each
winter, in part due to nematodes and pathogens.

To manage soil erosion and prevent wind from damaging young mint shoots, cover crops
are essential on new mint plantations. In western U.S., cereals are often seeded on top of
newly planted mint fields, then killed with herbicides at about the one-foot stage. In the
Midwest, willow windbreaks are often planted around field perimeters (Lacy et al., 1981).

Because rootstock costs decrease with each expansion, growers who purchase certified
roots often expand them on their own farm for one or more generations beyond certified
two. Caution must be exercised, however; the older the rootstock and the further removed it is
from the nuclear generation, the greater the chance of vigor loss and pest infestation.

3.3.2.4 Commercial Mint Planting

Planting a commercial mint field is similar to planting a rootstock field except no acreage
expansion occurs. After the first year of production, the mint stolons grow between the rows
and the field becomes an established stand of meadow mint. The exception is furrow-irrigated
fields where furrows must be maintained yearly.

Increasingly, mint growers are planting thicker plantations with more stolons per row.
Thicker plantings tend to fill in more quickly and yield higher during the first and second year
of production. The previous strategy was to plant fewer roots and allow the stand to fill in at a
more leisurely pace, often after 3 years or more. This strategy is largely ineffective today
because most mint plantations are kept in production for a shorter period of time to avoid
disease, weed, and insect pressure. The average life of a mint field today is 3 to 4 years
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compared with 5 to 20 years earlier. The exception is Native spearmint, which often maintains
its vigor even after 10 or more years of production.

3.3.3 MINT GROWTH AND DEVELOPMENT

An understanding of mint growth and development is important for timing agricultural
practices, including fertilization, pest control, and harvest. The key developmental stages
for mint are the dormant stage, the vegetative growth stage, and the reproductive stage.
However, unlike crops such as wheat (Cook and Veseth, 1991), peppermint and spearmint
have few well-defined growth stages or thermal accumulation models that predict critical
developmental events.

3.3.3.1 Dormant Stage

Peppermint and spearmint are perennial species thought to overwinter in a dormant state that
begins with the onset of cold temperatures in the fall. Understanding the nature of mint
dormancy is important for implementing agricultural practices such as the application of
herbicides, many of which can only be applied safely to dormant mint.

The concept of mint dormancy is clearer in growing regions such as central Oregon and
Montana where temperatures are coldest. In these regions, mint foliage is usually burned off
by frost as well as extended periods of below-freezing temperatures. Growers in more
temperate regions like western Oregon must exercise caution; in these areas, mint may
never enter a state of true dormancy and can remain susceptible to herbicide injury all
year long.

3.3.3.2 Vegetative Stage

There are two vegetative growth stages for peppermint and spearmint. The first is the period
between winter dormancy and the reproductive stage in summer. The second stage occurs
after harvest and continues until the onset of winter dormancy. Vegetative growth following
harvest is important for building root reserves that increase winter survival (Mitchell et al.,
1998). Plant characteristics that can be measured during the vegetative stages include plant
height, number of nodes, distance between nodes, and number of leaves and lateral branches.

Agricultural practices that encourage smaller leaves and increased leaf retention can result
in higher oil yields and better peppermint oil quality (Loomis, 1978). Research by Loomis and
Croteau (1979) showed that smaller peppermint leaves produce an equivalent amount of oil as
larger leaves, but that larger leaves cause excessive shading, which often resulted in fewer
leaves per plant.

Peppermint and spearmint normally grow by producing leaves at the growing tip while
losing leaves from the lower nodes. A healthy mint plant has 7 to 12 pairs of leaves during
the season, with new leaves retained for about 40 days (Talkington, 1983). If the plant
is under severe water stress, more leaf loss occurs. More leaves are found on plants that
produce lateral branching off the main stem, which often occurs after the cessation of
apical dominance.

3.3.3.3 Reproductive Stage

Peppermint and spearmint are functionally sterile, so the term reproductive stage refers
to the onset of bud and flower formation. This stage is critical for timing peppermint
harvest because oil composition varies greatly during this period (Hee and Jackson, 1973).
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In contrast, the quality of spearmint oil does not vary as much during the reproductive stage.
In addition to high temperature, stress factors such as inadequate water or fertility can induce
the early formation of mint buds and flowers.

3.3.4  FERTILIZATION

The importance of adequate nutrition to a growing mint plantation cannot be overempha-
sized. Accordingly, the U.S. Mint Industry has supported abundant research on this topic,
especially on peppermint, resulting in the identification of specific nutrient requirements for
the crop (Huettig, 1969; Hee, 1975; Jackson et al., 1983; Hart, 1990; Mitchell, 1995, 1996).

Although sufficient nutrition is essential, growers must avoid the overuse of fertilizers.
Applying excessive nutrients is not only costly but can also contaminate water supplies and
the soil environment or even harm the mint plant itself (Hart, 1990; Mitchell, 1996). Though
research results on peppermint nutrients are often applied to spearmint, this may not be the
best approach. Additional research on the nutrient needs of spearmint is desirable, and the
same may be said for different mint varieties of each species.

3.3.4.1 Nitrogen

For optimum vegetative growth and leaf development, a mint plantation requires an adequate
supply of nitrogen (N) throughout the growing season. Production and retention of healthy
leaves is important because this is where the majority of oil glands are found (Loomis, 1978).

Studies from Oregon, Washington, Idaho, and Montana show that 250 Ib N /acre (276 kg/ha)
is all that is needed for a peppermint crop that is harvested only once per season and that is
not produced through meristematic tissue culture (Wescott and Welty, 1992; Christensen
et al., 1996; Mitchell, 1996). Meristemed peppermint may require 350 Ib N/acre (388 kg/ha)
during the growing season (Crowe et al., 1995; Mitchell, 1996).

Applying only the required amount of nitrogen is important since excessive levels can
actually reduce peppermint oil yields. Studies by Wescott and Welty (1993) showed a 25%
reduction in peppermint oil when nitrogen rates were increased from 240 1b/acre (266 kg/ha)
to either 480 or 600 1b/acre (532 or 633 kg/ha) on a single-cut crop. More research is needed
to assess the nutritional needs of double-cut peppermint.

Optimum mint nutrition also requires proper amounts of irrigation. Too much water can
leach nitrogen below the root zone, making it unavailable to the crop during the growing
season (Hee, 1975; Mitchell, 1996). Determining the actual zone of nitrogen availability to
mint is not clear because these species may not be as shallow rooted as previously thought.
Wescott and Welty (1993) observed healthy peppermint feeder roots growing 3 ft below
the soil surface. The authors hypothesize that deep feeder roots may enhance the uptake of
both water and nutrients, although more research is needed to determine their density and
importance to commercial mint production.

Nitrogen is best applied before a mint plantation becomes nutrient deficient. In the spring,
little nitrogen is available to the plant because winter rains leach all remaining nitrogen from
the previous season to well below the root zone (Mitchell, 1996). Studies from western and
northeastern Oregon on single-cut peppermint demonstrate that the optimal time to apply
nitrogen is during May and early June, the time of maximum plant uptake (Hart et al., 1995;
Cook et al., 1999; Sullivan et al., 1999). Although applications of nitrogen during July and
August delayed peppermint maturity for a brief period, they did not increase hay or oil yields
(Mitchell, 1996).

How nutrients are applied affects mint production as well. Fertigating even amounts of
nitrogen throughout the growing season may undersupply the crop during June and
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oversupply it during July. Higher rates of nitrogen may be needed in rill-irrigated mint fields
because lack of overhead sprinkler irrigation makes it more difficult to move fertilizers into
the zone of root uptake.

To ensure that the appropriate amount of nitrogen and other nutrients are applied, the
mint crop should be monitored on a regular basis throughout the growing season. Several
methods have been evaluated for estimating nitrate levels in mint. The traditional method is
to submit mint stems for laboratory analysis. Peppermint plantations with adequate levels of
nitrogen show stem nitrate levels between 4000 and 8000 ppm (Huettig, 1969; Mitchell, 1995),
but others suggest that despite adequate nitrogen applications, stem analysis may show that
nitrate levels decrease somewhat as harvest time approaches (Brown, 1982).

Two quicker ways to determine nitrogen levels in mint plantations have been evaluated at
the field level: the CARDY meter measures nitrate levels in mint sap pressed from mint stems;
the SPAD meter measures leaf reflectance related to chlorophyll levels, an indirect measure of
nitrates in leaves. Results suggest that the traditional laboratory stem nitrate analysis is the
most accurate (Mitchell, 1995), although the SPAD meter correlated well with laboratory
methods in other studies (Simon and Alkire, 1993; Wescott and Welty, 1993).

3.3.4.2 Potassium, Phosphorous, Sulfur, and Micronutrients (Manganese, Zinc, Iron,
Copper, Boron)

In addition to nitrogen, mint requires several other nutrients and micronutrients to achieve
optimal growth and oil yield:

* Potassium (K)—This nutrient can be rapidly depleted from the soil during mint growth.
Although most clay soils are high in potassium, this source is not readily available to the
mint crop (Mitchell, 1996).

* Potash (K,0)—Depending on the outcome of soil tests, peppermint requires 60 to 200 1b
of potash per acre (66 to 222 kg/ha) each season (Jackson et al., 1983).

* Phosphorous (P)—An important nutrient for autumn root growth (Jackson et al., 1983),
phosphorous must be applied prior to need because of its rapid uptake by the mint
plant. Soil tests are also useful for determining a plantation’s phosphorous need
(Mitchell, 1996).

 Sulfur (S)—While mint requires about 30 Ib of supplemental sulfur per acre (ca. 34
kg/ha) per season, the actual amount varies depending on factors such as soil type and
the amount of sulfur in irrigation water. Soils derived from pumice and basalt tend to be
sulfur-deficient, whereas soils originating from sedimentary rock usually have adequate
amounts (Mitchell, 1996). As with potassium and phosphorus, sulfur requirements for
mint can be estimated by soil testing.

In addition to the major plant nutrients, mint requires small quantities of several micronu-
trients to produce a viable crop. Fortunately, naturally occurring levels of micronutrients in
mint plants are quite high when compared with other plants (Jackson et al., 1983), and
supplemental applications of manganese (Mg), zinc (Zn), iron (Fe), copper (Cu), and boron
(B) have not proven to enhance commercial mint production (Mitchell, 1996). Furthermore,
applying even slightly excessive amounts of elements such as boron or molybdenum can cause
severe phytotoxicity (Hart, 1990).

3.3.5 Soi. AMENDMENTS THAT AbjusT SoiL PH

Lime is another soil amendment frequently applied to mint plantations that require lower pH.
The optimal pH level for mint production is about 6.5. Contributors to high pH levels include
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fertilizers containing nitrates, elemental sulfur and ammonium sulfate, and abundant rainfall
in growing regions such as western Oregon. After conducting soil tests to determine pH levels,
lime is usually applied in the fall or winter. Although products such as gypsum are available
to raise soil pH, they are expensive and rarely used on mint fields.

3.3.6 IRRIGATION

Because of intense competition for water resources from urban and recreational users, more
efficient irrigation methods are needed to conserve valuable water and help manage the cost
of mint production. Increasingly, mint growers are relying on soil moisture sensors and
evapotranspiration models to assist in determining optimal distribution and frequency of
irrigation for their crop.

3.3.6.1 Distribution and Frequency of Irrigation

Both peppermint and spearmint demand an abundant supply of water to produce a viable
crop: about 50 to 60 in. (127 to 152 cm) of water per season or 1 to 2 in. (2.5 to 5.1 cm) per
week, depending on temperature, soil type, and type of irrigation method used (Green, 1963;
Lacy et al., 1981). For example, sandy soils dry out faster and require more water more
frequently than silt loam soils. Regions with cool, moist spring weather, such as western
Oregon, typically require less irrigation than warmer growing regions like eastern Oregon. In
general, mint requires less moisture during cool spring temperatures (Mitchell, 1997), al-
though there is ongoing debate about whether or not limited moisture stress in spring is
beneficial to mint production.

Although moisture stress is associated with lower oil yields and higher menthofuran levels
(Clark and Menary, 1980b; Charles et al., 1990), a certain degree of moisture stress may be
beneficial provided it occurs at the proper time. Loomis and Burbott (1977) suggested that
moderate levels of moisture stress early in the season may improve yield because moisture
stress produces smaller leaves, which are more likely to be retained by the plant because of
decreased shade within the canopy. On the other hand, Charles et al. (1990) showed in studies
with hydroponically grown peppermint that increasing moisture stress reduced oil yield in
young plants, suggesting that moisture stress early in the season has a detrimental effect.
Studies from the Midwest show that withholding water in June and July resulted in significant
losses in oil yield, while regular irrigation during the growing season increased average oil
yields by as much as 38% and 57%, for partial and normal irrigation regimes, respectively
(Simon et al., 1992).

Overirrigating a mint plantation also can result in reduced oil yield through oxygen
deprivation to mint roots, a higher incidence of root rot, increased leaf drop, and leaching
of nutrients to below the root zone (Horner, 1955; Croteau, 1977; Mitchell, 1997). High
humidity caused by overirrigation can also affect the quality of peppermint oil by increasing
menthofuran levels, especially during summer heat (Loomis and Burbott, 1977).

After harvest, the mint crop must be adequately irrigated until the onset of fall rains to
promote a vigorous root system that will carry the plants through the winter. Postharvest
irrigation studies from central Oregon showed a yield increase of 12 Ib of oil per acre (13.2
kg/ha) when peppermint plots were irrigated 10 times after harvest compared with only three
(Mitchell, 1997).

3.3.6.2 Time of Day

Although preliminary studies by Loomis and Croteau (1979) indicate that nighttime irriga-
tion increases peppermint oil yield while decreasing menthofuran levels compared with
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daytime irrigation, no differences were detected in a follow-up experiment by the same
authors; however, unusual weather during the growing season may have affected their results.

It would seem that irrigating at night would avoid the combination of high temperature
and high humidity that appears to reduce oil quality and yield (Loomis and Burbott, 1977). In
addition, night irrigation would result in a cooler mint canopy, which is also thought to
improve oil quality (Burbott and Loomis, 1967; Clark and Menary, 1980a). However,
irrigating only at night may not be practical because of high moisture demands that occur
during periods of intense summer heat.

3.3.6.3 Methods of Irrigating Mint

The irrigation method and equipment used in mint production should be cost effective and
capable of satisfying moisture needs during the hottest part of the growing season. Mint
growers in the U.S. irrigate their crop by a variety of means, including gravity and sprinkler
systems, whereas some mint growers use no supplemental surface irrigation at all.

3.3.6.3.1 No Supplemental Surface Irrigation

Mint growers farming the Midwest’s muck soils often rely solely on rainfall to meet their
irrigation needs. Under dry conditions, growers may subirrigate by closing the gates of
drainage ditches to allow the water table to rise (Lacy et al., 1981). Although withholding
supplemental surface irrigation can lower costs, there is an increased chance of unacceptable
moisture stress under hot, dry conditions. When compared with mint fields receiving no
supplemental surface irrigation, studies by Simon et al. (1991) showed that regular surface
irrigation supplied to mint grown on Midwestern muck soils increased oil yields by 87% and
55% for first-year fields and established fields, respectively.

3.3.6.3.2  Drip Irrigation

Although drip irrigation is an efficient use of water, this method has not been widely adopted
in mint agriculture because of its high cost. Cost is even more pronounced because mint
growers are rotating out of mint sooner, so drip irrigation systems must be amortized over a
shorter time period. If a drip system could be established and remain in place during the
production of several different crops, these other crops could share in the overall expense.
However, one difficulty in this approach is finding an optimal depth to place the drip line.
Because of mint’s shallow-root system, the drip line must be placed close to the soil surface to
ensure that the plant has adequate moisture, which may interfere with field preparation for
other crops.

3.3.6.3.3  Gravity Irrigation

Until about the 1980s, the most common method of irrigating mint fields in the arid regions
of Washington, Idaho, and Oregon was by the rill method (also called furrow or gravity
irrigation). Here, fields are leveled with a slight slope before planting. Furrows, also called
rills, are spaced about 30 in. (ca. 76 cm) apart, then cut parallel to the slope with a rotary
corrugator. Water is supplied to the rill by placing siphon tubes from the irrigation ditch into
individual rills.

Peppermint and spearmint grown under rill irrigation have achieved the best oil yields,
probably because they do not suffer from the drawbacks associated with sprinkler irrigation
(see discussion later). Drawbacks to rill irrigation include poor water efficiency and phyto-
toxicity that results because salts accumulate on ridge tops between furrows. Although
rainfall can alleviate some salt problems, severe salt injury may result if rains push salts
into the root zone and not beyond it (Maloy and Skotland, 1969). The inability to apply
agricultural chemicals through the irrigation system is another drawback with rill fields.
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Furrow-irrigated peppermint fields also typically experience higher levels of moisture stress
(Loomis and Burbott, 1977), resulting in higher levels of menthofuran and pulegone in the oil.

Fertilizing rill-irrigated mint fields is another challenge. When dry fertilizer formulations
are applied, it may not be possible, without timely rainfall, to incorporate the material that
falls on the ridges. Adding liquid fertilizer to the irrigation ditch and assuming equal
distribution of nutrients along the length of the rill may not be realistic. Mostly because of
high water and labor requirements, few new rill fields are being developed today. According
to a recent Washington State University mint grower survey, only 27% of mint growers in
Washington State currently use gravity irrigation, whereas 73% of mint growers use some
type of sprinkler irrigation system (Ferguson and Walsh, 2002).

3.3.6.3.4  Sprinkler Irrigation Methods

More mint acres are irrigated by overhead sprinkler systems than by any other method.
Sprinkler irrigation is even used on muck soils in the Midwest to minimize soil erosion and
frost damage (Lacy et al., 1981) and to reduce damage to mint plants caused by wind-blown
soil (Green, 1963).

Overhead sprinkler systems in use today include hand lines, wheel lines, center pivots, and
linear track systems. About 57% of Washington mint growers now use center-pivot sprinkler
irrigation systems (Ferguson and Walsh, 2002). Although expensive, center-pivot systems can
irrigate large acreage without the labor necessary to move hand lines or wheel lines. Center
pivots, and to a lesser extent linear-track systems, are also ideal for chemigating fertilizers and
pesticides.

There are negative aspects of sprinkler irrigation to mint production, including reduced oil
yields (Croteau, 1977). Lower oil yields may occur because water droplets physically damage
leaves and oil glands (Bullis et al., 1948) and increase membrane permeability resulting in oil
evaporation (Croteau, 1977). Sprinkler-irrigated mint typically has larger leaves compared
with mint that is furrow irrigated, resulting in greater leaf loss due to shading (Loomis, 1978).

Despite the disadvantage of lower yields, sprinkler irrigation appears to improve oil quality
(Nelson et al., 1971). Lower menthofuran in sprinkler-irrigated peppermint oil appears to be
correlated with reduced moisture stress.

3.3.7 INTEGRATED PEST MANAGEMENT

Mint fields are home to many living organisms, most of which are not harmful to the mint
crop. In fact, most of these residents are beneficial, providing nutrient recycling, biological
control, and food to beneficial arthropods. Unfortunately, there are several arthropods,
diseases, mollusks, nematodes, and weeds that do cause economic damage to peppermint
and spearmint and must be managed.

To address these issues, the U.S. Mint Industry has invested heavily in the development of
an integrated pest management (IPM) approach to pest control, defined as the selection of
cost-effective pest-control tactics that are least harmful to nontarget species and the outside
environment (Morris and Lundy, 1995).

IPM tactics commonly used in mint include referencing pest populations to economic
thresholds, crop monitoring, and a variety of cultural, biological, and chemical controls.
These tactics work to varying degrees of effectiveness depending on the pest involved.

3.3.7.1 Crop Monitoring and Economic Thresholds

Regular crop monitoring is one of the best ways to manage overall costs of mint production.
By checking fields on a regular basis, the grower can correctly determine fertilizer, irrigation,
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and pest management needs; for example, by referencing pest population levels to economic
thresholds, unnecessary pesticide applications are avoided.

The level at which a pest causes economic damage is called the economic injury level (EIL).
Unlike other crops where cosmetic appearance is important, mint is grown for its oil, and
higher pest levels can be tolerated provided economic damage does not occur. Equally
important is the action threshold (AT), the point at which control intervention should
occur to prevent pest levels from reaching the EIL. Pest presence alone does not mean control
measures are necessary. In fact, low pest levels can be beneficial because they provide food for
natural enemies. Although they are difficult to define exactly because of variability in mint oil
prices, plant vigor, environmental conditions, and multiple pest infestations, EILs have been
established on mint for many of the arthropod pests (Berry and Fisher, 1993) and for the
lesion nematode (Ingham and Merrifield, 1996).

3.3.7.2 Cultural Control

One of the most effective ways of preventing pest damage is to avoid introducing pests in the
first place. Many arthropods, diseases, and weeds are introduced in rootstock and associated
soil. Pest infestations can be avoided by planting clean rootstock, and rotating to a nonhost
crop can disrupt the life cycle of many established mint pests. Crop rotation also can prolong
the life of pesticides labeled for use on mint by switching to another crop where different
pesticides having different modes of action can be used. Tillage is another effective cultural
practice for rejuvenating mint stands and controlling several pest species (Talkington and
Berry, 1986; Pike et al., 1988). Unfortunately, tillage also increases the severity and spread of
Verticillium wilt, one of the major limiting factors to U.S. mint production.

3.3.7.3 Biological Control

Biological control is most effective when natural enemies reduce or maintain pest populations
below damaging levels. There are many kinds of natural enemies that serve as biological
control agents in mint including bacteria, fungi, insects, mites, nematodes, and viruses. Some
of these agents are commercially available as biological insecticides.

Although biological control plays a role in the management of most pests and weeds, the
best understood implementation in mint is in the control of arthropod pests. Because mint is a
perennial crop, arthropods’ natural enemies have adequate time to colonize and become
established. The lush growth and high humidity resulting from frequent irrigation also
provide an excellent habitat for many natural enemies. Luckily, arthropods rarely spread
diseases in mint; however, the mint’s low tolerance for insect disease vectors in other crops
often leads to frequent pesticide applications that can be disruptive to biological control.

3.3.7.4 Pesticide Strategy

Pesticides include insecticides, herbicides, fungicides, and nematicides. Because cultural and
biological controls may provide only partial control in some situations, pesticides continue to
be an indispensable part of mint IPM. In fact, the philosophy of IPM is very compatible with
pesticide use (Croft, 1990). One advantage of pesticides is that they can quickly reduce pest
populations. Natural enemies usually work more slowly and may be unable to control rapidly
increasing pest populations before economic damage occurs. If a pesticide treatment is
required, selective pesticides should be considered first if they can be used effectively and
economically. Selective pesticides are those that are more toxic to the pest than to its natural
enemies or other nontarget species. Effectiveness and crop safety of individual pesticides
depend on many factors including regional variation in climate, soil types, agricultural
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practices, crop vigor, and the use of adjuvants. For these reasons, the pesticide label should be
carefully consulted prior to use.

3.3.7.5 Arthropods

The arthropods are a group of species that includes insects, mites, and symphylans. Most
arthropods are not harmful to the mint crop and may actually be beneficial, for example, by
feeding on mint pests. There are several species, however, known to be very harmful to mint
plantations. In the following discussion, arthropod pests are categorized as primarily soil
dwelling or those living on mint foliage.

3.3.7.5.1 Arthropod Pests of the Soil Environment

Cranefly. Adult craneflies superficially resemble large mosquitoes, and their thick-skinned
larvae are called ““leather jackets.” Two introduced species, Tipula paludosa and T. oleracea,
are reported to feed on a variety of crops including mint. 7. paludosa was identified in the
U.S. in the 1960s; T. oleracea was first detected in 1999 (Rao et al., 2002). As with all
craneflies, adults of both species disperse by flight. Eggs are laid in the soil and hatch soon
after rainfall or irrigation. 7. paludosa has one generation per year whereas 7. oleracea has
two generations per year, one in spring and another in fall. There are probably other cranefly
species that affect mint, but this needs to be determined.

Mint Injury, Crop Monitoring, and Management. Cranefly larvae damage mint plantations
by feeding on mint roots, crowns, and shoots. In laboratory feeding studies, Rao et al. (2002)
compared feeding by T. oleracea on peppermint and lettuce. Results showed that 68% of the
larvae reached the fifth instar on lettuce while only 22% reached this stage on peppermint.
The authors suggest this species may not pose a problem to mint by feeding on foliage, but the
effects of root feeding must be evaluated.

Monitoring for craneflies may be done at the same time and using similar procedures as for
soil cutworms and mint root borer (MRB), although further study is required to evaluate the
effectiveness of this approach. Signs of freshly cut mint shoots lying on the soil surface may
also indicate the presence of leatherjackets. No AT has yet been determined for cranefly.

Although natural enemies are known to feed on native cranefly species (Rao et al., 2002),
their effect on cranefly levels in mint is currently not known. The insecticide chlorpyrifos [1.0
Ib active ingredient (ai)/acre] (1.1 kg/ha) may be effective when applied in either fall or spring
through chemigation, or by broadcast applications followed by immediate incorporation with
overhead sprinkler irrigation (Fisher et al., 2004).

Soil Cutworms. Soil cutworms are the larval stages of several noctuid moths that survive the
winter as eggs, larvae, or pupae. Cutworms disperse mostly by flight which, depending on the
species, can occur anytime from spring through fall. Most cutworms that inhabit mint soils
have a wide host range, able to live at least part of their lives on other plant species (Berry,
1978; Berry and Fisher, 1993). The most common species in mint plantations include the
redbacked cutworm, actually a complex of at least six species in the genus Fuxoa, which occur
east of the Cascade Mountains (Berry and Fisher, 1993). Several Euxoa, species are capable of
dispersing over long distances, often from nonagricultural ecosystems such as forests (Miller,
personal communication). Another species, the black or greasy cutworm (Agrotis epsilon), is
found primarily in mint-growing regions west of the Cascades.

Some cutworm species that are foliage-feeding pests in summer are also found in the soil
environment. For example, the variegated cutworm (Peridroma saucia) and spotted cutworm
(Xesia c-nigram) often overwinter in mint soils as larvae and feed on new mint growth
in spring.

Mint Injury, Crop Monitoring, and ATs. Cutworm larvae cause damage by feeding on mint
roots and new shoots, often resulting in irregular bare patches in mint plantations in early
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spring. As with cranefly, freshly cut mint shoots lying on the soil surface are a possible sign of
cutworm activity.

Soil sampling for larvae occurs from March through early June. One square-foot (930 sq. cm)
soil samples are dug to a depth of 2 to 4 in. (5 to 10 cm), sifted through screens, and the larvae
counted. A minimum of 10 samples should be taken per field, but sequential sampling plans
may reduce the number of samples required (Danielson and Berry, 1978). Fields should be
sampled more than once because different cutworm species may be present in the soil at
different times during spring and fall. Higher cutworm levels are often observed in mint fields
with an abundance of debris on the soil surface, but the relationship between soil debris and
cutworm levels is unknown.

The AT for newly established mint fields is 1.5 larvae per sq. ft. Depending on vigor, two to
six larvae per square foot may be tolerated on established stands (Berry and Fisher, 1993;
Fisher et al., 2004).

Management Tactics. Biological control is often very effective against soil cutworms.
Generalist predators feed on cutworm larvae and eggs, whereas parasitoids reduced Euxoa
larvae by up to 80% in central Oregon (Berry and Fisher, 1993).

The insecticides acephate (1.0 Ib ai/acre) (1.1 kg/ha) and chlorpyrifos (1.0 to 2.0 1b ai/acre)
(1.1 to 2.2 kg/ha) are effective against soil cutworms, although chlorpyrifos is more effective
than acephate during cool, spring temperatures. The application rate of chlorpyrifos depends
on which larval stage is present. If larvae are less than 0.75 in. (1.9 cm), 1.0 b ai/acre is effective;
for larger larvae, a rate of 2.0 b ai/acre is needed (Fisher et al., 2004). Broadcast insecticide
applications should be followed by a minimum of 0.5 in. (1.3 cm) of overhead irrigation.

Mint Flea Beetle. The adult MFB, Longitarsus ferrugineus, is a small, tan beetle with
enlarged hind legs used for jumping. This species is found throughout the U.S. but its host
range may be restricted to mint. MFB overwinters as eggs in the soil which, depending on
temperature, hatch from April through May (Vessels, 1984; Morris, 1989). After hatching, the
small, slender larvae feed within peppermint rhizomes. In May and June they exit the
rhizomes to pupate. Adult beetles emerge in about 3 weeks and feed on mint leaves for 2 to
3 weeks before laying eggs. The exact number of eggs laid per female is not known. There is
one generation per year.

MFB disperses from one field to another on farm equipment and in rootstock. Although
most adult flea beetles cannot fly over long distances, some adult females may actually have
fully developed wings, enabling them to disperse over a wider area through flight.

Mint Injury, Crop Monitoring, and ATs. MFB larvae feed within mint rhizomes, killing
them directly and providing entrance wounds to root-rotting organisms. Symptoms of MFB
injury are observed from mid-April through June and include variable sized patches of
purplish, stunted, dead, or drying mint. Although feeding by adult MFB results in small
round holes on mint leaves, damage is seldom seen.

Sampling for immature stages of MFB is laborious and consists of taking 1 sq. ft soil
samples, sifting the soil through screens, then counting the number of larvae, pupae, and
teneral adults. In addition, larvae contained in rhizomes from soil samples can be processed in
Tulgren-Berlese funnels (Morris, 1989). When sampling for larvae from late April through the
beginning of May, only rhizomes need to be checked. Both rhizomes and soil must be checked
for immature stages from mid-May through June. The AT for immature MFB is about
0.5/sq. ft (Berry and Fisher, 1993).

Sweep-net sampling for adult MFB should begin in early July in western U.S.
(Morris, 1989; Berry and Fisher, 1993), and in mid-July to early August in the Midwest
(Lacy et al., 1981; Vessels, 1984). Sweep-net sampling is most effective in early morning when
temperatures are cool. Although night sampling for adults may be effective, this strategy has
not been evaluated. The AT for adult MFBs is five per sweep (Lacy et al., 1981).
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Management Tactics. Planting pest-free rootstock and rotating to a nonmint crop in 3 to
5 years are both effective against MFB. Tillage is often not effective. In fact, the worst
MFB outbreaks observed by the author were in disked and harrowed peppermint fields.
Perhaps tillage distributes and protects the eggs while disrupting naturally occurring soil
predators, although the impact of generalist soil predators on MFB immatures is not
known.

Applications of the entomopathogenic nematodes Steinernema carpocapsae and Hetero-
rhabditis heliothidis were effective against larvae in small plot studies (Morris, 1989). Appli-
cations of oxamyl (1.0 Ib ai/acre) (1.1 kg/ha) in spring can reduce populations of larvae by
about 50% (Morris, 1989). Subsequent tests, however, showed control to vary from 15% to
60%, not sufficient to reduce MFBs to below damaging levels (Morris, unpublished data).

Targeting the adult is another alternative. In the western growing regions, insecticides are
applied against adult MFB in early July before they begin laying eggs. Adults often disperse
to the thickest vegetation, making pesticide coverage difficult. In this situation, methomyl
(0.68 to 0.9 1b ai/acre) (0.75 to 1.0 kg/ha) is usually more effective than malathion (1.0 1b
ai/acre). In the Midwest, adults may not begin laying eggs until after harvest, and postharvest
malathion applications are effective because less foliage allows for more thorough pesticide
coverage.

Mint Root Borer. The MRB (Fumibotys fumalis) was first identified as an agricultural pest
in 1971 when it was found feeding on peppermint in western Oregon (Berry, 1974). MRB is
now found at high levels in peppermint and Scotch spearmint throughout western Oregon,
south-central Washington, and western Idaho (Pike et al., 1988). More recently, MRB has
been identified on peppermint in central Oregon, northern California, and LaGrande, Ore-
gon. Although MRB is found at low levels on Native spearmint in Washington State, it does
not appear to injure the crop, but Native spearmint could act as a reservoir host.

MRB overwinters as prepupae in silk-lined earthen cells called hibernacula. Pupation
occurs in spring. In western Oregon, adult moths emerge from June through August with
peak emergence in mid-July (Berry, 1974). Soon after emergence, the females mate and in
about one week begin laying eggs on mint foliage. The eggs hatch and the larvae drop to the
soil surface on silken threads where they burrow into mint rhizomes (Pike et al., 1988). As
larvae grow, they completely hollow out the rhizome then migrate through the soil in search
of another rhizome. Larvae exit the rhizomes in late August through September to construct
their hibernacula. There is one generation per year.

Although MRB can disperse as hibernacula on mint rootstock, the potential for long-
distance dispersal of the adult is not well understood. When disturbed during the day, MRB
moths fly only short distances. At night, however, they appear capable of dispersing much
greater distances. More research is needed to determine the true dispersal capability of MRB.

Mint Injury, Crop Monitoring, and ATs. MRB injury occurs when larvae tunnel through
rhizomes, resulting in variably sized patches of unhealthy or dead mint. Tunneling not only
reduces oil yield and overwintering survival, it also provides entrance to root-rotting organ-
isms and renders mint fields more susceptible to cultural practices such as propane flaming
(Pike et al., 1988).

Although pheromone traps are useful for determining the presence of MR B adults, they are
not well correlated to populations of larvae in the field (Takeyasu, 1994). Traversing mint
fields by foot and counting the number of moths that fly up from the canopy is another
method of sampling for adults that may better correlate with levels of larvae (Takeyasu,
1994). Correct identification is important when sampling for adult MRB because they can
easily be confused with other species such as the false celery leaftier (FCLT) and the orange
mint moth. The orange mint moth is actually considered a beneficial because it feeds on
terminal mint buds, promoting lateral shoot growth (Pike et al., 1986, 1987).
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The best time to sample for early-stage larvae is from early to mid-August. Samples
consist of rhizomes collected from 1 sq. ft soil samples and processed in Tulgren-Berlese
funnels (Takeyasu, 1994). Sampling prior to harvest is tedious because foliage must be
removed before placing rhizomes in funnels, but has the advantage in that populations can
be estimated prior to significant injury. Because they move through the soil, larger larvae and
hibernacula are sampled from mid-August to September by digging 1 sq. ft soil samples and
sifting the soil through screens. Rhizomes contained in the sample should also be checked for
any remaining larvae as well as hibernacula, which can be attached to roots and rhizomes.

The AT for MRB is two to three larvae per square foot (Berry and Fisher, 1993). This level
may underestimate the potential for injury the following season because, as in treating MFB
adults, control measures are applied after the majority of damage has occurred. How many
larvae will result the following season by allowing three larvae per square foot to remain
untreated during the current year is not known.

Management Tactics. Preventing the introduction of MRB on infested rootstock and
rotating to a nonmint crop in 3 to 5 years are effective control techniques. The host range
and ability of the adult to disperse need further investigation to determine how far new fields
should be located from reservoir populations. Encouraging a thick, vigorous root system is
another important practice because such stands can withstand greater injury. Tillage and
splitting centers of ridges between rills in gravity-irrigated fields are also effective practices
against MRB (Pike and Glazer, 1982), although cleaning old rills and throwing the debris on
top of old ridges are not effective (Morris, unpublished data).

Generalist soil predators feed on MRB larvae as they move between rhizomes but their
impact on MRB populations is unknown. Although parasitoids were observed to emerge
from several specimens of larvae and prepupae, the parasitism rate appeared low (Takeyasu,
personal communication). Applications of the entomopathogenic nematode Steinernema
carpocapsae at two to three billion infective juveniles (IJs) per acre were very effective against
all larval instars (Berry and Crowe, 1996), including the smallest larvae concealed within the
rhizomes (Takeyasu, 1994). Nematodes have an advantage over conventional pesticides in
that applications can be made prior to harvest and before significant injury occurs. Takeyasu
(personal communication) suggests a possible way of effectively using lower number of
nematodes under high MRB densities. In this scenario, smaller quantities are applied that
infect some larvae. These larvae in turn act as nematode incubators, generating more
nematodes to infect other larvae.

Chlorpyrifos is currently the only insecticide labeled for use against MRB. Postharvest
chemigation of chlorpyrifos (2.0 1b ai/acre) (2.2 kg/ha) is more effective than broadcast
application methods (Quebbeman et al., 2002). The difference in efficacy among application
methods is probably related to the low solubility of chlorpyrifos and its tendency to tie up on
soil organic matter (Pike and Getzin, 1981; Berry et al., 1991). Controlling adults with
insecticides is another approach that has been suggested. However, because adults emerge
over a long period of time, multiple insecticide applications may be required, increasing the
chance of harming nontarget species.

Mint Stem Borer. The MSB, Pseudobaris nigrina, is a small, black weevil that occurs
throughout much of the eastern U.S. and Canada (O’Brien and Wibmer, 1982). MSB was
first described as a potential mint pest in Idaho and eastern Oregon by Baird et al. (1987).
Why MSB has not been found infesting mint in other mint-growing regions is not known.

The host range of MSB is thought to consist mainly of species in the mint family (Kissinger,
1963), although it has been observed on plant species besides mint, including goldenrod
(Solidago canadensis) and rabbit brush (Chrysothamus nauseosus). There is no evidence,
however, that it can reproduce on either of these species (Maury, personal communication).
MSB has also been reported on kochia, but this must be independently verified.
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The life cycle of MSB is described by Baruni (1979). MSB overwinters as an adult, inside
and outside of mint fields. Adult dispersal occurs from mid-May to mid-June. Eggs are laid
on the soil surface near mint stems. Following egg hatch, larvae bore into stems, develop, then
exit the stems to pupate. In addition to adult flight, MSB can disperse as larvae in contam-
inated rootstock. In fact, it may have been introduced into Idaho on infested rootstock from
the eastern U.S. (Baird et al., 1990).

Mint Injury, Crop Monitoring, and Management. Plants infested with MSB larvae may
appear wilted, yellowish, and lodged (Berry and Fisher, 1993). Research by Baird et al. (1987)
and Maury (personal communication) have yet to identify MSB populations capable of
causing economic damage to peppermint. Isolating MSB injury from other causes such as
Verticillium wilts and MRB is difficult.

Monitoring for MSB adults is conducted from mid-May to mid-June using a sweep net.
Another way to sample for adults is to place wooden lathes coated with sticker throughout
the field at or just above canopy level. Proper identification of the adult is important because
other similar looking species may be confused with MSB. Monitoring for larvae can be done
in several ways. One way is to dig plants from several areas of the field, split open the stems
and check for signs of MSB. Larvae also may be collected by processing plant material in
Tulgren—Burlese funnels (Morris, personal experience). As for cranefly, no AT for MSB has
yet been determined.

Although adult MSB disperses by flight, avoiding the planting of infested rootstock is
probably a good management strategy. Other effective tactics include planting healthy and
vigorous rootstock, reducing plant stress by controlling other pests, and following a 3- to
S-year rotation. Although no pesticide is currently labeled for use on MSB, treating for other
mint pests that occur at the same time as MSB may provide some control, for example,
treating cutworms in spring with acephate.

Root Weevils. Root weevil adults are called “snout beetles” because their mouthparts are
located at the end of a long snout. RWs are located throughout the U.S. and have a wide host
range, including rhododendron, blueberry, strawberry, and mint (Berry, 1978). In addition to
peppermint, Native and Scotch spearmint also can harbor high RW levels. The strawberry
root weevil (SRW), Otiorhynchus ovatus, is the most common weevil species infesting mint.
Other commonly encountered species include the black vine weevil (O. sulcatus), rough SRW
(0. rugosostriatus), and the obscure root weevil (Sciopithes obscurus) (Berry and Fisher,
1993). Other unidentified species are occasionally found.

Most RWs overwinter in mint as larvae, but some SRW adults overwinter and lay their
eggs the following spring (Cacka, 1982). The RW adults important to mint are female, which
produce fertile eggs without mating. Depending on accumulated heat units, pupae develop in
late April to early May; adults emerge in mid-May through June. Adult females lay eggs
around the bases of mint plants about 2 weeks after emergence.

Mint Injury, Crop Monitoring, and ATs. RW larvae feed on mint roots and rhizomes,
resulting in variably sized patches of bare mint. Sampling for larvae is done by digging 1 sq. ft
soil samples to a depth of 4 in. and sifting the soil through screens. A sequential sampling plan
has been developed for SRW in peppermint, and the author suggests a minimum of 25 soil
samples be taken for each field (Cacka, 1982). Intervention may be necessary if a total of 5.5
larvae, pupae, and adults are found per square foot. No treatment is necessary if larval
numbers are below 2.7/sq. ft. If numbers are between these two levels, sampling should
continue until a decision is reached. Sampling for RW adults is accomplished by sweeping
foliage after sunset when they are most active (Fisher et al., 2004). An AT has not been
established for RW adults.

Management Tactics. Because adult RWs do not fly, planting clean rootstock and a timely
rotation of 3 to 5 years are effective control measures. Rotation should be to crops that are
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poor RW hosts, such as alfalfa and corn (Berry, 1978). Resident natural enemies can reduce
RW abundance; for example, Cacka (1982) found that carabid beetles (Pterostichus vulgaris)
are very effective at reducing SRW populations. Applications of the entomopathogenic
nematode Steinernema carpocapsae at three billion IJs per acre can kill RW larvae in late
summer or early fall, but commercial applications often provided inconsistent control (Morris,
personal observation).

Night applications of acephate (1.0 1b ai/acre) (1.1 kg/ha), applied when the majority of
adults have emerged from the soil but before they begin laying eggs, is an effective RW
control strategy (Fisher et al., 2004). Two other insecticides, thiamethoxam (0.023 to 0.124 Ib
ai/acre) (0.25 to 133 g/ha) and indoxacarb (0.1 1b ai/acre) (110 g/ha), also are effective
against SRW adults (Quebbeman et al., 2001).

Symphylans. Symphylans have a wide host range, and some species in the family Scutiger-
ellidae can consume up to 20 times their body weight in vegetable matter each day (Edwards,
1990). The garden symphylan (Scutigerella immaculate) is a major peppermint pest in western
Oregon. Although the author has observed symphylans in arid growing regions such as
eastern Washington, they were rarely seen, perhaps because they prefer loam soils and require
100% relative humidity for long-term survival (Edwards, 1990).

Symphylan eggs are laid in early spring or fall and hatch in 8 to 28 days depending on
temperature. Newly hatched young have six pairs of legs, adults have 12; one new pair of legs
is added at each successive molt. Development takes from 2 to 5 months at temperatures of
77°F (25°C) and 50°F (10°C), respectively (Berry and Robinson, 1974). There are one to
two generations per year. Symphylans disperse on rootstock or on soil debris carried by
floodwaters.

Mint Injury, Crop Monitoring, and ATs. Symphylans feed on roots, causing dead or
unhealthy patches in mint plantations. The best time to sample for infestation is from
March through September. Sampling must be done during warm-temperature periods be-
cause cold, dry, or hot conditions cause symphylans to migrate deep into the soil. In regularly
irrigated mint fields, the highest populations are often observed in late summer. Populations
are estimated by counting the number of individuals found in 1 sq. ft soil samples dug to a
depth of 10 to 12 in. (25.4 to 30.5 cm). Proper identification is important because several other
small soil arthropods may resemble symphylans. An AT of four to five symphylans per square
foot of soil is suggested (Berry and Fisher, 1993).

Management Tactics. Planting symphylan-free rootstock and avoiding planting in fields
suspected of harboring them, for instance woodlots and pastures, are effective management
tactics against this pest. Resident natural enemies may also help keep symphylan populations
in check. The predator mite, Pergamasus quisquiliarum, was observed to consume 12 sym-
phylans per generation, suggesting that biological control by this species is possible
(Berry, 1973).

Preplant soil fumigation is another symphylan management technique. Because symphy-
lans can reside deep in the soil profile, seed beds should be prepared before fumigation to a
depth of at least 18 in. (ca. 46 cm) (Morrison, 1957; Berry and Robinson, 1974). If the field
contains a hard pan 6 in. (ca. 15 cm) below the soil surface, fumigation may provide poor
results.

Once the mint crop is established, contact insecticides are needed to reduce symphylan
levels that exceed the AT. Broadcast applications of chlorpyrifos (2.0 1b ai/acre) (2.2 kg/ha)
followed by overhead sprinkler irrigation provide inconsistent control, especially in fields with
high levels of organic matter and carbon, often observed in fields that are regularly flamed but
not tilled. Similar results were observed for fonofos (2.0 1b ai/acre), another insecticide having
low solubility. Ethoprop (3.0 and 6.0 1b ai/acre) (3.3 and 6.6 kg/ha) applied in the fall reduced
symphylan levels by more than 95% throughout the following growing season.



Commercial Mint Species Grown in the United States 113

More consistent and timely results are observed in mint when insecticides are applied as
either granular formulations or through the irrigation system. Spring chemigation of chlor-
pyrifos (2.0 Ib ai/acre) reduced symphylan levels by 77% during the growing season and by
81% the following season (Morris and Takeyasu, 1998). Granular chlorpyrifos applied in the
spring (Lorsban 15G at 2.0 Ib ai/acre) reduced symphylan levels by 82% (Morris and
Takeyasu, 1998).

Wireworms. Wireworms are called “click beetles” because the adults often “snap” when
placed on their backs. The most common wireworm species in the western U.S. are the Pacific
coast wireworm (Limonus canus), sugar beet wireworm (L. californicus), and Great Basin
wireworm (Ctenicera pruinina). These species have a wide host range including small grains,
potato, corn, onion, beans, carrots, and grass seed (Berry, 1978).

Wireworms overwinter as larvae or young adults (Berry, 1978). After mating, eggs are laid
1 to 6 in. below the soil surface and hatch 3 to 4 weeks later. Larvae feed for 2 to 5 years
before pupating; in the northwestern U.S., most wireworm species take 3 years to complete
their development.

Mint Injury, Crop Monitoring, and Management. Wireworms feed on roots and rhizomes
and are especially problematic in nursery plantings of rooted tip cuttings. Symptoms of
wireworm injury include stunted and wilted mint that is reddish in color.

Sampling mint fields for wireworm before planting is very important because control
measures applied after planting are not very effective. Because wireworms can reside deep
in the soil, samples should be taken to a depth of 18 in. (ca. 46 cm) with a 6.75-in. (ca. 17 cm)
posthole auger, then sifted through screens.

Avoid planting new mint fields where high wireworm populations are likely to be encoun-
tered, for example, pastures or fallowed land. In such situations, preplant soil fumigation or
incorporation of effective insecticides prior to planting is recommended. Biological control is
generally not effective because wireworms have few natural enemies (Berry, 1978).

3.3.7.5.2  Pests of Mint Foliage

Aphids. Aphids are insects that extract nutrients from plant sap and excrete their waste as a
sugary substance called honeydew. The mint aphid, Ovatus crataegarius, is found in commer-
cial peppermint and spearmint throughout the western U.S. (Berry and Fisher, 1993). Other
aphid species such as the green peach aphid probably migrate into mint fields as well,
especially in potato-growing regions such as south-central Washington and Idaho.

Mint aphids overwinter as adults on mint roots and stems beneath the soil surface (Berry
and Fisher, 1993). In the spring, adult females give rise to mobile nymphs. A generation can
be completed in as little as 7 to 10 days during the summer, and 12 to 15 generations are
produced each year. Aphids disperse by flight and on rootstock.

Mint Injury, Crop Monitoring, AT, and Management. Aphid injury is characterized by leaf
loss, reduced plant vigor, and excessive honeydew, which interferes with harvesting oper-
ations. Fortunately, aphids have not been shown to vector mint diseases.

Sampling for aphids can be done along with spider mites by counting the number of aphids
per leaf. Most aphid injury occurs in rill-irrigated mint fields, although high populations are
occasionally seen in fields that are sprinkler irrigated. An AT for aphids has not been
experimentally determined, but an average of five to ten per leaf is a reasonable estimate.

Natural enemies are often effective at maintaining aphids below damaging levels, including
ladybeetles, lacewings, syrphid flies, and parasites. The insecticides malathion (1.0 Ib ai/acre)
(1.1 kg/ha), acephate (1.0 1b ai/acre), and oxydematon-methyl (0.75 Ib ai/acre) (829g/ha) are
all very effective at controlling aphids in mint.

Foliar Cutworms. Although many cutworm species feed on mint foliage, only five are
commonly encountered at damaging levels: the alfalfa looper (Autographa californicus),
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bertha armyworm (Mamestra configurata), cabbage looper (Tricoplusia ni), spotted cutworm
(Xesia C-nigram), and variegated cutworm (Peridroma saucia) (Lacy et al., 1981; Berry and
Fisher, 1993). Another species less frequently encountered on mint is the western yellow-
striped armyworm (Spodoptera praefica). Most of these species have a wide host range and a
large geographical distribution (Berry, 1978).

Cutworms overwinter either as eggs, larvae, or pupae. Adult moths lay their eggs mostly
on mint foliage. Variegated cutworms lay clusters of 200 to 500 eggs, whereas alfalfa
and cabbage loopers lay single eggs. Eggs hatch in 4 to 7 days. Variegated cutworms take
4 to 6 weeks to pupate whereas loopers can develop from egg to adult in as little as 30 days.
Loopers can produce up to three generations per year. The life cycle of the bertha army-
worm is similar to the variegated cutworm except that it overwinters as a pupa (Berry and
Fisher, 1993).

Mint Injury, Crop Monitoring, and ATs. Foliar cutworms injure mint by feeding on mint
leaves. Pheromone and black-light traps are used to collect adult moths and estimate when
sampling for larvae should begin. Fields should be checked on a regular basis because larvae
can be found anytime during the growing season. Small larvae are best sampled from foliage
with a sweep net. If 0.6 larvae are collected per 180° sweep, intervention is necessary.

Searching the soil surface is effective for estimating populations of more mature larvae.
Shake the equivalent of 4 sq. ft of foliage to dislodge cutworms, part the foliage and count the
number of cutworms on the soil surface. A minimum of 10 sites should be sampled for each
field. Sequential sampling methods have been established that may reduce the number of
samples required (Coop, 1987). The AT for ground search counts is about 1.3 larvae per sq. ft
(Berry and Fisher, 1993). Larvae collected for all cutworm species can be combined for
referencing to the AT.

Management Tactics. Agricultural practices that encourage a healthy mint stand can
compensate for some cutworm injury, and healthy mint is also a good environment for
natural enemies. Parasitic wasps are very effective at controlling loopers and variegated
cutworm, but are less effective against the bertha armyworm. A naturally occurring nuclear
polyhedrosis virus is also very effective against loopers. The effectiveness of generalist
predators such as ladybeetles and syrphid flies is not well understood, but they may be
important for reducing cutworm eggs and small larvae (Miller, personal communication).

The insecticides acephate (1.0 Ib ai/acre) (1.1 kg/ha) and methomyl (0.9 1b ai/acre) (409
g/ha) are effective against most cutworms and loopers. Such insecticides should be used
sparingly, however, because they can be harmful to beneficial natural enemies. An alternative
approach is to use insecticides that are more selective, such as insect growth regulators. In one
study, tebufenozide (0.065 to 0.125 Ib ai/acre) (72 to 138 g/ha) was very effective against
bertha armyworm in central Oregon (Morris and Takeyasu, 1996). In another study, tebufe-
nozide (0.125 to 0.25 1b ai/acre) (138 to 277 g/ha), methoxyfenozide (0.25 1b ai/acre), and
spinosad (0.167 1b ai/acre) (185 g/ha) reduced a mixed population of bertha armyworm and
spotted cutworm by 99%, 100%, and 68%, respectively (Quebbeman et al., 2000). Formula-
tions of Bacillus thuringiensis (BT) have not performed consistently against cutworms in mint,
even when applied against small larvae.

False Celery Leaftier. The FCLT, Udea profundalis, is commonly observed feeding on mint
foliage during spring and summer. Although this species is usually not considered a pest
(Berry and Fisher, 1993), some peppermint fields in eastern Oregon sustained damage in 2003.
High FCLT populations have also been observed on Mentha citrata (Schilperoort, personal
communication).

FCLT overwinters as a pupa in and around mint fields. Adults emerge in the spring and lay
their eggs on the underside of leaves (Berry and Fisher, 1993). After hatching, the larvae feed
on foliage for about 2 to 3 weeks before pupating. Pupae are formed inside silken cocoons
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within webbed mint leaves; adults emerge in about 2 weeks. There are up to three generations
per year.

FCLT injures mint by feeding on leaves. Monitoring for FCLT larvae can be accomplished
with either a sweep net or ground searches along with foliar cutworms. An AT has not been
experimentally determined, but FCLT can be combined with cutworms for a conservative
estimate. The insecticides acephate, malathion, and tebufenozide are all effective against this
species (Takeyasu, personal communication).

Grasshoppers. Grasshoppers overwinter in the soil as eggs within pods, each pod containing
20 to 100 eggs. Nymphs emerge from April through June and feed for 40 to 60 days before
reaching adulthood. There is usually one generation per year.

Several species in the genus Melanopus injure mint by feeding on foliage, mostly in arid
growing regions. Sweep-net techniques such as those used for cutworms and MFBs are also
effective for monitoring grasshoppers.

The AT for grasshoppers is six to eight per square yard (Berry and Fisher, 1993). When
populations exceed this level, they are effectively managed with malathion (1.0 Ib ai/acre) (1.1
kg/ha) or acephate (1.0 1b ai/acre). The selective insecticides spinosad (0.156 1b ai/acre) (173
g/ha) and thiamethoxam (0.47 1b ai/acre) (520 g/ha) also provided encouraging results,
reducing populations by more than 90% in two separate studies (Quebbeman et al., 2000, 2001).

Spider Mites. Spider mites are a frequent problem on mint plantations in the western U.S.
(Morris et al., 1999) and are an occasional problem in the Midwest (Wyman and Rice-Mahr,
1992). The most common species found in mint is the twospotted mite, Tetranychus urticae,
which also feeds on a variety of other crops, including corn, hops, potato, and strawberry
(Helle and Sabelis, 1985).

Spider mites disperse to and from mint fields mostly on wind currents. They overwinter in
mint fields as reddish-colored females in soil duff and debris and on the underside of mint
leaves not killed by subfreezing temperatures (Morris et al., 1996). Females begin laying eggs
in the early spring, and a complete generation from egg to adult can take as little as 1 to 3
weeks depending on temperature (Helle and Sabelis, 1985).

Mint Injury, Crop Monitoring, and ATs. Spider mite injury to mint is caused by increased
water stress (DeAngelis et al., 1982), decreased leaf weight (DeAngelis et al., 1983a) and
reduced photosynthesis (DeAngelis et al., 1983b). In addition to reducing oil yield, spider mite
feeding can also affect mint oil quality (DeAngelis et al., 1983c). Although spider mite injury
is known to increase as temperatures rise, unseasonably low temperatures can increase spider
mite damage as well. For instance, when temperatures dropped to 25°F (—3.9°C) one June in
LaGrande, Oregon, peppermint plantations infested with spider mites exhibited a blackish,
wilted appearance, resulting in severe defoliation (Morris, unpublished data).

Hollingsworth (1981) recommends the following sampling procedures for spider mites in
mint plantations: for each field, sample a minimum of 15 sites per field. Select 15 plants from
each site and three leaves from each plant: one from the top, one from the middle, and one
from the bottom of the plant. Using a hand lens, count the number of spider mites per leaf.
A binomial sampling plan may reduce effort by only counting leaves that have more than five
spider mites (Berry and Fisher, 1993). Counting the number of predator mites can also affect
management decisions. If the ratio of spider mites to predator mites is 10:1 or less, interven-
tion may not be necessary. The AT for spider mites varies from five to ten mites per leaf
depending on, among other things, temperature, moisture levels, and plant vigor.

Management Tactics. Several cultural practices affect the severity of spider mites in mint.
Although tillage can reduce spider mites initially, this practice may only delay outbreaks until
later in the season. Spring flaming for rust control can reduce spider mite levels, especially
when fields are flamed twice in one week (Fairchild and Morris, 1989). However, fall flaming
leads to spider mite outbreaks (Morris et al., 2000).
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Biological control is often very effective against spider mites on mint. Spider mite injury is
more common in peppermint and Scotch spearmint than in Native spearmint, perhaps
because biological control is more effective in Native spearmint since fewer pesticides are
used. Generalist predators can maintain spider mites at low levels. Specialist predators such
as the phytoseiid Neoseiulus fallacis, shown by mint field surveys to be widely distributed in
the western U.S. (Morris et al., 1999), are often effective at reining in increasing spider mite
populations (Helle and Sabalis, 1985). Other phytoseiid species have been identified on mint
(Morris et al., 1999; Walsh and Wight, 2002), but their role in regulating spider mite levels is
not known. Inoculating strawberry fields (Coop and Croft, 1995) or mint fields (Morris,
unpublished data) with low numbers of N. fallacis (1000 to 3000/acre) (ca. 2500 to 7500/ha)
can be a cost-effective spider mite management tactic. But for reasons not always under-
stood, such releases are frequently unsuccessful, pointing again to the importance of regular
field monitoring.

The use of nonselective pesticides often reduces the effectiveness of predator mites and
leads to spider mite outbreaks (Morris et al., 1996; Kaufman et al., 2000). The selectivity of
moderately toxic pesticides can be improved by applying them in more selective ways. For
example, timing the application of the herbicide oxyfluorfen during the winter months
improves selectivity because predator mites are dormant and protected in soil duff and debris.
Another way to improve selectivity is by altering the pesticide formulation or application
method. Chemigation and granular formulations are generally less disruptive to predator
mites than liquid formulations applied as a ground spray. For example, when bromoxnil was
diluted through chemigation, predators were not harmed and weed control was equally
effective (Morris and Takeyasu, 2000).

Should a miticide be necessary, selective ones such as propargite (1.6 to 2.0 1b ai/acre) (1.8
to 2.2 kg/ha) or bifenazate (0.5 to 0.75 1b ai/acre) (554 to 830 g/ha) are effective at lowering
spider mites to levels where predators can reestablish control. If predator levels are too low,
however, higher miticide rates and/or multiple applications may be necessary. The more
frequently a miticide is applied, however, the more likely spider mites will become resistant to
it. If multiple applications are needed, a good strategy is to switch to another miticide with a
different mode of action.

Squirrley Mint. Although the condition known as “‘Squirrley mint” has been known for
over 50 years, its cause was not determined until recently when Dr. Ralph Green, Emeritus
Plant Pathologist, Purdue University, correlated this syndrome with a previously undescribed
bud mite in the family Tarsonemidae. Researchers at Rutgers University described this new
mite species as Tarsonemus pipermenta. For reasons yet unknown, Squirrley mint remains
confined to the Midwest, where it continues to spread (Perry, personal communication).

T. pipermenta overwinters as an adult female in mint stolon buds. During the growing
season, this species is most often found in terminal and lateral buds (Green, 2002b). Dispersal
is thought to occur by movement on infested rootstock, although dispersal on wind currents
and farm equipment cannot be ruled out.

Symptoms on peppermint include bunching of the top leaves and up to an 80% reduction in
oil yield (Green, personal communication). Although several miticides appear effective
against 7. pipermenta, more research is needed before labels are pursued (Perry, personal
communication).

3.3.7.5.3 Occasional and Potential Arthropod Pests

Several other arthropod species are occasional mint pests. Although the painted lady butterfly
(Vanessa cardui) usually feeds on Canada thistle patches growing in mint fields, it will switch
to feeding on mint when populations are high. Insecticides used to control cutworms are also
effective against this species.
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The larvae of several scarab beetle species are occasionally found feeding on mint roots and
rhizomes, especially in plantations established from pasture or fallowed fields (Nelson,
personal communication). Scarab larvae can take several years to develop and are difficult
to control in established mint plantations. Twice in the last 20 years, larvae of the western
spotted cucumber beetle (Diabrotica undecimpunctata) were observed feeding on peppermint
rhizomes in western Oregon, but control measures were not evaluated. A small black mirid
(Halticus bractatus) is known to be an occasional pest on Midwest mint.

Several unique arthropod pest species also have been encountered in peppermint grown
outside the traditional regions surrounding the 40th parallel, including the pale striped flea
beetle (Systena blanda) in Wyoming (Phillips, personal communication); whitefly (Aleyrodi-
dae) in Arizona, Argentina, and India (Bolton, personal communication); and root aphids
in Argentina.

3.3.7.6 Diseases

In addition to the threat posed by arthropod pests, peppermint and spearmint are subject to
several debilitating diseases. The discussion on mint diseases begins with Verticillium wilt, a
soil disease often considered the main limiting factor to economically viable peppermint and
spearmint production in the U.S.

3.3.7.6.1 Verticillium Wilt

First identified on U.S. peppermint plantations in 1921 (Landing, 1969), Verticillium wilt
remains a leading barrier to U.S. mint oil production despite extensive efforts to control it
(Johnson and Cummings, 2000).

Based on the presence of microsclerotia (MS) (small, hardened survival structures) and
unique features of its conidiophore, the Verticillium species of importance to mint is Verti-
cillium dahliae and not V. albo-atrum (Heale, 2000). V. dahliae has a wide host range, infecting
hundreds of different crops including cotton, potato, strawberry, and mint (Green, 1951;
McCain et al., 1981; Heale, 2000). Many weed species are also suitable hosts for this pathogen
(Green, 1951; McCain et al., 1981), and it may even survive for a limited time as a saprophyte
on spent mint hay (Green, 1951).

There are many strains of V. dahliae, each varying in its aggressiveness toward different
plant species and varieties, including peppermint and spearmint (Johnson and Cummings,
2000; Tjamos et al., 2000; Douhan and Johnson, 2001). Most V. dahliae strains isolated from
crops such as potato and echinacea produce only mild symptoms on peppermint, and to date
have not caused economic damage to this crop (Green, 1961; Crowe, 1998; Powelson et al.,
1999; Douhan and Johnson, 2001). There may be exceptions, however. For instance, a strain
of V. dahliae obtained from a California strawberry field with no history of mint production
was highly aggressive to the resistant peppermint variety Murray Mitcham (Crowe, 1997).
However, this strain produced only mild symptoms on Black Mitcham, a peppermint variety
considered to be highly susceptible to Verticillium. There is also the chance that other
nonmint strains, such as those found on potato, could change into more aggressive mint
strains (Green, 1977). Paradoxically, mint oil yields may actually increase in peppermint
grown in soils with subthreshold levels of mint-virulent strains of V. dahliae or higher levels
of less virulent strains (Crowe, 1996, 1998), although managing this phenomenon is difficult
to say the least.

V. dahliae overwinters in mint plantations as MS in the soil or as mycelium and conidia in
living plant tissue (Crowe et al., 2000). Although MS were once believed to survive almost
indefinitely in the soil, more recent information suggests that they must go through an
infection cycle about every 3 to 5 years (Crowe, personal communication).
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MS germinate and infect roots in response to stimuli such as mint-root exudates. If a
systemic infection occurs, mycelium and conidia spread upward in the plant, partially block-
ing water supply to leaves. If mint-aggressive strains are involved, such infections often kill
the plant. About one million MS are formed in dead mint stems (Horner, 1965), but the actual
number may depend on the mint species or variety (Crowe, 1998). Verticillium can disperse on
mint rootstock, in irrigation or floodwaters, on farm equipment and in windblown soil
(Horner, 1955; Lacy et al., 1981; Tjamos et al., 2000).

Mint Injury. Economic injury occurs when Verticillium-infected mint stands produce less
oil, are less able to survive the winter, and produce for a shorter period of time (Crowe et al.,
2000). Because Verticillium may persist for many years under some field conditions, the
amount of available land for future mint production also may decrease. Wilt symptoms
include the diagnostic asymmetrical twisting and bunching of upper leaves, leaf chlorosis,
plant necrosis, and death. Symptoms usually increase in severity as temperatures rise during
the growing season, and a toxin produced by the fungus might also contribute to symptom
expression (Horner, 1955; Heale, 2000).

An EIL of between 0.5 and 1.0 MS/gm of soil has been estimated for one mint-aggressive
strain on Todd’s Mitcham peppermint (Crowe et al., 2000). Although EILs have not been
estimated for spearmint or the other peppermint varieties, their relative rankings with respect
to wilt tolerance are discussed in the section on host-plant resistance. Several conditions may
lower the EIL: for example, if more virulent mint strains are identified, if mint is grown in the
presence of root lesion nematode (Faulkner et al., 1970; Johnson and Santo, 2001), or if other
stresses occur such as application of certain herbicides (Santo and Wilson, 1990).

Soil Sampling, Strain Identification, and Crop Monitoring. Prior to planting mint, field soils
should be sampled to gauge Verticillium levels and, if detected, determine if the strains
involved are pathogenic to mint.

Once a mint field is established, visual monitoring techniques can help identify the presence
of wilt symptoms and their severity. Such information assists mint growers in deciding
when to rotate and whether a field should be used for rootstock. Another important aspect
of monitoring is to track field history; such records are useful for planning future mint
plantations.

Verticillium levels in soil are estimated by collecting samples with a soil probe or clam
shovel, followed by plating the dried and pulverized soil onto selective culture media. Crowe
et al. (2000) evaluated three such methods: the Anderson air sampler, wet sieving, and the
Harris method; the latter is the most reliable. Although results of soil sampling can be quite
variable, such information may prevent growers from planting into the most severely infected
mint fields.

Determining the aggressiveness of a Verticillium strain usually involves a living-plant
bioassay. Three such methods have been evaluated in mint. In the first method, rooted
mint plants are dipped into aqueous suspensions of conidia, then planted into small pots.
This method results in the fastest symptom expression, usually 2 to 3 weeks. The second
method involves injecting conidia directly into mint stems. This method may be less reliable
because more plants escape infection, and because resistance mechanisms located in mint root
are bypassed (Mathre et al., 1999). However, such methods may be useful under some
circumstances. For instance, Crowe (1991) showed that direct injection of Verticillium col-
onies from selective media into peppermint stems was effective at distinguishing between
potato- and mint-aggressive strains. A third method involves inoculating MS into containers
of established mint. Although this method more closely represents natural conditions, it takes
longer for symptoms to appear.

Other Verticillium strain bioassays do not involve living plants. Douhan and Johnson (2001)
have separated mint-aggressive and mint-benign strains by placing them into vegetative
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compatibility groups (VCG). Theoretically, only closely related strains can fuse, or
anastomose, to form heterokayons. More research is needed to determine whether or not
virulent mint strains could be found in VCGs thought to contain only nonmint strains. In
the future, perhaps genetic methods also may be used to distinguish among strains
(Tjamos, 2000).

Management. Unless peppermint and spearmint varieties completely immune to Verticil-
lium are developed, the best management approach is likely to be a combination of soil
fumigation, cultural practices, and host plant resistance. Although conventional fungicides
have not proven effective against wilt under field conditions, novel ones should be evaluated
as they become available.

Prevention. Preventing the introduction of Verticillium into mint fields is a key manage-
ment tactic (Horner, 1955; Green, 1963). Low to moderate wilt levels may be managed by
preplant soil fumigation (MacSwan and Horner, 1965; Koepsell and Horner, 1975), although
the high cost of this practice may only be justified in fields to be planted with rootstock.

Planting clean rootstock is essential because once wilt becomes established, inoculum levels
may decline very slowly; the actual rate of decline may depend on the plant species grown,
biological activity of the soil, and soil type. For instance, MS decline more slowly in sandy-
loam soils than in silt-loam soils (Green, 1980). After planting, avoid introducing wilt by
other means such as in contaminated water supplies or on farm equipment. Procedures used
to sanitize equipment must be practical, however, or else they will not be adopted. The same
can be said with regard to sanitizing footwear used by field workers.

Despite best efforts at avoidance, Verticillium is likely to occur in most peppermint and
Scotch spearmint fields, especially the more times they were previously planted to mint or the
longer they remain in production. Once Verticillium is identified in a mint plantation,
practical methods can help contain the disease and reduce inoculum levels. One of the best
ways to prevent spreading Verticillium throughout established mint fields is to avoid practices
that involve tillage, which accelerates the release of MS from dead mint stems back into the
soil (Crowe, 1996).

Propane flaming mint fields after harvest can effectively reduce the rate of inoculum
increase (Horner and Dooley, 1965; McIntyre and Horner, 1973; Crowe, 1996), especially if
wilt levels are low to begin with. A propane flamer traveling at one mile per hour (1.6 km/h)
with a gas pressure of 35 psi (2.4 atmos or 241 kPa) nearly eliminates the fungus from peppermint
stems. At 2.0 mph (3.2 km/h), wilt levels are reduced 80% to 89%, depending on whether or
not the soil is wet or dry, respectively. The mortality of Verticillium in stems decreases rapidly
at flamer speeds greater than 2.0 mph. Flaming is expensive, however. In addition, because
this method results in unacceptable mint injury in cooler growing regions and increases the
severity of spider mites, it may not be a practical management tool for the future.

Host Plant Resistance or Tolerance. The mechanism of Verticillium resistance or tolerance
in mint may reside in the root system where the spread of infection from roots to the vascular
system is reduced (Crowe, 1991; Mathre et al., 1999). Verticillium may produce less inoculum
in resistant mint species and/or varieties (Crowe, 1998; Johnson and Douhan, 1997), increas-
ing the time required to reach damaging levels.

Native spearmint is considered to be the most wilt-tolerant of commercial peppermint and
spearmint species, but it is not immune. Even though symptoms were mild or absent, Crowe
(1998) found that mint-aggressive wilt strains reduced native spearmint hay and oil yields
by 10%. More importantly, another wilt strain isolated from California strawberry fields
produced even greater symptoms on Native spearmint than did an aggressive peppermint
strain (Crowe, 1998). Scotch spearmint is more susceptible to wilt than Native spearmint, and
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Black Mitcham peppermint is considered the most susceptible of all commercial U.S. pep-
permint and spearmint cultivars (Johnson, 1991).

To increase Verticillium resistance in peppermint, Dr. Merrit Murray, an A.M. Todd
geneticist, implemented a mutation-breeding program in the 1960s. This program led to the
release of two wilt-resistant peppermint cultivars, Todd’s Mitcham and Murray Mitcham
(Murray, 1969; Murray and Todd, 1972), which allowed peppermint to be produced in
regions where it otherwise could not grow.

When challenged with the same inoculum level, laboratory bioassays by Crowe (1999)
showed similar wilt susceptibilities among Black, Murray, or Todd’s Mitcham (Crowe, 1998).
But more MS, followed by rapid stand decline, were observed after year two in field plots of
Black Mitcham compared with Murray or Todd’s Mitcham. Other studies confirm that the
rate of inoculum increase is highest in plots of Black Mitcham compared with more wilt-
resistant mints. Johnson and Douhan (1998) inoculated three different mints with Verticil-
lium under greenhouse conditions, and in just 8 weeks Black Mitcham exhibited significantly
more colony-forming units (CFU) per centimeter of stem than either Roberts Mitcham
peppermint or Native spearmint: 1002, 542, and 0 CFUs/cm of stem, respectively. Another
study from western Oregon showed a similar rapid trend in Black Mitcham decline; Gingrich
and Mellbye (1999) observed that field plots of Black Mitcham exhibited significantly more
wilt strikes during the first year of production than plots containing more wilt-resistant
peppermint varieties.

Although Murray Mitcham and Todd’s Mitcham allowed for continued peppermint pro-
duction in areas with low to moderate wilt (Lacy et al., 1981), these varieties were not immune
and higher levels of resistance were desired. To address this need, Roberts Mitcham, M83-7
and B90-9 were developed through another mutation-breeding program in the late 1970s and
early 1980s. These cultivars were evaluated against Black Mitcham, Murray Mitcham, and
Todd’s Mitcham from 1994 through 2003 at university experiment stations throughout the
major U.S. mint-growing regions.

In studies where Verticillium was not introduced, Black Mitcham almost always yielded
more oil than the wilt-resistant cultivars; the exception was B90-9, which yielded as well or
better than Black Mitcham. In studies where Vertcillium was introduced into field plots prior
to planting, resistant cultivars usually yielded as well or better than Black Mitcham, especially
after the first year of production. In most instances, significant differences were not detected
among the wilt-resistant cultivars with respect to oil yield and wilt severity. Although variety
B90-9 yielded significantly more oil than the other wilt-resistant peppermints in one study
from central Oregon (Crowe, 2001) and in another study from the Midwest (Green, 2001), it
did not outperform the other wilt-resistant cultivars in field experiments conducted in
Washington, western Oregon, Montana, and Idaho. In fact, B90-9 was completely overcome
by wilt during the second growing season in western Oregon (Mellbye and Gingrich, 2002)
and after the third growing season in the Midwest (Green, 2002a).

Crop Rotation. Peppermint and Scotch spearmint should be rotated to another crop every
3 to 5 years even if the field continues to yield well and wilt symptoms are not detected. If such
a program is followed, a field may be planted back to mint in 3 to 5 years (Koepsell and
Horner, 1975). This may not be long enough, however, if initial inoculum levels are high or if
crops are planted that serve as maintenance hosts for this disease. In such situations,
Verticillium levels may remain constant or even increase (Lacy and Horner, 1966; Davis
et al., 2000).

A nonmint crop was once thought to be a good rotation for reducing Verticillium if
symptoms did not occur or if the fungus failed to colonize its vascular system. This may
not be the case, however, because wilt levels are maintained or increased in the rhizosphere of
some plant species considered to be Verticillium resistant or immuned (Lacy and Horner,
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1966; Douhan and Johnson, 2001), including barley, buckwheat, oats, wheat, peas, and sugar
beets (Davis et al., 2000). Good rotational crops to combat Verticillium may include alfalfa,
broccoli, corn, onion, and Sudan grass because these crops do not support appreciable
increases in Verticillium levels (Nelson, 1950; McCain et al., 1981; Davis et al., 2000). Broccoli
is a poor Verticillium host and also an effective green manure, acting in a similar way to
commercial fumigants. In studies where broccoli was grown prior to planting mint, levels of
MS were reduced substantially but not low enough in one year to prevent mint injury
(Powelson et al., 1999). Effective weed control is also important in Verticillium management
because many weed species can harbor this disease (McCain et al., 1981).

Biological Control. Naturally occurring biological control can reduce Verticillium levels in
the soil, but just how this occurs and which organisms are involved is not always well
understood (Nelson, 1950; Tjamos et al., 2000). Several natural enemies show promise against
V. dahliae under tightly controlled conditions, but efforts to use them effectively in commer-
cial mint plantings have not been successful. When Green (personal communication) inocu-
lated mint roots with V. tricorpus to cross-protect against V. dahliae, newly formed mint roots
were not protected. Melouk and Horner (1975) showed that cross-protecting mint roots against
V. dahliae by first inoculating with V. nigrescens provided good protection. However, cross-
protection was not effective enough when roots were inoculated with V. nigrescens at the same
time or after infection by V. dahliae.

3.3.7.6.2 Rust

Over 5000 species of rust infect many plant species worldwide (Agrios, 1997). Mint rust
(Puccinia menthae) infects only plants in the mint family (Horner, 1955; Pschiedt and Ocamb,
2004), and 11 races have been identified that may affect peppermint and spearmint differently
(Johnson, 1995). Rust isolates from Native spearmint are unable to infect peppermint, and
peppermint isolates are unable to infect Native spearmint. Isolates from both Native spearmint
and peppermint infect Scotch spearmint, although the peppermint isolates develop more slowly
on Scotch spearmint than those from Native spearmint (Pschiedt and Ocamb, 2004).

Peppermint rust is prevalent throughout western Oregon, western Washington, and
Montana, but occurs only occasionally and at very low levels in arid regions of Washington,
Oregon, and Idaho. Peppermint rust does not survive well at temperatures above 90°F
(32.2°C) (Horner, 1955). In more recent studies, Johnson and Douhan (2000) showed that
temperatures at or above 82°F (27.8°C) increased the latent period of peppermint rust and
prevented germination and growth of urideal spores. The authors believe these factors are
responsible for the low incidence of peppermint rust in south-central Washington. For
unknown reasons, peppermint rust is not a problem in the more humid Midwest (Lacy
et al., 1981). Spearmint rust appears more tolerant of high temperatures and routinely occurs
throughout all U.S. spearmint growing regions. Research into rust-resistant peppermint
cultivars was conducted in the early 1950s, but for unknown reasons this work was discon-
tinued (Horner, 1955; Roberts and Horner, 1981).

Mint rust overwinters mostly as a teliospore. However, in temperate regions such as
western Oregon, rust can also overwinter as urideal spores on mint leaves during mild years
when leaves are not killed by cold temperatures. There are several other spore stages that
occur during the winter and early spring (Horner, 1955). A yellow spore stage is released from
reddish blisters found on mint stems located near the soil surface. Yellow spores infect mint
leaves and give rise to brown urideal spores, which cycle repeatedly throughout the growing
season. Urideal spores are dispersed by wind and can infect mint fields some distance away.

Mint Injury and Management. Left unchecked, mint rust can cause complete defoliation
(Horner, 1955; Lacy et al., 1981). Clean plowing to a depth of 3 to 4 in. (ca. 7.5 to 10 cm) is
effective against all mint rusts because buried spores are not infective (Maloy and Skotland,
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1969; Lacy et al., 1981). Propane flaming mature peppermint fields in spring is effective at
controlling rust in western Oregon (Roberts and Horner, 1981), although flaming newly
established fields can result in severe injury. Peppermint is flamed when the majority of
reddish blisters are above the soil surface. In western Oregon this usually occurs about mid-
April. Effective flamer speeds are 2.5 to 3.0 mph (4.0 to 4.8) at 35 to 40 psi (241 to 276 kPa).
Mint growers in western Oregon often flame their fields twice in the spring, about 1 week
apart. Spring flaming spearmint is considered to be ineffective because spearmint rust is
systemic, leading to reinfection of new growth after flaming.

Some peppermint growers use desiccants to remove rust-infected mint foliage. Although
desiccants such as phos-acid (17.5 gallons/acre) (ca. 160 L/ha) are effective at reducing rust
outbreaks, spider mites are not controlled by this practice (Fairchild and Morris, 1989). When
flaming or using desiccants, it is important to destroy volunteer mint growing around field
margins to prevent reinfection.

The fungicides azoxystrobin (Quadris at 6.2 to 15.4 fl Oz/acre) (447 to 1082 mL/ha),
myclobutanil (Rally 40W at 4.0 to 5.0 fl Oz/acre) (289 to 361 mL/ha), and propiconazole
(Tilt 4.0 and 8.0EC fl Oz/acre) (289 and 577 mL /ha) are all effective at controlling mint rust.
Control is less effective if fields are treated after severe outbreaks occur. Other fungicides also
have been evaluated. Slabaugh et al. (2001) showed that the biofungicides Sonata WP and
Seranade WP (Bacillus subtilis, strain QST 713) controlled peppermint rust in western
Oregon.

3.3.7.6.3 Powdery Mildew

Powdery mildews (PM) are white to gray fungi that are among the most common plant
diseases worldwide (Agrios, 1997). Although Erysiphe cichoracearum is thought to be the
species infecting peppermint and spearmint, this needs to be verified (Grey et al., 1995).
Correctly identifying which mildew species infect mint can influence management decisions;
for example, which variety to plant and how it should be maintained. Long-range PM dispersal
is by aerial spores whereas short-range dispersal may occur by splashing water droplets.

PM is known to increase mint leaf loss and reduce winter survival (Pschiedt and Ocamb,
2004). Scotch spearmint is the most susceptible commercial mint species, whereas Native
spearmint is the least susceptible (Grey et al., 1996). Of the peppermints, Black Mitcham is the
most susceptible to PM, while Murray Mitcham, Robert’s Mitcham, Todd’s Mitcham, and
MS83-7 are about equal in their susceptibility (Grey et al., 1995). Meristemed peppermint is
more susceptible than nonmeristemed (Welty and Prestbye, 1994).

PM can be effectively managed in mint with fungicides. Crowe and Butler (1996) showed
that sulfur (Microthiol at 5.0 1b product/acre) (5.54 kg/ha), propiconazole (Tilt 4.8EC at 6.0
fl Oz/acre) (433 mL/ha), mycobutanil (Rally 40W at 5.0 fl Oz/acre) (361 mL/ha), and
chlorothalonil (Bravo 720 at 1.5 pints/acre) (ca. 1.75 L/ha) were all effective against pow-
dery mildew on peppermint in central Oregon. Another fungicide, azoxystrobin (Quadris at
6.2 to 15.4 f1 Oz/acre) (183 to 455 mL/ha), is also effective against PM (Pschiedt and Ocamb,
2004). The ability of fungicides to cure some PM outbreaks on peppermint suggests that an
AT could be determined.

3.3.7.6.4 General Stolon Root Rot

Several fungi including Fusarium solani and Rhizoctonia solani injure mint through stem and
stolon decay (Green, 1961; Pschiedt and Ocamb, 2004). Horner (1971) reported that another
fungus, Phoma strasseri, attacked mint stems and rhizomes causing a blackened appearance.
Phoma also infects Scotch spearmint grown under sprinkler irrigation in Washington
(Johnson and Miliczky, 1990). The white mold fungus, Sclerotina sclerotium, was linked to
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severe winter kill of Scotch spearmint in south-central Washington (Skotland, personal
communication) and has been observed elsewhere at low levels on peppermint. Anthracnose
or Leopard spot (Sphaceloma menthae) is another disease that occasionally occurs on pep-
permint in Indiana (Lacy et al., 1981).

Root rots are most active during winter and spring, especially if fields are overirrigated or if
standing water is an issue. Reducing mechanical and pest-related injury can help manage
these diseases (Horner, 1955). Using clean soil and sanitizing cutting implements used during
greenhouse rootstock operations is a good way to avoid infection by Phoma strasseri (Horner,
1971). The fungicide azoxystrobin (Quadris at 6.2 to 15.4 fl Oz/acre) (183 to 455 mL /ha) has
activity on Rhizoctonia (Pschiedt and Ocamb, 2004).

3.3.7.6.5 Viruses

The impatiens necrotic spot virus (INSV) and the tomato spotted wilt virus (TSWV) can
damage peppermint under greenhouse conditions (Sether et al., 1991). Although symptoms
may persist when infected mint is planted to the field, they soon disappear and the diseases
may be self-eliminating (Allen, 1991). Mint propagators can reduce the threat of virus
outbreaks by having plants virus tested, sanitizing equipment, and controlling thrips in the
greenhouse (DeAngelis et al., 1994). Other potentially damaging viruses also may infect mint
and require further evaluation.

3.3.7.7 Mollusks

The mollusks are a group of interesting organisms that include the clams, octopuses, snails,
and slugs. The gray field slug, Deroceras reticulatum, is the most economically important
species to agriculture in the Pacific Northwest (Fisher and Heim, 2004). Whether or not this is
the predominant species infesting mint is not known.

Slugs are hermaphrodites so all individuals are capable of laying eggs. Most eggs are laid in
late summer to early fall during humid conditions. The gray field slug may lay another clutch
of eggs in spring. Most eggs hatch in about 2 weeks, but eggs laid in the fall may overwinter.
Slugs feed mostly at night, remaining concealed during the day to avoid desiccation. Little
feeding occurs during high or low temperature extremes.

Slugs feed on peppermint and spearmint in all major mint-growing regions. Their economic
importance to mint is not well understood, but it may be more than realized. Because of
frequent irrigation, mint fields provide an ideal environment for slugs, and very high numbers
were detected while sampling at night for RWs with a sweep net (Morris, unpublished data).
Slugs may be sampled by examining mint foliage at night with a flashlight or with a sweep net,
although the latter can be quite messy. Slugs also may be sampled by placing a piece of
plywood on the soil surface and counting the number of slugs found underneath (Fisher and
Heim, 2004).

The effect of natural enemies on slug populations in mint is not known. When Berry and
Crowe (1996) tested two species of entomopathogenic nematodes—Heterorhabditis marelatus
and Stienernema oregonensis—against gray garden slug eggs and juveniles, applied rates of
two- or four-billion IJs/acre (4.9 or 9.9 billion/ha) were ineffective. The commercial slug bait
Deadline (metaldehyde 0.4 to 1.6 1b ai/acre) (467 to 1283 g/ha) is labeled for use on mint, but
its economic benefits have not been evaluated.

3.3.7.8 Plant Parasitic Nematodes

Nematodes are a diverse group of unsegmented roundworms that include beneficial predators
of arthropod pests (Dropkin, 1989) as well as several species that injure mint and must be
managed. Nematodes feed on mint roots, reducing vigor, lowering oil yields, and reducing
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winter survival (Santo and Wilson, 1991; Ingham and Merrifield, 1996). Nematodes also
interact with other pests such as Verticillium wilt to cause even greater injury than would
occur in the presence of either pest alone (Johnson and Santo, 2001). Damage caused by root-
rotting pathogens such as Rhizoctonia and Fusarium is greatest when entrance wounds are
provided by nematodes or soil arthropods (Horner, 1955).

The root lesion nematode Pratylenchus penetrans is considered to be the most important
nematode pest of mint, capable of reducing foliage by 46%, root mass by 86% (Bergeson and
Green, 1979), and oil yields by 95% (Pinkerton et al., 1988). Damage caused by P. penetrans is
most severe when mint is grown in sandy soils (Pinkerton, 1983). This species is a migratory
endoparasite that spends most of its life inside the roots of host plants including cereals,
vegetables, and mint. Ingham and Merrifield (1996) show that for each incremental increase
of 290 to 570 P. penetrans per quart of soil, or 45 to 165/g of fresh root, 1 Ib (ca. 450 g) of oil is
lost for stressed and vigorous peppermint, respectively. This injury level may need to be
reduced to account for additional injury that may result during extremely cold temperatures
(Santo and Wilson, 1991). Other nematode species known to injure mint include the needle
nematode, Longidorus sylphus (Horner, 1955); pin nematode, Paratylenchus spp. (Ingham and
Merrifield, 1996); Northern root knot nematode, Meloidogyne hapla (Santo et al., 1986); and
stubby root nematode, Trichodorus spp. (Ingham and Merrifield, 1996).

3.3.7.8.1 Crop Monitoring

Nematode population levels are estimated from soil and mint roots by extraction methods
selected based on biology and mobility (Dropkin, 1989). Sampling for root lesion nematodes
is best done in spring or late summer while populations are at their peak (Ingham and
Merrifield, 1996). P. penetrans is a migratory endoparasite, so it is important to sample
mint roots; this species may go undetected with soil sampling alone. Other less damaging
lesion species may be detected in soil but not in roots. Soil sampling for pin nematode in late
summer is effective for estimating populations of this ectoparasite, and soil samples for two
other ectoparasites, Longidorus and Trichodorus, may be taken in either early spring or late
summer.

3.3.7.8.2 Cultural and Biological Control

Planting clean, vigorous rootstock, and sanitizing farm equipment are two important nema-
tode management tactics. Because most nematode species that infect mint have a wide host
range, avoiding them in new mint plantings is difficult. Rotating out of mint before plant
vigor deteriorates is another effective management tactic.

Although many natural enemies feed on plant parasitic nematodes, their impact on nema-
tode mint pests is not known. Commercial formulations of entomopathogenic nematodes
have been evaluated against lesion nematode in mint. Ingham and Berry (1995) showed that a
rate of 6 billion IJs/acre failed to reduce P. penetrans populations in one field study. In
another study, Santo et al. (1999) showed that adding entomopathogenic nematodes 2 weeks
prior to the addition of P. penetrans reduced lesion nematodes by more than 72%. The
improved control was attributed to the lethal toxins released by entomopathogenic nema-
todes following their death. However, when entomopathogenic nematodes were applied at the
same time as P. penetrans, populations were not reduced.

3.3.7.8.3 Pesticide Strategy

Preplant soil fumigation is an effective nematode control tactic. Applying low rates of
fumigants such as metham-sodium to established mint fields should be avoided; however,
because severe phytotoxicity can occur (Santo and Wilson, 1998). Oxamyl is currently the
only nematicide labeled for use on mint in the U.S. Although oxamyl (1.0 to 3.0 1b ai/acre)
(1.1 to 3.3 kg/ha) may reduce P. penetrans in sandy soils, it is much less effective against this
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species when applied to heavier soil types (Bergeson and Green, 1979; Pinkerton et al., 1988).
However, oxamyl may not work well against lesion nematode in the presence of Verticillium
wilt. Oxamyl is very effective against the needle nematode (Longidorus sylphus) in western
Oregon (Pinkerton and Jensen, 1983). Because oxamyl is expensive, more effort is needed to
quantify its economic benefits to mint against a wider range of nematode pests and field
conditions.

3.3.7.9 Weed Management

Weed management is among the most important aspects of commercial mint production
(Green, 1961; Stanger, 1977; Lacy et al., 1981; Brewster and Appleby, 1985). Not only can
weeds reduce mint oil yields by competing for light, water, nutrients, and space, they also can
reduce mint oil quality (Green, 1961; Martin et al., 1976). Examples of important weeds that
impart off odors to mint oil include groundsel (Senecio vulgaris), lambsquarters (Chenopo-
dium album), kochia (Kochia scoparia), mustards (Brassicaceae), nightshades (Solanacea),
prickley lettuce (Latuca serriola), redroot pigweed (Amaranthus retroflexus), Russian thistle
(Salsola iberica), and salsify (Tragopogon porrifolius) (Colquhoun et al., 2001). Although
weedy grass species impart off odors to mint oils less often than do broadleaf weeds, they
can reduce the quality of mint oil color. Weeds also can negatively impact mint production by
harboring mint pests. For example, many weed species are hosts to Verticillium wilt, possibly
preventing the reduction of wilt inoculum to manageable levels (McCain et al., 1981).

3.3.7.9.1 Crop Monitoring and Cultural Control

Knowledge gained by monitoring weed germination, size, and species can assist farm man-
agers in selecting the most appropriate weed control strategy. Monitoring mint fields for
actively growing weeds can be done along with sampling for arthropods, plant nutrients, and
nematodes.

Several cultural practices are effective at managing weeds in mint. Preventing the intro-
duction of weeds in rootstock, farm equipment, and irrigation is especially necessary for
noxious species that are difficult to control or not presently found in a particular geographical
region, including Canada thistle (Cirsium arvense), creeping buttercup (Ranunculus repens),
and field bindweed (Convolvulus arvensis).

Although tillage is effective against some weed species (Talkington and Berry, 1983), fewer
acres are tilled today because of Verticillium wilt and soil erosion. Hand hoeing mint fields is
also effective at removing the few weeds remaining after herbicide applications, but this
practice alone is not practical for a conventional mint oil production program. An exception
could be the organically produced mint oil where customers are willing to pay much more for
the oil. Cost estimates for hand weeding a mint field may exceed $1500/acre, compared with
under $200 for a judicious herbicide program.

Rotating out of mint every 3 to 5 years may allow for the use of different herbicides that
more effectively control some problem weeds and may also slow the development of herbicide
resistance. Several herbicide-resistant weed populations have been identified in mint including
bromoxynil and terbacil-resistant groundsel, and terbacil-resistant pigweed and lambsquar-
ters (Heap, personal communication; William et al., 2004). The highest incidence of herbicide
resistance occurs in regions with a history of growing mint in the same field for 10 years
or more.

3.3.7.9.2 Biological Control

Biological control is rarely effective at controlling weeds in mint. An interesting exception is
the Colorado potato beetle (Leptinotarsa decemlineata), which occasionally eliminates volun-
teer potato in established mint fields. Another example is the painted lady butterfly. This
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species is usually seen in mint fields feeding on Canada thistle; however, mint injury can occur
during years when populations are very high.

The U.S. Mint Industry has sponsored research into biological control of field bindweed in
mint. In this study, Kassim et al. (1998) released a bud mite (Aceria malherbae) and a noctuid
moth (Tyta luctuosa) into mint plots in south-central Washington. Although both species
established at low levels, they were not effective enough to control bindweed. Such a program
may be effective, however, at reducing bindweed populations outside of mint fields, thereby
reducing their dispersal into mint.

Another kind of biological weed control is the use of farm animals. Weeder geese, sheep
and goats were used in mint for many years to control weeds before effective herbicides were
labeled. However, the use of such animals is usually not cost effective in conventional mint
plantings due to the labor required to fence the animals, move them from place to place, and
prevent them from excessively feeding or trampling on mint.

3.3.7.9.3 Herbicide Strategy during the Dormant Season

Once mint enters dormancy, the preemergence herbicides clomazone, diuron, oxyflurfen,
pendimethalin, trifluralin, and sulfentrazone may be applied safely to control germinating
annual and perennial weeds (Colquhoun et al., 2001). Because herbicide efficacy and crop
safety can depend on factors such as climate, agricultural practices, soil conditions, and stand
vigor, the label should be consulted carefully for important restrictions and caveats. For
example, to avoid mint injury, diuron should not be applied if soil organic matter is below one
percent. To improve efficacy and crop safety, dormant-season herbicides are best applied
from mid-December through early February, instead of late February through March.
Because different herbicides vary in their weed-control spectrum, they are often tank mixed
together. For example, clomazone is more effective against grassy weeds, whereas sulfentra-
zone is better against some broadleaf weeds. Extensive testing of tank-mix combinations
should be conducted, however, to avoid harmful synergistic effects.

Two other herbicides, terbacil and paraquat, are used extensively during the dormant
season. Terbacil, arguably the most important herbicide ever labeled for use on mint, can
be applied safely to both dormant and actively growing mint. It controls many broad-
leaf and grassy weeds and has both pre- and postemergence activity. The major cause of
control failures associated with terbacil is lack of moisture following application. Paraquat is
usually tank mixed with preemergence herbicides to burn down weeds throughout the
dormant season.

3.3.7.9.4 Herbicide Strategy during the Growing Season

A new weed flush occurs around the time mint breaks dormancy. Herbicides effective
against broadleaf weeds in actively growing mint include bentazon, bromoxynil, clopyralid,
pyridate, and terbacil. Broadleaf weeds usually are controlled more easily when they are
small and actively growing. An exception is Canada thistle, where clopyralid should be
applied at the 1-ft (ca. 30 cm) stage, while bentazon is more efficacious when applied at the
flowering stage.

Herbicides that effectively control many grassy weeds in mint include clethodim, quizalo-
fop, sethoxydim, and terbacil. Terbacil is often applied as a tank mix with other broadleaf and
grass herbicides to enhance their activity and provide residual weed control. To avoid severe
mint injury, applications of terbacil should not be applied within thirty days of the insecticide
fonofos. Herbicides that are safe to use during the growing season are as safe or safer to use
after final harvest in late summer and fall.
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3.3.8 HARvVEST

When to harvest is one of the mint grower’s most important decisions. Many factors
influence harvest timing, including oil yield and quality, stand age, crop maturity, climate,
length of the growing season, and whether the crop is to be harvested once or twice during the
season.

Depending on temperature, wind speed, soil moisture, and other factors, irrigation should
cease 1 to 5 days prior to harvest. The crop should not become overly dry prior to swathing or
oil quality and crop vigor may suffer. Mint is first swathed into windrows and allowed to cure
for 1 to 3 days. Following the curing process, windrows are chopped into 2-in. pieces with a
forage chopper (Lacy et al., 1981). The windrow should not be too moist or too dry prior to
chopping or poor oil extraction or leaf shatter may occur, respectively.

The ideal time to harvest mint is when oil yield and oil quality are at their peak. Because
these two criteria rarely coincide, compromise is necessary. This is especially true for pepper-
mint, whose oil quality varies considerably more than spearmint as harvest time approaches.
For peppermint, desirable oil quality includes menthol levels above 50%, and menthofuran
and pulegone levels below 4% and 2%, respectively. High-quality spearmint oil contains
carvone above 60%.

Because maturation is delayed during the first year of production, new peppermint fields
are often harvested toward the later part of August to early September for optimal yield. In
new stands, harvesting at this relatively late date does not affect oil quality, as is the case for
mature single-cut stands.

Mature peppermint stands to be single-cut are harvested at about 10% bloom, which occurs
in early to mid-August. Although oil yields tend to increase as flower bloom reaches 50% or
more (Hee and Jackson, 1973), menthofuran also increases, largely because peppermint
flowers contain high levels of this compound. (Abundant flower bloom usually does not
reduce spearmint oil quality.) Peppermint oil obtained by harvesting in late September or
October is considered overmature. At this point, while menthol levels approach 60% and
menthofuran has decreased, oil yields also drop dramatically. We love over-mature pepper-
mint quality, but very low oil yields and other late-harvest perils make it impractically
expensive to produce.

Mint fields harvested too late in the season suffer significant yield losses through oil
catabolism (Croteau, 1988) and also can be damaged by fall rains. Late harvest also can
lead to reduced oil quality because heavy dew accumulating on windrows imparts a musty
odor to the oil. Finally, reduced winter survival may result from late harvest because root
reserves are not replenished (Mitchell et al., 1998).

Although spearmint has long been harvested twice a season in regions with long growing
seasons such as south-central Washington, more peppermint fields are also now double-cut to
reduce cost. This practice has modified the concept of what constitutes desirable peppermint
oil. Clark and Menary (1980b, 1984) observed significant changes in oil composition between
the first and second cuts, with second cuts having higher levels of menthol, menthyl acetate,
menthofuran, and limonene and lower levels of menthone and cineole. This second harvest
may compensate somewhat for the immature oil qualities of the first cut. Studies on pepper-
mint by Schneider (unpublished data) showed that harvesting the first cut in early July was
preferable to harvesting in mid-July because higher oil yields were obtained in the second cut,
and oil from the second harvest was higher in menthol. However, if temperatures approach or
exceed 100°F (37.8°C) in mid-July, excessive heat stress can reduce regrowth following the
first harvest, resulting in even lower oil yields during the second harvest. Winter survival is
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also more precarious for a double-cut crop, especially when grown on sandy soils in colder
growing regions.

3.4 SUMMARY AND CONCLUSIONS

Peppermint and spearmint growers in the U.S. are facing an uncertain future. Businesses that
traditionally relied on U.S. peppermint and spearmint oils are presently under pressure to
reduce their raw material costs. This urgency has been passed on to the U.S. farmer, who
must now compete not only with foreign producers of these two crops, but also against lower
cost formulations composed of less-expensive mint oils. This is a difficult task considering
that production costs are increasing, especially those tied to petrochemicals, electric power,
water, and labor.

Mint farmers in the U.S. cannot compete with peppermint and spearmint farmers from
developing countries on a labor-cost basis alone. If the U.S. Mint Industry is to prosper, it
must continue to implement safe and effective agricultural technologies, adopt sound business
practices, and solve important production problems such as Verticillium wilt.
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4.1 INTRODUCTION

Many kinds of mints, Mentha species, grow wild in different parts of India and continue to be
used widely as the traditional items of culinary or salad and herbal medicine. The commercial
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FIGURE 4.1 A crop of cornmint in the middle of its growing phase, in a field in the Indo-Gangetic plains.

cultivation of mints as a source of essential oils is a relatively recent development (Figure 4.1).
Because of the suitability of Indian agroclimates and soils for mint cultivation as an annual
crop, India has become the major supplier of certain mint oil(s) to the international market.

Cornmint, Mentha canadensis (ex. M. arvensis), was the first industrial mint to be intro-
duced into cultivation in India. In the early 1980s, the then Drug Research Laboratory
located at Jammu found the available genetic resource(s) of cornmint to be highly adaptable
to the semitemperate to subtropical agroclimate(s) of several selected sites in the Himalayan
foothills (Terai) region. The Pantnagar field station of the Central Indian Medicinal Plants
Organization (CIMPO), now called Central Institute of Medicinal and Aromatic Plants
(CIMAP), with its headquarters at Lucknow (set up in 1963), was responsible for the initial
work on the development of appropriate mint agrotechnology and spread of the same among
the farmers of the Terai area (Gulati and Duhan, 1971).

Because of the R&D work done at the CIMAP field station at Pantnagar, with the
cooperation of various agencies of the Government of India, and participation of industry,
entrepreneurs, and farmers, mint cultivation got entrenched in the Himalayan Terai region by
the 1970s. Later, CIMAP further intensified its R&D efforts in mint production and cornmint
became a much-investigated plant in its laboratories in Pantnagar and Lucknow (Tyagi et al.,
1992; Khanuja et al., 1998, 2000; Kukreja et al., 2000; Patra et al., 2000b, 2001c,d). Due to all-
round progressive efforts, in the late 1990s, India was able to produce about 75% of the
international requirement for cornmint oil. In the meantime, CIMAP had developed and
introduced among farmers the cultivation protocols for other commercial mints, including
M. spicata, M. piperita, M. gracilis (ex. M. cardiaca), and a clone of M. spicata (ex. M. spicata
var. viridis) (Misra et al., 2000; Srivastava et al., 2002; Singh et al., 2002). However, cornmint
remains the principal cultivated mint of India.

4.2 GEOGRAPHICAL AREAS OF MINT CULTIVATION

The geographical areas of India, where all the rice, wheat, potato, and sugarcane crops can
be cultivated, are suitable for mint farming also (Figure 4.2). Much of this area falls in the
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FIGURE 4.2 The geographical area in the Indo-Gangetic plains where mints are under intensive
cultivation in India.

Indo-Gangetic plains, located immediately south of the Himalayas. This area is characterized
by sandy, sandy-loam, loam, clay—loam, and clayey soils and a subtropical agroclimate. There
is ample supply of irrigation water in the region. The winter season spans October or
November to March or April; it is mild and temperatures vary from 2°C to 33°C. The summer
season from April to June or July is harsh and temperatures reach up to 45°C. Southwest
monsoon rains are received from July to September.

Cornmint is cultivated over 125,000 to 175,000 ha of land in the Indo-Gangetic plains
region, principally in five pockets. In these centers of cultivation, the traders have set up an
extensive network of oil collection centers of varying sizes for the purchase of cornmint oil
from farmers, to sell to the local value-addition units and for exporting to the international
market. The pockets of intensive mint cultivation are Hoshiarpur, Amritsar, Jalandhar, and
Ludhiana districts in the state of Punjab; Ambala and Yamunanagar districts of the state of
Haryana; Moradabad, Rampur, Bareilly, Badaun, and Basti districts of the northern region
of the state of Uttar Pradesh; Nainital and Udham Singh Nagar districts of Uttaranchal; and
Barabanki, Sitapur, and Lucknow districts of the central region of the state of Uttar Pradesh.
Mint cultivation is likely to spread further in the Indo-Gangetic plains, in the eastern districts
of Uttar Pradesh and in the state of Bihar in the future.

Some of the meteorological parameters of Udham Singh Nagar district at Pantnagar and
Lucknow that represent the two relatively more important of the five pockets are given in
Table 4.1. The pockets in Punjab and Haryana are relatively colder in winter. The agroclimate
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TABLE 4.1

Average Weather Profiles of the Indian City of Lucknow Located at 26.5°N Latitude, 80.5°E
Longitude, and 120 m above Mean Sea Level (MSL) and of Pantnagar Town in Udham Singh
Nagar District Located at 29.0°N Latitude, 79.3°E Longitude, and 244 m MSL in the Indo-
Gangetic Plains, in the 1990s

Lucknow Pantnagar
Temperature (°C) Rainfall Temperature (°C) Rainfall
Month Minimum Maximum (mm) Minimum Maximum (mm)
January 8.3 23.7 18.4 6.3 20.6 62.1
February 11.2 26.2 13.0 8.2 22.8 30.0
March 15.5 32.8 2.2 11.5 28.7 2.3
April 19.8 38.5 6.1 15.8 35.1 13.5
May 26.3 41.4 5.9 27.2 394 14.0
June 28.0 39.6 137.1 25.8 38.0 88.3
July 26.8 35.2 158.0 25.4 32.8 368.7
August 25.8 329 184.4 24.7 31.8 499.3
September 24.4 34.5 99.2 23.1 31.6 126.2
October 18.3 34.6 2.2 17.2 322 10.3
November 12.0 26.5 5.2 10.7 28.0 2.2
December 9.1 26.6 5.1 7.0 23.5 4.0

of the pocket of which Rampur is a part has properties similar to that of Pantnagar. All the
pockets receive rainfall >100 cm, well distributed through the year. Although the areas
identified earlier are responsible for the production of the bulk of the Indian mint oils,
experimental mint cultivation has begun in drier areas located south of the Indo-Gangetic
plains. These include Bharatpur district of the state of Rajasthan, Hoshangabad district in
Madhya Pradesh, and Hyderabad and Vishakapatnam in Andhra Pradesh.

The proportion of land allocated to the three species of mint widely cultivated in India
appears to be cornmint, peppermint, and spearmint is in the ratio of 28:1.2:1. The cultivation of
other species for their essential oils occurs on a much smaller scale; however, M. spicata (ex.
M. spicata var. viridis ) is cultivated on a large scale for use as an item of daily culinary usage.

4.3 GENETIC RESOURCES UNDER CULTIVATION

4.3.1 CuLTIVARS

The genetic resources of cornmint that have been in cultivation at different times in India are
listed in Table 4.2. The cultivars of the various other species of Mentha that are cultivated to
varying extents in India are listed in Table 4.3. The salient features of the respective cultivars
or types are also summarized in Table 4.2 and Table 4.3.

MAS-1 was the first cultivar of cornmint grown on a wide scale. However, the cultivar
Shivalik, which was also extensively grown, remained popular for many years. Both these
were introductions, whereas the new cultivars are a result of breeding programs initiated
within the country. The overall objective of breeding new cultivars and introducing them in
the field was to genetically diversify cornmint cultivation since it was noted that the mono-
culture in the past led to widespread attacks of diseases and pests in the mint growing area.
Hence, the breeding programs are variously enhancing the genetic variability and are using a
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TABLE 4.2

Characteristics and Origins of Cornmint (Mentha canadensis) Cultivars Grown in India

Serial
Number  Cultivar

1 MAS-1

2 Kalka

3 Shivalik
4 Gomti

5 Himalaya
6 Kosi
7 Saksham

Characteristics

Dwarf; bushy shoot; stem less hard, partially magenta-

colored, 6.1-mm thick; leaf-stem ratio 1.2, leaves ovate-
elliptic, thin, green fairly brittle, 6.1 cm? in size; leaf rust
resistant and susceptible to leaf spot and powdery mildew
diseases; less oil yielding with high menthol content (82%
to 86%); suckers thin, white, 19-cm long, low in yield

Medium tall; bushy shoot, stem less hard; largely magenta-

colored, 5.1-mm thick; leaf-stem ratio 1.1; leaves
ovate-elliptic, thin, soft, green, 6 cm?, 8 cm? in size:
resistant to leaf rust, alternaria, and leaf blight diseases;
tolerant to leaf spot and susceptible to powdery mildew
diseases; less oil yielding with high menthol content
(78% to 82%), suckers thin, milky white; 27-cm long,
moderate in yield

Tall; conical shoot; stem thick, woody, largely green,

9.7-mm thick; leaf-stem ratio 0.9; leaves ovate, thick
rough, dark green, 7.7 cm? in size, susceptible to leaf rust,
alternaria leaf blight, and leaf spot diseases and tolerant
to powdery mildew; medium oil yielding with relatively
low menthol content (70% to 74%); suckers thick,
creamish white-top purplish tinged, 29-cm long, moderate
in yield

Tall; conical shoot; stem thick, woody; largely magenta-

colored, 9.1-mm thick; leaf-stem ratio 0.95; leaves ovate,
thick, smooth, dark green, 7.8 cm? in size; susceptible to
leaf rust, alternaria leaf blight, and leaf spot diseases and
tolerant to powdery mildew; medium oil yielding with
relatively low menthol content (70% to 74%); suckers
thick, creamish white, 26-cm long, high in yield

Tall; pyramidal shoot; stem thick, woody, largely magenta-

colored, 7.4-mm thick; leaf-stem ratio 0.95; leaves ovate,
thick, smooth, dark green, 7.8-cm? in size: petioles long;
resistant to leaf rust, alternaria, and leaf blight diseases
and tolerant to leaf spot and powdery mildew; high oil
yielding with medium menthol content (74% to 78%);
suckers thick, creamish white, 26-cm long, high in yield

Tall; dome-shaped bushy shoot; stem hard, largely green,

8.5-mm thick; leaf-stem ratio 1.2; leaves ovate, soft, thick,
yellowish green, 7.2 cm? in size; petioles long; resistant to
leaf rust, alternaria, and leaf blight diseases and tolerant
to leaf spot and powdery mildew; resistance toward white
fly Bemesia tabact; high oil yielding with medium menthol
content (74% to 78%); suckers of medium thickness, off-
white, 31-cm long, high in yield

Tall; big shoot canopy; leaf 10.2 cm? in size, very long

petiole; menthol content of essential oil high (~83%);
other properties like Himalaya

Origin/References

Somatic variant of the
MA-3 accession from
Thailand (Anonymous,
1983; Kumar et al.,
1999a, 2002a,b; Bahl
et al., 2002a,b)

Isolated from the seed
progeny of MA-3 parent
line (Anonymous, 1985b;
Kumar et al., 1999a,
2000; Bahl et al., 2002b)

Introduction from China
(Kumar et al., 1997a,b,
1999a, 2000; Bahl et al.,
2002b)

A seed offspring of Shivalik
(Kumar et al., 1999a,
2000; Bahl et al., 2002a,b)

Hybrid of Gomti and Kalka
(Kumar et al., 1997a,b,
1999a,d, 2000; Bahl et al.,
2002b)

A seed offspring of Kalka
(Kumar, 1998, Kumar
et al., 1999a,c, 2000,
2002b; Bahl et al., 2002b)

Menthol-tolerant
somaclone of Himalaya
(Khanuja et al., 2001a)

continued
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TABLE 4.2 (continued)
Characteristics and Origins of Cornmint (Mentha canadensis) Cultivars Grown in India

Serial

Number  Cultivar Characteristics Origin/References

8 Sambhav  Tall; very big shoot canopy; leaf 10.9 cm? in size; resistant to  Spilarctia obliqua insect-
the insect S. obliqua; other properties like Himalaya resistant somaclone of

Himalaya (Khanuja et al.,
2001c)

9 Damroo  Robust racemose inflorescence of axillary verticillasters, Highly fertile selection from
high seed set; high oil yielding; oil rich in menthol (78%); among seed progeny of
other properties similar to Shivalik Shivalik (Patra et al.,

2001b)

TABLE 4.3

Characteristics and Origins of the Cultivars of Various Other Mentha Species
Grown in India

Serial
Number

1

Cultivar

M. piperita cv. Kukrail

M. piperita cv. Pranjal

M. spicata cv. MSS-5

Characteristics

Medium tall; growth semi-erect; stem medium

hard, amaranth-colored, 4.7-cm thick; leaf—
stem ratio 1.2; leaves ovate, jungle green,
veins amaranth-colored, 7.4 cm? in size;
flowers not observed; essential oil content
in shoot herb 0.5%, oil rich in menthol
(35%) and menthone (39%), medium in

yield

Medium tall; erect; stem red purple, 1.4 cm in

girth; leaf-stem ratio 1.4; leaves yellow
green, ovate, surface rough, 5.8 cm? in size;
tolerant toward Bihar hairy caterpillar;
essential oil content in shoot herb 0.8%; oil
rich in menthol (52%) and menthone (14%);
oil yield high

Medium tall, erect; stem medium hard, largely

green, lower portion magenta-colored, 4.6-
mm thick; leaf—stem ratio 1.0; leaves elliptic
ovate, green, 6.4 cm? in size; inflorescence
raceme of verticillasters, upper cymes
condensed and lower cymes lax, sessile;
flowers white, medium in fertility; resistant
to Bemesia tabaci white fly; essential oil
content in shoot herb (0.55%); oil carvone
rich (65%), medium

in yield

Origin/References

Mutant of a local strain
(Anonymous, 1994;
Bahl et al., 2000)

Mutant of an Indian
accession (Dwivedi
et al., 2001a)

Clonal selection in the
accession MSS
(Anonymous, 1985a;
Bahl et al., 2000)
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TABLE 4.3 (continued)

Characteristics and Origins of the Cultivars of Various Other Mentha Species

Grown in India

Serial

Number Cultivar

4 M. spicata cv. Arka

5 M. spicata cv. Neera

6 M. spicata cv. Neerkalka

7 M. gracilis (as M. cardiaca)
8 M. gracilis cv. Pratik

Characteristics

Medium tall; erect, vigorous; stem hard,

largely green, lower portion magenta-
colored, 4.2-mm thick; leaf-stem ratio 1.1;
leaves elliptic ovate, green, 6.8 cm? in size,
similar to MSS-5, early flowering; B. tabaci-
resistant; essential oil content in shoot herb
(0.6%); oil carvone rich (68%), medium in
yield

Medium tall; growth semi-erect; stem medium

hard, largely green, lower portion light
magenta-colored, 4.1-mm thick; leaf-stem
ratio 1.5; leaves elliptic, green, 4.5 cm? in
size; inflorescence raceme of verticillasters,
cymes condensed, sessile; flowers purplish
white, low fertility; essential oil content in
shoot herb (0.4%); oil carvone rich (58%);
oil yield low; has unique odor and flavor

Medium tall; growth erect, vigorous; stem

hard, hairy, largely green, purple pigmented
at base, 5.5-mm thick; leaf-stem ratio 0.6;
leaves ovate-elliptic, green, 6.9 cm? in size;
inflorescence axillary verticillasters; flowers
pinkish white, fertile; resistant to Bemesia
tabaci white fly; essential oil content in
shoot herb (0.89%); oil rich in carvone
(72%) and limonene (10%); yield of oil
medium

Dwarf; growth semi-erect; stem soft, orchid

purple, 3.8-mm thick; leaf-stem ratio 1.2;
leaves dark green, crinkled, 11.8 cm? in size;
inflorescence terminal condensed raceme of
verticillasters, sessile; flowers white, sterile;
resistant to Bemesia tabaci white fly;
essential oil content in shoot herb (0.35%);
oil carvone rich (65%); oil yield low

Medium tall; growth semi-erect, wide canopy;

stem semihard, dull green, quadrangular, 4-
mm thick; leaf-stem ratio 1.1; leaves dull
green, ovate, serrated, and rough, 10 cm? in
size; essential oil content in shoot herb
(0.8%) oil carvone rich (85%) with 8%
limonene; medium in yield

Origin/References

Clonal selection in the
accession MSS-5
(Anonymous, 1993;
Bahl et al., 2000)

An Indian accession
(Anonymous, 1993;
Bahl et al., 2000)

F, hybrid between
M. canadensis cv.
Kalka and M. spicata
cv. Neera (Bahl et al.,
2000; Patra et al.,
2001c; Kumar et al.,
2001a)

An Indian Himalayan
accession
(Anonymous, 1985a;
Bahl et al., 2000)

Mutant of an Indian
accession (Dwivedi
et al., 2001b)

continued
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TABLE 4.3 (continued)
Characteristics and Origins of the Cultivars of Various Other Mentha Species
Grown in India

Serial
Number Cultivar Characteristics Origin/References
9 M. aquatica var. citrata Medium tall; grown erect, vigorous; stem Clonal selection among

(as M. citrata) cv. Kiran

M. spicata var. viridis
(as M. viridis) cv. Supriya

M. spicata var. viridis
cv. Ganga

hard, hairy, largely green, reddish tinge

at nodes, 8.3-mm thick; leaf-stem ratio 1.5;
leaves ovate; inflorescence axillary
verticillasters, stalked; flowers white, sterile;
resistant to Bemesia tabaci white fly;
essential oil content in shoot herb (0.5%);
oil carvone rich (64%), medium

in yield

Medium tall; growth erect; stem medium

hard, magenta-colored, 6-mm thick; leaf—
stem ratio 1.2; leaves ovate, broad, green,
petiole and midrib light magenta-colored.
19.5 cm? in size; inflorescence verticillasters,
condensed, globose, sessile flowers, pinkish
white, sterile; essential oil content in shoot
herb (0.5%); is rich in linalool (48%) and
linalyl acetate (38%); medium in yield

Medium tall; semi-erect; stem medium hard,

purplish; leaf-stem ratio 1.4; leaves elliptic,
dark green, 15 cm? in size; inflorescence
raceme of verticillasters, flowers pinkish

progeny of accession
MCA-1 (Anonymous,
1988; Bahl et al.,
2000)

Mutant of MC-1
(Anonymous, 1987;
Bahl et al., 2000)

Somaclonal variant of
an Indian accession
(Khanuja et al.,
2001b)

white, fertile, essential oil content in shoot
herb (0.5%); oil rich in piperitone (66%) has
carvone (2.2%) and limonene (1.0%); yield
of oil medium; oil highly effective against
stored grain pests

variety of laboratory- and field-based approaches to identify better genotypes (Khanuja et al.,
2001a,b,c; Kumar et al., 1997b, 1999¢.d, 2002b; Patra et al., 2000b, 2001a,c,d). The selections are,
therefore, well adapted to the local agroclimates. As the breeding populations could be screened
against the local strains of diseases and pests, some of the new cultivars possess resistance or
tolerance against several diseases or pests. Among the cultivars developed in recent years, the
Kosi cultivar has found much favor with the farmers (Figure 4.3) (Srivastava et al., 2002).

4.3.2 MAINTENANCE OF CULTIVAR PURITY

Cultivar purity is a requisite for stability in yield performance and quality of produce over
seasons. Some of the genetic resources of mints used in cultivation are fertile and set seeds. The
farmers are advised to maintain purity in their material by periodically refreshing their planting
stocks by obtaining the breeder’s stock from CIMAP. The gene bank established at CIMAP
maintains the genetic resources of all mints including all cornmint cultivars in their vegetative
state at the breeder’s field nursery, as micropropagules in tissue cultures (Shasany et al., 1998;
Kumar et al., 1999b; Bhat et al., 2001) and in the form of extracted DNAs (Khanuja et al.,
2000). The field-maintained material is kept free of diseases and pests by use of microbiological,
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FIGURE 4.3 A flowering top of the cornmint cultivar “Kosi”” Mentha canadensis. This cultivar is highly
popular among farmers in India.

entomological, and tissue culture procedures. The morphological, biochemical, and molecular
markers have been defined for each cultivar. Cultivar-specific DNA fingerprints have been
developed and these are used to ascertain the purity of farmers’ planting materials.

4.4 PROPAGATION OF PLANTING MATERIAL

The planting stocks of the chosen cultivar(s) are multiplied by a farmer in nursery area(s) of
his or her own field(s). Usually, a portion of the crop maintained from the previous season is
used as the resource of mother plants for producing the fresh planting material. Depending on
the choice of mint species or cultivar, one of the two kinds of propagules are mass-produced.

Suckers formed as underground stems on the mother plants in the winter season are the
propagules used to field plant most of the cultivars. In species or cultivars that do not produce
the suckers or runners or stolons, the propagules are the young regenerating shoots formed on
the mother plants. In the Indo-Gangetic plain, which is presently the principal location for
mint cultivation in the country, the preparations for the propagule production begin at the
end of the monsoon season in August or September. The mother plants of ascertained purity
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are taken out from the maintenance plots and transplanted in a nursery for the production of
underground suckers or above-ground regenerating shoots, as desired according to the
cultivar-wise innate properties (Kumar et al., 1997a,b).

4.4.1 PRODUCTION OF SUCKERS AND PLANTLETS FOR THE EARLY MINT PLANTINGS

The nursery beds are prepared by applying 10 to 20 tonnes of farmyard manure (FYM) or 2
to 5 tonnes of wormy compost and 60 kg of N and 40 kg each of P and K per hectare of finely
tilthed section of sandy loam or loam land. After the beds have been prepared, the mature and
healthy mother plants are transplanted at a distance of 30 cm in rows that are themselves 30
cm apart. The nursery is given frequent irrigations and any stagnation of water is avoided.
The plantlets or suckers are formed in ample measure by December. The suckers are
underground stems that carry buds in the axils of the nodes. The buds borne on the suckers,
quiescent during winter, regenerate shoots with the onset of summer. A piece of land
measuring 200 or 500 m? is sufficient to produce suckers or young plantlets to cultivate a
mint crop on about 1 ha of land. The crops of the nonsuckering cultivars, for which young
plantlets regenerated on mother plants constitute the propagules, are usually planted in
December. The crops of the cultivars, which form suckers, are planted from late December
to early April using alternative planting procedures. The mint cultivars belonging to the
species of Mentha other than M. canadensis are planted early between December and
February in the winter season, preferably in late December.

The underground suckers formed on the mother plants are harvested during the period
from December to early March before they start germinating in situ in the nursery. The
suckers are harvested manually and can be used immediately (Figure 4.4). If not used on the
day of harvest, the suckers are buried in shallow pits in the field for short-term storage. The
suckers stored cold at 4°C to 8°C, retain their vigor and viability for several weeks (Bahl et al.,
2002a). The cold-stored suckers are suitable for the late planting of mint crops. Before their
use, the suckers are treated with contact fungicides such as Agallol, Tafason, or Captan to
control any fungal infection. The suckers harvested from the nursery are suitable for direct
sowing in the field. Planting of mint crops in the period from December to February is done in
synchrony with the harvesting of suckers, so that freshly harvested suckers are used for
planting. However, cold-stored suckers or nursery-raised plantlets produced from sucker
pieces are also used as propagules for planting the late crops of mint in March or April.

4.4.2 PRrRODUCTION OF PLANTLETS FOR LATE MINT PLANTING

To produce plantlets for 1 ha of main crop, nursery beds are prepared on 200 m? land of sandy
loam or loam finely tilthed soil, mixed with FYM or wormy compost as mentioned ecarlier.
About 100 kg of suckers are chopped to pieces of about 2.5 cm and broadcast on the beds. The
sown sucker pieces are then covered with soil and mulching material and irrigated. This nursery
is usually sown with pieces derived from fresh suckers in late February. Cold-stored suckers can
also be used for seeding the nursery raised for plantlets. The nursery is irrigated and cared for
regularly. The plantlets of two- to six-leaved stages are transplanted in March and April.

4.5 PLANTING OF MAIN CROP

4.5.1 FieLp PREPARATION

Mint crops are cultivated on soils of a wide range of properties; the pH and texture of the
concerned soils vary from 6.5 to 9.0 and sandy loam to clay, respectively. However, the most
economic yields are obtained on well-drained fields of loam soils that are rich in organic



The Cultivation of Mints in India 147
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(b)

FIGURE 4.4 Mint planting time field operation in progress. (a) Farm workers are seen harvesting
suckers from a nursery; (b) suckers are sown in furrows opened in a mint field.

matter and have pH in the range of 6.8 to 7.5. To prepare the land, the weeds are removed and
a fine tilth is achieved by plowing with a soil-turning plow, followed by two or three cross-
harrowings, and then by planking to flatten it. Any stubble and roots from the previous crop
are also removed. The field is divided into beds to facilitate irrigation.

4.5.2 PLANTING PROCEDURES
4.5.2.1 Sowing of Suckers

Suckers are sown in furrows opened about 5 to 8 cm deep. The furrows are opened at a
distance of 25 to 75 cm from each other, depending on the cultivar to be grown and time of
planting. Closer sowing is preferred under late planting conditions.

A tractor-driven harrow or manually operated local instrument called a kotla is used to
open the furrows. Suckers are placed end to end in the furrows, which are thereafter closed
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with soil and immediately irrigated. In the summer season, sowing is done in the mornings
and evenings when temperatures are relatively lower.

4.5.2.2 Transplanting of Plantlets

Plantlets that have been produced on the mother plants or from sucker pieces in the nursery
are transplanted in the main field line-wise. The lines are kept 25 to 75 cm apart depending on
the cultivar and time of transplantation. The plantlets freshly dugout from the nursery are
transplanted 10 cm apart in the already irrigated field. A light irrigation follows the trans-
planting operation. Transplanting of mint is completed by the third week of April at the latest
(Ram and Kumar, 1998; Ram et al., 1998a,b).

4.6 SEASONAL AGRONOMY

4.6.1 FerTILIZER APPLICATION

Manures and inorganic fertilizers are applied at the time of planting and subsequently at
different stages of crop growth (Table 4.4). Full dose of manure(s), single doses of super
phosphate and muriate of potash, and one-third or one-fourth dose of urea are applied at the
time of planting. The manure is mixed well with the surface soil by harrowing, and a
combination of inorganic fertilizers that is usually about 15 cm deep in between the rows of
mint and covered with soil. Alternatively, manure and fertilizers are harrowed-in altogether
before the beds are prepared. At this time, vesicular arbuscular mycorrhizal (VAM) fungi can
also be added to this mixture to promote nutrition uptake by the crop (Gupta et al., 2002).
Equal split doses of urea are top-dressed to the growing crop two or three more times, at
4 and 9 weeks from planting, after weeding operations and immediately after the first
harvest (Kumar et al., 1997a,b). At the time of each application, the fertilizer urea is
broadcast a few days after irrigation on the soil surface in between rows of mint; this manual

TABLE 4.4
Fertilization Schedules for 1 ha of Early- and Late-Planted Mint Crops

Manure/Fertilizer and Rate of Application per Hectare

Following Weeding at

Time At 4to6 8to 10 After First Harvest
of Crop Bed Weeks Weeks at 15 to 16 Weeks
Planting Preparation from Planting from Planting from Planting
Early 10 to 25 tonnes of farm 50 to 70 kg urea 50 to 70 kg urea 50 to 70 kg urea

yard manure/2 to

5 tonnes of wormy compost

or 50 to 120 kg of urea +

40 kg K,O + 50 kg P,O5*

Late 10 to 25 tonnes of farm 70 to 100 kg urea 70 to 100 kg urea —

yard manure/2 to

5 tonnes of wormy compost

or 50 to 120 kg of urea +

40 kg K,O + 50 kg P,Os*

Source: From Gupta, P.P., Prasad, M.L., Ram, A.M., and Kumar, S., Biores. Technol., 81, 77-79, 2002. With
permission.
#Vaminoculum, if available, is also applied as part of manure (Gupta et al., 2002).
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operation avoids contact of urea with the mint leaves. If available, the mulches of paddy straw,
citronella, or other distillation wastes are applied at the rate of 5 to 10 tonnes/ha,
as supplemental crop nutrition immediately after sprouting of suckers or establishment of
plantlets (Patra et al., 1993; Ram and Kumar, 1997,1998; Patra et al., 1993, 2000a).

4.6.2 IRRIGATION AND DRAINAGE

To obtain a high yield of oil, the mint crop needs to be sufficiently fertilized and irrigated and
saved from becoming waterlogged. The frequency of irrigation varies according to the local
differences in the volume of winter and premonsoon rains. The mint fields are irrigated at an
average interval of 2 to 3 weeks in the winter season, from December to March, and 10 to 15
days in the summer, from April to July, or at the time of the onset of monsoon rains. In the
summer season, irrigation is carried out in the late evening or early morning. Operations such
as weeding and first harvest are followed by irrigation. In problem lands prone to waterlogging,
mints are cultivated on ridges. Mulching is used to reduce the frequency of irrigations.

4.6.3 Cropr PrROTECTION

4.6.3.1 Weeds

Mint crops do not compete well with weeds. Therefore, weed infestation of mint fields must
be controlled to minimize the possible losses in the yield of essential oil. A variety of weeds
infest the mint fields. Location and field-wise differences are noted in the weed flora of the
mint growing areas in India. There is a large overlap in the weed flora of the various locations
of mint cultivation in the Indo-Gangetic plains. Some of the weed species noted in the mint
fields of the area are listed in Table 4.5.

It has been observed that the fields cultivated with sugarcane or rice in the previous season
are relatively free of weeds. The rice cultivation practice(s) tend to eliminate weeds, especially
the dicot weeds. It has been further noticed that if a rice field that is used for mint was

TABLE 4.5
Lists of Weeds That Are Known to Occur Frequently in the Mint Fields of the Relatively
Wetter (Terai) and Drier Subtropical Agroclimates of India

Class of Weeds Wet (Terai) Lands Dry Lands

Monocotyledonous  Avena sativa, Cenchrus biflorus, Commelina Avena sativa, Cyperus rotundus, Digitaria
benghalensis, Cyperus difformis, Cyperus
rotundus, Dactyloctenium aegypticum,

Digitaria ciliaris, Echinochloa crus-galli,

ciliaris, Eleusine corocana, Eragrostis
uniloides, Phalaris minor, Setaria tomentosa,
Sorghum halepense

Eleusine indica, Setaria glauca
Amaranthus spinosus, Amaranthus viridis,

Dicotyledonous Chenopodium album, Corchorus aestuas,

Cannabis sativa, Carthamus oxycantha,
Chenopodium murale, Corchorus aestuas,
Croton bonplandianum, Euphorbia

dracunculoides, Gnaphalium pensylvanium,

Lathurus aphaca, Melilotus alba, Oxalis
richardiana, Parthenium hysterophorus,
Phyllanthus amarus, Solanum violaceum,
Striga angustifolia, Tribulus terrestris

Corchorus depresses, Croton
bonplandianum, Euphorbia hirta, Fumaria
indica, Gnaphalium polycaulon, Lathyrus
sativa, Launea procumbens, Nicotiana
rustica, Physalis minima, Rumex dentatus,
Salvia plebei, Solanum nigrum, Sonchus
oleraceus, Tribulus terrestris
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adjacent to a field used for wheat or potato or mustard cultivation, then the incidence of
weeds is even further reduced.

The weeds in the mint fields must be removed at the earliest. The first weeding is done
within 4 to 6 weeks of planting and the second 3 or 4 weeks thereafter. A handheld sickle,
khurpi, or a mechanical hoe is used in these manual operations.

Mulching is also used to control the growth of weeds. Mulch is applied after the sprouting
of suckers, establishment of plantlets, or after the first weeding. About 5 to 10 tonnes/ha of
mulch is applied, as has been mentioned earlier in the section on “Irrigation and Drainage.”
Paddy straw, citronella, and other aromatic grass distillation wastes and sugarcane leaves are
the locally available mulching materials. Besides contributing to the control of weeds,
mulching is helpful in soil moisture conservation and in keeping the soil temperatures low.
Some farmers spray the mint field with water suspensions of pre-emergence weedicides 2 or 3
days after the sowing of suckers. The herbicides used for the purpose include Pedimenthalin
(1.0 kg/ha), Oxyflurofen (0.5 kg/ha), and Diuron (0.4 kg/ha). The backstrap diesel-run
sprayer has been found to be a useful spraying equipment.

Although the combined use of chemical, mechanical or manual, and mulching methods
allows the best management of weeds, small farmers prefer manual control of weeds in their
mint fields.

4.6.3.2 Insect Pests

A variety of insects are found associated with mint crops in India. However, the damage
caused by insects to mint crops is usually mild and easy to control. The seasonal (short
duration annual) nature of mint crops, toxic nature of complex mixtures of terpenoids present
in the essential oils accumulated by them, and their rotation with other crops are the reasons
that seem to limit possibilities of heavy and widespread buildup of specific pest populations
among mint fields. Some of the relatively important insect pests of mints and pesticides
commonly used to control them in India are listed in Table 4.6 (Kumar et al., 1997a,b).

4.6.3.3 Nematodes

Sporadic occurrence of damage to mint crops by the associated root knot and root-lesion
nematodes has been recorded in the Indo-Gangetic plains. The mint plants severely infected
by the root knot nematode Meloidogyne species are stunted and bear chlorotic leaves and an
aborted root system. The other kinds of nematodes that somewhat similarly affect the yield of
mint crops are the root-lesion-causing Pretylenchus species. Treatment of the affected soils
with neem oil seed cake or carbofuran and use of planting material from a clean nursery
usually takes care of the danger to mint crops from the problems caused by nematodes. The
heavy nature of the soils in the Indo-Gangetic plains also remediates nematode infestation.

4.6.3.4 Pathogens

Several diseases have appeared in their epiphytotic forms at different locations in different
years in the Indo-Gangetic plains. Some of the major causal pathogens, disease symptoms
produced by them, and control measures prescribed are listed in Table 4.7 (Kumar et al.,
1997a,b; Singh et al., 2000; Kalra et al., 2001a,b, 2006).

Avoidance of pathogen(s) and selection of tolerant or resistant mint cultivars are the most
important measures recommended to reduce any possible losses arising from diseases preva-
lent at the time in the areas of mint cultivation. As a disease avoidance measure, the suckers
should be produced from disease-free mother plants and harvested suckers treated with some
contact fungicide before planting. The use of plantlets sprayed with fungicide such as
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TABLE 4.6
The Common Insect Pests of Mints in India
Name
Serial Symptoms of Chemical(s) Used
Number Common Zoological Disease for Control
1 White grub Leucophalis coneophora Roots and leaves are Chloropyrophos or
eaten away Savidol treatment
of soil
2 Red pumpkin beetle Aulocophora favicollis Leaves and buds are Monocrotophos,
eaten away Pyrethrin sprays
3 Hairy caterpillar Diacrisia oblique Leaves are damaged Quinolphos sprays
4 Pod borer Heliothes armigera Leaves and buds are Cipermetheline and
eaten away Malathion sprays
5 Cutworm Agrotos flammatra Scission of plant in Soil treatment with
collar region Chloropyrophos
6 Termite Microtermis shasi, Plants get cut at Soil application
Odontotermis obesus the base of Phorate or
Chloropyrophos
at the time
of planting of
suckers or
seedlings
7 White fly Bemesia tabaci Sucks the juice and Phosphomidon
spreads viruses sprays
8 Macho Macrosiphum pisi and Sucks the juice and Phosphomidon
Aphis species spreads viruses sprays
9 Mint leaf roller Syngamia abruptalis Rolling of leaves Monocrotophos
sprays

Propiconazole similarly prevents the transfer of pathogen(s) from one season to the next. The
farmers are advised to procure disease-free suckers from CIMAP. They are also kept abreast
of the newly released mint cultivars, which harbor disease- and pest-resistance properties. The
farmers of a geographical location are expected to plant more than one cultivar of a species,
possessing tolerance or resistance properties against various pathogens to prevent the spread
of disease(s) over wide area(s).

4.7 HARVESTING

At harvest time, the mint field is maintained dry. The crop is harvested during bright sunny
weather. Sharp sickles are used to cut the over-ground shoots about 2 to 5 cm above-ground
level. The harvested herbage is spread on the ground to partially dry for about 1 day (Figure
4.5). The wilted, partially dry herbage is cheaper to distill. The yield of distilled oil decreases
when the distillation of harvested herbage lying in the open is delayed beyond 36 h (Singh and
Nagqvi, 1996).

The mint crops planted with the use of suckers or plantlets in the period from December to
February are harvested twice and those planted in March or April are harvested for herbage
only once. The early-planted crop is first harvested after 100 to 120 days of growth in April or
May. After the harvested crop has regrown, the second harvest is carried out between 60 and
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TABLE 4.7
The Common Diseases and Pathogens of the Mint Crops Grown in India
Serial
Number Disease Pathogen Symptoms of Disease Control Measure(s)?
1 Leaf spot Alternaria alternate Appearance of ringed and Spray of Propiconazole
irregular dark brown or Chlorothalonil
spots on upper leaf
surface that coalesce and
cause defoliation
2 Rust Puccinia menthae Formation of dark brown Spray of Mancozeb or
postules on leaves Propiconazole, use of
followed by loss of leaves suckers treated for 10
min at 45°C
3 Powdery Erysiphe Whitish powder coating on Wettable sulfur
mildew cichoracearum leaves followed by their
drying up
4 Root and Rhizoctonia Necrotic yellowing of shoot Use of healthy disease-
stolon bataticola/solani followed by plant death free or Zineb-,
rot Mancozdeb-, or
Captan-treated
suckers
5 Wilt Fusarium oxysporum, Etiolation and wilting of Use of disease-free
and branches suckers or those heat
Verticillium treated at 47°C for 1 h
dahliae
6 Stem rot Phoma strasseri Reddening of leaves, Benomyl-soaked

Sclerotinia
sclerotorium

stunting and wilting of
plant
Stolon gets decayed

propagules

Spray of Propiconazole,
Chlorothalonil or

Mancozeb on mother
plants

#Use of cultivars that are known to be resistant to concerned pathogens and generally heat and treat suckers with a
fungicide.

75 days following the first harvest. The late-planted mint crops are harvested in June or July.
To realize the full yield potential of mint crop, premature or delayed harvesting is avoided. It
is pivotal to determine the maturity of the mint plants before harvesting, to ensure optimum
recovery of good quality essential oils. Since the cultivars differ in their growth and develop-
ment properties, a reliable criterion to determine harvest maturity that is uniformly applicable
to cultivars is as yet unavailable. To obtain the optimum yield of oil with good quality, the
growers are advised to harvest the Kosi, Saksham, and Damroo crops after 12 to 15 weeks of
planting, and the Sambhav, Shivalik, and Himalaya crops 15 to 17 weeks from planting.

4.8 LIFE TIME OF PLANTATION

Mints are well suited for the industrial farming of valuable molecules synthesized and
accumulated in their herbage. Their biological properties allow adaptation of the life span
of mint crops to the local agroclimate.
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FIGURE 4.5 Harvesting of cornmint crop in progress. The harvested herbage is left in the field to
partially dry before it is distilled the next day.

Mints are dicotyledonous species of the genus Mentha of family Lamiaceae. Generally,
Mentha species are sexually fertile herbaceous perennials, which produce underground
suckers and overground runners. Their populations grow through both seed dispersal and
asexual multiplication. Mentha species display considerable morphological and biochemical
diversity. Many of them are variously polyploid and allopolyploid hybrids. The properties
given here are shared by the Mentha species to which the cultivated mints belong. Since the
economic produce of most of the industrial mints is from the above-ground growth, the
cultivated mints can be maintained and propagated asexually. Completion of the life cycle or
extended perpetuation is not essential for the economic cultivation of mints for oil produc-
tion. The commercial mint cultivation can, therefore, be adapted to the local conditions in
semitemperate, subtropical, and tropical agroclimates.

In the subtropical agroclimates of the Indian subcontinent, mint crops can grow perenni-
ally, like in semitemperate and subtropical areas of other countries where mints are commer-
cially farmed. In areas where rains are received intermittently and soils do not remain
waterlogged and in drier areas where irrigation requirements are met by canal or tubewell
water, mint crops can be maintained in the field for several years and herbage harvested three
to six times in a year, without loss of regenerability. Perennial mint cropping is favored in
areas where farmers are owners of large farms, cooperative farming is practiced, and culti-
vation of other crops in rotation with mint is uneconomical.

Several factors permit or dictate seasonal cultivation of mints in the Indo-Gangetic plains:
(1) The high agricultural productivity of this area is related to ample rainwater received in the
winter, summer, and monsoon seasons. Whereas light to heavy rains are received intermit-
tently or sporadically in the winter and summer seasons, rains are frequent in the monsoon
season when most fields can remain waterlogged for several days to weeks. The mint plants
under such circumstances in the monsoon season lose vigor or viability. (2) The landholdings
of the farmers are small. Their practice of diverse agriculture allows them to retain a part of
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FIGURE 4.6 Crop sequences and mint life times in the Indo-Gangetic plains. (1) The mother plants of
mints are transplanted into the nursery between late August and early October and the suckers or
propagules formed are harvested from late December to late February. The nursery for raising plantlets
from sucker pieces is planted in February or March. (2) The early crops of mint are planted by sowing of
suckers or transplantation of propagules from late December to February. Herbage from such crops is
first harvested in late April to May, the ratoon is allowed to regenerate, and the crop is harvested for the
second time in June to July. (3) The late crop of mint is planted using cold-stored suckers or nursery-raised
plantlets in late March to middle of April and the resulting crop is harvested in June or July. (4) Rice or
paddy seedlings are transplanted in July and the crop is harvested in October. (5§) Wheat or bengal gram
crop is sown in October to December and harvested in late March to April (6,7). Green or black gram is
sown in April, harvested in July, resown in July, and harvested in October. (8) Potato is planted and
Brassica is sown in October. Vegetable potato is harvested in December. Brassica is harvested in January
to March, depending on the species or cultivar used. Seed potato is harvested in March.

the food grains, vegetables, and spices for their own consumption. This also helps to ensure
overall profitability and some degree of protection against wide fluctuations in the mint oil
selling prices. (3) As the mint oil prices widely fluctuate and inputs in mint cultivation are
larger than the resource exhaustive nature of crop growth, the farmers retain the option not to
plant mint(s) in the next season.

The lifetimes of mint plantations vary widely in the Indo-Gangetic plains (Figure 4.6). Early-
planted mint crops occupy fields from December or January or February to July or August or
December to April or May or June depending on whether farmers decide to harvest their mint
crops once or twice. The late-planted mint crops remain in the field from March or April to
June or July. By varying the lifetimes of mint crops, the farmers of the Indo-Gangetic plains are
able to contribute to food production and make larger profits by mint cultivation (Figure 4.6).

4.9 INTEGRATION OF MINT IN TRADITIONAL ROTATIONS

Mint is cultivated in some of the prime land of the Indo-Gangetic plains, which is one of the
most agriculturally fertile areas of the world. The traditional crops of this area have been rice,
pigeon pea, green and black gram, wheat, different types of Brassica, lentil, pea, chickpea,
potato, and sugarcane. In the recent past, the rice—wheat rotation with cornmint has been
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TABLE 4.8
Crop Rotations and a Cocultivation Involving Cornmint
Practiced in the Indo-Gangetic Plains

Crop Rotation/Cocultivation Relative Profit
Rice-wheat 1.0
Rice-cornmint 1.9
Maize/sorghum/bajra—cornmint 1.9
Rice-Brassica—cornmint 2.3
Rice-lentil /chickpea—cornmint 2.3
Rice-wheat—cornmint 2.4
Sugarcane + cornmint® 2.8
Rice—potato/other vegetable—cornmint 3.0

#Sugarcane is planted in early October or February in rows 90-cm apart. Three
weeks later, two rows of cornmint are planted between two rows of sugarcane
and irrigation is applied. M. spicata and M. piperita and M. canadensis can also be
planted with October- and February-planted sugarcane, respectively. Mint
crops cocultivated in October are harvested first in March and next in May and
those cocultivated in February are harvested only once.

successfully practiced over a very large area in the Indo-Gangetic plains. The introduction of
mint cultivation in the area has led to the development of certain new and profitable crop
rotations (Table 4.8). Some of these rotations permit intensive farming of land and allow overall
conservation of the soil fertility and irrigation water (Ram and Kumar, 1996; Kumar et al.,
2001b, 2002a). CIMAP has recommended the following 2-year crop rotation: from July or
August to October (kharif cropping season), rice; from November or December to March (rabi
cropping season), chickpea; from March or April to June or July (zaid cropping season),
cornmint; June or July to November or December, pigeon pea; from November or December
to April, wheat; and from April to July or August, cornmint. Grain crop breeders are now
selecting slightly early maturing genotypes, which will ease the tight-fitting rotational operations.

4.10 OIL DISTILLATION

The partially dried mint herbage is distilled by the farmers themselves in their fields, using
small-sized water-cum-steam distillation units owned or hired by them. Alternatively, farmers
use the services of local mint distillers who are equipped with large-sized steam distillation
units (Kumar et al., 1997a). Usually, the distillation fee paid to the on-farm and off-farm
distillers is in the form of 10% to 20% of the distilled oil.

4.10.1 FieLp DISTILLATION

The field water-cum-steam distillation plants used by the farmers vary in size and efficiency.
These are fabricated locally to distill the herbage in batches; a batch of about 5 to 7 quintals
(500 to 700 kg) of mint herbage gets distilled in 6 to 8 h. The unit comprises four parts:
furnace, distillation still, condenser, and receiver. In the low-cost version (Figure 4.7), mild
and thin stainless steel is used to make the tank, which is provided with a perforated grid at
the base. The tank is fully packed with herbage and is filled to a lower level with water. It is
placed above a brick furnace. The spent mint herbage, other kinds of agrowaste, firewood,
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FIGURE 4.7 The design of the steam-cum-water distillation equipment fabricated locally in the mint
villages for the distillation of mint herbage in small batches.

and straw are used as fuel. The tank is connected to the condenser through a vapor pipe. The
receiver is placed below the condenser outlet. The condenser has a tubular structure sus-
pended in a water tank. The vaporized mint oil and water vapor undergo condensation in the
condenser, which is cooled by the water contained in its own tank. The condensate passes to
the receiver in which the oil, which is lighter, floats on top of the water. The oil is drawn off
and thus separated from the accompanying water in the receiver. In the entire distillation
process of this kind, about 10% to 20% of the isolatable essential oil is lost. The kind of
distillation equipment described here costs the farmers about Rupees (Rs) 15,000 to 20,000
(USD 300 to 400) only. Such equipment is used by the farmers who have small holdings (up to
2 ha) or are in the initial years of their mint cultivation enterprise.

The farmers with relatively larger landholdings or who have benefited from mint farming
for several years prefer to install the economic and improved, but costlier, field distillation
units, based on the design developed by CIMAP, Lucknow, India. In these distillation units,
the total time of distillation is reduced to only 3 to 4 h and about 20% to 30% of fuel is saved
along with minimal loss of the isolatable essential oil. This kind of distillation unit differs
from the less expensive one described in the structure of the tank and the condenser (Figure
4.8). The tank is made of much thicker mild steel, which is sturdier, and hence lasts for many
years. Besides, the tank has boiler (flue) tubes at the base that create a greater area for water
heating and increase the rate of steam generation. The condenser is also more efficient
because it has dozens of tubes and the condenser tank is cooled by running water. This
type of equipment costs about Rs 50,000 (USD 1000).

The variants of the first and second kinds of distillation units are installed all over the Indian
mint growing area in an approximate ratio of 1:2.8. Together, these kinds of distillation units
may account for about 80% of the total of all the different kinds of units used in India.

4.10.2 CoOMMERCIAL DISTILLATION

In areas of intensive cornmint cultivation, a larger-sized steam distillation equipment is used.
These kinds of distillation plants are installed by the owners of large-size mint farms,
cooperative societies, and business entreprencurs. Of the total, about 20% of the mint oil
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FIGURE 4.8 The structure of a high-efficiency distillation unit for batch-wise distillation of mint
herbage designed by CIMAP, Lucknow, India.

distillation units are of this type. The plant consists of a boiler,and one or more (up to
six) distillation tanks, each internally fitted with steam coil, besides a condenser and receiver
for each of the tanks (Figure 4.9). The steam generated in the boiler passes through the
steam coil in the herbage packed tank. This kind of equipment can process up to 30 quintals
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FIGURE 4.9 CIMAP design for the steam distillation of herbage in several tanks linked to a common
boiler for use in larger-sized mint plantations.
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FIGURE 4.10 A water-cum-steam distillation unit of the kind fabricated in Indian villages used in a
mint field. The agrowaste to be used as fuel and dry herbage to be distilled are also seen.

(3000 kg) of herbage per batch, as six tanks are linked to the boiler for the simultancous
distillation in the tanks. The boiler operates on electricity. The cost of equipment suitable for
a 10-ha farm comes to about Rs 500,000 (USD 10,000).

The large investment in the distillation equipment is a deterrent for the small farmers to
take up mint cultivation. The local government agencies and the Spice Board have installed
some distillation units for the cooperative use of the farmers. Figure 4.10 and Figure 4.11 are
exemplary field views of the low-cost and large-sized distillation facilities used by the farming
community in India. Figure 4.12 depicts a distillation unit for batch-wise distillation of
herbage built according to the CIMAP design and installed in a village for cooperative use.

4.10.3 O CLEANING

To dry the mint oil, anhydrous sodium sulfate is added to the oil collected from the receivers
and the mixture is left for 4 to 5 h and filtered thereafter. Such purified oil is fit for long-term
storage. This treatment is useful as the Indian cornmint farmers have the tendency to store a
substantial part of their oil in anticipation of obtaining more remunerative prices. The oil is
stored in plastic, GI, stainless steel, and aluminum containers, depending on the quantity
available and the period of storage.

4.11 ESSENTIAL OIL YIELDS

Industrial mints are cultivated by about 100,000 farmers in India. The large variation
observed in the essential oil yields realized by the mint farming communities relates to the
differences among their geographical locations, the nature of soils of their lands, the culti-
var(s) used, the volumes of the inputs of manure, the fertilizer and irrigation water used, the
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FIGURE 4.11 A field view of the larger-sized multiple tank unit installed in a big mint farm in India.
This unit is for four tanks. Semidried mint herbage is unloaded from a tractor trolley. It is spread around

to allow further loss of moisture.

FIGURE 4.12 Mint herbage distillation unit designed by CIMAP, Lucknow, installed for cooperative
use in a village in Barabanki district of Uttar Pradesh in India.
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TABLE 4.9
Modal Essential Oil Yields for the Mints Commonly Cultivated in India
Mentha Species Cultivars Time of Planting Yields (kg/ha)
canadensis Shivalik, Himalaya, Kosi, Sambhav, Saksham Early 185

Late 130
spicata Neera, Neerkalka Early 145
gracilis MCAS-2, Pratik Early 135
piperita Kukrail, Pranjal Early 100

stringency of the crop protection measures deployed, the planting and harvesting schedules
selected, and the efficiency of distillation, among others. The yields averaged for a large
number of farmers and demonstrations are shown in Table 4.9.

4.12 FUTURE PROSPECTS

It has been mentioned earlier that the agroclimate and soils of the Indo-Gangetic plains are
conducive to mint cultivation. Here, all the different kinds of mint can be cropped between
December or January and July. This period overlaps with the traditional winter or rabi
(October or November to March or April) and summer or zaid (March or April to June or
July) crop seasons of the area. The planting and harvesting time of cornmint can be varied
within the January-to-July period such that the conventional food grain and vegetable crops
could be grown before they are planted or after they have been harvested. This way, the overall
effect of cornmint cultivation on food crop production is minimal. It has been observed that
farmers gain substantial profit when they rotate mint with the traditional crops of the area.
There are additional employment opportunities in the villages where cornmint is cultivated and
in the nearby towns, relating to servicing and manufacture of distillation equipment, collection
and trading of oils, and processing of oils into saleable products.

Presently, the total world market size of all kinds of mint oils appears to be about 30,000
tonnes and India meets about half of this requirement (Singh et al., 1999). In recent years,
about 100,000 to 175,000 ha of land has been put under mint cultivation in the Indo-Gangetic
plains (mostly cornmint), which is a small fraction of the area suitable for mint cultivation.
The economic advantages associated with mint cultivation can be extended to a larger
community of farmers, if the international demand for cornmint oil could be increased.
This requires diversification in the technical uses of mint oils, based on their properties
(Kumar, 1996).

At present, mint oils and their various major terpenoid fractions are investigated for
their diverse biological activities. Among the variety of biological activities that have been
revealed, the antioxidant, bioenhancing, phytotoxic, phytohormonal, antimicrobial, and pesti-
cidal activities have opened possibilities for a variety of new technical uses of mint oils. At
present, new biological activities are also discovered in the solvent extracts of mint herbage.

A study at CIMAP has revealed that mint oils have lethal effects on widely different bacteria
and fungi (Agarwal et al., 2001a). Mint oils and their specific components are potent insecti-
cides (Agarwal et al., 2001b). Identified terpenes of origin in mint oils promote or prevent
meristematic growth in specific plant systems (Farooqui et al., 2001). Based on these findings,
already three kinds of products have been developed and field-tested successfully.

The properties of the oil of the new spearmint cultivar, Ganga (ex. M. spicata var. viridis),
have allowed the development of formulations that are usable like (a) hand and surface
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disinfectants in homes, establishments, and hospitals (Khanuja et al., 2004) and (b) stored grain
protectants (Singh et al., 2001; Tripathi et al., 2003a,b). The whole and dementholized corn-
mint oil obtained from Kosi and Himalaya cultivars have been found to safely retard the
process of microbial hydrolysis of the soil-applied fertilizer urea to ammonium and nitrate and
their subsequent loss. The results indicate that up to 50% of the fertilizer urea can be saved by
coating it with mint oils. Large-scale applications of one or more of the technologies given here
can increase the demand of mint oils exponentially (Patra et al., 2001a).

The functional genomics investigations on mints are opening possibilities of producing
novel terpenes in mints. It appears possible to breed cultivars or hybrids of mints that
will synthesize one or more of all the industrially important monoterpenes. Other kinds
of secondary metabolites could also be farmed in the trichomes of the mint vegetation
background (Kumar, 1998).

There is a need to strengthen R&D: (a) to breed improved cultivars or hybrids of mints for high
yields of specific terpene(s) or secondary metabolite(s), easier planting, early maturity, tolerance
to waterlogging, diverse genetic resistance to various diseases and pests, formation of thin and
sturdy suckers that can withstand cold storage for extended time periods, and improved oil
harvest index; (b) for comprehensive understanding of the biological activities of the conven-
tional mint oil constituents to develop new technical uses of mint oils; and (c) to extend to
industry and popularize the large-scale use of newly developed mint-oil-based products.

ACKNOWLEDGMENTS

S.K expresses grateful thanks to scientists of CIMAP, Lucknow, who shared with him the
information available with them on mints; in this regard, he is especially thankful to N.K. Patra,
A.K. Singh, and K.K. Agarwal. His grateful thanks are also due to the Council of Scientific and
Industrial Research and Department of Biotechnology of the Government of India for sup-
porting his work while he held the Emeritus Scientist position at the National Centre of Plant
Genome Research (NCPGR) after his superannuation from directorship of CIMAP and to the
Indian National Science Academy for presently supporting him as INSA senior scientist, and
to the Director, NCPGR, for providing the facilities and encouraging discussions. The authors
thank S. Chattopadhyay, J. Sen, and S. Bhatia for reading their manuscript.

REFERENCES

Agarwal, K.K., Khanuja, S.P.S., Ahmad, A., Santha Kumar, R.R., Gupta, V.K., and Kumar, S.
(2001a). Antimicrobial activity profiles of the two enantiomers of limonene and carvone isolated
from the oil of Mentha spicata and Anthum sowa, Flav. Fragr. J., 17, 59-63.

Agarwal, K.K., Tripathi, A.K., Ahmad, A., Prajapati, V., Verma, N., and Kumar, S. (2001b). Toxicity
of menthol and its derivatives against stored grain insects, Insect Sci. Appl., 21, 229-235.

Anonymous (1983). Super-menthol strain of Japanese mint, CIMAP, Newsletter, 10, 17-18.

Anonymous. (1985a). CIMAP develops superior strains of HY-77 of Mentha arvensis, MSS-5 of Mentha

spicata and MCAS-2 of Mentha cardiaca, CIMAP, Newsletter, 12, 1-3.

(1985b). CIMAP Hybrid-77, a new high yielding strain of Japanese mint. CIMAP, Newsletter, 12,

11-12.

Anonymous (1987). A high yielding superior strain of Mentha viridis—Supriya developed. CIMAP,

Newsletter, 14, 2-3.

(1988). A high yielding variety of Mentha eitrata-Kiran developed, CIMAP Newsletter, 15, 1-2.

(1993). CIMAP develops two superior varieties of spearmint, CIMAP Newsletter, 20, 1.

(1994). CIMAP releases the variety kukrail of peppermint. CIMAP Newsletter, 21, 3-4.

Bahl, J.R., Bansal, R.P., Garg, S.N., Naqvi, A.A., Luthra, R., Kukreja, A.K., and Kumar, S. (2000).
Quality evaluation of the essential oils of the prevalent cultivars of commercial mint species




162 Mint: The Genus Mentha

Mentha arvensis, spicata, piperita, cardiaca, citrata and viridis cultivated in Indo-Gangetic plains,
J. Med. Arom. Plant Sci., 22, 787-797.

Bahl, J.R., Bansal, R.P., and Kumar, S. (2002a). Direct planting of short duration summer crops using
cold stored suckers in menthol mint Mentha arvensis, J. Hortic. Sci. Biotech., 77, 217-219.

Bahl, J.R., Singh, V., Bansal, R.P., Singh, A.K., and Kumar, S. (2002b). Evaluation of genotypes of
industrially important mints for high productivity of sucker propagules under variable durations
of cropping, J. Hort. Sci. Biotech., 77, 217-219.

Bhat, S., Gupta, S.K., Tuli, R., Khanuja, S.P.S., Sharma, S., Bagchi, G.D., Kumar, A., and Kumar, S.
(2001). Photo-regulation of adventitious and axillary shoot proliferation in menthol mint
Mentha arvensis, Curr. Sci., 80, 878-881.

Dwivedi, S., Singh, M., Singh, A.P., Singh, V., Naqvi, A.A., Khanuja, S.P.S., and Kumar, S. (2001a).
Registration of new variety of Mentha xpiperita, J. Med. Arom. Plant Sci., 23, 99-101.
Dwivedi, A., Singh, M., Singh, A.P., Singh, V., Naqvi, A.A., Khanuja, S.P.S., and Kumar, S. (2001b).
Registration of a new variety Pratik of Mentha xgracilis cv. cardiaca, J. Med. Arom. Plant Sci.,

23, 102-103.

Farooqui, A.H.A., Agarwal, K.K., Fatima, S., Ahmad, A., Sharma, S., and Kumar, S. (2001). Anti-
sprouting agent for potato tuber and a method for producing the same. United States Patent,
6313073.

Gulati, B.C. and Duhan, S.P.S. (1971). Japanese mint in Nainital Terai of Uttar Pradesh, Indian
Perfum., 15, 1-11.

Gupta, P.P., Prasad, M.L., Ram, A.M., and Kumar, S. (2002). Effect of vesicular-arbuscular mycor-
rhizal (VAM) fungus Glomus fasciculatum on the essential oil yield related characters and
nutrient acquisition in the crops of different cultivars of mint (Mentha arvensis) under field
conditions, Biores. Technol., 81, 77-79.

Kalra, A., Singh, H.B., Patra, N.K., and Kumar, S. (2001a). Economic evaluation of fungicides for leaf
blight (Alternaria alternata) control in transplanted crop of Shivalik menthol mint Mentha
arvensis, J. Ind. Agric. Sci., 71, 460-462.

Kalra, A., Singh, H.B., Patra, N.K., Pandey, R., Shukla, R.S., and Kumar, S. (2001b). The effect of leaf
spot, rust and powdery mildew on yield components of nine Japanese mint (Mentha arvensis)
genotypes, J. Hortic. Sci. Biotech., 76, 546-548.

Kalra, A., Singh, H.B., Patra, N.K., Srivastava, R.K., and Kumar, S. (2006). Screening of menthol mint
Mentha arvensis cultivars prevalently cultivated in Indo-Gangetic plains against leaf blight
disease caused by Alternaria alternata. Indian J. Agric. Sci. (in press).

Khanuja, S.P.S., Shasany, A.K., Dhawan, S., and Kumar, S. (1998). Rapid procedure for isolating
somaclones of altered genotypes in Mentha arvensis, J. Med. Arom. Plant Sci., 20, 359-361.

Khanuja, S.P.S., Shasany, A.K., Srivastava, A.K., and Kumar, S. (2000). Assessment of genetic
relationship in Mentha species, Euphytica, 111, 121-125.

Khanuja, S.P.S., Kumar, S., Shasany, A.K., Dhawan, S., Darokar, M.P., Naqvi, A.A., Dhawan, O.P.,
Singh, A.K., Patra, N.K., Bahl, J.R., and Bansal, R.P. (2001a). A menthol tolerant variety
Saksham of Mentha arvensis yielding high menthol, J. Med. Arom. Plant Sci., 23, 110-112.

Khanuja, S.P.S., Kumar, S., Shasany, A K., Dhawan, S., Darokar, M.P., Tripathy, A.K., Satapathy, S.,
Santha Kumar, T.R., Gupta, V.K., Awasthi, S., Prajapati, V., Naqvi, A.A., Agarwal, K.K.,
Bahl, J.R., Singh, A.K., Ahmed, A., Bansal, R.P., Krishna, A., and Saikia, D. (2001b). Multi-
utility plant Ganga of Mentha spicata var. viridis, J. Med. Arom. Plant Sci., 23, 113-116.

Khanuja, S.P.S., Shasany, A.K., Dhawan, S., Darokar, M.P., Satapathy, S., Santha Kumar, T.R.,
Saikia, D., Patra, N.K., Bahl, J.R., Tripathy, A.K., and Kumar, S. (2001c¢). Insect tolerant high
yielding mint plant Sambhav of Mentha arvensis, J. Med. Arom. Plant Sci., 23, 117-121.

Khanuja, S.P.S., Darokar, M.P., Santha Kumar, T.R. Shasany, A.K. Ahmad, A., Aggarwal, K.K.,
Chaturvedi, P., Gupta, V.K., Krishna, A. Singh, A.K., Bahl, J.R., and Kumar, D. (2004).
Composition and Process of preparing disinfectant comprising Mentha spicata variety viridis
and their use. United States Patent, 676, 7876.

Kukreja, A.K., Dhawan, O.P., Ahuja, P.S., Sharma, S., and Kumar, S. (2000). Yield potential and
stability behavior of in vitro derived somaclones of Japanese mint (Mentha arvensis) under
different environments, J. Genet. Breed., 54, 109-115.



The Cultivation of Mints in India 163

Kumar, S. (1996). Promise in bioprospection of plant species for pharmaceuticals and crop/food
protectants, J. Med. Arom. Plant Sci., 18, 255-256.

Kumar, S. (1998). Genomics and mediculture productivity, J. Med. Arom. Plant Sci., 20, 347.

Kumar, S., Kahol, A.P., Patra, D.D., Ram, M., Singh, S., and Tyagi, B.R. (1997a). Cultivation of Menthol
Mint in India. Central Institute of Medicinal and Aromatic Plants, Lucknow, India, pp. 1-36.

Kumar, S., Tyagi, B.R., Bhal, J.R., Khanuja, S.P.S., Shasany, A.K., Shukla, R.S., Sattar, A., Singh, D,
Haseeb, A., Singh, V.P., Ram, P., Singh, K., Singh, S., Singh, S.P., Patra, N.K., Alam, M.,
Nagvi, A.A., Ram., M., Agarwal, K.K., and Singh, A.K. (1997b). Himalaya—a high menthol
yielding hybrid clone of Mentha arvensis, J. Med. Arom. Plant Sci., 19, 729-731.

Kumar, S., Bahl, J.R., Shukla, P., Singh, A.H., Ram, G., Bansal, R.P., and Sharma, S. (1999a). Screening
of genotypes of menthol mint Mentha arvensis for high yields of herbage and essential oil under
late cropping conditions of the sub-tropical Indo-Gangetic plains, J. Hort. Sci. Biotech., 74,
680-684.

Kumar, S., Gupta, S.K., Bhat, S., and Tuli, R. (1999b). Tissue culture process for producing a large
number of viable mint plants in vitro from internodal segments. United States Patent 5898001.

Kumar, S., Patra, N.K., Singh, H.P., Kalra, A., Singh, H.B., Ram. P., Singh, V.R., Mengi, N., Singh,
V.P., Ram, M., Singh, K., Singh. A., Khanuja, S.P.S., Shasany, A.K., and Tanveer, H. (1999c).
Kosi—an early variety requiring late planning of Mentha arvensis, J. Med. Arom. Plant Sci., 21,
56-58.

Kumar, S., Tyagi, B.R., Singh, H., Singh, V., Ujagir, R., Khanuja, S.P.S., Shasany, A.K., Shukla, R.S.,
Sattar, A., Singh, V.P., Ram, P., Singh, K., Patra, N.K., Alam, M., Naqvi, A.A., Ram. M.,
Agarwal, K.K., and Singh, K. (1999d). Mint plant Mentha arvensis. Himalaya. United States
Patent, 10935.

Kumar, S., Bahl, J.R., Bansal, R.P., Kukreja, A.K., Garg, S.N., Naqvi, A.A., Luthra, R., and Sharma,
S. (2000). Profiles of the essential oils of Indian menthol mint Mentha arvensis cultivars at
different stages of crop growth in northern plains, J. Med. Arom. Plant Sci., 22, 774-786.

Kumar, S., Patra, N.K., Khanuja, S.P.S., Shasany, A.K., Kalra, A., Singh, H.B., Singh, H.P., Singh,
V.R., Mengi, N., Tanveer, H., Naqvi, A.A., Singh, V.P., and Singh, K. (2001a). Hybrid mint
plant named Neerkalka. United States Patent, PP12030.

Kumar, S., Srivastava, R.K., Singh, A.K., Kalra, A., Tomar, V.K.S., and Bansal, R.P. (2001b). Higher
yields and profits from new crop rotations permitting integration of mediculture with agriculture
in Indo-Gangetic plains, Curr. Sci., 80, 563-566.

Kumar, S., Bahl, J.R., Bansal, R.P., Gupta, A.K., Singh, V., Ram, G., and Sharma, S. (2002a). High
economic returns from companion and relay cropping of bread wheat and menthol mint in the
winter—summer season in north Indian plains, Ind. Crops Prod., 15, 103-114.

Kumar, S., Patra, N.K., Singh, H.P., Kalra, A., Singh, H.B., Ram, P., Singh, V.R., Mengi, N., Singh,
V.P., Ram, M., Shukla, R.S., Singh, K., Singh, A., Khanuja, S.P.S., Shasany, A.K., Naqvi,
A.A., Kumar, B., Singh, M., Rajput, D.K., Ram, P., Singh, J.P., Kumar, V., Tanveer, H., and
Sharma, S.R. (2002b). Mint plant named Kosi. United States Patent, PP12426.

Misra, P.N., Hasan, S.A., and Kumar, S. (2000). Cultivation of Aromatic Plants in India. Lucknow,
India, Central Institute of Medicinal and Aromatic Plants, pp. 331.

Patra, D.D., Ram, M., and Singh, D.V. (1993). Influence of straw mulching on fertilizer nitrogen use
efficiency, moisture conservation and herb and essential oil yield in Japanese mint (Mentha
arvensis), Fert. Res., 34, 135-139.

Patra, D.D., Anwar, M., and Chand, S. (2000a). Integrated nutrient management and waste recycling
for restoring fertility and productivity in Japanese mint and mustard sequence in Uttar Pradesh,
India, Agric. Ecosyst. Environ., 80, 267-275.

Patra, N.K., Tanveer, H., Tyagi, N.K., and Kumar, S. (2000b). Cytotaxonomical status and genetical
and breeding perspectives of Mentha, J. Med. Arom. Plant Sci., 22, 419-430.

Patra, D.D., Anwar, M., Chand, S., Chattopadhyay, A., Prasad, A., Pande, P., Kumar, A., Singh, S.,
Srivastava, R.K., Krishna, A., Singh, V., Tomar, V.K.S., Bansal, R.P., Singh, A.K., Bahl, J.R.,
and Kumar, S. (2001a). Use of mint essential oil as an agrichemical: control of N-loss in crop
fields by using mint essential oil urea as fertilizer, Curr. Sci., 81, 1526-1528.



164 Mint: The Genus Mentha

Patra, N.K., Kumar, S., Khanuja, S.P.S., Shasany, A.K., Kalra, A., Ram, P., Singh, H.B., Singh, H.P.,
Singh, V.R., Kumar, B., Tanveer, H., Mengi, N., Rajput, D.K., Negi, M.S., Tyagi, N.K., Singh,
V.P., Singh, J.P. and Naqvi, A.A. (2001b). Damroo—a seed producing menthol mint variety
(Mentha arvensis), J. Med. Arom. Plant Sci., 23, 141-145.

Patra, N.K., Kumar, S., Khanuja, S.P.S., Shasany, A.K., Kalra, A., Singh, H.B., Singh, H.P., Tanveer,
H., Singh, V.R., Kumar, B., Mengi, N., Negi, M.S., Singh, V.P., Singh., J.P., and Naqvi, A.A.
(2001c). Neerkalka—an interspecific hybrid variety of Mentha arvensis and spearmint, J. Med.
Arom. Plant Sci., 23, 129-132.

Patra, N.K., Tanveer, H., Khanuja, S.P.S., Shasany, A.K., Singh, H.P., Singh, V.R., and Kumar, S.
(2001d). A unique interspecific hybrid spearmint clone with growth properties of Mentha
arvensis L. and oil qualities of M. spiciata. Theor. Appl. Genet., 102, 471-476.

Ram, M. and Kumar, S. (1996). The production and economic potential of cropping sequences with
medicinal and aromatic crops in a subtropical environment, J. Herbs. Spices Med. Plants, 4, 23-29.

Ram, M. and Kumar, S. (1997). Yield improvement in the regenerated and transplanted mint Mentha
arvensis by recycling the organic wastes and manures, Biores. Technol., 59, 144-149.

Ram, M. and Kumar, S. (1998). Yield and resource optimization in late transplanted mint (Mentha
arvensis) under subtropical conditions, J. Agron. Sci., 180, 109-112.

Ram, P., Patra, N.K., Kumar, B., Singh, H.B., and Kumar, S. (1998a). Transplanted mint as a suitable
component for traditional crop rotation in northern India, Tropic. Agric., 75, 473-475.

Ram, P., Patra, N.K., Kumar, B., Singh, H.B. and Kumar, S. (1998b). Productivity and economic
viability in early and late transplanted Japanese mint (Mentha arvensis L.), Indian Perfum., 42,
211-215.

Shasany, A.K., Khanuja, S.P.S., Dhawan, S., Yadav, U., Sharma, S., and Kumar, S. (1998). High
regenerative nature of Mentha arvensis, J. Biosci., 23, 641-646.

Singh, A.K. and Naqvi, A.A. (1996). Post harvest storage to boost essential oil recovery in Cymbopogon
and mint species, Indian Perfum., 40, 26-31.

Singh, H.B., Kalra, A., Patra, N.K., and Kumar, S. (1997). Stolon decay of menthol mint caused by
Sclerotinia sclerotiorum (Abstract), New Delhi: International Conference on Integrated Plant
Disease Management for Sustainable Agriculture, pp. 244.

Singh, A.K., Srivastava, R.K., and Kumar, S. (1999). Production and trade of menthol in India, Fafai J.,
April-June, 28-32.

Singh, H.B., Kalra, A., Patra, N.K., and Kumar, S. (2000). Stolon decay of menthol mint caused by
Sclerotinia Sclerotiorum and its biological control New Delhi: Proceedings of the International
Conference on Integrated Plant Disease Management for Sustainable Agriculture. Indian
Phytopathological Society, 1, 386-388.

Singh, D., Mehta, S.S., Srivastava, A.K., and Kumar, S. (2001). A process for the preparation of pest
repellant tablet. Indian Patent, 184-803.

Singh, A.K., Srivastava, R.K., Kalra, A., Bansal, R.P., Tomar, V.K.S., and Kumar, S. (2002). Char-
acteristics of menthol mint Mentha arvensis industrial crop production in Indo-Gangetic plain,
Exp. Agric., 39, 199-207.

Srivastava, R.K., Singh, A.K., Kalra, A., Tomar, V.K., Bansal, D.D., Chand, S., Naqvi, A.A., Sharma,
S., and Kumar, S. (2002). Characterization of menthol mint Mentha arvensis cultivated on
industrial scale in the Indo-Gangetic plains, Ind. Crops Prod., 15, 189-198.

Tripathi, A.K., Aggarwal, K.K., Prajapati, V. and Kumar, S. (2003a). A formulation useful as fumigant
against stored grain insect pests. Indian Patent, 188-378.

Tripathi, A.K., Singh, A.K., and Kumar, S. (2003b). A herbal formulation useful as fumigant against
stored grain insects. Indian Patent, 188-413.

Tyagi, B.R., Ahmad, T., and Bahl, J.R. (1992). Cytology, genetics and breeding of commercially
important Mentha species, Curr. Res. Med. Arom. Plant Sci. (now J. Med. Arom. Plant Sci.),
14, 51-56.



5 Production of Mints and Mint
Oil in China

Wennuan Liu and Brian M. Lawrence

CONTENTS
5.1 TNETOAUCHION .ttt et et e e ettt e e ettt e e et eeenaeeeens 166
5.2 The Essential Oil and Aroma Chemical Industry ...........cccccvvvviiiiiiiiiiiiiiiieeeeeeens 166
5.3 Mints Grown in CRINA........c.eoioiiiiiiiieiiie ettt see e eeeseeeeseee e 167
R 7o) 31 11 L' USRS PUPTPR 167
5.4.1 Mint 271, Mint 148, and Mint 18 .......c.cccoiiriiiiiiiiiiiiiie e 168
5420 MINE 1T ciiiiiiii ettt et e st e et e et eeteeeaae e 168
543 MINE A09 oeiiiiiii e ettt e aae e 168
544 IMINE 08T oottt ettt ettt et ettt e e 168
545 MINE 7378 ettt ettt ettt e 168
5.4.6  HAIXIANG L.iiiiiiiiiiiiiiieeiiie ettt e et e et a e e e tbaeeeenraeeeennneas 169
5.4.7 HaIXUAN MINT ..ooiiiiiiiiiiiiieeeeiiee ettt e et e e e ee e e enraeeeeenees 169
5.4.8  MINE B0-A53 .ot 169
5.5 SPCATTIINT ..ttt et e e e e e ettt e e e e e e stasabbaaeeeeeeeessasaesaaeaeeeannnnres 169
551 SPEArMINt 732 .oiiiiiiiiiiiiie ettt et 169
5.5.2  Spearmint 80—1 ....cccuviiiiiiiiieeeeiiee ettt e e ae e 170
5.5.3  SPEarmMInt 79—=2 .....ooiiiiiiiiiiiie it 170
5.5.4 Spearmint 80-S-108 ......cuuiiiiiiiiiieeiie et 170
5.6 PePPEIMUNT ....viiiiiiiiiiiiii it e e et e e e e e e e et a e e e e e e e eaanes 170
5.7 MENIAG CIFAIA ..o e ettt e e e e e e e et seeeaeeeenaannes 171
5.8 Environmental ReqUITEMENTS. ......cc.uviiiiiiiiiiiiiiiieeeeiiie et 171
5.9 TeMIPEIATUIE ....eeeiiiiiieeeiiee ettt ettt ettt e e sttt e s ettt e e st e e sibeeeens 171
500 SUNIGRT oottt ettt ettt et e e et e et e eteeeaea e 171
S.TL Waater SUPPLY -eeeeeeiiiee ettt e e ettt e ettt e e et e e et eeeneaeea s 171
5020 SO0l ittt ettt e et e et e e e tteenteeeetaeereaenns 172
5.13  Production Practices in ChINa...........eieiiiiiiiiiiiieiiiiiee e 172
S.T4 PIANTINE .ottt ettt e e e ettt e e et e e e e b e e e e e et b e e e e traeeearaaeens 172
5.15 Field Management PraCtiCes ........cccuiiiiriiiiieiiiiieieeeiiieeeeiieeeeeiieeeeetaeeeseeivaeeesnnneeens 174
5.15.1 Population Density Adjustments ............cceeruiieeeniiieeeniiie e e e 174
5.15.2 Cultivation and Weed Management ............ccccvvveeieeeeeiiiiiiieeeeeeeeeiiineeeenenn 175
S.015.3  TOPPINE.c.cciiiiiiiiiieee ettt e et e e e e e e e e e e e e e e s abr e e e e e e e e e saarreaeeeeas 175
5154 FertiliZatiON . ..ccoiuvieiiiiiiiie ettt ettt ettt ettt et e st e et e e eneee e 175
5.16 Field Management for Second Harvest .........cccccooeeviiiiiiiiiiiiiiiiiiceiiee e 177
5.16.1 Removal of Above-Ground Stems to Promote Plant Emergence............... 177
5.16.2 Covering the Field to Maintain MOIStUI€..........ccccuvreeiiviiieniieeeeeiiee e 177
5.16.3 Controlling Weeds Strengthens Cornmint Plants ...............cccccoovieeennin.. 177

165



166 Mint: The Genus Mentha

5.16.4 Fertilizing at Appropriate Developmental Stages...........ccoeeveveviiieeeennnnn. 177
5.16.5 Harvesting before the First Frost ..........cccooviiiiiiiiiiiiiiiieeeeeeeee, 178
5.17 Cultivar Purification and Rejuvenation .............ccccueeiiviiiiiieiiiiiieeiiiee e 178
5.18 Intercropping Cornmint wWith Other Crops.........ccocveiieriiiieeiiiiiieeiiieeeeiieeeeeneee e 179
5.18.1 Intercropping wWith Barley ........cccccoiiiiiiiiiiiiiiieieee e 179
5.18.2 Intercropping with Rapeseed ..........ccoocviiiiiiiiiiiiiie e 179
5.18.3 Intercropping with Broad Bean ...........ccccooooiiiiiiiiiiiie e 180
5.18.4 Intercropping with Vegetables ...........coeiieiiiiiiiiiiiiiiiieiee e 180
5.18.5 Intercropping with SESame..........cccuvvviiiiiiiiiiiiiiiieee e 180
5.18.6 Intercropping with Other CropS ........cccveieeeruiiieiiiiieeeiiiee e 180
5.19  Crop ROTAION ...ociiiiiiiiiiiiiie ettt ettt e e ettt e e et ae e e e estbeeeentseaeeeeneaeeaanns 181
5.20  Mint Oil ProdUCtiON........eiiiiiiiiie ettt e et e e et ee e e eeaaeeenes 181
REFEIEIICES ... eeeeeeiee ettt ettt e e ettt e ettt e e et e e e e eteeeeeennaeeaeans 183

5.1 INTRODUCTION

China is one of the largest mint producers in the world. Historical records show that cornmint
was first used as a traditional medicine to treat febrile diseases and heat stroke during the Song
Dynasty (960 to 1279) (Zhao, 1991). Mint has been cultivated in China for a long time although
it is difficult to trace the exact date when cornmint was first grown. However, it was reported
that mint cultivation could be traced back to as early as the Ming Dynasty (1368 to 1644) in
China (Dai, 1981). Since cornmint possesses aromatic cooling and germicidal properties and
has been used to dispel rheumatic pains, it was mainly used as a Chinese herbal drug and as a
component of mint tea, a refreshment used in the summer in ancient China.

Watts (1997) reported that the first large-scale production of menthol from cornmint oil
in China commenced in Shanghai in 1923 and it was sold under the brand name “Buddha.”
A second factory for the production of “Polar Bear brand” was started 4 years later in Shanghai.
Subsequent to that a number of other brands such as White Cat (1966), AE (1989), Snow Peak,
Penguin, White Bear, Glacier, etc., have been introduced over the years. It is of interest to note
that for the past 10 plus years the brand names for Chinese menthol are meaningless as the owner
of the brand name can lease the use of it to any processor or middleman for a price.

Watts (1997) reported that there were seven major factories processing menthol from
cornmint oil. This means that anyone of the seven major menthol processors could produce
any brand of menthol so long as they purchase the rights to use the name. It also means that
the brand could be produced from Chinese oil, purchased Indian oil, purchased Indian
menthol powder, or a mixture of the above and sold for export as Chinese menthol. As a
result, the cultivation of cornmint in China is not always directly related to the production of
menthol in China.

5.2 THE ESSENTIAL OIL AND AROMA CHEMICAL INDUSTRY

From the 1970s to early 1980s the essential oil industry, which included the sale of cornmint
oil and menthol, was under the control of the Ministry of Light Industry. Export of these
products was facilitated through one of China’s ten export corporations, namely, China
National Native Produce and Animal By-Products and Import and Export Corporation.
This corporation, which was based in Beijing, had 12 branch offices and a number of
suboffices in different regions of China. Seven of these branch offices negotiated export
sales of cornmint oil and menthol with foreign buyers (Manheimer, 1980).

Cultivation of cornmint for oil production and subsequent menthol isolation commenced
initially around Shanghai. As menthol processing factories were established in Anhui, Jiangsu



Production of Mints and Mint Oil in China 167

and Henan, cornmint cultivation was established within a 200-km radius from the major cities
in each of the major producing provinces: Hefei (Anhui), Nanjing (Jiangsu), and Zhengzhou
(Henan). The cultivation areas are in the vicinity of Taihe, Liguan, and Bozhou (Anhui),
Dongtai, Gaoyi, and Haiman (Jiangsu), and Shangqui and Yongchen (Henan) (Watts, 1997).

These state corporations were allocated money from Beijing to buy all the cornmint oil
either from the co-operatives (communes) or from small producers. Money was borrowed
from the local banks to buy the entire year’s production without pressure to repay the loan.
The oil was sent to the various processing factories and both unprocessed oil and menthol
were stored in the Shanghai area. Forms and contracts with foreign buyers were allocated
from Beijing generally on a long-term basis (Watts, 1997).

According to Zhao (1991), the largest cultivation area of cornmint was around the mouth
of Yangtze River in the Nantong Prefective (Jiangsu). In 1991 ca. 10,000 ha were devoted to
cornmint cultivation in this area. The area of cornmint cultivation was under government
control. The co-operatives and small cornmint grown produced the crude cornmint oil in
hundreds of small water distillation units of a similar design (Lawrence, 1995).

State Trading Corporations purchased the oil produced each year. More recently, the
influence of Beijing has reduced resulting in a loss of credit lines by the various State Trading
Corporations. As a result, these corporations no longer have the ability to buy all the crude
cornmint oil. According to Watts (1997), they are no longer prime players in the cornmint oil
and menthol market. They have been replaced by middlemen who buy oil directly from the
producers and get it processed into menthol on a speculative basis. If the oil prices in India are
less than the price they have to pay for Chinese oil, they buy both crude Indian cornmint oil
and menthol powder and have them processed into menthol in China and offer it for both
domestic and export sales as Chinese menthol. Consequently, the quantity of menthol being
sold as Chinese menthol no longer reflects the quantity of crude cornmint oil produced in
China as it once did.

Two other factors have influenced the production of crude cornmint oil in China and they
are (a) the growers themselves can decide on the size of their cornmint cultivation and
(b) domestic and export supply and demand for Chinese menthol. The former decision is
somewhat based on the market economics of other crops such as rice, corn, cotton, barley,
soybean, rapeseed, etc., and any government subsidies of fixed prices for specific crops. The
latter decision is based on the quantities and prices quoted for cornmint oil by the middlemen.

5.3 MINTS GROWN IN CHINA

In addition to cornmint [ex. M. canadensis L. syn. M. arvensis L. f. piperascens Malinv.
ex Holmes], spearmint (ex. M. spicata L. syn. M. viridis L. or M. x gracilis Sole syn. M. cardiaca
Gerarde ex. Baker), peppermint (ex. M. Xpiperita L.), and Mentha citrata [ex. M. aquatica L.
var. citrata (Ehrh.) Fresen] are currently grown commercially in China (Dai, 1981; Yang et al.,
1991; Wang et al., 1992; Jian and Zhou, 1993; Zhang et al., 1995). In addition, wild-growing
M. canadensis (as M. haplocalyx Briq.) is also grown commercially in China albeit to a very
limited extent. It is known locally as “Rend Dan Cao” or “Fan He Cai” (Xu et al., 1990). It is
cultivated mainly in Jiangsu, Henan, Anhui, and Jiangxi and it is sold specifically to the Chinese
herb trade and is not used for oil production.

5.4 CORNMINT

Most mint cultivars grown in China were developed from local mint varieties of cornmint or
the varieties of spearmint produced by various breeding and research institutes after 1957
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(Wang et al., 1992). The cultivars of each of the mints used for oil production are examined
here according to the specific mint.
The cultivars of cornmint grown in China are as follows.

5.4.1 MiNT 271, MINT 148, AND MINT 18

Mint 271, Mint 148, and Mint 18 were developed in 1963 through selection of naturally
occurring mutants and plants segregated from local cornmint cultivars. With purple and thin
stems, flat and ovate leaves, and dark-purple midrib, Mint 271 and Mint 148 produce fewer
and thinner rhizomes, more thinner and longer stolons, and fewer fertile flowers than Mint
18. The yield of cornmint oil of these cultivars was about 105 kg/ha in the early 1960s. With
about 83% menthol content, the oils from these cultivars possessed a pure menthol aroma.
However, they were not resistant to drought. They were mainly cultivated in the vicinity of
Shanghai and Jiangsu Province from 1963 to 1969. On the other hand, Mint 18, with a strong
green stem and green midribs, produced more strong and thicker rhizomes and light purple
fertile flowers. Being highly resistant to both drought and water-logging, this cultivar pro-
duced about 150 kg/ha mint oil, which contained about 81% menthol.

54.2 MiNnT 119

Mint 119 was developed from a local cultivar, “Crystal” in 1963. With a strong, thick, and
green stem, white midrib, brown rhizomes, and light purple male sterile flowers, this cultivar,
which is highly resistant to stress, grows very rapidly and can produce about 225 kg/ha
cornmint oil. However, the menthol content in the oil is only 70%. With a grassy smell, both
the quality and the aroma of the oil are low. Although it had been a popular cultivar, it is now
not used for cornmint oil production because of its poor quality.

5.4.3 MinT 409

Mint 409 was developed from the progeny of Mint 271 in 1969. With a purple stem, thin and
long rhizomes, grayish green ovate leaves, yellowish green midribs, and light purple fertile
flowers, this cultivar yields about 150 kg/ha oil that contains around 80% menthol. Both the
quality and the aroma of the oil were determined to be good. However, the yield of oil varied
year by year because the stress resistance and the growth rate of this cultivar were not as good
as those of some current mint cultivars.

5.4.4 MINT 68-7

Mint 68-7 is a hybrid developed from Mint 409 x C-119 in 1974. The stem color of this
cultivar at the early stages is purple, which becomes brown to green from the bottom to the
top during its later developmental stages. With purple stolons, thick rhizomes, and dark green
ruffled leaves, white midribs, and a light purple fertile flower, it produced about 150 kg/ha oil
that contained approximately 80% menthol. This cultivar was found to be resistant to stress,
grew rapidly, and needed less management. However, the aroma of the oil was found to be
poor and the level of some components in the oil failed to meet the requirements for cornmint
oil export. As a result, this cultivar is no longer used for cornmint production in China.

5.4.5 MiNT 73-8

Mint 73-8 was developed from the progeny of hybridization of Mint 409 in 1979. The color of
the stem changes from purple to green from the bottom to the top. With brownish purple
stolons, strong and thick rhizomes, shining oval leaves, and small light purple flowers, this
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cultivar yields more than 150 kg/ha oil that contains roughly 80% menthol. Since it is highly
resistant to stress, grows rapidly, and produces high-quality cornmint oil with good aroma, it
was the main cultivar for production in China in the early 1990s. Today, it is still the most
commonly grown cornmint cultivar in China.

5.4.6 Haixiang 1

Haixiang 1 was developed from Mint 68-7 and Mint 409 in 1976. The color of the stem
changes from purple to green from the bottom to the top at the later developmental stages.
With purple thick stolons, long rhizomes, long oval-shaped yellowish green leaves, light
purple midribs, longer branches, and light purple fertile flowers, this cultivar yields about
150 kg/ha oil that contains more than 82% menthol. Although both the quality and the
aroma of its oil are high, as Haixiang 1 is not resistant to lodging, which results in a variation
of oil yield from year to year, it is not grown commercially.

5.4.7 HAixuaAN MINT

Haixuan Mint was developed from a propagating population of Haixiang 1 in 1984. The
color of the stem is the same as Haixiang 1. With thin and long rhizomes, dark yellowish
green oval leaves, light purple midribs, and light purple fertile flowers, this cultivar produced
oil with the best quality in China in the early 1990s. Its oil contains about 84% menthol;
however, its resistance to stress is poorer than that of mint 73-8. As a result, the yield of oil
from this cultivar varies year to year. Consequently, it is not grown commercially.

5.4.8 MinT 80-A-53

Mint 80-A-53 was developed from the progeny of a mutant derived from grafting Haixiang 1
and Mint 40-9 in 1987. The color of the stem changes from purple to dark green from the
bottom to the top at the later developmental stages. With strong thick rhizomes, long oval
shining leaves, and light purple flowers, Mint 80-A-53 has continued to yield about 150 kg/ha
oil that contains more than 80% menthol over the years (Wang et al., 1992; Zhou et al., 1993).
Both the resistance to lodging and the growth rate of this cultivar are high, with the increasing
planting acreage in the early 1990s.

5.5 SPEARMINT

Spearmint is also known as green mint in China. It was first introduced into China in 1950
presumably from Europe via Japan. The cultivars of spearmint grown in China include large-
leaf spearmint, small-leaf spearmint, and Spearmint 73-2. The aroma of the oil from these
cultivars is low. They are mainly cultivated in Jiangsu, Anhui, Jiangxi, Zhejiang, Henan,
Sichuan, Guangdong and Guangxi Provinces. Ever since M. xgracilis was introduced into
China from the USA in 1980, the aroma of spearmint oil has improved significantly. The
hectarage if this cultivar has been increased in areas mentioned above to replace the old
cultivars. Spearmint oil is produced and mainly used in China with a small amount exported.
The total yield of spearmint oil produced in China was about 800 metric tonnes in the early
1990s. The cultivars in question are as follows.

5.5.1 SPEARMINT 73-2

Spearmint 73-2 was developed from a selected progeny of Mint 409 in 1973 and passed the
variety test in 1997. The color of the stem is green with single oblanceolate leaves paring in
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the opposite positions on the stem. The flower is small, light purple in color, incompletely
developed, and produces seeds at a very low rate. This cultivar grows very quickly, ripens
early in Jiangsu and Shanghai, and yields 75 to 125 kg/ha oil that contains 60% L-carvone.
However, the aroma of the oil is poor.

5.5.2 SpearRMINT 80-1

Spearmint 80-1 (Scotch spearmint) was introduced from United States in 1980. The color of
the stem changes from purple to green from the bottom to the top. Trichomes develop on the
surface of the nodes of the stem. The long oval leaves are flat and dark green in color. Raceme
inflorescence produced seeds at a low rate. This cultivar is not resistant to lodging and yields
about 75 to 79 kg/ha oil that contains more than 70% L-carvone. The quality and aroma of
its oil were the best among the cultivars grown in China in the early 1990s. However, the yield
of its oil fluctuates significantly year by year because of its susceptibility to lodging and
diseases.

5.5.3 SPEARMINT 79-2

Spearmint 79-2 was developed from a population of °°Co-y mutagenized seeds of
Jinzhou Spearmint (73-2) in 1987. The stem, which is green in color, produces many aerial
roots at the base. The long, oval leaves produce trichomes on both sides of the leaves. Raceme
inflorescence, with incompletely developed small light purple flowers, produces seeds at a low
rate. With strong rhizomes and rapid growth and developmental rate, this cultivar yields
about 105 kg/ha of oil that contains less than 60% L-carvone.

5.5.4 SpearRMINT 80-S-108

Spearmint 80-S-108 was developed from the progeny of Jinzhou Spearmint in 1984. The color
of the stem is purple and its large, wide oval leaves are light green. Trichomes develop on the
surfaces of both stems and leaves. Raceme inflorescence is composed of light purple fertile
flowers. With strong growth and development, high resistance to stresses, and low rate of
abscission, this cultivar produces about 150 kg/ha of oil that contains roughly 60%
L-carvone. The quality and the aroma of the oil are not as good as that of Spearmint 8§0-1.

5.6 PEPPERMINT

Peppermint (Mentha x piperita L.) is also known as European mint or Western mint in China.
One of the best known peppermint cultivars is “Mitcham” mint from England. The main
varieties of peppermint grown in China are M. piperita var. officinalis Sole and M. piperita var.
vulgaris Sole. The quality of the mint oil from M. piperita var. officinalis is very high. Since the
biomass and the pest resistance of this subspecies are low, its current acreage in China is limited.

The peppermint grown in China was first introduced from the former Soviet Union and
Bulgaria in 1959. There are two types of most cultivated peppermints in China, green-stem
peppermint (M. piperita var. officinalis) and purple-stem peppermint (M. piperita var. vul-
garis). The former produces a high yield of mint oil with low quality. The quality of the oil
from purple-stem peppermint is higher but the yield of the oil is lower. The components of the
oil are mainly menthol, menthone, menthofuran, and menthyl acetate. Since the content of
menthol in peppermint is lower than that in cornmint, it is not used for isolation of menthol.
The oil of peppermint is often used directly to make flavors because of its pleasant taste and
aroma. The major growing areas of peppermint in China include Jiangsu, Hebei, Zhejiang,
Anhui, and Xinjiang, the acreage is much smaller than that in the USA, India, or even Italy.
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5.7 MENTHA CITRATA

Mentha citrata is known as lemony mint in China. It was introduced into China from Egypt in
1960. It is mainly used domestically in cosmetics, soaps, and food products. The major
growing areas include Jiangsu, Zhejiang, and Anhui, although the hectarage is small com-
pared with that of cornmint and spearmint.

5.8 ENVIRONMENTAL REQUIREMENTS

In general, mints have a wide adaptability to different environments and high resistance to
stresses. Since different species have evolved under different climates on the earth, the specific
environmental conditions required for maximum growth for various species are different. The
rest of this chapter is devoted to the discussion of cornmint, the most cultivated species in
China. Cornmint grows rapidly under warm climate with high light intensity. Under optimum
environmental conditions, it can grow indefinitely and be harvested several times in a year. In
Jiangsu, Shanghai, Anhui, Henan, and Jiangxi, mints are usually harvested two times per
year, while they are harvested three times per year in Fujian, four times in Guangdong,
Guangxi, and Hainan, but only once a year in north and northeast of China.

The growth and development of cornmint plants and the quality of the oil are very sensitive
to environmental factors. Precipitation, climate, and weather conditions have significant
effects on the oil yield and composition of the oil (Wang et al., 1992).

5.9 TEMPERATURE

Temperature is one of the most important factors affecting the growth and development of
cornmint plants. During the entire growing season, the accumulative temperatures for the
first harvest are about 2000°C to 2300°C. Within a certain range of temperature, the rate of
growth increases as the temperature rises, resulting in a shorter growing season for harvest.
The cold resistance of cornmint is dependent on the tissue and the developmental stage of the
plant. After planting, the rhizome can survive under 0°C to —20°C in the soil during winter.
Shoot buds develop as soon as the soil temperature reaches above 0°C. The optimum
temperature for the rapid growth of mint plants is 20°C to 30°C.

5.10 SUNLIGHT

As a long-day plant, cornmint grows better under high light intensity. Longer photoperiods
promote flowering and accumulation of oil and menthol in the plant. During the entire
growing season, as the light intensity increases, the number of leaves falling from the plant
decreases and the content of oil per plant increases. This is especially true for the later stages
of the growing season. Rain and lower light intensity during the later stages of growth and
development are the main factors resulting in lower yield of oil.

5.11 WATER SUPPLY

With only a fibrous root system, multiple branches, and large leaves, cornmint needs liberal,
well-distributed rainfall to provide adequate water supply during the early and middle stages
of growth and development. Limited water supply during these stages will result in reduced
vegetative growth and a decline in the yield of biomass. On the other hand, too much rainfall,
poor soil drainage, and high relative humidity will promote disease development, resulting in
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the abscission of the low and middle leaves. Dry weather and low soil moisture during the
later stages, especially 10 to 20 days before harvest, are optimum conditions to ensure a high
oil yield. On the other hand, too much rainfall during the later growth and developmental
stages and during harvest will cause a low oil yield. After the first harvest, ample water supply
is needed to support high percentage of regrowth for the next crop.

5.12 SOIL

Cornmint can generally be grown in a wide range of soils, from sandy to clay. Except very
sandy, heavy clay, and high-salt soils, most types of soils can be used for cornmint produc-
tion. The best types of soils for good growth are sandy and silt loams. The optimum soil pH
range is 6 to 7.5. Also, it is very difficult to establish young plants when the salt content is
equal to or higher than 0.1% as can be found in coastal areas.

5.13 PRODUCTION PRACTICES IN CHINA

Mints are marketed mainly in the form of mint oils. The ultimate purpose of cultivation is to
produce maximum yield of oil with high quality. The yield of mint oil is determined by the
biomass yield and the oil content of the mint plants. The yield of biomass is mainly dependent
on the cultural practices, while oil content is mainly affected by the genotype as well as the
growth rate and the morphology of the plant, the number and the size of the leaf, and the
environment where the mint grows (Guo and Chan, 1993; Jian et al., 1995; Ren, 1995; Yin,
1995; Zuo et al., 1995; Wang, 1996; Wang and Yang, 1997; Liu, 1997, 2001; Zhu, 1997). It is,
therefore, very important to employ the appropriate cultural methods during the entire grown
seasons in addition to choosing the best cultivars suitable to the climate for mint production.

5.14 PLANTING

The season for planting cornmint in the field varies with the climates in different production
areas. In general, it can be planted at any time except during the winter when there are frosts
or the ground is frozen. For example, cornmint can be planted at any time of the year in
Guangdong, southern Guangxi, and Hainan Provinces. In northern China, cornmint can be
planted from April to October, while mints are usually planted from the end of October to
the end of November in Jiangsu, Zhejiang, and Shanghai. It was reported that the yield
and the menthol content of cornmint oil were affected by the planting date (Table 5.1, Wang
et al., 1992). If cornmint is planted too early in the fall with a high temperature, most of the
shoots will emerge from the soil. They may be killed by the frost and/or freezing temperatures
in the winter. Although new shoots develop from the rhizome in the next spring, the vigor of
the new shoots could be dramatically reduced because some of the nutrients in the rhizomes
were used for development of the shoots before the winter. Occasionally, some of the
rhizomes may lose the ability to produce new shoots, which will result in fewer plants per
hectare. The more the shoots emerge from the soil and the stronger the shoots become before
the winter, the weaker the shoots will be and fewer the plants per hectare in the next spring.
On the other hand, if mints are planted too late, the growing season will be shortened, which
also may result in a decrease in the yield of cornmint oil.

Although seeds can be used to produce seedlings, rhizomes and stolons are usually used for
planting in cornmint production. It is essential that fresh rhizomes and stolons of good
quality are used for planting. It was reported that the number of seedlings per hectare and
the percentage of vigorous shoots can be significantly affected by the freshness of the
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TABLE 5.1

The Effect of Planting Date on the Yield and Total Alcohol Content of Cornmint Oil

Cultivar Planting Date Harvesting Date Yield of Oil (kg/ha) Alcohol Content* (%)

68-7 10/12/1974 July 22, 1975 94.50 82.4
10/27/1974 102.75 83.8
01/20/1075 75.75 79.2
10/10/1978 92.25 84.7

Haixiang 1 11/01/1978 July 9, 1979 99.75 85.9
01/30/1979 93.75 81.6
10/10/1984 108.00 85.7

Haixuan 11/01/1984 July 15, 1985 125.25 86.9
01/10/1985 99.75 84.2

*As menthol.

rhizomes (Table 5.2, Wang et al., 1992). When there is a sufficient supply of rhizomes, the
whole rhizome should be used for each plant to produce vigorous and uniform shoots, which
are critical for a high yield of oil. When there is a limited supply of rhizomes, each rhizome
can be cut into multiple segments. Each segment should have two to three internodes of the
rhizomes or stolons.

During planting, a furrow with a width of 23 to 25 cm and a depth of 5 to 7 cm is first made
by a plow. The whole rhizomes or segments of rhizomes are usually spread evenly in the
furrow. The distance between two furrows is about 10 cm. Rhizomes should be placed and
covered with moist soil in the field. The amount of rhizomes planted per hectare is in the
range of 1125 to 1500 kg, depending on the quality of the soil, the freshness and quality of
the rhizomes, and the method that is used for planting. In general, more rhizomes are used
if the soil is poor, the quality of the rhizome is low, if there is an intercrop planted with
cornmint, or if machinery is used for planting.

In the areas that receive a large amount of precipitation during the growing season, it is
very important to establish a water drainage system in the field during planting because both
cornmint and other mints are very sensitive to water-logging. Wang et al. (1992) reported that
drainage had a significant effect on the yield of oil. The effects of water-logging include
(1) limiting O, supply in the soil and inhibiting the development of the root system, which

TABLE 5.2
The Effect of Freshness of Cornmint Rhizomes on the Number
of Seedlings per Hectare and the Percentage of Vigorous Shoots

Days after Rhizome Stored

before Planting Seedlings/ha* % of Vigorous Shoots
1-2 652,500 80
3-6 591,000 62
12 444,000 45
20 211,500 25

*Planting at 1500 kg/ha.
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results in reduced uptake of nutrients and limited growth of plants; (2) increasing the activities
of anaerobic microbes that result in the production of a number of toxic compounds such as
organic acids, hydrogen sulfide, and ferrous compounds, which may cause black and rotten
roots, reduced root respiration, and “red” seedlings; (3) lodging, leaf rotting, development of
diseases under high humidity that cause a decrease in the quality of the oil; (4) growth of more
weeds under high humidity that affect not only the growth of the mint plants but also the
quality of the oil by giving it undesirable aroma and color, especially when weeds are mixed
with cornmint in the processing and isolation of the oil. The combination of all the aspects
described here will result in a significant decrease in the yield and quality of the oil. The
drainage systems usually consist of vertical and horizontal ditches. In a large field with sandy
loam, a drainage system with horizontal ditches every 10 m and vertical ditches every 30 m is
established during planting. Every drainage ditch should connect to the main drainage
channels in the field.

After planting, the surface of the soil is usually compacted by a roller to firm the loose soil
particles, preserve moisture, and protect the rhizomes from freezing during the winter. It was
reported that shoots emerge about 1 week earlier in a rolled field in comparison to those in an
unrolled field (Wang et al., 1992). In the areas with a sufficient water supply, irrigation before
frosting and freezing can be used instead of rolling. The timing of irrigation is very important.
If the field is irrigated too early when the temperature is still high, irrigation will promote the
emergence of a large number of shoots from the soil, which could be killed in a cold winter.
On the other hand, if the field is irrigated too late and free water cannot completely seep into
the soil ice formed during the winter may damage the rhizomes and result in a reduced
number of emerging shoots during the next spring. After irrigation, cultivation is needed to
prevent salts from moving up to the surface of the soil.

5.15 FIELD MANAGEMENT PRACTICES

5.15.1 PopPULATION DENSITY ADJUSTMENTS

Plant population density affects the yields of biomass and oil. Although the population
density is set when mints are planted in the field, unusual low temperatures in the winter
and early spring could cause some plants to die and result in a lower population density than
anticipated. It is, therefore, necessary to adjust the population density by transplanting young
plants to the places where plants had died after the temperature in the spring stabilized at or
above 12°C. When the temperature is below 10°C, the survival rate of the transplants is
usually low. After the temperature rises above 25°C, the survival rate is also low, especially
for large transplants. For example, in Jiangsu Province, transplanting to adjust the popula-
tion density is usually carried out between 15 March and 15 May.

Another main factor affecting the population density is the purity of the cultivar. The
population density decreases as the number of the off-type plants increases. Decrease in
the purity of the commercial cultivars not only affects the yield but also reduces the quality
of the oil. The decline in purity can be caused by a number of factors including segregating
seedlings, mechanical mixtures, and somatic mutations. Most of the off-type mint plants
reproduce rapidly and yield less oil with lower quality. Identification of the off-types is mainly
based on the morphology of the plants. The following six types of plants are usually
considered as off-types and removed before they reach the stage of eight leaves: (1) long
internode type, (2) long petiole type, (3) thin lamia type, (4) lanceolate leaf type, (5) excess
trichomes type, and (6) brittle leaf type. As soon as the off-types are generally removed from
the field, in their place seedlings of the same cultivar should be transplanted to maintain the
optimum population density.
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5.15.2 CuLTIVvATION AND WEED MANAGEMENT

There are a number of weed species that can be found growing in mint fields, especially in the
area where aquatic—terrestrial rotation is not used. Weeds not only compete for the nutrients
in the field, but also shade the lower part of mint plants. These usually cause abscission of
mint leaves and result in a significant yield reduction in biomass and oil. The mixture of weeds
and mint during harvest can also reduce the quality of oil. Therefore, weeds must be removed
from the field before they impose a significant effect on the yield and the quality of the oil.

Weed control is usually carried out through cultivation starting in the early spring when
daily average temperatures reach above 10°C. Cultivation not only kills the weeds in the field
but also loosens the soil, reduces water evaporation, and mobilizes the nutrients available to
mint plants. Weeds are also controlled by various herbicides in most mint production in
China (Hu and Shao, 1990; Huang, 1992; Wang et al., 1992).

5.15.3 TorrPING

Topping is a culture practice to remove the shoot tip of the main stem to promote the growth
and development of lateral shoots when the population density is low. Topping is not
recommended for a normal population density without intercropping. The effects of topping
under different population densities on the yield of cornmint oil were studied by Wang et al.
(1992) and their results are presented in Table 5.3. When mints are interplanted with other
crops, they should be topped as soon as the other crop is harvested.

5.15.4  FERTILIZATION

Nutrients play an important role in the growth and development of mint plants (Yang and
Guo, 1993; Le et al., 1996; Sun, 1997; Zhu et al., 2000). High yield and quality of mint oil
from a specific cultivar are mainly achieved via production of a large amount of healthy
mature leaves at harvest.

It is reported that leaves developed before mid-May in Jiangsu barely contribute to the final
yield of oil (Wang et al., 1992). Rapid growth in the early stages usually results in thinner and
taller plants under a normal population density. Since the plants start to overlap each other at
very early stages of development, the light intensity is reduced and the humidity is increased
under the canopy. These will foster lodging and disease, cause a significant loss of leaves from
the lower part of the plants, and result in a large decline in the yield and quality of mint oil.
Table 5.4 shows the effects of the same total amount of fertilizer applied at different
developmental stages on the yield of biomass and oil (Wang et al., 1992). It is apparent
that the application of appropriate amounts of fertilizer at specific developmental stages is
critical to the yield of both biomass and oils.

TABLE 5.3
The Effects of Topping on the Yield of Cornmint Oil from cv. Mint 73-8
Population Density (plants/ha) Treatment First Harvest Yield of Oil (kg/ha)
597,000 Topping 94.65

Nontopping 107.10
211,500 Topping 108.60

Nontopping 90.15
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TABLE 5.4
The Effects of Fertilizer Applied at Different Stages on the Length of Internodes and the
Yield of Biomass and Cornmint Oil

Fertilizer Application Biomass oil oil Internodes
Cultivar (urea kg/ha) Date (kg/ha) (kg/ha) Content (%) 1to 5 (mm)
Mint 68-7 37.5 April 15
37.5 May 29 29,085 76.65 0.26 14.33
150.0 June 10
Mint 68-7* 37.5 March 22
112.5 April 20 27,862 111.45 0.40 11.41
75.0 June 10
Haixiang 17 225.0 May 9 22,223 42.60 0.19 NT'
225.0 May 28 22,583 63.45 0.28 NT
225.0 June 9 23,546 77.70 0.33 NT

*579,000 plants/ha.
528,000 plants/ha.
fNot tested.

It was reported (Wang et al., 1992) that increasing the amount of fertilizer (urea) from
127.5 to 277.5 kg/ha under a normal population density resulted in a significant decrease in
the yield of oil (Table 5.5). Lodging apparently was the major contributor to the decrease in
the yield of oil. Therefore, using fertilizers during planting is typically not recommended for
the fertile field to avoid overgrowth in the early stages of development. In addition, the
application of fertilizers during planting is also considered as a wasteful practice because it
takes about 3 months for the plants to emerge from the soil in most of the production areas in
China and most of the fertilizers usually leach out before they can be absorbed by the plants.
For the fields with poor soil and deficient in nitrogen (N), potassium (K), and phosphate (P),
an organic fertilizer is typically used during planting.

The amount, type, and time of fertilizer application depend on the growth of mint plants in
the fields. At the early stages of development, they are small and grow slowly. The nutrients in
the soil or from the organic fertilizers applied are sufficient to support mint plant growth.
From the middle of May to the end of June, plants grow very rapidly in Jiangsu Province.
Chemical fertilizers, including N, P, K, and micronutrients combined with organic fertilizers,

TABLE 5.5

The Effect of the Amount of Fertilizer on the Yield of Cornmint* Biomass and Oil

Fertilizer Urea™ (kg/ha) Mint Biomass (kg/ha) Oil (kg/ha) Oil Content (%) Lodging
225 23,411 65.55 0.28 -+
150 25,572 79.35 0.31 ++
75 26.334 118.65 0.45 Normal

+++ A lot of lodging.

++ Moderate amount of lodging.

*Cultivar Mint 68-7 at 465,000 plants/ha.

**Applied on May 28, in addition, 52.5 kg/ha urea applied on June 10.
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are usually applied to promote healthy growth and branching of the mint plants. Urea at the
rate of 105 to 120 kg/ha is usually recommended for this stage (Zhou, 1999). At the later
stages of development, small amounts of chemical fertilizers are usually applied about 30 days
before harvest to sustain the growth. Excessive amounts of chemical fertilizer or fertilizer
applied too early will result in overgrowth, thereby affecting the yield of oil.

5.16 FIELD MANAGEMENT FOR SECOND HARVEST

The second crop of cornmint needs about 1600°C to 2000°C of accumulative temperature
from emergence to flowering within 80 to 90 days during which time the average daily
temperature, in general, decreases especially after the plants mature, in most of the produc-
tion areas in China. Since the precipitation is usually limited and the daily temperature is high
when the plants emerge from the soil, field management becomes especially important to
ensure an adequate number of strong and healthy plants per hectare.

5.16.1 RemovAL oF ABOVE-GROUND STEMS TO PROMOTE PLANT EMERGENCE

After the first crop is harvested (usually around the end of July), the stems above the ground
should be cut off as soon as possible. Any delay in removing the residuals of the stem will
result in weak shoot development and thereby affect the yield of biomass and oil. New
cornmint plants are usually produced from the rhizomes under the ground after the stems
above the ground are removed. Since these plants have strong shoots and root systems, they
are resistant to multiple stresses and grow rapidly in the field to establish a productive
population for high biomass and oil yield. In most areas, removal of stems and stolons is
accomplished simultaneously at the time of harvest. In addition to mechanical removal of the
stem residuals, some herbicide is also used to kill both the stem tissues above the ground and
the weeds after cornmint has been harvested (Fueng, 2000).

5.16.2 CoVErRING THE FIELD TO MAINTAIN MOISTURE

In the areas where precipitation is limited after the first crop is harvested, spreading a thin
layer of soil from the drainage ditches after harvest in the field is usually carried out to
maintain the moisture. This practice not only ensures that enough plants will emerge from the
soil to form an optimum population, but it will also enhance the vigor of the shoot and root
systems of the plants.

5.16.3 CoNTROLLING WEEDS STRENGTHENS CORNMINT PLANTS

The period from the harvest of the first cornmint crop to the establishment of the plants of the
second crop is also the season in which a number of weeds grow rapidly in the field.
Therefore, it is critical to kill the weeds before they affect the emergence and growth of the
plants. Depending upon the species of the weeds in the field, different types of herbicides can
be applied after the first crop is harvested or at the 3-leaf stage (Hu and Shao, 1990; Huang,
1992; Wang et al., 1992).

5.16.4 FerTILIZING AT APPROPRIATE DEVELOPMENTAL STAGES

Fertilization is more important to the second crop than the first crop, especially for the fields
with poor soil or those lacking organic fertilizers. It was reported that the early application of
fertilizers for maturation resulted in higher yield of oil for the same cultivar under the same
amount of fertilizers (Table 5.6, Wang et al., 1992).
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TABLE 5.6
The Effect of Fertilizer Application on the Yield of Cornmint* Biomass and Oil
for the Second Crop

Amount of Fertilizer Application Date Mint Biomass (kg/ha) Oil (kg/ha)
30 kg/ha urea September 3 26,250 15.75
45 kg/ha urea September 30

75 kg/ha urea September 3 15,000 45.0

*Cultivar: Mint 73-8 with 1200 kg/ha decomposed cotton seed meal plus 150 kg/ha urea.

5.16.5 HARVESTING BEFORE THE FIRST FROST

The yield of cornmint oil is correlated well with the temperature at which it is harvested. In
general, the plants reach maturity from mid- to the end of September in most production
areas except for Guangdong, Guangxi, Hainan, Fujian, and Northeast of China. Therefore,
the second crop should be harvested as soon as it reaches maturity. The effects of the date of
harvest on the yield of biomass and oil are shown in Table 5.7 (Wang et al., 1992). Harvest
after a frost will result in a dramatic loss in the yield of cornmint oil although the yield of
biomass is usually not affected significantly.

5.17 CULTIVAR PURIFICATION AND REJUVENATION

After cultivation and vegetative proliferation for a number of years, the purity and vigor of
most cultivars decline significantly, especially in the fields where the seeds from self-pollinated
plants fall into the soil. Therefore, the yield and quality of the oil from the same cultivar will
decrease dramatically without purification and rejuvenation (Zhao, 1990).

A field with fertile soil supplemented with about 30,000 kg/ha manure and 750 to 1200
kg/ha decomposed cotton seed meal is usually used to purify and rejuvenate a cultivar. In
some areas, inorganic fertilizers of potassium, phosphate, and calcium are also applied to
fields that are deficient in these elements. Sections of stolons, stems, or rhizomes from
vigorous plants of the cultivar treated with 80 ppm methyl a-naphthyl acetate are chosen to
be planted vertically into the soil with two to three internodes above the ground. The
optimum population for purification and rejuvenation is about 420,000 plants per hectare.

TABLE 5.7

The Effects of the Date of Harvest on the Yield of Cornmint Biomass and Oil

First Harvest Date  Second Harvest Date Temperature (°C) Biomass (kg/ha) Oil (kg/ha)
September 26 19.1 18,690 78.75
September 30 20.8 18,810 75.75
October 3 18.1 18,735 67.05

July 16 October 9 24.0 18,765 77.40
October 22 15.7 18,885 47.10
November 3 11.3 18,960 31.50

November 13 3 days frost 18,930 23.25
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It has been reported that 1 ha can produce high quality rhizomes for 10 to 15 ha of cornmint
production in the next season and at the same time increase the yield of oil by 10% to 15%
(Gu, 2000).

5.18 INTERCROPPING CORNMINT WITH OTHER CROPS

Intercropping of cornmint with other crops is a common practice in China to increase the
productivity of the land for agriculture (Wang et al., 1992; Le, 1993; Ye and Shi, 1993, Xue,
1999; Li and Lu, 2000).

However, more efforts are needed to prevent the mixing of other crop residues with the
cornmint during harvest. Otherwise, the quality of the oil could be affected significantly,
depending on the crop that is intercropped with the cornmint or any other mint.

5.18.1 INTERCROPPING WITH BARLEY

The intercropping of cornmint with barley is mainly done in the Yanzhuo Region of Jiangsu
Province. Both crops are usually planted at the same time. The row width of barley is
expanded up to 23 cm; the distance between rows is about 100 cm where mint is planted
normally. Table 5.8 shows the effect of intercropping with barley on the yield and quality of
cornmint oil (Wang et al., 1992).

The cultivars of barley chosen to intercrop with cornmint should be resistant to lodging and
semishort in plant height and mature earlier than monocropped barley cultivars. After the
barley is harvested, cultivation is performed to break the barley residues and kill the weeds in
the field. The cornmint plants adjacent to barley are topped and fertilized to promote rapid
growth so that they can occupy the space left after the barley has been harvested.

5.18.2 INTERCROPPING WITH RAPESEED

Intercropping of cornmint with rapeseed is widely followed in Jiangsu Province. The distance
between the rows of rapeseed is about 130 cm and should not be less than 80 cm from where the
cornmint is planted. The distance between the plants of rapeseed is about 25 cm. It is common
for cornmint plants that are planted adjacent to rapeseed to die during their early stages of
development. Therefore, the planting population of cornmint should be larger than that of a
nonintercropped field by about 15%. Rapeseed seedlings are usually raised in mid-September
and transplanted immediately after cornmint is planted. The rapeseed seedlings should reach
about 20 cm in height with at least six leaves before being transplanted no later than November
20 in most areas in Jiangsu Province. The cultivars of rapeseed chosen to intercrop with
cornmint should be resistant to lodging, compact in morphology, and should mature earlier

TABLE 5.8

The Effect of Intercropping Cornmint with Barley on the Yield and Quality
of the Oil

Intercropping Oil (kg/ha) Alcohol Content (%)
33 cm mint intercropping with 33 cm barley 91.20 82.06

66 cm mint intercropping with 33 cm barley 92.25 82.52

100 cm mint intercropping with 33 cm barley 91.95 82.47

133 cm mint intercropping with 33 cm barley 91.95 83.84

Mint without intercropping (control) 92.25 84.89
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than monocropped rapeseed cultivars. After rapeseed is harvested, cornmint plants are topped
and fertilized to promote rapid growth. It has been reported that the yield of cornmint oil,
rapeseed, and corn can reach up to 180 to 225 kg/ha and 4500 to 7500 kg/ha, respectively,
when intercropped with rape and corn (Li and Liu, 2000; Xue, 1999).

5.18.3 INTERCROPPING WITH BROAD BEAN

The hectarage of cornmint intercropped with broad bean is the second largest after its
intercropping with rapeseed in China. Since broad bean plants are large and shade cornmint
plants more than either barley or rapeseed does, the cultural practice is very critical to achieve
a high oil yield and good quality of oil. First, the cultivars of broad bean chosen for
intercropping with cornmint should be resistant to lodging and drought, compact in morph-
ology, and mature earlier than monocropped broad-bean cultivars. Second, broad bean
should be planted ahead of cornmint in mid-October in Jiangsu Province, and the distance
between rows of broad bean should be 140 to 160 cm. Third, broad bean plants need to be
physically supported and controlled to prevent overgrowing on the top of cornmint plants
during their later developmental stages. Finally, the cornmint plants need to be topped and
fertilized appropriately after broad bean is harvested.

5.18.4 INTERCROPPING WITH VEGETABLES

Intercropping of cornmint with vegetables is a common practice, especially in areas near the
cities in China. The vegetables commonly intercropped with cornmint or spearmint include
vegetables with a short life cycle such as spinach and crown daisy. Cornmint is usually planted
first under conventional cultural practices but the planting populations should be larger than
that of a nonintercropped field by 20%. The seeds or seedlings of vegetables are planted later
with a lower density than a nonintercropped vegetable field. In some areas, mints are also
intercropped with vegetables that have a medium-length life cycle, such as leaf mustard,
potherb mustard, and asparagus. These vegetables are usually harvested from the end of
March to the middle of April in the Jiangsu Province. Therefore, they generally do not affect
the growth of the mint plants. In addition, mints are also intercropped with vegetables that
have a long life cycle such as peas. In this case, the distance between the rows of peas is about
150 cm. After peas are harvested around the end of May, the mint plants are topped and
fertilized appropriately. Since most of the vegetable fields are covered and fertilized during
winter, cornmint plants usually grow well when intercropped with vegetables.

5.18.5 INTERCROPPING WITH SESAME

In some areas, the second cornmint crop is intercropped with sesame. Because sesame is very
sensitive to soil pH, only fields with a sandy loam and/or silt loam should be used for
intercropping with sesame. The cultivars of sesame chosen for intercropping with cornmint
should have narrow leaves and few branches. Sesame seedlings are raised separately and
transplanted to the field after the first crop is harvested. The distance between the rows of
sesame is about 140 cm and that between plants is about 20 cm.

5.18.6 INTERCROPPING WITH OTHER CROPS

In some areas of China, cornmint is intercropped with corn. Since corn is a tall plant with a
longer life cycle than other crops described earlier, cornmint plants grow poorly and lose
more leaves due to reduced light intensity. Therefore, both the oil yield and the quality of the
oil are low when intercropped with corn. In some areas, cornmint is also intercropped with



Production of Mints and Mint Oil in China 181

TABLE 5.9
The Effects of Crop Rotation on the Yield and Quality of Cornmint Oil
Oil (kg/ha) Alcohol Content (%)
First Second First Second
Year Cultivar Crop Rotation Harvest Harvest Harvest Harvest
1984 2 years of mint 110.25 47.25 81.7 85.1
Haixuan Corn, then mint rotation 118.50 51.75 83.6 86.4
Cotton, then mint rotation 118.50 54.00 83.6 86.3
Mint 73-8 2 years of mint 109.50 49.50 76.1 81.8
Corn, then mint rotation 126.75 62.25 77.3 82.9
Cotton, then mint rotation 126.75 63.00 77.8 83.1
1985 2 years of mint 89.25 27.75 80.8 84.3
Hiaxuan Corn, then mint rotation 95.25 45.75 82.8 86.4
Cotton, then mint rotation 96.75 44.25 83.1 87.3
2 years of mint 87.00 36.75 76.4 80.3
Mint 73-8 Corn, then mint rotation 95.25 48.00 77.9 83.6
Cotton, then mint rotation 93.00 50.25 78.1 83.8

onion, garlic, or cotton. However, the quality of mint oil is usually affected by either the
mixing of onion and garlic plants with the cornmint during harvest or by the pesticides
applied to the cotton.

5.19 CROP ROTATION

Irrespective of whether cornmint is planted as a monoculture or intercropped with other
plants, rotation is required to control the pests, weeds, and disease and use the nutrients in the
field efficiently. The data in Table 5.9 show the effects of crop rotation on the yield and
quality of mint oil (Wang et al., 1992).

In the areas with two crops per year, the crops for the first year are mainly wheat, barley,
broad bean, or rapeseed for the summer and cotton, rice, corn, jute, soybean, peanut, or sweet
potato for the autumn.

The crops for the second year are cornmint for the summer and cornmint or rice for the
autumn. In areas with five crops in 2 years, the crops for the first year are (a) barley, broad
bean, or rapeseed, (b) corn or rice, and (c) carrot or sweet potato. The crops for the second,
year are cornmint for the summer and cornmint or rice for the autumn.

5.20 MINT OIL PRODUCTION

Cornmint distillation is usually performed by the growers themselves using a steam and water
system constructed of mild steel (Figure 5.1 and Figure 5.2). Oil produced by the growers is
stored in 1-kg, 5-kg, and 10-kg containers (Watts, 1997). The growers have the option of storing
or selling their oils depending on supply and demand and the current market process for crude
oil. If they decide to sell their oil, they can either sell it to (a) small dealers who collect the oil in
100-kg containers or (b) large dealers who have collection stations. At one time the oil was sold
to state-owned co-operatives who functioned like large dealers (Watts, 1997).
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FIGURE 5.1 A battery of cornmint distillation units in Anhui Province.

The annual cornmint oil production over the last decade in China is shown in Table 5.10. It
can be seen from these data that the amount of oil available for menthol isolation fluctuates,
has decreased, and now stabilized. The reason for this decrease is the increased production of
oil in India. That Indian oil is offered at a lower price than Chinese oil has directly affected
production levels. Watts (1997) estimated that to satisfy the domestic or internal demand for
menthol ca. 3000 metric tonnes of crude oil are required. The use of mints, mint oils, and
menthol in China has expanded to a variety of products including toothpaste, chewing gum,

FIGURE 5.2 A single distillation unit in Anhui Province showing the condenser tank which houses a
spiral tube condenser and receiver.
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TABLE 5.10
Crude Cornmint Oil
Production in China

Year Oil Production
1994 4000
1995 4500
1996 3200
1997 4500
1998 4000
1999 3500
2000 4000
2001 3500
2002 3000
2003 3500

candy, synthetic drugs, and cigarettes. Recently mints have also been cultivated as a specialty
vegetable crop for use in Chinese salads (Zhao, 2000).
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6.1 INTRODUCTION

Distillation with steam can recover volatile oils from several species in the Mentha genus.
Because these oils are the products of distillation, they are by definition essences and are
called “essential oils.” The four species indicated here are those that yield the oils of most
interest to commerce. Although the oils are different, the plants are rather similar:

Mentha piperita: peppermint: About 75% of the oil is a mixture of menthol and menthone
in proportions of about 2:1 or 3:1, respectively.

Mentha canadensis: cornmint, or Japanese mint: This oil is the best source of natural
menthol (ca. 70%).

Mentha spicata and Mentha gracilis: Native and Scotch spearmint: The oils comprise ca.
66% carvone.

Mentha pulegium: The European pennyroyal: The oil consists of up to 90% pulegone.

The characteristics of the principal components of these oils, which are important for

distillation, fall within very nar