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The aims of this work were to introduce Lippia junelliana into cultivation, to compare the essential oil
accumulation between cultivated and wild plants, and to reintroduce micropropagated plants in the
location of the original population. The leaves and inflorescences of cultivated plants accumulated, on
a dry weight basis, higher amounts of essential oil than their wild counterparts. Thus, total essential oil
accumulation of cultivated plant parts was also significantly higher than that of wild counterparts. The
cultivated plants showed the same essential oil profile than the wild plants. This work demonstrates

K.eyv'vords: . that cultivation can be a more efficient vehicle to both preserve and exploit L. junelliana, than collection
Lippia junelliana . . . . . . . . .

Verbenaceae from the wild, because higher yields of biomass and oil accumulation can be achieved, while essential
Salvialora oil composition is less affected by the different treatments. The reintroduction of new plants into the
Essential oil species’ original location has proved to be a viable alternative for their in situ preservation or enrichment

Cultivation
Wild populations

planting. This model of introduction of aromatic plants into cultivation through micropropagation could
be a useful technique to recover valuable chemotypes from the wild in the search for new alternatives in

Collecting the agriculture and for the preservation of natural resources for future generations.

Arorr}a_nc © 2010 Elsevier B.V. All rights reserved.
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Monoterpenes

1. Introduction

Medicinal and aromatic plants constitute an important group
among the economic plants. In Argentina, most medicinal plant
species are collected from the wild to supply the increasing demand
of the pharmaceutical, food and flavor industries. As a result, the
natural populations of medicinal plants have seriously declined
and in some cases become endangered (Koroch et al., 1997). Loss
of habitat due to urbanization, deforestation, overgrazing, and
fire are additional causes of decreasing medicinal plant popula-
tions.

Cultivation of medicinal plants permits production of uniform
and high quality raw material compared to the collection from
the wild. However, studies on the agronomic aspects of medicinal
plants are few (Palevitch, 1991). Therefore, the movement toward
domestication as a vehicle for genetic preservation and conserva-
tion is an important strategy (Franz, 1993). Several arguments have
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been mentioned to promote conservation of plants, they include
the economic value of plants as resources for humanity both now
and in the future, the scientific value of plants, the role of plants in
maintaining stable environments, in inspiring people and in trans-
forming their values (Given, 1994). The reintroduction of species
and restoration programs that enhance, restore or recreate native
or semi-natural habitats are now essential tools in conservation’s
armory. Nowadays, the trend in plant conservation is to combine
ex situ and in situ species within an integrated conservation pro-
gram including the collaboration among scientific or plant breeding
organizations (Akeroyd, 2006).

Micropropagation has been used for the rapid multiplication
of many Argentinean medicinal and aromatic plants including
Hedeoma multiflorum (Koroch et al., 1997), Minthostachys mollis
(Chebel et al., 1998) and Lippia junelliana (Juliani et al., 1999). This
technique offers a way to multiply plants possessing a special phe-
notypic character directly and rapidly, thereby shortening the time
needed for the introduction of a new plant variety into the market-
place (Schumacher, 1991) and providing an effective technique for
repopulation of the original locations of the plants (Socorro et al.,
1998).
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The genus Lippia belongs to the Verbenaceae family and includes
approximately 200 species in central and south America and
tropical Africa (Terblanché and Kornelius, 1996). Argentina is par-
ticularly rich in a large number of these species. L. junelliana (Mold.)
Tronc. is an endemic perennial aromatic shrub of central Argentina,
which reaches 1.5 m in height and can be found in the hilly regions
of Cérdoba, La Rioja, San Luis, Tucuman, Jujuy, Catamarca, Salta
and Santiago del Estero provinces (Zuloaga and Morrone, 1999).
Locally known as “salvialora” or “salvia morada (purple sage)”, its
leaves are claimed to have medicinal properties used for abdomi-
nal complaints (Juliani et al., 1994). The therapeutic effects of this
plant have been partially attributed to its essential oil (Zygadlo and
Juliani, 2000).

The objectives of this study were to introduce wild varieties of
L. junelliana into cultivation, to compare the biomass partition and
essential oil accumulation between cultivated and wild plants, and
to reintroduce micropropagated plants into the species’ original
location.

2. Materials and methods

The first objective of this study was to introduce a single chemo-
type (Juliani et al., 1994) of L. junelliana into cultivation. Seeds of
L. junelliana were collected from wild plants growing in the hilly
region of San Luis province, city of Merlo (Piedras Blancas I, PB I),
Rep. Argentina (lat: 32°19, long west 64°59 960 m asl, mean annual
rainfall 650 mm, with sandy soils not adequate for agriculture).
Seeds were germinated under aseptic conditions. One plantlet, out
of many, was selected due to its better in vitro growth and then
clonally micropropagated, acclimatized and transferred to a green-
house (Juliani, 1998; Juliani et al., 1999). The micropropagated
plantlets (three-month-old) were transferred at the beginning of
spring (September, 1996) to three 1 m? plots, row spacing of 70 cm,
and plants separated by 70 cm within each row (9 plants per m?).
The plots with soils very suitable for agriculture were located in
the research fields of “Facultad de Ciencias Agropecuarias” National
University of Cérdoba (Cérdoba province, Argentina, 3129 00.93 S,
64° 00 23 W 370m asl, mean annual rainfall 750 mm). The plots
were watered once a week and weed control was carried out man-
ually as necessary.

Wild and cultivated plants were harvested in mid-autumn (April
1997), six plants of a similar size (1 m in height) to the cultivated
ones were selected. Ten micropropagated plants were randomly
distributed in the original location of the wild plants at the begin-
ning of the spring (September 1999) and six of these re-introduced
plants were later harvested (April 2000). The above ground biomass
of each plant was harvested and separated into leaves, stems and
inflorescences and dried at ambient temperature in the shade over
a 10-day period. The essential oil (EO) content of the plant parts
was measured for the three types of plants.

Each group of plant parts was steam distilled (90 min) using a
Clevenger-type apparatus. The stem oils were extracted from the
distillation water with butyl methyl ether and then the solvent
removed under reduce pressured. Essential oil content was calcu-
lated as the percentage of sample dry weights (g EO/100 g organ

Table 1

dry weight). The oils were dried over anhydrous sodium sulfate
and stored at —20°C in the dark until analysis. The leaf essential
oils were analyzed by gas chromatography (Juliani et al., 2002).
All the compounds were listed in order of elution on SE30 column
(Tables 3 and 5).

A second objective of this study sought to recover the vari-
ability of L. junelliana chemotypes identified in a previous study
(Juliani et al., 2002). Seeds of L. junelliana from different chemo-
types were collected from the populations of Piedras Blancas (II)
(dihydrocarvone chemotype, San Luis province), Arroyo San Anto-
nio (ASA, ocimenone), Altautina (ALT, limonene-piperitenone) and
Los Chafaritos N° 2 (LC, limonene-piperitenone oxide) (Cordoba
Province) (Juliani etal.,2002). Seeds were germinated under aseptic
conditions and clonally micropropagated, acclimatized and trans-
fer to a greenhouse as described above (Juliani et al., 1999). Six
plants of the four chemotypes were transferred to three plots with
the same plant separation (3 rows and plants separated 70cm)
as listed above and growing in the same research station. The
plots were watered once a week. The plants were transferred early
September 1999. The four chemotypes were distributed randomly
within each plot. Two plants were harvested (early April 2000) per
plot and variety (6 in total) and the above ground biomass of plants
was used in the study. The same plants growing in the wild that
served as the sources of seeds were also harvested at the same time
(early April 2000). All the plants were dried, separated into leaves,
stems and inflorescences and the essential oil extracted and ana-
lyzed as described above. Voucher for all specimens were deposited
(Juliani et al., 2002).

The experimental design was fully randomized. Data presented
correspond to the mean of the values at least in triplicate. Data
were analyzed statistically by analysis of variance (ANOVA). The
differences between the means was compared using LSD test (least
significant differences) with the level of significance set at p=0.05.

3. Results and discussion

In the first study, it was observed a variation in the biomass of
the wild, cultivated, and reintroduced plants, and also in the way
in which the plants partitioned the biomass (Table 1). The biomass
of the wild plants (115.5 g) showed no significant differences when
compared with the cultivated plants (107.7 g), while the biomass of
reintroduced plants (88.2 g) was significantly lower (Table 1). The
cultivated plants accumulated more biomass in the leaves (43.3%)
and inflorescences (3.0%), than the wild (33.5% on the leaves and
0.9% on inflorescences), and in the reintroduced plants (31.1% for
leaves, and 0.7% for inflorescences).

The inflorescence biomass was much higher for cultivated plants
(3.2 g) than for either of the other plants (less than 1 g) (Table 1), it
was observed that in these plants 93.2% of the oil accumulated by
the whole plant was produced in the leaves and 6.1% in the inflores-
cences. In comparison, wild and reintroduced plants accumulated
96.7% and 97.1%, respectively of their essential oils in the leaves
and only 2.1% and 1.8%, respectively in the inflorescences (Table 1).

The leaves and inflorescences of cultivated plants accumulated,
on a dry weight basis (3.8% and 3.5%, respectively) (Table 2), higher

Biomass and essential oil partition of wild (W), cultivated (C) and reintroduced (R) populations of Lippia junelliana in different sites of Central Argentina.

Biomass (g) Biomass accumulation (%) Essential oil partition (%)

W C R W C R W C R
Leaves 373 £ 1.2cd’ 46.7 + 4.0bc 27.6 +£2.3d 33.5+3.5d 43.3 + 0.5¢ 31.1+1.8d 96.7 + 0.2a 93.2 £ 0.9b 97.1 £0.5a
Inflorescences 1.0 £ 0.2f 32+ 0.2e 0.7 +£ 0.1f 0.9 + 0.2e 3.0 + 0.2e 0.7 £ 0.1e 2.1+ 0.4d 6.1 + 0.9¢c 1.8 + 0.4de
Stems 772 £12.1a 57.8 £ 5.0ab 59.9 £ 3.5ab 65.6 &+ 3.7a 53.7 £ 0.5b 68.2 £ 1.9a 1.3 &+ 0.3de 0.6 + 0.1e 1.1 £ 0.1ed
Total 115.5 £ 11.0a 107.7 £ 9.1ab 88.2 £ 4.9b

" Mean + standard error; letters in the same parameter do not differ statistically according to LSD test (p=0.05).
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Table 2

Essential oil content of wild (W), cultivated (C) and reintroduced (R) populations of Lippia junelliana in different sites of Central Argentina.

EO content (%)?

EO per plant part (g)

wa C R w C R
Leaves 3.0 + 0.2bc’ 3.8+ 0.17a 2.8 £ 0.2¢c 1.1+ 0.1b 1.8 £ 0.2a 0.8 +£ 0.1b
Inflorescences 2.6 £0.17c 3.5+ 0.3ab 1.9 +£0.3d 0.03 + <0.01c 0.1 +£0.03d 0.01 + <0.01ef
Stems 0.02 £ <0.01e 0.02 £ <0.01e 0.02 £+ <0.01e 0.01 £ <0.01e 0.012 + <0.01ef 0.008 + <0.01f
Total essential oil content 1.2 £ 0.1 1.9 + 0.2b 0.8 £0.1a

2 g essential oil (EO)/100 g dry weight.

" Mean + standard error; letters in the same parameter do not differ statistically according to LSD test (p =0.05).

Table 3
Essential oil percent composition of wild, cultivated and reintroduced populations
of Lippia junelliana in different sites of Central Argentina.

RI? Compounds Wwild Cultivated Reintroduced
937 a-Pinene 0.2 + 0.0a° 0.6 + 0.1b 0.5+ 0.1b
953 Camphene 1.6 £ 0.1a 1.8 £ 0.3a 1.7 £ 0.3a
980 B-Pinene 0.6 £ 0.2a 03 £0.1a 0.8 £ 0.1a
986 Myrcene 0.2 +0.1a 0.2 +0.1a 0.2+ 0.1a

1031 Limonene 324 + 4.0a 334 +5.1a 273 +£53a

1040 cis-Ocimene 0.2 +0.1a 0.2 + 0.1ab 0.2 +£0.1b

1114 Camphor 3.0 +0.3a 3.5+03a 34+03a

1146 Borneol 1.7 £ 0.3a 23+ 03a 1.5+ 0.1b

1201 Estragol 0.2 +0.1a 03 +0.1a 0.2 +0.1a

1260 Geranial 15.8 + 3.2ab 183 +3.9a 17.6 £ 5.1b

1218 Carvone 0.8 +£0.3a 0.5 £ 0.2a 0.8 £0.3a

1304 Piperitenone 31.6 £ 4.1ab 27.7 £ 3.4b 35.6 + 4.0a

1352 Piperitenone oxide 1.7 £ 0.6a 14 + 04a 1.0 £ 0.2a

1371 Methyleugenol 21+0.2a 1.5 £ 0.5a 20+0.2a

1419 B-Caryophyllene 23 +03a 1.9+ 04a 1.6 £ 0.3b

1452 a-Humulene 04 +0.1a 0.3 £ 0.1a 0.3 £0.1a

1556 Germacrene B 0.8 +£0.2a 0.5 + 0.1ab 0.2 +£ 0.1b

1576 Spathulenol 0.6 +0.1a 0.3 +0.1a 0.5+ 0.2b

a Retention index.
" Mean (relative percentage of oil components) =+ standard error; letters in the
same component do not differ statistically according to LSD test (p=0.05).

amounts of essential oils than their wild counterparts (3% for leaves
and 2.6% for inflorescences), and for reintroduced plants 2.8% for
leaves, and 1.9% inflorescences. These results showed that the
organs of the cultivated plants were more efficient in accumulat-
ing essential oils (Table 2). The cultivated plants produced more
biomass in the leaves (43.3%) than the wild and re-introduced
plants (33.5 and 33.1%, respectively). In contrast, the wild plants
accumulated greater stem weight (Table 2), the stems accumulated
small quantities of essential oils in comparison with the leaves and
inflorescences.

Our previous study (Juliani et al., 1994) reported low essential
oil accumulation by the stems. Accordingly, the total essential oil
accumulation of cultivated plants (1.9 g) was significantly higher
than the wild (1.2 g) and reintroduced plants (0.8 g) (Table 2). The
oil content varied in the three types of plants while the essen-
tial oil profile of the cultivated plants was quite similar to the
wild and re-introduced plants (Table 3). All plants showed high
levels of limonene (32.4%, 33.4% and 27.3% for the wild, culti-
vated and reintroduced plants, respectively), geranial (15.8%, 18.3%

and 17.6%) and piperitenone (31.6, 27.7, and 35.6%) as the main
monoterpenes. Minor significant differences were observed for
geranial and piperitenone (Table 3). With all the plants showing
lower and significantly similar levels of camphene (1.6-1.8%), cam-
phor (3.0-3.5%), methyleugenol (1.5-2.1%) and 3-caryophyllene
(1.6-2.3%) (Table 3).

In the second study, the wild plants accumulated significantly
higher levels of total biomass in the aerial parts (Table 4) when
compared with the cultivated plants (Piedras Blancas varieties,
148 g and 37.9 g, respectively; Arroyo San Antonio, 272 gand 51.3 g,
respectively; Altautina, 111g and 102g; Los Chanaritos, 117.7
and 72.4 g, respectively). The cultivated plants partitioned more
biomass into the leaves than the wild varieties (Fig. 1), the highest
percentage was observed in the Piedras Blancas variety (48% for
cultivated, 11% for wild, respectively). Arroyo San Antonio (46%,
3.2%), Altautina (41%, 17%), Los Chafaritos (42%, 25%), and both
type of plants partitioned a small amount of biomass into the inflo-
rescences (<1.6%) (Fig. 1). The cultivated plants partitioned similar
amounts into the stems, ranging from 50 to 59%. While the wild
plants showed the highest relative amount of stems, the high-
est amount was observed in Arroyo San Antonio varieties (97%),
Piedras Blancas (87%), Altautina (82%) and Los Chaaritos (75%)
(Fig. 1).

The plants growing in the wild showed higher contents of
essential oils in the leaves when compared with the cultivated
plants (Table 4). The higher oil content was observed in the wild
plants from Piedras Blancas (4.8%) and lower content in the cul-
tivated plants (3.8%), a similar trend was observed in Arroyo San
Antonio (3.7%, 2.6%, respectively), Los Chafnaritos (2.7% and 2.4%),
and no significantly different essential oil content was observed
in Altautina (2.9% and 2.7%). The cultivated plants accumulated
higher total amounts of oils, Arroyo San Antonio cultivated varieties
accumulated 0.6 g of oils per plant, while the wild varieties 0.4 g,
in Altautina 1g and 0.5g, Los Chaiiaritos 0.7 g and 0.5 g, respec-
tively. While the Piedras Blancas varieties showed similar values
(0.7-0.8 g, respectively). The wild plants had a different physio-
logical age (woody shrub perennials having grown in the wild for
several years) (Table 4), while the cultivated plants grew during
one season.

The chemical composition of the wild varieties also showed
the same profile of the cultivated plants (Table 5). In the
Piedras Blancas variety the wild and cultivated plants were
dominated by dihydrocarvone (79.3%, 85.4%), with lower

Table 4
Biomass partition and essential oil content of wild and cultivated populations of Lippia junelliana in different sites of Central Argentina.
Location
Piedras Blancas II Arroyo San Antonio Altautina Los Chaiaritos
wild Cultivated wild Cultivated wild Cultivated wild Cultivated
Biomass 148 + 19a° 379+ 7b 272 + 19a 51.3 + 6b 111 £ 27a 102 £ 11b 117.7 £ 31a 72.4 + 9b
EO content 4.8 + 0.1b 3.8+0.1a 3.7+ 0.3b 2.6 +0.1a 29 +0.1a 2.7 +0.1a 2.7+0.2a 24 +0.1a
EO in leaves 0.8 £ 0.1a 0.7 £ 0.1a 04 +£0.1b 0.6 £ 0.1a 0.5 +£0.1b 1.0 £0.1a 0.5 +£0.1b 0.7 £ 0.1a

" Mean =+ standard error; letters in the same parameter and variety do not differ statistically according to LSD test (p=0.05).
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Fig. 1. Biomass percent partition of leaves, inflorescences and stems in wild (W) and cultivated (C) populations of Lippia junelliana in different sites of Central Argentina.
Values followed by the same letters do not differ statistically according to LSD test (p=0.05).

amounts of limonene (5.3-8.7%), [-caryophyllene (4.1-2.2%)
and camphene (3.2-1.1%, respectively). The Arroyo San Anto-
nio varieties were dominated by ocimenone (64.7-69.1%) with
lower amounts of myrcene (10.8-11.6%) and piperitenone
(4.1-7.9%, respectively). The Altautina varieties were domi-
nated by limonene (28.2-23.1%) and piperitenone (28.9-45.6%,
respectively). The Los Chafiaritos variety was dominated by
limonene (36.7-42.3%), piperitenone oxide (29-20.5%) with lower
amounts of camphor (8.2-9.0%), (E) caryophyllene (3.0-4.6%)
and germacrene B (3.7-4.9%, respectively) (Table 5). In this
latter variety, significant differences were found in the main
component piperitenone oxide. While the main components

from the other sites did not show any significant differences
(Table 5).

These results suggest that the chemical composition of the oil
was less affect by the environments in which the plants were
grown, since the cultivated plants derived from seeds from the wild
plants and were growing under different environmental conditions.
Since the first generation growing in different places maintained
the essential oil profile of the parent plant, the cultivated clone
could be considered a stable chemotype. It was also observed in
L. junelliana that the essential oil content showed a remarkable
variability year round whereas the composition was less affected
(Juliani et al., 1998). Therefore, the essential oil content is more

Table 5
Essential oil percent composition of wild (W) and cultivated (C) populations of Lippia junelliana in different sites of Central Argentina.
RI2 Location component Piedras Blancas II Arroyo San Antonio Altautina Los Chafiaritos
W C w C W C Y C
937 a-Pinene 13 +0.2a 1.6 £ 0.1a 0.6 £0.2a 0.4 £ 0.0a 0.5 + 0.0a 0.9 + 0.0b
953 Camphene 32 +04a 1.1 £ 0.2b 4.5 + 0.9a 2.7 £ 0.1a 34 +0.1a 5.6 +0.2b
986 Myrcene 10.8 £ 0.1a 11.6 £ 0.5a
1031 Limoneno 53+1.2a 8.7 +£ 0.2b 282 +4a 231+ 1a 36.7 £+ 1a 423 + 1.8a
1040 cis-3-Ocimene 1.4 + 04a 0.3 + 0.0a 0.2 + 0.0a 0.2 + 0.0a
1096 Mircenone 0.9 + 0.0a 0.6 &+ 0.0b
1114 Camphor 0.5 + 0.0a 0.6 + 0.0a 12.0 + 2a 6.8 £ 0.3a 82 +0.2a 9.0 + 0.4b
1132 Z-Tagetone 1.6 £ 0.1a 1.2 + 0.0a
1146 Borneol 0.8 +£0.2a 0.5 £ 0.0a
1172 (Z+E) Dihydrocarvone 79.3 + 3a 854 + 1a 0.9 £ 0.2a 3.7 £0.7a
1209 (Z+E) Ocimenone 64.7 + 1a 69.1 + 2a
1218 Carvone 34 +0.0a 2.0 +£0.1b
1223 Piperitone 1.2 £ 0.2a 3.2 +£0.1b
1304 Piperitenone 4.1 + 0.6a 7.9 £0.2a 28.9 + 6a 45,6 + 1a 23 +0.2a 1.1 £ 0.1b
1352 Piperitenone oxide 29 +£0.2a 20.5+1.7b
1371 Methyleugenol 1.8 £ 0.0a 0.9 £+ 0.1a
1419 (E)-Caryophyllene 4.1 £ 0.0a 2.2 +0.1b 3.0 + 0.0a 1.3 £ 0.0b 2.0+ 03a 3.1+0.2a 3.0 £ 0.2a 4.6 + 0.0b
1452 a-Humulene 0.8 + 0.0a 1.0 £ 0.1a 0.8 + 0.0a 1.5 £ 0.0b
1556 Germacrene B 0.7 £0.1a 14 + 0.1b 1.8 +£ 0.5a 14 +0.2a 3.7 £0.1a 4.9 + 0.0b
1576 Spathulenol 2.7 £0.3a 1.5+ 0.1a 2.6 £ 0.5a 1.1 £0.2a 0.5 £ 0.0a 1.0+ 0.2a

2 RI, retention index.

" Mean (relative percentage of oil components)+ standard error. Letters in the same component and site do not differ statistically according to LSD test (p=0.05).
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influenced by the environmental conditions than the oil composi-
tion.

In Rosmarinus officinallis, drought reduced the essential oil accu-
mulation (Ross and Sombrero, 1991). It was reported that with an
optimum (adequate) water supply, biomass production tends to be
higher than at sites where nutrients or water are scarce (Lambers
et al., 1989). The wild and re-introduced plants accumulated less
biomass and essential oils, as these plants were not as well cared
for as the cultivated ones. Therefore, periodic watering and the
absence of weeds in the plots, may explain the higher essential oil
accumulation of the cultivated plants. In mint, the application of
mulch significantly increased biomass accumulation and essential
oil yields, while in the non-mulch treatment, the presence of weeds
decreased biomass accumulation and reduced oil yields (Singh and
Saini, 2008). In Carum carvi, the oil content of wild and cultivated
populations was almost equal (Galambosi and Peura, 1996), but
in Tagetes minuta accessions, the essential oil accumulation was
higher in the cultivated plants (Gil et al., 2000). In 20 varieties of
Origanum vulgare, most of the cultivated varieties (85%) showed
higher or similar content of essential oils when compared with the
wild ones. Both cultivated and wild varieties showed a similar com-
position in their essential oils (Esen et al., 2007). While in fruits of
Bunium persicurn, the essential oil content of the wild plants (9%)
was higher as compared with the cultivated plants (5-6%), and the
oil composition of the wild and cultivated plants was also simi-
lar (Azizi et al., 2009). The present work supports the conclusion of
Palevitch (1991), who stated that the introduction of medicinal and
aromatic plants from the wild into cultivation can lead to a more
uniform, higher yielding and more consistent products.

4. Conclusions

This study has demonstrated that wild plants have a potential
that is not fully expressed under in situ conditions. Cultural prac-
tices seem to improve biomass and essential oil production while
leaving the essential oil composition less affected. Cultivation of L.
junelliana may serve as an efficient method to exploit this medic-
inal plant in a more sustainable manner, and contribute to the
preservation of wild populations. The reintroduction of new plants
into the species’ original location has proved to be a viable alter-
native for their in situ preservation or for enrichment planting in
sustainable collection programs. This technique of introduction of
aromatic plants into cultivation through micropropagation could
be a useful technique to recover valuable chemotypes from the
wild in the search for new alternatives in the agriculture and for
the preservation of natural resources for future generations.
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