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Germination of Oenothera odorata, endemic ruderal Onagraceae from Argentina

Germinacion de Oenothera odorata, onagriceae ruderal endémica de Argentina

Chichizola GA, AE Rovere, SL Gonzalez

Abstract. The Onagraceae are a well-defined family of flowering
plants much used by man. Many representatives of this group, which
contains 75 species belonging to 8 genera, are indigenous to Argen-
tina, and 19% of these are commonly found throughout the country.
Many Onagraceae are ruderal and promote the subsequent establish-
ment of other species, thus contributing to the restoration of degrad-
ed areas. Since it is important to know the characteristics of seeds
to be used in restoration projects, we studied the basic germination
physiology of Oenothera odorata Jacq., a ruderal plant indigenous to
Argentina. Material was collected from roadsides and embankments
along National Highway 40 in the municipality of San Carlos de
Bariloche, which lies within the Patagonian phytogeographical Prov-
ince. Road construction generates degraded areas where O. odorata
could be used to initiate revegetation and consolidate the substrate.
We evaluated percentage germination (G), mean germination time
(MGT) and time until initiation of germination (TUG) of a control
(C) and of the following pre-germination treatments: 45 days cold
moist stratification (CMS) and mechanical scarification with a scal-
pel (MS). Germination percentages were high (98% CMS, 96% MS,
93% C), with differences recorded only between CMS and C. MGT
was lower in the CMS treatment than the control, but similar to MS.
TUG was 4 days for all treatments. In conclusion, this species lacks
dormancy mechanisms under these experimental conditions, which,
together with the fact that it grows in disturbed sites, is endemic,
and captures heavy metals, makes it suitable for use in the ecological
restoration of areas affected by transport systems.
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Resumen. Onagraceae es una familia bien definida de plantas con
flores y muy utilizada por el hombre. En Argentina posee numerosas
representantes indigenas, distribuidas en 8 géneros y 75 especies, sien-
do el 19% de las especies endémicas. Muchas onagréceas son ruderales
y facilitan el establecimiento de especies mds tardias, siendo utiles para
la restauracion de dreas degradadas. Dada la importancia de conocer las
caracteristicas de las semillas y de la germinacién para su utilizacién en
proyectos de restauracién, se indagé sobre aspectos fisiolégicos bésicos
de la germinacién de Oenothera odorata Jacq., hierba ruderal endémica
de Argentina. El material se colect6 de taludes y bordes de la Ruta Na-
cional 40, dentro del ¢jido municipal de San Carlos de Bariloche, en la
Provincia Fitogeografica Patagénica. La construccién de rutas genera
dreas degradadas denudadas de vegetacién, donde la especie O. odorata
podria utilizarse para iniciar los trabajos de revegetacién y consolidar el
sustrato. Se evalué el porcentaje de germinacién (G), el tiempo medio
de germinacién (MGT) y el tiempo hasta el inicio de la germinacién
(TUG) de un control (C) y de tratamientos pre-germinativos: estra-
tificacién humeda fria de 45 dias (CMS), escarificacién mecinica con
bisturi (MS). Los porcentajes de germinacién fueron elevados (98%
CMS, 96% MS, 93% C), solo se registraron diferencias entre CMS y
C.EIMGT fue menor en el tratamiento de CMS, respecto al C, pero
fue similar al de MS. EI'TUG fue de 4 dias para todos los tratamientos.
En conclusidn, la especie carece de mecanismos de dormicién bajo
las condiciones experimentales, lo que sumado al hecho de crecer en
ambientes disturbados, ser endémica, y capturar metales pesados, la
convierte en una especie propicia para utilizarse en trabajos de restau-
racién ecolégica en dreas afectadas por el transporte.

Palabras clave: Dormicién; Estepa; Bordes de caminos; Restau-
racion.
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INTRODUCTION

'The Onagraceae family comprises 22 genera and approxi-
mately 657 species, they are found in both hemispheres (Ra-
ven, 1988; Zuloaga & Morrone, 1999; Wagner et al., 2007).
'The taxa of this family present different life forms, including
shrubs, subshrubs and herbs, and different adaptations both
in land and marsh environments (Romeo et al., 2008). It is
a well-defined family, of great use to man (Dimitri, 1972).
Various species are cultivated for ornamental purposes, such
as those belonging to the Fuchsia L., Godetia Spach and Oeno-
thera L. genera (Dimitri, 1972); the Fuchsia, and Ludwigia L.
genera are used for the extraction of dyes (Romeo et al., 2008);
and the Oenothera for medicinal purposes (Gambino & Vilela,
2011; Sing et al., 2012). Other species are used for remedia-
tion of soils contaminated with Cu, such as Oenothera affinis
Cambess. (Gonzalez et al., 2008) and Oenothera picensis Phil.
in Chile (Cornejo et al., 2017).

Many representatives of this family, 75 species belonging
to 8 genera, are indigenous to Argentina, and 14 species are
common in the country (Zuloaga & Morrone, 1999). Oeno-
thera L. (1753), with 145 species, is the second biggest ge-
nus in Onagraceae, and although it is native only to America
(Wagner et al., 2007), many of its species are widely natu-
ralised in different areas of the planet (Dietrich, 1977; Hall et
al., 1988; Mihulka et al., 2003; Wagner et al., 2007). The ge-
nus Oenothera contains annual, biennial and perennial plants,
many of which are found in open habitats, such as abandoned
fields, dunes, riversides and roadsides (Dietrich, 1977), and
are considered ruderal plants (Crisafulli et al., 2013). Some
of these species act as pioneers, naturally colonising disturbed
environments (Mihulka et al., 2003) such as waste ground,
roadsides (Hall et al., 1988) and rocky slopes (Bowers, 1987).

Within the Oenothera genus 8 species have been described
which are found in more or less open communities in Patago-
nia (Cabrera, 1994). They frequently grow on the sea coast, on
dunes and other sandy, stony areas, grassy and shrubby plains,
riversides, roadsides and degraded areas (Cabrera, 1994), be-
having as ruderal plants. Native ruderal species are suitable for
use in the revegetation of degraded areas (Masini & Rovere,
2015), as is the case of O. odorata which occurs frequently in
altered environments (Ezcurra & Brion, 2005). This species
has been registered as spontaneously colonising abandoned
quarries, together with abundant exotic species, in Chubut
province, Argentina (Arce et al., 2015), and roadsides in Neu-
quén and Rio Negro provinces (Pirk & Farji Brener, 2012).

In other countries where O. odorata is exotic, its use has
been evaluated for remediation (Kim et al., 2009; Son et al.,
2012). Oenothera odorata is a naturalised species that is wide-
ly distributed in Korea, including mining areas (Kim et al.,
2009), and has been described as a potential species for the
phytoremediation of soils in Korean mines contaminated

with heavy metals (Kim et al., 1999; Son et al., 2012). Due to
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this particular characteristic the species is highly appropriate
for use on roadsides, where the deposit of heavy metals from
vehicle exhaust fumes is common (Atkins et al., 1982).

Roads are important in modern society, given that they of-
fer corridors for the transport of goods and people through
different landscapes, and increasing interest is therefore being
shown in the effect of roads on local and regional environments
(Rencht et al., 2005). The use of ecological restoration tech-
niques employing native species on roadsides not only helps to
stabilise the soil, forming a ground cover that protects against
erosion (Tormo et al., 2007; Bochet et al.,2010a), but also helps
to conserve local biological diversity. There are several advan-
tages to using native species: they are already adapted to the
environmental conditions, provide suitable habitats for other
species of plants and animals, improve natural colonisation, and
most importantly, their use can be transformed into a strategy
to increase appreciation of their value and promote their con-
servation (Bochet et al., 2010b; Sabatino et al., 2015; Masini et
al.,2016). Given native plant adaptation to local environmental
conditions, the establishment of new populations of these spe-
cies is one of the main strategies used in restoration (Abella et
al., 2012; Sabatino et al., 2015; Masini et al., 2016). For this
reason native species, and especially endemic ruderal species,
should be used for the stabilisation of embankments and the
revegetation of bare roadsides, ensuring not only traffic safety
but also conservation of local biodiversity.

Different methods of active restoration can be used for the
recuperation of plant communities in degraded sites, such as
direct sowing in the field, the use of soil seed banks or the
reintroduction of nursery-grown plants (Bainbridge, 2007).
However, in order to implement any of these techniques, the
germination strategies and appropriate cultivation techniques
of the plants must been known (Ulian et al., 2008; Lai et al.,
2016), since certain species may present mechanisms of seed
dormancy, making reproduction more difficult to achieve
(Baskin & Baskin, 2008).

With regard to dormancy; it is known that in environments
where the wet season occurs in winter, like Patagonia (Paruelo et
al., 1998), species that disperse their seeds in summer-autumn
may present physiological dormancy (Figueroa & Jaksic, 2004).
'The seeds of plants with this characteristic should be exposed to
stratification treatment, cold or warm, in order to end this la-
tent state (Baskin & Baskin, 2004). This physiological dormancy
mechanism is present in most temperate forest species (Rovere,
2006), such as Fuchsia magellanica Lam., whose seeds require
cold, humid stratification in order to germinate (Figueroa et al.,
1996). In arid environments physical dormancy is also frequently
observed in some botanical families (e.g., Fabaceae and Cheno-
podiaceae) and can be broken by means of chemical or mechani-
cal scarification (Baskin & Baskin, 2004; Beider, 2012).

'The objective of this work was to characterise the size and
weight of Oenothera odorata seeds, and determine the presence
of physiological or physical dormancy in their germination.
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MATERIALS AND METHODS

Species description. Oenothera odorata (Fig. 1), a species
indigenous to Argentina, is widely distributed throughout
Patagonia in Neuquén, Rio Negro, Chubut and Santa Cruz
provinces. It is also found in the provinces of Buenos Aires,
La Pampa, Mendoza, the east of Cérdoba, the south of San
Juan and in Chile (Zuloaga et al., 2008). This species gener-
ally grows between 0 and 1000 m a.s.1., reaching an altitude of
2800 m only in the cordillera of Mendoza (Dietrich, 1977). It
is present in altered environments of Nahuel Huapi National
Park (Ezcurra & Brion, 2005), in sandy or stony ground, and is
frequently found at roadsides in the Patagonian steppe (Green
& Ferreyra, 2012) and at the edges of forests (Bisheimer,
2012). The plant is annual (Green & Ferreyra, 2012), biennial,
or short-lived perennial (Kiesling, 2003), from 25 to 80 cm
in height, and forms a simple rosette or has a main stem and
lateral stems, either prostrate or arched, which ascend from
the rosette (Dietrich, 1977; Kiesling, 2003). The basal leaves
are linear or narrowly oblanceolate, while the upper leaves are
linear, narrowly lanceolate, with a short leafstalk (Green &
Ferreyra, 2012). The corolla is yellow, actinomorphic, and over
1 cm in depth; the nectar has a high sugar concentration and
proportion of sucrose, which corresponds to the flower type
visited by nocturnal insects (Chalcoff et al., 2006). The fruit
is a cylindrical capsule (Bisheimer, 2012) of 3-5 cm x 0.3-
0.4 cm, with numerous light brown ellipsoid seeds (Dimitri,
1972).

s «F

Fig. 1. Oenothera odorata (a) Individual during flowering, (o) flower,
(c) seeds with a cm scale, (d) germinated seed (arrow) during ger-
mination assay.

Fig. 1. Oenothera odorata (a) Ejemplar durante la floracion, (b) detalle
de la flor, (c) semillas junto a una escala en cm, (d) semillas germina-
das (indicada con flecha) durante el ensayo de germinacion.

In popular medicine this plant is used to treat rheumatism,
stomach pain and diarrhoea (Green & Ferreyra, 2012), and
dermatological uses have also been investigated (Choi et al.,
2010). It is an ornamental species (Dimitri, 1972) suitable for
arid sites, due to its large, luminous yellow flowers, its exten-
sive flowering period during summer and its perfume (Green
& Ferreyra, 2012). Its use in xero-gardening has been regis-
tered in Mendoza (Dalmasso et al., 2009).

The authors of the genera and species mentioned in this
publication were abbreviated according to The International

Plant Names Index (2012).

Study site. The study was carried out on the eastern side
of Nahuel Huapi National Park, in the north of Patagonia,
Argentina (41°07°127S,71° 13" 23”W). Sampling took place
in a steppe zone, on both sides of National Highway 40 (2 ha).
Disturbance of the area is principally due to the presence of
this road. The sampling site is homogenous in terms of veg-
etation within the area, and also altitude, with an average of
838 m a.s.l. The annual average temperature in the area is 8 °C
and annual average precipitation is 600 mm. The vegetation
presents both native species typical of the area (e.g., Pap-
postipa speciosa (Trin. & Rupr.) Romasch., Mulinum spinosum
Pers., and Oenothera odorata), and exotic herbs (e.g., Rumex
acetosella L., Bromus tectorum L., Carduus thoermeri Weinm.

and Verbascum thapsus L.) (Correa, 1969-1999).

Collecting, cleaning and storage of seeds. Mature seed
capsules from 30 Oenothera odorata plants were collected in
March 2016. The seeds were removed in the laboratory and
left to dry at room temperature. Once dry, all the seeds were
gathered into one lot and stored for 6 months in a labelled
paper bag in a refrigerator at 5 °C, in the dark, until the germi-
nation assay was carried out. Seeds that seemed viable by ap-
pearance were used for the measurements, weights and assays
described here, while those which appeared empty (flattened
shape) were discarded.

Seed dimensions, shape and weight. Using digital calli-
pers we measured the maximum width, thickness, and maxi-
mum length of each of a sample of 100 seeds (Sanchez et
al., 2002). Seed dimensions (length, width and thickness)
were used to determine seed shape; that is, the variance in
the three dimensions. Each value was divided by the highest
of the three values. The variance has a minimum value of 0 in
seeds which are perfectly spherical in shape, and a maximum
value of 1 in needle- or disc-shaped seeds (Thompson et al.,
1993; Pérez-Harguindeguy, 2013). In order to determine seed
weight, a total of 10 lots of 100 seeds were weighed using a
precision balance.

Germination assay and seed viability. Before conducting
the germination assay, two pre-germination treatments were
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applied: (1) cold moist stratification for 45 days (CMS), the
seeds being placed between layers of cotton wool moistened
with a fungicide solution of copper oxychloride, then put in-
side hermetically sealed plastic bags and kept in a refrigerator
at 5 °C, in darkness; (2) mechanical scarification with a scalpel
(MS), involving cutting of the tegument without damaging
the endosperm. For each treatment and the control (C) 10
repetitions of 30 seeds were carried out, seeds having been
chosen at random from the lot. The seeds were disinfected
with a 2% sodium hypochlorite solution for 2 minutes, and
then rinsed under running water for 2 minutes before being
put in transparent plastic Petri dishes. The seeds were placed
on filter paper discs and cotton wool, both of which had been
moistened with distilled water and fungicide solution. The as-
say was conducted in a germination chamber under controlled
light and temperature conditions: 12 h light/12 h darkness, at
20/10 °C, respectively. This assay lasted 56 days and germi-
nation was checked every 4 days, when seeds were watered
with a solution of distilled water and fungicide. A seed was
considered to have germinated when at least 2 mm of radicle
had emerged from the tegument.

At the end of the germination assay a viability test was
carried out on the seeds which had not germinated, by means
of a cut test, where a transversal cut was made with a scalpel
and the state of the internal tissues observed in order to dis-
tinguish those which were definitely not viable, or dead, from
those which were probably viable (Gosling, 2003). The seeds
were classified as empty, attacked by fungi, infected (attacked
by insects) and viable (turgid).

Data analysis. In order to evaluate the pre-germination
treatments applied, the final germination percentage was de-
termined (G) and the mean germination time (MGT) for each
treatment and the control. The final germination percentage for
each repetition was calculated using the formula G=g/ (g+vs+f),
where g is the number of germinated seeds, vs is the number
of viable seeds according to the cut test and £ is the number of
seeds attacked by fungi (Gosling, 2003). The seeds which did
not have germination potential were not taken into account in
this calculation; seeds which appeared to be empty or infected
(attacked by insects) in the cut test were excluded.

Mean germination time (MGT) was calculated for each
treatment, which indicates the average number of days taken
for one seed to germinate. The equation used to obtain MGT
was based on the proposal made by Khajeh-Hosseini et al.
(2003):

Yi Jixi

Dl xi

MGT=

Where /7 is the number of days since the beginning of the
germination assay, and xi is the number of seeds that germi-
nated within certain consecutive intervals of time (4 days).
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Also calculated was time until germination (TUG), taken
as the number of days that passed until germination began, for
the control and the different treatments carried out (Méndez,
2007).

Since the data for the variables G and MGT did not com-
ply with the assumptions of normality and homogeneity of
variance, even when the data were arcsine transformed, the
treatment means were compared using the Kruskal-Wallis
non-parametric test. In the cases where significant differences
were found, pairwise multiple comparisons of the means (Sie-
gel & Castellan, 1995) were performed using the SPSS 23
package for Windows. For the TUG data no statistical analy-
sis was carried out, since the same values were found for the
treatments and their repetitions.

Table 1. Seed dimensions (mean + SD, N=100) and weight of
100 seeds (N=10) of Oenothera odorata.

Tabla 1. Dimensiones de una semilla (media + DE, N=100) y peso de
un lote de 100 semillas (N=10) de Oenothera odorata.

Oenothera odorata

Length (mm) 1.84+0.19
Width (mm) 0.79 +0.08
Thickness (mm) 0.70 + 0.08
Weight () 0.044 + 0.002

RESULTS

Seed dimensions, shape and weight. Seeds dimensions
and weight are shown in Table 1. Variance for the seeds was
0.08, a value close to 0, indicating that the seeds are ovoid in
shape, more spherical than flattened.

Germination. Significant differences were found between
treatments, both for percentage germination (H = 7.050; P
= 0.029) and MGT (H = 9.388; P = 0.009), (Fig. 2, Fig. 3).
For percentage germination and MGT the only treatments
that differed from each other were C and CMS, the highest
percentage germination value having been obtained for CMS
and the lowest mean germination time for CMS (Fig. 2, Fig.
3). With regard to TUG, the seeds in the control and in the
pre-germination treatments began to germinate after 4 days
(Fig. 4).

Germination progress was analysed using cumulative
germination curves as a function of time (Fig. 4). The curve
shows that germination occurred rapidly during the first 4
days of the assay. Similar progress was found in all treatments:
C seeds became stabilised and reached their highest accumu-
lated germination percentage 24 days after the start of the as-
say, while the CMS treatment reached this point after 4 days,
and the MS treatment after 12 days (Fig. 4).
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Fig. 2. Oenothera odorata germination percentage (mean + SD) in
control (C), cold moist stratification (CMS) and mechanical scarifi-
cation with scalpel (MS) treatments. Different letters indicate statis-
tically significant differences between treatments (P<0.05).

Fig. 2. Porcentaje de germinacion de semillas Oenothera odorata
(media + DE), en el control (C), estratificacion himeda fria (CMS) y es-
carificacion mecéanica con bisturl (MS). Letras diferentes indican dife-
rencias estadisticamente significativas entre tratamientos (P<0,05).
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Fig. 3. Mean germination time (MGT) (mean + SD) of Oenothera
odorata seeds in control (C), cold moaist stratification (CMS), and
mechanical scarification (MS) with scalpel treatments. Different let-
ters indicate statistically significant differences between treatments
(P<0.05).

Fig. 3. Tiempo medio de germinacion (MGT) (media + DE) de semillas
de Oenothera odorata en el control (C) y los tratamientos de estratifi-
cacion humeda fria (CMS) y escarificacion mecanica (MS) con bisturd.
Letras diferentes indican diferencias estadisticamente significativas
entre tratamientos (P<0,05).
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Fig. 4. Cumulative percentage germination of Oenothera odorata
(mean + SD) in control (C), cold moist stratification (CMS) and me-
chanical scarffication with scalpel (MS) treatments.
Fig.4. Porcentaje de germinacion acumulada de Oenothera odorata
(media = DE), en el tiempo para el control (C), estratificacion hiumeda
fria (CMS) y escarificacion mecanica con bisturi (MS)

DISCUSSION

Oenothera odorata seeds did not present dormancy mech-
anisms under the conditions evaluated. Following a cold
storage period, and under the pre-germination treatments
applied, germination percentages were high, and similar
to the control. The scarification treatment presented val-
ues similar to the stratification treatment and the control.
However, differences were observed in results from the cold
moist stratification treatment, which were higher than the
control. Also, cold moist stratification accelerated O. odo-
rata seed germination making it more uniform over time.
Both aspects are important for the development of plants in
nurseries since the production and the growing season are
maximized (Rovere, 2006).

The absence of dormancy mechanisms and high germina-
tion percentages have been found in other Oenothera species,
such as O. curtiflora W.L. Wagner & Hoch, O. glazioviana
Micheli (Baskin & Baskin, 2014) and O. affinis (Royal Bo-
tanic Gardens Kew, 2008). Seeds from these species present
100% germination with no specific treatment, and germinate
rapidly, in 14 days, whether at constant or alternating temper-
atures. The high percentage of germination and speed of ger-
mination recorded for O. odorata have not been documented
for other species of the genus. In the cumulative germination
curve of O. odorata, the stratification treatment achieved the
highest percentage of germination in the first week (8 days).
Seeds of other Oenothera species germinate more slowly, with
germination percentages depending on the temperature they
are exposed to. An example of this is O. acaulis Cav., which
achieves 59% germination after 77 days at a constant tem-
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perature of 15 °C; 72% after 70 days at a constant temperature
0f 20 °C and 100% after 70 days at 21 °C (Royal Botanic Gar-
dens Kew, 2008). Other species, such as O. macrocarpa Pursh
and O. pilosella Raf., present physiological dormancy which
can be broken with cold stratification, while in O. laciniata
Hill and O. drummondii Walp. dormancy can be broken with
moist stratification (Baskin & Baskin, 2014). It has been re-
ported that O. diennis presents 93% germination following
scarification with scalpel and the application of gibberellins
acid at alternating temperatures of 33/19 °C (Royal Botanic
Gardens Kew, 2008); other authors have reported that O. 4i-
ennis presents physiological dormancy that can be broken by
cold stratification (Baskin & Baskin, 1994). In O. odorata the
cold moist stratification and alternating temperatures and
photoperiod of 20 light /10 °C darkness were adequate to
achieve high percentages of germination.

The weight of the O. odorata seeds (weight of 1000 seeds
extrapolated from the data: 0.44 g) lies within the range docu-
mented for other species of this genus, such as O. affinis (0.39
g), O. biennis (0.40 g) and O. parviflora L. (0.54 g) (Royal Bo-
tanic Gardens Kew, 2008). Seed weight and shape are key re-
generative characteristics and knowledge of these is essential
to our understanding of the reproductive biology and estab-
lishment strategies of plant species: they provide information
on dispersion capacity and mechanisms (Fenner & Thomp-
son, 2005), the risk of predation, and possible interaction
with granivorous species (Pirk & Lépez de Casenave, 2010).
Lighter seeds tend to be dispersed over a wider distance than
heavier seeds, and smaller-sized, more spherical seeds become
buried in the soil more easily than larger ones, thus avoiding
predation (Thompson et al., 1993).

Oenothera odorata seeds are ovoid in shape, more spherical
than elongated, and this, along with their weight, indicates
that a persistent seed bank could be formed. The size and
shape of seeds are important since these characteristics are
related to longevity, and therefore persistence in the seed bank
(Thompson et al., 1993; Funes et al., 1999; Traba et al., 2006).
This ecological information is relevant to the management
and restoration of vegetation, whether in forest environments
(van der Valk & Verhoeven, 1988) or the steppe (Gonzalez
& Germandi, 2008). Onagraceae seeds are generally ortho-
dox, and remain viable for variable time periods when they
are stored (Royal Botanical Gardens Kew, 2008) or form part
of soil seed banks (Evans et al., 2006). Oenothera biennis seeds
can retain viability in soil for over 80 years (Darlington &
Steinbauer, 1961), and develop an aerial seed bank consisting
of seeds remaining on the plant (Evans et al., 2006). These
characteristics are not known for O. odorata, and could be the
subject of further research.

During this study O. odorata seeds presented high germi-
nation values under the photoperiod of 12/12 hours of light
and darkness. It is known that species of the Oenothera genus
generally require light for germination, and that seedlings can
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become established in different types of bare soil (Mihulka et
al., 2003). That light is required for germination is a frequent
characteristic of species like O. odorata, which grow in open
or disturbed habitats (Harper, 1977). Several Onagraceae
(Oenothera biennis, O. fallax Renner and O. glazioviana) that
colonise artificial habitats such as roadsides or train tracks
can produce new shoots following severe damage, which in
disturbed conditions may represent an alternative strategy to
regeneration from the seed bank (Martinkovi et al., 2006).

Germination is a process of extreme importance, given that it
marks the beginning of a lifecycle (Ruiz et al., 2013). Although
this work evaluates O. odorata germination under laboratory
conditions, the results are useful both for plant propagation and
sowing in the field. Future research could study conditions for
successful establishment in the field. In addition, the O. odo-
rata type of taproot (Rovere, personal observation) optimises
the capture of resources in sites with high hydric stress, such as
roadside embankments (Valladares et al., 2011). The fact that
the seeds of this species are orthodox (Royal Botanic Gardens
Kew,2008) and have no dormancy mechanisms means they can
be stored in germplasm banks and propagated easily.

Given the importance of integrating degraded areas into
the environment or natural landscape, and considering re-
vegetation with native plants and interaction with local fauna
(Menz et al., 2011; Sabatino et al., 2015), the use of O. odorata
for revegetation would afford functional integration due to its
interaction with other species, as a food source for the only
species of leafcutter ant in Patagonia (Pirk & Farji-Brener,
2012), and for the nocturnal insects that pollinate it (Chalcoff
et al., 2006). Furthermore, O. odorata has been registered as
a valuable species for bees in northwest Chubut (Forcone &
Kutschker, 2006; Forcone & Ruppel, 2012), and could there-
fore be of interest to beekeepers.

Finally, due to the considerable environmental impact of
road construction (Garcia Palacios et al., 2010), the lack of ba-
sic information on the ecology of areas degraded by road in-
frastructure (Bradshaw & Huttl, 2001) and the little known of
possible strategies to recover these environments (Matesanz
et al., 2006), the present study makes a practical contribution
to facilitate the use of a native species for this purpose.

CONCLUSIONS

Oenothera odorata presents high percentages of germina-
tion, no specific requirements for germination and the capac-
ity to fix heavy metals. These characteristics make it a key spe-
cies for use in ecological restoration work in degraded sites
affected by traffic. As this species is a low herb it does not
cause visual interference for vehicles, and at the same time
helps to integrate the disruptive element (e.g., road system,
train tracks) into the landscape and sustains interactions with
local fauna involving herbivory and pollination, thus contrib-
uting to restoration of the original habitat and preservation of
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regional biodiversity. This work constitutes a new contribution
to the study of an Onagraceae species that is native to Argen-
tina, and the results can be applied to iz sifu conservation by
means of different restoration techniques.
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