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ABSTRACT

The objective of this study was to evaluate methods of asexual
propagation with stem cuttings in the aromatic plant species
Lippia origanoides (accessions CA-90 and CA-93), Lippia
alba (accession CA-300) and Tagetes zypaquirensis (accession
CA-247) and determine the germination behavior of Tagetes
caracasana (accession CA-10), in order to contribute to the
establishment of these promising aromatics as potential new
crops in Colombia. The factors evaluated were the substrate
(fine coconut fiber (FCF); fine coconut fiber: coal slag 1:1
(FCFCS); fine coconut fiber: coal slag: river sand 1:1:1 (FCFC-
SRS) and IBA hormone concentration (0, 2,000 and 4,000 mg
L"). Germination tests of seeds of the accession CA-10 were
carried out in Petri dishes with 50 seeds per dish, with three
replicates in controlled conditions and constant temperature
(25°C), humidity (90%) and total darkness. In general, the
accessions CA-90, CA-93, CA-300 and CA-247 showed better
rooting percentage, root length, number of roots and root dry
weight in the fine coconut fiber substrate and a higher number
of roots with an exogenous application of 2,000 mg L' IBA. L.
alba and T. zypaquirensis responded better than L. origanoides
to the treatments. The latter species showed a relatively poor
performance and may require more complex and improved
propagation methods to obtain more satisfactory results.
T. caracasana seeds had a relatively short germination time
(less than three weeks) and relatively high germination under
controlled laboratory and greenhouse conditions (70 and 60%,
respectively); these percentages are high relative to wild species
of the same genus, meaning this method of seed propagation
is appropriate for this wild species.

Key words: indolebutyric acid (IBA), auxins, seed germination,
vegetative propagation, cuttings.

El objetivo del presente estudio fue evaluar métodos de
propagacion asexual por estacas en las especies aromaticas
vegetales Lippia origanoides (accesiones CA-90 y CA-93), Lip-
pia alba (accesion CA-300) y Tagetes zypaquirensis (accesion
CA-247), y determinar el comportamiento de la germinacion
de Tagetes caracasana (accesion CA-10), a fin de contribuir al
establecimiento de estas especies promisorias como nuevos
cultivos potenciales en Colombia. Los factores evaluados fueron
el sustrato (fibra de coco fina (FCF); fibra de coco fina: escoria
de carbén 1:1 (FCFEC); fibra de coco fina: escoria de carbon:
arena derio 1:1:1 (FCFECAR) y la concentracion de la hormona
AIB (0, 2.000 y 4.000 mg L ™). Las pruebas de germinacion de
las semillas de la accesion CA-10 se llevaron a cabo en platos de
Petri con 50 semillas por plato, con tres réplicas, en condiciones
controladas y temperatura constante (25°C), humedad (90%) y
oscuridad total. En general, las accesiones CA-90, CA-93, CA-
300y CA-247 mostraron mejor enraizamiento, longitud de las
raices, nimero de raices y peso seco de las raices en el sustrato
FCF y un mayor numero de raices con la aplicacion exdgena
de 2.000 mg L' AIB. L. alba y T. zypaquirensis respondieron
mejor que L. origanoides a los tratamientos. Esta tltima es-
pecie mostré un comportamiento relativamente bajo y puede
requerir métodos de propagacion mas complejos y mejorados a
fin de obtener resultados mas satisfactorios. Las semillas de T.
caracasana mostraron tiempos de germinacion relativamente
cortos (menor a tres semanas) y una germinacion relativa-
mente alta bajo condiciones controladas y en condiciones de
invernadero (70 y 60%, respectivamente); estos porcentajes son
relativamente altos con relacion a especies silvestres del mismo
género, indicando que la propagacién por semilla es apropiada
para esta especie silvestre.

Palabras clave: icido indolbutirico (AIB), auxinas, germinacion
de las semillas, propagacion vegetativa, estacas.

Introduction

The cultivation of native plant species, with potential uses
as spices, seasonings, and sources of essential oils (EO) and
derived products in Colombia, is an excellent alternative
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for growers and has a potential application in agriculture
(such as biological control) and industry. Colombia has
unexplored flora with good potential for the production
of EO. However, these plants, as is characteristic of native
species that are often found in the wild, lack methods of
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propagation and agronomic management, which limits
their use as potential new crops.

Furthermore, in Colombia, producers and processors of
aromatic plant species face various limitations, including
issues of quality, performance and traceability for process-
ing. One consequence of this is the low participation of
Colombia in the global market for aromatic plants. This
low competitiveness is due to various factors, one of which
is the lack of technology for mass propagation and crop
management, and the lack of knowledge of the potential of
native species that offer better alternatives for production
and marketing.

The establishment of propagation and micropropagation
techniques for aromatic species that show promise as
potential new crops is important in order to ensure rapid
reproduction to provide enough material for the high de-
mand that can be generated in a production chain. One of
the strategies in the development of a production chain is
the establishment of mass production of seed and planting
material, which requires standardization of propagation
techniques.

Among the promising aromatic plants for Colombia based
on quality and bioactivity of essential oils are species of
the Verbenaceae family such as Lippia alba (Mill.) NE Br
ex Britton & P. Wilson, known as “pronto alivio” (quick
relief), and Lippia origanoides Kunth, known as “orégano de
monte” (mountain oregano), and species of the Asteraceae
family, of the Tagetes genus such as Tagetes zypaquirensis
Bonpl. and Tagetes caracasana Humb. ex Willd., among
others (Hernandez-Lozano et al., 2010; Meneses et al.,
2009; Nerio et al., 2009; Pascual et al., 2001; Stashenko et
al., 2010). The genus Tagetes is native to the New World and
the species T. erecta (known as marigold) and T. patula are
the main cultivars of this genus and were domesticated in
pre-Columbian times (Kaplan, 1958). According to her-
barium records of the Missouri Botanical Garden, L. alba is
widely distributed throughout the Americas, while the last
three species are reported in northern South America only.
Accordingly, the species L. alba is one of the most studied
within the Lippia genus, while the other three species are
much less known.

For the Lippia genus, in vitro micropropagation protocols
have been reported that manage the production of plants
with chemical profiles identical to plants normally propa-
gated (Gupta et al., 2001; Juliani et al., 1999). The reports
indicate that the seeds of L. alba have low germination,
therefore, for this species, asexual propagation by stem
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cuttings is preferred (Pimenta et al., 2007; Seaforth and
Tikasingh, 2008). There is one study that suggests the use
of seeds for propagation of several wild species of Lippia
from Brazil where asexual propagation methods have
proved inefficient (Pimenta et al., 2007). For some Lippia
species that are in danger of extinction such as L. filifolia
(Pereira Peixoto et al., 2010) and L. dulcis, promising for
its hernandulcin content (Sauerwein et al., 1991), efficient
micropropagation methods have been developed. L. orig-
anoides has been the subject of very few studies; there are
only a few reports on agronomic (Paternina, 2009) and
ecophysiological aspects (Antolinez-Delgado and Rodri-
guez, 2008; Camargo and Rodriguez, 2008; Parra and
Rodriguez, 2007).

For Tagetes, there are a few reports related to methods
of sexual and asexual propagation (Ferreira et al., 2001;
Hidalgo, 1995) and agronomic aspects (Mariotti et al.,
2010; Rojas, 1994). Tagetes minuta is a species that can be
propagated by seeds (achenes) with germination percent-
ages between 50-60%, or between 62-83% depending on
conditions, in seeds sown directly in the soil or germinated
in glass Petri dishes (Drewes and Staden, 1990; Ferreira et
al., 2001; Singh et al., 2003). For T. minuta, micropropaga-
tion methods have been developed for in vitro production
of secondary compounds used for the pharmaceutical,
agronomic and food industries (Mohamed et al., 1999). For
T. erecta, plant regeneration systems from leaf explants have
been developed as tools for genetic manipulation (Misra
and Datta, 2001; Vanegas et al., 2002). Specifically for T.
caracasana and T. zypaquirensis, there are no reports in the
literature related to methods of propagation.

Establishing propagation methods for promising aromatic
species is important because there may be some relation-
ship between the propagation method and cultural prac-
tices used and the yield and composition of essential oils
and other chemical compounds. For example, in Mexican
oregano (Poliomintha glabrescens Gray), plants propagated
by in vitro micropropagation methods showed an increase
in luteolin compared to plants growing wild (Garcia-Pérez
et al., 2012). Musarurwa et al. (2012) studied the effect of
nitrogen, potassium, water stress and phytohormones on
the essential oils of Salvia stenophylla (Burch. ex Benth.)
and concluded that an increase in macronutrients was
related to an increase in some compounds such as (-)
- alpha-bisabolol.

Taking into account these facts, the objective of this study
was to contribute to the establishment of the aromatic
species L. origanoides, L. alba, T. zypaquirensis and T.
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caracasana as potential new crops in Colombia, through
the evaluation of propagation methods for each of these
promising species, which were selected for their potential
for essential oil production.

Materials and methods

Study species

Propagating material was taken from stock plants pre-
viously established in the greenhouses of the Facultad de
Agronomia, Universidad Nacional de Colombia, Bogota.
Based on previous observations on the yield and composi-
tion of essential oils and bioactivity tests on plant pathogens
(unpublished data), five accessions of the four species under
study were selected, namely, L. origanoides (accessions CA-
90 and CA- 93), T. zypaquirensis (accession CA-247), Lippia
alba (accession CA-300) and T. caracasana (accession CA-
10). The collection site for each of the accessions is shown
in Tab. 1. Due to the low perceptibility and complexity
of seed selection and management in these species, the
propagation methods used for evaluation were vegetative
(asexual reproduction), except for the species T. caracasa-
na where seed propagation was used. Again, there are no
propagation methods established for T. caracasana and T.
zypaquirensis, but according to our observations, T. cara-
casana flowered regularly in the greenhouse and produced
abundant achenes, which germinated relatively easily in the
soil, and for this reason the propagation method selected
for this species was by seed. In contrast, T. zypaquirensis,
although it flowered regularly in the greenhouse, did not
produce seeds, and for this reason the propagation methods
evaluated for this species were asexual.

Geographic location and conditions of the experiment

The propagation and evaluation were carried out in gre-
enhouse conditions at the facilities of the Universidad
Nacional de Colombia, Bogota, located at 2,556 m a.s.l. at
coordinates 4°38°08,46” N and 74°0.5’11.99” W. The tem-
perature and relative humidity in the greenhouse ranged
between 11.9 and 38.9°C, and 29 and 88%, respectively.
Stock plants were established from cuttings collected in the
field. Cuttings were planted in germination trays, covered
with transparent plastic to maintain high humidity and

irrigated with a micro spray system. After a period of eight
weeks, the seedlings were transplanted in a greenhouse
with plastic cover and grown during a period of at least 32
weeks, after which the plants accumulated enough biomass
to provide cuttings. Cuttings were taken from flowering
stock plants.

The cuttings were selected from the middle stratum of the
plant and branches, with a size between 12 and 14 cm, 2
to 3 nodes, and semi-woody texture. The cuttings were
immersed for 5 min in liquid solution at different concen-
trations of the hormone indole-3-butyric acid (IBA) and
were subsequently planted in germination trays with 24
wells, with dimensions of 5.8 x 5.8 x 8.1 cm, and covered
with transparent plastic (to maintain humidity). In previ-
ous studies, it has been observed that an immersion time
of 5 min at different IBA concentrations is necessary to
promote rooting in cuttings of other plant species (Frangi
and Nicola, 2005; Struve and Moser, 1984). The trays with
the cuttings were distributed on a raised greenhouse bed
and moistened with a micro spray system with micro
sprinklers (40 L h') spaced every 30 cm, using a run time
of 5mind™.

Experimental design and variables measured

The experiment was conducted with a completely rando-
mized design and a 3 x 3 factorial arrangement (factors:
substrate and IBA concentration) with three replicates for
a total of nine treatments. The three substrates tested were
fine coconut fiber (FCF), fine coconut fiber: coal slag (1:1
V:V) (FCFCS) and fine coconut fiber: coal slag: river sand
(1:1:1 V:V:V) (FCFCSRS). The three levels of IBA (99%) were
0mgL"’, 2,000 mgL"and 4,000 mg L". The experimental
unit was composed of ten cuttings, for an experiment size
of 270 cuttings for each accession.

Upon completion of two months in the study, three cuttings
were sampled at random for each experimental unit, for
a total of nine cuttings evaluated per treatment; size was
subject to the availability of viable material in response to
each treatment and species, after the mentioned period.
The variables evaluated at the end of two months for the
four accessions are summarized in Tab. 2.

TABLE 1. Site of collection for each of the five accessions used in the present study.

Species Accession Collection site/ Province Latitude Longitude Altitude (m)
Lippia origanoides CA-90 Pescadero, Santander 6°50°0.42" N 73°0°5.04" W 300
Lippia origanoides CA-93 Taganga, Magdalena 11°16'42.0" N 74°10'53.5" W 200

Lippia alba CA-300 Tibacuy, Cundinamarca 4°18'44.7" N 74°29'37.3" W 1,223
Tagetes caracasana CA-10 Tibacuy, Cundinamarca 4°20'34.2" N 74°27°18.4" W 1,573
Tagetes zypaquirensis CA-247 Socha, Boyacd 6°0'24.3" N 72°39'40.78" W 2,874
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TABLE 2. Variables evaluated at the end of the study (two months after
the establishment of the experiment).

Evaluation method
Observation of roots and attachment to the substrate,
generation of new leaf buds
In laboratory with digital calipers. Measured as length of
roots formed per cutting and number of roots formed per
cutting, respectively
Samples left in an oven for two days at 65°C, and then
weighed with an electronic balance. Measured as the aver-
age weight of the roots formed per cutting
No. of seeds germinated in Petri dishes and peat

Variable

Rooting (%)

Length and number
of roots (cm)

Root dry weight (g)

Germination (%) *

* For the species Tagetes caracasana only.

In the case of the species T. caracasana, 50 seeds (raw seeds
were collected by hand, after which there was a selection
process in which defected seeds were discarded) were
tested for germination in a Petri dish with three replicates
(one Petri dish per repetition) arranged in a germination
chamber (Seedburo Equipment) under controlled condi-
tions and constant temperature (25°C), humidity (90%) and
total darkness during the time of the test (Besnier, 1989).
The same test was performed in germination trays with
peat TRM7, with two replicates of 50 seeds, arranged in a
greenhouse. Measurements were taken every week from
germinated seeds (in this study, germination was defined
as radicle protrusion, according to Drewes and van Staden,
1990). The variables evaluated were the percentage of germi-
nation (PG) and germination speed index (GSI). The latter
variable determines the number of seeds germinated at
intervals of seven d and its numerical value was estimated
according to Moreno et al. (2006):

GSI = ¥ N/D,= N,/D;+N,/D,..N,/D, 1)

where N; is the number of germinated seeds (radicle protru-
sion) and D; is the number of days from sowing (observa-
tions were made every seven d).

Seeds for germination tests were harvested two d before
the tests from 4 month-old stock plants. Stock plants were
established from seeds collected from mature plants grow-
ing wild. Seeds brought from the wild were sown on a raised
greenhouse mist bed where germination took place in a pe-
riod of about three weeks. Seedlings were then transplanted
to the field two months later to establish stock plants.

Statistical analyses

Initially, descriptive statistics were estimated, and then
experimental design assumptions regarding normality,
validity, representativeness (Levene and/or Bartlett test)
and homogeneity of variances (Kolmogorov-Smirnov) were
validated. An analysis of variance (ANOVA) and multiple
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comparison tests to evaluate differences between the effects
of the treatments were used. Data analyses were performed
independently for each of the four accessions asexually
propagated using the SAS® statistical package v. 9.0 (Sta-
tistical Analysis System Institute Inc, Cary, NC) and the
use of Excel® 2011 for the sexually propagated accession.

Results and discussion

The Tab. 3, Tab. 4 and Fig. 1 show the results of the multiple
comparison tests and the observed average values of the
variables rooting percentage, root length, number of roots
and root dry weight for the substrates and hormone levels
evaluated in the three species: L. origanoides (CA-90 and
CA-93), L. alba (CA-300) and T. zypaquirensis (CA-247).
The results for each species are presented below.

Genus Lippia (Verbenaceae)

Lippia origanoides

Accession CA-90. It can be observed in Tab. 3 that for this
accession, multiple comparison tests showed significant
differences in root length for the different substrates, and
significant differences in all the variables for the different
concentrations of the IBA hormone. In this accession,
cuttings propagated in the absence of the exogenous
hormone showed generally higher rooting percentages
(57 to 83%) than those propagated in the presence of the
hormone (between 33 and 53%). Also, in the absence of
hormone, cuttings showed longer roots and larger num-
ber of roots (Fig. 1). The highest percentage of rooting
for cuttings propagated in the absence of the hormone
was achieved with the substrate FCF (83%), while longer
roots (6,81 cm) were observed in cuttings propagated in
the substrate FCFCSRS and hormone absence. On the
other hand, root dry weight was not affected by substrate
or IBA concentration.

The results of this study are similar to other reports in other
plant species such as the Atlantic white cedar (Chamaecy-
paris thyoides [L.] B.S.P.) and the paperbark maple (Acer
griseum) where the hormone IBA showed no effect on the
rooting percent of stem cuttings (Hinesley et al., 1994;
Maynard and Bassuk, 1990). The higher percentage of
rooting observed in this study in the absence of exogenous
hormone could be due to the accumulation of endogenous
auxins that promote root initiation (Casimiro et al., 2003).
Accumulation of endogenous auxins may be due to two
major factors: a localized formation of auxin or the block-
age of exogenous auxin transport/flux. Certain flavonoids
have been found to act as auxin transport inhibitors that
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TABLE 3. Results of multiple comparison tests on the observed average values of the variables rooting percent, root length, number of roots and root
dry weight for the substrates and hormone levels evaluated in the species Lippia origanoides (accessions CA-90 and CA-93), Lippia alba (accession

CA-300) and Tagetes zypaquirensis (accession CA-247).

Species Substrate* IBA (mg L) Rooting (%) Root length (cm) Number of roots Root dry weight (g)
0 83.33+577 a 493+080 a 12444524 a 117007  a
FCF 2,000 43.33+2081 b 3154193 a B 14441355 a A  118+018 a A
4,000 36.66+577 b 466+229 a 9.33+559 a 119+011  a
o ) 0 56.66+£577 a 5.86+1.2 a 15.55+6.38 a 119+0.11 ab
Lippia origanoides FCFCS 2,000 33334577 b 346225 b AB  688=619 b A  113=014 b A
(Accesion CA-90)
4,000 53.33+15.27  a 6.02+110 a 15.66+574 a 133011 a
0 66.66=577 a 6.81x2.07 a 15004519 a 1182013 a
FCFCSRS 2,000 43.33+11.54 b 576+201 a A 12112592 a A 124x012 a A
4,000 43.33+11.54 b 4884220 a 1011+586 a 120+012 a
0 66.66+15.27 a 487232 a 16.44+1008 a 118013 ab
FCF 2,000 36.66+11.54 ab 466441 ab AB 16.66+1685 a A 1204024 a A
4,000 3334577 b 138116 b 4004900 a 100£001 b
S 0 4333+577 a 6.25+2.34 a 13.77+6.86 a 120+017 ab
Lippia origanoides FCFCS 2,000 43.33+1527 a 5504322 a A 1422+1170 a A 1242020 a A
(Accesion CA-93)
4,000 16.66=577 b 187+174 b 8.00+13.94 a 104007 b
0 4666577 a 540+251 a 11444680 a 123013 a
FCFCSRS 2,000 16.66=577 b 166133 b B 755+1306 a A 109018 a
4,000 10.00+10.00 b 1.38+1.16 b 3.22+6.66 a 1.07+0.22 a
0 66.66=11.54 a 1443+889 a 14224690 b 146+043 a
FCF 2,000 63.33+15.27 a 1722+519 a A 3277649 a A 1.77+0.48 a A
4,000 36.66+11.54 a 10812627 a 25.00+14.32 ab 138+0.33 a
0 83.33+577 a 15124613 a 1377506 a 139023 a
Lippia alba (CA-300)  FCFCS 2,000 46.66+15.27 b 1194+383 ab A 2655648 a A 139=014 a A
4,000 20.00+10.00 b 816+711 b 24002535 a 1374049 a
0 80.00+10.00 a 1547570  a 16.22<7.94 b 1712044 a
FCFCSRS 2,000 30.00+10.00 b 888447 b A 1755=871 b A 129016 b A
4,000 46.66+577 b 1251312 ab 34331261 a 149+0.28  ab
0 80.00+10.00 a 15.74£9.05 a 1000739 a 1324018 a
FCF 2,000 63.33+11.54 a 11661041 a A 1500+1342 a A 1232018 a A
4,000 66.66+11.54 a 13.94+1014  a 26442652 a 1354014 a
o 0 70.00+20.00 a 1773897 a 21551749 a 1412010 a
Tage’e(scz/{f’;f;’)”e”s’s FCFCS 2,000 63.33+1154 a 14314786 a A 13774830 a A 131013 ab A
4,000 56.66+20.81 a 953+991 a 15.33+18.39 a 1174017 b
0 76.66+1527 a 12.34+616  a 1411783 a 138025 a
FCFCSRS 2,000 70.00£20.00 a 13.20=714 a A 2666+1864 a A 128+016 a A
4,000 50.00+17.32 a 9.13=+7.01 a 18.83+18.74 a 119+0.16 a

* The three substrates tested were fine coconut fiber (FCF), fine coconut fiber: coal slag (1:1) (FCFCS) and fine coconut fiber: coal slag: river sand (1:1:1) (FCFCSRS). Means followed by the same
lower case or upper case letter are not significantly different according to the multiple comparison Tukey’s test (P<0.05).

participate in regulating auxin flow in plant tissues (Was-
son et al., 2006; Peer and Murphy, 2007).

In summary, both the substrate fine coconut fiber and the
non-application of IBA (Tab. 3, Fig. 1) affected the root-
ing and the emission of roots in the cuttings of accession
CA-90, maybe due to increased porosity of the substrate
that generates more aeration for the establishment of the
cuttings in this accession. Additionally, further observa-
tions showed significant positive effects of the FCFCSRS
treatment in the absence of IBA on root length (Tab. 3).
The combination of substrates (FCFCSRS) may generate

a greater retention of moisture, favoring the emission of
roots in the cuttings but not the weight of the roots (dry
weight) formed per cutting. Black and Zimmerman (2002)
proposed that inorganic substrates with coal slag could be
suitable for rooting cuttings. Coconut fiber is a substrate
with good buffering and high water retention capacities,
which are useful for reducing the frequency of irrigation;
and has a low bulk density (Quintero et al., 2011). Appar-
ently, the combination of the three substrates generates
physicochemical characteristics that help in rooting stem
cuttings in this accession.
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TABLE 4. Observed average values of the variables rooting percent, root length, number of roots and root dry weight for the substrates and hormone
levels evaluated in the species Lippia origanoides (accessions CA-90 and CA-93), Lippia alba (accession CA-300) and Tagetes zypaquirensis

(accession CA-247).

Substrate CA-90 CA-93 CA-300 CA-247 Total IBA (mgL')  CA-90 CA-93 CA-300 CA-247 Total
Rooting (%)
FCF 54.44 35.55 55.55 70.00 53.89 0 68.88 52.22 76.66 75.55 68.33
FCFCS A177 34.44 50.00 63.33 48.89 2,000 40.00 32.22 46.66 65.55 46.11
FCFCSRS 51.11 24.44 52.22 65.55 48.33 4,000 44.44 10.00 34.44 5777 36.66
Total 5111 31.48 52.59 66.29 50.37 Total 5111 31.48 52.59 66.29 50.37
Root length (cm)
FCF 4.25 3.64 1415 13.78 8.96 0 5.87 5.51 15.01 15.27 10.41
FCFCS 511 4.54 11.74 13.86 8.81 2,000 412 3.94 12.68 13.06 8.45
FCFCSRS 5.82 2.81 12.29 11.56 8.12 4,000 519 1.54 10.49 10.87 7.02
Total 5.06 3.66 12.73 13.07 8.63 5.06 3.66 12.73 13.06 8.63
Number of roots
FCF 12.07 12.37 24.00 1715 16.40 0 14.33 13.88 14.74 15.22 14.54
FCFCS 12.70 12.00 21.44 16.88 15.76 2,000 1114 12.81 25.62 18.48 17.01
FCFCSRS 12.41 740 22.70 19.87 15.60 4,000 11.70 5.07 21.78 20.20 16.19
Total 12.39 10.59 22.71 17.97 15.92 Total 12.39 10.59 22.1 17.97 15.91
Root dry weight (g)
FCF 118 113 1.54 1.30 1.29 0 118 1.20 1.52 1.37 1.32
FCFCS 1.22 1.16 1.38 1.30 1.27 2,000 118 118 1.48 1.27 1.28
FCFCSRS 1.21 113 1.50 1.28 1.28 4,000 1.24 1.04 1.41 1.24 1.23
Total 1.20 114 1.47 1.29 1.28 Total 1.20 114 1.47 1.29 1.28

FCF, fine coconut fiber; FCFCS, fine coconut fiber: coal slag (1:1); FCFCSRS, fine coconut fiber: coal slag: river sand (1:1:1).

Accession CA-93. Tab. 3 and Fig. 1 show that for this ac-
cession, similar to accession CA-90, there were significant
differences in root length for cuttings established in the
different substrates. The rooting percentage and the number
of roots were slightly higher in the substrate FCF, while
root length and root dry weight performed better in the
FCFCS substrate (Tab. 4, Fig. 1). For IBA concentration,
there were significant differences for the variables rooting,
root length and root dry weight for the different concentra-
tions tested (Tab. 3). In this accession, cuttings propagated
in the absence of the hormone showed a generally higher
rooting percentage (from 43 to 67%) than those propagated
in the presence of the hormone (between 3 and 43%), and
also showed longer roots and larger number of roots and
root dry weight (Fig. 1). The highest percentage of rooting
for cuttings propagated in the absence of the hormone was
achieved with the substrate FCF (67%).

In general, the accession CA-93 presented the lowest aver-
age rooting percentage (31%) among the accessions ana-
lyzed and the treatments that showed notable averages for
the estimated variables were related either to the absence of
the hormone or the substrate FCF or FCFCS (Tab. 4, Fig. 1).

In conclusion, one could say that for the vegetative propa-
gation of L. origanoides, the exogenous application of IBA

may not be necessary or its application may be required
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in low amounts. Also, the substrates FCF and FCFCS pro-
duced better results for the variables tested. These results
are interesting because the situation is different for other
plant species where the exogenous application of auxin is
important for growth and plant development, with stimu-
lation of adventitious rooting of cuttings (Campana and
Ochoa, 2007; Hartmann et al., 2002).

Figure 2 compares the overall development of the evaluated
accessions of L. origanoides. Fig. 2B shows the accession
CA-93 with alower and delayed development in general in
the FCFO treatment, which represented the highest root-
ing effect on the species. In general, the average rooting
percentage observed for the two evaluated accessions of
L. origanoides (51% for CA-90 and 31% for CA-93) and the
values registered for all the other variables were low relative
to the other species tested in this study (Tab. 4, Fig. 1). In
a previous study, several non-domesticated wild species of
the genus Lippia from Brazil (L. filifolia, L. glandulosa, L.
hermannioides, L. rosella, L. rotundifolia and L. sidoides)
also showed a lower rooting capacity regardless of season
(dry or wet) and the concentration of auxin, relative to the
cultivated species Lippia alba (Pimenta et al., 2007). It is
interesting to see that the accession CA-90 of L. origanoides
responded better to the treatments than did accession CA-
93, indicating that there may be some heterogeneity among
individuals in this species that is worth exploring. It can
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FIGURE 1. Rooting percent, root length, number of roots per cutting and root dry weight (g) of roots formed on cuttings of accessions CA-90, CA-93,
CA-300 and CA-247, as affected by substrate (FCF, fine coconut fiber; FCFCS, fine coconut fiber: coal slag (1:1); FCFCSRS, fine coconut fiber: coal
slag: river sand (1:1:1)) (left) and IBA concentration (0, 2,000 and 4,000 mg L") (right).
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be concluded that more complex propagation methods
may be needed for this species in order to obtain more
satisfactory results.

Lippia alba (CA-300)

Table 3 shows that for L. alba, cuttings propagated in the
three substrates showed no significant differences in any of
the four variables tested, as opposed to hormone concen-
tration where there was an effect. In general, this species
registered the highest values for root length, number of
roots and root dry weight among all the species analyzed
and in the FCF substrate (Tab. 4, Fig. 1). It can be seen that
a higher percentage of rooting was obtained in cuttings
propagated in the absence of the hormone (between 67 to

FIGURE 2. Comparison of treatment FCFO (fine coconut fiber and without

IBA) for the accessions of Lippia origanoides evaluated, one month af- . ] .
ter planting. A. Accession CA-90, B. Accession CA-03. (Photos: Herre-  83%) than in the presence of the hormone (20 to 63%) (Tab.

ra-Moreno, A.M.). 3). In the same way, longer roots were observed when the

FIGURE 3. Treatment comparison of vegetative propagation in Tagetes zypaquirensis (1 month after sowing). A, FCFO (fine coconut fiber + without
IBA). B, FGFCS2000 (fine coconut fiber: coal slag (1:1) + 2,000 mg L' IBA); C, FCFCSRS2000 (fine coconut fiber: coal slag: river sand (1:1:1) +
2,000 mg L"IBA). (Photos: Herrera-Moreno, A.M.).

FIGURE 4. Germination tests of seeds of the Tagetes caracasana accession CA-10 in germination chambers. A. Day one, B. one week later. (Photos:
Herrera-Moreno, A.M.).
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hormone was not applied. In the absence of the hormone,
the highest percentage of rooting was observed in the
substrate FCFCS (83%) and longer roots in the substrate
FCFCSRS (15.47 cm) (Tab. 3). In contrast, the application
of hormone promoted the number of roots in the cuttings.
Further tests showed that the hormone factor (at level 0 or
absence) had the highest effect (23%) on all levels provided
by the two factors. Although IBA concentration had no
statistically significant effect on root dry weight, it can be
seen in Tab. 3 that in the substrate FCF and at 2,000 mg L™
IBA, there was a slight increase over the other treatments,
indicating that the use of growth promoters such as IBA in
this species may increase and accelerate the formation of
adventitious roots in asexual plant propagation (Moreno et
al., 2009; Li et al., 2009). Pimenta et al. (2007), in studying
the number of roots developed in cuttings of L. alba under
several IBA concentrations, observed that the number of
roots (maximum observed value of 39.4) increased with the
increment of hormone (IBA), a response that is similar to
the one obtained in the present study.

In summary, accession CA-300 of L. alba has ease of propa-
gation in the different types of tested substrates with slightly
better values in the substrate FCF. L. alba showed a higher
percentage of rooting in the absence of the hormone and a
higher number of roots formed in the presence of hormone.
The results of this study are consistent with previous reports
on L. alba which showed that this species has high rates and
ease of rooting for different types of substrates (rice hulls,
vermiculite, soil and Plantmax®) (Biasi and Costa, 2003)
and auxin concentrations (Pimenta et al., 2007).

Genus Tagetes (Asteraceae)

Tagetes zypaquirensis (CA-247)

With a value of 66.3% (Tab. 4), T. zypaquirensis was the
species that had the best average rooting percentage of the
evaluated species and in the tested substrates. Although
multiple comparison tests generally showed no significant
differences between the substrates and hormone concen-
trations tested, the FCFO treatment had the highest average
rooting (80%) in the absence of the hormone (Tab. 3). Addi-
tional tests by independent factor (hormone) showed that
the absence of the hormone had the single biggest positive
effect (9%) for the three levels tested. Longer roots and
larger root dry weight were also observed in the absence of
hormone, but a larger number of roots was observed when
the hormone was applied. Fig. 3 shows the CA-247 accession
in the treatments FCF0, FCFCS2000 and FCFCSRS2000
one month after sowing. In general, during the study,
this accession was seen as easily propagated, and in this

sense is similar to L. alba, facilitating and not restricting
the conditions for asexual reproduction. For the asexual
propagation of this species, the substrate FCF may be used
because this seems to promote rooting, and auxin may be
added to promote the growing of more roots.

Tagetes caracasana (CA-10)

Germination tests were performed for T. caracasana both
in the laboratory (Fig. 4) and in the greenhouse. In the
laboratory, the germination percentage averaged 69% for
a period of three weeks after which no more germination
was observed. The germination speed index (GSI) was 4.14
for the laboratory conditions, which is relatively high com-
pared with that observed in the greenhouse environment
(GSI = 1.45). Similarly, under greenhouse conditions, the
germination percentage was slightly lower (61%). These
percentages of germination are relatively high when com-
pared with germination in other wild species of the genus,
such as Tagetes lucida, which presents a large number of
sterile seeds (Acosta de la Luz et al., 2010). The results of
the present study are similar to those obtained for Tagetes
minuta, a species also propagated by seeds with germina-
tion percentages between 50-60% in cultivation conditions
and germination completed in a period between 10 to 15
d (Singh et al., 2003).

Conclusions

The rooting of cuttings of L. origanoides (accessions CA-90
and CA-93), L. alba (accession CA-300) and T. zypaqui-
rensis (accession CA-247) showed overall better rooting
percentage in the fine coconut fiber substrate and in the
absence of hormone, although there was a larger number
of roots with the exogenous application of IBA (at 2,000
mg L™). For its part, the seeds of T. caracasana, either in
controlled laboratory conditions or in the greenhouse,
had a relatively short germination time (maximum three
weeks) and a relatively high germination percentage (about
70%), as such, the seed propagation method is appropriate
for this species. The performance of L. origanoides in the
asexual propagation methods evaluated was relatively poor
and may require more complex and improved methods to
obtain more satisfactory results.
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