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Abstract:
Background and Aims: Thunbergia alata is one of the ten most problematic invasive plant species in Colombia. Its rapid colonization and adaptation 
to Andean forests have affected the composition and structure of indigenous plant communities. In this research, analysis of functional traits was 
carried out, generating new information that could explain the rapid colonization, adaptation and invasive potential of T. alata in this type of Andean 
environment. 
Methods: To obtain this information, a series of observations were made on the morphology and anatomy of roots, stems, leaves, flowers, fruits and 
seeds. Likewise, a characterization of its floral visitors and symbiotic relationships with soil microorganisms was carried out. 
Key results: We determined that both morphological traits and interaction phenomena favour the adaptability of T. alata in Andean forests and could 
contribute to a greater extent to its active colonization in this type of environment. An active association of T. alata was found with different species 
of native and introduced floral visitors, with a total of 2266 floral visits made during our study by seven species of insects belonging to the orders 
Coleoptera and Hymenoptera. Mycorrhizal fungal spores associated with T. alata populations were found at all sampling sites. The number of spores 
per 100 g of soil varied between 300 and 424. All the roots of T. alata, without exception, had high colonization by arbuscular mycorrhizal fungi. 
Conclusions: We believe that the information obtained in this research will contribute to the generation of comprehensive and effective strategies 
for the control of this species in Andean forests.
Key words: Colombia, invasive plants, functional traits, loss of biodiversity.

Resumen:
Antecedentes y Objetivos: Thunbergia alata es una de las diez especies de plantas invasoras más problemáticas de Colombia. Su rápida colonización 
y adaptación a los bosques andinos ha afectado la composición y estructura de las comunidades vegetales nativas. En esta investigación se realizó un 
análisis de rasgos funcionales, generando nueva información que podría explicar la rápida colonización, adaptación y potencial invasor de T. alata en 
este tipo de ambientes andinos. 
Métodos: Para obtener esta información se realizó una serie de observaciones sobre la morfología y anatomía de raíces, tallos, hojas, flores, frutos y 
semillas. Asimismo, se realizó una caracterización de sus visitantes florales y de las relaciones simbióticas con los microorganismos del suelo. 
Resultados clave: Se determinó que tanto los rasgos morfológicos como los fenómenos de interacción favorecen la adaptabilidad de T. alata en los 
bosques andinos y podrían contribuir en mayor medida a su colonización activa en este tipo de ambientes. Se encontró una asociación activa de T. 
alata con diferentes especies de visitantes florales nativos e introducidos, con un total de 2266 visitas florales realizadas durante nuestro estudio 
por siete especies de insectos pertenecientes a los órdenes Coleoptera e Hymenoptera. En todos los sitios de muestreo se encontraron esporas de 
hongos micorrizógenos asociadas a las poblaciones de T. alata. El número de esporas por 100 g de suelo variaba entre 300 y 424. Todas las raíces de 
T. alata, sin excepción, presentaban una alta colonización por hongos micorrizógenos arbusculares. 
Conclusiones: Creemos que la información obtenida en esta investigación contribuirá a la generación de estrategias integrales y efectivas para el 
control de esta especie en los bosques andinos.
Palabras clave: Colombia, pérdida de biodiversidad, plantas invasoras, rasgos funcionales.
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Introduction
Biological invasions of plants are becoming more frequent 
worldwide and are considered one of the main causes of 
the loss of biodiversity (Jaramillo, 2017). The effects of 
plant invasions cause an alteration of the processes that oc-
cur within ecosystems, affecting the composition and struc-
ture of native plant communities. This occurs mainly due to 
the fragmentation of the forests leading to the emergence 
of new foci of invasion (Baptiste et al., 2010).

Invasive plant species are organisms that have a su-
perior capacity to adapt to new environmental conditions 
that, unlike other plants, allows them to establish a wide 
range of distribution and establishment in foreign habitats 
(Sakai et al., 2001). These species promote the loss of bio-
logical diversity, generate competition, and alter the spaces 
for native plants (Ruiz et al., 2018). Most invasive species 
have a high reproductive rate and a wide range of adap-
tation, thus determining their success in various environ-
ments (Ríos and Vargas, 2003). Currently, few papers anal-
yse the traits that allow the rapid colonization and efficient 
adaptation of these species. This knowledge is a fundamen-
tal aspect for adequate control of invasive plants (López-
García et al., 2011; Cárdenas-López et al., 2017; Ocampo-
Zuleta and Solorza-Bejarano, 2017).

Various authors have developed research to generate 
lists of plant species that are altering ecosystems and their 
biological characteristics (D’Antonio et al., 2004; Baptiste 
et al., 2010; Arslan et al., 2015; García-Duque et al., 2016; 
Campoy et al., 2018), but there are still many gaps in the 
management of such plant species. Given the lack of clarity 
on the issue, a knowledge of morphology, physiology, and 
life history of any invasive species should be established as 
a priority to implement effective control guidelines (Mack 
et al., 2000; Pérez-Bedmar and Sanz-Pérez, 2003; Gutiérrez, 
2006).

The Andean forests have been classified as strategic 
ecosystems in Colombia because of the strong pressure 
caused by urban expansion and because these forests are 
habitat for a great diversity of flora and fauna, both en-
demic and threatened species (Van der Hammen and Cleef, 
1983; Alzate et al., 2008; González-Orozco, 2021). A large 
part of the country's human population is located in this 
type of environment and has modified a large part of its 

natural cover, favouring the colonization of exotic species 
and causing considerable damage (Armenteras et al., 2003; 
Gómez et al., 2007; Raczka et al., 2019). One of the ten 
most problematic invasive plant species in the country is 
Thunbergia alata Bojer ex Sims (García-Duque et al., 2016). 
Its rapid colonization and adaptation to Andean forests 
have encouraged different initiatives that seek its control 
and management. However, many of these attempts have 
not been efficient since different aspects of its life history 
and morphological traits are unknown.

Thunbergia alata is a twining perennial herb of the 
family Acanthaceae with sagittate leaves and axillary or-
ange flowers. This species was described in 1825 by the 
physician and taxonomist John Sims and the Czech natu-
ralist Wenceslas Bojer, from seeds grown from a specimen 
from Mauritius, East Africa. In the original publication, the 
authors highlight the aesthetic value of the species and af-
firm that it was initially planted under greenhouse condi-
tions in February and flowered four months later in June 
of the same year, a phenomenon very different from that 
found in our Andean forests where it starts flowering four 
weeks after germination (Sims, 1801). 

In later years this species was taken to the European 
colonies in the Antilles, where it rapidly dispersed, followed 
by its naturalization (Meyer and Lavergne, 2004). In Amer-
ica particularly it was introduced in the nineteenth centu-
ry for ornamental purposes, thus beginning its dispersion 
especially by gardening enthusiasts (Meyer and Lavergne, 
2004). Currently the species is considered a highly invasive 
plant, mainly in tropical and subtropical areas around the 
world (Olden and Poff, 2003; Lockwood et al., 2005).

For Colombia the exact period of its introduction has 
not yet been recorded, however, the medical doctor and ge-
ographer Manuel Uribe Ángel gives some information about 
its appearance in the Antioquia region, since he left a re-
cord of it in his “Geografía General y Compendio Histórico 
del Estado de Antioquia en Colombia” (Uribe-Ángel, 1885). 
By 1885, T. alata was already described as a common spe-
cies in the montane forests of the department of Antioquia 
(Uribe-Ángel, 1885). According to the records of the Colom-
bian National Herbarium (COL), the first Colombian individ-
ual of T. alata present in this herbarium, corresponds to a 
specimen collected in 1939 by Enrique Pérez Arbeláez and 
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José Cuatrecasas around La Vega, Cundinamarca (Baptiste et 
al., 2010), and in the case of Antioquia there is a 1940 record 
by Lorenzo Uribe Uribe. The recorded dates have yielded 
enough information to suggest some notions about the dis-
placement and successful dispersal of the species through-
out America generally and Colombia specifically. However, 
there is still insufficient information to accurately determine 
the plant's appearance in the montane forests of Colombia.

In this research we carried out an analysis of some of 
the functional traits that could explain the rapid colonization 
and adaptation of Thunbergia alata to Colombian ecosys-
tems such as montane forest. There are not many studies 
that deal in detail with these types of characters and their 
role with an invasive species. For this reason, our results may 
be an important tool in future research on the dynamics and 
ecology of this invasive species in Andean forests.

Materials and Methods

Study area
This study was carried out in the Cordillera Central of the 
Andes, in the southeast of the department of Antioquia, Co-
lombia, where four localities (Table 1) belonging to the low-
er montane rain forest life zone were sampled (Holdridge, 
1967). All the localities were covered by secondary forest 
and scrub, the result of moderate anthropic alterations. All 
the sampling points evaluated showed a high degree of in-
vasion of T. alata (Fig. 1). The approximate elevation of the 
samples was 2150 m a.s.l., and the temperature varied be-
tween 13 and 22 °C with a mean annual rainfall of 2272 mm 
(IDEAM, 2005). The coordinate system used was Magna_Co-
lombia_Bogota (IGAC, 2021).

Anatomical characters
To carry out the anatomical analyses, stems and roots were 
collected in different stages of development, as well as leaves, 

fruits, and seeds. These were fixed in FAA (formaldehyde, 
alcohol, and acetic acid) for 48 hours at 4 °C. They were de-
hydrated in a series of ethanol (50%, 60%, 70%, 80%, 90%, 
and 95%). The stems and seeds were softened in a solution 
composed of ethanol and glycerine six: (i) for 96 hours at 
4 °C before dehydration. After completion of dehydration, 
all structures were immersed in HistoChoice® for 24 hours. 
Subsequently, they were infiltrated in a transient solution 
composed of HistoChoice® and (ii): one Paraplast® paraffin. 
Finally, they were embedded in three series of Paraplast® 
paraffin for 12 hours at 60 °C. Anatomical sections cut were 
5-7 µm thick, using a Leica RM2125 rotary microtome (Lei-
ca, Wetzlar, Germany). Two stains were used: Toluidine Blue 
0.5% and Safranin plus Alcian Blue one.

For the stems, the arrangement and composition of 
vascular tissues were analysed, as well as the “Lianescent 
Vascularization Syndrome” (Carlquist, 1985a; Ewers et al., 
1992; Angyalossy et al., 2015). Anatomical descriptions of 
the mesophyll and epidermis were made from leaves. For 
the roots the types of epidermis, cortex, endodermis, and 
vascular bundles were evaluated. Finally, by means of lon-
gitudinal sections of the seeds, the exotesta, mesotesta 
and endotesta were examined. Similarly, the morphology 
of the embryo, its position within the seed, and its degree 
of development were described. The terminology used 
to describe the anatomical features was taken from Mar-
tin (1946), Carlquist and Zona (1988), Balkwill and Camp-
bell-Young (1999). Anatomical characters are useful for un-
derstanding the physiological processes in the plant during 
its growth. The anatomical composition of roots, stems and 
leaves allow to find ecological patterns related with  vas-
cular system water conduction capacity, due to the pivotal 
role that the xylem tissue plays in the plant´s adaptation to 
different environments (Carlquist, 1985a; Wahl and Ryser, 
2000; Angyalossy et al., 2015). Furthermore, coat and seed 

Locality x y Locality Municipality Elevation m a.s.l.

1 848934,459 1159573,699    Vereda La Milagrosa    La Ceja 2125

2 857454,005 1172058,593    Barrio Santa Ana    Rionegro 2200

3 861222,891 1166180,966    Vereda La Palma    El Carmen de Viboral 2150

4 862345,968 1173030,232    Vereda El Chagualo    Marinilla 2120

Table 1: Sampling locations, Antioquia, Colombia.
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anatomy are essential to understandinging the seed dor-
mancy, a character considered one of the most import-
ant in the ecosystems regenerative processes (Baskin and 
Baskin, 2014). These germination and dormancy traits lead 
to a germination timing that not only bridges unfavourable 
conditions, but also optimizes the fitness of seedlings by 
delivering germinated seeds at the best moment (Saat-
kamp et al., 2019).

Floral morphology and pollen characters
The description and data collection of the floral morphol-
ogy was base on 50 flowers, 25 were collected in locality 
two and 25 in locality three (Table 1). The flowers were 
collected directly from the plant with the help of pruning 
shears. Characters such as color, symmetry, floral arrange-
ment, presence and location of the nectar, number and 
degree of fusion of the petals, position and morphology 

of the stamens, as well as the shape of the stigma, were 
evaluated (Simpson, 2019; Manktelow, 2000; Hegland and 
Totland, 2005).

For the observation and mounting of the pollen 
grains, a collection of 50 flower buds was used. From 
these, the stamens were extracted and were macerated 
and sieved with a pore size of 150 µm, to obtain the pollen 
grains. The pollen grains were processed by applying Erdt-
man's acetolysis (Erdtman, 1969). For the assembly of per-
manent plates, a piece of glycerinated gelatine was used. It 
was impregnated with a little of the processed sample and 
was placed on a slide and sealed with paraffin. The evalu-
ated characters were the type of opening, ornamentation, 
and shape of the pollen grain. Measurements were taken 
to determine the size of the pollen grain and the thickness 
of the exine. The terminology used for the description of 
the pollen grain was based on Halbritter et al. (2018).

Figure 1: Location map of the sampling sites of Thunbergia alata Bojer ex Sims in Antioquia, Colombia.
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Germination time for the pollen grain was also de-
termined. For this, the grains were exposed to different 
concentrations of sucrose (2%, 2.5%, 4.5%, and 5%), (García 
et al., 2015), taking a sample of each of the concentrations 
every five minutes for 25 minutes and observing it in a Lei-
ca DM500 optical microscope with a magnification of 10× 
(Leica, Wetzlar, Germany). Data were taken from the ger-
mination period of the pollen grain and the number of pol-
len grains per minute was analysed for one pollen tube. The 
emergence point of the pollen tube was determined.

Floral visitors
For the sampling of floral visitors, the methodology pro-
posed by Vaissière et al. (2011) was used, where five quad-
rants were determined in each chosen locality with an area 
of 1 m2, for a total of 20 sampling units. A count was made 
of the T. alata flowers in the quadrant and subsequently, ob-
servations of 15 minutes were made every hour for three 
hours a day for five weeks. During the observations, data 
such as visit time and number of flowers visited were re-
corded. Also, a collection was made of the flower visitors 
who were in the quadrant. The insect samples were deposit-
ed in the entomological collection of the Universidad Católi-
ca de Oriente (UCO), the samplings were carried out in the 
months of August and September 2019.

Fruit morphology and dehiscence
A collection of about 150 fruits of T. alata in different stages 
of maturation was made. The fruits were collected in the 
four previously mentioned locations. The number of fruits 
collected in each of the localities varied depending on the 
phenology of the individuals of the populations. Thirty fruits 
corresponded to localities one and two, and 40 and 50 to lo-
calities three and four, respectively (Table 1). We described 
them and evaluated the characters such as the maturation 
period, length, type of dispersal, and the number of seeds 
contained in each of them.

Soil seed bank
Within the four studied localities, we gathered soil seedling 
samples from three plots of 1 m2 that had a seedling bank 
of which 0.2 m3 of soil was extracted and sieved to extract 
the seeds, and a respective count was made. Of the total 

number of seeds found in each plot, 150 were taken and 
these were sown in Petri dishes in three groups of 50 seeds 
each. We evaluated germination percentage and the Medi-
an Length of Germination time (MLG) from these.

The physical condition of the testa was compared 
from some seeds sampled from the soil seed bank and 
these were compared with those extracted directly from the 
ripe fruits. The analysis was done with the help of a ZEISS 
Stemi305 stereoscope (Jena, Germany). We determined 
qualitative and quantitative traits such as the presence, co-
lour and texture of the testa, the diameter of the seed and 
the length of the ventral and dorsal area.

Germination percentages
Mature fruits were collected, and seeds were extracted. The 
seeds were cleaned with hypochlorite and sown in rectan-
gular trays of 10 × 25 × 50 cm with 50 cavities using peat 
as substrate. Irrigation was periodically applied manually. A 
maximum of 50 seeds was sown in the germination trays. 
Each tray was prepared and marked with a code, individual 
number, and sowing date.

To estimate the influence of light intensity on ger-
mination, four treatments were carried out, varying the 
light intensity by means of a woven mesh composed of po-
lyethylene fiber. Treatment one (T1) was subjected to 100% 
light, treatment two (T2) had 50% light, treatment three 
(T3) was subjected to a light intensity of 25%, and treatment 
four (T4) was performed with a light intensity of 5%. Germi-
nation was monitored every day for four weeks and varia-
bles such as the Median Length of Germination time days 
(MLG) and the germination percentage were evaluated for 
each treatment.

Seedling functional morphology
Functional traits of the seedlings were measured as fo-
llows: position, emergence, and function of the cotyledons 
in order to classify them according to the functional groups 
proposed by Garwood (1996). In addition, other specific 
morphological characters of hypocotyl, cotyledons, epico-
tyl, and leaves were observed to determine the variation 
in shape and size of the seedlings. These traits were de-
termined from the biological material of the germination 
tests. Each seedling was evaluated according to some de-
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velopmental stages that were identified considering the 
total expansion of some structures. For the morphological 
description in each phase, ten specimens were extracted. 
Finally, descriptions of the seedlings were made based on 
characters reported by Garwood et al. (2009). These charac-
ters were observed with the aid of a ZEISS Stemi305 stereo-
scope (Jena, Germany). A photographic record of the seed-
ling was made for each stage, and photographs were taken 
of particular structures, such as cotyledons, epicotyl and the 
first leaves that are also useful for identification in the field. 
The pictures were taken with a Canon EOS 4000D camera 
(Ōta, Tokio).

Mycorrhizal symbiosis
To determine mycorrhizal colonization in T. alata, spore 
counts and root staining were performed. For this, root and 
soil samples of T. alata were collected in the four selected 
localities. At least five roots were collected from different 
individuals and five soil samples per site. The roots were 
extracted from adult or juvenile plants. To avoid confusion 
with other soil roots, only fine roots that were attached to 
the main root of the plant were processed. Likewise, a sub-
sample (approximately 100 g) of soil was taken per collected 
root, preferably from the rhizoplane, which is the part of the 
root that is in contact with the soil and is where the greatest 
number of microorganisms are found.

The spore count was carried out on the field soil sam-
ples. This consisted of taking a subsample of 20 g of soil that 
was placed in a 500 ml beaker with 300 ml of water and 0.15 
g of sodium pyrophosphate. This was stirred for 15 minutes, 
and the supernatant was transferred into a battery of sieves 
(250, 106 and 53 µm) that was centrifuged with a 70% sugar 
solution for 5 minutes with a Arlesa Digicen 21 16500 RPM 
centrifuge (Arlesa, Madrid, Spain). The content of each tube 
was poured into its respective sieve and washed with run-
ning water. Subsequently, the sediment product of this cen-
trifugation was collected on filter paper for reading (Habte 
and Osorio, 2001). Finally, the spore count was performed 
with a ZEISS Stemi305 stereoscope (Jena, Germany).

The mycorrhizal colonization of the roots obtained in 
the field was determined by the intercept method (Giovan-
netti and Mosse, 1980) from the number of positive fields 
(presence of arbuscules, vesicles and hyphae) inside the root. 

For this, the finest roots were rinsed with 10% KOH (Phillips 
and Hayman, 1970) and then stained with 0.15% acid fuchsin 
in lactic acid (Kormanik et al., 1980). The stained roots were 
then placed in a checkered Petri dish for observation with 
a ZEISS Stemi305 stereoscope (ZEISS, Jena, Germany). The 
data were subjected to Duncan's multiple range test and 
Fisher's LSD test, for which a significance level of P≤0.05 was 
used. All analyses were conducted in the R software environ-
ment (R Core Team, 2019).

Results

Anatomical description of the plant body
Cross sections of the roots of T. alata revealed anatomical 
characteristics such as uniseriate epidermis with horizontally 
elongated cells, followed by the exodermis with thin-walled 
cuboid cells. The cortex consisted of nine to ten layers of pa-
renchymal cells with interruptions caused by the mycelial 
formation of mycorrhizal fungi. Endodermis with sinuosities 
was observed in the pericline wall of the cells as well as alter-
nate radial vascular bundles made up of vasicentric tracheids 
adjacent to libriform sclerenchyma fibers and interaxillary 
phloem (Fig. 2A).

The anatomy of the stem allowed us to observe the 
“Lanescent Vascularization Syndrome”, consisting of vessels 
of varying sizes arranged radially around the hollow medul-
la and vasicentric-type tracheids associated with adjacent 
thick-walled libriform sclerenchyma fibers (Figs. 2B, C) and 
interaxillary phloem contiguous to thin-walled apotracheal 
axial parenchyma. The successive vascular cambium with 
cork with seven to eight layers of cells had a phellodermis 
with three to four layers of cells and an uniseriate epidermis 
with cuboid cells (Fig. 2C). In contrast, the branches exhibit-
ed a larger hollow medulla compared to the stems including 
a uniseriate epidermis composed of semicircular to ellipsoi-
dal cells with a thick lignified wall (Figs. 2D, E).

The leaves were characterized by the presence of an 
adaxial epidermis composed of horizontally aligned cuboid 
cells with a thickened periclinal wall and anticline wall with 
sinuosities (Figs. 2G, H). At the level of the midrib, a subep-
idermis formed by three to four layers of angular collenchy-
ma cells was observed, followed by photosynthetic spongy 
parenchyma. Adjacent to this, it was possible to observe two 
to three layers of fundamental parenchyma cells enclosing 
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the vascular bundle with calcium oxalate contents in the 
form of drusen and raphidia (Figs. 2F, I). Dorsiventral meso-
phyll composed of one to two layers of palisade parenchyma 
cells and five to six layers of spongy photosynthetic paren-

chyma with almost juxtaposed cells surrounded the vascular 
tissue (Fig. 2G). On the abaxial surface of the epidermis, the 
collenchyma consisted of two to three cell layers, while the 
fundamental parenchyma was six-seven cell layers (Fig. 2F).

Figure 2: Cross section of Thunbergia alata Bojer ex Sims root, stems and leaves. A. root, ep = epidermis, co = cortex, ex = exodermis, my = mycelia, x = 
xylem, pe=pericycle, en = endodermis, ph = phloem; B-C. stems, lvs = lianescent vascularization syndrome, p = pith, x = xylem, ap = axial parenchyma, 
c = cork, cv = vascular cambium, iph = interaxillary phloem, if = libriform fibers, phd = phelloderm, phe= phellogen, vr = vascular rays, vt = vasicentric 
tracheids, xv = xylem vessels; D-E. branches, ep = epidermis, cu = cuticle, p = pith; F, G, H, I. leaves, co = collenchyma, le = lower epidermis (abaxial), 
ox = calcium oxalate crystals, pm = palisade mesophyll, sm = spongy mesophyll, ue = superior epidermis (adaxial), vb = vascular bundle. Scale bar: A 
= 300 μm, B, D = 100 μm, C, E = 500, F = 100 μm, G-H = 500 μm.



Quijano-Abril et al.: Functional traits of Thunbergia alata

Acta Botanica Mexicana 128: e1870  |  2021  |  10.21829/abm128.2021.1870 8

The seeds were albuminous, unitegmic (a single integ-
ument), with an exotesta composed of three-four layers of 
longitudinally elongated palisade cells arranged in the form 
of discontinuous projections (Figs. 3A-C). The mesotesta was 
composed of one to two layers of radially elongated tabular 
to cuboid cells with cross-links on the dorsal surface of the 
pericline wall (Figs. 3B, C). The multiple layered endotesta 
was made up of four to five layers of cuboid cells (Figs. 3C, D). 
The embryo was in an erect position, dominant to total, de-
veloped and spatulate but folded in the shape of a razor. The 
cotyledons had foliaceous and expanded duplicates (Fig. 3A).

Floral morphology and pollen characters
The flowers of T. alata were solitary, axillary and erect. The 
calyx was gamosepalous with 15 lobes with moderate pub-
escence (10-30 trichomes/mm2), erect filiform trichomes 
over the entire surface and scant pubescence (<10 tricho-
mes/mm2) with glandular trichomes on the external face 
(Figs. 4E, G). The corolla was gamopetalous with five lobes 
that have a glabrous external face and an internal face with 
dense pubescence (>30 trichomes/mm2) of glandular tri-
chomes (Figs. 4A, D, F).

Figure 3: Longitudinal section of Thunbergia alata Bojer ex Sims seeds. A. longitudinal section showing the cotyledons; B. longitudinal section showing 
the endosperm; C. seed coat details; D. seed coat and embryo axis details, co = cotyledons, ea = embryo axis, en = endotestaend, = endosperm, em 
= embryo, ex = exotesta, mt = mesotesta. Scale bar: A = 100 μm, B-D = 500 μm.
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Figure 4: Floral morphology of Thunbergia alata Bojer ex Sims. A. frontal view of the corolla lobes; B. lateral view of the flower with the presence of floral 
bracts; C. approach to the external adaxial face of the corolla tube, the white triangle indicates two depressions on the mid-central region of the corolla; 
D. close-up in frontal view of the corolla lobes, the presence of glandular trichomes on the inner surface is highlighted; E. approach in lateral view to the 
base of the perianth, the floral bracts were dissected and removed; F. glandular trichomes on the outer surface of the corolla; G. filiform trichomes on the 
entire surface of the calyx and glandular trichomes on the outer surface of the lobes; H. section in transverse view of the corolla, internal reproductive 
structures are observed; I. approach to the internal face of the corolla, showing the position of the gynoecium and the androecium; J. lateral view of the 
gynoecium; K. approach to the stigma lobes, one elongated and folded inward and the other shorter and laterally extended; L. approach to the ovary; M. 
lateral view of one of the stamens; N. glandular trichomes on the dehiscence point of the anther; O. spur located at the base of the anther.



Quijano-Abril et al.: Functional traits of Thunbergia alata

Acta Botanica Mexicana 128: e1870  |  2021  |  10.21829/abm128.2021.1870 10

The androecium was made up of four 12.2 mm insert-
ed stamens located on the inner adaxial face (Fig. 4H). The 
organization of the stamens along the interior of the corolla 
gave rise to a curtain of filaments that delimited a pollination 
chamber (Fig. 5). The curtain of filaments was composed of 
didynamous stamens that were grouped and fused in pairs, 
separated by the style located in the central part (Fig. 4I). 
This form of organization of the curtain was characterized 
by having decurrent filaments and inserts above the base of 
the corolla. Furthermore, because this curtain unfolds from 
the abaxial to the adaxial face of the corolla, the filaments 
formed a barrier over the nectaries located at the base. The 
anthers had a basifixed to slightly dorsifixed insertion with 
the presence of trichomes in the form of “barbs” located lin-
early on the abaxial face of the anther, above the dehiscence 
point, which is longitudinal, and two spurs in the basal part 
(Figs. 4M, N, O).

The gynoecium had a superior, globose, syncarpous 
ovary with two carpels and four locules. The upper part of 
the ovary had a globose extension that subsequently inter-
venes in the formation of the fruit (Fig. 4L). The style was 
glabrous and extended 15.9 mm (Fig. 4J). The stigma was bi-
lobed, with the adaxial lobe longer and inwardly folded and 
the abaxial lobe shorter but extending laterally (Figs. 4J, K). 
This was located just above the anthers (Fig. 4I).

The pollen grain of T. alata was a large monad, 
50.19(52.10)53.96 × 50, 24(52.52)54.80 µm in equatorial 

view, 50.63(52.66)54, 69 µm equatorial axis that was radi-
al isopolar and an oblate-spheroidal shape, polar axis, and 
equatorial axis (P/E): 0.97 in the spheroidal domain. The grain 
had a colpo-spiral opening of 2.41 µm wide, exine rough, tec-
tate, 3.63 µm thick, 2.48 µm sexin, 1.60 µm nexin (Fig. 6).

Pollen germination tests showed a higher germination 
percentage (90%) for pollen grains exposed to concentrations 
of two percentage of sucrose. As the sucrose concentration 
was increased, the germination percentage decreased. The 
pollen tube was perceived after three minutes, being gener-
ated from the equatorial pole. In this area the tube originat-
ed from one or more points. 

Floral visitors
A total of 1798 flowers were observed in 20 quadrants for 20 
days and a total of 2266 flower visits were reported. Seven 
species classified as T. alata floral visitors were identified (Ta-
ble 2). According to the frequency of flower visits, Bombus 
atratus Friese and Augochlora sp. (Fig. 7) had the highest 
frequency of visits throughout the sampling period. Of these 
two species, a total of 34 and 22 individuals were observed 
for 20 days, respectively. Visits of longer duration were ob-
served for Apis mellifera L. and in a yet unidentified species 
of the family Nitidulidae, with three to four minutes respec-
tively. The species with the shortest visit time were Bombus 
atratus and Augochlora sp. with one minute each.

Species such as A. mellifera and B. atratus were ob-
served in direct contact with the reproductive organs of 
the flower, while other insects such as Augochlora sp. and 
Paratrigona sp. laid on the internal or external parts of the 
corolla. Individuals belonging to the families Nitidulidae and 
Curculionidae were found in external parts of the calyx or 
inside the base of the corolla.

Fruit morphology and dehiscence
Thunbergia alata has a dehiscent capsule-type fruit with 0.3-
0.7 cm in diameter and 1.9-3.2 cm in length. The fruit origi-
nated from two globose carpels, each containing two seeds 
per loculum for a total of four seeds per fruit. On some occa-
sions fewer seeds were found per fruit, possibly due to the 
fact that not all the ovules were fertilized. The fruit of T. alata 
has a flattened extension in the upper part of the carpels 
called the beak (Font Quer, 2001), 0.2-0.5 cm wide and 

Figure 5: Diagram of the cross section of the flower highlighting 
structures involved in the pollination mechanism of Thunbergia alata 
Bojer ex Sims.
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Order       Family       Species N° of individuals     
observed

Presence of pollen Origin

Coleoptera Curculionidae Sitophilus sp. 5 Absent Native

Coleoptera Endomychidae - 3 Absent Native

Coleoptera Nitidulidae Conotelus sp. 6 Present Native

Hymenoptera Apidae Apis mellifera L. 24 Present Introduced

Hymenoptera Apidae Bombus atratus Friese. 34 Present Native

Hymenoptera Apidae Paratrigona sp. 10 Present Native

Hymenoptera Halictidae Augochlora sp. 22 Present Native

Table 2: Insect species observed as floral visitors of Thunbergia alata Bojer ex Sims. The number of individuals of each species, observed throughout 
the sampling in Antioquia, Colombia, and the presence or absence of pollen grains on the surface of the organism are included.

Figure 6: Pollen grain of Thunbergia alata Bojer ex Sims observed at 100×. A-C. equatorial view;  D. polar view. A-B. structure of the cell wall. C-D. 
sculpture and ornamentation of the cell wall, openings (colpospiral). Scale bars = 10μm.
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1-2 cm long, derived from the most distal section of the 
ovary. The entire external surface of the fruit had a high 
density of long trichomes. The average maturation time of 
the fruit was 15 days (Figs. 8C, D).

The dehiscence of the fruit was loculicidal since the 
division zone was located just above the carpel and not in 
the separation zone between them (the septum). A care-
ful examination of the internal surface of the carpel, once 
dehiscence occurred, revealed the presence of remnants 
of the septum, indicating that this structure did not inter-
vene in the dehiscence process (Fig. 9). The separation of 
the carpels began towards the most distal part of the fruit, 

with each section of the beak curving outwards (Figs. 8E, 
F). The accumulation of tension by twisting the sections 
of the face from the most distal part towards the middle 
part led to the separation of the fruit into two valves (Fig. 
8G). This event favoured the expulsion of the seeds like a 
catapult for 2 to 3 m. 

The soil seed bank 
A total of 1480 seeds were found in the three sampled 
plots. The germination percentage was 100%, at a maxi-
mum time of 72 hours (Table 3). The seeds extracted di-
rectly from T. alata fruits exhibited a reniform shape with 

Figure 7: Floral visitors reported in the study: A. Apis mellifera L.; B. Paratrigona sp.; C. Endomychidae; D. Bombus atratus Friese; E. Sitophilus sp.; F. 
Conotelus sp.; G. Augochlora sp.
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a dark brown coloration of the testa (Fig. 10A). The orna-
mentation of the testa was characterized by a reticulate 
pattern with protuberances grouped in the form of ridges 
on both the dorsal and ventral surfaces (Figs. 10A, B). The-
se ridges were generally interconnected forming concen-
tric reticulations or rings that were sometimes disconti-
nuous (Fig. 10A) (Balkwill and Campbell-Young, 1999).

In contrast, the seeds extracted from the soil had 
a light brown colour with advanced deterioration at the 

testa level (Fig. 10C). The ventral surface was much wid-
er (0.35 mm) compared to the seeds extracted from the 
fruit (0.2 mm, Fig. 10D). The surface of the seeds extract-
ed directly from the soil was completely smooth and of a 
lighter brown colour showing the successive wear of the 
testa because of its interaction with the soil microbiota. 
This would have a decisive influence on their rapid ger-
mination.

Germination percentages
From the germination tests carried out with the seeds ex-
tracted directly from the fruit under different light condi-

Figure 8: Developmental stages of the fruit of Thunbergia alata Bojer ex Sims, A-C. growth and expansion phase of the fruit, the ovary increases 
in size and the face elongates; D. fruit ripening phase, at this point the fruit undergoes physical and chemical changes that are evidenced in the 
coloration and the percentage of humidity; E-F. the fruit begins the dehiscence process by opening the valves that are separated by the apical region 
of the face; G. the fruit explodes and the seeds are dispersed, the lower scale in the figure shows the maturation time in days.

Plot N° seeds MLG±SD
(days)

CV Min Max germination
 (%)

1 150 2.67±1.55 58.25 0.8 4.96 100

2 150 2.67±2.03 76.25 0.32 5.6 100

3 150 2.67±1.69 63.29 0.64 4.12 100

Total 450 2.67±1.70 63.76 0.32 5.6

Figure 9: Internal view of a Thunbergia alata Bojer ex Sims fruit. The 
valve is made up of the beak and the basal part of the carpel. The septum 
can be observed and a seed still attached to the fruit.

Table 3: Mean germination time of Thunbergia alata Bojer ex Sims 
seeds (Antioquia, Colombia). µ = mean, SD = standard deviation, CV = 
coefficient of variation, Min = minimum value, Max = maximum value, 
MLG = Median Length of Germination time.
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tions we determined that the highest germination percent-
age occurred in treatment four (T4) with a value of 90% 
(Table 4). The lowest percentage occurred in treatment one 
(T1) with a value of 70% (Table 4). In general, there was 
no wide variation regarding the Median Length of Germi-
nation time, since the highest value was for T2 with 18.18 
days and the minimum was for T3 with 16.48 days. A higher 
germination percentage was seen in low light conditions. 
However, the seedlings from the seeds subjected to T1 had 
a superior development of photosynthetic structures com-
pared to those subjected to T4.

Seedling functional morphology
The morphological evaluation of the T. alata seedlings 
showed a phanerocotylar-epigeous-foliaceous morpholog-
ical type. This type of seedling has two cotyledons locat-
ed above the soil surface (epigeous cotyledons) that lose 
the seed coat during the germination process and are fully 
exposed (phanerocotyllary cotyledons). Besides, they had 
dorso-ventrally flattened sheets with a foliaceous appear-
ance and that may have a moderate photosynthetic rate 
(foliaceous cotyledons). However, there were variations 
in the shape and size of the cotyledons: one of them was 

Figure 10: Morphology of Thunbergia alata Bojer ex Sims seeds: A-B. seeds extracted from the fruits; C-D. seeds collected in soil banks.
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thickened in the medial-central part of the lamina with a 
rounded apex, lobed base (with acute lobes). The other had 
a uniformly flattened blade with a rounded to slightly lobed 
apex and a truncated to rounded base.

Other relevant characters were the presence and 
density of trichomes in cotyledons, leaves and stems (hypo-
cotyl and epicotyl). Cotyledon and foliar lamina presented 
moderate pubescence (10 to 20 trichomes/mm2) of simple 
and short trichomes (0.125 to 0.5 mm in length) and the 
circular hypocotyl was 3.1-5.6 cm long, and 0.16-0.17 cm 
thick with dense pubescence (>30 trichomes/mm2) of sim-
ple and long trichomes (0.5 to 1.0 mm in length). The cir-
cular epicotyl measuring 0.17-0.18 cm thick and of variable 
length (phenotypically plastic), had moderate pubescence 
(10 to 20 trichomes/mm2) of short trichomes (0.125 to 0.5 
mm in length, Fig. 11). Also, active buds were observed in 
the axils of the cotyledons that developed branches during 
the early stages of seedling growth.

Mycorrhizal symbiosis
Spores associated with T. alata populations were found at 
all sites. The number of spores per 100 g of soil varied be-
tween 300 and 424. All the roots of T. alata, without excep-
tion, had high colonization by arbuscular mycorrhizal fungi 
(Fig. 12). Similar values were observed at all sites, with a 
maximum value obtained from 69% mycorrhizal coloniza-
tion.

Discussion

The study of the morphological, anatomical, and ecological 
characteristics is essential to understand the mechanisms 
of the dispersal, colonization, and establishment of an in-
vasive species. However, ignorance of aspects of the life 

history of species such as T. alata is a limitation in biologi-
cal control processes. This is a baseline investigation, with 
novel information on some functional traits that might con-
tribute to a great extent to the high degree of colonization 
by T. alata in high Andean forests. From the results of the 
present research, various studies could be developed that 
address in a more detailed way each of the functional and 
life history traits described for this invasive species.

Anatomical characters
Although the morphological and reproductive traits are im-
portant, the anatomical traits which favour the adaptabil-
ity of T. alata in different ecosystems cannot be ignored. 
Carlquist (1985a) states that the xylem segmentation pat-
tern in the genus Thunbergia Retz helps to minimize the 
damage that the hydrosystem may have during water con-
duction. Likewise, although this plant has large vessels that 
increase the volume of water conduction per unit of time, 
it is possible that large vessels are more vulnerable to em-
bolism (Carlquist, 1985a). However, the presence of vasi-
centric tracheids prevents the damage caused by an embo-
lism from proportionally reducing the conduction of water, 
since this tissue, being smaller, has greater resistance to 
embolism and can continue its hydraulic activity even when 
the xylem vessels are inactive (Carlquist, 1985a, b; Carlquist 
and Zona, 1988; Gerolamo and Angyalossy, 2017; Naran-
jo et al., 2018). The abundant presence of parenchyma in 
the cylinder of T. alata surrounding the conductive tissues, 
guarantees the conduction of water, because the hydrolysis 
of starch inside the parenchyma cells, followed by the trans-
fer of sugar to the vessels, generates osmotic pressures al-
lowing an increase in the volume of water in the tracheids 
(Carlquist, 1985a, 2001; Carlquist and Zona, 1988). This fac-
tor suggests that the ability of T. alata to adapt to climatic 
conditions like those of the Colombian Andes, as well as to 
manual eradication, is precisely due to the advantages that 
this type of tissue is able to withstand mechanical damage 
and to maintain hydraulic activity through different mech-
anisms. The axial parenchyma gives flexibility to the stems 
of T. alata (Carlquist, 1985a), while the presence of ligni-
fied cells in the epidermis provides the mechanical capacity 
of the stems to show aggressive vegetative growth on any 
phorophyte.

Table 4: Median length of germination (MLG) and % germination for 
each treatment of Thunbergia alata Bojer ex Sims (Antioquia, Colombia).

Luminosity
%

N° seeds
germinated

MLG 
(days)

Germination
%

100 35 17.57 70

50 28 18.18 52

25 39 16.48 78

5 45 17.47 90
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Figure 11: Characteristics of the Thunbergia alta Bojer ex Sims seedling and its measurements.
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Floral morphology and pollination
The floral morphology exhibited by T. alata could have 
great importance for the number and diversity of floral vis-
itors found. The results of this study show a notable differ-
ence in the length of the reproductive structures; the style 
is larger than the stamens (3.7 mm), which is related to 
an evolutionary mechanism that prevents self-pollination 
in angiosperms called herkogamy (Webb and Lloyd, 1986). 
Herkogamy and protandry have been suggested as two 
very common syndromes in the order Lamiales including 
the Acanthaceae (Endress, 1994; Nadia et al., 2012). The 
abundant filamentous trichomes located on the abaxial 
face of the anther could be involved in the dispersal of pol-
len grains (Figs. 4M, N, O) (Westerkamp and Claßen-Bock-
hoff, 2007). Many insects, especially bees, must apply 

considerable force to overcome this barrier when entering 
in search of nectar to access this resource, located at the 
base of the ovary. This continuous movement could cause 
adhesion of pollen to the dorsal surface of the insect due 
to friction with the anthers as barbs (Faegri and Van Der 
Pijl, 1979).

Manktelow (2000) suggests that the type of curtain 
of filaments of T. alata can only be overcome by large hy-
menopterans. These individuals could be considered ef-
fective pollinators, since when trying to open the curtain 
of filaments to access the nectar, they have direct contact 
with the anthers and the stigma. These insects include the 
species B. atratus and A. mellifera. The constant visit of 
effective pollinators allows T. alata to be succesfully be 
pollinated. Therefore, a constant generation of fruits and 
seeds throughout the year favours successful colonization 
(Thomson, 2006). Individuals belonging to the Curculi-
onidae, Endomychidae and Nitidulidae and found in the 
samples are very small and generally feed on pollen and 
perianth. Therefore, they are considered less efficient pol-
linators. Thunbergia alata exhibits the Hymenoptera pol-
lination syndrome since the style and the anthers have a 
closed adaxial fold, allowing the pollen to be deposited on 
the back of the insect (Schönenberger, 1999).

Frankie et al. (2005) studied the level of floral attrac-
tion of urban plant species concerning a certain group of 
pollinators. They found that, unlike what was stated in this 
study, native bees were not particularly attracted to exot-
ic plants. In contrast, the results obtained in the present 
work are congruent with the proposal of González et al. 
(2005), that species such as B. atratus visit invasive exotic 
plants, among them T. alata, from which they obtain both 
nectar and pollen.

The pollen morphology of T. alata gives this species 
an advantage when it comes to fertilizing its ovules, mainly 
thanks to the spiral opening that surrounds all the pollen 
grains (Fig. 6). Furness (1985) states that this type of open-
ing allows the pollen grains to have multiple germination 
sites and, therefore, exhibit a much higher germination 
rate. Even the germination rate can be increased by having 
an opening surrounding the pollen grain. This allows it to 
absorb water much faster (Furness and Rudall, 2004).

Figure 12: Root of Thunbergia alata Bojer ex Sims colonized by arbuscular 
mycorrhizal fungi (amf).
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Dormancy and germination
The high germination percentages of T. alata, together 
with a shorter period of seed germination, give the species 
the ability to colonize various habitats in short time, regard-
less of light conditions. This is consolidated as a strategy for 
effective regeneration. This strategy allows it to compete 
with sciophytic or heliophytic species, giving it an adaptive 
advantage (Kitajima and Fenner, 2000).

According to the viability and the morphological 
characteristics of the seeds extracted from the soil, T. ala-
ta may have the ability to form persistent seed banks. This 
in turn suggests a possible fluctuation between physiolog-
ical dormancy states and the absence of dormancy in the 
seeds, depending on external factors. The high permeabili-
ty of these seeds when exhibiting an exotesta with discon-
tinuity in the arrangement of their cells, as well as the pres-
ence of a developed embryo, are characteristics commonly 
reported for species with physiological dormancy (Baskin 
and Baskin, 2014).

The dormancy cycle in T. alata can be attributed to 
the seed dispersal syndrome, since generally the autochory 
could cause the seeds to reach sites with adverse character-
istics for germination and, therefore, develop physiological 
dormancy (Baskin and Baskin, 2014; Escobar et al., 2018). 
Generally, the cycles between physiological dormancy and 
a lack of dormancy occur in response to changes in light, 
temperature, or soil moisture (Baskin and Baskin, 2004). 
The results of this study show that different light gradients 
do not inhibit the germination of T. alata seeds; therefore, 
the seeds stored in soil may be physiologically dormant due 
to humidity or soil temperature conditions. Although dor-
mancy is a factor that limits germination, it is also an evo-
lutionary advantage that allows seeds to tolerate adverse 
scenarios until the ideal conditions for germination and 
seedling establishment are met (Vleeshouwers et al., 1995; 
Baskin and Baskin, 2014). Depending on the environmental 
conditions where the seed is located, T. alata can exhibit 
dormancy cycles without losing the viability of the seeds.

Garwood (1996), affirms that there is a relationship 
between this type of strategy and the morphological type 
of the seedling, where species with seedlings of the pha-
nerocotylar-epigeous-foliaceous (PEF) and phanerocotyl-
ar-epigeous-reserve (PER) type are associated with higher 

germination percentages and faster seed germination. This 
association is known for the seedlings of invasive species 
(Sánchez and Quijano, 2020). It is also possible that this 
strategy is associated with other characteristics related to 
the early development of the seedling, such as the time re-
quired for the expansion of the first photosynthetic organs, 
the growth rate, or the increase in biomass of the seedling 
in its first stages. 

Thunbergia alata seedlings show pubescence with a 
high density of trichomes and a high percentage of germi-
nation. Studies show that the presence of trichomes in the 
epidermis of stems and leaves confers adaptive advantages 
in higher stress environmental contexts through the com-
bination of physical, mechanical or biochemical protection 
strategies, especially in developing organs of tropical spe-
cies (Karabourniotis et al., 2020), where the high density 
of non-glandular trichomes is related to protection against 
drastic drought conditions and high light intensities (Prin-
gle et al., 2011; Ichie et al., 2016) This could indicate that 
the presence of a high density of non-glandular trichomes 
in invasive species could translate into a greater tolerance 
to environments with a higher incidence of light and high 
temperatures.

Mycorrhizal symbiosis
Although there are no known studies of mycorrhizal re-
sponse or dependence in T. alata (Plenchette et al., 1983; 
Habte and Manjunath, 1991), the results obtained in this 
research reveal high infectivity in all the evaluated plants 
(Fig. 12), with values higher than 60%, data that generally 
belong to dependent plant species (Habte and Manjunath, 
1991; Siqueira and Saggin-Júnior, 2001). These values sug-
gest that T. alata uses all the benefits of symbiosis with ar-
buscular mycorrhizal fungi for its survival, allowing the plant 
a better exploration of the soil in search of nutrients. The 
hyphae of the fungus have a smaller diameter and great-
er extension (Bolan, 1991) and can be in places in the soil 
that absorbent hairs cannot reach (Johansen et al., 1993), 
facilitating the uptake of slowly diffusing nutrients such as 
phosphorus (Sieverding, 1991; Jakobsen et al., 1992). Ar-
buscular mycorrhizal fungus not only improve the nutrition 
of T. alata, but they can also help the plant tolerate water 
stress (Brundrett, 2009), and better resist attack by soil-
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borne pathogens (Sierra-Escobar et al., 2017). All these ad-
vantages make T. alata improve its invasive capacity. 

The findings of the present study suggest that floral 
traits such as the curtain of filaments, the organization of 
the gynoecium, and the androecium, as well as the char-
acteristics of the pollen grain, give T. alata the ability to 
produce seeds at different times and in high quantities. Ad-
ditionally, high germination percentages, as well as the pos-
sibility of forming persistent seed banks, could contribute 
to the high invasiveness of this species. The morphological 
characteristics of the initial stages and the anatomical char-
acteristics related to the growth habit could improve the 
ability of T. alata to adapt and compete, conferring a high 
tolerance for drastic environmental changes and maximiz-
ing its invasive potential. Finally, the different associations 
of this invasive plant with native species, both pollinators 
and the megadiversity of soil organisms including mycor-
rhiza-forming fungi, could contribute significantly to the 
success of this species in our native Andean environments. 
Without doubt, T. alata has been able to adapt optimally 
to the new and diverse scenarios of our ecosystems. The 
results obtained here open new perspectives that could 
contribute to an understanding of the invasive abilities of 
T. alata. The results presented here may contribute to the 
development of different lines of research that lead to a 
better design in the control and management of actions of 
this invasive species.
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