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ABSTRACT RESUMEN

In this study, the essential oil of Acmella ciliata, character-
ized by the presence of significant amounts of spilanthol, 
α-phellandrene epoxide, and carvotanacetone, was assessed for 
its influence on the growth of Nicotiana tabacum cv. Xanthi, 
with the focus primarily on root hair density and primary root 
length. Following its extraction through microwave-assisted 
hydrodistillation, the oil was stored at 4°C in amber vials, 
distinguishable by its unique yellowish-reddish hue, with a 
refractive index of 1.3478 and a density of 0.847 g cm-3. Among 
the various dilutions evaluated, the undiluted oil (T3) and the 
dilution 1.5:0.5 (Oil:EtOH) (T6) demonstrated the most promi-
nent effects. The T3 and T6 treatments markedly enhanced 
root hair numbers, with T6 additionally promoving root length 
compared to other treatments. Considering the presence of bio-
active alkamides such as spilanthol in the oil, these compounds 
may have contributed to the observed root growth modulation. 
When compared against the positive control, affinin, Acmella 
ciliata essential oil displayed a more pronounced effect on root 
hair proliferation, while affinin predominantly boosted primary 
root elongation. The findings highlight the differential effects 
of the essential oil on specific plant growth parameters.

En esta investigación, el aceite esencial de Acmella ciliata, carac-
terizado por la presencia de compuestos significativos como el 
espilantol, el epóxido de α-felandreno y la carvotanacetona, fue 
evaluado por su influencia en el crecimiento de Nicotiana taba-
cum cv. Xanthi, centrándose principalmente sobre la densidad 
de pelos radicales y la longitud de la raíz primaria. Luego de la 
extracción mediante hidrodestilación asistida por microondas, 
el aceite se almacenó a 4°C en viales de ámbar y se distinguió 
por su único matiz amarillo-rojizo, con un índice de refracción 
de 1.3478 y una densidad de 0.847 g cm-3. Entre las diversas di-
luciones evaluadas, el aceite sin diluir (T3) y la dilución 1.5:0.5 
(Aceite:EtOH) (T6) demostraron los efectos más prominentes. 
Los tratamientos T3 y T6 aumentaron notablemente el número 
de pelos radicales, con T6 además promoviendo la longitud de 
la raíz de manera comparable a otros tratamientos. Conside-
rando la presencia detectada de alcamidas bioactivas como el 
espilantol en el aceite esencial, es plausible que contribuyeran 
a la modulación observada del crecimiento de la raíz. En com-
paración con el control positivo, afinina, el aceite esencial de 
Acmella ciliata mostró un efecto más pronunciado en la proli-
feración de pelos radiculares, mientras que la afinina impulsó 
predominantemente la elongación de la raíz primaria. Los 
hallazgos destacan los efectos diferenciales del aceite esencial 
en parámetros específicos del crecimiento vegetal.
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Introduction

Roots are vital for a plant’s nutrient and water uptake, as 
well as storage and plant anchorage. For plants to grow, they 
must uptake from the soil 14 essential mineral elements, as 
well as silicon beneficial for certain plants like rice, which 
shows yield improvement with increased doses of silicon 
(Tajima, 2021). Plant roots adapt for better acquisition of 
elements, influenced by agricultural practices aimed at 
enhancing yield and quality. Moreover, optimizing root 
systems can lessen environmental impacts by reducing 

nutrient loss, thus preventing potential water pollution 
from substances like nitrate. Enhanced root development 
aids in efficient nutrient capture, linking root functionality 
directly to environmental and crop health (Tajima, 2021).

Seeking sustainable strategies to enhance agricultural pro-
ductivity and crop resilience to environmental stresses is a 
critical challenge in modern agriculture. Among various 
approaches, the exploitation of natural compounds that 
stimulate root growth and development emerges as a prom-
ising pathway to optimize nutrient and water absorption, 
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crucial for plant vigor and yield. In this context, Acmella 
ciliata, known for its rich composition of compounds 
such as alkamides, including spilanthol, stands out for its 
potential to positively influence root architecture. Previ-
ous studies have suggested that manipulating root biology 
with phytohormonal compounds can lead to significant 
improvements in crop yield by facilitating more efficient 
nutrient and water uptake (Bano et al., 2022). However, 
significant gaps remain in our understanding of how spe-
cific natural compounds can be harnessed for this purpose. 

Our grasp of plant roots, the unseen segment of plants, is 
notably limited compared to our understanding of their 
aerial counterparts. The roles roots play in supporting 
and nourishing the plants, alongside their complex com-
munication mechanisms, are still shrouded in mystery. 
Efforts to enhance root traits are often overshadowed by 
the challenges in studying them within their natural soil 
habitat. However, the exploration of root biology is essential 
for advancing agricultural practices and environmental 
conservation (Ryan et al., 2016). As we begin to unravel 
the complexities of root systems, we set the stage for break-
throughs in food security and sustainability. This involves 
tapping into the vast yet unexplored potential of roots to 
bolster plant health and crop yields. Therefore, it is impor-
tant to understand the factors that affect root growth and 
development and how these factors can be manipulated 
to optimize nutrient and water absorption (Li et al., 2016).

Phytohormones, as plant growth regulators, play a piv-
otal role in orchestrating the growth and development of 
plants by influencing root architecture and function. Plant 
hormones, including auxins, cytokinins, gibberellins, eth-
ylene, abscisic acid and other compounds, mediate a wide 
array of physiological processes that directly or indirectly 
modulate root proliferation, elongation, and branching. 
In agriculture, harnessing the power of phytohormones 
presents a promising avenue for elevating crop productivity. 
Application of these hormones can stimulate root growth 
in a targeted manner, thereby optimizing the plant’s ability 
to absorb essential nutrients and water from the soil. This 
enhanced root system not only supports the plant physi-
cal structure but also plays a critical role in the efficient 
utilization of soil resources, potentially leading to signifi-
cant improvements in crop yield and quality (Mukherjee 
et al., 2022)

Bridging the gap between the phytohormone effects on root 
development and the insights from plant extracts, like Mo-
ringa oleifera, which enhance root formation in Arabidopsis 
thaliana (Ortiz-Rojas et al., 2017), unfolds a multifaceted 

aspect of plant biology. This synergy reveals a wider lens 
through which the impact of both synthetic and natural 
compounds on plant growth is appreciated. The meticu-
lous research into phytohormones elucidates the complex 
molecular and physiological frameworks facilitating root 
growth and stress adaptation (Wang & Komatsu, 2022). 

Acmella ciliata (Kunth) Cassini (Fig. 1), also known as 
Spilanthes ciliata Kunth and belonging to the Asteraceae 
family, is a tropical herb native to South America. Studies 
conducted on this species identify the presence of various 
alkamides (Silveira et al., 2016). Alkamides are a class of 
natural compounds found in a variety of plant species. 
These compounds, which are chemical messengers, have 
been studied for their potential role as plant growth regula-
tors (Greger, 2016). Acmella ciliata is a plant species that is 
known for its production of spilanthol (Silveira et al., 2016).

FIGURE 1. Acmella ciliata (Kunth) Cass.

In this study, we aimed to understand the impact of Acmella 
ciliata essential oil, obtained from the department Norte 
de Santander (Colombia), on root growth and development 
in Nicotiana tabacum cv. Xanthi. The decision to use Nico-
tiana tabacum cv. Xanthi was based on its well-established 
role as a versatile model organism in plant science (Ku-
rotani et al., 2023). This cultivar was specifically chosen 
for its consistent growth patterns and well-characterized 
genetic makeup, making it a robust subject for assessing 
the essential oil influence on root architecture. The use of 
cv. Xanthi facilitates a thorough exploration of the bioac-
tive properties of Acmella ciliata essential oil and lays a 
robust foundation for applying these insights to broader 
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agricultural contexts, potentially enhancing the growth 
of other crops and plant species.

The findings obtained from this research may lay the 
groundwork for further exploration into the utilization of 
such natural bio-stimulants in agricultural environments 
to optimize nutrient and water absorption.

Materials and methods

Plant material
The plant material was collected manually from Vereda 
Iscala, Chinácota, department Norte de Santander, located 
at 7.46837° N and 72.55574° W at an altitude of 2547 m 
a.s.l. After collection, the material was placed in a paper 
envelope and stored in a -20°C freezer at the Fitobiomol 
Research Laboratory, Francisco de Paula Santander Uni-
versity, Cúcuta.

Extraction and chemical analysis of 
essential oil from Acmella ciliata
Microwave-assisted extraction of essential oil from Acmella 
ciliata was carried out starting with the plant material col-
lected and dried for 7 d at room temperature. Subsequently, 
300 g of the dried whole plant (stem, leaves, and flowers) 
was placed in a microwave reactor, mixed with 250 ml of 
distilled water, and heated at 75% power for 30 min, divided 
into three cycles of 10 min each. The resulting essential oil 
was collected in a Clevenger trap for subsequent analysis. 
Following extraction, water traces within the oil were ef-
ficiently removed using a Pasteur column filled with an-
hydrous sodium sulfate. Further purification was achieved 
through the use of a 0.45 μm silica gel filter, ensuring oil 
purity (Torres et al., 2007).

The initial verification of alkamides in the Acmella essen-
tial oil was conducted through thin-layer chromatography, 
using affinin as a standard. To gain a more comprehensive 
understanding of the oil’s composition and to confirm the 
presence of specific compounds, the sample was subse-
quently subjected to gas chromatography-mass spectrom-
etry (GC-MS) analysis.

The GC-MS analysis of the essential oil extracted from 
Acmella ciliata utilized an AT 6890 Series Plus gas chro-
matograph integrated with an MSD 5973 mass spec-
trometer (Agilent Technologies, Santa Clara, USA). The 
chromatographic separation was achieved on a DB-5MS 
column (5%-phenyl-poly(methylsiloxane)) with dimen-
sions of 60 m x 0.23 mm x 0.25 μm. The sample introduc-
tion was performed using the Solid-Phase Microextraction 

(SPME) method in Split mode (30:1). The mass spectral 
data obtained were compared with reference spectra from 
the Adams, Wiley, and NIST databases to identify the 
compounds present.

Organoleptic and physical characterization 
of the essential oil
Following extraction, the essential oil was analyzed for 
its organoleptic characteristics and physical properties. 
The estimation of color parameters of the Acmella ciliata 
essential oil was made according to the geometry of the 
CIELAB system, which is based on color saturation; color 
brightness (L = 0 means black; L = 100 means white); 
chroma (a*), where positive values correspond to red and 
negative values to green; and color tone (b*), where posi-
tive values correspond to yellow and negative values refer 
to blue (Dini et al., 2019). Three replicates were performed 
per sample. The values obtained from a* and b* determined 
the hue angle, giving the red color attributes of each oil 
sample analyzed.

Physical parameters of oil, such as the refractive index and 
density, were measured using a digital Abbe refractometer 
and a pycnometer, respectively.

Seed germination and early growth conditions 
for Nicotiana tabacum L. cv. Xanthi
Nicotiana tabacum L. cv. Xanthi seeds were surface steril-
ized and germinated in peat. Fifteen days after germination 
the seedlings were passed to Petri dishes with MS medium 
to a plant growth chamber. The temperature in the growth 
chamber was maintained at 25 ± 2°C, the photoperiod cycle 
was 16/8 h of light/darkness, and the air humidity was 60% 
(Jalil et al., 2019). The pH was adjusted to 5.7 after the ad-
dition of agar. The Petri dishes containing the germinating 
seeds were incubated vertically to promote root growth on 
the surface of the medium and measure the growth of the 
primary root.

Effect of Acmella ciliata essential oil on 
Nicotiana tabacum root growth
The bioactivity of Acmella ciliata essential oil on the root 
growth of Nicotiana tabacum seedlings was assessed 
through a set of treatments following a completely random-
ized design. The statistical analysis was conducted using 
ANOVA, with further multiple comparisons made using 
Tukey’s method. All analyses were performed in the SAS 
software package, with a 95% confidence level maintained.

In the study, 10 Nicotiana tabacum plants, each 8 d post-
germination, were exposed to various treatments, including 
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controls and various dilutions (v/v) of the essential oil, as 
detailed in Table 1. For each treatment, 60 μl of the solu-
tion was applied. The total study population comprised 180 
plants. Parameters such as the growth of the primary root, 
development of lateral roots, and root hair density were 
meticulously recorded using a precision ruler for growth 
measurements in millimeters, and in-depth observations 
were made using a Stemi DV4 binocular stereomicroscope 
by Zeiss.

TABLE 1. Treatment descriptions.

Treatment ID Description

T1 Positive control (affinin)

T2 Negative control (EtOH)

T3 Undiluted essential oil

T4 Dilution 0.5:1.5 (Oil:EtOH)

T5 Dilution 1:1 (Oil:EtOH)

T6 Dilution 1.5:0.5 (Oil:EtOH)

EtOH refers to ethanol. Oil:EtOH indicates v/v dilutions of Acmella ciliata essential oil and ethanol. 

Results and discussion

Extraction and storage of essential oil
There are various methodologies for the extraction of 
essential oils, such as steam distillation, organic solvent 
extraction, microwave-assisted distillation, microwave hy-
drodiffusion and gravity, high-pressure solvent extraction, 
supercritical CO2 extraction, ultrasonic extraction, and 
solvent-free microwave extraction (Okoh et al., 2010). In 
this study, the microwave-assisted hydrodistillation meth-
od was utilized for the extraction of the essential oil from 
Acmella ciliata. This technique was chosen for its ability to 
provide an extraction free of organic solvents, with water 
being used as the extracting medium, ensuring a purer 
product without the residues that organic solvents might 
leave behind. Furthermore, this method offers enhanced 
preservation of natural compounds and carries additional 
environmental and safety benefits (Lucchesi et al., 2007).

Following the extraction and purification process, a total 
volume of 12 ml of Acmella ciliata essential oil was ob-
tained. To ensure the preservation of the oil metabolites 
and prevent their degradation, the oil was stored in amber 
vials at 4°C (Toplan et al., 2022).

Organoleptic and physical characterization 
of the essential oil
The yellowish-reddish coloration of the Acmella cili-
ata essential oil, characterized using the CIELAB model 
(Luo, 2015), reflects a complex interaction of its chemical 

components. The essential oil displayed a distinct yellow-
ish-reddish hue. A hue* angle of 28°05’ and a lightness of 
33.3 were recorded (Tab. 2). 

TABLE  2. Physicochemical colorimetry parameter of the essential oil 
from Acmella ciliata to determine its heterogeneity.

Essential oil Average ± standard deviation

L (Lightness) 33.3 ± 0.165

a (green/red) 0.360 ± 0.175

b (blue/yellow) 0.220 ± 0.090

Hue angle* 28°05́  ± 5.232

Saturation 345.667 ± 62.132

*Hue angle = arctan (b/a).

The primary compounds identified in the oil, α-phellandrene 
epoxide, carvotanacetone, and spilanthol, may play a sig-
nificant role in this distinctive coloration. Although the 
direct impact of each compound on the oil’s coloration 
may not be fully established, the literature suggests that 
variations in concentration and the presence of certain 
chemical compounds can influence the optical properties 
of essential oils (Khayyat, 2018). For instance, spilanthol, 
known for its bioactive properties, could contribute to the 
yellow color of the oil (Barbosa et al., 2016). 

While the exact relationship between these compounds and 
the essential oil coloration requires further studies, this 
observation aligns with previous studies indicating that 
the coloration of essential oils can be indicative of their 
chemical compositions (Sadgrove et al., 2022). 

In addition to color characterization, the refractive index 
of the essential oil was determined to be 1.3478. This is key 
information for a better understanding of the composition 
and characteristics of the oil (Tab. 3). The refractive index 
and density are critical metrics that can influence how the 
oil interacts in various applications (Ispiryan et al., 2023). 

TABLE 3. Physical characteristics of the essential oil from the leaves and 
flowers of Acmella ciliata.

Physical property Average ± standard deviation

Refractive index 1.3478 ± 0.00

Density (g cm-3) 0.847 ± 0.013

GC-MS profiling of Acmella ciliata essential oil
The essential oil from Acmella ciliata was profiled using 
gas chromatography-mass spectrometry (GC-MS). The 
GC-MS chromatogram indicated the presence and rela-
tive abundance of compounds in the form of peaks over 
time (Fig. 2).
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The profiling of Acmella ciliata essential oil via Gas 
Chromatography-Mass Spectrometry (GC-MS) provided 
a detailed snapshot of its chemical landscape, revealing 
α-phellandrene epoxide, carvotanacetone, and spilanthol 
as its major constituents (Tab. 4). 

TABLE 4.  Major compounds identified in the essential oil of Acmella 
ciliata by Gas Chromatography-Mass Spectrometry (GC-MS).

RT (min) Tentative identification Relative amount (%)

28.84 α-phellandrene epoxide 0.8

30.52 Carvotanacetone 1.9

49.42 Spilanthol 3.1

RT: retention time.

a-phellandrene epoxide and carvotanacetone, though 
present in smaller amounts than spilanthol, represented 
an intricate part of the oil’s bioactivity spectrum. The 
chemical diversity observed in the chromatogram un-
derscores the multifaceted role essential oils can play in 
modulating plant physiological processes. For instance, 
α-phellandrene epoxide’s antimicrobial properties (Iscan 
et al., 2012) could suggest a protective role for plants 
against pathogenic soil microorganisms, benefiting root 
health and development.

Spilanthol (Fig. 3), accounting for 3.1% of the Acmella 
ciliata essential oil and identified by its molecular for-
mula C14H23NO with a molar mass of 221.339, was notably 
prominent in the oil composition. This aligns with its well-
documented bioactivity, underscoring spilanthol’s pivotal 
role in the therapeutic and biological properties attributed 

to the essential oil. Spilanthol has been shown to exert a 
variety of effects, including analgesic, neuroprotective, 
antioxidant, antimutagenic, anticancer, anti-inflammatory, 
antimicrobial, larvicidal, and insecticidal actions (Barbosa 
et al., 2016). These diverse biological activities highlight 
spilanthol’s potential inf luence beyond analgesic and 
anti-inflammatory effects in animals. While the exact 
mechanisms through which spilanthol might influence 
root development in plants are not yet clear, it is plausible 
to consider that, akin to its effects in animals, spilanthol 
could moderate stress responses in plants. This could lead 
to enhanced root growth under stress conditions, although 
further research is required to fully understand these effects 
in the context of root development in Nicotiana tabacum. 
The existing evidence, including the documented range 
of bioactivities of spilanthol, provides a strong basis for 
future studies to explore the role of spilanthol and similar 
compounds in modulating plant physiology.
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FIGURE 2. GC-MS chromatogram of Acmella ciliata essential oil. X-axis: 
retention time (min), indicating the elapsed time from sample injection 
to the elution of components through the chromatographic column, Y-
axis: signal intensity (ion abundance units), reflecting the amount of 
each component detected by the mass spectrometer. Peaks represent 
the various compounds present in the sample, with their height propor-
tional to the compound’s concentration.
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FIGURE 3. Chemical structure of spilanthol, a prominent alkamide found 
in Acmella ciliata.

Future research could explore the synergistic effects of 
these compounds, examining how combinations, rather 
than single constituents, influence plant development.

Effect of Acmella ciliata essential oil on 
the density of root hairs and length of the 
main root in Nicotiana tabacum
Prior literature findings have highlighted the presence of 
alkamides in Acmella ciliata (Rios-Chavez et al., 2003; 
Greger, 2016; Silveira et al., 2016). The identification 
of spilanthol offers a direct link between the observed 
bioactivity in the root growth of Nicotiana tabacum cv. 
Xanthi and the presence of this particular alkamide in 
the essential oil. Spilanthol has a range of properties, from 
providing oral pain relief to exhibiting antibacterial effects. 
In cosmetics, it is an ingredient in anti-wrinkle products, 
while culinary traditions include plants rich in spilanthol 
for their distinctive flavor (Barbosa et al., 2016). There is 
also evidence pointing towards its potential in mosquito 
control, which can be vital in combating certain tropical 
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diseases. Furthermore, emerging studies hint at its possible 
anti-cancer properties (Barbosa et al., 2016).

The essential oil from Acmella ciliata exerted a considerable 
influence on the number of root hairs and the primary root 
length of Nicotiana tabacum seedlings. The General Linear 
Model (GLM) analyses for the dependent variables number 
of hairs and root length in Nicotiana tabacum revealed 
statistically significant differences across treatments (Fig. 
S1). For the number of root hairs, the model yielded a highly 
significant p-value of less than 0.0001, indicating that 
substantial variability in root hair count can be attributed 
to the treatment effects. This is further corroborated by 
an F-value of 9.37, suggesting that at least one treatment is 
significantly different from the others in influencing hair 
count. The analysis for root length also showed statisti-
cal significance with a p-value of 0.0174, although with a 
smaller F-value of 3.07 (Fig. S1). This suggests that treat-
ments have a discernible but less pronounced impact on 
root length as compared to root hair count. These findings 

underscore the differential influence of the treatments on 
various aspects of root physiology in Nicotiana tabacum. 

Treatments T6 and T3 resulted in the highest average 
number of root hairs (Fig. 4), with no statistical differ-
ences between them based on the Tukey ś test (Fig. S2). 
The reported number of root hairs represents an average 
derived from the nine replicates. Although spilanthol is a 
component in this oil, the potential synergistic effects of all 
compounds in the oil cannot be overlooked. The observed 
effects are likely linked to the presence of these alkamides, 
as suggested by their documented bioactive properties 
in Acmella sp. and other plant species (Ramírez-Chávez 
et al., 2004). This assertion is further reinforced by the 
documented bioactive properties of alkamides in Acmella 
sp. (Elufioye et al., 2020).  

For primary root length, the model is also significant (Fig. 
S1). The Tukey’s Honestly Significant Difference (HSD) test 
reveals that, for the number of root hairs, treatment T6 had 

 FIGURE 4. The effect of various treatments of essential oil extracted from Acmella ciliata on root hair density in Nicotiana tabacum plants. T1: Positive 
control (affinin), T2: Negative control (EtOH), T3: Undiluted essential oil, T4: Dilution 0.5:1.5 (Oil:EtOH), T5: Dilution 1:1 (Oil:EtOH), T6: Dilution 
1.5:0.5 (Oil:EtOH). The number of root hairs is the average from nine replicates, counted within the visual field of a microscope using a 10X ocular 
and a 10X objective, resulting in a total magnification of 100X. EtOH refers to ethanol. Oil:EtOH indicates v/v dilutions of Acmella ciliata essential oil 
and ethanol.
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the highest mean count, categorizing it in group A along 
with treatments T3 and T5, without statistically significant 
differences between these treatments (Fig. S2). Despite 
having the highest mean, the similarity with treatments T3 
and T5 suggests that the essential oil concentration does 
not linearly increase the number of hairs. Regarding root 
length, treatment T6 resulted in the highest average root 
length. However, no significant differences were found be-
tween the treatments, indicating a more uniform response 
pattern in terms of primary root length among the different 
treatments (Fig. S2). Notably, although treatment T6 was 
the most effective for root hair growth, it was the least ef-
fective in increasing primary root length.

In the positive control group (treatment T1) using affinin, 
there was a notable increase of the average primary root 
length, while the effect on growth of root hairs was com-
paratively minimal. This suggests that alkamides like af-
finin could preferably increase primary root growth rather 
than the growth of root hairs. As bioactive compounds, 
alkamides have been recognized to influence plant growth 
and development (Ramírez-Chávez et al., 2004). Compar-
ing their effects with those of other treatments is important, 
offering a standard to evaluate the efficacy of various com-
pounds or relative to these bioactive agents. Significantly, 
alkamides are natural plant products with a wide array of 
biological activities across multiple phyla. They exhibit 
properties with antifungal, antibacterial, antimalarial, and 
insecticidal effects, among others (Buitimea-Cantúa et 
al., 2020). Furthermore, they play roles in plant growth 
promotion and defense gene induction, and even interact 
with intercellular signaling molecules in organisms rang-
ing from humans to bacteria and plants (Buitimea-Cantúa 
et al., 2020).

The results suggest that treatment effectiveness can vary 
depending on the plant growth characteristic being 
analyzed. For instance, a treatment that is effective in 
promoting one growth attribute might not be as effective 
for another. Given that treatment T6 was most effective 
for root hair growth but least effective for elongation of 
primary root, it is evident that the impacts of the treat-
ments can be complex. This implies that when selecting 
treatments to enhance plant growth, it is essential to de-
termine which growth features are most desired for the 
specific crop scenario. For example, in crops like lettuce 
where rapid nutrient absorption is essential due to their 
short growth cycle, treatment T6, which promotes root 
hair growth, might be more advantageous. Conversely, 
for deep-rooted plants like maize, which require deeper 
rooting for stability and water access from deeper soil 

horizons, a treatment with affinin (T1: positive control), 
which increases primary root length, could be more ap-
propriate. The findings from this research not only offer 
the basis for further exploration into the utilization of 
natural bio-stimulants to optimize nutrient and water 
absorption but also emphasize the potential of plants like 
Acmella, often considered weeds, as sources for biologi-
cally active compounds. Given the multifunctional nature 
of alkamides, their applications could extend beyond crop 
cultivation, including a broader spectrum of their applica-
tion in botanical and agricultural research.

Conclusion 

This study showed a significant effect of the essential oil 
extracted from Acmella ciliata on the density of root hairs 
and the length of the main root of Nicotiana tabacum. 
This effect suggests that the compounds present in the 
oil, potentially alkamides, play a crucial role in promoting 
root growth. The study establishes strong evidence that the 
alkamides present in the Acmella ciliata oil have bioactive 
effects on the growth of other plant species.

Acknowledgments
The authors (GC) thank the University Francisco de Paula 
Santander University Research Fund (FINU) for the fund-
ing of Project 004-2022.

Conflict of interest statement
The authors declare that there is no conflict of interests 
regarding the publication of this article.

Author’s contributions
LDMG: methodology, writing of original draft; LYOR: 
supervision, formal analysis, data curation. GCB: concep-
tualization, methodology, writing. All authors reviewed 
the final version of the manuscript.

Literature cited
Bano, A., Waqar, A., Khan, A., & Tariq, H. (2022). Phytostimulants in 

sustainable agriculture. Frontiers in Sustainable Food Systems, 
6, Article 801788. https://doi.org/10.3389/fsufs.2022.801788

Barbosa, A. F., Carvalho, M. G., Smith, R. E., & Sabaa-Srur, A. U. 
O. (2016). Spilanthol: occurrence, extraction, chemistry and 
biological activities. Revista Brasileira de Farmacognosia, 26(1), 
128–133. https://doi.org/10.1016/j.bjp.2015.07.024

Buitimea-Cantúa, G. V., Marsch-Martinez, N., Ríos-Chavez, P., 
Méndez-Bravo, A., & Molina-Torres, J. (2020). Global gene 
expression analyses of the alkamide-producing plant Heliopsis 
longipes supports a polyketide synthase-mediated biosynthe-
sis pathway. PeerJ, 8, Article 10074. https://doi.org/10.7717/
peerj.10074 

https://doi.org/10.3389/fsufs.2022.801788
https://doi.org/10.1016/j.bjp.2015.07.024
https://doi.org/10.7717/peerj.10074
https://doi.org/10.7717/peerj.10074


8 Agron. Colomb. 41(3) 2023

Dini, M., Raseira, M. C. B., Scariotto, S., Carra, B., Abreu, E. S., 
Mello-Farias, P., & Cantillano, R. F. F. (2019). Color shade 
heritability of peach flesh. Journal of  Agricultural Science, 
11(8), 236–247. https://doi.org/10.5539/jas.v11n8p236

Elufioye, T. O., Habtemariam, S., & Adejare, A. (2020). Chemistry 
and pharmacology of alkylamides from natural origin. Re-
vista Brasileira de Farmacognosia, 30(5), 622–640. https://doi.
org/10.1007/s43450-020-00095-5 

Greger, H. (2016). Alkamides: a critical reconsideration of a 
multifunctional class of unsaturated fatty acid amides. Phy-
tochemistry Reviews, 15, 729–770. https://doi.org/10.1007/
s11101-015-9418-0 

IŞcan, G., Kirimer, N., Demirci, F.,  Noma, Y., & BaŞer, K. H. C. 
(2012). Biotransformation of (−)-(R)-α-Phellandrene: Antimi-
crobial activity of its major metabolite. Chemistry & Biodiver-
sity, 9(8), 1525–1532. https://doi.org/10.1002/cbdv.201100283

Ispiryan, A., Bobinaite, R., Urbonaviciene, D., Sermuksnyte-
Alesiuniene, K., Viskelis, P., Miceikiene, A., & Viskelis, J. 
(2023). Physico-chemical properties, fatty acids profile, and 
economic properties of raspberry (Rubus idaeus L.) seed oil, 
extracted in various ways. Plants, 12(14), Article 2706. https://
doi.org/10.3390/plants12142706 

Jalil, S. U., Zahera, M., Khan, M. S., & Ansari, M. I. (2019). Bio-
chemical synthesis of gold nanoparticles from leaf protein 
of Nicotiana tabacum L. cv. Xanthi and their physiological, 
developmental, and ROS scavenging responses on tobacco 
plant under stress conditions. IET Nanobiotechnology, 13(1), 
23–29. https://doi.org/10.1049/iet-nbt.2018.5148 

Khayyat, S. A., & Selva, R. L. (2018). Recent progress in photo-
chemical reaction on main components of some essential oils. 
Journal of Saudi Chemical Society, 22(7), 855–875. https://doi.
org/10.1016/j.jscs.2018.01.008

Kurotani, K., Hirakawa, H., Shirasawa, K., Tanizawa, Y, Nakamura, 
Y., Isobe, S., & Notaguchi, M. (2023). Genome sequence and 
analysis of Nicotiana benthamiana, the model plant for in-
teractions between organisms. Plan & Cell Physiology, 64(2), 
248–257.  https://doi.org/10.1093/pcp/pcac168

Li, X., Zeng, R., & Liao, H. (2016). Improving crop nutrient efficiency 
through root architecture modifications. Journal of Integrative 
Plant Biology, 58(3), 193–202. https://doi.org/10.1111/jipb.12434 

Lucchesi, M. E., Smadja, J., Bradshaw, S., Louw, W., & Chemat, F. 
(2007). Solvent free microwave extraction of Elletaria carda-
momum L.: A multivariate study of a new technique for the 
extraction of essential oil. Journal of Food Engineering, 79(3), 
1079–1086. https://doi.org/10.1016/j.jfoodeng.2006.03.029 

Luo, M. R. (2016). Encyclopedia of color science and technol-
ogy (1st ed.). Springer Publishing Company, Inc. https://doi.
org/10.1007/978-1-4419-8071-7

Mukherjee, A., Gaurav, A. K., Singh, S., Yadav, S., Bhowmick, S., 
Abeysinghe, S., & Verma, J. P. (2022). The bioactive potential 
of phytohormones: A review. Biotechnology Reports, 35, Article 
e00748. https://doi.org/10.1016/j.btre.2022.e00748 

Okoh, O. O., Sadimenko, A. P., & Afolayan, A. J. (2010). Com-
parative evaluation of the antibacterial activities of the 
essential oils of Rosmarinus officinalis L. obtained by hydro-
distillation and solvent free microwave extraction methods. 
Food Chemistry, 120(1), 308–312. https://doi.org/10.1016/j.
foodchem.2009.09.084 

Ortiz-Rojas, L., Suarez-Botello, J., & Chaves-Bedoya, G. (2017). 
Response in root development of Arabidopsis thaliana to 
leaf extract of Moringa oleifera. Revista Colombiana de 
Ciencias Hortícolas, 11(1), 193–199. https://doi.org/10.17584/
rcch.2017v11i1.6131 

Ramírez-Chávez, E., López-Bucio, J., Herrera-Estrella, L., & Molina-
Torres, J. (2004). Alkamides isolated from plants promote 
growth and alter root development in Arabidopsis. Plant Physi-
ology, 134(3), 1058–1068. https://doi.org/10.1104/pp.103.034553 

Rios-Chávez, P., Ramirez-Chávez, E., Armenta-Salinas, C., & 
Molina-Torres, J. (2003). Acmella radicans var. radicans: In 
vitro culture establishment and alkamide content. In Vitro 
Cellular & Developmental Biology, Plant, 39(1), 37–41. https://
doi.org/10.1079/IVP2002354

Ryan, P. R., Delhaize, E., Watt, M., & Richardson, A. E. (2016). Plant 
roots: understanding structure and function in an ocean of 
complexity. Annals of Botany, 118(4), 555–559. https://doi.
org/10.1093/aob/mcw192 

Sadgrove, N. J., Padilla-González, G. F., & Phumthum, M. (2022). 
Fundamental chemistry of essential oils and volatile organic 
compounds, methods of analysis and authentication. Plants, 
11(6), Article 789. https://doi.org/10.3390/plants11060789 

Silveira, N., Saar, J., Santos, A. D., Barison, A., Sandjo, L. P., Kaiser, 
M., Schmidt, T. J., & Biavatti, M. W. (2016). A new alkamide 
with an endoperoxide structure from Acmella ciliata (Astera-
ceae) and its in vitro antiplasmodial activity. Molecules, 21(6), 
Article 765. https://doi.org/10.3390/molecules21060765 

Tajima, R. (2021). Importance of individual root traits to understand 
crop root system in agronomic and environmental contexts. 
Breed Science, 71(1), 13–19. https://doi.org/10.1270/jsbbs.20095 

Toplan, G. G., Taskin, T., Iscan, G., Goger, F., Kurkcuoglu, M., 
Civaş, A., Ecevit-Genç, G., Mat, A., & Başer, K. H. C. (2022). 
Comparative studies on essential oil and phenolic content with 
in vitro antioxidant, anticholinesterase, antimicrobial activi-
ties of Achillea biebersteinii Afan. and A. millefolium subsp. 
millefolium Afan. L. growing in Eastern Turkey. Molecules, 
27(6), Article 1956. https://doi.org/10.3390/molecules27061956

Torres, F., Leyva, M., Martínez, J., & Stashenko, E. (2007). Estudio 
de las características del aceite esencial de Cabreriella opposi-
ticordia (Asteraceae). Scientia et Technica, 13(33), 185–186.

Wang, X., & Komatsu, S. (2022). The role of phytohormones in plant 
response to flooding. International Journal of Molecular Scienc-
es, 23(12), Article 6383. https://doi.org/10.3390/ijms23126383

https://doi.org/10.5539/jas.v11n8p236
https://doi.org/10.1007/s43450-020-00095-5%20
https://doi.org/10.1007/s43450-020-00095-5%20
https://doi.org/10.1007/s11101-015-9418-0
https://doi.org/10.1007/s11101-015-9418-0
https://doi.org/10.1002/cbdv.201100283
https://doi.org/10.3390/plants12142706%20
https://doi.org/10.3390/plants12142706%20
https://doi.org/10.1049/iet-nbt.2018.5148%20
https://doi.org/10.1016/j.jscs.2018.01.008
https://doi.org/10.1016/j.jscs.2018.01.008
https://doi.org/10.1093/pcp/pcac168
https://doi.org/10.1111/jipb.12434%20
https://doi.org/10.1016/j.jfoodeng.2006.03.029%20
https://doi.org/10.1007/978-1-4419-8071-7
https://doi.org/10.1007/978-1-4419-8071-7
https://doi.org/10.1016/j.btre.2022.e00748%20
https://doi.org/10.1016/j.foodchem.2009.09.084%20
https://doi.org/10.1016/j.foodchem.2009.09.084%20
https://doi.org/10.17584/rcch.2017v11i1.6131%20
https://doi.org/10.17584/rcch.2017v11i1.6131%20
https://doi.org/10.1104/pp.103.034553%20
https://doi.org/10.1079/IVP2002354
https://doi.org/10.1079/IVP2002354
https://doi.org/10.1093/aob/mcw192%20
https://doi.org/10.1093/aob/mcw192%20
https://doi.org/10.3390/plants11060789%20
https://doi.org/10.3390/molecules21060765%20
https://doi.org/10.1270/jsbbs.20095%20
https://doi.org/10.3390/molecules27061956
https://doi.org/10.3390/ijms23126383


9Méndez-Grateron, Ortiz-Rojas, and Chaves-Bedoya: Physiological effects of Acmella ciliata essential oil on root development of Nicotiana tabacum

SUPPLEMENTARY FIGURE 1. Results of GLM analysis (in Spanish) for root growth of Nicotiana tabacum plants treated with Acmella ciliata essential 
oil. Top panel: number of root hairs, bottom panel: root length (cm).
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SUPPLEMENTARY FIGURE 2. Results of the Tukey’s HSD test (in Spanish) for root growth of Nicotiana tabacum plants treated with Acmella ciliata 
essential oil . Top panel: number of root hairs, bottom panel: root length (cm). 

 


