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Essential oil of Lippia alba (Mill.) N.E.Br. influences the 
germination, vigor and emergence of lettuce seeds

El aceite esencial de Lippia alba (Mill.) N.E.Br. influye en la 
germinación, vigor y emergencia de semillas de lechuga
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Normal (A) and abnormal (B) lettuce seedlings. 
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ABSTRACT
Secondary metabolites are produced by certain plant species and may influence the development of some 
species through the action of allelopathic effects. Thus, the objective of this study was to evaluate the allelo-
pathic effect of Lippia alba essential oil on the germination, emergence and vigor of seedlings of different bat-
ches of lettuce seeds. This experiment was conducted in a completely randomized design with a 3×5 factorial 
scheme consisting of three batches of seeds of the cultivar Grand Rapids® and five doses of L. alba essential 
oil (0, 0.25, 0.50, 0.75 and 1.00%) diluted in distilled water and homogenized in Tween® 80. Seed germina-
tion and vigor, in the laboratory (experiment I), and emergence, in a protected environment (experiment II), 
were evaluated. The results demonstrated that there was an inhibitory effect with a significant reduction 
of germination, vigor and seed emergence when L. alba essential oil was added starting at concentrations of 
0.25%. The essential oil showed allelopathic potential over different lettuce seed lots, affecting germination, 
vigor and seed emergence.
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Allelopathy is a chemical phenomenon in plants that 
produces certain secondary metabolites that, when 
released into the environment, positively or nega-
tively influence the germination and development 
of other species that inhabit the same environment, 
which has contributed significantly to the adaptive 
evolution of vegetables (Ferreira et al., 2007; Gliess-
man, 2009; Taiz et al., 2017). This allelopathic effect 
occurs as a result of the presence of these secondary 
metabolites in different plant structures, with dif-
ferent active ingredient composition for each species 
(Mirmostafaee et al., 2020).

Usually, secondary metabolites are produced as a 
defense mechanism against biotic or abiotic stress 
conditions or are synthesized to provide plant-plant, 
plant-microorganism and plant- animal interactions 
(Arceo-Medina et al., 2016). Because of these interac-
tions, the volatile compounds of secondary metab-
olites can diffuse in the air and affect neighboring 
organisms (Mirmostafaee et al., 2020). Also, they 
can attract insects, promoting pollination and seed 
dispersion. Among these secondary metabolites, es-
sential oil stands out, which can perform different 
biological functions depending on the different con-
stituents produced. For these reasons, the effect of 
essential oils has been studied in the search for new 
alternatives that are more sustainable and less toxic 
to the environment and humans, geared towards 

management and diversification of agricultural crops 
(Li et al., 2011; Gusman et al., 2012).

Among the species that produce essential oils, mainly 
aromatic plants, Lippia alba (Verbenaceae) is notable, 
popularly known as false lemon balm, lemon balm, 
melissa false, lemon tree, Brazilian lemongrass, lem-
ongrass, board tea or wild rosemary (Oliveira et al., 
2019; Santos et al., 2019). It is a plant rich in essential 
oil with notable chemotype limonene, citral, cavone 
and linalool levels, with bactericidal, fungicidal, ne-
maticidal, mild sedative and anticancer action (Tava-
res et al., 2005; Fabri et al., 2011; Oliveira et al., 2018) 
and analgesic, anti-inflammatory, sedative and anti-
spasmodic activities (Tavares et al., 2011; Mamun-
Or-Rashid et al., 2013). L. alba essential oil can also 
cause phytotoxicity, as seen in watermelon seedlings 
(Citrullus lanatus Thunb.) and rice (Oryza sativa L.) 
with concentrations of 4% (Brum et al., 2014).

The resistance or tolerance to certain secondary me-
tabolism compounds is characteristic of each plant 
species. Among the species most sensitive to the ef-
fects of secondary metabolites, cucumber, tomato 
and lettuce stand out (Garbim et al., 2015). Lettuce 
is considered a model plant for assessing allelopathic 
potential because of its fast and uniform germina-
tion and high sensitivity to allelopathic substances 
(Mirmostafaee et al., 2020). Therefore, the objective 

RESUMEN
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of the study was to evaluate the influence of L. alba 
essential oil on the germination, vigor and emergence 
of lettuce seeds from different commercial lots.

MATERIALS AND METHODS

This study was conducted at the Federal University 
of Santa Maria, Frederico Westphalen Campus, geo-
graphically located at 27º 23’S, 53º 25’W and 493 m 
altitude. The climate of the region is of the Cfa type 
- humid subtropical, rainy, temperate, and average 
annual precipitation of 1,800 mm that is well distrib-
uted throughout the year according to the Köppen 
classification (Alvares et al., 2013).

For the allelopathy test of the essential oil of Lippia 
alba, lettuce cultivar Grand Rapids® was used. The 
seeds came from three commercial lots, with lot 1 
showing germination of 92 and 100% purity and lots 
2 and 3 showing germination and purity of 97 and 
99.9%, respectively.

The essential oil used in the tests was extracted from 
fresh L. alba leaves taken from adult plants without 
flowering collected from the medicinal garden locat-
ed at the Federal University of Santa Maria, Frederico 
Westphalen Campus. The extraction of the essential 
oil was carried out with the hydrodistillation process, 
with a modified Clevenger apparatus, for a period of 
2 h. For this, the plant material was chopped and 
added in a volumetric flask together with distilled 
water. The balloon was placed in thermal blankets 
for heating. After detecting the beginning of the boil, 
2 h were timed, corresponding to the period of hydro-
distillation. After this period, the oil was removed, 
added to amber glass bottles and stored in the dark in 
a refrigerator at 5ºC.

Experiment I: Allelopathy of the essential oil of 
L. alba in the germination and vigor lettuce seeds

Experiment I was carried out from January 28 to 
February 11, 2016 at the Seed Laboratory with a 
completely randomized experiment design in a 3×5 
factorial arrangement with three commercial seeds 
lots and five doses of L. alba essential oil [0%; 0.25%; 
0.50%; 0.75% and 1%, (v/v)], totaling 15 treatments, 
with four repetitions per treatment. The experiment 
unit was composed of 100 seeds per repetition.

The solutions in the different concentrations of L. 
alba essential oil were prepared by diluting the essen-
tial oil in distilled water, homogenized in Tween® 
80, at a concentration of 1% (v/v). Sowing of the let-
tuce was carried out in a transparent acrylic gerbox 
box, 11×11×4 cm, with  a  subst rate  o f  two 
sheets of germitest paper. The paper was moist-
ened with a solution of different concentrations of 
essential oil in an amount of 2.5 times the mass of 
the dry germitest paper. In each box, 33 to 34 seeds 
were added with homogeneous spacing, totaling 100 
seeds per repetition and 400 seeds per treatment. The 
gerboxes remained in a B.O.D. with a temperature of 
25ºC and photoperiod of 12 h.

After 7 d of sowing, the following variables were 
evaluated: percentage of germinated seeds, first 
count of normal seedlings, percentage of normal 
seedlings, percentage of abnormal seedlings, radicle 
length, shoot length and dry mass of seedlings. In 
addition, the number of seeds germinated daily was 
counted to determine the germination speed index 
(GSI). After obtaining the daily data, the GSI was 
calculated using the formula established by Maguire 
(1962), which is based on the sum of emerged seed-
lings divided by the days after sowing. For the other 
evaluated variables, those seeds that showed radicle 
protrusion were considered germinated, expressed as 
a percentage. The evaluation of abnormal, normal 
seedlings and germinated seeds was carried out ac-
cording to the criteria established by MAPA (2009), 
expressed as a percentage.

For evaluations of radicle length, shoot length and 
dry mass of seedlings, 20 random seedlings (con-
sidered normal) per repetition were selected. To be 
considered normal seedlings, these must have a root 
system in perfect condition, normal seedlings germi-
nated on the fourth day after sowing were quanti-
fied, expressed as a straight hypocotyl, two green 
cotyledons and a well-developed coleoptile. There-
fore, seedlings that showed different characteristics 
were considered abnormal following the recommen-
dations of MAPA (2009).

Experiment II: Influence of seed treatment with 
essential oil of L. alba during emergence and 
growth of lettuce in a protected environment

Experiment II was conducted from September 18, 
2015 to October 9, 2015 in a protected environment, 
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built with galvanized steel and a pampean arch, 20 m 
long, 10 m wide and 3.5 m high.

The experiment was conducted in a completely ran-
domized design in a 3×5 factorial arrangement with 
three commercial seed lots and five doses of the es-
sential oil of L. alba (Mill.) [0%; 0.25%, 0.50%, 0.75% 
and 1%, (v/v)], totaling 15 treatments, with four rep-
etitions per treatment. The experiment unit consist-
ed of 50 seeds per repetition.

The sowing was carried out in expanded polystyrene 
trays with 200 cells, filled with commercial substrate 
and with 60% field capacity. Each cell received a seed, 
allocated at a depth of three times its size. To evalu-
ate the effect of L. alba essential oil, the seeds were 
kept submerged in the different concentrations of es-
sential oil solution for one minute, then they were 
dried on paper towels to remove the excess essential 
oil and sown (methodology planned by the group). 
Irrigation was carried out manually with the aid of a 
watering can, observing the water need of the crop.

After 21 d of sowing, the following variables were 
evaluated: percentage of seedling emergence, Emer-
gence Speed Index (ESI), root length, shoot length and 
dry mass of seedling. For evaluation of emergence, the 
emerged seedlings were counted, transformed into 
a percentage. The ESI was determined by counting 
seedlings that emerged daily, and evaluations were 
carried out at the same time. After obtaining the 
daily data, the variable ESI was calculated using the 
formula established by Maguire (1962), based on the 
sum of emerged seedlings divided by the days after 
sowing. The root length, shoot length and dry mass 
of seedling were determined with a random selection 
of 20 seedlings per treatment, with subsequent wash-
ing of the root system.

The results of both experiments were subjected to 
analysis of variance to evaluate the effect of the dif-
ferent commercial seed lots and the concentrations of 
the L. alba essential oil. When significant, the aver-
ages of the qualitative data of the variables were com-
pared with the Tukey test at 5% probability, and, for 
the quantitative data, a regression analysis was per-
formed, with the significance of the regression and 
coefficients being verified with the F test (P≤0.05) 
and t test (P≤0.05), respectively. The regression ad-
justment was performed using the adjusted determi-
nation coefficient (R2). The data of the variables were 
analyzed using the statistical program SISVAR (Fer-
reira, 2011).

RESULTS AND DISCUSSION

Experiment I: Allelopathy of the L. alba essential 
oil in the germination and vigor of lettuce seeds

In the analysis of variance for the variables percent-
age of normal seedlings, percentage of abnormal seed-
lings, GSI and first count of normal seedlings, there 
was a significant interaction between the factors ac-
cording to the F test; that is, between the doses of es-
sential oil of L. alba and seed lots. For the variables 
percentage of germinated seeds and radicle length, 
there was a difference only for the individual factors 
for the doses of essential oil of L. alba and seed lots 
(P≤0.05). For the variables shoot length and dry mass 
of seedlings, there was a significant difference only 
for the dose of essential oil.

The variable percentage of germinated seeds had a cu-
bic tendency, with a high percentage of germinated 
seeds in the environment without the presence of es-
sential oil (90%). When L. alba essential oil was add-
ed, there was a drastic reduction in the percentage of 
germinated seeds (Fig. 1). Thus, 0.25% of the essen-
tial oil had an inhibitory effect on the germination of 
the lettuce seeds.

Figure 1. 	Percentage of germinated lettuce seeds at 
different doses of L. alba essential oil.
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The essential oil produced by aromatic plants can 
perform several functions related to plant interac-
tions and are also important sources of allelochemi-
cals (Saharkhix et al., 2010). These allelochemicals 
are produced through the secondary metabolism of 
plants, forming complex compounds (Ma et al., 2012) 
that can affect the germination of some species. 
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Therefore, the essential oil of L. alba tends to have 
allelochemicals with the ability to reduce seed ger-
mination, as was observed in the lettuce seeds in 
the present study. Research results with lemongrass 
(Cymbopogon citratus), alfavaca (Ocimum gratissimum) 
and basil (Ocimum basilicum) have shown that, with 
an increase in essential oil doses, the values related to 
the percentage of seeds germinated in the first count 
increased (Miranda et al., 2015b). Likewise, Silva et al. 
(2009) found that, with the increase in the concen-
tration of the essential oil of acariçoba (Hydrocotyle 
bonarensis), as a result of the volatile effect, there was 
a restriction on germination, root length and shoot 
length in  lettuce. The essential oil of thyme (Thy-
mus vulgaris) also caused a negative allelopathic ef-
fect on the germination and vigor of lettuce seeds 
(Miranda et al., 2015a).

Results diverging from that observed in this study 
were found by Marco et al. (2015), in which there was 
no significant difference in germination and in the 
emergence speed index of lettuce and cabbage seeds 
submitted to germination in a substrate moistened 
with essential oil from candela (Vanillosmopsis arbo-
rea) at doses of 0.25, 0.5 and 1 ml L-1. However, ger-
mination and Emergence Speed Index were higher for 
lettuce than for cabbage. These results demonstrate 
that there is variability in the essential oil compo-
nents of plants, some of which may have an allelo-
pathic effect on other crops, while other plants do 
not have or require doses high enough to cause sig-
nificant effects.

For the variable percentage of normal seedlings, it was 
observed that all the lots, despite presenting small 

differences, also adjusted to the cubic trend curve, 
proving that when L. alba essential oil was added, 
there was a decrease in this variable (Fig. 2A). For 
the values of percentage of abnormal seedlings, lots 
2 and 3 followed the same response; however, with 
a quadratic trend line, a similar performance was 
observed, reducing the percentage of abnormal seed-
lings with increasing doses of L. alba essential oil. 
For lot 1, there was a decrease in the percentage of 
abnormal seedlings at a dose of 0.5% (Fig. 2B). This 
decrease in the percentage of abnormal seedlings is 
directly related to the reduction in the percentage of 
germinated seeds as a result of the increase in essen-
tial oil doses.

For the variables first count of normal seedlings (Fig. 
3A) and GSI (Fig. 3B), the tendency of the equations 
was similar, in which it was possible to adjust the 
cubic response. For both variables, there was a drastic 
reduction in the average already at the dose of 0.25%. 
The application of L. alba essential oil significantly 
reduced the vigor of the seed lots, demonstrating that 
the lettuce is affected by application of this essential 
oil.

In a study evaluating the allelopathic effect of 112 
essential oils, there was a significant reduction in the 
percentage of germination and root length of lettuce 
for most treatments with essential oil (Mirmostafaee 
et al., 2020). These results agree with those observed 
in the present study, in which the dose of 0.25% al-
ready caused inhibition of the germination of the let-
tuce seeds and, consequently, decreased both the root 
length and the shoot length. This can be explained 
by the possibility of the essential oil having major 

Figure 2. 	Percentage of normal (A) and abnormal seedlings (B) of commercial lettuce seed lots submitted to different doses 
of L. alba essential oil.
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Figure 3. 	 First count of normal seedlings (A) and germination 
speed index (B) of commercial lettuce seed lots 
submitted to different doses of L. alba essential oil.

allochemical components with a greater inhibiting 
action, thus providing results even with the addition 
of small concentrations of the oil. The increase in the 
concentrations of essential oil tends to provide a re-
duction in germination and GSI precisely because of 
the increase in the concentration of the components 
responsible for causing an allelopathic effect. Rosado 
et al. (2009) observed phytotoxicity from basil es-
sential oil (Ocimum basilicum) in the solution, noting 
that, with the increase in essential oil concentrations, 
there was a reduction in the GSI and the percentage 
of germination lettuce seeds.

For radicle length (Fig. 4A) and shoot length (Fig. 4B), 
it was observed that the lettuce seeds submitted to 
treatments with essential oil showed lower values. 
Similar results were found by Rosado et al. (2009), 
who found a shorter length of lettuce roots with an 
increase in the doses of basil essential oil (Ocimum 
basilicum), obtaining null values for a concentration 
of 1%. Root deformity is a good parameter for re-
cording seedling abnormality, as this organ is more 
sensitive to allelopathic action than the shoot (Pires 
and Oliveira, 2001), in addition to being the organ 

Fi
rs

t c
ou

nt
 o

f n
or

m
al

 s
ee

dl
in

gs
 (%

)

0 0.25 0.5 0.75 1.0

A

Doses of essential oil of Lippia alba % (v/v)

0 0.25 0.5 0.75 1.0

Ge
rm

in
at

io
n 

Sp
ee

d 
In

de
x 

B

-5
0
5

10
15
20
25
30
35
40
45
50
55
60
65

-5
0
5

10
15
20
25
30
35
40
45
50
55
60
65

y = -206.09x3 + 403.5x2 - 237.82x + 41.102 R² = 0.9758Lot 3
y = -203.03x3 + 398.37x2 - 238.23x + 43.898 R² = 0.9685Lot 2
y = -174.86x3 + 373.81x2 - 252.28x + 59.302 R² = 0.9282Lot 1

y = -182.67x3 + 354.571x2 - 206.155.x + 34.246 R² = 0.9821Lot 3
y = -185.33x3 + 370.286x2  - 222.202x + 38.911 R² = 0.9795Lot 2
y = -304x3 + 600x2 - 354x + 63.05 R² = 0.933Lot 1

Figure 4. 	 Radicle length (A), shoot length (B) and dry mass 
of lettuce seedlings (C) in different doses of L. alba 
essential oil.
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that remains in direct contact with the essential oil 
or allelochemical compound.

It was found that the dry mass of the seedling (Fig. 
4C) followed the same pattern of reduction as the 
vigor variables mentioned above; that is, when the 
essential oil of L. alba was added, there was a reduc-
tion in the germinative potential of the seeds and the 
percentage of normal seedlings. Similar results were 
obtained by Miranda et al. (2015b), who observed that 
the root and shoot length and the dry mass of the 
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Figure 5.	 Percentage of germinated and non-germinated seeds(A) and radicle length (B) in the different batches of lettuce 
seeds. Means with different letters indicate significant statistical difference according to the Tukey test (P≤0.05; 
n=4). The vertical bars indicate ± standard error.

Figure 6. 	Percentage of seedling emergence (A) and emergence speed index (B) of commercial lettuce seed lots submitted to 
different doses of L. alba essential oil.
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seedlings were reduced by an increase in the concen-
trations of locust essential oil (Ocimum gratissimum). 
In the present study, the use of essential oil also 
significantly reduced the root length and the shoot 
length, with negative consequences in the increase of 
dry mass of seedlings since it negatively influenced 
their growth, providing inferior biomass results. That 
is, it was observed that the L. alba essential oil nega-
tively influenced the variables of first count of nor-
mal seedlings, percentage of normal and abnormal 
seedlings, GSI, radicle length, shoot length and dry 
mass of seedling, variables that demonstrate the vigor 
of lettuce seeds.

The averages of the percentage of germinated seeds 
(Fig. 5A) and the radicle length (Fig. 5B) were signifi-
cantly higher for lot 1 than the other lots. The reverse 

was observed for the variable percentage of non-ger-
minated seeds, in which lot 1 had lower values than 
lots 2 and 3 (Fig. 5A). For the radicle length variable, 
lot 1 was significantly higher than the other lots (Fig. 
5B). This shows that there is variation in commercial 
seed lots, and the potential for germination and seed 
vigor of the same species may vary depending on the 
different commercial lots (Souza Grzyboyski et al., 
2015).

Experiment II: Influence of seed treatment with 
L. alba essential oil during emergence and growth 
of lettuce in a protected environment.

The analysis of variance showed a significant interac-
tion between the lettuce lots and the doses of L. alba 
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essential oil (P≤0.05) for all analyzed variables. For 
seedling emergence, lots 2 and 3 showed a trend line 
with cubic performance, with a reduction in emer-
gence with increasing doses of L. alba essential oil 
(Fig. 6A). For variable ESI, lots 1 and 3 showed the 
same cubic performance, and there was a reduction 
in this variable when treatments with essential oil 
were added. Lot 2 had a sharp drop in ESI up to the 
dose of 0.75%, and, for the dose of 1%, there was an 
increase, reaching values close to the treatment with-
out essential oil (Fig. 6B).

Maia et al. (2011) observed an allelopathic effect from 
mint (Mentha x vilosa) on the emergence of lettuce 
seedlings in two types of soil, without and with previ-
ous mint cultivation, in which there was a difference 
for seedling emergence. In the present study, the re-
sults indicated the allelopathic potential of L. alba in 
seedling emergence and in lettuce seed ESI.

For the root length variable (Fig. 7A), a quadratic 
trend was observed for lot 2, with a small increase in 
root length for doses 0.25 and 0.5%, and, after these 
doses, it was possible to observe a root length reduc-
tion. For lot 3, there was a cubic trend line (Fig. 7A), 
with a reduction in the root length for all tested es-
sential oil doses, and, after the 0.5% dose, some stabi-
lization was observed.

For shoot length, it was possible to observe a qua-
dratic response for lots 2 and 3 (Fig. 7B), in which 
there was a reduction in this variable starting with 
the 0.25% dose. For lot 1, a cubic trend was observed, 
in which, starting with the 0.25% dose, there was a 
reduction in this variable (Fig. 7B). For the variable 
dry mass of seedling (Fig. 7C), lot 2 showed linear 
performance, with a positive response for this vari-
able. For lots 1 and 3, a cubic trend was observed, 
reducing the dry mass of seedlings at a dose of 1%. 
The fact that no direct differences were observed 
between the variables root length, shoot length and 
dry mass of seedlings can be explained by the fact 
that plants normally intensify enzymatic processes 
and can resist the effect of inhibitory substances by 
degrading them through of enzyme activation (Al-
meida et al., 2011). In addition, the effect of essential 
oil allelochemicals may present divergent responses 
for the concentrations used, where low concentra-
tions can stimulate physiological processes and high 
concentrations tend to inhibit them (Tigre et al., 
2012; Saharkhiz et al., 2010 ), changing the responses 
of vegetables to different concentrations and com-
position of essential oils.

Therefore, L. alba essential oil has characteristics that 
inhibit germination and seedling growth, mainly in 
sensitive species such as lettuce (Lactuca sativa). Be-
cause of the sensitivity to the effect of different me-
tabolites, lettuce is commonly used since it is a model 
species for evaluating the effect of certain allelopathic 
substances. The responses observed in this study are 
very promising; however, it is difficult to recommend 
an ideal concentration or dose that causes greater al-
lelopathic effect since the highest doses were more 
favorable for reducing germination, emergence and 

Figure 7.	 Root length (A), shoot length (B) and dry mass 
of seedlings (C) of commercial lettuce seed lots 
submitted to different doses of L. alba essential oil.
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seedling growth. Therefore, the allelopathic effect 
of L. alba can be evaluated as a potential herbicide, 
using it in the control of weed growth in order to 
avoid unwanted competition with crops of inter-
est. In addition, the composition of the essential oil 
may vary depending on phytotechnical, physiological 
and environmental factors, and responses may vary 
by crop. For this, further research is needed to prove 
which chemical components present in essential oils 
have this allelopathic effect, in addition to assessing 
the potential effect on other species of economic and 
social importance.

CONCLUSIONS

Lippia alba essential oil has an allelopathic poten-
tial in lettuce culture, negatively interfering with 
germination and vigor under laboratory conditions 
and with emergence under protected environment 
conditions.
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