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 Vegetative growth and essential oil production are strongly influenced by water stress 
and factors that change in different seasons. These variations in growing environment 
can change positively or negatively the production of essential oil, and it is necessary to 
identify what ideal conditions for maximizing production. In many cases the essential 
oil serves as a protection against adverse factors to which the plants are exposed; plants 
which have been stress-induced for some time are known to increase the essential oil 
concentration in  their leaves. The objective was to evaluate the effect of different 
periods of water stress before harvest, in four seasons on biomass production and 
essential oil content of Aloysia triphylla. The objective of this study was to evaluate the 
vegetative and productive performance of Aloysia triphylla subjected to different 
periods of drought in the four seasons of the year. The experiment was conducted in a 
greenhouse at UFSM, Frederico Westphalen campus - RS. The experiment used a 
randomized block design with five periods of water stress (0, 3, 6, 9, 12 days without 
irrigation) and four seasons (winter, spring, summer and fall), with five repetition, and 
two plants per repetition. The evaluations were performed in the period that marked the 
middle of each season. Growth variables showed superior performance in the summer 
and fall, when the plants have reached their maximum growth and begin the 
reproductive period. Highest essential oil contents were found in the summer, which 
may be associated with the meteorological elements of the period and plant 
development. Water availability did not significantly affect the performance of the 
study variables.  

 
INTRODUCTION 

 
Aloysia triphylla (L'Hérit) Britton (Verbenaceae) is popularly known as lemon verbena or lemon beebrush, 

and its scientific synonym is Aloysia citriodora. The plant is generally 2-3 meters high, and it is native to the 
geographic region that includes territories belonging to Argentina, Uruguay, Paraguay and Chile (Gattuso et al., 
2008). It is astringent and aromatic, and rich in volatile oil, which is used as a mild sedative (Lorenzi and Matos, 
2008). 

The biosynthesis of secondary metabolites is a complex process and is related to genetic factors (Probst et 
al., 2011). However, one of the physiological functions of the active substances in plants is to offer protection 
against environmental stresses; these active substances may be subject to the influence of environmental factors 
such as temperature, water content, solar radiation, UV radiation exposure and relative humidity (Rodrigues-
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Das-Dores and Casali, 2007). These factors can affect the quality and quantity of secondary metabolites 
(Gobbo-Neto and Lopes, 2007). It has been observed that the behavior of medicinal plants is greatly influenced 
by water deficits in terms of production and the formation of compounds such as alkaloids, flavonoids, 
parthenolides and essential oils (Alvarenga et al., 2011). 

It is known that, in various plants, environmental stress increases the accumulation of phenolic compounds. 
Plants subjected to controlled stresses may develop changes in the levels of secondary metabolites present in 
their tissue, some of which may be of medicinal interest (Keinanem et al., 1999), and the controlled stress can 
lead to changes in the levels of secondary metabolites present in plant tissue, some of which may be of medical 
concern. 

According to Costa et al. (2014) the International Organization for Standardization (ISO) requires different 
parameters for essential oil production, both in the identification and quality control, such as chemical 
composition, color and odor, based on scientific studies. With the variation in farming environments it is 
difficult to achieve standardization, because of this it is important to know how plants respond to certain stresses 
to know how and when it should be done growing and harvesting them. 

Recently studies have shown the importance of understanding the influence of water stress to medicinal 
plants, with the goal of cultivation is associated with the production of secondary metabolites of commercial 
interest (Alvarenga et al., 2012). 

The authors also observed a significant change in oil composition, and a reduction in the percentage of 
sesquiterpenes and an increase in the percentage of linalool and methyl chavicol. Under drought conditions, 
various physiological and metabolic processes in plants are changed, such as photosynthesis, stomata openings, 
production of abscisic acid, leaf abscission and osmotic adjustment (Taiz and Zeiger, 2013), decline in growth 
rate, accumulation of solutes and antioxidants and expression of specific stress genes (Silva and Casali, 2000), 
thus changing essential oil production. 

Schwerz et al (2015) evaluated the interference of seasonality and water stress on essential oil production 
Aloysia triphylla and noted that there were changes in the productive performance of plants analyzed, obtaining 
higher content of essential oil with water deficit of 75% and 50% the reference evapotranspiration in the 
summer and winter seasons. 

Seasonality also has great impact on plant growth and development, and on the content of active plant 
substances. This is due to the combination of environmental factors that occur in a diversified manner 
throughout the four seasons (Morais, 2009). Vegetative growth and essential oil production are strongly 
influenced by photoperiod, temperature, rainfall, solar radiation, among other factors that change throughout the 
year depending on the seasonal period. There exists an allusive model which can be used to determine the best 
time to carry out the harvesting of aromatic and medicinal plants with high concentrations of essential oils 
(Chagas et al., 2011). 

Thus, the present study aimed to evaluate the effect of different periods of water stress before harvest, in the 
four seasons of the year, on biomass production and essential oil content of A. triphylla. 

 
MATERIAL AND METHODS 

 
Characterization of study site: 

The study was conducted in a greenhouse at the Federal University of Santa Maria / Frederico Westphalen 
Campus – state of Rio Grande do Sul, which is geographically located at 27º 23’ south latitude, 53 25’ west 
longitude and altitude of 490 m, between April 2013 and May 2014. According to the Köppen climate 
classification, the climate is Cfa, with annual average temperature around 18 °C, with maximum temperatures in 
the summer reaching 41 °C and minimum temperatures in the winter reaching values below 0 ° C. Average 
annual rainfall is high, usually between 1,800 and 2,100 mm, well distributed throughout the year (Maluf, 
2000). 

 
Setting up and conducting the experiment: 

The experiment used a randomized block design in a 5x4 factorial arrangement with five repetitions. The 
treatments consisted of five periods of water stress (0, 3, 6, 9 or 12 days) and four seasons (winter, spring, 
summer and fall). The experimental units were composed of two plants of A. triphylla spaced 0.8 m between 
plants and 1 m between rows totaling 10 plants under evaluation. 

The plants were initially grown in plastic pots (seedling ‘grow tubes’) with a commercial substrate from a 
matrix located in the garden of medicinal species at UFSM (Federal University of Santa Maria) Frederico 
Westphalen Campus. Cuttings were later transplanted, each cutting was 25 cm long. Indole-butyric acid was 
applied to the stakes at a concentration of 1000 ppm in order to speed up rooting. The cuttings were watered 
twice-daily. 
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After rooting, the plants were transplanted to a greenhouse with soil that had been previous been tilled, but 
had not received any applications of fertilizer on April 12, 2013. Irrigation was performed daily with drip tapes 
during the growing season, and drought periods were applied only at times of evaluation, as described above. 

The plants were grown directly in the soil (classified as Rhodic Hapludox) of greenhouse (Santos et al., 
2013). The growth environment (greenhouse) where this work was carried out was characterized by having an 
arc-shaped cover with 150 micron-thick plastic film, 3.5-meter ceiling height, 10-meter width and 20-meter 
length. Curtain management was performed daily in order to favor ventilation, reduce thermal amplitude, and to 
prevent strong wind movement and rain water inflow. An ISIS S1220 compact weather station (Squiter, Brazil) 
was installed inside the greenhouse to characterize the environment where the species was studied. 

The periods of water deficit exposure were: three days without irrigation, six days without irrigation, nine 
days without irrigation, 12 days without irrigation. A treatment with irrigation was maintained over the whole 
period, and harvested afterwards. The effect of seasonality was measured based on plant harvest, which was 
carried out during periods that marked the middle of each season: winter, between July 29 and August 8; spring, 
between November 6 and November 15; summer, between, February 7 and February 16; fall, between May 15 
and May 26. 

 
Variables under analysis: 

The variables under analysis were: leaf area (cm².plant-1), branch fresh weight (g.plant-1), branch dry 
weight (g.plant-1), leaf fresh weight (g.plant-1) leaf dry weight (g.plant-1), plant height, essential oil content 
(%) and oil yield per hectare (kg). 

Leaf area was determined using 12 mm diameter discs; they were dried and weighed to calculate leaf area 
based on leaf dry weight. Fresh and dry weight of leaves and branches was determined by collecting all 
vegetative material of all evaluation plants. After dry weight measurement, part of the leaf mass and all the 
branches were used to determine moisture content of the plant material in a forced air circulation oven at 60 °C 
for 96 hours; after that, the values were corrected for dry weight. 

Essential oil on all harvests (winter, spring, summer and fall) was extracted by hydrodistillation using a 
modified Clevenger apparatus for three hours, with five replicates per treatment. Leaves of two plants were used 
per experimental unit, with weight varying due to seasonality and availability of leaves. In the winter, 60 g of 
leaf fresh mass was used per replicate; in the spring, summer and fall, 350 g of leaf fresh mass was used per 
replicate, leaves were harvested at 8 am. Oil content was determined by using the formula: 

T% = Oil weight (g) / Leaf fresh weight x 100 
 

Statistical analysis: 
The results were submitted to analysis of variance through the Software "Statistical Analysis System" (SAS 

Learning Edition, 2000). After following the parameters whereby the hypothesis of equality was rejected at 5% 
error probability, means were compared by Tukey’s test for all factors. 

 
Results: 

In the growing period, there was great variation in the incident solar radiation in the experiment (Figure 1). 
In the winter, the plants were exposed to less radiation, around 250 to 300 Watts/m², radiation increased 
gradually in the spring, reaching an average of 400-450 Watts/m², remaining within this range throughout the 
summer. In the early fall, there was a gradual reduction of radiation to 250 Watts/m². In the evaluations in the 
winter and fall, there were days with low radiation because of cloudiness, fog and rainfall, with radiation 
reaching levels below 50 Watts/m² in a few days. 

During vegetative growth in the winter and spring, there were several days when radiation was at low 
levels, i.e. below 100 Watts/m². In the summer and fall, by contrast, there were fewer cloudy and/or rainy days, 
resulting in a longer period of elevated radiation; this fact favors vegetative growth of the study species. 

The data collected by the portable weather station installed inside the greenhouse (Figure 1) showed that in 
the winter, the average temperature was around 15 ° C, the minimum temperature, around 5 ° C, and the 
maximum temperature was 25 ° C. A few days before the plants were harvested, the temperatures were below 
zero (-2.5 ° C), a fact that may be associated with lower vegetative development in this season. In the spring, the 
mean temperature was around 15 ° C during growth, rising to 20 ° C in the evaluation period, with minimum 
and maximum temperatures ranging between 10 and 30 ° C, respectively (Figure 1 E). 

In the summer, there were higher mean temperatures, around 25 ° C, and minimum and maximum 
temperatures between 20 and 43 ° C; this fact seems to promote plant growth. In the fall, the mean temperature 
remained around 20 ° C with minimum temperature around 10 ° C and maximum temperature around 27 ° C, 
and in the evaluation period, temperature decreased to 15 ° C (Figure 1 E). 

There was no significant interaction between periods of drought and the seasons of the year for the 
variables plant height, leaf area, fresh weight of leaves and branches and dry weight of leaves and branches. The 
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only differences which existed between the seasons of summer and fall were the seasons that had the highest 
means for all study variables. 

 

 
 

Fig. 1: Solar radiation, average, maximum and minimum temperature in the evaluation periods (A, B, C and D) 
and air temperature and solar radiation throughout the growing period (E) for the four seasons. Frederico 
Westphalen, RS. 2015. 

 
In the winter, the lowest means were observed for all variables. In July, with the occurrence of frosts, leaf 

loss rate may reach 100%. In that period, emergence of new branches and growth were also limited, therefore 
accounting for the lower performance species in the winter, both in height, leaf area, and formation of branches 
and leaves. With the onset of spring, plants resumed vegetative growth; however, higher production was 
observed in the summer and fall, when the plants had optimal conditions to resume growth during the regrowth 
period (Table 1). 

The evaluation of essential oil production showed a significant interaction between drought and seasonality, 
but this difference did not seem to follow a trend; it was associated with meteorological factors and stage of 
development of the plant at the time of harvest. In the summer, there was increased essential oil content after 
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water deficits when compared with the irrigation treatment (Table 2), and a slight variation in treatments without 
irrigation (Figure 1C). 

There was maximum vegetative growth until the summer harvest, resulting in high essential oil content. 
After the middle of the summer, flowering of A. triphylla plants started; thus, it can be said that plant 
metabolism drained the secondary metabolites to form flowers (Taiz and Zeiger, 2013).  

 
Table 1: Means for height, leaf area, leaf fresh weight, branch fresh weight, leaf dry weight and branch dry weight of A. triphylla in 

different seasons, regardless of water stress. Frederico Westphalen, RS, 2015. 

Season 
Height Leaf area Leaf FW Branch DW Leaf DW Branch DW 
cm cm²/plant g/plant 

Winter 78.83 c 1227 c 30.07 d 23.39 d 10.38 d 7.80 d 
Spring 191.19 b 9486 b 262.78 c 314.49 c 91.23 c 116.41 c 
Summer 206.57 a 23377 a 410.96 b 716.77 a 144.41 a 264.17 a 
Fall 205.06 a 24105 a 470.35 a 520.94 b 116.85 b 202.94 b 
CV % 8.12 31.66 28.55 32.40 24.86 32.78 

*Means followed by the same lower case letter in the column do not differ. FW - fresh weight, DW - dry weight. 
  
In the fall, essential oil content decreased compared with the summer. This was possibly influenced by air 

temperature and solar radiation (Figure 3D). On the evaluation date, there was maximum essential oil content in 
the treatment which was subjected to three days without irrigation, it did not differ statistically from the 
treatments with irrigation, nor those subjected to more extreme drought conditions (6 and 12 days without 
irrigation – Table 2). After mid-fall, leaf senescence began due to low temperatures, and an increase in leaf in 
leaf abscission was observed. The essential oil contained in the leaves was reduced and probably the natural 
drain-source mechanism was triggered, degrading the secondary metabolites and having their elements maintain 
the primary metabolism (Taiz and Zeiger, 2013), an observation that was reflected in the evaluation made in the 
winter. 

Winter showed the lowest essential oil contents in all treatments. The lowest content was found at 12 days 
without irrigation (Table 2); there was a decrease of solar radiation and low temperature on that day (Figure 
1A). 

In the spring, there was an increase in oil content at 12 days without irrigation (Table 2). When oil content 
in spring was compared with that of other seasons, spring did not show the best results; growth resumed in this 
period through reactivation of plant metabolism, with sources of energy being more targeted to primary 
metabolism. Both spring and fall are considered intermediate periods (Table 2) when compared to the other 
seasons, and these are times of transition when there are gradual changes of radiation and air temperature, which 
may cause large variations. 

When yields were analyzed, there was a great difference because of the seasons; in the summer, production 
was greater than in the other seasons. This was likely due to high leaf production associated with the essential 
oil content of leaves which was 29.9 Kg.ha-1 in the summer at 12 days of drought. In the winter, production was 
low because of the reduced emergence of leaves and low essential oil content, which reached a maximum value 
of 1.1 Kg.ha-1, a much lower result than the one achieved in other seasons. This information is important for the 
management of the species, so that harvests can be planned times of greater production. During the winter 
months, even we grown in a protected environment, the plants demonstrated lower rates of vegetative growth 
therefore generating less fresh matter for oil extraction, and thus a reduction in total oil content. 

 
Table 2: Essential oil yield of A. triphylla in different seasons and periods of drought. Frederico Westphalen, RS, 2015. 

Oil content (%) 
Seasons Irrigated 3 days 6 days 9 days 12 days 
Winter 0.21 c AB 0.20 d AB 0.21 c A 0.17 c AB 0.17 c B 
Spring 0.29 b B 0.28 c B 0.29 b B 0.29 b B 0.34 b A 
Summer 0.40 a C 0.51 a B 0.55 a A 0.48 a B 0.55 a A 
Fall 0.29 b AB 0.32 b A 0.31 b AB 0.27 b B 0.30 b AB 
CV (%) 12.43 
Oil (Kg/ha) 
Winter 0.76 d B 0.64 d B 0.43 c B 0.54 d B 1.11 d A 
Spring 11.32 c A 7.42 c A 10.12 b A 10.01 c A 10.99 c A 
Summer 25.68 a BC 28.83 a AB 28.07 a ABC 25.18 a C 29.93 a A 
Fall 15.88 b B 22.86 b A 12.38 b C 18.97 b B 19.60 b AB 
CV (%) 24.94 

*  Means followed by the same lower case letter in the column and means followed the same capital letter in the row do not differ. 
 

Discussion: 
In physiological terms, it is suggested that stress may redirect photosynthetically fixed carbon in the 

synthesis of primary metabolites such as cellulose, lipids and proteins (which are associated with growth 
metabolism) to the synthesis of secondary metabolites such as oil essential components, flavonoids and other 
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phenolic compounds (with little or no influence on plant growth), under conditions of environmental stress 
(Abreu and Mazzafera, 2005). Plant responses to water deficit are complex. Under field conditions, these 
responses can be synergistically or antagonistically modified by the imposition of other stresses. Plant strategies 
for dealing with drought normally involve a combination of tolerance and avoidance mechanisms which vary 
with genotype (Bortolo et al., 2009). 

Pravuschi et al. (2010), while evaluating the effect of five irrigation levels based on Class A pan 
evaporation (0%, 50%, 75%, 100%, 125%) on the essential oil content of basil (Ocimum basilicum), noted that 
irrigation levels did not generally interfere in the obtained values. 

Schwerz et al. (2015) concluded that water availability did not affect the production of essential oil per unit 
area, because it was offset by a higher oil content in the biomass of the treatments with water deficit. The same 
authors have also observed a greater leaf area in the spring season, differing from the current work where the 
higher leaf area was observed in autumn and summer. 

Taiz and Zeiger (2013) reported that the availability of solar radiation is one of the factors that limit the 
growth and development of plants. All energy required to carry out photosynthesis, the process that transforms 
atmospheric CO2 into metabolic energy, comes from solar radiation. Paulus et al. (2013) found that the essential 
oil production tends to decrease when the radiation is less, because the radiation can interfere directly on the 
development and growth of plants through photosynthesis, photoperiod modulation, light quality and the effects 
of temperature. Solar radiation may directly interfere on growth and development of plants through 
photosynthesis by modulating the photoperiod and light quality and indirectly interfere with plant growth 
through effects on temperature. Solar radiation is essential in biomass production and in the quantity and quality 
of essential oils (Sangwan et al., 2001). Light intensity may change essential oil production through activation 
of photosensitive enzymes involved in the path of mevalonic acid, and the precursor of terpenes which are 
chemical constituents of essential oils (Manganotti et al., 2011). This factor may also account for higher 
essential oil content in the summer, as this season had the highest solar radiation compared with the other 
seasons evaluated. 

A. triphylla is a tropical and subtropical plant and according to Paulus et al. (2013), it is important to 
consider that it begins losing leaves in May and June (late fall), with a gradual loss rate of up to 40%. According 
to Taiz and Zeiger (2013), lower rates of secondary metabolite production under reduced levels of radiation in 
winter can be explained by the fact that biosynthetic reactions are dependent upon supplies of carbon skeletons 
performed by photosynthetic processes and energy compounds that participate in the regulation of these 
reactions. The response of these reactions is positively correlated to secondary metabolism and the production of 
secondary metabolites at high levels of radiation. According to Sangwan et al. (2001), radiation is an important 
factor that can interfere with leaf mass production; on the other hand, stimulation of the enzymes responsible for 
terpenoid biosynthesis by radiation has been found to lead to an increase in essential oil production. 

Brant et al. (2008) evaluated A. triphylla plants in a greenhouse in the city of Lavras (Minas Gerais, Brasil) 
and found a reduction in essential oil content in June (0.133%) and August (0.020%) as a result of adverse 
weather conditions (temperature, rainfall and humidity) and slow senescence of plants. This effect was also 
observed by Deschamps et al. (2008) who found that the decrease in essential oil content in different species of 
Mentha during the winter was related to a decrease in temperature, humidity and radiation. 

According to Paulus et al. (2013), differences in essential oil content between the months of the year are 
due to the influence of environmental factors such as temperature and solar radiation. Possibly, lower essential 
oil contents in the cold months were caused by adverse weather conditions and the senescence of leaves which 
was associated with the physiological development of the plant; there was subsequent maturation and 
senescence of older leaves at that time. This implies an adjustment of the harvest season, which should be held 
before the senescence of older leaves that dry and fall off the branches, thus reducing biomass. The age of the 
leaves also determines different essential oil contents. Adzet et al. (1992) studied the physiological behavior of 
Melissa officinalis and found that older leaves produce less essential oil compared with younger ones. In 
addition, flowers also have essential oil synthesizing structures, and possibly competed with leaves for elements 
that are precursors of these volatile substances, thus reducing the essential oil content present in the leaves, and 
reducing the essential oil content from summer to fall (Brant et al., 2008). 

 
Conclusion: 

It can be concluded that periods of drought did not affect the production of vegetative biomass and essential 
oil of A. triphylla. The highest vegetative growth, production and yield of essential oils were obtained in the 
summer. 
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