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Abstract: This study aimed to investigate, for the first time, the plant growth, essential oil content and their chemical substances of 
Baccharis trimera (Less.) DC., the first Brazilian variety of medicinal plant, in response to five doses of organic fertilizer (0, 10, 20, 
30, 40 and 50 ton/ha) over two harvest moments—120 d and 242 d after transplanting (DAT). The work was carried out from 
February to October 2011 at the experimental farm of the Sao Paulo State University “Julio de Mesquita Filho” (UNESP), Brazil. 
The seedlings of B. trimera var. CPQBA-1 were respectively transplanted into experiment plots under six treatments: 0, 10, 20, 30, 
40 and 50 ton/ha of organic fertilizer. Each treatment had four replications and each plot consisted of 12 plants. Then they were 
harvested at 120 DAT and 242 DAT, and the essential oil were extracted by hydrodistillation and analyzed by gas chromatograph. 
The results were subjected to analysis of variance and the means were analysed using Tukey’s test (5%) followed by a regression 
analysis. The fertilizer dose significantly influenced the height of the plants in the second harvest, while the higher dose of organic 
fertilizer positively impacted the essential oil content in the first harvest. Also, the level of organic fertilizer was directly correlated 
with the production of dry matter during the regrowth. Twenty-seven substances were identified in the essential oil samples, and the 
major components were: bicyclogermacrene, trans-caryophyllene, germacrene-D, spathulenol and caryophyllene oxide. These 
findings suggest that to obtain higher yields of dry matter of B. trimera, it should be harvested around 242 DAT and organic fertilizer 
should be applied approximately to 50 ton/ha. Furthermore, higher doses of organic fertilizer and harvest at 120 DAT is able to 
increase the essential oil content.  
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1. Introduction 

Baccharis trimera (Asteraceae family), popularly 

known as “carqueja” [1], is a native medicinal plant 

from Brazil. It is prominent due to its phytochemical 

potential [2] and ethnopharmacological importance [3]. 

It is among the 10 most commonly plants sold in 

Brazil in dried form, and it is also on the list of 

medicinal plants recommended by Agência Nacional 
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de Vigilância Sanitária (ANVISA) to use in Brazilian 

hospitals as herbal medicine [4]. 

Essential oils, sesquiterpene alcohols, resin, 

vitamins, polyphenols and tannins can be extracted 

from “carqueja” [5]. It has been scientifically 

described as a digestive, diuretic, hepatoprotective, 

hypoglycaemic [6], antiemetic [7], antidiabetic [8], 

anti-inflammatory and soothing agent [9]. 

However, despite the great potential for therapeutic 

application, few agronomic studies focusing mainly in 

its agronomic factors have been done if compared 
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with other medicinal plants, which has hindered the 

organization of its production [10]. Therefore, the 

indiscriminate collection of several wild Brazilian 

medicinal plants has increased, and the quality of 

these products has been low [11, 12].  

The high demand for Brazilian medicinal plants by 

industry is growing up fast and researchers has 

developed new varieties, such as B. trimera var. 

CPQBA-1, which is the first variety of Brazilian 

medicinal plant registered by the Ministério da 

Agricultura, Pecuária e Abastecimento (MAPA) [13]. 

Thus, agronomic studies with native medicinal plants 

become important to understand and improve the 

farming techniques, since it can justify the production 

of raw material with more desirable properties, such 

as higher concentration of natural chemical substances 

[14].  

B. trimera var. CPQBA-1 has important agronomic 

characteristics, such as standard flowering, which 

makes this variety of interest to industries that require 

continuous supply of raw material [15], once the 

active ingredients can change, among other reasons, 

by the growth stage of the plant [16, 17].  

Notably, the agronomic responses of B. trimera var. 

CPQBA-1 have not been sufficiently studied. Thus, 

this study aimed to evaluate the growth of B. trimera 

var. CPQBA-1, as well as to evaluate the dry matter 

yield, essential oil content and accumulation of natural 

chemical substances in response to five levels of 

organic fertilizer over two harvests moments. 

2. Materials and Methods 

2.1 Experiment Site  

The work was carried out from February to October 

2011 at the experimental farm of the Sao Paulo State 

University “Julio de Mesquita Filho” (UNESP), Brazil. 

The climatic data of the region were recorded during 

the field work period from the Database of 

Meteorological for Education and Research, as shown 

in Fig. 1.  

Chemical analysis of the soil in the experiment site 

was shown in Table 1. 

2.2 Experiment Design  

A voucher of B. trimera var. CPQBA-1 was 

deposited in the Herbarium CPQBA under No. 1286 

[18]. First,  the seedlings  were grown  in a greenhouse 
 

 
                                                      Month  
Fig. 1  Temperature (°C) and precipitation rate (mm) during the field work period, 2011.  
Source: Database of Meteorological for Education and Research, 2011. 
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Table 1  Chemical analysis of the soil in the experiment 
farm of UNESP, 2011. 

Chemical parameters Values 

pH 4.7 

Organic matter (OM) 22 g/dm3 

P  5 mg/dm³ 

H + Al   36 mmol/dm3 

K 2.7 mmol/dm3 

Ca 11 mmol/dm3 

Mg 7 mmol/dm3 

Sum of bases (SB) 21 mmol/dm3 

Base saturation (V%) 37% 
 

Table 2  Chemical analysis of organic fertilizer. 

Chemical parameters  Values 
pH  6.9 

OM 22% 

C 12% 

C/N  14/1  

N 9 g/kg 

K 14.3 g/kg 

Ca 20 g/kg 

Mg 5 g/kg 

P 2.7 g/kg 

S  5.6 g/kg 

Mn 231 mg/kg 

B  17 mg/kg 

Fe  1,990 mg/kg 

Zn 89 mg/kg 

Cu 51 mg/kg 

K2O  17% 

CaO 29% 

MgO 8% 
 

and watered automatically using a misting system in 

order to maintain the relative humidity of the 

environment between 65% and 75%. After three 

months, vigorous seedlings were selected and 

transferred to the experiment plots. The organic 

fertilizer applied on the same day of transplanting was 

a mixture of the remains from several medicinal plants 

(2:3) which had been used to extract the essential oil 

in the study of Correa et al. [19] and cattle manure 

dried (1:3). The chemical analysis of organic fertilizer 

was shown in Table 2. 

The experiment was a randomized block design 

(RBD) with six treatments: 10, 20, 30, 40 and 50 

ton/ha of organic fertilizer, including the control 

without organic fertilizer application (0 ton/ha), and 

each treatment had four replications, totalling 24 plots. 

Each plot consisted of 12 plants, totalling 288 useful 

plants. Around each plot, a line of B. trimera var. 

CPQBA-1 was planted, which were not considered for 

data collection. The spacing between plants and 

between rows was 0.6 m × 0.6 m. 

Although B. trimera is known to usually tolerate 

several harvests during its cycle, in the current study 

only two harvest moments (120 DAT and 242 DAT) 

were considered. The plants were collected in the 

morning from 7:00 to 9:00 and the cutting height was 

maintained 10 cm above the ground. 

2.3 Harvest and Postharvest Process 

After each harvest moment, 12 useful plants of each 

plot were weighed and then dried in forced air 

circulation ovens controlled at the temperature of 

38 °C until reached the constant weight [19]. The dry 

biomass was calculated after the drying stage. The 

dried plants were stored in non-toxic plastic bag 

properly identified, and covered by kraft paper bags 

until the extraction of essential oil. 

At the Medicinal Plants Laboratory of UNESP, the 

essential oil of each plot was extracted by 

hydrodistillation in a Clevenger apparatus for 2 h [20], 

using 80 g of dried plant immersed in deionized water 

(2 L). The essential oil was collected with a Pasteur 

pipette and stored in a properly identified amber flask 

with a stopper, and its content was calculated using 

the following Eq. (1), according to Da Silva et al. [21]: 

  weight of extracted oil
Oil content % 100%

weight of dry matter
   (1) 

2.4 Identification and Quantification of Chemical 

Substances 

The chemical composition of essential oil was 

analysed using a gas chromatograph coupled to mass 

spectrometer (GC-MS, Shimadzu QP-5000) equipped 
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with a capillary column of fused silica OV-5 (30 m × 

0.25 mm × 0.25 μm, Ohio Valley Specialty Chemical, 

Inc.), operating at 70 eV, injector at 240 °C, detector 

at 230 °C, and split 1/20.  

1 μL of essential oil were collected from each one 

of the 24 plots at 120 DAT and 242 DAT two harvests, 

respectively, and then solubilized in ethyl acetate 

(Tedia Brazil, chromatographic grade) (1 μL essential 

oil/1 mL solvent). The sample injection volume was 1 

μL, helium was used as carrier gas (1.0 mL/min) and 

temperature program was as the following: 60-95 °C 

at 3 °C/min, 95-130 °C at 8 °C/min, 130-190 °C at 

3 °C/min and 190-240 °C at 10 °C/min. The analysis 

was running in triplicate. 

The quantification of essential oils by the area 

normalization method was conducted using a GC with 

flame ionization detector (GC-FID), adopting the 

same operational conditions of GC-MS analysis. 

The retention index (RI) was obtained by injecting a 

standard mixture of n-alkanes (C9H20-C25H52, Sigma 

Aldrich, 99%) according to the equation described by 

Van Den Dool and Kratz [22]. The identifications of 

the chemical constituents were conducted by 

comparative analysis of the mass spectra of the 

constituents with the database of the CG/EM (Nist 

62.lib) system and retention index [23]. 

Only the volatile substances with an average relative 

proportion higher than 5%, which are referred as the 

main substances in this paper, were studied in depth. 

2.5 Statistical Analysis 

Data of height (cm), dry matter (g) and chemical 

substances were subjected to analysis of variance 

(ANOVA) and the means were compared by the 

Tukey’s test at 5% of probability, followed by regression 

analyzes. 

3. Results and Discussion 

3.1 Height and Dry Matter Content 

Comparing the height between the two harvest 

times, higher plants were observed at 242 DAT in the 

higher fertilization (57.2 cm).  

Regarding the production of dry matter, the highest 

value (712.1 kg/ha) was also detected at plants treated 

with 50 ton/ha fertilizer at 242 DAT harvest (Fig. 2). 

These findings showed significant difference of the 

dry matter content when applied increasing amounts 

of organic fertilizer to B. trimera var. CPQBA-1, 

which has already been well-described to several 

medicinal plants around the world [11]. Comparing 

the dry matter between two harvest times, the 

production of the regrowth can be five times larger 

than the first harvest (Fig. 2).  

The results of Tukey’s test for dry matter are 

reinforced by a 2nd degree polynomial regression 

analysis, which expresses exponential increases in both 

harvests (R2 = 0.9553 at 120 DAT; R2 = 0.9195 at 242 

DAT) in response to the organic fertilizer doses. These 

results corroborate those reported by Silva et al. [24, 

25], who showed that nutrient levels are directly 

correlated with the dry matter contents of B. trimera. 

Santos et al. [26] also found similar results when 

examining the effect of increasing organic fertilizer 

doses on the dry matter content of B. dracunculifolia. 

Although scarce information on the influence of 

agronomic factors in the chemical substances 

production by Brazilian medicinal plants and their 

development in the crop fields, it is well known that the 

availability of nutrients in the soil solution during its 

life is able to affect dry matter content [27]. In some 

cases, the essential oil content is positively correlated 

with the dose of organic fertilizer. However, inverse 

relationships for these two factors already have also 

been reported to other medicinal plants [28-30].  

In the current study, it was verified that the dry 

matter content obtained at 120 DAT was lower than 

the yield 180 kg/ha at 150 DAT presented by Davies 

[31]. Moreover, the results obtained in the current 

study drastically differ from those obtained by Palácio 

et al. [32], who reported higher dry matter content 

(4,600 kg/ha) from B. trimera at 180 DAT. In this   
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Organic fertilizer treatment (kg/ha) 

Fig. 2  Dry matter content (kg/ha) of B. trimera var. CPQBA-1 treated with different dose of fertilizer and harvested at 120 
DAT (gray color bars) and 242 DAT (black color bars).  
The averages followed by the same uppercase letter (120 DAT and 242 DAT) and the same lowercase letter (fertilizer doses) did not 
differ by Tukey’s test (P > 0.05). 
First harvest at 120 DAT: y = 4.7321x2 – 19.154x + 105.1; R2 = 0.9553 (CV% = 21.09). 
Second harvest or regrowth at 242 DAT: y = 15.268x2 – 57.389x + 503.3; R2 = 0.9195 (CV% = 17.94). 
 

study, the different doses and sources of nitrogen 

(urea and sheep manure containing 4, 8 and 16 g 

N/plant) were used, which may have influenced the 

initial capacity of growth. Furthermore, the field work 

conditions (Paraná, Brazil) may also have influenced 

the growth. However, in the same study [32], the dry 

matter content for the same treatment at 270 DAT 

(2,900 kg/ha) was lower than the content of the first 

harvest (4,600 kg/ha at 180 DAT). These findings 

contradict the higher dry matter content in the second 

harvest compared with the first harvest observed in the 

present study. The plant growth also is a factor that 

can influence the relative proportions of chemical 

substances [17], as well the essential oil content, for 

example. 

3.2 Essential Oil Content 

Significant differences of essential oil content were 

observed between the two harvest moments for all 

treatments, specifically, but not among organic 

fertilization treatments. The higher dose of organic 

fertilization (40 ton/ha) at 120 DAT was the best 

moment to obtain higher essential oil content (Fig. 3).  

This result agrees with the initial capacity for 

growth of “carqueja” as shown by Palácio et al. [32]. 

On the other hand, Pocá [33] has reported an inverse 

relationship between the essential oil contents of B. 

trimera and the increasing doses of fertilizer. 

Silva et al. [5] has previously investigated the 

global yield of B. trimera oil, extracted by means of 

supercritical CO2 at 30 °C and 40 °C. In this 

experiment, they got the global yields from 0.34% to 

2.07% (w/w). 

In the current work, several interferences can have 

influenced on the essential oil content of B. trimera var. 

CPQBA-1, such as high pluviometric precipitation 

and high temperature (Fig. 1). Souza and Lorenzi [34] 

reported the positive relationship between the average 

of essential oil content and the organic-mineral 

fertilizer doses on B. trimera. The quality and quantity 
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Organic fertilizer treatment (kg/ha) 

Fig. 3  Essential oil content (%) extracted from B. trimera var. CPQBA-1 treated with different fertilizer doses and 

harvested at 120 DAT (gray color bars) and 242 DAT (black color bars).  

The averages followed by the same uppercase letter (120 DAT and 242 DAT) and the same lowercase letter (fertilizer doses) did not 
differ by Tukey’s test (P > 0.05). 
First harvest at 120 DAT: y = 0.0177x2 – 0.102x + 0.409; R2 = 0.8231 (CV% = 15.41).  
Second harvest or regrowth at 242 DAT: y = -0.0045x2 + 0.0252x + 0.121; R2 = 0.9263 (CV% = 15.21).  
 

of chemical substances are of great value in the 

marketing of medicinal plants around the world. The 

accumulation of these substances in the plant depends 

on the genetic characteristics of the species, its 

development stage, its nutritional status, the influence 

of environmental [16, 17], the biological factors [35] 

and the post-harvest process [15]. 

3.3 Chemical Substances 

The current study identified 27 substances in 

essential oil samples from B. trimera var. CPQBA-1, of 

which, five were monoterpenes and 22 sesquiterpenes 

(Table 3). Five chemical substances had average 

relative proportions higher than 5%, i.e., 

bicyclogermacrene, trans-caryophyllene, germacrene-D, 

spathulenol and caryophyllene oxide. 

In the current work, the B. trimera treated with 10 

ton/ha of organic fertilizer and harvested at 242 DAT 

was able to increase the accumulation of 

trans-caryophyllene (16%), which is widely used by 

industry to add flavour to cosmetics and soaps, as well 

as in many other technical preparations [36]. Mevy et 

al. [37] observed the antibacterial (Staphylococcus 

aureus and Enterococcus hirae) and antifungal 

(Saccharomyces cerevisiae) activity of essential oil 

extracted from Lippia chevalieri, of which 

trans-caryophyllene was the major compound (27%). 

Furthermore, according to Pinho-da-Silva et al. [36], 

this substance is present in many plants, and its 

abundance can vary by plant part. 

The content of germacrene-D significantly differed 

between harvests time, and its accumulation was 

higher in response to the 50 ton/ha treatment (15.2% 

at 120 DAT and 12.6% at 242 DAT, respectively) 

(Table 3). Chialvia and Doglia [38] identified 

germacrene-D in essential oil of samples from 

Baccharis genistelloides Pers. (4.3%). Previous 

studies have demonstrated the biological activity of 

this substance [39].  

The content of bicyclogermacrene significantly 

differed among organic fertilizer doses (19.8%). 

Moreover, the largest content of bicyclogermacrene 
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Table 3  Chemical substances of the essential oil (%) extracted from B. trimera.  

Substances 

Substances content (%) of the essential oil from B. trimera  

RI 0 ton/ha 10 ton/ha 20 ton/ha 30 ton/ha 40 ton/ha 50 ton/ha 
120  
DAT 

242 
DAT 

120 
DAT 

242 
DAT 

120 
DAT 

242 
DAT 

120 
DAT 

242 
DAT 

120 
DAT 

242 
DAT 

120 
DAT 

242 
DAT 

Monoterpenes 

α-pinene 0.4aA 0.7aA × × 0.3aA 0.8aA 0.1aB 1.2aA 0.2aB 1.2aA 0.1aB 1.2aA 933

β-pinene 0.7aB 4.4aA 1.3aB 8.8aA 2.6aB 5.1aA 1.7aB 8.0aA 3.1aB 9.0aA 1.6aB 6.8aA 977

Myrcene  0.4aB 3.7aA 0.3aB 3.8aA 1.1aA 2.1aA 0.8aB 2.4aA 1.4aB 4.6aA 0.7aB 3.7aA 990

Trans-β-ocimene 0.1aA 0.7aA 0.2aA 0.7aA 0.5aA 0.3aA 0.3aA 0.5aA 0.4aA 0.8aA 0.4aA 0.7aA 1,046

Myrtenol × 0.1a × 0.4a × 0.5a × 0.4a × 0.3a × 0.2a 1,195

Total monoterpenes 1.8 9.9 2.0 15.0 4.7 9.0 3.39 12.8 5.3 16.1 3.0 12.7  

Sesquiterpenes  

α-copaene 0.9aA 0.6aA 0.9aA 0.6aA 0.7aA 0.5aA 0.8aA 0.4aA 0.9aA 0.6aA 0.9aA 0.5aA 1,376

β-elemene 1.8aA 1.5aA 2.1aA 1.0aA 1.8aA 1.0aA 1.8aA 0.9aA 2.1aA 1.2aA 2.1aA 1.1aA 1,392

Trans-caryophyllene* 15.5aA 14.1abA 14.6aA 16.0aA 15.1aA 13.2abA 14.4aA 12.9bA 15.7aA 13.2abA 15.8aA 14.0abA 1,419

Aromadendrene 1.1aA 1.6aA 1.0aA 1.0aA 1.0aA 1.3aA 1.1aA 1.2aA 0.8aA 1.3aA 0.9aA 1.5aA 1,438

Cis-β-farnesene × × × × × × × × × × × × 1,438

α-humulene 1.8aA 1.5aA 1.5aA 1.1aA 1.6aA 1.2aA 1.7aA 1.0aA 1.8aA 1.3aA 1.8aA 3.6aA 1,453

Allo-aromadendrene 0.2aA 0.5aA 0.3aA 0.4aA 0.2aA 0.4aA 0.4aA 0.3aA 0.2aA 0.5aA 0.4aA 0.4aA 1,460

γ-muurolene 1.4aA 1.3aA 1.1aA 1.0aA 1.1aA 0.8aA 1.1aA 0.7aA 1.1aA 1.0aA 1.3aA 0.7aA 1,476

Germacrene-D* 11.4bA 8.2bcA 11.1bA 2.6dB 10.9bA 9.5bA 12.0abA 5.4cdB 13.5abA 8.0bcB 15.2aA 12.6aA 1,480

β-selinene 0.5aA 0.5aA 0.3aA 0.5aA 0.3aA 0.4aA 0.2aA 0.6aA 0.3aA 0.5aA 0.2aA 0.6aA 1,485

γ-amorphene 0.3aA 0.4aA 0.2aA 2.8aA × × 0.1aA 0.2aA × × 0.1aA 0.5aA 1,491

Bicyclogermacrene* 20.9aA 19.2abA 21.8aA 15.8bB 21.7aA 18.1abA 23.9aA 18.9abB 22.9aA 16.7abB 22.5aA 19.8aA 1,496

Trans-β-guaiene × × × × × × × × × × × × 1,499

γ-cadinene 0.9aA 1.8aA 1.0aA 0.7aA 0.9aA 0.7aA 0.8aA 0.5aA 0.9aA 0.7aA 1.0aA 1.6aA 1,513

δ-cadinene 5.0aA 3.2aA 4.8aA 4.0aA 4.5aA 3.4aA 4.3aA 2.9aB 4.9aA 3.8aA 4.7aA 4.6aA 1,523

α-calacorene 0.3aA 0.5aA 0.4aA 0.4aA 0.3aA 0.5aA 0.1aA 0.4aA 0.3aA 0.4aA 0.2aA 0.6aA 1,541

Germacrene-B 0.6aA 0.5aA 0.6aA 0.3aA 0.6aA 0.4aA 0.6aA 0.5aA 0.4aA 0.3aA 0.5aA 0.6aA 1,556

Spathulenol* 10.6abA  6.2bB 11.0aA 17.7abA 8.9abB 20.2aA 9.4bA 19.1abA 9.4bA 6.7bA 8.8cA 5.3bB 1,577
Caryophyllene 
oxide*  

5.4aA 4.6abA 5.3aA 6.1abA 5.3aA 7.0aA 5.2aA 3.5abA 4.6aA 5.1abA 4.5aA 3.0bA 1,583

Globulol 1.8aA 1.4aA 1.6aA 1.2aA 1.8aA 1.4aA 1.9aA 1.5aA 1.3aA 1.2aA 1.4aA 0.6aA 1,590

1-epi-cubenol 0.6aA 0.4aA 0.5aA 0.3aA 0.5aA 0.2aA 0.5aA 0.2aA 0.4aA 0.3aA × × 1,627

α-cadinol 2.9a × 2.9a × 2.9a × 2.7a × 2.2a × 2.2a × 1,653

Total sesquiterpenes 82.7 67.3 82.0 73.1 79.1 84.5 81.9 70.4 83.4 62.5 84.2 71.8  

RI = retention index (Adams, 1995); ×: < 0.04; * = major substances. 
The averages followed by the same uppercase letter (harvests time) and the same lowercase letter (fertilizer treatments) in the line did 
not differ by Tukey’s test (P > 0.05). 
 

(23.9%) was detected at 30 ton/ha at 120 DAT. Lago 

et al. [40] studied the composition of six species of 

Baccharis (Southeast of Brazil) and also detected 

bicyclogermacrene in the essential oil samples. 

Lebouvier et al. [41] identified that the essential oil 

from five species of conifer primarily consisted of 

bicyclogermacrene, and this essential oil was effective 

as a natural acaricide. 

Spathulenol was significantly different between the 

two harvests moments. The largest accumulation at 

120 DAT and 242 DAT (11% and 20.2%, respectively) 

was detected at 10 ton/ha and 20 ton/ha. Agostini et al. 

[42] also detected spathulenol on the essential oils of 

several species of Baccharis. Silva et al. [43] 

identified spathulenol and ledol as the main 

substances of B. trimera grown in the Garden of 
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Medicinal Plants at the Federal University of Lavras, 

Minas Gerais, Brazil. Pocá [33] noted that the 

spathulenol accumulation was inversely proportional 

to the dose of manure. Amri et al. [44] observed 

antibacterial activity of essential oil from three species 

of Melaleuca (Tunisia). 

The average content of caryophyllene oxide did not 

differ between harvest moments. However, it showed 

significant difference among organic fertilization 

doses on the second harvest moment (7%). According 

to Marques et al. [45], the presence of caryophyllene 

derivatives has great ecological importance, since they 

are natural repellents of leafcutter ants, and 

caryophyllene oxide is the most efficient of these 

derivatives in this context. This effect may partly 

explain the absence of leafcutter ant attacks during the 

cultivation of B. trimera observed in the current study. 

Morais and Castanha [46] obtained similar results 

to those of this study when evaluating the chemical 

composition of two populations of “carqueja” 

(Baccharis sp.) in the state of Rio de Janeiro, Brazil. 

Specifically, the main substances of essential oil were 

trans-caryophyllene (22%), spathulenol (13.8%), ledol 

(13.7%), caryophyllene oxide (8.3%), germacrene-D 

(7%) and bicyclogermacrene (8.5%). In another 

investigation, Simoes-Pires et al. [47] analysed two 

species of Baccharis (B. trimera and B. crispa) and 

obtained opposed chemical results of the current study. 

Specifically, they highlighted carquejyl acetate, 

β-pinene and ledol as the major chemical substances 

of B. trimera and α-selinene and spathulenol as the 

major chemical substances of B. crispa. 

Lago et al. [14] studied the differences between the 

essential oil from female and male specimens of B. 

trimera var. CPQBA-1. They identified the following 

substances in both genders: β-elemene, 

trans-caryophyllene, aromadendrene, 

bicyclogermacrene, δ-cadinene, germacrene-B, 

caryophyllene oxide, epi-alpha-muurolol and 

α-cadinol. In samples from female plants, 

trans-caryophyllene and α-cadinene were the major 

substances (more than 10%). In male plants, the major 

substances were the α-humulene and germacrene D. 

Interestingly, carquejol and carquejyl acetate, which 

are the marker substances of B. trimera [48], were not 

detected in the essential oils analysed in the current 

study. Palácio et al. [32] and Lago et al. [14] also did 

not find this two chemical substances in the samples 

of essential oil from B. trimera. Palácio et al. [32] 

believe that these substances may decompose during 

the extraction process or may be modified by the plant 

growth conditions. 

Specifically in the current work, on one hand there 

is a good chance that these two chemical substances 

have been lost on the B. trimera CPQBA-1 during the 

process to become a variety, since it passed through 

several crossings with other genetics of B. trimera. On 

the other hand, there is a notably oscillation on the 

chemical substances accumulation that can be related 

to the biotic, abiotic and also genetic factors. The 

Arnica montana, for example, produces more 

chemical substances in the juvenile stage, especially 

helenalin derivatives, while after six weeks of training, 

the levels of diidrohelenalina type compounds 

increased significantly and remained constant for a 

long period [49]. Martins et al. [50] and Furlan [51] 

suggested harvest at 120 DAT and 180 DAT, 

respectively. Palácio et al. [32] concluded that in 

fertile soils, B. trimera does not respond to nitrogen 

fertilization from organic and mineral resources. 

Furthermore, the authors have affirmed that the 

different levels of nitrogen fertilizer (urea and sheep 

manure containing 4, 8 and 16 g N/plant each one) 

could have promoted changes of the chemical 

substances. Simões-Pires et al. [47] have identified 

distance accumulations of major chemical substances 

in the essential oil of B. trimera harvested at four 

different times (July, August, September and October): 

carquejila acetate (68%, 42.3%, 60%, 58.5%); 

β-pinene (5.6%, 12.6%, 11.3%, 12.3%); ledol (5.9%, 

7.2%, 7.1%, 7.5%); limonene (3.4%, 4.2%, 4.7%, 4%), 

respectively. 
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4. Conclusions  

In general, from the results of the study, it can be 

included that the best organic fertilizer content is 

around 50 ton/ha to get high dry matter (242 DAT) 

and essential oil content (120 DAT), and there is 

higher accumulation of bicyclogermacrene at 120 

DAT, which is considered as the major chemical 

substance in this work.  
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