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Abstract

Cymbopogon flexuosus is a medicinal species with relevant commercial value and widely used in flavors,
fragrances, toiletries, cosmetics, soaps, detergents, and pharmaceutical products. The objective of this study was
evaluate the effects of different doses and sources of two manures and one compost on plant growth, leaf nutrient
accumulation, content, yield, and chemical composition of the essential oil. The sources were cattle manure,
quail manure, and organic compost applied in four doses and control treatment. The species increased the growth
and productions of secondary metabolites by use the manures and organic compost. The highest weight gain was
obtained with fertilization between 300 and 450 g pot” of quail manure, but the yield of essential oil in the doses
from 150 to 300 g pot'. Overall, lemon grass plants fertilized with quail manure accumulated greater
concentrations of nutrients in leaf tissue than cattle manure and compost. The neral content in the essential oil
was increased with the use of quail manure compared to compost and cattle manure. The results from this study
demonstrated that dose and source can alter dry weight, leaf nutrients accumulation, and essential oil content and
yield.
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1. Introduction

Cymbopogon flexuosus (Nees ex Steud) J. F. Watson is commonly known as East Indian lemon grass, Cochin
grass, and Malabar grass, being a medicinal species from South Asia, Southeast Asia, and Australia (May et al.,
2008; Marigowda et al., 2016). China and Indonesia are the main producing countries of C. flexuosus essential
oil, however, significant plant yields also occur in Guatemala. With relevant commercial value and more
productive than Cymbopogon citratus, the species is used in flavors, fragrances, toiletries, cosmetics, soaps,
detergents, and pharmaceutical products (May et al., 2008; Ganjewala & Luthra, 2010).

Lemon grass essential oil was reported to have sedative, digestive, antirheumatic, soothing, antifebrile,
carminative, analgesic, antispasmodic, and antimicrobial activities (May et al., 2008; Meena et al., 2016).
Cytotoxic and anticancer potentials were reported by Marigowda et al. (2016) and by Sharma et al. (2009), thus
being a good candidate for innovative therapeutic strategies against cancer. The oil consists mainly of citral,
formed by the racemic mixture of geranial and neral (Gupta & Ganjewala, 2015). The insecticidal and larvicidal
against Aedes aegypti (Vera et al., 2014), antifungal (Ganjewala & Luthra, 2010), bactericidal and antimicrobial
activities are attributed to citral (Adukwu et al., 2016). According to Marigowda et al. (2016), the continuous
supply of essential oil and the increase of more productive cultivars are the priority in order to meet the growing
demand of C. flexuosus.

The biomass production and the synthesis of active principles in medicinal plants depends on several factors,
including genetic, climate, edaphic conditions, and cultural management ones (Rosal et al., 2011). The study of
mineral nutrition of plants is essential, because the mineral nutrients are fundamental for the growth and
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development of plants, besides the production of secondary metabolites (Garlet & Santos, 2008). According to
Rosal et al. (2011), quantitative and qualitative variations may occur in the biosynthesis of secondary metabolites
as a response to the application of agronomic techniques. According to these authors, studies involving
fertilization in essential oil-producing species do not only aim at the production of biomass, but also seek to
clarify the influence of these inputs in the yield and in the chemical composition of the oil. The practice of
organic fertilization, besides providing nutrients to the plants, improves the physical soil structure, increases
water retention, reduces erosion losses, and favors biological control (Costa et al., 2008).

In this respect, studies regarding the effect of manures on biomass gain and essential oil biosynthesis have been
performed with several medicinal species, such as: Aloysia triphylla (Brant et al., 2010); Mentha arvensis
(Chagas et al., 2011); Plectranthus neochilus (Rosal et al., 2011); Ocimum selloi (Costa et al., 2008); Ocimum
basilicum (Bufalo et al., 2015); Hyptis suaveolens (Maia et al., 2008); Mentha piperita (Costa et al., 2008),
Origanum vulgare (Corréa et al., 2010), and Lippia alba (Marques et al., 2018). The use of manures and organic
compost in medicinal plants justify by low costs and ambient sustainability compared to chemical fertilizers.
Beside improves physical and chemical propriety of soil by enhancement of organic matters. The cultivation of
medicinal plants with quail manure is justified due to the high levels of N-NH," being an immediate and readily
available source of N for the plants. Therefore, in the present work the principle objective was evaluate the
effects of different doses and sources of two manures and one organic compost on plant growth, leaf nutrient
accumulation, content, yield, and chemical composition of the essential oil of C. flexuosus.

2. Material and Methods
2.1 Installation of the Experiment and Preparation of Scion

The experiment was installed in the greenhouse of the Laboratory of Plant Tissue Culture and Medicinal Plants
of the Department of Agriculture/Federal University of Lavras (DAG/UFLA), located in the southern region of
Minas Gerais, Brazil, 21°14" S and 45°00" W, and 918 m altitude. Mother plant of C. flexuosus belonging to the
Medicinal Herb Garden of UFLA were identified and compared to the aromatic deposited by the IAC Herbarium,
maintained by the number 45335. The scions were propagated by clump division, with each tiller of 7 cm height
approximately. It were cultivated in 128-cell styrofoam seedling trays containing the commercial substrate
Plantmax HT® and kept in a greenhouse with 60% shading until they reached about 12 cm in height. The scions
were transplanted to 10 L plastic pots containing soil plus treatments. Irrigation was performed three times a
week in order to maintain the soil with field capacity moisture.

The experimental design was completely randomized in a factorial design (3 x 4 + 1) with four replications. The
treatments were: two sources of manure (cattle and quail) and one compost applied in four doses (150, 300, 450,
and 600 g dried weight pot™) and control treatment (absence of fertilizer). Plants were transplanted individually
into the pots and each replicate was represented by five plants. The experiment was performed twice in
greenhouse. Manures were collected on farms located in the municipality near the experiment. The decomposed
manure was obtained from the natural process of decomposition during 120 days. The organic compost consisted
of the mixture of quail manure and previously composted refrigerator wastes. The soil was the Dystrophic
Red-Yellow Latosol (DRYL), collected in the city of Lavras/MG, Brazil, at 0-20 cm depth. Soil analyses were
performed at the Laboratory of Chemical and Physical Soil Analysis of the Department of Soil Science of UFLA.
Manures and compost analyses were performed in the laboratory of chemical analyses of the Regional
Cooperative of Coffee Growers in Guaxupé Ltda (Cooxupé). The chemical and physical analyses of soil samples
and fertilizers were performed according to the methodology proposed by EMBRAPA (1997) e Silva (2009),
respectively.

The soil contained the following chemical fertility properties: pH in water = 5.6; P and K (mg dm™) = 0.6 and 14;
Ca®", Mg*, A’ H + Al (cmolc dm™) = 0.5; 0.1; 0.0; 2.1; base saturation V (%) = 23.4; organic matter (dag kg™)
= 1.4. The substrates used as fertilizers were also analyzed and generated the following values: a) cattle manure:
pH in water = 8.2; N, P, K, Ca, Mg, S (gkg™) =18;5.1; 13; 4.1; 3.2; 2.6; and; B, Cu, Fe, Mn, Zn (mg kg") = 5.6;
39; 128; 461; 150; b) Quail manure: pH in water = 7.4; N, P, K, Ca, Mg, S (g kg") =26;17.9; 40.5; 57.2; 7.8;
7.2; B, Cu, Fe, Mn, Zn (mg kg") =66; 71; 811; 515; 680; and c) organic compost: pH in water = 7.3; N, P, K, Ca,
Mg, S (gkg')=74,5.1;5.5;41; 2; 1.4; B, Cu, Fe, Mn, Zn (mg kg™) = 46; 27; 811; 204; 112.

The first harvest occurred after 120 days of cultivation and the plant were cut above soil surface (10 cm). After
240 days of cultivation, the plants were harvested again (2™ cut) and separated in shoot and root. They were
dried in a convection oven at 36+2 °C for three days. Root (RDW) and shoot dry weights of the 1* (SDW1) and
2" cut (SDW2) were measured in grams per plant, using a precision scale. The total shoot dry weight (TSDW)
represents the sum of shoot dry weights of the first and second cut (SDW1+SDW2) and the total dry weight
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(TDW) represents the sum of the shoot dry weight and root dry weight (TSDW+RDW). The root and shoot ratio
(R:S) was obtained by dividing root dry weight by total shoot dry weight (RDW/TSDW).

2.2 Leaf Tissue Analysis

The samples collected for dry weight evaluation were ground in a Thomas Wiley mill and sent to the Laboratory
of Leaf Analysis of the Department of Chemistry of UFLA in order to determine the contents of N, P, K, Ca, Mg,
S, B, Cu, Mn, Zn, and Fe according to methodology proposed by Malavolta et al. (1997).

2.3 Extraction and Chemical Analysis of Essential Oil

The essential oil extraction from C. flexuosus was performed by the hydro distillation process in a modified
Clevenger apparatus using a sample of 100 g of dry leaf biomass in 1 L of distilled water for 90 min. The
essential oil was purified by liquid-liquid extraction with dichloromethane (3 x 5 mL). The organic phase was
combined and treated with about 5 g of anhydrous magnesium sulfate for 30 min. Afterwards, the solution was
filtered and the solvent evaporated at room temperature under an exhaust hood. Five replicates were obtained by
essential oil treatment from samples composed of dry biomass, which were stored in amber flasks. Thereby, the
content (%) and the yield (mg plant™) of the essential oil were determined.

Analyses of the chemical composition were performed based on a sample composed of equivolumetric aliquots
of the essential oil of the replicates from each treatment. Quantitative oil analyses were performed by gas
chromatography with flame ionization detector (CG-FID) on an Agilent® 7890A system equipped with HP-5
fused silica capillary column (30 m length, 0.25 mm inner diameter and 0.25 pum film thickness) (California,
USA). Helium gas was used as carrier gas with flow of 1.0 mL/min; the injector and detector temperatures were
maintained at 220 °C and 240 °C, respectively. The initial oven temperature was 60 °C, isothermal for 1.5 min,
followed by a temperature ramp of 3 °C/min up to 240 °C, followed by a ramp of 10 °C/min up to 270 °C. The
oil was diluted in ethyl acetate (1%, v/v) and injected automatically into the chromatograph using an injection
volume of 1.0 pL in split mode at 1:50 injection ratio. The quantitative analysis was obtained by integrating the
total ion chromatogram (TIC) and the content of eluted constituents expressed as percent area relative to peak
areas.

The qualitative oil analyses were performed by gas chromatography-mass spectrometry (GC-MS), using
Agilent” 5975C equipment, operated by electron impact ionization at 70 eV, in scan mode, at a speed of 1, 0
scan/s, with a mass acquisition interval of 40-400 m/z. The chromatographic conditions were the same as those
used in quantitative analyses. The components were identified by comparing their calculated retention indices
(IKc) with data from mass spectra and retention indices (IK) of literatures (Davies, 1990; Adams, 2007) and by
comparing the mass spectra with the NIST/EPA/NHI library database (NIST, 2008). The Kovats retention
indexes (IKc) relative to the co-injection of n-alkane pattern, C8-C20 (Sigma Chemical Co., St. Louis, MO, USA)
were calculated with the application of the Van Den Dool and Kratz equation (1963).2.3.1 Sample Size, Power,
and Precision

Along with the description of subjects, give the mended size of the sample and number of individuals meant to
be in each condition if separate conditions were used. State whether the achieved sample differed in known ways
from the target population. Conclusions and interpretations should not go beyond what the sample would
warrant.

2.4 Statistical Analysis

The Statistica® software, version 13.3 (StatSoft-Tulsa, USA) was used for the statistical analyses of the
experimental data. The observed values were submitted to analysis of variance (ANOVA, p < 0.05). Regression
analysis was used for data from dry weight and R:S. The average values of essential oil contents and yields were
compared by Duncan’test (p < 0.05). Principal component analysis (PCA) was used to study the major
compounds of essential oil in relation to sources and doses of manures and compost.

3. Results and Discussion

Growth indicators were used to evaluate if source and dose influenced plant development and essential oil
composition. The results obtained showed that there was an influence by source and dose used. A significance
for the interaction between sources and doses of the manures and compost on dry weights and R:S was observed
in the analysis of variance. Response curves were fitted by regression analysis for these variables (Figures 1a-1f).
Quail manure doses increased, with quadratic effect, all dry weights (Figures la-le). The superiority of the
representative curve of quail manure in relation to other treatments was also observed. Therefore, it can observe
that quail manure was more efficient to the other studied fertilizers and that the maximum yield of dried weight
was obtained in specific doses. The doses 321.43, 395.83, 316.67, 400, and 337.50 g po‘['l of quail manure
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provided the highest average weights 27.84, 25.54, 50.20, 38.66, and 88.34 g plant'1 for SDW1, SDW2, TSDW,
RDW, and TDW, respectively. Manure from intensive poultry farming, in which animals are fed with feed, is
rich in nutrients, especially nitrogen and phosphorus, but poor in cellulose and lignin (Rosal et al., 2011).
Considering TSDW as the main source of essential oil of this culture and that the dose of 300 g pot” equaled to
its maximum yield, the following amount of nutrients could be proposed (Table 1).

On the other hand, as observed in the quadratic trend of the curves, high doses of quail manure negatively
influenced the biomass yield. Manures provide a diversity of ions in the soil solution, so that the presence of one
can modify the absorption of another through synergistic and inhibitory interactions. According to Paula et al.
(2015), the K absorption is inhibited competitively when the Mg concentration is high. Non-competitive
inhibition is reported for H;BOj in the presence of NO; and NH, " (Marschner, 2012).
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Figure 1. Effect of different sources and doses of manures and compost on: a) shoot dry weight in the first cut
(SDW1), b) shoot dry weight in the second cut (SDW2), ¢) total shoot dry weight (TSDW), d) root dry weight
(RDW), e) total dry weight (TDW) and f) root and shoot ratio (R:S) of C. flexuosos

In relation to cattle manure, SDW2, TSDW, and TDW were increased linearly in increasing doses (Figures 1b,
Ic, and le). The highest averages of SDW1 (21.67 g) and RDW (34.73 g) were observed at doses 500 and
437.50 g pot” of cattle manure (Figures la and 1d). At the dose of 500 g pot” of the organic compost, the
maximum total dry weight (Figure 1e) was 67.90 g and the other dry weights linearly increased with increasing
compost doses. Regarding the R:S ratio, in the different manures sources and compost, the highest values were
obtained in the treatment without fertilization (Figure 1f). A decrease in this index is verified with the use of 400
g pot” of quail manure (0.57), 600 g pot’ of organic compost (0.62), and cattle manure (1.20). This result
indicated that the source of treatments with more nutrients directed the biomass distribution to the shoot of plant.
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Rosal et al. (2011) studied the effect of manures on the cultivation of Plectranthus neochilus and observed that
the higher contribution of nutrient content, provided by fertilization with poultry manure, increased the shoot of
plants, which stood out from the root dry weight. Still according to these researchers, the results evidenced a
strong drainage from the shoot to the root, inasmuch as the fertilizer showed lower content of nutrients. This fact
may be related to a survival mechanism developed by the plants, with greater investment in the root system,
considering the greater soil exploration due to the low levels of nutrients in the growing environment. The effect
of the manure doses on the increase of biomass yield has already been recorded for Ocimum selloi (Costa et al.
2008) and Capsicum chinense (Silva et al., 2018), being attributed to the increasing availability of nutrients. The
results from study with sweet basil demonstrated that organic or conventional fertilizer altered fresh or dry
weight (Bufalo et al., 2015). In contrast, the doses of organic fertilizers and minerals did not influence the
biomass yield of the plant in Justicia pectoralis (Bezerra et al., 2006). Therefore, the possibilities of
contradictory results are significant; thus, research relating sources and doses of manures sufficient to guarantee
high yields with economic viability should be performed for each genotype.

Table 1. Quantity of nutrients in g per 10L pot and kg ha”, considering a population of 20,000 plants ha™
supplied by quail manure at the best tested dose (300 g pot™)

N P K Ca Mg S B Cu Fe Mn Zn
g pot’1 mg pot’1

7.80 5.37 12.15 17.16 2.34 2.16 19.80 21.30 243.30 154.50 207
kg ha™! gha’

156 107 243 343 47 43 396 426 4866 3090 4140

At the dose of 300 g pot' of treatments, it was observed that the use of quail, cattle manure, and compost
resulted respectively in 50.12, 23.83, and 25.65 g of shoot dry weight in both cuts. Thereby, quail manure was
approximately 95% higher than cattle and 68% compared to the organic compost. It was also worth noting that,
at this same dose, the gain of shoot weight was stable with use of quail manure between the cuts, averaging 28 g
in the 1*' cut and 24 g in the 2™ cut. However, for cattle manure and organic compost, the average of both was 20
g for the 1% cut and 9 g for the 2™ cut, resulted in a reduction of 45% in the dry weight of regrowth leaves.
Comparison between the chemical compositions of manure may possibly clarify for the increase in dry weight
yield provided by different manure sources. It was observed that quail manure had a higher concentration of
macronutrients (N, P, K, Ca, Mg, and S) compared to other fertilizers. The nitrogen concentration in quail
manure was 1.44 higher in relation to cattle manure and 3.51 higher in relation to the organic compost. This
nutrient is related to the synthesis of structural compounds, such as proteins (Marschner, 2012).

Phosphorus directly controls the response of photosynthesis, plays a key role in the formation of high energy
bonds and phospholipid membrane, and is an integral component of several metabolic reactions and signal
transduction pathways (Pandey et al., 2015). In quail manure, a factor of 3.5 higher of this element was observed
in relation to other manures. Research show that increased soil phosphorus has affected the growth of medicinal
plants, such as Calendula officinalis (Moreira et al., 2005), Pfafia glomerata (Serra et al., 2011), Pimpinella
anisum, Coriandrum sativum, and Foeniculum vulgare (Khalid, 2012). Another element that was superior in
quail manure was potassium, being three times higher in relation to cattle and seven in relation to the organic
compost. Potassium is one of the few cations that are not present in organic structures. It is highly involved in
osmotic regulation, maintenance of electrochemical balance in cells and their compartments, and regulation of
enzymatic activity (Pinto & Ferreira, 2015). Calcium, magnesium, and sulfur also had higher levels in quail
manure. Calcium plays an important role in morphogenesis and exerts structural function, since it acts in the wall
formation and in cellular division processes (Arruda et al., 2000). Magnesium is considered the major activator
of enzymes, especially those associated with energy metabolism of plants (Paula et al., 2015) and is the central
atom of the chlorophyll molecule (Shaul, 2002). Sulfur has the role of being an active group of enzymes and
coenzymes, besides being a component of coenzymes (Malavolta et al., 1997).

It was observed that the plants of C. flexuosus had higher levels of macro and micronutrients when grown on
substrate with quail manure compared to cattle manure and organic compost (Table 2). According to Malavolta
et al. (1997), the nitrogen sufficiency range for Poaceae varies from 1.2 to 1.5%. The results from this study were
observed values between 1.52 and 1.79% in plants fertilized with quail manure, thus indicating a good supply.
For the phosphorus, except for the control, all the treatments obtained values superior to the sufficiency range.
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Malavolta et al. (1997) also suggested that the potassium content varies between 1.1 and 1.5% and only the quail
manure provided levels within the adequate sufficiency range. For magnesium, the range from 0.1 to 0.2% was
verified for the doses of 450 and 600 g pot™ of cattle manure and all doses of manure quail. Regarding calcium
and sulfur, all the treatments obtained values within the suggested limit.

Table 2. Leaf analysis of macronutrients and micronutrients of C. flexuosus with different sources of manures
(cattle and quail) and compost, and doses (150, 300, 450, and 600 g pot™) in the 1*' and 2™ cut (Ct)

Sources and doses (g pot’)  Ct N P K Ca Mg S B Cu Mn Zn Fe
% mg kg!
Ist 1.1 0.1 1.0 0.4 0.1 0.1 23 5 23 13 345
0 2nd 1.1 0.1 0.9 0.4 0.1 0.1 13 2 25 9 334
S st 1101 10 04 01 01 23 4 27 14 276
130 2nd 0.9 0.2 0.7 0.4 0.1 0.1 13 1 27 6 316
Ist 1.1 0.2 1.0 0.4 0.1 0.1 25 4 22 13 301
2 300 2nd 0.9 0.2 0.8 0.5 0.1 0.1 10 - 28 7 222
S 450 Ist 1.1 0.2 0.9 0.5 0.1 0.1 24 4 33 14 406
2nd 0.9 0.3 0.8 0.4 0.1 0.1 13 26 10 193
Ist 1.1 0.2 0.7 0.5 0.1 0.1 26 4 36 14 420
600 2nd 0.8 0.3 0.8 0.4 0.1 0.1 19 30 9 176
R 150 """" st 15 02 1 05 ol ol 27 6 . a1 25 300
2nd 1.5 0.2 1.1 0.3 0.1 0.2 18 4 43 20 167
300 Ist 1.7 0.2 12 0.6 0.1 0.2 31 8 51 33 297
= 2nd 1.7 0.2 1.4 0.4 0.1 0.2 36 5 29 24 103
& Ist 1.7 0.1 13 0.4 0.1 0.2 29 6 32 25 291
430 2nd 1.8 0.2 13 0.3 0.1 0.2 62 5 31 21 124
Ist 1.6 0.2 13 0.4 0.1 0.1 27 6 37 25 310
600 2nd 1.7 0.2 13 0.3 0.2 0.2 43 4 26 20 123
S 150 """" st 10 01 07 04 01 01 24 3 27 T
2nd 0.8 0.3 1.1 0.5 0.1 0.1 41 1 27 9 204
. 300 Ist 1.1 0.2 1.0 0.5 0.1 0.1 25 4 31 15 434
g 2nd 0.9 0.3 1.0 0.5 0.1 0.1 44 1 30 11 192
g Ist 12 0.2 0.9 0.5 0.1 0.1 23 4 27 18 570
o 450
2nd 0.9 0.4 1.0 0.4 0.1 0.1 62 2 23 15 200
500 Ist 1.4 0.3 0.8 0.5 0.1 0.1 26 6 38 23 796
2nd 0.9 0.4 13 0.5 0.1 0.1 4 2 29 27 242
k) *g Low 12 0.08 1.1 0.3 0.1 0.1 15 5 80 20 100
5 .8
§ e:: High 1.5 0.12 1.5 0.6 0.2 0.2 30 15 300 50 200
*

Note. * Malavolta, 1997.

Considering that the best doses of quail manure for the biomass yield was between 300 and 450 g pot”, the
appropriate leaf macronutrient contents are from 1.7 to 1.8 (N); 0.2 (P); 1.1 (K); 0.5 (Ca); Mg (0.1), and 0.1 (S)
and of micronutrients from 27 to 31 (B); 6 to 8 (Cu); 41 to 51 (Mn); 25 to 33 (Zn), and 300 (Fe). Therefore, it is
suggested that the nutrients that most differentiate the total dry weight gain were N and Mn in which contents
from 1.5 to 1.7% of N and 41 to 51 mg kg™ of Mn are related to higher dry weights.

The interaction among sources and doses of manures and compost was not significant for the essential oil
contents of C. flexuosus; therefore, the simple effects of factors (source and doses) were studied. On other hand,
significant interaction was observed for essential oil yield (Table 3). Quail manure provided the highest levels of
essential oil in the 1* (1.71%) and in the 2™ (1.93%) cuts (Table 3). It was also observed that the content of the
2" cut was higher compared to the 1% cut using quail manure and organic compost. Regarding the doses, it was
verified that the supplementation with manures positively influence the essential oil content, and the lowest
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content occurred without fertilization. In absolute values, the highest average content in the 1¥ (1.73%) and in
the 2™ (1.92%) cut was obtained with 300 g pot™' of treatments (Table 3). These results corroborate with those by
Correa et al. (2010), which verified higher essential oil content of Origanum vulgare with higher doses of
manures. However, Silva et al. (2007) evaluated the effect of the absence of fertilization on the essential oil yield
of Baccharis trimera and verified that the oil content tended to increase when fertilization was not used.

Table 3. Effect of source and doses of organic manures on the contents of the 1% and 2™ cuts and total essential
oil yield of C. flexuosos

Source Doses (g plot™) 1** Content (%) 2™ Content (%) Yield (g plan"")
Cattle 0 1.50 1.44 20.09 g
150 1.69 1.43 33.67 ef
300 1.70 1.68 45.41 de
450 1.64 1.41 44.66 de
600 1.47 1.91 47.26d
Quail o 150 144  2009g
150 1.64 1.93 98.50 a
300 1.80 2.26 103.96 a
450 1.83 2.18 84.07b
600 1.79 1.85 84.74 b
Compost o 150 144 2009¢g
150 1.56 1.70 27.41 fg
300 1.68 1.83 53.47 cd
450 1.62 1.83 51.28 cd
600 1.56 1.73 61.66 c
- Means for source
Cattle 1.60 b* 1.57b 38.22b
Quail 1.71 a 193 a 7827 a
Compost 1.59b 1.71b 42.78b
Means for doses (gplot’)
0 1.50 c 1.44b 20.09d
150 1.63 ab 1.69 a 5320 ¢
300 1.73 a 1.92a 67.61 a
450 1.70 ab 1.81a 60.00 be
600 1.61 bc 1.83 a 64.55 ab
Source of variation
Source x Doses s s sokok
Source sk sksksk skskosk
Doses sksksk sk skskosk

Note. Significant effect: * p <0.05; ** p <0.01; *** p <0.001; n.s.: not significant.

*Mean within a column followed by the same letter are not significantly different according to Duncan’s multiple
range test at p < 0.05.

Regarding the essential oil yield of C. flexuosus, the quail manure at all tested dosages provided the highest
averages compared to cattle manure and compost (Table 3). The highest range of essential oil yields (99.77 to
108.15 g plant™) was verified at the dose of 300 g pot™ of quail manure. Equal and superior doses of 300 g pot™
resulted in higher essential oil yield for cattle manure and compost, being statistically similar. As already
discussed, C. flexuosus responded positively to the increase of soil nutrients both in terms of growing and
production of secondary metabolites. The essential oil yield extracted from the leaves increased with the use of
quail manure due to the direct relationship with the plant biomass yield. This same correlation was observed by
Sales et al. (2009) in Hyptis marrubioides, Rosal et al. (2011) in Plectranthus neochiliusand and Corréa et al.
(2010) in Origanum vulgare. According to Rosal et al. (2011), there is no consensus in the literature regarding
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the response of essential oil yield to the use of different fertilizers and doses. This may be related to the fact that
medicinal plants comprise a wide and diversified group of species, with great variability in the production of
secondary metabolites, whose biosynthesis varies according to extrinsic and intrinsic factors to the species.

The chemical analysis of the essential oil of C. flexuosus resulted in the identification of 16 compounds, from
which 14 are monoterpenes. Linalool, neral, geraniol, geranial, neryl acetate, and geranyl acetate together
corresponded to 80% of the relative area of the peaks. The oil consisted mainly (75 to 85%) of a monoterpene
aldehyde termed citral (3,7-dimethyl-2,6-octadienal) which is a racemic mixture of the geranial and neral
isomers (Gupta & Ganjewala, 2015). The main therapeutic and biological activities are attributed to this
monoterpene (Ganjewala & Luthra, 2010; Vera et al., 2014; Adukwu et al., 2016). In our research, it was
observed that the average content of neral (24.08%) and geranial (48.81%) contributed with more than 72%.
Silva et al. (2015) also identified these constituents as the main ones in the analysis of the oil of C. flexuosus,
being the 33.40% of neral and 46.86% of geranial, and Adukwu et al. (2016) found 89% of citral in the oil, being
38.5% of neral and 50.5% of geranial.

It was observed a fitting of 87.21% (PC1 + PC2) by the principal component analysis (PCA) of the six major
chemical compounds. PCs separated these treatments within two groups: (control + quail) and (cattle + compost).
Control treatment and quail manure at all dosages were differentiated from cattle manure and compost (Figure 2).
It was possible to verify that cattle manure and compost showed higher content of neryl acetate and geranial,
regardless of the dose. On the other hand, the control positively influenced the geraniol content, whereas the
quail manure influenced the contents of neral, linalool, and geranyl acetate (Figure 2). Based on this multivariate
analysis, it can also suggest that geranial and neryl acetate showed negative correlation with linalool, geranyl
acetate, and geraniol, respectively. Ganjewala and Luthra (2010) studied the biosynthetic route of C. flexuosus
and concluded that geraniol is subjected to oxidation by a geraniol dehydrogenase enzyme in order to produce
geranial, which is converted to neral through an isomerase.

Cost-benefit analysis did not perform in this research. However, it is possible to demonstrate relevant aspects
about results obtained. Quail manure provided better growth (300 to 450 g pot™) and essential oil yield (150 to
300 g pot™) in lower amount in relation other manures (600 g pot™). Normally, manures are collected on farms
located near area cultivation by low cost and the largest part of costs of manures is related to their transportation.
So, we believe the best economic benefit of quail manure in this study is justified. The costs between
conventional and organic systems depend of several factors based on the type of crops, localization (regions),
and technologies used in the studies. But, the cultivation with manures can be beneficial due less use of chemical
inputs, diminish soil erosion, water conservation, and meliorated soil and biodiversity (Pimentel et al., 2005).

Cattle, quail, and compost at different doses altered the dry weight gain, content, yield and chemical composition
of the essential oil of Cymbopogon flexuosus. The species increased the growth and productions of secondary
metabolites by use the manures and organic compost. The highest biomass yield was obtained with fertilization
between 300 and 450 g pot” of quail manure, but the yield of essential oil in the doses from 150 to 300 g pot ™.
The neral content in the essential oil was increased with the use of 450 g pot” of quail manure compared to
compost and cattle manure.
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Figure 2. Principal component analysis (PCA) of the averages of major compounds of the essential oil of C.
[flexuosus in different sources and doses of manures and compost
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