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A B S T R A C T
The therapeutic efficacy of herbal medicines and pesticides has increased the need to define 
cultivation parameters for medicinal plants. The objective of this study was to evaluate the 
production of essential oil and flavonoids of chamomile under irrigation levels and organic 
fertilizer doses. The experiment was conducted in the experimental area of the Campus II 
of the University of Western São Paulo, in the city of Presidente Prudente, SP, Brazil. The 
experimental design was a randomized block in triple factorial (6 x 2 x 3), corresponding 
to irrigation depths (150, 100, 75, 50, 25 and 0% of the reference evapotranspiration (ETo)), 
organic fertilizers (poultry manure and cattle manure) and the fertilizer doses (0, 3 and 
5 kg m-2), with four replicates. The following variables were evaluated: capitulum dry 
matter, and content and yield of essential oil and flavonoids. For the tested conditions, it 
is recommended to use 5 kg m-2 poultry manure and water depth equivalent to 150% ETo 
for the production of essential oil and flavonoid.

Irrigação e adubação orgânica na produção
de óleo essencial e flavonoides em camomila
R E S U M O
A eficácia terapêutica de fitoterápicos e fitofármacos tem aumentado a necessidade de 
definir parâmetros de cultivo para plantas medicinais. O objetivo do presente trabalho 
foi avaliar a produção de óleo essencial e flavonoides da camomila quanto a lâminas de 
irrigação e doses de adubo orgânico. O experimento foi conduzido em área experimental 
do Campus II, da Universidade do Oeste Paulista, na cidade de Presidente Prudente, SP, 
Brasil. O delineamento experimental foi em blocos ao acaso em esquema fatorial triplo 
(6 x 2 x 3), sendo a lâmina de irrigação (150, 100, 75, 50, 25 e 0% da evapotranspiração 
de referência (ETo)), o adubo orgânico (esterco de aves e esterco bovino curtido) e a dose 
do adubo (0, 3 e 5 kg m-2) e quatro repetições. Foram avaliados a massa seca de capítulos 
florais, o teor e o rendimento de óleo essencial e o flavonoide; para as condições testadas 
recomenda-se utilizar 5 kg m-2 de esterco de ave e lâmina de irrigação equivalente a 150% 
ETo para a produção de óleo essencial e flavonoide.
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Introduction

Chamomile is a medicinal and aromatic plant of great 
importance for the cosmetic and phytotherapeutic industry. 
It is the medicinal plant of greatest economic expression in 
the South region with cultivated area of 2,000 thousand ha in 
Paraná (Corrêa Júnior & Scheffer, 2014). 

Irrigation management consists in the rational use of water 
in order to meet the requirements of the plants, increasing 
production and water use efficiency (Shock & Wang, 2011; 
Pinto et al., 2014; Afshar et al., 2014). The water balance is 
one way of managing irrigation, considering the processes 
of absorption, conduction and loss of water. The difference 
between the water absorbed and lost by the plant is a relevant 
factor for the metabolic processes of adjustment of the plant 
(Bilibio et al., 2010).

In situations of water deficit, medicinal plants can activate 
the secondary metabolism and the osmotic adjustment. The 
synthesis of secondary metabolites represents the chemical 
interface between plants and the environment (Gobbo Neto 
& Lopes, 2007; Kerbauy, 2008; Tavano et al., 2009). In the 
osmotic adjustment, the plant tolerates the situation of 
lower water availability through the accumulation of amino 
acids that provide the plant with the capacity to maintain 
its cell expansion, performing stomatal and photosynthetic 
adjustments, favoring its growth (Taiz & Zeiger, 2013).

Organic fertilization has a soil-conditioning effect, 
increasing the cation exchange capacity, contributing to soil 
aggregation and causing increase in plasticity and cohesion, 
besides greater water retention and temperature stability. 
According to Côrrea et al. (2010), the increment of fertilization 
using bovine manure at the doses of 3, 6, 9 and 12 kg m-2 
significantly contributes to growth and essential oil yield in 
oregano.

Considering the need to define the adequate levels of 
irrigation and organic fertilization for the cultivation of 
medicinal plants, this study aimed to evaluate the influence 
of irrigation and organic fertilization on the production of 
flavonoids and essential oil in chamomile.

Material and Methods

The experiment was conducted from April to August 2011, 
in an experimental area of the Campus II of the University of 
Western São Paulo, in the municipality of Presidente Prudente-
SP, Brazil. The experimental design was randomized blocks, in 
a triple factorial scheme with six irrigation depths associated 
with two types of organic fertilizer, three doses each, with 
four replicates, totaling 144 experimental plots. The seedlings 
were prepared on expanded polypropylene trays with 200 
cells, using commercial seeds of chamomile (ISLA®), which 
were transplanted to the field 40 days after sowing (DAS). 
The experimental plots had dimensions of 3 m x 1m. Fifteen 
plants were transplanted to each plot at spacing of 0.30 x 0.40 
m. Irrigation depths equivalent to 100% of replacement of 
the reference evapotranspiration (ETo) were applied during 
the first seven days after transplanting. After this period, the 
treatments with irrigation depths were established.

The treatments with irrigation depths were 0, 25, 50, 75, 
100 and 150% ETo, daily applied and based on the Penman-
Monteith method (Eq. 1 to 5) recommended by the Food 
and Agriculture Organization (FAO) as standard (Allen et 
al., 1998). The meteorological data were obtained from an 
automatic weather station (Campbell Scientific) installed in 
the Agrometeorological Station of the UNOESTE, 20 m away 
from the experimental area. 
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where:
ETo 	 - reference evapotranspiration, mm d-1;
Rn 	 - daily total net radiation, MJ m-2 d-1;
G 	 - daily total heat flow in the soil, MJ m-2 d-1;
γ 	 - psychrometric constant, 0.063 kPa °C-1;
U2 	 - wind speed, m s-1;
es 	 - saturation vapor pressure, kPa;
ea 	 - partial vapor pressure, kPa;
Td 	 - mean daily temperature, °C;
T3d 	 - mean daily temperature of 3 days, °C;
Tmax 	 - maximum temperature, °C;
Tmin 	 - minimum temperature, °C;
ea 	 - actual vapor pressure, kPa;
RH 	 - relative air humidity, %; and,
T 	 - mean temperature, °C.

Doses of organic fertilization were tested in association 
with the irrigation depths. The fertilization was applied on the 
same day the seedlings were transplanted to the experimental 
plots. The fertilizers were aged bovine manure and aged poultry 
manure, both at the doses of 0, 3 and 5 kg m-2. The chemical 
analysis of the fertilizers was performed at the Laboratory of 
Soils and Plant Nutrition of the UNOESTE. The results for 
the bovine manure were: total N = 38.2 g kg-1; P = 9.9 g kg-1; 
K = 24.4 g kg-1; Ca = 33.7 g kg-1; Mg = 14.2 g kg-1; S = 0.7 g 
kg-1; B = 35.8 mg kg-1; Cu = 5.04 mg kg-1; Fe = 49.71 mg kg-1; 
Mn = 414 mg kg-1 and Zn = 135 mg kg-1 and, for the poultry 
manure: total N = 20.6 g kg-1; P = 12.8 g kg-1; K = 64.5 g kg-1; 
Ca = 173 g kg-1; Mg = 12 g kg-1; S = 7.9 g kg-1; B = 40 mg kg-1; 
Cu = 183 mg kg-1; Fe = 13.62 mg kg-1; Mn = 339 mg kg-1 and 
Zn = 489 mg kg-1.

(1)

(2)

(3)

(4)

(5)
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The soil of the region is classified as eutrophic Red Yellow 
Argisol (EMBRAPA, 2013). The physico-chemical analysis 
of the soil in the experimental area showed the following 
characteristics: pH in CaCl2 = 6.2; pH in SMP = 6.9; OM = 13 
g dm-3; H+AL = 18 mmolc dm-3; Ca+2 = 41 mmolc dm-3; Mg+2 = 
21 mmolc dm-3; K+ = 2.6 mmolc dm-3; P = 69 mg dm-3; SB = 64.6 
mmolc dm-3; CEC = 57 mmolc dm-3; V% = 58 and granulometry 
of 79.5% of sand, 14% of clay and 6.5% of silt, characterizing 
a sandy textural class. Soil correction was performed 30 days 
before transplanting using dolomitic limestone with 90% 
RNV to increase base saturation to 70%, according to the 
recommendation of Raij et al. (1997) for chamomile.

The total chamomile cultivation cycle was 128 days after 
transplanting. The harvest of the central row started 100 days 
after transplanting with the emergence of the first flowers and 
was performed daily until the senescence of the plants (duration 
of 28 days). After harvest, the capitula were dried at temperature 
of 60 ºC in an oven for 3 days. Then, the flavonoids were extracted 
from 2 g of capitula according to the method recommended 
by Verlag (1978). The essential oil was extracted through the 
process of hydrodistillation in a Clevenger apparatus using four 
replicates of 10 g of capitula in a 3-L volumetric flask with 1.5 L 
of distilled water, recording the volume of essential oil collected 
every hour (Wagner & Bladt, 1995).

The analyzed variables were: total dry matter of the capitula, 
and content (% of flavonoid in 100 g of capitula) and yield (g 
plant-1) of flavonoids and essential oil. The obtained data were 
subjected to F test and regression analysis.

Results and Discussion

During the experimental period, there was water deficit with 
total use of the tested irrigation depths (Figure 1). According to 
Meira et al. (2013), water deficit has direct effects on vegetative 
growth, biomass production and contents of secondary 
metabolites. The water deficit favored the effect of the irrigation 
depths on chamomile development (Figures 2, 3 and 4), directly 
interfering with the content of flavonoid and essential oil. 

There was no production of capitula in the plots where 
the organic fertilizer was not applied (Figure 2). According to 
Amer et al. (2009), organic fertilization favors the improvement 
of texture and the contents of organic matter and nutrients, 
contributing to the increase in soil water retention and, 
consequently, meeting the water requirements of the plant.

For capitulum dry matter (Figure 2), there was a polynomial 
fit in the interaction between fertilizer doses and irrigation 
depths, with the highest results of capitulum dry matter at the 
poultry manure dose of 5 kg m-2 associated with the increment 
in irrigation depth. According to Souza et al. (2012), the 
fertilization with manures acted on the physical, biological 
and chemical mechanisms, promoting improvements on the 
water retention capacity. The improvement on soil structure 
favors the progressive increments in irrigation depths without 
causing damages to the plant under water stress condition.

For the content and yield of total flavonoids (Figure 3), 
there was interaction between irrigation depths and organic 
fertilization. The quadratic fit demonstrates the progressive 

Figure 1. Climatic water balance along the experiment for the water depth of 100% ETo

** significant at 0.01 probability level

Figure 2. Capitulum dry matter of chamomile subjected to 
different irrigation depths (150, 100, 75, 50, 25 and 0% 
ETo) and organic fertilization using bovine manure (A) and 
poultry manure (B), both at the doses of 3 kg m-2 (b1 and 
a1) and 5 kg m-2 (b2 and a2), respectively
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increment of the accumulation of flavonoids as the applied 
irrigation depth increased. The irrigation depth of 150% ETo 
associated with the organic fertilization using poultry manure 
at the dose of 5 kg m-2 (dose a2) led to the highest content of 
total flavonoids and yield of total flavonoids per plant. The 
results of content of total flavonoids were different from those 
obtained by Bortolo et al. (2009) and Pacheco et al. (2011); 
according to these studies, the variation of water availability did 
not interfere with the concentration of this phenolic compound 
for the calendula crop. Mitchell et al. (2007) found that the 
levels of flavonoids in tomato plants increase in the presence 
of organic fertilization. Borella et al. (2011) observed that the 
content of total flavonoids did not show significant differences 
for the treatments using chemical fertilization and organic 
fertilization in calendula.

In response to the water stress, the plants tend to produce 
phenolic compounds and other substances for their maintenance 
under unfavorable conditions. There was a decrease of 25% in 
the content of flavonoids between the irrigation depths of 150% 
ETo and 0% ETo for the organic fertilization with poultry manure 
at the dose of 5 kg m-2 (Figure 4A). Alvarenga et al. (2011) 
concluded that the water deficit caused reduction of 60% in 
the content of flavonoids in rosemary pepper (Lippia sidoides).

The irrigation depth of 150% ETo (Figure 4A), associated 
with the poultry manure dose of 5 kg m-2 resulted in the highest 
content of essential oil, 0.36 mL 100g-1 of capitulum dry matter. 
The obtained content was below the minimum required by 

the Brazilian Pharmacopeia (ANVISA, 2010) (0.4 mL 100g-1) 
for commercialization. According to Khan et al. (2012), the 
highest irrigation depths favored the solubilization of the 
nutrients and maintenance of transpiration and equilibrium 
of the photosynthesis, resulting in the highest production of 
essential oil. For chamomile, the tested conditions do not favor 
the concentration of chamomile.

For the fertilizations with poultry manure, there was an 
increment in the content of essential oil as the irrigation 
depths increased. This result is different from that for aged 
bovine manure fertilization, since the content of essential oil 
decreased with the increase in irrigation depth. The results for 
fertilization are different from those of Mapeli et al. (2005), 
who observed that the fertilization did not influence the 
content of essential oil of chamomile and alpinia. Lopes et al. 
(2010) concluded that the organic management with the use of 
poultry litter resulted in the highest mean content of essential 
oil in chamomile plants. Costa et al. (2008) concluded that 
increasing doses of aged bovine manure and poultry manure 
resulted in the highest yield of essential oil of ‘elixir paregórico’ 
(Ocimum selloi).

The yield of essential oil (Figure 4B) was higher at the 
irrigation depth of 150% ETo, associated with the poultry 
manure fertilization at the dose of 5 kg m-2. Considering 
the fertilization with aged bovine manure, regardless of the 
irrigation depth, there was no significance in the results of yield 
of essential oil. Rosal et al. (2009) observed that the increase in 
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Figure 3. Content (A) and yield (B) of flavonoids in 
chamomile subjected to different irrigation depths (150, 
100, 75, 50, 25 and 0% ETo) and organic fertilization 
with bovine manure (b) and poultry manure (a), both at 
the doses of 3 kg m-2 (b1 and a1) and 5 kg m-2 (b2 and 
a2), respectively

Figure 4. Content (A) and yield (B) of essential oil in the 
capitula of chamomile subjected to different irrigation 
depths (150, 100, 75, 50, 25 and 0% ETo) and organic 
fertilization using bovine manure (b) and poultry manure 
(a), both at the doses of 3 kg m-2 (b1 and a1) and 5 kg m-2 
(b2 and a2), respectively
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the dose of aged bovine manure resulted in the increment of the 
essential oil yield of ‘boldo pequeno’ (Plectranthus neochilus). 
Pinto (2010) concluded that the water stress or the decrease in 
irrigation depth resulted in the highest production of essential 
oil of lemon grass, for favoring the synthesis of this secondary 
metabolite as a response to the abiotic stress.

Conclusion

1. The irrigation depth of 150% ETo associated with the dose 
of 5 kg m-2 of aged poultry manure promotes higher production 
of flavonoids and essential oil in chamomile for the region of 
Presidente Prudente, SP.
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