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ABSTRACT: Understanding the water requirement of forest species in the seedling stage supports cost reduction by eliminating unnecessary irrigation in
addition to providing higher productivity. This study was carried out to evaluate the effect of the water regime on initial growth, leaf production and content
and chemical composition of the essential oil of Eucalyptus globulus, during the first 120 days of cultivation. The experiment employed a completely ran-
domized design and was carried out at the Instituto de Ciéncias Agrarias da Universidade Federal de Minas Gerais (ICA/UFMG), Montes Claros, MG.
Treatments consisted of six different water regimes (50%, 75%, 100%, 125%, 150% and 175% of the reference evapotranspiration - ETo) with four replicates.
Plant growth was evaluated by measuring linear dimensions - height, stem diameter and number of leaves. The essential oil was extracted from fiesh leaves
by hydrodistillation in a Clevenger apparatus. The present study demonstrated that irrigation depths corresponding to 75% of the ETo are responsible for
increased growth of E. globulus and increased dry matter production of leaves. The lowest irrigation levels were responsible for the greatest essential oil con-
tent. The essential oil was analyzed by gas chromatography-mass spectrometry (CG- MS), and eucalyptol (40.84% to 55.72%) was reported to be the major
compound for all treatments. Compounds such as f-myrcene, o-Gurgujeno, Alloromadendreno, Varidiflorene appear under specific irrigation conditions.
Key words: Eucalyptus, Irrigation, Water stress, Eucalyptus globulus.

Influéncia do regime hidrico sobre o crescimento
inicial e 0leo essencial de Eucalyptus globulus

RESUMO: Conhecer a exigéncia hidrica de espécies florestais na fase de muda, além de proporcionar maior produtividade, possibilita reduzir
custos, eliminando irrigagées desnecessarias. Este estudo foi realizado com o objetivo de avaliar o efeito dos regimes hidricos no crescimento inicial,
produgdo de folhas, teor e composi¢do quimica do dleo essencial de Eucalyptus globulus, nos primeiros 120 dias de cultivo. O trabalho foi condu-
zido no Instituto de Ciéncias Agrarias da Universidade Federal de Minas Gerais (ICA/UFMG), Montes Claros, MG, empregando o delineamento
inteiramente casualizado. Os tratamentos consistiram em seis regimes hidricos (50%, 75%, 100%, 125%, 150% e 175% da Evapotranspiragdo de
referéncia - ETo), com quatro repeti¢ées. O crescimento das plantas foi avaliado por meio de dimensées lineares - altura, didmetro do coleto e niimero
de folhas. O oleo essencial foi extraido das folhas frescas e obtido pelo processo de hidrodestilagio, em aparelho Clevenger. Neste estudo, foi obser-
vado que laminas de irrigagao correspondentes a 75% da ETo sdo responsaveis por maior crescimento do E. globulus e maior produgdo de matéria
seca das folhas. As menores laminas de irrigagdo foram responsaveis pelos maiores teores de dleo essencial. O dleo essencial foi analisado por cro-
matografia gasosa acoplada a espectrometria de massas (CG-EM), e apontou o eucaliptol (40,84 a 55,72%) como composto majoritario para todos
os tratamentos. Os compostos como -mirceno, a-Gurgujeno, Alloromadendreno e Varidiflorene apareceram em condigées especificas de irrigagdo.

Palavras-chave: eucalipto, irrigacdo, estresse hidrico, Eucalyptus globulus.

INTRODUCTION (MARTINS et al., 2008). Studies have assessed the

effects of water availability on productivity of forest

In the implementation of forest species
in the field, the growth, development and initial
survival of plants occur in response to the quality
of the seedlings in the nursery (TUCCI et al., 2011).
Brazilian forestry industry has made progress under
the most diverse water availability conditions;
however, productivity gain is directly related to the
availability of this resource in the soil (STAPE et al.,
2010). The water regime affects: the sap flow, nutrient
distribution, stomatal conductance (CARTER&
WHITE 2009), net photosynthesis rate, transpiration,
leaf water potential (VELLINI et al., 2008) height,

+  diameter of the stem diameter and the number of leaves
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species such as Swietenia macrophylla (MORRIS et
al., 2000), Mimosa caesalpiniifolia, Enterolobium
contortisiliqguum, Prosopis juliflora and Tabebuia
aurea (SILVA& NOGUEIRA, 2003), Eucalyptus
urograndis (STAPE et al., 2004; SAAD et al., 2009)
Eucalyptus grandis (LOPES et al., 2005a), Khaya
senegalensis (ALI et al., 2013), Erythrina falcata
(PELEGRINI et al., 2013), Eucalyptus urophylla
(OUYANG et al., 2016).

Water relations in plants are an important
factor to be studied, because of the diversity of
physiological and ecological functions of water
(KERBAUY, 2008). In addition, with the advance of
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climate change this resource plays an important role
in forest plantations, mainly related to its availability
(CALDATO& SCHUMACHER, 2013).

Eucalyptus globulus has two important
differences from other eucalyptus species: easy
delignification and bleaching, due to the low content
of lignin and reduced retention of the polysaccharide
Xylan (PASCOAL NETO et al., 2005). Furthermore,
in Brazil E. globulus is one of the main producers
of essential oil with medicinal properties. This is due
to the presence of large quantities of cineole, also
known as eucalyptol (BIZZO et al., 2009). This study
aimed to investigate the water requirement of this
species and assess the effects on growth and essential
oil extracted from the leaves in the nursery stage.

MATERIAL AND METHODS

The experiment was conducted in a
greenhouse at the Instituto de Ciéncias Agrarias da
Universidade Federal de Minas Gerais (ICA/UFMQG),
in Montes Claros, located at 16° 40’ 58.5” South
latitude, 43° 50° 25.6”. East longitude and altitude of
626 metres. The climate of the region is characterized
as typical tropical, Aw in the Kdeppen classification,
with summer rains, annual average temperatures
between 22 and 24°C and average annual rainfall
between 1000 and 1200mm (LOPES et al., 2011).

Sowing was carried out in commercial
substrate under intermittent misting for 30 days, until
transplanting. The experimental plots consisted of
24 vases perforated in the center, with a capacity of
12 liters (average diameter of 18.5cm) arranged in
suspended benches. The soil of each experimental
plot was saturated with two liters of water and
remained covered for three days with plastic bags, to
avoid evaporation and reach field capacity.

The soil used as substrate, typical of the
Brazilian savanna (Soil Quartzipsamment), underwent
a chemical analysis and presented the following
characteristics: pH (H20)=5.9; remaining-P=49.10mg
L";K=10mgkg"'; Ca*=0.20cmol dm?;Mg*=0.10cmol
dm?; H+Al=1.07cmol, dm? SB=0.33cmol  dm?;
V=23%; organic matter= 1.26dag kg™'; and sandy soil
(44.50dag kg' clay). The following nutrients were
applied: N (100mg dm?); P (300mg dm™); k (100mg
dm?); S (40mg dm?); B (0.5mg dm?); Zn (5mg dm™)
and 0.5mg dm-3dolomitic limestone.

A completely randomized design was
used with six treatments and four replicates. The
treatments consisted of six irrigation depths based on
reference evapotranspiration (ETo): 0.5 x ETo; 0.75
x ETo; 1.0 x ETo; 1.25 x ETo; 1.5 x 1.75 x ETo ETo.

The ETo was calculated according to the equation of
Hargreaves-Samani (BERNARDO et al., 2009).

Maximum and minimum temperatures
were measured in the environment of plant growth, to
calculate the ETo, in order to determine the irrigation
depths, applied to the graduated cylinder. The
following characteristics of growth were measured:
stem diameter, height, number of leaves of each
individual. At the end of the experiment the leaves of
plants subjected to the water regime were collected
and their essential oil was extracted and analyzed for
chemical composition.

After 120 days, the leaves of the plants
of each treatment were collected in the morning
(7:00) and were transferred while still fresh to
the laboratory for medicinal plants of Instituto de
Ciéncias Agrarias da Universidade Federal de Minas
Gerais (ICA/UFMG), where they were subjected
to hydrodistillation, in a Clevenger appliance, for
a period of 2 hours, for extraction of essential oil.
The essential oil content was calculated, based on
the dry matter in the sample in g of essential oil per
100g dry matter. Following biomass stored in forced
ventilation oven at 103°C until constant weight, the
dry mass was obtained.

The chemical composition of the oil was
analyzed by gas chromatography (GC) coupled to
mass spectrometry (GC/MS), in the laboratory of
Instrumental Chemistry of Instituto de Ciéncias
Agrarias da Universidade Federal de Minas Gerais
(ICA/UFMG). The Agilent Technologies system
(7890A) was coupled to a mass spectrometer
(MS 5975C) with HP-5 MS capillary column
(30m x 0.25mm x 0.25pm) and helium (ImL min
) as drag gas. The injector was kept at 220°C,
following a temperature program of 60°C-240°C
(3°C min), operating in electronic impact at 70
eV in a range of 29 to 550 (m/z). The calculations
of retention indices were based on injection of
the standard of n-alkanes (nC8-nC40). The data
generated were analyzed using MSD Chemstation
software along with the NIST library (National
Institute of Standards and Technology, NIST
2002). The relative abundance (%) of constituents
was calculated, considering the peak area of the
chromatogram (CG) and organized according to
the order of elution. Compounds listed were those
that showed a relative abundance greater than 1%.

Growth characteristics of seedlings
and content of essential oil (%) were subjected to
regression analysis and for dry mass the Tukey
test was applied (0=0.05), both using the statistical
program SAEG-version 9.1 (SAEG, 2007).
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RESULTS AND DISCUSSION

At the end of 120 days of growth, the depth
with 75% of the ETo, averaging 4.5mm day' promoted
the greatest mean growth in height (63.75cm), stem
diameter (6.68mm) and number of leaves (Figure 1A,
1B, 1C). However, plants receiving the depth with
175% of the ETo presented lower values.

The application of 50% of the ETo, the
lowest, corresponded to a mean of 3 mm/day of
irrigation, while the greatest, (175% of the ETo),
corresponded to 10.5mmday' (Figure 2A). According
to Lopes et al. (2005a), the survival of seedlings of
eucalyptus is strongly influenced by the water regime.
In addition, the author reported that at temperatures
above 30°C, gross irrigation depths of 6, 8 and 10mm
day ! are not recommended. In a study of Eucalyptus
grandis at 108 days after sowing, LOPES et al.
(2005b) observed that irrigation depths of 12 and
14mm day"' favored the development and quality of
eucalyptus seedlings.

In a study by LOPES et al. (2007), with
irrigation depths of 6, 8, 10, 12 and 14mm day’', it was
observed that the increase in height of the aerial part
of Eucalypus grandis was proportional to the increase
of depth. In this experiment, it was found; however,
that greater depths provided lower growth, due to the
consideration of daily ETo in the calculation of depths
and to sandy soil as substrate. According to PRAVUSCHI
et al. (2010), the application of irrigation depths in
sandy soil with little water storage capacity results in
lower productivity rates when subjected to excessive
irrigation. Thus, soils with this behavior present high
permeability and a high infiltration rate (FRANCO
et al., 2015). Possibly, the lack of organic matter was
responsible for the excessive loss of water, since it
affects physical properties (AHMED et al., 2015) and
accumulation of this resource in the soil (MARCHINI
etal., 2015). According to SCHWIDER et al. (2013), in
eucalyptus clonal seedlings at 75 days, greater heights
can be observed where the level of available water in the
soil is between 75% and 90% of field capacity.

In the present study, the essential oil
content was affected by the water regime. Excess
water hindered growth in number of leaves and,
consequently, the production of essential oil. Lower
depths favored the production of essential oil (Figure
2B). The depth of 50% ETo, followed by that of 75%,
provided the greatest mean content of essential oil,
with 4.43% and 4.09%, respectively. According to
Vieira (2004), the essential oil yield of E. globulus,
based on dry weight of leaves, is between 0.7% and
2.4%. However, LEAL et al. (2001) observed that

plants under stress conditions, may present a greater
quantity of oil glands responsible for oil production.
Conversely, the greater irrigation depths
provided smaller biomass production, insufficient for
obtaining oil by hydrodistillation in the Clevenger
appliance. According to GRANDIS et al. (2010), plants
under conditions of excessive ground water present
reduced energy efficiency, since roots under anoxia
present difficulties in maintaining the energy flow in
the tissues. In addition, MEDRI et al. (2007), studying
morphoanatomic changes of Lithrae molleioides,
subjected to flooding, that under excessive water
conditions, plants presented lower starch content in the
stem and lower production of secretory structures.
Figure 2C shows the irrigation depth of
75% of the ETo, which provided greater mean dry
weight of leaves of E. globulus (21.04g). According
to GREGORIO et al. (2008), studying the effect
of flooding on the initial growth of 7Zabebuia
heptaphylla, under conditions of hypoxia and anoxia,
both the growth of the aerial and roots are reduced.
Analysis of chemical compounds of the
essential oil extracted from E. globulus, showed
different constituents in accordance with the water
regime (Table 1). Environmental factors directly
influence the chemical makeup of the plant’s
secondary metabolites, such as radiation, temperature,
precipitation, winds, altitude, soil, season and time
of collection (LIMA et al., 2003). The compound
found in the greatest quantity was eucalyptol for all
treatments; however, it presented relative abundance,
ranging from 40.84 to 55.72%. The other compounds
(a-pinene, limonene, a-terpinol and aromadendrene)
also showed variation in relative abundance. In
addition, the chemical composition of the essential oil
showed that plants grown under different irrigation
depths may be present limited presence of compounds
such as B-myrcene, a-Gurgujene, Varidiflorene, Ledol
isomer 1 and B-Eudesmol. According to CHAVES et
al. (2004), studying eucalyptus clones in the seedling
stage at 4 months of age, the species may present
different adaptations to environments depending on
the availability of water. MALINOWSKI (2010),
studying the chemical composition of E. globulus, in
the four seasons (spring, summer, winter and autumn),
noted, as was reported in this study, that eucalyptol
(1-8 cineole) was the compound found in the greatest
quantity, which ranged between 54.42 and 60.35%.

CONCLUSION

The chemical composition of the essential
oil extracted from the leaves and the growth of E.
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Figure 1- Simple linear regression of Eucalyptus globulus growth under different water regimes

evaluated biweekly during 120 days. (A) mean height, (B) mean diameter, (C) mean
number of leaves.
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Table 1 - Chemical composition of essential oil extracted from Eucalyptus globulus grown under four water regimes.

n® Peak Compound RT IRl IR
50% 75% 100%
Monoterp :‘
a-Pinene 5.5 931 931 13.142.2 13.843.7 9.5+4.0 5.4+1.3 ‘::
2 B-Myrcene 7.0 987 993 nd 1.1£0.0 nd Nd W
3 Limonene 83 1028 1028 6.5+0.8 6.8+0.6 5.4+0.7 4.3+1.3 N
Oxygenated Monoterpenes ‘
4 Eucalyptol 8.5 1032 1031 47.549.5 55.7+4.0 42,573 40.8+2.4
5 a-Terpineol 14.8 1194 1190 1.8+0.7 2.1£0.9 2.3+0.6 1.7£0.0
6 Terpineol Acetate 21.2 1344 1343 11.8£3.0 nd 9.0+1.7 nd
7 Unknown 22.1 1366 1357 nd 6.2+2.9 nd Nd
8 Geraniol acetate 22.6 1376 1376 nd 1.3£0.3 1.3£0.2 1.5+0.0
Sesquiterpenes:
9 a-Gurgujene 23.6 1401 1408 nd nd nd 1.0£0.4
10 Aromadendrene 24.9 1432 1439 1.7£0.5 1.740.0 3.8+£2.1 5.8£1.3
11 Alloroamadendrene 25.8 1454 1455 nd nd nd 1.3+0.4
12 Varidiflorene 27.1 1485 1496 nd nd nd 2.0£1.2
Oxygenated Sesquiterp
13 Epiglobulol 29.9 1556 1532 nd nd 1.4+0.6 2.240.0
14 Ledol isomer 1 30.2 1563 1551 nd nd nd 1.4+0.3
15 Ledol isomer 2 30.8 1579 1569 4.1£1.6 3.9£1.0 7.9+2.8 14.1£1.1
16 Globulol 31.1 1587 1580 1.2+0.3 nd 1.7£0.5 2.9+0.2
17 Eudesmol 323 1617 1625 nd nd 1.5£0.4 2.4+0.2
18 B-Eudesmol 334 1648 1651 nd nd 1.6+0.7 Nd
Total of identified compounds: 87.8 86.3 87.9 86.9
Trace elements (below 1% peak area) 12.2 7.5 12.1 13.1
Monoterpenes 19.6 21.6 15.0 9.7
Oxygenated Monoterpenes 61.2 59.1 55.1 44.1
Sesquiterpenes 1.7 1.7 3.8 10.2
Oxygenated Sesquiterpenes 53 39 14.1 23.0
Oil Content (%) 44 4.1 2.0 2.0

Legend: RT=Retention Time;IR.=Index of Calculated Retention; IR=Retention Indexaccording toADAMS, 2007; nd=compound not
detected.

globulus are influenced by the water regime. With the REFERENCES

conditions described in this experiment, we suggested

the application of irrigation depths of 75% of the ETo
in order to provide greater initial growth to seedlings
of E. globulus. In addition, it was reported that the
greatest irrigation depths negatively affected the
growth of plants, providing lower content of essential
oil in dry matter of leaves.
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