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Abstract: The aim of this study is to determine the essential oil content variation at harvesting day (EOC,) and
at wilting day (EOC,)) of Eucalyptus globulus leaves was evaluated as independent factors that are harvesting
season (Long Rain season and Dry Season), the leafs type (Top, middle and bottom) and wilting period from
0h (W,) to 96 h (W,) were selected in to the experiment. A completely randomized design with three replications
was used in the experiment. The oil was obtained by hydrodistillation of Eucalyptus leaves using Clevenger
apparatus for 3 h. The distillate oil was measured and the essential oil content was expressed in percent based
on harvesting day and wilting day calculations. EOC, and EOC,, of E. globules were highly significantly
(p<0.001) affected by harvesting season, leaf position and wilting period. Interaction effect of harvesting
season, leaf position and wilting period on essential oil content at harvesting day and wilting period of
E.globulus is highly significant (p<0.0001) in higher yielding of the EOC,and EOC,, were found at wilting period
72 h (W3) and 96 h (W4) with long rain season and dry season according to the respective value of EOC,and
EOC,, (1.58% and 3.13%), respectively. The smallest essential oil content EOC,(0.93%) and EOC,,(0.94%) was
obtained for samples harvested during long rain season from bottom part distilled without wilting (W,). In view
of the results, it can be concluded that the day four wilting period and top leaf part are the most advantageous

for a maximum of essential oil recovered when the globulus leaves were distilled.
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INTRODUCTION

The genus Eucalyptus, family Myrtaceae, is a large
genus comprising more than 800 species [1]. It is native to
Australia and widely grown in many parts of the world [2].
Of which at least 500 species produce essential oil [3].
Tasmanian blue gum (Eucalyptus globulus Labill) is one
of the species of the genus and a native tree of
south-eastern Australia and neighboring countries [4].
It is a medium to a large evergreen broadleaf tree, growing
up to 60 m [5]. It is cultivated worldwide for its oil, gum,
pulp, timber, medicine and aesthetic value. Among the
various wood and non-wood products essential oil (EO)
is the most important one [6]. According to Silva [7] the
plant produces one of the most important Eucalyptus oil.

The oils are found in the leaves, fruits, buds, and bark.
However, the most important commercial oil is isolated
from the leaves by hydro and steam distillation [8].
Essential oils from E. globulus have extensive use in
food, perfumery and pharmaceutical industry [6]. The oil
possesses a wide spectrum of biological activity including
anti-microbial, anti-fungicidal, anti-insecticidal/insect
repellent, herbicidal, acaricidal and nematicidal [9]. In
addition, the oils can be used as folk medicine and are
anesthetic, anodyne, antiperiodic, antiphlogistic,
antiseptic, astringent, deodorant, diaphoretic,
disinfectant, expectorant, febrifuge, fumigant, hemostat,
inhalant, insect repellant, preventative, rubefacient,
sedative stimulant, suppurative, tonic, and vermifuge [4].
Essential oil production of Eucalyptus influenced by
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different factors such as the type of species/genotypes
leaves the position, leafage, harvesting season and tree
age [10]. Moisture content, wilting time and chopping size
also affect essential oil production of the plant [6, 11-13].

Eucalyptus species are widely planted in Ethiopia for
firewood, construction poles, windbreak and erosion
control and as a border tree. Even though the plants are
grown in different part of Ethiopia and are potentially a
good source of high-quality essential oils, Research effort
was not made to evaluate the influence of different factors
on essential oil quality and quantity of the plant in the
country.

Therefore, the aim of this study was to investigate
most advantageous harvesting season, the leave position
and optimum wilting period of E. globulus leaves for
highest EO content.

MATERIALS AND METHODS

Site Descriptions: The experimental materials were taken
from Wondo Genet Agricultural Research Center
experimental site. Geographically, Wondo Genet is located
at 07° 03' 19.1" to 07° 04' 00.2" North latitude and from 38°
30' 08.4" to 38° 31' 01.8" East longitude. It covers a wide
altitudinal range of 1600-2580 m.a.s.1. [14]. The rainfall of
Wondo Genet area is characterized by a bimodal
distribution, with the main rainy season between July and
October, which accounts for 50% of the total rainfall, and
a short rainy season between March and May. The mean
annual rainfall is 1247 mm, and the mean monthly
temperature is 19.5 °C, with mean monthly maximum and
minimum temperatures of 26.3 °C and 12.4 °C, respectively
[15]. The main parent material of the soil of the study area
is developed on volcanic deposits of ignimbrite, ash, lava,
and tuff, which have formed gentle and undulating terrain
[16].

Sample Collection and Preparation: Eucalyptus globulus
trees were randomly selected from Wondo Genet
Agricultural Research Center experimental site and the leaf
samples were harvested during the long rain season from
June, 2014 to October, 2014 and the dry season from
November, 2014 to February, 2015. A total of 30 treatment
combinations comprising 5 levels of wilting periods (0, 24,
48, 72 and 96 h after harvest), 3 levels of leaf positions
(Top, Medium and Bottom) and 2 levels of harvesting
season (Long Rain Season and Dry Season) were used for
the experiment. The design of the experiment was
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completely randomized design with three replications.
For each treatment constant weight of leaf, samples
were taken and subjected to open air for wilting
purposes under shade having an average temperature of
25°C.

Extraction of Essential Qils: The essential oil extraction
was performed by hydrodistillation for 3 h using
Clevenger type apparatus [17, 18]. The distillate oil of
each sample was measured and the percentage of
essential oil content was calculated by using the
following mathematical methods:

The weight of distilled oil was divided by fresh leaf
weight and multiplied by hundred, it was given
essential oil content at harvested day (EO C,) [4].
The weight of distilled oil divided by
wilted leaf weight and multiplied by hundred, it was
given essential oil content at wilting day (EOC,)
[4,19].

was

Data Analysis: The statistical analysis was done with
SAS software version 9.0 and SAS Studio (Which is free
university license and very good for assumption
checking). The classical general linear model with
two-way ANOVA fits the data very well as shown in the
results. Mean separation was carried out using LSD at
(P<0.001).

RESULTS AND DISCUSSION

Variation in Essential Qil Content of Eucalyptus
globulus: EOC, and EOC,, of E. globulus were highly
significantly (P<0.001) affected by harvesting season, leaf
position and wilting period (Table 1). This result of
significant variation with wilting treatment
corroborated by the works of [13], the previous finding
has shown that the effect of wilting on the yield of the
resulting essential oil produced from the grass species
(i.e. Lemongrass, Palmarosa and citronella) being
wilted up to day three gave significantly higher amount
of EOC,, than that of early distillation and the amount
of the corresponding EOC, increases within the range
0.21-0.85%,0.27-0.82% and 0.83 - 1.53% for Lemongrass,
Palmarosa and citronella, respectively. Interaction effect
of harvesting leaf position and the wilting
period was also highly significant on EOC, and EOC,, of
E. globulus (Table 1).

was

season,
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Table 1: Analysis of Variance for Essential oil content of Eucalyptus globulus.

Source of Variation Df EOC; EOC,, ()
Harvesting season (HS) 0.54%** 5.8%**
Leaf Position (LP) 2 0.78%** 2.17%**
Wilting Period (WP) 4 0.0227%** 371k
HS xLP x WP 2 0.35%#* 0.12%%**
Error 60 0.0035 0.01
CV(%) 4.85 5.44

***= Significant at P < 0.001; **= Significant at P < 0.01; *= Significant at P < 0.05; ns= Non significant at
P <0.05, EOC, = Essential oil content at harvest, EOC,, = Essential oil content at wilting day

Table 2: Interaction effects of harvest time, leaf position and wilting period on essential oil content at harvest EOC,(%) and essential oil content on the witting

day of Eucalyptus globulus.

Means

Harvesting Season

Dry season Long rain season
Leaf Position Wilting Period EOC, (%) EOC,, (%) EOC, (%) EOC,, (%)
Top WO (0 h) 1.38b% 1.38M 1.25g" 1.25%
W1 (24 h) 1.3500f 1.65° 1.28 e 1.43&
W2 (48 h) 1.33d°" 2.19¢ 1.3¢fe 1.647
W3 (72 h) 1.23Mik 2.63% 1.58* 2.214
W4 (96 h) 1.4bd 3.132 1.4b¢ 2.214
MiddleMiddle WO (0 h) 1.32d¢fe 1.324 1.14m 1.144
W1 (24 h) 1.4bd 1.67° 1.06™ 1.18%
W2 (48 h) 1.43% 2.2¢ 1.04 1.35M
W3 (72 h) 1.4bd 2.53¢ 1.17# 1.65°
W4 (96 h) 1.45° 2.7° 1.174 1.91¢
Bottom WO (0 hr) 1.00"r 1.00™ 0.93¢ 0.94m
W1 (24 h) 1.154m 1.39M 1.00mr 1.134
W2 (48 h) 1.15k™ 1.68° 0.96° 1.25%
W3 (72 h) 1,20 2,114 0.834 1.24k
W4 (96 h) 1,20 2.12¢ 0.94r 1.56%

Means followed the same letters under the same column are statistical non-significant at 0.05 leavel of probability

Interaction Effect of Harvesting Season, Leaf Position
and Wilting Period on Essential Oil Content at Harvest
(Eoc,) and Essential Oil Content at Wilting Day (Eoc,) of
Eucalyptus globulus: As shown in Table 1, the
interaction effect of harvesting season, leaf position and
wilting period on EOC, and EOC, of E. globulus is
significant. Maximum yielding of the EOCyand EOC,, were
found at wilting period 72 h (W3) and 96 h (W4) with long
rain season and dry season in top leaf part according to
the respect value of EOC,and EOC,, (1.58% and 3.13%),
respectively. These results found to be higher than the
previous reported by [20] which was reported 1.05% w/w
( DB) on the determine the oil content variation and
antimicrobial activity of three different Eucalyptus
species. There are many literatures reported for
E.globulus where the essential oil yield was 1.9-2.7%
(w/w, based on the fresh weight of the youg leaves) in
Morocco [21]; 2.68% (w/w, based on the fresh weight of
the adult leaves) in Argentina [22].
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The next higher value of EOC,and EOC,, 1.45% and
2.7% were recorded in middle leaf part and the wilted
period for 96 h (W,) (Table 2). These results are
comparable with other studies reported by [23], which was
in the range between 0.8 to 2.% W/W (DB) on the Yield,
Contents and Chemical Composition Variations in the
essential oils of different E. globulus trees from Tigray,
Northern Ethiopia. EOC, during the dry season from
middle part with wilted period 24 h (W) and 72 h (W)
were yielded statistically similar essential oil content
(1.4%) with samples top part and wilted period 96 h (W,).
EOC,, during long rain season from top part wilted period
72 h (W,) and 96 h (W,) were yielded statistically similar
essential oil content with sample harvested during the dry
season from the top, middle and bottom part and wilted
for 48 h (W,),72 h (W,) and 96 h (W,). The smallest EOC,
(0.93%) and EOC,, (0.94%) was obtained for samples
harvested during long rain season from bottom part
distilled without wilting (WO0) (Table 2). In general from
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the experimental data's observed that the percentage of
EOC,and EOC,, are maximum recorded at W,in each leaf
type and the significant increment with increase of
wilting period from 0 h (W,) to 96 h (W,) in all leaf parts
(Top, middle and bottom) of E. globulus at both harassing
consequently, computing along with leaf
type maximum yielded EOC,and EOC, are observed in
leaf tip part at all wilting period than medium and
bottom parts. The significant variation between different
wilting period of E. globulus leaves might be the
synthesis of essential oil is more concentrated at wilting
day four than others wilting periods payable the leaf
characters such as leaf area,
mass per area [24] and the loss of moisture with
subsequent wilting of the E. globulus leaves which
contributed to the increase in the percent composition of
essential oil was described by Solomon and
Fikremariam [13]. The significant variation between leaf
types (Top, middle and bottom) is probably because of
the glandular trichomes or specific oil cells that are
present in parenchymal tissues of E. globulus leaves
[25-27] are found extra growth in top leaf part than middle
and bottom leaf parts.

se€ason.

leaf thickness and leaf

as

CONCLUSION

This experiment has clearly shown the impact of
harvesting season, leaf position and wilting period on
EOC, and EOC, of the Eucalyptus globulus leaves.
The post-harvest wilting period before distillation of the
E. globulus leaves up to 96 h (W4) gave significantly high
essential oil contents than early distillations in each leaf
type during the harvesting season. An average of
essential oil content on wilting period for both harvesting
season, increases variably between top and middle
(0.11%) and top and bottom (0.31%) for EOC,, and top and
middle (0.21%) and top and bottom (0.53%) for EOC,.
Therefore, it can be concluded that the present study has
shown us the significance of an excellent model for
handling mechanism of FE.globulus
distillation. The wilting period at day four and the leaf
position at the top are the most advantageous for a
maximum of essential oil recovered when the E. globulus
leaves was distilled. This result has significant importance
to save time management and minimize running
cost/maximize the cost of production into the distillation
process for commercially produce essential oil content
from the leaves studied.

leaves before

126

ACKNOWLEDGMENT

Authors would like to acknowledge Dr.Tesfaye
Bekele, the director of Essential Oil Research Center for
all rounded supported and some involvement in the
project. In addition, the authors are grateful and thankful
to Mr. Birara Tilahun for his valuable contribution during
the collection of Eucalyptus globulus leaves and also to
Mr. Zerihun Jomba, for his active participation for
laboratory work analysis throughout the period of this
study.

REFERENCES

Format, V. and K.H. Kubeczka, 1982. Essential Oil
Analysis by Capillary Gas Chromatography and 13C
NMR Spectroscopy, Wiley Heyden Ltd. London,
pp: 87.

Hutchinson, J., 1959. The families of Flowering
plants, University Press, London, pp: 303.

Sefidkon, F., M.H. Assareh, Z. Abravesh and
M. Mirza, 2006. The chemical composition of the
essential oil of five cultivated Eucalyptus species in
Iran. Essential oil Bearing Plants, 3: 245-250.
Zheljazkov, V.D., C.L. Cantrell and T. Estates, 2010.
Yield and composition of oil from Japanese cornmint
fresh and dry material harvested successively.
Agronomy Journal, 102(6): 1652-1656.

Orwa, C., A. Mutua, R. Kindt, R. Jamnadass and
S. Anthony, 2009. Agroforestree Database: a tree
reference and selection guide version 4.0. World
Agroforestry Centre, Kenyapasicolan et al., 1997,
FAO, 1989.

Batish, D.R., H.P. Singh, R. K. Kohli and S. Kaur,
2008. Eucalyptus essential oil as a natural pesticide.
Forest Ecology and Management, 256(12): 2166-2174,
ISSN 03781127.

Silva, P.HM., J.O. Brito and F.G. Junior, 2006.
Potential of Eleven Eucalyptus Species for the
production of Essential Oils. The science of
Agriculture Piracicaba, Brazil, 63: 85-90.

Nabil Bousbia, Maryline Abert Vian, Mohamed
A. Ferhat, Emmanuel Petitcolas, Brahim Y.
Meklati and Farid Chemat, 2009. Comparison of
two isolation methods for essential oil from
rosemary leaves Hydrodistillation and microwave
hydro diffusion and gravity. Food Chemistry,
114: 355-362.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

World J. Agric. Sci., 14 (4):

Brooker, M.I.H. and D.A.K. Eomog, 2006. Field Guide
to Eucalyptus. Vol. I. South —eastern Australia, Third
Edition. Bloomings, Melbourne, Victoria, Australila,
pp: 383.

Zria, S., B. Benjilali, M. Fechtal and H. Richard, 1992.
Essential Oil of twenty-seven Eucalyptus Species
grown at Morocco. Journal of Essential Oil Res.,
4:259-264.

Yagodin, V. and G. Hunashova, 1973. On the
preservation of green pigments in the drying process
of needles. Ispolzovanie biologicheski aktivneh
veshestiu dereva. Riga, pp: 14-19.

Yagodin, V. and V. virodov, 1996. Technology
drevesnoi zeleni. St. Petersburg, pp: 199.

Solomon, A.M. and H. Fikremariam, 2010. Essential
Oil Content Response of Lemongrass, Palmarosa and
Citronella to Post Harvest Wilting and Chopin. The
African Joural of Plant Science and Biotecnology.
Hjelm, B., 2001. A management plan for the forest
plantation of Wondo Genet College of Forestry 2001-
2005, Wondo Genet College of Forestry.

Fikadu Getachew, 2006. Effect of land use type on
soil physical and chemical properties in Wondo
Genet, Ethiopia. M.Sc thesis Wondo Genet Collage of
Forestry and Natural Resource.

Makin, M.J.,, TJ. Kingam, A.E. Waddams,
C.J. Birchall and T. Teferra, 1975. Development
prospects in the southern Rift Valley, Ethiopia. Land
Resource Study 21. LRD, Ministry of Overseas
Development, Surbiton. xiv, 270.

Khouzani, H.L., O.S. Fini and J. Safari, 2007. Essential
oil composition of Rosa damascene Mill. Cultivated
in Central Iran. Scientia Iranica, 14(4): 316-319.
Guenther, E., 1972. The essential oils: Histort-orogin
in plants production- analysis (voll), Robert E. Kriger
publishing Co. Malabar, Florida, pp: 427.

Bhuiyan, M.N.I., F. Akter, J.U. Chowdhury and
J. Begum, 2010. Chemical constituents of essential
oils from aerial parts of Adenosma capitatum and
Bangladesh Journal of

Limnophila aromatic.

Pharmacology, 5: 13-16.

127

20.

21.

22.

23.

24.

25.

26.

27.

123-127, 2018

Bachheti, R.K., Archana Joshi and Arjun Singh, 2011.
Oil Content variation and Antimicrobial activity of
Eucalyptus leaves oils of three different species of
Dehradun, Uttarakhand, India, 3(2): 625-628.

Zira, S.S. and B.B. Benyjilali, 1996. Journal of Essential
Oil Research, 8: 19-24. C.L. Viturro, 2003. Journa of
Essential Oil Research, 15: 206-208

Viturro, C.L., 2003. Journa of Essential Oil Research,
15:206-208.

Subramaian, P.A., G. Abraha and N. Kebede, 2012.
Yield contents and chemical composition variations
in the Essential oils of different Eucalyptus globulus
trees from Tigray, Northern Ethiopia. Journal of
pharmaceutical and biomedical sciences. ISSN NO-
2230-7885 CODEN JPBSCT.

Drew James King, Roslyn M. Gleadow and Ian E.
Woodrww, 2006. Regulation of oil accumulation in
singe glands of Eucalyptus polybractea. School of
Botany, The University of Melbourne, Victoria 3010,
Australia.

Lewinsohn, E., N. Dudai, Y. Tador, I. Katzir, U. Ravid
and E. Putievsky, 1998. Localization of citral
accumulation in lemongrass leaves (C.citratus DC
Stapf Poaceae). Annals of Botany, 81: 85-89.

Luthra, R., A.K. Srivastava and D. Gajewala, 2007.
Histochemical localization of citral accumulating cite
in lemongrass (C.flexuosus Nees ex. Steud ) Wats
cultivar GRL-1. Asian Journal of Plant Science,
6:419-422.

Sangwan, N.S., A.H.A. Farooqi, F. Shabih and
R.S. Sangwan, 2001. Regulation of essential oil
production in plants.
34:3-21.

Plant Growth Regulation,



