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Abstract

The experiment trials were conducted in Horticulture Research Institute (HRI), Agricultural Research Centre, Giza,
Egypt during two successive seasons of 2020 and 2021 to study the effect of basil leaves extract on growth, chemical
composition and different properties for essential oil of Eucalyptus citriodora seedlings under different irrigation intervals.
Results clarified that the vegetative growth parameters and photosynthetic pigments were increased in plants that were irrigated
every 6 days but proline and MDA were decreased at the same treatment. While, leaf area showed high increment in plants
irrigated every 4 days, whereas, all root traits, total sugars content in all organs and antioxidant enzymes activity (PPO, SOD,
POD and CAT) were raised by irrigation intervals every 8 days. E. citriodora plants sprayed with BLE at rate 20% produced
the highest value for all vegetative growth parameters and all chemical compositions except proline and MDA which showed
the lowest value at the same rate. Irrigation every 6 or 8 days with spraying 20 or 40 % of (BLE) was the best treatments for
production of essential oil fresh leaves. Main constituent of essential oil of Eucalyptus citriodora fresh leaves is citronellal
which reached to (71.54%) by irrigation every 8 days with spraying 40% of (BLE), the oil was monoterpenoid (92.59- 97.93%).
Oil and its major monoterpenes exhibited restrained to strong antioxidant activity.

Keywords: Eucalyptus citriodora, Ocimum basilicum, basil, extract, lipid peroxidation, enzyme activity, essential oil, GC-MS

1. Introduction

Eucalyptus is a large genus belonging to the
family Myrtaceae. It comprises more than 600 species
and subspecies of evergreen trees and shrubs, mainly
native to Australia, Tasmania, New Guinea and
neighboring islands.

Eucalyptus citriodora Hook. commonly
known as ‘Lemon-Scented Eucalyptus’ or ‘Lemon-
Scented Gum’, is an evergreen trees hative to

been shown to have antibacterial, antifungal,
ascaricidal, and insect repellent properties [2, 3, 4& 5].
The oil has also been found to be phytotoxic and has
the potential to be used as a herbicide [6, 7, 8, and 9].
The plant's wood is also valuable as a timber and
firewood.

It is a tall graceful tree with slender tapering
trunk reaching a height up of 60 m with a straight that
shows a bole and smooth bark which peels off in long

Queensland, Australia [1]. This species holds a great
value due to its citronellal rich essential oil extracted
from its leaves. The species was introduced in various
countries such as India due to its commercial
cultivation. Its oil is commonly valued for
manufacturing of formulations of perfumes, toiletries
and also used in disinfectants. Citronellal extracted
from oil is used in the manufacture of synthetic
menthol as well as citronellol. The leaves reported to
possess antiseptic properties and are used in the
treatment of various skin diseases. E. citriodora oil has

thin strips or sheets. The leaves have a leathery texture
and hang vertically or diagonally and are covered in
glands that contain a scented volatile oil. The young
leaves are broad, opposite, cordate-ovate, glaucous-
grey; the adult leaves (after 4 or 5 years) are sword-
shaped, 15-30 cm long, bluish-green in color,
alternate, vertical.

Several studies have found that basil
(Ocimum basilicum) is an excellent source of
antioxidants. Secondary metabolites of plants, such as
flavonoids and phenolic acids, contribute to their
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antioxidant properties. The methanolic leaves extract
of basil had high antioxidant potential and it is
characterized by free radical of scavenging nature
[10].

Drought stress is widely regarded as the most
severe environmental constraint on the yield and
growth of several species of plants in arid and
semi-arid areas. Drought may have an adverse effect
not only on the morphological level, but also on the
physiological, biochemical, and molecular levels.
[11]. Drought stress causes the production of excess
reactive oxygen species (ROS), that is lipid
peroxidation, protein denaturation, DNA mutation,
disruption of cellular hemeostasis, and several types of
oxidative damage on cellular level , affecting plant
growth and yield. [12]. Thus, applying exogenous
antioxidants or any strategy that can enhance
antioxidant component in plants can be considered as
a potent strategy for reducing oxidative stress and to
ameliorate drought stress tolerance. This work aims to
improve the response of Eucalyptus citriodora to cope
the drought stress by using basil leaves extract.

2. Experimental

The The experiment trials were carried out in
Horticulture Research Institute (HRI), Agricultural
Research Center, Giza, Egypt during two successive
seasons of 2020 and 2021, and the chemical analysis
implemented in Ornamental Plants and Woody Trees
Dept. and determination essential oil properties in the
laboratory of Horticultural Crops Technology Dep.,
National Research Centre, Dokki, Giza, Egypt. It
intended to find out the individual and combined effect
of different irrigation intervals and basil leaf extract on
growth, chemical constituent, essential oil content and
its properties in leaves of Eucalyptus citriodora

Seedlings of Eucalyptus citriodora (the
average height of seedlings 40-45 cm) were obtained
nursery of Timber and Forestry Research department,
Horticulture Research Center, Agricultural Research

Center. The seedlings were planted on the first March
in plastic pots 30 cm (one plant/pot),) filled with 9 kg
soil mixture (sand and clay 1:1 by volume) the
physical and chemical analysis were shown in Table
(1) which was determined according to Jackson [13]
The field capacity was 1400 cm®/pot. The irrigation
schedule was for treatment (every 4, 6 and 8 days).
After one month from transplanting, the irrigation was
started and then harvest in 15" November.

Three rates of basil leaves extract (BLE) (O,
20 and 40%) was used, the plant treated with (BLE)
three times of 30 days irrigation regime starting on the
first May in both seasons, the second one after another
month and so on.

The available commercially fertilizer used
through this experimental work Kristalon (NPK
19:19:19) produced Phayzen Company, Holland
(Netherlands) the fertilizer rates 5.0 g/pot in four doses
4, 8, 16 and 20 weeks from transplanting.

Preparation of ethanolic basil leaves
extract
Basil dried leaves were from National
Research Centre in Giza, Egypt, It was extracted
according to the techniques described by Sedky [14].
Dried leaves were crudely powdered, then basil leaves
powder (100 g) were soaked in 500 ml 70% ethyl
alcohol, and kept in tightly sealed vessels at room
temperature for three weeks, this mixture was filtered.
The extraction of the residue was repeated 3 times in
the same manner until a clear colorless supernatant
extraction liquid was obtained. The extracted liquid
was filtered and concentrated using rotary evaporator
under reduced pressure at 50° C until the solvent was
completely removed. The extract was stored at 4°C
until used. The plant extract was tested for the total
phenols content and antioxidant activity and the values
shown in Table (2).

Table (1) The physical and chemical properties of the soil mixture

Soil sample Coarse sand% Fine sand% Silt% Clay%
Sandy loam 61.44 9.36 12 17.20
E.C.(1:1) (dS/m) pH O.M. (%) Anion (meg/l) Cation (meg/l)
HCO3 CIF S04 Ca*™* Mg™ Na** K*
0.48 8.1 1.36 6.88 325 247 6.00 182 279 0.78

Table (2) Analysis the total phenols and antioxidant activity in basil leaves Extract

Antioxidant Activity %

Total phenolic

(Mg/g Extract) 20 pg. ml? 50 ug. mIt 100 pg. mit 150 pg. ml? Zorglﬂg' 1Cs0 (g/ml)
122.8 £3.39 2051479 27.9+3.310 42.7 £1.283 64.2 £1.596 72452(-5_'- 11.67
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Determination of total phenols content (mg. g%):
Total phenols content (mg. g1) of basil leaves
extract was determined in the representative dry herb
samples according Singleton et al. [15] as follows:
The reaction mixture was prepared by mixing
0.5 ml of methanolic solution of extract, 2.5 ml of 10%
Folin-Ciocalteu’s reagent dissolved in water and 2.5
ml 7.5% NaHCOs. Blank was concomitantly prepared,
containing 0.5 ml methanol, 2.5 ml 10% Folin-
Ciocalteu’s reagent dissolved in water and 2.5 ml of
7.5% of NaHCOsz;. The samples were thereafter
incubated at room temperature for 45 min. The
absorbance was determined using spectrophotometer
at Amax = 765 nm. The samples were prepared in
triplicate for each analysis and the mean value of
absorbance was obtained. The same procedure was
repeated for the standard solution of gallic acid and the
calibration line was construed. Based on the measured
absorbance, the concentration of phenolics was read
(mg/ml) from the calibration line; then the content of
phenolics in extracts was expressed in terms of gallic
acid equivalent (mg of GA/g of extract).
Determination of antioxidant activity (%0)

The antioxidant activities of (BLE) was
assessed in terms of hydrogen-donating or radicals
cavenging ability, using the stable radical DPPH (2,
20-Diphenyl-1-picrylhydrazyl) according to Brand-
Williams et al. [16]. This activity is comparable with
that of the standard drug ascorbic acid as strong
antioxidant. The DPPH solution was prepared by
dissolving 9.85 mg in 100 ml 70% methanol. (20, 50,
100, 150 and 200 pg. mlt) of (BLE) the mixtures were
thoroughly shaken before being placed in the dark at
room temperature for 30 minutes. If free radicals have
been scavenged the purple color of DPPH will
degenerate to yellow, indicating free radical
scavenging activity. A spectrophotometer was used to
measure the decrease in absorbance at 517 nm. The
Absorbance of the radical without sample was used as
control (665 pl methanol 70 % and 335 pl DPPH). The
amount of sample required to reduce the DPPH
absorbance was determined. The inhibition percentage
of the DPPH radical by the extracts was calculated
according to the following equation:

DPPH inhibition % = [(AB - AS)/AB] x 100
Where, AB=absorbance of blank, and AS= absorbance
of a tested sample at the end of the reaction.

Data recorded:

1. Vegetative growth:

Plant height (cm) stem diameter (cm),
number of leaves/plant, root length (cm) number of
branches/plant, leaf area (cm?) fresh and dry weight of
all plant organs (stem, leaves and root (g)).

2. Chemical analysis

Photosynthetic pigments including
chlorophyll a, b and carotenoids (mg. g* F.W.) were
determined according to Saric et al. [17], Total sugars
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content (mg. g* F.W.) in leaves, stems and roots were
determined according to Dubois et al. [18], Lipid
peroxidation (ug. g' F.W.) was expressed as
malondialdehyde (MDA) content and was determined
according to Buege and Aust [19], Proline content (g.
g*F.W) was determined according to Bates et al. [20]
and antioxidant enzymes activity of polyphenol
oxidase (PPO) [1.10.3.2] was determined according to
Matta and Dimond [21], superoxide dismutase (SOD)
[1.15.1.1] determined according to Marklund and
Marklund [22], peroxidase (POD) [1.11.1.7]
determined according to Bergmeyer [23] and catalase
(CAT) [1.11.16] determined according to Aebi [24].
Essential oil properties in leaves

Essential oil percentage (%0)

Fresh leaves of Eucalyptus citriodora
seedling were subjected to the essential oil extraction
with hydro-distillation (water distillation). Extraction
and quantification of the essential oil for each sample
in the fresh leaves were separately performed with
hydro-distillation for 3 hours using a modified
Clevenger apparatus according to the Guenther [25].
The extracted oil was dehydrated over anhydrous
sodium sulphate and stored in glass vials at deep
freezer in the absence of light until used. That was
done in the Central Laboratory in NRC, gas
chromatography-mass spectrometry (GC - MS).

Essential oil yield (ml/ plant).

The oil yield per plant was calculated by
multiplying the oil percentage by average plant yield
of fresh leaves.

Antioxidant activity (%)

It was determined according to Brand-
Williams et al. [16] the same former steps in basil but
in known volume (20 pl) of essential oil of fresh leaves
of Eucalyptus citriodora was dissolved in (480 pl) 70
% methanol then mixed with DPPH (0.5 ml).
GC-MS analysis

The GC-MS analysis of the essential oil
samples was carried out using gas chromatography-
mass spectrometry instrument stands at the
Department of Medicinal and Aromatic Plants
Research, National Research Center with the
following specifications. Instrument: a TRACE GC
Ultra Gas Chromatographs (THERMO Scientific
Corp., USA), coupled with a THERMO mass
spectrometer detector (ISQ Single Quadrupole Mass
Spectrometer). The GC-MS system was equipped with
a TG-WAX MS column (30 m x 0.25 mm i.d., 0.25
um film thickness). Analyses were carried out using
helium as carrier gas at a flow rate of 1.0 ml/min and
a split ratio of 1:10 using the following temperature
program: 60 °C for 1 min; rising at 3.0 °C /min to 240
°C and held for 1 min. The injector and detector were
held at 240 °C. Diluted samples (1:100 hexane, v/v) of
1 uL of the mixtures were always injected. Mass
spectra were obtained by electron ionization (EI) at 70
eV, using a spectral range of m/z 40-450. Most of the
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compounds were identified using the analytical
method: mass spectra (authentic chemicals, Wiley
spectral library collection and NSIT library) and the
published data by Adams [26].

Experiment layout and statistical analysis

The experimental layout was set in factorial
experiment in complete block design with three
irrigation intervals and sprayed with three rates of
(BLE) to give 9 treatments with 3 replicates for each
season. Obtained results were subjected to statistical
analysis by using least significant differences (LSD) at
5% level according to method described by Snedecor
and Cochran [27].

3- Results and discussion
Vegetative growth

The results obtained in Table (3, 4, 5& 6)
showed that in both seasons the highest value of plant
height (cm), stem diameter (cm), no. of leaves/ plant,
no. of branches/ plant and leaves and stem fresh and
dry weight (g) which gave (109.69, 0.93, 173.89, 8.22,
81.21, 22.60, 67.12 and 31.77) and (118.94, 0.96,
180.11, 9.11, 82.29, 23.65, 72.38, and 34.94) in the
first and second seasons respectively. Leaf area
decreased slowly when the irrigation intervals were
increased and the highest value for this parameter was
obtained with irrigation every 4days.

Water stress has decreased stomatal
conductance and photosynthesis in quite a few species
[28]. When stomatal conductance decreased, the loss
of plant water also decreased [29] and photosynthesis
efficiency declines. This decrease affected the growth
of the plant and its development as the molecules of
carbohydrate and energy that are part of the
development and growth process of the plant are
produced by photosynthesis [30]. The suppression of
plant growth under drought stress might be attributed
to the metabolic disorders induced by stress,
generation of ROS that caused a reduction in division
and elongation of cells, meristematic division, cell
turgor, cell volume and eventually cell growth,
decrease in photosynthetic capacity of plant leaves and
/ or blocking up the translocation vessels thus
hindering any movement of water or nutrients through
it [31]. On the contrary, root length, fresh and dry
weight of root gave an opposite manner which they
gradually increased with increasing irrigation
intervals. Irrigation plants every 8 days gave the
highest value of root length, fresh and dry weight of
root which resulted (83.33, 26.16 and 10.62) in the
first season, respectively) and ( 85.52, 26.48 and
10.51) in the second season, respectively. The lower
water supply caused the root system to penetrate
deeper and extend wider in the soil with higher root
system researching for moisture in lower soil [32].
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These results are in line with those obtained by Azza
et al. [33] and Rania [34].

Data also indicated that in both seasons,
spraying Eucalyptus citriodora seedling with basil
leaves extract at 20% concentration showed high
performance of growth parameters including (plant
height, stem diameter, no. of leaves/plant, root length,
no. of branches/plant, fresh and dry weight of leaves,
stem and root).

Such increments were estimated by 21, 28,
15, 23, 67, 44, 22, 21, 34, 33 and 34 % respectively, in
the first season and 24, 34, 20, 24, 72, 53, 23, 30, 34,
42, 41 and 50%, respectively, in the second season,
compared with untreated plants.

Regarding the interaction between water
intervals and basil leaves extract (BLE) rates, data
presented in Table (3, 4, 5& 6) revealed that, spraying
with (BLE) at 20% concentration under 6 days
irrigation intervals gave the highest values of all
previous growth parameters except leaf area gave the
highest values when seedling spraying with BLE at
20% concentration plus irrigation intervals compared
with the other treatments.

Chemical constituents
Photosynthetic pigments (mg. gt F.W.)

Data in Fig. (1) stated that irrigation every 6
days was the most effective irrigation treatment for
promoting the synthesis and accumulation of the three
photosynthetic pigments than plants irrigated every 4
days or 8 days intervals in both seasons. The values
were (2.00, 1.12 and 1.41) respectively in the first
seasons and (2.00, 1.10 and 1.37) respectively, in the
second seasons. These results are in accordance with
those obtained with those obtained by Azza et al. [33],
Mazhar et al. [35] and EI-Quesni et al. [36].

The induced reduction of Chlorphyll content

by water deficit has been attributed to the loss of
chloroplast membranes, excessive swelling, and
distortion of the lamellae vesicular and the appearance
of lipid droplets [37]
Concerning the effect of the BLE extract on
photosynthetic pigments as shown in Fig. (2) the data
revealed the positive and active of the BLE extract at
20% on three pigments content in leaves of Eucalyptus
citradora plants as compared with control plants and
other treatment in the first and second seasons.

Regarding the interaction of the two factors
under study, application of 20% BLE extract was more
effective on pigments content with irrigation every 6
days intervals.
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Table (3) Effect of irrigation intervals and BLE on plant height, stem diameter and number of leaves of
Eucalyptus citriodora seedlings during 2020 and 2021 seasons

No. of leaves/ plant

Plant height (cm) Stem diameter (cm)

Irrigation intervals (days) (A)

BLE (B)

4 6 8 Mean 4 6 8 Mean 4 6 8 Mean
First season
Control 81.75 111.50 72.00 88.42 0.63 092 0.69 0.74 143.33 163.33 130.67 145.78
20% 102.15 127.25 91.22 106.87 0.86 1.04 094 0.95 165.00 187.33 152.67 168.33
40% 86.63 90.33 79.41 85.46 0.74 084 0.78 0.79 157.67 171.00 144.00 157.56
Mean 90.18 109.69 80.88 0.74 093 0.80 155.33 173.89 142.45
(A): 4.22 (A): 0.04 (A): 5.81
LSDoos (B): 4.22 (B): 0.04 (B): 5.81
(A*B): 7.23 (A*B): 0.07 (A*B): 10.07
Second season
Control 87.33 109.25 74.33 90.30 0.61 0.88 0.70 0.73 140.33 167.00 129.67 145.67
20% 108.00 131.74  96.12 11195 089 1.07 097 0.98 169.33 193.67 161.33 174.78
40% 90.63 115.83 85.26 97.24 0.79 093 081 0.84 161.00 179.67 139.67 160.11
Mean 95.32 118.94  85.24 0.76 0.96 0.83 156.89 180.11 143.56
(A): 3.25 (A): 0.03 (A): 4.84
LSDoos  (B):3.25 (B): 0.03 (B): 4.84
(A*B): 5.63 (A*B): 0.05 (A*B): 7.98

Table (4) Effect of irrigation intervals and BLE on number of branches, leaf area and root length of
Eucalyptus citriodora seedlings during 2020 and 2021 seasons

Leaf area (cm?)
Irrigation intervals (days) (A)

No. of branches/ plant Root length (cm)

BLE (B)

4 6 8 Mean 4 6 8 Mean 4 6 8 Mean

First season

Control 4.00 6.67 3.67 4,78 18.75 18.05 9.38 1539 6445 6769 7124 68.78
20% 7.33 9.67 7.00 8.00 27.43 21.53 17.45 22.14 7327 8250 9825 84.67
40% 6.67 8.33 5.00 6.67 23.61 17.71 12.15 1845 7005 7771 8049 77.03
Mean 6.00 8.22 5.22 23.26 19.10 12.99 69.26 75.97 83.33

(A):1.44 (A): 2.61 (A): 3.88
LSDoos (B):1.44 (B): 2.61 (B): 3.88

(A*B): 2.49 (A*B): 4.53 (A*B): 6.65

Second season

Control 5.67 6.33 4.67 5.56 19.22 18.28 10.41 1597 6561 7124 7512 70.66
20% 9.00 1133 8.33 9.55 2950 24.73 19.16 2446 7811 8654 97.67 87.44
40% 7.67 9.67 6.33 7.89 26.42 21.86 13.77 20.68 7249 80.46 8377 7891
Mean 7.45 9.11 6.44 25.05 21.62 14.45 7207 7941 8552

(A):1.46 (A): 1.89 (A): 3.25
LSDoos (B): 1.46 (B): 1.89 (B): 3.25

(A*B): 2.54 (A*B): 3.27 (A*B): 5.63

Photosynthetic pigments (mg. g1 F.W.)
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Fig. (1) Effect of irrigation intervals on photosynthetic pigments (chl a, chl b and carotenoids) of Eucalyptus
citriodora during 2020 and 2021 seasons
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Table (5) Effect of irrigation intervals and BLE on fresh weights of leaves, stems and roots of Eucalyptus
citriodora seedlings during 2020 and 2021 seasons

Leaves fresh weight (g)

Stems fresh weight (g)

Roots fresh weight (g)

BLE (B) Irrigation intervals (days) (A)
4 6 8 Mean 4 6 8 Mean 4 8 Mean
First season

Control 60.73 7575 5340 6329 46.27 56.89 50.24 51.13 16.42 20.53 21.75 19.57
20% 73.77 8785 69.12 7691 57.94 80.34 67.2 68.49 22.62 2494 29.33 25.63
40% 68.05 80.02 5943 69.17 52.22 64.13 51.33 55.89 19.73 22.83 27.41 23.32
Mean 67.53 8121 60.65 52.14 67.12 56.26 19.59 22.77 26.16

(A): 4.36 (A): 4.28 (A): 2.61
LSDoos  (B): 4.36 (B): 4.28 (B): 2.61

(A*B): 7.56 (A*B): 7.42 (A*B):4.53

Second season

Control 64.06 7433 5563 64.67 48.11 61.73 53.08 54.31 16.85 18.62 22.01 19.16
20% 7846  88.62 7177  79.62 64.59 85.03 72.66 74.09 22.82 27.07 30.98 26.96
40% 7053 8393 6307 7251 55.86 70.37 59.97 62.07 21.14 23.66 26.45 23.75
Mean 71.02 8229 6349 56.19 72.38 61.90 20.27 23.12 26.48

(A): 4.33 (A): 3.88 (A): 2.30
LSDoos  (B):4.33 (B): 3.88 (B): 2.30

(A*B): 7.13 (A*B): 6.46 (A*B):3.98

Table (6) Effect of irrigation intervals and BLE on dry weights of leaves, stems and roots of Eucalyptus citriodora
seedlings during 2020 and 2021 seasons

Leaves dry weight (g)

Stems dry weight (g)

Roots dry weight (g)

BLE Irrigation intervals (days) (A)
(B) 4 6 8 Mean 4 6 8 Mean 4 6 8 Mean
First season
Control 16.73 21.46 1371 1730 22.05 27.09 2340 2418 6.58 8.00 8.35 7.64
20% 2098 2392 1811 2100 2731 3913 3031 3225 905 948 1228 10.27
40% 18.23 2242 1585 1883 24.01 29.08 2442 2584 801 856 1123 9.27
Mean 18.65 22.60 15.89 2446 31.77 26.04 7.88 8.68 10.62
(A): 2.46 (A): 3.06 (A):1.64
LSDoos (B): 2.46 (B): 3.06 (B): 1.64
(A*B): 4.26 (A*B): 5.29 (A*B):2.83
Second season
Control 16.96 20.70 1442 1736 2210 2934 2449 2531 6.12 6.96 8.50 7.19
20% 22.06 26.09 19.76 9224 3091 4161 3544 3599 8.89 10.85 1255 10.76
40% 19.16 24.16 1645 1992 2596 3386 2829 2937 806 925 1049 9.27
Mean 19.39 23.65 16.88 26.32 3494 2941 769 9.02 1051
(A): 2.28 (A):2.41 (A): 1.94
LSDoos (B):2.28 (B): 2.41 (B): 1.94
(A*B): 3.96 (A*B): 5.90 (A*B):3.36
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Photosynthetic pigments (mg.g* FW.)
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Fig. (2) Effect of BLE on photosynthetic pigments (chl a, chl b and carotenoids) of Eucalyptus citriodora

during 2020 and 2021 seasons

Photosynthetic pigments (mg. g F.W.)
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Fig. (3) Effect of Interaction between irrigation intervals BLE on photosynthetic pigments (chl a, chl b and
carotenoids) of Eucalyptus citriodora during 2020 and 2021 seasons

Total sugar content (mg. g* F.W.)

It was clear from Table (4) that total sugar
content in all plants organ (leaves, stem and root) was
gradually augmented as the irrigation level was
sloping downward. This may be due to the fact that
during the course of drought stress active solute
accumulation carbohydrates is claimed to be an
effective stress tolerance mechanism [38]. Our results
are in harmony with the results obtained by Azza et al.
[39], Azza et al.[33], Romaisa et al.[40] and Ayse and
Esra[41].

As for the effect of BLE extract on total
sugars percentage, data showed that BLE extract
application either 20 or 40 % increased total sugars
percentage in the different plant organs of Eucalyptus
citriroda seedlings as compared with untreated
seedlings.

In this context, the interaction between
irrigation intervals and BLE extract, revealed that
combination of both factors on total sugars percent
was more effective than application of each of them
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alone. The highest values were obtained by the
application of 20% BLE extract and irrigated 8 days in
the two seasons.

Proline in leaves (ug.g* F.W.)

From the given data in Table (7) it can be
concluded that decreasing soil moisture level caused
an increase of proline content in leaves in both
seasons.

Regarding effect of BLE extract, results
indicated that these treatments caused a reduction in
proline content compared to untreated plants in both
seasons. The highest depression was recorded with the
application of BLE extract at 20% compared with the
other treatments in the first and second seasons.

In this respect, interaction between irrigation
intervals and BLE extract applications, the data
revealed that the combination of the both factors on
proline was more effective than the effect of each
factor when tested alone. The lowest values of proline
content were provided when spraying BLE at 20% and
irrigation every 8 days in the first and second seasons.
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Fig. (4) Effect of irrigation intervals on total sugar content in leaves, stems and roots of Eucalyptus citriodora
during 2020 and 2021 seasons
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Fig. (5) Effect of BLE on total sugar content in leaves, stems and roots of Eucalyptus citriodora during 2020
and 2021 seasons
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Fig. (6) Effect of Interaction between irrigation intervals BLE on total sugar content in leaves, stems and
roots of Eucalyptus citriodora during 2020 and 2021 seasons

Proline has an important biological role in response to
stress [42]. Many plant species accumulate proline in
response to drought stress [43&44]. Proline
accumulation can influence stress tolerance in various
ways [45]. Generally, osmolit accumulation in plant
cell results in a decrease in cell osmotic potential and
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therefore in maintenance water absorption and cell
turgor pressure, helping physiological process such as
stomatal opening, photosynthesis, and growth under
dry conditions [46]. In agreement with this results
concerning irrigation were the results of Soad [47],
Azza et al.[39] and Salwa and Osama [48].
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Table (7) Effect of irrigation intervals and BLE on proline content and lipid peroxidation (MDA) in leaves
of Eucalyptus citriodora seedlings during 2020 and 2021 seasons

Proline (ug.g* F.W.)

Lipid peroxidation (MDA) (ug.g* F.W.)

BLE (B) Irrigation intervals (days) (A)
4 6 8 Mean 4 6 8 Mean
First season
Control 561.21 527.66 598.45 562.44 1.92 0.65 3.29 1.95
20% 443.06 398.34 492.18 444,53 0.86 0.35 2.17 1.13
40% 530.47 477.85 573.14 527.15 1.28 0.46 2.86 1.53
Mean 511.58 467.95 554.59 1.35 0.49 2.77
(A): 1.46 (A): 0.023
LSDo.os (B): 1.46 (B): 0.023
(A*B): 2.53 (A*B): 0.051
Second season
Control 542.65 510.78 586.22 546.55 1.95 0.78 3.36 1.95
20% 429.91 381.11 488.15 433.06 0.91 0.41 2.24 0.91
40% 521.22 465.07 558.80 515.03 1.33 0.49 2.95 1.33
Mean 497.93 452.32 544.39 1.39 0.56 2.85
(A): 122 (A): 0.011
LSDoos (B): 1.22 (B): 0.011
(A*B): 2.12 (A*B): 0.20

Lipid peroxidation (MDA) (ug.g* F.W.)

Malondialdehyde (MDA) was one of the key
of the lipid peroxidation by thiobarbituric acid
reaction. The MDA content is an indicator of
membrane lipid peroxidation which could reflect the
degree of damage at adverse condition [49]. As shown
in Table (7), the MDA content of Eucalyptus
citriodora seedlings leaves increased on the 8 days of
drought stress in both seasons. It is considered a major
type of oxidative damage. It decreases cell membrane
fluidity, ion channels, membrane proteins and enzyme
activities and induce the leakiness of the cell
membrane [50]. On the other hand, spraying with BLE
reduced MDA level in leaves of Eucalyptus citriodora
seedlings plants when compared with the control in the
two seasons. Spraying seedling with BLE at 20%
concentration gave the lowest content of MDA, which
resulted (1.13 and 0.91pg.g* F.W.) in the first and
second seasons, respectively, in comparison with
control and other treatments.

As regard the effect of interaction, irrigating
water every 8 days plus without spraying BLE gave
the highest values of MDA which recorded 3.29 and
3.36 pg.gt F.W. in the two seasons, respectively, and
the lowest values were obtained by seedlings irrigated
every 6 days intervals and spraying with BLE at 20%
which gave 0.35 and 0.41 pg.g™* F.W. in both seasons,
respectively, compared with the other treatments.
Antioxidant enzymes activity (ug.g* F.W.)

Data recorded in Fig (7) indicated that
Catalase (CAT), Polyphenol Oxidase (PPO),
Peroxidase (POD) and Superoxide dismutase (SOD)
in leaves activities of Eucalyptus citriodora seedlings
were positively affected under water stress conditions.
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Enzymes activities were gradually increased as the
level of water irrigation was sloping down-word. The
highest values for all these enzymes were obtained due
to the use of irrigation every 8 days. The values of
CAT, PPO, SOD and POD were (0.061, 0.73,0.55 and
0.37 pg.gt F.W.) in the first season, respectively and
were (0.065, 0.71, 0.58 and 0.40 pg.g* F.W.) in the
second season, respectively. Tolerance to drought-
stress in higher plants correlates to the levels of
antioxidant systems and substrates [51]. To combat the
effect of drought-induced oxidative stress, plant
develops a complex mechanism of antioxidant system.
Relatively higher activities of reactive oxygen species
(ROS)-scavenging enzymes have been reported in
tolerant genotypes when compared to susceptible
ones, suggesting that the antioxidant system plays an
important role in plant tolerance against environmental
stress. This indicated plants will produce more CAT,
PPO, SOD and POD under drought conditions to
remove the extra ROS in cells. The CAT is one of the
highest turnover rates for all enzymes with the
potential to directly dismutate H20- in H,O and Oz and
is indispensible for ROS detoxification in peroxisomes
during stress condition [52]. The SOD detoxifies
superoxide anion free radicals (O~) by forming H202
and then H,O; can be eliminated by CAT and POD
[53]. Moreover, POD also involved in various plant
processes, including lignification [54], oxidation of
phenolics [55], regulation of cell elongation [56] and
detoxification of toxic compounds such as H.O; [57].
Also, this indicates that polyphenolic oxidase PPO
plays an important role in the adaptation mechanism
to water deficit. Evidence is accumulating to support
the idea that phenolics also play a role in defending the
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plant against various biotic and abiotic stresses [58 &
59]. These results are in accordance with those
obtained by Sonja et al [60], Tayebeh and Hassan [61]

According to the different BLE extract levels
values of the antioxidant enzymes (CAT, SOD, POD
and PPO) increased by all BLE extract concentrations.
The highest values of all previous antioxidant enzymes
in the two seasons were obtained by BLE at 20%. The
values were 0.06, 0.72, 0.53 and 0.36) in the first

season, respectively and (0.064, 0.71, 0.56 and 0.39)
in the second season, respectively.

In this context, the interaction between
different factors (irrigation X BLE) was almost
increased for all antioxidant enzymes that have been
studied in both seasons. The highest values due to the
irrigation regime and BLE were obtained due to
irrigation every 8 days and 20% BLE for CAT, SOD,
POD and PPO in the two seasons.

Antioxidant enzymes activiy (ug. g1 F.W.)
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Fig. (7) Effect of irrigation intervals on antioxidant enzymes activity (PPO, SOD, POD and CAT) in leaves
of Eucalyptus citriodora during 2020 and 2021 seasons
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Fig. (8) Effect of BLE on antioxidant enzymes activity (PPO, SOD, POD and CAT) in leaves of Eucalyptus

citriodora during 2020and 2021 seasons
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Fig. (9) Effect of Interaction between irrigation intervals BLE on antioxidant enzymes activity (PPO, SOD,
POD and CAT) in leaves of Eucalyptus citriodora during 2020 and 2021 seasons

Essential oil percentage (%)

The data presented in Table (8) illustrated that the E.
citriodora plants were irrigated every 8 days produced
the highest percentage of essential oil giving values
1.21 and 1.34%, respectively, in the first and second
seasons. Our results were in agreement with Gerami et
al. [62] on Origanum vulgaris L. and Mazrou et al.
[63] on lemongrass plant.

The plants received BLE at rate 20%showed the
highest percentage of essential oil with values 1.13 and
1.20% in the first and second seasons, respectively.
Regarding the interaction treatment, it was noticed
from data tabulated in Table (8) that the plants
irrigated every 8 days and sprayed with BLE at rate
20% gave the highest percentage of essential oil
(1.28%) in the first season. While; the E. citriodora
plants were irrigated every 8 days and sprayed with
BLE at rate 20 or 40% gave the highest percentage
with the same value (1.42%) in the second season.
Essential oil yield (ml/ plant)

The data showed in Table (8) revealed that irrigation
intervals every 6 days for E. citriodora plants gave the
highest yield of essential oil with values 0.89 and 0.95
ml/ plant as compared with control plants in the first
and second seasons, respectively. The obtained results
were in the same line with Mazrou et al. [63] on
lemongrass plant and Al-Azzony and Khater [64] on
funnel plant.

It was clear from data presented in Table (8) that the
essential oil yield in leaves of E. citriodora plants was
affected by application of BLE. The plants received
BLE at rate 20% gave the highest yield with values
0.87 and 0.96 ml/ plant in both seasons, respectively.
The interaction between irrigation intervals and BLE
treatments showed different effects on essential oil
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yield in leaves of E. citriodora plants. The plants were
irrigated every 6 days and sprayed with BLE at rate
20% produced highest yield of essential oil giving
values 1.07 and 1.13 ml/ plant.

Antioxidant activity (%) of essential oil

The showed data in Table (8) stated that the
irrigation every 8 days increased antioxidant activity
in leaves of E. citriodora seedlings giving values 79.10
and 78.57% in the first and second seasons,
respectively. These results agree with Singh et al. [65]
found that the antioxidant activity of essential oil of E.
citriodora has been reported against a range of free
radicals, is due to the synergistic effect of citronellal
and citronellol.  Citronellal  exhibited strong
scavenging activity against DPPH.

It was clear from data presented in Table (8)
that the antioxidant activity in essential oil increased
in seedlings treated with BLE at rate 40%.

The data presented in Table (8) cleared that
Eucalyptus citriodora seedlings irrigated every 8 days
with spray 40% of (BLE) gave highest mean values of
antioxidant activity (%) for essential oil of fresh leaves
at first and second seasons. The lowest mean value of
antioxidant activity (%) for essential oil of fresh leaves
at first and second seasons were obtained from plants
irrigated every 4 days without spraying BLE.
Essential oil Composition

Results in Table (9) represented the main
constituents of the essential oil of the Eucalyptus
citriodora seedlings leaves as affected by basil leaves
extract in different concentration.

Nineteen components were identified in the
essential oil of lemon eucalyptus leaves by GC-MS at
seedling stage. The total identified compounds ranged
from 96.06 to 99.99% from the separated compounds.
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The major compound was found to be
Citronellal in all treatments and ranged from (57.02%)
by irrigation every 4 days without spraying of (BLE)
and increased by increasing irrigation treatments with
spraying basil leaf extract to (71.54%) by irrigation
every 8 days with spraying 40% of (BLE) treatment in
the essential oil of lemon eucalyptus leaves at seedling
stage.

The second major compound was identified as -

eucalyptus leaves. The maximum p-Citronellol
content (17.44) was found in the leaves of lemon
eucalyptus which irrigated at 4 days with spraying
40% of (BLE) treatment, the content of B-Citronellol
decreased with the drought rates, even with spraying
the extract of basil leaves. It reached 10.14% by
irrigated at 8 days with spraying 40% of (BLE) in the
essential oil leaves of lemon eucalyptus at seedling
stage.

Citronellol in the essential oil of lemon

Table (8) Effect of irrigation intervals and BLE on essential oil percentage, yield and antioxidant activity in
leaves of Eucalyptus citriodora seedlings during 2020 and 2021 seasons

Essential oil percentage Essential oil yield (ml/

(%) plant) Antioxidant activity (%)

. Irrigation intervals (days) (A)
(B) g y!

4 6 8 Mean 4 6 8 Mean 4 6 8 Mean

First season

Control 082 092 110 095 050 070 059 059 707 734 763 76.13
20% 090 122 126 113 066 107 087 087 782 786 799 76.23
40% 087 114 128 110 059 091 076 076 757 801 8lL1 7897
Mean 086 109 121 059 0.89 0.74 74.87 77.37 79.10

(A): 0.055 (A): 0.048 (A): 5.29
LSDoos (B): 0.055 (B): 0.048 (B): 5.29

(A*B): 0.096 (A*B): 0.085 (A*B): 9.17

Second season

Control 084 095 118 099 054 071 066 063 700 730 761 73.03
20% 091 128 142 120 071 113 1.02 09 747 790 789 7753
40% 089 120 142 117 063 101 090 0.84 76.1  79.7 80.7 78.83
Mean 088 114 134 0.63 095 0.86 73.60 77.23 78.57

(A): 0.062 (A): 0.061 (A): 2.83
LSDoos (B):0.062 (B): 0.061 (B): 2.83

(A*B): 0.11 (A*B): 0.10 (A*B): 4.91
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Table (9) The main constituents of the essential oil of fresh leaves of Eucalyptus citriodora plant affected by
drought and spraying of basil leaf extract (BLE) at seedling stage

Area %
4 days 6 days 8 days

R.T. Components control  BLE  BLE = 20% BLE Contr BLE BLE
20% 40% BLE 40% ol 20% 40%
416 o-Pinene 0.18 0.31 0.29 0.16 0.20 0.22 0.31 0.25 0.34
5.25 B-Pinene 0.56 1.10 1.03 0.85 1.03 1.41 1.27 1.01 1.69
551  B-Myrcene 0.13 0.09 0.10 Trace Trace  Trace  0.14 Trace 0.11
6.72 Limonene 0.21 0.27 0.30 0.37 0.25 Trace 0.23 Trace 0.19

6.83  Eucalyptol (1,8-Cineole) Trace 0.34 0.31 Trace 0.15 Trace  0.14 0.63 -
7.01 O-Menthan-8-ol 0.14 Trace Trace 0.25 0.18 0.1 0.21 0.29 0.16
771 >-Heptenal, 2,6- 0.40 014 016 039 028 012 023 03 022

dimethyl-
9.27 Linalool Trace Trace Trace Trace 0.18 Trace 0.21 0.14 Trace
1046 >-Hepten-1-ol, 2,6- Trace Trace 010 035 023 012 021 025  0.18
dimethyl-

11.17 1,8 -Cineole 8.97 9.03 9.39 10.67 11.62 7.40 7.38 7.19 7.01
11.45 Citronellal 57.02 58.06 57.69 60.19 64.68 7140 60.89 65.63 71.54
11.98 Isopulegol 3.81 2.38 1.87 5.40 1.59 1.81 3.87 1.17 111
14.41  B-Citronellol 14.49 17.2 17.44 14.49 12.97 11.14 14.45 12.52 10.14
19.45 Citronellol acetate 5.51 4.21 4.43 3.16 3.99 2.22 5.16 5.93 3.11

20.74 Geranyl acetate 1.35 0.40 0.39 0.18 0.22 - 3.23 0.16 -
21.99 Caryophyllene 2.78 5,51 5.30 0.92 1.99 3.23 1.73 2.88 2.58
23.51 Humulene 0.15 0.41 0.40 - 0.11 0.16 - 0.17 0.15
2457 GERMACRENE-D 0.14 0.24 0.24 - - 0.15 - - 0.28
28.64 Caryophylene oxide 0.40 0.25 0.27 0.29 0.23 0.36 0.33 0.67 0.37
Monoterpenes 9259 93,53 93.50 96.46 9757 9594 9793 9547 95.90
Sesquiterpenes 3.47 6.41 6.21 1.21 2.33 3.90 2.06 3.72 3.38
Oxygenated compounds 92.09 9201 92.05 95.37 96.32 9467 9631 94.88 93.94
Non-oxygenated compounds 3.97 7.93 7.66 2.30 3.58 5.17 3.68 4.31 5.34
Total 96.06 99.94 99.71 97.67 99.90 99.84 99.99 99.19 99.28

Monoterpene 1,8-Cineole was observed as
the third major compound identified in the essential oil
of lemon eucalyptus seedling leaves. The 1,8-Cineole
content in essential oil tended to increase by increasing
the drought treatments up to 6 days with spraying of
(BLE) and it reached the highest content (11.62%)
with irrigation of seedling every 6 days with spraying
20% of (BLE) treatment, then it decreases with
increase in the irrigation intervals to reach its lowest
content (7.01%) with irrigation at 8 days with spraying
40% of (BLE) treatment.

Citronellol acetate is an oxygenated
monoterpene component increased to (5.93%) in the
essential oil leaves of seedling lemon eucalyptus
sprayed with 20% of (BLE) and irrigated at 8 days.

Data in Table (9) presented that the oil had
lower relative concentrations of sesquiterpene
compound (1.21 to 6.41%) and the non- oxygenated
compounds ranged from (2.30 to 7.93 %).
Caryophyllene sesquiterpene component gave the
maximum content (5.51%) with irrigation every 4 days
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with spray basil leave extract at 20% treatment but the
minimum content (0.92%) was found in essential oil
leaves of seedling irrigated at 6 days without spray of
(BLE).

The study concluded that the essential oil of
E. citriodora is a very good source of monoterpenes as
more than 94% of the oil is monoterpenoid in nature.
The oil and its selected components exhibited
moderate to strong antioxidant activity thereby
implying its potential in providing protection against
oxidative diseases and its use as a natural antioxidant
in the food and confectionery industries.

These results agreed with Leicach, et al.
[66] they found that drought stress has different effects
on the quantity and quality of essential oil of
Eucalyptus species including Eucalyptus
camaldulensis Dehnh, mild drought stress improved
the production of (the main constituent) 1, 8-cineol,
however it was observed that it decreased or stopped
the production of many other compounds. And with
Singh et al., [65] them study concludes that, the
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essential oil of E. citriodora is a very good source of
monoterpenes as more than 94% of the oil is
monoterpenoid in nature. The oil and its selected
components exhibited moderate to strong antioxidant
activity there by implying its potential in providing
protection against oxidative diseases and its use as a
natural antioxidant in the food and confectionery
industries.

4. Conclusions

It is concluded from this study that the E.
citriodora seedlings irrigated every 6 days and sprayed
with BLE at rate 20% showed the best performance of
vegetative growth and decreased the activity of
antioxidant chemical composition as results to growth
of these plants under the optimum irrigation condition.
It is clear that increasing irrigation treatments
increased the content of citronellal. This could be
attributed to the stress effect on the secondary
metabolites which increase most of secondary
metabolites i.e. essential oil and their constituents.
Application of basil leaves extract did not affect the
content of citronellal in treatments irrigated at 4 days
intervals; on the other hand application of 40% basil
leaves extract increased citronellal content in both 6
days and 8 days irrigation intervals.
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