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Abstract: Rapid increases in population and industrial growth have led to use low quality water such as
drainage and saline water as well as waste water for irrigation. A pot experiment was conducted during
2018/2019 and 2019/2020 seasons in Timber Trees and Forestry Department, Horticulture Research Institute,
Agricultural Research Centre, Egypt, to evaluate effects of treated wastewater irrigation on growth, chemical
composition and essential oils extracted from seedlings of three woody plants (Myrtus comunis, Eucalyptus
camaldulensis and Cupressus sempervirens). These seedlings were grown in sandy loamy soil irrigated with
two types of irrigation water, tap water and treated waste water. The obtained results revealed that, the use of
treated waste water was superior than tap water in improving all growth parameters of the three woody plant
species beside its positive effect on their chemical composition. As regard essential oils, data showed that
waste water irrigation increased oils quantity reaching, 41.3, 78.6 and 37.5% over control of the three plant
species respectively with slight variable changes in its components .Also, data revealed that there is no
accumulation of heavy metals (Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb and Zn) in essential oil in spite of its presence in
traces in plant leaves. Thus, treated wastewater can be safely used as irrigation water source for these plant
species as a timber tree or medicinal plants to partially solve the problem of the shortage in irrigation water and
essential oil production.
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INTRODUCTION

Water shortage throughout the world especially in
arid regions in the later decades has led to search for
alternatives to save potable fresh water. In Egypt, water
is becoming scarce resource to consider any source of
water, which might be used economically and effectively
to promote further development. Recently, the shortage of
the fresh water resources is of great concern, especially in
the Mediterranean countries with high and increasing
needs of water for different applications. The use of
primary and secondary effluent in irrigation can improve
the quality of the soil and plant growth because it
contains nutrient elements and organic matter. The use of
waste water for forest irrigation has proven to be a
promising and successful practice for reusing wastewater
and timber production [1]. Wastewater reuse in forest

plays an important role for protecting the environment,
because woody tree species uptake heavy metals into
their tissues in addition, it also initiates opportunities for
wood biomass production [2, 3]. At present, application
of wastewater is considered the best solution for disposal
problems [4]. Unlike organic contaminants, pathogens and
heavy metals are considered stable in soil and cannot be
degraded by biological or geochemical means [5].
Although some of these heavy metals are necessary for
plant growth (i.e Mn, Cu, Ni, Zn and Co) and many correct
nutrients deficiency but, high concentration of these
metals can adversely affect the physiological performance
of growing plants [6]. The use of wastewater for land
irrigation is usually recommended for two main reasons: 1-
It is an allowable method for the disposal of wastewater,
2-It permits the reclamation and reuse of valuable resource
such as water and nutrients [7].

Corresponding Autuor:

Mona A. Amin, Timber Trees and Forestry Department, Horticulture Research Institute,

Agricultural Research Centre, Giza, Egypt.



J. Hort. Sci. & Ornamen. Plants, 13 (1): 77-86, 2021

The use of wastewater in irrigation leads to heavy
metals accumulation and this accumulation is mostly
abundant in the root system than the aboveground parts
which accumulate smaller amount of each metal as
mentioned by Lydakis et al. [8], also they reported that,
the careful analysis of the extracted essential oils from
plants grown under heavy metals accumulation showed
that neither the quality and the content of the oils were
altered significantly, nor detectable amounts of heavy
metals were found in these oils. Essential oils are volatile
compounds which are formed by some plants as
secondary metabolites .They are rich sources of
biologically active compounds [9]. The medicinal
properties of the plants used in this study have been
investigated the recent scientific developments
throughout of the world, due to their potential activity
against several diseases, without side effects and
economic viability.

Myrtus communis L. (myrtle) is an evergreen shrub
belongs to family Myrtaceae growing spontaneously
throughout the Mediterranean- region. It is considered
one of the important medicinal and aromatic drugs
sources being used in human medicine for various
therapeutic purposes [10]. The fruits are very astringent
and are used as condiment, as a substitute for paper and
are considered a rich source of tannins, the plant contains
many biological active compounds such as fibers, sugars
and antioxidants especially essential oils from plant leaves
[11]. Essential oils are gaining remarkable interest for their
potential multipurpose such as antioxidant, antibacterial
and antiseptic agent [9]. Also, myrtle oil inhibited prostate
and breast cancer cells along with sandal wood at very
low concentration, through its flavenoide compounds
[12].

Eucalyptus camaldulensis is a large genus of
aromatic and medicinal trees of the Myrtaceae family.
Eucalyptus species are used for many purposes including
forestry and forest products and in ornamental plantings
and horticultural as well as in arts and crafts. Eucalyptus
species are used as fire wood for the production of mine
wood and in the fight against erosion [13]. Eucalyptus
was chosen for this study because it is fast growing and
resistance tree to water logging, drought and salinity. It is
common tree for ornamental and commercial planting in
different soils. The Eucalyptus leaves contain essential
oils with different allelo -chemicals, employed in medicine,
cosmetic and pharmaceutical industries.

Cupressus  sempervirens belongs to family
Cupressacae, native to the Mediterranean basin and is
distributed in North Africa, Asia, Southern Europe and
Northern America .The wood of Cupressus has medium
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texture and shows soft resistance to manual cross-cutting.
Its oil has a characteristic odor with a very agreeable smell
and durable scent and it is used as antiseptic and an
antispasmodic for stubborn coughs [14]. It is also
described as deodorant and diuretic to promote venous
circulation to the kidneys and bladder area and to improve
bladder tone and as a co-adjuvant in therapy of urinary
incontinence and enuresis. The parts of the plant used
medicinally are the leaves and cones [15].

The aim of this work was to evaluate the effect of
irrigation with treated wastewater on growth characters,
chemical composition and essential oil quantity and
quality as well as the possibility of accumulation of heavy
metals in essential oils extracted from Myrtus communis,
Eucalyptus camaldulensis and Curpressus semprevirens.

MATERIALS AND METHODS

A Pot experiment was conducted during 2018/2019
and 2019/2020 in a sandy loamy soil to investigate the
effect of treated wastewater irrigation on the growth
parameters, chemical composition, quantity and quality of
essential oil as well as the possible accumulation of heavy
metals in this oil extracted from seedlings leaves of three
woody  trees  (Myrtus Eucalyptus
camaldulensis and Cupressus sempervirens. Soil samples
were analyzed to determine their physical and chemical
properties according to Page et al. [16]. Heavy metals
concentrations in the soil were extracted by DTPA and
measured by Atomic Absorption Spectrophotometer
according to Lindsay and Norvell [17], as shown in
Table (1).

One year old seedlings 30 cm height and 3.0 mm
diameter at 5 cm from the soil surface of all tree species
were used, they were obtained from a private farm at
El -Qanater El-Khayria 20-Km northwest of Cairo,
Qalioubia Governorate, Egypt.

The seedlings were individually planted on I* March
2018 and 2019 in plastic pots (30 cm height and 25cm
diameter) filled with 12 kg of sandy loamy soil, then all
seedlings were irrigated with tap water for one month
until adaptation. The two treatments of irrigation
sources started using wastewater and tap water (control).
All seedlings were irrigated to the field capacity, three
times weekly in the summer and twice weekly in the
winter. Each treatment comprised 30 seedlings for each
plant species arranged in three replicates. Each replicate
included 10 seedlings. The secondary treated wastewater
used for irrigation was taken from wastewater treatment
station at 6™ October City, Giza. The analysis of the used
water sources in irrigation is shown in Table (1).

communis,
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Table 1: Physical and chemical analysis of the used soil and water in the experiment comparing with limits for agric. reuse FAO [23]

Properties Soil Tap water Wastewater Limits for agric.reuse FAO [23]
Practical size

Distribution

Sand% 87.00

Silt% 7.80

Clay% 5.20

Soil texture Sandy loam

pH 7.40 6.80 780 6.5-8.4
E.C dSm™' 0.87 0.69 1.55 3.0-7.0
Soluble cations meq/1

Ca* 3.20 1.15 3.65 0.0-20.0
Mg* 1.54 1.26 2.35 0.0-5.0
K* 0.96 0.31 0.80 -

Na* 1.89 0.61 3.70 -
Soluble anion meq/1

CO 4 - - - -
HCO, 2.55 1.46 4.60 1.5-8.5
Cr 2.45 1.40 3.90 -

SO, 2.59 0.66 2.40 -

*Do mg/l - - 2.40 -
*BOD mg/1 - - 100 40-500
*COD mg/1 - - 220.0 80-600
*TSSmg/l - - 1890 -

(N) (ppm) 8.12 - 12.11 -

(P) (ppm) 1.20 - 3.45 -

Total heavy metals (ppm)

Cd n.d - 0.01 0.01
Cu 0.80 0.001 0.20 0.20
Mn 1.30 0.082 0.18 0.20
Ni 1.15 *Tr 0.03 0.20
Pb 2.11 *Tr 1.13 5.00
Zn 0.78 0.01 1.11 2.00
Fe 2.88 0.31 1.70 5.00
Co *Tr - 0.037 0.05
Cr 0.17 - 0.001 0.1

*DO (dissolved oxygen)*, BOD(biochemical oxygen demand)*, COD(chemical oxygen demand)* TSS(Total suspended solids)

*Tr (traces).

After 12 months from starting irrigation treatments in
each season, samples of all seedlings were collected and
the following measurements were recorded:

Vegetative Growth Characters: Seedling height, root
length, stem diameter (cm), fresh and dry weights of
shoots and roots (g).

Chemical Composition Characteristic: Total chlorophyll
content in fresh leaves was determined with dimethyl
formamide as described by Mornai [18].

Total sugars content in fresh leaves was determined
using phenol sulphuric acid reagent according to
Dubois et al. [19].

After 24 month from starting irrigation with treated
wastewater of each samples of all seedlings were collected
and the following measurements were recorded:
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Nitrogen, Phosphorous and Potassium were
determined in dry leaves as, nitrogen was determined by
Nessler method according to A.O.A.C. [20], phosphorous
determination was adopted colorimetrically by using the
chlorostannous reduced molybdophosphoric blue colour
method according to King [21] and potassium was
determined by using the Flame Photometric method
according to Piper [22].

Essential Qil Extraction: The essential oil was obtained
from leaves of different seedlings species by
hydrodistillation using the Clevenger-type apparatus.
Distillation was performed with fresh plant materials in
2-51 distilled water for 3-5 hours in order to determine the
essential oil % (v/w), according to Egyptian
Pharmacopoeia [24]. The oil was stored at-20°C until
analyzed according to Paula et al. [25].
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Gas Liquid Chromatography (GLC) Analysis: The
essential oil composition was analyzed by pro-GLC
pyeunicam gas chromatograph mass spectrum apparatus
in order to investigate the principai components of the oil.
The relative percent of each component was estimated
according to Guenther and Joseph [26].

Heavy Metals Accumulation: Heavy metals ( Cd, Co, Cr,
Cu, Fe, Mn, Ni, Pb and Zn) accumulation in leaves and
oils were recorded after two years from starting the
experiment and were extracted by DTPA and measured in
the solution by Atomic Absorption Spectrophotometer
[27].

Statistical Analysis: Data obtained were subjected to
ANOVA at 95% confidence according to Snedecor and
Cochram [28]. Means of the treatments were compared by
T-test (P < 0.05) for growth parameters.

RESULTS AND DISCUSSION

A-effect of Wastewater Irrigation on Growth Parameters
of Myrtus communis, Eucalyptus camaldulensis and
Cupressus sempervirens: Data in Tables (2-4) showed
that, all vegetative growth parameters were increased with
irrigation by treated wastewater for the three types of
seedlings comparing with those irrigated with tap water in
the two seasons.

The rate of increasing for Myrtus communis reached
to 68.09, 52.00, 28.42 , 44.44, 38.13, 52.27 and 88.95% for
seedling height, root length, stem dimeter, fresh and
dry weights of shoots and fresh and dry weights of
roots, respectively due to irrigation with wastewater
comparing to tap water. Also, seedlings of Eucalyptus
camaldulensis recorded an increment in all of the same
parameters as following (33.33, 50.00, 72.93, 64.29, 54.84,
52.76 and 43.90 %) respectively. The same increasing
(50.00,21.43, 56.76, 58.33, 56.89, 56.26 and 49.21 %) for
seedling. A similar trend
obtained in the second season. These increments were

Cupressus sempervirens

significant in all parameters of the three plants species if
compared with those irrigated with tap water.

Effect of Treated Wastewater Irrigation on Chemical
Composition of Myrtus communis, FEucalyptus
camaldulensis and Cupressus sempervirens
Total Chlorophylls and Sugars, N, P and K% and Oil %:
Data in Table (5) showed that, total chlorophylls, total

sugars contents, N, P and K% and essential 0il% in the
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leaves of the plants irrigated with treated waste water
were higher than those irrigated with tap water in all
plants types which represented an increment by (36.36,
45.16 and 16.16 %) for total chlorophylls. (76.92, 82.50 and
24.78 % ) for total sugars, concerning the N, P and K %
nitrogen increment by (14.55, 11.63 and 8.41%), for
phosphorus (3.40, 2.33 and6.50%) and (3.30, 4.96 and
2.00%) for potassium of M. communis , E.camaldulensis
and C. sempervirens , respectively.

Concerning the 0il% in leaves it is worth to note that
the oil percentages of plants under irrigation with
than that
Also, plant responses to treated wastewater varied
according to plant species science, the highest 0il% were
0.75, 0.65 and 0.44 % of E. camaldulensis, M. communis
and C. sempervirens, respectively for seedling irrigated

wastewater were higher of tap water.

with wastewater. This increment if compared with that
recorded in tap water irrigation showed a relative increase
by 78.6, 41.3 and 37.5% respectively.

Essential Oils Components: Data in Table (6)
demonstrated that, the chemical composition of essential
oil obtained from the plants was not influenced by the
water type used for irrigation. Irrigation with wastewater
was beneficial to increase the quantity of the oil, but did
not significantly affect the composition of the oil, as there
is a fluctuation in some components than others as 1.8
cineol followed by wo-pinene then Myrtenyl acetate
recorded the highly component appear in M. communis oil
whether, irrigated by tap water or treated wastewater as
(22.50 and 22.90), (21.07 and 22.20) and(20.37 and 21.32),
respectively, 1.8 cineol (eucalyptol) followed by a-pinene
then Globulol recorded the highly component in
E. camaldulensis whether irrigated by tap water or treated
wastewater as (35.35 and 40.01), (17.25 and18.17) and
(6.75 and 7.01) respectively while, a-pinene followed by
3- caren then o-cedrol recorded the highly component in
C. sempervirens oil whether irrigated by tap water or
treated wastewater as (37.14 and 39.20), (7.22 and8.11) and
(5.55 and 6.00), respectively.

Heavy Metals Accumulation: The results in this research
showed variability in accumulation of heavy metals Cd,
Co, Cr, Cu, Fe, Mn, Ni, Pb and Zn in leaves of the plant
seedlings in this study as shown in Table (7). The results
revealed more accumulation of all metals in the leaves of
seedlings irrigated with wastewater while Cu, Fe, Mn and
Zn only slightly accumulated in the leaves irrigated with
tap water in all studied seedlings.
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Table 2: Effect of treated wastewater irrigation on seedlings height, root length, stem diameter (cm), fresh and dry weights of shoots and roots of M. communis seedlings, during 2018/2019

and2019/2020 seasons
Parameters

Treatments Seeding height (cm) Root Length (cm) Stem diameter (cm) Shoot F.W (g/plant) Shoot D.W (g/plant) ~ Root F.W (g/plant) Root D.W (g/plant)
1" season

Tap water 47.00 25.00 0.95 45.00 16.00 21.10 5.61

Wastewater 79.00 38.00 1.22 65.00 22.10 32.13 10.60

P-Value 0.02 0.03 0.00 0.04 0.04 0.04 0.00
2" season

Tap water 54.00 29.00 0.99 55.00 20.00 25.14 7.73

Wastewater 85.00 40.00 1.65 70.00 25.00 34.46 1111

P-Value 0.04 0.04 0.00 0.00 0.02 0.03 0.00

Means were compared by T-test (P = 0.05)

Table 3: Effect of treated wastewater irrigation on seedlings height, root length, stem diameter (cm), fresh and dry weights of shoots and roots (g/plant) of E. camaldulensis seedlings, during
2018/2019 and 2019/2020 seasons

Parameters
Treatments Seeding height (cm) Root Length (cm) Stem diameter (cm) Shoot F.W (g/plant) ~ Shoot D.W (g/plant)  Root F.W (g/plant) Root D.W (g/plant)
1" season
Tap water 135.00 40.00 1.33 210.00 73.30 115.00 41.00
‘Wastewater 180.00 60.00 230 345.00 113.50 175.67 59.00
P-Value 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2" season
Tap water 150.00 45.00 1.40 235.00 78.00 125.00 43.00
‘Wastewater 190.00 69.00 2.40 380.00 123.50 192.00 63.80
P-Value 0.00 0.00 0.02 0.00 0.04 0.00 0.00

Means were compared by T-test (P = 0.05).

Table 4: Effect of treated wastewater irrigation on seedlings height , root length , stem diameter(cm) , fresh and dry weights of shoots and roots(g/plant) of C.sempervirens seedlings, during
2018/2019 and2019/2020 seasons

Parameters
Treatments Seeding height (cm) Root Length (cm) Stem diameter (cm) Shoot F.W (g/plant)  Shoot D.W(g/plant) Root F.W(g/plant) Root D.W (g/plant)
1" season
Tap water 52.00 28.00 0.37 36.00 12.20 18.70 6.30
‘Wastewater 78.00 34.00 0.58 57.00 19.14 29.22 9.40
P-Value 0.00 0.04 0.00 0.00 0.00 0.00 0.00
2" season
Tap water 55.00 29.10 0.45 40.00 14.71 19.71 6.70
‘Wastewater 84.00 36.20 0.62 62.00 21.34 32.90 10.20
P-Value 0.00 0.00 0.00 0.00 0.00 0.00 0.02

Means were compared by T-test (P = 0.05).

Table 5: Effect of treated wastewater irrigation on total chlorophylls, total sugars mg/g F.W during 2018/2019 and 2019/2020 and N, P, K and Oil % after
two years from establishments of M.communis, E.camaldulensis and C.sempervirens

Total chlorophylls (mg/g) F.W Total sugars (mg/g) F.W

Treatments 1% season 2" season 1% season 2" season N% P% K% Oil%

M. communis

Tap water 0.55 0.57 1.30 1.47 0.18 0.05 0.26 0.46
Wastewater 0.75 0.78 2.30 2.52 2.80 0.22 1.12 0.65
P-Value 0.00 0.00 0.00 0.02 0.00 0.00 0.02

E. camaldulensis
Tap water 0.31 0.35 1.20 1.28 0.19 0.06 027 0.42
Waste water 0.45 0.47 2.19 222 2.40 0.20 1.61 0.75
P-Value 0.01 0.01 0.00 0.00 0.00 0.00 0.00

C.sempervirens
Tap water 0.30 0.33 1.13 1.24 0.17 0.04 026 0.32
Wastewater 0.35 0.37 1.41 1.67 1.60 0.30 0.78 0.44
P-Value 0.01 0.01 0.01 0.01 0.00 0.00 0.01

Means were compared by T-test (P = 0.05).
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Tdul,

Table 6: The main essential oil components of M.c is, E. c

is and C.sempervirens due to irrigation by Tap water and treated Wastewater.

Myrtus communis

Eucalyptus camaldulensis Cupressus sempervirens

Component Tap water ~ Waste water Component Tap water Waste water Component Tap water Waste water
1-e-pinene 21.07 22.20 1-et-pinen 17.25 18.17 1-Tricyclene 0.14 0.17
2-p-Pinene 0.41 0.50 2-[3-pinene 0.53 0.84 2-¢-Thujene 0.14 0.16
3-Limonene 9.53 10.20 3-[}-myrcene 0.58 0.15 3-w-pinene 37.14 39.20
4-2-methyl isobutylbutytyrate 1.66 2.40 4-¢-phellandrene 2.16 0.17 4-Camphne 0.50 0.53
5-1, 8 cineol 22.50 22.90 5-P-cymene 4.87 543 5-Sabinene 0.22 0.45
6-Linalool 364 437 6-D-limonene 4.82 524 6-[}-pinene 0.88 0.92
7-¢-Terpinol 4.53 4.55 7-1-8 cineole(eucalyptol) 35.35 40.01 7-f-myrcene 1.50 1.84
8-Myrtenol 0.51 0.97 8-Gamma-terpinene 0.53 0.89 8-3-caren 7.22 8.11
9-Myrtenyl acetate 20.37 21.32 9-1-Octanol 1.07 1.16 9-1.8 cineole 1.00 1.08
10-Geranle acetate 0.85 0.75 10-Isopinocarveol 1.55 1.72 9-p-cymene 0.21 0.24
11-Mrthyl eugenol 1.55 0.00 11-Terpinene-4.ol 55 6.67 10-Limonene 2.85 291
12-p-Cymene 0.19 0.70 12-e-terpineol 1.20 1.51 11-y-Terpinene 0.10 0.20
13-Linalyl acetate 0.35 0.00 13-e-Gurjunene. 0.50 1.11 12-@-terpineol 1.15 1.68
14-¢-Humulene 0.08 0.09 14-Aromandendre 1.45 0.91 13-Camphre 0.11 0.11
5-Caroyoxidas 0.84 0.62 15-Globulol. 6.75 7.01 14- isobronyle acetate 0.30 0.40
15-f-caryophyllene 2.11 2.20
16- Caryophyllene oxide 0.30 0.30
17-e¢-humulene 223 220
18-germacrene- D 2.34 2.50
19-¢z-cadinene 0.66 0.54
20-e-cedrol 5.55 6.00

Table 7: Effect of irrigation with treated wastewater on the heavy metals (ppm) accumulation in leaves and essential oil after two years from establishment of M. communis, E. camaldulensis

and C. sempervirens seedlings

Myrtus communis

Eucalyptus camaldulensis

Cupressus semprevirens

Leaves Oil Leaves Oil Leaves Oil
‘Element (ppm) Tap water Waste water  Tap water Waste water Tap water ~ Waste water ~ Tap water Waste water ~ Tap water Waste water Tap water Waste water
Cd n.d 0.20 n.d n.d n.d 0.30 n.d n.d n.d 0.18 n.d n.d
Co n.d 0.47 n.d n.d n.d 0.50 n.d n.d n.d 0.25 n.d n.d
Cr n.d 0.02 n.d n.d n.d 0.05 n.d n.d n.d 0.04 n.d n.d
Cu 1.40 3.08 n.d n.d 1.31 3.34 n.d n.d 1.71 6.20 nd n.d
Fe 3.26 7.88 n.d n.d 4.72 11.24 n.d n.d 4.18 12.50 n.d n.d
Mn 0.15 14.28 n.d n.d 1.08 10.59 n.d n.d 0.62 11.39 n.d n.d
Ni n.d 0.64 n.d n.d n.d 0.54 n.d n.d n.d. 0.33 n.d nd
Pb n.d 15.51 n.d n.d n.d 14.0 n.d n.d n.d 13.81 n.d n.d
Zn 3.18 14.64 n.d n.d 7.04 9.40 n.d n.d 3.25 17.15 n.d n.d

n.d (not detected)

About, the accumulation of heavy metals in seedlings
irrigated with wastewater Pb followed by Zn then Mn
recorded the highly accumulation content (15.51, 14.64
and 14.28 ppm)respectively in M. communis and Pb
followed by Fe then Mn recorded the highly accumulation
content (14.00, 11.24 and 10.59 ppm) respectively in
E. camaldulensis while Zn followed by Pb then Fe
recorded the highest level of accumulation content (17.15,
13.81 and 12.50 ppm), respectively in C. sempervirens.

In spite of the presence of these metals in the leaves
of the studied plants the results, showed that these heavy
metals Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb and Zn content in
the volatile oil of the three plants were below the
analytical detection limits hence no data were reported.

All vegetative growth parameters were increased with
irrigation by treated wastewater.

This increment may be due to the increase in organic
matter, macro-and micronutrient in the sewage water
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where beneficial nutrient improved the metabolic activities
and hence the vegetative growth [29]. These results were
in agreement with those obtained by Alex ef al. [30] on
Salix discolor and S. eriacephala.

Similar results were also obtained on growth of
ornamental sunflower by Andrade ef al. [31], who found
that the best growth parameters were obtained by the
waste water irrigation that, may be due to the higher
concentration of essential elements in it, as reported by
Zaki and Shaaban [32]. On Jatropha plants Luma
Abdalah, et al. [33] found similar results when treated
with wastewater and he attributed this to its nutrient
contents (N, P, K) that are necessary for the growth of
plants. Also, the results were in agreement with Elsokkary
and Aboukila [34] on basil and oregano plants.

Also, the obtained results were in harmony with
many investigators, Guo and sims [35] on Eucalyptus
globules, El-Sayed [36] on Ceratonia siliqua, who found
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that sewage effluent had a stimulatory effect on
vegetative growth of the trees, providing the soil with
plant nutrients and organic matter and improved the soil
physical characteristics, that reflected on the growth by
enhancing the cell elongation and division and elongation
in the cambium zone and all membranes that increase in
stem diameter Harada et al. [37] on willow (Salix sp).

The increasing in total chlorophylls and total sugars
concentration, N, P , K and oil % in the leaves of the
plants irrigated with waste water may be due to the higher
concentration of nitrogen, magnesium, iron and zinc in
the sewage water [38]. Similar results were obtained by
Zaki and Shaaban [32] on sunflower. Also, Zeid and Abou
El Ghate [39] reported that application of sewage water
positively affected the synthesis of photosynthetic
pigments. The stimulatory effect of sewage water on
chlorophylls content could be attributed to the fact that
sewage water enhances the rate of biosynthesis of
chlorophylls.

El-Maghraby and Gomaa [29] reported that sewage
water application increased number of green leaves
and leaf area per plants or it may be increase both of
macro and micronutrients elements in soil, which is
essential for the plant growth and photosynthetic
pigments. Abdel Latef and Sallam [40] indicated that,
sewage water irrigation increased the content of sugars in
maize plants due to the presence of some mineral ions e.g.
Mn and Cu that stimulated the photosynthesis. In the
study of Rija et al. [41], it was found that sewage
irrigation on plants like Vigna radiata, Cicer arietinum
and Lens increased the total protein,
carbohydrate and chlorophyll contents, they attributed
these increases to the activity of some microbes
presented in sewage water which can convert organic
matter into by-products like CO,, NO,, PO,, SO,, NH,, H,S
and CH, and they concluded that the presence of higher
amounts of macronutrients in the sewage water provides
cofactors to enzymes necessary for the synthesis of
protein and carbohydrate. Selahvarzi and Hosseini [42]
found that the use of sewage effluent in irrigation resulted
in a remarkable change of organic matter available and
total soluble N which might have been added to soil.
The results were in harmony with Singh and Bahati [43]
who found that concentration of N, P and k were
greater in foliage compared to the other plant parts.
Also, Hassan et al. [44] found that irrigation with sewage
effluent increased most of the macro elements and
organic matter in the soil cultivated with some trees e.g
Acacia saligna, Tipuana speciosa , Melia azedarach,
Albizia lebbek and Taxiodum distichum.

culinaris
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Concerning the increase of 0i11% may be attributed to
the sufficient amounts of macro- and micro nutrient and
hormons present in wastewater. These results were similar
to the findings of Bernstein ef al. [45] who evaluated the
effect of irrigation with secondary treated effluent on
essential oil yield, in two commercial cultivated of the
aromatic species Organium vulgar and Rosmarinu s
officinalis L.

Also, Khalifa et al. [46] found that, the oil yield of
five crops were higher under waste water irrigation than
that irrigated with fresh water .Similarly, these results
agree with Kotb et al. [47] on peppermint irrigated by
wastewater and freshwater.

Rahimi et al. [48] found also that the essential oil
yield, biological yield, flowering shoot yield and essential
oil percentage of coriander increased as a result of
irrigation with treated wastewater as compared to
freshwater. Elsokkary and Aboukila [34] showed that
there was an increase in essential oil yield, shoot yield,
flowering shoot yield and essential oil percentage % in
basil and oregano as a result of irrigation by wastewater
as compared to those irrigated by freshwater.
Similar results were obtained by Maaloul, ef al. [49] on
E. camaldulensis. Also, these results were in harmony
with Hossein et al. [50] on Ocimum basilium L., who
indicated that, application secondary treated increased
essential oil content of basil, as waste water contains
more (N, P, K) which are the major nutrients that influence
plant growth and oil yield.

In spite of the presence of these metals in the leaves
of the studied seedlings the results, showed that these
heavy metals Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb and Zn
content in the volatile oil of the three plants were below
the analytical detection limits. This result confirmed
previous results of Yadav et al. [S1]; Angelova et al. [52];
Zheljazkov et al. [53] and khalifa et al. [46] who stated
that plants can be grown in soils enriched with heavy
metal without risk for metal transfer into the oils and
without significant alteration of essential oil composition
that may impair marketability.

Bernstein et al. [45] demonstrated that oregano and
rosemary were suitable as industrial crops for essential
oils and antioxidant production under irrigation with
wastewater because their yield quantity and quality
were not affected. They affirmed that cultivation of
aromatic plants for essential oil is suitable for irrigation
with treated effluents because heating during essential oil
extraction eliminates human Dbacterial pathogens
originated in the effluents and alleviates health concerns.
Additionally, the essential oil which is extracted mainly by
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steam distillation, will be free of inorganic ion
contaminants such as heavy metals originating from the
effluents, which may accumulate in the plant tissue and in
the soil. These results were in agreement with Zaki and
Shaaban [32] and Koottatep et al. [54] on sunflower. Also,
the results of this study were confirmed in previous
results of Zheljazkov et al. [53], who concluded that
plants irrigated with municipal wastewater, produced
volatile oils free from the potential toxic elements and
more pronounced when irrigated with secondary sewage
effluents. In the same direction, Toze [55] demonstrated
that heavy metals in effluents used for irrigation tend
to accumulate in the soils where there is a potential that
they could became bio available for crops. Similar results
obtained by Khalifa et al. [46] who stated that no
detectable amount of the potential toxic elements was
recorded in the essential oils of the tested aromatic plants.
From this stand point, treated municipal wastewater can
be used for growing aromatic plants in the arid area
without mineral fertilizers to produce volatile oils without
causing any reduction in its quantity and quality. On the
other hand Zaki and Shaaban [32] showed that no
significant difference in the concentration of these
elements (Pb, Cd and Ni) was detected in plants irrigated
with waste water. This means that although the plant
absorbed reasonable amounts of heavy metals, they may
be accumulated in the shoots, stem and roots [56].
Kootlatep et al. [54] found no significant changes in the
concentration of nutrient elements or heavy metals in the
seeds of sunflower plants irrigated with treated sewage
water compared to well water. Also, results agreed with
those of Scora and Chang [57] who did not find variation
in peppermint oil constituents due to elevated
concentration of heavy metals in the medium. Also
Zhelijazkov et al. [53] showed that peppermint, basil and
dill could be grown in soils enriched with Cd, Pb and Cu
without risk for metal transfer into the oils and without
significant alteration of essential oil composition that may
impair its marketability.

CONCLUSION

From the present study it can be concluded that as
a part of the solution of the problem of the shortage of
water resources, irrigation with treated wastewater can be
safely used as irrigation water for Myrtus communis,
Eucalyptus camaldulensis and Cupressus sempervirens
seedlings. Results confirmed that the treated waste water
could effectively increase all the growth parameters, total
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chlorophylls and sugars , as well as N, P and K %. On the
other hand, it could increase the essential oils without
affecting its composition. Finally, it can be concluded that
all the volatile oils extracted from the studied plants were
free from heavy metals so, the use of the treated waste
water in irrigation of these plants may be recommended
but, there is a need for continuous monitoring of the
concentration of potentially toxic element in soil, plant
and ground water.
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