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ABSTRACT

An experiment was conducted during April to the beginning of November ,2018, in the lath house of
the University of Duhok, College of Agricultural Engineering Sciences, Duhok city. This research
was carried out to study the effect of primary treated wastewater (PTWW) of Avro city in Duhok
governorate ,Iragq, on Eucalyptus camaldulensis and Melia azedarach one- and two-years old
seedlings, and some growth parameters (seedlings biomass, diameter and height) were investigated
at the beginning and at the end of the study, the total chlorophyll content measured, ,concentration
of (Cd and Cu) and some chemical and physical properties of soil and water were determined.
Chlorophyll content show significant effect for PTWW applied on Melia seedlings for both ages and
the highest value was 49.90 (SPAD) in Melia seedling of one year irrigated with PTWW. Irrigation
with PTWW increased significantly the growth parameters (seedlings height, diameter, and biomass)
in Melia. The obtained results show that PTWW effects on the biomass of 1-year old Melia seedlings
followed by 2-years old Melia seedlings, while for Eucalyptus, comparable results shown for the 2-
years old seedling treated with the both types of water, while for the smaller seedlings (in age) the tap
water (TW) was more effective. Concerning the heavy metals, surprisingly, Cu was higher in plants
parts irrigated with TW compared with that of PTWW. The highest Cu concentration found in the
roots of 2-years old Melia seedlings (23.93 mg.kg™ d.wt), with the lowest concentration in 1-year old
Eucalyptus seedlings (12.02 mg.kg™ d.wt). In general, highest Cd concentration detected in roots and
shoots treated with PTWW, whereas the uppermost (mean) Cd concentration was found in two-years
old roots of Eucalyptus seedlings (1.16 mg.kg™* d.wt) besides the lowest results noted in two- years old
shoots of Melia seedlings that stands on (0.20 mg.kg™ d.wt). As a result, Melia was more resistance to
PTWW than Eucalyptus.

KEYWORDS: Eucalyptus camaldulensis, Melia azedarach, Primary treated wastewater, Biomass,
Chlorophyll, Heavy metals.

1. INTRODUCTION

Environmental pollution is taking place on
an unprecedented and rapid scale around
the globe. Today's pollution is integrally correlated
to the extents of human and animal populations,
economic production, recent technology, lifestyles,
fossil fuel combustion, dumping solid wastes,
urbanisation, industrialisation and agricultural
wastes  (Bernhardt et al., 2019). The
aforementioned sources are the main reasons for
different types of pollution regarding air, soil,

noise, radioactive, light and water pollution (Smith
et al, 1999; Pathak & Mandalia, 2011;
Appannagari, 2017). In the last twenty years, many
attempts managed to diminish the pollution sources
and remedy the polluted water that leads to water
shortage (Lone et al., 2008). Accordingly, the need
for recycling and using low-quality water (drainage
and wastewater) for various purposes especially
irrigation has increased (Song et al., 2006).
Irrigation with treated wastewater (primary and
secondary) leads to improvement in the plant
growth and soil quality, and such effluents are
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considered as natural sources due to the availability
of nutrient elements and organic matter (Ali et al.,
2012). Primary treated wastewater takes in basic
processes in which solid waste settled and removed
from the wastewater and whereas the biochemical
oxygen demand (BOD) reduced (Sonune & Ghate,
2004; Kiziloglu et al., 2008).

Nevertheless, unremitting irrigation with such
effluents may result in the accumulation of metals,
which can cause adverse effects, such as soil
deterioration, inhibition of seed germination, and
toxicity to plants (Kumar & Chandra, 2004).
Moreover, toxic elements in soil can enter into the
food chain, eventually posing severe threat to
human beings (Landrigan et al., 2018), diminish
immunological defense, lessen crucial nutrient in
the body, cause malnutrition infirmities, increase
gastrointestinal ~ cancer rate, impact the
physiological abilities and lead to retardation in
growth (Chaouaet al., 2018; Bernhardt et al.,
2019). The use of treated wastewater for forest
irrigation has confirmed to be a promising and
successful practice for reusing wastewater; it also
plays an important role in protecting the
environment (Stewart & Flinn, 1984; Guo et al.,
2002; Sharma & Ashwath, 2006; Sherif et al.,
2017).

Forest trees may be more tolerated than any
other plants to irrigation with wastewater because
of its ability to uptake heavy metals into their
tissues (Madejon et al., 2006). However, trees '
ability to survive and grow under wastewater
irrigation conditions appears to vary among species
because wastewater usually contains undesirable
components such as salts, trace elements, organic
compounds, pathogens and others (Hassan & Ali,
2013).

Eucalyptus and Melia species can be irrigated
with effluents since these trees are; high
transpiring, fast growth rates, adaptable to wide
ranges of soil, tolerate contaminants, high biomass
production and deep and extensive root systems.
(Minglin et al., 2005). Eucalyptus Camaldulensis
dehnh, the river red gum, is an Australian tree
species and also planted in many parts of the world
(FAO, 1979; Eldridge et al., 1993; Farrell et al.,
1996) and introduced to Iraqg as an exotic tree. The
tree can be grown across a wide variety of sites and
climates (Albaugh et al., 2013). It is used for a wide
range of purposes around the world, including
shelter, agroforestry, ornamental, essential oils,
medicine and for industrial wood production (Abo-
Hassan et al., 1988; Midgley et al., 1989; Farrell et

al., 1996). Likewise, it used for remediation of
environmental problems (Assareh et al., 2008);
since the tree has an extensive root system and they
possess the ability to absorb a large amount of
heavy metals. Melia azedarach L. also known as
Chinaberry, Persian lilac, White cedar or Tulip
cedar is a small to medium deciduous tree. The tree
is native in Pakistan, India, Indochina, Southeast
Asia and Australia (AL-Rubae, 2009; Chiffelle et
al., 2009; Ramya et al., 2009; Nahak & Sahu,
2010). The fruit are the poisonous part of the tree
(Chudnoff, 1984; Kim et al., 1999; Alché et al.,
2003). It is used as a shading tree and as an
ornamental avenue tree (Seth, 2003), it is known
for its medicinal and insecticidal properties
(Bohnenstengel et al., 1999; AL-Rubae, 2009;
Nahak & Sahu, 2010) and for industrial wood
production (Chudnoff, 1984; Nasser, 2010). It is
highly adapted to an extensive range of soil
moisture conditions, grow in alkaline soil and
highly tolerate heat and drought (Batcher, 2000;
Shahbaz, 2010). It is broadly -cultivated in
Kurdistan on the highway edges, parks, gardens
and landscapes. Often used as an ornamental shade
(Shahbaz, 2010).

Irag like many other countries also faces

thoughtful environmental issues, ranging from poor
water quality, effects of climate changes, struggle
pollution to the deterioration of vital ecosystems,
soil salinity and the threat of water shortages (Price,
2018). UNDP in 2015 argues that providing
humanitarian support to internally displaced person
and refugees enlarged the need of water in 2015
almost by 15% in Erbil and Duhok (UNDP, Post-
Conflict Impact Assessment on Environment in
Kurdistan Region of Irag, 2015. (Tinti, 2018). In
the center of Duhok city, the main source of
irrigation water for public gardens and parks is
from groundwater, and this put the water under
stress of depression especially in drought seasons.
Therefore, dependence on primary treated
wastewater as a source for irrigation is inevitable.
Because of constraints on freshwater availability,
primary-treated wastewater has been used in
different countries. The untreated wastewater used
for irrigation purposes instead of clean water so as
to save clean water under conditions of water stress
for alternative significant purposes. Therefore, this
study set out to assess:
1. The Eucalyptus camaldulensis and Melia
azedarach seedlings ability to grow in pots
irrigated with primary treated wastewater of Duhok
city.
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2. The Effect of irrigation by primary treated waste
water on some growth characteristics of tested
plant.

3. To study the distribution of Cd and Cu in
different plant parts (root and shoot system).

2. MATERIALS AND METHODS
2.1 Location

The present study was assessed during seven
successive months through the year 2018 (from
April till the end of October) in the lath house of
the University of Duhok, College of Agriculture, in
Duhok city, elevation (473m) (Latitude: 36°51
'32.39"N) and Longitude: 42°52'58.95"E).

2.2 Selection of Seedlings

The seedlings of two different plant species
(Eucalyptus camaldulensis dehnh and Melia
azedarach L.) with two different ages (one year old
and two years old) were brought from Zakho
nursery to the Agricultural Engineering Sciences
college lath house area. Height and diameter for all
tested seedlings measured before planting, and
planted in pots contained 10 kg of soil mixture (3
loam:1 soil) ratio. Also, extra 5 plants for each plant
type (including the two ages) were selected
randomly, dried, and the dry weight of roots and
shoots was recorded in order to determine the
increase in biomass, diameter and height.

2.3 Design of the experiment

A factorial Randomized Completely Block
Design (RCBD) was used, to study two plant
species (Eucalyptus camaldulensis and Melia
azedarach), two ages (one year old and two years
old), two water types (primary treated waste water
and tap water) and using four replicates with five
plants for each experimental unit.

Therefore, number of experimental units = 2
(plant species) X2 (two ages) X2 (water types) X4 (replicates) =
32 (experimental units) X5 (plants in each experimental unit) =160
seedlings.

2.4 Analysis of Soil

The determination of physical and chemical
properties and the total heavy metals in the soil
were assessed (at the beginning and at the end of
the study) in Duhok Environmental Directorate
Soil Lab. Following the protocol of (Martens &
Lindsay, 1990). The result shown in table (1).

2.5 Analysis of Irrigation Water

The Chemical and physical properties of
irrigation water analyzed in Duhok Environmental
Directorate Chemical lab. according to (APHA,
1998). The results shown in table (2).

2.6 Measurement of Total chlorophyll

Total chlorophyll determined by using
chlorophyll meter SPAD-502, four times during the
study; first time chlorophyll was measured at the
end of June, then August after that in September
and the last time measures taken in October. The
indicated results represent the mean of the four
measurements.

2.7 Measurement of Seedlings
(increase in seedlings dimeter)

At the beginning and at the end of the study all
the seedlings diameter was measured directly
above the soil surface by using digital caliper. An
increase in seedlings dimeter calculated by
subtracting the first measured diameter form the
second.

2.8 Measurement of Seedlings Height (increase
in seedlings height)

At the beginning and at the end of the study the
height of all seedlings was determined directly
above the soil surface till the top of the seedling, by
using diameter tape. The increase in seedlings
height calculated by subtracting the first height
measuring form the second measuring.

2.9 Seedlings Rooting Up

At the 1% of November, the rooting up of all the
seedlings was taken place, each plant carefully was
moved off from each pot and the plant root system
was detached from the shoot system by using plant
pruning scissors. Gently the attached soil removed
from the root system, the root and shoot systems
each was washed separately and carefully placed
over a flat surface for 24-48 hours for air drying.
After drying, the plants were oven dried for 72
hours at 70°C. Each experimental unit placed in
paper bags individually.

2.10 Biomass measurement (increasing in dry
weight)

At the beginning of the experiment, dry weight
of shoots and roots were measured, the plants were
oven dried for 72 hours at 70°C, until a constant
weight attained. The weights of plants from both
species and both ages were measured. The increase
in shoots and roots dry weight was measured by
subtracting the mean of the five plants that
measured before the study, from the dry weight that
measured at the end of the study.

2.11 Digestion of Roots and Shoots Samples

The plants were grinded by using SOLE Large
1000 Grams Grinder Commercial Home Crusher.
The shoot system and root systems were all
powdered for chemical analysis. According to the
protocol of Ryan & Astafan (2003). 10ml of the
acid (HNOs/HCIQOg) nitric acid: perchloric acid 4/2

Diameter
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(v/v) added to 0.5 grams of the plant powder in a
conical flask (100ml). The conical flasks placed on
hot plate under low temperature, later the flasks’
cover was opened to let the NO, fume release out.
This process continued until it changed to colorless.
Afterward it evaporated until the volume reached
to 3-5 ml. Lastly, by using distilled deionized
water, the digested samples diluted to the final
volume 50 ml (in a volumetric flask) (Tandon,
1999).

2.12 Determination of Cd and Cu in roots and
shoots

Cd and Cu were measured by Atomic
Absorption Spectrophotometer and the given
results calculated by the following formula to get
mg.L-1 (Martens & Lindsay, 1990):

Heavy Metals(ppm)

= ppm HM(from calibration curve) X Wi

Table (1): Some Physical and Chemical Properties of the Mixture (Soil + Loam)

Characteristics

Measurement units

Value

Beginning of the End of study

study
pH 7.79 7.95
Moisture content % 1.98
Total Nitrogen % 0.14 0.17
Total Carbonate % 4 2.902
Organic matter % 2.76 5.022
Dissolved Potassium mg.l-1 7.1 7.9
Extractable Potassium mg.l-1 113 125
Phosphate (Total) mg.l-1 8.4 29.5
Cadmium (Total) mg.l-1 1.241 0.95
Copper (Total) mg.l-1 46.6 18.23
Clay % 13.48
Silt % 40
Sand % 46.53
Texture Loam

Table (2): Some Physical and Chemical Analysis of Wastewater and Tap Water

Characteristics Results
Measurement units PTWW TW
Turbidity NTU 11.8 0.1
pH e 7.47 7.27
Electrical conductivity (uS) 870.2 791.7
Total dissolved Solids mg.l-1 556.9 506.7
Total Alkalinity mg.l-1 302.0 386.0
Total Hardness mg.l-1 272.2 461.2
Calcium mg.l-1 68.2 77.9
Magnesium mg.l-1 24.8 65.0
Chloride mg.l-1 52.0 224
Sulfate mg.l-1 106.7 13.2
Nitrate mg.l-1 15.9 4.8
Sodium mg.l-1 59.5 38.3
Potassium mg.l-1 12.5 1.1
Nitrogen mg.l-1 31 8
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Phosphate mg.l-1 2.58 3.18
Copper mg.l-1 0.286 0.264
Cadmium mg.l-1 0.0007 0.0009
3. RESULTS content found in Melia seedlings irrigated with

In the present study, the total chlorophyll
content, the vegetative growth parameters (increase
in height, diameter and biomass), and the values of
heavy metals (Copper and Cadmium) in the root
and shoot systems were measured. The obtained
results show the effect of primary treated
wastewater (PTWW) and the tap water (TW) on
Eucalyptus camaldulensis Dhenh. and Melia
azedarach L. of one- and two-years old seedlings.

The results of chlorophyll content in leaves are
set out in figure 1. The maximum chlorophyll

PTWW of the 1-year old (49.9) which was differed
significantly from all other treatments except both
of 2- years old seedlings of Eucalyptus and Melia
irrigated with PTWW. The amount of chlorophyll
content found in Melia treated with TW was 36.64
for 1-year old seedlings, which differed non-
significantly with the same type of water for the 2
years old seedlings (34.58). Overall, concerning the
mean content of greenness, Melia seedlings treated
with  PTWW contain the largest chlorophyll
content.

Chlorophyll Content (SPAD)
60
46.38 abc 49.90a
50 44.06 c42'77 . 45.57 be 48.43 ab
20 36.64 d 3458 d
30
20
10
0
vl y2 yl y2
Eucalyptus Melia
EPTWW = TW

Fig. (1): Effect of PTWW on chlorophyll content in one- and two-years old seedlings of Eucalyptus and Melia.

For both of Eucalyptus and Melia separately,
means with same letter are not significantly
different at 5% based on Duncan’s Multiple Range
test.

The outcomes in figure 2 show that the increase
in height of Eucalyptus seedlings did not affected
significantly by PTWW, 1- year old seedlings
treated with PTWW got a little more height than

those of the TW, and nearly the same results
revealed for 2-years old seedlings treated with both
types of water (35 cm). The top influence on the
plants’ height found with those treated with PTWW
on 1l-year old Melia seedlings with (90.12 cm),
which was different significantly from all other
treatments.
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Seedlings Height (cm)

100 90.12 a
72.76 b
80 50.17 a
60 48.35a 35.53a
35.15a
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0
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Eucalyptus Melia
B PTWW =TW

49.1t

It is appeared in figure 3, however 1-year
Eucalyptus seedling treated with TW achieved
greater diameter (4.22mm) but no significant
differences recorded between the plants irrigated
with PTWW and TW. It has been found in the same
figure, the maximum diameter achieved in Melia

Fig. (2): Effect of PTWW on increasing in height of
one- and two-years old seedlings of Eucalyptus and
Melia.

For both of Eucalyptus and Melia separately,
means with same letter are not significantly
different at 5% based on Duncan’s Multiple Range
test.

seedlings of the smaller age (6.01mm), for the
plants treated with PTWW; and the 2-years old
Melia seedling irrigated with TW recorded the
smallest diameter (1.85 mm) which was different

significantly from all other Melia treatments.

7.00
6.00
5.00
4.00
3.00
2.00
1.00
0.00

4.22a
a

3.60
yl

3.86 a

Eucalyptus

Seedlings Diameter (mm)

I 2.96 a
y2

HPTWW

6.01 a

3.46b 3.25b

I 1.85¢
y2

Melia

yl

T™W

Fig. (3): Effect of PTWW on increasing in diameter of one- and two-years old seedlings of Eucalyptus and Melia.

For both of Eucalyptus and Melia separately,
means with same letter are not significantly
different at 5% based on Duncan’s Multiple Range
test.

From the data in figure 4, for Eucalyptus
species, the seedlings irrigated with PTWW
demonstrate non-significant influence on the 2 and

1-years old seedlings. It is found that the PTWW
has significant influence on Melia seedlings and
particularly for those of 1-year old, the highest
result obtained was 82.79 g. It is clear that 1- and
2- years old Melia seedlings irrigated with PTWW
got twice biomass of those treated with TW.
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Fig. (4): Effect of PTWW on increasing biomass of one- and two-years old seedlings of Eucalyptus and Melia.

For both of Eucalyptus and Melia separately,
means with same letter are not significantly
different at 5% based on Duncan’s Multiple Range
test.

From the data in table 3, we can see that in the
roots system, interestingly the maximum
concentration of Cu presented in 2- years old Melia
seedlings (23.93 mg.kg™? d.wt) for those irrigated
with TW, that differed significantly from all other
treatments. As a mean, significant differences show
with greatest amount of Cu found in 2-years old
seedlings of Melia with (18.96 mg.kg? d.wt)
compared with the others. Correspondingly, in
general, the seedlings irrigated with TW contained

higher concentration of Cu compared with those of
PTWW.

For the shoot system, maximum concentration
of Cu detected in 2- years old Melia seedlings
(18.38 mg.kg? d.wt) treated with TW, which was
non-significantly differed from all the other
treatments except the 1-year old Eucalyptus
seedlings irrigated with PTWW which was
significantly differed with (11.36 mg.kg™ d.wt).
Largely, no significant differences recorded
concerning the seedlings species and ages.
Regarding the Cu in the shoots no significant
differences found between seedlings treated with
TW (15.54 mg.kg® d.wt) compared with those
treated with PTWW (13.95 mg.kg? d.wt).

Table (3): Concentration of Cu in Roots and Shoots Systems of Eucalyptus and Melia Seedlings (mg.kg* d.wt)

Seedlings Seedlings Roots Mean Shoots Mean
species Age PTWW T™W PTWW T™W
Eucalyptus Y1 14.23 ¢ 12.02d 13.12¢ 11.36 b 13.80 ab 12.58 a
Y2 14.05 cd 12.15d 13.10c 16.15 ab 13.60 ab 14.88 a
Melia Y1 12,53 cd 19.73 b 16.13 b 14.58 ab 16.40 ab 1549 a
y2 14.00 cd 23.93a 18.96 a 13.73 ab 18.38 a 16.05 a
Mean 13.7b 16.95a 13.95a 1554 a

For both of roots and shoots separately, means
with same letter are not significantly difference at

5% Duncan Multiple Range test.

It can be seen from the data in table 4, that

maximum Cd content (1.65 mg.kgid.wt) was
found in 1-year seedlings roots of Melia irrigated
with PTWW:; while no Cd content was detected in
the same seedlings that irrigated with the TW (it

refers to low Cd concentration that could not be
detected by the  Atomic  Absorption
Spectrophotometer). As a mean, the uppermost Cd
concentration was found in the roots of two-years
old Eucalyptus seedlings (1.16 mg.kg?! d.wt)
besides the lowest mean result noted in two- years
old Melia seedlings that stands on (0.48 mg.kg?
d.wt). In general, the plants roots treated with
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PTWW significantly accumulated higher Cd than
those irrigated with TW.

In shoots, the maximum Cd concentration (1.50
mg.kg* d.wt) was found in 1-year old seedlings of
Melia irrigated with PTWW, while the minimum
range (0.25 mg.kg™ d.wt) was found in of 1 and 2-
years old Melia seedlings irrigated with TW.
Concerning the tree species and ages, the mean

highest Cd concentration (1.25 mg.kg? d.wt)
observed in 1-year old Eucalyptus seedlings while
the lowest amount of Cd (0.20 mg.kg* d.wt) found
in two- years old Melia seedlings. Overall, the
shoots treated with PTWW accumulated higher Cd
than those irrigated with TW with non-significant
differences.

Table 4: Concentration of Cd in Roots and Shoots Systems of Eucalyptus and Melia Seedlings (mg.kg* d.wt)

Seedlings Seedlings Roots Mean Shoots Mean
species Age PTWW W PTWW W
Eucalyptus Y1 1.00 b 0.95b 0.98 a 1.25a 1.25a 125a
Y2 1.30 ab 1.03 ab 116 a 0.75 ab 0.70 ab 0.73 ab
Melia Y1 1.65a N.Dd 0.83 ab 150 a 0.25b 0.88 a
Y2 0.70 bc 0.25 cd 0.48b 0.15b 0.25b 0.20b
Mean 1.16 a 0.56 b 091c 0.61c

For both of roots and shoots separately, means with same letter are not significantly difference at 5%

Duncan Multiple Range test.

4. DISCUSSION

4.1 Chlorophyll Content

Chlorophyll, it is an important chelate made up
of carbon, nitrogen and magnesium. It is the green
pigment in plants, via photosynthesis process the
chlorophyll changes energy of sunlight to stored
chemical energy, it let the floras to capture energy
from light. Through the photosynthesis, the solar
energy that the plant receives converted to usable
form(glucose) that lead to the establishment of
some food chain basis (Hynninen & Leppékases,
2002; Inang, 2011; Pareek et al., 2018). Our results
of chlorophyll content for the seedlings treated with
PTWW was more than those treated with TW are
in agreement with those of (Shah et al., 2010), who
demonstrate that total chlorophyll content for E.
camaldulensis treated with 50% effluent mixed
with tap water was more than those treated with tap
water. Also, (Al-Mefarrej, 2013) show that
seedlings of Tamarix aphylla irrigated with
primary treated wastewater contain higher
chlorophyll content. The nutrients have a
significant role on the biochemical process, and the
high results of chlorophyll may be related to the
high nutrients (Evans, 1989; Ramana et al., 2002;
Ali, 2005). Nearly all of the nitrogen of leaf is
included in chlorophyll so the chlorophyll can give
secondary estimation of nutrient (Moran et al.,
2000). Reduction in chlorophyll contents may be

caused by declining in the activity of enzyme that
is responsible for chlorophyll biosynthesis as a
result of toxicity of metals (Zengin & Munzuroglu,
2005). Likewise, the change in chlorophyll content
can be related to the time of irrigation as Al-
Mefarrej, (2013) indicated in his study that content
of chlorophyll has declined from the first week to
the five weeks that came after, as the period of
irrigation expands. High chlorophyll content in the
leaves of tested plants may be due to high nitrogen
content in PTWW that used for irrigation because
nitrogen is one of the essential macronutrients that
plants cannot complete its life cycle with its
absence, it combines with carbonic compounds to
form hundreds of organic compounds such as
chlorophyll, protoplast, proteins, nucleic acids,
vitamins, and different enzymes; also another
reason of increasing chlorophyll is the presence of
high sulfate in PTWW compared with TW, because
sulfur in plants enters in formation of proteins
especially chloroplast protein, therefor one
symptom of sulfur deficiency is the pale color of
leaves (El-Beshbeshy & Sheris, 1998).
4.2 Height, Diameter and Biomass

The results of our study indicated that PTWW
effect more on the diameter, height and biomass of
seedlings, an increase in height and diameter lead
to increase in biomass, the high biomass in plants
may also be the result of high chlorophyll content
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(as shown for Melia seedlings), the high growth
may be due to the presence of organic compounds
and nutrients. But the Eucalyptus seedling were
more sensitive to PTWW as there was not a clear
difference shown for those irrigated with PTWW to
those treated with TW. A study on the effect of
different waters on Eucalyptus camaldulensis and
Melia azedarach seedlings which done by Sabr &
Younis (2017) was found that highest plants
achieved for Eucalyptus camaldulensis treated with
0% sewage water than those treated with 50% and
100% sewage water. It is pointed out that species
reflect differently to effluents. Noticeable
differences in growth parameters when variable
effluents applied probably be the results of
different chemical components, especially metals
(Singh & Bhati, 2003).

Shah et al., (2010) demonstrated in their study
that Cd is toxic for Eucalyptus species thus cause
reduction in plant growth. The reduction in the
growth parameters of Eucalyptus may be owing to
the high sodicity, salinity and heavy metals
concentration in the effluents that effects on the
activity of enzymes (Singh & Bhati, 2003; Shah et
al., 2008), this leads to decreasing in the water
potential and also growth of plant (Peralta et al.,
2001). Correspondingly, the study investigated by
(Shah et al., 2010) on Eucalyptus camaldulensis
seedlings express that the plants height, diameter
and weight altogether increase while using 50%
effluents diluted with tap water compared to the
plants treated with tap water. Similar observation
has been described by Al-Mefarrej, (2013) who
stated that the growth characteristics of Tamarix
aphylla, all enhanced by using primary treated
wastewater compared to well water. The present
findings also supported Shetta, (2016) which
concluded that primary treated waste water has
increased the growth parameters of Acacia species.
(Ali et al., 2011) show in their study that the effect
of primary treated wastewater was more effective
for the growth parameters of Swietenia mahagoni
L. seedlings compared to tap water and secondary
treated wastewater. Other studies by (Bedbabis,
Rouina, & Boukhris, 2010; Kiziloglu et al., 2008;
Selahvarzi & Hosseini, 2012) were good
agreements with the results of the present study.
Heavy metals may be the reason of reduction in
plant growth, since they cause stress in plant that
also reduce the photosynthesis activity
(Maksymiec, 2007).

Growth defined as an increase in the dry weight
of plant, the dry weight resulted mainly from

increasing of carbohydrates, the glucose (outcome
of the photosynthesis process) is the main block
unit of carbohydrates. Therefore, the increasing of
plant biomass (which represented by increasing of
plant height and diameter) attended by
improvement of photosynthesis process due to
enhancement of chlorophyll in plants irrigated by
PTWW. In another hand, enrichment of PTWW by
several nutritional elements such as nitrogen (very
important element in composition of all proteins),
potassium (have important role in formation and
translocation of carbohydrates, controlling plant
osmosis), sulfur (in plants enter in formation of
hormones and proteins especially chloroplast
protein) (El-Beshbeshy & Sheris, 1998). All of
these factors play important role for growth
enhancement of plants irrigated by PTWW. (Singh
& Bhati, 2003; Guo et al., 2006) come to an end
that better biomass and growth production attained
possibly because of the enough obtainability of
essential elements and water through sewage
effluents. And plants that show elevated biomass
may be the result of extra phosphorous and nitrogen
that plant receive from the waste water.

4.3 Concentration of Cu and Cd in Roots and
Shoots

Heavy metals are elements that have metallic
properties and possess an atomic number greater
than twenty; they available in the environment in
very little concentration and with few quantities
(Mg. Kg?) (Peralta et al., 2001; Duruibe et al.,
2007). They have specific gravity five times that of
the water (Lentini et al., 2019). Metal pollution has
harmful effect on biological systems and does not
undergo biodegradation, it is difficult to remediate,
it is persistent and cannot be easily detected (Dudka
& Adriano, 1997; Lucho-Constantino et al., 2005;
Pehlivan et al., 2009; Hamad et al., 2016;
Ezzeddine et al., 2017; Pu et al., 2019). The most
common heavy metal contaminants are Hg, Cr, Cd,
Cu, Pb, and Zn; Belong them, some are
micronutrients that the plant needs for growth; such
as Cu, whereas other found with indefinite
biological function such as Cd (Duruibe et al.,
2007; Gaur & Adholeya, 2004).

Copper is one components of reduction-
oxidation enzymes and it is necessary in formation
of different proteins. Concentration of Cu in plants
range from 5-20 mg.lIt. Also, copper is very
important in chlorophyll formation, it is found that
about 70% of Cu in plants detected in chlorophyll
(El-Beshbeshy & Sheris, 1998). EL-Sayed, (2005)
stated that Cu in roots, stem and leaves of A.
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saligna, C. siliqua and A. stenopyhlla were high for
those treated with secondary effluents compared to
the those of tap water. (Singh & Bhati, 2003)
findings for Cu concentration in Eucalyptus
camaldulensis roots reveals 9.71 mg.kg? and 5.79
mg.kg? for municipal effluents and good water
respectively; and in leaves, 23.67 mg.kg® and
16.79 mg.kg* for municipal effluents and good
water respectively. In the same study and mortality
of seedlings shown while irrigation done with
various forms of mixed effluents (textile, steel and
municipal), this may be possible as a result of
toxicity of heavy metals (Woolhouse, 1983;
Macnair, 1993). Clarkson & Luttge, 1989 state the
balance, distribution and mobilization of the
elements on the various potions of plants affected
by the elevated metal concentration.

Cadmium (Cd) considered the third most
dangerous metal in the environment after mercury
and lead and the concentrations of Cd that are not
toxic to plant are hazardous to both of human and
animals (Ismael et al., 2019; Tomza-Marciniak et
al., 2019). It reaches the soil, water and plants
through anthropogenic activities, it is accessible for
plant absorption since it is more soluble than the
other heavy metals, and its uptake process by plants
through the soil is enhanced while the pH is acidic
(Jarup, 2003), those gathered in different plant
parts (Farid et al.,, 2015). Similarly, cigarette
smoking and food are the major causes of Cd
amelioration (Jarup, 2003; Lentini et al., 2019)
besides the manure, lime and sewage sludge
(Nriagu & Pacyna, 1988).

Cd affects plants in different ways such as
nitrate uptake inhibition, inhibition of enzymes that

available to plants, and this may be as a result of
different in individuals’ ions uptake mechanism
and the competitions for absorption between the
heavy metals. The translocation and uptake of
heavy metals affected by the plant type, age and the
interaction among various metals that happens
within the plants and at the surface of roots (Sharma
et al., 2007).

Shah et al., (2010) show in the results of their
study on Eucalyptus camaldulensis that by
increasing the effluent percentages (0% to 100%)
the Cd in shoots increase as well (from 2.13 mg.kg
1to 3.78 mg.kg?). For roots the Cd concentration
also increase with increasing the effluents
concentration, but gradually (from 1.67 mg.kg™to
3.17 mg.kg). Same conclusion achieved in earlier
study by (Sabr & Younis, 2017) who work on the
effect of sewage water on Melia and Eucalyptus
seedling growth, found that Cd concentration
increase with increasing the concentration of
sewage.

CONCLUSION

The findings of these study concluded that
PTWW have a positive influence on Melia
seedlings in contrast to Eucalyptus seedlings as
confirmed in increasing in the height, diameter,
biomass and chlorophyll content of Melia,
specifically for the 1-year old seedlings that show
higher influence compared with the 2-years old
seedlings. Besides that, PTWW did not increase
significantly the Cu and Cd concentration in both
plants except Cd concentration in the roots.
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