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INTRODUCTION

Canna plant as test samples, which is one of the plants

The most devastating impact on human civiliza-

incurred to assemble heavy elements (Lai and Chen

tion is the environmental pollution. It is an undesirable

2009). The study aimed to study the role of mycorrhiza

change in the physical characteristics (physical, chemi-

fungi in the resistance of the growth of cane plant to the

cal or biological) that is based on the human activity

toxicity of these elements when cultivated in soil con-

(Al-Ali and Wadad, 2014). It causing many problems

taminated with heavy elements.

for plant coverings, soil, water bodies and pollutant access to groundwater, the consequent damage to human

MATERIALS AND METHODS

and animal health, and change in the natural balance of

The experiment was conducted in a greenhouse

the environment (Al-Khayl et al., 2013). One of the

at the Department of Horticulture and Landscaper Gar-

causes of soil contamination is the Urban sprawl of resi-

dening, College of Agriculture, University of Baghdad

dential areas, which led to the destruction of agricultural

at Al-Jadiriyah for the spring season 2016-2017. Sterile

land, the use of chemical pesticides in large quantities

black polyethylene bags were utilized superficially with

and without controls or guidance in the treatment of

a solution of sodium hypochlorite, at the concentration

agricultural pests, pollution by radioactive and toxic

of 2% for 10 kg capacity of soil. A layer of gravel were

materials as a result of war. The use of untreated waste

placed in the bags with a height of 4 cm. The soil was

water in irrigation from factory and factory waste, and

brought from one of the banks of the Tigris river at Al-

irrigation by contaminated water such as sewage and

Jadiriyah region. The soil was mixed with a quantity of

other contaminants (Al-Hadithi et al., 2014). Heavy

peat moss, at the ratio of 3:1. Each bag was filled with

elements are a group of environmental pollutants result-

7 kg of soil, prepared for cultivation and mixed with the

ing from the industrial activity such as mining, metal

salts of the desired elements (lead acetate and cadmium

melting, car exhausts, dyes and agricultural applications

chloride) and with three concentrations per element. A

such as fertilizers, pesticides and sewage (Ali et al.,

factorial experiment was conducted within Randomized

2013). Among the contaminants of environmental im-

Complete Block Design (RCBD), with three factors:-

portance for their severe and negative effects, as well as

The first factor is soil with lead element, with three lev-

the multiplicity and expansion of their industrial use are

els viz., 0,75,150 mg.kg-1, which is symbolized by Pb0,

the elements of lead and cadmium, especially as these

Pb1, Pb2, the second factor is soil contaminate with cad-

elements precipitation in the important body members

mium, with three levels viz., 0, 10 and 20 mg.kg-1,

are liver and bone, which lead to poisoning, because

which is symbolized by Cd0, Cd1, Cd2, the third factor is

they replace some of the basic minerals such as zinc,

mycorrhiza fungi with two levels (without inoculating

iron and copper, which enter the number of important

plants and inoculated plants) of the addition of mycor-

enzymes, that lead to their failure, which has a negative

rhiza fungi to the root of the plant, which is symbolized

impact on the functions they perform (Abed et al.,

by M0, M1, respectively and with three replicates. The

2004). Biofertilizers, including Arbuscular Mycorrhizal

averages of the treatments were compared with the

Fungi (AMF), are also efficacious in bioremediation,

Least Significant Difference (LSD) at a significant level

removing pollutants by bio-extraction process, which

of 0.05 and after 14 days of soil contamination process

promotes absorption of lead element, cadmium and oth-

by salts of heavy elements (Khamis et al., 2014). The

er elements by settling in the roots of different plant

bags were cultivated with seedlings of Canna generalis

families (Celik and Arcak, 2002) and by using of the

with 8-10 cm long and 2-3 leaves on 20 March 2017.
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The seedlings were divided into two parts: first part:

Determination of the effectiveness of peroxidase

inoculated by the fungal isolation (spores, mycelium,

enzyme (absorption unit.mg -1)

infected roots and soil), 15 g of each bag in the form of

The peroxidase enzyme efficacy was estimated

a pad, so that it touches the roots of the plant and ac-

according to the method described by Yakelin et al.

cording to the method described by Al-Yahya'ei et al.

(2001).

(2011) at a depth of about 10 cm. The second part was

Calculating the percentage of roots infected with

not inoculated; the plants were irrigated to the limits of

mycorrhiza

the field capacity. Irrigation was re-applied when the

The percentage of roots inoculated with mycor-

soil depleted 25% of the prepared water and according

rhiza were calculated at the end of the season and ac-

to the weight method the plant is preferred to high mois-

cording to the method described by Kormanik et al.

ture until the experiment ends 20.8.2017.

(1980).

Studied traits

Percentage of dry matter in leaves and roots
The leaves and roots were taken from each plant

Plant height (cm)
Plant height was measured from the contact area

after taking the fresh weight and then dried the leaves in

between the stem and soil up to the highest point in the

the oven at 70°C until the weight was fixed. The per-

inflorescences at flowering and for all plants of the

centage of dry matter was calculated as follows:

experimental unit.
Leaf area of plant (cm2)
The leaf area was calculated by a scanner and
the Digimizer program loaded on the computer and

(Al-Sahaf, 1989)

according to the method described by Sadik et al.
(2011). The result is calculated according to the following equation.

RESULTS AND DISCUSSION
Table 1 indicates that the addition of heavy ele-

2

2

Plant leaf area cm = Average of one leaf area cm ×

ments had a significant and negative effect on the plant

Leaves number of each plant (Sadik et al., 2011).

height. Lead treatment Pb2 gave the lowest plant height

First floret diameter (cm)

of 29.39 cm at the concentration of 150 mg.kg -1 plant

The first floret diameter was measured when

compared to the control treatment of 36.06 cm. The

flowers were fully opened, by using the measuring tape

results of this study agreed with Farooqi et al. (2009)

and for each transaction separately.

that increased concentration of lead caused a decrease in

Plant flowering period

the plant height due to its negative effect on plant me-

The Plant flowering period was calculated, from

tabolism and its enzymes. The same table indicates that

the opening of the first flower until the wilting of last

cadmium also significantly affected the plant height,

flower.

that the treatment Cd2 with the concentration of 20
-1

Leaves content of anthocyanin dye (mg.100 g )

mg.kg-1 led to a decrease in this trait to 29.72 cm com-

Anthocyanin dye was estimated in the plant

pared to the treatment Cd0, which recorded 35.85 cm.

leaves using a certain volume of alcoholic hydrochloric

This result agreed with Moussa (2004). which made it

acid, consisting of 95% ethyl alcohol and HCl (1.5 N),

clear that cadmium causes reduced vegetative growth

in the ratio of 85:15%. The resulting colour was meas-

because of its negative affects on the enzymatic activity

ured by spectrophotometer (Abbas and Mohsen, 1992).

and photosynthesis and can be caused by a lack of cell
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Cd*M
625.00±11.98
566.00±14.72
525.00±12.08
812.00±17.35
746.00±15.92
703.00±16.83
71.30
719.00±15.74
656.00±13.96
614.00±14.72
50.40
572.66
754.00±21.62
41.2

tion with mycorrhiza, the M1 treatment has significantly
excelled by giving it a height of 35.19 cm compared to
the non-inoculated treatment M0, which gave an average

715.00±16.84

624.66
807.00±22.76

762.00±17.73
725.00±21.67
659.00±18.37

the stimulation of the production of growth regulators
such as gibberellins on the other (Bottini et al., 2004).
The bi-interaction between the concentration of lead
element and cadmium, Pb0Cd0 treatment was significantly excelled by giving it the highest plant height of
38.08cm which did not differ significantly from Pb 1Cd0,
Pb0Cd1, Pb0Cd2 and Pb2Cd0, with the recorded values of
35.33, 35.17, 34.92, 34.08 cm, respectively, in spite of
the contamination of the soil with two levels of the lead
element (75, 150 mg.kg-1) and two levels of cadmium
(10, 20 mg.kg-1). This indicates the plant's tolerance of

lead and cadmium in the plant growth environment is
caused by a decrease in the plant length may be due to

36.06±1.37

34.44±1.47
37.67±1.52

38.08±1.65
35.17±1.27
34.92±1.55

nitrogen and phosphorus element on the one hand and

at Pb2Cd2, it is clear from the above that the presence of

Plant height (cm)
Pb1
Pb2
33.50±1.06
32.33±1.23
33.00±1.25
24.33±0.82
22.83±0.85
21.33±0.77
37.17±1.36
35.83±1.27
35.00±1.54
31.33±1.09
33.17±1.16
31.17±1.24
5.47
35.33±1.29
34.08±1.20
34.00±1.33
27.75±0.96
28.00±0.96
26.25±1.03
4.60
29.78±1.02
26.00±0.83
35.11±1.46
32.78±1.13
3.13
32.44±1.16
29.39±1.45
2.17
Pb0
36.17±2.29
33.50±1.44
33.67±1.09
40.00±2.17
36.83±1.84
36.17±1.35

the role of the mycorrhiza fungi in the processing of the

heavy elements, while plant height dropped to 26.25 cm

Cd*M
34.00±1.54
30.28±1.41
25.94±0.84
37.67±2.36
34.39±1.63
33.50±1.24
3.13
35.83±1.35
32.31±1.09
29.72±1.21
2.17
30.07±1.35
35.19±1.03
1.13

Pb0
659.00±12.48
632.00±13.82
580.00±12.73
865.00±16.03
817.00±19.05
739.00±16.44

Leaf area(cm2)
Pb1
Pb2
613.00±14.22
602.00±12.95
570.00±11.39
494.00±11.05
556.00±12.66
438.00±10.96
795.00±14.26
777.00±14.98
744.00±16.20
675.00±12.67
700.00±16.09
670.00±13.28
123.60
704.00±15.92
690.00±12.89
657.00±17.42
585.00±13.48
628.00±21.07
554.00±12.38
87.40
580.66
512.66
704.00±15.92
708.00±19.40
71.30
633.00±14.94
610.00±14.37
50.40

of 30.07 cm. The increase in plant height may be due to

the effect of these pollutants on the metabolism and on
the activity of enzymes. The bi-interaction between the
concentration of lead element and inoculation with
mycorrhiza, the treatment M1Pb0 have significantly excelled by giving it a value of 37.67 cm, but it did not
differ significantly from M1Pb1 and M0Pb0, which recorded 35.11, 34.44 cm, respectively. There was a significant decrease in the plant height to 26.00 cm in M0Pb2
treatment. The bi-interaction between the concentration
of lead element and inoculation with mycorrhiza
showed that M1Cd0 was excelled with 37.67 cm, which
did not differ significantly from the treatments of
M1Cd1, which recorded 34.39 cm, although it was con-

Cd0
M0
Cd1
Cd2
Cd0
M1
Cd1
Cd2
L.S.D 0.05
Cd0
Cd1
Cd2
L.S.D 0.05
M0
M1
L.S.D 0.05
Pb
L.S.D 0.05

Treatment

Table 1. Effect of lead, cadmium and inoculation with mycorrhiza and their interaction in plant height (cm) and leaf area (cm 2)

wall synthesis (Metwally et al., 2005). When inocula-

taminated with cadmium at a concentration of 10
mg.kg-1, while M0Cd2 gave the lowest plant height
(25.94 cm). The increase in the length of the plants
after inoculation with mycorrhiza may be attributed to
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the role of these fungi in reducing the stress on plants by

nificantly excelled by giving it a value of 744.00 cm2

increasing the surface area of water absorption and in-

compared to the non-inoculated treatment M0, which

creasing the availability of some elements. In the triple

recorded a value of 572.00 cm2. The reason for the in-

interaction between the concentrations of lead and cad-

crease in leaf area is due to the role of mycorrhiza fungi

mium and inoculation with mycorrhiza, it was noted

in increasing the effectiveness of photosynthesis. The

that the treatment of M1Pb0Cd0 significantly excelled on

results of this study are in agreement with Demir

the rest of the treatments which showed that the plant

(2004), which showed the important role of mycorrhiza

height was 40 cm but there was no significant difference

fungi in increasing the absorption rate, its efficiency and

between it and the treatment M1Pb1Cd0, which recorded

increase the absorption of phosphorus in the process of

the value 37.17 cm while there was a decrease in the

photosynthesis, which is reflected in vegetative growth

plant height at the treatment M0Pb2Cd2 up to 21.33 cm.

and thus increase the leaf area.

Leaf area of the plant (cm2)

The effect of the bi-interaction between the con-

Table 1 indicates the contamination of plant

centrations of lead and cadmium in the leaf area of the

with heavy elements that led to a clear decrease in the

plant led to the significant excelling of the control treat-

leaf area of the plant. The effect of plant contamination

ment Pb0Cd0 by giving it the highest leaf area of the

with the lead element was significant and nega-

plant, which amounted to 762.00 cm2. It did not signifi-

tive to the leaf area of the plant. The treatment with the

cantly differ from the Pb0Cd1 treatment, which gave

-1

concentration of 150 mg.kg led to reduce the leaf area

725.00 cm2 while the highest decrease in leaf area at

(610.00 cm2) compared to the Pb0 treatment of 715.00

Pb2Cd2 treatment was amounted to 554.00 cm2.

cm2. The reduction of leaf area may be due to the deteri-

The interaction between the lead element and

oration of the plasma membrane by increasing concen-

the inoculation with mycorrhiza showed a significant

trations of heavy elements, resulting in reduced nutrient

superiority of the M1Pb0 treatment over the rest of the

element absorption, which led to poor growth and thus

treatments by recording 807.00 cm2, while no signifi-

reflected in the reduction of leaf area (Khadair, 2014).

cant difference was observed between them. The treat-

The cadmium treatments showed a significant decrease

ment M1Pb1 recorded 746.00 cm2, while, the lowest leaf

in the leaf area, with the highest decrease in leaf area at

area at the treatment M0Pb2 amounted to 512.00 cm2.

the Cd2 treatment (20 mg.kg-1) which gave 614.00 cm2

The bi-interaction between the cadmium and the

compared to the control treatment of 719.00 cm2. The

inoculation with mycorrhiza ( M1Cd0) significantly ex-

reason for the reduction of leaf area when plant treated

celled on the rest of the treatments by 812.00 cm2, while

with the cadmium may be due to the treatment with

this treatment was not significantly different from the

cadmium led to a change in the functions of the mem-

treatment M1Cd1, which gave 746.00 cm2 compared to

brane by stimulating hydrogen peroxide, which leads to

the treatment M0Cd2, which gave 525.00 cm2.

disturbances in the metabolism by inhibiting chlorophyll

The triple interaction between the factors of the

and reduce the activity of enzymes involved in the fix-

study to the significant superiority of M1Pb0Cd0 and

ing of CO2 (De-Filippis and Ziegler, 1993). This result

M1Pb0Cd1 treatments had not shown significant differ-

is in agreement with Anayat et al. (2014). Cadmium

ences between them (865.00 and 817.00 cm2 respective-

concentrations have reduced the leaf area of Anise

ly), compared to the treatment (M0Pb2Cd2) which rec-

plant. The inoculation with mycorrhiza showed its sig-

orded the lowest leaf area of 438.00 cm2.

nificant effect in this trait. The treatment of M1 was sigJournal of Research in Ecology (2018) 6(2): 1853-1866
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Cd*M
12.44±0.52
11.17±0.35
10.11±0.26
16.44±0.68
15.22±0.47
13.94±0.42
1.42
14.44±0.57
13.19±0.41
12.03±0.37
1.00
11.24±0.35
15.20±0.53
0.82

Table 2 shows a significant superiority of Pb1
treatment by giving it the highest value of the first floret

14.69±0.46

11.00±0.63
18.39±0.72

14.75±0.61
15.75±0.52
13.58±0.57

diameter of 9.22 cm. The Cd0 and Cd1 cadmium treatments were significantly excelled by recording the values of (0.31, 10.25 cm, respectively. This is better than
the Cd2 treatment, which recorded the lowest value of
the floret diameter 9.03 cm. This result is consistent
with Seyyednejad et al. (2009) that the low concentrations of lead and cadmium led to an increase in the diameter of the first floret diameter, while high concentrations led to reducing the floret diameter. The effect was
significant when the plant roots were inoculated with
mycorrhiza. M1 treatment was significantly excelled by
giving it a value of 10.67 cm compared to M0 treatment
which recorded 9.06 cm. The increase in the first floret

Cd*M
9.72±0.52
9.28±0.63
8.17±0.30
10.89±0.53
11.22±0.61
9.89±0.54
1.08
10.31±0.57
10.25±0.52
9.03±0.44
0.76
9.06±0.49
10.67±0.56
0.62

Pb0
12.00±0.58
11.33±0.77
9.67±0.36
17.50±0.77
20.17±0.82
17.50±0.75

Plant flowering period (day)
Pb1
Pb2
13.33±0.55
12.00±0.41
10.50±0.46
11.67±0.36
11.33±0.41
9.33±0.42
17.83±0.85
14.00±0.57
13.00±0.56
12.50±0.35
12.33±0.49
12.00±0.31
2.46
15.58±0.63
13.00±0.44
11.75±0.54
12.08±0.37
11.83±0.60
10.67±0.43
1.74
11.72±0.42
11.00±0.37
14.39±0.57
12.83±0.44
1.42
13.06±0.39
11.92±0.51
1.00

diameter (0.67 cm while Pb2 treatment showed a lower

diameter when inoculated with mycorrhiza was due to
the fungus role in increasing the surface area for absorp-

First floret diameter (cm)
Pb1
Pb2
10.67±0.48
8.33±0.35
10.00±0.61
9.33±0.40
8.83±0.54
7.67±0.33
11.33±0.67
10.17±0.51
12.00±0.52
10.83±0.57
11.17±0.63
9.00±0.43
1.88
11.00±0.68
9.25±0.47
11.00±0.55
10.08±0.51
10.00±0.36
8.33±0.41
1.33
9.83±0.42
8.44±0.33
11.50±0.58
10.00±0.52
1.08
10.67±0.39
9.22±0.39
0.76

tion by the fungal hyphae as well as root hairs, then
increased food and increased photosynthesis due to the
increased leaf area of the plant and increase the relative
chlorophyll, all that led to an increase in the first floret
diameter. In the bi-interaction between lead and cadmium, the Pb1Cd0 and Pb1Cd1 treatment were significantly
excelled by recording them (11.00, 11.00 cm), respectively. The differences were not significantly different
from Pb0Cd0 (10.67 cm). The lowest value of the first

9.69±0.52

8.89±0.57
10.50±0.62

10.67±0.52
9.67±0.44
8.75±0.41

Pb0
10.17±0.52
8.50±0.35
8.00±0.39
11.17±0.46
10.83±0.41
9.50±0.37

floret diameter at Pb2Cd2 was 8.33 cm. The interaction
between the lead and the mycorrhiza to the significant
superiority of M1Pb1 and M1Pb0 treatments which
showed no significant difference between them by recording them 10.50 cm and 11.50 cm compared to

Cd0
M0
Cd1
Cd2
Cd0
Cd1
M1
Cd2
L.S.D 0.05
Cd0
Cd1
Cd2
L.S.D 0.05
M0
M1
L.S.D 0.05
Pb
L.S.D 0.05

M0Pb2 treatment with the lowest diameter of 8.44 cm.
Treatment

Table 2. Effect of lead, cadmium and inoculation with mycorrhiza and their interaction in first floret diameter (cm) and plant flowering period (day)

First floret diameter (cm)

This trait was significantly affected when treated with bi
-interaction treatments between cadmium and mycorrhiza, M1Cd1 and M1Cd0 treatments were excelled and did
not differ significantly between them, which recorded
(11.22, 10.89 cm) while M0Cd2 treatment showed the
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Cd*M
0.366±0.05
0.424±0.06
0.535±0.06
0.324±0.03
0.397±0.04
0.482±0.04
0.005
0.345±0.03
0.411±0.03
0.509±0.04
0.004
0.442±0.05
0.401±0.05
0.003

tween lead, cadmium and mycorrhiza, the M1Pb1Cd1
and M1Pb1Cd0 treatments were excelled which did not
significantly differ in the recording the highest of the

0.304 ± 0.03

0.314±0.06
0.293±0.03

0.199±0.02
0.247±0.04
0.465±0.06

Pb0
0.204±0.06
0.256±0.06
0.483±0.08
0.194±0.02
0.238±0.05
0.447±0.08

Peroxidase activity
Pb1
Pb2
0.387±0.07
0.508±0.07
0.502±0.08
0.516±0.08
0.532±0.06
0.591±0.06
0.335±0.06
0.443±0.06
0.465±0.07
0.490±0.06
0.467±0.05
0.533±0.06
0.010
0.361±0.06
0.475±0.05
0.484±0.08
0.503±0.06
0.499±0.08
0.562±0.06
0.007
0.474±0.06
0.538±0.05
0.422±0.05
0.488±0.07
0.005
0.448 ± 0.06
0.513 ± 0.03
0.004

first floret diameter (12.0 and 11.33 cm) while the
M0Pb2Cd2 recorded the lowest diameter of 7.67 cm.
Plant flowering period
Table 2 shows the results of the statistical analysis of the study factors. The lead treatments showed a
clear effect in reducing the plant flowering period. The
treatment of Pb2 showed the lowest flowering period of
11.92 days compared to the treatment Pb0, which recorded the highest flowering period of 14.69 days. The
cadmium treatments showed a significant difference in
this trait. It was observed that the flowering period decreased by increasing concentrations. The concentration
of 20 mg.kg-1 in the treatment Cd2 showed the lowest
flowering period of 12.03 days compared to the control

Cd*M
156.50±7.4
163.20±6.4
166.13±8.1
128.67±5.3
135.22±6.2
137.56±6.9
2.99
142.58±6.4
149.21±7.0
151.85±6.4
2.11
161.95±7.5
133.82±6.2
127.

treatment which recorded 14.44 days. The reduction of
plant flowering period may be due to the effect of heavy
elements in reducing nutrient ratios. Nitrogen, phospho-

137.16±7.2

149.25±6.4
125.07±6.9

127.90±5.9
136.79±6.2
146.78±6.7

Pb0
140.57±7.3
149.12±6.9
158.06±6.5
115.23±5.9
124.46±6.4
135.51±7.1

Anthcyanin in leaves (mg.100g-1)
Pb1
Pb2
162.32±7.9
166.61±6.8
164.99±6.2
175.51±9.1
166.61±7.8
173.73±8.5
135.25±7.0
135.51±6.9
140.62±6.8
140.59±7.0
137.25±6.4
139.92±6.9
5.18
148.79±7.3
151.06±8.2
152.81±8.5
158.05±8.2
151.93±7.1
156.82±7.8
3.66
164.64±8.3
171.95±8.7
137.71±6.3
138.67±6.8
2.99
151.17±8.2
155.31±8.5
2.11

rus and potassium have been reduced by increasing concentrations of heavy elements. As for inoculation with
mycorrhiza treatment, the M1 treatment was significantly excelled in the increasing flowering period, which
recorded 11.20 days compared to M0 treatment which
gave 11.24 days. The increase in the mycorrhiza fungi is
due to the reduction of stress on the plant by reducing
soil pH and increasing the absorption of water and nutrient elements absorbed by the plant by increasing the
surface area of absorption by hypha fungus and thus
increase the flowering period of the plant. The results of
the bi-interaction between lead and cadmium showed
that the Pb0Cd1 and Pb1Cd0 treatments were excelled by

Cd0
Cd1
M0
Cd2
Cd0
M1
Cd1
Cd2
L.S.D 0.05
Cd0
Cd1
Cd2
L.S.D 0.05
M0
M1
L.S.D 0.05
Pb
L.S.D 0.05

giving them 15.75, 15.58 day which did not differ sigTreatment

Table 3. Effect of lead, cadmium and inoculation with mycorrhiza and their interaction in leaves content of anthocyanin dye (mg.100 g-1) and the
effectiveness of peroxidase enzyme (absorption unit.mg -1)

lowest diameter of 8.17 cm. In the triple interaction be-
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nificantly from the control treatment Pb0Cd0, which
gave a value of 14.75 days compared to Pb 2Cd2 which
gave the lowest flowering period of 10.67 days. Biinteraction between lead concentrations and mycorrhiza
1859
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Table 4. Effect of lead, cadmium and inoculation with mycorrhiza and their interaction in the percentage of
roots infected with mycorrhiza in canna plant (%).
Treatment
M0
M1
L.S.D 0.05
Cd0
Cd1
Cd2
L.S.D 0.05
M0
M1
L.S.D 0.05
Pb
L.S.D 0.05

Cd0
Cd1
Cd2
Cd0
Cd1
Cd2

Pb0
6.67±0.32
6.67±0.32
0.00±0.00
85.00±3.64
66.67±2.71
68.33±3.09
45.83±0.35
36.67±1.20
34.17±0.38
4.44±0.08
73.33±2.84
38.89±1.37

The percentage of infected with mycorrhiza
Pb1
Pb2
0.00±0.00
0.00±0.00
6.67±0.31
0.00±0.00
0.00±0.00
0.00±0.00
75.00±2.81
65.00±2.73
65.00±2.16
66.67±2.06
58.33±2.09
53.33±1.86
6.66
37.50±1.44
32.50±1.08
35.83±1.07
33.33±0.96
29.17±1.24
26.67±0.77
4.71
2.22±0.07
0.00±0.00
66.11±2.46
61.67±2.37
3.85
34.17±1.05
30.83±1.27
2.72

Cd*M
2.22±0.06
4.44±0.13
0.00±0.00
75.00±2.48
66.11±2.83
60.00±2.39
3.85
38.61±0.93
35.28±1.46
30.00±0.82
2.72
2.22±0.04
67.04±2.38
2.22

showed that M1Pb0 was significantly excelled on all

100 g-1. Perhaps the reason is that the plant has an effec-

treatments in increasing the plant flowering period,

tive strategy against the Reactive Oxygen Species

which recorded 18.39 days compared with the treatment

(ROS) free radicals created by heavy element stress,

of M0Pb2, which recorded 11.00 days. M1Cd0 and

which led to an increase in the dye of anthocyanin with

M1Cd1 were excelled, which did not significantly differ

increased concentrations of heavy elements (Kumar et

between them and gave 16.44, 15.22 days, respectively,

al., 2012). When inoculation with mycorrhiza, the non-

compared with M0Cd2, which recorded the lowest value

inoculated treatment M0 has significantly excelled by

in the bi-interaction between cadmium concentrations

recording it the highest content of anthocyanin dye in

and mycorrhiza reached 10.11 days. The results of the

leaves (161.95 mg.100 gm-1) compared to the treatment

triple interaction of lead, cadmium and mycorrhiza

of M1, 133.82 mg.100 gm-1. The reduction of anthocya-

showed the superiority of M1Pb0Cd1 and M1Pb1Cd0,

nin dye when inoculation with mycorrhiza may be due

which did not differ significantly between them by giv-

to the reduction of stress on the plant by increasing the

ing those 20.17, 17.83 days compared to the treatment

concentration of heavy elements by increasing the ab-

M0Pb2Cd2, which gave 9.33 days.

sorption of water and nutrient elements by external hy-1

Anthocyanin dye in the leaves (mg.100 g )

pha (Singh, 2007). The results of the bi-interaction be-

The addition of the heavy elements have affect-

tween lead and cadmium showed a significant superiori-

ed the anthocyanin dye of leaves. Table (3) shows that

ty for Pb2Cd1 and Pb2Cd2 treatment, (158.05, 156.82

the addition of lead led to a significant increase in the

mg.100 gm-1) compared to control treatment Pb0Cd0

content of Anthocyanin dye in leaves which amounted

(127.90 mg.100 gm-1). As for the bi-interaction between

to 155.31 mg.100 gm-1 in the treatment Pb2 compared to

lead concentrations and inoculation with mycorrhiza,

the treatment of control which recorded 137.16 mg.100

the M0Pb2 treatment was significantly excelled by giv-

-1

g . The Cd2 contamination treatment has significantly

ing it a value 171.95 mg.100 gm-1 compared to the

excelled by giving it a value 151.85 mg.100g-1 com-

M1Pb0 treatment, which recorded the lowest content of

pared to the Cd0 treatment, which recorded 142.58 mg.

anthocyanin dye in leaves (125.07 mg.100 gm -1). The bi

1860
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-interaction between the cadmium concentrations and
Cd*M
11.15±0.55
9.57±0.35
8.41±0.31
15.35±0.46
14.16±0.67
13.46±0.41
1.31
13.25±0.54
11.86±0.41
10.93±0.36
0.93
9.71±0.28
14.32±0.53
0.76

the inoculation with mycorrhiza showed that M0Cd2 and
M0Cd1 were significantly excelled on the other treatments (166.13, 163.20 mg.100 gm-1), while the lowest

Dry matter in root (%)
Pb1
Pb2
11.22.±0.42
10.00±0.36
9.68±0.64
7.82±0.24
8.12±0.56
7.33±0.33
15.57±0.76
14.90±0.52
14.67±0.79
12.42±0.52
12.76±0.53
12.28±0.46
2.27
13.40±0.67
12.45±0.57
12.17±0.50
10.12±0.54
10.44±0.44
9.80±0.53
1.61
9.67±0.47
8.38±0.35
14.33±0.73
13.20±0.64
1.31
12.00±0.46
10.79±0.35
0.93

content of anthocyanin at M1Cd0 treatment was 128.67
mg.100 gm-1. The triple interaction between the lead,
cadmium and mycorrhiza treatments showed that
M0Pb2Cd1 and M0Pb2Cd2 were significantly excelled on
the other treatments (175.51, 173.73 mg.100 gm-1),
while the lowest content of Anthocyanin in the treatment M1Pb0Cd0 reached 115.23 mg.100 gm-1.
The effectiveness of peroxidase enzyme (absorption
unit.mg-1)

13.25±0.84

11.07±0.55
15.44±0.71

13.90±0.73
13.30±0.61
12.56±0.58

Pb0
12.24±0.64
11.20±0.55
9.77±0.54
15.57±0.69
15.39±0.75
15.35±0.61

The enzymes are protein catalysts that work
high on the part of the base material and are widely distributed in the plant and are characterized by the presence of low units sugars linked to the outer surface of
the protein and is considered an antioxidant enzymes
Cd*M
8.45±0.54
7.88±0.41
6.46±0.35
10.36±0.67
9.84±0.72
7.50±0.46
1.35
9.40±0.66
8.86±0.57
6.98±0.31
0.95
7.60±0.33
9.23±0.57
0.78

and notes the increase of effectiveness when the plant to
stress conditions, it exposures to high concentrations of
heavy elements, it has relation with environmental

Dry matter in leaves (%)
Pb1
Pb2
7.76±0.42
6.71±0.26
7.23±0.31
6.78±0.18
6.76±0.29
4.85±0.07
9.28±0.62
7.55±0.22
8.69±0.54
6.97±0.17
7.59±0.39
6.88±0.22
2.34
8.52±0.62
7.13±0.44
7.96±0.32
6.88±0.38
7.17±0.26
5.86±0.11
1.65
7.25±0.25
6.12±0.28
8.52±0.38
7.13±0.37
1.35
7.88±0.47
6.62±0.35
0.95

changes (Ali and Mohammed, 2013). The lead treatments were significantly affected by the increased effectiveness of peroxidase enzyme as shown in Table 3,
which recorded the highest effectiveness of peroxidase
enzyme at the highest concentration of lead in the treatment of Pb2 by giving it (0.513 absorption unit.mg -1)
due to it excelling on the control treatment Pb 0, which
recorded the lowest effectiveness of peroxidase enzyme

10.73±0.48

9.42±0.61
12.05±0.74

12.56±0.62
11.74±0.59
7.90±0.35

Pb0
10.87±0.52
9.63±0.38
7.76±0.33
14.26±0.83
13.85±0.61
8.04±0.34

was (0.304 absorption unit.mg-1). The Cd2 treatment has
significantly excelled by recording the highest effectiveness of peroxidase enzyme of 0.509 absorption
unit.mg-1 compared with the control treatment which
gave 0.345 absorption unit.mg-1. The increase in antiox-

Cd0
Cd1
M0
Cd2
Cd0
M1
Cd1
Cd2
L.S.D 0.05
Cd0
Cd1
Cd2
L.S.D 0.05
M0
M1
L.S.D 0.05
Pb
L.S.D 0.05

idant enzymes may be due to the exposure of the plant
Treatment

Table 5. Effect of lead, cadmium and inoculation with mycorrhiza and their interaction in the Percentage of dry matter in leaves and roots (%) of canna plant

Aziz and Al-Latif, 2018
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to abnormal conditions such as the stress due to increased concentrations of heavy elements (Mishra and
Agrawal, 2006). This result agrees with Bano and Darima, (2013). which observed an increase in the effective1861
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ness of enzyme by increasing concentrations of heavy

addition of the cadmium element have affected in the

elements. While the concentration of the enzyme pod in

percentage of roots infected with mycorrhiza. The Cd 2

the leaves significantly decreased when the plant inocu-

treatment gave the lowest percentage of infected with

lation with mycorrhiza, which gave a value of 0.401

mycorrhiza at (30.0 %) compared to the Cd 0 treatment

absorption unit.mg

-1

compared to the non-inoculation

which recorded (38.61%). The results of this study

treatment which recorded 0.442 absorption unit.mg -1. It

agreed with Mustafa (2004), which showed a decrease

may be due to the mycorrhiza, which reduced the stress

in the percentage of onion plant roots infected with my-

that is exposed to the plant by heavy elements and thus

corrhiza with increasing concentrations of lead and cad-

reduced the effectiveness of the enzyme peroxidase. The

mium additives. The highest infection rate was

interaction between lead and cadmium showed an in-

(67.78%) compared to the non-inoculation treatment M0

crease in the effectiveness of the peroxidase enzyme in

(2.22%). The bi-interaction between lead and cadmium

the treatment of Pb2Cd2, which recorded 0.562 absorp-

showed a clear effect in this trait, the percentage of in-

tion unit.mg

-1

compared with the control treatment of
-1

fection decreased with the increase of added concentra-

0.199 absorption unit.mg . The interaction between the

tions, Pb2Cd2 treatment showed the lowest percentage of

lead element and the inoculation with mycorrhiza to

infection (26.67%) compared to Pb0Cd0 treatment which

significantly excelling of M0Pb2 treatment by giving it a

recorded the highest percentage of infection (45.83%).

-1

value 0.538 absorption unit.mg , respectively, while

In the bi-interaction between lead concentration and

M1Pb0 treatment recorded the lowest effective for the

mycorrhiza, M1Pb0 treatment was significantly excelled

-1

pod enzyme of 0.293 absorption unit.mg . The concen-

by giving it (73.33%) compared to M0Pb2, which did

tration of the enzyme pod was increased by the bi-

not record any percentage of mycorrhiza. The results of

interaction between the cadmium elements and the my-

the interaction between the concentrations of cadmium

corrhiza treatments at the treatment of M0Cd2 to reach

and inoculation with the mycorrhiza indicated that the

-1

0.535 absorption unit.mg compared with the inoculat-

treatment of M1Cd0 was significantly excelled by giving

ed treatment which recorded the lowest effective of Pod

it (75.00%) compared to the treatment of M 0Cd2, which

enzyme of 0.324 absorption unit.mg -1 in the M1Cd0

did not record any percentage of mycorrhiza. The triple

treatment. The enzyme concentration has significantly

interaction between the factors of the study showed the

increased in the triple interaction between the study

significant superiority of the M1 treatment Pb0Cd0 by

factors, the highest concentration of M0Pb2Cd2 was

giving it the highest percentage of infection (85.00%)

0.591 absorption unit.mg

-1

compared with M1Pb0Cd0

compared to the factors M0Pb1Cd1 and M0Pb2Cd0 and

treatment which recorded the less effective of the Pod

M0Pb1Cd0 and M0Pb1Cd0 and M0Pb0Cd2 and M0Pb1Cd2

-1

enzyme was 0.194 absorption unit.mg .

and M0Pb2Cd2, which did not record any infection.

The percentage of roots infected with mycorrhiza

Percentage of dry matter in leaves and roots

The addition of the lead concentrations have

Table 5 shows the results of the statistical analy-

affected in the percentage of roots infected with mycor-

sis of the individual study factors and their interactions.

rhiza as shown in Table 4. It was noted that the lowest

The effect of lead has a significant effect on reducing

percentage of roots infected with mycorrhiza was rec-

the percentage of dry matter in the leaves. The percent-

orded in the treatment Pb2 (30.83%) compared to the

age of dry matter in the leaves at the treatment of Pb 2

Pb0 treatment, which recorded the highest the percent-

(150 mg.kg-1) was 6.82% compared to Pb0, which rec-

age of roots infected with mycorrhiza (38.89 %). The

orded 10.73%. As for cadmium treatment, Cd 0 and Cd1

1862
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were significantly excelled in the increase of the per-

lowest percentage of dry matter in leaves of 6.46%. As

centage of dry matter in the leaves which reached 9.40

for the triple interaction, the results showed that

and 8.86% respectively, while the concentration of cad-

M1Pb0Cd0 and M1Pb0Cd1 were significantly excelled in

-1

mium increased to 20 mg.kg at Cd2 led to reduce the

the increase dry matter in the leaves, reaching 14.26 %

percentage of dry matter in the leaves to 6.98% may be

and 13.85% compared to M0Pb2Cd2, which recorded

due to the inhibitory effect of high concentration of lead

4.85% dry matter.

-1

at concentration of 150 mg.kg and cadmium at concen-1

Percentage of dry matter in roots (%)

tration of 20 mg.kg . The results of this study agreed

Table 5 shows that the percentage of dry matter

with El-Gamal and Hammad (2003). There was a signif-

in the roots was significantly affected by the added lead

icant decrease in the dry weight of both total vegetative

treatments. It was noticed that the percentage of dry

and root system under the influence of high concentra-

matter in the roots increased with the increase of the

tions of lead and cadmium. The decrease in the percent-

added lead concentrations. The Pb2 treatment gave the

age of dry matter may be due to the effects of these ele-

lowest percentage of dry matter in the roots which rec-

ments on enzyme activity and lead to changes in plant

orded (10.79)% compared to the Pb0 treatment, which

growth metabolism. The inoculation with mycorrhiza

recorded the highest percentage of dry matter amounted

treatment M1 was significantly excelled in increase the

to (13.25)%. As for the cadmium, the results showed a

percentage of dry matter in the leaves which recorded

decrease in the percentage of dry matter in the roots as it

9.23 % compared with in non-inoculation treatment M0,

reached (10.93) % at treatment Cd2 compared to treat-

which recorded 7.60% dry matter. The increase in dry

ment Cd0, which recorded (13.25)% dry matter. The

matter may be due to the fact that the mycorrhiza fungi

results of this study agreed with several studies indicat-

promote the absorption of water and nutrient elements,

ing that genetic differences between different species in

chlorophyll increased, the leaf area increased, the pro-

terms of tolerance to high concentrations of lead and

cess of photosynthesis increased, and the percentage of

cadmium may be due to inhibition of enzymes and a

dry matter in the leaves increased. The results of the bi-

lack of cellular wall components (Mwally et al., 2005).

interaction between the study of lead and cadmium

The results of Rucinaka et al. (2004) showed that the

showed that the Pb0Cd0 and Pb0Cd1 treatments were

concentration of 150 mg.kg-1 of the lead led to the inhi-

significantly excelled by giving it the values of 12.56 %

bition of the roots of the lupine plant about 50%, inocu-

and 11.74 %, respectively. It was also observed that the

lation of the plant root with mycorrhiza has a significant

increased concentration of the factors at the treatment of

effect, the inoculated with mycorrhiza M1 by giving it

Pb2Cd2 led to a clear decrease in the percentage of the

the highest concentration of dry matter in the roots

dry matter in the leaves, reaching 5.86 % dry matter.

(14.32%) compared with the non-inoculation treatment

The percentage of dry matter in the leaves was affected

M0 (9.71%). This increase is due to the mycorrhiza fun-

by the bi-interaction between lead and mycorrhiza. The

gi that has contributed to the increase in the architectur-

treatment of M1Pb0 was significantly excelled by giving

al structure of the roots in all traits and increased ab-

it a value of 12.05% compared to the M0Pb2 treatment

sorption of nutrient elements from the soil, which re-

which gave 6.12 % dry matter. In terms of interaction

flected the increase in the percentage of dry matter in

between cadmium and mycorrhiza, M1Cd0 and M1Cd1

the roots. As for the bi-interaction between lead and

were significantly excelled by recording it the values

cadmium, Pb0Cd0, Pb1Cd0, Pb0Cd1, Pb0Cd2 and Pb2Cd0

10.36% and 9.84% compared to M0Cd2, which gave the

treatments have significantly excelled by recording it

Journal of Research in Ecology (2018) 6(2): 1853-1866
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the values 13.90, 13.40, 13.30, 12.56 and 12.45% compared with Pb2Cd2 treatment which gave 9.80% production. The results of the bi-interaction between lead concentrations and mycorrhiza had a significant effect.
M1Pb0 and M1Pb1 treatments have significantly excelled, which did not differ significantly between them,

ness book in the GCC countries. 987 p.
Al-Hadithi, Falih AH and Baha AJ. 2014. Environment pollution. Ministry of Higher Education and Scientific Research Baghdad University, College of Agriculture. 101-115 p.

recording 15.44 and 14.33% respectively, compared

Al-Khayl A, Munira S and Ansari IM. 2013. Effect of

with M0Pb2, which recorded the lowest dry matter

lead and cadmium pollution on some desert plants (plant

(8.38%). The results of the bi-interaction between cad-

treatment). Journal of Agricultural and Veterinary Sci-

mium concentrations and mycorrhiza showed excelling

ences, Qassim University, 6(1):DOL10.12816/0009447.

M1Cd0 and M1Cd1 treatments which were not significantly different between them, giving 15.35 and 14.16
% dry matter, respectively, compared with M0Cd2,
which gave 8.41% dry matter. The results of the triple

Al-Sahaf FH. 1989. Applied Plant Nutrition, Bayt of
Wisdom Publishing and Translation and Distribution,
University of Baghdad, Iraq. 655 p.

interaction between the factors of the study, the

Ali and Hussein SM. 2013. Study of the effect of soil

M1Pb0Cd0, M1Pb1Cd0, M1Pb0Cd1, and M1Pb0Cd2 treat-

pollution with different concentrations of cadmium and

ments have excelled by giving it the values 15.75,

lead on some enzymes in the flower plant of the sun and

15.75, 15.39, and 15.35%, respectively, compared to

the elbows. College of Education, University of Mosul.

M0Pb2Cd2, which recorded the lowest percentage of dry

Education and Science Series, 26(1): 18-27.

matter (7.33%).
CONCLUSION
The inoculation with mycorrhizal fungi led to

Ali H, Khan E and Sajad MA. 2013. Phytoremediation of heavy metals–concepts and applications.
Chemosphere, 91(7): 869-881.

increased absorption of lead and cadmium elements

Al-Yahya'ei MN, Oehl F, Vallino M, Lumini E, Re-

from soil and contributed to reduce the concentrations

decker D, Weimken A and Bonfante P. 2011. Unique

of heave metals in contaminated soil.

arbuscular mycorrhizal fungal communities uncovered
in date palm plantations and surrounding desert habitats
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