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Abstract

Background and Objective: In recent years, heavy metal pollution is increasing rapidly, resulting in many environmental problems. This
study was carried out to investigate the effect of lead soil pollution on the vegetative growth, flower production and enzyme activity of
zinnia plant (Zinnia elegans) in the presence of mycorrhizal fungi, brassinosteroids and silicon. Materials and Methods: The Plants were
treated with lead nitrate Pb(NO;), as a soil addition at 100 and 200 ppm Pb kg~ soil, in addition 2 mycorrhiza treatments by using
Glomus mosseae and G. fasciculatum at the rate of 500 and 1000 spores pot™ [7 kg soil], foliar spray of Brassinosteroids by using
24-epibrassinolide at 107¢ and 10-® M and sodium silicate at 50 and 100 ppm, in addition to the control. The statistical analysis was done
by using ANOVA analysis, Least Significant Difference (LSD) was applied p = 0.05 probability level to compare the mean of the treatments.
Results: The results indicated that the Pb at 200 ppm gave the lowest values for most studied characteristics, but increased Pb
concentration in all organs, a/b ratio and peroxidase activity with high Pb level. The different treatments especially 24-epi at 1078 M,
sodium silicate at 50 ppm and then followed by mycorrhiza at 1000 spores increased all characteristics under Pb conditions, except Pb
concentration and peroxidase activity decreased compared the untreated control plant. Conclusion: The data provided evidence that
24-epi, sodium silicate and mycorrhiza treatments reduced the adverse effects of Pb stress on zinnia plants and might play a key role in
providing stress tolerance.

Key words: Zinnia elegans, zinnia, mycorrhiza, brassinosteroids, 24-epibrassinolide, sodium silicate, lead nitrate, growth, Pb concentration, pigments,
enzyme activity

Received: March 17,2017 Accepted: May 12,2017 Published: June 15,2017
Citation: El-Saady Mohamed Badawy, Ahmed Hussien Hanafy Ahmed, Ebrahim El-Abassery Habba and Dina Mahmoud Soliman, 2017. Effect of mycorrhizal
fungi (AMF), brassinosteroids and sodium silicate on vegetative growth, flower production and Pb concentration of zinnia (Zinnia elegans) plant under

Pb stress. J. Environ. Sci. Technol., 10: 157-174.

Corresponding Author: Dina Mahmoud Soliman, Department of Ornamental Plants and Woody Trees, National Research Center, Dokki, Giza, Egypt
Tel: (202)-35707791

Copyright: ©2017 El-Saady Mohamed Badawy et a/. Thisis an open access article distributed under the terms of the creative commons attribution License,
which permits unrestricted use, distribution and reproduction in any medium, provided the original author and source are credited.

Competing Interest: The authors have declared that no competing interest exists.

Data Availability: All relevant data are within the paper and its supporting information files.


http://crossmark.crossref.org/dialog/?doi=10.3923/jest.2017.157.174&domain=pdf&date_stamp=2017-06-15

J. Environ. Sci. Technol, 10 (4): 157-174, 2017

INTRODUCTION

Soil contamination with toxic heavy metals has become
acritical environmental concern because of its adverse effects
on ecosystems. Elevated heavy metals can be attributed to a
number of human activities and industrial processes such as
smelting, mining, coal burning, electroplating and the
production of leaded gasoline. The large amount of lead (Pb)
derived from industrial activities has caused severe
environmental pollution. As one of the most abundant and
non-essential elements in soil, high dose of Pb probably
resultsin metabolic disorders, growth inhibition and death for
most plant species’.

Ornamental plants are an important type of higher
plants, which can be used to remedy contaminated soils from
abundant plant species and types, they may bring economic
benefits because they can beautify the environment at the
same time. Zinnia (Zinnia elegans) an annual flowering plant
of the genus Zinnia, belongs to the Asteraceae family and is
native to Southwestern United States and Mexico to Central
America?,

Mycorrhizae (AMF) are of the most prominent soil
microorganisms, engaging in mutual symbiosis with most
terrestrial plants®. The AMF can enhance host plant heavy
metal tolerance by influencing the fate of the metals in both
plants and soil and by improving plant nutrient acquisition®.
The extra radical mycelium of AMF acts as a plant root
extension and can reach beyond the root depletion zone,
enabling a thorough exploration of the soil for water and
mineral nutrients’. However, the roles of AMF association in
host plant heavy metal tolerance and phytostabilization
efficiency are still broadly unknown.

Brassinosteroids have been suggested to increase the
resistance of the plants to heavy metal stress. In this respect,
24-epibrassinolide (EBL) as a type of brassinosteroids has a
protective role of the photochemical activity of photosystem,
chlorophyll content, membrane lipids and proteins. The
effects by 24-epibrassinolide were closely associated with
EBL-induced changes in antioxidant contents and anti-
oxidative enzyme activities and they proposed that EBL could
improve plant growth under heavy metals stress. Also,
accumulation of heavy metals (copper, cadmium, lead and
zinc) under the influence of BR has been studied for different
agricultural plants. It was indicated that the application of
24-epiBL significantly reduced the metal absorption®.

Silicon has been shown to relieve metal toxicity in some
species, though silicon is not an essential plant element nor it
is included in traditional fertility programs, but it is typically
abundant in soils and can be taken up in large amounts by
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plants. Silicon is known to have beneficial effects when added
to plants. Richmond and Sussman’ and Ma and Yamaji® have
reported that this might be a beneficial result of adding Si on
plant growth under stress conditions, because it is out of the
way that Si affects the activity of antioxidant enzymes.
Hossain et a/’® indicated that the silicon applied, modifies the
cell wall architecture, which may be responsible for the
increase in the cell wall extensibility.

Therefore, this study was conducted to investigate the
effect of mycorrhiza, sodium silicate or 24-epiat the 2 different
rates of each, on the vegetative growth and flowering of
zinnia (Zinnia elegans) plants grown under Pb stress. The
information of this study may help in some extend to reducing
the harmful effects of lead on zinnia plant.

MATERIALS AND METHODS

Two experiments had been carried out at the nursery
area Faculty of Agriculture, Cairo University, Giza during 2014
and 2015 to study the effect of mycorrhizal fungi (AMF),
brassinosteroids and sodium silicate on the vegetative growth,
flower production, Relative Growth Rate (RGR), Net
Assimilation Rate (NAR), Specific Utilization Rate (SUR), Pb
concentration and pigments (chl a, b, total chl a+b, chl a/b
ratio, total carotenoids and total chlo/total carotenoids) of
zinnia plant (Zinnia elegans) under Pb conditions. On the
17th of Feb., 2014 and 2015 (in the 1st and 2nd season,
respectively) seeds of zinnia (Zinnia elegans) were sown in
clay pots and when the seedlings reached 10 cm height they
were transplanted on the 20th April (2 seedling pot~' carrying
3 pairs of leaves) in plastic pots (30 cm in diameter) filled with
7 kg of growing media [sand and clay at the ratio of (1:1, v/v)].
The recommended NPK fertilization using Crystalon 18:18:18,
at the rate of 0.5 g pot™' was applied twice in the soil every
21 days.

The soil was taken from Giza governorate and its particles
size distribation was as follows: 35.27% coarse sand, 12.32%
very coarse sand, 5.08% medium sand, 9.94% fine sand,
11.49% very fine sand, 13.04% silt and 12.86% clay. The soil
chemical analysis was as followes: sandy loam, pH 7.7, Ec
(Electrical conductivity) 0.76 (ds m~'), Pb 9.86 (ppm) and 2.50,
2.1,2.3,15,2.3,0.6 (mEq L") for chloride, sulphate, calcium,
magnesium, sodium and potassium, respectively®.

In both seasons, the established plants were treated with
Pb as lead nitrate Pb(NOs),, added as a soil application at the
rates of 0, 100 and 200 ppm Pb kg~ soil and supplied
separately with different treatmeants, including Mycorrhiza as
Glomus mosseae and G. fasciculatum as a soil addition at
500 or 1000 spores pot™', Sodium Silicate [ Na,SiO;] as a
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foliar spray at 50 or 100 ppm and Epibrassinolide as
24-epibrassinolide as a foliar spray at 107% or 1078 M.
The plants were sprayed with sodium silicate and
24-epibrassinolide 3 times started at the day 21 after
transplanting (at 11th of May) and repeated every 15 days.
In both seasons 3 plants sample were taken at 31, 56
and 81 days after transplanting and recorded the
vegetative growth characters (plant height (cm), number of
branches/plant, number of leaves/plant, stem diameter (cm),
root length (cm), dry weight of shoot and root/plant (g),
total dry weight of plant (mg), shoot/root dry weightratioand
total leaf area (cm)?), pigments (Chlorophyll a, Chlorophyll b,
Total carotenoids, a/b ratio, Total chlorophyll (a+b) and
Total chlorophyll/Total carotenoides ratio), flowering
characters (Number of inflorescences/plant, Inflorescences
diameter (cm), flowering period (day) and dry weight of
inflorescences (g/plant)) were recorded in the third sample (at
81 days after transplanting) in both seasons, Pb concentration
was recorded at 56 and 81 days after transplanting (second
and third samples of the 2nd season). Antioxidant enzyme
activities, catalase (CAT), peroxidase (POD) and superoxide
dismutase (SOD) were determined only at 56 days after
transplanting of 2nd season. Moreover, from the dry weight
and leaf area, the plant growth analysis between 31-56 days
after transplanting and 56-81 days after transplanting were
also recorded, e.g., Relative Growth Rate (RGR) mg g~' day ',
Net Assimilation Rate (NAR) mg (cm?)~" day~' and Specific
Utilization Rate (SUR) mg g Pb~' d™, according to the
equation described by Hunt™, as the following Eq:

Ln W,-Ln W,
RGR,, = %
2 "1
Ln W,-Ln W,
RGR,, = #
3 "2

where, W, and W, represent total plant dry weights of the first
and second sample, respectively. times T, and T, the time at
the first and the second sample, respectively.

_W,W, LnLlnly,

NAR:: =T 7 L,-L
27l A2"-AL
SUR&Z - Wa'Wz x Ln MPba' Ln Msz
Tz 'T1 M Pb3 -M Pb2

Determinations of Pb were carried out on the dry
material, according to the method described by Piper'. Lead
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concentrations were determined by using the Atomic
Absorption Spectrophotometer (PerkinElmer 100 B, US).

Pigments determination: Chlorophyll a, b and carotenoids
were determined in fresh leaf samples according to
Saric et al®.

Extraction and assaying of antioxidant enzymes activities:

The method adopted in enzyme extraction was that described
by Mukherjee and Choudhuri'.

Assay of catalase activity (CAT) EC 1.11.1.6: The CAT activity
was assayed according to the method of Kar and Mishra'.

Assay of superoxide dismutase activity (SOD) EC 1.15.1.1:
The SOD activity was determined by measuring the inhibition
of the auto-oxidation of pyrogallol using a method described
by Marklund and Marklund'®.

Assay of peroxidase activity (POD) EC 1.11.1.7: The POD
activity was assayed following a modification for method of
Kar and Mishra™.

A factorial experiment was imposed in 3 replication in a
completely randomized design, the treatments consist of
3 levels of Pb (0,100,200 ppm Pb kg~ soil) X7 additive
treatments (including the control). The combined analysis of
the 2 growing seasons was done as the homogeneity test
proved that both seasons followed a similar trend.

Statistical analysis: All data were analyzed using CoStat
version 6.3.1.1 for windows and the statical analysis was done
by using two-way of variance (ANOVA) analysis followed by
Least Significant Difference (LSD) test was applied p = 0.05,
probability level to compare the mean of the treatments'.

RESULTS AND DISCUSSION

Growth characters: The data presented in Table 1-5 indicate
that in the three samples the presence of lead (Pb) in the soil
significantly decreased (p = 0.05) all of the studied growth
characters (Plant height, branches number, leaves number,
stem diameter, root length, total leaf area, dry weight of shoot
and root and total dry weight) of zinnia plants, but increased
shoot: root dry weight ratio. In all samples, the toxicity effect
of Pb on the average of growth characters were slightly at the
lowest concentration of Pb (100 ppm), but at the highest
concentration (200 ppm), highly inhibitory effects were
observed.
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Table 1: Effect of Pb, mycorrhiza, 24-epibrassinolide and sodium silicate on plant height (cm), number of branches of Zinnia elegans plant in the first, second and
third sample (combined of the 2014 and 2015 seasons)

Pb (ppm) Pb (ppm)

0 100 200 Mean (B) 0 100 200 Mean (B)
Treatments Plant height (cm) No. of branches
First sample
Control 21.25 19.41 16.83 19.17 1.00 1.00 1.16 1.05
AM, 23.58 22.08 22.08 22.58 1.00 133 1.16 1.16
AM, 24.58 23.08 23.00 23.55 133 1.66 133 144
E, 23.83 22.50 21.50 2261 1.16 1.16 1.00 1.1
E, 25.16 23.83 2333 2411 1.50 1.16 1.00 1.22
Siy 23.83 22.66 22.16 22.88 133 1.00 1.00 1.1
Si, 21.83 21.50 20.16 21.16 1.16 1.00 1.00 1.05
Mean (A) 23.40 22.15 21.29 1.21 1.19 1.09
LSD at 0.05 for A 040 B0.61 AB 0.88 Ans B0.24 AB0.35
Second sample
Control 48.83 4117 40.17 43.38 3.16 1.50 133 2.00
AM, 50.16 46.33 44.66 47.05 3.50 2.83 2.50 294
AM, 54.00 49.73 48.83 50.85 4.00 3.16 3.16 344
E, 59.33 56.83 53.66 56.61 3.83 333 3.16 344
E, 64.00 60.33 58.50 60.94 5.16 433 3.66 438
Siy 61.70 58.37 55.66 58.57 4.83 3.16 233 344
Si, 57.33 54.88 50.93 54.38 3.83 3.16 2.66 3.22
Mean (A) 56.48 52.52 50.34 4.04 3.07 2.69
LSD at 0.05 for A 093 B 1.42 AB 2.06 A0.23 B0.35 AB0.51
Third sample
Control 73.16 63.00 57.66 64.61 3.83 3.16 2.16 3.05
AM, 76.00 70.00 63.33 69.77 4.10 3.83 3.51 3.81
AM, 78.66 74.16 70.83 74.55 433 4.16 3.83 4.1
E, 85.16 78.83 74.33 79.44 433 433 3.83 4.16
E, 93.33 85.00 81.66 86.66 5.16 4.83 4.50 4.83
Si 91.00 82.34 79.83 84.39 4.83 4.83 4.50 4.72
Si, 86.83 75.16 7233 78.11 433 433 3.83 4.16
Mean (A) 83.45 75.50 7142 441 4.21 3.74
LSD at 0.05 for A0.88 B1.35 AB 1.96 A0.29 B 0.45 AB 0.66

AM;: 500 spores, AM,: 1000 spores, E;: 1076 M, E,: 1078 M, Si;: 50 ppm Si, Si,: 100 ppm Si, A: Pb, B: Treatments, AB: Interaction

Table 2: Effect of Pb, Mycorrhiza, 24-epibrassinolide and sodium silicate on number of leaves, stem diameter of Zinnia elegans plant in the first, second and third
sample (combined of the 2014 and 2015 seasons)

Pb (ppm) Pb (ppm)

0 100 200 Mean (B) 0 100 200 Mean (B)
Treatments No. of leaves Stem diameter (cm)
First sample
Control 14.00 12.50 12.33 12.94 0.42 0.35 0.31 0.36
AM, 15.83 14.66 14.16 14.88 043 0.38 0.39 0.40
AM, 17.00 16.33 15.66 16.33 043 0.41 0.39 0.41
E, 14.83 13.83 12.33 13.66 0.41 0.41 0.31 0.38
E, 15.33 14.33 13.50 14.38 043 0.41 0.34 0.39
Si 14.66 14.16 13.16 14.00 0.46 0.41 0.40 0.42
Si, 13.33 12.66 12.33 12.77 043 0.41 0.40 0.41
Mean (A) 15.00 14.07 13.35 043 0.40 0.36
LSD at 0.05 for A 0.30 B 0.46 AB 0.66 A0.01 B 0.02 AB 0.04
Second sample
Control 34.00 31.50 27.16 30.88 0.55 0.38 0.33 0.42
AM, 39.66 36.66 33.66 36.66 0.58 043 0.40 0.47
AM, 43.66 40.33 37.50 40.50 0.64 0.54 0.51 0.56
E, 53.83 42.00 35.83 43.88 0.60 0.58 0.58 0.58
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Table 2: Continue

Pb (ppm) Pb (ppm)

0 100 200 Mean (B) 0 100 200 Mean (B)
Treatments No. of leaves Stem diameter (cm)
E, 60.50 51.16 45.00 52.22 0.68 0.63 0.63 0.65
Si 57.83 4550 40.83 48.05 0.65 0.61 0.56 0.61
Si, 48.85 42.16 39.33 43.45 0.61 0.58 0.53 0.57
Mean (A) 4833 4133 37.04 0.61 0.53 0.50
LSD at 0.05 for A 0.80 B1.22 AB 1.76 A0.02 B 0.03 AB 0.04
Third sample
Control 51.66 38.66 3433 41.55 0.68 0.64 0.55 0.62
AM, 58.33 45.00 40.00 47.77 0.76 0.73 0.67 0.72
AM, 64.00 4833 44.66 52.33 0.81 0.77 0.71 0.76
E, 82.16 65.00 60.83 69.33 0.80 0.72 0.71 0.74
E, 85.66 70.83 66.16 74.22 0.95 0.79 0.76 0.83
Si, 91.16 77.66 7233 80.38 0.98 0.80 0.81 0.86
Si, 82.83 66.16 61.66 70.22 0.85 0.77 0.74 0.79
Mean (A) 73.69 58.80 54.28 0.83 0.74 0.71
LSD at 0.05 for A 0.62 B0.96 AB 1.38 A0.02 B0.03 AB0.04

AM,: 500 spores, AM,: 1000 spores, E;: 1076 M, E,: 10~8 M, Si;: 50 ppm Si, Si,: 100 ppm Si, A: Pb, B: Treatments, AB: Interaction

Table 3: Effect of Pb, Mycorrhiza, 24-epibrassinolide and sodium silicate on average root length, total leaf area of Zinnia elegans plant in the first, second and third
sample (combined of the 2014 and 2015 seasons)

Pb (ppm) Pb (ppm)

0 100 200 Mean (B) 0 100 200 Mean (B)
Treatments Root length (cm) Total leaf area (cm)?
First sample
Control 6.91 6.33 5.16 6.13 31.52 24.46 21.07 25.68
AM, 7.58 6.75 6.75 7.02 43.24 37.30 29.92 36.82
AM, 8.08 7.33 7.33 7.58 48.30 4443 39.36 44,03
E, 8.08 7.16 6.77 734 37.39 30.95 26.35 31.56
E, 8.58 7.50 6.66 7.58 47.95 39.13 34.52 40.54
Si 10.41 8.83 7.33 8.86 49.52 41.08 31.39 40.66
Si, 9.53 8.08 6.62 8.08 34.13 30.25 29.58 3132
Mean(A) 8.45 7.42 6.66 41.72 3537 30.31
LSD at 0.05 for A0.24 B0.37 AB0.53 A1.95 B 2.98 AB4.31
Second sample
Control 10.41 8.58 7.91 8.97 158.8 109.6 80.49 116.3
AM, 12.66 11.08 11.41 11.72 199.6 167.8 144.6 170.7
AM, 14.33 12.83 11.66 12.94 247.8 195.2 173.5 205.5
E, 12.58 12.08 11.58 12.08 3529 240.0 192.3 261.7
E, 13.00 12.83 12.25 12.69 4789 3416 269.5 363.3
Si, 16.25 13.33 12.83 14.13 408.0 279.8 238.1 308.6
Si, 12.83 11.00 10.33 11.38 315.2 238.0 194.1 249.1
Mean (A) 13.15 11.67 11.14 308.8 224.6 184.6
LSD at 0.05 for A0.32 B0.49 AB0.72 A8.04 B12.29 AB17.76
Third sample
Control 12.25 11.41 10.60 11.42 3545 230.0 187.2 257.2
AM, 14.00 12.75 12.50 13.08 427.6 301.2 246.5 325.1
AM, 15.41 14.00 13.58 14.33 521.2 368.0 307.1 398.8
E, 15.50 13.66 12.66 13.94 686.7 482.4 403.8 5243
E, 18.50 15.83 14.50 16.27 799.5 557.8 483.3 613.5
Si 17.33 14.33 13.58 15.08 7943 600.2 510.1 634.9
Si, 14.00 12.25 12.16 12.80 701.3 492.7 400.8 5316
Mean (A) 15.28 13.46 12.80 612.2 4332 362.7
LSD at 0.05 for A0.36 B 0.56 AB 0.81 A138 B21.1 AB 30.5

AM;: 500 spores, AM,: 1000 spores, E;: 1076 M, E,: 1078 M, Si;: 50 ppm Si, Si,: 100 ppm Si, A: Pb, B: Treatments, AB: Interaction
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Table 4: Effect of Pb, mycorrhiza, 24-epibrassinolide and sodium silicate on dry weight of shoot and dry weight of root of Zinnia elegans plant in the first, second and
third sample (combined of the 2014 and 2015 seasons)

Pb (ppm) Pb (ppm)

0 100 200 Mean (B) 0 100 200 Mean (B)
Treatments Dry weight of shoot (g) Dry weight of root (g)
First sample
Control 0.81 0.74 0.60 0.72 0.20 0.16 0.12 0.16
AM; 0.95 0.83 0.76 0.85 0.24 0.23 0.13 0.20
AM, 1.01 0.88 0.83 0.91 0.27 0.21 0.18 0.22
E 0.85 0.82 0.65 0.77 0.20 0.16 0.14 0.17
E, 1.46 1.12 0.88 1.15 0.29 0.17 0.16 0.21
Siy 1.1 0.94 0.81 0.95 0.27 0.19 0.14 0.20
Siy 0.98 0.76 0.68 0.81 0.22 0.17 0.12 0.17
Mean (A) 1.02 0.87 0.74 0.24 0.18 0.14
LSD at 0.05 for A 0.01 B 0.02 AB0.03 A0.01 B0.01 AB0.02
Second sample
Control 2.52 224 1.84 2.20 043 0.38 0.25 035
AM, 2.82 2.71 2.52 2.68 0.52 0.44 0.36 044
AM, 3.36 287 2.75 2.99 0.67 0.58 045 0.56
E, 3.72 3.60 263 332 0.57 0.52 0.41 0.50
E, 5.76 3.94 3.71 447 1.00 0.72 0.65 0.79
Si; 4.71 3.95 332 3.99 0.80 0.62 048 0.63
Si, 3.88 2.60 2.21 2.90 0.77 0.47 042 0.55
Mean (A) 3.82 3.13 2.71 0.68 0.53 043
LSD at 0.05 for A 0.07 B0.10 ABO0.15 A0.01 B0.02 AB0.04
Third sample
Control 6.20 5.68 473 5.54 0.77 0.61 0.58 0.65
AM, 793 6.50 597 6.80 1.01 0.78 0.68 0.82
AM, 8.91 7.57 7.12 7.86 1.21 0.95 0.80 0.98
E, 8.79 8.68 8.78 8.75 1.00 0.84 0.78 0.88
E, 15.69 10.85 10.13 122 147 1.19 1.13 1.26
Si; 12,61 9.84 9.83 10.7 1.42 1.00 0.91 1.1
Si, 11.91 8.90 8.31 9.71 1.25 0.90 0.83 0.99
Mean (A) 10.29 8.29 7.84 1.16 0.89 0.81
LSD at 0.05 for A 024 B0.36 AB0.53 A0.03 B 0.05 AB0.07

AM;: 500 spores, AM,: 1000 spores, E;: 1076 M, E,: 1078 M, Si;: 50 ppm Si, Si,: 100 ppm Si

Table 5: Effect of Pb, mycorrhiza, 24-epibrassinolide and sodium silicate on total dry weight (mg) and shoot/root dry weight ratio (g) of Zinnia elegans plant in the
first, second and third sample (combined of the 2014 and 2015 seasons)

Pb (ppm) Pb (ppm)

0 100 200 Mean (B) 0 100 200 Mean (B)
Treatments Total dry weight (mg) Shoot/root dry weight ratio (g)
First sample
Control 1020 905 725 8833 410 4.51 4.99 4.53
AM, 1205 1065 895 1055.0 3.86 3.63 5.66 438
AM, 1290 1105 1010 1135.0 3.74 4.19 457 4.16
E 1060 995 805 953.3 430 4.96 458 461
E, 1750 1305 1035 1363.3 5.09 6.41 543 5.64
Si; 1390 1135 960 1161.7 418 498 5.90 5.02
Si, 1200 940 810 983.3 444 4.49 5.63 485
Mean (A) 12736 1064.3 8914 424 4.74 5.25
LSD at 0.05 for A176 B26.9 AB 38.91 A0.27 B0.42 AB0.61
Second sample
Control 2955 2525 1865 24483 5.83 5.86 7.27 6.32
AM, 3465 3155 2890 3170.0 545 6.05 7.04 6.18
AM, 4040 3455 3205 3566.7 499 495 6.21 5.38
E, 4300 4200 3055 3851.7 6.49 6.89 6.37 6.58
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Table 5: Continue

Pb (ppm) Pb (ppm)

0 100 200 Mean (B) 0 100 200 Mean (B)
Treatments Total dry weight (mg) Shoot/root dry weight ratio (g)
E, 6770 5835 4370 5658.3 5.80 5.50 5.65 5.65
Siy 5510 4575 3810 4631.7 5.89 6.33 6.84 6.35
Si, 4665 3280 2590 3511.7 5.03 5.52 5.25 5.27
Mean (A) 45293 3860.7 31121 5.64 5.87 6.38
LSD at 0.05 for A777 B1188 AB171.7 A0.26 B 0.40 AB0.58
Third sample
Control 8900 6855 4415 6723.3 8.03 9.26 8.18 849
AM, 12515 9650 8240 10135.0 7.86 8.28 8.82 8.32
AM, 15275 11540 9675 12163.3 734 7.98 8.88 8.07
E, 14285 12940 9710 12311.7 7.89 10.30 11.20 9.78
E, 23650 17625 14600 18625.0 10.80 9.15 9.00 9.66
Si 20840 14800 12180 15940.0 8.90 9.92 10.80 9.87
Si, 18090 11355 8540 12661.7 9.54 9.85 10.00 9.81
Mean (A) 162221 12109.3 9622.8 8.63 9.25 9.56
LSD at 0.05 for A337.7 B515.8 AB745.6 A0.53 B0.81 AB1.17

AM;: 500 spores, AM,: 1000 spores, E;: 1076 M, E,: 1078 M, Si;: 50 ppm Si, Si,: 100 ppm Si, A: Pb, B: Treatments, AB: Interaction

The effect on plant height with Pb treatments was
also mentioned by Shivhare and Sharma'® on Dahlia Jadia
and Fulekar'®, Gopal and Khurana®® on sunflower, number
of branches of 7agetes erect!, number of leaves of
Zinnia marylandica?, on root length of Zinnia elegans?, on
dry weight of shoot and root species of Iris?.

In this respect, Kosobrukhov et a/?° on Plantago major
reported that the application of lead (Pb) change
photosynthesis efficiency through its effects on stomata or
directly on mesophyll cells in which both photochemical
and biochemical reactions were affected, Sharma and
Dubey' and Gupta et a/?® showed that the Pb impairs root
elongation, plant growth, chlorophyll production and
lamellar organization in the chloroplast and cell division.
Stiborova eta/?’ indicated that the high levels of Pb in the soil
decreased photosynthesis either through effects.

On the metabolites of the Calvin cycle or through
decreased carboxylase activity, this caused reduction in plant
height. The increase in the shoot: root dry weight ratio in
plants that received the different levels of Pb may be
attributed to a higher inhibition of root growth when
compared with the inhibition of shoot growth due to the
Pb treatments. Similar results and discussion were reported
by Stobrawa and Lorenc-Plucinska?®, who indicated that
lead caused a negative influence on root growth and
morphological disorders of the roots as thickening and
decreasing of root volume. The inhibition of root growth
after exposure to Pb may be due to a decrease in Ca in the
root tips, leading to a decrease in cell elongation or cell
division®.

The data in Table 1-5 also indicated that the application
of all additive treatments had significant effects (p = 0.05) on
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the most of the studied growth characters of Zinnia elegans
plants. The highest values were recorded by the plants treated
with 24-epi at 10~® M then followed by the plants sprayed
with low concentration of sodium silicate at 50 ppm and then
followed by plants treated with mycorrhiza at 1000 spores,
while the lowest values were obtained by plants treated with
the high level of Pb (200 ppm) alone without any additive
treatments.

These results are in agreement with those obtained by
Oklest et a/*® they found that BRs have strong effects on plant
growth and possess a unigue combination of physiological
actions such as cell division and elongation, increase of
DNA and RNA polymerase activity, stimulate ethylene
production, interact synergistically with auxins, Meir et a/3'
on Eustoma grandiflorum, Hosseinzadah et al*2 on
Calendula officinalis L., The foliar application of Si enhancing
most of the studied growth characters under Pb toxicity. The
might be induced due to the silicon not only contributes to
cell wall rigidity and strengthening, but might also increase
cell wall elasticity during extension growth. Moreover, the
enhancement effect on shoot length of wheat plants supplied
with Si might be induced through its role in both cell division
and cell expansion by their effect on RNA and DNA synthesis.
Siliconincreased the thickness of the culm wall and the size of
the vascular bundles preventing lodging in wheat plant,
thereby enhancing the strength of the stem.® Joner and
Leyval** reported that mycorrhiza fungi treatment increased
plant height when the plants grown in polluted soil with Pb,
because mycorrhiza could present a biological barrier for
retention of heavy metals, so mycorrhiza was used most often
to lower heavy metal concentration in the shoots of non
hyperaccumulator plants.
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Regarding the interaction between the effects of lead
stress and the additive treatments on growth characters, the
results in all samples recorded the lowest values of growth
characters with high level of Pb (at 200 ppm) alone without
any additive treatments. The results also showed that in all
samples the highest values of growth characters were
recorded by the untreated plants with Pb, but sprayed with
24-epi (at 108 M) on plant height, number of branches, stem
diameter, dry weight of shoot and root and similar results
detected with number of leaves in the second sample, total
leaf area in the second and third samples and root length in
the third sample. Also, the results indicated that the plants
without Pb soil addition, but sprayed with the lower
concentration of Si (50 ppm) recorded the highest values of
root length in the second and third samples and on number
of leaves in the third sample when Zinnia elegans plants
were treated with Pb at 100 and 200 ppm Pb kg~ soil, the
highest values were recorded by the plants treated with
24-epi (E) at the lower rate (E,), this treatment gave the
highest values of plant height, dry weight of shoot and root,
total dry weight and shoot: root dry weight ratio in all samples
and found the same trend with number of branches, root
length in the 2nd and 3rd samples, number of leaves, stem
diameter, total leaf area in the 2nd sample and it is also noted
that, spraying the plants with sodium silicate (Si;) gave the
highest values of number of leaves, stem diameter, total leaf
area in the third sample then followed by plants treated with
mycorrhiza at 1000 spores with all growth characters studied.

In this connection, the positive effect of 24-epi can be
suggested that this reduction under Pb stress was associated
with lesser ion uptake and accumulation and with the
increasing activity of ATPase, an enzyme responsible for acid
secretion and changes in membrane level®. The effect of Si is
in harmony with Ghasemi et a/%¢ using Si as a useful element
for increasing the yield of plants and their resistance to
environmental stresses, Metwally et a/*’ reported that
exogenous application of Si increases plant tolerance to
abiotic stress by decreasing generation of Reactive Oxygen
Species (ROS), also plays an important role in the regulation
of some physiological processes in plants such as effects on
ion uptake and transport and membrane permeability and it
has been found that Si has different effects on stress
adaptation and damage development in plants. Moreover,
Ahmed et a/* indicated that, Si could alleviate the effects
of abiotic stresses including salt stress, metal toxicity and
nutrient imbalance. these beneficial effects are mostly
expressed through Sidepositionin the leaves, stemsand hulls.
Gaill et a/*® reported that the mycorrhiza possible retention of
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heavy metals to protection their host plants by the fungal
mycelium involving adsorption to cell wall and fixation by
polyphosphate granules.

Concerning the affect of lead soil addition on flowering
characters: The data presented in Table 6 show that, the
presence of lead (Pb) in the soil caused significant decrease
(p=0.05) in all of the studied flowering characters (number of
inflorescences, inflorescences diameter, flowering period and
dry weights of inflorescences). The plants treated with higher
concentration of Pb (200 ppm), recorded the lowest values for
all the studied flowering characters.

These results clearly indicated that the soil addition of
Pb to zinnia plants had a negative effect on flower growth,
which may be indirectly attributed to the adverse effect of
lead on vegetative growth, which in turn makes the plant
unhealthy and unable to produce large high-quality
inflorescences. The decrease in flower development and
growth as a result of using Pb was also clear in a number of
ornamental plant species, including 7agetes erecta L2,
sunflower?® and Zinnia marylandica?*.

Morever, the results in Table 6 recorded that, additive
treatments affected significantly (p = 0.05) on the flowering
characters of Zinnia elegans plants. The plants sprayed with
24-epi at 1078 M recorded the highest values of number of
inflorescences, inflorescences diameter, flowering period and
dry weights of inflorescences. The BRs affect by stimulating
filamentand pollen growth and modifying pollen properties®.
This may be the reason for enhancing development of flowers
and this was followed by the plants sprayed with Si, the
cytokinin level in shoots, one of the most significant factors
stimulating lateral bud development it was detected that foliar
treatment with silicon may be increase the level of cytokinin
in wheat plants® and then followed by plants treated with
mycorrhiza, these results are in harmony with Sohn et a/* on
Chrysanthemum morifolium and Perner et al/*' on
Pelargonium peltatum.

Concerning the interaction between the effects of Pb
concentrations and additive treatments on the flowering
characters, the results showed that the lowest values of
flowering characters (inflorescences diameter and dry weights
of inflorescences) were calculated from plants treated with the
higher level of Pb (at 200 ppm) only without any additive
treatments, however no significant effect was obtained
between 100 or 200 ppm Pb in number of inflorescences and
inflorescences diameter. The results also showed that the
highest values of diameter and dry weights of inflorescences
were recorded for the untreated plants with Pb but sprayed
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Table6: Effectof Pb, mycorrhiza, 24-epibrassinolide and sodiumssilicate on average number of inflorescences, inflorescences diameter, flowering period and dry weight
of inflorescences of Zinnia elegans plant in third sample (combined of the 2014 and 2015 seasons)

Pb (ppm) Pb (ppm)

0 100 200 Mean (B) 0 100 200 Mean (B)
Treatments No. of inflorescences Inflorescences diameter (cm)
Third sample
Control 1.83 1.50 1.16 1.50 5.37 5.15 478 5.10
AM, 2.83 2.50 2.16 2.50 6.43 6.18 6.00 6.20
AM, 3.66 323 2.66 3.18 7.04 6.47 6.17 6.56
E, 2.83 2.66 2.83 2.77 6.92 6.34 6.31 6.52
E, 4.66 3.66 333 3.88 7.61 7.12 6.58 7.10
Siy 4.50 333 2.83 3.55 7.17 6.86 6.41 6.81
Si, 4.00 2.50 2.23 291 6.29 6.01 5.81 6.04
Mean (A) 3.47 2.77 2.46 6.69 6.31 6.01
LSD at 0.05 for A0.26 B 0.40 AB 0.58 A0.13 B0.20 AB 0.30

Flowering period (day) Dry weight of inflorescences (g)

Third sample
Control 43.16 4133 40.50 41.66 0.77 0.71 0.51 0.66
AM, 52.66 51.83 51.83 52.11 1.26 0.94 0.73 0.98
AM, 56.33 55.16 54.00 55.16 1.40 113 0.85 1.13
E, 56.00 5333 5133 53.55 1.25 1.05 0.81 1.03
E, 57.16 56.83 55.66 56.55 1.56 1.32 1.13 1.34
Siy 56.83 56.16 5533 56.11 1.46 1.22 1.07 1.25
Si, 5335 50.83 50.33 51.50 1.09 1.02 0.97 1.02
Mean (A) 53.64 52.21 51.28 1.25 1.06 0.87
LSD at 0.05 for A 0.63 B0.97 AB 1.41 A0.07 B0.10 AB0.15

AM,: 500 spores, AM,: 1000 spores, E;: 1076 M, E,: 1078 M, Si;: 50 ppm Si, Si,: 100 ppm Si, A: Pb, B: Treatments, AB: Interaction

with 24-epi (at 10~8 M), the same trend had been found in
number of inflorescences for untreated plants with Pb but
sprayed with 24-epi at 108 M or sprayed with sodium silicate
at the lower concentration (50 ppm), the highest value of
flowering period recorded with plants untreated with Pb but
sprayed with (E,) or sprayed with (Si;) or by mycorrhiza soil
addition at 1000 spores (AM,).

Plant growth analysis: For plant growth analysis e.g., RGR,
NAR and SUR the data presented in (Table 7 and 8) show that
RGR, NAR and SUR were decreased with increasing Pb level of
Pb (200 ppm), these results show inhibition of biosynthetic
activity was estimated by a decline in photosynthesis, but its
increased without Pb. This suggests that photosynthesisis the
limiting factor for growth. Bandeh-Hagh et a/* reported that
the NAR decreased reflects a decrease in the rate of
photosynthesis or an increase in respiration with increasing
lead concentrations. SUR decreased with increasing Pb
concentration, because high concentrations of Pb are fast
inhibition of root growth, decreased fresh and dry biomass of
roots and shoots.

Moreover, from the results in Table (7 and 8) it is clear
that, RGR was in a high value at the early growth stages
(between the first and second sample) and lowered at the
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latest stages (between second and third sample) this trend
was expected because at early stages plant cells are more
active for division and elongation than later stages.

The application of all additive treatments also had
increased RGR, NAR and SUR when compared with plants
without any additive treatments.

The interaction between the effects of Pb concentrations
and additive treatments the data revealed, that the lowest
values of RGR, NAR and SUR were recorded at the higher level
of Pb without any additive treatments. The highest values of
RGR and SUR were obtained by the plants sprayed with 24-epi
at 10~ M, exogenous application of EBL improved the RGR of
zinnia plants. These results are not surprising since
brassinosteroids were implicated in cell elongation and
differentiation ** and found the same trend was detected by
the plants sprayed with sodium silicate under Pb stress
condition. The increase in RGR was attributed to the increase
in the physiological growth parameter (NAR) rather than the
morphological growth parameter, this results in harmony with
Ali et a/*, who reported that EBL increased growth in Indian
mustard plants could be related to enhanced activity of
antioxidative enzymesand proline level that protect the plants
from oxidative damage. Therefore, photosynthesis which is a
major controlling factorfor plantgrowth and yield might have
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Table 7: Effect of Pb, mycorrhiza, 24-epibrassinolide and sodium silicate on average relative growth rate (RGR mg g=' d~') and net assimilation rate (NAR mg cm? d~")

of Zinnia elegans plant during 2014 and 2015 seasons

Pb (ppm) Pb (ppm)

0 100 200 Mean (B) 0 100 200 Mean (B)
Treatments Relative growth rate (RGR,, mgg~"d™") Relative growth rate( RGR,; mgg~'d™")
Control 42 41 38 40.3 44 40 34 39.3
AM, 42 43 47 44.0 51 45 42 46.0
AM, 46 46 46 46.0 53 48 44 483
E, 56 57 53 553 48 45 46 46.3
E, 54 60 58 573 50 44 48 473
Si; 55 56 55 553 53 47 46 48.7
Si, 54 50 46 50.0 54 50 48 50.7
Mean (A) 49.9 50.4 49.0 50.4 45.6 440

Net assimilation rate (NAR;, mg (cm?~"'d™") Net assimilation rate (NAR,; mg (cm?)~"d™")
Control 0.997 1.146 1.027 1.057 0.976 1.071 0.803 0.9500
AM, 0.900 0.975 1.114 0.996 1214 1.154 1.126 1.1648
AM, 0.903 0.935 0.988 0.942 1.226 1.238 1.167 1.2106
E, 0.926 1.263 1.091 1.094 0.790 1.022 0.9474 0.9198
E, 1.081 1314 1.169 1.188 1.080 1.066 1.1270 1.0910
Siy 0.969 1.123 1.119 1.071 1.058 0.976 0.9404 099177
Si 1.100 0.909 0.822 0.944 1133 0.939 0.8339 0.9684
Mean (A) 0.983 1.095 1.047 1.068 1.066 0.992

AM;: 500 spores, AM,: 1000 spores, E;: 1076 M, E,: 1078 M, Si;: 50 ppm Si, Si,: 100 ppm Si

Table 8: Effect of Pb stress, mycorrhiza, 24-epibrassinolide and sodium silicate
on specific utilization rate ( SUR,.; mg g Pb~" d™") of Zinnia elegans

plant
Pb (ppm)

Treatments 0 100 200 Mean (B)
(SUR,; mggPb—'d™")
Control 1.8 1.0 0.6 1.1
AM, 33 1.8 1.6 2.2
AM, 43 2.6 1.8 29
E, 2.5 24 2.2 2.4
E, 46 2.5 3.0 34
Si; 47 2.9 2.5 34
Si, 35 2.2 1.6 24
Mean (A) 35 2.2 19

AM;,: 500 spores, AM,: 1000 spores, E;: 107 M, E,: 1078 M, Si;: 50 ppm Si,
Si,: 100 ppm Si

been increased due to EBL application®. Also, the results
indicated that the highest values of NAR under Pb conditions
in the (NAR,.;) were obtained by the plants sprayed with (E,)
and in the (NAR;_,) by plants treated with mycorrhiza (AM,).

Pb concentration in shoot, root and inflorescences: Data in
Table 9 and 10 of the 2 samples( 60 and 85 days) of shoot and
root, as well asinflorescence in third sample, showed that lead
(Pb) soil addition caused significantly increased (p = 0.05) on
Pb concentration in all organs of zinnia plants. Pb
concentration in roots was higher than in the other organs
(roots>shoots>inflorescence). The highest values of Pb
concentrationinall organs recorded with high concentration
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of Pb (200 ppm). These results are in harmony with
Nowak? on salvia, Bosiacki?' on marigold and He et a/* on
Zinnia elegans.

Low transport of heavy metals to shoots may be due to
saturation of root metal uptake, when internal metal
concentrations are high*. Metal concentrations, therefore,
may rise as leaves age simply due to the continued passive
metal transport into leaf tissues. Movement of metals into
older leaves is a way that some plants have to eliminate some
of their metal excess®. This result disagrees with that of
Marschner®®, who attributed a refuse in dry matter mineral
content as plants age to an increase in the proportion of
structural material (cell wall and lignin) and storage
compounds.

The application of all additives treatment decreased Pb
concentration in all organs (in all samples). The lowest values
of Pb concentration in shoot (in 2nd sample were obtained by
the plants sprayed with Si; or E, and in 3rd sample the lowest
values were detected by plants sprayed with E, followed E,).
In root showed the lowest value of Pb concentration was
detected (in the 2nd and 3rd samples) by plants sprayed with
E.. And in inflorescence the lowest values were obtained
by plants sprayed with Si; or E, then follow by plants
treated with mycorrhiza. This result agreement with Bajguz®*,
who found that the 24-epi at the concentration of 1078 M in
combination with heavy metals blocked metal accumulation
in Chlorella vulgaris cells and Wu et a/°', who suggested the
mechanisms for Sireducing active heavy metalionsin growth
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Table 9: Effect of Pb, mycorrhiza, 24-epibrassinolide and sodium silicate on Pb concentration in the shoot and root of Zinnia elegans plant during 2015 season

Pb (ppm) Pb (ppm)

0 100 200 Mean (B) 0 100 200 Mean (B)

Second sample Third sample
Treatments Pb (ppm) in shoot Pb (ppm) in shoot
Control 19.20 32.30 36.8 29.4 24.7 35.9 44.25 35.0
AM, 15.00 25.50 27.6 22.7 17.5 29.2 343 27.0
AM, 13.00 20.00 22.0 183 15.4 22.1 25.9 21.1
E, 18.00 23.00 26.0 223 19.0 23.6 24.8 22.5
E, 10.50 16.21 17.0 14.6 11.5 17.0 18.0 15.5
Siy 11.30 13.00 16.5 13.6 133 18.0 21.5 17.6
Si, 14.87 21.00 253 204 18.0 24.4 27.9 234
Mean (A) 14.50 21.60 244 17.0 243 28.1
LSD at 0.05 for A0.97 B 1.48 AB2.14 A 040 B0.62 AB0.89

Pb (ppm) in root Pb (ppm) in root
Control 30.8 355 60.5 423 38.2 415 65.5 484
AM, 259 27.2 38.0 304 27.0 32.1 433 341
AM, 18.5 20.0 283 223 22.0 25.2 335 26.9
E, 21.0 24.5 353 26.9 25.9 355 384 333
E, 13.0 15.5 17.5 153 16.0 19.0 21.5 18.8
Si; 15.0 20.2 25.7 20.3 17.5 235 284 23.1
Si, 16.2 26.1 32.2 24.8 20.0 28.2 345 27.6
Mean (A) 20.0 241 339 23.8 29.3 379
LSD at 0.05 for A0.50 B0.76 AB1.11 A1.15 B1.77 AB 2.56

Table 10: Effect of Pb, mycorrhiza, 24-epibrassinolide and sodium silicate on Pb
concentration in inflorescence of Zinnia eleganes plant during 2015
season

Pb (ppm)

0 100 200 Mean (B)

Third sample
Treatments Pb concentration in inflorescence
Control 20 28.0 47.0 31.7
AM, 8.0 13.1 21.0 14.0
AM, 5.0 8.00 14.5 9.20
E, 9.0 12.0 15.0 12.0
E, 4.0 6.50 8.00 6.20
Si, 40 9.00 9.00 730
Si, 6.0 16.0 17.0 13.0
Mean (A) 8.0 13.2 18.8
LSD at 0.05 for A0.59 B 0.90 AB 1.30

AM;: 500 spores, AM,: 1000 spores, E;: 10~° M, E,: 10~% M, Si;: 50 ppm Si,
Si,: 100 ppm Si, A: Pb, B: Treatments, AB: Interaction

media, reducing heavy metal transport to the shoot and
showed that mycorrhiza decreased Pb concentration in both
shoots and roots in maize plants*.

The interaction between the effects of Pb concentrations
and additive treatments, indicated that the highest values of
Pb concentration in all organs (in all samples) were recorded
with high level of Pb without any additive treatments. On the
other hand the lowest values of Pb concentration under Pb
conditionsin shoot, rootand inflorescence were recorded by
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plants sprayed with 24-epi at 1078 M (E,), then followed by
plants treated with (Si;), then followed by plants treated with
mycorrhiza (AM,).

The protective effect of epibrassinolide, may be induce
due to the mechanism involved in reducing the toxicity to the
chelation of the metal ion by a ligand. Such ligands include
organic acids, amino acids, peptides or polypeptides>*>* and
Bajguz and Hayat> reported that the application of 24-epiBL
significantly reduced (p =0.05) the metal absorption and
Liu et al* concluded that Si application reduced Pb
concentration in shoots of rice plants.

Plant pigments: Concerning the effect of lead soil
addition on chemical constituents, the data presented in
Table 11,12 and 13 indicate that at the three samples the
presence of lead (Pb) in the soil caused significant
decreases (p = 0.05) of all pigments compared with lead
untreated plants (chlorophyll a, chl b, total chlorophyll
(a+b) and total carotenoids) in all samples. These results
are in agreement with that finding by Lambers et a/>’
they reported that the process of photosynthesis is
adversely affected by Pb toxicity, Plants exposed to Pb ions
show a decline in photosynthetic rate, which results from
distorted chloroplast ultrastructure, restrained synthesis
of chlorophyll, plastoquinone and carotenoids, obstructed
electron transport, inhibited activities of Calvin cycle
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Table 11: Effect of Pb, mycorrhiza, 24-epibrassinolide and sodium silicate on chlorophyll a and chlorophyll b concentration (mg g=' F.W.) of Zinnia elegans plantin
the first, second and third samples (combined of 2014 and 2015 seasons)

Pb (ppm) Pb (ppm)

0 100 200 Mean (B) 0 100 200 Mean (B)
Treatments Chlorophyll a Chlorophyll b
First sample
Control 0.43 0.34 0.27 035 0.25 0.20 0.16 0.20
AM, 0.47 0.50 0.40 0.46 0.26 0.23 0.24 0.24
AM, 0.64 0.60 0.46 0.56 0.24 0.25 0.25 0.25
E 0.64 0.50 0.57 0.57 0.23 0.22 0.20 0.22
E, 0.75 0.67 0.65 0.69 0.28 0.24 0.23 0.25
Si; 0.70 0.64 0.60 0.65 0.28 0.25 0.23 0.25
Si, 0.64 0.60 0.57 0.60 0.24 0.21 0.20 0.22
Mean (A) 0.61 0.55 0.50 0.25 0.23 0.22
LSD at 0.05 for A0.03 B0.05 AB0.08 A0.02 B0.03 AB0.04
Second sample
Control 0.71 0.63 0.52 0.62 0.30 0.19 0.14 0.21
AM, 0.94 0.68 0.55 0.72 0.42 0.28 0.23 0.31
AM, 1.09 0.82 0.76 0.89 0.48 0.29 0.25 0.34
E, 1.12 0.69 0.67 0.83 0.49 0.27 0.24 0.33
E, 1.25 0.89 0.80 0.98 0.54 0.30 0.28 0.37
Siy 1.12 0.86 0.78 0.92 0.48 0.29 0.25 0.34
Si, 1.01 0.74 0.71 0.82 0.47 0.25 0.23 0.32
Mean (A) 1.03 0.76 0.69 0.45 0.27 0.23
LSD at 0.05 for A 0.04 B 0.06 AB0.10 A0.02 B0.03 AB 0.04
Third sample
Control 0.68 0.43 0.39 0.50 0.23 0.13 0.12 0.16
AM, 0.75 0.57 0.50 0.61 0.31 0.21 0.17 0.23
AM, 0.79 0.69 0.63 0.70 0.32 0.26 0.21 0.26
E, 0.83 0.68 0.60 0.70 0.35 0.24 0.20 0.26
E, 0.96 0.78 0.71 0.82 0.40 0.28 0.24 0.31
Siy 0.95 0.80 0.72 0.82 0.40 0.26 0.28 0.32
Si, 0.87 0.68 0.67 0.74 0.35 0.23 0.22 0.27
Mean (A) 0.83 0.66 0.60 0.34 0.23 0.20
LSD at 0.05 for A0.04 B 0.06 AB 0.09 A0.01 B 0.02 AB 0.03

AM;,: 500 spores, AM,: 1000 spores, E;: 1078 M, E,: 10=8 M, Si;: 50 ppm Si, Si,: 100 ppm Si, A: Pb, B: Treatments, AB: Interaction

Table 12: Effect of Pb, mycorrhiza, 24-epibrassinolide and sodium silicate on total chlorophyll (a+b) and total carotenoid concentrations (mg g=' F.W.) of
Zinnia elegans plant in the first, second and third samples (combined of 2014 and 2015 seasons)

Pb (ppm) Pb (ppm)

0 100 200 Mean (B) 0 100 200 Mean (B)
Treatments Total chlorophyll (a+b) Total carotenoid
First sample
Control 0.69 0.55 043 0.55 0.29 0.25 0.20 0.25
AM, 0.73 0.73 0.65 0.70 0.30 0.27 0.26 0.27
AM, 0.88 0.86 0.71 0.82 0.34 0.29 0.29 0.31
E, 0.88 0.72 0.78 0.79 033 0.31 0.28 0.31
E, 1.04 091 0.89 0.95 0.39 0.31 0.30 033
Siy 0.98 0.89 0.84 0.90 0.39 0.32 0.29 033
Si, 0.89 0.81 0.77 0.82 0.31 0.29 0.26 0.29
Mean (A) 0.87 0.78 0.72 0.34 0.29 0.27
LSD at 0.05 for A 0.05 B 0.07 ABO.11 A0.02 B 0.04 AB 0.06
Second sample
Control 1.02 0.82 0.67 0.84 0.34 0.26 0.19 0.27
AM, 1.36 0.96 0.79 1.04 0.36 0.35 0.29 033
AM, 157 1.12 1.02 1.24 0.42 0.37 0.34 0.38
E, 161 0.96 0.91 1.16 0.48 0.40 0.38 0.42
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Table 12: Continue

Pb (ppm) Pb (ppm)

0 100 200 Mean (B) 0 100 200 Mean (B)
Treatments Total chlorophyll (a+b) Total carotenoid
E, 1.80 1.20 1.08 1.36 0.53 0.48 0.44 0.48
Si 161 1.15 1.04 1.27 0.49 0.46 0.39 0.45
Si, 1.48 0.99 0.95 1.14 0.45 043 0.36 0.41
Mean (A) 1.49 1.03 0.92 0.44 0.39 034
LSD at 0.05 for A 0.05 B 0.08 AB0.12 A0.02 B 0.04 AB 0.06
Third sample
Control 0.92 0.56 0.51 0.67 042 0.35 0.27 0.35
AM, 1.07 0.78 0.68 0.84 0.47 0.42 0.38 0.42
AM, 1.12 0.95 0.84 0.97 0.49 0.47 0.45 0.47
E, 1.18 0.92 0.81 0.97 0.51 0.45 0.42 0.46
E, 137 1.06 0.95 113 0.53 0.48 0.46 0.49
Si; 1.36 1.06 1.00 1.14 0.45 0.43 043 0.44
Si, 1.23 0.92 0.89 1.01 0.44 0.38 0.36 0.39
Mean (A) 1.18 0.89 0.81 0.47 0.42 0.40
LSD at 0.05 for A0.04 B 0.07 AB0.10 A0.02 B0.04 AB0.06

AM;:500 spores, AM,: 1000 spores, E;: 107 M, E,: 10-8 M, Si;: 50 ppm Si, Si,: 100 ppm Si, A: Pb, B: Treatments, AB: Interaction

Table 13: Effect of Pb, mycorrhiza, 24-epibrassinolide and sodium silicate on a/b ratio and total chlorophyll/total carotenoid ratio of Zinnia elegans plantin the first,
second and third samples (combined of the 2014 and 2015 seasons)

Pb (ppm) Pb (ppm)

0 100 200 Mean (B) 0 100 200 Mean (B)
Treatments a/b ratio Total chlorophyll/total carotenoid ratio
First sample
Control 1.75 1.69 1.83 1.76 239 2.16 2.21 2.25
AM, 1.86 224 1.64 1.91 249 273 255 2.59
AM, 2.60 239 1.79 226 2.65 3.00 2.60 2.75
E, 2.82 2.31 2.85 2.66 267 237 2.78 261
E, 273 2.77 2.81 2.77 2.69 2.89 3.09 2.89
Si; 2.58 2.69 262 263 2.51 2.80 297 2.76
Si, 2,61 2.80 291 277 2.90 2385 291 2.88
Mean (A) 242 2.41 235 261 2.68 2.73
LSD at 0.05 for Ans B0.35 AB0.50 Ans B0.42 AB0.61
Second sample
Control 2.38 341 3.64 3.14 2.73 3.04 3.39 3.05
AM, 2.25 2.49 240 238 335 2.56 2,62 2.84
AM, 2.28 2.86 3.00 271 339 2.65 2.77 294
E, 227 263 277 255 341 244 2.38 2.74
E, 2.28 295 297 273 343 255 242 2.80
Sy 233 2.96 3.06 278 3.30 249 2.71 2.83
Si, 2.15 292 3.02 270 327 231 267 2.75
Mean (A) 298 2.89 2.28 327 2.58 2.71
LSD at 0.05 for A0.22 B0.34 AB0.49 A0.20 B0.31 AB 045
Third sample
Control 287 3.20 3.27 3.1 2.20 1.69 1.90 1.93
AM; 241 2.75 3.04 273 2.29 1.89 1.80 1.99
AM, 2.48 267 297 270 227 2.03 1.88 2.06
E, 2.39 2.77 293 2.70 232 2.03 1.92 2.09
E, 237 2.74 294 2.69 255 232 2.07 232
Si; 235 3.01 255 2.64 2.78 246 239 254
Si, 244 298 3 2.84 2.71 242 247 253
Mean (A) 297 2.87 247 2.45 2.12 2.06
LSD at 0.05 for A0.19 B0.30 AB0.44 A0.16 B0.24 AB0.35

AM;: 500 spores, AM,: 1000 spores, E;: 107¢ M, E,: 10=8 M, Si;: 50 ppm Si, Si,: 100 ppm Si, A: Pb, B: Treatments, AB: Interaction
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enzymes, as well as deficiency of CO, as a result of stomatal
closure of Zinnia elegans*’>® and Helianthus annus .

Also, the results in Table 11-13 indicated that with
increasing Pb soil addition the a/b ratio and total
chlorophyll/ total carotenoid in the 2nd and 3rd samples
were increased of the plants treated with Pb alone without
any additives treatment, but in the 1st sample the effect was
non-significant between the some treatments. The increase in
the Chl a/b ratio as a result of increasing the Pb supply
suggests that the Pb treatments caused much more reduction
on Chl b than of Chl a, resulting in increased Chl a/b ratio®.
Pb effects have been described for both donor and acceptor
sites of photosynthesis-2 (PS Il), the cytochrome b/f complex
and photosynthesis-1 (PS I). It is largely accepted that PS |
electron transport is less sensitive to inhibition by Pb than
photosynthesis-2 (PS 11)*"%2These results are in agreement
with those obtained by Djukic et a/. %3 on Ailanthus altissima
and Dey and Mondal®.

Also, data in Table 11, 12 and 13 revealed that
application of additive treatments also showed significant
effects (p = 0.05) on the plant pigments of Zinnia elegans
plants. The plants sprayed with 24-epi at 10~8 M recorded the
highest values of chl a, chl b and total chl (a+b) in all samples
followed by plants sprayed with sodiumssilicate at 50 ppm and
AM, (1000 spores), but in chl a/chl b ratio (in the 1st sample)
the highest value indicated by plants sprayed with sodium
silicate at 100 ppm and 24-epiat 1078 M, in the 2nd and
3rd samples the highest value in plants without any additive
treatments. Concerning the ratio between total chl/total
carotenoid, the results in the 1st and 2nd samples
indicated no significant differences could be recorded
between various treatments, but in the third sample the
highest total chl/total carotenoid ratio were obtained by
plants sprayed with Si; and Si, followed by plants sprayed with
24-epi at 10-8 M. Effect of 24-epi application via activation of
enzymes participating in chlorophyll biosynthesis or an
induction of their synthesis and thus improving the
photosynthetic efficiency®.

The positive effect of Si may be due to the fact that Si
protects photosynthetic apparatus through increasing the
ability of cell antioxidation and new proteins. synthesis6%7.

Concerning carotenoids the data indicated that highest
value in the first sample was obtained by plants sprayed with
Si;, E, or E; and AM,, but in the second and third samples the
highest value were recorded by the plants sprayed with E..

The interaction between the effects of Pb soil addition
and additive treatments, it is clear the plants with 200 ppm Pb
recorded the lowest value of all plant pigments except a/b
ratio. Under Pb condition (100 and 200 ppm) show the highest
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value of (chlo a, chlo b, total chlo (a+b) and total chlo/total
carotenoid) with plants sprayed with (E,), (Si;) and (AM,), the
same trend of result found in total carotenoid concentration
in the second sample, butin the firstand third samples had no
significantly effects. The result favourable effect of plants
treated with mycorrhiza on plant pigments concentration was
in harmony with this reported by Nowak® who suggested that
the increased photosynthetic activity of mycorrhizal plants
was connected with the increased ratio of variable to
maximum chlorophyll fluorescence (Fv/Fm), which is directly
proportional to the maximum quantum yield of primary
photochemistry of PS II.

Antioxidant enzymes activities: The results in Table 14 and
15 revealed effect of Lead soil addition on antioxidant
enzymes, SOD and CAT activity decreased with increasing Pb
level, this enzyme activity usually decreases in living tissues
exposed to stress environments®, but increased POD activity.

The SOD is a metallo-enzyme present in various cellular
compartments, functioning at thefirst step of ROS generation,
i.e., superoxide formation, superoxide radicals can act as a
precursor to other ROS, SOD dismutates two superoxide
radicals to H,0, and oxygen and thus maintains superoxide
radicals in a steady state level™. In this study, the decline in
SOD activity at 200 ppm Pb indicated that the oxygen
scavenging function of SOD was impaired.

The CAT is a universally present oxidoreductase that
decomposes H,0, to waterand molecular oxygenanditisone
of the key enzymes involved in the removal of toxic peroxides.
Decline CAT activity at higher concentration of Pb in this study
might be attributed to inactivation of enzyme by ROS, change
in assembly of its subunits or decrease in synthesis of
enzyme’’,

The POD catalyzes H,0,-dependent oxidation of
substrate. POD activity is also considered a beneficial
biomarker for sublethal metal toxicity in plant species.
Morever, POD participating in lignin biosynthesis can build up
a physical barrier against toxic heavy metals. Other studies in
plants have reported increases, decreases and no changes in
POD activity in response to exposure of heavy metal’. The
results show increased of POD activity at higher Pb
concentrations and a decline without any Pb soil addition
(control). Tanyolac et a/”® indicated that the POD activity was
found to be sufficiently high to enable the plants to protect
themselves against oxidative stress.

The result in Table 14, 15 also indicated that the
application  of additive treatments without stress or
interaction with Pb conditions had significant effects (p=0.05)
on the enzymes activity of Zinnia elegansleaves. The highest
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Table 14: Effect of Pb stress, mycorrhiza, 24-epibrassinolide and sodium silicate on SOD and CAT unit g~ fresh weight in fresh leaves of second sample of

Zinnia elegans

Pb (ppm) Pb (ppm)

0 100 200 Mean (B) 0 100 200 Mean (B)
Treatments SOD unit g~! fresh weight CAT unit g~ fresh weight
Second sample
Control 4.66 3.66 2.39 3.57 35.28 34.20 22.65 30.71
AM, 4.95 3.75 2.55 3.75 38.76 37.44 37.08 37.76
AM, 6.03 3.86 261 4.7 49.35 45.81 42.70 45.95
E, 5.54 372 270 3.99 38.85 38.01 36.16 37.67
E, 575 4.10 3.30 438 51.72 46.92 43.48 4737
Siy 572 497 3.28 4.66 50.85 46.16 43.31 46.77
Si, 6.09 498 325 4.77 45.40 40.35 36.75 40.83
Mean (A) 5.53 4.14 2.87 44.31 41.27 37.44
LSD at 0.05 for A0.42 B 0.64 AB0.93 A 289 B 4.42 AB 6.39

AM;,: 500 spores, AM,: 1000 spores, E;: 10°% M, E,: 10=8 M, Si;: 50 ppm Si, Si,: 100 ppm Si, A: Pb, B: Treatments, AB: Interaction

Table 15: Effect of Pb stress, mycorrhiza, 24-epibrassinolide and sodium silicate
on POD, unit g~' fresh weight in fresh leaves of second sample of
Zinnia eleganes

Pb (ppm)
Treatments 0 100 200 Mean (B)
POD unit g~ fresh weight

Control 64.38 7833 83.81 75.51
AM, 52.92 64.42 73.25 63.53
AM, 49.38 59.29 58.95 55.87
E, 51.72 60.52 68.72 60.32
E, 47.78 56.30 60.87 54.98
Si; 49.85 53.28 72.10 5841
Si, 61.68 69.28 73.90 68.29
Mean (A) 53.96 63.06 70.23

LSD at 0.05 for A4.25 B 6.50 AB9.39

AM,: 500 spores, AM,: 1000 spores, E;: 107 M, Ex: 10~8 M, Si;: 50 ppm Si,
Si,: 100 ppm Si, A: Pb, B: Treatments, AB: Interaction

activity of SOD and CAT activity were recorded by the plants
sprayed with Si (at 50 or 100 ppm) then followed by the plants
sprayed with 24-epi at 108 M and then followed by plants
treated with mycorrhiza at 1000 spores but POD recorded the
highest activity by the plants treated with high level of Pb
without any additive treatments. These results agree with the
results mentioned by Garg and Kaur’ on Cajanus cafan L.and
Liang® on barly they suggested that silicon may affect the
structure and integrity of plasma membranes by influencing
the stress-dependent peroxidation of membrane lipids.
Ghasemzadeh and Jaafar’> on Zingiber officinale indicated
that the positive effect of foliar Si to increased SOD activity
was accompanied by increases in CAT and POD activities
because of the high demands of H,O, quenching. By
supporting photosynthetic rate in response to enhanced
antioxidant enzyme activities. Hajipour and Jabbarzadeh’®
reported that the foliar application of sodium silicate on
chrysanthemum increasing antioxidant enzymes activity, Si
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may increase CAT by affecting catalase production path in
peroxisomes. Morever Sadhana’’ suggested that the
mycorrhiza Glomus mosseae application can be enhanced
the enzyme activity, which develops resistance in host plants,
farther more Vazquez et a/>* and Ahmed et a/’® reported that
the application of BRs modified antioxidant enzymes activities
under different abiotic stresses.

Thus, itcan be suggested that, the application of different
additive treatments might be decreased the stress induce by
lead in plant through increasing antioxidantenzymes SOD and
CAT, while POD activity was decreased.

CONCLUSION

It can be concluded that the exogenous application
of 24-epi and sodium silicate or addition mycorrhiza to
zinnia plant resulted in improvements of growth and
flower characters. Chlorophyll a, b, total chlorophyll, total
carotenoids, SOD and CAT activity was increased and Pb
concentration and POD activity was decreased during Pb
stress as compared to untreated control plants, especially that
24-epi at 1078 M, sodium silicate at 50 ppm and mycorrhiza at
1000 spores.

SIGNIFICANCE STATEMENT

Lead soil pollution usually affects many metabolicaspects
of zinnia plant and induces changes in its physiology. It is
worthy here to mention that using mycorrhiza, brassinosteroid
and sodium silicate may correct to some extent the negative
effect of lead soil pollution on zinnia plants. These treatments
possibly alleviate lead soil toxicity such as its applied
concentrations and level of lead soil addition.



10.

11.

12.

13.

14.

15.

J. Environ. Sci. Technol, 10 (4): 157-174, 2017

REFERENCES

Sharma, P.and R.S. Dubey, 2005. Lead toxicity in plants. Braz.
J. Plant Physiol., 17: 35-52.

Carter, C.T. and C.M. Grieve, 2010. Growth and nutrition of
two cultivars of Zinnia elegans under saline conditions.
HortScience, 45: 1058-1063.

Smith, S.E. and D.J. Read, 2008. The Symbionts Forming
Arbuscular Mycorrhizas. In: Mycorrhizal Symbiosis, Smith, S.E.
and D.J.Read (Eds.). 3rd Edn., Chapter 1, Academic Press, San
Diego, CA., USA., ISBN: 978-0-12-370526-6, pp: 13-41.
Wang, Y., J. Huang and Y. Gao, 2012. Arbuscular mycorrhizal
colonization alters subcellular distribution and chemical
forms of cadmium in Mediicago satival.and resists cadmium
toxicity. PLoS ONE, Vol. 7. 10.1371/journal.pone.0048669
Hohnjec, N., M.F. Vieweg, A. Puhler, A. Becker and H. Kuster,
2005. Overlaps in the transcriptional profiles of Medlicago
truncatularoots inoculated with two different Glomus fungi
provide insights into the genetic program activated during
arbuscular mycorrhiza. Plant Physiol., 137: 1283-1301.
Khripach, V., V. Zhabinskii and A. de Groot, 2000. Twenty
years of brassinosteroids: Steroidal plant hormones warrant
better crops for the XXI century. Ann. Bot., 86: 441-447.
Richmond, K.E. and M. Sussman, 2003. Got silicon? The
non-essential beneficial plant nutrient. Curr. Opin.Plant Biol.,
6:268-272.

Ma, J.F.and N. Yamaji, 2006. Silicon uptake and accumulation
in higher plants. Trends Plant Sci., 11: 392-397.

Hossain, M.T., K. Soga, K. Wakabayashi, S. Kamisaka, S. Fujii,
R. Yamamoto and T. Hoson, 2007. Modification of chemical
properties of cell walls by silicon and its role in regulation of
the cell wall extensibility in oat leaves. J. Plant Physiol.,
164: 385-393.

Jackson, M.L.,, 1973. Soil Chemical Analysis. 1st Edn., Prentice
Hall Ltd., New Delhi, India, Pages: 498.

Hunt, R., 1978. Growth Analysis. In: Studies in Biology, Arnold,
E. (Ed.). The Camelot Press Ltd., Southampton, Great Britain,
pp: 67.

Piper, G.S., 1947. Soil and Plant Analysis. Interscience
Publishers Inc., New York, Pages: 368.

Saric, M., R. Katrori, R. Curic, T. Cupina and |. Gric, 1967.
Chlorophyll determination. Univerzitet U. Noveon Sadu
Praktikum iz Fiziologize Biljaka-beograd, Hauena Anjiga,
pp: 215.

Mukherjee, S.P. and M.A. Choudhuri, 1983. Implications of
water stress-induced changes in the levels of endogenous
ascorbic acid and hydrogen peroxide in Vigna seedlings.
Plant Physiol., 58: 166-170.

Kar, M. and D. Mishra, 1976. Catalase, peroxidase and
polyphenoloxidase activities during rice leaf senescence.
Plant Physiol., 57:315-319.

172

16.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Marklund, S. and G. Marklund, 1974. Involvement of the
superoxide anion radical in the autoxidation of pyrogallol and
a convenient assay for superoxide dismutase. Eur. J.
Biochem., 47: 469-474.

Snedecor, G.W.and W.G. Cochran, 1967. Statistical Methods.
6th Edn., Oxford and IBH Publishing Co. Pvt. Ltd., New Delhi,
India, Pages: 593.

Shivhare, L. and S. Sharma, 2012. Effect of toxic heavy metal
contaminated soil on an ornamental plant Georgina wild
(Dahlia). J. Environ. Anal. Toxicol., Vol. 2.

Jadia, C.D. and M.H. Fulekar, 2008. Phytoremediation: The
application of vermicompost to remove zinc, cadmium,
copper, nickel and lead by sunflower plant. Environ. Eng.
Manage. J., 7: 547-558.

Gopal, R. and N. Khurana, 2011. Effect of heavy metal
pollutants on sunflower. Afr. J. Plant Sci., 5: 531-536.
Bosiacki, M., 2009. Phytoextraction of cadmium and lead by
selected cultivars of 7agetes erectal.. Part |. Effect of Cd and
Pb on vyielding. Acta Scientiarum Polonorum. Hortorum
Cultus, 8: 3-13.

Milusheva, D.l, E.T. lakimova and B.Y. Atanassova, 2015.
Cadmium and lead effects on growth performance of
Zinnia (Zinnfa marylandica). Subtrop. Ornamental Hortic.,
54:175-184.

Cui, S., Q.X. Zhou, S.H. Wei, W. Zhang, L. Cao and L.P. Ren,
2007. Effects of exogenous chelators on phytoavailability
and toxicity of Pb in Zinnia elegans Jacq. J. Hazard. Mater.,
146: 341-346.

Han, Y.L, S.Z. Huang, J.G. Gu, S. Qiu and J.M. Chen, 2008.
Tolerance and accumulation of lead by species of /ris L.
Ecotoxicology, 17: 853-859.

Kosobrukhov, A. I. Knyazeva and V. Mudrik, 2004.
Plantago major plants responses to increase content of lead
in soil: Growth and photosynthesis. Plant Growth Regul.,
42:145-151.

Gupta, D.K,, F.T. Nicoloso, M.R.C. Schetinger, L.V.Rossato and
L.B. Pereira et al, 2009. Antioxidant defense mechanism in
hydroponically grown Zea mays seedlings under moderate
lead stress. J. Hazard. Mater., 172: 479-484.

Stiborova, M., M. Ditrichova and A. Brezinova, 1987. Effect of
heavy metal ions on growth and biochemical characteristics
of photosynthesis of barley and maize seedlings. Biol. Planta,
29:453-467.

Stobrawa, K. and G. Lorenc-Plucinska, 2008. Thresholds of
heavy-metal toxicity in cuttings of European black poplar
(Populus nigral..) determined according to antioxidant status
of fine roots and morphometrical disorders. Sci. Total
Environ., 390: 86-96.

Haussling, M., CA. Jorns, G. Lehmbecker, C. Hecht-Buchholz
and H. Marschner, 1988. lon and water uptake in relation to
root development in Norway spruce (Picea abies (L.) Karst.).
J. Plant Physiol., 133: 486-491.



30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

J. Environ. Sci. Technol, 10 (4): 157-174, 2017

Oklest, J., L.Rarova and M. Strnad, 2013. Brassinosteroids and
their Biological Activities. In: Natural Products:
Phytochemistry, Botany and Metabolism of Alkaloids,
Phenolics and Terpenes, Ramawat, K.G. and J.M. Merillon
(Eds.). Springer, Berlin, Germany, ISBN: 978-3-642-22143-9,
pp: 3851-3871.

Meir, D., S. Pivonia, R. Levita, |. Dori and L. Ganot et a/, 2010.
Application of mycorrhizae to ornamental horticultural crops:
Lisianthus (£ustoma grandiflorum) as a test case. Spanish J.
Agric. Res., 8: S5-510.

Hosseinzadah, F. A. Satei and M.R. Ramezanpour, 2011.
Effects of mycorhiza and plant growth promoting
rhizobacteria on growth, nutrients uptake and physiological
characteristics in Calendula officinalisL. Middle-East J. Scient.
Res., 8:947-953.

Ahmed, A.H.H.,E.M.Harb, M.A. Higazy and S.H. Morgan, 2008.
Effect of silicon and boron foliar applications on wheat plants
grown under saline soil conditions. Int. J. Agric. Res., 3: 1-26.
Joner, EJ. and C. Leyval, 2001. Time-course of heavy metal
uptake in maize and clover as affected by root density and
different mycorrhizal inoculation regimes. Biol. Fertil. Soils,
33:351-357.

Bajguz, A., 2000. Blockade of heavy metals accumulation in
Chlorella vulgaris cells by 24-epibrassinolide. Plant Physiol.
Biochem., 38: 797-801.

Ghasemi, A., A. Ejraei and M. Rajaei, 2013. Effect of silicon on
vegetative and generative performance of Broad Bean
(Vicia fabaL.). J. Novel Applied Sci., 2: 881-884.

Metwally, A., I. Finkemeier, M. Georgi and K.J. Dietz, 2003.
Salicylic acid alleviates the cadmium toxicity in barley
seedlings. Plant Physiol., 132: 272-281.

Galli, U., H. Schuepp and C. Brunold, 1994. Heavy metal
binding by mycorrhizal fungi. Physiol. Planta., 92: 364-368.
Kang, Y.Y. and S.R. Guo, 2011. Role of Brassinosteroids on
Horticultural Crops. In: Brassinosteroids: A Class of Plant
Hormone, Hayat, S. and A. Ahmad (Eds.). Springer,
Netherlands, ISBN: 978-94-007-0188-5, pp: 269-288.

Sohn, B.K,, K.Y.Kim, S.J. Chung, W.S. Kim and S.M. Park et al/,
2003. Effect of the different timing of AMF inoculation on
plant growth and flower quality of chrysanthemum. Scient.
Hortic., 98: 173-183.

Perner, H., D. Schwarz, C. Bruns, P. Mader and G. Eckhard,
2007. Effect of arbuscular mycorrhizal colonization and two
levels of compost supply on nutrient uptake and flowering of
pelargonium plants. Mycorrhiza, 17: 469-474.
Bandeh-Hagh, A, M. Toorchi and A. Mohammadi, 2008.
Growth and osmotic adjustment of canola genotypes in
response to salinity. J. Food Agric. Environ., 6: 201-208.

Hu, YX, F. Bao and X.Y. Li, 2000. Promotive effect of
brassinosteroids on cell division involves a distinct CycD3-
induction pathway in Arabidopsis. Plant J., 24: 693-701.

173

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Ali, B., S. Hayat, Q. Fariduddin and A. Ahmad, 2008. 24-
Epibrassinolide protects against the stress generated by
salinity and nickel in Brassica juncea. Chemosphere,
72:1387-1392.

Yu, J.Q., LF. Huang, W.H. Hu, Y.H. Zohn, W.H. Mao, S.F. Ye
and S. Nogues, 2004. A role for brassinosteroids in the
regulation of photosynthesis in Cucumis sativus. J. Exp. Bot.,
55:1135-1143.

Nowak, J., 2007. Effects of cadmium and lead concentrations
and arbuscular mycorrhiza on growth, flowering and heavy
metal accumulation in scarlet sage (Sa/via sp/endens sello
"Torreador'). Acta Agrobotanica, 60: 79-83.

He, M., H.J. Zhou, W.X. Zhang and S.X. Liu, 2010. Effects of Cd
and Pb on the germination and growth of Zinnia elegans
Jacq. J. Jilin Agric. Sci., 3: 199-216.

Zhao, F.J., E. Lombi and S.P. McGrath, 2003. Assessing the
potential for zinc and cadmium phytoremediation with the
hyperaccumulator 7h/aspicaerulescens.Plant Soil, 249:37-43.
Verkleij, JA.C. and H. Schat, 1990. Mechanisms of Metal
Tolerance in Higher Plants. In: Heavy Metal Tolerance in
Plants: Evolutionary Aspects, Shaw, A.J. (Ed.). Chapter 12, CRC
Press, Boca Raton, FL., USA., ISBN-13: 9780849368523,

pp: 179-193.
Marschner, H., 1995. Mineral Nutrition of Higher Plants.
2nd  Edn., Academic Press Ltd., London, UK,

ISBN-13:978-0124735439, Pages: 889.

Wu, JW.,, Y. Shi, Y.X. Zhu, Y.C. Wang and H.J. Gong, 2013.
Mechanisms of enhanced heavy metal tolerance in plants by
silicon: A review. Pedosphere, 23: 815-825.

Malcova, R, M. Vosatka and M. Gryndler, 2003. Effects of
inoculation with Glomus intraradices on lead uptake by
Zea mays L.and Agrostis capillaries L. Applied Soil Ecol.,
23:55-67.

Bajguz, A., 2002. Brassinosteroids and lead as stimulators of
phytochelatins synthesisin Chlorella vulgaris.). Plant Physiol.,
159:321-324.

Vazquez, M.N,, Y.R. Guerrero, L.M. Gonzalez and W.T. de la
Noval, 2013. Brassinosteroids and plant responses to heavy
metal stress: An overview. Open J. Metal, 3: 34-41.

Bajguz, A. and S. Hayat, 2009. Effects of brassinosteroids on
the plant responses to environmental stresses. Plant Physiol.
Biochim., 47: 1-8.

Liu, J., H. Cai, C. Mei and M. Wang, 2015. Effects of nano-
silicon and common silicon on lead uptake and translocation
in two rice cultivars. Frontiers Environ. Sci. Eng., 9: 905-911.

Lambers, H., F.S. Chapin Ill and J.L. Pons, 2008. Plant
Physiological Ecology. 2nd Edn., Springer-Verlag, New York,
USA., pp: 90-95.

Beladi, M., A. Kashani, D. Habibi, F. Paknejad and M. Golshan,
2011. Uptake and effects of lead and copper on three plant
species in contaminated soils: Role of phytochelatin. Afr. J.
Agric. Res., 6: 3483-3492.



59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

J. Environ. Sci. Technol, 10 (4): 157-174, 2017

Azad, H.N., A. Shiva and R. Malekpour, 2011. Toxic effects of
lead on growth and some biochemical and ionic parameters
of sunflower (Helianthus annuus L.) seedlings. Curr. Res. J.
Biol. Sci., 3: 398-403.

Vodnik, D., G. Jentschke, E. Fritz, N. Gogala and D.L. Godbold,
1999. Root-applied cytokinin reduces lead uptake and affects
its distribution in Norway spruce seedlings. Physiol. Plant,
106: 75-81.

Mohanty, N., I. Vass and S. Demeter, 1989. Copper toxicity
affects photosystem Il electron transport at the secondary
quinone acceptor Q(B). Plant Physiol., 90: 175-179.

Sersen, F., K. Kral'ova and A. Bumbalova, 1998. Action of
mercury on the photosynthetic apparatus of spinach
chloroplasts. Photosynthetica, 35: 551-559.

Djukic, M., D. Djunisijevic-Bojovic, P.Pavlovic, M. Mitrovic,
M. Grbic, D. Skocajic and S. Lukic, 2014. Influence of Fe
nutrition on photosynthesisin Pb treated Ailanthus altissima
(Mill.)  swingle seedlings. Polish J. Environ. Stud.,
23:1565-1571.

Dey, U.and N.K. Mondal, 2016. Ultrastructural deformation of
plant cellunder heavy metal stressin Gram seedlings. Cogent
Environ. Sci., Vol. 2.

Xia, X.J.,, LF. Huang, Y.H. Zhou, W.H. Mao and K. Shi et a/,
2009. Brassinosteroids promote photosynthesis and
growth by enhancing activation of Rubisco and expression
of photosynthetic genes in Cucumis sativus. Planta,
230:1185-1196.

Avancini, G., LN. Abreu, M.D.A. Saldana, R.S. Mohamed and
P. Mazzafera, 2003. Induction of pilocarpine formation in
jaborandi leaves by salicylic acid and methyljasmonate.
Photochemistry, 63: 171-175.

Daneshmand, F., M.J. Arvin and KM. Kalantari, 2010.
Acetylsalicylic acid ameliorates negative effects of NaCl or
osmotic stress in Solanum stoloniferum in vitro. Biol. Planta.,
54:781-784.

Nowak, J., 2004. Effects of arbuscular mycorrhizal fungi and
organic fertilization on growth, flowering, nutrient uptake,
photosynthesis and transpiration of geranium (Pefargonium
hortorum|H Bailey 'Tango Orange'). Symbiosis, 37: 259-266.

174

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

Liang, Y., 1999. Effects of silicon on enzyme activity and
sodium, potassium and calcium concentration in barley
under salt stress. Plant Soil., 209: 217-224.

Alscher, R.G., N. Erturk and L.S. Heath, 2002. Role of
superoxide dismutases (SODs) in controlling oxidative stress
in plants. Exp. Bot., 53: 1331-1341.

Verma, S. and R.S. Dubey, 2003. Lead toxicity induces lipid
peroxidation and alters the activities of antioxidant enzymes
in growing rice plants. Plant Sci., 164: 645-655.

Shu, X, L. Yin, Q. Zhang and W. Wang, 2012. Effect of Pb
toxicity on leaf growth, antioxidant enzyme activities, and
photosynthesis in cuttings and seedlings of Jatropha curcas
L. Environ. Sci. Pollut. Res., 19: 893-902.

Tanyolac, D., Y. Ekmekci and S. Unalan, 2007. Changes in
photochemical and antioxidant enzyme activities in maize
(Zea mays L) leaves exposed to excess copper.
Chemosphere, 67: 89-98.

Garg, N. and H. Kaur, 2013. Response of antioxidant
enzymes, phytochelatins and glutathione production
towards Cd and Zn stresses in Cajanus cajfan (L.) Millsp.
genotypes colonized by arbuscular mycorrhizal fungi. J.
Agron. Crop Sci., 199: 118-133.

Ghasemzadeh, A. and H.Z. Jaafar, 2013. Interactive effect of
salicylic acid on some physiological features and antioxidant
enzymes activity in ginger (Zingiber officinale Roscoe).
Molecules, 18: 5965-5979.

Hajipour, H. and Z. Jabbarzadeh, 2016. Effect of foliar
application of silicon on physiological responses of
chrysanthemum (Dendranthema x grandiflorum) at two
different growth stages. J. Ornamental Horticult. Plants,
6:39-47.

Sadhana, B., 2014. Arbuscular Mycorrhizal Fungi (AMF) as a
biofertilizer: A review. Int. J. Curr. Microbiol. Applied Sci.,
3:384-400.

Ahmed, A.H.H., E.Darwish and M.G. Alobaidy, 2016. Impact of
putrescine and 24-epibrassinolide on growth, yield and
chemical constituents of cotton (Gossypium barbadensel.)
plant grown under drought stress conditions. Asian J. Plant
Sci., 16:9-23.



	JEST.pdf
	Page 1


