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Physiological responses of flax (Linum usitatissimum) and canola (Brassica
napus) to cadmium and lead stresses

Hend A. El-khawaga
Botany and Microbiology Department, Faculty of science-Al-Azhar University- Cairo, Egypt

ABSTRACT

A pot experiment was conducted to study the effects of cadmium and lead on
some metabolic products of flax (Linum usitatissimum Giza 5) and canola (Brassica
napus Serw 4) at two growth stages; vegetative and flowering stages. The soil
enriched with different levels of Cd as Cd (NOs), (25, 50, 100 and 150 mg/kg soil)
and Pb as Pb (NOs), (250, 500, 1000 and 1500 mg/kg soil) in addition to control. The
results showed that a significant reduction in pigment fractions while proline, total
soluble sugars, thiols, lipid peroxidation, ascorbic acid and activity of catalase as well
as peroxidase increased significantly in both plants with increasing concentration of
Cd and Pb. The results also showed that there was an increase in pigment fractions,
proline, ascorbic acid and total soluble sugar while lipid peroxidation, thiols and
enzymatic activity were decreased as plants proceeded from vegetative to flowering
stages.
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INTRODUCTION

Heavy metal toxicity is one of the main current environmental health problems,
and potentially harmful because of bioaccumulation through the food chain and plant
products for human consumption. Therefore, heavy metal contaminations of soils and
plants have become an increasing problem especially by industrial effluents and
agricultural improvement. Heavy metal contents of food plants can be affected by the
anthropogenic factors such as the application of fertilizers, sewage sludge or irrigation
with wastewaters (Frost and Ketchum, 2000). Amongst the heavy metals, cadmium
and lead, cadmium is a trace pollutant toxic for plants, animals and humans. Exposure
of plants, to Cd causes inhibition of growth and even plant death owing to its
influence on photosynthesis, respiration, water and nutrient uptake (Sanita di Toppi
and Gabbrielli, 1999). In several species Cd is easily taken up by roots and readily
translocated and accumulated in shoots (Wagner, 1994). At the molecular level, Cd
injury has been attributed to 1) blocking of essential functional groups in
biomolecules (Schiitzendiibel and Polle, 2002), 2) displacement of essential metal
ions from biomolecules (Rivetta, et al. 1997) and 3) production of reactive oxygen
species (ROS) by autoxidation and Fenton reaction (Chaoui, et al. 1997).

Received : 27/11/2014 Accepted :22/12/2014



94 Hend A. El-khawaga

Lead is one of the most widely distributed heavy metals and is very toxic to
plants (Kosobrukhov et al., 2004). Lead can affect photosynthesis, mesophyll cells
and pigment content. It interferes with nutritional elements of seedlings and plants,
thus causing deficiencies or adverse ion distribution within the plant (Trivedi and
Erdei, 1992) as well as inhibition of growth (Malkowski et al., 2002).

Excess concentrations of heavy metal may induce significant toxic effect by
altering the protein function and enzyme activity (Hansch and Mendel, 2009).

Toxicity may result from the binding of metals to sulthydryl groups in the
protein, leading to the inhibition of activity or disruption of protein structure (Morelli
and Scarano, 2004). In addition, excess heavy metal concentrations are said to
generate oxidative stress due to an increase in the levels of reactive oxygen species
(ROS) within subcellular compartments. ROS include the superoxide radical (O,-¢),
hydrogen peroxide (H,0O,), and the hydroxyl radical (OHe), all of which affect mainly
lipids, proteins, carbohydrates, and nucleic acids (Brahim and Mohamed, 2011). ROS
are also known to damage cell membranes by inducing lipid peroxidation; causing
membrane damage, and inactivation of enzymes and alteration of DNA activity (De
Vos et al., 1993). Under normal conditions, the ROS molecules are scavenged by
various antioxidative defense mechanisms. The equilibrium between the production
and the scavenging of ROS may be perturbed by various abiotic stress factors such as
heavy metals. These disturbances in equilibrium lead to sudden increase in
intracellular levels of ROS. To overcome this, cells are equipped with enzymatic and
non-enzymatic mechanisms to eliminate or reduce their damaging effects. The
importance of antioxidant enzymes is their ability to scavenge ROS and thereby
prevent oxidative damage. The antioxidant system comprises several enzymes such as
superoxide dismutase (SOD), catalase (CAT), and peroxidases (PODs) enzymes
which play a crucial role to protect plant from oxidative damage, and it is believed
that their amount and activities determine the degree of tolerance in plant (Teisseire
and Guy, 2000). In addition to the chain of enzymatic reactions (Asada, 1994), a
direct radical scavenging activity performed by non enzymatic chemical species
which cooperate in the removal of the active forms of oxygen ( Rama Devi and
Prasad, 1998), such as ascorbate (AsA), glutathione (GSH), carotenoids and some low
molecular weight compounds containing sulfhydryl groups (Lombardi and Sebastiani,
2005). Plants synthesize and accumulate several organic solutes like sugars, polyols,
betaines, proline and sulfur-containing indole derivatives in response to copper stress.
Proline plays an important role in osmoregulation, protection of enzymes and
stabilization of the machinery of protein synthesis (Choudhary et al., 2007). It also
acts as an effective singlet oxygen quencher (Alia and Matysik, 2001). Additionally,
sugars represent the major accumulating solutes, reserve in the seeds and maintained
the osmotic regulation of cells (Bewlay and Black, 1994). There are several reports on
carbohydrate accumulation during various abiotic stresses in the temperate grasses
and cereals where long term carbohydrate storage occurs during reproductive
development (Meier and Reid, 1982). Accumulation of sugars in different parts of
plants is enhanced in response to the variety of environmental stresses (Prado et al.,
2000). The main objective of the current study was to investigate the effect of
cadmium and lead stress on chlorophylls, proline, total soluble sugars, free thiols,
lipid peroxidation, catalase, peroxidase and ascorbic acid in Linum usitatissimum and
Brassica napus at vegetative and flowering stages.
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MATERIALSAND METHODS

A pot experiment was carried out during winter season of 2013-2014 at a fenced
area under the prevailing environmental conditions, Faculty of Agriculture Al Azhar
University at Nasr City, Cairo, Egypt to investigate the effect of cadmium and lead on
some metabolic products of flax (Linum usitatisssmum cultivar Giza 5) and canola
(Brassica napus cultivar Serw 4).

Different levels of cadmium and lead were added as nitrate solution at the rate of
25, 50, 100 and 250 mg for cadmium and 250, 500, 1000 and 1500 mg lead per each
kg soil in addition to the control (without adding heavy metals). These heavy metals
were added to the soil before cultivation.

Planting was done in plastic pots (25 cm in diameter and 24 cm in height), each
pot was filled with 7 kg of sandy loam soil.

The pots were designed as a complete randomized pattern with five replicates
for each treatment. Seeds of flax (Linum usitatissimum) and canola (Brassica napus)
were obtained from the Agricultural Research Center, Giza, Egypt. Ten seeds were
sown in each pot. The seeds were directly planted at depth of 1.5 cm from soil
surface. After complete emergence (two weeks from sowing), seedling were thinned
to 5 identical ones in each pot. Irrigation was monitored at 60% of water holding
capacity (WHC). Canola plant was fertilized with NPK at the rate of 150 kg N/
Fadden (as ammonium nitrate 33.5%), 100 kg/ Fadden P,Os (as super phosphate
15.5%) and 50 kg/ Fadden K,O (as potassium sulphate 20.5%), while flax plant was
fertilized in the same manner as canola plant without addition of K,O, as
recommended dose of Agriculture Ministry.

The soil used for this experiment was obtained from cultivated farmland at El-
Monifea governorate. Some physical, chemical analyses and heavy metals content of
the studied soil are presented in Table (1).

Table 1: Some physical, chemical properties and total metal ions in the studied soil.

Total Sand 70.75
Particle size % Silt 10.25
Physical properties Clay 19.00
Texture class Sandy loam soil
pH 8.03
EC mm hos/cm 0.87
Ca" 12.1
Mg"* 6.48
Soluble cations Na* 10.5
meq/L
Chemical properties ! K’ 314
Soluble anions COy 0.00
/L
meq HCO; 2.23
Cr 4.8
SO, 0.44
Cd 0.001
Heavy metal ion con. pug/g Pb 0.004

Air-dried soil samples were ground, passed through a 2 mm sieve and mixed
thoroughly according to Piper (1947). Physical and chemical properties of the used
soil were determined according to standard methods of Page et al. (1982) and Clark et
al. (1986). The pH was measured using a pH meter in soil water suspension (1: 2.5),
total soluble salts (ECe) were determined in the saturated soil paste. Cd and Pb were
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determined by Inductively Coupled Plasma Spectrometry (Ultima 2 JY Plasma), as
described by Soltanpour and Schwab (1977).

Two samples for shoots were taken to represent the vegetative and flowering
stages; after 30 and 60 days from planting, respectively, the following chemical
analyses were carried out.

Photosynthetic pigments (chlorophyll a, b and carotenoids) were determined
according to Metzner et al. (1965) and expressed as mg/g f.wt, Proline content was
estimated following the method of Bates et al. (1973) and expressed as mg/g f. wt.
Total soluble sugars were determined based on the method of phenol-sulfuric acid
(Dubois €t al., 1956) its content was expressed as mg/g f. w., lipid peroxidation was
determined by measuring the level of malondialdehyde by a modification of the
method of Zhou (2001), it expressed as nmol MDAg™ f. wt. Free thiol was estimated
by Ellman (1959), the results were expressed as uM/mg f. wt. Ascorbic acid content
was determined according to Oser (1979) and expressed as pg/g f. wt. Activities of
catalase and peroxidase were assayed in fresh shoot tissue extract using a
modification method of Zhou (2001) and Zhang (1990). One unit of catalase activity
was defined as amount of enzyme that reduce 50% of H,O, in 60 sec. at 25C°
expressed as mM/ml/hour, while one unit of peroxidase activity was defined as
amount of enzyme that catalyze the conversion of one micromole of H,O; per minute
at 25C° expressed as units /sec/mg (Kong €t al., 1999).

Statistical analysis of data was done using ANOVA program. The differences
among means for all treatments for significance at 5% levels were compared by using
Duncan (1955) new multiple range test as described by Snedecor and Cochran (1967).

RESULTSAND DISCUSSION

1. Photosynthetic pigments:

Data presented in Table (2) show the effect of various concentrations of heavy
metals used on photosynthetic pigments during vegetative and flowering stages.

There was an increase in the concentration of pigment fractions as plant
proceeded to maturity. Data also, showed that there was a consistent and gradual
reduction in chlorophyll a. chlorophyll b and carotenoid contents in both plants as the
concentrations of the different heavy metals used were increased.

Table 2: Effect of Cd and Pb (mg/kg soil) on pigment fractions (mg/g f. wt.) of flax and canola plants at
vegetative and flowering stages.

2 Flax Canola
&

FERE] = = =

2z " B Cadmdium Lead B Cadmdium Lead -

2% Z H z 2

=% 2 g =

== C,‘ = 15 50 100 150 230 00 1000 1500 = 15 50 100 150 230 0 1000 | 1500 =

% Vez. 0670 | 0612 | 0.466 | 0.449 | 0.350 | 0660 | 0.621 0418 | 0338 0.573 0650 | 0,502 | 0.489 | 0.466 | 0.79% | 0.720 | 0.532 | 0.45% | 0.OOLG

E

; Flow. 0.784 | 0744 | 0.663 | 0.881 | 0.535 | 0GP0 | 0.641 0LEED | 0300 1031 0.503 | 0680 | 0.851 | 0.520 | 0.031 | 0.841 | 0779 | 0.620 | 0.0042

; Vez. 0330 | 0316 | 0260 | 0.220 | 0.202 | 0327 | 0221 0125 | 0080 0.532 0.383 | 0378 | 0345 | 0.212 | 0.476 | 0.421 | 0254 | 0.124 | 0.0042

E

E Flow. 0.404 | 0392 | 0362 | 0.235 | 0.210 | 0368 | 0314 | 0201 | DLIG1 0.487 0.451 | 0381 | 0.368 | 0.260 | 0.491 | 0.482 | 0.386 | 0.200 | 0.OOLG
g Vee. LO0e | 0928 | 0.726 | 0.669 | 0.352 | 0.937 | 0.342 0344 | 0478 1710 1.033 | 0970 | 0.834 | 0.678 | 1271 | 1.141 | 0.566 | 0.609 | 0.0042
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=&
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= Vee. 0.244 | 0212 | 0171 | 0111 | 0093 | 0232 | 0201 150 | 0139 0328 0271 | 0241 | 0114 | 0,094 | 0268 | 0198 | 0154 | 0.140 | 0.0042
g
_ﬁ Flow. 0.266 | 0,258 | 0283 [ 0.238 | 0104 | 0288 [ 0247 | 0210 | Du1S2 0.440 0370 | 0330 | 0272 | 0.253 | 0.280 | 0.201 | 0.160 | 0.160 | 00027
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In case of control plants, total chlorophyll content was lower in flax than in
canola in both growth stages.

At the highest concentrations of heavy metals Cd and Pb chlorophyll a contents,
at vegetative stage, were reduced by 47%, 42.1% for flax and 47%, 44.8% for canola,
respectively, as compared to corresponding control. In the same order, chlorophyll (b)
contents were reduced by 40.4%, 73.5% for flax and 75%, 85.1% for canola
respectively, while, the contents of carotenoids were depressed by 61.9, 43.0% for
flax and 71.7%, 57.0% for canola in the same respect.

The loss in chlorophyll content could be due to peroxidation of chloroplast
membranes or replacing of magnesium in chlorophyll molecule by heavy metal (Mal
et al., 2002).

A common response of plant to metal stress is a decrease of photosynthetic
pigments (chlorophylls and carotenoids) in leaves of plants (Monteiro et al., 2009).
The reduction of total chlorophyll, chlorophylls a, b and carotenoids on exposure to
heavy metals has been observed in many species treated with different metals
(Ekmekeci et al., 2008). Decreased chlorophyll content associated with heavy metal
stress may be the result of inhibition of the enzymes responsible for chlorophyll
biosynthesis (Cadmium was reported to affect chlorophyll biosynthesis and inhibit
protochlorophyll reductase and aminolevulinic acid synthesis (Stobart et al., 1985).

Heavy metals affect the function of PSI and PSII and it was stronger with the
latter (Yang et al., 1989). The chlorophyll proteins, which took protons for
photosynthesis in PSII, were decomposed and decreased under Cd stress.

The sub-microstructure of chloroplast was changed and the membrane system
was destroyed. Therefore, the capacity of taking protons declined and photosynthesis
function was influenced (Peng and Wang, 1991). Khider (1996) showed that there
was a consistent and gradual reduction in Chl a, Chl b and carotenoid concentrations
of wheat plants as the concentrations of Zn, Cd or Pb were increased. Mostafa (2003)
reported similar results with cotton plants.

2. Proline, freethiol and total soluble sugars:

Proline concentration in shoots of flax and canola was significantly increased
due to the increase in concentrations of heavy metals at both studied stages i.e.
vegetative and flowering one. There was an increase in proline content by plant age
(Table 3).

These results align with those obtained by Schat et al. (1997) who determined
the accumulation of free proline in response to Cu, Cd and Zn in non-tolerant and
metal-tolerant Slen vulgaris (Moench) Garcke the results showed that constitutive
proline concentration in leaves was 5 to 6 times higher in the metal-tolerant ecotype
than in the non-tolerant one.

Accumulation of free proline in response to heavy metal exposure seems to be
wide-spread among plants. The functional significance of this accumulation would lie
in its contribution to water balance maintenance (Costa and Morel, 1994). These
authors also suggested that proline mediated alleviation of water deficient stress could
contribute to cadmium tolerance of the plant. Proline increases the stress tolerance of
the plant through such function as osmoregulation, the protection of enzymes against
denaturation, and the stabilization of protein synthesis (Kuznetsov and Shevyakova,
1997).

The concentration of free thiol in shoot tissue of flax and canola grown under
various concentrations of Cd and Pb as well as the control tend to decrease with
progress of plants towards maturity (Table 3). It is clear that the increasing
concentrations of heavy metals; Cd and Pb significantly increased free thiol in both
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plants, this is true at vegetative and flowering stages. Free thiol values reached to
maximum level at high concentrations of Cd and Pb, the rate of increment was higher
in canola than in flax. In this concentration, Aly and Mohamed (2012) reported that
level of thiol compound was significantly increased by increasing Cu level in growth
media in two cultivars of Zea mays. Metal stress has been reported to enhance the
sulfur reduction pathway by affecting not only the sulfur uptake and transport but also
by inducing the enzymes of the pathway (Rausch and Wachter, 2005; Herbette et al.,
2006). Such change in levels of sulfhydral compounds may be indicative of transient
disturbance of metabolism.

Variations in total soluble sugars in flax and canola plants as affected by heavy
metal; Cd, Pb supply at vegetative and flowering stages are presented in Table 3.
There was an increase in total soluble sugars as plants proceeded from vegetative to
flowering stages. It is clear that the increasing concentrations of heavy metals Cd and
Pb significantly increase the total soluble sugars in both plants.

High concentration of heavy metal caused a conspicuous increase in total
soluble sugars in both plants and flax plant accumulates total soluble sugars than
canola plant during vegetative and flowering stages.

In this concern Verma and Dubey (2001) studied the effect of cadmium stress
(100mm pM and 500 uM Cd) on the content of total soluble sugars in two rice
cultivars during a 5 to 20 days exposure in the growth medium, an increase in the
content of total soluble sugars was observed. The authors indicated that, an increase of
soluble sugar accompanied with increased activity of acid invertase and sucrose
synthesis. In addition to the role of sugars in osmoregulation, the soluble sugars allow
the plants to maximize sufficient carbohydrates storage reserves to support basal
metaboslim under stressed environment (Hurry et al., 1995; Dubey and singh, 1999).
On the other hand, excess heavy metal may interfere with the biosynthesis of
photosynthetic machinery and may modify the pigment and protein components of
photosynthetic membranes (Maksymiec €t al., 1994).

Table 3: Effect of Cd and Pb (mg/kg soil) on proline content (mg/g f. wt.) free thiol (uM/g f. wt.) and
total soluble sugars (T.S.S.) (mg/g f. wt.) of flax and canola plants at vegetative and flowering

stages.
H Flax H Cancla
g Cad Lead ] Cad Lead =
Growth stage & & =W
- 15 &0 100 150 150 00 | 1000 | 1500 |+ 15 &0 100 150 | 180 500 | 1000 | 1500
é Veg 0512 | L37 | 166 | 233 | 308 | 128 | 2,00 | 2.9% | 431 | LI1 | 242 | 349 | 516 | 760 | 147 | 1.B6 | 2.50 | 3.50 | 0.069
]
A Flow 8.92 10,60 | 1103 | 12,20 | 1345 | 932 | 10.80 | 11.60 | 12.92 | 7.51 | 30.40 | 32.20 | 36.30 | 55.90 | 63.50 | 32.90 | 40.70 | 46.50 | 0.164
3 Veg 0.411 | 0.661 | 0.782 | 0.873 | 0.942 | 0,523 | 0.632| 0,799 ( 0880 | 0.913 | 121 | 1.B9 | 2,11 | 2.90 | 142 | 1.56 | L.BY | 2.00 | 0.04
=
£
= Flow 0210 | 0,342 | 0.570 | 0.662 | 0.724 | 0,332 | 0.431| 0.587 | 0.680 | 0,784 | 0.78 | 0.91 | L14 | 1.46 | 0.945 | 1.33 | 1.3 | 1.69 | 0.00%
W Veg 65.7 70.3 | 754 | 806 | 837 | 728 | 774 | B0 | 834 | 626 | 736 | 7.9 | 823 | 671 | 644 | TO6 | 7241 | 742 | 016
=
= Flow 75.8 804 | 855 | 879 | 904 | 828 | 873 | 914 | 937 | 727 [ 805 | 844 | 914 | 936 | 736 | 768 | 799 | 834 | 047

3. Lipid peroxidation:

Results recorded in Table (4) show that the level of malondialdehyde (MDA)
in shoot tissues of studied plants grown under various concentrations of Cd and Pb as
well as control tend to decrease with progress of plant towards maturity. The results
also show that there was a significant increase in content of (MDA) in shoots with
increasing the concentration of Cd and Pb. This was true at both studied stages (i.e.
vegetative and flowering stages). Malondialdehyde values reached to maximum level
at 150 mg Cd and 1500 mg Pb treatment in both plants but the rate of increment was
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higher in canola than flax. The content of MDA in plant is an indicator of lipid
peroxidation (Cheng, 2003). The high rate of tissue autoxidation in leaves, which
indicated lipid peroxidation of cellular membranes, was stimulated by endogenously
active oxygen radical (Luo, 1999). Huang and Hong (1997) reported that the
accumulation of MDA in the plant seedling was related to the concentration of Cd. It
can be concluded that membrane peroxidation by overabundant free radicals is one of
the serious impact of heavy metals such as Cd and Pb on plants.

The present results showed an increase in the level of lipid peroxide with
increasing concentrations of Cd & Pb indicating that Cd & Pb induce oxidative stress
in studied plants (flax and canola). Similar to our observations, some report showed
that MDA content increased significantly with increasing copper concentrations in
germinating rice seeds exposed to 0.2 to 1.5 mM Cu (Ahsan et al., 2007) and in roots
of Brassica junicea treated with 8§ uyM Cu (Wang et al., 2004). Increasing
concentrations of MDA, which is a product of lipid peroxidation, is an indicator of
oxidative stress after heavy metal dosing; the increase correlated with the increase of
metal concentrations.

Table 4: Effect of Cd and Pb (mg/kg soil) on lipid peroxidation (nmol/g f. wt.) of flax and canola plants
at vegetative and flowering stages.

Flax Canola
Cadminm Lead Cadmium Lead LsD

Growth
stage

Control
=

15 50 | 100 | 150 | 2%0 | 00 | 1000 | 1%00 15 | 80 | 100 | 130 | 230 | £00 | 1000 | 1%00

Comitrol

.
oo

v 167 | 240 | 255 | 3.80 | 1.84 | 3.00 | 3.50 | 400 | 187 | 252 | 331 | 3.75 | 433 | 1.90 | 240 | 3.03 | 455 | 0.077
e

Flow | 124 | 133 | 247 | 224 | 351 | 157 | 250 | 281 | 346 | 161 | 236 | 281 | 289 | 355 | 1.76 | 245 | 260 | 345 | 0.017

L. perexidation

4. Antioxidants:

Concerning the effect of heavy metals Cd and Pb on catalase and peroxidase
activity in shoots of studied plants at vegetative and flowering stages, results
presented in Table 5 clearly show that the activity of antioxidant enzymes [peroxidase
(POX) and catalase (CAT)] increased significantly in response to Cd and Pb in both
growth stages. The highest Cd level (150 mg/kg) and Pb level (1500 mg/kg) caused
maximum increase in enzyme activity at both growth stages. Enzyme activity
decreased with the growth advancement from vegetative to flowering stages. Canola
possessed more enzyme activities than flax at both growth stages. So in canola the
higher activity of antioxidative enzyme offers a greater detoxification efficiency
which provides better resistant to a plant against heavy metal induced oxidative stress
(Mohamed et al., 2012).

These results align with those obtained by Irfan et al. (2014) who reported that
catalase, peroxidase and superoxide dismutase increased significantly in two varities
of Brassica Juncea under Cd treatments. Catalase (CAT), peroxidase (POD) and
superoxide dismutase (SOD) are important enzymes for plants adapted to
environmental stress; they are called the plant protective enzymatic system. The
harmonious interactions of three enzymes make the balance of free radical production
and elimination, and keep the level of free radicals in plants low to prevent the injury
of cells by free radical (Cheng, 2003).

Ascorbic acid behavior had the same trend as observed for enzyme activities. At
the vegetative stages, ascorbic acid was increased by 48.3, 29.3% & 20.7, 28.8% as
compared with the control. While, at the flowering stage such increase was 45.5%,
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259% & 14.1%, 27.7% for canola and flax plants grown under the highest
concentrations of Cd and Pb respectively (Table 5).

Table 5: Effect of Cd and Pb (mg/kg soil) on catalase (mMole/ml/ hour), peroxidase (unit/sec/mg) and
ascorbic acid (ng/g) of flax and canola plants at vegetative and flowering stages.

E] - Flax Canola

H = = = 3
= f 1 Cadmium Lead g Cadmium Lead 3
7 3 H H a
E-| z ] S =
2 ] 15 1] 100 | 150 | 250 | SO0 | 1000 | 1500 15 50 100 | 150 | 250 | S00 | 1000 | 1500

H Veg. 5.8 To.0 | 093 120 | 183 | 834 | 137 | 187 m 76.8 148 178 | 206 | 240 | 164 | 309 | 34 7 1.46
-

= Flom 46.0 60.8 | §1.8 | 983 | 116 | 61.5 | 9840 | 132 164 60.2 LIRS 112 | 148 | 168 | 102 | 211 | 260 3 | L3z
H Ves 46.5 45.1 51T | 811 | 845 551 | 6.3 | 554 | 603 | 441 40.8 517 | 863 | 654 [ 56.5( 576 | 0.7 | 6.0 | 0.17
= s

7

E Flon 453 478 £1.3 El6 | 541 | 544 | 553 | 563 557 46.4 452 El3 | B45 | 615 [ 545 549 | 566 554 ﬂ.i-ﬁ
"_§_ Ves .69 150 | 326 | 401 | 503 | 204 | 301 | 323 | 423 £0.3 121 130 | 140 | 152 | 180 | 265 | =20 643 | .79
é Flow 59 10.% 251 353 | 484 | 152 | 271 | 3T ELX ) 458 119 112 13 148 | 173 | 260 1 61 1

Increasing ascorbic acid content due to different heavy metals treatment have
been reported in Albizia procera seedlings (Pandy and Tripathi, 2011). Ascorbate is
an ubiquitous soluble antioxidant in photosynthetic organisms, and the most important
reducing substrate for H,O, detoxification (Singh et al., 2005). It has been suggested
that pollutants produce oxyradicals in plants; these radicals cause widespread damage
to membranes and associated molecules including chlorophyll pigments (Zengin and
Munzuroglue, 2005). Ascorbic acid maintains the stability of cell membranes during
pollution stress and scavenges cytotoxic free radicals (Pandey and Tripathi, 2011).

CONCLUSIONS

It could be concluded that, canola plant showed better responses to cadmium
and lead stress than flax at vegetative and flowering stages. In addition, canola
showed higher photosynthetic pigments, proline, free thiols, lipid peroxidation,
enzyme activities and ascorbic acid. On the other hand, content of total soluble sugars
were lower in canola than in flax. All the above mentioned biochemical parameters
might be played an important role in the response of plant to Cd and Pb stress. In
addition, these parameters may serve as important biochemical markers for heavy
metal tolerance trait in plants. Given that such stress impose considerable constraints
on crop production.

REFERENCES

Ahsan, N.; Lee, D. G. ; Lee, S. H.; Kang, K.; Lee, J. J. ; Kim, P. J. ; Yoon, H. S.; Kim,
J. S. and Lee, B. H. (2007). Excess copper induced physiological and
proteomic changes in germinating rice seeds. Chemosphere, 67: 1182-1193.

Alia, M. P. and Matysik, J. (2001). Effect of proline on the production of singlet
oxygen. Amino Acid, 21: 195-200.

Aly, A. A. and Mohamed, A. A. (2012). The impact of copper ion on growth, thiol
compounds and lipid peroxidation in two maize cultivars (Zea mays L.) grown
in vitro. AJCS, 6(3):541-549 ISSN:1835-2707



Physiological responses of flax (L. usitatissimum) and canola (B. napus) to cadmium and lead stresses| ()1

Asada, K. (1994). Production and action of active oxygen species in photosynthetic
tissues. In: Foyer CH, Mullineaux PM [eds.], Causes of Photooxidative Stress
and Amelioration Defense Systems in Plants, 77-104. CRC Press, Boca Raton,
FL.

Bates, L. S.; Waldren, R. P.and Tears, I. D. (1973). Rapid determination of free
proline for water-stress studies. Plant and Soil, 39: 205-207.

Bewlay, J. D. and Black, M. (1994). Seeds. Physiology of developmental and
germination. 2" edition, Plenum press, New York.

Brahim, L. and Mohamed, M. (2011). Effects of copper stress on antioxidative
enzymes, chlorophyll and protein content in Atriplex halimus. Afr. J .Biotech.,
10: 10143-10148.

Chaoui, A.; Mazhoudi, S.; Ghorbal, M. H. and El Ferjani, E. (1997). Cadmium and
zinc induction of lipid peroxidation and effects on antioxidant enzyme
activities in bean (Phaseolus vulgarisL.). - Plant Sci., 127:139-147.

Cheng, S. (2003). Effects of heavy metals on plants and resistance
mechanisms.Environ. Sci. Pollut. Res. Int.,10 (4): 256-64.

Choudhary, M.; Jetley, U.K.; Khan, M. A.; Zutshi, S. and Fatma, T. (2007). Effect of
heavy metal stress on proline, malondialdehyde, and superoxide dismutase
activity in the cyanobacterium Spirulina platensis-S5. Ecotoxicol. Environ.
Safety, 66: 204-209.

Clark, F. E.; Evans, D. D.; Ensunger, L. E. and White, J. L. (1986). “Methods of Soil
Analysis”. Amer. Soc. Agron. Inc. Ser. No. 9 Madison, Wisc., U. S. A.

Costa, G. and Morel, J. L. (1994). Water relations, gas exchange and amino acid
content in  Cd-treated lettuce. Plant Physiology and Biochemistry, 32:
561-570.

De Vos C.H.R.; Ten Bookum,W. M.; Vooijs, R.; Schat, H. and De Kok, L. J. (1993).
Effect of copper on fatty acid composition and peroxidation of lipids in roots
of copper tolerant and sensitive Slene cucubalus. Plant Physiol. Biochem., 31:
151-158.

Dubois, M.; Gilles, K. A.; Hamilton, J. K.; Rebers, P. A. and Smith, F. (1956).
Colorimetric method for determination of sugars and related substances. Anal.
Chem., 38: 350-356.

Dubey, R. S. and Singh, A. K. (1999). Salinity induces accumulation of soluble sugars
and alters the activity of sugar metabolizing enzymes in rice plants. Biol.
Plant., 42: 233-239.

Duncan, D. B. (1955). Multiple range and multiple “F” test. Biometrics, 11:1-42.

Ekmekei, Y.; Tanyolac, D. and Ayhan, B. (2008). Effects of cadmium on antioxidant
enzyme and photosynthetic activities in leaves of two maize cultivars. J. Plant
Physiol., 165: 600-611.

Ellman, G. L. (1959). Tissue sulthydryl groups. Archives Biochem. Biophys., 82:
70-77.

Frost, H. L. and Ketchum, L. H. (2000). Trace metal concentration in durum wheat
from application of sewage sludge and commercial fertilizer. Adv. Environ.
Res., 4: 347-355.

Hansch, R. and Mendel, R. R. (2009). Physiological functions of mineral
micronutrients (Cu, Zn, Mn, Fe, Ni, Mo, B, Cl). Curr. Opin. Plant Biol., 12:
259-266.

Herbette, S.; Taconnat, L.; Hugouvieux, V.; Piette, L.; Magniette, M. L.; Cuine, S.;
Auroy, P.; Richaud, P.; Forestier, C.; Bourguignon, J.; Renou, J. P;
Vavasseur, A. and Leonhardt, N. (2006). Genome-wide transcriptome



102 Hend A. El-khawaga

profiling of the early cadmium response of Arabidopsis roots and shoots.
Biochimie, 88: 1751-1765.

Huang, Y. and Hong, R. (1997). Induced free radical peroxidation injury of plants by
cadmium. Acta Botanica Sinica, 39 (6): 522-526.

Hurry, V. M.; Strand, A.; Tobizson, M.; Gardestrém, P. and Oquist, G. (1995). Cold
hardening of spring and winter-wheat and rape results in differential effects on
growth, carbon metabolism, and carbohydrate content. Plant Physiol., 109:
697-706.

Irfan, M.; Ahmad, A. and Hayat, S. (2014). Effect of cadmium on the growth and
antioxidant enzymes in two varieties of Brassica juncea. Saudi Journal of
Biological Sciences, 21 (2):125-131.

Khidr, Z. A. (1996). Interaction of some heavy metals with exogenous application of
some growth regulators and their effect on wheat plant. Ph. D. Thesis, Fac.
Sci. Al-Azhar Univ.

Kong, F. X.; Hu, W.; Chao, S. Y.; Sang, W. L. and Wang, L. S. (1999). Physiological
response of mexicano to oxidative stress of SO,. Environ. Exp. Bot., 42:
201-209.

Kosobrukhov, A.; Knyazeva, 1. and Mudrik, V. (2004). Plantago major plants
responses to increase content of lead in soil: growth and photosynthesis. Plant
Growth Regulator, 42: 145-151.

Kuznetsov, W. and Shevyakova, N. L. (1997). Stress responses two tobacco cells to
high temperature and salinity, proline accumulation and phosphorylation of
polypeptids. Physiol. Plant., 101: 477-482.

Lombardi, L. and Sebastiani, L. (2005). Copper toxicity in Prunus cerasifera: growth
and antioxidant enzymes responses of in vitro grown plants. Plant Sci.,
168:797-802.

Luo, L. (1999). Effects of cadmium stress on lipid peroxidation of wheat leaves.
Henan Science, 17 (suppl), 47-49.

Maksymiec, W. ; Russa, R.; Urbanic-Sypniewska, T. and Baszyfiski, T. (1994). Effect
of excess Cu on the photosynthetic apparatus of runner bean leaves treated at
two different growth stages. Physiol. Plant., 91:715-721.

Mal, T. K.; Adorjan, P. and Gorbett, A. L. (2002). Effect of copper on growth of
aquatic macrophytes Elodea Canadensiscanadensis. Environ. Pollut., 120:
307-311.

Malkowski, E.; Kita, A.; Galas, W.; Karez, W. and Kuperburg, J.M. (2002). Lead
distribution in corn seedlings (Zea mays L.) and its effect on growth and the
concentrations of potassium and calcium. Plant Growth Regulator, 37: 69-76.

Meier, H. and Reid, J. S. (1982). Reserve polysaccharides other than starch in higher
plants. In: Encyclopedia of Plant Physiol., New series. Loewus FA., Tanner W
(Eds.). Springer- Verlag, Berlin, 13a: 418-471.

Metzner, H.; Rau, H. and Senger, H. (1965). Untersuchungen zur synchronisier
barkeit einzelnerpigment. Mangol Mutanten von Chlorella, Planta, 65: 186.

Mohamed, A. A.; Castagna, A.; Ranieri, A. and Sanita di Toppi, L. (2012).
Cadmium tolerance in Brassica juncea roots and shoots is affected by
antioxidant status and phytochelatin biosynthesis. Plant Phyiol. Biochem., pp.
1-8.

Monteiro, M. S.; Santos, C.; Soares, A. M.V. M. and Mann, R. M.( 2009).
Assessment of biomarkers of cadmium stress in lettuce. Ecotox. Environ.
Safe., 72: 811-818.



Physiological responses of flax (L. usitatissimum) and canola (B. napus) to cadmium and lead stresses]| ()3

Morelli, E. and Scarano, G. (2004). Copper-induced changes of non-protein thiols and
antioxidant enzymes in the marine microalga Phaeodactylum tricornutum.
Plant Sci., 167: 289-296.

Mostafa, A. I. M. (2003). Amelioration of some heavy metals toxicity in cotton plant
using organic compost. M. Sc. Thesis, Fac. Sci. Al-Azhar Univ.

Oser, B. L. (1979). Hawks Physiological chemistry. Mc Graw Hill NewYork U.S.A.
pp. 702-705.

Page, A. L.; Miller, R. H. and Keeny, D. R. (1982). Methods of Soil Analysis Part II
Chemical and Microbiological Propertias, 2" Ed, American Society of
Agronomy Madison, Wisconsin, U. S. A.

Pandey, P. and Tripathi, A. K. (2011). Effect of Heavy metals on Morphological
and Biochemical characteristics of Albizia procera (Roxb.) Benth.
Seedlings.International Journal of Environmental Sciences, 1(5):1009-1018.

Peng, M. and Wang, H. (1991). The variation of cell ultrastructure of maize (Zea
mays L.) seedlings. China Environmental Science, 11 (6): 426-431.

Piper, C. S. (1947). Soil and plant analysis. Inter-science publishers. Inc. New York.

Prado, F. E.; Boero, C.; Gallarodo, M. and Gonzalez, J. A. (2000). Effect of NaCl on
germination, growth and soluble sugar content in Chenopodium quinoa willd
seeds. Bot. Bull. Acad. Sin., 41: 27-34.

Rama Devi, S. and Prasad, M. N. V. (1998). Copper toxicity in Ceratophyllum
demersum L. (Coontail), a free floating macrophyte: response of antioxidant
enzymes and antioxidants. Plant Sci., 138: 157-165.

Rausch, T. and Wachter, A. (2005). Sulfur metabolism: a versatile platform for
launching defence operations. Trends Plant Sci., 10: 503-509.

Rivetta, A.; Negrini, N. and Cocucci, M. (1997). Involvement of Ca*"-calmodulin in
Cd** toxicity during the early phases of radish (Raphanus sativus L.) seed
germination. - Plant Cell Environ., 20: 600-608.

Sanita di Toppi, L. and Gabbrielli, R. (1999). Response to cadmium in higher plants.
Environ. exp. Bot., 41: 105-130.

Schat, H.; Sharma, S. S. and Vooijs, R. (1997). Heavy metal-induced accumulation of
free proline in a metal-tolerant and nontolerant ecotype of Slene vulgaris.
Physiol. Plant., 101: 477-482.

Schiitzendiibel, A. and Polle, A. (2002). Plant responses to abiotic
stresses:  heavy  metal-induced oxidative stress and  protection
by mycorrhization. - J.exp. Bot., 53: 1351-1365.

Singh, A.; Agrawalsb, and Rathore, D. (2005). Amelioration of Indian urban air
pollution phytotoxicity in Beta wulgaris L. by modifying NPK nutrients.
Environmental Pollution, 134: 385-395.

Snedecor, G. W. and Cochran, W. C. (1967). Statistical methods. Sixth Ed. lowa State
Univ. Press, Ames, Iowa, U. S. A.

Soltanpour, N. and Schwab, A. P. (1977). A new soil test for simultaneous extraction
of macro and micronutrients in alkaline soil. Community of Soil Science, Plant
Annals, 3: 195-201.

Stobart, A. K.; Griffiths, W. T.; Ameen-Bukhari, I. and Sher Wood, R. P. (1985). The
effect of Cd*" on the biosynthesis of chlorophyll in leaves of barley.
Physiologia Plantarum, 63: 293-298.

Teisseire, H. and Guy, V. (2000) Copper-induced changes in antioxidant enzymes
activities in fronds of duckweed (Lemna minor). Plant Sci., 153: 65-72.



104 Hend A. El-khawaga

Trivedi, S. and Erdel L. (1992). Effects of cadmium and lead on the accumulation of
+
Ca and K and on the influx and translocation of K in wheat of low and high

K status. Physiologia Plantarum, 84: 94-100.

Verma, S. and Dubey, R. S. (2001). Effect of cadmium on soluble sugars and
enzymes of their metabolism in rice. Biolo. Plant., 44: 117-123.

Wang, S. H.; Yang, Z. M.; Yang, H.; Lu, B.; Li SQ and Lu, Y. P. (2004). Copper
induced stress and antioxidative responses in roots of Brassica junicea L. Bot.
Bull. Acad. Sin., 45: 203-212.

Wagner, G. J. (1994). Accumulation of cadmium in crop plants and its consequences
to human health. - Adv. Agron., 51: 173-212.

Yang, D.; Xu, C. and Zhang, F. (1989). Effects of Cd** on the photosynthetic system
IT of chloroplast of spinach. Acta. Botanica. Sinica., 31 (9): 702-707.

Zengin, F. K. and Munzuroglu, O. (2005). Effects of some heavy metals on content of
chlorophyll, proline and some antioxidant chemicals in bean (Phaseolus
vulgaris L.) Seedlings. Acta biologica. cracoviensia series botanica, 47 (2):
157-164.

Zhang, Z. L. (1990). The measurement of chlorophyll in plants. In: Zhang Z. L. (ed.):
Methods in Plant Physiology. China Higher Education Press, Beijing:
154-155.

Zhou, Q. (2001). The measurement of malondialdehyde in plants. In: Zhou Q. (ed.):
Methods in Plant Physiology. China Agricultural Press, Beijing: 173—174.

ARABIC SUMMARY
okl a gradlsl) dlgay ¥ gl p GUSh (Al A ol gacdl) clilaiua)

dal Al (uigr daa) Ala
i) g o - 5V Aaals - slall S - a5 pSaall 5 il anid

50 b Caia QU s e YOV ELY VY ange oLl Jiad DA (acal 45 a8 @y sl
Lals A el @l g 5 alEl peal abaa e YY) asda Aol 3l B deaa ddhian £ gy caa Y )
S el dal e e s o SIS 4V @l sill any e (Gabia - o s2edlS) ALEN jualiall (any
& oaball 5 aspad&l) e JS Cipal 85 e SV (0365 Al e ST (5 AV g Ay pumdll Al all Jids
Al Wl e aloa (Ala Yo ¢ Ve e 00 ¢ Y0 o graalSll daddiiaal) il 38 il il g <l B Jlaa B ) goa
Cadi g Ayl e ala IS U alga e 10 ht Y eah (00 (YOu aadiul N (jaliajll jealal
sal) ol (A& ualie adlal sa) Ljadl 4 L) AELaYl de) 5l J8 aliall oda dil)
35 e i s JSI (s sina Ay o T sl (s sina (B oy el ) ALE jaliall il S i)
5O a3y Bl s aealll gl oy al) cy e LA KN b Sl Gl 3S5
53 an LY 0S5 A i) il pall b A sine 305y SV Gaen SIS Syl
G b Jdi)IS Bal ) sla V) (S Al e 8 Leses aa g 8y daddial) ALED jualiall el <l 38 53l
Al Sl e IS a0 ) et 40 ALY b Sl g Slu SV aeay gl e IS5 g S
Ay padll Al sall (8 (nanS s paall 5 SIS ) ey 551l @IS 5 yaalll sl ¢ sllall



