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Cadmium induced toxicity on growth, nutrient
uptake, enzymes activity and membrane function
and its amelioration with phosphorus in young
wheat plants (Triticum aestivum L.)

Ram Kumar, Rohit Kumar, Rajeew Singh and Y.K. Sharma
Department of Botany, University of Lucknow, Lucknow- 226007, U.P. India

The effects of Cadmium (Cd) and their interaction with P (Phosphorus) on plants growth,
antioxidative components and accumulation of Cd, Fe and Zn were studied in winter wheat
(Triticum aestivum L.) seedlings. Reduced biomass and chlorophyll contents under the
influence of Cd, were observed which was increased on P application. A close relationship
existed between lipid peroxidation and tissue metal concentration. The activities of CAT, POX,
SOD, APX and GR were increased both in root and shoot at lower dose of Cd but reduced at
higher dose while P application enhanced the activity of these enzymes even at higher dose.
As compared to control, the content of NP-SH, proline and cysteine were observed to be
increased in Cd treated seedlings which was also comparatively higher in Cd+P exposed
seedlings. Application of P, reduced the uptake of Cd but enhanced the accumulation of Fe
and Zn both in root and shoot tissue. Since Cd is a non-redox element so can’t directly produce
reactive oxygen species. From this study it was suggested that Cd and Cd+P, promoted
enhanced accumulation of Fe (redox metal) which participate in generation of ROS and
membrane damage.
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INTRODUCTION

Cadmium (Cd) is one of the most toxic heavy metal entered to soil, air and water mainly from
industries, mining, burning and leakage of waste and by fertilization with phosphate and sewage
sludge. In unpolluted soil Cd is present at concentration of 0.1-0.5 mg kg™, but in Great Britain, in
heavily polluted soils of seawage sludge, concentrations of Cd up to 150 mg kg™ have been
identified (Jackson and Alloway, 1991). Long-term consumption of foods containing excess levels
of Cd may lead to chronic toxicity and adverse health effects, including kidney tubule dysfunction
and reduced bone density, renal and lung cancer (Sorahan and Lancashire, 1997 and Godt et al.
2006). Although Cd is a non-essential element for plants, at physiological level, it leads to growth
retardation, root damage, chlorosis of leaves and red brown coloration of leaf margins’ strongly
interferes with plants metabolism. Chlorosis appears may be due to phosphorus deficiency or
reduced Mn transport (Godbold and Hutterman, 1985). But mechanism of ROS generation still
unknown. Here we have tried to understand how Cd generates reactive oxygen species. Reports
also indicated that Cd induces oxidative stress in plant tissues, since increases in lipid peroxidation,
protein oxidation and nucleic acid damage are common events occurring in the plants exposed to
Cd (Gallego et al. 1996 and Romero-Puertas et al. 2002). Previous studies have shown that NP-SH
and cysteine are involved in the synthesis of a numbers of polypeptide which is involved in the
metal detoxification by binding and compartmentalizing them in vacuoles (Cobbett, 2000). The
role of proline in cell osmotic adjustment, membrane stabilization and detoxification of injurious
ions in plants exposed to salt stress is widely reported (Hare et al. 1999; Kavi Kishor et al. 2005;
Ashraf and Foolad, 2007; and Sun et al. 2007). Unlike Cu and Fe, Cd is a non-redox metal and does
not produce reactive oxygen species (ROS) such as the superoxide anion (O2 ), singlet oxygen (0y),
hydrogen peroxide (H,0,) and hydroxyl radical (OH ). It induces oxidative stress by suppressing the
antioxidative defenses (Benavides et al. 2005 and Gratao et al. 2005). However autoxidation of
redox active metal such as Fe?* and Cu® results in ROS generation (Halliwell and Gutteridge 1987
and Imlay et al. 1988). Many enzymes contain metals in positions important for their activity. The
displacement of one metal by another will normally lead to inhibition of enzymes activities. Zn**
and Cd** were found to displace Mg* and Ca®* in ribulosel, 5-biphosphate- corboxylase/
oxygenase and calmodulin and inactivating them (Van Assche and Clijsters, 1986). So enhance
uptake of Zn** and Fe®* under Cd and P environment plays a supportive role in toxicity. Several
studies shown that either Cd alone or in combination with P increase the uptake of Zn®* and Fe?*
which drives the formation of OH that lead to oxidative damage. P is a macro-nutrient for plants
and indirectly affects Cd accumulation. Application of P may attenuate the phytoavailability of Cd
in culture media by P-induced Cd* adsorption or formation of less soluble metal-phosphate
minerals or precipitates. Application of P increases the ionic strength of the culture media lead to
decrease in Cd bioavailability for plants. Inhibitory action of P to Cd accumulation benefited by Zn.
The Cd and Zn compete for same binding sites in soil, Zn can desorbs Cd from the cation exchange,
leading to increased Cd concentrations in soil solutions (Christensen, 1984 and Francois et al.
2009). This work was undertaken to examine Cd tolerance in wheat plants and also determine the
ability of P to reduce Cd toxicity in wheat plants.
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MATERIAL AND METHODS

The seeds of wheat were surface sterilized with 0.01% HgCl, for 5 min and rinsed extensively in
distilled water (d H,O). Healthy and equal-sized seeds were chosen and soaked in d H,O for 24hr
and germinated in dark at (25°C). Equal amount of germinated seeds were transferred to separate
petridishes (internally lined with filter paper) saturated with Hewitt nutrient solution. After six
days five concentration of Cd (0, 0.1, 0.2, 0.4, 1.0 mM) were added to each petridish, while two Cd
level i.e. 0.4 and 1.0 mM remediate with 40 ppm phosphorus (P) in separate petri-dishes. Cd was
provided as cadmium sulphate (3CdSO,4.7H,0). The test solutions were changed every day.
Experiment was conducted in triplicate. After 15 days of incubation plants were harvested and
roots of plants were rinsed with distilled H,O to remove traces of nutrients and Cd from the root
surface. Roots and shoots of harvested samples were then used to analyze growth parameter as
well as bio-chemical parameter. For the estimation of the metals (Cd, Fe and Zn) plant samples
were dried for 48hr at 60°C in oven. The contents of metals (Cd, Fe and Zn) were determined with
double atomic absorption spectrophotometer (AAS Element 4141).

Estimation of metal accumulation by plant

Irrespective of only Cd, the Triticum aestivum has been studied for the accumulation of Fe and Zn
also. Plant tissues were wet digested with HNO3:HCIO, (3:1, v/v) by using hot plate. The contents
of metals (Cd, Fe and Zn) were determined with double atomic absorption spectrophotometer
number AAS Element 4141.

Estimation of photosynthetic pigments

Chlorophyll was estimated by the method of Arnon (1949). Leaves were plucked and washed with
distilled water and blotted. 100 mg leaves were taken and ground in 10 ml chilled acetone (85%
v/v). Extract was centrifuged at 2000 rpm for 10 minutes. The absorbance of supernatant was
read at 663, 645, 510 and 480 nm for chl a, chl b, chl T and carotenoids respectively using the
double beam UV-VIS spectrophotometer UV5704SS. The content was expressed in mg g™ fresh
weight tissue.

Lipid Peroxidation

The level of lipid peroxidation in plant tissue was measured as thiobarbituric acid reaction by the
method of Heath and Packer (1971) in terms of malondialdehyde content. Fresh leaf tissue was
homogenized in 20% (w/v) trichloroacetic acid (TCA). The homogenate was centrifuged at 3,500
rpm for 20 min. To a suitable aliquot, 1ml of 20% TCA containing 0.5 %( w/v) TBA as added. The
mixture was heated at 95°C for 30 min and then quickly cooled in ice bath. The contents were
centrifuged at 10,000 X g for 15 min and the absorbance was measured at 532 nm using double
beam UV-VIS spectrophotometer UV5704SS. Value for non — specific absorbance at 600 nm was
subtracted. The concentration of MDA was calculated using an extinction coefficient of 155 Mm™
cm™ and expressed as nmol MDA content g™* FW tissue.

Catalase

Catalase activity was assayed by the modified method of Bisht (1972).The reaction mixture for CAT
containing 0.01 mM phosphate buffer (pH 7.0) and 0.5mM H,0, in 10 ml was incubated with
suitable aliquot from the extract.
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The reaction was run for 5 minutes at room temperature (25°C) and was stopped by the addition
of 5ml 2N H,SO4, Corresponding zero hour blanks with added H,SO4 was also run. The mixture was
titrated against 0.1 N KMnQO, and the activity of CAT were expressed as pmol H,O, decomposed /
100 mg fresh weight tissue.

Peroxidase

The peroxidase activity was determined by the method of Luck (1963). The assay system for POX
contained 0.5 mM phosphate buffer (pH 6.0), 0.01% (v/v) H,0, 5 mg p-phenylenediamine and
extract in 8 ml. The reaction was run at 25°C for 5 minute and stopped with 2ml 5N H,SO,. Blanks
with added H,SO4 were also taken. After centrifugation, OD was measured at 485 nm on double
beam UV-VIS spectrophotometer UV5704SS. The enzymes activity was measured as change in
optical density per 100 mg fw.

Superoxide Dismutase

The activity of SOD was assayed by the method of Beauchamp and (Fridovich 1971) by measuring
its ability to inhibit the photochemical reduction of nitro blue tetrazoliun (NBT). The reduction in
NBT was followed by reading the absorbance at 560nm wusing double beam UV-VIS
spectrophotometer UV5704SS. Blanks were run in the same way but without illumination.
Glutathione Reductase

The GR activity was assayed by the method of smith et al. (1988). The reaction mixture contained
1. Ml of 0.2 M potassium phosphate buffer (pH 7.5) containing 1ImM EDTA, 0.5 ml 3 mM 5, 5’-
dithiobis (2-nitrobenzoic acid) in 0.01M phosphate buffer (pH 7.5), 0.25 ml H,0, 0.1 ml 2 mM
NADPH, 0.05 ml enzyme extract and 0.1 ml 20 mM GSSG. The increase in absorbance was
monitored for 5 minute at 412 nm. The rate of enzymes activity was calculated using standard
curve prepared by known amount of GR (Sigma, USA). Activity of enzyme was expressed as pmoles
of GSSG reduced min™ g* fresh weight.

Ascorbate Peroxidase

The activity of APX was measured according to the Nakano and Asada (1981) by estimating the
rate of ascorbate oxidation (extinction coefficient 2.8 mM™ cm™). The 3 ml reaction mixture
contained 50 mM phosphate buffer (pH 7.0), 0.1 mM H,0,, 0.5 mM sodium ascorbate, 0.1 mM
EDTA and a suitable aliquot of enzyme extract. The change in absorbance was monitored at 290
nm and enzymes activity was expressed as pmol of ascorbate oxidized min™ g™.

Non-Protein Thiol

Non protein thiol group was estimated by the method of Ellman (1959). Leaves were plucked and
washed with distilled water. 700mg plant tissue grinds in 6.67% sulphosalicylic acid. Extract was
centrifuged at 13,000 rpm for 10 minute at 4°C. Reaction mixture contains 5mM of EDTA, 0.6 mM
of DTNB and 120mM of phosphate buffer. The absorbance of supernatant was read at 412nm
using double beam UV-VIS spectrophotometer UV5704SS and NP-SH contents expressed as mmol
g FW tissue.

Proline

The extraction and determination of proline was performed according to the method of (Bates et
al. 1973).
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Plant tissue was homogenized in 3% sulphosalicylic acid. Extracts(2ml) were held for 1h in boiling
water by adding 2 ml ninhydrin regent and 2 ml glacial acetic acid, after which cold toluene (4ml)
was added. For the absorbance of supernatant was read at 520nm using double beam UV-VIS
spectrophotometer UV5704SS and value calculated as umol g FW against standard proline.
Cysteine

Cysteine content in control and metal exposed plants was estimated following the method of
(Gaitonde, 1967). Reaction mixture (3ml) contained one ml each of supernatant, glacial acetic acid
and acid nin-hydrin reagent. Mixture was heated for 15min at 95° C, and then cooled rapidly to
room temperature and absorbance was recorded at 560 nm. Cysteine content was calculated from
the standard curve prepared using known concentration of cysteine (L-cysteine hydrochloride,
sigma) and is expressed as nmol g™ fw.

Statistical Analysis

The experimental data were tested for significance by using least significant difference (LSD) to
compare means of different treatments that have an equal number of replications. All statistical
test were performed with analysis tools from Microsoft office excel 2007.

RESULTS AND DISCUSSION

In this experiment, | had studied the effect of Cd and its amelioration with P on imbalance
absorption of some micronutrients (Fe and Zn) that led to disturb in growth of wheat seedlings.
Results showed that Cd exposure reduced FW, DW and length of shoot and root in dose
dependent manner. The inhibition of growth is commonly observed event (Stolt et al. 2003;
Sharma et al. 2004 and Ranieri et al. 2005). It has been suggested that this growth reduction is due
to the competition for the same uptake system between Cd and other ions required for plants
development (Alcantara et al. 1994; Lozano- Rodriguez et al. 1997 and Rivetta et al. 1997). Shoot
length and root length decreased by 42.8 and 80.9% when exposed to 1.0mM Cd. However, FW
and DW of shoot decreased up to 36 and 61% and that of root 74 and 64.5% respectively. This
could be due to direct contact of cadmium to root with toxic metals. The differential effect of Cd
on root and shoot growth could be accounted by the fact that Cd is accumulated mainly in roots
and to a minor extent in shoot (Fernandes and Henriques, 1991). Similar results were observed in
respect to root and shoot length and their FW and DW on other plants species and were
supported by (Parviz Malekzadeh et al. 2007; Surjendu, et al. 2007). The content of Chl T, and
carotenoids in the Cd treated plants were decreased significantly in leaves of T. aestivum. The Chl
T and Chl a, significantly (P<0.01) decreased by 38.9, 65.9% and 37.0, 66% at 0.4 and 1.0 mM Cd
respectively. Padmaja et al. (1990) had speculated that addition of Cd reduced aminolevulinic acid
dehydratase (ALAD) activity whereas Kupper et al. (1998) reported that Mg®* which is the central
ion in the chlorophyll is replaced by the Cd. It had also reported that the loss of chlorophyll was
due to distortion of the chlorophyll ultrastructure, inhibition of the synthesis of photosynthetic
pigments and enzymes of the Calvin cycle, or reduction in the chloroplast density and size which
led to the damage of the photosynthetic cycle (Baryla et al. 2001 and Benavides et al. 2005).
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Figure 1. The effect of Cd and its amelioration with P (40ppm) on pigment contents of wheat (Triticum aestivum L.)
seedlings observed at 15 days. Bar represent SE value. *- value significant at P<0.05 and **- value significant at
P<0.01 level.

In this study results shown that the application of P enhanced pigment synthesis, lead to
photosynthetic growth and yield. We speculated that the application of P may promote plant
growth and increase the yields so that the concentration of Cd in the plants was perhaps diluted
with respect to the control plants, and the toxicity was reduced. The external P may form
phosphate deposits with Cd and decrease bioavailability of Cd for plants. The accumulation of Cd
in shoot increased with increase in Cd concentrations (P < 0.01), reached a maximum of 94.6 and
97.4 ug g DW at 0.4 and 1.0mM Cd treatment respectively while in root Cd value reached to
121.4 and 126.2 pg g DW at 0.4 and 1.0mM Cd treatment respectively. Concentration of Cd in
shoots (35.73 ug g™) was lower than in roots (113.5 ug g-1), indicating that wheat seedlings had
relatively low transportation rate of Cd from root to shoot (Figure 4). On interaction with P at 0.4
and 1.0mM Cd treatment, accumulation of Cd in shoot significantly (P<0.05) decreased by 29.6
and 26.3% respectively while decrease in root Cd concentration was 2.3 and 1.8% respectively.
Application of P at 0.4 and 1.0 mM Cd level reduced Cd absorption by 14.4 and 13.0%. This
reduced absorption of total Cd could be due to less availability of free Cd in culture medium
because some of the Cd gets. In this experiment it was noticed that Cd absorbed and accumulated
more efficiently in roots and their translocation inhibited toward shoot in presence of P. At lower
level of Cd (0.1 and 0.2mM) iron accumulation enhanced in shoot by 63.0 and 10.0% respectively
however there was no significant difference in total iron at that level. Lower level of Cd enhanced
translocation of iron from root to shoot. Also translocation of Zn from root to shoot increased at
lower Cd levels while total Zn accumulation in root and shoot was not significantly affected at 0.1,
0.2 and 0.4mM Cd treatment. However P supplementation significantly (P<0.05) enhanced the Zn
accumulation in root by 50.0% at 0.4mM Cd treatment. In the present study, we also investigated
the response of root and shoot of wheat seedlings to Cd-induced oxidative damage. Plant cell
membranes are generally considered to be primary sites of metal injury (Smeets et al. 2005). In
this study, results showed that fatty acid of shoot plasma membrane were more prone to
oxidation than root plasma membrane and application of P have no mitigatory effect on
membrane damage while it declined the uptake of Cd up to 29.3%.

J. Biol. Chem. Research 699 Vol. 31, 2: 694-707 (2014)



Cadium ..o e Triticum aestivum L. Kumar, 2014
|

Table 1. The effect of different concentration of Cd and its amelioration with P (40ppm) on
length, FW, DW and moisture % of shoot and root of wheat (Triticum aestivum L.) seedlings
observed at 15 days.

Treatment Cd

0.0 0.1 0.2 0.4 0.4+P 1.0 1.04P

(mM)

Parameter

Shoot  length 14.0+0.2 10.8+0.44 9.0+029% 13.8+02 8.0+0.17* 10.0+0.29
9 11.0+0.29%

(Cm) 9 = *%k * 2** * *

FS)TaOnC;E) FW (M9 94103 84423 B5+2.0%%  B1+0.0%*  87+1.7** 60+2.9%*  65+1.4

FS)TaOnC;E) DWIMG 14 0:0.6 7.8:0.1%%  6.3£0.2%* 5.6:0.1%* 1041.1%% 5.440.2%% 8.4+0.02%

f/ohoc’t MOISWUI®  g-1118  91+1.15%*  Q0:0.58%* 91+1.01** 80+1.18* 01+0.88** 87+1.15%

Root length 115802 5030 4610.20%  30:01%% 571025 2240.1% 4.260.1%

(cm) 9

E;?}tt_l)FW (MY 674015 20:1.2%%  20£0.9%*%  18:0.7%*% 27¢17%  17:0.6**  18+0.6

E;?}tt_l)DW (MG 454029 2.0:03%*  1.7401%% 17+0.1%* 2.3:0.1  16:0.1%* 1702
Root moisture 93.3+0.5 90,041 2% 91.0£1.2* 91.5+0.9* 92.0+1.2 91.2+0.7* 90.6+0.9
% 7 o * * o -

* represent SE value. *- value significant at P<0.05 and **- value significant at P<0.01 levels.
Amelioration with 40ppm P was given at 0.4 and 1.0mM Cd levels.

This suggests that membrane damage is due to enhanced accumulation of iron. The aplication of P
enhanced the Fe accumulation both in root and shoot tissue which is a redox active metal ion
(Weckx and Clijsters, 1996), initiated the synthesis of iron-containing enzyme lipoxygenase
(Thompson et al., 1987) which led to membrane destabilization. However the P application
reduced the Cd wuptake. This result shows that Cd is not directly
participating in the ROS production. The enhanced MDA accumulation could be due to higher
accumulation of Fe that initiated the production of reactive oxygen species. Results showed that
proline accumulation gradually increased both in root and shoot tissue at all tested Cd levels.
Proline accumulation significantly (P<0.01) increased up to 249% in shoot and 220% in root at
1.0mM Cd treatment. P application reduced the proline content both in root and shoot. This
suggests proline accumulation directly related to entrance of Cd in the plants. This result
suggested that proline synthesis directly correlated with metal accumulation and plant tolerance.
The enhancement of proline level can be used as an indicator of the species tolerance to cadmium
toxicity (Wu et al. 1995). Proline has been reported to play important roles in osmoregulation,
protecting enzymes denaturization, acting as a source of carbon and nitrogen, stabilizing the
machinery of protein synthesis, regulating the cytosolic acidity and/ or scavenging hydroxyl radical
(Saradhi and Saradhi, 1991).
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Proline accumulation could probably also be related to a decrease in electron transport in plants
under stress conditions (Venekamp, 1989). As a result there would be an accumulation of NADH
and H'. An increase in NADH might even affect substrate level phosphorylation besides inhibiting
important metabolic reactions that need NAD". In the present study, proline content increase in
root and leaves could be due to its role against metal-induced oxidative stress. This could be
supported by the results obtained by P application. Application of P reduced metals concentration,
as the metal accumulation reduced the proline synthesis also declined in same proportion. The
present observation revealed that the increased level of cysteine mitigates cadmium toxicity.
Cysteine involved in the synthesis of heavy metal-binding peptides which involved in buffering
cytosolic metal concentration. The accumulation of cystiene in the shoots and roots significantly
(p<0.01) increased with the increase in Cd concentrations. In the present study, NP-SH content
showed an increasing trend in root and leaves of wheat seedlings following Cd exposure. The
results showed conformity to the finding of Mishra et al. (2006) in Bacopa monnieri. The
antioxidant property of NP-SH depends on the oxidation of -SH group of the tripeptide to disulfide
form (Noctor and Foyer, 1998; Sanita di Toppi and Gabbrielli, 1999). The plant exhibited high
amounts of NP-SH synthesis during Cd exposure, indicates its ability to tolerate cellular metal load.
In this study it was observed that NP-SH synthesis was directly proportional to metal
accumulation. As the Cd concentration in root tissues was higher than shoot, similarly it was
observed that NP-SH synthesis was higher in root than shoot. Inspite, application of P inhibit Cd
uptake which results decrease in Cd accumulation in shoot and root tissue, NP-SH synthesis also
declined. It is not well known how P influenced NP-SH synthesis. It is believed that NP-SH synthesis is
directly proportional to metal concentration and when the P application reduces Cd concentration,
NP-SH synthesis also declines. In this study, a significant increase in SOD activity was observed both in
root and shoot up to 02 mM Cd, then decreased at higher dose of
Cd.

400 m Leaf
ok  Root
350 0o
T, 300
€ 250
]
£ _ 200 .
ZE 150 **
.g‘é 100 .
= o
g 50
a 0
3 0 01 02 04 04+P 1 10+P

Treatment
Figure 2. The effect of Cd and its amelioration with P (40ppm) on activity of SOD in the leaf and root of wheat (Triticum
aestivum L.) seedlings observed at 15 days. Bar represent SE value. *- value significant at P<0.05 and **- value significant at
P<0.01 levels.

SOD activity in shoot significantly (P<0.01) increased up to 114% at 0.2mM Cd level while inroot
significant (P<0.01) enhancement in SOD activity was observed at lower level of 0.1Cd. However,
activity of SOD increased at 0.4mM Cd+ P in root and shoot up to 99 and 12.5% respectively compared
to plant exposed to 0.4mM Cd alone. This enhancement in SOD activity due to P application could be
due to enhanced accumulation of iron that participates in Fe-SOD isoform.
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This trend of SOD activity was reported in Sesbania drumondii (Israr et al. 2006), and two wheat
cultivar (Ezatollah et al. 2007) under Cd stress. Increase in SOD activity at moderate Cd level may be
linked to an increase in superoxide radical (O7) formation as well as de novo synthesis of enzyme
protein which in turn may be associated with an induction of genes of SOD by O’ mediated signal
transduction(Fatima and Ahmed 2005). CAT activity significantly (P<0.01) increased both in shoot and
root tissue at low doses of Cd then decreased on further increment in the Cd concentration. CAT
activity significantly (P<0.01) increased by 400 and 125% in shoot and root respectively at 0.2 mM Cd
treatment. Reduction in CAT activity was observed only in root at higher Cd supply. Application of P
significantly increased the activity of CAT both in root and shoot.

o Leaf

H Root
1400 wx - ok

1200

1000

800 x
Z 600 *

400

200

0

H,0, decompose mg-1%®

0 01 02 04 04+ 1 1.0+P
Treatment

Figure 3. The effect of Cd and its amelioration with P (40ppm) on activity of CAT in the leaf and root of wheat (Triticum
aestivum L.) seedlings observed at 15 days. Bar represent SE value. *- value significant at P<0.05 and **- value significant at
P<0.01 levels.

Hydrogen peroxides and lipid peroxides are the substrate of POX enzymes. In metal stress

condition H,0, production increases and membrane faces peroxidation from heavy metal.

m |_eaf

ERoot
25 1

20 A
15 A ke *
10 A
5 -
0 -

POX activity mg1% FW

0 01 02 04 04+P 1 1.0+P
Treatment

Figure 4. The effect of Cd and its amelioration with P (40ppm) on activity of POX in the leaf and root of wheat (Triticum
aestivum L.) seedlings observed at 15 days. Bar represent SE value. *- value significant at P<0.05 and **- value significant at
P<0.01 levels.

Enhanced production of H,0, and lipid peroxides is injurious for plants growth. To overcome
this problem, plants possess a chain of defense mechanism including morphological adaptation
to over expression of antioxidative enzymes. One of such enzyme is peroxidase whose synthesis
rises up when plants are exposed to stress. Results show that, in shoot, activity of POX were
increased by 29.6 and 34.4% at 0.2 and 0.4mM Cd treatment and decreased by 10.7% at 1.0mM
Cd compared to control. While in root POX activity was not significant at any levels of Cd
supply, but P application at 0.4mM cd, decreased in POX activity up to 16.8 and 40% in shoot
and root respectively.
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Figure 5. The effect of Cd and its amelioration with P (40ppm) on activity of GR in the leaf and root of wheat (Triticum aestivum
L.) seedlings observed at 15 days. Bar represent SE value. *- value significant at P<0.05 and **- value significant at P<0.01 levels.

Table 3. The effect of different concentration of Cd and its amelioration with P (40ppm) on
accumulation of Cd, Fe and Zn and the concentration of MDA, Proline, Cysteine and NP-SH in
the roots of wheat (Triticum aestivum L.) seedlings observed at 15 days.

Treatment Cd

0.0 0.1 0.2 0.4 0.4+P 1.0 1.0+P
(mM)
Parameter
Cd(uggDW)  11.670. 1135:1.25% 117.6£0.37 121.4%0.67 1185105 126.2%0.52 N
. " o = ) = 120.7£0.30
1
Fe (kg g DW) 22'761'01 11754115  16.37+0.88 oo02t0.67 TA0LTS o) 421058 41.3420.58
-1
Zn (Hg g DW) 23‘511'0' 14574058  11.45:¢029 10.7:059% 00028 1q0.018¢ 1250028
- 3 * *
MDA (nmol g 65,004 9.8£0.04 16.0:0.20%  16.580.24% 4651097 1688048% g 010,36
H - * * *
If':r\j)\lll)ne(umolg g.5010.0 ogsio0s L1009 1255000% (oo 0 oo L60K006* ) oc o,
1 - * * *
E)é/\f&;eme(mM g i.765¢00. hosioapee DI2026% BE5I0.12% oo 665:012% oo
- 3 * * *
i\lFF:N S)H(mM 9 (1).6310.0 Dog007  2STHOALY 3401006* o0 3738006 o000

* represent SE value. *- value significant at P<0.05 and **- value significant at P<0.01 levels.
Amelioration with 40ppm P was given at 0.4 and 1.0mM Cd levels. P application reduces POX
activity; may due to enhanced accumulation of Fe and lipid peroxides. This result suggested that,
CAT is more efficient in decomposing H,O, than POX. In this study reduced activity of SOD, CAT
and POX at higher dose of Cd may be due to enhanced production of O, H,0O, and peroxides. SOD,
CAT and POX are unable to catalyze such an intense production of ROS in to their final product
that causes severe damage. Enhanced formation of O, at higher Cd concentration can be
supported by increased production of MDA content and enhanced accumulation of Fe in shoot
that help in the increased production of O% by participating in the Fenton and Heber Wises
reaction. GR catalyzes the reduction of GSH, a molecule involved in many metabolic regulatory
and antioxidative processes.
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With increasing concentration of Cd , there was a sharp decline in GR activity in shoot tissues,
decreasing 57.8% significantly (P<0.01) at 0.2mM Cd concentration, whereas in root tissues its
activity were increased at 0.1 mM Cd by 116%. Application of P enhanced the GR activity up to
25% in shoot at 0.4mM Cd where as no such response was found in root. GR play a crucial role in
determining the tolerance of a plant under various stresses (Chalpathi et al. 2008). Studies
showed that GR activity increased in the presence of Cd in Capsicum annuum (Leon et al. 2002),
Triticum aestivum (Khan, 2007) and Brassica juncea (Mobin, 2007). In this study, P application
enhances the GR activity in root tissues which subsequently promote the tolerance against the Cd
toxicity. Result shows that the activity of APX increased at lower doses of Cd, while decreased at
higher dose. In shoot APX activity significantly (P<0.01) increased up to 45% at 0.4mM Cd then
decreased to higher level of Cd. While in roots APX activity slightly increased by 2.4% at 0.1mM Cd
then decreased significantly (P<0.01) 40.8% at 1.0mM Cd treatment.

m Leaf

70 - ok H Root
60 - *

50 A
40 - el
30 -
20 -
10

APX activity (units mg-* protein)

0 0.1 0.2 0.4 04+P 1 1.0+P
Treatment

Figure 6. The effect of Cd and its amelioration with P (40ppm) on activity of APX in the leaf and root of wheat
(Triticum aestivum L.) seedlings observed at 15 days. Bar represent SE value. *- value significant at P<0.05 and **-
value significant at P<0.01 levels.

In our findings, Cd enhanced the accumulation of Fe in root and shoot, being a metal to performed
Fenton and habber-weiss reaction. Results shows that Fe, uptake in the Cd treated plants was
greater than that in control plants, which is in agreement with the findings by Harnandez et al.
(1998), who found that Fe in pea plants was higher than that recorded in control plants.
Our results indicated that Cd treatment had negative influence on uptake of Zn while Fe uptake
influenced by Cd concentration. Verna and Minhas (1987) found that P fertilization increased the
translocation of Zn into above ground part of wheat and maize (Zea mays L.). Thus phosphorus
application reduced Cd accumulation in plant tissue but enhanced the accumulation of Fe and Zn.

CONCLUSION

Cadmium inhibited plants growth through inhibition of antioxidant enzymes activity, micronutrient
uptake and excess accumulation of redox metal like Fe which caused severe membrane damage
and eventually cell death. Otherwise, plants responded to Cd toxicity by elevating synthesis of
osmoregulator proline, metal binder NP-SH and cysteine, antioxidant enzymes like CAT, POX, SOD,
APX and GR. An important point to note that enhanced accumulation of Fe in presence of Cd and P
increased the frequency of membrane damage.

J. Biol. Chem. Research 704 Vol. 31, 2: 694-707 (2014)




Cadium ..o e Triticum aestivum L. Kumar, 2014

Application of P partially alleviated Cd toxicity, through inhibition of Cd uptake and increase in the
synthesis of important biomolecules. However it promoted enhanced accumulation of Fe which led to
membrane damage. An important field for future study would be to develop technique for phyto-
remediation of Cd through selecting Cd hyperaccumulator plants and screen out micronutrient
influencing uptake of Cd by selected plants.
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