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Abstract: The effect of Aluminium (80µM) on seedlings of two rice cultivars varying in their sensitivity to
aluminium was investigated with different pH conditions ranging from 7 to 4 and with different age groups from
4 to 28 days. With decrease in pH of the culture solution below 5, Aluminium caused reduction in plant growth,
high level of aluminium accumulation in roots, increased lipid peroxidation and higher activity of SOD and
peroxidase, with cultivars of Vikas (VIK) exhibiting more pronounced alterations than Suraksha (SUR). Similarly,
when compared to 28-day old plants, the seedlings of early age groups showed reduced plant growth,
accumulated higher levels of aluminium, showed more lipid peroxidation and increased activity of SOD and
peroxidase under Al stress, with cultivars of VIK being more affected than SUR. In RAPD analysis, presence
of an amplified fragment of 800-600 base pairs was noted in Al-treated cultivars of SUR which did not appear
in treated cultivars of VIK and also in control seedlings of both the cultivars. Our observations demonstrate
that under aluminium stress, among the two rice cultivars, seedlings of VIK are relatively more sensitive than
SUR at lower pH and amongst VIK, seedlings of early age groups are less resistant than older seedlings.
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INTRODUCTION injury by various stress factors including Al toxicity is

Aluminium is one of the most abundant metals in the free radicals [10,11]. Enhanced production of oxygen free
earth’s crust affecting plant growth and yield in acid soils radicals leads to peroxidation of membrane lipids,
which occupy nearly 40% of the world’s cultivable lands alterations in activities of free radical scavenging enzymes
[1, 2]. At soil pH bellow 5.0, Al speciates in to its various such as SOD and Peroxidase [12, 13] in addition to DNA
soluble forms, among which Al  is the most predominant damage [14]. Although Al affected soils are rich in3+

form that is highly toxic to plants resulting in a poorly northern and central part of India not much data is
developed root system and thus susceptible to drought available with regard to the Indian cultivars of rice that are
stress, lodging and nutrient deficiencies [3-5]. Despite tolerant or susceptible to Al. Preliminary experiments
large amount of research on Al toxicity, there is no conducted in our laboratory reveled that SUR is Al
consensus on the physiological mechanisms of Al toxicity tolerant while VIK is Al-sensitive [15].
and/or tolerance in plants. Root tip and elongation Present study is focused on to gain greater insight in
regions were found to be the primary targets of Al ion [6]. to the sequence of metabolic events representative of
Ethylene and auxin have been implicated in inhibition of cellular damage and protection. Seedlings of rice cultivars
root elongation under Al stress in lotus species and varying in Al sensitivity were subjected to 80 µmol/L Al
Arabidopsis [5, 7]. concentration, examined at different pHs and with

The postulation that Plasma membrane was one of different age groups for Al-induced changes like plant
the primary targets of Al at cellular level was growth, content of Al accumulated, degree of membrane
demonstrated by Oteiza, Zhang et al. [8, 9]. Several damage in terms of lipidperoxidation, activities of SOD
studies opined that in both animals and plants, membrane and peroxidase and RAPDs.

related to an enhanced production of highly toxic oxygen
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MATERIALS AND METHODS buffer (pH 7.0) containing 1 mmol/L EDTA and 3 mmol/L

Germination of Seedlings and Growth Conditions: Seeds
of two Indian rice cultivars (Oryza sativa L.), one tolerant
to Al (Suraksha) and another susceptible to Al (Vikas)
were treated with 1% (v/v) sodium hypochlorite solution,
washed and soaked in distilled for 24 hr and sown on
advantec (Toyo) filter paper in Petri dishes containing 100
µmo/L CaCl  solution. After four days, seedlings with2

uniform root and shoot lengths were selected and placed
on special floating nets in plastic containers  containing
80  µmo/L of Al in 1/10 Yoshida’s culture solution [16]
with pH ranging from 4.0 to 7.0. All the seedlings were
allowed to grow at 25 0 C under a 12 hr light (300  µmole
M )/dark cycles and harvested at different  day-2 s-1

intervals for further analysis. The treatment solutions
were renewed everyday.

Measurement of Root and Shoot Length and Al Content:
Root and shoot lengths of both control and treated
seedlings were recorded with the help of a scale. Roots
and shoots were isolated and dried at 70 , dissolved in0C

dilute acid mixture (HClO : HNO , 1:1 v/v) and Al content4 3

was determined by using ultra mass 700 inductively
coupled plasma mass spectrophotometer (IC-PMS, Varian,
Australia). The amount of Al is expressed in mg/dg dry
weight of tissue.

Lipid Peroxidation: The extent of lipid peroxidation in the
root tissue was measured in both control and treated
seedlings in terms of MDA content, which was
determined by the thiobarbituric acid reaction [17]. Roots
weighing 0.3 g was homogenized with a pestle and mortar
in 5 µ lit of 0.1% TCA and centrifuged at 10000 x g for 5
min. After centrifugation, 1 ml of supernatant was mixed
with 4 ml of 0.1% Thiobarbituric acid in 20% TCA and the
mixture was incubated in boiling water for 30 min. The
absorbance was read at 532 nm and adjusted for non
specific absorbance at 600 nm. MDA content was
estimated by using extinction coefficient of 155
(mmol/L/cm).

Extraction of Enzymes and Assaying of Their Activities:
For determination of SOD activity, enzyme extract was
prepared by homogenizing roots (0.5 g FW) in a cool
mortar and pestle containing 4 ml of 50mmol/L potassium
phosphate buffer (pH 7.0) with 1 mmol/L EDTA. For
extracting  peroxidase  enzyme,  4  ml  of  50  mmol/L  Tris

MgCl  were used. In both cases, 1%( w/v) poly vinyl poly2

pyrrolidyne phosphate was added. The homogenate was
centrifuged at 27 000 x g for 15 min at 4°C, the supernatant
was used for assaying enzyme activities and protein
determinations. SOD (EC 1.15.1.1) activity was measured
by measuring its ability to inhibit the photochemical
reduction of nitroblue tetrazolium (NBT) as per the
method of Giannopolitis and Ries [18].

A final volume of 3 ml reaction mixture contained 0.1
mmol/L EDTA, 75 µmol/L NBT, 13 µmol/L methionine, 100
µl enzyme extract and 2 µmol/L riboflavin, which was
added last. The reaction was developed under light at
25°C and was stopped by switching off the light. The
absorbance was recorded at 560 nm (A 560) using a UV-
Visible spectrophotometer (Kontran). A non irradiated
mixture  that did not develop Colour was served as
control. One enzyme unit of SOD activity was defined as
the amount of enzyme required to cause 50% inhibition of
NBT reduction. Peroxidase activity (E.C.1.11.1.7) was
determined following the procedure of Upadhya et al [19].
To 3  ml reaction mixture containing 13 mmol/L guaiacol,
5 mmol/L H O , 50 mmol/L  phosphate  buffer  (pH  6.0),2 2

500 µl of enzyme was added. Oxidation of guaiacol was
followed by the increase of absorbance at 470 nm, after
initiating the reaction with H O . One enzyme unit of2 2

peroxidase is equal to the µmol of guaiacol oxidized in 1
min.

PCR Amplification-RAPD Analysis: DNA was isolated
from rice cultivars following the procedure of Shure et al.
[20] later modified by Jena and Kochert [21]. DNA isolated
from control and treated seedlings was used for PCR
amplification and RAPD analysis as per the protocol
described by Williams et al [22] Fifteen random primers
(decamers) obtained from Bangalore Genei, Pvt. Ltd, were
used in the present study. PCR amplification was
performed in a Perkin Elmer DNA thermal cycler (2400), in
20 µl volume containing 40ng of template DNA, 10 mM
Tris- HCl (pH 8.3), 50 mM KCl, 20 mM MgCl , 100 µM of2

each dNTP, 15 ng of primer and 1 unit of Taq DNA
polymerase  enzyme. Each PCR cycle consisted of 1 min
at 92°C  (denaturation)  followed  by  annealing  at 35°C
for 1 min and extension at 72°C for 3 min for 40 cycles,
followed by a final extension at 72°C for 4 min and then
kept at 4°C infinitely. PCR amplified products were
subjected to electrophoresis along with a molecular
weight marker in 1.4%  agarose  gel  at  40-50 V for 3-4 hr
in 1x TAE buffer.
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The  amplified  products  along  with  the  molecular extent of lipid peroxidation gradually increased with
marker were stained with ethidium bromide and visualized decreasing pH below 5.0. The roots of VIK and SUR
after UV-illuminator. Among fifteen random primers, one exhibited  80%   and   70%   increase   respectively in
primer  (OPV-20)  (5’-  CAGCATGGCC  -  3’) was selected MDA  levels  over  their  respective  controls  at pH
because it showed polymorphism in rice cultivars under below  5.0 (Fig. 5). In both the cultivars, 4-day old
study. seedlings  showed  highest  levels of MDA values than

Statistics: Experimental results presented are the mean recorded for 4-day old seedlings of VIK and SUR was 85%
values of the experiments done in ten replicates. The data and 60% while that of 28- day old seedlings of the same
was statistically analyzed using a T-test. cultivars was 50% and 30% respectively over their

RESULTS

Plant Growth: In pH dependent studies, reduction of root gradually increased with decrease in pH of the culture
and shoot lengths commenced at pH 5.5 and with further solution bellow 6.0 under Al stress. A maximum raise of
decrease in pH of the culture solution below 5.0 37%   and   30%   In   SOD   activity   was   observed  in
pronounced reduction was witnessed. Roots exhibited SUR and  VIK  respectively  at  pH  below  5.0.  However,
greater retardation than shoots under aluminium stress in the  activity  showed  decreasing  tendency  with  further
both the cultivars. Among the two cultivars, SUR showed fall  in  pH  below  4.5  (Fig.  7).  The  observed  raise  in
lesser reduction of root (20%) and shoot lengths (10% SOD activity for 4-12-day old seedlings and 28-day old
respectively) at pH below 5.0, while roots and shoots of seedling  of  SUR  over  their  controls   was   33%  and
VIK showed a reduction of 40% and 22% respectively 14%  respectively.  The  observed  raise  in  SOD activity
under aluminium stress (Fig. 1). The reduction of root and for  4-12-  day old seedlings and 28-day old seedling of
shoot lengths of 4-day old seedlings of SUR was 25% and VIK over their controls was 29% and 18% respectively
15% where as that of 28-day old seedlings showed a (Fig. 7 & 8).
decrease of 10% and 6% respectively. In VIK, the
reduction of root and shoot lengths of 4-day old Changes  in  Activity  of  Peroxidase:  Under  Al stress,
seedlings was 37%, 25% and 28-day old seedlings10% the activity of peroxidase gradually increased with
and 5% respectively (Fig. 2). decrease  in  pH  of  the  culture  solution  bellow  pH  6.0.

Aluminium Accumulation: With decrease in pH of the observed  in SUR  and  VIK  respectively  at  pH  below
culture solution the content of aluminium in roots and 5.0  (Fig.  9).  However, the activity of peroxidase
shoots as a function of external Al supply increased in decreased  with  further  fall  in  pH  4.5.   The  seedlings
both the cultivars with roots accumulating higher levels of 4-12 day age group of SUR showed a maximum
than shoots. Al concentration in roots and shoots of SUR peroxidase activity of 20%, where as 28th day old
at pH below 5.0 was 2.2 and 0.62 (mg Al/g DW) while that seedlings showed an increase of 15% over their
of VIK was 1.8 and 0.5(mg Al/g DW) (Fig. 3). In younger respective controls. An increase of 19% and 14% was
seedlings content of aluminium accumulated in roots and observed in the activity of peroxidase for VIK seedlings
shoots under Al stress is higher than older seedlings with of 4-12 day old age group and 28th day age group
roots witnessing higher levels than shoots. Al content in respectively over their controls (Fig. 9 &10).
roots and shoots of SUR in 4-day old seedlings was 2.0
and 0.6 (mg Al/g DW) while that of VIK was 1.6 and 0.4 PCR Amplification-RAPD Analysis: Among the 15
(mg Al/g DW) (Fig. 4). random primers (decamers) employed to identify molecular

Extent of Lipid Peroxidation Based on Levels of resistance among the rice cultivars, only one primer
Malondialdehyde: The extent of lipid peroxidation in terms produced differences in band pattern of the PCR-amplified
of MDA values is insignificant in roots of both the products. Out of 15 primers only 5 primers were
cultivars at pH above 6.0 under Al stress. However, the successful    in   amplifying    loci    from    template  DNA.

28-day old seedlings. The increase in MDA values

respective controls (Fig. 6).

Changes in Activity of SOD: The activity of SOD

A maximum increase of 22% and 18% in activity was

differences and the possible polymorphism linked to Al
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Fig. 1: Effect  of  pH  on  Al-induced  root  and  shoot  lengths  of  rice cultivars of SUR and VIK. Values are 
means ±SD (n= 10).

Fig. 2: Effect of plant age on Al-induced root and shoot lengths of rice cultivars. Values are means ±SD (n= 10).

Fig. 3: Al content (mg Al/g DW) of roots and shoots of rice cultivars under different pHs. Values are means ±SD 
(n= 10).
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Fig. 4: Al  content  (mg  Al/g  DW)  of  roots  and  shoots of rice cultivars of different age groups. Values are 
means ±SD (n= 10).

Fig. 5: SOD activity (units/mg protein) of rice cultivars, SUR and VIK under Al stress with different pHs. Values 
are means ±SD (n= 10).

Fig. 6: SOD activity (units/mg protein) of rice cultivars, SUR and VIK of different age groups under Al. Values 
are means ±SD (n= 10).
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Fig. 7: POD activity (units/mg protein) of rice cultivars, SUR and VIK under Al stress with different pHs. Values 
are means ±SD (n= 10).

Fig. 8: POD activity (units/mg protein) of rice cultivars, SUR and VIK of different age groups under Al stress. 
Values are means ± SD (n= 10).

Fig. 9: MDA content-% of increase over their respective controls at different pH’s. Values are means ±SD (n= 10).
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Fig. 10: MDA  content-%  of  increase  over  their  respective controls at different age groups. Values are means ±SD
(n= 10).

Fig. 11: Agarose gel electrophoresis of RAPD products. in younger rice seedlings markedly high Al content in
Lane M: Molecular weight marker. Lanes 2 and 3 roots than shoots (4-6 fold) indicate that roots are the
are amplified products of control and treated primary sites of Al accumulation. Such an inhibition of
seedlings of SUR and Lanes 4 and 5 are root growth by Al was reported in wheat [23], squash [24].
amplified products of control and treated Sorghum [25] and soybean [26]. This suggests that Al
seedlings of VIK respectively. may induce changes in cell wall constituents and increase

Among the five primers only one primer i.e., oligo V-20, rate. Reduced root cell division could be due to increased
could produce difference in the band pattern between rigidity of the double helix of DNA caused by toxic
untreated and treated seedlings. The number of bands in species of Al [27, 28] Since.
controls of both the cultivars was same. But in the treated Al induces the root damage, they being the site of
cultivars of SUR the presence of an amplified product of synthesis for hormones such as cytokinins, Al induced
800-600 base pairs was observed which was absent in reduction in shoot length and dry matter production may
treated cultivars of VIK. The amplified fragment observed therefore be consequence of the impairment of the cell
in treated cultivars of SUR may be correlated to the division in root meristem. Presence of higher Al content
existence of Al resistance locus in SUR. These in roots of SUR than VIK suggests that SUR has the
observations suggest that gene(s) responsible for the capacity to accumulate higher Al levels. SUR may be

tolerance of Al may be present or expressed in cultivars
SUR, where as in VIK these genes may be absent are not
expressed (Fig. 11).

DISCUSSION

Gradual decrease in pH of the culture solution from
7.0 to 4.0 under aluminium stress resulted in considerable
reduction of root and shoot lengths of rice seedlings of
VIK and to a lesser extent in SUR. This indicates that pH
below 5.0 is the major determining factor for Al to exert its
toxic effects. Our results also demonstrated that younger
seedlings of rice cultivars were found to be relatively more
sensitive than older seedlings under Al stress. In
seedlings grown in culture solution with pH below 5.0 and

rigidity of root cell walls that may slow down cell division
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sequestering the toxic Al ions likely into the vacuoles of determining  Al  tolerance  in  wheat   and   barley  [34].
roots compared to the sensitive VIK. Such a sequestration Our present study of RAPD analysis may be used for
of Al may prevent the damage of cellular components. identifying rice cultivars for their resistance/susceptibility
Other reports also demonstrated uneven distribution of Al to  Al-toxicity.  Nevertheless,  an   in-depth   study
between roots and shoots in cereals such as wheat [29] remains to be carried out to elucidate and characterize the
and oat [30]. Our results showed that with further gene(s) involved in conferring Al-resistance in rice
lowering of pH below 5.0, tremendous raise in MDA levels cultivars. Production of Al-tolerant rice cultivars that can
was observed in both the cultivars (65% and 85% higher withstand and grow in acidic soils would help in
than respective controls for SUR and VIK). Similarly the sustaining and producing good yields to meet the food
raise in MDA levels in younger seedlings and older requirements of the rapidly growing population.
seedlings was 70-85% and 30-60% respectively over their Although, RAPD analysis is a simple, rapid and cost-
controls. The above results suggest that, aluminium effective molecular technique, it suffers the drawback of
induces generation of reactive oxygen species at lower reproducibility.
pHs which eventually disturbs membrane dynamics and
causes lipids to undergo enhanced in the treated rice CONCLUSION
cultivars. Further, VIK showed higher accumulation of
MDA levels than SUR, which revealed that it is relatively Our   observations   based   on   growth  parameters,
susceptible to Al promoted lipid peroxidation and Al accumulation, level of lipid peroxidation, activities of
consequential membrane damage. [31] reported that, lipid SOD and peroxidase and RAPD analysis reveal that
peroxidation occurs mainly as a consequence of oxidative seedlings of cultivar SUR are relatively more tolerant to Al
deterioration of polyunsaturated fatty acids by oxygen toxicity than VIK. The effect of pH is the most determining
free radicals and is identified as a basic cell membrane factor on Al toxicity and younger seedlings are relatively
reactive damage in cellular mechanisms. more sensitive to Al toxicity than older seedlings.
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