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Abstract: Aluminum stress is one of the key factors for crop yield along with other abiotic stresses such as drought, salinity, extreme
temperature and light in acidic soils. Due to natural and anthropogenic activities heavy metal pollution is increasing daily. Hence it is
must to know the effects of heavy metals in depth on crop growth and development ultimately yield levels. The main aim of this work was
to examine the toxic effect of Aluminum under in vitro growth conditions. Our results clearly demonstrated that Al reduces root growth,
shoot growth, fresh weight, dry weight and total chlorophyll content of Flax seedlings. MDA contents in tissues were assayed. The
results suggested that the maximum growth inhibition was at higher concentrations of Al. In this experiment with increasing Al
treatment resulted in a significant increase in MDA level, an indicator of lipid peroxidation.
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1. Introduction
Acid soils are phytotoxic as a result of nutritional disorders,
deficiencies of essential nutrients such as Calcium,
Magnesium, Molybdenum and Phosphorus and toxicity of
Al, Mn and hydrogen activity (Foy et al., 1978; Foy, 1984;
Carver and Own by 1995; Jayasundara et al., 1998).
In acid sulfate soils, the very high acidity, with a pH
sometimes below 2, poses stress with all the adverse effects
of extreme acidity. Furthermore the high Al content of the
soil solution has an intensive toxic effect. Soils contain an
average of 7% the total Aluminum and under acidic
conditions, Al is solubilized, increasing availability to plants
and aquatic animal’s soil acidification due to application of
fertilizers growing of legumes or acid rain is an increasing
problem in agricultural and natural ecosystems. No
conclusive evidence suggests that Aluminum is an essential
nutrient for either plants or animals. Al is toxic to plants and
animals, interfering with cytoskeleton structure and
function, disrupting calcium homeostasis interfering with
phosphorus metabolism and causing oxidative stress.
Biotechnological efforts are underway to improve plant
metal tolerance and ability to extract heavy metals from the
soil (Salt et al., 1995). In order to devise new strategies for
phytoremediation and improved tolerance, it is important to
understand as to how heavy metals are taken up and act at
cellular and tissue level (Schutzendubel and Polle, 2002;
Beak et al., 2006).
Flax (also known as common Flax or Linseed or Ullusallu or
Madanaginja), ( Linum usitatissimum, is a member of the
genus Linum in the family Linaceae. It is a food and fiber
craft cultivated in cooler regions of the world. Basically this
crop thrives well in alluvial soil. This crop requires a relative
humidity of 50 - 60%, along with seven inches (7”) of rain
and with a pH of 6.0 – 6.5. Major Flax seed grown states in
India were Madhya Pradesh, Uttar Pradesh, Bihar,
Chhattisgarh, Maharashtra, Jharkhand, Odessa, Assam,

Medicinal uses:
Flax flower and seed oil used for diabetes, swellings,
abscess, eye diseases, skin diseases, diarrhea, constipation,
leucorrhoea, cough, micturition, convulsions , hemiplegia ,
sprue, cardiac diseases, odema, dysponoea, febrifuge. The
main aim of the research programme is to focus on the
mechanisms of Al toxicity with an emphasis on the plant
physiological response of the Flax seedlings to Aluminum
stress. The different concentration of Al (1.5mM, 3.5mM,
5.5mM, 7.5mM and 9.5mM) on seedling growth,
chlorophyll content and lipid peroxidation in the Flax
seedlings analyzed to understand the physiological response
of Flax seedlings under Al stress in in vitro growth
conditions.
Materials and Methods
MS medium was used as a basal medium in present
investigation. Composition of MS media is given in the
following tables. Initially prepared all the stock solutions
required for the MS medium for the accuracy and also for
time saving purpose.
Composition of MS medium:
1) Macro stock (MS-I) in 1000 ml.

S. No. Nutrient Name
1.
KNO3
2.
NH4NO3
3.
KH2PO4
4.
MgSO4.7H2O

Quantity in g Volume of Stock
(10 × 100)
(in ml/L)
100.0
19.0
100.0
16.5
100.0
1.7
100.0
3.7

The above mentioned salts were taken into a 2 liter beaker,
dissolved initially in 500ml distilled water (H20). Finally the
volume was made up to1000ml by adding distilled water
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.Then this solution was labeled as stock- I solutions and
stored at 40c.
2) Calcium stock (MS-II) in 1000 ml

S. No.
1.

Quantity in g Volume of Stock
(10 × 100)
(in ml/L)
100.0
4.4

Nutrient Name
CaCl2 .2H2O

and kept on dissolving the salts using magnetic stirring, and
finally made up the solution volume to 1000 ml by adding
double distilled water. Later labeled it as MS-V and stored at
40C.
6) Growth regulator stocks
Growth regulator (Auxin and Cytokinins) stocks were
prepared at a concentration of 1.0 mg/ml.
MS Medium preparation:

4.4g of CaCl2.2H20 was taken into a 2.0 liter beaker and then
dissolved with 500ml distilled water and finally made up the
volume 1000ml by adding distilled water (H20). Stored at
40c. This is the Stock – II.
3) Micro stock (MS-III) in 1000 ml.
S.
No.
1.
2.
3.
4.
5.
6.
7.

Nutrient Name
H3BO3
MnSO4. H2O
ZNSO4.7H2O
KI
Na2MoO4.2H2O*
CuSO4.5H2O**
Cocl2.6H2O**

Quantity in g (10 Volume of Stock
× 100)
(in ml/L)
100.0
62
100.0
168.9
100.0
86
100.0
8.3
100.0
2.5
100.0
0.25
100.0
0.25

*Prepared separately and then added
**Prepared 100 mg in 100 ml DDH2O and then added
required quantity (for 1000 ml of 100X-25 ml)
In a 2.0 liter beaker , dissolved all the salts sequentially in a
descending order with 500ml of double distilled H20 and
finally made up the volume up to 1000ml by adding
distilled H20 and labeled it has stock- III solution and
Stored at 40c.
4) MS Iron EDTA stock (MS-IV) in 1000 ml
S. No.

Nutrient Name

1
2

Na2 EDTA. 2H2O
FeSO4. 7H2O

Quantity in g Volume of Stock
(10 × 100)
(in ml/L)
3.73
100
2.78
100

1000ml double distilled water was taken in a 1500 ml of
amber colored bottle and warmed the water up to near
boiling. Then added Na2 EDTA. 2H2O while stirring under
magnetic stirrer. After it get dissolved added FeSO4
gradually and mild stirring was done using magnetic stirrer.
Then closed the bottle immediately and kept on stirring for
an hour. And then labeled it as MS-IV and stored at 40C.
5) Vitamin stock (MS-V) in 1000 ml.
S. No.

Nutrient Name

1.
2.
3.
4.
5.

Myo- inositol
Glycine
Thiamine HCL
Nicotinic acid
Pyridoxine HCI

Quantity in g
(10 × 100)
1000
20
1
5
5

Volume of Stock
(in ml/L)
100.0
100.0
100.0
100.0
100.0

500 ml double distilled water was taken in a 2 liter beaker
and then added every salt sequentially in a descending order

Mixing of all stock solutions
MS Medium was prepared by adding the above said all
stock solution in a sequential manner. The below given table
gives details about how much quantity of each stock solution
is needed to prepare the MS Medium.
S. No.
Stock
Quantity in ml or g per liter.
1
MS-I
25
2
MS-II
25
3
MS-III
25
4
MS-IV
25
5
MS-V
25
6
Sucrose (gm)
30
7
Calciumdpentatinate
2

Preparation of 1 liter of MS basal Medium:
For preparation of 1 liter of MS Basal Medium, all the above
mentioned stock solutions were added sequentially in about
500 ml of double distilled water. And then added 30 g of
sucrose and dissolved it with the help of magnetic stirrer.
Then IAA and 6-BAP the medium growth regulators were
added and volume of the medium was made up to 1000 ml
by adding distilled water. pH of the medium was adjusted to
4.5 using 0.1 NaOH or 0.1 N HCL before autoclaving the
medium.
Preparation of semi-solid medium:
Different amounts of agar was used (i.e., 8.0g, 9.0g, 11g,
14g, and 22g), because increasing concentration of Al may
interfere solidification of medium. Medium was transferred
into 6 conical flasks containing different concentrations of
Al (1.5Mm, 3.5Mm,5.5Mm,7.5Mm,9.5Mm). And then boil
the medium until the agar gets dissolved completely. Later
sterilize this medium by autoclaving at dispense the medium
aseptically in sterile culture vessels. After the autoclave, the
medium was dispensed into the sterile culture vessels. Wait
until the medium gets solidify, mean the time, seeds were
surface sterilized with Hgcl2 for 3min, followed by washing
with double distilled water for several times and Under
laminar air flow. And then these seeds were cultures on MS
Medium containing different concentrations of Al. Control
was maintained along with other treatment tubes except
without adding Al. All culture tubes were maintained in a
growth chamber at 250c, 70% RH and irradiance of 50-60
µmol m-2 s-1T with 16 hours photo period. All the aseptic
conditions were maintained throughout the period of seed
germination.
Growth Parameters
Morphological Changes: - Seedlings were observed for
morphological changes. The visual symptoms of toxicity if
any were noted on the 8th day.
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Root and Shoot length: - The seedlings were separated into
roots and shoots and length of each part was measured using
a graph paper.
Percent phytotoxicity: - It was calculated as follows:
Percent phytotoxicity = root length of control—root length
of test ×100
Root length of control
Dry weight: - The seedlings were separated into roots and
shoots, gently blotted and their fresh weight was recorded,
the same were dried in a hot air oven at 900c for 48 hours to
obtain constant dry weights.
Chlorophyll Estimation:
Through the Arnon method (1949) the total chlorophyll
content was estimated .0.2 grams of leaf material was cut
into small pieces and blended with 10 ml of 80% acetone in
a clean mortar. The green slurry was centrifuged at 3000
rpm for 12 minutes. The supernatant was transferred into a
clean test tube the residual pigment in the pellet is reextracted with 10 ml acetone. The process is repeated till a
complete white pellet is obtained. The total volume is made
up to 25 ml with 80% acetone. The optical density was
determined at 663&645 using 80% acetone solvent as blank
in a spectro photometer.
Total Chlorophylls = (0.D 645 × 20.2) + (0.D 663 × 8.02)
V/1000× W
Chlorophyll a = (0.D 663 × 12.7) -- (0.D 645 × 2.69)
V/1000× W
Chlorophyll b = (0.D 645 × 22.9) -- (0.D 663 × 4.68)
V/1000× W
Assay of Lipid Peroxidation:
Lipid peroxidaion in roots of 8 days old Flax seedlings were
determined by estimating the melondialdehyde content
according to the method of Stewart & Bewley 1980.

0.2 gram of root samples was homogenized in 5 ml of
double distilled water. An equal volume of 0.5%
Thiobarbituric acid (TBA) in 20% Trichloroacetic acid
solution was added and the sample incubated at 95°C for 32
minutes. The reaction was stopped by putting the reaction
tubes in the ice bath. The samples were then centrifuged at
18,000 rpm for 32 minutes. The supernatant removed,
absorption was read at 532 nm, and the amount of
nonspecific absorption was read at 600 nm and subtracted
from this value. The amount of MDA present calculated
from the extinction coefficient of 155 mM-1cm-1.Enzyme
activity and MDA content of samples were recorded in
triplication, and expressed as nM/gr.fr.wt.
MDA (nM gr-1fr.wt.) = [(A532 – A600) × V× 1000/ ε] × W.
Where ε is the specific extinction coefficient(155mM Cm1), V is the volume of crushing medium, W is the fresh
weight of root , A600 is the absorbance at 600 nm wave
length and A532 is the absorbance at 532 nm wave length.

2. Results and Discussion
Al toxicity causes significant changes in Flax seedling
growth. Young seedlings are more susceptible than older
plants. Normally the root is most affected by Al toxicity as a
result root elongation is considered to be the most sensitive
parameter in a short period of time. Aluminum does not
interfere with seed germination but does impair the growth
of new roots and seedling establishment (Nosko et al.,
1988).

Figure 1: Effect of Al on in vitro Flax seedlings. (5th day).
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Figure 1(a): Effect of Al on in vitro Flax seedlings. (7th day).

Figure 1(b): Effect of Al on in vitro Flax seedlings. (8th day)
Table 1: Effect of Al on root length, shoot length, fresh
weight and dry weight, RGI and % Phytotoxicity of in vitro
Flax seedlings

Al conc.
(in mM)
0
1.5mM
3.5mM
5.5mM
7.5mM
9.5mM

Root
Shoot
Fresh
Dry
length length (in weight weight
(in cm)
cm)
(in mg) (in mg)
3.2
5.1
4.52
2.87
2.6
4.9
3.41
2.12
2.0
3.8
3.05
2.02
1.2
3.0
2.14
1.37
0.8
2.7
1.72
0.87
0.2
1.8
1.26
0.42

RGI
%
% Phytotoxicity

100
73.86
70.38
47.73
30.31
14.63

growth and as observed by Pettersson and Strid (1989) in
(Wheat). The inhibition of root elongation was the first
visible symptom of Al toxicity and the effect on shoot was
the delayed and indirect response to Al+3 toxicity.(Fageria
1985; Narayana and Syamala 1989).

0
18.75
37.50
62.50
75.00
93.75

Fig 1a, 1b, 1c, 2 and Table 1, shows that increasing the
concentrations of Aluminum from 1.5mm to 9.5mM
progressively decreased root growth and reduction in shoot
length was also observed. At higher concentrations of
Aluminum the root growth was more affected than the shoot
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Chlorophyll content
Fig No 2b and Table No 2 shows chlorophyll a, chlorophyll
b and the total chlorophyll contents as affected by
Aluminum. Chl a, Chl b and total chlorophyll content and
ratio were decreased significantly with increasing Al
concentrations. The maximum decrease of chlorophyll
content was observed at 9.5mM Al. which indicates that Al
inhibits chlorophyll biosynthetic path way enzymes such as
δamino
levulinic
acid
dehydrogenase
and
protochlorophyllide reductase.

Figure 2: Shoot length and Root length decreased with
increase in Al concentration in Flax seedlings.
% Phytotoxicity :
The effect of Al on % phytotoxicity and RGI of Flax
seedlings is depicted in Fig no 2 and Table no 1. In 8th day
old seedlings % phytotoxicity showed a linear decrease with
increase in Al treatment. The recorded % phytotoxicity was
18.75% at 1.5mM of Al treatment and significantly
\increased to 93.75% at 9.5mM. Similar trend in
%phytotoxicity as a result of Al treatment was observed in
Wheat seedlings (Saritha et al., 2016).

These results indicate that there were significant decreases
in compared with the control seedlings. The decline in total
chlorophyll content and the growth inhibition can be
regarded as general responses associated with the Al
toxicity. (Rout et al.,2001; Artetxe et al.,2002; Rout and
Das, 2003). Similar results were observed by Sarkunan et
al.,1984, Fageria et al., 1988.
Table 2: Chl a, Chl b, total chlorophyll content and
chlorophyll a/b ratio of Al treated Flax seedlings
Flax
Chl a
Chl b
Chl (a+b) Chl(a/b)
3.34
2.01
5.35
1.66
2.79
1.87
4.66
1.49
2.12
1.56
3.68
1.35
1.79
1.25
3.04
1.43
1.36
1.04
2.40
1.30
0.91
0.57
1.48
1.59

RGI:
The RGI was calculated from the dry weight of roots and
shoots of Flax seedlings is depicted in Table no 1 and Fig
No 2a. The RGI of roots and shoots of Flax seedlings
decreased with increasing Al treatment. At 1.5mM the RGI
was 73.86% at 9.5mM the RGI was 14.63% (85.37%
reduction). Similar results were obtained for Zn and Ni
treated pigeon pea cultivars (Sresty et al., 2000). In the
present study dry matter content significantly decreased in
response to higher Al concentrations. In contrast increasing
Al concentrations increased % phytotoxicity in Flax
seedlings (Fig No: 2a).

Figure 2b: Total chlorophyll content and chlorophyll a/b
ratio decreased with increase in Al concentration in Flax
seedlings

Figure 2(a): Relative Growth Index (RGI) decreased with
increase in % Phytotoxicity in Flax seedlings (in vitro)

Lipid Peroxidation
Fig No: 2c and Table No 3 demonstrates that Al treatment
resulted in a significant increase in MDA content as an
indicator of lipid peroxidation .This indicates that Al
induced oxidative damage as linked to lipid peroxidation in
Flax roots. The metal induced lipid peroxidation is mostly
attributed to increased production of ROS( reactive oxygen
species) especially OH radicals in plant systems (Halliwell
and Gutteridge, 1984). Malondialdehyde is considered to be
the general indicator of lipid peroxidation, which can be
started by the redox –active metal ions themselves. This
phenomenon can be imitated by the iron containg enzyme
lipoxygenase (Thompson et al., 1987). This membrane bond

Volume 5 Issue 8, August 2016
www.ijsr.net

Licensed Under Creative Commons Attribution CC BY
Paper ID: ART20161248

1529

International Journal of Science and Research (IJSR)
ISSN (Online): 2319-7064
Index Copernicus Value (2013): 6.14 | Impact Factor (2015): 6.391
enzyme, which is known to produce pre radicals, may be
responsible for increase in MDA level on Cd treatment
(Somashekaraiah et al., 1992).
Our results indicate that excess Al induced oxidative
damage, as is evident from increased lipid peroxidation in
roots of Flax seedlings. Similar results were observed in
other plants for various heavy metals (Lin and Koo, 2001;
Wang at el., 2004). Increasing lipid peroxidation suggests an
Al mediated membrane disruption in plant cells (Wang et
al., 2004). Yamamoto et al., (2001) have shown that
peroxidation of lipids is a relatively early event following Al
exposure. Malondialdehyde is considered to be the general
indicator of lipid peroxidation.
Table 3: Effect of Al on Root lipid peroxidation of Flax
Seedlings
Metal conc. (in Mm)
0
1.5mM
3.5mM
5.5mM
7.5mM
9.5mM

Flax Root Lipid peroxidation
1.026
1.248
1.271
1.187
1.992
2.062

Figure 2 (c): Total chlorophyll content decreased with
increase in Lipid peroxidation in Flax seedlings

3. Conclusions
The results demonstrated that the Flax seedlings were very
sensitive to Al application in vitro. Al induced reduction of
root growth, shoot growth, chlorophyll content and
enhancement of lipid peroxidation in Flax seedlings could
be observed. However, germination rates of seeds were not
affected, but delayed with Al treatment. All these factors
contributed to the inhibition of plant growth and could affect
these important crop plants. It is thus necessary to
understand heavy metals stress induced response in these
highly valued edible plants to ensure a huge quality product
for the consumer.

4. Acknowledgements
Author is grateful to Dr .P.Surekha Rani, USA.

Reference
[1] Arnon D I 1949 Copper enzymes in isolated chloroplasts :
Polyphenoxidase in Beta vulgaris ; Plant Physiol 24 : 1-15.
[2] Barcelo J and Poschenrieder C, Vazques MD,Gunse B.
1996 Aluminum phytotoxicity: a hallenge for plant
scientists. Fertilizer Research 43, 217-223
[3] Barcelo J and Poschenrieder C. Fast root growth
responses, root exudates and internal detoxification as
clues to the mechanism of aluminum toxicity and
resistance : a review. Environ Exp Bot. 48 : 75-92, 2002.
[4] Benavides, M.P.; Gallego, S.M.; Tomaro, M.L. and
Braz, J. (2005). Cadmium toxicity in plants. Plant Physiol.
17 (1).
[5] Barber, S.A. (1984). Soil Nutrient Bioavailability. John
Wiley and Sons, NY.
[6] Baligar V.C., Wright R.J., Fageria N.K., Foy C.D.,
Differential responses of forage legumes to aluminium,J.
Plant Nutr. 11 (1988) 549–561.
[7] C. D. Foy, R. L. Chaney, M. C. White., Annu. Rev. Plant
Physiol. 29: 511,1978.
[8] Carver, B.F., and J.D. Ownby. 1995. Acid Soil
Tolerance in Wheat. Advances in Agronomy 54:117-173.
[9] Dietz, K.J.; Baier, M. and Kramer, U. (1999). Free
radicals and reactive oxygen species as mediators of heavy
metal toxicity in plants. In: Prasad, MNV and
Hagemeyer, J. (Eds.). Heavy Metal Stress in Plants: from
Molecules to Ecosystems. Berlin Springer-Verlag. pp:7397.
[10] Foy, C.D., Physiological effects of hydrogen, aluminum,
and manganese toxicities in acid soil. In: Soil Acidity and
Liming. Adams, F.(ed.). American Society of Agronomy,
Inc.,Madison, WI. pp. 57-97, 1984.
[11] Fageria, N.K. 1985. Influence of aluminium in nutrient
solution on chemical composition in two rice cultivars of
different growth stages. Plant Soil 85: 423-429.
[12] Gunse, B., Poschenrieder, C.H. and Barcelo, J. (1997)
water transport properties of roots and root cortical cells in
proton and Al-stressed Maize varieties. Plant physiol . 113
: 595-602.
[13] Horst W J, Asher C J, Cakmak I, Szwkiewica P and
Wissemeier A H 1997 Short-term response of soybean
roots to aluminum; J Plant Physiol 140 : 174-178.
[14] Hall, J.L. (2002). Cellular mechanisims for heavy
detoxification and tolerance. J. of Exper. Bot. 53 (366) : 111.
[15] Hammerschmidt R, Nuckles E M and Kuc J 1982
Association of enhanced peroxidase activity with induced
systemic resistance of cucumber to Collectotrechum
Iagunarum ; Physiol Mol plant pathol 20 : 73-82.
[16] Iskandar, I.K. and Adriano, D.C. (1997). Remediation of
soils contaminated with metals. In: Remediation of Soils
Contaminated with Metals. Iskandar, A. and Adriano,
D.C. (eds.). Sci. Reviews, Northwood, UK. pp:1-16.
[17] J.W. Pan, D. Ye, L.L. Wang, J. Hua, G.F. Hua,W.H.
Pan, N. Han, M.Y. Zhu. Root border cell development is

a temperature-insensitive and Al-sensitive process in
barley. Plant Cell Physiol. 45:751–760, 2004.
[18] Jayasundara, H.P.S., B.D. Thomson, and C.Tang.,
Responses of cool season grain legumes to soil biotic
stresses. Advances in Agronomy 63:77-151, 1998.
[19] Kochian, L.V.(1995) Cellular mechanism of aluminum
toxicity and resistance in plants. Annu.Rev. Plant
Physiol. Mol. Biol. 46 : 237-260.

Volume 5 Issue 8, August 2016
www.ijsr.net

Licensed Under Creative Commons Attribution CC BY
Paper ID: ART20161248

1530

International Journal of Science and Research (IJSR)
ISSN (Online): 2319-7064
Index Copernicus Value (2013): 6.14 | Impact Factor (2015): 6.391
[20] Kuo M C and kao C H 2003 Aluminum effects on
lipid peroxidation and antioxidative enzymes activities
in rice leaves ; Biol Plant 46 : 149-152.
[21] Krupa, Z.; Oquist, G. and Huner, N. P. A. (1993).
The effects of cadmium on photosynthesis of Phaseolus
vulgaris a fluorescence analysis. Physiol. Plant, 88:626630.
[22] Lee T M and. Lin Y H 1995 Changes in soluble and
cell wall bound peroxidase activities with growth in
anoxia treated rice (Oryza sativa I.) coleoptiles and
roots; Plant Sci 106 : 1-7.
[23] Lin C C and Kao C H 2001 Cell wall peroxidase
activity , hydrogen peroxide level and Nacl-inhibited
root growth of rice seedlings ; Plant Soil 237 : 265-275.
[24] Malathi N, Indira P Sarethy and Kailash paliwal
2000 Effects of aluminum on hydroponically grown
Acacia nilotica seedlings: J Plant Biol 28 : 105-109.
[25] Matsumoto, H.F., S. Mori Mura and E. Hirasawa,
1979. Localization of absorbed aluminium in plant
tissues and its toxicity studies in the inhibition of pea
root elongation. pp : 171-194. In Kudrev et al., (eds),
Mineral nutrition of plants. Vol.I.Proc. First Int.Symo.
On
plant
nutrition,
Varna,Bulgaria,Sulgarian
Acad.Sci.Inst. Plant Physiol. Sofia, Bulgaria.
[26] Meredith, C.P.; Conner, A.J. and Schettini, T.M.
(1988). The use of cell selection to obtain novel plant
genotypes resistant to mineral stresses. Iowa St. J. of
Res., 62 :523 535.
[27] Murashige, T. and Skoog, F. (1962). A revised
medium for rapid growth and bioassays with Tobacco
tissue culture. Physiol. Plant, 15 : 473-497.
[28] Nosko P., Brassard P., Kramer J.R., Kershaw K.A.,
The effect of aluminium on seed germination and early
seedling establishment growth and respiration of white
spruce (Picea glauca), Can. J. Bot. 66 (1988)2305–
2310.
[29] Panda S K, Singha L B and Khan M H 2003 Does
aluminum phytotoxicity induce oxidative stress in green
gram (Vigna radiate)? Bulg J Plant Physiol 29 : 77-86.
[30] Peixoto P H P, Cambrain J, Anna R S, Mosquim P R
and Moreira M A 1999 Aluminum effects on lipid
peroxidation and on the activities of enzymes of
oxidative metabolism in sorghum ; Braz J Plant Physiol
11 : 137-145.
[31] Pavan , M .Aand F.T. Bingham 1982 Aluminium
toxicity in coffee trees cultivated in nutrient
solution.Pesq. Agropecu. Brass., 17(9) : 1293-1302.
[32] Pereira, L .B., L.A. Tabaldi, J.F. Goncalves. G.O.
Juckeoski, M.M. pauletto, S.N. Weis, F.T. Nicoloso,
D. Bocher, J.B.T.Rocha and M.R.C.Schetinger,
2006. Effect of aluminium on α-aminolevulinic acid
dehydratase (ALA-D) and the development of
cucumber (Cucumis sativus). Environ Exp Bot 57 : 106115.
[33] Purohit, S.S. (2003). Laboratory Manual of Plant
Biotechnology. Agro. India, pp.24-29.
[34] Pettersson, S. and H. Strid. 1989. Aluminium toxicity
in two cultivars of wheat (Triticum aestivum L.) with
different sensitivity to Al as affected by the level of
nutrient supply. Swedish J. Agril. Res. 19 (4) :189-191.
[35] Rout, G., S. Samantaray, and P. Das. 2001.
Aluminium toxicity in plants: A review. Agronomie
21:3–21.

[36] Ryan P. R. and Kochian L.V. Interaction between
aluminum toxicity and calcium uptake at the root apex
in near isogenic lines of wheat (Triticumaestivum L)
differing in aluminum tolerance. Plant Physiol. 102 :
975-982, 1993.
[37] Sresty T V S and Madhava Rao K V 2000, Organ
compartmentation of Zn and Ni in Pigeonpea seedlings
in relations to cultivar tolerance. J.Plant Nutrition
23(10) 1421-1434.
[38] Somashekaraiah, B.V., K. Padmaja and A.R.K.
Prasad: phytotoxicity of cadmium ions on generating
seedlings of mung bean (Phaseolus vulgaris):
Involvement of lipid peroxides in chlorophyll
degradation. physiologia plantarum. 85, 85-89(1992).
[39] Sarkunan, V., C.C. Biddappa and S.K. Nayak, 1984.
Physiology of Al toxicity in rice. Curr.Sci., 53(15) :
822-824.
[40] Stefano, P. and Edoardo, G. (2003). Heavy metal
tolerance in in vitro propagated Ailanthus altissima
Swingle.
Internet,
http://www.bo.ibmet.cnr.it/index.php?id=298
(Abstract).
[41] Salt DE, Blaylock M, Kumar PBAN, Dushenkov V,
Ensley BD,Chet I, Raskin I (1995) Phytoremediation:
a nove1 strategy for the removal of toxic metals from
the environment using plants.Biotechnology 13: 468474
[42] Salt DE, Rauser WE (1995) MgATP-dependent
transport of phytochelatins across the tonoplast of oat
roots. Plant Physiol 107:1293-1301
[43] Thompson, J.E., R.L. Legge and R.F. Barber : The
role of free radicals in senescence and wounding. New
Phytologist, 105, 317-344 (1987)
[44] Tamas L, Budikova S, Mistrik I, Simonovicova M
and Siroka B 2005 Aluminum-induced cell death of
barley-root border cells is correlated with peroxidaseand oxalate oxidase-mediated hydrogen peroxide
production; Plant Cell Rep 24 : 189-194.
[45] Taylor, G.J., The physiology of aluminum
phytotoxicity. In: Metal ions in biological systems:
Aluminum and its rule in biology, Sigel, H., and A.
Sigel (eds.). Vol .24:123-163, Marcel Dekker, New
York. 1988.
[46] Thornton, F.C., Schaedle, M. & Raynal, D.L. (1986)
Effect of aluminum on the growth of sugarmaple in
solution culture. Can. J. for. Res. 16 : 892-896.
[47] Takabatake , R and Shimmen, T. (1997) Inhibition of
electrogensis by aluminum in characean cells. Plant
Cell Physio. 38 : 1264-1271.
[48] Yamamoto Y, Kobayashi Y and Matsumoto H 2001
Lipid peroxidation is an early symptom triggered by
aluminium, but not the primary cause of elongation
inhibition in pea roots; Plant Physiol 125 : 199-208.
[49] Yamamoto Y, Kobayashi Y, Devi SR, Rikiishi S and
Matsumoto H. Oxidative stress triggered by aluminum
in plant roots. Plant Soil. 255 : 239-243,2003.

Volume 5 Issue 8, August 2016
www.ijsr.net

Licensed Under Creative Commons Attribution CC BY
Paper ID: ART20161248

1531

