
Acta Botanica Hungarica 45 (3–4), pp. 315–321, 2003

EFFECTS OF ALUMINIUM ON GERMINATION AND
GROWTH OF TWO DIFFERENT WHEAT CULTIVARS

M. Z. IQBAL and M. SHAFIQ

Department of Botany, University of Karachi
Karachi, 75270, Pakistan; E-mail: mziqbalbotuokpk@yahoo.com, shafiqeco@yahoo.com

(Received 15 November, 2002)

The effects of aluminium on seed germination, shoot, root and dry weight of two wheat
cultivars were studied. The seed germination of Triticum aestivum cv. ‘Faisalabad 85’ and
Triticum aestivum cv. ‘Blue Silver’ was significantly (p < 0.05) affected by different concen-
tration of aluminium as compared to the control. The increase in concentration of alu-
minium at 10 ppm suppressed the root and shoot length in T. aestivum cv. ‘Faisalabad 85’,
whereas the reduction in shoot length was observed for T. aestivum cv. ‘Blue Silver’ at 15
ppm. A significant (p < 0.05) reduction in dry weight of ‘Blue Silver’ was observed at 25 ppm
aluminium.
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INTRODUCTION

Pollution by toxic element is a worldwide problem. These toxic pollutants
are discharge in the air by man-made activities (Nriagu and Pacyna 1988).
Once released into the environment they are not broken down into harmless
components. Mineral nutrients are important for the normal growth of plants.
Presence of unbalanced nutrients in soil can cause disturbance in the uptake of
certain element, which are necessary for the plant growth. There have been
several investigations of aluminium toxicity and tolerance of forest tree spe-
cies (Humphreys and Truman 1964, McCormick and Steiner 1978, Matsumoto
and Hirasawa 1979, Steiner et al. 1980, 1984, Schier 1985, Goransson and Eld-
huset 1987, Taylor 1989). Godbold et al. (1988) had found root elongation in
Picea abies decreased by 63–73% at aluminium concentrations of 0.8 and 1.2
mM. Reductions in growth and root length elongation of different Pinus spe-
cies occurred at aluminium concentration of 3 mM (McCormick and Steiner
1978). The phytotoxicity of a wide variety of metals has been well established
in the literature (Taylor et al. 1991). Aluminium generally has toxic effects on
plant growth (Alam 1981) and has produced adverse effects on the protoplasm
of the cells (Clarkson 1967). It has been observed to cause precipitation of
phosphate inside cell walls thus reducing the transport of phosphorus from
the root to the shoot and causing phosphorus deficiency (Alam 1981).

0236–6495/$ 20.00 © 2003 Akadémiai Kiadó, Budapest



Wheat (Triticum aestivum L.) is recognised as the most ancient crop. The
Egyptians and Mesopotamian grew wheat and today at least half of the
world’s cultivated land is producing cereal grains. Wheat is classified into
market classes by the colour and composition of the grain and plant growing
habitats. Wheat has a relatively broad adaptation, is well adapted to harsh cli-
mates, and will grow well where rice and corn cannot grow. Early growth is fa-
voured by cool and moist conditions, with warmer and drier weather towards
crop maturity. Because of its importance as a basic food staple for much of the
world’s population, extensive breeding programs have been undertaken in
practically every wheat growing country in the world. Breeders continue to in-
troduce new cultivars that are more resistant to diseases, insects, drought and
lodging (Hartmann et al. 1988) and pollution. The concentration of the toxic el-
ements in the environment is increasing through human activities and is af-
fecting the plant growth. The present study was undertaken with a view to
find out the toxic effect of aluminium on seed germination and seedling
growth of two wheat cultivars.

MATERIAL AND METHODS

The healthy seeds of Triticum aestivum L. cv. ‘Faisalabad 85’ and T. aesti-
vum L. cv. ‘Blue Silver’ were obtained from Pakistan Agriculture Research
Council (PARC). The seeds were surface sterilised with dilute bleaching pow-
der (1%) for three minutes to prevent any fungal contamination. The Petri
dishes and filter papers were also sterilised in autoclave to reduce the chances
of fungal contamination. Thereafter, the seeds were washed with distilled wa-
ter and transferred to medium sized Petri dishes (90 × 20 mm) and placed on
filter paper at room temperature (32±2 °C). The seeds were treated with differ-
ent concentrations of aluminium phosphate, 5, 10, 15, 20 and 25 ppm, respec-
tively. In control no treatment was given except distilled water. All the treat-
ments were replicated three times. After six days, the seed germination per-
centage, and maximum root and shoot length were noted. Seedling dry weight
was determined by drying the plant materials in an oven at 80 °C for 24 hours.
Data obtained were statistically analysed by variance analysis and Duncan’s
multiple range test.

RESULTS

The results are presented in Figures 1–2 and Table 1. The response of T.
aestivum cv. ‘Faisalabad 85’ and T. aestivum cv. ‘Blue Silver’ to aluminium tox-
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Fig. 1. Percentage decrease in seed germination, shoot, root and seedling dry weight of A =
Triticum aestivum cv. ‘Faisalabad 85’ and B = Triticum aestivum cv. ‘Blue Silver’ at different

treatments of aluminium as compared to the control



icity in terms of seed germination, maximum shoot, root length and dry weight
were found different as compared to the control. Results of the study indicated
that the inhibitory effect of aluminium treatment appeared as the aluminium
concentration increased, but the actual response depends on the plant
cultivars. A significant (p < 0.05) reduction in seed germination of T. aestivum
cv. ‘Blue Silver’ was observed at 20 ppm aluminium treatment as compared to
the control (Table 1). Similarly, significant (p < 0.05) reduction in seed germi-
nation of T. aestivum cv. ‘Faisalabad 85’ was observed at 25 ppm aluminium
treatment as compared to the control (Table 1). A significant (p < 0.05) reduc-
tion in maximum shoot length of T. aestivum cv. ‘Faisalabad 85’ was found at
15 ppm concentration of aluminium. T. aestivum cv. ‘Blue Silver’ showed high
seed germination, shoot, root length and dry weight in control but toxicity of
aluminium at 25 ppm concentration significantly (p < 0.05) reduced the maxi-
mum shoot and maximum root length in cv. ‘Blue Silver’. A non-significant ef-
fect on dry weight production was observed in T. aestivum cv. ‘Faisalabad 85’,
while T. aestivum cv. ‘Blue Silver’ showed a significant (p < 0.05) reduction at
25 ppm aluminium treatment.

DISCUSSION

Mineral nutrients are very important for the normal growth of plants.
Plants require elements for growth, but excessive amount can leads to toxicity.
The seed germination of both wheat cultivars was found significantly affected
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Table 1
Effects of aluminium on seed germination and seedling growth of two wheat cultivars

Treatment Seed
germination (%)

Root length
(cm)

Shoot length
(cm)

Seedling dry
weight (mg)

+ ++ + ++ + ++ + ++
0 ppm 83.3a 86.6ab 8.2a 3.8ab 8.5ab 6.5ab 37.00a 41.00a
5 83.3a 76.6ab 6.4b 3.5ab 8.2ab 6.5ab 34.30a 39.00a
10 80.0a 70.0ab 6.3b 2.9ab 7.5ab 6.0ab 33.60a 34.00a
15 80.0a 70.0ab 4.4c 2.8ab 6.4bc 4.5ab 33.30a 32.00a
20 76.6a 63.3bb 1.6d 1.7ab 4.8cd 4.0ab 33.00a 30.00a
25 43.3b 26.6cb 1.4d 1.0bb 3.8db 2.2bb 32.60a 09.00b
L.S.D 28.43 16.77b 1.85 2.8b 1.81b 2.9b 18.00 11.00b
Numbers followed by the same letters in the same column are not significantly different,
according to Duncan’s multiple range test. Symbols used: + Triticum aestivum cv.
‘Faisalabad 85’, ++ Triticum aestivum cv. ‘Blue silver’. Least significance difference
(L.S.D) values at p < 0.05 level



by the aluminium treatment. Aluminium treatment up to 15 ppm did not pro-
duce any significant reduction in seed germination of both wheat cultivars.
The toxicity of aluminium to seed germination was found in both wheat
cultivars at 20 ppm and 25 ppm treatment, respectively. Kalimuthu and Siva
(1990) found reduction in seed germination in Zea mays (maize) treated with
heavy metal treatment (lead acetate and mercuric chloride 20, 50, 100 and 200
(µg/ml)). The shoot length of both wheat cultivars showed gradual decrease
with the increase in concentration of aluminium (Fig. 2). Reduction in root and
shoot length in both wheat cultivars might be due to accumulation of alu-
minium. Its toxic effects generally result in an abnormal root development
with short and thick roots (Alam 1981). Schier (1985) found that root-growth
disturbances and damage might be a result of disturbed meristematic growth
patterns. Excessive amount of toxic element usually caused reduction in plant
growth (Prodgers and Inskeep 1991). Exposure to aluminium also results in
the reduction of free magnesium and calcium in plant tissue. It has been
shown in different conifer species that magnesium levels are reduced below
that level critical for tissue survival in plants exposed to aluminium (Godbold
et al. 1988), while calcium uptake was reduced by as much as 90%. It appears
that aluminium probably acts on a number of critical physiological processes
such as reduced percentage of seed germination, root and shoot growth. The
dry matter yield of barley tops and roots decreased at high aluminium-treated
plants while the roots were short, thick and spotted brown in colour (Alam
1981). Aluminium produced a significant effect on biomass production of cv.
‘Blue Silver’, however, non-significant reduction in seedling dry weight of T.
aestivum cv. ‘Faisalabad 85’ was observed, which might be due to its tolerance
to aluminium. The growth rate of root, shoot and formation of lateral root
were found to be retarded with the increase concentration of heavy metals
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Fig. 2. Indices of tolerance for A = Triticum aestivum cv. ‘Faisalabad 85’ and B = Triticum
aestivum cv. ‘Blue Silver’ at different treatments of aluminium



(mercuric chloride, cadmium acetate and zinc sulphate) in ground nut and
gingerly (Renjini and Janardhanan 1989). Plant responses to metals are dose
dependent. Toxicity appears to be the results of several interactions, and there
is clearly no census on the mechanism of aluminium toxicity in higher plants.
Aluminium toxicity has become important due to its constant increase in the
environment. Plants can be used to get initial information on the status of
chemical elements in the environment (Goodman and Roberts 1971). The re-
sults of this study showed that plant species differ in their sensitivity to alu-
minium. T. aestivum cv. ‘Faisalabad 85’ was found resistant to aluminium tox-
icity as compared to T. aestivum cv. ‘Blue Silver’ (Fig. 2). There is a need to carry
out further monitoring of the toxic materials and their impact on plant growth.
The chemical analysis of plant material will be helpful in providing the first in-
dications of the absorbency of aluminium and translocation in different parts
of the plants.

REFERENCES

Alam, S. M. (1981): Effect of Al and Fe on the growth and mineral content of barley. – Pak. J.
Bot. 13(1): 87–94.

Clarkson, D. T. (1967): Interactions between Al and P on root surfaces and cell wall materi-
als. – Plant and Soil 27: 347–356.

Godbold, D. L., Fritz, E. and Hutterman, A. (1988): Aluminium toxicity and forest decline. –
Proc. Natl. Acad. Sci. USA 85: 3888–3892.

Goodman, G. T. & Roberts, T. M. (1971): Plants and soil as indicators of metals in the air. –
Nature 231: 287–292.

Goransson, A. & Eldhuset, T. D. (1987): Effects of aluminium on growth and nutrient up-
take of Betula pendula seedlings. – Physiol. Plant 69: 193–199.

Hartmann, H. T., Kofranek, A. M., Rubatzky, V. E. & Flocker, W. J. (1988): Growth, develop-
ment and utilization of cultivated plants. – Prentice Hall International (UK) Ltd, London,
674 pp.

Humphreys, F. R.& Truman, R. A. (1964): Aluminium and the phosphorus requirements of
Pinus radiata. – Plant and Soil 20: 131–134.

Kalimuthu, K. & Siva, S. R. (1990): Physiological effects of heavy metals on Zea mays
(maize) seedlings. – Indian J. Plant Physiol. 33(3): 242–244.

Matsumoto, H. & Hirasawa, E. (1979): Less involvement of P deficiency in the inhibition of
root elongation of pea seedlings by aluminium. – Soil Sci. Pl. Nutr. 25: 93–101.

McCormick, L. H. & Steiner, K. C. (1978): Variation in aluminium tolerance among six gen-
era of trees. – For. Sci. 24: 565–568.

Nriagu, J. O. & Pacyna, J. M. (1988): Quantitative assessment of world-wide contamination
of air waters and soils by trace metals. – Nature 333: 134–139.

Prodgers, R. A. & Inskeep, W. P. (1991): Heavy metal tolerance of inland salt grass
(Distichlis spicata). – Great Basin Naturalist 5(3): 271–278.

320 IQBAL, M. Z. AND SHAFIQ, M.

Acta Bot. Hung. 45, 2003



Renjini, J. B. M. & Janardhanan, K. (1989): Effect of some heavy metals on seed germination
and early seedlings growth of groundnut, sunflower and gingerly. – Geobios 16:
164–170.

Schier, G. A. (1985): Response of red spruce and balsam fir seedlings to aluminium toxicity
in nutrient solutions. – Can. J. For. Res. 15: 29–33.

Steiner, K. C., McCormick, L. H. & Canavera D. S. (1980): Differential response of paper
birch provenance’s to aluminium in solution culture. – Can. J. For. Res. 10: 25–29.

Steiner, K. C., Barbour, J. R. & McCormick, L. H. (1984): Response of Populous hybrids to
aluminium toxicity. – For. Sci. 30: 404–410.

Taylor, G. J. (1989): Multiple metal stress in Triticum aestivum. Differentiation between ad-
ditive, multiplicative, antagonistic, and synergistic effects. – Can. J. Bot. 67: 2272–2276.

Taylor, G. J., Stadt, K. J. & Dale, M. R. T. (1991): Modelling the phytotoxicity of aluminium,
cadmium, copper, manganese, nickel and zinc using the Weibull frequency distribu-
tion. – Can. J. Bot. 69: 359.

EFFECTS OF ALUMINIUM ON TWO WHEAT CULTIVARS 321

Acta Bot. Hung. 45, 2003


