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Effect of aluminum and chromium on the germination and growth of
two Vigna species
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ABSTRACT: The study deals with the effect of metal toxicity (aluminum, chromium and combination of both the
metals) on seed germination, root length, shoot length, seedling length and dry biomass of Vigna radiata and V. sinensis.
Chromium adversely affected the seedling by significantly reducing the growth whereas aluminum did not show such
effect in both the species. Percentage of germination was good in both the species at different concentration of
treatment (aluminum, chromium and combined treatment). Shoot length was also not much affected in V. sinensis as it
was greatly inhibited in V. radiata. Both the species showed the purpling of stem. Dry biomass of V. radiata showed
positive effect than V. sinensis. However, dry biomass decreased to a lesser extent when treated with aluminum,

chromium and combined treatment as compared to control.
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INTRODUCTION

The mutual interaction of metals is very important for
plant growth and development and to determine the
availability of metal ions under different soil conditions,
such as pH. Soil chemical factors that limit root growth
in acid soil diminish crop production; include aluminum,
chromium, manganese and various cations and also
deficiency and unavailability of Ca, Mg, P, Mo and Si.
These effects are further complicated by the interaction
of Al with other ions in different plant genotypes and
under stress conditions (Foy, 1992). Cytotoxicity of
aluminum has been well documented in plants (Delhaize
and Ryan, 1995; Horst et al., 1999; Kollmeier etal., 2000;
Marienfeld et al., 2000). Itis generally known that plants
grown in acid soils due to aluminum solubility at low pH
have reduced the root system and exhibit a variety of
nutrient deficiency symptoms, with a consequence of
decrease in yield. Aluminum toxicity is an intensively
studied agricultural problem in countries having acid
soils which constitute about 40% of world arable soils
(LeNoble, 1996). Neogy et al., (2002) have found that
aluminium toxicity is a major deterrent for plant growth
in acid soils below pH 5.0. Ranaand Aery (1999) studied
the effect of aluminium in mustard, cowpea and wheat.
Seed germination, early seedling growth and chlorophyll
contents showed a decrease while soluble leaf protein
and total phenol contents of test plants showed an

increase over the control. Joshi et al., (1999) raised
Vigna unguiculata plants in pots filled with sandy loam
soil and treated with 0, 1, 2,4 and 6 g Cr (V1) /gm of soil.
In general, shoot length, root length, leaf area, fresh and
dry mass of leaves, shoot and roots increased in 1 ppm
Cr (V1) treated plant and decreased thereafter upto 6
ppm Cr (VI). Subramani et al., (1997) studied the impact
of fertilizer factory effluent on morphometrical and
biochemical changes of V. unguiculata. The effluents
from many industries are either transported to canal/
river through surface drains or allowed to spread near
agricultural land. According toa rough estimate, 9000
million gallons of wastewater are daily discharged into
water bodies from industrial sector (Saleemi 1993).

The farmers often use these effluents as a source of
irrigation when there is a shortage of water. The heavy
metals like aluminum, cadmium, chromium, copper,
manganese, nickel and zinc in industrial effluents tend
to accumulate in the soil. In addition to the soil
contamination, a significant toxic chemical can be taken
up by the crop and enters the food chain (Pescod and
Alkaska, 1985). The present study was aimed at
assessing the effect of aluminum and chromium
individually and in combined together on seed
germination and seedling growth of Vigna radiata and
V. sinensis.
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MATERIALS AND METHODS

The seeds of Vigna radiata and Vigna sinensis were
surface sterilized with a dilute solution of sodium-hypo-
chloride (1.2 %). Aluminum was applied asaluminum
nitrate Al (NO,), while chromium was used as potassium
dichromate K,Cr,O.- The concentrations were 40, 80,
120 and 160 ppm while control was without aluminum
and chromium. Fifteen seeds were placed in each petri
plates. Seeds were germinated in the dark in petri dishes
with 3 mL aluminum and chromium solution applied
singly and in combined form. The seeds were
considered germinated with the emergence of radicles.
The germinated seeds were then transferred to 10/14
hour day and night period, respectively with
temperature regime of 31+2 °C. The average relative
humidity was 75% as recorded by Sling psychrometer
in the laboratory. All the growth experiments were
provided with 160-watt light. Root, shoot and
seedling length of three of the tallest seedlings were
measured after 10 days and their dry weight recorded
after drying in an oven at 80 °C for 24 hours. Data
were analyzed statistically by ANOVA and Duncan’s
multiple range tests (Sokal and Rohlf , 1995).

RESULTS

Heavy metals supplied did not affect the percentage
of germination of both Vigna species. Seeds of both
the species germinated within few days showing 100
% germination (Tables 1-6). Root length of V. radiata
treated with aluminum solution was not inhibited
whereas seeds treated with chromium and combined
treatment showed inhibition as compared with
control. In aluminum treatment, length of the root
increased as concentration increased whereas, in

chromium and combined treatment, length of root
decreased as concentration increased. Overall,
chromium showed greater effect than combined
treatment and aluminum. The concentration of
aluminum applied to V. sinensis seedling showed
reduction in root length with increase in
concentration and the root length stunted as
compared with control. Similar effect was found in
chromium and combined treatment as shown in
Tables 5 and 6. As the concentration was increased,
the length of root decreased. Not much effect of
heavy metals was found on shoot growth. Similar
case was found in chromium and combined treatment
but the length was not much promoted by chromium
as it was enhanced by aluminium at all
concentrations. In V. radiata, aluminum treatment
showed better growth than chromium and combined
treatment whereas the growth was greatly decreased
as compared with control. Seedling length of both
the species was not much affected by aluminum
treatment as compared to control; it decreased with
increasing concentration of metal. However,
chromium inhibited the seedling length. In combined
treatment the seedling length was affected as
compared to control but there was reduction in
length at all concentrations (Tables 1-6). Only
aluminum showed overall enhanced effect whereas
chromium and combined treatment showed
inhibitory effect which was more pronounced in
chromium. From the data it has been found that there
was little effect of aluminum and chromium on dry
weight of plants. Dry weights were increased with
the increase in concentration at all given treatments
but the growth was mostly promoted in aluminium
treatment in V. radiate (Tables 1-6).

Table 1: Effects of aluminum on germination and growth of Vigna radiata

T Conc. Germination Root Length Shoot Length Seedling Length Dry Biomass
reatments -
(ppm) % (cm) (cm) (cm) (mg)
Control 00 100+0a 9.67+2.25a 8.23+1.68ab 17.90+1.23ab 13.0+0.0a
40 100+0a 10.584+0.27a 8.67+0.27b 19.26+1.40ab 17.3+1.3a
Al 80 96+3a 13.32+1.34a 8.45+1.34ab 21.77+1.55b 15.0+1.0a
120 100+ Oa 11.72+1.53a 6.32+1.53ab 18.04+1.82ab 15.3+2.3a
160 100+0a 11.12+0.49a 5.16+0.49a 16.28+0.35a 17.3+1.3a

Statistical analysis determined by ANOVA. Figs. followed by the same letters in the same column are not significantly different

at P<0.05 (Duncan Multiple Range Test).
+ Standard Error
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Table 2: Effects of chromium on germination and growth of Vigna radiata

Conc.  Germination Root length Shoot length Seedling length Dry biomass
Treatments n
(ppm) % (cm) (cm) (cm) (mg)
Control 00 100+0a 9.67+2.25b 8.23+1.68b 17.90+1.23c 13.0+0.0ab
40 100+0a 9.460.77b 3.43+0.48a 12.89+0.81b 12.0+1.0ab
Chromium 80 96+3a 5.96+1.17ab 3.42+0.66a 8.71+1.85a 15.3+3.9ab
(Cn) 120 100 +0a 4.91+0.59a 2.98+0.09a 7.9£0.50a 16.3+2.0b
160 100 +0a 3.64+0.91a 3.10+0.32a 6.75£0.70a 8.7£1.3a

Statistical analysis determined by ANOVA. Figs. followed by the same letters in the same column are not
significantly different P<0.05 (Duncan Multiple Range Test).

+ Standard Error

Table 3: Effects of combined treatment of aluminum and chromium on germination and growth of Vigna radiata

T Conc. Germination Root length  Shoot length  Seedling length Dry biomass
reatments 9
(ppm) % (cm) (cm) (cm) (mg)
Control 00 100+0a 9.67+2.25a 8.23+1.68b 17.90+1.23b 13.0£0.0a
Equall 40 100+0a 8.63+1.63a 3.87+0.49a 12.50+2.01a 12.7£3.3a
Co(r]nbin)é d 80 100 +0a 5.45+0.54a 8.52+0.50b 13.97+1.05ab 15.0+1.0a
(Al +Cr) 120 100 +0a 8.39+1.03a 4.15+0.45a 12.55+1.42a 16.3+3.3a
160 100+0a 7.24+1.13a 2.94+0.14a 10.18+1.10a 14.0£1.0a

Statistical analysis determined by ANOVA. Figs. followed by the same letters in the same column are not
significantly different P<0.05 (Duncan Multiple Range Test).

+ Standard Error

Table 4: Effects of aluminum on germination and growth of Vigna sinensis

Conc. Germination Root length Shoot length Seedling length  Dry biomass
Treatments 5
(ppm) % (cm) (cm) (cm) (mg)
Control 00 100+0a 9.55+0.55a 7.69+2.70a 17.25+2.69a 128.0+65.0a
40 100+0a 8.75+2.03a 13.09+2.13b 15.67+12.40a 117.0+13.0a
Al 80 100+0a 7.48+2.55a 12.85+2.16b 20.34+3.82a 116.045.7a
120 100+0a 7.55+3.08a 11.54+0.85b 19.12+3.87a 120.0+12.3a
160 100+0a 6.48+2.35a 11.57+1.85b 14.18+45.01a 115.0+21.0a

Statistical analysis determined by ANOVA. Figs. followed by the same letters in the same column are not
significantly different P<0.05 (Duncan Multiple Range Test).

+ Standard Error

Table 5: Effects of chromium on germination and growth of Vigna sinensis

Conc. Germination Root length Shoot length  Seedling length Dry biomass
Treatments 0
(ppm) % (cm) (cm) (cm) (mg)
Control 00 100+0a 9.55+0.55d 7.69+2.70ab 17.25+2.69c¢ 128.0+64.0a
40 100+0a 4,94+0.55¢ 8.67+0.55ab 13.61+0.79b 118.0+4.3a
cr 80 100+0a 3.95+1.37bc 7.03+1.37ab 10.98+2.24ab 122.0+12.0a
120 100+0a 2.47+0.88ab 6.31+0.88a 8.78+1.76a 122.0+11.0a
160 100+0a 2+0.14a 9.62+0.14b 11.63+0.42ab 123.045.7a

Statistical analysis determined by ANOVA. Figs. followed by the same letters in the same column are not

significantly different P<0.05 (Duncan Multiple Range Test).

+ Standard Error
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Table 6: Effects of combined treatment of aluminum and chromium on germination and growth of Vigna sinensis

Conc. Germination Root length Shoot length Seedling length Dry biomass
Treatments 7
(ppm) % (cm) (cm) (cm) (mg)
Control 00 100+0a 9.55+0.55¢ 7.69+2.70a 17.25+2.69b 128.0+64.0a
Equall 40 100+0a 5.93+1.50b 8.69+1.34a 14.66+2.61ab 118.0+6.9a
Co?#bin)é d 80 100+0a 2.63+1.19a 6.97+2.97a 9.60+4.09a 96.0+18.5a
(Al +Cr) 120 100+0a 3.14+1.44a 8.66+0.53a 11.80+0.97a 133.0+13.6a
160 100+0a 3.26+1.02a 6.8412.77a 10.11+1.80a 110.0+2.3a

Statistical analysis determined by ANOVA. Figs. followed by the same letters in the same column are not

significantly different (Duncan Multiple Range Test).
+ Standard Error

DISCUSSION AND CONCLUSION
According to the effects of aluminum and chromium
. » 1.0, V. radiata and V. sinensis; both of these
crops showed no such effect on germination. The seeds
of both the species germinated 100% within few days.
After the exposure of these germinated seeds for 10
days to aluminum and chromium singly and in
combination, inhibition symptoms and promotive effect
were seen. Growth of root was completely inhibited in
V. sinensis and promoted in V. radiate. This is in
conformity with the observation of Foy et al., (1978).
Asp et al., (1988) found that the growth of shoot and
seedlings was mostly enhanced in all the species
except in wheat seedlings at aluminum exposure. It
means that aluminum was most promotive at low
concentration but showed adverse effects at high
concentration. Routetal., (2001) found that aluminum
did not affect the seed germination but helped in new
root development and seedling establishment. Neogy
et al., (2000) found that aluminum toxicity was major
deterrent for plants growth in acid soils. They studied
the effect of aluminum toxicity on growth of V. radiata
seedlings. Seeds germination declined with increased
metal content while low dosage promoted germination.
Aluminum is not regarded as an essential nutrient, but
low concentration can sometime increases plant growth
in some of the cases Jamal et al., 2006). Aniol, (1984)
showed that net root elongation in both tolerant and
sensitive cultivars of wheat could be improved by pre
incubating roots in solution with lower aluminium
levels. Parker, (1995) demonstrated that the roots of
wheat cultivars that differ in aluminum tolerance
acclimatized quiet quickly after an initial severe decline
in root elongation, which lasted from one to several
hours after exposure to aluminum. The effect of
chromium on both species showed inhibitory effect.
Bishoni, (1993) reported that chromium V1 supplied, as
potassium dichromate did not affect the percentage
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germination but suppressed the growth of radical and
plumule, significantly. Its affect was more pronounced
on roots than on the shoots. Hexavalent chromium
was present in soil, air, water and sediments. and it is
the most toxic form of chromium but this chromium
form is converted to non toxic chromium Il form and
this conversion is done by organic matter present in
water and soil. Chromium VI washed down on the soil
from air and then converted to chromium IIl. Thusthe
chromium does not show any toxicity. However, diverse
effect was found in the present experiment because
the seeds were germinated and grown in petri plates
without using any organic matter which could lower
the toxicity by converting chromium V1 to chromium
I11., This resulted in deleterious effect of chromium on
the growth of all plants. V. radiata showed the toxicity
symptoms at all concentration of both aluminium and
chromium. Stem of V. radiata became purple, this means
that both the metals were toxic to V. radiata but didn’t
affect the seed germination. Plants require certain
amount of metal for their normal growth. Sharmaetal.,
(2000) found that the presence of chromium in the
effluent of the tanneries sometimes used by farmers
for irrigation purpose. Low concentration may be
stimulatory to plant growth while higher concentrations
are inhibitory and toxic to plant growth (Sharmaetal.,
2000).

Root showed exposed to heavy metals showed
greater reduction than shoot and seedling. Bishoni et
al., (2003) demonstrated that the translocation of
chromium from roots to shoots was extremely limited
and accumulation of chromium by roots was 100 fold
higher than by shoot as found in pea plant. Chromium
was found more toxic than aluminum because the
magnitude of reduction was high in chromium than
aluminum. Karr, et al., (1984) found that the degree to
which toxicity symptoms are expressed by plants
depends on a number of factors including: amount of



aluminum and other ions present, amount and form of
organic matter and the plant genotype. Both Vigha
spp. showed inhibitory effect on the growth as the
study was conducted in a complete metal solution and
there was no other factor to reduce the toxicity. Hodson
and Wilkins (1991) also found that aluminum might
react with the silicates present in the cell wall to form
aluminoisilicates. Until the metals were present in
bound form, it does not affect the plants and when it
was found in unbound form it reduced the growth of
plant.
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