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Effect of Cadmium, Chromium and Lead on Seed Germination, Early Seedling
Growth and Phenolic Contents of Parkinsonia aculeata L. and
Pennisetum americanum (L.) Schumann

Abstract

introduction

The principal causes of elevated heavy metal concentration
i soils include soil properties, agricultural, manufacturing,
mining and waste disposal practices and the use of sewage
siudge as fertilizer in agricultural fields {Mabar, 1986).
Heavy metal contaminations also occur due to the
wplication of metal containing pesticides and fertilizers on
igricultural land (Bentine and Goldberg, 1977). Heavy
metals like chromium, cadmium, lead and mercury are used
‘iensively in industry (Raihan ef al., 1995). Chromium is

] kather tanning, film and photography equipment and metal
 tleaning.

lead is released in the environment by rnining, smelting,
rfining, lead based products, pesticides, vehicular exhaust
ind burning of coal and industrial rubbish (Dix, 19871},
foadside environment are grossly contaminated with lead
#motor vehicles combusting gasoline containing lead alkyl
tease approximately 80 mg lead per km driven. Cadmium
wits are commercially used as lubricant, as ice nucleating
#ents, in dry cell batteries, in photography, dyeing, calico
printing, electroplating and engraving, and in the
menufacture of special mirrars {Commission of the
wropsan Communities, 1978). Heavy metals are known to
uuse several toxic effects on plants such as inhibition of
ped germination (Igbal er al., 991; igbal ang Siddiqui,
1992; Al-Helal, 1995) reduction of plant growth and yield
bal ez a/., 1981; Mushtaq, 1996} and altering normal
ttabolic pathway including respiration and photosynthesis
 disrupting cellular enzymes (Tomasevic et a/., 1991:;
Wpa et al., 1993).

it species, commercial varieties and cultivars of crop
ints and ecotypes vary widely in their tolerance to
brent metals (Al-Helal, 1995), Though mechanism of
vy matal tolerance in plants has been studied in several
wies yet, no specific mechanism has so far been
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growth were also reduced significantly by Cd, Cr and PbCl,. In both the species root growth was inhibited to a greater
atent than shoot growth. Phenolic contents were substantia

elucidated {Baker and Walker, 1990), Verkleij and Schatt
(1990) in a review concluded that the present knowledge
only permits comprehensive superficial and tentative
mechanisms of heavy metal tolerance in plants, Apparently
there is fittle information available pertaining to the effect
of heavy metals on germination and growth of wild and
crop plants in Pakistan (lgbal et a/, 1991; Igbal and
Siddigui, 1992},

The objective of the present study was to investigate the
effect of cadmium, chromium and lead on germination and
early seedling growth of a crop plant pearl millet
{Pennisetum americanum {L.) Schuman) and a tree species
Farkinsonia aculeata L., and to study the effect of heavy
metal stress on the chosen plants in terms of production of
total phenols, as it is known that toxic chemicals and
various kinds of stresses lead to elevated ievels of phenols
in plants {Reid et af., 1992,

Materials and Methods

Seeds of Pennisetum americanym var. White hegari were
obtained from Cereal Disease Research Institute, Karachi
University Campus, while that of Parkinsonia aculeata were
collected from an oid-field at Karachi University Campus.
The seeds of Parkinsonia aculeata were scarified using sand
paper because of their hard coat.

Different concentrations of lead chloride, cadmium chloride,
chromium chloride and lead nitrate including 25, 50, 100,
200 and 400 Ppm were prepared in deionized distilled
water. Germination was performed in 9 cm diameter
sterilized petri plates having Whatman No. 1. filter paper.
Twenty surface sterilized seeds with 0.1 per cent sodium
hypochloride of Pennisetum americanum and fifteen seeds
of Parkinsonia aculeatai were placed on filter paper in
sterilized petri plates cantaining 5 m! of an aqueous solution
PbCl,, CdCl,, CrCly, and Pb (NO,),, 25, 50, 100, 200 and
400 ppm. All concentrations were based on the proportion
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of heavy metals in the salts. Deionized distilled water was
used for control. The treatments were replicated thrice. The
petri plates were kepl in the laboratory at 26+ 2°C day
temperature and 18= 2°C night temperature light intensity
at the top of petri plates was 2000 lux {14 day length).
gmall amounts of solutions were added when it was
obvious that petri dishes were beginning to dry out.
The rate of germination was recorded daily and it was
considered completed after 8 days when, there was no
chance for further changes. A seed was considered
germinated when the radicle had attained a length of not
less than 1.5 mm {Taylor, 1942). After the completion of
seed germination, root and shoot of all germinated seedlings
were measured, placed in oven at 80"C for 24 hours and
dry weights recorded.
A 50 per cent tolerance level {TL,,) the concentration at
which shoot growth was reduced to 50 per cent ‘was
computed using formula adduced by Davis et a/. (1972).as
follows.
Tl = Cy + UG, - CH{50-PIL/ (P, - P.}
= highest concentration giving less than 50 per
cent growth reduction, C, = lowsest concentration giving
more than 5O per cent growth reduction, P, = percentage
growth at C, and P, = percentage growth at C,.
The phenolic contents of entire seedlings were measured
using Folin-Ciocalteu reagent {1:1) by the method of Swain
and Hills {1959) after preparing the extract in 1N HCI. The
data sets were subjected to factorial analysis of variance.
All percentage data wers transformed using an arcsine
function before analysis (Steel and Torrie, 1980). Programs
FANOVA (factorial analysis of variance), TRANS (data
transformation) and TOLR (TLy,} were written in GWBASIC
for microcomputers by the first author and are available on
reguest.

where C,

Results

Germination:

Effect of lead chloride and lead nitrate on seed germination
of Pennisetum americanim: Lead chioride caused greater
reduction in germination of Pennisetum than did lead nitrate
lp<0.05) (Fig.- 1a/b). Germination was  inhibited
significantly by lead chloride at 100 ppm onwards and there
was no significant inhibition at lower concentration i.e., at
25 ppm and 50 ppm. On the other hand, lead nitrate
significantly affected seed germination only at 200 and 40

ppm (p<0.01).

Effect of chromium chloride on seed germination of
Pennisatum americanum: Chromium chloride showed
marked toxicity and significantly inhibited seed germination
of Pennisetum at all concentrations over the control
{p<0.001). Germination was completely inhibited at 400
ppm {Fig. 1c}. The inhibitory effect of chromium chloride
on germination was significantly greater than that of iead
chloride and lead nitrate {p<0.001}.

Effect of cadmium chloride on seed germination of
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Pennisetum americanum. Cadmium chloride had mar}
drastic effect on seed germination of Pennisetum than
chromium and lead. There was significant inhibition at 25
pm onwards, while at 200 ppm and 400 ppm o™
germination was observed (Fig. 1d).

Effect of lead chloride and lead nitrate on seed germinatios,
of Parkinsonia aculeata: Parkinsonia aculeata exhibited
some degree of tolerance to jead nitrate and chlorids
compared to Pennisetumn americanum {Fig. 2a, b). Lead}
chloride delayed and inhibited seed germination significant '
{p<0.05} at 50 ppm onwards over the control, while loay
nitrate affected the rate of germination though the find
percentages remained unaffected. '

Effect of chromium chloride on seed germination o
Parkinsoni aculeata: Chromium chloride inhibited ses
germination more adversely than lead chloride or nitrate
Germination was significantly inhibited by chromi
chloride at concentrations of 50 ppm and more {p<0.04
(Fig. 2¢c). ;

Effect of cadmium chloride on seed germination o
Parinsonia aculeata: Cadmium significantly inhibited senl
germination of parkinsonia at concentration of 200 ppma
400 ppm (p< 0.01). Parkinsonia exhibited greater tolerand
to cadmium chloride compared to chromium chloride {Fig
2d). Parkinsonia exhibited marked tolerance to cadmiu

with regard to germination, compared to Pennisetum. |

Seedling growth
Effect of lead chloride and nitrate on seedling growth ¢
parkinsonia and Pennisefum: Lead chloride adversa
affected seedling growth of both Pennisetum 8
Parkinsonia but leads nitrate had no significant effect o
oot ar shoot growth [Fig. 3a,b,c.d). Greater effect of |
chioride was observed on Pennisetum as compared‘
Parkinsonia (p<0.05). Pennisetum root growth wil
significantly {p <0.001) inhibited at 200 and 400 ppm
lead chloride, whereas shoot growth was inhibited at
concentrations (p <0.05}. Root growth of Parkinsonia w
significantly reduced by lead chloride at 100 ppm onwan
while shoot growth was not significantly retarded at any .
the concentrations.

Effect of cadmium chioride on seedling growth \
Pennisetum and Parkinsonia: Cadmium chloride showd
marked inhibitory effect on the seedling growth of both ¥
species. Penniseturm Was found more susceptibl |
cadmium toxicity than Parkinsenia. In Pennisetum b
shoot and root growth were significantly reduced a
concentrations (p<0.001) and there was no growth at
ppm and 400 ppm whereas in Parkinsonia root cadmi
was inhibited at all concentrations, but shoot growth
reduced at 50 ppm onwards (Fig. 4a, b}. i

Effect of chromium chloride on seedling growth |
Pennisetum and Parkinsonia: Chromium chloride caul
greater inhibition of seedling growth in Pennisetum a 38



tempared to Parkinsonia (Fig. 5a,b). In Pennisetum root
kngth was significantly retarded at all concentrations
(p<0.001} over the controls while shoot growth decreased
significantly at 50 ppm and 200 ppm (p <0.05). There was
no growth at 400 ppm. Parkinsonia exhibnited some
tlerance to chromiurmn chloride; both root and shoot growth
were significantly inhibited only at 400 ppm.

Seedling dry weight -
tifect of lead chloride and nitrate on the dry weight
sccumulation of Panniseturn and Parkinsonia: Lead chloride
significantly decreased the dry weight accumulation in
Fennisetum at all concentrations over the control, but the
reduction was more pronounced at 200 ppm and 400 ppm,
In Parkinsonva signiticant reduction was observed at all
toncentration, but there was equal reduction at 200 ppm
. J and 400 ppm (Table 1). Lead nitrate reduced significantiy
B the dry biomass of both species at all concentrations but
the adverse effect was more pronounced in case of
Pennisetum (Table 2).

ffect of chromium -chloride on the dry biomass
ticcumulation of Parkinsonia and Pennisetum: Chromium
thleride showed much more drastic effect on dry biomass
gcumulation of pennisetum compared to Parkinsonia (Table
3. In Pennisetum the dry biomass accumulation was
spnificantly decreased {p <0.01) at all concentration over
pntrels while at 200 ppm the reduction was greater than
#other concentrations and no germination occurred at 400
ppm. Parkinsonia exhibited some tolerance to chromium
thoride and dry weight reduction occurred at 100 ppm
tnwards over the control.

ffect of cadmium chloride on the dry biomass
sccumulation of Panniseturn and Parkinsonia: Pennisetum
was highly susceptible to cadmium chloride toxicity and
ynificant reduction occurred in dry weight (p at the most
0001). Pennisetum was much more sensitive ta cadmium
lride as compared to chromium chloride, Parkinsonia
showed remarkable tolerance to cadmium and dry biomass
acumulation was reduced at 200 and 400 ppm only
Table 4),

henolic contents: In general hesavy metals elevated the
penolic contents over the controls in the seedlings of both
Rnnisetum and Parkinsonia and greater increase occurred
thigh cancentrations (Ba, b). Both species showed more
jvless same trend with respect to phenolic contants. Lead
tloride caused greater increase of phenolic content than
ad nitrate. Chromium and cadmium usually induced
reater levels of phenals compared to lead.

w Values: For Pennisetum americanum TL, values
nged from 13.18 to >400 ppm for different compounds
thls 51, For Pennisetum it was in the order.

CdCl, < CrCl; < PbCl, < PbINO,),

case of Parkinsonia Tlg, ranged between 38.88 to > 400
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ppm. The order of TL, for Parkinsonia was
CdCl, < PbCl, < CrCl, < Pb{NO,},

The results show that CdCl, had lowest TLg, value and
PbINQ;), had the bhighest TLg, value in both the test
species.

Discussion

The salts of all three heavy metals lead, chromium and
cadmium had an inhibitory effect on germination as well as
early seedling growth of the test species. Inhibition of seed
germination by the heavy metals has often been reported
(lgbal et a/., 1991; Al-Helal, 1995). The inhibitory effect of
salts on seed germination could be the result of ionic
toxicity {Redman, 1974} or due to an osmotic effect
{Micheal er al., 1972} or it could be due to decreased levels
of auxin resulting from enhance destruction of auxin by the
metal ions (Mukherji and Das Gutpa, 1972).

Plant species vary widely in their tolerance to different
metals. In addition, cultivars and populations within the
same species differ widely in tolerance to excess heavy
metais (Ryan et a/., 1992; Joyo and Kazi, 1983). Varying
results were obtained for the different concentrations of
lead chloride, lead nitrate, chromium chioride and cadmium
chloride on the percentage of germination, seedling growth,
dry biomass and phenolic content of Parkinsonia aculeara
and Pennisetum americanum. It was cbvious that cadmium
chforide and chromiurn chloride were much more phytotoxic
to Penniseturn as compared to Parkinsonia Lead chioride

-affected germination and seedling growth more strongly

than did lead nitrate. Parkinsonia exhibited lesser reduction
in all growth parameters relative to Pennisetum. Thus
Parkinsonia seems to exhibit tolerance and co-tolerance to
heavy metals, It grows mostly in the polluted areas, such as
sewage farm, industrial areas, etc. In Karachi it grows
usually on roadsides and highly polluted areas. Therefore,
over the years it has developed resistance to heavy metals.
The environmental pollution problem specifically land
pollution due to sewage sludge in industrial areas where the
sludge often contains large amounts of heavy metals like
Cd, Cr, Pb, Zn, Cu and Ni is well known and documented
{labal et a/., 1991; Area er af., 1996).

Pennisetum is a species grown in fields that are less
polluted particularly with respect to heavy metals. It has no
ability to tolerate the heavy matals. Therefore, it was highly
susceptible to heavy metals. Germination and seedling
growth of Pennisetum were greatly reduced by the
application of lead chloride, chromium chlonde and
cadmium chloride, whereas lead nitrate caused lesser
toxicity. Cadmium chloride toxicity was considerably more
significant in both Pennisetum and Parkinsonia as compared
to other heavy metals. Chromium chloride was also highly
toxic and inhibitory to germination and growth in both the
species, though more so in Pennisetum. Mechanisms of
metal tolerance have been studied in several species yet, no
clear mechanism of tolerance has been elucidated S0
far (Baker and Walker, 1990: Verkleji and Schat, 1990).
though some mechanism have been postulated. The most
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Table 1: Effect of lead chloride, lead nitrate, chromium chlaride and cadmium chiorid
americanum and Parkinsonia aculeata

lead, seed germination, Parkinsonia aculeata L, Pennisetum americanum

e on seedling biomass of Pennisetum

Dry biomass root and shoot

Concentration - -- -
(ppm} Lead Lead Chromium Cadmium
chloride nitrate chloride chloride

Pennisetum americanum

0 0.04605 +0.002 0.16910+0.013 0.0392 £0.005 0.0652 +0.0083

25 0.03293 +0.001 0.11400=0.018 0.0328 +0.002 0.0220 £ 0.0040

50 0.03066 £0.001 0.09337 £ 0.007 0.0299+0.003 0.0159 £ 0,0020

100 0.02766+0.003 0.08780+£0.003 ' 0.02632 +0.004 0.0152 +0.00401

200 0.02960 +0.001 0.06920+0.001 0.0148 +0.008 0.0000 = 0.0000

400 0.01556 +0.002 0.06100+0.002 0.0000+0.000 0.0000 = 0.0000;
Parkinsonia aculeata

0 0.7853 +0.052 0.6920 +0.032 0.6290+0.052

25 0.6615+0.043 0.6135+0.046 0.5832+0.061

50 0.6420+0.056 0.5952+0.038 0.5280+0.093

100 0.5992+0.048 0.5623+0.053 0.5245+0.1356

200 0.5615 +0.037 0.5550+0.091 0.5100+0.086 :

400 0.5600+0.054 0.4820+0.042 0.4820+£0.148 0.69630 0.1

Table 2:TL,, values {ppm) of different heavy metal salts in

Pennisetum americ

anum and Parkinsonia aculeata

PR e (e EJe A d

Compounds Pennisetum Parkinsonia
armericanum aculeata
Lead chloride 297.2 95.12
Lead nitrate >400 >40
Chromium chloride 16.23 374.6
Cadmium chloride 13.38 38.88

100

-~ ra B

Qermination

Fig. 1:

chloride
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. Pennisetum americanum, {1a) lead chioride, {1b}
lead nitrate, {1¢} chromium chloride, {1d} cadmium

Fig. 2.

widely proposed mechanism according to Mehrag (1%
are: {1) biochemical detoxification, (2} compartmentaliza
of the metal within the cell, (3) limited uptake of ions;§
heavy metal are taken up by tolerant than non-toy
plants, (4) restricted transport from the root 10 the shg
{B) formation of metal binding polypeptidas, {6) chealtin
organic.acids and (7} the plasmalemma may have ar
metal tolerance.
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Fig. 3. Effect of lead chloride and lead nitrate on seedling

growth; Pennisetum americanum, Parkinsonia
aculeata.
# americenum  P. aculesta
dn Ca n "
20

. 4. Effect of cadmium chloride and lead nitrate on
seedling growth; Pennisetum  americanum,
Parkinsonia aculeata.

¢ resuits  also suggest that radicle elongation of
bnisetum and Parkinsonia was effected more adversely
the heavy metals than shoot growth. Similar results have
nreported by some other workers (Brown and Wilkins,
86). The reason for the differential response of root and
i to heavymetals is not known but it might be due, in
L 10 more rapid accumulation of heavy metals in root
in shoot, or to a faster rate of detoxification in the
ot compared to root (Al-Helal, 1995). Dayton and Lewin
t15) reported that lead affects the metabolism indirectly
tausing phosphate deficiency. Shulz-Baldes and Lewin
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seedling growth; Pennisetum  americanum,
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Fig. 6: Effect of heavy metals on total phenolic content;
Pennisetum americanum, Parkinsonia aculeata.
Symbof stand for A = Lead nitrate, B = Chromium
chloride, C = Lead chloride, D = Cadmium

chloride

{1876} suggested that lead arrests cell division and uptake
of gssential elements as it deposits on the cell membrane.
Tolerance levels of Solanum nigrum to heavy metal have
been analyzed by Joyo and Kazi (1993). They found that
Solanum nigrum was tolerant to heavy metals like
chromium, nickel, lead, copper, cadmium as well as some
trace elements such as iron, sodium, potassium, calcium
and magnesium. Due to the presence of these toxic metals
in Solanum nigrum it becomes toxic to other living

Fak. J. Biol. Sci., 2 (4): 1307-1313, 1999
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organisms. However, no particular mechanism was
suggested.

It is known that stress conditions elevate the phenalic
contents of plants (Reid et al., 1992; Siddiqui and Ahmed,
1996). The enhanced phenolic content in the test species
could be such a response. Thus high levels of phenolic
compounds, particularly at higher concentrations of the
heavy metal could be at least in part responsible for
germination and growth inhibition. Phenolic acids have been
shown to exert dramatic effect on membrane permeability
and membrane electrical potentials (Glass, 1974, Glass and
Dunlop, 1974) which are remarkably similar to the effects
of uncoupling agent such as dinitrophenocl (DNP). It is likely
that phenolic compound caused enhanced rates of oxygen
consumption by uncoupling electron transfer. Whether this
is the primary effect of phenclic compound or simply a
general manifestation of impaired membrane function has
to been ascertained. However, it is known that membrane
system plays a role in the metal tolerance mechanism
presumably by the extent to which it is damaged or its
function is altered.

On the basis of this study it could be concluded that seed
germination, seedling growth and dry biomass were reduced
while phenoclic compounds elevated of both the test species
by different concentrations of lead chloride, chromium
chloride, cadmium chioride and lead nitrate and that
Parkinsonia was found more tolerant species than
Penniseturn. The experiments  suggest much greater
toxicity for cadmium and chromium compared to lead.
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