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Although Pb is a non-essential element, plants can
absorb it from soil, water and air through their
roots and leaves (Zimdahl and Koeppe 1977). 1It's
growth inhibitory effects on plants have been repor-
ted in species such as maize, sunflower (Carlson

et al., 1975), rice (Mukherji and Maitra 1977), oats
(Fiussello and Molinari 1973). In tracing down the
effects at physiological level, inhibition of photo-
synthesis in soybean (Bazzaz et al. 1974), sunflower
and maize (Carlson et al. 1975) and of transpiration
(Rolfe and Bazzaz 1975) have been reported, although
the rate of respiration is increased at 100 ung/ml of
Pb (Lee et al.1976). Several other physiological and
metabolic aspects of plants are also known to be
affected by Pb in the environment (Koeppe 1981).
Although availability and assimilation of inorganic
nitrogen is an important aspect of plant life, which
often limits other metabolic functions and growth,
the effect of Pb on the process has been rarely stu-
died. The effects of Pb supply on nitrate reductase
activity (NRA) and nitrate assimilation have been
studied in the present investigation.

MATERIALS AND METHODS

Seeds of {¢a mays 1,.Cv.GS-2, purchased from a local
dealer were surface sterilized with 0.1%(W/V)CaOCl
for 5 min and then washed thoroughly with distillea
water. Seedlings were grown in small plastic pots
containing washed, sterilized sand for 14-d either
in light (Ca 5 K lux, measured by using a lux meter
Philips Model GLM 403 h), a mixture of cool white flu-
orescent tubes and incandescent bulbs or in the dark
for chlorophyll biosynthesis investigation at 25 +
39C, Seedlings were watered daily with modified 172
strength Hoagland's solution containing either KNO;
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(10 mM) as sole nitrogen source or no nitrogen as per
experimental design.

Lead acetate (0.01-100 mM) was included either in the
nutrient medium or in the incubation medium as the

case may be. The pH in each case was 6.0. Secondary
leaves from uniformly grown seedlings were sampled and
used for various studies. Pb was supplied to the exci-
sed secondary leaves in the incubation medium for 24 h
at 25 + 19C in light of about 5 K lux in the growth
chamber.

In vdivo nitrate reductase activity was assayed by the
method of Srivastava (1975) and 4n vitro by the meth-
od of Stevens and Oaks (1973). In intact seedlings
NRA was measured only in the leaves, as they are beli-
eved to be major nitrate reducing organs in most pla-
nts. Total protein content in the leaf extract

(in phosphate buffer, pH 7) was estimated as descri-
bed by Lowry et al (1951) following precipitation with
equal volume of 20% TCA, followed by alkali solubliza-
tion. Total nitrogen content in the dried leaf sampl-
es was determined by a modified micro-kjeldahl method
{(Lang 1958), after digesting with concentrate H2504.
For the pigment content estimation fresh leaf samples
were extracted with 80% acetone. Absorbance of clear
supernatent was measured at 440, 645 and 663 nm.
Total chlorophyll carotenoids were calculated by the
method of Strain and Svec (1966) and Ikan (1969) res-
pectively. The data presented are average + S.D. of
three duplicate experiments. -

RESULTS AND DISCUSSION

The effect of Pb on NRA was dependent on the concent-
ration of the metal, mode of its supply and whether-
the assay was done by 4n vivo or 4n v{tro method.

When Pb was supplied to the intact seedlings in the
nutrient medium {n v{vg NRA in the leaves was stimul-
ated slightly (11%) at 0.0l mM and inhibited (5-20%)
at higher concentrations (Table 1). The 4n vitro
activity however, was inhibited appreciably (13-64%)
by each concentration of Pb. On the other hand,

when the Pb was supplied in the incubation medium

to the excised leaf segments both 4{m vivo and 4n
vitro NRA was drastically reduced; the inhibition
increased with the increase in Pb concentration.

This difference is possibly because of the reason
that the uptake and mobilization of Pb to the actual
site of action are different in intact seedlings and
excised leaves. Perhaps in intact seedlings, it was
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limited while in excised leaves it was easily access-
ible to the site of NR synthesis/activity. Inhibition
of 4in vivo NRA by Pb salts has been observed in sunfl-
ower and sorghum leaves (Venkatramana et al.l1978) and
cucumber cotyledons (Burzynski and Grabowgski 1984)
also.

Unlike NRA, total protein and total nitrogen content
in the leaves from intact seedlings increased sligh-
tly (1 to 14%) with the Pb supply in the nutrient
solution but for that at 1lmM Pb when there was 5%
inhibition in protein content (Table 2). The prot-
ein and organic nitrogen in the excised leaves on the
other hand were inhibited (2 to 20%) by Pb in the
incubation medium. Inhibition increased with increa-
se in Pb concentration. Nitrate reductase is a rate
limiting enzyme in overall assimilation of nitrate
(Srivastava, 1980). Its activity may determine the
nitrate assimilation status of the plant. Consistent
with this, protein and organic nitrogen, the eventu-
al products of nitrate assimilation also declined
during Pb supply specially in the excised leaf
segments.

However, such an inhibitory effect of Pb in intact
seedlings was not seen. Obviously, the enzyme
activity is much more susceptible to inhibition

than other metabolic steps in intact seedlings.
Experiments with other species are in progress, to
test whether this enzyme can be taken as a marker

of Pb toxicity. Again the insensitivity of prote-

in or organic nitrogen content to Pb inhibition in
intact seedlings may be due to restricted presence of
the metal at the actual site of action in the leaf.

Although several reports indicate that plants can
absorb lead from the environment (Keoppe 1981) and
accumulate preferentially in the roots (Atkins

et al. 1982). Alternatively, the intact plants may
possess some kind of detoxification mechanism which
apparently lacks in excised leaves. A slight incr-
ease in protein and organic nitrogen contents as

in {n v{ve NRA at 0.0l mM Pb in intact leaves may
also be either because of very small gquantity of
metal available at the site of action or of some
detoxifying mechanism at this concentration.

The nitrogenous pigment chlorophyll and non-nitroge-
nous carotenoid in the leaves from intact seedlings
increased slightly with Pb supply, although there
was no correlation between Pb concentration and the
increase (Table 3). However, in the excised tissues,
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Table: 1. Effect of Lead on nitrate reductase

activity.
Pb2+(mM) Nitrate reductase activity
(1 mole Nozh_lg—lfresh weight)
Leaves from intact seedlings Excised Leaves
In vivo NRA
s %
0.0 1.31 + 0.17 (100) 10.6 + 1.90 (100)
0.01 1.45 + 0.21 (111) 4.83+ 0.79 ( 46)
0.1 1.24 + 0.14 ( 95) 4.43+ 0.54 ( 42)
0.5 1.20 + 0.16 ( 92) 1.72+ 0.43 ( 16)
1.0 1.05 + 0.12 ( 80) 0.44+ 0.10 ( 4)
In vitro NRA
0.0 2.75 + 0.58 (100) 2.92+ 0.72 (100)
0.01 2.41 + 0.36 ( 87) 1.69+ 0.10 ( 58)
0.1 1.55 ¥ 0.33 ( 56) 0.76% 0.10 ( 26)
0.5 1.98 + 0.40 ( 72) 0.35+ 0.0 ( 12)
1.0 0.99 + 0.20 ( 36) 0.35+ 0.0 ( 12)

For intact seedlings treatment the desired concentrat-~
ion of lead was included in the nutrient medium (1/2
strength Hoagland's solution containing 10 mM KNO,)
supplied to the plants in the pots. For excised leaf
treatment plants were raised with nutrient solution
containing no nitrogen and then excised leaf segments
were incubated in nutrient solution containing the
desired concentration of Pb and 10 mM KNO,. Details
of incubation conditions are described in"materials
and methods. Values related to control as a percent
are given in parentheses.

Pb inhibited the two pigment levels, the inhibition
of chlorophyll being more pronounced than that of
carotenoids. Inhibition of chlorophyll content by
Pb has also been reported in oat (Fiussello and
Molinari 1973) and some hydrophytes (Jana and
Choudhuri 1984).

In another experiment, when leaf segments from dark
grown, seedlings (raised with nutrient solution
containing no nitrogen) were incubated in nutrient
solution containing nitrogen and different concent-
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Table: 2. Effect of Lead on protein and total organic
nitrogen contents in the leaves.

Pb2+(mM) mg protein or Nitrogen
(g~lfresh weight + S§.D.)
Leaves from intact seedlings Excised Leaves
Total soluble protein
% %
0.0 12.80 + 2.02 (100) 13.52 + 2.96 (100)
0.01 14.55 + 1.22 (114) 13.25 ¥ 1.95 ( 98)
0.1 13.32 + 1.63 (104) 11.34 ¥ 2.28 ( 84)
0.5 13.55 + 1.75 (106) 10.93 ¥ 1.65 ( 81)
1.0 12.15 + 1.17 ( 95) 10.80 + 1.42 ( 80)
Total Nitrogen
0.0 2.01 + 0.30 (100) 2.17 + 0.35 (100)
0.01 2.20 + 0.23 (109) 1.97 ¥ 0.19 ( 91)
0.1 2,04 + 0.31 (102) 2.00 E 0.38 ( 92)
0.5 2,03 + 0.10 (l0ol) 1.97 + 0.19 ( 91)
1.0 2.18 + 0.20 (109) 1.83 f 0.36 ( 84)

Details as in Table 1.

rations of lead, the synthesis of chlorophyll was app-
reciably inhibited (Table 4). The inhibition genera-
1lly increased with the increase in the concentration
of Pb. Chlorophyll biosynthesis may be inhibited due
to inhibition of &§-aminolevulinic acid dehydratase,
an important enzyme in the biosynthesis of heme comp-
ounds including chlorophyll, as has been observed in
animal tissues (Sordo et al. 1982). Besides, Pb may
also affect the general organization:'and biogenesis

of chloroplasts, as carotenoid synthesis is also inhi-
bited. Lead induced structural changes in the chloro-
plasts of Ceratophylfum demersum (Rebechini and
Hanzely 1974).
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Table: 3. Effect of Lead on total chlorophyll and.
carotenoid levels in the leaves.

pb2t () Total chlorophyll or carotenoid
(mg g—lfresh weight + §.D.)
Leaves from intact seedlings Excised Leaves
Chlorophyll
% %
0.0 0.892 + 0.16 (100) 0.508 + 0.07 (100)
0.01 0.928 + 0.12 (104) 0.454 + 0.09 ( 89)
0.1 0.965 + 0.10 (108) 0.460 + 0.10 ( 91)
0.5 1.03 + 0.19 (115) 0.404 + 0.07 ( 80)
1.0 0.901 + 0.08 (101) 0.359 +0.07 ( 71)
Carotenoid
0.0 0.875 + 0.18 (100) 0.679 + 0.11 (100)
0.01 0.923 + 0.14 (105) 0.668 + 0.09 ( 98)
0.1 0.958 + 0.10 (109) 0.672 + 0.06 ( 99)
0.5 1.04 + 0.23 (119) 0.639 + 0.10 ( 94)
1.0 0.918 + 0.15 (105) 0.569 + 0.11 ( 84)

Details as in Table 1.

Table: 4. Effect of Lead on Chlorophyll and carotenoid
synthesis in greening leaf segments.

Pb”  (mM) Total Chlorophyll or Carotenoids
(ng g—lfresh weight + S.D.)
Chlorophyll Carotenoid
0.0 107 + 20 (100) 91 + 8 (100)
0.01 80 ¥ 10 ( 75) 74 ¥ 10 ( 81)
0.1 64 ¥ 0 ( 60) 64 ¥ 6 ( 70)
0.5 30 F 4 ( 28) 53 ¥ 3 ( 58)
1.0 20 + 3 ( 19) 37 +1 ( 41)

Seedlings were raised for 14 days in dark with 1/2
strength Hoagland's solution containing no nitrogen.
Excised leaf segments were incubated in 1/10 strength
nutrient solution containing 10 mM KNO., and desired co-
ncentration of Pb. The incubation was Carried on for

24 h in light.
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