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Fig. 1. Effects of different concentrations (107102 M) of
lead nitrate on root growth of Allium cepa.

and bent in various directions (Fig. 2(b)) after 48 h of
treatment. and at 10~ M, the roots were brownish and
blackish, rod-like in appearance and rotten after 48 h
treatment (Fig. 2(c)).
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introduced by Fiskesjo (1985). Pb induced certain gen-
eral toxic effects on the chromosomes.

c-mitosis. Colchicine mitosis was first described by
Levan (1938) in the root tip mitosis of Allium cepa as an
inactivation of the spindle followed by random scatter-
ing of the condensed chromosomes. c-mitoses were
noted in ail treated roots at Pb concentrations from 10~
to 10~ M. As can be seen from Table 1. the frequency of
cells with c-mitoses is variable. At 100-10° M Pb, the
frequency of cells with c-mitoses increases progressly,
but at above 10™* Mm, this frequency increase sharply with
a decrease in the normal dividing cells (metaphases and
anaphases) after 48 h of treatment (Fig. 3(a)).

Chromosome bridges. Anaphase bridges involving
one or more chromosomes (Fig. 3(b)) were observed
after the treatments with Pb**, and sparse fragments
were found. The frequency of cells with chromosome
bridges was variable (Table 1).

Chromosome stickiness. Sticky chromosomes were
observed in the treated roots at Pb concentrations from
10 to 10*. Almost all of the sticky chromosomes ex-
hibit c-mitosis (Fig. 3(c)). The frequency of cells with
chromosome stickiness progressively increases with in-
creasing lead nitrate concentration and duration of
treatment.

Effects on nuclei in interphase. In addition to the
aberrations mentioned above. interphase cells with mi-

Microscopic effects of P on cell division ST | cronucler were observed after 48 h of treatment with
10°-107 M lead nitrate (Fig. 3(d)). Also. irregularly
Mitotic index shaped nuclei were found afier 48 h of treatment with

The mitotic index reflects the frequency of cell division
and is regarded as an important parameter in evaluat-
ing the rate of root growth. This investigation showed
that the mitotic index decreased with increased Pb con-
centration and treatment duration (Table 1, Fig. 1).
This fits in well with the above mentioned effects of
lead nitrate on root growth.

Effects on chromosome morphology
According to the standard types of aberrant chromo-
some behaviour referred to in the modified Allium cepa,

10°-102 M Pb (Fig. 3(e)). Furthermore. with mem-
branes unbroken, nuclei in which nuclear material was
decomposed into particulates were noticed after 96 h
treatment with 10-2 M Pb (Fig. 3(f)).

Effects of nucleoli in root tip cells

Normally, the diploid nucleus of Allium cepa contains
one or two nucleoli (Fig. 3(g)). After 48 h of treatment
with 10°-102 M Pb and 96 h of treatment with 10~ M,
some similar silver-stained particulate material was
scattered in the nucleoli in short. rounded meristem

Table 1. Effects of lead nitrate (PB(NO,),) oa roots of Allium cepa’

Time Treatment Root length Mitotic Number of Normal dividing cells (%) Anomalous dividing cefls (°3) Anomalous
<h) (M) per24 h index cells mitoses
{cm. mean) Prophases Metaphases Anaphases c-mitosis Chromosome Chromosome (%)
bridges stickiness
48 102 5 91 176 60-4 229 824
1073 02 13 509 308 68-4 08 692
/ot 02 20 1 000 351 77 57 50-6 0-6 03 515
AN (1 54 038 31 1 000 44 310 216 10 18 02 30
167 08 32 1 000 382 358 240 0-5 14 01 2:0
107 09 33 1 000 452 311 230 02 05 07
Coantrol 10 39 1 000 385 38.0 233 01 o1 02
9 102 0 0
1073 01 3 102 118 284 598 882
10 01 9 673 388 25 42 43 o1 101 54.5
1073 05 27 1 000 454 304 184 2 14 17 58
104 06 30 1 000 41-1 385 174 07 17 09 33
10 038 32 1 000 424 40-3 160 02 0-7 04 13
Control 09 39 1 000 413 410 173 01 03 04

¢ Micronuclei and fragments are not statistical.
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Fig. 2. Macroscopic effects of Pb on Allim cepa roots: (a) roots treated with different concentrations of Pb>*; (b) Pb-treated
roots stunting and bending; (c) Pb-treated roots. ing rod-like (time of treatment: 96 h; test concentration: (a) control (tap
water), 107, 10, 10°°. 10, 10->. 10-> m Pb from left to right; (b) 10> M Pb; (c) 102 » Pb).
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Fig. 3. The effects of Pb?* on root tip cell division of Alliaum cepa: (a—) cffects of Pb>* on chromosomal m ? ()

c-metaphase (10°* M Pb™, 48 h): (b) chromosome bridge (10 M Pb**, 48 h); (c) chromosome stickiness (10-2 x Pb™". 96 b). -0
Effects of Pb** on nuclei: (d) Micronuclei (10 » Pb-". 48 h); (e) irregularly shaped nuclei (107 M Pb*, 96 h); (f) nudei with
decomposed nuclear material (10~ M Pb™". 96 h). (g~i) Effects of Pb** on nucieoli: (8) control cells (tap water). (b—i) Many silver-
stained particulate material scattered in the nucki: (b+ 107 M Pb?" (in short, rounded meristem cells): (i) 10~ M Pb*" (in long

oblong root cap cells) (bars = 10 um: (a—f} stained with Carbol Fuchsin solution: {g-i) stained with silver nitrate).
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cells (Fig. 3th) and in long, oblong root cap cells (Fig. REFERENCES

3(1)). The nucleolar material was not extruded from the

nucleus.into the cytoplasm.
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The results indicate that lead nitrate inhibits the root
growth of Allum cepa at all of the concentrations used:
the Pb effects on chromosomal morphology include c-
mitosis. anaphase bridges and chromosome stickiness;
at above 10~ M Pb. almost all of anomalous dividing
cells are c-mitoses: irregularly shaped nuclei and nuclei
with decomposed nuclear material were only found in
the treatment with 10~ and 102 M Pb respectively; Pb
in higher concentrations (10*-10~2 M Pb) induces toxic
effects on nucleoli. causing some similar silver-stained
particulate material scattered in the nuclei and once the
nucleolus was poisoned the root growth nearly stopped
or completely stopped. The Pb effects on the chromo-
somal morphology is in agreement with the early find-
ings of Levan (1945).

Lead is not generally considered as an essential ele-
ment for the growth of plants, but appears to stimulate
plant growth in some plants in small amounts (Dou,
1988). Lane et al. (1978) indicated that the inhibiting
effects of Pb on growth may arise from the interference
of Pb with auxin-regulated cell elongation. Mukherji &
Maitra (1977) stated that a primary cause of inhibition
of cell growth arises from a Pb-induced stimulation of
IAA oxidation. Wallace er al. (1966) thought that Ca>*
is readily replaced by other cations from its binding
sites at the exterior surface of the plasma membrane. It
has been claimed that Ca’ can be replaced by Pb**, be-
cause they have similar radii (Ca®* 0-99 A; Pb*>* 1-25 A)
(Chat & Zhu. 1983). Means & Dedman (1980) found
that calmodulin (CaM) (Cheung 1980-1983) was lo-
cated specifically in the mitotic spindle and involved in
the processes of chromosome movement through regu-
lation and control of depolymerization and polymeriza-
tion of the microtubules (Li & Sun, 1991). With what is
indicated. we infer that after Pb treatment, the expres-
sion of c-mitosis may result from calcium deficiency in
the cells and CaM failing to activate Ca-ATPase (Xu,
1985) and regulate calcium concentration in the cells,
which, in turn. disturbs and destroys the physiological
activity and regulation of CaM. In this way, CaM does
not regulate and control microtubules, or tubulin
synthesis may be inhibited.
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