
Bull. Environ. Contam. Toxicol. (1995) 55:779-787 
�9 1995 Springer-Verlag New York Inc. 

i E n v i r o r t m e n t a l  
C o n t a m i n a t i o n  

l a n d  Toxicology 

Effects of Mg 2+, Co 2+, and Hg 2+ on the Nucleus and 
Nucleolus in Root Tip Cells of Allium cepa 

D. Liu, 1 L. Zhai, 2 W. Jiang, 1 W. Wang ~ 

1Department of Biology, Tianjin Normal University, Tianjin 300074, Republic of 
China 
2Xinhua High School, Tianjin 300204, Republic of China 

Received: 15 June 1994/Accepted: 22 March 1995 

Metal toxicity in plants has been known for a long time (Foyet  
al. 1978; Roy et al. 1988; Ganrot 1986; Mukhopadhyay and 
Sharma 1991; Mishra and Kar 1974; Fernandes and Henriques 
1991). Much importance has increasingly been attached to the 
problems of metal pollution with the development of modern 
industry and agriculture. If metals in plants are accumulated to 
a large extent, it might seriously affect them. The cytological 
efftcts of cobalt and mercury have been studied in A/Hum cepa 
by documentation of c-mitosis (Levan 1945). Also, the 
quantification of chromosome aberration in V/via faba root-tip 
cells treated by magnesium sulphate (Abraham and Nair 1989) 
and in A///um cepa by metyl mercury chloride and mercuric 
chloride (Fiskesj6 1988) has been reported. Cytological 
research on the poisoning effects of Mg, Co and Hg on the 
nuclei and nucleoli in root-tip cells of plants has hardly been 
reported. 

The aim of this study was to determine the effects of different 
concentrations of magnesium, cobalt and mercury ions on root 
growth, and on the nuclei and nucleoli of root tip cells of 

A/Hum cepa. 

M ATERIALS AND METHODS 

Healthy and equal-sized bulbs were selected from a population 
of the common onion A//ium vepa L. The onions were neither 
sprouting green leaves or had any root growth. The outer 

Correspondence to: D. Liu 

779 



scales of the bulbs and the brownish bottom plate were removed 
and the ring of the root primordia was left intact before the 
start  of the experiments. Because onions may grow poorly,  
even the controls ,  it was first necessary to use twelve onions at 
each concentration of the test chemicals and in the control. 
After 1 or 2 days,  the ten best onions in each series were used 
for the experiment (Fiskesjd 1988). 

The test concentrations of Mg z+, Co 2+ and Hg z+ ions were made 
up from magnesium sulphate ( MgSO4 �9 7H20 ) ,  cohaltous 
nitrate (Co(NOa)2"  6HzO) and mercuric chloride (HgC12), 
respectively,  ranging from 10 -7 to 10 -1 M. The solutions were 
prepared in tap water ( p H = 6 . 5 ) .  Tap water was used for the 
control experiment.  The onions were placed directly in the test 
media in beakers and the beakers were changed daily. The 
bulbs were allowed to germinate producing roots and were 
observed at 24, 48 and 72 hr. The experiment wes performed at 
a room temperature of 21-23'C and the roots were protected 
from direct sunlight. Macroscopic observations were made at 
the end of each time interval. Some roots were cut and fixed in 
Carnoy's reagent ,  followed by squashing in Carbol Fuchsin 
solution (Li 1982) to enable obserwttion of nucleus morphlogy. 
For the observation of nucleolus change,  excised roots were 
fixed in 3par t s  9 5 ~  ethanol " 2par ts  acetic acid for 4 t o  5h r .  
They were then hydrolyzed in 5 parts 1 M hydrochloric acid : 
3 parts 95%o ethanol : 2 parts acetic acid for 4-5 m i n a t  60'C, 
followed by squashing in 45 ~ acetic acid, drying,  and on day 2 
staining with silver nitrate (Li et al. 1990). 

RESULTS AND DISCUSSION 

TBe effects of Mg 2+, Co ~+ and Hg2+on root growth of AIIium 
cepa varied with different concentrations of magnesium, cobalt 
and mercury ions in solution (Fig. 1). The root growth 
decreased progressively with increasing Mg 2+, Co 2§ and Hg 2+ 
concentrat ions,  and was seriously inhibited in concentrations 
above 10-='M Mg z+, 10 -a M Co 2+ and 10-4M Hg z+. There was 
slight or on growth after 24 hr treatment.  Hg a+ exerted more 
growth inhibition than the other metal ions. 
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Figure  1. Effects  of d i f ferent  concen t ra t ion  (10 -7 to 

10 -~ M)  of Mg a+, Co 2+ and Hg a+ on root  g rowth  of 

A/Hum cepa af ter  72 hr of t r ea tmen t .  

The  effects  of Mg z+, Co 2+ and Hg 2+ on the morpho logy  of the 

roots  also varied depending on concent ra t ion .  The  roots  were  

more  or less normal  during the t r e a t m e n t s  at 10 -7 to 1 0 - a M  

Mg ~+ , 10 -7 to 10 -5 M Co 2+ and 10 -7 to 10 -6 M Hg z+,but  became 

twis ted at 10 -2 M Mg z+,10 -4 to 10 -a M Co z+ and 10 -s M Hg 2+, 

and s tun ted  and bent in di f ferent  direct ions at 10 -1 M Mg a+, 

10 -3 to 10 -~ M Co 2+ and 10  - 4  t o  1 0  - 2  M Hg z+. 

The  effects  of Hg 2+ and Mg 2+ on nuclei in the root- t ip  cells 

varied with the di f ferent  concent ra t ions  tes ted.  In te rphase  cells 

with small amoun t s  of micronuclei  were  observed af ter  24 hr of 
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Figure  2a-c. T h e  effects  of Mg z+, Co z+ and Hg z+ on roo t  tip 

cells of A//ium cepa .  a. M i c r o n u c l e u s ,  10 -s M Mg z+ 24 hr.  b. 

I r r egu la r ly  shaped  nuc le i ,  10 -a M Co a+, 24 hr.  c. T h e  nuc leus  

d i s in t eg ra t ed  into i r regula r ly  shapd  bod ies ,  10 -a M Hg 2+, 24 

hr. S c a l e = 1 0 / a m .  

t r e a t m e n t  wi th  10 -r  to 10 -4 M Mg z+ or 10 -r  tO 10 -5  M Hg z+ 

so lu t ions  (Fig .  2 a ) ,  but  not  found in Co- t r ea t ed  roots .  

I r r egu la r ly  shaped  nuclei  were  not iced more  of ten  af ter  24 hr  

t e r a t m e n t  wi th  10 -a to 10 - 1 M  M g 2 + , 1 0 - s  to 10 - 1 M  or 10 -6 M 

(~J8 h r )  Co ~+ and 10 -4 to 10 - 1 M  or 10 -s M (48 h r )  Hga+(F ig .  

2b ) .  More  p r o n o u n c e d  changes  were  obse rved .  T h e  nuc leus  

was d i s in t eg ra t ed  into i r regula r ly  shaped  bodies a f te r  24 hr  

Mge+(10  -e to 10 - 1 M ) ,  Coa+(10 -2 to 10 -1 M )  and Hg2+(10 -4 to 

10 -2 M~ 48 h r ,  1 0 - S M )  t r e a t m e n t  (Fig.  2c).  

N o r m a l l y ,  the  diploid nuc leus  of All/urn VOl)a conta ins  1-2 

nucleoli  ( F i g ,  3a) .  T h e  effects  of Mg a+, Co 2+ and Hg 2+ also 

varied depe nd i ng  on concen t ra t ion .  In Fig.  3b ,  a few 

par t icu la tes  of s i lver - s ta ined  mater ia l  were  obse rved  t o g e t h e r  

wi th  the  main  n u c l e o l u s / n u c l e o l i  in the  nuc leus  of some  roo t - t ip  

cells af ter  24 hr  a t  10 -7  to 10 -a M H g - t r e a t m e n t .  Th i s  

p h e n o m e n o n  was obse rved  also af ter  24 hr  of t e r a t m e n t  wi th  
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Figure 3a-f. The effects of Mg z+, Co z+ and Hg z+ on nucleoli in 

root tip cells of A/Hum cepa. a. Control cells (tap water) ,  b. 
A few particulate silver-stained materials scattered in the 

nucleus, 10 -6 M Mg z+, 24 hr. c-d. Some particulate 

silver-stained materials scattered around the irregularly shaped 

nucleol i in the nuclei, c. 10 -4MCo z+, 48 hr. d. 1 0 - 3 M H g  z+, 

48 hr. e. Many silver-stained particulates scattered in the 

nucleus, 10-ZM Hg z+, 48 hr. f. Nucleolar material located in 
the cytoplasm, 10-3M Hg z+ , 72 hr. Scale= 10 ~m. 

10 -6 M Co z+ and 1 0  - 4  to 10 .6 M Mg z+. Figs .  3c-d showed that 

some more particulate silver-stained material was scattered 
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a round  the  i r regula r ly  shaped  nucleol i  in the  nuc leus  af ter  24 hr  

of t e r a t m e n t  wi th  10 -3 to 10 -~ M M g  2+,10 -s to 10 -4 M Co z+ and 

above 10 -~ M Hg 2+. As  seen in Fig.  3e,  m a n y  

s i lver -s ta ind  par t ic les  were  d i s t r i bu ted  in the  nuc leus  ( above  

10 -'~ M Hg ~+ and Co z+) af ter  48 hr  of t r e a t m e n t .  

At concen t r a t i ons  above 1 0 - 3 M  Hg 2+, nuc leo la r  mater ia l  was 

e x t r u d e d  f rom the  nuc leus  into the  c y t o p l a s m  (Fig.  3f) in some  

roots .  Th i s  p h e n o m e n o n  was not  found  in the  roo t s  t r ea t ed  

wi th  Co z+ and Mg ~+. 

The  resu l t s  in the  p re sen t  s t udy  indicated tha t  root  g r o w t h  of 

/I///!w77 cepa  was s t r o n g l y  inhib i ted  at concen t r a t ions  above 10 -2 

N,! Mg 2~, 1 0 - 3 M  Co 2+and 1 0 - 4 M  Hg 2+. T h e  effects  o f M g  z+, 

C~:~ ~ and Hg z+ on the  nuc leus  r e su l t ed  in micronuc le i  and 

i r regular ly  shaped  and d i s in teg ra ted  nuclei .  At  low 

c o n c e n t r a t i o n s ,  Mg  z+, Co z+ and Hg 2+ affected the  nucleol i  of 

s~mae roo t - t ip  cells so tha t  s imi lar  s i lve r - s ta ined  pa r t i cu la te  

mate r ia l s  appea red  in the  nuc leus .  At  h ighe r  c o n c e n t r a t i o n s ,  

many  s i lve r - s t a ined  par t icu la te  mater ia l s  did in it (Co  ~+ and 

H~ -~+ 1, and the  nucleolar  mater ia l  became e x t r u d e d  f rom the  

nu~:leus into the  cy top l a sm  (HgZ+).  F r o m  the  resu l t s  above ,  

Hg z+ s h o w e d  the  s t r o n g e s t  effect  on root  g r o w t h  and nuc leus  

and nuc leo lus  d e v e l o p m e n t  w h e n  c o m p a r e d  wi th  Co z+ and 

~ / I g  z4 , whereas  Co 2+ s h o w e d  a s t r o n g e r  effect  t han  Mg 2+. T h e  

effects  of M g ,  Co and Hg on nucleoli  a re ,  to some  d e g r e e ,  

s imilar  to those  obse rved  af ter  a l u m i n i u m  t r e a t m e n t s  of A. 

ce pa .  A. s a t i v u m  and Vicia foDo (F i skes jd  1983, 1990; Liu 

and J iang 1991; Liu et al. 1993a and b ) ,  and copper  t r e a t m e n t  

o( A. cepa  (L iu  et al. 1994) ,  bu t  wi th  a few di f ferences .  

Virs t ly ,  in the p r e sen t  s t udy  some  s i lver - s ta ined  par t i cu la te  

mater ial  was obse rved  at 10 -~ to 10 -~ M M g  z+ and Co z+, and 

]()-= to 10 -1 M Hg z+ af ter  24 hr  of t r e a t m e n t ,  whi le  the  

p h e n o m e n o n  not iced by Liu et al. (1993a and b~ 1994) was  

recorded  af ter  24 hr  of t r e a t m e n t  wi th  10 -z to 10 -~ M AV + (,,4. 

s a t / v u m )  and 10 -~ M A P  + (V/a/a fa12a, 48 h r ) ,  10 -7 to 10 -~ M 

Cu e+ 64. aepa ) ,  and 10 -z to 1 0 - ~ M  Cr Vl (,el. copa  ) (Liu 

et al. , u n p u b l i s h e d ) .  Second ly ,  the  nuc leo la r  mater ia l  f rom the  
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nucleus into the cytoplasm observed in the present 

investgation was not as large as those found by Liu and Jiang 
(1991) and Liu et al, (1993a and b; 1994). 

Kihlman (1971) indicated that the standard method for the 
detection of chromosome aberrations in plants involves 
treatment and analysis of root-tip meristematic cells. In later 
years, studies have shown that this classical assay for induced 
chromosome aberrations can be used widely and effectively to 
monitor environmental chemicals (Grant  1978~ Klekowski 
t978- Fiskesj6 1988~ Liu et al. 1992). The evidence in the 
present investigation also indicated that the toxic effects on 
nucleoli in root-tip cells of plants caused by metal ions can be 
observed and studied by using the silver staining techique and 
the cytological toxic characters may be considered an important 
cytological parameter for monitoring purposes. 
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