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INTRODUCTION 

Antagonisms between zinc and other nutrient elements have been 
reported for intact plants by several investigators. M a l a v o l t  a eb 
al. 6 investigated the influence of added cations on zinc content of 
coffee plants grown in nutrient solution. They found that with ad- 
dition of copper, the zinc content of the plants was severely reduced. 
Similar results were obtained when manganese or molybdenum were 
the competitor ions. Iron showed little effeet in this respect. Similar 
work, by D u n n e  1, showed that the zinc level and yield of cereal 
grains were influenced by the copper level of the soll on which they 
were grown. As the soil copper level was increased, the zinc content 
of the plant tissues, as weil as yield, were reduced. In other work 
(Haag,  S c h m i d ,  and E p s t e i n ,  unpublished data) it has been de- 
monstrated that uptake of radioactively labeled zinc by intact barley 
and bush bean plants is reduced when copper is present in the nu- 
trient solution, and that the effect of added copper is to reduce the 
amount of zinc being taken up by the plants and not to prevent its 
translocation internally from the roots to the tops. These results 
are in agreement with S c h m i d  et al. 1% who have found that  
copper competitively inhibits zinc transport in excised barley 
roots. 

The present experiments were undertaken to study: 1) the effect 
of other cationie species on zinc uptake by intact plants, and 2) the 
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possible demonstration that some of these cations may exert their 
effect through interference with zinc translocation from the root to 
the shoot rather than through uptake into the root. 

METHODS 

All work  was done  w i t h  b u s h  bean,  Phaseolus vulgaris L. (var ie ty  Topc rop  ; 
Burpee) .  The  p l a n t s  were g e r m i n a t e d  on  cheesec lo th  over  an  ae r a t ed  so lu t ion  
wh ieh  c o n t a i n e d  J o h n s o n ' s  so lu t ion  5 m a c r o n u t r i e n t s  a t  1/10th of t he  n o r m a l  
concen t r a t i on .  The  seeds were grown in a d a r k  c h a m b e r  a t  22 ° C. V(hen  the  
seedlings were 7 days  old, t h e y  were t r an s f e r r ed  to ind iv idua l  l - l i te r  po ts  of 
complete ,  full s t r e n g t h  J o h n s o n ' s  solut ion.  Fo r  t he  r e m a i n d e r  of t he  experi-  
m e n t  t he  p l a n t s  were k e p t  in a greenhouse.  Af ter  t he  p l a n t s  h a d  been  in t he  
full s t r e n g t h  J o h n s o n ' s  so lu t ion  for 7 days,  t h e y  were t r a n s f e r r e d  (wi th  a n  
i n t e r m e d i a t e  d ip  of t he  roots  in to  a 5 × 10 -4 M CaC12 solut ion,  t h e n  in to  dis- 
t i l led wate t )  to  a full s t r e n g t h  J o h n s o n ' s  so lu t ion  ( the 24-hour  t r e a t m e n t s  re- 
ce ived on ly  t h e  m a c r o n u t r i e n t s  a t  full  s t r eng th) .  This  l a t t e r  so lu t ion  con- 
t a i n e d  labe led  zinc chlor ide (hereaf te r  re fer red  as to  Zn*) in  a c o n c e n t r a t i o n  
of 5 # M  (radiozinc,  Zn«sC12, was  o b t a i n e d  f rom Oak  Ridge  N a t i o n a l  L a b o r a -  
tory) .  Compe t ing  ca t ions  were added  to t he  p rope r  concen t r a t i on .  E a c h  t r e a t -  
m e n t  cons is ted  of 4 p l a n t s  in  t he  24-hour  series or 3 p l a n t s  in  the  4- or 7-day 
series. E a c h  p l a n t  in  a t r e a t m e n t  was  grown a n d  m a i n t a i n e d  in i t s  own  p o t  
of solut ion.  All  of t he  e x p e r i m e n t a l  p l a n t s  were  selected for un i fo rm  ap-  
pearance .  Af te r  t he  p l a n t s  h a d  been  in t he  labeled  so lu t ion  for t he  p r o p e r  
l e n g t h  of t i m e  (1, 4, or 7 days),  t h e y  were  r e m o v e d  and  s epa ra t ed  in to  tops  
a n d  roots .  Top refers to  t h a t  po r t i on  of t he  p l a n t  above  t he  c o t y l e d o n a r y  hode  
a n d  roo t  refers to  t h a t  po r t i on  below. T he  c o m b i n e d  tops  in  each  t r e a t m e n t  
were weighed  for t o t a l  f resh weight .  The  c o m b i n e d  roots  in  each  t r e a t m e n t  
were r insed  w i t h  2 washes  oB dist i l led water ,  followed b y  a r inse  in  a 5 × 10 .4 
M CaC12 solut ion,  a n d  t h e n  a f inal  r inse in  dis t i l led water .  T h e n  t h e  roots  were 
b lo t t ed  a n d  t he  t o t a l  f resh weights  de t e rmined .  The  d ipp ing  of t he  roots  in to  
CaC12 solu t ion  was used to  displace e x c h a n g e a d s o r b e d  zinc f rom the  roo t  
surfaces.  G r e e n w a y  a n d  T h o m a s  4 h a v e  used a s imilar  t e c h n i q u e  to r emove  
e x t r a n e o u s  chlor ide a n d  S c h m i d  et al. 10 found  such  t r e a t m e n t  necessary  to 
r emove  adso rbed  zinc f rom excised ba r l ey  roots .  

Af te r  t he  s epa ra t ed  p l a n t  ma te r i a l s  h a d  been  dr ied  a t  70 ° C for a t  l eas t  48 
hours,  t he  d ry  weigh ts  were t a k e n  a n d  t he  dr ied  ma te r i a l  was  g r o u n d  in a 
Wi ley  mill.  P o r t i o n s  of t he  dr ied  g r o u n d  mate r ia l ,  weighing  0.1 g r am each,  
t h e n  were a shed  in a l u m i n u m  p l a n c h e t s  in  a muff le  fu rnace  a t  500 ° C for a t  
leas t  2 hours.  T he  r ad ioac t ive  c o n t e n t  of t h e  a sh  was m e a s u r e d  w i t h  a gas 
flow de tec tor .  
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RESULTS 

E//ect o/ copper 
Figure 1 presents the results of an experiment in which copper 

was the competing ion. The Zn*-concentration was 5 #M; copper: 
0, 5, 10, or 20#M;  the Johnson's solution macronutrients at full 
strength. It should be noted that  the majority of the Zn* in the plant 
was present in the roots after a 24-hour period in the labeled nutrient 
solution. When copper was present at the same concentration as the 
Zn*, 5 #M, Zn*-uptake into the plant was severely reduced, and 
this reduction was observed in both tops and roots. Proportionally, 
the same amount of Zn* was present in the tops and in the roots at 
the 5 FM level, and at all succeeding copper levels, as was present at 
zero copper level. Beyond the 5/~M copper level, further reduction 
in total Zn*-content was very slight. 

In Table 1 are shown the results of an experiment in which Zn*- 
uptake was measured as a function of both copper concentration 
and time. Zn* was present at 5 #M, copper at 0, 10, or 20 #M, and 
the Johnson's solution nutrients at full strength. The time that  the 
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Fig. I. Zn*-content of tops and roots of bean plants grown in nutrient solu- 

tion cultures to which copper (CuCl2) has been added as a competing ion. 
Plants were in labeled solution for 24 hours. Zn*-level was 5 #M. Closed 

circles represent the roots and open circles represent the tops 
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T A B L E 1  

Zn*-content of tops and roots of bean plants  grown in nntr ient  solution cultures to 
whieh copper (CuC12) has been added as a ¢ompeting ion. Plants  were in labeled 
solution for either 4 or 7 days. Zn*-level was 5/~M. All da ta  on a 'per plant '  basis 

Compe- Tops Roots 

titor ion Days Fresh % of Fresh Dry Zn*- % 
eoncen- weight total  weight weight ton- to 
tration Zn* tent  '~ I Z 

0.0/IM 4 4.0 g 
0.0 7 6.2 

10.0 4 2.9 
I 

10.0 7 5.3 ] 
i 

20.0 4 3.6 
20.0 7 3.9 

Dry I Zn*- 
weight con- 

tent  t 

0.5 g 266.0 
0.6 432.6 
0.4 36.7 
0.5 81.6 
0.4 14.3 
0.4 27.1 

19 
27 
28 
19 
11 
24 

4 .0g  
4.8 
3.1 
3.8 

Zn*-content expressed in nanomoles of zinc/plant. 

3.5 
3.0 

0.3g 1149.3 
0.2 1161.1 
0.2 95.4 
0.3 347.1 
0.3 119.5 
0.2 88.0 

plants were in nutrient solution containing Zn* was 4 or 7 days. 
The data depicted in Table 1 show that the average fresh weights 

and dry weights of the plants remained reasonably uniform. Results 
obtained for the plants grown in nutrient solution containing added 
copper for 4 and 7 days were essentially the same as those obtained 
for the one-day treatment. The percent of Zn* distributed between 
the roots and the shoots for each of the copper levels tended not to 
change markedly within each of the time intervals. 

E//ec~ o~ zisc 
In order to have a basis of comparison in examining the effects of 

other cations, an experiment utilizing added zinc as the competing 
cation was set up. It  is apparent in Figure 2 that  when zinc was, 
present at 5 #M, the reduction in Zn* uptake was not as severe as 
when copper was present at this level (c/Figure 1). In addition, the 
slope of the line gradually dropped otf at the higher zinc levels. 
Zinc competition on Zn*-uptake was, then, unlike copper competi- 
tion in that  eopper caused a more rapid, initial reduction in uptake 
rate. 

Table 2 presents the  effect of added zinc on Zn*-uptake over longer 
experimental times. Again, the same slow reduction in uptake is 
noticed with increasing levels of zinc. The 4-day treatment revealed 
no real change in distribution of Zn* between the tops and the roots. 
However, there was a change shown in the distribution pattern of 
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Fig. 2. Z n * - c o n t e n t  of tops  a n d  roots  of b e a n  p l a n t s  g rown in n u t r i e n t  
so lu t ion  cu l tu res  to  wh ich  zinc (ZnCI~) has  been  a d d e d  as a c o m p e t i n g  ion. 
P l a n t s  were in  labe led  so tu t ion  for 24 hours .  Zn* level  was  5 #M.  Closed circles 

r ep re sen t  t he  roo ts  a n d  open  circles r ep re sen t  the  tops.  

the Zn* in the 7-day treatment. As the unlabeled zinc level was in- 
creased, a higher percentage of the total Zn* (contained in the intact 
plant) remained in the roots. That this may be due to zinc toxicity 
was not discounted although no toxicity symptoms were evident. 
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E//ect o~ manganese 
In the experiment shown in Figure 3, the effect of manganese on 

Zn*-uptake is depicted. It  is apparent from this figure that manga- 
nesë had very little effect on Zn*-uptake or translocation internally 
in the bush bean plant. 
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Fig.  3. Z n * - c o n t e n t  of t o p s  a n d  r o o t s  oi b e a n  p l a n t s  g r o w n  in n u t r i e n t  

s o l u d o n  cu l t u r e s  to  w h i c h  m a n g a n e s e  (lVhlC12) h a s  b e e n  a d d e d  as a c o m p e t i n g  

ion. P l a n t s  we re  in labe led  so l u t i on  for  24 hou r s .  Zn* level w a s  5 # M .  Closed 

circles r e p r e s e n t  t h e  roo t s  a n d  o p e n  circles r e p r e s e n t  t h e  t o p s  . 

TABLE 3 

Zn*-content of tops and roots of bean plants grown in nutrient solution cultures to 
which manganese (MnC12) has been added as a competing ion. Plants were in labeled 

solution for 24 hours. Zn*-level was 5/zM. All data on a 'per plant' basis 

Competitor 
ion 

concentration 

0.0/ ,M 
30.0 
60.0 
90.0 

Fresh 
weight 

4 . l g  
3.5 
3.8 
2.8 

To is 

Dry Zn*- 
weight con- 

teut t 

0.4 g 55.2 
0.3 27.3 
0.3 25.4 
0.2 14.2 

% of 
total 
Zn* 

16 
22 

28 
22 

Fresh 
weight 

4.0g 
3.4 
3.3 
3.0 

Roots 

Dry Zn*- 

weight con- 

tent t 

0.2 g 286,7 
0. I 94.8 
0.I 66.8 
0. I 51.1 

% o f  
total 
Zn* 

84 

78 
72 
78 

t Zn*-content expressed in nanomoles of zinc/plant. 
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Interference in zinc transport was observed at high concentrations 
of manganese relative to the Zn*-concentration (Table 3). When 
manganese was present at 30 FM (6 times the concentration of Zn*) 
there was a reduction in Zn*-uptake to about half of the amount 
found in the control. However, there was little change in the percen- 
tage of Zn* found in the roots versus that  in the shoots whether 
manganese was absent or present. 

E//ect o~ cadmium 
Figure 4 and Table 4 present the results of experiments in which 

cadmium was added as the competing ion. From Figure 4, it will be 
seen that  cadmium had basically the same effect as did copper. In 
both cases there was a severe reduction in Zn*-uptake at the 5/xM 
added competitor level. With either copper or cadmium, the 10- and 
20-~M concentrations of competitor ion induced little additional 
change from the situation at the 5-#M level. In regard to the distri- 
bution pattern of Zn* within the plant, there was a change at the 
20-#M cadmium level but not with the same copper level. At the 
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Fig. 4. Zn*-con ten t  of tops  and  roots  of bean  p lan t s  grown in n u t r i en t  
solut ion cul tures  to  which  c a d m i u m  (Cd(NOs)2) has been added  as a compe-  
t ing  ion. P l an t s  were in labëled solut ion for 24 hours.  Zn* level was 5 #M.  

Closed circles r ep resen t  the  roots  and  open circles r ep resen t  the  tops.  
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20-#M cadmium level, a higher percentage of the total Zn* remained 
in the roots. 

TABLE 4 

Zn*-content of tops and roots of bean plants  grown in nut r ient  solution cultur~s to 
which cadmium (Cd(NOa)2) has been added as a competing ion. Plants  were in 
labeled solution for 24 hours. Zn*-level was 5/xM. All data  on a 'per plant '  basis 

Tops Roots 
Competitor 

ion Fresh Dry Zn*- % of Fresh Dry Zn*- % of 
concentration weight weight ton- total  weight weight ton- total  

f tent  t Zn* tent  t Zn* 

0.0/~M 2.5 g 0.3 g 19.3 13 2.6 g 0.2 g 127.6 87 
15.0 2.6 0.3 6.3 12 2.7 0.2 46.6 88 
30.0 3.2 0.4 7.4 t3 3.1 0.2 48.2 87 
60.0 , 2.7 0.3 1.9 3 3.0 0.2 60.5 97 

t Zn*-content expressed in nanomoles of zinc/plant. 

DISCUSSION 

This study has been done to determine the effect of added ions on 
zinc uptake and translocation in intact plants. F r i e d and S h a pi r o 3 
have suggested two active steps involved in the movement of ions 
from the substrate to the shoot. They proposed that  an active ac- 
cumulation of ions occurs at the root surface where the ion combines 
with the carrier and that  another active process occurs within the 
root where the ion is deposited into the vascular system. The purpose 
of the present study was to determine if the presence of other cations 
would influence the absorption and/or translocation of zinc. If an 
inhibition or enhancement of zinc translocation as well as absorption 
should occur, it might be in line with F r i e d  and S h a p i r o ' s  proposal 
of the two sites being involved in ion absorption. 

By employing ion competitors, it can be determined if absorption 
or translocation of zinc is influenced. If the tops are separated from 
the roots of the plant and analyzed for Zn*-content, then examina- 
tion of the total Zn* in tops plus roots will reveal any effect on total 
Zn* taken up. Comparison of the percent distribution between the 
tops and the roots will reveal any changes in translocation. Recently, 
S a k a g u c h i  s has used such an analysis ol experimental results to 
examine the effects of various anions on the uptake and transloca- 
tion of strontium. 
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If a competitor interferes with uptake only, it will be apparent as 
a reduction in total Zn*. II it interferes with internal translocation 
this will be made apparent by changes in the percent composition of 
the tops versus the roots. An inhibitor would increase the percent 
Zn* in the roots and deerease it in the tops. A transport-enhancing 
ion or compõund would have the reverse effect. 

E//ect o~ coplSer 

Inhibition of Zn* uptake in bush bean plants was found to occur 
when copper was added to the nutrient solution in low concentra- 
tions, but at these same levels copper did not interfere with the 
translocation on Zn* within the plant. These results coneUr with 
those cited earlier from M a l a v o l t a  et al. 6 in coffee; D u n n e  1 in 
cereal grains; H a a g  el al. (unpublished data) with barley and bush 
beans; and S c h m i d  et a[. lo with excised barley roots. 

Increasing the period of time in which the plants were in the eop- 
percontaining solution had no further effect over the one-day treat- 
ment and at the same concentrations. But, in other work it was 
observed that  when higher copper levels were used (0, 15, 30, and 
60 #M), and the Zn*-concentration was maintained at 5/~M, the 
distribution pattern of Zn* absorbed changed, eren over only 24 
hours of exposure. As the concentration of copper was inereased, 
the amount of Zn* being translocated internally from the root to the 
shoot was decreased. At the 60-#M copper level there was almost a 
complete reduction of Zn* in the tops (only 0.5 per cent of the total 
Zn* being moved to the tops). 

S c h m i d  and G e r l o f f  9 and T i f f i n  and B r o w n  11 demonstrated 
that  iron occurs in a complexed form in its transloeation from the 
root to the shoot. Possibly zinc also is bound in a complexed form in 
its ascent within the plant and copper in high concentration may 
displace it. The possibility that  copper is exerting a toxie influence 
and thus interfering indirectly is not diseounted by our findings. 

E//ect o/ zi~¢c 

Comparing the effects of added copper and added zinc on Zn*- 
transport and -translocation reveals some similarities in their influ- 
enees, at least when one examines the results from the viewpoint of 
Zn* only. In reality, the effect of added zinc is one of dilution and 
the labeled zinc, beJng diluted, represents a far larger amount of 



258 LARRY R. HAWF AND W A L T E R  E. SCHMID 

zinc actually being accumulated. If one were to calculate the amounts 
of zinc aetually being transported into the plants, the curve depicted 
in Figure 2 would show an inerease rather than a decrease. I t  has 
been shown by other workers (e.g. 2 lO) that  with increasing substrate 
ion concentration the amount of ion transported behind the diffusion 
barrier in a given time increases and finally reaches a saturarion 
level. Thus orte would expect the curve for total zinc in Figure 2 to 
show some inerease as the external zinc concentration is increased. 
The purpose in presenting Figure 2 is to give a comparison when the 
effeets of other ions are examined. 

Further examination of the results presented indicates that  the 
addition of unlabeled zinc had some effect on the internal distribu- 
tion of Zn* (7-day treatments; Table 2). This is unusual since once 
the zinc has been taken up it should be distributed in the same ratlos 
and without discrimination throughout the plant. No competition 
on Zn*-translocation should be expected. 

E//ect o/manga~ese 

In their work with coffee, M a l a v o l t a  et al.S reported that  manga- 
nese seemed to have a competitive effect on zinc uptake. S e h m i d  
et al. lo were unable to demonstrate competition in zinc uptake in 
excised barley roots, eren when the manganese level was ten times 
as high as the zinc level. The results obtained here reveal that  Zn*- 
uptake is inhibited by high manganese levels. When the manganese 
level is increased to six times that  of the Zn*-concentration, that  is 
to 30 #M, there is an inhibition of Zn*-absorption. 

The results depicted in Figure 3 seem to indicate an enhancement 
of Zn*-uptake by the roots as the manganese level is increased. I t  
would appear also that  the amount of Zn* is increasing in the root 
in relation to the amount in the shoot. However, this is not the case. 
Careful examination of Figure 3 will reveal that  only a slight per- 
centage increase actually does occur. I t  has been found that  the 
percentage distribution of labeled zinc in the root or shoot remains 
the same at each of the manganese levels. At these lower concentra- 
tions, manganese had very little effect on Zn*-absorption. Further- 
more it did not have any effect on Zn*-translocation at any of the 
concentrations used. Similar results were obtained in 4-day and 7- 
day treatments with manganese. 
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E//ect o/cadmium 
The possibility that  eadmium might show some effeet on Zn*- 

uptake or transloeation was tested. It was thought that this elements 
whieh is immediately beneath zine in the periodic table, might in- 
deed interfere with Zn*-absorption o; translocation. Basically, the 
effeet of cadmium was found to be similar to that of copper. A1- 
though a possibility of an interferenee in translocation was noted 
only at a very high concentration of cadmium, 60 #M, the inhibition 
of uptake was quite similar to that  of copper. Instead of being com- 
petitive there is a possibility that cadmium exerts a generally toxic 
effect upon the plant. P e r k i n s  v found that a toxieity similar to 
that  of mereury oceurs when cadmium is present in a biological 
system. 

General 
Generally, evidence has been presented in this s tudy which indi- 

cates that  for the most part, ions whieh compete with zine in plants 
exert their effects at the site of transport intõ the plant and not very 
rauch in the translocation mechanism unless high eoncentrations of 
the competing ions are employed. 

Indeed, the effect of added ions need not neeessarily be in terms of 
interfering with translocation within the plant hut rather be in 
terms of the fact that eertain biochemical balances may be altered 
by the presenee of the added ions. In this latter case the effect ob- 
served as less Zn* moving to the tops might be one of tying up the 
Zn* in the roots rather than competing with a translocation mecha- 
nism. 

SU1ViMAR¥ 

Cer ta in  ca t ions  were added  to  n u t r i e n t  so lu t ion  cul tures ,  in  wh ich  i n t a c t  
b e a n  p ]an t s  were be ing  grown,  in  an  a t t e m p t  to e s t ab l i sh  w h e t h e r  t h e y  in-  
f luenced  e i the r  e n t r y  of rad ioz inc  (Zn*) in to  these  p l a n t s  or t r a n s l o c a t i o n  of 
th i s  e l e m e n t  f rom t he  roots  to  t he  tops,  or bo th .  The  Zn*-leveI  in  t he  cu l tu re  
so lu t ion  was  m a i n t a i n e d  a t  5 # M  and  t he  concen t r a t i ons  of t he  a d d e d  ca t ions  
were  va r i ed  f rom zero t h r o u g h  60 # M  in the  h ighes t  t r e a t m e n t s .  

W h e n  copper  was p r e s en t  as the  added  ca t ion  a t  the  Zn*- level  (5 #J~/), 
Z n * - u p t a k e  was severe ly  r educed  b u t  i n t e r n a l  t r ans loca t i on  was no t  especial•y 
a l tered.  

W h e n  zinc was p r e s en t  as t he  a d d e d  ea t ion  i t  exertecl the  expec t ed  compe-  
t i t i on  on  Z n * - u p t a k e  a n d  in add i t i on  exe r t ed  an  unexpec ted ,  suppres s ing  
effect  on  Zn* be ing  t r a n s l õ c a t e d  to t he  tops.  



260 UPTAKE AND TRANSLOCATION OF ZINC BY INTACT PLANTS 

Blanganese, as an added  cation, has  an effect  on Zn*-up~cake only a t  h igh 
concen t ra t ions  (30 # M  or more) bu t  i t  did no t  al ter  the  in ternal  Zn* dis tr i -  
but ion.  

Cadmium behaved  similarly to copper  in its influence on Zn*-up take  and  
t ranslocat ion.  

I t  is concluded t h a f  the  general  effect  of added  cat ions on Zn*-up take  and  
t rans loca t ion  in in tac t  bean  p lan ts  is p r e d o m i n a n t l y  to  inhibi t  uptake ,  no t  
in t e rna l  d is t r ibut ion.  

Reeeived June 28, 1966 
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