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Salt-marsh vegetation has for long attracted attention, especially by its adaptation 
to waterlogged saline soils. Coastal areas and plant species colonizing salt- 
marshes are often exposed to a large diversity of pollutants, with emphasis on 
heavy metals. 

The important role of marsh vegetation in the accumulation of metals has been 
shown by several authors (Beeftink et al., 1982; Menon and Ghuman, 1985; 
Reboredo, 1985). Some of these studies were carried out in loco, but others were 
performed under experimental controlled conditions (Ribeyre and Boudou, 1982; 
Taylor and Crowder, 1983; Huiskes and Nieuwenhuize, 1985), in order to know in 
advance the behaviour of the selected species - e.g.,unicellular algae, halophytes, or 
even crop plants, in the presence of increased concentrations of heavy metals. 

In a previous work (Reboredo, 1988) some aspects of the ecophysiology of Halimione 
portulacoides collected in its natural habitat were studied. This species is one of the 
most representative halophytes of the salt-marshes of the river Sado estuary. The 
Sado basin receives an important input of residual elements from chemical 
industry, metallurgy, shipbuilding, extractive industry (Fe and Cu sulphides), 
paper pulp, fertilizers and canned food production, and also the untreated domestic 
sewage from Setfibal, a populous city located in the mouth ofthe estuary. 

Agricultural wastes from extensive rice fields located upstream were also 
responsible for several damages in the fauna (especially in fishes) as refered by 
Lima and Vale (1978). 

In order to study the uptake and pattern of accumulation of Cu and Zn by the roots, 
stems and leaves of Hal imione,  plants were cultivated in vitro and treated daily 
with solutions containing 5, 25 and 50ppm Cu (as CuC12) and 50, 100 and 150ppm Zn 
(as ZnCl2). 

MATERIALS AND METHODS 

Plants used in vitro experiments were obtained from cuttings and cultivated under 
daylight in pots with ca. 1700 cm 3 volume, in a growth-room, in a soil mixture (pli 
6.5; Eh 411.3mv) whose characterization was previously described (Reboredo, 
1988). 
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Plants  were t rea ted  daily with 100ml of sea water,  containing 5, 25 and 50ppm Cu 
and 50, 100 and 150ppm Zn, while control p lants  were t r ea ted  daily with an equal  
volume of solution without  any of the tes ted elements.  
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Figure  1. Copper levels in the roots, s tems and leaves ofHalimione control- 
p lants  (OE and in plants  t rea ted  with 5, 25 and 50 ppm Cu ([D during different 
exposure  t imes .Thin  ver t ica l  ba r s  ( I ) indica te  the  s t a n d a r d  deviat ion.  
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Figure 2. Zinc levels in the roots, stems and leaves of Hal imione  control- 
plants (D) and in plants treated with 50, 100 and 150 ppm Zn (D) during 
different exposure times.Thin vertical bars ( I ) indicate the standard 
deviation. 
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Roots, s tems and leaves  were collected in t r ip l ica te  a f te r  2, 4 and 8 weeks  of 
t r e a tmen t  with both metals ,  as well as  immedia te ly  af ter  toxicity symptoms were 
detected. In this  par t icu la r  case the t r ea tmen t  was suspended. 

Lignified s tems (without  phothosynthet ic  activity), yel low-green leaves and young 
leaf lets  were not  considered for Cu and Zn analysis .  Samples  (roots, s tems and 
leaves) were carefully r insed  with dis t i l led  wate r  and dryed a t  70~ to cons tan t  
weight .  

Each sample  of dry p l a n t  and  soil (1 grain)  was placed in a 100ml borosi l �8  
b e a k e r  (p rev �8  c leaned  with 10% HNO3 aqueous  solut ion)  and  d iges t ed  
according to the  method described by Agemian and Chau (1976). The meta l s  were 
de te rmined  by atomic absorpt ion spec t rometry  us ing  a Perk in -Elmer  model 5000 
spec t rome te r  f i t t ed  wi th  a d e u t e r i u m  b a c k g r o u n d  corrector .  The o p e r a t i n g  
conditions were those recommended by the manufacturer .  

Pro-analys is  grade reagen t s  (E.Merck) were used in every case. S t a n d a r d s  were 
p repared  by ser ia l  di lut ion of commercial ly avai lable  stock solut ions (F isher  Sci. 
Company).  Each ana lys i s  ( t rea ted  or non t r e a t e d  p lan ts )  was ca r r i ed  out  in 
tr iplicate,  t ak ing  as the final resul t  the ar i thmet ic  mean o f the  three.  

RESULTS AND DISCUSSION 

Halimione p lan t s  were t r ea ted  with 5ppm Cu dur ing  8 weeks wi thout  a p p a r e n t  
damage,  while p lan ts  t r ea ted  with 25 and 50ppm of the e lement  exhibi ted several  
injuries  dur ing the 5th week of t rea tment .  The t r ea tmen t  was suspended. 

These injur ies ,  such as foliar  necrosis  of m a t u r e  leaves and the wi tbe r ing  of a 
great  majori ty  of the young leaves of the shoots, were probably caused by high levels 
of Cu in the  leaves (36.5 and 53.8ppm for p lan t s  t r ea ted  with 25 and 50ppm Cu, 
respectively), compared with the leaves of control-plants (20.0ppm) - Fig. 1. 

Higher  Cu levels were genera l ly  found in the  roots, a l though levels in the  leaves  
were s imi lar  (Fig. 1). P lants  t rea ted  with the higher  levels of Cu had  more Cu than  
the control-plants,  in contras t  to p lants  t r ea ted  with 5ppm Cu which had  genera l ly  
less Cu than controls. 

From the analys is  in Fig. 1, and t ak ing  into account the  differences between the 
levels of Cu in t r ea ted  and control plants ,  Cu accumulated in the  f irst  two weeks. 
After t ha t  r ime the accumulat ion was insignificant.  

The Cu root conc./Cu leaf  conc. ra t io  var ied  between 0.9-1.4 for Cu t rea ted  p l an t s  
and  1.2-1.4 for control  p l an t s  (Fig.3A). In n a t u r a l  condi t ions  ( three d i f ferent  
sampling points), this  rat io was a lit t le bi t  h igher  for samples  collected in 1982 with  
a var ia t ion between 1.5-1.9, while for the next  year  the var ia t ion  was between 0.8- 
1.2 (Reboredo, 1988). 

Soils from pots  enr iched with Cu dur ing  the  exper imenta l  work reached  levels  
(min. 135.7; max. 329.5ppm) above the soils of the sa l t -marshes  of the  Sado r iver  
estuary,  where p lan t  species live in na tu ra l  conditions. 

The tested Zn levels (50, 100 and 150ppm) and exposure t imes (2, 4 and 8 weeks) did 
not induce changes  in the externa l  morphology of Halimione portulacoides. The 
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average Zn levels of the roots, stems and leaves, in the f irst  two weeks of t r ea tmen t  
with Zn, was genera l ly  small,  especially for the lower levels (50 and 100ppm Zn). 

The enr ichment  dur ing the 2nd to 4th week was 2-3 t imes higher  in a grea t  major i ty  
of the  cases  (Fig. 2). The up t ake  of Zn was s t imu la t ed  be tween  t h a t  period,  
i ndependen t  of the  Zn applied.  From t h a t  t ime onwards  the  Zn t r e a t e d - p l a n t s  
accumulate  very  low levels of the e lement  in the i r  organs in cont ras t  to control- 
p lants  which accumulate  more Zn. 

Zinc levels associa ted with  the  roots of Hal imione  were much h igher  than  those 
observed in the  s tems and leaves, in contras t  to previous in vivo observat ions  in 
which the leaves presented the highest  levels. 
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Figure 3A. Variat ion of the ratio values (Cu root conc. /Cu leaf  conc.) with the 
exposure t ime and the different Cu concentrations applied to the plant.  
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Figure 3B Variat ion of the ratio values (Zn root conc./Zn leaf  conc.) with the 
exposure t ime and the different Zn concentrations applied to the plant.  

A very in te res t ing  fea ture  re la ted  to the  root conc./leaf conc. ra t io  was observed. 
Smal l  var ia t ions  (Fig. 3B) contras ted with the  var ia t ions  observed under  na tu ra l  
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conditions - 0.6-1.4 and 0.8-1.0, for samples collected in 1982 and 1983, respectively 
(Reboredo, 1988). 

By the end of the experiment, soils enriched with Zn showed levels ranging from 
370.6 to 884.0ppm Zn. These values were the differences between the levels observed 
in both enriched and control-soils. 

The appearance of injuries in plants treated with 25 and 50ppm Cu was probably 
related to the increase of this element in an available form in the soil, although its 
solubility was considerably reduced by high pli and by the presence of sulphides 
and carbonates. In the present work, soil pli ranges from 6.5 in the beginning to 
8.1-8.4 at the end of the experiment, constituting a strong impediment to uptake by 
the roots, especially at alkaline pli values. 

Although the uptake of Cu by plants varies considerably, the concentration in most 
agricultural crops seldom exceeds 30ppm Cu, even at high rates of Cu fertilization 
(Mackay et al. 1966). 

According to Howeler (1983), the toxicity for plant leaves ranges between 15 and 
50ppm Cu. Leaves of Hal imione  plants treated with 25 and 50ppm Cu exhibited 
toxicity symptoms, respectively when leaves reached 36.5 and 53.8ppm Cu. Control 
leaves with 20.0ppm Cu showed no morphological damage or decrease in Chl. a and 
b content (Reboredo, 1988). 

Roots of Cu-treated and control plants are the main accumulator organs, with a 
single exception in plants treated with 50ppm Cu, the leaves showing a Cu content 
(53.8ppm) similar to the roots (52.5ppm). Similar observations were donc for the 
water hyacinths - Eichhornia crassipes (Kay et al. 1984), Atr iplex  gr i f f i th i i  and 
Juncus  mar i t imus  (Joshi et al. 1987) but in the latter case the studied specimens 
were collected in their natural habitat. 

Concerning the treatments with Zn it was observed that all the Zn levels applied did 
not induce changes in the external morphology of Hal imione  plants. Stiborovfi et 
al.  (1986), reported a total lack or only a tenuous influence of different Zn 
concentrations on ribulose-l,5-biphosphate carboxylase activity in H o r d e u m  
vulgare L., as well on Chl. a and b content. 

From the results here presented and taking into account the maximum Zn levels 
observed in the roots (185.8ppm) and leaves (120.4ppm) it would be expected that a 
Zn-stress (due to the lowering of pli to acid values) in the natural habitat does not 
occur since these levels are far above those measured in populations in si tu 
(Reboredo, 1988). 

Halimione plants in hydroponic cultures containing 150ppm Zn exhibited after 15 
days exposure pronounced changes in the starch grains (in respect to size and 
number) of the chloroplasts of the chlorophylline parenchyma cells. Zinc content of 
these leaves was 194.1ppm, clearly higher than the above mentioned level 
(Reboredo, op. cit.). These observations demonstrated how inconsistent are the 
extrapolations exclusively based on laboratory especially if short- term 
experiments were used. 

Roots of Zn-treated and control plants accumulate more Zn than the leaves (1.4-1.8 
times more). Thus, in vitro conditions roots function as a barrier to the 
translocation of Zn to the above-ground organs. 
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From the analysis of the root conc./leaf conc. ratios it is apparent that  roots control 
at every moment the translocation of Cu and Zn to the leaves, both in treated and 
control plants. However, in the natural  habitat  if was observed that  the variation of 
these rat ios was much larger  than that  observed under in vitro conditions 
(Reboredo, 1988). 

The Cu and Zn accumulation rate by HaIimione growing in contaminated pots is 
relatively low. After 8 weeks exposure to 5ppm Cu and 150ppm Zn leaves presented 
21.6ppm Cu and 120Appm Zn, respectively. Plant  leaves grown in hydroponic 
culture, after 15 days exposure fo the same leveIs had 43.2ppm Cu and 194.1ppm Zn 
(Reboredo, 1988). 

It may be coneluded that  absorption from contaminated soils is not negligible, 
although it will be slow if compared with absorption from water, which is relatively 
rapid. This assumption is based on the Cu and Zn levels translocated to the leaves. 

The accumulation of Cu and Zn in the different organs increased with both rime 
and increasing concentrations of the elements in the solution, according to the 
pattern: 

roots conc. > leaves conc. > stems conc. 

A similar finding was reported by Stiborov~ et al. (1986), who observed that  Cu, Zn, 
Cd and Pb were much more accumulated in barley (Hordeum vulgare L.) roots 
than shoots and the levels in these organs also increased, in a great majority of the 
cases, with increasing concentrations of the elements in the solution. 

Our findings are of part icular  interest  since other results from studies in vivo 
indicated that  the leaves generally contained the highest Zn levels (Reboredo, 
1988). 

Typha latifolia plants grown in laboratory also accumulate considerably more Cu 
and Ni than plants  growing in the field under contaminated conditions (Taylor 
and Crowder, 1983). The same authors conclude that it  is not possible to make direct 
comparisons between the availability of metals in natural  soils and in nutr ient  
solutions. We share the saine opinion, emphasising tha t  all the extrapolations 
derived from plant behaviour in vitro must be avoided or done with great care. 

Although long-term experiments  are not commonly used, the effects and 
accumulation of contaminants in natural  ecosystems remained, through decades 
or more, without a t ruc perception of the mult ivar ia te  interactions between 
compar tments .  Shor t - te rm exper iments  can give us a signal,  long-term 
experiments perhaps a tendency. Only by resorting to both and using hydroponic 
and soil cultures could one get an idea of the reality. 
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