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Abs t r ac t  

Hyperaccumulation of heavy metal s was studied  with the 

i ntention o f  elucidating the mechan i sms o f  tole rance o f  

hyperaccumul ator plant species.  Two m a i n  areas a r e  covered; 

cobalt and copper accumul ation b y  plants from Shaba Pro vince , 

Z aire , and nickel accumul ation by speci e s  o f  the genus Alyssum . 

i i  

I n  surveys of vegetation o f  metal l i ferous soi l s  o f  
Shab a ,  n i n e  o r  t e n  new hyperaccumulators o f  cob alt were 
discovered along with eight  or  nine very strong accumulators.  
Fo r coppe r ,  seven hyperaccumul ators and fi ve o r  six very  strong 
accumulators were di scovered. Same famil i e s  contai ned a higher  
frequency o f  hyperaccumul ators than others.  There i s  also a 
di fference i n  superarder cl assification o f  cobal t and copper 
hyperaccumul ators on one hand  and nickel hype raccumulators on  
the o ther.  Surveys o f  the genera Aeol anthus , Ipomoea and 
Pandiak a were made but only one new copper hyperaccumulator 

was found : no  new cob alt  hyperaccumul ato rs were found. Several 
spec ies  had the i r  ab ilities  to accumul ate confi rmed. 

Pot trial s on three hyperaccumulators Aeal anthus 
b i formifa l i u s ,  Hauman i astrum katangense and �· rabe rti i ,  
showed accumul ation o f  cobalt but not the expected accumulation 
of copper.  The uptake cu rve was o f  the exclusion-break down 
form . The l imit  of b re ak down , far each metal , was simi l a r  
from speci e s  to speci e s .  Cob alt was  less  readily excluded than 
coppe r .  The  tol erance tests showed that some speci e s  have 
i ndividuals  wi th greatly  enhanced abi l i t i e s  to survive higher  
metal cancentrations than i s  normal far  that  speci e s ,  while  
other speci e s  have  more  uni form tolerance s .  There appears 
to b e  no requi rement fo r l arge metal concentrations at 
germination and seeds germinate more readi l y  in the absence 
rather than the presence of the metal s .  



The di stribution o f  cobal t and copper within l e af 
tissue s ,  o f  five speci e s ,  appears to be parallel within each 
spec i e s .  Fo r each metal , the dist ribution is parall el 
between di fferent species with the exception of Buchnera 
metallorum . More detai led  studies  on cob alt in H .  robertii  
showed the  di stribution  to b e  even  o ve r  the leaf  area but 
with  small anomal ous regions o f  high concentration . The 
possib i l i ty that some o f  the cob alt  was  preci pitated as  
oxal ate crystal s is  considered.  The water-solub l e  cob al t 
fraction l i g and could not be  i dentified but  was  not p rotein­
aceous . I t  has  a mass o f  5 , 200 g per mol e of cobal t .  

i i i  

A survey o f  t h e  genus Alyssum reve ale d  thi rty-four  taxa 
as hype raccumul ators to add to the fourteen previously known . 
All the taxa are from section O dontarrhena.  The geographical 
distribution of the hyperaccumulators  is  discussed  a s  is  the 
possible  evolution of hype raccumul ators i n  subsections Compressa 
and Samari fera from non-accumul ators within them . 

Studies  o f  nickel accumul ation by el even Alyssum species 
and the closely related Bornmuellera tymph aea showed simi l a r  
characteri stics  for all hyperaccumulators but two non-accumulators 
differed.  A ri se-to-saturation uptake fo rm was  no ted.  In the 
absence of nickel , cob al t could be accumul ated with a similar  
uptake fo rm . Cob alt accumul ation i n  the presence o f  nickel i s  
unknown . The rate_of uptake i s  rel ativel y rap i d .  The tol e rance 
of hyperaccumul ators to high  nick el concent rations was  
confirmed i n  two type s  o f  tolerance tests; a sub s trata medium 
test and a solution test . The resul ts  from the two tests  are 
compared.  

The di stribution o f  nickel between the  plant organs 
i s  discussed.  The anal y s i s  o f  mineral el ements i n  l eaf 
materi al showed interesting di fferences b etween hyperaccumul ato rs 
and non-accumul ators for calcium , magnesium and manganese content 
but these could not be rel ated to differing nickel concentrations . 
A simi l a r  find was  made for glucosinol ate s .  An o rg anic  aci d 
survey was restricted b y  the non-identi fi cation o f  many aci ds.  



Separation of the nickel complexes was made . I dentification 
o f  li gands involved in nickel compl exation was  attempted but 
few po sitive resul t s  were foun d .  Two l i g ands  were common 
in signi fi cant quantities  fo r all species studi e d .  

T h e  resul ts o f  these experiments were u s e d  to discuss  
possible  evolution o f  hype raccumulator speci e s  both  i n  term s  
o f  thei r supero rder distribution a n d  the i r  method o f  metal 
ion uptak e .  An equilibrium mechani sm o f  uptake i s  p roposed 
which involve s  a multipl i city  of compl exes for the ion 
absorb e d .  The mechani sm di ffers  from that  which is  commonl y 
proposed for mi cronutrient elemental uptak e .  

i v  
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