
Copyright is owned by the Author of the thesis.  Permission is given for 
a copy to be downloaded by an individual for the purpose of research and 
private study only.  The thesis may not be reproduced elsewhere without 
the permission of the Author. 
 



PHYTOCHEMICAL AND BIOGEOCHEMICAL 

STUDIES ON NICKEL ACCUMULATION 

BY SOME NEW CALEDONIAN P LANTS. 

A thesls 
presented in partinl fulfilment of 
the requ i Pernent s for the degree of 
Doctor of Ptlilosophy in C hemist ry 

nt 

Massey University 

JULIAN Ll<�i 

August 1977. 



i i  

A B S T R A C T 

A he rbarium survey of Homaliurn and H,ybanthus species was 

s uc ce ssful in the detection of a number of ac cumulator s  of n i ckel. 

The term 'hyperaccurnulator' was define d  as those plant spe cies that 

contain m ore than 1000)16/g uf' nickel in their leaves on a dry weight 

basis. Their a bi li ty to inJicHte areas of specific geology and their 

use as indicators in min eral exploration was evalu a ted. All new 

hyperaccumulators of ni ck e l thut were 'discovered' were confined to 

the ultramafic complex in !Jew CaledoniEI. The poss i ble evolutionary 

signifi cance of nickel accumulation in the order Vi olales is noted. 

Plant-soil relationships for three New Cal edonian hype rac c umul­

ators of nickel; Hyba nthu s a us tro c a l edon i cus , Homalium k analiense and 

Homal ium guillainii were investiga ted, and the relation ship between 

n ickel up take and the upt a ke of othe r el em en ts examine d  s tat is ti cally . 

The lack of intereleme nt relationships, both stimulatory and antag on ­

istic, of' nickel with other minernls p oin ted to a me cha ni sm o f  
acc um ulation dependent on organic constituents, with the absence of 

competition from oth er ions indicatinb th e spe c i fic nature of the 

ab sorption a t  the root. 

The highly unusual accumul8tion of nickel in t he 'latex' typ e  

exudate frorr; the trunk of Sebertia ac uwinn ta is reported. A ni ckel 

ci trato complex was isolHted from the exudate and leave s of this species 

and identified by the use of spectrophotome t ry, high-voltage paper 

elt;ctr'L.l-".1...resis and �:,as - liyu id ch romatography - mass sp e ctrometry . 

The com ple xe d nickel compz•ises approxirnalely 4<Y;'b of the total wei ght 

of t-he crude latex. Citric acid was also i mplica ted in the c helati on 

of n i c kel in seve ral other Hew Caledonian a ccumulators . Extraction 

p ro cedures indicated that th e nickel citrate was located primarily in 

the va cuoles • 

• 1i c kel ci trate ex tra ct p, from th e plant mat er i al  w ere compared with 

vari ous synthe ti c n i ckel c i t ra t e  solu tion s  by electrophoresis a nd 

spe c trophotornet ry . Evide nce for a 2 : 1 an i on i c  ci tra te - nickel 

complex was obtained for solutions in wh ich the mole ratio of c i tra te 

t o  n i ckel app roac hed and exceeded 2 : 1. 



i i i  

Ga s l i qu i d c h roma t ography c oupl e d  wi th ma ss  spec t rome t ry wa s 

u s e d  i n  the i de n t i fi cati on of orga ni c a ci d s  occurring i n  th e i n ve s t i g­

a t e d  pl an t s . H i gh mal i c  an d ci t ri c  a c i d  c on cent rat i on s  we re found i n  

the hyp era ccumul a t or spe c i e s . A good c orrel a ti Qn b e tween c i t ri c a c id 

and nic kel  cont en t i n  th e l e av e s  of a n umbe r of New C a l e donian  pla n t s  

growi ng ov e r  ul t ra ba s i c  su bs t ra te s  was found . 

Al t h ough n i c kel i s  t runsl oca te d, and e xi s t s  i n  the pl an t cell  a s  

a c i  t ra t e  co rnpl e x, i t  appears unl i ke l y  t ha t  i t  1 s a bs orb e d  a t  the roo t s  

a s  su ch . A more sp ec i fi c nte chanism b a s e d  on the c a r ri e r c on c ep t i s  

p os tul at e d  t o  a c c ount fo r t he spec i fi c i ty of the a bsorp t i on . 

Ni ckel  a c c umul a ti on in the 1-thode s i a n  hyperac cumul a t or Pea rs on i a  

rne tal li fe ra i s  al so  de s c ri b e d . An o ther organ i c  a c i d  rat he r  t han 

c i t ri c  a ci d  i s  invol ve d  wi th ni c k e l  c hela t i on . Ma s s  spe c t ral evi den ce 

i n di ca ted  an un common s t ru c t u re . A pos i t i ve i den t i fi ca t i on c ould n ot 

be made . 
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