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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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.1. 

Intr eduction 

The l oca ti on of n ickel ( a t omi c numbe r 28 ) in the m i d s t of the 

row of essenti al tra ce e lements th at e x t end s from vanadium to zin c  

ha s sugges ted t o  some authors ( kert z , 1970; S c hroede r, 1 965; 
Schr oe de r  and Na son ,  1 97 1 ; Shaw, 1 960) t ha t  n i ckel is a ls o  l ikely t o  

b e  an e ssentia l element. Some workers have c oncl ude d that n ickel is 

e s senti nl for animal nu tr i t i on ot l eas t ( Niel se n, 1 971; N i el sen and 

Ollerich, 1 9 74; Sunderman �al . ,  1 9 72a ) 9  Nom o t o  e t  al . ,  ( 1 971 , 1 973 ) 
a nd Sunderman �al . ,  ( 1 9 72b ) ha ve c onfirmed the e xi sten ce of a n i ckel 

conta i n ing m etall op ro t e in ( nic kel opl a sm in) in human a nd rab b it s e rum . 

Shaw ( 1 960)and Me rtz  ( 1 970)  have noted that ni c kel is e spe c ially sui t ed 

for a b io chemi ca l r ol e  a s  i t  readily  und e rgoe s  tra n s i ti on s  among 

several c o -ord i nati on structures. To d a t e  h oweve r , d e s p it e  i t s  wide 

d i s t ri b uti on in  pl ants , the re  is l ittl e f irm evide nce tha t  ni c ke l  

is e ssent i al for pl an ts in the s t ri c t  sens e  tha t ,  i n  the a b s ence  o f  the 

e lement, growth i s  inhib i t e d . 

Nic kel is u b i qu itou s  i n  t h e  l it hosphe re and b i osphe re, c on s t i tu

t ing ab out 0 . 00896 of t he e a rth's c ru s t .  By fa r the l a rg e s t  part i s  i n  

igneou s  rocks of w hich n icke l cons t i tut e s  app roxima tely O. 0 1 9�. 

Among ign e ous roc k s ,  ul t rama f i c  ( o r  ul t raba s i c ) roc k s , c on ta i ning i ron 

and ma gnes ium , a nd l it tle or n o  si l i ca ,a re t h e  pri n c i pal s ource s  o f  

ni ckel . Ni ckel con c e n t ra t i on s  ran ge from 0. 0 1 6% in b a sa l t s  and 

gabb ros t o  an ave rage of o . 209b in pe rid ot i  t e s .  Fi gure 1 . 1  shows the 

ave rage nickel c on te n t  of va rious se d imen ta ry and i gne ou s  rock s . 

Ni ckel ore d e posits a re forme d by magma t i c seg re ga t i on o f  ul tra 

ma fic r o cks in wh ich n i c kel  i s  conce nt ra ted . The n i c kel may b e  inc or

p o ra ted i n  sul ph id e  or sil i ca te mine ral s . Pen tla nd i te ( ( Fe , Ni ) 9
s

8 ) , 



2 
chal c opyri te  ( C u  Fe s2), an d pyrrhoti t e  ( Fe x Sx+ 1 ) a re sul phi de 

mine ral s c ommonl y found in n i ck el ore d ep os i t s .  D epos i t s al s o  o c c u r  

i n  l a te ritic mate r i al fo rmed by t he w e a the ring o f  ( ul t rama fi c ) 
ferrorna gn esi an si l ica te rocks . Some uf the n i ckel oc c u rs in t he 

m ine ral ga rn i e ri t e , a hyd rous n i ckel  m agn esi um sil i c a te . 

The mean n i c ke l  con tent of vege t ation i s  a b ru t  0 . 5 pg/g in the 

drie d material or 10 pg/g in t he a sh, whi l st  s o i l s  n orma l l y  con t a in 

n i ckel i n  the rnnge � - 500 pg/g. H owever s o i l s  d e r ived from se rpe n

t init e s  and other ult ramafic ro cks, ma.v con tain u p  to 8,000 pg/g, a s  

i n the ca se of some very humi c ,  i r on- rich pe rid oti te  re si dual s oil s  

f ound  in New C al e d on i a. V ansel ow (1966) has revi ewed the ni c kel 

c on te n t  of field-grown c rops a nd seve ral spe c i e s of n atu ral  ve ge ta t ion , 

and for mos t  pl nn t s  re po rted a range of 0.05 t o  5.0 pg/g i n  the d ry 

ma t te r .  In a comp rehens ive  report  on th e ge oche mis t ry of s ome rocks , 
s oi l s a nd pl ants in the United Sta te s , Con nor and Sha ckl e t te ( 1 975) 

g ive ba c kg round nickel  c onc en t ra t ion s in a numb er of ma tri ce s ra ngi ng 
f r om unconsolidated geologic deposits to  pl an t a sh .  I n  over twenty 
f i ve wi d e sp rea d  pl a n t  specie s they ob se rv ed a c on c en t ra ti on range 

from l e ss t. an 2 pg/g up to 1,j00 )lg/g. 

The d etec t i on of very l ow levels of n ick el in pl an t s  ha s b e en 

maoe possible i n  t he l ast two d ecade s by t he advent o f  sen s i tive  

spe ctros c op i c  i n s t ru men tation . The most pre fe rred te chn i que u t il i ze s  

the prin ci pl e  of absorption of ene rgy by val ence el e c tr on s  o f  ground 

s ta t e a t oms produ c e d  in  a fl ame and ,c onsequen tl y , the onl y  c ommon int er

ferences e nc ountere d a re c a u sed by those  chemical and phys ical p roce s se s  

whi ch i nhib it the formation of g round - s ta t e  a t oms . A t omi c  a b s o rp ti on 

has  n ew b e come a popul a r  t e chnique for the anal y sis of c ompl e x 

mi xture s  as i t  is s pe c if i c ,and ha s de t ec t i on l imi t s  i n  the  nanogram 

range . The recen t d e vel opment o f  fl amel e s s  carb on -rod a t omi za t i on ha s 

l e n t  i t sel f p ar t icul a rly to  the anal y s is of e xt remely sm al l sampl e s. 

B e c a u s e  nicke l  i s  s o  widely d is t ri bu t e d  in  pla n t  t i s su e Ji t  may 

almos t  be regard e d  as a n ormal consti t u e n t , a nd more than fo rty yea rs 

ago M a r t ini ( 1 930) c on si d e red  i t  to be s o . H oweve r,  e a rl y  revi e w s  on 

the  min eral n u t ri tion of pla nt s ( Hewi t t ,  1 951 , 1 963; Na son and Mc El roy , 

1 963; Bol l a rd and Bu tl e r ,  1 966; Gau c h ,  1 95 7) whi l e  d e a l ing i n  s ome  

d e pth wi t h  the  i m po rtance  of many el eme nt s in  pl a nt nu t ri t i on ,  g i ve 

l i t tl e or n o  informa t i on on th e rol e  o f  n ickel . Mos t  of th e con s i d e r-

abl e l i te ra ture on th e role of nic kel i n  pl a n t s ,  deal s w it h  i t s  

t oxi c i ty and fungic 1d a l  p rope r ti es . �.1u c h  of this s tems from the f a c t  
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t ha t  n i ck el i s  pre sen t a t  toxi c level s i n  s e rpent ine a nd o the r ult ra
ba s i c s oi l s , and th i s  has been exami ned wi th  rega rd to thei r gen e ral 

i nf e rti l i ty .  Mi shra an d Kar ( 1g74) ha ve reviewe d the rol e  o f  n i cke l  
i n  pl ant  g rowth a nd me tab ol i sm ,  and the Na t i onal  Academy o f  S c i ences 
(1 975 ) ha s rev iewed the medi cal  a nd b i ol og i c effe c t s  of n i ck e l . 

Eve r s ince Ha s el h off  (1893) s howed  tha t  excessive am oun t s  of 
ni c kel were t oxi c t owa rd s plan t l i fe , th e i mpl i ca ti on s  of high n i ckel  
level s i n  serpe n ti ne soi l s  ha ve been w idel y di scus sed. 'rhe re i s  s t i ll 
no sa ti s fa c t ory expl ana t i on for t he rol e of n i ckel i n  pla n t  up take  f rom 
s e rpen t ine s o i l s , and the re i s  a need to cl a ri fy the me chan i sm s  of 
t olerance  of c e r ta in  spec i e s  towa rus high n i c kel  conce n t ra ti on s . The 
enigma of n i c kel a c cumul a t i on by ce rtain i nd i ca tor and a c cumul a t or 
plan t s  i s  a rel a te d  p robl em , and  some facet s  of thi s phenomenon a re 
i nves ti gated i n  the p re sen t work . 

The need to s tudy m ore ful ly plan t  adap ta t i on to  toxi c s o i l s ,  
and mec ha n i sm s  fo r t ole rance , a ri ses  from the n eed to  uti l i ze a re as o f  
hi gh heavy m e tal  conc e nt ra t i on , such a s  ol d mine d ump s and i nd us t ri al 
s i te s , and , m ore i mpor tantly , t he tra c t s  of ba r re n  s erpen t i ne  l a nd 
sea t tered th r oughou t the w orl d . The recla ma t i on of taxi  c m e  tall  i fe rou s  
wa s t e s  ha s been s tu d i ed b y  Smith and B radshaw ( 1 970) a nd rec ent ly  H i l l  
(1973 ) ha s had con side rable suc c e sses i n  the rejuvena t i on o f  Rhodesi an 
m i n e  - dump s through the une or heavy metal tol erant popul a t i on s  of 
plant s . 

It i s  i mport ·m t that an ac cep tRbl e means of mea sur ing t ol e rance  
i s  availabl e . �rn s t  (1972) used the me th od of Repp  ( 1 963 ) to mea su re 
the pla smat i c res i stanc e of  va r i ous  populati on s of Indi gofe ra se t i fl ora 
a nd l· dye ri agai n st i ncrea s i ng conce nt ra ti ons of z i n c  su l pha t e , c oppe r 
sulphate  a n d  nic ke l  n i t ra te . H i s resul t s  demon s tr·a ted tha t th e me tal 
t ol e ra n ce of  plan ts is hi g hl y  spec i fi c for i n d i vidual he a vy me tal s .  
E rn s t  w a s  able t o  a s s ign a re si stanc e  l im i t agai n s t z in c , c oppe r  a nd 
n i c ke l  fo r t oleran t and non- t ol e rant  p opulations of Ind i gofe ra spe c ies . 
Thi s l i m i t wa s hi ghe s t  for  popul a t i on s  f ound growi ng ov e r  a n omal ous 
a rea s . 

A m o re ac c e p tabl e  te chn i qu e for mea suri ng t olera nce , h oweve r ,  
i nv ol ve s  mea s uring r oot g rowt h  with va ri ou s c onc e nt ra t i on s  o f  the 
metal i n  que s t i on added t o  c al c i um n it ra te nut ri e n t  s olu t i on and 
exp re s si ng t h i s  a s  a p e rcent age of the i nc rea se  i n  root growth of 
cait rols i n  pu re cal c i um n i t ra te . Thi s  met hod ha s been u s e d  by var i ous  
w o rkers  ( 1Vi lkins , 1 957 ; Jowet t , 1 958 , 1 964 ;  Proc t or ,  1 9 71 ; lu and 
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Ant on ovi c s  (1976) to  d emon s t ra te thnt p opul a t i ons grow i n g  on t oxi c 

s oi l s  we re m ore tolerant t o  the me tal i n  que st i on than p opul a ti on s  of 

t he same s pe c i e s  growing on n orma l  subs t ra te s .  Proctor ( 19 71) showed 

t ha t  the r o o ts of the se rpe nt i n e  Agro s t i s p opul a t i ons grew much b e t te r 

i n  t he t ox i c solutions than the  n on-se rpen tine p opulati ons i n ve s t i ga t ed. 

Of the  toleran ces i nv e s t ignted by J owe t t  (1958) and G regory and B rad

shaw ( 1965), ni ckel i s  the lea s t  spe c i f i c . Re cently C ra i g  ( 1977) 

re por t ed an imp rovemen t on the rooting tec hn i que for me a su ring heavy 

me tal  tolera nce of g ra s s roo t s  by a me thod based  on p rob i t ana l ys i s .  
The method was used t o  comp a re th e toxi c i t ies of n i ckel , copper , �ad 

a nd z in c  to r oo ts of ill ma.vs L. 'I'h e ord e r  of t oxi c i ty wa s found t o  be 
Cu :> Ni Pb > Zn. T he Bdfl pta t i  on of a s e rpen t i ne p opul a t i on of 

Loud e t i a  t o  nickel wa s demon s t ra t e d .  

Erns t ( 1974) ha s cla imed  that he avy me tal t ol e rant pl an t s  have 

no me chani sm of p reve n t ing  heavy rnetnl s ente ring the cel l , e xce p t  by 

d evel oping a l ow e x ch ange capa city in the ro ot s .  The s ign i fi cant  

feature of  me tal t ol e ran ce  i s  the p reve n t i on of  hea vy me tal s from 

exerti ng dis t urban c e s  i n  th e me t a b ol i c  sy stem of the cel l s . I n  l e a ve s 

and stems the cel l va cuol e  sys tem i s  the ma in pl a c e  of he avy me tal  
d e po si t i on .  Ern s t  al s o  n oted  tha t the physiol og i ca l  b a s i s  of  t ol e ranc e  

i s  t h e  i n c rea se in  the pr odu c t i on of mal a te and oxa l a t e  i n  z in c

t ol erant pl ants  and of phe nol i c  c ompounds i n  c oppe r-tol e rant  pop ul a t

i on s . I t  wa s sugge s ted t hnt t he se prop e r t:ie s ful f i l l e d  t he c ondi tion s 

of the hi gh spe c i f i c i ty of heavy metal  t ol era nce , a c c ord i ng t o  the  

d i fferen t  s tab i l i ty c on s tan t s .  

The l i t e ra tu re shows t ha t  n i ckel i s  w idel y re c ogn i zed  a s  b ei ng 

ha rmful t o  a vari e ty of pl ant s  a t  rel a ti vel y l ow con ce nt ra t i on s .  The 

ma in symp t om s  are chl o rosi s or yell owi ng of l eave s fol l owed by n e crosi s . 

S tun t ing of roots  and sh rub s , d e f onnat i on of  vari ou s pl an t par t s  and 

unu sual  c ol oura t i on s ,  m ay a l s o  b e  man i fe s t ed in ca se s of n i cke l  p o i son

i n g . The ext reme ca se  is t he d e a th of t he whol e pl ant ( Hewi t t  and 

Bolle-J one s ,  1952; Ve rgnan o , 1953; C rooke and Kni gh t , 1955) . 

On s e rp en t i ne s oi l s ,  to xi c effec t s  of n i c kel may b e  re d u c e d  b y  l im i ting 

i t s ava i l a b i l i ty t o  pla n t s .  Th i s  may b e  a chi eve d  by ra i s i ng the pH 

by l iming , a s  shown by Hun t e r  and Ve rgnano ( 1952) ,  Vergnano  ( 1953) , 

C hang a nd She rman ( 1953) an d C rooke ( 1956) .  Hal s tead , Finn am Ma cl ean 

( 1969) foun d  tha t t he am ount s of  e x t ra c table  n i ckel in soi l s,and t he 

c onc en t rat i on s  of n i ckel  i n  the pl an t s,we re redu ced b y  l im ing of 

t he s oi l s and we re i ncreased by the ad d i t i on of pho spha t e . Plan t s  
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grow ing on s oil s with a hig h  l evel of exchan gea b l e  n ic k el hav e  a high 

con t en t  in th eir t issues . F or exampl e, the exchang eab l e  n ic kel c on t ent 

of the b a sin and hil l  s oil s of Whi t ec a i  rn s ( S c otla nd ) are 26-61 pg/g 

and 22-49 pg/g,  r espec t ive ly . Depend ing on th e exc hangea b l e  n ic kel 

c on t en t ,  oa t s  grown in the s e  soil t ypes c on ta in 17-134 pg/g a nd  16-51 

pg/g n ic k el resp ec tively (Vergnan o, 1 9 5.3) . 

Rel a t iv ely few pla n t s  a re abl e t o  a c c umul a t e c on c en t ra tions of 

n ic kel e xc ee d in g  app r oxima t el y  15 pg/ g on ' a d ry weig ht b a s i s ,  unl es s 

they a re g rowin g  ov er ul t ra b a s ic rock s , in wh ich ca s e  n ickel con c en t

ra t ions up t o  1 00 pg/ g may be f c:und ( J a  ffre, 1 976 ; Lyon tl a l . ,  1 9 70 ; 

Sev ern e, 1972; Lounama a ,  1 956 ) . Ma ny spe c ies a ppea r  t o  b e  t ol erant of 

el e va t ed nic kel l evel s  in the soil a nd appa rently p os ses s c erta in 

mechanisms that exclude n ic kel from enzyme-a c t ive s it es , the p ois on ing 

of wh ich is th ough t to oe the mos t  imp or t an t  t oxic a ct ion ( Bowen , 1 966 ) . 

Popul a t ion s of c ertain pl a n t  sp ec ies on s erpen t ine s oil s have b een 

s hown t o  d iff er ge netical ly from those growing on n on -s erpen tin e s oil s .  

The p opul a tion s  re pre s ent ed aphi c ec otyp es . The s erp ent in e  ra c es a re 

adap ted to th eir sub s tra t e  wit h it s high Mg/Ca  ra t io and hig h  c on cen t

ra tions of nic k el , chrom i um an d c ob a l t .  Kruckeb erg (1951) grew pl ant s 

of s er pen t ine a nd non-s erpen t ine p op ul Rt ion s  of Gil ia ca pita ta on 

serp en t ine s oil . Thos e from t he n on-serpen t ine l oca tion fail ed t o  grow. 

Eps t ein a nd J ef feries ( 1964 ) p oin t ed ou t that  th e m echanisms 

which b ring a b ou t  s el e c t iv e  ion a b s orp t ion and transport in pla nt s 

d o n ot apply onl y  t o  t h e  root s .  T ra n sfer of the ion s  int o  t h e  

con du c t ing t is sue s , r esul ting movemen t in th e xyl em and phl oem , and 

a b s orp t ion by  cel l s  in s t em s  an d l eaves are a l l  impl ica t ed .  S t ud ies 

w it h  mu tants  and va riet ies can b e  u s eful in s orting out the s ev eral 

s t ep s . The up take and t ransl oc a tion of el emen t s  su c h  a s  nic k el by 

plan t s  is of c on side rab l e  in t eres t ,  and the n eed t o  id ent ify th e 

ca rriers of th is and ot her el emen t s  ha s b een n ot ed b y  T iffin ( 1 972 ) . 

C on sid era bl e c on t r overs y exis t s  a b out  the m ec ha nisms of ion up 

ta ke by plant s ,  and th ere is sn ext ens iv e  l it era tu re d eal in g  with the 

va rious hyp othes es .  Much of the data avail a b le sup p ort th e idea tha t 

ion t ra n sp ort  in pla nt s is a n  a c t ive metab ol ic pr oc ess  and is highly 

s el ec t iv e. Rec ent evid en c e  seem s  t o  fa vour the c a rrier th eory of 

a b s or p t ion 1ov er t he Donnan sy s t em or the el ec t r op ot ent ial g ra dient 

hyp oth es is . I n  c on t ra st t o  t he oth er t heories , t h e  ca rrier th eory 

requ ir es th e imp ermea b il ity of th e memb ran e t o  free ion s .  Spec ific 

ca rrier s for ind iv idu al ions or c l osel y r�l at ed ion s a re pr op os ed t o  
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a c c ount fo r t he h i g h  d e g re e  of sel e ct i vi ty of the i on a b sorp t i on 

proce s s  ( Eps te in , 1960, 1962). Moo re (1972) point s ou t that the t h ree  

hyp othe se s a re n o t  mu tual l y  e xclu s i ve . 

H ew i t t  (1951) sugge s t e d  a way in  whic h  n on-essenti al e l em en ts 

mig ht a fte r a l l  be invol ved i n  m e t a b ol ism. The sti mul a t ory e f fe c t s 

of non - e s s en t ia l  e l ement s reported from t i me t o  t i me , m ay have b e e n  d ue 

to the i r  b en e f i c i a l  rol e a s  enzyme a c t i v at ors when t he n orma l  e l em e n t  

wa s d e f i c i e n t  i n  t he pl an t .  Di xon e t  al . ,  (1975) hav e  a dduced  e v i d ence  

whi c h s t rongl y  in d i ca te s  t hat u rea s e  i s ol a t e d  from ja c k  b eans 

( Canaval i a  en s i formi s ) i s  a n i ckel m e tall oen zyme , and tha t n i c kel  may 

wel l b e  a n  e s sen t i al tra c e  e l e m ent  in jack b eans . 

The w ork summari ze d  i n  the fol l owing cha p t e rs deal s wi th va ri ous 

e c ol ogi cal and p hy t ochemi cal a sp e c t s  of a group of highly unu sual  pl ant 

spe c i e s  whi c h  are abl e t o  a ccumul a t e  remarkab l y  high l e v e l s  of n i c kel . 

The l a rge c on cen t ra t i on of n ic kel i n  the i r t i ssue s  s i mpl i fi e s  the 

probl e m  of i s ol a ting and i d en t i fyi ng ni cke l c ompl e xe s  from vari ou s 

sp e c i e s . I f  t hi s can be  a chi eved , i t  may be p ossib l e to  e s tabl i sh some 

rea s on s  as to why t he se pl ant s a cc wnul a te so much nic kel , and to  fi nd 

wha t d i ffe re n t ia te s  the m  from n on -a c c umul a ti ng ne i ghb ours growing on 

t he sa me sub s tra te , and f rom oth e r  spe ci e s  that tol era te only ve ry l ow 

c on ce nt ra t i on s  of  n i ckel  in t he so i l .  



Bi ogeochemical Survey 

of 

Ni ckel Accumulat ing Plants 

2.1 INTRODUCTION. 

Adap ta t ion of pl a n t s  to envi ronments  whe re t he re a re  ma rked 

d e pa rt u re s  f ro m  more n ormal c onditi on s ,  such  as  h i gh sal i ni ty, 

e x t re me s  of p H, or unu suall y  h igh conce n t ra ti ons of va ri ous 

e l emen t s ,  is an  int e re s t ing phenom enon .  The a bil i ty o f  pla n t s  to 

g ro w  unde r a dv e rse condition s ,  suc h as  those imposed by mine ral 

i za ti on ,  h a s  been w idely  s tudie d ,  bu t the re a re many points o f  

i n te re s t  th at have s til l t o  be ful ly expl ained .  The t ol e ra nc e  

o f  plants  t o  high m e tal c oncent ra tions dep ends on the ir a bi l i ty 

e ith e r  t o  e xcl ude t he e l e ment s from t he ir t is su e s ,  or t o  withs tand 

them a t  a c cu mu JB.  ted  1 evel s .  The mechani s rns invol ved a ppea r  to be 

spe c ific f o r  a n y  one e l eme n t ,a s  t ol e rance  t o  one el ement d oe s  n o t  

ne c e ssa rily h ol d  f o r  o t he rs . 

Pra c t ic all y all t he el e rnen t s  of t he  p e riod ic t a ble may be 

f ound in vege ta tion , a nd it i s  p roba bl e  tha t for eve ry one o f  t he se 

e le me n t s ,  there is a t  l e a s t  one specie s  tha t will  a c cumula te  i t  t o  

a n  unusual e x ten t . In many c a s e s  more o f  t re  el em en t  i s  f ound i n  

the a sh of the pla nt than in  t he so il . S om e time s e ven t h e  content  

e xp re ssed on a d ry .we igh t i s  higher than t ha t  o f  t he soi l . Such 

sp e c i es a re known a s  'a c cumula t o r  plan t s . ' Pl an t s  g rowi ng ove r 

o re bod ies o r  a rea s of gene ral enrichment of a c erta i n  el ement 

e . g .  ul t ra ba s ic a re a s ,  may ac cumula t e  e le m ent s from a rea s whe re 

they oc cu r a t  only normal c onc en tra t ions : e . g . , Amanita f o r  

sel enium , brown algae  f o r  i od ine and Nys sa syl va ti ca  f or c o ba l t 

( Ge rl off , 1 963 ) . I n  bot h  type s  of a c cumula t o r  pla n t s  me chan isms 



f or t ol e rance of the a c cumula te d el ement a re pre sumed t o  b e  

p re se n t  e . g . ' e xt ra- cell ul a r d epos i t i on , form a ti on of c rys tal s 

w i th i n  t he c e l l , spe c i f i c  o rgano-me tall i c  c ompl exes , f orma t i on of 

u nu su al me tab ol i c  prod u c ts  . . . . • ' ( Bollard and Bu tl e r ,  1 966) . 
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Th i s  t ol e rance of pla n t s  t o  el evated c onc ent ra ti ons of va r i ous 

elemen t s ,  e s pe c i a lly  t ra n s i t i on e l eme nts , ha s l ed t o  the t e c hn i qu e s  

o f  ge ob otani c al and b i oge ochemi ca l  prospe c t i ng .  The fi rs t me thod 

involve s vi sual ob se rva ti on s ,  whi l s t  the s e c ond i nvol ves  chem i c al 

analys i s  of so i l s  and vegeta ti on . The fundamen ta l fa c t o r  tha t  

ma ke s b i oge ochem i cal su rveys pos si bl e i s  tha t some chemi cal e xpre s s

i on w i l l  b e  refl e c ted i n  t he veg e ta t i on g rowing ov e r  a mine ra l i ze d  

zone . C e rta i n  spec i e s  have th e a b i li ty to  c oncen t ra te el eme nt s 

from t he s oi l  se l e c tively  wh i l s t  ot hers end e avou r  to  re s tr i c t  t he i r 

upta ke . Pl an t s  growing on s e rpen t ine ( f orme d  f rom the al t e ra ti on 

of u l t ramafi c ro cks ) mus t b e  t ol e ran t of high ni c ke l  a nd chrom i um . 

Brooks ( 1972) ob s e rved tha t i ndi ca t or c ommun i ti e s ,  or  c ha ra c te ri s t i c  

fl o ra s , s uch a s  th ose mani fe sted  on serpe n t ine , wi l l  n o t  n e ce s sa rily  

i nd i c a te min e ral i z at i on d i re c tl y ,  but  may d e l inea t e  a rea s i n  w hi ch 

i t  oc cur s .  B rooks ( 1972), Malyug a ( 1964) a nd Levinson ( 1974) may 

b e  con sul ted for a d e ta i l e d  study of b i og e o c hemi cal m e thod s . 

The phy s i ol ogi cal b a s i s f o r  t h e  tol e ra n ce of i nd i ca t o r  pl a n t s  

t o  h i gh c on c e n t ra t i ons o f  pa rti cula r e l eme nt s  i s  s t i l l  la rge ly 

une xpl a ined . The a sh o f  many ni c kel  a c cumul a to r  pl an t s  can c on ta i n  

i n  e xce s s  o f  10% ni c kel ( Minguzz i  and Ve rgnano ,  1 948) . M o re ove r,  

the plant s often  deve l op b e t te r  i n  ul t rab a s i c e nvi r onmen t s  than 

und e r  n orma l  cond it i on s . In  1947, Minguz z i  and Ve rgnan o ( 1 948) 

d e t e c ted ve ry high c on c e n t ra t i on s  of ni c ke l  in  Alys sum b e rtol oni i  

De sv . f rom the Imp rune ta  regi on ne a r  Fl o re nce . They reported 1 . 55% 

n i c ke l  oxi d e  i n  the l ea ve s ,  a le vel a t  l ea s t  an orde r  of magni t ude 

g re a t e r  than in othe r  p l a n t s  of the sam e a rea . The n i c kel  c on t e nt 

of  t h e  so i l  wa s 0 . 33 %. They c oncl uded tha t n i ckel may ha ve a rol e 

i n  g e ob ota ni cal  prospe c ting  for ni c ke l . Malyuga ( 1 964) wrote t h a t  

s pe c i e s ,  such  a s  A. b e rt ol oni i f rom I ta l y  and A. murale  from t he 

U.S.S.R., w hi ch a re w e l l  adapted  t o  ni ckel- ore z one s ,  and can  grow 

n o rm al ly i n  such a re a s , d o  n o t  grow wel l  und e r  n o rmal soil c ond i t

i on s . S u c h  s pe c i e s  woul d b e  i deal a s  i nd i ca t ors of n i ckel i fe rous 

a rea s .  Mene z e s  de  Seque i ra (1969 ) rep o rt e d  0 . 52% ni ckel i n  ano t he r  

spe c i es  of Alys sum , �· s e rpyl i fol i um De sv . va r .  l u sitani c um f r om 

Northe a s t  Por tugal , whi c h  wa s p re d ominan t in  a re a s  whe re t he 
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b i ol ogi cal  and edaphi c b al an ce had b e e n  ups e t by e xce s s i ve ti l l age , 

causi ng an i n c r e a s e  in s oi l  e rosi on .  

Other b i oge o c hemi cal inve s ti ga ti on s by Seve rne ( 1 9 72 ) , S e ve rne 

and B rooks (1972) and C ol e  (1973) have reveal e d  the unusual l y  high  

ni cke l - a c cumul a t i ng ab i l i ty of Hyb a n t hu s  fl oribundus  whi c h ,  when 

growing ove r n:i c ke l i fe rou s a rea s , may c on ta i n  1 �6 ni ckel on a d ry 

wei gh t  b as i s .  Thi s spe c i e s  als o g rows ove r  sedimenta ry sub s t ra t e s  

and , a s  e xpe c ted , the n i cke l conten t i n  the l eaves of t h e s e  pl ant s  

i s  c on si d e rably l e s s .  Onl y  110 �g/g wa s f ound i n  a s pe c i� growing  

in  S ou t h  Au s t ral i a , b u t  a so il con c e n t ra t i on of 30 pg/g reveal e d  

the pl an t ' s a c c umula ti ng ab i l i ty .  C ol e  ( 1 973 ) con c l ud e d  that  whi l e  

the n i ckel c on ten t of th i s  spe c i e s wa s rel a ted t o  the c on ce n t ra ti on s  

i n  t he s oil , i t  d i d  not  n e c e ssa rily  d e l inea t e  n i cke l s ul phide  o re 

d e pos i t s .  I t  may howeve r b e  u se ful  i n  ind i cating ni c ke l i fe rous 

envi r onment s  and hence  has s ome val u e  in b i ogeoch emi cal  p rospe c t i n g .  

Wil d  ( 1 97 1 ) d e s c ri b ed Di c oma n i c c ol i fe ra whi ch  g rows al mos t 

exclu s i vely ove r s e rpen t i ni ti c sub s t ra t e s  in  a small  a re a  of 

Rhode sia  and a t  one l ocal i ty in Zamb i a .  Thi s  s pe c i e s ,  whi ch ha s 

th e a b i l i ty t o  ta ke up a s  mu c h  a s  0 . 2 1 %  ni c ke l  ( d ry we ig ht ) i s  a n  

i nd i c a t or o f  s ome anomal i e s ,  bu t i ts va l u e  a s  an  unive r sal  i nd i c a tor  

is  s om ewha t v,re a k ened b e c a u se of i t s oc c a s i onal oc cu rre nce on n on

n i c kel i fe rou s s oi l s . 

By fa r the  la rg e st  numb e r  of n i c kel  a c cumula t ing pl an t s  s o  far 

d i s c ov e red c om e s  from New Caled on i a . An a pp re c i a b l e  amoun t of 

geob o ta ni cal  work ha s b ee n  d one by Frenc h  wor ke rs a t  O. R . S . T . O. M . 

( Organ i sa ti on d e  l a  Re che rche Sc i e n t i f i que e t  Te chni que Ou t re -M e r ) . 

New Cal edon i a  ha s one of t he l arge s t  ul t raba si c a re a s  i n  t he worl d , 

wi t h  a se rpenti ne fl ora i n cludi ng a l a rge p roporti on of end emi c 

spe c i e s . Th i s  fl ora c on t a i ns seve ral  hyp e ra c c umul a t or s  of n i ckel , 

( hype ra c c umul a t or i n  thi s s tudy re fe rri ng t o  all pl ant s c on ta i ni ng 

� 1 000 pgjg n i c kel on a d ry we i g ht b a s i s ,  i rre spe c ti ve of t he 

con c e n t ra t i on i n  th e s o i l ) .  I n  add i ti on to  those di s c overed i n  

a survey re p orted  i n  thi s pa rt of the the si s ,  othe r speci e s  rep orted 

i n cl ud e : Gei ss oi s  pru i nosa , H oma l i um gu i l l a ini i  and Psychotri a  

d oua rre i  ( Ja ffre' a nd S c hmi d ,  1 974 ) ; H omal ium K anal i ense , Hyban thu s  

a u s t ro- cal e d oni cus  and  Hyban thu s  cal e d oni cu s ( Bro oks , Le e and 

Jaffre� 1 974 ) . The s e  spe c i e s  a re found mostl y  ove r ul tra b as i c  

s ub s t ra te s  high  i n  n i c kel , ch romium , c ob a l t and i ron . 
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The pre se n ce of seve ral  sp e c i e s of the ge nera Homal ium and 

Hybanthus  i n  t he l i st of  a c cumul a t ors ra i se s  the  que s t i on a s t o  

whe ther the  ni c kel a c cumula ting  a b i l i ty of the se genera i s  a worl d

wide  c ha ra c teri s t i c ,  or whe ther  i t  i s  c onfine d  to  New Caledonian 

and Aus t ral ian  spe ci e s . Know i ng the e xi s ten ce  of other ul t rabasi c 

a reas  t hrou ghou t the world , a nd t he fa i rly w i d e spre a d  d i spe rsi on 

of the se two  gen e ra th roughou t the t ropi c s ,  su b- t ropi c s  a nd warm

temp e ra te z one s , it  wa s c ons i d e red tha t some oth e r  membe rs may 

al so e xhi b i t  thi s  ni ckel a c c umul a t i ng capa c i ty . A de ta i l ed s tudy 

of the va ria t i on of n i c ke l  c on t e n t  in sp e c i e s  of H omal i um and 

Hyban thu s  c oul d b e  made vi a t he analys i s  of herba rium spec imens .  

H e rba ria t hroughou t t he wo rl d  c on t a i n  wel l ov er  2 00 m i l l i on plant  

s pe c imen s whi ch have  been  col l e c te d  over  the pa s t  1 50 yea r s . To  

d a te t he se specime n s  have sel d om b e e n  u sed fo r o th e r  than tax 

onomi c wo rk .  I f  t he co- op e ra t ion o f  h e rbaria c oul d b e  ob ta ined , 

t he t a sK of c ol l e c t ing many o f  th e 240 Homal i um and 1 50 H.yb anthu s 

s pe c i e s would be  simpl i fi ed . 

Ana lysi s of he rba ri um spe c i me ns would be  a s i mp le ,  rapid  a nd 

i ne xpen s ive me t h od of ca rrying  ou t a worl d-wi d e  survey of t he ni c kel 

s ta tus  i n  membe rs of the s e  two genera . Ve ry l i t tl e  wo rk of thi s 

na tu re s e em s  t o  ha ve been done i n  th e pa s t .  Pe rs s on ( 1 956 ) 

e xamined  spec i me n s  of ' c opp er mos se s ' a t  pre sent he ld  i n  many 

unive rsi ty an d gove rnme nt  herbari a  in Sweden . He noted  th e l ocal i ty 

f rom wh i ch the y w e re ob ta i ned an d t he n  re-examined  the l oc a t i on by 

o th e r  p rospe c t in g  me thod s .  He d id n ot however  analyse the ma t e ri al 

chemi c a lly . Simil a rily , C ol e  (1971 ) i d e n t i fi ed cuprophy t e s  o�e r  a 

c oppe r depos i t i n  s outh ern Afri ca and the n  che cked he rba rium s he e t s  

f or col l ec t i on l oc al i ti e s  of othe r spe cime ns of the se  sp eci e s ,  agai n 

wi thou t  analysi s of the h e rb a rium ma t e rial . One of t he ea rl i e s t  

repor t s  d e ta i l i ng the an al ysi s of phane rogams f rom he rba ria wa s 

g iven b y  Chene ry ( 1 948 ) wh o a nalysed alumi n i um i n  ove r  4000 

h e rb ari um spe c i m en s . Hi s me t hod , h owever ,  wa s onl y  semi-quant i t a t i ve 

and re qui red a l e a f  sampl e of ove r  6 c m2 in  a re a . More recent  w ork 

by Chen e ry and Sporne (1976) c ompl e ted  t h e  i nve s t i ga ti on of 

repre s e n ta ti ve s of al l t he 2 59 fam i l i e s  of d i c otyl e d on s  and ha s 

i n c rea sed  to 3 7  t he number  i n  whi c h  a l uminium a c c umula t or s  have b e en 

re c ord e d . 

Ruhl ing a nd Tyl e r  ( 1 969) anal ysed  vari ous heavy me tal s i n  
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sampl e s  or m o s s  Hypnum cupre s s i forme c ol l e c ted in S ka ne , Sweden 

f rom 1 8 70 - 1 943 and compa red h i s t ori cal t rend s in  th e c onc en

t ra t i on s  of the se e le men t s  wi th l e vel s in p re sent d a y  spe c imens . 

F rom these  s t ud i e s ,  Tyl e r  ( 1 970 ) sh owe d  how i t  wa s pos s i b l e  to  u se 

herba ri um m o s s e s  fo r the s tudy of hi s t o ri cal chang e s  i n  the 

d ep o si t i on of heavy me tal s .  H e  a l s o  not e d  tha t t h e  risks of 

p os s i b l e  se c ond a ry c ontam ina ti on shoul d b e  obs e rved  and c on t rol l ed .  

M ore re c e nt l y ,  Goodman and Rob e r t s  ( 1 9 7 1 ) anal ysed b ryophy te s from 

he rba r i a  t o  m oni t or atm osphe ri c pol l u t i on . 

Th e pau c i ty of e a rly  work i n v ol ving t he anal y si s of h e rba ri um 

s pe c i me ns for el eme nta l  con ce n t ra t i on poss ib ly refl e c t s  the f a c t  

tha t only i n  re cen t ye a rs ha s i t  b een pos s ib l e  t o  anal yse sampl e s  

s uff i c i e n t ly smal l  t o  s a t i sfy the requi reme nt s of he rba ri um c u ra tors . 

The s i ze  of sampl e needed  for cl a s s i cal  me thod s  o f  ana l y s i s  had 

b e en s o  l a rge ( 5 - 1 0g of l e a f  ma t e r i al ) tha t obvi ously val uab l e  

c ol l e c t i ons  of he rb ari um spe c ime ns c ou l d  not b e  d i s tu rb ed . For 

e xampl e ,  when C .  M i ngu z z i  and 0 .  V e rgnano a pp roa ched t he Fl orence  

he rb a ri um for mate rial for anal ysi s ove r twenty yea rs a go ,  t he 

reque s t  wa s re j e c te d  b ecause  e ven  the e mi s s i on spe c tr og ra ph i c 

m e th od of a nal ys i s  p r efe rred i nvol ved c on sump t i on of  t oo l a rge  a 
I 

sample ( Pe r s .  C omm . 0 .  Ve rgnano Garnb i t o  R . R .  Brooks , 1 97 7 ) . '.Vi th 

the u s e  of a tomi c ab s or pti on spec t r ophot orne t ry,  a nd pa rt i cu l a rl y  

t he d e  vel opme n t of the even m ore sensi t i ve e a  rb on- rod a t om i z e r  

a tt a c hm en t , i t  i s  now p os s i b le t o  de t e rm i n e  con c e n t ra ti on s  of 

seve ral e l ements  u si ng e xt rem ely smal l sampl e s i z e s  ( < 1 cm
2 

in  

a r� a ) . Wi th th i s  the s i ze of s ample , t h e  ne c e s sa ry he rba rium 

as s i s tance prov ed to be  fo rthc oming . 

For the wo rk re ported h er e , m ore than 50 he rb a ri a  throughou t 

the wo rl d  we re a pp roa ched f or sma l l  s ampl e s  of l ea f  ma t e ri al from 

the i r  c ol l ec ti ons  of H omal ium  and Hyba nthus . Thi rty f i ve of the s e  

i n s t i tu t i on s  s uppl i e d  ma te ri a l  ( s e e  A ppe nd i x  I ) . The se  sampl e s  

we re anal y sed ror the n i c kel c on tent  wi th two p ri n c ipal a i ms  in  

mind : fi rstly  to  f ind addi ti onal n i c kel  a c cumul a t o rs ,  knowing t he 

e xi ste n ce of othe rs i n  the g e n e ra , and s e c ondly t o  a s se s s  the 

ab i l i ty of  c erta i n  spe c i e s  t o  d el i ne a t e  known and pe rhaps unkn own 

ni c kel i f e rou s are as . Al though the na ture  of t he sub s t ra te i s  

often unkn own for herbarium s pe c imen s ,  s tud i e s  on known n i c ke l  

a c c umul ators ( S e ve rne and B ro oks , 1 9 72 : Brooks , L e e  and Jaffre, 

1 974 : J affre
1 

a nd S c hmi d , 1 9 74 ) ha ve shown tha t n i c k e l  val ue s 
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ove r 1 000 pg/g d ry we i gh t a re cnl y  a s soc ia ted wi t h  ul t raba si c 

a rea s .  The se and other  s tu d i e s  hav e  a l s o  shown tha t val ue s  ab ove 

1 00 p g/g we re p ra c t i cally  always a s s oci a te d  w i th ul t ra b asi c a rea s .  

Only occ a s i on a l  e x c e p t i on s  have b ee n  f ound , the se b e i n g  p rin c ipal l y  

f or pl ants  g r owing ove r l a t e ri t e s  n o t  ove rlying ul t rab a si c rocks , 

whe re val ues  of up t o  200 pg/g have b e en re c orded ( S eve rne , 1 972 ) . 

Those  pla n t s  g rowing ove r  a c id i c  rocks we re not e xpe c t ed t o  

a c c umul a te mu c h  more t han 15  pg/g d ry wei gh t  unl e s s  they we re 
a c t ual n i c ke l  a c c umula t o rs .  I t  wa s hoped t ha t  t he ana lysi s of a 

suff i c i en t  num ber  of e a c h  spe c i e s  wou l d  enable a d i s t i nc t i on t o  be 

made  b e tween ni ckel l evel s a ss o c ia ted wi th ul t rab as i c  e nvi ronme nt s 

and t hose of a c i di c su b s t ra te s .  

2 . 2  DI S "'RI BU TI ON AND EC OL OG Y  OF H YBANTHU S  AND H OMALIUM 

2 . 2 . 1 Hyban t hu s  J a cquin ( Vi ol a c ea e )  

Approxima tel y 1 5 0 Hyban thus spe c i e s  ( Wil l i s , 1 973 ) a re known 

from the t ropi c s  and sub- trop i c s ,  wi th a few spe ci e s  e x tend i ng 

i n t o  tempe ra t e  z one s .  Af ri ca ,  I nd i a , Malaysi a ,  Ame ri c a  and 

Au s t ral i a  al l re c o rd n at i ve s pe c i e s . The main  d e ve l opmen t of  t he 

spe c i e s  i s  i n  Cen t ra l  and South Ame ri ca , and the numb e r  of spe c i e s  

o b t a ined from he rba ri a se em s t o  refle c t  t hi s .  Sc hul z e  ( 1 936 )  notes  

t ha t  in B ra z i l , Pa raguay and U ruguay the re are a b ou t  45 spe c i e s . 

A b ou t  20 spe c i e s  o c cur in Cen t ral  Ame ri ca  a nd the S ou th- ea s te rn 

U n i ted S ta te s ,  a nd 7 , i n cluding endemi c s , in the 'Ne s t  Indie s .  

Benne H. ( 1 969 ) s t a te s  t ha t i n  t he Old  Worl d  the g e nu s  i s  n o t  so  

c ommon . Onl y  one spe c i e s ,  H .  ennea spe rmus i s  wide spread throughout 

'Ne s t  A fri ca an d A u s t ra l i a . A c c ord i ng t o  t his  a u t h or ,  the re a re 

1 1  spe c i e s  i n  Afri ca ,  5 spe c i e s  i n  t ropi cal Asi a and Indo-Malaysi a ,  

4 s pe c i e s  i n  New C a ledonia and 1 1  spe c i e s  i n  Aus t ral ia ( Pre sent  

cl a s si fi ca t i on re c ord s only two  spe c i e s  in  New Cal ed onia  : li ·  

aus trocaled oni c u s  a nd �·  caledoni cu s ) . Benn e t t  ( 1 969 ) c onsi d e rs 

t ha t  the genus  ha s und e rgone n o  ' re ce nt ' devel opment  and tha t 

p rese nt-day d i s t ri buti on pa t tern s  have e xi s ted f or a l ong ti me . 

Hybanthus i s  notably ab sen t f rom the young oc eani c i sl a nd s . Spe c i e s 

i n cluded i n  t he subg enus Euhybanth u s  a re re stri c ted  t o  C e n t ral 

Ameri ca ,  t he We s t  l nd i e s ,  S ou th-e a s t e rn North Ame ri ca and New 

Cal ed oni a ,  whe rea s sp e ci e s  of th e su bgenu s I oni d i um a re di s t ri buted  
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t hroughou t th e t ropi c s ,  wi th the e x ce p ti on of New C a l e d on i a . 

S chul z e  ( 1936 ) s a y s  tha t t he subgenus  Euhyban thus was p roba bly 

more w i d e spread whe n New Cal edon i a  be l onged to  t he mai nla nd ,  a nd 

tha t t he Sou t h  Ame ri c an a nd New C al edon i an sp ec i e s  rep re s e n t  t he 

rel i c s ,  t hu s  expl a ini ng th e i r  a b se nc e  f rom ' rec en t ' oceani c i sl and s . 

J a c obs an d M oore ( 19 7 1 )  hn ve d e s c ri b ed t he ge nu s Hyban thu s  

whi c h  i s  based on tha t gi ven b y  Sc hul z e  ( 1 93 6 ) . Gene ral l y  the 

spe c i e s  a re smal l gna rly sh rubs , or hal f shrub s a nd he rb s ,  wi t h  

a few t rees  u p  to  8m . I n  a few sp e c i e s  the twi g s  a re t horny and 

mi c rophyl l ou s . The l e ave s are  often he rba c e ous , s om e t i m e s  l ea thery ,  

a nd va ry in s i z e  f rom smal l needl e s  t o  15 by 4 cm b road-l e ave s . 

Roots  of seve ral  spe c i e s  of Iiyban thus have been noted  to  s t ore 
i nul i n -l i ke fruc tan s i n s t ead o f  s ta rc h  ( K rau s , 18 79 , c i te d  by 

J a c ob s and Mo ore , 19 71).  Three n i cke l a c cumul a t ors  i n  thi s  ge nus 

a re s o  fa r known - H . fl oribundu s , We s te rn Aus tral ia ( Severne a nd 

B rooks , 1972 ) ,  H . aus t rocaledoni c u s  and H .  cal ed oni c u s , New 

Cal ed on i a  ( J a ffre' a nd S c hrni d ,  1974) .  Benne t t  ( 1969) ha s d i vi d e d  

H .  fl ori bundu s i n t o  s . sp . fl ori bund u s , cu rvi fol i u s , and  adpre ss u s .  

A l l  t he se sub spe c i e s a re hyp era c c um ul a t ors of n i ckel  whe n  grow i n g  

ov e r  n i c kel i fe rou s s ub s t ra te s . Seve rne (1972) re c ord e d  n i c ke l  

l e ve l s of 1 . 6% ,  o . ?}·� and 0 . 13%, re spe c t i vely  i n  t he l e ave s o f  these  

pl an t s . He  a l s o  n ct ed 0.02% ni cke l i n  ll ·  epa c roi d e s  s . sp . b il ob u s  

grow i ng ove r  s an d s t ones  i n  We s te rn A u s t ral i a . 

2 . 2 . 2 H oma l i um J a c q u i n  ( Fl a c ou r t i a ceae ) 
The genu s H omal ium i s  c onfi ne d  t o  t ropi cal an d sub - t ropi cal  

count ri e s  and compri se s a b ou t 240 sp e ci e s , m os t  of  whi c h  b el ong t o  

l owl and ra i nf ore s t .  Of  the  2 4  sp e c ie s  kn own i n  the Pa c i fi c  ( a l l  of 

whi ch a re ende mi c , ) ab ou t  16 bel ong t o  New Cal ed onia . S l e ume r 

( 1 954, 1 972 , 1974) ha s done much of  the work on the cl a s si fi c a t i on 

of the Fl a c ou rt i a ceae  t o  whi ch the genus  H omal i um b e l ong s . Sl eumer 

( 1974) s ta te s  th a t  t he d el i nea ti on of na t ural spe c i e s  i n  H omal i um 

i s  d i ffi c ul t ,  and only a su ffi c i e n t  numb e r  of spe cimen s o f  a s p e ci e s 

a l l ows  one t o  re c ogn i z e  c l e a rl y  t he e xt reme s of shape an d si z e  of  

th e fl oral pa rt s .  There  a re al s o  pai rs of  morphol og i ca l l y  cl osely 

rel a t ed spe c i e s , ( e c ol og i cal form s may b e  sugg e s t ed ) wi th sepa ra te 

a reas  of di s t ri bu t i on .  Sl e ume r no ted tha t t he c ol l ec t i on o f  new 

spe ci e s  from i n te rmed ia t e  l ocal i ti e s  migh t  b ring a b ou t  a re-e val u -
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a t i on of t h e e xi s t i n g  t rea t me n t .  Thu s the c l o s e l y  re l a t ed s pe c i e s  

li· fra nc i i  a n d  li ·  gu i l l a i n i i f r om . e w  C a l e d on i a may w e l l b e  n a m e d  

a s  one w h e n  t he s e s p e c i e s  a re s t ud i ed i n  m o re d e t a i l . 

I t  i s  of i n t e re s t t o  n o te t hn t  t h e  fa m i l i e s Fl a c ou r t i a c e a e  a nd 

V i ol a c e a e  b o th b e l ong t o  th e s a me ord e r  ( Vi ol a l e s ) an d a t p re s e n t  

n o  che m i c a l  c ha ra c t e rs a re kn own wh i c h c on t ra d i c t the g e ne r a l l y  

a c ce p t e d  re l a t i on s h i p b e t \•, e e n  the se tw o fani i l i e s . ( He gnn u e r , c i t ed 

by Ja c ob s  a nd r.: o o rc , 1971 ) . 
T o  d a t e  al l the kn own H oma l i um s p e c i e s t hn t a c c u m ul a t e  n i c ke l  

i n  am oun t s  e x c e e d i ng 1 000 }Jg/g ha v e  c ollle from Ne w C al e d on i a . The 

two n o t e d  i n  p u b l i c a t i on s  p r i o r t o  th i s  work a re n. gu i l l a i n i i  

( V i e i l l . ) I3 ri q . ( Jaffre" a n d  S c hm i cl , 1 97Lt ) n nd H . k a n a J  i e n se ( V i e i l l . ) 
( B r o ok s , L e e  a nd J a ff rc� 1 9 74 ) . M n x i mum n i c k el val ue s  re c ord e d  i n  t h e  

l ea v e s o f  th e se t w o  spe c i e s �\ e re 2 . 90,'; an d 0 . 9CY,'& re s p e c t i ve l y .  The s e  

t w o  spe c i e s  d i f f e r  c on s i d e ra b l y , b o t h  i n  n a t u re and ha b i ta t . 

H .  g£i l l a i n i i i s  a t a l l  t re e  g r ow i n g  i n  d e n se ra i n for e s t , w h e re a s  H . 
ka n a l i e n s e  e x i s t s  a s  a sma l l x e ro p hy t e  s h rub f ou nd g rowi n g  i n  s ca t t e re d  

b u s h  ov e rl y i n g  l a t e r i t e s . The e c ol ogy o f  t he se sp e c i e s  ha s b e e n  

de t a i l e d  by J a f f re"" a nd L a t h a m  ( 1 9 74 ) , Ja ffre", L a tha m a nd Quan t i n  ( 1 9 71  ) . 

2 . 3  WORLD WIDE SUiNEY OF ':'m: G ENERA HO(,JJiL IUt.l AN"D HY3A NTHUS 

2 . 3 . 1 C ol l e c t i on and a na lys i s 

H e rb a r i a  th r ou gh ou t t h e · ·: o rl d  w e  re a p p roa che d f or s m al l s a m pl e s  

("-' 1 cm2 
o r  0 . 03g ) o f  l e a f  ma t e ri a l f r om th e i r  c ol l e c t i on s  of H oma l i um 

a nd Hyb a n thu s . Ab ou t 50 he rb a ri a  we re c on t a c t ed a nd t h os e  tha t  re s p on d 

e d  )/i t h  sa mpl e s  a re l i s t e d  i n  A p p e n d i x  I .  On a r ri va l  of t he s p e c i m e n s , 

c ol l e c t or ' s re fe re n c e  and l oc a t i on d u ta we re re c o rd e d , a n d  d ri e d l e a f  

s a mpl e s  w i th an a ve ra ge we i ght  of a pp r oxi m a t e l y  0 . 03g w e re pl a c ed i n  5 
ml b o r o s i l i c a t e t e s t  tub e s  a nd i Gn i t e d  a t  500°C i n  a m u ffl e furna c e . 

S a m pl e s  we re s uf f i c i en tl y  a s h e d  w i t h i n  n two h ou r  p e r i od f o r  e a sy 

d i s s ol u t i on .  T h e  a sh i n  e a ch tu b e  wa s d i s s ol ve d  i n  10 ml of 2M 

hyd r o c hl ori c a c i d  vhi c h  ha d b ee n  p re p a red f r om re d i s t i l l e d c on s t a n t  

b oi l i n g  hyd r o c hl o r i c a c i d .  F o r  e v e ry sa mpl e , n . n ew , u nu s e d  t e s t - t u b e  

wa s u s e d  s o  a s  t o  m i n i m i z e  the r i sk o f  p o s si b l e  c on t am in a t i on . I n  

s ome c a s e s sl i gh t  wa rm i ng wa s r e q u i re d  t o  e f f e c t  d i s s ol u t i on . T h e  

s ol u t i on s  )/ e re a n a l y s e d  f or n i c ke l  a n d  c ob al t b y  a t om i c a b s or p t i on 

spe c t roph o t om e t ry u s i n g  a s ma l l d i a m e t e r  a sp i ra t or t ub e  t o  e c on om i z e  on 
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solu t i on . The m os t sen s i ti ve n i ck el l ine ( 23 2nm) wa s s e le c te d  f or 

mos t analyses  and s cale e xpans i on wa s u sual l y  requi red . Corre c t i on s  

for n on-a t omi c ab s orpt i on we re made  u s ing a hydrogen con tinuum 

l amp wi th an a ut om a t i c ba c kg round c orre c t or b eing  empl oyed for 

l a t e r  wo rk.  For those sampl e s  where  fla me a tomi c ab s or pti on , eve n 

wi th s cale  e xpa ns i on an d op t imum c ond i ti on s , p roved i n s ens i t i ve 

the ca rbon r od a t omi z er ,  w i t h  i t s  i n c rea sed sens i t i vi ty a nd  a b i l i ty 

t o  use sampl e s  of smal l e r  s i ze ,  c ould be u sed . Al l d a ta were 

e xpre s s ed on a d ry we igh t b a s i s .  An a pproxi m a te conve rsi on fac t or 

of 1 5  may be  u sed to conve rt t o  c oncentra t i on s  on an a sh weigh t .  

2 . 3 . 2  Analyt i cal re sul t s  

T h e  co- op e ra t ing h e rb a ria  p r ovi d e d  1 926 spec ime n s  f or analy s i s ,  

i n cl ud i ng 1 2 1 H omal i um a nd 1 03 Hyb an thu s  sp e c i e s .  App rox i ma tely  

75fo of a ll spe c ie s  ha d n i c ke l  l e vel s b e l ow 1 5  )lg/g a nd the se a re 

shown , al ong wi t h  to tal numbe r a na l y se d  a nd the i r  mean n i c kel  

con te n t , i n  Tab l e  2 . 3 . 1 . The  mean valu e of  al l H omal i um spe c i e s 

i n  thi s category wa s 4 . 45 p g/g and tha t fo r the Hyban thus  spe c i e s  

4 . 34 p g/g . I t  i s  unl i ke l y  tha t the se spe c ie s  a re a c cumul a tors of 

n i c ke l . These l e vel s may b e  take n  t o  re present th ose n ormally  
found i n  veg e ta t i on as  a wh ol e on n on-ni c kel i fe rous s ub s t ra te s .  

Fi gure s 2 . 3 . 1 and  2 . 3 . 2 . show the geog raphi cal d i s t ri bu t i on 

of the two gene ra . The H omal i um spe c i e s  are confi ned almost  

e n t i rely to  t he t ropi c s , the  e xce pti on s  b e i ng those on the ea s t  

c oa s t  of Sou th Af ri ca and th e two s pe c i mens  from ce ntra l  Chi na . 

The H,yb anthu s  spe c ie s , h oweve r , e x tend t o  the l im i t s  of  the wa rm 

tempe ra t e  z one ( i . e .  40 ° n o rth and south  of th e equ a t or ) . Onl y  

sampl e s  wi t h  wel l de f i n e d  col l ec t i on l oca l i t i e s  we re i n c l uded i n  
t he f igure s .  The ni ckel conce n t ra ti on s for al l l ocal i t i e s  a re 

rep re sen ted by one of fou r  symb ol s d e pending  on the c on ce nt rat i on 

range i . e .  < 1 5 )lg/g , 1 5- 1 00 )lg/g , 1 00- 1 000 )lg/g o r  > 1 000 Jlg/g . 

Th e f igures cl ea rly show t he pred om i nance of  New Caledon i a a s  a 

source  of n i c kel hypera c c urnul a tor s . 

Fi gure 2 . 3 . 3 sh ow s those  spe c i e s  of whic h a t  l e a s t  one 

s pe ci me n  h ad a n  anomal ously  h i gh n i cke l le vel ( >  1 5  pg/g d ry we i gh t ) .  

The n umb e r  of sp ec ime n s  a nalysed and the range of n i c kel valu es 

found a re sh own . Broken l ines  i nd i ca te e x t reme l y  h i gh val ue s  

d i ffe ri ng b y  a fa c t or of two f rom the rema inde r of  t he range , 

The re a re some c a s e s  whe re unusual l y  l ow va l u e s  a re a n oma l ou s  a nd 

t he s e  a re a ls o  shown by b roken l ine s .  S t rong a c cumul a tors 



Tab l e  2 . 3 . 1  H omal i um and Hyban thus spe c i e s  wi t h  n i ckel 

c on c en t rati ons l e s s  tha n 1 5  pg/g ( d ry wei g h t ) . 

Spe ci e s .  

a c umina t um Chee sem .  

al b i fl orum 0 .  H offm . 

H omal i um 

a l n i fol i um Hu t ch i n son & Dal z i e l  

ampl i fol i um Gil g . 

ane i tyens e  Guil l a um i n  

anzoa tegui ense S teyerm .  

a xi l l a re Benth .  

ayl meri Hu t ch i ns on & Dal z i el 

b a i l l  oni S .  El l 1 ot 

b a randae  Vidal e x  V il l a r  

b hamoen se Cub i t t  & W . W . Smi t h  

b ra chyb o t rys F .  Muel l . 

b ra chys tyl um Ba i l l . 

b ra c tea tum Benth . 

b revidens  Ga gne p . 

b revipe t i ol a  turn 

bul l a tum G il g .  
buxi fol i um Dan i ke r 

ca ryophyll a ceum Be n th . 

c el ebi  cum K oord . 

Total 
No. 

2 

2 

3 
1 

1 

1 

2 

1 

1 

' 3 

4 

3 
2 

3 
2 

1 

4 
1 

8 

2 

c ochin chinense Dru c e  1 1  

damrongianum C ra ib ,  2 

d ensi fl orum Spruce  e x  Ben th .  5 

d ewevre i Wi l dem . & Th . Dur. 3 
d ol i chophyll um Gil g ;  ·Hu tch i n s on & Dal zi e l .  3 

el egantul um Sl eum . 1 

e ri an th um Ba i l l . 

eurype tal um Bl ake 

fagi fol i um Benth . 

fal l ax van Sl ooten 

fas c i cul a tum s .  Ell i ot 

1 

1 

4 
1 

1 

Mean 
Ni (pg/g ) 

4 . 5 

4 . 3  

9 . 2 

6 

5 . 4  
2 . 3 
2 . 3 
6 . 4 

3 . 0  

4 . 5  

6 .  1 

4 .  8 

3 . 4 

4 . 3 

3 . 0  

2 . 9 

4 . 3  

0 . 7  

4 . 5  

4 . 0 

3 . 4  
7 . 0  

1 . 9 

7 . 2 

7 . 4 

4 . 8 

4 . 9  

7 . 0  

2 .  1 

2 . 8  

0 . 9  

1 7 

c on tinued • . .  



Tab l e 2 .  3 .  1 • 

f ru te s c ens  Wa rb . 

Homal i um c on t inued . • . •  

ful vi fl o rum Sl eum . 

ge nt i l i i  W i l d e m . 

gra ndi fl orum Ben th .  

gri ffi thi a num Kurz 

gui anense  ( Aubl . ) Oken 

hai nanen se  Gagnep 

h o se i  Merrill  

i n v ol u c ra tum 0 .  H offm . 

l a u re n t i i De . Wi ld  

l a uri fol i um A . C .  Smi t h  

l a xi fl orum Ba i l l . 

l e- te stui  Pell egr.  

1 ohe ri M e rrill  

1 ouvel i anum H .  Perri er  

l u z on i en se F .  Vil l a r  

ma c roph,yl l um 

ma c r opt e rum Gi l g .  

ma t t ogros sense  Malme 

mi c ran thum 0. Hoffm . 

rni c r ophyl l um 0 .  Hoffm .  

moll e S tap f .  

rn os samb i cense  Pa iva 

myri and rurn M e rrill  

rnyrian thum G i l g ;  Gilg  e x  Engl . M i l d b r .  

n i t e n s  Tu rril l  

n ud i fl orum Ba i l l . 

ob ova tum M e rri l l  

opposi t i f ol i um Ba i l l .  

pa ni cul a tum Ben t h. 

pa rke ri Bake r 

ped i cel l a tum Spruce  e x  Ben th .  

pe tel o t t i  M errill  

pi t t i e ri Bl ake 

pl ani fl orum Baill . 

propinguum C . B . Cl a rke 

1 

1 

1 

6 

6 

23 
6 

3 
1 

1 

2 

2 

6 

2 

1 

3 
1 

1 

1 

1 

1 

2 

1 

2 

1 

2 

3 
1 

1 

2 

1 

1 9  

1 

2 

1 

1 

6 . 8 

1 3 . 3 
0 . 9  

2 . 6  

7 . 2 

3. 1 

1 .  5 

5 . 3 
2 . 6  

7 . 6  

3 . 5  

7 . 0  

7 . 9  

7 . 8 
6 . 4  

2 . 7 

0 . 7  

1 2 . 8  

2 . 5 

6 . 4  

4 . 8 

4 . 3 
2 .  1 

5 . 3  

5 . 7 

1 5  

6 . 7 

1 3 . 8  

1 . 3 
2 . 5  

3 . 5  

3 . 8  

7 . 6  

2 . 9  

2 . 7 

5 . 6 

1 8  

c on ti n ued • • .  



Tab l e  2 .3 . 1 .  H omal i um c on t inued • • • •  

ramosi i Merri l l  

r i  pa ri urn G i l g .  
rufe s c e n s  Benth.  

sa rcope t alum  Pi e rre 

smyt hei H u t c hi n s on & Dal z i el 

s ors ogonense  Elme r 

s tenophyl l um M e rr i l l  & Chun 

s tipul a ceum We l w . 

t e t rame rum Baker 

t omen t o sum Ben t h .  

t ri cho s t emon Bl ake  

va tkeanum 0.  H offm . 

vigui e r j H .  Pe rri e r  

zeyl an ic urn Ben t h .  

Hybanthus . 

Spe c i e s .  

aga te oide  s Mel c h .  

al bu s Bai ll . 

angu s t i fol i u s  S tand l ey 

anomal u s  S tand l e y  

a tropurpu reus  Taub . 

a t t enua tus ( Humb . & 
aura n t i a c us Mel e h . 
bangi i Rusby 

bi c ol or Ba i l l . 
b igi b b osus Has sl e r  

b re vi s S tandl ey  

buxi fol i us Bai l l . 

ca ffe r Engl . 

cal ce ol a ri a  ( L )  G . K .  

Bonpl . ) G . L .  

S e  hul t ze . 

S c hul t ze . 

1 

2 

1 8  

4 

6 

1 

5 

1 3  

1 

9 

5 
1 

1 

2 

Total 
No .  

2 

5 

2 

2 

1 2  

26  

6 

2 

7 

1 7 

1 
4 

6 

1 0  

1 .  3 
2 . 0  

4 . 4 

1 . 7 

4 . 5 

0 . 5 

1 .  6 

5 . 3  

5 

3 . 8  

4 .  1 

1 • 2 

0 . 4  

2 . 5  

Mean 
Ni  (pg/g )  

7. 8  

2 . 9  

2 . 6 

0 . 5  

3 . 0  

5 . 3 

5 . 3 

3 . 3 

8 . 3 
4 . 5 

6 

3 . 0  

1 • 8 

2 . 9 

1 9  

continue d  • • •  



Tab l e  2 . 3 . 1 .  Hyb anthus c on t i nued • • • . •  

calycinu s F .  Muell . 

capen s i s  Engl . 

ea  ri b a e u s  U rb .  

c i rcae oi d e s  Ba i l l  

c os ta ri c e ns i s M el c h .  

d eb i l i s s i mu s  F .  Muel l . 

d e ns i fol i u s  Engl . 

d orni nge ns i s  U rb . & Ekman 

e l a tu s  ( Tu rcz . ) M o rt on 

fil i f ormi s F .  Muell  

f ru t i cul osu s I . M . J ohns ton 

gal e ot t i i ( Tu rc z . ) M orton 

gramini f ol i us ( Ch od . ) G . K .  S chul tz e . 

guana c a s tens i s  S tandley 

ha s sl e ri a nu s  Ha s sl e r 

he te rophyll u s  Ba i ll . 

hi e ronymi Ha s sl e r  

hi rtu s E ngl . 
ipe ca cuanha Ba i l l . 

l ana tu s Ba i l l . 

l a s i oca rpus 

l e u c opogon Spa rre 

l i neari s ( Torr . ) Shi nne rs 

l ongi fol i u s  Me l ch .  

l ongi s tyl u s  G . K . Schul t ze 

me xi can u s  Ging . ex  DC 

moci nsanus M orton 

mon ope talus  Domi n .  

mossamedens i s  Mendes 

na tal e ns i s Bu rt t Davy 

nigri cans  S tand l ey 

occul t u s ( Pol a k . ) S tandl ey 

pa ragua ri ensi s ( Ch od . ) G . K .  Schul tze  

poaya Ba i l l . 

p olyga l a e fol i  u� Vent . 

port ori c en s i s U rb .  

7 
1 6  

2 

5 

2 

1 

4 

2 

4 

4 

2 

2 

4 

5 

2 

7 
6 

28 

7 
1 

1 

4 

2 

2 

5 

2 

2 

1 

3 

1 

1 

3 

1 

4 

5 

3 . 7 
6 . 2 

3 . 6  

3 . 3 

2 . 3  

2 . 4 

4 . 3  

8 . 5  

2 .  1 

4 . 5  

6 . 0  

2 . 8  

4 . 8  

3 . 3  

9 . 5 

2 . 0  

5 . 3  

4 . 6  

2 . 5 

3 . 1 

1 . 2 

6 . 5  

6 . 9 

3 . 3  

7 . 2 

8 . 6 

1 . 6 

8 . 6  

3 . 0  

9 . 2 

6 . 3  

3 . 5  

4 . 2  

2 . 6  

4 . 4 

2 U  

c on t i nued • . •  



Tabl e 2 .3 . 1 .  Hyban thu s c on ti nue d • • •  

potosinus  M o rt on 

ram o s i ss imus  Mel ch 

ripa ri u s  S tandl ey 

runyoni i  Morton 

s c hoenfe l d e ri Dtr .  

se r ra tus Ha s sl e r  

s i mpl ex Dtr .  

s t ri c tu s  Spreng . e x  S teud . 

subpoaya G . K .  S chul t z e . 

suffru t i c os u s  Ba i l l . 

syl vi c ol a  Standl ey & S teye rm .  

ta rapo t i nu s  Ule . 

ta t e i  F .  Muel l . 

tene l lus  Dtr .  

t he si i fol iu s  H u t ch in s an & Da l z i el 

t horn c rofti i Bu rt t Davy 

t ri c ol or Tau b . 

ve l utinus G . K . Schul tze  

ve rbena c e u s  L oe sen . 
ve rn on i i  F .  Muell . 

ve rti c i l l a t u s  ( Ortega ) Bai l l . 

vil l os i s si m u s  Taub . 

1 

1 

7 
1 

1 

6 

1 

2 

1 

6 

1 

4 

2 

2 

1 

1 

2 

1 

6 
2 

1 6  

5 

1 • 2 

1 1 . 6 

6 . 1 

1 . 2 

4 . 7 

1 • 6 

2 . 9 

7 . 5 

1 3 . 9  

3 . 8  

2 . 5  

1 . 6 

3 . 8  

3 . 5  

0 . 8  

6 . 3  

2 . 8  

0 . 7  

2 . 9  

4 . 0  

4 . 2 

2 . 5 

2 1  



( 1 00- 1 000 )l g/ g )  and hype ra ccumul a tors ( "/ 1 000 )lg/g ) a re c l ea rl y  

ma rked . Al l hype ra c c umul a tors e xcept for Hyb a nthus floribun d u s  
a re f rom New Cal ed oni a . The d a ta u s e d  for t he compi l a t ion of 
Fi gure 2 . 3 . 3  a re gi ven i n  Append i c e s  II  and I II . 

2 . 3 . 3  Ident i f i c a t ion of ul t raba si c sub s t ra t e s .  

22 

Tab l e s 2 . 3 . 2  and 2 . 3 . 3  gi ve add i tional data  for hypera cc um
ula tors of ni c kel . A l l  spe c i me ns we re take n  from d i ff e rent s i te s  
and , whe re pos s i bl e ,  the na ture of the sub s t ra te wa s d ete rm ine d 
f rom a knowl edge  of t he sampl e l oc al i ty .  

Afte r s ome yea rs of s tudy of s e rpe n t i n e  flo ra i n  New Zealand 
( Ly on e t  a l . ,  1 970 ; Lee , 1 974) , Wes te rn Aus tral i a  ( Se v e rne a nd 
Brooks , 1 97 2 )  and New Cal e d on i a  ( J a ff r� a nd Schmid ,  1 974; Brooks 
e t  a l . ,  1 974) J i t  ha s b een ob s e rve d t ha t  n i ckel con ce n t ra t ions 
ov e r  1 , 000 )l g/g in pl a nt s  a re a l ways assoc ia ted w i t h  ul t raba s i c  
a re a s . Val u e s  rangi ng from 1 00-1 000 pg/ g a re mostly a s s o c ia ted  
wi th ul tra b a s i c  a rea s ,  e xc e p t  oc ca s i onal l y  for  pl ants  g rowing ove r  

l a t e ri te s  not overl y i n g  ul t raba s i c rock s .  I n  su c h  c a s e s ,  va lue s 
up to 200 pg/g have b e en found . Seve rne ( 1 972 ) report s a val ue of 
200 pg/g fo r a sing l e  spe c im en of Hybanthus epa c roi d e s  s . s  p .  
b il ob u s  g row i n g  on l e a ched quar t z  san d s  c onta ining 1 0  pg/g ni cke l . 
Val u es of  1 5- 1 00 pg/g a re cha ra c t e ri s t i c  of serpent ine pl a nt s  and 
a re al s o  typi cal of hyp e ra c c umul a tors not growing on n i ckel fe rous 
a re a s . Val ue s grea te r than 1 5  pg/g a re un common for pla nt s i n  
gene ral grow ing ove r  no rmal sub s t ra te s .  

Al though thi s su rvey wa s ca rri ed ou t a t  a ve ry l ow sampl ing  
d ens i ty ove r a grea te r part  of  the e a rt h  be tween  t he l a t i tud e s  
40 ° N .  a nd 40 ° S .  i t  d e l i neated many o f  t he Worl d ' s  ma jor ul t ra 
b a s i c  area s . ( e . g . C ub a , Phi l i pp i ne s ,  W .  Aus t ra l i a ,  New Cal e don i a 

and Pue rto Ri c o ) . Al t hough a l l  the se a re a s  a re wel l known, a 
su rve y of thi s na t u re coul d p o s s i bly  b e  used fo r t he mapp i n g  of 
unknown ul t ra bas i c  a re a s  i n  par t s  of the  glob e  tha t  a re poorl y  
ma ppe d  geolog i ca l l y .  I t  i s  i mportant to note t h a t  thi s  survey h a s  
n ot reveal ed  ni c ke l -ore bod ie s a s  su ch  b u t  has  d e l i n e a ted  wi d e r  
a re a s  w here n i c ke l  l e vel s a re high e r  than normal ,  s uch a s  i n  
ul t raba s i c  rocks and l a t e ri te s .  I n  ma ny cases  t he coll e c to r  may 
ha ve b e e n  unawa re of the  na ture of t h e  su b s t ra t e  and  the val ue of 
h e rb a ri um spe cimen s for i denti fyi ng pos s ib l e  ul tra b a s i c  a re a s  



Tab l e 2 . 3 . 2 .  Hype ra c c umul at or� ( > 1 000 pg/g d ry weigh t )  of n i ckel . 

Total No . ab ove L oca l i ty H i gh e s t  N i . c on e . Na ture of sub s t ra te Sp e ci e s .  No .  1 000 .}lg/g (pg/g dry wei gh t )  

H oma l i um 

au s t rocal ed on i cum 6 4 New Cal ed on i a  1 805 ul t raba si c 

Sl eum . 

depl anchei  1 0  2 New C al e d on i a  1 850 ul t raba s i c 

Wa rb . 

f ranc i i  7 7 Ne w Cal ed oni a 1 4500 ul t rab a si c 

Gu i l l aumin  

guil l a in i i  2 2 New Cal edoni a 6926 ul t raba s i c  

Bri q .  

kanal i ense 6 5 New Cal edonia  9420 ul t rabasi  c 

Briq . 

rna t h i euanum 3 1 New Cal e d oni a 1 694 ul t rab a s i c 

Bri q .  
rub roc ostat um 2 1 New C a l ed on i a  1 1 5 7  ul t raba s i c  

Sl eum . 

Hybanthus 

aus t rocal e d on i cus 4 4 New Cal e d on i a  1 3 750 ul  t raba s i c 

S c hinz  e t  Gu i l l aumin 

cal e d on i cus  1 1  2 New Caledon i a  591 7 ul t rab a s i c  f or values  

( Turcz . )  C re tz .  > 1 000 ug/g 

fl ori b un du s 1 3 2 W . Au s t ra l i a  6680 ul t ra b a s i c  f or val ue s  

F .  Mue ll .  > 1 000 ug/g . I'-> 
v.J 



-Tab l e 2 . 3 .  3 .  S t rong a c cumul a tors (>1 00  )lg/ g d ry we i ght ) of n i ckel . 

Spe c i e s . 

Homal i um 

angu s t i fol i um 

Keay 

d e c u rren s  

Bri q .  

gi t ingense 
Elm er 

l e- ra t i orum 

Gui l l aumin 

panayum 

F . V i l l a r  

pl e iandrum 
Bl ake 

pub iginosum 

Wa rb 

s e rra tum 

Gui l l aumi n  

Total 
No . 

5 

5 

2 

7 

1 1 

3 

1 

6 

No .  ab ove 
1 00 pg/ g .  

1 

1 

2 

4 

1 

2 

1 

1 

Local i ty 

S i e rra. Leone 

New Cal ed on i a  

Phi l i pp ine s 

New Gal edonia  

Phil i pp i n e s  

Pue r t o  Ri c o  

New Cal ed on i a  

New Ca led on ia 

H i ghe s t  N i . con e .  
(pg/g d ry wei ght ) 

1 55 

1 76 

1 44 

643 

507 

343 

3 9 7  

1 1 6 

Na ture of sub s tra te  

unknown 

va ri ous i n cl . 

ul traba si c  
unknown 

va ri ou s  i ncl . 

ul traba s i c 
ul t raba s i  c 

ul t raba s i c  

ul t rab a s i c 

ul t rab a s i c 

C ONTINUED • . . .  

"-.) 
.c... 



Tab l e 2 . 3 . 3 .  c on t i nu e d  . . .  

Hyb a nt hu s  

b re vi l a b ri s 4 1 

Dom i n .  

l i nea ri f' ol i u s 1 1  1 . 
Urb . 

m a l p ighi i f' ol i  us 1 1 

Sta nd l ey 

s e ti g e ru s  3 1 

Ba i l l . 

w righ t i i 2 1 

Urb . 

yu c a tanen s i s 

M i l l s p .  1 2 1 

W.  Au s t ra l i a  229 

Cuba  1 07 

M e xi c o  638 

B ra z i l  1 3 0 

Cuba  350 

M e xi c o  1 3 4  

u l  t ra b a s i  c .  

ul t ra b a  s i c .  

unkn own 

p robably u1 t rab a s i c  

ul t ra b a s i  c 

unkn own 

"""' 
U'1 



26  
d ep end s on the a c cura cy wi th  whi ch th e c ol l e c t i on l ocal i t i es hav e  

b e e n  gi ve n . 

2 . 3 . 4 The Di scov e r.¥ of New Ni c kel -a c cumul a t ing Pl an t s 

Thi s he rb a r i um su rvey ha s resul ted i n  the  di s covery of f i ve 

new hype ra c cumul a  t ors a nd thi rte en s trun g  a c cumul a t ors of  n i ckel 

a s  w e ll as the ' red i s cov e ry ' of al l the previ ousl y kn own hype r

a c c um ul a tors of n i ckel . They a r e  g iven i n  Table 2 . 3 . 2  and 2 . 3 . 3 

The effe c t i ven e s s  of t h e  survey i s  shown b y  the fa c t  tha t a ll 

a c cumul a tors  we re foun d  wi t hout the nece s s i t y  of fi el dwork .  

Hyb a nthu s  fl ori b undus wa s found onl y  a ft e r  the a rd uous c ol l e cti on 

and an a lysis  of an en t i re fl o ra  ( S e ve rne , 1 972 )  wh e re a s  th i s  

survey rea d i l y  reveal e d  i t s n i c kel accumula t ing capa c i t y  wi th  t he 

minimum of expense and l a b ou r .  

The hype ra ccumul a t ors n ew to the l i te ra ture a re : H oma l ium 

au s t rocal e d on i cum , li ·  d epl an c he i , H .  fra n c i i ,  li· ma t hi euanum a nd 

H .  rub roc osta tum ; al l of wh i ch a re f rom New Cal edon i a . No new 

hype ra c cumul a t ors were found out s id e  New Cal edon i a  b u t  s ome of the 

spe c i e s  cl a s s i fi e d  he re ·a s  s t rong a c cumul a t ors  may ul t i ma te l y  p rove 

t o  b e  hype ra c cumula tors when fur the r  spe c i mens a re a nal y sed . 

2 . 3 . 5  The regi onal d i s t ri b ut i on of n i ckel a ccumul a t ing 

pl an ts  

Figure s 2 . 3 . 1  and 2 . 3 . 2 , wi th add i t i onal i nfo rma t i on i n  

Tab l e s  2 . 3 . 2  a nd 2 . 3 . 3 , show the regi onal  di s tri buti on of n i ckel 

a c cumulators . All hype ra ccumul a t  ors of t h e  genu s  H omal i um are  

con f i ne d  t o  New  Caledon i a . Seve ral of the s t rong a c cwnul ators  

a re a l s o  found i n  New Cal edon i a  wi th o ther  n otabl e spe c ie s f rom the 

Phi l ippine s ( H .  panayum ) and Pue r t o  Ri c o  ( H .  pl e i a nd rum ) , b o th from 

ul t ra b a s i c  a rea s .  Sl e um e r  ( 1 97 4 )  has re cogn i z ed 1 6  spe c i es o f  

Homal i um i n  New Cal e d on i a . Of t he se ,  7 a re hype ra c cumul a t ors and 

4 a re  s t rong a c cumul at ors . New Cal edon i a  al so pl ays h o s t  t o  two 

hype ra ccumul a t ors from t he genus Hyban t hu s  : fi .  aus t ra cal e d oni c u s  

and H .  cal ed on i cus . The forme r i s  found onl y  o n  ul t raba s i c  

sub s t ra te s  b u t  a s  se e n  f rom Fi gu re 2 . 3 . 3 t he l at t e r  i s  muc h  m ore 

wi d e spread in i ts di s t ri b ut i on .  Val u e s  ranging f r cxn  2 . 0  }lg/g t o  

upwa rds of 5 , 000 ug/g have b ee n  de t e c ted i n  va ri ou s sub sp e c i e s of 

H .  cal ed oni cu s ,  th e a c tua l n i c kel  concent ra ti on s  de pend i ng on 
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2 9  
whe t h e r  i t  is  g rowing on o r  off ul t rab a s i c  sub s t ra t e s . 

Out si de New C al e d onia  the only hype ra ccumula t or of t he genus  

Hybanthus i s  the well do c ume nted  H .  fl ori bundus ( whi ch i n cl ude s 

s . sp a dpre s su s  and s . sp fl ori bundus ) . H .  e nnea spe rmus had the  

wi d e s t  d i s t ri b u ti on uf all  s pe c i e s i n ve s t i ga te d ,  wi t h  spe c imens 

occuning i n  a b road a rc from S .  Afri ca , through Ind ia  and S ou thea s t  

A s ia to n or the rn Aus t ral ia . Ove r  1 00 spe c i men s of ll·  e nneaspe rmus 

we re analysed . 

2 . 3 . 6  C on cl u s i ons . 

The m os t  s ign i f i c ant re sul t s  of t h i s  h e rbarium survey we re 

t he d i s c ove ry of n ew n i ckel  a c cumul a t i ng pl ants , a nd the i r  

i nd i ca t i on of area s of a s pe c i fi c  g e ol ogy . Al though out s i de New 

Cal ed on i a  no  n ew hype ra c cumul a tors were found , many of t h e  s t rong 

a c cumul a to rs ,  w i t h  m ore i n tens ive  sam pl i ng , may wa rran t i n cl usi on 

i n  t h e  h i gh e r  groupi n g .  

I n  t he p re sen t su rvey ,  t he n i c kel  c ont ent  of  vege t a t i on wa s 

u sed , n ot t o  ind i ca te n i c kel i tsel f ,  but  t o  del ine a te a reas of 

s pe ci f i c  ge ol ogy . To t h i s  end i t  p rove d su c c e s sful pa r t i cul a rl y  
) 

i n  the d e l inea t i on o f  ul t rab a s i c a rea s . The princ i pl e s  u s e d  i n  

thi s s urvey coul d be  appl i ed to  ot he r  ge n e ra for other el emen t s . 

M i ne ral d e po s i t s of ma ny el e me nts would  b e  t oo l oc al i s e d  f or 

h e rba rium surveys  t o  b e  of us e b u t  a re a s  whe re pos s i b l e  m i n e ra l 

i z a t i on may o c c u r  c ould b e  i nd i ca t ed . Ul t raba s i c  rocks  i n  

part i cu l a r  a re fav oured ta rge ts for ge ochem i cal expl ora t i on ,  s i n c e  

they a r e  often  h o s t s  for a w i d e  ra nge of imp ortan t ore el eme n t s  

s u c h  a s  n i ckel , ch romium , pl a tinum a nd c obal t .  

S in ce th i s  work > Brook s  and Wi the r  ( 1 97 7 )  and Wi the r  a nd 

Brooks ( 1 97 7 )  ha ve suc c e ssfu l l y  used  he rba ri um ma t e ri al t o  pinpoin t 

p revi ousl y unkn own ul t raba s i c  a re a s  in S ou th Ea s t  A s ia . During 

thi s  w ork the nic kel a cc umul a t i ng ab il i ty of Rin o rea b engal en s i s  

( Wal l ) O . K . wa s d i s cove red . Thi s s pe c ie s can b e  cl a s s i fi e d  a s  a 

hy �e ra c cumul a t or when foun d  ov er ul t rabas i c  s oi l s ,  b ut grows on a 

wi de  va ri e ty of soil  typ e s  t hr ough out S . E .  A s i a . R .  b e ngal e n si s 

ha s tw o advan tag e s  ove r a l l  other  hype rac c umula t o rs s o  f a r  re c o rd ed :  

i t s  wide spread  ge ogra phi cal d i s t ri bu t i on ove r S . E .  A s i a  a nd 

n or t he rn Aus t ral i a , and t he fa c t  t ha t i t  i s  very common . I t  i s  

there fore potent ial ly  i deal i n  d e fi ning ul t rab a s i c  a rea s . B r ooks 



HOM A LI U M  �TRIJ"G ACCUMULATORS � HYP(�ACCUMVLATORS 

�·""='::'"::-:=.""'=' !!' ""-' ----- ............... . $� 

tOf l � l'" 

...::::""":::�::c•c:.":::"'.::'�::..::•:..· -- ................ �---�-� -lttQCMfOOflll(.:... lf,j NC 

- -�!'-��-.C!! ..•.. ------'""-C"-1 
Or.ti\.IA ... " I ll NC 

NC --��-� .. !��--"' ..... ... ___!!& 

-'!!u""'-=•"'•.!'""---"'-, �-, ------- · · · · · · · · · · -i · · · · · · · · · · · · · - M 

......... tH 
....!lii:IJ.:l\9!1!oli!!.!JI • • • • • • • • • • • • • • • • .  • • • • · • • • • • • ·  --�!'1 

... ,AUOI$1 ••1 •••••••••••••••••••• • · • • • • • • .( 
I : PH 

· · '"-':.:,...,.,.,=. ::: .. "'.\."' ..  "" ... '-.
-

.. 

-. .  
-... -.. -

.. 
-
.. 
-

... -.. -
.. -.. -.. -... -.-. . -

.. -.. 
-...
.... �-�-�---�-�-���; · · · · · · ·- ·ea 

PR 
NC 

ltviiKO!fiO&W /11 NC 

_ ..... ="'""'"""-"'�"----- -- ..... . . .. ... ····--- �� 
!StU!.AIVW ltl 

Vllrt<rro51 SI 

( 

NC 

. . 
IIIAliiiiXOUAIUIII U! l( 

H Y B:\ N T II U S 

10 ' 

..;'="�· ·�-="�"!...' -- - - - - · · · ·  T . ...... .!'!''!!.. 

................... � 

. . . .  ·w· · ·� 

UiJ'lo-u5 Bfl .. � .. 1•HJI.IUI •IINC 
-"!' w�•==··�""'"'�"'="'!..' -------- . .  f.:u 

t'*O.rU .,,.MX 

.. ..;.�::: ..  
� .. ��:c:.;::::��··:..;�"�------.-.. -.. -... -.. -J ... � 

••lllllf�OOtUI 1�1 
••. •••••••••••• J.Q 

-'�"'"""""""'="":.:'.:!"!...' -----------�� . . . . . . . . � • 
��--?'-------�-� �\I0\6' MX : 

hlltMU "' 

---- . . . . ............... - . . . . . . . . . . .... - · · · · · · - - -i'R 
••I.CII ... BA ' 

• H .Ji. � V :W�1t' "� �= ---�(�U 
_:;"::." ':::':=-c..":::'":._'.:.:"_' --------------------- · ···· · ·· · ·· ·- ----- � !-!� 

10° IU' 

lllt/g N i  

HC 

NC 

F l 9. 2 . 3 .3 Range of nickel concentrations (IJ g/g dry weigh t )  in Homalium and Hy banthus 
spectes containing at least one value higher than 1 5  IJ g/g. Extreme values differing by 
more than a factor of two from all others are shown by broken lines. For each species, 
the country or countries of origin of specimens with anomalous values are indicated by 
the following cod e :  AN = Australia ( Northern Territory ), AQ = Australia (Queensland ), 
AS = Australia ( South Australia ), AW = Australia (Western Australia), B = Borneo, BR = 
Brazil,  C c  Cameroons, CH = China ( Hainan ), CO = Colombia, CU = Cuba, F = Fiji, G = 
Guatemala, GU = Guyana, H = Honduras, I = India, M = Malaya, MX = Mexico, NC = 
New Caledonia, NG = New Guinea, P .. Paraguay, PA • Panama, PH = Philippines, PR "' 
Puerto Rico, R • Rhodesia, RU .. Ruauda Urundi ,  SL = Sierre Leone, SU • Sudan , US "' 
United States, V =  Venezuela, Z = Zaii:e. 

10' 



3 1  
and Wi t he r  ( 1 97 7 )  repor t a ran ge of value s from 1 - 1 7 , 500 pg/g 

rep re sent i ng thre e p opul a t i on s  i nd i ca ti ve of di ffe ren t rock t ype s . 

Wi the r a nd Brooks ( 1 97 7 )  a l so re port three  o t he r  hype ra ccurnul a t or s  

of ni c kel  : Pl anchonel la oxyed ra Duba rd ( 1 . 96% n i ckel ) ; Myri s t i ca 

l a u ri f ol i a Sp ru c e  ex  D . C .  va r .  b i fu rc a ta ( 0 . 1 1 %) and T ri chospe rrnum 

kjell b e rgi i Bar re t ( 0 . 38% ) , all from Obi I sl a nd ,  Ind on e sia . The i r  

u s e  i n  p red i c ti ng geol ogy i s  y e t  t o  be ful l y  asse s se d  but  wi l l  

depend on th e i r  ge ogra ph i cal di stri buti on and a c cumul a ti ng ab i l i ty 

on d i ffe rent  sub s tra te s . 

S o  fa r he rb a r ia have  b e en ext reme ly eo- op e ra ti ve in su ppl y i n g  

s ma l l  sampl e s  f o r  work of th is  na ture , but  i f  heavy d e man d s  a re 

pl a c e d  upon the i r  re sourc e s  this  a t t i tude ma y well  cha nge . Many 

col l ec t i on s  h el d by h e rba ria have b een a ccumul a ted ov e r  a l ong 

p er i od of t i me , and ma ny spe c ime ns a re i rrepl a ceable . The mo s t  

se ri ous l im i t ing fa c t or for fu t ur e  surveys of thi s typ e  c ould b e  

an unw i l l i ngne s s  by he rba ri um cura t or s  t o  par t wi th val ua b l e  

ma te ria l .  

I t  i s  int e re s ting t o  not e tha t b oth Rinorea and Hyb anthu s 

b el ong to  th e sam e fam i l y  ( Vi ol a c e ae ) whil s t  the genu s Homal i um 

b e l ong s to t he same ord e r  a s  t he s e  two (Vi ol al e s ) . The c oncen t ra ti on 

of n i c kel a c c umul a t ors i n  a s i ngl e orde r points  to a gene t i c  

influen ce i n  t he abil i t y  of the s e  pl ants  t o  ab s orb  and t ran sl oc a t e 

l a rg e  qua nti  t ie s of this  el emen t .  
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2 .  4 OTHER NICK EL ACCUMULATING PLAN'l'S FROM NEW CALEDON IA . 

2 . 4 . 1 . S e b e rt i a  a cumi nata  Pi e rre e x  Bai l l . 

S .  a cumi na ta , a memb er  of the Sapota ceae from New Cal ed oni a ,  

i s  the mos t unusual e xa mpl e of hi gh n i c ke l  a ccumul a t i on found to  

d a te .  The s pe c i e s  i s  a t ree  wh i ch rea ch e s  1 0m i n  he i ght  and i s  

f ound mai nly i n  t he G ra nd Ma s s i f  d u  Sud . In  the T i eb aghi Ma s s i f  

i n  t he n orth of th e i sla n d  i t  i s  found more of ten in  f ore s t ed a rea s 

ove r p e ri d ot i ti c a l l uv i a or c ol l uvia rel a t i vel y r i ch in  ni c ke l . 

A typi cal soil  would c on ta in a pproximat el y  ( in  pe rce n ta g e s ) 0 . 8 5 ,  

n i c kel ; 3 ,  c hromium ; 0 . 1 0 , c obal t ,  45 , i r on ;  8 . 5 , al umini um ; 6 . 0  

s i l i c a ; 0 . 02 ,  pot a s s ium ; 0 . 06 , cal c i um ;  an d 2 . 0 , magne si um . 

S . a c umina ta i s  w e l l  kn own i n  New C a l e d oni a for the b l ue-green 
' 

c ol ou r  of i t s  l a t e x  a nd is  the ref ore kn own l ocal ly a s  Seve b l e ue 

( b l ue sap ) . I t  i s  en de mi c to New Cal ed oni a ,  rel a t i ve l y  ra re an d has  

never  b een  record ed  off ul t rab a s i c area s .  In t he d e nse humi d  fore s t  

a rea i n  t h e  vi cini ty o f  t he Ri vie re Bl e ue , S .  acum i na ta i s  the 

fourth hyp e ra c cumula tor  of ni c kel t o  b e  f ound , a f t e r  Hyb an t hu s  

a u s t roca l e d oni cu s ,  H omal i um gui l l ai n i i  and Psychot r i a  d oua rre i 

( J a ffre' a nd S chmi d ,  1 9 74 ) . A more d e f i ni t ive  d e s c ri pt i on of th i s  

a rea i s  gi ve n in the ne x t  cha p t e r. 

Tabl e 2 . 4 . 1  shows t he n i c ke l  c onc en t ra ti on s  i n  va ri ous o rgan s 

of � .  ac uminat a .  The d a ta a re ba sed on the ana ly s i s  of 3 s pe c imens 
' ( one from th e R i v i e re Bl eue  a re a , one f rom th e Ton t outa a rea and 

a n ot h e r  from the Fortt C a chee ) . The th ree n i ckel  ana l y s e s  f o r  the 

l a tex on a d ry we i gh t  ba s i s  ( d ri e d for 1 hr a t  1 1 0 °C ) we re 1 5 . 8% , 

1 9 . 25% and 25 . 74% re spe c t ively . 

Tab l e  2 . 4 . 1 .  M e an n i c ke l  c onten t i n  organs of £. a cumi na ta  

Organ Ni c kel (% Dry We i ght) 

L a t e x  2 0 . 20 

L e a v e s  1 . 1 7  
Trunk ba rk 2 . 45 
Twi g b a rk 1 . 1 2  
Frui t s  0 . 30 
Wood o .  1 7  

Ot her e leme nt s  i n  t he l a tex  were p resent  a t  normal l e ve l s .  

Typi cal percen tage s w e re : cob al t ,  0 . 00 7 ; i ron , 0 . 06 ; chromi um , 0 . 004 ; 
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sod i um , 0 . 1 1 ; pota s s ium ,  0 . 1 5 ;  magne s i um ;  0 . 052 :  c a l c ium ,  0 . 52 . 

The n i cke l  c on ce n t ra t i on i n  the l a tex  i s  nea rl y  five t im e s  

h i gher  than for any ot her pa r t  of any other speci e s  an d i s  easi l y  

t he  hi gh e s t  ni ckel l eve l re p or t ed for any other l iv ing material . 

The ni ckel cont ent of the l eave s  i s  al s o  hi gh , bu t c ompa rabl e wi t h  

t ha t  of o the r hyp e ra c cumul at ing s pe c i e s .  Chemi cal  s tudi e s  ha ve bee n  

c a rri ed ou t on t h e  l a te x  of S .  a cumina ta and the i s ol a t i on and 

i d enti fi ca ti on of an organ i c a c i d  c ompl e x  wi th ni c kel i s  d e ta i l ed 

i n  Chapte r 3 .  

2 . 4 . 2 Psyc hot ria  d oua rre i ( G Bea uvi sage ) Dan i ke r  

The hyp e ra c c umul a t ion of n i c kel  b y  t hi s  spe c i e s  from New 

Cal ed oni a wa s fi rs t  re corded by Ja ffre' a na S chrn i d  ( 1 974 ) and t he i r  

highe st  val u e s ( 4 . 7�� d ry wei g ht ) a re e a sily the h i gh e s t  re c o rd e d  

f or any l e a f  m A te ri al of an y pl an t sp e c i e s . Free ze-d ri ed ma te rial 
' 

f rom the Ri vie re Bl eue a rea c on ta ins 1 . 3 5% ni cke l and wa s t he 

ma te rial u sed for a l l  sub sequen t  chemi cal s tud i e s  of t hi s spe c i e s .  

The spe c i e s i s  f ound u sual ly i n  d e n s e  ra infore s t  b u t  i s  n ot 

c onfine d e xclusively  to  ul tra b a s i c  sub s t ra te s . P .  d ouarrei i s  a 

memb e r  of the Rub i a ceae . 

2 . 4 .  3 Ge i ss oi s  pruinosa Bra ngn . e t  Gri s .  

Jaffre' and Sc hmi d ( 1 974 ) ha ve reported the hype ra ccurnula ti on 

of nic kel by t hi s  Ne w Cal edon i an spe ci e s .  They found 0 . 8�b i n  the 

l e ave s of one spe c i men  grow i n g  ove r  re si dual i ron- ri ch  s oi l s ove r

l ying ul t ra ba s i c rock s .  The soil  contai ned 0 . 3 7% n i c ke l . G .  

pruinosa i s  of t en found form i n g  pa r t  of an ove rs t o rey 5-1 0m hi gh 

i n  vegeta t i on app roa ch ing dense  f ore s t  in  na ture . 

A wa te r e x t ra c t  of free z e-d ri e d  m a t e rial wa s found t o  be 

extreme ly s i l i c e ou s .  
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2 . 5  Gene ral Di s cus s i on . 

The su rvey of t he H omal i um and Hyb an t hu s  gen e ra was suc c e s s ful 

i n  show ing how he rba rium spe ci men s may be  used  t o  d i sc ov e r  new 

a c c umula t ing speci e s  and t o  ind ica te a re a s  of sp e ci fi c  ge ol ogy .  

Al though t he su rvey wa s und e rt aken wi t h  a l ow sampl ing d e n s i ty i t  

d i d  show qui te suc c e s sfully  the Worl d ' s ma j or ul t ra b a s i c a re a s .  

All new hyp e ra c cumula t ors we re , howeve r ,  con fine d  s ol ely t o  New 

C al ed on i a .  

The imp o rtance of such hi gh enri c hmen t  of n i c kel  i n  c e r t a i n  

s e l e c t ed spe ci e s  e x t end s t o  a numb e r  of fiel d s .  I n tere s ting 

e c ol ogi cal and taxonomi c que s t i ons  a ri se apa rt from th e ob vi ous 

physi ol og i cal que s t i on s  posed  by t he hi gh ni cke l  l evel s .  The 

oc curre n ce of hype ra c cumul a t i on may al s o  play  an important r ol e  in  

m in e ral e xpl ora ti on a nd thi s ha s al rea d y  b e en d is cus sed . A 

de t a i l e d  s tudy of the me chani sms invol ved in  the upta ke of  l a rge 

qua nt i ti es  of ni cke l , w i t h  p a rt i cul a r  reference t o  the l a t e x  of 

S .  a cumina ta  may b e  of  va lue for the te c hnol ogy of l ow en e rgy 

e x t ra c t i on of ni c ke l  f rom un e c onomi c o re s  such a s  l a te ri t e s .  

S ome  mi c r ob i ol og i ca l  method s of ore e xt ra c t i on a re al read y  e c on om

i ca l l y  f e a s i ble . 

The evoluti ona ry s ign i f i c ance  of several hype ra c cumul a t or s  

b e l ong ing t o  the o ro e r  '{i ol al e s  ha s b een men t i oned . Of the 24 

spe c i e s of  hype ra c c umul a t o rs revi ewed by Brooks ( 1 97 7 ) , 1 9  b el on g  

t o  the sub cla s s  Dil l e ni i da e  a s  d e f ined b y  C ronqui s t  ( 1 9 68 ) .  I t  i s  

a l s o n ot ed tha t hal f of th e sp e ci e s  a re f ound in  the cl o se ly- re l a ted  

famil i e s ,i' i ol a ce a e  a nd Fl a c ou r t i a c ea e . Che nery ( 1 975 ) found t ha t 

a l umi n i um a c cumul a t o rs we re w i del y s ca t te re d  amoung th e ma j or 

subd i vi si on s  of the d i co tyl e d on s ,  and tha t groupings  ab ove t he 

fam i l y  l evel  ha d l i t tle  taxonomi c s igni fi c ance . H oweve r ,  s ta t i sti cal 

a nalysi s showe d tha t al umini um a c c umul a ti on was correl a te d  wi th 

p ri m i t i ven e s s  and  o c c u rred m ore f re que ntly i n  t ropi cal ra in f ore s t s  

o f  t he w orl d . Thi s  may s impl y  b e  b e c a u se highly l ea che d t ropi c a l  

soil s c ont a i n  l a rge qua nt i t i e s  o f  ava il a bl e  or exchangea b l e  a n d  i oni c 

a l umini um , and pl a nt s mus t  b e  abl e to e i the r tol e ra te or e xcl ud e  

a l umin i um from thei r ti s sue s i n  orde r t o  survive i n  most  t ropi c a l  

ra in f o re s ts .  A s im i l a r  paral l el e xi s t s  wi th n i c kel a c cumul a t i on .  

S t ron g or hype ra c cumul a t i on occurs onl y  in  a rea s where the re i s  a 

l a rge e xchangeabl e  n i c k el f ra c t i on and often oc curs in  ' rel i c ' 
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spe c i e s .  The c on centra t i on of the se pl a n t s  i n  pa rti cula r a rea s ,  

e spe ci al l y  New C a l e d on i a , may have a he re d i ta ry b a si s .  Ern s t  ( 1 97 2 ) 

sugge s t s t ha t ,  "a s  the e v ol u t i on of me tal tol eran ce i s  a w orld wide  

phe nome non on he a vy me tal  s oil s , the c ha ra c te r  ' z i n c  o r  coppe r 

t ol e ra nc e ' i s  a d ominant  he red i t a ry c ha ra c t e r  in Afri can plan t s , 

the same way a s  wa s found for Eu rope a n  pla nt s . " 

An importan t d i s t i n c t i on mu st b e  ma d e  b e tween hype ra c cumul a t ors 

a nd  pl an ts tha t m e rely tol e ra te high  metal  a re a s  wi thou t a c cumul a t ing 

quan t i t i e s  of the el emen t . Hype ra c c umula t ors physi ol ogi c a l l y  appear  

to  be  wel l  adap t e d  t o  e x t ra c t  la rge quan t i t i e s of  n i c ke l  from the  

s ub s t ra te and a c tively  t o  transl oca te it  t o  high e r  p a r t s  of t he i r 

sys t e m . Thi s  s t rongl y d i ffe rent i a te s  them from ne ighb ou �ng heavy

me t a l  t ol e rant s pe cie s whi c h  a c c umul a t e only minimal a mount s of 

ni c ke l  and pos s i b l y  p o ss e s s  d e fe ns i v e  me c hani sms whi c h  res t ri c t  

up take . 

The wo rk rep or ted  i n  the ne x t  cha p t e r  i s  con c e rn ed wit h  the 

up take of ni c kel and o the r elemen t s  by t hree hype rac cumul a t ing 

spe c ie s from New Cal e d on i a  growing on di ffe rent su b s t ra te s . 



Plant- so i l Relationships 

1 n  a 

New Cal edon i a n  S erpent ine flo ra 

. 3 .  1 I NTRODUCTI ON 

New Cal ed on i a  ha s a ri ch and la rgely endemi c fl ora cha ra c te r

i se d  by s ome 3000 sp e c i e s  g rowi ng on a tropi cal i sl a nd of only 1 9000 

krn
2 

in a rea . The fl ora i s  cha ra c te ri sed  by the numb e r  of spe c i e s 

adap t e d  t o  ul t rabas i c  roc k s  and  soi l s  ( Jaff re� La tham and Quan t i n ,  

1 971 ) ,  whi ch  c ov e r  a b ou t  one- thi rd o f  the i sl a nd . The se  spe c i e s  a re  

not a b l e  i n  includ i ng s eve ral hype ra c c umula t o rs of ni ckel ( > 1 000 

)lg/g on a d ry we i gh t  ba si s ) bel ongi ng to the ge ne ra G e i ss oi s ,  

Psychotri a ,  H omal i um , Se b e r t i a  and Hybanthus . The chara c te ri s ti c  

i nfe rt i l i ty of t h e se soi l s  ha s b een  s tudi e d  by J affrd ( 1 969) , 

Quant i n  ( 1 969 ) an d L a t ham  ( 1 97 2 ) , and the p e cul i a r  e ff e c t  t hey have 

on vege t a t i on ha s be e n  not e d  by Vi rot ( 1 95 6 ) , S c run i d  ( 1 974 ) and 

J a ffr� ( 1 9 74 ) . The vege ta ti on vari e s  from dense for e s t  i n  m ore 

favou red  a rea s t o  s c rubby , open  form a t i on s  on t he poorly devel oped 

l at e ri t i c  s oi l s  of t he Pl a i ne d e s  La os  in the S ou t h  of t he i sl an d . 

A re a s  of the l a t t e r  type a re kn own l o ca l l y  a s  the  "Ma qui s de s te r

rai n s  mini e rs . " In othe r pa rts  of t he Worl d , se rp e n t i ne a rea s ha ve 

b e e n  si mi l a rl y  n ote d .  I n  S ou t he rn Cal i fo rn i a  they a re c al l ed 
" se rp entine  b a rrens , " i n  I taly "m onte  pell a t o , " i n  Swi t z e rl a nd 
" t ot-Al pen , " word s  tha t always i nd i c a te the i r  unfavourab i l i  ty f o r  

n ormal plan t hab i ta t i on .  

S e rpe nti n e  rocks show three che mi cal pe cul iarities whi ch have 

f re qu e n tly b een p ostul a t ed a s  i nfl ue nci ng the i r overl yi ng vege ta t i on .  

They have a hi gh  conten t of magne s i um i n  rel a t i on t o  cal c i um ;  th ey 

a re rel a t ive ly ri ch in  t he t ra n s i ti on me t al s , ni ckel , ch romi um and  

c obal t ;  and t hey a re g e ne ra lly  de fi c i ent in  the ma jor  pl ant 
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nu t ri ent s .  The re i s  much e xpe r i me n tal work t o  su pport t he i mport

a nc e  of e a ch of the se  fa c t o rs .  S ome worke rs have. s tre ssed  t he 

u nfa vou ra b l e  C_a/Mg ra t i o  ( L oew and May ,  1 901 ; Wal ker ,  1 954 ; 

Kruc ke b e rg ,  1 954 ; Pro c tor,  1 97 1 ) whi l s t others p oi n t  out the 

d om i na t in g  r ol e  of t he me tal s ,  pa r t i cul a rl y  n i ckel ( Rob i nson � a l . 

1 93 5 : Bi rre l l  and '.\fr i ght , 1 945 ; M i t chel l , 1 945 ; Hun te r and Ve rgnano , 

1 95 2 , 1 953 : Rune , 1 953 ; C rooke e t  a l . ,  1 954 ; Spe nc e , 1 95 7 ) . 

K rau se ( 1 95 8 ) ,  Pa ri b ok and Al e xeye va - Pop ova ( 1 966 ) an d Sa ros i e k  

( 1 964 ) c on c l uded  tha t the s u rv i va l  of pla n ts on s e rpenti ne soi l s  

wa s depend e n t  on t hei r a b i l i ty t o  adapt  to  al l of t he fac t ors  

ope ra t ing i n  the se rpe nti ne e c o sy te m , a nd not  j u s t  on one or two 

of t he se fa c t ors . The se fa c t m' s  mAy ope rate  in  va rying d e g re e s  and 

como i na ti ons d e pe nd i ng on the l ocal  cond i ti on s .  In  a s tudy ( L e e  

e t  a l , 1 9 75 ) of t he soil  fac t ors c on trol l ing the d i s tri but i on of 

f i ve spe ci e s  on a s e rpenti ne a rea in Nel s on ,  New Zeala nd , d i s c ri m i n

a n t  analy s i s showed the st rong i nfluence of magne s i um .  Endemi c  

spe ci e s  tended t o  be found i n  l oc a l i tie s of highe s t  magne sium 

c oncen t ra t i on .  The role of ni ckel  appea red t o  b e  se conda ry t o  tha t  

of  magne s i um i n  d i s c ri m i na ti ng b e twe en s i te s  occupie d  b y  e ndemi c 

and non-end emi c s pe ci e s .  

Pro c t or ( 1 97 1 ) ,  usi ng Agro s t i s spp as t e s t  pla n t s , sh owe d tha t  

n i c ke l  a nd chromium a re  e xt reme l y  ha rmful , and i n  the a b sence of 

o th e r  ca t i ons , roo t grow th i s  re ta rd e d  e ven by v e ry l ow l e ve l s  of 

t he se e lements . H owe ve r ,  i t  has freque n tly  b e e n  ob se rved tha t 

s o i l s c on t ai n i ng hi g h  l e vel s of n i cke l  and chrom i um a re not  t oxi c 

t o  some pla nt sp e ci e s .  Proc t o r  c onclud e d  tha t ,  i n  the s e rpent ine  

soil s tha t he s tu d i e d ,  the rol e of hea vy me tal s rema i ned e ni gma t i c . 

Be t t e r  e v i d e nce for hea vy me tal t oxi c i ty i n  se rpenti ne s o i l s ha s 

b e e n  ob tai ne d  by Soane and Saunde r ( 1 959 ) a nd Hunte r & Ve rgnano 

( 1 952 ) in Rhod e s i a  and Abe rd e enshi re res pe c ti ve l y .  

The ab sorpti on of ni cke l and othe r el eme n t s  b y  pl a nt s ,  d e pe nd s  

n ot on th e t o tal am ount pre s e n t  i n  the soil , b u t  on t h e  c onc e n t ra t i on 

o f  t he e l ement ' a va i l ab l e ' i n  e i the r an exchangea b l e  o r  i oni c form . 

Thi s  may va ry c on si d e rably f rom s o i l  t o  soil  d e pe nd i ng on a numbe r 

of fac to rs , i nc l ud i ng pH , Eh , d ra i nage , pre sence  of compl e xi ng 

agen t s  i n  t he s o i l , an ta g oni s ti c  e ffe c t s  of othe r i ons  and t he 

na ture or a b sence of cl ay m i n e ral s .  I nforma ti on on the form and 

availab i l i ty of a pa rti cul a r  he avy m e tal i s  the re fore of i mp ortan ce 

in a s se s si ng i t s  effe c t  up on ve ge ta ti on . 
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From the  l i te ra ture , the re fo re , the fol l owing poi n t s  may b e  

i nfe rre d : 

1 .  The gene ral i nfe rt i l i ty and toxi c i ty of s e rpe nt i ne soil s 

and the uni quene s s  of i t s veg e ta t i on a re due to t he chemi cal 

composi t i on of the pa re n t  mate ri al . 

2 .  Fa c t o rs i nfl uenc i ng the cha ra c te ri s ti c s  o f  s e rpenti ne 

fl ora i n c l ud e  not only the hi gh l e vel s of ni ckel , c hromium and 

c ob a l t ,  b u t  a l s o  other  chemi cal a nd physi c al soi l cha ra c t e ri s ti c s .  

3 .  Be cause the morphol ogi cal , physi cal and  c hemi cal 

cha ra c t e ri s ti c s  of s e rpent ine s oil s d i ffer  from one par t  of t he 

world t o  a noth er ,  th e s e  fA c t ors mu s t  b e  a s s e s sed  i n  a c c ounti ng for 

i nd i vi dual fl o ras. 

4 .  S e rpe ntine  reg i on s  a re typi fi e d  by extensive reg i ons wi th 

spa rse  popul a t i on s  of s tunt e d  vege ta t i on ,  conta i ni ng seve ral  spe c i e s 

re s tr i c ted e x  cl u si vely to a re a s  w i th "d i s j un c t i ve d i  s t ri b u  ti  ons and 

b ore al a ffi ni t i e s " ( Whi t take r ,  1 9 54 ) . 

The ul t raba s i c  a ren s d e s c ri b ed i n  t h i s  work posse ss  ma ny of the 

cha ra c t e ri s t ics  ou tl i n ed ab ove . The hype rac cumul a ti ng ab i l i ty of 

the gene ra H oma l i um and Hyb anthus ha s b e en d e tai l ed p revi ously 

( B rooks � al . ,  1 977 ) . Because  of the i n t e re st gene ra ted by the 

d i s covery of the se hype ra c cumul a tors , a pl an t - so i l  survey wa s 

ca rri ed ou t for t hr e e  of the m os t  wi de spread of the se pla nts  i n  

ord e r  to  i nve s t i ga te s ome o f  the e d aphi c fa c t or s  g overni ng thei r 

d i s t ri b uti on .  The conce n t ra t i on s  of the ma j or nut ri ent  e l eme nt s 

i n  rela ti on t o  ni ckel , c obal t and c hrom i um 'here s t ud i ed , al ong wi th 

t he sui ta b il i ty of t he s e  pl a nt s  fo r b i oge ochemi cal prospe c ti ng . 

I n  th is  i nve s t i g a t i on ,  we s t ud i ed t hre e endemi c s pe ci e s  and the i r  

a s soc i at e d  s oi l s  from the G rand M a s s i f  d u  Sud . The foll owi ng a s p e c t s  

w e re con s i d e red � 

( i ) M o rph ol og i cal , physi cal and chemi cal cha ra c t e ri s ti c s  

of t he soi l s .  

( i i ) Chem i cal comp o s i ti on of the plan t l e ave s .  

( i i i ) C on c e ntra ti on o f  ni ckel readi l y  a va ilabl e for  

pl ant  up t a ke . 

( i v ) S i gni fi cant pla n t- soil  a nd pla nt-pla nt  inter

el e ment rel a ti onshi p s .  
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3 .  2 PHYSI CAL ENVI RONMENT OF THE NE\';i CALEDONIAN ULTRAB.AS IC .AREAS 

3 .  2 .  1 L oc a t i on ,  topogra phy , cl ima te 

New Cal e d onia , a na rrow and el onga te d i sland s ome 400 km 
l ong by 40 km wi d e ,  l i e s  b e twe en l a t i tude s 1 8 °8 and 22 °S on t he 

ma rg in of the  C oral Sea , roughly mi d way b e tween Aus t ral i a  and 

t he Fi j i an I sl and s . 

M os t  of t h e  I sl and i s  moun ta i nou s ,  pla i ns b e i ng re s tr ic t e d  t o  

t he val l eys and t o  p i e dmon t  sl ope s found onl y  on t he We s te rn s i d e . 

L a rg e  ma s se s  of  p e ri d ot i t e  and se rpe n ti n i t e  a re d i s tri buted al ong 

th e f ul l  l e ng th of New C al ed on i a  and occupy ab ou t  one- t h i rd of t he 

a re a  of the I sla nd ; th e southern 1 G rand Mas s i f  d u  Sud 1 w i th a n  a re a  

o f  a b ou t  5 , 500 s q .  IDn . i s  th e l arge st  s i ng l e  ul t rama f i c compl ex  i n  

the Worl d ,  app roa ch ed i n  s i z e  only b y  those o f  Cuba a nd C e l e be s .  ;:;go.re 
3 . 2 . 1 shows t he l oc a t i on of the se a re a s  a l ong w i t h  t he pos i t i on 

of t h e t hre e sampl i ng a rea s , name ly , Ri v i �re Bl eue , M on t  Koghi a nd 

t he Pl a i ne d e s  La c s .  

The cl ima te  of New Caledoni a ,  wh i ch i s  s trongl y i nfluenced  by 

t he ocean,  may b e  d i vi d e d  into  f ou r  s ea sons De cembe r t o  M a rch , a 

hot  humid per i od w i t h  h i g h  ra i n fa l l ; April  to  May , cool wi th m od e r

a te ra i nfal l ;  June to .Aug u s t , th e c ool e s t  p e r i od of the  yea r 

( 1 9 - 20°C ) , wi t h  mode rate  ra i nfal l ;  and Sep temb e r  to Novemb e r ,  the 

d ri e s t  p s rt of the yea r .  Annual ra infa l l  va ri e s  from 1 000 mm i n  

c oa s tal a re a s  to ove r  4000 mm i n  t he h i g he s t  par t s  of t he coun try . 

On the ul t raba s i c  ma s s i fs t he ra i n fal l avera ge s  1 800 mm . 

Tempe ra ture s  ra ng e  from a mean of 2 6°c i n  Feb rua ry t o  1 9° i n  Augu s t . 

The cl i ma te of the ul t raba si c areas  i n  the  Sou t h  i s  typi cal l y  

t r op i cal b u t  cl i ma t i c  i rregul a ri t i e s  p l a y  an import a n t  p ar t  i n  t he 

g e omorphol ogy and vege t a ti on of the  a rea . The t empe r a ture and 

humi d i ty va ria t i ons a re e x t reme ly fav ourabl e for l a t e ri za ti on .  

3 . 2 . 2  Ge ol og,y and S oil s 

New Cal e d oni a i s  of g rea t ge ol og ical  inte re s t  b ecause of the 

o c c u rrence of  huge ul t raba s i c  ma s se s , of gl auc ophane s c hi s t s ,  and 

of e xtens i v e  outc rops of b a sal t .  The ul t rama� i c  c ompl e xe s  a re 

c omp os e d  p r inci pally of l arge ma s se s  of p e ridot i te a nd se rpe n t i ni te  

( L il l ie a nd Brothers , 1 9 70 ) . The Sou t hern mas s i f  i s  n o t  an 

und iffe ren t i a ted  zone , a nd cons i s t s  of chromi fe rou s duni te , 

ha rzburgi te , wehrl i te and pyroxeni te as well as  b a s i c rocks such  

as  ol i vi n e ,  gab b ro , al l i val i te and  nor i t e . F i gu re 3 . 2 . 2  shows the  
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ge ol ogy of New Cal e d oni a .  

Pe ri d ot i  t e s  c on s t i tute  the p r i n c i pal roc k  fo rma ti on i n  the 
" t e rra ins  mini ers " ( M i n i ng a re a s ) . The wi de spread d e p os i ts of 

4 1  

ni ckel and sub s i d i a ry c h rorni t e  f ound on the l a teri t i c  surface s of 

t he ul traba si c rock s a re of p rime e c on omi c importance . The 

l a te ri t i c  ( ferrugi nou s ) s o i l s  a re ch a ra c t e ri se d  by a t hi n  organic  

l aye r over a red d i sh l ea c hed l aye r ,  whi c h  in turn is  unde rlai d  

b y  a s ti ll d ee p e r  red l ay e r .  Hyd rol y s is and oxid a ti on h ave b een  

inte nse . The s oil s a re g ranul ar in  n a tu re and c on c re t i on s  of  i ron 

oxi d e s va ry i n  si z e  from 1 mm to 1 00mm i n  d i ame t e r .  Th e s i l i ca 

con tent  of the se fe rra l l i t i c  soi l s i s  e x t re mely  l ow ,  owi ng t o  the 

di s s ol uti on of si l i c i c a c i d  f orme d  du ri ng l a teriza t i on .  During 

wea the ring , si l i ca and ma gne sium are d i s s ol ved  and c a r ri e d  d own 

from the mount a i n s . I ron , cobal t and chromium c oncen t ra te in  the 

upp e r  par t s  of t he p r ofi l e .  Ni ckel  fi rs t  concen tra te s in t he whol e  

l a te ri ti c  prof i l e  and th e n  m i g ra te s  sl owly d own the wea t he re d  profil e 

( Ba t tz e r  e t  al . ,  1 976 ) . All  the so i l s i n  the regi ons s t ud i ed 

a re p oorly de vel oped  and con t a i n  l a rge amoun t s  of i r on and c hrom i um .  

Ta bl e 3 . 2 . 1 g i v e s  a b ri ef de s c ri p t i on of the soil s i n  e a ch o f  t he 

sample a rea s .  The s o i l s u re typi cal l y  l ow in  exchang e abl e ba s e s . 

I n  summa t i on ) t hese  s oi l s then , a re cha ra c t e ri zed  morphol og i c ally 

by the i r  col our ,  lack of di s t i nc t i on i n  soil  hori z on s ,  hi gh cl ay 

c ontent , fri a bl e s t ru c ture and g ranul a r  na t ure . The se fac tors are 

c ommon to othe r t rop i c al se rpe n ti ne  s oil s tha t have b een  sub j e c t ed 

t o  t he ped ol ogi cal p roce s s  of l a t e ri za ti on .  

3 . 2 . 3  Vege ta ti on 

Ja ffre' _tl a l . ( 1 97 1 ) and J a ffre' ( 1 973 ) have d e s c ri b ed t he 

v e ge ta t i on of seve ral ul traba s i c  a rea s ,  known to  the l ocal s a s  
"M aqui s de s t e rra i n s  miniers " ( sc rub- cov e red mini ng a rea s ) . 

The vege ta t i on i s  cha rac te ri s t i c a l l y  shrubby and fai rl y  ope n  on the 

whol e , but woody forma t i ons a re well  re pre s ented on i ron ri c h  s oil s ,  

on favoura b l e  s i t e s  : e . g . talwe g s , banks of ri vers , sou rc e s  of 

sp rings , e t c . The Ri v i'e re Bl eue a rea ( s e e  map ) , where  Homal ium 

gui l l ai n i i  a nd Hyb an thus aus t ro- c a l e d oni cus we re sampl ed , re se mble s  

ra infore st  more typ i cal l y  a s s oc i a t e d  wi th  t ropi ca l  vege ta ti on . 

The uni que fl ora i s  adapted  t o  survi ve und e r  s trong nutri e n t  

i mb a l a nce s and h i gh c obal t ,  ch r om i um ,  n i ckel and manga n e s e  c on cen

t ra t i ons .  In  he avy ra infall a re a s  whe re l a teriz a t i on ha s b ee n  
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s eve re , e . g . Pl a i ne d e s  La c s ,  wi t h  the fo rma t i on of hyd romorphi c ,  

i nd u ra t ed , re sidual i ron ri c h  s o il s ,  open herba ci ous fo rma t i on s  

a re d ominan t ,  of ten c ha ra c t e ri z ed by the spe c i es Fri s tania 

gui l l a i n i i . 



S ITE 

1 

2 

3 

4 

5 

!N o .  of 

Tabl e 3 . 2 . 1 . De s c ri p t i on of Plan t s  and the i r  Sampl i n g  L ocal i t i e s .  

Spe ci men s .  Spe c i e s  L oca ti on S oi l  Type Di s t ri buti on 

I 47  

I 25 

I 25 

I 25  

25 

50 

I H�ban thus 

a u s t rocal e d on i cu s  

H omal i um 
I 

kanal i ense  

H omal ium 
I 

kanal iense  

I H omal i um 

kanal i ense  

Hyb an thus 

a u s t rocale d on i c us 

H oma l i um 

gui l l a i ni i 

M on t  K oghi 

Pl a ine d e s  

La c s  

... 
Rivi e re de l a  

Madel e ine 

- Pl a ine d e s  La c s .  

H i l l  sl ope a b ove 

Pl a i ne de s Lac s .  

Ri v i  e re Bl eue 

Den se ra infore s t  
Very hurni c i ron -va ri ou s sub s tra te s  
ri ch soil s ove r ma i nl y  pe ri d ot i t e s  
sha t t e red i n  S outh  of New 
p e ri d oti  te . C al ed oni a .  

Temp ora ry hyd romor- S ca t te re d  s c rub 
phi c - high  perc en t  f or m a t i on s -
-age of i ron oxi d e  cl ea r a re a s .  
con cen t ra ti on s . 
-l a t e ri t i c  . 

Re si dual , mod e r-
a tely hum i c S c rub and s em i -
al l u v i al i ron ri ch fore sted  forma t i oru 
s oi l s . 

Pa rtially wea t he red 
l a t e ri te s .  I S ea t  t e  red s c rub . 

- h i ghly g ra nul a r .  

Re s i dual fe r rugi n ou s i Dense ra i n  f ore st 
alluvi a d e ri ved 

from p e ri d o t i te s .  
ma i nl y  over 

pe ri d ot i  te s .  � 
� 



3 . 3 COLL ECTI ON LOCAL I TI ES AND SAMPLING PROCEDURE 

Three hype ra ccumul a t ors of ni cke l we re chosen for study : 

4 5  

Homal i um gu i l l a i ni i ,  H omal i um kanal i en se and Hybanthu s  a u s t ro

cal e d oni cu s . These spe c i e s  we re well re p re sen ted on seve ral si te s 

of  d i ffering s o i l  s t ru c tu re . The si te numb e r ,  numb e r  sampl e d , 

l o ca ti on and soi l  type a re summa ri zed i n  Tab l e  3 . 2 . 1 .  The l oc a t i on 
' 

of t he three sa mpl e a re a s  ( Ri v i e re Bleue , M on t  Koghi and Pl a i ne 

de s L a c s )  i n  the  southe rn part  of the i sl and a re i ndi ca te d  on 
F i g  u re 3 • 2 • 1 • 

M on t  Koghi - s i t e  1 

A t  M on t  K oghi ( ra i nfa l l  2000 mm , al t i tude 600 m ) th e 

vege t a t i on cove r c ons i s t s  of den se ra i n  fore s t  ove rl y i ng ve ry humi c 

( 2�& l oss  of we i ght a f t e r  a shi ng dri ed so i l s  a t  500 °
g_ ) fe rrug i n ou s  

s o i l s deri ved f rom sha t te red pe ri d o ti tes . The t e rra i n  i s  s t e e p  and 

b ou l d e r- s t rewn . Hyba n thu s aus t ro caledoni cu s wa s rea s onably  wel l  

rep re se n ted i n  th e a re a  and a t tai ned heigh t s  from 1 t o  4 m .  The 

l e ave s of th i s  spe c i e s a re appro xi ma te ly  1 00 mm x 40 mm . 

Pl a i ne d e s La c s - s i tes  2 ,  3, a nd 4 

H omal i um kanal i en se ( a  smal l sh rub 0 . 5 to 1 . 5 .  m i n  hei gh t )  

wa s sampl e d  on e a ch of the se si te s w i thi n t he Pl a ine de s La c s  a rea . 
S i t e  2 wa s typi fied by the ve ry g rave lly  na ture o f  th e uppe r s o i l  

hori z ons . The se  we re c ompos ed of ha rd , i rregul a r  i ron oxide 

c on c re t i on s  1 0  mm to 1 00 mm in  di ame te r . The s o i l s  we re :p oo rl y  

d i ffe renti a ted  and l a ck i ng i n  humu s . The ve ge ta ti on wa s very open 

an d herba c eou s .  Othe r s pe c ie s  found wi th Homal i um k a nal i ense  we re 

Fri s tania gui l l a i ni i , L ophosch oenu s s tagnal i s ,  L .  c omos us , 

Xa nthostem on auran t i a cum , G revi l l ea gil l ev rayi , Phyl l an thus a e ne u s  

a nd M ovri a a rtens i s .  

Ri v i e re Bl eue - s i t e  5 

Hyban thu s  austroc a l e d oni cus and Homa l i um gui l l a i ni i we re  found 
on thi s  si t e  n ea r  the Rivi e re Bl e ue . The soil s have b ee n  d e ri ved 

from peri d ot i tes  and a ssocia ted  rocks and a re l a t e ri t i c i n  na tu re . 

The  uppe r hori zons a re c ha ra c t e ri s ti c al l y  deep re d-b r own  i n  c ol our 

a nd c ons i st of all uvi al cl ay . They a re  l oo s e  and :p orou s i n  t e x t u re .  

Vege tati on i s  dense wi t h  Aga thi s l a nce ol a ta a d ominant sp e c i e s . 

Sampl e s  we re take n  from vari ous posi t i on s  on the shrub s a nd 
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a s  far a s  p os s ib l e  we re taken f rom spe c i mens of s i mi l a r  si ze . 

L e a ve s w e re st ore d  i n  pla s t i c  bags  and were wa shed upon re t u rn t o  

the la b o ra t ory .  

S oi l  sam pl e s  we re taken  from the b a se of e a c h  pla n t  a s  cl ose 

as  pos si bl e  to the root sys t em . ( i . e .  a b out 20  cm dep th ) The 

s oi l s  we re d r i e d  at 80°C ,  s i e ved  t o  rem ove pa rti cl e s  l a rge r t hen  

2 mm , and s t o red i n  pape r b ag s . The numb er of  s a mpl e s  ob tai ne d  f or 

each  s p e c i e s  i s  re c orded i n  Tabl e 3 . 2 . 1 . 

3 . 4  ANALYTI CAL TECH NIQUES 

3 .  4 . 1 S o i l  fra c t i ona ti on 

A p re l i m i na ry s tudy wa s carri e d  ou t on rep re s e n ta t i ve s o i l  

sample s from e a ch si te t o  ga i n  some  i nforma ti on on t h e  d i s tribu t i on 

of ni ckel  and o the r e l e me n t s  i n  d i fferent s oi l  f ra c t ion s .  Fi ve 

f ra c t i on s  were c ol l e c ted  and the pe rce ntage  pa s sing th rough e a ch 

s i eve  si z e  i s  g i ven in Tabl e 3 . 4 . 1 . Total sample s iz e  wa s approx

i ma tely 1 00g . The mea n of t hree d e t e rminat i ons  from ea ch si te  i s  

shown . 

S I TE 

1 

2 

3 

4 

5 

Tab l e  3 . 4. 1 _  Phy s i cal fra c t i ona t i on of soi l s  showing 

pe rcen tage of to tal pas si ng t h rough vari ou s me sh 

si z e s . 

+ 500)..lll1 250-500;..un 1 25-250)lm 63 - 1 25.um - 63.um 

76 . 40 1 5 . 00 6 . 1 0 1 .  70 0 . 70 

9 1 . 90 6 . 00 1 . 30 0 . 40 0 . 40 
69 . 60 1 9 . 80 6 . 70 2 . 30 1. 60 
80 . 1 0  1 2 . 20 4 . 80 1 . 80 1 • 1 0  

54. 1 0  2 2 . 70 1 4 . 70 5 . 70 2 . 80 

The se resul t s  re fl e c ted  th e phy s i cal na ture of the soi l s from 

th e f i v e  col l e c t i on l ocal i ti e s .  The l arg e fra c t i on of + 500pm 

re fl e c t s  the g ra nul ar  na ture of the s o i l s from t h e s e  a rea s .  The 

hi g h  pe rcen tage of i ron oxid e  conc re t i ons i n  the s oi l  from si te 2 

wa s la rgely  re spon sible f or the sma l l  fra c t i on of fi ne ma te ri al . 

Th e a l l uv i a l  ch a ra c t e r  of t h e  soi l s  from the Ri vie re Bl e ue ( s i te 5 ) 
resul t e d  i n  a hi g he r  pe rcen tage of t he to tal p a s s i ng through the 



PL.A NT SAMPLE ! d ry a t  

DRY T ISSUE l we i gh 
a sh a t  
we i g h  

ASH 

STORE 

1 00 °C 

450-500 °C 

0 . 1 00gm 
1 0 . Oml 2MHCL 
wa rm 30 m i n s  
c o ol 
d e c a n t  

SOIL SAMPLE ! d ry 

A I R-DRY SOIL 
c ru sh 
si eve 

-60 m e s h  +60 me s h  

A sh ,  450- 500 °C 
DISCARD 

SOIL FRACT I ON STORE 1 0 . 1 00gm 
1 0 . Oml c on g . 
d ry a t  1 00 c 

HF/HN o
3 1 : 1 

RESIDUE 

we i g h  
1 2ml 2HC 1 
he a t  1 5  mi n s . 
make up t o  1 0 . 0gm wi t h  H 20 

SOLU TI ON anal yse f o r  SOLU T I ON 
d i lu t e  1 00pl t o 1 0 . 0m1 d i l u te 1 00pl to 1 0 . 0ml I t ra c e  e l em e n t s I wi th 0 . 8% Sr( N 03 ) 2 wi th 0 . 8% Sr( N03 ) 2 �----------�• a na l y s e  f or ���--------� 

ma j o r e le me n t s  

Fi g .  3 . 4 . 1 . 
Fl ow Di a g ra m  f or d i s s ol u t i on and anal y s i s of ge ochern i cal and 

pl an t sampl e s .  
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smal l e r  s i eve si ze s .  

3 . 4 . 2 A shi ng procedu re and sampl e di ssol u t i on 

The o rgani c ma t e ri al i n  s ampl e s  of - 2mm ma te ri al was  d e c om

p o sed  by a shing i n  a muf fle fu rna ce  a t  500°C for seve ral hours . 

The a shed soil  wa s th en g round t o  a b ou t  - 1 50 me sh si ze  ( 1 00 pm 

d i ame t e r) . 

Enough pl ant mate ri al wa s a s he d for e i gh t  hours to o b ta i n  

a t  l e a s t  0 . 1 g  of a sh .  F re sh l ea f  ma te ri al , t o  b e  used i n  l a t e r  

work , wa s fre e z e - d ri e d  and s t o red i n  a ir- ti ght ve s sel s i n  a 

re fri ge ra t or .  We i g ht l os s  on a shing wa s re c o rd e d  for e a ch  spe c imen . 

Small sample s of i gni ted soil  ( 0 . 1 0g ) we re we i ghed  a c cura t e l y  

i nt o  5 0  ml squa t p ol ypropyl ene b e a ke rs n n d  d i g e s ted  wi th 5- 1 0 rnl 
of a 1 : 1 mi xture of c on c e n t ra te d  hyd rofl uori c and ni t r i c a ci d s .  

The b ea ke r s  we re s u spend ed  i n  a wa t e r  ba th a nd the sol u t i on taken 

to d ryn e s s . The re s i due s we re red i ss ol ved in a pproxima tel y  1 0  rnl 
of 2M hyd rochl o ri c  prepa re d from red i s t i l l ed ( 5M )  a ci d .  The p roc e d 

ure re s ul ts in  v i rtual l y  c ornpl e t e  d i  s s ol uti on of s oil s ,  w i th the 

rema i n i ng me tal s i n  th e re si d u e  b e i ng t ra c e s of t i tani um , i ron and 

chromium as sh own b y  em i s s i on spec tros c opy ( Qui n ,  1 974 ) . The 

ch r om i um p roba bly c ome s from chrom i t e  wh i c h  i s  v i rtua lly i n s ol ub l e .  

A more s e ri ou s probl em wa s the l os s  of cal c i um ,  a ri s i ng not  

from i n c ompl e te  d i s sol u t i on of  the sampl e , b u t  ra the r from pre c i p

i ta ti on a s  i n s ol ub l e  fl uori de . Thi s p roblem  could b e  c i rcumvented  

by  t he a dd i t i on of  a sma l l  amount ( 0 . 5 ml ) of  high  b oi l i ng poin t  

pe rchl ori c a c i d  t o  the d i g e s t i on m i x tu re .  This ha d the e ffe c t  of 

kee ping  cal c ium i n  s olu t i on un t il Rl l the flu ori de  had e vapora t ed . 

The d i ssol ve d  re s i d ue s  we re wa she d i n to 1 0ml gra d ua t ed 

polypropyl ene vi a l s ,  ma de  up t o  the 1 0ml ma rk wi th 2M hyd rochl ori c  

a c i d  an d s t oppe r e d  pri o r  t o  an alys i s . 

Pl ant  sampl e s  ( 0 . 1 g  of ash ) we re d i s s olved d i re c tly  i n t o  2M 

hyd rochl o ri c  a c i d  and wa rmed f or a b ou t  30 minute s .  Th ese  s ol u t i ons 

we re ma de up t o  1 0ml in g radua ted polypropyl ene vi al s . For well 

a sh e d  ma t e ri al t hi s  me th od of d i s sol u ti on was qui t e  ade qua te . The 

1 00 ti me s  d il u t i on tha t t his proced u re gave wa s s a t i sfac tory t o  

b r i n g  a l l  the tra c e  el ement s i n to th e analyt i cal ran ge d e si red , b u t  

furthe r d iluti on wa s ne c e ssa ry for n i ckel , cal c ium , magn e s i um and 

p o ta s si um . Gi ron ( 1 973 ) found tha t d ry a sh i ng at 550°C gave more 

rep r oduc i bl e  re sul ts  than we t a shing f or c al c i um ,  copp e r ,  i ron , 



mangane se , magne s i um , pota s s i um ,  sod ium and z inc i n  pl a nt s .  

F i gure 4 . 3 . 1  sh ows i n  the f o rm of a fl ow d i agram ,the general 

procedure a d opted  f or pla n t  and soil  ana l ysi s .  

3 . 4 . 3  Analyt i c al me thod s  

( i ) A tomi c  a b so rpti on spe c t ropho t ome t ry 
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The Va ria n Te chtron mod e l  A . A . S a t omi c  abso rpti on spe c tr ophot o

m e t e r  wa s us ed fo r de t e rm i n i ng va ri ous e l emen ts i n  th e pla n t  and 

s oi l  d i ge s t s . Th e condi ti on s  of ope ra ti on a re gi ven i n  Table 3 . 4 . 2 .  

S tand a rd s  we re ma de  from anal y t i c al - g rade  ( .Anala R )  chemi cal s .  

Impuri tie s a t  t h e  c on cen t ra ti on le vel s used , we re i n s i gni f i ca n t . 

C ombina ti on standa rd s  c onta ini n g  all  t he tra ce e lemen ts  to  b e  

analysed we re empl oye d  and the se we re d i l u ted  from a 1 000 pg/g s tock  

s ol u ti on .  The same s tand a rd s  we re e mpl oyed  for an alyse s .  S tand a rd s  

a nd sampl e d i l u ti on s  for cal c i um and magne s i um we re made wi th 2M 

hyd r ochl ori c a c i d  c ontai ning 0 .  8°� S r ( N03 ) 2 . The l a t te r  reagent 

wa s added b ecause phospha te s ,  sul phn te s and si l i ca te s  a re known t o  

cause  de p re ss i on of the a b s o rpt i on si gnal . The add i t i on of a 

s pec t ral bu ffe r in the fo rm of ve ry pu re Sr( N03 ) 2 hel pe d t o  ove r-

c ome th e se e ffe c t s  ( Di nn i n ,  1 960 ;  El well and Gi dl e y , 1 96 7 ) . Cal ci um 

f o :nns refra c t ory alumina te s ,  s o  a re l a t iv el y  hot fl ame wa s u sed  t o  

hel p  ove rcome th is  e ffe c t .  Al kal i me tals  can al s o  caus e i n t e rference s 

i n  the d e t e rm i n at i on of ca l c i um a nd magn e s i um ,  owing t o  i oni zati on 

e ffe c t s  ( Davi d , 1 959 ) b ut the se  w e re l a rgely ove rcome by  usi ng mi xed 

s tand a rd s  of the me t al s .  

L ight  s ca t te r ing of t he i n c i d e n t  rad i a t ion from the h ol l ow 

c a thode l amp by s ol i d  parti cle s ,  and non-a t omi c a b s orpti on b y  

mol e cul ar  spe cie s i n  the flame we re b o th correc ted  f o r  b y  u sing a 

hyd rog en c on t inuum l amp . Such  p rob l e m s  onl y  oc curred a t  s horter  

wavel eng ths ( < 250nm ) . 

The m os t  se ns i t i ve a b s o rp t i on l in es were gene ra l l y  empl oye d  

e xcep t f or n i ck e l  whe re th e l e s s  sen si t i ve 341 . 4  nm l ine wa s u sed . 

This wa s due t o  the poor l inea ri ty of t h e  cal i b ra ti on cu rve ob t a i ne d  

a t  23 2 . 0 nm . ( Mavrod inea nu , 1 970 ) . For  al l othe r e leme nt s ,  g ood 

cal i b ra ti on curve s were ob ta ined . 

Previ ous wor k  ( Lee , 1 9 74 ) using t he s tanda rd d i ab a se �- 1 ha s 

shown t he a c cu ra c y  an d rep r oduc i b i l i ty of the ab ove m e th od s  to  b e  

sa ti sfa c t o ry f or th i s  pro j e c t .  



Tab l e  3 . 4. 2  INSTRUMENTAL C ONDITIONS . 

El e ment. Wavel eng th Lamp Sl i t  Sensi  t i  vi  ty � Fl ame S t anda rd s  
( nm ) Cu rrent  Wi d th ( ppm) Chara c t e r  ( ppm i n  2M HC 1 ) 

( mA )  Cum) 

Ni 232 . 0 5 1 70 0 . 05 Ai r-C 2H 2 2 , 5 , 1 0 , 20 , 40 

341 . 5 8 200 0 . 26 Oxi d i z ing C omb 
* 

C r  3 57 . 9  5 1 00 0 . 055 A i r-C 2H 2 1 , 2 , 5 , 1 0 C om b • 

reducing 

C o  240 . 7 5 1 50 0 . 053 A i r-C 2H 2 1 , 2 ,  5 ,  1 0 C omb 

Oxi d i z i ng 

C u  3 24 . 7  3 1 00 0 . 04 Ai r-C 2H2 1 , 2 , 5 , 1 0 C om b 

Oxi d i z ing 

Z n  21 3 . 9  5 250 0 . 009 Ai r-C
2H2 5 , 1 0 , 20 , 40 C omb . 

Oxi d i zing  

Mn  279 . 5 5 200 o .  021  Ai r-C2H2 5 , 1 0 , 20 , 40 

Oxi di zing C omb . 

Fe 248 . 3 1 5  250 0 . 062 Ai r-C2H2 2 , 5 , 1 0 , 20 , 40 

Oxid i zing 

ea  422 . 7 5 300 0 . 01 3  A i r-C2H2 2 , 5 , 1 0 , 20 , 40 

reducing wi th 0 .  8?� S r( No
3

) 
2 

Mg 2 8 5 . 2 5 200 0 . 003 Ai r- C2H2 2 , 5 , 1 0 , 20 , 40 

red u c i ng wi th 0 . 8% S r( No
3

)
2 

+From "H ol l ow Ca t hod e  l amp d a t a " Va ri an Te c h t r on ,  1 973 
*c omb i nati on s tand a rd c on t a i n i n g  Ni C r  C o  C u  Zn Mn Fe Pb C d . 
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( 't i ) C ol ori me t ry 

Phosphoru s in  pl a nt s and soi l s  wa s d e te rmine d  b y  forming  a 

phosphomol ybda te comple x  similar  t o  tha t i n  the mol yb d enum b l ue 

me th od gi ve n b y  S tanton ( 1 966 ) . The a b s orbance a t  8 8 2  nm wa s 

me a sur e d  wi th Uni cam S P  1 8 00 u . v .  sp e c t rophotomete r . De t e rmi na ti on s  

we re c a rri ed  out on the ori gina l  hyd rochl o ri c a c i d  d i g e s t s  a fte r 

n eu t ral i z a t i on wi th s � i um hyd roxi de . Orth ophospha te and mol ybda t e  

i on s  conden se i n  a ci d i c s ol u ti on t o  gi ve m olybd ophosph ori c a c i d  

whi ch  may b e  sel ec t i ve l y  reduced b y  a sc o rb i c  a c i d  and an timony 

pota s s i um ta r t ra te t o  m olybd enum b lue . The i n tensi ty ci' th e b l ue 

c ol our i s  p rop orti onal t o  the amount  of pho s phate ini t i al ly i n c o r

p ora ted in th e he te ropoly a c i d . I t  i s  a s sume d tha t a f t e r  a shing and 

a c i d  d i ge s ti on al l th e phosphorus i s  p re sent as phospha te . 

( i i i ) Fl ame Pho t ome t ry 

Pota s si um wa s an alyse d  in th e a c id d i g e s t s  of the pla nt  l eaves  

an d so il s us ing a Gal l e n kamp fl ame pho t ome t e r  or empl oyi ng th e 

emi s s i on m ode of  the A . A .  5 a tomi c a b s orpti on spe c tr opho t ome t e r .  

( i v )  S ta t i s t i cal t re a tme n t  of d a ta 

A c ompu te r wa s u s e d  to cal cul a te a ri t hme t i c  me an s ,  s ta nd a rd 

d e vi a t i on s  and Pe a rs on p r oduc t  moment co rrel ati on c oe ffi c i ent s ( r ) 
f or da ta . Ge ome t ri c  me ans  we re cal cula ted separa tely f o r  c hromi um 

a nd cobal t a s  the se we re shown t o  b e  l og-normal ly d i s t ri bu t ed i n  

s ome  soi l s .  M o s t  el emen t s  howe ve r were normally d is tri b u t ed i n  

pla n t s  an d s o i l s .  

3 . 5 .  PLANT AND S OIL ELEMENTAL C ONCENTRATI ONS 

The · mean c on c e n t ra t i ons of va ri ous ele ments  in the pl an ts and 

a s s oc i a t ed so i l s  of Hyb a n thu s  aus t ro- cal e d oni cus , H omal i um gui l l aini i 

a nd H omal ium kanal i en se a re summa ri sed in  Tabl e 3 . 5 . 1 . Prel i m i n a ry 

cal cul a ti on s  s howed the  ge omet ri c  and a ri t hme t i c  mean s fo r the pl an t s  

a nd s oil s o f  Hyb an th u s  a u s t ro- cal e d oni cus to  b e  simil a r  fo r a l l  

el eme n t s  exce p t  chrom i um an d c obal t .  The ge ome tri c m e a n s  f or the se 

two e lemen ts  we re s i gn i fi cantly smal l e r  t ha n  t he a ri thme t i c means , 

i n d i ca ting a l og-n ormal d i s t ri b u ti on .  The ge ome t ri c  me ans  fo r the 

c on ce n t ra ti on s of c ob a l t and chromi um in  the va ri ou s pla nt s and 

the i r a s s o c i a t ed s oi l s  a re the refore g i ve n  in  Tab l e  3 . 5 . 2 .  
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Ni c kel  con c e nt ra ti ons  i n  al l three spe c i e s ( e ve n  on a d ry 

we i g ht b as i s ) we re a s  hi gh or h i gh e r  than the n i ckel  i n  th e s o i l s .  

I t  i s  notabl e tha t n ic kel mus t  be  cl a s s i f i e d  as a ma j or e l e me n t  i n  

the se pl ant s and ran k s  h i ghe r i n  c on c en tra t i on than th e p ri n c i pal  

nu t ri ent e l emen t s  cal c i um ,  pota s s i um ,  ma gne s i um or phosphorus . 

An o the r n o ta bl e  fea tu re i s  the a b i l i ty of the se pla n t s t o  a cc umul a t e  

ad equa te amoun t s  of p o ta s s i um ("' 0 . 5 - 1 .0% ) i n  spi t e  of th e 

d e fi c ien cy ,  due to e x ce s s ive l e a c hi ng , of t h i s  e l eme nt  i n  the soil . 

The l ow l ev el s of  cal c i um and magne si um i n  the soi l s of the Pl a ine  

d e s L a c s  si tes  compa re d  to those i n  the o the r two a r ea s ,  refl e c t s  

t he d egre e  of l a t e ri z a t i on and t h e  more e x c e ss ive l ea ch i ng of the se 

e l e me n ts from the s o i l s of thi s a rea . The ve ry high  p e rce ntage  of 

i ron in  t h e  s o i l s a t  s i te  2 is a re fl e c t i on of the e xte n si ve i ron 

oxi d e  con c re t i ons i n  the area . The hi gh i ron con te n t of all  a reas  

i s  typi cal of  l a t e ri t i c  so i l s .  Ove ral l 1 the  hi gh c ob a l t ,  chrom i um ,  

n i ck el and i ron l evel s i n  th e s oi l s  and plants  of t h e se a rea s 

refl e c t s  the ul t raba s i c  na tu re of th e sub s t rate . 

Figure 3 . 5 . 1  shows graphi cal l y  the con cen t ra ti on d i s t r i bu t i on 

of n i c kel i n  the thr e e  pl ant sp e c i e s .  The l arge a b sol u t e  ra nge 

f or n i ckel i n  H omal i um guil l a i n i i i s  notewor thy. 



Tabl e  3 . 5 . 1 . A ri thmet i c  me a n s  and standard d evia ti on s  for  plant  

and soil d a ta . 

El ement 

S i te 1 .  

Ni% 

Ca% 

M� 

K% 

Mn pg/g 

p ,ug/g 

Cu ,ug/g 

Fe% 

Zn .-Ug/ g 

Humus % 

* x  Ni ..ug/g 

Si te 5 

Ni% 

Ca% 

Mg% 
K% 

Mn JJ.g/g 

p JJ.g/ g 

Cu )lg/g 

Fe% 

Zn pg/g 

Humus % 
*x Ni .-Ug/g 

C oncen  t ra t i  on s .  

Pl an t ( Drywt ) 

Hyban thus 

1 . 24 ± 0 . 36 

0 . 95 + 0 . 23 

0 .  7 1  ± 0 .  1 5  

0 . 75 .±. 0 . 28 

226 .±_ 92 

55 7 ±. 84 

4 . 8 ± 1 . 7 

0 . 0 2 2 .±.0. 0 1 6 

5 1  j: 1 4  

Hyb anthus 

1 .  60 ± o . 37 

o. 66 ±. 0 . 1 6  

0 . 58 _± 0 . 1 1 

0 . 65 ±. 0 . 23 

1 78 ±. 83 

647 .± 1 00 

3 . 9 .z. 1 . 4  

0 . 0 2 2 :t. 0 . 0 1 9  

64 .± 3 1  

Pl an t ( a shwt ) 

aus trocal e d oni cus 
( N=4 7) 

1 2 . 9 ± 3 . 2 

9 . 8  + 1 . 8 

7 . 5  ± 1 . 9 

7 . 7 ± 2 . 6  

2356 ±.. 8 95 

5855 ± 846 

50 ± 1 6  

o .  23 ± 0 . 1 7  

53 2 ± 1 41 

a u s t roca l e d oni cu s ( N=25) 
1 9 . 1 5  ± 3 .  20 

7.  98 .± 1 .  44 
7 . 1 1  .± 1 . 52 

7 . 78 ± 2 . 33 

2202 .±. 1 091  

7832 .± 1 268 

46 .:i: 1 6  

0 .  26  .:t. 0 .  23 

783 .± 386 

*
E x t ra c tab l e  in ammon i um oxal a te b uffer .  

A ssocia t e d  S oi l  

( Mon t  Koghi ) 

o . 59  ± 0 . 1 5  

0 . 68 ± 0 . 28 

5 . 75 ±. 2 . 20 

0 . 05 ± 0 . 09  

6 1 0 7  ± 1 742 

329 .± 1 36 

56 ± 40 

25 . 8  ± 5 . 6 

1 66 ± 34 

23 . 9 .± 8 . 0 

1 08 7  ± 247 

( Ri vfe re Bl e ue ) 

0 .  7 1  .± 0 .  04 

0 . 7 1 .± 0 . 24 

1 . 9 .±. 0 . 36 

0 .  02 .± 0 . 004 

6023 ±. 689 

386  ±. 1 38 

62  ± 27 

25 . 8 -t 1 . 8 

241 ± 1 4  

1 1 23 ± 1 97 

5 3  



Tab l e 3 . 5 . 1 

El emen t 

Si t e  2 .  

Ni% 

C a% 

Mgr{; 

K% 
Mn pg/g 

p }Jg/g 
C u  J.lg/g 

Fe% 

Zn pg/ g 

Humus % 

X N i  pg/g 

Si te  3 
Ni% 

ea�� 

Mg9� 

Ko& 

Mn J.lg/g 

p ).lg/g 

C u  pg/ g 

Fe% 

Zn p.g/g 

Humu s% 

X Ni pg/g 

c on t  • . •  

C on e  en tra t i  on 

Pl an t (D ry wt ) 

H omal i um 

0 . 49 ±. 0 . 1 9 

0 . 8 5 ± 0 . 29 

0 . 29 .t 0 . 07 

0 . 99 ± 0 . 25 

797 .±.. 330 

263 .±. 78  

1 2  ± 6 

0 .  0 1  9 :i. 0 .  00 7 

204 :t. 58  

H omal ium 

0 . 47 .±.  0 . 1 2  

0 . 6 1  .±: 0 .  1 6  

0 . 38 ..±. 0 . 07 

0 . 73 ± 0 . 1 5 

379  .± 1 98 

298 .± 1 05 

8 . 8 .±: 4 . 6  

0 . 05 1  + 0 . 03 

1 98 ± 47 

Pl an t ( A sh wt ) 

kanal i e n se 
( N= 25 ) 

6 . 28 .± 2 . 24 

1 0 • 8 5 .±. 3 . 00 

3 .  77 _±_ o. 97 

1 2 . 74 :t 2 . 7 

1 02 70 ± 4039 

3 3 8 0  .±. 1 0 1 4 

1 05 ± 7 2  

0 . 25 :±: 0 . 1 0  

2628  .±. 721  

kanal i en s e  

6 . 92 .±_ 1 . 53 

9 . 02 .± 2 . 1 5  

5 . 66 ± 1 . 1  0 

1 0 . 8 2 ± 2 . 62 

5638 ± 3070 

4408 ± 1 593 

1 28 .± 60 

o . 75 ± 0 . 46 

29 1 0  ± 553 

5 4 

A s s ocia ted  S o i l  

( Pl a i ne de Lac s ) 

0 .  54 .±. 0 .  07  

0 . 20 ± 0 . 06 

0 . 1 0  .± o .  03 

0 .006 ..:t. 0 .  002 

6 1 53 ± 2429 

23 6 ± 47 

1 1 7  ±. 67 

40 . 7 ± 2 . o  

333 .:t 3 2  

1 5  ± 3 

430 ±. 326  

( Pl  a i n  e d e  La c s ) 

0 . 3 9 i 0 . 07 

0 . 1 8  + 0 .  09 

0 . 1 7  ± 0 . 07 

0 .009 .±. 0 .  003 

4929 ± 2443 

1 55 ± 1 7  

47 ± 8  

3 2 . 8  .± 4 . 5 

263 ±. 36  

22  ± 7 

243 + 1 03 



Tab l e  3 . 5 . 1  C on t  • . •  

El ement 

S i t e  4 

N i�1a 

Ca% 

Mg% 

K?b 

Mn .)lg/ g 

p pg/g 

Cu  )lg/g 

Fe% 

Zn )lg/g 

Humus % 
X Ni pgjg 

S ite 5 

N i�� 

C a�b 

Mg% 

�� 
Mn _pg/g 

p pg/g 

Cu )lg/g 

Fe� I 

Zn )lg/g 

Humus �& 

X Ni pg/g 

C on ce n  tra t i  on 

Pl ant  ( Dry w t )  

H omal ium 

0 . 3 7 .± o .  ·1 6 

0 . 80  ± 0 . 27 

0 .  55 .± 0 .  1 6  

0 . 60  .d: 0 .  1 1  

1 62 i 1 30 

3 2 0  ..±- 54 

8 . 7 .:!:. 2 . 7 

0.0 1  ± o .  009 

23 5 .± 70 

H oma l i um 

0 . 8 1 ±. 0 . 3 6  

1 • 0 6  .± 0 . 3 1  

0 .  4 5  .l: 0 .  1 3 

0 . 47 ±. 0 . 1 3 

88  .!:- 33 

536 ± 1 04 

1 0 _±  3 . 5 

0 .  2 9 7  .± 0 .  2 70 

9 1  .±: 3 9  

Pl a n t ( A s h w t ) 
ka nal ien se 

( N=25)  

3 .  49  ..± 1 . 1 6  

7 . 60 .±: 1 . 99 

5 . 34 i 1 . 56  

5 . 97 .± 1 . 72 

1 63 1  .±: 1 395 

3 1 52 .:± 8 23 

84 ± 2 6  
0 . 1 1  .± 0 . 1 0  

2274 .±. 676 

gu i l l a in ii 
( N= 25 )  

8 . 95 ±  3 . 65 

1 1  . 70 .:t:. 2 . 40 

5 . 0 ± 1 . 2 

5 . 44 ± 1 .  88  

1 004 ± 427 

62 1 0 .±. 1 907  

1 1 6  ±. 47 

0 . 33 ± 0 . 2 7  

1 03 1  ± 460 

5 5  

A s soci ated  S oil 

( Pl a i ne d e  L a c s . ) 

o .  62  ± 0 .  1 1  
' 

0 .  57  I. 0 . 07 

1 . 5 1  ± 1 . 1 4  

o .  0 1  ± o .  005 

306c .l: 662 

1 69 ± 68 

80  J:. 2 7  

.53 . 5 ± 4 .  1 

3 39 .1: 63 

1 9 . 3 .± 7 . 0 

728 _±. 1 48 

( Rivfe re Bl e ue . ) 

0 . 6 7 :!: 0 . 08 

0 . 97 ± 0 . 63 

3 . 55 ± 2 . 2 7 

0.011 .i 0 .  002 

552 7  ± 1 34 1 

3 6 7  ..± 94 

57 .±. 33 

23 . 1  + 3 .  8 

2 1 8 ± 28  

23  ± 5 

9 7 7 .± 1 8 7 



Tabl e 3 . 5 . 2 . Ge ome t ri c  mea n s  and standa rd devi a ti on ra nge s for C r  and C o  i n  Pl a n t s  and S oi l s .  

Spe ci e s  

H.yb an th u s  
aus t rocaled on i cu s 

H,yb an thus 

au s t ro cale d on i cus  

H omal i um 

kanal i e n se 

H .  kana l i e n se 
-

H .  kanal i ense  
-

-

H .  gui l l a i n i i  

�----� ------�---

SI TE N o .  

1 47 

5 25 

2 25 

3 25 

4 25 

5 50  

C r ( J.lg/ g ) C o  ( pg/g ) 

Pl ant  {Dr�) Pl ant  �A sh} Pl ant  {Dr�2 f'J.ant  {A sh2. S oi l  S oi l  .. 
. 

20 1 8 2 3 236  25 334 8 1 0 

( 9 . 5-38 . 4 ) ( 1 1 1 -365 ) ( 2254-4644 ) ( 1 3 . 5- 5 1 . 2 ) ( 1 8 6-58 0 )  ( 58 8 - 1 1 1 4 )  

3 5 . 5 429 41 1 6  

( 1 7 . 5 - 7 1 . 7 ) ( 2 1 3 - 86 2 )  ( 2543-6662 )  

7 . 8 1 00 1 05 8 7  

( 5  7- 1 0 . 6 )  ( 73 - 1 3 8 ) (923 9- 1 2 1 3 1 ) 

1 3 . 7 201  7 741  

( 8 . 3- 22 . 3 )  ( 1 22-33 1 )  ( 4430- 1 3529) 

5 . 7 55 661 3 

( 4. 6- 7 . 1 ) ( 46-65 ) ( 543 7-8 042 ) 

8 99 3 570 

( 5 . 5- 1 3 . 8 ) ( 64- 1 55 )  ( 2973 -4286 ) 

27 . 7 

( 1 8-44 . 5 )  

65  

( 25 - 1 8 0 )  

66 

( 29- 1 46 )  

1 45 

( 77-273 ) 

1 2  

( 7 . 5- 1 8 . 2 )  

346 88 7 

( 2 1 7-55 2 )  ( 78 1 - 1 007 ) 

768 669 

( 299-1 975 ) ( 5 1 1 -8 76 )  

98 1 749 

( 438 - 2 1  93 ) ( 495- 1 1 34 )  

1 406 8 79 

( 735-2686 )  ( 7 1 3- 1 083 ) 

1 32 798 

( 84-20 7 )  ( 621 - 1 025 ) 

--------- ------ ---------------------

Ln 
� 



0 

_ _ _ _  - - - - - _ .... Hyban thus au stroca ledon icus - Mon t Kog h i  

..._ - - A - - - - - - ..... H .  austroca ledonic us - Riv iere Bleu e 

....,. - - - - - Homa l i um kan a l i ense - P laine d es La c s. - s i t e 2 . 

...... H .  ka na l i ens e - s i t e 3 . -

+ - H .  kana liense - si t e 4 .  

- - - - - • - - - - - - - - - - - - - - - - - - - .... H ._g u i l la i n i i  - R iv iere B le u e  

0 · 5 1 -0 1 -5 2 ·0 2 · 5  3· 0 

Concentrat ion N i ck el ( 0/o dry weig ht )  

Figure 3· 5 · 1 : Conce n t r a t ion of n ic k e l i n  H ." austro ca l edon ic u s , Hom a li u m  ka n a l i ens e an d 

H.  _gui l l ai ni i . A- mean . -- - standard d evia t ion , - - - - abso l u te ra n g e .  
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3 . 6  EVALUAT I ON OF SOLUBLE NI CKEL US ING DI FFERENT EXTRAC TANTS . 

I t  i s  well  known t ha t  pl a nt s re fl ec t t o  s om e  e x t e nt el emen tal 

concentra ti ons in the a s s oc ia t e d  s oil s .  H oweve r  poor correl a t i on s  

a re often ob t ai ned b e tween t otal e l e me ntal  c onten t i n  t h e  s oi l  a nd 

t he c oncen t ra t i on s  i n  t he pl an t .  Be t te r  r e sul t s  a re often ob ta i ne d  

when e xc hangeabl e le vel s in  s oi l s  a re a s s e s sed a n d  c or rel a ted wi th 

t he t otal  c on cen t ra t i on i n  t h e  l ea f  ma t er i al . 

A prel i m i nary p ro j e c t  wa s unde rtaken i n  orde r t o  de te rm i ne t he 

m os t  su i tab l e  e x t ra c tan t for a s se s s ing 'ava i l abl e' or e xchangea bl e 

n i cke l i n  the  soil s a s so cia ted  wi t h  e a ch of the pl a n t  spe c i e s . 

Va ri ou s solv ent s and buffe rs have b e en u sed  in an a t t empt t o  e s tab

l i sh thi s  quan ti ty . C ommonl y u sed reagent s ha ve b een ammonium 

a c e ta t e  ( Hal s tead , F i nn and Macl ean , 1 969 ; Mi sra and  Pande , 1 974) , 

a ce t i c  a c i d  ( M i t c hel l ,  1 945 ;  Mene z e s  de  Seq uei ra , 1 96 9 ; Lyon , 1 969 ; 

S p en ce , 1 95 7 ; M i s ra and Pand e ,  1 974)  0 . 1 M hyd rochl ori c a ci d  ( M i s ra 

a nd Pande ,  1 974 ) and E . D . T . A . , ci t ri c  a c i d  and oxa l i c a c i d  ( Pande 

a nd M i s ra , 1 975 ) . 

Ext ra c t i ons on 1 g  soil  sampl e s ( -60 me sh , ai r d ri ed ) we re 

unde rtaken u s ing t he fol l owing reagent s : ammonium oxala te- oxal i c  

a c i d  buffe r ( c ommonly c all ed Gri gg ' s reagen t ( Gri gg ,  1 953 ) ) , pH 5 . 5 , 

0 . 1 M  ammonium ace ta t e , 0 . 1 t cal c i um chl o ri de , 0 . 1 N hyd ro c hl ori c 

a c i d  an d 0 . 1 � t ri- sod ium c i t ra te - ci t ri c  a c i d  b uffe r ,  pH 5 . 4 . 

S oi l  sample s ,  wi th e x t ra c t an t ,  we re shaken for 1 h ou r  a nd  le f t  t o  

e qui l i b ra t e  ove rnight  be fore c e n t ri fuga t i on and anal y s i s  by a tomi c  

a b sorpt i on spe c t ropho t ome try .  The quan ti ty of n i c kel  extra c ted  

by  ea ch reagen t is  sh own in Tabl e 3 . 6 . 1 .  For c ompari s on purp o s e s , 

Tabl e 3 .  6 .  1 .  Extra c tabl e n i c ke l  from soil s a s so c i a t e d  wi th 

H . aus t ro cal ed on i cus . 

Extra c tant  Ni ckel (pg/g ) 
Ammon i um oxal a te b u ffer . 1 08 7 .;t_ 247 

0 . 1 M Ammoni um a c e ta te . 30 ± 6 

0 . 1  M Cal c ium chl ori de . 55 ± 1 1 

0 . 1 M  Hyd rochl ori c a ci d . 600 ± 1 20 

Sod i um c i  t ra te  b uffe r .  3 8 1  ± 50 
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the  c on cen tra ti on s  of oth e r  t race  e l eme nt s e xtra c te d  b y  ammonium 

oxala t e  we re : cobal t ,  348 ± 1 1 0 .ug/g ; chromium 27 ± 9 P g/g , c oppe r ,  

5 . 0 ± 1 . 9 )lg/g and z inc , 1 5 ± 5 . 5 pg/g . The very l ow l e vel of 
a vai l a b l e chromi um i n  t he se so i l s i s  a n o table fea ture . ( Th e  soi l s 

supp or t i ng H .  aus t rocal ed oni cus  con ta i n ed a me an valu e  of 3 236  )lg/g 

C r ) . Chrom i um i n  chromi t e  form i s  in sol ubl e and the a va il a bl e  

chromium i s  probably  rela ted t o  that  i n  chl ori te s .  The se  l ow l e vel s 

of avai l a b i l i ty f or c hromi um have b een noted  in  o the r serpen tine  

soil s ( M eneze s d e  S e quei ra , 1 969 ; Lee , 1 974) . All the  pl ant a c c um

ul a t or s  of  n i cke l t ha t  we re i nve s t i ga te d  we re found to have a l ow 

uptake of chromi um .  C obal t on t he oth e rhand i s  readi l y  a va il abl e 

i n  the s oi l , wi t h  3 48 pg/g ext ra c t ed f rom a to tal of 8 1 0 pg/g . 

H oweve r the le ave s of �.  a u s t rocal e d oni cus were f ound to c on tain 

only 25 pg/g on a d ry we i gh t  b asi s . 

The quan t i ty o f  ni ck el  extra c t ed by  each rea ge nt wa s c or rel a ted 

s ta t i s t i cally wi t h  the t o ta l  l e ve l  i n  the  corre sponding  pl an t sampl e .  

C o rrel a t i on s  i n  de c rea sing o rd e r  we re ; ammonium oxal a te b uffe r > 

0 . 1 M  ammon i um a c e ta te ) 0 . 1 M hyd rochl ori c acid  > 0 . 1 M  cal cium 

chl o rid e .  No si gn i fi cant c orrel a t i on c oeffi c i e nt was ob ta i ned 

u si ng t he sod ium c i t ra te bu ffe r . F rom thi s study the ammon ium 

oxal a t e  buffe r was se lec ted  f or e xt ra c ti on of e a ch soil  sampl e . 

The l e ve l  ob tai n e d  wa s as sume d t o  app roxi ma te  t ha t  avai l ab l e t o  

t he pl a nt . The mean extra c table  con cen t ra ti on o f  ni ckel f or ea c h  

s oi l  si te i s  s hown in Tabl e 3 . 5 . 1 . 

H oweve r ,  a l t h ough exchangeabl e amoun t s  of a ny ca t i on may b e  

e s ti ma ted , i t  i s  almos t imposs i bl e  to  d e t e rm in e  wha t quant i ty i s  

a c t u al l y  ava i l ab l e  to th e pl ant , a s  t hi s vari e s  wi th spec i e s ,  

physi cal na tu re of the s oi l , cl i ma te , m i c robi a l  a c t i vi ty and many 

other  fac t o rs ( Sc hut te ,  1 964 ) . Leaf  ana lysi s probably  b e s t  

appr oxim a t e s  avail able  l e ve l s  i n  t he s oi l , al t hough i t  doe s not  

i nd i ca te d i rec t l y  the  pl an t ' s phys i ol og i cal s t a tu s  o r  re qui reme n t s .  

From the s tab il i ty d i ag rams i n  Fi gure s 3 . 6 . 1 , 3 . 6 . 2 , and 

3 . 6 . 3 i t  ma y b e  seen why th e ammonium oxala t e  buffe r  wa s m o re 

effe c t i ve ( than the sod i um c i t ra te b uffe r) in e x t ra c t i n g  n i c kel 

from the soi l s  supporting  H .  cal edon i cu s ,  al th ough t he n i c kel 

ci tra te  i s  more s tabl e than a n i ckel oxal a te c ompl ex ( l og K of 6 . 1 

and 4 . 9 res pe c t ively , �a rtell  and C al vin ( 1 952 ) . )  A t  pH 5 . 5  th e 

oxal a t e  comple x i s  more s table th an tha t of c i tra te ,  whi c h  b e comes  

mor e  e f fe c t iv e  a s  a chel a t or at  h i gh e r  pH value s .  At  pH 5 . 5 ,  i ron 
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and  a luminium c omp e te s tr ongly  for c i t ra te i on s .  The c on ce n t ra t i on 

of i r on in the s oi l s  sampl e d  i s  a p p roxima t e l y  40 t i me s tha t  of 

n i ckel . The s tab i l i ty d iagram for oxala te i s  pre sented  i n  Fi gure 

3 . 6 . 2 .  Thi s d i a g ram i s  s i m i l ar t o  tha t f or c i tra t e , e xc e pt t ha t  

i ron oxal a te chel a tes  a re n ot suffi c i en tl y  s table t o  a p pear  i n  the 

d i agra m . 

3 . 7  I NTERELEMENTAL llliLA TI ONSHIPS I N  PLANTS AND SOILS 

3 .  7 .  1 S oi l s  

I n te relemen tal rel a ti onships for the soi l s a t  each  of t he 

si te s  a re shown graphi c a ll y  in F i gure 3 . 7 . 1 .  Val ue s a re ba sed on 

c orre l a t i on coe ffi c i e nt s  d enoting rel a ti on ships  si gn i f i c an t a t  t he 

99 .991o l e vel of p robab il i ty ( P �  o . ooo\) . The se l evel s a re sai d  t o  be 

h i gh l y  si gni f i c an t . ( Brooke s ,  Be t t e l ey and Loxs t on ,  1 96 6 ) . Onl y  

those rela t i on sh i ps  wi th a t  l ea s t  this  l evel of si gni f i cance are 

shown in the F i gure . Posi t ive  or nega ti ve correl a t i on s  a re 

ind i c nt e d  by s o i l  a nd d a s hed l ine s ,  re spe c t i ve l y .  

The c orrela t i on c oe ffi cien ts fo r soil s  reveal some of  t he 

t rend s expe c t ed for ul t rab a s i c  a re a s .  Ni ckel i s  c o rrel a ted 

pos i t ivel y  wi th memb ers  of the i ron family ( C o ,  C r ,  Fe , Mn ) in t he 

soi l s of M on t  K oghi and Riv i e re Bl eue . H oweve r ,  ni c kel in t he s oi l s  

from the Pla i n e  d e s  La c s  shows  wea ke r  c orrel a t i on s  wi t h  othe r 

memb e rs o f  the i r on fam il y .  Thi s i R be cause t h e se so i l s refl e c t  

t he typ i cal la t e ri t i c  sepa ra ti on of el emen t s  su ch a s  n i ckel , i ron 

a nd c oba l t ,  owi ng to he a vy l e a c h ing ( See Figure 3 . 7 . 1 . ( a )  ) 

A t  s i t e  2 n i ckel i s  neg a t ively c or rel a t ed wi th chromium . ( Fi gure 

3 . 7 . 1 . ( b )  ) Thi s a rea is the mos t hea vily  l e a c hed of al l the s i te s  

inve s t i ga ted . Ex tra c tab l e  ni ckel ( ammoni um oxal a te b uffe r)  i s  

pos i t i vely corre l a ted t o  t otal n ic kel onl y in the so i l s  of M on t  

K oghi  and Rivi e re Bl eue . The percentage of t otal n i c ke l  e x t ra c ted  

i s  a l ot l e s s in t he Pl aine de s L a c s  soil s . Thi s  a gai n  refle c t s  

the he avy l each ing w i t h  t he mos t solub l e  n i cke l  fra c t i on b eing  

ca rri ed further  d own the wea t hered profi l e . Only 278 pg/ g a re 

ext ra c ted from the soil s a t  s i te  4 compared  t o  1 08 7  pg/g from t he 
s oi l s a t  M on t  K oghi ( si te 1 ) .  B o t h  soil s had si mil ar t otal n i c kel  

conc en tra t i on s . The re is  a notab l e s t ron g  ne g a t i v e  c orre l a t i on 

between pota s s ium and i ron in the Pl a ine de s La c s  s o i l s .  Pot a s s i um 

in  t he se s oi l s i s  e spe c i al ly defi c i ent compared  w i th t he other si te s ,  
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whil s t  i ron i s  present  i n  extreme l y  la rge a mounts .  

3 . 7 . 2  Plant- s oil e l emen tal rel a t i on ships . 

H i ghly s ignif i can t c orrel a t i on c oeffi c i en t s  f or plant s a nd 

soil  rel a ti onships a re shown g ra ph i c al l y  i n  F i gure 3 .  7 . 2 .  

C orrel a ti on s  we re compu ted  from da ta expre s se d  on a d ry we ight  ba s i s .  

Di s t ri b u t i on s  were con s i de re d  to be g ene ra lly norma l .  

In  con t ra s t  t o  so i l s ,  there a re few c o rrelat i ons  b e tween pa i rs 

of el eme n tal  c on cen trat i on s  in  plant s and soi l s , and pl ant s al one , 

except f'or el ement pa i rs in  t he pl an t s  and soil s of' Homal i um 

gu i l l a i n i i  s i t e s .  I n  s ome ca s e s  corre l ati ons merely re fl e c t rel a t i on

s h i p s  a l re ady e vi d en t  in th e sub s t rate e . g .  in li· au s t roca l e d on i cu s  

t he z inc cont ent  of t he pl an t i s  inversely rel a t ed t o  the magne s i um 

c ont ent  ( nega t ive � )  and refl e c t s  a rel a t i on ship a l ready exi s t i n g  

in  t he  s o i l . I t  i s  in t e re st ing t o  not e  thA t  i n  t he so i l s supporting 

H oma l i um gui l l a i n i i ,  ch romi um i s  s trongl y  correl a te d  posi t i ve l y wi th 

ni cke l , cob a l t ,  mangane se and i ron whi l s t  in the pl ant i t  i s  n e g a t iv

ely  c o rrel at ed wi t h  t h e se e l e men t s  in the s o i l . Ch romium up take i s  

very wel l  re s tr i cted by thi s  pl an t :  onl y  8 pg/g i s  found i n  the l eave s ,  

compa red wi th 3 5 . 5 pg/g i n  the d ri e d  l e ave s o f  li ·  a u s t ro- cal e d on i cu s  

growing on s i m i l ar si te s .  

H i ghly  si gni fi c ant  pla n t - so il rel a t ion s hips f or g .  kana l i e n se 

a r e  fa i rl y  n um e rou s . H owever ,  t he n ickel conte nt of d ri ed l ea v e s  i s  

rel a t ed onl y  to the mangane se  ( s i te 3 ) an d e x t rac table  n i c kel i n  t he 

s o i l . In  t he pl ant i ts e l f  n i c k el i s  posi t iv el y  corre l a te d  wi t h  

c op pe r a nd z in c . The n i cke l con t ent  in the  plant s i s  n ot s i gn i fi cant

l y  rela t ed t o  the to tal c on cen t ra ti on in t h e  soil s f or any of t he 

s i t e s  and c orre lati on s w i th e xt ra c table n i c ke l  a re ge ne rall y  we a k  

e xcept  fo r s i te 2 .  

Chromi um and ir on i n  t he leaves  of li ·  k anal i ense  a re s trongly 

rel a ted ( r  = 0 . 95 for 7 2  s i te s )  a nd t hi s  s ignifi c an t  c orrel a ti on a l so 

occur s  in the  s oil . 

3 . 8  Di s cu ssi on .  

The phy si cal and el emen tal chara c te r i s t i c s  of the s oi l s  s ample d  

in  thi s p ro j e c t ,  b a si cally  re fl e c t  t hose typ ic al of  ul t raba si c  a re a s  

in  o the r pa rt s  o f  t h e  worl d . T h e  b i gge s t  d i ffe ren ce  i n  the s e  s o i l s 

from those  of  ul traba s i c  ori gin i n  more t empe ra te cl i ma t e s ,  i s  t he 

e f fe c t of l a t e ri za t i on ,  whi c h  ha s re sul t ed in  furthe r depl e ti on of 

al ready l mv  pota s s i um , phosph oru s and cal c ium l evel s owing t o  
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exc e s s i v e  l ea c hing . Pota s s i um i s  pa r t i cula rly de fi ci ent ( 0 . 0 1 % )  
in t he soil . The thre e s pe c i e s  however  we re a b l e  t o  a c c umul a te 

adequa te  amoun t s of th i s  el eme n t  (N O .  75% )  de spi te  t he d i sadvan tage s 

of a ntagoni sm t o  up take c a u s ed by s e ve ral  el eme nts . S imil ar: l y , 

phosp h o rus up t a ke i s  affe c ted  by i ron and c hromium in  the s oi l  and 

the l ow conten t in the s o i l  ( 1 8 7 pg/g ) .  Phosphorus in H omal i um 

kana l i e n se i s  nega ti vel y c orrel a ted wi th i r on and chrom i um in  the 

soi l . 

In  s e rpent ine soil s ,  t he pri n c ipal fa c t o r  i s  often e xce ss  

l eve l s of  ma gne s i wn wh i ch resul t  i n  l owe r up take of nu t r i en ts  su c h  

as  ca l c ium , potas s ium an d phosphorous ( Lee  e t  al . ,  1 973 ; Wal ke r ,  

1 954 ) . The su c c e s sful s e rpen t ine spe c i e s  a re th o se whi ch a re a b l e  

t o  ada p t  to  th i s  i mbalance  of nu t ri en t s i n  t he sub s t ra t e .  H oweve r , 
in  t h e  soi l s  of  t he five si t e s  inve s t i ga te d > c al c ium up take i s  

apparen tl y una ffec ted by  unfav ou ra bl e minera l ogi cal edaphi c fa c t o rs .  

Cal c i um i s  rel a ted inve rs el y  only t o  the humus c on t en t . Thi s  shows  

a si gni fi c ant  d e pa rtu re f rom t rend s in  other  serpen t ine a reas  and on 

b rown hyper-ma gne sium s oi l s of New Cal e d onia ( Ja ffre' , 1 976 ) , whe re 

high ma gne si um l evel s  d e p re ss cal c i um up take . 

The e x t remely high c h romium a nd  iron con centra ti on s  in  th ose 

s oi l s a re ,  as p revi ously men t i oned , a cha ra c t e ri s ti c  fea ture . The 

thre e pla n t s  inve s ti ga t ed a re , h owever , abl e to  re s t ri c t  the i r  up

take of  th e se el eme nt s , al though t o  s ome exte nt thi s i s  due  to the  

d e p re s sed  avai l ab i l i ty in  t he s o i l . Thi s i s  pa rti cul a rly evi d e n t  

i n  t he c a s e  o f  ch romi um . The up take of c obal t i s  al s o  re s t ri c t e d  

even t h ough t he r e  wa s found to b e  a su bs tan t i al p ool of  ava i l a b l e  

i ons . Homal i um kanal i en s e  s e e m s  a b l e  t o  ext rac t l a rge r quan t i ti e s  

of c oba l t  from t he s oi l  t ha n  e i th er H .  gui l l a ini i or Hybanthus 

au s t ro cal ed on i cus  al though t he con cen tra ti on of thi s  el emen t wa s 

si m i l a r  a t  al l soil  s i te s .  

The b e havi ou r  of t he se pl a n t s  t owa rd s  i ron , cobal t a nd c hromium 

i s  i n  ma rke d c on tras t  to t h a t  of n i ckel , whi c h  seems  to b e  a c curnm

ul a ted i n  un re s t ri c ted quan ti e s . M any oth e r  sp e ci e s  g rowing on 

n i c k e l i fe rous sub stra te s  are  a b l e  to tol e ra te th e high  l eve l s i n  

the s o i l  b y  e x cl uding t he el emen t f rom i t s sys t em a t  i t s roo t s . 

I t  i s  pos si bl e  tha t ,  f or th ese spe ci e s , the  root membrane s  a re 

i mp e rmeable t o  b oth ca t i on i c and/or c ompl exed ni cke l . 

The l a ck of i n t e re l e me nt rel a ti onshi p s  b e tween n i ckel a nd 

o t he r  el emen t s in  the pl an t s  an d s oi l s i s  p e rhap s  t he most  



si gn i �i c an t  �a c t or reveal e d , and ra i s e s  the pos si b i l i ty o� an 

a c c umul a t i on me chan ism  d e pe ndent  on orga nic con s t i tuen t s .  
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Wil l ia m s  ( 1 959 ) ha s state d ,  " there i s  much j us t i �i ca ti on � or 

con s i de ring a b i ol og i cal sys tem in t e rm s  o �  an e quil i b ri um b e twe en 

c a ti ons and the i r  compl e x e s . " The c hemi s t ry o� n i c kel  in sev e ra l  

hyp e r-a c c urnul a t ing plant s i s  e xamined i n  more d e ta i l  i n  t he fol l ow

ing c ha pte r .  



N i  

Z n  ...... ...... ...... 
....... .... ...... ...... 

C r  ...... ...... 

p 

C u  

N i  

Z n "' 
C r  

F i g u r e  3 .7. 2 

K 
e a  

M n  

N i X PL A N T 

F e  

...... C o .... ...... 
M g  

K 

C a  

-- M n  

N i X  

P LAN T + S O I L  
Fe 

C o 

M g  

R e lat i o n s h ips b e t w a e n  e l a m <2 n t s  i n  
p l a n t s  a n d  s o i l s  o f  !:! . au s tr oc a l � d orn i c u s 

-- P o s i t i vQ 

P < 0 . 0 0 0 1 

- - -- - - N e g d t  i v e  



p 

C u  

N i 

Z n 

p 

C u  

I 
I 

N i 

K 

M g  

K 

+ 

M g 

/ 

/ 
Jf 

I 
I 

C a  

M n 

N i  X P L A N T 

C a  

M n 
" ,'1 

/ I  I 
/ I ) 

/ , I 1 , 
I +/ N i X 

f( , ( P L A N T +- S O I L  
/ I / Fe 

' ' 

Fig ure 3 · 7 · 3  · Relationships be t ween e lemen ts 1n p lants and soi ls 

of H.  _gu i llaini i .  

- pos i t ive - - - negative 

r�  o . ooo1  



K 

C u  

N i  

M g 

K 
p 

M g  

I 

/ 
I 

I 

/ M n 

I N i X P L A N T  

Fe 

C o  

e a  

N i  X 

P L  A N T-+- S O I L  

£jgure 3 ·7 ·4 : Re lat ionsh ips between e lemen ts  1n p lants and soi ls  

o f  H .  k ana l i ense .  

- pos i t i v e  - - - n<?gat ive 

P �  o ·ooo1  



, __ 

Phytochem i cal  Stud ies on N ickel 

1 n  some 

Hy p e raccumulat ing Plants 

4 . 1 I NTRODU CTI ON 

In the foregoing chap t e r  a s ta t i s t i cal  a pp roach wa s ad op te d  

f o r  the s t udy of b i oge ochemi c al proce sse s  i nv olved  wi th t h e  

a c cumul a ti on of ni cke l and othe r el emen t s  i n  th re e hype ra c cumul a t i ng 

pl ants . Al though th e jud i c i ou s  appl i c a t i on of s ta ti s ti c s  t o  ob served 

d a ta can ,  in some ca s e s , l ead  to the d e t e c t i on of rel a t i onships  a mong 
t ra ce el eme nt s in pla n t s  and s o i l s , m ore meaning ful information rel i e s 

heavi l y  on an e xperimental approa ch .  

A s  not ed  previ ously , a s pe c i fi c  me chani sm fo r t he sel e c t i ve 

upta ke and t ransl oca ti on of n i cke l  mus t b e  hypothe s i sed i n  orde r t o  

a c coun t f o r  t he st rong d i ffe re n t i a ti on o f  n i c ke l  up take among 

s pe ci es g r owi ng on the same ni c ke l i fe rou s sub s t ra te .  The toxi c 

n a ture of i on i c  ni c kel  i n  pl a n t s  i s  wel l kn own and ha s b een widel y  

d oc umen ted ( H a sel hoff , 1 8 93 :  C o t t on ,  1 93 0 ;  Brenchl ey , 1 938 ;  Hun te r 

a nd Ve rgna n o ,  1 953 ; Ka shi n ,  1 968 ;  Chaney , 1 963 ;  Hal s tead , F i nn a nd 

Maclean , 1 969 ) . G i ve n  thi s , the refore , i t  i s  l i kely th a t a b uffe r 

s ys tem i s  p re sent whi ch wou l d  a cc ount fo r t he tol e rance these spe c i e s  

h ave t owards th e pre sence of l a rge quan t i t i e s  of n i ckel i n  t he i r  

sys tem .  Two a spe c t s  mu s t  b e  c on si de red i n  a c coun ti ng f or the  

hype ra c cumul a ti on of ni ckel . Fi rs tly , t he sele c t i ve a b s o rp t i on via  

t he root sy s tem ,  whi ch deal s wi th e n t ry of some  i on i c spe c i e s  i n t o 

t he cell  or  t i ssue by a ny me chani sm , and se condly , the a c t i ve t rans

p ort in the plant invol ving a me chani sm dependen t on me tab ol i sm wh i ch 

m ov e s  the i on into  cel l s  or th rough t i ssue s  aga i n s t  a c oncen tra t i on 

gra d i en t  a n d  re sul ts i n  a c cumul a t i on .  The up take of mine ral s and 

a c t i ve t rans port ha s b e en c ove red  in d e t a i l  b y  Rob e rt s on ( 1 958 , 1 968 ) , 
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A s  ea rly  a s  the b eg i nning of t he cen tury , Pfe ffe r ( 1 900 ) 
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memb rane  even i n  th e a b s e n c e  of a g ra d i en t favou ring t ra nspor t , and 
c on cl uded  t h a t  sub s tanc e s  m i gh t  c omb i n e  w i th ce rta in c el l ul ar 
c ons t i tuen t s  d u ri ng thi s t ransport . Thi s conc l us i on i s  v e ry s i mi l ar 
to  the  carri e r  c on ce p t  as  p roposed  b y  H oner t  ( 1 93 6 )  and l a ter  

sup ported  by J a c ob son and Ove rs t re e t  ( 1 947 ) ,  Hu tne r ( 1 948) and R ob e r t s  
� a l . ( 1 949 ) . The ca rri e r s  we re rega rded a s  i on-b i nd ing and i on
rel e a s i ng c omp ounds . I t  wa s sugge s ted  th a t  ca ti on s  m i gh t  be b ound 
i n  pl an t s  in the  fo rm of  chela t ed c ompl e xe s ; prote i n s ,  amino a ci d s ,  
and organ i c  a c i d s  c ould f orm chela ted  c omp ound s ,  pa rti  culo.rly wi t h  
pol yval e n t  ca t i on s  such a s  cal c i um , ma gnesi um an d the t ransi t i on 
el em ent s wh i ch a re pre sent  i n  plA n t s . Rosenb e rg ( 1 948 ) n oted tha t 
f or c a t i on-b indi n g  compl e xe s  t o  b e  i nvolv ed in  a b s orpt i on the re would  
ha ve t o  be  a reg i on a t  the exte rna l surfa ce of th e cy topl a sm tha t wa s 
rel a t ive ly i mp e rmeabl e t o  free i on s  b u t  p e rmeabl e t o  the cornpl e xe d  
form . J a c ob s on e t  al . ( 1 950 )  sugge s ted tha t i on a b s orp t i on de pend e d  
on me tab ol i c al l y  prod u ce d  chel a t i ng c ornpound s 1 an d vi sual i zed the 
rea c t i on a s  

for c a t i on s ,  whe re H R  rep re s en t s  
t he chel a t i n g  compound . Ove rs t ree t and J a c ob s on ( 1 95 2 ) de s c ri b ed  
t he c a r ri e rs as  ha ving , or needi ng ,  the fol l owi ng cha ra c te ri s t i c s :  

a n  a b i l i ty t o  unde rgo c hemi cal al te ra ti on i n  th e course  of the i r 
c a rri e r  fun c t i on ,  a b i l i ty to fun c t i on a s  c hela t ing agen t s , and 
p o s se s si on of a degree of i n stab i l i ty i n  vi t ro .  They a re i n t e rm ed i a te 
me tab ol i c  p r od uc t s  or cl o sely rel a te d  sub s tance s . 

Rob e rt s on ( 1 968 ) i n  deal ing w i t h  comb ina ti on and c ompl e x forma ti on 
c omme n t ed th a t  ' t he c hemi s t ry o f  me tal  org ani c c ompl e xe s  requi re s  

fu rther s t udy w i th more d e t a i l e d  kn owl edge of t he s tab il i ty c on s ta nt s  
of c ompound s whi c h  compl e x  wi t h  me t al s ;  fur the r, l i t tl e  i s  kn own 
a b out the spe c i f i c  c ompounds  i n t o whi ch the se i on s  e n te r . ' 
S i n ce t he n ,  sporad i c  resea rch has  b e en don e  and v a ri ou s  su gge sti on s  
ma de . In t he ma in t he na ture of ca rrie rs f o r  m os t  m e ta l s i s  s t i l l  
unknown . 

S tewa r t  ( 1 9 63) s t a t e d  tha t na tural l y  oc curring c hel a te s  of he avy 
m etal s a re p robably important  s ou r c e s  of mine ral  el emen t s  in t h e  soi l  

a nd m o st l i k el y a re th e p r i m a ry form i n  •t, h i c h  they a r e  a b s o rbed  and 
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t ra n sl oc a t e d  i n  pla nt s .  The e xi s t en c e  and fun c ti oning  of ca rri e rs 
woul d expl a in many of t h e  e xperime ntal fi ndings wi th rega rd t o  
ab s orp t i on o f  va r i ous  ca t i on s ,  and i n t e r r� l ationshi p s  b e t ve en c a t i on s . 

In a b i ol og i c a l  system there i s  a wi oe  vari e ty of l i gan d s  whi ch 
a re capable  of c ompl ex forma t i on wl th a smal l numb e r  of  c.:a t i on s . 

The se i n c l ud e  p orphy ri n s ,  amin o-a c i d s , pep ti des , p rote i n s ,  purine s ,  
ri b o  fl avi ne s , nucl e ot i d e s ,  n uc l e i c a c i d s , su ga rs a nd tri - Bnd d i 
ca rb oxyl i c  a c i ds , to  n ame a few of the na tural ly  o c c u rring c omp ound s 
i n  pl a n ts . The re i s  n o  general ord e r  fo r the affini ty of a s e ri e s  
of l igand s wi th al l c a ti ons , b u t , a t  a g iv en pH whe re a n  e xc e s s  of 
seve ral l i gand s exi st s ,  d i ffe ren t  m e t al s a re re s tr i c ted  to t he f or
mati on of pa r ti cul a r  c ompl e xe s  o f  d e f ini te l i gand type s ( Wi ll i am s , 

1 953 ) . C oppe r and zi n c  i on s  are l i k el y  to  be  co- ord i na ted t o  sul fu r 
and n i troge n  a t phys i ol og i cal pH , but  not  to oxygen . C obal t ,  ferrous 
i ron a nd  ni ckel i on s  a re l i kely  to be  a s socia ted wi th mi xed oxygen
ni t rogen d on o rs such  a s  ami no a c i ds . Manganese , m agne sium an d 
c al c i um i on s  are  p o s s i b l y  c o- ord ina te d to oxygen d on o rs . 

I t  i s  i n t e re s ti n g  t o  n ote tha t the orde r of me ta l i on a c ti vi ty 
i n  produ cing toxi c i ty ,  Ni > C u ) G o > C r > Zn > M o  > Mn ( Hun te r and 
Ve rgnan o ,  1 95 5 ) agre e s  wel l wi th  the orde r of stab i l i ty of me tall i c  
organi c c ompl exe s a s  g i ven by the I rv ing-�i l l iams rul e ( I rv ing a nd 
Wi l l i ams , 1 953 ) . 

One e xampl e of the b i ochemi c al i mporta n ce of che l a ting  compound s 
i s  tha t a t  the phys i ol ogi cal pH of  pl a nt s many me tal s woulo b e  l i ke ly 
t o  pre c i p i  ta  te  as  i n s ol u b l e  pho spha t e s  a nd hyd roxi de s if the y  d i d  not 
form c omple xe s  ( S c hrni d  an d Ge rl off , 1 96 1 ; S tewa rt ,  1 963 ) . S ome 
me cha ni sms in  pla n t s  i nvol v i ng chela t e s  a re s t orage , oxida ti on -
red u c ti on rea c t i on s ,  t ra nsl oc a t i on and the t ran smi s s i on of  e n e rgy 
( S tewa rt , 1 963 ) . 

From t he in trod u c t ory work of thi s p ro j e c t  the unusual n i ckel 
a c c umul a ting capa c i ty of seve ral  New Cal e don i an sp e c i e s  ha s b ee n  
e s ta bl i shed . The presence  o f  su c h  high concentra t i on s  rai se s  i n t e r
e s ti ng que s t i ons i n  pla n t  chemi s try and i s  a ma j o r  f a c tor s ti mul a ting 
re s ea rch i n to the chemi cal fo rm of t ra ns i ti on el eme n t s  in plan t s . 
A l th ough s ome thing i s  kn own ab ou t  the g rea t numb e r  of  compounds in  

whi ch  metal s oc cur  in  pla nt s t he re  i s  rel a ti vel y l i ttl e informa t i on 
a b ou t  the  fo rm in whi ch the se me tal s a re t ransl oc a te d . Much of the 
exi s t ing i n f orma t i on ha s c ome from el e c tro-phore ti c expe riments  us i ng 

ra d i oa c t i ve t ra cers b e c.: a u se  of t he ge ne ral ly  l ow physi ol og i cal l evel s 
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of the se e l emen t s . Un i dent i fi ed ani on i c  comple xe s  of n i c kel and 

copp e r  occur  i n  xyl e m exuda te s of pla n t s  such a s  t oma t o ,  cucumb e r  

and peanu t ( Ti ffi n ,  1 97 1 ) .  An i oni c forms of copp e r  a nd z i n c  have 

b een found in  rye gra s s  e x t ra c t s  ( B remne r and Knight ,  1 970 ) ,  and mu ch 

of t he z in c  in ext ra c ts of Ri c inus commun i s  i s  b ound i n  a ni on i c  organi c 

c ompl exe s ,  pos s ib ly c ont a i n i n g  phosphoru s  ( Van Goor and  Wi e rsma , 1 9 76 ) .  

Ti ff i n  ( 1 970 , 1 9 72 ) found t ha t  i ron ( I I I ) i n  sev e ra l  pla nt e xuda te s 

showed the  same el e c t ro -phore t i c  b ehavi our a s  a ni on i c i ron ( I I I ) -
c i t ra te compl exe s ,  b u t  s ugges ted ( Ti ffin , 1 972 ; Thomps on and Tif fi n ,  

1 974 ) tha t amin o  a c i d s  a c t  a s  ca rri e rs fo r copper and n i ckel , a s  
t he se e l em en ts show a pa rti cul ar a ff in i ty for n i trogen - c ont a i ning 

l i gand s . Ea rl i e r  work ( T i ffin  and B r own , 1 962 )  on el e c t rophore t i c 

se pa ra t i on s  on t he e xuda t e s  of  soyb ea n s , i nd i ca te thn t m os t  of the 

i ron wa s pre sen t  a s  chel a te s  of mal i c  a c i d  and mal oni c a c i d . The 
i ron oc c urred in  the se  forms e ven thou gh i t  had been suppl i ed in th e 
nu t ri ent  s ol u t i on a s  a syn t he t i c  che l a t e . 

S c hm i d  a nd Ge rl off ( 1 96 1 ) mad e s tudie s on the na t u re  of i ron ln  

t he xyl e m  exud a t e  of  t ob a c c o  and  c oncl uded i t  wa s in  a n  organi c  

c ompl e x  form . H owever ,  chroma togra ph i c  se pa ra t i on s  sugge s ted th a t  

i t  wa s n o t  com ple xed w i t h  a m i n o  a c i d s , o rgani c  a c i d s ,  or  a s c orb i c  

a ci d  b u t  ra the r wi t h  a c ompoun d of h i ghe r  mol ecul a r  we i gh t .  These 
d i ffere n ce s  in  the two s tud i e s  appe a r  d i ffi c ul t  t o  re c on c i l e  but i t  

may be tha t t he pri nc i pal c hel a t ing a gen t f or i ron i s  d i ffe rent 

among s p e c ie s or e ven wi thin  the same pl an t .  Thi s reas on in g  seems  

a ccep t a b l e  when t he wi de  quan t i ta t i ve vari a ti on of va ri ou s c ompound s 
capa b l e o f  chel a t in g  w it h  i ron a re c on si d ered . 

Orga n i c  a c id s a pp e a r  t o  be  the m o s t  favou red l i ga nd i nvolved  

wi th me tal ab so rp t i on and  t ransl oc at i on .  Benne t-Cl a rk ( 1 933 ) found 

l a rge quan t i ti e s  of a lumi n i um mal a te to be pre s e n t  in s ome suc c ul en t  

pl an ts .  Cal ci um oxal a te c ry s tal s hav e b een i sola ted f rom pl ant s  
( Al -Ra i s , Mye rs a n d  Wa t s on , 1 971 ) g rown und e r  n ormal  c ondi t i on s  bu t 

magne si um , ba rium a nd s t ron t i um may sub s t i tu te fo r cal c i um t o  a 

certa in degre e .  B ra d f i e l d  ( 1 976 ) i mpl i ca ted the i nvol vemen t of 
c i t ri c and mal i c  a c i ds in the mob i l i ty  of cal ci um i n  xyl em sap of 

appl e sh oots . A pp roximat e ly 50% of the cal c i um wa s compl e xed wi th 

t hese  a ci ds .  Lyon � a l . ( 1 969 ) i d e n t i fi ed th ree ani on i c  c ompl exe s 

of c hrom ium i n  L epto spermum s c opa ri um o f  whi ch t h e  ma j o r  one wa s 

t ri oxal a to chrom i um ( I I I ) .  Gauch and Dugger ( 1 95 3) hav e empha s i z e d  

sugar-b ora te com pl e xing i n  suga r t ra n s port bu t p roof o f  th i s  wa s 
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depend e n t on th e i sola ti on of  b oron- c on taining c omp ound s .  Lee  and 

A ronoff ( 1 9 67) h owever  n oted  t ha t  a ss o c i a t i on c on s tan t s  of b ora t e s  

w i t h  hyd roxya c i d s  ( e . g . c i t ra te ) and phenol i c  a c i d s  a re e qual or 

severa l  orde rs of magni tude high e r  th an suga r- b ora t e  c ons tan t s .  

Thi s  ra i se s  doub t s  ab out  t ra n sl oca t i on of sugar- b ora te i n  the xyl e m .  
60 U s i ng Co t ra cers  and sepha d e x  gel  chroma t ogra phy 'Ni l s on a nd 

Ni chol a s  ( 1 967 ) showed t ha t 9�� of t he tracer  i n  l e gume and whea t 

spe c i e s wa s not  a s s ocia ted  wi th c ob a l amin nor wa s in organi c c ob a l t .  

Uni d en t i fi e d  l ow mol e cul a r  we igh t  compl exe s  from Tri fol i um sub

terraneum , Tri t e um durum and G lyc i ne max all  b e ha ved simi l a rl y  on 

sephade x .  

Go mah and Davi e s  ( 1 974 ) i den t i fi e d  the a c t i ve l i gand s  che l a ting 

zinc  in  s ome wa t e r  extra c t s  of d ri ed Va c c i n i um l eave s t o  be  i l l ag i c  

and ca t e chin usi ng sephad e x  gel  and thin-l aye r chroma t ography 

t e chni que s . 

S ome  informa ti on i s  ava i l ab l e conce rning the  form of me tal s 

in  vari ou s a c cumul a t ing and me tal  tol eran t pla n t s .  G regory and 

Brad shaw ( 1 965 ) s t ud i e d  th e he avy me tal  t ol e rance in popul a t i on s  of 

Agros t i s tenui s and con cl ud e d  t ha t t he me chani sm of t ol e rance of some 

s pe c i e s  may be c orrel ated  w i t h  th e i r  capa c i t y  t o  immob i l i se me tal s 
i n con jun c t i on w i th an organi c buffe r sy s tem . The me cha ni sm of 

t ol erance  ha s b e en s tud i e d  i n  a z i n c  tol e ran t c l one ( Wyn J one s ,  

Sut cl i ffe and Ma rshal l ,  1 9 7 1 ) .  A z in c  b inding c ompl e x  of the cel l 

wall wa s rel e a se d  by enzyma t i c d i ges t i on and pu ri fi e d  by  c ol umn and 

thin l ayer  chroma t ography . The comple x was p ar t i a l l y  cha ra c te ri z ed 

a s  c on ta ining  b ot h  su ga r a nd amin o  a c id re s i due s .  Tol e ran ce wa s 

f ound t o  b e  und e r gene t i c  c on tr ol . Pe te rs on ( 1 969 ) has  f ound t ha t 

t he 65zn in  the p e c ta te e x t ra c t  of Agro s ti s tenu i s wa s hi gher i n  

zinc-tol e rant  t han i n  t he n on- t ol e ra n t  pla n t s  an d sugge s t s  tha t  the 

me c ha ni sm of t ol erance i s  the d ea c t i v a ti on o f  z i n c  by  ca t i on b in d i ng 

s i t e s  in  t he c e ll wal l . 

Work by Re i l l y  ( 1 969 , 1 970 ) on c opper  a c cumul a t in g  spe c i e s ha s 

sugge s t ed t he presen ce of c oppe r - p ro t e in compl e xe s . Fa rago e t  a l . 
( 1 975 ) , u sing pa per  chroma t og ra phy w i th amm on i um oxa l a t e  e x t ra c t s  of  

Hybant hu s  fl ori bundu s ,  show e d  th e pre senc e  of a n i ckel c ompound w i t h  

Ep simil a r  t o  t ha t  of ni ckel p e c t ina t e  b u t  al s o  noted  t he p os sib i l i ty 

tha t n i cke l wa s a s soc ia ted  wi t h  amino a c i d s .  H owever ,  n o  a s socia t i on 

b e twee n  n i ckel and am in o a c i d s wa s found by Lee (1 974 ) and K e l l y  e t  

al . ( 1 975 ) in s tud i e s  of Hybanthus sp eci e s  from New Cal ed on i a . 
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S e verne  ( 1 9 72 )  s tud i ed the composi ti on of n i ckel c ompl e xe s i n  H .  

f l ori b undu s an d a l though he  wa s n ot H bl e  t o  i sol a t e  a pure compl e x , 

he deduced  t ha t  n i ckel was i n  th e fo rm of a c ompl e x  of l ow m ol e cul a r  

weigh t .  Re c en tl y  Pel osi e t  a l . ( 1 974 , 1 976 ) ,  s tudi ed  a que ous 

e x t ra c t s  of Alys sum b e rtol on i i  De sv . , a n i ckel a c cwnul a t or f rom I ta l y ,  

a nd re sul t s  i ndi ca ted tha t  n i c kel wa s a s s ocia ted w i t h  organ i c  a ci d s  

such  a s  mal i c  and mal oni c a c i d s . 

I n  the  p re sen t p ro j e c t , s t udi e s  we re c a rri ed ou t on the na ture 

of ni ck el comple xe s  i n  seve ral spe ci e s  of a ccumul a t or pla nt s  from 

New Cal e d on i a , all  of wh i ch n orma l l y  c on ta i n  ni ckel con ce n t ra ti on s 

in the i r  l e aves an d l a tex , well i n  exce s s  of 1 000 pgjg ( d ry we igh t  

b a s is ) � The se l e ve l s  al l owed the i s ol a t i on , puri f i ca ti on and i den t

i f i c at i on of n i ckel c omple xe s to  b e  p e rfo rmed . 

4 . 2  PLANT SPECIES INVESTIGATED 

The chemi ca l s ta tus of n i c kel in the fol l owing spe ci e s  from 

New Cal e d on i a  wa s inve s tiga ted : Seb e r t i a  a cumina t a  De sv . , Hyban thu s 

a u s t rocal e d on i cus S chinz et  Guil l a umin , H .  cal e d oni cu s  ( Tu rc z . ) C re tz . ,  

H omal ium f ranc i i  Gu ill a umin , Homa l i um gu i l l a in i i  Bri q . , H omal i um 

k ana l i en se Briq . and Psychot ria d oua rre i ( G .  Be �uv i sage ) Dan i ker . 

De s cri pt i on s  of the se spe c i e s ,  and the  hyp e raccumul at i on of n i c kel 

by th em , ha s b een d e s c ribed in se c t i on s  2 . 2  , 2 . 3  a nd 2 . 4 . The 

hype ra ccumul a t or , Pea rs on i a  rne t a l l i fe ra , a gra s s  from n ea r the Grea t 

Dyk e ,  Rhode s i a , ( Wi l d ,  1 974 ) wa s al s o  i n ve stigat ed . The d ry l e a f  

ma t erial o f  thi s pl a nt con t a ined 1 .  06)� n i ckel . 

On a rri val , fre sh l ea f  ma t e ri al f rom New Cal e d on i a , was washed 

a nd freeze  - d ri ed i f  not  fo r i mmedia te u se . The tapp ed l a te x  from 

S .  a cumina ta  wa s s t o red , a s  ob t a ined , unde r  refri g e ra ted condi ti on s . 

4 . 3  I NTRA-PLA NT DI STRIBUTI ON OF NICKEL AND OTHER ELEMENTS 

Table 4 . 3 . 1 reports the conce n t ra ti on s  of va r i ou s  el eme nt s 

i n  d if fe ren t orga n s  of Homal i um kanal i e n se a nd Hybanthu s  aus t ro

cal edon i cu s on a n  a sh we i ght b a s i s :  
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Tabl e 4 . 3 . 1 .  El ement al con c e nt rat i on s  i n  va ri ou s  organ s of  119rn53-.lium ka nalt�ns� and Hyb anthus 

au s tr o- cal e d on i  cu s ( o;o a sh ) .  
C a  

C o  C r  K N i  p C o  Mg M g  
---·----

H omal i um k a nal i ense 

Fl owe rs 0 . 0202 0 . 006 3 9 . 750 2 . 93 1 . 1 2 0  1 3 . 050 6 . 00 2 .  1 8  
Mature Leave s 0 . 042 0  0 . 0 1 20 36 . 000 7 . 48 0 . 560  1 3 . 950 3 . 60 3 . 8 7  
Bark 0 . 0060 0 . 0060 6 . 450 1 .  01  0 . 1 50 3 . 450 0 . 90 3 . 83 
Soi l  0 . 0540 2 . 9640 0 , 005 0 . 49 0 . 003 0 . 001 0 . 1 0 o .  01  

Hyb anthu s  a u s t ro- caledon i cu s  

Fl ow ers 0 . 008 7 0 . 0 1 65 46 . 500 0 . 90 3 . 750 8 . 400 1 2 . 90 0 . 65 

Ol d l ea ve s  0 . 0480  0 . 0795 1 7 . 250 24 . 0 0  0 . 8 40 1 0 . 500 1 3 . 8 0 0 . 76 

Mature l eave s  0 . 02 70 0 . 0360 1 9 . 800 22 . 50 1 . 1 40 9 . 600 1 4 . 25 0 . 6 7 
Twig s  ( 2-ye a r ) 0 . 0042 0 . 0 1 42 1 6 . 200 6 . 75 0 . 53 0  7 . 650 3 . 00 2 . 55 

Ba rk 0 . 01 65 0 . 01 65 - 2 1 . 00 0 . 5 1 0 6 . 900 2 . 25 3 . 06 

Thi ck ro ot s 0 , 0042 0 . 0285 5 . 400  6 . 67 0 . 32 0  6 . 750 2 . 1 0 3 . 2 1 

Fine  root s 0 . 008 1 0 .  1 08 0 5 . 400 1 8 . 00 0 . 5 1 0  2 . 700 3 . 45 0 . 78 

S oi l  0 . 0620  2 . 1 280 0 . 005 0 . 8 0  0 . 003 0 . 080 1 . 68 0 . 05 

-.J 
Lr1 
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The a b i l i ty of these  pla n t s  to re s t ri c t  ch romi um up t a ke i s  

notab l e . N i ckel howeve r i s  concen t ra t ed i n  th e a e ri al part s of the 

pl ant s wi t h  ol de r l eave s con t a i n in g  t he high e st  le vel . Ni ckel d oe s  

not a pp e a r  t o  a c cumul a te in  th e fl owers t o  any g rea t e xtent . The 

a b i l i ty to ob t a in ade qua t e  am oun t s  of p ota s si um from a de fi c i en t  s oi l  

i s  n ot eworthy . Anothe r f ea tu re i s  the d i ffe rence in  t he cal c ium 

ma gne s ium ra t i o  b e twe en H omal i um kanal i ense  l e ave s and th ose of 

Hyb a nt hu s  a u s t rocal edon i cu s ,  t he s e  b e i ng 3 . 8 7 and 0 . 6 7 re sp e c t i vely . 

This  i s  proba b ly a re fl e c t i on o f  th e con ce n t ra t i on d if fe re nc e s  
b e tween  the t w o  re s p e c t i ve suppor t ing soi l s .  Cal c i um ha s b een 
seve rely l ea ched from th e a s soc i a ted  so i l  of .!:!· kanal i ense . 

4 . 4  PREL I M I NARY STUDI ES ON N I CKEL I N  LEA F TI SSUE 

The find i ng s  summari z e d  in  the foll owi ng paragra phs a re b ased  

on re s ul t s  ob ta ined from an  initi al s tudy of  ni ckel i n  H omal i um 

kanal i e n se , a nd given in  a forme r re port ( Lee, 1 974) . The se  re sul t s  

a re pe rt i n e nt in  the el u c i d a t i on of the fo rm of n i ckel  i n  the hype r

a c cumul a t ors b e ing studi e d  in thi s proje c t .  

Ini t i al stud i e s  inv olved  s ol ven t extra c t i on s che me s an d  

d i ffe rent ial c en t ri fuga t i on on f re e z e- d ri ed a nd f re sh  l ea f  rna te ri al 

f rom t he sp e c i e s Homal i um ka nal i en se , Hybanthu s  a u s t rocaledoni c u s  

a n d  Psychot ri a d oua rre i . The s e  studi es  w e re ca rrie d  ou t t o  

inve s t i ga t e  p o ss i b l e  p re f e re n t i al b inding  s i t e s  of n i ckel w i thin  the 

pla n t  t i s sue . 

4 . 4 . 1 S ol vent e x t ra c t i on 

A s ol vent e x tra c ti on s c heme ba sed on tha t  gi ven by B owen , 

Cawse and  Thi ck  ( 1 962 ) wa s ad op t ed to study t he sol ub il i ty of n i ckel 

in  d i ffe  ren t  s ol ven ts . 

A pp roxima t ely 2g of l ea f  ma t e rial  wa s ma cera t ed wi th 1 0  ml of 

95�� e than ol f or 5 minu t e s  in a b o t t om-drive homogeni z e r .  The 

re sul t ing s lu rry wa s cen t ri fugoo and th e re s idue wa shed wi t h  p o rt i on s  

of e tha nol . The fil te red e than ol e xt ra c t s , con ta ining l i pi d s ,  

p i gme n t s  and othe r smal l neu t ra l  m ol ecul e s ,  were comb i ned a nd s e t  

a s id e  for l a t e r  analys i s . The re s i due  wa s then extra c t ed wi t h  two 

1 0  ml al i quot s of d i st i l l ed H20 ,  fi l te re d  and was h ed . The wa t e r  

ext ra c t  con ta ined rea d i l y  solubl e pol a r  c ompound s of l ow mol e c ul a r  

we i gh t , such a s  organi c  a c i d s . 

The rema ining re s i d u e  wa s e x t rn c: t ed th ree  ti m e s  wi th 5 '"1 
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port i on s  of  0 . 2 M hyd rochl ori c a c i d .  The a c i d  fra c t i on s  we re comb i ned 

a nd e qual  vol ume of a ce t on e  wa s added to  p re c ip i t a te any e xt ra c t ed 

prot e in s and pe c ta t e s .  The sup e rna tan t and gela t inou s  pre c i pi t a t e  

we re refe rred to a s  the hyd rochl ori c a c i d  fra c t i on and a ce t one  

i n s ol ubl e fra c t ion re s pe c ti vel y .  The re s i due wa s s i mi l a rl y  e x t ra c t ed 

wi t h  0 . 5 M p e rchl or i c  a c id  a t  8 0°C and t he fil t ra te p re c i pi t a t ed wi t h  

a c e t one . Thi s procedure rem ove d mos t o f  t he rema ining  p ol ar c ompound s 

an d oth e r  m o re t ightly  b ound group s ,  s uc h  a s  cel l ul os e ,  l i gn i n  a nd 

other s tructural group's . The l i qui d a nd p re c ipi t a t e  we re refe rred 

t o  a s  t he pe rchl ori c a c id  fra c ti on and nu cl e i c  a c i d  fra c t i on .  

The remaining re sidue  wa s b oi l e d  w i t h  2 M s od i um hyd roxide for 

1 0  minut e s , whi c h  d e g raded most  of t he rema ining p rote ins  and poly

sa ccha ride s .  The tw o fin al fra c ti on s  we re refe rred to  as  t he soda 

frac t i on an d the r e s i due . 

The frac t i on s  w e re a na ly se d  by  a tom i c  abs orpti on s pe c t ropho t ome t ry 

for the i r  n i ck el con ten t . The re sul t s  a re summariz ed in  Tabl e 4 . 4 . 1 . 

a s  a p e rcen tage of  t o tal n i c kel  in the l e a f .  

Tab l e 4. 4. 1 . Di stribut i on of n i ck el in va r i ou s  extra c t s � 

Spe c i e s  

H . k anal i ense  0 . 6 5  55 . 92 

H .  aust ro- 0 . 1 9  53 . 20 cale doni cus 

P .  d oua rre i  0 . 42 64 . 0 

HCl  Ace t one HC 1 o4 Nucl e i c  Na rni 
in s olubl e a c i d  

26 .82 0 . 3 0 6 . 26 0 . 07 3 . 84 

40. 8 1  0 . 1 7 4 . 23 0 . 03 0 . 8 7 

2 7. 58 0 . 40 4 . 20 0 . 04 1 .  80 

Re s i due 

8 . 04 

0 . 50 

0 . 56 

Ove r  80% of th e n i c kel c ontent wa s e a s i l y  e x t ra c ted wi t h  wa t e r  

and d i l u t e  a cid . Thi s i ndi c a ted  th e hi gh s olub il i ty ,  pol a ri ty and 

excha �g e ab i l i ty of t h e  ni c ke l  c ompound . Only minimal qua n t i t i e s  
were e x t ra c ted b y  95% e t han ol whi ch p r od u ced a f ra c t i on c ontaining 

ami no  a c i d s , non- pol a r  p i gment s and l i p i ds . The l ow amoun ts  of 

n i c kel  i n  othe r f ra c t i on s  i nd i c a ted  p e rhaps  th a t  mu ch of t he n i ck e l  

i n  the l e aves  o f  the se hype ra ccumula t ors w a s  l oc a ted more or l e s s  i n  

t he v acuol e  system a nd  not t i ghtly b ound t o  struc tu ral c omponen t s . 

H omal ium kanal i ense d i ffe red from the oth e r  two s pe c i e s  i n  havi ng a 

l a rg e r  p rop orti on o f  ni ckel  re mai n i ng i n  the final re si due . Thi s 

quant i ty ( 8 . Ol.t;b of t otal ) ma .v b e  rega rd e d  a s  a b s ol u tely  immob i l e  
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wi thi n  th e cel l . E rn s t  ( 1 970 )  ob ta i n e d  s i milar  r e s ul ts  from 
s equenti a l  ext ra c t i ons of I nd igofe ra s e t i fl ora l e a ve s .  Bu tanol 
e x t ra c ted  only m i n i ma l  qua nt i t i e s  whi l e  wa te r ,  d i l u te a c i d  a nd c i tr i c  
a c i d  ex t ra c ted 23 . 4 ,  34 . 3  a nd 34 . 3  pe rcen t respec t i v el y .  Ern s t  
c onc lud ed tha t me tal s e xt ra c ta b l e  b y  wa te r a re l o ca ted  i n  t he va cuol e  
sys tem a nd t ha t  g e ne rally  l e ave s w i th h i g h  metal con ten t s  have a l so  a 
c onsi d e rab l e  wa te r e x t rac t a b l e  fra c t ion . 

S e v e rne  ( 1 972 ) found th a t  6 1 7� to 6L{� of the t o tal  n i ck e l  con t en t 
i n  fre e z e  - d ri ed l ea f  ma t eri al of Hyb a n thus flori b undus was c ons i s t
e n t l y  e xt ra c t e d  by wa te r .  I n  f resh  l e a f  ma t e ri al ,  howe ve r ,  92% of 
t he n i ckel  wa s wa te r e x t ra c ta b l e .  The s e  re sul ts  c ompa re cl osely w i th 
t h ose  ob ta ined  i n  th i s  s tud ,y . Fre s i1 l ea f  ma terial  of  H omnl i um 
ka nal i e nse y i el d ed  78 . 0�'6 of t h e  n i ck el on e x t ra c t i on w i th wa t e r  a t  
0 °C .  The f re e ze-d ry i n g  proc e ss the re fo re ha s the effe c t  o f  immob i l 
i z i ng s om e  of  t he n i ck el wi thin th e pl an t  ti ssue . Di ffe ren t i a l  
c e n t ri fuga ti on of  f re sh and fre e z e- d ri ed l e a f  t i s sue  showed that 
f re e z e-d rying  p ro c e s s e s  i n c re a s e d t he percentage of ni ckel a ss o c i a ted 
w i t h  the c e l l  wal l . 

Pe l os i , Gal opp i n i and Ve r5nan o- Gambi ( 1 974) found t h a t  77% o f  t h e  
t otal n i ck el from l eave s of Alys sum b e rt ol oni i wa s read i l y  wa t e r  
s ol ubl e . M e t ha nol e x t rac ted 3 0"b whi l s t  9 5�6 e thanol and a c e t one 
removed 9% and c(o re s pe c t i vely . The hi gh  aqueous sol ub i l i ty of n i c k e l  

i n  pl a n t  spec i e s  ha s a l s o  b e e n  c onfi rm e d  by  Kel ly e t  al . ( 1 975 ) ano 
Timperl ey ( 1 9 7 1 ) .  The re sul ts  seem to i m ply tha t t he el emen t i s  
p resent e i t he r  a s  f re e  i ons  or a s  highl y  pol a r  compl e xe s  of genera l l y  
l ow mol e cul a r  we i gh t .  

4 . 4 . 2 Di ffe ren t i al c e n t ri fuga t i on .  

A l g  sample  of  f re e ze-d ri e d  Hom al i um kana l i e n se l ea f  t i ssue  
( - 7 , 000 pg/g Ni ) wa s homoge ni sed  for 6 0  s� c s  i n  1 0  sec  b u rs t s  with  
20  cm3 of  0 . 4M suc r ose and 0 . 025 M phospha te b uffe r a t  pH  6 . 8 . A 
Wa ring b le nder  wa s u sed  a t  top speed  wi th short i n t e rval s be tween 
b ur s t s  to  p revent e xc e s sive t emper a tu re ri se s .  The re su l t i ng pul p 

wa s fi l t ered  throug h  a 1 20 pm nyl un m e s h  and the l i qu i d  c e n t ri fuged 
a c c ord i ng to t he f ol l o wi ng s cheme  : 5 m i n  at 1 1 2g ,  I 0 m in a t  1 085 g ,  
1 2  min  a t  1 0 , 200 g and  75 m i n  a t  1 1 0 , 0 J0 g . Ea ch re s id ue ,  a t  e a c h  s ta ge , 
wa s take n to d ryn e s s , i gni t ed a t  500°C , re d i ssolved i n  2M hyd roc hl or i c  
a c i d  and analysed f o r  n i ckel b y  atomi c a b s orpti on s pe c t ropho t omet ry . 
The f inal s upe rna tan  t wa s a nalysed d i re c tl y . The resul t s  fo r rna c e ra ted  



l e av e s  of H .  kanal i en se a re summa ri z ed i n  Tabl e 4 . 4 . 2 .  

Tabl e 4.4. 2 .  Ni ckel i n  cell  f rA c t i ons ( d ry m a s s ) o f  

H omal i um ka nal iense . 

F ra c t i on g r . p . m .  m i n  % Ni 

re si due 1 5 . 50 
cel l w a l l  1 1  2 1 000 5 25 . 96 

chl or opla s  ts 1 08 5  3 000 1 0  2 . 1 2 
lmi t ochond ri a 1 0 , 200 1 3 , 000 1 2  0 .  6 1  

lmi c ro s om e s  1 1 0 '  000 30 , 000 75 0 .  1 

supe rna ta nt 55 . 60 
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Whe n a c c ount i s  ta ke n  of t he d ry ma s s  of the cel l s  and t he c e l l  

compone n t s ,  the  r e s i dual ni c kel i s  of the  same orde r of ma gn i tude f o r  

all  cel l  f ra c t i on s . The re i s  l i t tl e  or n o  te nd e n cy fo r n i c kel to  b e  

conce nt ra ted i n  any o f  the c e l l  f ra c t ion s .  The ma j ori ty o f  the n i c ke l  
i s  found i n  th e sup e rna ta nt , re i n forc i ng t he ob s e rva t i on s  of S e c t i on 

4 . 2 . 1 . ,  i . e .  t he ma j ori ty of the  n i c kel pre sent i n  th e l ea f  ma t e ri a l  

i s  i n  t he f orm of a read i l y  s ol ubl e pol a r  compound o f  l ow m ol ecul a r  

wei gh t and i s  l oc H ted chi e fly  i n  the vacuol e  sys t em of the cel l . 

Di ffe ren t i al c e n t ri fuga t i on of fre sh-l eave s re sul t ed i n  an  e ve n  
higher pe r cen ta ge o f  ni ckel rema i n i ng i n  th e  sup e rna tan t ,  and onl y  a 

sma ll  am oun t i n  the cell wal l  re si due . Thi s  i nd i ca te d  th a t  the h i gh 
p e rc en tage of n i c k e l  i n  the 1 1 2 g fra c ti on repre sented  by  cel l wal l  

ma t e ri al , tend e d  t o  be  an  a rt i fa c t  of the freeze-drying p roce s s . 
Ele ctr<iiD mi c r oprob e s t ud i e s ( Kelly  e t  al , 1 974 ) on Hyb an thus 

aus t roca ledoni cu s , H .  cal e d on i cu s  and [ .  fl ori b undus  showed a ve ry 

uni form d i s t ri b u t i on of n i ckel wi thin  leaf  ti s sue . Thei r  re s ul t s .  

confi rmed wha t w a s  f ound i n  th e above stud i e s  on H omal i um kanal i e n se 

and Hyb an t hu s  au s t rocal e d on i cu s .  

Ve rgnano-Gambi ( 1 96 7 ) h oweve r f ound pre fe re n ti al l ocal i za t i on of 
n i c kel i n  t he s t em s  of Alys sum bertol oni i .  The red n i ckel d ime t hyl 
gl yoxime  c ompl ex showed a v e ry i n t ense  col ou r i n  the s c l e ren c hyma t ou s  

a rea s s i t ua ted b e tween the vascula r b undl es . 

E rn s t  ( 1 97 2 )  f ound he a vy c once nt ra ti on s  of n i c kel i n  the cel l sap 

f rom Di coma ni c c ol i fe ra .  C ob al t an d chromi um we re n ot de t e c ted  i n  t he 
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cell sap  of t he l e ave s  an d l ead i n  only sma l l  quant i t i e s .  I t  was 

e vid e nt th at onl y part  of the  va ri ous he avy me tal s we re l ocal i z ed i n  

the vac u ol e  sys tem , and o the r pa r t s  o f  the c e l l  mu st  a l s o b e  i nvol ved 

i n  a c cumula ti on .  Tu rner  ( 1 9 7 0 )  showed tha t a g re a t  part of  the z i n c  

and c op p e r  wa s d e pos i ted  i n  the cel l  wall o f  some European  heavy

metal  a c c umul a ti ng pl a n t s  an d th a t  th i s  may be a gene ral mec han i sm u f  
d e t oxi fi cati on f or vari ou s el emen ts . 

4 . 5 EXTR4CT I ON AND I S OLATI ON OF WA TER S OLUBLE NICKEL 

4 .  5 . 1  

COMPLEXES FROM L EAF AND LATEX MATErU AL 

Wa t e r  e x t ra c t i on o f  l e a f  ma t e ri al 

T o  p reve n t  n i ckel compl e xe s  f rom appea ring a s  an a r t i fa c t  i n  

the s e p a ra t i on p r oce s s ,  e x t ra c t i on o f  ma c e ra te d  fre s h  or fre e z e- d ri ed 

l ea f  ma t e rial wa s ca rri ed out wi th d i s t i l l e d  H2o a t  0°C .  Ap proxi ma t el y  

2 0  g quanti ti e s  o f  l e a f  ma t e ri a l from the sp e c i e s  l i sted  i n  4 . 2 .  we re 

extra c ted  twi c e  wi th  1 00 cm3 al i qu o t s  of i c ed di s t i l l e d  wa te r i n  a 

b o t t om-d ri ve h omogen i z e r .  The re sul t i ng slurry wa s fi l te red a n d  the  

a qu e ou s  fil tra t e s  comb ine d . Thi s procedure readily  e x t ra c ted  b e twe e n  

so;& a nd 70:� of the  t otal n i ckel d e pe nd ing o n  th e spe c i e s  invol v ed . 

. The su p e rna tan t s  we re sha ken wi th c hl orofo rm / g-butanol ( 1 0 : 1 )  un t i l  

n o  fu rthe r preci pi tat i on occurred a t  the i n t e rface . Th i s  e x t ra c t i on 

remov e d  mos t of t he pigmen t s ,  l i pi d s  and oth e r  high mol e cul a r  we i ght  

compound s of  l ow pol a ri ty .  Negl i g i b le amoun t s  of  n i c ke l  we re l os t  

f rom th e aque ous pha se  i n  thi s proce s s .  The b rowni sh a qu e ou s  s ol ut i on s  
0 we re red u ced i n  v ol ume  on a rot a ry eva pora t o r  a t  35  c .  The s e  s ol u t i ons ,  

approx ima t el y  1 0  cm3 i n  v ol ume , we re fi l te red and used  d i re c tl y  for 

gel f il t ra t i on . Ni ckel c on t ents  ran ged from 2 , 000 pg to 8 , 000 )lg , 

d e pe nd ing on the spe c i e s .  For t otal n i cke l  concen tra ti on s i n  the  

pla n t s , see  se c t i on 2 . 3 .  
The l a te x  f rom Se b e r t i a  a cumi na ta  wa s d i ssol ved i n  wa te r t o  

app r ox i ma tely twi c e  i t s vol ume , f i l t e red through p ap e r  a nd a l i qu ot s  

pla ce d  d i re c tly on t o  Sephade x col umn s . 

4 . 5 . 2 Gel fil t ra t i on of wa t e r- s ol ubl e fra c t i on 

G el fil t ra ti on on Sephad ex c ol umns a ppeared to  b e  th e b e s t  

meth od f or the s e pa ra t i on and i s ola t i on o f  th e compl e xe d  and i on i c 

ni c ke l  f r om  othe r m ol e cul a r  spe c i e s  p rese nt i n  the e x t ra c t s . The 

techn i que  i s  tec hni cally s imple  t o  p erforrn and i s  l i t tl e  a ffe c ted by 
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c ompos i t i on of t he e l uta nt a nd te rnpe ra tu re . V e ry l a b i l e  c omp ounds  
may b e  t re a t ed wi th l i t t l e  r i s k  of d e compos i t i on . The proce dure may 
be used  und e r  ve ry m i l d  c ond i ti on s .  'rhe gel s ava il a b l e  a re chemi c al l y  
v e ry st a b l e  a nd have a l ow con t en t  o f  i on i c  group s ,  al though i t  i s  
i mp os s ib l e t o  avoi d  c ha rged g r ou ps cornpl e tely . Va riou s  gel s a re 
avai l a b l e w i t h  va rying  gel mA t ric e s  s o  t ha t  the fra c t i ona t i on range 
may be g re a tly al t e red . The comme rci a l  gel s used in thi s  p ro j ec t  
we re de x t rans  man u fa c tu re d  un de r the t ra d e  n ame S ephad e x . 

Va r i ou s  gel s w i th d i ffering fra c ti on a t i ng range s we re t e s ted , 
re sul t i n g  i n  the sel e c t i on of G-50 for i n i t i a l  s epa ra t i on s  of l e a f  
a nd  l at e x e x t ra c t s  a nd G- 1 0  f o r  final f il t ra t i on s . G- 1 0  ha s a work i ng 
range of mol e c ul n r  we i ght s of 1 00 to 700 . 

The ni ckel  c omple x had p revi ou sly been  s h 01m t o  be  of l ow m ole cul a r  
we i gh t  ( S everne , 1 972 ; Lee , 1 974 ) . The n i ckel  ( I I )  a qu e ou s  c ompl e x  
( Ni  ( H2o ) 6

2+ ) ha s a m ol e cula r we igh t  of 1 67 .  Smal l compound s we re 
i n c re a s i n g l y  re t a rd e d  a s  the i r  s i z e  d e c re a sed . 

Sephade x  ge l s  were swol l en in  d i s t i l le d  wa t e r  ove rn i gh t  b efore 
b e ing pa c ke d  i n t o  60 cm x 2 . 5  cm  gl a s s  c ol umn s .  Ow ing t o  t he e x t reme  
s ta b i l i ty of th ese  ge l s  an d the  ease wi t h  whi c h  c on tami nan t s  may  be  
removed , t he col umns c oul d be  empl oyed for  many e l u t i on s  ove r a p e ri od 
of t i me . The col umn s  we re wa shed wi t h  0 . 1 M hyd rochl o r i c  a c i d  and 
equi l i b i� t e d  w i th wa t e r .  Wa t e r  wa s i n i t i al l y  u se d  to elu te the 
c ol umn s t o  reduce  t he pos si b i l i ty of c omnl ex forma t i on b e twe en  the  
e x t ra c t e d  n i ck el  a nd any a d d e d  reagen t s . De x t ran  -blue dye  wa s 
empl oye d  t o  che ck  t he func t i oni ng of t he c ol umn and  t o  e s ta b l i sh the  
v oi d  vol ume ( 65 ml for  G- 1 0  c ol umn ) . 

Smal l  quanti ti e s  ( 1  rnl ) of c rude aque ous e x t ra c t s ,  con ta i n i ng 
u p  t o  20 mg of n i c ke l , we re ap pl ie d evenl y to  t he c ol umn head  a nd 
frac t i on s  c ol l e c ted  w i th a n  au t oma t i c  fra c t i on c ol l e c t or .  
A pp roxima te ly 4 ml fra c ti on s we re ob tai ned  a t  a fl ow ra t e  of a b ou t  
0 . 3  ml/m i n .  Eve ry s e c ond f ra c ti on wa s a nalysed for nic kel  b y  a t omi c 
a b s orp t i on spe c t r opho t ome t ry . The n i c kel - c on ta i n i ng f ra c ti on s  we re 
c om b i ned  and re cycl e d  th rough t he col umn . Thi s e f fe c ti ve l y  i n c re a sed 
the col umn l eng th . The g re e n  c ol our of t h� n i c kel  fra c t i on i n te n s i fi e d  
wi th i m p r ove d se pa ra ti on .  T h e  green c ol oured ni c ke l  fra c ti on sepa r
a t ed ou t b e twe en the  fa s t e r  m oving hi gh m ol e cula r we i gh t  plan t sub 
s tan c e s  a nd a yel l ow-b rown b and of l ow m ol e cula r we i g ht o rga n i c a c i d s ,  
amino  a c i d s  a nd  va ri ous sal t s .  
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The n i ckel s p e c i e s  we re m ore e a s i l y  sep a ra te d  from t he l a tex 

b ec au se of  the l a rge prop ort ion p re sen t and th e s i m ple na ture of the 

l a tex  ma t ri x .  The bul k of t he l a tex  was c ompos ed o f  a s ingl e hi gh 

m ole cu la r wei ght sp e ci es ; p robably a pol ysa c chari d e .  The ni c kel 

f ra c ti on wa s t he ma j or l ow m ol e c ula r weight enti t y .  Pla te 4 . 5 . 1 . 

sh ow s  t he s ep a ra ti on of the g reen n i c kel - c on ta in i ng b and f rom the 

off-whi te hi gh m ol e cula r wei g h t  l a tex component . U sing wa te r a s  the 

elu tan t , N i  ( H2o ) 62� wa s poorl y  re s ol ved from the n i c kel comple x . 

H oweve r u s i ng a v ol a  t i l e  b uffe r su c h  a s  0 . 1 M amrnoni urn a c e ta te 

sep a ra t i on of c om ple xed n i c ke l  a nd aqueous ni c kel  i on s  co uld be 

a ch i eved . Ammon i um a c e ta t e  c oul d e a s i l y  be removed unde r red u ced 

p re s sure . Fi gure 4 . 5 . 1 .  s hows th e e l u ti on cha ra c te r i s t i c s  of the 

n i c kel f ra c t i on u s ing 0 . 1 M  ammon i um a c e ta t e  b uffe r .  Al though t he 

s hape and p os i t i on o f  the peaks  were rema rkably con s i s te n t  for  extra c t s  

f ro m  e a c h  of the s pe ci e s , t he ra t i o of free n i cke l i ons  t o  c ompl exed 

n i ckel va ri ed c on s id e rably from spe c i e s  to spe ci e s .  Gen e rally  the 

higher the n i ckel  c on c e n tra t i on in the pl ant the l a rg e r  wa s the f re e  

n i c kel  i on fra c t i on .  I n  the l a tex  o f  S ebertia  a cumi n a ta the ra t i o , 

c ompl exed n i c ke l  t o  aqueous ni c kel , was  approxima tel y 1 : 1 ;  where a s 

i n  the  l e ave s  of H .  kanal i en s e  an d tl· gu illa i n i i  t hi s  ra ti o wa s mu c h  

g rea t e r . 

The Ni ( H2o ) 6
2+ coul d b e  ea s i ly removed from c ompl e xed n i c kel b y  

pa s s i n g  t he e x t ra c t s  through a weak ca t i on exchange ge l . ( Se phadex  

CM- 25 ) . The c ol umn depi c t..ed on  the righ t in  pla te 4 . 5 . 1  shows th i s  

sepa ra t i on .  The c a t i on i c  a que ous spe c i e s  i s  s t rongly hel d on the 

c ol umn whil st ani oni c and n e u t ral com pl e xes  of n i c kel  a re elu ted . 

Sub sequen t work s ub s tan t i a ted the ani oni c  na ture of t he n i ckel spe c i e s  

i n  al l pla n t s  studi ed . Wa t e r  was aga i n  u sed a s  the el utan t . 

The g reen n i ckel - c on ta in in g  fra c ti ons from the  col umns we re 

t a ke n t o  d ryn e s s  a t  room temp e ra tu re . 

4 . 5 . 3 Pur i fica ti on of ni ckel  chel a te 

The gel fi l t ra t i on procedure p r od u ced a n i c ke l  frac t i on of 

rel a t iv el y hi gh p u ri ty bu t a t temp t s  t o  ob ta in hi ghl y  c rys tall i n e  

s ample s were n ot e nt i rely su cce s sful . Pal e g reen n i ckru c on ta ining  

powd e rs c ould b e  e a s ily ob ta i n ed by p rec i p i ta t i on f r om aqueous s ol u

t i ons u s i ng vari ou s organi c s olvents  s uc h  a s  e thanol , m e t ha nol or  

a ce tone . The b e s t  re su l t s we re ob ta i n ed b y  sl ow e vap or8 t i on from 



(/) 
c 
Q) 

-o 

0 u 
� 
0.. 

0 

0 20 4 0  60 80 1 00 1 20 1 40 1 60 

El u tion volume ( ml )  
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1 : 1 ,  me tha nol -wa t e r  s ol ut i on s .  Aft e r  s eve ral days pale g re en 

n odul es  fo rmed . The se  we re fil t e red off f rom t he small  amoun t of  

rema i ning  . s u pe rna t a n t  and d ri ed in  a d e s si ca tor f or s eve ral day s .  

Mi c roanal y s i s  o f  t he s ol i d s  s how e d  t ha t  the n i t r ogen cont ent  

wa s insi gn i f i cant a nd in  many ca se s a n il re sul t wa s ob ta ine d . The 

pos si bi l i t y  of ami n o  a c i d s  be ing invol ved c ould the ref ore b e  el i m i n 

a t ed .  The resul ts  al s o  gave a n  ind i ca ti on o f  pu ri ty . T h e  onl y 

ca t i ons p re se n t  in m ea surabl e qua n t i t i e s  were n i ckel , cal c i um and 

ma gne sium.  Onl y  t ra ce s of  i ron , magn e s i um , s odium ,  z in c  a nd pota s s i um 

we re f ound u s i ng a t om i c  a b s orp t i on s p ec t rophotome t ry .  Be cause  of the 

p re se n ce of n i c kel , oxygen could  n ot be  d e t e rmined . Unf ortuna t e l y  

c on si s tent re sul ts for the analys i s  o f  ni cke l ,  cal cium a n d  ma gn e s i um 

could not  b e  ob tained . Ove rall  e l eme n tal c omposi t i  on showed some 

va ri a ti on from one p re p a ra ti on t o  a n o th er .  Tabl e 4 . 5 . 1  s hows the 

c ompo s i ti on of p repa ra t i ons from the l a te x  o f  �.  a cumina ta a nd the 

l ea ve s  of g. aus t rocal ed on i c u s . C al orime t ri c  tests  for  c hl ori de , 

sul phur and p hospha t e s  al l proved n ega t i ve . 

Tabl e  4 . 5 . 1 . C omposi ti on of pur i fi e d  n i ckel e x t ra c t s ( % )  

Sampl e . Ni Ca 

L a t e x  1 2 . 6  0 . 62 

H .  a u s t rocal edon i cu s 9 . 33 0 . 6 6  

Mg  

0 . 1 3  

3 . 33 

c 

2 0 . 03 

21 . 43 

H 

4 . 3 8  

4 . 1 6  

N 

Nil  

Nil 

An ind i c a ti on of puri ty and e x te n t  of c rystal l i za ti on wa s ob tai n ed 

from x-ray p owde r d if f ra c t i on spe c t ra .  A Phi l l i p s  x- ray p owd e r  

d i ffra c t ome t e r  wa s u sed  t o  rec ord s c i n til l a t i on peaks c orre spond ing 
to degre e s  of 29 by ro ta ting a thin smea r of the powde r through 1 80 ° . 

F rom B ragg ' s e qua ti on ,  n � = 2d S i n G ,  ' d ' spa cings b e tween ad j acen t 

pl an e s  i n  the c rystal  co ul d  b e  c a l cula ted . These  a re cha ra c te ri s t i c 

f or spec i fi c  c rystal l ine  c ompoun d s .  Noi se - t o- s i gnal ra t i os we re 

gene rally  l ow wi th sha rp i n tense  s c in ti l l a ti on peaks ·b e i ng re c orded . 

The re s ul t s i nd i c a ted a highly c rys tall i n e  sub s ta nce , ra the r than one 

of an amorphous na tu re . 

Emi ssi on s pe c t rographi c analys i s  of  t he pu ri fi ed n i ckel e x t ra c t  

from t he la tex  p roduced  a ph otog ra phi c pl a te c on ta i n i ng few l in e s  wi th 
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t he ca rb on emi s s i on l ine a t  2478 . 57 A and the  vari ous n i c ke l  l in e s , 
0 

d omina ted  by t he 3 1 0 1 . 55 A line fo rmin g  t h e  basi s of the spe c t rum . 

T ra c e s  of b oron ( d oubl e t a t  2496 . 78 and 249 7 . 73 A )  and s il i ca we re 

evid ent . The b o ron pre senc e i s  mo s t  c e rta inly due  to an i mpuri ty 

in t he e l e c t rode , Magn e s i um wa s pre sen t a t  t he 2 ppm l evel . 

4 . 6 CHARAC TERI ZATI ON A ND  IDEN T I F I C A T I ON OF NI CKEL BIND ING L I GAND 

4 .  6 .  1 Prel i m i na ry t e s t s  

The nic kel c ompl e x  p roved to b e  hi g hl y  ins ol uble  i n  a wi de  ran ge 

of or ga ni c sol ven t s , suc h a s  e thanol , me thanol , benzen e , e t hyl a ce ta te 

me thyl i s obu tyl ke t on e ,  a ce t one , a c e t i c a c i d , and t ol uene . The 

C Q�pl e x  wa s howeve r ,  very sol ubl e in  wa t e r ,  i nd i ca ting the hi ghl y  

pol a r  n a ture of t he c ompound . The mi c roanalyti c al re sul t s  s howed t ha t  

ni t r ogen- c on ta in in g  l i gand s ,  such a s  a rn i n oa c i d s , c oul d b e  rul e d  out .  

Va r i ou s  spo t t e s ts ( Fe i gl , 1 966 ) fo r s pec i fi c  groups ,  such a s  

d i ba s i c  a nd pol yba s i c  a c i ds , hyd roxy a c i ds and s impl e redu c ing  c a rb o

hyd rate s ,  wh ile  n o t  con cl u s i ve ,  indi ca t e d  a pol yhyd roxy a ci d .  The 

l i gand could ea s il y  b e  d i spla c ed from the ni ckel i on u sing  hyd rogen 

sul phide , � -furi l d i oxi rne or di rne t hyl- glyoxime . F e hl ing ' s  t e s t  fo r 

redu ci ng suga rs ga ve a nega t ive re spon se on t he n i ckel c ompl e x  a s  well  

as  s olu t i ons from whi ch the  ni ckel ha d b e en removed . 

4 . 6 . 2 I on - e x c hange sepa ra t i on s  

T h e  behavi our o f  t he i sol a ted n i c kel  frac t i on wa s i nve s t i ga t ed 

on va ri ou s i on e xc ha !1£ e  c ol umn s .  Col umn s , 1 0  cm x 1 e rn we re p re pa red 

u si ng t he s t rong ani on ex chang e re si n , Dowe x - 1 ; Amb e rl i te I R-50 , a 

weak c a ti on exchange r ;  Amb e rl i  te  I R- 1 20 ( H+ ) ,  a s t rong c a t i on exchange 

re sin , a nd Sepha d e x  CM- 2 5 , a d ext ran gel inc orpora t ing weak c a rb o

xyl i c  g r oups , 

Smal l  al i qu o t s  of th e c rude e x t ra c ts a nd · of pu ri fi ed  e x t ra c t s  

f rom the va ri ous plan t s pe c i e s  we re elu ted  thr ough th e c ol umn s whi ch  

ha d be en  e qui l i b ra te d  wi th d i s t i l l e d  wa t e r .  Hyd rochl ori c  acid  ( 1 M )  

wa s u se d  t o  elu te s t rongly h el d n i c ke l . Fra c t i on s  we re c ol l e ct e d  a nd 

anal ysed  f or ni ckel u sing a t omi c  ab s orp t i on spe c trophot om e t ry .  

The  strong ca t i on e xchang e re sin effe c ted t he b reakd own of t he 

ni ckel c h e l a t e  and only one ni c kel c on t a ining frac t i on wa s ob tai ne d  

from t he c ol umn wi t h  elu t i on u s ing 1 M  hydrochl ori c  a c i d , H owever , 
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from the Dowe x- 1  c ol umn and the weak c a t i on exc hange c ol umn s , two 

n i ckel  fra c ti on s  w e re ob t a in e d  re Pre se n t i n g  b o t h  ani on i c and c a t i on i c 

n i c ke l . The Amb e rl i t e IR-50 c ol umn d i d  h oweve r appea r  to  e xcha nge 

s ome of t he com pl exed n i ckel as th e ani on i c  fra c t i on wa s n ot as l a rge 
as tha t  ob ta ined f rom the ca rb oxyl i c  a c i d  ca t i on e xchang e c ol umn 

( CM-25 ) . The di s t r ib ut i on of  n i cke l  from t he c ol umns used i s  sh own 

i n  Fi gure 4 .  6 . 1 f o r  extra c t s  f rom the l a tex of .§. .  a cumi na ta and 

t he l e ave s of �.  gui l l a in i i . Behavi our of th e n i ckel  from the  other  

e x t ra c t s  wa s si m i l a r .  

4 . 6 . 3  u . v. - Vi s i bl e - I . R. spe c t rophotome t ry 

Infra re d  spe c t ra of the  puri f i e d  sol i d s  we re re c o rded  t o  

i d en t i fy f requen c i es c ha ra c t e ri s t i c o f  spe cifi c groupings . u . v 
vi s i bl e  spe c t ra we re re c o rd e d  a nd c ompared wi th t ha t  g i ven by  t he 

N i ( H 2 0 ) 6 2 + i on . 

Infra red spe c tra of the n i ckel  c ompl ex in  b ot h  n u j ol and 

hexa chl orobu tad i en e  mull s sh owed in every case , c a rb oxyl a te s tre t c h

ing  frequen c i es a t  1 590 cm - 1  (asymme t ri c al OC O s t re tc hing , c ha rac t

e ri sti c of i on i zed  -C OO H grou pings , s hi f t ed from 1 700 cm- 1  i n  un 

i oni zed a c i d )  and 1 43 0  cm- 1  ( symme tri cal OCO s t re t ch i ng , gene rally n ot 

a s  s t rong a s  form e r  freque ncy b a nd ) . Al s o  e vi d en t we re frequenci e s  

c ha ra c t e ri s t i c of  H 20 bend i ng and-0 H s t re t ching vib ra t i ons . Not e-
- 1 

worthy i s  the  s pl i t t ing  of the C OO s tre tch ing b and  a t  1 600 cm 

Thi s pos s i bly  i nd i ca t e s  the p re sence  of tw o or more i on i z ed 

c a rb oxyl i c  a c i d  groups . The b road -OH s t re t che s i n  t he re g i on 3300-

2500 cm- 1 a re cha ra c t eri s t i c of carb oxyl i c  a c i d s  in general . The 

s t reng t h  of th i s  band may al s o  ind i ca te s ome wa t e r  of c rystall i za ti on . 

Figure 4 . 6 . 2 .  shows the re c o rd e r  t ra ci n g  ob ta ined  f or a nu j ol mul l of 

t he an i on i c  n i c kel - c on ta in ing c ompon e n t  i sol a te d  from the  l a tex of 

s .  a cumi n a ta ( se pa ra ted on CM -25  col umn ) . The re s ol u ti on of thi s 

spec t rum wa s b e t t e r  tha n  tha t  ob ta i ne d  f o r  nu j ol mul l s of t he total  

p ur i f ie d  n i ckel e xt ra c t  from t he l a tex  an d l eave s of  H .  aus troca l e d 

onic us . 

A Sh i madzu MPS-5000 wi th a s cann ing  rang e of 1 80nm - 2 , 500 nm 

was u s e d  to ob ta i n  a b s orpt i on b a nd s  f rom 0 . 1 M  s ol u t i on s  of the 

i sol at e d  nic ke l  c ompl ex . The spe c t rum ob tained  wa s c ha ra c teri s t i c 

o f those  ob tained  f o r  n i ckel in  an  oc tahe d ral e nv i ronmen t .  The 

ground s ta te t e rm ( 3F )  i s  s pl i t in  an oc tahedra l  f i el d  g i ving ri s e  t o  

t he t ri pl e t  t e rms wi th t hree s pin- <l l l owed tran s i t i ons . The se  three 
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t rans i ti on s  a re ob s e rved i n  the f re que ncy re gi on s ,  7000-1 3000 cm- 1 

1 1 , 000-20 , 000 cm- 1 ; a nd 20 , 000-25 , 000 cm- 1 ( C ot t on a nd Wi l ki n s on ,  

1 996) . I t  i s  a c ha ra c t e ri s t i c  fe a tu re of the spe c t ra of oc t ahed ral 

ni ckel ( I I )  c om pl e xe s ,  exempl i fi e d  by t ha t of Ni ( H2o ) 6 
2+ t ha t  

m ol a r  ab sorp t i on c oeffi ci  en t s  o f  t he band s a re l ow ,  ( 1 - 1 00 ) . 

The spe c t rwr of the  i s ol a te d  an i oni c c omponen t f rom the pl ant 

e x t ra c ts  i s  shown in F i gu re 4 . 6 . 3 a l ong wi th tha t of th e n i cke l  

( I I )  a queou s  spe c i e s .  The band s a re n o t  shi fte d  appre c i abl y from 

t h o se of the n i ck el a quo  compl e x  and this i ndica te s the  c o- ord i na t i on 

of · oxygen l i gand s ra t he r  tha n ni t rogen . Ni t roge n c o- ord i na t i on i s  
gene ra l ly a s s oc ia ted  w i th shi f t s  of the ab s orp ti on bands t o  l owe r 

wave l engths . Amine  compl exe s  e . g . Ni ( en ) 3 2+ c ha ra c te ris ti cal l y  

ha ve blue or  pu rple c ol ou rs du e t o  the shi ft  in th e ab sorpti on bands 

t cma rd s the red . Note worthy d iffe renc e s  b e tween the two s pe c tra 

shown in  Figu re 4 . 6 . 3  a re ;  the change in peak sha pe and shi f t  of 
the b and c en t red a t  700 nrn , and t he inc rea sed  a b s orban ce of the 
ni ckel compl e x  ove r  that of the a que ou s ni ckel s pe c i e s . 

Pe s temer tl al. . ( 1 949 ) ob s e rved t ha t in  the abs orpti on spe c t ra 
o f  t he monob a s i c  carboxyl i c  a c i d  sal ts  of ni c kel  ( A c OH , E t C 02H ,  

PrC02H ) , the b and s of the  n i ckel ( I I )  i on s  and the  ani on s  p e rs i s t  

t h roughout bu t for t he sal ts  of t he p ol yb a s i c  a c i d s  ( oxal i c , ta rta ri c 

a nd c i t ri c ) , s t ronger sh i f t s  d u e  t o  c ompl e x  forrna ti on appe a r i n  the 

f i rs t  a nd t h i rd a b s orp t i on band s .  

The re s ul ts ob ta i ne d  a rt con si s tent wi th thos e de ri v ed from 

t he infra re d  s pe c t ra . 

4. 6 . 4  High vol tage pape r el e c t rophore sis of pu ri fi ed 

ni cke l c omplex 

As e l e c t rophore si s se pa ra te s  i oni c spe ci e s  a c c o rd ing t o  cha rge 

and , to  a l e s se r  e x te n t ,  to  mol e cul a r  s iz e , thi s te c hni que can give 

s ome  informs t i on a b ou t  the ni ckel e x t ra c ts . High v ol tage pa pe r  

el e c t rophore si s  ha s b e e n  used by many w o rke rs a s  a c onveni e n t  t ool 

f or the s tudy of metal  mob il i ti e s  and i n  the s epara t i on of b i ol ogi cal 

mat e ri al s ( Effron ,  1 960 : Pe te rson , 1 969 ; Ti mpe rl ey , 1 97 1 ; Ti ffin , 

1 967 , 1 966 , 1 971 ; B remne r and Kn i ght , 1 970 ; Van Goor a nd Wi e rsma , 
1 975 ) . 

The b eha vi our of the ni ckel comple x wa s examin ed a t  va ri ous pH 

a nd the mob i l i ty of t he ni ckel c ompa re d  to tha t  of Ni ( H2o ) 6 
2� 
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9 1  
A ' Savan t ' t ype  a ppa ra tus wa s u s e d , c on s i s t i ng of a gl a ss tank  
compri s i n g  a l ower  bu ffe r l aye r ove rla i n  wi th a wa t e r- c ool ed ,  l ow 
fl ash poi n t ,  p e t rol eum s pi r i t .  The pa pe rs  ( 46 cm x 57 cm Wha tman 
N o . 1 and 3 MM chroma t og raphy pa pe r ) we re hung ve r t i c al l y  from the 
u pp e r  b uffe r l ay e r  th roua h whi t e  sp i ri t i n t o  t he l owe r bu ffe r l aye r 
a nd a v ol tage  of 3 kV appl i ed fo r 50 m i nu te s . Thi s appa ra tu s  wa s 
empl oyed a t  pH 2 . 1 , 3 . 5 and 6 . 5 . A hori z on tal comm e rc i a l  e l e c t ro

pho re s i s ta b l e  ( Phe rog ra ph - o ri e i na l , model  64 ) wa s u sed f o r  pH 5 . 4 

and those  a b ove 8 . 0 .  Tabl e 4 . 6 . 1  g i v e s  informa ti on on the bu ffe r 
sys tems empl oyed . 

Ta b l e 4 .  6 . 1 .  Buf fe r sys t em s  fo r u se i n  e l e c t rophore s i s .  

pH C omposi t i on Ra t i o  

2 .  1 Formi c a c id - a ce t i c  a c i d  - wa t e r  1 00 400 4500 

3 . 5  P.Y ri d  ine - a c e t i c  a c id - wa t e r  2 5  250 40 1 0  

5 . 4 0 . 2M A ce t i c a c i d  - 0 .  2�� s o<i i. nrn  a ce ta te 1 9 
6 . 5 Pyr i d i ne - a ce t i c  a c i d  - wa te r 500 20 4500 

9 . 0 Bori c a c i d  - s od i um b o ra te - wa t e r  0.6 2  7 . 63 1 00 0  

Aft e r  e a ch run , pa pe rs we re a i r  d ried  and the  n i c kel  l oca ted 
us i ng QG- furi l d i oxi me  or di me t hyl gly oxi :ne sprays . Be cau se  of  t he 
pos s i bi l i ty tha t s ome n i ckel ma y n ot ha v e  shown up by th i s  me th od , 

t he pape rs we re c ut i n to 1 cm s t r ip s ,  a shed , and the n i c ke l  c on t ent  
a na lysed by a tomi c a b s orp t i on s p� c t ro ph o t �ne t ry .  

F i g u re 4 . 6 . 4  shows el e c t r ophore t i c  pa t t e rns  of n i c kel from 
n i c kel  e xt ra c ts of s e v e ral hyp c ra c cumul a to rs a t  pH 6 . 5 . I n o rga n i c 
n i c kel wa s the fa s t e s t  runn i ng c omponen t  and mi g ra t ed towa rd s the 
c a t hode . B o t h  ca t i on i c and an i on i c n i c kel compon en t s  we re re ve a l ed . 
The s e  re sul t s  c onf i rme d  the pre sence of the di ffe re ntl y cha rged  sp e c ie s .  
a s  obse rved f rom t he i on excha nge c ol umn s . Sl owe r mov i ng c a t i on i c 
spe c ie s  a re obse rved a t  3 cm and 8 cm . E s s ent i al l y the same pa t te rn s  
a s  t hos e o f  F i gu re 4 . 6 . 4 we re al s o  o o ta i ned a t  t h e  physi ol ogi cal  pH 
of 5 . 4 .  

A t  pH 2 . 1  a l l  n i ckel m i g ra te d a s  a compA c t  s p o t  t owa rd s  the  
ca t hode b eh a v i ng as  Ni ( H2o ) 6

2� . Thi s b e havi our wa s a l s o  ob se rved 
at pH 3 . 5 . I t  app ea rs  the ref o re t ha t  f or pH b el ow a t  l e a s t  3 . 5  the 
equi l i b r i um b e t we en the ani on i c c ompl ex and the  n i c kel a q u a- c ompl ex 
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s t rongl y fav our s t he l a t t e r .  

El e c t rophore s i s  a t  pH 9 . 0 usi ng a b o ra te buffe r p rodu ced n o  

moveme n t  f rom the ori g i n . I n o rgani c ni ckel , h owever ,  s howed t he 

same b e ha vi our .  

9 3  

The e l e c t rophore t i c  m i g ra ti on ra te for the n i c kel an i on a t  pH 

6 . 5 wa s i de n ti cal fo r all  s p e c i es .  Gen e ra l l y  i t  wa s ob s e rved t h a t  

the g re a � e r  the t ot a l  n i c k el c on c e n tra ti on t he h i g h e r  wa s t he 

p roporti on of i n o rgan i c  ni cke l . Thus , t h e  ni ckel  e x t rac t from the 

l a te x  o f  S . acumina t a , whi l e  c ont a i n i ng l a r�e qua nti t i e s  of a n i on i c 

ni ckel , a l s o  con t a i ned a la rg e  qua n t i ty of cat i on i c ni c kel . H omal i um 

de c u rre n s  o n  the o t he r  ha nd , wh i ch c onta i n e s  only 6 5 0  pg/g of t otal 

ni c kel , p rodu c e d  an ex t ra c t  in  vhi c h  the n i ckel wa s almos t en t i re l y  

ani oni c .  I t  a ppea rs thn t the an od i c ca rri er  s a t u ra t e s  a t  ce rta in 

c on cent ra t ion s of n i c ke l  d e pe nd ing  on th e spe c i es a nd tha t exce ss  

ni ckel runs c a t h od i cal l y  a s  t he inorgani c ca t i on . 

Pre vi ou s expe rime n t s  ( Ti ffi n ,  1 971 ) ha ve re veal ed nega t ively 

cha rged n i c ke l  in xyle m  e xuda te s of t oma t o ,  cucumb e r ,  c orn ,  ca rrot  , 

and pea nut . The migra ti on ra te  wa s t he same f or a l l  spe c i e s .  

Pi cke ring ( 1 960 ) ob se rved tha t on Wha tman No . 1 pape r th e 

c a t i ons  l ea d , z i nc , cadmi um ,  c opp e r  and ni ckel we re ab s orb e d . 

Thi s auth or c on s id e red the me c ha n i sm t o  b e  i on e x c hange and s howed 

tha t  t he exc hange capa c i ty of t he p ap e r  wa s approxima tel y  4 pg/g .  

The fi l t e r  pap e r  i t sel f  genera l l y  ha s a ce rtai n c ontent  of - C OO H  
group s an d i on e x c hang e  of reve rsi b l e  c ompl e xe s  formed w i t h  t he paper 

ha s a re ta rd i ng e ffe c t  �n  the  speed  of  mi g ra ti on .  Such a phenomenon 

may a c c oun t f or muc h  of  t he ta il i ng of t he anod i c  movi ng c omp onen t s  

ob se rved on the el e c t rophore tograms . 

Fu rthe r su p por t for th e a b ove comme nt s wa s th a t  t he ani oni c 

c ompl exe s i n  the e x t ra c ts s howe d  no re te n t i on ,  reg a rdl e s s  of th e 

l oa d ing . The ani oni c c ompl exe s g eneral ly  showed h i gh e r  re s ol u ti ons  

on t he e l e c t roph o re ti c  pape rs for t hi s  rea son . 

El u t i on of th e ani oni c c ompl ex  f rom p repa ra t i ve el e c t r ophore tog rams 

wa s a t t e mp t e d  in e a rly  work but t hi s  s e pa ra t i on proved to be more 

sa t i sfa c t or i l y  ca rri e d  ou t u s ing a weak c a rboxyl i c  a ci d  c a ti on excha nge 

re s in ( Sephadex CM- 25 ) as d e sc ri b ed p revi ou sly . 



4 . 6 . 5  Ga s l iqui d  chroma t ography 

( i )  I n t roduc t i on 
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Ga s l i quid  c hroma t og raphy p rovi de s a qui ck a nd ea sy way of 

de t e rmin i ng the numbe r of c ompound s i n  a mi xture , t he p re sence or  

a b sence  of impu ri t i e s ,  a nd ,  i n  many c a se s ,  prima ry e v i d en ce a s  t o  th e 

i den ti ty  of  a c ompound . The only  requi  rernent i s  some d e g re e  of 

s t a b i l i ty a t  the t emp e ra tu re ne c e s sa ry for the p rod u c t i on of the 

vapou r .  

P rel i m i na ry tes t s  and re sul t s  i nd i c a ted tha t the ni ck el i n  the 

i s ol a t ed e x t ra c t s was b ound to an o rgani c  compone n t  showi ng 

c ha ra c te ri s t i cs of a hyd roxy c a rb oxyl i c  a c i d .  Ga s l i quid  ch roma t o

g raphy , c oupl e d  wi th ma s s  spe c t rome try , a ppeal ed a s  the b e s t  i n s t rum

e n tal te c hn i que f or unamb i gu ous i de n t i fi c a t i on of the l i gand . Th e 

l ow vol a t i l i ty of t he compl e x  ne c e s s i ta ted de riva t i za t i on of the 

org ani c c omp one nt b y  s ilyla t i on .  In  re cent  yea rs , t rime thyl s ilyl 

( TMS ) de riva t i ve s  ha ve found i n c rea s ed u se i n  ga s l i quid  chroma t o

g ra phy , l a rgel y be cause  they a re a pp r op ri a te fo r a wide  range of 

fun c t i onal g roup s . The se a r e  e a s i l y  formed th rough the rea c t i on of 

a t ri rn e t hyl s i l yl a t i on reagent and an a c t i ve hyd rogen on t he g roup t o  

b e  s il yl a ted . The useful ne s s  of TMS e the r de riva t i ve s  i n  the ga s 

l i qu i d  c hr oma t og ra phy of ca rb ohyd ra te s wa s fi rst demon s t ra ted by  

Sweeley  e t  al . ( 1 9 63 ) . The p repa ra t i on and ana l y t i c a l  advantage s of  

TMS e s t e r  d e ri va t i ve s  we re de s c ri b ed by Ii ori i , M a ki ta and Tamura ( 1 965 )  

f or a c i d s  of t he K re b s  cye l e, a nd more re ce ntly by H a rmon a nd Doe l l e  

( 1 969 ) , a nd Pi ne l l i  and C ol omb o ( 1 976 ) . Pe ters s on ( 1 974)  h a s  report ed 

the g a s- c hroma t og ra phi c anal y s i s of suga rs  a nd rela t ed hyd roxy a c i d s  

a s  e s t e r TMS de ri va ti ves . The ma j or a c i d s  in  pl ant s have be en de te r

m i ne d by  ga s l i qu i d  ch roma t ogra phy of thei r TMS de riva t i ve s  b y  M e rkel 

and J ungh ( 1 973 ) a nd Phil l i p s  and Jenn i ng s  ( 1 976 ) . An  extensi ve 

review  of the an al y si s  by g . l . c . of s ol u ble carb ohyd ra te s i n  extrac t s  

of pl a n t  ti ssue s ha s b e e n  gi ven b y  H ol l i gan ( 1 971 ) .  Du t t on ( 1 974) ha s 

revi ewed t he g . l . c .  of c a rb ohyd ra t es  i n  more gen eral t e rms . 

( i i )  Me th od s  

Approxima tel y 1 0  mg of sol i d  ni ckel  c omple x wa s d i s s ol ved i n  the 

minimum a mount of wa te r and 0 . 2  ml of t ri fluoroa ce t i c  a ci d  or concen

t ra ted hyd rochl or i c  a c id  int roduced  i n t o  the vial . The  sample wa s 

eva pora ted  to d ryne s s  unde r a s tre am of  d ry ni t rogen . A s  trime thyl 
si l yl a t i on i s  adve rsely affec t ed by moi s ture compl e t e  remova l of wa te r 
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i s  de s irabl e . Tlv\8 reagents rea c t  ra p i d l y  w i th wa t e r  t o  f orm he xa

me thyl d i s i l oxane and t he pa rti cular s i l yl a t i on reagen t by-produc t ,  
t hu s  reducing the i r  a c t i vi ty . 

The re s i d ue was taken up i n  0 . 5 rnl o f  dried Anal a r  d i me thyl 

sul phoxi de , and 0 . 5 ml of N-{ trirne t hyl s ilyl ) - imida z ol e  i n t roduce d  

th rough the  rub b e r  seal ed s c re w  cap of the vial ( t he s e  ha d b ee n  

a c e t one-l ea ched ove rn ight to  remov e  any organi c i mpuri t i e s ) . The 

rea c ti on wa s c a talysed  by the a dd i ti on of 0 . 1  ml of t r i flu oroa c e ti c 

a c i d  ( TFA ) . Thi s rea gent ha s al s o  b e e n  us e d  by B rob s t  a nd L o t t  ( 1 966 ) 

i n s t ead  of t he more of ten u sed  t rime t hyl chl oros ilan e  ( Swe e l e y  e t  a l . 

1 963 ) . The fo rm e r  w o rkers have found th8 t  TFA wa s u s e ful in  ca tal y

si ng si l yl a ti on reac t i ons  in the pre sence of smal l amount s of wa te r 

whi c h  c oul d n ot b e  e a si l y  removed . Pre v i ou s  silyl a t i on s  on t he ni c kel 

e x t ra c t  wi th TMS - i mida zol e  al one proved t o  b e  sl ow and often e rra t i c .  

The add i t i on of TFA c on si de rabl y i m p rove d  t he de ri va t i sa t i on .  

The s il yl a ti n g  mi x ture wa s s ha ken oc ca si onal l y  un til  d i ss olu ti on 

wa s e ffe c t ed . A s u c c e s sful si l yl a ti on wa s ind i ca ted  b y  the  appe a rance  

of  an upper  b ri gh t  cl ea r l ayer . i d en t i fi ed by  Re i d  � al . ( 1 97 0 )  a s  

hexame t hyl d i s i l oxane . The TMS d e ri va t i ve ha s a h i gh affi n i ty f or thi s  

pha se . The n i c kel and c e rtain by-prod u c t s  a re conveniently re t a i ne d  

in t he b ot tom DMSO  l ay e r .  Thi s two pha s e  system t hu s  provided a u se 

ful sel e c t i v e  proce s s  f or the removal o f  i nt e rfe ring sub s tan c e s . The 
hexame thyl d i s i l oxane phs se ,  on· i s ol a ti on ,  c oul d c onveniently  be 

con ce n t ra t ed when only  smal l amoun ts of  d e ri va t i ve were p re sen t ,  and 

gave a rap i d ly el u te d  and reduce d sol vent p eak  compa red wi th pyri d i n e  a s  

used by Swe e l e y  e t  al . ( 1 966 ) .  

The si l yl a ting rea gent , N- t rime thyl s i l yl imi daz ol e  ( TSIM ) wa s 

sel e c te d  b e cause  of i t s .spe c i fi c i ty t owa rd s -OH g roup s and  i t s abil i ty 

t o  s il yl a te i n  the pre se nce of m oi s tu re . S i l yl a ti on wa s foun d  to  b e  

compl e t e  w i t hin 5 minu t e s  ( by c ompa ri s on  of pea k  a reas  from suc c e s s ive 

in j e c ti on s ) . De ri va ti ve s  we re s t ored in m oi s ture proof c on ta i n e rs 

und e r  refri ge ra te d  c ond i t i on s .  

Sampl e s  taken f rom t he upp er l ayer  w i th a mi c r o- syringe c ould b e  

i n j e c te d  d i rec tly on t o  the ga s chroma t og ra ph c ol umn . 

Ana l y s e s were c ondu c t ed us ing  a Pye S e rie s 1 04 c hroma t ograph w i th 

the f ol l owi ng  i n s t rume n t  pa rame t e rs : i n je c ti on sampl e ,  0 . 1  - 1 Jl l  

( de pend ing on sampl e c on centra t i on ) ; c ol umn c ond i ti on s , 200 c m  x 3 rnm 

gl a s s ,  1 . 5% OV - 1 0 1  on Ch roma s o rb W ,  AW-DMC S , 1 00- 1 20 me s h ,  i s othe rm al l y  

ope ra te d  a t  1 70°C :  fl ow ra te , a pprox . 45 ml/min ni t rogen ; flame 
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i on i za ti on d e t e c t o r ,  hyd rogen an d oxyge n  fl ow ra te s 40 ml/min and 

450 ml/min respe c t i vel y . The d e t e c tor t empe ratu re wa s t ha t  of the 

oven a t  a l l  time s .  The TM S de riva t i ve of gluci t ol wa s used  a s  a n  
i nt ernal s tandard . 

( i i i ) Re sul ts . 

Both s ta nd a rd a c id s and e x t ra c t s  ".ve re fully si l yl at e d , even 

when i n je c te d i n t o  t he g , l , c . 5 minu t e s  after  deri va t i z a t i on .  No 

in c re a s e  of peak  area  w i t h ti m e  wa s foun d , an d  t he s ilyl d e r i va ti ve s  

were s table  fo r a t  l e a s t  5 d ays . The c h romatogram ( Figure 4 . 6 .  5 ) 

s ho wed the p re s e n c e  of a s ing l e  TMS d e ri va t i ve wi t h  n o  si gn of 

impuri t i e s or  part i al l y  silyl a t e d  deri va t i ve s .  

Ta bl e  4 . 6 . 2 gi v e s  re tenti on ti me s, rel a tive t o  t hat of TMS 

gl uci  t ol ( 1 1  . 5  min a ) , of th e s il yl ated l igand from t he i s ol a ted n i ckel 

c ompl e x, al on g  wi th vari ous authenti c ca rb oxyl i c  a c i d s  repre senta t i ve 

of di ffe ren t hom ol ogous se ri e s .  The re ten t i on t imes of the TMS e t he rs 

of ni ckel e x t ra c t s  from differen t spe c i e s  were the same in every ease . 

Tabl e 4. 6 . 2 .  Re t ent i on time s an d rel a tive re t e n ti on 

t ime s of the TMS-de ri va t ive s of i sol a ted ni cke l  l igand 

and vari ous s tanda rd a c i d s .  

Acid  Re tenti on t i me Rel ati ve re ten t i on 

( min ) t ime ( RT ) 

Ni c kel e x t ra c t  5 . 75 0 . 50 

mal i c  a c i d  0 . 75 0 . 065 

a rabinon i c  a c id l a c tone 2 . 20 0 . 1 9  

c i t ri c  a c i d  5 . 75 0 . 50 

i s o- c i t ri c  acid  5 . 75 0 . 50 

glue oni c a c id la c t on e  7 . 75 0 . 67 
. 

quini c a c i d  7 . 90 0 . 69 

gal a c ta r i c  acid  mon o- 8 . 6  0 . 75 l a c t one 

glu c i  t ol 1 1 . 5 1 . 00 

gala ctari c a c id 1 7 . 5  1 . 52 

C i t ri c  aci d and i so- ci t ri c  a ci d  TMS - e the rs als o gave the same RT 
val ue as  tha t of the n i ckel extra c t . C i tri c and i so- c i t ri c  acids  
c oul d  n ot be  se pa ra ted on e i t he r  OV- 1 0 1 or  OV-1 7 c ol umn s .  
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C o- chroma t og ra phy of t he three si l yl a ted  t og e ther produced  a si ngle 

wel l-d e f ine d pe a k . 

Resul t s  i nd i ca te that  t he c ompl e xing l igand i s  e i the r c i t ri c or 

i so- c i t r i c  a c id ,  or s ome th ing ve ry s i m i l a r  t o  th ese  i n  s t ruc ture a nd 
phy s i c al p rope rti e s , a s , f or a h omol og ou s series , re t en t i on t ime 

i s  cl os ely  r el a ted  to the numb e r  of OH g roup s ,  t he p resence  o r  a b se n c e  

o f  s id e  cha in s ,  a n d  b o il ing p oi n t s . I d e a l l y  peak i d e n t i fi ca ti on 

shoul d b e  b as e d  on two or m ore re t e n t i on t ime s fo r e a ch c omp ound , 

usi ng  d i ffe rent  vol a t i l e  d e ri va t i ve s  o r  s ta t i onary pha se s .  The 

p robl e m  of cl e a rl y  sepa ra t ing c i t ri c  and i s o-ci t ri c a c i ds i s  n ot 

new ( Pinell i an d Col omb o ,  1 976 ; S ode rs t r om ,  1 962 ; Phi l l ip s  a nd 

J ennin gs , 1 976 ) . The quan t i ta t i �e a sp e c t s  of th i s  probl em a re a l s o  

compounded b y  t h e  e q u i l i b rium be twe en i s o- c i t ri c  a c id a nd i t s  l a c t one , 

t he l a c tone  b e ing p rod u c ed in va ryi ng amount s during c on cen t ra ti on 

s te p s  and a c id e x t ra c ti on s .  Phil l i p s  a n d  J e nning s ( 1 9 76 )  hBve 

d e vel oped a p rocedure whi c h  invol v e s  tw o s u c ce s s ive a na l yse s u si n g  

d i ff e re nt s ta ti ona ry phase s ,  one o f  whi ch sepa ra t e s  c i t ri c a n d  i so

ci t ri c  a c i d s , d i re c tl y  a s  s ilyl de ri va t i ve s . 

H oweve r , for t h is pro j e c t  p o s i t ive  i dent i fic H t i on c oul d b e  m ore 

re adi l y  ob ta i ned  by ga s c h r oma t og ra phy coupl e d wi th ma s s  spc c t rome t ry . 

4 . 6 . 6 Ma s s spe c tral anal ysis  of g . l . c . peak  

The TMS de r i va t i ve s  de s c ri b ed a b ov e  a re wel l  sui ted  fo r ide n t i f-

i ca ti on o y  ma s s  sp ec t r ome t ry , 

have b e en stud ie d  by a numb e r  

1 967 ; Egl i n t on e t  al . ,  1 968 ; 

a nd va ri ou s al i pha t i c  ca rb oxyl i c  a ci d s  

of r e s ea rche rs ( Pet e r s s on and Samuel s on ,  

Dra ffan e t  al . ,  Pe t e rs s on ,  1 970 , 1 972 ) . 

C ha ra c t e ri s t i c f ra gmen t a t i on and rearrangeme nt  pa thwa y s  have been  

obta ine d an d re c o rd e d . Mame r e t  a l . ( 1 97 1 ) have a c cumul a te d  a - -

l i b ra ry of  known spec t ra of a numb e r  of TMS -acid  d e ri va ti ve s .  The i r 

re p or t  i n cl ude s a summa ry of t he i mp o rtant  a nd c ha ra c t e ri st i c m/e 

values  and in ten s i t i e s  of  some of t he se c omp ound s ,  includ i ng t he TMS 

e th e rs and e s t e rs of a u then t i c  he t e rocycl i c ,  al i pha ti c ,  a roma t i c a nd 

phenol i c  a c id s  that  f re quently occu r in b i ol ogical  flui d s .  C ompa ri s on 

of t he s e  sp e c t ra wi t h  th ose of unknowns wa s ins t rume ntal i n  t he i r  

iden ti fi ca t i on . 

I n  th i s  p ro je c t  t he elu ted peak of t he TMS -de r i va t i ve of the 

i sola te d  n i ckel  e x t ra c t  wa s scanned b y  an AEI M R  30 ma s s  spe c tr ome t e r  

a f t e r  e l u t i on und e r  th e g . l . c . c ond i t i ons  previ ou sl y d e s c ri be d  a nd 

pa s sa g e  th rough sepa ra t ors t o  e x cl ude  t he l a ree  exce s s  of ca rri e r  g a s  
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whi c h  woul d o the rwi se int e rfe re i n  t he ope ra t i on of t he i n s t rumen t .  
M a s s  spec t rum s cans  we re s ta rt e d  nea r  t h e  t op of t h e  elu t i n g  pe ak on 
t he a s c e nd i n g  s i d e  so  t ha t by t he t i me t he m ole cul a r  i on wa s re c o rded , 
the s ou rce p re s sure was  n ea r  i t s  ma xi mum val ue , enha n c ing i f  pos s ibl e ,  
the i n t e n si ty of t h i s  fre quen tl y weak ( Pe te rsson ,  1 970 )  b u t  very 
i mp ort a n t  pe a k . 

M a s s  spe c t ra w e re  ob ta i ned f or t he t ri s  - ( TMS ) e s te r TMS e the rs 
of c i t r i c  a nd i s o- c i t ri c  a c i d  a nd c ompa red w i t h  t ha t  ob ta i ne d  f or 
t he TMS d e r i v a t i v e  from t he n i c kel  con ta i n i ng ext ra c t  of §..  a c uminata  
( F i gure 4 . 6 . 6  ) . The s pe c t rum of  the effl u en t  from t he chroma t o
g ra phi c col umn showed t he pre se n ce of a single  TMS de r i va t i ve wi th 
onl y  t ra ce s of i mpuri t i e s . The h i g he s t  ma s s  peak s e e n  in t he 1 ow 
re s ol u t i on sp e c t rum w a s  a t  m/e == 465 , d e r i ve d  from a m ol e cul a r  i on 
of ma s s  480 . The mol e cul a r  i on pt: a k  i s  of t en ab sent  from spe c t ra of 
hyd roxya c i d  TMS de r i va ti ves  ( Pe t e rs s on ,  1 970 ) , th e l a rge s t  d e t e c tabl e 
f ra gmen t be i ng fo nn ed by l os s  of -CH3 . Pea k  he i gh ts a re  mea su red  
rel a t i ve to  tha t  of the  m os t  abundan t i on a t  m/e 73 ( t rimethyl 
s i l i c on i um i on ) . Thi s fragmen t  ( al ong wi th  i ts ana l og s  a t  m/e 1 47 
a nd 22 1 ) i s  ubi qu i t ou s  i n  th e m8 s s  spe c t ra of  TMS e the rs a nd e s t e rs 
of hyd roxy ca rb oxyl i c  a ci d s  an d  ca rb ohyd ra t e s  in gen era l , an d  i t s 
s t ru c t u re ( CH3 ) 3 Si + , a nd d e riva t i on a re we l l  kn own ( Egl i n t on ll a l . 
1 968 ; D i� kma n  ll a l . ,  1 968 ; DeJ ongh e t  a l . ,  1 969 ) . Peaks  b e tween 

m/e 73 a nd 1 47 a re not  sh own a s  they are general l y  wea k and n o t  
p e r t i nent fo r i d e n t i fi c a t i on an d c ompa ri s on purpos e s . 

A c cu ra te me a suremen t  of the  ma s s e s  o f  several f ra gmen t s  l e d  t o  
a ma s s  o f  48 0 . 1 8 5 an d m ol e cula r formula c 1 8 n40 o 7 Si 4 for the 
TMS d e r i va t i ve of the i sol n ted c ompl ex . Th i s  c orre s pond ed t o  a 
pa re n t  comp oun d  c 6 H8 o 7 . Kn own c ompoun d s  of th i s  f ormula i n clude 
the sa c cha ri c  a c i d  rr on ol a c t one s , c i t ri c  a c id and i so- c i t ri c  a ci d . 
G . L . C . of TMS d e r i va ti ves  of IlJ On ol a c t on e s  of gal a c ta ri c a c id a nd 
gl u c a ri c a c i d , us ing OV- 1 01 , gave re t ent i on time s c on s i d e ra b l y  
d i ffe re n t  from those  of t he un kn own TMS d e r i v ative , whi ch wa s 
i n sepa rab l e f rom de ri  va t i  ve s of c i t ri c a nd i s o- c i t ri c  a c i d s  on b o t h  

OV - 1 01 an d OV - 1 7 . T h e  ma ss  spe c tra ( F i g u re 4 . 6 . �  ) cl ea rl y  sh owed  
t he pre sen ce  o f  c i  t ra Le  ra t he r than  i so- ci  t ra te  i n  the  i sol a ted 
ni ckel c ompl e x . The spe c t ra a re al s o  cha ra c teri s t i cally  d iffe rent 
f rom t hos e of the n S - e t hers  of t he sa c c ha ri c  a c i d  m on ol a c t on e s  
hav i ng the sa me mass  fo r the mol e cu l ar i on .  The s pe c t ra for t he 

s a c cha ri c a c i d  l a c tone s  s h ow s t ront:; ma s s  pe a k s a t  nv'e 333 and m/e 292 . 
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The a b undant i on a t  292 rep re sen t s  the f ragme nt , ( TMSO )  2 C- CH ( OTMS ) 

whi ch i s  cha ra c t e ri s ti c of a M cLa ffe rty- type rearra ng eme n t  of the 

mol e cul a r  i on a nd invol v e s  the l os s  of -RCHO. Thi s rea rrangement  

re qui re s th e s t ruc ture of a 2 , 3 - d i hyd roxy a ci d  ( Pe te rsson ,  1 9 72 ) .  

Table  4 . 6 . 3 l i s ts t he pri n c i pal fragmen ta ti on a nd re a rrange

men t  i on cha ra c t e ri s t i c pe aks  i n  the ma s s  spec tra of  T ri s- ( TM S ) 

c i t ra t e  TMS e t he r s . 

Ta bl e  4 . 6 .3 .  C ha ra c te ri s t i c  fra gmen t a ti on and rea rrangemen t 

i ons  i n  t he ma s s  spe c t rum of T ri s  - ( TM S ) c i t ra te TMS e th e r . 

Ma s s  

480 . 1 8 1 7  

465 . 1 582  

393 . 1 205 

3 75 . 1 098 

3 63 . 1 489 

347 . 1 1 73 

3 1 9 . 1 5 96 

305 . 1 43 7  

2 73 . 0988 

F ormul a 

C 1 8  H40 °7 S i4 

C 1 7  H3 7  07 Si 4 
C 1 4  H2 9  07 S i3 
C 1 4  H2 7  06 S i3 
C 1 4  H3 1 05 Sij 
C 1 3 H2 7  05 S i3 
C 1 3  H3 1  03 S i3 
C 1 2  H 29 03 S i3 
C 1 1  

H
2 1  04 Si 2 

Origin 

M 

M - CH3 

M - CH3 - ( CH3 ) 2 S i  =CH2 

M - CH3 - ( CH3 ) 3 
S i  OH 

M - COO Si ( CH3 ) 3 

M - CH3 -CO -{CH3 ) 3 S iOH 

M - COOSi ( CH3 ) 3 -C02 
M - 1 75 

M - COOSi ( CH3 ) 3 - ( CH3 )
3S i OH 

The ma j or d i f f e rence b e twe en t he mass  s pe c t ra of th e TMS e the rs of 

c i tri c  a c i d  and i s o- c i t ri c  a c id  i s  t he a b undant i on wi th ma s s  245 

in t he spe c t rum of th e la t te r .  A pos s i b l e  de comp os i t i on scheme expl a i n

i ng t he format i on of the ma jor ma s s  pe aks i n  the ma s s  spe c trum f or 

the TMS c i t ri c  a ci d  d e ri va t i ve i s  shown i n  Fi gure 4 . 6 .  7 .  Supp ort 

fo r the ori gi n  of the s igni fi cant f ragme nt a ti on and rea rrangemen t 

i on s  c ome s from stud i e s  of m e ta s tabl e peaks  whe re 

m* ( me ta s tabl e )  = 
M + 

A me t a s tabl e pea k  c en t red at 205 . 3 ( cal c .  205 . 5 )  demon s t ra te s  t he 

forma t i on of t h e  i n tense  m ol e cu l a r  i on a t  ma s s  2 73 from t he m /e 3 63 

i on th rough t h e  l os s  of  t ri me thyl s il a nol . An othe r me t a s tabl e 
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( m* = 302 . 5 ;  c a l c .  302 . 1 ) support s  t he f orma t i on of t he mfe 3 75 i on 

f rom m/e 465 aga in t hroug h th e l os s  of t ri me thyl s i l an ol . 
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Figure 4. 6 .  7 . Dec omposi t i on of the mol e cul a r  i on f or 
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4. 6 .  7 C on c lu s i on 

Mu c h  of t he si gni fi cant chemi s t ry of t ra ce el em ent s and 

non- e s se nt i al e l e me nt s ari se s from the ir a b i l i ty to b ind wi th 

orga ni c c hel a t i ng agen t s  wh i ch are p re sent a t  exchange s i te s .  

1 0 4 

M od el s �or me tal c hel a ti on a re be i ng in c re a s i ngl y u se d  i n  d e sc ri b-

i ng me t a l  rel at i onship s i n  up take , t ran sl oca t i on ,  enzyme sys t ems 

and t ox i c i ty p robl em s .  I t  is  wel l kn ovm th a t  s tabi l i ty con s tan t s  

o f  m i c ro-el eme n t  c hel a te s  of orga ni c a c i d s  su gge s t  p o s s i b l e  a s soc

i a ti on i n  t ran sport  ( S t ewa r t ,  1 963 ; Ti ffin , 1 972 ) . Su c h  an a s s oc
i a t i on i s  i mpl i c i t  in  res ul ts  of the pre sent  s tudy, a n d  the agen t  

re sp on s i bl e  i n  the  chel a t i on of' n i c k e l  i n  sev e ral  hype ra c cumul a t ors  

ha s b e e n  i de nt i f i e d  as  c i tri c a ci d .  Pu ri f i e d  ni c ke l  c ompl e xe s  wi th 

c i t ri c  a c i d  we re ob ta i ned f rom Hyb an t hu s  aus t rocal ed on i cus ,  H .  

c a l edon i cu s ,  Homal i um gui l l aini i ,  H . kanal i en se , H .  fran c i i , S .  

a cumi na t a  and Psycho t r i a  d ouarre i . I d en t i c a l  ni ckel c i t ra te 

c ompl e xe s  were verifi ed i n  a l l  s pe ci e s . Th e ra t i o  of c a t i on i c n i cke l  

a qu e ou s  spe ci e s to  an i oni c n i c kel c i  t ra te va ri ed dependi ng on the 

spe c i e s  a nd t ot a l  n i c kel . Ni c kel - ci t ri c  a c i d  chel a ti on wa s al s o  

impl i ca t ed  i n  the l e sser  n i c kel a c c umula t o rs H oma l i um a u s tro c a l edon i cum 

and H. d e c curre ns . H i gh v ol tage e l e c tr ophore si s showed  t ha t pra c t

i cal l y  a ll th e n i ckel mi gra t e d  a s  a n  an i on i c s pe c i e s w i th i de nt i cal  

mob i l i t i es a s  t h os e  of  the  hyp e ra c c urnul o t ors . I t  ha s al s o  b e en 

ob se rve d t ha t  the  n i c kel el e c trophore t og rams  of Ti ffin ( 1 97 1 ) cl ose l y  

re semb l e those of pl a n t  e x t ra c t s  shown i n  F i gu re 4 . 6 . 7 . I t  a ppe a rs 

p rob ab l e t ha t  the n i c kel c a rrie r in  the  pl an t s  stud i e d  b y  Ti �fin i s  

al s o  a c i t ra t o- c ompl ex ,  and tha t t ransl o ca ti on of n i c ke l  b y  c i t ra te 

i s  n ot c m f ined to those pl an t s  whi c h  a c c umul a te high c on c en t ra ti on s ,  

but  i s  a more wi d e spread occurre nc e . 

S i gn i f i cant work wa s c a rri ed out by Pel osi  e t  al . ( 1 974 , 1 976 ) ,  

w h o  s tu d ie d  e xt ra c t s  of Alys sum b e rtol on i i  De sv . The fir s t  pa p e r  

re port e d  th e sepa rat ion o f  wa te r s ol u b l e c ompounds  b y  g e l  chroma

t og raphy on Sephade x  G- 1 5  i n to two mai n  f ra c t i on s .  The f i r s t  f ra c t i on 

c ont a i n e d  rnost  of the n i c k e l  wi th n o  n i t rogen , phospho ru s ,  sul fur and 

hal ogen s .  Pel osi  e t  a l . ,  ( 1 976 ) i dent i fie d mal i c  and mal oni c a c i ds 

i n  th e s e cond f ra c ti on b u t  the  f i rst f ra c t i on rema ined uni de n t i fi ed . 

Onl y  3 . �fo n i c ke l  was a s s oc i a ted wi th t he s e c ond fra c ti on .  I t  i s  

pos s i bl e that the f i rst  f ra c t i on ob ta i ne d  b y  the se re s e archers c on ta i n s  
c i t ri c  a ci d .  a 

a C on s i d e rabl e quan t i ti e s of c i tri c a c id ha� b e en found i n  l eave s 

of Alys s um b e r t ol on i i .  
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In a t temp t i ng t o  e l uc i d a te th e s t ru cture of a m e t a l- orga ni c 

c omple x  i n  pla nt ma te rial t he que s t i on always a ri s e s  a s  to  whe the r 

the c omple x  wa s fo �ned me tabol i c al ly  or whe the r i t  i s  a n  a rt i fa c t  

o f  t he e xt ra c t i on proc e s s .  One way t o  a pp roa ch this  p robl em i s  t o  

examine t he spa t i al di s tri bu ti on o f  me tal c on cent ra t i on s  i n  the pl an t 

and t hen  c he c k  t o  s e e  whe t he r the orga ni c l i gand ha s th e same d i s t ri b

u ti on .  El e c t ron-p rob e mea s uremen ts on le aves  of seve ra l  of the New 

C al e d on i a n  a c c umul a t o r  spe c i e s showed  t ha t n i c kel wa s a l ways 

d i s t ri bu t ed in a un i f orm m ann e r  wi th ou t c on c en t ra ti on a t  spe c i fi c 

s i t e s , and  the a b ov e  me t hod of app roa ch  wa s cl e a rly i n op erabl e .  

H oweve r ,  s ince  t h e n ic kel - ci  t ra t e c ompl ex  wa s clea rly e vi d e nt i n  t he 

l a te x  of § .  a cum i n a t a  wh i c h wa s d i re c tl y  sepa rat ed on S epha d e x  

c ol umn s wi th out u s e  of e xt ra c ti on p r oce du re s , the re i s  no  rea s on t o  

s uppos e th a t  t he p re s e nce of t he sa me c omple x i n  e x t ra c t s  from t he 
l eave s of th i s  and othe r sp e c i e s  i s  the re sul t of non-me t a b ol l c  
forma t i on .  H i gh v ol tage  ele c t rophore si s of c rude wa t e r  e x t ra c t s  

sh owed th e same a ni on i c  m ovement  of the  n i c ke l  a s  exhi b i t ed b y  the 

puri fie d n i c kel - c i t ra te c ompl e x  a nd th a t  of m odel ni ckel  c i t ra t e  

s ol u ti on s .  
The f oll owi ng s e c t i on e xami n e s  the behavi our of s ol u ti ons c on t a in

ing ni ckel  and c i t ra te in va ri ou s mol e ra t i os ,  u sing el e c t rophore si s 

and u . v .  sp ec t roph o t ome t ry ,  and c omp a ri son s  a re mad e  w i th that of 

the i s ol a ted ani oni c  n i ckel ci t ra t o c ompl e x  from the pla n t  spe c i e s . 
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4 .  7 S PECTROPHOTOM E'r H I C  AND ELEC 'rH.OPHOHETI C BEHAVI OUR OF M ODEL 

N I CKEL- C I T RA T O  C OM PLEXJ<�S C OMPA HED WITH T HA T  S H OVVN BY NI CKEL 

C I T RA TE !?RA C T I ON I S OLA TED ON SE PHADE X 
4 .  7 . 1  I n t ro d uc t i on 

I n f orma ti on on the c omp osi  ti  on a nd s t ru e  ture  of c ompl e xe s  of 

n i ckel  w i th t he hyd roxy- a c i d s ,  c i t ri c  a cid  in parti cul a r ,  i s  

i nsuff i c i en t  and often c on t rad i c tory . Al though the c omposi t i on and 

s tabi l i ty of  va r i ou s  n i c kel - c i  t l'a t o  c ompl exe s has  b een s t ud ie d  b y  

s eve ra l  workers , notably  Bob tel sky and He i tner  ( 1 95 1 ) ,  H e i tne r

Wi rgu i n  � al . ,  (1 958 ) , L i  Q1 al . ,  ( 1 95 9 ) , Camp i  tl a l . ,  ( 1 964 ) , 

Pa tna i k  and Pan i  ( 1 965 ) , Gri goreva and T s i mb l e r  ( 1 96 8 , 1 9 70 ) ,  

Rau t k i n a  ( 1 969 ) and Fi el d � a l . ,  ( 1 9 75 ) t he re remai n s  i n c ompl e te agFee

men t  a s  to the f orma ti on of 1 : 1  or  1 : 2 c ompl exe s . 

One of t he e a rl i e s t  a b s orpti ome tri c s tud i e s  of t he n i c kel - c i t ra te 

sys tem  ( Bob tel sky and H e i tn e r, 1 951 ) sh ow ed tha t t he e ffe c t  of the 

c i t ra te i on wa s t o  i n c rease  the mol a r  a b s orpt i on c oe ffi c i e nt of t h e  

ni ckel i on ,  bu t t here wa s e s sentia l l y  no shi ft of the 3 93 - and 657-

nm a b s orp ti on ma xi ma . Th i s  con t ra s t s  wi th the shi ft t owa rd shorte r 

wavel en g th , and ma r ke d  d rop in in ten si ty ra t i o ,  of  t he amino  a c i d  

a nd ami n e  c ompl e x e s , w i t h  the i r  cha ra c te r i s t i c blue c ol ou r. 

T s i t ovi ch and Ni k i t i n a  ( 1 963 ) empl oying i on excha ng e  me t hod s , 

showed tha t coppe r  and n i cke l  c ompl e x  c i  t ra te ani on s  a re p resen t  a t  

l ow c i t r i c  a c i d  c oncentra t i on s  ( 0 . 0 1 - 1 M.  sol u t i on s ) . I ron ,  c obal t 

and nic k el be came fi xed on a ca t i on e xchanger  und e r  all  i n ve s t iga ted  

c i tri c a c id concen t ra ti on s ( 0 - 1 0N ) . 

U si ng pot e nt i ome t ri c a nd spe c t rome t ri c procedure s , Hei tne r 

Wi rgui n  tl al . ,  ( 1 958 ) i n  one of the fi rs t  d e ta il e d  s tud i e s  t o  b e  

repor te d , prov i ded evi d e nce for the e xi s tenc e of ( Ni HC ) 0
, ( Ni  C ) -

and ( Ni  H _ 1 c ) 2- spe c i e s  ( Al th ough c i t ri c  a c i d , C ,  ha s a n  OH group 

a nd a c t s as  a te t raba si c a c i d , H4c , t owa rd Cu ( I I ) a nd F e  ( I I I ) a s  

shown b y  Wa rne r a nd 'Neb e r  ( 1 953 ) ,  i t  has been found tha t for m o s t  

me tal s i n  t h e  pH reg i on b e l ow 9 ,  c i t ri c  a c id a c t s  a s  H3c ;  L i  e t  al . ,  

( 1 959 ) , Campi ( 1 964 ) ). Al th ough He i tn er-Wi rguin e t  a l . a s serted  that 

onl y 1 : 1 compl e xe s  we re f o rm ed , fre sh i n t erp retat i on of  thei r 

spe c t r om et ri c  re sul t s  i nd i c a te s  t he p os s i bl e  exi s t ence of  ( Ni ( HC ) 2 ) 2-

spe c i e s  a t  pH b e tween 4 and 8 wi t h  mol a r ra t i os of c i tra t e  to n i c kel 

equal t o  or in  e x c e s s  of 2 :  1 .  He i tne r-Wi rguin a nd e o-work e rs 

pl ot ted  a b s orbance  of the n i ckel i on A t  400 nm agA i n s t  pH . A ::>harp 
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increa se i n  a b s or b ance was observed up t o  pH 4.  Ab s orbance  then 

d e c rea s e d  f or the 2 : 1 and 3 : 1 s ol u t i on ,  but  rema i n ed th e same 

for 1 : 1 sol u ti on s ,  up to pH 8 . I t  seems l i kely tha t t he de c rease  

i n  a b s o rp t i on fo r the  f orme r sol u t i on s  indi ca tes  the  form a t i on of a 

new spe c i es  whi ch may b e  pos t ul a te d  a s  ( Ni ( HC ) 2 ) 2- . After  pH 8 a l l  

solut i ons i nc rea sed  i n  a b sorbance , wi t h  maxima a t  pH 1 1 . To  e xpl ain  

thi s ,  He i tner-Wi rguin e t  al . pos tul a t e to e exis tence  of a ( Ni H_ 1 c ) 2-
s pe c ie s . 

G ri g oreva a nd T s i m bl er  ( 1 96� i sol a ted seve ra l  c i t ra t e  n i ckel 

c ompl e xe s  and de te rmined the i r  c c:npos  i t  i on .  Both doub l y- c harg ed 

ani on i c  1 : 1 and 2 : 1 c ompl e xe s  we re sa i d  to be · f ormed from m i xture s 

of n i ck el and the sod i um sal t of c i t ri c a c i d . A t  d i fferent  pH , us ing 

1 : 1 a nd 2 :  1 m ol e  ra t i os of c i t ra t e  to n i c kel , s ol i d  c ompound s 

c orrespond ing t o  t he f ol l owing f ormul a e  we re i den t i fi ed :  pH 1 and 

pH 3 : Ni c6H6o7 ; pH 6 , Na Ni c6 H5 o7 and Na 2 Ni ( C6H5o7 ) 2 ; pH 1 2 . 5 , 

Na N i  c6 H4 o7 • The expe r ime ntal va l ue s  for the p ercentages  of 

sod i um and ni ck el we re in  g o od a g re emen t wi t h  thos e  cal cul a ted . 

G ri goreva and T s i m b l e r  ( 1 970 ) used s p e c t ropho tome t ri c ,  an i on e x c hange 

a nd ele c t r omi g ra t i on me thods to de te Pm i ne tha t the orde r of s tab i l i ty 

of va ri ous hyd roxy a c i d s  cornpl e xed wi th n i c kel wa s c i t ri c :> gl uta ri c > 

ta rtar i c > mal i c . 

Camp i e t  al. ,  ( 1 974 ) d e rived t he f ol l owi ng 
Ni  f or ni ck el w i t h  c i tric  a c id ; L og K NiH C = 1 . 75 ,  

3 

s tab i l i ty c ons tan t s  
Ni l og K 
NiH2c= 3 . 3 0  

and l og K �iHc = 5 . 40 . The se val u e s  a re i n  rea sona b l e  agreeme n t  wi th 

t hos e  ob tai ned by Li ll al . , ( 1 959 ) M ore re cent work ( Fi el d  e t  a l . ,  

1 975 ) rep o rt va l u e s  wh i ch a re in sa ti s fa c t o ry a c c ord wi t h  t hose rep orted  

und e r  n ea rly  compa rable  c on di t i  on s by Campi tl al . and L i  e t  a l . 

Tabl e 4 . 7 . 1 shows m e tal - c i tra te s t a b i l i ty c ons tan t s  f o r  a numb e r  of 

m etal i ons . The orde r of sta b i l i ty o f  t he c omple xes of d i ffe ren t 

me tal  i ons  wi t h  c i t r i c a c i d  i s  in a g reement wi th  t he I rving-Wi l l i ams  
rul e  ( I rvi ng a nd '.Vi l l i ams , 1 953 ) . 

The e lemental ana l ys i s  of th e n i c ke l - c i t ra t o  c ompl e x  i s ol a ted 

f rom th e l a tex  of S . a cumina ta and the l eaves  of t he ot her  spe c i es wa s 

c ons is tent  w i th t h e  presence of a d i c i t ra to n i ckel a t e  ( I I ) ,  the 
c oun te r- ca ti on s  be ing a m i x tu re of Hi ( I I2o ) 62+ and hyd ra t ed Mg2+and ci+ . 
The se re sul ts a re comparabl e w i th t he 2 : 1 c i t ra te - n i ckel  spe c i e s 

i sola t e d  b y  G ri g o reva and T s i rnb l e r  ( 1 968 )  a nd d i s cus sed p revi ousl y .  

Rautkina ( 1 969 )  p re pa red  a c ompound , formul a ted a s  Na4 ( N i ( C 6H 5o 7 ) 2 ) 



M e t a l  
i on .  

Fe 3 + 

Fe3 +  

C u2 + 

Ni 2+ 

C o2+ 

zn 2+ 

Fe 2 + 

Cd 2+ 

Mg 2+ 

Ca 2+ 

Mn '' -t-

l O H 

T a bl e 4. 7. 1 .  M e t a l  c i tra te equ i l i b r i um c on s t an t s . 

a 

Eq u i l i b ri u m  c on s t a n t  
l og K M e  

Hel i c  

K 

2 1  • I 7 

1 1 . 40 
5 . 90 

5 . 40 

5 . 00 

4 . 98 

4 . 40 

3 . 75 

3 . 40 

3 . 55  

3 . 67 

0 . 69 

0 . 43 

M e  

M eH C  

b 

= 

a 
R e f e ren ce 

T i rn b e rl a ke ( 1 9 74 )  

T i m b � rl a ke ( 1 974 ) 

C a m p i  e t ,tl. ( 1 9 64 ) 

" " " 1 1  

" tl " " 

1 1  t l  " 1 1  

T i mb e rl a k e  ( 1 964 ) 

C a m p i � a l . ( 1 9 64 )  

" 1 1  tl " 

" t l  " t l  

S i l l e n  a nd Ma r t e l l  ( 1 964 )  

Wa l s e r  ( 1 961 ) 

" 11 

b Thi s c on s t a n t  i s  f o r the d i m e r  i n  wh i ch Fe3+ = c i t ra t e  
= 2 : 2 . 
Al l o the r c o mp l e xe s  a re  for me t al : C i t ra t e  = 1 1 .  
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in the presence of e xc e s s  tri - sod i urn c i t rate . To c onfi rm t he e xi st

ence of a d i ci t ra to n i c kela t e  ( I I )  sp e ci e s ,  in  the  ani on i c  extra c t  

eluted from Sephadex  CM-25 column , va r i ou s  m ol e  ra ti os of ci t ra te t o  

ni ck el we re examined spe c trophotom e t ri cally and el e c t rophore t i cally 

and c ompari s on s  ma d e  w i t h  the pl an t e xtra c t .  

4 . 7 . 2  Spe c t ropho tome try 

( i )  Infra- red 

Nu j ol mul l s of b ot h  t he i s ol a ted  an i on i c  ni ckel c i t ra te and 

p repa ra t i on s  of  sodium c i t ra te and n i c kel in the ra t i o of 2 : 1 we re 

s canned  in the in fra-re d .  The re sul ting spe c t ra a re shown in Figure 

4 . 7 . 1 . ( a )  a nd Fi gure 4 . 7 . 1 . ( b ) .  The two spe ctra a re c ompa rable ,  

wi th the spl i tting of the in tense band cent red a t  a round 1 600 cm- 1 

ind i c a t i v e  of more than one i oni zed c a rboxyl i c  a c id grouping . Thi s 

i s  al s o  refl ec ted  in the  l e s s in tense symme t ri cal OCO s t re t ch  cent red 

a t  1 430 cm- 1  Sha rp bands from 1 300  cm- 1  to 1 000 cm- 1  demon s t ra t e  

the p re sence of prima ry OH s t re t che s .  

( i i )  Vi sibl e 

Non- compl e xed Ni ( H2o ) 6
2+ can b e  remov ed by pas sing the e x t ra c t s  

t hroug h a weak ca ti on e xchange col umn c on s i s ting of Sephadex CM-25 gel 

as  de s c ri be d  pre vi ously . The a b s orpt i on spe c t ra ( 340-740 nm) of the 

re sul t ing sol u t i on s  corre spond to t hose of a 2 : 1 ci t ra t e/n i ckel 

s ol u ti on and di ffe r from th ose of Ni ( H2o ) 6
2+ and 1 : 1 ci t ra te/ni ckel 

s olut i on s .  The s pec tra of 0 . 1 M s ol u t i ons are sh own in Figure 4 . 7 . 2 .  

C i t ri c  a cid in the f orm of the tri- s od ium sal t wa s u sed a s  t h i s  re sul ted 

in c i t ra te/ni c kel s ol u ti ons in t he pH range 5 . 5  to 7 . 0 ,  a pproxima t e ly \ 
the phys i ol ogi cal s t a tu s  of the n i ckel ext ra c t .  The 2 : 1 ci t ra te/ 

ni cke l  s oluti on g a ve a pH of 6 . 7 a nd the pH of la t ex from 2 ·  a c umina ta 

wa s 6 . 4 .  

The cha ra c t e ri s t i c  da rk g reen of aque ou s  nickel ( II )  be c ome s a 

b ri ght b l ue-green a s  the ca ti on i s  c ompl exed by the hyd roxy a c i d .  

The re i s  e s sent i al l y  n o  s hi f t  of the  393 - a nd 660- maxima , wi t h  t he 

addit i on of i n c remen t s  of c i t ra t e  up t o  a 1 : 1 mol a r  s olu t i on wi th  

nic ke l , but  the re i s  an in t en si fica t i on .  Thi s may rea c h  a fa c tor of 

nea rl y  t hree a t  i ts ma ximum , but t he ra ti o of the two abs orpt i on  p eaks 

( 393/660 ) s tays almost  c on s tant , a t  a round 2 . 4 . Howe ve r ,  wi th t he 

fur t he r  addi ti on of c it ra te result in g  in a 2 : 1 m ol a r  s ol u ti on of 

c i t ra te t o  n i cke l , t he re i s  a shi ft t owa rd s shorte r wave l e ng ths , a nd 
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Figure 4 ·  7- 1 ( a ) :  I nfra -red spec tra o f  an 1on 1c n icke l complex i solated from la tex of S . acum ina ta .  
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Fi gure 4 · 7 · 1 ( b ) :  Inf ra - r e d  spec tra of n icke l c i tra te complex prepared from N i  C l1 and Na3 c i tra t e .  
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ma rked d rop i n  i n tensi ty ra ti o ,  w i t h  the solu t i on taking on a blue 

ra the r t han green  hue . 'l'hi s compa r e s  fa vou rab l y  wi th the b eha v i our 

ob served by H e i t ne r- Wi rgui n  e t  al . ( 1 958 ) d i s c u ssed p re vi ously .  

Addi ti onal c i t ra t e beyond a 2 : 1 mol e  ra ti o did  n ot c ha nge the 

a b s orpt i on cha ra c te ri s t i c s  fu rther .  I t  wa s int e re st ing t o  n ote  t ha t  

the wav el ength ma xima for t he 1 : 1 spe c i e s  did  not  cha ng e  un til  

almo s t  th e 2 : 1 mol e  ra t i o  wa s appr ca ched and t he n  the cha nge wa s 

a b rup t .  Thi s ind i ca t e s  t he s ta b i l i t y of t he 1 : 1 spe c i e s . 

I n  the spe c t ral  s tud ie s , a p oorl y  de fin ed ma ximum wa s found wh en 

Job ' s  va ri a t i on me thod wa s a ppl ied  t o  a s e ri e s  of n i ckel s ol ut ion s  

conta i n ing va rying  mol e  f ra c ti ons of c i tra te i on s .  A b s o rbances  we re 

read a t  640 nm , c orrec ted for Ni ( I I )  aque ous a b s orpti on and pl o t te d  

aga ins t  in c re a s ing c oncen t ra ti on of c i tra te . T h e  maximum c orre s p on d ed 

to  a s ol u t i on c on ta in ing 2 mol e s  of c i tra te and 1 mol e  of  n i cke l .  I n  

t hi s  c a s e , howeve r ,  J ob ' s  va ri a t i on me t hod i s  s om ewha t  insensi t i ve a s  

the n i ckel spe ci e s  are n o t  suff i c i en tl y  d e fined from e a c h  o t he r  

( Fi gu re 4 . 7 . 2 . ) .  The shi ft  i n  wavel eng th o f  sp e c i e s  ' B '  repre s ent s 

fi rm e v i dence  of the exi s te n ce of a 2 : 1 ci tra te-ni c kel  spe c i es . 

The spe c t ro pho tome t ri c  wo rk w a s  ca rri e d  out u s ing a Shimad z u  

MPS-5000 spe c t rop hotome t e r  wi th a s can range o f  1 80 n m  t o  2 , 500 nm . 

4 .7 . :; High-vol tage e l e c t rophore s i s  

Exp e rimen ts wi th high-vol tage p ape r e l e c t rophore si s  ( Figure 

4 . 7 . 3 ) show the  behavi our of the nic kel a t  pH 6 . 5 in two of t he pl an t 

ext ra c t s , compa re d  wi th Ni ( H2o ) 6
2+ a nd wi th  n i c kel  in a 2 : 1 c i t ra te/j 

nic kel solu ti on .  The p re se n c e  of an a ni on i c c i t ra t o- c ompl e x  c orre s pond 

ing to ( Ni ( HC ) 2 ) 2- or ( Ni C ) - is  cl ea rl y  eviden t .  The  moveme n t  of  the  '1 
Ni ( H2o ) 6

2+ i on a nd the ani on i c  n i c kel  i s  fa i rl y  compa c t, whi l s t  a 

c e rtain  p rop ort i on of the n i c kel from the c i t ra te compl e x  s treaks  s ome

wha t  i rregularly  t owa rd s t he anode . T hi s l a tter  m ovement i s  more 

d i ffi cul t  to expla in . I t  i s  p os s ib l e  t ha t  unde r t he el e c trophore t i c  

c ond i t i on s  t he re i s  a de c omposi t i on o f  di ffe ren t spe cie s wi t h  t i m e , 

re sul t i n g  from the fa c t  t h a t  an equil i b rium s i tu a ti on n o  l onge r  e xi s t s .  

The b ehav i our  of s ol u t i on s  c on ta in ing vari ou s m ol e  ra t i os of 

ci t rat e t o  n i c ke l  wa s examined  el e c trophore ti c a l l y  a t  pH 2 . 1 , 3 . 5  and 

6 . 5 .  The el e c t roph ore tog rams  we re run f or 40 m in u t e s  a t  3 kV, d ri ed , 

and devel oped , fi rs tly for c i t ra te u s i ng an al coh ol i c  s ol u ti on of Bromo

c re s ol gre en made s l i ghtl y  a l kal ine wi th s od ium hydroxide , and then 

fo r ni c ke l  wi th d i rn e thyl gl y oxime . The re sul t s  a re summa ri zed 
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s chema t i cal ly i n  Figu re  4 . 7 . 4 .  The m oveme n t  of the c i t ra te c oul d 
ea s i l y  be e xpl a ined  wi th re fe ren c e  to  t he pK value s f o r  c i tri c a c i d  
d e t e rm ined b y  t h e  fol l owi ng equ i l i b ri a  pre sent  in a qu e ou s  s ol u t i on s :  

H3C � H2C + H+ : pK1 = 2 . 8 7 

H2C-� HC 2- + H+ ; pK2 = 4 . 35 

HC 2-� c 3 - + H+ ; pK3 = 5 . 68  

A t  pH 2 . 1  all  th e c i t ra t e  wa s p re sent as  the p roton a t e d  spe c i e s ,  H3C 
whi ch m oved onl y sl i ghtly of f the ori gin . N o  c ompl e xe d  n i c k el spe c i e s  
we re pre sent ; al l th e n i c ke l  moving t owa rds t he an od e a s  Ni  ( H2o ) 6

2+ . 
A t  pH 3 . 5 t he ma j ori ty of t he c i t rA te mov ed t owa rd s t he ca thode  a s  
H2C- . Th e ni ckel  migra t ed ma inl y a s  Ni ( H2o ) 6

2+ wi t h  p o s s i bly a s pe c i e s  
such a s  ( Ni H2c ) + . The n on - equ il i b rium cond i t i ons p reva i l ing unde r  
the el e c t ropho re s i s  re sul t ed in  e x t ens ive ta il ing.  Both 1 : 1 and 
2 : 1 m ol a r s ol u ti ons of ci tra te t o  n i ckel , a s  well a s  n i ckel c i t ra te 
i sol a t ed from the pl a nt e x t ra c t s ,  be haved simi l a rl y .  

El e c t r oph ore s i s a t  p H  6 . 5 wa s m ore i n t e re s ting and m o re c ompl ex 
t o  in t e rp re t .  Spe c tral stud ie s had p re v i ou sly indi ca ted tha t for a 
2 : 1 m ole ra t i o of c i tra te to n i cke l the e x i s t ence of ( Ni ( HC ) 2 ) 2- i s  
p robabl e .  H owe v e r  onl y  one ani on i c ni ckel spe c i e s  c oul d b e  de te c ted 
at pH 6 . 5 .  Ni c ke l  from va ri ou s  c i t ra te/n i cke l  s oluti ons wi th m ol e  
ra t i os ranging from 0 . 2 : 1  up to  3 : 1 moved i denti cal l y  t owa rd s  t he 
ca thod e in  e a c h c a s e . F re e  n i c ke l  a t  t h e  l ow c i tra te le vel s m oved 
the fa rthe s t  a n od i cal l y .  The amount de c re a s e d  a s  a mol e  ra t i o  of 
1 : 1 c i t ra te/n i c kel wa s approached . I t  i s  e xp e c ted that  at pH 6 . 5  
the f ol l owing e qu i l i b ri a  woul d b e  ope ra t ive in aqu e ou s  s oluti on s : 

N i  HC 0 � � N i C  + 

Ni ( HC ) 2
2-� Ni HC0 + 

I t  appears th a t  und e r  the n on-e qu i l i b ri um c ond i t ion s  imp osed by the 
e l e c trophore s i s  the ani on i c  ni ckel from b o th 2 : 1 and 1 : 1 c i t ra t e/ 
ni ckel s ol u t i on s  mi gra te s  a s  ( N i C ) - . A t  pH 6 . 5  the ma j or ci t ra t e  
s pe c ie s  woul d b e  HC 2- and c3- a s  e xp e c t ed from t he th i rd pKa for c i tric  
acid  ( pK3 = 5 . 68 ) . The se spe ci e s  were ob se rved runni ng ahead  of the 
( Ni C ) - sp ot  on the e l e c t rophore t og ram ( F i gu re  4. 7 . 4 . ) .  

Al t hough t he el e c t roph ore s i s  e xp e rime nt s  di d n ot sub s tant i at e  
2-the spe c trophot ome t ri c  re sul ts  rega rd ing the exi ste nce of a ( Ni ( HC ) 2 ) 
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spe c i e s ,  the  evi d en ce i s  n e ga t i ve ra the r than con t rad i c t ory .  The 

ni ckel  e x t rac t s  f rom the New C al e d on i an ac cumula t i n g  pl ant s b ehaved 

in a ll e l e c t rophore t i c  exp e riment s i de n t i c ally to  the 1 : 1 and 2 : 1 

c i t ra te/n i c kel s ol u t i on s .  Sepa ra ti on of th e e xtra c ts on a weak 

c a ti on exchang e c ol umn ( Sep hadex  CM-25 ) produced a s ol u t i on b ehaving 

spe c t rophotome tri cally the same a s  a 2 : 1 c i tra te/ni ckel sol uti on .  
I t  a pp ea rs p robabl e h oweve r, tha t i n  the plant sap the 1 : 1 s pe c i e s  

p re d omina t e s, and tha t the fo rma t i on o f  the 2 : 1 spe c i e s  i s  an 

a rt i fa c t  of the s e pa ra ti on on the ca ti on e xc ha nge column . A s  

N i  ( H2o ) 6
2+ e xc ha ng e s  the ca rb oxyl a te H +  i ons  on the c ol umn the 

c on c en t ra t i on of the ci trate b ui l d s  up rel a t i ve t o  Ni  ( H2o ) 6
2+ 

enab l ing t he fo rma ti on of ( N i  ( HC ) 2 ) 2- spe ci e s .  

4 .  8 ORGANI C A C I DS AND NICKEL CONCEN'rRAT IONS IN  VARI OUS 

ACCUMULATING PLANTS 

4 .  8 . 1 I n t roduc t i on 

The s impl e  a l i pha ti c  a c i d s  a re of  i n tere s t  be cause  of the i r  

ubi qui t ous  na ture a nd their  effe c tiven e s s  a s  che l a tors  of vari ous 

me tal s a nd sol ub i l i z e rs of m i n eral ma t te r . The o rgani c  a c i d s . mos t 
e ffe c ti ve i n  forming s tabl e me tal c hela te compl e xe s  a re th e di- a nd 

t ri - carb oxyl i c  hyd r oxy type s . J ohns t on ( 1 956 )  found t ha t  cal c i um 

c hel a te s  m o s t  st rongly wi th c i tri c a c i d  ( a tri carb oxyl i c  a c i d ) l e ss 

s t rongly w i th some d i ba s i c a ci d s  such  a s  mal i c  and ta rta ri c ,  and onl y  

sl i ghtl y  wi th �-hydroxy mon ob asi c a c i d s  ( e . g . l ac t i c ) . Among  t he 

d i ba s i c a c i d s , hyd roxyl deriva tive s  fo rmed t he s t ronge s t  c ompl e xe s  

( Campi  e t  al . ,  1 964 ) . The same t rend ha s been ob se rved for n i ckel  a nd 

othe r  me tal i ons  ( Li e t  al . ,  1 960 , C a mpi  e t  al . ,  1 964 ) . 

Puc he r e t  al . ,  ( 1 938 ) we re am ong t he firs t  t o  show tha t th e 

la rge e x c e s s  of pos i t iv e  i on s  ove r  s impl e inorgani c ani on s  i n  plants  

was c orre l a ted with  the  qua n t i t y  of e the r- s ol ub l e  organi c a cid s .  

S imil ar ob s e rva t i on s  we re ma de b y  Ul ri c h  ( 1 941 ) ,  Pie rc e  a nd Appl ernan 
( 1 943 ) ,  Jac ob s on a nd Ordin ( 1 954 ) , Pool e and Poel ( 1 965 ) and Van 

S teveninck  ( 1 966 ) .  The l a t te r  showed that ci t ra te a nd mal a te , in  

pa r t i cul a r ,  i n c re a s e d . Tori i and  La t i e s  ( 1 966 ) c on c l uded  tha t 

o rgan i c  a c i d  syn the s i s  wa s i n c re a sed when  cati on uptake e xc eeded  

ani on up take , be cause  organi c  a c i ds and  cati ons  moved i n t o  t he 

va cuol e s .  Bound c al c i um and ma gn e s i um i n  toma t oe s  have b een a s s oc i a t ed 

by Ki rkby and Mengel ( 1 96 7 )  w i t h  oxal i c  a nd uroni c a c i d s .  In  
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Val e n c i a  l eave s ,  mal a t e , and oxal a te  in pa rt i cula r ,  i n c re ased wit h  

i n c rea s ing  Ca2+ i n  the l eave s ( Ra smu s se n  and Smi th ,  1 961 ) .  Increa s e s  

i n  p o ta s s ium i n c re a sed oxal a t e  but  not  ma l a t e . C i tri c a c i d  c on cen

t ra ti on wa s una ffe c ted . Brown and T i ffin ( 1 965 ) f ound tha t in 

soya b ea n s  there wa s a s t rong  c orrela t i on be twe en t he c oncentra ti on of 

i ron and c i t ra t e  in s tem e xuda te . Whe n i ron wa s in c reased  c i t ra te 

wa s i n c reased , and d e c rea s e  in  i ron was  paral l el ed by a d e c rease  in  

c i t ra te . M ore re cen t  s tud i e s ( Brown a nd Chaney , 1 97 1 ; T i f fin , 1 966 , 

1 967 , 1 970 , 1 97 2 )  ha ve c on f i rmed t ha t  seve ral c rop plant s ,  includ ing 

mai z e , t ransport enough c i t ra te in the xyl em t o  mai n ta in al l the i ron 

chel a t e d  a s  ferr i c c i t ra t e .  Trans-a c oni ti c a c id pl ayed onl y  a very 

minor rol e ,  i f  any , in the s olubi l i ty a nd tran sl oca t i on of i r on i n  

ma i z e . Al though ci tra te has  a high a ffini ty f or a num b e r  of dive rse  

m etal s ,  and ha s b e en tak en as  a model f or me tal b inding and d i spl a c e 

ment rea c ti ons  ( T i ffin , 1 97 2 ) , thi s d o e s  not rule out the parti c i pa t i on 

of  ot � r  o rgani c a c i d s  wi th  s imil a r  chemi cal s t ruc tures a nd rel a ted  

me tab ol i c  fun c t i on s .  

Pi e rce  a nd A ppl eman ( 1 943 ) ob se rved tha t  magne s ium c on t en t  

i n c re a s e d  wi th i n c re a s ing oxal i c  a c i d  c ontent . Those pla n t s  wi th  

l i t tl e  or n o  oxal i c  a ci d ,  had  a l a rge p ropo rt i on of  s oluble  cal c i um 

i n  t h e  sap whe rea s those w i t h  high oxal i c  a c id  c on t e n t  had l i t tl e  o r  

n o  s olubl e  cal c i um in the sap . Exce ss inorgan i c  cat i ons  we re h i g hl y  

c orrel a t e d  wi t h  t otal  e th e r- sol ubl e organi c ac i d s .  

Exc re t i on p rodu c t s  of roo t s  in c lude a va ri e ty o f  s impl e organ i c 

a c i d s .  Those i den ti fi ed i n  the exuda te s  from c ommon ce real s ( Ri vi ere , 

1 960 , Vancu ra ,  1 964 ) in clude a c e t i c ,  oxal i c ,  glycol i c , pyruv i c ,  

oxal oa ce t i c ,  suc c ini c ,  mal i c , fuma ri c , tarta ri c ,  val e ri c a nd ci t ri c .  

A wi de vari e ty of organi c a c i ds ha s b een found in  exud a t e s  of the 

c ommon vege tabl e s  ( Vancura a nd Hovad i k , 1 968 ) . The l i kel i h ood tha t 

organ i c  a c i ds i nfl uen c e  pl an t grow th by fun c t i oning a s  c a r ri e rs of 

i n organi c c a t i on s  b e come s p robable  when the p o te nt ial con centra t i on s  

i n  soil  s olu t i  on s a re con s i  de red ( T i ffin , 1 972 ) . 

Di ffe rence s i n  the tol e ran ce of pla nt spec i e s  t o  t ra c e  e le me n t  

de fi ci e nce.s have b e e n  a t tr i b uted to varia t i on s  i n  organic  a c i d  

p roduc t i on ( Hodgson , 1 963 ; Wa l l a ce , 1 96�) . C ha rl ane s  ( 1 960 ) con cluded  

t ha t  an oa t varie ty known to  b e  re si s ta nt t o  mangan e se d e fi c i ency 

se c re t e d  m o re organ i c  a c i d s  in to  the  s o il than suscep ti bl e va ri e t i e s .  

The m a in organi c  a c id s  f ound i n  th e ma j o ri ty of plan t s  a re mal i c ,  

c i t ri c ,  su c c in i c ,  fuma r i c , i s o- ci t r i c  an d c i s-a c oni t i c . The se a c i d s  
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rep re se n t  those  mos t  a c t i ve metab ol i cal l y  i n  b i ol og i c a l  sys tems . 

They a re al l i n volved  i n  the TCA cycl e , whi c h  c oncern s  t he oxi da t i on 

of  ca rb ohydra te s and fa t ty a c i d s a nd i s  c oupl ed to  t he gen e ra t i on of 

ATP from ADP and inorg a ni c  phospha te . 

Mui r e t  al . ( 1 964) i d e nt i f i e d  several organi c a c i d s ,  i nclud ing 

c i t ri c  and mal i c  a c i d s  i n  a queou s  ext ra c t s  of pine needl e s. Hyd roxy 

a c i d s  a c c oun t e d  for 85� of t he a ci d i ty in the extra c t s . The ma j or 

and minor  a c i ds pre sent in dri ed l eaf  t i s sue of Bryophyl lum c alyc inum 

we re  i d e nt i fi e d  or cha ra c te ri z ed u si n g  the c ombined  me thods of  i on 

exchange c hroma t ography , paper a nd thin-l aye r chroma t ography , ga s 

c h r omat ography and in fra-re d  spe c t rosc opy ( Ma rriage and Wil s on , 1 97 1 ) .  

!.1 a l i c , c i t r i c  a nd i s o- c i tri c a c id s c on s t i tu ted nea rl y  9�6 of the  t otal  

a c i d  c on t e nt . l,, in or a c ids  i d ent i fi ed we re suc cini c , fuma ri c , pyruv i c ,  

oxal oa ce t i c  a-k e t oglu ta ri c ,  gly oxyl i c ,  la c t i c , oxal i c  and c i s-a c on i t i c .  
A f t e r  e s t e ri fi c at i on of t he a ci d s  i n  me thanol c onta ining ca ti on . 

ex c ha nge re sin  ( H+ f orm )  t he i r  amoun ts we re d e termined b y  gas  l i qu i d  

chroma t ogra phy . 

Probl ems  of orga n i c  a c i d  a na l y sis  i n  b i ol ogi cal mate rial  h ave 

b e en rev i ewed by S chramm ( 1 973 ) .  E xtra c t i on , puri fi ca t i on ,  s e pa r

a t i on an d q uan t i ta ti ve e s timat i on a re di sc us sed wi th regar� t o  i on 

e xc ha nge chroma tography and c al or i m et ri c analysi s . I n  the la t t e r  

yea rs t he u s e  of g a s  l i quid  ch roma t ography f or the a na ly si s of  

organi c a c i d s  has p rov ed to  be  p opul ar b e ca u s e  of  i t s  spe ed a nd 

s impl i c i ty .  A s  orga n i c  a c i d s  a re n o t  suffi ci ent ly vol a ti l e  t o  p ermi t 

t he i r  vap ori z a t i on unde r the condi t i on s  p re va il i ng i n  the i nl e t  

sys tem of a ga s chroma t ograph or ma ss  spe c t rome ter , c onve rsi on o f  

t he i r fun c t i onal groups int o l e ss  p ola r one s  t o  improve vol a ti l i ty 

ha s b e e n  requ i red . The u se of va ri ous s il y l a t ing reagen t s  to f orm 

t rime thyl s ilyl ( TM S )  d e r i va t i ve s  ha s proved t o  b e  rap i d  and convenie n t ,  

and i s  general ly favou red ove r  th e m ore t im e  c on suming  p reparat i on 
of m e thyl de ri va tiv e s .  

S epa ra t i on of s i l yl d e ri va t i v e s  of pl ant organi c a c i d s  on g a s  

l i qu i d  chroma t ograph c ol umn s using a va ri e ty of l i qu i d  pha se s  ha s b een  

re ported by a number of worke rs , i n clud i ng Cla rk ( 1 969 ) , N i e rhaus  a nd 

K in z el ( 1 97 1 ) ,  Ba rta and Osmond ( 1 973 ) , Bol a nd  and Ga rne r ( 1 9 73 ) ,  

Ba ker  ( 1 9 73 ) ,  Me rkel a nd J ungh ( 1 9 73 ) , Pinel l i  and C ol omb o ( 1 976 ) a nd 

Phil l i ps and J enn ings ( 1 9 76 ) . Gene rally onl y  on e p e a k  i s  ob ta ined f o r  

t h e  TMS-de riva tive  of any one organi c a c id , a l t hough pa r t i al d e ri va t

iv e s  and more tha n one p ea k ma y b e  ob ta ined  f o r  some a c i ds e . g . 
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s hi kimi c and qui n i c , d e pe nd i ng on the s i lyl a ti ng reagent  empl oyed 

( Ba rta and Osm ond ; 1 9 73 ) . 
I n  t he work reported  i n  th i s  se c ti on c i tr i c  a c i d  wa s d e te rmi ned , 

i ni t i al ly ,  by a c ul ori me t r i  c techni que a s  p rel i m i n a ry g a s  c hroma t o

g ra phy w i t h  OV- 1 0 1  d i d  n ot sepa ra te c i t ri c  and i so- c i t ri c  a c i d s  a s  

the s il yl d e r i va t ives . The re sul t s  for  the  si lyl a ti on o f  t he s e  a ci d s  

wi t h  t r i rne thyl s i lyl i m i d a z ole  we re i nc on s i stent . On s ome occa s i on s ,  

t hey d id n ot ful l y  si l yl a te w hi l s t on oth er occasi ons , th ei r 

d e r i va t i ve s  Yiere  not  s ta b l e  and rapial.;  d i sa ppea red  ov e r  a 2 -day 

pe ri od . Phi l l i p s  an d J e nn i ng s  ( 1 976 ) noted s imil ar  p robl ems and 

re por t e d  a proce d u re i nv ul v ing t w o  su c ce s s iv e  anal yse s u s i n g  d i ffe re nt 

s ta ti ona ry pha se s , one of whi c n  se pa ra te s c i tri c  and i so- c i t ri c  a c i o s  

d i re c tl y  a s  s i l yl de ri va t i ve s .  

A s  c i t ri c  a c id  ha s b e e n  sh own t o  b i nd ni ckel in al l the  New 

Cal e d on i an hyp e ra c cumul a ti n g  pl an ts  and a t  l e a s t  two of the s trong 

a c c umul a t ors , i t  wa s though t pe rtinent  to  d e t e rm i ne the t otal 

c on ce n t ra ti on of ci t r i c a c i d  i n  the i r le ave s  vnd t o  co rre l ate  t hi s 

quan t i ty ,  if pos s i bl e , wi th the to tal n i ckel con centra ti on .  Ga s 

l i qu i d  chroma t og ra phi c s e pa ra ti on , a nd identi fi ca ti on b y  mass  

sp e c t rome try ,  of  the TMS - d e ri va t i ve s  of th e organ i c  a c i d s  occurr 1n9 
in  a number of n i c kel a c cumul a t ors and non-a c cumul a t o rs ha s al s o  b e en 

a chi eved . 

4 . 8 . 2 C i t ri c  a c i d - ni ckel  rel a t i onship in va ri ou s ni ckel 

a c cumul a t ing pla n t s  

( i ) . Analyt i cal me thod s 

Two gram s o f  free z e - d r i ed l e a f  ma te ri al we re h om oge ni zed wi t h  

50 ml o f  80?� e than ol fo r f i ve minu t e s  u si ng 1 mi nute b ur s t s  t o  

pre ve n t  any temp era tu re ri se  in th e s uperna tan t . The re s i due wa s 

fil tered and wa shed wi th s u c ce s si ve p o rti on s  of wa t e r  and 50?� e thanol . 

The re s i due from th e fi l t ra t i on wa s comb ined wi th 5g of c a ti on 

exchange re sin (Am be rl i te  I R- 1 2 0 ( H+ ) ) and th e re sidue , w i th re s in , 

were e x t ra c te d  wi th 5 0  ml d i st i l l ed wa ter  by s haking f or 2 hours . 

The su s pensi on wa s then fi l t e re d  throu gh paper a nd t he f il t ra te 

comb ined wi th t he e t hanol extra c t . Thi s m e thod ens u red th a t  o rgani c 

a c i d  sal t s  we re e x t ra c t ed . The vol ume of t he sol u ti on wa s re du ce d  

t o  ab ou t 20 m l  und e r  re d uced  pre s su re w i thou t excee d i ng 40 °C. 



1 2 1 
Fu rt her  cati on s remai n ing  in  t he supernatant  we re removed  by  

pa s sa g e  t hroug h  a 1 0  x 50  mm  ca t i on e xchange col umn ( Amb e rl i  te  

I R- 1 2 0  ( H+ )  ) .  The e lu tant  wa s a l l owed to d ri p  d i re c tl y  on t o  a 

1 0  x 1 00 mm c ol umn of Dowex 1 -XB ( F orma t e )  20-50 me sh ani on e xchange 

re si n .  The exc ha nge capa c i ti e s  o f  th e s e  col wnns we re wel l  in e xc e s s  

of the m a xi mum am oun t of org an i c  a c id s d e t e c ted i n  any of t he l e a f  

ma te ri al . Orga ni c a c id s  we re elu t ed from the Dowex c ol umn w i th 2 5  ml 

of 2Q'& form i c  a c id , fol l owed by 25 I I Il of 50:� form i c a c i d  a nd  fina l ly 

wa s hed wi th d i s t i l l e d  wa te r . The e l u a t e  wa s dri e d  und e r  redu ced 

pre s su re a t  40°C t o  remove fo rm ie a c i d an d the re s i due  red i s sol ve d  

i n  d i s ti l l e d  wa te r and  ma d e  u p  to 2 5rnl . Th i s  sol u t i on wa s u sed f o r  

t he d e t e rmina ti on o f  c i t ri c  a c i d  and  ga s l i quid c h roma t og ra phi c 

i d e nt i fi c a t i on of oth er o rgani c a ci d s . 

C i t ri c  a c id wa s d e te rm ine d i n  th e l eaf  e x t ra c t s  by the pen ta

b romoa ce t one  method ( Na  tel  son , Pin cu s ,  L ugovoy ,  1 948 ) . The  p roced u re 
u s ed wa s s i mi l ar t o  tha t g iven by Camp a nd Fa rme r ( 1 96 7 ) . One ml of 

the  organ i c  a c id e x t rac t or ci t ri c  a c i d s tand a rd wa s pipe t t ed i n t o  a 

g roun d gla s s  s t oppc re d  t e s t  tub e a n d  1 ml of a 1 1 s ol u t i on of 9M 

s ul furi c a c i d  a nd 1 CY,·6 m e te- phosphori c a c i d  added . Thi s solu ti on wa s 

pla c ed i n  an i c e b a th and 2 ml of 5�� p o t a s sium p e rmangana t e  - s od i um 

b romi d e  sl owl y i n t rod u ced wi th sha k i ng . Aft e r 1 0  m i nu te s t he mi xture 

wa s t i t ra t ed un t i l  col ourl e ss w i th 3�6 hyd rogen p e roxide . The penta

b romoa c e t on e  so f ormed wa s t hen ex t ra c ted  into  4 . 0 ml of  n-he xane by  

s haking on a vor t e x  m i xer  fo r 3 0  se cond s .  

One ml of th e organic  phase wa s t he n  t ransfe rre d t o  a gl ass  

s t oppe red tub e  a nd 4 . 0 ml  o f  b o rax-buffe red 4% ( w/w) t h i ou rea 

sol ut i on ( pH 9 . 2 )  i n t rodu ced . Aft e r  fur t he r  vorte x  m i xing  t he 

a b s orban ce of  t he re sul t i ng ye l l ow th i ourea c omple x  i n  t he aque ou s  

p ha se wa s read a t  455 nm a gai n s t  a b l ank of t hi ourea bu ffe r s olu t i on 

whi ch h ad b ee n  e x t r? c t ed w i th n-hexa ne . A ty pi cal  s ta nd a rd  curve i s  

shown i n  F i gu re 4 . 8 . 1 . The c ompl e x  i s  s tabl e a t  r oom tempe ra ture a nd 

t he col our wa s ma in t a i ned fo r a t  lea st 2  h ours . The same rea c t i on i s  
cau sed b y  a ce t oa c e t i c  acid  and i ta c on i c a cid ( S chramm , 1 973 ) but  si n c e  

b ot h  t he se a c i d s  oc cur , i n  the main , in  ve ry small amoun t s  i n  c ompa r

i s on to c i t r i c a c i d , the l a t t e r  can  b e  d e t e rm ined d i re c tl y  i n  the 
m i x ture of a c i d s i n  th e extra c t s .  

( i i ) Re sul t s  

Ta bl e 4 . 8 . 1  sh ows the t otal c i t ri c  a c id , ni c ke l  a nd t i t ra ta b l e  
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Tab l e  4. 8 .  1 • 

Total ti t ra table ( H+ ) , ni cke l  an d  c i tric a c i d  concentra ti ons in va ri ou s  

ni c kel a c cumul a ti ng plants ().1 mol e·s g- 1 d ry weight ) .  

Spe c i e s .  

Hypera c cumul a t ors . 

Hybanthus austrocaledon i cus 
If cal e d oni cus 

H omal i um guil l aini i 
I f  kanal ie nse 
I f  franc i i  

Sebe rtia a cumi na ta -leave s -
If If -l atex 

Psychot ri a  doua rrei 
Gei s soi s p ruinosa 

St rong a c c umul a t ors . 
H omal ium decurrens 

" austrocal edoni cu� 
tt deplanche i  ( I )  
" " ( I I I ) 
" l e - ra ti orum ( I I )  
" " ( I I I )  
" rub rocosta tum 

Oth e rs .  
Homalium polysta chyum 

" intermedium -------

Total ( H+} 1 (p m ol e a  g ) 

700 
750 
8 1 2 
78 1 

1 03 1  

1 98 2  

-
8 75 
359 

687 
1 068 

671  
750 
671  
468 
468 

922 
328  

Ci t ri c  1 ().1  m ol e s g- ) 

97 . 0  
56 . 8 
68 . 5  
77 . 2  
65 . 4  
5 7 . 6 
1 302 
50 . 7  
50 . 8  

2 9 . 1 
29 . 3  
26 . 7  
36 . 8 
3 7 . 3  
3 7 . 3  
3 1 . 3  

1 5 . 6  
6 . 2 

Ni ckel 
( -1  Jl mol e s  g ) 

254 . 2 
1 1 6 . 2  
1 63 . 2  

63 . 5  
1 22 . 8  
1 72 . 8  

2847 . 5  
228 . 7  
1 1 4 . 4 

8 . 6  
1 0 . 6  
3 . 5  

2 . 1 
2 . 3  

7 . 6  
1 9 . 6  

0 . 79 
1 . 2 7 

C i t ri c  
N i ckel · 

0 . 38 
0 . 48 
0 . 42 
1 • 21 
0 . 53 
0 . 30 
0 . 45 
0 . 22 i 
0 . 44 

3 . 4  
2 . 7  
7 . 6  

1 8 . 1 
1 6 . 4 

4 . 8  
1 . 59 

8 2 . 1 
4 . 8  

c on tinue'd • • •  



Spe c i e s  
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( H+ )  i n  the l eave s  of a numb er  of ni ckel a c c umul a ti ng pla n t s  f rom 

New Cal ed on i a .  The l a t te r  quan t i ty wa s d e te rm i n ed b y  0 . 05M s od i um 

hyd roxi d e  t i t ra t i on o f  t he organ i c  a c i d  e x t ra c t s  an d approx i ma tes 

the t o ta l  o rgani c  a c i d  c on ce n tra t i on .  L e ve l s  in Hyban thu s  fl ori 

b undus  ( Aus t ra l i a ) , Alys sum b e r t ol on ii ( I taly ) and Pea rs on i a  

m e tal l i fe ra ( Rhode s i a ) a re al s o  gi v en . A s  seen from t he table  t he 

hyp e ra c cumul a t ors ( > 1 000 pg/g d ry we i gh t ) conta in su o s ta nt i al ly 

hi ghe r l e vel s of c i tri c a c id than those spe c i e s  of le s ser  n i c kel  

a c cumul a t i ng a b il i ty .  The e x tremely hi gh l e vel i n  the l a te x of 
S .  a c um i na ta i s  n oteworthy . The m ol e  ra ti o of ci tri c a c id t o  n i ckel  

fo r the  hypera c cumul a t ors is  gene ral ly  le s s  than 1 ,  but  i n c rea ses  

ma rkedly  a s  th e a b il i ty of th e spe ci e s  to  a c cumula t e  n i c kel de c rease s .  

The rel a ti on ship between c i tri c  a c id a nd n i c kel i s  g ra ph i c a l l y  shown 

in Fi gure 4 . 8 . 2 . The g ra ph s how s n very si gni fi c ant  rel a ti on shi p  

( P -' 0 . 00 1  , r= 0 . 855 ) b e twe en th e two s e t s  o f  data . 

( i i i ) Di s cu s si on 

In summa ti on i t  i s  e v i dent fr orn Table  4 . 8 . 1 .  tha t t he ci t ri c  

a c i d  conce nt ra ti on i n  th e hy pera c cumul a tors  i s  a pproximat el y  twi ce  

t ha t of  the s t r ong a c c umula tors  whi ch a re i n  turn twi c e  as ri ch 

i n  c i t r i c  a c i d  a s  t hose spe c i e s  of only average n i c kel  c ont en t . 

I n  al l t he New C al e d on ia n  hype ra c c umul a t ors c i tri c a c i d  ha s been  

i mpl i c a ted i n  n i c kel che l a t i on .  El e c troph ore t i c  e vi d ence  al s o  e xi s t s  
whi c h  s t rongly p o i n t s  t o  thi s  a c i d  b e ing involved wi th n i ckel 

chel a ti on i n  th e s trong a c cumul at ors as well . 

I t  is  p e rt inen t  t o  n ot e  t hA t  the da ta f or � ·  be r t ol . oni i a n d  

P .  rne tall i fe ra d o  n o t  f i t  thi s rela t i on shi p .  Howeve r , n o  chemi c al 

a s s ocia ti on b e twe en ci t ri c  a c i d  a nd n i ckel ha s b ee n  found i n  the se  
two spe c i e s .  The c i tri c a c i d  l evel in  the  le ave s  of  these s pe c i e s 

( 1 3 . 0  )J. mol e s  g- 1 ) i s  c on s i d e rably  l owe r than e xp e c t ed , c on s i de ri ng 

the h i g h  n i c kel  conce n t ra t i on s  pre se n t .  f .  me tal l i fe ra , a g ra s s  from 

Rh od e s i a  ( Wil d ,  1 9 74 ) whi ch a c c um ul R te s  ov e r  1 . �6 n i ckel  in  t he d ry 

ma t e ri a l , con ta i n s  only 0 . 24� c i t ri c  a c i d , whereas  fi .  gui l l ai n i i  wi th 

a si m il a r  n i c kel conc e nt rat i on in  th e d ry l eaves con ta i n s  1 . 3% ci t ri c  

a c i d . 

Pe l osi , F i oren t i ni a nd Gal oQ p i n i  ( 1 975 ) ha ve prov i ded s ome 

e v i d e n c e  tha t i n  A·  b e rt ol on i i  mal i c  and mal on i c  a c i d s  may be  

a ss o c i ated  wi th n i c kel c om pl e xing . The re f ore , in vi ew of t he t re n d s  

shown i n  Fi gu re 4 . � . 2  a nd Ta bl e 4 . 8 . 1 i t  ma y wel l be t hn t  fo r those 
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hyp e ra c c umul a t ors of n i ckel whi c h  c on t a i n  onl y  sma l l  c on c en tra t i on s  

of c i t r i c  a c i d ,  other  n i c kel  ca rri e rs a re invol v ed . The se may n ot 

ne ce s s a ri l y  be  organi c a ci d s . 

I n  view  of th e se fi nd i ng s i t  wa s d e c ided t o  p repare TMS de ri va 

t i ve s  of the orga ni c acid  s ol u t i on s  and sepa ra te a nd i d en ti fy ,  b y  

g a s  l i qu i d  ch roma tography , the ma j or a c i d s  present . 

4 . 8 . 3  Ga s l iqui d  chroma t ography of organi c a c i d  e x t ra c t s  from 

va ri ou s  n i cke l  a c c umul a t ing spe ci e s  

( i ) M e t hod s 

Al i quots  con tai ning 250 - 500 p mol e s  a c i d  we re taken from t he 

organi c a c i d  e x t ra c t s ,  th e prepa ra t ion of whi ch ha s b e en ou tl i ne d  

pre v i ously  ( 4 . 8 . 2 ) ,  a nd redu ced t o  a b sol u t e  d ryne s s  und e r  red uced  
0 p re ssu re a t  45 C . I f  s ilyl a ti on wa s not to  b e  immed i a te , sampl e s  

we re s t ore d  ab ove anhyd rou s s i l i ca g e l . The sol id s we re d i ssol ve d  

i n  1 m l  o f  anhyd rou s  dime thyl sul phoxi d e , in  rub b e r-capped gl a ss phi a l s ,  

and 0 . 4  ml of  N- t rime thyl si lyl imidazol e  i n troduced . Thi s qua n t i ty of 

silyl a t ing rea gent  wa s we ll  in e x ce s s  of that requi red f or compl e t e  

s ilyl a ti on o f  the m o s t  con c e n t ra ted orga ni c a c i d  fra c t i on ( Tabl e  4 . 8 . 1 ) . 

S i l yl a t i on s  were c a talysed wi th 0 . 1 ml o f  t ri fl u oroa c e t i c  a c i d  an d 

rea c ti on mi xtu re s  al l owed t o  s ta nd f or 3 0  minu te s b e fore i n j e c t i on of 

sampl e s i n t o  the gas  chroma t og raph . 

S epa ra ti on s  we re ca rri e d  out wi th  a Pa cka rd 8 02 ch roma t ograph 

f i t ted wi th fl ame i on i za t i on de te c t i on ,  d igi tal temp e ra ture programm e , 

and a 200 cm x 2 . 5 mm gl a ss c ol umn pa cked wi th  3% 0V - 1 0 1 on chromos orb 

W , AW-D!.: CS , 1 00-200 me sh . Sampl e s  we re in je c te d  di re c tl y  on to  the 

c olumn he a d  wi th a n  i n j e c t i on p ort t empe ra ture of 250 °c .  The ga s fl ow 
- 1 - 1 ra te s we re : n i t r ogen 45 rnl m i n  , hyd rogen 30 ml min  and ai r 450 ml 

- 1 0 0 m i n  • The oven tempera ture wa s prog ra mmed f rom 90 C a t  a ra te  of 8 C 
. - 1  m ln  Sample s i z e s  we re 1 . 0 p l  unl es s s ta ted o the rwi se . Total t i me  

f o r  t he analysi s wa s a pproxi ma tely 20 m i nute s ,  a fter  whi ch the oven 

wa s c o ol e d  an d all owed to  equil i b ra t e  at 90° before the n e x t  i n j e c t i on .  

Ma s s  spe c t ra o f  t he elu te d  peaks  from a si mil ar c ol umn we re 

o b taine d for add i t i onal i d en t i fi ca ti on ,  whi ch con fi rmed t hose a l ready 

made  from c ompa ri sons of re tent i on tim e s  wi th authen t i c comp oun d s . 

The ma s s  s p e c t ral  s cans were  s ta rted nea r t he top of the  el u t i ng pea k  

whe re t he s ource pre Rsure wa s nea r i t s maximum val ue . The ma s s  

sp e c t ra ,  c ov e ring m/e val ue s  from 50 t o  500 , were c ompa r ed , whe rever  

pos sibl e ,  wi th th ose of a u t hen t i c  d e riva ti ve s .  The  base  peak wa s 
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gen e ral l y  tha t gi ven b y  t he t rime thyl s i l i c onium i on a t  m/e 73 . 

( i i ) Re sul t s  

The d egree  of se  pa ra t i  on by ga s eh rorna togra phy of the  s i l yl a  tes  

of vari ou s au thent i c  organi c a c id s  i s  i l l u s tra t ed i n  F i g u re 4 . 8 . 3 . 

No t race  of' o ther c ompounds c ould  he d e te c ted in t he m a s s  spe c t rum 

of e a ch whe n  the spe c tra were taken nea r the tops of the pe a k s . 

Re tu rn to b a s el i ne val ue s of the i on c u rre n t  gave a s suranc e  tha t 

the re wa s l i t tle memory of p a s t  pe aks , or a n t i cipa ti on of peaks  to  

c ome . The  ma s s  spec t ra of t he si lyl d e ri va t i ve s  of mal oni c ,  mal i c ,  

tart a ri c , a con i t i c  and  c i tri c a c i d s  we re i n  good a g re eme nt  wi th th os e 

rep orted by Mamer  � al . ,  ( 1 9 7 1 ) .  Polys i l  oxanes whi e h  resul t from 
c ol umn bl e ed , and by-p rod u c t s  of the s i l yl a t i on re a c t i on ,  e l u te mu c h  

l a te r  a t  te rminal programme temp era tu re s, and d o  not c ont ri bute  in  any 

dete c table  way to the spe c tra . The solvent pea ks a re dumped b e fore 

entry i n t o  the  mas s spe c trom e te r .  I n c ompl e te silyl a ti on wa s i nd i ca ted 

whe n the re wa s a l a rge di screpancy be tween t he amoun t o f  a c i d  in  the 

sampl e mea sured i n  t he t i tra ti on a nd the am oun t me a sured sub s equently 

by G . L . C . I t  was c on fi rme d by t he a d d i ti on of furthe r s il yl a ting 

agent . Thi s i mmed ia tely  silyl a ted any i n c omple tely rea c ted c i tri c  

a ci d ;  thi s be i ng the aci d  rnos t p ron e to  i n c om pl e te s i l yl a t  ion .  

F i gu re s  4 . 8 . 4 t o  4 . 8 . 7 show typi cal cl)roma tog ra phs  of mi xtu r ·e s 

of  si l yl deri va t i v e s  of t he organ i c  a c i d s  e x t rac ted f rom l ea f  ma t e ri al 

of va r i ous  _pla nt s pe c i e s .  C i t ri c  a c i d  wa s the ma j o r  a ci d  pre sen t in 

all t he hype ra c cumul a t or s  of ni ckel e xcep t for t he two spec i e s  found 

out si de New C a l e d on i a , Pe a rson i a  m e t al l i fera and Alys s um be rt ol l oni i .  

The re wa s good agreemen t b e tween the c i t ri c  a c i d  c oncentra t i on s  obta ined 

by  the  ga s  c hroma t ograph and those  a s se ssed  b y  t he p en tab rom o  ace t on e  

me thod . Ge neral l y ,  l arge quant i ti e s o f  mal i c  a c id we re f ound i n  t he 

hype ra c cumula t o rs wi t h  the except i on of Se b e r t i a  a cumina ta . Sma l l  

quan t i t i e s  o f  mal oni c a n d  a coni ti c a c i d  c ould b e  de t e c ted in  most  of 

the sample s analysed . Qu i n i c  ac id  wa s a l s o  prominen t  i n  al l the 

spe c i es . The ma s s  spe c t ra ind i ca ted  tha t  t h i s  a c i d  p r oduced two peaks 

on the gas  c hroma t og raph . The s i l yl deriva t iv e  of authe n t i c  D( - )  

quini c a c id  produced only a si n gle peak and i t  was a s s umed tha t i n  the  

leaf mat e rial two i some r s  a re p re sent . Two peaks for quin i c a c i d  we re 

al s o  n oted oy Ba rta e t  a l . ,  ( 1 971 ) u s ing b i s- t rime thyl s il yl a ce tam i d e  

a s  the si lyla t ing  agent . An unkn own a c i d  ( B ,  Fi gs . 4 . 8 . 4 t o  4 . 8 . 7 ) , 



1 2 9 
e l u ted a f t e r  c i t ri c  and qu1n 1 e  a c i d s ,  gave  a s i l yl de ri va t i ve wi th 

m ol e cul a r  i on a t  m/e 450 and wa s p rominent  in  a l l  t he ga s chroma t e

g raphs of th e e x t ra c t s . Sma ll qua n t i t i e s  of unknown A ( m ol e c ul a r  i on ,  

m/e 3 64 )  were a l so c ommon t o  al l sp e c i e s . C i t ri c  a c i d  wa s t he only 

a c id pre sent  in the l a te x  of S a c umina ta e xcept  for t ra c e s  of t hree 

or f our  m i n o r  a c i d s  ( Fi g . 4 . 8 . 8 ) . Appen di x IV l i s ts prom i n e n t  rn/e 

val ue s fo r some of the TMS e thers  of the kn own and unkn own a ci ds . 

( i i i )  Di scu s s i  on 

Al t hough the g a s  c hroma t og raphs of t h e  organi c a c i d  e x t ra c t s  

showed a la rge numb e r  o f  minor pea ks whi ch we re not  i d enti fi ed , the 

ma j or acid s were wel l  re s ol ved and general l y  coul d b e  e a s i l y  i de nt i f i e d  

on the b as i s  of  ret e n ti on ti mes  and c ompa ri s on of the i r  ma s s  spe c tra 

w i th those of a u then t i c  s i l yl d e ri va ti ve s . In leav e s  of the n i c kel 

a c c um ul a t ors , mal i c ,  c i t ri c ,  qui n i c  a nd unkn own B we re far in e x c e s s  

o f  o t he r  a c i d s . Ma l i c  and c i t r i c  a c i d s  w e re the ma j or a c i d s  o f  the 

TCA cy cl e p re se nt , a l th ough small  quan t i t i e s of mal on i c  a c id we re 

a l s o  d e te c t ed . Amon g  the Homa l i um spe c i e s the re d id n o t  a ppea r 

t o  b e  any l a rge d i ffe rence  b e tween the a ccumul ators a nd non-a c c umul a t

ors i n  the num be r  and type of organi c a c i d s  prese nt . Ge ne ral ly , 

h ow eve r ,  the hype ra c cumul a to rs had e l e va te d  l e vel s of m_a l i c  and , i n  

pa rti cula r,  c i t r i c  a c i d . 

The hyp era c cumul a t or from Rhode s i a , Pea rs onia  m e ta l l i fe ra ,  d i d  

not  c on ta in any app re c i abl e quan t i ty of c i t r i c  ac id ( Fi gu re 4 . 8 . 6 ) , 

t he ma j or a c i d s  b e i ng m a l on i c and mal i c  a ci d s . Mode ra t e  amoun t s  of 

quin i c  and an unkn own ( C ) we re de t e c t ed .  The la t te r a c i d  wa s shown 

by ma s s  spe c t rorne t ry to be identi cal to the l i gand a s s oc ia ted w i th the 

ni c ke l  from t h i s  pl ant , the pa rt i al e l uc i da t i on of whi c h  i s  ou tl ined 

in t he fol l ow in g  se c t i on .  

4 . 9  I SOLATION AND I DENTI FI CATI ON OF NI CKEL COMPLEX FROM 

PEARSONIA METALLI FERA 

Wil d  ( 1 965 ) has de s c r i b ed t he s e rpentine  endemi c , Pea rsoni a 

me tal l i fe ra ,  a g ra s s  from t he Gre a t  Dyke a rea o f  Rhode si a,whi ch 

accumul a tes  1 5 . 3�!; n i c kel in t he l ea ve s  on an a sh wei ght  b a s i s  ( Wil d ,  

1 974 ) . The fre ez e-dri ed  l ea f  ma t e ri al  used i n  this study c on ta ined  

1 . 06% on a d ry we i ght ba si s .  
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4. 9 . 1 . Ext ra c t i on a nd i s ol a t i on of n i ckel c ompl e x  

Approxima tely  1 0g of f re e z e - d r i e d  leaf  ma t e ri a l  con t a i n i n g  a 
' 

l i t tl e  ove r  1 00 mg of n i ck e l  wa s e x t ra c ted wit h wa t e r  a s  ou tl ined 

p revi ou sl y ( S e c t i on 4 . 5 ) . Al i qu ot s  of  the c ru de a que ous e xt ra c t s  

were sepa ra te d on Se pha d e x  a nd a n i ckel - c on ta i n i ng fra c t i on ob ta ine d 

a s  d e ta i le d f or th e New Cal e d onian hype ra ccumul a t ors . A pproxima tely  

80  mg of  a pal e g re en powde r  wa s i sola ted . 

4 . 9 . 2 High  v ol tage el e c t rophore s i s and I nfra - re d  Sp e c t rop hotom e t ry. 

The b e havi ou r  of ni ckel from a puri fi e d n i ckel extract  from P .  

me tal l i fe ra wa s e xamined by  high vol tage pap e r  el e c trophore si s  a t  

pH 6 . 5 . The c ond i ti ons  ha v e  b �en p re vi ousl y  de s c ri b ed ( S e c t i on 4 . 6 . 4 ) . 

The mob i l i ty of t he n i c kel i s  shown i n  Fi gure 4 . 9 . 1  and c ompa re d  w i t h  

the moveme n t of the N i  ( H2o ) 6
2+ i on .  The fi rst  notabl e f e a tu re t h a t  i s  

ob se rve d i s  the l a ck of any ani on i c  n i ckel . Thi s con t ra s ts wi t h  t he 

e l e c t rophore t i c pa t t erns ob ta ine d from the New Caledon i an hype r

a ccumul a t o rs and th e ni ckel  c i t ra te e xt ra c t s . Al l the n i ckel from 

the  P .  m e t a ll i fe ra extra c t  wa s seen t o  mov e  t owa rd s  t he a nod e wi t h  a 

l a rge amount of ta i l ing . The most  m ob i l e of th e n i ckel  moved t he 

.
d i stanc e  c ove red by  the Ni  ( H 2o ) 62+ i on ,  and p robably  rep re sent s t h i s  

spe c i e s .  The re s t  ·of t he n i c k e l  c ove red l es se r  di s ta nc e s from the 

ori gi n i nd i ca t i ng a c ompl e xe d  form wh i ch i s  posi ti vely  cha rged a t  pH 

6 . 5 . 
The i nfra - red spe c t rum of a nu j ol mul l of  a small  amount of the 

pal e g re en n i c ke l  ext ra c t  i s  sh own in  Figure 4 . 9 . 2 . An i n te nse b a nd 

cen t red a t  1 600 cm- 1  typi cal o f  a C OO- a symme t ri c s t re t ching mode i s  

a dominan t  fea tu re of t he s pe c t rum . The symme t rical  vi b ra ti on ,  whi c h  

appea rs a t  approxi rna tely  1 41 0  cm - 1  for  t he c o- ordina t e d  c a rb oxyl group s 

i n  n i c ke l  c i t ra te , i s  e x t remely weak and not  as  p rominent  a s  for ni c ke l  
ci t ra te . The p re sence  of wa t e r  a nd hyd roxyl group s can b e  c onside red 

- 1  re spon si b le f or t h e  a b sorp t i on peaks in  the 3000 - 3 500 cm regi on .  

H owever ,  owing  t o  p oor re sol u t i on of th e sp e c t rum ob ta ine d ,  l i t tl e  

fur the r s t ru c tu ral info rma t i on can b e  de r ive d .  The c ry s ta ll ini ty a nd 

quan t i ty of t he i s ol a ted ni c kel - c on t a i ning sol i d  wa s in suffi c i e n t  t o  

p rodu ce i nfra - re d  spe c tra w i t h  b e t te r  res ol u t i on .  
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4 . 9 . 3  Ga s l i quid ch rom a t ography - ma ss  sp e c tr ome t ry 

A trim e t hyl s i l yl d e ri va t i  ve of the organi c c omp one n t  f r om the 

n i cke l e xt ra c t  wa s prepa red by s i l yl a ting  a smal l q uan t i ty of the 

ni c ke l  prepa ra ti on i n  d im e t hyl sul foxide  wi th N-trime t h�s i l yl im i da z ol e  

and tri fl uoroa c e t i c  a c id a s  d e s c ri bed  in Se c ti on 4 . 6 . 5 .  The s i l yl 
a ti on m i x t ure wa s in j e c ted  i n  1 p l  al i qu o t s  on t o  the gas  chroma t o

g ra ph and the e l u ted peaks  p a s se d  t hrough m ol e cula r  sepa ra tors  i n t o  

t he ma s s  spe c t rome t e r .  The ins t rument al pa rame t e rs we re t he same a s  
t ho se  u s e d  for t he ga s c hroma t ography a nd mass spe c t ral i de n t i fi ca ti on 

of c i t ri c a c id . The g a s  c hr oma t og raph of t he s i l yl at e d  m i xtu re i s  

s hown i n  F i g ure 4 . 9 . 3 .  The ma j or pea k ,  e l u ted  a t  7 . 5  minut e s , had 

the same re ten ti on t i m e  a s  mesa- ta rta r i c  a c id . Howeve r ,  al th ough 

having  the same mol e cu l a r  i on ( m/e 43 8 )  the mass  sp e c t ra of me s a

ta rta ri c a c i d  and t he TMS de riva t i ve of the  extra c t  we re de c idel y 

di f fe ren t . The mass spe c t rum of the pea k  C in Figures  4 . 9 . 3  and 4 . 8 . 6 

i s  s hown i n  F i gu re 4 . 9 . 4 . No  mol ec ul a r  i on was seen , a s  i s  c ommon 

f o r  many TMS de riva t i ve s  of hyd roxy ca rb oxyl i c  a c id s .  Cha ra c t e ri s t i c  

fea tures  of the spe c t rum a re t he l os s  of f o rmal dehyd e from the M-1 5 

i on ( m/e 423 ) a nd t h e  a bunda nt i on s  a t  m/e 3 06 , m/e 205 and m/e 1 1 7 . 

The mas s spe c trum of the  minor pe a k  in P i gu re 4 . 9 . 3 , l ab el l ed D , al s o  

gav e  the  same rea rra ngemen t and fragmen ta ti on pa tte rn wi th only  m i n o r  

di f fe renc e s  i n  rel a t i ve i n t e n s i ty o f  some o f  t h e  pe a k s . Thi s pe a k  

probably rep re sen t s  an i s omeri c form o f  t he ma j or pe ak . 

A mol e c ul a·r i on o f  ma s s  438 for t he TMS de riva t ive c orre spond s t o  

a p a rent  c ompound wi t h  a n  empi ri ca l  f ormul a o f  c4H6o6 or c 5 H 1 0  o5 . 

Tar ta ri c  a c i d  i s  rep re se nta t ive of t he fi r s t  formula whi l s t  t he 

pen t o se s ,  pe ntul ose s and tri -hyd roxy C-5  mon oca rb oxyl i c  a c i ds rep re s ent  

t h e  l a t te r .  Api ose , a na tural l y  occu rri ng b ran ched chain  sugar  a l s o  

h a s  the formula  c5 H 1 0  o5 . A c cura t e  ma ss  mea su reme nt s of t he m/e 423 

i on gave a val ue of 423 . 1 864 ± 0 . 00 1 6 and l ed t o  a mas s  of 438 . 2099 

� 0 . 001 6 f o r  th e mol e cu l a r  i on .  Thi s  c ompa res wel l  wi t h  t he cal c ul a t e d  
ma s s  of 438 . 2 1 09 for c5 H 1 0  o5 wi th 4 TMS sub s t i tuen t group s ( c 1 7 H4 2  
o5 S i 4 ) .  The a l ternat ive formul a c4H6o6 , whi c h ,  wi t h  4 TMS groups 

( c 1 6 H38  o6 S i4 ) a l s o  p rod uc e s  a mol e cul a r  i on of  m/e 438 , may b e  rul e d  

ou t on t he b a si s of i t s  a c c u ra t e  mass  ( 438 . 1 745 ) . A c cu ra t e  ma s s  

me a su remen t o f  oth e r  f ragmen t s  inc luding t he M - CH3 - CH20 ( me a s :  

393 . 1 743 ; cal c :  393 . 1 768 )  and M - CH3 -c oo S i  M� o r  M - 0 = CH-CH2o 

SiMe3 ( me a s :  306 . 1 477 ; cal c :  306 . 1 )03 ) i on s  ei ve s fu rthe r supp ort for 
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The ma s s  s pe c tra of trime thyl s i l yl e thers of vari ou s  pen toses  

have been  rep or ted  by  Chi zhov £.1:. al . ,  ( 1 96 7 ) , Pete rss on a nd Samue l son 

( 1 968 ) a nd Pe t e rsson ( 1 970 a ) . The m os t  i n tense peaks in al l t he spe c t ra 

a re  t hose a t  m/e 204 and 2 1 7 c orre spon d i ng t o  the i on s  ( TIAS 0-CH=CH

OTMS ) + and TMS O-CH=CH-CH= OTMS re spe c t i ve l y . 1'he pe ak a t  m/e 1 91 i n  

th e m a s s  spec t ra o f  the TMS e th ers o f  al d open t os e s  al s o  ha s a h i gh 
intensi ty  ( Chi z hov � al . , 1 967 ; Pe te r s s on and Samuel s on , 1 968 ) . In  

the mas s spe c tnm of the  TMS d e riva t i ve from t he n i cke l - c on ta i n i n g  

extra c t  of P .  me tal l i fe ra n o  i on a pp ea rs a t  m/e 2 0 4  and th e i on s  a t  

rn/e 1 9 1 and 2 1 7 a re of l ow abundance ( Figure 4 . 9 . 4 ) . 

Any reasonab l e  i n t e rp re t ati on for the de comp osi t i on of the 

mol e cul a r  i on in the ma ss  spe c trum shown in F i gure 4 . 9 . 4  must e xpl a in 

the l os s  of CH20 f rom th e M - 1 5 i on ,  and the pre sence  of the abundant  

ions  a t  m/e 306 ,  234 ,  205  a nd 1 1 7 . The ve ry abundant i on s  a t  mje 73 

and 1 47 a re c ha ra c teris t i c  of T�S e the rs of carb ohyd ra te s and al i p ha t i c  

hyd r oxy a c i d s  i n  general an d repre sent  th e fragmen t s  ( cH3 ) 3 Si + and 
( CH3 ) 3 S i = o - S i ( CH3 ) 2 resp e c tively  ( Egl in t on e t  al . ,  1 968 ) . 

A metastable  peak ( m• = 364 . 5 t o  3 66 ; cal c :  3 65 . 2 )  demon s t ra t e s  

the forma t i on o f'  m/e 393 f rom the mje 423 mol e cula r  i on through t he 

l oss of formaldehyd e .  The re are two pos s i bl e  e xpl a na t i on s  for th e 

fonn Rt i on of t he od d-el e c tron ion a t  m/e 306 . One p o ssi b il i ty i s  i t s 

format i on from the  M-1 5  pea k  through the l os s  of -COO Si Me3 . The 

m ost p robabl e  e xpla na ti on , howeve r, i s  one d e ri ved from the work of 

Pe t e rsson ( 1 970 , 1 972 ) .  Thi s  invol v e s  a M cLaffe rty- type rea rrangeme n t  

s imila r  t o  tha t given  for the  forma t i on o f  the very abundan t m/e 292  

i on, p rominent
.
f or a c id s  wi th a 2 , 3 - d i hyd roxy a c i d  s tru c tu re . The m/e 

306 i on re sul t s  through t h e  l os s  of - RCHO a s  foll ow s :  

Me3 S i  0 

\. �� :._/' sye3 

1� /o;J 
CH3 / I --.:....._ CIH 

Me3S i  0 
R 

-HCHO ) 

Me3S� 
C 

� Si  Me3 

I \  
/c "-

Me3 S i  0 
CH3 

mje 3 06 
Wi th a m ol e cul a r  i on of ma s s  438 the a b ove rea rrangeme n t  woul d occu r 

w i th the l oss of 0=CH-CH20TMS . I t  i s ,  h oweve r n o t  pos s i bl e  t o  
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di s t ingu i sh by ma ss  be twe e n  the  l os s  of t hi s fra gment and th e l o s s  

of -C OOTMS from M - 1 5 .  F o r  pentul o s e s  m;e 3 06 i s  t he m o s t  i n te nse  

peak wi th  m;e 307 , m;e 234 and m;e 205 f oll owing i n  tha t ord e r  

( Pe te rs s on ,  1 972 ) .  Pet e r s s on ( 1 9 7 0 )  re port s t ha t  2 - d e oxypen t on i c 

a c i d s  a l s o  exhi b i t a rel a t i ve ly i n ten se pea k  a t  m;e 306 and tha t t hi s  

i on i s  p roba b l y  f ormed by a rea rrangeme n t  s im i l a r  t o  th at gi ven a b ove , 

but  invol v i ng a s even-memb e red ri n g  s ince t he n ormal l y  prefe rre d s i x
memb e re d  ri ng g iv e s  a s t ruc tu ra l l y  l es s  favourable  i on for the se a c i d s . 

The l ow i n ten si t i e s of t he M-1 1 7  - n x90 peaks and the compl e t e  ab sence 

of pe a ks a t  m;e 292 a re a l s o  cha ra c te ri s t i c . 

A n umb e r  of  TMS d e ri va ti ve s  wi th a ma s s  o f  438 exi s t  tha t  wou l d  

l ead  d i re c tly  t o  m/e 205 ( TMS OCH2-CHOTMS - ) . Such s tru c tu re s  woul d 

need to p o s se s s  a terminal HOCH 2-CHOH- se que n ce . Pe t e r s s on ( 1 9 70 ) 

ha s repor t ed t he ma s s  spe c t ra of 2- d e oxy-e ryth ro - pen t on i c an d 

3-de oxy- e ryth ro - p en t on i c a ci d s ,  b o th of whi ch c on ta in sub s ta n t i al 
m;e 2 05 peaks . H owever , only  a smal l peak a t  rn/e 1 1 7  i s  obse rved . 

I t  appe a rs tha t t he fragme nt  -C OOTMS i s  not  s uf fi c ie n tly  s table  to  

prod uce an  abun dant  i on a t  m/e 1 1 7  and  qui ckl y  l o se s  co2 t o  l ea ve the  

( CH3 ) 3 S i + fragm e n t  of mass  73 . A m o re s tabl e fragmen t of ma s s  1 1 7  

i s  CH3 - CH- OTMS a s  i n  l a c t i c  a c i d .  The ma s s  spe c t rum o f  thi s a c i d  

c on ta i ns a ve ry in tens e penk  a t  rn/e 1 1 7 . ( Pe te rs s on ,  1 970) . ;\ ve ry 

abundan t m/e 1 1 7  i on i s  a l s o  cha ra c t e ri s ti c of w - d e o.xyal d on i c a c i d s  

such a s  4 - d e oxye rythron i c  a ci d . P. c ompa ri s on wi th t h e  f ragme n ta t i on 

of t he ot he r  type s of a ci d s l ea d s  to the con cl us i on tha t  the m/e 1 1 7  

i on s  a re fo rmed  almost  e xcl u s i vely from the hyd roxyl - su b s t i tu ted 

port i on of  the  m ol e cul e .  
The d i hyd roxy - ( hyd roxy methyl ) butanoi c a ci d s  offe r TMS -

de ri va t i ve s  tha t m i gh t  el i mina te  HGHO - from the mol e cu l ar i on o r  t he 

M-1 5  i on .  Pe t e rs s on ( 1 970 ) re ported  t he ma s s  spe c trum of one of the s i x  

p os s i bl e i some rs : 3 - de oxy - 2 - C - ( hyd roxyme thyl ) t e t ron i c a ci d ,  

and t he appea ra nc e  of pe aks  c orre s pon d i ng to M-30 and M- 1 5-30 wa s 
obse rve d . 

4 . 9 . 4  Di s cus si on 

F rom the ma s s  spe c t rum of t he TMS d e r i va t i ve of t he n i c kel

c ont a i n i ng extra c t  of £: .  m et a ll i fe ra , and  c onsul ta ti on of  the  l i te ra ture 

on thi s  s ub je c t ,  c e rta in  pe a k s  may b e  e xpla ined i n  p ar t � b u t  ove rall , 

on t he b a s i s of t he informa t i on ob ta ined  to d a te , i t  i s  d i ffi cul t t o  
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a ss i gn a d e f i n i te  s truc t ure . The fa c t  th a t  a g . l . c . pe�k wi t h  . 

t he same ma s s  sp e c t rum a s  F i gure 4 . 9 . 4 o c cu rs in the  gas chroma t ograph 

of t he to t a l  organ i c aci ds  e x t r a c t  of P. me tall i fe ra indi ca t e s  tha t  

t he unkn own p a rent c ompound i s  a n  aci d i c  c ompound ra t he r  tha n  one of  

neut ral c ha rg e ,a s  t h e  s e pa ra t i on p rocedure i nvolved ca t i on a nd ani on 

exchange . Fu rthe r el u c i da ti on of th e ni c kel -b ind ing agen t in  P .  

m e ta l l i fera mus t  awa i t fur the r i nve s t i g a t i on on l arge r  quan t i t i e s  of 

extra c t ,  w he n  th i s  can  b e  ob t a i ne d . Poss ib l e  me t hod s m i gh t invol ve , 

fragmenta t i on of t he l i gand through p e ri oda t e  oxi d a t i on and i de n t i f i 

ca ti on o f  the subsequent a c i d s  p r•oduce d t h rough m a s s  spec t rome t ry of 

the i r  TMS d e r i va t i ve s ,  and th e us e of proton N . M . R . in d i s t ingu i shing  

d i ffe rent  envi ronment s of  the hyd rogen a t om .  The cul tu re of t h i s 

Rhode s i an spe c i e s may b e  requi red if  ade q ua t e  am ount s  of ma te r i al a re 

to  be obta i n e d  for sub se quent work . 



.5 .  

General Discuss ion 

The f in d i ng s  of th i s  the s i s have been outl i ned i n  th ree c hapte r s .  

The r e sul t s  of e a c h  cha p t e r  have al rea dy b e e n  d i scus sed and  some 

con c l us i on s  d rawn as to t he n a tu re of n i c ke l  a c cumul a ti on .  The p re sent  

d i s c u s s i on wi l l  therefore se rve t o  col l a t e and summa ri z e  the i nd i vi dual 

c oncl u s i on s  th at  have b een mad e , and to  offer some e xpl ana ti on s  and 

hypo the se s rega rd i ng the u p take of abn ormal qua n ti t i e s of n i ckel . 

The gene ra l  a im wa s t o  i nve s t i ga te va ri ou s a spe c t s  of  n i c kel 

a ccumu l a ti on by New Cal edon i an serpe n t i ne fl ora . Thi s wa s approa ched  

u sing b ot h  b i oge ochemi cal ( Chap ters  2 a nd 3 )  a nd phy t o che mical  

( Chap t e r 4 )  te chn i que s . 

Nearly 2000 he rba ri um spe c i m en s  and 232 spe c i e s  of the gene ra 

Homal i um and Hyb an t hu s  we re anal y se d  f or n i ckel  i n  ord e r to  id ent i fy 

pl an t  a c cumul a t ors of t h i s  e l e ment whi c h  were i n d i ca t i v e  of n i c ke l 

i fe rous ( usua l l y  ul t raba s i c )  roc k s . The survey resul ted  i n  the re

iden t i f i c a t i on of al l fi ve previ ous ly known hyp e rac cumul a t or spe c i e s  

( >  1 000 pg/g on a d ry we i ght b a si s ) , an d i n  t he d i s c ove ry o f  fi ve 

add i ti ona l  New C a l e d onian hype ra c cumul D t ors from the se two gene ra . 

Fou rt ee n  previ ou sl y unknown s t rong a c cumul a t or s  ( 1 00- 1 000 pg/g ) of 

n i ckel were al so d i s cove red . M os t  of  the se we re found growing ove r 

ul trab a s i c  roc ks . The s u rvey wa s able to p inpoi n t  many of the worl d ' s 

ul traba s i c  a rea s i n  temp era te a nd tropi cal regi on s . The p ri n ci ple of  

the m e t h od coul d b e  appl i c a bl e to ot he r  gen era a nd othe r eleme n ts a nd 

may b e  u sed i n  m i n e ral expl ora ti on to d el inea te a rea s of  pos sibl e  

m ine ral i za t i on . 
El eme ntal  c onc e n tra ti on s we re s tud ied  i n  th ree New C al ed on i a n  

hype ra c curnul a tors of ni c ke l  a nd i n  the s oi l s supp or t i ng these pla nt s . 

The depl e t i on of a l ready l ow p o ta ss i um , phosphorus and  cal ci um l evel s 

i n  t he s oi l  by ex c e s s i ve l a t e r i za t i on was not ed . Howeve r the a b i l i ty 

of  Hyb a n thus  a ust rocaled on i c u s , H omal i um gui l l a i n i i  and H omal i urn 

kana l i e nse  to  ob ta i n  adequa te am oun t s  of  th ese el  erne nt s was n ot a bl e . 

Bot h n i c kel and c o ba l t  a re ava i l abl e t o  the t hre e inve s t i ga ted  pla n t s  i n  
sub stan t ia l  quan ti t i e s . Onl y  ni ck el , h oweve r , i s  a c t i vely a b s orb e d  a n d  
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a c c umulat e d , wi th  cobal t upta ke b e ine re s t ri c ted t o  sl i ghtly  ab ove 

normal l e ve l s .  C h rom i um up ta ke i s  a l s o  m i n i mal , a l t hough thi s may b e  

due l argely t o  t h e  dep re s se d  a va i l a b i l i ty i n  the s o i l . I t  the re f ore 

a pp ea rs t ha t  a c cu mul a ti on i s  spe c i fi c  fo r n i c kel onl y  and i s  re s t ri c t ed  

t o  a smal l g roup of unu sual pl ant  spe c i e s .  Howeve r w i t h  fur the r 

sampl i ng of he rba r i um s pe cime ns , thi s l i s t i s  growi ng ( B rooks , 1 977 ) . 
The rna j or i  ty of the New  Cal edon i an fl ora g rowing  ov e r  n i ckel i ferou s  

ro c ks i s  a b le t o  t ol e ra te h i g h  l evel s i n  t he soil t h roug h some 

excl us i on p roc e s s . 

Beca u s e  of t he p a u c i ty of rel a t i on s hi ps be twe en n i ckel a nd other  

el em en ts , i t  wa s sugg e s t e d  t ha t  th e hi gh  n i c kel l evel s in  the  a c cumul 

a to r  pla nt s may  b e  con t rol l e d  by o rgan i c  c ons ti tuen t s . 

Phy t o c he mi c a l s tud i e s  of n i c ke l  i n  a num b e r  of New Cal ed onian  

fl ccuuml a t o rs re sul t ed in  th e i s ol a ti on FJ nd i d en t i fi c A ti on of  an  ani oni c 

c i t ra t o- c ompl e x  of n i c kel . The c ompl e x  wn s i d en ti fi e d  usi ng a comb i n

a t i on of gel  ch roma t og raphy ,  sp e c t rophot ome t ry , el e c t rophore si s , ga s 

l i qu i d  chroma t ogra phy a nd ma s s  spe c t rome t ry . Anal y s i s for t otal 

c on c en t ra t i on s  of c i t r i c a c id an d ni c kel  in New Cal e d on i an se rpenti ne  

pl ant s re sul t e d i n  a h i ghly s i gn i fi ca n t  c orrel a t i on b e tween the  two . 

Wi th i n c rea s in g  n i c k el c onc en t ra ti on s  i n  the  l eave s ,  a c orre spond i n g  

i nc rea se i n  c i t r i c  a c i d  c on te nt wa s obse rve d . I n  th os e spe c i e s  whi c h  

ta ke up ni c kel  i on s  in consi de ra b l e  a m oun t s , n i c kel  t rFJnsl oc a ti on 

appea rs to :Je m e t a b ol i c  d e pende n t  on s ome o rgan i c c on s t i tuen t . The 

bulk  of the n i c kel i n  t he e xuda te ( l a te x ) of S .  acumina ta a nd in the 

l e ave s of  o the r spe ci e s  wa s c ornpl e xed w i th  c i t ra te t ha t  wa s c e r ta i nly 

of me t a b ol i c  ori g i n . 

One p o s si b l e c on se quence of e x c e s s ive  n i c ke l  l ev el s i n  pl a nt t i s sue  

u s  fou n d  in  the  New C al e d on i an a c c umula t or pl a nt s , i s  the  i n hi b i t i on b y  

n i ckel of the fun c ti on o f  ce rtai n  e n zyme s i n  th e ci t ri c a c i d  cycl e ,  such  

a s , a c on i tase  a n d  i soc i t ri c  d ehyd rogena se . A 1 ov1e ring of  the  enzyrna t i c 

a c t i vi ty may re sul t i n  a subsequen t b u i l d  up of  c i t r i c  a c id . Kra t o

chvil e t  aL ( 1 96 7 )  a n d  O ' L ea ry and L i rnburg ( 1 9 77 )  ha v e  s tu d i ed the 

inhi b i t ory e f fe c t  of n i ckel on i s oc i t ri c  dehyd rogena se , a N . A . D . P . 

d e pendent  enzyme re qui r i ng a me t a l  i cn for a c ti vi ty an d re spon si bl e  for 

the oxi d a t i on of i soc i t ri c a c i d  to �- ke t ogl u ta ra te w i th t he rel ease  of 

c a rb on d i oxi d e . The ca tal y t i c  a c t i vi ty o f  the enzyme wa s ten-fol d  

l ow e r  i n  the p re sence  of n i ckel i on s  thfl n o f  ma gn e s i um i on s  ( O ' L e a ry and 

L irn bu rg , 1 9 7 7 ) . The n i ck el i on a ppea re d  to  fun c t i on l e s s  effi c ien tl y  

t ha n  ma gne s i um i n  e i t he r  the oxi da t i on s tep  o r  the d e ca rb oxyl a t i on 
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s tep . O ' L e a ry an d L imburg n ot ed th r 1 t  D chang e  of t h e  m e t al i n  s ome 

way affec t s  ra t e s  of substra te a nd p rodu c t  b i ndi ng d i s soci a t i on .  

The p r odu ct i on of c cmpl e x i ng agen t s  for the  d e v el opme n t  of 

t ol e ra n c e  ha s b e en d ocumen ted fo r s e v e ra l  el emen t s  ( c oppe r : Rei l l y  e t  

al . ,  1 970 ; al um i n ium : J one s , 1 961 ; z i n c : .Ml thy s ,  1 977 : c h romi um : 

Lyon � � . ,  1 969 ) . C i t ri c  a nd mal i c  a c id s have b een i mpl i ca t ed i n  the 

m ob il i ty of c al c i um i n  xyl e m  ( B ra d fi e l d ,  1 976 ) . Ti ffi n ( 1 970 ) 

d e s c ri be s  the  t ra nsl oc a ti on of i ron c i t ra t e  i n  xyl em ex uda te of s uyb ea n. 

I n  t he se i nv e s t i ga t i on s  the fo nna ti on of the analysed c ompl e xe s  a s  

a rt e fa c t s  of t he e x t ra c t ion p rocedure c an n o t  b e  e xcl ude d . Ma thys ( 1 977)  

not e d  tha t tol erance  ba sed  on t h e  a c t i on of c ompl e xing a g en t s  ha s to  be  

d oc ument ed by qual i ta ti ve or l arge  qua n t i t a t ive di ffe ren c e s  b etwe e n  

re s i stan t a n d n on - re s i s tan t e c o types o f  the same sp e c i e s . I n  t hi s 

s tudy t he n i c ke l - c i t ra te compl ex  wa s cl ea rly  evi d e nt i n  the l a te x  of 
S .  a cumina ta , and w i th t he ex cel l ent c or re l at i on b e twe en n i c kel a nd 

c i t ra te i n  t h e  l e a ve s  of th i s  and  o the r ac cumul a t i n g  and n on-a cc umul a t 

i ng spe c i e s , t he re i s  rea s on t o  suppos e th A t  c ompl e x i ng i s  a part  of 

the norma l  me tab ol i c  fun c t i on .  A su ge;t> s t i on for fu tu re w ork mi gh t  b e  

t h e  anal ysi s of n i ck e l u nd c i.  t ra t e i n  d i ffere n t  popul a ti on s of Hyb a n t hu s  

cal e d oni cus  whi ch is  a hyp e ra cc urnul a t o r  o f  n i c ke l  on  ul  t raba s i c sub

s t ra te s, b u t  i s  al so found g rowi ng i n  more norru H l  a rea s .  

Spe c t ral  s t udie s of solu t i on s  wi th v n ri ou s c i t ra te to n i c kel m ol e  

ra t i os ind i c �1 ted  the forma t i on of a 2 : 1 a n i on i c  spe ci e s  ( Ni ( Hc ) 2 ) 2-
i n  s ol u ti on s i n  whi ch c i tra t e to n i ckel a pp roa c he d  and e xceeded  a 2 : 1 

m ol e  ra t i o . In  v i v o , h oweve r ,  i t  i s  l i k ely tha t , i n  the hype ra ccumul 

a t or s  a t  l ea s t , whe re the ci t ri c  a ci d/n i c ke l  ra ti o i s  gene ral ly  l e s s  

than o r  equa l  t o  on e , an d mol n r  c once n t rnt i on s a re l ow ,  the 1 : 1 

s pe c i e s  e xi s t s . Me re chang e s  i n  c onc e nt ra t i on may i nduc e la rge sh i ft s  

i n  e qui l i b ri a , an d the  a c t i on s  of c a ti on a nd a n i on e x c hang e  re s i n s  

ce rta inly  c au se sh i f t s  i n  e qu i l i b ri a . F o r  the se rea s on s  the va ri ous  

n i ckel  c om pl exes  ob t a i ned by  Ti ffin  ( 1 97 1 ) , Tiffin  and Thomp s on ( 1 974 ) 

a nd Thomp son and T i ff i n  ( 1 974 ) by el e c trophore s i s  a nd an i on e x c hange 

may in fa c t  re pre se nt  d i ffe re n t  n i ck e l  c i t ra te sp e c i e s  of the k ind 

d i scu ssed  i n  Se c t i on 4 . 7 . 

Be cause  o f  t he g e ne ra l  che l a t i ng a b i l i ty of c i t ri c  a c id ( more 

s table  che la te s  w i th c oppe r a nd i r on occur ) and i t s  wid e sp read 

oc cu rre nc e  in mos t vege ta t ion ,  i t  seem s unl i kel y tha t n i c kel  i s  a b s o rb e d  

a t  t h e ro ot s a s  a c i t rR t e  c ompl e x , a l thoug h i t  f orms s uc h  a c ompl ex  

onc e  i n s i de the pl an t c el l . A more  r. p ec i fi c  mechan i sm lll USt  be  i n v oked 
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{ o  a c c ount for the sel e c t i vi ty of the n i c ke l  ab sorp t i on by t he New 

Cal edonian  hype ra c c umul a t i ng plant s .  A t  thi s  stage i t  must  be p oin t ed 

ou t tha t a h i gh c i t ri c  a c i d  conc en t ra t i on in  pl ants do e s  n ot n e c e s s

a ri l y  imply n i c kel tol e rance n or doe s i t  ne ce ssari l y  c au se a c cumul a 

t i on of thi s e l em e nt . Vansel ow ( 1 951 ) n ot ed th at varying am oun t s of 

n i c kel added t o  the s o i l  i n  an a va i l able  form were e x t reme ly toxi c to 

c i t ru s  pl ants . 

A l ikely hyp o the si s b ased  on th e e xp e rimental  work i n  t hi s  

th e s i s , the c a r ri e r c on ce p t  and t he work of M a thys ( 1 9 7 7 )  i s  

s c h ema ti cal l y  g iv en i n  F i gure 5 . 1 .  T o  all ev ia t e  the t o xi c i ty o f  

i oni c n i ckel , c hel a ti on take s pl a ce i mmed i a t ely  aft e r  e nt ry i n t o  the 

cyt opl a sm .  In t he hype rac cumul n tors  from New Caledon i a  spe c i fi c i  ty of 

n i c ke l  ab sorp t i on i s  envi saged to  a r i se through the p o s s e s s i on by these  

pla nt s  of a hi ghl y  s el e c ti ve memb rane ( pl a smal emma ) , p os si b l y  c o n ta in

ing  a sp eci fi c n i ckel c hel a ti n£ a gen t . C e r ta i n  ox ime s , f or in s tan c e , 

may ful fi l  thi s rol e . T h i s tran sp or t  l e a d s  to an a c c umul a t i on of 

n i c kel , fi rstl y  i n  the cy t opl asm i t se l f .  I n  the pl a sma , howe ve r , the 

n i ckel c on ce n t ra t i on i s  ke p t  rel a t i vel y l ow through t he op e ra t i on of 

a sec ond tra nspor t sy s t e m  wh i ch removes  i on i c ni ckel i n t o  t he va cuol e  

v i a  the ton opl a s t .  On c e  i n  th e va c u ole  a t e rminal a c ce p t or whi ch i n  
) 

th i s  s tudy ha s b e e n  i d e n t i fied  a s  c i t ri c  a c i d , f orm s a more s tab l e  

c ompl ex  w i th th � ni c kel . The ca rri e r  i s  then able t o  m ove b a ck through 

the t on opl a s t  to  be  invol ved wi th fur the r t ra nsp ort . M a thy s  ( 1 97 7 )  

ha s propos ed a nd g iv en e v i dence  f or mRl a te a s  b e ing suc h a t ran sp or t  

vehi c l e  for z i nc , i n  z i n c t ol e ra n t  pl ants . Mal a te i s  mai nly l oc a ted 

i n  t he pla sma ( T orr i an d L a t i e s ,  1 966 ) . The New Cal e d on i an hyp er-

a c  c um ul a tors c onta ined a h i gh con c e n  t ra ti on of mal i c a c i d  a nd a s i rn il  ar  

tra nsport a s  e nv i saged by  Ma thy s  may b e  invol ved . A s  n i ckel-mal a t e  i s  

l e s s  s t ab l e  than a n i c kel  c i t ra te c ompl e x  ( l og K�iHM = 3 . 1 7 ; l og K�iHc 
= 5 . 40 )  transfe r of ni c k e l  to the c i t ra te i n  the va cu ol e i s  fa c i l i ta ted . 

The compl exi ng agen t i n  the va c u ol e  need only hav e  one requ i remen t ;  

i t  mu st  have a grea ter  a ff i n i ty f or n i ckel than the t ran spor t i ng a gent . 

In Pe a rson i a  m e t a l l i fe ra anothe r c omple xi ng agent i s  i nv ol ved . 
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Medium 

R 

R 

F i gure 5 . 1 

T 

Cy t opl a sm Va cuol e  

m a la t e  
Mala te 

.. - - - - ... 

Ni -mal a te .... - - - .. , .. 

Ni C i t ra te 

S che ma t i c  repre senta ti on of the  p roce s s  

o f  ni ck el a b s orpti on .  

P = pla smal emma , T = t onopl ast  

R = amphot e ri c c a rrie r.  

Such a mecha ni sm a s  t h is may ope ra t e  i n  a numbe r  of  spe c ie s  \n t h 

t he d e g re e  of a c cumul a t i on depe ndent on th e p e rmeabi l i ty of  t he root 

memb rane t owa rd s n i ck el . The a b sence of n ega tive c orrel a t i on b e tween 

n i ckel  a nd oth er e l e m e n t s  in th e l eave s  of the New C a l e d on i a n  hype r

a c cumul a t ors i s  indi ca t ive  of the spe c i f i c  na ture of th e pl a smalemma 

in i ts a b s orp t i on of ni c ke l . 

Fu t ure wo rk shou l d  exa m i n e  the ra te  of up take of ni ckel suppl i ed 

i n  b o th i on i c  and c h el a ted fo rm s  u si ng rad i oa c t ive te c hn i qu e s .  

Det a i l ed s tud i e s  o f  t he ro ot  e xud a t e s  o f  b ot h  a ccumul a tor and n on

a c c umul a t or spe c i e s  g row ing on ul trab a s i c  sub s ta t e s  c oul d be  c a rri ed 

ou t .  Much of the fu t u re work may n e ce s s i ta te  the e s tabl i shme nt of 

l a b ora t ory-grown hype ra c cumula ti n g  s pe c i e s  und er  c on t rol l e d  con d i t i on s .  
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The le a f  ma teri a l  u sed for phy t ochemi c al s tudie s i n  thi s t he s i s  

con t a i ned more than 2 , 000 flg/g n i ckel on a d ry we ig h t  whi ch enabl ed 

extra c t i on an d puri fi ca ti on of m i l l i g ram qua n ti t ie s of compl exed 

n i ckel .  �o  i d e n t i fy me t al compl e xe s  in  pl a n t  s pe c ie s  whe re 

ccnc en t ra t i on s  a re app re c i ably l owe r tha n  th i s , a n  e x te ns i on of t he 

t e cP� i ques  u se d  he re to  i n c orpora t e  prep a ra t i ve thin-l aye r  chroma t o

graphy and con t inuou s  el e c t rophore s i s would b e  require d . Hence small  

sampl e s coul d be ch roma t ographed and i s ola t ed sub s e quent  t o  ga s-l i q ui d  

chroma t ogra phy and ma s s  sp e c t rorne try of vol a t il e  d e ri v a t i ve s . 
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Appendi}C I I . Da ta f or ni c kel a nd c obal t in  Homal i um pl an t s con tai ning m ore t han 

1 5  pg/g n i ckel ( Dry wei ght ) .  

Ni  ( < 1 5pg )  C o  Anomal ou s value s .  
Spe ci e s  N o .  Mean Range Mean Range . Ni Ni/C o L oca t i on 

a b d e s sammad i  1 3  3 .  1 0 . 7-6 . 7 1 0  0 . 2-44 1 9  1 • 6 Sudan 

africanum 1 8  4 . 3 0 . 2- 1 3 1 2  1 . 8-46 1 6  - Came roon s  

2 1  1 • 2 " 

angu s ti fol i um 5 9 . 2 6 . 6- 1 2 2 1  3 . 7  S i e  rre Leon e  

3 7  1 • 0 " " 

1 55 1 • 6 " 1 1  

a u s t rocale d oni cum 6 anoma� v alue s onl y  43 2 1 0  New Cal e d on i a  

5 6 1  8 . 9  1 1  " 

1 049 1 24 11 " 

1 075 7 . 9 " " 

1 680  " " 

1 805 1 1  " 

bu c hhol z i i  6 5 . 6  2 . 9- 1 1 1 2  2 . 9-3 8  1 6  0 . 3  Came roon s . 

c i rcumpi nna tum 3 4 . 3 3 . 6-5 . 0  1 . 4 - 25 0 . 9 Queensl a nd 

d e currens 5 an omalous val u e s  onl y  42 1 • 8 New Cal edon i a  

42 6 . 7 " " 

71  1 2  " " 

8 7  " " 

1 76 6 . 8 1 1  " 

d entaturn 1 8  3 . 9  0 . 8- 1 1 7 . 4  1 • 0-31 44 - R h od e s i a  t -
c on tinued • . •  � 

(,..N 
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Ni ( < 1 5).lg )  C o  An omal ous val ue s .  
Spe c i e s  No . M ean Range Mean Range Ni Ni/C o L oca ti on 

deplan che i 1 0  1 1  - 1 0  - 28 - New Cal e d on i a  

8 8  1 0  1 1  1 1  

1 40 1 5 1 1  " 

1 70 1 1  1 1  " 

408 1 1  1 1  

538 4 8  1 1  " 

764 " 1 1  

1 226 40 " 1 1  

1 850 " " 

e a l ae n s e  2 1 4 - - - 1 8  1 .  5 Zai re 
foe t i  dum 1 9  4 . 3  0 . 7- 1 3  4 . 3  0 . 7- 1 1 20 3 . 8  New Gu inea 
franc i i 7 an omal ou s val ue s  only  1 502 1 00 New Cal ed on i a  

43 1 6  1 1  1 1  

4469 " 1 1  

4900 1 1  " 

1 0420 1 1  1 1  

1 1 1 72 5 . 7 11 " 

1 4500 3 8 1  11 " 

gi t ingense 1 1 44 1 44 Phi l i pp i ne s 
guill aini i 2 2260 25 1  New Cal edon i a  I -

6926 1__6_1 ____ 
" 11 _..., 

c on tinued  . . .  ,.1:::. 
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Ni { < 1 5JJSL Anomal ou s  value s .  

Spe ci e s  No .  Mean Range M ean Range Ni Ni/C o  Loca t i on 

i n t e rme d i um 2 0 . 5  - 2 . 3  - 1 7  3 .  1 New Cale d on i a 

juxtap osi turn 1 anomal ous val ue only 32 2 . 0  " " 

kanal i ens e  6 anomal ous val ue only 845 3 7  " " 

3760 1 1  " 

43 8 0  1 5 1 " " 

7079 90 1 1  " 

7854 3 1 4  " " 

9420 " " 

1 e-ra t i  orum 6 anomal ous val u e  only 23 1 . 2 " " 

26 0 . 5  " " 

40 3 . 2  " " 

1 49 40 " " 

1 53 1 4 " " 

643 1 7  " " 

1 ongi fol i um 4 5 . 0  0 . 7- 1 1 9 . 5 2- 1 7• 6 1  - Mal aya 

1 ongi s tyl urn 1 0  5 . 0 o .  8-99 8 . 9  1 .  6-22 1 8  0 . 1  Zai re 

ma t hi euanum 2 anomal ou s  val u e  only 22  1 . 5 New Gal edon i a  

1 694 33 " " 

mol l i ss imurn 5 4 . 3 1 .  6-77  1 7  3 . 0-3 1 1 9  2 . 1 H ainan 

mul t i fl orum 3 2 .  1 1 . 6-2 . 5  0 . 6  0 . 3- 1 . 0  41 6 . 0 Phi l i pp i n e s  I -
-...J 

con t in ue d  • • •  
(,J'1 



App end i x  I I . c on t i nued • . . • 

Ni ( <  1 5pg)  

Spe c i e s  No . M e an Range Mean 

nepal e n s e  4 2 . 3  1 . 2-3 . 3  8 . 3 

panayanum 1 0  4 . 4  1 . 2- 8 . 3  4 . 8 

pl e iand rum 3 1 . 0 - 1 . 0 

rac emosum 59 3 . 4  0 . 3- 1 4 3 . 2  

ri vul a re 2 4 . 4  - 33 

rub i gin osum 1 anomal ous value onl y  

rub roc os t a t um 2 a noma l ou s  val ue  onl y  

s ama rense  4 2 . 5 0 . 7-43 5 . 6 

s e rra tum 6 1 0  1 0- 1 1 1 . 1 

t ra va nc ori cum 2 7 . 5  - 30  

vil l a ri anum 4 4 . 4  30-5 . 4  8 

virid i fl orum 1 an omal ous value only 

vi tien se 9 2 . 6  0 . 5-5 . 4  . 75 

Range 

-
1 . 2- 1 2 

0 . 1 - 1 1  

-

2 . 5-8 . 6  

1 0- 1 2 

-

4- 1 0 

0 . 5- 1 . 0  

Anomal ou s  val u e s . 

Ni Ni/C o L oca ti on 

20 1 6  Ind ia  

39 1 . 7 B orn e o  

1 1 2  2 2  Pue rt o  Ri c o  

3 43 70 ! I  " 

1 9  2 . 3  " " 

23 1 8  ! I  " 

5 2  2 . 0 New Cal e d on i a  

3 97 1 00 !I  11  

476 77 " " 

1 1 57 2 1 4 " " 

23 23 Phi l ippi n e s  

1 9  38 New C al edon i a  

3 5  " " 

88  4. 0 " " 

1 1 6 1 2  1 1  " 

49 2 . 0  I nd i a  

1 7  2 .  1 Phil i pp i n e s  

1 7  . 8 C ongo 

1 7  0 . 5 F i j i  

20 0 . 8 " I -

33 1 0 
" � 

c ontinued • . .  
� 

-



Append i x  I Il .  Dat a  for n i c kel and c obal t i n  Hyb an t hu s  plant s c on ta ining more than 1 5  pg/g 
n i ckel ( Dry we i g h t ) . 

Spe c i e s  

a u s t r ocal e d on i cus 

b revilab  ri s 

cal e d oni cus  

c ommuni s  

c on c ol or 

enn ea sp e rmus 

N i ( < 1 5.ug ) 
N o .  Mean Range 

C o  

Mean 

4 anomal ou s  val u e s  onl y  

4 1 7  1 3 -2 1  -

1 1 43 2 . 0-8 . 1  3 . 8 

3 2  3 . 3  0 . 5-8 . 2  1 • 1 

33 3 . 9  0 . 5-9 . 1  0 . 6  

97  5 . 7  0 . 2- 1 4 4 . 8 

Range Ni  

8891  

1 01 3 8 
1 3600 

1 3 750 
- 5 7  

229  

0 . 7-5 . 4  40 

68 

405 

463 5 

' 8338 

591 7 
0 . 5-2 . 2 1 8  

0 . 1 - 1 . 5  1 7 

29  

3 8  

0 . 4-28 1 6  

1 7  
24 

Anomal ou s  value s .  

Ni/C o  L oca ti on 

1 7 1  N e w  Cal edon'i a  

2 74 " 1 1  

680 " " 

3 71 11 1 1  

0 . 9 W . Aus t ral i a  
0 . 6  " 1 1  

40 New Cal e d on i a  

2 . 7  1 1  " 

1 01 " 1 1  

22  1 1  " 

1 24 1 1  1 1  

204 11 1 1  

18  Pa raguay 

- u . s . A .  
" 

1 26 1 1  

1 • 6 Zai re 

2 . 2  N . Terr.  Aus t ra l i a  

1 3  Came roons I 
c on ti nued • • .  

-
� 
-....., 



Append i x  I I I  C on t inue d • . • •  

Ni (< 1 5,ug ) C o  Anomal ous val ue s  

S pe ci es N o .  Mean Range M ean Range Ni Ni/Co L oca t i on 

ennea sp e rmus 24 1 0  Came roons 
c on tinued . •  25  33  Rhode s i a  

6 1  - Phi l i pp in e s  

99 33  Ruanda U rund i  
fl orib und u s  1 3 8 . 8 7 . 5- 1 0 1 . 3 1 . 2- 1 . 5  34 9 . 1 S . A u s  t ra 1 i a 

42 1 • 0 " " 

43 0 . 4 11 " 

76 1 . 5 W . Austral i a  

89 2 . 5  " " 

240 2 . 5  " 1 1  

290 0 . 3  S . Aus t ral i a  

485 1 • 1 W .  Au s t ral i a  
1 058  1 1 " " 

6680 74 1 1  " 

gla b or 2 1 - 0 .  1 - 1 6  26  Gua temal a 
glu ti n osus  8 . 3 . 9  1 -7 . 2 1 • 6 1 -4 40 50 Pa raguay 

havanens i s 1 1  4 . 8 0 . 1 -8 . 5  0 . 9 0 . 1 - 1 . 6  34 5 . 1  Cuba 

i pe.pecuanha 24 4 . 2 0 . 5- 1 3 1 . 3 0 . 2- 2 . 5  2 1  - Guyana 

l a t i fol i u s  1 an omal ous val u e  onl y  48 2 .  1 New Cal e doni a  

1 ineari  f ol i u s  1 1  4 . 7 0 . 7-8 . 1  1 • 5 0 . 5-2 . 5 22 27 Cuba I -
-... 

con t inued • . .  ex> 



Appe nd i x  III C on t inued • • •  

Ni ( < 1 5)..lg )  

Spe c i es  No Mean Range M ean 

l ongipe s 1 anomal u s  val ue only  

opposi t i f ol ius  22  4 . 6 0 . 7- 1 2 3 . 7 

pa ri e ta ri i f ol i us 3 4 . 1 0 . 6- 7 . 6 2 . 6 

pa rvi fl oru s  33 3 . 9 0 . 3- 1 2 1 • 6 

pruni f ol i u s  1 3  4 . 0 0 . 9- 1 1 1 • 7 

se rrul a tu s  3 5 . 4 3 . 5- 7 . 2 -

se t i g e ru s  3 4 . 3  2 . 9-5 . 7 1 ·. 0 

a n omal ous value only 

t h i emei 7 1 .  8 1 • 0-3 . 3  -

wri gh t i i  2 an omal ous value  onl y  

'jUca t a n  en  si  s 1 2  3 . 6  0 . 2-7 . 7 2 . 0  

Range Ni  

1 7  

0 . 7- 8 . 0 1 6  

1 9  

20 

1 0-30 21 

0 . 4-6 . 0 62  

0 . 6-3 . 0 2 5  

- 1 8  

- 1 30 

1 6  

- 21  

3 5  

350 
1 .  0-2 . 6  1 34 

An omal ou s val u e s  

Ni/C o L oc a ti on 

- M exi c o  

- B ra zi l  
" 
" 

26 M e xi c o  

- C ol urnbia  

1 6  Ven ezuela 

30 M e xi c o  

1 00 B ra zi l  

1 6  B ra z il 

3 . 0 H ondura s  
- Cuba 

7 . 0 " 

268  M exi c o  

-
-...I 
....a 
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Append ix IV . 

I mpor tant a nd c ha ra c te ri s t i c m/e val ue s i n  t he mass spe c t ra of the 

t ri me thy si lyl  e the r of some organi c a c i d s  

m/e rel a t i ve i n t e n si ty m/e rel a ti ve i n te nsi ty 

�ui n i c a c id  - 4TMS ( 552 ) Unknown ( B ) ( 450 ) 

53 7 1 . 00 43 5 0 . 24 

462 0 . 44 3 C)3 0 . 07 

447 0 . 2 7 345 0 . 48 

435 2 .  1 1  333 0 . 1 6  

423 0 . 56 3 1 9 o . 43 
41 9 0 . 94 30 5 0 . 72 

3 7 2  0 . 8 8  291  0 . 47 

347 4 . 44 255 0 . 29  

346 1 0 . 00 243 0 . 55 

345 3 1  . 1 1  23 1 0 . 8 6  

335 1 .  0 1  2 1 7 7 . 92 

334 3 . 33 206 3 . 96 

305 0 . 8 9  205 9 . 00 

292 2 . 55 204 48 . 60 

256 2 . 66 1 92 3 . 36 

255 1 1  . 1 1  1 9 1 1 9 . 80 

243 1 . 1 1 1 47 1 6 . 56 

23 1 0 . 8 8 1 29 5 . 40 

2 1 7 2 . 00 1 1  7 5 . 40 

205 1 .  55 1 03 5 . 04 

204 5 . 1 1  73 1 00 . 00 

1 91  5 . 00 

1 47 22 . 22 

1 33 3 . 00 

1 3 1 2 . 00 

1 29 2 . 00 

1 1  7 0 . 77 

73 1 00 . 00 
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Append i x  IV.  con t inued • . •  

m/e rel a t i ve i n t en s i ty m/e i n t en s i ty 

C i t ri c a c i d  - 4TMS ( 480 )  Mnl i c  a c i d  - 3TM S  ( 350 ) 
465 1 .  86 335  2 . 5 2 

3 75 2 . 1 7  3 1 9 0 . 3 1 

363 2 . 79 307 0 . 95 

347 1 . 55 306 0 . 70 

333 0 . 3 1  305 0 . 36 

3 1 9 0 . 53 265 1 • 1 2  

307 o .  2 1  2 (;3 0 . 62 

305 0 . 71  245 5 . 04 

291 0 . 1 8 233 1 0 . 08 

285 0 . 1 8 2 2 1  0 . 63 

273 8 . 68 2 1 7 1 .  68 

257 0 . 39 1 9 1 2 . 52  

2L�5 o . 1 4  1 90 4 . 20 

23 1 1 .  24 1 8 9 4 . 62  

22 1 0 . 93 1 75 3 . 3 6  

2 1 7 0 . 93 1 7 1  1 .  26  

2 1 5 0 .43 1 47 3 5 . 70 

2 1 1 0 . 43 1 33 5 . 04 

1 83 0 . 5 1 1 1 7 2 . 52 

1 47 1 3 . 33 1 01 4.  83 

1 33 2 . 48 73 1 00 . 00 

1 3 1 1 .  55  

1 1 7  1 .  24 

75 1 3 . 64 

73 1 00 . 00 
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Appendi x  IV .  c on t i nu ed . . . .  

m/e �el a t iv e  in t en s i ty m/e rel a t i ve i n t ensi ty 

Unkn own ( .A )  ( 3 64 ) lv� a l  on i c a c id - 2TMS ( 248 ) 
364 0 . 1 9  2Li 8 1 .  26 

349 1 .  7 1  233 8 . 1 9  

336 0 . 95  2 1 7  0 . 3 8  

3 3 5  2 . 09 204 0 . 46 

334 7 . 4 1 1 89  0 . 75 

3 1 9 0 . 95  1 73 0 . 50 

292 0 . 1 9 1 47 1 5 1 . 20 

259 0 . 95 1 43 2 . 52  

245 3 . 80 1 33 5 .  OL+ 

244 1 . 1 4  1 3 1  4 . 41  

23 1 1 .  90 1 1 7 1 . 8 9  

2 2 1  0 . 95 1 1 6 0 . 95  

2 1 7 2 . 47 1 1 5 1 .  58 

205 0 . 76 1 09 1 .  58 

204 0 . 76 1 0 1 2 . 52  

203 0 . 95 99 6 . 30 

1 9 1 1 . 33 75 50 . 40 

1 89 2 . 47 73 1 00 . 00 

1 79 0 . 57 

1 57 1 . 33 

1 47 1 9 . 00 

1 33 3 .  6 1  

1 29 2 . 85  

1 1 7  2 . 66 

1 03 1 5 . 20 

73 1 00 . 00 
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