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.ABSTRACT 

Serpentine a reas in New Zea l and and New 

Caledoni a a re described. 

A study was made of soil factors controlling 

the di stribution of five species from a ser pent ine 

f lora in the Dun ifountain ar ea, South Island, 

New Zeal and. 

Samples of soil were taken from sites of 

each of the spec i es , and each sampl e wa s a nalysed 
for calcium , chromium, cobalt, copper, magnes i um , 

manganese, nickel , potassium a nd zinc. On the 

basis of the species gr owing on them, the soil 
sampl es were divided into five gr oups ~ group 1, 

Pimelea suter~; gr oup 2 , Myosotis monroi; 

group 3, Iebe odora 9 group 4 , Cass inic:. vauvilliersii ; 

group 5, Leptospermum pcoparium . 

Discrimim.mt ana lys is wc.:.s used to characterise 

each gr oup of soils on the basis of chemical 

composition. The resul ts showed tha t the two 

endemic plants (f. suteri c:.. nd I1. monroi) wer e 

much more corru::nonl y found in l ocalities of highest 

magnesium concentrc.:.tion . These two spc:; cies were 

s t rongly differentiated by the potassium and 

copper levels in their soil s. No strong elemental 
discriminB; tion was found among the non- endemic 

species. 

Correlation coefficients were calculated 

for the relationships be tween pairs of e l ements 

and highly-significant correlations 

(P · 0.001) a re reported. 

A nickel accumulat ing species from New 

Caledonia , Homalium kanaliense is compared 
with the New Zea land nickel accumulator, 

Pimelea suteri. 
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The very high a ccumul at ion of nickel in the 

Hew Caledonia n species , pr esents int eresting 

questions in pl a nt physiology . Purification of 
nickel complexes from an aqueous e~ztro.ct of 

I: . kannliense leaves was D. chieved c-~nd pr e limirn:,.r y 

identification metho ds employed . Fane of the 

nickel was associ a t ed with amino acids and the 

pr esent evidence sug£·ested poss iblE-3 complexing 
of the nickel to simpl e carboxyllic sugo.rs . 
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Serpentine and other ultramafic soils through 
out the World are well known for their unique flora . 
These soils are easily differentiated from the 
surrounding lithology , with the 'boundary' lines 

clearly marked by the abrupt changes in vegetation 
type . Serpentine regions are typified by extensive 
areas of sparsely populated stunted vegetation with 
several species restricted exclusively to these areas 
with ' disjunctive distributions and boreal affinities' 
(Whittaker, 1954) . 

The gener al infertility of serpentine soils has 
been known for a long time . The cause of this 
infertility has been considerably disputed and is 
still largely unresolved, although it must be kept 
in mind that reasons applying to one serpentine area 
may not be applicable to others . However, from time 
to time, various hypotheses have been advanced to 
account for the characteristic flora of serpentine 
soils . They fall broadly into three categories. 

Firstly, these soils are gener ally low in the 
plant nutrients; calcium, nitrogen, potassium , 
phosphorous , manganese and molybdenum. Secondly , the 
unfavourable ca lcium/magnesium ratio is regarded by 
many as the dominating factor . The magnesium content 
of many serpentine soils is often several times t he 
calcium level . 

Thirdly, the heavy metal content often approaches 
and exceeds toxicity levels , particularly those of 
nickel , chromium and cobolt . 

Lipman (1926) has pointed out the unsatisfactor y 
nature of the soil microflora as a possible cause of 
serpentine infertility . 

In a review of some of the literature on this 
subject it can be seen that there ar e exponents of 



each of these hypotheses, with evidence obtained 

from work done on serpentine areas throughout the 
World. 

At the beginning of the century, Loew and May 

(1901) showed that soils having a low calcium/magnesia 

ratio were much more infertile than high ca lcium soils. 
However, Gile (1913) considered t hat the other soil 
components were just as much of importance, if not 
more, as the calcium/magnesium ratio, and that in 
dilute soil solutions the influence of this ratio was 
even smalle:,_ 

From experiments carri ed out on the soils of the 
Great Dyke, Rhodesia, Blackshaw (1921 ) found tha t 

serpentine-derived soils Here unproductive whils t 
soils derived from norite were made to be quite fertile. 

The serpentine-derived soil s were h igh in magnesium 
and low in phosphorous and potassium, but large 

fertilizer applications did not achieve good results. 
So2 .. e and Saunder ( 1 959) substantiated these findings. 

Working again on Southern Rhodesian serpentine soils, 

the deficiency of nitrogen , phosphorous and potassium 

as the dominant cause of infertility ·ms ruled out , 
in these areas ar -T·my , because of the l a ck of response 

to heavy applications of fertilizers. They also 

discussed the effect of nickel and chromium toxicity, 

and possible interactions between chromium, phosphorous 

and calcium in the soil-plant s ystem. Contradictory 
to this Gordon a nd Lipman (1926) concluded that 
serpentine infertility was caused by the low level 
of nitrogen, phosphorous and the alkaline reaction, 
and was not due to the low calcium/magnesium ratio. 

The first workers to p : int out the role of high 

levels of heavy metals~ were Robinson et al (1935), 
and they stated that this was the dominant cause of 
infertility. From a detailed physical analys~s they 
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also concluded that serpentine soils possess no 
physical characteristic which would render them 
particularly unfavourable for plant growth , although 

the clay content of some subsoils were high enough 

to impede drainage (This was noted in the Dun 

Mountain ultrabas ic area). Birrell and Wright (1945) 
working in a New Caledonian serpentine area came to 

similar conclusions . They stated that nickel and 
chromium were r espons ible for the absence of the 

common tropical species, and ' species that have 

established themselves on the serpentine have 

developed sufficient tolerance to these elements to 

allow of a low, shrubby growth'. 

Mit chell (1945) suggested that nickel was the 

limiting factor, and he indicated that the amount 
of nickel extr a cted by 2.5% acet ic acid was the most 
representative of the nickel status . He put forward 
the value of 11 ppm solubl e nickel which when 

exceeded would result in toxicity. 

It has been found that a number of the Californian 
serpentine soils are deficient in available molybdenum 

(Walker 1948), but although Walker ( 1954 ) concluded 
that the molybdenum deficiency may cont r ibute to the 
infertility of some serpentine soils , i t is probably 

not the dominant factor. The same author suggested 

from his experimenta levidence that the low calcium 
level is the basic cause of the peculiarity of 
serpentine soils , with the other factors of secondary 
importance . However low levels of plant nutrients, 

alkalinity, low available molybdenum, toxicity of 

nickel or chromium and the level of calcium and 
magnesium in the soil all have effect under certain 

circumstances. In some cases unfavourable physical 

aspects may also effect serpentine plant distributions. 



Hunter and Vergnano (1952) reported that the 
infertility of serpentine soils at Whitecairns in 

Aberdeenshire was due to toxic level~ of nickel. 
They found a low level of potassium, phos phorous 

and sometimes manganese , moderate level s of ca lcium 

5. 

and high levels of magnesium . The a ceti c a cid-soluble 
nickel was very high. From experimentat ion with 
pl ant cultures the authors verified that plant growth 

decreased and necrotic symptoms increased when the 
ca lcium magnesium, nitrogen and potassium concentrations 

were low, and the nickel uptake was proportional to 
the acetic ac id soluble content in the soil. They 

also compar e d chlorasis and necrosis due to nickel 

a nd cobalt, and whil e they we r e similar, they were 
not identical. Induced nickel symptoms were simil a r 

to those of plants with comparable nickel l evels from 
serpentine a r eas . Coba lt symptoms of sand-cultured 
plants and necrosis of serpentin e-grown plants wer e 
not comparable. 

Hunter and Vergnano (1953) examined the activity 
of l arge amounts of heavy metals in producing chlorosis 
and other symptoms and found the order to be 
Ni · Cu '· Co - Cr ;,- z.-... · :'le l'f.n which compares well 

with the order of stabili ty of metal complexes. 
Toxic effects of nickel, copper, zinc and manganese 
were associated with high concentrations of the 

elements in the lea f tissue, but this was not always 
so with chro~ium and aluminium. They sugges ted one 
factor in nickel toxicity may have been the inhibition 
of one or more of the functions of copper, as copper 

reduces the leaf necrosis produced by nickel, but 

not the nickel content of the leaf tissue. 

Rune (1953) supported the hypothesis of 

Robinson ~J! al (1935) that the high content of 
nickel and chromium was the general cause of inf8~tili+,y 



in serpentine so~ l_s but emr~1asized th2"!; th0 ef:.::·.:: ct 

of the elements depended on soil factors such 2A 
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low nutrient content, high magnesiUJ1.1i pH , mechr::ical 
composition etc. Other f ac tors such as low co:')eti tion, 

microclima te , topography, physical properties -.'e 
important in determining the special character :i_3tics 
of the serpentine flora. 'l'hese may have varyir:..:.; 

effects in difforent a r e£s . 

Kruckeberg (1954 ) supported iialker ' s (1 954 ) 
results in sho wing that tolerance of low calcium 

levels is a principal adapt a tion required by serpent ine 

growi...11.g plants . He showed tha t serpentine plants 
adapted to low ca lcium, could grow equa.lly well , if 
not better, on non~erpentine soils but intolerance 

to competition m~y have restricted them exclusively 

to serpentine areas . ThE;se results invalidated the 

ideas of Novak (1928) and Lc:.mme rw.ayr (1927) who 
thought that serpentine plants were restricted to 
serpentine areas bocause of some essent ial requirement 

obta ined only fro~ thos8 soils . 

Whittaker (1 95 4) described in det~il a serpentine 

vegetation of the Sishiyou Mountains -f South Western 

Oregon. Be sugge sted throe approaches to th e problems 
of serpentines: tne edaphic, the soil itself in 

relation to plant ecology; the autecological , which 
deals with the responsr of plant species to serpentine 

and non serpentine area; and the synecological, 
which cons iders the unusual character of serpentine 

vegetation. Comparing a diorite a rea with a 

serpentine vegetation he f01.md that there were very 
few species that were found on both,and that many 
serpentine species have probably become serpentine 
endemics by a process of ' biotype de ...-1 .c tion', 

through losing out in competition with other plants 
in non-serpentine populations . 



Crooke tl a l (1954 ) working with sand and water 

cultures concluded that chlorosis depends on the 

nickel/iron ratio. The addition of i ron lessened 
the toxicity of nickel and necrosis specifically 

caused by niC~\:o l was correlated with the ni ckel 

level in the leaves. This content -vms significantly 
r educed by a high concentration of iron in the 
nutrient solut i on . This confirms the v i ew of Bunte r 

and Vergnano (1 953 ). ll'ollowing cc similar line 

Knight and Crooke (1956) studied the interaction 
between nickel and ca lcium and results showed how 
::tickel may affect processes within the plGnt . It 
may be possible that organic 2.cid metabolj_sm may be 

c.ff cct ed in nickel toxic plc:nts c.:md tha t the state 
of solubility of copper in tissues may be altered 
by increa sed production of oXc'llic a cid . They also 
showed th0t roots are d amaged by nickel and the 

absorpt ion and t r anslocation of macronutrients is 
affe ct ed . 

7. 

Soane and Saunder ( 1 959) studing chromium and 

nickel toxicity i n ma ize and toba cco found that the 
uptak e of chromium in leaves was very slight, although 

severe root damage and a ccunula tion of chromium in 

roots occurred. They hypothesized possible chromium, 
phosphorus and ca lcium intera ctions in the s oil-plant 

system and be ce.use of this, chromium toxic ity is les s 
clearly EWident than nickel toxicity. Als o chromium 
is less readily transported to leaves by plants than 

is nickel . 

In a comprehensive spe ctrogr aphic survo:r 

Lounamaa (1956) compared fifteen trace elements in 
plants growing on silicic, calcareous and ultramafic 

rocks of Finland. The highest values for chromium, 
nickel and cobalt were obta ined from plants growing 

on outcrops of ultramafic rocks . For ultrabasic 



soils he reported the following means (in p.p.m . )7 

chromium 4000 ± 310, Nickel 1200 ± 190, Cobalt 

140 ± 15, copper 22 ± 5.4, Manganese 1200 + 150 . 

Nickel was seldom observed to be below 1000 p.p.m. 

Be also concluded that nickel and chromium were 

responsible for the peculiarities of ultrabasic 

flora . 

Spence ( 1 957) working ·with serpentine soils 

of the Island of Uri· t concluded that nickel is the 

cause of infertility only when asso ciated with 

8 . 

other factors such as soil instability and exposure. 

Tha t is,the sparse colonization of the debris i s 

due not entirely to a 's erpent ine effect' . He noted 

that rapid weathering was asso ciated with a high 
acetic acid-soluble nickel content. 

Krause.: (195 8 ), Paribok and Alexeyeva-Popova 

( 1 966), and Sarosick ( 1 964) sug{,ested that the survival 

of plants on serpentine so~ls was dependant on their 

ability to adapt to a ll of the factors operating in 

the serpentine ecosystem 2nd not on one or several 

of these factors. These factors may operate in 
varying degrees and combinations depei.ding on the local 

conditions. 

Studing the toxicity and movement of heavy 

metals in Portuguese serpentine soils Mene zes de Sequeira 

(1968) found that pH, organic matter, copper, 

nitrogen, potassium and other such f actors have a 

profound effect on the degree of nickel toxicity. 
Accelerated soil erosion was a consequence of the 

scanty vegetation cover and deta iled reconsideration 

of the weathering processes may be needed . The author 

concluded by agreeing with Krause's statement "we 

cannot mention a unique and omnipotent factor, for 

there are many serpentinic factors, that act in 



different ways and combinations depending on local 

conditions". 

Proctor (1971) showed that Agrostis species 

growing in serpentine soils take up an excess of 

m8 gnesium over ca lcium, but this excess is not 
olJliga tory for their survival. He showed tha t 
Agrostis species had a high tolerance of m;:ignesium 

9. 

The importance of n ickel and chromium was also 
studied . Grasses on serpentine soils were more 

tolerant to nickel than those grown on more calce.rious 

soil . Proctor found that oats grown in a serpentine 
soil h ad a very l arge excess of magnesium and he 

considered tha t the cause of toxicity of this soil 
was primarily due to high magnesium levels in the 

presence of low ca.lciura levels . Ee su&_-, ested that 

ocotype adaptation to this toxicity was widespread 

in British and Swedish serpentine soila. 

Studies on J·a panese s erpentine soils hc.ve also 

been ma de. Takagishi et al (1974) have studied 
the abnormal features of mulberry plants growing on 
soils derived from s erpentine . 

Wiltshire (1973) s tudied the yields and the 

uptake and distribution of nickel between roots and 
shoots, measured in relation to changes in availability 
of nickel from soils resulting from fertilization 
with nitrates. Fertilization increased crop yields 

with nitrate fertiliza tion decreasing the nickel 

content of shoots more than did the a!Ilillonium .ion. 
The concentration of nickel in roots was greater in 
all treatments. 

Lyon et al (1971) studied trace elements in a 
New Zealand serpentine flora and concluded that no 

universal mechanism could be applied to explain 

plant survival on a New Zealand serpentine soil, but 
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differences were found between species in their 
nbility to 2ccumulate or exclude the various elements. 

Ernst ( 1 972 ) he.s undertaken ecophysiological 

studies of some heavy me t a l plants from South Centra l 

Africa, and found that the uptake of heavy metals 
depended on their avail ability in the soil . The 

uptake of heavy metals is specific for each species 
and within one species, for different tissues. 
Extra ctions of tissues of various plant parts showed 

that the binding of heavy metals within the cell 
was specific to the metal . 

Shkol 'nik and Smirnov (1 972 ) experimenting 
with sunflower , showed that high concentra tions of 

nickel and chromium induced certa in ~orphological 
changes, such as dwarfism. They advanc ed the 
hypothe s is tha t one of the mai n cnus8s of morphological 

variations enduced by nickel s.nd chro.!llilITl i s the 

increased R Ne:-:. se activity lending to the destruction 

of nucleoli playing 2 11 ir:iportant role in the 
preparation of cell divisions . 

Ritter-Stadnicha (1 972 ) made comparative 

studies of cell sap contents throughout the vegetation 

period on a number of pl a nt species which occur on 

serpentine and ca lciUD-rich soils . There was a 
general increase of magnesium, ca lcium a nd total 

free acids a nd cxalates throughout the vegetative 
period. The nmount of tota l a cids was higher in 

serpentine plants and the production of organic acids 
a ppea red to be stimulated by magnesiur:i. accumulation . 

Some species appeared to control the uptake of 

calcium and magnesium whilst others a ccumulated 

the:o randoml;y. The author concluded that the 

ability of individual species to grow on serpentine 
soils was a result of their physiological constitution. 
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So far little work has been done on the 
actual form of heavy metals suer as nickel in the 

plant or how and why it is transported within the 

plant . Reilly et al (1970) has studied t b e 

accumulation and binding of copper in BeciUIJ gomblii, 

whiJEt Tjffin (1971) has looked at the translocation 
of nickel in xylem exudate of plants but has not 

identified the nickel caTrier . 

Severne and Brooks (1971) have reported a high 

nickel a ccumulating plant, Hybanthus .floribundus.,, 
growing on Western Australi&n ultrab&sics and since 

then others have been found in New Caledonia . 
(Jaffre, Latham and Quantin, 1971 ). 

Hecently Kelly .§3t aJ; (1974) have made some 
preliminary observations on the ecology and plant 
chemistry of some nickel accumulating plants from 
New Caledonia 9 most of them members of the l:ybanthus 

family . Their work indicated a low molecular weight 

complex of nickel with certain amounts present as 

nickel (II) a queous ions . 

Out of this literature review s ,~veral points 
emerge ; 

1 . The toxicity and chara ct erist ic vegetation 

is due to the chemica l composition of the 

parent material . 
2. In accounting for surpentinic floras not 

only the toxic factors of serpentine soils 
must be considered, but nlso factors such 

as physical characteristics, soil depth, 

pll, calcium/magnesium ratio, magnesium, 

calcium, copper and other elemental 

concentrations. 
3. In assessing the degree of toxicity other 

soil characteristics influencing vegetation 

must also be taken into consideration. 



4 . The possible physiological roles that 

nickel and chromium may have in plants 

which a ccumulate them. 

1 2. 

This thesis reports investigations on the 

serpentine area known as the 'Mineral Belt' in 

Nelson, New Zealand and endeavours to outline a 

model to account for the distribution of the flora 

in this area. The plant chemistries of some nickel 

a ccumulating plants from .New Caledonia are a lso 

investigated . 

In tbis study the following po ints are 
considered: 

(i) 

(ii) 

(iii) 

The chemical composition of serpentine 

soils b.nd some selected plants . 

Factors influencing plant distributionP , 

Antagonistic and mutually-stimul at ing 
plant - plant and plant-soil e l emental 

pairs . 

(iv) Statistical comparison of endemic 

and non-endemic plant s ites . 

(v) The plant chemist r y of nickel . 



SECTI CE I. 

TH:;:~ PHr3 I C1 1.L n• VIORhl»'IEj~T OF ~~H~~ 

DUN J'iiOlJl'!TA IN AN:u NEW CALE:COJHAN 

3j~HPEl\: T :rn:c AREAS L 
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The term serpentine is usually used to include 

all the mineralogical varieties comprising 

serpentinites and having the general formula 

X6 Y
4 

010 (OH) 8 where X =Mg (Ni, Co, Mn, Fe 2+, Zn, 

(Al), (Cr), (Ti )) , and Y =Si (Al, Fe 2+). 

Whittaker and Zussman ( 1 956) using x-rt>.y diffrc.ction 

studies, have clearly defined the serpentinite 

minerals. Ultramafic i s applied to dunite , 

harzburgite, peridotite and others, and their 

alteration product, serpentinite ; it is prefered 

by many to the terrn ultrabasics. 

A. THE DUN MOUNTAIN SERPENTINE AIIBA 

1. Location, Topography and climate 

The Dun mountain serpentine area is 

approximately 12 km south-east of Ne lson 

City, South I sland , New Zealand (Latit . 

41° 20's, Longit. 173° 20'E), and is 

part of the belt of ultramafics and 

volcanics extending from D'Urville 

I s l and to Red Hills . The width of this 

belt , often called the 11Mineral Belt" 

(Bell et al, 1911) is seldom mo re than 

two miles or less than one mile . Its 

greatest width is in fact near Dun 

Mountain. This area, first recognised 

by Hochstetter (1859), is a zone of 

boulder-strewn country overlooked by 

the extrusive mass of the Dun Mountain 

from which the olivine rock, Dunite, 

takes its name. Plate I-1 shows an 
aerial view of the area. Wooded 

Peak, from which samples were taken, 

is drained on the southern side by the 

headwaters of the Roding River and on 



1 5. 

the eastern sido by the south branch 
of tho Mai tai Ri vor. The area was one e 

mined for chromit e and the site has the 
distinction of having New Zoal ands first 

rail line. The rout e of the old line 

still provides access by four-wheel 
drive . The area studied is of moderate 

r elief ranging from 730 to 950 metres 
aoovo s ea l ev el. In the valleys and 

the coastal areas t he climat e i o mild , 
but on tho :. Mineral-belt" it i o cooler 

in more exposed areas . The annual 

rainfall is approximately 150 to 250 cm 

depending on the altitude . Frosts and 
snow a r e f r equent in winter on t he 
higher slopes . A description of the 

climat e and weathe r of ·i~ he Nelson r egion 
is described by do Lisle and Kerr ( 1965). 

2. Geology 

Sev eral writ ers have given descriptions 

of t ho general a r ea within which samples 

for thi s study were t aken . Lauder (1965a , 

1965b) has described t h e rocks n ear 

Dun Mountain, BoJ_l e t al ( 1 911) the 
11 :f\1ineral Bel t r: , \'!a terhous e ( 1959) and 

more r ecently Coleman (1966) have discussed 
the whole region along with ot her New 

Zealand s erpentinites. 

Th e ultramafic belt consists mainly of 
s erpentinites in various stages of 

alterat ion from their parent dunites, 
peridotites and harzburgites (Bell 

et al, ( 1 911 ) • Dun Mountain itself 
is a cone of unaltered dunite, surrounded 



Pla te I-1 

lttt_ ,,......_ t L- ··~' c;'°" • 
- .. i;. . .... , 

Aerial vi ew of Dun Mount a in . 

Fig . I - 1 Gener al geology of the " Minera l Belt" . 

r" " ""' • 
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by serpentinite (Battey, 1960). 

Coleman (1966 ) describes 'blocky ' and 

'sheared' serpentinites within the area . 
The ultramafic r ocks are associated with 
sedimentary and volcanic rocks of the 
Permian , Te Anau and Maitai groups 
(Lauder, 1965 ) and are believed to be 
of Permian age (Grindley , 1958) . 
Samples were taken from the southern 

slopes of Wooded Peak a short way below 
the serpentine-limestone boundary 
(Downs lope movement has displaced this 
boundary considerably). Wooded Peak 
and surrounding bush-covered ar eas are 
underlain by sedimentary and volcanic 
rocks, mainly spilite, argillite and 
marble of Late Paleozoic age (Lauder, 1965a). 
Wooded Peak itself is composed of 

Wooded Peak Limestone (Waterhouse, 1959) . 
The general geology of the ar ea i s shown 
in fig I-1. 

Within the a r ea can be seen out crops 

of websterite which form oases amongst 
the more barren surfc:.ces of the serpentinite . 
The soils of the area are shallow and 
poorly differentiated. A sampl e at 
about 6" depth usually r epresents the 
C horizon and is well penetrated by the 
r oot systems of a ll plants sampled . 
Occasi onal lenses of ~odingite, a 
calcium-rich , basic igneous rock, are 
distributed through the regi on . These 
may be considered a more ' normal ' 
substrate for plants . 



·Plate I-2 The serpentine-sedimentary boundary 

on Wooded Peak. 
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3. Vegetation 

The stunted vegetation of the study area 
is in ma rked contrast to the luxuriant 

Nothotagus forest of the adjacent and 
more fertile Maitai state area on either 

side, a difference attributed by 

Cockayne (1928) and other early workers , 
to the high magnesium content of the 
'T-hneral-Bel t' soils. The surrounding 
beech forests consists predominantly 
of Nothofagus solandri var. cliffortioides 

and Nothofagus fusca with Libocedrus 
bidwilli, Dacrydium bidwilli, phyllocladus 

alpinus, and several species of 

Coprosma. (Bell et_ al, 1911 ) • 

The plant associations of the serpentine 
are highly xerophytic and show 
remarkable a daptations to the existing 
conditions. The majority of the plants 
are shrubs showing the marked reduction 

in size and number of leaves, r amifying 
root systems and high development of 

cuticular protective tissue that are 

expected of plants growing under barren , 
adverse conditions. Typical of these 
characteristics are the endemics Pimelea 
suteri, Myosotis Monroi , Notothlaspe 

australe and Olearia serpentina. 
The area also supports species of 
Festuca and Poa and the ecotypes Hebe 

odora, Cassinia Vauvilliersii var. 
serpentina, Leptospermurn scoparium 

and species of Coprosma and Celmisia. 
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Species growing on both the sedimentary 
rock and the serpentine show remarkable 

differences in size and form. An 
example of this is the plant Pittosporum 
rigidum. When growing in the bush it 

is often 3 m high but on the serpentine 

it appears as a little cushion pla nt. 

Plate I.2. illustra tes the abrupt 
change of vegetation type at the boundary 

of serpentine and sedimentary rocks. 

A transect was taken across this boundary 

for study (See Section III). 

The plants selected for study were the 

two known endemics ; Myosotis monroi 

Che Gsem. (Boraginac), and Pimelea 
suteri Kirk (Thymelac) ; and the three 

most common non-endemic species; Cassinia 

vauvilliersii (Eomb . et Jacq .) Eook . f. 

var ser pentina Ckn. et Allan (Compos.), 
Hebe odora (Bo ok .f.) Ckn. (Scrophular) 
and Leptospermum scoparium J .R. et 

G. Forst . (Myrtac). Photogrc;..phs of 
t hese ar e shown in Plates 1-). 

B • NEW CALEDONIA 

1. Location, Topography and Climate 

New Ca l edoni a , a narrow , elongated 
island is some 400 km long by ~O km 
wide and lies roughly halfway between 

Australia and the Fijian islands. 
The plant samples came from the 

Boulinda Massif on the west coast of 
the island (Latit. 21° 19'S., Longit. 

165° 6'E) at an altitude of 300 m 



::.l 

-4 

P . suter i M. m"' roi 

C . vauvill ~ sii L . sc nparium 

Plat e I - 3 Spec ies of plants studied . 
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(rainfall < 180 cm) and the Plaine 

des Lacs (Latit. 22° 15' S . Longit . 
166° 52' E) in the extreme south of 
the island in a zone of high rainfall 

( ) 1 80 cni) . 

Most of the island is mountainous, 

plains being restricted to the valleys 

and to piedmont slopes found only on 

the western side . 

2 . Geology 

The geology of New Caledonia is 
discribed in detail by Lillie and 

Brothers (1970). One third of the 
island consists of an ultramafic 
complex comprising large masses of 
peridotite and serpentinite . The 
southern massif, with an area of about 

5~500 sq km, is the largest single 
ultramafic complex in the world. It 
is not an undifferentiated zone, and 
consists of chromiferous dunite , 

harzburgite, wehrlite and pyroxenolite 

as well as basic rocks, such as olivine 

gabbro, allivalite and norite . During 

weathering, silica and magnesia are 
dissolved and carried down from the 

mountains ~ and iron, cobalt and 
chromium concentrate in the upper parts 

of the profile . Nickel first 
concentrates in the whole lateritic 
profile and then migrates slowly down 

the weathered profile (Baltzer et al 

1967) . 
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Routhier (1951) recognises two main 

types of ultramafic masses ; the large 

bodies of peridotite and minor 

serpentinite, which make moderate 

mountains,and the smaller bodies of 

mostly serpentinite. He io of the 
opinion that the peridotite masses 

r es t in other form&tions . 

3. Veget2t ion 

Jaffre et al (1 971) and J a ffre (1973) 
have described in detail the vegetation 
of severa l ultrabasic area s ; kn own to 

the locals as "Maquis des terra ins 
miniers 11

• The vegeta tion is shrubby 
a nd fairly open on the whole, but 
woody formations ar e well represented 
on iron rich s oils 9 on f avourable sites 
on t a lwegs , banks of rivers, sources 

of springs etc. The flora which is 

quite unique i s adapted t o survive 
under strong nutrient imba l ances , 

high toxic element concentr a tions and 

an unfavourabl e calciurn/mEgnes iurn 

r atio . '.l'hese f a ctors have combined to 
yield a very characteristic veget2b_on. 

(Jaffre, 1969, P. Quant in 1969 ). 

The plant selected for this work, 
homaliurn kanaliensc., is found on 
hydromorphic, i ndurated, residua l 
iron-rich soils with an upper 
gravelly horizon, on plateaus of 

medium altitude (500 m). It is often 
found in open, herbacious formations 

with Fristania guillainii, a dominant 
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species. Other species characteristic 

of this vegetation found along with 

li· kanaliense are Lophoschoenus stagnalis , 

~· comosus, Xanthostemon aurantiacum 1 

Grevillea gillevrayi, l 'hyllantbus aeneus 

and Movri a artensis . 



SBCTION II. 

ANALYTICAL TECLNIQUES . 
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A. PREPARATION OF PLANTS AND SOILS FOR ANALYSIS 

1. Sampling 

Plants were located in a random manner 

by searching overall in an area of 

approximately 1 sq km. The area was 

representative, both topographically 

and geologically, of the whole ultrabasi c 

region . The non-endemics were well 
represented but the endemics, particularly 

P. suteri, were rare. Therefore every 
observed speciman of P . suteri was 
sampled, the whole plant and root system 

being uplifted, together with about 100 g 
of soil taken from the C horizon below 

each plant. About 75% of all M. monroi 
encountered were sampled in the same 
way. About 10 g of leaf material was 

taken from each non-endemic sampled 
along with approximately 100 g of soil . 
Samples were taken in the month of 
May and seasonal effects were not 

considered to be of any significance 
in this pro ject. 

2. Ashing Procedure 

Soil samples from the field were a ir 

dried for 48 hours a nd sieved through 

100-mesh ( 1 50 / -··) nylon. Organic 

material was decomposed by ashing in 

a muffle furnace at 450°0. Samples 
collected by Lyon (1969) were used for 
a preliminary survey but these differed 
from the author's own samples in that 

they were sieved to 40-mesh size before 
ashing and resieved to 100-mesh. 



24 . 

Air dried , minus 150 ,usoil was used 

for soil extractions, and ashed fines 

for determining the total amount by 

atomic absorption . 

Plant samples were carefully washed in 

running water, and then distilled water, 

and dried at so0 c. Fresh P . suteri 

leaves were put as ide for freeze-drying . 

About 8 g of freeze-dried material was 

obtained, representing leaf material 
from 25 specimens . This material 

was kept for later work in plant chemistry . 

Enough plant material was ashed at 
450°c to obtain at leas t 0 . 1 g of ash . 

At 450°c none of the elements determined 
in this study was lost in any significa nt 

amount. We ights of ash were recorded. 

3. Dissolution 

The metl-od used for dissolving silicates 
was one similar to those described by 

Belt (1967) a nd Langmyhr and Paus 
(1968 ). Small samples of i gnited 
soil (0 . 10 g) were weighed accurately 

into 50 cm3 squat polypropylene 

beakers and digested with 5 cm3 of a 1 :1 

mixture of concentrated hydrofluoric 

and nitric acids (1 cm3 of 70% 
perchloric acid was also added as 

initial work gave low calcium results , 
and it was thought that small amounts 

of the ' very insoluble calcium fluoride 

may have been forming). The beakers 

were suspended in a water bath and the 
solution taken to dryness . The residues 
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were redissolved in approximately 8 cm3 

of 2M hydro chloric acid prepared from 

redistilled (5M) acid. After a further 

heating period of about 30 minutes, 

the solutions were washed into 10 cm3 

graduated polypropylene vials, made 
up to the 1 0 cm3 mark with 2J'1 HCl and 

stoppered . The solutions were then 

ready for analysis . 

Plant samples (0 . 1 g of ash) were 

dissolved directly into 2M hydrochloric 

acid a nd heat ed for 30 minutes . These 
solutions were made up to 10 cm3 in 

graduated polypropylene vials . For 

well-ashed material this method of 
dissolution was quite [l.dequate . 

The 100 times dilution that this 

procedure gave , was satisf8.ctory to 

bring 211 the trace elements into the 

analyt ical range desired , but further 
dilution was necessary for calc ium, 

magnesium and potassium . The flow 

chart of fig II-1 shows the gener a l 

procedure undertaken for all plant 

and soil analyses . 



FIG. II-1. 

Plant Sample 
Flow Diagram for plant and soil 

Analysis. Soil Sample 

Stored 

I 
Wash 

.· Dry B0°C 

Dry Leaf Material 
• 

Ash 

Weigh 
Ash, 450°c 
Weigh 

0. 1 OOt; ·-
10. 0 cm5 2M HCl 
Har!:l, 20 l!lins . 
Cool 

I Dry 

Air-dryed Soil 

Sieve 

-100 1nesh +100 , mesh 
Ash , 450oC Discard 

• 
Ash 

9.100 g I 
5 cm con8 HF /HUO..., 1 : 1 

Dry 100 C 1 J 

Residue 
Weigh 
10 cm32BC1 

I Stored 

Heat, 20 mins 
3 Make up to 10 .0 cm 

Solution i 1:F' l;y se by a . a ., Solution 
3 I lh, Cr, Mn , Cu, Co, Zn . 

1 
Dilute 1.0 cm3 to 10.0 cm 

Dilute . 3 with 0 . 8~ Sr (N0
3

)2 100 ~1 to 10.0 cm in 2r.'.i lJCl. 
with 0.8% Sr (N0~ ) 2 in 2 M HCl. 1

1 

____ _ 

Ane.lyse 
Ca, Mg, K. 



26, 

B. ANALYTI CAL METllODS 

1. Atomic absorption spectromet:.sY, 

The Vari an 'Techtron model A. A. 5 atomic 
absorption spe ctrophotometer' was used 

for determining various elements under 

the conditions given in Table II-1 . 

Standards were made from analytical 
grade (Anala R) chemicals . I mpur ities 
at the concentration l evels used, were 

not significant. Standards a nd sample 

dilutions for calcium and magnesium were 
made with 2M hydrochloric a cid conta ining 

0 . 8% Sr (No
3

)2 . Calcium forms 
refractory a luminates so a relatively 
hot flame was used to help overcome 

this effect. Phosphates, sulphates 

and silicates may a lso cause depression 

of calcium emission. Therefore the 
eddition of a spectr~l buffer, very 
pure Sr (N0

3
)2 , helped overc ome these 

effects (1..Jinnin, 1960). The much analysed 

basic rock, W-1, w::i.s us.cd for a reference 
standard (see Section II - C-3). 

A combination standa~d wns decided upon 
for all the trace eleoents, as these 
were all present in the plant and soil 

samples analysed . A combination 

standard would therefore be nearer the 
composition of the samples and would 
help reduce any matrix effects . 
Standards were initially made up in 

1000 ppm concentra tions. These stock 

standards were used for all work done 
throughout the 18 month period. 
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Standards were stored in pol yethylene 
bottles . Losses or gains from the walls 

of these containers of tra ce elements 
werenot significant , even for solutions 

as low as 2 ppm stored for long periods . 

These observa tions were supported later 

by the work of Struempler (1973) on 
v 2rious types of surfaces . 

It may be noticed thc:.t in table II-1 

there a re two lines quoted for nickel . 
The 2320 line is the most s trongly 

absorbing but is very close to the Ni+ 

ion line a t 2319 . 9 a nd this causes 
problems of linearity of the calibration 
curve . (Mavrodineanu, ed, 1 970) . When 
a hollow cathode lamp is used the less 
sensitive 3414 line was therefore used , 
and was satisfactory for most samples 

due to the high concentrations of 
nickel . The most sensitive line was 

used for all other elements and good 

calibration curves we re obtained. J,. 

hydrogen lamp was used to correct for 

molecular absorption and light scattering 
effects . These were minimal in most 

samples . 



TABLE II-1 

Element 

Ni 

Cr 

Co 

Cu 

Zn 

Nn 

Sr 

Ca 

Mg 

Wavelength 
(nm) 

232 . 0 
341 • 5 

357.9 

240.7 

324 .7 

213.9 

279.5 

460.7 

422.7 

285 .2 

Lamp 
Current 

(MA ) 

5 
8 

5 

5 

3 

5 

5 

10 

5 

5 

INSTRUJ'.1ENTAL CONDITIONS 

Slit 
Width 

(, ) 

170 
200 

100 

150 

100 

250 

200 

250 

300 

200 

Sensitivity+ Flame 
( ppm ) Char a cter 

0.05 Air-C2H2 
0.26 Oxidizing 

0.055 .b.ir-C2H2 

0 . 053 

0.04 

0.009 

o. 021 

o. 041 

0 . 013 

0 .003 

reducing 

.b.ir-C2H2 
Oxidizing 

Lir-C2H2 
Oxidizing 
J,ir-C2H? 
Oxidizing 

Lir-C2H2 Oxidizing 

N 0-C H 
r~ducfn~ 

Lir-C?.H2 reduc1.ng 

Lir-C2H2 reducing 

Standards 
(p.p.n. in 2M HCl) 

2 , 5, 10,20, 40 
* Comb 

1 , 2 , 5 , 1 0 Comb. 

1 , 2 , 5 , 1 0 Comb • 

1 , 2, 5, 1 0 Comb. 

5, 10,20, 40 Comb. 

5' 10'20' 40 
Comb. 

1,2,5,10 

2,5,10,20,40 
with 0.8% Sr(No3 )

2 

2,5,10,20,40 
with 0.8% Sr (N03 ) 

+ From 11 II0 llow Cathode l amp data. 11 varion techtron, 1973 

* ii combination standard containing Ni,Cr,Co,Cu,Zn,I"In,Fe,Pb,Cd. 
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2. Colorimetry 

Phosphorous in plants and soils was 
determined by forming c. phospho-molybdate 

complex similar to that in the 
molybdenUB blue method given by Stanton 

(1966). The reagent used was a mixture 
of 2M sulphuric ac i d , 0 .025M e.mmonium 
molybdate, 0 .1 M as corbic acid (freshly 
made ea ch day) and 0 . 01M antimony 
potass ium t artrate . These were made 
up as required in tho p~oportiono,--

500 : 150 : 100 : 50. Lliquot size 
was such that each contained l ess than 
40~ 1g phosphorous. ~ Unica~ SP 1800 

u.v. spectrophotometer with a slit width 
of 0 . 2~:m was used to read the absorbance 

at 712nrn a.~d compar ed with a series 

of standards. It was found in this 

method that pE was critica l a nd as the 

original solutions were in 2M 
hydrochloric 2.cid they were neutralized 

with sodium hydroxide using p-nitro-pheno l 

indicator' . 

3. Flame Pho tometrv 

Potassium was analysed , in the same 

solutions used in determining ca lciUCT 

and magnesium content, with a 
Gallenkamp flame photometer . 

4. Chromatocraphy 

Various techniques in chromatography 

were employed in making some preliminary 
observations and deductions on the 

plant chemistry of some nickel 



accunulators with emphasis on the 
chemistry of nickel in Bomalium 
Kanaliense (New Caledonia) a nd 

Pimelea suteri (Dun Mountain) 

30 ... 

(i) High-voltage paper e l ec t rophoresis 

This was used to help in elucida ting 

amino-acid patterns and tbe behaviour 
of nickel from various extrects of 

the pl ants studi ed . A "Savant"-
type apparatus constructed in the 

department was u sed . This comsted 
of a gl ass tank compris ing a lower 
buffer l ayer overla in with a water­

cooled low flash pcint , petro l eum 
spirit . The tank could a cco mmodate 

46 cn x 57 cm Whatman No . 1 and 

3 MM chronatography paper. The 
papers were hung vertically from 
the upper buff er 12.yer through the 
white spirit into the lower buffer 

layer and a voltage of 3 Kv 

applied for 40 minutes . Buffers 

of pH 2 .1, 3. 5 and 6 .5 were use d ; 
that at pE 2 .1 was a formic acid, 

acetic c..cid y water buffer 

(100: 400 : 4500); ~t ~H ).5, 
pyridine , a ceti c ac id, water 

( 25 : 250 ~ 461 0 ), a nd the buffer 
at pH 6. 5 was pyridine , a cetic 
acid, water i n the ratios, 500 : 20 
1~ ninhydrin, collidine reagent was 
used for developing amino acids 

and "--furil dioxirae for locating 
nickel . 

4500. 
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(ii) Gel filtration 
Various size columns with different 
sephadex cellulose gels were 

experimented with to establish 

the conditions under which 
separation of any nickel complexes, 
from the components of plant 
extracts, could best be obtained based 

on M.W. Small columns 
(10 cm x 1 cm) were used in 
preliminary work a nd final separ ations 

were carried out on a larger 

column (60 cm x 2 .5 cm) coupled 

to a i!Rcidi Rae" fr a ction collector. 
Cellulose powders were swollen 
in distilled water for 24 hours 

before column packing. The 
column was then washed with 0.05M 

amr:ioniun a cetate and the void 
volume determined using dextran 
blue (M\/ 2000 , Exclusion limit 

for sephadex G-10 is 700) . L 

weak cationic exchanger , 

Sephadex C-25 was also used. 
Nickel was located in the fractions 
collected by atomic a bsorption. 

5. U.V., visible and infra red snectrophotometry 

Nickel complaxEEabsorb in tho visible 
and into the infra-rod regions of the 
spectrum. It was therefore thought 

that the use of u.v. - visible and 
infra-red spectrophotometry may be 
of assistance in this study. 
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C. STATISTI CAL TREATMENT 

1. Data Anal2:sis 
An I.B.M. 1620 II computer was used to 

calculate geometric means, standard 
deviations and Pearson Product - Moment 

correlation coefficients (r). All 
concentration data were transformed to 

logarithms because elemental 
concentrations in soils and vegetation 

tended to be distributed log-normally 

rather than normally. Data were 
gener ally expressed on an ash- weight 
basis, but where data are reported on 

a dry-weight basis , the conversion from 

ash- weight to dry-weight is given. 

Multi-element discriminant analysis was 
carried out with the computor to 
determine the extent to which different 
groups can be distinguished from one 
another on the basis of a set of 

measured properties . The measured 

variables were the concentrations of 
elements in the soil surrounding each 
plant sampled. Due to the log-normal 

distribution of the soil elemental 

contents, the data were initially 

transformed logarithmically. 

2. Accuracy and PrecisiCtp._ of Data 

The U.S. Geological Survey reference 
sample, W-1 (Fairbairn, 1951) a diabasic 
rock, was analysed for the elements 

determined in the soil survey. The 

standard was treated in the same way as 
the samples and analysed along with them. 
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Results for the W-1 samples appear in 

Table II-2 and are compared with 
generally-accepted values. (Fleischer 

and Stevens, 1962 and Fleischer, 1965). 
These are based on the arithmetric 

mean of all determinations reported 
up until that time . As the determination 
of elements in silicate rocks is difficult 

(Taylor and Kolbe, 1964), the precision 
and a ccura cy obtained for a ll elements 

except zinc is seen to be satisfactory. 
(Contamination from many sources was 

found during the course of work to be 
a major problem for zinc. Zinc is 
particularly prone to leachingfrom 

glassware and polypropylene containers 

and although blanks were run this could 
not be entirely accounted for). In 

all ca ses, excepting zinc , the atomic 
absorption results were within or 

just outside the standard deviation 

of the best va lue (Fleischer 1965 ). 



TABLE II-2 W-1 ANALYSES 

Mean r.s .d. s.d. * Fletcher + Ele- No . of analyses m. e . Accepted 
ment 1 2 3 4 Value Timperley ++ 

-
p.p.m Ni 100 100 11 5 80 98. 75 12.59 12.44 18. 75 80 99.1 + 

Cr 140 125 125 120 127 .50 5.88 7 .50 7.50 120 135. 3++ 

Co 70 70 60 62 65 . 50 6 . 95 4 .55 13.50 52 73.7+ 

Cu 125 1 1 5 11 5 11 0 11 6 . 25 4. 68 5 . 44 6 . 25 11 0 11 7. 9+ 

Zn 142 126 1 22 92 1 20 . 50 15. 00 18 . 07 38 . 50 82 97 . 6+ 

Ivin 1400 1450 1400 1200 1362 . 5 7.04 96 . 01 62 . 50 1300 1530 ++ 

~---~--~------~~--~------------------~--------------------------------------~--------------------~ 

% ·ca 
1.V"!g 

K 

7.40 

4 .75 
0 .50 

7.40 7.00 7 .00 
4 . 00 4 • 00 !, • 00 

0.50 0.48 0 . 55 

* 

7 . 20 

4 . 1 9 
0 . 51 

2 .77 
7 . 75 
5.07 

0 . 200 - 0 . 63 
0 . 320 0.19 
0 . 025 -0.02 

Ahrens and Fleischer (1960) . 

7.83 
4.00 
0 .53 

7. 50++ 
3.88++ 
0.512++ 

+ Fletcher (1 970), on solutions dil uted 0 .1 00 g t o 10.0 cm3 
++ Timperley Ph.D Thesis . Results from V2.rian .A • .A.5. 
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A. GEOBOTANICAL STUDY 

A small cross-section of the serpentine­

sedimentary boundary was examined in order to 

understand more fully the vegetational changes 
involved, and to verify on a more quantitative 

basis the outstanding cha nges that occurred, which 

were so obvious to the eye (Plate I-2). 

1. Sampling 
A short transect of 48 metres was taken 

across the boundary, on the slopes of Wooded Peak . 
Unfortunately it was difficult to find a relatively 

flat area, so the a ctual limestone-serpentinite 

boundary is somewhat disguised by a certa in degree 
of downslope movement of surfa ce material from 
the limestone a rea. Beginning on the upslope 

sedimentary side plant species were counted in 

6 metre quadrats , and specimens taken for 
identification . Soil samples were taken from 

below the ~wnus layer every 3 metres. These 

were prepared for analysis as outlined in the 
previous section. 

2. Soil Geochemi stry 
Bach soil sample a long the transect was 

analysed by a tomic absorption for several elements . 
Fig III-1 shows the trends of nickel, chromiwn, 

magnesiwn and calcium. Manganese decreased on 
going from the sedimentary substrate on to the 
serpentine, and cobalt increased as was expected. 
Copper and zinc concentra tions remained f a irly 
constant over the whole transect. Fig III-1 shows 

the inverse relationship between the nickel and 
calcium, and the ca lciwn and magnesium concentrations. 

Downslope creep somewhat distorted the 
concentration trends of the elements . 
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3. Plant Distributions 

Fig III-1 shows the distribution of 

herbaceous and woody shrubs, and larger trees, along 

the transect . The Nothofagus forest and associated 

tree species stops at the 24 metre mark and a low 

shrubby and herbaceous vegetation t akes command, 

of which the domino.nt species are Leptos;peroun 

scoparium, Cassinia vauvilliersii var. serpentin8;, 
Hebe odora and species of Dra cophyllum. Of these 

only li· odora extended to any extent on to the 
sedimentary substra te, the others presumably being 

unable to compete with the dense vegetation growth 

and preferringthe more open serpentinic are~ on 
which they have successfully adapted, to survive 

the harsher elemental conditions. The Dracophyllum 
genus showed a succession of species along the whole 

of the transect. Four species in all were differentiated. 

4 . Discussion 

The visible boundary appear s at the 24 m mark 
and this is shown by f i g III-1 . ~he trough in the 

nickel, chromium and magnesium values a t 18 and 21 

metres probabl y represents some creep of sedimenary 
material across the true serpentine-sedimentary 
boundary due to downslope mov ement. This has enabled 

some species to extend further onto the serpentine. 

There was a preponderance of N. solandri and D. 

filifolium in this quadrnt . } i . odor& seemed to 

grow both on and off the serpentine nrea with 

equal facility, but the ubiquitous ~· scoparium 
and the mountain cotton-wood, ~· v&uvilliersii,may 
have developed ecotypes which have been able to 

survive on the high nickel, magnesium soils of 

the serpentine. 
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Forest plants, such a s the gymnosperms, 

beecbes and coprosmas s eem unable to survive on 

serpentine . They are obviously able to toler~te 
the xerophytic a lpine environment for they are seen 

to grow on the oases of non-serpentinite material 

within the "Mineral-Belt" . Therefore it must be 
some soil factor which restricts the ir habitat , 

and which i s responsible for the sharp boundary 'line ' 
between the two very contrasting floras . The nature 

of the dominating soil f actors, if any , was the 
a im of further work in this study. The three spec i es 

b. scoparium , ll· odora and C. vauvilliersii var 
serpenting were selected for the main sampling 

study because of their ubiquitous nature and because 
they are readily i dentified in t he field. The two 

endemics, ~· monroi and P. suteri were selected 

because they mi ght be expected to provide some 
information, or evidence , for their refined distribution . 

B. PLANT AND SOIL SURVEY 
This survey was designed to provide some 

insight into the role that tho serpentine soil 

chemistry pl ays in dictating , if in fact it does , 

the type and distribution of the flor& . The 

ultimate a im c.:. s to isola te any dominant factors that 

may prevail. Various soil and plant data were 
obta ined on which sever al statistical methods were 
used. 

1 • Sampling 

Collection of samples were carried out as 
described in section II-A-1 . Table III-1 gives 
the number of each species colle cted on the 13th 

and 14th of May , 1973 from 115 sites a long the 
serpentinized areas of Wooded Peak . The total 
a rea covere d was approximately 1 sq kilometer. 
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Samples were well washed in running water and 
then distilled water. This was importa nt because 

of the low-growing nature of many of the plants 

and the loose, broken surfaces of the soil. 

TABLE III-1 Species Sampled 

SPECIES PLANT SOIL 

Endemics (E) 

P. suteri 26 26 

N. monroi 29 29 

Non-endemics (N) 

H. odor a 18 18 

L. scop2.riuc 23 23 
c. vauvilliersii 

var. serpentino. 1 9 1 9 

Although the numbers in each group were 
not a t all l arge , they were thought to be sufficiently 

great to a llow some reasonably valid statistical 

deductions to be made. 

2. Soil Geochemistry 

(i) Total Soil Element Conc•ntrations 
All soils for each plant species were 

analysed by a tomic absorption spectroscopy , using 

the preparations and conditions outlined in 

Sections, II-A-2, II-A-3 and II-B-1, for nickel, 
chromium, cobalt, copper, zinc, manganese, 

magnesium and calcium. 
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Potassium was determined by flame photometry. In 
a preliminary survey, lithium, lead, phosphorous 

and strontium were a lso determined. The first three 

were found to be very invariable throughout the 

soil samples. Lead concentrations were 30- 40 ppm, 
lithium from 10 to 15 ppm and phosphorous 

fluctuated slightly above and below 500 ppm. 
Strontium results were suspect due to various 

interference problems which could not be adequate ly 

resolved. These four elements were therefore not 
considered further . 

Table III-2 shows the geometric means for 

the concentrations of the elements determined in 

soils from each of the five plant species. 
Geometric means were taken as the soil concentrations 

are known to be log-normally distributed . The 
higher concentrations of nickel and magnesium for 

soils from the endemic species (E), the high 
potass ium cont ent of P. suteri soils, and the lowe r 

copper concentration in the same soils are 
immediately obvious . The same information is gi ven 
in fig III-2 together with the standard deviations . 
This further demonstrates the marked difference s 
between the soils supporting endemics,and those 

supporting the th~ee non-endemic species . 
For all elements except copper, the standard 
deviations are generally much lower for the "E" 

soils than for the "N" soils. Note particularly 

the very low standard devia tions of nickel and 

magnesium for 8ndemic-supporting soils. This seems 
to indicate their advanced adaptation to higher 

nickel and magnesium soils, and that they are 
restricted to tbese soils through competition. 

This is in marked contrast to H. odora which 
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is seen to grow equally well on all types of 

soil . C. vauvilliersii is not so well adapted 

and is restricted to soils with more favourable 

elemental conditions. The constancy of total 
calcium in all soil groups can be readily seen 

from this figure 9 the geometric means being 

especially constant. As may be expected , the toxic 
elements of nickel, chromium, cobalt and magnesium 

show the greatest variation over the nutrient 

elements except in the case of the endemic soils . 

Note the marked negative skewness of the nickel 

distribution in the soils bearing £. odora 

specimens. This correlated with other factor s , 

(see plant element distributions , Fig III-4) 
which pointed to the exceptional geographical 

distribution with varied soil conditions , under 

which this plant is able to exist . 'l'he plot for 

magnesium distribut ion showed a positive skewness 

whilst the other elements showed appr oximate 

log-normality. In general !! . odor<?. , along with 
..!:· scopa riUL1 to a slightly les s er extent, sr10 ':-.red 

varia tions in soil concentr c:;. tions for ne &rly c.ill 

the elements to a grea ter degree tfia n the other 

plants. These two pla nts ha ve , either bighly 

developed exclusion m8chanisms , or ~re able to 
withstand varied soil element conditions to a 

grea ter degree than the others. This point will 

be looked at in se ction III-3 where thG 

concentrations of various elemen+,s in the plants 

themselves are analysed and the distributions shown . 
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TABLE ·III-2 

~Iean (geometric) elementa l concentrat i ons in gr oups of ser pentine soils collected 
fr om t he bs se of f ive spe cies of pl ant s 

IV.JEAN ELEMENTAL CCJNCENTRATIONS 

No. Ca Co Cr Cu K Mg Nn Ni 
(%) (ppm ) (ppm) (ppr:i. ) (ppm ) (%) (ppn ) ( pp.c:i ) 

Group 1 (;E. sute;:-j._) 26 0 . 82 292 926 69 2460 14 . 89 2630 2630 

Group 2 (M. monr oi) 29 0 . 87 252 81 1 155 1009 16 . 37 2133 301 3 

Group 3 (£. odora. ) 18 0 . 82 17 6 567 146 1 637 7 .55 1694 1517 

Group 4 
(Q. vauvilli~rsii) 19 0 . 85 278 765 104 1030 9 . 14 2399 2163 

Group 5 
(!!. s_qopa rium) 23 0 . 90 1 94 756 94 1734 8 . 60 1 656 1862 

Zn 
(ppm) 

84 

91 

103 

97 

85 
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(ii) The Availability of Blements to Plants - - -
The soil analyses showed that l a rge 

total qu['inti ties of heavy metals are found in the 

serpentine soils of the "1Vliner2.l Belt". Eowever in 
what form and quantity are these metals available 

to plants? From the plant species studied, it is 

seen th2t different elements are extracted from 
the soil by different plants to various degrees. 

(see fig III-4 ) These may be correlated with the 
"total" soil concentrat ions only to a limited degree. 

Although a thorough investigation of proportions 

available to plants in the soil would have been 

beneficial in this work, it is out of the scope of the 
present study,which has taken a more simplified 
route for a prelir..1inary study only. However the 

next part of this section will try to assess the 
labile pool of ions available to P. suteri using 
various extractants. 

Various extractants have been used by a 

number of workers in 2.ssess ing the above que.nti ty . 
Lopez (1973) showed thatD.D . T. A. -ca c12 mixture 

removed a major proportion of the l abil e poo l of 

micro-nutrients. Beyers and Bammond (1971) used 
2% nitric acid, 1 ~~ B. D. T .A. , 0. 1 n hydrochloric 

a cid and 2.5% a cetic acid in finding a r e l at ionship 
between copper uptake by barley seedlings, a nd various 
forms of extractable soil copper . Working with 

a serpentine soil, Halstead (1968) extracted 
available nickel by J.aaching with 1 M ammonium 

acetate, or equilibrating the soil sample with 
0.1M calcium chloride . 

a. Method 

In this brief study , several extractants 
were used on 2g samples of dried soils from the 

g. suteri sites . Each sample was shaken for 24 hours 
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with five times its ws ight of extractant . The 

r e sulting solution was then centrifuged a t 5,000 

rpm and the supernatant filtered . This was 

evaporated to dryness on a wa t e r ba th, and tho 
r esidue redissolved in 2M hydrochloric acid. 
Atomic absorption was used to analyse the samples . 

The results a r e r eported in t a blo III-3 . The 
pH of the soils vari ed only slightly. A value of 

6 . 5 being typical of most. The values are taken 

as an approximate guide to the quantity r eadily 
available to plants . 

b . Rosul t s 

A plot of nickel concentra tions in the leaves 
of P. suteri against the amount of nickel extracted 

by 0 . 1M ammonium acetate (fig III-3) shows a fairly 
strong relations hip . It is therefore reasona ble 

to assume that the quantity of nickel thus extracted 
is representative of that 2vailabl e to the plant. 

The mean concentrat ion of nickel extracted by 0 . 1M 
ammonium a,cetate is approxima tely 11 ppm, which is the 

level suggested by Scott a nd Mitchell (1943) as a 
possible toxic level. Some other s er pent ine 
soils show higher levels of extractable nickel . 

(Menezes de soqueira, 1968; Hunter and Vergnano 

1952 ; Spence 1957 and Fernandez et a l, 1965). 
Lyon (1961 showed that 2.5% a cetic acid extracted 
a mean value of 132 ppm from soils of the mineral 

belt . This is nearer the v a lues obtained in table 

III-3 for 0 . 2M hydrochloric a cid and 0 . 1M E.D.T . A. 
Extraction of the soils from the other four plant 

groups was not considered and useful comparisons 
can not therefore be made , but it is obvious that 

f . suteri is able to extract larger amounts of 
nickel (table III-4) , or that the other species have 

exclusion mechanisl!Sof various degree s of effe ctiveness . 
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The low concentration of soluble chromium 

(even using 0.2M hydrochloric acid only 0.6% was 
extracted) probably bears some relation to the 

chromium in chlorides (Menezes de Sequeir a , 1968). 
This is plausible as the majority of chromium 

exists as the very insoluble chromite, which is 
even resistant to quite strong acid attack. 
The amount extracted did not bear any relation 

to the toto:Lamount present in the soil . This was 

generaJ.ly the case found for all the eletJents 
determined. 

Available copper and zinc is relatively 
high, and is similar to other serpentine soils 

in Portugal (Menezes de Sequeira , 1968) and 
Spain (Fernandez et al 1965). Note the large 
quantity of cobalt extracted by 0 .1M E.D.T.A. 

However a.lthoueh exchangeable aLJ.ounts of any 

e ation may be estimated , it is almost impossible to 

determine what is plant available, as availability 

varies with species of plant, physical nature 
of soil ; climate, microbial activity of soil , and many 

other factors (SchUtte, 1964). Leaf analysis 
probably indicated best approximations to available 

amounts in the soil, although it did, not indicate 

dire ctly the plant's physiological status or 
requirements. 
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Reagent used 

0 .1 M ~rt40Ac 

0.2.M h Cl 

0.1 M CaC12 
H20 

1% Znso4 
O. H1 EDTA 

TOTAL (26) 

TABLE III-3 

Mean amount of element 
extracted (ppm). 

Ni Cr Co Cu 

1 1 2 0.5 2 

270 6 35 3 

10 2 2 2 

1.5 0.3 

46 2 3 2 

180 3 61 6 

2630 926 292 69 

Mean concentrations of metals extracted by 

various reagents from soils of f. suteri . 

3 . PLANT ANALYSIS RESLJLTS 
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Zn 

9 

5 

2 

9 

84 

Plants were analysed by a tomic ab s orption 

using the conditions given in s e ction II. Table 

III-4 shows the means of t he e lemental 

concentrations in the leaves of the five pl&nt 
species. Results are given on a a sh weight 
basis and a dry weight ba si s . The high ash 1veight 
of M. monroi reflects its different type to the 
small ~erophytic leaves of the other species; 

~· monroi being a herb whilst the others are 
woody stemmed and generally shrub-like in nature . 

This high ash weight means that ll· monroi has 
high nickel, chromium, cobalt and manganese 

concentrations on a dry weight basis but often 

lower values in its ash than some of the other 

species. However in both cases it was first 
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noted that the nickel concentrations in the two 

endemic species are far higher than those for the 

non-endenics. This re~lected the same situa tion 
as their corresponding soils. Due to the high 

magnesium content in the endemics ,the calcium/ 
magnesiun ratio was much lower (lass than 1) than 
the non-endemics, where it was greater than 1, 

with~ · scoparium attaining a valu8 of 2.08. 

The very low value of chroIJiUI!l in H. odora 
compared to the other species seemed to be of 
some significance, since, as mentioned previously, 

this plant was seen to grow on soils with n wide 
range of chrooium concentra tions. But &s seen 
from fig III-4, the standard devi&tiou of chromium in 

the leaves of this plant was very low. Thus, 
this may point to a very efficient exclusion 

mechanism by g. odora for this element , as it 
seeoed to be very tolerant of high chronium 

levels. ~· scopariun on the other hand 
showed much higher levels of chromium in its 
leaves, a nd this has been correlated by some workers 

with a high calcium level (Lyon, et ul, 1971 ) . 
Maxinun and oinioun concentrations found in this 

species for chromium were 650 ppm and 20 ppn 

respectively, but for both plants, the calcium levels 

were approximately equal. The author found no significant 
correla tion between these two elements in the plant. 
However the case for M. monroi is interesting. 

Note the high chromium value in the leaves on a 
dry weight basis and also the surprisingly high 

calcium concentration (0.73% dry weight). 
(A very strong negative correlation between these 

two elements was also found;r:-0.6024). 
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Fig III-4 shows , by graphical .repres entat ion, 

the geometric oeans and the standard devi2.tions 
of the elements analysed. 

C. STATISTICAL EVALUATION 

The duta presented in the foregoing sections 

have been subjected to two ma jor statistical 
treatments . Firstly,all the soil data were 

eve.luated by a multivariate technique 2.nd 

discrioinant functions obtained for five soil 
groups, and for the two ne. jo:r groups,name ly 
the endeoics and the non-endeoics . Secondly 
all soil and pl ant data were evaluated to obtain 

Pearson correlat ion coefficients, und the 
significance of any highly correlated elemental 
paj_rs . 

1 • Eleoental inter-relationships 

Pearson correlation coefficients were 
obtatned frori log data for all the eleme:nt-.pg.ir 
combination9using a B~rroughs B6700 conputor. These 

fell int o three group3, intra-soil correlations , 
of elenent pairs, inter-soil-plant correlations 

and intra-plant correlations. With one or two 

exceptions, it can be seen from figs III-2 and 

III-4 that the eleoental distributions are normal 
on a logarithmic basis. This is a r equirement if 

meaningiul correlat ion coefficients ar e to be 
obtained. Correla tions were obtained on a ash 

weight basis 2.l though it has been seen that the 

percent ash weight of !'.! · oonroi differs significantly 
froo the other four species , the variation in percent 

ash from sample to sample within each species was 

not particularly great. The correla tions will 
therefore approximately reflect those obtained 

on a dry weight basis . Interelement correlation 



TABLE III-4 

Mean elenental concentrations in Leaves of Plants Saopled 

Species No. ! % Ash ! Ni Cr 
(ppm) 

Co Cu Zh Mn Ca 
(%) 

JVlg K I Ca/Mg 

Leaves-Ash 
P. sutori 26 
M. ncnroi 29 
H. odorn 18 
0. 'nlUVilliorsii 19 
L. scopariun 23 

Leaves-Dry 
P. Suteri 
Iv! . i.VIonroi 
H. odora 
C. vauvilliersii 

L. scopariu.o 

26 

29 
18 

19 

I 23 

4.92 
16.04 

3. 1 6 

3.95 
2.76 

4.92 
16 .04 
3.16 

3.95 
2.76 

I 

2389 76 
1 049 1 07 

387 29 
300 44 
308 157 

39 
65 
23 
30 

33 

82 

48 
173 
163 

61 

756 
141 
3'1-5 
556 
172 

1299 7.68 
813 4 .60 

3774 9.27 
805 8. 11 

1 003 17. 70 

-

19.44 9.46 0.39 
5.93 5.75 0.76 
8.37 9.36 ' 1.10 
4 .53 9.05 1.60 
7.74 6.44 2.08 

11 4 3.8 1.9 4.0 37.2 13.9 0.38 0.95 0.46 0.39 
168 17.1 10 . 4 7.6 22.5 130.0 0.73 0.94 0.92 0.76 

11. 6 0. 87 0.7 5.3 10.3 113.2 0.27 0 ~25 0.281 1.10 
12 . 0 1.8 1.2 6.5 22.2 32.2 0.32 0.18 0.36 1.60 

I 8. 6 4 .4 1.0 1.7 4 .8 28.1 0.49 0.22 0.181 2.08 
l I 
,_ - -- ------ - -- I 
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coefficients in the soils, plants and between soils 

and plants are shown in figs III-5a, III-5b and 

III-5c. Only correlations that are significant above 

the 99.0% probability level are shovm . 
(i) Elements in Soils 

The correlations for the five plant groups 

are illustrated in Fig III-5a , b and c. ~· scopariU12 
and ~· odora h~ve the l a rgest number of highly 
significant correlat ions which seems to reflect their 
nore universal distribution. The most significant 
correlation was be tween nickel and cobalt (r = 0.92 
for the soils of~· scopariUIJ and 0 . 96 for those 

of~· odora). In all the non-endeoics there woro 
a lso strong correlations between the elenents 
cobalt, nangRnese and zinc. Generally, the 

correlation between elements wus very· s inilar in 

!:.· scopariun and !i· odor a . Of some interest we.s 
the strong negat ive correlati ons between nickel and 

potassiur.i, and potassi~ and cobalt which ~r~ cor:rr.1on 
to M. nonroi and E . odora . Mentioned in "the prnrtous 

section was the r elat i onship between calciuw and 
chromiur:; in M. monroi . It ID.G noticed fron Fig III-c tha t there 

WO.En.positive correlation be tween these two elenents 
in the soils suppor t ing this plant, but negative in 
the p l ant leaves as po inted out l ater. 

It was expected that there rrtight be sone 
significant relationship between calcium and magnesim1 

in the soils; that is, when magnesium is high 
calcium is low. These elenents are found to be 
negatively correlated but are at the most only 
marginally significant . (C. vauvilliersii eoils 

had a correlation coefficient of -0.32 . at a probability 

level of 0.087). More significant correlations 
may have been found if exchangeable cations as well 

as total quantities, had been measured . 
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(ii) Elemont~ in Plants 
The oost significant point to be seen 

froo the illustrations refecting the inter eleoent 

relationships in the pl ant leaves,_is the number 

of highly correlated elements involving nickel in 

the two endeLlic speci es . P . suteri shows no 
significant negative or antagonistic pairs but 
!:];. oonroi has a nunber of highly correlated pairs. 

Note the antagonistic chrooiun, ca lciun pair mentioned 

earlier . Other very significant negative correlations 

are between nickel a nd calciun ? nickel and 
potc.rn siuo, and with the ca lciun/nagnesiuo quotient. 

High r.:tagnesium in the plant is assoc i a ted with 
low ca lciun, this rela tionship is not obvious for the 
other species . 

It rJELy be expected in some cases that certain 
relationships that exist in the soil oay also be 

reflected in the plant . Looking at those correlat ions 
for £1. oonroi it can be seer.. that nici'.:c l is hqo.vily 
correlated with potassiun (negatively) in both the 
soil and the plant. Hickel a nd calciun also show 
a similar trend. Chrooino and calciuo nre positively 

correlated i n the soil (0. 48) but strongly 
antagonistic in the plant . Thero are ot her pairs a lso 

that reflect the r e l a tionships that exist in the soil . 

For instance nickel and cobalt in g. odora; 

chromium and cobalt, ~agnesiun a nd zinc in P. suteri; 

cobalt and zinc in Q. vauvilliersii, and nickel 
and chromiuo in L. sooparium. The latter plant 
also shows another inverse pair. Magnesium is 
positively correlated with potass:i_um (0.75) in 

the leave s but nega tively correlated in the soil 
(-0. 59) . - h. odora and ~· oonroi are the only 
two plants to show the negative calcium-magnesium 

elemental pair to be significantly correla ted. 
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(It seems that there are nany similarities between 
these two plants even though !':!· nonroi is endemic 
to the region whilst H. odor& ha s a ouch nore 
widespread distribution). In contras t to B. odora 

and M. oonroi, !'._. suteri shows n pos itive 
relationship between ca lciuo and Ba gnesiUIJ. That 

is, it seeBs to c CCUIJ.ulate calc ium and oagnes iUIJ 
in the saoe r e l at ive aoounts . 

( iii) Plant-soil Correlations 

Fron the calcul ation of these correlations 
it was possible to determine 1'lhether eleoents in 
the plants bore any r e lation to those in the soil, 
and , a lso to deter!!line whether any eleuents in the 
plants bore a relation to the aoount of other 
elenents in the s oil. 

Aga in H. odora and L. scopa riUI!l showed the 
greatest nUBber of s ignificant correlations as for 

the soils . Correlations between a particul8r ele!!lent 
in the plant and its soil are shown in t able III - 5. 

Other inter-eleoent rela tionships a r e shown in figs 
III-6a , b a nd c . 
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SPECIES 

P. suteri 
(26) 

M. monroi 

(29) 

H. odor a 
( 18) 

c. vauvilliersii 
( 1 9) 

L. Scopariun 

(23) 

Ni 

+0.35 
SIG 

0.037 

+0.44 
SIG 

0.009 

+0.86 
SIG 

o. 001 

+O. 75 . -
SIG 

0. 001 

Co 

+O. 44-
SIG 

0. 011 

-0. 64., 
SIG 

0 . 002 

TABLE III-5 Plant-Soil Corre l 2t ions 

Cr 

+0.41 
SIG 

0 . 042 

+O. 64 
SIG 

o. 001 

53. 

Zn 

+O . 35' 
SIG 

0 . 030 

(Only those where P <0 .05 are shown). 

There was a strong antagonistic relationship 
between cobalt in the plant and in the soil for 

R. odora. Conpa ring this with the nean concentration 

of cobalt in Hebe-bearing soils (176 ppra ) and the 
oean cobalt concentration in the plant a sh (2 3 ppc ) 

together with the srm.11 standard deviation of the 

element in the plant (see Fig III-4),it was seen 
that this plant must have a very efficient 
exclusion ceohanism for cobalt and only accumulates 

what it requires for certain metabolic functions. 

(Cobalt is certainly toxic in not too large doses 
but nevertheless is an essential trace element). 
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Q. vauvilliersii is the only species not 

showing a significant relationship between nickel 

in the plant and soil. The strongest norrelation 
is shown by g. odora . This plant takes up nickel 
in amounts proportional to the soil concentra tion 

and its behaviour towa rds this element was quite 

different to that of cobalt . 1:1· ].!:!;.QRroi showed a 
marginal correla tion between zinc i n the plant c=;,nd 

soil, and was the only pl c.:nt to do so . The stc:"ndard 

deviat ion of zinc in the ashed l eaves for this 

plant was lower than the others . As found by 

Lyon .et a~ (1 971) chromiuo in L. sqo~ar~\Ull l eaves 
and soils shovrnd r. hi gh positive correlat i on 

(P <. 0 .001 ) . The mean ashed content was also the 

highest of the five species studied . Lyon points 

out that this plant may be able to a llevi ate 
toxicity by being able to extr a ct l ar ge amounts of 
ca lcium from the soils upon which it gr ows . 

I n gener al , strong correlat ions of the same 

eleDents between plants and soil s is likely to be 
r e l ated to the wider varic:mce of some eleocnts 
over others . 

However inter-element relations between the 
concentrat i ons of el ement s in t h e pl ant and soil 

a re more complex. [l§b~ _Qdor~ showed a complex 
pattern of inter-rel ationships (fig III-5b ) 

whilst the only correlat ions between the plant 

and soil of Q. vauvilliersii ~re negative ones of 
copper in the plant a nd magnesium in the soil; 
and of the calciun/magnesium ratio in the plant 
and nid~~l in the soil (fig III-5c). 

_!:. suteri. showed a strong r elationship of 
nickel, calcium and magnesium in the plunt with 

pot~ssium in the soil. This plant was found to 
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grow on very high potassium-enriched soils compared 

with the other four species (table III-2). 

g. odora and ~· scoparium showotanegative nickel­
potassium correlation . g. odora also showed a highly 

negative correlation between magnesium in its l eaf 

ash and potassium in its soil. Of some interest 
was the only s ignificant two- way correlations found 

amongst the species . These are shown in the 

illustration for the plant-soil relationships of 

H. odora . Nickel in the plant is nega tively 
correlated with cobalt in the soil and vice-versa, 

whilst nickel was positively correlated with 

manganese in the soil which was also true the other 
way round, but at a higher probability level . 

~· scoparium showed a positive nickel , cobalt 

correlation between plant and soil . 

2. Multivariate Analysis 

The discriminant function is one of the most 
widely-used multivariate procedur es used in earth 

science (Davis, 1973). 

On the basis of several elemental concentrations 

discriminant analysis was used to distinguish the 
extent that the five different groups differed, and 

a l so to distinguish between the soils supporting 
endemic plants (E), and those supporing run-endemics (N). 

As preliminary investigations showed that the element 
concentrations are nearly lognormally distributed, 
the variables used were the logarithms of the 
element concentrations. 

A set of linear functions 

Z + L1X1 + L2X2 + •••••••• Lk~ + C 
was calculated, in which x1 , x2 , .••••• Xk are the 

logarithms of element concentrations, L1 , L2 , . .. ... Kk 

are weighted coefficients, and Z is the s core 

of the discriminant function. The problem is now 
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reduced to finding the linear function which 
maximizes the differences in the score between the 

groups involved. 

Discrimination was examined, (i) between the 
two groups E and N and (ii) nmong the five groups 

corresponding to the five sep rate plant species. 

On the basis of the best discrininant functions 

obtained, the plant expected to be found on each 
s oil was predicted , &nd the number of correct 

assignments (i. o . the predicted species that was 

actually growing on the site) was tabulated. 

A Burroughs B6700 computor was used for the 

computations made . 

(i) Discrimination between Endenic and 

Non-endemic species. 
(a) Single-element discrimination. 

Table III-6 shows the degree of 
ability of ench of the elements studied to 

discrimina te between the two groups. The table 

shows for each element the difference between the 
mean v2lues of X (which is a logarithm) for the two 
groups ( x~ - ~), the concentration c giving 
m2ximun discrimination, and the number of correct 

assignments . Taking the best discriminating 
element, magnesium, as an ex@.r.1ple, the t able shows 

that 52 of the 55 soils bearing endemic plants 

had magnesium concentrations above 12.20%, and 41 

of the 60 supporing non- endemic plants had 
magnesium concentrations below this value . This 
gives a total of 93 correct assignments based on 

magnesium. It must be remembered that there is 

alWB.ys a 50:50 chance of making a correct 
assignment to two equal groups, therefore at 

least 60 correct assignments can be made from 
the present samples, even with a completely 
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TABLE III - 6 

Endemic/non-endemic discrimination of ._i single­

element bnsis. 

·--
Element ~-XN Conc . (ppm) Mnximum degree of discriminn.tion 

Mg 
Ni 

Mn 
Co 

Cr 

Zn 
K 

Cu 
08. 

for m2.xim- -----·---· ----··-.-- ,. ~ ...-

discrin. No. of No . of non- Total % of um endemics endenics correct overall ( c) 
tots.l 

0 . 27 122,000 52 >C 41 ':::: c 93 81 
0.19 2' 180 55 :> C 23 ~· c 78 67 
o. 1 0 2,090 45 ...... _ . c 27 <:. c 72 63 . .-

o. 10 193 52 
., c 1 7 :;~ c 69 60 ~~ 

0 . 09 1 '290 1 0 .. c 56 -~- c 66 58 ····· 

-·O . 03 93 38 < C 36 ,. c 74 64 
0 . 03 1 '260 36 > C 34 ·.::;,:: c 70 61 

-0 . 01 75 1 9 .c..· c 47 :·.· c 66 57 
-0 . 01 9,300 30 -:_-.. c 35 ~::: c 65 56 

--·--. -~. 

r 2ndon distribution of element concentrations. 

No other element appro~ches the discriminRt ing 
ability of magnesium, the next best being th2t 
of nickel . It can be seen that nll of the endemic 
species grow on soils with nickel concentr~tions 
greater than C. That nickel is the second-best 

discrimin2tor m~y be a reflection of the fact 
that nickel is the element whose concentration 
is most highly correl~ted to that of magnesium 
(correlation coefficient 0 . 82) . 

. .. .... __ 
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(b) Multi-eler:iont dis criminLtion 
Discriminant nnalysis wc.s carried 

out with the Burroughs 136700 on c. w.ulti-ele.went 

bnsis . As was expected froa the results of the 

single~clement discriminant functions, Qll of 

the rao s t successful r;mlti-elenent functions 
cont<.,ined the vc-.r i~', ble m2:g!_lesiur.J . .As ca n be 
seen froo t2.ble III-7 , very little improvement 
W<1s ochi eved by including other vc.-r i~,bl8s . 'J.lhe 

t able shows the number of correct c.ssignraents 

f ound with the best linec.r co:rnbim: tions from 

selected groups of ele~ents . ~he dominsnce of 

mn1~nesiur;i is further shovm in the r;ngni tudes of 

the weighting coefficients Li after noroalization 
of the vnrisbles . 

(ii) Di scriminntion &mong the five suecies 

Discriminant 0,nc-~lysis nnong the five 

s oil groups corresponding to n pc.rticula.r plant 
species, l'12s investignted to show whether cert2in 

species had specific preferences for certe in 
elements . It wcs seen froo tablo III-2 that the 

two endemic species , both p:redouin2ntly growi."r1g 

in high-mLgnes illi1 soils, favoured c.rens of quit e 
different potassiun o.nd copper concentrations . 

R· suteri favoured high potnssiuo/low copper soils 
whilst JvI . nonroi profe:ced low potnssiun/high coppo:;..~ 

soils . 

The results of various element combinat ions 
and their degree of discrimina tion nmong the five 
species are shown in table III-8. Only the mos t 

successful of the single -, two -, and three -

element discriminators are shown . Combinations 
of four or nore elements did not add to the 

discrimination shown by the Mg- K- Cu conbinution . 
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TABLE III-7 

Endemic/non-endemic discrimination on a multielement 
basis. 

Elenent 
conbination 

Ni 
Mg 

Ni- Mn 
Mg- Ni 
Hg- T1n 
Mg-K 
Ni-Mn-Zn 
Mg-Ni-Cr 
Mg- Ni-Zn 
Mg- K-Cu 
Mg-L-Mn 
Mg- K-Ni 
Mg- K-Ca 
Mg-K-Mn- Ni 
Mg-K-Cr-Ni 
Mg-K-Ni-C2 
Mg- K- Mn- Ni-Zn 

Mg- K-Ni-02"-Cr 
Mg-K-Ni-Cr-Mn 
J.VIg-K-Mn-Ca-Cr 

No . of correct 
2ssignments 

77 
91 
80 
91 
93 
95 
84 
91 
91 

95 
95 
96 
96 
96 
96 
97 
97 
97 
98 
98 

Percentage of total 

67 
79 
70 
79 
81 
83 
73 
79 
79 
83 
83 
84 
84 
84 
84 
84 
84 
84 
85 
85 



TABLE III-8 
Discrininat ion anoung five plant species 

Table shows number of correct assignnents in oc:::. ch group cmd tota l nunber of correct c:.ssignmen"rn 

ElementW F. suteri M. r.:ionroi E. odora C. vauvilli ersii 1· scoparium Total 

Zn 14 5 1 3 4 2 38 

Ni 1 2 18 4 3 2 40 

Cu 1 9 1 5 5 4 2 45 

K 19 15 1 4 6 45 

Mg 1 2 21 6 7 2 48 

Cu, Mn 18 14 3 1 10 46 

K, Mn 23 1 1 0 6 6 46 

K, Ni 1 9 1 5 3 1 3 i:; 55 _, 

K, Mg 24 22 5 1 3 5 69 

Cu, Ni, lTn 18 20 5 5 11 59 

J\'fg, Cu, Ca 20 25 7 1 7 60 

Mg, K, Ca 24 23 5 1 3 6 71 

Mg, I~ , Cu 25 23 6 11 9 74 

Total sam:;?les 
in each group 26 29 18 1 9 23 max. 11 5 
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The high s core of this coobination r esults lar gely 
f r om the tendency of the endemics and non- endemics 
to discriminate between high and low :iac;nesium 
zit GS roid the preference for potassiun and copper 
levels at <:~ specific level . 'l'he l\.- iTi and } - I'ig 

combinations re8ult in a re~sonable ccore for 
.Q . yauvilliersii var gGrpenting ( 1 3 out of 1 9) . 
Tliis mr...y be expected aG the potcssiu.L'1 levels ar c 
generally lm·1er for tL.is species substrate than 
for the ot her two non- endemics (see fig III- 2 ) . 
llpart from tl.is, there is no element or coIJbim"'tion 
that discrioiuc:ltes strongly amone the three 
non-endeoic suecies . 

D. DISCl:SSI< I\ 

1 • '.l.'he influence oi high m~sium in the soil 
1.:'L6 most ouvious trend to emerge; froo the 

above worl:: ii:> the m<:! ... :kcd influence of I:Hif.:nesiun in 
controllint; the dist:ribution of ender::ii c ~.nd non-­
ende~ic species . ~lin nay result sinply from~ 
tol erunce l>~.r the end~r~ic S])ecien to high nagncsium 
concentrations . It does not uec0s~~rily ~can 
t!Jat m .. gn<:;siun ii;self i._} direci;ly :res:-0·1sible for 
the predominance of R· sutcri and H· nonroi in 
sucl:: locali ti0s . It is k i:oun 'hc:•t f1ig.11 levels of 
magnesium are asRociatcd rlth low excrnctability 
of calcium ('.:cl1::er , 1 954 and Lyon , 1 960) . Thus 
the endemic plunts rac_y be & ble to .Jui~·. i ve uhere 
the nlrec:..dy low calcium levels are further decreased 
by the hieh levels of r eadily- extr<::ictablc 
magnesium. In CA.re~ s oor0 favourable to other 
plants the enderoics may be un[.·.blc to compete . 
Proctor (1970 ) pr ovi ded support for the impor tance 
of high magnesium. Others have emphasized t he 
i mportance of low ca l c i um , o . g . Kruck eber g (1 954 ) , 
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Proctor (1971) investigated the growth of oats 
on three serpentinG soils with varying degrees of 
magnesium concentrations and deduced froLl plant 
analysis, and the symptoos sho~m by the oats when 
growinc in these soila , that hlgh le,. els of 
magnesium in the presence of low calcium levels 
were responsible for the poor growth of the oats . 
In the serpentine 1::>0il where the ma.gr.lesiur.i excess 
was not as great, toxicity sympt ot1s were correspondingly 
les~ severe . Proctor (1971) also demonstrated 
races of oats that were resistant to mD.tincsium toxicity 
in watur cultures and correlated thi::> with their 
rooting in hiGh oagnesiULJ soils . A debris soil 
from !ilium which was very impoverished in plant 
nutrients, did not; appear to b8 toxic to the 
plunt8 investigated, and a species of Agrostis 
collected froL! tLis site was not tolerant to 
magnesiUJu and did not produce roots in the very 
high nagnesium containi.116 soiln . he concluded 
that high magnesiur:1/ calciun ratios arc likely to 
be of wid&sprcad thoug...11 not of universal inportance 
in serpentine ecology . '.i.'llc L~ikle I~ilronnocL 

soil, '·1hich h~ rl the Li_hent mu.t;, .. nesiUIJ/c-lcium 
ratio represented an extreme in ~oxicity whereas 
others with high mugnesium/cnlcium ro.tios caused 
a hinderance only . Tl:e de:. ta P:roctor obt'.:.ined 
suggested that ecotype c..dapt~tion to nagnesium 
toxicity is uidcspread in British and S1.1edish 
serpentine soils . 

At this stage tbe results of the soil survey 
at Dun Ilountain seem to agree with these fi..Yldings . 
The endemics which are the best adapted to high 
magnesium levels are restricted to such areas 
where competition from the less magnesium tolerant 
species is minimized. The ser pentine ecotype aYe 



in turn, able to withstand higher magnesium 

concentrat ions than the non-serpentine species. 

Ferreira (1 964), from his experimental data, 

concluded that 'high magneo i um content is juGt as 
toxic to calcipbiles as heavy metal content of the 

soil'. 

Proctor (1971) has shown that toxicity depends 

not only on the rela tive amounts of ca lcium and 
magnesium present but th~t it is a l so n function 

of the concentration of these el ements. 

It \'BS obvious that plant species varic .... in 

their tol er ance to magnesium and to a low 

ca lcium/magnes ium r a tio . This was born e out by 
the l arge differences in the aean values for 

magnes ium in the pl ant species s tudied , and also 

in the soils upon which they gror,.r on. The 

magnesium concentrat ion in the dried leaves of 
the two enderiic species was approxiBately 4 times 

that of the non-endenic s . The calcium concentrat ions 

d~not follow such a clear-cut pattern . In f act 

the dried loaves of ~ · monroi, a n endeIJ.ic, have the 
hi ghest cD.l citm content even though it i s a 

non-woody pl nnt . For the non-endenics, the c2lcium./ 

BagnesiurJ. r at i o wr·.s nearly al ways above 1 • 
Walker ot a l (1955) showed tha t different I'.lagnes ium 
concentrat i on s hud a l ar ge effe ct on vege t ation and 

that this soil factor wns r.J.ore i mportant for certa in 

species and nay vary fron site to site . Calcium 

concentrations on all sites were fairly constant 

although this does not necessarily reflect the 

exchangeable ca lcium pattern. 

Ritter-Studnicka (1972) showed that some 
species appeared to be able to control the 

uptake of calcium and nagnesiun from the soil 
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whilst others absorbed magnesiuri and calcium 

r andomly. Thus the ability of individual species 

to grow on serpentine soils was a re sult of their 

physiological constitution. In this study there 

were no strong correlations between calciun and 

nagnesiun in the plant with those in the soil . 

This indicated a randon upt a ke. There were 
however prefered sites ; the endemics preferring , 
or more likely r estricted to, high magnesiun areas 

which were above sone threshold level for the 
other serpentine growing species. Note the low 

standard deviat ion for nagnesiun in endemic soils 
and the wide spread of va lue s for the non-endenics. 
Using the dry weight oean c oncentrations for 
nagnesium we find that the relative accumulations 

(plant concentrat ion divided by that in the soil) 

for the two endeoic species WJ.::r.e twice as high as 
the non-ondeoics. Thus as well as being able to 

grow on hi{~her magnesium soils the plc;.nt nakes no 
attempt to restrict uptake but seeos to prefer 

to concentrate the eleoent . The findings 
therefore seem. to point to n physiological 

difference between the ender:J.ics and non- endoL:lics 

a s regards their behaviour towards oagnesiULJ. 

The non-enderaics wero .: adapted to the high 
concentrations, but within certa in lioits , 

whilst the endeoics ' thrive' on high magnesiULl 
levels and perhaps have a physiological need for 

it. Pot trials seem to be indicated here to 
observe the growth of endemics on low raagnesium 
soils. The non-endemics are certainly not 
completely at home in serpentine soils as 
observed by stunting and other morphological 

symptoms, compared with species growing in other 
areas, but have perhaps adapted 'ecotypes' due to 

their very ubiquitous nature. (N.B. To date 



there is no evidence that the non-endemics are in 

fact ecotypes). 

Relative accumulation of calcium by the five 
species showed no distinction between the endemics 

and the non.-endemics : 1!· scoparium and M. monroi 
having the highest calcium-accumulating ability . 

(Calculated on a dry weight basis. It is important 
when making such comparisons that data be 
converted to a dry weight basis as , due to differences 

in organic content, certain false anomalies may 

occur. This is evident with J!I. monroi which seemed 
to have a very lo,w organic content compared to the 
other four species. Note that the percent ashw~s 
roughly five times that of the others (Table III-4). 

Comparing the magnesium content in the ash of 

f. suteri and N· monroi there "I'm.a a very large 
difference but both plants showed nonrly the sane 

concentration on a dry weight basis). 

2. The influence of nickel, chromium and cobalt 

on serpentine flora . 

It is recognised that the uptake of heavy 

metals depends on their sol ubility status in the 

soil ; this having a significant bearing on the 
form in which they exist. For insta nce do 
nickel and chromium exist as Ni2+ and Cr3+ 

respectively or do they occur predominantly as 

inorganic or organic conplexes which may be 

completely innocuous to plant growth? From a 
biological standpoint therefore,only the plant­
available part of the element in the soil is 
effective on plant growth. As pointed out by 

Ernst (1972) the lowest plant-available level 
is that which is water-soluble with the 
exchangeable amount constituting the highest level. 



66. 

These amounts are determined by pII, organic 

content and binding capacities of the clay 
constituents. Ernst (1968) showedthat essentially 

organic meta l compounds a re t aken up by plants to 

a l esser degree than inorganic ones . Ernst (1972) 

gave total, ammonium acetate-exchangeable and 

water-soluble nickel values from a South-Central 
African heavy meta l soil as 4800, 100 and 0 . 2 ppm . 
Values for a typical soil from Du..YJ. ~'Lountain were 

3 9 000, 15 and 1 . 5 ppm . It is evident that the 

exchangeable portion of nickel i s considerably less in 
these soils. There we.s an even gr ea t er difference 
between exchangeable chromium values (30 versus 2 .5 

from sillilar total chromium concentrations). 

These values point to the different behaviour of 

nickel and chromium in the two soils and bas 

important sienificance for their possible 
t oxi c qualities. Bxchangeable nickel is 

not greatly higher than the toxicity level (see 

Section III-B-2) and it is maintained by the 
author that the role of nickel as a toxic element 

in predicting the distribution of species in the 
Dun Mountain serpentine area i s not as great as 

that of magnesium . There may \'1811 be of course 

species not present at all in the area which may 

be susceptible to the existing ni ckel pr esence. 

Previously it has been established that chromium 

exists predominantly in an inaccessable form for 
plants, a lthough that which i s available, is 
taken up to varying degrees by different species. 

Proctor (1971) ba s shown that nickel and 
chromium are very toxic and that in the absence 

of their cations, extremely low levels arrest the 

growth of roots of Agrostis spp. However various 

soil conditions may modify this toxicity and 
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completely innocuous comflexes may occur . Other 

elements also affect the degree of toxicity 
symptoms. Crooke and Inkson (1955) showed that 

when calcium and potassium had low concentrations , 
nickel toxicity was greatest . Note that the 

potassium level in P. suteri soils wus very high r.nd so 
wus the significance of . pl ant-soil 

correlations be tween nickel, calcium and 

:r:iagnesium in the pl ant with potassiur:i in the soi l 
(fig II I -5a) . Thus,although tho t110 endemics are 

unable to prevent nickel accumulation, the presence 
of relatively high-calcium and potu.ssium in the l eaves 
may alleviate any toxic effects. On a dry woight 

basis, these two plants have higher potassium 
levels in their leaves than the non-endemics and 

also r elatively high ca lcium concentrations. (see 

Table III-4). There is evidence that chromium 
tends to remain in the r oots and this will be seen 
to be true later. 

Proctor ( 1 971 ) r a ises the question as to 11 whether 

tole:.i:-E,nce to nickel is merely linked with non -specific 
oagnesium tolerance " as both nickel e.nd magnesium 
t oxicity may oe aoeliorated by ca lciun. However 
he cites a case where a particular s pe cies of 

Agrostis was tolerant to nickel but poisoned by 
magnesium. This seemcdto be true of certain species 
on the "Mineral-Belt". Thus the possibility exists 

that heavy metals may only r arely be dire ctly toxic 

but may have significant influence on other ions. 

Proctor, concluded that nickel has some 
effect on some sites investigated (from different 
serpentine a reas) but is not one of ' acute toxicity'. 

Are toxic effects of heavy met als associated 
with high concentrations of the element in leaf 
tissue? This does not seem to be necessarily so . 
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~· monroi has high levels of nickel, chromiua, 

cobalt a nd copper in its leaves but a.ppears to 
be quite tolerant to thes8 amounts . P. suteri 
also has high levels and it would be interesting 

to observe its growth behaviour on more 11 favourabl en 

soils. Hunter and Vergnano ( 1 953) foUID.d that the 
order of eleraents (Ni > Cu > Co > Cr > Zn > No > Mn) 

in producing chlorosis in comparable to the order 

of stability of me t al complexes and suggestoc one 
factor in nickel toxicity may be the exbibition of 
one or more functions of copper. It was found 
that nickel was very highly correlated with copper 
in the leaves of P. suteri . 

l:unter and Vergnano (1 953) also showed that 

to consider chromiu.I!l as a toxicity factor, the 

level of available chroraium should be higher than 
that of available nickel. This i s certainly not 
the case in these soils. 

3. General conclusions 

In sur::ma tion the following che,racteristics 
may be noted. 

a. Soil characteristics 

(i) The generall y hi~1 levels of 
magnes ium in the serpentine soils with the soils 
supporting endeoic pl ants having approximately 
twice the l evels of those supporting non-endemics. 

(ii) The low, but constant levels, 
of total calcium in all the soils saopled. 

(iii) Low leve l of pote.ssium but 
much higher in soils from P. suteri sites. 

(iv) The high soil levels of 
chromium, nickel and cobalt with levels only 

marginally higher in endemic-supporting soils. 
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(v) Low level of available 

chromium. Also supported by Menezes de Sequeira 

(1968). 

(vi) Higher level of available 

nickel usually exceeding toxicity levels. 

Observed in other serpentine soils also (Hunter 
and Vergnano , 1 952; R1mter, 1954; Spence, 1 957). 

(vii) Soil pH fairly constant at 6.5. 
Similar to those reported by Lyon (1 969 ). 

(viii) Low calciun/magnesiUI:'.l ratio. 
Also a general characteristic of other serpentine 

soils; Proctor (1971), Whittaker (1954), Walker 

et al (1955), Soane et al (1959), Crooke (1956). 

(ix) The large number of highly­

significant elemental correlations in the soils 
of the five groups but that between manganese 

and cobalt is the only one common to all . 

(x) Magnesium is far superior to 

the other elements in g i "'v ing maximum discrimination 

between soil groups for endemics and non-endemics . 

b. Plant characterist ics. 

( j_) High magnesiULJ values in the 

leaves of the endemics . 

(ii) High nickel concentrations in 
the leaves of the endemics. Approximate ly 10 times 
those in the non-endemics (refer dry weight table). 

(iii) Calcium/magnesium ratio below 
a value of 1 for the endemics but greater than 1 

for the non-endemic species. 

(iv) The higher relative 
accumulation of magnesiUI:'.l and nickel for the 

endemics. 
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(v) The general differences in 

variation of elements between non-endemics and 

ende:oics. 

(vi) Characteristic vegetation is 

due to a true "serpentinic effect 11 and not 
adverse physical or climatic effects. 

Comparing the New Zealand serpentine area 
nt Dun Mountain with the ultrama.fic couplex in 

New Calod onia, there are two naj or differences that 
are notable when looking at the respective soil 
element concentra tions. First there is the lower 

nutrient content (Brooks et a l 1973) of the 

New Caledonian soils ; a difference in the order 

of 100. Thus Hew Caledonian s oils appear to be 
even 11ore unfavourable for plant growth yet 
these soils support a m.ore n1uxuriantn vegetation . 

(Jaffre, et al, 1 971 ) than the Dun f'lounta.in serpentine 
soils . AdL'.littingly the cliuates and soil conditions 

differ greatly . Secondly, however is the difference 
in ma1Snesiun levels , those at Dun Mountain being 

cons iderably higher and comparable with thos e of 

Aberdeenshire serpentines (Proctor, 1971 ) . The 

chrooiU.r::J. content of sane l'if ew Caledonian soils is of 

the order 2-3 percent whereas it is noticed the 

Dun Mountain soils a re always l ess than 0 .5 
percent, again these coo.pare favourably with values 
for Aberdeen serpentine soils. 

It therefore see11s that the high oagnesiura 

levels in the Dun Mountain soils are suppressing 

calciUL".l and the nutrient uptake by the plants. 

(Calcium/magnesium ratios are similar in both 
soils). MagnesiW'.'.l, calcium and potassium would 

be readily };J ack..ed from the tropical l ateri tes 
of New Caledonia but the insoluble chromite 

would accumulate in the soil profile. Thus the 
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factors operating in Dun Mountain serpentines~ 

and see~ingly supported by Proctor (1970, 1971 ~ 
are quite likely to be different to ~hose in 

New Caledonean ultraIJafics. Sono plants on these 
soils are observed to accumulate trelJlend ous aEJ.ounts 

of nickel (Jaffre pt al , 1971 ). Tho next section 
will deal with the plant cheEJ.istry of one of these 
plants, P,;!r.ialiun kanaliense . 



SECTION IV 

PLANT BIOCHEMIS'i'RY OF 

NICKEL 
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A. INTRODUCTION 

The work in part III shows that some plants 

are able to accumulate substantial quantities of 

nickel particula rily R. suter~ . However, recently, 
Jaffre et al ( 1 971 ) and Jaffr~ ( 1 973) ha\718 reported 

Hybanthus species and others that contain 
extraordinarily high levels of nickel in their 
leaves. Quantities of one and two percent of 
dry leaves being not unconmon. Jaffre and Schuid, 

(1974) have reported yet another acc~ulator of 

nickel : Psychotria ~ouarrei , which contains amounts 

up to 4.5 percent (40 +percent in the plant ash). 
This level is by far the highest reported for any 

eleBent,in any species, and such a leve l must surely 
have outstanding physiological iHplications. Brooks 

et al (1973) have listed some nickel a cc1IT1ulating 
plants and reported new data for the New Caledonian 
species, Romalium kanaliense and the two violaceae, 

Hybanthus austro-co.ledonicus and fl · caledonicus. 

It seems that accumulating ability is often 
a coDIJon factor among several species of one genus. 

For example the Bybanthus memb ers, ~· austro­
caled~nicu~. a nd H. ca l edonicus (Brooks et al, 1974) 

fror:i New Caledonia and~· floribundus (Severne et al, 
1972) from Western Australia have the ability to 

accumulate very large amounts of nickel. This 

feature is also found in Alyssurn species 
(Vergnano, 1 958; MalyutfP, 1964, and Menezes de 
Sequeira, 1968). Two Bomaliun species from New 
Caledonia have been reported, and also contain 

large quantities of nickel; ~· kanaliense 
(Brooks et ~.1., 1974) and g. guillainii (Jaffr~, 1974). 
H. kanaliense is investigated further in this 

present study. 
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In the literature cnn be found work on other 

trace netals. Chroniur::t in Leptospernur::t (Lyon, 1969), 

copper in Beciun honblai (Reilly, 1967, 1969), 
uranium in lmcinia (Whitehead, 1970) nnd zinc, 
copper and lec:.d in r1.J "~ajgrostis ter:ruis (Bradsh2,w, 
1969; Peterson, 1967) and recont ly preliminary 
observations on the plant chenistry of nickel in 

soDe of the New Caledoninn accunulators (Kelly, 

et al, 1974). Tiffin (1971) has investigated the 
translocat ion of nickel in the x.ylen exudate of 

plants and also the transport of manganese , iron, 

cobalt a nd zinc in tomat o plants (1 967). Tiffin 

(1966) provides evidence for the translocation 
of iron as an iron-citra t e compl ex . Brenner and 
Knight (1970) have studied the complexes of zinc, 

copper and I!1B.nganese in r .yegrass, but although 

obtaining knowledge on their behaviour, they have 
not given any exact identificat ion on their forms. 
This has been the na j or trend so f a r and very 
little is known on tbe actual forms in which trace 

elenents occur in plants. 

Plant cheoistry studies we r e carried out 

mainly on Bomalium kanaliense with so:.:a work on 

~· suteri and R· doUC1.rrei in the hope of 
advancing the present knowledge of nickel in 
the plant systen and the ultinate goal of 
establishing its exact identity within the 

species g_. k.analiensc. This plant was .Coo.an 

because of its availability and its high nickel 

content. Sone prelininary work was carried 
out on P. suteri. 

For a plant to accumulate great quantities of 
a trace element, protective me cha nisms may be 

necessary and of these the most attractive is 

chelation, as this effectively removes the 
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cation in question from possible general rea ctions. 
It prevents the cat ion froo inhibiting certain 

essential reactions . There is no sound evidence 

to date of nickel having an essential role and 

it is bett e r known for its highly toxic qualities, 
yet large a11ounts are still taken up by certain 

plants. The nost inportant toxic action is 
thought to be the poisoning of enzyL.'1es (Bowen, 1 966 ). 

Ch e l ation by various organic substanc..:es present 

in the plant oay prevent such action, as chelates 

have very high stabilit i es, and nany of the cations 
biological, chenical, and physica l properties are 
changed. Poole and Poel (1965) say, that , in 

general cation uptake is often ba l anced by organic 
acid synthesis . Ritter-Studnicha (1972) noticed 

this also . They observed that t o t a l ~cids were 

higher in se rpentine plants than those of calcium­
rich soils, and the produc tion of org2.nic acids 

a ppeared to be stimulated by nagnesiuo accumulation . 
This appears to be in good agr eeoent with the 
f a cts f ound so fLlr on serpentine plants , 

particul arly the endeoics , where upt2ke of nickel 

is very hiGhly correlated with magnesium 
concentration in the pl2.nt. 

Not very Duch inforrmt ion is availc;.b l o about 

naturally-occurring chelating substances within 
plant tissues but it appears that oetnls arc 

frequently translocated as chelates ('J:imberlake, 

1959; Tiffin 1966, 1967, 1971 ). E . D. T.J. . is 
extre1:iely effective in all eviating toxicity 

from heavy oetals as it forn s very stable 
chelates (Chenowith, 1956). 

A brief look at the chemistry of nickel 

and possible chelating agents is perhaps required 
at this monent. 
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Unlike sone other transition elements , 
nickel co:LlI'.lonly shows only the + 2 oxidation 
state in aqueous solution. The hexaquo ion, 
Ni (H20) 6 

2+ is quite l abile a nd ba r ely acidic 

(Cotton and \lilkinson 1 962) . In coIJpl ex 
coopounds ~Ni (II) is r ather peculiar in that 

stereocheoical trnnsf or nations occur f a irly 
easily . This i s often described as the aanomalous" 

behaviour of Ni(II)coBplexes . Six-co-ordinate (II) 

co:oplexes are alnost a lways high-spin,: cor:iplexes 
having either r egular or distort e d oct[chedra l 
cheois tr ies . The ground state tern (3F) is split 
in an octahedr al field g iving ris e t o the triplet 

ter ms with three spin-allowed transitions. These 
three transitions are obse rved in regions, 7000-13000 

cm- 1 , 11 ,000 - 20 ,000 cD- 1 and 20,000 - 28 , 000 co - 31 • 

Nicholls (1973) g ives a excellent review of the 

general cheoistry of nickel . 

'l'he r e nr e L'l8.ny gr oups of coi:lpounds occurring 

in plants fron which nickel cooplexes uay arise 

e . g . a:oino 8.cids, organic a cids, phenolic 
compounds , proteins etc . The noino acids i n 

particular have a strong nbility towards chelation 

of nickel (II). There 2.re sonu co:op ounds in 
plants which do not possess suita ble functional 

groups, notab l e ones being the lipids and the 

carbohydrates . 

Many nickel (II) chel a t e s a re quite simply 

made . The use of potassilli'l oxala t e in the 
forr::lation of oxalato nickel conp l exe s leads to 
salts such as K2Ni (c2o4)2 6n2o (Martell and 

Galvin, 1 952). Hughes ( 1 972) also points out 
that nickel inhibits enzymes 211d in some cases 

enzymes are known which are activated by nickel. 



TABLE IV-1 

Stability Constants for soQe 

Ni ckel conplexes 

Chelating Const ant log K 
Ligand. 

Glycine K1 5 .77 

K2 4.80 
Asp2.rtic Acid K1 7. 1 2 

K2 5.27 
Histidine K1K2 15. 90 
GlutaI!lic Acid K 1 5 . 90 

K2 4.44 
Lysine K1K2 8 .8 
ADr.1onia K1 2 . 79 

K2 2 . 24 

K3 1. 73 
.A ceta te R1 0 . 67 
E . D. T • .A . K1 18 . 56 
Pro line K1K2 11.3 
Citric Acid K 1 5 . 11 

K2 3 . 1 9 
:S alicylalde- K 5 . 22 

hyde 1 
K1K2 9 . 2 

8 . Hydr oxy- K1 11. 65 
quinol ine 

K1K2 22.0 
Oxalic Acid K1K2 6. 51 
Malanie Acid K1 4.00 

77. 

Re forence s 

Gillen and 'Martell 

" " " 
" " 

,, 

" II " 
" " " 
11 " 11 

l l fl " 
" " ll 

" II 11 

" !I 11 

11 II II 

\I " 11 

It 11 " 
Nc..:.rtell and Gc.lvin 

Li e t a l ( 195 9 ) --
II ii ti II 

Nartell and Galvin 

" 11 II 

II It II 

II 11 II 

11 II It 

11 II II 

* log K values are the log equilibrium formation 
constants. 

( 1 96 4) 

( 1 95 2) 

(1 952 ) 
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Table IV-1 lists some selected nickel complexes 

and gives an idea as to their stability . Note the 
high stability of the E.D.T.A. nickel complex, 
already mentioned and the powerful chelating agent, 

8-hydro:x:yquinOlino~ Hubin et al (cited from 

Martell and Ca lvin, 1952) injected many times 
the toxic dose of nickel into hwnans, as the 
E .D. T . A. complex and no adverse syoptoms were 
observed. The nickel, as the chelate, was eliminated 

in a few hours. As seen from the table, histidine 

also complexes strongly with nickel. 

Thus, in the plant cell there are a number 

of different species whicL are potentially able 

to chelate with nickel and in so doing a lleviate 

some of its toxic properties. The research in 

this section was carried out in an effort to 
esta blish the character of nickel within the plant 

since it was deduced that some sort of chelation 
may take place. A further aim was to establish 
the proportion chelated, and to see if there are 

any specific bind ing localities in the plant leaf. 

A preliminary investigation established the 
distribution of nickel in the carious plant organs. 

The New Caledonia n species, li· kanaliense was used 
in the majority of the plant chemical work, and 
the other nickel accumulators P. suteri from Dun 
Mountain and Psychotria douarrei from New Caledonia 
were used in some cases for comparison purposes . 

B. IT'.-TTRAPLANT DISTRIBUTION OF NI CXEL AND OTHER 

METALS. 

1. Samples a nd Methods 

Specimens of Pimelea suteri were collected 
from sites on the Dun Mountain ultramafic belt 
described in Section I. Leaf material from 
several plants was carefully washed and subjected 
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to freeze-drying. The material was then ground 
to a fine mesh size and stored until use, in a 
sealed conta iner under refrigerated conditions. 

Several other speciments were dissected into 

their various parts, ashed , and the nickel &nd other 
elements were analysed by atomic absorption. 

Leaf material from the New Caledonian 

species, E· kanaliense and R· douarrii was also 
freeze-dried and ground . '.[•his material was used 

in various solvent extr8,ctions from which fractions 
were obtained for further study. These and other 
New Co.ledonian species which accumulate nickel are 

described by Jaffre et al (1971 ), Brooks et a! (1974) 

and Jaffr~ (1973). 

The three species named a bove were all used 

in ci,mino acid studies while freeze-dried material 

from ll· kanaliense was used for plant chemical 
studies of nickel complexes. 

2. Distribution of nickel nnd other elements 

in various plant organs . 
Specimens of P. suteri were divided into 

the various components given in table I V-2 . The 
various plant organs were ashed and analysed by 
atomic a bsorption as in section II. The results 

are shown in table IV-2 . 

It is interesting to note the high concentrations 

of nickel in the outer bark of both the stems and the 
roots. The inner stem tissue contains the le2s t 
nickel. Similar trends were observed for 

chromium, thus is appeared that nickel and 
chromium uptake was somewhat restricted but 

not effectively. These results can be compared 

to those of other nickel accumulators shovm in 

table IV-3. li· kanaliense contains about seven 



80. 

tines mor e nickel in the leaves t ban the bark . 

Chromium in both J:: . suteri a nd the New Ca ledonian 
species was r estricted a t the roots to a greater 
extent . This r estrict ion of chrotriUI!l a t tha .. roota 
has been observed by hunter end Vergna no , 1953, 

who a lso stated tha t chromiur:i. is espec i a lly toxic to 

root development . E· suteri was observed to have 
very long t ap roots for such a small plant: 

35 inches in one ca se, but little development of 
fibrous roots. A l arge difference between the 
calcilliil/magnes ium ratios of the New Caledoni8.n 
species and _!'. . suteri was noticed: those for 

J:. suteri being much lower, a lthough the calcium 
concentra tions a re high er in Dun Mounta in soils. 
It see11ed P . suteri was a much greatt:Jr o.ccumulator 
of magnesium but this was probably because of the 

much higher magnesiUI'.l. concentrat ions in the soil . 

It was also noticed that l evels of the nutrients, 
calc i un, potassium and phosporous, are higher in 
the New Ca ledonisn pl a nts than in ~ . suteri . 

Correla tion a nc:.lyses on 26 samples of 
leaves of ;r . suteri showed the follouing highly 
significant corre lations (P 0 . 001) between 
element pairs ~ nickel-cobalt, r = 0 . 65; 

nickel-copper, r = 0 . 59; nickel-zinc, r = 0 . 61 
and nickel-magnesium, r = 0 . 73. There wer e also 
highly significant correla tions be tween chromium 

and cobalt, r = 0 . 76 ; chromium copper, r = 0 . 64 
und cobalt and copper, r = 0 . 64 . There i;rrere no 
significant inverse relationships. Other 

correlations a t the P ~ 0.01 level are shown 

in fig III-5a. 
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TABLE IV-3 

Elemental concentrations (%ash weight) in various organs of 

representative individual nickel-accumulating plants and their 
soils. 

Co Cr K Hi p Ca Mg 

* Alissum bertolonii 
Seeds 7.20 17.30 4. 60 
Flowers 0.030 0.000 6 . 40 20.30 4.50 
Mature leaves 0.001 0.019 8.00 23.30 4.60 
Roots 4 .60 13. 70 6 .00 
Soil 0 .5 60 0.26 

Homnlium kanalienso 
Flowers 0.020 0 . 006 39 .75 2.93 1 • 1 2 13.05 6 .00 
Mature leaves 0 .042 0 .01 2 36.00 7.48 0.56 13. 95 3.60 
Bark 0.006 0.006 6.45 1 • 01 0 .1 5 3.45 0.90 
Soil 0 .054 2.964 0.005 0.49 0.003 o. 001 0 .10 

** Hi ban thus austro-caledonicus 
Flowers 0.009 0 . 016 46 . 50 0.90 3.75 8 .40 12.90 
Old leaves 0.048 0 .079 17.25 24.00 0 . 84 1o.50 13. 80 
Mature leaves 0.027 0.036 19.90 22 .50 1. 14 9 . 60 14.25 
Twigs (2-year) 0 . 004 0.014 16.20 6 .75 0 .53 7.65 3.00 
Bark 0 . 016 0.016 21 .00 0 .51 6 . 90 2.25 
Thick roots 0 . 004 0.028 5.40 6 . 67 0.32 6 .75 2. 10 
Fine roots 0.008 0 .1 08 5. 4 0 1o . 00 o. 51 2.70 3.45 
Soil 0.062 2. 1 28 0.005 0.80 0.003 0.08 1 . 68 

Pimelea suteri 
Mature le2ves 0 . 009 0 .015 14 . . 00 o. 59 o. 60 7.0 28.00 
Twigs 0.025 0 .034 12 .00 0 .75 0 . 88 5.4 24 .00 
Hoots 0 . 015 0 .067 1 • 86 o. 53 5.26 3.5 17.50 
SoiJ: 0 . 040 0 .160 0.32 0.35 0.04 0.5 15.00 

* (1948) and Vergnano (1958). Data from Minguzzi and Vergnano 

** Brooks et §:1 (1973). 

Ca / Mg 

3. 96 
4.50 
5.06 
2.28 

2 . 18 
3.87 
3.83 
o. 01 

0 . 65 
0 . 76 
0.67 
2.55 
3.06 
3.21 
0.78 
0 .05 

0.25 
0.22 
0 .20 
0 .03 
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3. Preliminary fractionation of plant tissue 

Solvent extraction and differential 

centrifugation was cnrried out on freeze-dried 
oaterial c:.md fresh leaves of g . kanaliense to 
establish in what fractions nickel is oost essily 
extracted into, and its t1hereabouts within the 

plant cell . The freeze-dried powder contained 
approximately 6 ,000 p . p . m. nickel . Some work was 
also done on freeze-dried P. suteri leaves which 

contained about 200 p . p.n. nickel . 

(i) Solvent extraction 

(a) Nethods 
Solvent fractionation oethods 

similar to those of Bowen et al (1962) were followed . 

Eight fractions wer e obtained. The general scheoe 
is shown in fig IV-1 • Each fraction was reduced 
to dryness over a hot water bath in polypropylene 
beakers and the organics decomposed using 20 cra3 

of concentrated nitric acid . (Nitric a cid uas 

added to those sar.1ples conta ining perchloric acid 

before taking to dryness in order to oxidise uost 
of the organic oaterial before it could react 

explosively with perchloric a cid. Acetone 2ls o 
reacts with hot nitric acid. This was therefore 
evapor ated first). One grao of freeze-dried oc,. terial 
was us~d a.nd :;-.n~lysQs were carried out in 
triplicate. 

One grao of oaterial was shaken for 1 hour 

in distilled water (20 cm3) at 4°c to establish 
the water-soluble quantities of nickel. The 50 cm3 

centrifuge tubes used were centrifuged at 5,000 
r.p.m. and the supernatant liquid filtered to 
ensure all residues were reooved. The aqueous 
liquid was analysed for nickel by atomic 
abso~ption spectroscopy. 
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Fresh-leaf tissue ( 5g) was homogenized for 
60 secs 9 in 10 sec bursts to prevent temperature 

rise, in 100 cm3 of distilled water cLt e..pproximately 

o0 c. This was achieved using a Waring blender a t 
top speed . The supern~tant was centrifuged and 
filtered. 

Lipids and pigoents in the aqueous phase 

were extracted using chloroforo and this fraction 

also analysed for nickel . 

(b) Results and discussion 
The results of the solvent 

fractiona tion and the cold wator extraction are 

given in tables IV-4 and IV-5 . All data a re the 
means of three replicates which generally agr eed 
to within + 20 percent . A chloroforo extraction 
of the aqueous phase reooved the oe.jority of the 
lipids and plant pigraents leaving a darker aqueous 

phase . The negligible araount of nickel extracted 

into ~he chloroform ( 0.01 %) uas probably due to 
contaoination froo the aqueous phase. Thus any 
association of nickel with pic;raents, lipids and 
other chloroforo-soluble cm:-;ponents could be 
ruled out . Lipids were concentrated a t the 

interface of the two phases. 

As seen from table IV-5 , over 50 percent of 

the nickel was water-extractable. Note the much 

higher extractability of fresh leaves. This high 

wa ter-solubility of nickel from g. kanaliense 
indicated that a large proportion at least 
existed as highly polar complexes; whether it 

was the he :xa quo ion or some other co!!l.plex 

remained to be investiGated . 

From table IV- 4 it was seen that the trends 

fo r the four spe cies were similar although P. suter i 
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tends to contain l arger aoounts in tho soda 

fraction and the residue. Hot water and 0.2 M 

hydrochloric acid extracted oor8 than 80% of the 
total amount of nickel froo the three New C2l0donian 
species and 60~; froo _E. suteri. This indicated the 
high solubility, polarity a nd exchangeability of 

the nickel coopound. Only minirial aoounts were 
extracted by 95 percent ethnnol . This fraction 
normally contc:dns l ow oolecular ·weight speci es of 

some polarity e.g . aoino acids and soae organic 
acids, and non-polar pigoents a nd lipids. This 

suggested that the nickel is not attached to 

easily reooved non-polar onterial and some kind of 
ch8lation prob~bly existed . 

The <.:t cetone-insoluble fraction ccnt&ined 

most of the pectates and proteins . The a bsence 
of any appreciable quantities of nickel in these 
fra ctions indice. ted that it wcs not co-ordina ted 

or a s so cic. ted in any lmy with uny of these clnsses 
of cor.1pounds . 

The perchloric a cid fraction reraoved the 

renainder of tho polar cor:i.1)ounds and otl1cr more 
tightly bound groups re11aine d in tho r esidue, 
e . g. structura l groups, such ~s cellulose and 
lignin. The soda f r action contained degrad8d 

proteins and polysacchorides. In the case of 
ll· kanaliense sorae nickel remained in the 
insolubl8 residue suggesting stronger binding, 

however for the other two New Caledonian species 
practically a ll nickel was removed easily by the 

water extraction and the two acid extractions. 

Ernst (1970) showed that 23 percent o~ the 
nickel in Indigopera setiflora was water soluble, 
34 percent soluble in citric acid and a similar 

amount in hydrochloric acid. Butanol extracted 
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only oinimal e.mount s which were comparable to 

the _e.thanol fra ction in this study. Ernst's work 

showed that generally leaves with high metal 
contents also have a considerable water extra ctable 
fraction and that metals extractable by w&ter are 
more or l ess located in the va cuole systeo. 

The aoount of nickel found in the r esidue 

represents nickel i mr:iobile within the cell and 
may be bound t o the cell wall . Conparing the f ou:r 

species in t abl e IV-5 it was seen tha t binding 

capa city of nickel was the strongest in !· suteri 
(although this hc: d a much sme,ller tot a l amount). 

There was sooe binding of nickol in£· kanaliense , 
and in g. austro- co.ledonicus and R· douarrei 
practically a ll the nickel was water soluble or 
readily exchangeabl e . 

TABLE IV-4 
Percentage distribution of Nickel in l eaf extracts 

Fra ction 

Species E:;hnnol HCl Acet one HC104 Nucle ic NaOH 
insolubJe Acid Residue 

H. kanaliense 0 .65 

P. suteri 1.50 

Hy ban thus 
austro-caledonioUB 0.1 9 

P. douarrei 0.42 

''· 

5 5 .. ~2 ··- 2 6. 82 

40. 00 1 o.oo 

53.20 40.81 

64.0 27.58 

0.30 6.26 0.01 

2. 00 1o.00 1 • 0 23.0 10.50 

0.1 7 4.23 0.03 0.87 0.50 

0.40 4.20 0.04 1 • 80 0. 56 
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TABLE I V- 5 

Percentage of Water-Soluble nickel on dry weight 

basis. 

Total Percentage 

(ug/g) H2o,d'c Residue 

' 
E. . kanaliense : : 

Freese-driod 7300 56 . 20 43 . 80 
Fresh leiif 7200 78 . 0 22 . 0 

I p • suteri 

Freese-dried 190 52.63 47 . 36 

(ii) Differential contrifugation 

This technique WQS enployed in an 

effort to deteroine the subcellulnr distribution of 
nickel within the leaf tissue and to observe whether 

the nickel had any preferential binding sites in the 
cell . 

(a) Method 
.As this w~s a pre liminc;,ry study 

it was not thought necessary to experioent for optimuo 

conditions for the separation of ths various cell 
organelles . The gravitational forces sinilar to those 
given by Stern (1968) were used. Several wc:,shings 
2nd the use of a simple opt i caln icroscope ensured 
fractions were of reasonable purity . 

A 1g sample of freeze-dried H. kanali ense 

leaf tissue ( 6,000 ug/ g Ni ) was homogenated 
for 60 secs in 10 sec bursts with 20 cm3 of 0 . 4 N 

sucrose and 0 . 025 M phosphate buffer at pH 6 . 8 . 

A Waring ble.nder was used at top speed with short 
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i nterva l s be tween bursts t o prevent excessive 

te.r:1perature rises . L.ll oper at i ons wer e carri ed 

out ns clos e as poss ible to o0 c< Tbe r esulting 

pul p was filt er ed through n ·i 20 nicron nylon nesh 

a nd t he liquid cent r i f uged to Gi ve the fiva fr&ct i on s 

listed i n Tabl s IV- 6 . 

.A' "SuHVAIJ,_ ' saper speed EC2- TJ nut01l1ati c 

r efrigor c.ted centri fuge (rotor of Tndi us 4. 25 ) was 

used except whe r e speeds wero c:reo. ter ths.n 20 , 000 

r pn, ns was the; cnse in sopo.ra t i ng n i c1' osomes . 
l i.n ul tr[~-c entrifuge wi th a 11igh speed t i taniuc. 

r ot or was usod i n t hat caso . 

Fro.c t i ons 11ore ktlrnn to dryness at so0 c, c.shed 

a t 450°c t o oxi di ze org~ni c Llateria l und the res i due 
t ake n up i n 2M hydr ochl or i c acid. . Hi d:e l was 

an~lysod by atooic absor pt i on . 

( b ) Resul ts ond discuss i on 

Tho ~vernge of two replicates of a 

repr esont at i vo freeze-dr ied l oaf s2opl e are report ed 
i n t abl e IV- 6 . Pre cisi on w2s bettor than + 20 percent . 

ni cke l quantit i es ar e g i v9n as a percentage of total 

a.nount in -t;j_ssue . 

Di stribut i on of nickel i n various di ffe r ent i al 

centrifugat i on f r e.ctions . 

Fr a ction Centrifugat i on 
i t_(·--....,r=-. p~. o. . rnn 

Residue 

Cell wal l , de b i s 11 2 1000 5 
Chloropl as ts 1085 3000 10 
Mitochondria 10 ' 200 13'000 1 2 
Mi cr osome s 11 0 ' 000 30 , 000 75 
Super natant 

Percent 
Ni 

15 . 50 

25.9 6 
2 . 1 2 

0 . 61 

0 . 1 

55 . 60 
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Over half of the nickel remained in the 

supernatant after high speed ultra-centrifugation . 
However if account was taken of the dry weight of 
each fraction, it was seen that nickel was evenly 
distributed among all the fractions. Kelly et al 

(1974) confirmed this with similar studies on 
Lybanthus species . Uniform distribution of nickel 
within leaf tissue of all species examined, was 

established . Gambi (1967) however found 
preferential loca lization of nickel in the stems 

of Alyssum bert olonii. The r ed n i ckel dime t hyl­
glyoxime complex showed a very int ense colour in 
the sclerenchymatous areas placed between the 
vascular bundles . 

Freeze-drying its elf is a process which causes 

extensive rupturing of cell components ,but fresh 
leaves were not ava ila ble for study . 3everne (1 972) 
showed that re sults obtained from fresh leaf 

tissue of Hybanthus florj..Qundus were considerably 
different to those obtained fr om fr eeze-dried 

material. He found 92 perc ent of the nickel 

remained in the supernata nt . It was apparent 

that most of the nickel in the cell wall and 
debris was due to the freezing drying process . 

This could not 1:.JL~ confirmed however. 

Overall 9 however, it seems that the above 
results are in reasonable agreement with the 
solvent extraction experiments and suggests that 
most of the nickel in the leaf occupies a 
cytoplasm or vacuole location and is possibly a 
small polar or ionic compound. Ernst (1972) 

found heavy concentrations of nickel in the cell 
sap from Dicoma niccolipera . Cobalt and chromium 

were not detected in the cell sap of the leaves 

and lead in only small quantities. He states 
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that it was evident that only part of the 
various heavy metals w~D - localized in the vacuole 

system,and other parts of the cell must a lso be 

involved in e ccumula tion. Turner (1970) showed 
that a great part of the zinc a nd copper was deposited 

in the cell wall of some European heavy-metal 
a ccumulating plants. 

C . INVI;STIGATI Or OF .b.LCOHOL-SOIJlJ13LE EXTRACTS 

1. Introduction 
One possibility that was considered 

dur ing earlier work was that nickel may in f act 
be chelated to an amino acid . Various amino acids 

are well known to corr.plex r eadily with the nickel 
(II) ion (i(e fer t able IV-1). Van Soestbergen 

et al (1973) investigating 63Ni complexes in 

rabbit serum, using chromatogr aphy on sephadex colum...~s, 
demonstrated five distinct 63Ni complexes in the 

ultrafiltre.tes,and a lthough chemical identification 

was not achieve~ they noted that one fraction 

resembled n ickel-hist idine. ~eterson (1969) 
studied the distribution of zinc-65 in species 

of Agrostis and investi[Sated an anionic complex of 
65zn. It was thought that zinc was probably 

bound to a spartic and glutamic a cid carbonyl-groups, 

and a lso to the i midazole gr oup of histidine a s 
shown by Broda (19 65 ). Pe ter son and Dutler (1971) 
describing a toxic seleniferous plant reported the 

occurrence of selenocystathionine . Other seleno­
amino acids occur in other plants (Virupaksha 
and Shrift, 1963; Peterson and Butler, 1967). 

An investigation of amino acid occurrence is 

also of interest from a taxonomic point of view 
(Peterson and Harris, 1970 ; Dunnill and Fowden, 

1965). Characteristic and very reproducible 
amino acid patterns have been obtained for some 
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Hybanthus species and other nickel accumulators 

by Kelly et al (1974). 

2 . Sanple preparation for amino ac id .Analysis 

The three nickel a ccumlators, g. kanaliense, 

P . douarrei and P . suteri were studied and compared. 

Preliminary work involved extraction of amino 

acids from freeze dried ma terial with 70 percent 

ethanol, but a methanol-chloroform-water (MOW) 
solvent system proved to be more effi cient 

(Bieleski and Turner, 1966) . 

One g of powdered . freeze-dried leaf tissue 

was extracted with 10 Cf.!13 of MCW (12/5/3 v/v) 

for 10 cin a t o0 c. The homogenate was centrifuged, 

and the supernatant collected . This procedure 

was repeated and the MOW extracts combined. To 
this was E1dded 5 cm3 of chloroform and 5 cm3 of 
water. The resulting two phase systeL1 was centrifuged 

and the chloroform l ayer disca r ded . The aqu eous 

l ayer containing the ami no acids was r educed in 
volume and a bsorbed on to a coluLm of Zeo- Karb 225 
(1-i+), or Amberlit e IR-12 0, polystyrene cation 

exchange r es in, equilibrated with 70% ethanol . 
rhe amino a cids were eluted with 30 cm3 of 25 
percent aomonia and the amino acid fract ions -were 

r educed to 1 cm3 on a rotat ing evaporator under 

vecuum a t 35°c. This process was necessary to 
ref.!love pigI!lents, sugars and other bulky neutra l 

co~pounds so that samples could be concentrated 
sufficiently for electrophoretic examination, and so 

that ta~ and other over-loading problems could be 
avoided. 

3. High voltage Electrophoresis 

(i) Methods 
Paper electrophoresis was performed 
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on a high-voltage apparatus described in section 

II-B-4 . Experiments were ca rried out at both pH 
2.1 a!ld ph 6 .5 to obtain optimur:J. conditions for 

sep2.ration of the individual aoino acids. Paper 

chromatography in the second dimension was not 

deeoed necessary in this inves tigation although 

for more detailed patterns, it would be required. 

Concentrated extracts wo re applie d to the 

paper using a gl ass microlitre pipette at 

loadings of 10 to 50 ul per 2 cm3 streak . The 

p2.pe r used was Whatm.an Ho. 1, 46 x 57 cm, 

chromatographic paper . The origin was placed 

20 CD froD the bottom. of the sheet for runs a t 

pH 6 .5. Bu: fer was spre ad evenly over the paper, 

so t hat the solvent me t at the origin, and blotted 

dry . Electrophoresis was carried out for 40 Din 

at a voltage of 3 kV. The current va ried depending 

on the width of pc.per used . :Marker solutions 

containing a nu;_:1be r of standard anino acids were 

run concurrently with a ll samples . Papers were 
dried overnight . 

The run at pH 6 . 5 separated out the acidic 

end basic amino acids which mi gr ated towards the 
positive and negative electrodes re spe ctive ly. The 

neutrals moved slight ly towards the negative 

electrode. The develop~ent of oarker solutions 

showed the extent of this shift so that they 

could be cut out, sewn on to a fresh pie ce of 
paper and run at pH 2.1. These amino acids ran 

towards the negative electrode to varying extents . 

Amino acid spots were developed using 

ninhydrin ( 0. 2~1a in acetone) with 1 ~ii collidine. 
The specific colour reactions of this developer 

facilitated identification. In some cases 

papers were developed with 1 ~~ ninhydrin 
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cadmium nitrate in a cetone (17/3 v/v). This 
r eagent was oore sensitive but lacked the colour 

specificity of the ninhydrin-collidine. 

The identity of the amino acids was 
esta blished by running stm1dards and c ompar ing 
then in the electrophor etogrDms, nnd als o by 
specific colour reactions. 

Ni ckel was l ocated using a 0 .2 percent 
.c. -fUril dioxime spray which is specific f or nickel 

:::md has a very high sens i ti vi ty. Dimethylglyo.xime 
is 2lso suitable but ha s Q lower sensitivity; 
npproxinately five times lowe r than the 0(... -furil­

dioxime (Sandell, 1959). 

(ii) Hesults 

Figs I V-2 Rnd IV-3 show the 
amino acid distributions fo r Pioe l ea suteri, 

2s:&"u:tria douarrei and Hor.:ialiurn kanaliense. 

The novenent of nickel is a lso shown in fig IV-2 
at pH 2.1 the nickel coop.EK:es seem t o have been 
~leaved, as all nickel e i gr u ted the sar;:ie distance 

as a nickol aqueous complex. The se r:iov ements 

were off the na p shown in f i g IV-3 in the dire ction 
of the negative e l e ctrode. 

The c::.mino a cids in these two figures were 
identified as : (1) ethanolanime, (2) unknown, 

(3) oe. - amino-butyric a cid, (4) lly s ine and/or 
Arginine (5) histidine (6) various neutral amino 

a cids (see fig IV-3), (7) glutamic a cid, (8) 
aspartic a cid, (9) unknown which migrates the 
same a s histidine at pH 6.5, and could possiblybe a 
peptide, (10) glycine, (11) alanine , (12) valine 
and isoleucine (serine also possibly present), 

( 1 3) threonine , ( 1 4) pro line, ( 1 5) methionine , 

(16) phenylalanine , (17) Hydro.xyproline e.nd 
(18) cysteine. 
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Aspartic and glutamic acid were the dominant 

acidic acids and were easily recognised. Nickel 

was not associ ated with either of these. Note 

that the basic and acidi c amino acids a t pH 6 .5 

wero present in nll cases and differences were 
only seen in the "neutral" amino r. .. cids which 

migrate a s positively char ged species at pH 2.1. 

Alanine was present in l arge quantities in ell 

three species but g. k2naliense was l a cking in 
hydroxyproline, and prolino. Eoth ~ere found in 

substantial quantitie s in_!:. douarrei and P. 

suteri a lthough these p l nn ts were characteristically 

different in nature. 

No signific2.nt quant ities of nicke l we re 
observe d to be associ~ted with any of the amino 

a cids a lthough the fornation constant for a 

nickel histidine complex is quite high (log K, 
K2 = 15. 9). It must be pointed out that the 

extro..cts used her e wer e a lcoholic c:~n d quantities 

of nickel extr['.cted were only mode r ate . Behaviour 

however was the same as f or the wate r-soluble 

extra cts in which much l a r ger quantit ie s of nicke l 

occurred . Amino ac id composition of the three 

species c ould not be related t o nickel 

concentrations a lthoueh tota l nicke l d iffered 

greatly among the t hree (P. suteri, 200 ug/g; 
l!· kanaliens e 7,000 ug/g, 2.nd P. douarrei, 

25,000 ug/g of dry tissue). 

Other amino a cids may have been present, 

but if this were s o they could not be observed and 
they must have been present in f a irly low quantities 
or were differentially a dsorbed during the 

extraction processes. For example, arginine, 

because of its strong ba sic tendoncies may be 
dif ferentially adsorbed to leaf tissue (Bieleski 
and Turner, 1966). 
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D. INVESTIGATION OF THE Wi1.TER-SOLUBLE EX'fRACT 

For preliminary work 1 g samples of li· 
kanaliense were taken and extrac~ed with cold 

distilled water as previously described. Chloroform 
was used to extract p~goents and lipids fr om the 

c:.queous phase . The nickel-contr.ining solution 

wns reduced to a soall volune on a rotary 
evaporator at 35°c and filtered. This procedure 

resulted in a 1 crct3 solution containing 

approxima tely 4,000 ug of nickel. For prepara tive 
work, l arger quantities of freeze dried material 
were taken or several ext r ac ts were corbined. 

This water soluble extract was used for all 
further work. 

1 . Electrophoresis 

As e lectrophoresis sorts oaterinl 
nccording to char ge and to a l esser extant to 
molecular size, this technique can g ive some 
inforoation about the possible nickel complex(es). 

Bigh-voltc:.ge paper electrophoresis ho..s been used 
by rn2.ny workers in the study of metc:i. l IJobili ties 

2nd in the separation of biological materials 

(Brenner a nd r:night, 1970; Peterson 1969; 
1rir.1perley,1971; Tiffin 1967, 1966, 1971; and 
Effron, 1960). 

(i) Method 

Tho oloctrophorotic conditions 
usod are described olsowhoro . A 10 ul s ample of 
the crude nickel-conta ining water extract was 

applied to Whntman No. 1 paper a s a 1 cm streak . 
A standard hexa-aquo nickel complex was also 

applied on the samo paper. Identical papers were 

run at pH 2 . 1 and pll 6.5 for 40 min at a voltage 

of 3 kV . Papers were air dried and the nickel 
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located using -furil dioximo. Because of . :t.hci. .~po£..3ibility 

that some nickel nay not hc.ve shown up by this 
metho~ the papers were cut int o 2 cm strips which 

wore ashed and the nickel content ana lysed by 

atooic absorption. 

(:Li) Results 

Fig IV-4 shows tho analyses of the 

ol e ctrophoretograms at the two different pHv~lues. 

(L, pH 6 . 4 and B, pR 2 . 1 ) . 

The results indicated a different behaviour 

of the nicke l compound in tho oxt r act at different values of 
pH • Lt pH 2 . 1, the nicke l cooplex was cleaved as 
its nobility was the same as that of the nickel 
(II) standa rd . The run at pB 6 .5 however showed 

r2or e complex behaviour. The scan indicated the 

presenco of both negative end positive conplexos . 
The aoount go ing towards the positive electrode 
nov ed f airly compact ly whilst tho pos itively-
charged species exhibited trailing effects. 

The atomic absorption r esult s confirmed the 

pattern seen by deve lopoent iii th oc -f'uril dioximc. 
'I'iffin ( 1971 ) found a sioil ar pattern in carrot 
exudates. 

The oovenent of nickel was seen to be the 

saoe as that fron an al coholic ext r a ct studied 
pr8viously. It must be pointed out a lso that the 
behaviour of nickel varied with concentrations 
although varied concentra tions did not effect the 

oovenent of the divalent nickel aqueous standard. 

The result s indicated that larger groups on the 

nickel from the plant extr act may have retarded 
its movement compared with the standard nickel. 

It may have been interesting to observe the 
behaviour at a more alkaline pli. It would not 
be surprising to see larger quantities more 
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towards the positive electrode. This was not done 

because of the impracticality of switching large 
amounts of buffer from the ele ctrophoresis tanks . 

Electrophoresis was a l so attempted on a 
prepar ative sccle but large enough quantities of 

nickel complex could not be efficiently isolated 
fron crude preparations. Gel f::iltration was 

therefore used as discussed below . 

2 . _Colur.m Chror:ia tography 

Gel filtration on sephade« columns 

appeared to be tho best uethod for the isolation 
and purification of the nickel compound(s) . 

The technique is tochnic~lly simple to perform 
a nd is very inert to composition of the eluant 

e.nd tenperature . Very labile co11pounds nay be 

treated with little risk of decomposition . The 
procedure may be used under very oild conditions. 

Sephadex gels s.re avail able wj_th varying ge l 
oatrixes so tha t the fractiona tion r ange nay be 

greatly varied. Gels are very stable chenically, 
with a l ow content of ionic groups. It is 
impossible to avoid char ged groups completely. 

The corJru.ercial gels used in this work are 
manufactured under the trade naoe Sephadex and 

a re dext r nns . 

The Sephadex powder obtained, was swollen in 

distilled water overnight before any colun.~ 

packing . Once columns are packed they m8y be 
used oany times due to the extreoe stability of 
the gel and contaminants may be easily removed 

with strong alkFl.li . 

Sephadex G-10 with a working range from 100 

to 700 moleculHr weight was used as the nickel 

complex was suspected of being of low molecular 
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weight; c - ~obably between 200 and 400. The nickel 

(II) aquo complex has a molecular weight of 167. 

(i) Method 
Ji column (60 cm x 2.5 cm) was 

packed with water-swollen G-10, washed with 0 . 1M 

hydrochloric acid and equilibrc.ted with water. 
Both H20 and 0.05 amrJonium acetate were used a.s 

eluates with slightly different effects. A detran­

blue dye of molecular weight 2 ,000 was used to 

check the functioning of the column and establish 
the void volume ( 65 cm.3). Compounds with rnolecule.r 

weight greater than 700 would be eluted at this 
volume, whil~3t others would be successively 

retarded in the colulili~ the lower the mole cular 
weight became . 

A small quantity (1 cm3 ) of concentrated 

aqueous extract, containing up to 10 mg nickel 
(perhaps 50 mg of coI'.lplex) was applied evenly 

to the coluIYm head and fractions collected with 
an automatic fraction collector . 4 or 6 cm3 

fractions were ob ta ined at a flow r a te of about 

0 3 3; . . cm min . 

l!:very second fraction was analysed for nickel 
by atoI!lic absorption . Better separation was 
acb.ieved by recycling the ni ckel ~ontaining fra.ctions. 
This effectively increosed the colillilll length. 

( ii ) ~~ -_ ~:i:?::1~ ts 
The elution patterns for the nickel­

containing fractions are shown in fig IV-5. 
Nickel fractions come very close to the solvent 

front marked by the elution of high molecular 
weight brown coloured fractions . Retardation 

of the early fractions was not very great but 

Spitzey et .?;1 (1961) have reported that sephadex 



99. 

gel repels anions which would therefore be carried 
with the solvent front. Electrophoresis hc::.s already 

indicc.ted that a proportion of the to -t;al nickel is 

in the form of a negative species. 

The use of 0.05 ammonium a cetat e as the 
eluant shows a fractionation of two distinct 

species. Tbe latter fractions may contain t he 

a.quo complex of nickel as thnsc coincide with 
the elution of a nickel (II) aqueous st~ndard. 
A higher ionic strength would probably have g iven 

better resolution. The effects of a higher ionic 

strength on the nickel complex, wer e unknown 

however. Distilled water was finally chosen, 

a.lthough tailine; is more pron01mce d than at a 

higher ionic strength. Dilution from tailing wc:.s 

overcome to a certain extent by successive 

recycling of the nickel fractions. The us e of 
distilled water also made identification experiments 

easier. Volatile electrolytes are difficult to 

remove completely and may interfere in subsequent 
work. 

Fig IV-5A shows the elution of t~e intense 
green band of nickel compound(s) after three 
successive trips through the colunn. This clear 
green solution was eluted between the brown 
coloured matt er at the solvent front and a light 
yellow band of sm~ller mol8cular weight material 

containing amino acids, organic acids etc. 

The partially-purified nickel fractions were 

reduced in volumn on a rotatory evaporator at 30°c. 
Ultraviolet, visible and infra-red spectrophotometry 

were conducted on this solution before reducing 

to dryness and washing with ethanol. 

The molecular weight of the complex(s) 

estimated from the relationship between elution 
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behaviour and molecular properties was in the 

r ange 250 to 450 . Tbis estimation ·was based on 

data from "Sephndex G-10 and G-15" by Pharmacia 
Fine Chemica ls. Because of the large spread of 
the nickel f r actions the r ange could not be 
narrowed down further than this. 

3. Cha r a cterization of nickel compound 

(i) Spectrophotometry 
U.V. spectrophotometry was carried 

out on a purified aqueous extract obtained from the 

G--10 colurm. A Shimadzu MP~)-5000 spectrophotometer 

with a s can range of wavelengths from the ultra­

violet into the infra-red part of the spectrum 

( 180 nm - 2 ~ 500 nm) and ci setting of 0-1 
absorbance was used . The spectrum obtained is 

shown in fig IV-6 a long with that of the nickel 
(II) aquo species. Qctahedr a l ni ckel complexes 

are well known for their very low mo l a r absorbances . 
Bands at 500-800 nm have nolar a bsorbances at 
peaks of only 1-10 (Cotton and Wilkinson, 1966). 
The f a ct that a good r esponse was obta ined, points 

to the reasonably-high concentrations of complex 
present . The peaks nre not shifted appreciably 
from those of the aqua complex a nd this shows 
that a considerable number of oxygens must be 
co-ordinated around the nickel. If nitrogenWltlU'e 
co-ordinated ,.the peaks would have shown much 
greater shifts to lower wavelengths. Amine 
complexes e .g. (Hi ( en)

3 
)2+ cha r a cteristically 

have blue or purple colours due to the shift in 
the absorption bands towards the red (Cotton and 

Wilkinson, 1966). The biggest difference between 

the two spectra shown in fig IV-6 is the change 
in peak shape for the absorption band centred 

at 700 nm and the difference in the absorbance. 
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Both solutions contained similar quantities of 

nickel. Pestemer e1 al (1949) obsGrved thnt in 
the absorption spectra of the monobns ic carboxylic 
2.cid sa lts of nickel (AcOH, EtC02H, PrC02H), the 

bands of the nickel (I i ) ions nnd the anions 
persist throughout but for the S£~1 ts of the 

polybusic acids (oxalic, t artaric end citric), 
stronger shifts due to complex format ions appear 
in the first and third absorption bc:.nds . Bobtelshy 

und Heitner (1951) showed that the effect of the 
citrate is to increase the absorption of the 

cation. 

Infra -red spectrophotometry was a lso undertaken 
with a small £,mount of the crysta lline complex 

ground with Nujol . The resulting spectrum, a 
-1 -1 scan froIJ 4,000 cm to 300 cIJ , showed the 

domination of the two water stretching bands at 
3,400 cm- 1 and 1 ,600 cm-1 . It is quite likely 

that both co-ordinated we.t e r 2nd water of 
crysta llizat ion may be involved. Other prominent 

-1 -1 -1 peo.ks were at 1 , 540 CLt , 1 , 075 co , 900 cm , 
-1 -1 845 cm and 722 cm . The l c r ge absorption of 

the water at 1 , 600 c~- 1 obscured possible carbonyl 
stretching fr e quencies in this region . 1fakaru.oto 
(1970) gives uand as signments for the complex . 
K2 (Cu(OX) 2 ) 2R20 as (C=O) a t 1720 CI:l-

1 , 1 , 672 CI:l-
1 , 

and 1645 cm-1 ; (C-0) at 1 ,394 cm-1 , 1 ,245 cm-1 

-1 ( ) -1 -1 and 893 CLl , a nd N- 0 at 818 en , 556 cm , 
and 417 cm-1 Little could be concluded from the 
spectra obtained except that they showed the 
presence of (C-0) and ·· (C=O) stretching . 
Small peaks at 845 cm-1 , 722 cm- 1 and 600 cm-1 

may be attributed to (Mi-0) stretching,although 
this is speculation. 
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(ii) Analysis for carbon, hydrogen, 

nitrogen and oxygen . 

A sr.iu.11 quantity ( 25 r.'.lg ) of 
crystalline complex was ana lysed for carbon, 
hydrogen and nitrogen. Unfortunately oxygen 
could not be determined in the presence of nickel. 
Nicke l was a na lysed by atooic absorption spectroscopy 
and sodium and potassium by flame photometry. 
Results obtained were as follows : Carbon, 28.09 

percent; hydrogen, 4.73 percent; nitrogen, 0 .73 
percent ; nickel, 8.31 p• .rcent; pott:'..ssium, 3.0 

percent and soC.. i 1.1n , 4 . 0 percent. The Sr::J.all quantity 
of nitrogen present is fron i npurities . The aQount 

of oxygen is probably close to 50 percent . 

(iii) I'Iass spectronetry 

Nickel was r el eased fr om its li~ands 

by bubbling hydrogen sul phide t hrough a aqueous 
solution of the cooplex. Nicke l sul phide Fas 
pre cipitated in the presence of aDt'lonic::. f umes . 
The bl ack precipitate was fil te r ed off . The clear 

sol ution was then taken to dryness on a rota ry 
evapor CJ.tor. Microgr 2D sanples of the r esulting 
glnss-like substance wer e analysed using a A. E . T. 

M.S. 902 mass spectrome t er. 

(iv) Spot t ests f or specific groups 

Various spot tests (Feigl, 1966 ) 

were carried out to de tern ine the pr esence of 

certa in functiona l groups. Tests were carried 
out for dibasic and polybasic acids, hydroxy 
acids and simple reducing ca rbohydrates. To 

detect this le.st class, Tollens reagent was used. 
This involves the reaction of (Ag (NH

3
)2 )+ and 

OH- ions with the reducing compound to produce 
silver as a black precipitate . A very intense 

response was obtained. 
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Slightly positive tests were obtained for 

citric and oalic acids. This involved the 
obsorvation of fluorescence after oxi dat ion. 

however the fluorescence was not conparabl e with 

the intensity obtained fro11 stc.ndnr<ls.:Uuo to a 
certs.in degree of non-specificity, c2.ution must 

be taken, when interpre ting the r esults. 
Mass spectrometry showed that citric acid was 
unlikely to be pr esent in the sample. 

4. Results and Discussion 

Spectrophotometric work hns indicated the 

dominance of oxygen co-ordim:~ ting ligands 
on the nickel. The absence of any s ignificant 

a.mounts of nitr ogen confirms this. Carbon and 
oxygen are a lso known to be present in l arge 

aoounts . As the nickel complexes a re retained 
on a sephadex G-10 colurm the molecular weights 
a re below the exclusion linit of 700. Reta r dation 

on the colur.m indicDted a weight SOI'.18What below 
this value. Movement on chromatogra:os a nd 
electrophoretograms showed the nickel to be 

associated with various unknown organic acids . 

The importance of organic acids in pl ant 
metabolisn is well established (Th i os nn and 

Bonner, 1950). The presence of c~rbonylic ac ids 
such as analic acid and the hydroxy c.cids, malic, 
citric and tartaric, have been investigated in 
va rious plants. (Hasr::mssen a nd Smith, 1961; 

Hulme a nd Richardson, 195 , and Pa lmer, 1955). 
Cooil (1948) found that the higher totnl acids 
associa ted with high potass ium in exp2.nding 

guayule leaves was l argely accounted for by 

high ci trio acid levels 1v-hereas in nature leaves 

high malic a cid levels were associated with high 

calciULl levels. Ritter-Studnickce (1972) compared 
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a number of plant species which occur on 

serpentine and calciun-rich soils and found thut 

the amount of total acids was higher in s erpentine 

plants and production of organic acids appeared 
to be stinula ted by magnesium accunulation . 

Percentage potassiWLl in dry leaves of L· kanaliense 

was 2.40 whilst levels of calcium and magnesium 
were found to be 0 . 93 and 0 . 24 percent respectively. 

It is known tho.t o:i:alate , citrate and other 
s a lts of polybasic acids are cape.ble of coIJplexing 
with nickel. Stability consta nts have been 

assessed by various worker s (Patnaik and Pari , 

1957 9 Li et al, 1 959) . Mige.l et al ( 1 958) have 
shown the order of stability of various citra te 
cor:1plexes as Cu ; Ni : Co .· Zn '> cd. In a 
spectrophotometric study of complexes composed 
of citra tes or tartra tes of nickel, cobalt, 
copper or chromiUill, Bobtel sky and Heitner (1951) 

showed that the effect of citrate was to increase 

the absorption of the ca tion. Peak positions 

were not greatly ~ltered. 

Llectrophoresis of the nickel extre.ct froo 

L. ks.naliense showed that at l eas t three 

complexes existe~ one of which is proba bly the 

nickel aq_uo conplex which with the lowest 

rJolecular weight oigrates the furthest. 
Further separ ation of these complexes could not 

be achieved on a sephadex column. This 
pointed to the likelihood of some excha nge process 
occurring. Tiffin (1971) found at leas t two 

forms of nickel in tol!lato exudate, the relative 
quantities of each depending on total nickel 

translocated . At physiological levels of nickel 
in the xylem,he found it to be translocated as a 

negatively charged species. 
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Tiffin (1967) has investigated the role of 

citrate as a carrier of iron and possibly of 
other cations. Be did not, however, identify 

the nickel carrier. Kovorin (1952) showed from 
experimental data that nicke l citrate is nore 

stable than iron citrate . 

The L1oveoent of the anodic nickel component 

was quite coopa ct indicating its stability 
compared to the extensive trailing of that 

ooving cathodically . The strongly- chelated 
aqua complex moved as a conpact spot towards 

the ca thode. Tiffin ( 1 971 ) observed similar 

behaviour of nickel in t omci. to exuda tes. 

Mass spectrooetry however did not confiro 

the presence of citrate . The spectruo obtained 
did not coopare with that of citric acid. Also , 
owing to the insolubility of the cooplex in 

alcohols, hydroxy-acids could be fairly safely 
ruled out as the ch8lating agent . Citric a nd 
other simil[,r a cids are present in oany pl2_nts but 
bec2use of the unique and enor oous 3ccurJula tion 

of nickel by sooe of the plants Llentioned in this 

thesis,it seemed like ly that n nore specific and 
perhaps unusual cheln-t; ing group was involved. 

Tests and behaviour so f a r seeo to indica te the 
acid of a simple sugar . Soce of these compounds 
such &s D-gluconic acid, a re insoluble in a lcohol, 
benzene and ether as was observed with the nickel 

conplex . The molecular weight of gluconic 

aGid is 196. If two of these were cooplexed to 

the nickel through the oxygens on the carboxylic 

group,a complex of approxim~tely the correct 
molecular weight and composition is obtained. 

Some water, as shown by infra-red spectra, is 
also associated with the nickel. 
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There is some evidence that the chelated 

ligand is a sinple sugar-acid but conclusive 
proof will require further work which is out 
of the scope of this study. 



GENERAL 

CONCLUSION 
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In view of the specialized nature of the 
sections in this thesis, no attenpt will be nade 

to discuss further the results obtained : r ather 

sone of the findings will be sUI'.lDarised. 

This thesi s had two objectives . The first 

one was aioed at elucidating sor:::te of the soil 

f a ctors that influence the distribution of 
serpentine flora . A statistica l approach using 

nultivariate nethods was used in distinguishing 

between soil sites supporting endemic species 
(Pir::ielea suteri and Myosotis nonroi) and those 

supporting non-endeo ics (Cnss inia vauvilliersii, 

lie be odor2. and Leptosperi~UD scopa~iUD). 

The second objective was an investigation 

into · the chemi stry of nickel in the l~ow Caledonian 

nickel a ccunula t or, Eomaliun kanaliense. Although 

the foru of nickel in the l eaves of this pl ant 

was not positively elucidated it is hoped that 

some useful ground wor k has been covered . Sooe 

idea of its nature in the plant h2 s been obtained, 
and some possible chelutes can be ruled out . 

In conclusion, the specific findings and 
a ccor:::tplishoents of this project ·wer e : 

(i) The cha r a cte r isation of five soil 

groups on the ba sis of chemica l conposition 

using dis crioinant a na lysis , and from this the 

tenduncy of the two endenic plants to occupy 

loca lities of highest magnesiuo concentration 
was shown. 

(ii) Magnesium is by f a r the best 

discrioinator, with nickel the second best. 

Other eleoents provide little more discrimination 

than would be expected from a completely random 
plant distribution. 
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(iii) The endenic plants oay be characterised 

by an ability to survive in areas where the 
avai l ability of the already low calciun level 

is decr eased by the pres8nce of l arge 
concentrations of readily- extract abl e Qagnesiw:::i . 

(iv) There is little evidence that eithe r 
the New Zealand or New Ca l edonian pl ants restrict 

uptake of nickel . 

(v) The New Caledonian speci es contained 

higher-than- average contents of the nutrients, 
ca lciun, ph osphorous and potassiuo in spite of 
the particul arly l ow concentrations of these 

elenents in New Caledonia n Qerpentine soil s . 

The very high uptake of n ickel I!laY be linked to the 

concomitant a ccunulation of nutrients . 

(vi) The observations of the stinulating 
effect of nickel on uptak e of ca lciun, phosphorous 

and potassiun by the New Ze2land pl ant Pinelea 
suteri. 

(vii) The possible oetabolic role of nickel 
is str engthened by the observation that this 

elenent is not excluded fron the reproductive and 
highly netabolising organs of sooe of the plants . 

(viii) The denonstration that nickel in 
Honaliu.n kanaliense leaves is chelat ed to a highly 
wate r soluble , (insoluble in organic sol vents), 
organic coopound . Lioited evidencP. points to a 
simple sugar- acid . 

(ix) Nickel toxicity is alleviated by 
chelation. 

The author naintains that the objectives 
of this study were, on the whole, fulfilled, 

when the limited scope of the wor k is considered. 
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Some additiona l knowledge has been put forward 

ns re gar ds the somewhat Gnigmatical problems of 
s e rpentine flora . It is hoped that near future 

work will positively i dentify the chelating 
species of the nickel in some of tbese plants . 
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