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ABSTRACT 

In 'bio geochemi c al s tudi es ini t i a t ed for t h e  first time  in  N e w  

Zealand , s om e  trac e elem en t s  in indi genous plants and i n  t h e  soi l s  

suppo rting t h e s e  pl ant s ,  were d e t ermined  by emi ssion spec trography 

and atomi c  ab sorp tion  sp e c t ropho tometry .  

A t e s t  o f  t h e  biogeochemi c al me thod of  prospec ting  was mad e  by 

s tudying el emen tal c oncent rations in l eaves of three  tree  spe c i e s  

and in  the  c orresponding s o i l s  from min erali s ed and non-min eral i s ed 

ground at Copper- s t ain C reek , North-Wes t  Nel son . All sampl es were 

analysed for copp er and molybd enum . 

for zinc . 

Olearia rani was also analysed 

Elemental con t en t s  in pl ants and soils were c ompared by correla-

t i on c alculations on a c ompu t er .  The  molybd enu� c on t ent o f  the  ash 

o f  0. ran i l eaves showed a hi ghly- sign i fi cant correlation wi t h  the  

c onten t  of  t he s am e  el emen t in c orresponding soil  samples . · Thi s 

indic at e d  t hat 0.  rani c ould b e  used as a biogeoc hemi c al indi c ator  

tor molybd enum minerali sati on. No OLher signifi cant plant-soil  

c orrelations were found for molybd enum,  copper or  zinc . 

For a further s e t  o f  0.  rani sampl es , l eav e s , twi gs , wo od and 

flowers were all analysed for zi nc , c ouner and molybdenum . Thi s 

d at a  showed that the  l e aves of 0. rani were b e t t er than the  o t her 

part s  of  t he plan t , and that analyses  based on ash weight were 

b e t t er than dry wei gh t  valu es for indic ating molybd enum minerali sation 

in the  soi l .  

Cumula t i ve frequency d iagrams gave values for threshhold 

conc en trati ons used t o  delinea t e  the  anomalous  areas at  Coppers t ain 

Creek . 



iii  

Molybd enum cont ents  i n  t h e  ash  of  plan ts showed wid e vari ati ons , 

ranging from one to  1600 parts p er million . Copper and zinc contents  

showed l e s s  vari a tion b u t  there were signific an t di f f erenc es in the  

mean values  fo r each  spe c i e s .  

A New Zealan d  serpentine  flora and t h e  asso c i a t e d  soils  from 

n ear Dun Moun t ain on the N elson Min eral Belt was s tu d i e d . In  an 

i ni tial orientation surv ey , i t  was found that seven ty-one  samples 

of twent y-six speci es sho wed tha t wid e variati ons exi s t ed i n  the 

c onc entrations o f  the elemen t s  c hromium, nickel, cobal t and copp e r .  

Six of  t h e s e  spe c i e s  were sampled fur ther and analysed for chromium, 

ni ckel, c opper, cobalt, calcium an d magnesium . 

Th e speci es Cassinia vauvilliersii, Hebe odo ra and Leptospermum 

scoparium �ere sampled b o th randomly and from a l o c alised area of  

s erpen tin e  wh ere soils were  more  uniform . Plan t e l emental con t en t s  

were found t o  vary up to  s e v eral o rders of magnitude  in  b o t h  set s  o f  

sampl es . Specimens of t h e  same spe c i e s  sampl ed from n ear the  

bound ary of  serpen tine wi th  s edimen tary rocks and from an  andesi tic 

area a t  Mt . Egmon t ,  con tained much lower amounts of  c hromium, ni ckel, 

c obal t and magnesium and hi gh e r  amounts  of c alcium than samples  from 

serpen t in e .  

Correlation c oe f fi c i e n t s  were  cal c ulat ed fo r t h e  relationships 

b e tween pai rs of  elemen t s  and showed that for C.  vauvi lli ersii, there  

were highly-signi fi c an t c or relation s  b e tween plan t ash and soil 

con t en t s  for c hromium, nickel and cobal t .  H .  o d o ra and ·L. scoparium 

showed simi lar b u t  less  pronounc ed c o rrelations fo r the  same three 

elemen t s .  I t  was conc lud ed that  these  sue ci es, especi ally 
• 

C .  vauvilli ersii would be u s e ful fo r biogeochemic al pro spe c ting . 

Twen ty samples o f  each of  t he s e rpen tin e- en d emi c species, 

Myosotis  monroi,  No t o t hlaspi aus t rale and Pimelea  suteri were also 



c ollec ted for c o mpari son wi t h  the o t her , more common speci es . 

P. su teri, in part i cular , is a strong ac c umula t o r  of  c hromium, 

nickel and cobal t  although L. s c opa�iurn also ac c umulates chromium 

t o  a greater degree than the o t her specie s .  

The highes t concen t rations found included 2.6% c hromium in 

t he ash o f  a P.  su teri an d 9% c hromium in a soil in whic h  L. sc oparium 

grew . These values are higher than any previ o usly ob served in o t her 

par ts  of the world . Good c orrelation s were found for some pai rs o f  

elements showing t hat chromium , ni ckel .and cobalt are s t ro n gly related 

i n  s oils and in mos t  plan t species . 

The range o f  calcium and magnesium c onten t s  in plan t ash wa s 

from one t o  30%. Although the exc hangeable- cal c ium c on ten t o f  

s oils was ab out  one twen tieth o f  that fo r magnesium , the Ca/ :g r a t i o  

i n  plan ts  ran ged from 0 . 1 t o  �.0. 

I n  vi e w  o f  t he unusual c oncen t ra ti ons o f  chromium in serpentine 

plants , t he metaboli sm and u p take o f  the radiois o t ope chromium-51 

was s t udied in selec ted species . Tran slo cat i on o f  
51

c r  when applied 

as c hromate t o  c u t s  in the s tern o r  the tips o f  branches o f  seedlings 

was obse rved to be grea ter in P. su teri and L. s c onarium than in 

C .  vau villiersii or H. odora , as indi cated by radi oau tography . 

51 
In young L. scoparium ( manuka ) plan ts, Cr suppli ed as chrom a t e  

was t r anslo ca ted as c hroma te i n  t he xylem sap a s  shown by hi gh- voltage 

elec trophoresis . 

Tri foli um pra tense seedlings ( red clover ) whi ch were mo re 

readily available and grown in nu t rien t solu tion for ea se o f  

51 
manipulati on, were able to absorb and translocate Cr to t he 

?1 
leaves when t he C r  was supplied as ei ther sodium c hromate or 

c hromi c c hloride.  



I n  b o t h  species ( T . praten s e  and L. scorari um) , gen erally much  

-1  l ess  than �% of the  / Cr appeare d  t o  be  bound t o  p ro t ei n  or  n u c l ei c  

acid s . I n  the roo t s  of L. scoparium seedlings , 32% of t h e  radio-

a c ti vi ty was soluble in  b oili ng 80% e t han ol and a fu rther portion 

was solubl e  in boi ling wat er . The s e  frac ti ons were examined  by 

hi gh- vo l t age ele c t rophoresis  and a t o tal of 18% of  t h e  
5 1

cr  in ro o t s  

o f  L .  sconarium cultured i n  nutri ent solution exi s t ed a s  t h e  t ri -

oxalatochromate ( II I ) ion wi th l esser  amoun ts as two o ther soluble 

anionic c o mpounds .  T .  nratense did not show t h e  presen c e  of the 

trioxalatochroma t e ( I I I ) i on .  

It wa s con clud ed t h at the fe asi bili t y  of c a rrying  out  biogeo -

chemi c al prospec t i n g  in N ew Zealand has been d emon s trat ed for t h e  

fi rs t time. Furth e r ,  the plant c h emi s t ry s tu d i e s  have c on t ri b u t e d  

not  only to general plan t nu t ri tion r e s e arch, b u t  also have  pro vided 

basic in formation for the unders tandi n g  of the trac e elem en t  me tabolism 

involved in  biogeo c hemi c al pro spec ting . 



ACKNO�iLEDGEMENTS 

Mos t of all, I wi sh t o  express my appreci a t i on and thanks 

t o  my supervisors , Drs  R . R. Brooks, P.J. Peterson and G . W . Butler, 

for t hei r encouragemen t ,  assi s t ance and discus sions on all aspec t s  

o f  this  s tudy . 

I would also like to thank t he following: 

The Mineral Resourc es Commi t tee and Lime and Marble L t d , 

for financ i al assi s t an ce .  

The Chemi s t ry and Biochemi s t ry Depar tmen t,  Massey Universi ty 

and  Plant  Chemi s try Di vision , D . S . I . R . ,  Palmerston North , for 

financial assi s t ance and the use of facili ties and chemi c als . 

Messrs . K. James, W. Benn e t t  and I .  Manning for techni cal 

assi s t an ce .  

Mrs Gail Peterson and Mrs Helen Horsfall for the typing . 

Dr . W. Ting , Universi t y  of Cali fornia, Los An geles , and 

D r .  M. Taylor, Cawthron I n s t i tute, Nelson , for assis t ance wi t h  

t he geobotanical work . 

Mis ses Doreen Sco t t  and Margaret Soulsby for t he photographic 

work . 

And M r .  N . E . Cohen , Mr. L.F . Molloy , D r .  R.D . Reeves and 

many others for useful d i scus sion s during the period of t he work . 



TABLE OF  CONTENTS 

Abstract  

Acknowled gemen t s  

Table of c onten t s  

Li st  o f  figures 

Li st  o f  t ables 

PART I .  

PART I I . 

1. 

2. 

3. 

A+. 

5 .  

6. 

General Introd u c ti o n .  

A Bio geo chemi c al Survey a t  C�pperstain Creek , 
North-West Nelson . 

Introducti on .  

The ge ology and geo c hemi stry o f  the area . 

Climate , vegetation and t opography . 

Analyti c al method s .  
( i) Plant mate ri al  
( ii) Soil  samples  
( iii) Analysi s .  a) pH 

( i V) Treatment of  

b ) 
c ) 

Emi ssion spectrograohy 
Atomic abso rntion 

spec t rophotometry 
the data 

Preliminary sampling . 

Grid survey . 
( i) Sampling pro gramme 
( ii ) Resul ts  and di scu ssion a) 

b) 
c) 

Soils  
Pl ants 
Plant- soil 

Page No . 

ii 

vi 

vii 

xi 

xi v 

1 

7 

8 
9 

1 1  

12 
12 
12 
13 
13 

13 
16 

18 

2 1  
2 1  
23 
2'+ 

relationships 27 

7. Trace el ements  in Olearin rani. 
( i) Int roduc tion and samp ling 
( ii) Re sults and d i s cussion 

8. Conc lusi on s .  

PART I I I . Trace Elements in  a Serpentine Flora . 

1. Introducti on .  

2. Description o f  the area 
(i) Physi cal featur es 
( ii) Geology 

29 
29 
31 

3'5 

37 

38 



5 .  

6 .  

PART I V .  

1 .  

2 .  

( iii ) 

Sampling 
( i )  
( ii) 
( i i i )  

( iv )  

Vegetati on a) 
b) 
c )  

an d analysi s  
Pla nt  materi al 
Soil samples 
Analysis  a) 

b )  

Shrub lan d 
Open scrubland 
Tus sock grassland 

Emi s sion spec t rogr aphy 
Atomic absorption spec tro­

photometry 
S tatisti cal t reatmen t of d a t a  

Prelimin ary spec tro chem i c al survey 
( i )  Soils 
( ii .) Plan ts  
( ii i ) Discussion 

A study  of the elemental c on tent of selec t ed 
serpentine plants 
(i) I n t ro duc tion 
( i i ) Result s from three c ommon speci es 

a )  Random collec tion 
b )  Lo c ali sed co llec tion 
c )  Non- serpent ine samples 
d )  Some geobo t ani cal observations 

( iii ) O verall results 
a )  Soils  
b )  Plan ts  

General d i sc ussion and c o nclusions 

The Uptake and Met abo l i sm o f  Chromium- 5 1 .  

I n t rod u c t ion 

Ma t erials 
( i )  
( ii )  
( ii i ) 
( i v )  
(V) 
( vi )  

and methods 
Chemi c als 
Radio chemi c als 
Measuremen t of 

�1 cr 
Radioautography 
High voltage elec tropnoresi s  
Plai+t culture 

Experiment s  wi th red c lo ver , Tri folium pratense 
( i )  Condi tions o f  c ulture 
( ii )  Rad ioau tographi c  s tudies 
( ii i ) Uptake studies 
( iv )  Chemi c al frac tion ation o f  clo vers 
( v )  The chemi c al fo rm of 51 cr in c l o ver 

Pap:e No . 

Lt6 
Lt7 

49 
4 9  
5 3  
54 

57 
57 

58 
65 
70 
73 

76 
i:$0 

88 

99 

1 00 

1 0 3  
1 0 3  
1 0 3  
1 0 3  
1 04 
1 04 
1 05 

106 
106 
106  
109  
1 1 2 
1 1 7 



4 .  Experiments with plants f rom th e Mi neral Belt 
( i )  Tran slocation exp eriments 

a )  Cassinia vauvilli ersii 
b )  Hebe odora 
c )  Leptospermum scoparium ( manuka ) 
d )  Pimelea suteri 
e )  Disc ussi on 

( i i ) Chemi c al studi es  
a )  H e  be  odora 
b )  Lepto suermum scoparium ( manuka ) 

�. Furth er exp eriments with manuka , L epto suermum 

6 .  

7 .  

PART V .  

scoparium. 
( i )  
( ii )  
( ii i ) 
( i  V) 
( v )  
( vi )  
( vii ) 

Introducti on 
Culture and f e eding 
Uptake of 5 1 cr 
Chemi c al fra cti onati on 
The c hemi c al form o f  5 1 cr i n  manuka 
Th e oxali c aci d complex 
Exp eriment with 51 cr and 14 c 

a )  Uptake o f  �1 cr and 14c 
b )  Detection o f  51 cr  an d 14c 
c )  Extracts 

Chromium-�1 in xylem s ap 
( i )  Exp erimental 
( ii) Manuka plants from sernenti n e  soil 
( iii ) Manuka plants f rom nu t ri ent s olution 

a )  C hromate f e d  
b )  Chromium ( I I I ) - f ed 
c )  Oxali c acid  compo siti on 

Di scus sion 

Gen eral Di scussion 

BIBLIOGRAPHY 

APPENDICES 

App endix 1 .  Analyses o f  plants from Co pperstai n C r e ek 
a )  Grid su rvey 
b )  Oleari a rani 

Appendix 2. An alyses  of  plants from th e Mineral Belt 
a )  Cassini a vauvilliersii var . serpentina: 

rand om collecti on 
b )  C .  vau vi lli ersi i : lo c ali sed coll ection 
c )  C .  vauvilli e rsii : bound ary c ollecti on 
d )  C .  vauvill i e rsii : collecti on for pollen analysis 

ix  

Page No . 

120 
120 
122 
122 
123 
12Lt 
12Lt 
12.5 
125 
129 

1 3'+ 
1 3'+ 
13'+ 
135 
137 
139 
1Lt 1 
1Lt2 
1 't 3 
1Lt3 
14 3 

146 
146 
1Lt7 
1<t 7 
1Lt'7 
1Lt8 
1't8 

150 

158 

168 

181 

182 
18Lt 

186 
187 
188 



Page No . 

e )  H e b e  odor a :  random collec tion 18 9 
f )  H .  odora : lo c al i s ed c o llection 190 
g) H .  odora : bound ary c ollec tion 191 
h )  Leptosnermum sc onarium: random coll e c t i on 192 
i)  L. 8Conarium: localised c ollec tion 193 
j )  L. sconar�um: bo��da�y collection 194 
k) L. sco�o��u�: collec ·ion fo� pollen analysis  19� 
1) Myosotis �on�oi 196 
m )  Notothlaspi aus t rale 197 
n) Pimelea  sut e ri 198 

Appendix 3. Analyses of s ome plan t s  us ed for 
51cr  studi e s .  199 

Appendix 4. Compu t er pro grammes for the c alculati on o f  
co rrel a ti on c o e f fi ci en t s .  200 

a )  General log- log correlation 201 
b )  Gen eral l o g- linear c orrelation 202 
c'  Log-lo g  co rrelat ion on Ol earia rani d a t a 203 
d )  Log-lof, c orr elations for chromium , nickel , copper 207 

and cob al t  in plan ts  and soils . 
e )  Log-log c orr elation s for chromium , nickel , c opper 209 

and c o b al t  wi th zi nc , �alcium and magn e sium in 
plan t s . 

App endix 5 .  Publi cations arising from the  t h esi s .  211 



xi 

L I ST OF FIGURES 

Figure No . Aft er Page No . 

I-1 · Map o f  part  of  New Zealand sh owing place s 
mentioned in this  thesi s .  

II- 1  The geology o f  the  Copperstain Creek min e ralis e d  

II-2 

I I - 3  

I I -'+ 

II-5 

I I -6 

I I-7 

II-8 

II-9 

II - 1 0 

I II-1 

III-2 

I I I - 3  

I I I-4 

III-5 

I I I-6 

I I I-7 

I I I -8 

area .  

Aerial view o f  Copperstain C r e ek . 

Cumul ative  frequency  diagram for gri d survey d a t a .  

Map of t h e  zi nc c on t en t  of so i l s . 

Map o f  t h e  c opper c o n ten t o f  soils . 

Map o f  the  molybd enum c o n t en t  o f  soi l s . 

Map o f  t h e  mo lybd enum c o n ten t  o f  Ol earia rani plant  
ash . 

Plant-soil relationships for molybdenum in Myrsine 
sali cin a  and Quintinia acu tifolia. 

Pl an t-soil relati onship for molybd enum in Ol e a ri a  
rani . 

Plan t- soil relationshi p s  f o r  plan ts  from gri d 
survey . 

Aeri al pho tograph o f  part  o f  the Dun Mountain 
Mineral Belt . 

Map o f  the  Dun Mount ain Tramway showi n g  sampling  
si tes.  

Pho to�raph o f  the  head  of  t h e  Rod ing River . 

I n t erel emen t rel ati onships for soi l s  only . 

Plan t - soil relati onships fo r Myoso t i s  mon roi . 

Plan t- soil .relati onships f o r  No to thla.spi a u stral e .  

Plan t - soil relati onships for Pimel ea suteri . 

Plan t - s.oil relationships for Cassinia vauvillie rsii . 

9 

1 1  

23 

23 

23 

23 

23 

25 

2'5 

2'5 

'+3 

77 

82  

82 

82 

82 



Figure No . 

I I I-9 

I I I-10 

I I I - 1 1  

I I I- 1 2 

I I I - 1 3  

I V- 1  

I V-2 

I V-3 

I V-Lt 

I V-5 

IV-6 

I V-7 

I V-8 

I V- 9  

I V- 10  

I V-11  

I V- 1 2  

Xii 

Af t er Pa.e;e No . 

Plan t-soi l  relationships  for Hebe  odora . 

Plan t - soil  relati onshi p s  for Lentosnermum 
scoparium . 

Cumulat i v e  frequency diagram for Cassi n i a  
vauvi lli ersii . 

Cumulative  frequen cy di agram for H e b e  odora .  

C umulati v e  frequency d iagram for Lent o spermum 
scoparium. 

Radioau t o graph of red clover  s e edling after 
21t hours in 5 1 cr  solut i on . · 

Radioau t o graph of  red clover  s e edling after  
2� hours in  5 1 c r  solut i on followed by 7 days  i n  
nutri en t solution . 

Enlarged rad i oau t o graph o f  r ed clover leaves  
showi n g  ? 1 c r  in  veins .  

Enlarged rad i o au t o graph o f  red clo v er leaves  
showi n g  5 1 c r  i n  s en escen t  l e aves and  i n t e rveinal 
areas . 

Suc c essi ve  extrac tion sequen c e . 

Pat tern o f  5 1 c r  rad i o ac tivi ty aft er  pH 5 . 3  
ele c trophoresis . S tandard s .  

Pat t ern o f  5 1 cr  radioac tivity  after  p H  5 . 3 
ele c t rophoresi s .  Ethanol ex trac ti o f  roots  
of  red  c lo v e r .  

Pat tern o f  5 1 cr  radioac t i vi ty af t er pH 5 . 3  
elec t rophoresis . 5 1  Ethanol extrac t s  o f  red clo ver 
plan t s  fed  wi t h  C ro

lt
2- . 

Radioaut ograph o f  st em-f ed Cassini a  vauvilli ersii 
from Manawatu  soi l .  

Radioautograph o f  tip-fed H eb e  odora from s erpen­
tine soil . 

Radioau tograph of st em-fed H ebe odora from 
Manawa tu so i l .  

Radioau togr aph o f  st em-fed Lepto spe rmum 
scopa rium from s erp enti n e  soi l . 

82  

8 2  

8 6  

8 6 

8 6  

107  

107  

109  

1 0 9  

113 

1 18 

1 1 9 

1 1 9 

1 22 

1 22 

1 22 

1 2 3  



Figure No . 

I V-13 

I V-1'+ 

I V-1'5 

IV-16 

IV-17 

I V-18 

I V-19 

I V-20 

I V-21 

I V-22 

IV-23 

I V-2�.t 

I V-25 

I V-26 

IV-27 

IV-28 

I V-29 

After Page No . 

Radio auto graoh o f  tip- f e d  Leptospermum 
scoparium from Manawatu soil. 

Lepto spermum s c oparium from Manawatu soil. 
51c r  appli ed to the stem. 

Radioautograph o f  Pimelea suteri from s e rpentin e  
soil. Tip- f ed with �1c r. 

Radio autograph o f  Pime l e a  suteri from s ernentine  
soil. 51c r  appli e d  to th e stem. 

Pattern of 51c r  radioactivity after pH S . 3 el ectro­
phoresis. Extracts of soil-grown H ebe o d o ra 
fed "1cro 2 -

J;. 
Pattern o f  51c r  ra dioactivity_ after pH 5.3 ele ctro­

phoresis. Extracts of roots of  soil-grovm 
manuka plants f ed 51c ro 2- . 

" Lt 

Radio auto�raph o f  manuka from nutri ent culture 
solution. 

Pattern of 
51c r  radio activity after pH 7.3 el ectro­

phoresis. Extracts o f  ro ots of nutri e�t- grown 
manuka. 

123 

123 

121;-

124 

128 

133 

135 

139 

Pattern of  51c r  ra dio acti vity after pH 5.3 electro­
phoresis. Mixture s of 51crcl3 with organ ic acid s. 1�t0 

71cr radioacti vi ty o f  samples from a G10 S eph ad ex 
c olumn. 

c; 1 11;-
C r  and C rad ioactivity patlerns after pH '5 . 3 
ele ctrophoresi s. Eth anol extracts o f  nutrient­
grown manuka. 

51c d 1ltc d. t· · r an ra loac l Vl ty 
ele ctropho resi s .  Water 
grown manuka. 

patterns a fter pH 7 . 3 
extracts o f  nutri ent-

Patterns of radi oacti vity C14c + �1C r )  after pH 2 . 0  
ele ctropho r e si s. Hyd ro lysi s  o f  c ompo und C .  

Apparatu s for the  remo val o f  xyl em sap. 

Patt ern �f 
51c r  radioacti vity after pH �-3 

electropho resi s. Xyl em s a p  from soil-gro wn 
manuka. 1Lt 7 

Lepto spe rmum s c opari um growi ng in nutri ent soluti on. · 1�t8 

Pattern o f  71c r  rad ioactivity after pH � . 3  electro-
pho resis. Xylem sap from nutri ent- grown manuka. 1Lt8 



Tab l e  No . 

I I -1 

I I - 2  

I I - 3  

I I -4+ 

I I - 5  

I I - 6  

II -7  

I I-8  

I I I-1 

III-2  

I I I - 3  

I I I -lt 

I I I - 5  

I II - 6  

I I I-7 

I I I -8 

I I I - 9  

I II - 1 0 

I I I -11 

I I I -12 

III -13 

I I I-14 

I I I-1'5 

I I I -16 

LIST OF TABLES 

Emi ssion sp e c t ro graph opera ting condi t ions . 

Atomi c ab sorp tion operati ng condi tions . 

Tra c e  elemen t s  in four plant speci es . 

Molybd enum ·and c opper i n  l eaves and twi gs . 

Tra c e  e l eme n t s  in soils and plan ts  from t h e  
grid survey . 

Correlat ion c o e f fi c i e n t s  for gri d survey d a t a .  

Trac e e l ements  i n  soil a n d  in  Ol earia rani.  

Correla tion c o effi c i en t s  for O l eari a rani d a t a. 

At omi c ab sorption opera ti n g  conditions . 

Result s  o f  preliminary spec t ro c hemi cal survey . 

Analysi s o f  ran dom coll e c t ion . 

Pl an t -soil c o rrelations for randomly c ollec t ed 
sampl es. 

I n t erelemen t correlations  for random c o llec tion 

Ash c o n t e n t s  of  plan t s  

C omparison of  leaf  and s t em analyses . 

Analysi s of  loc alised  c o l l e c tion . 

I n t erelement co rrelati o n s  for locali s e d  c o l l e c tion . 

Analysis o f  bound ary c o l l e c tion . 

Analysi s o f  Mt . Egmont c ol l ec tion . 

Resul t s  of pollen analysis. 

Soil analys e s. 

I n t erel ement correlatio n s  for al l soil s .  

Soil extrac t d ata. 

Analysis o f  all sample s. 

xiv 

Page No . 

14 

15 

1 9  

20 

22 

.?5 

30 

32 

lt7 

'50 

59  

61 

62 

63 

64 

67 

69 

71 

72 

'7'5 

76 

7 7  

7 9  

81 



T able No . 

I I I -17 

I I I -18 

I I I -19 

I V-1 

I V-2 

IV-3  

IV-4 

I V-5 

IV-6 

I V-7 

I V-8 

I V-9 

IV-10 

IV-11 

Trac e element acc umulation 

Plant- soil correlations for all samples. 

Intereleme nt c orrelations for all samples. 

a )  Chromi um-71 radioactivity in clover . 
b )  Valu es o f  Stud ent's "t" for compari sons . 

Chemi cal f ractionation o f  
51cr in clo vers . 

Chromium-�1 radioacti vity in  protein and RNA 
from clo v e r . 

C hromi um-71 radioacti vity in Hebe odora . 

Chemi cal fractionation of  
51c � in H ebe odora. 

Chromium- �1 radioacti vi ty in protein and RNA 
from H ebe od ora . 

Chromium-51 radi oactivi ty in manuka from soi l .  

Ch emi c al fraction ati on of  51
c r  i n  man uka from soil . 

C hromium-51 radioacti vity in manuka from nutri ent 
solution. 

Chemi cal fracti on ati on of 
51cr in manuka from 

nutri ent solution . 

Chromi um- �1 radioacti vity in  protei n and RNA from 
manuka . 

XV 

Pae:e No . 

8 3  

8�t 

86 

111 

115 

118 

125 

127 

128 

130 

132 

136 

138 

139 



PART I 

GENERAL INTRODUCTION 



"In mountains in whi ch  ores  or  oth e r  minerals are present , growing 

trees  usually are not healthy , that i s ,  th eir leaves are pal e and th e 

trees  th emselves are l o w ,  bent , di storted , gnarl ed and rotten before 

reaching old age . " Th ese  word s o f  M . V .  Lomonosov in 1 763 probably 

repres ent th e earl i est written rec ord o f  the e ffect  o f  min eralisati on 

on plants ( Malyuga , 1 964 ,  p .  6 ) . 

Pl ants may b e  used as indicato rs o f  minerali sati on in eith er of  

two ways . Bio geochemi cal prospecting relies on th e chemi c al analysis 

of plants , whil e  geobotani cal prospecti ng uses th e vi sual examin ati on 

o f  plant species  and plant morphology to ind i c ate minerali sati on .  

In  the l ast twenty years , trac e  e l ement bi o geo chemical 

prospe cting has be en te sted and found useful in Briti sh Co lumbi a 

( Warren , 1 962; Warren and Delavault , 1 96 5 ) , th e United States 

( Cannon , 1 960 , 1 96 3 ; C arlisl e and C l e ve land , 1 958 ) and  other parts 

o f  th e world ( e . g . Ni colls!! al , 1 964 - 5 ;  Duvi gne ad , 1 958 ) . However , 

i ts· greatest populari ty appears to have been reached in  the Soviet 

Union where it has been u s ed for th e past thi rty years . Bio geochemi sts 

are includ ed in most mineral explorati on teams in that c ountry 

( Malyuga , 1 964 ) .  

In N ew Zealand , few indi genous pl ants have been analysed for 

their trac e elem ent contents , although be ech trees  from th e Hutt Vall ey 

( Hill er , 1 96 3a , 1 96 3b) and exoti c pin e  trees from C entral North I sland 

(Orman and Will , 1 960 )  have been studi ed for th eir majo r el ement 

c ompositi on . Recently Wells  and Whitton ( 1 966 ) looked at th e 

el emental compos ition of  manuka from hydrothermal areas , as  well as 

the c ompositions of white clover and sweet vernal , and th e s e  wer e  

c ompared with other s amples from th e Taupo area . Th e only previ ous 

bio geochemi cal study was that of Wi l l i ams ( 1964 )  who repo rted h i gh 

c onc entrations ( 600-3000 ppm ) o f  ni ckel in  th e ash o f  the tree  



Weinmanni a rac emosa over a pyrrhotite-p entlandite vein in th e 

Takaka Valley . However , her samples from similar outc rops n earby 

fai led to show any indic ation of min erali sation and thi s ffiethod of 

prospecting was th erefore d i scontinued . 

3 

Consid erable areas of land in N ew Zealand are  at present being  

prospected for min erals and most of  th ese  are covered with d ense  

indi genous forest,  often with d e ep weathering and few rock outc rop s . 

Biogeochemi c al prospecti n g  could th erefore be v�ry us eful . However , 

mining comp ani es appear reluctant to use  thi s method , as  it initi ally 

requires a comprehensi v e  ori entation survey and d emands  more skill 

in c ollecti n g sp ecimen s  than the routine samplin g  of soils and 

stream sed iments . Anoth er factor whi ch has worke d  a gainst th e us e 

of biogeoc hemi c al prospecting in New Zealand i s  th e fact that th e 

indi genous flora is uni que  an d little use  can be made of the  large 

pool of knowledge gained in oth er countri es for plant sp ecies of 

wid espread distribution . 

In the beli e f  that there was clearly a plac e for biogeochemic al 

studies  in New Zealand , a survey of thi s  nature was initially 

c arri ed out at Copperstain Creek , North-West Nelson ( Fig .  I - 1 ) , 

wh ere geologi sts and geoc h emi sts were investi gating th e economi c 

potential of a sulphid e  d enosit.  

For a biogeoc hemi c al orientation survey , both plants a�d 

soils should be analysed so that a stati stical compari son c an be 

mad e .  Willi ams ( 196� , 1 96 7 )  has  appli ed stati sti c s  to geoc hemi c al 

prospe cting but not to biogeoc hemi c al d ata . Her method was an 

extension of that of T ennant and White ( 1 9� 9 )  who stud ied  the 

di stribution of biogeoch emical data in addition to studies on 

geoc hemi c al in formation . However , no attempts appear to have be en 

mad e  to correlate soil and plant ash data . Usually plant ash 



conc en t rations have b e en compared  graphi cally wi th soil content 

( Nicolls !! al , 1964- 5 ;  Cannon , 1963 ) or  diagramati c ally  wi th 

geologi c al s t ruc ture ( Warren and D e l avaul t ,  196 5 )  and soil c o n t e n t  

( Shackl e t t e , 1962 ) . 

Thus muc h  o f  the  earli er biogeochemi cal prosp e c t i n g  work has 

suffered from t he lack of a ri go rous statistical basis for the  

i n t erpretation o f  dat a ,  and i t  was hoped  that  such  a b asis  c ould 

be established in the New  Zealand investi gations . 

Ore-indi c ating vege tation assemblages have b e en known for 

m any y ears . Bo th the  c alamin e  vegetation of zi nc d eposi t s  in 

Europe , and the  flora of  s e l eni f erous areas in North Ame ri ca 

c o n t ai n  sui t abl e geobo t ani cal indi c ators (Hawkes and Webb , 1960 ,  p .  312 ) . 

In  som e  c as es , the sel enium- ac cumulating plant s  of  As t ragalus spe c i es 

also i ndi c at e the  ass o c i a t ed uranium and vanadium ( C annon , 1960 , 196� ) .  

Many o ther soil types also have charac t eri stic veget ation . Som e  

examples are the halophy t e s  o f  sal t marshes , cal c i fuges o f  acid soils , 

and s erpentine  flora . 

Areas underlain by  serpen t i n e  or  ult ramafi c rocks always have  

c h arac t eris t i c  vege t ation . The plan t s  are wid ely s c a t t ered  and 

o f t en there  are  spe c i e s  end emi c to these  s oils . The r eason fo r a 

charac t eri st i c  flora has b e en c onsidered  to b e  the  el em en t al con t en t  

o f  t h e  soil ( Robinson e t  al , 1935 ; Run e , 1953 ) .  

In  N ew Zealand , there  are two large areas of  ul t ramafic ro ck , 

one  in  the  moun t ains of South Westland , and the  o t h er a north-eas t , 

south-wes t  t rending b e l t  to the  east  o f  N elson Ci ty . N ear the  

c en t r e  o f  th e lat t er area  is  Dun Moun tain ( Fi g.  I-1)  whi c h  i s  mor e  

readily ac c essible  than mo s t  o t h e r  areas . N ear Dun Moun tai n  also , 

are a numb er o f  disused c opper and c hromium mines  in  s erpentine ro ck.  
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Fig .  I - 1 .  Map of part of New Zealand showing places rr.entioned 
in this thesis . 



In the present wo rk , tra c e  e l ement stud ies  o f  N e w  Z ealand 

serpentine ve getation were th erefore c arri ed out to test th e 

bio geo c h emi cal method for c hromi um and copper , and to investi gate 

th e e ff ects o f  serpentine  soi l �n th e c omposition o f  th e s e  pl ants . 

S erpentine  soils c ontai n unusually high conc entrati ons  o f  chromium , 

nickel , c obalt and magnesium with low amounts o f  calcium and oth e r  

elements and i t  was not kno wn what e f fects were  pro d uc e d  on the 
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el emental c ompo sition o f  N ew Zeal an d  pl ants . S erp entin e  vegetation 

in oth er parts of the world c o ntain very high conc entrations o f  some 

tra c e  el ements ( Lounamaa , 1 9 �6 ;  Paribok and Alexey eva-Popo va , 1 966 ) 

but it was thought N ew Z ealand plants may be  abl e  to exc lude  some 

trac e e l ements as  in the c a s e  for som e plants near  o r e  d eposits in 

Que ensl an d  ( Nicolls � al , 1 96�-5) . 

The  uptake  and ac cumulati on o f  a gi ven metal by nl ants d epend s 

on a c ombination of  factors  o f  which soil pH , th e pres ence of  organic  

matter ,  d rainage relations , the exchange capacity of  th e soil  and th e 

presen c e  or absenc e of antagonistic  el ements are most important.  

The a vai lability of  an  e l ement in the soil  is  di f fi c ult to measure 

b e c au s e ,  whi l e  some el ements are so luble in water , oth ers are absorb ed  

on c l ay p arti c l es or bound with other parts of  the exchange complex 

such as the humus. For any one el ement al so , di f f er ent plant specie s 

may have d i f f er ent me c hanisms of  uptake or acc umulation or  di f f er ent 

requi rements . Experimental work is n ec essary to evaluate the factors  

influen c ing min e ral accumulation
. 

by pl ants but much  c an b e  l e arnt 

initially by th e analysi s o f  plant material and a c ompari son b etwe en 

metal content o f  plants and that o f  th e soils in whi ch  th ey gro w .  

Exp erim ental wo rk i s  also nec essary to eluc idate th e mec hanisms 

of uptake and ac cumulation and d etermine the metabolism of many trac e 

el ements . Over  ore bodi e s , pl ants may accumulate unusual amounts 



o f  so-called "non- essential"  trac e e l emen t s  and therefore  the  

metabolism of  these  minerals may be  aec entuated compared with 

normal plan t s . End emi c plan t s  may have a metaboli c requiremen t  

for unusual el emen t s .  

For these re asons , inves tigations we re also carri ed o u t  o n  

the met abolism and ac cumul ation o f·unusual trac e elemen t s  b y  

radi oiso tope s tudi es . C ompara t ive work wi th accumulator  plan t s  

and pasture pl an t s  could also b e  relevant to agricultural problems 

as other trac e el em en t s  may be proved essenti al in the future . 

6 

The work d escribed in this thesis  concerns the firs t appli c ation 

of  biogeocheMi c al prospe c ting t echni ques in New Zealan d  and has b e en 

c ombined wi th  s tudi e s  i n to th e plan t ch emi stry o f  s e l e c t ed speci es . 

The purpose o f  these l a t t er studi es was to ful fill the  dual aims o f  

ob t aining a more  thorough b asis for t h e  proper understanding o f  

biogeochemi c al prospe c ti ng and also to  obtain useful d a t a for t h e  

s eparat e ,  though int erd ependent  fi eld o f  plan t nutriti on . 



PART I I  

A BIOGEOCHEMICAL SURVEY 

AT COPPERSTAIN CREEK , 

NORTH-WEST NELSON . 



1 .  INTRODUCTION 

Copperstain Creek i s . a t ribu tary o f  the  Pariwhakaoho Ri ver 

about  eight mi les ( 1 3 km ) fro m Takaka i n  Nor th-Wes t  N el son  

( Fig.  I -1 ) .  Min eralisati on  has b e en known in this  area for many 

y ears (Bell !! al , 1 907 ) and consi s t s  o f  a fifty-foot  ( 1 3 m ) 

mineralised zon e , con taining pyri tes  and al t ered schi s t , ext ending 

for abou t  12  chains ( 300 m ) in a north-south direc tion. 

Rec ently , this area has at trac t ed the a t t en tion of Lime  and 

Marbl e Ltd , who have c arried out prospec ting for sulphur and for 

any o th e r  associat ed· min eral s . Thi s i n t erest  promp t ed the pres ent  

s tudy and  it  was hoped  that the resul t s  �f  t h e  survey , c ombi�ed 

wi th geochemic al s tream s edimen t  analys e s  and soil sampling data  

by  Chemi s t ry Division , D . S . I . R .  (A.J. Ellis, p ers . c omm . ,  1966) 

would enable economic d eposi t s  to b e  delineat ed . 

S t ream s edimen t analyses  by  R . L .  Goguel ( p ers . c omm . ,  1965) 

had shown that copp er and molybdenum appeared to b e  c onc entra t ed 

near the headwaters o f  Coppers tain Creek and Mineral C r e ek ,  and a 

small lead - zinc l o d e  had b e en found in  Gal ena C reek further north . 

The following survey was therefore aimed at d elineating copper an d 

molybd enum minerali sation , and was later  extend ed to  include zinc 

data.  



2. THE GEOLOGY AND GEOCHEMISTRY OF THE AREA 

I n t ensive geological s tudies have b e en c arried o u t  by Lim e 

an d Marbl e Ltd ( J . C. Braithwait e ,  pers. c omms . , 1 96 5 , 1966 ) , and 

the N ew Zealan d  Geological Survey ( A .  �vodzicki , in prep . ) .  

Stream sediment and soil geochemic al analyses have b e en mad e  by 

Chemis try Division ,  D . S . I . R . , ( R . L .  Go guel , p ers. comm . , 1965 ; 

A.J. Ellis , pers. c omm. , 1 966 ) .  

reproduced  from their repo r t s. 

The following summaries are 

The  min erali s ed zon e that is found at Copp ers t ain C r e ek 

o c curs within a b el t  of  Lower Pal eozoic metamo rphic ro cks . To 

the e as t , s eparat ed by a faul t ,  is barren and unal t e red Mt Arthur 

marbl e ,  and On ekaka Schis t lies to  the west  of the mineralis ed 

zon e ,  as summaris ed in Fig. I I - 1 . Th e min eralis ed zone itself  
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con t ains four main rock typ e s , amphib o lites , impure marbl es , granit e  

and al t ered schis t , b u t  their  dis tribution is c ompl ex. The ro cks 

have b een subjec t ed to  mo re than one  period of fault ing and have 

undergone varyin g d egrees  of met amo rphism and metasomatism (Wod zicki , 

in prep . ) .  

R.L. Goguel ( pers. comm . , 1 96? ) in a geochemic al survey o f  

s t ream sedimen t s  from the  Pariwhakaoho River and t ribu t arie s , has 

shown several metal anomali e s .  The to tal copper c o n c en t ration 

ran ged b e tween 280 and 380 ppm in the minus - 1 00 mesh frac t ion o f  

s edimen t s  from the head of  Mineral C r e ek or  from high u p  Copperst ain 

Creek , compared with a b ackgro und o f  about 60 ppm. The to t al 

molybd enum conten t  however , was ·general ly less than o n e  part per 

millio n ,  but  in a tributary of Copperstain Creek , now cal l e d  Moly 

Creek ,  values o f  100 and 1 50 ppm wer e record ed. 

Wodzicki ( pers. comm. , 1 966 ) c oncluded that t h e  s t rongest 

c opper mineralisation o c c urred in impure marbles  and amphiboli t es , 
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particularly those which ha ve been moderately altered . A less 

in ten se copper mineralisation o c curs in strongly-al tered mic a  

schi s t s  and feldspar porphyry . 

to be related to  the grani te. 

Molybd enum minerali sation app ears 

A soil geo chemi c al survey was also carri ed out ( A . J .  Ellis ,  

pers . c omm . , 1966 ) .  Samples were analysed by Chemi s t ry Division , 

D . S . I . R . , by emission spec t ro s copy fo r copper ,  molybdenum, lead , 

ni ckel and c hromium. Contour maps showing areas o f  equal conc en tra-

tions of these elemen t s  were mad e, and show that chromium con c en t rations 

were related  to those of  nickel , and hi gh val ues are probably d u e  to 

b asic ro cks . Lead appears to b e  emplaried by a separate phase o f  

mineralisation t o  that re sponsi ble fo r copper  and mo lybdenum anomalies . 

The copper and molybdenum resul t s  wi ll be  commen ted on  further in  

dis cussion of  the result s .  

A limi t ed amount o f  di amond drilling was c arri ed out by Lime 

and Marble Ltd to  further delineate the exten t and grade of  copper , 

sulphur and molybdenum in t he area . About  10  mill i�n tons o f  ore  

wi th an average con ten t o f  7 .�% sulphur and 0 . 1 5% copper and a 

further 1 . 2 million tons wi th 0 . 0 5% molybdenum and 0 . 02% copper 

are es timated . At present prices , this  ore has insufficien t  

volume or  grade for ec onomic exploitation ( P . Riley , pers . cornm . , 

1 969 ) . 



3 .  CLIMATE, VEGETATION AND TOPOGRAPHY 

Copp erstain Creek is a small t ribut ary of t h e  Pariwhakaoho 

River which flows in to Gol d en Bay . Th e area  drain ed by the c r eek 

fac es  north and lies l ess t h an hal f a mil e ( 800 m )  from where the  

river flows out of the  hil ls on to alluvial land ( Fig. I I -2 ) . 

Th e el evation at  the mou th of  Copperst ain Creek is about 600 f e e t  

( 200 m) , rising s t e eply to th e junc tion o f  Moly C r e ek at  1000 f e e t  

( 300 m ) . The top of the  rid ge sep arating Coppers t ain C r e ek from 

Min eral Creek to the south-wes t, is at about 1600 f e e t  ( 500 m ) . 

Figure II-2 shows t h e  s t e eply-dissec ted topography and the 

d en s e  native for est  of the area . The c limat e  is generally mild 

but with an annual rain fall of 80-100 iriches ( 200-250 c m )  sprea6 

throughou t the year exc ept for occa sional very h eavy falls ( d e  Lisle  

and Kerr , 1 965) . Erosion is rapid and the soils immature and 

poorly formed ( A . J . Ellis , p e r s .  comm . , 1 966 ) .  

The bush is of the lower b eech for e s t  zon e and types 

charac t e ris tic of the North Island rath er  than the  Sou th I sl and 

are con spicuous ( Bell � al , 1 907).  The canopy is domina t e d  by 

red b eech Nothofagus fusca  ( Hook . f . ) O erst  ( Fagac eae ) with kamahi 

Weinmannia rac emosa Linn ( Cunoniac ea e )  common . Broa d l eaf species 

such as Olearia rani ( A .  Cunn . ) Druc e ( Compositae ) ,  Myrsin e s alicina 

Hew ex Hook . f.  ( Myrsinac eae ) , and Quin tinia ac u tifolia Kirk 

( Esc alloniac eae)  are common und e r  the c anopy and in c l e arings of 

regrowth a f t er wind fall . 



Fig. I I  - 2 .  Ae rial vi ew o f  Copperst ai n  C r e ek 



�. AN ALYTI C AL  METHODS 

( i )  Pl an t  Mat erial 

1 2  

The r e q uired part o f  th e pl an t  was h and plucked from t h e  t r e e , 

o r  r e mo ve d  wi t h  pruni n g  she ars. On r e t urn to the l ab o ra t o ry, 

l e a v e s  and flowers wer e  s epara t ed from twi gs and the wood was c l e an e d  

o f  b ark . Th e se sample s were t h en washed qui ckly und er fas t - r unning 

t ap wa t e r  to r emove sur fa c e d us t  and were dri ed i n  an o v en a t  1 1 0°C .  

The d r i e d  plan t ma t e rial was th en ashed i n  pyrex b e akers i n  a 

muf f l e  f urnac e at  �50 °C f or t h r e e  h o urs or un til al l the  c arbo n ac eo us 

mat e ri al h ad d i sapp ear e d . Dry ash was used fo r emi s si o n  s pec t r o graphy 

b ut for atomic absorption analysi s, 50 mg of plan t ash was d i s s o l v e d  

i n  1 0  ml 2N hydrochloric a c i d  and t h e  sol ut ion was f i l t er ed and 

d i l ut e d  as r e q ui r ed . 

( i i )  Soil Sampl es 

Th e mat eri al sa mpled was a poorly- fo rm ed soi l  or wea thered 

rock und e rlyi n g  the h umus layer . Normally soi l s  w e r e  c o ll e c t ed 

a t  t h e  base o f  each t r e e  sp ecimen b ut for t h e  gri d s urv ey , soils 

were t aken a t  the referenc e poin t ,  al though the t r e e s  sampled were 

up to  20 f e e t  (7  m)  away . 

In t he lab o ratory, soi ls were ai r d ri ed , and  si eved thr o ugh a 

�0-mesh ( 1  mm) nylon si e v e . B e fore elemen t al analys e s ,  t h e  dry 

soi l  was i gni t ed in pyr e x  b eake r s  a t  �50 °C in a m uf f l e  furn ac e ,  

and r e si eved through a 100 mesh ( 1 50JU) nylon si e v e , only t h e  fin e s  

b ei n g  retai n ed . For at omi c a b so rp tion analysi s, 1 0  g o f  t h e s e  soil 

samp l e s  was d i gest e d  i n  a p l a t i n um c r uci bl e  wi t h  20 ml of  a mix t ur e  

o f  c o n c en t r a t e d  ni tri c ,  p er c h l o ri c  a n d  hydro fluo ri c  a c i d s  ( �:1:5 v/v), 
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t aken t o  d ryn ess and t h e  residue d i ssolved in 1 0  ml 2N hydroc hloric 

a ci d , fi l t er e d  and d i l ut ed as r e q ui r e d .  

( ii i ) Anal ysi s  

( a )  � 

T h e  pH of soi l s  was measur e d  usi n g  a s t a nd ard gl ass e l e c tro d e  

a s s e mbly , on the  solution ob t ain ed from o v erni ght , end - o v er- end 

s haki n g  of a b o ut 2 g of the ai r-d r i ed , si eved soil wi t h  t en times 

i t s own wei gh t  of d i s ti l led wa t er .  

( b )  Emission Spec tr ograph y 

Emi ssi o n  spe c t ro graphi c an alysis o f  plan t  ash and s o i l  sampl es 

was c arri ed out using a H i l ger E 7�2 large aut o ma t i c  q ua r t z  

sp ec trograph . 

S ampl es were mixed wi th twi c e  t h e i r  weigh t  o f  c arbon powd e r  

which contai n ed indi um or pallad i um a s  i n t ernal s t and ard , and were 

analysed in t h e  d . c .  arc und er t h e  c ondi ti ons l i s t e d  in Tabl e  I I - 1 .  

An aly t i c al lines us ed were Mo 3 1 70 , C u  3274 , Zn 3�5, Pb 2833, 

Mn 2798 , Ni 3003 , V 3 18 4, an d Ag 3280 . Ei t h er I n  32 56  o r  Pd 30 27 

was us ed as the i n t e rnal standard l i n e .  T h e  c oe f fi c i en t s  o f  

v aria ti on f o r  the c onc en trati ons of all these el e m en t s  were i n  t h e  

range 10-15%. 

( c )  At o mic Absorpt ion Spec t roph oto metry 

S ol uti ons of plant ash or soils were d i l ut ed wi t h  d i s t i l le d  

wat er t o  a s ui t abl e c onc entra t i on range; and stan d ard s were prepared 

a t  the same acid s t ren gt h . Analysis was carri ed out on a T e c h tron 

AA3 a t o mi c  absorp t i on sp ec t rophot ome ter und e r  t h e  c o n d i t ions l i s t e d  

i n  Tab l e  I I -2 .  



Table I I  - 1 

EMISSION SPECTROGRAPH OPERATI NG CO NDITIONS 

Wav e l e n gth range 

Sli t  l en gth 

Slit wid th 

Transmi ssi on 

Optical syst e m  

El e c trod e s  

Arc gap 

C urrent 

Exc i t ati on 

Atmosphere 

Expo sur e 

Pho tographi c plat es 

Pho t o graphi c  pro c e ssi ng 

De n si t o me t ry 

2 6 50 i - 4250 i 
1 2  mm 

0 . 0 1 5  mm 

Two - st ep f i l t er. Eac h st ep 1/�. 

C o nvex q uartz l ens plac e d  a t  t h e  sli t 
t o  gi ve e v e n  illumi nati o n  a t  t h i s  poi n t  
and t o  pro vi d e  an i mage o f  th e arc a t  
t h e  c o l l i ma t o r. 

Jo hnso n ,  Matt h ey 4B Graphi t e  
1 . 6 mm i n t e rnal d i a me t e r  x 6 mm d e ep.  

6 mm 

7 amps 

Anod e 

C arbo n  d io xid e vi a a modi fi ed S t allwood 
j e t ( Margo s h e s  and S c ri b n er , 1 964 ) 

To c o mp l e ti o n  

I lford G 30 

� mi ns a t  20 °C i n  Kod ak D1 9 d e v el o p e r  

Hi l ger mi c ropho t o me t e r  wi t h  Galvo ­
sc ale c al i bra t ed i n  B- val ues (Bo swell 
a n d  Bro oks, 1 �6 5 )  
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Tab l e  I I  - 2 

ATOMIC ABSO RPTION OPERATING CON DI TIONS 

Zinc Copper 
r 

Ac e ty l e n e  flow 3 3� 
Ai r pre ssure 1 '5  p si 1 5  psi 

Fl am e Red ucing Red ucing 

Lamp c urren t 6 mA 't mA 

S l i t  wid th 300? 50 Jl 
Wav e l en gt h  2 , 1 39 i 3 , 2 '+7 � 
S en si ti vi t y  ( 50% ab sorp t i o n )  1 .  8 pp m 8 . 5 pp m 
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( i v )  T r e a t m en t  o f  t he D a t a  

T o · b e ab l e  t o  �ru< e  c a r  f u l  i n t e rp � e t a tion o f  t h e  plan t and 

soil analy t i c al r e s u l t s , c o r r e l a t i on c a l c ul a t i o n s  w e r e  c a rri e d  o u t  

o n  a n  IB, 1 6 20 ( I I )  co �;u t e r . Pro grammes were wri t t en in PDQ 

� a r t  a n  and are r e c o r d e d  in ' pp e ,dix � .  

C o rr e l a ti o n s  b e t w e e  . t wo v ar i abl e s  are usually c arri e d  out  b y  

t h e m e t h o  o l i u ear r egr essi o n , u t  1iddl e t o n  ( � 96 3 )  n o t e s  that 

his i s  appli e ·  to d t ermi � e wh t h e r  o n e  varia b l e i s  d e p en d e  t on  

t n e  o ther w� en th e l & t t �r i s  no t sub j e c t  t o  e ror . H o w e v e r , i n  

this work , as i .  m o s �  g o c h � i c al wo rk , ne i th er variabl e  c an b e  

s ai d  t o  b e  a b s o l u t e:y � 1o w  . •  � h � �  f o 6 e ,  i t  i s  b e  e r  t o  c al c ul a t e 

t h e  r e d �c e d maj o r  axi s ,  ath r than t� r e gr e s s i on li n e s .  Th e 

advantages o t h e r0�� c �  maj vr axi s are t h a t : 

&n 

I )  i t  rr.ak e s  r. o &3sump t i o n s  o ind ep en d en c e ;  

2 ;  i t  is i nv-ri an t und e r  c h an g e  o f  s c a l e ; 

3 ) i t  i s  simp:e t o  c o mpu t e ;  

r e s ul t s  o0 t ai n e d  i re� i t s  u s e  a r e  intui ti v ely m o r e  

r e �so nab l e  th an corresponding r e sul t s  o b t ai ed f r o m  r e gr e s s i o n  

analy s i s  ( I nbri e ,  1 9 ?6 ) . 

For ll th es e  c �r elat io. s ,  t h e  lo gari thms o f  c o n c e n � r at i o n s  

w � r e  c ompar e d , s i n e  t '  e c n c e n t r a t i o n s  o � t n spanr. · s e v eral o r d e r s  

o �  magni tud e  and app e ar e d  to b e  l o 6 - o rmally d i s t r i b u t e ' ·  ( T ennan t 

and \ hi t e ,  1 9 59 ) . Thus t h e  p o si � i o n  o f  t h e  r e d u c e  ma j or axis , 

o n  a log- l o g  b a si s , was c al c u l a t ed fo r ea c h  p ai r o f  analy t ic al d a ta ,  

and t h e  s i gni fi c an c e  o f  t h e c o r r e l a t i o n  d e t erm i n e d  b y  c a l c u l a t i o n  

o f  t '  e corr elation c o e f �i ci ent ( r )  a n d  r e f e r en c e to  t h e  t ab l e s  o f  

F i s h e r  and Y a t e s  ( 1 9 57 ) .  
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I n  t abl e s , t h e  s ymb o l s u s e d  f o r  s i gni fi c a n c e ar e as f o l lo ws : 

= 

= 0 • 00 1 < p < 0 • 0 1 

s = 0 . 0 1  < ? ( 0 . 0 5 

= ? > 0 . 0 5  

':' ;1 e  geo ne t i c  ;ne a  .. a d s t an d ard d evi a t i o ns w e r e  a l s o  c al c u l a t e d .  

T h e  s t an d ard d e viatio .. wa s c al cu la t e d on a l o gari t h  i c  b asi s as f o A  

t h e  g eome t _ i c m an , a1 i s  · e c o � � e d  i n  l o 6ari h i c  uni t s .  I n  grap hs ,  

t h e  g e o� e t ri c  r:. an s a r e  mark C: ·:Jy a c ro s s , t e l i mi t s  o f  whic h s h o w  

t h e  l i mi t s  o f  t h e  s t an da� d d e vi a �i o � . 

C uffiul a t i v e  f r e qu e n c y  s t udi e s o f  s o�e o f  t h e  d a t a  w e r e  a l s o  

c a rri e d  o u t . T he c unul a t i v e  f r e q u e � c y  o f  t h e  c o  .. c e n t r a t i o n s  o f  

t h e  s ampl e s , c al c ul a t e ci a s  a p er c en t age o f  t h e  t o t al numb e r  o f  

sampl es , wh en p l o t t e d o �  p ro b ab i l i ty p a p e r  a0ains t th e  c o n c e n t ra t i o n  

v a l u e , h a s  b e en sh own t o  b e  u s e fu l  f o r  g e G c h emi c a l a n d  b i o g e o c h em i c al 

d a � a  i . t e rp r e t a ti o n ( T e n n a n t  an d ··Jhi t e ,  1 9 5 9 ; ·. : i lliams , 1 967 ) . I n  

p a r t i c u lar , l o g- n o rmal d i s t r i b u t i o n s  wil l s o w  a s t r aigh t l i n e  wh en 

p l o t t e d  on lo g-p r o b ab i li t y p ap e r , a n d  simil arly wi�h n o rm a l l y -

d i s t ri b u t e d  d a t a  on li n e a r - p ro b a b i li t y  p ap e r ,  o t herwi s e c ur v e s  will 

e n su e .  H o we v e r , i f  t h e r e  i s  m o r e  t a n  on e di s t ri b u t i o n set within 

t h e  d a t a , s u c h  as c o ul d o c c ur with mi n e ra l i s e d  and �nmi n e ra l i s ed 

soil sa mples , a dis t i n c t c hange of sl o p e o r  a p oin t o f  i n fl e xi o n  i n  

t h e  graph wi ll b e  o b s e r v e d . This b r e ak c a n b e  c o n si d e r e d  t o  o c c u r 

at the minimum conc entration o f  min e rali s e d sam p l es , alt hough s o m e  

o v e rlap o f  d i s t ri b u t i o n s  w i l l  o c c ur ( Wi l li ams , 1 967 ) . H o He v e r , t h e  

signific an c e  o f  i n t erpretation from t h i s an alysi s  b e c o m e s p r o gres siv ely 

m o r e  limi t e d for d ec reasing numb e r s  o f  s amples b e l o w  ab o u t  o n e  

h und red . 
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I n  a p r e liminary s u r v ey , f o ur p l a n t  s p e c i e s , Myr si n e sali c i n a , 

o :. -.: aria· ra�i , Quin tini - ___ .: u t i : .... oli a a d  ': i e i n r:: & !'".i. !'"L i a  r a c emo s a ,  w e r e  

s an: p l e d  from s e v en si t e 3 i n  a t ra v er s e o �  a n  ar e a , n e ar Holy C r e ek ,  

w�i c had b e e n shown t o  b e  mi . eral i s e d  by . J .  � l l i s  ( p e rs . c omm . , 

1 9 66 ) . T h e s e  f o ur sp e ci e s  w e r e  s e l e c t e d b e c aus e  o f  t ei r hi gh 

f r e q u e n cy o f  o c c u rr e. c e  i� t h e  a r e a , t c i s  b eing a v e ry n e c essary 

prere qui si t e  f o r  b i o g e o c h emi c al p r o s p e c t i n g .  

sp e c i e s we r e  f o und n e a r  e v e r y  si t e .  

H ow e v  r ,  n o t  all t h e  

� e av e s  o f  t h e  s a  1?l e s  were analy s e d  s� e c t ro c h emi c ally a s  

G e s c ri b e d  abo v e , for e i gh t  e l em en t s .  

Tab l e  I I - 3 .  

T h e  resul t s  a r e  shown in 

For mo s t  el eme n t s  analy s e d , leaf c oncen tratio�s  showed o nly 

small varia t i o n s , and we r e  n o t  ab o v e  the a v erage c on t en t s  for 

vasc ular p l an t s  ( �alyuga , 1 96� ) .  Howe ver , all plan t s  c o n t ain ed 

muc h  gr e a t er amoun t s  of  mo lybd enum at Si t e  � than a t  o t h e r  si t es , 

and a s  t h e r e  was c on s i d e rab l e  g e o l o gi c al evi d en c e f o r  c o p p e r  an d 

r.:o lybd enum mi n e rali satio n , fu ture s t udi e s  were ai med primarily a t  

d e lin e a ting th e min erali s a t i on o f  t h e s e  two el em en t s . 0 .  rani was 

unusual in t h a t  i t  was the o nly plan t wi t h  d e t e c t ab l e  amoun t s  o f  

zi n c . I n  vi ew o f  thi s , and t h a t  zinc min erali s a t i o n  had b e en 

f o und i n  G al ena C r e ek 500 m n o r th o f  th e mouth o f  C o p p e r s t ai n  C r e ek ,  

zinc analys e s  w e r e  c o n t i n u e d  on this " a c c umula t o r" plan t . 

I t  was also found t h a t  i t  was very di f fi c u _  to s amp l e  

W .  rac emo s a  as i t  i s  a l arge t i mb e r  t r e e  ( also known as kamahi ) 

an d foli age , in general , c o uld no t b e  r e a c h ed wi t h o u t  a l add e r . 

Sampling o f  this spe c i e s  was t h e r e fo r e  disc o n ti nu ed . 



TR!.C S ELEM:zNTS 

Si t e!.> 1-7 : sampl e '  across 

S i t e  8 :  ·o ackground 

A . H:vrsi:1 e sali cin a 

c .  Q:lint.:..nia acuti folia 

Si t e  Plan 

1 }. 7 3 1  
B 6 2 1  
:;) 2 1 2  

2 .-. 3!t 1 2  
c �. 5 2 6  
D 2 2  1 2  

3 I '+ 9  1 7  
c 1 3  1 2  
l) 1 2  1 7 

4- ! '500 1 2  
B i 230 1 2  
c : 2 30 2 �1 
D , 1 40 3 1  

5 L: 8 
:a .  1 7  5Lt 

6 A L� 2 1  
c 1 3 

7 A '+ 8 
c 2 6o 
D 4 60 

8 6 1 7 
B 3 1 2  
D '+ 50 

m � ·...., -. • 
...._ v _ _, 

- T  
- �  

. 1 9  

- 7: / 

PT �·I 70UR S?:EC I ES OF ?L_�_::n 

( pprr. o f  as: ) 

a mi n e ral i s e ' 

B .  

:J .  

Mn ?b 

1 500 1 5 
2200 5 2  
1 600 1 '5  

1 300 '5 2  
900 2 =)  
920 

� -0 0  

3000 1 5  
1 100 1 5  

360 20 

1 500 1 5  
'560 2=) 

3000 , c;  
3200 .) -, 
1 700 20 
6 600 1 30 

3900 9 
4 300 1 5  

370 4 6  
5-,. 00 31 
8000 1 5  

L;. 1 00 2 '5  
2 500 2 5  
6"t00 2 5  

ar ea 

O l eari a rani 

: e "  i:::1ar:ni a rac emosa  

C u  

6L,-
1 90 
L�r7 

5 1  
8 8  
7t..· 

' " 
"-f I 

� . ..... 
'50 

J...-7  
1 10 

6 "  
90 

6L;-
250 

66 
60 

56 
1 10 
1 70 

7 '5  
1 10 
1 1 0 

i' .. g V 

1Lh 0 2 1  
'5 . 0  1 6  
L.r . 0 2 5  

0 . 8  2 3  
2 . 0  L:Lr 
'5 . 0  54 

I .  0 28 
2 . 0  1 3  
8 . 0  1 8  

0 . 5  20 
2 . '50 
2 . J  , � 

• v  

2 . 0  25 

0 . 6  2 5  
5 . 0  68 

1 . 0 28 
'i .  0 36 

4 - 0  46 
/1'-• 0 0 
1 .  0 5�t 

0 . 8  '+0 
1 .  0 38 
0 . 6 tt6 

Zn 

<100 
720 

<100 

<100 
< 1 00 
( 1 00 

<i oo I 
(i OO I 
(�lOO 

<100  
<1 00 
(100 
(100 I 
(100 I 
1400 

<100 
( 1 00 

< 1 00 
�100 i 
<100 

< 1 00 
220 

<100 
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S ep a r a t e an alys e s o f  l e av e s  a n d  t wi gs fro �  t h e  remai n i n g  

t h r e e  sp c i e s growing n ar a mi n e r� l i s e d  area a r e  gi v en in Table I I -4 . 

i:·!o lyb d e  ... u· ,  was fou d ::.. n • • � - J ..,  .:> J.. gnJ.. ... J.. c a . :. _ y  6:Ceater q u an t � t i e s  in l e a v e s  

t a n  in t wi gs , but tt e c o pp e r  c o n t en : s  of l eaves a n d  t wi gs w e r e  

ab o u t  t h e  s am e . Thi s  f i n d i n6 � ed t o  t t e  p o l i c y  o f  o n l y  sampling 

l e av e s  'or future analy es . A m o r e  t ' J. o r o u gh i n v e s t i ga t i o n  

' s e c ti o n 7)  on the t rac e el en en t  c on t e n t  o f  vari o u s  o r gan s o f  0 .  rani 

c on fi�m e d  t . a t  l e a f  anal y s e s  we r e  mo s t  ef fec ti ve for s earc hing f or 

Table I I  - L•. 

NOLYBDE1'1 m-1 .4.:::\D CO?P�R I N  LEAVES ).ND T�·ii G S  

( p p m  o f  asr, ) 

S p e c i e s  ar t o f  Pl a n t  No 

!'iy r s i n e  .s a l i c i r. a  L e  v e s  1 '. 0 
Twi gs 3--t 

O l e ari a ran i Leaves  1 '1 0 
Tw.:. gs 2 2  

Quin tinia acuti fo l i a  L e a v e s  360 
Twi gs 18 

Cu 

9 1  
8 8  

1 90 
260 

2 50 
300 



( i )  S amu�ing ��o�ra mne 

�hr e e  sp e c i e s  of pl�nt w e r � s cp � � � = 2;�s i � e  s al i c i n a , 

Ol ea�ia raci and Qu i n t i n i a  a c u t i fo l i a . Sampling was c arri ed 

o u t  on an approximat ely 1 00 f e e t  ( 30 m) s qua re grid p a t t err. ,  i n  

a n  a r e a  bo und ed b y  C o p p e r s t ai n  C r e ek in t n e  eas t , t h e  ridge t o  

the we s t  o f  1oly C r e ek ,  t h e  j un c tion o f  Moly an d C opp e r s t ain 

C r e ek s  in t h e  o r th , a nd a b o uncary 1 200 f e et ( 350 m) south n e ar 

t h e  he &� o f  C o pp e r s t ain C r eek . T_ av e r s e s  wer e t ak en fro� 
. 0 

C o p p e r s t ain C r e ek on a c omp ass b e aring o f  2 90 • 

N o t  all o f  t h e  t h r e e  s p e c i e s  we � e found at all sampling
· 

p o i n t s .  The frequen c y  o f  o c cur ren c e a t  t h e  6� sampling si t e s 

was : �2 f o r  M .  s ali c in a , 45 fo r 0 .  ran i and 4� fo r Q .  ac u t i foli a . 

I f  t h e  sampli n g  had b e en c arri ed out wi t h m.n .. t h e  r e s t ri c ti o n  o f  a 

s q uare grid , i t  may a v e  b e en p o s si l e  t o  find a l l  s p e c i es a t  

S o i l  s a  p l e s  w e r e  t ak en a t  ev ery 

sampling poin t . 

� e av e s  and s ai l s  w e r e  analy s e d  f o r  copper and molybd enum 

using emi s sion s p e c t r o graphy wi t h  indium as an i n t ernal s t and ard . 

Zinc analys e s  f o r  0 .  r an i  and soi l s  were c arri ed o u t  by a t omic 

ab s o rp t i o n  sp ec t ro ph o t o m e t ry . 

( ii ) Re sul t s  an d Di sc u ssi on 

T h e  analy t i c al resul t s  fo r the squar e grid s a  pling a r e  l i s t ed 

in App endix 1 a ,  and Table I I - 5  li s t s  t h e  m eans and r anges . 

Signi fi c an t  r esul t s  are also shown o n  t h e  maps in Fi gur e s  I I -� t o  

I I -7 . 

2 1  



T ab l e  I I  - 5 

( ppm o f  as: ; 

a t eri al :.c.;l emen t G e oo a t :.:-i c  Range 
l"iean 

S o i l \;o 72 9- 2 1 5  

( 6�.y Sar::.:pl es )  C u  1 0� .. 32-380 

Zn 70 '5 - 2 1 0  

o .  ra.ni Mo � -::! 1 -260 I V 

( Lt 5 S amp l es ) C u  207 2 5-8Lt0 

Zn 62'5  280- 1 64-0 

2� . sali c i � a. 1·1o 
() '1 -80 I 

( -t2 Samples ) C u  8 6  1 - 2 1 0  

0 . •  ac u t i fo . i a  i'io 1 2  1 - 2 50 

I '-� Sampl es ) Cu 1 -t 2  32 - 380 



( a ) Soils 

S o il analytical val u e s  were consid ered statistic ally by 

t h e  method o f  T e nnan t and Whit e ( 1 9 � 9 ) . C u� l a ti v e  f r e � u ency 

p l o t s on l o gari thmi c - p r o b a b i l i t y  pap e r  ( �i g�r e - I - 3 )  fo r c opp e r , 

moly b d enum and z i l c  in s o i l s  indi c ated t h a t  b o t h  c op p e r  and zin c  

v al u e s  each c onsi s t e d o f  on e l o g - ; o rmal distri uti on si n c e s t rai ght 

l ines could b e  d rawn through most of t h e  p oi n t s on e a c h · plot . 

C urves o c c ur r e d  wh e n  t h e s e  d ata were plot t e d on lin ear- prob a b i lit y  

p a p er , ind i c atin g t' . a t  th e val u e s  a r e  no t norm ally d istri b u t e d . 

Minor fluc t u ations o f  t h e  slop e o f  th e s e  f r e q u e n c y  c ur v e s  c a nn o t  

b e  conFid e r e d  im�ortan � b e c a u s e  o f  th e r e l atively small numb e r  of 

sam p l e s  ( 6� ) . 

T h e  oly b d enum a n a l y ti c al val u e s  how e v e r , ind i c at e d  t h a t  

th e r e  a r e  two overl a ppin g  log-n ormal di s t ri b u t i on s  i n  soil s ,  t h e  

p oint of i � ; erse c tion o c c u rrin g a t  abou t 1 0 0  ppm. Ttis c h ange 

o f  slop e p rob a b ly ( Tenn ant and Whi t e , 1 9 5 9 ) indic a t e s  t h at most 

of t h e  val u e s  gre at e r  t h a n  1 00 ppm are d u e  to mineralisa t ion 

wh e r e as th e oth ers are t h e  b ackgro und di s tri bution . T his th e n  

su ggests t h a t  about half of t h e  soil s am p l e s  w e r e  c ol l e c t e d  from 

mol y b d e n u  min eralised ground. 

Figu r e s  II-� to I I - 6  are map s  of t h e  a r e a  with c ontours of 

equal - e l e m ent c onc entration for mol y b d enum , cop p e r  and zinc in 

soil s. 

Figure I I -� shows high zinc val u e s  i n  soil s near t h e  nort h e rn 

and e astern bound ari e s  o f  t h e  are a. Soil s usual l y  av e rage about 

50 ppm zinc ( Hawk e s  and We b b ,  1 9 6 2 ) b ut mine ralis e d  soils ( C hapman 

and S hacklett e , 1 960 ) may have c onc entrations of 1 00 - 200 ppm whi c h  

ar e simil ar to t h e  high e st report ed h e re . T h e s e  hi gh- z i n c areas 

may b e  d u e  to basic ro c ks as high c h romium and nic k e l  valu e s  o c c ur 
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i n  t h e  s ame areas ( A . J .  El li s ,  p er s .  c omm . , 1966 ) .  Howe v er , n o  

z i n c  mi n e rali s a t i o n  h a s  b e e n pro ven i n  this a r ea ? al t ho u gh a small 

l e ad- zinc l o d e o c c ur s  at Gal ena C r e ek 1 000 m t o  t h e  n o r t h .  

T h e  c op p e r  c o n t o u r  map f o r  so i l s  ( Fi g .  II - � )  s h o ws maxima 

o n t h e  mai n ri d ge a t  t he h e ad o f  1oly C r e ek and t o wa r d  t h e  � o r t h  

o f  the  a r e a  surveyed . Th e n o r t h ern an omal y may b e  d u e  in p a r t  

t o  b a s i c  amphibo li t e s , bu t e l s ewh e r e  t he r e may b e  c o pp e r min e r al � s a t i o n , 

e s u e c ially at t h e  h e ad o f  Moly C r e ek . The  C n emi s t ry Di vi s i on mau , 

howeve r , t hough simi l ar t o  Fi g . I I - 5 , a l so shows a c o ppe_  anomaly 

o n  the ri d ge b e tween Moly C re ek and Copper s t ai C r e ek . T-h e i r  

anomaly c oi n c i d e s  w e l l  wi t h  tha t f o u n d  here f o  molybd enun ( Fi g . I I - 6 ; . 

Their molybd enum map also agr e e s  wi t h  Fig . I I - 6  for t h e  rr. a j o r  

anomali e s  o n  t h e  ri d g e  b e t w e e n  �o ly and C oppers t ai n  C r e eks and o n  

t h e  main ridge t o  t h e  north-we s t  o �  Moly C r e ek .  

For t h e s e  c on t ou r  ma p s , arbi t r a ry v a lu es h a v e  b e en c ho s en for 

t h e  c o n tours , exceut  for molybd enum wh e r e  100 u p m  was t aken f ro m  t h e  

c umulati v e  fr e a uency plo t a s  a l o wer limi t o f  min e r ali s a t i o n . 

T ab l e  I I - 6  and t h e  c o n to ur map s , show tha t t h e r e  a r e  no 

hi ghly - si gn i fi c an t in t erel emen t al c o rr e l a t ions b e t w e en the t h r e e  

elemen t s  wi thin soils , a l though c op p e r  a n d  mo lybd enum a r e  sli eh t l y  

r e l at e d  ( r=+0 . 26 ) . 

( b )  Pl a n t s  

T ab l e  I I - 6  shows t h e  c o rr ela tion c o e f fi c i e n t s  c al c u l a t e d 

u sing t h e  p ro gramme i n  Appendix � d , for t h e  c o n c e n t r a t i o n s  o f  

molybd enum , c opper a n d  zinc i n  t h e  plan t s  and s o i l s . Fi gur e s  I I - 8 

t o  I I - 10 show p l o t s  o f  pla n t  a s h  c on c en t ra tion a ga i n s t  so i l  

c on c en t ra t i o n , wi t h  t h e  redu c e d  ma j o r a x e s  wh e r e  t h e r e  are si gni fi cant  

c o r r e l a t i on s . 



Tab l e  I I  - 6 

CO RRELATION CCEF¥ I C I EN T S  FOR GRI D SURVEY D. T A  

0 .  rani M .  sali cina  Q .  a c u t i f o l i a  S o i l s  

(Lt'5  s ampl e s ) ( 4 2  sampl e s )  (Lt't sampl e s )  ( 6'+ samp l e s ) 

?lan t - Soil 

Molybd enum 

C op p e r  

Z i n c  

I n t erelement 

Mo - C u  

Ho - Zn 

Cu - Zn 

+0 . 77 

-0 . 26 

-0 . 0 3 

+ 0 . 33 

+0 . '5 1 

+0 . 1 1 

s • •  -�-o . �t6 

1' S -0 . 1 '5  

NS 

s 

·J S 

NS +0 . 04 NS + 0 . 26 

+ 0 . 02 

+0 . 12  

s 

NS 

NS 

Fo r all three speci e s , M .  sali c i n a , 0 .  rani and Q.  a c u t i fo l i a ,  

the molybd enum c o n c e n t ration in t h e  plan is  c o r r el a t e d  si gni fi c an tl y  

wi th t h e  soil c onc ent rati on .  For 0 .  rani , however ,  t h e  c orrelat ion 

c o e f fici en t  of +0 . 77 indi ca t ed a very highly si gni fi c an t  c o rrelat ion , 

so that  0 .  rani would be a v ery good indi cator o f  molybd enum 

minerali sation in the soil . For t h e  o t h er speci es , t h e  lower 

c orrelation  sugge s t s  that  individual plan t  vari a t i o n  may disgu i s e  

a miner ali sation an omaly unl e s s  very large numb ers o f  s ampl e s  a r e  

t aken . 
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The only o th er hi ghly- si Eni fi c an t plant -soil c o rr e l a t i o n  

i s  the n egative c orrela�i on f o r  c opp e r  i Q .  a c u ti foli a ( r=-0 . 42 ) . 

7his i s  unusu a l , b u t  n ega t i v e  b i o g e o c h emi c al anomali e s  h a v e  b e en 

o b s erved  previ o u s ly ( S  ackl e t t e ,  1 960 ; i.-i c o las and ro oks , 1 96 9 ) . 

Howev e r ,  t h e  sign i �i c an c e  is unlik e l y  t o  b e  great enough t o  prove  

u s eful . 

When th e  molybd enum c o n t en t  o _  0 .  r a ni is drawn o n  c umul ati v e  

frequency paper , ( Fi g. I I - 3 ) , t h e s e  resul t s  show two d i s tin c t  

s t rai gh t  lin e s , i n  a simil ar man ner � o  the  soil data , wi th a change 

of slope  at a c on c en t r ation  of 60 ppm in the plan t  ash . Using this 

value as a threshold l e vel , Fi g .  I I - 7 shows a map of  the  area  wi th 

shading ind i c ating min erali sation of  mo lybd e�um as shown by 0 .  r ani 

analysis .  Compared wi th t h e  soil c on t our  map ( Fi g . I I - 6 ) th e 

maxima on t h e  ri d ge b e tween Copp ers t a i n  and Moly C r e eks and t o  t h e  

west  o f  t h e  1oly C r e ek are similarly d elin ea ted . For t h e  o t h e r  

rela t i onships whi c h  were  n o t  as hi ghly si gni fi c an t , c o n to ur maps o f  

plan t ash con c en t ration were no t i n  s u c h  go od  agr e em en t  wi t h  soil 

maps , and are n o t  shown . 

From Tab l e  I I -? ( p .  22 ) al so , the  d i f f eren t  c o n t en t s o f  the s e  

e l em en t s  in  t h e  three spe c i es c an b e  n o t ed .  Molybd enum c o n t en t s  

wer e ,  o n  t h e  ave rage , abo u t  1 2  ppm in  e ach o f  t h e  s p e ci e s ,  b u t  th e 

mean c opper c on t en t s  were  207 ppm in 0 .  rani , 1�2 ppm in Q .  a c u t i folia 

and 8 6  ppm in M.  sali c ina . I t  app e ars that th e s e  s p e c i e s  have 

d i f f eren t  r e quiremen t s  o r  di f fe r en t mechanisms o f  up t ak e  o f  t hi s  

el emen t • . The m e an zi nc c o n t e n t  o f  0 .  r a n :.  1r1as 6 2 ?  p p m  whi c h  i s  

l ower than t h e  m e an f o r  p l a n t  ash o f  1 Lt 0 0  ppm quot ed by Hawk e s  an d 

Webb ( 1 96 2 ) . The only int e r e s t ing i n t e rel ement relati onship wi thin 

plan t s  ( Tab l e  I I - 6 ) is the  v e ry h i ghly si gn i fi c an t  c o rrelation 

( r=+0 . 5 1 ) b e tween molybd enum and zi n c  in  0 .  rani l e a� e s . 
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( c ) Pl a n t - Soi l R e l a t i on ships 

From Fig .  I I - 9 , i t  appeared t h a t  a c ur v e  c o uld b e  d r awn a s  

t h e  b e s t  fi t t h ro u gh t h e  p l o  o �  m o l y � d e n um in t h e  a s h  o f 0 .  r a n i  

agai ns t s o i l c o n c en t r a t i o n . C o r r e l a b � o n  was t h e r e f o r e  mad e a ga i n  

but c ompari n g · t h e  l o gari t hm o f  pla n t  as h c o n c e n t r a t i o n wi t h  t h e  

a c t ua l  s o i l  mo l yb d enum c o n t e n t  i n s t e a d  o f  t h e  u s u a l  l o g-l o g 

c o r r e l a t i o n . For t h i s  l o g- l i n e a r  r e l a t i o n , t h e  c o rr e l a t i o n  

c o e f fi c i e n t  was +0 . 70 , c o m p a r e d  w i t h  Y0 . 7 7 f o r  t h e  l o g- l o g  r e l a t i o n , 

c a l c ul a t e d  u s i n g  t h e  p ro g r amm e s  i n  A p p e n di c e s 4 a  an d � b . 

Th e r e d u c e d  ma j o r  axi s f o r  t h e  l o g- l i n ear r e l a t i o n  i s  shown 

as t he e xpo n e n t i al ( d a s h e d ) c ur v e  o n  ,i g .  I I - 9 . �his  c u r v e  

s � g ge s t e d t h a t  t h e  p l a n t  m A y  o p e r a t e  a par t i a l e x c l u si on m e c h an i sm 

f o r  molybd enum , al t h o u gh t h e  s t rai gh t l i n e  r e l a t i o n  wi t h  a s l o p e  o f  

1 . 8 may al s o  i mply t h i s  s i t u a t i on . F r o m  t h e  e x p o n en t i a l  c u r v e  it 

c o u l d  b e  s e e n  t h a t  wh en t h e  s o i l  c o n t en t  w a s  l o w , t h e  pl a n t  a s h  

c on t en t  was o n ly ab o u t  o n e  t en t h  t h a t o f  t h e  s o i l , m o l y b d enum 

& } p a r en t l y  b e i n g  exc lu d e d , but wh e n  t h e  soil m o l y b d e n um c o n t en t had 

i n c r e a s e d  to ab o u t  1 00 ppm , t hi s  exclusion mec han i sm a pp e a r e d t o  

break d o wn a n d  t h e  p l an t  a s h  c o n t e n t  i n c r e a sed t o  a b o u t  t ha t o f  t h e  

s o i l  c o n t en t . 

A po ssib l e  explan a ti o n  o f  t hi s  wo u l d  b e  t h a t wh e n  t h e  soil 

c on t en t  i s  gr e a t e r  t h an 100 ppm , m o l y b d e num o c c u r s  i n  a d i f 1 e r e n t  

f o rm of  min erali sation ( Fi g .  I I - 3 ) , and t h i s  f o rm is  mo r e  r ead i l y  

e x t r a c t ed by 0 .  r a n i . T h e  i n f e r e n c e  t h a t  at e v en high er soi l 

c o n c e n t ra t i o n s  this spe c i e s would c o n t a i n  an u n l imi t e d amount o f  

m o l y b d enum , i s  o f  c o u r s e  i nval i d , a s  t h e  n l an t  wo u l d  r e a c h i t s 

m o l yb d enum t oleran c e  l i m i t a n d  a t  t o xi c s o i l  l e v el s ,  t h i s  sp e c i e s  

wo u l d  n o t  b e  f o und . 
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Ni c o l l s  � al ( 1 964- 5 )  have  sh own that wh er eas z i n c  i n  

T e �h rosi a s� . n o v . , an in o th e r  s p e c i e s  i n  Qu e en s l an d , was ac c umulat ed 

in propo r t i o n  t o  the  zinc soil c o n t en t , the c op p e r  and l e ad c on t en t s  

ind i c a t ed exc lusion me chan i sms . The s e  p l a n t s had uni fo rmly l o w  

c on c en t rations o f  c o pp er an d l e ad o v e r a range o f  100 o r  1 000 f o l d  

i n  t h e  soil c on c e n t ra t i o n  a n d  t h en this exc l u si on m e c h an i s m  app e ar e d  

t o  b r e �c down an d the  p lan t a s h  c o n c e� t ra t i o n  i n c r e as e d  1 0  o r  1 00 

times wi th only a fur t h er d o ubl ing o f  �h e so i l  c c n c e n t r ation . T h e s e  

a u t h o r s  c o  e l u d e d  t h a t  a s  t h e  zi n c  c on t en t  o f  p l a n t s  b o r e  a c l o s e 

r elatio nship t o  th e so il c on t en t , b i o ge o c h emic al anal y s i s  f o r  tni s 

e l ement would show sharp c on t r a s t  b e t w e e n  b arren and anomalo u s  ar eas . 

This wo uld also b e  th e c as e  for molybd enum in 0 .  ran i . 



7 .  TR.I\CE ELEl"iENTS IN O LE ARI A RANI 

( i )  I n t r o d u c ti on and S amp l i ng 

I n  the pr e liminary work at C oppe r s t ai n  C r e ek ,  i t  was shown 

that l eaves and twi gs o f  t h e  same plan t c o ntained d i f f er en t  amoun t s  

o f  th e same el emen t , and in gen e�al t wi gs c o n t ain ed l es s  molybd enum 

than l eaves , al though abo u t  t h e  srur. e  co n c en t rati on o f  c o pper  

( T abl e  I I -4 ) . � t  that s t age in thi s  i n v e s ti gati on th ere  was no 

oppor tuni ty t o  s ample flowers or fru i t  f rom any of thes e spe c i e s . 

A fur t h e r  s ampling o f  twen ty - six specimens o f  0 .  rani was 

th erefore mad e in No vemb er 1 967  to c o l l e c t  flower h e ad s , l e aves , 

t w:.. gs and older woo d  from this sp e c i es t o gether wi th c o r r e sponding 

2 o il s .  Only 0 .  ran i  was s ampled a s  this sp eci es had proved  i n  t h e  

2 9  

grid survey to b e  the  �o s t  u s e ful f o r  b i o geo c h emi c al prospec ting.  

Twi gs were d e fined as t ·  e t erminal bran c hes just  b elow t h e  p e t i o l e s ,  

and woo d  was t aken fro� b ran c h es 2 - 3  cm in diam e t e r  a f t e r  removal o f  

b a rk .  

T.  e purpos e o f  t his s tudy , a f t e r  t h e  grid survey had shown 

t h a t  l e aves of  0 .  rani c o uld b e  used  for biogeo c h emi c al p r o s p e c ting 

f or  molybd enum , was to  pro vid e fu lly c omparative data for th e 

di fferent  par t s  o f  th e plan t .  The grid surv ey had b e en c arri ed o u t  

c ompl e t ely on an ash weight b asi s , whi ch had b e en shown by o ther 

v1o rk ers (Warren et  al , 1 9 5 '5 ; Malyu ga , 1 964- ) to be  mo re  u s e fu l  t h a n  

dry weight . N e ve r thel e s s , data  fo r thi s wo rk wa s c al c ula t e d  on 

�� ash-weight and dry-weigh t  basis to further t e s t  the  validi ty o f  

this assump tion . 

Zinc and c opper analys e s  wer e  c arri ed out by atomic abso rp t i o n  

s p e c t ropho tometry and molybd enum analysi s by emi ssi o n  sp ec t ro graphy 

wi th p alladium as int e rnal s t andard . 
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Tabl e :i: I  - 7 

TRACE SLEiQ'�TS IN SO IL P.ND IN OLEARIA RANI 

( ppm o f  ash ) 

Na t eri a l  El ement G e o::;e t r i c  Ran ge 

.ean 

Leav e s  l•:o 59' 1 0 - 1 600 

C u  �-� 2 60 - 31 0  

Zn 6 7 1  340- 1 340 

\·/o od w 2'+ 3-2 1 0  

C u  2 3 1  70 -'1'80 

Z n  '598 2�-0- 1 78 0 

I 
Twi gs i'1o 2 9  3- 1 4 '5  

Cu 30 3 60-840 

Zn 568 240- 1000 

Fl owers Xo 24- '-t - 7 2  

Cu 206 1'-t0- 360 

Zn 327 180-480 

Soil Mo 1 97 58- '520 

C u  1 8 0  1 00 - 4 1 0  

Zn 1 08 70 - 188 
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( ii )  Resul t s  and Di s c u s s i o n  

T ab l e  I I - 7  li s t s  t h e  means and t h e  ran g e s  for t h e  c on c en t ra t i on s  

i n  p a r t s  p e r  m� l l i o n  o f  zinc , c o p p e r  a n d  mo lybd e num i n  t h e  2 6  s o i l s  

and in  t h e  a s h  o f  t h e  vari o u s  part s o f  t h e plan t s . T h e  a s h  c on t en t s  

a v eraged 8 . 2% ,  1 . 9% , 7 . 7% and 7 . 9% o f  t h e  o v en- d ri ed wei gh t s  o f  t h e  

l e a v e s , wo o d , t wi gs a n d  lowers r e s p e c t i vely . 

l i s t ed in App e n d i x  1 b . 

T h e  f u l l  d a t a  a r e  

Di f f e r e n t p a r t s  o f  0 .  r ani sh o wed d i f f e r e n t  d egr e e s  o f  

a c c umul ation f o r  each e l e m en t . T h e  � e a v e s  on t h e  a v e rage c on t ain ed 

t wi c e  a s  mu c h  molybd en um as the o th er par t s  of t h e  t r e e ,  b u t  t h e  

f l o wers had only hal f as much zi n c  a s  t h e  l e aves , t wi gs an d wo o d . 

Al t hough wo o d  a sh c o n c e n t ra t i o n s  w e r e  n o t muc h  di f f er en t  from o th er 

p ar t s  o th e nlan t , wood only c o n t ai n s  a b o u t  one q u ar t er o f  t h e  ash 

t h a t  t h e  o t h e r  o rgan s c o n t ai n .  Warr en � al ( 1 9 '5 5 )  h a v e  s h o wn t h a t 

h i gh e r  av erage t r a c e e l em en t  c o n t en t s  in p l an t  o r gan s usually i n c r e a s e  

t h e  r el i a b i l i t y  o f  tho s e  figu r e s  i nd i c a t i n g  mi n c �ali s a ti on , a n d  t h e  

s t a t i s t i c al an aly s e s  shown b e l o w  gen erally supp o r t  t hi s .  

The geom e t ri c  means and l o g- l o g  c o r r e l a t ions b e t w e en p ai rs o f  

d a  a ,  were c al c ul a t ed from t h e  d a t a  u si n g  t h e  c ompu t e r p r o gramm e 

in App endix L;- c .  C o r r e l a t i on s  w e r e  c al c u l a t ed b e t we en c o n c en t r a t i on s  

o f  t h e  el emen t s  i n  a l l  p a r t s  o f  t h e  p l an t , on a dry - wei gh t  a n d  

ash -wei gh t b a si s , and t h e  c on c en t ra t i on o f  t h e  same el em en t  i n  t h e  

s o i l , a n d  a l s o  b e tw e en d i f f e r e n t  e l emen t s  in t h e  same p a r t  o f  t h e  

p l an t . The s e  c o r r e l a t i on s  are l i s t ed in Table I I -8 , and s h o w  v e ry 

di f f erent r e s u l t s  fo r the t h r e e  e l e m e n t s molybd enum , c op p e r  and zinc . 

N o  hi ghly - si gni fi c an t plan t - s o i l  c o _ r el a t i o n s  w e r e  o b t a i n e d  f o r  

c op p e r , al t h o u gh t h e r e  w a s  � p o s s i b ly s i gn i fi c an t ( r= + 0 . 36 )  r el a t i o n -

s hi p  involving t h e  twi gs c a l c ula t ed o n  a d ry-wei gh t b a si s . Zin c  

in variably s h o wed a n e ga t i v e  val u e  f o r  t h e  c orre l a t i on c o e f fi c i en t  
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T ab l e  I I  - 8 

CORRELATION COEFF I C I ENTS FO R OLE.ARI A RAN I D ATA 

( 26 S ampl e s )  

! Pl an t - S o i l  I n t e r el em e n t  

Mo Cu Z :l  Mo-Cu Mo-Zn C u-Zn 

L ea v e s  

D ry w t . +0 . '+8 s +0 . 1 6  NS - 0 . 0 5  NS . 1 A sh wt . +0 . 48 s +0 . 08 NS -0 . 1Lt NS +0 . 37 NS +0 . Lt0 s +0 . 39 s 

\·loo C.. 

I Dry 
I 

\oJt .  +0 . 2 9 NS -0 . 0 2 NS - 0 . 0 9  NS 

· Ash w t . +0 . 29 NS +0 . 0 3  I\S -0 . 30 NS +0 . 54 s •  +0 . 4 2 s + 0 . 26 NS 

Twi gs 

, Dry wt . +0 . 4 ?  s +0 . 36 NS -0 . 20 N S  

A s h  wt . +0 . '50 s •  +0 . 27 NS -0 . 4 1  s .... o . 1 '5 NS +0 . 39 s + 0 . Lt2 s 

: F l owers 

D r y  wt . +0 . 32 NS +0 . 1 9  N S  -0 . 06 NS 

Ash wt . +0 . 37 I'I S  +0 . 27 N S  -0 . 1 3  N S  +0 . 40 s + O . Ltlt s +0 . 68 s • 

S o i l  +0 . 38 s - 0 . 28 NS + 0 . 1 7 N S  
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b e t we en plant a n d  soil b u t  t h i s  was s i g. i fi c an t  only i n  t h e  c a s e  

o f  t h e  c o n t en t  o f  t wi gs e xp r e s s e d  as ppm o f  t h e  a s h  ( r= - 0 . 4 1 ) .  

This sugg e s t s  t ha t  n e gati v e  b i o ge o c h emic al anomal i e s  c o uld b e  

i nd i c a t i v e  o f  minerali sa t i on , and ind e ed this has b e en r e po r t ed 

in A:aska over a l e�d lod e by Shackl e t t e  ( 1 9 60 ) an d in X ew Z ealand 

b y  N i c olas and Brooks ( 1 9 6 9 ) . 

For molybd enum , a numb e r  o f  sign i fi c an t  c o rr e l a t i on s  were 

appa r e n t . The b e s t  pl an t - soil r el a t ionships were for  l eav e s  

( r=+ 0 . 48 ) and t wi gs ( r=+0 . 50 ) expressed  as ppm a s h  we i gh t . N ei t h e r  

o f  t h e s e  values i s  very s i gni fi c an t  d u e  t o  t h e  smal l  numb er o f  

sampl es , b u t  wh en t i e s e  d a t a  f o r  molybd enum i n  l e av e s  a r e  c ombi n e d  

wi th t h e  d a t a  fro , t h e  gri d survey , a very-highly s i gn i fi c an t  

c o rr ela tion ( r=+0 . 74 )  is ob tained f o r  t h e  7 1  sampl e s . T h i s  

si gni fi c an c e  c on firms t h e  u s e fu l n e s s  o f  ana lysi s o f  l e a f  a s h  t o  

indi c a t e  molybd enum mi n e rali s at i on . 

Howev e r ,  as t h e s e  26 s ample s als o s lo wed signi f i c an t  c o rr e l a t i o n s  

f o r  molybd enum b e tween s o i l s  an d l e aves o n  a d ry-wei gh t b a s i s  and 

soils and twigs exu r e s s e d  o n  b o t h  d ry and ash wei gh t , it i s  p o s sibl e 

that t h e s e  c o rrelations wo uld also b e  improved i f  a gr e a t e r  numb er 

o f  s amples was c onsi d e r e d .  

T h e  resul t s  sh ow o v e r al l  tha t el emen t al c o n c ent r a t ions in t h e  

a s h  o f  t h e  plan t  gave a s l i gh t ly b e t t er c o rr ela tion wi t h  t h e  s o i l  

c on t en t  t h an val u e s  expr e s s ed a s  ppm . i n  d r y  mat t e r . Wa rren e t  al 

( 1 9 5 5 )  and Malyuga ( 1 96�t ) h a v e  al so fo und. that  an al y s e s  expr e s s ed 

as ash c o n t en t  rather t h an c on t en t  in d ry mat t er a r e  gen erally mor e  

sui t able for ind i c at i n g  b i o geo c h em i c a l  anomali e s . 

Warren e t  al ( 1 95'5 ) ha ve d i sc u s s e d  t h e  ad van tages o f  analys i s  

o f  d i f f e r ent or gans o f  t h e  s ame plant c o n c l udin g that  ' ' s e c ond y ea r "  

twi gs are t h e  most  u s e ful i n d i c a t o rs o f  c op p e r  o r  zinc  min erali sa t i on 



in Bri ti sh C olumbi a . Thi s wo rk , howe v e r , suf f e r s  i n  that  they 

di d no t analy s e  any s o i l s  and r eli ed  on geologi c al and mining 

i n forma t i o n  for di agnosing are as of min e ralisati o n .  

When t h e  c orrelations b e twe en t wo e l emen t s  i n  t h e  same plant 

or soil sample were c onsi d ere  , i t  was o b vi ou s  t a t  m o s t  of t h e s e  

i n t erel ement rel ationships were  s i gn i fi c an t  to s om e  d e gr e e . In  

part i c ular , c opper showed  a h ighly- signi fi c ant c o rr e l a ti o n  wi th  

zinc i n  the  fl owers a n d  wi t h  molyod enum i n  the wo od . Sinc e all 

three e l em e n t s  are known to b e  e s s en t i al to  plant s  t o  some d egr e e  

( Bowen , 1 966 ) , t h e i r  ac c umulation  to ee h er i n  t h e  r eprod u c t i v e  par t s  

o f  t h e  plan t  i s  no t unlik ely , and c o rrel a t i ons b etwe en all t h r e e  

e l emen t s  i n  flowers w e r e  s i gni fi c an t .  Molybd enum also  was 

signi fi c an tly c o rrela t ed wi th zi nc i n  all parts o f  t h e  plan t . In  

the  soi l s , as found f o r  t h e  gri d surv ey s amples , only molybd enum and 

c opper were si gni f i c an t ly c orrel a t ed t o ge ther.  



8 .  CONCLUS IONS 

This s tudy was t he first  t o  demonstrate t hat  bi o geo c hemi c al 

pro spec ting is po ssible in New Zeal and . From t he analyses o f  
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molybdenum and c o pper in the leaves o f  Myr sine sal i c i n a  and Quin tini a 

a c u t i fo li a , and of  zin c , c o pper and molybdenum in leaves , + . 
... w� gs, 

flowers and woo d  of O leari a rani in the Coppers t ain C reek c a t c hment , 

i t  has been shown that  molybdenum minerali sation c an be  detec ted 

mos t effec tively by t he anal y si s  o f  the leaf ash o f  0 .  rani fo r 

molybdenum . As wi t h  the zin c c on ten t o f  s ome plan t s  in Queensland 

( Xicolls et al , 1 96�- 5 ) ,  the molybdenum con ten t o f  0 .  rani leaf ash 

b ore a c l o se relati onship wi t h  t he soil con ten t ,  and sh owed go o d  

c o n t r a s t  between anomalous and· b arren ground . 

Thus , al though t he work desc ribed here was no t c o ncerned wi th 

an ec onomi c mineral d epo si t ,  i t  sh owed th a t  analyses o f  0 .  rani leaves 

wo uld be able to gi ve an indi c a tion o f  molybdenum minerali sation . 

Thi s , however , o n ly applies t o  t rees growing in soils  o f  t he sa�e 

pH and general propert ies as t ho se a t  C opperst ain C reek . 0 .  rani 

also has t he advan t a ge that  i t  is very c ommon in par t s  of t he N o r t h  

I sland and t he northern South I sland , and i t  c an b e  read ily rec o gni sed . 

Al though geol o gi c al s tud ies have s hown that pyri tes and 

chalc opyri te are present ( Wod zi cki , in prep . ) and soil geo c hemi c al 

s tudies indi c a ted a c o pper anomaly , plant analysis f o r  c opper d i d  

no t ind i c a te t he same anomaly . This may be due t o  t he small range 

o f  c opper concen t rations , whi ch did n o t  extend t o  t he � 500 pp� tha t 

h as been found · abo ve ec onomic depo s i t s  ( Malyuga , 196� ) . Nei ther 

soil nor plan t analyses for zi n c  ind i c ated i ts presen c e  a t  ec onomi c 

c oncen trations . 



This study was also o n e  o f  t h e  first  to  look a t  the  trac e 

element  a c c umulation  b y  N ew Z eal and indi gen ous t r e es . A wid e  range 

o f  e l e men t al c o n c en trations was found to o c cu r , for examp l e  from o n e  

t o  1 600 ppm molybd enum in t h e  a s h  o f  0 .  r a ni l e aves . This shows that  

singl e samples  a r e  insuffi c i en t  to  gi v e  any meaningful val u e  to  the  

t rac e e l ement c on t e n t  of  t h e s e  speci es . 



P ART I I I  

TRAC E EJ..EMEN T S  IN A SERPENTINE FLORA 



1 .  INTRODUCTION 
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S erpen tine  and o t her ultramafic  soils thro u gh o u t  t h e  world 

have b e en o b s erved to s upp o r t  unusual flo r a ,  �i th  the N ew Z eal and 

s erp entine areas b eing no exc ep tion . T h e  Dun Moun t ai n  ultramafic 

area , near N e l son , known as the "Mineral Bel t "  i s  a zone  o f  

bould er- s t r e�n coun t ry , o f t en d un - c o loured , almos t  t o t ally  d evoid 

of trees and c o vered only by a sparse growth of s t un t ed shrub s 

and small e r  plan t s .  The vege t ation of t h e  Min era: B e l t  p r e s en t s  

a striking c o n t rast  wi th t h a t  o f  t h e n ei ghbouring area , which  i s  

clothed in luxurian t b e e c h  forest  ( Bell � al , 1 9 1 1 ;  B e t t s , 1 9 1 8 ) 

a s  c an b e  s e en in Fi gure I I I - 1 , an a e ri al pho t o graph o f  t h e  are a .  

S erpen tin e , i n  an e c o l o gi c al s en s e  includes  o t h er ultramafi c 

ro cks such  as p e rid o ti t e , and a c c o rdingly , s tudi e s  mad e  o f  

s erp entin e floras may inc lude  v e ge ta�ion  growin g  o n  p eri d o ti t e  

as well a s  s erpentin e . D un Moun t ai n  i ts e l f  consi s t s  o f  peri d o t i t e  

but  n e arby are s erpen tin e ro cks , t h e  products  o f  hydro th ermal 

al t eration ( s erpen tinisation ) of p eri d o t i tes .  C h emi c ally , 

serp en tin e s  are hydr a t ed sil i c a t e s  o f  magnesium and i ron . 

The v egetation o f  s erpen ti  .e  areas has b e en i n t ensi vely 

studied i n  only a few areas : e . g . Swed en ( Run e ,  1 9 7 3 ) , Po land 

( S arosi ek , 1 96it ) and the Urals ( I go shina , 1 966 ) . No such 

study has  b e en published on t h e  N ew Z ealand s erp en tin e flo ra . 

However , i t  appears ( Bell � al , 1 9 1 1 ;  B e t t s , 1 9 1 8 , 1 9 1 9 ,  1 92 0 ) 

that t h e  vegetation near Dun Moun tain and o th e r  N e w  Z e aland 

serpentin e areas is similar in gen eral aspe c ts to  s erpentine 



Fi g .  I I I  - 1 .  Aeri al pho t o granh o f  part o f  t h e  Dun Mou n t ain Min e ral 
Bel t .  

A Woo d ed Peak , 1 1 10 m ( 3640 f t . ) 
B Dun Mo un t ain Tramway 
C Roding River 

Th e sc ale mark i s  approxima t e ly 500 m 



floras overse as . Thus , serpent ine gen erally ap pears barren , 

e ven when below t h e  alpin e b e l t  and surround ed by bush . On 

closer examina t i on , there are o f t en only spars e o c c urren c es of 
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plan t s  and the flora is v e ry poor i .  s p e ci es as well as  individual s . 

There are gen e rally a few s p e c i e s  or  vari e ti e s  whi c h  are end emic 

t o  s erpentine and rare or en t i r ely lacking elsewhe r e . 

The c ause o f  t h e  unusual s erpen t i n e  f lora , usu a l ly a t tribu t ed 

t o  t h e  c hemi c al c omposi t i o n  o f  t h e  s o i l , i s  not  well und e r s t ood , 

and has never  b e en previou sly s t ud i e d  i n  New Z ealan d .  S erpen ti n e  

soi l s  are c onsi d erably di f ferent  t o  normal soils , b eing rich in 

chromium , nickel , c ob a l t , magn esium and iron , and low i n  calcium , 

molybd enum and t he m a j or nu t ri e n t s  ni troge n , po t assium an d 

phosphorus . 

\r:alker ( 1 9 ')'+ ;  Walker � al , 1 9 '5 '5 )  and Krucke b e r g  ( 1 9 '5�.;- )  

c onsidere d  serpen tin e plan t s  t o  b e  un�sually t o l erant o f  the  

low availab l e  c alcium c o n t ent of  Cali fornian serpen t i n e  soil s ,  

whic h are also h i gh i n  magn e si um .  Robinson e t  al ( 1 935 ) mad e 

a s tudy o f  s erpentine s oi l s  from Nor t h  America and C u b a  and 

c oncluded t h a t  t h e  excessi ve amo un t  o f  chromium a n d  n i c kel and 

possibly also t h a t  of c o b a l t  i s  the d ominan t cau s e  o f  t h e  

i n f er t i li ty o f  s erpenti n e  s o i l s  in whi c h  t h e  phy si c a l  c ondi tions 

are favourabl e  for plant  growth . Lounamaa ( 1 9 �6 ) , i n  a compara-

t i ve s tudy o f  f i f t een t rac e e l em en t s  in plants  growing on silici c ,  

calc a r eous and u l trama fic ro cks o f  Finland , obs e rv e d  t h a t  t h e  

hi�h e s t  c hromium , nick el and c ob a l t  valt e s  wer e o b t ai n e d  from 

plan t s  growi ng on o u t c rops o f  ul trama fi c rocks . H e  also c onc lud ed 
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tha t the  i n f ertility and peculiar  flo ra o f  t h e  ul t ramafic sub s t ra tum 

is due  dominan t ly to t h e  p r es enc e o f  chro mium and n i ck e l . Oth ers 

( Run e , 1 95 3 ;  Mingu zzi and Ver gn ano , 1 9� 3 )  consid ered  that  in 

parti c ular , t h e  exc essive con c en t ra ti ons of  ni ckel a r e  responsible  

for  th e p e c uliari ty of  serpen t i n e  floras . 

Rec ently , howe ve r ,  vari ous workers  i n  Euro p e  and Russia 

( Paribok and Al exeye v a-Popova , 1 9 66 ; Krause , 1 9 �8 ; S arosi ek , 1 96� ) 

sugges t ed t h a t  t h e  s urvival o f  p lan ts on s er p en ti n e  s o il s , d ep ends 

on their ability to  a t  l ea s t  partially ad apt simu l t a n eo u sly t o  all 

the  fac t o r s  o f  a s erpenti n e  c ompl ex w�i c h  are unfavourable to  th eir 

d evelopmen t ,  and not only t o  one  or so�e of tho s e  f ac t o r s . Sarosi ek 

( 1 96� ) c o n c lud ed f ro m  a compr e h en si v e  e c ological  survey , that  

xerophy tic plan t s  ar e t h e  mos t  suc c e s s ful in  adap ti n g  to s erpen t i n e  

soil , and t h e  direc t re spon s e  to s erp en tine soil i s  th e c hange i n  

chemi c al c ompo si t i o n  o f  t h e  plan t ,  r e fl e c ting that  i n  t h e  soil . 

Paribok and Al exeye v a-Popova ( 1 9 6 6 ) also consi d ered that  t h e  e f f e c t s  

o f  t he d e fi c i ency o f  ni t r o gen , p o t assium , pho sphorus and molybd enum 

and the hi gh c o n t en t  of iron., a r e  minor compared to t h e  t oxic e f f e c t s  

o f  chromium , ni ckel and c o b al t , and t h e  un favourable  rela tion o f  

magn esium t o  c al c ium wi th l o w  a v ailabili ty o f  t h e  la t t e r .  

I t  has b e en known for many y ears ( Bell e t  al , 1 9 1 1 )  that  t h e  

Nelson Min eral B el t  c o n tains appr e c iab l e  amou n t s  o f  c o pp er and 

c hromium , and ind e ed t h e s e  el em en ts were  min ed in s ev e ral pla c es 

during t h e  last c en tury . I n  gen eral , t h e  d epo si t s  proved to b e  

small and unec onomi c , but  t h e  p o s sibili ty remai n s  o f  finding fur ther 

d eposi t s  o f  t he s e  me tals , or  o f  o t hers whi c h  are  known t o  be  c o n c entra-

t ed in ult ramafic rocks . The p r e s en t  s tudy t h e r e f o r e  ini t i ally 



d ev eloped as an i n v e s ti gati on i n t o  t h e  a c c umul a t i on o f  c hromium , 

ni ckel , c opper a nd c ob a l t  by  p l an t s  o f  the  area i n  o rd er t o  e s tablish 

t h e  n e c e ss ary background t o  a future  b i o geochemi c al survey . 

I n  ord er t o  e s t ablish n o t  only t h e  sui tabil i ty o f  ser p en ti n e  

pl an t s  for b i o ge o c hemi c al prospe c ting , but  als o  t h e  range o f  t ra c e  

el em en t  c on c e n t ra ti o ns tha t  a pl an t  s p e c i es mi ght b e  abl e  t o  

t ol e r a t e ,  c ompara t i v e  plant and soil analys e s  were al so made  o n  

spe c imens from t h e  n e arby b oundary wi th s edim e n t ary rocks  and o n  

some sp e c i e s  growing i n  th e and e si t i c  soils o f  Mo un t Egmon t . 

As previous s tudi e s  ( Lounamaa , !9 56 ;  Paribok and Alexeyeva­

Pop o v a , 1 966 ; Sarosi ek , 1 96� ) had sh o wn abnormally hi gh u p t a k es 

o f  nickel and chromium by  plant s ,  i t  was hoped t h a t  t h e  wo rk would 

also provid e u s e fu l  d at a  of n u tri ti o n al impor t an c e  a b o u t  t h e s e  

non- essential elemen t s .  I t  i s  known , f o r  exampl e ,  t h a t  a t  l e ast  

in ruminan t s  b o th c o pp e r  and c o b al t  are  essen t i al � Underwood , 1 96 2 ) , 

and c hromium may b e  also implic a t ed i n  mammali an m e t ab o l i sm 

( Schroeder , 1 968 , Schro e d e r  � al , 1 96 2 ) . 

I t  was also h o ped  t ha t  t h e  work would simultaneously p ro vid e  

i n formation o n  t h e  r easons for t h e  exi s t en c e  o f  a c harac t eri s t i c  

s erpentine flo r a . Analysi s was ext en d ed to t h e  el emen t s  c al c i u m  

and magnesium t o  assi s t  in t his ai m .  



2 .  DESC RIPTION OF THE ARE. 

( i )  Physi c al Featu re s  

Fi gur e  I I I - 1  i s  a v e r ti c al aerial p h o t o graph o f  t h e  area from 

whi c h s ampl e s  o f  p l an t s  were c o ll ec t e d .  T n e  main t o p o grap h i c  

f e ature i s  t h e  headwa t er o f  th e Ro ding Ri ver whi c h  drai n s  t h e  

s o u t h ern s l o p e s  o f  Wood e d  Peak . T h e  e a s t ern s l o p e s  o f  Wo o d ed 

P e ak are  d rained b y  t h e  S o u th Bran c h  o f  t h e  Mai tai Ri v e r , whi l e  

f u r t h e r  east  i s  t h e  mass i f  o f  Dun Mountain i t s e l f . 

area i s  shown i n  Fi gur e I I I - 2 .  

A m ap o f  t h e  

T h e  l i n e  o f  t he tramway marked on b o t h  Fi gu r e s  I I I - 1 and 

I I I - 2 runs n o r t h-we s t  ab o u t  1 1  km ( 7  rr.i l e s ) t owards t h e  port  o f  

N e l son ( Fi g .  I - 1 ) .  D e p o si t s  o f  c o pper and c nromi um have  b e en 

known h e r e  s in c e t h e  early d ay s  o f  N e w Z eal an d  s e t t l e m en t  and t ni s , 

N e w  Ze aland ' s  f i r s t  t ramway was bui l t  in t he t en y e ars from 1 8 ? 5 .  

Howe v e r , all t h e  d ep o s i t s  i n  th i s  area are small and minin g has 

n e v e r b e en pro fi t abl e .  The  t ramway i s  s t il l  n e go t i ab l e  by f o u r -

wh e el d r i v e  v e hi c l e  t o  w i thin an hour ' s  walk o f  t h e  Mi n e ral B el t ,  

and pro vid e s  t h e e asi e s t  ac c e s s  to i t .  

The area s t udi ed i s  o f  mod er a t e  reli e f ,  ran gin g  i n  al ti t u d e  

from 7 30 t o  970 m e t r es ( 2 200- 2900 f e e t ) ab o v e  s e a  l ev e l . T h e  

c l i ma t e  i s  mi l d  wi t h  1 50 - 200 cm (�0- �0 i n c h e s ) o f  rai n  s p r e ad 

e v enly t hro ugh the  y ear ( d e  Li sl e an d K err , 1 96 5 ) . 

( ii )  G e o logy 

Th e area from whi c h  p l ant s were c o l l ec t ed h a s  n o t  b e en th e 

sub j e c t  o f  any i n t e n s i v e  geolo gi c  s tu dy . Laud er ( 1 965a , 1 96 5b ) , 
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however , h as mad e a general s tudy o f  t h e  r o cks n ear Dun Moun tai n , 

and conc en trat e d  o n  t h e  u l tramafic  rocks o f  the moun tain i t s el f . 

Bell e t  al ( 1 9 1 1 )  have  mad e ob s e rvat i o n s  o n  the  i gn e o u s  and 

e c onomic geolo gy of the Min e ral Bel t .  

The underlying rocks i n  t h e  vi c in i t y  o f  t h e  t ramway ( Fi gu r e p  

I I I - 1  and I I I - 2 )  are s erpen tini t e  wi t h  o c c asional l en s e s  o f  

ro dingi t e .  The old  c opper and c hromium mines , o f  whic h  a f ew 

drives  are still  vi sible , o c cur from Si t e  1 5  ( Fi gur� I I I - 2 )  e a s t ward , 

wi t h  mo s t  min e s  n e a r  and above  Si t e  4 ( Bell � al , 1 9 1 1 ) . T h e s e  

d eposi t s  may have b e en emplac e d  along a f ault  ( Laud er , 1 96 5b ) . 

Few si gns of  c opper remain , b u t  t h e r e  a r e  numerous b ould ers 

con t ainin g c hromi t e  and t h e  min e  dumps n ear the  end of t h e  t ramway 

( Si t e  � )  contai n  h i gh conc en t ration s  of c hrorni t e-b earing mat erial . 

Plan t s  were also  c olle c t ed at S i t e s  6 - 9 ( Fi gu r e  I I I - 2 )  a t  t h e  

b ound ary o f  serp en t i n e  on t h e  s o u t h e rn slopes  o f  Wo o d ed Peak . The  

Peak , and the  surrounding bush- c o vere d area  ( Fi gure  I I I - 1 )  is  und e r-

lai n  b y  s edimen t ary and volc an i c  rocks , mainly spi li t e ,  argi lli t e  

and marbl e  o f  L a t e  Paleozoic  age ( Laud er , 1 965a ) . Ac c o rd i n g  t o  

Wa t erho u s e  ( 1 9 59 ) , Woo d e d  Peak i s  c ompo s e d  o f  t h e  Wo o d ed Peak 

Limeston e ,  a memb er o f  t h e  Permian Mai t ai Group . N ear t h e  

b oundary , downslope mo vemen t o f  t h e s e  rocks broadens t h e  v e ge ta ti o n  

boundary d u e  to  t h e  presen c e  o f  mixed soils . 

( i ii ) Vege ta t i on 

I n  Figure  I I I - 1 c an b e  s e en t h e  s t riking c o n trast  b et w e en t h e  

v e ge t a t i o n  o f  t h e  Mineral Belt  i ts e l f  and the  surrounding c ount ry-

sid e .  Fi gure I I I - 3  i s  a closer  vi e w  p f  a boundary wi t h  s c rub and 



Fig. I I I  - 3 .  Pho t o graph o f  h e ad o f  Rod i n g  Ri ver , showin g spa r se 
vege t a ti on on Min eral Belt and abrupt c hange t o  b ush 
on sedimen t ary rock . 



bare soil showing o n  s e rp e n t i n e , an d  heavy b u s h  on t h e ac j ac e n �  

ro cks . The  rocks o n  bo th si d e s  o f  t h e  Mi neral B e l t  support a 

d e nse b e ech fo r e s t  o f  mai nly N o t h o f agu s s o l a'- d ri var . c l i ffor t i o i d e s  

and N .  fu s c a  wi th o c casio nal c o n i f e r s  o f  Li b o c e d r u s  b i d wi l li i , 

Dac ryd ium bidwi l l i i  and Phyl l o c l a dus alpi n u s  ( B ell � al , 1 9 1 1 ) . 

The plan t  c ommun i ti es o f  t h e  Min eral Belt are h i ghly x e rophyti c 

w i t h  t h r e e  p ri n c i p al asso c i ati ons ( B e t ts , 1 9 18 ) . 

( a )  Shrubland 

U sually found n e ar t h e  m ar gin of the Mineral B e l t  s u c h  areas 

are c ompo s ed of  d wa r f e d  for e s t  spec i e s  wi th a numb er of  shru b s  and 

small h e rb s .  

( b )  Open S c rubland 

Thi s asso c i a t i o n  is c harac t eri s ed by shrub s su c h  as C as si n i a  

vauvilli ersii and i n c l udes  v ari ous herbs , some of w hi c h  are en d em i c  

t o  th e Mine ral Bel t .  

( c )  Tu ssock Gr assl an d  

Dan thonia raou l i i  i s  the  d ominan t s p e ci e s i n  t h e s e c ommuni ti e s . 

A small area o f  t h e  Min eral B e l t  was s tud i e d  i n  d e t ai l  f o r  

t h e  l o c ali sed c o ll e c t i o n  ( s e e  S e c t ion � '  p .  6 5  ) . 



3. SAMPLING AND ANALYS I S  

( i ) Pla n t  Mat e rial 

For sampl e s  f rom large plan t s , t h e  t erminal sho o t s  were 

hand plucked o r  removed wi t h  pruning shears . For small er 

plan t s  and h erbs , all the  aerial par t  o f  t h e  plant was t ak en . 

I n  t h e  labo ratory , samples  w e r e  washed und er fas t - running wat er ,  

and i f  n e c essary c l ean ed o f  vi sib l e  d u s t  c ontamina ti o n  b e fo r e  

drying in a n  o ven a t  1 10°C .  

The dried plant mat erial was then  ashed in  pyrex b e akers in  

a muf f l e furnac e a t  � 50°C for three  hours or un til all the  

c arbonac eous material had di sappe ar ed . Dry ash was u s e d  for 

emission spec t rography , but f o r  a t omi c ab sorption analysi s ,  25 mg 

o f  plan t ash was disso lved in 2� ml of 2N hydro c hlori c acid 

con taining 2000 ppm s t ro n t ium as s t ro n t ium nitra t e .  This 

solution was f i l t ered and dilu t ed wit h  di s tilled wat er  for 

analysi s .  

( ii ) Soil S ampl e s  

T h e  s e rpen t i n e  soils a r e  poorly d e veloped l i t ho s o l s  wi t h  no 

properly- formed horizons . P eb b l e s  are �resent on t h e  surfac e 

o f  t h e  soil in mo s t  plac e s  a l thou�h humus is  formed f rom l eaf-

fall und er some b ushe s .  Soil  sampl e s  corresponding t o  e a c h  

plant w e r e  coll e c t ed where possib l e  f rom b elow t he humus l ay er 

at  the base o f  each plan t . In some c as e s  only . o n e  sampl e  was 

t aken f or two or t hre e plan t s  wi t h  i n t erwov en ro o t  sys t em s .  



I n  t h e  l aboratory , soils  we r e  ai r-dried , s i e v e d  through 

0 40-mesh ( 1  mm ) nylon , a sh ed at  4 �0 C and were r e si eved  through 

1 00-mesh ( 1 �0 � ) nylon . The air - dri e d , minus- 1 mm soil was 

u s ed for soi l  extra c tions , and t h e  ashed  fin e s  for emi ssion  

spec t ro graphy . 

( iii ) Analysi s  

( a ) Emi ssion Spec t ro�ranhy 

An alysis o f  p l an t  ash and so i l  sampl es by emi ssion s p e c t r a-

graphy , using palladium as  an i n t ernal s t andard , was c arri e d  o u t  

as f o r  the  C opper s t ain C r eek sampl es ( Table I I - 1 , p . 14 ) .  

Analy tical lin e s  u s e d  ( wavelengths  in �ngs troms ) , and t h ei r  

c o rresponding c o e f fi c i en t s  o f  vari a tion f o r  lin e pairs wer e : 

Pd 3027 ( in t ernal s t and ard ) ;  C r  284 3 ,  17 . 6%;  Ni  300 3 , 8 . 6% ;  

C u  3274 , 10 . �% ; Co  34 � 3 .  1 � . 0% .  For co n c en tr a t i o n s  o f  c hromium 

gre a t er than  about 0 . 5% ,  Cr  2840 was us e d  wi th a c o e f fi c i e n t  o f  

variation o f  about 2 5%.  

( b )  At omi c Ab sorp ti on Spec t r opho tome try 

S o lu tions o f  pl an t  ash , or  soi l  extrac ts were dilu t ed to  

sui table c o n c en tration r anges , and  s tand ard solu tions p r epared 

from analy t i c al - grad e reagen ts  a t  the  same acid s t rengt h .  An alysis 

was c arri ed o u t  wi th a T ec h t ron AA3 a tomic ab sorp tion spec t ra -

pho tome t er und e r  t h e  c ondi t i on s  l is t ed i n  Tab l e  I I I - 1 .  
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Tab l e  I I I  - 1 

ATOMIC ABSO RPTION OPERATING CONDI TIONS 

C a  Mg C r  Ni Cu Co 

Ac e t yl en e  Flow ( gauge ) 6 5� '5 it 3} �-
Air Pr essure ( p . s . i . g. ) 1 5  1 5  1 '}  1 'J  1 '5  1 ')  

Lamp Current ( mA ) 1 0  lt 1 5  1 0  it 1 5  

Sli t Wid th � )  2 5  50 1 50 50 50 100 

vJave l ength  ( � )  Lt 2 2 7  28 52 3 5 7 9  2 320 32'+ 7  2it07 

Sensi t i vi t y  
( 50% absorption ) ( ppm ) 2 . 8  1 • '+ 1�t 8 . 0 7 . 5  3 5  

( i v ) S t a ti s ti c al T r ea tmen t  of  Da t a  

This has b e en d i s c u ssed fully in t h e  p revious part  o f  t h i s  t h esis  

( S e c t ion I I -1-t , p.  1 6 ) . 

C o rrelation calcula t i ons  were c arri e d  out b e tw e en t h e  l o gari thms 

of pairs  of val ues  using the I BM 1 6 20 ( I I )  c ompu t e r .  T h e  programme s  

used  a r e  r e c orded in  Append i x  '+ •  Fo r signi fi c ant  co rrela tions , t h e  

r e d u c e d  maj or axis w a s  c al cu la t e d  ( Mid d l e t on , 1 96 3 )  a n d  used  o n  graphs . 

Also t h e  geom e t ri c  m eans are mark e d  by a l arge c ro s s ,  t h e  l imi t s  o f  

whi c h  show the  l imi t s  o f  t h e  s t andard d e vi a tion ( on a l o gari t hmi c 

basis ) . 

As some plan t a s h  samp l e s  c on t ai n e d  c h romi um a t  a conc en t r a t i on 

l ess t han 10 ppm , ac c ur a t e  measurement a t  this l evel was n o t  possibl e .  

Als o ,  in a f ew c as es , a f t e r  t h e  t rac e el ement c on t en t  had b e en 

mea sured by emi ssion spec t ro graphy , t h e r e  was n o t  s u f fi c i en t  sample 

to en abl e c a l c ium and maE,n esium analyses to b e  mad e .  Ac cordingly 

t h e s e  measuremen t s  wer e  exc l u d e d  from c o rr e lati on an d mean c al cu l a t i ons . 
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Each t able  however , s t a t e s  t h e  numb e r  o f  sampl es u s ed for t h e  

r e l e vant c alculation s .  Wher e two s u c h  numbers a r e  s t at ed , usual ly 

th e lower numb er is for t ho s e  c alculation s invol vin g  plan t ash 

chromium c on t en t ,  and the h i gh e r  numb e r  fo r all o th e r s . 

l i s t s  t h e  ac tual d a t a .  

Appendix  2 

Cumulat i v e  frequen c y  plo t s  were also m ad e o n  some s e t s  o f  d a t a  

( T ennant and Whi t e ,  1 959 ) . 



. 4 .  PRELIMIN ARY SPEC T RO C HEMI C AL SU RVEY 

Ini tial l y  i t  was no t known wha t  ran�e o f  c on c en t ra tions  o f  

t rac e el emen t s  wo uld b e  fo und in N ew Z e al and serpen ti n e  p l an t s .  

This pre liminary sur vey was t h e re fore t o  d e t ermin e whe th e r  p l an t s  

from t h e  Dun Moun t ai n  s erpent ine Drea  a c c umula t ed trac e el emen t s , 

a s  wi th  s erpe n ti n e  plan t s  e l sewhere ( Lo un amaa , 1 9 56 ;  Paribok a n d  

Al exeyeva-Po po v a , 1966 ) o r  i f  t hey were  ab l e  t o  e xc lud e el emen t s  

likely to b e  toxic t o  their m e t ab o li sm . Basic in forma tion o n  

soils , and on t h e  rela ti ve freq u en c y  o f  t h e  vari ous  plant  s p e c i e s  

was also required . 

Thus a prelimin ary sur vey o f  t h e  t r a c e  element  c o n t en t  o f  

4 9 

7 1  s a�ples of  26 plan t spe c i e s  was m ad e . The p l a n t s  we re c o l l e c t ed 

from e l even si t e s  on t he t ramway t rack l ead ing t o  Dun Moun t ain , and 

from four si t e s  on a t raverse  across  a b o u nd ary of t h e  s erpen tin e 

with s edimen t ary rocks . 

I I I - 2 .  

Th e sampling si t e s  a r e  n umb ered  in  Figu r e  

Th e resul t s  o f  t h e  c h emi cal analy s e s  a re p r e s en t e d  in Tabl e I I I - 2 .  

Species  id e n ti fi c ation wh en i n  do ub t , wa s c h eck e d  b y  Bo t any Divi sion , 

D . S . I . R . , Linc o ln , and names  are from Allan ( 1 9 6 1 ) .  

( i )  Soi l s  

The gr e a t e s t  r anp,e o f  c onc en t ra t ion en coun t e r e d  in t h e  analysi s 

o f  soils wa s for c hromium wh i ch v a ri e d from �00 ppm i n  t h e  bush , to  

6 . 2% on min e  t ai lings n e ar the  end  o f  t h e  t ramway ( Si t e  4 ) , wi t h  most  

v alues abou t 0 . �% ( 5000 ppm ) . Acro ss th e b oundary o f  s er p e n t i n e  wi th 

s e diment ary rocks , the c on c en tration of c hromium s t e adily  d e c rease�  

from J600 ppm to  � 0 0  ppm ( Si t es 6 - 9 ) . 



Tabl e I I I  - 2 

RESULTS OF PRELI M I N ARY SPEC TROCHEMI C AL SURVEY 

( ppm o f  ash ) 

S i t e  No . D e s c ri p t i o n  o f  S i t e  and S ampl e 

1 N ear rodingi t e  rock a t  h e ad o f  S o u t h  

2 

2 

3 

5 

6 

Mai tai R .  
Cassinia vauvi l l i e rsii var .  s erpentina 
Le� tospe rmum s c opa ri um 
Coprosma pa rvi flora 
Drac ophyl l um fili folium var .  c o llinum 
Metrosi d eros umb e l l a t a 
Po d o carpus t o t ara  

S erp entine  ro ck a t  the head of  South  
Mai t a i  R .  

Li c h en ( sp e c i es unknown ) 

Serpen t i n e  beyond end o f  t ramway : soil 
L. sc onarium 
Myo s o t i s  monroi 
D .  pronum 
Hym enan t h e r �  a lpina 
Myrsine d i vari c a ta 
S t e l l a ria roughii 

S erpen t i n e  near end o f  t ramway : soil  
Pim elea  su t eri 

Old min e t a i lings at end o f  tramway : soil  
Cas sinia vauvi ll i ersi i var . s erpentina 
H e b e  o d o ra 
L .  s c opa ri um 
Gent ian a  c o rymbi fera 
Phormium c o l ensoi 

Tai l ings below Old H o r s e  Min e : soil  
H .  o d o ra 
L .  s c oparium 
Myo s o t i s  monroi 

· N o t o thl aspi aus t ral e 
Hymena n t h e r a  alpina 

Abo v e  t ramway near bush : soil  
C .  vau vi l li ersii var . s erpentina 
Coprosma parvi flora 
Nothofagus �ol a n d ri var . c l i f fo r t ioid e s  
Phyl lo c l a d u s  alpinu s 

C r  

370 
2 1 0 
1 20 
300 

20 
80 

2700 
3tt 000 

930 
1 1 00 
3 '500 
ttLtOO 

70  
1 2 5  

3600 

'5 300 
3200 

62000 
�.t 600 
8 500 
9000 
'5�.t00 

700 

Lt 200 
380 
8ttO 

2000 
1 300 
1 200 

7600 
60 

740 
36 
52 

Ni Cu 

300 1 00 
itOO 1 2 5  
280 1 55 
5 -50 1 50 
1 80 66  
�tOO 50 

3 '500 
8 300 

1 '700 
1 6 ")0 
6 1 00 
1 2 50 
1660  

'1 10  
1 2 50 

tt 600 
5 50 

2<t00 
6oo 

2050 
1 0 50 

itOO 
38 0 

3800 
1 200 

900 
8000 
2000 
2 300 

L;-000 
260 

1 1 00 
700 
tt60 

1 9  
1 30 

20 
1 10 
1tt  5 
220 
1 20 
1 0 5  

3tt 

6Lt 
350 

9 1  
1 80 
2 60 
1 5 5  
1 20 

'7 5 

tt 5 
1 90 
280 
1 30 

'+ 3 
1 60 

64 
2 50 
2 '50 
1 30 
1 70 

50 

C o  

1 3  
1 9 
1 9  
1 9  
1 7  
30 

1 00 
2 1 5  

77 
70 

2 30 
1 90 
3'+0 

5 '1 

32 

280 
1 1 5  

1 26 
28 
'56 
Lt't 

260 
2 3  

1 1 0 
5't 
50 

330 
9 '1 
36 

1 1 0 
39 
60 

1 30 
60 I 

c on t · I 



Site No . 

7 

8 

9 

1 0  

1 1  

1 2  

1 3  

Tab l e  I I I  - 2 ( c ontinued ) 

Desc ription o f  Site and Sample 

Above  tramway , in b ush : soil  
Cassinia vauvi l l iersii var .  s e rpenti na 
Hebe od ora 
Coprosma narvi fl ora 
N .  solandri va r .  c l i f fortioid es 
P .  alpi nus 

Further in  bush than site 7 :  soil 
C .  cunninghamii 
Dacrydium bi forme 
Myrsine d� vari c ata 
N .  solandri var . c l i f fortioi d es 
P .  alninus 

Further in bush than site 8 :  soil 
C .  banksii 
C .  c unni nghamii 
D .  biforme 
N .  menz.i esii 
P. alpi nus 

On tramway : soil 
H .  odora 
L.  sc oparium 
Myosotis  monro i 

On tramway : soil 
Cassinia vauv i l l i ersii  var . serpentine 
H .  odora 
L .  s c onarium 
Drac ophyl lum uni fl o rum 
Lyc opodium australianum 

On tramway : soil 
C .  vauvi lli ersii var . serp entina 
H .  odora 
Lepto spe rmum scoparium 
M .  monroi 
D .  fili folium va r .  collinum 
Myrsine di vari cata 

On tramway : soil 
C .  vauvi lli ersii var . serpentina 
H.  odora 
Notothlaspi austral e 
Ani sotome aromati c a  

C r  

3800 
1 3  
1 3  
Lt 't  
36 
20 

1 500 
60 
44 
'52 
44 
20 

'500 
'52 
52 
36 
28 
1 3  

2 3000 
36 

3800 
460 

Lt 900 
1 500 
1 000 

700 
2 900 
7700 

2 1 000 
360 
1 0 '5  

2 300 
6oo 
300 
'580 

'5000 
2 700 
1 1  '50 

200 
1 1 5 

Ni 

1 600 
1t;.O 
1 1 '5 
Lt40 
700 
3 1 0  

1 700 
1 <t 0  
1 30 
100 
1't0  
1 30 

1 700 
96 

200 
1 60 
3'50 
1 30 

'5000 
320 

4 900 
740 

2000 
1000 
1 1 00 
1 080 
1 340 
1 3'50 

1 1 000 
2�t00 
2 1 00 
2 '500 

940 
1 100  
1 900 

1 1 200 
1 1 '50 
2600 

3'50 
'540 

C u  

5 5  
4 0  
6 6  
80 

1 04 
1 70 

70 
72 

1 30 
1 '50 

6 9  
280 

'52 
7Lt 
88 

1 0 5  
1 8 0  
1 30 

30 
6 3  

1 1 0 
200 

32 
'58 

1 '50 
90 

1 10 
64 

8o 
300 
220 
1 70 

44 
260 
1 90 

Lt 2 
1 70 
2 '50 

34 
8o 

5 1  

Co  

9 0  
24 
28 
76 
1 9  
32 

6 1  
2 5  
42 
1 9  
5'+ 
28 

1 Lt 0  
36 
2 3  
32 
26 
3 '5 

100 
28 

1 1 5 
3 5  

98 
5 1  
30 
28 
Lt'+ 
80 

'5 20 
'5tt 
't 2  
8 '  
�+ -+  I 
't 2 : 

8 1  

2 1 0  
4 2  

4Lt0 
40 
28 

cont .  
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T able I I I  - 2 ( c ontinued ) 

Si t e  No . Descri ption o f  Si t e  and S ampl e C r  N i  Cu Co 

14 On tramway : so i l  8 20 0  2200 52 2 90 
H .  od ora 1 50 0  3 '50 0  2 1 0 Lt 2 
L .  scoEa rium '+ 1 0 0  2 1 00 8 o  �t8 
G .  cor;y:mbi f e ra <t O O  2'?0 34 31t 
Hymenant h era alpina 6000 9000 260 100 

15 Tramway near Windy Poi n t :  so i l  3200 2 '500 38 1 8 0  
c .  vauvilli ersii var. s er-ren tina  2 200 2000 200 1 5 5  
H ebe  od ora 90 7lt0 70 1 20 
L .  scoEari um 6"50 900 70 1 "5 5 
G .  co r:vmbi f e r a  780 1 300 270 1 0 5 
M .  d i varicat a 8 50 2000 1 35 1 90 
s .  roughii 350 6 200 1 30 3�+0 1 t I 



The c on c en tr a t i o n s  o f  t h e  o th er el ement � ,  ni c k el , c opper  

and c ob a l t , were much  l e s s  variable ,  none wi th a range  grea t e r  

5 3  

t han 1 0- fold in t h es e  s ampl e s . T h e  copper c o n c en t r a t i o n s  averaged 

a b o u t  �0 ppm , nickel �000 ppm and c ob a l t  200 ppm . 

In  general , t h e  so i l  c on t en ts o f  c hromium , nickel an d c ob a l t  

were gre a t e r  t h an the c o n c e n t r a t i ons o f  these  e l eme n t s  in  plant ash , 

b u t  c o pp e r  h ad a l ower c on c entra t i on i n  soil t han in plan t a sh . 

T h e  soil pH was uni formly n eu t ral on s erpen t i n e  s o i l s  ( 6 . 9  -

7 . � ) d e c reasing t o  6 . 6  in bu sh a t  t h e  e d ge o f  th e s e rpentin e .  

( ii )  Plan t s  

S everal i n t e r e s ting ob s ervations c an b e  mad e a b out t h e  d i s t ri b u­

tions o f  and trac e element c o n t e n t s  o f  t h e  vari ous groups o f  plan ts  

s amnl e d  here . 

The  one  spec imen o f  t h e  lycopod , Lyc opodium a u s t r a l i anum and 

t h e  o n e  sample o f  lichen  ( unknown spec i e s )  b o t h  had unusually h i gh 

ch romium and c o b a l t  con c en t r at i ons i n  their ash . Th e s e  l evels  

were gr e a t er than in mos t o f  t h e  o t he r P l an ts al t h o u �h s t ill  l e s s  

th an t h e  soi l .  T h e  l i c hen a l so had a hi gh co n c en t r a t i on o f  n i ck e l , 

r e l a t i ve to that o f  o th er s p e c i es , b u t  this  plant wo uld b e  mu c h  m o r e  

s u s c e p t i b l e  t o  soi l c o n t ami n a t i on .  Howeve r , t h e  o n e  mono c o t yl edon , 

a sp e c imen o f  Pho rmi um c o l en soi , c on t ai n ed lower c on c e n t r a t i ons o f  

ni ckel , c opp er and cob a l t  t h an d i d  mo s t  o t her s p e c i es . 

The gymnosperms D a c rydi um bi for� e , Phyllo c l a d u s  a l ni n u s  and 

Pod o c arpu s  t o t ara were gen e ra l ly lower in  c hromi um and n i c k e l  c on t en t  

than were the di c o tyl e d ons whi c h  c ompri sed  the remaining plan t s .  

The  ma j o ri ty o f  t h e  spec imens co l l e c t ed were  d i c o tyled onous 

angi o sp e rms and , a s  a group , showe d  o ui t e  c ons i d era b l e  variab i l i t y  

i n  trac e el emen t c o n t en t . This is obvi ous wh e t h e r  comparing sampl e s  



o f  t h e  sam e  spec i e s  from di f ferent  areas , o r  di f f e r en t  spe c i es from 

n e ar t h e  sam e  sampling poin t . No o t h e r  general i s a t i o n s  c an b e  

made  f rom t h e  d a t a  in Tab l e  I I I - 2 .  

Lead  analys e s  wer e  also  mad e o n  t h e  plan t  s ampl e s . Th e p l an t  

ash c o n t en t s  vari e d  f rom 1 0  to 500 ppm ra ther i r r e gu larly o ve r  a l l  

c ol l e c tion  s i t e s  and plan t  s p e c i es . 

furth e r . 

The s e  wil l  n o t  b e  c o n si d er e d  

The  gymnosperms ( P .  to t ara , D .  bi f o rme , Phyl l o c l ad u s  alninus ) , 

t h e  b e ec h e s  ( Notho fagus m en z i e sii , N .  s o l andri var . c li f fortioid es ) , 

t h e  coprosmas ( C oprosma pa r vi flora , C .  cunningh am i i ) and r a t a  

( Metrosi d e ros  umb el l a t e ) wer e a l l  c o n f i n ed t o  only a f ew s ampling 

si t es , numb ers 6 - 9 on  t h e  b ou nd ary of s erpen ti n e , and S i t e  1 ,  by 

a promi n e n t  rodingi t e  rock . Rod i n gi t e  i s  a c a l c i um - ri c h  b asi c 

i gneous  rock and t h� r e for e d i f f e ren t from the  magn e sium- ri c h  

s erpen ti n e s  and p erido t i t e s , and is probably a m o r e  1 1normal 11 subs t r a t e  

f o r  p l an t s ,  a s  i s  shown b y  t h i s  fl or a .  

O n  the  serpen tine  i t s el f ,  t h e  mos t common speci e s  we r e  

Leptospe rmum s c oparium , whi c h  was o f t en dominan t i n  t h e  n e i ghbourho o d  

o f  t h e  t r amway , C assinia vauvilli ersii var . serpe n t in e , H eb e  o dora 

and Drac ophyllum s p eci es . Less  c o mmon were  t h e  o t h er speci e s  

c o l l e c t ed , i n c l u d in g  t he s p e c i e s  end emi c  t o  serp e n t i n e ,  Myo so t is 

rnonroi and Pim e l ea sut eri and also N o t o thlaspi au s t r a l e  whi c h  i s  

rare e l s ewh er e .  

( i i i ) Discus sion 

This ori en ta tion survey showed that soils i n  the area o f  s tudy , 

con tained  a wi d e  range of unusu ally high concen t ra t i o n s  o f  c h romium , . 

ni ckel and c o b al t , compar e d  wi t h  l e v e l s  i n  norm al soi l s  ( Malyuga , 

1 96it ) . Howe ve r ,  i t  was re a l i s ed t h a t  i n  some plac e s , t h e  soil 

c on c e n t ra ti on c ould  vary by an ord e r  o f  magni tud e over one  or  t wo 



m e t r e s  d i s t an c e .  Thus , r a th e r  t ha n  a t t emp t t o  t ak e  s o i l  s amp l e s  

repre s en t a t i v e  o f  s e v e � al pla. t s , suo s e n u e . t  s o i l  s ampl e s  w e r e  t ak en 

at th e b a s e  o f  ach pla n t . For c o p p e r  i n  t h e  s oi l s , d e spi t e  t h e  

p r e s e n c e  o f  abandoned c o p p e r  mi n e s , h e  c opp e r c o n t e n t s  w e r e  g e n e r a l ly 

simi lar i n  all sruupl e s  i n c lud ing t h o s e  from t h e  b o und a ry a r e a s . 

The d a t a  sho� 2 d  ' h a t , exc e p  for c o pp e r , p l a n t  a s h  c on c e n t r a t i o n s  

w e r e  g en era l ly l o w e r  t h an t h e  co nc e n t r a t � on s o �  t h e  s a m e  el em e n t  i n  

t h e  s oil .  Also i t  c an b e  s e en that in are a s  o f  un u s ua l ly h i gh s o i l  

c on c en t rati o. s o a parti c u l ar e l �m en t ,  su c h  as t h e  6% c hromi um o n  

old rei. e t ai li n gs , t e plan s d o  n o t r e s t ri c t t h e i r  u p t ak e  o f  t h a t  

e l em e n t  t o  a n o _ mal l e v e l . Rat e r , t h ey abso rb and a r e  ab l e  t o  

t o l e r a t e , unu su al ly hi gh a�ounts o �  t h e s e  elemen t s .  

Forest p l an t s , s u c h  a s  t h e  gymno s? e rms , b e e c h e s , c o p ro smas and 

�e t ro si d e r o s  umb e l l a : a  app e a r � o  b una b l e  to survi v e  o n  s e r p en t in e .  

F o  t � e  b e e c he s  and some o f  t h e  o t ' e r  s p e c i e s , i t  may b e  t h a t  t h e y  

a r e  u ab l e  t o  t o l e r a t e � h e  x er o phy t i c  alpi n e  envi r onm e n t ,  b u t  t h e  

iso lat ed Po d o c arn u s  t o t � � a  and � .  u mb e l l a t a  at S i t e  1 t h ro w  doub t o 

th i s s u g0e s t i on . For th e s e  two s p e c i e s a : e as t , i t  anp e ar s  mo r e  

lik el y t ha t t he y o n o t  grow o n  s e rp e nt in e b ec a us e t h e y a r e  unab l e  

t o  t o l e ra t e  e x c � s s e s o f  t h e  e l em e n t s  c hromi um , ni c k el and c ob al t . 

However , as S ar o si ek ( 1 960 ) and Parib ok and Al exey eva-P o p o va ( 1 966 ) 

ha v e poin t e d  o u t , the mi n er a l  envi r o nm e n t p ro d u ci n g a s e r p e n t i n e  

f l o ra d o e s  n o t  only i n c l ud e t h e  e l em e n t s  c h romium , ni c k e l  an d c ob a l t  

b u t  o �  e q u a l  impo r t an c e  ma y b e  t h e  c a l c i um -magn e s i um b a l an c e  i n  t h e  

s o i l , wi t h  t e l o w  c on t en t s  o f  ni t ro ge n , p h o s� h o ru s , p o t as s i um and 

m olybd num a l s o  involved . 

From vi sual o b s e r vat i o n  and t h e a b o v e  d a t a , f ur t h e r  s a mp l i n g  

w a s  r e s t r i c t ed t o  s i x  p lan t sp e c i e s . Lep t o sp e rmum s c o n a r ium , � e b e  

o d o r a  a n d  C a s sinia vauvi l li e r s i i  v a r .  s e rp e n t ina a r e  t hr e e  o f  t h e 



m o s  c ommon s p e c i e s  i n  t h e  a r e a  s t ud i ed . Al l a r e  r e a d i l y  i d en ti fi e d  

i n  t h e  fi eld , o c c ur r i gh t  t o  t h e e d g e- o f  t h e  s erpenti n e , and a l s o  

: a v e  vli d e s pread o c c u r r e r. c e s  i o t h er par t s  o · ew Z e a l and ( a l t h o u gh 

p o s s i b ly as d i f f e r en t  vari e t i e s ) . The t h r e e s e rp en t i n e - c h arac t e r i s t i c 

s p e c i e s  �yo s o t is m o � ro i , No � c � h l &sui au s t rale and Pi m e l e a su t e ri a r e  

all r e ad i ly i d e n t i f i a b l e  a .d o c c ur in r e a so� a b l e  numt e_ s in t h e  

vi c i n i ty o f  t h e  Dun l ou n t ain t r amway . These  en d em i c  s p e c i e s  w e r e  

s e l e c t ed mainly b e c au a e  t h e y  mi i. t 1 av e  b e en exp e c t e d  to pro vi d e  

� vi d e nc e for t h e i r  r e s t ri c t e d o i s t rib u t i on . 



5 .  l·. STUDY O F  TEE ELE?•;EN T .'•L CONTEN T  OF S ELEC TED SEHPEl\ T::: :'>IE PLANTS 

( i )  I n t rod u c t i on 

' s  a r e s u l t  o f  t e preli  i a ry sp ec t ro c hemi c al survey and 

o b s erva ti o n s  c arried out  d uring th a t  fi eld t ri p , fur ther  c o l l e c t i o n  

w a s  r e s t ric t ed t o  s ix  p l a n t  s p e c i e s .  

�11 t h e s e  sample s  we re  an a l y s e d  for c nromi um , ni ckel , c o pp e r  

a n d  c ob a l t  b y  emi s sion spe c trography . La t e r  a f t er t h e  acquisi tion 

o f  a t o  i c  abs o rp tion equi pm en t ,  c al c i um and magn esiu� analys es were 

al so mad e  i �  vi e w o f  the n u t ri t i on al impo r t an c e of t h e s e  el emen t s , 

e s p e c i ally in s erpen tine soils  ( e . g . Walk e r ,  1 9 �� ; Sarosi ek , 1 96� ) . 
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The first  part of  t hi s  s e c tion c o nc erns obs ervations on s p e c i e s  

whi c h  a r e  e o  .. m e n  n o t  only i n  ·the Dun Moun tai n  s er p e n tin e ar ea b u t  

a l s o  e l s ew e r e  i n  ( ew Z e aland . 

T h e s e  s p e c i e s  were : 

C a s s i n i a vauvi lli ersii ( Homb . et J a c q . )  H o ok . f .  var . s erpen tina 

C k n . e t  � l l an C omp o si t ae ) , c ommo n ly c al l e d  t h e  moun t ain c o t tonwo od 

o r  tauhinu ; 

E eb e  o d o ra ( Hook . f . ) Ckn . ( Sc ro phulari ac eae ) also  known as 

moun t ain koromiko ; 

and L e n t o s n e rmum s c opa rium J . R. e t G .  Fors t . ( � y r t ac e a e )  known 

as manuka . 

These  spec i e s  are co nsi d er e d  a c c or d i n g  to t h e  m e thod  o f  c h o o sing 

sampl es . S p e c i m ens o f  p l an t s ,  and soil  s ampl e s , w e r e  c o l l e c t e d 

randomly to  e s t ablish t h e  wid e s t  range of  c o n c e  t r a t i o n s , from a 

l o c alised  a r e a  t o  measur e t h e  mi nimum vari a t i o n  o f  el em en t al c o n t en ts 

and from n ear t h e  e d ge o f  t h e  Min e ral B e l t  whe re  soi l s  show l es s  

s ernen tine charac t er .  

p r e s en t ed . 

Some geob o t an i c al ob serva t i o n s  are al so 



Resul t s  are t h en gi v en f o .  all s amp l e s  o f  soils an d p l an t s  

t aken t o ge t h e r , i n c l u d i n g  t h e  fo l l owi n g  three  sp e c i e s whi c h  w e r e  

n o t  very c o mmon , and ar e c o n � in e d  al nos t en tirel y  t o  t h e  Mi n eral 

B e l t : 

Myo so t i s  mon roi C h e e s ern .  ( Bo ragin ac ea e ) ; 

·o t o thlaspi au s t ral 2 H o ok . f .  ( C r� c i f e r a e ) ;  

and Pim e l e a su t a r i  K i rk ( Thym el a e a c e ae ) . 

'58 

Fo r all the . e sul t s , only summar i e s  and s t a t i s ti c al in f o rm a t i o n  

a r e  presen t e d  h er e . The c o mple t e  d a t a  a r e  l i s t e d  in App en di x 2 .  

Zinc an al y s e s  o n  mo s t  p l an t s  we r e  a l s o  ca rri ed o u t  bu t a r e  

not consi a e r ed furthe r .  �ll val u e s  were wi thi n t h e  ran g e  1 00 - 2000 ppm 

wi t h  only sma l l  v ari a t i o n  wi t hin e ac h  sp e c i es � and c o rr el a t i o n s wi t h  

o t her el eme n t s  were n o t  v e ry si gni fi c an t . 

( ii )  Re s u l � s  f rom Th r e e  C o �m o n  Sn e c i e s  

( a )  Random C o l l e c ti o n  

TGi r t e en samp l e s  o f  C .  vauvi lli ersii , thi rt e en o f  .H . o d o ra and 

s i x t e en of L .  s c o pa r i um w e r e  c o l l e c t ed mor e or l e s s  at random along 

the line o f  t h e  Dun Moun t ai n  t ramway ( Si t e s  1 0  - 1 ? ,  Fi gu re I I I - 2 ) 

and b eyond ( Si t es 1 - 4 ) . mhe purpos e o f  this s t udy was to elabo r a t e  

t h e  findings o f  t h e pr elimin ary survey , wi t h  mor e s ampl e s  o f  e a c h  

sp eci e s , t o  d e t e rmi n e  t h e  variabi li ty in e l e m e n t a l  c on t en t  b e t w e en 

s amp l e s  o f  t h e  s ar.1 e  s p ec i e s growin g  i n  s o i l s  o f  s e rp e n t in e , and  

mi n e rali s ed areas ( r.Ji n e  t ai li n gs ) . 

c o uld also b e  ob t ained . 

Comparisons b e t w e e n  s p e c i e s  

Tab l e  I I I - 3 s ummari s e s  the m ean c o n t en t s o f  t h e . e l ern e n t s  

c h romium , ni ckel , c o pp er and c o b a l t  ( ppm o f  a sh ) i n  t h e  p l an t s  and 

i n  t h ei r c o r r e sponding s o i l s  an d also of c al ci um and magn e sium 

C % o f  ash ) i n  the s am e  plan t s . 

uni t s )  i s  gi ven for  e a c h  m e an . 

The s t a n d ard d e vi a � i o n  ( in l o gari thmic 

� - e m e an conc en t ra ti o n s  of c o p p e r  an d 



-

C .  v a u v i l l i e r s i i  

( 1 3 samp l e s ) 

H .  o d o ra 

( 1 3 s am p l e s ) 

L .  s c oEarium 

( 1 6 s ampl e s )  
' -

Me a n 

Tab J e_fll_ .-_) 

AN ALY S I S  OF RANDOM COI��CTION 

( c onc entrat i on i n  a s h ) 

1 
- - - - - ---·---- -- � -

Cr ( ppm ) Ni ( ppm ) Cu ( ppm ) C o  ( ppm ) C a  (%)  
Pl an t ·S-�-i�  Pla n t  S o i l  Pl a n t  Soil PJ ant

_ 
Soil Pl ant  

--

1 300 1 1 600 1 Lt 2 5  2900 100 1 0 0  7 2  380 8 . 5 ') 
S t d . D e v .  0 • 1t 3 0 .  38 0 . 2 "5 0 . 1 Lt 0 . 4 6  0 . 2 3 0 .  30 0 .  1 7  0 . 20 

Me an 330 1 3800 1 700 2 900 1 5 5  1 35 39 36 ') 7 . tt 8 

Std . D e v . ·  0 . 6 2 0 . 33 0 . 2 1 0 . 1 7 0 . 1 6  0 . 2 1 0 . 2 1 0 . 2 1 0 .  1 Lt 

Mg ( % )  C a/I Ig 
Pl ant  P l an t 

7 . 70 1 . 1 1 

0 . 22 0 . 37 

1 3 . 1 0 . '57 

0 . 1 5  0 . 27 

. . -- -· ·- · ---- - - ·- ·----- --· 

Mean 2·-t 70 8 9 "50 2 'J 50 3 300 
Std . D e v .  0 . "5 9 0 . 38 0 .  3'-t 0 .  1 3 

. 
-

1 0 '5  1 0 "5  9 5 · � 00 

0 . 23 0 . 2Lt 0 . 39 0 . 1 7  

1 3 . 2 

0 . 1 3 

-

9 .  8 1  1 .  34 

0 . 1 1  0 . 1 8 

VI \() 
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c o b al t  f o r  soils o f  e a c h  s� e c i e s  were gene rally simil ar , as were  t h e  

s t a nd ard d e vi a t i ons , b u t  t h e  p l an t s  showed gr e a t er vari ations t han 

so i l s  for all the trac e e l emen t s .  

H .  o d o ra invariably c o n t ai n e d  a mu c h  low e r  c on t en t  o f  c hromium 

( mean 330 pp ) t han C .  v auvi l l i ersi i  ( 1 300 ppm ) wi t h  L .  s c oparium 

muc h h i gh e r  ( 2�70 ppm ) . Compared wi t h  t h e  m e an c o n � e n t s  o f  t h e  

soils i n  whi c h  t h e s e  p l an t s  gr ew , t h e se d i f f e r en c e s  a r e  ev en mor e  

m arked . H .  o d o ra was c o ll e c t ed from s oils wi t h  a mean c hromium 

c on t en t  o f  1 3 , 800 ppm whi l e  t he mean for L .  s c o n a ri um soils was 

8 9 �0 ppm . The soil c h r omium c o n t en t  fo r C .  vauvi lli ersii wa s 

i n t ermedi a t e  i n  val u e .  Howe v e r , a l l  t h r e e  spe c i e s  d i d  o c c u r  o n  

s o i l s  wi t h  c hromium c o n c en t r a t i o n s  gr e a t e r th a n  �% . Non- random 

sam�ling c ould easily a c c o u n t  fo r ei t h e r  o f  the v ari a t ions i n  s o i l  

o r  plan t c on c e n t ra t i on s , b u t  the  rela t i v e  u p t ak e s  o f  c h romium from 

the soil , by t h e  three s�e c i es were unmi s t akab l y  di f f e r en t .  I t  c an 

also b e  s e en t h a t  H .  odor a h ad t h e  wi d es t  c h romium c on t e n t  varia t i o n  

am ong t h e  samp l e s  c o l l e c t e d , wi t h  a s t and ard d e v i a t i o n  o f  0 . 6 2 

l o gari thmic uni t s .  

For nick el , L .  sc onari um had al so th e h i gh e s t  m e an a s h  c on t en t  

( 2 5 � 0  ppm ) and a wid er vari a t io n  ( S . D .  = 0 . 34 l o g .  uni t s ) t h an t h e  

o t h e r  sp e c i e s .  However , t he c o pp e r  c o n t e n t s  o f  t h e  plan t s  a nd 

s o i l s  for all t h r e e  spe c i e s were rela ti vely simi lar . 

The  c o b a l t  c o n t en t s  o f  all s o i l s  show ed only a small vari at i o n , 

b u t  plant ash vari a t i o n s  were grea t e r .  L .  scoparium , a s  for n i c k e l  

a n d  c hromium , showed t h e  h i gh e s t  m ean c o b al t  ash c on t e n t  ( 9 5 ppm ) 

and t h e  gre a t e s t  v ari a t io n  ( S . D .  = 0 . 39 l o g .  uni t s ) whi l e  H .  o d o ra 

had t h e  lowest c o n t en t  ( m e an 39 ppm ) and l e as t  varia t i o n . 
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C alcium and magn esium c o n t e n t s  showed c onsi d erable d i f f e ren c e s  

b e tween plan t sp  c i e s . Sin c e  s ernentine s oils  gene rally have v ery 

h i gh magn e sium l evels and low c al c i um c o nc entrat ions  it was exp e c t ed 

that  the plan t s  would r e fl e c t this f e a ture ( Robinson e t  al , 1 9 3 � ; 

Paribok and ll exeyeva-Popo va ,  1 9 6 6 ) . Thi s was t h e  cas e for H .  o d or a  

wi th a mean r a t i o  ( by weight ) o f  C a/ . g  = 0 . 57 ,  b u t  wi th  L . sconari um , 

t his was r e versed ( Ca/Mg = 1 . 3� ) . However , L .  s c oparium h ad a 

relatively high mean magne siu . ash c o n t ent  o f  9 . 8% .  C .  vauvilli ersii 

had a mean ratio of c al ci um : �agn esium of 1 . 1 ,  wi th b o t h  c al c ium and 

magne sium c o n t en t s  abo u t  8% by weight  in th e ash . 

Tabl e I I I  - 4 

PLANT-SOIL CO RREL ATIONS FO R RANDOMLY COLLEC TED SAMPLES 

T ab l e  I I I -4 l i s t s  t h e  correla tion c o e f fi c i en t s  fo r t he c om�arison 

o f  pl ant ash c o n t e n t s  wit h t hei r r esp e c tive  so il t rac e e l ement 

c o n c en trati ons . I t  shows t h e  gene ral ly higher d egre e  o f  c o rr e l a t i on 

for c hromium t han for t h e  o th e r  e l emen ts .  The c orrela tion eo-

e f fi c i en t  for chromium in H .  o d o ra ( r = +0 . 7 3 ) , i n  par t i c ular  shows 

that even with only t hi r t e en sample s , there was a high d e penden c e  o f  

the  plan t ash chromium c o n t en t  o n  the t o tal  soil  c o n t en t  o f  this  

e l emen t . There was also a s i gn i fi can t correlation ( r = +0 . 5 2 )  

b e tween t h e  ni ckel c o n t en t s  o f  t h e  so i l  and t h e  ash o f  C .  vauvi l l i e rsi i . 
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Tab l e  I I I  - 5 

INTERELE!'iENT CORRELAT I ONS FO R RAN DOM COLLECT ION 

c .  vauvi l l i ersii rr . o d o ra L .  s c o u ari :..::. 

( 1 3 sarr.ples ) ( 1 3 sampl e s ) ( 1 6 s ampl es ) 

: I I - 0 . 1 8  1 C r  - N i  NS + 0 . 0 1  NS +0 . Lt 5  NS 

I C r  - Cu -0 . 38 NS -t-0 . 68 $ .  -tO . 1 6  KS 

C r  - C o  -0 . 0 3 NS +0 . 36 NS + 0 . 5 1 s 

1 Cr - C a  +0 . 1 0  NS -O . �.t- 3 NS - 0 . 1 1 NS 
! 

I C r  - M g  -0 . Lt 3 NS -t-0 . 72 s l(l  -0 . 3 1 NS 

I Ni - C u  +0 . Lt 9 NS +0 . 0 1  NS +0 . 33 NS 

Ni - Co  +0 . 6 1  s -0 . 2 1  NS +0 . 8 9 S * • 

Ni - e a  -0 . 1 2 NS -0 . 38 NS -0 . 50 s 

! Ni - Mg +0 . 60 s + 0  . 1 9 NS - 0 . '54 s 

I Cu - C o  +0 . 3'+ NS + 0 . 0 1  NS +0 . Lt7 NS 

Cu ea -0 . 08 NS - 0 .';- 6  N S  -0 . 38 I S  

C u  - Mg +0 . 59 s +0 . -t 6  NS +0 . 1 't N S  

Co  - C a  -0 . 1 6 NS -0 . 1 3 NS -0 . '5't s 

C o  - Mg +0 . 53 s +O . �.t- 3 NS -0 . 39 NS 

Ca - Mg -0 . 5 5 s -0 . 67 s•  -0 . 1 Lt  NS 



I n  Table I I I - ? , t h e  c o rr ela tion co e f fi c i en t s  for i n t e r el emen t 

r e l a ti onships in  the s e  �lants are l i s t e d . Very few o f  t h e s e  showed 

a hi gh d e gr e e  of  si gn i fi c anc e ,  the hi gh e s t  b eing b e t w e en ni ckel and 

c ob a l t in L .  s c o u arium ( r  = +0 . 8 9 ,  s • • ) . Thi s r e l a t i on ship was 

similar to  that in  the s erpen ine soil s ( s e e  l a � e r ) . Ano ther 

hi ghly- si gni fi c ant  cor elation was that  b e tween c hromium and c op p e r  

i n  H .  o do ra . These  e l emen t s  were n o t  u s u ally f ound t o  b e  r e la t ed 

in o t he r  samp l e s . Also , h i ghly si gni fi c an t  c orrelations were found 

in H .  odo ra b e tw e en c h r o m i u m  and magnesi um , an d ( n e gati vely ) b e tw e en 

c al c i um and magn e sium . 

T ' . e  p e rc en t age o ash i n  the d ry p l an t  for e ac h  o f  six s am"O l e s  

o f  e ac h  s p e c i e s  was d e t e rmi n ed . F o r  e A c h  pla n t  th e l e aves  we r e  

s epar a t e d  from s t ems , and a sh c on t en t s  m e as u r e d  s e p arat e l y  f o r  e a c h  

part , as well as fo r a r ep r e s en t a ti v e  s h o o t  ( l e af  p l u s  s t em )  from 

eac h  pl an t . T h e s e  me an ash r sul t s  a r e  gi ven i n  Tab l e  I I I -6 . 

ash c o n t en t s  we re  b e tween 3% an d 5% wit h l i t tl e  vari a t i o n  b e tw e en 

s p e c i e s  o r  part o f  t h e  pla n t . 

c .  

H . 

L .  

Tab l e  I I I  - 6 

ASH CONTENTS OF PLANTS 

( Pe r c en tage of D ry Ma t t e r )  

Leaf  St em 

vauvi l li e r sii tt . 8 9 4 . 2 9 

o d o ra 3 - 7 9 3 . 1 2  

s c oEarium 3 . �+7 3 . 68 

Shoo t  

tt . 5 3 

3 . 39 

3 - 59 

All  
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I 
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. 
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L .  

Tabl e I I I  - 7 

COMPARI SON OF LEAF' AND S TEM ANALYSES 

( ppm o f  ash ) 

Pl an t S p e c i e s  Par t o f  C r  Ni Cu 
Pl ant 

vauvilli ersii L e a f  4000 880 95 
S t em 1 1 00 2 1 00 1 3'5 
S o i l  28000 2tt00 1 2Lt 

L e a f  1 300 520 1 0 5  
S t em 1 1 000 2000 200 
Soil 4'"t000 2 '500 96 

L e a f  260 720 2 1 5  
S t em '1't00 1 300 2-tO 
S o i l  1 6000 2800 1 20 

L e a f  1 800 7'1- 0 1 35 
S t em '5 200 2400 1 60 
Soil 2 3000 3000 1 2 5  

od ora Le af 2Lt0 520 20 5 
S t em 3�t00 960 28 5 
S o i l  2 3000 3000 1 2 5 

L e a f  1 2  '160 1 90 
S t e rn  21+0 Lt80 2 7 7  
S o i l  '1- 4000 2 500 96 

I-e a f  1 70 '160 2 30 
S t e m  270 780 370 
S o i l  2 ')000 2Lt00 1 20 

L e a f  220 '5Lt0 1 '10 
St em 2 1 00 1 Lt 'JO '580 
Soil 3'5000 1 900 1 7 '5  

s c oEar i urn L e a f  '5000 1 1 '10 LtO 
S t em 26000 3700 1 90 
Soil 6 6000 1 9 ?0 7 "5 

Leaf 7400 1 900 140 
S t ern 1Lt000 3700 340 
Soil 2t.r000 2400 1 20 

L e a f  8000 1 900 8 7  
S t ern 1 4000 3 ">00 1 80 
S o i l  2 3000 3000 1 2 5  

L e a f  -t400 700 1 0 "5  
S t em 27000 2 300 280 
S o i l 1 2000 3600 1 Lt '5 

C o  

420 
1 50 
3 1 0  

38 
1 3') 
300 

LtO 
71t 

280 

28 
1 '5 5 
3 30 

1 9  
6 1  

3 30 

3'5 
'"t 2  

300 

Lt 1 
'5 6 

2 90 

'"tit 
8 '5  

320 

36 
1 90 
320 

80 
1 9 '5 
280 

7 2  
2 0 5  
3 30 

4 4  
1 1 0 
Lt 20 



Fo ur s am p l e s  o f  e a c h  s p e c i e s  we r e  s e p a r a t ed i n t o  l e a f  a n d  

s t em a n d  analy s e d  s ep a r a t e ly f o r  t h e  t r a c e  e l em en t s c h romium , 

ni c k e l , copper and c o b a l t , a n d  t h e  r e s u l t s  a r e  pres e n t e d  in T ab l e  

I l l  - 7 . 

Gen erally f o r  c hromi um and c a b al � ,  the  l e af ash c onc e n t ra tion 

was l e ss than t h e s t em a s h  c on c en t ra t i o n  whi c h  w a s  l e ss  th an t h e  

c o rr e sp o n d i n g  s o i l  c o � c en t r a t i o n . This o rd er was a l s o t h e  s am e  

for n i c k e l  i n  C .  vauvi l l i e r s ii a 1 d H .  o do ra but  fo r L .  s c opa ri um 

t h e  s o i l  con t en t  was b e twe en l e a f  and s t e m c o n t e n t s . For c o pp e r , 

l ea f  c on c en tr a t i o ns w e r e a gain l o w e r  t h an s t em valu e s , b u t  gene rally 

soil c opp er c o n t en t s w e r e  l ow e r  a gain . 

( b ;  Lo c al i s e d C o l l e c t i o n  

Fi f t e en s am p l e s  o f  e a c h  o f  t h e  t h r e e  c ommon sp e c i es C .  v a u vi l l i e r s i i , 

E .  o d o ra and L .  sc opa ri um w e r e  c o l l e c t e d  from t he so u t h  sid e o f  a 

s t e e ply-rising knoll to t h e  e a s t  o f  Si t e 1 5  ( Fi gur e I I I - 2 ) . By 

c on s i d e ri n g  p l an � s  from a l o c al i s e d  a r e a ,  i t  was h o p ed tha t plant  

e l emen tal con t e n t  vari a t i on wi t h i n  a s p e c i e s  c o uld b e  ob s e r v e d  und er  

r el a t i v ely c on s t an t  so i l  c o n d i t i o n s . h s�al l a r e a  c o u l d  a l s o  b e  

r e l a t i vely well c h arac t e r i s e d  e c o l o gi c ally . 

The followi ng e c o lo gi c al n o t e s  w e r e  mad e by Dr . P . J .  P e t erson , 

a t  t h e  time o f  c ol l e c t i o n  o n  J anu ary 7 ,  1 9 66 . 

' ' L ept o s p e rm u m  s c o n a r ium was d o min an t  ( 30 - 50 c m  h i gh ) wi t h  s o m e  

variation  o f  habi t .  T h e  m o r e  p ro s t ra t e  s p e c i m e n s  i n  fl o w e r app ear ed 

to h a v e  larger flowers , b u t  th e si z e  and c o lour was v a ri eq . Po s s i b l y  

e o - d ominan t wi t h  L. s c o n a r ium w e r e  t h e tu ssocks Po a sp . and F e s t u c a  sp . 

wh i c h app e a r e d  r o b u s t  and o f  goo d  frowth ha  i t .  

C on s pi c u o u s  amon g s t  t hi s  a s s o c i a t i o n  were y e l l o w - g r e e n  p l an t s  

o f  Ph o rmium c o l e n s o i  ( Agav a c e a e ) wi t h  an oc c as i o n al t a l l  s p a r s e 



flower h ead . Less c o n sp i c uous were o c c asi onal s p ec i m en s  o f  

Dracophyl l um fili fo li u� var . c o l linum ( Ep ac rid a c e a e ) b u t  mo r e  

c ommonly D .  uni f lo rum . Both  s n e c i e s  h ad a c o n spi c uous b e d  o f  

umus surrounding t h e  b a s e  o f  t h e  p l a n � , formed b y  thei r own l e a f  

fal l .  D .  pronum , sma l l  and wi th  comp r e s s ed habi t ,  wer e c ommon , 

s c a t t e r e d  t hroughout t h e  c ommuni ty . 
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Plan t s  of  Hebe o d o r a , a few  wi th whi t e  t e rminal flowers , w e r e  

s m a l l  and o f  various growth forms . La rger plan t s  w e r e  usually no t 

in flower  b u t  re t ai n e d  t h e  old  s eed c an su l es . All  p l an t s  exami n e d  

r e t ai n ed l e aves o n l y  o n  t h e  t e rminal asu e c t s  o f  t h e  b ran c h e s , 

u s ually c o v eri ng about one half thei r l�ng th . A few small p l a n ts 

r e t ained l e a v e s  only o n  o n e  sixth  to  o n e  e i gh t h  of the b r an c h  l ength . 

C assinia vauvi l l i ersii var . s e rpenti n a  was no t c o mmon a n d  

w a s  not  obs erved in  flowe r .  I t  was u s u a l l y  sma l l  i n  s t a t u r e  and 

o f t en mixed wi th the  b ranc h e s  of L e n t o su e rmum s c onarium but i n f e r i o r  

t o  i t .  S c a t t e r e d thro u ghou t t h e  c o �muni t y  were o c c a sional Gen ti ana 

c o rymb i f er a  ( G en t i an a c ea e ) and o c c asi o � a l  Eeli c h rysu m  b el l i di o d e s  

( C ompo s i t a e ) in  flow e r . 

Aniso tome aroma t i c a  var . i n c i sa ( Umb e l li f e ra e )  w e r e  c ommo n  

t hro u gho u t , especi ally wh en near  o r  a..rnongs t o t h e r  p l a n t  c o ve r .  

C l o s ely appre s s e d , d en s el y bra n c hing shrub s o f  Hym e n a n t h e r a  

a lpina Wi o l a c e a e ) o c c urred o c c a si on ally wi t h i n  t h e  a r e a , wi t h  r a r e  

o c c urren c e  o f  Coprosma parvi flora ( Rub i ac eae ) wi th i t s  less d en s e  

habi t .  

An o c c asi onal s t un t ed s hru b from t h e  for e s t  wa s n o t e d  e . g . 

Phyl l o c l a d u s  a l pinus ( Pod o c arp a c eae ) a n d  P s eu d o p a n a x  c rassifolium 

( Arali a c e a e ) . 

The  soil  co ver was fai rly op e n ,  wi th damn browni sh shallow 

soi l ,  but wi t h  so me d ee n  pocke t s . S c a t t e r ed rocks o c curred 



•· 

-- ·- ·  

C .  v a u vi l l i e r s i i  Mean 

( 1 5 sampl e s ) Std . D e v . 

H .  o d o r a  Mean 

( 1 ') samp l e s ) S t d . D e v . 

L .  s c opa ri um Mean 

( 1 ') s ampl e s ) S t d . D e v . 

Table  I I I  - 8 

AN ALY S I S  OF LOC ALI SED CO LLECTION 
. - -- --

( c onc en t ra t i on i n  a sh ) 

C r  ( ppm ) N i ( ppm ) C u  ( ppm ) 
-----· ·--------

C o  ( ppm ) C a  ( 

P l a n t  S o i l Pl an t S o i l  Pl a n t  S o i l  Plant S o i l  Pl an 
-----

8 1 5 9600 1 330 20 50 1 30 64 5 3  39 5 7 . 7  

0 . 59 0 . 1 0 0 . 1 8 0 . 07 0 . 27 0 . 09 0 . 26 0 . 08 0 .  1 

1 Lt 1 8 500 1 8 80 20 30 1 6 3  92 30 Lt 2 5 8 . 0  
0 .  56 0 0 1 2  0 0 1 5  0 .  10  0 . 1 7  0 . 09 0 .  1 9  0 0 1 0  o . o  

·�)  Mg ( % )  C a/Ng 

t Plan t Pl ant  

2 5 0  7 0  1 .  35 

0 .  1 6  o .  20 

------- ·--· 

6 1 3 . 6 0 . 59 
8 0 . 1 7 0 . 1 9  

-- - ---- ·-·-

1 760 8 7 'JO 1 7 30 1 930 9 3  6 7  

0 . 4 0 0 . 0 9 0 . 24 0 . 08 0 . 2 1 0 . 08 

.-----

6 9  390 

0 . 3'+ 0 . 07 

1 8 . 7  

0 . 0  

··- --

? . 3 1  2 . 5 6 

9 0 . 1 2 0 . 1 8 

0\ -...J 



t hrougho u t , e i t her  b en eath the  so i l  o r  exp o s e d  wi th b o u l d ers o f  

variabl e  si z e  u p  t o  1 me tre . 

also  pre s en t . ' 1  

A f ew small shingl e s l o p e s  were  

Tab l e  I I I -8 li s t s  t h e  mean s and s t andard d e via t i o n s  of  t h e  

samples c o l l e c t ed n e a r  Si t e  1 5 . 

App endix 2 .  

The analy tical d a t a  c � e  i n  

I n  all c as e s , t h e  m ean soil values f . om  each spe c i es were  

similar and t h e y  had low s t and ard d e vi ations ran gin g  from 0 . 07 t o  

0 . 1 2 l o gari t hmi c uni t s .  Thi s was much smaller t h an t h o s e  f o r  

t h e  random s ampling ( 0 . 1� - 0 . 38 ,  T ab l e  I I I - 3) . T h e  s o i l  m ean 

c onc entratio n s  were  als o  l ower t an for the random s ampling for 

the  el emen t s  c h romium , ni ckel and copper . 

The mean plant ash c onc en t rations gen erally showed t h e  sam e  

6 8  

t r ends a s  tho s e  f ro m  t h e  random s amplin � . In particular , t h e  m ean 

c h romium c o nt en t  was lo�1 e s t  in H .  odora and high e s t  in L .  s c ona rium , 

and t he c alc i um : magn esium rati o s  sh owed t h e  sam e  o rd er  o f  values  

b e tween spec i e s . 

However , although t h e  soil s  c on t ained  a muc h  sma l l e r  range o f  

trac e elemen t c onc en trations here  t h an i n  t h e  random sampling ,  t h e  

s t and ard d eviations f o r  t h e s e  plant a h l e v els w e r e  m u c h  high e r  than 

for the s o i l s  and nearly the sam e  as for the rand omly - sampl ed plan t s . 

lso o f  no t e  i s  that L .  scopari um , t h e  spe cies  wi th t h e  hi gh e s t  mean 

c hromium c o n t en t  ( 1 760 ppm ) , also had t h e  hi ghest  m ean c al cium 

c onc entration ( 18 . 7% )  whil e  H .  o d o ra wi t h  a low c hromium c o n t en t  had 

t h e  highest  magnesium c onc entrati o n . 

The c orrelation s  for plan t- soil  relationships were n o t  signi ficant 

and the  c o e f fi c i en t s  are not t abula t ed . In  all c as e s  +O . Lt > r ) -O . 't .  
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T ab l e  I I I  - 9 

INTERELEMENT CORRELATIONS FOR THE LOCAL I S ED COLLEC TION 

c .  vauvilli ersii H .  o d o ra .u .  s c o:Ea rium 

( 1 '5 samples ) ( 1 '5 sampl e s )  ( 1 '5 sampl e s ) 

+ 0 . 8 6 +0 . 06 
-

+0 . '56  Cr - N i  S "' "' NS s 

C r  - C u  +0 . 28 N S  - 0 . 26 NS -0 . 1 '5 N S  

Cr - C o  +0 . 8 2 s • • + O . 'i O NS +0 . 6 7 s • 

Cr - e a  -0 . 37 NS - 0 . 1 '5 NS -0 . 26 N S  

I C r - Mg +0 . 4 6 NS -0 . 06 N S  -0 . 1 9 N S  

I N i  - C u  +0 . S2 s "9'0 . tt 3  NS + 0 . 1 8  N S  
' 

Ni - C o  +0 . 8 9  s • • +0 . 66  s • + 0 . 8 3 s • • 

N i  - Ca -0 . '50 s - 0 . 1 6 NS - O . tt ?  N S  

Ni - Mg +0 . 't4 NS +0 . 1 1 N S  -0 . 07 N S  I 
Cu - Co +0 . 34 NS +0 . 02 N S  +0 . 3'5 NS 

Cu - C a  -0 . 0 9 NS -0 . 48 s +0 . 32 NS 

Cu - Mg +0 . 0 1 s -0 . 32 I S -0 . 1 7  N S  

Co - ea - 0 . '56 s - 0 . 30 NS -0 . -tO N S  

Co  - Mg +0 . 4 3 N S  +0 . 33 N S  -0 . 1 3 N S  

C a  - M g  + 0  . 1 0 N S  -0 . 0 1  NS - O . -t 5  N S  
I 
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T ab l e  I I I - 9 shows t h e  c o rr e lation c o e f f i c i e n t s  f o r  i n t erel emen t 

r e l a t i o n s  i n  t h e  lo c al i s ed sampling . Th e r e  are h i ghly-sign i fi c an t  

c o r r el a t i o  s b e t ween c o bal t a n d  n i c k el i n  a l l  th r e e  s p e c i e s , an d 

C . v a u vi l l i e r s i i also has v ery hi ghly signi fi can t  r e l a t i o n ships 

b e tw e e n  c hromium an d ni ck e l  an d b e twe en c hromium and c ob al t . T h e  

ttre e e l emen t s  c hromium , c ob al t  an d n i c k e l  are r el a t e d t r an si t i o n  

m e tals  and o c c u r  chi e f l y  i n  ul t rama f i c  ro c k s . 

( c )  N o n - S e r p e n ti n e  S am p l e s 

Apa r t  from t h e  spe cimens c onsid e r e d  ab o v e ,  a f ew samp l e s  o f  

the t h r e e  s p e c i e s , C .  v a u v i l li e r s� i , � .  o d o ra a n d  L .  s c o p arium w e r e  

c o l l e c t ed f r o m  n e ar t h e  b o un d ary o f  t h e  s er p en t i n e  n e ar Wo o d ed P eak 

( Si t e s 6 - 9 ,  Figure I I I - 2 ) .  Due  t o  d own slop e m o v em en t , t h e  s o i l s  

w e r e  probably mixed s e r p en tine and n o n - s e rp en ti n e . 

The m e an e l em en t al c on t en t s  o � h e s e  sampl e s  a r e  l i s t e d  i n  

T a b l e  I I I - 1 0 .  I n  all sampl e s , t h e  c on t en t s  o f  c h romium , nicke l , 

c ob a l t  and magn esium were lower , and t h at o f  calc ium hi gh e r  than 

for mos t of t h e samp l e s  gro wi n g  o n  the s erpentin e .  T h e  m e an c a l c i um 

magn e sium ratios  o f  3 . 9  t o  6 . S  were very much  gr e a t e r  than for any o f  

t h e  s erp en t i n e  sam p l e s . Also , a n umber o f  sampl e s  c o n t ai n ed un­

d e t e c t ab l e  amoun t s  ( < 1 0  ppm ) o f  c h r omium . . . e an valu e s  for  c h r omium 

i n  nlan t ash are t h e r e fo r e  mi s l ead in g ,  b ei n g  only for t h e  lower 

n umb e r  of sampl e s  l i s t e d , whi c h  w e r e  tho s e  wi t h  m e asurab l e  amoun t s  

o f  c hromium . 

I n  Augu s t  1 966 a n umb er o f  t h e  s ame common N ew Z e aland s p e c i e s  

w e r e  c o l l e c t ed from n e ar Dawson Fall s ,  Mo u n t  Egmon t ,  N o r t h I s land . 

Mo u n t  Egmon t i s  an apparen t l y  exti n c t and e si ti c  v o l c an o , and D awson 

F a l l s  has a si milar c li ma t e  and a l t i t ud e to tha t o f  the Dun Mou n t ain 

t ramway are a .  Although t he sp e c i es c o l l e c t ed are t h e  sam e  a s  from 



.. 

C .  vauvi l li e rsii M e an 

( 6 - 1 0 sa mpl e s ) S t d . D e v . 

H .  o d o ra M ean 

( 3- 1 0  s am pl e s ) S t d . D e v . 

L .  s c o uarium M e an 

( 'J - 6  s amp l e s ) S t d . Dev . 

Tab l e  I I I  - 1 0  

AN ALY S I S  O F  BO UNDARY COLLEC T ION 

( c on c en t r a t i o n i n  a sh )  

C r  ( ppm ) , N i ( ppm ) C u  ( ppm )  C o  ( ppm )  

Plan t Soil Pl a n t  S o i l  Pl A n t  S o i l  Plan t  S o i l  
.. .. 

1 3  2 1 4 0  22'5 1 200 8 6  8 3  1 3 1 ·)8 

0 . 't8 0 . 2 1 0 . 26 0 . 08 o . �o 0 . 1 1  0 . 4 0  0 . 1 0 

'"- ·  

1 8  1 8 'JO 440 1 200 68 8 9  1 7  14 � 

0 . 1 '-t  0 . 2 1 0 . 1 0 0 . 0 9 0 . 1 4 0 . 1 3  0 . 40 0 .  1 �  

----

2 20 27'+0 't 30 1 1 60 7 7 74 22 1 6 �  

0 . 33 0 . 1 9  0 .  38 0 .  1 1  0 . 23 0 . 0 6  0 .  32 0 .  1 :  

---·-- --� --- - --

• 

C a  (%)  Mg ( % )  C a/Mg 

Plan t PJ a n t  Pl ant 
----- ---··-·----! 

1 0 . 6 

0 . 08 

1 . 66 

0 . 2 1 

6 . 4 1  

0 . 22 
---- ---·---

1 2 . 9 

0 . 08 

1 6 . 9 

0 . 0 ') 

3 . 2 '5  

0 . 0 9 

Lt .  1 6  

0 . 1 0 

3 . 97 

0 . 1 '5  

'f . 07 

0 .  1 1  

--..J _, 



Sampl e 
No 

C .  vauvi l li e rsii EC 1 

EC 2 

EC 3 

EC"t 

H .  o d o ra EH 1 

EH2 
EH 3 

EHL� 
· · --

L .  s c o pa ri u m  EL 1 

EL3 

T abl e I I I  - 1 1  

AN J\J ... Y S I S  OF MT . EGMONT COI�LECTION 
. - - -

( co n c e n t ra t i on i n  ash ) 

.. -

C r  ( ppm ) Ni ( ppm ) Cu ( ppm ) 

Pl a n t  S o i l  Plan t S o i l  Pl ant  S o i l  

< 30 32 20 (10  1 1 0 100 

(30 2 5  <20 <10  66 90 

(30 !tO < 20 ( 1 0  Lt6 Lt 5  

<30 30 { 20 < 1 0  8 0  1Lt0 
--- -

< 30 30 4 7  ( 1 0  90 100 

{30 30 1 )  (10 1 00 80 

( 30 32 30 (10 92 100 

(30 2 5  2 5  (1 0 70 90 

-- -·· -

<30 22 1 5  ( 1 0  69 7 6  

( 1 0  35 < 20 (1 0 5 3 1 70 

·--

C o  ( ppm ) c 

Plant S o i l  P 
--

10 2Lt 

1 2  20 1 

8 26 1 

8 1 9  1 

1 3  20 

7 1 9  1 

9 24 

7 20 1 

9 1Lt 1 

7 1 1  1 

a ( % )  Mg (%)  Ca/!Vig 

lan t Plant P l a n t  

8 . 5  '5 . 1 

2 . 0  '5 . 0  

3 .  0 4 .  9 

Lt . O 5 . 7  

9 . 0  6 . 2  

3 . 5 7 . 7  

7 . 8  7 . 3  

2 . 5 8 . 2  

7 . 0  5 . 6  

6 . '5 6 . 5 

1 .  67 

2 .  Lt 0  

2 . 70 

2 . 50 

1 .  4 5 

1 . 7 5 

1 .  07 

1 . 5 3 
----·· 

3 . 0 5 

2 . 50 

-...) 1\) 



s erp e n t in e , t h e  p lqn t s  m a y  b e  d i f f eren t v a ri e t i e s . 

The  r e sul t s  o f  t h e  an a l y s e s  o f  t h e s e  t en �lan t s  a r e  gi v en i n  

T ab l e  I I I - 1 1 ,  t o ge th e r  wi t h  an aly s e s  o f  t h eir c o rre sponding s oi l s . 

Two o th er s am pl e s  of L ep t o s p e rmum were co l l e c t e d  and had  simi l a r  

t ra c e e l emen t c on t en t s , b ut were L .  e ri c o i d e s . 
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Soil c on c e n t r a t i on s  o f  c .romi um ,  nickel an d c o b al t  a t  I"io un t  

Egmon t  a r e  a l l  much lower t h an tho s e  for s erp en tine s o i l s  ( e . g . Tab l e  

I I I -8 ) , a n d  a l s o  lower than i n  t h e  boun d a ry soi l s  ( Tab l e  I I I - 1 0 ) . 

However , c o pper c on c e n t ra t i o n s  are ab out  80- 100 ppm i n  plan� s a n d  

s o i l s  from all c o l l e c t i on s . 

The c h romium c o n t e n t  was b elow d e t e c t i on limi t s  i n  a l l  t h e  

Mount Egmont samples and nickel was u nd e t e c t ab l e  i n  som e o f  t h em . 

All t h e  s amples from Mo u n t  Egmont h a d  c al c i um : magn e sium 

r a t i o s  gr e a t er t h an unity , al though l ewer t han t h e  Mi n e ral B e l t  

b o un d ary s ampl e s .  This  c o u l d  b e  b e c a u s e  t h e  ad a p t e d  s erp en t in e 

e c o ty p e s  may b e  able  t o  e xpl o i t  t h e  r e l a t i vely luxuri o u s  b o und ary 

e n vi ro nm e n t  b e t t e r  t h an c an n ormal p l an t s  ( c f . \>Jalk e r  et a l , 1 9 5 5 ) . 

( d )  Some G eobo t ani c al Observa t i on s  

Duri n g  t h e  c o l l e c tion o f  t h e  r and om s ampl e s , a l a r r e  numb e r  o f  

L .  s c o u a ri um ( manuka ) flowers were  ob s er v e d  to  h a v e  d e e p ly- c o l o u red 

pink c en t r e s  and i n  some c a s e s  pink o r  vari e ga t e d  p e t a l s . I t  was 

c o n si d e r e d  that . th e  c o l oura t ion o f  t h e s e  f l owers migh t be d ep end ent 

on t h e  t ra c e  element c o n t en t  o f  t h e  soil . Thi s p h en omenon h a s  b e en 

n o t ed o v e r s eas ( Malyuga , 1 964 ; Shackl e t t e , 1 9 64 ) .  However , sam p l e s  

c o ll e c t ed b y  Dr . M . E . U . Tay l o r  i n  March 1 966 , showed t hat t h e r e  was 

apparen tly no c orrela t i on b e tween the i n t e n si ty of c ol o u r  ar.d any o f  

t h e  t r a c e  e l emen t c o n t en t s  o f  c h rorr.ium , n i ckel , c o p p e r  o r  c o b a l t  i n· 

t h e  plant shoo t s  o r  t heir c o rresponding s o i l s . 



Re c en t ly , W . S .  Ting ( p er s . c o mm . , 1 967 ) has s h o wn t h a t  abn o rm a l  

n i ckel c o n t en t s  o f  pin e t r e e s  may indu c e  al t er a t i o n s  i n  t h e shap e 

o f  t h e i r  p o l l en grai n s . T h i s  e f f e c t  was t e s t e d  o n  s ampl e s  from 

t h e  N e l s o n  Min e ral B e l t . S amp l e s  o f  flowers , as w e l l  as shoo t s  

and s o i l s , were c o l l e c t ed i n  F e b ru a ry 1 967 . Only C .  v a u vi l l i e rs i i  

a n d  L .  s c op� rium w e r e  f lo w e ri n g  a t  t h e  t ime . The flowers .c o n t a i ning 

p o l l en w e r e  s e n t  t o  D r . Wil l i am S .  T�n g  for s t ud y . 

Table I I I - 1 2  li s t s  t h e  r e sul t s  o f  t rac e e l e m e n t  a naly si s o f  

t h e  p l an t s  and s o i l s  and t h e  mean po l l en grain si z e  for e a c h  p l an t .  

T hi r ty p o l l e n  grai n s  from e a c h  plan t w e re m e asured f o r  L . s c o n a r i um 

a n d  fi f t y  f r om e ac h  for C .  v au v i l l i e rsii . Rank c o e f fi c i e nt 

c al c u l a t i o n s  were c arri e d  ou t b y Dr . Ting and are q u o t ed in t h e  

t ab l e . Th e s e  are r e l a t i v e l y  simpl e t o  c al cul a t e  ( K en d al l , 1 96 2 ) 

an d have t h e  ad van t a ge tha t a n o rmal d i s t r i bu t i on i s  n o t  a s s umeo . 

For t h e s e  small numb ers o f  sampl e s , t h e  r e l a t i v ely low r ank 

c o e f fi c i e n t s  ind i c a t e  no rank c o r r e l a t i on was b e t t e r  than si gni fi c an t  

a t  t h e  �% l e v e l  o f  p r o b ab i li ty . How ever , i t  may b e  n o ti c e d th a t , 

f o r  b o th sp e c i e s , t h e  h i gh e s t  rank c o rr e l a t i ons w e r e  b e twe en p o l l en 

s i z e  and t h e  p l a n t  ash c o pper c o n t en t . 



Tab l e  I I I  - 1 2  

RESULTS O F  POLLEN ANALY S I S  

Sampl e Me an C r  ( ppm )  N i  ( ppm ) C u  ( ppm ) C o  ( ppm ) 
No . Grain 

Si z e  

(p )  Plant S o i l  Plan t Soil Plan t  S o i l  P l a n t  S o i l  

I 
L .  s c oEa rium L1 1 6 . 6 '5 7 5 1 3000 '+'tO 6i.rOO LJ- 1  1 " 0 8 '+8 0 

L2 1 8 . 02 1 1 -)0 90000 't 20 2700 66 1 35 1 8 360 

L3 1 ? . 36 7200 2 5000 1 900 3800 26 90 1 30 380 

LLt 1 5 . 1 7  .:.r 1 00 1 0 500 860 3 1 00 ...,..8 1 2 5 56 330 

L5 1Lt . 74 8 50 5000 '+ 30 '+700 ... , 6 1 8 0 2L, �.t 60 

L6 1't . 1 4  2 90 1 2000 380 6000 32 1 20 1 5  700 

L7 1 6 . 6 7 6 '5 ">'tOO 200 2300 54 1 .., 0 1 3  3'+0 

L8 1 6 . 6 '5 4 8 3700 100 1 300 2 6  8 5 10  1 '+ 0  

L9 1 6 . 07 6 20 6 200 1 ?00 3400 50 78 6 2 3 1 0  

L 1 0 1 6 . 70 38 0 1 0 500 6 3C 1800 2 7  1 50 1 5  '+40 

L 1 1 1 7 . 6 3 68 0 44-00 740 1+ 100 '5 3  8 5 '+2 �.t80 

Rank c o e f fi c i en t  +0 . 1 6 +0 . 2 9 + 0  . 1 8 - 0 . 26 +0 . 30 -0 . 22 +0 . 0 5  +0 . 0 9 

c .  v a u v i l l i e r s i i  C 1  2Lt . 2 5 7 200 90000 't20 2700 5 5  1 3 5 30 360 

C2 2 3 . 90 1 30 2 3000 400 '5600 32 200 1 1  7 1 0 

C 3  2Lt . 7 '=5 4 1 00 20000 700 2 ";00 9 9  1 0 5 32 270 

CLt 2 '5 . 07 <1 '5 1 600 2 ')0 1-tOO 9 1  3'+0 1 5  1-+0 

c c;  22 . 6 5 ( 1 5  900 1 '+0 7 1 0 5 3 9 6 1 0  8 3 

c 6 2 1 . 6 5 '5'+0 2000 8 30 3800 't 5  1Lt0 66 390 

R a nk c o e f fi c i en t  +0 . 1 6 +0 . -t 5 -0 . 2 3 -0 . 28 +0 . 7 9 +0 . 3 1 0 -0 . 1 7  
·-
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( ii i ) O v erall  R e s u l t s  

( a )  S o i l s  

On e hundred and ei gh ty - e i gh t  s o i l  s ampl e s  f r o m  t h e  a b o v e  

c o l l e c t i o n s , w e r e  c o nsi d e r e d  t o ge th er . I n  Tab l e  I I I - 1 3 ,  the  means 

and s t an d a rd d e vi a t i o n s  for  these s amnl e s  are l i s t e d wi t h  the mean s 

and s t an d ard d e v i a t i o n s  for  t h e  forty l o c a l i s ed s o i l  s amp l e s . 

Lo c al i s ed C o l l e c ti o n  

c .,.o sar.�pl es ) 

T o t al C o l l ec t i o n  

( 1 88 s ampl e s )  

Tabl e I I I  - 1 3  

SO I L  AN A LYSES 

( ppm of ash ) 

C r  

Mean 8 9 30 

S t d . D e v .  I 0 . 1 0 

M e an 7�t 8 0  

.S t d . D e v  • 0 .  36 

Ni  C u  C o  

2000 7 3  �.; 0 5  

0 . 09 0 . 0 9  0 . 08 

2 '5�+0 1 0 2  330 

0 . 20 0 . 2 1 0 . 2 1 

For a l l  four trac e el emen t s ,  t h e  s t a n d ard d e vi a t i o n s  ( and range s )  

f o r  the  who l e  group o f  s amp l e s  were  a t  l e a s t  twi c e  tho s e  f o r  t h e  s o i l s  

f r o m  the  l o c a l i s ed s amplin g . The  means o f  the  two s e t s  d i f f e red  d u e  

t o  t h e  i n c lusion o f  mi n e r al i s e d  and bound ary s amp l e s  i n  t h e  c o mpl e t e  

group . 

C umul a t i v e  frequ en c y  c a l c u l a ti ons on th e soil d a t a  were  mad e 

( Tenn an t  and Whi t e ,  1 9 � 9 ) . Wh en p l o t t ed o n  lo �ari t hmi c - p robab i li t y  

pape r , the  d a t a  for  all  four e l e m en t s  showe d  s t raigh t l i n e graphs . 

T hi s  impli e d  t h a t  t h e  di s t ri b u t i o n s  o f  each  o f  t h e  e l e m en t s  c hromi u m , 

nicke l ,  c op p e r  and c o b al t  are l o g-n o rmal , and th a t  t h e r e  was only o n e  

d i s t ri b u ti o n  for  e a c h  elemen t . 



Tab l e  I I I  - 1 4  

I NTERELEMENT CO RRELAT IONS FO R ALL SO I�S 

( 188 sampl e s )  

Cr-Ni Cr-Cu C r-Co Ni-Cu �i-Co  C u-Co 

Correlation C o e fficient  0 . 39 0 . 1 9 0 . 6 9 0 . 26 

S i gni fican c e  

7 7  

In Tabl e I I I - 14 are  lis t ed t h e  co rrelation c o e f fi c i en t s  f o r  v a rious 

pai r s  of  el e m en t s  in the soi l s . T h e  mo s t  si gni fi c an t  c o rrela tion i s  

b e tw e en ni ckel and cobal t and the  d a t a  a r e  al so sho wn in Fi gur e I I I -� ,  

to ge � ' er wi th  a plot o f  c hr omi um again s t  copp e r .  C hromium , ni ckel 

and c o b alt in par t i cular are geoc hem i c ally related  and from t h e s e  

data , i t  i s  apparent t h a t  a l l  thr e e  conc en t rations in c r e a s e  t o ge th e r  

i n  t h e s e  s er p e n tine  s oi l s . In t h e  graphs , the  ranges , m eans and 

s t andard d evia tions o f  all four e l em en t s are also shown . 

T h e  to tal elemen t al content  o f  soils as d e t ermi n e d  by emi s sion 

spec t ro graphy i s  however n o t  a tru e m easure of the amoun t of t h e  el ement  

ava i l ab l e  to the  p l an t s  ( Mi t c hell 1 9 57 ,  1 964 ) .  Twenty four soil 

sam n l e s  from various si t e s  near t h e  Dun Mo untain t ramway were t h erefore  

extrac t ed wit h  2 . ?% ac e ti c  acid  s o lu tion . This ext rac tan t i s  n o t  

the p er f e c t  ind i c ator  f o r  avail abi l i t y  of  plan t nu t ri �nts , b u t  i s  

commonly us ed ( Mi t c hell , 1 964 ) . 
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2 . 0  g o f  ai r - d ri e d  ( minus- 1 mm ) s o i l  wa s shaken f o r  1 6 h o u r s  

wi t h  2 0  m l  o f  2 . ?% ac e ti c  a c i d , p H  2 . 5 , fi l t e r e d  a n d  t h e  s o l u t i o n  

analy s e d  b y  a t omi c a b s o r p t i o n  sp e c t ropho t o m e t ry f o r  c h romium , n i c k e l , 

c o pp e r , c o b al t , c al c i u m  and magn e s i um und e r  t h e  c o n d i t i o n s  l i s t e d  i n  

T a b l e  I I I - 1 .  S t ro n tium ni t ra t e s o l u t i o n  was ad d ed b e f o r e  an aly s i s  

f o r  c a l c i um t o  p r e v e n t  i n t e r f e r e nc e b y  p ho s p ha t e .  T h e  a d d i t i on o f  

s t ro n t i um was f o und t o  h a v e  n o  e f f e c t  o n  t h e  an a ly t i c al r e s u l t s  f o r  

t h e  o t h er e l e m e n t s .  

T h e  r e s ul t s  o f  t h e s e  an a l y s e s , and � h e  c o r r e s p o n d i n g  to t al t r a c e  

e l e m en t a n aly t i c al r e s u l t s  ( c o r r e c t e d t o. ppm d ry wei gh t ) a r e  li s t e d 

i n  T ab l e  I I I - 1 5 .  A l s o  l i s t e d a r e  t h e m e an s  f o r  t h e s e  2� s amp l e s . 

T h e t o t a l c o n t en t s  o f  c a l c i um and magn e s i um w e r e  n o t m e a s u r e d . 

T h e  four t rac e e l e m en t s  showed di f f e r e n t  e x t r a c t ab i l i t i e s .  

In  t erms o f  t h e  t o t al am o u n t s o f  t h e s e  el em en t s  p r e s en t , t h e  amo un t s  

e x t r a c t e d i n c r e as e d  i n  t h e  o rd er : c h r omi u m ( < 0 . 1% ) , c o p p e r ( < 2% ) , 

c ob al t  ( 3 . 6% ) an d n i c k e l  ( 5 . 4% ) . In  p ar t i c u l a r , o n l y  a v ery l o w  

p ro p o r t i o n  o f  t h e t o t al c hr omium c o n t en t  was e x t r a c t ab l e .  H o w e v e r , 

si n c e  p l a n t s  do in fac t a c c umulat e gr e a t e r  amo u n t s  o f  c h romium t h an 

n i c k e l , i t  a p p e a r s  t h a t  t h i s  e x t r a c t a n t  i s  n o t  a n  a c c u ra t e  i nd i c a t o r  

o f  t h e  avail abi l i t y  o f  c h romium . Ammo n i um ac e t a t e  s o l u t i o n  ( pH 7 . 0 ) , 

ammo n i um c h l o rid e s o l u t i o n  ( pH 7 . 0 ) and d i s t i l l e d  wa t e r w e r e  a l s o  

u s e d  t o  e x t rac t o n e  s o i l  s amp l e  b u t  i n  n o  c a s e  w a s  th e r e  any d e t e c t ab l e  

s o l ub i l i t y  o f  c h r om i um . 

As wi t h  c hromium , c o pp e r  was a l s o  und e t e c t e d i n  t h e  2 . 5% a c e t i c  

a c i d  s o l u t i on s , and o n l y  j us t  m easurab l e  amoun t s  o f  c o b a l t  w e r e  found . 

H o w e v e r , q ui t e  l ar g e  amou n t s  o f  ni c k e l  we r e  so l u b l e in d i l u t e  a c e t i c  



I Samp le  
N o .  

70 1 

702 

70 3 
704 

70 5 

706 

707 

?08 

709 

7 1 0 

7 1 1  

7 1 2  

7 1 3 
7 14 

7 1 5  

7 1 6 

7 1 ? 

7 1 8 

7 1 9 

7 20 

7 2 1  

722 

7 2 3 

7 24 

Mean 

Ash 

Tab l e  I I I  - 1 5  

SO I L  EXTRAC T  D TA 

2 . 5% Ac e t i c  Acid Ext ra c tion for 1 6  hours 
( ppm o f  d ry soi l ) 

C r  N i  Cu  
C on t en t  . To t al Ex • T o t al Ex . Total  Ex . To tal 

(%)  

8 5 . 7 6 200 <3 3500 14  7 1 '18 < 2  320 

8 0 . 4  1 7 50 <3 2 3'JO 1 2 3 1 20 <2 370 

8 5 . '+  3600 < 3  2800 1 6 1  1 ? '5  ( 2  3 1 0  

8 1 . 3 3'+00 < 3  2050 1 8 7  108 (2 290 

8 7 . 2  3bOO < 3  3 1 00 1 6 1  1 30 < 2  3 :50 

8 3 . 7  3 1 00 <3 2-tOO 1 -t 7  1 2 5  < 2  28 5 

8 9 . 3 1 900 < 3 2050 1 27 90 <2 280 

8 9 . '+  1 2000 < 3 1 90 0  1 1 2 92 (2 2-.,.0 

87 . 1 1 8 '50 < 3 1 7 50 1 1 3 8 1  (2 200 

8 6 . 1  2800 < 3  2300 1 0 '1  1 1 5 (2  2-tO 

8 7 . 7 3 300 ( 3  1 900 9 5 8 7  ( 2  260 

84 . 5  '1 1 00 < 3  2 '500 1 1 3 1 0 2  ( 2  300 

8-t . 7  2'+00 \ 3  2'500 80 1 1 2 (2 3 1 0  

90 . 6  2600 < 3  3800 1 7 6  1 70 (2 't 70 

8 7 . 8 2 '500 < 3  1 900 1 3 1 70 (2  2 30 

70 . 3 2300 < 3 1 600 7 6  7 '5 (2 1 8 0  

88 . 6  1 3'50 < 3  2 300 1 '5 1  72 (2 2 50 

8-t . 6  2900 < 3  2000 1 26 9 5  ( 2  260 

84 . 6  3900 ( 3 2 1 00 1 3'5 90 ( 2  2 6 '5  

8 7 . 0  3900 < 3  23'50 1 56 6 '5  <2 200 

8 7 . 9 2-.,.00 < 3 2800 1 '56 84 ( 2  2 ) 0  

8 2 . 6  4800 ( 3  2800 1 2 7 1 0 5  (2 380 

8 6 . 0  4000 (3 3000 1 00 92 <2  32 5  

90 . 6  6200 < 3  2'500 1 76 68 ( 2  2 50 

8 5 . 5  3670 <3 24 30 1 32 1 0 3 < 2  283 

7 9  

Co  e a  Mg Ca/Mg 
Ex . Ex . Ex . 

7 8 6  2 2 5 0  0 . 0 38 

1 0  1 0 5  2800 0 . 0 38 

1 0  1 30 2 2 50 0 . 0 58 

1 2  1 0 5  2 700 0 . 0 39 

1 0  90 1 900 0 . 0'+7 

1 0  78 2400 0 . 0 33 
10 1 1 5  1 900 0 . 0 6 1  

1 0  78 2 200 0 . 0 36 

7 1 '+ 2  2300 0 . 06 2  

1 0  8 6  2 1 00 0 . 0'+ 1  

1 0  1 0 5  2000 0 . 0 5 3 
1 2  98 20 50 0 . 048 

10 1 58 2 50 0  0 . 0 6 3 
1 0  1 33 1 8 0 0  0 . 0 74 

1 0  1 8 7  1 600 0 . 1 1 7 

7 22 1 3300 0 . 06 7  

1 0  2 39 1 6 50 0 . 1 '+ 5  

1 2  2 20 2050 0 . 1 0 7  

1 2  1 64 2250 0 . 0 7 3 
1 0  1 26 20 50 0 . 0 6 2  

1 2  1 3 5 2300 0 . 0 5 9 

1 2  14 3 2 1 0 0  0 . 068 

1 0  9 3 20 50 0 . 0'+ 5  

1 2  1 0 5  1 5 70 0 . 0 6 7  

1 0 . 2  1 3 1 2 1 70 0 . 0 62 i 



a c i d , t h e  average b eing t h e  same as  t h e  av era g e  c al c i um extrac t ed .  

The value s recorded h e r e  may b e  high er than t h e  e xc h an geabl e c ob a l t  

and nickel , fo r Mi t c h ell  ( 1 9� 5 )  �howed that wi th  chan ge o f  p H  from 

2 . 5 ( 2 . 5% ac e t i c  acid ) to 7 . 0 ( normal am�onium a c e t a t e ) , t h e  

extra c t ab l e  c o b al t  and nick el d e c r ea s e d  b y  a fac t o r  o f  t en , wi t h  

li t tl e  change in the  e x t ra c t ab l e  magn e si um .  

Bo 

Rec ently , I shihara et al ( 1 96 8 a , 1 968d ) have shown that th e 

nickel c o n t en t s  o f  f rui t t re e s  o n  s er� en tine  soi l s  in J apan wer e  

highly c o rr ela t ed wi t h  t h e  exc hangeab l e  nickel c on t e n t  o f  t h e  s o il s .  

I shih ara e t  al ( 1 968 d ) report ed that  chlorosis o c curred  i n  t h e  l eaves  

o .  Japan e s e  pear  t r e es ( Pyrus sirt ensi s )  wh en t h e  exc h angeabl e so il  

nickel was grea t e r  t han 2 ppm and  t h e  leaf  c on t en t  gre a t e r  t han 1 5  ppm . 

Bo th t h e s e  val u e s  ar e exc e e d ed b y  mo s t  pl an t and soil e x t rac t val u es 

in this thesis  assuming a s i mi l a r  me thod o f  exc hangeab l e  nickel 

d e t ermination . 

From t h e  d a t a ,  t h e  ext r emely l o w  avail abili t y  o f  c al c ium 

compared  t o  tha t o f  magnesium c an b e  s e en . The exchangeable 

c alcium c on t en t s  of t h e s e  soils are similar to t h o s e  i n  serp en t i n e  

s o i l s  d e s cribed by  Robinson !l a l  ( 1 93S ) . The magn esium values 

in T ab l e  I I I - 1 5  are c omparabl e  wi t h  those d es c ri b ed b y  Walk e r  ( 1 9 5� )  

but  Mi t chell  ( 1 9 57 )  consi d e r e d  that 2 . 5% ac etic  acid  extrac t ed more  

magn e sium than was t ruely exchangeab l e , especially from soils d eri v e d  

f r o m  b asi c i gn eous rock s .  

( b )  Plan t s  

I n  thi s sec tion , r esul t s  are q uo t ed an d compa red  f o r  all sampl e s  

c o l le c t ed from s erpentine s o il s .  Thi s includ e s  4 5  s ampl e s  o f  

C .  vauvilli ersii , 38 o f  H .  odora , 47 o f  L .  sconarium and 20 each o f  

M .  monroi , N .  aus t rale and P .  su t e ri . 



C .  vauvilli ersii Mean 
( 39-4 5 sampl es ) S t d . D e v . 

H .  o d o ra Mean 
( 3 1 - 38 sampl es ) S t d . D e v .  

L .  s c oEarium Mean 
( tt6-�t7  sampl es ) S t d . Dev . 

M .  m onroi Mean 
( 20 sampl e s )  S t d . D e v .  

N .  au s t ra l e  Me an 
( 20 sampl e s )  S t d . Dev . 

P .  su t e ri Mean (20 sampl e s ) S t d . D e v .  

Tabl e I I I  - 1 6  

ANALYSIS O F  ALL S AMPLES 

( co n c e n t ra t i on o f  ashed samp l e s )  

Cr  ( ppm ) N i  ( ppm ) C u  ( ppm ) Co ( ppm ) 

Plant Soil  Plant Soil Pla n t  Soil  Plan t S o i l  

5 2 5  68 50 765 2070 97 87 
0 . 8 6 0 . 4 6  0 . 4 1  0 . 20 0 . 33 0 . 1 9  

1 66 6 7 1 0  1 240 2000 1 27 1 01t 
0 . 66 0 . 42 0 . 3 1 0 . 1 9  0 . 23 0 . 1 7  

1 180 7980 1 270 24 1 0  78 8 9  
0 . 6 5 0 .  34 O . tt 5  0 . 2 1 0 .  26 0 . 1 8  

680 6700 • 8 60 2 ">70 4 5 100 
0 . ') 1 0 . 26 0 . 20 0 . 1 1  0 .  1 1t 0 .  30 

5 1 0  1 2400 640 3900 1 8  1 0 ')  
0 . 48 0 . 27 0 . 26 0 . 22 0 . 1 9  0 . 2 5 

1 800 1 24 50 '58 60 3340 1 2 5  1'+ 5  
0 .  Jlt 0 . 32 0 . 23 0 . 1 8 0 . 20 0 . 23 

-

------- ------

37 300 
0 . 42  0 . 23 

28 305 
0 . 29 0 . 2 5 

52 350 
0 . 4 5  0 . 1 9 

4 2  330 
0 . 20 0 . 1 8 
- -

8 3  390 
0 . 22 0 . 24 

235 270 
0 . 26 0 . 23 

-
C a  ( % )  Mg ( % )  Ca/Mg 

Plan t Plant  Plan t 

. 8 . 8 3 4 . 28 2 . 06 
0 . 1 8 0 . 33 0 . 43  

8 . 8 9  9 . 1 9 0 . 96 
0 . 14 0 . 3 1 0 . 4 3 

14 . 9  7 . 5 1 1 . 98 
0 .  1 3  0 .  1 9  0 .  28 

- -
3 . 77 2 . 88 1 .  3 1  
0 .  1 1  0 .  1 3  0 . 1 5  

5 . 2 1 14 . 2  0 . 36 
0 .  1 3  o .  1 2  0 . 1 9  

5 . 04 1 5 . 7  0 . 32 
0 .  1 6  0 . 10 0 . 22 

-

- -

(X) 
-> 



8 2  

T h e  means and s t and ard d evi ation s f o r  t he samp l e s  are l i s t e d  in  

T ab l e  I I I - 1 6 .  These  d ata for the e l em en t s  chromium , nickel , c ob a l t  

and c opper a r e  also shown b y  t h e  c ro s s e s  on  Figs . I I I - ?  to  I I I - 1 0 ,  

whi ch show plo t s  o f  conc en t rations in plan t ash agai n s t  conc entra tions 

i n  soi l s . 

The resul ts sho w ,  as  wi th t h e  group s amplings a bo v e , t he muc h  

gre a t er variati on o f  c o n c en trations i n  p l an t  ash compared wi th  t h e  

s o i l  variation , as  d e t ermined b y  s t an d ard d evi ation value s .  Gen e rally , 

fo r c hromium , the  s t an d ard d evi ation for p l an t  ash wa s n e arly d o ub l e 

t h a t  for the c o rr esponding s oi l s .  T h e  s6i l s  whic h  suppo rt ed t h �  

end em i c  species  N .  aus t ra l e and P .  su t eri had a mean c hromium c on t en t  

o f  1 . 2% while all o t h e r  soil  means were  l e ss than 0 . 7% for c hromium . 

This may b e  d u e  to  d i f f eren t cri t eri a  for c o l l e c tion o f  t h e s e  spe c i es 

b u t  c ompared wi th t h e  random sampling , t h e  only m e an soil c hromium 

cont ent  higher than 1 . 2% was that  for H .  odora , H owever , all s p e c i e s  

w e r e  c o l le c t ed from at l eas t o n e  s o i l  s a�pl e  wi th to tal  chromium 

c o nt e n t  gr eater t han 2% . 

The c a l c i um and magnesium c o n t e n t s  o f  plan t s  d i f f ered  c onsid erably 

b e twe en s peci es . L .  s c oparium , C .  vauvi l l i ersi i and M .  monroi w e r e  

a l l  ( on the  average ) abl e  t o  main tai n  a n  exc ess  o f  c al c ium o ver 

m agn esium d espi t e  the  very much lower a vailabili ty of  c al cium c ompared 

to magn esium ( Tab l e  I I I - 1 � ) . However , t h e  absolut e conc e n t rations  

of  these  el ements in  these  three  spe c i e s  were  qui t e  d i ff e r en t .  

M .  monroi had hal f the c onc en tration , and L . scopari um t wi c e  as muc h 

o f  b o th el emen t s  as C .  vauvil l i e rsii . 

The  o th er two en d emi c sneci es , and the H .  odora random s ampl e s , 

e ac h  had mean c al c i um c o n t en t s  o f  ab out 6% and magn e sium about  1 5% ,  

b u t  o verall , H .  o d o ra m ean val u e s  w ere  near t o  9% for  b o t h  c al c i um 

and magnesium . 
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Tab l e  I I I  - 1 7  

TRACE ELEMENT ACCUMULATION 

Ratio o f  mean p l an t ash c on c entration to mean soil c on t en t  

S p e c i e s  Cr  Ni  C u  C o  

c .  vau villi ersii 0 . 07 6  0 . 370 1 .  1 1  0 . 1 2 5  

H .  odora 0 . 02 5  0 . 620 1 .  22 0 . 0 92 

L .  sc opari um 0 . 14 5  0 . ?2 5  o . 88o 0 . 1 50 

M .  monroi 0 . 1 0 0  0 . 335 0 . 4 50 0 . 1 2 5 

N .  aus t ral e O . Oit 1  0 . 1 6 5  0 .  170 0 . 2 1 5  

P .  sut e ri 0 .  1 it 5  1 . 7 5  0 . 8 55 0 . 8 70 

Table  I I I - 1 7  shows t h e  rat ios o f  m e an c o n c e n t r a t i ons i n  plan t 

ash t o  mean c o n t ent s in  s o i l s  fo r further  co mpari son o f  t h e  ac cumul a t i v e  

abi li t i e s  of  the  si x sp e c i e s  f o r  t h e  e l e m e n t s  c hromi um , n i c k e l , c opper  

and  c o b al t . For c hromium , b o t h  L .  s c oparium and P. sut eri had 

d i s ti n c t i ve p l an t  a sh to  soil ratios of 0 . 14 ? ,  wi t h  the  o th e r  spe c i es 

0 , 10 or  less . The ash o f  H .  odora con tained  on t h e  average only 

2 . ?% of  the  c hromium con t en t of  t h e  soi l .  Even mor e  si gni fi c an t  wa s 

t h e  acc umulation o f  ni ckel and c obal t i n  P .  sut eri . The mean n i ck el 

c o n c e n tration o f  t h i s  plant  was almo s t  t wi c e ,  and t h e c ob al t  c on c e n t ra-

tion almos t  e q ual to t h e  c o rr espond ing l e vels in  t h e  soi l s . I n  e a c h  

c as e ,  t h e  r a t i o  o f  ash con t ent f o r  P .  s u t eri was mor e  than t h re e  t i m e s  

t ha t  for the  o ther spe c i es .  For copp e r ,  only C .  vauvilli er s i i  and 

H .  odora had  a gre a t er co n t en t  in  the ash th an i n  t h e i r  c orr esponding  

soil s . 



T ab l e  I I I  - 1 8  

PLANT - SO I L  CO RRELATIONS FOR ALL S AI"lPLES 

No . o f  C r  Ni Cu Co  
samp l e s  

c .  vauvi lli ersii 39-'+ .5 +0 . 6 '5 s • • +0 . 62 s • • -0 . 09 NS +0 . 58 s • • 

H .  odora 3 1 - 38 +0 . 72 s • • +0 . 6 3 s • • + 0 . 27 NS +0 . 3'5 s 

L .  s c o parium '+ 6-�t-7 +0 . 4 5  s • +0 . 3 1 s -0 . 04 NS +0 . 33 s 

M .  monroi 20 +0 . 0 )  NS +0 . 20 NS +0 .  1 0  N S  +0 . 08 N S  

N .  au st rale 20 +0 . 2 1 NS -0 . 30 NS +0 .  1 6  NS -0 . 23 NS 

P. sut eri 20 +0 . 63 s • -0 . 1 3  NS -0 . 26 NS -0 . 37 NS 

Tab l e  I I I - 18  shows t he c o rrela t i on c o e f fic i en t s  fo r plan t- so i l  

relationships . Th e d a t a  are plo t t ed in  Fi gur es  I I I - '5 to  I I I- 1 0  

wi t h  the  r educ e d  maj o r  axes d rawn o n  signi fic an t ly c o rr e l a t ed 

rel ationships . 

Among t h e  s erpen t i n e- endemic speci es , a highly-signi fi c a n t  

c or r elation  ( r  = +0 . 63 )  b e tween t h e  p l an t  a s h  a n d  soil c h romi um 

c o n t en t s  for P .  su t eri was t h e  only si gni fi c an t  c o r r el a t i o n . For 

t h e  other t h r e e  speci e s , the  r esul t s  showed that for c h romium , n i ckel 

and c ob al t , o f t en qui t e  s triki n g  r e gulari ty  of  u p t ak e  o c c urred , 

sugges ting that  t h e  con c e n t rati on i n  t h e  plant as� was d ep end en t on 

the soil c o n c e n tration . I n  p ar t i c ul ar C .  vauvi l l i ersi i showed very 

h i ghly sign i fi c an t  ( P  ( 0 . 00 1 ) c o rr e l a t i on s  for e a c h  o f  t h e  elem en t s  

c hromium , nickel  and c o bal t ,  whil e H .  odora and L .  s c oparium sh o wed 
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similar b u t  l ess pronounc ed c o rrela t i on s . Chromium was c o r r el a t e d  

more s trongly and f o r  mor e  sp e c i es than t h e  oth er el e m en t s  s tudi ed . 

This result was prob ably enhan c ed by t h e  wid er varia tion  o f  soil  

c o n c e n t ra tion  f o r  this  el em e n t  compa r e d  �� t h  t h e  o t h er e l em en t s , 

e . g . f o r  c hromi um Boo - 90 , 000 ppm b u t  c o pper 32 - 4�0 ppm . 

The i n t e r e l emen t  r el a t i o n s  b e tween  t h e  con c en t rations  o f  

e l em en t s  i n  the  sam e  plan t wer e  mor e  c omplex.  T h e s e  d a t a  ar e only 

repo r t ed s t a t i s t i c ally ( Tab l e  I I I - 1 9 ) . Among t h e  end em i c  spec i es ,  

wi th only twenty sampl es o f  e a c h  plant , very few r e l a ti o n ships w e r e  

sho wn t o  b e  si gni fi c an t .  

Sign i fi c a n t  correlations  ( P  < 0 . 0 5 )  o c c urred b e tween c h romi um 

and c ob a l t  in all six sp e c i e s  and to a lesser  d egr e e  b e t we en nickel  

and c opper  in all six spe c i e s . Very h i ghly s i gni fi c an t  ( P  < 0 . 00 1 )  

correla t i ons were found for L .  sc oparium , C .  vau vi l l i e r s i i  and 

M. monroi b e twe en n i c k e l  and c obal t , el em ents  whi ch  were al so v e ry 

hi ghly c o rrela t e d  i n  soils ( Tab l e  I I I - 1� ) . Almo s t  al l th e e l emen t s  

w e r e  c o r r elated  in p airs i n  H .  o d o r a  to  varying d e gr e e s . 

G en erally , in mo s t  plan ts , c h romium , nickel , c o b a l t  and 

magn e sium c o n c e n t rations i n c r e a s ed t o ge t h er as c al c i um c o n t e n t s  

d e c reased ( n ega ti ve c orrela t ions ) . Less  o f ten , c opper  c on t en t s  

als·o i n c reased wi t h  t h e  o th e r  t rac e el em en t  con t e n t s . 

Cumula t i v e  frequ ency diagrams f o r  plan t t rac e e l ements  are 

shown i n  Fi gures I I I - 1 1  t o  I I I - 1 3 .  Fo r c h romium , b o t h C .  vauvi lli ersii 

and H .  o d o ra show si gn i fi c a n t  c han ges i n  the slop e  of the graphs , 

indic a t in g  d i f f e ren c es o f  t h e  a c cumul a t ion of  t h i s  e l ement  abo ve  

c on c en trations  o f  900 ppm and  1 300 ppm re sp e c t i v ely . For b o t h  

H .  odora and L .  scoparium , t h e  graphs for ni ckel also have ·c hanges o f  

slop e , and likewise  for copp e r , t h o s e  for C .  vauvi l li e rsii and 

H .  odora i nd i c a t e  bimod al d i s t ribu tions . O t her apparen t vari a tions  



Tab l e  I I I  - 1 9 

INTERELEMENT CORREL ATIONS FOR J\LL SM -1PLES 

c . vauvi l l i e rsii  H .  o d o r a L .  s c o p a r i um M .  mon roi 

N o . of  sampl e s  39- 4 'J  3 1' - 38 tt6 -4 7 20 

Cr - N i  + 0 . 74 s • • + 0 . 34 .  NS + 0 . 7 ?  s • • +0 . 3'3 NS 
Cr - Cu + 0 . 1 6  NS +0 . 39 s + 0 . 33 s +0 . 1 5 NS 
C r  - C o  + 0 . 7 "5 s • • + 0 . 5 9 s • • + 0 . 78 s • • + 0 . ? 9 s • 

C r  - C a  -0 . 23 NS - 0 . ') 1 s • - 0 . 1 6  N S  + 0 .  1 2  N S  
C r  - Ng + 0 . 64 s • • +O . S 2 s •  + 0 . 4 3 s •  + 0 . 33 NS 
Ni - Cu + 0 . 4 1  s • +0 . 6 9 s • • + 0 . 'J 3 S * • + 0 . 4 7 s 
Ni - C o  + 0 . 8 4  . s ... + 0 . 38 s + 0 . 88 s • • + 0 . 7 5  s •  • 
N i  - Ca  - 0 . 37 s - 0 . 66 s • •  - 0 . 22 N S  - 0 . 08 NS 
Ni - Mg + 0 . 8 2 s • • +0 . 7 9 s • • + 0 . 4 )  s • + 0 . 1 8 NS 
C u  - Co + 0 . 39 s •  + 0 . 't 3 s • + 0 . ? ? s • • + 0 . 39 NS 
C u  - Ca  -0 . 20 NS  - 0 . 70 s • •  + 0 . 1 0 N S  +0 . 27 N S  
C u  - Jvig + 0 . 32 s + 0 . 66 s • • + 0 .  1 7  NS + 0 . 0 3 NS 
Co , - Ca - 0 . 37 s - O . �.t 8 s • - 0 . 26 N S  + 0 . 02 NS 
C o  - Mg + 0 . 76 s • • + 0 . '5 1 s • • + 0 . 33 s + 0 . 0 9 NS  
C a  - M g  - 0 . 39 . s •  -0 . 7 3 s • • - O . �t 6  s • • +0 . 1 2 NS 

N .  a u s t r a l e  

1 9- 20 

+0 . 4 2 NS 
+O . 'J C) s •  
+ 0 . 4 6  s 
-0 . 20 NS 
- 0 . 0�-t N S  
+ 0 . 5 1 s 
+ 0 . 20 NS 
-0 . 6 9 s • • 

+ 0 . 26 N S  
+0 . 2 7 NS 
- 0 . 28 NS 
- 0 . 2 5 � s  
- 0 . 0 1  N S  
- 0 . 0 1  NS 
- 0 . 1 2  N S  

P. s u t eri 

1 9-20 

+0 . 6 6 s •  
+ 0 . ">8 s •  
+0 . ') 1 s 
+0 . 22 NS 
-0 . 1 6 NS 
+ 0 . 5 3  s 
+ 0  . 4  5 s 
+ 0  • L�4 s 
- 0 . 1 7 N S  
+ 0 . 1 7  NS 
+ 0 . 2 3  NS 
+ 0 . 32 NS 
-0 . 04 N S  
- 0 . 1 6  N S  
- 0 . 3'5 N S  

CXl � 
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from lineari t y  are c onsid ere d n o t  s i gn i fi c an t  b ec ause o f  t h e  sma l l  

n umb ers o f  samples  c onsi d ered here , less  than 5 0  f o r  eac h spec i e s .  

For t h e  same r eason , c umul at i v e  f r e q uency plots  fo r t h e  o th er t h r e e  

p lan t spe c i e s  w e r e  no t mad e .  
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6 .  GENERAL DI SCUSSION AND CONCLUSIONS 

88 

O b s ervations c ompari n g  flower c o l o u r  of  L. scoparium o r  poll en 

grain s i z e  for L .  s c oparium and C .  vau v i l li ersii showed n o  appar e n t  

c orrelations wi t h  mineral i s a tion in  t h e  Nelson Min er al B el t .  

Shackl e t t e  ( 1 964 ) had r ep or t ed c hange s i n  th e flower c olour o f  

Epilobi um angu s t i folium in  the  presen c e  o f  radi oac t i ve o r e  i n  Ala ska , 

and Malyuga ( 1 964 , p .  1 0 ) had observed changes o f  p e tal c ol o u r  o f  

Papaver c ommu ta tum due t o  min e ral i sat i o n , and b o t h  plan t s  w e r e  

sub s e quen tly used f o r  geobo t ani c al pro s p e c t i n g .  However , s u c h  

c hanges a s  t h e s e  appear t o  b e  rare in  p l an t s , and , i n  t h e  limi t ed 

s tudy repor t ed h er e , flower c o lour o r  p o l l en grain s i z e  app e a r  t o  

b e  unr e l a t ed to s o i l  fac t o r s .  

The  tol eran c e  o f  d i f f e r e n t  spec i e s t o  unusual s o i l s  in N ew 

Z e a l and has also b e en shown by Wells and Whi t ton ( 1 9 66 ) , who 

r epor t e d  t ha t  n e ar hyd rothe rmal ac ti vi ty , L .  scopari um ( manuka ) 

i s  abl e  to  survive much c lo s e r  to  boiling mud poo l s  t han are pas t u r e  

plan t s . L .  scoparium i s  c ommo n  t hrougho u t N ew Z e al an d  i n  s e veral 

t ypes of c ommuni t i e s  ( C o c kayne ,  1 928 ) and has b e en abl e to  a d ap t to 

unusual soil environmen t s . I n  addi tion t o  i ts o c c urren c e  on t h e  

N el son Min eral Bel t ,  i t  f o rms l arge areas o f  sc rub o n  weathered  

s e rp en t i n e  moraines i n  South  Westl and . Also , ferns are apparen tly 

adap t ab l e  t o  hydro t he rmal areas ( Wells and Whi t ton , 1 96 6 ) , though 

rare on t h e  Mineral B el t .  The fern Aspl e nium vi r i d e  i s  a c hromium 

a c c umula t o r  on S c andinavi an s e rpen tine are a s  (Lounamaa , 1 9 56 ; Run e ,  

1 95 3 ) . 
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Bio geo c h emi c al prosp e c ting me thod s were mor� p romi si n g  than 

geob o t an i c al me thods in thi s s erp entine  are a .  C .  vauvi lli ersii 

in particul ar co uld b e  used  for ei t h er chromi um , n i ckel or  c ob al t .  

I n  this speci e s , for e ach o f  th e thr e e  el ement s ,  t he r e  was a v e ry 

hi ghly s i gni fi c an t  r e l a t ion ship b e twe en the  elemental con c en trati o n  

i n  plan t  a s h  a n d  i n  the  soil . H .  odora would also  b e  very sui t a b l e  

for biogeoc h emi c al prospe c ti n g  for chromium and n i c k el , although f o r  

t h e  same so i l  c o n t en t , th e c hromium c o n t e n t  of  this  plan t was lower 

t han in  o th e r  speci es . Chromium could also b e  prospe c t ed using 

ei ther P.  su t eri or L.  s c onarium in  areas whe r e  t h e s e  p lant s p ec i e s  

grow . 

I t  mus t  b e  n o t e d  howeve r , that t h e s e  high plan t - soil c o rr el ati ons 

in gen eral hold over a wi d e  ran ge of c o n c en t ra t i on , and a large n umb er 

o f  sample s . I f  a sma ll e r numb e r  o f  s ampl es , o r  a narrower range o f  

soil  concen t ra t i on s  i s  t ak en , c o rrelation s  may b e  l es s  si gni f i c an t . 

S o i l  con t ami n a t i on , and hen c e  mi sleadi ngly high c o rrelations b e tween 

conc ent rati ons i n  plan t ash �nd s o i l , i s  unlikely to be  impo rtan t  

sin c e  plant samples  were washed b e for e analysi s .  The  l arge c a l c i um 

magn e sium rat i o s  found , wo uld b e  unlikely i f  s e r p en t i n e  soil c o n t amina­

tion  was si gni fi cant . 

Malyuga ( 1 964 , p .  78 ) d es c ri b e d  bio�eoc hemi c al pro s p e c ting 

s t ud i e s  in  t he s e arch for c hromi um , nickel  and c ob a l t  i n  the 

S o uthern U ral s .  H e  consid ered that , d e n ending on t h e  c ondi ti ons  

of  weathering , a plan t survey wi ll o f t en be more us eful  than a soil 

s urvey for t h e s e  elemen t s  in  ul tramafic  envir onme nt s .  Thus , this 

s e c tion , as wi t h  earl i e r  work ( Part II  of  this t h e s i s ) shows that  

the  b i o ge o c h emical me thod could b e  ext end ed to N ew Z e aland . I't 

is no table al so tha t ,  a l t hough th e mean nick el c on t en t  of soils i s  
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about  2000 ppm ,  a val ue  fi f ty t imes t h e  avera ge  f o r  s o i l s  ( Hawk e s  

and Webb , 1 9 62 ) , some s p e c i e s  o f  p l a n t s  were abl e  t o  s h o w  signi f i c an t  

plan t - s o i l  c orrel ations an d sho uld b e  a b l e  to i nd i c a t e  anomal i e s  o r  

o r e-bodi e s  wi thin t h e  s erp en t i n e  envir onmen t .  

The work o f  N i c o lls e t  a l  ( 196�- 5 )  i n  Queen sla n d  showed that  

s e veral sp e c i e s  app e ared to operate  exc lus ion m e c h an i sms for  the  

e l ement s  c opper and l e ad , al though t h e  a c cumula t ed zinc  was prop o r t -

ional t o  t h e  soil c o n t en t . No  evi d en c e o f  exc lusi o n  m e c hani sms was 

found in this s tudy . 

A possibl e  i n fl u enc e on th e el emen t al c on t en t  o f  t he s e  s p e c i e s ,  

i s  a geno t ypi c vari ation b e tw e e n  samples  from si t es o f  d i f ferent  

mineral c o n t ent . Bu tler  e t  al ( 1 962 ) h a v e  shown tha t  t h e re c an be 

signi fi c an t  h e ri t abi l i ty o f  the mineral co n t en t s  of ry egrass . Al so , 

Kruckeberg ( 1 96� ) an d Walker ( 1 9 5� )  have sho wn t h a t  e d aphi c e c o types 

exi s t  wi t hi n  spec i e s  wh i c h  c an o c cur on bo th serp e n t i n e  and n o rm al 

soi l s .  Thus among t h e  s ampl es studi ed in  th e N elson Min e ral Bel t , 

t here c ould b e  a range o f  gene ti c al ly�di f ferent s t rains o f  t h e  same  

sp e c i e s , each ad ap t ed to  i t s  ow n l e vel  of  soil m e tal c on t e nt o r  wi th  

a speci fic  e l emen t al up t ak e .  Where high c o rrelation b e t w e en t h e  soil  

an d plan t c onc en t ra t i o ns o f  an el em en t  was found , however , i t  would 

appe ar t h a t  gen o typi c varia tion is a minor fac tor . 

Various authors have repo r t ed many analyses o f  p l an ts an d soi l s  

from serpen ti n e  and o th er natural c ommun i t i e s ,  b u t  gen erally only 

r epre sen t at i v e  soi l  samp l es have b e en c onsid ered ( e . g . Paribok and 

Al exeye v a-Popova , 1 966 ; Lounamaa , 1 9 5 6 ; Gerloff  � al , 1 9 66 ) .  The 

present s tud y ,  however , c onsi d ered e a c h  p l a n t  in r el a t i on t o  i t s  soil 

c omposi t i on , and sh owe d , fo � e xampl e ,  t ha t  for chromium in  the Min eral 



B e l t , c o n c en t ra t i ons b o t h  i n  soil and plant ash c an vary b y  t hr e e  

o f  four orders o f  magni t ud e .  A c ompari son o f  el em e n t al c o n t en t s  

o f  di ffe ren t plan t s p e c i e s  mus t t h e re f o r e  t ak e  into a c c ou n t  t h e  

c o rresponding soil  c onc en t ration . 

The c onc en t ration  o f  chromium i n  t h e  plant spec i e s  s tudi ed 

here , ranged from l es s  than 10 ppm t o  n early 2% of t h e  plan t ash . 

In  some specimens o f  H .  odora , conc en t ra t i ons of chromium up to  

2000 ppm in t h e  ash were  f ound , b u t  only by compa ri ng this wi th 

o th e r  plan t spe c i e s  at t h e  sam e  soil e l em en t al conc en t ra tion c an i t  

b e  s e en t hat H .  odora c onsi s t en t ly had the  lowest ch romium c o n t en t  

9 1  

o f  t h e  six sne c i e s  s t ud i ed . Thi s  d i f fe renc e ,  espec ially i n  relati on 

to  the  high c hromium c o n t ent s of P.  su t e ri and L .  scoparium , c an b e  

s een more c l e arly b y  comparing t h e  r a t i os o f  mean c o n c e n t r a t i on i n  

plan t  ash t o  mean con t en t  i n  soi l . P .  s u t eri and N .  aus t rale should 

be c onsi d ered s e para t ely from t h e  o th e r s  as th ei r  soi l  sampl e s  

c o n t ained  an a verage o f  1 . 24% c hromium , t�a c e  the  val u e s  for  t h e  

o th e r  speci es , b u t  t h e  P .  s u t e r i  m ean ch romium con t en t  was t h r e e  

times that  of N .  au s t ra l e . Th e s e  d i f feren c es in c hromium c on t e n t  

indi c a t e  s el e c t i vi ty o f  up tak e  o f  c h roMium b y  these  sp e c i e s . 

G e rlo ff  e t  al ( 1966 ) , when s t udying native  nl an t s  in Wisc onsin , 
-- -- - . 

d e t e c t e d  several ins t an c e s  o f  s el e c t i v e  up t ake  o f  various elemen t s . 

Po tassium in some a c c umulator  speci e s  was n early four times  t h e  

average con t en t , whi l e  mangan e s e  appear ed t o  b e  s e l ec t i vely exc lud ed 

by on e species  from a b o g  h i gh in mangan e s e  c o n t en t .  

o f  ac c umulator plan t s  are repor t ed by Bowen ( 1 966 ) .  

O th e r  examp l e s  

The investi ga ti ons o f  Pari bok and Al exey eva-Popova ( 1 966 ) and 

many o th e rs have s ho wn  that unusually h i gh c onc ent rat ion s o f  chromium , 

n i ckel  and cob al t  a r e  f ound in plan t s  growing on ul trama fi c  so i l s  
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( e . g . Birrell and \'/ri gh t , 1 9Lt 5 ; Sarosi ek , 1 96�;- ) .  Rarely howe v e r  

ha ve suc h high c hromium c o n t en ts b e en r e c o rded  a s  th e 2 . 6% found 

i n  ash of a s ampl e  of P.  su t er i . The value of  9% c hromium found 

i n  a soil on the Min eral Bel t is  also exc e p ti on ally high . N em ec 

( 1 9�4 , 1 957 , quo t ed b y  Pari bok and Alexeye va-Po po v a ,  1 966 ) found 

t ha t  the c on t en t  of c h romium , nickel and c obal t a t t ai n ed l e vels  o f  

2-4% in t h e  le aves o f  some t r e e s  and c o n s i d ered th a t  t h e  d es t ru c t i o n  

o f  trees  o n  s erpen t i n e  soi l s  was du e t o  th e to xi c e f f e c ts  o f  t h e s e  

me tals.  

In  t h e  samples c o n si d ered here , nickel  at tai�ed  conc en t ra ti o n s  

great er t han 1 . 0% in only a f ew s amp l e s  of  P .  su t e ri an d L .  s c opa rium . 

However , Vergnano ( 1 9 58 ) found up to  � . 5% n i ckel i n  t h e  ash o f  t h e  

serpen ti n e  end emi c sp e c i es Alyssum b e r t o lonii in  I t al y .  N orma l  

levels o f  n i ck e l  w e r e  found t o  b e  about 2 5  ppm in  t h e  ash o f  s ampl es  

f rom Mount Egmon t ,  but  Wells and Whi t to n  ( 1 966 ) r e p o r t ed 3 . 1 ppm i n  

d ry mat t er ( about 6 0  ppm i n  a sh ) in manuka ( L .  scoparium)  s ampl es  

from  hyd ro th ermally al t e red  alluvium .  

Loun amaa ( 1 9 56 ) s t udied t he t rac e e l em e n t  c on t en t  o f  a l ar ge 

n umb er of  plan t s  from u l t rama fi c  and o th er soils and found t h a t  t h e  

n i ck e l  and c ob al t  c o n t e n t s  o f  d e c i duous t r e e s , c o n i f ers and dwarf 

shrubs were generally siMilar to  t h e  values report ed i n  this t h e si s .  

Ferns however , c on c en tra t ed t he e l emen t s  chromium , nickel and c ob a l t  

m o r e  than di d t h e  o th e r  typ e s  o f  plan t s .  

Run e ( 1 9 ? 3 )  c on c lu d e d  his v e ge t at ion stu dy o n  s e r p en ti n e  flo ras 

of North ern Swed en b y  s t a ti ng that ni ckel and chromium , p r e s e n t  i n  

hi gh amoun t s , are t h e  d ominan t c auses  o f  t h e  pecul i a ri t y  of  t h e  

s erpen t i n e  flora . Fur t he r ,  h e  gi ves spe c i a l  emphasis t o  t h e  e f f e c t 

o f  ni ck el , b u t  wi th i n s u f fi c i e n t  evid enc e .  H e  r e l i e s  mainly on 



t h e  fac t that  more work had b e en d o n e  on the  t o xi c  e f f e c t s  o f  n i c k e l  

than o f  c h romium , and appl i e s  gen erali s a t i ons ab o u t  t h e  c hemi s t ry 

and physiologi c al impo r t anc e whi c h  c ould e qually well  b e  a pp l i e d  t o  

c hromium . 

The c o n c en t rations o f  nickel , c opper  and c o b al t  i n  t h e  

serpentine  plan t s  showe d  m u c h  smaller  vari ations t han t h e  con c en t rat­

i ons o f  chromium , b o t h  b e t we en di f fe ren t speci e s , and w ithin any one  

speci e s .  The most  o u t s tan d ing fi nd ing was t h e  ac c umul a t i v e  abi li ty 

of  P. su t e ri wi t h  respe c t  t o  ch romium , n i ck el and c o b al t . T h e s e  

hi gh c o n t e n t s  may b e  indi c a t i v e  o f  an unusual requ i r em e n t  for t h e s e  

e l emen ts , a fac t o r  whi ch m a y  b e  t h e  c ause o f  t h e  end emi sm o f  P .  s u t eri 

to serpen ti n e  s o i l s .  C e r t ainly t h e  tole ranc e t o  h i gh l e vels o f  th e 

el emen ts c hromium , cobal t and nickel mus t b e  a fac t o r  i n  t h e  suc c ess­

ful survival o f  end emic spe c i es in  t he serpen tine  en vi ronmen t . 

Rec en t ly however , s e v e ral au thor s have consi d e r ed t h a t  t h e  

hi gh amoun t s  of  c hromium , n i ck el and c obal t are n o t  s u c h  importan t  

fac tors  as the  hi gh magn esium c on t en t  and low c al c ium availabili ty 

in s erpen ti ne  soi l s  wi th a c onsequen t imbal ance  of t h e s e  two e l emen t s  

i n  p l an t s . I n  pa rti c ular , Wal ker ( 1 9 �� ) , Kruck eb erg ( 1 9 5� )  and 

Walker !! al ( 1 9 5 5 )  s t ud i e d  t h e  grow t h  of various sp e c i e s  i n c lud ing 

serpen tine  endemi c s , in vari ous so i l  t yp e s . Normal soils  and 

c al cium chlori d e-l eached serpentin e so i l s  produc ed b e t t er grow t h , 

esnec i ally o f  non-serp e n t i n e  plant s ,  t h an did  serpen tin e soils . 

Howe v e r , t h e s e  papers do no t gi ve any c ompl e t e  soil an alyses and 

i t  app ears t ha t  t h e  Cali forn i an s erpen t ine  so ils c o n t ai n  lower 

amoun t s  of c hromium , nickel and c o b al t  than do mo s t  o t h e r  s e r p en t i n e  

soils . 



Serpentine  soi l s , from th e Mine ral B el t , wh en e x t ra c t ed wi t h  

a c e t i c  a c i d  solution , were  f ou n d  to  hav e exchangeab l e c al c i um l e vels  

1 0% or less  o f  t h e  valu e s  fo r exchangeab l e  magn esium conc entrations . 

Sarosi ek ( 1 964 )  d e s c ri b ed t h e  e c o l o gi c al speci fi c i t y  o f  two 

s erpen t i n e  soi l s  from Lower Sil esi a .  Exc hangeab l e  c al c ium and 

magnesium val u e s  were respec ti vely 1�2 and 104 ? ppm , amoun t s  simi lar 

to  tho s e  r epo r t ed in  this t h esi s .  The t o t al c hromi um , n i c k e l  and 

c obalt  c o n c entrations o f  2% , 5200 ppm and 3400 ppm r e s p e c t i vely are 

generally hi gh e r  than tho s e  for soi l s  n ear Dun Moun tain , e s p e c i al l y  

t h e  c obalt  con t en t .  Howe ver , t h e  c onc e n t ration s o f  c al cium and 

magn esium in  p l an t s  from b o t h  N ew Z ealand and Poland show an abi l i ty 

o f  th e plan t s  t o  s el e c tively r e d u c e or  ov ercome t hi s  soil  imbalan c e .  

All plant samples  had c al c i um : maen esium r atios gre a t er than t h e  

values  in soil extrac t s .  

The d e gree to whi c h  the  N ew Zealand pl an t s  c an s el e c t i vely 

a c c umula t e  c al c i um in pre feren c e  to magn esium vari e s  c onsid e rably 

b e twe en spe c i es .  Also t h e  t o t a l  re quirement o f  t h e s e  two e l emen t s  

app ears t o  v ary for di fferent  sp e ci e s .  Thr ee o f  t h e  spe c i es s tu d i ed 

( L .  scopa ri um , C .  vauvilli ersi i ,  an d M .  monroi ) had m e an ratios  o f  

c alcium t o  magn e s i um b e tween 1 . 3  and 2 . 1 b u t  t h e i r  m ean c o n c entrations  

of  these e l em en t s  vari e d . M .  mon roi h ad an average ash c on t en t  

( for all samp l e s ) o f  only 3 . 8% c al c i um , c ompared w i t h  C .  vau villi e rsii 

8 . 8% and L.  s c oparium 1� . 9%.  Apparen t l y  t h e s e  t h r e e  s p e c i e s , each 

able to  s e l e c ti vely ac c umul a t e  c al c i um in pr e f e r en c e  to  magn esium , 

had d i ffeien t requiremen t s  for t h e s e  e l emen t s .  M .  monroi and 

N .  aust ral e should b e  consi d ered  s eparat ely from the o th er s p e c i e s , 

sinc e t h e s e  lack woody tissue  whi c h  wo uld req ui r e  consid erab l e  c al c i um .  
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However , the  two serpen tin e- end emic speci e s ,  P .  sut eri and 

N .  aus trale  showed marked tol eran c es to  a 3 : 1 exc ess  of magn esium 

over calc ium . 

Walker ( 1 95� ; Walke r e t  al , 1 9 � � )  showed that s erpen tine-

end emi c spe cies  were able t o  ob tain more c alcium than were o ther 

sp e c i e s  from soils d e fi c i e n t  in  calcium.  This app ears to  b e  the  

c as e  in New  Zeal and where  plants  growin g  a t  the e d ge o f  the  Min eral 

Belt  had grea t er c alc ium magnesium r ati os than the  same spec i e s  

sampl ed a t  Moun t Egmon t .  Presumab ly tho s e  at t h e  b o undary o f  t h e  

serp en tine area were serpe n t ine-adap t ed eco types c apab l e  o f  v ery 

efficient  extrac t ion o f  c a lc ium , an d th ere fore when growing in  so il s  

only par tly serpen tin e n ear the  boundary , were abl e  t o  at tai n  high 

calcium : magnesium rati o s .  

Walker ( 1 95� ) also showed t hat end emi c and o t h er plan t s grew 

b e t t er on s erpen tine soi l s  wh en lime had b e en ad d ed . However , 

Hun t er and Vergnano ( 1 952 ) showed tha t wit h  serp e n t ini t e  soil s  

from S c o t land , t h e  ad di tion  of  calc ium reduc ed t h e  avai l abil i t y  o f  

t h e  toxic elemen t nickel due to a ri s e  o f  pH . I s hihara e t  al  

( 1 968 b , 1 968c ) consi d ered that  diseas e of J apanese  frui t trees  on  

s erpentine soils  was due  to  exc essive absorp tion o f  nickel . Thi s 

d i s ease was all eviated  by the  appli c a t i on o f  slaked  lime to . soil  

and by foliar spraying wi th  ammonium molybda t e  whi c h  reduc e d  d amage 

by nick e l  as well as easing the d e fici enc i es of calcium and molybd enum . 

Bo th  Hun t er and Vergnano ( 1 9�3)  and I shihara � al ( 1 968b ) found 

that  appli cation of  c hromium to  so ils  or  nutri ent  solut ions had l i t t l e  

e f f ec t o n  the uptak e  o f  tha t e lemen t ,  wher eas nickel addit ion 

inc reased ni ckel uptake . However , apparently calcium i s  al so abl e 

to  lessen the  toxi c e f f ec t o f  chromium on  plan ts  (Ko eni g ,  1 9 10 , 
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quo t ed by Rune , 1 95 3 ) . Thus the  e f fec t of calc ium on  s e rpen tin e 

soils i s  an indi re c t  one d e c r easing th e availabi li ty o f  toxic e l em en t s ,  

as well as direc tly increasing the  avail abili ty  o f  c al c i um .  Liming  

would thus  appear to  b e  the mos t  use ful way to i n c r e ase  the f er ti li ty 

of  se rpen tine  soils .  

The r e lationships b e tween t he various elemen t s  i n  the di f f e r en t  

species  are o f t en di s similar . Al thou gh H .  odora in  general c o n t ained  

a much  lower  amount of  chro mium than the o t he r  sp eci e s , on the  average 

it had a cal cium : mavnesium r a t i o  o f  0 . 97 ,  wi t h  b o t h  c alc ium and 

magne sium con t en t s  abo u t  9% o f  t he ash . On t h e  o t h e r  hand , 

L .  scoparium had the highest  m e an c hromium con t en t and the high e s t  

mean ca lcium c o n t ent  ( 1�% ) wi t h  a c alcium : magnesium r a t i o  o f  2 . 0 .  

I t  app ears from a compari son o f  t hese  two �pec i e s  tha t t h e  hi gh 

c alcium c on t en t  o f  L .  s c o narium may b e  able to al l e vi a t e  toxi c i ty 

assoc ia t ed wi t h  the h i �h chromium c on t ent  of  thi s  spec i es , wh ereas 

H .  odora , rather  than ab sorb more c alcium ,  d e creased i t s ab sorp t ion 

of  chromium . 

The end emic spe c i e s  howeve r ,  b ehaved differen t l y . P .  sut eri 

had a very high c hromium c on t en t ,  and the hi ghe s t  me an conc e n t r a t ions 

of ni ckel ( �8 60 ppm ) and cobal t ( 234 ppm ) but  th e lowest c a l cium 

magnesium ratio  ( 0 . 32 ) . I t  thus appeared t hat t hi s  s p e c i es may 

have unusual re quiremen t s  for t h e  e l emen ts  c hromium , ni ckel , cobal t 

and magnesium , or alternatively , very ef fi c i ent t o lerance  mec hani sms . 

The o ther two endemi c species  have  q u i t e  d i f feren t min e ral composi tions 

to that of  P .  su t e ri . Bo th M .  monroi and N .  aus t rale  had muc h  lower 

c on t en t s  of c h romium , ni ckel , copper  and c obal t t han the  resp e c tive  

conc entrations in P .  su t e ri , but  N .  australe had almo s t  the  same 

calcium and magnesi um l e vels . Also t h e  mean soil c o n c en trations 

for N .  au s tral e sampl es  were simi lar to  those  for P .  sut eri wh er eas 
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the average c hromium c on t en t  of the  so i ls suppor ting M .  monroi 

was only hal f that corre sp onding to P. sut eri . Possibly therefore , 

the  d i fferen t  so ils  o f  lower chromium c o n t ent , an d probab ly al so 

ma gn e sium c ont ent , may ac c ou n t  in par t  for the low er magn esium 

con c en trations  found in M .  monro i .  However , selec tive  up t ak e  

mus t b e  used t o  c omp l e t e l y  expl ain t h e  very low mean magn esium 

c o n t en t  ( 2 . �� )  of  M .  monroi , al t hough requiremen t for t h e  alkal i n e  

e a r t h  me tals appears to b e  l ess  for thi s  speci es a s  the  c al c ium 

c on t en t  ( 3 . 8%) is  also lower than in any o t h er sp e c i e s .  

All the  spe c i e s  studied  showed , as a dire c t  response to t h e  

limi ting fac tors o f  t h e  s erpe n tine envi ronment , c h anges i n  t h e  

elemen tal composi t ions o f  the  plants . All sampl es  from t h e  Dun 

Moun t ain  Min eral B e l t  c on tain ed large amoun t s  of t h e  el emen t s  

( c hromium,  nickel , co bal t a n d  magn esium) whi ch a r e  a t  unusually 

high concentrations in s erpen t ine soi l s  c ompared wi th  non- s e rp e n t i n e  

soils . Similarly plan ts  gen erally con tained lower amoun t s  o f  

c alcium , an elemen t d e fi c i en t  i n  serpe n tine soils . Howe ver , in 

addition to the min eral composi t ion of  t h e  soil , t h e  soil wat er supply , 

pH , and o t her ecologi c al fac tors  may b e  i nvolved in the seroen tine  

environmen t ( Saro si ek , 1 96� ) . 

The graphs o f  c umulative  freq u ency plo t t ed against  c on c en t ra tion ; 

in s everal c ase�  show a c ha n �e p f  slope , which  may b e  int erpre t ed 

in more than one way . A possibility i s  tha t the  e l ement  c on c e rn ed 

( c hromium , ni ckel or copp e r )  c an exi s t  in the  soi l  in  more than one  

form . Wh ere an elemen t  could exi s t  in more than o n e  form , e . g . as 

di fferen t complexes , then a di fferen t fo rm may predomina t e  at hi gh 

to t al soil concen trat ions t o  tha t at lower level s .  These two forms 

may b e  assimil a t ed by plan t s  to  different  d egre es , and henc e produc e 



changes in the pa t t ern o f  dis tribu tion o f  t h e  elemen t i n  plan t s . 

However thi s would b e  expe c t ed to  apnly t o  all  plan t s  whereas only 

some graphs show two d i s t ributions , and also , to tal soil  c on t en t s  

show only o n e  dis tribut ion o n  a cumulative frequen cy plo t .  

A more likely explanation i s  that  a t  con c en t ra tions o f  the  

e lement in t h e  soil above  a c e rtain level , a di fferent  mec hanism 

o f  up tak e  or ac c umulation  by the  p lan t tak es pl ac e .  Two di fferen t 

mechani sms for uptake o f  many mi n erals have b een found  in s everal 

species  ( Eps t ein , 1 96 6 ) . However , in most  c ases  c onsid ered her e ,  

t he slopes o f  the c umul ati ve frequency plot  d ecrease a t  high er 

c onc entrations showing tha t the  accumula tion mechanism for the  

e l ement concerned t en d s  to  ac c ep t  the e l ement less  readi ly a t  

hi gher c on c en trat ions . 

A seri ous di sad van t age o f  mu ch of the  researc h into  biogeo­

ch emical prospe c ting has been the l ack o f  a t t en tion paid to  

mechani sms of  uptake , and  si t es o f  acc umulation of  tra c e  elements  

by  plan t s .  Similarly , l i t t l e  work has b e en d o n e  o n  t h e  tol eran c e  
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of indigenous plan ts to min erali sati on , c onsid ered from a nutrit ional 

point  of  vi ew .  

Furthe r work was t herefore carried out  using rad ioiso topes in  

pot  trials and to  study the  plan t c h emistry of vari ous  speci e s .  

This wo uld c ombin e the ai ms o f  pla n t  nutri tion and biogeochemi cal 

pro spe c ting  and lay a firmer  basis  for th e und ers t andin g  o f  el emen tal 

a c c umul ation by plan t s .  

This work i s  descri b e d  i n  the n ext par t o f  t h e  thesis . 
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1 .  INTRODUCTION 

In Par t I I I , it was shown tha t mo s t  of the plan t s  from t h e  

s erpentine area h ad a c c u mul a t e d  far gr e a t er amoun t s  o f  c h romium 

t han had plan t s  whi c h  grew n e ar t he bound ary o f  this r e gion , o r  

thos e from Nount Egmon t . l ��ou�n nic�el and c ob al t  w e r e  also 

p r e s ent in gr e a t e r  amoun t s  i n  s erpen t i n e  p l an t s  than i n  o th ers , 
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t h e  c on c en t r a tions o f  t h e s e  elements were lower t h an the c on c en t ra -

t i ons o f  chromium . Also , t n e s e  o ther el emen t s  di d n o t  o c cur i n  

s u c h  a wid e  ran ge o f  c o n c entrations as d i d  chromi um whi c h  was f o und 

t o  oc cur in amoun t s  b e t w e en < 1 0  ppm and 27 , 000 ppm in ash of some 

plan t s .  I t  was also shown i n  Par t I I I  t ha t  t h e  p l an t s  s t udi ed 

were mor e us e fu l  for biogeoc hemi c al prosp e c tin g for c h ro mi um t h an 

for any o f  t h e  o th er el em en t s . C hromium , usually a t  l o w  c onc en t ra-

tions in p l an t s , thus as sumes a gr e a t e r  importan c e  i n  pl an t s  from 

s e rp entine s o i l s . 

The c h emi s t ry o f  c hromium in p lan t s  has b e en s t udi ed very li t tl e ,  

al though c hromium o c c urs wi d ely in t h e  b o t ani c al wo rld ( Grosman , 1 966 ; 

Pra t t , 1 966 ; Saint Rat , 1 948 ) . Th e earl i e s t  work wi t h  c h romium was 

aimed a t  inc r e asing crop yi elds  by t h e  addition o f  c hromium s al t s  t o  

soil . Vd e l cker ( 1 9 23 ) ,  wi t h  po t t rials found that 0 . 0 0 5% c hromium 

as p o t as sium chroma t e  add ed to  soil  was toxic  to p l a n t s  d uring t h e  

fir s t  s e ason a f t er appl i c at i on , b u t  t h a t  in t h e  s e c ond s e ason , a 

s t imulating e f f e c t was o b s erved . Simi lar s tudi es i n  t h e  field h a v e  

c on tinued , e s p e c i ally in Fran c e , whe r e  Bertrand and d e  Wo l f  ( 1 968 ) 

o b t ai n e d  an o p timum 4 2% increase  i n  t h e  yi eld o f  po t at o e s , wh en an 

addi tion of 40 g/ha o f  soluble c hromium ( as chrome alum ) was mad e . 

But t hes e c laims may n o t  b e  j us t i f i e d  sinc e f ew exp e rimen t al d e t a i l s  

w e r e  gi ven , and n o  s t a t i s ti c al d a t a  were  p r e s en t ed i n  t h e s e  p a p e rs . 
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S and and wat er culture experi ent s  such a s  tho s e  o f  DeKock 

( 1 9 ?6 ) and of  Hunt er and Vergnano ( 1 9 � 3 )  have shown tha t toxi c i t y  

symptoms o f  chlorosis and n e c ro si s  o c cur  in mus tard plan t s  a t  2 ppm 

chromium ( as Crc1
3 

or C r-EDTA complex ) in solution culture , and in  

o a t s  and b arley a t  10  ppm chromium ( as pota�sium dichroma t e ) i n  

sand c ul t ure , all with increased leaf pho sphorus l evels . The 

unhealthy leaves had chromium con ten t s  of 1 5- 6 5  ppm in t h e  ash 

c ompared  wi t h  2 ppm in the a sh of  c o n trol  plan t s , but  t h e  root ash 

contained  20 , 000 ppm chromium . 

Hewi t t  ( 1 963 ) s owed that  the  e f f e c t  of  mo lybd enum on the  

chromium-induc ed c hlorosis d epend ed on whether chromium was fed  a s  

chromat e o r  as  chromium ( I I I ) . Scharrer and Sc hropp ( 1 9 35 )  and 

Gericke ( 1 9�3 ) have both  report e ' that c hromat e is  more toxic by a 

fac tor of  ten , than is  chromium ( I I I ) wh en  fed t o  plan t s . I n  non e 

o f  t hese  s tudi es was the ac tual form o f  chromium looked at  in  plan t s , 

nor h as chromium b e en shown to  b e  ess ential to plan t s  ( Hewi t t , 1 96 3 ) .  

Recently however , Schro eder  ( 1 968 ) has consid ered  c hromium to  

b e  essen ti al for  gluc o s e  me t abolism in  rat s , and i t  i s  also  involved 

in gluco s e  toleran c e  in humans ( Anon , 1 968 ) . I t s  import an c e  a t  low 

amount s  for an imal an d  human nutri tion , t herefore increases the  n e ed 

for information on chromium as  i t  oc curs in plan t s .  

As very li t t l e  c h emi c al work has b e en done on  c hromiu� in  plan t s ,  

i t  was d ec i d ed to  c arry out  i s o tope s t udi es using t h e  iso tope  5 1
cr , 

which i s  readily available and of  c onveni ent  hal f-li f e and a c t i vi ty .  

radioi so tope s tudy i E  the mos t  feasi ble me thod o f  a t t emp ting to 

find out in what  forms o f  combination a t rac e elemen t o c curs in 

plant , i t s  mechani sm of absorpt ion anrt i t s  movement wi thin the plan t . 

I t  may even b e  possible t o  d e t ermine why t h e  element i s  presen t ,  and 
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h o w  i t  i s  a b l e  t o  b e  ac c umul a t ed i n  am oun t s  whi c h  may b e  d e t ermi n ed 

by the s o i l  c onc e n t r a t i o n . 

T h e  only p r evious i so t o p e  s t udy o f  chromium i n  p l an t s  i s  t h e  

r e c en t  wo rk o f  Bo urque e t  a l  ( 1 96? ) wh o s ·cudi e d  t h e  up t ak e  o f  
5 1

c r  

a s  an i n di c a t o r  o f  me t ab o li c c h ange i n  wh eat ro o t  tip s .  T h ey 

c o n c l u d e d  t h a t  a gr e a t er up t ak e  o f  
5 1

c r  in plan t c el l s  o c c urred 

wh en an i n c r e as e  i n  the rat e of  c el l  m e t ab o l i sm h ad b e en induc ed by 

vernali sati on . Their s tudy , howev e r , co n s i d ered o n l y  ro o t  s e c t i o n s , 

unlike t h e  p r e s e n t  work wh e r e  t h e  up t &ke was by i n t ac t  plan t s .  

Bour q u e  � al ( 1 96 7 ) also co n c lud ed t h a t  only hexa v al e n t  c h roma t e  

was abl e  t o  p e n e t ra t e  i n ta c t  c el l s , and no t t ri va l en t c h romium . 

Howe v e r , t h e i r  m e t h o d  o f  f e e ding 
5 1

c r  in t h e  t ri v al en t s t a t e ,  was 

to t r e a t  t h e  roo t t i s s u e  wi t h  an exc e s s  o f  s o d ium as c o rb a t e b e f o r e  

i n c u b a t i o n  wi t h  
5 1

c r- sodium c h roma t e  i n  or d e r  to r e d u c e t h e  chroma t e  

t o  t h e  c hromi c s t at e .  I t  i s  p o s s i b l e  t h a t  t h e  p r e s en c e  o f  as c o rb a t e  

h , f f  t t h  t ' f 5 , ,.,  aa an e � e c o n  e up aKe o v r .  

The p r e s e n t  s tud i e s w e r e  c omm en c ed i n  1 966 , b e f o r e  t h e  work o f  

Bourque e t  a l  ( 1 967 ) had b e en pub l i sh e d , and a s  t h e r e  was n o  o t h e r  

l i t e ra t u r e  available o n  t h e  c h emi c al fo rm o f  chromium t aken u p  by 

plan t s , som e o f  t h e  s t ud i e s  wer e car ri e d  ou t in dupli c a t e  wi t h  b o t h  

so dium 
5 1

cr- c hroma t e  and 
5 1

c r - c h romic c h l orid e solu t i o n s . 



2 .  MATERL\LS AND NETHODS 

( i ) Ch emicals 

All chemicals for  nutrien t  solu tions and chemical separations 
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were analy t ical grade o r  r e d i s ti lled where possi ble, except f o r  some 

o f  t hose u sed only in trace amoun ts . 

( ii ) Radi ochemicals 

Chromi um-5 1 was ob t ai ned from the Radi ochemical Cen t re, Amersham, 

England as ei t her sodium 
51

cr-chromate �r 
5 1

cr-chromic chloride . 

Sodium 
5 1

cr-chromate was supplied as an iso t onic solu t i on wi thout  

a bacterici de, whereas 
5 1

cr-chromic chlori de was as  a s terile i s o t onic 

solution . The v olume and speci fic acti vi t y  varied from ba tch t o  b atch, 

b u t  mos t b a tches contained about 1 mCi per ml and 5 to 10 jUg chromium 

per mCi, al though 1 968 supplies cont ained 10 mCi p e r  ml . 

( iii ) Measuremen t o f  Chromi um- 5 1  

Chromium- 5 1  has a half-li fe o f  27 . 8 days and decay s b y  elect r on 

cap ture, emi t ting gamma- rays o f  0 . 32 3  MeV energy . This radiation 

was detected using Philips coun ting eq uipment wi t h  a 1� inch di ameter 

t hallium- acti va ted s odium i odid e  cry s t al in a Philips P'Vl'+ 1 1 1 sci n tilla-

t i on head . Ei ther o f  four sys tems was used : 

( a ) lead castle wi th manual sample change for  planche t s  

( b ) aut omatic s ample ch anger PW400 1 , f or up t o  �0 planche t s , 

wi t h  time pri n t o u t  a f t er preset ting co unts . 

( c ) t ripod suppo r t  for scin tilla t i on hea · , allowing tubes o f  

radioactive sample t o  b e  placed o ver the detec t o r .  
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( d )  s t rips o f  paper from a c hr omat o gram o r  el e c trophor e t o­

gram c ould b e  s c anne d b y  p assing them und e r  t h e  scinti lla-

tion h ead f i t t ed with a l ea d  c o llima t o r . The r a t e  m e t er 

re adi ngs were r e c ord e d  on  a c hart who s e  sp e ed was 

synchronis e d  with t h e  pap e r  stri p .  

( i v ) Radioaut ography 

Radi oautographs were mad e b y  c o n t ac ting the  ac tive  tissue  o r  

paper , wi th  Kodak Med i c al X- ray Film , o b t ain ed as  she e t s  � 3  c m  x 3 5  c m .  

Radio autographs o f  el ec t rophoretograms and chromat o grams wer e s c an n ed 

using a doubl e - b e am r e c o rding mi c rod ensi ome t er ( J o yc e ,  Lo ebl  and C o . 

Pty Ltd ) . This me thod produc ed scan p a t t erns wi t h  much b e t t er 

r esolution than those  fro m dire c t  s c anning wi th t h e  scintill ati o n  

d e t ec to r . 

( v ) High Vol t age El e c t rophoresi s 

S eparation o f  t he components  o f  plant extrac t s  was c arri e d  o u t  

using a high vol tage e l ec trophoresis appara tus ( Xi l e s  Hivolt  Ltd ) . 

i·Jhatman 3MH paper , c u t  t o  4 3  cm x ? 3 . 5 c m , was dipped in b u f f e r , and 

uni formly b lo t t ed b e fore  appli ca tion o f  up to eight sam p l e s  to t h e  

· c entre o f  t h e  shee t .  Th ese  samples were �pli ed as  1 . 2 5 cm b ands  by 

a glass mi c ropip e t t e .  The experimen t al c onditions were  

( a ) pH 5 . 3  in pyridine/a c e ti c  a c i d  buffer ( Efron , 1 960 ) , 

1 0  minut e s  a t  300 mA and ? . 8  k V .  

( b ) pH 2 . 0  i n  formic a c id/ac e ti c  acid  buffer ( Efron , 1 960 ) , 

1 0  minut es a t  300 mA and � . 8  k V .  
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\ vi )  Plan t Cui t u r e  

Plan t s  were gro wn i n  a gro wt h c ao i  e t  whi ch w a s  k e p t  a t  a d ay 

t empe r a ture o f  18°C ( 65°F ) wi t h  a l i gh t  i n t ensi ty of 2000 f t - c an d l e s . 

There was a 6 h o ur d ark p eri o d  d ai ly a t  a t emp e r a t u r e  o f  1 3°C  ( 5 5°F ) . 

The nu t ri e n t  s o lu t i on had t h e  following co mp o si t i on : 2 . 0  mM 

NH
it

No 3 , 3 . 0  mM (NHit ) 2so'+ , 2 . 0  w:·: C a ( ?� C ) 2 , 2 . 0  r.:H XgSOI+ , 2 . 0  mM KNo 3 , 

1 . 0 mM K2 HPOit , 3 . 0  p pm i r on as F e - EDT: , 0 . � ppm b o r o n  as H 3Bo 3 , 0 . 5  ppm 

m angan e s e  as Mnc 1
3

, 0 . 0 5 p pm zinc a s  ZnSO� , 0 . 05 p pm molybd enum as 

N a2Moo
4

, and 0 . 02 ppm c opper as Cuso4 � The pH o f  t � i s s o l u t i o n  was 7 . 3 . 

A f t er f e edi n g  pl an t s wi th radioi s o t o p e , roo t s  were s e v e r e d  from 

s ho o t s  ( an d  i n  t h e  c a s e  of wo o dy p l an t s , b r a n c h e s f rom s t ems ) , p l a c e d 

i n  aluminium foil trays ar.d w e r e  f r e e z e- d ri ed in a d rum f r e e z e - d ri e r .  

F o r  r a d i o au t o graphy , t h e  p l an t s  were hu�i i fi ed b e fo r e  glu eing t o  

d rawing pap e r  wit h  PV� a d h e si v e , whi c h  was allowed t o  d r y  whi l e  t h e  

p l an t s  were i n  a b o t an i c al p r e s s  i n  c o n t a c t wi th a smo o t h  su r fac e .  



3 .  EXPERIMENTS WITH RED CLOVER, TRIFOLIUM PRATENSE 

5 1 For the ini t i al up t ak e  studi e s  wi th Cr , r e d  clover  was used  

as i t  was  r e ad i ly avai lab l e  a s  s ee d , and was qui ckly and e asi ly 

grown i n  n u t ri ent  cul ture for ease of  working.  The p l an t s  from 
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s erpen tine  areas were rel a t i v ely slow growing and were  n o t  avai l ab l e  

a s  s e ed s .  A common plant s uch a s  c l o ver a l so s er v e s  a s  a r e f eren c e  

p l an t  for c ompari s on wi th n a t ive speci e s . 

The s e e d  used was o f  r e d  clover , Tri folium pr a t e n s e ,  L .  

( Legu�in o s ae ) , 1 966 Grasslan d s  Turoa G o vernm ent S t o ck D 1 1 64 o b t ai n ed 

from Grasslan d s  Division , D . S . I . R . , Palmers t on North . 

( i )  C o n d i t i o n s  o f  C u l ture 

The c lover  s e ed was sown on gla s s  b eads d amp e n e d  wi t h  distill e d  

water , i n  a n  ini ti al ly e n c lo s e d  dish , and plac ed in  t h e  growth c abi n e t . 

Aft er 1� days growth , fi ve s e e d lings were t ransferred  to e ach  two-

li tre p o t  c o n t ai ni n g  two- third s s t rength nu trient s o l u ti o n .  This 

nutrient  solution was chan ged  weekly . Fe eding o f  5 1
c r  and sub s equent 

harvesting of  t h e  p l an t s  was c arri ed· out  when the s e edlings were 

b e twe en 25 and 40 d ays  old . 

Partial  an aly s e s  of  samp l e s  o f  c l o v e r  are s�own in  App endix 3 .  

( ii ) Radioaut ographic S t ud i e s  

An i n i ti al  experiment was c arri ed o u t  wi th 24 c l ov er s e e d lings , 

growing in  nutrient s oluti on four t o  a po t .  To e a c h  p o t  was added  

Th t · d 5 1 c h · hl · d d r e e  po s r e c e� v e  r-e  rom�c c or� e an 

ano ther three  sodium 5 1 cr-chroma t e , mixed wi t h  the  n u t ri en t  soluti on . 

The plan t s  remained i n  this solution for eight d ays b e fo r e  b eing 

harvested  and f r e e z e - d ri ed .  



Radioauto graphs of t h e s e  plan t s  showed tha t there  was only 

r adioac tivi t y  i n  t h e  roo t s , and none in the  aerial p a r t s . No 

d i f feren c e s  were appar e n t  b e tween t ho s e  plan t s  fed C r3+ and t h o s e  

2-fed cro4 • Thus , i t  app eared  that t h e  5 1
cr mi gh t have b e en 

precipi tated  at  the  ro o t s  or  in t h e  solution i n s t ead o f  havi n g  b e en 

t aken up by  t h e  plan t s , the precipi tation  b eing c au s ed po ssibly by 

phosphate  o r  o ther ions  i n  the nu t ri en t  s o lution . I n  order to 

prevent  any likelihood of this happ eni n g ,  future exp e rimen t s  were 

c arri ed  out b y  washi n g  th e nutri ent fro� t h e  roo t s  f o r  an hour o r  

10'1 

more wi th s everal c hang e s  o f  di s ti l l e d  wa t er b efor e placing the  p l an t s  

in  a solution o f  only t h e  radioiso t o p e  in dist1iled  wa t er .  :owe v e r ,  

i n  all experimen t s ,  t h e  r o o t s  always had a very much gre a t e r  ac tivity  

than the shoo t s .  

An experime n t  was und ertak en t o  d e t ermine i 5 1  C r  mo v ed 

p r e f eren tially into  young a c t i vely- growi n g  l e aves . S e ve ral c lo v e r  

plan ts ,  3 5  d a y s  old , we r e  wash ed in d i s til l ed wa t er and then divid e d  

i n t o  groups , e a c h  wi t h  four plan t s  t o  30 mls of  solution c o n t aining 

Af t er 24 hours they were  washed again and r e turn ed 

to n u tri en t  soluti o n  wi t hout add ed  c h romium . Plan t s  were wi thdrawn 

a t  times of 1 d ay ,  2 day s , 4 days  and 8 d ay s  aft er t h e  c omme n c em en t  

o f  t h e  5 1 c r feeding.  These  were then  radioau tographed . Figu r e  

I V- 1 shows a typi c al plant a fter  1 day , i . e .  24 hours in 5 1 C r  and 

not r eturned  to t h e  n u t ri en t  soluti on . Mos t  of  the  l eave s , i n cluding 

the y ounges t  ( ar rowed ) c o n t ained  appro ximately the s ame  amount  o f  

radioac tivity . Figure  I V - 2  is o f  t h e  sho o t s  and roo t s  o f  a c l o v e r  

plant whi c h , a t  t h e  sam e  t i m e  a s  t h a t  i n  Fi gur e I V- 1 , h ad h a d  i t s  

younges t  l eaves t agged ( h e r e  arrowed ) ,  but  was harves t e d  a f t e r  

8 d ay s , i . e . a furth e r  7 d ays in  nu t ri e n t  solution elaps ed b e f o r e  

harvesting.  Compari so n o f  the  radioau t o graph wi th t h e  pho t o graph 



.. 
f. 

Fig. I V  - 1 .  Red c lo v e r  se edling a f t e r 24 ho urs i n  5 1 cr so l ut i o n . 

Arrows ind i c a t e  y o ung leaves at t h e  st art o f  t h e  exp erimen t .  

L e f t  pho t o gr ap h .  Right : rad i o aut ograph . 

-"' 
_ ,  

Fi g .  I V  - 2 .  Red c lo ver se edling a f t er 24 h o urs i n  5 1 c r  sol ution f o llowed 

by 7 d ays in n ut ri en t so lu ti on .  Arrow i nd i c a t e s a yo un g  l ea f  a t  t h e  st art 

o f  t h e  experimen t .  L e f t  : pho t o grap h .  Ri gh t  : rad i o aut o graph . 
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o f  the plan t shows that the arrowed l e a f , muc h  mor e  mature than when 

mark ed , is of  a simi lar or lower a c ti vi ty compa r e d  wi t h  t h e  o ther  

mature  l eaves o f  th e p l an t . 

The younges t  l e aves i n  Figure I V- 2  had very l i t tl e  ac t i vi ty in 

t hem . These l ea v e s  had for� ed and gro wn a f t er t h e  p l an t  had b e en 

remo ved from the  5 1 cr  solution showi n g  t h a t al though t h e  roo t s  s ti l l  

c on t ained  very muc h  grea t e r  amoun ts  o f  c hromium , t hi s  was no t avai l ab l e  

to  new growth a f t er t ransfer  o f  t he plan t s  from t h e  5 1c r  s o l u ti on t o  

nu tri en t soluti on . Thus , i t  s e emed t h a t  mos t  o f  t h e  5 1 cr was 

immobilis ed in or on the roo t s  ini t ially . I t  may b e  that  t h e  p r e s enc e 

of  t h e  n utrient soluti on , wi t h  phospha t e , sulph a t e ,  iron-EDTA and 

o t h er i ons , is able to  c au s e  precipi t a tion and immobi li sation of 
� 1 C r  

a t  t h e  roo t s .  

The  sho o t s  o f  t h e  p l an t s  whi c h  were s uppli ed wi th 5 1 cro
�

2-

app eared to  b e  o f  l ower a c t i vi t y  than  tho s e  supp li ed wi th 5 1 c r3+ , 

al though there app eared no s i gni fi c an t  di f f e renc es b etwe en t h e  

corresponding ro o t  a c t i vi ti e s .  However , b o th t h e  expe rim en t s  wi t h  

5 1  3+ . 5 1  2 -Cr and Wl th CrO� showed simi l ar dis t ribu t i o n s  and t h e  

i llustrations are o f  those  f ed 5 1 cr3+ . 

T h e s e  exper��en t s  show t here fo re t h a  th ere i s  no advan tage to  

b e  gained b y  allowi n g  t h e  pl an t s  to grow for  a longer p eri od i n  

5 1  5 1  nutri ent  solution wi t ho u t  a d d ed C r  t o  a t t emp t t o  g e t  mor e C r  

into  t h e  shoo t s .  Rather , thi s would merely dilu t e  t h e  5 1 cr by 

incr easing the amount  o f  non-a c ti v e  ti ss u e . 

Rad i o au t o graphs o f  t h e  upper portions o f  clover  p l an t s  show , 

as did ac t i vi t y  measuremen t , t h e  v ery l o w  l evels o f  5 1 cr  ac t i vi t y  

compared wi th t h e  roo t s .  The sh o o t s  u s ual ly had abo u t  1 t o  3% o f  

the  t o t al radioactivity  b u t  35-80% o f  t h e  f r e e z e-dri ed wei gh t . 



I n  general , t h e  � e tio l e s  as  well as the l e aves showed a c t i vi ty .  

Most  o f  the  l eaf rad i o a c tivity was a t  t h e  edges as shown in t h e  

en largement ( Fi gur e I V- 3 ) and was o ft en a t  high e r  c o n c entrations 

in the  veins of  the l ea v e s  than the in t er- veinal areac , though 

o c c asionally this s e ems to  b e  r e v e r s e d  as in t h e  lower l eaves  o f  

Figure I V-Lt . Old e r , d ying l eaves , such as the  upper one  in Fi gur e  

IV-4 a r e  m o s t  radioa c ti v e  a t  t h e  v ery ed6es , b u t  h a v e  blo t ch e s  

d i s t ributed unevenly o v e r  mo s t  o f  t h e  l e a f .  

T o  ensure that  t h e  f r e e z e- drying o f  t h e  plan t s  d i d  n o t  play 

any part in the  mo vement  of  
? 1

C r  to  th e edges of  t h e  l eaves , a 

further  experimer.t  was c a rri ed ou t . These  plan t s , which  were  

fed similarly to  the ab o v e , had the  l eaves s epara t e d  from t h e  

p e t i o l e s  and from e a c h  o th er b e fore  freez e-dryi n g ,  b u t  radioauto-

graphs showed i d en ti c al f e atures  t o  t ho s e  d e scribed  above . 

( iii ) Un t ak e S tud i e s  

A . t . d t . . .5 1 c 3+ 
d n exper1men was carr1e  ou , a ga1n c o mp a r1ng r an 

5 1
c rO 

2-
, but  also c omparing t he amoun t o f  

? 1
cr tran s l o c a t e d  to  't 
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t h e  s h o o t s , as a func tion  o f  the  ac tivity in the ro o t s , for d i f f erent 

l engths o f  time of  f ee ding  the 
5 1

c r  solution . T h e r e  were four groups 

of  fi ve plan t s  ( 27 

5 1
cr

3+ 
and t wo f ed 

d ays old ) 

5 1 c 0 
2 -

r 
Lt • 

in the exp e rimen t ,  t wo groups were fed 

Eac h  of the  plan t s , whi c h  had b e en 

chosen for uni formi ty , was washed in d i s t i l l e d  wa t er fo r two hours 

and then each  group was plac ed in a solution c ontainin8 7 50;UCi o f  

5 1
c . r J..n 30 mls o f  d i s tilled wa t e r .  O n e  group of  fiv e  plan t s  was 

5 1  3+ 5 1 2-
r emo ved  from each  o f  the C r  and C rOLt solution s , a f t e r  2 hours 

and the o t her groups a f t er 1 2  hour s , each b eing  t h en washed  a nd f r e e z e-



Fi g .  I V  - 3 .  En large d  radi o aut ogra�h o f  red  c lo ver 

l h · 5 1 c ct · t · · t · t h  · eaves s owlng r ra l oac l Vl y ln e vel ns .  



Fi g. IV  - 4 .  Enl ar ged radi o a u t o graph o f  red clover l eaves  

showing 
5 1cr radi oac ti vi t y  in  int erveinal regions of  

lower l e af and accumulations at  margins and  in  i slands 

in the u�per ( senes c ent ) leave s .  
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d ri ed . T h e  dried  p l an t  mat eri al was weighed and t hen  c oun t ed o n  

plan c h e t s  i n  t h e  au toma ti c  s ampl e c h anger . 

Tab l e  I V- 1 ( a )  p r e s en t s  t h e  r esul ts  and Table  I V- 1 ( b )  gi v e s  

values o f  S tudents ' t ' comp u t e d  from � h e  sho o t i ro o t  r a t i o s  by 

c omparing groups o f  fi v e  plan t s  wi t h  e a c h  o th er .  T h e s e  tab l e s  show 

t hat t h ere were no di f f eren c e s  ( indi c a t ed by t < 2 . 3 1 )  b e tween t h e  

shoo t : ro o t  ratios o f  ac t i vi ty o f  t h e  two s e t s  o f  plan t s  f e d  5 1 c r , 

ei ther  on a basis o f  t o t al c oun t s  per p ar t  o f  the  plan t , or  o n  s p e c i f i c  

ac tivi ty . However , f o r  the  plan ts  fed  for 1 2  hour s , a valu e  o f  

t ) 3 . 36 shows t hat o n  a spe c i f i c  ac tivity  b asi s t h er e  was a d i f f e renc e ,  

signifi c an t  at t h e  1% l evel , b e tw e en t h e  two groups o f  plan t s  fed  

d i fferen t forms of  c hromium . Similarly , on a t o t al c o un t  basi s , 

t here was a signi fi c ant  d i f f eren c e  at t h e  5% level . 

I n  all c ases , c ompari son o f  t h e  two hour f e e d i ng wi th t h e  

t welve hour f e e ding ,  s hows t ha t  1 2  hours allowed mo r e  ac t ivi ty t o  

b e  i n c o rpor a t ed in  a l l  par t s  o f  t h e  plant . Thi s  i n c rease vari e d  

f rom about 1 0% i n  t he c r3�- f e d  roo ts  t o  200% i n  t h e  Cr3• - fed sho o t s , 

wi t h  t he r o o t s  and shoo t s  o f  t h e  plan t s  suppli e d  wi th Cro4
2-

i n t ermediat e in value .  T h e r e  were signi fi c ant i n c r e a s es i n  t h e  shoo t : 

r o o t  ratios in most c a s e s .  T h e s e  showed t h a t  mo r e  o f  t h e  5 1 c r  was 

able  to be t ranslo c at e d  if allowed time . I n  all c as e s  the  r ad i o-

a c tivity  i n  t h e  sho o t s  was b e twe e n  0 . 1 and 1 . 1  p e rc e n t  o f  t h a t  i n  

t h e  roo t s .  

T h e  plants fed c r3+ fa� 1 2  hours had a shoo t : ro o t  ac t i vi ty 

ratio , o f  e i t he r  t o tal c oun t s  o r  o f  s p e c i f i c  ac t i vi ty , whi c h  was 

2-about t wi c e  that o f  t h e  plan t s  f e d  C ro4 fo r t h e  same time . T h i s  

was mainly due to an i nc r e a s e  i n  t h e  a c t i v i t y  o f  t h e  roo ts o f  t h e  

c hromat e - f e d  plan t s , r a t her t han t h e  i n c reas ed t ransl o c ation  to 

t h e  shoots b y  t he plan t s  fed c r3+ whi c h  also o c curred . ) However , 



To tal CrO 2-
Ac tivi ty '+ 

( c/m ) c r 3+ 

S p e c i fi c  CrO 2-
Ac tivi ty 't 
( c/m/mg) cr 3+ 

Comparing : 

wi th : 

To tal Ac t i vi ty 

·1 1 1  

Tabl e I V  - 1 

a )  CHROMI UM- � 1  RADIO ACTI VITY I N  CLO VER 

( Ea c h  val u e  is  t h e  mean of fi v e  plan t s )  

I 2 h o urs 12 hours 

I ' Sho o t s  Roo t s  Shoo t/Roo t j Shoots Ro o t s  Shoo t/Root  
I 

3Lt47 8 6 6 . 3x 1 03 Lt . 0 2 x 1 o - 3 7 '5 38 1 226 . 8 x 1 0 3 

2 9 0 1  7J.t2 . 3x 1 o 3 Lt . 1 0 x 1 o - 3 90 5 5  8 6o . 8 x 1 o 3 

50 . 66 33 . 09 x 1 o 3 1 . 50 x 1 0 - 3 8 6 . 54 '5 2 . 6 5x 1 03 

35 . 78 2 3 . 30x 1 0 3 1 . '1 5 x 1 0 - 3 9 '5 . 1 0  26 . 28 x 1 0 3 

b ) VALU ES OF STUDE1 T '  S " t "  :?O R COHPAin SONS 

( Fo r  8 d egre es of f r e edo m ,  cri ti cal val u e s  o f  

" t " are '5% 2 . 3 1 ,  1% 3 . 36 ) 

6 . 1 3x 1 o- 3 

1 0 . 8 3x 1 o - 3 

1 . 6 9x 1 0- 3 

3 . 7 9 x 1 o - 3 

2 h r .  c r 3 ... 1 2  hr . c r 3+ CrO .  2- 2 h r .  c r3+ 2 h r . Lt 
2 hr . C ro4 2- 1 2  h r .  C rO 

2- C ro
4 

2- 1 2  h r . ·3+ 1 2  hr . C r  
'+ 

o .  14  3 . 2 9 2 . 97 '+ • 9 1 

Sp eci fic Ac t i vi ty 1 .  08 3 . '50 0 . 7 6  3 . 8 3 



these  result s  agree wi t h  the o b s er va tions  o f  r ad i o aut o grap h s  whi c h  

showed l e s s  a c t i vi ty i n  the c hromat e - f e d  shoo ts . 

The abo ve c ompariso n s  d epend on uni formity  o f  t h e  pl an t s  

b e twe en t h e  groups c ompared . No si gni fi c an t  di f f e r en c e s  b e tween 

t h e  weigh t s  of  the s e  groups of  plan t s  were d e tec t ed b y  ' t ' t es t . 

The d i f feren c e s shown here b e tween the  plan t s  whi c h  were fed 

Wl.. th 5 1
cr3+ and th f d 5 1 c o 2- t · t ' th t h  o s e  e r 4 are n o  1.n  agre emen w1. e 

o b s ervations of  Bourque � al ( 1 967 ) . Th eir c u t  whe a t  r o o t s  

1 1 2 

5 1  3+ s howed a d ec rease o f  93% in t he up t ake  o f  Cr f e d  as C r  ( prod uc ed 

2 2-b y  treating t h e  Cr04 
- wi t h  ascorb a t e )  c ompared wi t h  C r04 • The 

r em aining 7% they a t t ri bu t e d  to absorp tion of  cr3+ on the  cut  surfa c es , 

so that t h e  a c tual up t ak e  o f  c r3+ i s  n e gl i gi ble . This i s  s hown here  

no t to b e  true i� the c as e  o f  c lo v e r s  whi ch are  abl e  t o  absorb and 

t ransl o c a t e  to the l e a v e s  subs t an ti al amoun t s  of bo t h  C r3+ and 

2-Cr04 • More especially , the  cr3+ form is apparently abl e  to b e  

2-t ransl o c a t e d  t o  t h e  sho o t s  more r eadily o r  faster  t han is C rO ,  � 
over a 1 2  hour p eri od , b u t  5 1 cr3+ i s  l e s s  abl e  t o  b e  ab sorb ed by 

t h e  roo t s  than is 5 1
cro

4
2- . 

\ iv )  C h emi c al Fra c tionat ion o f  Clov ers 

Bourque e t  al ( 1 967 ) consid ered  tha t a l arge propo r t i o n  of  t h e  

5 1  . 
C r  whi c h  was t ak en up b y  wheat  s e ed ling ro o t s  in their exp e rimen t s , 

was bound to t h e  prot ei n s , b u t  t h er e  app e ar to be  no o th e r  r e f eren c es 

i n  t he li t erature t o  the  si t e  or ch emi c al s t at e  of  c hromium in  p l an t s  • 

. 

However , o t her  trac e e l ements  such a s  zinc  ( Di ez-Al t ar e s  and Bornemisza , 

1 967 ) , sel enium ( Pe t erso n and Bu tler , 1 962 , and o t h ers ) and iron and 

man ganese \ Ti f f en , 1 967 , and o thers ) have b e en studi e d  in m9re d e t ai l , 

and Bowen e t  al ( 1 962 ) s t udied a wid e range o f  elemen t s  i n  t omato es . 



To · s tudy fur t h er the  s t a t e  o f  binding o f  chromium in  c l o v e r , 

a suc c essive ext rac tion sys t em based  on that o f  Bowen e t  al . ( 1 96 2 )  

was used , as indic at ed in  Fi gur e I V- 5 .  Frac tions A and A 1 w e r e  

s epara t e d  o n l y  for shoo t m a t erial . Each li qui d frac tion was 

concentrated  und er vacuum in a rot ary fi lm evapora tor  at <�0°C ,  o r  

was f r e e z e-d ri ed .  These  c on c en t ra t es , and the residue , were 

t rans ferred to aluminium �r glass plan c h e t s  for ac t i vi t y  d e t e rmina-

tion . The au tomatic  sampl e c hang� r sys t em was u s ed to r e c o rd t h e  

time f o r  at  l ea s t  1 000 c ou n t s  t o  o c c ur . 

Some o f  t h e  sub s t an c e s  whi c h  o c c ur i n  the frac tions lis t ed 

i n  Fi gur e I V- 5 ,  a r e : 

A amino a c id s ,  lipi d s  

A1 organi c aci d s , p i gme n t s  

B ionic and polar c ompound s 

C ionic and polar c ompound s 

c 1 p e c t a t e s , pro t e ins 

D polar c ompound s 

D 1 n u c l ei c  aci d s  

E d e grad ed pro t ei ns , polys a c c hari d es 

F c e llulos e , l i gnin 

Twen ty clover  p l an t s  ( 35 days old ) whi ch had b e en s e l e c t e d  f o r  

uni formi ty , were d i vi d e d  into  two groups , and wer e  removed from t h e  

1 1 3 

n u tri e n t  solution . Af t er t h e  r o o t s  h ad b e en wash ed , t h e  p l a n t s  wer e 

t ransferred  into di s t i l l ed wa t er whi c h  c on t ained 350�Ci 5 1 c r  as t h e  

appropria t e  chemi c al f orm i n  30 m l  wa t er , s o  that 10  plan t s  r e c ei v ed 

sodi um 5 1 c r- c hrom a t e  and 10 re c ei ve d  5 1 c r - c hromi c  c h l o ri d e .  Fur th er 

water  was add ed as r e quired , and a f t er 2� hours m e t abolism i n  t h e  

5 1 c r  solution , t h e .  roo t s  were again wash e d  and t h en r e t urn e d  t o  t h e  

• 
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nutri ent s o lution for s ev en d ay s , a f t e r  which  t h e  ro o t s  were  washed 

and exc i s ed from t h e  shoo ts  for f r e e z e-d rying.  Thi s experiment was 

c arried o u t  c o n curren tly with t h e  radi o autographic s tudy . 

The r o o t s  and shoots o f  t h e s e  p l an t s  from two d i f f e r e n t  f e eding 
-

t re atmen ts , were th en sub j e c t e d  to the  above frac tionation sys t em , 

the re sult s  b eing sh own in Tab l e  I V- 2 .  

These re sult s showed t ha t  i n  par t i c ular , t h r e e  frac tions , 

A 1 , c 1 and D 1 c on tain e d  very small propor tions o f  th e radioac tivi ty . 

5 1  This indic at ed t h a t  no si gni fi c an t  amoun t o f  C r  was firmly b o und 

to e i th er the pi gm en t s , p e c t a t e s  o r  nuc l ei c  acid s .  However , 30- 50% 

5 1 o f  t h e  C r  was extrac t ed by e thanol and wat er and was pro b ably as 

small mol e cules . Thi s is  for t un a t e ,  sin c e  the so l u b l e  frac tion is  

the  simpl e s t  to  study furth e r . Also , espe c i ally in  the  shoo ts , 

another large amount o f  the  rad i o a c t i vi t y  was extrac t ed by hydro c hloric  

acid , probably as p o l ar mol e c u l e s  o r  i on s .  

Although t h er e  were no si gn i fi c an t  di f feren c e s  b e tween t h e  p l an t s  

fed  5 1  2 - 5 1 3+ Cro4 and thos e f e d  C r  , t h e r e  were gr eat e r  di f fe r en c es 

b e tween t h e  frac tionation pat t erns for the  shoo t s  and r o o ts , t h e s e  

2-differen c e s  b eing similar for b o t h  tho s e  f e d  Cro4 and tho s e  f e d  

C 3+ r • In par ti cular t here was a muc h l ar ge r  prop o r t i o n  o f  water-

solub l e  5 1 c r  from the roo t s  than from the  shoo ts . Howeve r , thi s 

p a t t ern was r e versed in  t h e  hyd r o c hloric  acid  frac tion  ( C ) , so that 

when the e t hano l ,  wat er a nd hyd r oc hloric acid frac tions  were  c ombined , 

t he sum was b e tween 54 and 6 3% ,  i . e . all samples h ad si milar t o t al 

r eadily soluble frac tion s .  Ext r ac ti o n  b y  p erchlori c a c i d  also 

r el eased more 5 1 c r  from shoo ts  t han f rom roo t s ,  including more 

signi fic an t  portions in the  nucl ei c  acid frac tion ( D 1 ) .  



Tabl e  I V  - 2 

CHEMI C AL FRACTION ATION OF C HROMIUM- 5 1  I N  CLO VERS 

( Perc entage of c o un t s  r e c o vered ) 

Frac tion A A 1 B c c 1 D 

Solvent Ethanol Wat e r  HCl HCl04 

c r3+ 
Sho o t s  1 8 . 7  0 .  1 •  24 . 3  20 . 7  0 . '+  1 6 . 6  

f ed 
Roo t s  1 9 . 7 n . d .  30 . 1 6 . 9  1 . 9  '+ · 8  

• 

2- Sho o t s  1 5 . 3  0 . 3 • 1 5 . 3  24 . 3  0 . 6  1 3 . 8 
C ro

4 
fed 

Roo ts  1 6 . '5 n . d .  36 . 3  1 1 . 4 2 . 6  8 . 6 

D 1 

1 . 7 

0 . 33 

'5 . 2  

0 .  1 •  

• Ac tivi ty n o t  si�n i f i c a n t ly above  background 

n . d .  No t d e t ermi n e d . 

1 1 5 

E F 

N aOH 

1 2 . 9 4 . 6  

2 3 . 2  1 3 . 1 

1 9 . 6  ') . 5  

1 7 . 4 7 . 1 



The c au s t i c  s o d a  frac t i o n  ( E )  c on t ained app r e c i ab l e  amou n t s  

( 1 2- 2�% )  o f  5 1 cr su gge s ting t h a t  t his w a s  from d e grad e d  pro t ein s  

o r  polysac charid e s .  However , lit t l e  r adioac tivi ty r emained in t h e  

5 1 c 3+ r e sidue , wi th t h e  exc e p t i o n  o f  t h e  roo t s  from t h e  p l an t s  f e d  r • 

These  resul t s  c an b e  c ompar ed wi t h  t h e  work o f  Bowen e t  al 

( 1 96 2 )  who s tudi e d  e l e v en radioi s o t o p e s  i n  tomato l eaves . Exc e p t  

f o r  �0% o f  t h e  � 5 c a  i n  p e c t a t e s , n o t  mu c h  radioac t i vi t y  was found i n  

n u c l e i c  acid s ,  pro t ei n s  o r  s t ruc tural portions o f  t h e  plan t . F o r  

mos t e l em en t s , 70% o f  the ac t i vi ty was extrac ted  b y  e t h anol and 

hydroc hloric acid , although t h ey d id no t i n c lude  a wa t er extrac t i o n . 

I n  vi ew o f  the work o f  Bourque � al ( 1 967 ) whi ch sugge s t ed 

that  5 1 c r  was pred ominan tly b o und to t h e  pro t ein frac t ion , p r eparations 

were mad e o f  solub l e  pro t ei n s  and ri bonu c l e i c  acid ( RN A )  d i r e c t l y  from 

the ac t i ve tissue rathe r than by t h e  su c c e s s i v e  extrac t i o n  m e thod o f  

Bowen !! � ( 1 962 ) . Samp l e s  of th e p l an t  mat eri al from the up t ak e  

expe rimen t s  w e r e  ground a n d  h omogeni s ea i n  0 . 0 5 M t ri s-HCl b u f f e r  a t  

pH 7 . 5 ( t ri s = 2- amino -2- hyd roxym e t hylpropan e - 1 , 3-diol ) ,  a n d  th e 

d ebri s  spun d own . The supernatant was s e parated  i n t o  two e q u al 

vo lume s . 

O n e  hal f of t hi s  so l u t i o n  was u s ed to  s e par a t e  RNA by t h e  

me thod o f  Mou s t afa and Ly t t l e to n  ( 1 96 3 ) whi c h  required t h e  add i t i on 

o f  0 . 8  volum e s  o f  wat er- s a t u ra t e d  pheno l , b l endi n g  a t  1 ° C , followed 

b y  s e p aration by c en t ri fugat ion . The RNA was p r e c i pi t a t ed f rom t h e  
0 upp er l ay e r  b y  t h e  addi t i o n  o f  two volume s  o f  ethanol a t  1 C ,  and 

' s eparat e d  b y  furth e r  c en t ri fuga t ion . The o t her hal f o f  t he solu t i on 

was u s e d  to isol a t e  s o luble pro t ei n s  b y  p r e c i pi t a t i o n  wi t h  t ri -

c hlorac e ti c  acid ( TCA) . TCA was ad d e d  to t h e  buffer mrucin g  t h e  

solution �% w/w to pre cipi t a t e  pro t e in s , whi c h  we r e  spun d own . 
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This p r e c i pi t a t e was r e s uspend ed for �ashin g ,  c en t ri fuged , resusp e n d e d  

again in 5% T C A  solution , h e a t e d  for 30 min u t es at 50°C , c oo l e d  and 

spun a gai n . This last p r e c ipi t a t e  was c oll e c t e d  as pro t e i n s . 

The r e su l t s  of coun t i n g  t h e s e  p r eparations are pres e n t ed in 

Tab l e  I V- 3 .  Examin ation o f  t h e  t ab l e  shows for a l l  t i ss u e s  t h a t , 

although a large amount o f  t h e r ad i o a c tivity was so lubl e i n  t ri s  

buf f e r , t h e  pro t ei n s  c on t ai n e d  l e s s  t han 0 . 2 5% o f  t h e  to tal ac t i vi ty .  

The s e  resu l t s  a r e  qui t e  d i ff erent  from t h e  report o f  Bourque � al 

( 1 9 67 ) . 

( v )  The C h emi c al Form o f  C h romium- 5 1 i n  C l o v e r  

H . h l t l t h . f t d d 5 1 C rC 1 3 d N 5 1 C 0 1 g  vo age e e c  rop o r e s 1 s  o s an ar an a 2 r 4 
solutions showed t ha t ,  as expe c t ed , t h e s e  two fo rms are readily 

s e para t ed . Thi s c o uld b e  shown ei t h e r  by rad i o au t o �ra phy o r  by 

s c anning the  e l ec tropho r e t o gram wi t h  the  s c i n ti l l a t i on d e t e c t o r .  

Figure I V-6 shows t he e l e c trophor eti c pat t e rns a t  p H  5 . 3 .  The 

sodium 5 1 cr- c h roma t e  s o l u t i o n  shows a predominant · p eak o f  t h e  

5 1 c ro4
2- i o n , b u t  the  5 1 c r-c hromi c c hlorid e solu t i o n  shows fi v e  

pronounc ed p e ak s  o f  radi o a c t i v i t y . I n  ord er of i n c r e asing mobi li ty 

on e l e c troph o r e sis t h e s e  probably c o r r e spond to t h e  sp e c i e s : 

[ C r ( H20 �l 3 ] 0 ,  various i s o m ers ; t ran s- [ C r ( H2o ) �C l 2 ] + ; c i s- [ C r ( H 20 ) �C l 2 ] • ; 

[ c r ( H2o )
5

C l ] 2+ ; [ C r ( H2o ) 6 ] 3+ . 

5 1 Clover s , whi c h  had b ee n  f e d  C r  fo r 10 hours , and t h en r e t urn ed 

t o  nutri e n t  solu t i on fo r 5 days b e fo re harve stin g ,  w e r e  e x trac t e d  

wi t h  80% e thanol a s  fo r t h e  firs t s t age . o f  t h e  frac ti ona tion exp eri -

m en t s .  T h e s e  extrac t s  w ere c on c en t r a t ed i n  a ro t ary film e vaporator 
0 a t  less t h an 40 C .  Samp l e s  were sub j e c t e d  to  el e c t ro p ho r e s i s at 

pH 7 . 3 ,  in pyri din e - ac e ti c  acid b u f f e r .  



Tab l e  I V  - 3 

CHROMIUM- 5 1  RAD IOACTI VI TY I N  PROTEIN AND RNA FRO M C LO VER 

( Perc e n t a ge of t o tal  ac t i vi t y )  

c r3+ f e d  

C rO 2- f e d  Lt 

Shoo t s  

Roo t s  

Shoo t s  

Roo t s  

S o l u b l e  
a t  pH 7 .  5 

Lt 5 .  9 

37 . 7 

'50 . 6  

27 . 3  

RNA 

2 . 6  

9 . 9 

6 . 9 

6 . 5  

Perc en t a g e  o f  original a c t i vi ty 

Pro t ei n  

0 . 1 8 

0 . 20 

0 . 1 9 

0 . 22 

1 1 8 



a 

L 

b 

1 0 5 0 + 5 1 0  c m 1 5  

1 Fig . IV - 6 . · . Patter:n. of 51 c r  rad.:i.o activity aft e r  pH 5 . 3  e le c t:::-�pncre s i s . 
2-a) Standard C ro

4 
• 

b)  S t andard C r3 +. 
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Figu r e  I V-7 shows t h e  rad i o ac tivi ty d i s tribu t i on o f  s om e  o f  

t h e s e  e t hano l  extrac t s .  O th e r e x t ra c t s  d i d  no t c o n t ain s u f fi c i e n t  

radioac tivi t y  to ob t ai n  a meaningful s c an p a t t ern . T h e  e th an o l  

ext rac t s  o f  c l over roo t s ,  bo t h  thos e f ed c r3+ and tho s e  f ed C ro� f- , 

c on tained c o mpound s whi ch were ani onic a t  pH � . 3 , b u t  were no t t h e  

s am e  a s  chroma t e ,  . al thou gh i t  app e ared t h a t  chroma t e  was al so p r e � en t  

i n  relatively small amo un t s .  

The ma j or c ompon e n t ,  h e r e  c al l ed c ompound B ,  m o v e d  a t  a s l o w e r  

r a t e  tha n c h roma t e , and an o t h e r  peak , compound A,  o c c urred i n  some  

e l e c tropho r e t i c  patt erns . C ompo und A ,  whi c h  was n e arer t h e  origin 

t han compound B,  was in variably a t  a l o wer l e vel of ac t i vi t y  than 

was B .  Nei ther o f  t h e s e  comnounds i s  as y e t  i d en t i fi ed ,  al though 

b o th app e ared to b e  also  p r e s en t in manuka ( s e e  l a t e r ) . 

A fur t h e r  experi m e n t  u s e d  c lo vers ( �0 d ays o l d ) whi c h  were f ed 
5 1  2-

8 CrO
� 

for � hours b e fore b eing h ar v e s t ed . 

o f  0 . 2 ppm c h romi um s o l u t i o n  was supp li e d  t o  fi ve p l an t s .  T h e  

l e aves w e r e  s eparated  f rom t h e  p e ti o l e s , and each o f  t h e  l e aves , 

p e tiol e s , and roo ts w e r e  ext rac t e d  wi th boiling 80% e thanol . T h e s e  

ext rac t s  were c o n c e n t ra t e d , th e l e af and n e t i o le e x t r a c t s  were 

d i ssolved i n  wa t e r and e t h e r  and t he e t her l ayer d i s c a rd ed ,  as t hi s  

h ad b e en shown t o  c o n tai n  n e gl i gi b l e  amo un t s  o f  5 1 c r  ( T ab l e  I V- 2 ) . 

The c on c en t ra t e s  were t h en el e c trophoresed  a t  pH 5 . 3  and Fi gu r e  I V-8 

shows s c ans of the rad i o au t o graph p a t t erns of th e s e  el e c t ropho r e t o gram s . 

Thes e p a t t erns show t ha t , al though t h e  d i f f e r ent p a r t s  o f  t h e  plan t s  

c on t ai ned di f ferent amounts o f  ac t i vi ty , compound s A a n d  B w e r e  b o th 

p r e s e n t  i n  e ach p ar t . 
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4 .  EXPERIMENTS WITH PLANTS FROM THE M I N ERAL B ELT 

I n  May 1 966 , sev eral small plant s  o f  t h e  spe c i e s  studied  in 

Par t I I I , to ge ther wi th a quan t i ty o f  soil , were coll ec t ed from 

near the Dun Mountai n  Tramway ( Si t e  1 5 ,  Fi gur e I I I - 2 ) , and were 
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b rought t o  Palmersto n  North . All samples o f  the  spe c i es end emic to 

the Min eral Belt  were  then po t t ed into  s erpen tin e soi l , but  

N o t o t hlaspi aus t ral e and Myosotis  monroi plan t s  fai l e d  to adap t . 

However , Pim el ea sut eri , a woody plan t . was able t o  c o n ti n u e  growi n g . 

Half o f  t h e  sampl es  o f  th e o t h e r  t hr e e  spe cies , H e b e  odora , Ca ssinia 

vauvilliersii and the manuka L ept osp e rmum scoparium w e r e  also po t t ed 

into  serpen tine  soil . The o t h e r  samples were po t t ed into  a soil 

c onsisting o f  four parts o f  Manawatu sil t-loam t o  on e par t  of pumic e .  

All the s e  plan t s  were kept  in  a glass-house and wa t er e d  as r eq uired . 

After  a y e ar , t he re were some  qui t e  n o ti c eable d i f feren c es 

b e tween the  growth o f  plan t s  p o t t e d  in d i f f e ren t soi l s . Tho s e  plan ts  

that  were in  the Manawatu soil h ad grown much mor e  than had  t h e  others 

in s erpen t i n e  soil , where o ft en no i n c r e as e  in  siz e  was vi sibl e .  This 

differen c e  was mos t n o t i c eab le  for t h e  manuka , whi c h  in  serpentine  had 

n o t  grown app r e c iably , although wi th th e plan t s  in  Manawa t u  soil som e 

branches  had grown b y  mor e  than 10 ern . 

Howe v e r , wi th a limi t ed numb er o f  these  specimens available  for 

experimen t ation , only gen eral t rend s and observations c an b e  consi d e r ed 

signific an t  in  the  t ranslo c at i o n  expe rimen t s .  

( i )  Tran sloca tion Experim e n t s  

S ev eral plan t s  whi l e  gro wi n g  in  t h e  glass-hous e , w e r e  s tud i ed f o r  

e vid enc e  o f  t ranslo c ation o f  5 1 c r .  



T wo methods o f  f e e di n g  were u s ed ; 

( a ) Some plants ( r e f erred  to l a t er as " s t em f ed 11 ) had a sma ll 

cut  mad e  on t h e  s t em o f  the plan t  to  r emove b ark and e xpo s e  the 

xyl em . To this c u t  1 JU1 o f  sodium c h roma t e  s o l u t i o n  c o n t aining 

0 . 007�g C r  and about 1 JUCi � 1 cr wa s appli e d  d ai ly wi t h  a gl ass 

m i c ropi p e t t e .  

( b )  The o t h e r  p l an t s  were  " ti p  f ed 11 •  For H .  o d o r a , this 

invo l v e d  punc turing t he t erminal leaf bud and in j e c ti n g  into i t  1 �1 

o f  5 1 c r  soluti on . For t h e  o t her sp e c i es , ma nuka ( L .  sc oparium ) ,  

C .  vauvilli ersii and P .  s u t e ri , t h e  a pi c al t i p  wa s c u t  o f f  ( un d e r  

wa t er t o  preven t d rying o f  t h e  v e s s e l s ) and t his t i p  wa s t h e n  dipped 

into a 1 ml b eake r  c on t ai n in g 10�1 of 5 1 cro�
2- solution and 1 ml 

of di s ti l l e d  wat e r . This s ol u ti on was ren ewed d ai ly . During a 

p eri o d  o f  ho t weather , i t  waE found n e c e s sary to r e pl enish t h e s e  

1 2 1 

b e ak er s  wi th water i n  t h e  mo rning i n  a d d i t i o n  to r eplacing t h e  solu tion 

every a ft ernoon . A t t h e s e  t im e s too , wa t e r  was also app l i e d  to t h e  

cut  sur fac e s  o f  t h e  o t h e r  plan ts in a n  a t t emp t to p r e v e n t  exc essi v e  

surfac e dryi n g .  

5 1 Th e s e  p l an t s ,  a f t er 1 6 months i n  the glass-ho u s e , were f ed C r  

d ai ly f o r  . 14 d ays . Th en , 1 9 daye a f t er t h e  ini t i al f e eding each 

plant was c u t  a t  the soil su r fac e ,  the roo t s  were w a s h e d  f r e e  of soil 

and the who l e  plan t mat eri al was f r e e z e - d ri e d . Wo ody plan t s  were  

c u t  into  s e c tions , c a r e  b e i n g  taken t o  k e e p  th e pi e c e s  in t h ei r  

c orrec t relative p o si ti o n s . 

A f t e r  dryi n g ,  t h e s e  plan t s  were p r e s s ed and gl u ed on t o  paper 

and t h en radioau t o grap h e d  fo r 8 d ay s . The radioau t o graphs o f  t ho s e  

p l an t s  whi c h  showed mo v emen t o f  5 1 cr a r e  sho\vn in Figu r e s  I V- 9  t o  

IV- 1 6 ,  t o ge th e r  wi t h  pho t o graphs o f  t he d ri e d  s p e c i m en s . I n  some 



1 2 2  

c as e s , d e t ai l  has b e en los t d uring reproduc tion . Arrows show t h e 

f 1 .  · f h 5 1 c 1 · point o app 1 c at 1 o n  o t e r s o  u t1on . Th e r esul t s  are d i s c u s s e d  

fo r e a c h  s pe c i e s .  

( a )  C assinia v auvilli e rsii 

Of the four samp l e s  fro m  s er p en t i n e  s oi l , t wo were tip fed and 
. ' 

two were � em f e d , but  n o  ac tivi ty was o bs e rved o t h e r  than at t h e  

p o i n t  o f  applic a ti on . Four simi l ar plan t s  which h ad b e en growi n g  

o n  Manawatu s o i l  were  similarly f e d . O n e  o f  tho s e  whi c h  was ti p 

fed , showed n o  movement b u t  the o t h er sho wed sli gh t ac t i vi t y  spre ading 

d own ab ou t � cm from t h e  tip . T h e  two pl an t s  whi c h  were s t em f e d , 

howev er , showed ac t i vi ty in b ranch �s abo v e  t h e  poi n t  o f  appl i c ation , 

as in Figure I V- 9 . No ac ti vi t y was o b s e r v ed in any roo t s .  Th e 

radioau t o graph sugge s t s  that 5 1 c r , wh e n  app li ed to  a c u t  in t h e  s t em ,  

i s  not  mo ved ar ound t h e  s t em but a s c en d s  o n ly on t h e  s a m e  sid e o f  t h e  

s t em as the c u t , and i n t o  t h e  bran c h e s  fed  b y  th e s e  xylem v e s s el s . 

Also i t  appe ars t h at 5 1 cr i s  n o t  r e adi ly moved from t h e  t i p  d ownwards . 

( b )  H e b e  odora 

As wi t h  t h e  C .  vauvi lli ersi i , four p l an t s  were taken from each 

soil ty p e , and t wo of  each w er e  tip fed and t wo were  s t em fed . For 

only two plan t s  was t h e r e  ac tivity vi sibl e o t her t han a t  the poi n t  o f  

application . A tip- fed plan t ( Fi gu r e  I V- 1 0 )  from s er p e n t i n e  soil 

showed that some o f  t h e  a pi c al l ea v e s  had 5 1 cr ac t i vi ty e sp e c i ally a t  

t h e  ed ges . During t h e  c ourse o f  t h e  t r e a t m en t ,  t h e  api c al bud whi ch 

was b eing f ed , had opened , and the ac t i v e  l eaves may b e  m erely t h o s e  

whi ch h a d  b e e n  i n  c on t ac t wi th t h e  f e eding soluti o n . Th e o t h e r  

r ad i oautograph ( Fi gure I V- 1 1 )  i s  o f  a p l an t from Manawa t u  soil , whi ch 

was s t em f ed , like t h e  C .  vau vi l l i e rsii ( Fi gure I V- 9 )  i nd i c a ti n g  



5 c m 

Fi g.  I V  - 9 .  Cassinia  vauvilli ersii from Manawatu soil . 
7 1cr applied  t o  t he st em . 

Upper pho t o grap h .  Lower : radioau t o graph . 



5 cm 

Fi g .  I V  - 10 . Hebe od ora from serpen tine soil . 
5 1

cr in j e c t ed into the  l eaf  bud . 

Le ft pho t o graph . Ri ght : radi o au t o graph . 



5 cm 

, 

• 

Fi g .  I V  - 1 1 .  H eb e  o do ra from Man awat u  s o i l . 
? 1 c r  appli ed t o  t h e s t em .  

Upper pho t o graph . Lower : radioau t o graph . 
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5 1 movement o f  C r  up t h e  s t em o n  th e si d e  o f  t h e  p l an t  wh e r e  t h e  

rad ioiso t o p e  wa s app l i e d . Again no a c t i vi ty was o b s erved in an y 

ro o t s .  

( c )  Lept o spermum s c opa ri um ( manuk a )  

Two plan ts from s er p en t i n e  s o i l  were  t i p f ed and rad i o au t o grap hs 
5 1  showed t ha t  C r  was ab l e  t o  mo ve only a few c en ti m e t r e s  down t h e  f ed 

s t em ,  i n  the case o f  a si n gle-s t em plan t , o r  down a bran ch an d up 

o t her b ran ch es . Two o t h e r  plan t s  fro m s er p en t in e  soil were f ed 
5 1 c r  a t  a c u t  s t em and bo t h  showed s l i gh t  movem en t o f  the ac t i v i t y  

u p  t h e  s t ems as i n  Fi gu r e  I V- 1 2 .  O f  tho se whic h had b e en gro win g  

i n  Manawat u  soil , one  o f  th e t i p  fed  s p e c imens showed ac t i vi ty i n  

m o s t  l eaves from the f e d  s t em - t i p  to i t s  b as e ,  as shown in t h e  rad i o -

autogr aph in Fi gure I V- 1 3 ,  al though t h e  o th e r  sh owed a c t i v i t y  n o t  

more t han � cm f ro m  t h e  point o f  appli c at ion . T h e  o n e  s ampl e from 

this soil whi ch was s t em f e d , showed movem ent of rad i o ac t i v e  m a t e ri al 

up t h e  s t em and into t h e  bran c h e s  on t h e  si d e  o f  t h e  s t em abo ve t h e  

c u t  ( Fi gure I V- 1� ) .  

There were c onsid erab l e  d i f f e r en c e s in the morpholo gy o f  t h e s e  

manuk a plan t s  b e c au s e  so m e  o f  t h e s e  wer e in Manawat u  s oi l  fo r o v e r  a 

y ear allowing a more norm al ra t e  of gro wt h , wh i l e  o th e rs c o n ti nu e d  a 

relativ e ly s tun t ed r a t e  in s erpen t in e s o i l . Also some o f  t h e s e  

plan t s  w e r e  a t  some s t a g e s  in f ec t ed wi t h  manuka blight { Eri o c o c c us 

o rari ensis Hoy ) whi ch spraying did not c ompl e t ely e radi c a t e .  Howev er , 

i n  general th e r e  d o es n o t  appe ar t o  b e  any maj o r d i f f erenc e i n  t h e  

p a t t erns o f  ac tivi ty b e tween th e manukas gro wing i n  s er p en t i n e  soil  

and  tho se in Manawa t u  soi l .  



. .  

• 

5 cm 

Fi g .  I V  - 1 2 .  Lept o spe rmum sc oparium from s erpen t i n e  soil . 
5 1 c r  applied t o  t h e  s t em . 

Left  : pho t o grap h .  Ri gh t : rad i o au t o graph � 



Fi g .  I V  - 1 3 .  L ept o spe rmum s c opar ium from Man awa tu soil . 

Tip o f  a b ranch d i p p e d  i n to 5 1 c r  s o l u t i on . 

Upper : pho t ograp h .  Lower : r ad i o a u t o graph . 



Fi g .  I V - 1 '+ .  

L e f t  

' ·  

.. 

•. '· · 

Lept o spermum s c opari um from Manawatu soil . 
� 1 cr app li ed t o  t h e  s t em .  

pho t o grap h . Ri gh t  : rad i o au t o graph . 



( d )  Pim e l e a  sut eri 

All of t h e s e  small s hrubs were grown on sernentine  s o i l  to 

whi c h  t hey are en d emi c ( B e t t s  1 9 1 8 ,  C . J .  Burrows p e r s . c omm . ) .  

O n e  plant ( Fi gure I V- 1 5 ) ,  who s e  low e r  b r a n c h  dipped i n t o  5 1 c r  
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s o l u t ion , showe d mov ement o f  radio ac t i v e  c hromium i n t o  t h i s  bran c h  

and i n to and up t h e  mai n s t em o f  the p l a n t . Th ere  appeared t o  b e  

more a c ti vi ty i n  the l ea v e s  t han i n  t h e  s t em s , and 5 1 c r a c c umul a t e d  

a t  t h e  tips and e d ges o f  th e l eave s .  A similar plan t f e d  a t  t h e  

t i p  o f  a longer s h o o t  a l s o  showed m o v ement b ack down i t s  s t em and 

i n t o  9 th e r  branc h e s  and again 5 1 cr was c o n c en trat e d  a t  th e t i p s  o f  

t h e  l eaves . Th e third sp e cimen ( Fi gu r e  I V- 1 6 )  was s t em f e d  and 

showed mo re ac t i vi ty away from the p o i n t  o f  appli c a ti on than d id any 

o t h e r  plan t o f  the four s p e ci es s t ud i e d . Rad ioac t i vi ty was spr ead 

t hroughout most of the plan t an d a gain c on c en tra t e d i n  t h e  tips o f  

l e av e s .  Th e rad i o a u t o graph al so shows that mo s t  movement h ad 

o c c urr ed on the si d e  o f  t h e  s t em wh e r e  the c u t  was m ad e .  

( e )  Discussion 

In general t h e r e f or e , manuka ( L .  scopari um ) an d F .  s u t e ri appear 

t o  be abl e  to move 5 1 c r  more r e adi ly t han C .  vauvi l l i ersii o r  H .  o d o ra . 

This i s  c onsi s t e nt wi t h  t h e  analy ti cal d a t a  i n  Part I I I  whi c h  sho wed 

that  F. sut eri an d man uka have a muc h  high e r  average chromium c o n t en t  

and a higher plan t : so i l  ratio fo r c hromium t h an d o  t h e  o t h e r  two 

s p e c i e s . In all th e s e  plan t s  however , t h e r e  is the po ssibili ty o f  

i mmobili sation by ab s o rp tion o r  p r ec i p i t a tion at t h e  si t e  o f  appli c a-

tion , ei ther by plan t mat erial o r  soil parti c l e s  on the surfac e o f  

t h e  p l an t s . I f  this o c c ur s , t h en non -movemen t o f  5 1 c r  i s  n o t  an 

indi c a tion th�t c hromium cann o t  mov e in the pla n t . 
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Fi g .  I V  - 1 � .  Pimel ea s u t e ri from serpen t i n e  s o i l .  

The t ip o f  a lower bran c h  was dipped into  5 1
c r  s o l u t i on . 

Upp e r  : pho t o graph . Lower : rad i o au t o graph . 



5 cm 

Fig.  I V  - 1 6 .  Pime l e a  sut eri from s erpen t i n e  soil . 
5 1

c r  app li ed t o  t h e  s t em .  

Upper pho t o graph . Lower : radioautograph . 



( i i )  C h emi c al S tudi es 

Th e s e  exp e rimen t s  were c arried out o n ly on H .  od ora and 

L .  s c opari um , as n o  s u i t ab l e  specimens o f  t h e  o t h e r  spe c i e s  were  

avai l abl e .  

( a )  H eb e  o d o ra 

Four o f  t h e  plan t s  b ro u gh t  b ack from t h e  Mi n e ral B e l t  1 6 mon t hs 

p r e v i ously , and po t t e d in s erpentine  s o i l  had the soil wash ed from 

t h ei r  roo t s  and were t ran s f erred into a full st ren g t h  nutri e n t  

solu tion i n  t h e  gro w t h  c abin e t .  Fo ur p lan ts whi c h  had b e en p o t t ed 

in Manawa t u  soil were t re a t e d i n  a similar way , b u t  o n e  o f  t h e s e  d i d  

n o t  survi ve t h e  trans f er t o  s o l u tion c u l t ur e .  

Th e s e ven survi ving plants  were in nu t ri ent s o l u t i o n  c ul tu r e  

f o r  1 6 d ays , an d were th en washed and trans f erred i n t o  a s o l u t i o n  

c o n t aining 0 . 0 3 ppm c hr omi um a s  so dium 5 1 cr-chroma t e  ( �oo ;uci f o r  

1 2 5  

eac h o f  t h e  t wo gro ups o f  plan t s ) . A f t e r  2� hours i n  this s o l u t i o n , 

t h e  plan t s  were harve s t ed an d f r e e z e- d ri ed . 

Tab l e  I V  - 4 

CHROMIUM- 5 1  RAD I O ACTI VITY I N  HEBE ODORA 

( c/m/mg of d ry plan t )  

Soil  type 

S e rpen t i n e  

Manawatu 

Leaves 

0 . 08� 

0 . 32 

S t ems 

10 . 5 

0 . 27 

Roo t s  

7 8 9  

5 1 0 



I .C O  

Leave s , s t ems a n d  ro o t s  w e r e  all powd e r e d  s eparat ely . Indi vi d u a l  

plant vari a ti on was n o t ,  s t u d i e d  b u t  Table I V-� shows q ui t e  signi fi c an t  

di f f e r en c e s  b e twe en t h e  rati o s  o f  5 1 cr a c ti vi ty i n  t h e  roo t s , s t em s  

a n d  l e aves for p l an t s  from d i f f e r e n t  soils . Th e s e  r e sul t s  sugg e s t  

that  t h e  p l an t s  growing on s e rp en t i n e  s o i l  w e r e  mo r e  r e ad i ly ab l e  to  

5 1 t ran sport C r  to t h e  s t ems from t h e  ro o t s  but  found i t  more d i f fi cu l t  

to  mov e  5 1 c r  on -t o t h e  l e aves than d id t h e  plants grown i n  Manawatu 

soil . 

B e c a u s e  o f  t h e  v ery low a c ti vi t i e s  of th e l e a v e s  o f  b o t h  typ e s  

o f  H .  odora a n d  o f  t h e  s t ems o f  t h e  p l an t s  grown on Man awa t u  so i l , 

t h e s e  samp l e s  were n o t  s t ud i e d  fu r t h e r .  T h e  oth e r  s ampl e s  were 

c h emic ally f ra c tiona t e d usi ng the modifi c a tion of t h e  m e t h o d  o f  

Bowen !! al ( 1 9 6 2 )  i n  t h e  s am e  man n e r  a s  t n e  c lovers e arli e r .  T h e  

resul t s  o f  t h i s  are  shown in Tab l e  I V- 5 .  As befor e ,  t h e s e  resu l t s  

are re c al c ul a t ed on th e b a si s o f  c o u n t s  r e c o v ered , wh e r e a s  t h e  ac t u a l  

r e c o v e ri e s  w e r e  a s  f o llows : 

R o o t s  from plan t s  i n  Man awa t u  soi l 9't . 5% 

Ro o t s  from plan t s  i n  s e rp e n t i n e  soil 8 3 . 0% 

S t ems from pla n t s  i n  s erpen t i n e  soil 7 3 . 3% 

The low r e c o v e ri e s  c an n o t  b e  a c c oun t ed for b y  stati s t i c al vari ation , 

but i n d i c a t e  l o s s e s  d uring frac t i o n a t i o n . 

I n  gen eral t h e  mos t obvious in fo rmat ion f rom T a b l e  I V- 5  i s  t h a t  

mo st o f  t h e  rad i o ac t i vi ty i s  r emo ved only in the l a t e r  s t a ges o f  

ext rac t i on . This may , a t  l e a s t  i n  pa rt , b e  due  to  some o f  th e 

ac ti vi ty having b e en ab s o rb e d  b y  soil  parti c l e s . T h e  s t ems . howe v e r ,  

show a n  unusually hi gh p roportion o f  t h e  radi o a c t i vi ty soluble i n  t h e  

wa t er f r a c tion . 



Tab l e  I V  - ') 

CHEMICAL FRACTIONATION OF C HROMIUI'l- 5 1 I N  HEBE ODO RA 

( Perc en t age o f  c ou n t s  r e c o vered ) 

Frac tion A A 1 B c c 1 D D 1 
S o l ven t Ethan o l  Wa t e r  HCl HClO "+ 

S o i l  Type Part o f  Plan t 

S erpen tin e S t ems 1 1 . 5 0 .  1 • 38 . �.t  2 . 9  1 . 3 1 �.t . 7  0 . 1 *  

S e r p e n t i n e  Ro o t s  1 2 . 3 n . d .  1 3 . 1 6 . 8  0 . 1 ·  1 9 . 2  0 . 5 

Manawa t u  Ro o t s  .. .  8 n . d .  9 . 7  1 1 . 3 0 . 7  20 . 9  0 . 6  

• Ac t i vi ty n o t  signi fi c an t ly abo v e  background 

n . d .  No t d e t ermined  

1 2 7  

E F 

N aOH 
_i 
I 

1 6 . 8  1<t . 2  
I 

30 . 0  1 8 . 0  I 

37 . 9  14 . 1 
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Pro tein and RNA frac tions were also prepared as b e for e , and 

only the s t em pro t ein frac ti on  con t ain e d  any appreciab l e  qua n ti ti e s  

5 1  o f  C r  ( Table  I V-6 ) .  

Table  I V  - 6 

CHROMI U M- 5 1  RADIOACTIVITY IN PROTEIN AND RN A FROM 

H EBE ODORA 

( Perc en t age o f  to� al ac t i vi ty ) 

Soil  type Part  o f  Plan t RNA Pro t ein  

S erpentin e S t ems 0 . ? · 6 . 8  

S erpen tin e Roo ts  o . o ? •  0 . 2  

Manawa tu Roo ts  o . o 1 •  o . o 1 •  

• Not signifi c a n tly above b ackground 

Radi oau t o graphy of two of these  plan t s  showed no d i f f er enc es 

b e tween the  roo t s  which  had been in  Manawatu soil , and tho se which  

had  always b e en in  serpentine  s oil . 

Elec t ropho resis at  pH 5 . 3  was c arri ed out  wi t h  the  ethanol and 

wat er ext rac t s  from the  suc c essive  extraction separa t i on . These  

pat t erns were no t radioaut o graphed b u t  the  paper s t ri p s  were scanned 

using the c rystal scinti ll ation head . Bec a use of i n e f fi c i en t  

c ol limation of t h e  Y-rays , resolution on these s c ans ( Fi gur e I V- 1 7 )  

was f ar poorer than d ensitome t er s c an ning of  radio au t o graphs . 

Some o f  these  p a t t erns did no t sho w  any si gni fi cant conc entrations 



Fig . IV - 1 7 .  Pattern of 5 � cr  radio ac tivi ty e : e c  t:'op::-.orc -- � .:. ,  

. 5 1 0  G 2-Zxtrac t s  of s o:..l-crov::n ::eb e  cc-:.o:?. ... C:. fe.i �:::. t;:-_ vr .I 

( a ) Plant gro1m ir" s crpor/ci:1c s o ::. l  

( d) ?la�:-'.: gror:�: J.n ... anac:.:::..·.:·...: s o i l  

( c )  Pl;:�nt [.;rown i l·. : :a�-: ��·.'atu soil 

( g )  Plant gro�� in s eT? entine s o:. :  
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5 1 o f  Cr , but o t h e rs all showed some o f  the  ac tivi ty a t t h e  o ri gin 

and the rest as anion s .  

A p e ak , labelled  c o mpound B ,  b u t  whi c h  may b e  c hromat e ,  was 

p r e s en t  in t h e  wat e r  extrac t from s t ems o f  plan t s  wh i c h  had b e en 

growin g in serpentine  soil , and also o c c urr ed in t h e  wa t e r  and 

e thanol extrac t s  o f  t h e  sam e plan t s .  I n  additi on , th e wa t e r  ex t r ac t 

o f  t h e s e  roo t s  showed a f a s t  ani onic peak , c ompound C ,  whi c h  app e ar ed 

to  b e  t h e  t rioxala to c h roma t e ( I I I ) comp l ex ( s e e  la t er ) . 

Par tial  ana lys es o f  t h e  roo t s  o f  t h e  p l an t s  from th e s e  two s oi l  

typ e s  are gi ven i n  App e n d i x  3 .  

( b )  L ept ospe rmum scopa ri u m  ( manuka ) 

After 1 8 mon ths in a glass hous e in Palmerston Nor t h ,  s i x  plan t s  

from s e rp en t�ne soil and t h r e e  from Man awat u  soil were r emo v e d  from 

t h e i r  p o t s  and t h e  soil was washed fro m t h ei r  roo t s .  Exp e r i e n c e 

had shown that t h e s e  m anukas ·were n o t  abl e to survi v e  for very l on g  

i f  tran s f erred i n t o  a n u t ri ent s o l u t i o n  in t h e  gro wth c ab in e t . As 

a r e sul t ,  thes e plan t s  were plac ed dir e c t ly i n t o  a solution c o n t aining 

5 1 C r .  

This solution c on t ai n ed 0 . 00 7  M C a ( No
3

) 2 and 0 . 0 3 ppm t o t al 

c hromium a s  Na2
5 1crO� ( 1 50�Ci p er t h r e e  plan t s ) . A f t e r  �8 hours 

in t h i s  solution in t h e  growth c abin e t , t h e  plan t  ro o t s  were a gain 

wash e d , and the p l an t s  h ar v e s t ed and f r e e z e-dri ed .  When d r y , t h e  

l ea v e s  wer e s epara t ed f rom t h e  s t ems and s p e c i fi c  ac t i v i t i e s  w e r e  

d e t e rmined s epara t el y  f o r  l e av e s , s t ems and ro o t s .  

Th e results  ( Tab l e  I V-7 ) showed di f f e renc e s  i n  t h e  d i s t ribu tion 

of radioac tivity b e tween t h e  plan t s  grown in s erpen t i n e  soil and 

t h o s e  grown in Manawa tu so i l .  Th ere also app eared to b e  a si gni fi c an t  



Ta"ol e I V  -

C EROHIUI'-1- 5 1 RADIOAC 'l' I VI T-:: 

( · c tivity ( c/m/ 

Sample � S o i l  Typ e 
N o . :.eaves S t ems 

S erp ent ::.r. e  

Groap ( C.. .I 5 1  '{· . 2 5  67 . 6 7 

S 3  3 . 3 1 39 . 92 

s6 ...- . 0 3 3'5 . 28 

Group ( b )  S 2  3 . 8 2 '+ . 26 

SL� L.,� . 1 2 5 . 95 

S 5  2 . 9 9  6 . 5 5 

anawatu 

M1 2 . 76 

M2 I 1 .  8 3  0 . 9 

M3 2 . 27 Lt . 66 

7 

.!.. . : =<-... � -:�{.; .. 

g) 

o a t s  

"' 6 5 9 

1 '52 2  

1 501+ 

1 6 9 5  

1 27 9  

1 '51+0 

599 

5 94 

639 

-:'�OE SOIL 

Dry weigh t  

Leaves S t ems 

1 L:- 6  68 . 0  

226 9 5 . 6 

8 6 . 7  8 9 . 0  

1 28 4 1 . 5  

1 6L, 54 . lv  

'1 73 88 . 8 

7 5 3  L)- 1 7  

627 �..r 78 

887 786 

1 30 

( mg ) 

Roo t s  

221+ 

'·>·7 9 

1 9 3  

276 

Lt6 3  

�+87 

1 0 2 5  

1 1 28 
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d i f f er en c e amon g  t h e  p l a n t s  from s erp e n t i n e  soil , al lowi n g  t h e s e  

t o  b e  divi d e d  i n t o  t w o  grou p s . Th e s e  had l e af : s t e� : r o o t  

sp e c i fi c  ac t i vi ty r at i o s  as f ollows : 

S er p e n t i n e s o i l  ?lan t s  Gro up ( a ) - 4 3�-70 : 1 500 c/m/mg 

1 1  1 1  I f  1 1  ( b )  3 '+- 7 1 500 c/m/mg 

Manawa t u  s o i l  Pl an t s  - 2 1 - 5 600 c/m/mg 

Sin c e the plan t s whi c h  had b ee n  o n  Man awatu soil for · 18  mon t h s  

w e r e  mu c h  l a r g e r  t han t h o s e  from s erp en t i n e  soil , t h i s  may ac �o un t 

f o r  t h e  di ' f eren t r ad i o a c t i v i t y  r a t i o s  b e t w e en t h e s e  plan t s , b u t  

si z e  alo n e  c an n o t  b e  u se d  t o  expl ai n t h e  di f feren c e s b e t we en t h e  

t wo gro ups o f  s e rp enti n e - s oi l  plan t s .  

T o  o b t ai n  s u f fi c i en t  radi o ac t i vi ty for chemi c al f r a c tionati o n , 

s amp l e s  were c ombi n e d  wi thin t h e  t h r e e  divi sions ab o v e . Tab l e  

I V-8  shows t h e  r esu l t s  o f  c h emi c a l  extrac t i o n  b y  t h e  mo d i f i e d  Bowen 

m e t ho d , a s  for the clo v e rs .  C o n s i d e ring t h e  l e a v e s , t h e r e  was li t t l e  

d i - f e r en c e  b e t w e en t h e  two s er p e n t i n e  p l an t  group s . However t h e  

5 1
c · 1 f · · 1 t � M t · 1 1 1 b l  r 1 n  e a v e s  rom t n e  p a n  s �om anawa u s o l  was e s s  so  u e 

in b o i ling wa t er ( fra c t i o n  B )  b u t  m o r e  so i n  hyd r o c hloric a c i d  ( C ) 

a . d p � rchl o ri c acid ( D )  t h an i n  l eaves from plan t s  from s erp�n t i n e  

soi l . Chromium- 5 1 from t h e  s t ems o f  th e s e rpen t i n e  group ( a ) p l a n t s  

( t h o s e  wi th a r elatively high s t ern ac t i vi ty ) was l e s s  solub l e  i n  

b o iling wat er ( frac t i o n  B)  t han 
5 1

cr f rom th e s t e m s  o f  t h e  s erpen t i n e  

group ( b ) plan t s , wi t h  t h e  s am e  f rac t i o n  f r o m  t h e  Man awa t u  s o i l  s t ems 

b eing gre a t e r  agai n .  O th e r  f ra c t i o n s -howe v e r  w e r e  simi l ar for all 

samp l e s . C omparison wi th T ab l e  I V- 5 howev e r , sh o ws t h a t  v ery much 

5 1  
smal l e r  amoun t s  o f  C r  a r e  s o l ub l e  i n  b oiling e t ha n o l  o r  boiling 

wa t er from rn an uka s t ems th an fro t h e  s t ems of H . o d o ra . Wi t h  t h e  

roo t s ,  t h e r e  w e r e  f e w  d i f f er en c es b e tween t h e  ex t ra c t i o n  p a t t e rn s  

f o r  s erpen tin e soil ro o t s  and t ho s e  ac c lima t i s e d  t o  Man awatu s o i l . 



Tabl e I V  - 8 

C �-:E): :!: C !:.L F �-'-C ·:,:r 0 ::-.r t:l'I 0 N o ::' C5::<o,v;IL.I! :- 5 1  IN :1!.)JUKA 

FRm.i so ::::::. 

( Perc e n t age of  c oun t s r e c o vered ) 

Fra c t ion I •A . B c c
1 

D 

I 1 

S o l v e n t  ! Ethanol �Ja t e r  HCl EC lOlt 
J 

j 
1 Par t  0 Soil Typ e  

l Plc..:.:: t 

I L e av e s · 
Se rp en tin e  ( a )  1 . lt  0 . 1 ·  32 . 3  1 3 . 8 0 .  1 °  28 . 7  

S erpen t. in e  ( b )  1 .  6 0 . 2  37 . 8 '5 . 9  0 . 2  30 . 6 

.. an c.. .... v t u  1 . 2  0 .  1 "'  7 . 1 2 9 . 3  0 . 1 �  4 7 . 7  

S t ems Serpentine ( a )  1 . 2  n . d .  8 . 8  1 0 . 5  0 . 2  1 ) . 4-

Serpenti n e  ( b )  0 . 8 n . d . 1 6 . 2  1 0 . 2  0 .  1 "' 1 7 . 9  

Manawatu 0 . 5  n . d .  20 . 7  7 . 8 0 . 5 "' 20 . 6 

Roo t s  S erpen ti n e  2 . 7 n . d .  1 <t . 8 1 1 . 9 0 .  1 "'  2 2 . 1 

l'1anawat u 0 . 9  n . d .  9 . 2  1 9 . 0  0 . 1  2 2 . 2  

• Ac ti vi ty n o t  s i gni fi c an t l y  abo v e  background 

n . d .  N o t  d e t ermi n e  

1 32 

D
1 

E F 

l\ aOH 

1 .  0 1 7 . 4 5 . 2  

1 . 3  1 8 . 0 �.t . lt 

1 . 2  8 . 4  5 . 0  

1 . 1 36 . 2  28 . 6  

3 . 6 2�.t- . 7  2 6 . 5 

0 . 6 3 1 . 7  1 7 . 6 

0 . 2  1 5 . 8 32 . 4 

0 . 3 1 8 . 9  2 9 . lt 



The wa t e r  and e t h an o l  extra c t s  from the r o o t s  o f  t h e s e  p l an t s  

w e r e  e l e c t ropho r e s e d  a t  p H  ? . 3 . T h e  ac t i vi ty p a t  erns a r e  shown 

i n  Figure I V- 1 8 .  .11 p a t t e rn s  s howed t h a t  mo s t  o �  t h e  a c tivity 

i n  t h e  extrac t s  app eared a s  c ompound B ,  wi t h  mino r  amoun t s  only o f  

compound 
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Par t i al an alysi s o t h e  ro o t s  o f  t h e s e  p l an t s  from two t y p e s  o f  

soil are gi ven i n  •pp endix 3 .  Thi s shows mu c h  lower val u e s  o f  t h e  

t rac e el emen t s  chromium , i ckel a d c o b al t  i n  t h e  ro o t s from an awa t u  

so i l  t han in t h e  roo t s  o f  t h e  pla " t s  f r o m  s erpen t i n e  s o i l . Howeve r , 

t h e  l arge ash c on t en t  ( 1 7%) o �  the roo t s  from s erp e n t i n e  soil i s  

probab ly indi c a t i v e  o f  soil c o n tarninatio  • 



Fi g .  IV - 1 8 .  Pattern of 
5 1

c r  radioactivity after p:r 5 . 3  e l e c troprwre si s .  

Extrac t s  of ro ots of s oil-srovm manu�:n. p l ant s fed 5\::rc1:_2- . 
( n. ) Plant from s erpe ntine soil ethanol e xtrac t . 

(b ) Plant from s e rpentine s oil : v:at er extrac t . 

( c )  Plant frolil ;l;ann.watu s oi l  

( a) Plant frolil :::anawatu s oil 

( ) ( ) 5 1  2-e , f S tandard C ro4 

e thanol extrac t . 

wo. ter exh�ac t .  
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Figure IV - 1 8 .  
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5 .  Flj::::ITH. - 3XPER 

Earli e r  work , 

o the l a s t  sec tion 

the s erp entine area ; 

S T,\fiTH MANUKA , TOSPERMUM SCO PA�IUM 

( i )  I n � ro dL c ti o n  

l . l T I I )  . t "  5 1 c  ' d .  ana y t1 c a  P a r � � , an . e  _ s � u  1 e s  

�sid e r e d  thr e e  common � . digeno�s sp ec � e s  f om 

. o d o r a , C .  vauvilli e r s i i  ru d �anuka ( L .  s c o p a r ium ) . 

Tnese r esul t s  showc� tha t manuka was � l e  to ac c u .ul at e and t ran s l o c a t e  

c h romium t o  t h e  gr eat e s t  d e gree . Only for manuka we�e an y  s e ed s  

a vail abl e ,  and Mr D . � . Grant ( pe s .  c o mm . ) h a d  sh o �  th a t  t h e s e  s e eds 

c ould be germinated und e r  l ab orato ry co d� ti ons . 

T .us manuka was ' he mos t  sui tab l e  spe c i e s  for further s tudy . 

Hanuka s e e d s  unfortuna t el y  we::e no-c  availab l e  from t · . e  s erpentine 

area ,  but  s e eQ c ap sul e s  were c o l l e c t e d  from ma ture trees n ear the 

Ti itea Riv e r  t o  the  wes t  of  assey  Uni v ersity . T e s e  were air d ri ed 

and th  small seeds o b t ai ned . 

Th e previous wo rk on c l o v e r , had shown f ew maj o �  d i f f erenc e s  

5 1 
b e tween tho se plan ts  whi ch had b een f e d  C r  as c hrumi c chlori d e , and 

t ho s e  re c ei ving sodium c hroma t e . Thus i t  was d ec i d e d  that u s e  o f  

b o t h  t h e s e  forms for further exp e rimen t s  was not  j us ti fi ed . lmo s t  

a l l  the  experiments wi th  manuka d escrib e d  i n  thi s  s e c tion w e � e  c arri e d  

5 1  
o u t  using only N a2 Cr04 • 

( ii ) Cu l ture and F e e ding 

Manuka seedlings wer e c u lt u r e d  und er t h e  sam e c ondi tions as for 

c lover.  S e e d s  were s o wn on gl ass b eads d ampened wi h d i s till ed 

wat er . f t e r  14 d ays , some n u t ri en t  solution was add ed ,  and when 

28 . d ays old , s eedlings wer e t rans ferr e d  t o  po t s  c o n t aining a era t ed full-

s tren gth nu t ri e n t  solu tion . 



For f ee di n g  wi th radioiso t op e , t h e  roo ts o f  t h e  pl an t s  wer e  

washed  wi th d i s tilled wa t er a .d trans f erre 

in  d i stilled  wa t er . 

l . f 5 1 c  t o  � s o  u t � on o r 
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Partial analyses  o f  the a s h  of manuKa s eedlings ·�own i n  nutri en t 

solution wi thout any ad e d  c hromium , nickel or c o b al t , a r e  given i .  

Appendix 3 .  

( iii ) Upt ake o f  Chromi u� - 5 1  

�we 1ty plants  ( 74 d ays old ) were f ed a sodium chroma t e  solution  

wi t h  a chromium cont ent of  0 . 07 ppm . There wer e  four disnes each  

c ont aining five plan t s , an d ea ch wi th 200 yCi o f  
5 1

c r .  A f t e r  24 hours 

in t ' .is  solu tion the  plan t s  were wash e d  wi th di s ti l l e d  wat er , and were 

harv e s t e d  and fre ez e- dri ed . 

Two plants  were pressed  and t h e  radi o au t o graph o f  one  i s  shown 

in ::Ti gure I V- 1 9 .  As mo s t  o f  the  rad i o a c t i vi ty was in the roo t s , 

t, ' .ey were expos e d  only 1/1 ?0th o f  the  time  requi r ed to  exp o s e  t h e  

shoo t s . Howeve r ,  
5 1

cr i s  found in  t n e  sh o o t s , and as wi th  clover , 

i t  appeared to b e  c o n c en t rat e d  at the  e d ges o f  t h e  leaves . 

The  remaining eigh t e e n  plan t s  were assayed f o r  radioac tivi t y  

o n  t h e  au tomati c coun t e r ,  a n d  ac ti vi ti es , spe cific ac t i vi t i es and 

shoo t : ro o t  ratios c alculat e d . These  results  are p r e s e n t e d  in  T ab l e 

I V- 9 .  They again emphasi s e  that t h e  r oo ts contain e d  t he high er 

activi ty .  Alt hough t h e r e  were  di f ferenc es o f  t o t al up t ak e  b e t w e en 

the  ind i vidual plan ts , sp e ci fi c  a c ti vi t y  values vari e d  to a l es s e r  

ext en t . 

I n  a la t er exp erimen t ,  one  six-mon th-old manuka ( as in Figure 

I V- 2 8) was fed 7 mCi 
5 1

c r  as  e h  o�ic c hlori d e  ( 0 . 1 p pm t o t al C r ) 



F'i g .  I V  - 1 9 .  L ept o spe rmum s c opari um ( man uka ) from 

nutri e n t  c u l t u r e  s o l u t ion . 

L e f t  pho t o granh . Ri gh t : radi oau t o grap h . 



':' ab l e  I V  - 9 

CHRO��:Lu:•:- 5 1  R'.::no . .  C':'I VITY IN I·t�.NUKA FROM 

NUTRIENT SO�UTION 

( c ti vi ty in f r e e z e-dried oat erial ; 18 sampl e s ) 

Tot al J..c ti vi ty Ne an 
( c/m ) 

S t d . 

Sp e c i fi c  Ac t i vi ty Mean 
( c/m/mg )  

D e v .  

S td . D e v .  

S h o o t s  Roo t s  

20 . ') x 1 03 27Ltx 1 o3 

8 . 5x 1 o3 9 1 x 1 o3 

267 

Shoo t : Ro o t  rati o 

67 . 8x10- 3 

2 3 . 6x1o- 3 

1�t . 6x1o- 3 

Lt . 4x 1o- 3 
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for Lt8 hours . S p e c i fi c  a c t i vi t i es o f  l eave s , s t ems and roo t s  were 

d e t e rmine d  as  follows : leaf 10 . 3  c/m/mg , s t em . 5  c/m/mg , root 

1 01t00 c/m/mg . Howev er t n e  di f f e ren t c on d i tions o f  age a n d  f e eding 

5 1
cro 2-

Lt pr event d i r e c t  c ompa ri son wi th p l an ts : a · 

( i v )  Chemi c a l  Fra c t i o n a t i on 

The ro o t s  and s ho o t s  o f  p la n ts from the  above e xp erime n t  were 

powd ered , and were t h en sub j ec t e d  to  the sam e  chemi c a l  fra c t i ona t i cn 

m e thod as for clovers . The suc c essive  e xt rac tion sys t em modi fi e d  

from t h a t  o f  Bowen e t  � 1  ( 1 962 ) as in Figure  IV- 5 , g a v e  t he resul t s  

s hown i n  T ab l e  I V- 10 .  e c o v eri e s  o f  96 . 8% o f  the  shoot  a c t i vi ty 

and 89 . 3% o f  the inL� i al roo t ac t i vi ty were mad e .  

·,:hen t · e s e  r esul t s  a r e  c o  .par d wi th t hose  for th e clover 

( Table  I V- 2 ) ,  s ev eral m a j o r  di f fe renc es  are  observed . O f  no t e  a r e  

t h e  l arge propor tions o f  the rad i o a c t i vi ty in th e pe rchlo ri c  acid  ( D )  
. . 

and c au s t i c  soda  ( E )  frac t ions  from �he m anuka sho o t s . From t h e  

manuka roo t s  however , a very h i gh proportion ( 32% ) w a s  solub l e  i n  

b oiling 80% e thano l . Fur t h e rmo r e , n early 60% o f  t h e  5 1c r  was 

r e adily solubl e ( Frac ti ons A ,  B and C ) , ind i c ating t h a t  t h e  5 1c r  was 

n o t  tigh t ly b o und in m anuka ro o t s ,  c er! ainly less so  t han in the shoo ts . 

This root e th anol frac tion , whi c h  c o n t ained  the larges t amou n t  o f  

r e adily soluble 5 1 c r , was fur t h e r  studied  t o  d e t ermin e  t h e  c hromium 

c ompounds presen t , and i s  c onsi d ered in the n ext s e c ti o n .  

Prepar a tions o f  RN A  and o f  pro t ein as  f or t h e  c l o vers , wer e 

c arrie d  ou t on manuka shoo t s  and roo t s . The resul t s  in Tab l e  I V- 1 1  

show t ha t , as wi th  c l o vers a n e gl i gibl e proportion o f  t h e  radio-

a c tivi ty was associat e d  wi th the s e  frac tions . 



':.'able I V  - 1 0  

C HEMI CAL FRAC TIONAT I ON OF C HRO�I U M- 5 1  IN 

f-1ANUKA FROM NUTR I EN T  SOLU T I O N  

( Perc entage of coun t s  r e c o v e re d )  

I Frac tion A A B c . c 1 D D
1 

E � 

1 .r 

Solv ent Ethanol \'lat er HC l HClO NaOH '+ 

Shoo t s  9 . 1 0 . 4 � '5 . 8 3 . 0  0 . 2 � 38 . 5  0 . 7 38 . 8 3 . '5 

Roo t s  32 . '5  n . d .  1 �.;- . 3 1 2 . 8 0 . 6 1 6 . "5  0 . 3  1 5 . 3 7 . 7 

I 

.. Ac t i vi t y  n o t  si gni fi c an t l y  ab o v e  ba ckground 

n . d .  N o t  d e t ermined 



Table I V  - 1 '  

CHROMIUM- 5 1  RADIO��cT:::: VITY = :.r PROTEIN AND RNA 

( Pe rc entage  o f  to t al a c t i vi t y )  

Part o f  plan t RNA P::-o t ei n  

Sho o t s  0 . 1 2  (0 . 0 1  

Roo t s  o .  1 0  0 . 03 

( v ) The C h em i c al Form o f  C hr o mi um- � 1  in Manuka 

The boiling 8 0% e t hanol extra c t  o f  c hroma t e- f e n  manuka ro o t s  

1 39 

0 was conc entrated  u n d e r  vacuum at  < �0 C .  .li quo � s  o f  this c onc en trat e 

were sub j ec t ed t o  high volt a ge el e c t rophoresis a t  pH 5 . 3  as d e sc rib ed 

e arli e r .  d ensi tome t er s c an o f  t h e  radi o au t o gr a p h  o f  t h e  e l e c t r o ­

pho r e t o gram is shown in  Fi gur e I V- 20 . 
) 1  S t andard sampl e s  o f  N a2 CrO

� 

wer e elec tropho r e s ed simul t a neously and the p a t t e r n  produc ed i s  al so 

shown in the fi gur e .  

I t  c an b e  s e en t hat  mo �t  o f  the  radioac � i vi ty i n  the e x t rac t 

- 1  
wa s anionic a t  pH '5 . 3 , though some was imr.:obile , b u t t h e  / C r  wa s 

no t p r e s ent as 5 1 C r02- . Most  ( 't<t% ) o f  the ac t i v i t y  was c o n fi neC.  � 0  Lt 
a v e ry fast compound ( C ) , . wi t h  l e ss e r  amoun t s  in  o ther , c on fined  a r e as 

( A  and B )  whi c h  were slower than 
5 1

cr-c hromat e .  This patt ern was 

c o n s i s t ent for the e than o l  extrac t of all nutri en t  grown manuka plan t s  



a 

c 

Fig . IV - 20. 

c 

d 

- 0 + 5 1 0  c m 1 5  

Pattern of 51 c r  radioactivity after p� 5 . 3  elec trop�o�e sis . 

Extracts of roots of nutrient-grown illanuka fed with 5 1 c ro42- .  

( a) Ethanol extrac t .  

(b ) Water extract .  

( c ) ,  ( a) S tandard 5 1 c ro
4

2-



whi c h  had b een fed wi th 5 1 cr-sodium c hroma t e .  Howe v e r  the  boiling 

wat er extrac t of  the  same manuka roots  c on t ai n ed r e l a t i vely l ess  

( 26%) o f  t h e  mos t mob i l e  c ompoun� ( C ) than d id tne e t hanol ext rac t ,  

although t h e r e  were simi l ar a mount s  o f  c ompoun� B ( Figu r e  I V- 20 ) . 

To i d e n t i fy th ese c o mpounds b y  an i n s t rument al m e thod o f  

analysis or  by spot t e s t s , was c o nsid ered  v e ry d i f fi c u l t b e c au s e  o f  

t h e  extrem e ly low conc e n t ration o f  c hromi um present i n  the  p l an t .  

As a first  a t t ec? t , various . ixtures  o f  � � C r  and o rgani c ac i d s  

w e r e  mad e ,  samp l es o f  t h e s e  mixtures w e r e  e l e c tropho resed  at  p H  5 . 3 , 

and t h e  pat t erns c o mp � r e d  wi t h  t h o s e  o f  t h e  e thano l  extrac t .  S o lutions 

o f  c hromic c hl orid e ,  chromic sulpha � e ,  sodium chroma t e  and sodium 

d i c h roma t e , e a c h  spiked wi t h  N a2 � 1 C r0� were allowed t o  equilibrat e 

wi t h  equimol.ar soluti o�1s  ( 0 . 1  H )  o f  suc c in i c  aciC. , oxalic  a c i d , 

d i sodium e t hylenediami n e t etrac eti c acid  ( ZDTA ) , c i t ri c  aci d , l -malic 

a c i d  and t ar t ari c aci d . O f  �hes e ,  only mix t ures o f  oxali c acid  o r  

c i t ri c  acid wi t h  c hromium c hlorid e solu tion showed any ani o n i c  

ac t i vi ty a t  p H  5 . 3 ,  a s  in Fi gure I V- 2 1 . Similar �ixtures o f  c hromi c 

c hl o r i d e  wi t h  L-asparti c acid , L-gl u t ami c acid , L - c y s t e i c  acid  and 

malonic  acid were al so p r e pared an d el e c t rophoresed  at  pH ? . 3 .  T h e  

mi x ture  wi th maloni c ac i d  was t h e  only one to show evi d enc e o f  a 

c h romium- c on taining ani o n  ( also i n  Fi gur e  I V- 2 1 ) .  Howe v e r , only 

wi t h  oxalic aci d  was there  any 
5 1 c r  rad i oac t i vi ty i n  a p e ak f as t e r  

5 1  
t han er-c hromat e .  

From a c o mpari son o f  the  ele c t ro p ho r e ti c mo i li ti e s ,  i t  app e �rs 

t h at c o mpound C coul d  b e  a c ompl ex of chromium a n d  oxali c a c i d , and 

that c ompound A may be a compl ex of c hromium and ei t h e r  c i tr i c  acid  

o r  maloni c acid . 



Fig. IV - 2 1 . Pattern of 5 1 c r  radioactivity after pH 5 . 3  elec trophoresi s .  

ll:ixtures o f  51 cre 13 with organic acids . 

( a) C itric  acid.  

(b ) Malonic acid.  

( c )  Oxalic acid . 

) 
51 2-( d S t andard Cro

4 
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5 - 0 + 5 1 0 c m 1 5  

Figure IV - 21 . 



o e l e c t ro p ho r e t i c al ly-mob i l e  
5 1

cr  c ompou n d s  w e r e  d e t e c t ed i n  

t h e  e t hanol e x t ra c t o f  t he ro o t s  o f  a 5 1 c r 3+ - f ed man uk a . 

( vi ) The Oxa l i c  Acid C ompl ex 

O xali c a c i d  i s  well known as a c h e l a ti n g  gro up for c h ro oi um . 

T h e  c o mpl ex was �rep ar e d  on a m · c ro s c al e , usi n g  
5 1

cr- chroma t e , b y  t he 

s t andard m e t h o d  ( Palm e r ,  1 96 5 , p .  38 6 ) .  Ini tia l ly o x a l i c  a c i d , i 

c o n c en t r a t e d  s o lu t i o n  a t  70° , r e du c e s c cro aat e :  

I n  t h e  p r e s e n c e  o f  e x c e s s  oxali c a c i d , t h e  c hr omium ( I I I )  complexes  

wi t h  o xa l a t e � o n s  r a t h e r  t h an wa t e r 

3+ 2- ] 3-
Cr + 3C2o� � [ Cr ( c2o

4
) 3 t rioxalatoc  roma t e  ( II � ) i o n  

C � romi um ( I I I ) i s  always o c t a h e drally c o o rd i n at e d , and i n  t h i s  c o mpound , 

t h e  t h r e e  b i d e n t a t e  o xala t e  group s o c c upy t h e  six p o si t i o n s . El ec t r a -

phoresis o f  t h i s  p r e p a r a t i on , whi c h  e a u  d no t b e  puri fi e d  by r e -

c ry s t al li sa t i o n  b e c au s e  o f  t h e  smal l a�o u  t o f  pro d u c t  ( < � m g ) wa s 

r ad e  i n  pH 5 . 3  b u f f e r , and a simi lar p � t ern t o  t h a t  i n  Fi gur e  I V- 2 1  

o b t ai n ed . 

Thi s h as t wo p e aks o f  r adi o a c t i vi t y ,  the f as t  o n e b ei n g  t h e  

rioxal a t o c hr oma t e  ( I I I )  i on , wi t h  t hr e e  e gati v e  c h arge s .  T h e  o t h e r  

c ompound p r e s e n t  wil l  b e  t h e  d i aquodi o xalat o c h roma t e  ( I I I ) i o n  

group h a s  b e e n  r e pla c e d b y  t wo wa t e r mo l e c u l es .  T h e  t ri o x al a t e  

c omplex c o u l d  b e  puri fi e d  b y  a s e mi - p r e p ara t i on s c al e  e l e c t ro p h o r e t i c  

s eparation a t  pH 5 . 3 .  Lo c a l i s a t i o n  o f  t h e  fas t  c om p o u n d  b y  r adio -

auto graphy was f o l l o we d  by e l u t i o n  o f  t h e  c ompound wi t h  e t hano in 

t h e  p r e s en c e  o f  amm o ni a .  Wi t h o u t  t h e  ammo ni a ,  t h e  f r e e  aci d o f  
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t rio xalo c hrorna t e  ( I I I ) t e nd e d  t9 d ec ompo s e .  Furt h e r  c ompari sons 

of this c ompound w e re mad e wi t h  compound C iso l a t ed from manuka ro o t s . 

B o t h  el ec tropho r e si s  a t  pH 2 . 0  and c hroma t o graphy i n  b u t an ol : 

a c e t i c  a c i d : wa t er showed t ha t  t h e  p a t t e r n  for the syn t h e ti c  t ri -
5 1  oxal a t o c hrorna t e  c omplex m a t c h e Q  that o f  t h e  ma j o r  C r  c omponen t o f  

the e than o l  extrac t o f  m a . uka roo t s .  

Gel filtration was also a t t emp t ed . s�all c olu�n was p r epared 

using 1 g o f  S e phad ex G- 10 ( Pharmac i a , Sweden ) .  Dy e was ad d e d  to 

s ampl es t o  l o c a t e  the s o l v e n t  fron t .  O n e  drop frac t i o n s  were 

c o l l e c t e d  on plan c h e t s , and their rad i o a c ti vi ty was d e t ermi n e d  u sing 

a Beckman Lo\-.rb e t a  c o un t er , wi th a b ackground o f  1 c pm .  A gra ph o f  

drop nuMber agains t a c t i v i ty for a s�n l e  o f  manuka r o o t  e t h an ol 

extr ac t i s  shown i n  Fi6ure I V- 22 . Also shown is t h e  r e sult from a 

simi lar run using a samp l e  o f  s t and ard c hromium o xa l a t e mi x t u r e . V e ry 

poor s e p aration o f  any o f  t h e  radi o ac t i vi ty from the s o l v e n t  front was 

o b t ained f o r  ei t h e r  t h e  e x t rac t or t h e  o xal a t e  compl ex . T h e  me t al 

c ompl ex due to  i t s  small si z e  ( MW = 3 1 5 )  s o uld have b e en r e t ar d e d  by 

the gel , but t h e  r e t ardation was n o t  v e ry s i gnifi c an t . Howev er , 

Spi t zy � al ( 1 96 1 )  have  repo rt ed that Se phad ex gel r e p e l s  ani ons 

whi c h  would t h e r e for e be  c arri ed wi th t h e  solvent fron t .  

( vii ) Exp e riment wi th C h ro m i um- � 1  and  C a rbon- 1 4  

The a b o v e  experime n t s  ind i c a t ed t h at c ompound C w a s  t h e  t ri -

oxal a t o chroma t e  ( II I )  i o n  b u t  s u f fi c i e n t  ma t e ri al c o u l d  n o t  b e  

ob t ain e d  to  d e c ompo se t h e  c ompl e x  and i d en ti fy the c h el a ting group 

by any known spo t  t e s t s . 

As an al t e rnati v e  t o  i s o lati ng me asurable am oun t s  o f  t h i s  c o mpound , 

a f e eding e xperiment was c a rri ed o u t  u si n g  1� c  a s  w e l J  as 5 1 cr , t o  t ry 

and lat el t n e  c h elating group with 14 c . 
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( a) 

D R O P N U M B E R 

51 c r  ranionctivity of s &Tiples from a G � O S ephadex column . 

( a) Ethanol extract of roots of a nutriem;-crown manuke. 

which had been fed vrith 5 1 c ro42-

(b ) S t  d d 51 c t • l .1. 
' ( TT"<" \ an ar r- ·rloxa a voc r.romate � � � J . 

' 



( a ) U n t ak e  o f  C hro mi um- � 1  and C arb o n - 14 

1� 3  

Fi v e  manuka p l an t s  ( S7 d ay s  o l d ) , grown f r om s e ed i n  n u t r i e n t  

s o l u t i o n  wer e t ran s f e r r ed , a f  er washi n g , i n t o  a s o l u t i o n  o f  0 . 0 0 5M 

C a ( N0 3
)

2 
c on t aining 3 . 5 mCi o f  

5 1
c r  a s  s o dium c h rom a t e ( 0 . 1 ppm t o t al 

c hromium ) . T h e s e  p l an t s  w e r e  t h e n  arran g e d  in a s e al e d  d e s si c a t or 

i n  an a tmosph e r e  c on t aining 5 mCi o f  
1 �

co 2 r e l e as e d  b y  t h e  a c t i o n  o f  

o r t hophosphor1c a c i d  

1 4
co a tmosph e r e  and 2 

1� 
o n  B a  co 3 •  T h e s e  plan t s  r emai n ed 3 d ay s  i n  t h e  

5 1
c r  s o l u t i o n  un t il t h e  

1 � co
2 

was remo v e d , and 

a f t e r a fu r t h e r  t wo d ay s , t h e ro o t s  we r e  washed and t h e  plan t s  

harve s t ed and f r e e z e - d ri ed .  No evi d e n c e o f  r ad i a t i o n  d amage w a s  

o b s e r v e d . 

( b ) D e t e c ti on o f  C a rbon- 1 � an d  C hromi um- 5 1 

As 
1 �

c i s  a � - emi t t e r ,  t h e  r a d i a t i o n  is r e ad i ly absorb e d  by any 

s o l i d  m a t erial , wh e r e as th e Y- r adi a t i o n  emi t t e d b y  
5 1

c r  wi l l  p en e t ra t e  

a gr e a t er d i s t an c e .  Ra di o a� t o graphs o f  e l e c t r o p h o r e s i s  p a t t e r n s  

14 5 1 
c o n t aining C and C r  w e r e  mad e b y  p l a c i n g  t wo s h� e t s  o f  film on 

t h e  p ap e r . T h e  s h e e t  i n  c o n t ac t r e c o rd e d  b o t h  
1 �

c an d 
5 1

c r  r ad i o -

ac ti vi t y b u t  t h e  s e c o n d  s h e e t  wo uld o n l y  re c o r d  t h e 
5 1

c r  Y-rad i a ti on 

whi c h  p a s s e d  t h r o u gh t he c on t ac t s h e e t . For q u an t i t a ti v e  m e a s u r em en t , 

a gei g e r  c o u n t i n g  t u b e  was u s e d  wit h t h e  Phi l i p s  m e a suring e q u i pm e n t  

to m e asure t h e  r a d i o a c t i vi t y  o f  t h e s amp l e  wi t h  and w i t h o u t  a pi e c e  

o f  c ard b e t we en t h e  s am p l e  and d e t e c t o r .  C o m p a r i s o n  o f  t h e  m e a s u r e -

m en t s  from s t andard s amp l e s  o f  
1 4

c ,  
5 1

c r , a n d  a mi x t ur e  o f  
1�

c an d 
5 1

c r , 

show e d  t ha t  n o n e  o f  t h e  
1 4

c a c t i vi t y was m e a s u r e d  wh en t h e  c ar d  was 

in p l a c e ,  wh e r e a s  4� . 5% o f  t h e  
5 1

c r  a c t i vi ty was r e c o r d e d . 

( c ) Ex t r a c t s 

S am p l e s  o f  t h e s e  rad i oa c t i v e  p l an t s ,  whi c h  w e r e  s e p ar a t e d i n t o  

l e av e s , s t ems a nd ro o t s , w e r e  e x t r a c t ed wi t h  b o i l i n g  80% e t h an o l . 

The extrac t s  were c on c e n t r8 t e d and a f t er remo v a l  o f  t h e  e t h e r - solub l e  



1tt4 

c omponents  from t h e  l ea f  extrac t ,  were  e l e c t rophoresed at pH 5 . 3 . 

Th e r esidues from t h e  e t hanol extrac t s  were then e x t rac e d  wi t h  

b oiling wa t e r .  The s e  extra c t s  were f r e e z e- dried and a l s o  el e c t ro -

phoresed a t  p H  5 . 3 . 

The wat er and e thanol  e l e c tropho r e t o grams �ere a l l  radio­

aut o graphed to giv e  two p a t t ern s ,  on e for o n ly 5 1 cr and t h e  o t h e r  

f o r  t he sum o f  5 1 c r  and 1 � c  a c t i vi ty .  � th 1Ltc d · t · · t r ur e r  r a  1oac  1 v1 y 

pat t e rn was ob t ained  b y  a c on t ac t r ad i o autograph t h r e e mon t h s  l a t er 

wh en only 10% o f  t h e  
� 1

C r  wo uld s till b e  pr e s en t .  

1 4c p a t t erns a r e  shown in Fir,ures I V- 23 and I V-21t .  

') 1  The  C r  and t h e  

The roo t e th anol extrac t ,  and t h e  l e af wat e r  e x � rac � b o th 

showe d  mo s t  ( tt 2% )  o f  the � 1 cr  radioac ti vi ty a s  c ompound C ,  and 

about 2�% of the  ac tivity as c ompound B .  However , t h e  l ea f  and 

s t e� e t nanol e xtrac t s , b o th of whi c h  showe d  c ompound A as a b road 

o r  d ouble p e ak due to  o v erl o ad ing o f  t h e  el ec trophor e t o gr am , did 

not have c ompou d C .  _ lso , as in so me o f  t h e  o th e r  e l e c t ro ph or e t o -

grams ( Fi gures I V- 7 a , I V- 18 a ,  I V-20a and I V-20b ) , t h e  p eak l ab el l e d  

corr.pound B showe d  a d i s t in c t shoul d e r  o n  t h e  l eading e d g e  i n di c a ting 

� e pres enc e o f  ano t h e r  c ompo n ent , p o s sibly c hroma t e ,  in t h e  extrac t .  

The 14c radioac t i vi ty in  all c as es wa s spread o v er a l arge numb er 

of  p e aks o f  the  e l ec t rophoresis pa t t ern , v e ry few c o r r esponding t o  

5 1 any o f  t h e  C r  p e aks . 
' ,. 

'Th e  ethan o l  extrac t o f  t h e  manuka r o o t  materi al was t h en el e c t ro -

phoresed a s  a band a t  p H  5 . 3 ,  c o mpound C was locali s ed b y  rad i o -

autography and elu t e d  from t h e  pap er wi t h  wat er . 

Thi s  solution was conc entra t e d  and an ali q u o t  c o un t ed on  t h e 

gei ger tub e for 14c and 5 1 c r .  D e t e rmina ti on o f  t h e  ac tivi ty o f  t h e  

e thanol extrac t ga ve a 14c;5 1 cr c o u n t  ratio  o f  60 . 9  b u t  t h e  puri fi ed 

14 1� 5 1 c ompo und C c on t ained very li t tle o f  t h e  C ,  wi t h  a C/ C r  c o u n t  

r a t i o  o f  0 . 4 5  ( c orrec t ed f o r  d ec ay ) . 



Fig . IV - 23 . 5 1 cr  and 1 4c radioactivi�y patterns after pH 5 . 3  electrophoresis . 

Ethanol extracts of nutrient-grown manuka . 

( a) Leaf 1 4c . 

( c ) Stem 1 4c
. 

( e ) Root 1 4c . 

( g )  Standard 

( b ) 

( d) 
( f ) 

5 1 C r04 
2-

Leaf 51 cr .  
5 1  Stem Cr .  

Root 51 cr .  
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Fig . IV - 24 . 51 cr  ana 1 4c radioactivity patterns after pE 5 . 3 electrophore sis . 

V/ater extracts of nutrient-grown manuka. . 

( a ) Leaf 1 4c .  (b ) Leaf 51 cr .  

( c ) S tem 1 4c . ( d)  S tern 51 Cr .  

( e ) Root 1 4c . ( f ) Root 5 1  Cr .  

( g ) Standard 5 1 C r0 2-
4 
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Figure IV - 24 . 



A p r e p ar a t i o n  was a l s o  mad e o f  p o t as s i um t ri -
14

e - o x al a t e -

5 1
e r - c hro m a t e ( I I I ) usin g 0 . 1 mei o f  

1 4
e - ox al i c  a c i d  ( 7 . 5  mg)  and 

1 mei of s o d i um 
5 1

e r - c hromat e ( 3  m g ) b y  t h e  s ame m e t h o d  as b e for e 

( P al m e r , 1 96 5 ) . Howe v e r , o n  pH 5 . 3  e l e c t roph o r e s i s , t h i s  prepar a -

5 1  
t i o n  showed t h e  p r e s en c e  o f  unre a c ted e r- c hroma t e , a s  w e l l  a s  s o m e  

o f  t h e  d i o x a l a  t e  c o mp l e x  b u t  w a s  s t i l l  a b l e  t o  b e  u·s e d  a s  a s t and ard 

for mo s t  purpo s e s .  La t e r  thi s was p u ri fi ed a s  wi t h  e a rli e r  p r ep ar a -

t · f t '  h · 1 t 1 d · t · 
1 LI'e � o n s  o n e  c rom�um o x a  a e c amp e x , an an ammo n � um r � - -

'5 1 
oxal a t e - e r - c hromat e ( I I I ) s o l u t i o n  was u s e d  a s  a s t an d ard . 

Hydro l ysi s o f  c o mpo und e wi t h  6N hyd r o c hl ori c a c i d  a t  70
°

e 

o v e rni gh t  and s ub s e q u en t  c o n c en t r a t i on and el e c t r o p h o r e si s a t  pH 2 . 0 

showed ( 7i gu r e  I V- 2 5 ) t h a t  t h e  
5 1

e r  was n o  l o n g e r  a l l  i n  o n e  ma j o r , 

f a s t ani o n , b u t  as a num b e r  of sma l l e r p e ak s . Simi l ar hydro l y s i s  

o f  an ali quo t o f  t h e  puri fied t r i o x al a t e c hromat e ,  and e l e c t ro p h o r e si s , 

a gai n showed d e s t ruc tion o f  t h e  o ri gin al c o mpo un d , a n d  t h e  prod u c t i o n  

5 1  
o f  a n umb e r  o f  weaker e r  p e ak s . By c ompari son wi t h  t h e  hydr o l y s a t e  

from c o mpound e ,  a t  l e a s t t h r e e a n d  p o s si b l y  fo u r  p eaks app e a r e d  t o  

m a t c h .  U n f o r t un a t el y , mo s t  o f  t h e  
1 4

e f rom t h e  c o mpo u nd s was 

v o la t i l e  a l t h o u gh some m ay h a v e  s t i l l  b e en pr e s en t  as t h e  only ani o n  

i n  t h e  c ompound e hydro l y s a t e .  

Thus t hi s  e xp erimen t was n o t  c o mpl e t ely suc c e s s fu l  i n  i s o l a t i n g  

1 lt 
and i d en t i fy i n g  a e - l ab e l l ed c h e l a t e ,  b u t  t h e  d i s so c i at i o n  p a t t e rn 

.o f 
5 1

e r  l ab e l from c omp o u n d  e i s  s imil ar t o  t ha t  o f  t h e  trioxal a t o -

c hroma t e  ( II I )  i o n . 



Fig . IV - 25 . Patterns of radioactivity ( 1 4c +5 1 c r) after pH 2 . 0  elec trophoresi s .  

B )  C ompound C ( separated by preparation-scale electrophore si s ) .  

) 51 2-c Standard C ro4 . 

D )  HCl-hydrolysed [5 1 c r( 14c 2o4) 3J 3- . 

E )  HCl-hydrolysed c ompound C .  

F )  Standard 1 4c-oxali c acid. 

) 51 2-G S tandard C rO�- • 

H )  Standard 51 c r3 + .  
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6 .  CHROMIUM- 5 1  IN XYLEM s��p 

The  previ ous experimen t s  have gi ven i nformation on t h e  c h emic al 

forms o f  c hromium in t h e  r eadi ly solub l e  f rac tions o f  b o t h  roo t s  and 
- �  

aerial ti s su e s  o f  various plan t s . The experimen t s  wi th manuka showed · 

that  the  major chromium c omponent  o f  t h e  e t hanol e x t r a c t  o f  ro o t s  was 

t h e  t ri o xala t o c hromat e  c omple x , whi ch do e s  n o t  appe ar in t h e  l ea f  and 

s t em e t han o l  extrac t s .  I t  is th e re fore o f  great i n t e r e s t  t o  know 

the c h emi c al s t a t e of chromium when it i s  b eing transp� r� ed from t h e  

roo t s  to  t h e  l eave s . s t udy o f  t h e  chromium compo si tion  o f  t h e  

xylem sap o f  manuka plan t s  was �herefore  und ertak en .  

l i )  Experimen t al 

An apparatus for t h e  removal o f  xyl e m  s ap was bui l t at Plant 

C h emi s t ry Division , D . S . I . R . , Palmerston North ( Fi gure I V- 26 ) and 

is  simil ar to  that  d e sc ri b ed by Scho l and er et al ( 1 964 ) .  T h e  

m e thod  o f  extrac tion  o f  t h e  xyl em s ap was r apid . A l e a fy t wi g  was 

t ak en , the b ark and phl o em were p e el ed b ack fro m t h e  c u t  end wi t h  a 

razor b l ad e , and t he s t em pla c ed in t h e  lid of  t h e  p r e s sure  b omb 

( se e  fi gure ) .  This c u t  s t em was sealed  by the rubb e r  c o mpression 

gland , with the c u t  end fre e .  Th e lid was fi t t ed t o  t h e  b omb and 

ni t r o gen ga s was pump e d  in until s ap f lowed out t he c u t  end . The  

sap  was  collec t ed by fi t ting a poly t h e n e  tube  t o  t h e  en d o f  t he st em 

and l e ading it t o  a t es t - t ub e .  I n  u s e , xylem sap s t a r t e d  t o  flow 

at  20-30 atmospheres  gas  pres sure , and a quanti �y was  c o l l ec t ed a t  

a pressure o f  100 atmosphe r e s .  

T h e  sap c o l l e c t e d  from manuka was sho wn t o  b e  xyl em s ap b y  a 

s tudy o f  i t s  ami no acid  c omposi tion by c hroma t o graphy , and e l e c tro -

phoresis . This showed t h e  dominan c e  o f  glut ami n e , wi t h  only minor 
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Fig . IV - 26 . App aratus for ti-:e re::::oval of' :qle::-. s :;.;: .  
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amount s  o f  o ther amino acids such as glu t amic acid , alanine ,  valin e ,  

serin e ,  threonine ,  arginine ,  aspar tic aci d , asparagine and Y-amino -

butyri c acid ( P .J .  Pet erson , p ers . comm . ) .  

( ii ) Manuka Pl a n t s  from Serpen tin e  Soil 

Four manuka s ee dlings , whi c h  had b e en kept  in a glasshGuse  for  

two y e ars , two plan t s  in s e rpentine soil , and  two in Manawat u  sil t -

loam , were removed from their po t s . The soil was wash ed from t h e  

roo ts , and t h e  plan t s  wer e  pl a c ed i n  a O . OO �M C a ( N0 3 ) 2 solu tion . 

Aft er two hours washing in  this solution . the  plan t s  we re tran s f erred 

5 1  
t o  a fresh solution cont aining 0 . 1 ppm c hromium a s  N a2 Cro

4 

( 4  mCi 
5 1

cr ) .  

Af t er 48 hours in  this  aerated solution in the �owth c abin e t , 

t he s t ems were s ev ered  from the roo ts  and each sho ot  was p l ac ed in  

the  bomb as d es cribed  in the  previous s e c t ion . Xylem sap was a lso 

p ump ed out of  the ro o t s  b y  the s ame met hod . 

Each  o f  these  s amples  was c oncentrated  and the concen trat es  were 

ele c trophoresed at pH 5 . 3 . Fi gure I V-27 shows some o f  t h e  p a t t erns 

of  5 1 cr radioac tivity ; all o thers were similar .  All show the  undoub ted  

p r es enc e of  the  5 1 cr- c hroma t e  ion . There i s  no apparent d i f fer enc e 

b e tween those plan t s  whic h  had b een ac climatised to  Manawat u  soi l , 

and t ho se whi c h  had n o t . 

( iii ) Manuka Plan t s  from Nutri ent Solu tion 

( a )  Chromate- fed  

A manuka plan t ,  whi c h  h ad b een grown from seed  and c ul t ured in 

nutrient  solu t ion in the g rowth cabi n e t  for si x mont hs , was trans-

ferred  ( after  washing)  into  a 0 . 00 5M C a ( No3 ) 2 solution cont aini n g  



Fig . IV - 27 . P attern of 5 1 c r  radioactivity after pH 5 . 3  elec trophores i s .  

5 1 2-Xylem s ap from s oil-grown manuka fed with C ro4 • 

A)  Plant from J,lanawatu s oil sap from shoot .  

B )  Plant from Manawatu s oil : sap from roots . 

C )  Plant from s erpentine s oil  sap from shoot . 

D )  Plant from s erpentine s oil s ap from roo t s .  



- 0 + 5 10 cm 1 5  

Figure I V  - 27 . 



0 . 2  ppm chromium as sodium 
5 1

cr-c hroma t e  ( 1 0 mCi 5 1 cr ) . A phot o -

graph o f  this plant ( Fi gure I V-28 ) shows t h a t  i t  i s  much larger 

than the plan t s  used in t he last sec tion , which  were simi l a r  in  si z e  

t o  those  shown i n  Figures I V- 1 2  t o  I V- 1� , and were l ess  t han 2 5  cm 

t al l .  

Unfortunat ely , during pho tography , this plan t  may have b e c ome 

d ehydrat ed . After  32 hours in 
5 1

cr  s ol ution , i t  was remo v e d  and 

sap pressed from shoo ts . Only 100� 1 o f  solution was o b t ained from 

8 . 0  g ( fresh wei ght ) of sho o t  mat erial , muc h  less than o t her 

similarly grown manukas . 

This extrac t ed li q uid was c on c en t ra t ed and elec t rophoresed  at  

pH 5 . 3 . Figure I V-29  shows tha t �  as wi t h  t he soil grown plan t s  

( Figure I V-27 ) t h e  5 1 cr is presen t  a s  the chroma t e  ion . 

( b )  Chromium ( I I I ) - fed  

A similar plan t , of  the  same age , was fed  1 0  mCi 
5 1

c r  as chromic 

chlori d e ,  under similar c onditions to  previously ( 0 . 2  pnm c hromium as 

Crc13 in 0 . 0 0 5M C a ( No 3
)

2
) .  After 48 hours in 

5 1
cr solution , 1 . 6  mls 

of s ap was coll e c t ed from 1 2 . 2  g ( fre s h  wei gh t )  of  sho o t  ti s sue at  a 

maximum pressure o f  50 atmosphere s .  This solution was co n c entrat ed 

and an aliquo t e l e c t rophoresed  a t  pH 5 . 3 . The radioac tivi ty pat t ern 

( Fi gure I V-2 9) however , shows no e vid enc e for any 
5 1

cr  c a t ions , bu t 

a broad anionic peak o f  ac tivi t y . T his  ani onic form gave a v ery poor 

p a t tern on elec t rophoresis and did not app ear to match the pat t ern 

produ c ed by chromat e .  

( c )  O xalic Acid C omposi tion 

In view of the f a c t  that chromium oc curs as a c omplex wi t h  

oxali c acid i n  the  roo t s  o f  nutrient- grown manuka plan t s , i t  was o f  



Fig .  I V  - 28 . Leptospermum s c oparium ( manuka ) growing in nutri ent s olution. 

( S c ale in inche s ) 



Fig . IV - 29 . Pattern of 5 1 c r  radi oactivity after pH 5 . 3  electrophoresis . 

Xylem s ap from nutrient-gro�� manuka. 

) 51 2-B S tandard C rO� • 

) 5 1 c 3 +  C S ap of a plant supplied with r • 
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int e r e s t  to  s e e  i f  o xali c a c i d  was present  in the sp whi c h  c arri ed 

5 1  
c hromi um as er-chroma t e .  

Wi t h  plant ext rac t s , oxalic acid  d e t ermination i s  v ery d i f fi cult 

due t o  the presenc e of many o t h er sub s tan c e s  but xyl em s ap i s  

rel atively free  o f  sour c e s  o f  in t er f er en c e .  Experimen t s  showed 

that  oxal i c  aci d , on e l e c trophoresi s at  pH 2 . 0 ,  i s  a very mobi l e  

anion and separates  from o th er organ i c  aci d s .  U si n g  ani l i n e-

xylose  r ea�en t ( Nordm ann and No rdmann , 1 960 ) , 1 0 �g o f  oxalic a c i d  

sho wed a pronounc ed d ark spo t and 2 �g c o uld b e  d e t e c t ed .  

An a li quot  o f  xyl em s ap from a nutri ent -�rown manuka whi c h  had 

not b e en fed chromium , was e l e c trophoresed at  pH 2 . 0  along wi th 

s t andard s . I n  thi s sampl e no oxalic acid c ould b e  d e t ec t e d . Thi s 

c o rrespond s to  a c o n c e n t ration  i n  the xyl em sap o f  l e s �  than 10�g/ml 

oxal i c  aci d .  O th er o rgani c  a c i d s  we�e  presen t  a t  approximat ely t en 

times this  c oncentra t i on . 



? . D I SCUSSION 
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No mat t er whe ther chromium was suppli ed as N a2C r0� or as Crc1
3

, 

nor whi c h  sp eci es o f  plant was being c onsid ered , i n  all solut ion 

culture  experimen t s ,  a very large ac c umulation of 5 1 c r  in roo t s  was 

observed compared wit h  that in the aeri al parts  of t h e  plan t . Very 

li t tl e  o f  this  roo t  rad io a c ti vi t y  was able  to be t ran sl o c a t ed upward 

by c lo v ers when they were removed f rom the  
� 1Cr solution and returned 

to normal nutri en t  cultur e .  

These resul t s  indic a t e  a similar e ffec t t o  t hat observed by 

DeKock ( 19 56 )  wi t h  mus t ard p l an t s , �hi c h  when suppli ed wi t h  c hromium 

in solution culture inc reas e d  the roo t  concen tra t i on of c hromium t o  

20 , 000 ppm whi l e  the  l ea f  conc en tration increased t o  only 2 0  ppm . 

Con t ro l  plan t s  c on t ained abo u t  10 ppm in all par t s  o f  t h e  plan t s , 

bu t t h e  ones fed  2 ppm Cr  in  c ul ture  so luti on , ei t h er as CrCl3 or  

Cr-EDT , became c hloro t i c  wi th d e c reased  iron con t en t  and  inc reased 

phosphorus  l evels . 

This accumul ative b ehaviour o f  c hromium in roo t s  sugge s t s  that  

precipi tation or  absorp tion o f  
5 1

cr  i s  o c curring on o r  a t  t h e  r o o t s . 

This may b e  c aused  by precipi t a tion by inorgani c nutrient  ions sinc e ,  

al t hough t h e  roo t s  were wash ed b e fo re b eing plac ed in 5 1 c r  soluti on , 

there c ould b e  such  ions as phosphat e ,  ammonium , sulphat e ,  calcium , 

and magn esium s ti ll in appre c i abl e amoun ts  in the r o o t  c ells  near the  

si tes  of  entry  o f  5 1 cr  int o t h e  roo t s .  However , t h e  c onc en tration 

of  c hromium in  the feedi ng so lution was never more t han 0 . 1 ppm 

Cr ( 2�M )  and o th e r  ions ar� unlikely t o  be pre sen t  in great er conc entra­

tions . 

Th ere fore t h e  chromat es of  c o pper and of  o ther  d i valent h eavy 

metals  whi c h  are insoluble , wi th solubility  produ c t s  b e tween 10-4 



1 5 1 

and 1 0- 1 0 ( Si llen and Mar t ell , 1 964 ) are unlik ely t o  precipi t a t e  

sin c e  these elemen t s  ar e al l a t  v e r y  l o w  c o n c en t ra t i o n s  i n  pl an t s . 

However , wh en 5 1 cr i s  f e d  as C r ( I I I ) o r  i s  redu c e d  from C r ( VI )  i n  

t h e  roo t s , p r ecipi t at io n  as the pho spha t e  c o uld o c c u r .  S i l l en and 

Mar t ell ( 1 9 64 ) quo t e  s o lubil i t y  pro d uct s  of 1 0- 23 and 1 0 - 1 7 for 

di f f erent fo rms o f  C rP04 , but add t hat there i s  e vi d e n c e  for t h e  

forma tion o f  [ CrHPO� ] +  and [ C r ( P0� ) 2 ] 3- i on s . Thi s p r e c i pi t at i o n  

t hen , i s  possibl e ,  t ho u gh doub t fu l  as t h e  Po4 3- c o n c en t ra tion wi l l  

b e  v ery low , e v en i n  t h e  n u t ri e n t  s o lu tion where pho sphorus i s  

supplied as 2 mM KH2Po
4

• 

As an al t ernat i v e  t o  c h emi cal precipi t a tion , 5 1 cr may b e  

ab sorbed o n t o  c ell wall s  o r  comp l e x e d  wi th prot ein s o r  o t h e r  

c arboxylic groups in t he ro o t  c e l l s . The extrac t i o n  exp e rimen t s , 

however , i n  a l l  cases show no e vi d e n c e  o f  any sub s t an t i al propo r t i o n  

o f  ? 1 cr b eing bound t o  pro t ein s , wh e t her d e t e rmined u s i n g  t h e  m e t h o d  

o f  Bowen e t  al ( 1 962 )  or a m o r e  sp e c i fi c  s ep aration .  Thi s t h e r e fo r e  

throws d oub t o n  t h e  s tat emen t s  o f  Bourqu e !! a l  ( 1 967 ) who c onsid ered 

t h ey had evid e n c e  ( und efin ed ) that ? 1 Cr in exc i s ed wh eat ro o t s  i s  

pred omi nan tl y  bound t o  pro t ei n , al t hough Pi erc e ( 1 964 ) h a s  rec ord e d  

the  binding c a pacity o f  human blood pro t eins to b e  m o r e  t han 2 0  moles 

Cr ( I I I ) per mo l e  o f  pro t ei n .  

The mos t  s i gni fi c an t  o b s ervati o n  from t h e  rad i o au t o graphic s tu d i e s , 

i s  t hat 5 1 cr i s  ab l e  to  b e  translo c a t ed fro m  the n u t ri e n t  s o l u ti on , 

wh ere i t  may b e  as cr3+ o r  CrO 2- , t o  all p a r t s  o f  th e p l an t s . I n  � 
d e t ai l , apart from t h e  much higher c onc en trations o f  chromium in th e 

ro o t s  c ompared wi t h  shoo t s , an in t er e s ti n g  asp e c t  i s  t h e  r e lati vely 
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great er amoun t s  o f  rad i o ac ti vi ty found a t  the  edges o f  the  l eaves  

of  clove r ,  manuka and P .  sut eri , and , in c lo ver , ac c umulati ons in  

senescent  l eaves . 

Rec ently , Millikan e t  al ( 1 968 ) have shown that ac cumulations 

65  o f  Zn  o c c ur at the  e dges o f  l e aves  o f  Tri folium sub t erran eum under 

c ondi tions of  normal zinc and low phosphorus cul ture , but no t at  

d e fi cient  zinc  levels .  Mi t c h ell and Rei th  ( 1 966 ) have shown that  

s enesc en t  l eaves  of  c o cksfoo t ,  rye  grass and  o f  a mixed pasture  in  

Sco tland c o ntained n e arly 10 ppm of  l ead ( on dry weight basi s )  in  

Novemb er  compared wi t h  l e ss than 1 . 0 ppm when the  leaves were young 

in  May . Thi s may ther efore b e  us ed b y  the  plan t  as a mechanism for 

the r emo val of  unwan t e d  t rac e el emen ts from the plan t . 

The experimen t s  c o mp aring the uptak e  o f  5 1c r3+ and 5 1c ro�
2- in  

2-c lover plan t s  showed that  al t hough Cro
4 

was abl e  to  b e  ac c umul a t ed 

by the  c lover roo t s  faster than was cr3+ , t h e  
5 1cr fed  as c r3+ was 

t ranslocated to the shoots  fas t er than was 5 1 cr fed as C rO 2- . � 
Bourque � al ( 1 967 ) found that e xcised wheat roots  absorb ed 5 1cr  

2-about  fourt e en times as  mu ch i f  supplied as C rO than when supplied  � 
a s  C r ( I II ) . 2-Frorn thi s ,  they  consi d ered that  only C rO

� 
was abl e to  

p en etrate intact  c ells , and that the small amount o f  C r ( I I I ) rec o v ered 

was due  to absorption a t  cut  surfac es . Thi s contradi c t s  the  exp eri-

m en t al resul t s  in thi s the sis  whi c h  show that 5 1 cr c an b e  assimi l a t ed 

and transloc ated whe t h e r  as c r3+ o r  Cro4
2- i n  the f e eding solution , 

al though at  different r at e s .  The ob s erved di fferen c es i n  uptak e  

b e tween the  two forms may b e  e xplained , i n  part at leas t , b y  tte  

d i ffering c harges and  sizes  of  the  [ C r ( H2o ) 6
] 3+ ion  ( � . 0  2 diame t er )  

2- 0 and Cro4 
ion ( 3 . 2  A d i ame t er ) . 
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5 1  When f e d  e r- chromat e ,  manuka p l an t s wer e found t o  tran sp or t 

5 1
c r  as c hromat e i n  the  xylem sap . Thus i t  app ears unlikely t h a t  

all o f  the  c hroma t e  i s  r educ ed in  t h e  ro o t s , where this c ould explain 

the di f fering t ransloc a t i on rat e s  of 5 1c r  when fed as C rO .  2- or C r3+ . � 
I f  c hroma t e  was reduc ed t o  C r ( I I I ) on en t ry into t h e  ro o t s , this  f o rm 

wou l d  b e  r eadily c he l a t e d , ei t her by  wat er , o r  p r e f e rably by c arboxyl i c  

c ompounds suc h  as p ro t ei n s  ( Pi erc e ,  1 964 ) o r  o rgan i c  aci ds . S u c h  

c he lation would b e  much slower wit h  [ Cr ( H2o ) 6 ] 3+ , a s  l i gands o f  

c hr omium ( I I I ) are c ha rac t e ri s tic al l y  inert  and exchange o f  wa t er 

mo l e cules f o r  o ther c he l a t e s  i s  v e ry slow ( Co t ton and Wilki n son , 

1 962 , p .  5�2 ,  548 ) . D i f f e r en c e s  i n  t h e
.
e f f e c t  o f  C r3+ c ompar e d  

2-wi th  Cro4 have b e en shown by  H ewi t t  ( 1 963)  wi th sugar b e e t  r e c eiving 

d i f f erent amoun t s  of  molyb d enum . 2-C r0
4 

d ep r essed c h l o rophyll l e ve l s  

i n  p lan t s  fed  wi th  no rmal molybd enum c o n c en t rations comp ar e d  wi t h  

p l an t s  f e d  hi gh molybd enum l evels . However , wi th  c r3+ t hi s  c hloro t i c  

e f f e c t was r eversed , tho s e  plan t s  suppli e d  wi th hi gh molybd enum 

c o n c e n t rations b ecoming mo re chloroti c .  

Comparison o f  t h e  proportion o f  5 1 cr  i n  each o f  t h e  fra c t i on s  

o f  t h e  suc c essi v e  extrac t i on p ro c edure show ed n o  maj o r  d i f f e r en c e s  
' 

b e twe en c l o v ers  fed wi t h  5 1cr3+ and t ho s �  fed  5 1 cro
4

2- . H o weve r , 

t h er e was invariably a gre a t er propo rtion o f  5 1 cr solub l e  i n  wa t er 

from the roo t s  t h an ther e was from sh oo t s , wi t h  gen erally 30- 50% o f  

5 1
c r  extrac t ed from c lo v e r s b y  e t hanol and wat er . 

The indigenous plant s ,  H .  odora and manuka , al though grown und e r  

d i f f erent  c o nd i t i on s  to th e c l o v e r  and o f  di f fe ren t age s ,  c o n t ained  

5 1
c r  in  gen e rally simi l ar proportions , i n  th e various  frac t i ons , to 

t ho s e  in  c lo ve r .  C hromium- 5 1  from r o o t s  o f  H .  od ora was l ess  solubl e 

in t h e  e arl i er frac t ions c ompared wi t h  o t h e r  sampl e s , p robably b e c au s e  
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o f  absorption on to soil par t i cl e s .  St ems o f  H .  odora grown in 

s erpen tine s oil con t ained  an unusually high frac tion o f  
5 1

cr soluble  

in boiling wa ter ( 38% ) , much  more than the  propo rtion from s t ems o f  

so il-grown manuka plan ts.  On  t h e  oth er hand , manuka sho o ts grown 

fro m  solution c ulture c on tained 38% o f  
5 1

cr in the perchloric acid 

frac ti on ( D ) , a propo rtion great e r  than that from clov ers fed  

· · 1  1 · th 5 1
c o 2-s �m� ar y w� r � • Howeve r , t h e  roo t s  from these  manuka plan t s  

c ont ained 32% o f  t h e  chromium soluble in 80% ethanol , a greater propor t -

i o n  in this frac tion than from any o th e r  of  the  samp l e s  s tudi ed . 

Thes e r esul t s  may b e  compared  wi th t h e  study o f  1 1  di fferent  

isotopes in tomato l eave s ,  by  Bowen � al ( 1 962 ) wh ere they found that  

more than 6 0% of  the  radioac tivi t y  o f  the  el ements  c o pper , magn esium , 

manganese , po t assium , so dium , tungs t en �nd zinc was r emo ved in  the  

hydro chlori c acid fra c tion but  only  for  c obalt  and sod ium was more 

t han 20% extrac ted  b y  e thanol . These  au t hors did not  s epara t e  a 

wat er s olub l e  frac t io n ,  but  c ompo n en t s  o f  this would b e  included 

i n  the hydrochloric acid extrac tion . In  addition they found that  

for  c alcium , nearly �0% was in the  pec t a t e  fraction ( C 1 )  and 37% in  

the  hydrochloric acid extrac t ( C ) , so  that , wi th t h e  exc eption o f  

i ron and molybd enum more than 70% o f  each o f  the el em en t s  studied 

was extrac t ed by et hanol and wat e r . In t hi s  thesi s , the  t o t al 5 1
cr  

ac tivi ty readily solub l e , i • . e .  ext rac ted  by e thanol , wa t er and 

hydrochlori c acid , vari e d  from 1 1  t o  6 2% ,  b u t  was grea t er than 30% 

for  most sampl es . Furthermore , relati vely l i t t l e  
� 1

c r  radioac t�vi ty 

was found in s epara tions for nucl eic  acid s , p e c t a t e s  or pro t eins , 

while Bowen e t  al ( 1 962 ) found only calc ium in pec t at e s  and none o f  

t h e  o t her elem en t s  i n  t he s e  frac t i ons . 
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The c hemical form o f  c hromium in plan t s  was no t uol e to b e  

asc er t ai ned dire c tly b y  the  extraction proc edure . I n  these  

inves t i gations , th e e thanol- and wa ter- soluble  5 1 cr  o b t ained from 

clove r ,  H .  odora and manuka , were studi e d  by high- vol t age el ec t ro­

phoresi s .  I nvariably the e l ec t rophor e t i c ally mobil e  
5 1

cr  was 

found as anionic species  at pH 5 . 3  in pyridine/ac e t i c  acid buffer . 

This ac t ivi ty was usually re solved into  one o r  more  d i s tinc t p e ak s .  

The  et hanol ext rac t o f  roots  of  nu t rien t - grown manuka plan ts  

c on tain ed 
5 1

c r  as three  d i s t i n c t  compoun d s ,  wi th the gre a t e s t  part  

o f  the  ac tivi ty pres ent as t h e  mos t  mobi l e  c ompound whi ch was 

iden tifi ed as the trioxalat o c hromat e ( II I ) ion . This is  unlikely 

to be an arti fac t of the ethanol extra c t ion proc edure sin c e  prep-

aration of synthetic  p o t assium trioxalatochroma t e ( I I I ) re qui red 

much s t ronger c ondi ti on s , vi z .  addi tion o f  solid pot assium di chroma t e  

to saturated oxali c acid a t  70°C followed b y  addi tion o f  exc ess  

dipo t a ssium oxal a t e  and  heating at  100°C .  Mixing o f  0 . 1M sodium 

5 1 cr- chromat e wi t h  oxal i c  acid  at ro om t empe ra ture did not  fo rm 

labelled  compl ex . Once  fo rm ed , this c ompl ex is n o t  v ery l abil e 

( k = 2 

1 96 5 ) , 

x 10
- 3  Moles  min

- 1  at  40°C ,  0 . 2M HC lO . ) ( Ban er j ea and Mohan , Lt 
wi th the rate  o f  disso ciation b e c oming  very small in  d i lu t e  

soiution at normal t emp erature s a nd i n  t h e  abs ence  o f  acid . 

The  presenc e o f . chromium as the oxala t e  c omplex , a f ter f e eding 

of  the  plant  wi th chroma t e , means that c hromium was reduc ed in t h e  

plant . Donaldson and Barreras ( 1 966 ) found that , although orally 

admini s t ered Na2
5 1 cro� 

and 5 1
crc13 were not absorbed appre c i ably by 

5 1  
human s , the in vi t ro intes tinal uptake o f  Na2 CrO

� 
was grea t er than 

5 1  
that o f  CrCly They al so show ed that  Cr ( VI )  was reduc ed by aci d  

gas t ri c  juices  t o  C r ( I I I ) whi ch  was poorly absorb ed . Schro e d er ( 1 968 ) 
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c onsid ered t ha t  c hromium was e ss en tial for mammals an d involved in 

l ipid and gl uco se  m e t abolism but i t s  sta t e  o f  bindin g  or mode of 

i n t e rac tion has not b e en elucida ted . I n  an earli er  paper , Schro ed er 

e t  al ( 1 962 )  r eport ed tha t from three-eigh ths  ( in o ak l eave s )  to 

seven- eighths  ( in t omat oe s )  of t h e  chromium found in ash of various 

plan t and animal
.
tissue s was in the Cr ( II I ) s t a t e ,  the  remainder  as 

C r ( VI ) .  

Pi erce ( 1 96� ) has presented evidenc e for t he binding o f  
5 1

cr  

wi th human s erum prot eins , and ha s sh own the  specifi c involvemen t 

o f  c arboxylic groups . I n  the y east  Saccharomyces c arlsbergens i s  

a n  unidenti fied l o w  mol e c ular weight c omplex has b e en reported when 

this organi sm was cul tured in  the presence  of  C r ( I I I ) ( Burk ehold er 

and Mertz , 1 966 ) , but this  thesi s  repo r t s  t h e  firs t ac c oun t of a 

known chromi um c omplex in plan ts  • 

. 6 7  Cobal t-60 and Zn extrac t e d  b y  e th anol from tomato leaves have  

b e en studied  c hroma t o gra nhi c ally by Bowen � al  ( 1 96 2 )  but  60c o  was 

n ei ther the di valent c a t i o n  nor as  Vi t amin B1 2 •  Zin c , t hough par t ly 

2+ as Zn was also pres en t in ano ther compound . A solub l e  zinc complex 

has also b e en i sola t ed froM leaves of  the grass A�ro s t i s  t enuis whi ch 

h ad b een fed wi th 6 5zn ( P e t erson , 1 969 ) . By gel fi l t ra tion , Wi lson  

and N icholas ( 1 967 )  have  also shown t hat 
60

co i n  s t erile c u l tures o f  

c lover  ( Tri fo lium subt erran eum ) was not  as ei t h er t h e  ino rganic ion 

nor Vi t amin B 1 2  ( c obalami n ) .  Compl exes o f  organi c acids  wi t h  i ron  

h ave b e en found in exudat e s  o f  tomato and sun fl ower ( Ti f f en 1 966a , 

1 966b , 1 967 ) . I ro n  in t omato o c c urred a s  a compl ex wi t h  c i trat e 

( Ti f f en , 1967 ) b u t  mangan es e ,  cobal t  and zinc were c ations  a s  d e t ermin ed 

by e l e c trophoresis . 
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The trioxalatochroma t e ( I I I ) c omplex has a disso cia tion constant  

( log  K3 = ? . �7 ) which  i s  n e arly an ord e r  of  magni t u d e  great er t han 

the corresponding i ron-oxal a t e  c ompl ex ( log  K 3  = � . 77 )  ( Sillen and 

Mar t ell , 1 964 )  indi c a ting a high e r  d egre e  of s tabi li ty fo r t h e  

c h romium c ompl ex.  Al though bo t h  such  compl exes would t end to  

disso ciate  in  solution unl ess th ere  wa s a hi gh con c en tration of  

oxalic acid  also pre s en t ,  the  chromium comp l ex wo uld d o  so  much  

slower than i ron or most  o ther m e t al c ompl exes ( Co t ton and  Wilkinson , 

1 962 ,  p .  548 ) .  There i s  an e xtreme s c arci t y  of  d a t a  on  the stability 

of  me tal ions wi t h  organic  acids in t h e  c ompi lation of  Sillen and 

Martell ( 1 964 )  b u t  undoubt ably c o mp e t i tion b e t we en c h romium and ions 

such as calcium , magn e sium , iron and manganese , for  organi c  acids 

will oc cur , as wi t h  c i trate  ( Ti f fen , 1 967 ) . 

The resul t s  from t h e  xylem s ap experiment s show t h at h exavalent  

c hromat e i s  absorbed from solu t i o n  and  trru1 spor t ed i n  t h e  xyl em 

t hroughout the  manuka plan t . Me t aboli sm of  chromate  would t herefore 

t ake plac e in  the  leaf  t i ssue to  gi ve t rioxalatochroma t e ( II I ) .  

5 1  2-Whether or not  metaboli s� o f  C ro4 t o  the  c hromium c ompl exes 

t akes plac e o nly in the l �aves and i s  then t ransl o c a t e d  in the  phloem 

to  the rest  of  t he plant or  whe t h er all ti ssues c an syn thesi s e  t h e  

c omplexes r emains  t o  b e  asc er t ained . 

The t r ansport of  c hromium a s  chroma t e  in  the  xylem sap o f  

manuka i s  t here fore analogous t o  sulphur and phosphorus whi ch  are 

principally t ransport e d  as inorganic ions i n  xylem s ap ( Tolbert  and 

Wi eb e ,  1 9 55 ) . The resul t s  of  this s tudy c ontras t wi t h  t h e  work 

of Tiffen ( 1 966a ,  1 966b )  who showed t hat  i r on was t ran spor t ed as a 

c omplex wi t h  c i t ri c  acid  in t he xylem sap o f  several spec i e s .  
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From t h e  s tudy und e r t aken , and reported  in this  t h e si s , i t  has 

b e en shown that the b i o geo c hemi c al m e t hod of pro s p e c t ing c ould b e  

impleme n t e d  succ essfully i n  N ew Zealan d .  In  ord e r , however , t o  

assess i t s  a c tual impo r t anc e in t h e  New Z ealand envir onment , i t  

should b e  c o mpared cri t i c ally wit h  o th er methods  whi c h  are a vai l ab l e .· 

For geoc h emic al prospe c ting , for broad surveys s t r eam s edimen t 

and wa t er analyses  can give som e  l o c al i sation o f  areas o f  min eral­

i sation , but for mo re  p articu lar l o c alisa ti on , e i t h er  soil or 

b i o geoch emic al analysis mus t  be c arri ed o u t . A c ompreh ensi v e  

co mparison o f  these  t wo m e t h o d s  is not  possib l e  from t h e  limi t ed 

re sult s  presen t e d  in t hi s  t h esis , b u i  gen eral c omm en t s  c an b e  mad e . 

S ampling o f  soil in N ew Zealan d ' s  d en s e  bush may o f t en b e  much 

more di f fi c u l t  t han s ampling plan t s , sinc e the  soil i s  o f t en c o n c e aled  

by  undergro wth and t angl ed ro o t  sy s t ems may pre v e n t  ac c e ss t o  t h e  

l o w e r  horizons .  Howe ve r ,  this wa s t h e  case  a t  only a few o f  t h e  

sampling s i t e s  at  C oppers t ain C r e e k .  I t  is , though , o ft en d i f fi cu l t  

to i d en t i fy a parti cular hori zon on poorly-di f feren t i a t ed so i ls , � d  

an arbi t rary sampling d ep t h  mus t  b e  used . A fur t h e r  advantage o f  

t h e  biogeochemi c al m e t ho d , is  t h a t  leaf  s ampl e s  weigh c onsi d e rably 

l e s s  t han the amount of soi l re qui red to ob tai n  a repre s e n t a t i v e  

s ample .  

Biogeoch emi c al sam p ling i s  easi e r  than soi l sampling in t e rms 

o f  e f for t and labour , b u t  involves more skill t han soil sampling.  

Plant  sample s mus t  b e  c o ll e c t ed from t h e  corre c t  s p e c i es whi c h  may 

no t always be e asily r e c o gn i s ed , and the c o rre c t  par t and age o f  

p l an t  mus t  b e  s e l e c t ed .  This t h e n , i n t roduc e s  t h e  ma j o r  d i s ad van t a ge 

o f  t h e  biogeochemi c al m e thod : t h e  n eed for an o ri en tation survey . 

I n  e B c h  area , t h e  mo s t  sui t ab l e  plant sp ec i es mus t  b e  found , sinc e  
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s ome speci es do  not ind i c a t e  mineralisation . In general , however , 

c ompr ehensiv e  soil surv eys should b e  mad e only after  an introduct ory 

s tudy has b e en mad e ,  b u t  for so i l  sampling , t h ere are fewer vari ables  

to  b e  considered than t h ere are  for biogeo c h emi s t ry .  

I n  the particular c ase  o f  the  Copper s t ai n  Cre ek pro sp ec t , 

molybd enum min erali sation was able to  b e  i ndi c ated by t h e  analysis  

of  leaf ash of  Ol eari a ran i . The o ther t wo species we re n o t  abl e 

t o  gi ve  such a reliable es timat e o f  the  molybd enum anomaly . For 

c o pper , soil geochemi c al an alysis again was able to  ind i c a t e  the  

pre s en c e  of this  el emen t , but none of  the  tree  plan t speci es  c onsid er­

ed in this  thesi s , when analysed for copper , showed any ind i c ation o f  

t h e  exten t  o r  d egre e  o f  c opper min erali sation . However ,  this  survey 

may no t have b e en a fair t e s t  of t he biogeochemical method , a s  t h e  

mineralisation h a s  b e en shown t o  b e  of  l ow grad e and limi t ed ext ent 

so  that minin g  i s  no t an economic  proposit ion , even for sulphu r ,  

which  was presen t  a t  an a v erage c o n tent of  ab out 7% i n  the und erlying 

ro cks . Suc h a l ar ge sulphur con t e n t  could  a f fec t the  ac cumulation 

of  such me tals as  copper  als o ,  b u t  to  wha t  ext ent  i s  not  known . 

The sui t abili ty o f  several speci e s  o f  ulant from the  Min eral Belt , 

for biogeo ch emi c al prospec ti ng. , has  b e e n  shown . I n  par t i c ular 

Cassinia vau villiersii shows hi gh d egre e s  of  c o rrelation b e twe en t h e  

plant ash and s oil conc entrations o f  chromium , ni ckel and cobal t .  

Leptospermum scoparium , H eb e  odora and Pimelea su t e ri also show tha t 

analyses of  their l eaves fo r chromium c ould indi c a t e  t h e  presen c e  o f  

h i gh c hromium c on t en t s  i n  the und e rlying soil . 

Stri c tly , the s erpen tine plan t s  wi ll prob ably only b e  able to  

indicate  min eralisation wi th a h i gh d egr ee  o f  reli ab i l i ty in 

s eruen tine soils . However , on pure s erpe ntine  or  peri d o ti t e  areas , 
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such a s  Dun Moun t � n , t h e  vegetation i s  so spars e ,  and o u t c rops  so  

proli f i c , that  fi eld geolo gy would usually b e  suffi c i en t  t o  find 

mineral d eposi t s , and b i o geochemis t ry wi l l  be of limi t e d  assi s t an c e  

only . However , the  c ommon pla n t  spe c i es  may nro ve u s e ful in  t h e  

search f o r  ni ckel or chromiu� in alpine  areas of  basi c  rocks whe r e  

serpen tisation ha s n o t  o c curred t o  the d e gree  o f  modifying t h e  

vege t ati on to  the ext en t t h a t  h a s  o c curred on the  Mineral Bel t .  

Th e us e o f  s tatisti c al me thod s for biogeochemi s t ry i n  this 

thesis represen ts an advance  over t h e  p revious  empi ric al methods  

whi c h  were  used for d et ermining wh ether  a plan t  sp e c i e s  i s  a good 

biogeo c hemical ind i c a to r  o r  no t .  By c al culation o f  t h e  c orrelati on 

co e f fi cient  b e tween t he metal c on t en t s  o f  p l an t  ash and soi l ,  t h e  

s t a t i s t i c al probability  that a gi ven plan t a s h  con t en t  ind i c a t e s  a 

c er t ain soil  conc entra t ion can b e  estima ted . However , to  make 

reliab l e  inf erenc e s  from stat i s ti c al results , rel atively large 

numb ers of samples should b e  u sed , sinc e ,  wi t h  smal l er samp l e  sizes , 

more care  would b e  needed  in i n t erpretat i on o f  the  s t a t i s t i c al dat a .  

The plot ting o f  graphs showing perc entage cumulati ve frequency 

plo t t ed against c o n c entra tion can also prove u seful . At Copperstain 

Creek , t hi s  me thod showed a sui table  threshhold value for· t he 

molybd enum conten t s  o f  0 .  rani sampl es , but again , thi s stati s t i c al 

metho d  should b e  limit ed t o  appli c ation s involving only l arge numb e rs 

o f  sample s .  

I n  gen eral , b i o geoch emi s t s  and geo c h emi s t s  could and should 

avail themselves of mod ern statistical m e thods for large s e t s  o f  

d at a .  Assi stan c e  from stati s ti c i ans  i n  the d e sign of  experimen ts 

c ould also prove us eful . The availability  o f  compu t e rs for t h e  



t e dious calculations makes s t a t i s t i c s  mu ch more r e adily avai lable 

than previously . 

During t h e  c ours e o f  these  biogeoc hemi c a l  in v e s t i gations , t h e  

use  o f  emissi on spe c trography was found t o  b e  more s ati sfactory 
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t h an absorption  spec tropho t ome try for t race  el emen t analysi s .  

Emi ssion spe c trography prod u c e s  a permanent  record for the  analysis 

of  many el emen t s  simultaneously and , fo r soi l s  in par t i c ul ar , sample 

pr eparation was simpl e .  Only for zinc , calcium and magn e sium 

an alyses did  t he ad van t a ges o f  sp eed , s en si t i vi ty and preci sion o f  

a t omi c absorption spec t ropho tome try make this  method more pre f erab l e . 

In addi tion  to  biogeo chemi s t ry , a c onsi d erable amoun t  o f  d a t a  

o f  general nutri tional i n t erest  i s  rec orded and discussed i n  this 

t h e si s .  Trace  el emen t m e t abolism i n  pl ants  i n  gene ral i s  no t well 

und erstoo d , and these  resul t s  repr e s en t  the  f i rst m a j o r  accumula t i on 

o f  data  for New Zealand indi genous plants  and thei r correspond ing 

soi l s .  

T h e  mos t int eres ting finding i s  that s everal plan t speci es  do , 

in fac t ,  show hi ghly-sign i fi c ant  correlations b e twe en the  metal c on t ent  

o f  t h e  plan t ash  and the t o t al conc entrat i on i n  the corresponding s oi l . 

The t o t al soil c on t en t  o f  a metal , as  measure d , is  n ever all available 

to  a plant and , therefor e , th e s e  relationship s indi c a t e  a hi gh d egr e e  

o f  c o rr elation b e tween t h e  to tal soil c on t ent  and wha t  i s  avai lab l e  

to  t h e  plant . In par ti c ular , the  hi gh ac cumulation o f  c hromium from 

soils containing chromium i n  very insoluble fo rms i s  surpri sin g .  

The abi li ty of  t h e  plan t s  to ex trac t c hromium from soil  minerals , such 

as c hromi t e , is muc h more e ffic i en t  than i s  a 2 . 5% ac e t i c  acid solu­

tion , as n i ckel i s  more so luble than chromi um in thi s  extrac tant , 



but i s  a c c umulated t o  a lower d e gr e e .  

S el e c tive  a c c umulation of  some e l em en t s  b y  New Zealand indi genous 

flora has b e en d es c ribed here . In  particul ar , t h e  serpentine  end emi c 

species  Pimelea s u t eri has t h e  abili ty  to accumula t e  cobal t  and ni ckel 

to far hi gher  l e vels than the o t h er plan t s  s t udi ed .  Thi s plan t c on-

t ained mean conc en t ra tions of  5800 ppm ni ckel and 2 30 ppm cobal t in 

the ash whi c h  are respe c ti vely 90 and 30 times  the average c o n t en t s  

of these el emen ts  i n  plant ash ( Hawkes and Webb , 1 96 2 ) . Thi s d e gree  

of  ac cumulation c annot  b e  explained o n  th e ba sis of  present  knowl e d ge , 

as t hese  elements are b eli e ved to  b e  non- essential t o  plant s ,  as i s  

t h e  elem en t  c hromium also . C hromium oc curred in all  t h e  s erp entine  

plant s ,  and was ac c umulated  in  par tic ular by  P .  sut eri and  man uka . 

The s erpentine plan t s  d i f f ered  from plan ts sampl ed on normal 

soils and differed  b e tween spe c i es , not only in their  t rac e elemen t 

content , but  als o  i n  their c al c i um an d magnesi um c on t en t s , and t h e  

b alance  o f  t he s e  two elemen t s .  As wi th t h e  appar en t s el ec t i vi ty 

of trac e elemen ts  by di fferen t spec i es ,  i t  i s  not known whe t her t h e  

plants  have d i f ferent re qui rem ents  for the  various e l emen t s , or i t  

may b e  that  dif feren t spe c i es o perat e di f ferent mechanisms t o  increase 

or  re stri c t  t he uptak e  of these  elemen t s .  

The fac tors in fluencing t h e  ac cumulation o f  any element by 

pl an t s  are many and c omple x .  Soil fac tors  such as drainage , porosity 

and parti c l e  s i z e  and si t e  fac t o rs su ch  as  aspect  and el evation may 

af fect  t h e  growth and min eral ac cumulation of  plan t s  a s  well as 

chemi c al fac tors of pH and nutrient s t at u s  o f  the  soi l . I n t erac ti ons 

may oc cur  in t he soil  and in t h e  plan t , b e tween major and minor 

elemen t s  and each o t h er ,  to  giv e  th e final el ement al composi tion o f  

t he plant . 
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For t ra c e  elements in  p articular , interac tions wi t h  o t h er t r a c e  

elemen t s  c an b e  import an t ,  b u t  are di fficult  to  evaluate . Lin ear 

correla tions were calcu l a t ed b e tween pairs of elemen t s  in the plan t 

speci es sampled from s erpen tine soi l s  and in the soil s  t h emselves  

and showed a numb er  o f  signi fi c an t  r e l a ti onships . 

I t  was found tha t in  the  soil chromium , nickel and cobalt  i n c rease  

in c onc en tration simul t aneously , and  c opper also but to a l es s e r  ext en t . 

When c o n sid ering the trac e element nu tri ent s t atus o f  serpentin e  soils  

it  therefore is  impos sible  t o  d e t ermine any effec t due  to  t h e  presen c e  

o f  unusually high amoun t s  o f  any one o f  t h e s e  elemen t s , as . in the  same 

soil , the other three wil l  also oc cur at high to tal conten t s .  

I n  the plan ts  from t he Min eral Belt , the  foliar con t en t s  o f  t n e  

six element s  of  par ti cular  int erest , �hromium , nickel , copper , cobal t , 

c al c i um and magn esium , wh en consid ered for linear c orrelations b e twe en 
/ 

any two , showed relationships o f  varying signi fi can c e , d ep ending o n  

t h e  species and t h e  s ampl e  popula tion consid ered . In  general , i t  c an 

b e  s aid  that i f  the  conc entra tion o f ,  s ay ,  chromium , is  high e r  in o n e  

plan t than in a n o t h e r  ( of  t h e  s ame sp e c i e s ) then the  c oncentrations 

o f  ni ckel , c obalt and magnesium wi ll also b e  higher  and t h a t  of  

c alcium l ower . These are the same gen eral charac t eri stics  a s  tho s e  

of  soils d eriv e d  f rom a sub s t ra t e  varying from sediment ary rocks t o  

ultramafic . 

The overall int erdepen d en c e  of  t h e  various fac t o rs , o n e  on ano ther , 

would b e  very di fficul t t o  d e t ermin e .  The u s e  of  linear c o rrelat ions I I 

in this t hesis h as yi elded a c ertain amoun t o f  informa tion b u t  mo r e  

c ould probably b e  o b t ained by use  o f  more sophi s ti c a t ed s t a t i s t i c al 

t e c hni ques . In  a recent  thesis  on t he phospha t e  s t a tus of  soils , 



Ballard ( 1 968 ) was abl e  t o  show which soil and si t e  fac t o rs had a 

direc t e ff ec t and whi ch an indire c t  e ffec t on the produc t i vi t y  o f  

Pinus rad i a ta , by the  u s e  o f  mul t iple and partial c orrelations 
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c alcula t ed with a c ompu t e r .  A similar typ e of  s t udy could b e  d o n e  

o n  serpen tine plan t s , b u t  a t rain ed s t a t i s t i cian would b e  required 

to  i n t erpre t  the resul t s .  

These s tudies showed that t h e  N ew Z ealand s erpen t ine  min eral 

environmen t i s  compl e x  and , as wi th  overseas s tudi es  ( e . g . Saro s i ek , 

1 96� ) , the  i ndigenous plan t s  showed as a direc t respons e t o  t h e  

limi ting fac tors o f  this  environmen t , changes  i n  the  foliar element al 

c omposi tion . Howeve r , i t  has no t b e en r esolved which  are the  m o s t  

importan t  fac tors . To  solve thi s  qu es tion would r e qui re c ompl ex , 

well d esigned growth  e xperimen t s .  

Experimen ts  should b e  c arri ed out  ini t i ally t o  s tudy a t  l ea s t  

t hree  spec i e s : a s erp entine end emic ( e . g . P .  su t eri ) , a "s erp�ntine­

ad apt ed 11 species  such  as  rnanuka ( Lep t o sn ermum scoparium ) , and  a non-

t ol erant spe cies  such  as  red b e ech  ( No tho fagus fusc a ) . By c ar e ful 

d esign ,  a s eri es  of n u t ri ent  cul ture solu tions could be prepared , 

i d eally to  c on t ain a range o f  c o n c ent rat ions of the  e lemen t s  o f  

particular i n t erest  i n  serpentine  soil� , viz . Cr , Ni , C u ,  C o , C a , 

M g ,  Mo , Fe , N ,  P and K .  I f  plan t s  were c ul t ured und er i d e n t i c al 

condi tions of  ext ernal c lima t e ,  and measurem ents mad e on  t h e  d egre e  

o f  germination , survival and growth , then wi t h  sui tab l e  s t a t i s t i c al 

analysis a l arge amoun t  o f  in forma tion ori t h e  reasons for d evelopment 

o f  a peculiar s erpent i n e  flora c ould b e  d edu c ed .  However , such a 

l arge experiment mus t , b e c ause  o f  i t s  si z e ,  b e  a long t erm pro j ec t .  

Further informa t i on c ould b e  ob t ained by c omple t e  mineral 

analyses  of the plan t s  from suc h  growth  experimen t s , wi th further 
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s tati s t i c al analysi s .  Possibly also , the effec t of  minerali Eat ion 

on morpholo gi c al charac t eri s t i c s  could be d e t ermin ed by examination 

of  t h e  same plan t s .  

Followin g o n  from t h e  s tudy o f  t h e  con t en ts of  t ra c e  elemen t s  

i n  plan t s , an a t t empt was made t o  und erstand some thing o f  t h e  

metab o lism o f  c h romium , a n  e lement whi c h  o c curred at  unusually high 

concentrations in s erpentine  plan t s .  U · t h  d · · t 5 1c· s�ng e ra  � o � so ope r ,  

the t ri oxalatochroma t e ( I I I ) ion was i d en t i fied  in roo t s  and sho o t s  

o f  manuka s e edlings , b u t  n o t  in  r e d  c lo ver s e edli n gs . In  'xylem sap , 

5 1  
however , ch romium was pre s e n t  as  t he i norganic i o n  er-chroma t e .  

O ther soluble c ompounds o f  c hromium we re s epara t e d  from plant 

extrac ts , but  have y e t  t o  b e  i d en t i fi ed . 

The c h emic al c omposition  of  t h e  c hromium con t aining c ompon en t s  

o f  b o t h  manuka and r e d  c l over s e ed lings c o ul d  be  further charac t erised  

by t h e  i solation o f  larger amount s  o f  t hese c ompoun d s , whi c h  may be  

able  to  b e  i d en t i fi ed by  mass spe c trom e t ry . This t ec hnique can now 

be used  o f t en on v ery small sample s , to  i d en t i fy t h e  chela t e  fra gment s 

o �  m e t al c ompl exes ( R . J .  H e d ges , pers .  comm . ) .  U s e ful c ompari sons 

c ould also be mad e b e tween p l an t s  grown und er  iden t i c al condi tions 

from s e ed from b o th a normal environment and the  s erpentine ar ea . 

O veral l , this  radio i so t o pe s tudy has shown s om e  aspe c t s  o f  

c hromium metab oli sm , and d i f feren c e s  b e twe en indi genous and pasture 

plan t spe c i e s .  The trac er i so top e method should b e  u s ed mor e , .  and 

c ould giv e  furt her  insi gh t s  i n t o  t he m e t abolism an d t h e  mod e  and rate  

of  mov emen t o f  c hromium and  o th er inorganic  ion s ,  wi th t h e  eventual 

a im o f  und ers t anding  how plan t s  c an and do  indi c a t e  minerali sati o n .  

This i nformation will b e  nec e s s ary to plac e bioge o c h emi c al prosp e c ting 

o n  a more s ec ure footing from t he min eral metaboli sm vi ewpoin t . 
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This would obvi a t e  t h e  d e fi c i enci es in the  p ast �hen the  t e c hnique  

has  been  applie d  in an e ss entially empirical manner  wit h  li t t l e  

thought t o  �lant physiology or t o  s t atisti c al consi d erati on s .  
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App end i x  1 a  

GRID SURVEY RESULTS FROM COPPERSTAIN CREEK 

( ppm o f  ash ) 

( Hyphen indi c at e s  plan t  ab s en t  a t  si t e .  pH was no t measured 

on all so i l s )  

Si t e  Soil Oleari a  M;:t:rsi n e  Qui n t i n i a  
No . rani sali cin a a c u t i fo l i a  

pH Mo Cu Zn Mo Cu Zn Mo C u  Mo Cu 

1 2  5 . 0  3 5 18 5 70 10 170  1 2 50 1 5  90 -

1 3  6 . 0  98 1 90 1 6 5  5 1 30 ·580 9 80 
14 5 . 5  6 2  180 1 8 5  5 1 10 580 6 70 1 3  76 
1 5 5 . 5  160  260 1 20 3 60 

22 5 . 3  1 4 5  1 35 80 1 5 330 520 20 64 1 3  1 70 
2 3  5 . 2  96 14 5 50 200 180 1 640 50 62 90 100 
24 5 . 3  1 35 1 8 5  9 5  1 8  1 2'5 960 25 6 5 
2 5  5 . 4  1 5 5  200 1 20 44 1 1  '5 '500 7 80 
26  4 . 9  1 '5 5  1 6 5  '5 5  1 2  64 

31 4 . 9  1 2 '5 1 8 5  95  64 1 1  '5 420 7 100 
32 .i) . 3  90 1 20 7 5  74 14 '5 1 220 16 70 
33 '5 . 5  2 1 5  92 55 100 250 900 9 74 70 105 
34 5 . '5  1 10 1 7 5  100 66 230 8 20 6 88  
35  '5 . 4  2 1 0  80 1 30 92 290 960 6 76  
36 4 . 8  1 9 5 73 30 20 52 230 1 1 5  

4 1  6 . 8  100 1 2'5 1 8 5  40 500 4 '50 
42  5 . 8  1 3'5 220 90 1 10 2 '50 8 '50 1 2  1'+ 5 
43 5 . 7  1 0 5  10 5 40 72 360 660 230 90 
44 5 . 1  1 70 70 7 '5 260 840 1000 66 140 1 90 250 
45 5 . 5  1 30 68 80 20 20'5 590 5 92 
46  5 . 6  1 2 5  60 80 1 1 2 350 660 33 1 30 
47 5 . 1 1 60 72  60  18  1 1 5 9 1 60 

5 1  5 . 3  '+ 1  1 10 1 10 3 3,60 600 5 1 35 
52 .5 . 3 90 7 1  80 22 2 50 c;oo 
53 5 . 4  1 5 5  1 90 6o· 26  4 90 320 
54 5 . 8  1 30 8 3  90 44 52 100 230 
'5 5  5 . 2  1 3 5  50 7 5  8 0  5 10 920 30 1 50 24 300 
56  5 . 2 14 5 73  9 5  10 200 
57 6 .. 0 2 1 5 72  45  50 370 470 
58 5 . 4 2 1 5 280 1 25 28 220 8 30 5 1 92 33 1 30 
59 5 . 2  1 2 5  280 80 9 1 30 

cont . 



App endix 1 a  ( c o n tinued ) 

Si t e  pH Mo Cu Zn Mo Cu Zn Mo Cu Mo Cu 
No . 

6 1  5 . 8  54 108 2 1 0  7 70 280 1 0  7 0  
6 3  5 . 3  80 62 60 6 2  360 4 60 20 5 6  7 180 
64 5 . 3  7 5  8 8  'J 5  38 1 30 23 220 
65 5 . 1 1 30 1 20 1 1 5  1 3  2 5 700 
6 6  5 . 4  1 1 5 4 2  1 25 70 180 580 1 3  90 
6 7 5 . 4 1 1 5  1 0 5  8 5  30 30 5 8 30 5 1 0 5  
68 Lt . 9  60 '"t 2  35 80 1 00 9 1 30 

7 1 5 . 1  1 50 100 60 7Lt 2't0 1 1 30 1 3  6 2  
72 5 . 5 100 80 60 1 8  74 Lt70 
7 3  5 . 3  36 1 60 70 7 1 60 720 9 1 70 
7 5  64 90 1 40 9 400 580 2 1 1 5 1 1 2 5  
7 6  68 74 50 Lt0 1 60 7 70 1 50 200 
77 1 60 380 40 250 80 
78 1 80 220 5 5 1 1 5 

8 1  1 3'J 80 60 2 5 6  1 7 2  
82 'J5  62 30 5 230 Lt 70 5 1 60 
8 3  2 3  1 0 5  6 5  1 2 20 'JOO 1 74 
84 2 1  9 5  50 1 3  'J 6  5 74 
8 'J  30 70 30 1 1 20 380 2 80 3 1 90 
8 6  50 102  80 Lt 1 2 5  420 6 9 5 3 1 50 
8 7  200 180 5 5  1 0  1 90 930 9 1 5 5 

9 1  30 60 4 'J  3 2 70 390 6 1 50 
92 1 6  1 1 0 20 3 1 70 400 2 1 00 4 1 7 5  
9 3  1 3  140 90 20 1 1 5  1 0  1 1 6 
94 9 1 90 90 3 220 700 12 1 0 5  7 1�.t0 
9 5  1 2  48 5 5  5 90 . 7 1 70 
9 6  1 2  70 4 5 1 9Lt 5 1 50 
97 18 60 55 1 Lt 6 5 1 't0 

1 0 1 1 6  1 30 1 1 0 1 1 Lt0 . 520 7 100 9 2 1 0 
1 0 2  1 6  70 1 70 ') 2 60 4 20 6 2 1 0 7 500 
1 04 28 1 0 5  1 2 5  6 1 90 500 3 9 5  6 320 
1 0 5  1 7 44 55 9 1 30 
1 0 6  30 32 7 5  5 140 1 3  1 60 



.App en d i x  1b  

AN ALY S I S  O F  O LEARI A R AN I  

( ppm o f  ash ) 

Leaves Wo od Twigs Flowers S oi l  Perc en tage A s h  

Mo Cu Zn Mo Cu Zn Mo Cu Zn Mo Cu Zn Mo Cu Zn L w T F 

53 16 0  4 50 1 7  - - 9 '5 2 30 660 - - - 2 5 5  200 BB 7 . 7  1 . B 2 3 . 0 7 . 9  
1 600 1<t0 720 2 1 0  <t-BO 1060 9 5 590 1 000 - - - 200 1BO 94 7 . 7  1 . 4 7 . 9  7 . 9  

200 140 1 3'+0 B4 290 700 1 1 0 7 1 0 660 20 1 90 4BO 2 50 1 1 0 73  7 . 7  1 . 4 3 . 0  7 . 2  
1 30 1 20 7BO 14 1 60 1 300 '50 3 1 0  1000 7 1 70 3 1 0  260 2BO BB B . 2  1 .  9 7 . 7  7 . 9  
100 1�-tO 1 2 30 70 3 1 0  1 7BO 2B 100 700 3'+ 1 70 <tOO 1 50 100 Bo 7 . 7  1 .  6 1 1 . 0  B . o 

't 9 1 90 660 1 3  230 530 2 5  60 240 22 2 30 4 50 240 1 30 1 30 7 . 3  1 .  9 9 . 6 7 . 6 
95  310  900 7 1  460 560 27 'J<t-0 4BO 60 360 4BO 1 6B 1 70 1 1 0 8 . 0  1 . 6 5 . 1 7 . 5 
70 1�-tO Boo 27 70 6oo 2 5  1 60 330 27 220 2BO 1BO 140 1 70 B . 1  3 . 9  6 .  1 B . 1 
2 1  90 940 20 1 90 Boo 26 3BO B�.tO 35 240 400 2BO 360 14B 9 .  1 2 . 0  <t . B  7 . 5 
27 1 20 B�.tO 24 270 660 20 90 4 30 70 220 <tOO 235 1BO 1BB B . 7  1 . 5 1 5 . 3  7 . 5  
1 2  1 50 720 1 5  3 1 0  900 2 1  260 900 22 220 400 2 50 320 9�-t 9 . 0  1 .  9 8 . B  8 . 3  
10 1�-tO 700 1<t 260 <t- 30 1 5  500 7 50 1B 240 360 265 360 94 7 . 7  1 . 2  6 . 5 6 . 9  
5 5  1�-tO 720 32 380 570 44 1 30 520 72 1 90 300 2 1 5  1 60 7 3  B . o 1 .  B 1 0 . 5 B . 2  

270 1 10 640 1 0  1BO �.t 30 8't 300 670 � 9 2 1 0  3B O 520 1 00 7 3  6 . 9  1 . 7  5 . 0  7 . 3  
1 000 220 9 10 1 10 3 1 0  720 1 4 ')  690 B 30 50 270 4 30 330 1 70 1 3 5 '5 . 9  1 . 5 6 . 3  B . 1 

1 =JO 1 30 6't0 66 360 370 c;S 360 '570 70 2 70 370 350 280 1 20 5 . 9 2 . 0  5 . 7  6 . 5 .  
B 2  1 30 �.t '50 6 300 3BO 3 380 6oo 4 180 2'50 20 5 1 30 70 6 . 9  1 .  3 4 . 9  7 . 9  
34 1 30 �.t 30 30 3'+0 ·480 37 570 390 26 1 90 2Lt0 1BQ 1 20 73  7 . 5  1 . B  6 . 1 B . 2  
70 1 70 5 '50 1 0  1 70 <t- 50 1 3  8�-tO 't 30 1 6  1 90 220 270 4 1 0 188 6 . 7  1 . 8 4 . 6  8 .  1 
33 1BO 720 1 5  220 520 1 9  330 Boo 6 220 300 1 20 2BO 1 30 8 . 9  1 . 4 '5 . 9  8 . 3  

1 1 0 220 6Lt0 44 2BO 700 60 Lt80 780 '5 5  1 90 300 1 5 5 140 94 5 . 9  1 .  7 5 . 4 8 . 0 
1 0  60 340 . 1 6  110 240 1 2  2'50 3BO 20 1 60 260 84 1 20 203 8 . 6  1 .  3 '5 . 0  8 . B  
1 9  1 30 't 70 23 1 60 'l20 2 3  2 1 0  '570 �.tO 2 1 0  380 235  320 94 9 . 9  1 .  B B . Lt B . 1 
90 1 60 780 3'5 1 90 720 1 3  'l70 Lt80 6 1 60 240 1 50 220 B 1  5 . 7  1 .  1 2 . 8  7 . 1 
1 0  90 360 7 1 �-tO �-t 30 1'-t  1 90 2BO 23  1 '-tO 1 8 0  72 1 10 1 '-tLt B . 6  2 . 6  7 . '-t  9 - 3  
1 0  1 60 700 3 1 60 5 50 9 3 1 0  �.t80 8 220 300 58 1 00 1 3'5 7 . 6  1 .  8 6 . 8  B . o 

� (X) + 



C R  ( P P M l 

P L A N T  S O I L  

1 4 0 0 . 0  2 7 0 0 0 . 0  

2 3 0 0 . 0  1 1 0 0 0 . 0  

3 4  0 0 . 0  1 6 0 0 0 . 0  

1 0 0 0 . 0  2 8 0 0 0 . 0 

44 0 0 • 0 3 3 0 0 0 • 0 

9 0 0 . 0  4 4 0 0 0 .- 0  

6 0 0 0 . 0  2 3 0 0 0 . 0  

1 3 0 . 0  5 0 0 0 . 0  

5 2 0 . 0  5 6 0 0 . 0 

96 0 . 0  4 6 00 . 0  

1 8 0 0 . 0  6 8 0 0 . 0 

1 0 0 0 . 0  4 7 0 0 . 0  

1 0 5 0 . 0  3 8 0 0 . 0  

N 1  

P L A N T  

1 2 0 0 . 0  

1 4 0 0 . 0  

9 8 0 . 0  

7 2 0 . 0  

1 3 0 0 . 0  

5 2 0 . 0  

1 40 0 . 0  

2 5 0 0 . 0 

1 0 0 0 . 0  

1 3  5 0 . 0  

2 2 0 0 . 0  

3 0 0 0 . 0  

4 0 0 0 . 0  

A P P  E N  I) I X 2a 

C A S S I N I A  VA U V I L L I E R S I I  V A R . S E R P E N T I N A 

R A NU O M  C O L L E C T I O N 

( p p M l c u  ( P P M  l e o  ( P P M l  

S O I L P L A N T S 0 I L P L A N T S O I L  

4 3 0 0 . 0  1 8 5 . 0  2 7 0 . 0 2 4 0 . 0 7 0 0 . 0  

1 6 0 0 . 0  4 7 . 0  5 5 . 0  5 6 . 0  3 1 0 . 0 

2 B O O . O  3 2 5 . 0  1 1 9 . 0 7 0 . 0  2 8 0 . 0  

2 40 0 . 0  9 0 . 0  1 2  4 .  0 2 5 . 0 3 1 0 . 0 

2 2 0 0 . 0 2 1 . 0  6 3 . 0  7 6 . 0  3 0 0 . 0  

2 5 0 0 . 0  1 1 . 0 9 6 . 0  3 4 . 0 3 0 0 . 0  

3 0 0 0 . 0  3 3 . 0  1 2 5 . 0 1 0 0 . 0 3 3 0 . 0  

2 9 0 0 . 0  2 1  5 .  0 4 3 . 0  1 5 0 . 0  3 0 0 . 0  

3 1 0 0 . 0  2 0 0 . 0  4 7 . 0  3 3 . 0  3 3 0 . 0 

2 2 0 0 . 0  1 8 0 . 0  1 1 7 . 0 6 7 . 0  2 4 0 . 0  

2 9 0 0 . 0  1 60 . o  1 5 5  . o  5 0 . 0  9 1 0 . 0  

4 8 0 0 . 0  1 5 5 . 0  8 5 . 0  7 1 . 0  5 8 0 . "0 

4 8 0 0 . 0  2 50 . 0  1 6 2 . 0 2 1 0 . 0  4 6 0 . 0  

Z N ( P P �� l  C A ( %) MG (0/ol 

P L A N T A S H  

4 5 0 . 0  1 0 . 9 0  7 .  1 0  

7 3 0 . 0 1 9 . 6 0 2 .  7 0  

3 5 0 . 0  4 . 4 0 9 . 70 

4 7 0 . 0  1 1 . 2 0 5 . 0 0  

8 0 0 . 0  8 . 2 0 7 . 40 

6 3 0 . 0  5 . 0 0 4 .  5 0  

4 8 0 . 0  1 0 . 6 0  7 . 1 0  

5 0 0 . 0  7 .  3 0  1 6 . 3 0 

6 8 0 . 0  1 3 . 4 0 1 0 .  1 0  

4 40 . 0  9 . 0 0 7 . 9 0  
6 7 0 . 0  1 1 . 8 0  5 . 6 0 

4 6 0 . 0  4 . 3 0 1 2 .  5 0  

6 5 0 . 0  6 . 40 1 6 . 7 0 

C A n-1 G  

1 .  5 3  5 
7 . 2 5 9 

. 4 5 3  

2 . 2 40 

1 .  1 0  8 
1 . 1 1 1  

1 .  4 9 2  

. 4 4 7  

1 .  3 2  6 
1 .  1 3 9 

2 .  1 0 7  

. 3 4 4  

. 3 8 3  

..... 00 ..Jl 



A P P E N D I X 2b 

C A S S I N I A  V A U V I L L I � � S I I  V A R .  S E R P E N T I N A 

L O C A L I S E D C O L L E C T I O N 

C R  ( P P M ) N 1  ( P P M ) c u  ! P P M ) C O  ( P P M ) 

P L A N T  S O I L  P L A N T  S O I L P L A N T S O I L  P L A N T S O I L 

3 5 . 0  9 0 0 0 . 0  6 6 0 . 0  2 2 0 0 . 0  1 9 0 . 0  5 8 . 0  2 6 . 0  4 1 0 . 0 

8 0 0 . 0  8 0 0 0 . 0  1 1 0 0 . 0  1 8 5 0 . 0 3 6 . 0  6 6 . 0  4 0 . 0  3 2 0 . 0  

1 6 0 0 . 0  1 2 0 0 0 . 0  1 8 0 0 . 0 1 9 0 0 . 0  3 0 0 . 0  6 0 . 0  42 . 0  4 0 0 . 0  

2 5 0 0 . 0  1 1 0 0 0 . 0  2 0 0 0 . 0  1 6 0 0 . 0  1 3 5 . 0 5 1  • 0 1 0 0 . 0  3 8 0 . 0  

1 4 5 . 0  1 1 0 0 0 . 0  7 5 0 . 0 3 1 0 0 . 0  8 4 . 0 4 4 . 0  1 9 . 0  6 3 0 . 0 

4 0 0 0 . 0  1 1 0 0 0 . 0  1 8 0 0 . 0  1 8 0 0 . 0  2 0 0 . 0 8 0 . 0  1 1 0 . 0 4 0 0 . 0  

1 8 0 . 0  1 0 5 0 0 . 0  1 0 0 0 . 0  2 0 0 0 . 0  8 4 . 0  5 2 . 0  3 4 . 0 4 8 0 . 0  

1 5 0 0 . 0  1 0 5 0 0 . 0  1 7 0 0 . 0  1 9 00 . 0  2 3 0 . 0  9 1  • 0 8 5 . 0  4 1 0 . 0  
1 1 0 0 . 0  1 1 0 0 0 . 0  2 3 0 0 . 0 2 7 0 0 . 0  1 5 0 . 0 7 2 . 0  , 1 3 0 . 0  4 8 0 . 0  

2 4 0 0 . 0  7 3 0 0 . 0  1 9 0 0 . 0  1 9 0 0 . 0  2 60 . 0  8 1  • 0 5 6 . 0  3 0 0 . 0  

1 5 0 0 . 0  6 8 00 . 0  1 7 00 . 0 2 1 5 0 . 0  1 5 5 . 0  64 . 0  8 0 . 0 3 6 0 . 0 
2 1 0 0 . 0  7 3 0 0 . 0  1 8 5 0 . 0  1 8 0 0 . 0 2 90 . 0  6 6 . 0  7 4 . 0  3 1 0 . 0  

1 9 0 0 . 0  6 5 0 0 . 0  1 4 5 0 . 0  2 1 5 0 . 0 6 8 .  0 6 4 . 0  7 7 . 0  3 8 0 . 0  

1 0 5 0 . 0  1 4 0 0 0 . 0  8 8 0 . 0  1 9 0 0 . 0  6 6 . 0  5 6 . 0  4 4 . 0  4 3 0 . o  

1 6 0 . 0  1 2 0 0 0 . 0  7 0 0 . o  2 2 0 0 . 0  9 5 . 0  7 8 . 0  2 3 . 0  3 5 0 . 0 

Z N ! P P M )  C A !% ) t� G (" "/o) 

P L A N T  A S H 

5 5 0 . 0  8 . 5 0 2 . 8 0 

4 7 0 . 0 8 . 8 0  8 . 0 0  

1 4 0 0 . 0  1 2 . 2 0 5 .  5 0  

9 3 0 . 0  6 . 40 4 . 40 

9 6 0 . 0  9 . 8 0  4 . 6 0 

6 3 0 . 0  5 . 6 0 4 . 8 0  

7 8 0 . 0  6 . 5 0 4 . 0 0 

8 0 0 . 0 1 0 . 6 0 - 1 1 . 40 

5 4 0 . 0  5 . 60 7 . 2 0 

7 6 0 . 0  4 .  7 0  4 . 5 0 

7 6 0 . 0  7 . 0 0 9 . 0 0  

7 1 0 . 0 7 . 9 0 7 . 40 

6 8 0 . 0  5 . 1 0  6 . 8 0 

8 6 0 . 0  1 1 . 4 0 4 . 3 0  

1 2  40 . 0  1 1 .  1 0  6 .  40 

C /1. / MG 

3 . 0 3 5  

1 .  1 0 0  

2 .  2 U:l  

1 . 4 5 4  

2 . 1 3 0 

1 .  1 6 6 

1 .  6 2 5 

• 9 2  9 

. 7 7 7  

1 . 0 4 4  

. 7 7 7  

1 . 0 6 7  

. 7 5 0  

2 . 6 5 1  

1 . 7 3 4  

_,) 00 0'\ 



A P P I: N D I X  2c 

C A S S I N I A  VA U V I L L I E R S I I  V A R . S E R P E f\J T I N A 

R O U N O A R Y  C O L L E C T I O N 

C R  ( P P M ) N 1 ( P P M )  c u  ( P P M  l e o  ( P P M ) 

P L A N T S O I L  P L A N T  S O I L P L A N T S 0 I L P L A N T S 0 I L 

4 1 . 0  8 6 0 . 0  2 2 0 . 0  1 4 5 0 . 0  60 . 0  8 8 . 0  1 5 . 0 1 1 5 . 0 

3 3 . 0  1 2 5 0 . 0  1 0 5 . 0  1 1 5 0 . 0  6 6 . 0  7 0 . 0  1 9 . 0  1 1 5 . 0 

2 0 . 0  2 7 0 0 . 0  2 4 0 . 0  1 6 0 0 . 0  5 8 . 0  1 0 5 . 0  7 . 0 2 0 0 . 0  

3 . 0  1 9 00 . 0 1 6 5 . 0 9 2 0 . 0  6 6 . 0  8 6 . 0 7 . 0  1 5 0 . 0 
4 . 0  1 6 0 0 . 0  1 0  l .  0 9 8 0 . 0 5 3 . 0  6 7 . 0  4 . 0 1 4 0  . o  

2 0 . 0  3 3 0 0 . 0  2 3 0 . 0 1 0 0 0 . 0  1 1 0 . 0  9 0 . 0 l 'h O  2 0 0 . 0  

< 1 0 . 0  4 1 0 0 . 0 2 5 0 . 0  1 5 0 0 . 0  2 2 0 . 0  7 0 . 0  7 0 . 0  2 0 5 . 0  

< 1 0 . 0  3 7 0 0 . 0  6 0 0 . 0  1 3 0 0 . 0  1 5 0 . 0  6 3 . 0  4 1 . 0  2 1 0 . 0  

< 1 0 . 0  2 2 0 0 . 0  1 9 0 . 0  1 0 4 0 . 0  l O O . 0 7 4 . 0  5 . 0 1 5 0 . 0  

< 1 0 . 0  2 1 0 0 • . 0 5 6 0 . 0 1 2 5 0 . 0  7 4 . 0  1 5 0 . 0  1 0 . 0  1 4 0 . 0  

Z N  ( P P �'! ) C A ( %) M G  ( "/ol 

P L A N T A S H 

6 1 0 . 0 1 3 . 3 0 3 . 6 0 
5 4 0 . 0  1 0 . 0 0 2 .  7 0  

4 3 0 . 0  1 1 . 7 0  1 . 7 0 

5 8 0 . 0  1 3 . 40 . 8 0 
3 3 0 . 0  8 . 4 0  1 . 6 0 
4 4 0 . 0  1 0 . 40 . 8 0 

6 2 0 . 0  1 0 . 3 0  1 . 9 0  

5 0 0 . 0 1 0 . 1 0  2 .  2 0  

5 0 0 . 0  1 2 . 7 0 . 1 . 5 0 

6 7 0 . 0  7 . 8 0  l .  5 0  

C A / M G 

3 . 6 9 4  

3 . 7 0 3  

6 . 8 8 2  
1 6 . 7 :5 0 

5 . 2 5 0 

1 3 . 0 0 0  

5 . 4 2 1  

4 . 5 9 0 

8 . 4 6 6 

5 . 2 0 0  

_, 00 -...J 



A P P E N D I X  2d 

C A S S I N I A  VA U V I L L I I: R S I I  V A R . S E R P E N T I N A 

S A M P L f S  F O R  P O L L E N  A NA L Y S I S  

C R  ( P P M ) N 1 ( P P M )  c u  ( P P M ) C O  ( P P M ) 

P L A N T  S O I L  P L A N T  s o r  L P L A N T  S O I L  P L A N T S O I L  

7 2 0 0 . 0  9 0 0 0 0 . 0  42 0 . 0  2 7 0 0 . 0  5 5 . 0  1 3 5 . 0 3 0 . 0  3 6 0 . 0  

1 3 0 . 0  2 3 0 0 0 . 0  4 0 0 . 0  5 6 0 0 . 0  3 2 . 0 2 0 0 . 0  1 1 . 0 7 1 0 . 0 

4 1 0 0 . 0  2 0 0 0 0 . 0  7 0 0 . 0  2 5 0 0 . 0  9 9 . 0  1 0 5 . 0  3 2 . 0  2 7 0 . 0  

5 4 0 . 0  2 0 0 0 . 0  8 3 0 . 0  3 8 0 0 . 0 4 5 . 0  1 4 0 . 0  6 6 . 0  3 9 0 . 0  

( 1 0 . 0  1 6 0 0 . 0  2 5 0 . 0  1 4 0 0 . 0  9 1 . 0  3 4 0 . 0 1 5 . 0 1 4 0 . 0  

< 1 0 . 0  9 0 0 . 0  1 4 0 . 0 7 1 0 . 0  5 3 . 0  9 6 . 0  1 0 . 0  8 3 . 0  

Z N ( P P M )  C A  ( '/o) f'\G  (0J.,) 

P L A N T A S H 

6 1 0 . 0  2 4 . 9 0  2 . 9 0  
6 6 0 . 0  1 8 . 40 2 . 6 0 

4 8 0 . 0  4 . 2 0  8 . 0 0  

8 5 0 . 0  5 . 9 0 4 . 6 0 
6 8 0 . 0  7 . 8 0  1 .  4 0  

8 3 0 . 0  9 .  5 0  l .  3 0  

C A / M G 

8 . 5 8 6  

7 . o  7 6  

• 5 2  5 
1 . 2 8 2 
5 . 5 7 1  

7 . 3 0 7  

� 00 00 



C R  ( P P M l 

P L A N T S O I L  

3 7 0 . 0  1 9 0 0 0 . 0  

7 6 . 0  1 4 0 0 0 . 0  

3 0 0 0 . 0  1 6 0 0 0 . 0  

1 7 0 0 . 0  3 5 0 0 0 . 0 

1 2 0 0 . 0 2 5 0 0 0 . 0  
9 2  0 .  0 4 4  0 0 0 . 0 

1 5 0 0 . 0  2 3 0 0 0 . 0  

1 3  5 .  0 1 4  0 00 . 0  
1 6 0 . 0  1 7 0 0 0 . 0  

5 0 . 0  4 5 00 . 0 
5 2 0 . 0  7 4 0 0 . 0  
1 0 0 . 0  5 3 00 . 0  

5 0 . 0  4 2 0 0 . 0  

N 1 ( P P M l  

P L A N T  S O I L 

2 1 0 0 . 0  5 9 0 0 . 0  

1 3 00 . 0 4 0 0 0 . 0  

2 2 0 0 . 0  2 8 0 0 . 0  

1 0  5 0 . 0  1 9 0 0 . 0  

7 8 0 . 0  2 4 0 0 . 0  

5 6 00 . 0  2 5 0 0 . 0  

1 2 0 0 . 0  3 0 0 0 . 0  

2 1 00 . 0 3 4 0 0 . 0  
1 9 0 0 . 0  4 3 0 0 . 0  

1 3 00 . 0 1 6 0 0 . 0  

1 9 0 0 . 0  1 6 0 0 . 0  
1 4 0 0 . 0 3 7 0 0 . 0  

2 0 0 0 . 0  3 3 0 0 . 0  

A P P E N D I X  2e 

HEB E O D  O RA 

R A N O O M  C O L L E C T I O N 

c u  ( P P M  l C O · 

P L A N T S 0 I L P L A N T 

2 0 0 . 0 4 0 0 . 0  3 6 . 0  

1 3 0 . 0  2 5 0 . 0  2 9 . 0  

1 90 . 0  1 1 9  . o  1 6 0 . 0  

2 4 0 . 0  1 7 5 . 0  44 . 0  

2 1 5 . 0  1 2 0 . 0 4 0 . 0  

2 2 0 . 0  9 6 . 0  1 7 . 0  

2 4 5 . 0  1 2 5 . 0 3 3 . 0  

1 6 0 . 0  1 5 5 . 0  3 3 . 0  
7 9 . 0 1 8 5 . 0 3 4 . 0  

9 5 . 0  7 9 . 0  4 0 . 0  

1 0 5 . 0  1 2 5 . 0 5 0 . 0  
1 2 0 . 0  6 9 . 0  3 5 . 0  

1 60 . 0  7 5 . 0  3 9 . 0  

( P P M l Z N ( P P f·� ) C A  (0/o) f'1G (0/o) 

S O I L  P L A N T A S H  

7 6 0 . 0  3 7 0 . 0  1 0 . 5 0  1 2 . 40 
5 8 0 . 0  4 7 0 . 0  1 0 . 5 0 6 .  70 
2 8 0 . 0  4 1 0 . 0  4 .  6 0  2 4 . 9 0 

3 2 0 . 0  5 9 0 . 0  5 . 7 0 1 3 . 2 0 
2 9 0 . 0  7 40 . o  8 . 7 0  1 4 . 9 0 
3 0 0 . 0  6 3 0 . 0  4 . 6 0 1 4 . 40 

3 3 0 . 0  5 3 0 . 0 6 . 3 0 2 0 . 6 0 

5 0 0 . 0  7 2 0 . 0  7 . R O  1 4 .  1 0  
5 8 0 . 0  6 0 0 . 0  6 .  5 0  1 6 . 3 0 

1 3 0 . 0  2 9 0 . 0  1 0 . 3 0 8 .  1 0  
2 0 0 . 0  5 8 0 . 0  1 3 . 0 0 1 1 . 40 
5 3 0 . 0  6 0 0 . 0  7 . 9 0  1 0 . 2 0 

4 6 0 . 0  3 5 0 . 0  5 � 9 0  1 2 . 60 

C A / M G 

• 8 4 6  

1 . 5 6 7  

. 1 8 4  

. 4 3 1  

. 5 8 3  
. 3 1 9  

• 30 5 

. 5 5 3  
. 3 9 8  

1 .  2 7 1  
1 .  1 40 

. 7 7 4  

. 4 6 8  

_. 00 
\{) 



C R  ( P P M ) N 1 ( P P I-1 )  

P L A N T S O I L  P L A N T  S O I L 

7 8 0 . 0  6 2 0 0 . 0  1 5 5 0 . 0 1 3 0 0 . 0 

1 3 5 . 0  1 4 5 0 0 . 0  2 0 0 0 . 0  1 6 0 0 . 0  
1 9 0 . 0  1 1 0 0 0 . 0  1 8  00 . 0  2 0 0 0 . 0  

5 2 . 0  7 0 0 0 . 0  2 4 0 0 . 0  1 9 0 0 . 0  

2 0 0 0 . 0  1 1 5 0 0 . 0  2 9 0 0 . 0  1 5 5 0 . 0  

5 0 . 0  7 0 0 0 . 0  3 5 0 0 . 0  2 1 0 0 . 0  

7 2 . 0  1 0 3 00 . 0 1 5 0 0 . 0  2 3 0 0 . 0  

2 3 0 . 0  7 0 0 0 . 0  1 6 00 . 0  2 6 0 0 . 0  

4 8 . 0  8 4 0 0 . 0  1 9 0 0 . 0  3 0 0 0 . 0  

3 0 0 . 0  1 2 0 0 0 . 0  1 3 0 0 . 0  1 8 00 . 0  

1 2 0 0 . 0  9 0 0 0 . 0  1 8 5 0 . 0  1 9 0 0 . 0 

5 2 . 0  7 2 0 0 . 0  1 2 0 0 . 0  1 6 5 0 . 0  

4 4 . 0  6 8 00 . 0  1 4 5 0 . 0 2 1 5 0 . 0  

3 7 . 0  5 9 0 0 . 0  1 40 0 . 0  2 6 0 0 . 0  

7 6 . 0  8 2 0 0 . 0  3 7 0 0 . 0  2 8 0 0 . 0  

A P P E N D I X 2f 

H E B E  O D O R A  

L O C A L I S E D C O L L E C T I O N 

C U . ( P P M )  C O  ( P P M l Z N ( P P M l  

P L A N T S O I L  P L A N T S O I L  

1 0 7 . 0  6 7 . 0  3 3 . 0  2 5 0 . 0 5 4 0 . 0  

2 1 0 . 0  8 7 . 0  2 0 . 0 4 9 0 . 0  8 9 0 . 0  

1 4 0 . 0  1 0 5 . 0  2 5 . 0  3 5 0  . o  5 3 0 . 0  

1 7 0 . 0  7 2 . 0  2 5 . 0 4 1 0 . 0  4 5 0 . 0  

2 5 0 . 0  8 1 . 0  7 4 . 0  4 0 0 . 0  4 7 0 . 0  

2 2 5 . 0  9 5 . 0  3 4 . 0  4 0 0 . 0  7 8 0 . 0  

1 7  5 .  0 8 1 . 0  2 9 . 0 · - r l i4 3 ·0 . 0 ' • '5 40 . 0 

1 5 5 . 0  1 5 0 . 0 2 2 . 0  5 2 0 . 0  8 8 0 . 0  

1 4 0 . 0  1 2 0 . 0  3 1 . 0  6 6p . o  6 3 0 . 0  

5 5 . 0  8 7 . 0  3 1 . 0 5 2 0 . 0  7 7 0 . 0 

1 5 0 . 0 7 6 . 0  3 2 . 0  4 8 0 . 0  5 9 0 . 0  

1 50 . 0  7 6 . 0  2 9 . 0  3 3 0 . 0  6 3 0 . 0  

2 9 5 . 0  1 1 5 . 0  1 8 . 0 3 6 0 . 0  6 3 0 . 0  

2 0 0 . 0  9 7 . 0  1 9 . 0 4 8 0 . 0  5 8 0 . 0  

1 9 5 . 0  1 1 5 . 0  8 2  � 0  4 6 0 . 0  7 7 0 . 0  

C A ( %) M G ( %) 

P L A N T A S H 

8 . 8 0 1 4 . 2 0 

1 1 . 6 0 7 . 60 
8 . 40 1 7 . 5 0 

8 .  7 0 9 . 3 0 

5 . 9 0 8 . 8 0  

9 . 4 0 1 6 . 8 0 
7 . 0 0  1 6 .  3'0 
7 . 5 0 1 4 . 0 0 
8 . 5 0 2 3 . 1 0  

1 0 . 5 0  1 1 . 8 0  

7 .  1 0  1 9 . 3 0  
9 .  9 0 1 7 .  40 

6 . 7 0 6 .  1 0  

6 . 3 0 1 3 . 40 
6 . 8 0  2 1 . 5 0 

C A / M G 

. 6 1 9  

1 .  5 2  6 
. 4 8 0  

• 9 3  5 
. 6 7 0 

• 5 5 9  
• 4 2 9 

• 5 3  5 
. 3 6 7  

• 8 8  9 

. 3 6 7  

. 5 6 �  

1 . 0 9 8 

. 4 7 0  

. 3 1 6  

� "' 0 



C R  ! P P M ) N 1  

P L A N T S O I L  P LA N T  

1 4 . 0  1 4 0 0 . 0  5 4 0 . 0  

2 6 . 0  1 6 0 0 . 0  3 5 0 . 0  

1 7 . 0  3 3 0 0 . 0  4 8 0 . 0  
< 1 0 . 0  1 0 0 0 . 0  4 4 0 . 0  

< 1 0 . 0  9 6 0 . 0  6 2 0 . 0  
< 1 0 .  0 1 4 00 . 0 3 1 0 . 0 

( 1 0 . 0  2 2 0 0 . 0  4 2 0 . 0  
< 1 0 . 0  2 7 0 0 . 0 5 4 0 . 0 
< 1 0 . 0  1 9 0 0 . 0  3 3 0 . 0  

< 1 0 .  0 4 1 0 0 . 0 5 0 0 . 0 

A PP E N D I X  2g 

H E I:3 E OD O RA 

B O U ND A R Y  C O L L EC T I O N 

! P P M ) ,- ' c u  ( ( 'P P M ) · C 0 · · · {· P P  M ) 

S 0 1  L P L A N T S 0 1  L P L A N T S O I L  

1 4  5 0 . 0  6 0 . 0  8 5 . 0  6 . 0 1 1 0 . o  

9 8 0 . 0  6 0 . 0  6 7 . 0  1 2 . 0  1 4 0 . 0 

1 0 0 0 . 0  8 0 . 0  9 0 . 0  1 5 . 0 2 0 0 . 0 
1 0 4 0 . 0  6 8 . 0  1 6 5 . 0  9 . 0  9 6 . 0  

1 3 0 0 . 0  3 9 . 0 6 2 . 0  6 . 0 1 1 0 . o  

1 40 0 . 0  6 4 . 0  1 3 0 . 0  4 5 . 0  1 2 5 . 0  

1 0 4 0  o 0 .- l ; I 5 4  o 0 ' .  : 1 · 7 4 • 0 t, ' : 7 0 o 0 . . .  1 5  0 o 0 
1 6 0 0 . 0  1 4 5 . 0  1 0 5 . 0  7 0 . 0  2 0 0 . 0 

9 2 0 . 0  7 2 . 0  8 6 . 0  1 6 . 0 1 5 0 . 0  

1 5 0 0 . 0  7 2 . 0  7 0 . 0  1 0 . 0  2 0 5 . 0  

. Z N ! P P M ) C A  (0/o) f"1G ! %) C A / �1 G  

P L A NT A S H 

7 2 0 . 0  1 4 . 3 0  3 . 1 0  4 . 6 1 2 
5 1 0 . 0  1 4 . 7 0 3 . 2 0 4 . 5 9 3 
3 8 0 . 0  1 1 . 9 0 3 . 1 0  3 .  8 3 8 
5 1 0 . 0  1 0 . 9 0 3 .  6 0  3 . 0 2 7 

6 3 0 . 0  1 8 . 1 0  2 . 0 0  9 . 0 5 0 
5 8 0 . 0  9 . 3 0 3 . 1 0 3 . 0 0 0 

3 7 0 . 0 · 1 2 '"' 0 0  3 . 7 0 . · . .  3 . 2 4 3 
6 3 0 . 0  1 3 . 5 0 3 .  1 0  4 . 3 5 4 
4 2 0 . 0  1 4 . 5 0  ' 3 . 6 0 4 . 0 2 7  

4 5 0 . 0  1 2 . 1 0 4 .  7 0  2 . 5 7 4 

� 
\() 
� 



C R  ( P P M ) N 1 

P L A N T S O I L  P L A N T  

1 8 0 0 . 0  7 0 0 0 . 0  2 3 0 0 . 0  

3 2 0 . 0  5 6 0 0 . 0  1 5 5 0 . 0 

9 2 0 . 0  6 0 0 0 . 0  1 5 5 0 . 0  

2 5 0 0 . 0  2 8 0 0 . 0  8 8 0 . 0  

1 9 0 0 0 . 0  1 9 0 0 0 . 0  1 3 0 0 0 . 0  

1 0 0 0 0 . 0  1 0 0 0 0 . 0  9 6 0 0 . 0  

2 9 0 0 . 0  1 2 0 0 0 . 0  7 4 0 . 0  

7 6 0 0 . 0  2 4 0 0 0 . 0  2 2 0 0 . 0 

1 00 0 0 . 0  6 6 0 0 0 . 0  2 2 0 0 . 0  

1 0 5 0 0 . 0 2 3 0 0 0 . 0  2 8 0 0 . 0  

3 9 0 . 0 1 5 0 0 0 . 0  1 7 0 0 . 0  

2 0 0 . 0  5 0 0 0 . 0  3 1 0 0 . 0  

1 1  o o . 0 4 6 0 0 . 0  2 2 0 0 . 0  

2 9 0 0 . 0  6 8 00 . 0  2 5 00 . 0 

42 oo . 0 5 3 0 0 . 0  7 8 0 0 . 0  

3 2 0 0 . 0  2 6 00 . 0  2 2 0 0 . 0  

A PP E N D  I X 2h 

L E P T OS P E R M U M  S C O PA R I U M 

R A ND OM C O L L E C T I ON 

( P P M )  c u  

S O I L P L A NT 

5 4 0 0 . 0  1 2 0 . 0  

3 2 0 0 . 0  5 9 . 0  

3 9 0 0 . 0  5 5 . 0  

3 2 0 0 . 0  8 3 . 0  

5 9 0 0 . 0  2 00 . o  

3 5 0 0 . 0  1 1  5 .  0 

3 6 0 0 . 0  - 1 2  5 .  0 

2 4 0 0 . 0  1 3 0 . 0  

1 9 5 0 . 0  9 5 . 0  

3 0 0 0 . 0  2 1 0 . 0  

3 0 0 0 . 0  6 8 . 0  

2 9 0 0 . 0  3 9 0 . 0  

2 2 0 0 . 0  7 5 . 0  

2 9 0 0 . 0  9 5 . 0  

3 7 00 . 0 7 5 . 0  

3 9 0 0 . 0  5 7 . 0  

( P P M ) C O  

S O I L  P L A N T 

1 4 0 . 0 6 5 . 0  

1 0 7 . 0  3 3 . 0  

8 3 . 0  9 3 . 0  

7 7 . 0  3 4 . 0  

4 0 0 . 0 4 0 0 . 0  

2 1 5 . 0  4 2 0 . 0  

1 4 5 . 0 . - . 4 2 . 0  

1 2 0 . 0  1 0 5 . 0  

7 5 . 0  1 0 7 . 0 

1 2 5 . 0  1 6 0 . 0  

5 3  . o  4 8 . 0  

4 3 . 0  1 8 0 . 0  

1 1 7  . o  4 0 . 0  

1 5 5 . 0 6 8 . 0  

6 9 . 0  4 6 0 . 0  

7 5 . 0  5 3 . 0  

( P P M )  

S O I L  

4 8 0 . 0  

3 3 0 . 0  

4 0 0 . 0  

2 5 0 . 0 

7 5 0 . 0  

5 4 0 . 0  

4 2 0 . 9  

2 8 0 . 0  

3 2 0 . 0  

3 3 0 . 0  

3 2 0 . 0  

3 0 0 . 0  

2 4 0 . 0  

9 1 0 . 0 

5 3 0 . 0  

5 4 0 . 0  

Z N ( P P M )  C A ( %) MG ( %) 

P L A N T A S H 

6 7 0 . 0  1 5 . 9 0 8 . 9 0  

5 9 0 . 0  2 7 . 5 0 8 . 3 0 

4 6 0 . 0  1 5 . 0 0 1 0 . 8 0 

3 9 0 . 0  1 8 . 7 0  8 . 2 0 

3 1 0 . 0 1 1 . 2 0 7 . 4 0 

3 1 0 . 0  1 2 . 1 0  8 . 3 0 

3 6 0 . 0  1 4 . 8 0  1 7 . 0 0 

3 3 0 . 0  1 2 . 60 1 2 . 0 0 

4 3 0 . 0  1 4 . 3 0  1 2 . 0 0 

3 40 . 0 1 4 . 0 0 8 .  60 

3 0 0 . 0  1 0 . 4 0 1 3 . 3 0 

3 1 0 . 0  9 . 0 0 1 1 . 9 0 

4 3 0 . 0  1 1 . 5 0 1 2 . 3 0 

3 7 0 . 0  8 . 8 0  9 . 9 0  

3 5 0 . 0  8 . 9 0  6 . 7 0 

3 2 0 . 0  1 6 . 0 0 6 . 8 0 

C A / M G 

1 . 7 8 6  

3 . 3 1 3  

1 .  3 8 8  

2 . 2 80 

1 . 5 1 3  

1 .  4 5 7  

• 8 =7 0 · . 

1 . 0 5 0 

1 . 1 9 1  

1 . 6 2 7  

• 7 8 1  

. 7 5 6  

• 9 3 4 

. 8 8 8  

1 .  3 2  8 

2 . 3 5 2 

...J. 
\C) F\) 



\ 

C R  ( P P M l N 1  ( P P M )  

P L A N T  S O I L  P L A N T S O l L 

5 00 . o  9 0 0 0 . 0  1 5 0 0 . 0  2 2 0 0 . 0  

5 2 0 0 . 0  8 00 0 . 0  2 4 0 0 . 0  1 8 5 0 . 0  

2 4 0 0 . 0  7 0 0 0 . 0  2 0 0 0 . 0  1 9 00 . 0 

2 5 0 0 . 0  6 0 00 . 0  1 9 00 . 0 1 9 0 0 . 0  

1 4 00 . 0  1 1 0 0 0 . 0  1 3 0 0 . 0  2 7 00 . 0  

7 0 0 . 0  6 4 00 . 0  8 6 0 . 0  1 7 5 0 . 0  

1 2 5 0 . 0  1 06 0 0 . 0  1 6 0 0 . 0  1 9 00 . 0 : 

1 5 0 0 . 0  9 8 00 . 0  1 4 00 . 0  1 3 0 0 . 0  

5 4  00 . 0  9 6 0 0 . 0  3 2 0 0 . 0  2 0 0 0 . 0  

6 00 0 . 0  1 1 0 00 . 0  5 2 00 . 0 1 9 00 . 0  

1 3 00 . 0  1 1 0 0 0 . 0  1 5 0 0 . 0  2 7 00 . 0 

8 5 0 0 . 0  8 4 00 . 0  2 5 00 . 0  1 6 0 0 . 0  

8 0 0 . 0  6 8 0 0 . 0  1 1 0 0 . 0  2 1 5 0 . 0  

4 6 0 . 0  84 00 . 0  2 9 00 . 0  2 0 0 0 . 0  

1 3 00 . 0  1 1 0 0 0 . 0  5 40 . 0  1 60 0 . 0  

A P P  E N D I X 2i 

L E P T OS P E R M U M  S C O PA R I U M 

L OC A L I S E D C O L L E C T I O N 

c u  ( P P M  l e o  ( P P M l  

P L A N T S O I L  P L A N T S O I L  

7 9 . 0  5 8 . 0  4 0 . 0  4 1 0 . 0  

4 3 . 0  66 . 0  1 4 5 . 0  3 2 0 . 0  

4 7 . 0  7 2 . 0  5 8 . 0  4 1 0 . 0  

9 9 . 0 6 1 . 0  7 6 . 0  3 1 0 . 0 

8 7 . 0  6 0 . 0  4 1 . 0  5 0 0 . 0  

5 0 . 0  7 9 . 0  2 5 . 0  3 6 0 . 0 

8 2 . 0  6 9 . 0  3 5 .  0 - 43 0 . 0  

1 2  5 .  0 4 8 . 0  4 6 . 0  2 9 0 . 0 

1 8 5 . 0  9 6 . 0  2 9 0 . 0 4 2 0 . 0  

1 2 0 . 0  6 9 . 0  1 7 0 . 0  4 00 . 0  

9 0 . 0  7 2 . 0  4 2  . o  4 8 0 . 0  

7 5 .  0 6 3  . o  2 00 . 0 3 7 0 . 0  

. 9 0  . o  6 4 . 0  4 1 . 0  3 6 0 . 0  

2 5 0 . 0  9 6 . 0  1 7 0 . 0  3 9 0 . 0 

1 50 . 0  6 3 . 0  3 7 . 0  4 8 0 . 0  

Z N ( P P M l  C A ( %) MG ! %l 

P L A N T A S H  

5 6 0 . 0  1 4 . 3 0  7 . 40 

3 9 0 . 0  1 3 . 1 0  1 0 . 0 0 

3 9 0 . 0 1 9 . 40 6 . 3 0 

4 40 . 0  2 2 . 9 0 4 . 3 0 

4 40 . 0  1 7 . 9 0 1 2 . 1 0  

3 40 . 0  2 2 . 00 6 .  40 

< 4 6 0  . o  1 6 . 3 0 8 . 40 

4 9 0 . 0  2 5 . 7 0  6 . 2 0 

5 3 0 . 0  1 5 . 7 0 . 7 . 2 0 

4 1 0 . 0  1 9 . 2 0 5 .  40 

4 7 0 . 0  2 2 . 0 0 1 1 . 2 0 

3 5 0 . 0  1 5 . 2 0 6 . 8 0 

4 7 0 . 0  1 6 . 5 0 8 .  60 

4 5 0 . 0  1 9 . 60 7 . 9 0 

3 40 . 0 2 7 . 7 0  5 . 60 

C A / M G 

1 .  9 3 2  

1 . 3 1 0 

3 . 0 7 9  

5 . 3 2 5  

1 .  4 7 9 

3 . 4 3 7  

1 .  9 4 0  

4 . 1 4 5 

2 . 1 8 0 

3 . 5 5 5 

1 . 9 6 4  

2 . 2 3 5  

1 .  91 8 " . 

2 . 4 8 1  

4 . 94 6 

� 
"' \)'l 



C R  ( P P M ) N 1 ( P P M ) 

P L A N T  S O I L  P L A N T  S O I L 

9 0 . 0  5 2 00 . 0 1 1 0 . 0 1 3 0 0 . 0  

3 2 0 . 0  2 7 0 0 . 0  8 40 . 0  1 0 5 0 . 0  

66 0 . 0  2 2 00 . 0  1 2 0 0 . 0 1 0 5 0 . 0 

1 7 0 . 0  2 7 0 0 . 0  6 2 0 . 0  1 5 0 0 . 0  

1 6 0 . 0  1 4 0 0 . 0 3 6 0 . 0  7 6 0 . 0  

< 1 0 . 0  3 6 0 0 . 0  2 6 0 . 0  1 5 0 0 . 0  

A P P E N D I X 2 j  

L E PT O S P E R M U M  S C O P A R I U M 

B O U N DA R Y C O L L E C T I O N 

c u  ( P P M ) · e o  ( P PM ) 

P L A NT S O I L  P L A NT S O I L  

3 0 . 0  8 5 . 0  6 . 0  2 4 0 . 0  

1 1 5 . 0  5 7 . 0  1 7 . 0 1 4 0 . 0  

1 2 0 . 0  7 3 . 0  4 0 . 0  1 3 0 . 0  

6 0 . 0  8 2 . 0  2 0 . 0  2 2 5 . 0  

1 1 0 . 0  7 0 . 0  2 5 . 0  9 8 . 0  

7 6 . 0  8 4 . 0  5 0 . 0  2 0 0 . 0  

Z N I P P M I} I' C A ( %) M G (% ) 

P L A N T  A S H 

2 8 0 . 0  1 6 . 50 

2 9 0 . 0  1 7 . 2 0 

2 7 0 . 0  1 R .  60 

3 5 0 . 0  1 7 . 3 0 

2 8 0 . 0  1 3 . 60 

2 2 0 . 0  1 9 . 0 0 

3 .  5 0  

3 . 8 0 

5 . 9 0  

4 . 5 0  

4 . 6 0 

3 . 2 0 

C A / M G  

4 . 7 1 4  

4 .  5 2 6 

3 . 1 5 2 

3 . 8 4 4  

2 . 9 5 6  

5 . 9 3 7  

� 

'i 



C R  ( P P M ) N 1 ( P P M )  

P L A N T  S O I L  P L A N T  S O I L 

7 5 . 0  1 3 0 00 . 0  4 4 0 . 0  6 4 0 0 . 0  

1 1 5 0 . 0  9 00 0 0 . 0  42 0 . 0  2 7 0 0 . 0  

7 2 0 0 . 0  2 5 00 0 . 0  1 9 00 . 0 3 8 0 0 . 0  

4 1 00 . 0  1 0 5 0 0 . 0  8 6 0 . 0  3 1 0 0 . 0  

8 5 0 . 0  5 0 00 . 0  4 3 0 . 0  4 7 0 0 . 0  

2 9 0 . 0  1 2 0 0 0 . 0  3 8 0 . 0  6 0 0 0 . 0  

6 5 . 0  5 4 00 . 0  2 00 . 0 2 3 0 0 . 0  

4 8 . 0  3 7 0 0 . 0  1 0 0 . 0  1 3 0 0 . 0  

6 2 0 . 0  6 2 00 . 0  1 7 00 . 0  3 4 0 0 . 0  

3 8 0 . 0  1 0 5 0 0 . 0  6 3 0 . 0  1 8 0 0 . 0  

6 8 0 . 0  4 4 0 0 . 0  7 40 . 0  4 1 0 0 . 0  

A P P E N D I X  2k 

L E P T U S P E R M U M  S C O P A R I U M  

S A M P L E S  F O R  P O L L E N A N A L Y S I S  

c u  ( P P M ) C O  ( P PM ) 

P L A N T  S O I L  P L A NT S O I L 

4 1 . 0  1 1 0 . 0  8 . 0  4 8 0 . 0  

6 6 . 0  1 3 5 . 0 1 8 . 0 3 6 0 . 0  

2 6 .  0 9 0 . 0  1 3 0 . 0  3 8 0 . 0 

4 8 . 0  1 2 5 . 0 5 6 . 0  3 3 0 . 0  

4 6 . 0  1 8 0 . 0  2 4 . 0  4 6 0 . 0  

3 2 . 0  1 2 0 . 0 1 5 . 0 7 0 0 . 0  

h -: 5 4 . 0 :; , . , , 1 1 0 . 0 : · .· c. l 3 . 0 ,- . · 3 ft0 . 0  

2 6 . 0  8 5 . 0  1 0 . 0  1 4 0 . 0  

5 0 . 0  7 8 . 0  6 2 . 0  3 1 0 . 0 

. 2 7 . 0  1 5 0 . 0 1 5 . 0  4 � 0 . 0  

5 3 . 0  8 5 . 0  42 . 0  4 8 0 . 0 

Z N  ( P P M )  .. (i A  ( %) M G  ( 0/o) 

P L A N T  A S H 

5 3 0 . 0  1 4 .  50 5 . 1 0 

3 7 0 . 0  1 1 . 9 0  1 1 .  40 

3 6 0 . 0  9 . 30 8 .  5 0  

3 5 0 . 0  1 1 . 3 0 9 . 60 

5 3 0 . 0 7 .  60 1 2 . 8 0 

3 8 0 . 0  1 6 . 0 0 5 . 2 0 

. 4 2 0 ]1 0  1 7 . 7 0 3 . 0 0 

3 6 0 . 0  1 6 . 1 0  2 .  70 

5 90 . 0  8 . 2 0 " 1 4 . 60 

4 0 0 . 0  1 2 . 9 0 1 2 . 1 0  

4 6 0 . 0  1 4 . 40 7 . 0 0 

C A / MG 

2 . 8 43 

1 . 0 4 3  

1 . 0 94 

1 .  1 7 7 

. 5 9 3  

3 . 0 7 6  

5 . 9 00 

5 . 9 6 2  
. 5 6 1  

1 . 0 6 6  

2 . 0 5 7  

..... 
� \J1 



C R  ( P P M ) N 1 

P L A N T  S O I L  P LA N T  

5 4 0 . 0  1 3 5 0 0 . 0  7 5 0 . 0  

1 9 0 . 0  5 4 00 . 0  8 00 . 0 

1 3 0 . 0  6 0 0 0 . 0  4 0 0' . 0 

64 0 . 0  2 4 0 0 0 . 0  5 8 0 . 0  

3 9 0 . 0  6 5 0 0 . 0  9 2 0 . 0  

2 2 5 0 . 0  6 7 0 0 . 0  8 00 . 0  

4 5 0 . 0  2 6 0 0 . 0  7 5 0 . 0  

2 6 0 . 0  7 3 00 . 0  6 6 0 . 0  

5 0 0 0 . 0  6 8 0 0 . 0  1 1 0 0 . 0  

5 8 0 . 0  6 5 00 . 0  5 40 . 0  

5 5 00 . 0  1 8 0 0 0 . 0  1 1 0 0 . 0  

3 1 0 . 0  9 5 00 . 0  1 0 0 0 . 0  

5 5  0 0 . 0  6 5 00 . 0  2 5 0 0 . 0  

1 2 0 0 . 0  2 9 0 0 . 0  1 2 00 . 0 

1 5 5 . 0  3 7 0 0 . 0  6 0 0 . 0  

3 0 0 . 0  1 3 0 0 0 . 0  1 6  5 0  . o  

5 2 0 . 0  6 8 0 0 . 0  8 0 0 . 0  

2 7 0 0 . 0  2 5 00 . 0  4 0 0 . 0  

8 00 . o  44 0 0 . 0  1 2 0 0 . 0  

2 8 0 . 0  7 6 00 . 0  1 4 0 0 . 0  

t\ PP E N D I X  21 

M Y US OT I S  M O N R O I 

( P P M )  c u · I IPP M ) C O  · · ( P P M  l 

S 0 1  L P L A N T 

3 2 0 0 . 0  5 0 . 0  

2 2 0 0 . 0  6 0 . 0  

2 3 0 0 . 0  3 0 . 0  

3 2 5 0 . 0  4 5 . 0  

3 0 0 0 . 0  6 1 . 0  

3 9 00 . 0  4 8 . 0  

2 5 0 0  . o  . 6'1 • 0< ' ' . ' 
2 9 0 0 . 0  4 6 . 0  

2 0 0 0 . 0  42 . 0  

2 40 0 . 0  3 0 . 0  

2 3 0 0 . 0 3 3 . 0  

2 8 00 . 0  3 8 .  0 

3 5 oo . o· - "t o·s . o · · 

1 6 0 0 . 0  5 8 . 0  

1 6 5 0 . 0  4 1 . 0  

2 2 0 0 . 0  3 2 . 0  

3 2 0 0 . 0 6 5 . 0  

2 0 0 0 . 0  2 8 .  0 

2 2 0 0 . 0  3 9 . 0 

4 1 0 0 . 0  3 9 .  0 

S 0 I L P L A N T 

9 2 . 0  3 8 . 0  

1 2 5 . 0  3 6 . 0  

1 5 5  . o  2 9 . 0 

1 0 0 . 0  3 6 . 0  

1 9 . 0 4 5 . 0  

1 2 0 . 0  4 7 . 0  

6'2 • 0 r ·w 4'6 • 0 

62 . o  2 9 . 0  

7 6 . 0  4 3  . o  

4 6 . 0  2 4 . 0  

6 6 . 0  8 2 . 0  

8 2 . 0  2 9 . 0  

1 4 5 . 0 -. - �- 1 6 5 . 0 

3 3 0 . 0  5 0 . 0  

1 0 0 . 0 3 2 . 0  

1 40 . 0  8 3  . o  

1 7 0 . 0 2 8 . 0  

5 0 . 0  3 8 . 0  

2 7 0 . 0 5 6 . 0  

3 1 0 . 0  3 5 . 0  

S O I L  

6 0 0 . 0  

2 40 . 0 

2 3 0 . 0  

5 3 0 . 0 

4 6 0 . 0  

6 5 0 . 0  

3 3 0 . 0  

4 6 0 . 0  

2 6 5 . 0 

3 4 0 . 0  

3 7 0 . 0  

3 9 0 . 0  

� - - 4 6 0  . • 0 

1 5 5 . 0  

1 8 0 . 0  

"' 2  4 0 . 0  

3 1 0 . 0  

1 8 0 . 0  

2 8 0 . 0  

4 6 0 . 0  

Z N I P P M l C A  1 "'/ol MG ( %l C A / M G  

P L A N T A SH 

1 7 0 . 0  5 . 0 0 3 . 40 1 . 4 7 0  

1 8 0 . 0  4 . 3 0 2 . 7 0 1 . 5 9 2 

1 9 0 . 0  3 . 7 0 1 . 8 0  2 . 0 5 5  

3 0 0 . 0  3 . 5 0 2 .  40 l .  4 5 8  

2 1 0 . 0 4 . 1 0  1 . 5 0 2 .  7 3 3 

2 6 0 . 0  4 •. 3 0  3 . 9 0  1 . 1 0 2  

. 2 6 0  . o  ltt� 9'0 4 . 3 0 1 . 1 3 9  

3 40 . 0 3 .  50 2 . 60 l .  3 46 

2 3 0 . 0 5 . 5 0 3 . 40 1 . 6 1 7  

2 40 . 0  5 . 0 0  4 . 0 0 1 .  2 5 0  

2 6 0 . 0  2 . 8 0 2 . 70 1 . 0 3 7  

2 6 0 . 0  2 . 3 0 . .  2 . • 3 0  1 ._0 0 0  

2 3 0 . 0 4 . 0 0 2 . 9 0 1 . 3 7 9  

2 6 0 . 0  5 . 3 0 2 .  60 2 . 0 3 8 

2 3 0 . 0  4 . 1 0  2 . 0 0  2 .  0 5 0  

3 1 0 . 0  3 .  40 3 .  40 1 . 0 0 0  

2 3 0 . 0 2 . 7 0  4 . 0 0 . 6 7 5  

2 7 0 . 0  3 . 2 0 3 . 0 0  1 . 0 6 6 

2 6 0 . 0  2 . 9 0  3 . 7 0 • 7 8 3  

2 6 0 . 0  3 . 0 0 3 . 2 0 . 9 3 7  

� 
"' (1\ 



C R  I P P M ) N 1  I P P M ) 

P L A N T S O I L  P L A N T  S O I L 

2 0 0 . 0  8 6 0 0 . 0  6 40 . 0  3 2 0 0 . 0  

1 3 5 0 . 0  1 4 8 00 . 0 4 6 5 . 0  8 0 0 0 . 0  

3 6 0 . 0  7 9 0 0 . 0  43 5 .  0 2 7 00 . 0  

8 0 0 . 0  2 9 5 00 . 0  1 0 0 0 . 0  5 0 0 0 . 0  

2 6 5 . 0  5 6 5 0 . 0  7 2  5 .  0 3 2 0 0 . 0  

3 3 0 . 0  8 0 00 . 0  6 40 . 0  7 5 0 0 . 0  

3 5 . 0  8 0 0 0 . 0  5 1 0 . 0  4 8 0 0 . 0  

2 8 0 . 0  8 6 00 . 0  5 8 0 . 0  3 5 0 0 . 0  

8 3 0 . 0  1 6 0 0 0 . 0  1 1 5 0 . 0  4 2 0 0 . 0  

6 9 0 0 . 0  2 4 5 0 0 . 0  1 0 50 . 0 6 0 0 0 . 0  

4 4 5 . 0  2 8 3 0 0 . 0  8 1 0 . 0  3 2 0 0 . 0  

1 3 9 0 . 0  2 7 0 0 0 . 0  7 7 0 . 0  9 0 0 0 . 0  

5 :3 0 . 0  1 1 7 0 0 . 0  1 5 2 0 . 0  2 0 0 0 . 0  

4 0 0 . 0  6 1 5 0 . 0 1 2 5 . 0  4 1 0 0 . 0  

1 6 0 . 0  1 8 5 0 0 . 0  2 4 5 . 0 3 5 0 0 . 0  

2 1 5 0 . 0  2 9 5 0 . 0  1 8 8 0 . 0  9 00 . 0  

6 6 0 . 0  1 6 0 0 0 . 0  5 40 . 0  3 5 0 0  . o  

1 5 2 0 . 0  1 1 6 00 . 0  5 8 0 . 0  3 1 0 0 . 0  

3 4 5 . 0  1 4 8 0 0 . 0  6 7 0 . 0  4 9 0 0 . 0  

2 3 0 . 0  2 4 5 00 . 0  6 0 0 . 0  4 9 0 0 . 0  

/1. PP E N D I X 2m 

N OT O T H L A S P I  A U S T R A L E  

c u  ( PPM ) C O  

P L A N T  

2 2 . 0  

1 8 . 0  

1 6 . 0  

2 7 .  0 

3 5 . 0  

2 4 .  0 
· - · ·  :

8
-
. 2

l·. 

1 9 . 0  

2 3 . 0  

3 0 . 0  

1 0 . 0  

2 7 . 0  

1 5 . 0  

1 4 . 0  

6 . 8 

3 1 . 0 

2 0 . 0  

1 6 .  0 

1 6 . 0  

2 5 . 0  

S 0 I L P L A N T 

9 0 . 0  7 5 . 0  

2 1 0 . 0  6 6 . 0  

8 5 . 0  4 8 . 0  

9 0 . 0  7 0 . 0  

9 0 . 0  5 6 . 0  

1 5 0 . 0  1 6 0 . 0  

. ' 9 (5 • 0 "' 1  (, 6 5 • 0 

7 5 . 0  5 8 . 0  

1 1 5 . 0 1 2 5 . 0  

2 1 0 . 0  1 8 5 . 0  

8 0 . 0  6 0 . 0  

3 40 . 0  7 0 . 0  

4 9 . 0  1 44 . 0 

4 9 . 0  1 6 5 . 0  

9 4 . 0  6 0 . 0  

3 2 . 0  1 7 0 . 0  

1 0 0 . 0 1 6 5 . 0  

1 4 0 . 0  6 4 . 0  

2 5 0 . 0 4 0 . 0  

1 6 0 . 0  4 6 . 0  

( P P M ) 

S O I L  

3 9 0 . 0  

8 4 0 . 0  

2 9 0 . 0  

5 3 0 . 0  

3 6 0 . 0  

6 5 0 . 0  

4 2 0 . 0  

3 1 0 . 0 

6 9 0 . 0  

7 8 0 . 0  

4 6 5 . 0  

7 3 5 . 0 

2 2 0 . 0  

2 0 5 . 0  

5 0 0 . 0  

9 5 . 0  

2 2 0 . 0  

2 9 0 . 0 

4 2 0 . 0  

3 6 0 . 0 

Z N I P P M )  C A  I %) 1"1G I %> 

P L A NT A S H  

1 30 0 . 0  5 . 0 0 1 5 . 3 0 

9 1 0 . 0  5 . 5 0 1 5 . 1 0 

8 9 0 . 0  9 . 0 0  1 1 . 5 0 

9 3 0 . 0  3 .  60 1 7 . 40 

1 1 2 0 . 0 5 . 2 0 9 . 8 0  

1 3 3 0 . 0  5 . 2 0 1 7 . 1 0 

� 5 0 . 0 '4� 7 0  '1 2 . 5 0 

1 0 0 0 . 0  4 . 7 0 . 1 0 . 1 0 

9 6 0 . 0  5 .  40 1 4 . 0 0 

1 0 0 0 . 0  4 . 0 0 1 1 . 0 0 

1 5 2 0 . 0  4 . 0 0 1 4 . 3 0 

-

5 6 0 . 0  4 . 3 0  2 2 . 60 

8 7 0 . 0  1 1 . 9 0 9 . 3 0 

1 8 2 0 . 0  

1 4 0 0 . 0  

4 1 0 . 0  

1 2 5 0 . 0  

5 4 0 . 0  

1 3 3 0 . 0 

7 . 9 0  2 5 . 7 0 

5 .  60 1 7 . 0 0 

3 .  7 0 1 1 .  60 

4 . 8 0 1 5 . 0 0 

4 . 5 0  1 3 . 1 0 

5 . 1 0  1 7 . 2 0 

C A /  �1 G 

• 3 2 6 

. 3 6 4  

. 7 8 2  

. 2 0 6  

• 5 3 0  

. 3 0 4  

. 3 7 6  

. 4 6 5  

. 3 8 5  

. 3 6 3  

. 2 7 9  

• 1 90 

1 . 2 7 9 

• 3 0 7 

. 3 2 9  

• 3 1 8  

. 3 2 0  

. 3 4 3  

. 2 96 

� � ....;) 



A P P E N D I X 2n 

P I M E L E A S UT E R I  

C R  ( P P M ) N 1  ( P P M )  ' ' C U  ( P P M ) C O  ( P P M )  ZN ( P P M )  C A  ( 0/..> ) lv1G (0/<>) C A /  �1 G 

P L A N T S O I L  P L A N T S O I L P L A N T S 0 I L P L A N T S O I L  P L A N T A S H 

1 2 6 0 . 0  6 4 0 0 . 0  7 5 00 . 0  3 5 0 0  . o  1 0  5 .  0 1 0 0 . 0 3 6 0 . 0  3 6 0 . 0  7 7 0 . 0  4 . 7 0  1 1 . 8 0  . 3 9 8  

2 8 0 0 . 0  7 0 00 . 0  8 5 5 0 . 0  1 7 0 0  :o 2 7 0 . 0  1 1 5 . 0  2 5 0 . 0 1 9 6 . 0  1 7 0 0 . 0  9 . 2 0 1 8 . 0 0 • 5 1 1 

6 6 0 . 0  1 3 6 00 . 0  3 4 5 0 . 0  9 0 0 0 . 0  80 . 0  4 4 0 . 0  1 0 4 . 0 8 4 0 . 0  1 3 2 0 . 0  3 . 7 0  1 3 . 8 0  . 2 6 8  

1 2 2 0 . 0  3 3 0 0 . 0  8 5 5 0 . 0 4 8 0 0 . 0  1 3 0 . 0  1 0 0 . 0 5 6 . 0  3 9 0 . 0  1 1 9 0 . 0  8 . 7 0  1 6 . 70 . 5 2 0  

2 3 0 . 0  1 3 5 0 0 . 0 3 9 0 0 . 0  4 0 0 0 . 0  l OO .  0 4 0 0 . 0  1 3 2 . 0  3 1 0 . 0  7 0 0 . 0  8 . 2 0 1 2 . 40 • 6 6 1 

1 1 7 0 . 0  9 8 00 . 0  5 8 00 . 0 3 8 0 0 . 0 - 7 0 . 0  9 2 . 0  4 7 0 . 0  3 9 0 . 0 9 40 . 0  7 .  50 1 4 .  70 . 5 1 0  

3 9 5 0 . 0  1 1 0 0 0 . 0  1 1 5 0 0 . 0  4 8 0 0 . 0 ' . 2· 3 0 . 0  1 5 0 o Q I •· · 1' 6 0 o 0 L . 3 9o ·. o --; ·� ·5 o-<) . o 1 '5r� 8'0 l 61. 9ro · ,  . 3 4 3  

3 8 0 . 0  8 3 00 . 0  3 3 0 0 . 0  2 40 0 . 0  9 2 . 0  9 2 . 0  3 40 . 0  1 4 0 . 0 4 8 0 . 0  3 .  50 1 8 . 8 0 . 1 8 6 

1 1 4 0 0 . 0  3 2 0 0 0 . 0  1 0 5 0 0 . 0  2 4 0 0 . 0  2 0 0 . 0  2 7 0 . 0  4 8 0 . 0  1 2 5 . 0  6 0 0 . 0  5 . 40 2 0 . 0 0 . 2 7 0  

1 1 6 0 0 . 0  2 8 2 00 . 0 1 0 0 0 0 . 0  2 5 0 0 . 0  3 0 0 . 0  8 6 . 0  3 2 0 . 0  1 7 0 . 0  7 5 0 . 0  4 . 7 0  1 6 . 3 0 . 2 8 8  

3 3 0 . 0  1 3 6 0 0 . 0  2 3 0 0 . 0  5 1 0 0 . 0  1 40 . 0 1 8 0 . 0 1 2 4  . o  3 6 0 . 0  8 6 0 . 0  4 . 7 0  2 0 . 2 0 . 2 3 2  

8 9 0 . 0  4 9 00 . 0  4 9 0 0 . 0  3 5 0 0 . 0  7 8 .  0 1 2 0 . 0  1 8 0 . 0  2 3 5 . 0  1 4 7 0 . 0  4t . 9 0 1 5 . 2 0 . . • 3 2 2 -

1 3 4 0 . 0  5 4  00 . 0  5 5 0 0 . 0  3 0 0 0 . 0  1 1 0 . 0  1 2 0 . 0 2 4 0 . 0  2 1 0 . 0  6 2 0 . 0  3 . 0 0 1 6 . 3 0 . 1 8 4  

8 9 0 . 0  6 1 5 0 . 0  7 2  5 0 . 0  2 8 1 0 . 0  1 2  5 .  0 1 8 0 . 0  2 5 0  . o 4 3 0 . 0  6 6 0 . 0  3 . 60 1 9 . 8 0 . 1 8 1  

6 8 0 . 0  9 8 0 0 . 0  4 2 0 0 . 0  2 7 00 . 0  8 6 . 0  1 3 0 . 0 2 40 . 0  2 6 5 . 0  6 8 0 . 0  3 . 0 0 1 5 . 1 0  . 1 9 8  

2 6 5 0 0 . 0  5 6 5 0 0 . 0  1 0 0 0 0 . 0  2 4 0 0 . 0  2 0 0 . 0  1 3 0 . 0  5 4 0 . 0  1 7 0  . o  7 5 0 . 0  6 . 8 0  1 0 . 5 0 . 6 4 7  

3 8 0 0 . 0  3 1 0 0 0 . 0  4 5 0 0 . 0  2 6 0 0 . 0  84 . 0  1 0 0 . o  2 2 0 . 0  1 9 0  . o  7 2 0 . 0  6 . 3 0 9 . 5 0 • 6 6 3  
4 1 0 0 . 0  1 7 0 0 0 . 0  1 3 0 0 0 . 0  3 2 0 0 . 0  2 0 0 . 0  1 2 5 . 0  6 00 . 0  2 4 0 . 0  5 40 . 0  5 . 3 0 1 5 . 5 0 . 3 4 1  

2 3 00 . 0  2 9 5 0 0 . 0 2 0 40 . 0  1 9 00 . 0  1 60 . 0  1 0 0 . 0 1 4 5 . 0 1 1 5 . 0  6 0 0 . 0  3 . 0 0 2 3 . 2 0 . 1 2 9  

3 4 7 0 . 0  1 8 5 0 0 . 0 5 8 0 0 . 0  7 2  5 0 . 0  6 2 . 0  4 1 0 . 0  2 8 0 . 0  6 7 0 . 0  

� \.() ():> 



Append i x  3 

.ANALYSES OF SOI"iE PLANTS USED FOR C HROMIUM- '5 1  STU DI ES 

( .As r e f e rred to i n  Pa r t  I V )  

Ash Con t en t  El emen t C o n t en t  ( ppm i n  a sh ) 
S ampl e (% d ry wt . ) Cr N i  Cu Co 

Red c l o v e r  grown in n u t ri e n t  solu t i on . shoo t s  8 . 7 < 1 5  < 1 5  250 1 6  . 

Red c l over grown i n  nu t ri en t  solu t i o n  : roo t s  1 0 . 7  ( 10 < 1 0  2 0  1 0  

Manuka grown i n  n u t r i e n t  solution . l e aves  9 . 8  < 1 0  4 0  160 12  . 

Manuka grown i n  n u t r i e n t  s o l u t i on . s t em 4 . 2  < 1 0  < 1 0  9 5  1 0  . 

Manuka grown i n  n u t ri en t  s o l u t i o n  . roo t s  ') . 0  20 20 1 35 1 0  . 

' 
7 . 6  260 H .  odora grown in s erpen t i n e  soil . ro o t s  7it00 3700 250 . 

I 

H .  o d o r a  grown in Man awa tu soil . roo t s  5 . 5  3500 1 1 50 360 6 5  . 

Manuka grown i n  s e rpen tine soi l . roo t s  1 7 . 6  lt400 3700 1 50 290 . 

Manuka grown in Man awat u  soil : roo t s  7 . 6  4 50 5 50 230 6o 



App endi x � 

C ompu t e r  p rogramm e s  for c a l c u l a t i on o f  corre lation c o e f f i c i en t s .  

No t e : These pro grammes were wri t t en for a IBM 1 6 20 ( I I )  c ompu t e r  i n  

t he PDQ Fort r an language , ini tially for t h e  compu t e� wi t h  20k s t o rage 

and later ( Appendix � c ) for �Ok s t o rage . Pro grammes were som e t i m e s  

u s e d  for purp o s e s  outsi d e  their o ri gin al d e si gn b y  makin g  simp l e  

mod i f i c ations o f  t h e  inp u t  d a t a  and c orre sponding allowanc e s when 

reading the o u t pu t  i n forma t i o n . 
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Appendix !;A 

C C O R R E L A T I O N O F  L O G- L O G  D A T A  
C U S E P D Q  F O R T R A N  C L C 2  P R O C E S S O R 
C U S E  P D Q  F I X E D  F O R MA T  S U B R O U T I N E S  
C S E N S E  S W I T C H  2 O N  P R I N T S  I N P UT D A T A  

8 A N = O . O  
S X = 0  . 0  
S Y = O . O  
S X S Q = O . O  
S Y S Q = O . O  
S X Y = O . O  
R E A D  1 0  
P R I N T 1 0  

1 0  F O R M A T ( 4 0 H  
I F  ( S E N S E S W I T C H 2 ) 1 1 , 1  

1 1  P R I N T  1 2  
1 2  F O RM A T ( / 1 0 X , 1 H A , 1 0 X , 1 H B / ) 

_ _ ___ _J _ _ _  R E A � � ! A , B , M  
2 F O RM A T  ( 2 F 6 . 0 , 6 7 X , I l ) 

I F ( M - 9 ) 3 , 4 , 4  
3 A N = AN + 1 . 0 

I F ( S E N S E  S W I T C H  2 ) 1 4 , 1 6  
1 4  P R I N T 1 5 ," A , B  
1 5  F O R M A T ( 5 X , 2 F 1 0 . 3 ) 
1 6  X = 0 . 4 3 4 2 9 4 4 8 * L O G F ( A ) 

Y = 0 . 4 3 4 2 9 44 8 * L O G F ! B )  
S X = S X + X 1 
S Y = S Y + v ·· 
S X S Q = S X S Q + X �� x  
S Y S Q = S Y S Q + Y ):< y 
S X Y = S X Y + x �:• v 

f GO
. 

T O  1 ·, 
4 GM X = E X P � ( S X /  ( A N * 0 . 43 42 9 4 4 8 ) )  
1 GM Y = E X P F ( S Y / ( A N * 0 . 43 42 9 44 8 ) )  
� S D X = S Q R T F ( ( S X S Q- S X * S X / A N ) / ( A N� 1 . 0 ) ) 
1 S DY = S QR t F ( ! S Y S Q - S Y * S Y / A N ) / ( A N - 1 . 0 ) )  
� R = ( S X Y - S X * S Y / A N ) / ( S Q R T F ( ( S X S Q- S X * S X / A N ) * ( S Y S Q- S Y * S Y / A N ) ) )  

R M A = S D X l S D Y 
' P R I NT 5 9 A N 
5 F O R M A T ( / / 1 8 H N U MB E R  O F  S A M P L E S = , F 6 . 0 )  
� P R I N T 6 � G M X , S D X  
i F O R M A T ( / 1 4 H A V E R A G E O F  A = , F 1 2 . 4 , 1 0 X , l O H S T D .  D E V . = , F l0 . 6 )  
r. P R I N T 9 , GM Y , S DY 
9 F O R M A T ( 1 1 4 H A V E R A G E  O F  B = , F 1 2 . 4 , 1 0 X , l O H S T D .  D E V . = , F l 0 . 6 ) 

P R I NT 7 � R , R M A  
7 F O RM A T ( / / 3 H R  = , F 8 . 4 , l O X , l 8 H R M A  S L O P E  ( A / B )  = , F 8 . 4 )  

P A U S E  :., 

GO T O  8 "'  
C M E A N S  I �  O R I G I N A L  U N I T S , S O  S I N  L OG U N I T S  

E N D 
£ 

20 1 



Appenoix 4-b 

C C O R R E L A T I O N O F  L O G - N O R M A L D A T A  
C U S E P D Q  F O R T R A N  C L C 2  P R O C E S S O R 
C U S E P D Q  F I X E D  F O R M A T  S U B R OU T I N E S  
C S E N � E S W I T C H  2 ON P R I N T S I N P U T  DA T A  

8 A N = O . O  
S X = O . O  
S Y = O . O  
S X S Q = O . O  
S Y S Q = O . O  
S X Y = O . O  
R E A D 1 0  
P R I N T  1 0  

1 0  F O RM A T ( 4 0 H  
I F  ( S E N S E  S W I T C H  2 1 1 1 , 1  

1 1  P R I N T 1 2  
1 2  F O R M A T ( / 1 0 X , 1 HA , 1 0 X , 1 H B / l 

1 R E A D 2 , A , B , M  
2 F O R M A T  ( 2 F 6 . 0 , 6 7 X , I 1 l  

I F ( M - 9 1 3 , 4 , 4  
3 A N =  A N +  1 .  0 . 

I F I S E N S E S W I T C H  2 1 1 4 , 1 6  
1 4  P R I N T  1 5 , A , B  
1 5  F O RM A T ( 5 X , 2 F 1 0 . 3 l 
1 6  X = 0 . 4 3 4 2 9 4 4 8 * L O G F ( A l  

Y = B  
S X = S X + X 
S Y = S Y + Y  
S X S Q = S X S Q + X * X  
S Y S C..l = S Y S Q + Y * Y  
S X Y = S X Y + X ::< y  
G O  T O  1 

4 G M X = E X P F ( S X /  ( A N * 0 . 43 4 2 9 44 8 ) ) 
A V Y = S Y / AN 
S D X = S Q R T F ( ( S X S Q - S X * S X / A N l / ( A N- 1 . 0 ) ) 
S D Y = S Q R T F ( ( S Y S Q- S Y * S Y / A N ) / ( A N- 1 . 0 ) ) 
R = ( S X Y- S X * S Y / A N ) / ( S Q R T F ( ( S X S Q- S X * S X / A N ) * ( S Y S Q - S Y * S Y / A N ) ) )  
R M A = S D X / S D Y  
P R I N T  5 , A N 

5 F O RM A T ( / / 1 8 HN U M B E �  O F  S A M P L E S = , F 6 . 0 )  
P R I N T 6 , G M X , S D X 

6 F O RM A T ( / 1 4H A V E R A G E  O F  A = 7 F 1 2 . 4 , 1 0 X , 1 0 H S T D . D E V . = , F 1 0 . 6 )  
P R I N T 9 , A V Y , S D Y 

9 F O RM A T  ( / 1 5 H A R I T H A V  O F  B = , F 1 2 . 4 , 9X , 1 0 H S T D .  D E V . = , F 1 0 . 6 l  
P R I N T 7 , R , R M A  

7 F O RM A T ( / / 3 H R  = , F 8 . 4 , 1 0 X , 1 8 H R MA S L O P E  ( A / B l  = , F 8 . 4 l  
P A U S E  
G O  T O  8 

C M E A N S  I N  O R I G I N A L  U N I T S ,  S O  S I N  L O G  U N I T S  
E N D  
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Apn enaix 4c 

C L O G - L O G  C O R R E L A T I O N S  F O R  O L E A R I A  RA N I  
-c· - - - - --u s·E·- P D Q F O R T R A N  C L C 2  P R O C E S S  OR 

-

C U S E P D Q  F I X E D  F O R MA T  S U B R O U T I N E S  
D I M E N S I ON X ( 1 9 ) , S A ( 1 9 l , S Q A ( 1 9 l , S D ( 1 2 l , S Q D ( 1 2 l 

203 

0 I M E N S  I ON S P A  ( 1 2  ) , S P 0 ( 1 2  l , A ( l 9 l , 0 ( 1 2 l , X A  ( 12 ) , X 0 ( 1 2 ) , X P ( 15 ) , S P P  ( 1 5  ) 
0 I M E N S  I O N  · A V A ( 1 9  ) , G M A  ( 1 9  ) , S D A  ( 1 9 )  , A V 0 ( 1 2 ) , GM 0 ( 1 2 ) , S 0 0 ( 1 2  ) , Y A ( l 2  ) 

c 

0 I M E N S I 0 N Y 0 ( 1 2 ) , Y P ( 1 5 l , Z A ( 1 2 l , Z D ( 1 2 ) , Z P ( 1 5 ) , R M A A ( 1 2 l , R 1'1 A D ( 1 2 ) 
D I M E N S I ON R M A P ( 1 5 l , R A ( 1 2 l , R D ( 1 2 l , R P ( 1 5 )  

1 D O  2 I = 1 , l 9  
A ( I l = O . O 
S A ( I l = O . O 

2 S Q A ( I l = O . O 
D O  3 I = 1 , l 2 
S D ( I l = O . O  
S QD ( I l = 0 . 0 
S P A ( I l = O . O 

3 S PO (  I ) = 0 . 0  
D O  4 1 = 1 , 1 5 

4 S P P ! I l = O . O  
A N = O . O  
S T A R T  O F  M A I N  L OO P • 

5 R E  A D  6 ,  X ( 1 )  , X ( 2 )  , X ( 3 )  , X ( 4 l ,  X ( 5 l , X ( 6 )  , X ( 7 l , X ( 8 )  , X ( 9 l ,  X ( 1 0  l , X ( 1 1  ) � 
3 X ( 1 2 l , X ( 1 3 ) , X ( 1 4 ) , X ( 1 5 ) , X ( 1 6 l , X ( 1 7 l , X ( 1 8 ) , X ( 1 9 l , f\1 

6 F O RM A T  ( 1 9 F 4 . 0 7 3 X , I 1 l  
I F  ( M - 9 ) 8 , 1 0 0 , 1 0 0 

8 A N = AN + 1 . 0 
D O  9 1 = 1 , 1 5 
A ( I l = 0 . 4 3  42 9 44 8 '� L O G  ( X  ( I l l 
S A < I l = S A ( l ) + A ( I  l 

9 S Q A ( I l = S Q A ( I l + A (  I ) ':' A ( I l 
D O  1 0  I = 1 6 , 1 9 
S A ( I ) = S A ( I l + X ( l l  

1 0  S QA ( I l = S Q A ( I ) + X ( I ) >:' X ( I l  
D O  l l  1 = 1 , 3  

1 1  D < I l = 0 . 4 3 42 9 4 4 8 * L O G ( X ( I l * X ( 1 6 l l 
D O  1 2  1 = 4 7 6  

1 2  0 (  I l = 0 . 4 3 42 9 4 4 8 * L O G ( X (  I ) * X (  1 7 } )  
D O  1 3  I = 7 , 9 

1 3.  D ( I  l = 0 . 4 3 42 9 4 4 8 >:• L O G  ( X  ( I  l * X  ( 1 8. ) l 
D O  1 4  1 = 1 0 , 1 2  

1 4  D < I l = 0 . 4 3 42 9 4 4 8 * L O G ( X ( I ) * X ( 1 9 l  l 
D O  1 5  I = 1 , l 2 
S O ( I l = S D < I l + D (  I l 

1 5  S Q O (  I l = S Q D ( I l + O (  I l * D (  I )  
C C RO S S P RO D U C T S , P- S , P - P  

D O  1 6  I = 1 , l 2 , 3 
X A  ( I l = A  ( 1 3  l >:< A ( I ) 

1 6  � O ( I ) = A ( 1 3 l * D ( I l  
D O  1 7  I = 2 , l 2 , 3  
X A ( I l = A (  1 4 l * A (  I )  

1 7  X D ( I l = A ( 1 4 ) * 0,( l )  
D O  1 8  I = 3 , l 2 7 3  
X A ( I l = A (  1 5 l * A (  I l 

1 8  X O ( I l = A ( 1 5 l * 0 ( I )  
X P t 1 l = A ( 1 l * A ( 2 )  
X P ( 2 ) = A ( l ) >:< A ( 3 )  
X P ( 3 l = A ( 2 ) * A ( 3 )  
X P ( 4 )  = A  ( 4 H• A ( 5 )  
X P ( 5 ) = A  ( 4 )  :O:< 'A ( 6 )  



X P ( 6 ) = A ( 5 ) * A ( 6 )  
. X P ( 7 ) = A ( 7 ) >:< A ( 8 )  

X P ( 8 ) = A ( 7 l * A ( 9 )  
X P  ( 9 )  = A  ( 8 )  >'f. A ( 9 )  
X P ( 1 0 ) = A  ( 1 0 ) '� A ( 1 1  l 
X P (  1 1  l = A (  1 0 ) >'f. A ( 1 2 ) 
X P ( 1 2 l = A ( 1 1 l * A ( 1 2 l  
X P (  l 3 l = A (  1 3 H< A (  1 4 )  
X P ( 1 4 l = A ( 1 3 l * A ( 1 5 l 
X P ( 1 5 l = A ( 1 4 l * A ( 1 5 l 
D O  1 9  ! = 1 , 1 2  
S P A (  I ) = S P A ( I l + X A ( I l 

1 9  S P D ( l l = S P D ( l l + X D ( l )  
D O  2 0  1 = 1 , 1 5 

. 2 0  S P P ( l l = S P P ( l l + X P ( l )  
G O  T O  5 

C E N D  O F  M A I N  L O O P  
1 0 0  D O  2 1  1 = 1 , 1 9 

A V A ( l ) = S A ( ! ) / A N  

Appendix 4c ( C ontinued) 

G M A ( I l = E X P ( A V A ( l ) / 0 . 43 4 2 9 4 4 8 ) 
2 1 S D A ( I l = S Q R T ( ( S Q A ( I l - A N* A V A ( I l * A  V A ( I l l I ( A N- 1 • 0 l l 

D O  2 2  ! = 1 , 1 2 
A V D ( l  l = S D I I ) / A N  
G M D ( l  l = E X P ( A V D (  I l / 0 . 43 42 9 4 4 8 ) 

2 2 S D D  ( I ) = S Q R T ( ( S Q D ( I ) - A N* A V D  ( I ) >'f. A V D  ( I ) ) I ( A N- 1 • 0 l l 
D O  2 3  1 = 1 , 1 2 , 3  
Y A ( I  ) = A V A ( 1 3  l :;: A V A  ( I ) 
V D ( I l = A V A ( 1 3 ) >:< A V D (  I )  
Z A ( I l = ( S Q A ( . 1 3 ) - A  N>:: A V A ( 1 3 ) * A  V A ( 1 3 l ) >:: ( S Q A ( I l - A  N *A V A ( I l ,;, A V A ( I l l 
Z D ( I l = ( S Q A ( 1 3 ) - A N '� A V A ( 1 3 ) * A  V A ( 1 3 ) ) >:: ( S Q D ( I ) - A N ;� A V D  ( I l ,� A V 0 ( I ) l 
R M A A  ( I  l = S D A  ( 1 3  l I S DA ( I  l 

2 3  R M A D I I l = S D A ( 1 3 l / S D lJ ( I J  
D O  2 4  I = 2 , l 2 , 3  
Y A ( I l = A V A  ( 1 4 )  �� A V A ( I )  
Y D  ( I  l = A V A (  1 4 ) >'f. A V D ( I l 
Z A ( I ) = ( S Q A ( 1 4 ) - A N  ''f. A V A ( 1 4 l ;;: A V A ( 1 4 ) ) * ( S Q A ( I ) - A N *  A V P. ( I H' A V A ( I l l 
l D ( I l = ( S Q A ( 1 4 )  - A  N':' A V A ( 1 4 ) * A  V A ( 1 4 l l >:: ( S Q D ( I ) - A N ,;, A V D  ( I l ':' A V 0 ( I ) l 
R M A A ( I l = S O A ( 1 4 )  / S D A ( I l 

2 4  R M A D ( I l = S D A ( l 4 l / S D D ( I l  
D O  2 5  ! = 3 , 1 2 , 3  
Y A ( I l = A V A ( 1 5  ) �< A V A ( I )  
V D ( I l = A V A ( 1 5 l * A V D ( I l 
Z A ( I ) = ( S Q A ( 1 5 ) - A  N':' A V A ( 1 5 ) >'f. A V A ( 1 5 ) ) �'( S Q A ( I l -A N �' A V A ( I ) ,;, A V A ( I ) l 
Z D ( I l = ( S Q A ( 1 5 ) - A N �< A V A ( 1 5 l * A V A ( 1 5 )  l * ( S Q D ( I l - A N ':'A V D ( I ) ':' A V D ( I l l  
R M  A A  ( I  ) = S D A  ( 1 5  l I S DA ( I l 

2 5  R M A D ( l l = S D A ( 1 5 l / S D D ( l l 
Y P ( 1 l = A V A ( 1 l * A V A ( 2 )  
Y P ( 2 l = A V A I 1 l * A V A ( 3 l  
Y P ( 3 l = A V A ( 2 l * A VA ( 3 )  
Y P ( 4 l = A V A ( 4 l * A V A ( 5 )  
Y P ( 5 ) = A V A ( 4 l * A VA ( 6 ) 
Y P ( 6 l = A V A ( 5 l * A V A ( 6 )  
Y P ( 7 ) = A V A ( 7 l * A V A ( 8 )  
Y P ( 8 l = A V A ( 7 l * A V A ( 9 )  
Y P ( 9 ) = A V A ( 8 l * A VA ( 9 )  
Y P ( 1 0 l = A V A ( 1 0 l * A V A ( 1 1 l  
Y P  ( 1 1  l = A V A  ( 1 0 ) * A  VA ( 1 2 ) 
Y P ( l 2 l = A V A 1 1 l l * A V A ( l 2 )  

I '  
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Appendix 4c ( C ontinued, 

Y P ( 1 3 l = A V A ( 1 3 l * A VA I 1 4 l  
Y P I 1 4 l = A V A I 1 3 l * A V A I 1 5 l  
Y P I 1 5 l = A V A I 1 4 l * A VA I 1 5 1  
Z P I 1 l = I S Q A I 1 l - A N ,;, A V A I 1 l ':' A V A I 1 l l * I S Q A I 2 l - A fiJ>:' A .V A I 2 l ,;, A V A I 2 l ) 
Z P I 2 l = I S Q A I 1 l - A N * A V A I 1 l * A V A I 1 l l * I S QA I 3 l - A N *A V A I 3 l *A V A I 3 l l 
Z P I 3 l = I S Q A I 2 l - A N * A V A I 2 l * A V A I 2 l  l * I S Q A I 3 l - A N* A V A I 3 l * A V A I 3 l ) 
Z P I 4 l = I S Q A I 4 l - A N * A V A I 4 l * A VA I 4 l l * I S QA I 5 l - A N * A VA I 5 l * A V A I 5 1 l 
Z P I 5 J = ( S Q A ( 4 ) - A N * A V A I 4 1 * A V A I 4 l l * I S Q A I 6 1 - A N* A V A I 6 I * A V A I 6 ) ) 
Z P I 6 l = I S Q A I 5 l - AN * A V A I 5 l * A V A I 5 l l * I S QA I 6 1 - A N * A V A I 6 I *A V A I 6 1  I 
Z P I 7 l = ( S Q A ( 7 1 - A N * A V A I 7 l * A V A I 7 l  l * I S Q A I 8 l - A N* A V A I 8 l * A V A I 8 l l 
Z P ( 8 ) = 1 S Q A ( 7 l - A N * A V A I 7 1 * A VA I 7 1 l * I S QA I 9 l - A N * A V A I 9 l * A V A I 9 1 ) 
Z P I 9 1 = 1 S Q A I 8 l - A N * A V A I 8 l * A V A I 8 l l * I S Q A I 9 1 - A N* A V A I 9 1 * A V A I 9 l l 
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Z P ( 1 0 ) = I S Q A I l 0 ) - A N "'' A V A I l 0 I '� A V A I l 0 I I ;:;: ( S Q A I 1 1  I - A N  '� A V A I l l  I ;: A V A I 1 1 I I 
Z P I 1 1 1 = ( S Q A I 1 0 1 - A N* A V A i l O I * A V A i l O I I * I S Q A i l 2 1 - A N * A V A i l 2 1 * A V A i l 2 1  I 
Z P I 1 2 I = ( S Q A I 1 1  ) - A N ':' A V A ( 1 1  I ':' A V A I 1 1 ) I ;: I S Q A I 1 2 ) - A N �' A V A I 1 2 I ':' A V A I 1 2 I ) 
Z P I 1 3 l = I S Q A I 1 3 l - A N *A V A I 1 3 l * A V A I 1 3 l l * I S QA I 1 4 l - A N *A V A I 1 4 l * A V A I 1 4 1  I 
Z P I 1 4  I = ( S Q A I 1 3 l - A N * A V A ( 1 3 )>',< A V A ( 1 3 l l >:C I S Q A I l 5 I - A N ;:;cA V A  ( 1 5  I ,;, A V A I l 5 l I 
Z P i l 5 l = I S Q A I 1 4 l -A N* A V A i l 4 l * A V A i l 4 l l * ( S QA I 1 5 l - A N* A V A i l 5 l * A V A I 1 5 ) l 
R M  A P  I 1 l = S D A  ( 1 l I S D A  ( 2 l 
R M A P 1 2 l = S D A I 1 l / S D A I 3 )  
R M A P I 3 l = S O A ( 2 l / S DA I 3 l 
R M A P 1 4 l = S D A I 4 l / S D A I 5 ) 
R M A P ( 5 ) ; S D A ( 4 ) / S DA ( 6 l 
R M A P ( 6 l = S D A ( 5 ) / S D A I 6 ) 
R � A P 1 7 l = S D A I 7 l / S DA ( 8 )  
R M A P I 8 l = S D A I 7 l / S D A ( 9 l  
R M A P I 9 l = S D A I 8 l / S DA I 9 l  
R M A P I 1 0 l = S D A I 1 0 1 / S D A 1 1 1 1 
R M A P I 1 1 1 = S D A ( l 0 1 / S DA I 1 2 l 
R M A P ( 1 2 1 = S D A I 1 1 ) / S D A I 1 2 1  
R M A P I 1 3 l = S D A ( 1 3 l / S DA I 1 4 l  
R M A P ( 1 4 1 = S D A I 1 3 l / S D A I 1 5 l  
R M A P I 1 ? l = S D A I 1 4 1 / S D A ( l 5 )  
D O  2 6  1 = 1 , 1 2 
R A i l  l = I S P A I I  l - A N * Y A I I ) l / S Q R T I Z A I  I l l  

2 6 R D  ( I I =  ( S P 0 I I I - A N *  Y D I I l l I S  Q R T I Z D I I l l 
D O  2 7  I = l , l 5 

2 7  R P ( I I = I S P P I I l - A N >:< Y P ( l ) l / S Q R T I Z P (  I l l  
C E N D  O F  C A L C U L A T I O N S  

P R I N T 2 8 , A N 
2 8  F O RM A T ( / l 8 HN U M B E R  O F  S A M P L E S = , F 6 . 0 / ) 

P R I N T 2 9  
2 9  F O RM A T  ( 3 2 HM E A N  L E A F  A S H C O N T E N T S . M O , C U , Z N / 1 

P R I N T 3 0 , G M A  ( 1 ) , S D A  ( 1 l , G M A ( 2 l , S DA I 2 l , G M A  ( 3 l , S DA I 3 ) 
3 0  F O RM A T  1 2 F 8 . 2 , 3 X , 2 F 8 . 2 , 3 X , 2 F 8 . 2 1  

P R I N T  3 1  
3 1  F O RM A T  ( / 3 6 H ME A N  O L D  W O OD A S H  C O NT E NT S . M O , C U , Z N / l 

P R I N T  3 2 , G M A  ( 4 I , S D A  I 4 I , G M A  ( 5 I , S DA ( 5 I , G M A  I 6 )  , S DA I 6 I 
3 2  F O RM A T  1 2 F 8 . 2 , 3 X , 2 F 8 . 2 , 3 X , 2 F 8 . 2 l  

P R I N T 3 3  
3 3  F O RM A T  ( / 3 6 H M E A N N E W  W OO D  A S H  C O NT E NT S .  M O , C U , Z N / 1 

P R I N T 3 4 , G M A  ( 7 )  , S D A  ( 7 I , G M A  ( 8 I , S DA I 8 I , G M A  ( 9 )  , S D A  ( 9 I 
3 4  F O RM A T  1 2 F 8 . 2 , 3 X , 2 F 8 . 2 , 3 X , 2 F 8 . 2 1  

P R I N T 3 5  
3 5  F O RM A T  ( / 3 4H M E A N F L O W E R A S H C ON T E N T S .  M O , C U , Z N / 1 

P R I N T 3 6 , GM A ( l 0 1 , S D A I 1 0 1 , G M A I 1 1 ) , S D A I 1 1 1 , G M A ( 1 2 1 , S D A I 1 2 1 
3 6  F O RM A T  ( 2 F 8 . 2 , 3 X , 2 � 8 . 2 , 3 X , 2 F 8 . 2 1  

P R I N T  3 7  



Appendix 4c ( C ontinued) 

3 7  F O RM A T  ( / 3 0 H A S H  C O N T E NT S . A R I T H M ET I C  M E A N S ! 
P R I N T 3 8  

3 8  F O RM A T  ( 3 4H L E A V E S ,  O L D  W OO D , N E W  W OO D , F L OW E R S l 
P R I N T  3 9 , A V A ( l 6 l , A V A ( l 7 l , A V A ( l 8 l , A V A ( l 9 l  

3 9  F O RM A T  ( 4 F 9 . 5 )  
P R I N T 4 0  

4 0  F O RM A T  ( 2 8 H M E A N  S O I L  C O NT E N T S ,  I'"I O , C U , Z N l 
P R I N T 4 l , GM A ( l 3 l , S D A ( l 3 l , G M A ( l 4 ) , S 0 A ( l 4 l  , G M A { l 5 l , S D A {  1 5 ) 

4 1  F O RM A T  { 2 F 8 . 2 , 3 X , 2 F 8 . 2 , 3 X , 2 F 8 . 2 ) 
P R I N T 4 2  

4 2  F O R M A T { / 3 2 HM E A N  D R Y  L EA F  C O N T E N T S . M O , C U , Z N ) 
P R I N T 4 3 , G M D  ( l l ,  S D D  { l l ,  G M D  { 2 l , S D D  { 2 l ,  G M D  { 3 l , S D D  { 3 l 

4 3  F O R M A T  { 2 F 8 . 2 , 3 X , 2 F 8 . 2 , 3 X , 2 F 8 . 2 l  
P R I N T 44 

4 4  F O RM A T ( / 3 6 H M E AN D R Y , O L D  W O O D  C O NT E N T S .  MO , C U , Z N l  
P R I N T  4 5 , GM 0 ( 4 l , S D 0 ( 4 ) , G I'v1 0 ( 5 ) , S D D { 5 ) , G M D { 6 ) , S D D { 6 )  

4 5  F O RM A T  { 2 F 8 . 2 , 3 X , 2 F 8 . 2 , 3 X , 2 F 8 . 2 ) 
P R I N T  4 6  

4 6  F O RM A T  { / 3 6 H M E A N  D R Y  N E W  W nO D  C O NT E NT S .  M O , C U , Z N l  
P R I N T 4 7 ,  G M  D ( 7 l , S D D  ( 7 l , G M D  ( 8 l , S D D  { 8 l , G M D  { 9 )  , S D D  { 9 l 

4 7  F O R M A T  ( 2 F 8 . 2 , 3 X , 2 F 8 . 2 , 3 X , 2 F 8 . 2 l  
P R I N T  4 8  

4 1:l  F O RM A T  U 3 6 H M E A N  D R Y  F L O W E R  C O NT E N T S ,  M O , C U , U � . ) 
P R I N T  5 0 ; GM 0 (  1 0  l ,  S O D ( 1 0  l , G M D ( l l  l ,  S O D (  l l  l , G M D { 1 2  l , S O D { 1 2  l 

50 F O RM A T  { 2 F 8 . 2 , 3 X 7 2 F 8 . 2 , 3 X , 2 F 8 . 2 )  
P R I N T  4 9  

4 9  F O RM A T  ( / 42 H C O R R E L A T I ON C OE F F I C I E N T S  A N D R . M . A . S L n P E S l 
P R I N T  5 1  

5 1  F O RM A T  ( / 40 H A S H  W I T H  S O I L D R Y  W T . W I T H  S O I L ) 
D O  5 3  I = l , l 2  

5 3  P R I N T 5 4 , R A { I  l , R MA A ( I ) , R D ( I  l , R MA O {  I l  
5 4  F O R M A T  ( 2 F 7 . 4 , l O X , 2 F 7 . 4 )  

P R I N T 5 2  
5 2  F O R M A T  ( 4 1 H I N T E R E L E M E N T  R E L A T I ON S . M O- C U , M O - lN , C U - Z N l  

P R I N T 5 5  
5 5  F O R M A T  { 6 H L E A V E S l  

D O  5 7  I = l , 3  
5 7  P R I N T 5 6 , R P ( I ) , R M A P { I )  
5 6  F O RM A T  { 2 F 7 . 4 )  

P R I N T 5 8  
5 8  F O RM A T  ( 8 HO L D  W O O D )  

D O  5 9  I =4 , 6 
5 9  P R I N T 5 6 , R P ( I ) , R MA P ( I  l 

P R I N T 6 0  
6 0  F O RM A T  { 8 H N E W  W O O D ) 

D O  6 1  I = 7 , 9  
6 1  P R I N T 5 6 7 R P ( I ) , R M A P ( I )  

P R I N T  6 2  , 
6 2  F O RM A T  ( 7 H F L O W E R S ) 

D O  6 3  I = l 0 ; 1 2 
6 3  P R I N T 5 6 , R P ( I l , R M A P ( I l  

P R I N T  6 4  
6 4  F O RM A T  ( 4 H S O I L )  

D O  6 5  I = l 3 , 1 5 
- 6 5 P R I N T 5 6 , R P ( I ) , R M A P ( I )  

C GM S I N  P P M , A S H  A V S  I N  P E R  C E N T , S T O , D E V S  I N  L O G  1 0  U N I T S  
E N D  
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Appendix 4-d 

C C O R R E L A T I O N C A L C U L A T I O N S  F O R T R A C E E L E M E N T S 
G I N  S E R P E N T I N E P L A N T S  ( L O G- L O G ) 
C U S E P D Q  F O R T R A N  C L C 2  P R O C E S S OR 
C U S E P D Q  F I X E D  F O R M A T  S U B R O U T I N E S  
C S E N S E  S W I T C H  2 O N  P R I N T S I N P UT DA TA 

D 11'1 E N S  I ON A ( 8 I , S ( 8 I , S Q  ( 8 I , A V ( 8 I , G M  ( 8 I , S D ( 8 I , B ( 8 I 

D I M E N S  I O N  S P ( 1 0  I , X ( 1 0  I , Y ( 1 0  ) , Z ( 1 0 I , R ( 1 0 I , R MA ( 1 0 I 
1 0 1  D O  1 I = 1 , 8  

S ( I  I = 0  
S Q ( I I = O 

1 A V ( I I = O 
D 0 1 7 J = 1 , 1 0 

1 7  S P ( J I = O 
A N = O . O  
I F ( S E N S E  S W I T C H  9 1 1 0 2 , 7 0 

7 0  R E A D  1 3  
P R I N T 1 3  

1 3  F O R M A T  ( / / / 1 0 X , 3 0 H  
I F  ( S E N S E  S W I T C H  2 1 1 0 , 1 2 

1 0  P R I N T 1 1  
1 1  F O RM A T ( / / 1 4X , 3 H C R . , 1 7 X , 3 H N I � , 1 7 X , 3 HC U . , 1 7 X , 3 HC O . / l  

P R I N T 1 4  
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1 4  F O RM A T ( 5 X , 5 HP L A NT , 6X , 4H S O I L , 5 X , 5 H P L A NT , 6 X , 4 HS O  L , S X , 5 H P L A 1 T , 6 X , 
1 4 H S O I L , � X , S H P L A N T , 6 X , 4 H S O I L I  

C S T A R T  O F  M A I N  L O O P  
1 2  R E A D  3 , A ( 1 ) , A ( 2 ) , A ( 3 ) , A ( 4 ) , A ( 5 ) , A ( 6 ) , A ( 7 ) , A ( 8 ) , f'JI 

3 FO R M A T ( 8 F 6 . 0 , 3 1 X , I 1 1  
I F ( M - 9 1 4 , 1 0 0 , 1 0 0 

4 A N = A N + 1 . 0 
I F ( S E N S E  S W I T C H  2 1 5 , 1 5 

5 P R I N T 6 , A ( 1 ) , A ( 2 1 , A ( 3 1 , A ( 4 ) , A ( 5 ) , A ( 6 ) , A ( 7 ) , A ( 8 )  
6 F O R M A T ( / / 5 X , 8 F 9 . 0 1 

1 5  D O  1 6  I = 1 , 8  
B ( I  I = 0 . 4 3 4 2 9 4 4 8 '� L O G F ( A (  I I I 
S ( l ) = S q > + B ( l )  

1 6  S Q ( l ) = S Q ( I I + B ( l i * B ( l )  
X ( 1 )  = B  ( 1 I ':' 8 ( 2 I 
X ( 2 ) = B ( 3 ) >:< 8 ( 4 ) 
X ·( 3 ) = B ( 5 ) >:< B ( 6 I 
X � 4 ) = 8 ( 7 ) >:< B ( 8 )  
X • ( 5 I = 8 ( 1 I >:' B ( 3 ) 
X ( 6 ) = B (  1 ) >:< 8 ( 5 )  
X ( 7 ) = B ( 1 1 * 8 ( 7 )  
X ( 8 )  = B  ( 3 )  ':' B ( 5 )  
X ( 9 ) = B ( 3 ) ':' B ( 7 ) 
X ·( 1 0 l = B ( 5 ) >� B ( 7 )  
D O  1 8  J = 1 , 1 0 

1 8  S P ( J l = S P ( J ) + X ( J )  
G O  T O  1 2  

C E N D O F  M A I N  L O O P 
1 0 0 D O  1 9  1 = 1 , 8  

A V ( I l = S ( I ) / A N  
G M ( !  l = E X P F ( A V ( l ) / 0 . 43 42 9 4 4 8 ) 

1 9 S 0 ( I ) = S Q R T F  ( ( S Q ( I ) - A N *  A V ( I H• A V ( I ) ) I ( A N- 1 • 0 I I 
y· ( 1 I =  A V ( 1 l * A  V ( 2 )  
Y ( 2 ) = A V ( 3 ) io< A V ( 4 ) 

, .  



2 0  
c 

4 0  

4 1  
4 2  

4 3  

4 4  
4 5  

2 3  

3 5  

3 0  
3 6  

3 7  

3 1  
3 8  

1 0 2  

c 
c 
c - - - - --

Y ( 3 l = A V  ( 5 l >'.< A V  ( 6 l 
Y ( 4 l = A V ( 7 ) >:< A V ( 8 )  
Y ( 5 l = A V ( 1 l * A V ( 3 )  
Y ( 6  l = A V ( 1 ) >:< A V ( 5 )  
Y ( 7 l = A V  ( l l  ::: A V  ( 7 l 
Y ( 8 l = A V ( 3 l * A V ( 5 ) 
Y ( 9 ) = A V ( 3 H< A V ( 7 )  
Y ( 1 0 l = A V ( 5 l * A V ( 7 )  

Appendix 4d (Contin�ea) 

l ( 1 ) = ( S Q ( 1 ) - A N :;: A V ( 1 ) :;: A V ( 1 ) l ; :  ( S Q ( 2 ) - A N :;: A V { 2 l '� A V { 2 ) l 
Z ( 2 ) = ( S Q ( 3 ) - A  �J :;: A V ( 3 ) ::c A V ( 3 ) ) ,.,, { S Q { 4 l - A f\J>:: A V { 4 l '� A V ( 4 l l 
Z ( 3 ) = ( S Q ( 5 l - A N * A V { 5 l * A V ( 5 )  ) * ( S Q ( 6 ) - A N * A V ( 6 l * A V ( 6 ) ) 
l ( 4 ) = ( S Q ( 7 ) - A N >:< A V ( 7 ) ,;, A V ( 7 l ) ;: ( S Q ( 8 ) - A  N�' A V ( 8 ) ,.,, A V { 8 ) ) 
Z { 5 ) = ( S Q ( 1 l - A N * A V ( 1 l * A V { 1 l - l * ( S Q ( 3 ) - A N * A V { 3 ) * A V { 3 l l  
Z { 6 l = ( S Q { 1 ) - A N ::: A V { 1 ) :;: A V ( 1 ) l >:: { S Q { 5 ) - A N>:: A V { 5 l ':' A  V { 5 l l 
Z ( 7 l = ( S Q ( 1 l - A N >:: A V { 1 l ,.,, A V ( 1 l H' ( S Q ( 7 l - A N >:: A V { 7 l '� A V ( 7 l l 
Z { 8 l = { S Q ( 3 l - A N ,;, A V { 3 l "'' A V ( 3 l ) �' { S Q { 5 l - A  N':' A V { 5 l * A  V { 5 l l 
Z { 9 l = ( S Q ( 3 l - A N >:: A V ( 3 l '� A V { 3 l l >:' { S Q { 7 l - A N :;: A V { 7 ) ':< A V { 7 l l 
Z ( 1 0 l = ( S Q { 5 ) - A N * A V ( 5 ) * A V ( 5 ) ) * { S Q { 7 ) - A N *A V { 7 l * A V { 7 )  l 
R M A { 1 l = S D ( l l / S D I 2 l  
R M A ( 2 l = S D { 3 l / S D ( 4 l  
R M A ( 3 l = S D ( 5 l / S D ( 6 )  
R M A { 4 l = S D ( 7 l / S 0 ( 8 ) 
R M A ( 5 ) = S D I 1 1 / S D I 3 l  
RM A ( 6 l = S D I 1 l / S D I 5 l  
R M A { 7 l = S D 1 1 l / S 0 ( 7 )  
R M A { 8 1 = S 0 ( 3 l / S D ( 5 )  
R M A ( 9 l = S D ( 3 ) / S D ( 7 l  
RM A ( 1 0 l = S D ( 5 l / S D ( 7 )  
0_0 2 0 J = 1 '  1 0  
R ( J ) = ( S P ( J l - A N * Y ( J l l / S Q R T F ( Z ( J l l  
E N D O F  C A L C U L A T I O N S 
T Y P E  4 0  
F O RM A T ( 5 HM E A N S ) 
D O  4 1 I = 1 , 8  
T Y P E  4 2 , G M ( I l  
F O R M A T ( 8 F 9 . 0 ) 
T Y P E  4 3  
F O R M A T ( 1 0 H S T D .  D E V S . l 
D O  44 1 = 1 , 8 
T Y P E 4 5 , S D ( I l  
F 0 RM A T  ( 8 F 9 .  5 l 
P R I N T 2 3 , A N 
F. O RM A T ( / 1 8 HN U MB E R  O F  S A M P L E S = , F 6 . 0 / l 
l! Y P E  3 5  
F O RM A T ( 2 4 H C O R R E L A T I O N C O E F F I C I E N T S ) 
D O  3 0 J = 1 ,  1• 0 
l' Y P E  3 6 � R ( J )  
Ft O R fv'I A T ( 1 0 F 8 . 4 l  
1 Y P E  3 7  
W O R M A T ( 1 7 H S L O P E S  O F  R . M . A . S l  
D O  3 1 J = 1 , 1 0 
T Y P E  3 8 , R MA ( J )  
F, O RM A T  ( 1 0 F 8 . 3 )  
P A U S E  
CW T O  1 0 1  
G E 0 I� E T  R I  C • M E  A N  S I N P A R T S  P E R  fH L L I 0 N 
S T A N D A R D  D E V I A T I O N S  I N  U N I T S OF L O GA R I T H M T O  B A S E  T E N 
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$ L O P E S  O F  R M A S MA Y B E  R E C I P R O CA L  O F  T HA T  I N  G RA P H S  EG N O S  9 A N D  1 0  
E N D  



C L O G- L O G  C O R R E L A T I O N S  W I T H Z N ,  C A , MG I N  S E R P E N T I N E P L A N T S 
C U S E  P D Q  F O R T R A N  C L C 2  P R OC E S S O R  
C U S E P D Q  F I X E D  F O R MA T  S U B R O U T I N E S  
C S E N S E  S W I T C H  2 O N  P R I N T S  I N P U T  DA T A  

D I 1'1 E N S  I 0 N S ( 8 l , S Q ( 8 l , S P ( 2 0 l , A ( 8 l , B ( 8 l , X ( 2 0 l , A V ( 8 l , G 1'" ( 8 l , S D ( 8 ) 
D I M E N S I O N Y ( 2 0 l , Z l 2 0 l , R MA ( 2 0 l , R ( 2 0 l  

1 D O  2 I = l , 8  
S < I  l = O . O 

2 S Q ( I l = O . O  
D O  3 I = l , 2 0  

3 S P ( I l = 0 . 0 
A N = O . O 
R E A D 4 
P R I N T 4 

4 F O RM A T ( 4 0 H  
I F l S E N S E  S W I T C H  2 l 5 , 7  

5 P R I NT 6 

209 

. 6 F O R M A T ( I I 5 X , 2 H C R , 8 X , 2 H N I , 8 X , 2 H C U , 8 X , 2 H C 0 , 8 X , 2 H Z N , 8 X , 2 HC A , 8 X , 2 H M G , 
.:3 6 X , 5 H C  A I t-'1 G I l 

C S T A R T  O F  M A I N  L OO P 
7 R E  AD 8 ,  A ( 1 � , A ( 2 )  , A ( 3 l , A ( 4 )  , A ( 5 )  , A ( 6 l , A ( 7 l , M 
8 F O R M A T J F 6 . 0 , 6 X , F 6 . 0 , 6 X , F 6 . 0 , 6 X , F 6 . 0 , 6 X , 3 F 6 . 0 , 1 3 X , I . l l 

I F ( M - 9 ) 9 , l O O , l 0 0 
9 A N =  A N +  1 • 0 1. 

A ' ( 8 l = A ( 6 l I A ( 7 l 
I F l S E N S E  S W I T C H  2 ) 1 0 , 1 2 

1 0  P R I N T  1 1 ,  A ( l l  , A ( 2 l , A ( 3 )  , A ( 4 )  , A ( 5 l , A ( 6 )  , D.. ( 7 )  , A ( 8 l 
1 1  F O R M A T  ( 8 F � 0 . 3 l  
1 2  D O  1 3  I = l , 8  

B � I l = 0 . 4 3 42 9 4 4 8 * L O G ( A ( I l l 
S U l = S l i l + B ( l l  

1 3  S Q (  I l = S Q ( I l + B (  I ) >:< B ( I l 
D O  1 4  I = l , 4  

1 4  X 0 l = B l l l �' f: H I + 4 l  
D O  1 5  I = 5 , 8  

1 5 X f( I l = 8 ( 2 ) �' B ( I l 
D 0  1 6  I = 9 , t. 2 

1 6  X ( I l = 8 ( 3 ) >:: 9 ( I - 4 ) 
D O  1 7  I = l 3 9 1 6  

1 7  X � I l = B ( 4 ) * B l i -8 l  
D O  1 8  I =  1 7  , 1 9 

1 8 X '( I ) = B ( 5 ) >:< B ( I - 1 1 ) 
X ( 2 0 l = 8 ( 6 ) '� 8 ( 7 )  
D O  1 9  1 = 1 , 2' 0 

1 9  S P ( I l = S P ( I l + X < I l  
GO T O  7 . ; 

C E N D  O F  M A I N  L O O P 
l O O  D O  2 0  I = l , 8  

A V ( I  l = S ( l l f. A N  
GM ( I l = E X P ( A V (  I ) 1 0 . 43 4 2 9 4 4 8 ) 

2 0 S b ( I l = S Q  R T � ( S Q ( I l - A N;� A V ( I l >:: A V ( I l l I ( A N- 1 • 0 l l 
D O  2 1  I = l , LJ  
Y l  I l = A V  ( 1 ) i;, A V  { I + 4 )  
Z (  I l = ( SQ (  1 )' - A N * A V (  l ) >:< A V ( l l  ) * ( S Q (  I + 4 l - A N�' A V ( I + 4 ) >:C A V (  1 + 4 ) ) 

r .,. 



Appendix 4e ( C ontinued) 

2 1  R M A (  I ) = S O ( 1 )  / S O (  I + 4 )  
D O  2 2  1 = 5 , 8 
Y ( I ) = A  V ( 2 )  ':' A V  ( I ) 
l ( I ) = ( S Q ( 2 ) - A N ':' A V ( 2 ) �' A V ( 2 l l * ( S Q ( I ) - A N* A V ( I } *A V ( I l l 

2 2  R M A ( I l = S 0 ( 2 l / S D ( I l  
D O  2 3  I = 9 , 1 2  
Y ( I l = A V ( 3 l * A V ( I - 4 l  
l ( I  l = ( S Q ( 3 ) - A N * A V ( 3 ) * A V ( 3 ) l * ( S Q (  I - 4 ) -A N * A V ( I - 4 l * A V ( I - 4 )  l 

2 3 · R M A ( I l = S 0 ( 3 } / S 0 (  I - 4 )  
D O  2 4  I = l 3 , 1 6 
Y (  I l = A V ( 4 } ':' A V (  I - 8 ) 
l ( I } = ( S Q ( 4 ) - A N * A V ( 4 l * A V ( 4 ) l * ( S Q ( I - 8 l -A N * A V ( I - 8 l * A V ( I - 8 l  l 

2 4  R M A (  I l = S 0 ( 4 ) / S D (  I - 8 }  
D O  2 5  I = l 7 , 1 9  
Y (  I } = A V ( 5 ) * A V ( I - l l l 
l ( I } = ( S Q ( 5 } - A N >:< A V ( 5 l >:< A V ( 5 l } "' ( S Q ( I - 1 1 ) - A N �' A V ( I - 1 1  ) >:C A V ( I - 1 1 l l 

2 5  R M A ( I  l = S 0 ( 5 ) / S D (  I - l l )  
. 

Y ( 2 0 l = A V ( 6 l * A V ( 7 )  
V ( 2 0 ) = ( S Q ( 6 ) - A N * A V ( 6 ) * A V ( 6 ) l * ( S Q ( 7 ) - A N* A V 1 7 l *A V I 7 l l 
R� A I 2 0 l = S 0 ( 6 } / S D I 7 l  
D O  2 6  1 = 1 , 2 0 

2 6 R ( I l = ( S P ( I l - A N ,:, Y ( I l l I S Q R T ( Z ( I l l 
C E N D  O F  C A L C U L A T I O N S  

PlR I N T  2 7 

c 
c 

2 7  F'O RM A T  { f / 2 0 H M E A NS A N D S T D .  D E V S . I l 
D:O 2 9 I =  1 ,  8 

2 9 P'R I N T  2 8 ,  G M  I I l , S D ( I l 
2 8  F O R M A T I F 1 0 � 4 , 2 X , F l 0 . 6 )  

P R I N T 3 0 , A N 
3 0  F O R M A T ( / / 1 8 HN U MB E R  O F  S A M P L E S = , F 6 . 0 / ) 

P .� I N T 3 1  
3 1  FG R M A T  ( 3 7 H C O R R E L A T I O N C O E F F I C I E N T S , R . M . A . 
D O  3 2  I = l , 2 0 '· 
3 2  P R I N T 3 3 , R 0 I } , R MA ( I }  
3 3  F ® RM A T i l O X , F l 0 . 6 , l O X , F 8 . 3 )  

P A U S E  l 
G O  T O  1 f 
C A  A N D  M G  F N  P E R C E N T , OT H E R  E L EM E N T S I N  P P M  
S T D  D E V S  I N  L O G  U N I T S  
E N D  

S L O P E /  l 

2 1 0 
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