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growing on the: Ri•·1ak:a Basic Conpl•;x, !iorth-·:;G:::>t Nelson, No'.:v l82:.land, 

were investigated by the applicc.tion oi' st::ctistical techniqw's to 

biogeochemical data. Particular r eference was given to nickel aau 

copper to ev aluate the usefulnes�; of plant analysis as a prospeccing 

to ol . 

Prelininary investit;ations sho·.-.red that serious errors cuuld 

result frou the filethods of sanpling plant s and soil3 ,;, iY� 3<:i<.lpling 

procedures were adopted to ninini se these errors. In addition, 

error s arising froB atonic absorption analysis nere found to be 

significant for some metals. 

and Q.acu1;;_ifolia as well as their ,;.:· sociotc·d 

manganese and potas siwJ. �i'he l)l<m c:.; �·,·sr0 also an::tlys2'l for iron. 

These results sho;-;ed that each species ::tccw.mlated diffc;rcn�, but 

related, amounts of various ueta.l ::> and that they distributed these 

metals in different ways between their leaves and tnigs . 

N.truncata and N.fusca which are closely related genetically, 

accumulated metals to similar detjrees, while N:.menzie sii which is 

not closely related t o  the other Hothofagus species accLu-Julated 

metals to differing degrees. 
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ancl in the soils '.·:ere <JY<'lu-tl.)rl �;;·.- compucin:; correLtti·.:11 coc.,f�icients. 

The best correlations for niclwl nere obt':tined for the H�-��ll_f� 
genus although the other 0recics nl�3o showed hit;hly significant 

cor relations. The N othof.:-· ;-us ;_,;e nus 2..lso shc;•1ecl th•.c best correlation -�---- �- 1_:: 

for copper. 

In vie,, of the r..:.bove results, a nore extensive stuci:;,r of tlw 

Nothofa__gus genus ;vas carriecl out. n. sucond ::;urvcy '.'12..:._, C.ll'J.: .. �·i:; · e11 in 

the s aee area in which le3.f &C:.!aples of this genus as ilolJ. u.; :;heir 

ass ociated soils �ere collected. �hile the metal concentrations in 

the soils collect ed in this survey compared well to those collected 

previously ' the oetal conc.:.:ntr8. cions ir: th8 plan l; s' in �;enc;.cal' did 

not sho� good agreeoent. 

concentrations of the:sc ::ct;::.l.:; :Lt th8 soils. It ·_·;:..5 sl1..:;· .. -:-l �)y 

cor:1parison of the trend ;.;urf-?..cOJ --nJ. residual3 th2t. the.: :·ccctl!.:ule.tion 

of nickel wa s rleteroined prir.1urily by the concentration of nickel in 

the soil, whereas for copper the accunulation by the plant ·.:as a 

fun ction primarily of the s pecific requirement of the plant for this 

Lletal. 

Multiple r egression analysis was used to inprove the prediction 

of the copper and nickel concen trations in the soil frol�1 the concen-

trations of these metals in the leaves of the Nothofagus sp ecies , 

by making quantitative allowance for the processes influencing the 
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acclliilulation of the se metals by the plants. Inprovenents of bot··.'leen 

25% and 35% were obtclined ut the 9o% confidence level. 

Inter-netal ratios in the leaves were considered as possible 

indicators of ni ckel and copper concentrations in the soil l)ut the 

results Ylere discouraging. 

Studies were made of the locations and chemi cal forms of nickel, 

c opper, zinc and iron in both freeze-dried and fresh leaves from s ome 

trees growing on the C onplex. i. toi :ic n.bsorption spectrophcto; ;ctry 

was used to measure the cC!1ccn:�r ·; �· ')!1S of thL:se Jo!eta l s in 'uutL plant 

extracts and on the electropl1c-:rcc;:i:-o i'nrl chronatop·"·t·,;�.:l i'E'.:J·;rs used 

to separate t;113 I!letal cor:1plexos in the ex\;racts. :1:::s;Jli:s incl.ic-·ted 

that the major part of th.; nic:�c;l �;:C8SCo!1t in the L::� '!t�: ·, :· �) aoc 

contained in cell orgn.nellos nor "··, s it '.:,ouncl to cull n. i_L;, !m·c 

existed as a posi tivcly charc;od conplex in ci thor the cyco�Jl.:csn and/ 

or the vacuole . Copper, zinc 2.nd iron were distributed differ.mtly 

with varying fractions, depending on tho uetal, existing predci.l:Ln­

ately as anionic coi!!plexes. 

It was concluded the.t the research embodied i n  this thesis had 

illustrated the application of statistical techniques to biocc0chowical 

studies, sho;:red that biogcochenical prospecting for nic.:'.L:l in New 

Zealand wa s feasible and that uethods of total analysis for m etals 

could be applied to the stu� of microgram amounts of metals in 

biological systems. 
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Life, in all its many forms, owes its existence on this planet, 

in large part, to the natural cycling of metals in the biosphere. 

In recent years, man's concern for this cycle has been 

increased, not only by the extent to which he is disturbing the 

natural distributions of elements but also by the realisation that 

the number of elements known to be essential to the metabolic 

functions of his body, is increasing more rapidly than his lmowledge 

of the way these metals behave in his environment. 

Mertz (1970) noted that there are now twentytwo elements 

known to be essential to human nutrition and J�llaway ( 196.3) has 

pointed out the exceedingly complex system involved in the environ­

mental cycling of trace elements (Figure I - 1 )  • 

.Although our knowledge of this system as a whole is very 

meagre, there are some parts of it which have attracted considerable 

attention in recent years, in particular the rock I soil I plant 

segment. 

It is a generally accepted fact that the continued existence 

of civilization in its present form depends to a large extent on a 

continuous and ever-increasing supply of raw materials. I n  particular, 

its needs for minerals, be they fossil fuels for energy or non­

metallic or metallic elements, has grovm very rapidly during the 

last century. 

The vi tal importance of new sources of metals to our 

material well-being has initiated a vast field of research into 

new techniques which can either pinpoint ore deposits in a large 
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area or can detect mineralisation under an overburden. It  is in the 

development of the se technique s that the geochemist has turned to the 

natural trace element cycle for assistance and in this respect hi s 

observations are of direct significance to our understanding of trace 

element cycling in the environment. 

The findings of the s c i enti st studying aspe ct s  of mineral 

nutrition can assist the geochei:1i st in his search for nine ra l  deposit s 

and the vast volume of knowledge accwr.ulated by the geo chc ,;,i st can 

provide the scientist with valuab l e  i nformat i on re lat in,: Jc o the laove­

me nt of trace element s in the biosphe re . The st ud.y of geoche:·1ical 

prospecting methods and the study of t h �  enviroruaental cycling of 

trace elements , particularly metal s 1  therefore have a co�Jon found­

ation and the results of one are of general relevance to the other.  

A s  already mentioned, the goals of the geochemist are to 

l ocate ore bodies in a large area or under an overburden. 

In the former case , the analysi s of streain se diment s for 

trace metals is the most popular method developed t o  date . It i s  

assumed that the sediment represent s  a composite sample of the soil 

and unweathered rock in the area drained by the stream. A mineralised 

zone in the catchment area will be indicated by anomalous concentrations 

of the ore metal in the stream sediment . This method hn s been success­

fully u sed over very large areas.  ( IIichol .E;t .§11. , 1 969 ; Garrett ::>.u.d 

Nichol, 1 967. )  

Apart from the many geophysical methods such as  self 

potential , induced polarisation and electromagnetics ,  the detection 

of ore bodie s at depth is generally attempted by analysing small 
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samples of soils taken over the area thought to contain the deposit . 

Under suitable weathering and topographical condit ions , the ore metal 

will be dispersed either chemically or mechanically into the upper 

regions of the overlying soil . This secondary dispersion halo , as 

it i s  usually called , may be conaiderably larger than the actual ore 

body ,  thus forming a larger 11 tarset a area in the soil than in the host 

rock. The larger the dimensions of thi s  he.lo , the e::tsier the problems 

become of locating it.  The se [-;._: oc!,_..;c:Jical prospc c tin.:.; :x�c lmir1ue s  hav,_, 

been di scussed in detail by Ha<>Jke s c:.nd ·:7G b b  ( 1 962 ) .  

Although soils and stroam sediments are thG most co��on parts 

of the trace element cycle being utilized for geochemical prospecting 

at pre sent , there i s  a larger segment of the cycle of potential use 

for detecting ore bodies . Thi s segment contains the rock I soil I 
plant system. Methods of prospe cting based on thi s system have been 

used with success in the past and are again being actively considered 

by mining companie s .  

The se methods are geobotanical prospecting and its associated 

technique , bio&9ocheulcal prospeci:;ing. 

The first of the se , geobotanical prospecting ,  depends on the 

association of unusual plant conmunities  with soils containing high 

concentrations of metal s . Visual observation of either the con:11unity 

as a whole , or the pre sence or absence of a particular plan-e specie s ,  

can i n  favourable circwnstance s ,  delineate zone s of mineralisation. 

Inve stigations of the geobotanical method have been very 

extensive , particularly in Russia where it has been developed to a 

high degree (C hikishev , 1 965 ; Malyuga , 1 9 64; Viktorov � �, 1 964. ) 
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In the U . S .A . , the most impressive re sults have been obtained 

by Cannon and her eo-workers of the U . S .  Geological Survey in their 

studies on the uranium deposits of the C olorado Plateau ( Cannon , 1 95 2 ;  

1 957 ; 1 959 ; 1 96oa ;  1960-o ; Cannon and Starrett � ·1 956) . Many of the se 

deposits contained 100p . p . m. to 1000p. p . m. selenium 11hich gave rise  

to high concentrations of this metal in the overl:;,ring soil . It was 

found that some specie s of the ����� genus grew preferentially 

in soil s high in selenium and by mapping the di stributions of the se 

specie� seleniferous soils were located. Since the se soils were 

usual ly derived from uraniw:1 ore bodie s ,  the se species were useful 

as " indi cator plant s11 for uranillill. P ive ore bodie s  r.rere discovered 

solely on the b<:>.. sis of indi cator plant data ( C an,10n , 1 9GOa) . 

Nicoll s e t � ( ·1 965 )  inve stipted geobot.:::.nical uethods of 

prospecting in the Dugald River area of Australia. They found that 

toxic concentrations of copper and lead in the soil determined the 

assemblage of plants , but that excessive amounts of zinc in the soil 

did not appear to influence the plant community. A copper anomaly 

in the surface soil caused by hitherto unlmown copper minerali sation 

was disclosed by the presence of two spe cies . 

One of the most extensive studies of the influence of nickel 

mineralisation on plant assemblages was made by V/ild ( 1 970) in 

Rhode sia. In a study of 28 areas containing high concentrations of 

nickel in the soil , he recorded 262 angiosperm species on soils 

containing more than 2000p. p.m. nickel.  Often the vegetation on 

the nickel anomalies  was derived .froru the associatGd serpentine 

vegetation. Wild sugge sted that a form of Qjcoma 9�£rocephala 

was perhaps the best indicator plant for nickel in Rhod.c sia but it 

occurred on only 7 out of the 28 anomalie s studied. 
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The associated technique to geobotanical prospecting , 

biogeoch;:cical pro sp0 cting , ro l i o 0  on · the ;..:ovc;:.:e nt of ;_:otals i'r01..: the 

parent rock , through the soil and into the plant t is sue s and the 

analysis of the se tis sues to indi c n te anomal ous conce ntrat i ons of 

metal s in the substrate. The deve l opic:ent of thi s tecl"uh�'..l8 hns 

largely followed the growth of analyt i cal methods f o r  Llet<> l s  a nd frofil 

the pioneering work of Brundin ( 1 939) in Sweden and T. kal ic 'l ( 1 93J) 

in Eastern Siberia , bi oge ocholli cal prospe c t ing ro see.rch ha s cx:rc.ndod 

rapidly until today when fully autoLJ.ated analyse s and detailed 

stati stical evaluations by cOElputer are coiDLJ.onplace . 

The most outstanding fa c t or in favour of plant analysis to 

detect minerali sation , is the fact that tree s with extensive root 

systems obtain their metal nutrients from a large volume of soil. 

Therefore , in the absence of any compli cating factors , the c oncen­

tration of a metal in the plant tis sue will be a repre sentative value 

for the total soil sampled by the roots , in contrast to the small 

soil sample usually collected in a geochemical prospecting survey. 

Thus , plant analyses  would ideally re sult in le ss random error tha.n 

is normally as sociated with geocho:-:;ical soil samplo s. 

In  addition to the bulk sar:1ple of s oil from whish tho plant 

accumulates  metal ions , adve.ntage cD.n bo taken of tho d..; op root 

systems of some species to detoc t anow.alous metal concentntt ions at 

depth. This latter capability has been uti lized ';dth considerable 

s uccess by Kleinhampl and Koteff ( 1 960 ) to detect uraniUQ mineral­

i sation on the C olorado Plateau. The se workers recorded that 

conifer samples effectively indicated ore deposits at depths as 

great as 40 feet in one area and 70 feet in another. C annon ( 1 96oa) 

c oncluded that tree analysis  could be used successfully to out line 



uranium minerali sation to a maximum depth of 70 feet in thi s  

same area. 

The deep root systems of s or2e plant spe c ie s  can al so 

b e  u seful to indi cate anoualous netal co ncentrations under a 

c onsiderab le depth of ove rburde n . ;:tP.nkama ( 1 940 )  in F inland 

obtained positive indicat ions of ni ckul r.1incrali sa t i on throu{;h 

ten feet of glac ial drift and in C <mada , ·,'farron and De la vaul t 

( 1 949 ) detected z inc anooo.l ie s in plant s over a lead-zinc 

deposit when the ove rburde n wa s at least 30 feet thi ck. 

Keith ( 1 968 )  by the analysis of the covering vegetation 

in the Upper Mi s si s s ippi Valley di strict , suc ce ssfully detected 

lead and zinc mineral i sat ion under an ove rburden of loe s s  

where no soil anomalie s were obvious . However , whGre loe ss 

was absent , he found that soil analysi s gave better re sult s 

than plant analysi s . 

Yet another factor in fav our of plant analysi s  

rather than soil analysi s t o  detect r:inerali sat ion i s  the 

ability of s ome plant s t o  conttlin hi15her con c e nt rat ions of 

certain metals in the a sh of their loave s and tnigs , than i n  

the underlying soil . T h i s  re sult s in the plant s beinc; the 

more sensitive prospecting tool . 3uch a case i s  de scribed 

by C arli sle and C leveland ( 1 958) i n  the i r  studie s of the 

oiogcochur:i cal mothod for the detection cf molybdenum in regions 

of molybdenum mineralisation. 

Another example of the use of the molybdenum c oncen­

trat ion in plant s i s  given by Warren and D elavault ( 1 9 65 ) .  
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They reported a biogeochenrical prospecting survey in which approx­

imately 1 ,000 tree sample s wore taken over an area of approximately 

700 acres . The twigs of' threo species of trees ,  Balsru.-1 (Abic� 

lasioca�) , Pine ( Pinus .s.E.£i.9 .. �i§l) , and Spruce ( Pice��aucC!) uere 

analysed for copper and nolybdenlllil. It was found that although the 

concGntrat ions of both these metals in the hvig ash delinoatod h;o 

areas of ore-bearing potential , the molybdenum anomaly sllmm by 

the plant analysi s  wa s larger than tho copper anomaly. 

Other applications of the biogeochenical method have been 

made with varying degrees of succes s . 

Webb and MillD.an ( 1 95 1 ) in thdr studios on the �rigcrian 

lead- zinc belt found that the leo.cl ,  z inc and silver concentrations 

in the twigs and leaves of savanno.h troe s  inc reas-3d in tho proxh1ity 

of minerali sation and th;�y concluded from their re sult s that the 

heavy metal content of twigs , could , under favourable circuostances 

assi st in the location of buried ore deposits. Nicolls et al. ( 1 965 ) 

al so showed that in the Dugald River area of Australia,  plant 

analyse s  for zinc reflected the soil  concentrations of this metal 

and that biogeochemical prospecting was an effective tool for the 

detection of z inc mineralisation. 

More re cently, Warren et � ( 1 964; 1 9 68) showed that in 

Canada , the Douglas Fir ( Pseudotsuga menziesii) can accumulate 

from ten to one hundred times more arsenic than any of the tree s  

o r  lesser  plant s associated with it . They sugge sted the pos sible 

use of this specie s to detect arsenic dispersion halos from ore 

deposits  containing minor aoounts of this metal. Thi s case  
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i llust rate s the wider potential of biogeochemical pro s pe cting 

that way b e  realised by further i nve st igations . 

Unf ortunate ly however , some re sult s have been obtaine d ,  

for coppe r i n  particular , vthich have not b e e n  encouragine; t o  a 

worker contemplating a b ioge ochemi cal survey. Huff ( 1 9 69 ) found 

that the c opper c once ntrat ions in mosquite plant s in Arizona were 

moderately high even when the scil concentrations ue re l on . He 

c oncluded that the se plant s >:v0 ro not [pod explor11tory gLlide s for 

thi s metal . Also L overing ot .§1:.1 ( 1 950) found that in s o,:;i - F.lrid 

areas , plant analyses were no-t good indications of 

deposi t s . 

co-·JT).._:r ore - � 

I n  general , it c!ln be said that succe s sful r.s sult s obtaine d 

f or a parti cular metal in ono area do not nece ssarily imply that 
a survey for thi s me tal in another area u s ing a different plant 

will also be succe s sful . 

S ome workers have sugge ste d  factor s which way inf lue nce 

b ioge ochemical prospecting re sult s ( Carli sle and C leveland , 1 958;  

F orte scue and Hornbrook , 1 9 67; Shacklette , 1 962 ; 1Nebb o.nd ],;illman , 

1 951 ) .  

The se fact ors may be b roadly clas sified into three group s :  

( a) The parti cular plant spe cies sampled , 

( b ) the particular part of the p lant sampled, a nd 

( c) the factors which i nfluence the movement of metal i on s  

from the primary s ource , the bedr·ock, into the part o f  the plant 

taken for a nalysi s &  
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There i s  ample evidence to illustrate the necessity of 

choosing carefully the specie s and plant part for a particular 

sarupling program, ( Shacklette , 1 9 62 ;  Warren et al . , 1 955) , but 

there has been very little work carried out t o  under stand the 

various mechanisms in category c .  

F ortescue and Hornbrook ( 1 967) presented a scheme for the 

geochemical cycle (F igure I - 2 )  in which they classified the 

systeo from primary magl!la through magmatism ,  crystalline rocks , t o  

soils ,  a s  part o f  the major geochemi cal cycle while tho b iosphere 

was included as part of tho minor goocheGical cycle . I n  a!J;Jlying 

the bioge ochemical method to prospGcting, it i s  neces sar'J to under-

stand that part of the ge ocho: lic11 l cycle fror;1 crystalline roc ks 

to the biosphere . This part of the gGocheaical cycl e  c ontain s the 

companents  of the e nvironrJ.e ntal trace elmnent cycle di scussed by 

Allaway ( 1 968) and mentioned earlier in this in1..coduction. The 

segment of this  trace element cycle which i s  of relevance to 

biogeochemical prospecting contains both geochewical and bio-

chemical processes , and may appropriately be called the 

"Biogeochemical Cycle . "  The main component s of this cycle are 

illustrated diagrammatically in Figure I - 3 .  

A parti cular metal analysed i n  some plant tis sue will have 
. 

followed the cycle through the processes of weathering , ion 

exchange , possible organic chelation , root ab sorption ,  translocation 

and finally storage t o  some degree in the leaves or twigs . Each 

of these proce.sses will have influenced the cycling of the metal 

in different ways and to different extent s .  The net re sult of 

thi s will be that the concentrat ion of the metal found in the 

leaf tis sue will be a function not only of the concentr=:.t ion in 
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the bedrock , but also of all the proce s se s  it has undergone in  the 

movement around the biogeochomical cycle. 

There are two different approaches to the problea of under­

standing the influences the se processes  have on the trace metal 

balance between plants and their as sociated soils . 

The first approach is to  study each factor in turn , by 

closely controlling the other factors. This i s  usually achieved 

by growing the plants of interest in a culture media under strictly 

controlled conditions. YlherG thi s is iBpre.ctical , plant s and their 

soil s are transferred frou th..:;ir natura l cnvirmmont in·co the 

laboratory. This latter method , hmmve r ,  allo, .• �; only uini; ml control 

of the biogeocheruical processo s .  J? orte scuo e.nd Hornorook ( 1 9 67) i n  

their studies o f  bioge ochc,·licnl ;·.1cthods a t  tho Ge olot_:;i cal 3 urvoy of 

Canada grew willow saplings i 11 sterile soil and 5tudiod the ir uptake 

of nickel , cobalt , lead, silver and strontium. I n  another se:ries 

of experiments ,  young birch tree s were transferred ,  along Yvi th 

thei r  associated soil s ,  from their natural envirolllilent in the forest  

back to  the laboratory. Ander son and Kurtz ( 1 954) also used this 

approach in an attempt to account for the great variability in the 

accumulation of uranium by plants growing ir). the field. They grew 

plant s by the nutrient-culture method and considered the factors 

which influenced the accumulation of uranium. 

An alternative approach to  the understanding of the processes 

involved in the biogeocheruical cycle i s  relatively new and hRs 

become possible with the advent of large and fast cor::.puters . Thi s  

i s  the statistical approach. With thi s techniquG , n o  attempt i s  

made t o  control any of the envirorL:Iontal conditions. Cbserva �. ions 
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are made i n  the field and the s::: re sults are sub je cted to stat i s tical 

analysi s to try and deduce t he proc e s s e s  Hhich gave rise t o  the 

observed data . 

Multivariate analysi s has been applied to a variety of gr::o­

chemical problems (Agterberg , 1 9 67 ; Mi ddleton , 1 963 ; 

Niohol and Webb , 1 967; N ichol 2� �]. , 1 9 69 ) . I n  particular , factor 

analysis ( C ame ron , 1 9 68 ; 1 969 ;  Garrett , 1 967 ; Garrctt and Nichol , 

1 969) , trend analysi s  (Allen and KrUTibei n ,  1 962 ;  C onnor 2.nd Iii c s ch ,  

1 9 64. ,  Ni chol et al . , 1 969 ) and multiple regre s sion analysis ( R o s e  

et al . ,  1 970 ; Sinclair and Percy , 1 969 ) have b e en widely used. 

The use of multi 'mri8. to analys i s  ha s not , hm-J�vor , bocm 

reported for biogeocheiJical stuc.li c s  e nd t o  the author ' s  knowledge 

thi s the s i s  repre sent s the first such app lic �t i on .  

In New Zealand , b i oge oc ho. d ca l pro s pe ct i nc ha s been inve stigated 

f or molybde nuo at C opperstain C roek, N orth-we st l1! e l son ( i3 ro•\ks and 

Lyon , 1 966 ;  Lyon and B rooks , 1 969 ) where it wa s shmm that tho 

molybdenum c oncentrations in the leaf ash of Ole[:J.ria � were 

useful to indicate anonalous concentrati ons of thi s metal in tho s oil . 

Uranium ha s als o  re ceived atte nt i on and it was shown by 

Whitehead and Brooks ( 1 969) that the b i ogeoche1aical method c ould 

be used succe s sfully to prospe ct for thi s  metal in the Buller 

Gorge. 

Other metal s inve stigated include zinc and lead in the 

T e  Aroha area ( N i c olas and Brooks , 1 9 69 ) . 
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The pro j ect de s cribed in thi s the s i s  wa s initiated to evaluate 

the feasibility of u sing plant analysis in the search for nicke l  and 

c opper in New Zealand. 

No nickel depo sit s  of ma j or e c onomic signifi cance are known 

in New Zealand but a recent di s c overy in the Riwaka Bas ic C or.1plex , 

North-we st Nel s on ,  ( Gill and J ohnston , 1967 )  attracted consid3rable 
attention. 

Thi s  C or.1plex , c onsi st ing of a belt of basic and ultrabasic 

rocks extending from south of the Baton River , north to Rai:loka C reek, 
ha s intruded the lowe r Paleozoic sodi;::ent s of tho h:c�unt Arthur and 

Onekaka formations ( see Figure I - l1-) . Pyroxe ni t o .  rdth · 'inor gabbro 

is the nost extensive rock type of tho C onplex while pe rido� itc 

exi st s  as di screet outcrops within th" p}rroxe ni te . 

The pre senc e  of nas sive c opper and nickel sulphide s in the 

G-raham River area of the C onplex was reported by Gill and J ohnst on 

( 1 9 67 )  and it wa s on the basis of thi s dis c overy that Mci ntyre ihine s 

( N . Z . ) L td. con1Llenced ge oche:.,lical prospe cting in the area . 

I t  was with the permi s si on ancl a s sistance of .Mcintyre Mine s 

( N . Z . ) L td. that the project de s cribed in thi s the s i s  \'ra s  unde rtaken 

on part of their conce ssion area . The part i cular re gion of the 

C omplex which was chosen f or t:b.i s project was 8 to 1 0  111ile s s outh 

of the G-raham Valley and was known to c ontain copper and nicke l  

minerali sation but the grade o r  quantity pre sent was not knovm. 

( see F igure I - 4) . 



Loca l i t y  m ap 

J7 
�Oiwo .. Boo lc • Col"'p lex . 

1 : : : : 1 R i w ak a  Bas ic  Co m plex 

I ., .. "'1 Separa t ion  Po i n t G ra n i t e  

ITIIJ] Pos t-Paleo z o ic S ed i men t s  

I..,. J Paleozo ic  Sed i m e n t s  

A rea s t u d i ed 
i n  th i s t he s i s  

I l l 

I I 
�41 

I I ..... 
41 

I •  � 
I ' �o 

I I 5 

" 
, 

� 

V 

V 

0 

7 
,. 

'I 

A 

, 
� 

V 
� V 

5 
I ! ·---=·---=�--�======� 

1 • m i �s 
I I 

1 1 

F i g u re  1-4 . Geolog ica l s k e tch m a p  of  the easte r n  pa r t  o f  
Nor th-w e s t  N e l so n  ( a f ter  G i l l a nd Joh n ston . 1 9 67)  

" 

.. 



14-

The main ob jective s of thi s the s i s  are swnma.ri zed a s  follow s :  

1 .  T o  evaluate the e rrors involved in the analytical and 

sampling procedure s by �hich the plant and soil data were obtaine d .  

Thi s  i nve stigation wa s o f  vital relevance t o  the succ e 3 s o f  the 

stati stical procedure s used. 

2 .  T o  study the concentrations of a number of metals in 

different plant species and to select a parti cular species for a 

more detailed inve stigat ion of its o.etal cont ent . 

3. T o  select an approprie .. t c  stat i sticel proceclure c:nd t o  

illustrate the way thi s proce dure c ould b .:;  used to gain inf orEation 

about the ac cumulation of metals by :plant s . 

4-. T o  illustrate a o.athcnat ical approach to the prediction 

of metal c oncentrations in the soil froo the Liet J. ..... concentre .. t ions in 

the plant t i s sue when the ac cuoulati on of the oetal by the plant i s  

influenced by unknown factors . 

5 .  T o  develop c ompute r  prograrillTie s  t o  implor.uent the se stati s­
tical techni que s on the available compute r . 

6 .  T o  study stati stically the influences of high c oncen­

trations of nickel and copper i n  the soil on the metal c oncentrati on s  

and the inter - ·m etal ratios i n  the plant tissue . T he appli cation 

of the se ratios as i ndicat ors of copper and nickel ;nine ra li sation 

was also c onside red. 
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7 .  T o  inve stigate the use of at omi c ab sorption spe ctro­

photometry in assisting the qualitative and quantative study of 

mic rograJ:il amount s of trace metal c oBplex e s  in plant ti s su e s . 

8 .  T o  apply the te chnique s developed in 7 .  above t o  a 

b rief study of the chemical forms of trace metal s ,  parti cularly 

ni ckel , in the leave s of some t re e s  on the Riwaka Basic C omplex . 





A .  INSTRffi:lENTS AND CHi::i>"ICAL S . 
1 7  

All quanti ta t i  ve anc-.lysc s for uetal s vwre carriod out by 

atomic ab sorption specc rophot ono t:ry u s ing an a i rjac e t,:,rlli lh.� fl'liile 

except for potassiw-u wr.ich '<m s analysed by flamcphot o1:o t:::y in an 

air/c oal gas flame . A T e chtron Model AA3 wa s u sed for atouic 

ab sorption spe ctrophotomet ry in the early part of the work. Later 

a Varian-Te chtron Model AA5 b ecame available and thi s was uned for 

the ma j ority of the a nalyses . 

The flame-photooeter u sed wa s a Gallenkamp l!, laDe _4.nalyser 

FH500 . 

Measurement of soil pH wa s carried out on a Radiometer 

28 pH me ter. 

Aqueous standards we re nadc fron "� nalyt i ca l  Grade or 8l1ectro-

graphically-pure ( J ohnson , r,;a t-Glley : C o .  Ltd. ) roa(:ents and. s t ored 

at a concentration of 1 000p . p . D .  i n  2�. !wdrochlor:Lc ac id . The se 

were diluted inmedie.te ly prior to use . 



B .  SENSITIVITIES AND LHIITS �lENT 
1 8  

S ensitivity in a.tor:lic ab s orption analysi s i s  ge nerally 

defined as the concentrati on of a aetal in solut i on ne c e s sary to 

give a signal o f  1% ab s orption . 

Value s obtaine d  on the AA5 for the metals mea sured in thi s  

the sis are given i n  Table II - ·1 . The se value s w..;re obt.c.incd .c.·� 

the operating parameters of flB.I!le posit i on and cooposi t i on vr�1ich 

were usually achieved under normal rout ine analysis condition s . 

They are not nece s sarily the maxi�L� sensitivities that could b e  

obtained. A queous s olutions o f  21·,1 hydr ochloric acid 11erc u s e d  f or 

".ll" m-::tal soxcept c.�lcium, mangane se. , magne s ium -:: nd pot�s :,iurn which vmre 

determined i n  a 0 .  8',7& strontiu.:"l ;1i t r:1 t e  s ol ution (6E'::l'J. OF  II - :b) o 

All other operating parameters V!.Jra used. a s  re co:E1endecl by the 

manufacture r s . 

The limit of de tection h:J.s had a nw-.1ber of definiti ons 

( Barney , 1 9 67) but probably the 1:10St us..;d is the concentration 

c orre sponding to twice the standard deviation of the noi se level.  

A reading at thi s c oncentrat ion has an approximately 95% chance of 

not being due t o  n oi se . While thi s may be suitable f or c omparat ive 

purpos e s , in pract ice it can be mi sleading . It was f ound during 

the course of thi s pro j ect that to obtain a reasonabl e  de eree of 

analytical pre c i sion (�5 � 0/o) in routine a nalysi s ,  it was nece ssary 

to consider the " limit of measure1:1ent" as about four t ime s the 

noise level .  The se value s are given in T able II - 1 .  Maxitnum 

scale expansion of approxioate ly 1 0X was u sed. 
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Under ·noroal circunstanco s a il!easureacnt could be obta ined 

on 0 . 3ml , and from the liruit Ol nen sur0 . .  :cnt this ga ve ·cllc; ;1 l owo st 

amount measureable" with <:5.0% precision ( Table II - 1 ) .  
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TABLE II - 1 

Details  of the analytical capabilitie s of the methods used. 

Metal 

nickel 

cobalt 

copper 

zinc 

chromium 

iron 

calcium 

magnesium 

mangane se 

potassium 

-�----

i Limit of Lowe st 
Wavelength Sensitivity mea sureable ++ 

!!lea sure-+ 0 p . p . !JJ. . raent a;,Jount 
A p . p . n. x � 0  -9 ,::;n 

�-- - · �  ·--- ------·- ' · - -- ---- -...- �-··· ---- .-.. ... -� ___ _.... _. ... "'-_. _ __  

2320 . 0 0. 1 1._ 0 . 1 1 2  

24D7 . 3  0 . 1 7  0 . 1 30 

3247 . 5  o . w 0 . 080 

2 1 38 . 6 0 . 02  0 . 024 

3578. 7 0 . 20 0 . 1 60  

2483 . 3  0. 1 3  0 . 1 04 

4226. 7 0. 29  0 . 240 

2852 . 1  0 .0 1  o. oos 

2794. 8 0 . 1 1  0 . 080 

0 . 200 

; C oncentration to give 1 %  absorption 

+ Concentration = 4 x noise 

++ Limit of measurenent x 0 . 3m1. 

37 

L�3 
2 6  

C) u 

53 

35 

80 

3 
33 

67 

� -- --.-. --.:.-.... .,._ --
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1 .  f.E_elimina!:Y }�rea tment·. 
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O n  arrival in the laborat ory , 

plant samples were removed froB the i r  plastic bag containers and 

leave s and twigs were dried overnight at 80°C in separate paper bag s . 

Although soil contami nati on i s  a pos s ible source of error in 

plant analysi s  ( Mitche ll , 1 960 )  this wa s as sumed to be of very minor 

importance in the area surveyed since there was little exposed soil , 

. a  dense vegetat ion canopy and a relatively high rainfall . F or the se 

reason s , plants were not washed before drying •. 

F or at omic ab sorpti on analys i s , 

it i s  ne c e s sary for the sample t o  be in solution and f or plant 

sample s there are two main vrays of achi eving thi s :  

( a� 
( b) 

dry a shing at 450 to 500°C in a muffle furnace and 

wet a shing with Bixturc s of c oncentrated porchlori c ,  nitric 

and sulphuri c acids at approximately 1 00°C .  (S c.harrer rind 1:\unk,l 956) ; 

The choice b etwee n  the s e  two methods depends on the following 

factor s :  

1 .  If volatile metals such a s  arseni c , selenium , or mercury 

are to be determined ,  i t  i s  ne c e s sary to use the wet method since 

the se meta l s  are all vapourised to varying extent s  at 450°C ,  Other 

les s  volatile metal s such a s  lead , z inc ana cadmi um can also be 

lost during dry ashing. ( Mitchell , 1 964. ) 
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2 .  I f  low levels of metals are to be deton<lined,  then wGt 

ashing has the disadvantage that the concentrated acids must bo of 

exceptional purity t o  avoid exce ssive contamination of the sa.:;ple . 

In the analysis of metals such as iron and zinc this purity is  

sometime s difficult to  achieve . The usual maximum concentrations 

quoted for analytical grade concentrated acids are of the order of 

1 p . p .m.  iron and 1 p. p .m. heavy netals . It' , for exanple , 20 . 0J..Jl 

of concentrated acids ne. G used to ash a sample of 1 gn ( of vegetation 

or soil� then the sample c ould be contaminated to the extent of 2�9 
of iron and 2� of heavy metals . It oust be said , however ,  that 

most analytical-grade acids do not contain the se amounts , but even 

at lower levels the proble: ! i s  still significant . • ... cid bla nk sa>uple s  

can be u sed t o  correct for tili s c on"t a ulina t i on i!' ths sa. :.11lc contains 

appreciably Glore metal than the blqnk. 

Any perchloric , nitric or sulphuric acid r-::..1ainin::: in the 

solution after wet a shing :-o.ay cause i nt e rferenc e rl_nrin_r� the at OJ.Hic 

ab sorption determinations ( hiGruta et al. , 1 970 ; G ovindara j u ,  1 970) . 

With dry ashing , on the other hand , the ash i s  usually 

di ssolved in 2 l<l hydrochloric acid, which , because of the low 

ru�ounts of acid pre sent , result s in negligible conta4linati on of 

the sample . 

3 . L os s  of metals during dry ashing.  

( a) Methods . 

T o  evaluate the loss of different 

metal s at different temperatures ,  the following procedure wa s 

carried out : 
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One circle of 1rllJ.atFlan ( Uo . 54'1 , 7cm) fil :� �-r ·paper v� s added to 

each of ten test tubes .  1 � e;J ch ��r copper , zinc 'lnd nicl�-�1 vmre 

added t o  each tube and the solutions dried at 30°C . .i:' ho { we:r0 the n 

ashed at ( a.) 450°C and ( b ) 500°C f or 1 2  hours in two expei·lulo nt s . 

After cooling , hydrochloric acid ( 2 .  0 �11 ) Yla S added to ea. c ' . -cub e;  and 

the solut ions analysed. No corrections were nece ssary for tho 

filterpaper. 

( b) Re sults and discussion. 

The re sults are shown 

in Table II - 2 .  

0 F rom this table it can be seen that at 450 C ,  greater than 

9o% recovery wa s obtained for all three metals. 0 At 500 C however , 

losses were evident . Since the recovery of zinc ( B.pt .  907°C )  wa s 

higher at 500°C than the recov"-'ries of e ither cop:per (Up-G .  2595°C ) 
or nickel ( E.pt . 2732°C )  it seemed unlikely thnt t.h,) losses  \rerc clue 
to volatilisation of the metals .  Alt;:;rnativo ly th...; chlorides of' 

these metals which are more vol;ct ile than the r.1et.=. ls th2i'·lS0 l v c s  nay 

have been lost , but by inspection of the boilin� point s  of ZnC l2 
( 732°C ) ' c uc::.. 2 ( decomposes to c u:Cl Yvhich boils at 1 �-90 °C ) ' 

NiC12 ( sublimes ;  973°C ) , it wa s apparent that loss by volatilisation 

was not the reason for the low recoveries .  

Incomplete dissolution on addition of the acid to  the ash 

was unlikely since the oxides of all these metals  are s oluble in  

acid, e specially when pre sent in  a finely divided state . 
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TL.BLE II - 2 

Percentage recoverie s of 1 9-«9  ·.::ach of nicke l , c opper , 

and zinc after a shing at a) 456°C a nd b) 500°C for 

1 2  hours in the presence of filter paper . 

Nicke l.  

450°C 500°C 

9 1  . 5  75 . 8 

C opper 

94. 5 86. 6 

Zinc 

450°C 500°C 

97. 5 88 . 3 

l450°c �?oo0c 

I 

Std.Dev. ++ 2 . 0 5 . 0  ' 1 . 0 1 . 5 3 . 0 9 ,, ! . u  

+ Mean of 1 2  sample s  

++ 8 of the 1 2  sample s  lay within this deviation from 
the mean. 
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The nost probable rea s on wa s that s ome nic ke l  and copper wa s 

b onded st rongly t o  the gla s s  surface and c ould not b e  re di u s olvod 

in a cid. Thi s problem hai b e en encountered in preliminary studie s  

whe re i t  wa s found that a shing in the ab s ence o f  filter paper 

re s ulted in le s s  than 5o% re covery for each of the t hree metal s . 

The pr esence of f ilter paper in the tube s ,  howeve r ,  re sult ed in 

re c ov erie s greater than 90/� whon a shing at 4-50°C .  .D' urthor co,- u.wnt s 

on the function of the filt ·.or ;>aper will be l'l.ade in SECTimi V .  ·:fith 

p lant a sh ,  howeve r ,  no l o s s  by thi s u3chanism wc-. s exp0 ctod to occur 

and i n  view of the negligib l e  l o s s e s  du e to volati l i sa tion of t ha 

netals , the dry a shing method at 4-50 °C to 500°C was adoptod in 

preference to the wet D. shing procedure . Dry ashing al so had the 

advantage that it require d no superv i s ion during t�e p eriod of 

a shing. 

4-. �tion and anal:y!ical tc.9}mig_ue s �o:e,ted 

for plant sam�le s .  

A flow sheet for the plD.nt 

analysi s procedure i s  shown in F i gure II - 1 .  Thi s method re sulted 

in approximat ely 98.1o di s so lut i on ( a s suming all carbonaceou s  nat erial 

had b e en renoved by a shing) and the remaining approximately 27{, vw. s 

shown to be almost e nt irely si lica ( emi s s i on spec trographic analysi s ) 
with tra c e s of cal ciun, magne silL-n, ma ngane se , s odiw•-� a nd .J. lu,.;iniw-,1 

also pre sent. 
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ld•r at  I D'C 

D R Y  T I SS U E  

S O I L  SA M P L E  

!d • r  

A I R- D R Y  S O I L 
c ru s h  
S I &¥& lw e i g h  

a s h  a t  4 5 D-5 oo•c 
w e i g h  - 2 0  muh I + 2 0 mu h  

A S H  

STOR E  
0·200 g m  
1 1} 0  ml 2 M  H C l  
wa rm , S m i n s 
cool 
decant  

I 
S ie v e  

H 2 0,-4 00 mesh 
g r i nd t o  
- 1 0 0 m u h  

S O l  L F RAC T I ON S TO R E l 0·2 0 0 g m  
1 0·0 m l  c

.
o nc. H F/ H N 03 1 : 1  

d r y  a t  1 00 C 

R E S I D U E  

weigh 
1 2 m l 2 M  HC l 
hu t .  1 5 m i ns 
�a ke u p  to 1 0·0 gm w i t h  H2o 
f i l t e r 

S O L U T I O N  a n a l yse f o r  S O LU TION 

d i l �te 1 0).1 l  t o  1 0·0 ml d i �u t e 1 0 0;U l  t o  1 0·0 m l  I N i  ,Co,Cu , Z n, C r, C Fe ) I W i t h  0 · 8  •1. S r ( N 03>2 w 1 t h  0·1 •/. S r C N 03 >2 L--------.• a n a l yse for .,.oer-------.....,j 
C a , Mg ,M n , K 

F i g u re 1 1 -1 F l ow c h a rt for pla n t  a nd so i l  a n a lys i s .  

D l  SCA R D  
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Sample s  collected i n  the field 

were stored in pla stic  bag containers  for transportation . The soils 

were air-dried in the laboratory,  l i ght ly crushed anrl sicvcd through 

a 20 f!le sh sieve . F or the prel ir;linary survey ( S6CTION III ) c o te l 

soil analyse s were perfomcd on J.;l1c -20 ne sh fract ion a.l' tc:: r  c o;�:plote 

grinding by hand to -1 00 me sh. 

2 .  Q_iss o�tion _Eroccdure . 

There has been much discussion 

over the past years on the methods for dis solving silicate niner�l s . 

Ahrens et al .,( 1 963) de scribed a detailed procedure based on i on-, 

exchange and emission spectrographi c technique s for the analysis of 

silicate rocks . This scheme u sed a hyd.rofluoric/·aqua regia/ sulphuric 

acid attack and gave c omplete di ssoluti on al though suc ces sivo 

treatment was nece ssary for some sample s . 

Suhr and Ingamells ( 1 966) described a solid fusion technique 

for the dis solution of silicate rocks using lithium tetraborate 

followed by dilute nitric acid. Solid fusion methods , however , are 

not readily applicable to the prep:� rat i on of samples to be anC?.lyscd 

for trace metals by atof!lic absorption spectrophotocetry b0cnuse of' 

the high salt content ari sing f'rOT!l the fusion mixture . 

Probably the most efficient method i s  a high t.":: i!tperature 

attack using concentrated hydrofluoric acid in a Teflon lined bor.lb 

( Langmyhr and Pau s ,  1 9 68 ) . ��ile this method give s complete 
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dis solution it is impractical if large numbers of sample s are t o  b e  

dis solved in a reasonable period of t ime v:ith a minimum of nan-hour s. 

On the other hand , one of the most c omirron a c id :-.1ixturc s  u s c tl -,;y 

mining corapanie s for ge ological samples i s  that of concentratEJd 

p e rchloric/nitric acids. Thi s doe s not , in general , give c omplete 

di ssolution , but if the extent of the attack is the same for all 

saraple s ,  the re sults will be reasonably reliable . 

In our laboratory ,  a nodif i ca h on of tha procc U.ure d.-J s c ribed 

by Brooks ( 1 96o)  i s  use d. S o i l  sa..;:plc s arc Rttacked - �· i tll conce ntrat e d  

hydrofluoric/nitric ac i ds ( 1 : 1 )  in pol_:y-propylenc bonk.:; r s  GEL;pended 

in boiling water . The f l ow chart for the complete analysis by thi s 

te chnique i s  shown in F i gure II - 1 .  

This procedure re sult s in almost c onplete (�99%) di s s olution 

with the remaining meta l s  in the re sidue b eing t itaniw:-� and iron 

( pre sumably from magnetit\.; and/or titanomagnetite) with le s ser 

a1:1ount s of aluminium , s i l ic on , calcium, magne siun , sodiun and 

mangane se. .h. very small aruount of chromiwn wa s also detected 

( probably from chroni t e  Ylhich is virtually insoluble under the; 3e 

acid c o nditions ) . 
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T he high re solution of !!1odorn at owi c ab sorption :3j)Cctro-

photometers make s interferenc e s  froJ.J spectral overlap vL·tuo.lly a 

probleo of the past . Serious cherJi cal interferences are al so 

relative ly few ( S lavin and Slavin, 1 969 )  with the chief proble;;1s 

ari sing in the Dea sureoe nt of th.:: alkaline earths , co.lciu:.: ancl 

u1agnes ium ( Govindaraju , � 970 ; :�_,..,_,.1akrisima .Et al. , ( 1 9 66)In �l.:mt ��:.:1ple s 

Dost of the interfere nce with th8 determina t i on of the se : 1ot;:c.ls  i s  

caused b y  phosphate , while i n  soil soluti on s  tlw lntcrt\::re,Jco nri s e s  

mainly from aluminiW<t and phospha te . Orge nic c onploxin�� re.:cc-::mt s  

have bee n used to c ounteract this proble111 ( 0-ovind.a.ra ,ju ,  1 970 ; 

Wallace , 1 963) but oast of the i nterfere nc e s  can be reduced to �n 
.,_, ...... � 

ac ceptable level by adding exce s s  strontium nitrate to th0 s olution 

(E lwell and Gi d.ley , 1 967) . In the pre sent work, a solution of 0 . 8"/o 

( 0 . 33%S r) was u sed. Alkali metals can als o  cause i nter-

ference s in the de t erminat ion of calcium and Dagne sium due tc 

ioni sat i on eff e ct s  (David , 1 959 )  but the se were largely overcoue 

by us ing mixed sta ndards of the metal s . 



F .  ��CCUR.ACY AND PRECJSION_QJ._THE_DI3_SOLilllQJi 

£ili!2.. ANALYTIC& 11iE'J2_�iODS FOR PLU·r:r� l>ND �9J��S· :�£!1?. 

THE EFFECTS OF THESE Pli.RAMETERS ON �J'_.;�TI_�"£J_Q£•,�. 

TECHNIQUES .  

1 .  I ntroduct ion . 
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The V8lidi ty of c:.ny thec.ry cal l  only 

b e  as good as the validity of the e vide nc e upon >:hich it i s  ba sGd 

and in this the s i s  the validity of the c onc lus i ons ancl postulat e s  

are directly related to t he error 2 ssocia t e d  with th0 analyt i cal 

re sult s .  

The question of error in geoche::1ical sanpling ha s been 

di scus sed by Mie sch ( 1 9 64.) . He separated the error into various 

C OLlponent s and c o!illJlented on the e ff e c t s  t he se c onponent s had on 

different statistical procedur e s . H i s  separat i on wa s a s  follows : 

1 )  Bias - is the mean deviation of' a nalyt ical re sult s fTom 

their hyp othetica l  11 true11 value s .  Thi s error can be con sidere cl a s  

tho " ac curacy'' o f  the re s ult s .  

2)  Variabl e  b ia s  - i s  p re sent if the bias vari e s  with 

sampling posit ion. 

3) Variabl e  pre c i sion - ari se s if the preci sion of tho 

re sults i s  dependent on sampling posit ion . 

4) Pre cis ion - include s all variance due to sar·lpling and 

analyt ical error. 
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I n  the c las sification of errors a s sociated with fu1ta set s ,  

N o. 4- nay be omitted b ecause it i s  never zero , whereas t11o first 

three oay or may not tend to z ero for different sets. 

With regard to statisti cc-cl te chnique s such o.s t rend ano.:lys is 

( see SECTION Ill E )  and 21 112 lys i s  o�' varia,1co , 'ootl1 bi<c s  e.nd. var·ic. blo 

p re ci sion can be t ole re.teu in c. date. set without r3c1.�ious c ons c (;_· . .- c nc e s . 

Variabl e  b ia s ,  ( variable a c curacy) on th.;; o tho:c hnncl , c:'.�r.lOt b e:  

pre sent to any groat extent under any cirC LmlSta;1cos  i. 'nl:J:3 :;  a 

quantative corre ct ion C'"-n b u  w'do for the varia t i on . l.c corcling to 

Mie s ch :  "If type 3 error ( varie.ble b ia s) i s  very largo and ca1mot 

be c orrected, ".;he data night D. s we ll be di s carded. " 

It was concluded froB those f indings that for the purposes 

of the pre sent the sis a rea sonably pre cise knowledge was ne c e s sary 

of the following two point s :  

1 )  The pre c i s ion of the analytical re sult s since tl,is co.n 

affe ct the stability of trend re s i duals . ( !ilie sch, 1 9 64) ( see SECTION 

IV E )  and 

2 )  more important than pre c ision ,  ·was the ac curacy and tho 

way in ;7hich thi s accuracy varied ;-,i th the different sa: :ple s . 
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This was c<  :nsidered as the overall 

reproducibility of the dis solution and analysis scheoe . ·r o 

evaluate this para.neter , five sa.nples  of the standard dia.ba.se Y/-1 

were interplaced at randon in a batch of approximately 1 00 soil 

sa.nple s. This procedure led to a true estioate of the precision 

actually obtained during a noroal dissolution/analytical sequence . 

These results are shown in Table II - 3 .  

F or all raeta.ls ,  the precision was good and adequate for this 

project since the variation between analyses  of the SaGe sanple was 

far sraa.ller than the variation observed between different sa.aples . 

Sinilar precision ·,{tt S cb-t'·' ined fnr plant sa; :plo s. 

3 .  i.ccuE!-C.Y· 

( a.) Introduction. 

L. ccura.cy i s  the degree to which 

the true a.oount of a. substance present in a sanple can be deteruined. 

Where a set of data. is  being evaluated on the basis of the 

relative raagnitudes of each value within the set , as in this thesis , 

precision rather than accuracy is iraportant , only if the relat ive 

accuracy for each neasureraent is  constant ( Miesch ,  1 964.) . I'hat 

this is the case , is often assumed in routine atonic absorption 

analysis ,  for exa.nple , in the analysis of geochemica.l 
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TABJdL. II - 3 

;'"nalysi s  of the standard diabas e  W - 1 .  

_ , ...,.-,.,.,.. 
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prospecting sa.ople s . However , if i n te rpre ta tions ( s t::c C i s tica l or 

otherwise ) a re to be made of subtle variations in the da.ta , then the 

relative accuracies must be considered. 

Frou Table II - 3 it can be seen that the metals calciun , 

Elagne siUB and potassiUB were all determined with very good accuracy 

(:>·9 6. 0%) . This wa s in teres ting because calcium fluoride is only 

slightly soluble and it has been suggested tha t boric acid lJ o added 

to the solution to retain the calcium in soluble fom. (LangFJ.Yhr and 

Paus , 1 968) . Manganese was found to be slightly higher than the 

e stablished value but the error was acceptable . 

When , however , the o the r tran si tion .oetals wore considered , 

serious inaccuracies were appa re nt . 

In the case of iron , thJ error wa s cause d f-lainly by acid 

conta.oination as mentioned previously but this could be corrected for 

by subtracting an approp ria te acid blank. ( This lii3. f.l  not rlono in this 

case to illustrate the possible .oagni tude of the effect. Jl. ssu.,::::i ng 

the error v1as entirely duo to contamination , the c. . .. mcentration of 

iron in the ori ginal concentrated acids was up to 4.48p . p . m . ) 

For zinc , so.oe of the error was also due to this cause .  The 

remaining error in zinc , and the error in the other netal results was 

amost certainly due in large part to the pheno.oemm known e.s 

" scattering" . 

�'hen solutions of high salt c oncentrations ( in the pre sent 

case soil and plant solutions contained approximately 1 . 5� to 2 . qr; 
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solute ) are aspi rated int o  the fla,ac of th<J o. toni c  .::tb sorption 

spe ct rophoto!ileter , solid p �crt i clcs foru in the light path . ·rhc sc 

pa r t i c l e s  reflect the incident radiation f r om the lanp a;;e..y f roEJ. the 

slit causing an apparent ab so r pt i on . Othe r wo rke r s  have studied 

thi s eff e c t  in so!lle detail (B ill ings , 1 9 65 ; : ICoirtychnnn ('.u:l Pickett , 

1 9 66) . Gidley ( 1 964) studied the de gree of s cattering as a function 

of the wave lengt4 A , and showed tha t H folloned an approxioat e ly 

\-4_ de pendence i. e .  at short wavelengths the p r obleD i s  greates t . 

That the particle s are re late d to the JJa j or co;·.1ponents in solution 

seems to be certain and F letcher ( 1 970 )  in his analyse s of a nunbe r 

of ge o logical standard rocks f ound simi lar e r ro r s  to those ob se rved 

in the p re sent wo rk ( se e Table II - 3) . He made allowance for the 

scat te ring by aspirating a rtifi c i�l soluti ons containing the s��1e 

concent rations of oa j o r  cations e.. s >-:e re in the standard .cool':: .s0l ut i o n s . 

T he ob served absor ption wa s duo +:o sea tteri ng . 

F o r  double -bean instrm1ents Kahn ( 1 96J) d-:: s cribod a systen 

involving a deute riun laD]' cont inuu.D ·.vhich autocA t icall·.-- e o·_ !_fK! nsated 

for scatte ring. 

Since b oth inst ruoents used in the present wo rk we re s i ngle 

bean,  it vms felt that it was necessary to know how t he analyti cal 

accuracy was affected by scat t e r ing and how thi s accuracy va ried with 

the concentrations of the v�jor component s in the plant ash and soil 

solutions.  

( b) Methods . 
F or each of t�e cations present in 

high concentrations in normal plant ash and soil solutions , a series 
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of pure s olut i on s  in 2 M hydrochloric acid were nade to c over the 

range 0 .02% to 2 . CJ% cation c on c entrati on . " Spe cpc.::ceu sal t s  \lore 

used for iron (Fe2o
3

) ,  cal ciun ( caco
3

) ,  magnesiur.1 ( MgO) , 
potassium ( K2so4) and s odiun ( ll!aC l ) , and B . D . H . analyti cal grade 

"�l ( Im
3

) 3 . 9H 20 -.-;:o. s  used for nlw:riniun. 

Each s olut ion wa s aspirat ed at the a nalyti cal ab sorpt ion line 

for the analyte s lead , zinc , cadoium, c obalt , ni cke l  and cold G nd the 

re sult ing ab sorp t i on was conpared with a standard of the analyte 

metal . F or each of the cati on s te sted f or s cattering , curv e s  of 

cation concentrat i on versus p . p . w. . analyte due to scattering \iere 

constructed. T he s e  graphs ar8 shown in F i [::;ure II - 2 . 

( c ) R e sult s a nd di s c u s s i o n .  

I t  was ['.).�.V.rvnt fro;.: -the 
re sult s obtained in this st udy and frora the re sult s obtaine d by 

F letcher ( 1 970 )  that in the analysis of trace netals in rock sanple s  

by atooi c ab s orpti on spe ctrophot oLletry , errors o f  c onsiderable 

oagnitude c ould re s ult . F or nickel , c obalt a nd Z J.. nc , c on c c mtr2.t ions 

approxinat ely 20p . p . m . too high were obtained while for chr ouiw:.2 and 

copper the conc e ntrations were t oo great by approx imat ely 1 0p . p. rc. 

F rom the re sult s pre sente d  in F igure II - 2 it can b e  seen 

that calcium and i ron caused the most s catt ering f or all the analyte 

metals investigat e d ,  a lthough in some cas e s  the other four cati ons 

Bade s ignificant c ontributions a l s o .  
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Tho se c urve s indi cate the approxinat e extent of s cattering . 

If for example , a plant a sh containing 20% calciUQ is di s solved by 

adding 1 0 . 0ral of acid to 0 . 200go of a sh and thi s soluti on i s 

analysed for c obalt , a signal c orre sponding to at least 0 . 2p. p. m. 

would be obtained ,  c orre sponging t o  1 0p . p . o . c obalt in tho or i�·inal 

plant a sh . Thi s 1 0p . p . n. would be due entire ly t o  s cattori:1t_; . 

I n  the case of soil s or rocks , the error i n  the cobalt 

determinat i on wa s shown to be approxi121ately 20p . p . rn. If a soil 

apparent ly contained 50 p . p . n . c obalt ( a  n o rmal value in tho pre sent 

s tudy) , 20p. p . n. of thi s woul<l probably be due t o  scatt e rins thus 

repre senting an error of +66;b in the true concentrnt ion . Since 
the s catte ring wa s apparently duo JJa inly t o  iron and c ::: lc iu..;-: , .:o.nd 

since the c oncentrat i ons of th.a se 1;co tal s  c ould. vary by up Jc o 501� 

between soi l sample s ,  then it is pos sible to h:-l ve a 11 e rror of up t o  
+ - 1 0p . p . m. in the 20p . p . m . due t o  s catte ring. This means a further 

+ c :rror of - 33% in the t rue c on c e ntrat i on . The f inal re sult would 

c ontain an error from + 3.3'-fo up to +1 Oofo 

( d) C onclu s i on s .  

F ron these re sults a nu:- 1bur of 

c onclu sions were drawn : 

1 )  Interfere nce from scattering i s  most important for 

analyte me tal s with low sensit ivity , whose ab s orpt ion line s lie 

in the wavelength region le s s  than 3000R. 

2) Out of the six metals te ste d ,  calc i w"l and iron showed 
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the oost interference but the othe r metal s also c ontributed to 

varying degrees . I n  a non:Jal plant a sh or soil s olution , hov1ever ,  

it was not known whethe r the scattering was caused by each L1G tal 

independently or whether binary or higher 1:1ixecl salt part i cles were 

involved. 

3)  Sinc e the maj or causes of scattering were found t o  be 

calc ium and iron , the r0lative a ccuracie s for difforont sample s were 

dependent to a large extent on ·che v;P-,y in which their calciu: ... and 

i ron content s varied . 

F or plant a sh soluti on s , only calciun wa s oxpo ctc•l t o  

contribute significantly to scat cering and sinco thu c onco n t n::c::- ions 

of calciun in saople s of the saue spe cie s were very c onstan !� , then 

the re lative accuracie s were expe cted to be rea sone1bly c onstant al so . 

S oil soluti ons , on the other hand , contained diffe ring �1ount s 

of iron and calcium and tho re l£\tive ac curaci e s  were expe ctGd to 

vary considerably. 

4) In terfils of the accuracy of the analytical data. presented 

in thi s t he si s , the following co��ent s can be Bade : 

( a ) C opper and chromiuo - negli gible interference was 

ob served. The chromilifil concentrations in plant a sh were very low 

but the scattering ob served for plant a sh solutions caused a signal 

e quivalent to le s s  than 3p . p . n. chromilifil in the plant a sh. 

( b) Z i nc - most of the error obs erved was apparent ly 

due to contaoinati on .  The error due t o  scattering was c ons idered 

to b e  insignificant . 
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( c ) Nicke l  - e rrors of up to 25p . p . u. were ob served 

f or rock sample s but since b oth plant ash and soil sruJplo s usually 

contained at least 1 00p . p . E1. nickel , the error wa s able to be ignored. 

( d) C abal t - e rrors of approxin9.tely 30p . p . :n. H.Jro 

ob served for rock sanplo s . Plan e ash .::md s o i l  sa uplo s c ontnin,� d  

apparent cobalt concentrations of a pproxi1:1ately 20p . p . r.l. and 70p . p . n. 

re spect ive ly. Taking into accoLmt the lo·.v levuls in the plant s and 

the variation expec ted in the rolativo acc urac i e s  b G t'. : ..;en soil sal·.1plo s ,  

the neasured cabal t c oncontrLlt ion s in both plc.nt s  a nd soils ·, !ere not 

considered to be re liable , and except in onEJ case no c on sid8 ra t i on 

is given t o  cobal t  analyse s in the following work. 

5) A lthough most of the interf erence observed with 

concentrated s olut ions c ould undoubtedly be attributed to light 

scattering by parti cle s ,  it seened that other mechani sLls , such as 

nole cular absorpti on ,  night a l s o  be pre sent . 
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G .  MEASUREMENT__QL_§OIL pH . 

T here are a nw�ber of different ways of deternining the 

pH of soils ( Met son , 1 95 6) . U sually the air-dry soil is su spended 

eithe r in a pota s siun chloride soluti on or in distilled wate r . I n  

the pre sent study ,  a mixture o f  1 : 1 0 soil to water wa s us ed . S anple s 

we re shaken for s ix hour s , all owocJ. t o  settle overni�ht anG. th8n 

measured with a separate gla s s/ calor.c l  elect rod,; syst e1. 1 .  



40 

H . STATI STIC.iili PROCEDURES , 
Duri ng the c ourse of t hi s  pro j e ct , large aBount s of 

a nalyt ical data were obtained for up to t e n  metals in b oth plant s 

and s o il s .  1; rap i d  u1e thod o f  do tcct in;� and evaluat ing relationships 

betwe en data s e t s  wa s nec e s sary and res�")rt wa s lik'1.dc to an Im.; 1 620II 
c ouputer to calculate corre lation c oof f i c i.:mt s and for multi�Jle 

regre s s ion analysi s . 

Progralilille s  in F ORTRJ.N II-D vve re writt en by the aut�'lor .1.,0r 

thi s c ooputer and a de scription of t he se progralllLle s i s  inc luded in 

the appendix . 

F urther di scu s s ion on the statis tical te chnique s u s e d  will b e  

pre sented prior t o  their u s e  in later chapter s . 



S E C T I 0 N Ill -- ... .. _ .. ... _ .... ..... .. .  . 
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A .  THE SAM�JNG GRID . 

Two grid areas of different sizes were used in tr�s pro ject 

and are illustrated in F igure III - 1 .  F or the prelililinary survey 

( SECTION III) , 9 6  rectangularly di stributed sites plus throo additional 

site s downstrean from the grid area were us3d, whilo for th:; "nj or 

survey ( SECTION IV) this grid was enlarged to contain 1 47 sites 

( see F igure III - 1 ) .  Grid coordinate s  given in this thesis  contain 

the south coordinate followed by the east co10rdinate i . e .  ( south , 

east) . 

The altitude over tho grid are?.. ranged fro .. ; 1 500 f-.-;c·c to  

2500 feet. 

Indigenous forest covered the area ( see Plate I )  and further 

comment on the vegetation cover is made later in this section. 

Rainfall wa s in the region of 80 to 1 00 inches per annm1 

Vii th the I:1a jor part falling between March and September ( de Li sle and 

Kerr , 1 965) . 

The geologicnl contact b::;t:mon the nedimentary r,Jc},:s and the 

· basic igneous rocks is shown in its approximate position in F igure 

III - 1 .  This was e stablished on the basis of field observations 

and later soil analyse s supported this position. 
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PLATE I .  _�. erial photograph s1lO-.iilTC the topogra phy anJ vc.: {; e:; L :; _i_ (· �  cover in the vicinity 

of the sarJpling f.:r i -1 . -� ; ; ,;:>e r-L:o s t c L;s.rin;,;; ore t h . '  l. ,- ;r ri ght is the camp site 
( 3 , 1 ) and l ower-::1o s t.  c l <> . !'inr- i s  '" d r·Ul ;,::_ l -:: �� s i t , ( ? , S) . 



B . MINER.A.LISATION WITHIN THE SiJ.1PLING GRID . 

4-3 

The only exposed ninerali sat ion of note within the grid 

wa s found at site ( 2 , 8 ) ( seo F i gure III - 1 ) .  Thi s outc rop c onsisted 

of c opper sulphi de s with ninor nicke l  and contained ap.:_Jroxii.lut e ly 

1 . 3%  coppe r and 0 .  Z')b nicke l . Other similar but very uinor o.rcas of 

Binera l i sat ion were pre sent near site s ( 1 ,4-) and ( 5 ,7) . The se 

occurrences gave rise to anomalous soil c oncentrations of c opper 

and nickel in the ir i.J::l!""Jediate viciniti e s  and in the ir re spect ive 

drainage ba sins . Thu s , reasonably wicle ancl well di stributGd r<:�ngo s of 

nicke l  and c opper concentrations wer0 pre sent in the s oil . 



c .  VEGETATION C OVER . 

1 • I ntroduc tion. 

Th.Gre 1,-vo re -two D2. in rea sons for u.ndo r-

taldng a cOii1prehc n s ive s tudy cf tho vegeta t i on c over i n  the c:.ron to 

be p ro spe c t ed . 

F irstly ,  if sanplc s were t o  be collec tad ob j e c t iv e ly then the 

part i cular spe c ie s selected had to be :: i doly di stributed ovc:r the: 

area to allow a regular saupling pattern. Probleii1s of ob j e ctive 

and s ub j e c t ive sampling and the merit s of different saopling pat te rn s 

have been di s cus sed by Mi e s ch et �1 . ( 1 964) . 

S e c ondly , the re wa s the p o s s ibility that geobotani cal 

prospect ing c ould be u seful to indicate area s of coppe r or ni cke l  

ninerali sat i on . 

Two nethods o.f studying plant di s tributions are in c or.J;JOn u s e : 

ae rial phot ography and ground plant ;�mpping . B oth vier•.; used in thi s 

the si s .  

2 .  �l �ot.s>.�.a .El}x. 
( a) I ntroduc tion and methods . 

The technique of 

measuring the vege tation balance from aerial colour and b lack and 

white photography ha s been u sed .for many yea r s ,  parti cularly a s  

a means o f  evaluat ing fore st re serve s ( S purr , 1 96o) . 
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I n  re cent years a considerable a.Bount of invG stie;at i o n  int o 

the use of aerial col our infrared photography has b e e n  carried out 

( C olwell , 1 9 64 , 1 968 ; F ritz , 1 9 67 ;  Haack , 1 9 62; Pea s e  and B owden , 

1 969 ) . T he filiZ used for thi s t:y-pe of photoe;raphy ha s increa sed 

0 
sensit ivity in the range 7000 to  9000 A when used in con,i unc c ion 

vvith a Wrat ten 1 2  er siuilar filto r . I n  thi s �·•c,vcl..:m :·�th r::msc ·��ha 

colour differenc e s  betneen diffe re nt spe c ie s , <: nd a l s c> bch:<:: e n  

s pocinens o f  the Sa.J;Je specie s ·ahich sul"i' o r  f r·::Jm s orne typL; o f  stre s s ,  

are enhanced re lat ive t o  tho diffor8nc es in nor!:tal c o lour . 

T he varying infrared refle ctances ari s ing frm.1 spe cine ns of 

p lant spe cie s suffering fron stre s s  have been used f or Qany years a s  

a means of de tecting various type s of di s ea se in crops or fore s t s . 

Bawden ( 1 933) found t hat potato streak virus daoage appears darker 

in an inf rared photo graph th:J.n to the eye . Noman and F ri t z  ( -1 965 ) 

ob served that unhoetlthy_ citrus tre e s  in F l orida showed infrared 

refle ctanc e s  ranging froo oa.genta through purple to grc:; e n  tlepcmding 

on the particular di sease infe cting the tree s . Healthy trees 

produced a reddish photographi c  rendit ion . A ntmber of sinilar 

exanple s are given by C olwe l l  ( 1 956) . 

C ie sla � �· , ( 1 967 ) <:ml. S t e l lingwcrf , ( 1 9 66) sh.ovwd that 

ye llow or orange spot s in conifer s ,  v i s ible on col our infrar2d 

photographs , indi cate d  attack on trees by the southern pine 

beetle or the D ougla s fir beetle . 

Evidence of stre s s  in plant s caused by exce s s ive c once ntro.t i ons 

of divalent cations ,  partic ul�rly traoe uctals , in their sub strat e s , 
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ha s been available for s ane time . F orbe s  ( 1 91 7) showed that exc e s sive 

copper in the soil caused chlorosi s in plant s such as corn , beans a nd 

squash. :D e. Kock ( 1 956) shovre d that high concentrations of any of the 

cat ions - nicke l , c opper ,  c obalt , EJ.angane se , zinc 3.nd chrom:i_wn ­

caused chloro s i s  in nustard plant s .  Hewitt ( 1 943) al so ob served 

that exc e s sive amounts of nicke l , c oppe r ,  c obalt and zinc caused 

chloro si s  in sugar b e e t  seedlings . 

On the other hano_ , ob servations of extensive chlor o r:; i s  ca1.1sod 

by anomalous concentrations of c opp8r and nickel i� the soil are n ot 

generally ob served under natura l ,  undi sturbed condit ions . l'l:.i s i s  

b e cause such area s u sually con ��l in tolero. n  t populations of plant s . 

il lthough it is po ssible to obscrvG chlorosi s in th.a f i e l d  ··:rhe re 

re c ent di sturbance s have oc curre d such as the redi stribu ti: >n of 

!ci.neralised s oil , rilO di sturbance of any significance rod occurre d in 

the pre sent area.  It i s  not known , howeve r ,  just ho...-v filuch di sturbanc e 

in its foliar pigment s  a plant can tolerate over a long p e ri od of t iue . 

If different specimens of the sane specie s can surviv.e with slightly 

different ratios of their leaf pi��e nt s ,  chlorophyll ,  carotenoids 

and xanthophylls due t o  abovo-optiHal concentrations of nickul or 

copper in the soil , then the se differenc e s  r11ay VTell b e  api-JC!.rent :fron 

their infrared refle ctance s .  

T o  look f or species differences a s  well a s  evidence of stre s s  

due to mine ral i sati on i n  the vegeta tion ove r  the grid area , aerial 

photography wa s carried out u sing colour infrared phot ography 

( Kodak Ektachrome I nfrared fillRO l•' ilil , Type 8443) a s  well a s nor-oal 

c ol our photography (Kodachrone II ) . 

• 
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( b) Re sult s and discussion . 

The re sult s from bot h  

type s o f  film showed a homogeneous fore st cover over the sampling 

grid with an approxinately constant ratio of spe c ie s of tho 

Nothofagus genus to Wei.Efl_.§umia .E_aceo_o sa . The c ol our infrared and 

to a much le sser extent the normal colour photograph s  showed an 

apparent change in the vegetation balance approxiuately 800 f�et 

uphill ( i . e . we st ) from tho sa'-:lpling grid . Ground ob se rvc:1t ion s 

showed thi s change t o  be caused by a sharp d i s c ont inuc..t ion in the 

pre sence of W .  racemosa and an increaso in t he prG senco of ;-�c: c.!J-.o.f�e� 

�ziesii ( silver bee ch) rela cive to  the othe r beech s pe c ie s i:'..·.fu s ca 

( red beech) and !h.:tr�_c_nta ( harJ boo ch) . Chis W' S p robably due t o  

the well known c;ffe ct o f  alti tudr� on t h i s  ge nus in �'ievt z ,;c> b.nd 

( C ockayne , 1 92 6) . 

There wa s no apparent influence on the vegetation by the areas 

of anor.alous concentrations of coppe r an d  nickel in the soil. "l.ny 

minor effect s ,  however , would have been virtually impos sible to 

distingui sh frora the influe nce s o f  topographical feature s ,  such a s 

streams , aspect etc. 

3.  Ground Survey. 

( a) Me thods . 

Plant ne.. ppi ng on tho ground was 

undertaken to confir!!l the aerial photographi c ob scrve. tions <= md 

also to check on the pos sibilty of understorey ve go ca.tion dist­

ributions being di s turbed by anol�lalous metal conccmt :cat ions in 

the soil . 
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There are a large nunber of differe nt oethods for F1ca snring 

plant di stribut i on s , each suited e o  a d iffe ront situn t i nn and to a 

pa rticular purpo se . ( G oodRl l ,  1 91) 2 ;  r;.r .. 3 i t�- S r :it h j 1 9 6h). l'lw 

procedure used in the p re sent survey w2 s as f ol l ow s :  J,t inte rva l s  

o f  200 fe et along e. grid line rmmin;:; ea s t -'.':o s t , ':;_URdra.t s  of 20 feet 

square wo re war ked out and 0.ll tho v e getat ion spc�cio s ,  thoir trunk 

dianeters and the ir frequencie s of oc currence wo re noted for oa ch 

quadrat . Two line tran sects w0ro usa d ,  one fron site ( 2 ,0)  to site 

( 2 , 20)  and the other froo site ( 7 ,0) t o  site ( 7 , 20) . 

( b ) Re sult s and di s c u s s ion. 

), part fror :  cho 

ob servation that N . me nzie sii tended t o  predoninate at higher 

altitude s and N . tr�-:.9� at l ower altitude s ,  there were no si gnif­

icant variations in the vegetation balance over the grid area . j,ny 

p o s sible i nf lue n c e s  fron geochc1.1ical factors imre na skod by t he 

va riat ion in t opography , soil struc ture , dr!:l i nae;o et c .  'uetH·-·en 

quadrat s . 

The spe c i e s  re c o rde d in this ma pping are li s.�cu in :.p�Je ndix I .  
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F ro:-� the re sul t s  of the acrinl photo-
graphi c and the plant napping studi a 3  i t  wa s dec i d0d to sample the 

three spe c ie s  of the �'?.f.?:?�� g.:;nu s ,  N ·X��.£ ( IIook, f . ) Gers t . , 

N . oenz ie s i i  (H ook. f . ) C o rs t .  and N .J.�cata ( C ol . ) C l::n . , in 

Kirk . 

The Nothofagus genus belongs to the Beech faLlily �=-��<?_(3� a nd 

i s  the repre sentat ive of thi s far:1ily in the S outhern Heoi sphe re .  

Ji . race!ilosa and _g. acuti_:f_9lia belong to the fanilies of Cuno_n,�a..se� 

and E scallol}i_§l.ceae re spe ctive ly and b ot h  be long to the orde r 

C unoniale s .  ------

Previous workers ( C arlisle and C leveland , 1 958 ;  Warren .et a l . , 

1 955 )  hav e  shown that the concentration s  of so111c metal s in the 

leave s and tv1igs at different he ight s on a tree can vary markedly 
and Barakso ( 1 969 ) has noted thn·t met al c o ncentra t i on s  can ii1crca se 

c onside rably with depth in tho s oi l .  I t  vT�t s therefore of  i .1portance 

that prior to the biogeoche il eal s urvey , souc knowledge of the 

behaviour of differe nt L!etals in the syst eLt 1;a s  obtained . 

There were three s ources froo which large e rrors could ari se ; 

the he i ght on the tree and the depth i n  t he s oil froo which saople s 

were taken and the varying di stances from the plant s sampled at 

which the corre sponding soil wa s sampled. Each of the se three 

sourc e s  of error wa s i nve st i gated b riefly. 
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( a) Re sult s .  

Tho an:=tlyse s of the se pa.rts Rre pre sented 

in Tab le Ill - 1 .  

F or oast oetal s ,  tho concentrations we re not found t o  vary 

significantly be twee n  sanple s c ol le c ted from different he ight s on 

the tree s .  T here vre re , however , soDe apparent tre nds . The iron 

c ont ent in the l eaf and twig a sh showed a marked de c rease with 

he i ght for the taller of the tv.ro spe c imen s  bu.t thi s behaviour wa s 

not evide nt for the other spec iuen . T he concentration of z i nc a l s o  

showed a slight de crease with height in the leav.;s of u:,� taller 

spe c ioen . The mangane se concentration showed a de crea se Hith he ight 

whi ch was apparent in b oth spe c li�ens while , on the other hand , the 

pota s sium concentration increa sed with he i ght in both spe c ino ns . 

The se effects were oast pronounced in the taller of the trto 3iJ O c inen s .  

Sannlo s  frou dii�f0re nt d-:m ths in th8 s oil . -�.......__-� _.... ........ --- - ---�" -- ....1.....-.... ... - .... -· . _  ............... ..-... -. ..... -&..MOo 

( a) R e sul t s . 

Two type s of soil were pre sent in the 

area , one derive d froo sed:Wentary rock at the we ste rn end of the 

sampling grid , and the other derived f roo the ba sic rocks of t he 

c omplex . F igure III - 2 shows typical profile s from each rock 

type and Table Ill - 2 give s the metal c oncentrations in the 

various hori z ons from two profile s on each parent rock. 
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TADLS III - I 
&.-""' .... ---- - - �-�-� 

·Metal concentrations :in ash of leave s ,  twigs and trunkwood taken from diffel'ent height s up to  two specimens of 

Nothofagus fusca. + A = Sarnplinc heit;ht cxp!'e ssed as a fraction of the total height . 

I � ·- - · �-- ------�f;i 
T otal Plant . , I % I A+ /o � -�- __ ___£:J2.�m:_�---�- -� ---- --- · � - _,..._-

Height Part Ash Ni C u  Zn C r  F e  C a Mg Hn K ' I 

! 
1 - - - ·- -- -�-- -- �--- - ·- �- -- - - - � 

80 feet leave s 

I 

0 .  25 4. 93 I 295 1 43 250 1 5  1 050 I 1 9 . 0 4. 1 0 1 .  30 8 . 1 0 
I 

0 . 38 4.54 I 1 85 1 30 235 9 1 050 1 �; . 5 6 . 00 1 .03 8. 90 

1 
0. 50 890 I 4. 1 9 ! 1 98 •1 43 21 0 1 1  1 7 .5 s . 75 1 . 03 w. oo 

I 

1 0 . 00 ! I 1 . oo i 
4. 69 ! 1 75 1 1 5 1 90 7 730 1 s. o 5 . 25 o . 6u I 0 . 25 I I - ----�-------......----__.... �-�- � - ---· --

- · · - --�-·--1 twigs 3 .42 1 06 80 1 1 0 - 875 - - -

I � 

I o . 3s 3. 24 I 1 54 51 1 20 - 625 - - - -l 
0 . 51  � 2 . 85 I 1 06 63 1 05 - 641) - - - -

I I 
1 . 00 4. 69 � 1 25 46 1 00 - 490 - - - -' 

-� -� ��- .... __...�-- --- .. .._ ... ,.._�,..·---� --····-

' 38 feet leave s 0. 26 7 . 29 75 75 2 1 0 1 3 850 20 . 5 3 . 00 1 . 90 7 - 45 

0. 53 6 . 45 75 65 290 1 3  950 20. 0 3 - 25 1 .  75 7 . 70 

0. 79 6.46 85 70 340 1 5  950 20 . 0 3 - 25 1 .  80 3 . 6o 

1 . 00 6.45 65 65 31 0 1 7 _) 7L•O n . s 4. 00 1 .  35 8 . 30 

trunk 0. 2 6  0 . 83 1 33 59 1 �0 - 48J 2 r: . o 3 . 00 0 . 86 9 . 20 

wood 0 . 53 1 .  24 1 05 {jJ 30 ·J ·- 3 J0 2'-!- . 0  2 . 90 0 . 87 6. 60 

I 0 . 79 1 2 . 06 1 32 61 1 75 - 5)C• I 2 'i . O 2 . 40 0 . 96  6 . 00 I - -�-·· - - �·- · --- � -· -:---··----:::�- ... J _ _ __ _ ___ -- · -· -- --. �-- -'- �-- ---�-

\.]1 ..... 
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TABLE III - 2 
Total metal concentrations at different depths in the soil. 
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�---------+-
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' I 1 Bh � � I i Bfe 

' j 

I I CB1 \ 
CB2 

' 
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' 

. Bh 
' ' 
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CB 

(5 ,4) Bh 
Bfe 

CB 

- -- -·�- ...... . ___ _____ .. "' _______ _ -----.-

1---- ·�-· - ---- 2..!..:2.��0--�- -- � - - - � - . .  - % "-� l 
pH 

-
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- ' I . 
3 .  70 l ' 

� 
4. 1 5  

I 4. 30 

4. 1 0  

3 . 70 

-

4.40 

5 . 30 

5 . 35 
5 -40 
5 . 00 

N i  ( 
-- -
40 I 

50 

20 ' 

1 00 I 

1 25 1 ( 
-� 

1 5  30 

30 30 

40 40 

95 55 

1 35 1 25 

1 50 1 1 5  

55 35 

1 45 1 00 

1 90 230 
235 41 0 
1 80  1 05 
1 85 1 50 

4.9���
-

-=-�� 

Zn C r  

-�5 30 

70 1 40 

35 75 
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1 75 1 60 
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__ , _ __ 
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\ 
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The profile s derived froLI the sedimentary parent rock ahowed 

di stinct A. and B horizons and a transitional zon.a bclon tiw B 

horizons which was subdivide d  into two ,  nainly on the bc, r5in  of the 

rock content and partly on the colour . In  one profile an extensively 

leached horizon was recorded. 

The t·.vo basic profiles 5tudiod showed le s s  devolop::.:e nt than 

those derived from the sediDcntary rock , with only three :.1ain 

horizons apparent. No extensively e .luvi atocl horizons we re observed 

as wa s expected with a basic p9.rcmt rock. Botll hw: m s  e. nd iron 

ac cumulation were evident o.bovo a horizon of clos.:;l�r pa cked rocks 

which was classified as o. transition horizon betv;eon the illuviated 

horizons and the parent roc k. 

The most important observation froo these studies was that 

1;1ost of the plant roots were confined to the upper two feet of tho 

soil profile s . 

F or both types of soil , ElOSt of the metals analys-.;cl shovred a 

general increase in concentration with depth , by up to a factor of 

five in sooe case s .  

4. Variations_ of t�? ��r,:9tal __£,S?_n.<?en.�rr:. tio1}.�� .J!.l��� 

�s.Qi_ls over��.D_ di�t�. 

( a) Methods • 

.:� sua.ll area with an approxiuate 

diameter of 20 feet was studied ,  in which sagple s were collected 
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of four soils and five saplings of N . fusca all with trunk diar.1etcrs 

0 . 5  inch to 1 inch ( neasured 1 foot above ground level) and heights 

between 6 feet and 8 feet . 

( b) Re sult s. 

The se sa;�1ples were analysed for various 

Qetals and the re sults pre sented by taking an arbitrary ori_;in and 

plotting the concentrations of these netals in the plants and soils 

at different di stances fron this  orit:;in ( 1� i gurc I II - 3) . ( t.Tote : 

Although there are plant and soil sauplc s at s ii-.1ilr .. r dist::>.nces fron 

the origin , they were collected at different points of the compas s  

fron the origin. ) 

The se results showed that the nickel concentrations in the 

plants varied from 50p. p. u. t o  1 50p. p. o. while in the soil the 

concentrations ranged from 1 00p . p . m. to 1 70p. p .m. The c opper 

concentrati ons in the plants were reoarkably constant while the 

copper concent rations in the soil ranged froo 55p. p. o. to 325p. p . n. 

ove r the area . 

The variations observed for the other metals were also large . 

Whe n the range of variation for a particular metal was expre ssed 

as a percentage of the lowest concentration observed for the netal , 

the following re sults were obtained for the leaf ash ( first value) 

and soils ( second value ) ;  zinc , 1 33/o , 33)� ; chrouium, 5C�� ' 7;'b; 

iron , 20o% , .- ;  calcium,  w"b, 41/o; magne siuo } 1 08,% ,  25%; 

mangane se , 1 1 o% ,  1 J]&; potas sitM, 1 4% ,  1 2%. The pH of the soil 
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showe d  a variation of 1 7,1o. F or a ll the oetal s except copper, the 

variation ob served was greater in the leaf ash than in the s o i l .  

5 .  D i sc us sion and conclusions . 

It was apparent frol:'l the 

results obtained that the errors caused by sar:1pling leav e s  and twigs 

from different heights on the trees were relatively sl:'lall when 

c ompared with the errors which resulted froo sa�1pling nail at 

different depths and different distance s f ro: . .  the tro8s . 

Of po s s ible physi ological in-G0re st wr: ;:, the i nvc; se 1 .angam: se 

to p ota s siuo ratio which ,·ms ob served Hith incroc:csin,� lw ic;ht . .D ven 

though the s e  re sult s arc based on value s frorJ only two tr,::o s , th8 

que stion rai sed is worthy of further att e nt ion . 

From the se s tudio s  it was a:oparent that ove r  b oth the 80C1.if.lont s 

and the ba sic rocks , the nicke l  and copper conce nt ration s ·could 

i ncrease by up to four or five tiBo s with depth in the s oi l  profile . 

As  well a s  thi s  increase , there did not appear to be any fixed 

relationship between the nic ke l  and copper c oncentrat ion s in the 

upper hori z ons , and the concentrations of the se metals in the 

lowe r horizons. D ifferent re sult s for the se metals a s  we ll a s  for · 

the other metal s studied would therefore be obtained for soil 

samples collected at different depth s .  

I t  wa s noticed, howeve r ,  that mo st of the plant root s wu ro 

confined t o  the upper horiz on s  of the soil profile s in b oth type s 



of s oil . Thi s ob servation was i n  agreement t o  that made in Ghana by 

Gre enland and Kowal ( 1 96o) who notod that in one acre of tropical 

forest , 85 . 5% of the root s supporting the vegetati on vre re within one 

foot of the s oil surface . 

It wa s conc luded that under the condit ions whic h  exi sted in 

the sanpling area , soils taken fron be tween 6 inche s  and 1 2  i nche s 

b e l ow t he humus were reas onab l e  repre sentations of tho pLm·c 

sub strate s .  

The variations which were apparent auong th� sc:t1 1ple s  tc:tken 

sr.Jall di s tanc e s  apart were quite large a nd although thcJ re sult s 

were from only a smal l area , they were suffic ient t o  indicat e  two 

point s :  

( 1 )  That soil s had to b e  saQpled as close as pos s ible t o  the 

p lant roots if any meaningful re lation ship wa s to be obtained and 

( 2 ) that the data obta ined would c ontain a large randou error 

caused by the types of close-range variat ions ob serv e d  above . 

The foll owing sampling procedure wa s adopted: S uf .Li c i ent 

leave s ,  u s ually �lb to tlb were coll ected t o  give a composite 

sample of old and new leave s . Twigs approximately 0 . 2 5inch t o  

0 . 5inch i n  diameter were sampled. Approximately 0 . 5lb o f  soil 

frou 6 inche s to 1 2  inche s b e l ori the humus wa s collected frou as 

c lo s e  t o  the tree as pos sible . 
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"i s a pr�lLtin.:try dovice for 

s canning large quantit i e s  of data , Pears on Product do;:1en-:: correl­

at i on coeffi c i e nt s  were calculated by coBputer . Thi s  part icular 

coefficient i s  quite sensi tive to the di stribut i ons of th e data set s ,  

requiring norBally di stribute d  data for cor:1plete LlatheLlat i cal valid­

i ty. Norri s and H j elra ( 1 9 61 )  have te st e d  the " robustne ss '1 Pf the 

coeffi c ie nt when applied t o  non-nor: :nl data . They :fo und thc::t , in 

ge ne ral , if the data di st ribut ions did not depart t oo fn r f rou 

nomali ty , the n the re sulting c oeff i c ient was CJ.UitJ val id . iiith 

b adly s kewed data , hm·;evGr , e rroneous ro sult s were; obt-l.ine d. 

With 1:1o st ge ochenical data , badly skewed or even Lmlti -:..lodal 

di st ributions are the rule , rather than the exc ept ion . Thi s ari s e s  

b ecause the analyt ica l  result s which i ndicate ninera l i sat ion a re 

u sually an order of magnitude large r than the bulk of the data froQ 

non-mine ral i sed saElple s . Thus "b;;o p opulat i ons are p r e s e nt a nd thi s  

largely invalidat e s  the Pear son Product Moment c orrelat i on . 

H owev e r , in the pre s e nt work thi s coeffici ent wa s calculated 

and the rea sons were as follow s :  

( 1 )  Ove r the particular area unde r study there were , for most 

metal s ,  no regions of ve ry high concentrations in e ither the soil 

or t he plant s riflative to the re st of the saL1pling grid. Thi s 

caused the data dist ributions t o  be s kewed rather thcll1 bimoda l .  

( 2 ) The skewne s s  wa s readily reduced by transfor, �tion of 

the data to base ten l ogarithL1s . 

( 3 )  The correlat ion coefficient wa s used prirJ.ari ly a s  a 
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s canning device . Data set s showing good correlation coefficient s 

were checked either graphically or as  contour maps ( i:.1tl1ou�h only 

in s pecific cases are the se shown in thi s  the sis ) if further u se of 

them was to be �ade . In general , all good relationships  gave ri se 

to good correlation coefficient s ,  but some bad relat ionships also 

gave good coefficients CLue to the cle.ta being skewcd or binod£cl . 

The graphing and contouring procedure :; d e t e c t e d  the s3 lcc ctcr ca se s . 

The prograr.TIG used wa s written by the author and i s  discussed 

in Appendix III . 1 ... 11 d.at.J. set s vvoro trans.L'or.:ted to ba �;o tl:: n loga­

rithms prior to coraputat ion o£' the c orrelation coefficiont s . Levels 

of significance used in thi s thesis Here tak m froEJ F i she;r and 

Yates  ( 1 957 ) .  

I n  addition to the correlation coefficients , the geometric 

means , standard deviations and reduced maj or axes were printed out . 

2 .  The red�ced I;m ,Lor axis and graphing 

_!;echnigue s .  

Tho reduced major axis  has bean di scus sed 

by Imbrie ( 1 95 6) with reference tc its appli cation in palaeontology 

for the study of relative ,�ronth pRtterns in popule..t ior� of fos sils . 

I t s  advantage s over the line - of-be st-fit , "tnd r�:gre s sion lines wore 

sw-unarised as  follows :  

( 1 )  It oakes no as stL:.tpt ions of independen�e;  

( 2 )  It i s  invariant under change of scale : 

( 3) It is simple to c ompute;  



59 

( 4) Re sults obtained f rOEl i t s  use are intuitivc; ly qoro 

rea s onab le than corre sponding re s ult s obtained fro- ! regre s si on 

analys is . 

While this s tati stic undoubtedly ha s advantage s for the 

appli cati ons discus sed by Iubrio , i t s  gone rr:. l ap�)li c?.tion t o  b io­

ge ocheoi ca.l data i s  lioi ted for the fol lowing rea s on . The :J lopc of 

thi s l ine i s  given by the ra t i o  of tho stc: ndard devi� t i onG o �· thu 

two data s et s . I t  follows f'r O.'-i thi 3 ,  thn t a raduccd ::2 j or P..:. i s  

can nev e r  attain z e r o  s l ope unl8 s n the standard dovL�tion of one 

data set is zero , or inf inity. S tandard deviations s uch a8 tho se 

are rarely e ncounte red in experiiilental data aat s .  

!. siL1ple te st o f  the validity of the line , i s  the c on s ide rat ion 

of the c orre lati on c oefficient for the date.. se t s . Where thi s i s  

v e ry signifi cant ( apprc�ching + or - 1 . 0) , t he reduced na jor axi s  

i s  a good representat i on o f  the relationsLi p ,  b ut where tho corre l­

ation c oefficient i s  insignificant , the reduced na j or m�i s  i s  

oi sleading , since although t he rat ios o f  the standard deviat i ons 

oa.y b e  near unity there i s , in fact , no r e lation ship between the 

data set s .  

I n  the case s where good corrcl:=t t i :-; n s  were ev ident , hOilOVor , 

the line wa s us eful to il lystr:::tt8 J graphi cal:ly the r;; l R.tionships 

and it wa s for thi s rea son that it s calc ulation w11 s inc luded in 

the progranne although no applico..tions of thn l ino �ro sivcn in 

this the s i s .  

Graphs with large numbers o f  s catt ered points are p re s e nted 



in thi s the s i s  without any l ines drc.wn on thei11 . T he o. uthor c onside r s  

that in the ab sence o f  a uathm l,"'. (.i cal approa ch , such - -; o. lc8.st­

s quare s -fit , the human eye i s , in gencr-o. l ,  a be·:: t o r  ju ,·L,::;a of ·:no 

diLle n s ional t rends than the rul.; r . C orr cle> t i on c o 3 f f i c i c m·t:. s o.re 

pr9 s e nted on t he se graphs t o  i l lust rate the extents of trL: overa ll 

l i near relationships . 
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-�=-o ,.,c..-...::� 

( a) Re sul b .  
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The l'C sult s of the plant c:n2.lysos  are 

pre sented in Table Ill - 3 and F i t:,'V.re III - 4. i:.. t thi s stage , th0 

three specie s of Not�o_f_a_�� Y!erc cc•nsidored t ogeth3 r .  ·I' ho nost 

out standing feature or tho se re sult s nas thu d ifferences that existed 

between the concentrations in the different spe cie s ,  not only of the 

trace Lletals but also of the ma jor nutrient s .  

The mean motal concentrati ons in  the soils corresponding to  

the plants are also presented in  Table Ill - 3 .  Thes e re sult s show 

that the observed differences between spe cie s were not due to varying 

soil concentrations . The mean percentage a sh in the dry t i s suG of 

each species i s  shovm in the sar.1e table.  11.1 thou,::;h t he se di.L'fer , the 

aiJoLmt i s  not great enough to a ccount for the ob served variations in 

the re sults .  This  i s  illustrated by the dry-weight concentrat ions 

als o  shown in Table lii - 3 .  

( i ) Leave s .  

It can b e  seen f::.."o;·1_ thi s table 

and from Figure lii - 4, that for the netals nicke l ,  c opper , zinc 

and iron , the highe st cc-,ncentrat ions tended to be in the leave s of 

the Nothofagus species , while for chrouiurc: and magne sium ,  the lowest 

concentrations occurred in the leaves of thi s genus . 

The two species �. race��' and �cutifolia contained 

similar amounts of nickel , copper, z inc and magne sium. On the 
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!ABLE III - 3 

Mean metal concentrations in the leaves and twigs of the plants sampled. 

Species No.  of % Ash Ni 

p. p . UJ . 

C u  Zn 
Samples  I I - � -- �-

· 

Leaves - Ash 

Nothofagus spp 86 
S oil 

94 

83 

4 .05 I 1 66 l 1 61 
4. 65 ! 1 1 3  

3T? 
77. 5 
2 1 8 

% 
C r  £��-·-··-- �:� Mn K 

----�-- ""'" - ---· . - �--· -.� . - .... -- - . ----·----

l 
1 701 ! 1 9 . 2 4. 65 1 . 28  6. 91 

5 . 2 3 4. 1+ 1  0 . 1 1 6  0 . 444 
754 l 2 2 . 0 8 . 84 1 . 29 8 . 04 

5 • ·j l,.. 4 .  2 9 0 . 1 1  4 G . 446 
1 0 35 i 1 9 . 1  7 . 37 2 . 07 1 7 . 7 

--, 
W. racemosa 

Soil 
Q. acutifolia 

Soil 

: 1 5 1 
5 . 50 1 88. 9 

1 1 49 
-----�- I I 

1 30 
83 . 6 
69 . 5 
76 . 6 
72 . 7  
74. 5 

77. 1 
19"1 
77 . 0 

9 . 90 
476 
66. L� 
462 
20 . 9 
L�(4 i 5 . 2 2 4 - 34 0. 1 43 0 . 435 ; 

' 
Leaves - Dry Matter ! 
Nothofagus spp 86 
W. racemosa 94 
��cutifolia 88 

Twigs - Ash 
Nothofagus spp 84 

Soil 
W . racemosa 95 

Soil 
Q. acutifolia 88 

Soil 

Twigs - Dry Matter 
Nothofagus spp 84 
W. racemosa 95 
Q. acutifolia 88 

4.05 i 
l 4. 65 I i 5 . 50 l 

,_ -- ! I l 
I i 2 . 1 6 

I 1 .46 
� l ! 1 . 43 ! 

2 . 1 6 
1 .46 
1 . 43 

6. 72 
5 . 25 
4 . 89 

1 2 1 
1 80 
61 . 7  
1 73 
5 1 . 8 
1 69 

2 . 62 
0 . 900 
o .  740 

5 . 28 1 5 . 3 
3.  24 1 0 . 2 
4. 00 1 0 . 5  

0 . 402 
3 . 09 
1 . 1 4  

.... � . . .. .  -·-r- ... . · -··-··' � - - --- - - ·  

69 . 1  �� 0 . 7C)0 
35 . 1 1 . 02  
56 . 9 ! 1 . 05 

0 . 1 89 
eD . 41 2 
0 .41 1 

0 . 053 
o . ow 
0 . 1 1 6  

o . 281 
0 . 374 
0 . 973 

I 
I 

�-----� . -�- ·-----�--� � -- - · ·--" ... -- . · ····---·--·-· .. 

83. 1  230 
92 . 8 87 . 6 
1 56 275 
89. 6 87. 8 
1 1 1  61 6 
85 . 1 87 . 8 

639 

787 

437 

________ .._.., __ , _ ..- ---

1 .  79 
2 . 30 
1 . 59 

4. 95 
4.01 
8 . 80 

1 4 . 9 
1 1 . 5 
6. 25 

N . B .  Soil sample locations correspond t o  the plant sample locations . 

Cl'> 
I\) 



other hand , the l eaves of Q .�s_�tit�<?Jt� contai ne d 110 -·�rly twi ce as  

much mangane se and throe t ine s a s  nuch pota c siLL.l as  the len.ve s of  

the other specie s . 

C hromium, although pre sent in only sr.JB.ll ar:1ounts 1 shmm d 

striking differences between the spec ie s with concentrat ions ranging 

by a factor of six over the three plant types. The increase in the 

chroniuw content from the Noth�fagus specie s through Q�a�t}folia 

to W. racemosa wa s balanced by an inverse relationship for the iron 

conce ntration. 

Calcium contents were similar for the leaf ash of all specie s ,  

but on a dry weight basis the concentration was lower i n  the N�­
fagus genus and in thi s re spe ct cal ciLLo re senbled uagne siw:1 for this 

genus . 

( i i )  Twi g s . 

Although the t <Tit:;s \Voro analysed 

for only nickel , copper ,  zinc a nd i ron , some di s t inct t ri.mds Here 

apparent . 

For coppe r ,  the concentration was found to  be highe st in the 

twigs of W . raceuosa in contrast to the concentration in the leave s 

where this species recorded the lowest value. 

This behaviour was also evident for zinc , where f���c�Jjfolia 

contained the lowest concentration in its leaf ash but by far the 

highest concentration in its twig ash. 



F o r  iron , a s imila� t rend was ob served. 

Ni c kel , on the other hand , showed the same i::-1tcr·· S�)(: c i c: :1 ri�lf.l-Gi .. m­

ship f or the twigs a s  wa s ob served for the leave s . 

( iii ) Relative a c cumula t i on s .  

The re sults are 

pre sented in a different foro in Table III - 4 wh ere the re lat ive 

ac cumulation value s ( concentr2 t i.on in tho plant t i s suo divided by 

the c onc e ntration in the soil) P..r c  c;ive n . F ron thi s tnblo cho 

diffe rence between the specie s c'l n  b e  s::;en !.!Ore: c lo:.u·ly. The two 

oa st obvi ous feature s arc the c::rca t e r  a c c nj-;;ulation by .'l!.·.�:.cy.:t:hf!llia 

of pota s sium in its leave s and z inc i n  it s tvvigs . ;,l s o  the e i ;3htfold 

increase in the ac cur.mle.t ion of chro:::-tiUD by �[.Ec e: _,o sa rc lcttiv{;) to 

the No�hofagus genus i s  w orthy of note . 

T he accur�ulations of c opper and zinc in t he leave s and t�igs 

showed an inve rse re lationship aQOng the thre e plant type s as wa s 

ob served for the ab solute concentrations . 

( b ) Discussion. 

The results presented above illuatrate 

two features coneerning the bala?cc of me tals in plants. Firstly, 

the different relative anount s of Betels in the leave s of the various 

spe cie s and, secondly , the way in YJhi ch t rac e !<lCtal s are di st ributed 

betwee n  t he leave s and the twi gs of e. part icular spec i e s . 



f'ABLE Ill - 4 

Mean relative accumulations of· the metals i n  the leave s and twigs of thG plant s sampled . 

S pecies No. of 
Sample s 

L eave s  - Ash 

Nothofasus spp. 86 

W. racemosa 94 

�. acutifolia 88 -
L eave s - Drz_Matter 

Nothofagq_� 8 6  

W. racemosa 94 

o . acutifolia 83 -
Twigs - Ash 

..li£!!?.ofagus spp 84 
W . racemosa 95 
g. acutifolia 88 

Twiss - D!l: Matter 

NothofaS!::s spp 84 
w . racemo sa 95 
Q�acutifolia. 88 

% Ash Ni 

4 - 05 1 .03 

4. 65 0 . 745 

5 . 50 0 . 597 

4 . 05 0 . 041 7 

4. 65 0 . 0346 

5 . 50 0 . 0320 

r 
2 . 1 6  ' 0. 672 
1 . 46 0 . 357 
1 .43 0 . 306 

2 . 1 6 0 . 0 1 45 
1 . 46 0 . 00521 
1 . 43 0 . 00438 

C u  Zn C r  e a  :Mg .Mn K 

·�-......... -=--- ---· 

1 . 5 6 4 . 86 0 . 0208 3. 67 ·1 . 05 1 1 . 0 1 5 . 6 

0 . 906 2 . 83 0 . 1 44 4. 2C  2 . 06  1 1 . 3 1 8. 0  

0 . 976 2 . 48 0. 0450 3 . 66 1 .  70 1 4 . 0  40 . 6  
-�� r' 

0 . 0631 0 . 1 97 0 . 00034 0 . 1 49 O .Ol�25 0 . 445 o. 631 

O.Olt-22 o . '! 3 2  0 . 00670 o . '1 3) ·�' . 0958 0 . 525 0 . 83 6 

C . 0 5 2l+ D . '13 6  0 . 00243 0 . 201 ,) . 0935 0 . 770 2 . 23 
· - - -· "'"·" ' . .  ·"' .  -·- •··�· - .. - . .  --- - . - . .  • . . - - - . - -""' · -- •  -� -· --1 

I 

0 . 89 6  2 . G2 
1 .  7L� 3 . 1 4 
1 .  30 7 . 02 

··-

0. 01 94 0. 0565 
0 . 0254 0 . 0458 1 
0 . 01 86  0 . 1 00 

-- �---...,R;-- "*"*"S>' 

---

0"\ \Jl 
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The relative amounts of different ;::1etals in the leaves of the 

different species Here hlOst oarkedly illustrated by the chronillL1 

and iron concentrat ions; v;hero the iron content wa s hic..;h , the 

chromiur.1 content was low and vice versa. Iron i s known to b e  

e s sential to plant nutrition (Bowe n ,  1 966) but a lthough chro!.liUiil 

is now known to perfon;, a nece s sary function in the glucose 

tolerance of uar;:nal s ( I,lertz , 1 970 ; Schroeul�r , 1 9 6 3) 1 it s esnentiali ty 

to plant grov!th has no-1-; bom: uner;uivocr. lly do;-wnstr:-;_t,;u . The inter­

relationship between the s e t·.-w ElOtc..ls  o'u served in r.lhJ :pre s e nt study, 

although not indicating that chro�:iun is rcl:: t ocl to th"' m0 tnbolic 

function of iron, doe s  s x:i ·: to point to it s acctLulation boing , in 

some vmy, linked to the uptake of iron . 

Apart from the generally higher concentrations of nickel , 

copper and zinc in the leave s of the Nothofagus specie s ,  the other 

out standing finding was the relatively high level of mangane se and 

potassium in the leaves of �acutifolia. Thi s species had a nuch 

larger leaf area than the other specie s  and it is possible that the 

contents of these  metals are related in so. 1e way t o  thi ::. factor. 

F urther cofi!l-:lent on this observation i s  o.ade in a lcter sect ion. 

The distributions of copper and zinc between the leaves and 

twigs of the different plants were of considerable intere st . Where 

the accumulation of either of the se rJetals tended to be lovr in the 

leaves it tended t o  be high in the twigs and vice versa, Thi s , 

finding could indicate that although approxinately constant content s 

of copper and zinc were maintained in the plant tis sue , the actual 

di stri-butions of the se " pools11 of uetals variod between the leave s 

and the twigs of the different species� �cutifolia may have le ss 
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s torage capacity in its leaves for c opper and zinc and oore i n  its 

young twigs relative to the other spe cie s . This sugge stion , however , 

i s  quite spe culative and it would require c.:. s t udy of tho autnl 

di stributi ore at a s ub- cel lular leve l to c onfirD or dibprcwo i t .  

The c oncentrat i ons o f  the oa jor nutrient oetals calciurJ , 

oagne s itm and potassiuu in the 3pocie s st udied in thi s  thG s i s  

are c oopared i n  Table Ill - :5 e o  the concentrRt l on s  found i n  s oi.:w 

other spec ie s . . It Tiust 0 ,; pniatod nu l� thc-.t c o� tpari s ons '<'>" i·:� h the 

octal c ontents of trees gro1.1ing in di.li'e rcmt a reas C'tn only b0 very 

approxinate because of the wiclo ly Lliffcm.:mt soil t)'}'O S usually 

involved. SoiJ.e of the r8 uul t s  l!_:.lOtGd in Table I I I  - 5 i.' ro:.1 other 

workers i nc lude value s for plant s gro·,ving on s oils clufici ent in 

e ssential h!etal s whereas ,  to the author ' s  knowledge , none of the 

value s pre sented by other \ TOrkors were obtained in basic s oi l s  a s  

wa s the case in the pre sent the s i s .  

I n  general , the value s ob taine d i n  thi s  the si s  are i n  gcod 

agreement wi th the value s report ed by �1:iller ( 1 9 63 ) for liJ..:..�£q__ncata 

and by Peter son ( 1 9 62 )  for !-gathi s austr�lis . - C ocpari ::wn s with the 

other trees in T able III - 5 i ndicate that the Nothofa&us genus was 

h!Ore similar to the conifers , ( Pinus species ) than to the other 

dec iduous tree s Q. acutif� , �. raceoosa and B . verru��· Miller 

( 1 963)  made a s imilar conc lusion with re spect to N. t�:1�. 

The level s  of trace metals in t he tre e s  of Ne1� ZealR.nd are not 

extensively docuoented. C ompari son s  can ,  hovreve r ,  be made with the 

trace metal content s of tree s in other parts of the world if it i s  

b orne in mind that different soils are involve d  in most case s .  
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Mea n c oncentrat i ons and c once ntrati on range s of calciilll 1 
magne siWil and p ota s s iw:1 in the dry leaves of different 
tre e s .  

-�·-·-· �- - - .  -� r------· � ---·- · ·  -·- ·-· . ---- - -

No . or D2.tn+ 
Species Sample s 3ou.rce c� k1g K 

N othota£.us spp�� . ·� · - - . ��;;- · . . . . . . -�:�-9 - .  · -- ,-;,� 
N othofagus truncata 1 B : 0 .4-0 . 8 0 . 1 2-0 . 1 8  j 0 . 3-0 . 6 

i i 
Agathi s au s t ralis 35 c ; 0 . 43- 1 . 75 : 0. 1 4-0 . 90 . . 
�emosa 

8 
i 

A 

A 

D 

I 
I 1 . 02 ' 

I 1 1  . 05 
I ' 
1 1 . 57 

Pinus sylve stri s �4 E 0 .4-0 . 6 

P .  radia ta I G F I 0 .  1 2 

_
P

_
. 

_
re

_
s
_

i
_
n

_
os

_
a 

____ L_e _ __ Eo_.� 
+ 

A Thi s the sis 

B Mi l ler ( 1 963 )  

c Peterson ( 1 9 62 )  

D Ovington and Madgwick ( 1 959 ) 

E Ovi ngton ( 1 959 ) 

F Orman and Will ( 1 960 )  

G Madgwi ck ( 1 964) 

0 .41 

0 . 27 

I 
f 
! 0 . 37 
i 
1 0 . 97 
I 
1 1  . 5 6  

o . o7-o. 1 6  ! o . s-1 . 1 
i I 0 . 90 

r 
0 . 1 2-0. 1 6  ' 0 .4-0 . 9 I 

· -----�--� - �  ······-- ---
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Lounamaa ( 1 95 6) quot e s  typical figure s for deciduous tree s and shrubs 

growing over s oils derived fro� ultrabasic rocks . I n  the leaf ash,  

nickel ranged up to 3000p . p. i::l. vvhile the typ ical valuo for copper was 

94p . p. o. , for zinc 1 200p . p. ;:J. , for chroutiliD 2 6p . p.u. and for nangane se 

1 . 5%. Twig ash contained sinilP.r c oncentrat ions of nickel, 1 30p . p . n , 

copper, 2700 p . p .  n. and 1 • 1/o ma:1gano so in the P. sh. 

The value s obtained in thi s t he s i s  are in good <:tgroouent with the 

value s pre sented by L ounaoaa for all netal s except z inc.  I n  the 

pre sent study z inc c oncentrations ranged fros 200p . p. n. to 400p . p . m. 

in the leaf a sh and 200p. p.n. to 600p . p . n. in the twig a sh in contrast 

to the much higher value s given by L ounaQaa. Warre n ( 1 9 62 )  pre sented 

zinc concentrations ranging fron 200p.p .m. to ove r  4000p . p . r4. in the 

a sh of the twigs fron a large nunbor of plant spe c ie s grovling i n  

British C oluobia . On the other hand , coppe r and zinc concontrations 

reported by Peter son ( 1 962 ) for the New Zealand indit�onous species 

Agathis australis were ;vi thin the sase concentration range s ob served 

for the s pecie s studied in this thesis . 

The ab ove ob servations sugge st that even in view of tho fa ct that 

different soil s were involved in the conpari sons , the New Zectland 

indigenous trees studied in thi s the sis c oi�tainod lower C011ce ntration s  

o f  zinc than tree s in other part s of the world. 

2 .  The relationships between the metal conc entrati��� 
the plants and in the soil. 

( a) Result s .  

The e valuati on of the plantx soil 
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relat ionships for all the TJ.ctal/plant sp..;cies/plant part sys tcns wa s 

achieved by computing corro lati on c oei:'fi cients on b oth aF a slL1.nd. a 

dry weight basi s .  The se re sult s ::.r0 givon in 'J'able I II - 6 .  

highly signifi cant (<0 .001 )  corre lations betHecn the c oncentra t i on of 

nickel in the leave: s and the concentration of thi s netal in the soi l .  

I n  the ca se of copp e r ,  however, only the N othofagus spe cie s and 

Q. acutifolia showed a highly si gnificant relationship b etween the 

c oncentrat ion in the loave s and the c oncentrat i on in the s oi l .  F or 

b oth the se oetals siuilar although le s s  s ignificant re sult s were 

obtained for the twigs. 

I n  the case of chroDiUJ:l in the leav e s1 highly. si enifi cant 

correlati ons were ob served for VI . racono sa and o . acutifolia in b oth . � 

the a sh and the dry leav e s  and signifi cant (<0 . 01 ) correlat ions 

were apparent for the dry loave s of t he Jfothofe.gus spa cio s . 

Mo.gno siur.1 in Q. acl}ti f olio. leave s w� s thG only othu1· metal t o  

show a hi ghly signif i cant plantxsoil re lati onsl1ip. 

( b) Discussio n .  

If one considers both nickel and 

chromiun at the concentrations in the se plants to be non- e s sential 

t o  plant nutrit i on , then it is unlikely that a TJ.echani sn will be 

pre sent to regulate the accumulation of the se metals unl e s s  

potentially toxic levels arc present.. Therefore , the [L'lOunt s of 



TABL:;!; Ill - 6 
C orrelation coefficients b0t· ·o_jn t!:c J.Jletal c oncerrcrati ::m s  L1 l::he plant s and in the soil5 ,. 

----..------�....-���------ - - -- _l:�§l;_y�f:!- ----- ··--�-� _ .  · - . .. . . __ _ _  _ _____ WTw_;.;;;i .. g�.;:;s _____ """� 
--

N o . of l • 
Species ISampleg N i  C u  

.... 
Nothofagus SPP•J 85 ! 0. 5 62H 0. 375++ 

A sh I W. racemosa I 94 l 0 . 427++ 0 . 054 

Q. ac_',!"t:i,:to1,_ia I 88 I 0 . 41 1 ++ 0 . 355++ 

Z n  C r  

0. 1 38 0. 203 

C a  Mg l'tln C u  K Sample s !  N i  
·----� ·--·- - --- - - � -

,_ i-- ;---�--�-. 6 j 8 l ++ + -0 • 1 9 9 0.  1 1 -0 • 1 04 0 • 0 34 ; 4 i 0 .  41 2 0 .  2 91 
H : ! H 0. 01 6 0. 650 0 . 094 0 . 253 -0. 1 09 0 . 242

1 
95 

1
0 . 5 1 5  0 . 067 

7 l i 

Zn 

-0 .051 

0 . 01 3 

0 . 082 0 •000 0 . 562++ 0 . 225 0 .481 ++ -0 . 01 3 0 . 099 j 88 1 0. 327+ 0 . 338++ 
--+-------+------+-------------- .. 1 -· .. l - �------- -· ---------t 

0. 587++ o . 1 38 0 . 340+ o . oo2 0 . 1 62 -0 . 1 09 -0 .034 j 84 ! o .444++ 0 . 25 1  Nothofagus spp. 

Dry I W .  racemosa 

g. acutifolia 
I 

I 0. 707++ 85 

94 0 . 432++ 0 .034 0 . 01 6 0 . 635++ 0 .032 0 . 253 -0 . 044 0 . 242 ! 95 l 0 -457++ 0 . 1 27 

-0 .024 

0. 1 1 6  
� 

88 j 0. 368++ 
' I 

0 . 369++ 0 . 0007 0 . 539++ 0 . 07G O. L�-�2++ -0 . 005 0 .099 � 88 j o . 1 1 3  
, 

I J ·-� - ---� ..._ ,,. _... ._. .. 
• I ' 

L evels of si gnificance ++ <j 0 . 001 

+ <j 0 . 01 

-0 .0 1 9 I 
li --·----·-----------! 

0. 1 20 

-.J _. 
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the s e  me tal s i n  the plant ti s sues ·;:ould be expe cted t o  r e f l c c  t the 

fluctuations in the available cont0:1t s in th;.; s o i l .  Cm th. ·, ()th .:-r 

hand , it wa s apparent that for tlw rc:: la i uinc mot:, ls , ·'XC-� ;· -;- l: Ol ' J ' u r  

and magne sitm , the conco ntr'lticns L: tlw plant t i:.; �ue - ,;;; r e .  l'L\jl.l l:::. t e d  

by the plant s theose lve s and not t y  the s ·:-.i l .  

I n  the case of COfjJCr antl iT3. f5!1<3 siu: .. , a l t:lr)�l t_'! t thc 5 l.)  - -:o ·i>".l s  

are e s s ential for plant nutrit ion , i t  appoG.red frcct the re s ult s 

ob tai ne d that the a c c lillulat i o n  ·Na s ,  in fa c t ,  i nfluenc e d  to a s:.tall 

extent by the soi l .  T h i s  ·,w:v� no st evide nt for copper in  the 

J'l?thofagus ge nus and for b oth copper and uagne siw:� in Q. acutiZoLi2 • 

In the soils  of the area studi e d , th8 copp e r  conce ntrati ons 

varied c ons iderably , due to thG pre se nce cf CO)JpGl' cine rc: l i s c.ct i on . 

Magne s i um al so  varied considerab ly over t he area dllo t c' th:: varying 

c onc e nt rat i ons of thi s metal in t he parent rocks . While it wa s 

expe c ted that the plant s were capable of a c c umulating e s s e ntial 

mcta.ls to 1:1oet the i r  requi rcue nt c. , it wa s a pparent that Viho r<:) tl.1e 

o.vailable conce ntra t i o n s  i n  the s o i l  ::;rc;atly ex c o e Je d  the L,vcls  

required,  the plant s could n o t  r c s t ri c � thG ir ac c �Jula tion of the se 

metal s .  I n  the extrene case , altl!! lU[';h not cb sorvecl i n  i :h�, prc, sont 

study, the concentrations be e o; ,e t o;c i c  or the p lant s ev ol vo :1 

tolerance I:lechanisr_: ( Pe t e r s  on , 1971  ) • 

The reasons why 1'f . racenos.:-� showed a non- significant plant x 

soil relationship for copper in its leaves i s  not known , but because 

the mean soil c oncentration of this metal was similar for this 

specie s ( 77p. p . m� ) as for the other specie s ( 74p . p.m and 83p . p .m) 
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it r.m s t  be concluded t hat ':l . ra c eGo sa ho. s a nore stric;t c ontrol of 
-·- - --

the levels of copper in its leaf tis sue . The c oncu n � r? t ion of 

copper in the leaf t i s sue of W . raceoosa wa s loner t h::.n for tL , c:ther 

spe cie s .  T his difference bet·.-,een the spe c i e s  nay seE::o surpri sing, 

but when it is viewed alongside the vas t  differen ce s that exi sted 

between t he metal accw ulnt ions �nl di s t r ibutions i n  tha l � � v o s and 

twi gs of the diff e re nt s p c c L : s ,  i -:; b u c o, ,o s rnthe;r mc� r .J c r\; dLJlc . 

p redi c t e d  froo the c on ct::n trat ions in plrmt t i s s : :,' , the:;·, hi:.;hly 

significant corrol.�tt ions betwo en the s e  t·;;c ;  va riab l e s -.c:ill i nclicato 

a proni sing plant/ae tal systvc f o r  prospecting purposes. 

As can be s e en fro ' Table Ill - 6 ,  the Not��gus genus slw·;wd 

the Bos t  potential for the predic tion of copper and nickel concen-

trations in the s oi l . T he s 0  s t<tt i s t i cal re sult s were chocked in 

the ca s e  of nicke l by plot t ing the isoccnc cmtr�t ion con l:our mnp s  

for the leaf a s h  shown in Figure Ill - 5 ,  ;, , 3 ,  C .  2)1..:; 1 1e ri t s of 

the Nothofagus specie s wer0 c learly evident . Howe ver,  a l l  spec ies 

gave good correlations for the ca se of nicke l and when the area s of 

anooalous concentrat ions c ommon t o  a l l  spe c i e s were c vnsidc ra d ,  

good agreeoent with the soil an:;, :P. l ic s Wi� S found. {l" ic;u:cG Ill - 5D) 

The u se of many plant specie s , t , , indi c R t e  niclwl s oi l  "' noma lic s ,  

was of considerable value t o  re inforce th·..:: fin.ling::; , but t ho 

addi tional labour involved uo dc thi s tcchniq.uo ,mac'crnc Ci vo . 

The i soconcentration c ontour liJaP for the copper conccn·crat ion 

in the leaf a sh of the Nothofagus specie s i s  shown in F igure Ill - 6. 



Figure III - 5 I so-concentration c ontc•urs of ni cke l  in 

both the plant s and the s oi l s .  

A Notll£fagus species 

B !!_ra_cemosa 
C �cutifolia 

D Areas of ano;:JB.lous nickel concentrations 

common t o  all specie s .  
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COP P E R  � � 1 80 p p m  i n  so i l  

0 � 1 80 p p  m i n  leaf ash  of 
Nothofagus s pec ies 

• 1 1 6  

• 1 1 5  

• 1 1 3  

• 1 1 2  

• I l l  

• 1 1 0  

• 1 9  

• 
2 1 6  

• 
2 1 5  

• 2 1 4  

• 213  

• 2 1 2  

• 2 1 1  

• 210 

• 2 6  

• 
316 

• 
315 

• 31 4 

• 313 

• 
3 1 2  

• 
31 1 

• 37 

• 36 

• 35 

• 34 

• 
33 

• 32 

• 31 

• 416  

• 
415 

• 47 

• 
46 

• 45 

• 4 3  

• 42 

• 41 

• 55 

• 54 

• 53 

• 69 

• 68 

• 65 

• 
64 

• 6 3  

• 62 

• 6 1  

F i g u r e  I I I-6 . I s o - c o n c e n t ra t i o n c o n t o u rs o f  c op p e r  i n  b ot h  
t h e  N o t h o f  a !� s p p. a n d t h e s o i l .  
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Thi s  plant/Lletal systeu did not show su c h  a good rulat ic�1 ship a s  

that ob se rved for the case of nicke l .  

J,l though t h e  c orrelation coer'r' i c i o nt s  for tho nicke l  cmd c opper 

c o ncentrati ons be tween the tv·;ig a sL and the s o i l s  w.;;re s i  ;ilc:.r to 

tho se obtaine d for the leaf ::-·.as ,  it •·�a s d-..: c i dod to ;; ·• : ,plc L;c�ve s i n  

pre fe re nce to twigs b ocau�e first l.f , tL-:,o,r V!C: r0 c:o. s i r3 r  to  c o.Llo c t  and 

secondly , on a shing , the l .) ' !V ·_; L  produ sud '' hi :o;ller p ,.; r c 0 n"::.a0e a sh 

than did the bvig s . 

T he re lati ve meri t s  of data expre s sed on a dry wc;ight or a n  a s h  

weight b a s i s  we re difficult t o  ovaluate . The r e sult s presontud 

above indi cat ed that dry wei ght data wa s pre f e rable , but sinc e the 

diff e r ync e s  be twe e n the re sult s on an ash and a dry v;e ight ba si s 

were not great , i t  wa s de cided t o  use ash we ight da ta pref e rentially .  

More ext e nsive work ( SECTION IV-D ) shovied thc. t tll : ,  cli.J'fcre noe s 

betwe en the two type s o f  data were not a s  great a s  indi cat e d  by the 

above re sult s  • 

. 4 lt hough the f indings oi' thi s s t ud.; showed thrd: the upo c io s of 

the N othofagus g e nus wore th e ;·,o s t  pro_ .i s in6 to stud· r furthe r ,  it 

wa s nece s sary t o  know wha t off' l3 c t  di ffe rent prop ort j_ ons of the 

three spe c i e s  N . fusca , l'l • .::_��:hel?i i and l_j. tru,ncat 1. wc.uld hrcvo on 

the re sult s of a biogo ochcLi cal pro spe c t in� surv0y.  



3 .  The thre e N<?_th£f�a_kUJ2._ s�_cj.�. 

( a) I nt roduc t i on . 
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'J' he 3'F1plc s c o l l � c t ·:) d p;_',_,viously wor,.:; 

grouped ac c ordi ng t o spe cie s 'lncl thG L'lC"m .-JotFLl c o11c -'-' n t ra t i ons f or 

each group were de ter::;,inod. I t  -.-;.:: s 1' ound th'-1 t tbo per ce ntage a s h  

we i gh t s  we re different for (nch s pz; c i u s ,  s o  f o r  C Ci · p.-:rat ivG ;:; urpos o s ,  

c oncentrat i on s on both 2. dry cvo i ght -'lnd an a sh wo i ::ht ba s i s  a re 

pre sented. 

( b ) Re sult s .  

T he nean c oncontrat i onn for the ;· :eta l s  

analys ed in the leav e s  of the Nothofagu s  spe c i e s  ar,; pr0 s ontod i n  

T able I I I  - 7 .  

F r om the se re sult s i t  can b e  seon that the leaf a sh o f  N . oe nz ie si i 

contained the highe st c o nce nt rat ions of a ll z:1etals excej_'t calciwJ. 

It wa s not ic e d , howeve r ,  that th,; p e r c e ntage a s h  in �·!.Jl_0.2l'.:.��:.;_si i  ,-m s 

c ons ide rably lower than that for thG othe r twc, i �thg_fa�2!_S crpe c i e s  

and when the me tal c onc e ntra t i on s in t h ::; d ry . .  t:'>.tu riCJ.l woro eo; tpared 

it was f ou nd that there WG rO only sffi"l ll di fference s be t;·; ,J o n  th o three 

species with the exc ept i on of the z in c , iron o nd calciw-1 c on centrations . 

Since the nean netal c oncent rations in the s oils corre sponding 

to each specie s were different , further coDpari sons of the concen­

tration s  of t he me tals betwee n  species were difficult . 

T o  partially overcome thi s  diffi culty , the relative accUQulation 



.'!'ABLE III - 7 

Mean metal concent rati ons in tho leave s of the three JL<?...thof'.S .. 2::IS species.  
p. p . m . % 

Species N o .  of % Ash Ni C u  Zn C r -----;:;-� · r ·  ·- - �a Mg Mn K 
Samples ! . ----t-----------------------

!§1! I ; 
N . fusca 35 4. 9 9  I 1 5 2  1 1 3  256 8 .. 1 4  1 2 61 1 1 8 . 7 4. 63 0 . 1 1 0  rJ . G9 ' t j 

Soil I J 1 82 1 07 77. 5  )10 - i 5 . 5 2 4 . 68 0 . 1 20 0 .424 
I ! ' j 

N. truncata 1 0 4.. 96 1 50 88 . 8  2 2 1  7 . 32 1 0 '1 G  1 20 . 7 4. '1 0  0 . 976  5 . 47 

Soil 204 62 . 5 73 . 7 'J47 - j 6. 1+-0 5 .41 0 . 107 0 . 392 

j 
N . menziesii 41 3. 23 1 83 1 61 596 1 2 . 6  21+9 2 1 1 ) . 3 4. 81 1 .  5 5  8 . ·1 5  

I 
S oi l  1 37 73 . 2 78 . \  3)0 - : 4 - 75 3 . 99 0. 1 1 4  0 . 477 . --------+---__,t------·--·--�-- --- --.· - -- · · - ' ·· ·· - - ---� - · - - - --- - - --------------1 

DRY MATTER 

. 

N. fusca 35 4. 99 7. 58 5 . 64  1 2 . 8  0 .. 406 63 .0 0 . 933 0 . 231 0 . 0549 0 . 304 

N. truncata 1 0  4 . 9 6  7 . 45 4 . 40 1 1 .0 0. 363 50 . 4 1 . 03 0 . 203 0 . 0484 0 . 271 

N . menzie sii 41 3. 23 5.91 5 . 20 1 9 . 3  0.407 80.5  0 . 623 0. 1 55 0 . 0500 0 . 2 63 

-.J 0'\ 



ASH 
N o .  of 

Specie s Sample s  

N . fusca 35 

N . t runcata 1 0  

N . me nzie sii 41 
DRY MATTER 

N . fusca 35 

N . truncata 1 0  

N . menzie s i i  41 

TABLE III - 8 

Mean relative accumulations for the metals  in th0 le:-.vo ::; of t he 
three N othofagus speci e s .  

% A sh Ni 

4. 9 9  0 . 835 

4. 9 6  0 . 737 

3. 23 1 . 40 

C u  Zn 
·-�- .. - ·----

1 . 06  3 . 2J 

1 . 42 '.' \) ( '  '- • ./ ) 

2 . 26 7 . 52 
- .. - -- · - ...... --·- - - .� -.....-- ·- . .. .. .. . . . . . 

4- 99 0 . 041 6 o . 052 C J .  ·J 63 

4. 9 6 0 . 0365 0 . 0704 0. 1 49 

3 . 23 0. 0454 0 . 0733 0 . 244 

C r  C a  Mg :Mn 
�· ·-- - __._. .......... _.. .. _ ___ ----· 

0 . 0 1 59 3 . 3� 0 . 99 3 9 . 1 8 

0 . 00 86 'l ') 7 .) • • - J  0 . 7)8  9 , 1  'I 
·�- . Ci3 ! 6 h . • 04 1 . 23  1 3 . 5 

- · - ·  .. . . . ..  - . · · - - . . . . . .  _ .. _. -- - - · �- -

v .  OJC.::J ' _; . 1 :)�) 0 . J49 6  0 . 45 3  
�.. . • Ot)04 0 . 1 ::,o 0 . 037 6  0 . 452 

0 . 001 0 0. 1 31 0 . 039 7 0 . 437 

-- - - - - - - -�  .. - �  __ .. _ __ ... __ _ _ _ _..._._ 

K 

1 4. 4  

1 4 . 0  

1 7 . 2  

0 . 71 9  
0 . 692 

0 . 558 

--J --J 
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value s were cal culated and are pre sented in Table III - J. ·r :1 o s e  

value s show that Ylhon a s h  wei ght data a re considere d, N .  fu� and 

N . trunc ata are more sinilar to each othe r than to N .file nziesii.  Cm 

the othe r hand , t he relat ive accumulations expre s sed on a dry we ight 

basis , showed little va riat i on b e tw e e n  t ll(; specie s Hi th oxc c; l) t i on 

of the value s for chroniw_i and zinc . �i . ·le nzio s :3_ i  c,c ctculated 
...---.· --- -- --

approx imately twice as r.:.uch zinc on a dry we ight and an ash w e i ght 

:� ba ::.i s tha n  o.Jd ci.t:� .:: r N . fusca or N . t runcat a. C hror::iwa was accumulated 

to a greater extent in tbc loave s of I� . D�I}_z ie_ill than in t he leaves 

of N .  fusca or N .  tru ncata. rh;;; only r.mrk:::d dir'ference s tlr\t Vlore 

chrooiun accUfilulat i on s .  �.r· ·-�.r:��l�c <tta. .'1 c c l �  u l 'l t o a  :_co r e  c ol'rcr r· nd le ss  

chrOiaium than N . fu s ca re lative; t o  the; t otal s o i l  c n nc0 utre t i o :t s .  

In T ab le III - 9 ,  th8 r e  l a  t i  ·,;c a c e �  .ula t i ons for th:.· vn rious 

Lletal s in N . t runcato. and H . wenzie sii are expre s s e d  relativ0 to 

thos e f or N . fusca . It  caD be seen fron the se re sul t s  that , tc-tking 

al l the relative a c c w_-;ulations for the various metals in N ._f.u� a s  

1 . 0 ,  the relat i ve accunulations f or a ll the netals i n  N . t£_�ll,cata 

>rro very close to 1 .o on both a:1 ash we ight and a dry we ight ba s i s  

with the exception o f  coppe r Hhi ch was higher and chroniun and 

nagne sium which were lower than 1 . 0 .  _ On tho othe r hand , tLe value s 

for N . menzie si i were all higher than 1 . 0 on an ash 17:Jight b a si s ,  

and o n  a dry weight basis the trace metals nickel , copper ,  zinc and 

chromium were also higher than 1 . 0 but the other metals were lov1er 

than 1 . 0 .  



Mean r 0 la t i;re accumulo t ion s .Ccr .� . f�ru�:c .-·.t .:l. s.nd 
- � . ... _ . ... . ..... � -- --� 

p. me n z i e s i i  expre ssed r e la t ive t o  the value s 

for N . fuscc. .  

N . truncata k�l 1 �  N . menziesii I 

1 ni c kel I 0 .  

� c oppe r I 1 .  
. I 

zinc I 0 . 

l 
chromium 0 .  

sh 

831 

34 

91 2  

541 

cal c ium 

magne sium 

0 . 953 

0 . 764 

mangane s e  0 . 992  

pota s s ium 0 . 972 

I ' 

dry ash dry 
-- · 

0 . 878 1 .  68 1 . 08 

1 . 34 2 . 1 3  1 . 39 

0 . 9 1 5  2 . 29 1 . 50 
I 

I j 

o . 5oa 1 .  99  1 .  2 5  
I 

0 . 948 
0 . 7_58 

0 . 775 I 
1 . 24 

I 
o . 8oo l 

o .  9 s.J ; '1 . 4 7 1 o • 9 55 I 
I 

, J o . 9 6h ! '1 , ·1 9 I 0 . 755 

_ I_  - ·- - - _ _ _  _t _ _  _ 
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( c ) D i s cus s i on and c onclusion s .  

:i'ho J.iffor;; :1c c s  b e twe e n  

the a sh percentages for N . t runcatn a nd N . fusca o n  cne hand and 

p. nenziesi i  o n  the other could b e  related t o  the physical character­

i s t i c s  of the species . U.!.f.�� and N . tr�� are quite s Li lar in 

appeara nce whe re a s  l:J.·-=��"2.t_c;sii i s  cli s t i n c t ly cliffe rent . ( S;:;c PLlt e II )  

I t  was a l s o  o f  intere st t c, nn t_ ;  tha t  t he !1h-y s i c ::'! l  s L.i l::t ri :� i c; s  

b etwe e n  N .  f us ca and �tr_U21_c.::-.:�� we re iAl ral loled by t h.: d r  ace \� .nlat i on s  

of nick8 l , z in c , calciUL1 , · :3.l1t?;�l nc so and � ,ota. s s iu: 1. 

F u rthe r di s cu s s i on conc 0 rn i ng t he uetal c on c e n Jc ra t i ons i n  the se 

spec i e s  a nd the oc currence of hybridisation Hill b o  pre sent ed in a 

l a t e r  s e c t i on of thi s the si s .  

I t  was c on c luded fro; 1 t h"' above re sults that since the relative 

accunula tions of· nicke l  by: F_�:f.� and N .  truncata we re approx ima t e ly 

the same on an a sh w ei Ght b a sis ( 0 . 835 and 0 .  737· ,  respectively) 

whe re a s  that f o r  N . L1enzie s i i  wa s higher ( 1 . 40) , it YI'! S p.cefcrable 

t o  s anple N . fusca and N. t runcata rathe r than N ��.e s i i . I n  the 

ca s e  of c oppe r ,  since the three s pe cie s showed differe nt relative 

accUDulatio n s , there Has no particular advantage in Sa.JJlpling one 

spe c ie s  in preference t o  anothe r . 



PLATE II . Leaves from the trees sawpled. 

A .  Nothof.8:.S..us truncata �-
B .  N . fusca 

c .  N.menziesii 

D .  WeinBannia racemosa 

E .  Ouintin� acutifolia 
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i nv e s tigo. tion int o t he; n:;.t uro of the rola ti onships bc·biLon thu r.:retal 

c oncentrc::.t ions in the l eave s o�· tho Nothofagus gonuc anu the c oncen-

trations of the se notals in the s oil s . S pe c ial c ons iderat ion nas 

g iv e n  to coppe r and. ni c ke l t o  evaluate the usoful o:::· b ioge o cho:.d. cal 

prospect ing for the se t�o �ctul s .  A cethod. for the quant itative 

evaluat ion of faotors aff e ct ing the s e  rela tionship s i s a l s o  tl0 scrib0d. 

The grid. area used i r� t ho pre liuina ry survey ( 3::c nmr I :LI ) was 

e,nlarged fron 9 6  t o  1 47 sites  t o  enconpa s s  norr..� ol tho ccno; :,_lous 

area s and t o  provide Cl. larg"'r nunbe r  of sanple s for stat i s t i cal 

uval u-:'..t ior: of the data . ( se; �; F i gure I I I  - 1 )  

Tho bulk of the so.:·.:plLlb �)ro.:;rr>.mmc ·;;[�S ca"� r ic.-; o '.!Ut in N ove:.nb c :c ,  

survey Hero added t c· c o  . .1J.Jlcto tho clc. crt s ;; t .  l'l l '. �·.:t;,;cics  be. l'' nc o in 

and N . t�ta ,  47 sa, ;.plo s . Soils He ro take n  at tho sauo ti: �o as 

the corre spondine; plant sanplo s . 
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B . THE PREC I SION OF GE CX::IIEMICj'..L J,ND B IOGEOCHEMICAL WfPLING . 

1 .  I ntroduc tion. 

In SECT ION I l l , th;; ua 8ni ::.ud;.; of th8 sanp­

ling e rror a s soc iated ni th different aspe cts of the sa. 2pling proce dure 

wa s inv est igated . The re sult s obtained for a snall nunber of sample s 

showed that the errors inherent in b oth plant and s oil sanpling 

t e chnique s were quite largo . Jith a great e r  nu;:1ber of S J.:· tple s ,  

h owever , t he relative D::.gni tu.(lo s of tho e rr or '--'''-Y bo t}Uite c1.iff orent 

be tween plant and soil sa��lin� £ thnJ s . 

The re sanpling or' both tl:\; }��-o_b.ui':J. ' 'US g . .  m: ts ::: nJ ·:,ho c orre sponding 

soils fron the grid sauplod previou sly , allo· .'0d n e o; '1Y:'.ri son o f  the 

preoi s i on s  of both plant a nd soil so.upl ing proc e dure s  t o  bo nade . 

S e v entyfour plant sit e s  and 86 s oil sit e s  v.ro re co,--:uon t o  b 'Yth thu 

N ovenb e r , 1 9 69 and t he :t:iarch,  1 969 sa;:1p l ing progranne s a nd tho se 

we re c onpared by c orrelat ion c o effi cient s  f or a l l  the 2:-:etals as no ll 

a s  b y  graph s for c opper and nicke l .  

2 .  Re sults . 

T he> nean metal concentrat ions in the plants 

and soi l s  are pre se nted in T able IV - 1 and the c orrelation 

coeffi cient s b etwe en the data decks of the two sa: �pling surveys 

are shown in Table IV - 2 .  

Nickel , coppe r ,  zinc and i r on all showe d hi: :her concent rat i ons 

i n  the a sh of the leav e s  c o l l e cted in March whereas the other 

metal s showed higher conce ntrati ons i n  the a sh of tho leav e s  



Data Set 

Nothofagus spp . 

leave s 

S oils 

( -20 me sh) 

'I'i�BLE IV - 1 --- --

Mea n  me ta l c oncentrat i ons in tho pln nt s and s oi l s  c rl l cc t a d  in l0rch ,  1 9 69 

and November , 1 969 . 

% 
Survey i:.���s A�J--·�-�;-; ���� : ·c� -- ----�,·�·�-·� c: _ - :���;--+---_�_-_-_- - ··· '-- -. .., . ... _.-.., 

_
__ 

iVfp ---+-------+---'..__�--·----+ -�- ��- -�· _, _ _  - ·· -· ·  . - . . . . - -- - . . . . .  - ---1- - - "0 

\ a s h j March l 74 ) 4. 03 ! 1 )9 1 2 6 3 3 1  1 0 . 0  'i 695 i 1 9 . 3  

-

! j Noveobe� 74 ! 4. 66 ! 1 05 
. . 

I · : 
6 

1 07 

5 .08 j dry i March l 74 4 . 03 1 . 41 

, 
; N ovewberj 74 4 .  66 4. 90 5 .  00 

. �-------: ! l 
j 

March ! 8 6  j 1 

·-----�-- ------

1 79 88 

72 

341 

1 5 . 4  

1 5 . 9  

se 

07 

4 - 59 

1 1 . 3 1 2 97 2 1 . 4  5 . 00  

0 . 403 6;J . l;. 0. 776 0 . 1 85 
. 
I 

0 . 5 27 60 . 5  i 0 . 9 9 R  r;-t 0 . 2 3 3  

----J. ---�-· --+---· ---· 

550 

57 6 

I 
5 . 39 1 5 . 34 

· · 2 I s s r-_) · +  ; • J 

4 - 47 

5 . 46 

Mn K 

1 . 35 6 . 87 

1 . 45 1 0 . 9  
-- ----� 

O o 055 0 . 277 

0 . 0 66 0 . 508 

o. '1 1 j 0 . 438 

0 . 1 22 0 . 654 Nove11berl 86 1 - _1_174 
---- ... ·-- -- -...--- - ... . .. . .  -,._ _ .. , . . .. - . "' -·--1------------------------

� 



TABLE IV - 2 
C orrelation c oefficients between sanple s colle cted in March , 1 9 69 

and N ovember , 1 9 69 . 

H
i ·- -�-- - ·('·� ,  ; · - · ·;� · - ; - · -·· ·.�·r · : ·  · ·  · ·;·( · · r . .  -·;: · · r· --;� · ·;-·· .. �� -- -- 1 

K 

_N_
o
_
t
_h-

o
f_

a
_

g
_u_s_s

_p_p
-.-1-ea_i_..,_a_s_h-tr--74---ii�0-.-�80++ ��� ��- . ��: ;�0.� (J .�3 ; : ·, . �_ ; ;++t · ·-0-.��;9+ �-�.-�1-lb 

I 
- . . .. · ·-j ' " I ·�d I I I i : __ . , � I ; 

Data set No . of 
Sanple s 

S oils ( -20 oe sh) 

I I j " • • ! \ . " i I • : - - - -- : l f ++ ) + +  j ++ ' ) 0 + + ;  7 1  ++ ++! ++' ++ 8++ 
. 0 . 624 ! 0 . 70 1  . 0 . 639 � -���1 _, ! -��:_��9- 0 . 857 ! 0 . 790 1 0 . 787 0 . 57 8 6 

L evels of signifi cc.nce ++ � 0 . 001 

+ � 0 . 0 1  

()) \J1 
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c ol le cted in the N overJber survey. S ici la r re sult s w e re ob se rved for 

the dry l oaves .  

The c oncentrati ons of t he; ,- ,c, t c:d s i n  th,� s o i l ::: follm,s :!_ the saae 

trends a s  shown by the pln.nt s 'ou t in ::l: -.:: s o i l s  -t,J-; c  elL f c; re;n c -:.. s bobl'een 

f or t h e  plant s . 

The c orrelation coeffi cie nt s  -, ,'e re , i n  gene ral , l o s s  si nif' i c a nt 

for the plant data than f o r  the soi l da t a .  Only t he nicke; l , : :angane s o  

and i r o n  c on c o n t r.:1t i o n s  in the loaf a sh showed highly signi fic;:,nt 

(cqo. oo 1 ) co rrelat i on c oe ffichmt s  bet-ile en the two sanpling surv<C:ys 

whereas a ll the no ta l c oncen t rat ions in t he s oi l , as we l l  a s  the 1-'H , 

were high ly c orre lated bet.Ymcn t ho s urvey s .  

Bc cnuse of the relevance of t he se re sult s t o  prc spc c t ing f o r  

nickel and coppe r , graphs of t h e  plant and s o il data for t he two 

surveys arc shown in F igure IV - ·1 for the se hw ;Jo ta l s . It can be 

s e e n f r om these graphs that ': ltho u ) 1  the soil data sllo·,,- C dtsiclorable 

scatter they we re nore c l o s e ly r o l a t e <'L b :;t:N ::: o n  t h e  hw S\� lv Gys than 

were the plant dat a .  

3 .  D i scus sion. 

I t  wa s evident froQ the re sult s pre se nted 

above that the pre cisi on of the plant sampling p roc e rlure vms very 

low i n  the parti cular area studied. 



F i gure TV - 1 Relationships between the data collected in the 

March 1 1 9 69 and November ,  1 969 sampling progra.ume s .  

A Nicke l  in soils ( -20 mesh fraction) 
B C oppe r  i n  soils ( -20 me sh fract ion) 
c Nickel in Nothofngus spp. leaf ash 

D C opper in B_othofagus spp . leaf ash 

N . B .  C orrelation coefficients ( r) are shmvn on the graphs. 



>-
Q) > A ro.. 
:::s r = o ·624 0 

. 

E 
Q) > • 
0 

z 
• 

• 
-

::E 
0: 
0: 

- • 
z 
0 
1- 10 < 
0: 
1-z 
w c 
(.) r = o ·3ao z 
0 (.) 

• 
• 

• 

• 

• • • 

• 

• • • • 

• 
• • • • 

• 
• . , . . . ���.· 

• '\...,;·, � . . 

• 

. ,. . . . 
., -· ' . . .. 
• • 

• 

• • 
• •• • • • • • • 

• • 
• • 

:-• .. 
• • • 

- t. • 
• • • • • • • • 

• 

• 

• 

• 

• • • • • 
• • • 

• 

• 
• • 

• 

• 

• 

• 

B • r = o ·70 1 • • 
• • 

• 
• I • • • • • • • • .: • • • • • 

• • 
• •• e# • • • 

• 
• 

• •• 
• ' .. • .-: • • •  
• • • 

• 
• • 

D 
r =  o ·144 

• • • 

• • • 
• 

• • 
•• • •• • • • 

• • 
• 

• 

• • 

• • 
• 

• • • 
. .. · . . - · ... • ,.: . .. . . . .. . . . • • • ' •• t# • • 

.r . . . . • 
• 

• 

• 

• • 

• 
• 

• 
• 

• 

10 �----._��._�� .. �----._--�._._���----�--._�._���----�--����� 10 1 00 10 1 00 1 000 
M a rc h  s u r v e y  C O N C E N T RA T I O N  ( P. P. M . )  

F i g u re I V - 1 .  



87 

It should b e  pointed out that no atte!:�pt was made to re sa.I�lple 

the same individual tree s nor via s any a tterapt oade to re sa::;rple soil 

froo pre c i sely the sarae spot a s  that prev iou sly :n7-.cplc d, I t  i s  

probable that the lack of agrc o;.�ent bctw�en plant samJ.)le s wP. s  due to 

differe nt tree s b eing saElplod in c.::tch survey , as ;·wll D s t ( · the natural 

variations in the r.1e tal cc;ntcnt s 01.' the loave s due t · ;  a ge ,  folia.r 

lea ching , changi ng l ie;ht condit ions beneath the fure st c<' nOl)Y etc . 

The soil sanple s showed c lo se agrecuo nt betwee n the surveys 

and thi s is a very definite p oint in favour of s oil saopling relative 

to plant sanpling . 

One way of improving the pre c i sion of plant sac1pling would be 

to sample an area by means of 11 cell s" rather than di s croto SP.;.1pling 

site s . T o  do thi s , the area i s  divided into sna.ll r e c tangle s ( cell s) 
and a nunber of tre e s are sanpled at random fron each cell .  The 

sampl e s  froEl each ce ll aro analysed and the re sult s averaged t o  give 

a value for the c e l l  as a v1hole . 

T hi s  proc edure would overcome Lmch of the va ria�) i l i ty ccmont:;; 

individual plant sa41ple s and should ro s ul t i ;1 groator sempline.; 

preci sion. T hi s  pre ci sion c ould bo increa sed furt� �cr �)y � 1.king a 

greater nunbe r of sa!ilple s frou each c e l l .  
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C .  FURTHER C OMl\lENT S ON THZ THREZ NOTI-IOJ!::I�GUS l)PE..QJ,£!§· 
1 .  I ntroduction .  

In  SECTION III it wa s shorm that the 

percentage a sh weight s and the re lat ive accw:mlations of nost netals 

in N .  fusca were more siL1ilar t o  the value s for N . truncata than to 

the value s for N . @enzie s ii . I n  .view of the possibility that the se 

ob servations were related to physiol ogical dif feren c e s  betHeen the 

spe cie s ,  confiroation of the p revious re sult s ( SECTION Ill-F ) wa s  

sought from the present re sult s . 

S ince the preT ious sanple s nere collected in Ma rch , 1 969 

wherea s  the pre sent sanple s were collected in N ove111ber ,  1 969 

seas onal differences were expected t o  be evident . 

2 .  Result s .  

The Dean perconta ;::;e ash uni.:e:ht s and the nean 

metal concentration on a n  a sh 2.ncl !".. dry we i.:;ht ba si s are pr�,.; sented 

in Table IV - 3. A s  was ob served previously ( S�CTION III-F )  the 

nean percentage a sh weight f or N . L1enz ie sii was nuch lm1er than for 

either N . fusca or N . truncata. The percentage a sh weight s of tho 

lat ter two specie s were quite s inilar , in agreement with the previous 

re sult s .  

The concentrations of all the metals were highe st in the leaf 

a sh of N . menzie sii , but on a dry weight ba sis the concentration s  of 

nicke l ,  copper , zinc , chromium and iron were higher in thi s spe cie s . 



Specie s 
-

ASH 

N . fusca 

Soil 

N . truncata 

Soil 

N . menziesii 

Soil 

DRY MATTER 

N . fusca 

N . truncata 

N . menziesii 

Tl.BLE IV - ]  

Mean concentrations of some metals in the leaves of th0 thrGe }�o���a�� 

specie s collected in November , 1 9 69 . 

p. p. m. % 
-

No. of % Ash I Ni Cu Zn C r  

35 • 4. 90 I 99 . 7 309 1 0 . 3 1088 ' 1 9 . 9 5 . 24 1 . 46 I 1 85 . 6 
1 
j I 1 63 95 . 7 93 .4 453 - : 5 . 05 4. 90 0 . 1 22 

30 I 5 . 24 1 1 1 0  84.4 261 1 0 . 3  1 1  ()1 I 2 2 . 0  
l 

'+- · 27 1 .  30 

i 1 1 85 
j 39 . 7  77 . 7 909 - ! 6 . 53 5 . 90 0. 1 1 3 

2 1  I 3 .44 1 1 70 2 14 65 2 1 6 . 1  2 273 j 
5 . 90 i .  71 ; 2 2 . 7 

I 1 1 78 93. 3 90 . 5 475 - ! 6. 37 5 . 85 0 . 1 36 ------i 
! ! l 

\ 
' 

35 I 4. 90 I 4. 1 9  4 . 89 '1 5 . 1 0 . 505 53 . 3 ! V o 975 
0 . 251' 0 . 071 5  

4 
30 I 5 . 24 I 5 .  76 4. 42 1 3 . 7  0 . 540 57. 6 1 1 . '1 5 0 . 2 24 0 . 0681 

21 I 3 -44 I 5 . 84 7 . 36 2 2 . 4  0 . 554 7 3 . 0 ! G . 780 0 . 203 0 . 0588 
'---�-.-......---... . ....... - . .. ..... ______ .,.,. .. -----· -·---··- .-.. ..... .... - ·· --- · ··-·-- .. ·- .  -�·-" .- . - ..-...·�---- · 

1 1  • 2 

o .  692 

9 . 1 8  

o .  61 5 

1 3 . 4  

o .  667 ' 

•! ! 
0. 549 

0 . 481 

0 .461 

Q) \.0 



Species 

��·:BL:Z IV - 4 

Mean relative accumulations of some metetls in the leaves of the thr<.;c .i'T_o_t}�.O!�qgus species  
collected in March, 1 9 69 , and Novembe r ,  1 9 69 .  

Survey No. of % A sh "\' '  1� l Cu  Zn C r  G o.  l\ig 
Samples 

Mn K 

ASH 
· - -· �---- --

N .� 

N.truncata 

March 35 4- 99 0 . 835 '1 . 06 3 . 23 o.o 1 59 · 3 .  39 0 . 993 9 . 1 -} 1 L1- . l;. 
N ov .  35 4· 90 _ _ _ 

.9�5-S?_. _ _  n 1 . •  _04 � -- --.J.!.21. ______ _ _  ..Q_·-���7. . _ .3. ·.�it _____ !_._0.1_ _ ___ , __ 1..l!L. _ __ _  . 1.� .) .. . __ _ 
Narch 1 0  4 . 9 6  0 . 737 1 . 42 2 . 99 O . C•j8 6 3 . ?3 0 . 758 9 . 1 1 ·i l+- . 0  
Nov. 30 5. 24 o. 51i_ ___ �:!J.. ___ _ .. l ·-�)- . _ .  --·�·-�:-i. i�� . . . .:::.•)( _ �-1.1..0 ____ " .  -�.0:·.2 - --

N .menzie sii March 41 3 . 23 1 .40 2 . 26 7. :) 2 0 . 031 6 1+- . Cit- 1 . 23 1 3 . 5  1 7 . 2 
____ __ 

__;.,fT�o...;..v;_. _ _..;:;..2 1;.._ 3. 44 0 . 9 2.2. _ _  2 .  29 , _ _;_;1 • 00 1 2 .  6 2·--L:1. __ _ 

0 . 041 6 0 . 05 2 6 0 . 1 63 0 . 0�08 0. 1 69 0 . 049 6 0 . 45� 0 . 719 
.Q�_Q.Q.-l__...Q .gj1J_. _ .9.�!.�} .. . .  _q ·.9'' 1.1_ . . . l! !. � ).L _ _  o . 02_24 . _...Q-_5.36 _ _  _Q.!_Z.9..7 __ 

0 . 0365 O . C•7G4 0 . 1 4<) 0 . 0. •0 \ .  o . ·i 6C 0 . 0376 0 .452 0 . 6�;2  

-�--�·...:;;;-.;;!;_ _ _ _2_&�1...2_ . ....Q.�_ 1_J�1- " '  . . . Q.J.(§. _ _ _ .. . _< ·_Q:.:os _ _  . _ (� ._1.7� -- �Q.0379 . o .  603 

0 . 0454 S . 073 3 0 . 24� -_ , . 00 i O  J . ·j 3i 0 . 03 1 7 0 . 437 

______ ...:.;.;:;;.;,.,;: __ =..;.. __ _...4.:..· -r-r=.. __ .;;..o.:... o;;...::.;330 o .  0789 
_ _  Q.�21+-;l.. ___ _ _  o.:_u.q � 1 _ __ Q.! .. .l.Q. _ 0 . 0345 0 .433 

QJ_�2�-
0 . 5 58 

Ch?Jl 

·-.o 0 
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B e cause of the dif:i:'eronce s that He re evident ·oct-.;e en the ;:wan 

netal concentrat ions in the soils corrc spcndin{� t c  each spa oi.:; s  1 thG 

re lat i vc accw...1ulation value s for s one Detal s gave a better basis  for 

co:o.pari son between the spe cie s . ThG se value s are pre sented i n  Table 

IV - 4 a s  rvell a s  th8 value s obtained in the previous survey. 

On an ash weight ba s i s , the relative ao cuoulations obtained 

for b oth s alllpling surveys were highe st for nost metals in N. menz iesii • 
........_. ... .., .............. _ _ _ _ 

On a dry weight ba si s 1  however , only the acc w:.mlation o!.' zinc 0y this 

spe c i e s  wa s narke d.ly different fron e ither H , fusca or ��._t,r_�l�c.:�· 

When the metal concentrations in the dry leave s are considere d ,  

Tab le IV .. 5 ,  it was appa:c·c:mt that. t h a  c oncentrat ions of z i nc , chrouiun ,  

calciuo , fi1agne sium , oangane 3c and J.J Ota s siur1 were hie;her i n  tl w  r; ovmJb er 

sanples whereas ni c kel Has high8r in the March s a! 1ple s . I-t; can a l n o  

be s e e n  that a s  well a s  z inc , i ron showed hie:he r concentrations in the 

dry leave s of N . n�zi£.ill than i n  thu clry loave s of tllG o·chur two 

N othofagus spe cie s for b oth sa�:r:)l inc surveys . 

Differenc e s  in both the relative accw:mla.tions and the Detal 

concentrati ons on a dry we ight ba sis between lh_� and !i!..�.� 
wo re very suall. 

T o  te st the significnnces of the differe nces in the percentage 

a sh  weights and the concentrations i n  the leave s of zinc and iron 

be:t.lveen the three species ,  value s of Student ' s  a t;1 were cal culated 

on the geo.cletric neans and standard deviations, The se values are 

giYe n  in Table IV - 6 fron which it can be seen that high value s of 

t were obtained far the differences between N . Benziesii and the other 



TABLE IV - 5 

lViean metal concentrations in the dry leave s of the three N�.th£f.§tgus species 

collected in March , 1 969 , and November ,  1 969 . 

.. ,_ .. .... .,._..,. __ ..,.., .. . .......--... " . 
p. p. m .  r� ! 

N . fusca 

N . truncata 

Survey Ni Cu  Zn , C r  Fe Ca . � -:·-;� Mn I K I 
March 7 . 58 1 5 . 64  I 1 2 . 8  

I 
0 .406 63. 0 0 . 933 I 0. 231 0 . 054-9 0. 304- ! 

Nov . I 4. 1 9 ! 4 . 89 ; 1 5 . 1  1 0 . 505 53 . 3 0 . 975 0 . 257 0 .071 5 0 . 549 I 
• l l I I ' l • I . 

: .: � � · �- � 1-- --- --��----- -1�- --- --- ·--"-�-· -t-- ·--+-; -- -f i 1 1 . 0 j 0 . 363 50 . 4  I 1 . 0:; u . 203 
I 

0 . 0484 11. 0 . 271 I March 7 . 45 l 4.40 

5 .  76 1 4 .42 Nov .  
I 

1 3 . 7 ! 0 . 540 57 . 6  1 ., • ·j 0 :) . 2 21+ 1 o . o681 o .4s1 · 

... +-••-u•--+---·�--·-1 ·• · -• '· -- +- -·-• • --t - =i 
N • .Menziesii March 

Nov . 

5 . 9 1  

5 . 84 

5 . 20 1 9 . 3 

7 . 36 2 2 . 4 

0 . 407 I 80 . 5  u . 623 

0. 554 78. 0 o . 700 

0 . 1 55 

0. 203 

0 . 0500 

0 . 0588 

0 . 263 

0 .461 

\,() 
1\) 



TABLE IV - 6 

Values of Student ' s  " t" for the differences in the percentage ash weight s and the 

dry leaf concentrations of zinc and iron , between the three _F_�ill..�£�.1'. species . 

::------------=-----------�--·--·------------� ·- ··-- - � . ·----

. 

. 
F o.:'_"_�:.:_:::_i_.:_ .r o tr:1'.":. ".a ·t' . ��: fu_:::_:_�unca ta I N .menzie sii N . fusca 

. �_:eh Nov 0 ! c;ar'": ---- -- '�_:' : _ _  - - � _ _M•� c.:: - -- N ov o 
i Percentage ash weights I 1 0 . 98

++ 
9 . 90

++ lJ 1 0 . 66
++ 

10 . ·1 5 + +  l 0 . 1 34- 1 . 55 1 
I i 

1 2 . 71
++ 

5 . 66
++  I 1 0 . 70

++ 
7 . 02: .. 

++ i 1 . 55 2 . 6o
+ I Zinc 

Iron 
. 

7. 5 6
++ 

6 . 5 1
++ I 9 . 00

++  

--�
6o �5

++ I 1 . 78 2 o 1 3 I 
Levels of significance : ++ < 0 . 001 

+ < 0 . 0 1  

\.0 \.N 
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two spe c ie s .  The se were i n  c ontl"e. 9"f. to t� BUOh l()WoBP value� �ins.d 

between N .  fusca and N . tr.�l��!Q;• 

3 . D i s c!;!_s sJ-� · 

'1'l1c r'J G ult s of' 'Joth sat:pl in::; [;Urvcys showed 

that the three species of t he Notlj_Qfa@S ge nus c ould be J.ivid.Gd into 

tv10 groups , with N .r.1on2: io sii in or'le and £!...!�� and N . trung� in the 

othe r ,  on the ba sis of the uetal c ontent s in the ir leaf ash , their 

percentage ash weight s and the z inc and iron c onccntrat iohs in their 

dry leave s .  It wa s a l s o  shown that the lat t e r  three variable s -.:1e re 

si gnificantly differe nt b etween the tv10 group s .  

I n  SECTION III it was ob served that a s th8 loaf r-: rcm i t; c roased 

fr o!:.l the N othofagus genus through 'N . racemosa t o  �cut�f?l..ii! , the 

r.1ean p e rcentage a sh in the dry l eave s also inc reased in the order 

4.05 , 4. 65 ,  5 . 05 . F ron the re sults presented in the pre sent s tudy 

it was apparent that the nonn pCl'centage a sh in the s .. "Laller loave s 

of N.menziesi i ( sec Plate II ) , wc:t � loHor i . e .  3 .  23 - 3 . 41� than in the 

large r  leave s of the otbeu' li£_�hof;.::.gus spGcic s i . e .  4. 90 5 . 2l:. . It 
seemed therefore , that the.-e � : a rel:• tionship beb'l • 1en the leaf area 

and the percentage illOrgani c  .i"iiaturial in the le 'lf . 

In SECTION III it was sugge sted that potassiWJ a nd nangane ss 

bore sooe relationship to laaf area and when the rcl':':tiv.J· · e.ccuuul��- of' 

these metals in the dry laavea were com�aPSd to the leaf length a 

good relationship was evident. (Table IV - 7) . The precise functions 

of potassium and mang£Wl.a./ie in the leaf tis sues  hav:e not been clearly 
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Leaf length in relation to  the fi�Gan relative accllfimlations 

f t . d 
. .L' - 1 + o po a ssJ.um an manganese Hl �.,ni.-� d.cy 0avcs . 

+-· -
sp
_

e
_

c
_

i
_
e
_
s 

__ -t __ 
Le_a_f_le_n�th ��?l- --�_· (-_;i�]= }\���i}�-

N . oenziesii  0.8  - 1 .  2 ! u .  602 0 . 1;-35 
I 

I N . fusca 

l �,� . t rl!!: ea ta 
I I ';v . !'acemosa 

I 

Sb acutifolia 

2 . 5  - 4. 0 

2 . 5 - 1 0 .0 

6 . 0 - 1 6. 0  

o . 75 3  

0 . 759 

o . 83G  

2 . 23 

0 . 5 22 

0 . 565 

0 , 5 25 

0.770 

_______ .;.. ____ ·-�-- -- -�·- .. . - -----��-----' 

+ Values for the �othofagus specie s are the Qeans of 

all samples  from both saopling prograJ;·�;1e s . 

( Soil s ,  -1 20 me sh) . 

++ Data from Poole and il.c1alll3 ( 1 963 ) . 
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e stablished but the pre sent re sult s na,y be rela ted i:;o an increasing 

proportion of chloroplasts in thu loc..f nitll inc rC·C' sins L!0.f <'.rea . 

The differenc e s  i n  the zinc anJ iron content s of the c:ry leaves  

between N . oenzie sii o n  the one hnnd and N . fusca and Ji!_t_r.Y:_I!,cata on the 

othe r ,  way be of genetic origin. C ockayne ( 1 926)  and C ockaync and 

Atkinson ( 1 926) indi cated that !:!,. fusca and N . truncata must bo closely 

related genetically because they undergo hybridisation. whereas 

N . wenzie sii would not be so closely related for they found no evidence 

of hybridisation betwoen the latter specie s and any other. C ockayne 

and Atkinson ( 1 92 6) also showed that tho other two .d_��.!"��f.� spe c ie s  

N.  solan� and N . cliffortioides  can forD hybrid snarns ·. ;i th 

N . truncata and N . fusca but not apparently with N.����· It 

would be  of considerable intere st to know how the netal concentrations 

in the dry leave s of N . solm.?-_9-ri and J�T.! cliffortioi� conpare ni th 

those in the dry leave s of !i..-l'�l:l-�.9!; and .!'L·..:t_r:t!.r!_cat_�· If , as the pre sent 

re sults tend to indicate , H . clif��c;_:r,:t}.�;.i_q_e s and ll!_'?o�r���l!'.i lvwc re lat ive 

accumulations of nickel s inilar to those d l:!.!.f�l1_s� o.nu .:L�:I.:..r_ll1l£.�te. ,  

then the uscfulne :->s  of biogeo chc ical prospcct ln_s lcr this u�tal 

could be extended above the ue.xi ·.Ui l altitude leval o.l a. bout 3 , 500 feet 

for the latter two specie s , to uve r l,_ ,ooo feet ·,-,here l�}j..ff_orti.s:>J&..� 

predofilinates ( C ockayne , 1 926) . Thi s i s  a pos s ibility which could 

be considered in future extensions of biogeoche1uical prospecting 
using the Nothofagus genus . 
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THE RELATIONSHIPS B.;:.'T .i2EI·• THE METAL C O,�C-�1�TtUfl0l'JS IN THE =;:;;;...===�;..;;..;;=:..:;- . - -�-� --�---

LEAVES OF �_.li9TJ:!_0Fd� .. \L�.- SPECIES AND _TI·U�J:�'J'i�. C Ci,:CENTRJ.T ­

IONS IN THE SOIL . 

1 .  Introduction. 

In  the preliminary studies ( SEC'l'ION Ill )  

i t  was assumed that the coarse fraction ( -20 r,lesh) o f  the soil was a 

good representation of the plant sub strata . Before further ,  ::,1ore 

detailed investigations were oade , however , it was necessary to find 

how justified the initial as sw:.1ption was . 

2 .  Preparation of_ s oil fractions. 

( a) Methods . 

2 nur soil fractions were Ct >nsid.ered , and 

these were prepared as follows : Three port ions of the -20 �1e sh 

fraction were taken , two of which Ywre f urtho r siov:.Jd to yield a 

-1 20 Elesh fraction and a -1�00 m•.:J sl1  .t'r:�c  ti cn . rho t o t."J.l mct.::tl conc .... n-

trations in all three fractions were dut a rL iined . L1 o.tl lit ion , the 

extractable netal concentrations in the -20 me sh fraction was 

deternined. 

I t  i s  well known that the apparently simple process  of sieving 

i s  in fact quite complicated and the statistics  of the process have 

been discussed by G-riffi ths ( 1 967) . With respect to the present 

study, the fractionation of resistant fron non-resistant i..Jinerals 

as a function of sieving tioe was important . Thi s E:ffo c t ,  as vmll 

as the possibility of contamination from the brass sieve used, w�s 

studied briefly for the -400 oesh fraction. 



( b) The extents of contauination and fractionation 

during sieving . 

( i) Methods . 

The following experioent wa s 

carried out: A. sanplo of soil was pa ssed through tha -400 oosh sieve 

four tii:J.e s.. At each stage the sieve was shakon for one ninuto and the 

oaterial which did not pas s  through tho sieve Ha s cliscardo<J.. i-�. si:Jall 

portion ( 0 . 200go) was taken of the material which pas sed througl1 the 

sieve at each stage . Each fraction wa s a nalysed and the re sults are 

shown in Table IV - 8. 

rhe rc s ult c o f  thi s CJXpG riDC) nt 

showe d that of the r.;ot"! l s  a na lysc.:cl ,  nicke l , zinc , . .tan;ane so and 

pota s sillLl showed no change in concent rat ion with prc r,re s s ivo sievings . 
On the other hand copper , chrooiuu , calcitm o.nd E1agne siuo nll showed 

increases to varying extents . The i ncreases were expre ssed a s  per­

centages of the concentrations in the first fraction and these value s 

are also shown in Table IV - 8. The greatest increase observed was 

for copper. 

( iii ) Discussion. 

Since the composition of 

brass  is approximately 66% copper and 3ofo zinc and if tho increase 

in the copper concentration ob served with succe ssive sievings was 



Analyse s  
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sieved 
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3 .  
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% increase 
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of a soil 

through a 
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TABLE IV - 8 

fraction at each sta ge 01' f our suc c e s s ive 

400 me sh bra s s  sieve . 

-� _,.,.. . ., · --- - �·---- -

p . p . m. 

C r  I 
/o �� Ni Cu Zn Ca I.!g Mn K · i  

1 70 1 7 . 5  
I 
j 1 70 l 1 8 . 8 
' 
I 1 70 2 1 . 0  I 1 70 2 2 . 5 

o .o  2 8. 6 

85 325 � 4. 60 

ss 830 4otJJ 

85 855 4. 80 

85 880 4. 90 

o. o 6, 7 6. 5 

Ll" '\�Y 
MASS.: ( u · jv:RSITY. 

4 . 30 0 . 1 00 0 . 55 

4. 35 0 . 095 0 . 52 

4. 50 0 . 1 00 0 . 55 

4. 70 0. 095 0 . 55 

9 . 3 o .o o . o  

J 
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due t o  c ontamnation , the n a small increa se in z inc would al so have 

b e en ob served. No such inc rcas 0 ·v1a s ,  in fact , apparent and in view 

of this it wa s considt: re d  t hat the ob serve d re s ults we re probe bly 

due t o  ;Jineral fractionat ion. 

B oth prir.1ary sili cs te ( umwathere d) a nd s o conJ<:: r:;- �in,:l·als 

( c lays and hydrous oxide s ) 7Te re pre se nt in the soil. Tho more ne chan­

i cal ly-re s i stant prinary s i l i cate ninora l s  of the C onp lex c .:;nt '1 ined 

cnly sGJB. ll anount s  of c oppe r - ;hc ,:·c<'. S the s e c :, ncl< ry • .  ine r:-,_l s  c ,mtainod 

a c on siderable aoount of oxch:--_ ��:-:: �_ !Jl �  �opp ·_; r  de rived .l'ro . \;h,_; chonical 

neathering of s 2all copper suip:1i tC d,_; i -·-• ci  t fj . rh_: c r·nt inunu s l' :: .ovA.l 

of priL"'.ary : ' i ne ra l s  during the s L: v ini;; - , r , )c .:; ·::; s  rc; s : :l >_; .'·- i ·-, � n  i :1 -

c rea s ing propo rt i on or s o c ,  ;1 1 r J  min , 1· · l s i - -,_ t, L _ ;  r r: -· c  .l C·n )O : , :_; i ng 

through the sieve and l10 n c o  an inc r,�c: s.:.: in th._; cO _c ·P �� r  c n l;c:nt of thi s  

fraction. F urther c o;_; _ _  lo nt o n  thi s o l'fo ct i s  ua:lv i n  P0. r"; 3 < l i' thi s 

s e c t ion. 

( c) Evaluat ion of different soil extrac tant s . 

( i) !.iethods . 

Preliminary exporL:wnt s sh()1-� tha.-t 

extract ion of the s oil s with wate r  removed v e ry small aoount s of the 

trace netals fro: :. J'llost sa;•1ple s and in the pre sence of the organic 

matter also extracted the se s:r�all anount s c ould not be a c c urately 

de termined. 

Approximate ly 30 , -20 mesh s nil s a. tp lo s we re ,:;xtrA c-red with 

the f ollowing solut i ons : 1 M a. ::Joni w11 a ce ta t ;; , 0 . 5  M acetic acid , 



0 . 05 M di sodi w ll  ethylenediaui netetraaceta t e  a n d  1 M hydro chloric a c i d..  

Four {g:_J of soil were shak....: n with 1 0 . 0 !:tl of extractant for 6 hour s . 

The sauplo s were cent rifuged c�nd the supe rn&tant ana lysed Clir'-' c t ly 

for c oppe r a nd nic ke l . 

The approximate I:lO:>.n c oncent rations extracted by tho s e  ext ra c t ­

ant s we re ( nicke l  c on c e n t ra t i on f i rst f i gure , c o p p e r  c oncentr?. tion 

second f i gure ) ; hydro chl oric ::. c i d ,  1 0p . 1J . i ; . , 1 3p . �· . d. ;  : l i c o:� i. L•::l 

6p . p . n . ; acet i c  a c i d , 1 :t; . p . m . , 0 . 4-p . p . m . , 
ar.E.wniur!l acetate , O o 3p . p . r:; . , 0 . 2p . p . rn .  T h e  dilutiDn 1'.?.c tor us�J 
( wei ght of solut i o n :  we i ght or s ·  i l ) ,,,. , , s 2 . 5  I'T:li c �; " : • n e  th�� t th , 

0 . 1 p . p . ::1 . Leve l s  belo · ;  1 l J · l · · •· . c · ulcl n e •; b J  J�: t ,; -:71\in:�d cte · , t • r� toly 

in the s olution s duo t o  interfr::ro nci] , apparently �� ro: . orc;:� T �.c ; .1o. t o ri a l .  

S i nc e  no furthe r puri f i cat ion o f  tho extract s was p ra ct i c ?..l , tho 

choice roDainod b e twuon hydrochl ori c a c i d  and di sodi llLl E . D .  '1' . . . . 

T he re appeared t o  be l i t t le diff erence between the re sult s obt a i ned 

f or the se two extractant s who n  c o;·:pared t o  the t otal concen t ra t i on s  

i n  the plant s a n d  the s oi l s . 1 M hydrochl ori c  acid wa s the refore 

cho sen b ecause of thu hi gher conc.::m trat ions oxt ract0d wi th thi s 

s olut ion. I t  wa s not i c e d  that the ext ract i on of mos t mc.: t<� J. :3 by 

hydrochl oric a c i d  was t ime -de p ende nt a nd a further e:x:periue nt wa s 

performed to inv e s t i gate thi s .  

( d) Tir::e depGndoitC C of tha _-\c t.?. l c on c entrP..t ions 

extracted fro : soil by 1 M hydrochloric a c id.  

( i ) lJo thods . 

J:' ivo s o i l  sa:tplc: s wore: c.', ch 
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divi ded i nto six part s and e ach part wa s extracted for a dif i'ere:1t 

peri od of tiue . In each ca se 1 0 . 0i"l o 1.· ·1 ·;; hydrochl oric acid 'ila s 

added t o  4 . 0gLi of so il in a 20 . 0ul gla s s  phia l .  .Ch i :c; )Cu . .. ::.. . .  ' - s 

rotated about an axi s throu,)1 it s ends with the �;.j( i s  : :c'l'L; r ;,-:� r l . 

The spe ed of rotat ion wa s 1 � r"voluti ons per Dinute . Sar2pl e s  were 

re;_wve d  at intervals of 0 . 75 , 1 . 5 ,  3 , 6 ,  1 2  a nd 24 hours , c e ntrifuged 

and fi l te red ·.vhere ne c e  s s : ry tc r._:;_-.ove floa t i ng orga:,iG i, ,;:;. l; t.:... r . I' he 

( ii ) Re sult s. 

The re sult s obtained ar� 

pre sented in Fi gure s rv - 2 and IV - 3 .  I t  wa s .·�pparent that for 

i1icke l ,  coppe r ,  z inc , chror:1iun and Dagne; siun , the extraction Ha s 

tifle- depende nt with a ;:;ini; 1XJ 01� six hours to achievr_, greater than 

75% extraction. F or cal ciuL1 :1nd pot a s s i tL , on the o �h.J r h -.nrl , c :;_;plet e 

extraction v<a s  achie ved in le ss than 45 , linut C; s .  

( i i i ) D i scussion.  

The J.'.1.pid extrnct it'n of 

calciUL1 and potas si um st.:er<o d t o  i ndi cate a s i n�lo s t ·c l.l �Jro c c s s , 

whereas the extractions of the o che r dc tc.. l s  i _;1;liod ; . two sto11 

proce ss . F or each metal the. f j_rst proc e s s  extra c t  . .;d di.i.'f errmt 

percentage s of the total o. , _lount s extra ct e d . If , in the first l.f-5 
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LJ.inut e s ,  the first pr0co s s  i s  as sUL1ed t o  be do;�1inant ov.;;;r the G e c ,�nd 

process then tht; amount s extracted by thi s fi r:;t proc .. � s ;;  ,:;z1Jr .; ,j s u d  as 

a pe rce ntage Of the total a;·.Jount s extra c t e d  W0rG : C '·cl c .l. �;� , 'j CO)<; 
p otass iw:1 , 1 Oofo; chroniun , 70';J,; c opper , 5Wo; z inc , 50/b; nicke l , 

30%; na gne siuw ,  2CJ%. Althvu�h ti1c s e  values are only approx:i.J nte , 

t huy i l l u s t r2 .. t e  th01t differEnt t:'{l)(J G of c heui ca 1 b oncii ng occ ·T 

betHoen vari ou s ca tions :1.nu o th1) r  :_: , , l l  con .stit �Lm·:; ; ; . 

cat i on exchange . 'fho s ..; c ·,-, ,d s " 0 ; '  p o e:, '; :c c l .\·- .L :rL•Lr,: d  ;; : , �  d. •c ·. · , . _ v sl. t h'n 

of org:1ni c c onp l ,;xc: .'3 ·:1.nJ th.� clL; , · ·. :l u t; in;1 o ,- i nnr ; -- nic C '  · ·· .. • )! \l11.l r; sucl1 

as hydrous i ron oxide s - ·[·1icll cont c i n c d  oc cl u1L:rl · _u : - ._, l � .  

" - l t ho ug:·_ those f i nclings have ir:1portant iaplicat ion s '.ri c:l r0 s p e c t  

t o  t he availability o f  c � t i o n s  t �  plant s ,  no f urthe r inve s t i g  t i 0ns 

into this p robler: were undertaken i n  this tho s i s . 

( e ) C onclusi on s . 

I t  wa s conc luded frm the above 

re sult s  that it was necessary to sieve all the s oil sanple s t o  

approxinately the same extent to .J.void the c o ncentra t ion of c o,;p l,! r  

in the s oil frac t i on . 'l'hi s wn s a ch ieved by sieviil ::; '.mt i l  b l' ·  ck 

nineral grains we re obvious in the un s L:ved port i on ,  et t  hich B·he;e 

sieving was s t oppe d .  

From the t ime - de1le nde nce stud i e s  o f  t he c o l d. ; l)'droc; ' l ori c a c i d  

extract ions , i t  wa s conc lude d that suf f i c i e n tly c oup l e t e  extra c tion 
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wa s obtained aft e r  1 o lwur :J  slr >in:: ., nJ this pe r i od 1 kJJ adu�·,ted. a s  

standard procedure . 

3 .  D iffor0ncas betwoe:n t he oc tal concentr?-t i ons_)J"l� 

plant s ancl.l!l _ _ :t\�. _ _v_a.r::h.9� oil fra c t i ons . 

( a) R e s ul-t s .  

Th0 nea n  notal c o ncentr:J. t i on .s L ;  the 

various data set s are sho7m in Table IV - 9 .  

'!Ji thin the thre e soil ue s �1 frac t i o n s , the t otal metal c o n c e n-

trat i ons showe d different t r � n d s  Jo p e ndi ng on �he � t� l . 

and z i nc b oth shovwd incr•..; a S'.] s in c c':w ,;ntr·l "�i on · . .. ' : i l �  c:-- l c i  ru.l E.lnd 

oagne siwJ sho1.-,ed de c reo. s e s  in C l . ,1c. o n '  rat L n  on g,; :;_ng fro, , tho -20 

oe sh fra c t i on to the -400 ::;o s ; ,  i'  c �. c t i  • n .  Th� �l-'-' ' '  t e e;; :� i nc. •."ore s e  ·.va s 

for c oppe r where the c nnc;; n �. r  : -:·. L :m ill  thv -40U . .  o .sh fra c t l , � n  \v ·:o. s 42% 

highe r than t he c on c o nt ro.. t l0n in che -20 :·,e sh frn c t i on . F or ;(. inc , 

the i nc reo.. se wa s approxinate;ly 81�. The C.ec roa s e s  for cc:t l c iw_j and 

uiagne si llli1 were 2o% and 1 4/o  re spe c t ively. 

''[!he n the hydrochloric acid-extractable oetal concentrat ions 

a re c on sidere d ,  i t  i s  apparent that the percentage s of the total 

conc e nt rati ons in the -20 l.:le sh fraction that were extra ctable varied 

from 0 . 1% for pota s s ium up to 20 . 4/o  for copper . 

( b )  Discus s i on .  

Tho :Jost signifi cant findinu t r  



TABw IV - 9 

i\iean metal concentrations in the leaf ash ol' the /I_ott�?..[2ll..u:-s. Si) c.l C J. e s  and in the various 
soil fraction s .  

�- I N o . of I p . p .�-. - · ·- · -� - - ... . . . . . . - · · ;0- - - - - -� 
1 Data sets I Sample s i Ni C u  Zn C r  J:�-----� �� . . . -�--��,�- . K 

N othofagus leave s 1 40 � 109 i 1 05 l 344 � 2 . 2  1 20 . 4  4. 82 ! 1 . 29 j 1 0 . 3 
l I l ' I ! 

S oi l  ( -20 mesh) 1 47 : 1 70 � 66 . 5 i 85 . 6 F25 4. 89 4. 63 � 0 . ·1 1 2 I 0 . 601+ 
S o i l  ( -1 20 me sh ) I 1 46 ! 1 67 1 81 . 5  � '->7 . 7  iJ+36 4. 25 I !;- . 0 )  1 0 . 1 0 :� 1 .  34 

S oil ( -l�oOO mesh) 

Soil ( c old HCI 

1 44 

1 46 

j I . 
1 68 . 9h- 3 ; 9 �: • .) r7s �- . 9 2 -5 . >  1 . . : ·: � , 0 . 5 :.0 

_ 
9 o ':30 l 13 o 6 i :�, • ·': L;. !2( • i 0 • 0 l_c 1 :; ._; • 1 � � .:  • - ! 0 0 01 0 1  I ' i 

., I 
� , , l I 1------------11-------li---+----� . -·�- .. . " "  - --� - - . - . .  -- - .. " . - .. _ - . .  --� · I· . -· -- --t· -- · · ·----20 me sh) 

� extractable from 
the -20 me sh fraction 

1 ' . • I I 
: 5 . 3 j 20 . 1_._ ; 9 . ·�, i 1) . 0  ' G . J ') ! i . ') L� _ _L( 0. 1 0 I . I • I - I 

-
'------------..;.,_ ___ .�.-. _ _ ___ , - . __ .J_ .. . .  _ _  .:.__ _ - - - . · · ---- - -L- - - -- -- ·-- - --· -· ___ _J 

, ., 

0 \Jl 
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emerge froc the s e  rG s ul t ::J  ':a s th.:; increase in c n,_.p -_; :::- c c•nc ..; n-cr:: t i on 

which oc curre d with inc rea s i n g  proport i on s  of fino part i cle s i n  the 

s oil f ract ion. f. s uo nt i on0 d p rev iou s ly ,  i t  wa s li ke ly that a ::> L�o­

s t'Ol.ntial part of the coppe r in the .s oil wa s dorivo d f rou the chc. <i cal 

weatherin g  of soall di s s•.min'ltc: cl  pocke t s  of copper sulphide s . T :1i s 

c opper w ould be :.1 .s s o c i a t e d  ;_,:::. i nly >fith the s e c ondary L:ine ra l s  s u ch 

a::; c lays a nd hydr ous iron oxido s ':ii th ';1hi ch the f i r:e�� .'; c•il 1' n:. ct i ons 

were e nriche d . I nde oJ , in th..:; -20 r::o sh s c:;. i l  f r'?!. c t i rJ:-c .:-: ,_) .c�c, · · '- at G ly 

2CJt� of t he t otal c oppu r -,ra s soluble in dilut.o lwJrochl ori c ac id . 

This wa s in c o ntrn. s t  to tho nicke l which in tho s oi l s ::md rocks 

wa s pre s e nt ne. inly i n  the s i l i c:· ;; :;  -�i ne; ra l pyroxoni t c .  l'h,; d i t;pc rs i on 

o f  ni c ke l  wa s th<_; ret'c.re LJ,/ ,..; cl�.''. ;li c "·. l  � ;:,;  ·.-, .. -, .:. 1  'l.. t. cl t � mi c -: 1  ·. ;�c : , : :>_c:.; ring 

v1ith the re su lt that thL! S ·-' C .) ,1:> cv minur • l s  r; _. r " i lO �� ::: nric; i.c:l �'<i tll 

nicke l .  T ho ooan p orcentae"' ')r .•; ,Jl .·.IJ lc n i c k._; .L i .1 t : l·J -20 mc :3 l .  

fract i on of the s oi l  wa s only S . 8. 

'T he s e  f i ndings c. ,;Jh�. s i so t h<J dif l'iculti·'J S in . .  r.kii�,; c c. '}Xtri s o n s  

between t h e  ab solute; copper c oncen t rat ions in plan t s  anu soil s with­

out v e ry spe c ifi c  knmvledgo of the so i l fract i on concerned . It i s  

shown in a later part of thi s s o c t i on , h oweve r ,  that alt hough tho 

concentrations of c oppe r varie d b e tween different soil fract i on s , 

th2 di st ribut i o n s  of coppo r ovor the grid area were t he sane for 

each fraction. 
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C or re lation c o eff i c i e nt s  be tw,.; L:n the i.H) Lal .;;;..;;.;;..;;,.;;:;..;;;.;;.;;.;;:.;;.. ;;;_;�.:;;. .. ;;..;;- - ------ -·- ·-·· - · ·· · · ·- - - · 

( a) Re s ult s . 

:;:· :1e cor:celation coeffic;ients obtai ned. 

are shown in Table V - 1 0 .  

Highly s i gnif i cant �0 .001 ) corre lnt ion c �effi c i 0 n � s  we re 

ob served betwe e n  the ni cl:e l c once nt rat ions in the leaf ash a.nd the 

concentration of t hi s netal in the soil frac tion. C oe ff i c i e n t s  

signifi c ant at t h e  0 . 01 leve l • 1 :; re ob s c rvec1 i n  t he ca .Je 0;· eo , j . e r . 

i n s i gnifi cant . 

nhe re a s  for c oppe r  the corr0laticJ<1S on an ash \ :o i J/c -0 -· s i s  ' 'ore 

s l i {Shtly core signifi cant than t ho .s e  obtained on a dry ·,;e i ,  ;�·i; ba s i s . 

( b) Di s c us s i on .  

I t  wa s a� ·pa rent f rou the re f;L;l c s  

obtained that all s oil fractions viere e r1ually usc.i.'ul as re-�1rt..; rL ;'1t-

at ions of the plant substrate s . The -20 ne sh soil fraction s�:.o- ··:;d a 

s li t;htly lm:er correlat ion c oefficie nt for the case of n i cke l ,  but 

'.vhether thi s v1a s s i gnifi cantly diff e rent from those obt ai n ed for the 

other soil frac t i on s  wa s d. -·ubt ful . The sane c on clusi on s  were d.rawn 

for coppe r .  The se findi nt:.: s sugge :y+_ o ci that the ori ginal d o c i si on to 

use the -20 me sh soil fract ion wt � jus t if i ed. 
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C orrelation coefficient s  bet·::e en the ne tal concentrations in t:::; lc�".VC3 2-n l 

the uetal concentrations in the various soil fractiuns . 
: No . of , . . " . . . 

Soil fraction ! Sa::1ple s ; ; Ji � C u  � L;n j C r  ; Ca n . •  g : M i1 I K �- ·-�- 0 �-----t--u"'-- •• •r-� - � - • ·t,.------r-�--� .. t· • - •· •  • -+-·- ---� •"� -· -·-�-� ------
• I . • , ' � � 
I � + + . + i ; l I I -20 me sh : 1 4-0 � 0 . 504- · 0 . 307 0. 2·1 6  ; o . o6G � -0 . 041 ! 0 . 097 � -0 . 1 1 9 I 0 . 06) 

-1 20 me sh . 1 39

-

.1. 0 . 54-6++ 0 . 29 6+ . 0 . 1 59 ; 0 . 0 6j j -O . OLej l � • . ;69 t -C . 099 i 0 . 092 
I I • i 

-400 ne sh ( 1 33 

I 

0 . 524++  0 . 2 69+ ' 0 . 1 ·1 3 � 0 . 035 ' -0 . 0 ·1 5 � ( . ·1 i C ! -0 . 1 71 l -0 . 05 8  

C old HCI extract 1 1 39 , 0 .  545++ : 0 .  306+ • 0 , 050 i -0 . 022 ! -0. 1 34 ! 0 . "1 73 � - I -0 . 075 
( -20 ne sh) I i- �---- �----f------+ - -· -- �..l ·-· ·- - - - �- ------

.PLY 
-20 oesh 1 40 

-1 20 ne sh 1 39 

-400 ne sh 1 38 

C old ECI extract i 1 39 
( -20 fle sh ) I 

t ! 0 - 533++ 

I o .  556++ 
I 

0 . 522++ 

0 . 5 1 9++ 

0 . 2 6 '1+ 
o . 2 6 1 ·f-

0 . 2 1 h 

' � ' I 

l ) f ! 

(_, .  'i • _) 

:_· . '-182 

o . c r;) 

' I I 

· · •: , ,  
I 

o o ·1 ·· ' ·· - · c . l 1 � - . _ :  _J . I � : 
U . 1 . f- . ' ! -0 • .. �· / .  v . k 

O . O·,·j � -0 . 0 1 8 ! , . •  ·1 2 <  
1 I 

0 2 ·.! · · . + i · o "·o o 07'  

. 
· n. 1 • '. • )  -li o 0 o q. - ·�• c. \ _} .,) ! -· . ;5  

_r_; • 1 � ; c; 0. 02 6 

-o . 1 7C 0 . 1 94 

-0 . 244 0 . 009 

0 . 1 9 9 

- · �-- - J · - - · - -- ·� · -·  · - ·- '. ----- •- . .  i �- . . . . . - · -------4--------

Levels of s i gnificanc� ++ <: 0 .001 

+ < 0 . 01 

-" 
0 CD 
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The corre lation coefficient s  obtaine d  were s�ililar to tht se 

ob tained for the N othof'agus ge nus in the p r e l Liin: t ry survc /  ( SEC'l'10H 

III) and s upported the de c i sion made in th'lt sc.:ction ·c c chc s u  this 
ge nus f o r  further study, 

The slight di fferen c e s  ob serv o d  bst·. ;een the corr·_) lc: t i o n  

cooffi cient s bct sed o n  a n  c1 sh -. . ,; i  h t  <en d  tho .'3c b e  s -__; d  c : 1  -::!. d.ry '·' ·.cicht 

ba s i s  S Upported thu prefC l'C!1 'C i  :1 U ::'. C  nf c· n c c.: :: t, r·� t i 'm3 b �: c;u,l on c:.sh 
weight s 11  
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E .  THE USE OF � M:::i� YSIS TO COMPiJill hiJD INTER.PR...GT 

B IOGEOCHEMIC1..1 iJ'ill__Q-EOCHEHICh.L DATh. . 

1 . I ntroduc t i on . 

ships for various r:1etal c cm cunt:rc:c t i ons ':lGre evaluat ed by c oq,uti n1� 

c orre lat i on c oeffi c i e nt s .  The 0e co0:!.'fici 8 n t .s  g::: ·.r -; s .-: . . u id.u :-� o.i· the 

1 0  stre ngth" of the rE� lc:ctionship s but no ideo. of the p ro cc ·; s , · �  i nv olve d .  

,\ny a tte! 1pt to i nterpret a data set in t e rus of the pro c e s se s  

i nv o l  v c d  i s  u sually l L.i tud by th,_; ·.::xpe rioont<d O lTors inhc.cGnt in 

the data. Thi s is p2-rticul.":' r·ly ;y , ·iJ.:l! th0 t�n: :: of Ll ta C ( · ;-� c:. i,:;...;red 

i n  thi s tho:.; si s  ( 1-.Ii c s c h , 1 :) 6J+) • -:'h._; u:,;c��,l -.F J '! 01' OV2 L'c _ ·  i:! -l; � t i s  

t o expc riocntal error . 

There are t , ;o stc:. ti s t i c ::tl pro c e lu re s whi cl·, l1C1.Vt:) b c.: c O. lC r upular 

in re c e nt ye .JT S f or du ali ng H ith +.hi s type of data , 1'a ctor n.n::.lysis 

and trend analys i s. 

( a) Factor analy si s .  

F a c t or a naly s i s  i s  a t e rm 

applied t o  a stati stical pro c e dure which i s  u s e d  t o  separat e a set 

of variable s into groups ( us uG.l ly cal led " fa c t o r s" ) , nhe re each 

fact or i s  a re sult of a part i cular lJro c e s s. Any de t-::: sot , c ont::cining 

more than one variable , will bo a fun c t i on of a nunbc::' 01' clifferont 

proc e s se s . F or exanple , in tho ca :::> c of th8 :c1o ta l c onc._; n t ra t i o n s  



in the leave s of the �I� genu s , the se proc e s ses aro the-- se 

de p i c t e d  in the b i oge ocher dcal cycle dis u u s s od in S�CTIGN I .  T o  

I f  thi s dn V. s e t  

: �atical prOC\JUUrO y;c;ul,l possib ly rlo .c:i '1 0  fr..ur i.cl.ic1 f :  c� ;;e r ::;  8. 0 f ·JllO'·IS :  

( 1 )  nicke l and copper 

( 2 ) c opper , z i n c , calciw:1 , nagne siW:l , J.,ang<me sc, ir: 'n :'.L'-·- p : . t 'l s siu;_; 

( 3) z inc and iron 

( 4) chro::1iw:1. 

F or uach f a ct c r , the r0l:�U.vo \ Je i ;:;hti'1(;S of' -JCiC '. 'J.-.ri _ � L ;  i r-1 

the factor ·;zould b e  calcul'1te d  a s  ·.-ro ll  a c.; the i:t: < t: : J  : ;  _ _  · -t>r. ·r.r · c. ;:. n c e  

in the ori ginal data set cxplc,inu d  by each of the f our f.'lc �; m·s . Once; 

the fa ctors h;;,_ve been derived , it renn. ins f or then t o  be interprotod 

i n  t e rns of known proc e s s e s .  

( 1 )  vrould b e  interpre ted a s  du(1 i; :· _ .in-;:; r·:: l i s -: f i nn i d  th:) c.oil , ,;_·· a ct or 

( 2 ) to the e s s ent ia l naturu of tl1. , , ;�tr ls t r_ ;  th:.: r·l�u1t ' s  nu-t r :i '; i er;, 

and Fo. ct or ( 3 )  to the diff8rc nce s b i:; t d C; c n  , ; . ; ,8 nz il� s i i  CJ. i :.:_ ( h e; , ;ther 
· · --- - - -� - -�  

two Nothofagus specie s . : :ore inv v st ig-;. t ions -.'!onL1. be n0cc G sary t o  

interpret F actor ( 4) . It is , ho:mve r ,  very likely that nor .; than 

four fac t o r s  would be e volved t o  expla i n  all the variance in th.::; 

original data but sooe of the factors would explain only sma l l  8.nount s 

of the variance and would the refore be ignore d. 
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T he above exa.oplo , although enti rely hypothet.i oal , illustrate s 

the type of informn.t ior. fac t o r  e.nalys i s c ould gi ve whell applie d t o  the 

st udy of ne tal s in plant s . The t;eneral the m·y of fe. c ·�or --:.n2.l�r s i s  he s 

been di scus sod by- C at t c l l  ( 1 ) S) )  ."\ncl 0 C)pl i c-� ti on .s t -:;  , :-:: o c! , i s .:1 1  

p r ob lens have; b e e n  dc) S C rib,:; (i by C �_;_ �:::; ron ( 1 7 :<3 ;  1 ) 6:_; )  "'. 11 : r-;. c> · T ..::t t  ( 1 ') 07 ) . 

tage ; it c ould not g i v .:: :::: ;;; uit.c:� "::lle ba si s for e o: <DCt ri s ,)!l bo t·. :v.::m t he 

iletc. l  c on c e nt rat i o n s  in the: plant s a nd the netal conce ntrrr·� i o n s  in 

tho soil . S i nce thi s c o1 ;pari son was one of t h8 p rine ob j e ct ive s r;f 

th i s  s tudy , fa. c t c1r· analys i s  Ha. s not used. T r e nd ana lysi s ,  hm!GV2r 1 

a s  •;: e l l  n s be ing a very t;�Jod :.10thcd for r.w.ki ng c oupa ri s ons b et·. i o e n  

diff e re nt S G t s  of ! :a p d'lhJ . , c ·.:c • 1  a l s o  give r c s ul t s ·1;hich r.ny b (.;  

replace t c' a sna. 1 l  exte nt the funct i on s of f::>.c tor <:1 :1'"- l.>· s i s . 

( b )  T r :: : 1 �  �- �:nly3 i s . 

which oay b e  r.1ore ea s ily intcrpro t 2 J. th�. n the ri".\i d:- t u  i11  tGllTIS of 

e nvironnonta.l i nf l uence s .  

T h i s  t echnique i nvolve s the f it t ing of surfaco s-of-b o s t-fit 

by regre s s i on analysi s procedure s to the ob served data . The se; 

surfaces a re give n by a re gre s s ion e qua.t ion from which an e stii.iatc 

of the value of the variable neasurEd( called the " de pendent" va riable ) 
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EJaY b e  made for ea ch point o n  the o.rea sanpl e d. r he se e st iL!':.e t e d  value s 

liu on the surface -of -be st -fit . ':l'he :::· :: r:;.c c s sl m: C' 'l\.El�:. i o n  h. •_ :; c k; f orn: 

T = K + K_. L ,. • • • • •  + K,.L + • • • • •  
I I - ' tl 

( X ,Y) on the saL'"lplinc rc n �c .  

K 

K1 • • • •  1( 
n 

1 1  L 
. . . .  n 

non- polyno• .ial . 

T o  ob tai n  the c on;_)o;1o:1L :; of the data s e t , the b eha viour (tr e nd) 

of the e nvi ronu·3 ntal pr cce s se; s  ( rc rj i on::c l proce s s0 s) which act ov'-'r 

the oa jor part of th i:: <::.rea .::..ru a s s u•T.::d t o  b .; t; i V · c '' bJ Ulv :_;c.� d·�·- c c - of'-

be st-fit , and t he dev ic,t ion s of tlw ob :.k: rv._;d clrct.� i.' r ·om U; .:. s ') < �d'a ce  

contain the error couponcnt o f  the data . T hu s ,  i l i  tho o ry ,  th0 L:c thod 

c mable s the behaviour of the re��i onc_l proc e ss e s  t c� b c;  exar::ine d  free 

of exp e rinontal error . l •-: pre. c U. c ,: , t�1i3  situa t i u n  i ::, �Ll o st l c;l:. i e v o d  

b u t  the surfJ.ce ca n b ·. :  i ni'l ll:::: n c 8 ,-L OJ n t h 0 r  e-..·f o c  � s - : ! .ic  . ·. r:_ � l  0 :  

The a pplicat i on oi' tr>::nd c; na lys i s  t 8  [;2 u l l ,gi cE, l  c:t �1J c_:c; oche; :i cal 

map data ha s b e e n  di s c u ::; sc d  and il lust r · t ;; d  i)j' a i l \ L: b • ; I· oi \ ,orker s 

over the la st tv:o de cade s (I>gtcrberg , 1 9 64; C anc ..:·on , 1 9 (<_� ; C onnor and 

Hies ch , 1 964 : Krw-1bein , 1 95 6 ;  1 95 9 ;  1 966 ;  r.lic sch ,"J. nd C onnor , 1 9 6:__. ; 

Nichol et al.  , 1 969) . 

In the case of ge ocheuical data ,  the re sults may be conside re d 

as having three main cooponent s :  
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( a ) Regi onal t rends �luL. t c· l.'1r _:o - � c;1lc  ge ol o ];i cc:..l proc e s ;:; c s  

such o. s  change s i n  t he n�tur;; O J  t he] bodroc]< wil i c h  .-· l i' e t  t!L . ·,": j or 

pa rt cf the sarapling are a .  

( b )  � ocal de v iat i o n s  :f.'r•: th . L :� i : : n - 1 <; r :_-�-, (1 ;. D � <r .La � i  ·ns of 

thi s kind exton�l c v c c  LOl' .; th:.'.L :-m. ; .s · . J i ;L: t> i t ,; B. •L G· nc; l· · · -� i  • ..- ri se; 

( c ) Rando:·: vc·. :::·i· ·.ti c m  over the; S:Ci lpling ''. rv· ' � l S W.l ly- C '". lled 
1 1  noi s e "  which i s  c ::ms ·ccl b y  S'll :pling :o.nu ::.n��lyti c ...,. l  ·J l-r r ;r ( ,'; ti<; c:l , 1 9 64; 
�ie s ch � nd C onnor , 1 9 68) . 

T o  obtain the se thr<..; 8 C < :i ip onent s frou A. trond analy s i s  proc edure , 

the surfa c e - of-b e s t -fit i s  cons ide red t o  bu the regi onal c onronent . 

T he l ocal and noise c rn�pon 8 �t s �ru c onta i n e d  i n  thu dcvi , t ions - �  

u s ua l ly C "t l l e d  n re s i dual s n  ''.nd the l''· t t e r  tv1o c ouponent s : ·. "] �)e 

sep''- r.-:ted by ob serving the s i gn of �.rl j ::. c e n t  re s idu:tl s .  '.'.bere "'- group 

of ''.d j 'Cc e nt r e s i du;c: l s  n ll lr.vu th'-' s· '.rJC s i gn thoy ",re s ·,_id to be 

" ::.ut o c orreln tedn 

conce nt rn. t i on in the soil , the 1 1  eh ... :.� -:: '".noma l o u s  featvre s may b o  

I;Jinern l i sod z one s .  R e sidi..l>c l s  ' .·ho �� ·  s i[':n.s ·rary i , ,  : , rand.om f' - .'3l1ion , 

i . e .  are not ?.utocorrel "' t c d ,  c ont .. :. :i. �1 tho nois0 couponent of the d-::.te. . 

A lthough in cost p r o spe cting appli cnt i on s , it i s  the �ut a­

c orrelat e d  p o sit ive re s i du'"'.l s which are of the most intere s t , t ho 

a c t ual t rend surfa ce nay al s u  bo u se ful t o  indi cate the re gular 

behaviour of the data ove r the arec.. concerne d. 
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The method of trend analysis used in thi s  the sis vn s th"".t of 

I,Iiosch and C onnor ( 1 968) ·who sugge st e d  '1. s t e pv;i se r:mltiple re gression 

p ro cedure using non-polyno:1ial <cs ·:;el l  e. s polynoi·. ,ial ton-:1 s t o  the 

fifth de gree . Their nothod ·,·;-,_ ' b."'. sed ! ;o:;, inly on the J:,ethod of 

E froyr::son ( 1 960)  and en1.b lod i nd c; �x:m•L:1t t c r:.s s e- be· i ndivLL ,��. l ly 

added to or delet ed f ror: t he rogr\..: S 3:L on C C< u.- ··. t ion clo�'� nrli n 1:': o n  'J10 

degree of ir.cprovomo nt they :xdo to the: c :lu� t i on . 'I' . 1c L. v-e;l of 

significance f or the do gr;;c; of improv :;c.,c;nt vn s spe;c i.liod ·· -1it:1 tlw 

input d."'..t a .  

F or u s e  in this thesis a progra;�Jf.J.e b 0.sed o n  the i r  nothod \7?. s  

r:ri tten by the author in .FORTRAH II - D and a discussion of this 

pr ograr�e i s  given in the appendix. 

2 .  Data distributions. 

S ince re gression analysis i s  

ba sed o n  the assunpt ions of nomal lnw , i t  is nec e s sary that the 

di stribution of the dependent ve>.riable be normr.l or at least 

SYJilP.le t ri cal ( C.arrot t ,  1 968 ; _ ies c l 1 ,  1 961+; }liddloton , 1 9 6.3) . 

I t  was found that nlr;ost all thG data s o t s  used in this 

the sis were positively skewe d and be cau se of thi s ,  � b ase ten 

logarithmic transforna tion vm. s oade st.<>.ndard. procedure prior t o  

the ca l culation of correlu4ion c oeffic ient s . 

F or multiple regression analysis , howe ve r ,  the di st ributions 

of the data were more crit i cal and histograms were const rue� 
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for b oth the raw de-eta 2.nd the log::crith: .ic d-..,_te. se t s .  I n s11,; c � Hm of 

the se; hist ograms for the nicke l  and copper c oncontrr. ti on s  Li th8 leaf 

ash of the Hothofa[il_!! sp ocie s  f,nJ. the -20 oe sh soil f n c t ion showed 

that the r" :; d2.ta in all ccc se s  ·.-;ere p o s i t i vely skewed. By trnn sforu-

ation to ba se ten l ognritlrs this skevno s s  was rodu c a d .  Tha re s ul t ing 

for their copper and n;i c lm l  c c nccnt r ,_ t i on .:; ': , thco, -20 m ::;ll fr::-: c ·� ic>n , 

they were o. l s o  transf c :c: ,c;d t :': br� .:;c t e n  Lil/lritl.m s  

3 .  T he appli c�ticm of trend. an._ql;zsi s  t o  t he prc �c_-.:2._-t_ 

study . 

( a) I ntr oduc tion, 

The two primary ob j u c t iv o s  0.1. 

this part of the the s i s  are SU u D risod as f o l l O'.J S :  

( 1 )  T o  c c,Tip[c re tha pl J. nt c:nd soil c onccntr?. t i ;� 1 s  c ·r  1) (•�:h 

nicke l  and coppe r on the ba s is of re gional tre nds �nd l o c,_:.l  de viat i on s , 

a nd 

( 2 ) to inte rpret the tre nds a nd deviations in teroa of bio­

geocheoical proce s se s .  

The first of the se aios \ .' c' s achieved b y  c orn1)utL1g the surfaces­
of-be st-fit at the 0 . 05 level of s icnificanco for ca c� da t� set and 

c omparing tho se surface;:; and Uw positive ::.ut :Ycorr<:: lc, tcd resi . .  :uals 

while ne glect ing t ho reuaining re sidual s whi c h  e ont'tiuGd the e rror 

component s .  
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( b ) Re sult s .  

I s o- c onccnt rat lon c �1t . urs w c r �  

plotted to e nc onpa s s  tho t op 30/b of each data set . Tho se c ;n (; c�urs 

f or b oth the raw data a nd the p o s i t ive autoc orrelat e d  re s idual s 

as w e l l  as the t rend surfa c e s  are shown in F i gure IV - 4 for 

nickel nnd F i gure IV - 5 f or copper.  The trv nd e qu.:tt i o n s  obto.inod 

i n  ea ch cn se are shm·m i n  Ta:Jlo lV - 1 i .  

( i )  ' ' ic l:d . 
T he rc sul t s  sh�:,·;n in Tf'.blc IV 

-1 1 and F i gure IV - 4B , i ndi cat0d that for ni c ke l ,  the -1 20 ; tc sh 

and the -400 ue sh soil fractions shor.ecl slightly great e r  s iDil :::. ri ty 

to the pla nt dc1.ta than dicJ. ei t �·;8 r th0 -20 me sh f raction or the c olcl 

hydr ochlori c a c id fract i o n .  

If t h e  t r 8 n d  o f  tho leaf a sh Cbta i s  c o  . .-,pare J t o  t h e  tr·ond 

for the -1 20 121e sh s oil fraction data , it can b e:  s ..; cn t n:,.t :L: ;�he 

nickel c on c e ntra t i o n  in the soil increa sed,  the conce ntration i n  

the plant a l s o  i n c rea sed but at a s l owe r rate . T hi s  i ndi cated that 

the actunl a ccunulation of nic ke l  by t ho plant wa s de c rea sing a s  

the nic ke l  concentration in the s oil wa s inc rea sing. 

T he aut oc orrelated posi tivo r e s i dua l s  f or eo ch set � re 

c ontoure d in F igure IV - 4C .  I t  c'-; �1 b e  seen f ro;�; this diagran that 

the re siduals for each set shc'.l a gr.:;at or s L: i l ari ty .vi th each 

other than do the raw ��ta contour s .  (F igure IV - 4h) . 



F igure IV - 4 Trend surfaces and iso-concentration contourn of 

both the observed data and the positive auto­

correlated re siduals for nickel in the plants 

and soils .  

1 Observed data 

2 Trend surfaces 

3 Positive autocorrelated residuals 

A Nothofag� spp . loaf ash 

B Soil ,  -20 !;lG Sh fraction 

c Soil, -1 20 L18 Sh f ract ion 

D Soil, -400 nu sh fraction 

E Soil, cold HC l extract 
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Figure IV - 5 T rend surfaces and iso-concentrati on c ontours of 

both the ob served data and the positive auto­

correlated residuals for copper in the plants 

and soils .  

1 Observed data 

2 Trend surfaces 

3 Positive autocorrelated residuals  

A Nothofagus spp . loaf ash 

B Soil , -20 ucsh frac t i on 

c Soil , -1 20 ne sh fraction 

D Soil , -4UO ne sh fraction 

E Soil , c old HC l l;)Xtract 
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T;J3.LE IV - 1 1  
T re nd equations derived -:. t  ·i;hc 0 . 05 level 01" s i :�·ni�· i c ,�. n c o . 

Data set 

Ni cke l 

N othofagus leaf a sh 

Soil -20 me sh 

-1 20 me sh 

-400 me sh 

c old HCl 

C opper 

N othot� leaf a sh 

S oil -20 me sh 

-1 20 me sh 

-400 me sh 

c old HCL 

Log ( oetal concn . ) = 

3 quat. ion 
----- -- · - -- -·· · · --- · --� - · - - ·· · --

+ 1 . 890 - o. OOOOOBX\ 0 . 1 66Y 
+1 . 883 + 0 . 368 L o g  Y 

+1 . 887 - o . oooo1 m:5 + 0 .402 Log Y 
r. +1 . 92 1 - 0 .00001 3XJ + 0 . 3BO Lee Y 

+0. 720 + 0 .0246 y 

+2 .020 

+1 . 71 7 - 0 . 0000025,_/+ + 0 . 429 ( 1 oc: X .  Log Y) 
+1 . 858 - 0 . 00071XY2 + 0 . 00 1 5X3Y - O . OJ0 1 Gi';...I - J . 0Cl-025X.5 

? + 1 . 800 - 0 .485 ( Loc I) � 
+0 .  651 - 0 . 0000001 4YS + 0 .997( L og X .  L o g  Y) + 0 .432X

- 1  

Variance Explained (%) 

1 4 . 2 

23 . 0  

27 . 8  

27 . 6 
1 1  • 2 

o . o  

1 6 . 4  

24 . 1  

9 . 3  

1 7 . 8  
CX> 
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( ii) C oppe r . 

The trend e quat i on s  and surf··,_ c e s  

f o r  the plant da ta ( Table IV - 1 1  and F i gure IV - 5B ) sho·.ved that tho 

leaf a sh t e nded to contai n  a c c nst2.nt c onccn cr2. t i on o.C c opp ,·:T i . o .  

1 05p . p . m .  There ·Na s  no dire c t i onal c c:'lp onent t o  J: ho t r0nd. L' hi s 

re sult wa s i n  c ontra s c t o  the.; t r e nd surfa c e s  obtained f o r  tl1c; s oil 

fract i ons which all te nded to a ::<axi;twn at the south side of the 

sanple grid. 

The aut ocorrela ted pc' sit _i_ ._- .. : r0 si <lUP. l s  ror t.ho l·J i .L' :- :>l1 d.A t �: 

refle c ted local do via tions of th .. -. lo · · f ·: sb c o : 1  t.__ i-. C ' . r) <we l;h,: ( : j_�t irlll.i 1 

value of 1 05p . p . Q . 

re sidua l contours (? i ;;ure n.- - 5 G ) it \'JH 3 :-t ·p lrcnt thP. t  Utc :O rJ i l  

c oppe r c onte nt wa s not the sole fr.tctor influ·3 n c in{� t.l1o s e r}::;v_i_.:: t i on s .  

( c ) D i s cu s s i on .  

S one colli1ont 1.m st b G  no.dc a t  thi s 

point c onc erning the validi ty of the trend s urfa c e s  ob tu.i n.:;cl.. i, 

neasure of the 11 goodne s s-of-fi tn of a tre nd s urfa ce i s  a f:i:' or(L:..; d by 

the percentage of the variance in the original data which i s  explained 

by the trend e quation . Thi s percentage variance explained by each 

equati on is give n in Table IV - 1 1 .  

Howarth ( 1 9 67 )  ha s shown th?,t l ine a r , l ine2 r ;)lus qunclr:ot i c  

and linear plus quadratic plus c ubic surfaces which ex1)l1 in lo s s  

than 6 .($,  1 2 .0}6 and 1 6  .. 2}� re slJec t iv o ly of  the t otal v::1 riance of tho 
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depende nt variable , ha ve a. 93'/o c hanc e of b ei ng de rived fron randon 

data . N i chol e t  a l .  ( 1 9 69)  u s e d  t r e nd surfa c e s with s ini lar l o vG l s  

o f  explanat ion t o  c o;:.pare the !1icke l c ontent s o f  st rean se dif.:ent s ,  

soi l s  a nd rocks .  I n  the re sulting di s c u s s i <m ( P::-. r s lcy ·cn:l D , ;v G ton , 

1 969 ; N i chol et a l . , 1 970) , IIichol et al. pointed out thEct thu surfac e s 

were highly si gnifi cant (;::>99 . 9%) an d t h-'lt they had c on side r e d  the 

val idity of then to be i l lustrated by the de gree of correlat ion 

betwee n the surfac e s  and �ith rolling mean an�lysi s . b U c � tt ( 1 ) 63) 

a nd T i nkl e r  ( 1 969 )  sho·,re d  tJ:e �  evon · :he re t he exp l"'t n- · c i o n s  of 

surfa c e s  f e l l  ;·Jithin t he li1 ;it f: p r ; , :)c- s e d  by }Irr. :'l.rth ( ·1 '-)67) , ;• n 

a s s e s soe nt of thei r v<t lidi ty c ·)ul'l b . .; : ,,·, d.c in t e r . o c.f Ul( · '·:no•.:n 

ge ol ogy. 

I n  the p re s ent stu:ly, s o;_tc surfa c e s 'J 1l to quintic tlc; grc.c ·so re 

derived whi ch sha.:ed low explana t i on s  ( T a b l e  IV - 1 1 ) .  r he s c  

su rfa c o s we ro , howe ve r ,  c un s idcre d  t o  b e  va l id be c ause o f  t he 

agre ccent shown b etwe e n the di ffe rent data se t s .  e .  g1 in T able IV -1 1 
and F i gure s IV - 4 and IV - 5 ·  T he c orrelati on c oeff i c i e nt s b e tween 

the data sets ob tained in SECT I ON IV -D supported this conclus i on .  

The re sult s f or each netal a r e  di s c u s s ed in t urn . 

( i ) Nicke l .  

J,l though the fl.gree, w nt botween 

the trend surface f or the plant dat.<J. ". nd tk; trend surfn c e s  for the 

- 1 20 me sh and the -400 me sh s oil frac t i �•ns is slir;h t: l y  bett8r tha n  

for the other so il frac t i ons , the di ffere nc e s  betw...; ei l  t he trend 

surface s  for all soil frac t i o n s  wa f. not great . ..:. s th_j -20 JI!e sh 
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fra c tion is relatively c oa.rse, i t  i s  likely that ·3. larger sanplinr:; 

error , causGd by differing r-<:.t ios of we athe red t o unweathered I'lo.te ri.J.l 

would be present , wit h  the re sult that thl:: ree;i onf, l trend '. : ,  ulcl bo 

more diffi c ult t o  detect i n  eithe r the total or the� c uLl -cC l -

extractable anELlysis of tho c oarse fra c t i o n . 

F roq the si;-1ile:.ri ty that -.'l<>. S  appare n t be tw-.; e n  the:: tr :mrl 
su rfaces f o r  the plant �nd S <•il J : t : , it -.-:a s cviuJ ;lt thE:-.-t tll·..: n i c ko l  

c oncentration in the l eaf a sL -, , -. "· ·L:tor. !i nc ci l"'ri: C'o rily -l!y e h ::  

c oncentration o f  thi s oe t::. l i r:.  t l h  s •:il . I t  ·. :.<;., s  :-. l f; . ; •Jb ;:; c_c nr,_;d tha t 

the; re lati vo e:. ccwJulation of nicl ; _:_  i n  tlh� lc,::: l' a sh d. J c l·oa s o d  a s  

a me tabol ic proce ss nhicl.1 th.:. pl�;.nt opu r·'l ted to ,:;zclu•io nicke l  f ron 

i ts t i s sue s a s  the c oncentre.tion of t hi s  ue ta l te nded to b e c o:"c 

pote ntia lly toxi c .  

T here i s  anoth e r  po ssib le proc e ss which nay have l e d  t o  the; 

exclus i on of nicke l . ;, here tho re ·,1 c ro high concontrations of nic ke l  

in th<3 s oil ,  the HC l- extractable nickel c once ntrations vrere also 

high. I n  addition t o  ni cke l  ho·;:eve r ,  a l l  t1xJ othe r L.let:;_l s c iv-lys8d 

in the HCl-extracts , i . e . coppe r ,  zinc , chrOl::ilh , ,  cE1 l c i tl ' ,  ,;J :;nesi lliJ 

and pota s s iULJ s howed high c oncentration s in the soils c ontaining 

hi gh c onc e nt ra tion s of extractabl8 uiokel., Thi s wa s apparent eve n 

if the total concentrat ions of the se othe r Retals in the soils were 

relat ive ly low . It was obse rve d that the se high c onc C l1traticns cf 

HCl-extra c table metals occurred in the r;n in dr1 ina{!.2 bo.sin of �:he 

grid area and this indi cate d the:'-t the s e  l" rge oxtra c  c <;le -:>. �ount s 

had arisen from downhill le::1. ching or �; <,luble :1e tal c c  :pounds. I t  

theref ore seemed like ly th�1 t the exc lu si on oi' nickel fro;�: i:he leaf 
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wa s due t o  c01:1pe ti t i o n  b e tw�on tlt0 :·1,;-ta l ions  for r< " >t " , ;y_,r·: ;tion 

s i t e s .  Thi B conpo t i t ion n2 y s. l s: ,  hwc ::.ri sen i tl iJ1,_, t nm :.;lnc t i on 

p ro c e s s e s  i n  tho p la n t s  i.L t]F; s -,;  : :8t.:o.l ionG ; __ , ,v ,c: in l , l,'-' vc� sc ulr: l' 

sys t er;J s  a s  c onplexe s .  T id s  '"crgu::cnt Ltpl i e s  tln t si,_,ilEtr <l..o c r.;,.,_ees 

i n  the relo.tive a c cw:ml::ttions of the othar ue tal s ;:.Just occur al s o ,  

and , i n  fa ct , thi s wa s ob s0rved ( see SECT ION IV - H) . 

The agreeme nt sho·:m between the autoc orre lated re siduals f o r  

the plant data ancl tho se f :.lr t h o  s d l  dE. ta , further supp orte d tho 

c on c l u s i on that thCJ nicke l concentra t i on in the plant wet s du tor .ine d 

pri�arily by the soil concentrat ion of nickel . f ho d� re s u l t J r l s o  

showed tha t the anor.;al ous are a s  o f  n i c ke l  c once nt rat ion a s  sbmvn 

by the plant s were a reliable; guide to the area s of anor::al ous 

c o nc e nt rat ions in t he soil and in thi s re spe c t  b i ogoochonica l 

pro specting for n i c ke l w> i nt; the .� . .  c.t_h_o}'aciU.£ genus i s  f0 ·-u ;ible . 

f or the c oppe r dat�. ( SECTION IV - D )  s ho-.-JeJ. that th<Jre ·.w.. s not et 

strong plantx: soil relat ionship for thi s me ta l .  .F r o;J t he re s ult s 

pre sented in Table IV - 1 1  and F igure rv - 5 the reasons for this 

poor relationship were apparent. 

The trend towards a c on stant c opper c onte nt in the leaf 

tissue sugge sted the exi ste nc e of s ot.1e r;Jetab ol i c  proce n �  in the 

plant which was regulating the accumulat i on of t his  metal . It has 

been e stabli shed that copper i s  essential for nomal growth ( B owe n ,  
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1 966) and in view of thi a ,  th2 p r c.: s ,_, nt � ·i nJj nc r : · . ; nu c surfJr� s i ne: .  

Y,nat was rathe r s urpri s inc \ -''' " th· d; t h" l c:H� l ' -�� ln t �L'" d b .- t :·,c 

plant s wa s so high L e . for t he lf..?i!f2fctgus ge nu;:; , · � - ' i roxi fLtcly 

5p. p . u. coppe r on a dry vtoight ba s i s . It i s  go nerally n c knul rlc; clgod 

that th0 s p G c i f i c  ro qui rcr:;unt of plants for cop!J c; r  is v er·y uuch 

lowe r than the actual anuunt pre s e nt . i . .  their t i s sue s a nd for 

thi s rea s on it night bo as sune d that the plant '>'lould exert c ontrol 

only ovo r  t he a c c ULmlation of the required a;;,ount . Th..;; pre sent 

re su lt s , ho'il8 ver , sho·ll' that the pl -'lnt c ontro l s  thd a c c u._,ul,tti, ''i of 

uuch more c opper than it require s for i t s  i .:· 0diate u s ;:; .  i' lli.-, 

sugge st s  that the extra copper doe s forn soue , a s  yo 1:; Lm1 �no·;m , 

function or that tho plant uai ntain s " pools" of copper froo which 

it draws i t s  requirenent s . 

when c ooparod tc' the a u t o c orre le. �·. c :J  v � s i t iv ·:: r c ::> i 1y: l s  � · - � '� hr_; scil 

data i nd i c cc t e d  thR t altlwugL hi:�  C '  r lK; r  C C'l1C � n :T'l :; i <'l1 S i ;1 tl::u s n i l  

s one other nore infllw n t i :· l f:.1 c t - n ;  wh i ch c-c u.su.J ttG cl. 0 1' �- ' ; ; i • 'n of 

the c opper c onc entrations in tho ash n-vr:1y fror.: the: opt Lm· . .  lc:vol of 

1 05p. p .n .  The nature o f  the se unknown fac tors wa s not undo r st , ;ud 

b ut a te chnique of e stimating thei·:r effects is pre sent e d  in the next 

section.  

( d) C onclusions. 

By using trend analysis , two 

dif ferent set s of data , nanely the natal contents of plant ti ssues 



and the uetal c on t e nt s  of s oil s ,  •:•oro C l;, ,J"'.r..; J b,, s'-' ; J " r � ting t>e 

sawpling e rror f roJJ u .l.ch d :: t". S _: t , l'he r .c. ::- i nin::; d : L '  :> L! -;� :.; ·.th i c h  

c ontained c oopone n t s  att ributEtblG to r c : ;i ona l . ,  nd 1 �  e e l  i ni' l u cncG s 

were i nterprc t u d  i n  t o rus of thu fac t o r s  i nvolv e d  i n  t hu b i OG(.) O-

c henical cyc ling of ue; t.·'ll s .  

I t  wa s shown that the c o nc8ntrat ion of nicke l  i n  the leaf a sn 

wa s deteruined t o  a large oxt o nt by the c on c e ntration of thi s uL: tal 

i n the s oi l , whe reas f or coppe r i:;he c on c e nt rat i on in the leaf a sh 

wa s a fun c t i on of the plant ' s  spe cifi c re qui rei:le nt s r . : !' thi;_, , , . .:: ta l .  

I n  the c a s e  of n i c ke l i t  W-3. 8 s hown tha t when the re gi onal 

influenc e s  were reL:oved fron the plcmt and s o i l  datn s e t s ,  tha 

re::�aining p o sit iv e  o.ut oc o rre: lc: ted re G i du a l s  f o r  t h e; plant cl1.t:c 

showed v e ry good agro ene!1t Y-:i th r. llosc.: .i. 'or t h0 s o ils . 

B.£thofagus go nus were pot c nt i:-. L L: 

prospe c t i n g  for nicke l  ln Pe':i Ze-"l" ncl . 

.... . -' ·. V 
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F .  THE HiPROVED PREDiC TlGti 0_,. I,C� r.�L C t., , ;c;...:;,rr_LTIC!IS H f  �'E..:. 
----- --·-- . ..  - e -o--. --...- • �.._ -. ..... • • • · �  - - -.. - · .. -- ·--�- --, .., _ • •  ,. _,._.., ___ • •-- • "" """- .._. .• _ .,...-.,., 

1 . I ntr oduct i < :m .  
---r -.ou.·---� 

I n  SBCTION IV - E i t  was shown that 

the c once ntration of n i c ke l  in the leetf a s h  wa s de te ruined i-'r i. ,a ri l,y 

by thu c oncentrat i on of thi s ;·1e tal i n  the soil and partly by s o  !C 

othe r factors , whi lu f o r  cop�e r ,  tho c oncentrat i on in t ho leaf n sh 

wa s r e gulated na i nly by the.: plant o ut vra s a l s o  aff u c t e d  by s ono 

other proce s se s .  I f  s one mea sur.1 . .  f the o f  1''-" c t s  oi' the se uukll c.w n 

fac t or s  on the re la t ivG a c cLu:mlat ions could bC: 1' ... u11d , t!w 11 :..: - )rre ct-

i on s  c ould b e  oade for then , ·,·Jith the re sult th� t the ; !E:tnl c 0 !1cen-

t ration s  in the s oil could b e  predi c ted r:ouch nore a c c u rately froG 

the c o ncentra t i ons in the l e�f ash . 

vvay t o  allov1 f or th0 S'--' f q c t ·  r s  ·._ , c� s t:l  J.eriv•. '  -, r >J'C; ; , s i on equa t i on 

c ontaining the inf l u e nti�l fa ctors n s  tho indape nde �t va r i �bla � ,  

a nd the r e lat i ve c.c c lli.lu lation a s  t he de pe nden t  variab l e .  Mult irlc 

re gre s sion analys i s has b e o n  di s c u s s e d  briefly a s  a pplied to trend 

analys is in SECTION IV - E but a further c on;:�ent w i l l  b e  made here 

about the foro of the e quat i on . The e quation i s :  

M = K + K
1 

x
1 

+ K
2 

x
2 

+ . . . . . . .  K X + . . . . . . 
n n 

where M = relat ive a c c uoulat ion of the we tal ( de pe ndent vs. ri 'l ble ) 

K = regre s sion c on stant 

K1 • • • • Kn = re gre s sion c oeffic ient s 

x1 • • • •  xn = fact ors influencing the ac c�ulation of the ne tal 

( independent variables) 
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F ror.J. this equation , at any point on the c;rid .::rea , tlio 

relat ive accumulation could be predicted siElply by o.ea surinc; the 

fact ors x1 � ! • •  xn and carrying out the nece ssary computation. 

By dividing the concentration of the metal in the plant ti ssue by 

the relative accumulation , the concentration of the netal in the 

soil could be found. 

3 .  The indepen�ent variables selected for regression 

anal.z.sis . 

In soloc Ling the independe nt variable s 

to be te sted by the regre ssion an:1 lysi s ,  it wa s b orne: in ! cinJ. that 

the factors finally appearing in 2. n o nu3.t i r:.n ·;muld h'-'-VO t:: b 8  

measured during a pro specting survey either in th;:: i'i�ld nr in the 

laboratory. 'rhi s ruled out vario::.ole s such e s  :::c t-'ll c''nce;ntro. tions 

in the soil , pH etc . since tho s0 wnul d involve th::J c ollcd:ion of 

soil sanple s which wa s to be av oided. 

The independent variables eh osen for the regre s sion analysis 

included the concentrations of all the netals analysed in the leaf 

ash as well as the e stioated height and oea sured diaoeter of each 

tree sampled. Also included were ; the height at which leaves were 

sampled fron each tree , expre s sed a s  a fraction of the total height; 

the slope at each sanpling site aeasured with a protr.:tctor < md 

plunb line and the altitude at each site neasured fron a survey 

map contoured at 50 feet intervals. 
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4. D i st ribution of the independent variab lc s o  

I t  was 

mentioned previous ly ( SECTION IV - E )  that variables used in 

regre s s i on analysi s oust have near norma l di stribution s .  However , 

it wa s shown in SECTION Ill - F that for nicke l  the relative 

accuD.ula.tion value s fel l  i nto two groups with N . fusca and Nt.t::£':1�� 
in one a nd N , menziesii in the other ,  and f o r  copper the value s were 

different f or all three spe c ie s .  Thi s :L-:1plied binodal ancl trinodal 

frequency distributions for the relative a c c uoulation s  of nicke l  

and c opper re spe ctively due t o  spe c i e s  differences . S ince the se 

di stribution s  we re not suitab le for r egre s s i on analys is , the 

relat ive accUP.lulation value s for each sp e c i e s  a nd each r:1etal v;cro 

transforned to give then a geo:.<etric ne a n  of 1 . 0 .  Thi 3 re; 10ved 

the va riance due to different spe c i e s  b ut l o st none of the ve. rinncc 

due t o  othe r b iogeocher:1ical fact nr s . 

F requency hist ograns of the re sult ing relat ive ac c UJ.:ulati on 

value s ( approximately 1 40)  we re c onst ruc ted for each octal , � r oo 

the se it was noticed that there were a few value s for each netal 

which lay wel l  above the bulk of the data and that the se value s 

corre sponded to saople s from mine rali sed sit e s .  The se values were 

removed from the sample population for the following reasons : 

( 1 ) The di stributions with the high value s pre sent were 

multimodal and as such would have adver sely affe cted the regre s si on 

re sults.  

( 2 )  The main aim of this study wa s to evaluate the effect s  

of factors other than mineralisa tion which QaY have influenced the 

result s .  Value s which were ve ry largely influenced by minerali sat ion 

were theref ore not applicable to the r egre ss ion analysis . 
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The above i ndependent variable s c orre s pondi ng t :· tho re lative 

accumulation value s were also che cked for distr±bution by plotting 

frequency hi st ograns . The di stributions of sooe of the variable s 

showed lognorr:�al tendencie s , s o  they , a o  well a s  the r elat ive 

accuwulation value s ,  were tran sformed to base ten logarithL:J.s. ( See 

Tab le IV - 1 2 ) .  

The frequency h i s t ograns for th<J depe nde nt .:1.ncl i :1dv tF:;nd.cnt 

variable s used are shown in AppenUix II . 

ca rrie d  out by the saw.e proc c Jur..; :l. G uso -J prO \' i ouGly 1'o r  l. r·.::: :1cl 

analysi s . The progr-1.;- ,; io writ � e n  �· c::r th2 trenJ �tr.9.l_y :.J i s  : ;or·h. ' vo. s 

va riable s sele cted f or th8 pro sont st udy. ( S ee !;.ppcnclix IV) . 'I'he 

derivat ion of t ho regre s s ion equat ion 7la s carried out at tHe leve l s  

o f  signifi cance ,  1 . 0 and 0 . 1 0 .  J .. t a significance level of 1 . 0 1  all 

the independent variables  te sted were inserted into the equation 

and at the 0. 1 0  level of significance only tho s e  variables with a 

9o% probability of explaining sone of the variance of the dependent 

variable were retained in the regress ion e quation . 

6.  · Re sult s .  
The equations and the percent of the 

varianoe of the re lative accurmlations which they explain are 
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give n  i n Table IV - 1 2 .  

The regre s sion e quat ions containing all t ho independe nt 

variable s we re found t o  Gxplo. in 34, 0'/o and 35 . o%  of the variance 

ob served in the relative accULmlat ions of nickel and c opper 

re spe c tively. However , it can be soen fror.1 the table tha t most 

of t he regre ssion c oeffi oi0nt s c ontained a large error and uere 

thus expected to be unstable with re spe c t  to s l ight change s in t.he 

data . On the other hand , at the 0 . 1 0  leve l of si.,;nif i cn.nco , :-,nly 

two independent variab le s  were retained in the regres sion e quation 

for nickel and seven for c oppe r .  'rhose va riab l e s  were t ho se 

c o nta ining the lea s t  e rror . It should be noted th;::�t  whi le the 

equat ions at t he 0 . 1 0  l evel c-,1' Ji�;ni f i c anc c GX):Jl-'.ined r:·t t h,·:r l e s s  

of the varianc e ob s8 rve d  i n  th;_; dt3}.JUndt mt VP. r i �  IJ le , th r  s e  ,> ; c\c-.. t ions 

were expected to  be le s s  suscoptibl <; t 'J  s.  :-:11 d: : t �, cll :cn(:o s nnrl_ 

thu re f oro t o  have uidcr appl ic:"c t i o n  k othl;r dFtt?. s-:: � s .  

I n  the ca se of nicl:el , the, only independent vo.ri<.1'b lc s -,:hich 

we re significant at the 0 . 1 0  leve l , were the l ogarith.;.; of thG n i c :cel 

c on c e ntration in the leaf ash and the alt it ude at each sa;: :pl ing sit e . 

F or copper , on the other hand , s even independent variable s , 

two physical variable s and five me tal concentrations , were retained 

in the re gres sion equat i on at the 0 . 01 s i gnif icance leve l .  



TABLE IV - 1 2  
-----·-------"""�� -· 

Results of regression analysis .  

,_..,... _,.,�.-- ., 

1\T ; nkel r ��pper " � "  ""L;;;l nf csi,:; . ·1 . 00 l L;vol of ::;i;;. 9 . 1 0  Levol -:-· f  sig . 1 .00-� - Lev�l 
-�·- - --·---1----

A ��  c 

F 

of sig. 0 . 1 0 

Independent variables Means A B �· A B C 

L og Ni concn. in plant 2 .. 228 -0 .405 ���9- -0 . 902 -O . lf47
- ·-;. 1 6;;· · v

�0 .-9·�6 
Log C o  concn. in plant 1 .793 -0. 5 1 7 0 .433 -0. 927 - - -
L og Cu  concn. in plant i 1 . 904 l 0 . 539 0. 2 1 5 1 . 02 6  ! 0 .499 0 . 1 78 0 . 950 
Log Zn concn. in plant ! 1 . 943 1 0 . 1 85 
Log C r  concn. in plant 1: 2 . 638 I 0 . 929 
L og Fe concn. in plant 3 .. 091 l -0. 1 27 

Ca xoncn. in plant I 4.431 � -0 . 057 
Log Mg concn. in plant I 0 •. 61 7 I O . 997 
Log Mn concn. �n plant ij 0 . 098 1 0 . 1 07 

K concn. 1n plant 1 • . 447 -0 . 01 4 
A sh  as % of dry weight 4 •. 895 -0 .002 
Slope of terrain 33�51 -o.005 
Altitude of sample site 21 0 •. 0+ 0 .0002 
Log of tree height 1 .·257 0 . 052  
Log of tree diameter 0 . 255 0 . 204 

0 . 31 1 
0 . 3 1 9 
0 . 2 36 
0 . 045 
0 . 444 
0 . 2 3 �  
0 .0 1 6 
0 .04-7 
0 .004 
0. 002 
0 . 32 1  
0 . 255 

0 . 359 
2 . 45 1  0 .  ]0 '1 0. �42 2 . 1 '1 3 

-0 . 393 - --0 . 2 53 -0 . ij) 6  0 . 040 -u . 24·3 
0 . 61 5  1 . 0 1 9 0 . 386 CJ .  629 
0 . 01 0 

-0 . 020 
0 .01 0 

-0 . 1 67 -0 . 006 0 . 004 -0 . 20 1 

0 .042 
0. 065 
0 .052 0 . 2 1 9 0 . 097 0 .056 

0 . 5 23 0 . 1 1 9 1 . 1 65 , 0 . 501 
0 . 008 0 . 266 0 . 01 4 -
0 . 1 1 2  0 . 1 02 0 . 2 1 3 j 
0 . 1 5 9 0 . 1 84 o .  309 l 
0 . 205 0 . 1 93 0 . 541 ' 

-0 . 1 1 5  0 . 1 60  0 . 355 I 0 . 028 0 , 027 0'  1 24 
-0 . 277 0 . 26o -0 . 1 40 j 
0 . 061 0 . 1 39 0 .006 1 
0 . 003 0 .009 0 . 004 

-0 . 00 1  0 . 027 -0 .005 
0 .001 0 . 003 0 .034 
0 . 003 0 . 001 0 . 630 1 0 . 003 
0 . 1 41 0 . 200 0 . 1 77 

-0 . 070 0 . 1 55 -0 . 01 8 
Sampling height as  � 

fraction of tree ht . f 0 . 5 68 I -0 .005 9 . 1 7� -0 .003 L - - - _l���) 8 . 1 0 6  0 .062 

Value of regression constant 

% of variance in relative 
accumulation explained by 
regres sion equation . 

-1 . 678 

35 .0 

-2 . 332 -2 . 627 

32 . 5  34. 0  

------------------------�---�·-"-- ·- ��--�· �- �A-�------------· 

A - value of regression coe1'fici ent 
B - error in regression coefficient 
C - Mean of independent variable mult iplied by regression coefficient 
+ - altitude reduced by factor of 1 0  to aid computation. 

B C 

0 . 090 1 . 1 1 6 

0 . 001 0. 630 

-1 . 701 

2 6. 5  

� 

\.N 0 
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S ince t he total vari;1 ncc of tho 

relative accumulation value s is a funct i on of the varianco s  of the 

concentrati ons of nickel in both the leaf ash and the soils ,  it wa s 

expe cted that the concentration of ni cke l  in the leaf ash woul d 

appear as  a te rn in the regre ssion equation .  It  was noti ced i n  the 
trend analysis re sult s ( SECTION IV - E) that the relative acclli:lUlat­

i on of nickel tended to de crea se as the concentration of thi s  r"1etal 

in the soil increased,. The trend equations als o  showed thnt tho 
higher c oncentrat ions of nickel  in the soil were in the i c\ !Cr 

altitude region of the sampling grid. This wa s probably due to  

downhil l  leaching of  soluble niokel.  In  the regre s sion e quation 

derived in thi s section for n i c ke l , the altitude term wa s inserted 

to allow for the decrease in thD acctL 1Ula t i on of t h i s  :.1e till with 

increasing nickel concentratinn in the s oil . (his C; 1U·'l t i nn ',-;as 

considered likely to have general <1pplic�1 t i 0n t c  t h , area in !:.he 

vi cinity of the study re gion since in any steep t u rr:c in a siuilar 

drainage basin accur.1ula. t i on oi' nic kel nculd bo OXIk· ct,;d , wi th the 

re sulting relationship between the accur.mlation of nickel  by the 

plant and the altitude. 

( b) C oppe r .  

Of the seven independent variables 

retained in the regre s si on equat ion for copper , the raost influential 

were the concentrations of chroQi um ,  nicke l  and c opper in the l eaf 

a sh. ( s e e  column C in Table IV - 1 2) .  The r elative accumulation 
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i ncrea sed wit h inc reasing c o n c e nt ra t i '. m s  of chro: :iu: . : 0.nJ C Olipcr and 

de creased with i nc rease d  concentrat i on s  of' nicke l .  l'h..:; pre sence of 

copper in the regres s io n oqua t i an '1� s expe c t e d  us axplo ined abovo 

for ni c ke l . T he fact that the n::: lc-, tive ac c LLmlCL i: i on incrGasecl v:ith 

increasing chrooium c oncentrati on in the l eaf s eeded to indicate 

sono type of nutual s t inula tion of accumulat ion between copper and 

chrooim1 ,  whi le in t he case of nickel the effect s eeoe d  to be 

antagoni stic . 

T he othe r indepe ndent variable s reta ined in the re gre s si on 

e quat ion were all le s s  iuportant . F or the o ther cetz, l s , c:--tlcilu "L  

and magne s ium ,  the rea s ons for the ir e ffe c t s  we re probab ly very· 
cooplex and a s s ociated with the effe c t s  of nicke l  and chromium. 

The s lope of the terrain : ;ade a s i gn i fi cant c ontrio ution 

with the relative accunula ti o:1 i n c re a s i n c;  w i t h  de c reo. s i nc; sl ope . 

This nay b e  i nt erpr e t e d  as a fun c t i on o f  dr2 in" t'::c ._,: i eh a t;rc:-.·i: c r  

ac cumulat i on in areas of poor dr.--, in3.6e • .i.' h i s  t; ff o ct i·.'a s a l s o  

observe d b y  M i  t che l l  _9t a l .  ( 1 957)  who noted an i n c ro a s i ng 

accuoulation of some nGtal s by pl.::tnt s in area s of pnur dr,"l :i.nG.t;e 

relative to well drained s o i l s .  He att ribut 8d thi s ob serva t i on t o  

a n  incre as e in the " available11 conc e ntra t i on s  o f  these oeto.ls i n  

poor�y-drained soi l s .  

T he last and least signifi cant variab le wa s the t ree dianet e r ;  

wi th the re lative accumulation incre a s ing with increasing tree s i z e .  

However , the c ontr ibution thi s t e m  made t o  the regre s si on G c1uat ion 

wa s negligible . 
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T o  evaluate the usafulno c; �  -.:.f t h < )  a qunt i o n :::; d.oriVGil a·;; Uw 

0 . 1 0  lev e l  of s ignifi ca nc e , they �ere u scJ to pra� i c t  th� s il 

c onc entrati ons of c oppe r and n i c l:c l  fr .)L; the c or;c�:n t r 1;c i on s  of the s e  

netals i n  tho l eaf ash nncl th"' v,: l uu c;  d '  t h;; i nfl'.l·..;ntial i'e:. ctor s .  

Table IV - 1 3 lists tho c orrela t i on c o e f f i c i e n t s  of the 

ob s e rved conce ntrations i n  the soil '.'l i th both the plant data J.nd 

the predicted soil data . F or b oth oo ta l s ,  the corrolations arc 

higher for the predict e d  s o il d'J.ta than for the plant data. F or 

nic ke l ,  the inproveruc mt i s  not groat because the plant data already 

c orrelated well with the s o i l  dE: ta but f o r  coppe r the iuprove: •.o nt 

due t o  the regre s s i on e quation i s  c on s ide rab le . 

Graphs of the plant ver sus the ob served soil and the 

p redi cted s oil versus the ob served s oi l data s e t s  aro pre s e nted 

in F i gure IV - 6. The sano ge neral iuprovene nt can be seen.  

trend analy s i s  a n d  the trend �urf0_ c c s  d,-;rivccl _ ,  �- th..: 0 . 05 l C; v o l  

o f  signifi cance a ro c or.1p:1. ro d Hitl!  tl10so l' or the , J Lt !lt d rtta tlnll f or 

the ob s erve d s oil d:1tn . ( F i s'Uro IV - 7) . 

In the case of nickel , it can be seen that t he trend surface 

of t he predicted s oil c oncentrations was a s lightly diffe rent shape 

to either the surface for the plant data , or the surfa ce for the 

ob served soil data. However ,  the actual c oncent ration contours 

of the surface for the predi c t e d  data c orre sponded very clos e ly i n  

position to those o f  the surface for the ob served s o i l  d£,ta H i  th 

the exception of the lower c oncent rat ion regions . F ror, the ob served 



Figure IV - 6 C oncentrations in the Nothofagus spp . leaf ash 

and predicted concentrations in the soil ( 0 . 1 0  

level of s ignifi cance ) plotted aGainst the 

ob served c oncent ra t i ons in the soil for nicke l  

and copper. 

A Nickel  in the plant versus ob served nicke l  

in  the soi l . 

B Predicted nickel in the s oil versus ob served 

nickel in the soil. 

c C opper in the plant versus observed copper 

in the s oil .  

D Predicted copper in the 3oil versus ob served 

copper in the soil . 

N .B.  G orrela tion coefficients ( r) are shown on thcJ 3ralJhs . 



-

-
z 
0 
� 

A 
r = o ·630 

• • • • • • • 
• • • • • 

• • 

• 

• 
• •• 

• • • 
• 

• 

• • 
• 

• • 

. . " •• • • • • . ., . .. 
• • 

·' • • ' 9 • •t:• � 

• • 

... '·· .< • .. ' ,. ·... . • •• • • • • • • •. :. . . ( . • • • 

8 
r = o ·664 

• 
• • • • 

.. . . ' • • . · ' 
•• .. 

• • 

• 
• 

• :�4: • 
• .. . • . . . 

. •;� 
. . :t·��� . 

• 

.. .  ··lli . ·� . . -... ... . .
. 

. 
. 

.,
, 

• 
• 

• 

� 1 0�--�--������----�_.�_.���----�--�._���----_.--����� a: 
� 
z 
w 
(.) 
z 
0 
(.) 

c 
r =0·3 5 2  

• 
• 

• 

• 

• 

• • • 
• 

• 

• • • fll : .  • - · <· • • • .. . ,., • • . r,. • . • . • • • \ e  I •• .. • 

• 1. : . . ' . . . . 
. . . . ., . • 

• •• • .. . fll • •• I . . -
• • 

• • • • 

• 

• 

1 0  0 1 0  

• 
• 

D 
r = o·6 1 7  

. ' 

• • 
. . ... . . 

.. .. . 
. . . ' . .. .. . : • • . . ' • • • • • • • 

• • • 
• • •• • 

• • • • 
• • • • . . .. • • 

•• • 
• 

' 
• 

• 
• 
• • 

1 0 0  
C O NC E N T R A T I O N  ( P. P. M.) 

F i g u re I V - 6. 

• 

• 
• 

• • 
•• ., . . ( 

·
· . • • 

• 
• 

• .. • • • • 
. .. \ 

I 

• 
• 

• • 

• 

• 
• 

1 000 



F igure rv - 7 Trend surfaces  ( 0 . 05 level of significance ) of 

the ob served and p redict..; d  da ta . 

A Nickel c ,-,nce!·I't;r.:-t tions i n  t he .Not}lol'c� 
spp . lcn f .� sh. 

B Predicted nickel  c oncentrations i!t th' � s c i l . 

C Ob served �ickel concentrations in the s oil . 

D C opper concentrations in the Nothofagus 
spp. · leaf ash. 

E Predicted copper concentrat ions in the soil.  

F Observed copper concentrations in the soil. 

N . B .  C oncentrations in p . p . m. 



A B 1 0 0  c 

1 50 

D 

1 0 5  

F i g u r e  I V - 7. 



TABLE IV - 1_2 

C orrelation coefficients  for nickel  and copper between the observed concentrations 
in the soil  and both the predi cted concentrations in the soil and the c oncentrations 
in the leaf ash. 

----------------jf- C o:;�::l;-��;;���)--1 · ·���� -��;:l

e

s���;�:;�F-� := 

i"lickel in soils ( obscrvc;d) i 1 2 1 

I First variable 

r C opper in leaf ash 

Nickel in leaf ash • i I 

C opper in soils ( predicted) C opper in soils  ( observed) 1 24 
Nickel in soils ( predicted) Nickel in soils  ( ob served) 1 2 '1 

-------------�-----·----·- - · --·---- -- ··---- ----· ·,. ·-- -----.. - - -- -- -- - - - - - � -

0 . 630 

! - ---
l S ign if .  0 . 1 0  j SignH.1 • 00 

o .  61 7 0 . 635 

0 . 6 64  0 . 705 

->. 
\,.).1 +-
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soil trend it can be see n that there wa s a rapid increa s e  in nic k.EJ l  

c once ntra ti on ove r a relative ly short cli stn ncc i n  tht:: v i e; ini t:v of 

the sediment/ba s i c  roc k contact ( SECTION Ill - A) a t  the we st s i de 

of the grid . Tho p lant analys·-' .'3 did not dc toct this c ontact ui th 

the same de gre e o f  pre c i s ion , --,_n.l 'l. S -:::. re s ult the.: c c i1t :t c t  ·wa s not 

apparent in the p r e di c t e d  dr.1t2. . Ho.wver ,  tho gone;rn l agreo; lent 

of the p re dic ted with the ob served soil data wa s very g·:>od. 

The copper c once ntra tion in the leaf a sh wa s found t o  have 

no directional trend but a constant c ontent of coppe r  ov e r  the 

whole area. On the othe r hand , the trend surface for tho p re dic te d 

concentrat ions of c oppe r in the soil showed con side rab le s imi la ri ty 

to the trend s urface f o r  the ob served c o nce ntrations of thi s  · :c tal 

in the s oil . 

Although di fferences were apparent between the latter two 

surface s , the e s se ntial feature s of b oth were the same . 

8.  C onclusions . 

It ·;vo.. s a �:;parent !' ro:1 the r0 sult s  

obtained for copper that the interact ions between o leLlent s in 

plant s  are extremely c ompli cated. I t  i s  a l s o  quite probable that 

mo st of the le s s  signifi cant factors in the equations would b e  

ab sent o r  changed in a n  area of different ge ol ogy o r  t opography, 

Howe ver within the same geological-e c ological provinc e only the i n­

dependent variable s which made SQal l  c ontributions to the variance 

of the relative a c cumulat ions would be expected to change , and 
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the most iraportant variables should . remain e ssentially unchanged. 

The re sults obtained in thi s survey der:1onstrate the pos sibility 

of using nultiple regre ssion techniques in the inprovei:lent of bio­

geochenical data .  It is often difficult to  explain the variables 

retained in the regre ssi on O CL\.lc.t ion and in all probab i l i ty ,  ctifferont 

variables will have different wo i c�ht ing s in differ.:;nt o nv ir c>ll.;-le nt s . 

However in nost bi ogoochenical .-mcl gooc hor.tical surveys it is  

necessary to  undertake an  ori e nt�tion survey end i f  rogro .:; s i on 

equations are de rived for thi s s urvey it i s  probab l2 thn � they will 

be valid for the remainder of the pro spe ct ing area . In ,_:any explor­

ation prograQille S  the analytical ili�ta are stored on punched cards 

and with easy ac c e s s  to nodern fast c omputers a multiple regre ss ion 

analysis of the data would be quite feasible . 

In the present study only a snall ar.1ount of the total 

variance in the observed relative accuculation values was explained 

by the teros inserted into the regress ion e qua t i ons . The rc:.; laining 

unexplained variance was due t o  the influences of s oil fact ors a nd 

t o  the sampling error associated with the data. By allowing the 

regre ssion procedure to test other measured variable s which uould 

concievably influence the relative accunulation , an increasinG 

amount of the variance in the relntive a c c lli�ula t i on would bo explained 

by the regression equation. Ultimately,  all the influential variables 

would be allowed for by the regre ss ion e quat ion a nd tho only variance 

left unexplained in the relative acc unulat ion would be due to  

S8.Iapling error. The chance s  of nchieving this si tue.t ion arc , hmvever , 

extreme� remote .  
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The use of thi s  techni qc.o in plant nutrit ion studie s c c uLl 

be of considerab le value: . The uo. in diff i culty , hc"<<·J ve r ,  l io s  i n  

the fact  that the inf1 r]pe ndent v:J.riab le s inserted into the rcL;ro s s ion 

e quati on may not be tho factors vrhi ch are diro ctly influe n c i ng the 

dependent variable . I n stGad , the:y ;Jay bo indirectly relatecl factors 

such as the a l t i tude ter: . i  in3c�r-G..:; rl i nto thu rt)t;r·J s 3 ion G :1ue t i on for 

the re lat ive ac cumulat i on of nicke l .  

the dire ct factor . 

analysi s ha s  rJ.any attn. c ti ve f'c.laturt.; S '.Jhich c culd be:: utili .sc.:J · . .  ith 

suc ce s s  by appli ca.t ion to Jat::t siuilar to the.t dc ;J crib8d in this 

se ct ion . 
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L1balance s i n  the oetal c oncent rat i ons 

in plants can re sult from ex c o s 3ive c once ntrat ions of other cat ions ,  

par t i cularly transition metal C<-t ions , in t he s ub st rate. F or exauple , 

iron and filangane se have b een s hown to exhibit a re lationship v;here 

hi gh concentrations of one :oetal in the s o i l  or nutrient s olution 

reduced the concentrat i on of the other i n  the plant . (DeKock,  1 955 ; 

O ' Sullivan , 1 969 ; S oner s and Shive , 1 942 ; Twynan ,  1 95 1 ) . I t  has a l s o  

b e e n  ob served that de creasing the concentrat ion o f  iron i n  the sand 

culture medillEl increased the c ontent o f  copper and de c rea s e d  tho 

rat i o  of calciu1-n to pot2. s siwJ i;1 b oth Phlew-:1 .12rat e!ls e  and .H_o}.e_�� 

lanatu s  ( O ' Sullivan , 1 9 69 ) . Manca n c s c  a t  hi(;h concentrat i o:lf, i n  the 

nutrient solut i on wa s sho\m to reduce the ac c umuhtt:i.on of z i nc , and 

molybdenw:1 and cad.niUIJ wero f ow1d t o  have a s im ilar effect ( H:::. lav ol t<J. 

et al. , 1 95 6; Hawf and Schrnid, 1 967) . 

The effects of h ich c oncen t rations of c opper in the substrate 

on the a c cUI!J.ulat i on of other meta l s  by plant s is well lmown. F or 

exa:ople , high concentrat:..ons of this me tal in the soil or nutri e nt 

s olution were shown to de cre as e the ac cuoulati on of zinc by a nuube r 

of different plants ( Dunne , 1 956;  Hawf and S chnid ,  1 967;  Malavolta 

� al. , 1 95 6) . 

Nickel ha s  been shown to have a siuilar e ff e ct . As the 

concentration of nickel in the nutrient s o lut i on was increased the 

concentrations of iron and potassiuw decreased, while the concen-
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trations of calc ium and Iil8.gne s iun incre a s e d  in the t D}> f> o.;.' O?.t and 

t omat o  plant s .  ( C rooke and Knight , 1 955) 

I n  view of the s e f i ndings , i t  wa s of interest t o  inve s t igate 

the pos sibility of me t::� l iLlb·C>.la n c c !J  oc curr i n g  in th,; t r 2 •-' s ;' ;r0·, ;ing 

in the sampl ing area , du0 t <> tho hi . :·h c t mcvnt ration s  c C  c;r'i:>J:'Cr and 

ni cke l in the s oi l .  

B efor,; s tudying tho o d o c t s  o f  nicke l  a n :l C L'� 'yc r  in chc s oil 

on tho Detal s i n  t he plnnt s , thu rc la t i on shi}.< S bet'.:<Je n  tlL; , ,otD. l s  

i n t he leav e s  were c on s i dere d . 

2 .  I nter-oe tal relati onships within the loaves . 
( a) I ntroducti on . 

T o  gi v..; na:x:i. tw. : val icu. i;y eo t ho 

inv e s t igati on , a l l  the available sauplo s of th0 Nothofr,c._us G'-' nus 

were separat ed a c c ording to tho three different s pe c i e s  t o  give a 

t otal of 57 sample s of N . trunc� , 89 sample s  of N .  fusca a nd 70 

saJ:-,pl e s  of N . oenz iesii . T he re lationships wo re eva luated by 

c onputi ng c orre la tion coeff i c i ent s .  

( b) Ro sult s .  

The highly· signifi ce.nt corre lct ion 

coefficients ( < 0 .001 ) f or each spe c ie s  are pre sented in Table IV -1 4 .  



TABLE IV - 1 4  

S i gnifi cant ( <{) . 001 ) corre lation coefi'i ci0nt s  ( r) between metal conce ntrat i ons 
in the leaves  of the three Nothofa5�� s p e c i e s .  

' . . . . . . . - -- - ··----- - - · - - ----- -- .  N�7T:::: -+··-· · . 13�:����85- - · - . I . · - · �7�,�::�:�:: --- ·-
·vari�:: s r 1 �aria:l:-:··- . hr ��:::�C ,: : - J��:l" s • i i V �r�:e ;.·;.+�:��::, r -· - . . ·:t-:--· ·-··- - ,  -- - -+--·--· ---· - -· .. - - .. . .  i .. . . . , . . . ·-- ----r 

N ixC u 0 .  5 1  2 j N ixC u 0 .  342 I fl ixMn -0. 55 2 N ixC u  0 . 490 IhxC u 0 . 395 i 
C uxZn 0 . 51 8 1 C rxZn 0 .  366 0 . 435 C uxF e  C uxZn 0 . 504 

I 
Nix1,1g 0 . 543 ! 

I 
C uxF e  0 . 544 ! C uxF e  0 . 545 I C uxFe 0 . 467 I ZnxC r 0 . 443 

I 
0. 496 l C rxF e 0.492  

I 
ZnxC a 0 . 389 Z.IlxF e ZnxC r 0 . 434 I 

I 

I 

C rxK  0 . 41 5 I ZnxF e 0 . 490 
j ZnxMn 0 . 349 :6nxMn 0 . 408 l 
I . 

C rxF e  0 . 41 1 
. 

ZnxK 0 . 41 6 I ZnxK 0 . 42 + l 
I 

N ix.Mn -0 . 3J5 i 
l ' 

Znx.Nm 0 . 390 j 
C rxMg 0. 51 8 I 

C rxK  0 . 582 H ixC a  -0. 3 66 C rxFe 0 . 533 
C ax:Mn 0 . 530 I Nix:Mn -0. 572 C rxK 0 . 41 5 

C rxK 0 . 343 CaxMn 0 . 387 

- -------·- ----"""----- · - -- - -

NixC u  0 . 381 

i� ix.Mg 0 .45 8 

C ux:Mg 0 . 3JJ 

ZnxMn 0 . 4Ti 

C rxMg 0 . 51 2 

C a4in  0 . 403 

b 
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T he lar ge numb e r  of hie;hly s i bn i :fi cnnt corr'c::lati·:m �; ahi cil 

were apparent for one spe c ie s (mly 9 sur.;gc s bd tlnt t h'-' corrclat i ,ln 

coefficient s were influenc e d to s o::c0 ·.::xtc:: nt by thu clistrii:: w l� i cms of 

the data . I n  view of thi s ,  it \VC _, c o n s i cierc .�l -cll ·t t only th o s e  

re lationships whi c h  wore c:vi�1cnt f c>r at lea s t  t·,·. ,o s t-<� c i c ;J -.-,::rC; 

l ikely to b e  vnlid. By this c ri tori on , t he re ne re f our intc r-, :e tal 

relat ion ships whi ch we re highly s i gni f i cant on b o th an l:'. sh a nd a 

dry we ight ba s i s , nic kel x c oppe r ,  copper x iron, chroBilli.t x 

pota s sium and oangane se x zinc . I n  addition ,  there wa s one highly 

signific ant relationship on an a sh weight bas i s  only , mangane se x 

nickel , and a fur the r three o n  a dry weight basis only, cal ciw1 x 

nangane se , chrooiutl x iron a nd chrouium x zinc . 

( c ) D i s cu s s io n. 

S i nce hit;hlJ s i gn if i cant tJle .. nt x 

soil c orrelat i o n  c oeff'i c i l: nt s  f'"lr bnth ni c lcc; l P ncl C ') ;J t• e r  -,--·; re 

obt ai ne d  for the Not hofagus ge nus ( SECTICN I\T D )  s nd since tltc s o  

two oc tals we re highly· si gnifi cant ly c orre l a t ed in t he s c, il 

( r = 0 . 430 , -1 20 r:;e sh f ractic.m ,  ·1 1-1-G sample s ) t;he re la C-i nnshi}! 

ob served b etwe en the nickel n nd coppe r conc e nt rat ion s in ��ho plant s 

wa s expe cted. 

The inverse relationship betwee n nickel and mangane se wa s 

difficult to explain but i t  oay b e  a funct ion of the nickel concen­

tration in the soil since the nic ke l  in the plant was highly 

correlated with the nic kel in the soil.  
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contained high a J:lount s of c hr o ,i l:., l it c o >lt::cin:.; cl  r-:: Lt <; lvc ly l · ·v: 

anount s of iron. 1-1 0\VG V...; r ,  

Th0 rea s on s  for the other re l'lt ionships with chroTJi ll 1 we re.: not 

kno·an . 

The othe r three relationship s ob se rved , c opper x i ron , z in c  

x >Jangane se and c a l c i m: x mngane sc were also difficult t o  interpret 

b ut since all tho netals are e s s ential to p la nt nut rit i on th"' 

relationships Qay well hc..ve soDe phys iolv('; i c n l  b J fo i s .  

i n  the; lcD.ve �; .  

( a) Re sult s . 

T lk c or1·cl'l t i o n  c o2 i'.i' i ci o nt s  b c t-.'r·.>m 

the nickel a nd coppe r c •.>ncen '-. r'!t ions i n  the; s o i l  :.nl th..; :.lt..Jtal 

c oncent rat i on s  in the leaf a sh ar. ,  shown i n  Table IV - 1 ) .  

High ni cke l  concentrations i n  t he s oil de c reased the i 1angane so 

c oncent rat ions a n d  inc rea sed the magne s ium c onc entrations in tho 

leaves to a s i gn if i cant exte nt . On the other hand, high copper 

c oncent rat ions i n  the soil de crea sed the chronium concentrat i on s  

i n  the leave s .  



T�LE 
_ _IV_:::_ 1 � 

C orrelation c oefficiento betwe e n  the me t a l  c oncent ra ti on s in -�he leaf ash 
and the nickel and copper c o n c e nt rat i ons in t h.:� soil ( -1 20 mesh) . 

--- �-- -- -.-- --- --. _ _ _ _ _ _ .,___ 
----- ---- ----- - � .  --- · �- - - - -- ------ - -- - -�  .... j 1 st correlating I N o . of ; __ _ ____ _ - ---- ---- ..?.�-�����C:t�nLV:(l_r,:�a_b_l0 :�-------- --" ____ __ j 

�l C 
rl

t
. abl

t
� _ I sample s  ;-Z- · _ _  1 ___ _ ,. _cconcr1_mt;:-r.,:i�l

�
1"': _ _i2:_ ... -the_ �-�':.�� .E:s_h_ ·-; ·�� . .  ____ 1_K ____ -.. -� 

oncen ra lOns , : n ! r l' e li.:l ;.lg . J . ill . , I • ' ; ' ' 

I in ��!__soil I --+ __ -1- . _ _  _ __ _ . _ .  ---t- ------ - _ . . . -·- - f- ;._ � 

C Ni ckel J 1 38 i -o . 1-�1- 0 ·2 77 _2 o_? � L --G . 093JO --� 15 � - � -0 . 4.39 ++ : 0 .  078 i 
C opper I 1 38 � o . o66 -0 . 3 1 6+ 0. 1 04 L1 -0 . ·1 34- -0 . 1 63 11 -0 . 071 ! 0 . 226 1 

------�' - I -- - - �- -·- -- . I I 

L eve l s  of s ignif i cance ++ <:0 . 001 

+ <: 0 . 0 1  

_, 

.;:­\.>J 



( b )  Discussion .  

The inverse relationship bc;tween 

the nicke l  in the soil and the Elanbane sc in the plant suggestt� d that 

some pro c e s s  wa s involved i n  whi ch high concentrations of nickel in 

the soil  wero preventing either the absorpti on and/or the trans­

l o cation of uanganese . It was u11likely that c oopetiti on on the 

basis of ion exchange at the root surfa ce wa s re sponsible b c c 2 u s e  

if thi s wa s the case , other 11e tals would also hav•J sh ·, : ! l  Lw•..; r se 

relationship-s to the nickel in the s oil . I n  the previ ous part of 

thi s section an inverse relationship was ob served between the nicke l  

in the plant and the o.angane se i n  the plant . Howe ver , be cause there 

wa s a highly significant plEmt x soil correlation f o r  nicL-:: 1 i t  ,-.;a s 

io.possible to  establish nho thc: r the ni cke l i n  th-::; ::;oil or ii1 tl:e plant 

was causing the ob serve d i nve r se ro la t. i. ot; s l li ll wi th mEl i1i_}=' t1 0 S �  in th(� 

plant . 

The less signifi cant re la <� io n s h i p s  b e h: ;en nicko l "'-n'l 

L1a gne s iWJ ,  a nd copper and chrouiUL1 were not unde r st ood. 

The re sult s ob served in this study are in c ontrast t o  tho se 

reported by other �-.'�lrke r s .  C rooke and Knight ( 1 955) report e d  an 

inc rease in the accillJulation of Qangane se with increasing nutrient 

concentrations of nic kel.  Also  the decrease in the accuo.ulation of 

zinc as the copper concentrat ion in the sub strata was increased 

which had be en ob served by other workers , wa s not apparent in the 

pre sent study. 

Most oC the previous work, however , was carried out in 

nutrient solution in which the div e r se e ffect s of tho soil wore 
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abs ent and thi s may be one of t h0 rea sons for tha di:::'feronces 
between the reported effects and those ob se rved in the pro sGnt 

�tudy. 

4. The influenc e s  of high nickel a nd c opper c�­

trat i ons in the soil on the ratios of the metal 

concentrati on s in the leave s .  

( a ) I ntroduction . 

It i s  known that the abs vlute 

c oncentration of a metal in a plant can vary slightly due to the 

age , posit ion on the tree , et c .  of the leave s s anpl ed. H owever , 

the rat io of the c oncentrat ion� of two !Lletal s i n  the leave s of 

a parti cular spe cie s shoul d be apprcxiriatcly constant in Rll leaf 

sample � ,  if the accumulations of both L'lota l s  <".ro regulated by the 

plant . \Vhere so!Lle exte rnal inf lue nce i s  pr2 sent the r�tio could 

deviate from normal .  

S uch a c oncept has b ee n  u sed in the past for bioge o chouic al 

pro spe cting. Warren and D e lavault ( 1 948) sugge sted the use of the 

ratio of c opper to z inc concent rat ions in plant tis sue s  as a ncans 

of detec ting anomalous concent rations of t he se two metals in the 

soil. The se authors reported value s of this ratio for a number of 

trees in British C olumbia growing over both non-mineralised and 

mine ralised rocks . They c onsidered that any rati o  of copper t o  

zinc i n  the sec ond year twigs greater than 0 . 20 to 0, 25 ,  de:"cnding 

on the spedi�s , could pos s ibly be indicative of copper mineral­

i sation. The authors pointed out that although the abs olute 



c oncentrations of copper and z inc v.:1ried conside rCLbly b 8twc en sanple s 

of the same spe cie s , the copper t o  zinc ratio wa s Duch more c 0nstant . 

S ince that time , the se workers have conpiled a v ery c omprehensive 

li st of the mean coppe r  a nd z inc c oncentrat i on s , a s  we ll a s  the c opper 

to zinc ratios , f or a large number of diff erent specie s growing over 

both minerali sed and non-ninerali sed roc ks .  (Warren , 1 962 ; Wr:.rren 

and D e lavault , 1 949 ; 1 955;  Warren et al . , 1 949 ; 1 951 ; 1 952 ;  '1 9 66) 

White ( 1 950) inve st igat e d  some B rit i s h  C olw.;bia copper 

depo s it s . He f ound that although the copper and zinc c once ntrations 

in the plant s growing in the v i c inity of the ore varied conside rably , 

the ratio of c oppe r to z i nc , whe n  gre'1ter than 0 . 30 ,  v:a s s uc c e s sful 

in finding the ore body. 

W orthingt on ( 1 955) used this r(: t i G  in the v i c i 11i-t..;: c .�.  a lGad/ 
z inc depo s i t  and found th2..t c 01JP C r  t o  z inc r<-o t i o s  in th-J plP.nt t i s sue s , 

l e s s  than 0 . 05 ,  suc c e s sfully dcli ne :::.tcd the or.:: body. 

N i o o l l s  � al , ( 1 9 65 )  a l s o  considered the c oppe r to zinc 

ratio in the ir study of b otanical and geochemical prospe c t in g 

methods i n  the Dugald River area , Au st ralia .  T he se authors 

appare nt ly did not consi der the rati o useful in their particular 

area. 

I n  the pre sent st udy all pos s ib le rat ios betwe e n  the netals 

analys ed in the plant s were corre lated against the copper and 

n ickel c oncentrations in the -1 20 Lle sh fraction of the s oil . 



( b) Re sult s .  

The correlation coefficient s Hhich 

were significant are shown i n  T able IV - 1 6. The plant x soil 

correlation coefficients for nickel and copper are also shown for 

comparison . No ratio of netal c oncentrationa in the l eaf ash gave 

a better corre lation to the nickel content of the soil than Qid 

the nickel concentration in the leaf a sh. S i nce the c orrc l:-�t ion 

coefficient between the copper concentrat ion in the leaf ash 2-.nd 

the concentration of thi s .metal in the soil was 0. 29 6 ,  any 

coefficient in Table IV - 1 6  higher than thi s value indicated a 

potentially useful indi cator of copper in the s oi l .  By inspect i on 

of the value s in the table it can be seen that there vure five rat i o s  

whose c orre lati on c oo ff icicm t s  '.vi t h  c opper in th8 soil oxc . ;G rlo d 

0. 296 and a further ten s ignificant at tho 0 . 1 lov<: l .  

( c ) Di scus sion. 

( i)  Nicke l .  

It  was observed that all the 

metal ratios containing nickel , except one , were significantly 

(<0.001 ) influenc ed by the nickel concentration in the s oil . Thi s 

wa s due to the high c orrelation which exi sted between tho ni ckel 

concentration in the plant and the nickel concentrat ion in the soil.  

In addition to these relationships , it was also apparent 

that the ratio s of manganese to  pota s sium, to  magne sium and t o  

iron in the plant decreased a s  the nicke l  concentration in  the 

soil increased. The se relationship s were a�1ost cert�inly due t o  
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TABLE IV - 1 6  
C orrelation coefficient s betwe; �n the inte r-metal ra c i o s  in 

the leaf ash of the three _llot.hofagus species a nd the nicke l  

and copper concentrati ons in the soi l ( -1 20 me sh) . 

--

Nickel concentration C opper concentrat ion 
in the soil in the soil 

-- -

Ratio C orrolntion Signif- Ratio C orre la tion 
C oefficient icance C oefficient 

Ni/C u  0 . 428 ++ i Ni/C u 0 . 428 
! 

Ni/Zn 0 . 393 ++ C u/Zn 0 . 1 9 1 

Ni/C r 0. 335 ++ C u/C r o .  381 

Ni/Fe 0 . 277 + C u/Fe 0 . 2 1 8 

Ni/Ca 0 . 44i) ++ C u/C a o .  361 

Ni/Mg 0. 31+4 ++ C u/Mg 0 . 3 1 9  

Ni/Nm 0 .480 + +  C u/Jcin 0 . 322 

Ni/K 0 . 352  ++ C u/K 0 . 2 72 

C u/Mn 0 . 308 + Zn/F e  0 . 1 90 
Zn/F e  -0 . 300 + Zn/I\;n 0 . 1 85 

C r/Mn 0. 307 + C r/F e -0 . 244 

F e/Mn 0 . 358 + +  F e/C a 0 . 1 70 

Ca/Mn 0. 297 + Fe/Jtin 0 . 1 87 

Mg/Mn 0 . 371 ++ Ca/K -o .  206 

Mn/K -0. 4-07 ++ Mn/K -0 . 1 93 

Plant Plant concn. ooncn. 

Ni 0. 54-6 ++ C u  0 . 296 

Levels of significance ++ 11!': o . oo1 
+ < :  0 . 01 

-

Signif.:.. 
ice,nce 

++ 

++ 

++ 

+ 

++ 

+ 

--

+ 
__ __!, 
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the fac t  that the nangane se content of the leave s decreased as th.:: 

nickel c oncentration in the soil increased , an ob servat ion i�,·, clo 

previously. 

The other less  s ignifi cant relationships ob served all 

contained nangane s e , except for one , and c ould be explained a s  above . 

One ratio wa s ob served to c cnt::c i n  irc·n and z inc , but th.:: rc::l son for 

this was not apparent . 

F our ratios  of ec tal conccn-

trations in the leave s Her0 f ound to be influenced s i gnif i cantly 

(�0 . 001 ) by the c oppe r c unccnt rat ions i n  the soil ;  copper/nickd , 

copper/chroriliWJ ,  copper/cc:.lciue and copper/nangane se . S ince all 

the se ratios contained copper as one of the netal s it was apparent 

that the re sults observed were influtmced by the nignifi cant plD.nt 

x soil correlation for coppe r .  However ,  nicl<:<:! l , chromium a11d. 

calciUD were inserted i nt o  the regre ssion equat i o n  developc u in 

SECTION IV - F to explain sooe of the variance in the re lat ive 

accUrilulation of c opper and the refore the pre sence of the se uetals 

in the inter-metal ratios affect0d by coppe r i n  the soil wa s not 

surpri sing. Two les s  significant rat io s  (�0 . 0 1 ) , copper/magne sium 

and copper/potassiUril were ob served and could be expla ined in the 

same way. 

Since previous re sults obtained in thi s t he si s  for b i ogeo­

chemical prospecting for copper were not encouraging, the s e  intor-



me ta l ra t i o s  were evA luated a s  i ndi catc-rs of o.nu J.':luuG c0nc, "1trat i ons 

of c opper in the soi l .  

5 . Ratios of the ne tal c oncen t rat i on s  in the lea� 

as indicators of s o i l s  conte.in�ng high conc_G_nt_r�atio:ls 

o f  copper .  

( a) I ntroduction. 

It was c ons idered t hat the low 

corre lat i on coeff icient s  involve d betwe en the inter-notal ratios in 

the plant s and the c opper c on c e nc n t i on s  in tho s oil ( Tablo IV - 1 6) 
did not gi vo relia.b le i ndicn. t i on s  , li. the u sr:; f11lnc s s  o f  th:' rat i c s  to 

detect high c oncentra tions CJf c r1 n ·�ur i n  tlv.: soil.  .-� n  al t c;l':1?. -� ive 

t e c hni que was used to evaluate t ha u .e�ulnoss  of each r� t i o . 

( b )  Method of eva luati o n .  

The procedure involved 

the following step s :  

( 1 )  The highe st 30'fo ( i . e . 44 sample s ) of the c opper concen­

trations  in the soil sample s were c onsidered  t o  b e  a n omalous and tho 

sampling site s corresponding t o  the se anoma lous val ue s we ro r e c c rded. 

( 2 ) The highe st 3afo ( or lowe st , depending on the n ign of the 

correlation coefficient with the copper in the soil) of the value s 

for an inter-natal ratio in the plant were noted and the sampling 

sites corre sponding t o  the se value s were recorde d. 

( 3) The degree of overlap between the anoea lous S3.I:<;Jl ing 
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site s recorde d for the s oil s ancl thoso rec orded f or the intcr-;· ,etal 

rat io i n  the plant s  wa s det e nJined and expre s sed a s  a p erc ( :mt .� {!,C of 

the total numb e r  of anomalQUS sc,il si t e e .  Perfe ct bioge ochcui c al 

re sult s would re quire 1 00%  overlap. 

S ince s ome overlap could ari s 0  even if thero wa s no relation­

ship betw8e n the rat ios and the copper c oncentration in the suil , 

the probability of each re sult ari s ing froo chanc e w:) s co: tiJUt c d . 

( see Appendix V for oethod. ) 

( c ) Re sult s .  

r hc r__; sult s obt ·3-j rwd f ·.Jr thu rat ios  

previou s ly shown t o  be influenced cy th-.;  C ')\)llC r  co;1c .:..:n tr.� t i on in the 

soil are given in Tablo IV - 1 7 . T ha p�rt i c u l� r  valuo 01 c� c h  rc t i o , 

above or b el ow whi ch included 30/� of the value s ,  i s  �;i Vt)i1 i :1 the 

table . 

The p e r centage ove rlap for each rat i o  showed that no rat io 

indi cated �aore than 5Cf'fo of the anooalous s oil sit e s ,  T he re were 

four rat i o s  which indi cated lilOre anomalou s  soil site s than the 

coppe r conce ntrat ion in the plant , cop per/i ron , copper/cal cit:u , 

copper/chromium and copper/�gnesiuo. 

The soil concentrations o f  copper which were predicted from 

the regre ssion equation ( SECTION IV - F)  were sub je cted to t he same 

test which showed that the se values indi cated 61 . �  o1 the soil 
sites corre sponding to anomalous concentrations of copper. 
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TABLE IV - 1_1 

The evaluation of i nte r-metal rat i o s  in the leaf ash f or 

indi cating anomalous c oncentrati ons of c oppe r in the s oi l 4  

i I ' 

Plant C ut-off /o Overlap Probability 
Variable Value + with anomalous Level ++ 

soil s i t e s  

N i/C u  :> 1 .  50 . 29 . 6 o .  ' 1 6 I 
' 

Zn/1.in :> 1 8 . 1 8  I 36.4 0 . 083 

Zn/F e _56.4 :> 33 . 33 i 0 . 083 
I • 

C a/K <: 1 .  7 6 
' 3.'3. 6 l ' 0.051  j • . � F e/C a  ?- 74 . 07 38 . 6 I o .  051 

C u/Zn :> o .  32  33 . 6 0 . 051 ; I 
I ; 

C u/K > 0 . 87 j 41 . 0 ; 
0 . 027 • 

I i ! I 
F e/Ivin 1:> 1 300 . 0  ' 41 . 0  I 0 . 027 • 

I I C r/F e "'--< 0 . 008 ' 43 . 0 o . vi 2 
i 

Mn/K < 0 . 1 05 
' 

45 . 5 8 . G043 I 
i 
! I C u  Mn -

4� r: o . oo 3 . ; . • I > 7 39 - ) 4 
I 

C u  � > 1 1 2 . 0  45 · 5  0 . 0048 

C u/F e :> 0 . 009 47 . 7  0 . 001 6 

C u/C a  :> 0 . 448 so . o  0. 00049 

C u/C r :> 9 . 00 so . o  0 .00049 

C u/Mg :> 2 .  00 so .o 0 . 00049 

Predicted > 1 1  o . 0 61 . 4  0. 0000001 2 
soil ooppe 

+ Value of the plant variable above or below which the 
values were considered to be anomalous . 

++ Probability of the observed overlap occurring by 
chance . 

I I I 
I i I ' 
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( d) D i scuss ion. 

F' our rat i o s  of th•.:l :Je ta.l 

c oncentrat ions in the leave s w e re shown to be: ; 1ore reliahL: tLc.a 

the copper conc e nt ration i n  the leave s for Jli'Oapect inc; for c :)J:Jr er . 

T he s e  rat i o s  were c oppe r/iron , c o pper/cal chm , copper/chroniliD 

and c oppe r/nagne sillEl .  The c opper/z inc rat i o  sugge s ted by ·Narren 

and De lavaul t ( 1 949) wa s n ot i nclttcL:d . 

I t  wa s shovm that the C (ll1C •. m :rat i o n s  of c opp;:Jr in the :v i l 

which wero pre di c t e d  fron thG rcg , · ,;; .s s  i •  •n \.:'� ur: : Lm ·,;;,J r,; ' 1orc 

re liab l e  tha n  the into r-nc tnl r'"'..t i u s  f u r  indi cr�t ine;; :no ;-c lous 

c o n centrations of c oppe r in the s c, i l . I t  ·.v�-o, s c unc lurkd th" t 

a lt hough tho re gre s sion procedure wa s the uost pro� �i s ing nc·chod 

for biogeocheoi ca l prospect ing for copper , the i nter-notal rat i o s  

gave b e tt e r  re sult s than the c once ntration o f  copper in the l eavo s . 
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H .  ESSEJ5!IAL AND NOI!_:-S3_:;_�1·�T1£�J:.�.}.C�_J:,!.:£_T;:._I:_:?_ _ _  -�;i_D . ... \Gii 
THEIR NATURE L.FFEq_T} _B_l.����OC ��i:_:�f.i·�--E:�OSP�C I'_P�G 
RESULT-S . 

1 .  Introduct ion.  

Prob:J.hly the co st ililportant c;t:: no ra l  

fi nding fron the previous pa r t s  of t hi s thesi s , ·nas the cli.i.'L."rence 

that exi sted between the accur:mlations of ni c ke l and c opper by the 

i'T othofagus sp e c i e s .  This w:::. s show n  J:Jost 1:1arke dly by the trend 

analysi s  re sul t s ( SECTION IV - E ) and was inte rpre ted a s  b e ing due 

to the e s sential and non-e s se nt ial na ture s of c oppe r a nd ni c k0 l 

re spe ct ive ly. I t  seedod the re fore , that i f  the de gre e of ;; ::; c; untiality 

of a metal for the nut rit i on of the plant spe c ie s  t ·�� be sample J  coul d 

b e  i nfe rred fron data col le c t e d  i n  a pre lininary b i ogo ochemi cal 

survey , the n s ane predi c t i on c ould be nade as to whether a ue ta l 

w ould giv e good o r  poor re sult s i n  a la rge r b i ogeoche:�.:ri. cal 3 u:cvey. 

T here were thu s , two aLts o i' this st udy : 

( 1 ) T o  e stimate the ox t lJnt to whi ch '1 p J.rti cul:n ' de bl wa s 

e s se ntial t o  plant nutri t i on , and 

( 2 ) on the ba si s of t hi s , t o  p r e dict who thcr th� � � rt i c ula r 

ne tal/plant sys teo wa s likely t o  give su cce s sful result s i n  a 

biogeocheoical pro sp0 ct ing s urvey. 

A lthough bot h  the se aims were achieved to a certain extent 

by t re nd analysi s ,  the te chni que was lioited by the ne e d  for 

c omput i ng facilitie s .  Much s impler criteria were nee de d. 

T hree different approache s t o  the proble� were r:1ade and. 

the se are di scus sed below . 



2 . T he use .�f. .<�a_t:':'.. .. i!:i_s_�r ibl.!.tA�l� . 

( J.) I nt rodclC t L-·n .  

L i eb s cher a nd Smith ( ·1 ';)6d) i n  

di scu s s ing e s s e ntial a nd non- e s s e nt ial e l ee1e nt s i n  hwuan t i :> 3ue s 

s ugge sted that e s s entia l  e lene nt s show norDB. l  di s tributions a nr::l 

that non- e s s e ntial e lewent s show log-norna l di stributi ons .  Ono of 

the c riteria the se authors use d to deterLJine whi ch type of di st­

ribut ion b e s t  fit t ed the data , �� s a c oupari son of the arithuetr ic 

and geome tric raeans with the nu dian . L otj-nor.:1al di st riout i ons he::ve 

the s ame value for the geowe tric nean a nd the ne dian ,  while 1':w 

normal di st ributi ons , the aritlliJe t ric sean and the oedian are the 

saue . 

T o  t e s t  the pos tulate of Liob sche r  n.nd S;Ji th for th0 ce.se  of 

plant s , the two means ::L nd the mo.:; i :ns v:e r o  :J.ctermired for ,-< 1 1  t he 

leaf ash data c o l l e c t e d  in th.:.: c c,urse cf t hi s the si s . L, n.J:litic,n , 

analyt i cal re sul t s  pub l ishe d. by othr.:�r 1 zcrke r s  l'>erc u e ,; ,l t c  i' u r thc r 

te st the the ory . 

( b ) R e sult s .  

The rat i o s  of both the arithmetric 

and the geooe tri c Dean t o  t h e  me dian are given in Table IV - 1 8  

for all the specie s and metals considered. It can b e  seen from 

the table that for mo st metals , whether th0y are c onsidered 

e s sential or not , the geooetric means were closer than t he ari th­

metric means to the medians.  This  implied that nearly a l l  the 

data distributions were more log-normal than normal-



( c) D i sc us s ion. 

I t  wa s apparent fro;:! the se re sul t s  

th<> t the u se o f  nomal and l og-nomal di stribut ion s t o  rli st in._;ui sh 

e ssential f roo. non-e s se ntial netal s ,  although of use for hunan 

ti s sue s , wa s not suff i c i ently re l�able to be of any va lue f or the 

plant saoples c o n s idered in the pre s ent study .  Thi s wa s p robably 

du0 to the fa ct that 1:1ost of the data pre sented in Table IV - 1 8  
were influenced by anonalous c oncent r,,t ions of' the netr. l s  i n  Cl'w 

soi ls .  Thi s cau s e d  the di stributi ons of the e s s e ntie. l metal s t 0  

b e  skewed away from their usual di stributions which o.ay ,  i n  fa c t , 

be c l o se t o  noroal . 

3 .  The coeff i9J�.E.!1l.. _'?f_'_..Y?_rj._'".�-���� . 

( a) Introdu c t i on .  

I t  -;;: �  s obsorvod. from the 

freque ncy hi stograns <.If the data se t s  p re s-:mtGd in T:-ule IV - 1 J ,  

that the e s sential Lletal s tended t .:: c ov e r  ouch narrower c c..;1cu ntrat­

i on range s in the plant s than did the non-e s se nt ial Betals . this 

indi cat e d  the p os s ibil ity of u sing the coefficients of variat ion 

as i ndicator s  of e ssential and non-e s sent ial behaviour i . e . a low 

coefficient of variation for the concentrat ion of a particular 

metal i n  a certain species of plant would indicate the essential 

nature of the metal and the probable poor re sult s that would be 

obtained f ror1 a b iogeochenioal survey for this  netal . Hovr0ver , 

it  was also pos s ible that a narrow concentration range in the 

plants could be the result of a narrow concentration range in the 

soil. The re were 1 therefore , a nw�ber of pos sible sit uations : 



=:'.A.j) W IV - 1 f, 

Rati o s  of tho ge ometric anli. e1.ri t!-lJ :JO t 1_·i c  m.__: :· n �; t o  th,-; rn,·,ui-:: n s  1� or 
various metal s in di fferent plant s p 0 c i a s .  

--- - , · -- :- - . . . --·- - - - -- . - - -- - :· .  --- --- __ _ .. _ · - · . . .  -,- - - · -- ---- ·--- --, - --- . - -·- - - -·-r- -- - · 

Spe c i e s  No . of 
Sam.El_e�_ 

i 1 '  • j � i '7 I P' • .1'-
. 

I lLJ � .. \ l t V u  i LJ l'l � . D •.0 . 

����c: _!A -=·�B_ :: � � _:; _- : .. -..-�: �1:: _ : _ � -T ;� � �-� -: _ 

. .  _. _. 3_- �  .· .- - � � �,- --�=�--��:.r .. �-=--�������.:"\-�--���13 __ 

N . fusca 89 

2 6  

N . menziesii 70 

N . truncat a 57 

·11 . racemosa 94 

20 

Q. acutifolia 88 

2 2  

Olearia rani 7 1  

a 

0 

a 

a 

b 

; 1 . 07 . 
! 
� -

j o . 98 
I 
; 1 • ()0 
I 
I 
1 1 . 02 
t 

C I _  

b 

c 

d 

· 1 . 02 ! ' 

,
-

1 -
' 

1 . 39 1 . 0 6 

1 -l i 
1 .  2 1  ! 1 • •j 3 

1 • 1 1,. ! 1 . 06 

I • 1 9  : •I . 02 

1 .  09 J 1 .  04 
' 
I -

1 . 07 

1. 26 ·I • Gi+ 

- -
1 . 51 I 1 . 04 

1 • 2 1  I u . 98 

1 . 0 6  ; 0 . 9 6  

1 • ·j 1 0 . ) 6 

1 . 35 

i .08 

1 • 1 2 

1 . 0 1  

1 . 0 6 

u .  ''j \_� 

l -
' 

I 
I -
I 

I -
I 

-

-

• i -
. ' . -
' -
� 
! -

-

-

-

r - 93 2 . 90 

: o .  60 1 . 1 2  

: o . co 1 .  65 

0 . 1+7 2 . 60 

S chefflera digitata 36 e - - I 1 . 06 1 . 38 , 1 . 1 4  1 . 34- 1 . 03 1 . 45 l -
Beilschemedia tawa 35 e - - 1 1 . 00 1 . 3 2  1 . 04 1 . 1 3  1 . 2 3  2 . 29 I - - t- _. 

! \. ; .  
Tri odia pungen s  30 f - -� -- - - '- -��J\--1·�-�� - -- --�- -- .. -- -� . . .

.

. J . :  __
_

_ _ _  �- - --·L.-=. 
_

_ : 
_ _

_ -. . .. .. 
- "'-1 

+ a thi s the s i s  ( include s  a l l  sampl� s collcct8CJ 
b thi s  the si s  March , 1 969 , sample s  A = .:_: ; ':'c:J.ctr'ic me<m/mudian 
c ;'ihitehead and B rooks ( 1 9 69 )  B = � 1 :i '-!:-illl -:; t l" i c  mean/median 
d Lyon et al , ( 1 968)  
o Nicolas and B rooks ( 1 9 69 )  
f l �icolls et al . ( 1 9 65 )  



1 ')8 

( 1 )  A narrow conce ntrat ion rn. ngo in the ;:)lc mt s  rc_;l -, t ivo t o  

the c oncen t ration range in th..; soil , \! 'lULl indi c -� t .:; c-, n · ' ··= s :: nti.ql 

metal a nd imply poor b i ogeoche; ,ic<-d r 0 s ul t s .  

( 2 ) A wide c onc ent rat ion r�nge i n  the plant s re l� t iv e  tc 

the c on c e nt rat i o n  range i n  the s o il would i ndi ca te a non-e s s ent i a l  

fil e t et l  a nd ioply good b i oge ocheni ca l re s ult s . 
( 3) S ioi lar concen t ration range s in both the plant s and 

t he soil c ould indicate e i ther an e s sent ial or non-e s s e nt ia l  oeta l  

b u t  c ould not indi cate the out c ot1e of a bioge oche :::�ical survey. 

I t  wa s theref ore nec e s sary to  se le c t  a vc-L lue for the r8. t i o  

of t h e  c oe ff i cients o f  variat i on of the plant data tC' t h e  u 'Jil data , 

which w ould re sult i n  an a c c urat e predi ct ion of t he s uc c e s sfulne s s  

o f  a b i oge oche�cal prospecting survey. The aritQ�e tric aoeff i ci e nt s  

of va riat i on of the plant and s o i l  data a s  well n. s the_: r -. ci ll  of •Ji18 

t o  t he other are given in T ab l e  IV - 1 9 . 

( b ) R e s ult ::; . 

I f  a value of 0.  70 f or the ra tio of 

the coeff icie nt s  of variati on wa s selecte d ,  above whi ch nc ,n-e s sential 

11e ta l s  we re involved and below which e s se ntial oetal s we re inv olve d , 
then the prediction of non-e s s entiality wa s c orrect in e i ght out 

of t e n  case s .  Due to the very soall concent rations of r:10lybde nU11 

actually ne c e s sary for plant nutrit ion it was considered non­

e s sential in the c o nc e ntrat ion range s being con sidered. The 

predic tion of e s sentiality wa s however corre ct in only e i �1t out 

of sixteen cas e s .  



Metal 

TABLE IV_ ..::...J.2 
1 59 

C oefficients of variation for s ome metal concantra �ions 
in  the leaf ash of various p l� n t  spG c i 2 s  &nd thair 
associated soils . 

l 
1 Species 

1 Q) l � 1 r; oefficients  � �� orr0lu.t ion 

� 51 � � _ 
'I ·- - ��-

+ o rH rl �of Variation I C ocfficients 
d o l o 

cd Pl t So; l Plant/ Plant : 
I �  [f) z (/) an ... Soil Soil 

__ 

N
_
i_c

_k_
e
--1---t--Y-l.-r-a_c_e_m,_o_s_a __ ,l--b--..,.�--;:-- 62 43 1 . 44  0 .43++ 

' f  l '  I 88 1 . 1 l . i . 0 93 0 . 1 . 1 ++ 

C opper 

Zinc 

l g. acutl o la b '+ '+'+ • '+ 
8 I 83 0 . 61 2++ I N .  fus� I a 9 95 1 52  1 .  I N .  truncata ; a 57 54 I 38 1 . 42 0 . 5 28++ 

�T ' , , I 70 65 1 6o 1 08 o . l . 71 . ++ I. ,� . menz�e s�� J a 
, 

• '+ '+ 

';V . r§lcemosa ! b 94 30 ! 1 0 1  0 . 30 0 . 05 
i Q . acutifolia b 88 4 :.'• j 1 2 6 0 . 38 0 . )6++ 
! B .  tawa 1 G 35 1 35 : 253 ' 0 . 54 i -0 . 03 
� -�- digitata e 36 62 q 92 0 . 32 ; -G . Oj 
. O . rani d 71 61 l 54 1 . 1 3  0 . 0 :� 

' 

T ."j?W1"gen.s f 30 43 1 1 1 4  0 . 3 3  O . j 3++ 
N. fusca a 89 1 27 1 1 1  0 1 • 1 5  0 .  294 + 
N . truncata a 57 95 j 1 3 3 0 . 71 1 0 . 344+ 
N . menz i e si i : a , 70 1 37 • 78 1 . 76 t 0 . 1 63 

f ' 
! - . 
, . • racemosa , 'b ' 94 30 30 1 . 00 ! 0 . 02 I .9.. acutifolia b 
; B .  tawa 1 o , I S . digitata , 0 

N . fusca a 
N . truncata 1 a I N .menzie sii : a 

�� �l 1 1 �� � : ;.� 11 � : �� 
36  7 "1 "! ) )  0 . 53 0 . !� 1 +-"-89 ' 3· 1 25 1 .  2�- I .1 . 3 H . 
57 I 2 6  20 1 . 30 1 -0 . �7� 
70 42 3 1  1 • 3 S 1 0 .  I / )  

I 
Lead B . tawa e 35 3c-. I 24,� () .  :�j 

0 . 38 
Cl . j l  
0 . 2 8  S .  di&i tnta 

Molybdenum O . rani 

Uranium W . racemosa 
N.fusca 

e l 

d I 7 1  

c I 
c 

Levels of significance 

25�  

1 30 
1 00 

++ 
+ 

1 2 1j7 
6) 

1 29 
1 2 1  

+ Data source a s  for Table IV - 1 8  

1 . ou 

0 . 82 

<j 0 . 001 
<j 0 .0 1  

.. 7 + -r  u. ' h  



1 6o  

( c) D iscussion. 

The poor re sult s obtained above 

could be attributed to two fact ors :  

( 1 )  The range of zinc concentrations in th� s0il -..-J._, ro 

sinilar to the range in tho plant s for five exmnples ,  and , as 

l!l.enti oned earlier ,  the l!l.ethod v1a s not expected to predict e ssent­

iality in this ca se . 

( 2 )  I n  the case of c O t"-lX; r ,  �t few �mouc l.-,u sly i1igh cc�ncen­

trations in the leaf ash ;verc; re c o rdc ci for t h8 �.f.'"�il� s;_;o cios  
with the re sult that the standnru 1Lwin:t ions Fer.:; r;bnormc lly lo rgG , 

and he nce high rat i o s  of the coofi' i c ic: n  t s  of v�,ri ·: t i on w ._: ro obtained 

for copper leading to the il1c crrec t cla s s ificatj_on.  

Overall , the prediction of non-essential and e s sontial 

natLAre wa s currect in sixteen out of twentysix case s . 

The second aio of the study was to try and predict the out­

cone of a biogeochemical prospe ct ing survey involving a particular 

plant a nd l!l.etal systel!l.. If the value of 0. 70 for tho re.tic of the 

coefficient s  of variation was used,  then value s gr-::a -ce r th<:cr, this 

were found to predict significant correlations in seventeen cases . 

Out of the se seventeen only eleven were correct. Also this 

criterion failed to predict three case s of significant correlation s .  

I n  conclusi on ,  it wa s app-3 rent that the accuracy of the 

technique was not sufficiently hit;h tc. make it a promi s ing t (>al 

to  predict the outcol!l.e of a b iogeochenical prospe ct ing survey. 



4. T he reln ti ve .!:9-�� y}_a tiOE_9..-L _ -,_ !J1::d�.:>-.l� _:->_s . .  �.::.. }�l�1ct_i_� 

of the t.�t2-l .Q.'l.n.c:;}l tra�- i_o� 2.(..ih;e.�J1le.t_:>�l . .  �n. _t)�·=', -�.SJil . 
( a ) I ntroduc t ion . 

S ince plants tc:n;,1 _t ,- cc.,ntain 

constant concentrations of oetals e ssential to their nutrit ion ,  

then where the s oi l  concentrations o f  the s e  r.J.eta l s  vary , tl1o 
relative acctmulations nust vary inver sely to the concentrati·: -n 

in the soil i . e .  this could be readily detected by a ne gat ive 

correlation coefficient . The appropriate correlation coefficient s  

were conputed for a l l  the available data and are showa i n  Table 

IV - 20. 

( b ) Re sult s . 

I n  2 V\c l'J c a s 8  ·o ne; ;at i  v e  c o rrc;l': � i on 

was obtained. It  was apparont fro ' t. ho s e  re sult s tb,J. t f c  r b ,-�-::;11 

copper a nd nicke l , the least nCt_;f'. ci vc corro lr:: t i;:m s Y!o ro s} , <: c:n by 

the Nothofagus species  which v:.l. ,'3 al so  fo und. t .. - o \; th'-' be st. S)ecie s  

for prospecting purpose s ( see plRntxsoil correla t i on coefficient s 

in Table IV - 20 ) .  'rhi s ob servat ion was expected however ,  c i nce a 

highly significant negativo relat ionship for the rolnt ivo accuoulation 

correlated with the total soil concentrat ion , implied a constant 

plant concentration and hence a poor plant/r.J.etal systen for bio­

geocheruical prospecting. 



T.",BU IV - 20 
----- -----

C orrelation coefficieats  betv1een the relative accur:'Ul2.t ions and 
the total oe tal concentrati ons in the s oi l .  

C 1 t •  n � ·  • .1. + orre a l O D  c oe i L l Cl C � � s  
Nickel  k C opper ; Zinc 

I -0 .479 (0 . 528) -- � -0. 884 (0 . 344T�- - ·.:o:63T-T-o . o7ii")"" 
-o . 339 ( 0 . 61 2 ) I -0. 841 ( 0 . 294) I -0 . 583 ( 0 . 31 9 )  

! 
-0 . 424 ( 0 . 474) -0 . 30 1  ( 0 . 1 G3 )  • <) . 700 ( 0 . 1 95 )  � I ! -0 . 731 ( 0 . 41 1 ) 1 -\.1 o :J 24 ( 0 . 35 ) )  ! -0 . 778 ( 0 . 001 ) 

. 

-0. 5 1 9 ( 0 . 427) ; -0 . 941-c c= . ' \5 1 r )  : _,j . 655 ( 0 . 0 1 6) 
·- - - ·  J - - - - - - - . ·--- . - ·· - .  - ��- . . . . . . . . . . . . .  - - -·-

+ C orrelation coeff i c i e n t s  i>1 �Jra ckots  .J. rc: t h o s e.;  :i.· u-1· the 

corresponding plant:xsoil re L::.tion ship s .  

0'\ 
w 



! 6) 
( c ) Di scussion. 

In  SECTION IV - -:<; it wa s shc·�:n 

that the a c c w:mlation of nickel rlecreased a s  the nicke l concentration 

in the soil increased, which vms in agreeuent with the c orre l<!.t i ons 

obtai ned in this  section. This Vias interpreted as being the re sult 

of a n  exc lu sion of nickel frcu the plaat in region s of high soluble 

nickel concentrations in the soil , possibly due to a i 1c tnb olic 

exclusion process or to conpeti tion with other i Jet<!.l i on s . 

For the case of copper ,  the acc lliilulation also decreased as 

the concentration of copper in the soil increased. But thi s  �va s 

considered rather as  an i ncrea se in relat ive acc�Julat ion e s  the 

soil c oncentration de c re a s e d  a nd. Hc'. G interprct'-'d n. s  b�in;:  due t 0  

the uet!.lbolic accunulation of COf'iJ .J r  fro; ' s c i l s  l o\ '  in C ''),�· c r , 

to  satisfy the requirencnt s o f  tb ;o � J b i1<� s L\ii.' i:;Li : ' . :, ;t.:c l . Zinc l 3  

also e s sential for plant nu·:�rition and the: roc: :: : ;ns .L' t. ·.:· chc l'c s ult s 

obtained were siuilar to t hoso i.' or copper . 

S ince all the data set s wero transf oroed to ba se ten 

logarithus before correlation , the highly· significant negativ8 

relationships ob served ioplied a tendency towards re ctangular 

hyperbolic behaviour for the untransforoed data. This is shown 

in Figure D1 - 8 where the graphs of the re lat ive accunulations 

versus total soil concentrations for copper and zinc in :ll.!.a.c_u_ti_i'olia 

leaf ash are pre sented. The graphs of the se oetal s o.re in crntra st 

to t hat for nickel in N . fusca leaf ash also shown in Fi�ure IV - 8. 

F or biogeochenical prospecting re sult s to be succe ssful , 

the relative accuoulation of e. net.:tl by a plant dust b e  indepen-
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1 C4 
dent of ( o r  propor ti ona l  to ) the , 1etal c onc c:mtrat ion i n  t�hc f.JI'i l .  

F r oe F i gure rv - 8 h owe ver , i t  c a n  b e  seen that for C OllJ.JO :C 

in the leaves of SL· a cutifolia thi s criterion wa s not sat i sfied 

until the copp e r  c once ntrat i on in the s o i l  exc e e ded 1 OOp. p.  1.  

O nly above thi s l e ve l  did the ru lative accuraul2tion b e c ouo 

approxioately i nde pe ndent of ch8 s :-, i l  c on ccmtrat i o n .  

T he se ob s e rvations cc:n be readi ly int e rpreted depe nding o n  

the concentrat i on s  of c opper in t h e  s oi l .  Below approxinately 

1 00 p . p . m .  c opp e r  in the soil , 1:_a_;-:_t�jfol ia -.vc. s : ·1etab olicaLLy 

ac c unulat i ng copper to sat i s fy it s re :1ui re:-:e nt s .  P o;_" thi s :-> ::_1-:: c ie s ,  

the level required in the dr"; L; :o_ l' w�, s a-:;rroxi. , .-, : 3 1)" 2 t o  I+"P • p .  m .  

o r  40 t o  80p . p . n . i n  t he loaf as11 . ;:oovc a t •�l r<JxiL;c: t ._·1y 1 00p . p . m .  

c opper i n  the s oi l ,  .9_.�cutifol�l':. no l n ng e: r  :_•. c c uro td _  � tc �i c c �:·: ::r e o  

the same extent and prob:cbly s ·�ar c -.; rl t o  cxc lua�, it . � u-� i �; -. ,a s 

appare nt that the excl us ion of co:J;x::: r by the I• le nt s  r;c. ::;  not 

entirely effi cient since ·:;here s o i l s  c ontnined anc �a l ou s c .:: n c c n­

t rat ions of coppe r ,  soRe leaf c once nt rat i on s ,  partic ularly for 

the N othofagus spe cie s ,  we re c onsicle rably higher U.3.n norih3.l . 

T he same reas oning can be a�plied to the ca se of z i n c  

(F igu re I V  - 8) , although no s oi l  c o nc e nt rat ions were ob served 

for which t he relative accumulati on t e nded t o  b e c ome con::; c: : ut .  
Thi s  wa s be cau se the re wa s n o  z inc ninera l i sation i n  the st nrly 

area . 

F or the c a s e  of n icke l  hovveve r ,  no uarked dev i at i on 2.·,:ay 

from c onstant relative ac cunul['_t i o!'l was ob s e rved exc ept for 
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Q. acutifolia which showed a ne gative correlation of -0 . 731 (Tc-.ble 
IV - 20) . Tho rea son for thi s is  not clear but the re sults 

indicated that thi s spe cies , and to a le s ser extent the other 

specie s ,  tend to naint.:cin a Dini;-.1w1 2. , 1ount of nicke l in their 

tissue s .  The graph presente d  in i' iGurc I V  - J for nickel  in 

J:k.f..llsca contains three point s which deviate fr: .. :. the ,ynEm:' l 

population. One  point at a re lative accUDulation Oi.� 3. 3 ,c. lY e a 

soil concentrat ion of 20p . p .u. nas due to a plant containing a 

nickel concentration indicative of a basic sub strata while the 

corre sponding soil showe d seclir.1r::ntarJ chi::iracteri st ic s . .L' hr�rc i s  

little doubt that this point c c' ' 1 0 C/l the nc.:ga t i-.;e C Orl'el: ·i: i nn 

ob served. 

The ne:: go_tive c orre lect i nn c o�ffici . .; nt for t h e:  o·i::her srJuoios  

were :1lso  partly du0 to point s suc;l ::1. s  ti1i s C'nc; . T\:0 o l;Lor points 

of high rdati ve accu.raulation and high soi l concuntro.tions (;:, 375p . p . El . ) 
are worthy of raention be cause of their apparent anonalous behaviour. 

i'llthough it wa s not inve stigate d  furthe r ,  it wa s thought that tlw 

sar:::tple s corre sponding to the s e  points were contaninated to  a Sd2.11 

exte nt by soil . In  gene ral , the re lat ive accuuulation value s for 

nickel shov;ed a le ss  regul.'lr relationship to the nickel content of 

the soil than was observed between the relat ive accu.oul<.ctions  nf 

copper and zinc and the concentrations of the se J:Jetc:l �  in :·.�Jc soil s .  

Thi s  wa s probably due t o  the regulation by the plants  of the 

accUJ:Julations of copper and zinc in c ontrast to the accumulation 

of nickel , which wa s not regulated by the plants .  
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( d) C onclusi on s .  

I t  'ila s concluded fro;.1 thu se 

studie s that for netal/plant systeus , a graph of the relative 

ac cuo.ulation versus the t otal concentration in the soil i s  of 

parti c ular value , for it shows at a glance the l ovre s t  metal 

c oncent ra tion in the s oil bo l ml v:hi ch biogeocheni cal prospect ing 

re sult s would be unre liab le .  I f  thi s niniwun soil c oncentration 

is not s ignificantly beloYJ the soil concent rat ion cxp o c t o d  t �J 

indicate Iilineralisati on , then there i s  little point in CC'-�crying 

out a b iogeocheeical survey. I !1 addit ion , from the r e la tive 

accunmlation value s lying on the curve d part of t he graph sor1e 

indication can be obtaine d of Uw optiww�t a;_ ,ount of the L:c tal 

required by the plant. F or exo.1 ; � :L; , L1 the case of co;J11er in 

.9_.acut ifolia leaf a sh ,  this c r�ount i s  0 11proxi: ,a toly 40 to 80::.; . p . :  : . 
( c . f .  the re sult of 1 0 5 p . p . ::: . i n  i:ho le.·lf a sh of th.; E'?�c.>o:C�...::._us 
spec i e s ,  obtained by trend ."!.nE'.lys i s  in .S:SCI'l d·T IV - .� ) .  
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I n  the int ro duct i on t ·: t hi s  th.,; s i s  i t  11 t s .)in�t�d uut 

that there are tv10 a pprua che s t ' thG st ud_y cf \J i o,:-:;E w ch::; i ca l  

pro ce s se s ; the di r e c t  experi:�!entc,l approa c h  wh. i c h  is  the  ,·-,ot:it 

cOD8on and the s tati s t i c a l  approach whi ch ha s been i l lustrnt0d i n  

t h e  previ ous s e c t i on s  o f  t h i s  the s i s .  � lt hough t h e  judi c i u u s  

applicat i on o f  stat i s t i c s  t o  ob s e rved data c a n ,  in soDe c a s 2 s ,  

s e rve t o  det e c t  r e lationships anong trac e me tal s i n  plants and 

s oil s , furthe r e lucidation of the re lationships relie s he av i ly 

on the experimental approach. 

There are , howev e r ,  a nwJb e r  of protleL s inhe r2 nt l;1 the 

expe ri�ental approach t o  b o th plant a nd animal syste� s .  I n  the 

past , mo s t  netals a�:ini stered to orga ni ses c ontained radi oa ctive 

i so t ope s a s  trac e r s ( Broda , 1 9 6o),. L l though the use of r s.di o­

i sot ope s is a very s e n s i  ti vc .Jc t;·,od,  fr8 � f r oi..; c ont.J.clinat l lm 

problen s and u sually ve ry c nnvenio n t , a t t c  .1) t s  t,J  st udy JnL! tt".l s 

in ti s sue s at ve ry l ow c on cent ra :·. i c n s  aro ol' t o n  l imi �;.:; cl  b7 cho 

s p e c i f i c  a c t ivity of the ea t i o l l  solu t. i o n  ac.lr.1ini s 'c. cJ .L'<Jel to tlu 

organi se. The ne ed f or a u s � ; ul s � 2 c i f i c  nat i v i ty i� t h 2  t i s s ue s 

filay require the a<llli ni s t ration .. ;f pr: t o n t ia l ly toxic c cncentrn t ions 

of the meta l .  

There are other disadvantage s ,  part i cularly wit h the U$ 8  of  
radioisotopes whi ch emit low energy radiation. For  exaBp l e , t ho 

only useful long-lived isotope of nickel i s  nic ke l  - 63 which 

emits a B particle of e nergy 0 . 067Mev. The organisEl .Bay a c c umulat e 

s uch low concentrations of thi s metal that measurement of ·che 

radiation in the tissues is very difficult , 



1 69 
J.nother well-lmown proj lei i ari se s  -,;he n only short- l ived 

i sot ope s are availab le s uch a s  the c oppe r - 64 i s0tcpe v� ith a lk1.lf-

lifo of 1 2 . 9  hours . The s hort half-l ife is thi s i s otope i s  1mJLlab ly 

one of the oain re a s o n s  for the re lative la ck of lit erature on the 

me taboliso of t hi s  me ta l in plant s  as c or.1pared with iron a nd ,  to a 

le s s e r  extent , zinc . 

I n  view of the ab ove COiilD.e nt s it i s  apparent that whil e  

radi oactive tra c e r s  w i l l  c ont i nue t o  play the doui nant r olu i n  

trace metal s tudi e s , there i s  a n  urgent need for methods not b a s e d  

o n  radi oactivi ty a nd i nvolvi ng t otal analysi s  o f  oetal concentra t i ons 

i n  the s u�oic r ogram range . 

I n  addition to t he applico.tion 01:· a t o:. ;ic a b s r.rpU.on sp"' c t ro-

phot ome try de scrib e d  b e l oY; , oth..:;..:· s ;.; n s i t iv .) u0 thods of ana lys i s  

f o r  tra c e  netals have recently b -) .:on C.8 vel 0pod . l' (lO S ·J -- ,et:J.�)cls 

g e ne rally depe nd on the princ iple s of a toi.�i c ab sorp l: i un or :� t o: 1i c 

fl uore s c e nc e  spo c t rophot cr::1et ry .  S uch systems which have b e un 

re port ed include the carb on-rod at oni z e r  ( Vie st a nd ii l lian s , 1 9 69 ;  

Amos e t  al . , 1 971 ) ,  the graphite-tube at ooi zer ( Ma s smann , 1 968 ; 

Manning and F e rnande z , 1 970 ) a nd the platinum- loop atomizer 

( B rat z e l  et al . , 1 970) . The abs olut e  det e ct ion l imi t s  which are 

po s sible with the se t e chnique s are very l ow .  F or example , the 

detection limi t s  obtainable w ith a Va rian-T e chtron carbon- rod 

- 1 1  - 1 2  
at omi z e r  Mode l 61 are 1 0  gn of ni c ke l  and 5 x 10 gn of 

chromium. Whe n the se value s are c ompared t o  the det e ct ion limit s  

- 8 
attained in thi s the si s  for these two meta l s , 2 x 1 0  �' for 

- 8 
nickel a nd 3 x 1 0  gm for chrooium ( Tab l e  II - 1 )  using c o nv e n-

t ional atomi c abs orpt i on spe c trophot ometry
, i t  i s  apparent that the 
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nev1 methods offer considerable prvni se for e ppli c" t i on t o  biulo�ical 

systans. 

i>lthough the application of such analytica l technique s doe s 

not pre sent a great problcn ,  tho difficult ie s of conta�- lino.tion do. 

In  the use of r�.dioac tivc; tr· ,-,_ c ,; r ::; , c onte �_;in:-· t i cn i'ro::: othe;r 

sources  of radioactivity is un l i : ::: ly. Gn tlll� •Jt !L: r r J ': !1 :l ,  i ;; :-, ;- ' 

total analysis of uet2ls  at the su�;mi crogra: : 1- 'l c; l , c ::m tam ;_ nat ion 

the expo rinental ::anipul.J. t L : n s  c,-, ; 1  r2cluc e  this prCJ'ulc. c c  ,, n 

acceptable level.  

The pre sent section de scribe s a brief study of t he location 

and chemical forcs of nickel  in the foliage of sone of  tho trees  

t:rowing in the sampling area.  Thl� lack of knovdedge c oncerning the: 

chdr:ri.cal forms of the " 1wailable" nicke l in the soil of  the area 

presente d a oa jor ob stacle to  the setting up of experiuents 

involving plants grown in nutrient solution s .  I t  wa s po�• sibl2 

that the c onditions existing in the soil  of the C ooplox o�y �avs 

been difficult to duplicate in the laborat ory. T o  overcome thi s 

difficulty, leaf tis sue collected from trees  growing on the C ooplex 

vm. s used in the pre sent study. I'his tis sue contained nickel 

accumulated under natural conditions in suff icient c on:;entrat i onc t o  

a llow the use  of  atomic absorpti on spe ctrophot ometry f or it s 

detection and measurement . 



T he leaf sacple s used in t hi s  

study wore c ollected froD two spe cifilen s of each of the spe c iG s 

N . fusca , w . ra ceoosa and Cl . a c�t:i.folia. In addition , l eav e s  Here 

taken froo one spe ciuen of _E�d.£��i-�� c ol 2� whi c h  wa s grcwing 

within a f ew fe et of the sulphide out c rop at site ( 2 , 8) . 

The l ocat i on s  at whi ch the s�1ple s we ro col lected �re si ven 

in T able V - 1 .  Value s for the excha ngeab le conc e nt rations of 

ni cke l  and copper in the s oi l s  at each location are al so gi ven in 

T able V - 1 .  T he s e  value s were ob t.::.i ned by extract ing 4.0gr:� of 

soil with 1 0 . 0ml of various oxtractant s .  

Approxinately 1 t o  2 lb s  ·�·.!.' lc;.��ve 5 wcreJ rt>:OV <..: d f' r a :  o z- e l l  

tree and trans ported in plastic b:"lgs b.qck t t. the l a.o orat. ory 1"ihero 

the le ave s we re wa shed gent ly in tap -:r:1 ter , foLLr)\\'0d by di stillc� d  

water . T he quanti t i e s nc; c e ssary f u r  the differ0 n-Gial con·crifugation 

expe rime nt s  were stored <1t 4 °C f or .:1pproxir.:ately 36 hour s , 1·:hile 

the reoainder were free ze-dried, ground t o  l e s s  than 1 un i n  a 

hruuoe r mill , and stored in air-tight brown glass jars at -1 0
°C . 

2 .  C heoical s  and Gla ssware . 
____ ,__.._ 

Since quantitative 

neasurement s we re made of oeta l s in the Dicrogra.m concentr'?.tion 

range , all s olvent s and chemi cals had to be exceptionally p1.1re . 
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T;..BLS '! - 1 

Details of the leaf sanp l e s  u s e d  in tho st udy of the :x;tal ccc:;lexes 
in leaves .  

Species 

N . fusca 

"'ii . raceLlosa 

_g_. acutifolia 

W . racemosa 

N . fusca 

o . acutifolia 

P. colorata 

Metal c oncentrations in th"' sci l s  ( r'' • i} .r , . ) 
c 

Salilplingi- - ·->- ·----r:f"ickel - -- --· -"· -- . . __ · .. · Copper 

--+--Lo
_

cat�� _ _  A+· -E¥�-- - B --+-
( 2 , 3) 404 l 0 . 1 6  I 2 . 6  I 1 9 1 . 0 . 1 7 I 4 . 0  

'Specimen l 

. b . 

' 

I 

I 

I 

b 

b 

a ( 5 '7)  

a ( 2 , 8) 

a 

a 

� : : I ' i 

+- 1'  _ _ t! - � · - - -� -·· . - ·� . .. t ·- . l 
: . 

i 47 6 1 0 . 2 9·-· -�· 2 
. .  J_ ---�8-��-- .  - �--.--1 20 . 1  I 1 JOO I 30 . 0  l 465 . 0  5 50 6 . 4  

- · - · -- ·· ·- �---•· •- r -. .,·�- · - -·--. '-----�._;_. ____ _ 

+ A =  Total ( -1 20 me sh) 

B = 1 M  aomoniuo acetP-te 

C = 0 . 05M di sodiuu Z . D . T . A .  

N . B .  Soils were typice.l o:::· those in the v i c i ni ty cf each site , they were not 
collected iLlmedintely bel m :  the trees f ro;::: :;hich le.::J.� sa:-tple s were taken.  

->. 

-.J f\.) 
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S o lvent s were di s t i l l e <1  conce ntrP.ted approximat e ly 20 t ir.:e s and 

analysed for nicke l ,  coppe r ,  zinc and iron . D i s  t i l liJ. ti :  n '. c: ;J re; peate d  

unt il t he conc entrat ions of the se me tal s were b e l ow the da t e c � i on 
i 

l imi t of the atofili c ab s orpt L ;n s1 e c t rophonet e r  ( Table II - 1 ) . The 

chemi cals Here all of analyt i cr::.l grade and c ontribut e d  negligible 

auount s of nicke l , c opper , z inc :: ;1d iron to the s o l u t i ons L1 v1hich 

they were used, 

Decontaminat ion of glas sc .':trc -.;: s . .  o s i:. d'i e c t i v,_ lJ ::cclLL -)VOd by 

f o l l owed by boil i ng in di lut e ,  ·: . .__ ·(;:�1-free h:rclr o c. - l or i c  a c 1 d. 

Reabsorption of ni cke l on t o  the a ct ive gla s s s urf.:'. C(; d: ln.nc_: thcJ 

extractions of l oa f  t i s s ue wa s f o und to be ne gligib l 0 . ( c . f . 

percentage re coveri e s  in Table V - 2 . )  



C .  DIFFERENTll-ili CENTRll'UG. lTION OF FRESH_L.§i:Y£1.. 

1 .  Method. 
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F o r a prel ioinary s t udy of the s ub c e llular 

di st�ibution of ni cke l  in the leav e s  of the plant spe ci e s  u s e d  i n  

thi s s tudy i t  wa s not c o n s ider e d  ne c e s sary to undertake exten s ive 

expe riraent a t i on t o  det cruine t h8 optioUD condi t i on s  for s epara t i on. 

I nstead , a standar d proc e d'..lre wa s adopt e d  ( Stern ,  1 9  68) • .al ch.)ut;h 

t hi s method wa s intended priuarily for s oft leav e s  ( gra s s e s  e t c . ) , 

it proved t o  b e  suitable f or the p r e s ent st udy with only minor 

oodifications  to the preparati on stage . 

The fractions obtain0J <:nd the ir  , ·,aj or c or1p one nt s a rc given 

in F i gure V - 1 .  

The re sidue ob tained : 1 t  l OCJOc .i.'or 1 0  · �i nGt e s  c n :- ,· incd o at h  

c e l l  wall fragment s and chloropla 0 ·c s  b ut no further S\.;;' :Ta-: : ic"n of 

t he se c oi:J.pone nt s wa s atter.lpt e d .  

2 .  Proce�_y� . 

The leaf sa;:.1ple s used were c ollected in the 

field, transported to the l ab orat ory, wa shed and placed i n  c col 

storage within one day. Thre e saople s were us ed; one e n cL of ]f. fusca,  

Q. acutifolia a nd P. colorata. These saLlple s were a l l  clas sified as 

specimen " a" .  

F or the large leave s  of SL• acutifolia and P . colorata , it was 

necessary to renove the oidrihs f ro; 1 the le:=tf bladas  before blending . 



F RE S H  L E A F  

\ 
B lend i n I r is-sucrose 

bu ffe r .  pH &8. 

RES I D UE C leaf fragme n ts ) 

H O M OG E NAT E 

\ .  
C e n t r  t f uge 

1 000 g .  1 0 m ins.  

S U PE RNATA N T  \ .  
Ce n t r t f u g e  

2 0,0009 . 2 0 m ins .  

R E S I D U E  (chlo rop las ts 
and c e l l  wa l l  
frag m e n ts ) 

\ �\---------------+• R E S I D U E  ( m i tochondr i a  B 
a nd n uc le i ) 

S U P E RNA TA N T  

\ .  
C e nt r  t f uge 

80,000 g . 1 50 m  i n s. 

SU PE R N AT A N T  D 

Fig u re V- 1 .  D i f f e re n t i a l  c e n t r i f u g a t io n  scheme ( af t e r  S te r n  , 1 9 68 ) 

A 
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Twenty gm of lec:.f ti ssue was blended in  a Waring Blondor at 

full speed for 1 8  x 1 0  seconds in 200nl of tri s-sucrose buffe r ,  

pH6. 8  ( 0 . 05M trishydroxyoethylauinouethane - HC l ,  0 . 5M sucrose , pH 

adjusted with acetic acid) • A l l  nanipulations were carried out at 

0 - 4 °C .  

The resulting pulp was strai ned through a 1 25 �licron nylon 

oe sh a nd the f iltrate separated into five or six equal porti ons . 1�.11 
portions were ce ntrifuged to give fra ct ions .\ , B and C + D .  The 

C + D fractions of t-no port i ·::ms 1 1cre furthe r sep<lra tei t o  t:;i v c  

fract ions C and D .  The re sult s l)r:: se ntc ;d are the 1 1e : n s ·.If the 1 1. , B ,  

C and C + D frdct ions . 

Because of  the large quantities of 

leaf tissue used , it was 1.'0w1d that by drying each fraction at 80°C ,  

a shing at 430°C and di ssolving in 1 M  hydrochlori c acid,  reproducible 

results were obtained. The acid solution wa s analysed dire ctly by 

a tonic ab sorption spectrophotouett"J. 

4. Re sult s.  

All fractions for each sanple were a.nalysed 

for nickel , · copper ,  zinc and iron n.nu the re sults are presented in  

Table V - 2 .  Two samples  of .9..:_.acut ifolia were S 'Jb jocted to the 

separati on scheme to give a measure of the precision CH' the separation. 
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The se re s ult s are al s o  shown i n  T a�le V - 2 .  

By c o n s i de ration of tho value s ob tai ned for the two rep licate s 

of .9..:._acut ifolia , the approxinato e rror s i n  precL; ion ',rere , nicko l  1;o , 

c opper 9% , z inc 3;i� , and iron 4;;i .  

Lppro:dmat ely 9ofo of tho nic!.\:e l  i a  all Sc.mple s rc: . .1aine d i n  the 

supernatant fract i on after cE mtrifue:;ing o.t 80 , OOOg for 1 50 minut e s .  

F or b oth c opper and zinc , SO;G t , . 70/o rcu2.ined in the� !3 l<_i)2rn<ct?-i1t 

fracti on , while only 10'/o to 1 Ijfo  or the i ron wa s prt:: s·_;u·c in thi :J frr: ction. 

B and C .  

Wi thin the error licit s ,  c.il spz� c i e s s :�u . . '�_:J. <:11"' s:'L.le J.X: rco ntagc 

fracti onat i on of nicke l  ancl coppe r .  F o r z il1e , .f·_�o l or� .::·. n:l _/_.]� 

containe d a highe r p er centage in the ir supe rnatant fra ct ion tha n Qid 

CJ . acutifolia. I n  the case of i ron , the only apparent differC;nce ·-:1as 

that N .  fusca and E.:..£?_�<E'_!lta c ontained a higher rat io in fraction B 

re lat ive t o  frac t i on A than Yras found f or �. acutifolli• 

5 .  D i sc�s s ion. 

( a) Nicke l .  

.i.l tho,_cgh the s eparati on of the cell 

couponents was probably not c:cx.l�lleto , the re sul t s  obtaine d  rm:.;0o s t e d  

that in a l l  the specie s st udied , approx i.r:at c ly 90'fo o ?  -:�he to·<:al nic ke l  

wa s not conta ined in the c e ll org: me l lc s . Thi s nicl�o l •.m s . :ost 

probably pre sent in the leaf either in the cyt oplR sL o:c in the va cuole . 



TiiliLE V - 2 

Percentage di stribution s of sone netals in the fractions ob t:1ined by dil,fc rc nt ial 

centrifugation of tMe fre sh leaves.  
:.? ruc-l� i c.ns + ---

- T otal conc n P:enlic::;��-er-- - � �··- . t. --- ·· . . . · - . - ·  . . . . . .. .. . . . .  ---�- --· ·· r ---�- · ·  

Metal Spe cie s .?-g/gn --- -�---��·- J . _ .  - �� --- . .  _
_

_ _  B _ __ . . . _ . .  _
_

_ c_ . --� +_D_+ 
N . fusca 8 . 05 · J  ; :� . 25 ( 6) 2 . ,35 ( 6) 1 . 1�2 ( 2 ) ! 89 . 0  ( 4) l I 

Nickel I P. co�orata 1 4. 7  � 1 ; 3 . 00 ( 5 ) � 2 . 43 ( 5 ) 1. 65 ( 2 ) 1 89 . 5  ( 3 ) 

C opper 

Zinc 

I ron 

� • , ' j g. acutifolia ;  6 . 20 :. 1 ' 9 . 65 ( 6) � 0 . 3 6 ( S) 2 . 5 3  ( 2 ) :  90 . 0  ( 4) 
i 
1 2 : 1 0 . 3 ( 5 )  I U . 2 ; ( 5 ) ; 
�-- - - ···--·--'----·-· · ·-··- �- -�---- ---- J -- --

89 . 5 ( 5 )  
f ; • • 

N . fusca ; 5 . 1 0  1 : 33 . 4  ( 6) : 7 . 5 3  ( 6) I 5 . 30 ( 2 ) 5 9 . 0  ( 4) 
P. colorata l 5 . 1 0 1 i 34. 0  ( 5 )  i 9 . 70 ( 5 ) l 2 .70 \ 2 ) 56 . 2 ( 3 ) 

I 1 i • 

Q. acut ifolia! 2 . 03 1 ! 39 . 6  ( 6 ) � 0 . 60 ( 6) I 13 . 30 ( 2 ) 59 . 7  ( 4) . ' ! J i l �-----·-··· � - . - --� · - --t-�..::_ ( 5 ) - -�. 3 . 3
3 �:+ --�- · - ·  

52.:_?.�(5) •. 

N . fusca 8 .56  1 : 23 . 2  ( 6) j 8. 40 ( �� I : · 90 ( 2 ) I 6 : . •  5 ( 4) 
b...£_olorata 1 7. 9 I 1 : 2 1 . 8  ( 5 ) j 7 .44 ( 5 )  I 3 . 60 ( 2 ) lQ . 8 ( 3 ) 
Q. acutifclia 7. 20 I 1 l 39 . 4  ( 6) l 8 . 35 ( 6) 1. 6 . 00 ( 2 ) 52 . 1  ( 4) j 

2 J 38 . 6  ( 5 ) 1 6. 29  ( 5 ) - 55 . 0  ( 5 ) I 
+-- I - -�,�--f- - · - ·--· · . .  · 1 -- -· - -1-�------ - . .  : ·· . . . . . . . -- --�� 

N . fus ca 

P. colorata 
41 • 5 I 1 l 70 . 7 ( 6) j 1 J .  3 ( G) . j 0 J ·j ( 2 )  1 1 • 0 ( 4)  ; 
28 . 5 1 1 77 . 0 ( 5 ) 1 1 2 . 6  ( 5 )  1 . 75 ( 2 ) i 1 0. 5  ( 3 ) 

� acutifolial 1 8 . 3  1 l oo . o  ( 6) : 4. 77 ( 6 ) 5 . 23  ( 2 ) ! 1 5. 3 ( 4) 

J ---�· __ 
. . _ __ 2 �..1_83 . 4 ( 5}._ 1 4. 1 0 ( 5 ) - 1 1 2 . 6  ( s ) 

+ A " ce l l  ..-,-all fro�cnt s/chlc:r -')l-r.c s t s  11 

B "mitochondria and nuclei" 

C 11 Lli crc s one s" 

D supernatant 

_,_ 

--.j --.j 
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The remaining 1 a,%  of the t otal nickel was found in  the fraction 

containing the cell wall �agoent s a nd the chloroplasts but since no 

further separation of these  c onponcmt s was uade , the precise location 

was not known. 

The se re sul t s  were in res s on�blo � gre ono nt �it� thu solvent 

extract ion re sults pre sented in P"'. ,'t D of thi s sec tio;·1 , if <� l tc:  1 0/o 
nickel remaining in the c e l l  ''fall/ c hL>ro p l :c st fra c-t i on ·.v: s considered 

to corre spond to the s i;- ,i lar ::l; ;ount of nickel  rer:ainint; in the re sidue 

afte r s olvent ext ra c t i on .  

( b )  C opper , zinc and iron. 

The percentn.ge s of tho se 

rJetal s in the chloroplast / cell vmll fract i on varied f ro! l -�-i ) Olrc 25% 

for zinc to  85% for iron in contrast to the 1 0'/o of th.:; total nickel 

ob served in thi s  fr�ction. 

The p ercentage c opper in this fract ion was e s sentially the SDLle 

for all specie s with betv;r0en 3afo to � of the total co:Jpt;r pr, : scnt . 

T his value i s  lower than that ob s2rved 1'Y N s i sh ( 1 939)  who f otmd 

74.ff/o of the total copper in the leav e E; of f.r:..�:[oli�E_l 1?!-'atons� e o  b e  

in  the chloropla sts.  The lor: v::t lue s  ob served in the present study ;_Jay 

be due to the fact that the leaf sauples all cane fron trees grov:ing 

in relatively high soil concentrations of copper (Table V - 1 ). This 

caused higher concentrations in these trees e . g. approxioately 

1 0  - 1 5p . p . u. on a dry weight basis , compared to the mean values 

in the tree.s over the grid area of approxioately 3 - 5p.p .o. ( Table III-3� 
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The c opper acc umulated by the plants in exce s s  of that re quired for 

the chloroplasts would be }Jre s 0 nt in the supornatant fraction. 

N . fusca and P. colorata on tho on0 11;:-,n.l ::1 nc'. ::: . E.cutif·:::-lia on the: other • ...... __ ___ -

The forner two spe c ie s sho·;md s :t i,)1 t ly lm:e:r conc E.·n-+-.r2. :; ion� i ;� the 

chloroplast / ce ll wall fraction ·::'.nrl hi , _;h o r  c cmc c mtru·;�i u;c. a in tL.::: 

superna tant frac t ion than Fc: s ob c.;u cv.:d for C} . c:Lcuti:f:?l ia . 

I ron wa s shown to exi st aluost ent irely in the cell '. Tall/ 

chloropla st fraction of all the specie s studied. This f inding v:a s 

i n  agre ement vl ith previou s studie s by L iebich ( 1 941 ) who found up 

to 82% of the total i ron in §�inacia oleracea to be in the chloroplasts , 

and Jacobson ( 1 945 ) v1ho showed thc.t 61% t o  81js of the t otal iron in 

green tobacco leave s wa s pre s e: nt in the cnloroplast s . 

I n  the plants studied i n  this the si s ,  copper , z inc and iron 

were pre sent in only small anow1t s  in the " oi t ochondric:L" and 

11 t1icrosome" frac t iorn and i n  v i e ' !  of th0 pos sibility of c onta:·,iinc:Lti on 

fron the other fraction s , tho si;:;;nil' i co nce of th8 se Si tall a · .1ounts 

could not be asses sed. 
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D .  SOLVSNT E:xTRL.CTION OF I'JIC KE1 1TROL! FRbEZi£_-:.Q:�J:;EP� .L].':i:J:'� _l'_ISSUE . 

T he scher:�e followed in thi s work 

VIas adapted frow the procedure pror)osed by Bov1en et al . ( 1 962 ) . F or -- -
a preliDin=.try c onpari son of L;hc chc;;lical  nature of nicke l  in c;ach 

sanple of leaf tis sue , tho fi v ..) - f L' ' Ction s eparat ion s .; llc! 10 shown i n  

Figure V - 2 vr:l s used. 

T rial experin()nts shoHccl th, l  t; 1 ts'-� of fre l.! z8-dried. {; i s �m,: could 

be readily dealt with by thi s c xcrac tion procedure c.nd the analytical 

toclmi que de scribed belor; . Suff ic ient quanti ties  of all fract ions 

were obtained for quantitative analysi s  and further separation by 

electrophore sis  or chronatography. 

2 .  !g�J�ical nethod. 

Each fraction wa s tLlke n to dryne s s  

under reduced pre s sure ( 35°C )  and redi s solved i n  5 . 0ul of the 

appropriate solvent. F or the analysi s  of each extract ,  3 x 1 Bl 

aliquots were added t o  three test tubes , each c ontaining one c irc le 

of Whatnan (No. 541 , 7cn) filter pn�: cr . ·rhe contents of the test  

tube s were dried at 80°C and a sho'L a t  430°C in .:c. suf1' le furnace . 

D rying and a shing in the absence of filter paper , re sult ed 

in a poor re covery of nickG l , probably due to the re si due adhering 

to the gla ss walls  of the tube . With filter paper pre sent ,  at 80°C 

the solvent evaporated nore rapidly fron the filter paper than fron 

the solution surface , with the result that almost all the solution 



F R E E ZE - D R I E D  
L E AF , 1 g m .  

\ 
• !lll>Boi led w i t h  80°/o et hanol 

8 0 m l  , 1 0 m i ns . 
• 

\ E x t rac t ed 

\ .. w i t h  e t h e r. 

'----- RES I D U E  \ 
• .. eoi l ec:l w i t h  wat e r, 

8 0 m l  , 1 0  m i n s. 

E THA NOL A \ "' E X T R AC T  

E THE R B • E X T !tAC T 

\ �\----------------------· .. 
WAT E R  

E X TRAC T c 
�-- RESI DUE 

\ 
E x t rac ted w i t h 0·2 M H C l, 

5 0 m l . 1 0 m i ns.  

RESI D U E  E 

H C l 
E X TRAC T D 

F i g u r e  V -2. S o l v� n t ex t r ac t i o n  s c h e m e  fo r f r e eze-d r i e d  l e a f  t i s s u e. 
( m o d  i f  i e d f r o m 8 o w e  n .tl .il. .  1 9 6 2 ) 



was ab sorbed up i nto the filter paper before drying was c a.:plete . O n  

ashing , a small pe lle t o f  a sh rena ined wh i ch c ontained the rJe tal s  

fron the extract and tho s e  fron the pape r .  Thi s a sh wa s di s solved 

i n 1 ol of 1 M hydrochloric a c i d  and the s o l ut i on ana ly s 0 G. . 

The r:1en n s  of the thre e  de t �! r: :in:1t ions for a:-:ch .:;xtra c t  �·13rc 

+ _� + a 
take n  whi ch agr o e d  wi thin - )/o and u �l U c� ll,y ">"ii thin - ?;o. -,l , � � \ ·' 

c orre c tion for the filter p".per ·.-:�c s nc c 0 ::� sary . 

The t otal qua nti ty of nickel re c ove rod froL the B owon 

extraction wa s expre s s e d  a s  o. pe r c e ntage of tho original o.uount 

pre sent in the qua ntity of ti ssue used ( 1 gm). 

3 .  R e sulli• 

Two portions of each s a2plc �ere sub j e c t e d  

t o  the extra c t i on procedure and the re sult s f or b oth are pre sent e d  

in T ab le V - 3 to illustrat e t he pre c i sion o f  the ue thod. 

The se re sul t s  showed thc. t L1 :�::.1 sa •1ple s ,  ; _:ost of th<.:: :1i c ke l  

pre sent was s olub le i n  the aqu.Jous e: thanol 2.nd ·.r.tcr fr.::tc t i r  n s . 

1-.pproxinately 85 . o% wa s extractGcl int ,-) tho se; fract ions fro;. :  the 

sample s of N . fusca , 75/� fro; : the sai iplo of P. coloreto.. and 6CP/o t o  

7afo f rOiil the s ar:1p l e s  of q. acutifolia and !�c oGosa . Of t he nicke l 

remaining in the re sidue after extraction by aqueous e thanol and 

water , the ratio of acid soluble to insoluble ranged f r oiil approxim-
ately 1 . 0 for N . fusca and P. colorata sar.1ple s ,  to 2 . 0 and 4.0 for the 

samples of W. raceoo sa and Q.acutifolia respectively. 



T!:.BJ;:�:;.. y . _-_ 3 
Percentage distributions of nick;_:;:;.  in th"� fr<:. u z c:-::.ri ..;Q. l. c: ·· v ,·, s - J'n,c: 
the various solvent extracts . 

Spe cie s Ts;eciBe-:; ������-:£*f . ·- - -- . - - ----- - -- - . .  ·" �,."r�-�J;i�� ·;- --- i -% -l ; j concn. 1 J, B C il.+.G+C D E ; Recovery l 
-----+' ---- i t · · - --- -----� ---- · - -��·· ·· 

I � 
t a l 1 1 . 9 , 48 . 1 5 . 1  1 4. 3  67 . 5  2 1 . 1 1 1 . 4 97 . 0  w. raceoosa 

N . fusca 

I l . I 4) . 2  o . o  25 . 2 68. 4 1 8 . o  1 3 . 5  i 93 . 3 i b , 1 0 .3! 3 6 . 4 o . o 32·-:;- -Ga.? _ _ _  27 . 3  4. 1 I 95 . 2 : 
1 1� �---13��-�- -- -�_:.9. ___ __ _ __ _ 2?.- ? _ _ _ __ ��-1 .. � _ _

_
_ 24. 5 __ 1 2 . 3 � 9 6 . 0 � 

1 b 6. 9 ! 68 . 0  1 . 9 1 5 . 1  85 . 0 9 . 5  5 . 7 � 1 07 . 0 i . • ---w--1-1 ·-·- ·---�--�5�2 ... . . -..�: �- -- - �..?.· � .  · - • ���.: .. _ _  1 0 . 3  ___ _2.=� 7 . 0 � a l 1 L� . 5 I 5 7 .  1 1 • L,. 2 5 .  7 ()!+ . 2 7 .  2 8.  6 9 7 .  2 I l 54 1 . " 2 f' J 81 7 7 0 8 3 j 99 re I. ' • 4 · �------�:-�- - - - - _ :;:� .' . .  - - - . . l • :J 
-� _ .. ·-�---

�.acutifolia : b 5 . 0 31+ . 4  o . 0 X7 . 2 61 . f 3 1 . 7  6. 8 l 88. 5 
3 1 . 2  o .  0 

a 1 0 . 5  3 3 . 2 o .  0 
34. 3 o.  0 --

P. colorata a 2 9 . 0  42 . 3  1 3 

2 ?';. 2 57 . 1;. 3L�. 4 
_ _ _

_
______ --. ........ 

33 . 2 56 . 4 2 6 . 2 
28. 6 62 . 9 28 . 6 

- � -- - �--- - ----

32 . 9  76. 5 1 2 . 8  

8 . 2 
7 . 4 
8 . 6 

1 o.  7 

1 20 . 0  
9 1 . 7  

1 00 . 0  I �3 . G  --1 
- ··-·· 

h3 . 0  0 
... _ -��---·"' - -

0 3 2 . 2 75 . 2 1 4 . 1 1 0 . 7  
- - - -- ---- - �-· · . . . .. · · -··--- � - � - -�03·-� . .1 

I Value s expre s sed a s  perce ntaga of ths tot�l rsc v �r2d. 
A Bo% aqueous ethanol 

B ether 
c water 
D 0 . 2  M hydrochloric acid 
E re sidue 

n oicrograns/src.m oi· free: z o-dric::cl ·c i c �;ut: 

I' L B .  J'·ao repli cate s of each sa:-:1ple 
and bro saoples of each species 
except P. colorQta are shown. 

_). 

CO rv 
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L very sna l l  anount of nickol Yta s extracted int o the cthor 

phase f or s ome sanple s but i t  i s  l i ke ly t o  have ari sen b e cause of 

inc omplete separation fron the aque ous e t hanol f ra c t i o n .  

4. Discus sion . 

The ;�::'. in c on s t i tue nt s of tho fivo f ra c t ions 

were as follov1s : 

A 

B 

c 

D 

E 

8q1o aque ous ethe. no l aoi no � c i ds , lipids , 

:l10dera toly polcJ.r Iiletnl c onl)lexe s .' 

ether pignont s ,  high c.ol8 cular ,,vei tsht 

organic acids . 

water i oni c a n d  strongly p olar cocpounds . 

0 . 2  H hydr ochlori c aci d  pe ctate s ,  prote ins 

and ex changea'u le cat i on s .  

residue s t ructural c ompone nt s ,  e . g . ce ll u l ose , 

hemicellul o se , lignin and s ome proteins and nucleic 

acids. 

The re sult s ob served su,see sted that the ma j or part of t ho 

nicke l  pre sent in the leaf tis sue s ( 60 - So%) oc curred as a p olar 

corapound( s) , p o s sibly of l ow mole cular we i gh t .  Differences CJb served 

between the specie s were not la:..·ge and may be due t o  differences in 

the ease of extraction re sulting fron varying extent s of grinding of 
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the leaf sanple s . i.n additional snaller fract ion wa s found tc b u  

extractable in o . 2 M hydrochlo ric ac id , v1hich c ould possibly i ndicate  

that the nickel vva s bound t o  the p r oteins o r  pe ctate s  extracted v1i th 

this s olvent . hltarnatively ,  the ni ckel pre sent in the acid extract 

was pre sent as the free divalent cation which had di s sociatscl :Cr �.:: 

c oLJ.pounds in the re si due under the acid c ondi tioYJ.s . I� or ox;:c: :lJlo , 

Hagnus ( 1 958 )  showe d that in the pH range 2 . 0  to 5 . 0  no ni ckel 

coordinatod to the proteins insul in , calf thynus histone and kerate ine 

( a partially degraded product fron laub s wool ) . 

Unfortunate ly ,  thoro aru no other report s in the li � ;r2 t uro 

on nicke l  with v1hich t o cooparc; thc..: pre s ·.::nt ob s c rv-c, t i ons . C hro,_:i ul:' , 

another appare nt ly non-c s sentic:cl 1 · e ta l  to plant l tutrit i on ,  ha ,:; b ;:; en 

studied and L yon et  2 1 .  ( 1 )l (J9n)  ,sl iO . :..; d th;J.t 1 5 .4% of th� c ot ,,_l 

chrooiur. in the sheet s of LeptOSJic.: r;:Jw� sco_E:ariu;� na s s <Jlublc in JO}G 
aque ous ethanol and wa ter ,  ·ahilo 8. further 78. 0/; wa s extrac t2.i) l o  r;i th 

0 . 5  M per chloric acid and 2 M sodiwJ. hydroxide . Thi s was in  contrast 

to the re sult s for ni cke l  obtained i n  tho pre sent study. C opper and 

zinc have received soco attention , prioarily b ecause of their e s sontial 

nature to both plant and llm;an nutrit i on . B owen et al . ( 1 962 ) showed 

that in freeze-dried tonato ti s sue s ,  9 . 1j� of the total co11per and 5 . 8%  

of the t otal zinc were s oluble in So% aqueous etL::..nol , :;nci 73 . 2f/o and 

84.4% of these metals re spectively were extractable in to 0 . 2  I i  

hydrochloric acid. Thi s author also noted that 6. � of the copper 

occurred in the acids extracted into the ether phase . Peterson ( 1 9 69 )  

found that i n  J..grostis tenuis between 52 . 9%  and 66. /% of tho cob.l 

zinc in the shoots ,  depending on the level of zinc in the nutrient 

solution , c ould be extracted with boiling 80� aqueou s othn n,. )l and 

water. Bremner and Knight ( 1 970 ) observed that 65% of th0 t otal 
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z i nc i n  fre sh ryegrc. s s  -,-/<J. S oxtractc;. b lo by c o l d  80;'� aqueous c,t;.- ,� '1·)1 

and water . D i o z -J.ltare s anrl !3 orno:ii s za ( 1 9 67 ) s tudied the f or; _ of 

z i nc in c orn se·c; dlings and f cund tho.t approx imately 7o% of the t otal 

z i nc wa s ext ra c t abh� with 70i� a que o u s  e thanol , oolo.r sodi uL:. chl oride 

and 0 . 05 lli sodi w1 hydrox i de . 

I t  i s  a ppare nt th;:•.t sonsiclerabL; differenc e s  i n  th:.; :; , _,1 ' lJ i li t i e s  

of copp e r  and z in c  o c c ur b0twoen spe c ie s .  T hi s make s useful c o::lpar­

i s on s  dif ficult 'J.n t i l  the: cheuical for; 1 s  of the IJe tal s are knorm. 

Ho�ave r ,  it seeos that in th� pl� nt s st udi ed by tho � o rkcr s  � � n t i oned 

above , Dost of t he c o p p e r  and � i :1 c  i n  the l eaf t i s s uo s ' ""' i ,, ,- . s oluble 

or readi ly-excha n geable foru . ? h i t'>  i s  in  "' grc :'-;e-, :� rJi t;l ": ;L; prc: s�nt 

fi nding s for nicke l .  



1 • Pr o c 0 dure . 

1 .J6 

a high-v oltage apparat u s  ( Mi le s  HiV')l i ::.)  us iw: -hat,  1.11 Y·:�·- , 43 crn x 

5 3 . 5cn , paper. 

S i n ce the s tabi li ties or· any organo-ni c kel c OL.plexe s pr.;  0 � nt 

in t he extra c t s  were unknown , it wa s con sidered n e c e s sa ry t o  ua i;1tc:: i n  

the buff er pH a t  a level s :Llilar t o  tha t exp e c t e d  t o  exi st in the 

leaf ti s sue . .f-. pyridine / acetic e.cid buffer pH 5 . 3  wa s used. (Efron , 
1 960)  

Papers were di p pe d i n  b uffe r , b l ot t e d  evenly t o  re� 1ov c  s urplus 

l i qui cl , a nd plac e d  on the b ed of the i n s t ru.oe n t .  C onc entrat e d  extract 

( 5Q»l to 1 0Q,ul) wa s appl ied v1ith a gla s s  ;ni c r olitre pip0ttc as a 3 5 c!1 

streak a c ro s s  the centre of th.c _;_> S.[JGr and a p o t c;n t ia l  of 6JcJ .  a t  a. 
+ 

c urre nt of 380 - 1 0oa wa s l?.int ·': in-.e · i  i' <W 1 J  , �i nut e s .  H v· ',- ·· ·' ' : 5 

b el ow the paper .  

The pape r s , aft e r  rej :oval fr oc the a_;Jpara tus , -.,ero dri'.; d 

rapidly in a s t rean of warm ai r .  

2 .  ��nalyti cal ee thod. 

T he elec trophore s i s  paper s  wore 

cut into strips 1 cm wide parallel t o  the origin s treak. .6ach strip 
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wa s placed in a s eparate t e s t  tube; a nd El s h e d  ::. t  430cC . F or ·1,-:,xi: •w ; 

sen sit ivity 0 . 3ol of hydrochl oric. acLl -,Hl S Rdded t o  c·:: c i ,  t ub _; . 

The nicke l  in each tube ·. :c. r, de ter: !lned quantitative;ly by 

at omi c ab s orpt i on spe ctrophout: try. Thi s gave the c once ntr2.ti un of 

nicke l on the paper a t  poi nts 1 ci :1 apart along the di re c tion of 

movene nt . 

3 . R e sul t s . 

The analyse s of the elect ropl"oretc'>(;ra· :s are 

shown in F igure V - 3 .  Each s can is t he average of two e l e c t r ophore s i s  

pape rs . 

I t  wa s found that due t ,, :;il'-' h i ch a. · ount s of or ·.:: 1 1ic , :;' t..c .cial , 

c oopared t o  the ar:Jount of ni c kG l in t h .� ;:;; xtra c t , the r..:: t>  _ luti�,n of 

ni cke l o n  the papers wa s very p< · : :r in _-, o s t  ca se s . I' l l .: r0 sull. s ,  llcwo ver , 

indicated t he pre s enc e of a p o �;i t iv · , ;1i c kel c , ,.:,y)Und i :1 e lL t" > c oL;.s 

ethanol extract s of all le<:!.�' s·" . •  �pll] s .  I'ho aque ous ex :�r..:.c t s  sho-:, cd ·· 

similar e le c t rophore t i c  patt e rn s . I n  addi t i on t o  th8 nobiLj nicke l 

c onpound some ni ckel reL18. ined on the origin in every ca se . I t  wa s 

notice d ,  howeve r ,  that the ratio of mobile to i:cmobile nicke l  v;a s  

variable and inc reased a s  the total quantity of extract applied t o  

the paper was decreased. 

The e lectrophoretic pat tern of the divalent nick..::l cation i s  

also shown. Thi s i on migrated further than the ni ckel co::1pounds i n  

the leaf extract s .  



F igure V - 3 Pe.tterns of ni ckel after e l e ctrophoro ::> is  at 

pH 5 . 3  of the do% aoueous e thanol lo,i.i' extr0.cts . 

j. N . fus ca ( a ) -·�-·· 

B N . fus ca ( b )  
c g_. acutifolia ( a) 

D �. acutifolia ( b) 

E Standard Ni2+ 

F W. racemosa ( a) 
G W . racer;10sa ( b) 

H P. colorata ( a) 

N . B .  All electrophoretograms were run on separate papers ,  

hence the small differences in the migrat ion distances 

of the nickel c ompound. 
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4-. D i s cus �..2.£.:. 
f£1.:.: v c. :ci::.olc: rc< t io of m( ; 0i le -�. · imrnou ilt:) 

ni cke l ob s e rv e d  whe n diff e l'C: nt (lur.nti tiG 0 of extr:: .. c �; ·. :e re l oo clc d ont o 

the paper ,  sugge st e d  that only une forn of nickel c oi.�pound HCc s pr-::: sent 

and that the ni cke l on th"' or i Gin VJJ. s reta rde d  by the large '�u:c� nti t i e s  

of uncharged coiapounds pre svnt i n  t h e  extra c t . T hi s  p o s s ib il i ty ·, ;,:s 

supported by laier work. 

S i n c e  the nicke l  i n  the extract di d not :�:ie;rat0 a s fe.r c.. .3 the 

fr e e  diva l e nt cat i on , it s e en o d  t hat thu nic ko l  CC'Q}!C' t.md i1 r •-- ': 

posi tive charge l e s s  t han 2 .  1 '  l ikely p o s s ib i lity t o  s::-.t i s .c'y t!1is  

criteri on would b e  a n  aui no a c i d  che la t e  with ni c ke l ,  in whi ch only 

one l i gand wa s c o ordina ted through the carb oxyli c  oxyge n a nd the 

anino nit roge n .  

Monk ( 1 951 ) sh o,·Jed th:".t :.t p;I <:::: ) . O  c:l y c;i nC: i' . • r ·cd �: 1 : 1  C ll! !f'lex 

with nicke l  ( pK 1::::: 6 .0 )  and a t  pH � G . C n 2 : 1 c rJ. :r• l -:-.:x ·. · · s fo1·m . .. d 

a ppropriate c o n s ta n t s  _.,,-, re r·K 1 �  6. :... :1t pE ;::::;- ) . 5 :nJ pE2�4 . 7 a c  p!i ;:::::: 6 . 5 .  

Kat z i n  and Gulya s ,( 1 9 69) sho·.;e cl tha t i n  nolo rat i o s  t,;  nicku l  o.L one , 

the amino ac id s , alani ne , serine , va l i ne , "rgini ne , orni thin..:.. "ll1cl 

gl utauic acid gave 1 :  1 conplexe s vJi th nicke l by c oordi na ting chrr;�l e;h 
the carb oxyl and o<. -anino groups . -;ii th nole rat i o s  greater than one , 

evidence f o r  the bi s-che late wa s apparent at approxi5ately pH 7 . 0 .  

Datta et  al . ( 1 959)  al s o  considered that coordinat ion t o  the nicke l  - - , 
ion was through the carboxyl and o( -a;·.ri..no groups of o<. -a:· .ino a c ius . 

The se observations suggested that a chela t e  of nicke l  Hi th an E:l d.. no 

acid could give rise to t he re sult s ob served. in the present study. 

However ,  this hypothesis was tentative as  there were likely t o  be 
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other ligands in the leaf tissue vhich could give siQilarly c���rge d 

chelate s .  
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0' urth r s7:udic s on the Lulu'oLJ ferns of 

ir.ate ly 907� of tho t otrtl ni cke l ;·:::. s pre s e n t  i n  :he; s upo rn:-·:V· nt f rac t i on 

aft e r  diff e re ntial c e n t rifug:1t ion , thi s fra c t ion wa s c ho se n  .c·or st udy 

pt" ofcr.:mtiaJl;t t o  the 80j6 aqueous e thanol extract of the fre u z o-•:l.ricd 

leave s which c ontai ned only 60 h·  8CY/o of the t otal nickel . 

The ex tra ct u s e d  in thi s study wa s pre pared by blo ncli ng the 

fre sh leave s in di stil led wat e r ,  st ra ini ng , and c entri fugi ng at 

20 , OOOg for 30 L<inu t e s .  Lnalyse s  of the tw0 fra c t i on s  obt<lined we re 

the sane a s  for the c orre sp ondi n(: fra c t ions obta ined in the ,li i'fer-

e nt ial c entrifugat ion expo r i: , .:; n t s , ., nalys .3 s :1f ·.vhi ch er� ::;; , ,  -.;n i n  

Table V - 2 .  

The fra c t i on obtai ne d  

above wa s conc entrate d  and sub je cted t o  electrophore sis under the 

u sual c ondition s .  

( a) R e sult s ,  

The re sult ing electrophoretogran was 

analysed f or nicke l ,  coppe r ,  zinc and iron and the re sult s are shown 
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wa s ob served pre vi ou sly for the, frc u z e -Jried l l.),"'.f' t i ::; s uc s ,  nick<� l  Ha s 

pre sent a s  both a cation and an iunobile forD. C oppcr , z i n c  o.ncl. iron 

were a l l  pre sent in the ext rac t as anioni c c onplexes.  No cat i ons of 

zinc or copper were apparent . In addi t i on to the anioni c c oLJploxc s 

of iron a nd zinc , inr:;obile fon1s were also evide nt . 

The eloctropbore t o grau was v i ev1ed under ultrav iolet light 

( 350nm) and sprayed with a ninhydrin / cadniw .. Rcet�t•) r-.;i:l ;;cnt ( a c e t one / 

water / acetic aci d / ninhydrin / cacloiw.< acetat e ,  89 /8/ 2 /  1 / O . O:..J ) . 
B oth ultraviolet-fluore s c e nt �nd nin.'rlydrin-posi t ive c ospounds were 

evident in the sawe posit ions a s  the c oppe r , z inc and iron c o:.1plexe s . 

It wa s elso ob served th t t he cnr�e r stand�rd di J not migr�te 

as far a s  e ithe r the nicke l or tll.:; z inc stand.El. rcls . 

( b ) Di scus sion. 

( i ) N ickel.  

It was apparent fros thes0 findings 

that the nickel complex extrac ted froo the fre sh leave s of Q. a��ti!:o� 
was of a similar charge t o that extracted from the fre e ze-drie d  leave s ,  

although there wa s no evidence to indicate that the ligands coordi nated 

to the nickel ion in ea ch ca se were the sarae . However , unle s .s a liga nd 

with a stronger affinity for nickel oc curred in the cell orga ne l l e s  

and c onsequently was pre sent i n  the freeze-dried ti s sue but not i n  

the supe rnatant fraction , .  there was a high probability that the li gand 

was the same in both extracts • .  



F igure V - 4 Patterns of S C:l!::�e metals after electrophore sis 

at pH 5 . 3  of the aqueous extract of fre sh 

��ut ifolia leave s . 

• Metal in the extract 

0 C at ion standard 

A Ni ckel 

B Zinc 

c C opper 

D Iron 

E S tandard iron- citrate complex 

N . B . Three separate papers wero used: 

( 1 ) A D 

( 2 ) B , C 

( 3 ) E 
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( ii) C oppe r , z inc and iron . 

The oc curre nce of 

soluble c oppe r  and z i nc c o:.1pl exo s in plant t i .ss u<} s i s  ne ll knm ·n . 

B owen � al.  ( 1 9 62 ) shoHed t ha t  in tlK o. q u e l'US cth::.;wl cxtr2 c t  of 

t omat o plant s ,  two foros of z inc 'H er�: prosont ;  on-:: mob ile --:, nd. ono 

iillilob i l e  on paper chroDa t ogr·:liJhy i ; :i_t h  95� a .-�uo ous e ·�hc; cY'· l .  P.:: t o r s C. !1 

( 1 9 69 ) ob s e rved two ani oEic ?. i !'lc e o. l;lvxe s in tll.(; )_;% aq_uc r·L� s  ;_; t;ha ncl 

shoot extract of a zinc-t r:L.;rant sp.J c i e s  f,i£:.?,sti� t ;mui s .  .> i rc: l.ner 

and Knight ( 1 970) working ·.vith ryegra s s  f ound evidence f o r  throo 

anionic zinc c ooplexe s and tvvo ani onic copper c onpL;xo s  in the 80;� 
aque ous ethanol extrac t  of thi s plant . The c oppe r accllLlulat int, plant 

Be cium homblei fro:.: Rhode sia wa s shown to c ontain copper co:�tplexe s apparently 

with ami no ac ids , in the ·;..rater extract of it s leaf t i s sue . (R e i l ly et 

a l . , 1 970) 

I n  the present study , only one anionic c onplex o:c e ,  en L:ctal , 

c oppe r and z i n c , w a s ob serve d and b oth the s e  c omplexe s ha rl the same 

charge . No cat ions of e ithe r me tal we re e vident and this finding 

agree s with other work. ( B romner and Knight , 1 970;  Petcrson , 1 9 69 ; 

Reilly et a l . , 1 970 ) 

Only a snall portion of tho t ot e:. l i ron i n  the lv."' f t i s s ue s wa s 

extractable and this  wa s sl lOWil [)y 8 l e c t rophore s i s  t c· be; c� s an anionic 

complex. The existence of complexe s or iron in 11lan·c tis :mc c i s  L:lB. de 

ne ce s sary by the fac t  that the ferri c cation precipate s  a s  the 

hydroxide at pH value s gr eater than about 3 .  I t  was therefore , not 

surprising that an iron conplex was ob served both in the pre se nt 

study and in the xylen exudate s  studied by other workers . ( Scr�1id 

and Gerloff , 1 9 61 ;  T if fin , 1 9 66a; 1 966b ;  T iffi n and Brown , 1 962 ). 



T if fin and B rown ( 1 9 62 ) sugt:;c s t c cl that iron in the exudate of soya 

bt:Jan s was c oordinated to both n:-clic a c i d  and Pal onic a c i d ,  but in 

later v1ork, (Tiff in , 1 9 66a , 1 9 6Gb )  tho ::-. u thor ::: uc;c-.:; s t c d  th:ct � he 

ligand in s oya bean , sunfl r�·. :;::: r ,  <: · .mr' t c  n.nd c ucum·.; ,_: r exu.:u :: .:.;  s • .. :· s 

citrate . Thi s evide nce \Va s  br s . . .  : :  fir::; !- ly nn the sim i l a r  ·, L : c � :co-

of iron and citrate , .-:tnd s e c ·  E ·.Li_y ·;n th:: pr-.; �c ,: n c c  01" c i :;I' ' C :_: in the 

oxalic ?.cid. 
--- -� 

( a ) I nt rodu c t i on . 

I n  vie;· : ol' p r .:; v i o n :.;  '.lork b:/ 

Ti:ffin ( 1 9 66a , 1 9 66b )  i i� ·;;hich the p re s e n c e  of an i c u: l  cit :..'a ;; c; c ur •p l ex 

in t he exuda t e  froo various plant s wa s postulP.ted and t::...; -.-:ork by Lyon 

et al .  ( 1 969a , 1 9 69b) il'. whi c h  the: tri soxala tochrociUL! ( III)  c onplex 

de c i ded to inve st i gat e the chs lc! t O S  f 'Jr, : u u  o o t ·:: ..: c) ;i n i c lm l , c :J _ l u r ,  

zinc and i ron and oxalic and c i  c r:i_ c 't c iJs . 

( b )  :Mothod. 

Solut ions c onta ining ( a ) 0 . 05 M c i t r i c  

acid and (b) 0 . 05 M oxalic a cicl were made 0 . 005 M with re s p e c t  to 

each of the four cations nickel , coppe r ,  z inc and iron . The se two 

solutions as well a s  standards of each metal were electrophore s e d  
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and the electrophoret or;ro.�.! dried J.nd. o.no.lysod . 

( c ) Re sults . 

F or n i c ke l ,  c oppe r and zin c  in b oth 

citric and oxal i c c.. c i ds , OEly p o s i  -:;i V<J c ou ,  ounds ·,·.;ert: pr.� s0nt �:11 t he 

electrophoret ogram , whe rea s for iron an a nioni c c Q lpl8x �i � �  c i t r i c  

acid wa s forued which hall. a s ini lar nobi lity t o  the iron c u�lple;: 

pre sent in. the extract (F igure V - 1-t-E ) .  No  co121plex of iron with 

oxalic acid ·,va s fon�e d. 

( d) C onclus ion s �  

concluded that the natu.r::-, l ly- oc curri ns e o: !p lexo s of 1:i c �  c l , c c.•�)11er 

and z i nc U.o cunented in this thG s i s  were unl ikely t 0  c onto.in G ither 

oxalate or c i trate ion s .  On the other hand , it nas shown th>c:.t the 

n:J.tural complex of iron could be a c i t rate c ouplex as sugge s t e d  by 

T iffin ( 1 966a ,  1 9 66b) fo r plant exudate s .  

4. C hr ot:Jatography of the coppe r, zil1c_ 3J�d...J_r:.�J.2 .C_<2_ll!El exe s .  

( a) I ntroduction. 

I t  was ob serve d in part 3 above that 

the complexe s o� c opper ,  zinc and iron all occurred in i dentical 

positions on the electrophoret ogra:?s and that ultraviolet-fl uore scent 



and ninhydrin-po sitive coupound::> nlso oc curre d in the sc::uo i: ln c o . 

T o  separate t he c oupound0 pre sent vfith the conplexe s ,  paper chrc)nat o­

graphy wa s re s orted t o .  

( b )  i\Ie thod. 

i our e lectrophoret ogra� 1 :o oi' the extract 

we re run and 2co wide s trip s c ont ai nins the c opper , z i n c  2nQ iron 

c oiJ.plexe s were e lute d  with water . The eluate wa s c onc entrat e d  unde r 

reduced pres s ure and appl i e d  a s  two 2 c:J l ong streaks , 20cr:l apa rt , t o  

a she et o f  Whatoan 3 MM. chro; !v.tot;raphy pa pe r .  

This paper was developocl by d,: � J . mding chro. :a c ogr[\ · 'by , i·c l l  a 

but.'J.nol / a c e t i c  acid / wat o r  ( 1 2 : .3 :  5 )  s olve nt . 

J\fte r the solve nt front hild : .:ovod approx ia:tt o ly 40 cL ,  t he 

paper Ha s dried and the posit i on s  of both the U .V .  - fluore s c e nt and 

ninhydrin- p o sitive coopounds nere rec orde d . 

The duplicate chrouatograEtn were analys e d  for c oppe r , z i nc and 

i ron by the s ame procedure de s cribed earl i e r  for the e le c trophoret-

ogram s .  

( c ) Results.  

The analys e s  of the two chromatograns 

were averaged and the re sult i ng s c an i s  shown in F igure V - 5 .  'l'he 
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posit ionn of t he coopounds locat o d  by ninhydrin and U . V . l ibht are 

also shown. 

1 ... 1 though poor resolut i on of the me tal complexe s was obtD.ined ,  

the re sult s indicated firstly , th:::.t at least seven c o� .p ounds · :0rc 

p re se nt in the 2cn strips eluted off the clectrophorGt ogr� :s , s e c o ndly 

that the metal c olllplexc s did not n.pparently corre spond to any of the 

c orupounds vi sible on the chror.1at ograo and thirdly that the c opper 

and zinc coo.plexe s were very s iuilar to each other with respect to 

their mob ilitie s in the solvent us e d . 

The iron conplex did not �nvo f r cr 1  th2 ori in . 

( d) D i scus sion.  

The sinilar behaviour o f  the cc.pp c r  

and zinc c ooplexe s in b oth the electrophore sis and the chronat osraphy 

systems wa s in agreenent ·,lith the ob servations of Brer.mer and Kni;:.:ht 

( 1 970 ) for rye gras s . The se a uthors showed that on e l e c t rophore si s at 

pH 7 . 5 , b oth the copper and z inc cor.:1plexe s had sinilar nobilitie s ,  

although at pH 5 . 3  the zinc c onplex wa s slight ly slo·;1e r  than tho 

c opper c onplex .  In addition , the elut i on voluoe s of b oth c o::1plexe s 

fr� a S ephadex G - 1 5  coluon were very s inilar. 

T he s ignificance of the apparent s li1ilaritie s b etween the 

c oppe r a nd zinc complexe s cannot be fully a s se s sed unt i l  the struc ture s 

of the c onplexe s are deternined and the uechanisns of l'or:: :ettion are 

eluc idated. 
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5 . Part i��ltifi��ti£n of t h e  extra ct ...P_.y_�£.l ?�� �rill� · 

( a) I ntrod: .. l C ti OlJ..  

Prepara t i ve - s ca l e  e le c t rophore s i s  

a �; used f o r  the c oppe r ,  z i nc and iron c onplex e s  above , WG. S found t o  

be un suitab l e  for nicke l  be cau se largo anount s of other C Ol }pcunJ.s 

occurred in the saoe place as nickel on th� electroph0retngr� 1.  

Proc e dure s t o  puri.Ly the extrilct by cat i on exchange u s ing 

D owex 50 - X 8 ( rva ng , 1 960 ) , by c olur.:m chrom at ography on c e l lu l o s e  

a nd b y  t h i n  l-3.ye r chro;-Jat ogra.j_Jll, ,  on :J i l i ca gel all )roved e o  b e  

unsu itab l e . 

Gel fi lt ration on SephaJ.cx , b a c · u c e  of t h J  mi ld � ondit i n n s  

unde r whi ch separat i o n  i .:;  a cl �i�;v ._; rl ,  . : - �  tlL: r.•G ::> t  - - :: t r,l. c d. v c  mcc:horl 

nol e c ular si z e  a nd since the n i c ke l  c or1plex i n  the 0:x:tru.c  c -. ;,c_ s 

suspe c t e d  t o  have a lmv m�lc cu. lar vre ight i .  c .  � 500 , S e phadcx G - 1 0 
vri th a vwrking range frou r_,o l e c ular we igh t 200 t o  700 wa s th�' o'Lvi ous 

choi c G . Unf o rtunately ,  tbi s  grc:.clG of gel H2. S n o t  available at chc 

tine and S e pha dox G - 25 - 300 · .. -c:. s u s e d .  I t  ·;;a s f ound , however , that 

sat i sfactory re sult s were obtained with thi s gel .  

( b ) Procedure .  

I' he ge l was allowed to swe l l  in 

distilled water for 24 hc,urs befnrc pa cl:inc: t c  produce a bed 1 1  cm x 

1 cm.  Thi s  bed wa s eluted Yrith o . -i M h�rclrochlor i c  a c i d  1 m-l: i l  t;ho 

eluate wa s free fron t1etal ions ( by a t om i c  e.b sorpt i on a nnlys i s ) 



and the n wa she d y;i th d i s t i l leC.. l .·c. t e r  unti l  the e l u,i t c  ·· ·' :-.. ,:; �)· I ::;:;  j .  

Half r::l of the c once ntrated extra c t  ( containing 9 . � ni c ke l ) 
wa s applied t o  the coluDn and elut -e: 'i Hith di stilled wat e r .  T e n  

drop fra c t i o n s  ( 0 . 8ul) were c o 2.le cted . The ab s o rbance of each 

s ol ut i on v.;a s nea s ure d at 550n. : a !ld ea ch s olut i on wa s analys e d dire c tly 

for ni c ke l , copper and z inc . ':l'bc rc; sul t s  ar8 s hown in F it;urc V - 6J, . 

L se cond c olw:m of the sa.ne di:::cm s i ons '.'/a s pre1.1<:red a11d <.: he: '"L .. �e 

volUJile of extract wa s pa ssed through the c olu:.m . £ re. ·(;}:-, ·: c •·· L' u r s  of 

the fra c t i on s  it wa s apparent that the b e d  volLUi1e s of b oth coluLn s 

were a lmost ident i cal . 

The fra c t i on s  b ct·,'/2 C l1  t h : t , , ,�·· '.: :,- row s sh o·,;n in �-'' i ,_;; "rc V - 6.. 

we re c onb i ne d and. c oncc nt r:ct e c1 . 

of s ioilar dine n s i on s  tc. the; prl]v ious t· ·o : nt' e; l L·. c'-'d. ; i  ::h ;•, : . L; c r . T he 

are shovm in F icure V - 6B • 

.id1 approxiElat e e stir.12.tion of the purificat ion obtainvl ,-r.:o. s 

made by repeat ing the proc edure de s crib e d  in the pre c e di ng pe rasraph . 

The same fractions 'Ne re comb ined c::. nd thi s saople a s  well :1. s 0 . 5ml of tLe 

original extract w e re dried under va culllil over s i l ica gel. 

B oth the raw extrac t  and the e l ua t e  froo th0 c o l lli.':1 -, ;c r o  

sub j e c t e d  t o  e l e ctrophore s i s  o.nd the s cans of t he e l e ctrophorut ogro.ms 

are shown in F igure V - 6 C and D .  



Fieure V - 6 Gel filtration of the aqueous extract of fre sh 

Q.acutif olia leave s . 

B 

c 

F irst column 

Second coluLm 

Patt ern of nickel after ele ctrophore sis at 
pH 5 . 3  of the aqueous extract . 

D Pattern of nickel after electrophore sis at 

pH 5 . 3  of the partially purified extract 

from the first column. 
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( c ) Re sult s . 

F ro:_: the re sult s pre sent ed in F i gure 

V - 61-. , it can be seen th:- t all thr.; c:: : :e t c. l  cor:pl.:;;x .:; s  ln.l s ir:i lnr 

eluti on v oluno s . 

F ron the cl ry Hoi ,::;ht s m' th-_; fro_ctions cc,ll.:; c t .:: ti '->c.d�,_-;,_ :m the 

e..rrow s  shown on F igure V - 6 am·L ,)i' th0 o . )r:l of ·eh -.; l'<W.' cx'tr."..c t , i t  

wa s found that th8 fra c t i o n  c o ll '-l ct c d  c ontninc; d 4% o f  the . .  £.t-':rial 

app l ie d  to the c olw:m. Thi s so.r .ple also contained 75;'o of the; nickel 

in the original v olume of extrac t  appl i e d  t o  the c olLmn. 

Yihen t hi s  fra c t i on wa.s appl ied to a s e c ond colu::.'.n , b0t t2r 

re s ol ut i on wa s obtain.::: d (F igure V - 6B ) but the extra purific.:;.tion 

gained wa s le s s  than 2./o ( re la ti vc to the oric_'inal extr.J. c t ) :o incc; 

nost of the i1:1puri t i e s  were e luted �·1i th th.J i..1et.s�ls . . , �: c c  v :c·.-� - of 

ni cke l f ron thi s c olumn wa s greater than 90/o. 

Hig.h-vol t a ge el e ctr ophore si s of the raw extract and the 

pa rtially purif ied extra ct (F i,').-cr,; s V - 6C and D)  sho .. ccl t lK't-c ·1. 

ni ckel complex of siEJilar chciT, '0 .._;xi stccl. il l  ;) oth a n::t th:,_t i ii -!-ho 
partially purified extract , no n i cke l rcnc�incd c•n th J OL' i , --i n .  

( d) C onclusions. 

L separation using one colunn was 

adopted as standard procedure for the partial purification of the 

nickel c omplex. Although the purification was far from co�plete 

( the ratio of nickel to inpurities was still approximately 1 : 2000) 

the re sulting extract wa s suitable for use in subsequent studies .  
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purified e�tyact . 

( a) I ntrodu c t i on .  

8ince nick� l  i e  �rpn re n t ly non-

e s s e nt ial t o  plant nutri tion at the leve l s b e ing st udie J. , i-1: i s  likely 

that th i s  ne ta l i s  a c c m:.ulat ed i nt o  pla nt t i s sue s  by pas sive r·?.the r 

than a c tive proce s se s ,  unle s s  it i ::>  accUIJulated in place of :J. s:Je:. l l  

port i on of s ooe othe r oetal .  I f  the proc e s s e s  are pa s sive then fro'-: 

the ligands available , the 11o st stable ni ckel che late will bo for: :ed.  

Under th e se circum s tanc e s  t here would probably be an excess  o f  free 

ligand pre sent in the plant c e l l s  since the ua nufac ture of the l igand 

would not be metab oli cally regulated by the nicke l conccn·i; r:c-� icm i n  

the plant , nor woul d t he nicke l  c once ntrat i on in the p l2. n·c be deter-

ni!1Gd by the availability of t he ligand. T o  te st thi s hypothe s i s  the 

followint; expe rirae nt was carried out . 

( b )  Proc e dur e . 

i'hrc;o  5� l a l i quot s L1; ·  th<:: p�c rt L_:_ lly 

purified extract , each C •"'nt2. i ning 0 . 5 to � g  of nicke l ,  were . .  ixed 

with different aoount s of the divalent nickel cation ( lriC l,._ in water) 
t'.. 

i n  three experime nt s ( a) 1� g ( b ) 5,;:-<g a nd ( c ) 1 0_/1g. -lfter 

mixing , the extracts plus the added nicke l was sub je cted to electro-

phore sis .  The analyse s of the papers are shown in Figure V - 7 .  b 

scan of the extract without nickel added i s  also shown. 



( c ) Re sult s .  

I f  the above hypothe sis na s incorre c t , 

them b-10 peaks were anticipa t e d ,  one corre spondi ne; to the ni c ke l  

coL!plex , the othe r t o  the fa ster 1 1oving d i  vo.hmt ni cke l  i on .  C n  the 

other hand , if the hypothe s i s  wa s c orre ct , only one peak c ont< i ning 

b oth the natural and artificial c onplex wa s expe ct e d. 

A s  can be seen froo F ig ur e  V - 7 J.\. , B ,  C ,  D ,  only one peak 

wa s ob s e rved ,  but as the .::tddecl a:.: ount of nickel wa s increa sed ·cho 

peak moved further .  

T h e  re a s ons for the s e  obs e rvo t i ons were n o t  a �par0nt q nd an 

experine nt wa s pe rfor;�,cd i n  ·.vhi c h  cl i f f o ro n t  - 1 :..1ount s cf the �":.ivCl.lont 

nickel cat ion i n  di stilled '.'la ter vm re ; lc c t rophore sc cl . ( G' i . ·u.re; V - 7 -- �.._; ' 

E ,  F ,  G) The aoount s applied to the papers a re give n a s  lo<::.dings 

CM. g  of nicke l  /crJ. ) for both the extract s  a nd the standc:trd ni cke l 

so lut i on s . T he so value s are shown in the key to F igure V - 7.  I t  

can b e  seen fron the s cans of the divale nt c at i on (F i t,ure V - 7 E ,l'' , G ) 

that a s ioilar dependence of nigrat ion di stance on loading \7as 

ob s e rved a s  for the extract Bixturo s .  

( d) Discus sion . 

F ro:1 F i gure V - 7 it can be s e en 

that whe n  the ratio of added ni cke l wo. s inc rea sed up t o  1 0 : 1 a nd 

20 : 1 (F i gure s V - 7 C and D )  only ono pr;ak wa s evide nt , but thi s  nay 

have been due t o  the poor re s olu·i;ion of the analyt i cal i .-::::thod since 

the contribution of nicke l frou tho extract lay w it hin the total 



F igure V - 7 Patterns of nickel after e le ctrophore si s at 

pH 5 . 3  of both the partially purif ie d aqueous 

extract from fresh �.acutifolia leave s and 

nicke l  cation standards • 

A Extract ( 0 .0200 pg/cn) 

B Extract + 1 N "  2+ 
/A g � ( 0 .  041 ,J ,lA:/ c: l) 

c Extract + 5,f'l g Ni2+ ( 0 . 1 5 6 )'1 g/cn) 

D Extract + 1 0�g Ni 2+ ( 0 . 254 _fAg/eH) 
E Ni2+ ( 0 . 01 2 6  pg/cm) 

F Ni2+ ( 0 . 02 61 ;<-Ag/cn) 

G Ni2+ ( 0 .  3 14  .f":_) c�-,1) 
H Ni2+ in NaOI-rJ�cetic acid 

buffer pH 5 . 3 ( 0 .  0 1 1  0 )A,;/ c•:;) 
N . B . The same quantity of extract \18 s used in " ' , B ,  C and D .  

Figures in parenthe sis are the loadings of nickel ajJplied 

to the paper . 

The peak corre sponding to the nickel in the ex cract ( .!.,_) 

is reproduced on B ,  C and D at the appropriate scale for 

each pattern. 

Separate papers were used for each electrophoretogram. 
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peak ob served.  ( sue F i ::;ure V - 7 ,  ;. , B  , C  and D) . If this wa s the case 

the n  t he na j or peaks shoulcl hc:ve been in t h e  norual p o si t ion c,f the 

divale nt ni c ke l  cation i . u .  s.t al)lJroxhmt e ly - 1 2 c;:. . Ihi s ,  lh . · ..:. ve r ,  

wa s not ob s e rved. 

If pyridine fror; the: bul'f'er was coorclina t ing to tho ni cke l  i ons 

the n ,  although the char go rcwaincd t he s�me , the nas s  -. iOulcl increase 

and a de crease i ;-1  mi grat ion di �>t· ' nc c  \· ioulcl b e  ob sc:rvod. dto n , 

ho-ilevor , the divalent ni c ke l  c ... ; :� i :  ;-, · er'- �' :::: l c c t r :,:iphor:.: se ,·l i n  n. , , , �di u .. : 
hydroxide / a c et i c acid buffGr ( :;:;l� 5 . 5 ) , ,. ::; i. ti lo r  r·; l; :::: n i ;i •m :· ·f the 

ni ckel wa s ob served which indic�'. c: G :l t1nt p ;"ridine: w· · :; ll( ; :; Cc1 U S i :'l,; 

the rdent i c.n.  ( F i gu re V - T') 

1�11 alterna t i ve explano.t i ·.Jn is t ha t  a SLi:J Jl a. ·cmnt oi.' i r:n 

exchange o c c u rred beh1t.en the Ci.'Lt ion s and the phenol i e  o.ncl ci':rih"Xylic 

acid g roup s i n  the p ape r. 

Pi c ke ring ( 1 960) ob sorved that on i'ihat:-1an :·To.  1 paper the c a t i ons 

lead, zi nc , cadi:;i u:J , c opper ancl ni ckel were ab s orbed. l'hi s e::utLl1r 

c onsidered the rue c hani su to be ion exchang8 ancl shov-:cu tlt:�t cl-1' ;  

exchange capacity of the paper wa s approxiuately 4_/1 g;/ gm. F row and 

Pickering ( 1 970 ) s tudied the ab sorption of the c oppe r ( II)  i on onto 

?:'hatnan No.41 pap e r  ancl expla ine d the effect by Donnan Dembrano the ory. 

I n  v iew of the f indings of the se author s it seoLJ.<> l i � '�· : ly that 

during the electroLJ.igration of c2 t i o n s  throu;�h pa po r ,  tl• Gr:�, .o: rc: tuo 

proce sses  in conpetition; a re lL' tive ly la'l) ile ion excha:·1c:e < ; ne::. ·cho 

nigration of the cations in the o lo ci.: ric field . .n1e r0 th (; ..;on c c n­

trat ion of cation s on thv paper i s  s<Jall , the eff e c t s o.f i c n exchange 



203 
a re si gnificant and the na j or part of the cati ons are re tarde d. 

Hm·Teve r ,  when hi gh concent rat ions of cC' tion s a re a pplied t o  the pape r , 

Gost of the cation s  nave under the influence of th1:� elect ri c  f i o l d  

while a small anount of t he cations a re re ta rded by ion m:clw.nc;c , 

re sulting in an asyLlffie t ri cal peak. 

F urthe r support for th8 c:.b ove p o stulate wa s that the ani oni c 

c ompl exe s in t he extracts shm;ed no retenti on , regardle s s  of the 

l oading. In every e l e ctr o:)horot ·-,[�:t'a . an.o ly:.;od i'or  C O _:-l [ 'G r ,  :.; .' l l Co and 
+ 

i ron , the s e metal s all o c curred in tha sn�£ pos i ti on - U . 5 cm . � l s o  

the se anionic c ooplex e s  generall v sh oHod hir.:her rc soluticn on the 

e l e ctropllore si s pape r s  thc:m did thl; nicke l  ccuplex c s .  

Alth ough the ab ove re sult s s e er:c�d t o  i ndi c "l t o  ti1-s. t  o. n  ox c o s s  

of the ni ckel che lc::.to ligand was pre se nt i r.  the extract , b e c au�� c  of 

the poor res olut i o n  of tho divalent cat i on f r oD t he co:1plex ti1e rc: s ul t s  

we re considered inconclu sive . R e s ort was EJade t o  pap e r  chro1.1atography 

to obtain a b et ter se parat i o n  of the divalent cat ion fron the co:Jplex .  

7.  Pape r chroBat ograph.y of the partially puri fied extra ct . 

( a) Different s olvent systems . 

( i ) Method. 

C hroLJ.atography paper s y;cre pre pa r e d  

b y  applying the pa rtially purified extract ( 50� l t· ' I 09 .. � .. - d ) conb.in-

i ng between 0 . 5� g  and i . O? g  of nicke l , and ap:rrox iuo. tely the sane 

a11ount of divalent nickel ea tirm in d i s t i l l e d  wat e r  as t1<0 s � parat e 

streaks onto v7hatflB.n 3 MM chronatography paper. 



T he papers Here devolopcu . \  dis t:mce of .)O c 1 to L�U c · :Jy 

de scending chroLJ.atography Hith the follOi :ing solven·c s :  

Pyridine / acet i c  acid/ 11ater 1 0 / 1+/ 936 v/v 

B utano:V E tha nol / ':;ater 2 / 2 / 1 v/v 

B utanol / acetic acid/ ·:ic:c0r 1 2 /  3 /5 v/l 

Dioxane / water 8 /2 v/v 

Methylethyl ke tone / ac8tono / ·.·mter 3 /  i / 0 . 6 v/v 

Ethano l /  water 3/ 2 v /v 

After drying , the chronatogracs ·were analysed as de scribed 

previously; extract s and standards being analysed se parate ly . 

solve nt in sone case s ,  e.1 1  dist a ,-lc v s  we re c nnv ert8d to Rf v�lue s .  

The extract a nd standard scg.ns  frot1 the same paper are sho·;m c m  the 

same figure . 

The b e st re solution of th:� nickel c onplex from the divale nt 

nicke l  cati on wa s obtained with the ethanol / wate r  solve nt . 

( b )  E thanol / water solvent . 

( i )  Method. 

Two al iquot s of the parti!llly 



Figure :v - 8 ChroBatography of the partially purified 

extract froo fresh 9. a.cutifolia leave s , 

Patterns of nickel.  

0 nickel in ex l:ract 

e Ni2+ standarU. 

A ethanol/vlatur 3/2 

B dioxane/water 8/2 

C butanol/acetic acid/water 1 2/3/5 

D pyridine/ucetic acid/wate r  1 0/4/986 

E methyletbylketone/acetone/water � 5/5/3 

F butanol/ethanol/water 2/2/1 

N . B .  Standard and extract run on the same paper . 
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purif ied extract were talm n ,  each c onta ining approx:L:1ate ly o .� g of 

nickel .  T o  one of the aliquot s ,  o .yg of div:1.lent nicke l  catiu:-1 was 

adcled ,  and afte r oixing , thi s solution a s  wel l  a s  the untreate d  

aliquot were applied as tviC streaks t o  one sheet of Whatruan 3 J.r;,; 

chror;-mt ography paper. Thi s pilp er  ·.-va s rl.::;voloped vrith thu etlr-:1' , 1 / 
water solvent , dried , aad each chronatogra;:1 analysecl. 

� he s can .s of thG two chro. •a. t o-

grarns are shown i n  F i gure V - 9 .  A l l  1;hc ni cko l  on ..; �. clt  c ;1r oow. t ograc 

uove d a s  a single peak and b oth pcc� k s .shoned siui L , ;:· P'f v: � lu8 s . 

( iii) C onclusion s .  

The ab o·,re re sult s sl" HA.'Ucl 

that ther e  wero free ligaJ;ld..s in the extract ::.bl o  to chelate t o  th e 

added nicke l . Whether the artifi cially formed chelate wa s the saDe 

as the naturally-occurring chelat e  was not pos sible to a s certain frou 

these result s but in view of their s iuila r J::ob i l i t i o s  in thi s s o lv e nt 

and on electrophoresis  (Figure V - 9B ) , it is  po ss ible that they were 

the same . 

C onclusive evi dence of tlris , howeve r , mus t  a·,1ait future YIOrk. 
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T he re sult s pre sente d  in thi s s e c ti on showed that in a l l  

t h e  spe c ie s st udie d , the L� jor part of t he t otal nickel i n  the leaf 

t i s sue s was s olub l e  in 8<Y/o aqueous e than ol and water and also o c curre d 

in the supe rnatant fract i on after differential ce ntrifuu:ti •,JlJ. . I t  

was also shown that tho soluble ni ckel exi st e d  a s  a posi t iv8ly charged 

c onplex in all the speci e s  and that i n  Q. acutifolia , a c omplex ( s ) o f  

the same charge and chronat ographi c nobility wa s formed when diva l ent 

ni cke l  cat i on s  were added t o  the supe rnatant fract i on .  I,. smaller 

portion of the t otal ni cke l in cell the leaf sar::pl o s  rencc inod attached 

t o the re s i due after solvent cxtra. c t i cn and .-.. sini l o r  por i; ion , 

p o s s ibly the SB.I'le p ort i on ,  wa s shl'1 ;n t o  be a :o s oc iat c cl with o i t h c; r  the 

cell wal l s  or the chloropla st s .  

On the ba s i s  of the se f in uings it ·,-r::J. s c onc lude d  that ; ;est of 

the ni cke l in the leccve s of the spec i e s  s t udied wr.s pr� sent .;ut si cl<.: 

the c e l l  organe l le s ,  e i ther in the cyt oplas:r:l or the vacuole . 

The s e  ob s e rvat ions were i n  c ontra st t o  those for coppe r and z in c . 

B oth the se metals v1e re shown t o  b e  pr e sent in approx.iraa t e ly e qual 

amount s in the c e l l  wall s  or chloropla s t s  and thc supu rnatant fraction. 

Iron, on the other hand , was fo und t o exi st pre cl oi:Jirnnt ly i n  the c e l l  

walls o r  c hl oroplast s .  I n  th e  supe rnatant fraction of �. acutifolia 

leave s ,  the po s iti ve complex of nickel was in contrast to the 

ne gat ively charged complexes o f  c opper , zinc and iron. The ani oni c 

complexe s of c oppe r and z inc were shown t o  b e  elect rophorc::ti cally 

and chromat ographi cal ly sini lar . I t  vrR s a l s o  s hown tha t the ani oni c 

c ooplex of iron could be a chelate; ·,,i th cit r,qte i on s .  
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If the marked s ioilr�ri t i e s  ob s e rved in thi s study b e hm e n  th'"' 

locations and foms of nic ke l  in the di f fe rent speci e s  c"'.n b o  ext e nded 

to crops , then the re sults c ould have signific ancE: 1'or hur1o.n :.:md 

anioP.l nutriti on . 1'• s nicke l  has b ee n  su gge s t e d  as an e s sent i al 

e l elllent for s or.:te aninal s  ( N i e l s e n ,  1 970 ) , although its ioportance 

for hUr.:tan nutrit ion h::t s ye t to b e  a s s e s ::hJ d ,  the occurre nce of ni c ke l  

i n  leave s pre dooinantly i n  ,;_ solub l e  forD , i ndi c:-,tc s th,..�t j_ i, · .:::�y b e  

lost f r oo leaves by , say , b o i l i n ,.:; .  I n  rtr ;; a s  '7I ith l o . :  ;->-.· i l  nicke l  nnd 

hense l ow p lant ni c ke l , such a h� .ss  c c uld be oi' p roJ>mnd l:i. c ·i.; :: .cy 

signifi c a nc e .  J., .. ltorn.J.tivoly , in 2.r , .:. r. ·, : i th h i t_;h c � · !l c - n:"J � r:-t t i u n s  of 

nic ke l  i n  the s oil , b o i l i n[ -[; h ... t i s sue s rny cb creasc ·ell-:: t ot n.l nic kel 

to an a c c e ptable leve l . 

If , in the future , ni c kel i s  e stab li shed a s  an e s s e ntial 

e l eoent for hw1an nutriti on , the n  the se ob s e rvation s r.:tay be of 

considerab le iuportancc . 
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The findings of this th0 c i s  c<..:;�j b :...: . ':.. ' '  up J d  ir:.t �; J.\ lu>� c: .tuco rio s ,  

which a l  thoue;h sup c rf i ci:•. l ly di ff erent , are �1l l  fuEd.: �:.!C ;nt:J. l ly relat e d  

t o  the general study o f  cwtn l s  in our e nvir onuent . T he s e  ce.t'-' t;:�ri e s  

2.ro : 

( �) Saupling and an2.lyti c .:-cl e rror a s s oc iated ·;1itl1 goo chu;::ical 

and b i ogo o chcui cc:.l Jata . 

( b ) B i ogo oche;:-d. cal pro sp e c t ing f or ni c ke l  and copp e r .  

( c ) T h e  b i oge ochcui�try o :l'  c al c i w.. , ;:1ccgne siun , pota:s s i un  

and trace netals .  

( d) The plant cher:ri stry o f  ni c ke l , c opper , z i n c  ancl i ron . 

T he p rob l eos of sanpl ing �md analyti cal e rror were cc-ns ide red 

i n  detail in SECTION S  I I  and Ill b . ·, cause 01' th::; LJp orto.ncc of thi s 

error tc tho validi ty of the.. re sult s ·Jbt:.incd frL• 1 nt�Lti s ti c �, j_ 

evaluat ions of the annlyt i ca l  d::.t -:"c . I t  rns cb s o rvcD t !l;� t :w :·. •.mly 

did the oe thods of sanpling re sult in a s i gni fic · ' nt (;r r - ,r 1.: ut that 

the t e chnique s inv olved in S".Ll}>lu prc rn r.:c t i o n  -=-� ncl ::. ;1.::-. lys i s  .:-:. l ::; o  

c ontribut ed t o  the overall e r ror i n  the; c1.'lt:. .  Tl:.,; s , :  finclingc; 

enpha s i se d t he need f or stat i stical r:aothods ca p..". ble of' se:p2.rnting 

the data into c onp onent s due to env ironuental proce s s e s  a nd. co.:ip onent s 

due to sanpling and analytical error. It was shown that trond ana ly si s 

wa s a suitable t echnique to a chieve t hi s  s e paration. 

The biogeo cheni cal oethod of prospecting for nickel and copper 

was inve stigated and it was concluded that the Llethod could be used 

to prospect for nickel b y  the analysis  of the leav e s  o f  N o���ofQgus 

fusca and/ or N othofagus truncata. It wa s also ob served t hat the 

accUGulations of oost metals were sioilar for these two species and 
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i n  view of the fact that the se sp ec ie s we re geneti cal ly s iuilc.r to 

e a c h  othe r a nd t o  N . c liff ort�o� and N . s ola ndri , it wa s s ugge s t e d  

that the lat t e r  t w o  s pe ci e s uay give b i oge ochem.i cal prospect ing re sul t s  

similar t o  t h o s e  f or N . fus c ::. and N . truncatc;_ .  I f  future work s hows 
---�-

the se sugge s tions to be corre ct , then prospe cting f or ni cke l  u s i ng 

the Nothofagus genus could bo extended f r oB thG p no s e nt �ll citwle 

lir::lit of approxirmt e ly 3500 f e e t  for N . fusca and n . truncata t o  ab ove 

4.000 feet u sing I'I . clifforti oidc s .  

vd th which the conce ntro. ti ons or' ni c k:; l  -1 nd er_; pper i n  t h  . ..: s o i l  c oul d 

be predi ct ed f roo the c onc"'nt r�1t i :-:ns oi' t ho s '-' ; •cto l '" in the.' luetf' J.sh 

of thz:; N othof2.gu s genus .  T he regre s s i on e ( tue.t i:m s dc:riv ccl. , naJc 

trat i ons of oth G r  ue to. l s  in th..; plc:.nt s ,  ':!hi eh influ,mcoc:. t l 1c ::�c c un-

ulntion o f  nickel ::cncl c opper by the plant s . I t  i'!Ec s c onclu ded that 

the u s o  of �ml tip l o regre s s ion analysi s offcrc:d the most pro�·:J. s ing 

tool for p r o spe c t ing for copp er with the bi oge oche�Ji cal Bethod. 

The rati o s  of tho copper c oncentrati ons in the leav e s  t o  the 

c o ncentrat i ons of s oTilc oth0r oetals in the lea.vo s ,  suc h  as the c u_;Jpe r/ 

z inc ratio sugge s t e d  by Warren and De lavaul t ( 1 94) ) , were iilVc; st igated 

a s  po s sibl e i ndi cators of the s oi l s  containing high c o n c e nt rat i ons of 

c oppe r .  The re liability , howeve r , wa s found t o  be t oo l ow t o  make 

the se ratios us eful for pro spect ing . 

T he e s sent i a l  nature of notal s for plant nutrit ion w" s ,"Jb s o rv e d  

t o  be the main fac t or influenc int� b i ogo;:; chcnical pro spo c-� ing re sults . 

It wa s shown that when the c oncentrat i on of a oe t,'ll in the leaf a s h  
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divide d  by the total con cent rat i on of t he netal in the soil wcc s plotted 

agains t the t otal concentration ol'  tho ae tal in th0 S t • i l , -:�h" re sult i ng 

graph gave a good indi cation of the re qui reue nt of th0 pl:cnt f o r  the 

Betal and als o of the minil!lUIJ. soil conce ntration at which the biogeo­

cheDi cal ne thod would be useful . 

Ob servati ons wo n; nado nf th.) b iog.-:; ochcr : i cEcl clnractori.:> t i c s  

o f  s ooe wetals.  C onsiclora tion of 1;h,; ' nalyt i c  t l  dnt2 sh c-r.;.>! :;hc; t 

different plant Sp e c ie s cli s t ri'.J utOLl 3LC0 � 18 tfl. l S  i ll uif{ c; r .; ;1 t \i!',yS 

b e tween the i r  leave s and twi g s  a nd th�:t the c>mc e: n L "e>, t i - _:ns cl' s one 

nota ls were re la te d t r- thC; aroa '. )f thl! leave s .  I n l--vrn.cJc; i on s  betw8 e n  

file tale i n  thG leav e s  a ncl be twee n  no t c l s  in the lco.vo s anJ s oil , we re 

ob served for the Nothof2.gus genus a nd a lt hough n o st of the s e  _-;ero 

i nexplicable , t he y  ind i cnte d n'lny featur e s  whi ch wo.rrant closer st udy. 

I nve stigat i on s  of tho roL� t i on s hip s be b10 en the oetal cc!l1 c o n­

trati on s  in the leav e s  and in the s oi l s  showed t hat , i n  gonorc::.l ,  the 

ac cumulation of netal s e s s e nt io.l t o  the growth of th'-' pln n c �; Y:cc ,"J 

re gulat ed by tho plant s theos elve s with little i nf'lu.;ncu f rcm tlw s oi l .  

An exception t o  thi s was c opper , although the a c c Uiilulat i on of this 

oeta l wa s ob se rved to be i nfluenc e d  t o  only n small ext e nt by the 

concentrations of c oppe r in tho soil.  

I n  the f inal part of tl<i s the si s , tho qua ntit ie s :?. nc1 ch.:::nical 

foms of sooe trace metals in the oxt rRct s of leav o s  of d ii'fc;rent 

tre e s  were studied. The u se of o t ouic ab s orpt i on GlJectroph·,•uetry-' 

to de tect smll amount s of netal s separated f ron plant extra ct s on 

chromtography and ele ctrophor e s i s  p,c-1.per s W8 s det .;onstrate d .  1'he se 

studies sugge ste d  that ni c ke l  was di s tribute d  differently i n  the 



leav e s  froiJ. coppor , z inc and iron c:. nd that thu soluble por t i o n 0  of 

the s e  lat t e r  three not a l s  -,·,.::: re rrc �J . ,nt a s  anionic C C' 1l' l ,:xc s in contrast 

to a ea t i on i c  c or.:p l ex of n i c lo.c l .  

I n  c onclusi on , thi s the si s h.'. 5  r·' '1g..::d ,•vo r . ·. ny ·Ji s c i ; ·lino s ;  

fron a na lyt ical chor.:i str�r t,; I;:;'-' • ' C ' ""' .i �; try , b i 0cll . ·  i . trJ n ·:: 3 [· - t i st i c s . 

The re sult s report ed have: i n·li c :' te: r'J.  pr, '..li �;ing r.v,, n : : ,; s  0.1.' fut ure 

re s ear ch . In pnrt i c ula r , N . fu scn a nd N . truncnta should n o . :  ba applied 

t o  the soarch f or ni c ke l  i n  No\'l Zealand and an evaluat i o n  oi '  the: 

u s efulne s s  of N , c l iffort i oi do s and N . so landri should be EJ.ade . L nt c r­

a c t i on s  betw8e n  Gleta l s  in plE", nt s  and s oil s >Ye re ob s e rv e d  whi ch warre1nt 

further inv e stiga t i o n  unde r c o ntrolled c o ndition s and. t he application 

to b i ological studie s of inst rw:10 ntnl me thod s of analys i ng :��i c r ogram 

amount s of Jc"leta l s , offers a cha l l e n gi ng f i o l · ·- or' r2 S\J2.rc11,  
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APPEI\'DIX I .  ,, , , 1 .  L C... .J 

Pl·,_nt .:;1 '0cio :3 re corde d. 
� -- - - ·-;..1- .• - ------- -- -·· 

The following i ;> a l i st of the plant spe cie s rc c orclecl in 

the plant mapping survey ( SECTION III ) and i nclude s  b oth tre e s  anu 

t�hrub s . I n  genera l ,  ferns a nd oth0 r  small )lant s 'Here not c ,·,n � i cle rcd 

exce ut for the fern B le chnw-: cli s c olor nhi ch -.iD �; incl· l·L d. 'uv e<T· :.; ,:;  of . �- ------ - - -- - · - ·- -

') 
it s wide di s tri bution. F or each lino transe c t , olevcn !JJO L't '- c!_uadrat ::J 

·nc re studie d  a nd for b oth trans e c t s  the total nUElber of each specie s 

i s  giv8n b el ow a s  ·;re l l  as the nw:ib c r  of each spe ci e s  t iL�e s th0 Llean 

t runk diaue t e r  for that s _pe c i c s .  .C his  latter vcclue gi·v-c: s an C:\jJ:._;rox-

inat e indi c rc t i on of the l'0 l'. t i vc C - n tri�:ut i on O.i.' each S:tJe C i(; :J C O  the 

veGet ation c ove r .  

( 2 , 0 )  - ( 2 , 20 ) 

.J?Jc chnum di s c ol or ( F or s t. :f.) I -�--s 1 2 ? 

+�oprOS2§ banks ii Petrie 
C .  l inariifolia Eook f .  

) ) ) 
_Q!... �tidi s s i;la J . R . et G .  �· 0rs t ) 

f.y_athode s fasci culatc: (Forst . i' . ) 
.-lliocc¥{' :U-" hoo�t?ri�u� Ra oul 

2 

83 

1 1  

5 1  

3 

Gris o l inia l itt ���l i s  Raoul 3 20 

)''!._e_t_r os ide � UL"lb e l la ta C av .  1 4- 1 7  
Jl e opa nax anomalw:a ( H ook. ) Allan 2 2 

� sj.1.1plex (F or st . f . ) Allan 0 0 

I-J othofag_us fusca ( H ook. f . ) Oer st 30 2 7 2  

I:!.:_�runca ta ( C ol . ) C kn 41  57 

N . menzie s ii (Hook . f . ) Oerst 24 47 

Podoca.rpu s fer..£_ugineus G . Benn ex D .Don 1 

_f. hallii Kirk 2 1 4-

Ps eudopanax cra s sifo� ( S ol . ox 

A . C unn . ) C .  Koch 

Pseudowintera c ol orata ( Raou l )  D-:n1c,y 
�uintinia acut ifolia Kirk 

Weinmannia racemosa Linn . f . 

6 

8 
64 

20 

0 , ,  
70 

1 24-

( 7 , 0 ) - ( 7 , 20 )  

A B 

I 1 /  
-

6 u 

2 i  1 7  

7 3 

0 0 

2 5 

�� 33 

0 0 
_, 1 I 

/ 81 
lt-3 1 03 

54 1 1 2  

1 0 . 5 

7 28 
) 2 6  

:/ 1 7  

_:) ]  1 55 

!.:.7 237 



Univer sity. N oncnclSJ. tur8 <>.i't , ;r �\ l lo.n , 1' ., : ! . ,  1 9 61 , .? l or.:·. o r  1jo· r 

Zealand , V ol .  1 ,  Yf e l l i nctr:,n , •.LE . Cr. ·en , Govt . Prin te r . 

+ 
Hyb r i di sa t i on beb!c-�<;n sv; c i e s  of tho -� opr�� genu s i s  cc . n 

';;here t hey o c c ur t ogethe r a nd ·c}v,; S·3.uplc.; s subui t t e d  f or identi f i cat ion 

t.!.id not a l l o·. r exa ct J.i s t i:1cti v:-, :; t o  b e  nacle . 

A N o .  of spe c inens re c orded 

B N o .  of sp e c iLlens x ;:10a:1 t runk diaoet e r  ( inche s )  



401-Crp 

401-1/oash 

2 

401-cu, I C u 1 401- N ip 4 0 1- Cop 

20 

401-c� P  40t-1149 p 

2 0 20 

4 0 1- s lope 40 1- �lt it ude 20 

A p pend i x  1 1 . Fre q uenc y d i st r i b u t i o n s  o f  v a r i a b l e s u • e d  i n  m u l t i p le r eg re s s i o n  analy s i s . 

• p : p l a nt , 1 :  s o i l  

n p 

sam p l ing he ight fract ion 

N w 
.... 



APPENDIX Ill . 

C orre l at i o11 c oeff i cJe nt ..L�.<?£� · 

A .  De s cript i on of the ·, r ogra!-Jae . 

232 

T he progranno l i :; t e d  in 

APffiNDIX Ill B although writ t e n  s pe c if i c a l ly for tho a1>plic�. ; ·,_ 0 ' 1 :3  

de s crib ed i n  thi s the s i s , i s  readily adaptabl e t o  othc ; ·  svt s C'i' data • 

.All the data for a parti cular samp le e . 15 . 1 0  r::etal c o ncentrati ons , 

the percentage a sh , and th-3 si -'c'-' n�..<: 1b cr for a plant ,so.mple , an; punched 

onto one card with each va r i r  '..<L, :  o c c uryin.�: th::: saDc c 0l u:..ll1 :J on each 

data ca rd. In pre paration for th•J C kl put ·:t tion nf tit�;: eorrelv. �- :i. on 

coeff i c i e nt s , a da ta r,1atrix is rca.J into u i s k  s l>� ro. r;e . 'l' l · i s  · t.:.' t r ix 

Bay co ntai n up t o  1 3  vari ab le [-; . ' l ; lwu��� only th::; fil·st i 2  Q.l'G 

c o rre lat e d. The nunber , ,f s :.u1 :l<..! s r.;ad i n , i s  l i:-:i t:;d ; Jy �h:c: a> :<ount 

of di s k  s t orage availa!� le: . j_'hc '!A.ri0.1> l c s  placed i n  the _ ,:.ltrix :.1ay 

be read from one or two data de cl:s as follows : 

( 1 )  Up to 1 3  variab le s uay be read fron e ither the plant duta 

de c k  or the s oil data de ck. 

( 2 ) Up to 6 variab le s i'rcu the plant data de c k  and up t ( )  5 

va riab le s frou the s oil clc1.ta de c l-� nay b e  read. If le s s  variab le s are 

use d ,  the number of soil varial. l e s  ;Just be one le s s  than the nw-1b 2 r  

o f  plant variables .  

All the variables are transfo�ed t o  base 1 0  logarithms and 

corre lat ion c oefficient s  and the s l op e s  of the reduce d  oa j or ax e s  are 

c omputed and printe d  out for all lJOs s ib l e  c ortibinations of two vc--.riable s .  
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F urthor options allm-: t :10 ple.nt variab l e s  in the >Jatrix i'ro11 

( 2 ) above to be rep lac e d  by thE.: plant variable Jivide d  by the 

c orre s p onding soil variab le ( i . o . rel0 tive ac c llic.ulat i on) . I n  

addit ion , all the me t a l  C • 'n crmt;.�u.tions in t h e  plant s nay be c o nverted 

f rom a n  a sh wei l;ht basis to a dry · ; c i .)1t 'ua ::> i s . li. p rintout ,_ ,_r ttc 

dnta may also l)e uade. I n stru c t i on s  r'or the i. ,pl c;,_,c.c;; '- � · ::> : :  .-·:l �ht.: se 

opt i on s , as we l l  as for the r e qui rGDent s of the control c<: rclc to 

p r e c e de the data are give n at the hee. d of the prograJ:ce l i st inc i n  

APffiNDIX I I I  B .  
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A P P E N D I X  I I I B  

C O R R E tA T I ON C O E F F I C I E N T  P R OG R A M M E  
F O R T R AN l i D 

C O R R E L A T I O-N C O E F F I C I E N T S , G E OM E T R I C  M E A N S , S T A N D A R D D E V I A T I ON S ,  
R E DU C E D  M A J O R  A X E S  

P R OG R AM M E� A L L OW S DA T A  T O  B E  R E A D  F R O M  O N E  O R  T W O  DA T A  D E C K S  
P L � N T  D A T A  I S  F ED I N  A S  A S H C ON C E N T R A T I O N 
A L L  I N P UT D A T A  T R A N S F OR M ED T O  B A S E  1 0  L O G A R I T H M S  
S E N S E  SW I T C H  1 O N  C O N V E R T S  D A T A T O  D R Y W E I G H T  C O N C E N T R A r i O N 
S E N S E  S W I T C H  2 O N  R E P L A C E S  O D D  V A R I A B L E S  W I T H O D D  V A R I A B L E S  
D I V I D E D  BY N E X T  EV E N  V A R I A B L E S  
S � � S E  SW I T C H  3 O N  P R I N T S  OU T I N P U T  D A T A  
S E N S E  SW I T C H  4 O F F , R E A D S  N E W  F O RM A T  C A R D S  B U T  U S E S  P R E V I OU S LY 
R l:  AD I N  OA--T A DE C K  
S E N S E  SW I T C H  4 O N  R E P E A T S  C OM P U T A T I ON S  W I T H  S A M E  D A T A D E C K  
S E N S E  S W i fC H 4 O F F R E A D S  NE X T  D A T A  D E C K 
C A R D S  TO P R E C E D E  D A T A  D E C K A R E A S  F O L L O W S 
T r T L E  C AR P . T I T L E  M A Y  O C C U P Y  U P  T O  7 9C OL U M N S 
R E � D  F O R M A T  F O R  F I R S T  DA T A  D E C K  
R E A� F O R M A T  F OR S EC O ND D A TA D E C K . A  F O R M A T C A R D  M U S T  B E  I N S E R T ED 
l N  T H I S  P O S I T I O N E V E N  I F  N O  S E C ON D  DA T A  D E C K  I S  U S E D 
C A R D  C O N T A J N I NG V A R I A B L E S  K L , I J , J K ,  I J K , K , N ,  I N  F O R M A T  6 I 5 W H E R E  
K L =� OT A L N �M B E R  O F  V A R I A B L E S  T O  B E  R E A D , K L M A X = l 3  
I J = N tJ M B E R  O F  V AR I A B L E S T O  B E  C ffi. R E L A T E D , I J  M A X = l 2  
JK = N O . O F - C O R R E L A T I O N C OE F F I C I E N T S  T O  B E  C OM P U T E D , J K M A X = 6 6  
I J K = C O L UM N  C O N TA I N I NG F R A C T I ON A S H .  I F  N O  A S H  T H E N  I J K = l 
K = 1 , A L L  V A R I A B L E S  AR E C H A N G E D  T O  D R Y  W E I G H T  C O NC E N T R A T I O N 
� = 2 ,  O D D  � A R I A B L E S  A R E  C HA N G E D  T O  D R Y W E I G H T  C O N C E N TR A T I ON 
N = l ,  O N E  D A TA D EC K  T O  B E  R E A D  
N = 2 ,  T W O  DA T A  D E C K S  T O  B E  R E A D  
A C AR D  CONT A I N I N G A N U M E R A L  9 I N  C OL U M N  1 MU S T  F O L L O W E A C H  
D AT .A  D E C K .., 
M E A N S  A � E  G EO M E T R I C  
S T �N O A R D  D E V I A T I O N S  I N  U N I T S  O F  L OG A R I T HM T O  B A S E  T E N  

D I M E N  S I ON ,. A ( 1 3 ) , S ( 1 2 l , S Q ( 1 2 ) , A V ( 1 2 l 1 G M ( 1 2 l , S D ( 1 2 l , B ( 1 2 l 
D i M E N S I ON S P ( 6 6 J 1 X ( 6 6 J 1 Y ( 6 6 ) , Z ( 6 6 ) 9 K ( 6 6 ) , R M A ( 6 6 l , M D ( l 2 l 
D I-M E N S I ON I F O R ( 8 u l 1 J F 0 K ( 8 0 ) 
D E F I N E D l,S K ( 1 3 ,  1 0 0 u  l 

1 0  R E  �D 20 
20 F O R M AT ( S O H  

1 
� 2 1  R E A D  2 2 , I F O R  

R E �D 2 2 , J F. Q R  

2 3 4  



c 
c 
c 

2 2  F O R M AT ( 8 0 A l l 
R E AD 2 3 f K l ! I J , J K , I J K , K , N 

2 3  F O R M AT 6 1 � ) 
D O  1 1  I =  1 ,  1 2  

1 1  A ( I  ) = 0  
I D E X =  1 

3 0  R E A D  I F O R , M 1 ( A ( I ) , I = l , K L , N ) 
I F  ( M  - 9 ) 5 0 ,  6 o , 50 

50 R E C O RD ( l D E X l A  
G O  T O  3 0  

3 1  W E X = l  
3 2  F' E TC H ( I D E X ) A  

I D E X = I D E X - 2  
R E AD J F O R , M , ( A ( I l , I = 2 , K L , N l  
I F ( M -9 ) 5 1 %. 6 1 , 5 1  

5 1  R EC O R D ( I Dt: X ) A  
G O  T O  3 2  

6 0  G O  T O  ( 6 1 , 3 1 ) , N 
6 1 I S A V E = I D E 2{, 
7 0  D O  8 0  I = l , I .J  

s ( J  ) =0 
S·Q { 1 ) = 0  

8 0  AV ( I l = O 
D O  9 0 · J = 1 , J K 

9 0  S P ( J ) = O 
·A N =O . O 
I F ( S E N .S E  S W I TC H  1 )  1 0 0 , 1 20 

1 00 P R I N T  t .t O 
1 10 F O R M AT ( 2 5 H  D R Y  W E I G H T C ON C E N TR A T I ON )  

G O  T O  1 4 0  
1 2 0  P R I N T 1 3 0  
1 3 0 F O RM AT ( 2 1H C ONC E N T R A T I O N I N  A S H )  
1 4 0 I F ( SE N S E S W I TC H  2 ) 1 5 0 , 1 6 1  
1 5 0  P R I N T  1 6 0  
1 6 0 F O R M AT ( 7 H - R A T I O S ) 

.1 6 1 P R I N  T 1 6  2 
1 6 2 F O R M Al ( / / )  

1 7 0  

l, 8 '(j 
1 8 1 
1 9 0  

P R I NT 2 0  

S T AR T  O F  M A I N  L O O P 

I D E X = l 
F E T C H ( l- D E X ) A  
I F ( I D E X - I S A V E ) l 8 0 , 1 8 0 , 3 5 0 
I F ( S_E N S E  S W I TC H  1 )  1 8 1 , 2 1 0  
J M = I;J - 1  
D O  2 00 l = l , J M , K 

c � <oll-' ·• . .. F I R S T O P T I ON M AN I P U L A T I ON F O I_ L O W S  

2 3 :5 



2 0 0  A ( I ) = A ( l l * A ( I J K )  
2 1 0 I F C S E N S E S W I TCH 2 ) 2 1 1 , 2 4 0  

� }A ��� 1�� 1
1 = 1 , K J , 2  

2 3 0  
2 4 0  
2 _? 0 

2 7 0  
2 8 0 

2 9 0  

.
3 0 0  

3 10 

.3 2 0  

3 3 0  
3�40 

3 5 0  

3 60 

3 7 0  

3 8 0  

3 9 0  

400 

S E C O N D  O P T I O N M A N I P UL A T I ON F OL L O W S  
K K = I + l  
A (  I l = A I  I J / A ( K K )  
I F C S E N SE S W I T C H  3 ) 2 5 0 , 2 8 0 
P R I N T 27 0 , ( A ( I l t. I = 1 , K L l  
D AT A  P R I N TO U T  F U L L O WS 
F O R M AT ( 1 3 F 1 0 . 4 ) 
AN-= AN +' 1 .  0 
00 2 9 0  I =  1 ,  I J 
8 ( 1 l = 0 . 4 3 4 2 9 448 * L OG F ( A (  I l l 
S ( I  l = S (  I l + B ( I ) 
S Q ( I  ) = SQ ( I l + B ( I ) * B ( I l 
J = O  
1 =0 
I = I + 1  
J J = I J 
J= J + 1  
J F ( J� J K ) 3 20 ( � 2 0 , 3 30 
X ( J ) =8 ( I ) * 8 J J ) 
J J = J J - 1  
I F ( J J - ( 1 + 1 ) ) 3 0 0 , 3 1 0 , 3 1 0 
D O  3 4 0  J = l' J K  
S P ( J l = S P ( J ) +X ( J )  
G O  T O  1 7 0  • 
E N D  O F  M A'I N  L O O P 
S T AR T 0 F- M A  I N C A  L C U L A  T I  0 N S 
D O  3 6 0  I = 1 , I J  
A V  ( I  ) = S ( I )  / A N  
GM ( l l = E X P F ( AV ( I l /0 . 4 3 4 2944 8 ) 
S 0 ( l ) = SQ R TF ( ( SQ ( I ) - A N* A V ( I l * A  V ( I l l I ( A N - 1 • 0 l l 
J= O 
1 =0 
r = l + l  
K E = I J 
·J = J  + 1 
I F ( J � J K ) 39 0 , 3 9 0 L400 
Y ( J  ) = AV (  I l * AV ( K t: ) Z ( J ) = ( SQ ( I l - A N* A V ( I l ** 2 l * ( SQ ( K E ) - A N *  A V ( K E l *"� 2 ) 
R M A ( J ) = S O ( l ) / S D ( KE )  
K E =K E - 1  
I F C K E - ( I + 1 ) ) 37 0 , 38 0 , 3 8 0  
'D O  4 1 0 J = 1 , J K 

2 3 6 



4 fO R ( J ) = ( S P  ( J ) - AN *Y ( J ) ) I SOR T F ( Z ( J ) ) 

lt 2. 0  

4. 3 .0  

4 4 0  

.4 5 0  

4 6 0  

,4 7 0  

� 8 0  �-9 0  

� 0 0  

5 10 

52 0 

5 3 0 
540 
5 5 0  

5 6 0  
5 J O  

5 8 0  

·-

E N D  O F  C A L C U L A T I O N S  
P R I NT OU T O F  R E S U L TS F O L L O W S 

P R I N T 4 2 0  
� O RM AT ( / 1 6H GE O M E T R I C  M E A N S ) 
P R I N T 4 3 0 r. ( G M (  I )  , 1 = 1 ,  I J ) 
F O RM AT ( 1 Z F 1 0 . 4 )  
P R I N T 44 0 
F ORM AT ( / 1 2H S T D .  D EVS . ) 
P R I N T 4 5 0 , ( SD ( l ) , I = l t 1 J ) 
F 0 RM AT ( 1 2 F 1 0 . 4 )  
P R I N T 4 6 0  A N  
F O R M AT ( / 1 9H N U M B E R  O F  S A M PL E S = , F 6 . 0 / ) 
P R I N T 4 7 0  
F O RM AT ( 2 5 �  C O RR E L A T I ON C OE F F I C I E N T S / )  
K L =  1 
D O  4 8 0  1 = 1 7 I J  
M D ( l ) = I J + 1 - I  
P R I N T  5 00 , ( M D ( l ) , l = l , I J )  
K C = l 
M A= 1  
F O R M AT ( l l H  C O L U M N  N 0 . , 1 2 ( 2 X , F4 . 0 7 4 X ) ) 
L A = I J - 2  
N A = M A+ L A 
P R I N T  5 2 0 , K C , ( R ( J ) , J = M A , N A ) 
F O R M AT ( 4 X , I 2 , 4X , l 2 F l 0 . 4 )  
K C =K C + l  
t.: A = L A- 1  
M A =N A + l 
I F ( K C - I J ) 5 1 0 t 5 3 0 , 5 3 0 
G O  TO ( 54 0 , 5 t:3 0 ) , K L . 
P R I NT 5 5 0  . 
F O RM AT ( / 1 7 H  S L O P E S  OF R . M . A .  I l 
K L =- 2  
D O  5 7 0  J = l , J K  
R ( J ) = R M A ( J J  
GO T O  4 9 0  
P A U S E  
I F C S E N S E S W I T CH 4 ) 7 0 7 1 0 
E N D  

2 3 7  



APPENDIX IV .  - -

Stepwise regr e �2.  .analysis_ 1rogranune . 

A .  D e s cri pt i on of the prograr:lli1G . 

T he statistical nethod 

used in this the sis for 1 oth s t cp1:i s u  rcg:..,o s s ion analys ci] s  ( .:JJCTlC1N IV-F ) 
and trend analys i s  ( SECTION IV-·�)  - . 2 :C:  ·l da :!ted fro :c thu ) l" c Jccdure 

given by Mie sch and C o nnor ( 1 9S ' ) ·· 'l� l C 1 1  :··a s , in tun, , ba s '-- -� Oil -�;he 

Bet hod proposed b y  E froynson ( 1 ) (;Q ) . 

firstly because of l li1i teci cor.::put er s tora ;;e o. n-1 secondly ·c c.: inc rease 

the versatil ity of the progr:::u D lG . The ua in loop of the proe:;ra. ·� :e 

( Main 3 )  could not be further reduc ed in si ze an d the re lat ivt" lJ 

smal l  storage of the coeputcr ( 40K) l imi t e d  the progra.ruJe to a -i:; ocal 

of 35 variabl e s. C onversion bet·, :o en trend analy s i s  and rogre s s .� v!i 

analysis applicat i ons ·.n. s achh,vod b y  makin[;; a lterat i on s  t o  the 
" re ad" block of Main 1 and to the.: 1 1 print out a procra. :. ,o , i·nin �) .  , , o  

changes t o  the other rrograume s wore ne c e ss ary . 

The e s sent ial funct ions of each prograr.IDe are Sill:1lilarised in 

APPENDIX IV B and a listing o f  the proc;rarrune s i3  __;i-y-o r" i n  . "" �)e �::.:..U 
IV C .  

The insertion of a part ic ular inde pendent va ri 1ulo int r )  the 

regre ssion e quation depends on that variable makine a si.:,nii'icant 

improvement to the e quatiori. ,  and the l evel of signif icance , QF , 

of this improvement is derive d  frou the variance ratio , F ,  by the 

subroutine PROB . The approximations used in PROB are valid only 
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for more than 1 00 saople s  a n d.  this is a limitation of the rJrogra.;_une 

althouch trend analysis or r\3{:<;r3 r:: �> i on analysis w ith lu s :  th��,-l 1 00 

sites VTas not undertaken in thi c the s i s . 

f!liesch and C onnor ( 1 9 68 )  pc •intv·�  out that S (!r 'iCLw 8 l' c  :rs L1 the 

regre ssi on c oeff i c i e nts ca!l .--u·L;c r.luri nL; , :o.t r i.x  c oiiput::tb. t l lS , b ut thnt 

if regularly distribute d  sau:.pl inc; s ite s ::n:·e u s2 d.  anJ sui'fi c L: nt 

significant figur e s  are carried. in the c0121putations , then the se errors 

can be reduced. The sites used in the pre sent study were r'�cul.?.rly 

spaced and 1 1  s i gn ifica nt fi gure s ·:1ere carried in the calculations . 

F or trend analysi s , the sane data decks as  de scribed for the 

correlati on coeffi cient progrn:--J, 1e , were u s e d  except tha t for each 

site the coordinate s  of that site wer\3 punched. ont o a c.:cl'•,,_ · ·hi ch 'aa s 

placed immedia t e ly behind the data card. c orre spondii1:_:· t o  th.:.. dte. 

The east-we st coordinates  shown in Figure III - 1 ;vere increased by 

one to e liminate the zero coordinate . The parti cular metal c oncen-

tration t o  be read. off the data ce.rds wa :.; spc c i.L' ie cl  on a c . -:rtrol card 

prior t o  the data . The ind.eponrlent tcor:1s  in -!:he coor d L nat e ::;  X and. Y 

'i'lhich were tested for inclusi on j 1; th.:; rogrc ssion .:;c,,;;� i-; i <ms  nc;re a s  

follows : 

linear 

quadrat i c  

c ubic 

quadratic 

quintic 

square root 

2:-e ciprocal 

l ogarithmic 

X ,  y 

X2 , XY , Y2 

x3 , X2Y , XY2 ,  y3 
-l+, x3Y, x�2 , XY3 , r!+ 

x5 x4y x3y2 x�3 xi+ y5 ? ' 1 ' 1 ' ' 

X '2 (XY) 2 y 2 

x-2 , x-1 ,  (XY) -1 , Y-1 , Y-2 2 2 ( log X) , lo8 X ,  l og X. l og Y ,  log Y, ( log Y) 



F or re gre s s i on a nalys i s ,  tl1o roc1uircd variab l e s  1' o r  each site 

'1le r0 read succe s sive ly of!' th,; corrc s t' nndin2: plant data c a rd , soil 

data card a nd the card c ontainin,:; the) phy s i c .J.l '.'nrie bl :3 s . 

The co n t rol cards -i P pro c c ck J_;he da tu de ck TC oxr-: 1.� ilwd at 

tho b e ginning of the progrm' :0 l i s ting (APF'SI'lDIX IV C ) . .:_ H;hou�h 

o nly disk st oragG l iBi. t s  the nw�1be r  of samplu s i t e s  u s0d, cho 

prograrrJne require s a rmming t ine of hro h our s for a data de ck 

c ontaini ng 1 50 saople s if 35 variable s arc u s e d. 



I 

M A I N  1 

I STA RT l t 
I R e a d s  a n d  p r i n t s  t 1 t le. l 

+ 
Reads :  Q , l eve l o f  s 1g n 1 f  1 ca nc e .  
I I :  n o. o f  i nd e pe ndent  v a r ia b le s + 1 .  

• 
Rc a d s: d e p e n d e n t  va r 1 a ble , A1 , 
c o o rd i n a t e s  XI < A2> a nd � C A3 > . 

• 
G e ne ra tes 1 nd ep. v a rs. 1 n  X and Y1 

A ·  ( 3 < i � I I > . I I 

• 
I M A I N  2 I 

M A I N  2 

I MA I N  1 I t 
C o m p u te s : ave r ages I 

s t a nd a rd dev i at i on s . 
c o rre l a t i o n coe f f ic ient  m a t r i x  

C 1 .; i  j 4ii l l ) .  
-t 

I M A I N  3 I 
r . . I ' J 

Appe n d i x  I V B. S umma r y  of the ess e n t i a l  p roc ed u re s  i nvolved i n  each ma i n  prog ramme.  

N " ..... 



F i n d s  mi n i m u m  
k : i 

V M I N  : V  

No. o f  d e  

C o m putes s r g n r f r c ance C Q F ) o f  V M IN 
relat i ve t o  t h e  u ne x p la i ned 

va r i a nc e  VA R 

QF > Q 

M A I N  3 

3 

c i : - 1  
c · = • 1 ,  r · ;  <0·0 0 0 0 1  

F i nds m a x r m u m  v . • •  
k :  i 

V MA X : V 

C o mputes s i g n i t r c a nc e  ( Q F > o f V MAX 
r e l a t i ve to the u n expla i ned 

va ri a n ce VAR 

O.F < Q. 

l_nser t s  i n d e.p.  v a r: . Ak � r nto r e g re .. r o n  e u aflon 
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MA I N  4 

I M A I N 3 I 
w 

C o m p u t e s  a n d  p r i n t s o u t : 
r e g r e s s i o n co eff i c i e n ts ,  

std. e r ro r  o f  r e 1 r e s s ion c o eff i c i e n t s  . , 
r e g res s i On c o n s ta n t .  

f o r  a l l  i nd e p. vars. w i t h  c i : + 1 . 
' 

C o m p u tes a nd p r r n t s  ou t :  
pe r c e n t  o f  v a r i anc e i n  dep.  v a r:  

e x pl a i n e d  b y  r e g r e s s i on equat i o n . 
' 

I M A I N 5 I 

- --

M A I N  5 

r::J:!A�N iJ _y_ 
Co m p u t e s  a n d p r i n ts o u t f o r  eac h s i t e : 

_
o bs e r  v e d  dep . va r., A1 • 

e s t t m a t e d  d e p . v a r. , T R , < t r en d > .  
d i f fe r e n c e , A 1 - TR , < re s id ua l ). 

I S T OP I 

N ,.. w 



A P P E N D I X  I VC 

S T E P W I S E M U L T I P L E  R EG R E S S I O N P R O G RA MM E U S E D  F O R T R E N D A N A L Y S I S 
A N D  M U L T I P L E  R EG R E S S I ON A N A L Y S I S  

C M A I N  1 
c 

F O R T R AN l i D  

C T R E N D  S UR F A C E AN A L Y S I S U S I N G S T E P W I S E  M U L T I P L E  R E G R E S S I ON 
C A ( l )  I S  D E P E N D E N T  V A R I A B L E , A ( 2 )  T O  A ( 3 5 )  A R E I N D E P E N D E N T  
C V A R I A B L E S  
C C A R D S  TO P R E C E D E D A T A  D E C K AR E A S  F O L L O W S 
C T I T L E  C AR D  T I T L E  M A Y  OC C U P Y  U P  T O  7 9  C O L U MN S  
C C A R D  C ON T A I N I N G  V A R I A R L E S  1 1  A N D  Q I N  F O R M A T  ( 1 6 , F 6 . 0 l 
C I I =  T O T A L  N U M BE R  a= D E P E N DA N T  P L U S  I N D E P E ND AN T  V AR I A B L E S  T O  B E  
C R E A D  I N  A N D G E N ER A T E D  
C Q =  P RO B A B I L I TY L E V E L  A T  WH I C H  VA R I A B L E S  A RE T O  B E  A D D E D  O R  D E L E T ED 
C F R O M  T HE R E G R E S S I O N E Q U A T I ON 
C C A R D  C ON T A I N I NG ! F O R  
C I F O R =  R E A D  F O R M A T  F O R  TH E D E P E N D A N T  V A R I A B L E  
C T HE X A N D  Y C OO R D I N A T E S  A R E  P U NC H E D  I N  F O RM A T ( 2 F 6 . 0 l O N TO A C AR D  
C I M M E D I A T E L Y  F O L L OW I NG T H E  C A R D  C ON T A I N I N G  TH E I ) E P E N D A N T  V A R I A B L E  
C F O R  T HO S E  C O O R D I N A T E S  
C T W O  C A R D S C ON T A I N I N G A NU M E R A L  9 I N  C O L U M N O N E  M U S T  F O L L O W  D A T A 

D I M E N S I O N A ( 3 5 ) , 1 F O R ( 2 0 )  
C O M M ON A , I I , I S A V E , Q  
D E F I N E D I S K ( 1 5 ,  1 0 00 l 

c c c 
R E AD S  T I T L E  A ND C ON TR O L C AR D S  

c 

1 0 0 0  R E AD 2 0  
2 0  F O R M AT ( 8 0 H  

1 . 
P R I N T 2 0  
R E AD 2 3 , I I , Q 

2 3  F O R M AT ( 1 X l i 5 , F 6 . 0 ) 
P R I N T 2 6  l,J 

2 6  F O R M AT < i 9 H  P R O B A B I L I T Y 
R E AD 2 5 , I F O R  

2 5  F O R M AT ( 2 0 A l )  

C I N I T I A L I S E S  V A R I A B L E S  
c 

c 
1 1  D O  6 1  1 = 1 , 3 5  
6 1  A (  I ) = 0 . 0  

L E V E L = , F 6 . 2 ) 

C R E AD S D E P .  V A R . A ND X , Y  C OO R D I NA T E S  

2 1f I� 



C G E N E R A T E S  I N D E P .  V A R S .  
c 

I D E X = 1  
2 4  R E AD I F DR , M , A ( 1 )  

R E A D  2 2 , M , A ( 2 ) , A ( 3 )  
2 2  F O RM AT ( I 1 , F 5 . 0 , F 6 . 0 )  

I F ( M -9 ) 5 0 , 6 0 , 6 0  
5 0  A ( 1 ) = 0 . 4 3 4 2 9 4 48 * L OG F ( A (  1 ) )  

A C 4 l = A ( 2 ) * ':C 2 
A ( 5 ) = A ( 2 l * A ( 3 )  
A ( 6 ) = A ( 3 ) * * 2  
A ( 7 ) = A ( 2 ) ** 3  
A ( 8 ) = A ( 3 ) * A ( 2 ) * * 2  
A ( 9 l = A ( 2 l * A ( 3 l ** 2  
A (  1 0 l = A (  3 ) * * 3  
A ( 1 1  ) = A  ( 2 ) "" *  4 
A ( 1 2 l = A ( 2 ) * * 3 * A ( 3 ) 
A (  1 3 l = A ( 2 l ** 2 ':' A ( 3 H' * 2  
A ( 1 4 l = A ( 2 ) * A ( 3 l * * 3  
A (  1 5 l = A ( 3 ) ** 4  
A (  1 6 l = A (  2 1 * * 5 
A ( 1 7  ) = A  ( 2 )  ** 4* A ( 3 ) 
A ( 1 8  ) = A  ( 2 )  * * 3 *  A ( 3 )  ** 2 
A (  1 9 ) = A ( 2 l ** 2 * A ( 3 ) * * 3  
A ( 2 0 l = A ( 2 l * A ( 3 l ** 4  
A ( 2 1 l = A ( 3 l * * 5  
A ( 2 2 l = SQ R T F ( A ( 2 ) )  
A ( 2 3 ) = S Q R  TF ( A ( 3 )  l 
A ( 2 4 l = SQ R T F ( A ( 2 l * A ( 3 ) ) 
A ( 2 5 ) = 0 . 4 34 2 9 448 * L OG F ( A ( 2 ) ) 
A ( 2 6 ) = 0 . 4 3 4 2 9 44 8 * L OG F ( A ( 3 ) ) 
A ( 2 7 ) = 0 . 4 34 2 9 44 8 * * 2 * L OG F ( A ( 2 ) ) * L O G F ( A ( 3 ) ) 
A ( 2 8 l = 0 . 4 3 4 29 4 4 8 ** 2* ( L O GF ( A ( 2 ) l * * 2 l 
A ( 29 ) = 0 . 4 34 2 9 448 ':< * 2 * ( L O G F ( A (  3 )  l ** 2 l 
A ( 3 0 ) = 1 . 0 / A ( 2 )  
A ( 3 l l = 1 . 0 / A ( 3 )  
A ( 3 2 ) = 1 . 0 / ( A ( 2 ) * * 2 l 
A ( 3 3 ) = 1 . 0 / ( A ( 3 ) * * 2 )  
A ( 3 4 l = 1 . 0 ! ( A ( 2 ) * A (  3 )  l 
R E C O R D ( I D E X l A  
G O  T O  24 

6 0  I S AV E = I D E X  
C A L L  L I N K ( M A I N  2 l  
E N D  

?. 'L) 



C M A I N  2 
c 

c 

D I M E N S I ON A ( 3 5 ) , A V ( 3 5 ) , S Q ( 3 5 ) , R ( 3 5 , 3 5 )  , S D ( 3 5 )  
C OM M O N  A , I I , I S A V E , Q , A V , R , A N , S Q , S D  
D E F I N E D I S K ( l 5 , 1 0 00 ) 

C C OM P UT E S M E A N S , S TA NDA R D  D E V I A T I ON S , C O R R E L A T I ON C O E F F I C I E N T S  c 
D O  6 0  I = l , I I  
S Q ( I ) = O . O  
S D ( I l = O 

6 0  A V ( I ) = 0 
D O  6 2 I =  1 ,  I I 
D O  6 2 J =  1 ,  I I 

6 2  R ( I , J ) = O . O  
A N = O . O  
I D E X = l 

l O O I F ( I D E X - I S AV E l l 0 1 , 10 4 , 1 04 
1 0 1 F E TC H ( I DE X ) A  

A N = A N + l . O  
D O  1 0 2  I = l , I I  
AV ( I  ) = AV ( I  ) + A  ( I ) 

1 0 2 S Q ( l ) = SQ ( I ) + A ( I ) * * 2  
D O  1 0 3 I = l , I I  
D O  1 0 3  J = l , I I  

1 0 3 R ( I t. J > = R ( I , J ) + A ( I l * A ( J ) 
G O  1 0  1 00 

1 04 D O  1 0 5  I = l , I I  
A V ( I ) = AV ( I ) I A N  

1 0 5 S D ( I ) = S Q  R T F  ( ( S Q ( I ) - A N *  A V ( I ) ::< >:< 2 ) I ( A N - 1 • 0 ) ) 
D O  1 0 7  I = 1 , I I  
DO 1 07 J = l , I I  1 0 7  R ( I , J )  = ( R ( I , J ) - A  N * A  V ( I  ) :'f. A V ( J )  ) I S  Q R  T F ( ( S Q ( I )  - A N t.: A V ( I ) ::< :::: 2 ) * ( SQ ( J )  -

1 AN * AV (  J ) *':< 2 ) ) 
1 = 1  
P R I N T l l O , ( R ( I , J ) , J= l , I I ) 

1 1 0 F O RM AT ( l 2 E l 0 . 0 1 ) 
C A L L  L I N K ( M A I N  3 )  
E N D 

C M A I N  3 
c 

D I M E N S I O N  A ( 3 5 ) , A V ( 3 5 )  , S Q ( 3 5 ) , S D ( 3 5 ) , R ( 3 5 , 3 5 ) , V ( 3 5 ) , C ( 3 5 ) 
C OM M ON A I I I { I S A V E , Q t A V , R , A N , S Q , S D , C 
D E F I N E D S K  1 5 , 1 0 00 J 
A D F  = AN - 1 . 0  
V AR = l . O 

2 'j. !)  



P R I N T  9 2  
9 2  F O RM AT ( 2 0 X , 8 H V A R I A B L E , 1 2 X , 2 H Q F / ) 

D O  Z OO I = Z , I I  
2 00 
2 0 3  

2 0 2  

5 00 
5 0 1 

5 0 2  
5 03 
5 0 4  
5 05 

5 0 6 
5 0 8  

5 0 7  

C ( l l = - 1 . 0  
S Q  ( l l  = SD ( 1 )  * SQ R  T F  ( R ( 1 ,  1 l I A D F  l 
D O  2 0 2  I = 2 , I I  
V ( I ) = ( R ( I 1 1 )  *".< 2 l / R  ( I , I ) 
V M I N = . 9 E 9 Y  
1 = 2  
I F ( C ( I ) - 1 .  0 l 5 0 1 ,  5 0  3 ,  50 1 
1 = 1 + 1  
I F ( I - I I ) 5 0 2 , 5 0 2 , 5 0 6  
G O  T O  5 0 0 
I F ( R ( I , I l - . 1 E -4 ) 5 0 1 , 50 1 i 5 04 
I F ( V ( I ) -V M I N ) 50 5 , 5 0 1 , 5 0 
V M I N = V ( ! )  
K = I  
G O  T O  5 0 1  
I F ( VM I N - . 9 E 99 ) 5 0 8 , 3 9 9 , 399 
F = ( V  M I N *  A DF ) /V A R  
C A L L  P RO B ( F , AD F , Q F ) 
I F ( Q F -Q ) 3 99 , 5 07 , 5 0 7  
V A R = V A R + V M  I N  
A D F = A D F + 1 . 0 
P R I N T 9 0 , -K , Q F 

9 0  F OR M AT ( 8 H D E Le T E 0 , 1 6'< , I 3 , 1 0 X , E 1 4 . 0 )  
G O  T O  6 0 1 

3 99 

4 00 
4 0 1 

4 0 2  
4 03 
4 0 4  
4 0 5  

4 0 6  
9 5  

4 0 7  

9 1  
6 0 1 

V M  AX = .  9 E - 99 
I = 2  
I F ( C ( I ) + 1 . 0 ) 40 1 , 40 3 , 40 1  
I = I + 1  
I F ( I - 1 1  ) 4 0 2 , 40 2 , 4 0 6  
G O  T O  4 0 0 
I F ( R ( I 1 I l - . 1 E -4 ) 4 0 1 , 40 1 � 404 
I F  ( V  ( I 1 -VM A X ) 40 1 ,  4 0 1 ,  4 0 ?  
V M AX = V ( I )  
K = l  
G O  TO 40 1 
I F ( V M A X - . 9 E -99 ) 9 00 , 7 0 1 , 9 5  
F = ( V M AX * A DF ) / ( V A R - V M AX ) 
C A L L  P RO B ( F , A O F , Q F ) 
I F ( Q F -Q ) 4 0 7 , 4 0 7 , 7 0 1 
V A R = V A R - V M A X  
A D F = A D F - 1 . 0 
P R I N T 9 1 , K , Q F 
F 0 R M AT ( 6 H A 0 DE 0 , 1 8  X , I 3 , 1 0 X , E 1 4 • 0 ) 
I K = K + 1  • 

I J =K - 1  
I F  ( I  K- I I ) 9 8 , 9 8  , 9 9 

2 ,. 7 



9 8  D O  6 0 7 I = I K , I I  
D O  6 07 J = I  , I  I 

6 0 7  R ( I � J )  = R ( I , J ) - ( ( C ( K )  >:<C ( I ) "�R ( K ,  J )  >:< R  ( K ,  I ) ) I R ( K ,  K ) ) 
· D O  r 00 I = I  K ,  I I 

7 00 R ( I ,  1 )  = R ( I , 1 ) - ( ( C ( K )  '�C ( I ) ::.'<R ( K ,  1 )  *R ( K ,  I l l I R ( K ,  K l l 
I F  ( I  J- 2 )  96 , 9 7 ,  9 7  

9 7  D O  6 04 I = 2 , I J  
D O  6 04 J = I K , I I  

6 04 R ( I , J ) = R ( I , J ) - ( ( R ( K ,  J ) ;'< R ( I , K ) ) /R ( K ,  K ) ) 
9 9  D O  6 0 2  I = 2 , I J  

D O  6 0 2  J = I , I J  
6 0 2 R ( I , J ) = R  ( I , J ) - ( ( C ( K ) >:< C ( J ) * R ( I , K ) ::< R ( J , K ) ) I R ( K , K ) ) 

D O  6 0 8 1 = 2 , I J  
6 0 8  R ( I 1 1 )  = R  ( I  , 1 ) - ( ( R ( K ,  1 )  >:<R ( I , K )  ) / R  ( K ,  K )  ) 

D O  b 0 3  I = 2  I J  
6 0 3  R C I , K l = -R C f , K l / R C K , K )  

9 6  R C K , 1 l = R C K , 1 l /R ( K , K )  
I F  ( I  K- I I ) 9 4 , 9 4 , 9 3 

9 4  D O  6 0 6 J = I K , I I  
6 0 6  R ( K , J l = R ( K , J ) / R ( K , K )  

9 3  R C K , K ) = 1 . 0 / R ( K , K )  
C ( K l = -C C K l 
G O  T O  2 0 3  

7 0 1  C A L L  L I N K ( M A I N  4 )  
9 00 T Y P E  3 0 2  
3 0 2  F O R M AT ( 2 0H V MA X  L E S S T H A N  Z E R O / ) 

E N D  

S UB R O U T I N E P R O B ( F , A D F , Q F )  
I F ( F - . 9 E -9 9 ) 1 0 , 1 0 , 30 

1 0  Q F =O . O  
G O  T O  2 0  

3 0  A M = 1 . 0  
1 F A C = F * * 0 . 3 3 3 3 3 3 3 3 3 3 3  

A =0 . 2 2 2 2 2 2 2 2 2 2 2 / A M  
8 = 0 . 2 2 2 2 2 2 2 2 2 2 2 / A D F  
W = C F AC * C 1 . 0 - B ) - ( 1 . 0 - A ) ) / S QR T F ( A + B * F A C * * 2 ) 
T = l . O / (  1 . 0 +0 . 2 3 1 6 4 1 9 ':' A B S F ( W ) ) 
Z X =0 . 39 8 9 4 2 2 8 04* E X P F ( -0 . 5 * W * W )  
F A C = ( ( ( (  1 . 3 3 0 2 7 44 2 9 * T - 1 . 8 2 1 2 5 5 9 7 8 l * T + 1 . 7 8 1 4 7 7 9 3 7 l * T - 0 . 3 5 6 5 6 3 7 8 2 l * T 

l +0 . 3 1 9 3 8 1 5 30 l * T  
F A C = F AC >:< Z X  
I F ( W ) 2 , 3 , 3  

2 Q F = 1 . 0 -F AC 
3 Q F = F AC 

2 0  R E T U R N 
E ND 

2 !+ Fl 



C M A I N 4 
c 

D I M E N S I ON A ( 3 5 )  , A V ( 3 5 )  , S Q ( 3 5 )  , S D ( 3 5 ) , R ( 3 5 , 3 5 ) , B ( 3 5 l , C ( 3 5 l 
C OM M ON A 1 I I 7 I S A V E , Q t A V , R , A N , S Q , S D , C , B 
D E F I N E  D I S K !  1 5 , 1 0 00 1 

c 
C C OM P UT E S  R E G R E S S I ON C ON S T A N T  A N D C O E F F I C I E N T S 
C C OM P UT E S  E R R O R  O F  R E G R E S S I ON C O N S T A N T  . 
C C OM P UT E S  P E R C E N T  S U M  O F  S QU A R E S  E X P L A I N ED 
c 

I = 2 
D X = O . O  
PS S = O . O  
P R I N T 2 0 5 

2 05 F O RM AT ( 9 H O V A R I A B L E , 5X , 2 2 HR E G R E S S I ON C O E F F I C I E N T , 4 X , 3 1 H S TD .  E R R O R  
1 0 F  R E G R E S S I ON C O E F F . / l  

7 0 2  I F ( C ( I ) - 1 . 0 ) 7 0 3 , 7 04 , 7 0 3  
7 0 3  I F ( I - I l ) 7 0 6 , 7 0 5 , 7 0 5  
7 06 I =  I +  1 

G O  T O  7 0 2  
7 04 L =  I 

B ( L  l = ( R (  L ,  l l * S D (  1 l  l / S D ( L l  
S Q ( L ) = ( SQ ( 1 ) * SQ R T F  ( R ( L ,  L ) ) ) I S  D ( L ) 
P R I N T 2 0 8 , L , B ( L ) , S Q ( L )  

2 0 8 F O RM AT ( I  5 ,  1 3 X  ,E 1 4 . 0 , 1 8 X , E 1 4 .  0 )  
D X = D X + ( B ( L ) * AV ( L ) ) 
P S S = P S S + ( R ( L , 1 l *R ( 1 , L ) l 
G O  T O  7 0 3  

7 0 5 B ( U = AV ( l l - D X  
P S  S= 1 0 0 . O * P  S S  
P R I N T 2 0 6  B ( l l  

2 06 F O R M AT ( 2 i H OR E G R E S S I ON C O N S TA N T = , E 1 4 . 0 / )  
P R I N T  2 0 7 , P S S 

2 0 7  F O R M AT ( 3 4H P E R C E N T  S U M  O F  S QU A R E S  E X P L A I N E D = , F 1 0 . 4 / / ) 
C A L L  L I N K ( M A I N  6 )  
E N D  

2 4 9  



c c 

c 
c 
c 

2 0 9  

8 0 0 

8 0 1 

8 0 7  
8 0 3 
8 06 

8 0 4 

8 0 5  

2 10 

9 0 0  

M A I N 5 

D I M E N S I O N A ( 3 5 ) , A V ( 3 5 ) , S Q ( 3 5 ) , S D ( 3 5 ) , R ( 3 5 , 3 5 ) , B ( 3 5 ) , C ( 3 5 )  
C O M M ON A j i i { I S A V E , Q t A V , R , A N , S Q , S D , C , B 
D E F I N E  D S K  1 5 , 1 0 00 1 

C OM P A R E S O B S E R V E D  A ND C O M PU T E D  V A L U E S  O F  D E P E N D A N T  V AR I A B L E 

P R I N T 2 09 
F O R M AT ( 9H O B S E RV E D , 3 X , 1H X , 5 X , 1 HY , 2 X , 8 HC OM PU T E D , 2 X , 8 H R E S I DU A L / ) 
I D E X = 1 
T R =  B (  1 )  
! F ( I D E X - I S A V E ) 8 0 1 , 9 00 , 9 0 0  
F E T C H ! I D E X ) A  
1 = 2 
I F ( C ( I l - 1 . 0 ) 8 0 3 , 8 0 4 , 8 0 3  
I F ( I - I I ) 8 06 , 8 0 5 , 8 0 5 
I = I + 1  
G O  T O  8 07 
T R = T R + (  8 (  I ) * A (  I ) )  
G O  T O  8 0 3 
A ,(  1 l = E X  P F ( A ( 1 l I 0 • 4 3 4 2 9 44 8 l 
T R =E X P F ( TR / 0 . 434 2 9 448 ) 
R E  S I  D =  A ( 1 )  - TR 
P R I N T 2 1 0 , A ( 1 )  , A ( 2 )  t. A ( 3 ) 1 TR , R E S I D  
F 0 R M AT ( F 8 • 2 ,  I 5 ,  I 6 ,  t-9 • 2 ,  t- 1 0 .  2 ) 
G O  T O  8 00 
P A U S E  
E N D  

• 

2 ') () 



APPENDIX V .  

i n  the pla nt s a s  i ndicators ,n· hich c o p :;or concentrat ions in the; 

soil , depe nded on the de grL: ...: of overlap b st·.;o e n  the s auplinc; site s 

corre spondi ng to the ano c<::.lous plallt valuG s a nd the anomalous s ( Ji l  

value s . 

1'h0 e s sential l ogi c invvlvecl in thi s te chnique v;as as folloHs 

( lette r s  in parenthe s i s  c orre s)ond to those used in the prr r� --� ) . 
J, set of 1 47 saupling s i t e s ( S ) containe d 44 s i te s  ( l\ )  : .<·. ; !hiclt 

1 f d ., t f 
· ' 1 m \  anoJJB. ous c oncent rat i on s  o c oppe :.: occurre • l' o r  y our S lH� s  \ J. )  

correspondi ng t o  the anonalous plant value s ,  Here sele cted out of 

the set ( S) of s o i l  s ite s .  '.Yh:d:; ·r •an tlw chance t h'lt !'l OL1e ( P) of 

the site s s e l e cted woulrl 1Je a;1o;·::.� 1 c .us soil si t c s? If' a l'..c la :; .i_ !)l1Ship 

cxi;:;; te d betr.o e :1  the T s i t e �  s e le c t e d  f r . ; .  the s e t  of s c·il ::;itc;  ( S ) and 

found in the T site s s elect e d ·,:o .. -.ld. u0 ....;roa t u r  than the l1ULibGr f oun::l 

if no r e lat i onship exi sted. 'I' ho pro�J:1.b ili ty of fi n•Ji ne; P :: mo ;_� l ou s  
:lE 

soil s ite s in the T site s s �.: l u c t o 6 .. is e;ivc n by 

R !  PROB = 
• 

P! (R-P) ! 

( S-R) ! T !  ( 3-T ) ! 
--------· . ----� 

(T-P) ! ( S-R-T+P) ! S !  

Value s o f  R ,  S ,  T and P are read in with the p rogrru�e listed 

in APPENDIX V B and this vlill conpute PROB for value s of P fron the 

value read in up t o  P=T ( or until very small nUBbers are encc•untered) . 

• The theory behind the derive.tion of trD. s ec:_uat i on i s �iven i n  

.A dl e r  ,I . ,  1 969 ,Probability and statistics for every; .. tml , L ondon , 

Dennis Dobson. 



·. 

A P P E ND I X  V B  

C P RO G R A M M E T O  C O M P U T E  T H E  P R O B A B I L I T Y O F  OB T A I N I N G P S A M P L E S  
C O F  T Y P E  L I N  A R A N DO M S U B S E T  O F  T S A M P L E S , TA K E N  F R OM A P O P U L A T I ON 
C C ON S I S T I N G O F  R S A M P L E S  O F  T Y P E  L A N D  M S A M P L E S  O F  T Y P E  U .  
C S =R +M 
c 
C I N PU T  D A T A  C O N S I S T S  O F  R , S , T , P  O N  O N E  C A R D I N  F O RMA T ( 4 I 5 )  
c c 

P = O . O  
R =O . O  
S = O . O  
T = O . O  
R E A D  1 , R , S , T , P  
A B =R 
AC = S 
A D = T  
A E = P  

1 0 0  A = R  
R = 0 . 4 34 2 9 44 8 * L O G F ( R )  

3 A = A- 1 . 0  
R =R +0 . 4 3 4 2 94 4 8 * L O G F ( A )  
I F ( A- A B+ A E - 1 . 0 ) 4 , 4 , 3  

4 B =  S 
S =0 . 4 3 4 2 9 448 * L O G F ( S )  

5 B = B - 1 . 0  
S = S +0 . 4 34 29 4 4 8 * L O GF ( B ) 
I F  ( B- AC + A D - AE - 1 . 0 ) 7 ,  7 ,  5 

7 C = AD 
T = 0 . 4 34 2 9 44 8 * L O G F ( T ) 

8 C =C - 1 . 0  
T = T +0 . 4 3 4 2 9 44 8 * L O G F ( C )  
I F ( C - 2 . 0 ) 1 0 , 1 0 , 8  

10 D = A E  
P = 0 . 4 34 29 44 8 * LO G F ( P ) 

1 1  D = D - 1 . 0  
P = P +O . 4 34 2 9 4 4 8 * L O GF ( D ) 
I F ( D - 2 . 0 ) 1 3 , 1 3 , 1 1  

1 3  Q = AD - A E  
E = A D - A E  
Q = 0 . 4 34 2 9 44 8 * L O G F ( Q ) 

14 E = E - 1 . 0  
Q = Q +O . 4 34 2 9 4 4 8 * L O GF ( E ) 
I F ( E - 2 . 0 ) 1 6 , 1 6 , 1 4 

1 6  U = A B + AC 
F = U  
U = 0 . 4 3 4 29 44 8 * LO G F ( U )  

� "; 2 



1 7  F = F - 1 . 0  
U = U +0 . 4 34 29 4 4 8 * L O GF { F ) 
I F { F - A B - AC + A D - 1 . 0 )  19 , 1 9 , 1 7  

1 9  P R O B = R + S + T- P - Q - U  
P RO B= E X P F { P RO B / 0 . 4 3 4 2 9 448 ) 
P R I N T 2 0  A E , P RO B  
I F ( A E - AD ) 2 1 , 2 2 , 2 2 

2 1  R =  A B  
S = A C 
T = AD 
A E = A E + 1 . 0  
P = AE 
G O  T O  1 0 0  

1 F O RM AT ( 4 1 5 )  
2 0  F O R M AT { I 5 , 5 X , E 1 0 . 0 ) 
2 2  C A L L  E X I T  

E N D  

2 5 3  



A P P E ND I X  V I  

D A T A  L I S T I NG 

N O T H O F  A G U S  L E A V E S 

I DE N T I F I C A T I O N N .  TR U N C A TA N . F U S C A  N . M E N Z I E S I I  

M AR CH 1 96 9  1 1  2 1  3 1  
N OV E M BE R  1 9 6 9  1 2 2 2  3 2  
N O V C: M BE R  1 9 70 1 3  2 3  3 3  

N . TR U N C A T A  

S I TE N O . I DE N T  • N I  C O  c u  Z N  C R  F E  C A  M G  M N  K A S H 

P P M  P P M P P M  P PM P P M  P P M  P C E N T .  PC E N T • P CE N  T • P C E N T  • PC E N T . 

1 8  1 2  50 1 3  5 5  2 4 0  1 7 1 1  0 0  1 8 . 5  4 . 5 0  1 .  1 0 6 . 9 5 . 5 4  
1 9  1 2  5 5  1 5  8 5  3 2 0 1 0  1 3 0 0  2 0 . 5 5 . 5 0 1 . 2 5 1 0 . 5  4 . 6 9 

1 1 0 1 2  70 1 4  7 5  3 9 0  1 0 9 5 0  2 2 .  0 4 . 5 0 1 . 2 5 8 . 2 4 . 4 0 
1 1 1  1 2  5 0  1 2  7 3  2 6 0  1 0  1 3 5 0  2 0 . 5  3 . 5 0 2 . 2 5  8 . 4  4 . 5 6 
1 1 1  1 1  1 0 0  20 7 5  3 1 5  7 1 6 5 0  2 1 .  5 3 . 5 0  1 .  1 0 3 . 3 5 . 6 0  
1 1 2  1 2 10 5 1 0  1 4 5 2 7 0  1 2  1 7 0 0  1 6 . 5 4 . 0 0  1 . 2 5 9 . 2  5 . 0 0 
1 1 3 1 2  1 40 1 3  1 1  5 2 5 0  1 4  1 7 0 0 1 8 . 5  3 .  0 0  1 . 2 5 1 0 . 3  6 . 2 9 
1 1 4  1 2 1 20 1 3  80 2 6 0  9 95 0 2 o .  0 3 . 2 5  1 .  1 0 7 . 9  7 . 6 3 
1 1 5 1 2  3 6 5  1 4  1 20 2 7 5 1 6  1 1 5 0  2 3 .  0 4 .  0 0  1 .  7 5  1 0 . 0  6 . 1 6  
1 1 6  1 2  9 5  1 3  6 3  2 3 5  1 3  1 2 5 0  2 5 . 5 4 . 0 0  1 .  9 0  8 . 4  6 . 5 7 
.1 1 7 1 2  90 6 1 5 5 2 2 0  9 1 2  0 0  1 1 • 5 2 .  2 5  . 6  5 8 . 7 5 . 3 3  
1 1 8  1 3  270 1 8  80 3 5 0  1 5  1 0 5 0  1 6 . 5  7 . 2 5 . 7 0  8 . 6 4 . 6 1  
1 20  1 3  1 5 5  1 8  90 3 1 5  1 0 1 0 0 0 2 0 . 0  2 . 2 5  . 7 5 1 1 .  2 6 . 2 1  

2 9  1 2  1 2') 1 3  70 2 5 0  1 5  1 4 5 0  2 1 .  0 6 . 0 0 1 .  0 0  7 . 4  4 . 3 5 
2 10 1 2  1 1 0 1 4  6 8  3 0 0 8 1 0 5 0  2 5 . 5 5 . 7 5 • 5 0  9 . 2 4 . 6 5  
2 1 0 1 1 2 20 2 1  5 3  1 2 0  8 7 3 4  2 0 . 0  3 . 9 6 1 .  0 6 8 . 6 5 . 2 8  
2 1 1  1 2  80 1 4  4 5  1 5 0 7 5 5 0  2 9 . 5 4 . 5 0  1 . 4 0 7 . 4 6 . 8 6 
2 1 1 1 1 1 1  5 1 9  80 2 0 0 7 7 7 3  2 3 . 5 4 . 0 0  . 8 9  4 . 4  5 . 0 0 
2 1 2 1 2  2 1 5  1 6  8 5  2 8 0 1 0 1 6 5 0  2 5 .  0 4 .  0 0  1 .  5 0  1 1 .  3 5 . 2 6 
2 1 2  1 1  2 7 3  1 9  8 5  2 5 0  8 1 5 0 5  2 0 . 0  3 . 7 5 . 8 2 5 . 5  4 . 7 7 
2 1 3  1 2  5 5  1 3  60 2 6 0  9 1 0 0 0  2 3 . 5 4 . 0 0  1 .  5 0  7 . 4 5 .  1 1  
2 1 3  1 1 1 3 8 1 5  7 5  2 0 0 1 0  8 9 0  1 9 . 5  3 . 3 5 1 .  2 3 4 . 6  4 . 32 
2 1 4 1 2  2 20 1 5  80 2 7 0  1 1 1 5  0 0  2 1 . 0  5 .  7 5  1 .  5 0  1 0 . 0  4 . 2 6  
2 1 5  1 2  1 3) 1 3  6 3  2 9 0  1 0  1 5 0 0  2 0 . 5  5 . 5 7 1 .  4 0  7 . 6  4 . 2 6  
3 1 2  1 1  1 2 8 2 5 8 5  2 5 0  1 0 1 2 7 5 2 6 . 5  3 . 7 5  1 . 2 3 4 . 6 4 . 6 5 
3 1 4  1 2  1 70 1 2  6 5  2 5 0  1 1  1 0 0 0  2 3 . 0 4 . 2 5  1 .  1 5 7 . 4  5 . 8 7 
3 1 5  1 2  1 8 5 10 9 5  2 8 0  1 1 1 1 5 0 1 5 . 5  5 . 7 5 1 . 3 0 8 . 7 3 . 3 2  
3 1 6  1 2  1 1 :) 1 4  7 5  2 7 0  9 95 0  2 6 . 0  4 . 7 5  1 .  5 0  9 . 5  6 . 2 0  

4 8  1 2  70 1 2  6 5  2 8 0  7 8 0 0 2 3 . 0 5 .  0 0  1 .  3 0  7 .  1 4 . 8 0  
4 8  1 1  1 1 )  1 9  1 ') 0 2 7 5 7 8 9 0  2 3 . 0 4 . 5 0 1 . 0 3  6 . 5 4 . 3 4 
4 9  1 2  1 1 5  1 4  70 2 6 0  8 8 5 0  2 6 . 5  4 .  0 0  1 .  7 5 9 . 0 5 . 6 8 
4 9  1 1 1 2 ') 1 7  90 2 0 0 4 7 9 0  2 1 . 5  3 . 5 0 1 .  2 3  4 . 4  5 . 7 8 

2 '5 4  



4 10 1 2  5 0 1 1  6 8  2 1 0  8 9 5 0 2 0 . 5  4 . 2 5 1 .  7 5  1 0 . 0  4 . 6 7 
4 1 1 1 2  70 1 5  70 2 0 0 8 9 0 0  2 6 . 0  3 . 8 5  1 .  2 5  1 0 . 3  5 . 7 7 
4 1 4 1 2  2 1 0 1 7  90 3 2 0  1 4  7 5 0  2 6 . 5 4 . 0 0  2 . 0 0  1 6 .  6 6 . 2 1  
4 1 5  1 2  80 1 2  6 3  1 4 0  1 0  7 0 0  2 5 . 5 3 . 5 0  1 . 2 5 9 . 8  6 . 2 4 
4 1 6 1 2  1 2 5 1 3  6 5  2 4 0  8 9 0 0 2 5 . 0  3 . 7 5  1 .  1 0 8 . 2 6 . 3 7  
4 1 7 1 3  1 1  5 1 8  7 5  2 4 0  1 0  7 0 0  2 1 . 5 4 . 7 5  . 8 5 7 . 7  9 . 0 2 
4 1 9 1 3  1 60 20 8 5  2 75 2 3  1 3 0 0 1 9 . 0 4 .  0 0  . 7 0 1 0 .  1 4 . 6 6 

5 6  1 2  8 5  1 2  8 5  2 9 0  8 1 1 0 0 2 0 . 0  4 . 2 5 1 . 6 0 1 2 . 4  3 . 8 8 
5 1 5 1 1  1 5  7 1 3  1 1 5  2 2 5  5 1 1  3 0  1 3 . 0  7 . 5 0  . 6 4  8 . 9 s .  1 4 
5 1 6  1 2  2 1 ') 1 3  1 2 8 2 5 0  8 7 5 0 2 5 . 0  4 . 2 5  1 . 0 0 9 . 8  5 . 0 2 
5 1 6 1 1  2 2 8  1 4  1 70 2 3 5 1 0 9 2 5  2 1 .  5 4 .  35 . 7 5 6 . 5 4 . 9 7 
5 1 8  1 3  7 5  20 60 1 8 0 1 3  7 0 0  2 4 . 5  3 . 5 0 . 7 0 8 . 0  5 . 8 3 
5 1 9 1 3  1 1 0  20 70 2 1 5  1 0 8 5 0 2 3 . 0 3 . 7 5  . 6  5 8 . 0 5 . 3 2  
5 2 0  1 3  7 5  1 8  7 5  3 0 0 1 5  8 0 0  1 9 . 5  5 . 2 5  . 6 0  1 1  • 2 4 . 7 8 
6 1 6 1 2  2 60 1 7  70 0 5 5 0  1 9  2 7 0 0 2 5 . 0  s .  25 1 . 0 0 1 3 . 5  4 . 9 5 

7 9  1 3  4 )  1 5  6 5  1 9 0 1 0  9 0 0  2 1 .  0 2 . 2 5  1 .  6 0 8 . 3  5 . 8 8 
7 10 1 3  7 5  20 5 5  2 4 5 1 0 6 5 0 2 7 . 0  3 .  25 1 . 3 5 8 . 0 6 . 1 9  
7 1 1 1 3  60 1 3  60 2 4 0  1 0  1 0 0 0  1 5 . 5  4 . 7 5  1 .  4 0  7 . 5  5 . 4 7  
7 1 2  1 3  1 20 1 5  80 1 7 0 1 0 1 0 0 0  1 6 . 0  2 . 5 0  1 .  3 5  1 1 .  5 6 . 4 2  
7 1 4  1 3 1 4 ) 1 5  6 5  2 3 0  1 0  95 0 1 6 . 5  3 . s  0 1 .  1 0  9 . 2  5 . 5 4 
7 1 5 1 3 1 9 5 20 7 5  2 75 1 5  8 5 0  1 8 . 5  3 . 2 5  1 . 0 0 9 . 2 7 .  1 0 
7 1 6  1 3  80 2 3  60 1 4 0  1 0  9 5 0 2 2 .  0 3 . 0 0 . s o  8 . 3 6 . 4 3 
7 1 7  1 3  90 20 60 2 2 0  1 5  7 5 0  2 2 .  0 3 .  0 0  1 .  0 0 8 . 0 4 . 8 7 
7 1 8 1 3 6 0  1 8  5') 1 8 0 1 5  1 2 5 0  1 8 . 0  3 . 5 0 . 7 0 9 . 2 6 . 2 2  

2 ') :5 



N . F U S C A  

S I T E N O . I D E N T  • N I  C O  c u  Z N  C R  

P P M  P P M  P P M  P P M P P I'vl 

1 1 2 2  60 1 4  9 5  3 0 0  1 4  

1 3  2 1  3 2 )  1 4  1 7· )  3 3 0  6 
1 4  2 2  1 0 ) 1 5 1 5 5 5 5 0 1 �  
1 5  2 2  1 3 ) 1 5  1 3 5 3 7 0  1 9  

1 5  2 1  1 0 0  1 8  1 3 5 3 9 0  tj 
1 6 2 2  4 5  1) 1 4 •) 0 2 7 0  1 3  

1 7  2 2  8 5  9 1 ) 0  3 1 0  6 
1 7 2 1  1 6 1 2 4  1 2 )  2 8 0  7 

I D  2 1  1 3 8 20 l O O 2 75 6 
1 1  2 2 1  1 2 ) 1 9 8 5  2 5 0 1 5  

1 1 3 2 1  1 5  7 20 D O  1 8 0 9 

2 0  2 3  6 )  1 8  1 0 · ) 6 2 0  1 5  

2 1  2 2  1 20 1 3 9 5  4 4 0  1 3  

2 1  2 1  90 2:) 1 ) )  3 9 0  9 
2 2  2 2  6 5  1 1 90 4 4 0 1 0 

2 2  2 1  7 5  1 8  90 2 2 5  4 

2 3  2 2  6 0  1 2 9 3  2 7 5 1 1 

2 4  2 2  1 4 )  1 6  1 20 4 5 0  1 7  

2 8  2 1  5 60 2 3  6 60 3 9 0  1 5 
2 9  2 1  1 1 )  2 2  8 5 2 1 0 1 2  

2 1 6 2 2  1 1 5 1 7  D O  6 5 0 2 1 

2 1 6  2 1  1 2 ) 2 1 90 2 3 5  7 

2 1 7  2 2  2 20 1 4  D 5  3 1 5  1 3 
2 1 8  2 3  21 5 1 3  1 ) 0 2 6 0 2 0  
2 1 9 2 3  80 1 3 9 5  2 7 5 1 5 

2 2 0 2 3  1 ) 5 1 5  90 2 6 5  1 5  

30 2 3  4 5 1 8  9 5  3 0 0 2 0  

3 4  2 2  2 4 ) 1 1 1 2 3 3 0 0  8 
3 8  2 2  3 5  1 1  6 8  2 5 0  8 
3 8  2 1  7 5  1 8  1 1 ) 2 5 0  1 0  

3 1 1  2 2  2 5 5 1 0  9 5  3 3 0  8 

3 1 1 2 1  1 8 5  1 6  8 5  3 1 5 7 

3 1 2 2 2  1 3 5 6 6 3  1 6 0 8 
3 1 4  2 1  1 5  7 2 1  8 5  2 7 5 1 3  

3 1 6 2 1  1 1 0 1 8  60 1 9 0 5 
3 1 7 2 3  1 2 ) 20 90 3 3 0  2 5  

3 1 8  2 3  9 5  20 80 3 1 0  1 5 
3 1 9  2 3  6 2 5  1 8  1 30 2 6 0 2 3  

3 2:)  2 3  1 0  5 1 5  7 5  2 85 1 5 

40 2 3  4 5  1 5  8 )  3 3 0 1 0  

4 1  2 1  7 8  2 2  1 1  5 4 4 0  1 3 
4 1  2 2  4 5  1 3 90 3 9 0  1 0 

F E  

P P rvl 

1 2 0 0  

1 5 0 5  

1 1 0 0 
1 8 0 0  

1 1 8  0 

1 6 5 0  
8 5 0 

1 0 0 3  

8 9 0  

2 0 0 0  

1 4 5 0  

1 6 5 0 
1 9 0 0 
1 7 3 5  

9 0 0 
9 2 5 

1 0 0 0  

2 05 0  
4 0 0 0  
1 2 7 5  
1 6 5 0  

1 4 5 0  

1 6  0 0  
1 0 0  0 

1 2 5 0  

1 2 5 0  

1 5 5 0  
7 5 0 
6 0 0 
8 2 5 
9 0 0 
76 0 

5 0 0  
8 9 0  

8 2 5  
2 3 0 0 

1 1 0 0 

1 8 5 0  
1 0 5 0  
1 4 5 0  

2 6 5 0  

1 4 5 0  

C A  M G  

P C E N T . PC E N T . 

1 9 . 5 6 .  0 0  

2 2 .  5 6 . 0 0  

2 2 .  5 R . 0 0  
2 2 . 0 6 . 7 5 

2 4 . 5 5 . 7 5  

1 9 . 0 6 . 2 5 

1 4 . 5 5 . 0 0  
2 4 . 5 4 . 2 5  

5 . 0 4 . 8 5  

1 8 . 5 3 . 2 5  

1 9 . 5 3 .  1 5  
2 1 . 0 4 . 5 0 

1 8 . 5 5 . 2 5 
2 2 .  :5 5 . 0 0  

2 0 . 0 5 . 0 0  
2 1 .  5 3 . 5 0 

1 9 . 5 5 . 5 0  
2 2 .  5 6 . 2 5  
1 3 . 5 5 . 7 5 

1 9 . 0 3 . 2 5  
2 7 . 5 5 . 5 0  

2 0 . :5 3 . 1 5  

2 0 . 0 5 . 7 5 
1 3 . 5 3 . 0 0  

1 4 . 5 6 . 5 0 

1 7 . 5 6 . 5 0 

2 2 . 0 4 . 7 5 

1 4 . 5 4 . 2 5 
1 7 .  5 4 . 5 0  

2 0 . 0 4 . 8 0 
1 3 . 5 6 . 7 5  
1 8 . 5 5 . 7 5 

7 . 5 2 . 7 5  
2 5 . 0 4 .  1 5  

2 2 . 0 3 . 0 0  
2 2 .  5 5 . 0 0  
2 0 . 5 5 . 2 5  

1 3 . 0 1 0 . 0 0  
1 6 . 0 5 . 5 0  
1 7 . 0 5 . 0 0  

2 2 . 0 4 .  1 0  
2 1 .  0 5 . 0 0  

M N  K A S H 

P CE N  T • P C E N T • P C E N T . 

1 . 2 5  1 1 • 9 5 . 2 5  
. 4 2 6 . 5 3 . 8 4  

2 . 0 0  1 1 • 6 4 . 3 0 
2 . 0 0  1 1 • 9 4 . 2 -:1 

2 . 6 7 5 . 5 5 . 1 5 

2 . 2 5  9 . 0 5 . 0 1 
1 . 0 0 9 . 5 5 . 0 6  
1 .  6 4  4 . 6 4 . 5 6  

1 .  8 5  4 . 4 4 . 6 7 

1 • 1 0 4 . 6 5 . 4 0  

. 8 9  4 . 4 5 . 6 6  
1 .  5 0  1 1 • 2 5 . 6 1 
2 . 1 0 1 2 . 4 4 . 9 9  
1 .  4 4  5 . 9 4 . 4 0 

1 .  8 5 1 0 . 8 4 . 6 9  
1 .  3 0  4 . 0 6 . 0 5  
1 .  8 5 1 2 . 6 4 . 2 6 

2 . 0 0  1 0 . 5 4 . 3 5 
. 5 0  1 0 . 0  4 . 6 6 
. 7 5 6 . 5 4 . 7 6 

2 . 4 0  9 . 2 5 . 5 7 

1 .  3 0  6 . 3 7 . 3 7 
. 7 5 1 1 .  9 4 . 8 6  
. 7 5 1 0 . 6 7 . 6 6 

1 . 0 0  1 1 • 5 4 .  7 1  

. 7 0  1 0 . 2 5 . 0 4  

2 . 4 0 1 0 . 8 4 . 9 9  
1 . 8 0  1 4 . 5 4 . 5 6  

1 .  7 5 1 1 • 1 6 . 8 0  

1 . 7 8 6 . 9 4 . 9 1 
. 5 0 1 1 • 3 4 . 4 8 

1 .  3 7  5 . 0 5 . 5 5  
. s o 1 0 . 5 4 . 5 0  

2 . 7 4 5 . 0 4 . 7 0 

. 7 5 3 . 6 5 . 8 6  
1 . 4 0 1 0 . 8 5 . 5 -:1 

. 9 5  1 0 . 2 5 . 7 1  

• 3 0  1 0 . 9 3 . 5 '-} 
. 7 0 s . o 5 . 7 2 

2 . 3 0 8 . 9 5 . 3 4 
2 . 5 4  6 . 9 5 . 1 1 

3 . 0 0  1 4 . 2 4 . 1 3 

2 S 6  



4 3  2 2  80 1 3 1 1 0  2 5 0  1 4  1 4  0 0  2 2 .  5 5 . 0 0  4 . 0 0  1 1 • 6 3 . 9 8  
" 4 5  2 1  9 Q  2 2  1 30 3 6 0  1 1 2 0 0 0  1 9 . 5  5 . 7 5 1 • 7 1 8 . 1 4 . 5 0  

4 6  2 2  3 5  1 2 7 8  2 6 0 9 1 2  0 0  2 0 . 0 5 . 0 0  1 . 7 5 9 . 2 5 . 6 5  
4 7  2 2 5 5  1 2  8 8  3 9 0  9 1 0 0 0  2 3 . 0 6 . 0 0  2 . 4 0  1 1 • 9 3 . 9 3  

4 1 0 2 1  5 7  1 8  7 5  2 0 0 5 7 6 0 1 9 . 0 3 .  1 5 1 .  4 4  4 . 6 5 . 8 8  

4 1 3  2 2  1 ) 5 1 2 6 3 2 2 0 1 0  6 5 0 2 3 . 5 5 . 5 0 1 . 5 0 9 . 5 6 .  1 1  

4 1 3  2 1  2 9 5 1 4  1 3 5 3 0 0  8 8 9 0  2 1 .  5 8 . 7 5 • 6 0 1 0 . 5 4 .  1 4 

4 1 4  2 1  1 8 5 2 1 80 2 3 5  1 1 8 9 0 2 1 .  5 3 . 5 0 1 • 1 0 5 . 9 5 . 0 4  

4 1 6 2 1  8 1 1 8  60 1 5 0 5 7 6 0  2 2 .  5 3 . 0 0  . 6 8 3 . 6 6 . 6 8 

4 1 8  2 3  8 0  2 0  90 3 2 0 1 5  1 1 0 0 1 9 . 0 6 . 0 0  1 .  3 5  9 . 2 5 . 4 8 

50 2 3  30 1 8  8 5  3 4 0  1 0 7 0 0  2 1 .  0 5 . 2 5 3 . 7 0  1 0 . 8 4 . 9 1  

5 1  2 2  7'J 1 3 8 8 2 7 5 1 1 1 8 5 0  2 3 . 5 L� • 5 0  z . o o  1 0 . 0 4 . 9 3  

5 2  2 2  80 1 3  9 5  2 7 0  1 0 1 1 5 0  2 0 .  0 4 . 5 0 1 . 5 0 1 2 .  1 4 . 6 1 
5 6  2 1  2 4 )  2 5 1 30 3 3 0 1 0  1 6 5 0  1 7 . 0  5 . 5 0 1 • 7 1 7 . 4  4 . 7 7 

5 8  2 2  1 3 5 1 3  90 2 2 0  8 6 0 0  1 6 . 0  4 .  0 0  1 .  4 0  1 8 . 7 7 .  1 8 

5 8  2 1  1 2 8 2') 1 1 0  1 9 0 8 1 0 0 0  1 8 . 0 4 . 6 5  1 .  9 9  9 . 4 6 . 6 7 

5 9  2 2 90 1 0  7 5  2 5 0  8 1 2 0 0  1 7 . 5 4 . 2 5 1 .  2 5  1 1 • 6 5 . 3 5 
5 1 )  2 2 6 )  1 4  8 )  3 0 0  8 1 3 0 0 2 4 . 5 5 . 2 5 1 . 0 0  1 0 . 5  5 . 1 1 
5 1 4 2 2  2 5 5 1 0 2 50 3 0 0  1 0 1 2 5 0  1 9 . 5 5 . 7 5 . 4 0  1 1 • 1 4 . 8 5  

5 7 5 2 1 2 9 5 1 9  1 4 3 2 5 0 5 1 05 0 1 9 . 0  4 .  1 0 1 .  3 0  8 . 1 4 . 9 3 

60 2 3  40 1 8  7 5  3 85 1 0 7 0 0  2 1 .  0 4 . 5 0 1 .  9 0 8 . 0 5 . 7 0  

6 1  2 2  2 5  1 2  6 3  2 6 0 1 0  1 3 5 0 2 4 . 5 4 . 5 0 1 . 0 0  9 . 2  4 . 8 6  

6 4  2 2  4 5  1 3 7 5  2 8 0  8 9 6 0 2 6 . 0 5 . 2 5  1 . 2 5  1 1 • 9 4 .  1 9  

6 5  2 2  5 )  1 3 7 3  4 2 0  9 6 5 0 2 6 . 5 4 . 7 5 . 7 5 1 0 . 5 6 . 0 1  

6 5  2 1  1 20 20 1 4 3 3 4 0  9 1 5 7 5 2 2 . 0 5 . 1 0  1 .  5 1  6 . 3 4 . 2 5  

6 6  2 2  9 5  1 2  6 8  2 6 5  1 0  9 5 0 2 5 . 5 6 . 0 0  1 . 5 0 8 . 5 5 . 8 0 
6 8  2 2 5 5  1 3 9 5 3 9 0  9 1 2  0 0  2 3 . 5 5 . 5 0 1 . 7 5 1 2 . 6 3 . 6 3 
6 8  2 1  6 5  1 9  1 1 () 3 0 0  7 1 2 3 0  2 0 . 5 4 . 1 0  1 . 5 8  6 . 5 4 . 2 4 

6 9  2 1  7 5  1 8  60 1 5 0 9 6 0 0 2 4 . 0 9 . 7 5 . 6  2 3 . 6 4 .  1 3 

6 1 1  2 2 90 1 0  7 ')  2 5 0  8 8 0 0  1 9 . 5 5 . 0 0  2 . 0 0  1 0 . 8 5 . 3 0 

6 1 2  2 2  80 1 2  6 8 2 8 0 1 0 1 0 5 0  2 1 .  0 4 . 7 5 1 .  2 5 1 0 .  8 5 . 7 1  

6 1 3  2 2  8 )  1 2  1 2 8 4 0 0  9 1 2 0 0  2 2 . 5 5 . 5 7 1 . 2 5 1 1 • 6 4 . 0 0  

6 1 3  2 1  1 1 0  1 6  90 2 5 0 7 1 2 3 0  2 0 . 0 5 . 4 0  1 . 5 8 5 . 5 4 . 8 0  

6 1 4  2 2  2 4 )  1 0  1 ) )  2 1 0 1 1 8 0 0  1 5 . 5 6 . 7 5 1 . 2 5 1 3 .  2 5 . 6 6  

6 1 4 2 1 2 0 0 1 9  1 4 3 2 3 5 7 1 5  0 5  1 7 .  5 5 . 9 0  1 .  2 3  7 .  4 ·  4 . 2 0 

6 1 5  2 1  1 0 ) 1 9  90 1 4  0 2 9  3 2 7 5 1 2 . 5 4 . 0 0  • 6 8  4 . 4  7 .  1 4  

6 1 7  2 1  30 5 1 3 1 1 0  2 0 0  6 1 1 3 0 1 4 . 0  6 . 0 0  • 4 1 5 . 9 5 . 1 3 

6 1 8  2 1  4 5 ')  1 4  1 1 5 2 0 0  6 8 2 5 1 6 . 0 6 . 6 0 • 4 1  7 . 4  4 . 5 0 

6 1 9 2 1  8 9 2 1 2  1 5 3 2 4 0  7 1 4  0 0  1 6 . 0 4 . 7 5 • 6 0 1 1 • 5 3 . 8 5 

6 2 0  2 3  1 4 ') 1 8  1 1 )  4 6 0  2 0  2 1 0 0 1 8 . 0 4 . 0 0  . 6 0 1 0 . 8 4 . 6 0 

70 2 3  1 40 1 8  1 0  5 3 8 0  1 5  1 3  0 0  1 9 . 5 5 . 7 5 2 . 2 0  1 0 . 8 4 . 5 0  

7 1  2 3  7J 1 8  9 5  3 2 0  1 5 1 2 0 0  1 9 . 5 5 . 5 0 1 . 7 0  9 . 2 5 . 6 5  

7 2  2 3  5 5  20 90 4 3 0  1 a g 5 o 2 5 . 5 3 . 5 0  1 . 9 0  9 . 2 5 . 0 4  

7 4  2 3  9 5  1 8  70 2 2 5  1 3  6 0 0  1 9 . 0 4 . 2 5 1 . 0 0 8 . 3 5 . 7 0 

7 1 3  2 3  6 5  1 5  6 5  3 1 0  1 3 7 0 0  1 9 . 5 4 .  0 0  1 .  3 5  8 . 3 6 . 4 5 

7 1 9  2 3 20 ) 1 3  8 )  3 5 0 1 5  1 0 0 0  1 9 . 5 5 . 2 5 . 5 0 7 . 5 5 . 3 3  

2 5 7  



N • ME N Z  I E S I I 

S I T =: N O . I D =: N T .  N I  CO c u  Z N  C R  F E  C A  M G  M N  K A S H  

P P M PP M P P M  P P M  P P fvl P P M  P C E N T . P C �  i'I T • ° CE N T . P C E N T . P C E N T . 

lJ 33 1 8  5 21) 1 2 5 6 0 0  1 5  1 8 0 0  1 9 . 5  5 . 2 5 1 .  3 0  1 4 . 3 3 . 0 3 
1 1  3 1  3 4 3  30 2 1 0 8 2 0 1 6 2 6 5 0  2 0 . 0 3 . 7 5 . 7 6 5 . 9 3 . 0 2  
1 3  3 2  2 9 5 2 3  1 5 )  7 4 0 1 8  2 5 0 0  2 2 .  5 6 . 5 0 1 . 2 5 1 0 . 0 3 . 2 2  
1 4  3 1  2 8 5  2 3  2 2 5 7 65 7 2 3 4 0  2 1 . 0 4 . 2 5  1 .  4 4  1 0 .  0 3 . 2 8 
1 8  3 1  1 7 5  1 9  1 4 3 6 5  0 1 2  1 8 0 0  1 9 . 0 3 . 5 0 1 .  8 5  9 . 6 3 . 0 7  

1 9  3 1  1 8 5 2 3 1 1  5 6 2 5 1 6 1 9  0 0  5 . 0 3 . 7 0  1 . 7 8 6 . 5 3 . 4 9  
1 1 4  3 1  3 2 > 2 4 2 1 0 5 4 5 2 6  2 8 2 5  1 9 . 0 6 . 7 5 1 .  6 4  7 . 8 2 . 7 9 

1 1 5 3 1  5 30 1 8  1 50 6 2 5  2 5  2 2 0 0  2 0 . 0 7 . 6 5  2 . 4 0 6 . 9 3 .  0 4  
1 1 6  3 1  1 6 5  2 3  1 3 )  5 8 5 3 2  1 9 0 0  2 4 . 0 5 . 2 5 2 . 2 6  6 . 5 2 . 9 8 
1 1 9 3 3  1 5  5 2 5  1 30 6 5 0  3 5  3 5  0 0  1 6 . 5  5 . 7 5 2 . 0 0  1 1 .  5 2 . 8 0 

2 3 3 1  1 4 8  1 6  1 9 ) 9 6 0 1 1  2 5 0 0  1 7 . 5  4 .  6 0 1 .  8 5  1 2 . 5 3 . 8 2 
2 4  3 1 4 40 20 2 ) 0 4 8 0 3 1 5 2 0  1 5 . 0 5 . 0 0  2 . 0 0  1 0 . 0 3 . 6 1  

2 5  3 2  1 7 ) 1 7  1 3 5 7 7 0  1 7  1 6 5 0  2 4 . :5 6 . 0 0  3 . 0 0  1 0 . 8 4 . 3 4 

2 6  3 1  1 20 2 4 1 4 3 4 55 9 2 5  0 0  2 4 . 0 4 . 7 5 1 .  9 2 7 . 4 3 . 7 8 
2 7 3 1  5 7  2 6 1 4 3 6 7 0  2 1  3 0 5 0 2 2 .  5 2 .  7 0 1 • 5 1  7 . 8 3 . 5 5  

2 1 4  3 1  5 30  1 8  1 50 6 0 0 6 9  4 0 0 0 1 3 . 0 9 . 5 0 • 5 5 7 . 8 2 . 0 2  
2 1 5  3 1  3 9 ) 1 8 1 6 5 1 1  0 0  4 7  3 7 5 0 2 0 . 5 7 . 5 0 1 • 7 1 9 . 6 3 . 6 5  

3 1  3 1  90 2 2 1 6 5 1 2 5 0 2 1 3 7 5 0  2 2 .  5 4 . 7 5  2 .  1 6  6 . 3 2 . 8 5  

3 2 3 2 6 5  1 5  1 3 8 8 5 0 1 3  2 0 0 0  2 7 . 0 5 . 0 0  3 . 5 0 1 2 . 4 3 . 0 4 

3 2 3 1  2 1 8 20 1 4 3 5 1 0  8 1 9 0 0 2 1 .  5 4 .  0 0  1 .  9 9  1 0 . 5 3 . 1 6 

3 4  3 1  2 5 ) 2 1  1 5 5 4 5 5  d 2 5 0 0  1 5 . 5 3 . 7 5 1 .  6 4  1 0 . 5 2 . 9 8  
3 5 3 2  2 80 1 9  1 60 0  2 1 5 0 1 9 2 5 0 0 2 3 . 5 5 . 5 0  2 . 1 5 1 3 . 4 3 . 5 7 

3 5  3 1  26 )  2 6 1 6 5  5 8 5 9 2 3 4 0  2 5 . 0 4 . 0 0 1 • 5 1  8 . 1 2 . 9 2  

3 6  3 2  70 1 5  1 3 5 5 5 0  1 3 1 7 5 0  2 3 . 0 4 . 7 5 2 . 0 0  1 2 . 6 3 .  1 0 

3 6  3 1  5 7  2 3 1 1 ) 5 8 5 7 1 6 5 0  2 3 . 5 4 . 0 0  2 . 3 3 8 . 5 3 . 5 1 

3 7  3 2  1 40 1 9  1 8 3 9 5 0  1 2 2 1 5 0 2 1 .  5 5 . 5 0 2 . 2 5 1 7 . 4  3 . 2 9  
3 7  3 1  6 5  2 4  9 5  5 8 5 4 1 5 7 5  2 5 . 5 4 .  1 0 1 . 4 4 7 . 4  4 . 0 7 

3 1 3  3 2  4 1 0 2 1 1 7 3 1 1 0 0  1 7 2 1 0 0 2 2 .  0 5 . 7 5 2 . 7 5 1 3 . 7 3 .  1 6 
4 3 3 1  7 )  1 8 1 5 5 74 0 1 0 2 3 4 0  2 1 .  5 3 . 9 0  2 . 3 3  8 . 9 3 . 2 0  
4 4  3 2  1 70 1 5  1 1 3 6 1 0  1 1 2 4 5 0  2 0 .  !::> 5 . 7 5 2 . 0 0  1 5 . 0 3 . 0 2 
4 4  3 1 1 8 5  1 9  2 3 ) 4 4  0 1 1 3 2 7 5  1 5 . 5 5 . 5 0 • q 6 1 0 . 0  3 . 1 9  
4 5  3 2  4 0  5 1 5  1 1  5 4 0 0  1 7 3 0 0 0  2 3 . 0 6 . 7 5 1 .  5 0 1 2 . 6 3 . 2 8 

4 6  3 1  1 5  7 2 5 1 5 5 6 2 5  1 0  3 5 0 0  2 0 . 2 4 . 2 5 1 • 7 1 8 . 1 3 . 0 5  
4 7  3 1  1 20 1 7  1 6 5 5 85 1 2 3 0 5 0  1 8 . 0 3 . 7 0 2 . 5 4  9 . 6 3 . 3 6 

4 1 1  3 1  1 1 ) 1 7  1 4 3 4 5 5  1 0 2 6 5 0  2 2 . 5 4 . 8 5  1 .  3 3  6 . 9 3 . 7 2 
4 20 33 2 7 5  2 3 1 6 5 5 3 0  2 0  1 7 5 0 2 0 . 0 1 0 . 2 5 1 . 0 0 1 5 . 0 2 . 7 1  

5 1  3 1  50 ) 2 4 2 7 5 7 2 0 1 3 2 34 0 1 8 . 0 6 . 5 0 • 8 0 . 1 0 . 5 2 . 7 1  

5 2 3 1  1 7 5 2 4 1 6 5 3 9 0  1 0 1 6 5 0 1 5 . 0 6 . 1 0  2 .  1 8 1 2 . 5 3 . 5 9 
5 3  3 2  8 )  2 1 6 50 7 0 0  2 7  6 4 0 0  2 1 .  5 5 . 0 0  1 . 7 0  1 2 . 6 3 . 4 1  
5 3  3 1  1 20 2 1  9 5 5 4 5  1 0 2 1 0 0 2 2 . 5 4 .  0 0  1 .  5 1  6 . 5 4 . 3 6 

5 4  3 1  2') 8 2') 1 6 5 6 0 0  1 2  2 2 0 0  2 2 .  5 5 . 0 0  2 . 4 0  4 . o 3 . 9 1 
5 5  3 2  1 1 5 1 5  1 1 5 4 9 0 1 6 3 5 5 0  2 2 .  5 4 . 7 5 2 . 5 0 1 4 . 2  4 . 0 7  

2 5 �3 



5 5  3 1 2') 8 2 6 1 5 5 6 2 5 1 ti  3 5 0 0  1 8 . 5 4 .  1 0 3 . 0 0  8 . 9 2 . 9 1 
5 7  3 2  9:) 1 7  90 5 9 0  8 3 1 0 0 2 2 . 0 4 . 5 0  2 . 2 5  1 4 . 2 3 . 7 0 
5 7  3 1 1 4 8 2 4 1 5J 5 4 5 1 �  3 5 0 0  2 0 . 0 5 . 0 0 1 .  9 2 7 . 8 3 . 7 8 
5 9  3 1  1 2 8  1 4  1 51 4 5 5  1 0 3 5  0 0  2 1 . 0 5 . 2 5 1 .  5 0  5 . 9 4 . 0 3 

5 1 ') 3 1 2 2 8 1 7  1 50 9 0 0  7 1 8 0 0  1 8 . 0 3 . 1 0 1 • 1 6 8 . 9 2 . 9 0  
5 1 1  3 2 2 7 5 1 5 1 7 5 5 0 0  1 0 1 5  0 0  1 8 . 0 5 . 0 0  1 .  5 0  2 2 . 6 3 . 5 9  
5 1 2  3 2 1 9 )  1 4  7 3  9 5 0 1 1 2 6 5 0 1 8 . 5 6 . 0 0  . 9 0  1 4 . 8  3 . 3 2  
5 1 2  3 1 4 0  5 1 4  1 90  4 7 0 2 2  2 6 5 0 1 9 . 5 6 . 8 5  . 5 0 1 0 . 8 3 .  0 0  
5 1 3 3 2 3 8 5 1 4  1 4 ) )  5 7 0 2 9  4 5 0 0  1 9 . 5 8 . 2 5  . 5 0 1 5 . 3 3 . 8 9 
5 1 3  3 1 2 4 J 20 1 6 5 4 9 0 1 5 2 5  0 0  1 9 . 0 5 . 3 0  1 . 0 3 9 . 6 3 . 4 9 
5 1 5 3 2  3 3 )  1 5  1 8 7 5  1 5  0 7 0  1 2 5 0  2 5 . 5 s . o o  . 5 0  1 1 • 1 3 . 9 1 

6 1  3 1  1 20 1 7  1 50 6 0 0 1 1 2 6 5 0 1 7 . 5 4 . 2 0 1 .  8 5 1 0 . 5 2 . 6 8  
6 2  3 2 5 8 ) 1 7  2 6 3 4 9 0  1 9  1 9 5 0  2 2 .  0 8 . 5 5  1 . 0 0  1 3 . 7 3 . 2 6  
6 2  3 1 1 3 8 2 5 1 1  5 4 55 1 <:3  3 5  0 0  2 0 . 0 6 . 0 0  1 .  5 8  6 . 5 3 . 6 6  
6 3  3 2 25 ) 1 8  2 7 5 1 1  0 0  1 �  2 1 0 0 2 6 . 5 6 . 2 5  2 . 6 5  1 1 • 9 2 . 7 :;1  
6 4  3 1  1 5  7 2 5 1 50 5 8 5 1 0 2 3 4 0 2 4 . 5 5 . 5 0 1 • 7 1 5 . 9 2 . 7 3 
6 7  3 2  5 5  1 5 2 5) 9 5 0 1 5  3 1 5 0  2 9 . 5 5 . 2 5 2 . 3 0 1 1 • 1 3 . 5 5 
6 7  3 1 8 1  2 3 1 6 5  7 6 5 7 2 0 0 0  2 7 . 5 4 . 7 5 3 . 0 8 5 . 5 2 . 7 3 

6 1-J 3 2 1 1 ) 1 5  1 1 ) 8 5 0  1 8  1 2 0 0  2 5 . 5 5 . 2 5 3 . 8 0  1 3 . 4  3 . 5 6  
6 1 1  3 1  4 40 2 4 3 1 0  4 4 0  1 2 2 ."3 4 0  1 6 . 5 5 . 4 0  . 9 6  1 0 . 0  2 . 8 5 
6 1 2  3 1  1 5 7  20 2 3) 7 6 5 1 3  3 5 0 0 1 5 . 5 5 . 5 0 • 9 6 1 0 . 8 2 . 4 3  
6 1 5 3 2  60 1 2 8 3  2 4 0 1 0 1 0 5 0  2 1 .  5 6 . 75 1 .  0 0 1 2 . 9 3 . 7 2  
6 1 6  3 1 1 9 8 2 5 1 5 )  3 3 0  1 5  2 2 0 0 2 6 . 5 5 . 6 5 1 . 0 3  5 . 5 4 . 6 7 

73 3 3 40 2') 8 5  7 7 5 1 � 1 2  0 0  1 3 . 0 4 . 2 5  1 . 7 0 1 1 • 2 4 . 6 1  
75 3 3  1 0  5 2 5  1 1 5 6 5 0 1 5  1 5 0 0  2 2 .  0 4 . 7 5 1 . 7 0 1 1 • 2 3 . 9 3  
76 3 3  8 5  20 1 4 5  7 0 0 1 3 9 5 0 2 0 . 5 4 . 5 0  . 6 0 1 5 . 7 2 . 8 2  

7 7  3 3  9 )  21 1 2 5 5 9 0  1 5  1 2 0 0  2 5 . 0 4 . 5 0 1 . 2 0  1 3 . 2 2 . 5 4 
78 33 40 20 8 5 1 3 5 0 1 8 1 4  0 0  2 2 . 0 3 . 2 5  2 . 2 0  1 2 . 3 3 . 5 9  

7 2 0  1 3 4 )  1 8 5 )  3 0 0 1 0  7 5 0 1 8 . 0 2 . 7 5 . 8 5  7 . 7  6 . 7 2 

2 5 9  



W E I N M A N N I A  R A C E M O S A  L E A V E S  

S I T =: N O . N I  C O  c u  Z N  C R  F E  C A  fVl G M N  K A S H 

P P M  P P M  P P M  P P M  P P M  P P M  P C E N T . P C E N T . P C'= N  T .  P C E N T . P C � N T . 

1 1  2 )  2 1 7 8 1  1 5 9 6 0  5 2 5  2 1 . 4  1 0 . 0 0 1 • 1 0 7 . 8 4 . 4 2  
1 2  8 8  1 5  6 3  3 3 3  1 0 5 0 0  2 3 . 4 8 . 0 0  1 .  4 0 7 . 8 4 . 5 2  
1 3  1 0  5 1 3  8 1 1 8 8 7 5  5 9 5  23 . 8 8 . 5 0  1 • 1 5  8 . 6 4 . 5 2  
1 4  1 4 5 1 3  8 1  2 5 )  3 5 5 2 5  2 4 . 4 8 . 5 0  2 . 0 5  9 . 0 5 . 4 2  
1 5  50 0 1 1  6 8  2 3 8 4 0  7 8 0  2 2 . 6 7 . 5 0  1 .  7 0  1 0 . 5 3 . 3 4 
1 6  1 2 5 8 1 2 4 44 8 1 0 9 6 5  1 1 • 6 4 . 7 5  . s o 6 . 4 3 . 4 9  
1 7  6 3 1 .4 5 7  2 3 8 2 0  5 5 0 2 7 . 4 6 . 0 0  1 . 4 0  6 . 4 5 . 3 9  
1 8  70 1 4  5 3  2 8 3 6 5  1 5 2 0  2 3 . 8 8 . 7 5  1 .  8 5 8 . 6 3 . 9 1 
1 9  1 2 5 1 3  8 1  1 3 3 3 6 0 7 S O 22 . 6 1 1  • 0 0 . 9 5  9 . 0 3 . 8 9  

1 1 0 1 0  5 7 6 8  1 6 8 1 75 5 9 5 1 2 . 8 7 . 0 0  . 4 0 2 . 7 3 . 6 0 
1 1 1 9 6  1 4  4 1  2 1 6  3 2  0 9 2 5  23 . 8 8 . 5 0  1 . 6 5  6 . 0 6 . 2 2  
1 1 2 1 35 1 5 4 6  1 5 3 2 1 5  4 8 0  2 5 . 0 7 . 7 5 • 9 5 7 .  1 6 . 2 8  
1 1  3 1 4 5 1 1  7 5  2 2 8  2 0 0  64 0 2 2 . 6 1 1 • 5 0  1 .  3 5  6 . 0 4 . 8 1 
1 1 4 1 35 1 2 5 2  3 3 3  1 75 4 1 0 2 5 . 0 1 0 . 5 0  1 . 2 5  3 . 8 5 . 5 0 
1 1 5 3 ) 0 1 5  6 3  2 5 )  2 5  0 6 1 5  23 . 2 1 2 . 7 5 1 .  4 0  L� • 5 4 . 7 2  
1 1 6 4 10 1 6  5 7  1 2 5 7 0 0  5 2 5  2 1 . 4 1 4 .  75 . 7 0  5 . 0 4 . 8 5  

2 1  1 0  5 1 9  7 5  4 ) ) 3 0  5 7 0  25 . 0 9 . 2 5  1 .  2 5  6 . 4 5 . 4 5  
22 1 25 1 3  6 8  3 94 2 3  7 8 0  2 2 . 0 1 0 . 0 0  1 .  4 5 7 .  1 4 . 3 9  
2 3  1 0  5 1 0  7 5 1 5 )  2 3  5 7 0  2 1 . 4  9 . 0 0  1 .  8 0  8 . 6 3 . 8 5  
2 4  1 90  1 2 8 1  1 9 8 8 3  5 7 0  2 2 . 6 1 0 .  75 2 . 0 0  6 . 4  5 . 0 8  
2 5  1 0  5 1 5  8 1  2 1 6  2 3  1 3 7 5  2 2 . 0 1 0 . 5 0  . 9 5 8 . 6 4 . 5 7 
2 6  4 1  1 1 8 7  2 2 8  1 5  8 5 0  2 0 . 7 1 0 .  75 1 .  4 5 1 4 . 8 5 . 8 5  
2 7  4 1  1 4  6 8  2 5 )  1 0 6 4 0 24 . 4 4 . 7 5 2 . 0 5  1 0 . 5 5 . 6 4  
2 9  1 2 5 1 6  6 8  1 7 8 2 0 0  1 0 1 0 2 2 . 6 9 . 7 5 1 .  2 0 7 . 5 3 . 9 4 

2 1 )  2 5 0 20 8 1  1 5 9 3 0 5  8 5 0 2 7 . 4 1 0 . 7 5 1 .  55 6 . 8 4 . 5 0 
2 1 1 1 2 5 1 1 7 5  1 8 8 1 0 0  6 4 0 2 3 . 2 1 6 . 5 0 1 .  0 5 6 . El 3 . 6 8  
2 1 2 1 7 8 1 8  1 3 ) 1 5 )  1 1  0 4 3 0 2 3 . 2 8 . 2 5  1 . 4 0  9 . 0 4 . 2 7  
2 1 3  3 7 5 1 4  6 3 1 1 8 5 5 0  7 0 0  2 0 . 7 1 4 . 5 0 . 9 0 6 . 4 4 .  1 8  
2 1 4  1 4 5  1 8  6 8  1 6 )  4 5 0  7 5 0 1 9 . 5 1 6 . 2 5  1 .  4 5  7 . 5 3 . 9 5 
2 1 5  1 5 5 1 4  6 3  1 5 )  2 4 0  7 2 5  2 3 . 2 1 1 .  7 5  1 • 1 0 s . o 4 . 9 5  
2 1 6  1 6 6 1 7  5 2 2 7 1  2 El 5  1 1 5 0  25 . 6 8 . 7 5 1 .  2 0  6 . 4 5 . 0 4 

3 1  4 8 1 2 R 1  3 2 )  1 0  El l S 2 3 . 8 7 .  25 2 . 6 0  1 1 • 2 4 . 7 2  
3 2  1 ) 5 1 4  9 3  2 3 8 3 5  5 9 5  1 8 . 3 7 . 0 0  2 . 7 0  1 6 . 3 3 . 2 8  
3 3  1 4 5 1 4  8 7  2 8 3  4 5  7 0 0  2 1 . 3 7 . 5 0  1 .  9 5 1 0 . 8 4 . 6 9  
3 4  1 4 5  1 6  5 7  2 6 )  4 0  1 1 5 0  23 . 8 8 . 5 0  1 .  0 0  9 . 0 4 . 7 8 
3 5  6 3  1 2 1 30 2 7 1  1 0  1 3  0 0  2 0 . 7 8 . 25 1 • 0 0 1 5 . 2 4 . 3 5  
3 6  6 3  1 3  5 7  2 1 6  2 5  5 5 0 23 . 8 7 . 5 0  2 . 0 0  9 . 0 4 .  1 6  
3 7  5 1  1 4  6 3  2 1 6  1 5 El 5 0 2 3 . 8 1 0 . 2 5  1 .  8 5 6 . 8 5 .  1 7 
3 8  1 2 5 R 4 6  3 )  8 6 5  5 0 0  2 1 . 3 9 . 2 5  2 . 5 5  6 . 0 6 . 3 1  
3 9 1 90  3 2  6 3  2 3 8  4 3 0  7 5 0  2 2 . 6 1 2 . 0 0 1 • 1 5 5 . 3 4 . 6 0 

3 1 )  9 6 1 5  8 7  2 )  7 1 1  5 5 2 5  22 . 6 1 1  • 0 0 1 • 1 5 8 . 2 4 . 0 4  
3 1 1 1 90 1 5  7 5  1 7 8 3 5 0  5 0 0  2 3 . 8 1 1 .  25 • 9 0 6 . 4 4 . 4 0  

? "" 0  



3 1 2  2 2 5  1 2 5 2  1 7 8 2 0 5  7 2 5  1 8 . 9 1 2 . 2 5  . 9 0  5 . 7 4 . 7 9  
3 1 3  1 5 5 1 1 9 9  2 5 ) 1 0 5  6 4 0 2 3 . 2 1 0 . 2 5  1 .  1 5 9 . 0 6 . 0 1 
3 1 4  1 4 5  1 6 4 6  1 6 8 2 2 5 75 0 2 6 . 2 8 . 2 5  1 . 6 0 5 . 3 5 . 6 9 
3 1 5  96 1 7 8 1  2 1 6  1 3 0  6 2 5  2 3 . 8 6 . 7 5  1 . 2 5  8 . 9 5 . 4 4 
3 1 6  1 7 8  1 6  6 3  1 6 8 5 1 0 6 4 0  2 1 . 9  8 . 7 5 . 6 0 7 . 4 5 . 1 7  

4 1  8 8  1 1 1 1 0  4 2 )  4 0  1 3 7 5 1 8 . 3  1 0 . 5 0  2 . 3 0  1 4 . 2  4 . 2 7 
4 2  7 9 1 4  8 7  2 8 3 8 8  1 2 0 0  1 9 . 5 8 . 7 5 2 . 2 0  9 . 3 4 . 5 3 
4 3  5 1 1 2 8 7  2 3 8  6 5  6 6 5  2 2 . 6 6 . 2 5  2 .  1 5 1 1 • 5 3 . 8 5  
4 4  1 0  5 l J  7 5 1 7 9 9 5  9 2 5  2 1 . 3 6 . 7 5  1 .  5 0  1 3 . 0 4 . 4 6  
4 5  1 4 5 1 4 7 5  2 5 )  2 3  8 5 0  2 1 • 3 R . O O  1 .  7 0  1 2 . 0 3 . 8 7 
4 6  6 3  1 2  5 7  1 7 8 1 0 8 8 0 2 3 . 2 7 . 2 5  1 . 7 5 8 . 6 5 . 2 2 
4 7  7 9  1 5  8 1  3 3 3  1 8  2 3 5 0  2 0 . 1 8 . 5 0 2 . 3 5 9 . 3 4 . 4 3 
4 8  70 1 4  1 2 4 2 6 )  2 5  4 6 5  2 3 . 8 8 . 7 5 1 • 9 0  9 . 0 3 . 9 3  
4 9  1 6 6 1 7 4 6  30 8 6 8  4 0 0  2 3 . 2 9 . 0 0 1 .  8 5 7 . 5 1 . 2 7  

4 1 )  7 9  1 3 5 7  2 )  7 2 5  9 2 5  2 1 . 3 1 0 . 0 0  1 . 2 0  7 . 8 4 . 6 4 
4 1 1  1 0  5 1 4  7 5 1 4 3  4 5  4 1 0 2 0 . 1 8 . 7 5 1 . 0 0  1 1 • 2 4 . 6 0 
4 1 2  1 6 6  1 7  8 7  2 8 3 8 5  2 1 5 0 2 3 . 8 8 . 7 5 . 6 0  5 . 3 4 .  1 3 
4 1 3  1 0  5 1 5 5 7  1 9.8 2 55 4 1 0  2 2 . 6 1 1 .  0 0 . 9 0  6 . 2 7 .  1 1 
4 1 4  1 0  5 1 6  4 1 2 1 6 2 6 5  5 2 5  2 3 . 2 1 1  • 0 0 1 . 4 0  4 . 5 4 . 6 2  
4 1 5 2 50 1 3  4 6  1 5 9 7 4 0 7 0 0  2 3 . 8 9 . 5 0 . 7 5 1 1 • 2 5 . 0 8  
4 1 6  1 3 5  1 6 6 8  2 1 6 1 3 5 7 0 0  2 1 . 9 1 2 . 2 5  1 • 1 5  7 .  1 4 . 2 8  

5 2  20 1 1 6  6 8 2 1 6 1 9 0  6 4 0 2 3 . 1 7 .  25 1 • 1 5 9 . 0 4 . 4 7  
5 3  1 ) 5 1 7  4 6  1 7 8 6 3  5 7 0  2 3 . 8 7 . 2 5  . 9 0  9 . 6 5 . 4 3  
5 4  6 3  1 3  9 9  30 8 5 1 2 5 0  2 4 . 4  5 . 5 0 2 . 0 0  2 . 3 6 . 0 4  
5 5  1 1 5 9 6 3  2 8 3 3 5  5 7 0  2 1 . 3 7 . 0 0 1 • 9 0 1 2 . 6 4 . 9 9 
5 7  6 3  1 3  6 8  20 7 1 8  1 7  0 0  1 9 . 5 6 . 5 0 1 .  q 0 1 0 . 7  5 . 3 8  
5 8  70 1 4  5 7  1 2 5  5 8  5 5 0 2 1 . 3 1 0 . 0 0 . 7 5 8 . 6 4 . 6 3 
5 6  5 1  1 3  9 9  20 7 2 0  5 2 5  2 1 • 9 7 . 5 0  1 .  7 0  1 1 • 2 4 . 9 0 
5 9  5 1  1 6  7 5 2 7 1  4 0  2 3 5 0  1 9 . 5 9 . 0 0 1 • 1 0 9 . 3 8 . 4 0 

5 1 0 1 7 8 1 3  7 5  1 7 8 1 85 7 0 0 2 0 . 1 7 .  2 5  . 9 5  1 2 . 0 l� . 4 0 
5 1 1 8 8  1 0  9 9  2 7 1  4 5  1 7 0 0  2 0 . 1 9 . 7 5 2 .  0 0  9 . 6 4 . 2 0  
5 1 2 2 64 1 6 1 2 4 1 8 8 4 0 0  9 6 5  2 1 • 9 8 . 25 . 6 0 8 . 2 4 . 5 4 
5 1 3  3 1 5  1 3  1 3 ) 2 6 )  1 2 5  8 8 0 2 1 . 9  1 0 . 5 0  . 9 5  8 . 2 3 . 8 3  
5 1 4  8 8  1 1 6 8  1 5 ) 8 3  1 0 1 0 1 8 . 3 1 2 . 7 5  • q 0 8 . 6 3 . 6 3  
5 1 5  70 1 3  8 1  1 4 3 1 2 5  7 2 5 ?. 1 . 9 9 . 5 0  . 6 5  8 . 6 4 . 7 0  
5 1 6  2 2 5 20 5 2 1 4 3 3 9 0 6 1 5 2 1 . 3  1 0 . 7 5  1 .  2 0 6 . 8 4 . 8 8 

6 1  70 1 )  7 5 3 4 3  1 5  9 2 5  1 8 . 3 8 . 2 5 1 .  6 5  1 5 . 5 4 . 4 5  
6 2  1 2 5 1 8  6 3  2 1 6  1 9 0 7 8 0  2 2 . 6 9 .  75 . 7 5 1 1 .  2 5 . 5 9 
6 3  1 1 5 1 9  4 1  2 1 6  9 0  5 2 5 '24 . 4 1 0 . 2 5  1 .  0 0  5 . 7 4 . 9 1 
6 5  70 1 0  8 7  2 5 ) 1 0 1 0 5 0  1 8 . 3 5 . 0 5  1 .  2 5 1 1 . 5  4 . 8 5  
6 6  8 8  1 1 5 2  2 )  7 3 5  1 3 7 5  2 3 . 2 7 . 2 5  1 . 7 0 1 0 . 0 5 . 0 2  
6 7  4 8  1 2  4 1 1 5 9 2 3  5 0 0  2 3 . 8 6 . 0 0  1 .  5 0  7 . 8 6 . 2 0 
6 8  6 3  1 2  5 2 2 9 5  2 0 6 6 5  2 1 . 3 6 . 7 5 1 .  9 0  1 0 .  8 4 . 8 0  
6 9  4 8  1 2  6 8  3 2 )  1 0  6 6 5 2 2 . 6 7 .  75 2 . 0 5  8 . 2 4 . 6 8  

6 1 )  4 8  1 2 5 2 2 2 8  2 8  5 0 0  2 2 . 6 9 . 7 5 . 7 5 9 . 3 4 . 9 5  
6 1 1 1 2 5 1 1 9 3  2 5 )  1 3  1 1 5 0  2 7 . 7 4 . 7 5 1 .  4 0 1 0 . 8 5 . 4 5  
6 1 2  1 6 6  1 5  5 2  2 3 8  2 0  7 8 0  1 7 . 7 1 1 • 0 0 1 . 9 0  5 . 3 4 . 3 3  
6 1 3  4 8  1 4  4 6 1 9 8 1 3  5 5 0 2 5 . 6 6 .  2 5  1 . 0 5 7 .  1 6 . 0 3 

?. (-) 1 
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S I T ::: N O . N I  C O  c u  Z N  C R  t= E  C A  M G  I•I] N K A S H 

P P M  P P M  P P M P P M  P P ivl P P M  P C E N T . P C E N T . P c -:: � T . P C E N T . P C E N T . 

1 1 7 5  1 6 5 )  1 8 5  1 4 7 3 0 1 7 .  0 6 . 2 5 1 .  o 5  2 3 . 9 5 . 1 0 
1 2  94 1 7 6 7  1 8 5 1 0 1 0 8 0 1 8 . 5 4 . 5 0 2 . 1 5 2 6 . 1 5 . 1 8  
1 3  1 6 2  1 8  8 )  2 2 3 3 3  8 5 0 2 1 . 0 8 . 7 5 1 . 0 5  1 7 . 2 5 . 0 0 
1 4  1 2 8 1 8  8 9  1 8 5 1 4  6 3 0  1 6 . 5 8 . 25 1 .  7 0 2 2 . 2 5 . 2 0 

1 5  6 4  1 6  9 6 i. 8 5  2 3  9 5 5  1 3 . 0 4 . 5 0  2 . 6 5  2 9 . 4 5 . 8 5 

1 6  6 9  1 6  9 6  2 2 3 9 7 3 0  1 4 . 5 4 .  7 5  1 .  9 0 2 7 . 8 6 . 6 2  
1 7 6 2  1 7  6 4 2 } ) 1 3 1 8 5 0 1 8 . 5 6 . 0 0  1 .  8 5  2 1 . 6 6 . 3 7 

1 8  94 1 8  8 7  2 2 3 2 9  2 1  0 0  1 9 . 5 9 .  75 1 .  3 5  1 6 . 7  4 .  8 l� 

1 9  1 2 1 1 7 8 1 2 1 ) 2 6  9 5 5  1 8 . 0 7 . 2 5 2 . 1 5  2 1 . 6 4 . 7 2  
1 1 0 84 1 6  4 8  1 5 >  1 1 0 5 8 0  2 2 . 0 1 1 .  25 1 .  2 5 1 4 . 5 4 . 8 2  
1 1 1 6 8  1 5  5 6  1 7 5  4 0  9 2 0 1 7 . 5 6 . 7 5 3 . 5 0  1 8 . 3 5 . 8 6 
1 1 2 7 9 1 8  6 3  2 2 3  1 7  7 3 0 2 2 . 5 6 . 7 5 2 . 3 0  1 4 . 5 5 . 6 7 
1 1 3 1 J 8 1 7 5 3 1 3 3 6 4  8 5 0 2 3 . 0 1 1  • 5 0 1 .  8 0  8 . 9 6 . 5 1 
1 1 4 1 1 6 20 7 2  1 5 )  2 1  5 8 0 2 3 . 0 7 .  25 1 .  4 0 1 5 . 6  5 . 7 4  

1 1 5 1 J 8 1 8  4 8  2 ) ) 3 2  9 2 0 2 2 . 0 1 2 . 0 0  1 . 6 0 1 0 . 5 5 . 5 0 

1 1 6 1 2 8 1 9 6 0  1 3 3 3 3  5 5 0  2 2 . 0 1 2 .  25 1 .  6 5 1 0 . 5 5 . 6 3 
2 1  1 1 ·1 1 7 7 5  2 ) ) 1 0 1 2 7 5  1 8 . 5 9 . 0 0 1 .  8 5  1 8 . 9 4 . 8 6  

2 2  8 7  1 5 5 7 1 5 )  1 7 8 5 0 1 7 . 0 7 .  2 5  2 . 7 5 2 0 . 6 5 . 5 1 

2 3  1 0  5 1 5  5 9  1 7 5 1 2 8 5 0 1 6 .  0 5 . 5 0 2 . 6 5  2 2 . 8 4 . 2 8  
2 4  1 0 6 1 7 6 9  2 9 5 1 5  3 5  0 0  2 0 . 5 9 . 0 0 2 . 8 0 1 0 . 0 5 . 3 4 

2 5- 80 1 7  84 1 8 5 1 1 8 5 0 1 9  0 0 6 . 7 5 2 .  1 5  1 8 . 9 5 . 3 9  

2 6  5 7  1 7  9 1  2 1 ) 1 2 1 2 2 5  2 0 . 5 6 . 0 0  1 .  8 0 1 7 .  2 6 . 0 7  

2 7  3 3  1 5  7 4 1 3 3 1 0 7 3 0 1 8 . 0 5 . 0 0  1 .  7 5  2 1 • 1 5 . 4 0  
2 8  2 2 5 20 2 3 4 1 8 5 2 8  4 0 0 0 2 1 • 0 7 . 5 0  1 .  5 0  1 0 . 0 6 . 2 8  
2 9  8 8  1 7  8 7  2 )  ) 3 7 8 2  0 23 . 0 7 . 5 0  2 . 1 5  1 5 . 0 4 . 4 6 

2 1 0 8 9  1 9  7 4  2 1 )  1 1  1 0 4 5 2 1 . 5 6 . 2 5  1 .  8 5 1 8 . 3 5 . 0 2  

2 1 1 1 0  4 1 8  6 3  2 2 3  1 9 8 5 0 2 1 . 5  1 3 . 2 5 1 • 1 0 1 0 . 0 5 . 0 5  
2 1 2  1 2 8 1 7  4 5  1 6 5 1 9  1 2 2 5  1 7 . 0 8 . 0 0  2 . 0 5 2 2 . 2 5 . 0 7 
2 1 3 1 2 1  1 6  7 2  2 2 3  7 4  9 2  0 1 5 .  0 1 1 • 5 0 3 . 9 0 1 8 . 3 4 . 2 4  
2 1 '4 6 6  1 6  5 8 1 3 3 2 0  8 5 0 1 8 . 0 5 . 25 5 . 0 0 2 1 .  1 5 . 6 6  
2 1 5  1 6 5  1 6  6 7  2 2 3  1 0 5 6 3 0 2 0 . 0 1 3 . 0 0  2 . 2 5  1 3 . 9 4 . 5 6  
2 1 6  1 2 3  1 6 7 5  2 5 )  4 5  3 0 0 0  1 8 . 5 s . 25 2 . 0 0 1 7 .  2 5 . 7 3 

3 2  70 1 5 1 2 4 2 1 )  2 9  6 5 5  1 5 . 5 6 . 0 0  2 . 5 0 2 7 . 2 4 . 4 0 
3 3  1 6 2  1 5 5 4  1 6 5 1 7  8 5 0 1 5 . 0 6 . 0 0  1 .  6 0 2 3 . 4 5 . 5 9 

3 4  7 2  1 7  6 6 2 2 3  1 5  2 7 5 0  1 9 . 5 5 . 5 0  2 . 35 2 1 . 7  5 . 3 5 

3 5  60 1 8  7 2  2 1 }  1 1 8 9 0  1 8 . 5 5 . 75 2 . 2 0  2 3 . 4 5 . 3 8 

3 6  4 0  1 8  7 4  1 5 1 1 1 9 2 0 1 6 . 5 6 . 7 5 1 .  6 0  2 2 . 2 5 . 0 8  

3 7  6 9  1 8  88 20 ) 1 0 7 0 5  1 4 . 0 4 . 7 5 2 . 6 5  2 7 . 8 6 . 6 1  
3 8  9 7  1 6  6 3 1 3 3  3 4  8 5 0 1 5 .  0 7 . 0 0 1 .  8 5  2 2 . 8 4 . 7 9 

3 9  1 0 6 1 9  90 1 8 5 2 7 7 5 5  1 8 . 0 9 . 2 5  1 .  3 5 2 1 • 1 4 . 4 4  

3 1 )  6 1  1 9  7J 1 7 5 1 2 1 8 5 0  1 9 .  0 6 . 7 5 1 . 7 0 2 2 . 8 5 .  1 5 

3 1 1 8 9 1 9 60 1 7 5 6 6  1 2 2 5 1 9 . 0 1 3 .  5 0  1 . 7 0 1 5 . 6 4 . 4 7 

? h �-i 



3 1 2  1 4 6  1 9  7 5  1 8 5  6 0  1 3 3 0  2 0 . 0 1 1  • 5 0  1 .  7 5  1 3 . 9 5 . 5 0  
3 1 3  90 1 8  7 5  1 8 5 2 0  8 9 0  2 3 .  0 8 . 25 2 . 8 5  1 3 . 9 5 . 3 1 
3 1 4  1 0  4 1 9  5 3  2 ) ) 6 5  6 5 5  24 . 0 9 . 2 5  4 . 2 0  9 . 5 5 . 9 9 
3 1 5 8 1  1 8  5 2  1 5 )  1 5  7 5 5  1 9 . 0 6 . 75 1 .  8 5 2 0 . 6 5 . 6 3  
3 1 6  9 9  2') 5 7  1 7 5 1 3 1 1 2 5  2 1 . 0 6 . 7 5 2 . 1 0  1 8 . 9 5 . 6 0 

4 1  6 2  1 6  9 4  1 8 5 1 2 1 6 8 0  1 5 . 0 6 . 7 5  2 . 2 0  2 3 . 4 6 . 1 6  
4 2  1 1 7 1 8  8 1  2 9 5  1 5  1 6 8 0 1 7 . 5 4 . 7 5 2 . 8 5  1 9 . 5 5 . 4 0 
4 4  1 3 2 1 9  8 9  2 5 ) 1 7  5 8 0  2 4 . 5 8 . 5 0 1 .  8 5 1 0 . 0 5 . 1 1  
4 5  8 7  1 8  4 5  2 5 ) 1 0 7 3 0 2 7 . 5 7 . s o 2 . 4 5 8 . 9 5 . 8 9 
4 p 60 1 7 5 7  2 5 )  1 3  9 5 5  2 3 . 5 6 . 0 0  3 . 5 0 1 3 .  9 6 . 4 5 
4 7  4 3  1 6  7 4  2 3 5 1 5 1 4 6 5 1 7 . 5 3 . 5 0  6 . 7 5 1 8 . 3 6 . 0 7 
4 8  80 1 8 6 3  1 5 ) 1 2  6 3 0  2 6 . 5 6 . 5 0  2 . 1 5 1 2 .  8 6 . 1 2 
4 9  7 2  1 7  8 9 1 6 5 2 1  7 0 5 2 2 . 0 7 . 2 5  3 . 2 5  1 3 . 3 6 . 8 7 

4 1 0 5 6  1 7 5 8  20 ) 1 1 7 0 5 2 2 . 5 7 . 5 0  2 . 7 0 1 5 . 0 5 . 7 6 
4 1 . 1  5 5  1 7  7 5  2 2 3  1 4 7 0 5 2 0 . 5 5 . 5 0  1 .  3 0  2 0 . 6 6 . 0 6  
4 1 3  8 2  1 6  6 3  1 4 3  8 5  7 0 5 1 8 . 0 1 1 .  0 0 . 6 5  1 8 . 9 5 . 0 9  
4 1 4  1 2 8 1 5  5 3  1 7 5 7 0  8 5 0 2 1 . 5 1 1 • 0 0 1 .  8 5  1 3 .  3 4 . 6 3  
4 1 5  8 3  1 6  9 4  2 1 )  6 5  7 5 5  1 6 . 5 9 . 5 0  3 . 1 0 1 8 . 9 5 . 3 5  
4 1 6 · 1 3 8  1 7  7 3  1 5 )  2 9  6 3 0 2 2 . 5 1 1  • 0 0 1 .  4 5  1 3 . 9 5 . 1 5  

5 1  1 7 5 1 6  6 9  2 2 3  2 1 2  1 7 0 0 2 0 . 0 1 0 .  2 5  1 .  2 5 1 3 . 3 5 . 2 5 
5 2  1 0  4 1 7  8 9  1 6 5 1 4  8 5 0 1 8 . 5 6 . 0 0  2 . 7 5 2 1 . 6 6 . 7 3 
5 3  7 9  1 5  1 4 5 2 5 ) 2 0  1 0 4 0 1 6 . 3 7 . 8 0 6 . 2 5  2 5 . 0 4 . 3 8  
5 4 9 2  1 7  8 )  2 9 5  1 4  1 8 5 0 2 0 . 0 8 . 5 0  2 . 8 5  1 2 . 4 5 . 3 8 
5,5 8 3  1 6  6 8  2 1 )  1 4  5 6 0  1 9 . 0 5 . 5 0  7 .  1 0 1 6 . 1 6 . 0 1 
5 6  6 4  1 7  6 4 2 J  ) 1 3 8 5 0 2 1 . 5 3 . 5 0 5 . 2 5  1 7 .  2 5 . 3 4  
5 7 95 20 3 2 5 2 2 3  1 4  1 8 5 0  1 8 . 5 6 . 5 0  1 .  7 0  1 9 . 5 5 . 3 5  
5 9 4 3  1 8  7 3  1 5 ) 1 3 9 :5 5  1 9 . 5 6 . 7 5 . 9 5  2 1 . 6 5 . 8 0  

5 1 1 1 0 4  1 6  1 1 0  1 7 5 1 4  1 2 2 5  1 7 . 5 6 . 5 0  2 . 8 5  2 1 .  6 5 . 2 4  
5 1 2  1 1 9 1 6 4 2  1 1 5  8 4  8 9 0  2 0 . 5 8 . 7 5 1 .  0 5 1 8 . 9  6 .  1 2 
5 1 3  1 0  6 2 1  6 3  2 2 5  2 6  1 5 5 0  2 4 . 3 1 1 .  5 0  1 .  0 2 1 4 .  2 4 . 9 2  
5 1 4  1 0  9 1 9  7 9  1 8 5 3 9  1 8 5 0 1 7 . 0 7 . 7 5 2 . 8 0  2 0 . 0 6 . 7 4  

5 1 5  7 2  1 7 60 20 ) 1 1 1 9 7 5  1 8 . 0 7 .  2 5  . 8 5  2 3 .  4 5 . 3 4  
5 1 6  2 70 1 9  8 1  1 3 3 5 9  7 3  0 2 0 . 5 1 3 . 5 0  2 . 5 0  1 2 . 8 4 . 7 5 

6 1  7 7  1 6  5 9  2 1 )  1 2  1 2 7 5  1 7 . 0 5 . 75 2 . 2 5  2 5 . 6 5 . 3 1  
6 2 70 1 7  7 9  2 3 5 1 3 1 6 0 0  1 8 . 0 7 . 5 0 2 . 3 5  1 8 . 3 5 . 1 4 
6 3  8 7  1 7  8 5  2 8 )  9 7 9 0  2 1 • 0 9 . 5 0  1 .  5 0 1 5 . 0 5 . 0 0  

6 4  7 2  1 5  4 8 1 3 3 1 2  6 5 5  1 6 . 5 7 . 0 0  2 . 3 0  2 3 . 4 5 . 9 6 
6 5  7 5  1 6  6 5  1 3 3 1 0  5 8 0  1 7 . 0  4 . 5 0  1 .  6 5  2 7 . 2 5 . 5 1 
6 6  7 9  1 5  1 34 2 6 3  1 5  3 8 5 0  1 9 . 5 8 . 2 5  2 . 1 0  1 5 . 6 5 . 1 6 

6 7  6 3 1 7 6 9  2 1 )  1 2  1 1 7 5  2 1 • 5 6 . 0 0  1 .  7 5  1 6 . 7 5 . 6 6  
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1 1 4  1 2 2 4 6  2 7  2 3) 7 7  1 0 9 9 7 . 9  8 . 3 • 1 0 7 • 1 3 4 . 8 0 
1 1 5 1 1  1 8 1 5 1  4 5 6 0 7 2  8 6 . 1 5 . 4 . 0 9 4  . 4 5 5 . 4 0  
1 1 5 1 2 2 1 7 50 6 8 7 1 9 5 9  6 . 9 6 . 7 • 1 0  3 . s o 4 . 7 0 
1 1 6 1 1  1 96 5 7  4 2  7 4  8 9 7  4 . 8 4 . 3 • 0 8 7  . 6 9 5 . 1 6 

1 1 6 1 2 2') 4 5 5  3 6 9 5  9 4 6  5 . 4 5 . 1 • 0 8  7 . 7 6  5 . 2 0 
1 1 7 1 2  1 8 2 5 5  20 7 8  1 1 0 5 6 . 9 5 . 5 • 1 0 4  • 8 1 5 . 3 0 

2 6 Fl 



1 1 8  1 3 2 9D 7 5  2 )  7 5  1 3 5 0  7 . 8 7 . 3 • 1 2  0 . 2 7 5 . 1 5 
1 1 9 1 3  75 0 1 8 5 3 5  1 1 5 1 75 0 5 . 9 6 . 5 . 2 7 5 • 1 6 f> . 5 5  
1 2 ')  1 3  2 8 5 70 30 8 0 1 1  0 0  7 . 0 7 . 0  • 1 1 5 . 2 8 5 . 6 0 

20 1 3  5 0  3 5  20 75 1 2 5  • 8 1 • 0 . 0 5 0 1 . 6  8 4 . 5 0 
2 1  1 1 1 3 3 5 8 1 2 6 7 1  3 3 6  4 . 8 3 . 7 • 0 9  2 • 3 1  5 . 2 6  
2 1  1 2  1 9 8 70 2 4 6  1 1 8 5 1 2 8 . 8 4 . 8 . 1 0 2  • 5 1  5 . 5 0 
2 2  1 1 1 2 ) 6') 6 8  7 4  2 9 0  5 . 6 4 . 2 • 1 0  3 . 4 8 4 . 9 0  
2 2  1 2  1 5  9 70 1 1 9 9 3  4 3 0 6 . 9 5 . 6 • 1 1 9 . 6 6 5 . 5 5  
2 3 1 1 2 2 9  6 8  4 )  2 2  0 8 4 5 5 . 3 6 . 3 • 1 2 9 . 4 2 5 . 2 0 
2 3  1 2  35 6 78 l l� 6  1 3 6 1 0 0 5  5 . 5 7 .  1 • 1 2 3  . 5 2  5 . 5 0 
2 4  1 1 2 5 7 6 8  2 )  5 1 0 7  5 5 2 4 . 2  4 . 5 • 1 0 6 . 3 6 5 . 4 4  
2 4  1 2  2 6 6 70 6 7 1 1 3 96 6 5 . 8 7 . 3 • 1 39 • 4 7 5 . 3 0  
2 5  1 1 1 7 9 6 2 6 7  9 2 6 0 7 6 . 3 5 . 0 • 1 3 9 . 4 8 5 . 3 0 
2 5  1 2  1 4 6 5 4  4 8 8 6  6 6  8 6 . 9 6 . 0 • 1 4 9  • 6 4 c; . 8 o 
2 6  1 1 1 1  7 5 9  8 4 8 0  3 0 0 4 . 6 3 . 2 • 1 0  8 • 3 4  5 . 4 0  
2 7  1 1  1 5  3 6 9  1 3 1  1 0 3 4 5 6  5 . 0 4 .  1 • 1 3 0  . 6 0 5 . 5 2  
2 8  1 1 3 8 5 1 1 3 9 6 2  9 9 4 1 4  6 . 6 6 . 2 • 1 7  0 • 3 4 5 . 9 0  
2 9 1 1 2 3 6 6 4 40 6 2 1 4 4 8 9 . 0 6 . 8 • 1 2 3  . 2 5 5 . 8 0 

2 9  1 2 2 2 8  6 1 1 4  7 8  1 4 2 4  8 . 9 7 . 4 • 1 2 5 • 6 1 5 . 4 0  
2 1 0 1 1 1 9 9 5 8  30 7 5  1 1 3 9  6 . 5 5 . 2 • 1 0 6  . 4 4 5 . 3 2  
2 1 0  1 2 2 2 4  6 2  2 4 9 3  1 3 1 1  7 . 7  6 . 5 • 1 1  7 . 5 9  5 . 4 0 
2 1 1  1 1 1 9 3 5 5  2 1 6 6  1 0 9 2  6 . 4 5 . 0 . 0 8 5  . 3 6  6 . 1 6 

2 1 1 1 2 1 76 4 9  1 3  7 5  1 4  0 1  8 . 1 6 . :5 • 1 1  1 . 5 5  5 . 7 5 
2 1 2 1 1 3 2 2  6 2  40 8 3  8 9 7  4 . 8 4 .  1 • 0 8 7 • 5 4  4 . 9 2  

2 1 2  1 2 2 2 ) 5 7  4 ') 9 4  1 2  0 2  6 . 0 5 . 6 • 0 8 7 . 6 7 5 . 5 0 
2 1 3 1 1  1 9 8 5 3  2 3  5 7  1 5 6 4  6 . 9 5 . 4 • 1 0 5  . 3 4  5 . 5 0 
2 1 3  1 2  20 6 4 9  1 0  7 0  2 0 9 9  8 . 8 7 . :5 • 1 0 8 . 5 3 5 . 5 5  
2 1 4 1 1 2 3 9 9 3  1 4 6 2  1 72 0 7 . 9 6 . 2 • 1 8 1  . 2 5  5 . 9 5  
2 1 4  1 2 2 5 6 7 7  6 7 4  2 1  1 2  9 . 2 8 . 3 • 1 6  3 . 4 2 5 . 5 0 
2 1 5 1 1  2 5  5 7 2  6 4 7 2  1 2 0 9  6 . 5 5 . 4 • 1 2 5  • 2 9  5 . 7 3  
2 1 5  1 2  2 3 8  6 5 1 4  7 8  1 3 2 6  q . 1 7 . 4  • 1 3 6 . 7 8 5 . 5 0  
2 1 6 1 1 2 8 9  74 6 8  9 0 1 05 7 4 . 7 4 . 5 • 1 1 2 • 3 8  5 . 7 2 
2 1 6 1 2 1 1 6 3 9  5 3  8 5  4 2 2 2 . 9 2 . 8 • 0 6  3 . 9 9 5 . 4 5  
2 1 7  1 2  35 6 1 0  2 6 8 1 3 2 1 0 1  7 5 . 0 5 . 4 • 1 6 3  . 9 2 5 . 3 5  
2 1 8  1 3 250 80 3J 8 5 1 1 5 0 7 . 3 6 . 2 • 1 3 0  . 4 5 5 . 4 5 

2 1 9  1 3  . 2 80 8 5  2 5  8 0 1 55 0 9 . 7 7 . 8 • 1 5 5  . 2 5  6 . 1 0 
2 2 0 1 3 2 3 ) 6 5 3 5  7 5  1 0 5 0  7 . 7  6 . 5 • 1 0 5 . 4 0  '3 . 3 5  

30 1 3  7 5  4 5 4 5  7 0 1 7 5 1 . 6 1 • 7 . 0 6 0  1 • 1 0 4 . 8 0 
3 1  1 1 6 4  4 1  4 1  7 3  1 8 8  1 • 1 1 . 4 • 0 5 6 1 .  � 0  4 . 8 5 
3 2  1 1  1 0  8 6 1  1 2 2 6 7 2 8 3  3 . 8 2 . 6 . 0 7 2  . 7 7 5 . 7 0 
3 2  1 2 9 7  5 9 1 3 8 8 3  2 94 4 . 4 3 . 4 • 0 8 6  . 9 7 5 . 4 5 
3 3  1 1 1 1 2  5 9  1 5 4 8 4 3 3 0 4 . 4 3 . 0 • 1 0 1 . 7 5 5 . 5 0 
3 4  1 1 2 6 0  7 6  8 2  9 9  8 2 6  5 . 6 6 . 7  • 1 2 6 • {� 1 5 . 4 3  
3 4  1 2 2 1 0 76 1 1 5 1 1 8 5 5 9 5 . 2 5 . 2 • 1 3 5  • 5 9  5 . 4 0  
3 5  1 1 1 1 8 6 5 9 6  9 2 2 4 3  5 . 0 3 . 7 • 1 4 5 . 4 7 5 . 6 0  
3 5  1 2  1 0  9 7 2  8 9  1 0 9 2 3 9  5 . 3 4 .  1 • 1 3 0  . 6 8 5 . 3 5 
3 6  1 1 7 7  6 8  6 3  1 0 3  1 6 2 5 . 5 3 . 7 • 1 4 0  . 4 2 5 . 2 0  
3 6  1 2  1 3 8 6 9 5 6 1 2 5 3 9 5  6 . 0 4 . 6 . 1 7 4  . 6 9 '3 . 5 0 

2 6 9  



3 7  1 1 3 )  3 4 1 7  3 9  8 7  3 . 0 1 • 1 • 0 8  2 • 6 0 6 . 1 3  
3 7  1 2 1 2 3 6 5  2 6 9 7  3 8 8  7 . 4 5 . 4 . 1 4 5 . 6 1 4 . 6 0 
3 8  1 1 1 4 8  70 8 3  8 0  3 6 9  4 .  1 4 . 0 • 1 6  5 . 5 5 5 . 8 4  
3 8  1 2  1 8 1 9 1  1 ) 6 1 1 0 6 0 4 5 . 5 6 . 0 • 2 2 6 . 9 6  5 . 6 0  
3 9  1 1 1 7 7 7 5  8 8  7 3  5 5 9 6 . 8 6 . 1 • 1 6  7 • l� 6 4 . 9 8  

3 1 ) 1 1 1 6 4 76 9 5  8 9 4 0 0  6 . 2 5 . 5 . 1 2 0  . 5 6 5 . 0 6 
3 1 1 1 1 2 1 3 6 6  1 )  6 7 0  4 8 9 8 . 6 7 . 2  • 1 1  5 • 3 3  5 . 2 5  
3 1 1  1 2  2 3 7 8 4  2 2 7  7 9 5 4 2 7 . 8 6 . 9 . 1 5 3  . 4 8 6 . 1 0 
3 1 2  1 1 2•) 6 6 2  3 7  7 0 9 4 3  6 . 6 5 . 7 • 0 9  2 . 4 9 5 . 5 0  
3 1 2  1 2  25 3 7 1 3 6  9 6  1 0 6 3 6 . 0 6 . 0 • 1 1 1 . 7 6 5 . 7 0  
3 1 3  1 1 1 1  4 4 2 1 6  5 8 5 6 7  5 . 0 3 . 9 • 1 0  9 . 5 8 5 . 9 6  
3 1 3  1 2  1 3 6  4 9 4 4 7 8  7 3 1 4 . 3 8 . 7 . 0 9 3  1 . 0 ?  5 . 3 5 
3 1 4  1 1 2 3 9  6 4  6 4  8 7  8 0 1  4 . 4  4 . 2 • 1 0  2 • 7 1 4 . 8 6 
3 1 4  1 2 1 9 2 5 8  1 9  7 2  1 1 5 4 6 . 0 5 . 2 • 1 1 1 . 7 7 5 . 0 5 
3 1 5  1 1 1 1  1 4 4  5 8  5 9  4 6:-5 3 . 2 2 . 7 • 0 6 4 • 6 9  4 . 8 0 
3 1 5  1 2  9 2 37 2 8  6 0  4 5 9 2 . 7 2 . 7 . 0 6 0  . 8 3  5 . 1 5 
3 1 6  1 1 1 ) 4 4 5  4 8  6 5 3 3 1  3 . 0 2 . 5 • 0 5 5  . 8 3 5 . LL 3 
3 1 6  1 2  1 2 5 5 3  5 3  8 1  5 2  7 3 . 8 3 . 3 . 0 7 7  1 . 2 5  5 . 3 0  
3 1 7 1 3  1 6 )  6 )  4 5  7 5  8 5 0 4 . 2  3 . -:) • 0 7 5  . s o 5 . 9 5  

3 1 8  1 3  2 5 0 8 5  50 9 0 1 2 0 0  7 . 1  6 . 2 • 1 2 5  . 4 0  5 . 7 0  
3 1 9  1 3  6 5 ) 1 31 5 5  1 0 0  1 6  0 0  5 . 4 6 . 5 • 1 6 5 • .3 3  6 . 0 0  
3 20 1 3  3 1 0 80 40 8 5  1 1 5  0 4 . 4 4 . 1 . o s o 1 . 0 5 5 • .3 5  

4 0  1 3  6 )  40 3 5  7 5 1 5 0 • 6 1 .  0 • 0 5  0 1 .  3 8  4 . 4 0  

4 1  1 1 8 3  3 9  7 9  7 9 2 0 6 1 • 5 1 • 6 . 0 5 0  1 . 0 8 lf . 0 8  
4 1  1 2 2 5  3') 2 5  7 6  1 2 6 • 7 1 .  5 • 0 6 6  1 . 8 7 5 . 1 0 
4 2  1 1  5 2  3 3  3 9  5 7  1 8 6 1 . 6 1 • 6 . 0 7 0 1 .  0 7  4 .  58 
4 3  1 1 4 8  2 9 2 4 4 0  1 4 6 1 • 3 1 .  2 • 05 7 1 . 0 0 4 .  1 0 

4 3  1 2  2 4  2 9  3 3  6 7  1 4 3 . 9  1 • 4 . 0 5 7 1 . 6 2 4 . 8 5  

4 4  1 1 1 7 8 7 6  1 5 9 8 7  4 2 2 5 . 7 5 . 2 • 1 3 7 . 6 2  5 . 2 0  
4 4  1 2  1 1 5 6 5  9 2  7 4  4 1 :,  5 . 3 4 . 6 • 1 2 9  . 7 4 5 . 3 0 
4 5  1 1 1 3 2 7 2  9 7  9 1  3 6 5 5 . 5 4 . ::5 • 1 5  0 • 4 6 5 . 0 6  
4 5  1 2  2 7 5 9 8  1 7 7 8 9  5 3 2  5 . 3 5 . 7 . 1 7 3 • 6 2 5 . 8 5  

4 6  1 1 l'J 8  5 9  7 3  1 1 2 2 7 9 5 . 6 4 . 2 • 1 7 5 . 4 8  5 . 6 8  

4 6  1 2  1 5  9 73 4 5  1 1 3 1 5 9  4 . 9 4 . 0 • 1 5 9 • 6 8 5 . 1 5 
4 7  1 1 1 1 2 6 5 5 5  8 8  2 87 4 . 7 4 . 0 • 1 5  1 . 4 4 4 . 9 8 

4 7  1 2  1 3 9 79 6 5 9 7  5 0 8  6 . 0 5 . 0 • 1 39 . 7 4 5 . 3 0  

4 8  1 1 1 5  1 80 1 2 3  1 0 4  4 5 0 5 . 8 5 . 0 • 1 5  3 • 3 8  5 . 6 4 

4 8  . 1 2  1 90 7 1  7 6  1 0 0  4 7 6 5 . 9 4 . 7  • 1 4 .3  • 5 7  5 . 0 5 

4 9  1 1 1 9 6 7 1  6 ) 5 9 2  6 2 3  6 . 0 5 . 7 • 1 3  3 . 4 2 4 . 8 0 
4 9  1 2  1 7 9 7 2  1 Lf 3  9 4  6 7 2 5 . 8 5 . 8 • 1 4 4  . 6 3 5 . 6 0 

4 1 )  1 1 1 ) 3 5 7  5 1 5 7 3 4 8  5 . 7 4 .  1 • 1 1 4 . 5 7 4 . 6 0  
4 1 0 1 2  4 1  7 5  1 1 2  8 3  6 2 1 5 . 1 5 . 8 • 1 36 . 7 0  5 . 5 5  
4 1 1  1 1 4 9  40 4 )  5 1  1 3 6  3 . 1 ? . 0 • 0 9 7  . 9 7 4 . 9 0  

4 1 1  1 2 1 9 9 4 3 30 5 2  1 9 5 3 . 4 2 . 5 . 0 9 9 1 .  3 4  5 . 7 5 
4 1 2  1 1 2 6 6  9 4  2 2 ) 8 7  7 4 4  6 . 7 6 . ::5 • 1 6  3 . 4 6  6 . 2 5  
4 1 3  1 1  2 6 9  1 2 2  4 5 9  6 9 8 8 7 9 . 7 7 . 9 • 2 32 • 1 4 6 . 5 0  
4 1 3  1 2 2 8 0 8 8  6 6  6 6  9 64 1 0 . 9  7 . d • 1 7  1 . 3 5  6 . 2 0 
4 1 4 1 1 2 2 9  8 4  4 2  8 8  7 2 8 6 . 5 6 . 2 . 1 2 2  • 4 3  5 . 7 6 

2 7 0  



4 1 4 1 2 2 1 5  1 1 7  4 )  9 8  8 05 6 . 7  6 . 7 • 1 5  6 • 6 3 5 . 6 5  

4 1 5 1 1 20 7 7 2 3 2  6 8  1 0 3 2  9 . 8 7 . 5 • 1 4 <� . 2 5  5 . 4 8  
4 1 5  1 2 1 1 7 7 2 1 8 6 7  1 2 1 0  9 . 4 7 . 6  • 1 3  0 . 5 4 5 . 9 0 
4 1 6 1 1 1 30 5 9  1 3 4 6 4  5 2  3 4 . 7 4 . 0 . 0 7 7 • R 1 5 . 58 

4 1 6  1 2 1 3 2 5 7  4 7  6 7  6 1 ::) 4 . 7  4 . 2 • 0 9  0 1 . 0 9 5 . 2 0  
4 1 7  1 3  2 2 5  7 5  2 0  8 0  6 0 0  6 . 5 5 . 9 • 1 1 0 • r., 5 5 . 3 0  
4 1 8  1 3  1 9 )  80 2· ) 9 5  6 5 0 7 . 0 6 . 0 • 1 1 5 • 2 8  5 . 3 5  
4 1 9 1 3  3 60 1 2 5  2 5  9 0 2 0 0 0 6 . 4 7 . 2 • 1 8 0  . 2 5  5 . 7 0 
4 2 0 1 3  26 ) 7 5 4 )  8 5  1 1  0 0  4 . 0 3 . 4 • 0 7 5  1 .  3 8  5 . 7 5 

50 1 3  1 0  5 60 50 1 5 0  2 0 0  . 9 1 • 5 . 0 7 0 1 .  6 8 4 . 6 0 

5 1  1 1 8 )  5 7 6 5  6 4 3 <� 5  4 . 6 3 . c3 • 1 0 1 . 6 4 4 . 6 2 

5 1  1 2  2 7 7  6 5  1 6 5 6 1  3 4 6 3 . 8 3 . 4 • 1 2 1  . 7 8 5 . 0 0  
5 2  1 1 2 )  1 9 2  2 )  1 8 7  5 9o 6 . 6 5 . 7 • 1 4 2 . 4 4  5 . 4 2  

5 2  1 2  1 4 1 1 0 0  3 4 1 1 0 9  5 0 0  5 . 0 5 . 4  • 1 6 4  . 8 2 � . 0 5 
5 3  1 1 1 3 3 7 9  90 7 5  4 4 0  5 . 7 5 . 2 • 1 1 0 • 3 7  5 . 3 9 

5 3  1 2  20 2 8 2  4 6  7 8  7 3 3  6 . 8 6 . 8 • 1 6 0 . s  4 5 . 3 0  
5 4  1 1 1 8 2 7 1  76 8 3  3 3 3 6 . 6 5 . 7 • 1 7  8 . 3 3  ") . 6 9  

5 4  1 2 1 9 3 9 1 1 8) 8 6  3 8 b  6 . 0 5 . 5 . 1 4 2  • '5 9  5 . 9 0 
5 5  1 1 1 7 2 6 7  7') 8 4 6 4 3  8 . 3 7 . 2 • 1 7 1 • 2 H  5 . 4 8  

5 5  1 2  1 4 6 8 7  1 1  4 9 1  5 4 6 6 . 3 6 . 3 • 1 3 2  . 7 3 5 . 3 0 

5 6  1 1 2 9 6  9 2  3 3 3  1 3 ? 4 3 0 4 . 9 4 . 7  • 1 4 1 • 4 6 5 . 2 0  

5 6  1 2  3 4 5  7 5  1 1  5 9 3  3 5 4 4 . 8 4 . 8 • 1 1 1 . 6 2 ") . 2 0 

5 7  1 1 1 1  2 6 9 1 5 5 1 2 3 2 1 0  5 . 2 3 . 3 • 1 3 0 • L� 0 4 . 7 2  

5 7  1 2  1 5 2 1 2 3 4 9 3  9 0  6 5 8 6 . 9 6 . 5 • 1 l� 4  . 4 9 6 . 0 5  
5 8  1 1 1 5 9  8 1  2 2 3  1 0 7  2 86 6 . 1 4 .  1 • 1 4 5 • 5 1  5 . 5 2 

5 8  1 2  1 2 4 9 1  2 2 7 1 2 0 2 8 9 5 . 7 4 . 5 • 1 4 0  . 5 8 5 . 9 0  
5 9  1 1 1 6 )  7 5  1 7 4  1 0 7  3 0 2 5 . 3 4 . 0 • 1 6  L� . 5 2  5 . 9 5 

5 9  1 2 2 9 7 6 8  1 1  9 1 06 2 9 7  5 . 5 4 . 2 • 1 39 . s o 5 . 1 0 
5 1.) 1 1 2 8 3 5') 1 1 5 1 0 0  2 76 4 . 6 3 . 5  • 1 2  4 • 5 4  6 . 0 4  
5 1 0 1 2  1 80 90 1 2 1  1 3 0 7 1 8 7 .  1 6 . 2 • 1 3 0  . 7 2 5 . 4 0  

5 1 1  1 1 9 5  7 6  1 0  9 9 1  4 5 6 7 . 8 6 . 8 • 1 3 4 . 2 3  4 . 9 8  

5 1 1  1 2  1 9 8 7 5  1 5 8 1 05 4 3 9  6 . 1  5 . 2 . 1 4 5 . 9 2  5 . 1 0 
5 1 2  1 1 2 8 3 5 9 1 3 6 7 4  6 5 9  8 . 4 6 . :5  • 1 1  8 . 2 4  5 . 9 6  
5 1 2 1 2  3 2 7  8 9  1 7 3 1 0 7  7 1 0 7 . 4  7 . 4 . 1 4 0 . 7 0 5 . 7 5 

5 1 3  1 1 21 2 6 6  9 2 6 3  4 1 8  7 . 4 6 . 2 • 1 1  4 . 4 2  5 . 6 0 
5 1 3 1 2  2 4 7  6 7 1 2 1 7 6  8 5 3 s . o 8 . 9 • 1 4 4  . 3 6  6 . 1 0 
5 1 4 1 1 2 )  4 8 3 1 9 ) 6 0  4 0 3 9 . 0 7 . 8  • 1 5  6 • 1 9  6 . 2 2 

5 1 4 1 2  2 4D 74 1 6 2 7 9  6 5 6 8 . 3 7 . 4  • 1 2 7  . 5 7 6 . 0 5 

5 1 5  1 1 1 9 6 7 9  2 )  1 6 5  4 0 9  8 . 6 7 . � • 1 4 4  • 1 9  6 . 3 0  

5 1 5 1 2  2 5  7 77 1 9 7 7 3  6 0 1  8 . 5 8 . 1 • 1 4 2  . 4 3  6 . 4 0  
5 1 6 1 1 2 )  4 6 6 1 5 8 7 4  7 7 3 6 . 1 4 . 7 • 0 9 5  . 8 3 5 . 5 0 
5 1 6 1 2  4 5  7 1 4 5  2 )  8 7 9  9 1  3 6 . 6 6 . 6 . 2 0 3  . 5 0 5 . 8 5 
5 1 7  1 3  2 4 5  80 9 5  9 0 7 0 0  7 .  1 5 . 9 • 1 1  5 • 3 2  5 . 4 5 

5 1 8 1 3  2 60 1 0  5 1 &J 8 0  5 0 0  B . 2 7 .  1 . 1 3 0 • 2 0  5 . 9 0 

5 1 9  1 3 2 )  5 7 5  5 ) 7 5  5 5 0  5 . 5 5 . 1 • 0 8 5  . 7 0 {� . 7 0 
5 20 1 3  5 5  30 2D 3 5  1 2 5  1 • 1 • 7 . 0 2 5 2 . 1 0 4 . 4 5  

60 1 3  6 )  4 0  3 )  8 0  1 5 0 . 5  . 9 . 0 4 0  1 . 6 0  4 . 6 0 
6 1  1 1  4 6  3 3  3 2  6 0  1 1 1 . 8 1 • 0 . 0 4 8 1 • 7 1 5 . ? 1 

2 7 1  



6 1  1 2 76 50 3 8  1 0 7  1 1 5  . 9 1 . 9 • 0 4 6  1 .  8 0 5 . 3 0  
6 2  1 1 1 20 54 3 5 5 3  n 1 6 6 . 3 6 . 0 • 1 0 6  • 2 7  5 . 1 0 
6 2  1 2 1 5 9  7 6  4 5  5 7 8 3 2 8 . 6 8 . 3 • 1 1 3 . 5 3  s . o o  
6 3  1 1 1 3 2  8 2  1 1 3 8 2  3 4  8 6 . 7 5 . 6 • 1 2 1  . 4 6 4 .  5 4  
6 3  1 2 36·) 1 28 3 20 1 2 8 3 6 0  1 0 . 8 7 . 6 • 1 4 4  . s o 5 . 5 5  
6 4  1 1 1 2 9 6 4 1 ) 7 7 4  2 4 9 4 . 7  3 . 8 • 1 3 2  • 3 9  4 . 7 0 
6 4  1 2 1 5 8  6 4  8 6  7 5 2 6 3 5 . 6 5 . 2 • 1 3 5 . 7 5 s . o o  
6 5 1 1 1 3 8 5 3 7 3 6 1  3 8  0 4 . 5 3 . 9 . 0 8 7 • 4 1 s . o o  
6 5 1 2  1 8 6 8 1 1 5 4 9 7  3 6 3 6 . 8 6 . 8 • 1 1  7 . 7 7 5 . 1 5 

6 6  1 1 3 3 4  1 0  6 6 3 7 1 0 6  3 7 6  6 . 1 5 . 8 • 1 3 1  . 4 5 5 . 6 3 
6 6  1 2 2 2 4  6 2  8 4 8 4 7 3 4  4 . 9 6 . 2 • 0 9 9  . 4 8 4 . 9 0  
6 7  1 1 8 1  57 6 9  95 2 0 5  4 . 7 2 . 7 . 1 7 2 • 3 9  '3 . 6 6  
6 7  1 2 7 8 5 5  9 8  1 1  8 1 1 8  3 . 5 2 . 7 • 1 4 9  . 8 2  5 . 3 0  
6 8  1 1 6 4  4 8  3 6  6 3 1 9 8 3 . 0 2 .  1 • 1 2 3  • 3 3  5 . 4 5 
6 8  1 2 76 5 3  5 3  8 4  1 9 0  4 . 5 3 . 0 • 1 4 4  . 4 2 s . o o  
6 9  1 1 4 6  3 9  3 2  5 5  8 7  2 . 8 1 • 3 • 1 0 4  • 5 1  5 . 2 4  

6 1 )  1 1 8 1  5 3 4 8  7 6  4 3 6 3 . 7 2 . 4 . 1 3 3  • 5 6  '5 . 7 1 
6 1 0 1 2  7 5 5 3  4 5  7 5  2 8 1 4 . 5 3 . 3 • 1 3 1  . 6 4 5 . 3 0 
6 1 1 1 1 2 5 2 7 5  2 9 1 7 9 5 1 7  6 . 3 5 . 6 • 1 4 8  . 5 7 5 . 4 8  
6 1 1  1 2  2 70 8 5  2 1 3  9 2  5 7 9  7 . 5 7 . 7  • 1 5 8  . 7 0 5 . 0 0  
6 1 2  1 1 1 7 4 6 J  7 3  7 2  4 6 7 6 . 2 4 . 8 • 1 0 6 . 4 2 5 . 2 0 
6 1 2  1 2  2 2 9 8 1  4') 6 7 4  4 0 6 5 . 7 s . s • 1 H l  • El 1 5 . f> O  
6 1 3  1 1 2 1 6  8 7 2 4 1 8 6  4 6 0 6 . 9 5 . 7 • 1 4 7 . 4 4 6 . :::: 9 

6 1 3 1 2  . 2 2 2  6 8  1 7 1  8 6  5 8 1  7 . 8 7 . 5 • 1 4 0  • 5 1  5 . 5 0 
6 1 4  1 1 2 7 5 7 6  3 8 7 7 4  7 4 2  7 . 6  6 . 3 • 1 2 6 • 3 4  6 . 3 0 
6 1 4 1 2  30 7 9 9  2 4 1 95 El 7 6  9 . 1 8 . 3 . 1 5 3 • 5 1  5 . 6 0  
6 1 5  1 1 2 9 9  6 9  1 1 3 6 8  7 5 7  6 . 2 6 . ::5 • 1 2  0 . 4 4 4 . 8 8 
6 1 5 1 2  2 8 6 7 3  4 6 6 6  6 5 6 9 . 2 9 . 2 • 1 3 5  • 5 4  5 . 9 0  
6 1 6  1 1 2 3 9  8 4  1 7 7  6 5  6 0 8 8 . 5 7 . 0 • 1 4 7 . 3 6 5 . 2 0 
6 1 6 1 2  2 8 1 8 8  1 6 8 7 6  8 8 2  9 . 6 El . B • 1 36 . 7 8 4 . 8 5 
6 1 7 1 1 2 1 9  80 1 9 6 6 6  7 1 3  7 . 8 6 . :5 • 1 3 8  . 3 4 6 . 1 9  
6 1 8 1 1 2 3 9 8 3  1 5 9  5 5  6 9 7  El • 1 7 .  1 • 1 39 . s o  6 . 1 8  
6 1 9  1 1 4 6 3  1 1  4 2 ) 8 8 0  1 3 2 5  7 . 6 7 . 6  • 1 7 6 • 2 0  6 . 3 5  
6 1 9 1 3  2 7 5 80 1 3 5 8 5  9 0 0  6 . 7 6 .  1 . 1 2 0  . 3 6  5 . 9 5  

6 2 0  1 3  2 5 5 9 5  2 3 5 1 05 8 0 0 7 . 2 6 . 8 • 1 4 0 . 4 0 "i . 7 5 

70 1 3 1 1 0  6') 50 1 65 1 9 5 . 6 1 • 4 . 0 5 0  2 . 0 0  5 . 1 0  

7 1  1 3  50 3 5 2 )  7 5  1 2 0  . 4 . 9  . 0 4 0  1 .  6 7 4 .  1 0 

7 2 1 3 90 5 5  50 1 2 5 1 9 0  . 7  1 • 6 . 0 7 0 2 .  1 7 4 . 5 5 

7 3  1 3  5 5  41) 4 5  7 0  1 95 . 6 . 9 . 0 4 0  1 .  4 5 4 . 2 0  

74 1 3  2 1 ) 8 5  1 6 5 9 0  3 7 0  4 . 5 s . o • 1 0 0  • 5 2  5 . 0 0  

7 5  1 3  3 4 ) 9 5  1 6 5 1 3 0 9 7 5 5 . 5 6 . 2 • 1 1  0 . 4 5 5 . 8 0 
76 1 3  2 2 5  1 0 0  1 6 5 1 0 0  2 5 0 4 . 5 4 .  1 • 1 2 0  . 3 7 5 . 3 5  
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6 . 3 2 1 .  0 3 7 5 
5 . 8 3 1 .  0 1 7 5  
7 . 8 1 6 . 0  1 7 5 

4 5 0 
1 8 4 0  

3 2 5  
8 0 0  
4 8 8 
5 7 5 
2 5 0 

2 4 3 0  
1 5 0 0  
1 5 1  0 

6 0 0 0 
8 6 3 
7 5 0  
7 5 0 
3 0 0  
6 7 5  
3 5 0  
9 5 0  

7 5 0 0  
9 2 5  
4 0 0 
5 0 0  
2 5 0 
4 0 0  
6 0 0 

5 5 0 0  
3 5 0  

1 0 2 5  
1 1  2 5  

7 0 0  
2 4 3 0 
2 1 0 0  
5 6 3 0 
2 1 6 0  
3 5 0 0 

8 7 5 
6 2 5  
6 2 5  
5 6 3  

1 6 8 0  
5 1 3 
3 8 8  
5 5 0  

4 0 0 0  
3 6 3  
5 0 0  
5 0 0  
7 7 5 

7 8  
1 1 8 
3 0 5  
1 2 5 
1 3 2 
1 2 5 

5 5  
3 2 0  
1 1  0 

7 8  
6 2  
5 5  
4 2  
9 0  
5 5  
7 0  
8 8  

1 0 1  
2 4 5 

9 2  
1 2 8 
1 0 3 

9 0  
8 2  
6 2  
8 0  
7 8  
9 8  
9 8  
7 8  

1 0 3  
2 2 2  
1 2 5 
1 2 5 
1 5 0 

5 0  
6 2  
4 3  

1 1  5 
1 0 6  
1 0 1  

8 4  
9 8  
9 8  
4 2  
4 2  
7 8  

3 0 0  
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5 7  4 2  60 . 0  2 1 )  • ) 1 3 .  8 3 0 . 0 2 6 3 0  4 0 0 0 1 1  8 

5 8  4 2  2 3 . )  8 0 . ) 2 3 . 3 2 0 . 0  2 7 5 0 4 3 8 0 2 0 8 
5 9  4 2  1 6  . o  3 2 . 5 2 2 . 5 1 6 . 0 3 5 0 0  4 5 0 0 3 3 5  

5 10 4 2  3 2 . 5  3 6 . 8 1 6 . 8 3 8 . 0 4 0 0 0 4 5 0 0  1 1 0 

5 1 1  4 2  2 5 . 0  6 7 . 5 1 9 .  8 2 1 .  0 3 6 3 0  4 8 8 0  3 0 0 

5 1 2  4 2  3 3 . B 80 • ) 1 3 . 0  3 3 . 0 3 5  0 0  4 2 5 0 1 1 0 

5 1 3 4 2  3 6 . 2  6 2 . 5 1 o .  3 3 3 . 0 3 2 5 0 9 2 5 0 1 1 0 

5 1 4 4 2  3 6 . ) 1 0  0 • ) 1 0 . 3 2 5 . 0  4 3 8 0 7 0 0 0  1 0 3 

5 1 5 4 2 2 6 . 2  1 2 2 . 5 9 .  0 3 0 . 0 2 8 8 0 6 0 0 0 6 2  

5 1 6 4 2  6 5 . )  3 3  7 . )  1 5 . 0 6 8 . 0 1 6 3 0 2 0 0 0  1 2 5 

5 1 7  4 3 1 2 . 8 2 8 . 7 6 . 5 2 6 . 2  7 5  0 1 3 2 0  1 2 2 

5 1 8 4 3  20 . 8 4 6 . 2 1 0 . 3  2 1 .  8 8 5 0  2 1 6 0  7 0 

5 1 9 4 3  8 . 8 1 3 . 5  7 . 5 2 3 . 5 1 7 5 1 0 1 3  1 3 4 

5 20 4. 3 2 . ) 2 . 3  3 . 0 1 5 . 3 6 3  1 2 5 7 2  

6 J  4 3  1 . 7 3 . 5 4 . 3 7 . 8 6 3  1 5 0 9 6  

6 1 4 2  4 . 5 6 . 5 1 7 . 3 1 5 . 0 1 0 0  5 6 3  1 3 8 
6 2 4 2  9 . 5 1 2 . ) 3 . 8 3 0 . 0 2 1 3 5 0 0 5 5 

6 3  4 2  4 1 . 2  1) 7 .  5 1 9 . 5 2 1 . 0 6 2 5  3 3 8 5 0  

6 4  4 2  3 . 8 1 2 . )  5 . 3 1 4 . 0 1 8 8  9 5 0 8 2  

6 5  4 2  3 . 5 2 1 .  5 3 . 0 2 0 . 0 1 0 0  3 2 5 1 0 3  

6 6  4 2  1 2 . 6 1 7 . 5  5 . 8 4 5 . 0 1 0 0 8 7 5  1 3 2 

6 7  4 2  4 . 5  1 4 . )  2 0 . 3 3 . 0 3 7 5  1 6 0 0  1 3 8 

6 8  4 2  2 . 5  6 . 8 1 2 .  0 s . o 1 2 5 1 1 5 0  9 8  

6 9 4 1  1 .  8 4 . 3  1 2 . 0 3 . 0 1 2 5  1 0 0 0  1 1 8 

6 1 )  4 2  4 . 3  1 1 • 3 1 6 . 0 1 3 . 0 2 7 5  1 0 2 5  1 2 5 

6 1 1 4 2  3 5 . 3 9 7 . 5 1 1 • 8 3 4 . 0 1 5  0 0  5 2 5 0  7 0 

6 1 2  4 2  3 2  . o  1 7 )  • ) 9 .  8 3 7 . 0  3 0 0 0  4 8 8 0  2 7 0  

6 1 3 4 2  3 1 . 2  9 5 . ) 8 . 5 2 6 . 0 3 7 5 0 4 7 5 0  2 0 0  

6 1 4  4 2  2 8 . 5 97 . 5 9 . 8 4 9 . 0 1 2 5 0 3 3 8 0  1 3 8 

6 1 5 4 2  3 6 . 2 2 2 . 5 8 . 8 6 5 . 0 3 1  3 0  6 7 5 0  9 0  

6 1 6 4 2 2 9 . 2 8 5 . ) 1 o .  5 4 0 . 0 1 0 0 0  4 8 8 0  1 4 5 

6 1 7  4 3  3 4 . 2  1 1  7 .  5 1 4 . 3 4 5 . 0 2 7 5 0  5 0 0 0  1 1 8 

6 1 8 4 3 3 3 . 7  8 )  • ) 1 1 .  0 4 8 . 0 1 1 2 5  3 3 8 0  8 2  

6 1 9 4 1 1 7 5 . )  1 3 2 . 5 2 3 . 8 7 6 . 0 1 6  3 0  5 8 8 0 1 1 8 

6 2 )  4 3  3 2 . 5 8 2 . 5 1 5 . 0 3 6 . 5 2 3 8 0  5 0 0 0 4 0 0  

70 4 3  4 . 8  6 . 5 3 7 . 5 1 0 . 8 3 8 2 5 0  9 4  

7 1 4 3  3 . 1)  4 . 3  7 .  0 1 0 . 0  1 1  3 2 8 8 1 5 5 
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7 6  4 3  7 . 3  4 7 .  5 6 . 8 8 . 3 1 6 3  9 2 5  7 6  
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7 8  4 3  3 . 3 5 . 8 2 1  • 5 2 . 8 5 2 5 2 4 4 0  2 2 0  

7 9  4 3 3 . 3 6 . )  2 5 . 0 2 . 8 8 7 5 3 0 0 6 2 1 2 
7 1 0 4 3  3 . 8 2 5 . )  5 . 3 1 7 . 0 6 2 5 9 7 5  1 2 8 
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DE G R E':: S F E E T F E E T  I N C H E S  F R A C T I ON 

1 0  5 5  2 4 2 ) 1 )  1 • 5 . 5 0  
1 1 4 5 2 3  70 1 2 • 9 1 .  0 0 
1 3 55 2 2 5 )  1 5 1 • 5 . s o 

1 4  3 5 2 2  31) 3 )  3 . 0 . 4  0 
1 5  2 5  2 20 ) 6 . 4  1 .  0 0  
1 6  3 5  2 1  3') 6 • 7 . 5 0  
1 7  3 5  2 1  2 1  1 2 1 • 4 . 4 0  
1 8 30 2 1  71) 8 1 .  4 • 9 0 
1 9  20 2 1 9 ) 1 5 1 • 1 . 7 0 

1 1 ) 21 2 2  20 2 5  2 . 1 • 3 0 
1 1 1 1 0 2 2 2 )  2 )  2 . 0 . 3 0 

1 1 2 1 ·) 2 2 1 1) 5 )  6 . 0 • 2 0 
1 1 3 30 2 1 7 1 7 ) 2 2 . 0 . 4 0  
1 1 4 40 2 1  21) 1 5 1 .  4 • 3 0 

1 1 5  25 20 8 1  4 )  2 . H • 2 0  
1 1 6 3 5  21) 31 5 )  5 . 0 • 2 0 
1 1 7  3 5  1 9 81 3 )  3 . 8 . 3 0  
1 1 8 31) 1 9 1 1)  2 )  3 .  0 • 8 0 
1 1 9  30 1 8 6 )  3 )  3 . 0 . 3 0  
1 2 )  20 1 7 71) 1 0 ) 2 4 . 0 • 2 0 

20 30 2 4 3 )  2 5  2 . 0 . 8 0  
2 1 50 2 3 90 6 • 5 • 8 0 
2 2  3 5  2 3 7 )  1 5  1 • 3 . s o  

2 3  30 2 3 50 2 )  2 . 3 • 5 0  
2 4  3 5  2 31 )  6 1 • 0 . 3 0  
2 5  3) 2 2 50 2 )  2 . 1 . 4  0 
2 9  4 0  20 7 )  6 . 5 . 5 0 

2 1 )  4 )  2 1 0 0  4 )  4 .  0 • 3 0 
2 1 1  4 5  2 1  3 )  3 )  1 • 8 • 3 0 
2 1 2 2 5  2 1  30 1 6  1 • 1 • 9 0 

2 1 3 25 2 1 2 1 1 5  1 • 4 . 4 0 

2 1 4 3) 20 80 1 )  1 .  0 • 5 0  

2 1 5 4 0  20 5 )  1 )  . 9 1 .  0 0  
2 1 6 1') 2') 20 4 )  3 . 0 • 2 0 
2 1 7 4 0 20 8 1  4 )  6 . 0 • 2 0  
2 1 8 2 5 20 31) 5 )  4 .  0 • 2 0 
2 1 9 2 5 1 8 7 1  2 5  2 . 5 . 6 0 
2 2 ) 3J 1 8 0 1) 2 )  2 . 0 . 9 0 

30 1 0  2 54 )  8 1 • 0 1 .  0 0  
3 2  3 5  2 4 50 7 • t3 • 7 0 
3 4  35 2 3 3 )  6 )  7 . 0 • 1 0 
3 5  3') 2 2 8') 1 ) 1 .  0 1 . 0 0 
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3 6 4 0  2 2 2 1  1 )  . 9 1 .  0 0  
3 7 3 5  2 1  5'1 6 1  1 2 . 0 • 1 0 
3 8 40 20 9 )  4 >  2 . 5 . 4 0 

3 1 1 40 1 9 8 0  9 1 .  0 • 6 0 
3 1 2  40 20 2 )  1 2 )  3 0 . 0 • 1 0 
3 1 3  2 5  2'1 30 3 )  2 . 4 • 2 0 
3 1 4  30 211 2 )  2 )  1 • 5 . 4 0 
3 1 5  2') 2'1 1 ') 8 • 8 • 9 0 
3 1 6 20 1 9 7 )  2 1  . 8 . s o  
3 1 7  30 1 9  3'1 2 5  1 .  5 • 2 0 
3 1 8 4 5  1 88 )  2 )  2 . 0 . 5 0 

3 1 9  5 5  1 8  3') 8 1 .  5 • 6 0 
3 20 4 5  1 7 7 1 4 )  1 2 . 0 . 3 0  

4 0  30 2 5 50 3 5  2 .  0 • 7 0 
4 1  2 5  2 50 1 2 5  2 . 0 . 4 0  
4 3  2 5  2 40 ') 4 • 5 1 . 0 0  
4 4  35 2 34 1  2 )  1 • 4 . 3 0  
4 5  2 5  2 3 0  ') 2 )  1 .  4 1 .  0 0 
4 6 3 5  2 2 51 8 . 9 . 5 0  
4 7  40 2 1 90 2 5  1 .  5 • 3 0 
4 8  4 0  2 1 4 )  1 2  . 9 . 5 0  

4 9  3 5  2 1 0 '1 8 • 6 • 8 0 
4 1 0  4 0  2 0  3 )  1 )  . 9 . 5 0  
4 1 1  4 5  1 9 60 1 )  • 9 • 9 0 
4 1 3  4 5  1 8 7 )  1 )  . tl . s o 

4 1 4 3 ')  1 90 ') 8 )  1 2 .  0 • 1 0 
4 1 5 4 0  1 8 7 1  1 0 1  1 7 . 0 • 1 0 
4 1 6 2 5  1 9  1 0  1 1  • 9 1 .  0 0 
4 1 7 30 1 8 7 1  4 )  3 . 0 • 2 0  
4 1 8  35 1 8  1 ') 4 )  6 . 0 • 2 0 
4 1 9 35 1 7 5 1  2 )  1 • 0 . 9 0 
4 2 )  4·) 1 7  1 0  8 1 .  0 • 8 0 

5 0  1 0  2 5 3 )  3 >  4 . 0 1 .  0 0  
5 1 1 0  2 5 20 1 8  1 • 1 • 9 0 
5 2 20 2 48 )  1 4  1 • 4 . 6 0  
5 3  2 5  2 4 611 2 1  2 . 5 . 4  0 
5 5  30 2 3 6 )  1 5  2 . 0 . 7 0 
5 6  35 2 2 90 1 5 1 .  3 . 5 0  

5 7  4 0  2 2 6 ) 1 8  1 • 4 . 4 0  

5 8 50 2 1 7'1 9 )  2 o . 0 • 1 0 
5 9 35 2 1 1 1  6 . 6 1 . 0 0 

5 1 )  4 5  2 ') 2'1 9 1 .  0 1 . 0 0  
5 1 1  3 5  1 9 5 )  8 )  1 2 . 0 • 1 0 
5 1 2  4 5  1 9  31 1 2  1 .  3 • 5 0 

5 1 3 55 1 8 4 1  2 >  2 . 3 • 1 0 
5 1 4  40 1 7  5') 1 5  1 • 1 • 7 0 
5 1 5 4 5  1 7 5 )  1 8  2 . 0 . 3 0  
5 1 6 4 5  1 7 7'1 1 2 1 .  0 1 .  0 0 

? 9. 7  



5 1 8 30 1 7 4 ) 6 . 5 1 .  0 0  
5 1 9  35 1 70 ') 2 )  2 . 0 1 .  0 0 
5 20 3 5 1 64 )  2 5  2 . 0 . 8 0 

6 )  30 2 5 1 ') 2 )  2 . 5 1 . 0 0  
6 1  2 5  2 4 8 ) 1 )  1 • 0 1 .  0 0  

6 2 20 2 4 51) 4 )  3 . 5 • 2 0 
6 3  4 0  2 4 2 )  7 . a 1 .  0 0  
6 4  3) 2 4 1 1)  4 • 4 1 .  0 0 
6 5 2 0  2 3 8 ) 1 )  1 • 0 . 6 0 
6 6  31) 2 3 41) 3 • 3 1 . 0 0  

6 7  4 0 2 3J )  5 . 8 . 6 0  
6 8  4 0  2 2 21) 1 5  1 .  0 • 9 0 

6 10 4 0 2 1 1 )  2 )  1 • 5 . 4 0 
6 1 1  4 ::>  2') 0 ') 6 • 5 • 8 0 

6 1 2  4 0  1 9  3 )  1 5  1 • 4 . s o  
6 1 3 4 5  1 8  61) 8 • 6 1 .  0 0 
6 1 4 6 0 1 7  9 1  8 . 6 1 .  0 0  
6 1 5 4 5  1 7 3') 4 )  3 . 5 . 4  0 

6 1 6 50 1 68 1  1 )  1 • 0 • 1 0 
6 2 ) 31) 1 5  70 4 5  4 .  0 • 1 0 

70 30 2 4 2 )  3 )  1 • 5 . 7 0 

7 1  4 )  2 3 RO 1 2  1 .  � . s 0 

7 2  30 2 3 5 )  1 2  1 • 5 . 5 0  

7 3  1 5 2 3 30 3 5  7 .  0 • 2 0 

7 4  30 2 3 2 )  2 5 2 . 5 . s o 
7 5  2 5  2 3 1 1)  2 )  3 . 5 . 5 0 

7 6  30 2 2 9 1  8 )  1 4 . 0 • 1 0 

7 7  4 5  2 2  51) 6 1 .  0 1 .  0 0 
7 8 4 0 2 21) 1 2 )  3 . 0 . 5 0 

7 9  1 J  2 1 60 3 1  3 . 0 . s o  
7 1 0 4 0  2 1  1 )  2 )  2 . 0 . 4 0 
7 1 1 40 21 51) 1 8  1 .  5 • 9 0 
7 1 2 5 0  1 9 8 1  2 )  1 • 5 . 4 0  

7 1 3  31) 1 9  40 3 8  4 .  0 1 .  0 0 
7 1 4 30 1 9 1 1 2 )  1 • 5 . 5 0 
7 1 5  50 1 8 50 2 1  1 .  0 • 8 0 

7 1 6 20 1 80 )  2 )  1 • 0 . 9 0  
7 1 7  2) 1 7  70 2 )  1 .  5 • 3 0 

7 1 8 30 1 7  3 1  3 )  2 . 0 • 2 0  

7 1 9  50 1 7 1 ') 2 )  1 .  5 . 5 0 
7 20 1 0  1 68 1  2 )  1 • 5 . 3 0  
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